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MHOOPMALUUA ANA YHACTHUKOB

KoHpepeHuus npoBoanTCA NHCTUTYTOM dou13nKN n XUMUU
MY um. H.T. Orapésa B nepuog ¢ 18 no 21 ceHTtabpsa 2018 roaa.

MecTo npoBefeHWNA MreHapHbIX 3acedaHun — [Bopey, KynbTypbl U UCKYCCTB
MY nm. H.I. Orapésa.

MecTo npoBefeHUs CEeKUMOHHbIX 3acefaHurh U MPOXMBAHUSA YYaCTHUKOB
KOHpepeHumu - caHaTopun «Hagexga» (pacnonoxeH B 30 km oT r. CapaHcka).
[Mporpammon KoHdepeHLMn NpeayCMOTPEHbI:
e 0630pHble JOKNaabl-NeKUnn BegyLmnX y4eHbIX N0 TeMaTuke KOHepeHLuu;

® BbICTYNJ1€HNA Yy4aCTHUKOB C YCTHbIMU U CTEHOOBbLIMU OOKNagamMu.

OprkoMmnTeTOM YyCTaHOBMEHa creaylowasa npoAoSIKUTENBHOCTL [OKaa0B:
nekunmn — 45 MuH, npurnaweHHsle goknagbl - 30 MUH, yCTHble coobLeHnst — 15 MuH.

[lna geMoHcTpauum UNICcTpaTUBHLIX MaTepuanos fiekTopamM u Aoknagynkam
OyayT npegocTaBneHbl CpeacTea BU3yanibHOW M KOMMbIOTEPHOW npe3eHTauuun. B no-
cnegHeMm cryydae MHgopMaunsa gomkHa 6biTb NOArOTOBMIEHA B 3NIEKTPOHHOM BUAE C
nomotubto Microsoft PowerPoint unu B Buae rpadudecknx pamnos: .jpg, .tif, .omp.

Pasmepbl WMTOB ANsA pasmeleHns cteHaoBbix goknagos — 90x120 cm? (wm-
pUHa, BbICOTA).

PETMCTPALUMUA yuyacTHUKOB KOHpbepeHuun 6yaeTr npoBoauTbes 17 ceHTAbps C
15.00 go 18.00 B chowne rnasHoro kopnyca MY nm. H.IN. Orapésa (yn. bonbweBuncT-
ckasi, 68).

18 ceHTa6pa ¢ 8.00 go 8.30 B caHatopum «Hapexpa». [Jo mecta npoBeaeHus
y4aCTHUKM KOHpbepeHLmm ByayT oTnpaBneHbl TPaHCMOPTOM OprkoMmuTeTa.

O epemeHu npubbimusi 8 CapaHck npocum 3abra2oepeMeHHO co006-
wumsb o asiekmpoHHoU noyme: vnksh.secretary@mrsu.ru. lpu Hanu4uu ma-
Kol uHgopmayuu opekomumemom 6ydem opz2aHu3oeaHa ecmpeya y4acmHu-
Koe KOHghepeHuuu no mecmy npubbimusi 8 s1l060e epemMsi Cymok.

KOHTAKTHAA UH®OPMALIUA

Appec: 430000, r. CapaHck, yn. bonblieBucrtckas, 68a,
MY nm. H.IN. Orapésa, NdX

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

E-mail: vnksh.secretary@mrsu.ru

XpywanuHa CeetnaHa AnekcaHapoBHa
http://www.vnksh.mrsu.ru
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OPIAHU3ALUUOHHBLIA KOMUTET
17-A MEXXQYHAPOOHON HAYYHOWU KOH®EPEHLIUU-LUKObI
«MATEPUWATIbI HAHO-, MUKPO-, ONTO3NEKTPOHUKU U BONOKOHHOW
ONTUKWN: ®PUSNYECKUE CBOUCTBA U NPUMEHEHUE»

CapaHck, 18-21 ceHTs6ps 2018 r.

ConpeacenaTtenu KoHdepeHUUN-LLKOSbI:

E. M. AnaHoB — akagemunk PAH, Hay4HbI pykoBoauTenb Hay4yHoro ueHTpa
BOJIOKOHHOM onTukn PAH

B. B. Ocuko — akagemuk PAH, pykoBoguTenb Hay4HOro LeHTpa nasepHbix
MaTtepuarnos 1 TexHonornm NHctutyta obwen pusmnkn nm. A. M. lNpoxoposa PAH

opraHI/I3aL|MOHHbI17I KOMUTeT:

C. M. BaosuH — pektop MI'Y um. H. . Orapésa, npeacenarenbs
K. H. Huwes — anpektop NOX MI'Y um. H. . Orapésa, 3amecTuTenb
npegcenartens

E. B. YynpyHoB  — pektop HHI'Y um. H. U. Jlobayesckoro

M. ®. Yypb6aHoB — aupektop MXBB PAH

B. B. flky6a — reHepanbeHbIn gupektop AY «TexHonapk-Mopaosus»
C. A. XpywanumHa - yyeHbl cekpeTapb

MporpaMMHBLIN KOMUTET:

M. A. PaboukmHa — g.d.-m.H., MI'Y um. H. M. Orapésa, CapaHck, Poccus,

npencenarenb

H. C. ABepkueB - 0.0.-M.H., DTN um. A. ®. Nlodbdbe, C.-MeTepbypr, Poccus;

T.B. Autponosa  — A-X-H., VIHCTUTYT xumnn cunmukatos um. U. B. 'pebeHuynkosa
PAH, C.-lMeTepbypr, Poccus

O. H. MNopLukos — K.(p.-M.H., HHI'Y um. H. L. Jlobauesckoro, H. Hosropog,
Poccus;

C.A.Tpuropbes —Aa.X.H., MOU, Mocksea, Poccus

E. B. XXapukoB —0.7.H., PXTY um. [1.1. MeHpeneesa, Mockea, Poccusa

A. M. 3103UH — A.d.-M.H., MI'Y um. H.T. Orapésa, CapaHck, Poccus

. E. Manawkeeuy — A8-®.-M.H., MHCTUTYT cpusnkn nm. 6.1. CtenaHosa HAH Pecny6-
nukn benapyck, MuHck, benapycb

K. H. Huwes — K.(p.-M.H., MI'Y um. H. T'. Orapésa, CapaHck, Poccus

M. H. MNonoBsa — 0..-M.H., HcTutyT cnektpockonun PAH, Mockea, Poccus

B. B. CeMalluKo — A.d.-M.H., KazaHckuin (MprBomkckuin) deaepanbHbin yHUBEp-

cuteT, Kasanb, Poccus

C. 1. CemeHoOB — Aa.d.-m.H., HUBO PAH, Mocksa, Poccus

B. H. Curaes — A.X.H., PXTY vm. . . MeHpeneeBa, MockBa, Poccus

C. A. TapaceHko ~ A.d.-M.H., PTU um. A. ®. Nodbde PAH, C.-lNeTepbypr, Poccus
C. H. YwakoB — K.(p.-M.H., MODPAH, Mockea, Poccus
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CnoHcopbl U ochulManbHble NapTHepbI

Poon B

Poccunckuin choHa cpyHaameHTanbHbIX uccrnepgosaHun (POPPU) cospaH
Yka3zom [lpesnageHTta Poccurckon depepauum Ne 426 ot 27 anpena 1992 roga.
P®OUN — camoynpaBngemasi rocygapCTBEHHasi HEKOMMepYeckasi opraHmsauusi B
dopme denepanbHOro yvpexaeHus, Haxoasweroca B BedeHuu [lpaBuTenbcTBa
Poccuinckon ®egepaunn.

OcHoBHble HanpaBneHus gesatensHocTn POOU:

— KOHKYPCHbIH OTOOp MydWwuMX HayYHbIX MPOEKTOB WU nocneaywuiee
opraHusaumoHHo-MHaHcoBoe obecneveHne nogaepXxaHHbIX NPOEKTOB;

— 0600LLeHMe pe3ynbTaToOB 3aBepLUEHHbIX NPoekToB POOU;

— MOHUTOPUHI HayKM — MHOrOAcCneKkTHbIN aHanm3 COCTOSHUA U TeHOEeHUMI
pas3BUTUS KOMMMEeKca POCCUACKOM HaykKM Ha OCHOBE OpPUrMHANbHOM CUCTEMBbI
KOHKYPCHbIX WHAWKATOPOB, 3KCMEPTHbIX WM APYrMX AaHHbIX O XO4e BbIMOMHEHUS
NPOEKTOB;

— [JoBefeHne pesynbTaToB WccnegoBaHuW, nogaepXaHHblx PoHAoM, A0
noTeHumnanbHbIX Nonb3oBaTeneu;

— nporpamMmbl obLLEero HasHa4YeHus.

www photonics.su .ﬂ%"» HEYUHO-TEXHRNECKMA MypHan
)KypHan «POTOHMKa» noceBdleH ONTU4eCKMM cuctemMam pasryindHbIX TUMOB
(SJ'IeKTDOOI'ITVIHeCKI/IM, OMNTOBOJIOKOHHbIM, J1a3€pPHbIM, MOJIHOCTbLIO OI'ITVNeCKVIM), nXx
anemMeHTaMm wn TexHonormsaMm. LUenb wu3gaHua — rnybokoe wu  nogpobHoe
OCBELLEHNEBOINPOCOB, CBA3aAHHbIX C onTn4eCKnmmn cncremamm nepepgavu,

onTn4eCkmMmmn  TexdHonorndamm, onTtndeckumMm mMatepumanamm W 3riEMEeHTaMu,
o6opy,u,osaHV|eM N CTaHKaM#, ncnoJjib3yemMmbiMn B ONTUHECKNX CUCTEMAX.



NMPOrPAMMA-TPA®UK KOH®PEPEHLIUU-LLKOJ1bI

18 ceHTAOpPA 2018, BTOPHUK

13:00-13:30 | TOPXXECTBEHHOE OTKPbITUE KOH®EPEHL WA

C.M. BdosuH, npedcedamenb Op2aHU3ayUoOHHO20 KOMUumema

B.B. Ocuko, akademuk PAH, conpedcedamesnib KOHGhepeHYUuU-WKOIbI
E.M. QuaHoe, akademuk PAH, conpedcedamersib KOHghepeHUyUU-WKObI

13:30-16:00 | MMEHAPHOE 3ACEOQAHME
Conpedcedamenu: akademuxk PAH E.M. QuaHos, akademuk PAH B.B. Ocuko

13:30-14:15 | E-M. QuaHoe ]
HayuyHbil yeHmp sonokoHHolU onmuku PAH, Mockea

AKTYAJIbHbIE MPOBJIEMbI BOJIOKOHHOW OMNTUKN: BOJTIOKOHHO-
OlNTUYECKAS CB513b — COCTOSAAHUE QEJT U T1YTU PA3BUTHUS B
BIINKAULLEE OECATUIIETUE

14:15-15:00 B.M. lMnomHukoe
HTO «NP3-lontoc», OpsasuHo
BOJIOKOHHBIE JIA3EPbI «AP3-ITOJIOC» U UX NPUMEHEHUE

15:00-15:45 Erkki Lahderanta
School of Engineering Science, Lappeenranta University of Technolodgy, Finland
HOPPING MAGNETOTRANSPORT IN QUATERNARY CHALCOGENIDES

15:45-16:00 NEPEPbIB

16:00-18:15 NNEHAPHOE 3ACEOAHUE
lpedcedamensb 90.¢h.-M.H. 1.A. Psibo4KuHa

16:00-16:45 | [.C. Cokonoeckuu
®usuko-mexHuyeckut uHcmumym um. A.®@. NMogppe PAH, Cankm-lNemepbype

KBAHTOBO-KACKALOHBbIE JIASEPblI UH®PAKPACHOIO U
TEPATEPLJOBOIO ANAIMNA30HA

16:45-17:30 A.A. Kanaues
KasaHckul ¢pusuko-mexHudeckuti uHcmumym um. E.K. 3aeolickozo, KazaHb

U3O0TOINNYECKN YACTbBIE [TIPUMECHBIE KPUCTAJIJIbI
KAK NMEPCIEKTUBHbIE MATEPUAJIbI AJ151 KBAHTOBOU IMTAMATH

17:30-18:15 | B.[l. MuHaee
HTO «NP3-lonoc», @psa3uHO

AlIMAPATbI HA NOJ1YTNIPOBO4HUKOBbIX U BOJIOKOHHbIX JTA3EPAX
AJ1A TIPUMEHEHUA B TEPATTUU U XUPYPI N




19 ceHTAGpPA 2018, cpepa

OKW MY nm. H.IN. OrapéBa

09:00-10:30

NEKUUN
lMpedcedamensb: 0.¢h.- M.H. C.A. TapaceHko

09:00-09:45

K.H. Enbyos
UHemumym obuwjel cpusuku um. A.M. lNpoxoposa PAH, Mockea

CUHTE3 MOHOKPUCTAJIJIOB NIPA®EHA 60JIbLLIOIO PASMEPA

09:45-10:30

A.C. Cefalas

National Hellenic Researth Foundation. Theoretical and Physical Chemistry Institute,
Athens

Kazan Federal University, Kazan

SMALL SIZE CHARGED NANOPARTICLES ACTIVATE TUMOR CELL
GROWTH

10:30-10:45

NEPEPbLIB

10:45-12:15

lMpedcedamens: 0.¢h.-M.H. B.B. Cemawko

10:45-11:30

H.C. Asepkues
@u3suko-mexHudeckult uHcmumym um. A.@. Mogppe PAH, CaHkm-Temepbype
TNOBEPXHOCTHbIE BOJIHbI B TBEPAbIX TEJIAX

11:30-12:15

C.A. TapaceHko
@usuko-mexHu4veckul uHcmumym um. A.®. Nogpgpe PAH, CaHkm-lNemepbype
CITMHOBBbIE LUJEHTPbI, CBA3AHHbIE C BAKAHCUSMUW KPEMHWSA B SiC

12:15-13:00

NEPEPbLIB

13:00-14:30

MNpedcedamens: 0.¢p.-m.H. KO.I". BatiHep

13:00-13:45

M.H. lMTonoea
UHemumym crniekmpockonuu PAH, Tppuux
KPUCTAJIIbI [jJ151 KBAHTOBOU NMAMATU

13:45-14:30

B.H. MaHuesu4

Mry um. M.B. JTomoHocosa, Mockea

HECTALIMOHAPHBIE NPOLECCHI NP TYHHEJTTUPOBAHUU
B CB5sI3AHHbBIX KBAHTOBbBIX TOYKAX C KYIIOHOBCKUMU
KOPPEIJIAUUNAMU

14:30-14:45

NEPEPbLIB

14:45-17:00

Npedcedamens: 0.¢h.-M.H. H.C. Aeepkuee

14:45-15:30

U.B. PoxxaHcKulU
<Du3u1<o—meXHuqegKu1J uHcmumym um. A.@. Mvoqbqbe PAH, Cankm-llemepbype
AHOMAJIbHbBIN U TOIMOJIOMMMYECKUN QOPEKT XOJIJIA

15:30-16:15

FO.I". BaliHep
WHemumym cnekmpockonuu PAH, Tpouuk

HU3KOTEMIIEPATYPHAS QUHAMUKA HEYTOPSIQOYEHHBIX TBEPLAbIX
TEJ1: UCCIIEJOBAHWS METO4OM CIIEKTPOCKOINMNUN O4NHOYHbIX
MOJIEKYIl

16:15-17:00

0O.B. Manawose

UlN® PAH, 2. HuxHul Hoszopod

MEPCIEKTUBHbIE TEOMETPUN AKTUBHbIX 3JIEMEHTOB JIA3EPOB
C OJHOBPEMEHHO BbICOKOU MUKOBOWU U CPEQHEA MOLLJHOCTbIO

19:00-20:30

CTEHOOBASA CECCUSA (xonn nepepn aya. Ne1)




CTEHAOBbLIE OOKINAAObI

K.A. Bxeymuxos’, 3.4. Mapaywes', A.A. Bxeymuxog'*

1 - MHcmumym uHgopmamuku u rnpobriem peauoHasibHo20 yripasneHusi KabapOuHo-
bankapckoeo HayyHoz20 yeHmpa PAH, Hanbyuk,

2 — Institute for Scientific Instruments GmbH, Berlin
MUKPOCTPYKTYPUPOBAHHBIE OINNTUYECKUE BOJIOKHA
(BOJIHOBO/bI) - KITACCUPUKALINA, NTPUTIOXXEHNSA

A.M. Murkun', H.C. Co3oHoe’, K.M. ®adees’, A1.1. Lllegyoe*

1 - TAO «llepmckasi Hay4HO-rpou3eoocmeeHHas npubopocmpoumeribHasi KoMnaHus»,
lNepmb,

2 - OO0 MHeepcus-CeHcop, Nepmb 5

MUHUATOPHbIN BOJIOKOHHO-OINTUYECKUN OATYUK OABJIEHWUA

HA OCHOBE UHTEP®EPOMETPA ®ABPU-TTEPO

N.0. 3onomoeckuli, B.A. JlanuH, [].U. CemeHyo08

YnbsiHo8cKUl 2o0cy@apcmeeHHbIl yHugepcumem Hay4yHo-mexHonoau4yeckul
uHcmumym um. C.I1. Kanuyel, YnbsHoeck

mofaynsUNoHHASI HEYCTOUYNBOCTb BOJIHOBbIX MTAKETOB,
PACMPOCTPAHSIIOLMNXCS B CBETOBO/JE C KACKAQHOU
3ABUCUMOCTBIKO ONCIIEPCUUN OT OJINHbI

B.W. Manazan', 6.1. ferkep', O.H. Ezopoea’, U.B. XXnykmoea’,

B.A. KambinuH', A.A. lMoHocoea™?, C.E. Ceepukoe’, C.Jl. CemeHog?,

B.5. eemkos"*

1 - UHcmumym obuwiel ¢pusuku um. A.M. lNpoxoposa PAH, Mocksa,

2 - HayyHblil yeHmp sorniokoHHolU onmuku PAH, Mocksa,

3 - MAO «[llepmckas Hay4HO-rpou38odcmeeHHas npubopocmpoumeribHasi KOMaHusi»,
lNepwmb,

4 - HayuoHanbHbIl uccriedogamerbeKuli S0epHbil yHugepcumem «MU®U», Mockea
UCCJIEJOBAHUE YCUITIEHUS KOPOTKUX JIA3EPHbBIX UMI1YJIbCOB

B BbICOKOKOHLIEHTPUPOBAHHOM 9PEUEBOM BOJIOKHE

A.[l. TapambiHoea', A.A. BepceHeea’, A.B. Ezopbiwesa’, O.M. ailimko?,
M.A. Ps6oykuHa ', C.A. XpywanuHa'

1 - HayuoHarnbHbIl uccnedosamernbckut Mopdoeckul 2ocydapcmeeHHbIl
yHugepcumem um. H.l. Ozapésa, CapaHck,

2 - lucmumym obuweli u HeopaaHudeckol xumuu um. H.C. KypHakoea PAH, Mockea
CMEKTPAJIbHO-JIOMUHECLIEHTHbIE CBOUCTBA HAHOYACTUL
LaGagsSb,s0s, JJETUPOBAHHbBIX MIOHAMMU Pr*

M.B. YepHoge®, A.A. llanun', C.B. Ky3Heuyoe’, C.B. MNyuwuH', A.C. Epmakos’,
B.1O. Mpotidakoea?, I.A. Psi6oykuHa®, I1.I1. ®edopos?

1 - HauyuoHarnbHbIl uccnedosamernsckuti Mopdoeckul eocydapcmeeHHbil
yHugepcumem um. H.l. Ozapésa, CapaHck,

2 - Uiecmumym obwel ¢usuku um. A.M. lNpoxoposa PAH, Mockea
BUIYAIJIN3ATOPbI UHOPAKPACHOIO JIA3EPHOIO U3JTYHYEHUA

HA OCHOBE ®TOPULOHbIX MATEPUAJIOB, JIETMUPOBAHHbIX
PEKO3EMEIIbHbIMU UOHAMU

A.B. CumaHoeckul, B.A. MeaHoe, M.O. Mapsbiyee, B.C. Hukonoes,
A.E. Ezopoea

Huxeaopodckuti eocydapcmeeHrHbit yHugepcumem um. H.U. Jlobavesckoeo,
HuwxHuti Hoszopod

CUHTE3 U CBOUCTBA KPUCTAJITIOB Ca,.«Li,xGeO,

E.C. Knumos®, M.B. By3aeea', N.A. Makapoea', O.A. Jagbidoea’,
E.C. BazaHoea', H.A. ByHakog’

1 - YnbsHoscKul eocydapcmeeHHbIl mexHUYecKull yHueepcumem, YrbsHOSCK,
2 - YribsiHo8CKuUU 20cydapcmeeHHbIl yHugepcumem, YibsHOBCK
YAEJIbHAS MTOBEPXHOCTb MHOIOCTEHHbIX YITIEPOLOHbIX
HAHOTPYBOK

T.1O. [bsiukoea, M.B. By3aeea, U.A. Makapoea, O.A. [Jaebidoea,
E.C. Knumoe




YnbsiHosckul eocydapcmeqHHb/U mexHu4eckul yHusepcumem
COPBLINOHHBIE CBOUCTBA LEOJINTA, JOINMNMPOBAHHOIO
YrnEPO4HbIMU HAHOTPYBKAMU

10

U.B. Bunkosg', K.B. Kpemneg?, I1.B. AHOpeeg®, I".C. 3a6poduHa’,
A.M. 061edkoe?, b.C. Kasepur®, H.M. CemeHog’, C.F0. Kemkog?,
M.A. ®addees’, C.A. lNycee®, 4.A. Tamapckui®

1 - Huxeaopodckuli eocydapcmeeHHbil yHusepcumem um. H.U. Jlobayesckozo,
HuwxHuti Hos2opo0,

2 - lucmumym memarnnoopaaHudeckol xumuu um. I".A. Pa3zysaesa PAH,
HuwxHut Hos2opo0,

3 - Uhucmumym ¢pusuku mukpocmpykmyp PAH, HuxHul Hoszopod

CUHTE3 U 3JIEKTPOHHO-MUKPOCKOIMUYECKUU AHAJIN3 TMBPUOHbIX
MATEPUAJIOB HA OCHOBE MHOIOCTEHHBbIX YITIEPOLOHbIX
HAHOTPYBOK U HAHOIMOKPbITUU Al,O; U ZrO,

11

B.B. 'pu6bko, B.H. TpywuH, A.C. Mapkernos

Huxezopodckuli eocydapcmeeHHbill yHusepcumem um. H.U. Jlobayeackoeo,

HuwxHuli Hoszopod

UCCIIEQOBAHUE YIPYIuX JE®OPMALNA B PEHTITEHOOIMNTUYECKUX
QJIEMEHTAX

12

WU.A. Cnyxoe’, C.I". Mouceeg™*

1 - YnbsHoeckul 2ocydapcmeeHHbIl yHUgepcumem, YibsHO8CK

2 - YnbsiHosckul ¢hunuan VIHcmumyma paduomexHUKU U 311EKMPOHUKU

um. B.A. KomenbHukoea PAH, YnbsiHoeck

OlNNTUHECKASA T'EHEPALUA B YCUITTUBAROLEM ®OTOHHOM
KPUCTAJIJIE C MOHOCJIOEM METAJIJINHECKNUX HAHOYACTUL]

13

K.E. CMmemaHuHa, M.C. bonoduH, I1.B. AHOpees, E.A. JlaHyee
Huxeaopodckuli eocydapcmeeHHbill yHugepcumem um. H.U. Jlobayeackozo,
HuwxHuli Hoszopod

UCCJIEJOBAHUE O4HOPO4HOCTU ®A30BOI'O COCTABA

B KEPAMUKAX HA OCHOBE KAPBULA BOJIb®PAMA, NMOJIYHYEHHbIX
METO4OM 3Uric

14

E.A. Ucynoea, B.A. UeaHos, I1.B. AHOpees, M.A. ®addees, A.B. bopsikoe
Huxeezopodckuli 2ocydapcmeeHHbiti yHugepcumem um. H.U. Jlobayesckoeo, HuxHul
Hoezopod

UCCJIEJOBAHUE KPUCTAJIIIOB KTP:Hf, KTP:Zr, KTP:Nb

15

U.N. byvuHckas, [.H. Kapumoe

OHUL| Kpucmannozpadgpusi u pomoHuka PAH, Mockea

TOJIYHEHUE KPUCTAJIITMHECKUX HECTEXUOMETPUYECKUX
MATEPUAJIOB R* | xR*\F..x (R = Eu, Sm, Yb)

16

N.B. Audpeee’, K.B. Kpemnee’, I'.C. 3a6poduHa’, U.B. Bunkos®,
A.M. O61edkoe?, 5.C. Kasepun’, H.M. CemeHog?, C.F0. Kemkog?,
M.A. ®addees’

1 - Huxeaopodckul eocydapcmeeHHbil yHusepcumem um. H.U. Jlobayesckoeo,
HuxHuti Hogeopoo,

2 - Mlhecmumym memarinoopeaHudeckou xumuu um. .A. Pasysaesa PAH,
HuwxHuti Hoszopod

PEHTTEHO®A30BbIA AHAJIU3 I UBPULOHbIX MATEPUAJIOB

HA OCHOBE YT JIEPOHbIX HAHOTPYBOK U HAHOPA3MEPHbIX
MOKPbITUN OK CcunjoB METAJIJIOB

17

A.C. Conoey6, M.I. 3bikoea, A.B. Xomsikoe, O.5. [lempoea
Pocculickuli xumuko-mexHorioaudeckul yHusepcumem um. .. MeHnOeneesa, Mocksa

CBUHL|OBbIE ®TOPOBOPATHbIE CTEKIIOKPUCTAJIJITIMYECKUE
MATEPHWAJIbl, COAKTUBUPOBAHHBbIE Nd** u La**

18

WU.B. Anmyxoe', M.C. Kazan', C.K. Manpoukuii, H.A. Xeanbko8ckulr',

H.B. PoduoHoé&?, A.l1. Bonbwakoe®, B.I". PanbyeHko®, P.A. XmenbHuykuii"
1 - MHcmumym paduomexHuku u arnekmpoHuku um. B.A. KomenbHukosa PAH, Mocksa,
2 - Tpouukul uHcCmumym UHHOBAUUOHHbIX U mepmMosidepHbix uccredosaHul « TPUHUN-
TU», Mockea, Tpouuk,

3 - lhcmumym obuwjet cpusuku um. A.M. Npoxoposa PAH, Mocksa,
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4- @u3suyeckul uHcmumym um. .H.Jlebedesa, Mocksea
TPAHCIIOPT bIPOK B MOHOKPUCTAJIJTMHMECKOM AJIMAS3E,
JIETUPOBAHHOM BOPOM, B CUJIbHbIX SJIEKTPUYECKUX MNMOJTAX

19

T.E. XXene3oe, M.C. Anumbekos

TexHonapk-Mopdosusi, CapaHck

BOJIOKOHHbIN UTTEPBUEBBIA JIA3EP C KOJIbLIEBbIM BOJIOKOHHbIM
3EPKAJIOM

20

A.B. lllyykuHa, C.A. XpywanuHa, .A. Pa6oykuHa, O.B. MuHaeega,

M.H. XXapkoe

HauuoHanbHbil uccriedosamernbckuli Mopdoeckul 2ocydapcmeeHHbIl yHugepcumem
um. H.l. Ozapésa, CapaHck

CIMEKTPAJIbHO-JIFOMWHECLIEHTHBIE CBOACTBA U IUTOKCUYHOCTh
HAHOPA3MEPHbLIX YACTUL (YEr)PO,

21

E.l. ®upcmosa’, A.B. XapaxopduH', C.B. Anbiwes*, C.B. dupcmos'?
1 - Hayyhbit LieHmp BornokoHHot Onmuku PAH, Mockaa,

2 - HayuoHanbHbIl uccriedoeamensckuli Mopdosckuli 2ocydapcmeeHHbIU
yHusepcumem um. H.I. Oeapésa, CapaHck

All-KOHBEPCUOHHAS JTIOMUHE CLUEHLUA BOJIOKOHHbIX
CBETOBO/LOB, JIETMPOBAHHbIX P-3JIEMEHTAMMU (Bi, Te, Pb),
1PN BO3BYXLOEHUU B UK INATIA30HE

22

E.A. Kopcakoea, H.A. My¢pbmaxumduHoea, A.C. Kopcakos, J1.B. XKykoea
Ypanbckuli pedeparnbHbil yHUgepcumem um. nepgoeo lNpesudeHma Poccuu

b6.H. EnbyuHa, EkamepuHbype

UK BOJIOKOHHBIE TYYKu [Jis1 UCCIIEQOBAHWA PACIIPELEJIEHUSA
TEMJ1I0BOIO M0Ji151 BHYTPEHHEW MNOBEPXHOCTU OE LEKTOB

23

A.A. Jlawoea, [.A. aHunoea, A.C. Kopcakos, J1.B. XXykoea

Ypanbckuli pedeparnbHbil yHUgepcumem um. nepgoeo lNpesudeHma Poccuu
b6.H. EnbyuHa, EkamepuHbype

UHO®PAKPACHBIE CBETOBO/bI 4115 AUATHOCTUKU TEIJIOBOI O
COCTOSIHUNA BETPOJJIEKTPUHECKUX YCTAHOBOK

24

M.C. IlydoekuH, O.A. Mopo3oe, [J.A. Kopsikoeueea, P.LLl. XycHymOuHoea,
A.l. Kusmoe, A.C. HuzamymduHoe, B.B. Cemawko

Kaszarckul (lMpusormxckull) gpedepanbHbil yHugepcumem, KasaHb
JIOMUHECLIEHTAAA HAHOTEPMOMETPUS HA OCHOBE HAHO4YACTHUL
Pr3*:LaF; OHOSIQEPHOU CTPYKTYPbl U HAHOYACTHUL] Pr3*:LaFs/LaF;
CTPYKTYPbI 54PO/OB0JIOYKA

25

M.A. Mapucos, A.A. lllagenbes, A.A. lllakupoe, E.B. JlykuHoB8a,
A.C. HuzamymouHoe, C.J1. Kopabneea, B.B. Cemawko

Kaszarckul (lMpusormxckull) ghedeparnbHbil yHugepcumem, KasaHb
BbIPALUNBAHUE ®TOPULOHbIX KPUCTAJINIOB LiSryCa,xAlFs Ce®*
(X=0,2 METO4OM BPUQXMEHA

26

C.U. MynmaHunoes, A.B.lony6bee
®OLEY «Mopdoseckuli ueHmp cmaHOapmu3sauuu u memposioauu», CapaHCK

METPOJIOrMYECKOE OBECITEHYEHWE KOMITTIEKCHOIO

NMPOEKTA «CO34AHUE BbICOKOTEXHOJIOM4YHOIO rNiPON3BO/LCTBA
CBEPXMOLYHbIX MPUBEOPOB CHIT0BOU IJIEKTPOHUKMY,
OBECIIEYNBAROLNX KOHKYPEHTOCIIOCOBHOCTb

N UMIOPTO3AMELYEHUE B HAYKOEMKUX OBJIACTAX
NMPOMBILUJTIEHHOCTU, TPAHCIIOPTA U QHEPIETUKU»

11




20 ceHTAOpsa 2018, yeTBepr

08:30-09:30 NMPUMALLEHHBIE OOKJTIAObI
MNMpepacepatens A.¢.-M.H. M.H. NonoBa
08:30-09:00 | M.C. Kazan
UP3O um. KomernbHukosa PAH, Mocksa
TYHHEJIbHbIA TPAHCIOPT B CBEPXPELLETKAX GaAs/AlAs
C SJIEKTPUYECKNUMU JOMEHAMMA
09:00-09:30 | E:4. Obpasyoea
1 - UHcmumym obwedl ¢usuku um. A.M. lNpoxoposa PAH, Mocksa
2 - Mockosckull ¢husuko-mexHudeckuti uHcmumym, Mockea
TOHKUE MNJIEHKN HA OCHOBE YTJIEPOHbIX HAHOTPYBOK
U FTPA®EHA [J151 ONITUYECKUX N SJIEKTPOHHbIX MPUITOXXEHNUA
09:30-09:45 NMEPEPbLIB
09:45-12:30 3ACEQAHUA CEKLMWA
Ayn. 1 Ayn. 2
NA3EPHbIE MATEPUAIbI U BONTOKOHHASI ONTUKA
TEXHONOIu .
Mpedcedamens: d.qb.-M.H. lNpedcedamens: K.¢h.-M.H.
pe K.H. Huwee
I.A. Psa6o4kuHa
09:45-10:00 | A-A. [nadunun’, C.U. YeHyoe’, A.4. Canumaapeees, A.E. Jlbeos,
B.C. Kpusobox’, O.B. Yeapose', B.C. Kopcakos, A.C. Kopcakoe,
B.M. KanuHywkur' J1.B. Xykoea
1 - UlHcmumym obuweli pu3suku Ypanbsckuli pedeparnbHbil yHUBEpcUmMem
um. A.M. lNpoxoposa PAH, Mockea, um. rnepeoeo lpesudeHma Poccuu
2 - Qusuyeckul uHcmumym b6.H. EnbyuHa, EKamepUHQypa
um. l.H. Jlebedesa PAH, Mocksa PAOUALIMOHHO-CTOUKUE
PACIIEPELEJIEHUE LIEHTPOB OlNNTUYECKUE BOJIOKHA HA
JIOMWHECLJEHUUW B ZnSe:Fe OCHOBE MognonLUnPOBAHHbIX
rAJIOrEHUL CEPEBPSHBIX
KPUCTAJ1JIOB
10:00-10:15 | C-B. Anbiwee’, A.M. Xezair', A.B. XapaxopduH, C.B. Anbiwes,
C.B. dupcmoe*?, M.A. Menbkymos* | E.I. ®upcmoea, C.B. ®upcmos,
1 - HayyHbIl ueHmMp 80710KOHHOU ONMUKU E.M. QuaHoe
PAH, Mocksa, HayyHbIl ueHmp 80/10KOHHOU OMMUKU
2 - HauuoHarnbHbIl uccriefoeamerbcKul PAH, Mocksa
Mopdosckutli eocydapcmeerHbili JIASEPHOE OBECLIBEYUBAHUE
yHugepcumem um. H.l1. Ozapésa, CapaHck LIEHTPOB JIIOMUHECLIEHLIUN
YUCIIEHHOE MOAQE/IMPOBAHUE | B BUCMYTOBbIX BOJTOKOHHbIX
YCUIINTETIbHbIX CBOUCTB CBETOBO/JAX
FEPMAHOCUIINKATHbBIX
BOJIOKOHHbIX CBETOBO/4OB,
COJIETMPOBAHHbIX BUCMYTOM
N OPBUEM
10:15-10:30 | 4-A. [ypbee K.E. PromkuH', C.B. dupcmos’,
WMHcmumym obwel ¢pusuku M.A. Menbkymos®', B.®. XonuH?,
um. A.M. lpoxoposa PAH, Mockea B.B. BenbmuckuH', A.H. JleHucos",
XAPAKTEPU3ALNA OINTTUHECKUX C.J1. CemeHog, E.M. [juaHog*
BOJ/IHOBOAOB, 3AMMMCAHHbIX 1 - Hayu4Hbili UeHmp 010KOHHOU OMMUKU

B ®OCPATHOM CTEKIJIE JIASEPOM | PAH, Mockaa,
C UMITYJIbCAMU ®EMTOCEKYH/- 2 - IlHcmumym Xumuu 8bICOKOYUCMbIX

HOU AJTINTENTIbHOCTH sewecms um. I".I". [Jeessmbix PAH,
HwxHuti Hoezopod

noJyiiPU3AL{MOHHO-3ABUCUMOE
YCUJIEHUE
B rEPMAHOCUITNKATHBIX
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CBETOBOAAX, JIETMPOBAHHbIX
BACMYTOM

U.B. XKnykmoea®, B.A. KaMbIHUH?,

10:30-10:45 | M.B. lloHapuHa, A.I". Oxpum4yk,
M.I". Pbi6buH, A.A. TapakaHoecKul, B.I. BopoHut®, O.E. HaHuir’,
T.B. Jonmamoe, B.B. BykuH, B.B. jeemkoe'*
U.B. XXnykmoea, B.A. KaMbIHUH, 1 - MHecmumym obwiel gusuku
M.A. O6pasuyos um. A.M. lNpoxoposa PAH, Mocksa,
MHemumym obweli ¢pusuku 2 - YnbsHosckul eocydapcmeeHHbll
um. A.M. lNpoxoposa PAH, Mocksa yHusepcumem, YrbsiHO8CK
9,8y BOﬂHOBOﬂHbIﬁ Nd:YAG 3-MIry um. M.B. IZOMOHOCOSa, MOCKea,V
”A3EP, PAEOTA’OLL’MM" B PEXXUME 4 - Haul{OHaﬂbe/U uccrnedosamernbcKul
MACCHMBHOMN CHHXPOHUALIMM | 70°PHeltl yrusepcumen (MAGHD,
MOoA UMY CHO-MEPUOLNYECKUA
BOJIOKOHHbINA roJibMUEBbIA
JIA3EP
C BHYTPUPE3OHATOPHbIM
MoAYIIATOPOM MAXA-LEHOEPA
10:45-11:00 | C.B. Mywun', A.A. llanun', P.P. KawuHa, A.A. MoHocoea,
C.B. Ky3sneyoe?, I1.A. Ps6oykuHa’, B.I1. Mepeaduyyk, A.C. CmupHoO8
B.1O. Mpoiidakosa®, A.C. Epmakog’, | 1-[1AO «[TepmcKas HayyHO-
.M. ®edopos? npousgodcmeeHHasi
1 - HauuoHanbHbIl uccriedosamernbckul npubopocmpoumeribHasi KOMnaHusi»,
Mopdosckutli 2ocydapcmeeHHbili [Tepmb,
yHusepcumem um. H.I1. Ozapésa, 2 - [Tepmckuli cocydapcmeeHHbIl
CapaHck, HayuoHasnbHbIl uccriedogamerbCKul
2 - MiHcmumym obueli pusuKu yHusepcumem, [lepmb,
um. A.M. Mpoxoposa PAH, Mocksa 3 - [Nepmckuli eocydapcmeeHHbil
AMNKOHBEPCUOHHOE HauuoHasbHbIU uccredoeameribCcKull
[TPEOBPA30BAHUE rnoniumexHu4eckul yHueepcumem,llepmb
WH®PAKPACHOIO JIA3EPHOIO PASPABOTKA U UCCIIEJOBAHUE
U3NYYEHNST BO ®TOPUAHbBIX gggg’)""goéf’;:;’x UTTEPBHEBbIX
Zgzgﬁ;‘l\:'):éﬁ: I\;‘Zg OBAHHBIX OrNTUMN3UPOBAHHbIX
AJ1A MOLHbBIX JIA3EPOB
11:00-11:15 | A.C. Epmakoe, A.A. JlsinuH, B.W. Manazan', 5.U. feHkep',
C.B. Ky3Heuyoe, B.A. KOHIOWKUH, O.H. Eeopoeaz, B.A. KaMbIHUH,
A.H. Haknadoe, .A. PsibouykuHa, A.A. [MoHocoea'®, C.E. Ceepukos’,
M.11. ®edopos, C.B. MNywux C.J1. CemeHog?, B.B. Ljeemkoe**
1 - HauuoHanbHbIl uccriedosamernbcKul 1 - lucmumym obwieli pusuxku
Mopdoesckuti 2ocydapcmeeHHbili um. A.M. lNpoxoposa PAH, Mocksa,
yHugepcumem um. H.I. Ozapéea, 2 - HayyHbIl ueHmMp 805I0KOHHOU ONMUKU
CapaHck, PAH, Mocksa,
2 - lhecmumym obuwjeli chusuku 3 - MAO «[llepmckasi Hay4HO-
um. A.M. lNpoxoposa PAH, Mockea rpou3godcmeeHHast
ClEKTPAJIbHO- npubopocmpoumerbHasi KOMaHus»,
JIIOMWHECLIEHTHbIE CBOUCTBA ITepwmb,
KPUCTAIJIIOB CaF,-SrF,, 4 - HauuoHanbHbIU uccriedosameribCKull
”EI-MPOBAHHbIX MOHAMM Tm3+ },;I/(I?eprIU yHueepCUmem «MM(DM»,
ockea
KOMITO3UTHBIE CBETOBO/4bI
C Er** ®OC®ATHOU CEPLOLIEBU-
HOW /151 KOMIMAKTHbIX
BOJIOKOHHbIX YCUITUTEIIEW
11:15-11:30 | C-A. XpywanuHa, I1.A. PsiboykuHa, A.P. Paxmamynnuna’,

A.H. bensies, O.C. BywykuHa,
U.A. Opnoe, M.A. [leopsiHyukoea,
O.A. Ky3Heyoesa

HauuoHanbHbIl uccriedosamernbcKul

U.C. AzaHoea"’, M.K. Ju6uHozuHa’,
O.J1. Kenb?, A.A. lMoHocoea*

1 - lNepmckuli 2ocydapcmeeHHbIU
HayuoHasbHbIU uccrnedosamerbcKull
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Mopdosckutll 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapéasa,
CapaHck

UCII0JIb3OBAHUE
HAHOPA3MEPHbIX
ANIJIEKTPUYECKUX YACTHUL],
JIEFTMPOBAHHbIX MIOHAMMU Yl *
AJiA YCUIIEHWA TEIJIOBOIoO
SPDEKTA MPU BO3QEUCTBUU
HA BUOTKAHb JIA3EPHbIM

yHusepcumem, [lepmb,

2 - [AO «llepmckas Hay4HO-
npou3sodcmeeHHast
npubopocmpoumeribHas KaMnaHusi»,
lNepmb

UCCJIELJOBAHUE PEXXUMOB
F’EHEPALUUUN SPBUEBbIX
BOJIOKOHHbIX JIA3EPOB

U3JTYYEHUEM BJIUXXHEW
UK-OBJIACTU CIIEKTPA
11:30-11:45 | C.A. Apmemoe", A.A. JlanuH', A.B. XagopoHkuH, A.A. MacmuH
MN.A. Ps6oykuna', F0.J1.Konbinoe?, Tex+onapk-Mopdosusi, CapaHck
B.B. banawoe?, E.E. JlomoHo8a® MOLJEJINPOBAHUE NEHEPALNN
1 - HayuoHanbHbIl uccriedosamernbcKull CYTNEPKOHTUHYYMA
Mopdosckutli cocydapcmeeHHbIl B ONTTUYECKOM BOJIOKHE
yHusepcumem um. H.I. Oezapésa,
CapaHck,
2 - ®pssuHckul punuan NP3
um. KomenbHukosa PAH, Mocksa,
3 - licmumym obuwieli pusuku
um. A.M.lpoxoposa PAH, Mockea
NUMIYJIbCHAA IBYXMUKPOHHAAS
JIASBEPHAAS NrEHEPALINA
HA KPUCTAJIJTIAX ZrO,-Y,03,
JIETUPOBAHHbIX MIOHAMM Ho**
11:45-12:00 | 9O-U. Madupos, A.A. Lllakupos, N.J1. Bopobbes, A.B. Kpusosuues,
A.A. lllasenbes, A.B. lNakanuH, C.A. CMupHos,
A.C. HuzamymouHoe, B.B. Cemawko | FO.K. Yamopoeckuti
Kaszanckul (lMpusomxckull) pedepanpHbili | TexHonapk-Mopdoesusi, CapaHck
yHusepcumem, KazaHb PA3PABOTKA U NCCJIEQOBAHUE
UCCJIEJOBAHUE NMPUMECHbIX 3AIrOTOBOK U OlbITHbIX
LIEHTPOB MOHOB Ce’*' . OBPA3L|OB TEUINEPUPOBAHHbIX
B KPUCTAJIJIAX CMELUAHHOHN BOJIOKOHHbIX CBETOBO4OB
CTPYKTYPbI LiSryCa, xAlFg
12:00-12:15 | .M. PapyxwuH, 3.U. Madupoe, A.M. Xezaii"?, M.A. Menbkymos®,
A.A. llakupos, A.C. HusamymduHos, | C.B. dupcmoe’, ®.B. AgpaHackes®
A.A. lLlasenbes, B.B. Cemawko 1 - HayyHbIl yeHmp 80710KOHHOU OMMUKU
KasaHckuti (Mpusomxckuti) ¢pedepansHbiti | PAH, Mockea,
yHusepcumem, Kasab 2 - 'Hemumym obuwiel ou3uku
MOJIYYEHUE JIA3EPHOU um. A.M. lNpoxoposa PAH, Mocksa,
FEHEPALIUN HA CMELLIAHHbIX 3 - UHcmumym xumuu 8bICOKOYUCMbIX
KPMCTA””AX Lisrxcal_xAI FG Ce3+ geuwiecms PAH, Huxrut Hosaopoa
U3YYEHUE HETPOCBETIIAEMbIX
IOTEPb
B ®OCPOPOCUIIUKATHbIX
CBETOBOOAX, JIETMPOBAHHBbIX
BUCMYTOM
12:15-12:30 W. PuccaneH', B.H. dununnoe’,

10.K. Yamopoeckuti ®,

B. Yemumyuk®, C. Monoé®,

M.C. Anum6ekosg®, M.E. Xene3oe®*
1 - TexHomozuyeckul yHusepcumem
Tamnepe, Tamnepe,

2 - AMniniukoHuke, Tamnepe,

3 - lHcmumym paduomexHUKU u
anekmpoHuUku um. B.A. KomernbHukosa
PAH, Mocksa,
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4 - TexHonapk-Mopdosusi, CapaHck
XAPAKTEPU3ALMSA TEUMNEPHbIX
BOJIOKOH C BbICOKUM
ABYITYYEIPEIIOMJIEHUEM

10:45-12:30

Ayo. 3
HAHOMATEPUWUAIIbl U HAHOTEXHONOIMA
lpedcedamenb: 0.¢h.-M.H. FO.I". BaliHep

10:45-11:00

A.A. Hukonbckasi, [.C. Koponees, A.H. Muxatinoe, A.A. benoe,
A.A. Cywkos, [.A. MNaenos, [.UN. Temenbbaym

Huxezopodckuli eocydapcmeerHbll yHugepcumem um. H.U. Jlobayesckoeo,
HwxHul Hoszaopod

UCCJIEQOBAHUE CBOUCTB NEKCAI OHAJIbHOI'O KPEMHMUAI,
MOJIYYEHHOIO C [NTOMOLbKO UOHHOU UMITTTAHTALIUN

11:00-11:15

A.A. Cywkos’, [].A. Maenoe’, H.B. Balidyck’, A.B. Pbikos®, A.B. Hosukog’,
[.B. lOpacosg®

1 - Huxezopodckuli eocydapcmeeHHbil yHusepcumem um. H.U. Jlobayesckoeo,
HuwxHuti Hos2opo0,

2 - HayuyHo-uccrnedosamerbCKuli hU3UKO-mexHU4YecKul uHecmumym,

HuwxHuti Hos2opo0,

3 - Uucmumym cpusuku mukpocmpykmyp PAH, HuxHul Hogzopod
PACLLUN®POBKA MrEKCATOHAJIbHOU ®A3bl AlAs HA Ge/Si(112)

11:15-11:30

I.B. Tuxomupoea, T.K. lMlempocsiH, 51.FO. Bonkoea, A.B. TebeHbKko8
Ypanbckuli pedeparnbHbil yHUgepcumem um. rnepgoeo lpesudeHma Poccuu

b6.H. EnbyuHa, EkamepuHbype

®PA3O0BbIE MNEPEXO/LbI B YITIEPOLHbIX MATEPUAJIAX IPU BbICOKUX
HAABJIEHUSX

11:30-11:45

4A.B. [TlomuHoea, A.B. Ps6boea, UN.[]. PomaHuwkuH, I1.B. pa4es,

B.1O. Mpotidakoea, C.B. Ky3Heyoe

UHemumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
JIOMUHECLEHTHASI TEPMOMETPUA IN VITRO C UCINIOJIb3OBAHUEM
AlN-KOHBEPCHUOHHbIX HAHOYACTUL] NaGdF,:Yb*-Er®", Yb*-Tm?"

11:45-12:00

U.A. Opnoe, lN.A. Psibo4kuHa, C.A. XpywanuHa
HauuoHanbHbil uccniedosamernbckuli Mopdoeckul eocydapcmeeHHbIl yHUgepcumem
um. H.l. Ozapésa, CapaHck

CIMEKTPAJIbHO-IOMUHECLEHTHbLIE CBOACTBA YT. JIEPOAHbIX
HAHOYACTHL, CUHTE3NPOBAHHbIX U3 AMUHOKATIPOHOBOH
KUCIOoTbI

12:00-12:15

C.Jl. KosaneHko, T.B. Maenoea’, O.1. KaHuweea"?, K.H. Enbyoe*
1 - Mlhcmumym obuwel cpusuku um. A.M. lNpoxoposa PAH, Mocksa,

2 - Mockosckull ¢husuko-mexHudeckuti uHcmumym, Mockea
TEPMOIMPOIrPAMMUPYEMbIA CUHTE3 MOHOKPUCTAJI/IOB
A30TUPOBAHHOI' O TPA®EHA U3 MOJIEKYI1 ALLETOHUTPUIJIA

12:15-12:30

M.H. XKapkoe, A.A. JlanuH, B.I1. Acees, C.A. XpywanuHa, O.A. Kynukos,
I.A. Pa6o4ykuHa

HauyuoHanbHbil uccnedosamernbckuli Mopdosckuli 2ocydapcmeeHHbIl yHuUsepcumem
um. H.l. Ozapéesa, CapaHck

CUHTE3 U ®U3UKO-XUMUYECKUE CBOUCTBA JINITOCOM,
COLEPXALLUMX KPUCTAJIINYECKME HAHOPA3MEPHBIE YACTHLbI
CaF,: Yb*', Re* (Re = Er*", Tm*'), 4/151 ®OTOAUHAMMNYECKOU TEPAITNU
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NPUIMMALLEHHBIE OJOKIAODbI

09:00-10:30
lIpedcedamensk: 0.¢h.-M.H. B.B. Cemawko
09:00-09:30 | [.B. bydkuH
@u3suko-mexHudeckuli uHcmumym um. A.®. Nogpgpe PAH, CaHkm-Temepbype
®OTOIrAJIbBAHUYECKUE 3®PEKTbI U CMELUEHUWE YACTOT
B r10J1YTriPOBOAHUKOBbBIX HAHOCTPYKTYPAX
09:30-10:00 K.A. BaprLUHUKOB
@usuko-mexHu4deckul uHcmumym um. A.®. Nogpgpe PAH, CaHkm-lNemepbype
PE3OHAHCHOE U PEJTIAKCALIMOHHOE TNOrJ1I0WEHUE 3BYKA
HA IMTPUMECHbIX LEHTPAX B OJ1YIIPOBOOHUKAX
10:00-10:30 | [1.[. 3eepee'?, N.B. CMupHoe’, I".B. Llunoea’, A.A. CupomkuH"
1 - UHcmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mocksa,
2 - Mockosckuli aHepeemudeckuli uHecmumym (TY), Mockea
MHOIOYACTOTHASA FrEHEPALINA YAP:Nd JIA3EPA
10:30-10:45 NMEPEPLIB
10:45-12:45 Ayn. 1 Ayn. 2
HOBbIE ®YHKLIMOHAJIbHbIE MA- ANEKTPOHHBIE ABJIEHUA
TEPUAIJIbI B HAHOCTPYKTYPAX
lMpedcedamensb: 0.¢h.-M.H. lNpedcedamens: 0.¢h.-M.H.
M.H. lNonoea H.C. Aesepkuee
10:45-11:00 | I.B. Bonikoea', M.A. Bopuk’, E.C. Asapoea, .M. Makcumoea
Mn.E. Kypuuuuaz, E.E. JlomoHo8a>, Huxeeopodckuli eocydapcmeeHHbil
B.A. MbI3UHaz, MN.A. Ps6oykuHa®, yHusepcumem um. H./. Jlobauyeackoeo,
H.I0. Tabaykoea* HuwxHuli Hoszopod
1 - HauuoHanbHbIl uccriedosamernbcKul MACCUBHBIE QUPAKOBCKUE
Mopdoeckuti 2ocydapcmeeHHbil PEPMUWOHbLI B OQHOMEPHbIX
yHusepcumem um. H.IN. Ozapéea, ME3OCKOIMNYECKUX KOJIbLAX
CaparHck, C HEO4HOPOLOHOCTAMMU:
2 - ’Hcmumym obwied Gou3uKu SJIEKTPOHHbIE CBOACTBA
um. A.M. lpoxopoea PAH, Mocksa, U NMEPCUCTEHTHBbIE TOKU
3 - lucmumym ¢pusuku meepdoao mena
PAH, YepHoezonoska,
4 - HayuoHarnbHbIlU uccriedosameribCKull
mexHosI02u4ecKull yHusepcumem
«MWCuC», Mocksa
BJIMSIHUE ®A30BOIO COCTABA
U JIOKAJIbHOM
KPUCTAIIJIMYECKOU CTPYKTYPbI
HA TPAHCMOPTHbIE CBOUCTBA
TBEPbIX PACTBOPOB
Zr05-Y,03-Eus03 n ZrOZ-Gdzog-EUZOg
11:00-11:15 | H-A. Jlapuna', T.B. Bonkoea, A.P. 3aiiHazymduHos,
M.A. Bopuk’, E.E. JlomoHo8a?, A.B. TenexHukoe
B.A. Mbl3UHaz, M.A. Pg60qkuyal, Huxeeopodckuti eocydapcmeeHHbIl
H.l0. Tabaukoea®, C.A. XpywanuHa' | yHusepcumem um. H./. Jlobayesckozo,
1 - HayuoHanbHbIU uccriedogamesnbeKud HuwxHuti Hogzopod
Mopdosckuti 20cydapcmeeHHbitl AJIEKTPOHHbIE COCTOAHUA
yHugepcumem um. H.I1. Ozapéea, B CBEPXPELIETKAX CO CIIUNH-
CaparHck, OPBUTAJIbHbIM
2 - Miicmumym obuwjeli ¢pusuku B3ANMMOOEUACTBUEM PALLBGbI

um. A.M. lNpoxoposa PAH, Mockea,

3 - UlhHcmumym ¢busuku meepdozo merna
PAH, YepHozoroeka,

4 - HayuoHarnbHbIl uccriedosameribCKull
mexHos102u4YecKuli yHusepcumem
«MUCuC», Mocksa
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®A30BbIN COCTAB

U CIIEKTPAJIbHO-
JIOMUHECLIEHTHbBIE CBOUCTBA
TBEPObIX PACTBOPOB ZrO,-Sc,03-
R203-EU203 (R'Y, Yb, Gd, CE)

UN.B. CmenaHosa,

11:15-11:30 HA.A. Kynakos, [.B. Xomuukuu
C.IO. Kpusobopodosa, Huxezopodckuti 20cydapcmeeHHbiIl
O.B. lMempoea yHusepcumem um. H.A. Jlobayesckoeo,
Pocculickuli XUMUKO-mMeXHOmIo2u4ecKull Huxxut Hoszopoo
yHusepcumem um. [].M. MeHdeneesa, MOLAEIIMPOBAHUE OUHAMUKN
Mocksa BOJIHOBbIX [TAKETOB
CUHTE3 BUCMYTIrEPMAHATHbIX B TOINOJIOFNYECKUX
CTEKOIJ1 B LLINPOKOM OUATTA30HE | U3OJIATOPAX
KOHLEHTPALNU NCXOOHbIX
OKCngoB 1 UCCJIEQOBAHUNE UX
CIMEKTPAJIbHbIX CBOUCTB

11:30-11:45 | A.B. Kyne6sikun', N.E. KypuybiHa’, A.C. Pynikos, A.A. lMepos,
®.0. Munosuy®, A.C. Yucnoe™®, E.A. Mopo3sosa
H.10. Wynbea® Huxezaopodckuii 2ocydapcmeeHHbil
1 - MHecmumym obuwel ¢husuku yHusepcumem um. H.U. Jlobauesckozo,
um. A.M. Mpoxopoea PAH, Mocksa, HuxHuti Hoszopod
2 - lucmumym ¢pusuku meepdoz20 mena KBAHTOBbIE COCTOSsIHUA
PAH, YepHozoroska, HOCUTEJIEU B KBAOPYMNOJIbHbIX
3 - HayuoHarbHbIl uccrnedosamernbcKkul TMOJIYMETAJI/IAX BO BHELIHEM
mexHoroau4yeckul yHUsepcumem MArCHUTHOM NOJE
«MWCuC», Mockea
BJIMAHUE COJIETMPYROLUNX
MPUMECEW CeO, M Nd,O;
HA MEXAHWYECKUWE CBOUCTBA
TBEP/[]bIX PACTBOPOB ZrO,—Y,03

11:45-12:00 | M.A. Bopuk', B.P. Bopuyeeckuti’,

A.B. Kyne6sikux', E.E. JlomoHo8a",
®.0. Munoeuy?, B.A. Mbi3uHa",
M.A. Psa6oykuna®, H.B. Cudopoea®,
H.F0. Tabaykoea®

1 - Mlhcmumym obweli pusuku

um. A.M. lpoxopoea PAH, Mocksa,

2 - HauuoHarnbHbIl uccriedoeameribCcKull
mexHosI02u4ecKull yHusepcumem
«MWCuC», Mocksa,

3 - HauuoHarsnbHbIl uccriedoeameribcKul
Mopdoesckuti 2ocydapcmeeHHbili
yHusepcumem um. H.I1. Oeapéea, CapaHck
MEXAHU3MbI YITIPOYHEHWA
KPUCTAJ1JIOB YACTUYHO
CTABUIIN3UPOBAHHOIO
Zr0,-M,0; (M-Nd, Ce, Yb)
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12:00-12:15

M.A.Bopuk', A.B. Kyne6sikux",

WU.E. Kypuubina®, E.E. JlomoHosa",
®.0. Munosuy®, B.A. Mbi3uHa",
H.FO. Tabaukoea®, A.C. Yucnos*®

1 - Ulhecmumym obuwiel gpusuku

um. A.M. lpoxoposa PAH, Mocksa.

2 - lucmumym ¢pusuku meepdo2o mena
PAH, YepHozonoska.

3 - HauuonarnbHbIl uccnedosamernbcKuli
mexHoJsloeu4Yeckull yHugsepcumem
«MWCuC», Mockea
MEXAHUYECKUNE

N TPAHCIIOPTHBbIE
XAPAKTEPUCTUKU KPUCTAJTJIOB
4cLl, COJIETMPOBAHHBbIX
OKCUAMU CKAHONA U NTTPUA

12:15-12:30

M.A. Bopuk', B.P. Bopuyeeckuir’,
A.B. Kyne6sikux', E.E. JlomoHo8a",
®.0. Munoesuy2, B.A. Mbi3uHa',

MN.A. Ps6oykuHa®, H.B. Cudopoea’,
H.F0. Tabaukoea®

1 - UlHcmumym obuweli pusuku

um. A.M. lNpoxoposa PAH, Mockea.

2 - HauuonarnbHbIl uccriedogamerbcKull
mexHosoau4Yeckuli yHugsepcumem
«MWCuC», Mockea.

3 - HauuonanbHbIl uccriedogameribcKkull
Mopdosckutli 2ocydapcmeeHHbIl
yHugepcumem um. H.l1. Ozapésa, CapaHck
BJIMAAHUE MEXAHU3MOB
YINPOYHEHUA HA MEXAHUYECKUE
XAPAKTEPUCTUKU KPUCTAJIITIOB
ZrO, YACTUYHO
CTABUITIN3NUPOBAHHOIO Y,0;

14:00

NOABEAEHUE UTOIMOB KOH®EPEHLIUN-LUKOJbI




BOJIOKOHHAA OMNTUKA



PAJTMALIMOHHO-CTOMKHWE ONITUYECKUE BOJIOKHA HA OCHOBE
MOJUOULNPOBAHHBIX I'AJIOI'EHN/] CEPEBPAHBIX KPUCTAJIJIOB

J. . Canumrapees, A.E. JIsBoB, B.C. Kopcakos, A.C. Kopcaxkos, JI.B. XKykosa,
N.A. Kamy6a
Vpanvckuii ghedepanvhuiii ynusepcumem um. nepsozo llpezuoenma Poccuu
b. H. Envyuna, Examepunoype
E-mail: viktor.korsakov@urfu.ru

B Poccun B mocnenHue nsTh JET CTAOMIBLHO PACTET BHIPAOOTKA IIEKTPO-
SHEPIruHU, MPUXOIAIIASCS HA aTOMHBIE JIEKTpOcTaHIMU. OAHAKO, B XPaHUJIUILIAX
PaJMOAKTUBHBIX OTXOJO0B, TOPSIUMX KaMepax, HAOPHBIX CIEIl. KaHAIU3ALUAX U
JIpYrux o0OBEKTaxX MPHU MOBBIIIEHHOM PaJUallMOHHOM (OHE MPOTEKAIOT pa3iny-
HbIE XUMUUYECKHUE PEaAKIMU, KOTOpble HEOOXOAMMO KOHTPOIUPOBATH C UCHOJb-
3oBanueM NK-®dypbe criekTpockonuu, Ojaroaapss KOTOPO 4epe3 perucTpaiuio
MMKOB TOTJIOIIEHUSI MOXHO CYAUTh O KAYECTBEHHOM M KOJIMYECTBEHHOM COCTa-
BE€ Cpe/lbl, a TAKKe HAOJI0/1aTh KUHETUKY MPOUCXOJISIINX MpolieccoB. Pasmere-
HUE CIIEKTPOMETpPa B HEMOCPEICTBEHHOMN OJIM30CTH K UCTOYHUKAM HOHH3UPYIO-
IIETO M3JIYYEHUs MPUBOJUT K BBIXOAY €r0 U3 CTPOs, TAKUM 00pa3oM, aKTyalb-
HOM mTpenacTaBiseTcs 3a7adya pa3pabOoTKH pPaaHallMOHHO-CTOMKHUX ONMTHYECKHUX
KaHaJIOB JOCTABKU aHAJIUTUYECKOTO curHana [1].

UccnenoBana paauaiiioHHas CTOMKOCTh ONTHUYECKUX BOJIOKOH TMOJIYYE€H-
HBIX M3 KpucTauioB coctaBoB 1, 10, 21, 78 u 100 moa. % TIBrgslos4 B AgBr.
N3MepeHust BBITIOIHEHBI HA JIMHEWHOM YCKOPHUTENE 3JIEKTPOHOB Mojienu Y DJIP-
10-10C B UBI] «llenTp paguaniMoOHHON CTepUIM3aIluu». bbuta mociaeaoBaTesb-
HO HakoruieHa f03a oosydenus 100 x['p. 3aBUCHUMOCTE ONITUYECKUX MOTEPH T10-
cie oOydeHus IpuBeIeHa Ha pUCYHKe 1.

3 MKM

5 MKkM
10.6 MKkm
14 MkM

a
o
1

4 > o n

n
1
<

OnTtuyeckue notepu, %

T A T T

T
20 70 80 90 100

o] 4K e

CopepxaHrue TIBr 4y 54 B AgBr, Mon. %

Puc. 1. U3MeHeHHEe ONITUYECKUX IIOTCPb BOJIOKOH ITIOCJIC BOSI[@?ICTBHH HOHU3UPYIOUICTO U3JIY-
YCHUA

HccnenoBanne BBITOTHEHO 3a cueT rpanTa Poccuiickoro HayuHoro ¢oHma
(mpoekT Ne 18-73-10063).

1. A.B. KoponeBa, HoBblii MeTos nccnenoBaHusi HHPPAKPACHBIX CIIEKTPOB
($a30BBIX COCTOSIHHMI BOJHBIX CHCTEM MPHU Pa3IUYHBIX TEMIIEpaTypax.

Hucc., Mocksa, MI'Y, 2016.
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JIASEPHOE OBECIIBEYMBAHUWE HEHTPOB JIIOMWHECHEHILINN
B BUCMYTOBbBIX BOJIOKOHHBIX CBETOBOJJAX

A.B. Xapaxopaus, C.B. Ansies, E.I'. @upcrosa, C.B. ®upcros, E.M. /[nanos
Hayunwviii yenmp eonoxonnou onmuxu PAH, Mockea
E-mail: fir@fo.gpi.ru

BonokoHHbIE CBETOBO/IbI, JJETMPOBAHHBIE BUCMYTOM, 00J1aJJal0T YHUKAIIb-
HBIMHU CIEKTPATbHO-TIFOMUHECIICHTHBIMH XapaKTEPUCTUKAMH, KOTOpPbIE IMO3BO-
JSI0T T€HEPUPOBATH U YCHIIMBATh ONTHYECKOE U3Ty4yeHUEe B 00JaCTH JUIMH BOJIH
1150 — 1800 uMm.

B nannoit pabote npuBOIATCSA pe3yabTaThl UCCIEAOBAHMS HEAaBHO OOHa-
PY’KEHHOTO onTH4eckoro 3ddekra — siBneHus (poroodecBeUYnBaHUS aKTUBHBIX
LEHTPOB NOJ BO3JAEHCTBUEM JIA3€PHOTO M3JIYUYEHHUs, 3aKIIFOUYAKOLIErOCs B UCYE3-
HOBEHUU IOJIOC TOTJIOMICHUS] U JIIOMUHECIIEHIIMM BUCMYTOBBIX aKTHBHBIX IICH-
tpoB (BAL) [1]. Ha puc. 1(a) npencraBiena auarpamMmma 3HEpreTHYECKUX ypOB-
Heil BALL, accollMMpoBaHHOIO ¢ T€pMaHUEM, C U3Ty4YaTeJbHBIMU MEPEXO0JIaMHU,
COOTBETCTBYIOIIIME TOJIOCAM JIFIOMUHECIEHIIMHU, MOKa3aHHbIM Ha puc. 1(0, B).
[Tpu oOnyyeHun ceeToBoAa Ha Ap = 532 HM IPOUCXOJIUT CYHIECTBEHHOE CHUXKE-
HUE MHTEHCHUBHOCTU BCEX MOJIOC JIIOMUHECUEHIUH, MPUHALICKAIIUX JaHHOMY
BAILI. TIIpoBeneHo neranbHOE HM3y4YeHHE HAOIIOMACMOTO SBJICHUS, IMOJTYyYCHBI
OpUTHHAJIbHBIE PEe3YyIbTaThl, KOTOPhIE OYJIyT NPE/CTaBICHbI HA MPEACTOSIIEH
KOH(epeHITnH.

AI'I—KOHBepCVIOHHaH NKOMUHecCUeHUnAa
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Puc.1. ®otoobecupeunBanre BALL: cxema sHEpreTHYECKUX YPOBHEH ¢ U3TydaTeIbHBIMU T1e-
pexoaamu (a); an-koHBepcuoHHas (6) u MK momunecteHus (B) mpu Bo3OyxxaeHuu Ha 925
HM JIO ¥ TOCJie 00MydeH s Ha JUIMHE BOJHBI 532 HM

JlanHast paboTta BeIMoaHEHA npy puHAHCOBOM moaaepxkke PODU (No 18-
32-00148).

1. S.V. Firstov et al., Opt. Express 23, 19226 (2015).
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[NOJIAPU3ALIMOHHO-3ABUCHUMOE YCUJIEHUE
B I'EPMAHOCHJ/IMKATHBIX CBETOBOJAX, JIETMPOBAHHbBIX
BUCMYTOM

K.E. PIOMKI/IHl, C.B. CDI/IpCTOBl, M.A. MGHBKYMOBl, B.®. XOHI/IHz,
B.B. BeJIBMI/ICKI/IHl, A.H. I[eHI/ICOBl, C.JL CeMeHOBl, E.M. I[I/IaHOB1
'Hayunwuii yenmp eonoxonnoti onmuxu PAH, Mocksa
2HHcmumym xumuu evicoxouucmolx sewpecmes um. 1.1 [lessamoix PAH,
Huoicnuii Hoseopoo
E-mail: 3bc@mail.ru

Ha nanHbIi MOMEHT Ha OCHOBE BUCMYTOBBIX aKTHBHBIX CBETOBOJOB pa3-
paboTaHO 0OJIBIIOE KOJIMYECTBO JIA3EPHBIX YCTPOMCTB B CHEKTPAJIbHOM JHara-
3o#¢ or 1150 nmo 1750 wm [1]. Ilpm wuccienoBaHUM yCUIUTENEH U
CYTNEPIIOMUHECLIEHTHBIX BOJIOKOHHBIX UCTOYHUKOB [2] ObUIO OOHApPYKEHO, YTO
CTeNeHb Mojisipu3anuu BbixogHoro curHaina CBU cyiiecTBeHHO 3aBUCHUT OT MO-
JSpU3alMK CUTHAJIa HAKauKH, a KO3(PQPUIUEHT yCUlieHUs: OT B3aUMHOI'O pacro-
JIO’)KEHUS TONSPU3alUU HAKAYKU U CUTHala. /[aHHble HAOIIONEHUS CBUIETENb-
CTBYIOT O TOM, YTO CE€YEHHS MOTJIOIICHUS U JTIOMHHECIICHIIMM BUCMYTOBBIX aK-
TUBHBIX IIEHTPOB HE M30TPOINHBI U UMEIOT Pa3IMYHbIE 3HAYCHUS B PA3IUYHBIX
npoekiusx. IPHEeKT MoaIpu3alliOHHO-3aBUCUMOTO YCUJIEHUS! JOBOJBHO JaBHO
U3YyYeH B CBETOBOJAX, JIETMPOBAHHBIX 3pOueM [3], Uisi BUCMYTOBBIX CBETOBOJIOB
10J00HBIE UCCIIEI0BAaHUS POBOJSATCS BIIEPBBIE.

JUis u3MepeHus: MoJiIpu3allMOHHO-3aBUCUMOI0 yCUJIEHHsI ObUI M3TOTOB-
neH cBeroBo] Thna PANDA, coxpaHsmomuil Noiaspu3anuio BBEACHHOIO B HETO
U3JIy4YeHMs 3@ CUET OOJIBIIOrO JABYJIYUEPEIOMIIEHHUS, C CEPILIEBUHON Ha OCHOBE
repMaHOCHIIMKATHOTO CTEKJIA, JIESTMPOBAaHHOIO BUCMYTOM. M3MepeHo nossipusa-
[IMOHHO-3aBUCHMOE YCWJIEHHE, ONPEJECICHO COOTHOLIEHHE MEXIy MUHUMAaJb-
HbIM U MaKCUMAaJIbHbIM YCUJICHHEM BHUCMYTOBBIX aKTHBHBIX LEHTPOB. Makcu-
MaJIbHOE YCHJIEHUE JIOCTUTaJIOCh NPHU YCIOBUM COHAIPABIEHHOCTH BEKTOPA MO-
JSIpU3allMM CUTHAJIa C BEKTOPOM IOJIIPU3allii HAaKauKy, a B CIydyae UX MepIeH-
JIUKYJISIPHOCTH YCHJIEHHWE MHUHUMAalbHO. bBbIIO moka3aHo, yTo KO3 ULMEHT
YCUJIEHUS] CYLIECTBEHHO 3aBUCHT OT B3aMMHOI'O PACHOJIOXKEHHS MOJSpU3aIUU
HaKa4yky U curHana. Jlanuele HaOJMIOACHUS CBUIIETENBCTBYIOT O TOM, UTO cede-
HUS MOTJIOIIEHNS U JIFOMUHECLIEHIIMM BUCMYTOBBIX aKTHBHBIX LIEHTPOB HE HU30-
TPOITHBI M CYLIECTBEHHO OTIIMYAIOTCS B PA3JIMYHBIX NPOEKIMSIX.

HccnenoBanne BBHIMOIHEHO Mpu PUHAHCOBOU moanepxkke PODOU B pam-
Kax Hay4Horo mpoekTa Ne 18-32-00927.

1. LLA. Bufetov et al., IEEE J. Sel. Top. Quantum Electron 20, 111 (2014).
2. K.E. Riumkin et al., Opt. Lett. 37, 4817 (2012).
3. V.J. Mazurczyk, J.L. Zyskind, IEEE Photon. Technol. Lett. 6, 616 (1994).
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UMITYJIbCHO-ITEPMOINYECKU BOJIOKOHHBIN IT'OJIbMUEBBIN
JIABEP C BHYTPUPE3OHATOPHBIM MOJYJISITOPOM
MAXA-L[EHI[EPA

.B. Knykrosa', B.A. Kamsianm?, B. F BOpOHI/IH O.E. Hannit’,
B.b. L[BeTKOB
HHcmumym oowett puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
2 Vibsinosckui 20Cy0apcmeen bl yHugepcumen, YivsaHoeck
MOCKoecKuu eocyoapcmeenHulli yHugepcumem um. M.B. Jlomonocoea, Mockea
Hauuortaﬂbﬁbzu uccinedosamenvbckutl si0epHulil yHusepcumem « MUDH y,
Mockea
E-mail: iv.zhluktova@gmail.com

BonokonHble J1a3epbl, paboTaomue B PeKUME MOAYISIUN T0OPOTHOCTH,
CHEKTP M3IY4YEHUS! KOTOPBIX JIEKHUT B JBYXMHUKPOHHOM CIEKTpajIbHOM JMara-
30HE, UMEIOT MEPCHEeKTUBbl MPUMEHEHHUS! B TaKUX OOJACTSAX Kak MEIUIMHA, Jia-
3epHas JIOKalus, HeJIMHEWHass onTuka u T. 1. [1, 2]. MccnenoBana moOJHOCTHIO
BOJIOKOHHAsI CXeMa Jiazepa ¢ MOJYJSIHel JOOPOTHOCTH, MPEeI0KEHHasl B CTa-
The [3]. B kauecTBe akTUBHOW CpeJIbl UCIIOJIB30BAHO TOJIbMUEBOE BOJIOKHO JJIU-
HO 4,5 M, a B pOJIM ONTHYECKON HAKAYKH HCIOJIH30BAJICS BOJIOKOHHBINA UTTEP-
OueBslif 1azep ¢ JIMHON BOIHBI 1125 HMm. M3nydeHrne Hakauku BBOJUIIOCH Yepes
BOJIOKOHHYI0 Oparroeckyto pemretky (BBP) ¢ Beicokum xoadduiinenTom otpa-
xeHus (99 %) na nuHe BoHBI 2098 HM U BBIXOJHBIM 3€pKaJIOM, KOTOPBIM $1B-
JSICST KOHHEKTOP € TOPLIOM MPSIMOM MOTUPOBKHU € KOIPIULIHUEHTOM (pEeHEIEB-
ckoro otpaxeHusi 4 %. Tak xe B pe3oHaTOpe ja3zepa ObLI pacloyokKeH MOJTHO-
CTHIO BOJIOKOHHBIM MOIYJSTOP, CO3JaHHBIN 10 cxeMe uHTepdepomerpa Maxa-
Lennepa.

[TonyyeHa UMNIyJIbCHO — MEPH-
OolMYEecKas TeHepalus Ha JJIMHE BOJI-
Hel 2098 HM C QIUTEIHLHOCTHIO HUM-
nysibcoB ot 0,8 Mxc 10 1,56 Mmkc, ya-
crotamu ciaexosanusa 11,2 k['iu 22,4
k[, MakcuMajabHONW NUKOBOM MOIII-
HOCThIO 3,9 BT 1 sHeprueit ummnymnbca

~ 3,5 MxJIx.

UccnenoBanue ObUIO MOJJIEP-
*aHo Poccuiickoit Axanemuend Hayk
B pamKkax mporpammbl «OCHOBHBIEC U
MPUKIaAHbIE 33129 (OTOHUKHU U G-

TlocnenoBaTeIbHOCTh HMITYIECOB CriexTp reHepauus
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Puc. 1. ITocnenoBaTenbsHOCTH HUMITYJIbCOB I'C-
HEpaluu roJibMueBOIro UMITyJIbCHO-

3UKA HOBBIX ONTHYECKUX MaTepua-
noB» (IIpoext Ne L[.25I1) u Munu-
crepctBoM OOpaszoBanus u Hayku
Poccuiickoit  ®@enepauuu  (IIpoekt
Ne 14.750.31.0015).

NIEPUOINYECKOTO Jiazepa (ClieBa) U CIIEKTPhI
Ja3epHOro u3ny4deHus (cmpana). A — 6e3 Mo-

nyasuy npu Hakadke 1,8 Bty b — ammutyna

HanpspkeHus Ha monyistope 10 B u Hakauka
1,8 B, B —ammumuTyzaa HanpsikeHUs Ha MOJY-
nstope 10 B u Hakauka 2,9 Br

1. K. Scholle et al., Croatia, InTech 471 (2010).
2. C.A. ®unaroa u np., [Ipukmagnas ¢poronuka 1, 130 (2014).
3. B.I'. Boponun, B.A. Kambraus, [Mpuknannas doronuka 2 (2), 135 (2015).
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PA3PABOTKA U NCCJIEAOBAHHME OAHOMO/JOBbBIX UTTEPBUEBBIX
CBETOBOAOB, OIITUMU3NPOBAHHBIX JIJIXI MOIIIHBIX JIASEPOB

P.P. Kaumna'® A.A. ITonocosa', B.II. HepBaI(quS, A.C. CMHpHOB3
YTAO «Ilepmckas nayuno-npousso0cmeennasn npubopocmpoumenshas
Komnanusy, llepmo
2IYepMcmtﬁ 20Cy0apcmeeHHblll HaYUOHANIbHbIIL UCCIe008AMENbCKUL
yuugepcumem, Ilepmo
3HepMCKuL7 20Cy0apcmeeHHblll HAYUOHANIbHbIU UCCIe008AMENbCKUL
noaumexuudeckui ynugepcumem, Ilepmo
E-mail: NizamutdinovaRR@pnppk.ru

[lepenaya MOIIHOTO JIa3€PHOTO M3IYYCHHUS HA PACCTOSIHUS TOpPsIAKA He-
CKOJIbKMX JIECITKOB METPOB IPH MOMOIIM BOJOKOHHBIX CBETOBOJOB SIBJISIETCS
aKTyaJbHOM 3ajjaueil COBPEMEHHON ONMTOAJIEKTPOHUKH. [IpensTcTBueM B peaiu-
3aI[i¥ BOJIOKOHHO-ONTHYECKUX CHUCTEM Iepeadyud MOIIHOTO JIA3epPHOro H3Jyde-
HUSl SBJISICTCS TIOSIBIICHUE HEXENaTeNbHBIX HETUHEHHBIX 3((PEKTOB, KOTOpHIE
MOTYT OBITh PEIICHBI C TTOMOIIBIO Pa3pabOTKU BOJOKOHHBIX CBETOBOJIOB C yBE-
JUYEHHBIM JIUAMETPOM TI0JIsI OCHOBHOM MOJIBI. B TO ske BpeMsi, JIJIsl YBEJIIMUCHHS
pasmepa moJis, UrpaeT OOJIBIIYIO POJb W3THOHBIC ONTUYECKHE MOTEPU B CBETO-
BOJIC: JUUISL CO3JJaHUS OJMOJIOBOJIOTO PEXXKUMa ¢ OOJIBIIINM JTUAMETPOM CEPAIICBU-
HbI, HEOOXOUMO OYEHb CHJIBHO CHU3UTH AN, HapUMep, €CIIU JUaMeTp cep/ilie-
BUHBI paBeH 30 MKM M JUIMHA BOJHBI OTCEYKU 1 MKM, TO AN JOKHO OBITH HE
6osee 0,002 pu cTyneHyaToM npoduie mokaszaTes npesoMieHus (puc. 1), 9to
B CBOIO OY€peb MPUBOIUT K OTPOMHBIM MOTEPSIM Ha U3THOaX.

7
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Puc. 1. Usmenenune JJINHBI BOJIHBI OTCCYKHM B 3aBUCMMOCTH OT An

[enwio nanHO# pabOTHI SABISETCS MOJCIUPOBAHNE U ONITUMU3AIUS CBETO-
BOJIOB, JIETHPOBAHHBIX HOHAMH Yb®", JUIsi CO3IaHMs MOLIHBIX BOJOKOHHBIX JIa-
3€pOB M YCUJIUTEIIEH.

MonenrpoBaH#us MPOBOIWIOCH B IpOorpaMMHOM obOecrieuennn Optiwave.
B pesynbpraTe paboThl ObuH pa3pabOTaHBl MOJEIH ONTUMU3HPOBAHHBIX CBETO-
BOJIOB, JIETHPOBAHHbIX HOHaMH Yb>".
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KOMITO3UTHBIE CBETOBO/IBI C Er** ®OCPATHOM CEPJILIEBUHOM
JUISI KOMIIAKTHBIX BOJIOKOHHBIX YCWJIMTEJIEN

b.1. FanaraHl, b.1. I[eHKepl, O.H. EropOBaZ, B.A. KaMBIHI/IHl,
A.A. HOHOCOBal’S, C.E. CBequOBl, C.JL CeMeHOBZ, B.b. HBGTKOB1'4
1HHcmumym ooweti puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
Hayunwuii yenmp onoxounoii onmuxu PAH, Mockea
ITAO «Ilepyckasn HayuHO-NpoU3800CMBEHHAA NPUBOPOCIPOUMETHAS.
Komnanusy, [lepmo
4Hauu0HaJlebzﬁ uccineoosamenvckuil sioephulil yHusepcumem « MUDHU y,
Mockea
E-mail: nastya-aleksi@mail.ru

[IpencraBineHo ucclieloBaHUE BOJOKOHHBIX YCWIMTENICH HA OCHOBE KOM-
MO3UTHBIX CBETOBOJOB € (hochaTHON CepALleBUHHON M KBapIleBOM 0OOJOUKOM.
Ucxonnsie PocdaTHbie CTEKIa, U3TOTOBICHHBIC VISl CEPAIIEBUHBI BOJIOKOH, CO-
nepxxanu 1 Bec. % u 3 Bec. % »poOusi. BeITsHyThIE U3 3arOTOBOK CBETOBO/IbI ObI-
JI1 OJTHOMOJIOBBIMH Ha pabodeit niuuHe BosiHbI. [loromienue ciaboro curuania B
cepaleBUHe 00pa3oB Ha JuiMHE BOJHBI 1535 HM coctaBisio ot 1,2 1o
3,75 nb/cm, nns 1 Bec. % u 3 Bec. %, COOTBETCTBEHHO.

Jlns uccrienoBaHus yCUJIEHUS OBLT peaii30BaH OJHOMPOXOIHBIN YCUIIU-
TeIb C TOMYTHOW Hakaykou. VM3nmydeHwe HaKauykd ¥ yCHJIMBAEMOI'O CHTHAJa
BBOJIMJIUCH B KOMIIO3UTHBIA CBETOBOJI YEPE3 CIEKTPAIbHO-CEJICKTUBHBIN OTBET-
BuTenb. [loTepu Ha cBapke MEXIy KOMIIO3UTHBIMH M KBapIeBBIMU BOJIOKHAMU
coctaBisiii ot 0,2 no 1 nb na mmmue Bonubl 980 HM. B kadecTBe MCTOUHMKA
CUTHaJa WCIOJB30BaH HEMPEPHIBHBIA BOJOKOHHBIM Jla3ep MOIIHOCTBIO JI0
10 MBt u nnunoit BoiHbl 1536 HM. [IpoBenena onTuMu3aIvs JIMHBI aKTHBHBIX
BOJIOKOH ycuutenei (puc. 1).

B pabore monydeHBl BBICOKHE
KO PUIIMEHTHl  YCHJICHUS  CJIaboro .
curHana (—30 agbm) mpu ManbIX IJIUHAX 281 T 1
aKTUBHOTO cBeToBOMa. Kondduiment ' '
ycwieHus: coctaBiist 36 n1b B 3 Bec. %
Er Bonokne pmmuon 20 cMm u 38 nb B
1 Bec. % Er Bonokue giauHOM 50 cM.

N}
3}
1
1

Gain (dB)
N
1

N
N
1
1

HccnienoBanne BBINOJHEHO MPH 201 e
¢unancoBoit mnonnepxxkke PODOU B o ‘ ‘ ‘ ‘
10 20 30 40 50
pamkax HaydHoro mnpoekrta Ne 18-32- Length (cm)
01010.

Puc. 1. 3aBucumocts ko3 duneHTa ycume-
HUS OT JJIMHBI CBETOBOJIA Il BXOJJHOTO CUT-

Hanma —20 nbm (3Bec. % Er)
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NCCIIEAOBAHUE PEXKMMOB I'EHEPAILIIN SPEUEBBIX
BOJIOKOHHBIX JTASEPOB

A.P. PaXMaTVJ'IJ'H/IHal, n.C. A3aHOBal’2, M.K. L[I/I6I/IHOFI/IH32, O.JI. Kenbz,
A.A. TToHocosa’
lﬂepMCKuﬁ 20CY0apcmeeHHblll HAYUOHANbHBILL UCCIe008aAMeNbCKULL
yuugepcumem, Ilepmo
2ITAO «Ilepyckas HayuHO- nPOU3EOOCMBEHHAA NPUGOPOCIPOUMETHAS.
Komnanusy, [lepmo
E-mail: aly_physicist@mail.ru

BonokonHbie »pOueBbie a3ephl MUPOKO MPUMEHSIOTCS B TEIEKOMMYHU-
Kalusax, HayKe, MPOMBIIIJIEHHOCTH U MeAuluHe. Jluana3oH U3Iy4eHUs] MOHOB
pOUsT COOTBETCTBYET MHHUMAJBHBIM IMOTEPSIM B TPAJAUIIMOHHBIX KBapIEBBIX
CBETOBOJIaX U MPU 3TOM 0€30MacHO JJIsI YeJIOBEeKa.

O} heKTUBHOCTh TE€HEpAIlMd UOHOB OMNPEEIACTCS CEUCHHUSIMU TOTJIONIe-
HUS U JIIOMUHECIICHIIMY MOHOB, a TaK)K€ HAJIMYHEM KJIaCTepU30BAHHBIX MOHOB,
0€3bI3ITy4aTeIbHO TIOTJIONIAIOIINX U3TyYeHUE HaKauku U curHana. [loatomy pa-
00oTa B JUIMHHOBOJTHOBOM JMaria3oHe, TJI€ CEUYCHHUE IOTJIONICHUS KJIacTepOB
MEHBbIIIE, MOYKET MOBBICUTH d(PHEKTUBHOCTH Jiazepa.

Ienp paboThl 3aKiIr0uanach B ucciienoBaHuU 3G (HEKTUBHOCTH TeHEPALIU
pOUEBBIX CBETOBOAOB B Auara3one ot 1,518 g0 1,585 mxwm.

OpOueBbie CBETOBOBI MCCIIEAOBAHBI B CXeME BOJIOKOHHOTO Jiazepa Cpe/l-
HEW MOIIHOCTH CO BCTPEUYHOM Hakaukoil (puc.la). B kadecTBe HCTOYHHKA
HaKa4yKu OBbLI WCIIOJIL30BAaH IMOJYIPOBOJAHUKOBBINA JazepHbd auoa (980 HM).
N3nyyeHne Hakauku BBOAMJIOCH B aKTHUBHBIN CBETOBOJ uepe3 WDM. B kaue-
CTBE aKTUBHOW CpeJbl UCIOJIb30BAJINCh ONTUYECKUE BOJOKHA C KOHIIEHTpaLHs-
mu Er** nopsijiKa 10" em 3, npenoctasieHubie [TAO TTHIITIK. Pe3onarop na3ze-
pa ObLI 00pa30BaH BOJOKOHHBIMH OpPATTOBCKMMH peNIeTKaMU C Pa3HOMW IIeH-
TPaJIbHOM JJIMHOM BOJIHBI C KO3 GUIIUEHTOM oTpaxeHus, omm3kuM k 100 %, u
IPSIMBIM TOPLIOM BOJIOKHA C APYTOi CTOPOHBI pE30HATOPA.

[IpoBeneHo M3MEpEeHUE CHEKTPOB M3IYYEHUS B 3aBUCHMOCTH OT JIJIMHBI
BOJIOKHA BO BCEM CIIEKTPAJIbHOM JIMAIla30HE JTIOMHUHECIICHIIMM HOHOB 3pOuS.
[Tokazano, yTo MakcuMainbHas 3(pPEeKTUBHOCTH TeHepaIuu HaOMIoAETCs B Ooree

JUTMHHOBOJTHOBOM YacTH CIIEKTpa IO CPAaBHEHHIO C ITUKOM JIFOMUHECLICHITUH 3P-
ous (puc.10).

140

- -1569
Tlasepastit mox Axrusioe 1204 loe3 ]
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Puc. 1. a - cxema nazepa; 6 — 3ppekTuBHOCTH pabOTHI Ja3epa npu pazHsix BBP
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MOJEJIMPOBAHUE I'EHEPALIMN CYIIEPKOHTUHY YMA
B OIITUYECKOM BOJIOKHE

A.B. XKaoponkun, A.A. Mactun
Texnonapx-Mopoosus, Capanck
E-mail: mastinaa@mail.ru

HccnenoBanue reHepanyuu CYNEpKOHTHHYYMa B ONTHYECKUX BOJIOKHAX
IIPUBJIEKAECT 3HAYUTEIBHOEC BHUMAHHUE IO IIPUYMHE €r0 IOTCHUMAIBHOIO HC-
II0JIb30BAaHUS B TEJICKOMMYHUKALMOHHBIX CHUCTEMAaX, T'€HEpPALMU ONTHYECKUX
VMMIIYJIbCOB YJBTPAKOPOTKOW JJIMTEIBHOCTH, ONTUYECKOW KOTEPEHTHOM TOMO-
rpaduu u ontTuyeckoi metpoioruu [1].

B pabote mpuBeneHbl pe3ysbTaThl YUCICHHOTO MOJAEIUPOBAHUS TeHepa-
LA CYIEPKOHTHHYYMa IIOJIyYEHHOTO IIPU BBOJE ONTHUYECKOIO HMIIYJIbCa
HaKaykd B 00JJACTh aHOMAJIbHOM JMCTIEPCUU OJIM3M TOYKH HYJSl TUCIIEPCUU OTI-
TUYECKOT'O BOJIOKHA C BBICOKOM HEJIMHEHMHOCTBIO. TakKe NMpPUBENECHBI pE3yibTa-
Thl aHAJIN3a CTPYKTYPbl CUTHAJIA CyllepKOHTHHYYyMa MetogoM XFROG crektpo-
rpaMM.

1. AM. XKenrukos, YOH 176 (6), 623 (2006).
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PA3SPABOTKA 1 NICCIIENOBAHUE 3ATOTOBOK M OIIBITHBIX Ob-
PA3IIOB TEUIIEPMPOBAHHLIX BOJIOKOHHBLIX CBETOBO/I0OB

N.JI. BopoObeB, A.B. KpuBoBuues, A.b. [Takanun, C.A. CMUpPHOB,
10.K. YamopoBckuii
Texnonapx-Mopoosus, Capanck
E-mail: newsmirnov@mail.ru

CriennanbHbIC BOJIOKOHHBIC CBETOBOJIBI, PUOOPHI HA X OCHOBE HAXOJISAT
Bce Oosee MIMPOKOE MPUMEHEHHE BO MHOTHX OTPACISIX: MEIUWIIMHA, JIa3epHas
oOpaboTka maTepuana, HedTerazopasi, aBUAKOCMHUYECKasi, aTOMHAsl OTPACId U
apyrue. PazHooOpasue cdep mpruMEHEHUH, a TaKkKe HapacTarolas KOHKYPEHITUS
NIPOU3BOIUTENICH, IPEABSBIIACT BCE OOJIbIIME TPEOOBAHMS K ONTHYECKHM, T'€O-
METPHUYECKHM, MEXaHUYECKUM TapaMeTpaM CHCITHAIBHBIX BOJIOKOHHBIX CBETO-
BOJIOB.

[TosrydeH HOBBIN THIT TEHIIEPUPOBAHHBIX BOJIOKOHHBIX CBETOBOJIOB, KOTO-
pPBIii MOKET OBITh MCITOJIB30BAaH B BOJIOKOHHBIX Jla3epax U YCHINTENAX, IMOJY-
YUBIIMX IIHPOKOE PACIPOCTPAHCHUE BO MHOTHX OOJIACTSAX MPOMBINIJICHHOCTH,
MEIUITMHBI U HayKu. [IpoBeCHBI MCCIIeIOBAHUS ONTHYCCKUX CBOWCTB TOJyYCH-
HBIX OIBITHBIX 00Pa3IoB.

PabGora BeimonHeHa mipu (GUHAHCOBOW moanepxkke PoHma coAehCTBUS
Pa3BUTHIO MaJIbIX (HOPM MPEANPUATHN B HAYUHO-TEXHUUECKOU cdepe.
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N3YYEHUE HEITPOCBETJIAEMBIX IIOTEPDH B
POCPOPOCUIIMKATHBIX CBETOBOIAX, JIETIPOBAHHbBIX
BUCMYTOM

AM. Xeraii"*, M.A. Menskymos', C.B. ®upcros’, ®.B. Adanacses®
1 . .

Hayunwviti yenmp eonoxonnou onmuxu PAH, Mockea
2HHcmumym oowett pusuxu um. A.M. Ilpoxoposea PAH, Mockesa
3HHcmumym xumuu svicoxoyucmulx seupecms PAH, Huxxcnuii Hoszopoo
E-mail: khegai@fo.gpi.ru

NmnynbcHble UCTOYHUKK Ha ocHOBE (ochopocunukatHbix (PC) Bucmy-
TOBBIX CBeTOBOJOB (BC) mpeacTaBisioT MCKIIOYUTENBHBIM MHTEpPEC B HAYKeE,
TEXHUKE U MEIMIIMHE, TaK KaK MO3BOJIAIOT MOIYyYaTh Ja3epHOe U3IyuyeHue B 00-
nactu 1,3 mxm [1]. IIpeumymiectBom ucnons3oBanuss BC sBiIgeTCs BO3MOXK-
HOCTb PEeaIn30BBIBATh MOJHOCTHIO BOJIOKOHHBIE JIa3€pHbIE UCTOYHUKH, TOMUMO
ATOr0, CUJIMKATHAas MAaTpulla aKTMBHOTO CBETOBOJIA MO3BOJISIET HCMOJIb30BATh
CTaHJapTHbIE BOJIOKOHHBIE KOMIIOHEHTHI JUJISl peaju3auuu padoueit cxemsl. [lpu
pa3pabOTKe BBHICOKOAHEPTETUYHBIX HMITYJILCHBIX HCTOYHHUKOB Ba)KHBIM Tapa-
METPOM, TOPOU ONPEAEIISIONIMM MaKCUMAIBHO JTOCTHKUMYIO SHEPTHIO, SBIISCT-
Csl ypOBEHb MPOCBETICHUS (OTHOLIEHUE MOTJIOMICHHs c1aboro curHaiga K He-
pocBeTIIsIeMbIM noTepsiM). B aeiictBurenbHoct, B BC naHHBIN mapaMeTp ur-
paeT CYHIECTBEHHO OOJBIIYIO POJib, B CPABHEHUH C BOJIOKHAMHM, JIETUPOBAHHbI-
MU PEIKO3EMEIbHBIMU 3JIEMEHTAMU, TaK KaK BEJIMYMHA MPOCBETICHHUS, HAIIPH-
mep, B @C BC npu Hakauke Ha JUIMHE BOJHBI ~1,23 MKM He nipeBbimaet 13 (s
JIyHIIHX HTTepOHEBBIX CBETOBOIOB JAHHBII apaMeTp MOKET cocTaBisTh ~10°).
[ToaToMy s onTuMuU3aMK pabOThl HMMITYJILCHBIX BHUCMYTOBBIX JIa3€pOB B
IUTAHE TIOBBIIICHUS BBIXOJHOM SHEPTHH B HMITYJIbCE HEOOXOAMMO JeTajbHOe
U3YUYEHUE HEMPOCBETIISIEMBIX MOTEPb.

B nanHoi#t paboTe MBI HCCIEOBANINM 3aBUCUMOCTh HEMIPOCBETIIAEMBIX TO-
teps B @C BC oT nayivHbBI BOJIHBI U3IyYeHUs Hakauku (puc. 1(a)) u oT TMna npo-
CBETJSIIOIIETO H3JIYYEHHUS: UMITYJIbCHOE, C Pa3JIMYHOM YacTOTOM IMOBTOPEHUS
WM HenpepbiBHOE (puc. 1(0)).

1.0

Mornowexue = 2kMy
s 08 cnaboro curHana o e 44y
3 o HenpocseTnsembie =2 . X 4 6y
= notepu LQ[ B v 8kMy
o 0.6 - 044 B + 10kMy
s e "‘? » cW
o 044 > ¥,
3 3 T
(o] A
S 02 = <
: o ‘b
(a) = > (6)
T T M T 0.01 T v T r
800 1000 1200 1400 1600 20 -10 0 10 20
[nvHa BOMHbI, HM BxoaHow curdan, abm

Puc. 1. Cnextp nornomenus u HenpocBeTiseMbix noteps B ®C BC (a) 1 3aBUCUMOCTH O-
TJIOIIEHUS Ha JUTMHE BOJIHBI 1,33 MKM 0T MomtHOCTH (0)

Pa6ora BeimoaeHa nipu noaep:kke POOU (rpant Ne 18-32-00438).

1. A.M. Xeraii u 1p., KBantoBas aekrponunka 46, 1077 (2016).
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XAPAKTEPU3AIS TEMITEPHBIX BOJIOKOH C BBICOKVIM
JABYJIYUEIIPEJIOMJIEHUEM

%8 PI/ICCEIHCHl, B.H. (DI/IJII/IHHOBZ, IO .K. I121M0p013.(:1<1/11713, B. yCTI/IM‘-II/IKS,
C. HOHOBS, M.C. AJII/IM6GKOB4, IL.E. Xenesos”
Texnonoeuueckui yHugepcumem Tamnepe, Tamnepe
°Amnnuxonuxe, T amnepe
3HHcmumym paouomexuuxu u dnekmporuxu um. B.A. Komenvnuxkosa PAH,
Mockea
T exnonapk-Mopoosus, Capanck
E-mail: iamhellio@gmail.com

OnHuM U3 MOAXOJA0B K YBEJIWYEHUIO BBIXOJHOW MOIIHOCTH BOJIOKOHHBIX
Ja3epoB SABIIAETCS TEXHOJOTUS TEHNEPHBIX BOJOKOH C JBOWHOM 000JIOYKOI
(TDCF), BnepBbie BHeApeHHass B TeXHOJOTHMYECKOM yHUBepcuteTe Tamriepe
[1]. TDCF npencrasinsier co00M ONTHYECKOE BOJOKHO C YBEITMUEHUEM AUAMETPa
BJI0JIb OCH U O0ECIeYrBaeT OJHOMOOBOE PaCpOCTpaHEHUE U3ITYyYEHUsI B MHO-
rOMOZIOBOM BOJIOKHE. TeuIiepHble BOJIOKHA, JIETUPOBAHHBIE PEAKO3EMEIIbHBIMU
MOHAMH, OBLIM YCHEIIHO MPOJAEMOHCTPUPOBAHBI B BBICOKOMOIIHBIX BOJIOKOH-
HBIX JIa3epax U YCWIUTENSIX U MOTYT IOTEHIMAIbHO UCIOIb30BaThCA I YCH-
JIEHUS ONTUYECKOM MOIIHOCTH 110 ypoBHS MBT [2].
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Tunable Laser

Reflected amplitude (d

\\:)j PM taper 1 10 12 14 16 18 20

___________________ a Spatial coordinate (m)

Puc. 1. Cxema ycranoBku OFDR n3mepeHnuil 1 kKapTuHa pIJI€eBCKOTO PACCESIHUS B SJUIUIITH-
YECKOM Teurepe

OnHoii u3 HanboJiee BaAXKHBIX XapaKTEPUCTUK TEUMEPHBIX BOJIOKOH C CO-
XpaHEHHUEM TOJSPHU3AIUU SABIACTCS NMpoduis AByIydenpenomieHus. MHHOBa-
[IMOHHBIM M HEPa3pyIIAIONIUM CIIOCOOOM M3MEPEHHUS SIBISETCS MCIOIb30BAHUE
BBICOKOYYBCTBHTEIIBLHON onTHyeckoit yactotHor peduiekromerpun (OFDR) [3].

Ycranoska OFDR moxeT ¢pukcupoBaTh KapTHHY PAJIEEBCKOTO PACCESHUS
B TeHmepe, Mmoka3zaHHyio Ha puc. 1. B Hacrosieit paboTe mpeacTaBiaeHbI Mpe-
BApUTEIIbHBIE PE3YJIbTAThl XapaKTePUCTU3ALMMU JIBYX TEHNEPHBIX BOJIOKOH, CO-
XpaHsomux nojsipusanuio (PM): ouH ¢ 3JTMNTUYECKUM CEPJIEUHUKOM, a JIPY-
roM ¢ KPYIJIbIM CEPJIEUHUKOM U AJUTUINITUYECKON HaMpsrarollei 000JI09KOu.

1. V. Filippov et al., Optics Express 16, 1929 (2008).
2. V. Filippov et al., Proc. SPIE 9728, 97280V (2016).
3. M. Froggatt et al., JLT 24, 4149 (2006).

30


mailto:iamhellio@gmail.com

MUKPOCTPYKTYPUPOBAHHLIE OIITUYECKHNE BOJIOKHA
(BOJIHOBO/IbI): KITACCUD®UKALMA, ITPUIIOXEHUA

K.A. Bxeymuxos’, 3.4. MaprymeBl, A.A.B)KeyMI/DmBl’2
lﬂﬂcmumym ungopmamuru u npodem pecuoHaIbHO20 YNpasieHus
Kabapouno-banxkapckoeo nayunoeo yenmpa PAH, Hanvuux
“Institute for Scientific Instruments GmbH, Berlin
E-mail: kazbek ba@inbox.ru

Marepuan nocBsmeH OJHOMY U3 TaKUX HAIPABJIECHUU BOJOKOHHOW OITH-
KU1 KaK «MHUKPOCTPYKTYpUpOBaHHBIE onThuyeckue BosiokHa» (MOB). Ha ocHoBa-
HUM aHanu3a paboT, OMyOJMKOBAaHHBIX Pa3IUYHBIMU HAayYHBIMHU TPYIMIAMH 32
npouleAmye ABaAaTh ¢ JMIIHUM JIET, cJejlaHa MOMbITKAa KiIacCu(UKauum u3-
BECTHBIX Ha CErOJHAIIHUN AeHb KOHCTpYKIMM MOB ¢ yuérom, kak ocoOeHHO-
CTel TeOMETpPUH, TaK U OCHOBHBIX (PM3MUYECKUX CBOWCTB KOTOpas, MO HaIIeMy
MHEHUIO, MOKET CTaTh OCHOBOM cTaHaapTH3aluu. Takue MonbITKU paHee ObLIn
npeanpussaTel B [1, 2]. Takxe, HenaBHo benabun (Benabid) B cBoéM npe3eHTa-
IIMOHHOM MaTepuanie npuBén coctaBieHHylo Paccenom (Russell) opurunans-
Hyto «PCF Family Tree» [3]. YuuTbhiBass HHTEHCUBHOCTh Pa3BUTHS B ATOM 00J1a-
CTH 32 MPOUIEAIIEE C TEX MOP BpeMs, IPEACTABICHHbBIE B 3TUX MaTepuajax Ba-
puaHThl Kiaccudukanuu TpeOyOT 3HAYUTEIBHOTO JOTOJHEHHUS, YEMY U MOCBSI-
IIeHa JIaHHas padora.

[IpennoxkenHass HamMH KiaccU(UKalMOHHAS JAPEBOBUIHAS ApPXUTEKTypa
OTpaXkaeT KaK paziiM4yue KJIACCOB BOJIOKOH IO JBYM IpHU3HaKaM (0COOEHHOCTHU
KOHCTPYKLIMM U OCHOBHBIE BOJHOBOJHBIE MEXAHH3MBbI), TaK U CYIIECTBYIOLIUE
B3aUMOCBSA3U OTAEIBHBIX KJIACCOB. DTO «UACOJIOTHUS» 3aJI0KEHA U B CaAMBIX CO-
KpalEHHBIX Ha3BaHUAX (allpOHMMAax) BOJIOKOH 4YTO, HA HAIll B3IJIS[, IO3BOJISET
CHUCTEMATU3UPOBATh YK€ CYIIECTBYIOIIME KOHCTPYKIIMU BOJIOKHA U B KaKOW-TO
CTEIIEHH, MO3BOJIAET CAENIATh IPOTHO3 JAIBHENIIETO Pa3BUTHUS - KaKasl «BETBbY,
B KAKOM HAaIIPaBJICHUH MOKET Pa3BUBATHCA. DTO aKTyaJIbHO, ITOCKOJIBKY IOCTE-
MIEHHO MOSIBJISIIOTCS HOBBIE KOHCTPYKIIUU HJIM MOJIU(DUKAIIUN W3BECTHBIX BOJIHO-
BOJIOB, PACIIUPSS «IPEBOBUAHYIO» KIACCU(DUKAIMOHHYIO apXUTEKTYpy B Iie-
oM. TakXe HeMaJOBa)X€H M TAKOM aCIleKT KaK CTaHJAapTHU3alMs JAaHHBIX Kiac-
COB BOJIOKOH, II0 aHAJIOTUHU C (CTaHAAPTHBIMHU) TEJIEKOMMYHUKALIMOHHBIMU, IIPU
UX MIPOMBIIIIJICHHOM MIPOU3BOJICTBE B OyAYIIEM.

1. A. Bjarklev, J. Broeng, A.S. Bjarklev, Photonic Crystal Fibres. Kluwer
Academic Publishers Boston, 2003. 298 p.

2. AM. Kenrukos, YOH 174 (1), 73 (2004).

3. DIeKTpOHHBIN pecypc: http://www.elettromagnetismo. it/wp-
content/uploads/2017/03/Invited-Benabid.pdf
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MMWHUATIOPHBIM BOJIOKOHHO-OIITUYECKHWI JATUUK JTABJIEHWSI
HA OCHOBE UHTEP®EPOMETPA ®ABPU-IIEPO

A.M. MI/IHKI/IHl, H.C. Co30H0B2, K.M. CDaz[eeBl, .. IleBmos’
17140 «llepmckas nayuHo-npou3s00CcmeeHHas npubopoCmMpoumelbHas
Komnanusy, [lepmo
2000 «Hneepcus-Cencop», llepmo
E-mail: constantinefadeev@gmail.com

B noxnane neMoOHCTpHUpyeTCs HOBBIM MMHUATIOPHBIA BapUaHT peajiusa-
MM BOJIOKOHHO-ONTHYeCcKoro maTunka maBiaeHus (BOJI/l), moTreHmanbHO CIo-
cOoOHBIN BbIICPKUBaATh JNaBieHue Oonee 50 6ap u temmnepatypy 6onee 600 °C.
PaccmaTpuBaroTcst pe3ysabTaThl, OJyYEeHHbBIE HA OJJHOM M3 MEPBBIX 00Pa3IIOB.

UyscTBurenbHbiM d51eMeHTOM BO/IJ] siBiisieTcst MemOpaHa, BBITIOJIHEHHAS
13 OOPOCWIMKATHOT'O CTEKJIA [0 TeXHOJIOTUH TPaBJICHUS. ToJIIUHA MEMOPaHbI B
YyBCTBUTEJIBHOM 00s1acT cocTaBisgeT 50 MKM, TMaMeTp YyBCTBUTEIIHLHOU 00J1a-
ctu 600 MKMm.

B 4yBCTBUTEIBHON YaCTH, U3YYEHHUE YACTUYHO OTPAKAETCS M YACTUUHO
POXOJUT Yepe3 MOJOCTh, CPOPMUPOBAHHYIO TOPIIOM ONTHUYECKOTO BOJIOKHA U
BHYTpEHHEH CTeHKOW meMOpanbl. BosmymiHas monocth coctaBisier 450 MKM.
JlanbIlie CBET YaCTUYHO MPOXOJIUT B MEMOpaHy, T/l YaCTUIHO OTpakaeTcs Tpe-
TUW pa3 OT BHEIIHEW CTEHKHM MeMOpaHbl. Takum 00pa3oM, UyBCTBHTEJIbHAs
4acTh JaTYMKa CO3JAET TPU OTPAXKEHHUS: OJTHO OT TOPIA ONITHYECKOTO BOJIOKHA U
JBa JIpyTMX OT JIBYX IMOBEpXHOCTeW mMeMOpaHbl. biaromapsi B3auMoenCTBHIO
OTPaKEHHBIX JIyuel Ha (OoTOmpUEeMHHKE 00pa3yeTcs nHTephepeHIIMOHHAs Kap-
THHA.

[lo pe3ynbraram 3KCHEPUMEHTA, BCIEACTBUE U3MEHCHUSA HABJICHUS, HCH-
CTBYIOIIIETO HAa MeMOpaHy JlaTurKa, MPOUCXOAWIO CMeIleHue crekTpa (puc. 1).
UyBCTBUTEIBHOCTD JIaTYMKa K JIaBJICHHUIO cocTaBiisger 150 mm/6ap.

7 0 bap
AN ///A\ o — 16ap
\ — 2bap

-15.5

-16.0

-16.5 I \ fl /f \\

f [ \
-17.0 {f 1\ I \\ I \

Hurrencusnocrs. 1B

-18.0 /i \\ | \ I/
’," | l‘ yl‘ I \ ‘y ’,Y
d \' \'/

-185 \\ /i \ /

-19.0

1500 1502 1504 1506 1508
JUT1MHA BOTHBL, HM
Puc. 1. CmenieHue crekTpa noj A1eiCTBUEM JaBICHUS

JlaTunk TakXe YyBCTBHTEIICH K TeMIIEPaTypHBIM H3MCHECHHUSAM. UyBCTBU-
TEJIBHOCTH HaTuynka cocrasisgeT 20 mm/°C.
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MOJYJISILIMOHHASI HEYCTOMYMBOCTH BOJTHOBBIX ITAKETOB,
PACITIPOCTPAHAIOIINXCA B CBETOBO/IE C KACKAAHOM
3ABUCHUMOCTBIO INCITEPCUN OT JIMHbI

N.0O. 3onorosckuii, B.A. Jlanun, /I.1. Cemenion
Vavanosckuii cocyoapcmeennuiil ynugepcumem, Hayuno-mexnonoeuueckui
uncmumym um. C.I1. Kanuywl, Yavsanosck

E-mail: LVA2013@yandex.ru

MopynsauuonHass HeycTounuBocTh (MH) — pocT mManbiX rapMOHUYECKUX
BO3MYUICHUI HENPEPBHIBHOW BOJIHBI — 3P EKT, XapaKTEpHbIN JIJI1 MHOTUX HEJIU-
HEWHBIX CUCTEM, NOAJAEPKUBAIOIIMNX PACIPOCTPAHEHUE JIOKAIU30BAHHBIX BOJIH,
00yCIJIOBJICHHBII1 COBMECTHBIM JIEMCTBUEM HETMHEHHBIX U JUCIIEPCUOHHBIX A (-
dextoB [1].

B paGote uccrnenoangoch pacnpocTpaHeHUE KBa3UHENPEPbIBHON MOIYIH-
POBAHHOM BOJHBI B ABYXCEKIIMOHHBIX CBETOBOJIaX, 00JIaIal0IIUX HEMPEPHIBHOM
KACKa/THOM 3aBUCUMOCTBIO JIUCIIEPCUN OT JJIMHBI BUJA:

1 <1,
dy, - .

exp[-b(z-7,)], z>z,

Ha puc. 1 npeacraBiieHbl 3aBUCUMOCTH MaKCUMaJIbHBIX MOIIIHOCTEW MO-
JTyJIMPOBAHHOW BOJIHBI OT MPOJOJIbHOM KOOPJAMHATHI Z, IOJYYEHHBIE TIPU TTOMO-
M penienus ypaBHenus s orudaromieit (HYI), metonom dypee pacmiemnie-
HUS 110 KoMrnoHeHTaM (SSFM) [2].

P_..BT

max’-

d,= 1)

60 —

30 —

‘ | 1
0 250 500 750 Z, M
Puc. 1. H%)OI[OJ‘IBHBIC 3aBUCUMOCTH MaKCHMYMOB MOIIIHOCTH MOAYJIMPOBAHHOW BOJIHBI ITPH
dyo =10 6 CZ/M, R=10" (Bt - M)71 JUTSI CJTy4aeB OJTHOPOTHOTO CBETOBO/IA; HEOTHOPOIHOTO
1 KackagHoro ¢ zg = 300 m — kpuBbie (1; 2; 3)

0

[TokazaHo, 4TO MPaBUIBHBIN MOAOOP JUTMHBI OJHOPOIHOTO CErMEHTa pac-
CMaTpUBAeMOro B pabOTe KaCKagHOTO COSAMHEHHUS MOXKET 00ECIeYUTh yCTOMU-
YUBYIO T€HEPALMIO BBICOKOYACTOTHBIX ITOCIEIOBATENIBHOCTEN YIBTPAKOPOTKUX
HMMITYJIbCOB C OOJIbIIIEN MMKOBOW MOIIHOCTHIO, YEM IIPU HUCIIOJIB30BaHUU OJIU-
HOYHOT'O HEOJHOPOHOTO CBETOBOJA.

PaGora Bbmonmnena npu mnomanaepkke rpanta PODU (mpoext 18-32-
00957).

1. G. Agrawal, Applications of Nonlinear Fiber Optics. Elsevier Science,

2010.
2. N.0. 3onortoBckuii u 1p., Ontuka u ciekrpockorus 122 (3), 490 (2017).
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NCCIIEAOBAHUE YCUJIEHUA KOPOTKUX JIASEPHBIX UMITYJIbCOB
B BLICOKOKOHIUOEHTPUPOBAHHOM 5PEMEBOM BOJIOKHE

b.1. FanaraHl, b.1. I[eHKepl, O.H. EropOBaZ, U.B. Kaykrosa’,
B.A. KaMBIHI/IHl, A.A. HOHOCOBal'S, C.E. CBequOBl, C.JI. CemeHOB,
B.b. HBCTKOB1'4
1HHcmumym ooweti pusuxu um. A.M. Ilpoxoposea PAH, Mockesa
Hayunwviti yenmp eonoxonnou onmuxu PAH, Mockea
[140 «llepmckas nayuHO-npouU3800CmM8EeHHas NPUOOPOCMPOUMENbHASA
Komnanusy, [lepmo
4Hauu0HaJlebzﬁ uccinedosamenvckuil sioephulil yHusepcumem «MUDHU y,
Mockea
E-mail: iv.zhluktova@gmail.com

[Ipu ycuneHun yabTpakOPOTKUX HUMITYJIHCOB B BOJOKOHHBIX YCHIIUTEIISX
HeuHelHbIe () PEKThl MPUBOIAT K JIePOpMaIlUU CIIEKTPa U YBEIUYCHUIO JJIH-
TEJILHOCTU UMITYJILCOB. JIJisl TOrO 4TOOBI COXPAaHUTH JITTUTEIBLHOCTh UMITYJIBCOB,
UCIIOJIB3YIOT CUCTEMBI JEKOMIIPECCOP/yCUIUTETL/KOMIIPECCOpP WIIU, TIPU TONY-
YEHUW HEBBICOKMX MOIIHOCTEH MOXHO HCIOJIb30BaTh YCHIIMTEIb, C MAJIOW JIJTH-
HOM aKTUBHOTO BOJIOKHA U BBICOKUM KO3()(HUITMEHTOM yCHIICHHUS.

B pabore mpoBeneHO ucCCleI0BaHUE YCUJICHUS] KOPOTKHUX HMITYJIbCOB B
KOMITAKTHOM YCHJIUTEJIE Ha OCHOBE KOMITO3UTHOTO BOJIOKHA. B kauecTBe 3ama-
IOIET0 T'eHepaTopa MCMOJb30BaH UMITYJIbCHBINA Ja3ep C CHHXPOHU3AIUECH MOJT
Ha HEJIIMHEWMHOM BpAIllCHUH TOJSIPU3AIMK. Y CUIIUTEb MPEICTaBIsI CO00M 01-
HOIIPOXOJIHYIO CXEMY C MOMYTHON Hakaukou. B kauecTBe ycuiuBaroiieil cpeabl
OBLJIO MCIOJIB30BAHO BOJIOKHO ¢ (pocdaTHON CepArleBUHON, CHUIBHOJIETUPOBAH-
HOM MOHAMU pOus, U KBapIieBoi 00ooukon qiuHo# 20 cM. BooKHO SBIISIIOCH
OJIHOMOJIOBBIM B JHaIia30HE JTIOMUHECIICHIIUN UOHOB 3p0Ous. s co3maHus uH-
BEPCUU HACEJIICHHOCTH B aKTUBHOM cpene ObLI MCIIOIB30BaH JAWOJ HAKA4KH C
JUTMHOM BOJIHBI 980 HM M MakcUMaIbHOW MOIIHOCTBIO 710 540 MBT. IIpoBeneno
UCCJICIOBAaHUE CIEKTPAJIbHBIX XapaKTEPUCTUK JIA3€PHOTO M3JIYYEHHUS U JUJTH-
TEJILHOCTH UMITYJILCOB TIOCJIE ycuiieHus (puc. 1).
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Puc.1. lunamrika n3MeHEHHS CIIEKTpa U3MYYCHUS MPU YBEITHMUYEHUH MOIIIHOCTH HaKaYKU
ycunuTens (a) ¥ JUIMTEeIbHOCTh UMITYIIBCOB (0)

[locne ycunenus HaOMOAAETCd M3MEHEHHUE CIEKTPaJbHBIX XapaKTepu-
CTUK HMMITYJbCHOTO M3JIyYEHHS, IPU 3TOM JUIMTENBHOCTh UMIYJIBCOB OCTaCTCS
HEM3MEHHOU B Mpeeiax MOTPENTHOCTH U3MEPUTETHLHOTO 000PYAOBAHHS.

UccnenoBanue BbIMONHEHO NpU (pruHAHCOBOW moajepxkke PODU B pam-
kax HaygHoro mpoekTa Ne 18-32-01010.
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BOJIOKOHHBLI UTTEPBMEBLI JIA3EP C KOJIBLIEBBIM
BOJIOKOHHBIM 3EPKAJIOM

ILE. XXene3os, M.C. AnnMO€KOB
Texnonapx-Mopoosus, Capanck
E-mail: z_1390@mail.ru

3ajamlue BOJIOKOHHBIE JIA3EPhI SBIIIIOTCS HEOTHEMJIEMOM YacTbIO pa3-
JUYHBIX JIA3€PHBIX CUCTEM, @ TAKXKE F€HEPATOPAMU U3ITYyUYEHHUS IS NaJIbHEUIIe-
IO YCUJIEHHS B BBICOKOMOIIHBIX BOJIOKOHHBIX JIa3€pax U KOHUYECKUX yCHIIUTE-
nax. I1oaToMy BBIXOJHOE M3IyYEHHME 3aJArOLIEro Jiasepa JOJDKHO MMETh CTa-
OWJIbHbIE BPEMEHHBIE M CIIEKTPAJIbHBIE XapAaKTEPUCTUKH, TAKUE KaK: IEHTPaJb-
Has JUIMHA BOJIHBI, IIMPHUHA CIIEKTPA, JJIMTEIIBHOCTh UMITYJIbCA, BBIXOAHAS MOUI-
HOCTb.

Pa3paboTannbiii aBTOpaMu UTTEpOMEBBIA BOJOKOHHBIN Ja3ep, cxema Ko-
TOpPOTO IPEACTABICHA HA PUC. 1, CONEPKUT B NETIE KOJIBLEBOIO BOJIOKOHHOIO
3epKaJjla y4acTOK BOJIOKHA C COXPAHEHUEM MOJAPU3ALUU. DTO 1aeT KOJIbLIEBOMY
3epKally CBOMCTBa (pUiIbTpa: CHEKTpaibHas (PyHKIMS Nepeiadyu MpOsBISET BbI-
pakeHHbIEe Tieproaudeckue konedanus [1, 2]. I'myOuHa MOIyNSIIIMA 3aBUCUT OT
K03 puIMeHTa elIeHNs KOJIBLIEBOTO 3epKalla, a Mepuoj oOpaTHO IMPOINOpPLHUO-
HaJIeH KO3 (OUIMEHTY IBYIy4YenpeIOMIICHUSI WK JITTMHE OMEHUN BOJIOKHA C CO-
XpaHEHUEM MOISPU3ALMM U JJIMHE 3TOr0 BOJIOKHA [3].

bnaronapsi 1ONOJHUTENBHOMY CBOMCTBY (pUibTpa AAaHHBIN Jlazep MUMEET
CTaOWJIBHBIN BBIXOJHOHM CHEKTp, CPEIHIOI BBIXOJHYIO MOUIHOCTb U JJIUTENb-
HOCTb UMITYJIbCA.

980 nm pump Yb-doped

fiber

Loop mirror

980/1040

WDM Coupler

Coupler 80/20
SESAM P 55/45

PC PM Fiber

Isolator 1040 Isolator 1040

Photodiode

Power SEED Control

control

Puc. 1. CxeMa BOJIOKOHHOT'O I/ITTep6I/I€BOrO Jia3z€pa € KOJbIUCBbIM BOJIOKOHHBIM 3€PKaJIOM, CO-
ACpKaIIUM BOJIOKHO C COXpPAaHCHUCM IIOJIAPHU3all1

Wang, K. Zheng et al., Optics Express 17(13), 10573 (2009).
Feng et al, Optics Communications 277 (2), 322 (2007).

1. J.
2. S.
3. O. Frazao et al., Sensors 7, 2970 (2007).
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AII-KOHBEPCHMOHHAS JIIOMHWHECHEHILINA BOJIOKOHHBIX
CBETOBO/JOB, JIETMPOBAHHLBIX P-OJIEMEHTAMMU (Bi, Te, Pb),
TP BO3BbYXXKIEHMU B UK JUAITA3OHE

E.I'. ®upcropa’, A.B. Xapaxopzmﬂl, C.B. Amsimes’, C.B. CDI/IpCTOBl'Z
1 . y
Hayunwviti yenmp eonoxonnou onmuxu PAH, Mockea
?Hayuonanshulii ucciedo8amenseKil Mopoosckuti 2ocyoapcmeeHtbli
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: kilena85@mail.ru

B Hacrosiiee Bpemst 60Jb110€ BHUMAaHHUE yJemseTcsl pa3paboTke onTuye-
CKMX MaTepuajoB, CIOCOOHBIX MpPeoOpa3oBbIBaTh u3nyudeHue OnmxHero MK
JMaria3oHa B M3JIyUY€HHUE BUIMMOM YacTU CIEKTPa, YTO OMPEACISIETCS IIUPOKUM
KPYTOM MPaKTUUYECKUX MPUMEHEHUMN B MeUulHe, (POTOHUKE, MUKPOCKOIIUH, Jia-
3epHOU ¢u3uke u apyrux obnactsax. Kak mpaBuio, o0CHOBHOE BHUMaHHUE COCpe-
JOTOYEHO Ha U3YYCHUU all-KOHBEPCHOHHBIX CBOMCTB PEKO3EMEIbHBIX HOHOB B
pas3nnuHbIX cpenax [1].

B nannoli paboTe m3yuanach an-KOHBEPCUOHHAS JIIOMUHECIICHIUS, BO3-
HUKAIOIas B BOJOKOHHBIX CBETOBOJIAaX, JIETUPOBAHHBIX P-dJIEMEHTAMH, B YaCT-
HocTH, Bi, Pb, Te. B BUCMYyTOBBIX CBETOBOaX OBLUIM OOHAPY>KEHBI MOJIOCHI all-
KOHBEPCHOHHOMW JIFOMUHECIICHIIUH, CIIEKTPAIBHOE TOJI0KEHNE U MHTCHCUBHOCTD
KOTOPBIX 3aBUCUT OT TeMIIEpaTypbl, XUMHUUECKOTO COCTaBa CTCKJISIHHOW MaTpH-
bl U JUIMHBI BOJIHBI BO30YXKIAIOMIEr0 HW3JIy4YeHUs. THIHWYHBIE CHEKTPHI arl-
KOHBEPCHOHHOW JTIOMUHECHICHIIMU Bi-JIeTMpOBaHHBIX CBETOBOJIOB Pa3IMYHOTO
TUIA MPEACTABICHBl Ha pUC. 1. AHAJIOTUYHBIC WCCIICAOBAHUS MPOBEICHBI IS
CBETOBOJIOB, JIETUpOBaHHBIX Te u Pb.

2400 +
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MHTEeHCUBHOCTL, OTH.€A.
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Puc. 1. AH'KOHBepCI/IOHHaH JIIOMHUHCCHCHI A PA3JIMYHBIX TUIIOB BUCMYTOBBIX CBETOBOOB.
1- BISIOz, 2 - Bi:(GeOQ-SiOQ); 3- Bi:(PZOS'SiOQ); 4 - BI(A|203-S|02)

Jlannas paboTa BeIMOTHEHA TIpu (PUHAHCOBOW Mmojepkke Poccuiickoro
®onga Oyrnamentanbabix UccnenoBanmii (PODU) (rpant 18-32-00148).
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1. A. Nadort, J. Zhao, E.M. Goldys, Nanoscale 8, 13099 (2016).

36


mailto:kilena85@mail.ru

MK BOJIOKOHHBIE ITYUKU JIAA NCCIIEAOBAHUSA PACITIPEAEJIEHUA
TEIJIOBOI'O I1I0JISI BHY TPEHHEN ITOBEPXHOCTHU OB BEKTOB

E.A. KopcakoBa, H.A. Mydraxutnunosa, A.C. Kopcakos, JI.B. XKykoBa
Vpanvckuii hedepanvuwiii ynusepcumem um. nepgozo Ilpesuoenma Poccuu

b.H. Envyuna, Examepunoype
E-mail: korsa5555@bk.ru

TennoBU3HOHHBIE CUCTEMBI IIUPOKO HUCIOIL3YIOTCS B sHepretuke. MK
BOJIOKOHHBIE COOPKH MOTYT 3HAQUUTEJILHO PACHIMPUTH chepy NMPUMEHEHHUs JTaH-
HBIX cucTteM. OHU MOTYT OBITh HCIOJB30BaHbl B KA4eCTBE 30HJOB JIs IN Situ
HCCIIeTOBAHUM TEIJIOBBIX CETEH, TEIIOOOMEHHUKOB, JABUTATENICH, ra30BBIX TyP-
OuH 1 npyrux 00bekToB. OHU MO3BOJISIIOT MOJIY4YaTh paclpeesieHne TemI0OBOro
MOJIsl B OTPAHUYCHHBIX MPOCTPAHCTBAX M B MECTaX, I'Jie HET MPSMOU BUIUMOCTH
MEXJy OOBEKTOM M TEIJIOBU3MOHHOW Kamepoil. Panee cooOmianock o psje
MIPUMEHEHHUI BOJIOKOHHBIX IMYYKOB U3 TaJOTeHUI0B cepedpa [1], HO oHM HE ObI-
JIU CBSI3aHBI C YHEPTETUKOM.

MBI U3roTaBIMBAIM BOJOKOHHBIC MYYKH METOJOM 3KCTPY3UU U3 KpU-
CTaJJIOB TaJIOreHUI0B cepebpa. Ilyuykn MMEoT mHUpPOKOEe OKHO MPO3PavyHOCTH
2,5-20 MKM, OHU THOKH, HETOKCUYHBI, HETUTPOCKOITMYHBI U CIIOCOOHBI Tepe/a-
BaTh M3JIy4CHHE, COOTBETCTBylomue temmeparypam (—130 + +1100 °C). Ha
puc. la mpeacraBieH mpuMep M3rOTOBICHHOrO myuka jJuHou 300 mM. Ilydox
MO3BOJISIET TIEPE/laBaTh TEIUIOBbIE H300pa)KeHUs ¢ MHUHUMAIbHBIM pPa3MEPOM
0,5 mM. [lepekpecTHbIe MOMEXU MEXAY COCEIHUMHU BOJIOKHAMU B Iy4Ke HE Mpe-
BeIAOT 5 %. KanubpoBka cucTeMbl MpoOBeeHa C UCIIOJIH30BAaHUEM HArpeToro
TeJa C MOCTOSIHHOM TemmepaTypoi (cM. puc. 10).
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Puc. 1. a - uzo6paxenue myuka u3 16 ranorenuicepeOpsiHbIX BOJOKOH JHAMETPOM 525 MKM,
0 - rpaduk KaMMOPOBKHU Ui My4yKa: | - TUHUS paBHBIX 3HAYCHHI TeMIieparyp, 2 - U3MepeH-
HbI€ 3HAUYEHHUS TEMIIEPATyPhl C YI4ETOM OOIIUX ONTHUYECKUX MOTEPh B CHCTEME

B Ommxaiimem OymaymeM HEOOXOIUMO TOBBICHTH Pa3pEIICHUE BOJIOKOH-
HOTO My4Ka, TMOKOCTh U YA00CTBO UCIOJIb30BAHUS B TPYIHOJOCTYITHBIX MECTAX.

HccnenoBanne BBHIMOTHEHO 3a cUeT rpadTa Poccuiickoro HayuyHOTO (hoHAA
(mpoekT Ne 18-73-10063).

1. Y. Lavi, A. Millo, A. Katzir, Applied Optics 45, 5808 (2006).
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NHO®PAKPACHLIE CBETOBO/bI JUIAA JIMAT'HOCTUKU TEIIJIOBOI'O
COCTOAHMA BETPOSJIEKTPUYECKNX YCTAHOBOK

A.A. Jlamosa, /I.A. Janunosa, A.C. Kopcaxkos, JI.B. XKykoBa
Vpanvckuii ghedepanvruiii ynusepcumem um. nepsozo Ilpezudenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: l.v.zhukova@urfu.ru

B nporuiecce paboThl BeTpodaekTpuueckux yctaHoBoK (BOY) npoucxoaut
pazorpeB MOJIIUITHUKOB AJIEKTPOJABUTATENS, CMa3bIBAIOIIEro Maciia, 0OMOTOK
reHeparopa. Temmneparypa JaHHBIX 3JIEMEHTOB MOKET gocturath 70-80 rpany-
coB Llenbcusd B cBs3u ¢ yeM BOY ocHaleHbl CHCTEMOM KOHTPOJIS TEMIIEPATYPHI,
BKJIFOUAIONIEH B ce0s JaTYuKu TEMIIEPATyphl, OXJIKIAIOIIUE KOHTYpPHI U
YCTPOUCTBA BIPBICKA OXJIAXKIAIONIEr0 Macjia B MOAMMIHUKN. Ha cerogHsimauii
JIeHb W3MEpEHUEe TeMIepaTyphl OCYIIECTBISETCA KaK KIACCUYECKHUMHU YCTPO-
CTBaMH: TEPMOMETPAMH COMPOTUBIICHUS U TEPMOMapaMu, TaK U HAOUPAIOIIUMU
MOMYJIIPHOCTh BOJIOKOHHO-ONITHYeCcKUMU gaTtunkamu (BO/).

TepmosnekTpuueckue nmpeodpa3zoBaTed TEMIEPATYPhbl CIIOCOOHBI MPOBO-
JUTh U3MEPEHHS B IITUPOKOM JIMAra30HEe, OJTHAKO MOBEPIKEHBI AJIEKTPOMArHHUT-
HBIM HaBOJKaM reHepaTopa M CWibHBIM BuOparusaM. Keapuessie BOJ] momumo
JUTMHHBIX BOJIOKOHHBIX KaHAJIOB JIOTIOJHUTEIBLHO TPEOYIOT HUCTOYHHUK H3JTyde-
HUS — JIa3ep, a TaKXkKe YCTPOUCTBA JiJisi 00paOOTKH ONTUYECKUX CUTHAJIOB C BBI-
COKHMMH BBIYHMCIUTEIBHBIMU MOIIIHOCTSIMHU.

CoTpyaHukaMH ypaibCKoro (efepalbHOr0 YHHUBEPCUTETa pa3paboTaH U
pa3pabaTbiBaeTCSd HOBBIN KJacC MaTepHaioB (POTOHUKH Ha OCHOBE MOJIUDUIIN-
POBaHHBIX TAJOT€HUIOB cepedpa U OJHOBAICHTHOTO TaJulHs, po3paynbix B UK
nuamna3one ot 2 10 60 mxm [1]. M3roToBieHHBIe HAa UX OCHOBE CBETOBOIBI 00JIa-
JAl0T BBICOKON MEXaHMYECKON MPOYHOCTHIO, MAJIIBIMA ONTHUYECKUMH MOTEPSIMHU
10 0,5 1b/M, GOTOCTOMKOCTBIO M YCTOMYMBOCTRIO K paauaruu [1]. UK cBeToBo-
Il CIIOCOOHBI TIEPE/IaBaTh TEIUIOBOE M3IyYEHUE M3 TPYIHOAOCTYIHBIX MECT U
pabotaTh B yclnoBUaX OM moMex U BBICOKHX BHOpaInii, TAKUM 00pa3oM, MOTYT
OPUMEHATHCS ISl TEMJIIOBOTO KOHTPOJIS MOAIIUITHUKOB U Macen BOY.

Nudpakpacusie BOJ, ocnamennsie UK cBeTOBOgaMHU, TTO3BOJISIIOT OCY-
HIECTBIISITh MPSAMOE U3MEPEHUE TEMIIEpaTyphl HATPETHIX OOBEKTOB OECKOHTAKT-
HBIM METOJIOM IyTE€M MEpPeaauyd TEIJIOBOTO CUTHANa K MPUEMHUKAM HU3ITy4YEHUs,
KOTOpBIE MPEe0Opa3yroT ero B 3HAYCHUS TEMIIEPATYPHI.

JIaHHBI METOJ KOHTPOJISI MO3BOJIUT CYIECTBEHHO COKPATUTh IJIMHY BO-
JIOKOHHO-ONITHYECKOW JIMHUH, YCKOPUTh U YIPOCTUTh CUCTEMY OOpabOTKH OIl-
TUYECKUX CUTHAJIOB.

HccnenoBanne BBIMTOTHEHO 3a c4eT rpadTa Poccuiickoro HayuHoro (hoHa
(mpoexT Ne 18-73-10063)

1. A.S. Korsakov et al., Optical Materials 62, 534 (2016).
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B-RADIATION RESISTENT OPTICAL FIBERS BASED ON MODIFIED
SILVER HALIDE CRYSTALS

D.D. Salimgareev, A. E. Lvov, V.S. Korsakov, D.Y. Gul’ko, I.A. Kashuba,
A.S. Korsakov, L.V. Zhukova
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: l.v.zhukova@urfu.ru

Power production with the use of nuclear power plants is steadily growing
in Russia. Various chemical reactions, taking place in radioactive waste tank cu-
bicles, hot cells, special force main sewage and other high radiation environ-
ments, should be monitored by means of FTIR spectroscopy. Due to this meth-
od, one can evaluate media composition qualitatively and quantitatively, and ob-
serve Kinetics of various processes. Placing spectrometers in ionizing radiation
zone leads to their failure, so the actual task is to develop radiation-resistant op-
tical channels for the delivery of analytical signals from high radiation environ-
ment to normal one and vice versa [1].

We studied B-radiation resistance of optical fibers derived from crystals
that contained 1, 10, 21, 78 and 100 mol. % TIBrg4sloss in AgBr. The samples
were irradiated by means of a linear electron accelerator UELR-10-10C located
in the ICC Center for Radiation Sterilization. The total accumulated dose was
100 kGy. Fig. 1. shows the change of the fiber optical losses after exposure to
ionizing radiation.
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Fig. 1. Change fiber optical losses after exposure to ionizing radiation

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

1. A.V. Koroleva, New method for studying infrared spectra of phase states
of water systems at different temperatures. Diss., Moscow, Moscow State
University, 2016.
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LASER-INDUCED BLEACHING OF LUMINESCENCE CENTERS
IN BISMUTH OPTICAL FIBERS

A.V. Kharakhordin, S.V. Alyshev, E.G. Firstova, S.V. Firstov, E.M. Dianov
Fiber Optics Research Center RAS, Moscow, Russia
E-mail: fir@fo.gpi.ru

Bismuth doped fibers possess unique optical characteristics that can pro-
vide the generation and amplification of optical radiation in the wavelength
range 1150-1800 nm.

In this paper, we present the results on a detailed study of an optical effect
recently discovered, namely the photobleaching of active centers under laser ir-
radiation. It reveals itself in the decrease of absorption and luminescence intensi-
ty assigned to bismuth active centers (BACs) [1]. fig. 1 (a) shows a diagram of
the energy levels of the BAC associated with germanium, and main radiative
transitions corresponding to the luminescence bands as shown in Fig. 1 (b, c).
When the optical fiber is irradiated at A, = 532 nm, the intensity of all the lumi-
nescence bands belonging to this BAC decreases substantially. A detailed study
of the observed phenomenon was performed. The results obtained will be pre-
sented at the forthcoming conference.
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Fig.1. Photobleaching of BAC: scheme of energy levels with radiative transitions (a); up-
conversion (b) and IR luminescence (c) upon excitation at 925 nm before and after irradiation
at a wavelength of 532 nm

This work was supported by the Russian Foundation for Basic Research
(No. 18-32-00148).

1. S.V. Firstov et al., Opt. Express 23, 19226 (2015).
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POLARIZATION-DEPENDENT GAIN IN GERMANIUM-SILICATE
BISMUTH-DOPED FIBERS

K.E. Riumkin', S.V. Firstov’, M.A. Melkumov', V.F. Khopin?,
V.V. Vel’miskin', A.N. Denisov’, S.L. Semenov!, E.M. Dianov*
'Fiber Optics Research Center RAS, Moscow, Russia
?Institute of Chemistry of High-Purity Substances, RAS, Nizhny Novgorod,
Russia
E-mail: 3bc@mail.ru

At the moment, a large number of laser devices have been developed on
the basis of bismuth active fibers in the spectral range from 1150 to 1750 nm
[1]. During the study of amplifiers and superluminescent fiber sources [2], it was
found that the degree of polarization of the output signal of the SFS depends
significantly on the polarization of the pump signal and gain depends on the mu-
tual arrangement of the pump and signal polarizations. These observations indi-
cate that the absorption and luminescence cross sections of bismuth active cen-
ters are not isotropic and have different values in different projections. The ef-
fect of polarization-dependent amplification has been studied for a long time in
optical fibers doped with erbium [3], in bismuth-doped fibers such studies are
carried out for the first time.

To measure the polarization-dependent amplification, a PANDA type op-
tical fiber was fabricated, preserving the polarization of the propagating radia-
tion by large birefringence, with a bismuth-doped germanium-silicate glass
based core. The polarization-dependent gain was measured, the ratio between
the minimum and maximum amplification in the bismuth active centers was de-
termined. The maximum gain was achieved under the condition that the polari-
zation vector of the signal is co-directed with the pump polarization vector, and
in the case of their perpendicularity, the gain is minimal. It was shown that the
amplification factor depends essentially on the mutual arrangement of the pump
and signal polarization. These observations indicate that the absorption and lu-
minescence cross sections of bismuth active centers are not isotropic and differ
significantly in perpendicular projections.

The reported study was funded by RFBR according to the research project
Ne 18-32-00927.

1. LLA. Bufetov et al., IEEE J. Sel. Top. Quantum Electron 20, 111 (2014).
2. K.E. Riumkin et al., Opt. Lett. 37, 4817 (2012).
3. V.J. Mazurczyk, J.L. Zyskind, IEEE Photon. Technol. Lett. 6, 616 (1994).
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A PULSED-PERIODIC FIBER HOLMIUM LASER
WITH A MACH-ZEHNDER INTRACAVITY MODULATOR

V. Zhluktova', V.A. Kamynin*?, V.G. Voronin®, O.E. Nanii®, V.B. Tsvetkov'*
'Prokhorov General Physics Institute RAS, Moscow, Russia
Ulyanovsk State University, Ulyanovsk, Russia
3Lomonosov Moscow State University, Moscow, Russia
*National Research Nuclear University « MEPhI», Moscow, Russia
E-mail: iv.zhluktova@gmail.com

Fiber lasers operating in the Q-switched mode, whose emission spectrum
lies in a two-micron spectral range, have prospects for applications in such areas
as medicine, laser location, nonlinear optics, etc. [1, 2]. In this paper, we inves-
tigated a simple, all-fiber laser construction with Q-switching proposed in [3].
Holmium fiber 4.5 m long was used as the active medium, and a fiber ytterbium
laser with a wavelength of 1125 nm was used as optical pumping. Pumping ra-
diation was introduced through a fiber Bragg grating (FBG) with a high reflec-
tion coefficient (99 %) at a wavelength of 2098 nm and an output mirror, which
was a connector with a straight polishing face with a Frenel reflection coeffi-
cient of 4 %. Also in the laser resonator was located completely fiber modulator,
created by the scheme of the Mach-Zehnder interferometer.

Pulsed-periodic generation at
wavelength of 2098 nm was obtained
with pulse widths from 0.8 us to
1.56 us, repetition rates of 11,2 kHz
and 22,4 kHz, a maximum peak pow-
er of 3,9 W and pulse energy of ~
3,5 .

The study was supported by the
Russian Academy of Sciences in the
framework of the program "Basic and
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Fig. 1. Sequences of generation pulses of a

pulsed-periodic ho-doped laser (on the left) and

laser emission spectra (on the right). A - with-
out modulation when pumped 1,8 W; B - volt-
age amplitude on the 10 V modulator and
1,8 W pumping, C - voltage amplitude on the
10 V modulator and pumping 2,9 W

1. K. Scholle et al., Croatia, InTech 471 (2010).
2. S.A. Filatova, V.B. Tsvetkov, A.S. Kurkov, Applied Photonics 1, 130

(2014).

3. V.G. Voronin, V.A. Kamynin, Applied Photonics 2 (2), 135 (2015).
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DEVELOPMENT AND INVESTIGATION OF SINGLE-MODULAR
ITERBIUM DOPED FIBERS PTIMIZED FOR POWER LASERS

R.R. Kashina'?, A.A. Ponosova', VV.P. Pervadchuk®, A.S. Smirnov®
'Perm Scientific Industrial Instrument-Making Company, Perm, Russia
“Perm State National Research University, Perm, Russia
Perm State National Research Polytechnic University, Perm, Russia
E-mail: NizamutdinovaRR@pnppk.ru

The transmission of high-power laser radiation over distances of the order
of several tens of meters by means of optical fibers is an actual task of modern
optoelectronics. An obstacle in the implementation of fiber-optic transmission
systems for high-power laser radiation is the appearance of undesirable non-
linear effects, which can be solved by the development of optical fibers with an
increased diameter of the fundamental mode field. At the same time, flexural op-
tical losses in the optical fiber play a large role in increasing the field size: to
create a single-mode operation with a large core diameter, it is necessary to
greatly reduce An, for example, if the core diameter is 30 um and the cut-off
wavelength is 1 pm, then An must be no more than 0.002 for the stepped profile
of the refractive index (fig. 1), which in turn leads to huge losses on the bends.
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Fig. 1. The change in the cut-off wavelength as a function of An

The aim of this work is the modeling and optimization of optical fibers
doped with Yb** ions to create powerful fiber lasers and amplifiers.

The simulation was carried out in the Optiwave software. As a result of
the work, models of optimized light guides doped with Yb** ions were devel-
oped.
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COMPOSITE FIBER WITH ER-DOPED PHOSPHATE CORE AND SILICA
CLADDING FOR COMPACT AMPLIFIER

B.l. Galagan', O.N. Egorova®, B.I. Denker, V.A. Kamynin', A.A. Ponosova'”,
S.E. Sverchkov', S.L. Semjonov?, V.B. Tsvetkov'*
'Prokhorov General Physics Institute RAS, Moscow, Russia
’Fiber Optics Research Center RAS, Moscow, Russia
*Perm Scientific Industrial Instrument-Making Company, Perm, Russia
*National Research Nuclear University « MEPhI», Moscow, Russia
E-mail: nastya-aleksi@mail.ru

We report results of investigation of fiber amplifier based on composite
fiber with phosphate core and silica cladding. The initial phosphate glasses, fab-
ricated for the fiber core, were doped with 1wt. % and 3wt. % of erbium. The
fibers, made from the fiber blanks, were single mode on the operating wave-
length. The small-signal absorption in the fiber core on 1535 nm were 1,2 and
3,75 dB/cm, for 1 wt. % and 3 wt. %, respectively.

A single-pass forward pumping configuration of fiber amplifier was real-
ized. Pump and signal radiations were launched in the composite fiber through
wavelength division multiplexer. The losses at the silica and composite fibers
fusion splices were estimated from 0,2 to 1 dB at 980 nm. Continuous-wave fi-
ber laser with a power of 10 mW and central wavelength of 1536 nm was used
as signal source. Optimization of the length of amplifier active fibers is present-
ed (fig. 1).

The high small-signal gain was
obtained for short active fibers. The
gain coefficient was about 36 dB for
3wt. % Er-doped fiber 20 cm length,
and was about 38 dB for 1wt. % Er-
doped fiber 50 cm length.
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RESEARCH MODES OF GENERATION Er** FIBER LASER

A.R. Rakhmatullina', 1.S. Azanova™?, A.A. Ponosova?,
M.K. Tsibinogina?, O.L. Kel®
'Perm State National Research University, Perm, Russia
“Perm Scientific Industrial Instrument-Making Company, Perm, Russia
E-mail: aly_physicist@mail.ru

Fiber erbium lasers are widely used in telecommunications, science, in-
dustry and medicine. The emission range of erbium ions corresponds to the min-
imum losses in traditional quartz fibers and at the same time it is safe for hu-
mans.

The efficiency of generation of erbium light guides with an average ion
concentration can be limited by unbricked losses caused by the absorption of ra-
diation by clusters. For this reason, an increase in efficiency can also be
achieved by operating in the long-wave range, where the absorption cross sec-
tion of erbium, and hence clusters, is much smaller [1].

The aim of this work was to study the efficiency of erbium light guide
generation in the range from 1,518 to 1,585 pum.

Erbium light guides are investigated in a medium-power fiber laser
scheme with counter-pumping (Fig. 1a). A semiconductor laser diode (980 nm)
was used as the pump source. The pump radiation was introduced into the active
fiber through WDM. As an active medium, optical fibers with concentrations of
Er®" the order of 10'° cm™, provided by the Perm Scientific Industrial Instru-
ment-Making Company, were used. The laser resonator was formed by fiber
Bragg gratings with different central wavelengths with a reflection coefficient
close to 100 % and a straight end of the fiber on the other side of the resonator.

The emission spectra were measured as a function of the fiber length in
the entire spectral range of the luminescence of erbium ions. It is shown that the
maximum generation efficiency is observed in the longer-wave part of the spec-
trum compared with the erbium luminescence peak (fig. 1b).
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Fig. 1. a - laser circuit; b - laser efficiency at different FBGs
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THE SUPERCONTINUUM GENERATION SIMULATION IN OPTICAL FIBER

A.V. Zhavoronkin, A.A. Mastin
Technopark-Mordovia, Saransk, Russia
E-mail: mastinaa@mail.ru

The broadband supercontinuum (SC) generation currently attracts a lot of
attention because of the high potential for applications in the fields of the optical
communications, the generation of the ultrashort pulse, the optical coherence
tomography, the optical frequency metrology [1].

We present simulation results of supercontinuum generation by injecting
the pump pulse into the anomalous group velocity dispersion region near the ze-
ro-dispersion wavelength of the fiber. The supercontinuum signal spectrum and
pulse profile development as it goes through the fiber is shown. The XFROG
spectrogram of supercontinuum development also is shown.

1. A.M. Zheltikov, Phys. Usp. 49, 605 (2006).
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DEVELOPMENT AND RESEARCH OF PREFORMS AND
EXPERIMENTAL SAMPLES TAPERED OPTIC FIBERS

I.L. Vorobiev, A.V. Krivovichev, A.B. Pakalin, S.A. Smirnov,
Yu.K. Chamorovskii
Technopark-Mordovia, Saransk, Russia
E-mail: newsmirnov@mail.ru

Specialty optical fibers, devices based on them are increasingly used in
many fields: medicine, laser processing of material, oil and gas, aerospace, nu-
clear industry and others. The variety of application areas and the growing com-
petition of manufacturers impose ever greater demands on the optical, geometric
and mechanical parameters of special optical fibers.

A new type of tapered optical fibers was manufactured, which can be used
in fiber lasers and amplifiers that have become widespread in many fields of in-
dustry, medicine and science. The optical properties of the obtained prototypes
are studied.

The work was carried out with the financial support of the Foundation for
Assistance to Small Innovative Enterprises (FASIE).
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INVESTIGATION OF UNSATURABLE LOSSES IN PHOSPHOSILICATE
FIBERS DOPED WITH BISMUTH

A.M. Khegai*?, M.A. Melkumov?, S.V. Firstov', F.V. Afanasiev®
'Fiber Optics Research Center RAS, Moscow, Russia
Prokhorov General Physics Institute RAS, Moscow, Russia
3Institute of Chemistry of High-Purity Substances RAS, Nizhny Novgorod,
Russia
E-mail: khegai@fo.gpi.ru

Pulsed sources based on phosphosilicate fibers doped with bismuth are of
great interest in science, technology and medicine, since they lasing in the re-
gion of 1.3 um [1] The advantage of using bismuth fibers is the possibility to re-
alize all-fiber laser sources, in addition, the silicate matrix of the active fiber al-
lows the use of standard fiber components when develop laser scheme. In the
development of high-energy pulse sources, an important parameter determining
the maximum achievable energy is the small-signal to unsaturable losses ratio in
the active fiber. In fact, for bismuth fibers this parameter is more important in
comparison with fibers doped with rare-earth elements, since the ratio, for ex-
ample, in phosphorosilicate bismuth fibers when pumped at a wavelength of
~ 1,23 um does not exceed 13 (for the best ytterbium specimens this parameter
is ~ 10°). In view of the above, to optimize the performance of pulsed bismuth
fiber lasers in terms of increasing the output pulse energy is necessary a detailed
study of unsaturable losses in bismuth fibers.

In this paper, we investigated the dependence of unsaturable losses in
phosphosilicate fibers with bismuth on the wavelength of the pump radiation
(fig. 1 (a)) and on the type of radiation: pulsed, with a different repetition rate or
continuous wave (fig. 1 (b)).
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Fig. 1. Absorption and unbranched losses in a bismuth fiber (a) and absorption at 1,33 um
versus the input power (b)

The research was supported by RFBR (grant Ne 18-32-00438)

1. A.M. Khegai et al., Quantum electronics 46, 1077 (2016).
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CHARACTERIZATION OF TAPERED FIBERS WITH HIGH
BIREFRINGENCE

J. Rissanen’, V.N. Filippov?, Y.K. Chamorovskii®, V. Ustimchik®, S. Popov?,
M.S. Alimbekov*, P.E. Zhelezov*
Tampere University of Technology, Tampere, Finland
2Ampliconyx, Tampere, Finland
3Kotel nikov Institute of Radio Engineering and Electronics, Moscow, Russia
*Technopark-Mordovia, Saransk, Russia
E-mail: iamhellio@gmail.com

One emerging approach to scale up the power output of fiber light sources
is the tapered double-clad fiber (TDCF) technology pioneered at the Tampere
University of Technology [1]. A TDCF is an optical fiber with an axially in-
creasing diameter and, in essence, enables single mode propagation in a multi-
mode fiber. Doped with rare-earth ions, these fiber tapers have been successfully
demonstrated in both high power fiber lasers and amplifiers and can potentially
be used to amplify optical power up to the MW level [2].
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Fig. 1. A schematic of the OFDR measurement setup at the ORC and OFDR trace of the ellip-
tical taper

One of the most important characteristics of such tapers is the axial bire-
fringence profile. An innovative and non-destructive way to make the measure-
ment is to use high sensitivity optical frequency-domain reflectometry (OFDR)

[3].

OFDR setup can detect the scatter pattern in the taper, shown in aig. 1.
This paper presents the preliminary results of the characterization of two such
specially produced polarization maintaining (PM) tapered fibers: one with an el-
liptical core and another with a circular core an ellipticalinner stress cladding.

1. V. Filippov et al., Optics Express 16, 1929 (2008).

2. V. Filippov et al., Proc. SPIE 9728, 97280V (2016).
3. M. Froggattetal., JLT 24, 4149 (2006).
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MICROSTRUCTURED OPTICAL FIBERS (WAVEGUIDES):
CLASSIFICATION, APPLICATIONS

K.A. Bzheumikhov', Z.Ch. Margushev’, A.A. Bzheumikhov'?
YInstitute for Computer Science and Problems of Regional Management
Kabardin-Balkar Scientific Centre RAS, Nalchik, Russia
?Institute for Scientific Instruments GmbH, Berlin, Germany
E-mail: kazbek ba@inbox.ru

The material is devoted to one of such directions of fiber optics as "micro-
structured optical fibers” (MOF). Based on the analysis of works published by
various scientific groups over the past twenty-odd years, an attempt has been
made to classify the currently known design of the MOU, taking into account
both the features of geometry and the basic physical properties, which, in our
opinion, can become the basis for standardization. Such attempts were previous-
ly made in [1, 2]. Also, recently Benabid in his presentation material cited the
original "PCF Family Tree" compiled by Russell [3]. Given the intensity of de-
velopment in this field since then, the classification options presented in these
materials require considerable complementation, which is the subject of this
work.

The classification tree structure proposed by us reflects both the differ-
ence of fiber classes on two grounds (design features and basic waveguide
mechanisms) and the existing interrelationships of individual classes. This "ide-
ology" is embedded in the most abbreviated names (apronimah) of the fibers,
which, in our opinion, allows us to systematize the existing fiber structures and
to some extent, allows us to make a forecast for further development - which
"pbranch”, in which direction can develop. This is relevant, as new designs or
modifications of known waveguides are gradually emerging, expanding the
"tree" classification architecture as a whole. Also important is the aspect of
standardization of these classes of fibers, by analogy with (standard) telecom-
munications, with their industrial production in the future.

1. A. Bjarklev, J. Broeng, A.S. Bjarklev, Photonic Crystal Fibres. Kluwer
Academic Publishers Boston, 2003. 298 p.

2. A.M. Zheltikov, UFN 174 (1), 73 (2004).

3. Electronic resourse: http://www.elettromagnetismo.it/wp-
content/uploads/2017/03/Invited-Benabid.pdf.

51


mailto:kazbek_ba@inbox.ru
http://www.elettromagnetismo.it/wp-content/uploads/2017/03/Invited-Benabid.pdf
http://www.elettromagnetismo.it/wp-content/uploads/2017/03/Invited-Benabid.pdf

MINIATURE FIBER-OPTIC PRESSURE SENSOR
BASED ON INTERFEROMETER FABRY-PEROT

A.M. Minkin®, N.S. Sozonov?, K.M. Fadeev', D.I. Shevtsov'
'Perm Scientific Industrial Instrument-Making Company, Perm, Russia
2«Inversion-Sensory Ltd., Perm, Russia
E-mail: constantinefadeev@gmail.com

The report describes a new miniature version of a fiber optic pressure sen-
sor, potentially capable of withstanding pressures of more than 50 bar and tem-
peratures of more than 600 °C.

The sensor element of the pressure sensor is a membrane made of borosil-
icate glass by etching technology. The membrane thickness in the sensitive re-
gion is 50 um, the diameter of the sensitive region is 600 um.

In the sensitive part, the radiation is partially reflected and partly passes
through the cavity formed by the end face of the optical fiber and the inner sur-
face of the membrane. The air cavity is 450 um. Further light partially passes
into the membrane, where it is partially reflected a third time from the outer sur-
face of the membrane. Thus, the sensitive part of the sensor creates three reflec-
tions: one from the end face of the optical fiber and two from the two surfaces of
the diaphragm. Due to the interaction of reflected rays on the photodetector, an
interference pattern is formed.

According to the results of the experiment, due to a change in the pressure
acting on the sensor membrane, the spectrum shifted (fig. 1). Sensitivity of the
sensor to pressure is 150 pm/bar.
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Fig. 1. Shift of the spectrum under the action of pressure

The sensor is also sensitive to temperature changes. Sensitivity of the sen-
sor is 20 pm/°C.

The analysis of the obtained results demonstrates the potential possibili-
ties of using such a pressure sensor design for recording pressure in environ-
ments with extremely high temperature values.
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MODULATIVE INSTABILITY OF WAVE PACKAGES IN THE LIGHT
GUIDE WITH THE CASCADE DEPENDENCE OF DISPERSION FROM
LENGTH

1.0. Zolotovskii, V.A. Lapin, D.l. Sementsov
Ulyanovsk State University, S.P. Kapitsa Research Institute of Technology,
Ulyanovsk, Russia
E-mail: LVA2013@yandex.ru

Modulation instability (MN) - growth of small harmonic continuous wave
disturbances - an effect typical of many non-linear systems that support distribu-
tion of localized waves, the nature of which is connected with the joint action of
nonlinear and dispersive effects [1].

We investegated the propagation of a quasicontinuous modulated wave in
two-section lightguides having a continuous cascade dependence of the disper-
sion on the length of the species:

d —d 1, <1, .
270 exp[-b(z-2,)], 7227, @
Fig. 1 shows the maximum power of the modulated wave as a function of

the longitudinal coordinate, obtained by solving the envelope equation (NSE),
using the Split step Fourier method for the components (SSFM) [2].
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Fig. 1. Longitudinal dependences of the power maxima of the modulated wave
at dyo = —107% s*/m, R = 102 (W-m) * for cases of a homogeneous, inhomogeneous and cas-
cade fiber with z; = 300 m - curves (1; 2; 3)

It is shown that the correct selection of the length of a homogeneous seg-
ment of the cascade connection considered in the work can provide a stable gen-
eration of high-frequency sequences of ultrashort pulses with a higher peak
power than with a single inhomogeneous fiber.

The work was supported by the RFBR grant (project 18-32-00957).

0

1. G. Agrawal, Nonlinear fiber optics. Springer, 2007.
2. 1.0. Zolotovskii et al., Opt. Spectrosc. 122 (3), 475 (2017).
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INVESTIGATION OF SHORT LASER PULSES
IN A HIGH-CONCENTRATED ERBIE FIBER

B.l. Galagan', B.1. Denker’, O.N. Egorova®, .V. Zhluktova', V.A. Kamynin®,
A.A. Ponosova®®, S.E. Sverchkov?, S.L. Semenov?, V.B. Tsvetkov'*
'Prokhorov General Physics Institute RAS, Moscow, Russia
’Fiber Optics Research Center RAS, Moscow, Russia
*Perm Chamber of Commerce and Industry, Perm, Russia
*National Research Nuclear University "MEPhI", Moscow, Russia
E-mail: iv.zhluktova@gmail.com

When ultrashort pulses are amplified in fiber amplifiers, nonlinear effects
lead to an increase in the pulse duration. In order to maintain a short duration of
pulses, a decompressor/amplifier/compressor system is used or, if low power is
obtained, an amplifier with a short active fiber length and a high gain can be
used.

A study was made of the amplification of short pulses in a compact ampli-
fier based on a composite fiber. As a master oscillator, a pulsed laser with mode
locking at nonlinear rotation of the polarization was used. The amplifier was a
single-pass scheme with a passing pumping. As the amplifying medium, a fiber
with a phosphate core heavily doped with erbium ions and a quartz shell of 20
cm in length was used. The fiber was single-mode in the luminescence band of
erbium ions. To create population inversion in the active medium, a pump diode
with a wavelength of 980 nm and a maximum power of up to 540 mW was used.
The spectral characteristics of laser radiation and the pulse duration after ampli-
fication are investigated (fig. 1).
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Fig.1. The dynamics of the change in the radiation spectrum with increasing pumping
power of the amplifier (a) and the pulse duration (b)

After amplification, a change in the spectral characteristics of the pulsed
radiation is observed, while the duration of the pulses remains unchanged within
the error of the measuring equipment.

The research was carried out with the financial support of the RFBR in the
framework of the scientific project No. 18-32-01010.
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YTTERBIUM FIBER LASER WITH THE FIBER LOOP MIRROR

P.E. Zhelezov, M.S. Alimbekov
Technopark-Mordovia, Saransk, Russia
E-mail: z 1390@mail.ru

The fiber seed-lasers are an integral part of various laser systems and seed
sources for further amplification in high-power fiber lasers and tapered amplifi-
ers. Therefore, the output signal of seed-laser must have stable time and spectral
characteristics, such as: central wavelength, spectrum width, pulse duration,
output power.

Developed by the authors ytterbium fiber laser, the scheme of which is
shown in fig. 1, has a fiber section with polarization-maintaining fiber in the fi-
ber loop mirror. This gives the loop mirror the properties of the filter: the spec-
tral transmission function exhibits pronounced oscillations [1, 2]. The depth of
the modulation depends on the coupling ratio of the coupler, and period is in-
versely proportional to the birefringence or the beat length and length of that fi-
ber [3].

Due to the additional filter property, this laser has a stable output spec-
trum, output power and pulse width.

980 nm pump Yb-doped

fiber

Loop mirror

980/1040

Coupler
WDM

Coupler 80/20
SESAM p pie

PC PM Fiber

Isolator 1040 Isolator 1040

Photodiode

SEED Control

Power
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Fig. 1. Scheme of ytterbium fiber laser with polarization-maintaining fiber incorporated into
the fiber loop mirror

Wang, K. Zheng et al., Optics Express 17(13), 10573 (2009).
Feng et al, Optics Communications 277 (2), 322 (2007).

1. J.
2. S.
3. O. Frazdo et al., Sensors 7, 2970 (2007).
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UP-CONVERSION LUMINESCENCE OF OPTICAL FIBERS
DOPED WITH P-ELEMENTS (B4, Te, Pb) UNDER IR EXCITATION

E.G. Firstova', A.V. Kharakhordin', S.V. Alyshev', S.V. Firstov"?
'Fiber Optics Research Center RAS, Moscow, Russia
“National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: kilena85@mail.ru

Nowadays, much attention is paid to the development of optical materials
capable of converting near infrared into visible radiation. These materials are of
great interest for a number of practical applications, in particular, medicine, pho-
tonics, microscopy, laser physics etc. The main attention is focused on studying
the up-conversion luminescence properties of rare-earth ions in various media

[1].

In this paper, we studied the up-conversion luminescence in optical fibers
doped with p-elements, in particular, Bi, Pb, Te. Intensive lines of the up-
conversion luminescence originated from bismuth-related active centers were
observed. It was revealed that spectral position and intensity of this lumines-
cence strongly depend on temperature, glass matrix and excitation wavelength.
Typical spectra of the up-conversion luminescence of various types of Bi-doped
optical fibers are shown in fig. 1. The study of up conversion luminescence of
Te and Pb-doped optical fibers were also performed.
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Fig. 1. Up-conversion luminescence of various Bi-doped fibers: 1 — Bi:SiOg;
2 Bi:(GEOZ‘SiOZ); 3- Bi:(P205-Si02); 4 - BI(A|203-S|02)

This investigation was supported by Russian Foundation for Basic Re-
search (grant 18-32-00148).

1. A. Nadort, J. Zhao, E.M. Goldys, Nanoscale 8, 13099 (2016).
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IR FIBER BUNDLES FOR INVESTIGATION OF HEAT FIELD
DISTRIBUTION OF OBJECTS INTERNAL SURFACE

E.A. Korsakova, N.A. Muftakhitdinova, A.S. Korsakov, L.V. Zhukova
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: korsa5555@bk.ru

Thermal imaging systems are widely used for industrial applications, in
particular for power engineering. IR fiber bundles may extend the scope of the
systems applications. They may be used as probes for in situ investigation of
heating networks, heat exchangers, engines, gas turbines, and other units. They
enable to obtain a thermal field distribution in restricted spaces and in locations
where there is no line of sight between the object and thermal camera. A number
of applications for silver halide fiber bundles have been reported [1], but there is
no an application among them, which is related with investigations in the field
of power engineering.

Our ordered fiber bundles were fabricated from silver halide crystals us-
ing extrusion technique. The bundles have a wide transparency window of 2,5 -
20 um. They are flexible, nontoxic, and nonhygroscopic and able to transmit ra-
diation corresponded to temperatures from —130 to +1100 °C. Fig. 1a represents
an example of the bundle comprised 16 unclad single-layer fibers with the indi-
vidual fiber diameter of 0,525 mm and the length of 300 mm. We used a simple
mechanical assembly in a heat shrink tube to fabricate the bundle. It was found
that crosstalk between neighboring fibers in the bundle does not exceed 5 %. It
allows transmitting thermal images with minimum size of 0,5 mm. We carried
out a calibration of our thermal imaging setup using a heated body with constant
temperature (see fig. 1b).

y = 0,579x + 9,099
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Fig. 1. a— image of 16-fiber bundle from silver halides, b - calibration graph for the bundle:
1 - line of equal values of temperature, 2 - measured temperature values taking into account
total optical losses

Future challenge is to increase resolution of the bundle, its flexibility, and
convenience of practical use in hard-to-reach places.

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

1. Y. Lavi, A. Millo, A. Katzir, Applied Optics 45, 5808 (2006).
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INFRARED FIBERS FOR THERMAL DIAGNOSTICS
OF WIND TURBINES

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

During operation of wind-electric plant (WEP), the bearings of the electric
motor, lubricating oil, and winding of the generator are heated. The temperature
of these elements can reach 70-80 Celsium degrees, so wind turbines need a
temperature control system that includes sensors, cooling circuits and cooling oil
injection devices in bearings. To date, temperature measurement is performed by
both resistance thermometers and thermocouples, as well as gaining popularity
by fiber-optic sensors (FOS).

Thermoelectric temperature transducers are capable of measuring in a
wide range, but are subject to electromagnetic generator oscillations and strong
vibrations. Existing FOS have long fiber channels based on quartz, in addition
require a radiation source - a laser and devices for processing optical signals
with high computing powers.

Known monitoring devices are able to perform measurements over a wide
range of temperatures, but are subject to electromagnetic generator oscillations
and strong vibrations. Fiber-optical sensors made of quartz are able to detect the
spectral characteristics of the engine without contact and transmit radiation for
tens of kilometers without significant energy losses, but their use for tempera-
ture monitoring is possible only in the presence of complex data processing sys-
tems due to the limitation of the spectral range by near infrared radiation.

Employees of the Ural Federal University have developed a new class of
photonics materials based on modified silver and thallium halides, transparent in
the IR range from 2 to 60 um [1]. The optical fibers produced on their basis
have high mechanical strength, small optical losses of up to 0,5 dB/m, photo
stability and radiation resistance [1]. IR fibers are able to transmit thermal radia-
tion from hard-to-reach places and operate under electromagnetic interference
and high vibration, thus can be used for thermal monitoring of bearings and oils
of wind turbines

Infrared FOS, equipped with infrared fibers, allow direct temperature
measurement by a contactless method by transferring a thermal signal to radia-
tion receivers that convert it into temperature values.

This measuring method will significantly reduce the length of the fiber
optic line, accelerate and simplify the optical signal processing system.

This work is supported by the Russian Science Foundation under grant
Ne 18-73-10063

1. A.S. Korsakov et al., Optical Materials 62, 534 (2016).
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ITOBEPXHOCTHBIE BOJIHBI B TBEPIBIX TEJIAX

H.C. ABepkuen
Quzurxo-mexnuyeckuti uncmumym um. A.D. Hopppe PAH, Cankm-Ilemepbype
E-mail: averkiev@les.ioffe.ru

[ToBEpXHOCTHBIMHM BOJHAMHU Ha3bIBAIOT BO30YXKICHHS, PacIpOCTpaHsIo-
IITUECS BAOJb TPAHUIL PA3IMYHBIX CPEM, TaK YTO MX aMIUTHTYJa YObIBAacT BIAIIN
OT paszena, a SHEPrusi BOJH COCPENOTOYEHA BOJIW3M TPaHMIBI. JTO O3HAYAET,
9TO MHTEpPENC CIYKUT BOJHOBOJOM JJISI TAKUX BO30YXKICHHMA, UTO TPEICTAB-
JISIETCS BEChbMa MPUBJIEKATEILHBIM C IPUKJIATHON TOUYKH 3PCHHSI.

HcTopuueckn, HanboJiee U3BECTHBI IIOBEPXHOCTHBIE aKYCTUYCCKHE BOTHBI
Jlebass Ha TpaHUIE BO3AyXa W H30TPOMHOTO TBEPAOTO Tena. B M30TpomHOMA
YIIPYTOW Cpe/ie CYIICCTBYIOT aKyCTUYECKHUE BOJIHBI TPEX THIIOB - JBE TOTEpeU-
HBIE C OJIMHAKOBOW CKOPOCTBIO M OJIHA TpojoibHas. Ha rpanurie ¢ BO3gyxoM
IIpY OTCYTCTBHUHU BHEUTHUX CHJI BO3HUKAET HOBAs BOJIHA, KOTOpAs SIBIISICTCS TH-
OpUIOM W3 MPOJOJIBLHON M OJHOW M3 MOMEPEYHBIX BOJH, U €€ aMIUIMTYJa 3aTy-
XaeT B TOJIIIEC TBEPAOro Teja. [I[puHIUITHATBLHO, YTO SHEPTUs B TAKOW BOJIHE HE
3aTyXaeT M 3aBUCHMOCTBH (Pa3bl BOJHBI OT BPEMECHH 3aJaeTCsl OOBIYHBIM TrapMo-
HUYECCKUM 3aKOHOM.

B noxiage OyayT pacCMOTPEHBI Jpyrue MPUMEPHI MOA0OHBIX BOJIH: IO-
BEPXHOCTHBIC 3JICKTPOMArHUTHBIC BOJHBI, MOJIBI MICMTYYIIEH TajlepeH, CMEIIaH-
HBIE AJIEKTPOHHO-IBIPOYHBIE BO30OYXACHHUS Ha rpaHulle OecIeneBoro moiaymnpo-
BOJIHMKA U BaKyyMma, BOJIHBI Ha TpaHUIE MbE303JIEKTpUKa U Bakyyma. Bce atu
TUIIBI BO30YKJIEHUN 00BbEIUHSIET TO, YTO BOCIPUUMYUBOCTH, BXOSIINE B MaTe-
pHUaNbHBIE COOTHOIICHHUS, HE 3aBUCAT OT YACTOTHI U MOJIOKHUTEIbHBI.

Oco0eHHO HEOOBIYHBIMHU OKa3aJHCh MOBEPXHOCTHBIE BOJIHBI Ha WHTEP-
delice MeXay NBYMs OJIMHAKOBHIMU AHU3OTPONMHBIMH KPUCTAJIAMH, TJIaBHBIC
OCH KOTOPBIX JISKAT B IUIOCKOCTH MHTep(derica. Torna B 061acTu yrioB BOJIHM3U
OMCCEKTPHUCHl MEXKIY HAMPABICHUAMH TJIABHBIX OCEH BO3MOKHO PAacIpOCTpaHe-
HUE DJIEKTPOMArHUTHBIX BOJH, MPEICTABIAIONMIMNX COO0N cMeCh OOBIKHOBEHHOM
¥ HEOOBIKHOBEHHOMW BOJIH B 00BEMHBIX MaTepHaiax.

Jpyrast BO3MOKHOCTD JJIsl BOSHUKHOBEHHSI TIOBEPXHOCTHBIX 3JIEKTpOMAr-
HUTHBIX MOJ| CBS3aHA C JIUCTIEPCUEH NMUAIECKTPUYECKON MPOHUIIAEMOCTH U €€
BEILIECTBEHHOCTHIO (OTCYTCTBUE MOTJIOIIEHUS). DTO MOBEPXHOCTHBIE MIIA3MOHBI,
pPacIpOCTPAHSIONIMECS B0 MOBEPXHOCTEH MPOBOMASIIUX Cpel M Bakyyma. B
noknane OyneT pacCMOTPEHa BO3MOXKHOCTH CYIIECTBOBAHUS IMOBEPXHOCTHBIX
MO/I, aHAJIOTUYHBIX MOJIaM IIETYYIel Trajieper, Ha TPaHUIIe TPOBOIAIIETO 1apa
U BO3yXa.

1. M.I. D'yakonov, Sov. Phys. JETP 67, 714 (1988).

2. N.S. Averkiev, M.I. Dyakonov, Opt. Spectrosc. 68, 653 (1990).
3. K.Yu. Golenitskii, N.S. Averkiev, Opt. Spectrosc. 120, 948 (2016).
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CIIMHOBLIE HEHTPEI, CBA3AHHBIE
C BAKAHCHUSMU KPEMHUA B SiC

C.A. TapaceHko
Quzurxo-mexnuyeckuti uncmumym um. A.D. Hopppe PAH, Cankm-Ilemepbype
E-mail: tarasenko@coherent.ioffe.ru

Kap6ug xkpemuus (SiC) — yHUKaNIbHBIA MOJIYIPOBOJHUK, KOTOPbIA UMEET
MHOYECTBO TMOJIUTUIIOB U 00JaJaeT 3aMeyaTeIbHBIMU JIEKTPUUYECKUMHU U OITH-
YECKUMU CBOMCTBAMH, a TaKXKE PaJMAIIMOHHON cTaObWiIbHOCTBIO. OCOOBIN UHTE-
pec mig GyHIaMEHTAIBHBIX UCCIEAOBAHUM 0 ONTUKE U MPAKTUYECKUX MPUMeE-
HEHUN B 00JIaCTH KBAHTOBBIX TEXHOJOTUM U CEHCOPUKE MPEACTABISIOT IIEHTPHI
OKpackH, cBsi3aHHbIe ¢ BakaHcHsIMHU KpeMHUs (Vi) [1, 2]. Vsi-LIeHTpBI SBISIOTCS
MHOT'O2JIEKTPOHHBIMU KOMILJIEKCAaMU CcO CIUHOM 3/2. OHM XapakTepU3YIOTCS
CIIMH-3aBUCUMBIM ONTHUYECKUM ITUKIIOM, YTO TO3BOJISICT BBICTPAWBATh LIEHTPHI
M0 CIIMHY U PETUCTPUPOBATH CIIMHOBOE COCTOSIHUE IIEHTPOB ONTHYECKUMHU Me-
tonamu. [IpukianpiBasi TOMOTHUTEILHO BHEIIHEE PAJAMOYACTOTHOE TOJIE, MOXK-
HO A()(PEKTUBHO YNPaBISITH CIMHOBBIM COCTOSIHUEM BBICTPOCHHBIX IIEHTPOB, B
TOM YHCJIe CO37[aBaTh KOTEPEHTHYIO CYIEPITO3UIINI0 COOCTBEHHBIX CITMHOBBIX
COCTOSIHUM.

B nokinane o06Ccyx1ar0Tcs CIIMHOBBIE M ONITHYECKHUE CBOMCTBA Vi-IIEHTPOB
B KapOune kpemuus. [IpencraBieHbl pe3yibTaThl TEOPETHUECKOTO HCCIIEI0Ba-
HUSL TOHKOW CTPYKTYpbI, OITHYECKOIO BBICTPAWBAaHUs, CIIMHOBOW JUHAMHKU U
penakcau CIMHOBOM KOT€pEHTHOCTH Vsi-LIEHTPOB [2]. Pe3ynbrarsl conocTas-
JSKOTCSL C DKCIIEPUMEHTATBHBIMU TAaHHBIMU, MMOJYYEHHBIMHM METOJAMU ONTHYE-
CKU-AETeKTUpyeMoro MarHutHoro pe3oHanca (OJMP). Ctpykrypa CHMHOBBIX
noaypoBHEN Vgi-IIEHTPOB OKa3bIBAETCS OYEHb UYYBCTBUTEIBHOM K BHEIIHUM
MAarHUTHBIM U 3JIEKTPUYECKUM IOJSM, U3MEHEHHUSIM TEeMIEpaTypbl, MEXaHUYeE-
CKUM HAIpPSKEHUSM U T.J., YTO MOXET OBITh UCIOIB30BAHO JJIS CO3/IaHUS BbI-
COKOYYBCTBUTEJILHBIX AaTYUMKOB [1]. OmucaHbl COBPEMEHHBIE JTOCTHIKCHUS B
MarHUTOMETPUU U TEPMOMETPUU Ha OCHOBE Vgi-IICHTPOB U (U3HKa, JIexKaIias B
ux ocHoBe. OOCYXIal0TCs MEXaHU3Mbl HeogHopoaHoro yiupenus OJAMP nu-
HUll B aHcaMOiie Vgi-IIEeHTPOB, CBA3aHHBIC C JOKATBHBIMU JehopMarusiMu KpH-
CTa/lla U CBEPXTOHKUM 3JIEKTPOH-SIIEPHBIM B3aUMOJECHCTBUEM, a TaKKe Mep-
CIEKTUBA JAJIbHEHIIETO YBEIUUYECHHS YyBCTBUTEILHOCTH JaTYUKOB IIPU UCIIOJb-
30BaHUU TEXHUKH BBDKUTAHUS CHIEKTPaIbHBIX MpoBajioB B OJIMP nuHusx.

1. D. Simin et al., Phys. Rev. X 6, 031014 (2016).
2. S.A. Tarasenko et al., Phys. Status Solidi B 255, 1700258 (2018).
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HECTALOMOHAPHGLIE ITPOLECCHI ITPU TYHHEJIMPOBAHNUA
B CBA3AHHBIX KBAHTOBbBIX TOYKAX C KYJIOHOBCKMMH
KOPPEJALIMAMNU

B.H. Mannesuy
Mockosckuti eocyoapcmeennviti yHugepcumem um. M.B. Jlomonocosa, Mockea
E-mail: vmantsev@gmail.com

Hecrannonapubie XapakTepUCTHUKUA HAPSAY C KOPPEISIMOHHBIMU (PYHK-
[USMHU BBICHIUX TIOPSIAKOB cojiepkaT Oosiblie MHMOPMAIIMKU O COCTOSIHUU CH-
CTEMBI CO B3aMMOJECHCTBUEM, YEM CTallMOHApHbIE Xapaktepuctuku [1, 2]. B
CBS3M C OTUM, MPEACTABISIIOT MHTEPEC OCOOCHHOCTHM BPEMEHHOH 3BOJIOLUU
KOPPEJIMPOBAHHBIX CUCTEM, B3aUMOAECHCTBYIOIIMNX C PE3EPBYAPOM, C PA3IMUHON
IIPOCTPAHCTBEHHOM U CIIMHOBOM CHUMMeETpHUEH. Penakcanus 3JIEKTpPOHHOU IIOT-
HOCTH W JIOKQJIbHOTO MAarHUTHOTO MOMEHTAa B CHUCTEMAaX C B3aUMOJICHCTBHEM
CUJILHO 3aBHUCHUT OT TOBEICHUS BBICIIMX KOPPEJSITMOHHBIX (yHKIuH. Ha npu-
Mepe NpOoCTEHIIE MO JBYX CBA3AHHBIX KBAHTOBBIX TOUEK C KYJTOHOBCKUMU
KOpPEISALMSIMHU, MOJKIIOUEHHBIX B HAYAJIbHBIH MOMEHT BPEMEHHU K PE3epByapy,
UCCJIEOBaHbl XapaKTEPHbIE BPEMEHA peJaKcaluu JJIsl COCTOSIHUN C pa3IMuyHON
MPOCTPAHCTBEHHOW M CIMHOBOM CUMMETpHUEH. AHaIU3 pelaKCallMOHHBIX MPO-
IIECCOB MPOBOJUJIICS Pa3IMUHBIMU criocobamu. OJIMH U3 TPEJIOKEHHBIX CIIOCO-
00B OCHOBaH Ha MCIIOJIb30BAaHWU ypaBHEHUM [ 'elizeHOepra, B KOTOPBIX KOppesi-
IIMOHHBIE (DYHKIIMM BCEX BBICHIUX MOPSAKOB JJI JTOKATHU30BAHHBIX AJIEKTPOHOB
YUUTHIBATUCH TOUYHO. [ToKka3aHO, 4TO MOMUMO BBICHIMX KOPPEISIIMOHHBIX (QYHK-
Ui B paMKax 3TOT0 MOJX0Jla HEOOXOIUMO YUYUTHIBATH MHTEPPEPEHIIMOHHbIE
addekrpl (Tumna 3¢gdexra daHo), CBI3aHHBIE C CYIICCTBOBAHHEM HECKOJIBKUX
KaHaJoB penakcanuu. MimMeHHo 3a cyetr mHTepdepeHIIMOHHbIX 3 (PEKTOB B CH-
CTEME CBSI3aHHBIX KOPPEIUPOBAHHBIX KBAHOBBIX TOYEK OKAa3bIBA€TCS BO3MOYKHO
CYIIECTBOBAaHUE OCTATOYHOIO 3apsaa. Bropoil MeTon uccienoBanus BpEMEHHOM
ABOJIIOLMHA KOPPEIUPOBAHHBIX CUCTEM OCHOBAaH Ha BBEJACHHUU BCIIOMOIaTEIbHBIX
IICEBJ0-YACTHULl, COOTBETCTBYIOIINX TOYHBIM MHOI'O3JIEKTPOHHBIM COCTOSIHUSIM B
CBSI3aHHBIX KBAaHTOBBIX TOYKaX, C JIOIOJHUTEIBHBIM OTPAHUYEHUEM HA BO3MOXK-
HOE€ MPOCTPAHCTBO (PU3NUYECKUX cOCTOSHUM. KuHeTnueckue ypaBHeHUs AJid Yu-
CeJl 3aIlOJHECHMUS ICEBJOYACTUIl MO3BOJIIIOT HCCIEAOBATh JUHAMUKY ITOJIHOU
AJIEKTPOHHOM IJIOTHOCTHA U JIOKJIBHOTO MArHUTHOI'O MOMEHTA ISl Pa3JIMYHBIX
HaYdaJIbHBIX COCTOsHMNA. C TOMOMIBI0O 00O0MX METONIOB TMOJY4YEHBI SBHBIE Bpe-
MEHHBIE 3aBUCUMOCTH JJI1 U3BMEHEHUS JJIEKTPOHHOW IJIOTHOCTH M JIOKAIBHOTO
MAarHUTHOTO MOMEHTA B CIIy4ae CUHIVIETHOTO U TPUIUIETHOI'O HAYaJIbHOI'O JIBY X-
AJIEKTPOHHOTO COCTOsIHMS. lloilydyeHHBIE pe3ysbTaThl MO3BOJIWIHA MPEIITIOKUTH
AKCIIEPUMEHTAJIBHYI0 CXEMY I JUArHOCTHKU Pa3IMYHBIX MHOTOJIEKTPOHHBIX
COCTOSIHMM B CHCTEME KOPPEIMPOBAHHBIX KBAaHTOBBIX TOYEK, OCHOBAHHYIO Ha
AHJIN3€ HECTAllMOHAPHBIX TOKOB, BO3HUKAKOIIMX MPH MOJIKIIOUYECHUU UCCIIETye-
MOUW CHUCTEME K pe3epByapy U KOHTPOJIE 3a OCTATOYHBIM JIOKAJIM30BAHHBIM 3apsi-
oM [3].

Takke NOKAa3aHO, 4YTO MPU TYHHEIUPOBAHUU YEPE3 OJHOYPOBHEBYIO
KBAaHTOBYIO TOYKY B Oeperax KOHTakTa BO3HHUKAIOT HECTAIlMOHApHBIC CIWH-
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MOJIAPU30BAHHBIE TOKW, HANpPaBICHUEM U TNOJSAPU3ALMEH KOTOPBIX MOXKHO
YIPaBIISITh, U3MEHSA NPWIOKEHHOE Hamnpsikenue [4]. HecrtaumonapHeie crnivH-
MOJIAPU30BAHHBIE TOKM MOTYT T€Ub B 000MX Oeperax TyHHEJIbHOIO KOHTakKTa, a
UX MOJSPU3aLUs U HANlpaBJI€HUE 3aBUCIT OT BEJIMYHHBI MPUIOKEHHOTO Hampsi-
xenus. [ns nabmoaenust >3p(PexToB nepekItoueHuss He00X0IUMO, YTOObI Bpe-
MEHa MNEepeKIIOYEHUsI ObLIM MEHbLIE BPEMEH >KM3HU MArHUTHBIX COCTOSHUM.
Kpome Toro, npoaeMoHCTpUPOBaHO, YTO HA OCHOBE OAMHOYHON KBAaHTOBOM TOY-
KU C KYJIOHOBCKMMHU KOPPENSLUAMH, HAXOJSAIIEHCSs BO BHEIIHEM MarHUTHOM
1oJie, MOKHO C(OPMUPOBATH BBICOKOAI(D(PEKTUBHBIA CHUHOBBIM (PUIBTP, OCHO-
BaHHBII Ha aHAJIW3€ HECTALIMOHAPHBIX TYHHEJIbHBIX TOKOB [5].

1.
2.
3.

W.K. Wooters, Phys. Rev. Lett. 80, 2245 (1998).

M. Nizama, D. Frustaglia, K. Hallberg, Phys. Rev. B 86, 075413 (2012).
N.S. Maslova, V.N. Mantsevich, P.l. Arseev, JETP Letters 105(2), 119
(2017).

N.S. Maslova, V.N. Mantsevich, P.l. Arseev, Solid State Comm. 241, 20
(2016).

V.N. Mantsevich, N.S. Maslova, P.l. Arseev, Physica E. 93, 224 (2017).
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AHOMAJIBHBIM U TOIIOJOT MUECKUM DODEKT XOJIIA

H.B. PoxaHckuu
Quzurxo-mexnuyeckuti uncmumym um. A.D. Hopppe PAH, Cankm-Ilemepbype
E-mail: rozhansky@gmail.com

Anomanbublid 3¢ ekt Xomna (ADX) npeacrapisieT coO0i JOMOTHUTENb-
HBII BKJaJ B XOJUIOBCKOE COMPOTHUBIICHHE, CBSI3aHHBIM C HAMarHUYEHHOCTHIO
oOpasna. PaznuyaioT HECKOJIBKO MEXaHU3MOB aHoOMallbHOTO 3¢ dexra Xoa,
BCE OHU OCHOBaHBI Ha CIUH-OPOUTAIILHOM B3aUMOJICUCTBUU, a I BO3HUKHO-
BEHHS TMOIMEPEYHOI0 AIEKTPUYECKOr0 TOKA HEOOXOaMMa MOJISIpU3alus HOCUTE-
nel no cnuHy. B mokaze mpeacTaBieH KpaTKuii 0030p U3BECTHBIX MEXaHU3MOB
ADX B peXnMe METAIUTMYECKON U MPBIKKOBOU MPOBOJAUMOCTH. TEOpeTHIECKOe
onucanue ADX B 3TUX JBYX CIIy4asiX OKa3bIBA€TCS COBEPIICHHO Pa3JIdYHBIM.

Hapymienue cuMmeTpuu 1Mo OTHOIICHUIO K MHBEPCUU BPEMEHH, HE0OXO-
JUMOE JIJIsi BO3HUKHOBEHMsSI MOTMEPEUHOr0 TOKA, HE 0053aTEbHO CBS3aHO CO
CIIMHOBOW TMOJSpU3allueld HOCUTENed WM HaJIUYUeM B CHUCTEME CIIMH-
OpOUTaTBLHOTO B3aWMOJEUCTBUS. J[pyras BO3MOXXHOCTh BO3HMKHOBEHHS IIOIIE-
pedHoro Toka, Tomnojorudeckuit ahpdexr Xomra (TIX), cBsi3aHa ¢ 0OMEHHBIM
paccestHuEM SJIEKTPOHA Ha KUPAJTbHBIX BUXPEBBIX TEKCTYpax HAMarHUUYEeHHOCTH.
[Tomumo dyHaameHTaIBbHOM 3HaUYUMOCTU TOX, CYIIECTBYIOT UJIEH MPUKIATHO-
IO UCIIOJIB30BaHUS ITOTO SIBJICHUS, HAIPUMEP B yCTPOMCTBAaX IMaMsITH HA Mar-
HUTHBIX CKHPMHOHAX.

C ¢dusznueckoil TOUKM 3peHUS] UMEIOTCA J1Ba KAU€CTBEHHO PA3IMYHBIX pe-
xuMa TOX. AnmabaTudeckuil peXxuM HWMEET MECTO B Ciiydae OOJIBbIIOW KOH-
CTaHThl OOMEHHOTO B3aMMOJIEUCTBHUSI U ONHCHIBACTCS B TEPMHUHAX TI€O-
meTpuueckor (asel beppu. JIBrkeHue 5JIeKTpoHA B KHPAJIbHOM II0JIE€ Ha-
MAarHM4€HHOCTHU MPUBOJUT K MONEPEYHOMY CIIMHOBOMY TOKY, KOTOPBIA MPHUBO-
IUT K 3apsAI0BOMY TOKY TOJIBKO €CJIM HOCUTEIH B 00pasiie MOJIIPU30BaHbI 1O
cnuHy, Kak 1 B ADX. B cnydae cnaboit oOMeHHOU cBsi3U (HeannabaTUYeCKUid
PEXHUM) TEOPETHYECKOE OIMHMCAHME C TOMOIIbI0 (a3zbl beppu HempuMeHUMO.
Jlpyroil TeopeTHYECKU MOAX0/I, OCHOBAHHBIA HA TEOPUU BO3MYILECHUM, MPEI-
CKa3bIBaCT SPKO BBIPAKCHHBIN 3apsA0BBIM, a HE CIUHOBBIN, 3¢ dexT Xoa, 1a-
e JUTSl TIOJTHOCTHIO HEMOJISIPU30BaHHBIX CBOOOIHBIX HOcUTeNel [1].

Msr1 pazpabotanmu Teoputo TOX, OCHOBaHHYIO Ha aHaJIM3€ 3aJa4d CIHH-
3aBUCHMOTO pacCEsiHUsl DJJIEKTPOHA Ha JIOKAJM30BAaHHOM KHPAJIbHOM TIOJIE
HAMAarHUYEHHOCTH. DTOT MOJXOJ CIPAaBEeUIMB JJIsI HNPOU3BOJBHOTO 3HAUYECHUS
aanabaTuyeckoro mapamerpa. Pazpuras Teopus npuMeHeHa 11 aHanu3a TOX B
JBYMEpPHOH IUIEHKE C MarHUTHBIMU CKHUpMHOHamu. HaM ypanoch mpocieauTb
HETPUBUAIBHBINA MEPEX0]l MEKIY NBYMs pekuMamu. B HeamnabaTudeckoMm pe-
KM€ MPOTUBOMOJIOKHBIE CIIMHBI PACCEUBAIOTCS B OJHOM U TOM K€ MOIepey-
HOM HampaBienuu (puc. 1, ciesa). B agmabaTtuyeckoM pexrMe MONEPEeUHbIH
3apsiIOBBIA TOK MPEBPALIAETCS B YUCTO CIIMHOBBIM TOK, KOTJa MPOTHUBOMOJIOXK-
HbIE CIIUHBI PACCEUBAIOTCSI B MPOTUBOIOIOXKHBIX HampaBieHUsx (puc. 1, cmpa-
Ba). Takum 00pa3oM, OYEBUAHOE MPOTUBOPEUUE MEXK]Y pe3yjbTaTaMu aauada-
TUYECKUX U MEePTYpOATUBHBIX TEOPETUUECKUX NT0AX0A0B K TOX ycTpaHeHo [2].
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Kpome Toro, HamMmu yCTaHOBJIEHO, YTO AaCHMMETPUYHOE OOMEHHOE paccesi-
HUE MOXXET MPUBOIUTH K MOMEPESYHOMY TOKY JIJISi KHPATbHBIX MarHUTHBIX TEK-
CTYp C HYJIEBBIM TOIMOJIOTHYECKUM 3aps0M, IOATOMY, BO3MOXKHO, 3TO SIBIICHUC
cleyeT Ha3bIBaTh KUPAJIbHBIM (2 HE Tononorudeckum) a¢dexrom Xosia.

Puc.1. Tononoruueckuii a3¢¢pext Xonna B HearuadaTuyeckoMm (ciaeBa) U aauadaTHIeckoM
(cipaBa) pexume

Bo3MOXHOCTB peanu3aiuu Tononoruaeckoro ¢ dexra Xoina B KUpaib-
HBIX CTPYKTYpax ¢ HYJEBBIM TOMOJOTHYECKUM 3apsIOM O3HAYaeT, YTO ATO SIB-
JIEHUE JTOJDKHO HAONMI0aThCsA B 3HAUYUTENIHHO 00Jiee NIMPOKOM Kilacce MaTepua-
JIOB, Y€M paHee CuUuTajgoch. B wacTHOCTH, Tomosorudeckuit spdexr Xomna
JOJDKEH HaOMonaThcsi B pa30aBICHHBIX MarHUTHBIX TOJIYMPOBOJHUKAX CO
CIUH-OPOUTAIILHBIM B3aMMOJICHCTBHMEM, B TOM YHCII€ B CTPYKTypax Ha OCHOBE
(Ga,Mn),As, a Taxke B TOMOJIOTMYCCKHX M30IATOPAaX ¢ MATHUTHBIMH TTPUMECS-
MU.

1. K.S. Denisov et al., Phys. Rev. Lett. 117, 027202 (2016).
2. K.S. Denisov et al., Scientific Reports 7, 17204 (2017).
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TYHHEJIbHBIM TPAHCIIOPT B CBEPXPEIIETKAX GaAs/AlAs
C OJIEKTPUYECKHUMHU JIOMEHAMUA

H1.B. AJITYXOBl, M.C. KaraHl, CK. HanpouKHﬁl, n.C. BaCHHBeBCKHﬁz,
A.H. Bunnaenko®
1HHcmumym paouomexuuxu u d1exkmponuxu um. B.A. Komenvnuxosa PAH,
Mockea
ZHauMOHaﬂbezﬁ uccneoosamenvckuil sioeptulil yHusepcumem «MUDHU y,
Mockea
E-mail: kagan@cplire.ru

[Ipy KOMHaATHOW Temmeparype HCCIeIOBAINCH KOPOTKOIEPHOIHbIE
ceepxpemietku (CP), comepxasiue 100 nepuomoB 4 um GaAs / 2 um AlAS,
PACIOJIOKEHHBIX MEXKY CUIIBHO JIETUPOBAHHBIMU BEPXHUM KOHTAKTHBIM CJIOEM
n"-GaAs u moamoxkoii N'-GaAs, B ycIOBHAX 00pa30BaHHsA dIEKTPHUECKUX JI0-
MEHOB. /IoMeHBbl BO3HMKAIOT M3-3a HAJIM4YMS OTpUILIATENbHON auddepeHuanb-
HOM MPOBOAMMOCTH B HEKOTOPOI 00J1aCTH HANPSIKEHUN MPU PE30HAHCHOM TYH-
HEJIMPOBAHUU DJIEKTPOHOB MEXKY COCEIHHMMH KBAaHTOBBIMH SIMaMH (MEXaHHU3M
Esaki - Tsu). Me3a-ctpykTypbl B popme kojer nuamerpoM 10-15 MkM 1 mupu-
Hoit konbia 0,8-1,5 MKM ¢ KOJBIEBBIMU METAJUTMYECKUMHU KOHTaKTaMu (OpMHU-
poBasiu pacnpeneneHHblii TI'1 pe3oHaTOp HA AJWHBI BOJH B CBOOOAHOM IpO-
ctpancTBe OoT 110 o 160 Mkm. IIpocnekeHa nepectpoiika pexKMMOB JOMEHHOM
HEYCTOMYMBOCTH KakK MpHU CaMOBO30YKJIEHUU Pe30HATOpa, TaK U B €ro OTCYT-
CTBUE. YCTaHOBJIEHO, YTO MEXaHU3MbI MPOBOJAMMOCTH B OOJACTSIX CIaboro u
CUJIBHOTO MOJISI CYIIECTBEHHO Pa3JIMYHbl: BHE JJOMEHA IPOBOJAMUMOCTh MUHU30H-
Hasi (pe30HaHCHOe TyHHenupoBaHue Jcaku — lLly), a BHyTpu qoMeHa poBOAM-
MOCTbh MPOUCXOJUT 3a CUET MOCJIEIOBATEIBHOTO HEPE30HAHCHOTO TYHHEIUPO-
Banus (Sequential tunneling).

Ha BosnbTamIiepHbIX XapakTEpUCTHKAX B PEXKUME JIOMEHHOM HEYCTOWYM-
BOCTH HaOJI0Ja1ach CEprsi MaKCUMYMOB, BOSHUKHOBEHHUE KOTOPBIX CBSI3bIBACT-
Cs C OCOOCHHOCTSIMH HEPE30HAHCHOTO TYHHEJIMPOBAHUS DJIEKTPOHOB B Tpe-
yrOJIBHOM JIOMEHE CHIIBHOTO 1oJisi. OOHApYKEeH TakKe TUCTEPE3UC MPU MPSIMOi
U 00OpaTHOW pa3BepTKE HAMPSHKEHMSI, KOTOPBIA CBSI3bIBAETCS C MEPEKIIOUYECHUEM
MEXK]y peKUMaMU C JBUKYIIUMCSA U CTATUYECKUM JIOMEHOM.

OO0Hapy’keHO 3HAYUTEJIbHOE M3MEHEHHUE MOPOroBOT0 HAIpsHKeHHsT oOpa-
30BaHUs JOMEHOB IIpy U3MeHeHnH napameTpoB TI'n pe3onaropa. Ilpeanoxeno
00BsICHEHHE, CBA3BIBAIOIIEE 3TOT CABUT MOPOra ¢ BO3OYKIECHHUEM B PE30HATOPE
KOJIeOaHW 3HAYUTEITbHON aMIUIMTYABI, KOTOPBHIE 32 CUET BBINPSIMIICHHUS Ha
CWJIBHOW HETMHEWHOCTH 00pasiia CABUTAIOT padouyl0 TOYKY Ha BOJIbTaAaMIIECPHON
XapaKTepucTUKe. BiusiHUE pe3oHaTopa Ha pe30HAHCHOE TyHHenupoBaHue B CP
GaAs/AlAs ykaspiBaeT Ha B0o30yxaeHue T pe3oHaTropa 3a cUeT JHHAMUYEC-
CKOro oTpuuareiabHoro conporusienus CP ¢ tomenamu.

PaGota BemosiHeHa mipu yactuyHOU momnepxkke PODU (rpanter 16-29-
09626, 16-29-03135) u mporpamm PAH «HanocTpykTypsl: ¢dusmka, xummus,
OMOJIOTHS, OCHOBBI TeXHOJOTHI» 1 «HOBBIE MCTOUHUKN MUJUTUMETPOBOTO U TE-
parepIioBOro U3JIyYeHUS U UX TIEPCIICKTUBHBIC TPUITOKECHUS.
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OOTOT'AJIbBBAHNYECKHUE DODEKTBHI 1 CMEILIEHUE YACTOT
B ITOJIVITPOBOJIHNKOBBIX HAHOCTPYKTYPAX

I'.B. byakun
Quzurxo-mexnuyeckuti uncmumym um. A.D. Hopppe PAH, Cankm-Ilemepbype
E-mail: gbukin@gmail.com

IIpn BO3AEHCTBUM MEPEMEHHOTO AIEKTPUUYECKOrO IMOJS U3IYYEHHUs], IIPO-
XOJSIIETO Yepe3 MOIYIPOBOJHUKOBBIE CTPYKTYPbI, HA CBOOOIHbIE HOCUTEIH 3a-
psAla B CHUCTEME BO3HMKACT JJICKTPUUYECKUU TOK. JIMHEWHBIN OTKIMK Ha mepe-
MEHHOE II0JIE NPUBEAET K N'EHEpallUM TOKAa Ha TOM K€ YacTOTE C BEJIWYMHOM,
IPOMOPUMOHATIBHON aMIUIUTYAE dJeKTpuueckoro mnoss. OQHako B CTPYKType
0e3 1eHTpa UHBEPCUM MOTYT BO3HUKATh U 3()PEKThI BTOPOro MopsiIKa, Iporop-
[IMOHAIbHbIE UHTEHCUBHOCTH M3JIyUYCHUs, TaKue Kak: (poToraabBaHHMUECKUN 3 ]-
(dekT, reHepanusi BTOPOil rTapMOHUKH, a Takke 3(PPEeKT CMEIeHUs] YacTOT, €CIH
CIIEKTPAJIBHOE PA3JI0KEHUE DJIEKTPUUYECKOTO MOJS HU3JIYyYECHHUS COIEPKUT He-
CKOJIbKO TapMOHHMK. DKCIIEPUMEHTAJIbHBIE U TEOPETUUYECKUE UCcienoBanus (o-
ToTrajibBaHWYECKUX 3(P(PEKTOB M reHepaluu BTOPOM TapMOHMKUA B KBAHTOBBIX
samax [1], Tomonoruyeckux uzonaTopax [2] u rpadene [3] mo3BosseT Moiaydarhb
UH(POPMALIMIO O CHUMMETPUHU MOJYNPOBOJAHUKOBBIX CHCTEM, JETANSAX DHEPreTH-
YECKOIr'0 CHEKTPA U MEXaHU3MaX PACCESHHS JIEKTPOHOB.

OddexTuBHOCTh reHepanuu (HOTOTOKOB MOXKET OBITh 3HAYUTEIHHO YCH-
JIEHa BO BHEIIIHEM MAarHUTHOM II0JIE€ B YCJIOBHSX LIMKJIOTPOHHOIO pe3oHaHca. B
npescTaBlieHHON padoTe mocTpoeHa Teopust GpororaabBaHUuuecKuX dHPEKTOB U
s dexTa cMeneHus: 4acTOT B KBAHTOBBIX SIMAaX CO CTPYKTYpPHOW acUMMeETpHUein
BO BHEITHEM MAarHUTHOM Ioje. B paMkax KHHETUYECKOro ypaBHeHUs boibima-
Ha pa3paboTaHa MHUKPOCKONHMYECKass MOJENb B T€OMETPHUSIX HOPMAaJbHOTO U
HAKJIOHHOTO CTAaTMYECKUX MArHUTHBIX Mojeil. [lomydeHbl aHATIMTUYECKHUE BBI-
paXxeHus sl TOKOB B 3aBUCMMOCTH OT YacTOThI U MOJSIPU3ALUU U3TYYCHUS U
BEJIMYMHBI CTATUYECKOI0 MArHUTHOTO Mojis. B reoMerpum HOpMajabHOTO Mar-
HUTHOTO TIOJISl TIOKa3aHo, 4TO (poToraabBaHUYECKUNM d(DPEKT PE30HAHCHO YCH-
JUBAETCS, KOTJla IUKIOTPOHHAS YacToTa OJIM3KAa K YacTOTE W3Iy4YeHHs, a IS
CMEIICHUS YacTOT YCUJICHUE HaOIto1aeTcs, eCiau [UKIOTPOHHAS 4acToTa Oiu3-
Ka K OJTHOM M3 YaCTOT CIEKTPAILHOTO Pa3I0KEeHHsI WM UX KoMOuHammu. B reo-
METPHUH HAKIIOHHOTO MAarHUTHOTO IOJISl TeHEpaIus MOCTOSTHHOTO TOKa 00yCIIOB-
JICHA aCUMMETPUEU pacCessHUs HOCUTEJEW 3apsa, BbI3BAHHOM KOMIIOHEHTOMN
CTaTUYECKOr0 MAarHUTHOIO MOJIS B IVIOCKOCTH KBaHTOBOM sIMBL. 1IponemoncTpu-
POBaHO, YTO B 3TOW N€OMETPUM PE30HAHCHOE YCUJICHHE WHAYLMPOBAHHBIX W3-
JydeHUEM TOKOB HaOJIOAAaeTCs TakKe Ha MEepBON CyOrapMOHUKE ITUKIOTPOHHO-
ro pe30HaHca.

1. G.V. Budkin, S.A. Tarasenko, Phys. Rev. B 93, 075306 (2016).
2. K.-M. Dantscher et al., Phys. Rev. B 92, 165314 (2015).
3. N. Kheirabadi, E. McCann, V.I. Fal’ko, Phys. Rev. B 97, 075415 (2018).
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PE3OHAHCHOE 1 PEJIAKCAILIMOHHOE IIOTJIOIIIEHUE 3BYKA
HA ITPUMECHBIX HEHTPAX B ITOJIYITPOBOAHUKAX

K.A. bapblllIHUKOB
Quzurxo-mexnuyeckuti uncmumym um. A.D. Hopppe PAH, Cankm-Ilemepbype
E-mail: barysh.1989@gmail.com

VYapTpa3ByKoBass CHEKTPOCKONHMS KPHUCTAJUIOB IIO3BOJISIET ONPEACIIUTH
MHOTHE MapaMeTpbl U BBISIBUTHh BA)KHBIE CBOWCTBA MOJYIPOBOJHUKOB U METaJ-
JOB, Takue Kak (opma mnoBepxHocTd DepMmMu A AAHHOTO METasula, MOABUXK-
HOCTb W KOHLEHTpALMsI HOCUTENEH 3apsna, KOHCTaHTa JAedOpMaIliOHHOIO MO-
TEHIMaNa, CTPYKTYpHbIE OCOOCHHOCTH PEIIETKH KPUCTaIa, aHTApMOHU3M CHII
CBSI3M B KpHUCTaJUIe, BpeMsl pellakCallui TEIUIOBBIX (DOHOHOB W MHOTHE JpYyTHE.
Jlist ynbTpa3ByKOBOM CHEKTPOCKONUH, KaK IMPaBUIIO, UCIOJb3YIOT O0ObEeMHbIE
ynpyrue BojHbl. OcoObll HHTEpEC MPEACTABISAIOT yIbTPa3ByKOBbIE UCCIIEA0BA-
HUSI KOHIICHTPAIMK U CBOMCTB MPUMECHBIX IICHTPOB B MOJYIPOBOAHMKAX [1, 2].
DTO CBA3aHO C TEM, YTO YACTOTHI YJABTPA3BYKOBBIX BOJIH JIEXKAT B HHTEPBAJIE OT
10 Mri go 10 I'Tu, yTto NMO3BOJISIET U3MEPATH BpPEMEHA peEJaKcallid MHOTHX
MPUMECHBIX IIEHTPOB MPU HU3KHUX TeMIIepaTypax, KOTOpble 0OBIYHO TPUHUMAIOT
suauennst 10 — 107 c.

N3mepenue BpeMEHH pejlakcallud IPUMECHOr0 LEHTpPa OCHOBAHO Ha SB-
JIEHWH PENAKCAIlMOHHOTO MOTJIOIIECHUS yJIbTpa3ByKa LEHTpPoM. [[nuHa ynbTpa-
3BYKOBOM BOJIHBI MOKET MEHATHCS B JUAINA30HE OT OAHOTO MHKpOHa 10 He-
CKOJIBKMX J0JIE MUJUIUMETPA, YTO BO MHOTO pa3 MPEBOCXOAUT PaanycC JIOKaI -
3al[MM HOCUTEJIEH 3apsja Ha NMpPUMECSX B IMOJYNPOBOJHHUKAX. DTO MO3BOJISET
paccMaTpuBaTh JEUCTBUE YIbTPa3ByKa Ha TaKOM LIEHTP, KAK MEPHOJUYECKH Me-
HSIOIIEECs OJHOPOAHOE NedopMarmoHHOE BO3MYIIECHHE, PACIICIUISIONIEE IO
HHEPTrUU COOCTBEHHBIE COCTOSHUA MpUMecH. [I0CKOIbKY BpeMsi yCTaHOBJICHUS
TEPMOJIMHAMUYECKH PABHOBECHON 3aceeHHOCTEH COOCTBEHHBIX COCTOSIHUM
LEHTpPa KOHEYHO M CPABHUMO C MEPHOJOM YJIbTPa3ByKOBOW BOJIHBI, TO B IOJIE
yIbTPa3BYKOBOM BOJHBI B KaXKIbII MOMEHT BpeMEHU OyJeT HaOIIoJaThCs Cy-
[IECTBEHHOE OTKJIOHEHUE 3aCEJIEHHOCTU PACIIECIUICHHBIX YPOBHEHN SHEPIUU LICH-
Tpa OT paBHOBECHOM. Hamnume HEepaBHOBECHOM 3aCEICHHOCTH LIEHTPOB, UHAY-
LUPOBAHHOM 3BYKOBOW BOJIHOM, NMPUBOJUT K PENAKCAUMOHHOMY MOTJIOLICHUIO
3ByKa Ha JAHHOM LIEHTpE.

Koadhumment 3aryxanus yibTpa3ByKOBOM BOJHBI B TAKOM CiIy4yae Oynet
MIPONOPLIMOHAIIEH KOHUEHTPAIMU IIPUMECHBIX LEHTPOB, Ha KOTOPBIX ITOIJIONIA-
€TCsl BOJIHA, KBa/IpaTy KOHCTAHTHI J€(OPMAIIMOHHOTO MOTEHIINAaIa, CYMME paB-
HOBECHBIX 3aCEJICHHOCTEN 3HEPreTUYECKUX YPOBHEU, PACIICILUISIEMBIX YJIbTpa-
3BYKOBOI BOJIHOHM. A Takke KO3((UIMEHT MOTJOMEHUs MPONOpLUHUOHANICH Je-
0aeBCKOMY WIEHY, OMMCHIBAIOLIEMY YAaCTOTHYIO 3aBUCUMOCTD MOTJIONIEHUS 3BY-
ka, 0°1/(1+ ®’1;%), TIe T — 3TO BpeMsi SHEPreTHUeCKON pelaKcaldy LeHTPa
(Bpemsi mpuxoAa UEHTpa K TEPMOJMHAMUYECKOMY PaBHOBECHUIO TMpPHU JaHHOU
TEMIIEPATypPE, aHAJIOT BPEMEHU NPOAOJIBHOM pelaKkcalui B TEOPUM MAarHUTHOTO
pe3oHaHca). BpeMs 11 0AHO3HAYHO 3aBUCHUT OT TEMIIEPATypPbl U CUIIBHO MEHSET-
cs mpu ee u3MeHeHuH. bblna paspaborana meroaunka [2] BbISIBICHUS TeMmIlepa-
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TYpPHOU 3aBUCHMOCTH BPEMEHH pelaKCalldd MPUMECHBIX IIEHTPOB C MOMOIIBIO
aHaJau3a TEeMIIEpaTypHOM 3aBUCHUMOCTH TOTJIOLICHUS YJIbTPa3ByKa Ha JTaHHBIX
LEHTpax.

OnHako MpH HAJTUYUU BHYTPEHHUX DHEPTETHUUYECKUX PaACHICTICHUN MpU-
MECHOr0 IIEHTpa Ha BeIUYMHY h®o MOpsSaKa OJHOTO MHUKPOIJIEKTPOHBOJBTA
(Hanmpumep, TYHHEJIBHOTO paCIICIIEHUs OCHOBHOT'O COCTOSIHMS IIEHTpa, IOJ-
BepkeHHOro 3 dexty Ana-Temrepa [3]) nmepuoanueckoe BO BPEMEHH BO3MY-
IIEHHE OT YJIbTPa3BYKOBOUW BOJIHBI MOXKET MPUBOJUTH K PE30HAHCHBIM IEpPeXo-
JaM MEX]ly YPOBHSAMHM IIeHTpa. Takue mepexojibl BEI30BYT PE30HAHCHOE MOTJI0-
IIEHWE YIbTPa3BYKOBOW BOJIHBI MPU COBMAJEHUU YACTOTHI 3BYKa (O U COOTBET-
CTBYIOIIIEH PE30HAHCHOW YaCTOTHI MPUMECHOU CUCTEMBI . KoadduimeHt mo-
TJIONIEHUS] BOJHBI B 3TOM cliydae OyAeT oTiMuathcs OT KoddduimeHTa penak-
CallMOHHOTO TIOTJIONICHHUS 3ByKa TEM, UTO OH OYyJIeT MPOMOPIIMOHANIEH Pa3HOCTH
PABHOBECHBIX 3aCEJICHHOCTEH OCHOBHOTO M BO30YXKJIEHHOT'O COCTOSTHUSI IIEHTpA.
A Takxke OH OyaeT WMETh PE30HAHCHYK YacTOTHYIO 3aBHCHUMOCTH
0T/ (14 (® — ©0)°1,%), KOTOpast OIPENEISIETCS YXKE BPEMEHEM YCTAHOBIICHHS
KOT'E€PEHTHOCTH COCTOSTHUN IIEHTpPA Tz, OTBETCTBEHHBIM 3a OJHOPOJHOE YIIHpE-
HUE YpPOBHEW ILIEHTpa (BpeMs 3aTyXaHHUsl HEKOTE€PEHTHBIX COCTOSHHM IICHTpA,
aHaJIOT BPEMEHU MOTIEPEUYHON pelaKcallii B TEOPUH MarHUTHOTO PE30HAHCA).

HenaBHo Obu10 Moka3aHo [4], 4TO BpeMs IEKOTEPEHIIMHI COCTOSIHUH T, PU
OTIPEJICJICHHBIX YCJIIOBHUSX MOET Tak)K€ BHOCHUTH BKJIAJ W B peJIaKCAllMOHHOE
HOTJIONIEHUE YIIbTpa3Byka. g m000ro SH-TEJUIEPOBCKOIO MPUMECHOTO LIEeH-
Tpa, OTBEYAIOLIEro TaK Ha3biBaeMoll T-€ 3amauye (B KOTOPOH TPEXKPAaTHO BhI-
POKJIEHHBIN 3JEKTPOHHBIA YPOBEHb | CMEIIMBAETCS C JABYKPATHO BBIPOXKICH-
HBIMH JIOKQJIbHBIMU €-KOJI€OaHUSIMU PUMECHOTO KOMILJIEKCa, IPUBO/IS K BbIjIe-
JICHUIO TETPAroHAJIbHBIX OCEM KOMIUIEKCA), TYHHEIMPOBAHUE MEXKYy TpeMs dK-
BUBAJICHTHRIMM MUHHUMYMaMU €r0 aauadaTHYecKoro MOTEHIMalla 3aIlperieHo.
OpmHako 3TOT 3ampeT CHUMAETCSI B MAaTHUTHOM T10JI€, KOTOPOE CMEIINBAET OpOu-
TaJbHBIE COCTOSIHUS T-Te€pMa M MPUBOJUT K OTKPBITHIO HOBOTO 3((PEKTUBHOTO
KaHaja pellakcallii MPUMECHOTO LIEHTpa B MAarHUTHBIX MOJsAX. Takoe MarHu-
TUHAYIUPOBAHHOE TYHHEIMPOBAHUE MPUBOAMUT K YBEJIMYECHHUIO WHTEHCUBHOCTU
PEAKCAIMOHHBIX TEPEXO0J0B MEXKIYy OCHOBHBIMU COCTOSIHUSIMU MPUMECHOTO
LEHTpa B MarHUTHOM moie: 11 (B) = 11 (0) + [r/(1+AU? 1,°), rae T — 10
TYHHEJIBHBIM 3JIEMEHT, CBSI3aHHBIA CO CMELIMBAHUEM COCTOSIHUM B MarHUTHOM
noJsie (M MO3TOMY MPONOPLHMOHANIBHBINA ero Benuuune), AU — sHeprus pacuien-
JIeHUsS COOCTBEHHBIX COCTOSIHUU ILIEHTpa (KOTOPOE TOXKE MOXKET 3aBUCETh OT
MAarHUTHOTO MOJIs), MEXAY KOTOPBIMU HM3YYalOTCSl PEIaKCALMOHHBIE TEPEXOIBI.
O1oT 3ddext mMoxkHo Habmomate mpu yciaoBur ['1,<<l. OgHAKO TOCKOJBKY
BpeMsI T, OMpEeNeaeTcsl Kak HeynpYyruMH, Tak U YIPYTMMHU MPOLECCaMu B3au-
MOJICHCTBHS IIEHTPA C HEKHMM TEPMOCTATOM (HAmpuUMmep, TepMocTaTtoM (GOHO-
HOB), @ BpeMs Ti OINpPEIESAETCS TOJBbKO HEYNPYTMMH MIPOIIECCaMM, TO BCETa
BBITIOJIHEHO HEPABEHCTBO T,<<T;. [I03TOMy 4acTO MOKET OKa3aThCsl TAK, YTO B
ONPEAEIEHHBIX MAarHUTHBIX MOJISIX BBIITOJIHEHO HEPABEHCTBO > 7 7(0) maxe
npu ycioBuu ['1,<<l, u saddekr cymectBened. B padore [4] nanuslii 3¢ ekt
MO3BOJIMIT OOBSICHUTD PE3KHUI U OOJIBIION POCT PEIAKCAIIMOHHOTO MOTJIONIECHUS
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3ByKa B MaJibIX MarHuTHbBIX nossix (o 0,1 To) mpu Hu3kux temneparypax (1,4,
2; 4 K).

1. M.D. Sturge, Advances in Research and Applications, New York: Aca-
demic Press, 20, 92 (1967).

2. V. Gudkov, The Jahn-Teller Effect: Fundamentals and Implications for
Physics and Chemistry, Berlin, Heildelberg: Springer, 97, 743 (2009).

3. K.A. Bapeinukos u ap., @usuka tBepaoro tena 54 (3), 442 (2012).

4. N.S. Averkiev et al., Phys. Rev. B 96, 094431 (2017).
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MACCHUBHBIE ITNPAKOBCKHUE ®EPMHMOHLBI B OITHOMEPHbBIX
ME3OCKOIIMYECKHNX KOJIBLIAX C HEOJJHOPOJJHOCTAMMU:
DJIEKTPOHHBLIE CBOMCTBA U ITEPCUCTEHTHBIE TOKU

E.C. AzapoBa, .M. MakcumosBa
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: azarova.ekaterin@yandex.ru

C momenTta oTkpbITus 3(ppexkra AapoHoBa-boma u nmepBoro ero HabIO-
JCHHSI KOJIBIIEBBIC YCTPOMCTBA MPOJOKAIOT MPUBJIEKATh K ceOe BHUMaHUE HC-
cienoBaresieil. B TeueHne mocineHuX JECATH JIET MOSBUIOCH MHOXKECTBO padoT,
MOCBSIIEHHBIX KOJIBIICBBIM Tpa)eHOBBIM HAHOCTPYKTYpaM [cM., Hampumep, 1-4].
BriepBeie ocumsuisanuy mpoBoauMocT AapoHoBa-boma Ha rpadeHOBOM KoJbIle
ObuTH 3aperucTpupoBaHbl Pycco ¢ coaBropamu [3]. B psge Teopetudeckux pa-
00T HMCCIIeIOBAIKCH DIIEKTPOHHBIE CIIEKTPHI B TPa)@HOBBIX KOJBIAX PA3IUIHON
TC€OMETPHH.

B nannoit pabore uccneayercs s3pdexkr AaponoBa-boma B 0THOMEpPHBIX
ME30CKOIMMYECKUX KOJIbIAX C HEOJHOPOJHOCTSIMH W3 INEJCBBIX TUPAKOBCKUX
MaTepuaioB. PaccMOTpeHO BIMSHUE JOKAIBLHOTO NedeKkTa Ha CTPYKTYpY dHEp-
reTHYECKUX ypoBHel u nepcucteHTHbie Toku (I1T) B rpad) eHOBBIX U CHIIUIICHO-
BBIX Kousibliax. [lokasano, 4ro Hamuume Jedekra B rpad)eHOBOM KOJBIIE MPUBO-
TUT K aHTUKPOCCUHTY YPOBHEH U K MOSIBJICHUIO YPOBHEH, MOYTH HE 3aBUCSIINX
oT MarHuTHOTO ToToka @, yTo BHI3BIBaeT ymeHbleHue [1T u crmaxuBanue ux
3aBucumoctu oT ®. JIjisi CUTUIIEHOBOTO KOJIbIa B MOMEPEYHOM AJIEKTPUUIECKOM
10JIe BO3HMKAIOT JIBE TPYIIbl YPOBHEU, XapaKTEePU3yeMbIX PAa3IMUYHBIMU CIIUH-
JOJIMHHBIMU MHJIEKCaMU, MepeceueHue KOTOphIX BbI3biBaeT ckauku [IT J(D*).
HccnenoBan 3HEPreTUYECKUI CIIEKTP HEOJHOPOIHOTO KOJIbIIa C TPOU3BOJIILHBIM
YHCIIOM JIOKAJIBbHBIX Je(EKTOB, MEPUOJUYECKH PACIPEACIIEHHBIX BAOJIb HETO
(cBepxpemieTka Ha Koiblle). s meneBoro rpadena nmokazaHo GopMHUpPOBaAHUE
HHEPreTUYECKUX MOA30H, KOJTMYECTBO YPOBHEH B KOTOPHIX paBHO YHUCTY Acdek-
ToB Ha KoJblle Ng; ¢ poctom Ny mupuHa pa3perieHHbIX MOA30H yBEIHNUYUBACTCS,
a 3ampenieHHbIX yMEHbIIaeTcs. PacCMOTpEeHO BIIMSHUE SHEPreTUYecKoro Oec-
MopsJIKa Ha 30HHYIO CTPYKTYpY Kojblia. HeynopsmoueHHoe nu3MeHeHUE BHICOTHI
OapbepoB O3HAYAET MOTEPIO BpalIaTeIbHOW CHMMETPHH, YTO B CBOIO OYepeb
MPUBOJUT K aHTUKPOCCUHTY YPOBHEH U CTIIakUBaHUIO 3aBucuMoctd J(P), T.e. k
ymenbIeHuto [T B TakoM KOJbIlE Tak ke, Kak B ClIy4ae OJUHOYHOTO Je(eKTa.

PaGota monnepxana rpantamu POOU (18-32-00740-mon_a) MunoOpHa-
yku P® (3amanme Ne 3.2637.2017/4.6) u ®onpa pa3Butusi Teopetudeckon du-
3uKku U MateMaTuku «bA3UCH.

1. P. Recher et al., Phys. Rev. B 76, 235404 (2007).

2. D.R. da Costa et al., Phys. Rev. B 89, 075418 (2014).

3. S. Russo et al., Phys. Rev. B 77, 085413 (2008).

4. D. Smirnov, H. Schmidt, R.J. Haug, Appl. Phys. Lett. 100, 203114
(2012).
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OJIEKTPOHHBIE COCTOAHMA B CBEPXPEILETKAX
CO CIIMH-OPBUTAIJIBHBIM B3AUMOIAENCTBUEM PAILIBbI

A.P. Bannaryronnos, A.B. Tene:xHUKOB
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: zoyal066 @mail.ru

B mocnegnue roapl ycmexw B METOJAaX pPOCTa MaTEpPHATIOB NMPUBEIH K
BO3MOKHOCTH HM3TOTOBJICHUS TOJIYIIPOBOJAHUKOBBIX T€TEPOCTPYKTYP C pa3iny-
HOU reoMeTpHuei, rae JIEKTPOHbl U ABIPKH MOTYT OBITh OIPAHUYECHBI B OJTHOM
WM HECKOJBKUX HANpPaBIEHUSX MOTEHIHAIbHBIMU Oapbepamu. OqHUMU U3 Ta-
KUX CTPYKTYp SBIISIIOTCS OOBEKThI HaHO-KOJIBIIEBOM (hOPMBI, KOTOPBIE BOCTpE-
OoBaHbl 1151 n3ydeHus d¢pdexra AapoHoBa-boma U B pa3IMUHBIX TEXHOJIOTHYE-
CKHMX NMPUMEHEHUSX B ONTOAICKTPOHHBIX YCTPOUCTBAX.

B wactHOCTH, B paboTte [1] ucciaeqoBanoch BIUSHUE CEPUU YEPEAYIOITU X-
Csl MPSIMOYTOJIbHBIX KBAaHTOBBIX SIM M 0apbepoB, PACIOI0KEHHBIX BI0JIb KBaH-
TOBOTO KOJbIIA, HA €r0 YHEPreTUYECKUM CIEeKTp. Takke B IOCJeaHEe BpeMs
IpeACTaBIseT OOJIBIION UHTEpEeC uccliieioBanue 3G (PEKTOB, CBSI3aHHBIX CO CITUH-
opOutansHbpM B3aumojeiicteueM (COB) B momynpoBOJHUKOBBIX T€TEPOCTPYK-
Typax B CBSI3U C OTKPBHIBAIOIIMMUCS BO3MOXKHOCTSMU JIJII MaHUITYJIUPOBAHUS
CIIMHOBOW CTEINEHBbI0 CBOOOABI dJEKTpOHOB. MccnmemoBaHuwe ocoOeHHOCTEN
cnektpa HocuTenei B kosbliax ¢ COB PamObl B akcuaabHOM MarHUTHOM TIOJIE,
B YaCTHOCTH, BBITIOJTHEHO B [2].

B nacrosmeit pabore paccMaTpuBaeTCs MOJIYNPOBOJIHUKOBOE KOJIBIO C
NEPUOJUYECKU MOBTOPSIIONIMMUCS KBAaHTOBBIMH siMamu ¢ COB Pami6bl. Takum
o0pa3oM, CTPYKTypa IpEeJICTaBIAECT cO00N KBAa3MOJHOMEPHYIO CBEPXPEIIETKY C
COB. Hamu nonyyeHO TUCIIEPCUOHHOE YpaBHEHHE U HA €r0 OCHOBE BBHIMIOJIHEH
pacy€T PHEepreTUYECKOro crekrpa Hocureneu (puc. 1). B pabore mpencrapien
aHaJIN3 3aBHCHUMOCTH YHEPTeTUYECKOTO CIIEKTpa OT MapaMeTPOB CUCTEMBI.
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Puc. 1. DHepreTrueckuil criekTp Kojblia ¢ nepuoandeckuM noreHuaioM u SOI PamGs

PaGoTa Oblna BBITIOJTHEHA B paMKaxX MPOEKTHOW YacTh roc3aganus MuHo-
opuayku P® (I'ocynapctBennoe 3amanue Ne. 3.2637.2017/4.6).

1. D.R. da Costa et al., J. Phys.: Condens. Matter 29, 165501 (2017).
2. J. Splettstoesser, M. Governale, U. Ziilicke, Phys. Rev. B 68, 165341
(2003).
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MOJIEJIMPOBAHUE JMHAMUKHN BOJIHOBBIX ITAKETOB
B TOITIOJIOTUYECKUX N30JIATOPAX

J.A. Kynakos, /[.B. Xomuikuii
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: deniskulakov@mail.ru

HccnenoBanne 3a1a4u 0 BO3MOKHOCTH YITPABJICHUS XapaKTEpOM JBHXKeE-
HUS ¥ CIUHOM BOJIHOBOTO TIaKeTa B TomoJyiorudeckux usonstopax (TH) npu mo-
MOIII MarHUTHBIX CTAIIMOHAPHBIX W HECTAIIMOHAPHBIX OAPbEPOB MPEIACTABIISICT
CaMOCTOSTEIbHBIM MHTEPEC KaK METOJ] YIIPaBJICHUS JIBHOKCHUEM U CITMHOM BOJI-
HOBOT'O TIAaKeTa, a TaK)Ke KaK MEPCIEKTUBHBIA MHCTPYMEHT JUIA OyAyIIuX HpH-
JIO’)KCHU B HAHOBJIEKTPOHUKE M CIIMHTPOHUKE. J|aHHas paboTa MOCBSIICHA YK C-
JICHHOMY MOJICITMPOBAHUIO TMHAMHUKHN BOJTHOBBIX MAKETOB, CPOPMUPOBAHHBIX U3
JIBYMEPHBIX IIOBEPXHOCTHBIX COCTOSIHUH B TpexmepHbIx TU [1].

B pamkax JgaHHOW HWCCIIEIOBATEIbCKOW 3a/1aud YHCJICHHO periacTcs He-
crarmonapHoe ypasHenue lllpenunrepa [2], coriacHo METOIHUKE, TPEICTABIICH-
HoOM [3].

YucrieHHOE 3HavYeHHE KOd(Q(dHIIMEHTa HAA0aphepHOTO MPOXOMKIACHHUSI CO-
IIOCTaBIIACTCS C QHAIMTHYCCKOW (OPMYJIHUPOBKOM, MONYYCHHOW ISl rpadeHa
[4], cekTp KOTOpPOro MMEeT aHAJIOTMYHYIH OCOOCHHOCTh B BHJIC JIMHCHHOTO
criekTpa BOm3Hu Touku K = 0.

HccnenoBana nuHaMuKa BOJIHOBBIX IAKETOB B CTPYKTypax Ha OCHOBE
tpexMepHbiX TU. YcTaHOBIEHO BIMSHUE HAYaNbHBIX YCIOBUN Ha JUHAMUKY
cuctemMbl. PaccmMoTpena quHaMuKa MeXAy HEMarHUTHBIMM M MarHUTHBIMH TIO-
TEHIMAIBHBIMU Oapbepamu paznuuHoi (opmel. MccnenoBano HagbapbepHOe
POXOXKJIEHUE CKBO3b JIaHHBIE CTPYKTYpbhl. OOHApYyX eHO BIMSHHE CHCTEMbI
OapTepoB Ha XapaKTep IBUKECHUS, U3MEHEHUE YHEPTUU U CTUHOBYIO TNIOTHOCTb.

Pabora BeITIOTHEHA TIPH TOJICPKKE TpaHTa B paMKaX MPOCKTHOW YacTH
INocynapcTBennoro 3aganust Munoopuaayku P® 3.3026.2017/IT4.

1. X-L. Qi, S-Ch. Zhang, Reviews of Modern Physics 83, 1057 (2011).
2. JL.A. Jlanmay, EM. Jlupmmun, Teopemuueckasn ¢uzuxa: T.l. Keanmosas
MexaHuka (Hepenamusucmckas meopust), - M.: Hayka, 1989.

3. C. Kynun, Boiyucaiumenvuas guzuxa, - M: Mup, 1992.
4. J. Milton Pereira et al., Physical Review B 74, 045424 (2006).
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KBAHTOBBIE COCTOSHUS HOCUTEJIEN B KBAJIPYIIOJIbHBIX
[NHOJIYMETAJIJIAX BO BHEHLIHEM MAT'HUTHOM I1I0JIE

A.A. Ilepos, A.C. PynbkoB, E.A. Mopo3oBa
Huoicecopoockuii cocyoapcmeennsiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: aleksrulkov@yandex.ru

Tononoruueckue kBanpynoiasHbie nonymeramisbl (TKIIM) HOBbIN Kiacc
MaTepualioB, Npe/ICKa3aHHbI OTHOCUTEIBHO HEJABHO. XapakTepHash 0cOoOeH-
HOCTb 3THUX MATEPHAIOB COCTOUT B HAXOKJIECHUU TOIOJOTHYECKHU 3aIUAIIEHHBIX
COCTOSIHUN HOcHTeNlel B 00bEME CTPYKTYpPHI, & HE HA IPAHMIIEC, KAK B OOBIYHOM
tonosiorndeckoM uzosaTope (TH). Ipocteitmas monens TKIIM moxet ObITh
Mpe/CcTaBlieHa B BHJI€ MOCIOMHOW KOMOMHALMK JBYMEPHBIX TOIMOJOTHYECKUX
M30JISITOPOB HA OCHOBE CTPYKTYphI Bi-Se.

IIepBonpuHLIMIIHEIE PACYETHl 30HHOM CTPYKTYpPbI JAHHOW MPOCTEHILIEH
MO/IEJIH, TO3BOJISIOT ONpeAeauTh dPGEKTUBHBIA raMUJIBTOHUAH ISl HOCUTEIS,
HaXOSIIErocsi BOIM3M KOHKPETHOTO y37a MOJPEMIETKH IBYMEPHOU CTPYKTYPHI
monenu B 00béme TKIIM [1, 2]. B pe3ysnbTaTe Ha KaxA0M y3i€ JUIsl SJeKTPOHA
dbopMupyertcst 4eTbipe OECCIMHOBBIE OpOUTANM, 00pa3yIOIIUe HEKYIO SUEUKY C
TPAHCISALIMOHHON CUMMETpUEH. PacdyéTbl KBAaHTOBBIX COCTOSHUKA HOCHUTEIIEU B
JAHHOM MOJENHN CBUIETEIBCTBYIOT O TOM, YTO SHEPre€TUUECKHUE MO30HBI dJIEK-
TpoHa OYIyT IBYKPATHO BBIPOK/ICHBI.

JlelicTBHE BHELIHETO OJHOPOJHOI'O MAarHUTHOIO IT10JIsI, OPUEHTUPOBAHHO-
ro MEepIeHIUKYISIPHO TUIOCKOCTU JBYMepHOTo ciosi TU 00bEMHON CTPYKTYpPHI
TKIIM, npuBen€T K CHATUIO BBIPOKIACHUS B SHEPIrETUYECKOM CIIEKTpe. YucieH-
Hoe pemenue ypaBHeHus [lpenunrepa ¢ qaHHbIM 3G (HEKTUBHBIM TaMUJIbTOHU A~
HOM B MAarHUTHOM I10JI€ MO3BOJIMJIO PACCUUTATh SHEPTETUUECKUN CIEKTP DJICK-
TPOHA B 3aBUCHMOCTH OT BEJIMYMHBI MarHuTHoro mons p/q = le|H a?/2mhe,
rae P U § B3aMMHO IPOCTHIE YUCIA, 0 — MOCTOSHHAs PeNIETKH, H - HanpsKeH-
HOCTb MarHWTHOTO 1oJjs (puc. 1).
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Puc. 1. DHepreruueckuii ciektp aiekrpona B TKIIM B 3aBUCHMOCTH OT BEJIMYMHBI MarHUT-
HOTO I0JIA

1. M. Linetal., arXiv. 1708.08457 (2017).
2. W.A. Benalcazar et al., arXiv. 1611.07987 (2017).
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HOPPING MAGNETOTRANSPORT IN QUATERNARY
CHALCOGENIDES

E. Lihderanta', E. Arushanov®, K.G. Lisunov*?, E. Hajdeu-Chicarosh*?,
M. Guc'?, I.V. Bodnar®, M. Shakhov*, S. Levcenko®, |. Zakharchyk®
'Lappeenranta University of Technology, Lappeenranta, Finland
“Institute of Applied Physics, Chisinau, Republic of Moldova
*Belarusian State University of Informatics and Radioelectronics, Minsk,
Belarus
*|offe Institute, Saint-Petersburg, Russia
*Helmholtz Zentrum Berlin fiir Materialien und Energie, Berlin, Germany
E-mail: Erkki.lahderanta@Iut.fi

The quaternary chalcogenide p-type semiconductors, belonging to a fami-
ly of I,-11-1VV-V1,, are among the most promising materials for utilization in pho-
tovoltaic conversion, investigated in recent time. In particular, they exhibit an
efficiency exceeding 11 % for solar cells based on a purely Cu,ZnSnS, com-
pound, and up to 12,6 % for devices fabricated with Cu,ZnSn(S, Se), solid solu-
tions [1]. At the same time, incorporation of Ge even at a level smaller than
10 % leads to a substantial increase of the solar cell efficiency [2].

Investigations of magnetotransport in the Cu,ZnSnS,, Cu,ZnSn,Ge;.4Sey,
Cu,ZnGeS, and Cu,ZnSn,Ge14Sy4 single crystals are presented here. Zero-field
resistivity, p (T), magnetoresistance (MR) and Hall effect have been studied in
pulsed magnetic fields up to B = 20 T. The purpose is identification of the
charge transfer mechanisms and determination of important electronic parame-
ters and details of the energy spectrum of charge carriers.

Presence of the Mott variable-range hopping (VRH) conductivity [3]
within a broad temperature interval ATy with an upper limit lying sometimes
close to the room temperature is a common feature of all the investigated mate-
rials. In addition, the nearest-neighbor hopping charge transfer was established
above ATy. Next, the mechanism connected to activation of holes on the mobili-
ty edge of the acceptor band was observed both above and below ATy. Eventual-
ly, the Shklovskii-Efros VRH conductivity [4] was observed in Cu,ZnSnS, be-
low 4,2 K. MR contained usually the positive and the negative contributions.
They were attributed to shrinkage of the impurity wave functions in the magnet-
ic field [4] and to quantum interference effects [5], respectively. Finally, the
Hall coefficient, R (T), in Cu,ZnGeS, was observed to be negative (despite of
the p-type conductivity), exhibiting in the Mott VRH region the temperature de-
pendence quite close to that of p (T), which is of the hopping charge transfer [6].
Analysis of the p (T) and MR data permitted determination of the acceptor con-
centration, density of the localized states, as well as positions of the Fermi level
and the mobility edge in the acceptor band. The enhanced localization of the
holes, observed in Cu,ZnSnS, below 4,2 K, was explained by the quantum inter-
ference effects, too [5].
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SPIN CENTERS ASSOCIATED WITH SILICON VACANCIES IN SiC

S.A. Tarasenko
loffe Institute RAS, Saint-Petersburg, Russia
E-mail: tarasenko@coherent.ioffe.ru

Silicon Carbide (SiC) is a unique semiconductor that occurs in many
polytypes and has remarkable and tunable electrical and optical properties, and
radiation stability. Of particular interest to fundamental research in optics as
well as practical applications in the field of quantum technologies and sensorics
are color centers associated with silicon vacancies (Vsi) [1, 2]. Vsi-centers are
multi-electron complexes with the 3/2 spin. They are characterized by a spin-
dependent optical cycle, which enables the spin alignment of the centers and the
read-out of their spin states by optical means. Applying an additional external
radio-frequency field, one can effectively control the spin state of the aligned
centers and create a coherent superposition of the eigen spin states.

Here, we discuss the spin and optical properties of Vs; centers in silicon
carbide. We present the results of a theoretical study of the fine structure, optical
alignment, spin dynamics, and the relaxation of spin coherence of Vg centers
[2]. The results are compared with the experimental data obtained by the optical-
ly detected magnetic resonance (ODMR) technique. The structure of the spin
sublevels of the Vg; centers turns out to be highly sensitive to external magnetic
and electric fields, temperature variation, mechanical stress, etc., which can be
used to create highly sensitive sensors [1]. Modern achievements in magnetome-
try and thermometry based on Vs;-centers and the underlying physics are briefly
overviewed. Finally, we discuss the mechanisms of inhomogeneous broadening
of the ODMR lines in an ensemble of Vg;-centers, associated with local stain of
the crystal and/or hyperfine electron-nuclear interaction, as well as the prospect
for further increasing the sensitivity employing the technique of spectral hole
burning in the ODMR lines.

1. D. Simin et al., Phys. Rev. X 6, 031014 (2016).
2. S.A. Tarasenko et al., Phys. Status Solidi B 255, 1700258 (2018).
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ANOMALOUS AND TOPOLOGICAL HALL EFFECT

l.V. Rozhansky
loffe Institute RAS, Saint-Petersburg, Russia
E-mail: rozhansky@gmail.com

The anomalous Hall effect (AHE) is an additional contribution to the Hall
resistance associated with the magnetization of the sample. There are several
mechanisms of the anomalous Hall effect, all of them are based on the spin-orbit
interaction, and polarization of the carriers along the spin is necessary for the
appearance of a transverse electric current. The talk presents a brief review of
the known mechanisms of AHE in the regime of metallic and hopping conduc-
tivity. The theoretical description of the AHE in these two cases turns out to be
completely different.

The symmetry breaking with respect to time inversion, which is necessary
for the appearance of a transverse current, is not necessarily related to the spin
polarization of the carriers or to the presence of a spin-orbit interaction in the
system. Another possibility of the appearance of a transverse current, the topo-
logical Hall effect (THE), is associated with the exchange scattering of an elec-
tron on chiral vortex textures of magnetization. In addition to the fundamental
importance of the THE, there are ideas of applied use of this phenomenon, for
example, in so-called racetrack memory devices on magnetic skyrmions.

From the physical point of view, there are two qualitatively different re-
gimes of the THE. The adiabatic regime takes place in the case of a large ex-
change interaction constant and is described in terms of the geometric Berry
phase. The motion of an electron in a chiral magnetization field leads to a trans-
verse spin current that leads to a charge current only if the carriers in the sample
are spin-polarized, as in the AHE. In the case of a weak exchange coupling
(non-adiabatic regime), a theoretical description using the Berry phase is not ap-
plicable. Another theoretical approach, based on perturbation theory, predicts a
pronounced charge, rather than a spin, Hall effect, even for completely unpolar-
ized free carriers [1].

We have developed a theory of the THE, based on an analysis of the prob-
lem of spin-dependent electron scattering on a localized chiral magnetization
field. This approach is valid for an arbitrary value of the adiabatic parameter.
The developed theory is applied to the analysis of the THE in a two-dimensional
film with magnetic skyrmions. We managed to trace a non-trivial transition be-
tween the two regimes. In the non-adiabatic regime, the opposite spins are scat-
tered in the same transverse direction (fig. 1, left). In adiabatic mode, the trans-
verse charge current turns into a purely spin current, when opposite spins are
scattered in opposite directions (fig. 1, right). Thus, the obvious contradiction
between the results of adiabatic and perturbative theoretical approaches to the
thermodynamics is eliminated [2].
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Fig.1. The topological Hall effect in the non-adiabatic (left) and adiabatic (right)

In addition, we have established that asymmetric exchange scattering can
lead to a transverse current for chiral magnetic textures with zero topological
charge, so, perhaps, this phenomenon should be called the chiral (and not topo-
logical) Hall effect.

The possibility of realizing the topological Hall effect in chiral structures
with zero topological charge means that this phenomenon should be observed in
a much wider class of materials than previously thought. In particular, the topo-
logical Hall effect should be observed in dilute magnetic semiconductors with
spin-orbit interaction, including in structures based on (Ga, Mn), As, and also in
topological insulators with magnetic impurities.

1. K.S. Denisov et al., Phys. Rev. Lett. 117, 027202 (2016).
2. K.S. Denisov et al., Scientific Reports 7, 17204 (2017).

80



TUNNELING TRANSPORT IN GaAs/AlAs SUPERLATTICES
WITH ELECTRIC DOMAINS

l.V. Altukhov', M.S. Kagan', S.K. Paprotskiy™, 1.S. Vasil'evskii’,
A.N. Vinichenko®
'Kotel nikov Institute of Radio Engineering and Electronics, RAS, Moscow,
Russia
National Research Nuclear University «MEPhl», Moscow, Russia
E-mail: kagan@cplire.ru

GaAs/AlAs short-period superlattices (SLs) at the domain formation was
studied at room temperature. The SLs consisted of 100 periods of 4 nm GaAs / 2
nm AlAs between heavily doped n* cap layer and n* substrate. Domains for-
mation is due to the negative differential conductivity arising in superlattices at
resonant electron tunneling between neighboring quantum wells (Esaki - Tsu
mechanism). The ring-shaped mesa structures of 7 - 15 um diameters and 0.8 —
1,5 um ring widths with ring metal contacts formed THz optical cavity for free-
space wavelengths of 110 to 160 um. The change in domain instability regimes
is traced both at and without self-excitation of the THz cavity. The different
conductivity mechanisms were found to exist in weak and strong electric field
regions: the conductivity outside the domain is miniband one (due to Esaki - Tsu
resonant tunneling), while the conductivity inside the domain is due to nonreso-
nant (sequential) tunneling.

The series of maxima observed in the current-voltage characteristics in the
range of moving domains is supposed to be the result of peculiarities in nonres-
onant tunneling through barriers inside the triangular domain. The current hyste-
resis observed at sweep-up and sweep-down of the bias was explained by a tran-
sition between moving and static domain regimes.

The change of the cavity parameters leads to the significant change in the
threshold field for domain formation. The reason for this change can be the rise
of high enough alternating field in the cavity, which shifts the operating point
due to the rectification of ac field because of strong nonlinearity of the SL. The
effect of THz cavity on the resonant tunneling in GaAs/AlAs SLs points to the
possibility of the excitation of THz cavity by the dynamical negative resistance
of SL with electric domains.

The work is supported in part by RFBR grants 16-29-09626, 16-29-03135
and RAS programs «Nanostructures: physics, chemistry, biology, basics of
technology» and «New sources of mm and THz radiation and their perspective
applicationsy.
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PHOTOGALVANIC EFFECTS AND FREQUENCY MIXING
IN SEMICONDUCTOR NANOSTRUCTURES

G.V. Budkin
loffe Institute RAS, Saint-Petersburg, Russia
E-mail: gbudkin@gmail.com

Acting on the free charge carriers alternating electric field of the radiation,
passing through semiconductor structures, induces an electric current. A linear
response to an ac electric field will lead to the generation of a current at the
same frequency with a magnitude proportional to the amplitude of the field.
However, in a structure lacking the spatial inversion symmetry, second-order ef-
fects, proportional to the radiation intensity, can occur, such as photogalvanic
effect, second harmonic generation, and frequency mixing, if the radiation spec-
trum contains several harmonics. Experimental and theoretical studies of pho-
togalvanic effects and second harmonic generation in quantum wells [1], topo-
logical insulators [2], and graphene [3] provide information on the symmetry of
semiconductor structure, the details of the energy spectrum, and electron scatter-
ing mechanisms.

The efficiency of photocurrent generation can be greatly enhanced in an
external magnetic field under cyclotron resonance conditions. Here, we present a
theory of photogalvanic effects and frequency mixing in quantum wells with
structural asymmetry in an external magnetic field. We develop a microscopic
model of the phenomena in the framework of the Boltzmann kinetic equation in
the geometries of normal and tilted static magnetic field. Analytical expressions
for the currents are obtained as a function of the radiation frequency and polari-
zation and the magnitude of the static magnetic field. It is shown that in the ge-
ometry of a normal magnetic field the photogalvanic effect is resonantly en-
hanced when the cyclotron frequency matches the radiation frequency, and the
frequency mixing enhancement is observed when the cyclotron frequency is
close to one of the frequencies of the radiation spectrum or their combination. It
Is demonstrated that, in the geometry of the tilted magnetic field, the generation
of a direct current is due to the asymmetry of charge carriers scattering caused
by in-plane component of the static magnetic field. It is shown that in this ge-
ometry the resonant amplification of the radiation-induced currents is also ob-
served on the first subharmonic of the cyclotron resonance.

1. G.V. Budkin, S.A. Tarasenko, Phys. Rev. B 93, 075306 (2016).

2. K.-M. Dantscher et al., Phys. Rev. B 92, 165314 (2015).
3. N. Kheirabadi, E. McCann, V.I. Fal’ko, Phys. Rev. B 97, 075415 (2018).
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RESONANCE AND RELAXATION ULTRASONIC ATTENUATION
BY IMPURITY CENTERS IN SEMICONDUCTORS
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Ultrasonic spectroscopy of crystals makes it possible to determine many
parameters and to reveal important properties of semiconductors and metals,
such as the shape of the Fermi surface for a given metal, the mobility and con-
centration of charge carriers, the deformation potential constant, the structural
features of the crystal lattice, the anharmonicity of the binding forces in the crys-
tal, the relaxation time of thermal phonons, and a lot others. For ultrasonic spec-
troscopy, as a rule, bulk elastic waves are used. Of particular interest are ultra-
sonic studies of the concentration and properties of impurity centers in semicon-
ductors [1, 2]. This is due to the fact that the frequencies of ultrasonic waves lie
in the range from 10 MHz to 10 GHz, which makes it possible to measure the
relaxation times of many impurity centers at low temperatures, which usually
take the values 10" — 107" s.

The measurement of the relaxation time of the impurity center is based on
the phenomenon of the relaxation absorption of ultrasound by the center. The
length of an ultrasonic wave can vary in the range from one micron to several
tenths of a millimeter, which many times exceeds the radius of localization of
charge carriers by impurities in semiconductors. This makes it possible to con-
sider the action of ultrasound on such a center as a periodically varying uniform
deformation perturbation splitting the eigenstates of the impurity by energy.
Since the time for establishing the thermodynamically equilibrium populations
of the eigenstates of the center is finite and comparable with the period of the
ultrasonic wave, then in the field of the ultrasonic wave at each instant of time
there will be an appreciable deviation of the population of the split energy levels
of the center from the equilibrium one. The presence of a nonequilibrium popu-
lation of centers induced by a sound wave leads to a relaxation absorption of
sound at a given center.

The attenuation coefficient of the ultrasonic wave in such a case will be
proportional to the concentration of the impurity centers on which the wave is
absorbed, the square of the deformation potential constant, the sum of the equi-
librium populations of the energy levels split by the ultrasonic wave. Also, the
absorption coefficient is proportional to the Debye term describing the frequen-
cy dependence of the sound absorption, w’t/(1+ w?t;%), where 1, is the energy
relaxation time of the center (the time of arrival of the center to thermodynamic
equilibrium at a given temperature, the analog of the longitudinal relaxation time
in the theory of magnetic resonance) . The time t; uniquely depends on the tem-
perature and varies greatly with its change. A technique was developed [2] for
detecting the temperature dependence of the relaxation time of impurity centers
by analyzing the temperature dependence of the ultrasound absorption at these
centers.

However, in the presence of internal energy splittings of the impurity cen-
ter by an amount hoy of the order of one microelectronvolt (for example, the
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tunnel splitting of the ground state of the center subjected to the Jahn-Teller ef-
fect), a periodic in time perturbation from the ultrasonic wave can lead to reso-
nant transitions between the levels of the center. Such transitions will cause the
resonance absorption of the ultrasonic wave when the frequency of the sound ®
coincides with the corresponding resonant frequency of the impurity system wy.
The absorption coefficient of the wave in this case will differ from the coeffi-
cient of the relaxation absorption of sound in the way that it will be proportional
to the difference in the equilibrium populations of the ground and excited states
of the center. And also it will have a resonant frequency dependence
0T/ (1+ (® — wo)’t,%), which is determined by the time of establishing the co-
herence of the states of the center t,, responsible for the homogeneous broaden-
ing of the center levels (the decay time of the incoherent states of the center, the
analog of the transverse relaxation time in the theory of magnetic resonance).

It was recently shown [4] that the decoherence time of states t, under cer-
tain conditions can also contribute to the relaxation absorption of ultrasound. For
any Jahn-Teller impurity center that corresponds to the so-called T-e problem
(in which a threefold degenerate electron level T is mixed with doubly degener-
ate local e-vibrations of the impurity complex, leading to the distinguishing of
the tetragonal axes of the complex), the tunneling between three equivalent min-
ima of its adiabatic potential is forbidden. However, this prohibition is removed
in a magnetic field that mixes the orbital states of the T-term and leads to the
appearance of a new effective channel of relaxation of the impurity center in
magnetic fields. Such magnetic field induced tunneling leads to an increase in
the intensity of the relaxation transitions between the ground states of the impu-
rity center in a magnetic field: 1, *(B) = 1, (0) + *t/(1+AU?t,%), where I is the
tunnel element associated with the mixing of states in a magnetic field (and
therefore proportional to its magnitude), AU is the splitting energy of eigenstates
of the center (which can also depend on the magnetic field), between which the
relaxation transitions are studied. This effect can be observed under the condi-
tion I't, << 1. However, since the time t, is determined by both inelastic and
elastic processes of the center interaction with a certain thermostat (for example,
a phonon thermostat), and the time t; is determined only by inelastic processes,
then 1, << 1; is always satisfied. Therefore, it can often turn out that in certain
magnetic fields the inequality T'*t;> 1,7%(0) is satisfied even under the condition
I't, << 1, and the effect is significant. In [4], this effect made it possible to ex-
plain the sharp and large growth of the relaxation absorption of sound in small
magnetic fields (up to 0,1 T) at low temperatures (1,4; 2; 4 K).

1. M.D. Sturge, Advances in Research and Applications, New York: Aca-
demic Press, 20, 92 (1967).

2. V. Gudkov, The Jahn-Teller Effect: Fundamentals and Implications for
Physics and Chemistry, Berlin, Heildelberg: Springer, 97, 743 (2009).

3. K.A. Baryshnikov et al., Solid State Physics 54(3), 442 (2012).

4. N.S. Averkiev et al., Phys. Rev. B 96, 094431 (2017).
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MASSIVE DIRAC FERMIONS IN ONE-DIMENSIONAL MESOSCOPIC
RINGS WITH INHOMOGENEITIES: ELECTRONIC PROPERTIES
AND PERISTENT CURRENT
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Since the discovery of the Aharonov-Bohm effect and its first observa-
tion, ring structures continue to attract the attention of the scientific community.
This is due not only to the fact that they exhibit many new physical phenomena
associated with quantum interference effects, but also with the possibilities of
using them in various optoelectronic devices. Ring graphene nanostructures
were widely studied both theoretically and experimentally [1-4]. Russo and co-
authors [3] have observed the Aharonov-Bohm conductivity oscillations on a
graphene ring for the first time. In some theoretical studies, electronic spectra in
graphene rings of various geometries were investigated.

In this paper we investigate the Aharonov-Bohm effect in one-
dimensional mesoscopic rings with inhomogeneities made of gapped Dirac ma-
terials. The effect of a local defect on the energy structure and persistent currents
(PC) in graphene and silicene rings is considered. It is shown that the presence
of a defect in the graphene ring induces levels anticrossing and leads to the ap-
pearance of levels that are almost independent of the magnetic flux. It causes a
decrease in the PC and a smoothing of the dependence J(®). Transverse electric
field leads to the appearance of two groups of levels for the silicene ring charac-
terized by different spin-valley indices. Due to its crossing there are additional
jumps of PC. The energy spectrum of a ring with an arbitrary number of period-
ically distributed local defects (superlattice on a ring) is studied. For gapped
graphene, it is shown that the energy levels grouped into subbands: the number
of levels in the subbands is equal to the number of defects Ny on the ring; with
the growth of Ny, the width of the allowed (forbidden) subbands increases (de-
creases). The effect of the energy disorder on the band structure of such a ring is
considered. Barrier height fluctuations lead to a loss of rotational symmetry,
which results in levels anticrossing and smoothing of the dependence J(®), i. e.
a decrease in the PC in the same way as in the case of a single defect.

This work is supported by the RFBR (Grant no. 18-32-00740-mol_a),
Russian Ministry of Education and Science through the project part of the feder-
al task (application Ne3.2637. 2017) and the «BASIS» Foundation.
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ELECTRON STATES IN SEMICONDUCTOR RINGS WITH RASHBA
SPIN-ORBIT INTERACTION

A.R. Zaynagutdinov, A.V. Telezhnikov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: zoyal066@mail.ru

In recent years, advances in methods of material growth have led to the
possibility of fabricating semiconductor heterostructures with different geome-
tries, where electrons and holes can be limited in one or several directions by
potential barriers. One of such structures are objects of nano-ring shape, which
are in demand for studying the Aaronov-Bohm effect and in various technologi-
cal applications in optoelectronic devices.

In particular, the influence of a series of alternating rectangular quantum
wells and barriers located along a quantum ring on its energy spectrum was in-
vestigated in [1]. Also, recently it is of great interest to research the effects asso-
ciated with the spin-orbit interaction (SOI) in semiconductor heterostructures in
connection with the opening possibilities for manipulating the spin degree of
electron freedom. The research of the features of the carrier spectrum in rings
with Rashba SOI in an axial magnetic field is, in particular, carried out in [2].

In this paper we consider a semiconductor ring with periodically repeating
quantum wells with Rashba SOI. Thus, the structure is a quasi-one-dimensional
superlattice with SOI. We obtained the dispersion equation and calculated the
energy spectrum of the carriers on its basis (fig. 1). The paper presents an analy-
sis of the dependence of the energy spectrum on the parameters of the system.

/N N\
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Fig. 1. Energy spectrum of a ring vi;aith periodic potential and SOl Rashba
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MODELING OF THE DYNAMICS OF WAVE PACKETS
IN THREE-DIMENSIONAL TOPOLOGICAL INSULATORS

D.A. Kulakov, D.V. Khomitsky
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: deniskulakov@mail.ru

The study of the problem of the possibility of controlling the nature of
motion and the spin of the wave packet in topological insulators using magnetic
stationary and nonstationary barriers is of independent interest as a method of
controlling the motion and spin of the wave packet, and also as a promising tool
for future applications in nanoelectronics and spintronics. This paper is devoted
to numerical simulation of the dynamics of wave packets formed from two-
dimensional surface states in three-dimensional topological insulators [1].

In the framework of that article the nonstationary Schrédinger equation
[2] is solved numerically, according to the technique presented in [3].

The numerical value of the coefficient of the above-barrier transmission is
compared with the analytical formulation obtained for graphene [4], whose
spectrum has an analogous feature in the form of a linear spectrum near the
point k = 0.

The dynamics of wave packets is investigated in structures based on
three-dimensional topological insulators. The effect of the initial conditions on
the dynamics of the system is established. Dynamics in between non-magnetic
and magnetic potential barriers of various shapes is considered. The above-
barrier passage through these structures is investigated. The effect of the barter
system on the nature of the motion, the change in energy, and the spin density
are found.

The work is supported by the Ministry of Education and Science of the
Russian Federation (State Assignment No 3.3026.2017/PCh).
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QUANTUM STATES OF ELECTRONS IN TOPOLOGICAL
QUADRUPOLAR SEMIMETALS WITHIN A MAGNETIC FIELD

A.A. Perov, A.S. Rulkov, E.A. Morozova
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: aleksrulkov@yandex.ru

Recently a new class of materials such as topological quadrupolar semi-
metals (TSMs) was predicted [1]. TSMs include a bulk quadrupole moments
with gapless bulk nodes, yet without gapless surface modes.The simplest model
of topological quadrupolar semimetal is based on an extension of the 2D topo-
logical insulator (Bi-Se) to a layered 3D system [1, 2].

First-principle method calculations (Hartree-Fock method) of the band
structure of the simplest model allow determining the effective Hamiltonian for
the electron located near a lattice node in the TSM bulk. A tightbinding repre-
sentation of the effective Hamiltonian describes four spinless orbitals per unit
cell [2]. These spinless orbitals define a certain cell with translational symmetry.
During research of quantum states we found that the energy subbands of parti-
cles are two times degenerated.

The main aim of this research is to learn about quantum states of electron
in the external homogenius magnetic field. This magnetic field is directed per-
pendicular to the surface of 2D layer topological insulator. We have numerically
calculated the energy spectrum of an electron in the external magnetic field
based on the proposed effective Hamiltonian (fig. 1). The dependence on the
magnetic field is determined by expression:p/q = |e|H a®/2mwhc, where p and

q are coprimes, a — lattice period, H - magnetic field magnitude.
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Fig. 1. The energy spectrum of an electron in TSM as a function of the magnetic field
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CHUHTE3 MOHOKPUCTAJIJIOB I'PA®EHA BOJIBIIOI'O PASMEPA

K.H. Enb1ioB
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: eltsov@kapella.gpi.ru

Cunre3 6e31e(heKTHBIX MOHOKPHUCTAIUIOB I'padeHa OOJMbIINX pa3MEPOB B
HACTOSIIIIEE BPEMsI SIBIISIETCSI COBEPILEHHO aKTyaJlbHOM 3a/iauel, KoTopas pela-
€TCSl pa3Nu4YHBIMU crioco0amu (cM. Hampumep, 0030psl [1-4]). OcobeHHOCTHIO
pocTa T. H. BaH-JI€pP-BaaJIbCOBBIX KPUCTAIIOB, T. €. CJIOUCTBIX MATEPUAIOB, B KO-
TOpPBIX aTOMHBIE CIIOM CBSI3aHbI MEXAy coOol cuiamu Ban-nep-Baanbca, siBis-
€TCsl OTCYTCTBHUE HEOOXOAMMOCTH 3MUTAKCUATIBHOW CBSI3M C MOJJIOKKOU U, Kak
CJIEJICTBHE, BO3MOXKEH POCT KPUCTAJUIOB HA IIaJKUX MOAJOXKKAX JaXKe B Clydyae
CHWJIBHOTO PaccorjacOBaHUsl aTOMHBIX IapaMETPOB MOJIOKKA W PACTYIIETO
ciosi. Tem He MeHee, AMUTaKCUaIbHbIN poCcT rpadeHa Ha MOHOKPUCTANIUYECKON
MOJIJIOKKE ¢ HEOOJIBIIIMM paccoriacoBaHUEM MapaMeTpoB pemetku (okoiio 1 %)
ABJIIETCS MPUOPUTETHBIM B CHUJTY MOTEHUIHUAIBLHOM BO3MOXXHOCTH POCTa MOHO-
KpucTtaiia rpadena pazmepom ¢ mojiioxkky. HegaBno nHamu [5] Obuta mpose-
MOHCTpPUpPOBaHa BO3MOKHOCTh CHMHTE€3a MOHOKpHUCTasuia rpadeHa Ha oOpasie
Ni(111) pazmepom 6x6 mm. I'paden ObLT CUHTE3UPOBAH METOJIOM T. H. TEPMO-
nporpammupyemoro pocrta (TIIP), koTtopsiit Bkitodyan B cedst aacopOIuio mpo-
NWICHAa MpU KOMHATHOM TemImepaType, ¢ MOCIeAYIOIMM MporpeBoM oOpasia
npu temnepatype 500 °C. Kak BBIACHWIOCH, B pe3yJbTaTe€ TaKoW MpPOLEAYpbI
NOJIy4aeTCsl dMUTAKCHAIbHAS, U COOTBETCTBEHHO, MOHOKPUCTAJIIMYECKAS, MO-
HOCJIOMHAs TUIEHKa Yriiepo/ia, yakoBaHHas B pelieTky rpadena. OHako, 3eK-
TPOHHAs CTPYKTypa (IUCHEpCHs 3JIEKTPOHOB) B OKpecTHOCTH K-TOUKHM Takoii
yIIepOAHON TUIEHKH OTJIMYHA OT KoHyca /lupaka B cuily CUIIbHOM ruOpuau3a-
IIUU T-AJIEKTPOHOB YIJIEPOJHON IUIEHKU ¢ OOBEMHBIMU COCTOSHHUSIMU TOJIOXK-
KM, YTO MPUBOAUT K BOSHUKHOBEHHUIO 3alpPENICHHON MIENU U MapaboIuIHOCTH
30HBI 3aHATHIX U CBOOOJHBIX COCTOSHUM. JIJIsi CHATUS THOpUIU3AIUU IEKTPOH-
HBIX COCTOSIHUM MEXIY YIVIEPOJHOW IUIEHKOW M MOBEPXHOCTHIO AKTUBHOI'O ME-
Tayuia OOBIYHO BBOJST MHEPTHYIO MPOCIONKY B BHJAE MOHOCIOS 0JIarOpOaHOTO
Metaiia (Au, Ag), 4To NPUBOJUT K BOCCTaHOBJIEHMIO KoHyca Jlupaka. Kak pac-
MOJIaraloTCs aTOMBI 30JI0TA, W Kakas aTOMHas CTPYKTypa QopMupyercs mpu
B3aMMOJIEHCTBUM 30JI0Ta C MOBEPXHOCTHIO HMCXOJHOTO MeTaia (B YaCTHOCTH,
Ni(111)), sBisieTcst OTACIBHBIM BOIIPOCOM, KOTOPBIA OYJIET OCBEIICH B TIpeia-
raeMoM JICKLIVH.

[IpakTHyecku Bce METOABI pocTa rpadeHa Ha MOBEPXHOCTH METAJUIOB C
HCITOJIb30BAaHUEM YIJIEBOJOPOJHBIX MOJIEKYJ B KauyeCTBE MCTOYHHKA YIJIEpOJA
OCHOBaHBI Ha JUCCOLMAIMH aJJCOPOUPYIOMIMXCS MOJEKYJ Ha HarpeToil moBepx-
HOCTH. DTO Tak HaszbiBaeMblii MmeTo CVD — chemical vapor deposition, B koto-
pOM TemImepaTtypa MoBepXHOCTH MeTasuia coctarisieT oT 500 qo 1200 °C B 3aBu-
CUMOCTH OT BHa MeTayia. IMEHHO 00 3TOM MOAX0€E UAET peUb B UMEIOLIUXCS
0030pax Mo cuHTE3y rpadeHa u3 yrieBoAOpOIHBIX MoJeKyn [1-4 u Oonee cBe-
xue]. B ciayuae pasnmeneHus mporecca afcopOoiuu yriaeBoOJOPOIHBIX MOJIEKY
IIPU JOCTaTOYHO HU3KOW Temneparype (KOMHATHas M HUXKE) U MpoLecca Mocie-
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AYIOUIEH cerperayy U arperaiii aTOMOB yIJiepoJia B CTPYKTYpy rpadeHa mpu
BbIcOKUX Temrepatypax (500-600 °C) oka3biBaeTCsi BO3MOXHBIM CO3/1aBaTh IO-
pasno Oosee coBepllieHHbIN rpadeH, a Takxke HaOMIoAaTh IIar 3a IaroM CTaauu
peakM Ha aTOMHOM YpPOBHE, MPHUMEHSSI METOJ CKaHUPYIOUIEH TYHHEIbHOM
MUKpocKkonuu. J[aHHBINA BOPOC Takke OyaeT moapoOHO 00CYK/I€H B JIEKIIUH.

1. J. Lietal. J. Mater. Chem. C 3, 3530 (2015).

2. D. Geng, H. Wang, G. Yu. Adv. Mater. 27, 2821 (2015).

3. Z.Yan, Z. Peng, J. M. Tour. Acc. Chem. Res. 47 (4), 1327 (2014).
4. T. Maetal., ACS Nano. 23, 12806 (2014).

5. C.JI. Kosanenko u ap. [Tucema XKOT® 105, 170 (2017).
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KPUCTAJUIBI JJII KBAHTOBOM ITAMSTU

M.H. Ilonosa
Hnemumym cnexkmpockonuu PAH, Tpouyx
E-mail: popova@isan.troitsk.ru

B nacrosiee BpeMst 00Jb110€ BHUMAHUE YAENAETCS NMPAKTUYECKON pea-
nu3arnuu ontudyeckoi kBaHTOoBOM mamstu (OKII) — HeoOxomumon dactu pas-
JUYHBIX YCTPOMCTB KBAaHTOBOW MH(POPMATUKHU, B YHACTHOCTH, KBAHTOBBIX IMOBTO-
puTeNiel, MpeIHa3HAYCHHBIX JJI1 YBEIMYEHHS MPOTSHKEHHOCTU YKe (PYHKIMO-
HUPYIOIIUX JUHUI Kpunrorpaduyeckoid kBaHToBou cBs3u. Cxembl OKII 6a3u-
pYIOTCS Ha TaK Ha3blBaeMOW TpexypoBHeBoW A cucteme. Cpenu pa3ivuHbIX
BO3MOXKHBIX CXEM, JIBa YpOBHs cBepXTOHKOM CTpyKTypbl (CTC) ocHOBHOTO co-
cTosiHUs penko3eMenbHbIX (P3) HOHOB B KpucTamiax, B KOMOMHAIIMU C TPEThUM
(MeTacTaOUIBbHBIM) YPOBHEM B ONTHYECKOM JMANa30HE pACCMATPUBAIOTCS B Ka-
yecTBe HauboJiee MEPCTIeKTUBHBIX KaHIUIATOB Ui peann3anuu 3QPeKTuBHON
TpexypoBHEBOU A cucremsl [1].

B nexuuu OyayT paccMOTpeHbl TpeOOBaHUS K KpUCTallaM U TO, KaKue
XapaKTepUCTUKN KOHKPETHBIX MaTepuainoB cymectBeHHsbl st OKIL Dto — Tou-
HbI€ TOJIOKEHUS YPOBHEH, ONTHYECKas IJIOTHOCTh, BPEMEHA KOTE€PeHTHOCTU
CBEPXTOHKHUX YPOBHEH, BpeMeHa KM3HU METACTaOMIbHBIX ONTUYECKUX YPOBHEH,
ceepxtoHkas ctpykrypa (CTC) ypoBHeH, HEOJHOPOAHAS IIMPUHA CIEKTPalb-
HBIX JIMHUU.

Hama rpynmna B cOTpyIHHUYECTBE C HECKOJIBKUMHU OTEYECTBEHHBIMH U 3a-
pYOEXKHBIMHU TPYIIAMH H3y4aeT CIEKTPOCKOIMYECKHE CBOWCTBA KPHUCTAJLJIOB,
akTUBUpOBaHHbIX P3 monamu, cymectBenHsle aisa npuMmeHenus B OKII. byner
JlaH KpaTKui 0030p HEKOTOPHIX pe3yibTaToB Mo uccnegoBanuio CTC u dhopmbl
JUHUHN B CIIEKTpaX Pa3IMUHBIX KpucTauiax [2-6]. Takxke OyIeT ynoMsHYTO He-
JABHEE OTKPBITUE AHTUIIEPECEUCHHS] CBEPXTOHKUX YPOBHEH B ONTHUYECKUX
CIIEKTpax KpUCTaJlia "LiYF4:Ho B MarHuTHOM moJIE. DTO SBICHHE MOXET OBITH
UCITOJIB30BAaHO JJIs1 TTocTpoeHus ddexkruBHON A (Mnu V) cUCTEMBI ¢ paBHOM
BEPOATHOCTHIO MEPEX0I0B B 000UX IJIeYaX CHCTEMBI.

Pa6ota monnepxana PODU (rpant Ne 18-52-52001).

1. Ph. Goldner, A. Ferrier, O. Guillot-Noé¢l, Handbook on the Physics and
Chemistry of Rare Earths, Elsevier, 2015.

2. E.P. Chukalina, M.N. Popova, S.L. Korableva, R.Yu. Abdulsabirov, Phys.
Lett. A 269, 348 (2000).

3. M.N. Popova, E.P. Chukalina, B.Z. Malkin, S.K. Saikin, Phys. Rev. B 61,
7421 (2000).

4. D.S. Pytalev, E.P. Chukalina, M.N. Popova et al., Phys Rev B 86, 115124

(2012).

M.N. Popova, Optical Materials 35, 1842 (2013).

G.S. Shakurov et al., Phys. Chem. Chem. Phys. 16 (45), 24727 (2014).

7. M.N. Popova, K.N. Boldyrev, Optical Materials 63, 101 (2017).

A

92


mailto:popova@isan.troitsk.ru

BJIMSTHUE ®A30BOT'O COCTABA U JIOKAJIBHOU
KPUCTAJUIMUYECKOM CTPYKTYPBI HA TPAHCIIOPTHBIE CBOVICTBA
TBEPIU)IX PACTBOPOB ZrO,-Y,03-Eu,03 1 ZrOQ-Gd203-EU203

M.A. Bopmcl, T.B. Boukosa®, I.E. KypI/IIlI/IHaS, E.E. JlomoHoBa',
B.A. Meisuna’, ILA. Pa6oukuna’, H.JO. TaGaukosa’
1HHcmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mocksa
?Hayuonanshwlii ucciedo8amensCKil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.II. Ozapésa, Capanck
3HHcmumym Gusuxu meepooeo mena PAH, Yepnozonoexa
*Hayuonansusiii ucciedosamensckuii mexnonoeuueckuii yHuepcumen
«MUCuC», Mockea
E-mail: sendboxvv@mail.ru

O01acTh MPAKTHYECKOTO MPUMEHEHHS KPUCTALIUYCCKUX MaTCPHAIOB Ha
ocHoBe ZrO; upe3mepHo oOmupHa. ITO 00YCIOBIECHO TE€M, UYTO JIaHHBIC MaTe-
pHaTBl XapaKTEPU3YIOTCS YHHKAIbHBIMH (DH3UKO-XUMUYECKUMU CBOMCTBAMH,
Cpel KOTOPBhIX MCKIIOUUTEIBLHO BaKHBIM SIBJISICTCS CBOMCTBO MOHHOM IPOBO-
JTUMOCTH, Ojarofapss KOTOPOMY OHH TOJYYHJIM IIUPOKOE PacCIpOCTPaHCHHUE B
KayeCTBE TBEPABIX AJICKTPOJIUTOB, MCIOJb3YEMBIX JIJII W3TOTOBJICHHS pPa3jIvy-
HBIX 3JICKTPOXHUMHYECKUX YCTPOHCTB, BKitovyass TOTD, maTyvku Kucjaopoaa u
ap. Kucinopoa-nonHast mpoBOJIMMOCTE TBEPJIBIX PACTBOPOB Ha OCHOBE JHOKCH/IA
IIUPKOHUS OOYCJIOBJICHA HAJIMYHEM B UX KPHUCTALINYECKOW CTPYKType KHCIIO-
POJHBIX BaKaHCHH, KOTOpbIE O0pa3yloTcs B pe3yibTaTe 3aMEIICHHS YacTH
1oHOB Zr*" Ha HoHBI OKCH/JIa-CTa0uIM3aTOpa MEHBIIIEH BaJIeHTHOCTH [1].

B nHacTtosimieit pabote MeTo0M HalpaBISHHOM KPUCTAIUIM3AIIUN paciljiaBa
C WCIIOJIb30BaHUEM IMPSIMOTO BBICOKOYACTOTHOT'O HArpeBa B XOJOJHOM KOHTEM-
HEpEe CUHTE3WPOBAHbI KOHIICHTPAIMOHHBIE CEPUM KPUCTAJUIOB JTUOKCHIA ITUPKO-
HUS co crabunm3upyromumMu okcugamMu Y03 u Gd,O3 npu uXx W3MEHEHUU B
IIUPOKOM HMHTepBaje KoHueHtpauwit (2,7-38 mom. % Y,03; 2,7-33 mon. %
Gd;03). MeTogamu KOMOMHAIMOHHOTO PacCesHUs CBETAa U PEHTIC€HOBCKOM H-
(dbpakTOMETpHHU BBITTOJIHEH aHAINU3 UX ()a30BOr0 COCTABA.

C ucnonap30BaHUEM METOJIa ONTHYECKOW CIIEKTPOCKOIHMU BBISBICHBI OCO-
OCHHOCTH JIOKaJIbHON KPUCTATMYECKON CTPYKTYPHI TBEPABIX pacTBOpoB ZIO,-
Y,03-EU,03 u ZrO,-Gd,03-Eu,0O3 npu ucnoib30BaHHKM HOHOB Eu®* B kauecTBe
CIIEKTPOCKOIMMYECKOT0 30Ha. Takyke B HacTosAIeH paboTe OCYIIeCTBICHA ITO-
MBITKA BBISBJICHUS B3aHMOCBS3HM (PAa30BOr0 COCTaBa M JIOKAIHHOW KPUCTALIHYEC-
CKOU CTPYKTYPBI C HOHHOM MTPOBOAMMOCTBIO JJAHHBIX MaTCPHAJIOB.

PaGora BmimonmHeHa npu (uHAaHCOBOW momnepxkke rpanta POODU a,
Ne mpoekra 16-02-00457.
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CI)A30]§’BII>’I COCTAB U CIIEKTPAJIBHO-JIIOMHWHECHEHTHBIE
CBOUCTBA TBEP/JbIX PACTBOPOB ZrO,-Sc,03-R,03-Eu,03
(R-Y, Yb, Gd, Ce)

H.A. HapHHal, T.B. BOJIKOBal, M.A. Bopnxz, E.E. HOMOHOBaz,
B.A. Memsuna’, ILA. Ps6oukuna’, H.FO. Tabaukosa®, C.A. Xpymammna'
'Hayuonanshuiii ucciedosamenvexuil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.II. Ozapésa, Capanck
2HHcmumym oowetl pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
SHayuonansnwlil ucciedosamenbeKuii mexHoI02UecKuil yHuepcumen
«MUCuC», Mockea
E-mail: saharova.1996@mail.ru

TBepasie pacTBOpbl Ha OocHOBe ZrO, XapakTEepU3YIOTCS YHUKAIbHBIMU
(U3UKO-XMMHUYECKUMHU CBOWCTBAMHU, HAJMUME KOTOPBIX OOECIEYMBAET CaMbIe
pa3HoOOpa3Hble UX MpakTHU4ecKue npumeHeHus. [Ipu oOpa3oBaHUM TBEPIBIX
pacTBOpoB Ha ocHOBe ZrO, B MX aHUOHHOW MOJPEIIETKE 00pa3yrTCsl KUCIO-
pPOAHBIE BaKaHCHM, HAIMYME KOTOPBIX CYIIECTBEHHO BJIMSET HA CBOMCTBA JaH-
HBIX MaTtepuaion [1].

Pe3ynbTaThl paboT [2-5] CBUAETENBCTBYIOT O TOM, YTO METOJ] ONTHYECKON
CIIEKTPOCKONUHU C HMCIOJIb30BAHUEM HOHOB Eu®* B kauecTBe CIIEKTPOCKOTINYE-
CKOT'0 30HJa siBJisieTCsl 9(PEKTUBHBIM METOJOM BBISIBIICHUS OCOOCHHOCTEH JI0-
KaJbHOM CTPYKTYphl MaTepuaioB Ha ocHoOBe ZrO,, koTopas (QopMupyercs ¢
y4eTOM KHUCJIOPOJIHBIX BakaHCUH. B kadecTBe O0OBEKTOB HCCIEOBAaHUS B JIaH-
HBIX paboTax MPEeMMYIIECTBEHHO BBHICTYIMAIU MOJUKPUCTAIUIMYECKHUE 00pasiibl
Zr0O,-Y 03, nony4eHHbIe pa3TuYHBIMU METOAMHU.

B nacrosimeit pabote MeTo/laMu peHTI€HOBCKOM AM(PaKIUU U CIIEKTPO-
CKOITUU KOMOMHAIIMOHHOTO PACCEsTHUSI CBETA BBIMOJIHEHBI UccaeaoBaHus (a3o-
BOro cocraBa MoHokpuctamioB ZrO,-Sc,03-R,03-Eu,03 (R — Y, Yb, Gd, Ce),
MOJIYYEHHBIX METOAOM HANPABICHHON KpHUCTAJUIM3ALMU PACIUIABA C UCIIOIb30-
BaHHEM MIPSIMOTO BBICOKOYACTOTHOI'O HArpeBa B XOJOAHOM KOHTeWHepe. MeTo-
JIOM ONTHYECKOW CIEKTPOCKONHUH C HCIOJIb30BAaHUEM HOHOB Eu®" B xauectBe
CHEKTPOCKOTMYECKOT0 30HJAa BBISBICHBI OCOOCHHOCTH JOKAIbHOW CTPYKTYPHI
JAHHBIX MaTEPHAJIOB.

PaGora BmimonmHeHa npu (uHAaHCOBOW momnepxkke rpanta PDOODOU a,
Ne mpoexra 16-02-00457.

1. 10.C. Ky3pmunos, E.E. JlomonoBa, B.B. Ocuko, Tyeoniaskue mamepua-
76l U3 xonoounoz2o muens, M.: Hayka, 2004.

2. J. Dexpert-Ghys, M. Faucher, P. Caro, Journal of Solid State Chemistry

54, 179 (1984).

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

10.K. Boponbko u np., Ontuka u ciekrpockonust 81, 814 (1996).

10.K. Boponsko u np., Heopranmueckne matepuanst 33, 452 (1997).
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CUHTE3 BUCMY TTEPMAHATHBIX CTEKOJI B IIMPOKOM
JINATTA30HE KOHIIEHTPALIMIA HCXO/IHBIX OKCH/IOB
1 VCCJIEJIOBAHUE UX CIIEKTPAJIbHBIX CBOICTB

N.B. Crenanosa, C.}O. Kpuo6oponosa, O.b. IletpoBa
Poccutickuii xumuxo-mexnonoeuuweckuil ynusepcumem um. /.M. Menoeneesa,
Mockea
E-mail: stir@inbox.ru

OkcuaHbie BUCMYyTT€pMaHaTHBIE CTEKJIa 00J1aJal0T BBICOKMM ITOKa3aTe-
JIeM MPEeIOMJICHUSI, BEICOKOH MJIOTHOCTBIO M MPO3pavyHbl B BUAUMOM U OJIMKHEM
UK nuanazone. OcoOEHHOCTh CIEKTPAIbHBIX CBOMCTB TaKUX CTEKOJ 3aKJtoua-
€TCSl B HAJIMYMU ONTUYECKU aKTUBHBIX BUCMYTOBBIX IIEHTPOB [1] 1 mposBisieTcs
B BHUJE LIMPOKOW MOJIOTOM mojockl noriomeHus B oonactu 500 um. Konuen-
Tpalusi BUCMYTOBBIX IIEHTPOB BO3PACTACT C YBEJIMUYCHUEM KOHIIEHTPALIMK OKCU-
Ja BHCMYyTa B COCTaB€ CTE€KJIa [2], OAHAKO, HMCCIEIOBAaHWUW CIEKTPaJIbHBIX
CBOMCTB BUCMYTT€pPMAaHATHBIX CTEKOJ B IIMPOKOM JHAla30HE CYIIECTBEHHBIX
KOHIICHTPAIIMI OKCHJIa BUCMYTA JI0 CUX TTOP HE MPOBOAMIOCH. B maHHO# pabote
OBUTM HWCCIEIOBAHbI CHEKTPaJIbHBIC, ONTUYECKHE M MEXaHMYECKHE CBOWMCTBA
BUCMYTIepMaHaTHBIX CTEKOJI C coiepkaHueM okcuaa BucmyTa 0-50 mom. %.

Jliist cunTe3a ObuH BhIOpanbl cocTaBbl XBi,O3-(1-X)GeO,, rae X = 0, 5, 10,
15, 20, 25, 30, 35, 40, 45, 50 m011.%; cTeka mojydaid IJIaBJICHUEM CMECH HC-
XOIHBIX OKCHI0B 1pu Temmeparype 1100 °C B Teuenue 1 yaca u IOCIEAYOIUM
OTJIMBOM Ha MOMAJIOKKY. CHEKTPHI MOTJIOMIEHUS TTOJYYeHHBIX 00pa3lioB CHUMa-
au Ha cnekrpodoromerpe UNICO 2800 (UV/VIS) B nuamazone 190-1100 am.
[I1OTHOCTh CTEKJISIHHBIX OOpPa3lOB HM3MEPSIIM METOAOM THIPOCTATUYECKOTO
B3BemmBaHus. [lokazarens nmpenomMiaeHuss U3Mepsu MeTo1oM JI0JOUHHKOBA.

Kpait nmornomienust crexkon usMeHsiercsi B quanazone ~340-415 um, cMme-
IasiCh B IJTMHHOBOJIHOBYIO 00JIACTh C POCTOM KOHIIEHTpAIIMU OKCHJ/a BUCMYTA.
CrieKkTpbl TIOTJIONIEHUS BCEX CTEKOJI, Kpome oOpasma ¢ X = 0, coaepkar mieqdo
norjiomeHuss B obmactu 500 HM, MHTEHCHUBHOCTh KOTOPOTO YBEIMYHBAECTCS C
poctoM KoHueHTpauu BiyO3. 3aBucuMocTh Kod(pduimeHTa MOTIOMEHUs OT
KOHIIEHTPAIIMK OKCHJAa BUCMYTa OJM3Ka K JIMHEWHON, HO YroJl HaKJIOHA OTJInYa-
ercs 1 Manbix (530 mon. %) u BeicokuX (35-50 Mo, %) KOHLEHTpALMil OKCH-
na Bucmyta. [lomaraem, 3To CBA3aHO C TeM, YTO TOJIBKO HEOOJbIIAs 4acTh U3
o0IIero KOJIWYECTBA MOHOB BHUCMYTa y4acTBYeT B OOpa30BaHMM BUCMYTOBBIX
LEHTPOB, U C POCTOM KOHIEHTpPAlMU OKCHZA BUCMYTa JOJS TaKUX HOHOB
YMEHbIIIAETCS.

[TokazaTenp mpeaoMIIEHUS U TUIOTHOCTH OOPA3IOB 0KUAAEMO BO3PACTAIOT
C YBEJIMYEHUEM KOHIICHTPAIIMU OKCHJIa BUCMYTA.

1. E.M. /Inanos, KBanrosas aiekrponnka 40 (4), 283 (2010).
2. M.A. Hughes, R.M. Gwilliam et al., Optics Express 21 (7), 8101 (2013).
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BJIMAHUE COJIEI'MPYIOINX IIPUMECEN CeO, 1 Nd,03
HA MEXAHUYECKHE CBOUCTBA TBEPJIbIX PACTBOPOB ZrO,-Y ;03

A.B. Kyne6sikun 1, H.E. KypI/IHBIHaZ, ®.0. MI/IJIOBI/I‘—IS, A.C. qI/ICJ’IOBl'B,
H.IO. Hlyﬂbra3
1HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
2HHcmumym Gusuxku meepooco mena PAH, Yepnoconoska
S Hayuonansnwlil ucciedosamenseKuii mexHono2ueckuil YHUgepcumem
«MUCuC», Mockea
E-mail: philippmilovich@gmail.com

Marepuanbsl Ha OCHOBE ITUPKOHUS, B 3aBUCHUMOCTU OT BHJIa U KOHIIEHTpa-
[IUU JISTUPYIONICH MPUMECH SIBIISIOTCS MEPCHEKTUBHBIMU BO MHOTHX TMPHUJIOXKE-
HUSX U MPEJICTABISIIOT 3HAYUTEIbHBIA HHTEPEC, KaK C HAYYHOH, TaK U C MPaKTH-
yecKor TOYkH 3peHus. CHHTE3 KPUCTALINYECKUX MaTEepUalIOB C MPUMEHEHUEM
METOJIOB KPUCTAIUIA3ALMM PacIljiaBa MO3BOJISIET MOJYy4YaTh BHICOKOILUIOTHBIE MO-
HOJINTHBIE MaTepuajbl C HYJIEBOW MOPUCTOCTHIO U OTCYTCTBHUEM 3EpPEHHOMU
CTpYKTyphl. [loaTOMY KpuCTaIbl Ha OCHOBE JMOKCHIA ITUPKOHHUSA 00J1a1ar0T
0oJiee BHICOKUMH TPUOOJOTMYECKUMH U TMPOYHOCTHHIMU CBOWCTBAMHU IO CpaB-
HEHUIO C M3BECTHBIMU KOHCTPYKIIMOHHBIMH KEpaMUYECKUMH MaTepuaiaMu Ha
ocHoBe Z1r0O».

B paGote paccMoTpeHO BIMSHUE TOMOJIHUTEIBHBIX COJETHUPYIOMINX MPU-
meceit CeO, n Nd,O3 Ha MeXxaHMUYECKHE CBOMCTBa TBEPABIX pacTBOpoB ZrO; —
Y,03. Kpucramipl ObUTH MOTYyYEeHBI METOJOM HAIpPaBIECHHONW KPUCTAIIU3AIUU
paciuiaBa B XOJIOJIJHOM KOHTEMHEpPE C HCIOJb30BAHUEM BBICOKOYACTOTHOIO
HarpeBa. AHaJIU3 MEXaHWYECKHUX CBOMCTB KPHUCTAUIOB, TAKMX TaK MUKPOTBEP-
JOCTh U TPEIIMHOCTONKOCTh, TPOBOIUINA METOJOM MUKPOUHICHTUPOBAHMUSI.

[TokazaHo, 4TO 3HAYEHHS] MUKPOTBEPAOCTH KPUCTAIIOB, JISTUPOBAHHBIX
OKCHJaMHU 1IepUsi WM HEOJMMa COMOCTABUMBI CO 3HAUYCHUEM MUKPOTBEPIOCTU
JUISL KPUCTAIIOB, CTAOMIIM3UPOBAHHBIX TOJIBKO OKCHUIOM UTTpHUs. JlOMOTHUTENb-
HOE JICTUPOBAHHUE OKCHIOM Heoauma TBEPABIX pacTBOpoB ZrO; — 2,8 moi. %
Y203 TpUBOAUT K YMEHBIIICHUIO 3HAYCHUH TPEIMHOCTOUKOCTH KPUCTAIIIIOB MPHU
YBEJIIMUYCHUN KOHIICHTpAllUM OKCHAAa HEOJMMa M COOTBETCTBEHHO YBEJIMYCHUU
CyMMapHO#W KOHIIEHTpAllUM CTAaOMIM3UPYIONIUX OKCHUAOB. IIpu 3TOM 3HAYCHUS
TPEUIMHOCTOMKOCTH JAaHHBIX KPHUCTAUIOB, YUYUTHIBAsS CyYMMAapHYIO KOHIIEHTpa-
A0 CTaOUIIM3UPYIONIUX OKCHJIOB, COIMOCTABHMBI C TPEIIMHOCTOMKOCTBIO KPH-
CTaJIJIOB CTAOMJIM3UPOBAHHBIX TOJBKO OKCHAOM HUTTpHUs. J[OMOJHUTEILHOE Jie-
TUPOBaHUE OKCUAOM Iiepus KpuctamioB ZrO; — 2,8 mon. % Y,03 HOCUT apyroi
XapakTep U MPUBOJMUT K YBEIMUYEHUIO 3HAYCHUU TPEHIMHOCTOMKOCTU TPU yBe-
JIMYCHUHU KOHIICHTPAIIMU OKCHJA LIEpHs, HECMOTPSI Ha YBEJIMUYCHHE CyMMapHOM
KOHIIEHTPAIIMU CTAOMIIM3UPYIOIIUX OKCUIOB.

PaGota BrimonHeHa npu noanepxke rpanta PODU 18-32-00533 mon_a.
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MEXAHU3MBI VIIPOUHEHM S KPUCTAJUIOB YACTUYHO
CTABWIM3UPOBAHHOTI'O ZrO, - R,05 (R - Nd, Ce, Y, Yh)

M.A. BOpI/IKl, B.P. BOpH‘{CBCKI/Iﬁz, A.B. KYJIC651KI/IH1, E.E. JlomonoBsa',
®.0. MI/IJ'IOBI/IUIZ, B.A. MBIBI/IHal, IL.A. P;160qKI/IHa3, H.B. CI/II[ODOBaS,
H.IO. Ta6aukoBa®
1HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
Hayuonansnwlil ucciedo8amenbeKuii mexHoI02Ueckuil yHueepcumen
«MUCuC», Mockea
SHayuonanvhuiii ucciedosamenscxuil Mopoosckuti 2ocyoapcmeeHHblil
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: ya.natalka2112@yandex.ru

[lepcriekTUBHBIMM MaTepHaiaMu JJIsl WCIOJIh30BaHUS B KauyeCTBE KOH-
CTPYKITMOHHBIX, MOJUPYIOMIUX U NUIU(OBANTBHBIX JeTalield, 2IEMEHTOB TPHOO-
TEXHUKH, OTHEYNOPOB M TEIJIO3AIUTHBIX TMOKPBITUM SBISIIOTCS KPUCTALIBI U
KepaMuKa Ha OCHOBE JIMOKCH]Ia LIUPKOHUA. Bricokre MexaHnuecKre XapakTepu-
ctukn kpuctamuioB YCIL] oOycioBieHbl HX CTPYKTYPHBIMH OCOOEHHOCTSMHM:
HaJIMYHEM JIByX TETParoHaJbHBIX (a3 ¢ pa3HOU CTEMEHBIO TETPArOHAIBHOCTH U
CJI0’KHOM JOMEHHOW IBOMHUKOBOW CTPYKTYPOM.

[IpucyrcTBe B cocTaBe TpaHCHOPMHUPYEMON TeTparoHaJIbHOU a3kl
obOecrieurBaeT OJMH U3 OCHOBHBIX MEXaHM3MOB YIIPOYHEHUS JAHHBIX MaTepua-
JOB — TpaHc(opMalMOHHOE ympouyHeHue. HampsokeHus, BO3HUKAIOLIUME Ha
OCTpHUE MHUKPOTPEIIHUHBI, UHAYIUPYIOT TETPAroHaJIbHO-MOHOKIMHHBIN MEpexXo,
KOTOPBIM COMPOBOXKIAETCS U3MEHEHUEM YIENbHOIO0 00beMa MOHOKIMHHON (a-
3bl, UTO MPUBOAUT K BO3HUKHOBEHHIO CKHUMAIOUIMX MEXaHMYECKUX HaIpsKe-
HUIA, TOPMO3AIIMX PACIPOCTPAHEHUE TPEIHbI B Matepuaie [1-3].

JIpyruM BO3MOXHBIM MEXAaHU3MOM YIPOYHEHHUS B TETPArOHAIbHOM JUOK-
cuzie HUPKOHUS SIBIsIETCsS (peppornacTUdHas MepEeoOpUeHTALUS JOMEHOB, TIPOHUC-
XOSIIast oI ACHCTBHEM MEXaHHYECKON Harpy3ku [4-6].

B nacrosimieit pabore METOI0M MUKPOMHICHTUPOBAHUS TIPU OPUECHTALINH
JTMaroHanxe WHIASGHTOpa BIOIb KpHcTauiorpaduyeckux HampasiaeHui <100> u

<110> uccnenoBanbl MexaHu3Mbl yrpounenus kpucramioB YCL] ZrO; — 2 mox.
% Y203 — 0,8 mon. % R203 rae R = Ce, Nd, Y, Yb.

1. R. M. McMeeking, A.G. Evans, J. Amer. Ceram. Soc. 65 (5), 461 (1982).

2. R. H. J. Hannink, P. M. Kelly, B. C. Muddle, J. Amer. Ceram. Soc. 83(3),
461 (2000).

3. J. Chevalier, L. Gremillard, A. V. Virkar, D. R. Clarke, J. Amer. Ceram.
Soc. 92 (9), 1901 (2009).

4. AV. Virkar, Key Engineering Materials 153154, 183 (1998).

5. C.-J. Chanetal., J. Amer. Ceram Soc. 74 (4), 807 (1991).

6. A. M. Bolon, M.M. Gentleman, J. Amer. Ceram. Soc. 94(12), 4478
(2011).
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MEXAHUWYECKUE U TPAHCIIOPTHBIE XAPAKTEPUCTUKHU
KPUCTAJIJIOB 4UCL], COJIETMPOBAHHbBIX OKCUJAMU CKAHIMA
N UTTPUA

M.A. BOpI/IKl, A.B. KyJ'Ie6HKI/IH1, N.E. KypI/ILIBIHaZ, E.E. JlomoHoBa',
®.0. MI/IJIOBI/I‘IS, B.A. MBI3I/IHal, H.10. Ta6auxosa®, A.C. Yucnos™
1HHcmumym oowett puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
2HHcmumym Gusuxu meepooeo mena PAH, Yepnozonoexa
S Hayuonansnwlil ucciedosamensekuii mexHono2udeckuil YHUgepcumem
«MUCuC», Mockea
E-mail: chislov.artem@bk.ru

Martepualibl Ha OCHOBE JUOKCHJA IUPKOHUS 00J1aaf0T BBICOKOH HOHHOMN
IIPOBOJAMMOCTBIO W WCITOJIB3YIOTCS B KAYECTBE TBEPABIX JJICKTPOIUTOB B pas-
JUYHBIX DJCKTPOXUMHUUYECKHX YCTpOHCTBax. YacTUUHO CTaOMIM3UPOBAHHBIN
muokcua rupkoHus (YCIL[) obmamaeT Kak BBICOKMMH MEXaHUYECKHMHU, TaK U
ANMEKTPOYU3NICCKUMHU XapaKTEPUCTUKAMH, BEIIMYUHBI KOTOPBIX OMPEICISIOTCS
COCTaBOM M CITOCOOOM CHHTE3a MaTepHalia.

B pabore MeTo/0M HaIpaBICHHOW KPHCTAJIM3alMeH pacIuiaBa B XOJOI-
HOM  TUTJIC  OBIIM  BBIPANICHBI  KPUCTAUIBI  TBEPJBIX  PACTBOPOB
(Zr0O2)1-x-(Sc203)x(Y203), (x = 0,003-0,045; y = 0,005-0,03). IIpoBeneno wuc-
cienoBaHre (a30BOTO COCTaBa, CTPYKTYPhl U PU3NKO-XUMHUYECKUX CBOWCTB T1O-
JyYEHHBIX KPUCTAIIOB. M3MepeHue TpaHCIOPTHBIX XapaKTEPUCTUK BBHITTOIHSIIH
METOJIOM HUMIIEJaHCHOM CIEKTPOCKOMUU B TeMmIlepaTypHOM wuHTepBaie 450 -
900 °C.

®da30BbI aHATU3 KPUCTAIIIOB MOKa3all, YTO KPUCTAJUIBI BCEX HCCIEye-
MBIX COCTaBOB IMPEACTABIISIA COO0N CMECh JIBYX T€TparoHajabHBIX (a3 TUOKCH-
J1a IIUPKOHMUSI C pa3HOM CTeNeHblo TeTparoHanbHOCTH (T u 1), mpuHammexammx K
IIPOCTPAHCTBEHHON Tpynmne cuMmMmeTpuu P4,/mnc. B HEKOTOpBIX KpHCTaiax
OBLTIO 0OHAPYKEHO HEe3HAUMTEIbHOE KOJIMUYECTBO MOHOKIMHHOH (a3bl. Bee kpu-
CTaJIIIBI COJEPKATU JBOMHUKHU, pa3Mepbl U1 MOP(OJIOTHS KOTOPBIX 3aBUCENH OT
CyMMAapHOW KOHIICHTpAIlMU CTAOUITU3UPYIOUUX OKCUAOB. Jlyisi OONBITMHCTBA
UCCIIEIyEMBIX KPUCTAIIJIOB XapaKTEePHbI BEICOKME 3HAYCHHS TPEIIMHOCTONKOCTH
(6 — 7 Mma - MUZ). [Toka3zaHo, 4TO BBICOKME 3HAYEHHS TPELIMHOCTOUKOCTH CBSI-
3aHbBI C KOJIMYECTBOM TPaHC(HOPMHUPYEMOU TeTparoHaabHOM (as3bl B KpUCTaIax.
3HaueHUs MPOBOJUMOCTH TPAKTUYECKU JJIsI BCEX MCCIETYEMBIX COCTaBOB JO-
BOJILHO OJIM3KHU M COCTaBIAIOT mopsiaka 0,03 Om ‘em Y utoB 1,5 - 2 pasa BBbIIIIE
M0 CPABHEHUIO C IPOBOAMMOCTHIO KPUCTAJIIIOB CTAOMIN3UPOBAHHBIX TOJIBKO OK-
CUJIOM UTTPHSI TIPU COMOCTABUMBIX KOHIIEHTPAIUSX.

PaGoTa BeImoNHEHA MPU MOAAEPKKE MporpamMmmbl npesuanyma PAH No 32
«HanocTpykTyphl: Gpu3nKa, XUMHsI, OMOIOTHSI, OCHOBBI TEXHOJIOTHII.
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BJIMAHUE MEXAHN3MOB YIIPOYHEHNA HA MEXAHUYECKHUE
XAPAKTEPUCTHUKU KPUCTAJUJIOB ZrO; HACTUYHO
CTABUJIM3MPOBAHHOI'O Y;0;

M.A. BOpI/IKl, B.P. BODquBCKHﬁZ, A.B. Kyne6HKI/IH1, E.E. HOMOHOBal,
®.0. MI/IJIOBI/I‘IZ, B.A. MBI3I/IHa1, IT.A. P$I6O‘IKI/IH33, H.B. CI/U:LOpOBa3,
H.IO. TaGaukosa’
1HHcmumym ooweti puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
Hayuonansuwlil ucciedo8amenbeKuii mexHoI02UecKuil yHueepcumen
«MUCuC», Mockea
S Hayuonanwhulii ucciedosamenscKuil Mopoosckuti 2ocydapcmeeHHbli
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: vasbm@yandex.ru

YactuyHo crtabunm3upoBaHHbli auokcus mupkonus (UCIL]) obnamaer
CBOMCTBaMH, MEPCIEKTUBHBIMHA BO MHOTUX TIpriiokeHusx. Kpucrtammer YCI] oT-
JUYAFOTCSl TTOBBIIIICHHOW CTOMKOCTBIO K KHCJIOTaM M Iejo4yaM, rapam BOJIBI,
OOJIBIION CTOMKOCTBIO K a0pa3MBHOMY M3HOCY M HU3KHM KOA(D(PHUIIUEHTOM Tpe-
HuUs. Jlerpamanus MEXaHUYECKUX XapaKTEPUCTHK TPH BBICOKHUX TEMIIEpaTypax
(mo 1600 °C) B oxucnutTenbHbIX cpeaax y kpuctamuioB YCL] cymiecTBeHHO
MEHBIIIC, YEM Y METAJJIOB M KOHCTPYKIIMOHHOW KepaMHUKH. XUMHYECKas U OMO-
JIOTUYECKass WHEPTHOCTh, MPOYHOCTh M BBICOKAs TPEIIMHHOCTOHKOCTB JCIIAI0T
kpuctaiuisl YCL mepcrieKTUBHBIMY J1J1s1 UCTIONB30BAHUS B MEIUIIMHE B KAYECTBE
UMIUTAHTATOB U XUPYPTrUYECKOr0 HHCTPYMEHTA.

B pabote paccmMoTpeHa B3aUMOCBSI3b MEXKIY XUMHUYECKUM COCTaBOM,
CTPYKTYpPOH, KpUCTaJIorpaduyecKoi OpueHTalMeld TeTparoHalbHbIX KpUCTall-
noB ZrO; - Y,03 1 ux MEXaHUYECKUMH CBOMCTBAMH, 00YCIOBICHHBIMU Pa3HbI-
MU MexaHu3MaMu yrpouHeHus. OIleHKa CEeTHETOdJIaCTUYHOrO0 MeXaHH3Ma
YIIPOYHEHUS, TTOKa3ala, YTo JUIsl €r0 pealn3aluu TpeOyIoTCsS MEHbIINE Hamps-
KEHUS, YeM JJIsl TpaHC(HOPMAIMOHHOTO MEXaHU3M YMPOYHEHHS, CBSI3aHHOTO C
(a30BBIM MpEBpaIEHUEM TETPAroOHAIBHOU (Da3bl B MOHOKIMHHYIO. Y CTaHOBIIE-
HO, YTO MPHU WHJECHTUPOBAHUH KPHUCTAIJIOB TUOKCHU]IA ITUPKOHUS YaCTUYHO CTa-
OMJIM3UPOBAHHOTO OKCUIOM WTTPHS BKJIAJ B MEXaHU3M Jedopmaliii MapTeH-
CUTHOW M CETHETOATACTHYHON TpaHCc(opMalvy pa3ivyueH U 3aBUCHT HE TOJBKO
OT KOHIIEHTpAIlUU CTaOUIU3UPYIONIETO OKCHA, OMPEACISIONIET0 CTPYKTYPYy U
¢dazoBbIil cocTaB MaTepHalia, HO M OT KpHUCTAIOrpaduyecKoil OpHeHTAINU
MJIOCKOCTH WHACHTUPOBAHUS M OPUEHTAIIMU TUarOHAIeH OTIEYaTKa WHIECHTOPA.
[TokazaHo, 4YTO WMEET MECTO AaHW30TPOINHUS TETPArOHAIbHO-MOHOKIMHHOTO
nepexo/ia BIUSIONIETO Ha TpaHCPOPMAIMOHHBIM MEXaHW3M ynpoudHeHus. [Ipu
CHI)KCHUHM HArpy30K COOTHOIIEHUE JEHCTBYIONIUX MEXaHH3MOB YIPOYHEHUS
MEHSETCS, CHUKCHUE MHTCHCHUBHOCTH TOSBICHUS MOHOKIMHHOW (ha3bl MPOHUC-
XOJUT OBICTpEe, YeM CHIIKEHHWE WHTEHCHBHOCTH TEPEOPUEHTAIIMU JIBOMHUKOB
TETParoHAIbHON (Ha3bl.

PaGota BrimonHeHa npu noanepxke rpanta PH® Ne 18-13-00397.
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WNCCJIEJOBAHUE OJITHOPOTHOCTU ®A30BOTO COCTABA
B KEPAMHUKAX HA OCHOBE KAPBUJIA BOJIb®PAMA, TIOJTYYEHHBIX
METOJIOM DUIIC

K.E. Cmeranuna, M.C. bonnun, I1.B. Angpees, E.A. JIanues
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: smetanina-ksenia@mail.ru

HccnenoBanbl KepamMuuecKkue oOpasilbl, MOTyYEHHBIE 3JICKTPOUMITYIIbC-
HbIM T1a3MeHHbIM cniekanueM (DUIIC) mopomka kapOuaa Bodsppama mnpu
temreparype 1625 °C [1]. UccnenoBanue ¢pa3oBoro coctaBa mpoBOJUTCS METO-
JIOM PEHTTeHOBCKOTO (ha30BOro aHanmsa. KadecTBeHHBIM aHaIM3 KepaMUK Ha
ocHoBe kapbOuaa Bosibhpama WC B oOpasiax JeMOHCTPUPYET HATUUIUE MTPUMEC-
HOM ¢a3wl momykapouaa Boinshpama W,C.

HccnenoBanne 00paslioB MpoOBOAMIOCH Ha audpakromeTpe Shimadzu
XRD-7000 (CuKa, A = 1,54 A). Bce peHTreHOBCKHE SKCIIEPUMEHTHI MPOBOIH-
JMCh B MICHTUYHBIX YCIOBUAX. PacdeT (a30BOro cocraBa mpoOBOAMIICS METOIOM
KOPYHJIOBBIX YHCEJI, MMOJTYYCHHBIX HA OCHOBE CTPYKTYPHBIX IapaMeTPOB KOPYH-
7a U KapOuja/monykapouaa Bojibppama.

O6pazen T1 6bUT MOBEPIKEH MEPBUYHON 00paOOTKE C YAAUICHHUEM CUIIBHO
HEPOBHOTO TIOBEPXHOCTHOTO CJI0s1. [IJIs MpOBEpKH HATUYHS MPEUMYIIECTBEHHOM
OpHMEHTAIlMU KPUCTAJUTUTOB B 00pasiie T1 ObuIH MpoBEIeHBI SKCIIEPUMEHTHI MPU
pa3TUYHBIX yTiax MOBOpOTa oOpasia B cOOCTBEHHOM miockocTu. [lanee ¢ 00-
pasuiom T1 Obula mpoBefeHa cepus SKCIEPUMEHTOB, MEepe] KaXIbIM U3 KOTOPBIX
C MOBEPXHOCTH 00pasiia MOCPEACTBOM HUTU(POBKUA YIAISUICS CIOW TOJIIMHOM
50 MKM.

HccnenoBanoch BIUsSHUE MIEPOXOBATOCTH 0Opa3ia T1 Ha MHTEHCUBHOCTh
mudpakuud. [Ipu 3TOM BBINONHSIACH TOTUPOBKA 00pasiia ¢ MPUMEHEHHEM all-
Ma3HbIX macT ¢ nmapamerpamu 28/20 mkm, 14/10 mxm, 5/3 mxm, 3/2 mxm. Co-
nep>xanue $azst W,C cocrasnsier 4,8 % macc.

Jnst uzydenus: pa3zoBOro coctaBa MPHUIOBEPXHOCTHOTO CJIOS KEPaMUKH
ObLT MpUTOTOBJICH 00paser; T2 ¢ eCTECTBEHHOM TIJIOCKOHM MOBEPXHOCTHIO. AHa-
JIU3 TIOKAa3aJl MPUCYTCTBHE TEKCTYPHI B MPUIIOBEPXHOCTHOM CJIo€ 00pasa, ojHa-
KO TIPH 9TOM B MPUTIOBEPXHOCTHOM cClioe cojepxkanue npumecHon ¢azer W,C He
BBISIBJICHO.

1. M.C. BOJ'II[I/IH, Du3uyeckue OCHOBblL MEXHONO2UU INNEKMPOUMNYTIBCHOCO

naasmennozo cnexanusa, Huxunii Hosropon: Hwmxeroponackuii rocyHu-
Bepeutet, 2012.
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NCCIEOJOBAHUE KPUCTAJIJIOB KTP:Hf, KTP:Zr, KTP:Nb.

E.A. Ucynosa, B.A. UBanos, I1.B. Aunpees, M.A. ®annees, A.B. bopsikos
Huoicecopoockuii cocyoapcmeennsiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: evgeniya.isupova@yandex.ru

Kpucramibsl tutanun ¢acdara kanust (KTP) ¢ npumecsamu raduus, mup-
KOHHS M HHOOWSI BRIPAIIMBAIINCH U3 pacTBopa B paciuiase (flux-meron) metomom
CIIOHTAaHHOM KpHUCTaUIM3alni. B kauyecTBe UCXOAHOTO COCTaBa IMIMXTHI JJIsl BBI-
panuBaHus ObUT BBIOpaH OJWH U3 COCTaBOB, UCCIEIOBAaHHbBIX B [1-2]: 42 moin. %
K20, 14 mon. % P,0s, 14 moa. % TiO,, 30 mon. % WO;. ITpumecsy HfO,, ZrO,
win Nb,Os 3amernana HeOOXOIUMYIO MO CTEXHOMETPUHU YACTh, MPUXOISIIYIOCS
Ha Ti0, Tak, 4T0 cymMmMapHasi MOJIIpHasl J0Jisl OKCHJIa TUTaHA M OKCHJIa TIPUMEC-
HOTO aroMa ocTaBajiach paBHOU 14 moin. %. BemecTBo kpuctaniau3oBanoch Ha
IJIATUHOBOM TIPOBOJIOKE, MOMEMIAEMON B IUIATUHOBBIM TUIElb. BbIpallicHHbIE
KPUCTAJUIbl OTMBIBAIMCH B TOPSTYEH BOJIE OT OCEBIIMX HAa HUX HE3aKPUCTAILIIU30-
BaBIIIMXCS OCTATKOB pacTBOp-paciuiaBa. Hamu ObLIM BBIpAIEHBI PSAIBI KPUCTA-
108 KTixHf,OPO,, KTi1.,ZryOPO, u KTi;xNb,OPO, co 3HaueHUAMU MOJILHBIX
noJien Hng/(TlOg + Hng), ZrOZ/(TIOZ + ZrOZ) 41 Nb205/(T|02 + Nb205) B
HayajnbHOM coctaBe B umHTepBajie ot 0,01 mo 0,13, a Takke YMCTBIA KpUCTAJUI
KTP (Bcero 6oinee 35 o6pasios). [lomydeHHbie 00pa3iibl KPUCTAIIIOB MEpEeTUPA-
JIUCh B MOPOIIOK B araTOBOM CTYTIKE.

PentrenoBckuii (azoBeiii ananu3 (audpakromerp Shimadzu XRD-7000,
nznyuenune Cu-Ko) mokasan, 9yto Bce 00pasipl SBISIOTCS OAHO(A3HBIMU, OJIU3-
KkuMu 1o cTpykrype kK yrictomy KTP (PDF Ne00-035-0802). O6HapyskeHa Ju-
HEelHasl 3aBUCUMOCTh MEXIY 00BEMOM 3JIEMEHTApHOU SYEHKH U KOHIIEHTpaIlH-
et nupkonus npu X < 0,07. [Ipu ganpHelIeM yBETMYCHUN KOHIICHTPAIIUU U P-
KOHUS, 00bEM SUEHKH MOYTH HE MEHSETCS. 3aBUCUMOCTh MEXIy 00beMOM dJie-
MEHTapHOH SYEHKH M KOHIIEHTpaIMel radHust X pa30uBaeTcs Ha JBa OJU3KUX K
JUHEHHBIM ydacTKa ¢ yCcIoBHOM rpanuiei mpu X = 0,05. O6beM snemMeHTapHON
SYEHKH MPU BHECEHUU B KPUCTAILJT HUOOMSI MEHAETCS HeHauYUTeIbHO. Takum 00-
pa3oM, pe3ysbTaThl PEHTTEHOBCKOW AU(PPAKTOMETPUHU TO3BOJISAIOT CHENATh BbI-
BOJl, YTO MOHBI IpPHUMECEH BCTPAUBAIOTCA B CTPYKTYPY KPUCTAIJIOB, 3aMellas
MOHBI TUTaHA.

JI71s1 KOJIMYECTBEHHOTO ONPEIEIICHHUS] OTHOCUTEIBHOTO COJIEPKAHUS TUTA-
Ha U IUPKOHUSA, TaQHUS W HUOOMS B BBIPANICHHBIX KPUCTAIUIAX MPOBOIMICS
AJIEMEHTHBI aHAlIM3 Ha PEHTIeHO(IYOPECIIEHTHOM CIEKTPOMETpE MOCIEea0Ba-
tenpbHOrO THMa (Shimadzu Lab Center XRF-1800) u Ha aTOMHO-?MUCCHOHHOM
CIICKTPOMETpPE C HMHIYKTHBHO-CBs3aHHOW Imazmoint (Prodigy High Dispersion
ICP, Teledyne Leeman Labs).

Beoipaniennbie cepur 00pa3oB MEPCIEKTUBHBI JISI U3YyUEHUS B3aUMOCBSI-
3U CTPYKTYPbI KPUCTAJJIIOB U UX HEJIMHEHHO-ONTUYECKUX CBOMCTB.

1. K. llievetal., J. of Crystal Growth 100 (1-2), 225 (1990).
2. D.P. Shumov et al. Cryst. Res. Tech. 25(11), 1245 (1990).
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[IOJIYUEHUE KPUCTAJUIMYECKMX HECTEXMOMETPUUYECKUX
MATEPHAJIOB R* | R¥*Fs:x (R = Eu, Sm, Yb)

U.N. byuunckas, JI.H. Kapumos
@OHUI] «Kpucmannoepaghus u pomonuxa» PAH, Mockea
E-mail: buchinskayaii@gmail.com

TunuyHoll 3HAYEHWE BAJCHTHOCTH ISl PEIKO3EMENIbHBIX JJIEMEHTOB
(P3D) — 3+, omnako Eu, Sm, Yb u Tm B cBsI3u ¢ 0COOBIM CTPOCHHUEM 3JICKTPOH-
HBIX 000JI0Y€K NPOSBIAIOT BaleHTHOCTDh 2+. Kpucramiuueckue audropuast RF;
u TBepbie pacTBOPEl R* 1 R**Fauy cO cTpyKTYpOIit THIA (uroopuTa (CaFy), co-
JieprKalire pa3HOBAJICHTHBIC KATUOHBI, B HACTOSIIIIEE BpeMs Majlo u3ydeHbl. OHuU
MOTYT TIPEJCTABISATh UHTEPEC I (POTOHHKU TBEPJOTrO Teja, PaaualiOHHOTO
ONTHUYECKOT0 MaTePUAIOBEICHUS U CUCTEM ONTUYECKOU 3anucu nHopMaluu.

YcrotuuBocth nudtopunoB RF, mo ganubM [1] u3mMeHseTcss HEIUHEHHO
¢ aTOMHBIM HOMepoM P3D u ymenbmaercs mo pagy EU”>Yb*>Sm*>Tm?*. B
HacTosIIel padore mpoBeaeHo BocctaHoBienne RF3 (R = Eu, Sm, Yb) B oxHoM
Ipollecce ¢ HANpaBJICHHON KpUCTAJLIM3AIlUEeH U3 paciuiaBa Mo MeToay bpumxk-
MEHa C MPUMEHEHUEM pa3JIMYHbIX MaTepuanoB TUris (kBapi, rpadgur, Mo) u
OKHCITUTEIbHO-BOCCTAHOBUTEILHOM CpeJibl (COOTBETCTBYIOIINE METAILIBI RO, Si,
atmocgepa He/H,, mpoayktsl pasznoxenust NH4F-HF). IIpoaykTel kpucTamiu3a-
IIUU UCCIIEIOBAHBI C TIOMOIIBIO PEHTIeHO(a30BOT0 aHAIN3a U CIIEKTPOCKOITHH.

OpHoda3zHble KPUCTAIBI ONTHYECKOTO KayecTBa YAAJIOCh MOIYYUTh
Toabko A1 R = EU. OHu nMenu cocTtas Eu2+1_xEu3+xF2+x (0<x<0,084). Bo Bcex
obpaslax ¢ R = Sm u YD kpome GIr0OpUTOBOrO TBEPIOTO pacTBOpa
R** R¥(F24x OGHAPYKEHBI IIPHMECH BHICOKOTEMIIEPATYPHON THCOHUTOBOI (a-
361 (Ip. Tp. PNma) u ymopsimodennoit dassl RisFs s (p. rp. R3), omicanHoii B
[2]. [TonyueHHBIE pe3yabTaThl MO3BOJISIIOT CAEIaTh BBIBOJBI, YTO MPOIIECC BOC-
cranosierns R — R* (R = Sm u Yb) B ycoBusx BolpaimBanus GTOPHIHBIX
KPUCTAJJIOB HE MPOXOAUT 110 KoHIMA. [ mojydeHus yCTOWYUBBIX TBEPIBIX
pacTBOpPOB THIIA R2+1_XR3+XF2+X (R = Sm u Yb), a cmegoBareabHO, ONTHYECCKH
NPO3payHBIX KPHUCTAIJIOB, CIEAYET MPEANPHUHITh BBEACHHE T'e€TEpOBAJICHTHBIX
IpUMeCceH NIl XUMUYECKOW CTaOMIIM3allui COCTOSTHUS R,

PaGota BeimonHeHa npu noanepxke Poccuiickoro dhouga GyHaameHTaIb-
HbIX uccienoBanuit (mpoekt Ne 16-03-00707) B yactu cunte3a oo6pasios u De-
JepajbHOTO areHTCTBa Hay4dHbIX opranu3auuii (cornamenue Ne 007-
['3/43363/26) B yacT CTPYKTYPHOTO UCCIIEIOBAHMS KPUCTAJUIOB C UCITOJIb30Ba-
HueM obopynosanus LIKIT ®HUIL «Kpucramnorpadus u porornka» PAH.

1. O. Greis, J.M. Haschke, Handbook on the Physics and Chemistry of Rare
Earths, K.A. Gscheidner & Le Roy Eyring: Amsterdam, N.-Y., Oxford,
1982.

2. O. Greis, J. Solid State Chem. 24 (2), 227 (1978).

102


mailto:buchinskayaii@gmail.com

PEHTITEHO®A30BbBI AHAJIN3 TUBPUJIHBIX MATEPHAJIOB
HA OCHOBE YI'JIEPOJHbBIX HAHOTPYBOK U HAHOPA3MEPHbBIX
[TOKPBLITHUN OKCHUIOB METAJIJIOB

I1.B. AHI[DGGBl, K.B. erMJ'IeBZ, I'.C. 3a6pozu/IHa2, N.B. BI/IJIKOBl,
AM. O6L€I[KOB2, b.C. KaBepI/IHZ, H.M. CeMeHOBZ, C.10. Ketkos?,
M.A. ®annees’
lHuofceeopodCKuﬁ eocyoapcmeennwiil ynugepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
2HHcmumym memannoopeanudeckou xumuu um. 1" A. Pazyeaeea PAH,
Huoicnuii Hoseopoo
E-mail: andreev@phys.unn.ru

VYrnepoanbie HAHOTPYOKHU U TUOPUIHBIE MAaTepUalIbl HA KX OCHOBE 0J1aro-
Japsi MUPOKOMY CIIEKTPY YHUKAJIBHBIX (PU3HMUECKUX U XUMHUYECKUX CBOUCTB $SB-
JISIFOTCST YPE3BBIYAHHO aKTyallbHBIMU OOBEKTAMHU B Pa3IMYHBIX 00JACTAX HAYKH
U TMPOMBIIUICHHOCTH, B TOM 4YHCJI€ U B cepe HaHOAIEKTpoHUKH. OgHUM U3
HanboJiee MEPCIEKTUBHBIX KJIACCOB MOJOOHBIX (PYHKIIMOHAJIBHBIX MaTEepUaIOB
SIBJISIIOTCSI MHOTOCTEHHBIE yriiepoHbie HaHOoTpyOku (MYHT) ¢ HanopasmepHBI-
MU TIOKPBITHUSIMA OKCHJIOB METAJJIOB, HAllpUMEP, C MOKPBITUSIMU OKCHJA aJto-
MUHHUSI M OKCUJIA IUPKOHUS.

Panee B nmabGoparopun HaHopasmepHBIX CHUCTEM U CTPYKTYPHOM XUMHU
NucTuTyTa Metayuiooprannueckoi xumuu uM. [.A. PazyBaeBa PAH metomom
OCAXKJEHUS U3 MapoBO (a3bl METAJUIOOPTAHUYECKUX COCAMHEHHUMN OBLIN CUHTE-
3UpOBaHbl THOpUAHBIE MaTepuaibl Ha ocHoBe MYHT 1 HaHeceHHBIX Ha HUX MO-
KPBITUI IIPU UPOJIN3€E alleTUIALETOHATOB AIFOMUHUS U LIUPKOHUSI.

[lonyyennsle MaTepuanabl OBUIM HMCCIEIOBAHBI METOJOM IOPOIIKOBON
PEHTTeHOBCKOM NU]pakiuu. YKa3aHHBIA METOJ MO3BOJIIET KAaUECTBEHHO OIpe-
nenuTh (a3oBbId COCTaB HAHOYACTHUII, & TAKKE OIEHUTH 00JaCTH KOTEPEHTHOTO
paccesiHus, TO €CTh JIaTh OLICHKY pa3MepaM 4acTuIll HaHO(a3bl.

HccrnenoBanre 00pasioB mpoBoamiochk Ha audpakromerpe Shimadzu
XRD-7000 (CuKa, A = 1,54 A). Bce peHTreHOBCKHE SKCIIEPUMEHTHI TPOBOIHU-
JIUCh B UICHTUYHBIX YCIOBUSX.

HccnenoBanue BBHIMOIHEHO MpU PUHAHCOBOU moanepxkke PODOU B pam-
kax HayuHoro mpoekTa Ne 18-33-00776.
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CBUHIIOBBIE ®TOPOBOPATHBIE CTEKJIOKPUCTAJUIMYECKUE
MATEPUAJIbI, COAKTUBUPOBAHHBIE Nd** u La*'

A.C. Conory06, M.II. 3eikoBa, A.B. Xowmskos, O.b. IletpoBa
Poccutickuii xumuxo-mexnonocuueckutl ynusepcumem um. /.M. Menoeneesa,
Mockea
E-mail: petrova@proriv.ru

Oxkcudropuansie crekiokepamudeckue marepuaibl (CKM) o0beAMHSIOT
Jy4IITUEe CBONCTBA KPUCTAUTMYECKUX (PTOPHUIOB U OKCHIIHBIX CTEKOJ M TMEPCIIeK-
TUBHBI JIJII CO3J]aHUS HOBBIX JIa3ePHBIX MaTepuajioB [1]. B CBUHIIOBBIX CHIIH-
KaTHBIX [2] u OGopaTHBIX [3-4] CTEKJISHHBIX CUCTEMaX CTPEMSATCS KPUCTAIIIU30-
BaTh BBICOKOTEMIEpATypHyl0 KyOuueckyro ¢a3zy PbF, (Fm3m), akruBupoBan-
HYIO peako3eMenbHbIMU MoHaMH (RE). OgHako 4acTo BBIIEISETCS HU3KOTECM-
nepatypHasi pomOuyeckas ¢gaza PbF, (Pnma), B koTopyto RE He BcTpauBaroTcs
[3]. RE cTrabunusupyrot kyouueckyto ¢asy, u okoio 10 at. % dropuna RE no-
ctaTouHo At crabunuzanuu [4]. Takum o6pazom, 1 mon. % REF; B ucxonnom
CTEKJIE MO3BOJIAET cTaOMIM3upoBaTh 0koiao 10 mon. % xybuueckoro PbF,, mpu
JalbHEHIIe KPUCTAJUTH3AIlMN BBIACIACTCS TapasuTHas poMOudveckas (asza
PbF,. Kyounueckas ¢a3a npeacraBiseT coOOH TBEpAbI pacTBOP € KOHIEHTpa-
et RE 10-13 art. %, 4TO CIMIIKOM BEJIMKO JUIsi OOJNBIIMHCTBA JIA3€PHBIX U
JIOMHUHECIICHTHBIX TMPUMEHEHUH, TMOCKOJbKY MPUBOJUT KOHIICHTPAIIMOHHOMY
TYIIEHUIO U KOONIEPATUBHBIM IpoIleccaM Mepeaaun dHepruu. B manHom uccie-
JIOBaHUM Mbl TMOMBITAJIUCH PELIUTH 3TY MPOOJIeMy, OJIHOBPEMEHHO YBEIUYUB
o0IIyI0 KOHIIEHTpaluio HOHOB RE B cTekiie W yMEHBIIUB KOHIIEHTPALIMIO JTIO-
MUHECIEHTHOTO areHTta. JlJis 3TOro Mbl JETUPOBaJIM MCXOAHBIE CTEKIA IBYMS
RE ¢ 0aM3KkMMU MOHHBIMU pajuycamu, OuH U3 KOTOphIX He umeet f-f mepexo-
noB (La) u BeIMONHSAET TOJIBKO (DYHKIIMIO cTabuiau3atopa Kyouueckoit asbl, a
apyroi  (Nd) wrpaer poap [eHTpa JIIOMHHECIEHIMH. B cucteme
75PbF,-21,5B,03-3LaF3-0,5NdF; momy4eHbl onTHYeCKH KauyeCTBECHHBIE CTEKIIA
u chopmupoBanbl cooTBeTcTBYyIomuUe CKM ¢ kpuctammuyeckoi (a3oit TBEpa0-
ro pactBopa Ha ocHOBe Kyomueckoro PbF,. Ob6mas xonnentpauus RE B xpu-
crautueckoit ¢ase cocraBuia 11-12 ar. % (Pb;«La/NdyF;.x), oObeMuas mgoms
KpucTajmnueckoi - 6omnee 25%, aro 6onpme, yem B CKM Ha OCHOBE CTeKIa,
nerupoBanHoro 1 momn. % NdF; (8-10 06. %). IHTEeHCHBHOCTH JIFOMHUHECIICHITUT
Nd** u Bpemst xwu3HI Bo3pacTano mo cpaBHernnoo ¢ CKM Ha OCHOBe cTeKia Jie-
rupoBarHoro 1 moxn. % NdFs.

1. P.P. Fedorov, A.A. Luginina, A.l. Popov, J. Fluor. Chem. 172, 22 (2015).
2. O.B. ITerposa, A.B. Xowmskos, OnT. u criektp. 114 (6), 962 (2013).

3. J. Pisarska et al., J. All. and Comp. 451, 223 (2008).

4. T.C. CeBoctbsiHOBA U J1p., OnT. u criektp. 123 (5), 734 (2017).

104


file:///E:/МНКШ/petrova@proriv.ru

TPAHCIIOPT JbIPOK B MOHOKPUCTAJUIMYECKOM AJIMASE,
JIETTMPOBAHHOM bOPOM, B CHJIbHBIX SJIEKTPUYECKHUX ITOJIAX

Hn.B. AJITYXOBl, M.C. KaraHl, C.K. HanpouKHﬁl, H.A. XBanLKOBCKHﬁl,
H.b. POILI/IOHOBZ, A.IL EOJIBH_IaKOBS, B.I. PaJIB‘IeHKOS, P.A. XMenpHunKuii*
1HHcmumym paouomexuuxu u d1exkmponuxu um. B.A. Komenvnuxosa PAH,

Mockea
°T) POUYKUL UHCTMUMYM UHHOBAYUOHHBIX U MEPMOAOEPHBIX UCCIE008AHUL
«TPUHUTH», Tpouyx
3HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
‘Dusuueckuil uncmumym um. I1.H. Jlebedesa PAH, Mockesa
E-mail: nik@cplire.ru

HccnenoBanuch HOMUHAIBHO HEJIETMPOBAHHBIE (1-THI) SMHUTAKCHAIbHBIC
anMasHbie TUIEHKH TomuHONU 10-12 MKM, BhIpalieHHbIE METOJI0M Mapoda3zHoro
XUMHUYECKOT0 OCaXACHUS Ha TOI0kKax ¢ opueHrtanueit (100), cunbHO Ierupo-
BaHHBIX OopoM (~2x10"° cm®). K 06pasuaM HpHKIanbIBAINCH HMITYIbCHI
HarnpspkeHust (0,5-100 mxc), muGo mocTostHHOE HampsikeHue. MccnemoBanuch
BOJIbTAMIIEPHBIE XapaKTEPUCTUKH MPU KOMHATHOW Temmeparype. CraTuueckue
BAX nenok ¢ kontaktoMm [IIOTTKM pe3ko aCUMMETPUYHBI MPU Pa3HBIX MOJISP-
HOCTSIX TMPWIOKEHHOTO  HAMpsHKEHUs, 4YTO CBSI3aHO C  acUMMeETpHuei
m-i-p*-cTpykTypsl. IIpn nonspHOcTH, Korna KoHTakT 1IIoTKH 3amepT, TOK Ha TpH
NopsiIKa MEHbIIE, YeM Ipu OTKpbIToM KoHTakTe IIloTku. MmnynscHbie BAX
KapJAWHAJIBHO OTIIMYAOTCS OT CTATUYECKUX. A UMEHHO, B 3HAUYUTEIIbHOM UHTEP-
Bajie HanpsokeHu BAX nuHeiHbl, 1 uMeetcs obyacts Hanpsixkenui (ot 0,05 g0
1,5 B), rae Toku B 00eux MOMSIPHOCTIX COBHNAAAIOT. DTO OOBICHIETCS TEM, UTO
0Py HMIYJbCHOM HAaNpSKEHUU H3-32 €MKOCTU 3aKOPAYMBAIOTCS KOHTAKThI
IIoTKH 1 Bce MPUIOKEHHOE HANPSIKEHUE MaJdaeT Ha BEICOKOOMHOM CJIOE aiaMa-
3a. [lo BenMurHE OMUYECKON MPOBOAUMOCTH MOKHO OLIEHUTh KOHLEHTPALIUIO P
CBOOOJHBIX HOCHUTENIEH B ATOM CIIO€ M, COOTBETCTBEHHO, KOHLICHTPALIHIO Ng
HEHTPaIbHBIX aTOMOB AaKLENTOPHON mpumecn Oopa: p ~ 10° cm° wm
Ng~ 10" cm®

[Ipu yBenmuueHUHn HanpsiKEHUs (WM aMIUIMTYAbl UMIYJIBCOB), JIMHEHAS
3aBUCHMOCTb TOKA OT HAIPSKEHUS NEPEXOJIUT B KBAJPATUUHYIO, U3-32 MOHOIIO-
JsipHON MHXKekuuu. HanpsbkeHue 3Toro nepexoia JaeT BO3MOKHOCTh OLEHUTH
BpEMsI peKOMOMHAIIMH JBIPOK Ha aToMax Gopa ~ 10~ c.

B anmaze ¢ omuueckumMu KOHTakTaMu u3Mepensl BAX BIoTh 10 mosnei
~ 5x10° B/cm. Haumnas ¢ moneii ~ 30 kB/cM, HaOmromaeTcs yaapHas HOHH3AIUS
npumecu. OCHOBHas 0COOEHHOCTH MPOOOSI MPUMECH B HAIEM CiIydae — OTCYT-
cTtBue S-o0paszHoctd Ha BAX. OOGb4HO S-00pa3HOCTh IpH MPoOOE BOAOPOIO-
MOTI00HOM TPUMECH CBSA3BIBAIOT C HAIMYHUEM BO30YXKICHHBIX COCTOSIHHH, TOJIe
MOHU3AIMU KOTOPBIX CYIIECTBEHHO MEHbIIIE, YeM JUIsi OCHOBHOro. B Haiiem
ciayyae OoJblIoe MPOOOMHOE MOoJie MPUBOAUT K TOMY, YTO BCE BO30YKIEHHBIE
COCTOSIHUS OKa3bIBAIOTCS B CILIONIHOM CIIEKTPE BAJICHTHOW 30HBI U3-3a d(deKkra
Openkens-Ilyna. [Ipoananu3upoBano BausiHUE 3TOTO d(PdeKTa Ha 3aBUCUMOCTD
Kod(pUIIMeHTa MOHU3AIMH TIPUMECH OT TOJIA.

Pabora wactuuno nognepxana PODU (rpant 18-02-01079).
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BBIPAILIMBAHUE ®TOPUJHBIX KPUCTAJIJIOB
LiSrxCay xAlFg:Ce** (X = 0,2) METOJOM BPUJIKMEHA
M.A. Mapucos, A.A. IllaBenseB, A.A. Illaknupos, E.B. JIyknHoBa,
A.C. Huzamytnunos, C.JI. Kopabnera, B.B. Cemariko

Ka3zanckuii (Ilpusonscckuii) ghedepanvhwiii ynusepcumem, Kazano
E-mail: m.a.marisov@gmail.com

DTOpUAHBIE KPUCTAIUIBI SIBJIAIOTCS NEPCIEKTUBHBIMU MaTepuanamu ¢o-
ToHUKH [1-2]. IIpeumMyliecTBaMu TaHHBIX COCIUHEHUI, IO CPABHEHUIO C IIUPO-
KO PpAacHpOCTPAHEHHBIMM OKCUJHBIMM KPUCTAJUIAMH, SBISETCS 3HAYUTEIBHO
MEHbIIIasi TeMIIepaTypa IJIaBJIeHUs, a Takxke Oosee MHUpOKas 3anpelieHHas 30Ha
[3]. Ocoboe mMecTo cpe MPUMEHEHUN 3aHUMAIOT JIa3epHbIC UCTOYHUKH, U3ITY-
qaroniue B OJMKHEM YJIbTPa(pUOIETOBOM JMana3oHe CIEKTpa, Hampumep Jase-
pbl Ha ocHoBe KpucTtayia LiCaAlFg:Ce. HegoctaTkoM naHHBIX COEAMHEHUH SIB-
nseTcss HU3Kasi u30MopdHas €eMKOCTh KPUCTAITMYECKON pPEHIeTKH MO OTHOIIE-
HUIO K PEIKO3eMENIbHbIM MOHAaM, YTO OOYCIIaBIMBAE€T OOPa30BaHUE BBICOKOTO
KOJIMYECTBAa JAe(PEKTOB NPHU TMOMBITKE IMOIYYUTh BBICOKOKOHIIEHTPUPOBAHHBIC
oOpasupl. [Ipu 3TOM U3BECTHO, YTO, BApbUPYsl XUMUUYECKUN COCTaB, MOXKHO J0-
OUTHCSI TOBBILIEHUS ONTUYECKOrO KadecTBa KPUCTAJIa 3a CYET YBEJIWYCHUS
nzomopduoii emkoctu [4]. Panee B KazaHckoM rocynapcTBEHHOM YHHBEPCHUTE-
te, Ha pumepe LiYLuF,, Ob110 ycTaHOBIEHO yiyUllleHMe KauyecTBa KPUCTAJUIOB
npu nepexoae K cMmemanHou crpykrype [5]. [losTomy menpio Hamield padoTh
ABJIAETCS POCT (PTOPUIHBIX KPUCTAUIOB CMEIIAHHOM CTPYKTYPbl METOAOM
bpumkmena LiSryCa;AlFs (X = 0,2), akTHBHPOBAaHHBIX PEAKO3EMEIbHBIMH
noramu Ce® ¥ mpoBepKa MX OITHYIECKOr0 KauecTBa.

HccnenoBanue BHITIOIHEHO TP (hrHAHCOBOH mojepxke PODOU B pam-
Kax Hay4gHoro mpoekra 18-32-00936.

1. V.A. Fromzel, C.R. Prasad et al., Advances in Optical and Photonic De-
vices, 101 (2010).
. K. Watanabe, T. Yanagida et al., Sensors and Materials 27, 269 (2015).
3. D. Alderighi et al., Applied Physics B: Lasers and Optics 83, 51 (2006).
4. A.S. Nizamutdinov, V.V. Semashko et al., Physics of the Solid State 50,
1648 (2008).
5. A.S. Nizamutdinov et al., JETP letters 91, 21 (2010).
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CRYSTALS FOR QUANTUM MEMORY

M.N. Popova
Institute of Spectroscopy RAS, Troitsk, Russia
E-mail: popova@isan.troitsk.ru

At present, much attention is paid to the implementation of optical quan-
tum memory (OQM), which should be an essential part of various quantum in-
formatics devices, in particular, quantum repeaters intended to increase the
length of already functioning quantum cryptographic communication lines.
Schemes of OQM are based on a three-level A system. Among different possi-
ble schemes investigated so far, two ground-state hyperfine levels of rare-earth
(RE) ions in crystals, combined with the third (metastable) level in optical fre-
guency region are considered as the most promising candidates for realizing an
efficient three-level A system [1].

I’1l briefly discuss what requirements should be met by crystals for OQM
and what characteristics of particular materials should be studied. Those are pre-
cise level positions, the optical density, coherence times of hyperfine levels, life
times of metastable optical levels, hyperfine structure (HFS) of the energy lev-
els, inhomogeneous broadening of spectral lines.

My group, in collaboration with other institutions in Russia and abroad,
studies spectroscopic properties of RE-doped crystals, relevant for applications
in OQM. I'll review some of our results on the studies of HFS and line shapes in
the spectra of different crystals [2-6]. Then, I’1l describe our recent discovery of
the hyperfine level anticrossings in optical spectra of "LiYF,:Ho placed into a
magnetic field. This phenomenon can be used to build an effective A or V sys-
tem with equal transition probabilities in both legs of the system.

Financial support by the Russian Foundation for Basic Research (Grant
No 18-52-52001) is acknowledged.

1. Ph. Goldner, A. Ferrier, O. Guillot-Noél, Handbook on the Physics and
Chemistry of Rare Earths, Elsevier, 2015.

2. E.P. Chukalina, M.N. Popova, S.L. Korableva, R.Yu. Abdulsabirov, Phys.
Lett. A 269, 348 (2000).

3. M.N. Popova, E.P. Chukalina, B.Z. Malkin, S.K. Saikin, Phys. Rev. B 61,
7421 (2000).

4. D.S. Pytalev, E.P. Chukalina, M.N. Popova et al., Phys Rev B 86, 115124

(2012).

M.N. Popova, Optical Materials 35, 1842 (2013).

G.S. Shakurov et al., Phys. Chem. Chem. Phys. 16 (45), 24727 (2014).

7. M.N. Popova, K.N. Boldyrev, Optical Materials 63, 101 (2017).
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INFLUENCE OF PHASE COMPOSITION, LOCAL CRYSTAL STRUCTURE
ON TRANSPORT PROPERTIES OF SOLID SOLUTIONS
Zr0O,-Y,03-Eu,03 AND ZrOQ-Gdzog-EUZO;;

M.A. Borik', T.V. Volkova®, I.E. Kuritsyna®, E.E. Lomonova', V.A. Myzina®,
P.A. Ryabochkina®, N.Yu. Tabachkova®
'Prokhorov General Physics Institute RAS, Moscow, Russia
National Research Ogarev Mordovia State University, Saransk, Russia
3Institute of Solid State Physics RAS, Chernogolovka, Russia
*National University of Science and Technology « MISIS», Russia
E-mail: sendboxvv@mail.ru

The field of practical application of crystalline materials based on ZrO, is
excessively extensive. This is due to the fact that these materials are character-
ized by unique physical and chemical properties. Among them the ionic conduc-
tivity is extremely important, due to which they have become widely used as
solid electrolytes used for the manufacture of various electrochemical devices,
including SOFC, oxygen sensors, etc. Oxygen-ionic conductivity of solid solu-
tions based on zirconium dioxide is due to the presence in their crystal structure
of oxygen vacancies which are form due to the replace part of Zr** ions on the
ions of the stabilizing oxide [1].

In the present study, method of the directional high-frequency heating in a
cold container has been used to synthesize the concentration series of zirconia
crystals with stabilizing Y,03; and Gd,O3; oxides as they change over a wide
range of concentrations (2,7-38 mol. % Y,03, 2,7-33 mol. % Gd,03). Methods
of the Raman scattering and X-ray diffractometry are used to analyze their phase
composition.

Using the optical spectroscopy method, the features of the local crystal
structure of ZrO,-Y,03-Eu,03; and ZrO,-Gd,03-Eu,05 solid solutions are re-
vealed using Eu** ions as a spectroscopic probe. Also, in the present work an at-
tempt was made to reveal the relationship between the phase composition and
the local crystal structure with the ionic conductivity of these materials.

The work was financially supported by RFBR Grant ofi_a, Project
No. 16-02-00457.

1. Yu.S. Kuzminov, E.E. Lomonova, V.V. Osiko, Refractory materials from
cold crucible, Moscow: Nauka, 2004.

2. V.G. Zavodinskii, Solid State Physics 46, 441 (2004).

3. N.V. Tokiy, B.l. Perekrestov, D.L. Savina, I.A. Danilenko, Solid State
Physics 53, 1732 (2011).
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PHASE COMPOSITION AND SPECTRAL-LUMINESCENCE PROPERTIES
OF SOLID SOLUTIONS ZrO,-Sc,05-R,03-Eu,05 (R -, Yb, Gd, Ce)

N.A. Larina', T.V. Volkova', M.A. Borik?, E.E. Lomonova?, V.A. Myzina’,
P.A. Ryabochkina®, N.Yu. Tabachkova®, S.A. Khrushchalina®
'National Research Ogarev Mordovia State University, Saransk, Russia
?Prokhorov General Physics Institute RAS, Moscow, Russia
National University of Science and Technology « MISIS», Russia
E-mail: saharova.1996 @mail.ru

Solid solutions based on ZrO,; are characterized by unique physicochemi-
cal properties, the presence of which provides a variety of their practical appli-
cations. In the formation of solid solutions based on ZrO,, oxygen vacancies are
formed in their anion sublattice. The presence of oxygen vacancies essentially
affects the properties of these materials [1].

The results of [2-5] show that the optical spectroscopy method using Eu**
Ions as a spectroscopic probe is an effective method of revealing the features of
the local structure of materials based on ZrO,, which is formed taking into ac-
count oxygen vacancies. In these studies, polycrystalline samples of ZrO,-Y,0s,
obtained by various methods, were predominantly used as objects of research.

In the present work, methods of the Raman scattering and X-ray diffrac-
tometry are used to analyze the phase composition of ZrO,-Sc,03-R,03-Eu,03
(R-Y, Yb, Gd, Ce) single crystals obtained by directional high-frequency heat-
ing in a cold container. Using by the optical spectroscopy using Eu** ions as a
spectroscopic probe were revealed features of the local structure of these materi-
als.

The work was financially supported by RFBR Grant ofi_a, Project
No. 16-02-00457.

1. Yu.S. Kuzminov, E.E. Lomonova, V.V. Osiko, Refractory materials from
cold crucible, Moscow: Nauka, 2004.

2. J. Dexpert-Ghys, M. Faucher, P. Caro, Journal of Solid State Chemistry
54,179 (1984).

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

4. Yu.K. Voronko et al., Optics and Spectroscopy 81, 814 (1996).

5. Yu.K. Voronko et al., Inorganic Materials 33, 452 (1997).
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SYNTHESIS OF BISMUTH-GERMANATE GLASSES IN A WIDE RANGE
OF INITIAL OXIDES CONCENTRATIONS AND THEIR SPECTRAL
PROPERTIES RESEARCH

l.V. Stepanova, S.Yu. Krivoborodova, O.B. Petrova
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: stir@inbox.ru

Oxide bismuth-germanate glasses have a high refractive index, high den-
sity and are transparent in the visible and near-IR ranges. A special feature of
the spectral properties of such glasses is the presence of optically active bismuth
centers [1] which is manifested as a wide sloping absorption band in the region
of 500 nm. The concentration of bismuth centers increases with the concentra-
tion of bismuth oxide in the glass composition [2], however, no studies of the
spectral properties of bismuth-germanate glasses in a wide range of significant
concentrations of bismuth oxide have been carried out so far. In this paper, the
spectral, optical and mechanical properties of bismuth-germanate glasses with a
bismuth oxide content of 0-50 mol. % were investigated.

For the synthesis, the compositions xBi,03-(1-x)GeO, were chosen, where
x=0,5, 10, 15, 20, 25, 30, 35, 40, 45, 50 mol. %; glasses were made by melting
the mixture of the initial oxides at a temperature of 1100 °C for 1 hour followed
by casting on the mold. The absorption spectra of the synthesized samples were
recorded with a UNICO 2800 (UV/VIS) spectrophotometer in the range
190-1100 nm. The density of the glass samples was measured by hydrostatic
weighing. The refractive index was measured by the Lodochnikov method.

The absorption edge of the glasses varies in the range of ~ 340-415 nm,
shifting to the long-wave region with an increase in the bismuth oxide concen-
tration. The absorption spectra of all glasses, except for the sample with x = 0,
contain an absorption shoulder in the region of 500 nm, the intensity of which
increases with Bi,O3 concentration rising. The absorption coefficient depend-
ence on the concentration of bismuth oxide is close to linear, but the slope angle
differs for small (5-30 mol. %) and high (35-50 mol. %) concentrations of bis-
muth oxide. We suppose that this is due to the fact that only a small part of the
total number of bismuth ions participates in the formation of bismuth centers,
and the fraction of such ions decreases while bismuth oxide concentration in-
creasing.

The refractive index and the density of the samples increase with the bis-
muth oxide concentration growth, as expected.

1. E.M. Dianov, Quantum Electronics 40 (4), 283 (2010).
2. M.A. Hughes, R.M. Gwilliam et al., Optics Express 21 (7), 8101 (2013).
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EFFECT OF DOPING IMPURITIES CeO, AND Nd,03
ON THE MECHANICAL PROPERTIES OF SOLID SOLUTIONS ZrO,-Y ;03

A.V. Kulebyakin', I. E. Kuritsyna®, F.O. Milovich®, A.S. Chislov*®,
N.Yu. Shulga®
'Prokhorov General Physics Institute RAS, Moscow, Russia
?Institute of Solid State Physics RAS, Chernogolovka, Russia
*National University of Science and Technology « MISIS», Moscow, Russia
E-mail: philippmilovich@gmail.com

Materials based on zirconium are promising in many applications depend-
ing on the type and concentration of the dopant and are of considerable interest
both from a scientific and practical point of view. Synthesis of crystalline mate-
rials using the methods of crystallization of the melt makes it possible to pro-
duce high-density monolithic materials with zero porosity and the absence of a
grain structure. Therefore, crystals based on zirconia have higher tribological
and strength properties compared to known structural ceramic materials based
on ZrO,.

The effect of additional alloying impurities CeO, and Nd,O3; on the me-
chanical properties of solid solutions ZrO,-Y,03 is considered. The crystals
were obtained by directional crystallization of the melt in a cold crucible using
high-frequency heating. Analysis of the mechanical properties of crystals such
as microhardness and crack resistance was carried out by microindentation.

It is shown that the microhardness values of crystals doped with cerium or
neodymium oxides are comparable to the value of microhardness for crystals
stabilized only by yttrium oxide. Additional doping with neodymium oxide of
ZrO; solid solutions — 2,8 mol. % Y,03 leads to a decrease in the fracture tough-
ness of crystals with an increase in the concentration of neodymium oxide and,
accordingly, an increase in the total concentration of stabilizing oxides. In this
case, the fracture toughness values of these crystals, taking into account the total
concentration of the stabilizing oxides, are comparable with the crack resistance
of crystals stabilized only by yttrium oxide. The additional doping with cerium
oxide of ZrO; crystals — 2,8 mol. % Y,03 is of a different nature and leads to an
increase in fracture toughness values with increasing cerium oxide concentra-
tion, despite an increase in the total concentration of stabilizing oxides.

The work was supported by the RFBS grant 18-32-00533 mol_a.
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MECHANISMS OF TOUGHENING IN CRYSTAL PARTIALLY
STABILIZED ZrO,-M,03 (M - Nd, Ce, Y, YD)

M.A. Borik', V.R. Borichevskii’, A.V. Kulebyakin', E.E. Lomonova',
F.O. Milovich?, V.A. Mysina®, P.A. Ryabochkina®, N.V. Sidorova’,
N.Yu. Tabachkova®
'Prokhorov General Physics Institute RAS, Moscow, Russia
’National University of Science and Technology « MISIS», Moscow, Russia
*National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: ya.natalka2112 @yandex.ru

Perspective materials for fabrication structural, polishing and grinding de-
tail, elements of tribotechnics, refractories and thermal protective coatings are
crystals and ceramics based on zirconia. The high mechanical characteristics of
PSZ crystals are due to their structural features: the presence of two tetragonal
phases with different degrees of tetragonality and a complex domain-like twin-
ning structure.

The presence of a transformable tetragonal phase in the composition pro-
vides one of the main mechanisms of toughening of these materials - transfor-
mation toughening. The stresses arising at the tip of the microcrack induce a te-
tragonal-monoclinic transition, which is accompanied by a change in the specif-
ic volume of the monoclinic phase, which leads to the appearance of compres-
sive mechanical stresses that inhibit the propagation of a crack in the material
[1-3].

Another possible mechanism of toughening in tetragonal zirconia is the
ferroelastic reorientation of domains that occurs under a mechanical load [4-6].

In this paper we investigate the mechanisms of toughening of ZrO,-2 mol.
% Y,03-0,8 mol. % M,0; crystals (with M = Ce, Nd, Y, Yb) by microindenta-
tion with orientation of the diagonals of the indenter along the crystallographic
directions <100> and <110>.

1. R.M. McMeeking, A.G. Evans, J. Amer. Ceram. Soc. 65 (5), 461 (1982).

2. R.H. J. Hannink, P.M. Kelly, B.C. Muddle, J. Amer. Ceram. Soc. 83(3),
461 (2000).

3. J. Chevalier, L. Gremillard, A.V. Virkar, D.R. Clarke, J. Amer. Ceram.

Soc. 92 (9), 1901 (2009).

A.V. Virkar, Key Engineering Materials 153-154, 183 (1998).

C.-J. Chanetal., J. Amer. Ceram Soc. 74 (4), 807 (1991).

A.M. Bolon, M.M. Gentleman, J. Amer. Ceram. Soc. 94(12), 4478

(2011).
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MECHANICAL AND TRANSPORT CHARACTERISTICS
OF PSZ CRYSTALS DOPED WITH SCANDIUM AND YTTRIUM OXIDES

M.A. Borik', A.V. Kulebyakin', I.E. Kuritsyna®, E.E. Lomonova’,
F.O. Milovich®, V.A. Myzina®, N.Yu. Tabachkova®, A.S. Chislov**
'Prokhorov General Physics Institute RAS, Moscow, Russia
?Institute of Solid State Physics RAS, Chernogolovka, Russia
National University of Science and Technology « MISIS», Moscow, Russia
E-mail: chislov.artem@bk.ru

Materials based on zirconia have high ionic conductivity and are used as
electrolytes in various electrochemical devices. Partially stabilized zirconia
(PSZ) has both high mechanical and electrophysical characteristics, the values
of which are determined by the composition and method of synthesis of the ma-
terial.

Crystals of solid solutions (ZrO2); x,(Sc203)x(Y203)y (x = 0,003 — 0,045,
y = 0,005 — 0,03) were grown by directional crystallization of the melt in a cold
crucible. A study of the phase composition, structure, and physico-chemical
properties of the crystals obtained was carried out. The transport characteristics
were measured by impedance spectroscopy at a temperature range of 450 -
900 °C.

Phase analysis of the crystals showed that the crystals of all the studied
compositions were a mixture of two tetragonal phases of zirconia with different
degrees of tetragonality (t and t’) belonging to the spatial symmetry group
P4,/mnc. A small amount of the monoclinic phase was found in some crystals.
All crystals contained twins whose dimensions and morphology depended on the
total concentration of the stabilizing oxides. High values of crack resistance (6 -
7 MPa - m"?) are characteristic for most of the crystals under study. It is shown
that high values of crack resistance are associated with the amount of the trans-
formed tetragonal phase in crystals. The conductivity values for all the composi-
tions under study are close (of the order of 0,03 Q™ - cm™) which is 1,5 - 2
times higher than the conductivity of crystals stabilized only by yttrium oxide at
comparable concentration.

This work was supported by the program of the Presidium of the Russian
Academy of Sciences No. 32 «Nanostructures: Physics, Chemistry, Biology,
Technology Basics».
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THE EFFECT OF HARDENING MECHANISMS ON THE MECHANICAL
CHARACTERISTICS OF ZrO, CRYSTALS
OF PARTIALLY STABILIZED Y,03

M.A. Borik', V.R. Borichevskii’, A.V. Kulebyakin', E.E. Lomonova"
F.O. Milovich®, V.A. Myzina', P.A. Ryabochkina®, N.V. Sidorova®,
N.Yu. Tabachkova®
'Prokhorov General Physics Institute RAS, Moscow, Russia
’National University of Science and Technology « MISIS», Moscow, Russia
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Partially stabilized zirconia (PSZ) has properties promising in many ap-
plications. Increased resistance to acids and alkalis, water vapor, high abrasion
resistance and low coefficient of friction characterizes PSZ crystals. The degra-
dation of mechanical characteristics at high temperatures (up to 1600 °C) under
oxidizing conditions for PSZ crystals is much less than for metals and structural
ceramics. Chemical and biological inertness, strength and high crack resistance
make PSZ crystals promising for use in medicine as implants and surgical in-
struments.

The relationship between the chemical composition, structure, crystallo-
graphic orientation of tetragonal ZrO, - Y,03 crystals and their mechanical prop-
erties is considered. The evaluation of the ferroelastic reinforcement mechanism
showed that lower stresses are required for its realization than for the transfor-
mation mechanism of hardening, associated with the phase transformation of the
tetragonal phase into the monoclinic phase. It is found that when indenting zir-
conia crystals partially stabilized with yttrium oxide, the contribution to the de-
formation mechanism of the martensitic and ferroelastic transformation is dif-
ferent and depends not only on the concentration of the stabilizing oxide deter-
mining the structure and the phase composition of the material, but also on the
crystallographic orientation of the indentation plane and the orientation of the
indentation diagonals. It is shown that there is an anisotropy of the tetragonal-
monoclinic transition affecting the hardening transformation mechanism. The
ratio of the existing hardening mechanisms changes with decreasing loads, the
decrease in the intensity of the appearance of the monoclinic phase occurs more
rapidly than the decrease in the intensity of the reorientation of twins of the
tetragonal phase.

This work was supported by the grant of the RSF No. 18-13-00397.
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RESEARCH HOMOGENEITY OF THE PHASE COMPOSITION
IN CERAMICS BASED ON TUNGSTEN CARBIDE
OBTAINED BY SPARK PLASMA SINTERING

K.E. Smetanina, M.S. Boldin, P.V. Andreev, E.A. Lantsev
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: smetanina-ksenia@mail.ru

Solid ceramic samples obtained by spark plasma sintering of tungsten
carbide powder at T = 1625 °C [1] had been investigated. X-ray diffraction
analyses were used for the analysis of the phase composition. Qualitive phase
analysis of the samples demonstrated the impurity phase of semi-carbide W,C.

Analysis of the samples was conducted on the Shimadzu XRD-700 dif-
fractometer (CuKo, A = 1,54 A). All X-ray experiments were performed under
the identical condition. The phase composition was calculated by the reference
Intensity ratio method obtained on the basis of corundum (a-Al,O3) and tungsten
carbide/semi-carbide structure parameters.

Sample T1 was subject to primary treatment with the removal of a highly
uneven surface layer. Experiments at various angles of rotation of the sample in
the own plane were performed for verification of a preferential orientation of
crystallites in sample T1. Then a series of experiments with sample T1 has been
conducted, before each of which a layer 50 um thick was removed from the sur-
face of the sample by grinding.

The influence on intensity of diffraction of the roughness of sample T1
was investigated. The sample was polished using diamond pastes with parame-
ters 28/20 um, 14/10 wm, 5/3 um, 3/2 um. The W,C phase content is 4,8 % by
weight.

Sample T2 with a natural planar surface has been prepared to study the
phase composition of the near-surface layer of the ceramic. A series of experi-
ments with the rotation of sample T2 in its own plane showed the presence of a
texture in the near-surface layer of the sample. However, the W,C impurity
phase content was not detected in the near-surface.

1. M.S. Boldin, The physical basis of the technology of spark plasma sinter-
ing, Nizhny Novgorod: Nizhny Novgorod State University, 2012.

116


file:///E:/МНКШ/smetanina-ksenia@mail.ru

RESEARCH OF KTP:Hf, KTP:Zr AND KTP:Nb CRYSTALS

E.A. Isupova, V.A. Ivanov, P.V. Andreev, M.A. Faddeev, A.V. Boryakov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
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Potassium titanyl phosphate (KTP) crystals doped with hafnium, zirconi-
um or niobium were grown using the flux method by spontaneous crystalliza-
tion. One of the starting compounds demonstrated in [1, 2] has been selected for
growing: 42 mol. % K;0O, 14 mol. % P,0s, 14 mol. % TiO,, 30 mol. % WO;. A
part of TiO, required by the stoichiometry were replaced by HfO,, ZrO, or
Nb,Os so the total mole fraction of titanium oxide and doping oxide remained
equal to 14 mol. %. The KTP were crystallized on the platinum probe immersed
in a platinum crucible. The grown crystals were separated mechanically and
washed several times with hot water. We have grown a series of KTi, yHfyOPQy,
KTiyxZr,OPO, and KTi; Nb,OPO, crystals with HfO,/(TiO, + HfO,),
Zr0,/(TiO, + ZrO,) or Nb,Os/(TiO, + Nb,Os) ratio in the starting compositions
in a range from 0,01 to 0,13, so the total number of samples was more than 35
including pure KTP. Crystals were milled in an agate mortar.

X-ray phase analysis was carried out to identify the grown phases. Powder
XRD data for the specimens were recorded on a Shimadzu XRD-7000 powder
diffractometer using filtered Cu-Ka radiation. Phase analysis showed that all
samples are single-phases similar to the pure KTP (PDF Ne00-035-0802). The
increase of the cell volume is related to the increase of the proportion of substi-
tution of titanium atoms by zirconium atoms up to a value of 0,07. The cell vol-
ume has an approximately constant value with a further increase of the propor-
tion of substitution of titanium atoms by zirconium atoms. The relationship be-
tween the unit cell volume and proportion of substitution of titanium atoms by
hafnium x is divided into two linear diapasons. The slope of the line changes
nearly x = 0,05. The cell volume changes not prudently when niobium is intro-
duced into the crystal. According to the powder XRD data we can conclude that
some part of the Hf, Zr and Nb from initial compositions used for growing in-
corporated in the KTP crystal structure.

The relative titanium and hafnium, zirconium or niobium content in the
crystals were determined by the elemental analyses on Shimadzu Lab Center
XRF-1800 and Prodigy High Dispersion ICP (Teledyne Leeman Labs) equip-
ment.

The grown series of samples are promising for studying relationship be-
tween their crystal structure and nonlinear-optical properties.

1. K. llievetal., J. of Crystal Growth 100 (1-2), 225 (1990).
2. D.P. Shumov et al., Cryst. Res. Tech. 25 (11), 1245 (1990).
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SYNTHESIS OF CRYSTALLINE NONSTECHOMETRIC MATERIALS
R* 1 R¥* Faux (R = Eu, Sm, Yb)

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

As usual, value of valence for rare-earth elements (REE) is 3+, but Eu,
Sm, Yb and Tm due to the special structure of the electron shells demonstrate
valence of 2+. However, up to now crystalline compounds RF, and solid solu-
tions R?*;_\R**\F..x With a fluorite-type structure (CaF,) containing differently-
valence cations are poorly understood. They can be used in solid-state photon-
ics, radiation optical material science, and optical information recording sys-
tems.

In line with presented data [1] the stability of RF; difluorides varies non-
linearly in depend of the atomic number of REE, and decreases in the series
Eu?*>Yb*>Sm*>Tm?". In the present work was carry out the reduction of RF;
(R = Eu, Sm and YD) in a one stage process with directional crystallization from
the melt using the Bridgman method with using of various crucible materials
(quartz, graphite, Mo) and oxidation-reduction medium (corresponding metals
R Si, atmosphere He/H,, the decomposition products NH4F-HF). Crystalliza-
tion products were investigated using X-ray phase analysis and spectroscopy.

Single-phase crystals of optical quality were obtained only for R = Eu.
They had the composition Eu?*; yEu**\Fa.x (0 < X < 0,084). In all samples with R
= Smand Yb, in addition to the fluorite solid solution R?*; ,R**\F,., the impuri-
ties of the high-temperature tysonite phase (space group is Pnma) and the ordered
phase RisFs;_5 (Space group is R3), which described in [2], were found. Above
mentioned makes us think that the process of reduction of R** — R** (R = Sm and
Yb) in conditions of grow of fluoride crystals does not go to the end. As next
step, authors plan to introduce heterovalent impurities for chemical stabilization
of the R* state and obtain stable solid solutions of the type R*"1 R**\Faix
(R =Sm and Yb), and hence optically transparent crystals.

The work was supported by the Russian Foundation for Basic Research
(project No. 16-03-00707) in terms of synthesis of samples and the Federal
Agency of Scientific Organizations (agreement No. 007-GZ/C3363/26) regard-
Ing the structural study of crystals using the equipment of the Collective Use
Center of Federal Scientific Research Centre «Crystallography and Photonicsy.

1. O. Greis, J.M. Haschke, Handbook on the Physics and Chemistry of Rare
Earths, K.A. Gscheidner & Le Roy Eyring: Amsterdam, N.-Y., Oxford,
1982.

2. 0. Greis, J. Solid State Chem. 24 (2), 227 (1978).
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X-RAY DIFFRACTION ANALYSIS OF HYBRID MATERIALS
BASED ON CARBON NANOTUBES AND NANOSIZED METAL OXIDES

P.V. Andreev!, K.V. Kremlev?, G.S. Zabrodina®, I.V. Vilkov!,
A.M. Obiedkov? , B.S. Kaverin®, N.M. Semenov?, S.Yu. Ketkov?,
M.A. Faddeev’

'Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
Razuvaev Institute of Organometallic Chemistry of RAS, Nizhny Novgorod,
Russia
E-mail: andreev@phys.unn.ru

Carbon nanotubes and hybrid materials based on them due to a wide range
of unique physical and chemical properties are extremely relevant objects in var-
lous fields of science and industry, including in the field of nanoelectronics. One
of the most promising classes of such functional materials are multiwalled car-
bon nanotubes (MWNTS) with nanoscale coatings of metal oxides, for example,
with coatings of aluminum and zirconium oxides

Earlier, in the Laboratory of Nanoscale Systems and Structural Chemistry
of the G.A. Razuvaev Institute of Organometallic Chemistry of RAS hybrid ma-
terials based on MWNTSs were synthesized by the method of deposition from the
vapor phase of organometallic compounds. Coatings deposited on them during
the pyrolysis of aluminum and zirconium acetylacetonates.

The obtained materials were investigated by the powder X-ray diffraction
method. The method allows us to determine qualitatively the phase composition
of nanoshealths, and also to estimate the coherent-scattering regions, that is, to
estimate the particle sizes of the nanophase.

Analysis of the samples was conducted on the Shimadzu XRD-700 dif-
fractometer (CuKa, A = 1,54A). All X-ray experiments were performed under
the identical condition.

The reported study was funded by RFBR according to the research project
Ne 18-33-00776.
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LEAD FLUOROBORATE GLASSCERAMIC
CO-ACTIVATED Nd** AND La*'

A.S. Sologub, M.P. Zykova, A.V. Khomyakov, O.B. Petrova
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: petrova@proriv.ru

Oxyfluoride glass-ceramic (GC) combine the best properties of crystalline
fluorides and oxide glasses and are promising for the creation of new laser mate-
rials [1]. In lead silicate [2] and borate [3-4] glass systems, the high-temperature
cubic phase of PbF, (Fm3m) activated by rare-earth ions (RE) tends to crystal-
lize. However, a low-temperature orthorhombic phase PbF, (Pnma) is precipi-
tates the entry into which RE does not intercalate [3]. RE stabilize the cubic
phase, and about 10 at. % of the RE fluoride is sufficient for stabilization [4].
Thus, 1 mol. % of REF; in the initial glass allows about 10 mol. % of cubic PbF,
to stabilize, further parasitic rhombic phase of PbF, is released upon further
crystallization. The cubic phase is a solid solution with a RE concentration of
10-13 at. %, which is too large for most laser and luminescent applications,
since it results in concentration quenching and cooperative energy transfer pro-
cesses. In this study, we attempted to solve this problem, while simultaneously
increasing the total concentration of RE ions in the glass and decreasing the
concentration of the luminescent agent. We doped the initial glasses with two
REs with similar ionic radii, one of which does not have f-f transitions (La) and
performs only the function of the stabilizer of the cubic phase, and the other
(Nd) plays the role of a luminescence center. In the
75PbF,-21,5B,03-3LaF3-0,5NdF; system, optically high-quality glasses were
obtained and corresponding GCs with a crystalline phase of a solid solution
based on cubic PbF, were formed. The total RE concentration in the crystalline
phase was 11-12 at. % (Pb;«La/NdyF,.x), the volume fraction of the crystalline
phase is more than 25 %, which is higher than in the GC based on glass doped
with 1 mol. % NdF; (8-10 vol. %). The Nd*" luminescence intensity and lifetime
increased in comparison with the GC based on glass doped with 1 mol. % NdFs.

1. P.P. Fedorov, A.A. Luginina, A.l. Popov, J. Fluor. Chem. 172, 22 (2015).
2. O.B. Petrova, A.V. Khomykov, Opt. and Spectr. 114 (6), 876 (2013).

3. J. Pisarska et al., J. All. and Comp. 451, 223 (2008).

4. T.S. Sevostjanova et al., Opt. and Spectr. 123 (5), 733 (2017).
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HOLE TRANSPORT IN MONOCRYSTALLINE DIAMOND
DOPED WITH BORON AT HIGH ELECTRIC FIELDS

V. Altukhov?, M.S. Kagan®, S.K. Paprotskiy®, N.A. Khval’kovskiy",
N.B. Rodionov?, A.P. Bol’shakov®, V.G. Ral’chenko®, R.A. Khmel’nitskiy*
'Kotelnikov Institute of Radio Engineering and Electronics RAS, Moscow,

Russia
?Institute of Innovative and Thermonuclear Research, Troitsk, Russia
Prokhorov General Physics Institute RAS, Moscow, Russia
*Lebedev Physical Institute RAS, Moscow, Russia
E-mail: nik@cplire.ru

Monocrystalline 10-12 um thick diamond films with ohmic and Schottky
contacts have been studied at room temperature. The basically undoped (i-type)
films were CVD grown on (100)-substrate heavily doped with boron (~ 2x10"
cm™®). Current-voltage (I-V) characteristics have been measured at d.c. and
pulsed (0,5-100 us) voltage conditions.

The static I-V characteristics at different voltage polarities were sharply
asymmetrical because of asymmetry of m-i-p” structure studied; the current at
blocked Schottky contact was ~ 3 orders of magnitude less than at the opposite
polarity. The I-V curves measured at pulsed voltage differed drastically from the
d. c. characteristics. First, sample resistances in both polarities coincided in
some voltage range. Second, there is the considerable voltage range (0,05 to 1,5
V) of linear I(V) dependence. This is the result of a shortening of Schottky bar-
rier by the pulsed voltage because of its capacitance, so that the total voltage is
applied to the high-resistance diamond layer. The value of ohmic conductivity
makes it possible to estimate the concentrations of free carriers and acceptors in
the material. They turned out to be 10° and 10™ cm™, respectively.

At higher voltages the linear I-V dependence changed by square-law one
corresponding to one-carrier injection. The voltage of the transition from the lin-
ear to quadratic dependence gives the possibility to estimate the capture time of
boron acceptors as ~ 107 s.

Current-voltage characteristics of diamond films with ohmic contacts
have been measured at fields up to ~ 5x10° V/cm. The impact ionization of bo-
ron acceptors was observed beginning at ~ 30 kVV/cm. The main feature of impu-
rity breakdown in our samples is the absence of S-shaped part in the I-V charac-
teristic. Usually, the S-shaped I-V curve at hydrogenic impurity ionization is as-
cribed to excited states with lower ionization field compared to that for the
ground state. The high impurity breakdown field for diamond results in disap-
pearance of localized excited states because of Pool-Frenkel effect. The influ-
ence of this effect on electric field dependence of impurity ionization coeffi-
cients is analyzed.

The work is supported in part by RFBR grant 18-02-01079.
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GROWTH OF THE LiSrxCa; xAlFg:Ce® (X = 0,2) FLUORIDE CRYSTALS
BY BRIDGMAN TECHNIQUE

M.A. Marisov, A.A. Shavelev, A.A. Shakirov, E.V. Lukinova,
A.S. Nizamutdinov, S.L. Korableva, V.V. Semashko
Kazan Federal University, Kazan, Russia
E-mail: m.a.marisov@gmail.com

The fluoride crystals are promising materials of the photonics [1, 2]. The
advantages of these compounds in comparison with widespread oxide crystals
are significantly lower melting temperature and wide band gap [3]. Laser
sources of the close ultraviolet range, e. g. lasers based on the LiCaAlF4:Ce
crystal, have a special place amongst possible applications. However, a low
iIsomorphic capacity of the crystal lattice in case of rare-earth ions is a drawback
of these compounds. This leads to the appearance of big amount of defects if
one tries to obtain a highly concentrated sample. At the same time, it is a known
fact that it is possible to improve the optical qualities of the crystal varying the
chemical composition of the crystal, namely the combination of the cations in
the crystal lattice [4]. Previously in the Kazan Federal University using a Li-
YLuF, crystal as an example it was determined that the quality of a crystal in-
creases with the transition to a mixed structure [5]. That is why the goal of our
work is growth of the mixed structure LiSr,Ca;_xAlFs (x = 0,2) fluoride crystals
activated with Ce®* ions using Bridgman technique and control of their optical
properties.

The reported study was funded by RFBR according to the research project
Ne 18-32-00936.

1. V.A. Fromzel, C.R. Prasad et al., Advances in Optical and Photonic De-
vices, 101 (2010).
. K. Watanabe, T. Yanagida et al., Sensors and Materials 27, 269 (2015).
3. D. Alderighi et al., Applied Physics B: Lasers and Optics 83, 51 (2006).
4. A.S. Nizamutdinov, V.V. Semashko et al., Physics of the Solid State 50,
1648 (2008).
5. A.S. Nizamutdinov et al., JETP letters 91, 21 (2010).
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KBAHTOBO-KACKA/IHBIE JIASEPBI UHOPAKPACHOI'O
N TEPAT'EPLHOBOI'O ITUAITIA3OHA

I'.C. CoxosoBckuit
Quzurxo-mexnuyeckuti uncmumym um. A.D. Hopppe PAH, Cankm-Ilemepbype
E-mail: gs@mail.ioffe.ru

KBanroBo-kackanueie nazepsl (KKJI) ¢ MoMeHnTta omyOnukKoBaHUS B
1971 rony npuHIMIOB UX paboTHI [1], a 0COOEHHO TMOCIE UX MEPBOM MpaKTHUE-
ckol peannsauuu B 1994 rony [2], mpuBiekarOT OrpOMHOE BHUMAaHHE HAYYHOT O
coo01iecTBa: 1Mo 3TOM TeMaTUuKe ObLIO OmyOJIMKOBaHO Oosiee 7 ThIC. paboOT Ha
kotopeie 1o ganHeiM Web of Science cnmemano 6onee 100 Thic. ccpuiok. K
HacrosieMy BpemeHu KKJI Oblmu co3pgaHbl U MCCIEI0BaHbl B MIUPOKUX CIEK-
TpaJIbHBIX JUaNa30Hax, a UMEHHO - B cpeaHeM uHppakpacHom (3-16 MKkM) U B
TE€pareplioBOM CHEKTpadbHOM Juana3oHe. OCHOBHOM XapaKTEPUCTUKOW, KOTO-
past OTJIMYaeT TOT THUII Ja3ePOB OT OOBIUHBIX MOJYIPOBOIHUKOBHIX JIA3€POB HA
HAHOTETEPOCTPYKTYpax, UCIOJIB3YIOIIUX B CBOCH paboTe PEKOMOMHAIIMIO JIBYX
TUIIOB HOCHUTEJNIEH — DJIEKTPOHA U JBIPKU C U3NydeHHueM (OTOHA SIBISETCS TO,
YTO OHU YHUIIOJSIPHBI, T. €. UCMHOJIB3YIOT TOJBKO OJWH TUIl HOCUTEJIEN — C U3IYy-
yeHueM (POTOHA MpU Mepexoje 3JICKTPOHA B 30HE MPOBOJUMOCTH C OJIHOTO
KBAaHTOBOPA3MEPHOTO YPOBHS Ha JPYTOM.
I[ToMrUMO HOCTUTHYTBHIX YCIEXOB, MEPCHEKTUB PA3BUTUS W NMPUMECHEHHS
KKIJI cpennero MK nuamazona, B goknaae OyayT oOCyKIaThCs ABa METOAA CO-
31aHUSI KOMITAKTHBIX UCTOYHUKOB T I-U31ydeHHs: KBAHTOBO-KACKaHbIN JIa3ep
(KKJI) ¢ mpsimoii reHepaliieit TeparepiioBoro u3jaydeHusl U HeJTMHEeHHOe TIPeoo-
pa3oBaHUE U3IIYYEHUs HAa pa3HOCTHOM YacTtore B nByxyactoTHOM KKJI cpeagnero
UK munanaszona. [Tpunmun nerctBusa TI'-KKJI nmpsamol renepannu aHaJIorn4yeH
KKIJI cpennero MK auanazoHa B CBA3U C YEM OHU UMEIOT MPUHIMTAAIBHBIA HE-
JIOCTATOK, CBSI3aHHBIM ¢ TeM, 4To 3Heprus TI'1 (oToHa Mana Mo CpaBHEHHIO C
TEIJIOBBIM YIIUPEHUEM JHEPreTHUYECKUX YPOBHEW NPU KOMHATHOM TeMmmepary-
pe, 4TO JelaeT HEBO3MOXKHBIM CO3/1aHHE MHBEPCHOW 3aCEIIEHHOCTH YPOBHEM
IIPH TIOBBIIIIEHHBIX TeMIiepatypax. Hanbompinas cooOmieHHas Ha cerojias pado-
gas temneparypa TI'-KKJI storo tuma coctaBisier menee 200 K [3]. Dtoro
Henocrarka aumeHsl TI'u-KKJI paznocTHOM reHepanuu, NOCKOJIBKY UX KOMIIO-
Hentamu sBistitoTcst KKJI, paboratomue B cpennem UK-nuamasone, rae sHeprus
ONTUYECKOTO MEPEX01A HA MOPSAOK MPEBOCXOAUT TEIUIOBYIO SHEPIHUIO, YTO O3~
BOJISIET CO3/1aBaTh Ja3epHble UCTOUYHMKUA Tl I-W3nydeHus npu KOMHAaTHOU TeM-
nepatype [4]. K coxanenuro, u3-3a HecoOmo1eHUs (Ha30BOr0 CHHXpPOHHM3MA B
TI'u-KKJI pa3HOCTHOM TreHepanuy HMCHOJIB3YIOT TaK Has3plBaeMyr0 YUepeHKOB-
CKYI0 cxemy (ha30BOTO COrJacOBaHMUsI, peanu3alusi KOTopoil TpeOyeT co3aaHus
CKOILIEHHOM BBIXOJHOM I'PaHMU.
Astop 6maromaput MunobpHayku (uaeatudukarop RFMEFI61617X0074).
1. P.®. Kazapunos, P.A. Cypuc, ®TII 5, 797 (1971).
2. J. Faist et al., Science 264, 553 (1994).
3. S. Fathololoumi et al., Opt. Exp. 20, 3866 (2012)
4. M.A. Belkin et al., IEEE J. Sel. Topics Quant. Electron. 15, 952 (2009).
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N30TOIIMYECKHN YUCTDBIE ITPUMECHBIE KPUCTAJIJIbI
KAK ITEPCIIEKTHUBHBIE MATEPUAJIBI IJIS1 KBAHTOBOU ITAMATHA

A.A. KanayeB
Kazanckuii puzuxo-mexnuueckuii uncmumym um. E. K. 3asotickozo, Kazano
@UI] Kazanckuu nayunvii yeump PAH, Kazanw
E-mail: a.a.kalachev@mail.ru

Coznanue >(phekTUBHON TBEPAOTEIbHOW KBAaHTOBOW MaMSTH SIBISETCS
OJIHOW M3 BaXXHEUIIMX 3a7a4 B 00JaCTH ONTUYECKUX KBAHTOBBIX TeXHOJIOTUU. B
HACTOSIIEE BPEMsI MCCIENYETCSI MHOXKECTBO TBEPAOTEIbHBIX CUCTEM, KOTOPbHIC
CUMTAIOTCS] TEPCIEKTUBHBIMU HOCUTENIMU KBaHTOBOM uH(opmanuu. Cpenu
HuX: oguHOo4YHbIe NV-1IEHTpHI B amMase, XOJIOJHbIE aTOMbI, MEXaHHUYECKUE OC-
UUTSITOPBI M aHCAMOJIM peJIKo3eMEeNIbHBIX MOHOB. byayun oCHOBOM /it cOBpe-
MEHHOM JIa3epHOU U TEJIIEKOMMYHHUKAIIMOHHON MPOMBIILICHHOCTH, TBEP/bIC Te-
Ja, JETUPOBAHHBIC PEIKO3EMEJIbHBIMU HWOHAMH, OUY€Hb MPUBJICKATEIBHBI IS
KBaHTOBOW 00paboTKuM WHOOpMaIMK, MOCKOJBbKY OHU OO0JIaTar0T OONBITUMU
BpPEMEHAMHU KaK ONTHYECKOM, TaK M CIIMHOBOM KorepeHTHocTH [1-3].

B wactHOCTH, OOJBIION HMHTEpPEC MPEACTABISIOT M30TOMUYECKH YUCTHIC
IPUMECHBIE KPUCTAJUIBI, IEMOHCTPUPYIOIINE Ype3BbiyaiiHo Manoe (~ 10 MI')
HCOJTHOPOIHOE YIIMPEHUE ONTHYECKHX IEePEX0J0B MPHUMECHBIX HOHOB [4-6].
Takue y3kue ONTUYECKHE JIMHUM HE TPEeOYIOT CIENHAIBHOTO MPUTOTOBJICHUS
CHEKTPAJIbHBIX POBAJIOB M Y3KUX JIMHUM MOTJIOMIEHUSI BHYTPHU HUX ISl peallv-
3al[MM ONTUYECKOW KBAaHTOBOW mamsAtu. Kpome TOro, M30TOMUYECKH YHUCTHIC
KpPUCTAJUIbI C Y3KUMH JIMHUSMHU MOTJIOIIEHUS SABISIIOTCS OUYE€Hb MEPCIEKTUBHBIMU
MaTepuajgaMu JJis pealn3aluy [HUPOKONOJIOCHONW KBAaHTOBOW NaMsATH HA OCHOBE
HEPE30HAHCHOTO PAMaHOBCKOTO TOTJIONICHHUS M HCIyckaHus (GoroHoB [7-11].
OcHoBHas ujesi TaKOW TEXHUKH COCTOUT B TOM, YTOOBI OTOOpPA3UTh KBAHTOBOE
COCTOSIHUE BXOJSIIET0 (DOTOHA B JIOJITOKHUBYIIEE CBEPXTOHKOE CIUHOBOE CO-
CTOSIHHE, KOTOPOE€ HEUYBCTBUTEIBHO K (DIIyKTyalusiM MarHUTHOTO TIOJIS, YTO
COOTBETCTBYET MOJIHOMY YaCOBOMY CIMHOBOMY IE€PEXOAY WIIA MEPEXOAY C HY-
neBbIM JInHEWHBIM 3¢ dexTom 3eemana (ZEFOZ transition).

B nacrosiimem noxnane oOCYXIAarOTCs pe3yJbTaThl HEJABHUX JKCIEPU-
MEHTAJIbHBIX U TEOPETHUYECKUX UCCIETOBAHHI M30TOMUYECKU YUCTBIX MpUMEC-
HBIX KPHUCTAJUIOB, MEPCIEKTUBHBIX ISl pealu3alii HEPE30HAHCHOW paMaHOB-
ckoil kBaHTOBOM mamstu [12-17]. IlokazaHa BO3MOKHOCTh BbIpalllUBAHUS BBICO-
KOKAQUeCTBEHHBIX (PTOPUIHBIX KPUCTAJIIOB C HEOJHOPOJAHOU NMIUPUHONU ONMTHUYE-
CKHUX JuHUM, nocturaromieid 13 MI'n [16], uTo nemaet ux nepCcrneKTUBHBIMM IS
pean3alri HEPE30HAHCHOW PaMaHOBCKOM KBAHTOBOW IMaMmsATH. B Kpucramnax,
JETUPOBaHHBIX MOHaMu Er-167, BrnepBble NpOJEMOHCTPUPOBAHO YBEIWUYCHUE
BPEMEHM ONTHUYECKOW KOTEPEHTHOCTH Ha MOPSAOK (C HECKOJIBKHUX MKC 10
300 MKC) 3a CYET UCIOJIb30BAHUSI YACOBBIX ONTHUYECKUX MEPEXOJ0B U MOHUKE-
Huga temnepatypsl 10 ~ 100 MK [15]. Takum oOpa3om, mokazaHa MepCreKTUB-
HOCTbh HMCIIOJIb30BaHUSI CBEPXHHU3KUX TeMIEpaTyp AJid yBEIUYEHUsS BPEMEH KO-
FEPEHTHOCTH B CJa0bIX MArHUTHBIX MOJAX. B KpucTtainax, JerupoBaHHBIX
nonamu  Nd-143, BmepBeie HaOmomaics 3PQPEKT  IICKTPOMArHHUTHO-
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WHIYUHPOBAHHOW Mpo3payHOCTH [17] ¢ ucnons3oBanuem cBepXToHkux ZEFOZ-
IIEPEX0JI0B, YTO HEMOCPEACTBEHHO MOITBEPKAAET BO3MOYKHOCTH peau3aluu
pPaMaHOBCKMX CXE€M KBAaHTOBOW MaMsTH B MCCIEAYEMbIX MaTepualiax. TeopeTu-
YEeCKHE OIICHKH, CJieJaHHble B pabote [14], moka3bIBalOT BO3MOXKHOCTh JOCTH-
KEHUs OOJIBIIIOTO0 OTHOIIEHUS CUTHAJ/IIyM TpPH 3allMCU U BOCIPOU3BEIACHUU
OHO(OTOHHBIX COCTOSIHUH B PEXUME HEPE30HAHCHOT'O PaMaHOBCKOIO IOIJIO-
LICHUS U UCITyCKAHMUSL.

Hwnh e

7.
8.
9.

Pab6ota Beimonnaena npu noanepxkke PH® (mpoekt Ne 14-12-00806).
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AIITAPATDBI HA TITIOJIVIIPOBOJHMKOBBIX 1 BOJIOKOHHBIX
JTAZEPAX JUUIA ITPUMEHEHUA B TEPAIINA U X1PYPI'N

B.Il. MunaeB
HTO «UPI-Ilontocy, Opazuno
E-mail: vMinaev@ntoire-polus.ru

[lepBble ychelIHbIe MOMBITKU HMCIOJB30BAHUS JA3€PHOTO HM3IYyUYCHHS B
MEIHULMHE COCTOsUIMCH B 1961 T. Ha ciaeayronmil rox mocie Co3gaHus MEPBBIX
nazepos, koraa B CIIA Leon Goldman mokasan, 4to pyOMHOBBIN Jla3ep MOXKET
OBITh WCIIOJB30BaH JJISI YJAJCHUs BUHHBIX MATEH U MEJIAHOMBI ¢ KOxu [1], a
Charles J. Campbel ckoarynupoain omyxosb ceTyaTku [2].

B CCCP nepBas onepaiiusi 1o IpUBapUBAHUIO CETUYATKU ObLJIa BHITIOJHEHA
B Onecckom HUN um. @unarosa B utone 1964 r. JI. A. Jlunnukom [3] ¢ momo-
IIBI0 DKCIIEPUMEHTAJIBHOTO armapara, co3ianHoro B MmockoBckom OKb-16 (Kb
Toumarr) moa pykoBoAcTBOM ero aupekropa A. D. Hynensmana. Ha ocHoBe
TOro mnpubopa ObUT pa3paboTaH W 3amylleH B CEpHUIlHOE MPOMU3BOACTBO B
1965 r. na 3aropckom OM3 nazepnsiii potokoarymnsarop OK-1.

Crnenyer OTMETHUTD, YTO MCHOJIB30BAHHOE MPHU 3TOM H3IYyYEHUE KPACHOTO
Jana3zoHa 0Ka3ajoCh ONTUMAIBHBIM JIJIsl TOJ00HBIX MPUMEHEHHH, OJJHAKO MaJio
NOJIXOIMJIO /11 UCTIOJB30BaHUS B KAueCTBE JIA3€PHOrO CKAJIbIENs MPU XUPYP-
TUYECKUX OTIEpaITUsiX, TOCKOIBKY CJIa00 MOTJI0Maloch MATKUMU TKaHSIMHU.

NneanbHbIMU JJ1s1 MCTIONB30BAHMS B KAYECTBE JIA3€PHOTO CKAJIBIIETsl CTa-
nu co3aanubie B 1964 r. Kymapom Ilatenom CO,-nazepsl ¢ JJIMHON BOJIHBI M3-
nyuyenus 10,6 mxm. Takoe u3nydeHre CUIBHO MOTJIONIANIOCH BOJOM, Omaromgaps
yemy 00J1aJ1a10 MIPEKPACHBIMH PEXKYIIUMU CBOWCTBAMH.

W

' LS
Jleonnn AnnpeeBny  Anekcanap DMMaHy-
JInaHUK nnosud Hyneneman
(1927-2012) (1912-1996)

Jleon I'ongman Yapnz Kemnen
(1905-1997) (1926-2007)

[Ipumeuanue. TepMUHOM «CHJIOBasl Jla3epHasi Tepanus» (B OTIUYUE OT
HU3KOMHTCHCUBHOM JIa3epHOW TEpamuu) aBTOp OOBEOWHSET Ja3epHBIC MEIH-
IUHCKHE TEXHOJIOTMH, OCHOBAHHBIC HA TaKOM BO3JCHCTBUHU JIA3€PHOrO H3JIyde-
HUS HAa OMOTKaHU, KOTOPOE C OJHOW CTOPOHBI MPUBOJUT K M3MEHEHHUIO nX (Hu-
3UYECKOr0 COCTOSHUS, C IPYTrOM CTOPOHBI, HE CBS3aHO C BO3JICMCTBUEM B BHJIE
CEUCHMSI WIIN yalieHns OMOTKaHU, XapaKTePHBIM JJISI XUPYPTHH.

Bmecre ¢ Tem, koarymupyromue cBOWCTBA 10-MHUKPOHHOTO W3JIyYECHUS
OKa3bIBAIOTCSI HEJJOCTATOUYHBIMU JUIS1 HAJIEKHOTO F€MOCTa3a BO BPEMs OIIEPALUH.
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Bnpouewm, nog pykoBoactBom O. K. CkobenkuHa Obutn pa3paboTaHbl CIELU-
aJNbHBIC 3aKUMBI, TTO3BOJIMBINKME M30€TaTh HEXENATEIbHBIX KPOBOTCUCHUHN MpHU
MCITOJIb30BAaHUM TaKHWX Jia3epoB. Ha 3TOT pa3 HaIIM COOTEYECTBEHHUKH OTIepe-
nunu uHocTpaHHbix koJuier. [lepseiii B CCCP nmazepubiii ckanbnens Ha COo-
nazepe (puc. 1) 611 paspaboran noj pykoBojcTBoM akanemuka H. [1. eBsiTko-
Ba Bo Opssunckom «lctokey», BosrinaBui paspadorky B. II. bemnses [4]. Ycra-
HOBKa OblJIa OCHAIICHA yIOOHBIM I PabOThI XUpypra 3epKajTbHBIM MaHUITYJIS-
TOPOM C HECKOJIBKUMHU CTETICHSIMH CBOOOJIBI JIBMKEHUS HAKOHESYHUKA.

Huxomait JImurpreny Biagucnas [1aBnoBuu bensies Cepreii [ImutpueBuy
JleBstrkoB (1907-2001) (1930-1991) [Tnetnes (1923-2013)

[lepBoe coobmienne o0 ucnonb3oBanuu 31oil ycranoBku C.J[. Ilnerne-
BbiIM B MHUOW um. I'epuena [5] nosisuinock B 1967 r., 1 3aMETHO ONEpeauio
UCIIOJIb30BaHue yriiekucioTHoro jasepa G. J. Jako B CIIA mpu omeparuu Ha
TOJIOCOBBIX CBsI3Kax [6].

[TosiBnsiIMCH HOBBIE JIA3€pPHBIE aNMapaThl I XUPYPTrUu, MOKa3bIBAIOIINE
CBOM IMPEUMYIIECTBA M0 CPABHEHUIO C TPATULIMUOHHBIMU XUPYPTUUYECKUMH WH-
ctpymentamu. OJIHaKO BHEJIPEHUIO UX B MACCOBOE 3/IPaBOOXPAHEHHUE IMpersiT-
CTBOBAJIM BBICOKAsi CTOUMOCTb, OOJIBIIIME BEC, TA0APUTHI M SHEPronoTpeOIcHuE,
YYBCTBUTEJIBHOCTh K BHEITHUM BO3JCUCTBUSM M HEOOXOJUMOCTH MOCTOSSHHOTO
WH)KEHEPHOT'O 00CTY>KMBaHUS.

Curyanus u3MeHunach B Havane 90-X B CBsI3U ¢ OBICTPHIM MPOTPEeccoM B
YBEJIMYCHUH HAJCKHOCTH U YPOBHS BBIXOAHOW MOIIHOCTH TOJYIPOBOJHUKO-
BBIX JIa3€pOB (Ja3epHBIX AMOJOB) MPU CHUKEHUU HX cebectoumocTtu. HemHoro
MO3/IHEE TOSBUIIMCH JIa3epbl HA AKTUBUPOBAHHOM BOJIOKHE, CITIOCOOHBIE TE€HEPH-
pPOBaTh U3JIYUYEHHE MOIIHOCTHIO B €IMHHUIIBI, a 3aTEM JIECATKU U COTHU BatT. Bee
ATO MO3BOJMUJIO CO3[aBaTh HA OCHOBE MOJYIPOBOJHUKOBBIX U BOJIOKOHHBIX Jia-
3epOB MEIUIMHCKUE anmnapaThl sl XUPYPruu U CUJIOBOM Tepamuu C MpeKpac-
HBIMH DKCIUTyaTallHOHHBIMU XapaKTEPUCTHUKAMU: rabapuTamMu, Maccoil (OKoJo
10 kr) u saepronorpedbnenueM (mopsaka 100 Br). [TockonbKy Au0IHBIE Ta3ephl
MO>XHO TIPOCTO MOIYJIUPOBATH IO MUTAHUIO, C MX TTOMOIIBIO JIETKO 00€CTIeunTh
KaK HENpPEepbIBHBIN, TaK U UMIYJIbCHO-NIEPUOIUUECKUI PEXUM pabOThI C U3Me-
HEHHUEM B IIUPOKUX MpeiesiaX JIUTEIbHOCTEN UMITYIBCOB U May3 MEXIY HUMH.

C mosiBIeHWEM COBPEMEHHBIX MOPTATHUBHBIX allapaToB CTajd0 BO3MOXK-
HBIM, HaIlpUMEP, PA3MECTUTh B OJTHOM SHJIOCKOIINYECKON CTOMKE HECKOJIBKO He-
JIOPOTUX allapaToB, MO-pPa3HOMY BO3JECUCTBYIONIUX Ha OMoTKanu. HemanoBax-
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HO, YTO TAaKHE anmapaTsl HaJEKHbl U MPOCTHI NIPH dKcIuTyaTaunu. Hakonen, an-
IapaThl HA OCHOBE ITOJIYNPOBOJHUKOBBIX U BOJIOKOHHBIX JIA3€POB OKa3bIBAKOTCS
JEHIEBIIE aHAJIOTOB HA OCHOBE TBEPAOTEJIBHBIX U ra30BbIX J1azepoB. K aTomy no-
OaBisieTcst 60Jee HU3Kask CTOMMOCTb 3KCIUTyaTalru, 00YCIOBIEHHAs] OTCYTCTBU-
€M HEeO0OXOJIMMOCTH B IEPUOUYECKOM UHKEHEPHOM 0OCITYKHUBaHUU.

IlepBblii OTEYECTBEHHBIM AUOJHBIN JIA3EPHBINA CKAIBIEND «AITO-XUPYPI»
¢ nnuHo BosiHBI 0,98 MKM M BBIXOJHON MOIIHOCTHIO 3 BT ObLT mpeacTaBieH
MaJlbIM npeanpusatueM «Anto» B 1994 r., oqHako He ObUT 3aperucTpUpOBaH B
Poccun. IlepBeiM 3apeructpupoBanHbsiM (1999 r.) anmapatom ctan «Jlazon-
10IT» (0,97 mxm, 10 BT) - coBmecTHas pazpadborka OHIIL «IIpubdop» u HTO
«APO-1Tomrocy.

= - W ™ B HacTosIee BpeMs MeIM-

‘ LIMHCKHE alliapaTsl HA OCHOBE IO-
JYNPOBOJHUKOBBIX JIa3€pOB C Xa-
PaKTEpUCTUKAMH, HE YCTyHarOlH-
MU 3apyO€KHBIM aHAJIOraM BBbI-
IIyCKAIOT HECKOJBKO OTE€YECTBEH-
HBIX npeanpustuii. Haubonee mno-

" MYJISIPHBI  anraparbl, T€HEPHUPYIO-
Puc. 1. JlazepHblii CKabIIENIb-KOAryJISITOP yAp P ’ papYy
«JTason-10IIy A€ U3JIYYECHUE C JAJIUHAMU BOJIH

0,81; 0,97 m 1,47 Mxm.

HoBble BO3MOKHOCTH OTKPBUIHCH ¢ HadajioM pazpaborok B HTO «PDO-
[Tomrocy ammapaToB Ha OCHOBE BOJIOKOHHBIX J1azepoB [7]. B 2001 r. 6bu1 3aperu-
CTPUPOBAH TEPBBIA ammapar ¢ JiazepoM Ha 3pOuii (Er)-akTMBHPOBaHHOM BO-
nokHe (1,55 MkMm), KOTOpBIM B ganbpHelieM Boriena B ceMeicTBo JICII-«MPD-
[Tomtocy, 3apeructpupoBanHoe B 2004 r. ¥ BKIIIOYAIOIIEE TAK)KE anmapaThl Ha
ocuoBe wurrepouit (Yb) u tymuii (TmM)-akKTHBHPOBAHHOTO BOJIOKHA C JJIHHAMH
BOJIH M3nydeHui coorBeTcTBeHHO 1,06 u 1,94 mxm. Kpome 3Toro B ceMeicTBO
BOIIEJ ABYXBOJIHOBBIN ammapar, B KOTOPOM JIBa HE3aBUCUMO PETYIUPYEMBIX 10
MorntHocTH m3nydenus (0,97 u 1,55 Mkm) BBIBOIATCS uepe3 OJHO pabodee BO-
JIOKHO. DTO TO3BOJISIET XUPYPry MEHSITh XapakTep BO3ACHCTBUS HA OMOTKAaHU B
MIPOLIECCE ONEPALUU.

[IpenmyiecTBa UCTIONB30BaHUS BOJIOKOHHBIX JIA3€POB MOYKHO OOBSICHHUTH
Ha ocHoBe anmnapartoB cemeiicta JICIT-«UPO-ITomrocy.

Ha puc. 2 npexacraBieHa ynpollleHHasi CXeMa anmnaparoB cemeincrpa. 13-
Jy4YEHHE NUTTEHIMPOBAHHBIX (C BOJIOKOHHBIM BBIBOJIOM) JIA3€PHBIX AMOJIOB
CYMMHUPYETCSl B CBAPHOM BOJIOKOHHOM CYMMAaTOpP€ B €IMHOE BOJOKHO U MOXET
OBITHh HCIIOIH30BAHO B KAUeCTBE BBIXOJAHOTO paboOYero HM3IydeHHs, JU00 s
HaKayKy Jia3ep Ha aKTUBUPOBAHHOM BOJIOKHE. MCronb30BaHUE B KayecTBE OT-
pakatenel pe3oHaTopa BOJOKOHHOTO Jlazepa OPETrrOBCKUX PENIETOK, CHOopMuU-
POBAHHBIX HEMOCPEJCTBEHHO B BOJIOKHE, CHUMAET MPOOJIEMy IOCTUPOBKU PE30-
Hatopa. TakuM oOpa3oM, KOHCTPYKIMS amnmapaTa 0 OINTHYECKOro pa3zbema
MpEACTaBIsAECT COO0N MHTErpabHOE BOJIOKOHHOE YCTPOUCTBO, HE HYKAAIOIIEeCs
B IOCTUPOBKE, HE UYBCTBUTEIBHOE K BIIMSHUIO OKPYXKAIOIIEH Cpelbl U MEXaHU-
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YEeCKUM BO3JEHCTBUAM. BBIXOJHOE M3iIyueHHuE Jiazepa MOXKET ObITh MCIOJIb30-
BAaHO JUIS HAaKayKW CIEAYIOLIETO Jla3epa, FTEHEPUPYIOLIETO U3JIYYECHUE C APYTrou
JUJIMHOM BOJIHBI.

Hazepure Otpaxarenu Onrudeckui
THOIH peEsCHATORA pasEEM
AFNTHEHPOBAHHOE EONOKHO Pabouee Bonmoxm

Puc. 2. Cxema nazepHoro ammapara

Bricokoe kauecTBO JazepHbIX Ju0J0B TmpousBoiactBa HTO «MP3O-
[Tomtoc» mo3BossieT 00XOAUTHCA TMpU paboTe BO3MYIIHBIM OXJaXJACHUEM Oe3
TEPMODJICKTPUICCKUX XOJIOJUILHUKOB, & 3HAYUT, YMEHBIITUTh BEC, Ta0apUTHI U
sHepromnorpedeHre. TeXHOJOruss BOJOKOHHBIX CYMMAaTOPOB TO3BOJSET 00B-
€JIMHSTh B BBIXOJHOE BOJIOKHO M3JIYUYEHHMS JIa3€pOB C Pa3HbIMU JJIMHAMM BOJIH.
Jlns 0603HaueHUs MecTa, B KOTOPOE TMOMNaeT MpU BKIIOYEHUN paboyee u3inyde-
HUE, B BBIXOJHOM CBETOBOJ MOAAETCS U3JIYUYCHUE BUIMMOTO IMana3oHa.

Ha puc. 3 npexncraBineHa CTpyKTypa CEMEWCTBa JIa3€pHBIX alapaToB
JICII-«MPD3-Tlontocy, He BKIIIOYAloIias IByXBOJHOBYIO BEPCHUIO almapara.

nfn nazep p 0,97 MEM
flazep Ha eoAOKHe € YD

= 1,02...1,12 MEM

fNazep Ha BONOKHe C Er

p 1,53...1,58 MEM

PamaHoOBCKMH

Q 1,68 MK

flazep Ha BOAOKHE cTm

.

v

1,8...2,1 mMKEmM

Puc. 3. CemeiictBo na3zepHsbix anmnapatoB JICIT-«APO-ITomroc»

Hcnonp30BaHHBIN TOAX0]] 00€CTIEUNBACT BHICOKYIO YHH(PHUKAIIUIO armma-
patoB cemeicTBa. J[eno B TOM, 4TO WX OCHOBOW SABIIAETCS MUOJHBINA JIa3ep C
mmHON BOJHBI 0,97 MKM ¢ 00CITY>KMBAIOIUMU €T0 OJIOKaMH TTUTAHUS, yIpaB-
JICHWS U BEHTWISTOPAMH OXJIAXKJICHUS, OT KOTOPOTO BEPCHUM C BOJIOKOHHBIMH
Ja3epaMu OTIMYAIOTCs MPUBapUBaeMbIMH K BBIXOJY 0a30BOro Jiazepa 0JioKamu,
coAep KallMMHU BOJIOKOHHBIE JIa3€PHI.
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B tabn. 1 npeacrtaBieHbl XapakKTEPUCTUKU HAUOOJEEe MOMYJISIPHBIX MOJE-
nen annapartoB cemenctsa JICII- «MP3-Ilomroc». BeIyckaeMbIX B HACTOSILIEE

BpeMS.

Tabonuma 1

JlUIMHA BOJIHBI, MKM

0,97 1,55 1,94 | 0,97/1,56

Brixognas momaocts, W

30(60) 15 5;10 30/15

Pexxumbl paboThbl

HenpeprIBHBIN, UMITYILCHBIN,
VMITYJIbCHO-TIEPUOUYECKUN

JUIUTENbHOCTh UMITYJIBCOB U T1Ay3, MC 10...10000

Jlazep neneykasareiib, MKM

0,53 (0,67)

JlnameTp BOJIOKHA, MKM

(200) 400...600

[Tutanue 220 (110)V, 50...60 Hz, no 200 VA
Pa3zmepsl, MM 120x260%330
Macca, xr, HE OoJice 9

Bricokas 3¢ exkTuBHOCTh anmapaToB U UX HHU3Kash YyBCTBUTEIBHOCTH K
BHCIIIHUM BO3JEHUCTBUSIM T03BoJMjia paszpadorate Bepcuto JICIT — «APDO-
[Tontocy, mogens «Kommakt» (puc. 4), HaxoAsmascs Ha CTaAUN PETUCTPALIUH.
B Hell anmapat MHTErpupoBaH B FepMETHYHBIA KOPIYC M MOXKET paboTarh OT
BCTPOEHHBIX aKKyMYJSITOPOB B TeueHHe 4aca. OH MOXET ObITh HCIOJIb30BaH
JUTSI OCHAIIIEHHSI MAIlIMH CKOPOM MOMOIIHU, B OBICTPO pa3BEPTHIBAEMbBIX IOCIIUTA-
JSX, a Tak)Ke MPHU BbIE3/I€ Bpaueld B MEIUIIMHCKHUE YUPEKIACHUS, HE UMEIOIINe
oJI00HOT0 00OpYAOBaHMS, HATTPUMED, JIJIS JICUCHUS] BAPUKO3HO PACIIMPEHHBIX

BeH MmeToaoM DBJIK.

Puc. 4. JICIT-«APD-ITomrocy, Mo-
nens «Komiakry

[TocKOMBKY THUIIMYHOE CEYCHUE CBETO-
HEeCyIIeH cep/IeBUHBI aKTUBHOT'O BOJIOKHA CO-
CTaBJISIET BEIMYUHY nopsaka 10 MKM, B OTJIHU-
Yyue OT JHMOJHBIX JIa3€pPOB, M3Iy4YCHHE BOJIO-
KOHHBIX C MoOIIHOCTBIO J0 100 m OGomee Bt
MOKET OBITh BBEJEHO B TOHKOE pabodee BO-
JIOKHO. DTa BO3MOXKHOCTh pe€aju30BaHa B IO-
cieanert paspaborke HTO «MP3-Ilomocy -
JIByXBOJTHOBOM ammapaTe MOBBIMICHHON MOIII-
HocTH «Yponaszy (FiberLase U1), peructparu-
oHHoe ypoctoBeperne Ne P3H 2017/5446,
peIHAa3HAYCHHOM JIJISl OTlepaIiii ¥ JTUTOTPHII-
CUU B YPOJIOTHH.

[IpencraBnennble B TaOuuile 2 XapaKTEPUCTUKHU ITOTO armapara B CpaB-
HEHUU C OJMKAUTIIMMU 3apyO0eKHBIMHU aHAJIOTaMH TIOKA3bIBAIOT MMPEUMYIIECTBO
MCITIOJIB3yeMbIX TO1X010B. Ha puc. 5 mpencraBneHs! ammapaTtsl u3 Tabm. 2.
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Tabmuma 2
XapaKTEpUCTUKHU JIA3EPHBIX allllapaToB, TEHEPUPYIOLIUX JA3EPHOE U3IY-
YyeHHeE C JUIMHOM BOJIHBI BOJIU3U 2 MKM C MaKCUMAaJIbHOH BBIXOJHONH MOIIHOCTBIO

atoro uznydyenus 120 Br.

Anmapar Pulse 120H RevoLix Vela-XL VYponas
AKTHBHAA AUTI':Ho AUT:Tm | BoiokHO, aKTUBUPOBAHHOE TM
cpena
A, MKM 2,1 2,01 1,94 1,94 + 1,56
MormtHocts, BT|120 (cpeansis) 120 120 120 + 15
M.
Pesxim paboTt |0,2-6]1x, 5-80 I/IMH.SOMC—ICU, Nmi.1 mc, ) Mmm. O,2MC-1S},
I HETIPEPBIBHBIN | HEIPEPHIBHBIN | HENIPEPHIBHBIH
Jlasep 0,53 MmxkMm 0,53 micm 0,53 MKkM 0,53 MKkM
1eJieyKa3aTesb 0,635 MKkM
Macca, xr 245 150 150 <40
["aGapuTtsl, cm | 47x116x105 42x95x89 30x95x105 55x46x29
Mwrans 200-240B, 200-240B, 200-240B, 220+10 %,
anme < 46A <15A < 16A < 10A
VS OTOBHTENL «Lumenis», | «Lisa laser», | «Starmedtec», | HTO «1PD-
Nzpannb OPT’ OPT’ [Tomroc», PO

Lumenis ‘
Pulse 120H

B

Puc. 5. JlazepHbie anmapatsl, paboTaroiiue B auana3oHe 2 MkM: a — «Pulse120Hy;
6 — «Revolix»; B — «Vela-XLy; r — «Ypomnas»

Cnenyer OTMETUTb, YTO OJJTHOBPEMEHHO C pa3padorkoil anmapatoB HTO
«PO-ITontoc» ¢ mapTHepaMu pa3BEpHYJO aKTUBHYIO pabOTy € BpayaMH IO
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pa3pabOTKK TEXHOJIOTUN X npuMmeHeHus [8]. Pe3ynbraTom 310N paboOThHI cTanu
6onee 10 3aperucTpupOBaHHBIX MEAUIMHCKUX TEXHOJOIMI U MOcoOuid st Bpa-
4yell B pa3HbIX 007acTAX MEIUUUHBL Pa3zpabaThiBaIMCh TEXHOJOTUHU U JJIs JIPY-
rux npudopoB. Tem cambiM ObLT cO3/1aH (PYHIAMEHT JJIsl BHEJPEHUSI B MEUIIU-
HYy Ja3epHBIX METOJI0B, OCHOBAaHHBIX Ha UCIOJIb30BAaHUU JIOCTYIHBIX U HAJCK-
HBIX anmnapaTosB.

Pa3nooOpasue niauH BOJIH pabodero U3inydeHus OOBIACHIETCS TEM, UTO OT
WX 3HAYCHUS 3aBUCAT ONTUYECKUE CBOMCTBA OMOJOTMUECKUX TKaHEH (ImorJjoiie-
HUS U pacCesHUS), a 3HAYUT U XapaKTep BO3JCHCTBUSA Ja3epHOTO MU3JIYYEHHUS Ha
OMOTKaHHU.

1000 -
—Hct 33,2 % oxy
- — Hct 33,2 % deoxy
100 A --------Hb 96.5 g/L oxy
——Hb 96,5 g/L deoxy
H20
- 10 -
E
E
4 1
0.1 =
.'( 'Ill
[\
0.01 ; ; o . ; . |

250 S00 750 1000 1250 1500 1750 2000
Wavelenagth [nm]

Puc. 6. 3aBucumocTy K03(PPUITMESHTOB MOTJIOMICHHS B BOJIE, SMYJIbCUH SPUTPOIIUTOB U pac-
TBOpE TeMOTJI001MHA, MOACIHUPYIOMINUX KPOBb OT JJIMHBI BOJIHBI U3Iy4eHUs (CTpPEJIKaMH MoKa-
3aHbl IMHBI BOJH 0,97; 1,55 1 1,94 MxMm)

OcHoBHBIMH XpoMOdOpamMu B OMOTKAHSX, TOTJIONIAIOITUMU U3yUYCHHE B
BuguMoM 1 6mkHeM MK nuamazoHax sBisitOTCS Bojia M reMoryioonH. Ha puc. 6
MPEACTaBIEHBI 3aBUCHUMOCTH KOA((PHUIIMEHTOB MOTJIONMICHUS B BOJE, IMYJIbCHIX
SPUTPOILIMUTOB M PACTBOpPAX I'eMOrjI00nHa, MOJCIUPYIOMUX KPOBb ¢ TEMaTOKPH-
ToMm Hct = 33,2 % OT JUIMHBI BOJTHBI U3Ty4eHUS [9].

W3 pucyHka BHIHO, B YaCTHOCTH, YTO TPH JJIMHAX BOJH MEHBIIE MPH-
MepHO 1,2 MKM TIOTJIOIIEHHE TE€MOTJIOOMHOM KpPOBH OOJIbIIE, YEM IOTJIONICHUE
BOJIOM, H3JIy4eHHWE HA3BIBAIOT «TEeMOTJIOOMHIIOTIONIAeMbIM», a Ja3ephl «H-
nazepamuy. [Ipu Goree BRICOKMX 3HAYCHUAX JTMHBI BOJHBI ITOTJIONISHHUE B BOJIC
HaYyMHAET UTPaTh OCHOBHYIO pOjb. Takoe M3ydeHHE IMOJYYHIIO Ha3BaHHE «BO-
JOTIOTJI0IIaeMoe», a jJazepbl «\W-1azepoi».

3HaHUE ATUX 3aBUCHMOCTEH IO3BOJISICT ONTHMH3UPOBATH MEIUIIMHCKHEC
Metonukn. Tak, «H-mazepel» okaspiBatoTcs Oosiee A(HPEKTHUBHBIMU IS
YPECKOKHOM KOoaryasiiuu Teneanrudkrazuii (cm. Hamp. [10]), a «W-nazepbi»
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OKa3bIBalOTCs 0osiee 3(P(HEKTUBHBIMU IMPHU JEYEHUH BAPUKO3HO PACIIUPEHHBIX
BeH meTosioM DBJIK (sH10BeHO3HOM azepHoi Koarynsiuun) [11].

Heo0xonuMo y4MThIBaTh, YTO BaKHBIMU MOTYT OKa3aTbCsS CPAaBHUTEIBHO
HeOOJIbIINE U3MEHEHHMSI JJIMHBI BOJHBI M3nydeHus. Hanpumep, nis anmapatos,
MPEICTABICHHBIX B Ta0J. 2 KO3(P(PUIUEHTHI MOTJOIMIEHNS OTINYAI0TCA MIPUMEP-
HO B 2 1 4 paza (puc. 7 Ha ocHOBe [12]).

FosdvdumrmenT mor momm eHia  w., 1

ro B BOJHOU cpene WiK cpeae PU3n0oIorudecKoro
pacTBOpa M3IY4YeHHs, BOJHM3U BBIXOJHOTO TOpIIA
CBETOBOJIa HAOIIOIA€TC CBEPXWHTCHCHBHOE KH-
nenue [14], B pe3ynbTaTe KOTOPOro MOXET ¢Gop-
MHUpOBaThCs AByX(ha3Has (M3 Mapora3oBBIX MHUK-
pomy3bIpeil U Topsueld BOJbl) CTPYsl, KOTOpask Mo-
KT HEKOHTAKTHO paccekaTh MATKue TKaHu [15] ¢
KOoaryJsiquend KpaeB pa3pe3a U MUHUMYMOM Kap-
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Puc. 7. 3aBucumocTs K03 puIimeHTa morioneHus
B BOJIE OT JUTMHBI BOJIHBI U3JTy4YEHUS U TEMIIepaTy-
phBI: crutontHas auHus - 22+1 °C, myHKTHD -

49+5 °C, mrrpuxoBas smaus - 70+£5 °C.

DTOT PUCYHOK OKa3bIBa€T
TaKKe elle OJHO MPEUMYIIECTBO
BOJIOKOHHBIX JIa3€pOB IO CpaB-
HEHUIO C KPUCTAUIMYECKUMU:
MOJIOCOM TMOKa3aH JAHana3oH, B
KOTOpPOM MOT'YT paboTarth Jiase-
pbl Ha TM-aKTUBUPOBAHHOM BO-
JIOKHE.

C ucnosib30BaHUEM H3IY-
YEHUsSI BOJIOKOHHBIX JIa3€POB pe-
anu3yrorcs ounoduzndeckue 3¢-
(beKThbl, MO3BOJIUBIINE PEATHU30-
BaTh HOBBIC MEIUIIMHCKHE Me-
ToAuKu. B wacTtHocTH, H3Tyde-
HHE C JUIMHOW BOJHBI 1,55 MKM
MO3BOJISIET pEAIU30BaTh Ja3ep-
HYI0 TEPMOIUIACTHKY XPSAILIEH,
OCHOBAaHHYIO Ha SIBJI€HUHM OOpa-
TUMOW TOTEpPU YHPYrOCTH Xps-
med 1Opu  KpaTKOBPEMEHHOM
HarpeBe J0 TEMIIEPATYPbl OKOJIO

70 °C [13].

bnarongapst aTomMy ynaercs HEMHBA3UBHO OCYHIECTBISATH KOPPEKIUIO hop-
MBI HOCOBOUM TMEPETOPOJKHA U YIIHBIX pakoBuH. Ha puc. 8 mpencrasiena ¢oro-
rpadus yxa KpoJmKka 3arHyTOe METOJIOM Ja3epHOM TepMoIiacTuku. BuaHo, 9to
ocTajach HEMOBPEXKICHHOM IEPCTh B MECTE U3ruda.
[Ipy ucnonp30BaHUM CUJIBHO MOTJIOIIAEMO-

OOHM3ALAH.
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Ha puc. 9 npencrasnenst u3 [15] ¢otorpadun peanuzanuu rugpoiuHa-
MUYECKOTO PACCEUECHUs P PE3EKIHMH OMYXOJU MOYEBOTO MYy3bIpS M 3HYKIIEa-
LMY TIPOCTATHI.

Korpma Mukpomnysslpu ciIMBaroTCs, 00pa3yeTcsi Mapora3oBblii Makpomy-
3bIpb (pHC. 9B), Uepe3 KOTOPHIM MpaKTUYECKH O€3 MOIJIOMIEHUS POXOAUT U3IY-
yeHue — 3 QekT, monyuuBmmid HazBaHue «d3pdexra Mouces» (Moses effect)
(cm. Hamp. [16]). Mcronbp3oBaHUE 3TOTO SIBJICHHUS MTO3BOJIIET MOBBICUTH CKOPOCTh
Ipo0OsieHHs] KAMHEN U YMEHBIIUTh UX MUTPALMIO (PETPOILYIBCUIO) B YPOJIOTUH.

Puc. 9. l'mapoanHamiueckoe pacceueHue TKaHU TP PE3EKITUHN «ETUHBIM OJIOKOMY OITyXOJH
MOYEBOI0 My3bIps (a) U SHYKAEAlUU aJJleHOMBI NPEACTaTeabHOM *Kenessl (0), «apdext Mou-
cesi» (B), (1 — xoHell cBETOBO/IA, 2 — CTPYS, 3 - paKOBasi OMYX0Jib, 4 - MAKPOITY3bIPh)

HepequL MCTOAUK JICHCHUA C HCIIOJIB30BAHUCM allllapaTOB Ha OCHOBC
BOJIOKOHHBIX W ITOJIYIIPOBOAHUKOBLBIX JIA3CPOB MOXKCT OBITH IMPOJOJIZKCH, HO 9TO
BBIXOJUT 3a PaMKH HACTOAMIICTO COO6H_I€HI/I§I.

HOIIBO,ZIH HUTOI' IMMPCACTABJICHHOMY 0630py, MOXHO CKa3aTb, 4YTO IIOABJIC-
HUC MCAUIWHCKHUX aIllIapaToB Ha OCHOBC ITOJYIIPOBOAHHUKOBBIX W BOJIOKOHHBIX
JIa3€poOB, HC TOJBKO OTKPLLIO BO3MOXHOCTH IIHUPOKOI'O BHCAPCHUS JIA3CPHBIX
TEXHOJIOTUM B MacCOBOE 3APaBOOXpPAHCHUEC, HO U ITO3BOJIUIIO pa3pa60TaTL BBI-
COKO3(1)(1)€KTI/IBHLIC MAaJIOMHBA3UBHBIC TCXHOJIOTMHU, MHOI'HC M3 KOTOPLIX, B OT-
JIMYUC OT TPpAAULHMOHHLIX, IMO3BOJIAIOT OCYHICCTBIIATH JICUHCHHC 0e3 rocrnuTaau-
3dallU B YCJIOBHUAX INOJIMKIIMHUKH WIIX AHCBHOI'O CTAllMOHApPA.
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HU3KOTEMIIEPATYPHAA INHAMUKA HEVIIOPAOYEHHBIX
TBEPIbBIX TEJI: UCCJIEAOBAHUA METOJOM CIIEKTPOCKOIINHA
ONHOYHbBIX MOJIEKVYIJI

I0.T". Baiinep
Hnemumym cnexkmpockonuu PAH, Tpouyx
E-mail: vainer@isan.troirsk.ru

JlnHaMUYeCKHEe TPOIECChl B HEYMOPSTIOYSHHBIX TBEPAOTEIBHBIX BeIe-
CTBaxX M3YUYECHBI B CYIIECTBEHHO MCHBIIICH CTETICHHU, YEM B CIydae XOPOIIO YITO-
PATOYEHHBIX KPHCTAIOB, YTO OOBSCHACTCS HAMHOTO 0OJiee CI0KHON BHYTpPCH-
HEH CTPYKTYpoi Takux BemiecTB. OCOOCHHO MaJIo MBI 3HAEM O MPOIECCax BHYT-
pEHHEH TUHAMUKHA B OPTraHUYCCKUX HEYMOPSIOUYCHHBIX BEIIECTBAX, HAIPUMED,
B Pa3HOOOpAa3HBIX IMOJIMMEPAX, KOTOPBIE MIUPOKO MPHUMEHSIOTCA. JlokambHas
HEYIOPSAA0YEHHOCTh YKa3aHHBIX BEIIECTB 3HAYMTEIIBHO YCIOXKHICT TCOPETHYC-
CKOE OINMUCAHUE TPOIECCOB BHYTPEHHEH TMHAMUKH B HUX U TPEIBSBISACT )KECT-
Kre TPeOOBaHMS K MPUMEHSIEMOM ISl TOT0 KCIIEPUMCHTAIBHON TEXHUKE U Me-
ToaUKaM. B 4acTHOCTH, JUIsl TTOJIYYCHHUS HOBOM Ba)kKHOW MH(OpMAIMM O JHHA-
MUKE HEYIOPSJIOYCHHBIX CPeJl Ha MUKPOYPOBHE W B MAKCHUMAJbHO IIHPOKOM
JMana3oHe BPEMEH KpaiHE JKeNIaTeJbHO IMPUMEHSATHh METObI, ITO3BOJISIOIINE
YCTPAHUTh PA3IMYHBIC THITBI YCPEIHCHUS, MPUCYIIHE SKCIICPUMEHTAIbHBIM Me-
TOJIaM, TaKHe KaK BPEMEHHOE, MPOCTPAHCTBEHHOE U aHCaMOJICBOE YCPEIHCHHUE.
Vka3zaHnas 3a7a4a MOXKET ObITh BBIIOJIHEHA C UCIHOJIL30BAHUEM HOBBLIX METOIOB
CIIEKTPOCKOMHMH MPUMECHOTO IieHTpa. OMHUM M3 TaKUX METOJOB SBJISETCS Me-
TOJT CITIEKTPOCKOITUU OJIMHOYHBIX MOJICKYJI, KOTOPBIM IMO3BOJIIET YCTPAHHUThH JIBA
TOCJICTHUX M3 BBIIIE MMEPEUYUCICHHBIX BHJIOB YCPEIHCHUSI.

JlanHas jekius OyaeT MOCBSIIECHA M3JIOKEHUIO PE3yIbTaTOB CHCTEMAaTH-
YECKOTO M3YUYCHHUS HU3KOTEMIIEPATYPHOW JIWHAMHUKH HEYIOPSJIOYCHHBIX Opra-
HUYECKUX BEIICCTB C MPHUMCHCHHUEM METOJa CIIEKTPOCKOIUU OJAMHOYHBIX MpPH-
MECHBIX MOJICKYJl Ha HpPHUMEpPE HCCIICIOBAHHH BBICOKOMOJICKYJISIPHOTO amopd-
HOTO TMOJMU300yTHICHA. BynyT KpaTKO W3JI0KEHbI OCHOBHBIC (DH3WYCCKUE
IPHHIIMITEI METOJA CIIEKTPOCKOIIMH OJJUHOYHBIX MOJICKYJI U OCHOBBI €r0 IpUMeE-
HEHUS JUIA U3YUYCHUS JUHAMHUKH IOJIMMEPOB IIPHU IeJIMEBBIX TeMIiepaTypax. by-
JeT TIPOJIEMOHCTPHUPOBAHO, KaKUE HOBBIC 3HAHUS O IMPOIleccaX BHYTPEHHEH JTH-
HaMHKH{ B HEYIOPSIOYEHHBIX OPTaHMYECKHUX MOJIMMEPaX ObUIM MOJTyYEHHI B pe-
3yJbTaTe MPOBEJICHHBIX HMCCIICIOBAHUN M KAaKOBBI JAJbHCHUIIHNE IEPCIICKTHBBI
MOJOOHBIX MCCIIEAOBAHHU.
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[EPCIIEKTUBHBIE 'TEOMETPUN AKTUBHBIX 9JIEMEHTOB
JUIA JTASEPOB C OAHOBPEMEHHO BBICOKOU ITMKOBOU
N CPEJAHEN MOIIIHOCTbBIO

O.B. ITayslammos
Hncmumym npuxnaonou ¢puzuxu PAH, Huscnuii Hoseopoo
E-mail: palashov@appl.sci-nnov.ru

OnuuM u3 HanboJee 3HAYMMBIX HAMpaBiICHUNW KBAHTOBOW 3JIEKTPOHUKHU
SIBIIIETCS CO3/IAHUE JIA3€POB C OJHOBPEMEHHO BBICOKOM MHUKOBOM U CPEAHEU IO
BPEMEHHM MOIIMHOCTHhIO. OHON U3 TJIaBHBIX (yHIAMEHTAJIbHBIX HAaY4YHBIX IMPO-
0JieM, OTPaHUYUBAIONIUX CPETHIOI0 MOIIHOCTH JIa3€pOB, pabOTAIONIUX KaK B He-
PEPHIBHOM, TaK U B UMIYJIbCHO-TIEPUOIUUYECKOM PEKUME, SIBISCTCS HEU30€K-
HOE TEIUIOBBIJICJICHNUE B JIa3€PHBIX AJ€MEHTaX (KaKk aKTHMBHBIX — B KBAaHTOBBIX
YCWJIMTENSIX, TAK U MAarHUTOAKTUBHBIX — B ONTHYECKUX M30JsTOpax). Bo3Huka-
I011l€€ HEPAaBHOMEPHOE pacIpesieieHue TeMIiepaTypbl 0 00beMY JIEMEHTa MO-
KET MPUBOJIUTH K TOSBJICHHUIO IIEJIOT0 Psijia HETaTUBHBIX A((PEKTOB: TEIIOBOM
nuH3e (U3-3a (a30BbIX MCKAKEHUM); TEPMOHABEAECHHON Aenoisipu3anuu (13-3a
MEXaHUYECKUX HANpPsDKEHUU, MPUBOIAIIMX K JIMHEHHOMY NBYJIy4erperaoMiie-
HU10) [1]; nedopManmsiMm ONTUYECKUX DJIEMEHTOB (BILIOTH JI0 UX Pa3pyYIICHUS) U
np. YBenuueHue cpefaHed mo oobemMy TeMMepaTypbl MOXET MPUBOJAUTH K pac-
IIUPEHUIO U CMEIICHUIO JIMHHUM TOTJIOMICHUS, YMEHBIIIEHUIO CEYEHUS TIEPEX00B
[2] 1 T. .

Hanbonee cuiabHBIM HMCTOYHMKOM TEIJIa B aKTUBHBIX AyeMeHTax (AD)
TBEPAOTEIBHBIX JIA3epPOB sBIsIeTCA n3nyueHrne Hakauku. Hagano XXI Beka, Ona-
rojapsi OypHOMY pa3BUTHIO JHOJHOW HAKauyKH, O3HAMEHOBAHO CYIIECTBEHHBIM
IpoOrpeccoM B 00JIaCTU CpeHEN MOIIHOCTH JIa3€pOB C OJJTHOBPEMEHHO BBICOKOI
CpellHel Mo BpEMEHU M NMHUKOBOM MOIIHOCTHIO. B mazepax Ha woHe Heoguma
MOIITHOCTh TEIJIOBBIICIICHHUS COCTABIIACT ACCATKH MPOIEHTOB [3] m3-3a 00bIIIO-
ro AedekTa KBaHTa HaKa4yKu U Mapa3uTHBIX MPOLIECCOB MOTJIONIEHUS B BO30Y K-
JICHHOM COCTOSIHUM, KpOCC-pejlakcaluu u T. 1. [4]. B cBs3u ¢ 3TUM B KauecTBE
AKTUBHOT'O MOHA HIUPOKO MCIOIB3YyeTCS CEroHsI MOH UTTepOus, XapaKTepusye-
MBIl HEOOJBIIUM J1eeKTOM KBaHTa [5], OONBIIMM BPEMEHEM JKH3HU WHBEPCUU
(BepXHEro ypoBHS) U OTCYTCTBHEM IOTJIOMICHUS M3 BO30YKIEHHOTO COCTOSHUS
[2].

MeToioM MoAaBICHUS MapPa3UTHBIX TETUIOBBIX () (PEKTOB MOXKET CIIYKHUTh
oxJIaxacHue AD, HampuMmep, JI0 TeMIEpaTyphl XXuIKoro a3ora [6]. [Ipu 3towm,
JUTSE UTTEPOUN COJEPIKAIUX CPEM, YBEIMUYHUBACTCS TEIJIOMPOBOAHOCTh, YMEHbB-
maeTcss Ko3(p(UIIMEHT TEIUIOBOTO PACIIMPEHUS U TEeMIEPAaTypPHBIA T'PaJUCHT
M3MEHEHHUSI TIOKa3aTes IpesioMIieHus 7], yBEIMUUBAETCS CEUEHUE TOTIOIICHUS
Ha paboyeM mepexoe W MepexoJie HAKauKd, M MPAKTUYECKH MOJHOCTHIO OMYy-
CTOILIAETCS] HUKHUN pabounii ypoBeHb (Cpella CTAHOBUTCS YETHIPEXYPOBHEBOM )
[2].

B mpenmaraemoii nexumm Oosiee MOAPOOHO W3IAraeTcs APYrOol METOT
00pbOBI ¢ TemIoBbIMU A PeKkTaMu — Npu MOMOIIM NpuAaHus AD na3epoB HO-
BBIX/TIEPCIIEKTUBHBIX (hOopM/TeoMeTpuidl. ITO OUYeHb 3HAYMMBIN Mapamertp. [lei-
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CTBUTEJBHO, MOSIBJICHUE B KOHIIE MPOIIJIOro BeKa HOBOUW reomeTpun AD — «BO-
JIOKHa» (aCHEKTHOE COOTHOIIICHHUE — OTHOIIEHUE JIIMHBI K quameTpy A > 1000),
B CUMTAHHBIE TOJIbI CAEJIajla BOJOKOHHBIE JIa3€Phl JIUIEPOM IO CPEIHEH MOIHO-
CTH (B JI€CATKM KHWJIOBATT!) MPH BBICOKOM KAadyeCTBE Ja3€pHOr0 H3IIYUYCHUS U
HAJeKHOCTU caMUX yCTpoicTB. OHaKo B UX cuie U ciabocTh. M3-3a ocoben-
HOCTEH reoMeTpUM aKTUBHOM cpelibl (TJaBHBIM 00pa3oM, MPOTSKEHHOCTH) UM-
MyJIbCHBIE BOJIOKOHHBIE J1a3€pbl CYIIECTBEHHO OIPAHMYEHBI MO MUKOBOM MOII-
HOCTH HEJIMHEHHBIMU 3 PeKTaMu U, KaK MPaBUIIO, UX CPEIHSSA MOILIHOCTH (MpU
JUTUTETLHOCTSIX UMIYJBCOB < | I1C) OrpaHMYeHa Ha YPOBHE JECATKA BaTT. DHEP-
I'Ysl B UMITYJIbCE OJJHOMOJOBBIX BOJIOKOHHBIX JIA3€pOB OrpaHrueHa J0JaMHu Mk
U, TIOATOMY, JJIsi JOCTUKEHUSI DHEPTUU JaKe JHKOYJIBHOIO YPOBHSA HEOOXOAMMO
KOT'€PEHTHOE CIJIOKEHHE THICAY TAKMX KaHAJIOB M3JIY4eHHUs (YTO MpeCcCTaBiseT
co00¥ Upe3BhIYAHO CIOKHYIO 33J1ayy, KOTOpas, TeM He MEHEe, pacCMaTp UBaeT-
Csi B psjge KpyHHBIX TNpoekToB, Hampumep, npoekre XCAN — Coherent
Amplification Network [8]).

B npennaraemoii nekiuu moapoOHO paccMaTpuBaroTcs AD B reoMeTpuu
«TOHKHMM CTEp)KEeHb» (BKJIOYas KOHYCHBINM), «TOHKUN CI0» U «TOHKHH TUCK»
(BKJTIOYAs KOMITO3UTHBIE BAPUAHTHI «COHABUY» U KIAAJMHIY»). DTH TPU Teo-
METPHUH BBITJIAIAT CErojHs HanboJsiee NMEPCHEKTUBHO MJisl Ja3epoB C OJHOBpeE-
MEHHO BBICOKOW MHKOBOW W CPEJIHEW M0 BPEMEHU MOIIHOCTHIO U MOTYT OBITh
UCIIOJIb30BaHbl KaK JUIsl KBAHTPOHOB 33JIal0IIUX T'€HEPaTOPOB, TAK U B KAUECTBE
yCUJIUTENEe BOJIOKOHHBIX Ja3€POB.

['eomeTpusi «TOHKHI CTepKeHb» [9] MO acneKTHOMY COOTHOIIEHHUIO 3a-
HUMAET MIPOMEKYTOUHOE MOJIOKEHUE MEX Ty BOOKHOM (A > 1000) u Tpagunm-
oHHbIMU cTepxHAMU (A ~ 10) u cocrtaBusier ~ 100. XapakTtepHble pa3Mephl:
auametp 10 1 MM npu amuse 3...4 cMm. brarogapsi cyliecTBEHHO MEHbBILEMY,
yeM y crepkHeBoro AD nuamerpy (~ 1 cM), TOHKOCTEpKHEBBIE AD MO3BOISIOT
paboTaTh npu 0ojiee BRICOKHUX CPEIHUX MOIIHOCTSX, a O6J1arogapsi CylmecTBEHHO
OospiieMy, yeM y BosiokHa auameTpy (< 100 MkM), TOHKOCTEp)KHEBBIE AD 1103-
BOJIAIOT paboTaTh Mpu O0Jee BBICOKUX DHEPrusix B ummyibce. OCoOEHHOCTHIO
TaKOW T€OMETPHUU SIBJISETCS BOJHOBOIHOE PACIpPOCTpaHEHUE M3TyUYCHHUs HaKay-
KA ¥, OJHOBPEMEHHO, CBOOOJHOE PACIPOCTPAHECHMS JA3EPHOTO H3ITYUYEHUS B
AD. DHeprus B HAHOCEKYH/IHOM UMITYJIbCE Ha BBIXOAE «TOHKOI'O CTEPKHS» MO-
KET JIOCTUTATh HECKONBbKUX M/, a K03 HUIIMEHT yCUIeHUs 10 claboMy CHUT-
Hany > 100, 9TO menaeT NepCHEeKTUBHBIM HCMIOJIb30BAaHUE TAKOI'O KBAaHTPOHA B
KaueCcTBE Pa3rOHHOTO YCUJIMTENS B THOPUTHOM J1a3epe.

I'eomerputo «toHkuit cimd6» [10] MOXKHO paccMaTpuBaTh Kak OJHOMEP-
HBIM CITy4ail «TOHKOTO CTePXkKHs». « TOHKUM CII0» MpencTaBisieT co00l TOHKYIO
(< 1 MM) TuTacTUHY W3 AaKTUBHOM CPEJIbI ¢ IBYMSI MTOJIMPOBAHHBIMH TOPIIAMHE JIJIS
MPOXOKACHUS U3NTYYEHUsI HAKAUYKU M CUTHAJIa aHAJIOTUYHO I'€OMETPUU «TOHKHIA
cTepkeHby. [llupuHa muacTUHBI HA TOPSAAOK Ooinbiie (~ 1 cM), 9TO MO3BOJIAET
MOJIy4aTh SHEPTHIO B MMIYJIbCE TakKe OoJiee 4eM Ha TOPSAIOK, HE YCIOKHSS
IIPU 3TOM ONTHYECKYIO CXEMY JIa3epa.

Crapiieit mo Bo3pacTy U3 NEPEUYUCICHHBIX T€OMETPUIN SIBIIIETCS T'€OMET-
pus «roHkur auck» [11]. Takas reomerpusi CylIeCTBEHHO YMEHBIIAET TEILIO-
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BbI€ MCK)KEHUS M3IYYCHHs Oyiarojapsi TOPIEBOMY TEIUIOOTBOAY, MPH KOTOPOM
rpaJleHT TeMIepaTyphl HalpaBiIeH BJIOJIb, a HE TOMEPEK PAaCIPOCTPAHEHUS H3-
ay4yenus. KpoMe TOro, JOMONHUTENBHBIM MPEUMYIIECTBOM TaKOW T€OMETPHH
aBisieTcss Manas nanuHa/tTonmuHa AD (200...300 MKM), KOTOpast TO3BOJISIET YCHU-
JIMBATh MOIIHBIE KOPOTKUE UMITYJIbChI, HE omacasich 3¢ dexra camopoKyCcupoB-
KH.

BHenpenne B HWHIYCTPUIO MOIIHOTO Ja3€POCTPOCHUS MEPCIEKTUBHBIX
reoMeTpuid AD JIOJDKHO TO3BOJMTH CO3/1aTh HOBBIA KIACC KOMIAKTHBIX H
HA/IKHBIX UMIYJIBCHBIX JIA3€POB CO CPEAHEH MO BPEMEHHU MOIIHOCTBIO B €H-
HUIIBI U JCCSATKU KWIOBATT. Takue Jazepsl y)Ke CeroHs BOCTpEOOBaHbI HA IO-
TpeOUTENBCKOM PBHIHKE JIJIsl PEIICHUs Pa3HOro poja 3a1ad. B jeknun onuchiBa-
€TCsl OTHO M3 HOBBIX SAPKUX MPUIOKCHUA — OpOUTATBHBIN J1a3ep Ui yAaJeHHs
KOCMHUYECKOTO Mycopa, B pa3pabOoTKe KOHIENIMH KOTOPOTO MPUHUMAIOT yda-
ctue cotpyanuku UI1O PAH.

PaGora BhimonHeHa npu (uHaHcoBoW mnoaaepxkke Mwunobpuayku PO
No. 14.607.21.0201 (yuukansubiii uaentudukarop RFMEFI60718X0201).
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MHOI'OUACTOTHAS TEHEPALIMA YAP:Nd JIABEPA

ILT. 3B€D€B1’2, n.B. CMI/IpHOBZ, I'.B. LHI/IJIOBal, AA. CI/IpOTKI/IHl
1H;Ltcmzunym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mockesa
“Mockosckuii snepeemuyeckut uncmumym (1Y), Mockea
E-mail: zverev@Ist.gpi.ru

Jlazephl, 0THOBpEMEHHO paboTarolue Ha IBYX U Oojee JiIMHaX BOJH, MO-
I'YyT UCIOJIb30BAThCS JIJISI PA3IMYHBIX MPAKTUYECKUX II€JIe, B YaCTHOCTU B CH-
CTEMax 5KOJIOTUYECKOr0 MOHMUTOPHUHIA, 30HIAUPOBAHUS aTMOC(hEphl, ONTHYe-
CKOM cBs3u. IIpu reHepanuy pasHOCTHOW YacCTOThI B HEJIMHEMHOM KpHUCTAJLIE
TaKWe JIa3ephbl JAIOT TeparepiioBoe uznydeHue. [loaTomy npeacraBisieT 00Jb-
II0M MHTEPEC CO3/IlaHUE KOMITAKTHBIX 3(()EKTUBHBIX MHOTOYACTOTHBIX TBEPIO-
TEJIbHBIX JIA3€POB HA OJITHOM aKTHUBHOM 3JIeMeHTE. VI3BECTHO, YTO CIEKTp JIFOMHU-
HECILICHIIMM TPUMECHBIX PEIKO3EMETbHBIX MOHOB B aHU30TPOIMHOM KpHUCTAJIIE
U3MEHSETCS B 3aBUCUMOCTH OT ero opueHrtaiuu [1]. B padote [2] Obuto mokaza-
HO, YTO B aHM3O0TPOITHOM KpHCTAILIE Nd**:GdVO, MaKCHUMYyM JIOMUHECUEHIINU
OTJIMYACTCS ISl pa3HbIX OPUEHTAIUN, U YTO CYIIECTBYET BO3MOXKHOCTH IONY-
YeHUs JITA3ePHOM reHepalui OJTHOBPEMEHHO Ha JBYX JJIMHAX BOJH B JIBYX B3a-
UMHO OPTOTOHAJIBHBIX TTOJISIPU3ALIHIX.

B Hacrosmieit paboTe mpoBeeHO HCCIE0BAHUE MHOTOYACTOTHOM T'eHe-
pauuy nasepa Ha kpuctamie Nd*“:YAP. B crekrpax TOMHHECLCHIHH HOHOB
Nd** s aHu3oTponHoM kpuctaiie Y AP Ha nepexojie 4F3/2 —4 11/2 HaOJIIOAar0TCS
TPU MHTEHCUBHBIC JUHUMU Ha JIiuHax BoH 1064, 1072 u 1079 um. B skcnepu-
MEHTaX IO MOJYYEHHUIO JIA3epHON IeHEPAIH UCTIONb30BaJICS HETPEPHIBHBIN 11~
OJIHBIN JIa3ep ¢ BOJOKOHHBIM BBIBOJOM, paboTarouii Ha JyinHE BOJIHBI 808 HM U
MOIIHOCTBIO 710 12 BT. B kauecTBe akTUBHOW Cpe/ibl UCIOJIB30BANICS KPUCTAILIT
Nd**:YAP (a-cut) pasmepom 3x3x12 MM ¢ konuenTpauueii nosos Nd** pasroii
0,9 at. %. Pe3onatop HeOqUMOBOTO J1azepa AIMHON 43 MM cocTosT U3 chepude-
ckoro (R = 500 mM) BXomHOTO 3epKajia, oTpaxkaromiero B ooiactu 1+1,2 MkMm u
NIPO3pAayHOrO JJIA M3TYYEHHUs HAKaYKU W IUIOCKOTO 3epKalia ¢ MPOMyCKaHUEM
13,5 % B o6mactu 1,05+1,1 mxm. [l ynpaBiieHus IJIMHOM BOJHBI T€HEPUPYE-
MOTO H3JIYYCHHUsS B PE30HATOp Momerianachk ¢da3oBas miactuka (A/2 mist 1,064
MKM ), KOTOpasi AaBaja CIEKTPaJIbHO CEJIEKTUBHbIE aHU30TPONHbIE noTepu. bbliia
MOJy4YeHa JBYXBOJIHOBAs TI'€HEpaLUs Jla3epa Ha KPUCTAIIE Nd**:YAP Ha xom-
ounanuax 1064+1072, 1064+1079, 1072+1079 HM u TpexdacToTHas B 3aBUCH-
MOCTH OT OpUEHTAIMU (a30BOil MIIACTUHKU. BhIXomHAst MOIIHOCTH Jlazepa ObLia

1,8 Bt u muddepenuumansuniii KITJ mocturan 33 % npu MOIIHOCTH Hakayke
6,7 BT.

1. G.V. Shilova, P.G. Zverev, A.A. Sirotkin, JKIIC 83, 585 (2016).

2. A.A. Cupotkun, C.B. I'apuos, B.I1. Bnacos u ap., KBant. Dnexrpon. 42,
420 (2012).
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PACHEPEAEJIEHME HEHTPOB JIIOMUHECHEHIUU B ZnSe:Fe

AA. FJ‘IaI[I/IJ'H/IHl, C.N. quHOBZ, B.C. KpI/IBO6OK2, O.B. YBapOBl,
B.IL KaJII/IHyHIKI/IHl
1H;Ltcmzunym oowett puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
Quzuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mockesa
E-mail: agladilin@kapella.gpi.ru

Kpucramnel ceneHnga LMHKA, JIETHPOBAHHBIE KEJIE30M, IMPEACTABIISIOT
MHTEpEC B KAa4E€CTBE AKTHBHBIX JIa3€pHBIX cpel mia cpeanero MK amamnasona.
[Ipouecc auddy3un npumecu HEU30€KHO COMPOBOXKIAETCS 00pa3oBaHUEM pa3-
JUYHBIX 1e(EKTOB, KOTOPhIE OKA3bIBAIOT BIMSHUE HA T€HEPAIIMOHHBIE CBOMCTBA
MaTepuana. B HacTosleM uccienoBaHUU JJIA ONpeleseHus: Thuna ne(eKToB U
UX CBOWMCTB MCHOJIb30BAIUCH TEXHOJIOTUU ABYX()OTOHHOU KOH(POKATBLHON MHUK-
pockonuu (JIKM) u aHuskoremnepatypHoi momunecteniuu (HJI).

B kauecTtBe 00pa3lioB MCMOIB30BATUCH KPUCTAIUIBI CEJICHUAA IIMHKA, Jie-
TUPOBAaHHBIE C MTOBEPXHOCTH kejie30M. KoHIeHTpaus JonaHTa y MOBEPXHOCTU
npesbimana 5x10™ cM°. DKCIepHUMEHTHI POBOIMIICH [IPH KOMHATHOH TeMIIe-
parype (AKM) u xxuakom remmu (HJI). [Ipu uccrnenoBanuu JTFOMUHECIICHIIUM
OBLIIM MOJTYYEHBI:

— CHOEKTPhl B BUIUMOM JHara3oHe U OJIMK-
et K oGnacry;

— MPOCTPAHCTBEHHOE PAaCHpPEAEIICHUE BIIOJIb
HanpaBieHus Tuddy3un Ha pPazITUIHBIX
JUTMHAX BOJIH.

OO6HapyxeHo, 4yTO B Ipoliecce JIerupoBa-
HUS B BUJIMMOM JHMarna3oHe o0pasyercs «MepT-
Basi 00JacTh» - 00JacTh, B KOTOPOU IMoAaBieHa
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Puc. 1. IIpoctpancTBeHHOE pac-
npeJieieHue JIOMUHECIICHIINH B
kpucramie ZnSe:Fe

npumecu [1]. IIpennonaraercsi, 4To UX MNPUPOJA
CBSI3aHAa C BBOJAMMBIMH jAcheKTaMu U ¢ 00pa3o-
BaHHEM KOMIUIEKCOB aTOMOB HCXOAHOTO KpH-
CTajla U MPUMECH.

MakcuMyMbl UHTEHCUBHOCTH JIMHUU (541,
628 HM) mpUMecHO-AeHEKTHON TMOJIOCH JIFOMU-
HECIICHIIMM pa3HECEHBI B MIpoCcTpaHCcTBe (puc. 1).
Ckopee Bcero 3TO CBA3aHO C HEOJHOPOJHBIM
pacnpeneneHue neheKToB B 00beMe KpucTaslia A
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HccneoBanue BBINOJIHCHO NMPU QUHAHCO-  Pyc. 2. CriekTphl MIOMHHECIEH-
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1. L.L. Kulyuk et al., Physica B 40, 4330 (2010).
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YUCJIEHHOE MOJIEJIMPOBAHME YCUJIMTEJIbHBIX CBOMCTB
I'EPMAHOCUJIMKATHBIX BOJIOKOHHBIX CBETOBO/IOB,
COJIETMPOBAHHbLIX BUCMYTOM U 5PEMEM

C.B. Anpimies’, A.M. Xeraii', C.B. CDI/IpCTOBl’Z, M.A. MGHBKYMOBl
1Haylmbn7 yenmp eonoxounou onmuku PAH, Mockea
?Hayuonanshulii ucciedo8amenseKil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: alyshs@fo.gpi.ru

VYBenuueHue MpOmyCKHON CIIOCOOHOCTH BOJIOKOHHBIX JIMHUN CBSI3U IO-
npekHEMY OCTaéTcst OCTpoi mpobieMoit coBpemeHHocTH [1]. Onaum u3 Hanbo-
Jiee OYEBHJIHBIX MYTEH pPEelIeHUs SBISIETCS PACIIMPEHUE CIEKTPATbHON MOJIOCHI,
B KOTOPOM OCYIIECTBIISICTCS nepenada nHGopMaluu, 9to TpedyeT co3aaHus Ho-
BBIX TUIOB BOJIOKOHHBIX YCUJIUTENCH.

HekoTtopoe Bpemsi Hazax Mbl peaqu30Baid BOJOKOHHBIM YCHUIUTEIh Ha
OCHOBE BOJIOKOHHOTO CBETOBOJIa COJIETMPOBAHHOTO BUCMYTOM M 3pOHEM, KOTO-
pBIi 0OecrieunBaln yCuaeHUEe B MIUPOKOM Juara3oHe JjauH BojH ot 1,53 mo 1,78
MKM [2]. C uenpio MpOBEACHUS ONTUMHU3AIMU JAHHOM aKTUBHOW Cpelbl Mbl
IIPOBEJIM YMCIICHHOE MOJICIUPOBAHKE €€ YCUITUTEILHBIX CBOMCTB B 3aBUCUMOCTHU
OT OTHOCUTEJIHLHOW KOHIICHTPAIIMU BUCMYTa W SPOUS W JJIMHBI BOJHBI HAKAYKHU.
Puc. 1 neMoHcTpupyeT XapaKTepHbIC pacuéTHBIE CIIEKTPAIbHBIC 3aBUCUMOCTH
yCWICHUS U myM-GakTopa.

40
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20

Net gain (dB)
NF (dB)

=T T T T T T 3
1450 1500 1550 1600 1650 1700 1750 1800 1450 15'00 15|50 15'00 1650 17'00 17‘50 1800
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Puc. 1. Pacuérnrie CIICKTPAJIbHBIC 3aBUCUMOCTHU YCHUJICHHUA U I_HYM'(baKTOpa BOJIOKOHHOI'O
YCUIIUTECIIA, COJICTUPOBAHHOT'O Biu Er JJIA pasHbIX JJIMH BOJIH HAKAYKKU

Hannas pabota BbIMOTHEHA Tpu (PUHAHCOBOW mojzepkke Poccuiickoro
®onga Oyrnamentanpabix MccnenoBanuii (PODN) (rpant 16-02-00440).

1. D. Payne, 41 ECOC, WS.6 (2015).
2. S.V. Firstov et al., 7" EPS-QEOD Europhoton, FWG-4.1 (2016).
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XAPAKTEPU3ALIMS ONITUYECKUX BOJJHOBOJIOB, 3AIIMCAHHBIX
B ®OCPATHOM CTEKJIE METOJIOM ®EMTOCEKYH/IHO
JIA3ZEPHOM 3AIINCHU

JI.LA. I'ypreB
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa

E-mail: quryevden@gmail.com

B nocnennee Bpemsi ObUIO OMYyOJIMKOBAHO MHOTO PabOT, MOCBSIIEHHBIX
3alUCU OMTHUYECKUX BOJHOBOJIOB METOJIOM (DEMTOCEKYHHOM Ja3epHON 3aMuCH
B PAa3JIMYHBIX JUAJIEKTPUUYECKUX CPENaxX, SBISIIOINIMXCA AKTUBHBIMU CpelaMu
TBEPAOTEIBHBIX Ja3€pOB, C MOCIEAYIOUUM UX MCIOJIb30BAHUEM B CXEMaxX BOJI-
HOBOJIHBIX JIa3epoB wiK ycunurteneid. Ho He Bo Bcex paboTax ykas3bIBaloTCs Xa-
PaKTEPUCTUKHU 3aMHCAHHBIX BOJIHOBOJAHBIX CTPYKTYD.

Lenbto nanHOM pabOThI SABISAJIOCH UCCIIEIOBAHUE XapAaKTEPUCTUK BOJIHO-
BOJIOB (TIOTNEpEeYHbIE pa3Mepbl, pa3HULA MMOoKa3aTeneil mpesoMieHus ), 3anucaH-
HBIX C MOMOIIbI0 METO/A JIa3epHOU (PeMTOCEeKyHAHOU 3anucu. BomHoBObI 3a-
nuchiBaIHCh B (ocdaTHoM crekie jermpoBanHoM momamu Nd** (TJIC-24) ¢
nomompo nasepa (A = 1040 uM, tp = 300 ¢c) ¢ pa3sIuUHBIMU SHEPTUAMU HM-
nynbcoB (200-400 uv/lx) u yactoToii moBTopeHust umMnysiabcoB (100-400 xkI'Ll) u
NPEeJICTABISIN cOO00M HAOOp YeAMHEHHBIX TpeKkoB Ha riayouHe 0,8 MM Ha pac-
crostnuu 0,1 MM apyr ot apyra.

HccnenoBanne XapakTEPUCTHK BOJHOBOJOB IPOBOAMIOCH CIIETYIOUIUMU
METOJaMHU: MUKPOCKOIIUS, METOJIbl OJMMKHET0 U AanbHero mnois. [Ipu nmomomu
MUKPOCKOIIUY HCCIJIEIOBAIUCH MONEPEYHBIE pa3MeEPBI 3aIMCAHHBIX TPEKOB, IPU
IIOMOIIA METO/0B OJM)KHEr0 U JIaJbHETo MOJIsl UCCIIe0Balach pa3HULa MOKa3a-
TEJIeU NMPETOMIICHUS MEKY 3alIMCaHHBIM BOJIHOBOJIOM H CTEKJIOM.

HccnenoBanue mpoBOAMIIOCH AJI YCTAHOBJIEHUs HaOOpa XapaKTepUCTUK
BOJIHOBOJIOB OJIarONpUSITHOTO IS OCYIIECTBICHUS MOCIENYIOIIEH TeHepaluy B
HUX, 2 UMEHHO, IMO3BOJISIONIUX OCYIIECTBUTh YIOOHBIM U 3()DPEKTUBHBINA BBOJ
U3JIyYEHUs] HAKA4KH, & TAKXKE MOJACPKUBAIOIIMX PaclIpOCTPAHEHHE OCHOBHOMU
Mo bl m3nydeHust (TEMg).
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9,8 I'T1L BOJJHOBOJIHBIM Nd:YAG JIA3EP, PABOTAIOIIWI B PEXXUME
[TACCUBHOU CMHXPOHU3ALIMU MO/

M.B. llonapuna, A.I'. Oxpumuyk, M.T". PeiOun, A.A. TapakaHoBcku#,
T.B. Jonmatos, B.B. bykun, 1.B. XKnykrosa, B.A. Kambiaun, I1.A. OGpa3suos
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: ponarinamariya@gmail.com

B Hacrosiiiee Bpemsi oco00oe BHUMaHUE MPUBJIEKAIOT Ja3epHbIE UCTOYHU-
KM, 00€CTeunBaoIIie TeHepaLMio YIAbTpakopoTkux umnyiascoB (YKHN) c Beico-
Kol yactoroi moBTopeHus (6osee 1 ['T1) [1]. BeicokocTabuiabHbIE TeHEPaTOPHI
YaCTOThl MPUMEHSIOTCS B TaKUX HAIPaBJICHUSIX, KaK METPOJIOTUS YacTOThI, Te-
JIEKOMMYHUKaINKU U GyHIaMEHTaJbHBIC UCCIICIOBAHMUS.

[Tpu pazpaboTke MaHHBIX JIA3€POB OJTHON M3 KIFOUEBBIX MPOOJIEM SBISCT-
Cs1 TIOBBIIIIEHUE U KOHTPOJIb CTAOMIBHOCTHU 4acTOThI ciaefaoBanus Y KU.

Jlns crabuiau3aiu CUHXPOHU3AIMHU TMPOJAOJBHBIX MO, HE0O0XO0IUMO
obecrnieunTh TeHepaluio Ha ocHOBHOU momepeuHoit moae (TEMyy). B mannoi
paboTe TMpeaCcTaBlIeH TBEPJAOTEIbHBIN Jlazep, OO0ECIEeUMBAIONIUNA TEHEPAIUIO
< 20 nc UMIYyJILCOB C TUTAreplioBON 4acCTOTOM MOBTOpPEeHUs. B kaduecTBe akTHB-
HOM Cpelibl UCTIOIB3YEeTCsl TPyOUaThlil BOJHOBOA ¢ nuameTpoM 30 MKM, CO3/aH-
Helii B 00beme kpuctaia Nd:YAG [2]. Hakaukoii ciyxut Ti-Sa masep ¢ aiu-
Hoit BostHBI 808 HM (600 MBT). Pe3onaTop BomHOBOHOTO Ja3epa (8,4 mM) oOpa-
30BaH TJIYXHM 3€pKajioM, HAaHECEHHBIM Ha OJHWH W3 TOPIIOB KpUCTaJia, U BbI-
XOJTHOTO 3€pKajia ¢ HaCBHIIIAIOUIUMCS MTOTJIOTUTENIEM Ha OCHOBE rpadeHa.

B xonme skcnepuMeHTa BBIXOJHOE 3€pKalo OBLJIO OCHAIIEHO MbhE303JICK-
TPUUECKUM 3JIeMEeHTOM. [[mHa pe3oHatopa usmensiack ¢ marom 0,04 mxm. 3a
CYET TOTO, YTO MEX]1y TOPLIOM KPUCTAJUIa U BHIXOJAHBIM 3€PKaJIOM BHYTPHU pe30-
HaTopa obpazyetcsi uHTepdepomerp Padbpu-llepo, HabmomaeTcs nepuoguye-
CKas 3aBUCHUMOCTh peXuMa paboThl Jlazepa (reHepais Ha OJHOW JJIMHE BOJHBI
WIH Ha IBYX) OT IIJTUHBI PE30HATOPA.

Takum oOpa3om, npu U3MEHEHUHU IJUHBI pe30HaTOpa HabOII0IaeTCs TeHe-
pauus Ha JOMOJIHUTEIbHOM JyiHE BOJHBI 1061 HM, MOMUMO reHepaluu Ha OC-
HOBHOW nyiuHe BOJIHBI 1064 HM. OnHOBpeMEHHash eHepalusi Ha JBYX JJIMHAX
BOJIH TIPETISITCTBYET JOCTIDKEHUIO CTa0MIBHOM pabOTHI Jiazepa B PEKUME CHH-
XpoHU3auu MoJ. J{ns crabunm3zanuu pexuma padoThl Ja3zepa ObUTO TpeaioxKe-
HO HCTIOJIh30BaHUE Y3KOIOJIOCHOTO CHEKTpaIbHOro (GuibTpa, obecreunBaroie-
ro BBIJICJICHUE T'eHEepallui Ha OJTHOW W3 JJIMH BOJIH JJIA MOCIEAYIOLEro yCulie-
HUSl CUTHaja B BOJIOKOHHOM YD ycwimrene. Bmaromapst TakoMmy moaxomy, Ha
mHe BoHBI 1061 HM Obula mosydeHa cTaOwibHas TpeOCHKa HUMITYIBCOB C
IIATENBHOCTHIO < 20 ¢ U yacToToM noBropenud 9,8 I'Tm.

1. S.Y. Choi et al., Opt. Express 26, 5140 (2018).
2. A.G. Okhrimchuk, P.A. Obraztsov, Scientific Reports 5, 11172 (2015).
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ATTKOHBEPCHUOHHOE ITPEOBPA30OBAHUE MHOPAKPACHOI'O
JIASEPHOT'O U3JIVUEHHS BO ®TOPUHBIX TTOPOIIKAX,
JIETUPOBAHHBIX MOHAMU Er** U Yb**

C.B. FVLHI/IHl, AA. HﬂHI/IHl, C.B. Ky3HeL[0132, IL.A. P;I60qKI/IHal,
B.1O. Hpoﬁz[aKOBaz, A.C. EpMaKOBl, ILIL CDCJ:[OpOBZ
'Hayuonanshuiii ucciedosamenvexuil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.I1. Ocapésa, Capanck
2HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
E-mail: serg.quschin1703@gmail.com

3a mocJieTHUEe HECKOJIBKO JIET, MHTEPEC K al-KOHBEPCHOHHBIM ITOPOIIKAM
pacTeT HempephIiBHO. B MequimHe U OMOJIOTHHM OHU HCIIOJIB3YIOTCS B KauyeCTBE
OroMapkepoB, OMOMETOK M TEMIIEPATYPHBIX CEHCOPOB. B colTHeUHOM sHEpreTH-
K€ MCTIOJB3YIOTCS JUIsl TTOBBIICHHS () (PEKTUBHOCTH COTHEYHBIX OaTapeii. B na-
3epHOI (pr3MKe an-KOHBEPCHOHHBIC TTOPOIIIKU MPUMEHSIOTCSI B KQUeCTBE BH3ya-
JU3aTOPOB MH(ppakpacHoro unyuenus [1-3].

B nacTosmel paboTe 00beKTaMU HCCIICIOBAHUS SBISUINCH KOHIIEHTPAIU-
OHHbIE CEepUU (PTOPUIHBIX MOPOIIKOB CO CTPYKTypoul dmrooputa SrF,:Er u
SrF,:Yb,Er cunTe3npoBaHHbIE METOIOM COOCAK/ICHHUS M3 BOIHBIX PACTBOPOB.

Ipy BO3OYXICHHH HAa YPOBEHb 'l13, B mopomkax SrF.:Er u SrF,:Yb,Er

OBLTM 3apErUCTPUPOBAHBI CIIEKTPHI all-KOHBEPCUOHHOW JIFOMUHECIICHIIUN B BU-
TuMoON M MHQpPaKpacHOW 00JaCTH CHEKTpa, COOTBETCTBYIOIIME SJEKTPOHHBIM
[epexoaam 2611/274|15/%, 2H9£2—>4|1i3/2, 4|:§1/2—>4|15/2, 4|:7/23+—>4|%5/2, 2H211/2—>4|15/2,
Sap—"l1s2, "Forp—"l152 “lojp—"l1572, “l11o—"l15/, moHOB EI™" m “F5/—"F7/2 noHOB
Yb*. Tarke Gbu MPOBEJIEH aHAJIU3 3aBUCHUMOCTH WHTEHCHUBHOCTH JIFOMHHEC-
IIEHIIUU OT KOHIICHTPAIIUU PEIKO3EMENIbHBIX HOHOB. C MTOMOIIIBI0 YCTAHOBKH Ha
0a3ze mHTErpupyromei chepsl ObIT M3MEpPEeH aOCOJIOTHBIM KBAHTOBBIA BBIXO/I
an-KOHBEPCHOHHOM roMuHecteHIuu. J{us mopomkos SrF,:Er u SrF,:YDb,Er Ob1-
U ONpejesieHbl I[BETOBBIC KOOPJAWHATHI M I[BETOBAasS TEMIleparypa arl-
KOHBEPCHOHHOTO M3JydeHHs. [IpoBeseHHOE uCCe0BaHHE ITOKAa3bIBACT, YTO
momuHodoper  SrF:Er mw SrFiYDL,Er  sBasiorcst  addexTuBHBIMEH - all-
KOHBEPCHOHHBIMH MaTepHAIaMHU.

HccnenoBanue BBIMOTHEHO 3a cUeT rpanTa Poccuiickoro HayuyHOTO (hoHAA
(mpoekT Ne 17-72-10163).

1. F. Auzel, Chem. Rev. 104, 139 (2004).

2. D.C. Rodriguez Burbano, R. Naccache, J.A. Capobianco, Handbook on
the Physics and Chemistry of Rare Earths 47, 273 (2015).

3. A lvaturi, S. Macdougall, R. Martin-Rodriguez et al., J. Appl. Phys. 114,
013505 (2013).
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CIIEKTPAJIBHO-JTIOMHUHECLIEHTHBIE CBOMCTBA KPHMCTAJIJIOB
CaF,-SrF,, JETUIPOBAHHBIX MOHAMHU Tm**

A.C. EDMaKOBl, AA. .HHHI/IHl, C.B. Ky3Heu0132, B.A. KOHIOIJ_IKI/IHz,
A.H. HaKJIaI[OBZ, ILA. Pﬂ6OUIKI/IHal, ILIL CDez[opOBZ, CB.T yI]_II/IHl
'Hayuonanshuiii ucciedosamenvexuil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.I1. Ocapésa, Capanck
2HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
E-mail:_sasha41450@gmail.com

JIByXMHKDOHHBIC TBEPIOTEIBHBIC JIA3ePhl, JICTHPOBAHHBIC HOHAMH Tm>"
MPUMEHSIOTCS BO MHOTHX OTPAC]AX: B MEAUIIMHE JJIsl Ja3epHOU XUPYpPrUH, B
IIPOMBIIIJIEHHOCTH JjIsl 00pa00TKHU MaTepHayioB, B HAyKe ISl HAKAYKU JIA3ePHBIX
UCTOYHHMKOB | ap. [1-3].

N3BecTHBIM (hakTOM SBIISIETCS MOJTyYCHHE ABYXMHUKPOHHOM JIa3epHOI Te-
HEpaLHK Ha mepexone -F4—°Hg noroB Tm®" ¢ TOMOIIBIO pa3THIHBIX OKCHIHBIX
marepuanaoB. OnHaKo (PTOpUIHBIE MaTEpHANbl TAKXKE SIBJSIOTCS OYEHb MEPCIEK-
TUBHBIMHM MaTepHajaMu JJIisl CO3aHuUs JBYXMUKPOHHOTO JIa3€PHOTO U3ITYUYEHUS
[1-5]. OHu xapakTepu3yrOTCs BBICOKAM 3HAUYECHHEM MPOMYCKAHHS M3JIYYCHHUS B
cniekTpanbHoi obsactu oT 0,16 10 11 MKM, HU3KUM 3HAYEHUEM dHEpPTruu (PoHo-
HOB, JIETKOCTBHIO BBEJCHUS 3HAUYUTEIIHPHBIX KOHIICHTPAIIMU PEIKO3EMEIIbHBIX
HMOHOB M UX CKJIOHHOCTBIO 00Pa30BhIBAThH KJIACTEPHI.

B Hacrosimieit paboTe MbI HCCIE0BAIM CIIEKTPATbHO-TIOMUHECIIEHTHBIE U
CIIEKTpaJIbHO-KUHETHYECKHEe cBoicTBa MOHOKpucTamioB CaF,-SrF,:Tm. [lan-
HbI€ KPUCTAJIBI OB BBIPAIIEHBI METOJOM BEPTUKAIBbHON HANPABICHHON KPH-
cramuzanuu (Meton bpumxmena). Kpome Toro, ObUTM paccUyMTaHbl CEUEHMUS
MOTIOMICHNsT [ Tepexona “Hg—°H,, CCUeHHs NIOMHUHECHCHIHHE M YCHICHHS
s mepexoga -Fy4—°Hg monoB Tm®'. Jlmamason ycwieHms y KpucTamia
CaF,-SrF,: Tm (4 %) coctaBnser 1692-2000 HM 11151 TapaMeTpa OTHOCHTEIBHOM
uHBepcHoi HaceneHHoctu 0,3. Takke ObUIM 3aperucTpUpPOBAHBI KUHETHUKH 3a-
TyXaHUs JIIOMUHECUECHIIMU YPOBHS HaKayKu *H, nonos Tm*"* npu T = 300 K.
Bpewms 3aTyxaHus 3TOr0 ypoOBHS COCTAaBIISIIO B cpeHEM 1,2 MKC JJIsl pa3InuHbIX
KOHLIEHTPALIM JIETUPYIOLIEr0 PEIKO3EMEIBHOIO HOHA.

1. M. Jelinek, V. Kubecek, W. Ma et al., Laser Phys. Lett. 13, 1 (2016).

2. A. Sottile, E. Damiano, M. Rabe, et al., Opt. Express 26, 5368 (2018).

3. M. Doroshenko, J. Sulc, P. Fedorov et al., Proceedings of the SPIE 8959,
1 (2014).

4. A. Lyapin, P. Fedorov, E. Garibin et al., Opt. Mater. 35, 1859 (2013).

5. J. Ding, B. Zhao, W. Ma et al., Int. J. Opt. 2018, 1 (2017).
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NCIIOJIb3OBAHUE HAHOPA3SMEPHbLIX JTUDJIEKTPUYECKUX

YACTHULL, JIETUPOBAHHBIX HOHAMU Yb°* 11 YCUJIEHU S

TEIJIOBOI'O D®DEKTA ITPU BO3JEMCTBUN HA BUOTKAHb
JIABEPHBIM M3JIYUYEHUEM BJIMKHEN UK-OBJIACTHU CITEKTPA

C.A. Xpymanuna, [1.A. Ps6oukuna, A.H. benses, O.C. bymykuna,
N.A. IOpnos, M.A. /IBopssaunkoBa, O.A. Ky3Henosa
Hayuonanwvusiii uccnedosamenvckuii Mopooeckuii 2ocyoapcmeentbiii
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: anabel-2005@yandex.ru

B3aumopelicTBue 1a3epHOTO U3yYeHUsT ¢ OMOJIOTMYECKUMH TKAHSIMHU SIB-
JII€TCSI CIIOKHBIM MPOILIECCOM U MOXET MPUBOJUTH K PA3IUYHBIMU pe3yJbTaTaM,
OJIHM M3 KOTOPBIX SIBJISIETCS TOBBIIIIEHUE TeMreparypbl Ouotkanei [1]. Oqna-
KO Ui psifja OMOMEUIIMHCKUX MPUMEHEHUM TPeOyeTCs TOMOTHUTEIBHOE YCUle-
HUE JaHHOTO TerioBoro dddekra. C 3TON 1EbI0 MPU pealnu3alud KOHTAKTHON
METOJAUKHA BO3JCHCTBUSI OCYIIECTBISACTCS MOIU(PUKAIUS ONITHYECKOTO BOJIOKHA,
Mo/Iipa3yMeBaroIlasl BBEJICHUE B €r0 COCTAaB CHJIBHO IMOTJIOMIAIOIINX MpUMece
[2]. Hannune mogoOHBIX mpuMecei BOIM3HM TOPIa BOJIOKHA MO3BOISET JOCTHYD
0oJiee BHICOKMX 3HAYCHUN TeMIEpaTyp B MECTE €ro KOHTakTa ¢ OMOTKaHBIO W,
KaK CJIeJCTBUE, MOBHIIAET 3 (PEKTUBHOCTH MPOIIEypHI [2].

B nacrosimieit pabote Hamu mpejiaraeTcs ajJbTepHATUBHBIA CIIOCOO yBe-
JUYEHUs Ter1oBoro 3ddekra mpu 0€CKOHTAKTHOM BO3JEHCTBUU JIA3€PHOTO W3-
nydenus omkHed MK-ob6nactu criekTpa Ha MOBEPXHOCTh OMOJIOTMYECKUX TKa-
Heil. J[aHHas MeToauKa He mpeaycMaTpuBaeT MOAUGUKAIIMM ONTUYECKOTO BO-
JIOKHA W 3aKJII0YaeTCs B MPEIBAPUTEIbHON MHUIIMAIIMK caMOW OMOTKAaHH C HC-
M0JIb30BAaHHEM HAHOPAa3MEPHBIX JTUAICKTPUUYECKUX YaCTHUIl, JIETUPOBAHHBIX
wonamu Yb*". [Iporeccrl HarpeBa yka3aHHBIX YaCTHI] PU UX BO3OYXKICHUH Jia-
3€pHBIM H3JIYYEHHEM, COOTBETCTBYIOIIUM IOTJIONIEHUIO HOHOB Yb3+, U OTBET-
CTBEHHBIC 32 HUX MEXaHU3MbI OBUIM paHee ONMKMcaHbl HaMU B paboTe [3].

Hamu Obuti mpoBeneHBl AKCIEPUMEHTHI In-Vitro M in-vivo IO BO3JICH-
CTBHIO JIA3€PHOT'0 M3JIYyUYEeHUS C JIMHON BOJHBI 970 HM U MomiHOCThIO ~ 1 BT Ha
OMOIOrMYeCcKre TKaHM, MPEABAPUTEIBHO MMOKPBITHIC YD-comepikanumMu HaHOYa-
cTUllaMHu, U 0€3 TpeaBapuTeIbLHOr0 MOKphITHA. [lokazaHo, 4TO B cilyyae Hc-
MOJIb30BaHMUS JAHHBIX HAHOYACTHI[I BO BpeMsl IPOILEAYPHI TEIIOBOM 3¢ dekT
MPOSIBIISIICSA B 3HAYMTENILHO OOJBINEH CTENeHH, YeM 0e3 NMPUMEHEHHUs HaHOYa-
CTHII.

1. A. Klein, W.B. Umler, M. Landthaler, P. Babilas, Int. J. Hyperthermia 27
(8), 762 (2011).

2. AV. Belikov, M.L. Gelfond, K.V. Shatilova et al., Proc. of SPIE-OSA
Biomedical Optics 9542, 95420J (2015).

3. P.A. Ryabochkina, S.A. Khrushchalina, V.M. Kyashkin et al., JETP Let-
ters 103 (12), 743 (2016).
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NMIIYIJIbCHAA IBY XMUKPOHHAA JIASEPHAS 'EHEPALINA
HA KPUCTAJITTAX ZrO,-Y,05, TJETUPOBAHHBIX HOHAMU Ho®*

C.A. ApremoB’, A.A. .HﬂHI/IHl, IL.A. P;I60qKHHal, A.H. qa6YIJ_IKI/IH2,
E.E. JlomonoBa®
'Hayuonanshuiii ucciedosamenvexuil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.II. Ozapésa, Capanck
2Poccuiickuii pedepanvhuiii sdeprwiti yenmp Beepoccuiickuii HUH
axcnepumenmanvrou uzuxu, Capos
3HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
E-mail: sergey560113@gmail.com

[IpumeneHue TBEPAOTEIbHBIX JIA3€POB, TCHEPHUPYIOIIUX H3JIyUCHUE B
JTBYXMUKPOHHOM JMaIa30oHe CIEKTpa, B MEAUIIMHE, JJIsl JETEKTUPOBAHUS Ta30B
(CO,, NHs, CO u ap.), mis Hakauku j1a3zepoB cpeanero MK-nuanazona crekrpa,
CTUMYJIMPYET MOUCK HOBBIX aKTUBHBIX Cpell U pa3pabOTKy Ha UX OCHOBE Jaze-
POB JAHHOTO JMaIa3oHa.

Hecmotps Ha TO, 4TO N1a3zepHast TeHeparus B IBYyXMHUKPOHHOM JTHAMa30He
CIIEKTpa TOJIydeHa Ha MHOTHX KPUCTAIIAX W CTEKJIaX, JErMpPOBAHHBIX MOHAMU
m**, H03+, 3a/1a4M 1O TMOWCKY aKTHUBHBIX JA3€PHBIX CPEJI, 00eCIeunBaIONINX
BO3MOKHOCTb PACIIMPEHHS CIIEKTPAIBHOTO JHara3oHa reHepaluu, mepecTpoi-
KA U3JTYYEHUs] TEHEPAIMU M0 YacTOTe, a TaKXKe IMOJYyYCHHUS UMITYJILCOB MaJlon
JUTUTEIBHOCTH, TIO-TIPEKHEMY SIBIISIOTCS aKTYaJbHBIMHU.

B macrosieit paboTe nmpu Hakayke TYJIUEBBIM BOJOKOHHBIM JIa3€pOM Ha
kpuctamiax ZrO,-Y,03-H0,03 ¢ ucnonp3oBaHrEeM aKyCTOONTHYECKOTO MOIYJISI-
Topa Oblja TOJIydeHa Jia3epHash reHepalus B UMIYJIbCHO-TIEPHOIUYECKOM pe-
KUME C Arey, = 2130 HM. YacToTa MOBTOPEHUSI UMITYJIBCOB JIA3€PHON Te€HEpaIuu
coctaBmna 1 xI't, 10 k', a umurensHOCcTh 140 He M 310 HC, COOTBETCTBEHHO.

dopma u Mocae0BaATEILHOCTh UMITYJILCOB JIA3EPHOU T€HEPAIIUU C Arey, =
2130 um u yacroroi nmoBTropenus 1 kI’ u 10 xI'u nmpeacrasiena na puc. 1. s
4acTOTHI MOBTOpeHUsI UMITyIbcoB MeHee f < 100 'y ux mIuTensHOCTh HE Tpe-
BeIIana 50 He.

JE— —— 1 kH
10 1kHz 1.0 z

Intensity, a.u.

0 d
2000 4000 6000 8000 10000 ! 4 6 8 1000
Time, ps Time, ns

J— Y —10kHz

10 1.0 [\

[

Intensity, a. u.

400 600 800 1000 1200 E 1000 1200 2000 2300
Time, ps Time, ps

Puc. 1. (I)opMa H IOCJICA0BATCIbHOCTL UMITYJIBCOB TBEPAOTCIILHOTO JIa3€pa Ha KpHUCTAJJIaX
ZrOZ'Y203'H0203’ A =2130 am
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MCCJIEJJOBAHHME ITIPUMECHBIX [ITEHTPOB HOHOB Ce**
B KPUCTAJIJIAX CMEIHAHHOU CTPYKTVYPBI LiSrxCa;-xAlFs

2.1. Manupos, A.A. [llakupos, A.A. IllaBenrseB, A.C. HuzamyTauHOB,
B.B. Cemaniko
Kazanckuii (Ilpusonsccxuii) ghedepanvuuiii ynusepcumem, Kazamo
E-mail: ed.madirov@gmail.com

@dTOpUZIHBIE KPUCTALIBI CO CTPYKTYpOHM KOJBKBUPUUTA, HAMPUMED
LiCaAlFg, siBISIOTCS MEpPCIEKTUBHBIMU JUAICKTPHUSCKUME MaTepHalaMH, KO-
TOpPbIE UCTIONB3YIOTCS B Ka4€CTBE aKTUBHBIX cpell, ycrinBaromux YO uznyde-
HUE TBEPJOTEIBHBIX JIa3epoB. [IpeuMyIiecTBOM SIBISIETCS YPE3BBIYANHO IIUPO-
Kasi 3amperieHHast 30Ha (okojo 11 »B). 3HaunTenrHOE HEOTHOPOIHOE KOJIeOa-
TEJIbHOE YIIUPEHHUE PadOUMX Ja3epPHBIX MEPEXOJ0B ITUX UOHOB 00YCIIaBIMBACT
IIUPOKYIO TOJIOCY MEPEeCTPONKH JIa3epHOW TEeHEepaluu, a TakKe BO3MOXHOCTb
TrE€Hepali UMITYJIbCOB YJIBTPAKOPOTKON miuTenbHOCTH [1, 2]. OgHako ¢ TOUKU
3peHHs MPUMEHEHUN B KaueCTBE aKTUBHOM Cpejibl MPOOIEeMO SIBISETCS HU3ZKAS
n30Mop(Hasi EMKOCTh TT0 OTHOIIICHUIO K HOHAM C€3+, COTNPOBOK/IAIOIIASICS MHO-
TOIICHTPOBBIM XapaKTEPOM 3aMEIIeHUs KaTHOHOB MAaTPHIIbI, TO €CTh MPHU BhIpa-
muBanun KpuctaiioB LiCaAlFs unu LiSrAlFs, akTuBUpOBaHHBIX HOHAMH Ce3+,
B KpucCTajuie o0pa3yeTcss TP ONTHYECKH HEIKBUBAJICHTHBIX THUIIA IEHTPOB,
MEXy KOTOPBIMH pacripeensiercs dHeprusi Hakauku. Ho u3BecTHO, 4TO Bapbu-
pysl XUMHYECKUM COCTaB, @ UMEHHO Ha0Op KaTHOHOB KPUCTAJUTUYECKON PEIIeT-
KA, MOXXHO JOOUTHCS TOBBIIMICHUS ONTHYECKOTO KadecTBa kpuctamia [3]. C
JPYrOol CTOPOHBI, BO3MOXKHOCTh COCPEJIOTOYUTh SHEPIUI0, KaK MOXHO OOJIbIIIEe
MMEHHO B OJHOM THIIE IIEHTPOB, SBJISETCS akTyajdbHOU 3amadeil. [loatomy 1ie-
JBI0 HACTOSAIIECH pabOTHI SBISAETCS MCCIEIOBaHUE CBOMCTB 0Opa3IlOB CMeEIaH-
HbIX KpucTtamioB LiSrxCap.xAlFs, akTHBHPOBAHHBIX HOHAMU C63+, METOIaMU
ONTUYECKOMN CIEKTPOCKOIHHU.

HccnenoBanue BBITIOIHEHO NP (hHAHCOBOM mojepxke PODU B pam-
Kax Hay4gHoro mpoekra 18-32-00936.

1. V.A. Fromzel, C.R. Prasad et al., Advances in Optical and Photonic De-
vices, 101 (2010).

2. M.H. Pham et al., Japanese Journal of Applied Physics 53, 062701
(2014).

3. A.S. Nizamutdinov, V.V. Semashko et al., Physics of the Solid State 50,
1648 (2008).
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[IOJIYYEHUE JIA3EPHOM TEHEPALIUU HA CMEIUAHHBIX
KPUCTAJIJIAX LiSryCay_xAlFg:Ce®*

N.HN. ®apyxmun, 3.1. Magupos, A.A. [llaknpos, A.C. HuzamyTanHOB,
A.A. lllaBeaneB, B.B. Cemaniko
Kazanckuii (Ilpusonsicckuii) ghedepanvruiii ynusepcumem, Kazano
E-mail: burushal6é@gmail.com

®topuansle kpuctayisl, Hanpumep LiCaAlFg, obnamaroT mmpokoi 3a-
MPENICHHON 30HOM U, OyAy4Yd aKTUBUPOBAHHBIMU Pa3IMYHBIMU MOHAMH, SIBIIS-
10TCA 3P(HEKTUBHBIMU AKTUBHBIMH CpEIaMU TBEPAOTEIBHBIX JIa3€POB Pa3HbIX
TUIOB. J[aHHBIE COEAMHEHUS NPHUMEHSIOTCS B PA3JIMYHBIX OTPACIAX: B MEIU-
UHE - [pu OopbOe C KOXHBIMU 3a00JEBAaHUSMHU BUTWIHIO W TICOpHa3,
9KOJIOTHH - B cucTeMax 3oHaupoBanus LIDAR u o0paboTke marepuanos [1, 2].
['maBHBIM HEIOCTAaTKOM SIBJISIETCS HU3Kasl M30MOp(QHas €eMKOCTb, T. €. MPH IO-
IBITKE MOBBICUTH KOHLIeHTpanuio noHoB Ce B kpucraimiax LiCaAlFg, mMbl cran-
KHBaeMcsl ¢ Mpo0sieMOi HU3KOM BEpOosATHOCTH 3amenieHus: noHoB Ca nonamu Ce,
YTO, B CBOK OYEpPE/b, HE IMO3BOJISET MOJYYUTh BBICOKOKOHUEHTPUPOBAHHBIE
kpuctajuibl (Oonee 1 ar. %) u3-3a BOSHUKHOBEHUS Pa3JIMUHBIX JTE(PEKTOB U ITO
MOKET CHJIBHO OTpa3uThcs Ha kauectBe oOpaszua [3]. Ilpu sToM, Ha mpumepe
oOpasuoB LiLuYF,, u3 BeinonHeHHBIX paHee skcniepuMeHToB B Kazanckom roc-
yJIapCTBEHHOM YHUBEPCHUTETE, ObUIM ClIeNIaHbl BBIBOJIbI, YTO BaphUPOBAHUE XU-
MHUYECKOI'0 COCTaBa, @ UMEHHO NEPEXO0J K CMELIAHHOU CTPYKTYpE, 3HAUUTEIBHO
yIy4dlllaeT Ja3epHble XapaKTEPUCTHKHU, OJiaroiaps yBEIMUECHHUIO H30MOp(HOU
emkocTH [4]. [loaTomy Lenbpio Hamield paboThl SBISIETCS MPOBEIECHUE JTa3epPHBIX
sKcriepuMeHToB B Kpuctamiax LiSryCa; xAlFg (X = 0,2), akTHBUPOBaHHBIX PeJi-
KO3eMelIbHEIME HOHaMH Ce’’ B MOMCKAaxX ONTHMAIbHOTO cooTHomeHus Ca/Sr
1 noBbiieHus K111 ma3zepHoii reHepanuu.

HccnenoBanue BBITIOIHEHO TP (hHAHCOBOU mojaepxkke PODOU B pam-
Kax Hay4gHoro mpoekra 18-32-00936.

1. M.H. Pham et al., Japanese Journal of Applied Physics 53, 062701 (2014).

2. N. Sarukura, Z. Lie, H. Ohtake, Optics letters 22, 994 (1997).

3. U.H. Kypkwun, JL.JI. Cenos, ILU. Arygun, ®TT 9, 2779 (1991).

4. A.S. Nizamutdinov, V.V. Semashko et al., Physics of the Solid State 50,
1648 (2008).
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CIIEKTPAJIbHO-JTIOMUHECLEHTHBIE CBOIICTBA HAHOYACTUIL]
LaGao 5Shy 506, JETUPOBAHHBIX MIOHAMM Pr¥*

A JL. TaDaTBIHOBal, AA. BepceHeBaz, A.B. EropmmeBaZ, OM. T aﬁTKoz,
IL.A. PsGouxuna’, C.A. XpYH_IaJII/IHal
'Hayuonanshuiii ucciedosamenvexuil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.I1. Ocapésa, Capanck
2HHcmumym oowetl u neopeanuueckou xumuu um. H.C. Kypnaxosa PAH,
Mockea
E-mail: alina.taratynova@mail.ru

K HacTosmemy BpeMeHH pa3paboTaHO MHOXKECTBO THIIOB JTIOMHUHO(OPOB
Ha OCHOBE Pa3IMYHBIX OPTaHUYECKUX M HEOPraHWYECKHX coeamHeHuit [1, 2].
HecmoTps Ha 3HAYUTENBHOE KOJIMYECTBO HAYYHBIX MyOJUKAIIUN, TOCBSIIICHHBIX
JTaHHON Teme, pabOThI MO TIOUCKY U UCCIIEIOBAHUIO HOBBIX IFOMUHO(GOPOB C BbI-
COKHMM 3HaUY€HUEM KBaHTOBOTO BBIXO/A OCTAIOTCS aKTyaTbHBIMHU.

B xadecTtBe 0THOTO M3 MEPCIEKTHBHBIX MAaTEPHAIOB JAHHOTO Kilacca Mo-
I'yT paccMaTpUBaThCs HaHOpPa3MEpHbIC CIOXHbBIE OKCHIbl LNGagsSh;sOs u
BiGeSbOg co crpykTypoii Tuna posuanta, jgerupoBanubie P3 nmonamu. Coenu-
HEHHsI ¢ TIOJJOOHOW CTPYKTYpOH XapaKTepU3YIOTCSl 3HAUUTEILHBIMUA PAaCcCTOSHU-
aMmu Mexay Ommkaiimumu P3 nonamu [3], uto Oyner cnocoOCTBOBATh YMEHbB-
IICHUIO0 BEPOSTHOCTH 0€3bI3TydaTeIbHOTO TIEPEHOCa YHEPTUH OT BO30YKICHHBIX
MOHOB K HEBO30YXIEHHbIM U MOKET NPUBOAMTH K IMOBBILICHUIO IOPOTOBON
KOHILIEHTpAIMM TYLIEHMs JIIOMUHecLeHIuu. HecMoTpst Ha TO, YTO JaHHBIA THII
COEMHEHUH H3BECTEH JOCTATOYHO IaBHO, AETAJBbHOIO H3YYEHMsI UX CIIEK-
TPaJbHO-TIOMUHECIIEHTHBIX CBOICTB /10 HACTOSIIETO HE IPOBOINUIOCE.

B nactosmieit pabote mpencTaBieHbl pe3ylbTaThl UCCIENOBAHUS CIIEK-
TPaJbHO-TIOMUHECIIEHTHBIX ~ XapaKTEpUCTUK  HAHOPAa3MEpPHBIX  YacCTHII
LaGag 5Shy 506, erMpoBaHHBIX HOHAMH Pr’*. BoImoJIHeH aHaiu3 BIMSHUS KOH-
neHtpanuu P3 HOHOB Ha yka3aHHbBIEC CBOMCTBA.

1. V. Kumar, O.M. Ntwaeaborwa, T. Soga et al., ACS Photonics 4 (11),
2613 (2017).

2. A. Escudero, A.l. Becerro, C. Carrillo-Carrion et al., Nanophotonics 6 (5),
881 (2017).

3. AV. Egorysheva, O.G. Ellert, O.M. Gajtko et al., Ceram. International
42, 13976 (2016).
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BU3YAJIN3ATOPBI UHOPAKPACHOTI' O JIASEPHOI'O U3JIYUEHUA
HA OCHOBE ®TOPUJHBIX MATEPHUAJIOB, JIETMPOBAHHBIX
PEJKO3EMEJIbHbBIMU NOHAMUA

M.B. Yepnos’, A.A. JIsnuu®, C.B. Ky3Heu0132, C.B. FymHHl, A.C. EpMaKOBl,
B.IO. ITpoiinaxosa®, I1.A. Ps6ouknna’, ILIL. ®egopos’
'Hayuonanshuiii ucciedosamenvekuil Mopoosckuti cocydapcmeeHHbli
yuusepcumem um. H.II. Ozapésa, Capanck
2HHcmumym ooweti puzuxu um. A.M. Ilpoxoposea PAH, Mocxkesa
E-mail: chernov_maxim@inbox.ru

Buszyanuzatopsl U3inyueHUs] UCTIONIB3YIOTCS ISl FOCTUPOBKH OMTUYECKUX
U JIA3ePHBIX CUCTEM, 0€30MacHO paboThI ¢ Ja3epoM, BU3yaIu3alluid HEBUINMO-
ro MsTHA Jla3epa, peryJIupoBKH Mpoduiis Ja3zepHoro nsTHa. B HacTosmee BpeMs
Ha PBIHKE MPEACTaBICHO OOJIBIIOE KOJUYECTBO BU3YaIM3aTOPOB HA OCHOBE aH-
TUCTOKCOBBIX JIIOMUHO(OPOB. J[aHHBIE BU3YyaTU3aTOPhI MO3BOJISIOT O€3bIHEPIIH-
OHHO TIOJIYYUTh KapTUHY pactpeaencHus NK-uznydenus npu BLICOKOM KOHTpa-
CTE W BBICOKOM paspemiaronieii cnocooHoctu. OaHako oOHU 00JaJal0T OTpaHU-
YEHHBIM CIIEKTPAJIbHBIM JHANa30HOM padboThI (10 1,7 MKM).

B nacrosimeii pabote npencTaBieHbl pe3yabTaThl pa3pad0TKU BU3yaIn3a-
TOpOB MH(PAKPACHOTO JIA3€PHOTO H3IIYUYEHHUs, CIIOCOOHBIX paboTaTh B Juaria-
30oHe¢ 780-2120 uM. Buzyanmzatopsl pa3padoTaHbl HA OCHOBE aHTHCTOKCOBOTO
JTOMUHOGOpPA U BBITOJHEHBI B BUJIE€ KEPAMHUUYECKOTO JUCKA U JIAMUHUPOBAHHOM
kaptouku. Ha puc. 1 mpenacraBieHbl CIEKTPbl M3IyUYEHHUs] BU3yalu3aTopa Mpu
BO30YXKICHUH Ja3epaMu Ha JyIMHAX BOJH 972 HM, 1532 am u 1912 um.

A =972 Hm Rooug 1532 HIN A,,=1912 Hm
1.0 10 10

=0 3584 x=0.4321 0 x=0.6841
¥=0.6956 v=0.5322 ¥=0.3042

0.8 | BT ST

06| 06- 06

0.4 0.4 044

0.2-| 0z n‘m 02

0.0 : ; T T 0.0 - - . - g - 00
0 150 500 550 600 650 700

T T T T
40 400 450 500 550 800 650 700 450 500 550 600 650

FIOMUHE CLIEHLMA, OTH. €.
JlioMuHe CUeHUMA, OTH. eA.
TioMKUH e CUeHUMA, OTH. &A.

AnvHa BONHbI, HM AnuHa BonHbI, HM AnMHa BOnHbI, HM

a 0 B
Puc. 1. Cniextp u3itydeHus: BU3yalln3aTopa Ipu BO30YKICHUH JIa3€PHBIM U3JTyYCHUEM C JUTU-
HOM BoJHBI 972 HM (a), 1532 M (06) 1 1912 HM (B)

HccnenoBanne BBINOIHEHO 3a cueT rpaHTa PoHIa COAEHUCTBUS PA3BUTHIO
Maneix GopM MpeANpUSITH B HaydyHO-TEXHHMUYECKou cdepe (moroBop Ne
2065T°C1/35333).
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TTOJIYYEHME 1 CBOMCTBA KPUCTAJIJIOB Cay xLixxGeOy,

J.B. Cumanosckuii, B.A. Banos, M.O. Mapsrues, B.C. Hukonos,
A.E. Eroposa
Huoicecopoockuii cocyoapcmeennwiil ynueepcumem um. H.U. Jlobaueesckozo,
Huoicnui Hoseopoo
E-mail: dmitrysimanovsky @yandex.ru

N3BectHo, uto kpuctamibl Li,CaGeO, B HacTosIee BpeMs SBISIOTCS
OJIHUMHU U3 HauOoJiee MEePCIEKTUBHBIX COSIUHEHUM NIl ucnoyib3oBanust B LED
yCcTpoicTBaX. DMUCCHOHHBIN criekTp kpuctamioB Li,CaGeO,, 1onmupoBaHHBIX
HEKOTOPBIMH PEIKO3EMEJIbHBIMU MOHAMH, XapaKTePU3YeTCs SIPKUMH JIMHUIMU
Ha JIyMHaX BOJH 473 HM, 485 uM u 575 uwm [1-3]. Llenbro Hamielt paboThI SIBIIS-
eTcsl BhIpaluBaHue MOHOKpUCTAIOB Cay«LixnGeOy, mpuUromHbIX A u3yde-
HUS UX ONITHYECKUX CBOMCTB.

Kpucramner Cay—«LixnGeO, BbIpanigBainch U3 BBICOKOTEMIICPATYPHOTO
pactBopa (flux-MeTox) METOAOM CIIOHTAHHOW KPUCTAJUTU3AIlMU Ha y3KOU Tia-
TUHOBOW MaJI0O4YKe B MJIMHAPUYCCKOM THUTJIC JUAMETPOM 5 CM U BBICOTOU 5 CM.
B teuenne Bcero BpemeHu pocta (6 CyTOK) MPOUCXOJIUIIO paBHOMEPHOE Bpa-
IIEHWEe TUTATHHOBOM Tajno4yku. B mpormecce pocta TemmepaTypa HEITUHEHHO
camxanack C 952 °C no 932 °C. [lo npomiecTBUM yKa3aHHOTO BPEMEHU Ha Ta-
Jouke oOpa3oBajiach JApy3a, COCTOSIIAS W3 HECKOJIbKUX KPUCTAIIJIOB C pa3Me-
pamu okosio 1 cMm. IlonmydeHHbIe KpHCTaUIbI OBUIM MCIOJIB30BAaHBI BIIOCIHE-
CTBUHU KaK 3aTpaBOYHBIE.

MakcuMyM HU3MEPEHHOTO CIeKTpa (OTOJIOMUHECHECHIIUU PACIIONIOKEH
Ha JJIMHE BOJHBI 1222 HM, YTO COOTBETCTBYET MOHAM cr* (cMm. puc. 1). Takum
00pa3oM, OJIYYeHHBIA KPUCTAJIT MPEJCTABISAETCS MIEPCIEKTUBHBIM JIJIS1 UCTIOJIb-
30BaHUs B TBEPAOTENBHBIX JIazepax Auanasona 1,1 - 1,6 Mkm.
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1. J.X. Meng, C.T. Yang, Q.Q. Chen, J. Lumin. 130 (7), 1320 (2010).

2. 1.V. Berezovskaya et al., Ceram. Int. 39 (6), 6835 (2013).

3. V.A. lvanov, D.V. Simanovskiy, M.O. Marychev et al., J. Non-Cryst. Sol-
ids 456, 76 (2017).
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QUANTUM CASCADE LASERS FOR MID-INFRARED
AND THERAHERZ RANGE

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

Quantum-cascade lasers (QCL) since the first proposal in 1971 [1], and
realization in 1994 [2], attract great attention of the research community result-
ing in more than 7 thousand publications with over 100 thousand citations ac-
cording to Web of Science. To date, QCLs cover extremely wide spectral range
including mid-infrared (3-16 um) and terahertz. The main QCL feature distin-
guishing them from the conventional semiconductor lasers is their unipolarity
resulting in the photon emission in the transition of an electron in the conduction
band from one quantum level to another instead of recombination of an electron-
hole pair.

The report will discuss not only the success of the mid-IR QCLs, but also
two approaches to QCLs in THz range - direct THz and difference frequency
generation in mid-IR. The principles of the direct THz-QCLs are similar to the
IR-QCLs. This results in their fundamental drawback due to the fact that the
THz photon energy is small in comparison with the thermal broadening of the
energy levels at room temperature, which makes it impossible to create an in-
verse population of levels at non-cryogenic temperatures. The highest reported
operating temperature of the direct THz-QCL is still below 200 K [3]. This dis-
advantage can be overcome in difference frequency THz-QCLs (DFG-QCL)
since their components operate in mid-IR, which makes it possible to create la-
ser sources of THz radiation at room temperature [4]. Unfortunately, only the
Cherenkov phase matching is available for DFG-QCLs which requires the an-
gled output surface to avoid the total internal reflection.

Supported by Ministry of science and education (ID: RFMEFI61617X0074).

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

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

3. S. Fathololoumi et al., Opt. Exp. 20, 3866 (2012)
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ISOTOPICALLY PURIFIED DOPED CRYSTALS AS PROMISING
MATERIALS FOR QUANTUM MEMORIES

A.A. Kalachev
Kazan E.K. Zavoisky Physical-Technical Institute, Kazan, Russia
Kazan Scientific Center RAS, Kazan, Russia
E-mail: a.a.kalachev@mail.ru

One of the topical problems of optical quantum technologies is related to
creation of effective solid-state quantum memory. At present, many solid-state
systems are being studied as promising carriers of quantum information. Among
them are single NV-centers in diamond, cold atoms, mechanical oscillators and
ensembles of rare-earth ions. Being the basis for the modern laser and telecom-
munications industry, rare-earth-ion doped solid-state materials are very attrac-
tive for quantum information processing, since they have long times of both op-
tical and spin coherence [1-3].

In particular, isotopically purified doped crystals demonstrating ultra-
narrow (~ 10 MHz) optical inhomogeneous broadening are of interest [4-6].
Such narrow optical lines will require no additional optical spectral tailor-
ing/ensemble preparation for the implementation of optical quantum memory.
Yet, isotopically purified materials with ultra-narrow lines are very promising
ones for the implementation of broadband off-resonant Raman quantum memory
[7-11]. The basic idea of such a technique is to map a quantum state of an in-
coming photon into a long-lived hyperfine spin state that is insensitive to mag-
netic field fluctuations, which corresponds to the so called full clock spin transi-
tion or zero-first-order-Zeeman (ZEFOZ) spin transition.

In the present work, the recent progress in experimental and theoretical
studying these materials is discussed [12-17]. The possibility of growing high-
quality fluoride crystals with an inhomogeneous width of optical transitions as
small as 13 MHz has been demonstrated [16]. This makes these materials ex-
tremely attractive for implementing off-resonant Raman schemes of quantum
memory. An increase in the optical coherence time by an order of magnitude
(from several us to 300 us) has been demonstrated for the first time in the crys-
tals doped with Er-167 ions by using optical clock transitions and cooling the
crystals down to ~100 mK [15]. Thus, the feasibility of using ultra-low tempera-
tures to increase the coherence time in weak magnetic fields has been demon-
strated. In crystals doped with Nd-143 ions, the effect of electromagnetically in-
duced transparency was observed [17] with the use of hyperfine ZEFOZ transi-
tions, which directly confirms the possibility of realizing Raman quantum
memory schemes in the materials under study. Theoretical estimations made in
[14] show the possibility of achieving a large signal-to-noise ratio when storage
and retrieval of single-photon states is performed via off-resonant Raman ab-
sorption and emission.

The work is supported by RSF (project No. 14-12-00806).
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PROSPECTIVE GEOMETRIES OF ACTIVE ELEMENTS FOR LASERS
WITH HIGH PEAK AND HIGH AVERAGE POWER

O.V. Palashov
Institute of Applied Physics of RAS, Nizhny Novgorod, Russia
E-mail: palashov@appl.sci-nnov.ru

Creation of lasers with high peak and high average power is one of the
most significant trends in quantum electronics. One of the principal fundamental
scientific problems limiting the average power of lasers operating in the cw as
well as in the pulse-periodic regime is inevitable heat release in laser elements
(active elements in quantum amplifiers, and magneto-active elements in optical
isolators). Non uniform temperature distribution over the volume of the element
may give rise to a whole number of negative effects, such as thermal lens (due to
phase distortions), thermally induced depolarization (caused by mechanical
strain leading to linear birefringence) [1], deformation of optical elements (up to
their destruction), and others. An increase of the average temperature may result
in absorption line broadening and shifting, a decrease of the transition cross-
sections [2], and so on.

Pump radiation is the strongest heat source in the active elements (AE) of
solid-state lasers. Thanks to the rapid advance of diode pumping at the begin-
ning of the 21-st century, significant progress has been made in the region of av-
erage power of lasers with high average and high peak power. In lasers based on
neodymium ion the heat release power reaches tens of percent [3] due to a large
quantum defect of the pump and parasitic absorption processes in excited state,
cross-relaxation, and so [4]. Consequently, an ytterbium ion having a small
quantum defect [5], long inversion lifetime (of the upper level) and no absorp-
tion from excited state [2] is currently actively used as an active ion.

A possible method of suppressing parasitic thermal effects is AE cooling,
for example, to liquid nitrogen temperature [6]. In this case, heat conductivity is
increased, thermal expansion coefficient and temperature gradient of refractive
index changes are reduced for ytterbium containing media [7], the absorption
cross-section on the operating transition and pump transition are increased, and
the lower operating level is almost fully depleted (the medium becomes a four-
level one) [2].

In this talk we will consider in more detail another method of controlling
thermal effects using new, promising geometries of active elements. The AE ge-
ometry is a very important parameter. For example, when the new, fiber geome-
try of the active element appeared at the end of the 20™ century (aspect ratio —
the length to diameter ratio A > 1000), fiber lasers rapidly became leaders in av-
erage power (tens of kilowatts!) with high laser radiation quality and reliability
of the devices. However, their strength is at the same time their weakness. Be-
cause of the specific features of the active medium geometry (mainly, length)
the peak power of pulsed fiber lasers is significantly restricted by nonlinear ef-
fects and their average power at pulse durations < 1 ps is, as a rule, limited by
tens of watts. Pulse energy of single mode fiber lasers is limited to fractions of
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mJ. Hence, for achieving an energy even of a Joule level coherent combining of
thousands of such radiation channels is demanded. This is a very difficult task
which, however, is considered in a number of major projects, for instance,
XCAN — Coherent Amplification Network [8]).

In the proposed talk we will address in ample detail AEs with thin rod (in-
cluding cone), thin slab, and thin disk (including composite variants: sandwich
and cladding) geometry. At present these three geometries are regarded to be
most promising for lasers with high peak power and high average power and
may be used for laser heads of master oscillators as well as for fiber laser ampli-
fiers.

By its aspect ratio that is about 100, the thin rod geometry [9] occupies an
intermediate position between the fiber (A > 1000) and the traditional rods (A ~
10). The typical dimensions of a thin rod are the diameter up to 1 mm and length
of 3...4 cm. As the diameter of a thin rod AE (~ 1 cm) is much smaller than that
of a rod AE, operation at higher average power is possible. On the other hand,
the diameter of a thin rod AE is much larger than that of a fiber (< 100 pm), so
thin rod AEs enable operation at higher pulse energies. A specific feature of this
geometry is waveguide propagation of pump radiation and, at the same time,
free propagation of laser radiation in the AE. The nanosecond pulse energy at
the output of a thin rod can reach several mJ and small signal gain is > 100,
which makes such a laser head promising for an accelerating amplifier in a hy-
brid laser.

The thin slab geometry [10] may be regarded to be a one-dimensional
case of a thin rod. A thin slab is a thin (< 1 mm) plate of active medium with
two polished ends for transmission of pump radiation and signal, analogously to
the thin rod geometry. The plate width is an order of magnitude larger (~ 1 cm),
which allows obtaining pulse energy also more than an order of magnitude high-
er without complicating laser optical scheme.

The thin disk geometry is the oldest of the considered geometries [11]. It
permits reducing thermal radiation distortions substantially due to the end heat
sink at which the temperature gradient is directed along rather than across the
radiation propagation direction. Besides, an additional advantage of this geome-
try is small AE length/thicknes (200...300 pm) that allows amplifying powerful
short pulses without danger of the self-focusing effect.

Implementation of prospective AE geometries in high-power laser engi-
neering will enable creating a new class of compact and reliable pulsed lasers
with an average power of units and tens of kilowatts. Such lasers are already
demanded in consumer market for solution of various tasks. In this lecture we
will describe one of the new bright applications — an orbital laser for space de-
bris removal, the concept of which is currently being developed with participa-
tion of IAP RAS researchers.

The work was carried out with the financial support of the Ministry of
Education and Science of Russia, contract No. 14.607.21.0201
(RFMEFI160718X0201).
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MULTIFREQUENCY OSCILLATION OF YAP:Nd LASER

P.G. Zverev*?, I.V. Smirnov?, G.V. Shilova®, A.A. Sirotkin®
Prokhorov General Physics Institute RAS, Moscow, Russia
Moscow Power Engineering Institute, Moscow, Russia
E-mail: zverev@Ist.gpi.ru

Two and multiwavelength lasers can be used for various practical applica-
tions, particularly ecology monitoring, laser ranging, optical communications.
The difference frequency generation of such laser radiation in nonlinear crystals
provides terahertz radiation. Thus development of compact efficient multifre-
guency solid state lasers that use one active element is of great scientific interest
for laser physics. It is well known that the emission spectra of impurity doped
rare earth ions in anisotropic crystals depends on its crystallographic orientation
[1]. Recently it was shown that maximum of the luminescence spectra of
Nd*":GdVO, crystal was different for various crystal orientations [2]. The laser
oscillation at two wavelengths with two mutually orthogonal polarizations was
demonstrated.

Multifrequency oscillation of diode pumped Nd**:YAIO; laser is investi-
gated in this report. The luminescence spectra of Nd** ions in YAIO; (YAP)
crystal at “Fs, — 111, optical transition possess three intensive peaks at the
wavelengths of 1064, 1072 and 1079 nm. Fiber coupled diode laser operating at
the wavelength of 808 nm with 12 W output power was used as a pump source
in laser experiments. The gain medium was 0,9 at. % b-cut Nd**:YAIOj; crystal
with the aperture of 3x3 mm? and the length of 12 mm. The laser cavity was
composed of concave input mirror (R = 500 mm) with high reflectivity at the
wavelengths of 1+1,2 um and high transmission at the pump wavelength and a
flat output coupler with the transmission of Ty s-11=13,5 %. The spectrally se-
lective losses were introduced by installing A/2 phase plate for 1,06 um between
the gain medium and the output coupler. Dual frequency oscillation at two
wavelengths combinations of 1064 + 1072, 1064 + 1080 or 1072 + 1080 nm and
three wavelengths was obtained for an appropriate orientation of the phase plate.
The output power of the laser reached 1,8 W with slope efficiency of 33 % at the
input pump power of 6,7 W.

1. G.V. Shilova, P.G. Zverev, A.A. Sirotkin, Journal of Applied Spectrosco-
py 83, 585 (2016).

2. A.A. Sirotkin, S.V. Garnov, V.I. Vlasov et al., Quantum Electron. 42, 420
(2012).
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DISTRIBUTION OF LUMINESCENCE CENTERS IN ZnSe:Fe

A.A. Gladilin', S.I. Chentsov?, V.S. Krivobok?, O.V. Uvarov',
V.P. Kalinushkin®
'Prokhorov General Physics Institute RAS, Moscow, Russia
?Lebedev Physical Institute, RAS, Moscow, Russia
E-mail: agladilin@kapella.gpi.ru

Zinc selenide crystals doped with iron are of interest as active laser media
for the mid-IR range. The process of impurity diffusion is inevitably accompa-
nied with the formation of various defects that affect the optical properties of the
material. In the present study, two-photon confocal microscopy (TPCM) and
low-temperature luminescence (LTL) methods were used to determine the type
of defects and their properties.

Zinc selenide crystals doped from the surface with iron were used as the
samples. The concentration of dopant at the surface exceeded 5x10™ cm™. The
experiments were carried out at room temperature (TPCM) and liquid helium
(LTL). In the study of luminescence were obtained:

— spectra in the visible range and near-IR re-
gion;

— spatial distribution along the direction of
diffusion at different wavelengths.

It was found that in the doping process
suppressed the luminescence in the visible range
and a so called "dead region™ is formed (fig. 1).
Therewith bands are formed in the luminescence i 4_
spectrum (fig. 2), which do not directly depend FeCasE
on the type of impurity [1]. It is estimated that % 2 a0
nature of bands is associated with the introduced Fig. 1. Llj’r‘;;ai'r‘]‘:;gg”é;“c“gipatial dis-
defects and with the formation of complexes of tribution of ZnSe-Fe
atoms of the host and impurity.

The intensity maxima of the line (541, 628
nm) of the impurity-defective luminescence band
are located at different distances from doping
surface (fig. 1). Most likely, this is due to the
spatially-inhomogeneous distribution of defects
in the bulk of the crystal after doping with iron.
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NUMERICAL SIMULATION OF THE AMPLIFYING PROPERTIES
OF BISMUTH AND ERBIUM CO-DOPED GERMANOSILICATE FIBERS

S.V. Alyshev!, A.V. Khegai', S.V. Firstov*?, M.A. Melkumov*
'Fiber Optics Research Center RAS, Moscow, Russia
“National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: alyshs@fo.gpi.ru

The limitations of the information carrying capacity of the fiber telecom-
munication systems still remain a pressing issue of modernity [1]. Probably the
most obvious approach in tackling with this problem is widening the spectral
range for information transmission. However, this will require the development
of new types of fiber amplifiers.

Some time ago we reported bismuth and erbium co-doped fiber amplifier
capable of amplifying light in the wide range from 1,53 to 1,78 um [2]. In order
to gain a better understanding as well as to optimize the active medium in terms
of relative bismuth and erbium concentration and pumping wavelength we per-
formed a numerical simulation of its amplifying properties. Fig. 1. demonstrates
calculated typical spectral dependencies of the net gain and noise figure versus
the pumping wavelength.
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Fig. 1. Typical calculated spectral dependencies of the net gain and noise figure of a Bi/Er co-
doped fiber amplifier versus the pumping wavelength

The research was supported by Russian Foundation for Basic Research
(grant 16-02-00440).

1. D. Payne, 41 ECOC, WS.6 (2015).
2. S.V. Firstov et al., 7" EPS-QEOD Europhoton, FWG-4.1 (2016).
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CHARACTERRIZATION OF WAVEGUIDES FABRICATED
IN PHOSPHATE GLASS BY ULTRAFAST LASER INSCRIPTION

D.A. Guryev
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: guryevden@gmail.com

In recent years, many works have been published on the fabricating of
waveguides by ultrafast laser inscription in various dielectric media, including
active media of solid-state lasers. The most part of the research in this field is
devoted to application of the waveguides as laser oscillators and amplifiers. Un-
fortunately optical characteristics of the recorded waveguide structures are rare-
ly presented.

The goal of this work was the study of the characteristics of waveguides
(transverse dimensions, the difference in refractive indices), fabricated by the
laser femtosecond inscription method. Waveguides were fabricated in
Nd**-doped phosphate glass (GLS-24). The inscribing was done by Yb-laser (A
= 1040 nm, 1, = 300 fs) with different pulse energies (200-400 nJ) and pulse
repetition rate (100-400 kHz). Inscribed waveguides were like a set of isolated
tracks at a depth of 0,8 mm separated by the distance of 0,1 mm from each oth-
er.

The study of waveguide characteristics was carried out by the following
methods: microscopy, near-field and far-field methods. Transverse dimensions
of fabricated tracks were investigated by microscopy, the difference of refractive
indices between the inscribed waveguide and the glass was investigated by near-
field and far-field methods.

The study was conducted to establish a set of characteristics of wave-
guides favorable for the laser action namely, allowing for convenient and effi-
cient injection of pumping radiation, and also supporting the propagation of the
fundamental radiation mode (TEMy).
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9,8 GHZ MODE-LOCKING OF WAVEGUIDE Nd:YAG LASER
WITH GRAPHENE

M.V. Ponarina, A.G. Okhrimchuk, M.G. Rybin, A.A. Tarakanovsky,
T.V. Dolmatov, V.V. Bukin, I.V. Zhluktova, V.A. Kamynin, P.A. Obraztsov
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: ponarinamariya@gmail.com

Over the last few years much attention is paid to high repetition rate (over
1 GHz) ultrafast lasers [1]. These lasers are important for applications in tele-
communications, frequency metrology and in fundamental physics. There are
different approaches to achieve generation of ultrashort pulses with GHz repeti-
tion rates such as passive and active mode-locking of bulk or fiber solid-state
lasers, semiconductor waveguide lasers and VCSELs. However, one of the sim-
plest and compact design of mode-locked lasers with GHz repetition rate is
based on a short plane parallel mirrors cavity, completely or almost completely
filled with gain medium. An important condition for achievement of a stable
mode-locking regime is operation in a fundamental transversal mode (TEMgy).
The purpose of this work was to improve the stability of GHz mode-locking in a
compact Nd:YAG laser by applying the appropriate waveguide geometry.

The tubular single-mode waveguide with diameter of 30 um is fabricated
inside Nd:YAG crystal by the fs-laser inscription technique [2]. The waveguide
is pumped by CW Ti-Sa laser with a wavelength of 808 nm (600 mW). The laser
cavity is formed by an input HR-mirror deposited on the edge of crystal and an
output saturable absorber mirror (SAM) with single-layer graphene. The length
laser cavity is 8,4 mm, which provides 9,8 GHz repetition rate of mode-locked
pulses.

During the experiment the output SAM mirror was attached to the piezo-
stage which provided precise control of the cavity length with a step of 0,04 um.
The applied 60V voltage corresponds to 2,2 um displacement of SAM. The pe-
riodical dependence appears due to the Fabry-Perot interferometer's formation
between the crystal’s edge and the output mirror. We observe laser generation at
1061 nm and 1064 nm. Two-frequency generation is the main problem to
achieve stable laser regime. Filtration and amplify the output laser signal were
proposed for solution this problem. Due to this fact we obtain 9,8 GHz stable
repetition rate at 1061 nm.

1. S.Y. Choi et al., Opt. Express 26, 5140 (2018).
2. A.G. Okhrimchuk, P.A. Obraztsov, Scientific Reports 5, 11172 (2015).
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UPCONVERSION LUMINESCENCE IN FLUORIDE POWDERS DOPED
WITH Er** AND Yb** IONS UPON EXCITATION BY INFRARED
LASER RADIATION

S.V. Gushchin®, A.A. Lyapin®, S.V. Kuznetsov?, P.A. Ryabochkina’,
V.Yu. Proydakova®, A.S. Ermakov’, P.P. Fedorov®
National Research Ogarev Mordovia State University, Saransk, Russia
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: serg.quschin1703@gmail.com

Over the past few years, interest in upconversion powders has been grow-
ing continuously. In medicine and biology, they are used as bioimaging, biomet-
rics and temperature sensors. In solar energy are used to improve the efficiency
of solar cell. In laser physics, upconversion powders are used as visualizers of
infrared radiation [1-3].

In the present paper, we investigated strontium fluoride powders with dif-
ferent concentration of Er** and Yb*" ions. Fluorite-type SrF,:Er and SrF,:Yb,Er
powders were synthesized by using a co-precipitation from aqueous nitrate solu-
tion technique.

Upon excitation of the *I,3, level the upconversion luminescence (UCL)
in SrF,:Er and SrF,:Yb,Er powders in the visible and near-infrared spectral re-
2gion C(zlrrespo4nding 4tO 4(211/2—>2|15/2, 42H9/274|15/2,4 4|:5/27>4|15/2_, 4F7/2Z4|15/2,

Hi1o—"l1si2, “Sao—"lisz, "Fop—"lisz “lop—"l1sp, “liap—"l1s2 1ons Er™ and
?Fs;,—°F71, ions Yb** transitions were recorded. We have studied the intensity
UCL dependent concentration rare-earth. The integrating sphere method was
used to measure the absolute photoluminescence quantum yield. Chromaticity
coordinates and color temperature of UCL of SrF,:Er and SrF,:Yb,Er were cal-
culated. The conducted research indicate that SrF,:Er and SrF,:Yb,Er phosphors
IS a promising upconversion materials.

This work is supported by the Russian Science Foundation under grant
17-72-10163.

1. F. Auzel, Chem. Rev. 104, 139 (2004).

2. D.C. Rodriguez Burbano, R. Naccache, J.A. Capobianco, Handbook on
the Physics and Chemistry of Rare Earths 47, 273 (2015).

3. A lvaturi, S. Macdougall, R. Martin-Rodriguez et al., J. Appl. Phys. 114,
013505 (2013).
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SPECTRAL-LUMINESCENCE PROPERTIES OF CaF,-SrF,
SINGLE CRYSTALS DOPED WITH Tm*" IONS

A.S. Ermakov', A.A. Lyapin', S.V. Kuznetsov?, V.A. Konyushkin?,
A.N. Nakladov?, P.A. Ryabochkina®, P.P. Fedorov?, S.V. Gushchin®
National Research Ogarev Mordovia State University, Saransk, Russia
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: sasha41450@gmail.com

Two-micron solid-state lasers doped Tm>* ions are used in many fields: in
medicine for laser surgery, in the industry for processing materials, in science
for pumping laser sources et al. [1-3].

A well-known fact is the obtaining of two-micron laser generation at the
3F,—>He transition of Tm*" ions with the help of various oxide materials. How-
ever, fluoride materials are also very promising materials for creating two-
micron laser radiation [1-5]. They are characterized by a high transmission of
radiation in the spectral range from 0,16 to 11 um, a low phonon energy, the
ease of introducing a significant concentration of rare-earth ions, and their ten-
dency to form clusters et al.

In the present paper, we investigated the spectral-luminescence and spec-
tral-kinetic properties of CaF,-SrF,:Tm single crystals. Fluoride crystals were
grown by the method of vertical directional crystallization (Bridgman's method).
In addition, the absorption cross-sections for the transition 3He—>H,, the lumi-
nescence cross-sections and gain cross-sections for the transition 3E,—3%Hg of
Tm®* ions were calculated. The gain band of CaF,-SrF,:Tm (4 %) crystal is
1692-2000 nm according to relative inverted population 0,3. The Kkinetics of the
luminescence decay of the pump level of *H, of Tm*" ions at T = 300 K was also
recorded. The decay time of this level averaged 1,2 us for various concentrations
of the rare-earth doping ion.

1. M. Jelinek, V. Kubecek, W. Ma et al., Laser Phys. Lett. 13, 1 (2016).

2. A. Sottile, E. Damiano, M. Rabe, et al., Opt. Express 26, 5368 (2018).

3. M. Doroshenko, J. Sulc, P. Fedorov et al., Proceedings of the SPIE 8959,
1 (2014).

4. A. Lyapin, P. Fedorov, E. Garibin et al., Opt. Mater. 35, 1859 (2013).

5. J. Ding, B. Zhao, W. Ma et al., Int. J. Opt. 2018, 1 (2017).
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APPLICATION OF NANOSIZED DIELECTRIC PARTICLES
DOPED BY Yb* IONS FOR ENHANCEMENT OF THERMAL EFFECTS
DURING THE IRRADION OF BIOLOGICAL TISSUES
BY NEAR IR LASER RADIATION

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

The interaction of laser radiation with biological tissues is a complex pro-
cess and can lead to different results, one of which is an increase in the tempera-
ture of biological tissues [1]. However, for some biomedical applications, addi-
tional enhancement of this thermal effect is required. For this purpose when the
contact exposure technique is realized, the optical fiber is modified by the intro-
duction of highly absorbing impurities into its composition [2]. The presence of
such impurities near the fiber endface allows to reach higher temperatures at the
contact point with the biological tissue and, consequently, increases the effec-
tiveness of the procedure [2].

In this paper, we propose an alternative method of increasing the thermal
effect in the case of the noncontact action of near infrared laser radiation on the
surface of biological tissues. This technique does not include of modification of
the optical fiber and consists in pre-initiation of the tissue itself using nanoscale
dielectric particles doped with Yb** ions. The heating processes of these parti-
cles when excited by laser radiation corresponding to the absorption of Yb**
ions and the mechanisms responsible for them were previously described by us
in [3].

We conducted in-vitro and in-vivo experiments on the effect of laser radi-
ation with a wavelength of 970 nm and a power of ~ 1 W on biological tissues
preliminarily coated with Yb-containing nanoparticles and without preliminary
coating. It was shown that in the case of using these nanoparticles during the
procedure, the thermal effect was manifested to a much greater extent than
without the use of nanoparticles.

1. A. Klein, W.B. Umler, M. Landthaler, P. Babilas, Int. J. Hyperthermia 27
(8), 762 (2011).

2. AV. Belikov, M.L. Gelfond, K.V. Shatilova et al., Proc. of SPIE-OSA
Biomedical Optics 9542, 95420J (2015).

3. P.A. Ryabochkina, S.A. Khrushchalina, V.M. Kyashkin et al., JETP Let-
ters 103 (12), 743 (2016).
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Q-SWITCHED TWO-MICRON LASER GENERATION ON THE ZrO,.Y ;03
CRYSTALS DOPED BY Ho*>* IONS

S.A. Artemov’, A A Lyapin', P A Ryabochkina®, A.N. Chabushkin?,
E.E. Lomonova®
National Research Ogarev Mordovia State University, Saransk, Russia
“Russian Federal Nuclear Center All Russian Research Institute of Experimental
Physics, Sarov, Russia
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: sergey560113@gmail.com

Two-microns solid-state lasers are widely used in medicine, for detecting
gases (CO2, NH3, CO, etc.), as pumping sources for medium-IR lasers. This
fact stimulates the search of new active media, and the development lasers of
two-microns spectral range on their basis.

At the present time, laser generation of 2-um spectral range had been ob-
tained on many crystals and glasses doped by Tm**, Ho**. However, search of
new materials providing the possibility of increasing the spectral range of gener-
ation, tuning of the laser frequency, and also obtaining pulses of short duration,
are still urgent.

In present work we were obtained laser generation with Ay, = 2130 nm on
Zr0,-Y,03-H0,03 crystals pumped by a thulium fiber laser in Q-switch mode
with a pulse repetition frequency of 1 kHz, 10 kHz and a duration of 140 ns and
310 ns, respectively.

Typical waveforms of the oscillation pulses and pulse train of laser gener-
ation with Agn, = 2130 nm and repetition rates of 1 kHz and 10 kHz are present-
ed in fig. 1. The pulse duration did not exceed 50 ns for repetition rate less than
f <100 Hz.
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Fig. 1. Typical waveforms of the oscillation pulses and pulse train of solid-state laser on
Zr0O,-Y,03-Ho,03 crystals
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STUDY OF THE IMPURITY CENTERS OF THE CE*" IONS
IN THE MIXED CRYSTALS WITH THE LiSrxCa; xAlFs STRUCTURE

E.l. Madirov, A.A. Shakirov, A.A. Shavelev, A.S. Nizamutdinov,
V.V.Semashko
Kazan Federal University, Kazan, Russia
E-mail: ed.madirov@gmail.com

Fluoride crystals with a colquiriite structure, e.g. LiCaAlFg, are promising
dielectric materials that are used as active media capable of amplifying UV radi-
ation of the solid-state lasers. The advantage of these materials is a wide band
gap (approximately 11 eV). Significant inhomogeneous vibrational broadening
of the operational laser transitions of these ions defines a wide tuning range of
the laser generation and provides the opportunity to generate ultra-short pulses
[1, 2]. However, a low isomorphic capacity accompanied by multicenter substi-
tution of the cations of the matrix in case of Ce*" ions can interfere with the ap-
plication as a laser active medium, i. e. during growth of either LiCaAlFs or
LiSrAlFs crystal activated with Ce®* ions three optically inequivalent types of
centers, which divide the pumping energy between each other form in a crystal.
Nevertheless, it is a known fact that it is possible to improve the optical qualities
of the crystal varying the chemical composition of the crystal, namely the com-
bination of the cations in the crystal lattice [3]. On the other hand, the ability to
concentrate most of the pumping energy in one type of the centers is a current
goal. That is why the goal of the current work is optical spectroscopy study of
the properties of the LiSrxCa; xAlFs mixed crystals activated with ce* ions.

The reported study was funded by RFBR according to the research project
Ne 18-32-00936.

1. V.A. Fromzel, C.R. Prasad et al., Advances in Optical and Photonic De-
vices, 101 (2010).

2. M.H. Pham et al., Japanese Journal of Applied Physics 53, 062701
(2014).

3. A.S. Nizamutdinov, V.V. Semashko et al., Physics of the Solid State 50,
1648 (2008).
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LASER ACTION IN LiSrxCay.xAlFs:Ce** CRYSTALS

|.I. Farukhshin, E.l. Madirov, A.A. Shakirov, A.S. Nizamutdinov,
A.A. Shavelev, V.V. Semashko
Kazan Federal University, Kazan, Russia
E-mail: burushal6@gmail.com

Fluoride crystals, e. g. LiCaAlFs, have a wide band gap, and if activated
with various ions can be efficient active media of the different kinds of solid-
state lasers. These compounds are utilized in many areas: in medicine as means
to treat skin diseases such as vitiligo and psoriasis, in ecology as part of the LI-
DAR systems and in material treatment [1, 2]. The main drawback of these ma-
terials is low isomorphic capacity, i. e. if one tries to increase the concentration
of the Ce ions in the LiCaAlFg crystals; the problem of low probability of substi-
tution of the Ca ions with the Ce ions arises. This problem does not allow ob-
taining highly concentrated samples (more that 1 at. %) because of the big
amount of defects that can affect the quality of the sample [3]. However, earlier
experiments in the Kazan Federal University using LiLuYF, samples showed
that variation of the chemical composition, namely transition to a mixed struc-
ture, significantly improves lasing properties thanks to increased isomorphic ca-
pacity [4]. That is why the goal of our work is realization of the lasing experi-
ments with the LiSrcCai.xAlFs (x = 0,2) crystals activated with rare-earth Ce**
ions in order to find the optimal ratio between Ca and Sr ions to increase the la-
ser generation efficiency.

The reported study was funded by RFBR according to the research project
Ne 18-32-00936.

1. M.H. Pham et al., Japanese Journal of Applied Physics 53, 062701 (2014).

2. N. Sarukura, Z. Lie, H. Ohtake, Optics letters 22, 994 (1997).

3. N.H. Kypxun, JI.JI. Cenos, UL.U. Srynun, ®TT 9, 2779 (1991).

4. A.S. Nizamutdinov, V.V. Semashko et al., Physics of the Solid State 50,
1648 (2008).
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SPECTRAL-LUMINESCENT PROPERTIES OF LaGag5Sb; 506
NANOPARTICLES, DOPED BY Pr** IONS

A.D. Taratynova', A.A. Berseneva®, A.V. Egorysheva®, O.M. Gaitko?,
P.A. Ryabochkina', S.A. Khrushchalina®
National Research Ogarev Mordovia State University, Saransk, Russia
Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow, Russia
E-mail: alina.taratynova@mail.ru

To date, many types of phosphors have been developed based on various
organic and inorganic compounds [1, 2]. Despite a significant number of scien-
tific publications devoted to this topic, the work to find and study new phos-
phors with a high quantum yield remains topical.

One of the promising materials of this class can be considered nanoscale
complex oxides LnGagsSb; 506 and BiGeShOg with a structure of rosiaite type
doped with RE ions. Compounds with a similar structure are characterized by
considerable distances between the nearest RE ions [3], which will help reduce
the probability of nonradiative energy transfer from excited ions to unexcited
ions and may lead to an increase in the threshold concentration of quenching of
the luminescence. Despite the fact that this type of compounds has been known
for a long time, a detailed study of their spectral-luminescent properties has not
been carried out to the present.

In this paper, we present the results of an investigation of the spectral-
luminescent characteristics of LnGagsSb;s0¢ nanosized particles doped with
Pr’* ions. The effect of the RE ions concentration on these properties is ana-
lyzed.

1. V. Kumar, O.M. Ntwaeaborwa, T. Soga et al., ACS Photonics 4 (11),
2613 (2017).

2. A. Escudero, A.l. Becerro, C. Carrillo-Carrion et al., Nanophotonics 6 (5),
881 (2017).

3. A.\V. Egorysheva, O.G. Ellert, O.M. Gajtko et al., Ceram. International
42, 13976 (2016).
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VISUALIZERS OF INFRARED LASER RADIATION
BASED ON FLUORIDE MATERIALS DOPED BY RARE-EARTH IONS

M.V. Chernov', A.A. Lyapin?, S.V. Kuznetsov®, S.V. Gushchin®,
A.S. Ermakov’, V.Yu. Proydakova®, P.A. Ryabochkina®, P.P. Fedorov®
'National Research Mordovia State University, Saransk, Russia
2000 «Photonic Technology Systemsy, Saransk, Russia
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: chernov_maxim@inbox.ru

Radiation visualizers are used to align optical and laser systems, safe
work with laser, visualization of an invisible laser spot, adjustment of the laser
spot profile. Currently, a large number of visualizers based on anti-stokes phos-
phors are on the market. These visualizers make it possible to obtain a picture of
the IR radiation distribution at high contrast and high resolution without inertia.
However, they have a limited spectral range of operation (up to 1,7 pum).

In this paper we present the results of the development of visualizers for
infrared laser radiation capable of operating in the range of 780-2120 nm. Visu-
alizers are developed on the basis of anti-stokes phosphor and are made in the
form of a ceramic disc and a laminated card. Figure 1 shows the emission spec-

tra of the visualizer when excited by lasers at wavelengths of 972, 1532 and
1912 nm.
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Fig. 1. The emission spectrum of the visualizer when excited by laser radiation with a wave-
length of 972 nm (a), 1532 nm (b) and 1912 nm (c)

This work is supported by the Foundation for Assistance to Small Innova-
tive Enterprises in Science and Technology under grant Ne 2065I"C1/35333.
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THE SYNTHESIS AND PROPERTIES OF Ca,-xLixGeO, CRYSTALS

D.V. Simanovsky, V.A. lvanov, M.O. Marychev, V.S. Nikolov, A.E. Egorova
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
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It is known that Li,CaGeO, is among of the most perspective phosphors
for LED (light emitting diode) applications. It is shown that Li,CaGeO, doped
with different rare earth element emits intensely at 473 nm, at 485 nm and at 575
nm [1-3]. The main aim of this work is the growth of Ca,Li,xGeO, monocrys-
tals suitable for studying of their optical properties.

High temperature solutions (flux-method) were used for Ca,LixGeOy,
crystal growth by spontaneous crystallization on a narrow platinum stick in a cy-
lindrical crucible with a diameter of 5 cm and a height of 5 cm. During the
whole time of growth (6 days) there was a uniform rotation of a platinum stick.
Temperature was changing from 952 °C to 932 °C. After the expiration of the
specified time it was formed the druse on a stick, that consist of a several crys-
tals with sizes about 1 cm. These crystals were used as seed crystals in other
growths.

The measured spectrum of photoluminescence has maximum at wave-
length 1222 nm (see fig. 1). It’s mean that crystals are doped with ions Cr*". So
crystals Ca, «Li,xGeO, are perspective for using them in solid-state lasers in
spectral region 1,1-1,6 um.

v
1x10° 1.2x10° 1.4x10° 1.6x10°
A, nm

Fig. 1. Spectrum of photoluminescence of grown crystals of CayLi,—xGeOy

1. J.X. Meng, C.T. Yang, Q.Q. Chen, J. Lumin. 130 (7), 1320 (2010).

2. 1.V. Berezovskaya et al., Ceram. Int. 39 (6), 6835 (2013).

3. V.A. lvanov, D.V. Simanovskiy, M.O. Marychev et al., J. Non-Cryst. Sol-
ids 456, 76 (2017).
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HAHOMATEPUAIJIIbl U HAHOTEXHOJIOTUA



TOHKMUME IUVIEHKHW HA OCHOBE YI'JIEPOAHBIX HAHOTPYBEOK
N TPA®EHA U OIITUYECKUX 1 SJIEKTPOHHBIX ITPUJIOXXEHNN

E.Jl. O6pa3uoBa
Hncmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, Mockesa
Mockosckuti puzuxo-mexnuueckuii uncmumym, /loneonpyoHuiil
E-mail: elobr@kapella.gpi.ru

CyuiecTBoBaHUE OJHOCTEHHBIX YIJIEPOAHBIX HAHOTPYOOK — HAHOLIMJIMH-
JPOB pa3IU4HOM reoMeTpuu (puc. 1), CBEpHYTHIX U3 MOJOCHI rpad)eHOBOTO JIH-
CTa TOJIIMHOW B 1 aToM, ObLIO MpoieMOHCTpUpoBaHo Oosiee 20 neT Hazan [1-3].
XapakrepHble napameTpbl HaHOTPYOOoK (auamerp 0,3 — 3 HM, anuHa 1-10 MKM)
NO3BOJIMJIA CUMTATh UX OJHOMEPHBIM HAHOYIJIEPOJHBIM MaTepHalloOM, JJsi KO-
TOPOTO TUJIOTHOCTH OJIHOAJIEKTPOHHBIX COCTOSIHUUM TpelCcTaBligeT coboil Habop
CUMMETPUYHBIX OTHOCHUTENIBHO YpoBHs depmu cuurynspHocTeit Ban Xosa [4, 5]
(puc. 2). IlapameTpbl 31€KTPOHHOW CTPYKTYpPbl HM3MEHSIOTCS C M3MEHEHHEM
reOMETPUU HAaHOTPYOKH.

Epecno TMrBAr

Puc. 1. Cxema dhopmupoBanus yriepoaHOu Puc. 2. Unmoctpanus popmMupoBaHust auc-

HAaHOTPYOKH U JiBa cieU(PUIECKUX THUTIA NIEPCUOHHBIX KPUBBIX ¥ OJJHOMEPHOU TIOT-
CIUPATBHOCTH (XHPATLHOCTH) HAHOTPYOKH — HOCTH OJTHODJICKTPOHHBIX COCTOSHUN TIPH
kpecio (N = m) u 3ur3ar (M = 0) nepexoie OT IBYMEPHOTOo rpadeHa K 0JIHO-

CTEHHBIM YIJIEPOAHBIM HAHOTPYOKaM [5]

VYHuKanbHON 0COOCHHOCTHIO HAHOTPYOOK OKa3alioCh TO, YTO B 3aBUCHUMO-
CTU OT TEOMETPUU OHU MOTYT UMETh MOIYIPOBOJHUKOBBIN MM METAJNIMYECKUI
THUII IPOBOAUMOCTH. BCKOpe 3T0 OBIIO TOATBEPIKICHO SKCIIEPUMEHTAIIBHO [6].

Kaxxaplii T HAHOTPYOOK MMEET CBOIO 00JIaCTh MpUMEHEHUs. MeTauiu-
gyeckas (Ppakius UCIONIb3YeTCs NIl CO3JaHUsl CBEPXJIETKUX MPOBOJSAIIUX IIIHH.
bospiivie Hagek bl BO3JIATarOTCS HA NPUMEHEHHUE YUCTO IOJYIPOBOJHUKOBOMN
dbpakiuu A co3gaHusl TPAH3UCTOPOB M CEHCOPOB TPAH3UCTOpPHOro Tuma [7].
[TomynmpoBOJHUKOBBIE HAHOTPYOKH YK€ HAIILTH MPUMEHEHNE B HEJIMHEIHOM OTI-
TUKE — JJIS CO3JaHUsI CBEPXOBICTPHIX MOJYJIATOPOB CBETOBBIX MYYKOB (HACHI-
MIAIONIUXCS TTOTJIOTUTENeH) B nazepax. [llupokuit pabounii crieKTpanbHBINA JUa-
na3oH (800 HM — 3 MKM) U KOPOTKHE BpPEMEHA pellaKCallud JIEKTPOHHBIX BO3-
OyxneHuil (IecaTku (PeMTOCEKYH]T) TO3BOJISIOT MPU MOMENICHUH HAaHOTPYOOU-
HOTI'0 HAaCBHIIIAKMIETOCs MOTJIOTUTENSI BHYTPh PE30HATOPOB PA3JIMYHBIX JIA3€POB
peaIu30BbIBaTh PEKUM CAMOCHHXPOHHU3ALIMM MOJ U MOJIy4aTh HA BBIXOJE I[YTH
dbeMTOCeKyHIHBIX MMMYJbcoB [8-11]. Mcmons3oBanue rpadeHa B KadecTBE
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HACBIIAIOIIETOCs] TMOTJIOTUTENS PACIIMPSAET CIEKTPAIBbHYIO 00JacTh MpUMEHE-
HUSI YTIICPOTHBIX HACBIIIAIOIINXCS MoraoTuTenei no 10 mxwm [12, 13].

B mocnegnee BpeMsi BOZHUK OOJIBIIONW MHTEPEC K TOHKUM (C TONIIUHOMN
MeHee 100 HM) IJICHKAM M3 OJHOCTCHHBIX YIJICPOAHBIX HAHOTPYOOK (puc. 3),
3aITOJIHEHHBIX MOJICKYJIAMH — aKIIeITOpaMu 3JIeKTpoHOB (puc. 4) [14-21]. Ouu
SIBJISIIOTCST. MAKPOCKOMMYECKUM OOBEKTOM M 00JIaal0T MPO3PAYHOCTHIO OKOJIO
90 % u nmoBepxHOCTHBIM conpotuBiieHreM 50 Om/kBaspaT. DTU mapaMeTpsl jae-
JAIOT UX peajibHbIM MPETEHICHTOM Ha 3aMelleHre HauboJjee MOMyJIspHOro ce-
rOJIHSI MaTepuaia JJis npo3pavyHbIX 351ekTpoaoB - UTO (okcuaa nHaUsA-0JI0Ba) B
OITORJIEKTPOHUKE.

Puc. 3. U300paxeHne TOHKOM MIEHKHU U3 O/ Puc. 4. DnekTpOHHO-MHUKPOCKOIIMYECKOE
HOCTEHHBIX YIJIEPOJHBIX HAHOTPYOOK, MOTY- n300pakeHre OJHOMEPHOT0 KpUcTaslia
YEHHOE METOJIOM CKaHupyromen snekrponHoir  CuCl, chopmMupoBaHHOTO B KaHAJIE OJTHO-

MUKPOCKOTTH CTEHHOH YIJIepOIHON HAHOTPYOKH

OO06HapyXeHO, YTO 3aN0JIHEHUE HAHOTPYOOK MPUBOAUT K UX JIETMPOBAHUIO
p-Tuma, MOATBEPKIECHHOMY CABUIOM MOJIOKEHUS TAaHM€HLUIHAIbHOM MOJbI
(1592 cM ') B cIeKTpax KOMOMHAIMOHHOTO PAaCCESHHS CBETA M MOIABICHHCM
nosioc Ej; u Ejy B chmexkrpax ONTHYECKOrO MOMJIOLIEHHS cBeTa. OLEHEHHBIN
caBUT ypoBHs DepMH B BaJICHTHYIO 30HY cocTaBisieT okojio 1 3B. Tlocne neru-
POBaHMS AIEKTPUUECKOE COMPOTHBICHUE TPYOOK IMagaeT MOYTH Ha MOPAMOK, a
OITHYECKOE MPOIycKaHue yBeandupaercs Ha 3-5 % [17, 18]. Dddext nposiiis-
€TCsl CHJIbHEE BO (pakimsiX TPYOOK, pa3/ielIeHHBIX 10 TUITY TpoBoAUMOCTH [19].

Tepmo3aBHUCUMOE BNEKTPUYECKOE COMPOTUBJIEHUE IJIEHOK YIAJIOCh JN10-
CTaTOYHO TOYHO AaNIpPOKCUMHUPOBATH C MOMOIIBIO MOJEIH, YYUTHIBAIOUIEH 2
BKJIaJla — COTIPOTUBJICHUE CaMUX IMTyYKOB KaK OJTHOMEPHOT0 O0OBEKTA U TYHHEIH-
pOBaHUE C TEPMO3aBUCUMOU BBICOTOM Oapbepa MEXAy MyYKaMHU HAaHOTPYOOK.
N3menenne temriepaTypbl TOUKH Tieperuda onpenensercs TeM (GakToM, 4To Mpu
casure ypoBHss depMu B BaJICHTHYIO 30HY, B IIPOLECCE PACCESHUS SJIEKTPOHOB,
ONPENIEIAIONIEM JIEKTPUUECKOE COMPOTUBIECHUE MaTepuaia, HAYWHAIOT y4acT-
BOBATH JIOMIOJTHATENbHBIE (DOHOHBI, 3aMperieHHbIe B YACTHIX HAHOTPYOKax (puc.

5).
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Puc. 5. TemnepaTypHasi 3aBUCHMOCTb JIEKTPUUECKOTO CONTPOTUBIICHHUS TUIEHOK W3 OJTHOCTEH-
HBIX YIJIEPOJIHBIX HAHOTPYOOK, 3aM0JIHEHHBIX pa3IuuHbIMU akientopamu (foxa, CuCl)

D} dexThl ONTHYECKOTO MPOCBETICHUS M TMAJCHUS SJIEKTPUUCCKOTO CO-
NIPOTUBJICHUS HAOJIOIA0TCS TAaK)Ke MPH Ta30(a3HOM JISTUPOBAHUH TUICHOK Tpa-
¢eHa.
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NCCJIEJJOBAHUE CBOMCTB T EKCAI"'OHAJIBHOI'O KPEMHMA,
[TOJIYVUEHHOI'O C [IOMOIILIO NOHHOU UMIUIAHTALINN

A.A. Hukounsckad, [I.C. Kopones, A.H. Muxaiinos, A.W. benos, A.A. Cymikos,
J.A. TlaBnos, [I.1. Terennbaym
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: alena.nikolskaya.1994@mail.ru

Buenpenne onTHyecKuX KaHAJIOB CBSI3U B TBEPJOTEIBHYIO DJIEKTPOHHUKY
CTUMYJIMPOBAJIO TTOUCK CBETOM3IYYAIONIUX MaTepruagoB, COBMECTUMBIX C KpeM-
HUEBOU TexHojorue. CHHTE3 TeKCaroHaJIbHOTO KPEMHHUS C TTOMOIIbIO HOHHOMN
UMILJIAHTAlUK PEIIaeT cpa3y JABe IiiodanbHbIe pobieMbl. Bo-niepBbIX, TeopeTH-
YECKH TMPeJICKa3aHo, JaHHass MOAU(UKAIIUS TOJDKHA 00J1a1aTh JTyYIIUMH CBETO-
U3JIYYarONMMHU CBOMCTBAaMHM TIO CpPaBHEHHMIO C KyOWYeCKHMM KpeMHHeM. Bo-
BTOPBIX, CHHTE3 JJaHHOMW (Pa3bl ¢ MOMOIIbI0 HOHHOW UMIUTAHTAIlUU - TPAJAUIIUOH-
HOM TEXHOJIOTUM MMKPODJICKTPOHHKHU, JIETKO peIIaeT MpodiieMy WHTETpallvu.
Hacrosmeit pabora mocpsiieHa GOpMUPOBAHUIO TeKCAroHaIbHOU (ha3bl Kpem-
HUS C TIOMOIIbI0 MOHHOM WUMILIAHTAIINH, U3YUYEHHUIO CTPYKTYPHBIX U JIFOMUHEC-
IIEHTHBIX CBOMCTB CUHTE3UpPyeMOH (ha3bl.

Panee namu coobmanocs [1] o hopMupoBaHUM BKIIFOUEHUN T€KCATOHAb-
HOM (a3el 9R-SI B mojyt0kKe KpeMHuUsi Ha rpanuie ¢ miéakoir SiO, (160 Hm)
1pu UMIIaHTanun noHoB Ga’ u N,'. JIns BbIACHEHUS BIUSHUS TONIIMHBI TLIEH-
k1 SiO, ¥ copTa UMIUTAHTUPYEMBIX aTOMOB, B JAHHON paboTe OBLIO BBITIOJIHEHO
o6nyuenne noHamu Kr' ¢ smeprueit 80 k3B u m030if 510 cm? B CUCTEMY
SiO,/Si (100) ¢ tommuaamu wieHkn d = 120, 160 u 300 HM ¢ TOCICAYIOIIMM
omxurom npu 800 °C. MccnenoBanue CTpYKTYphl ONEPEYHOTO Cpe3a MPOBOIU-
Joch Ha 3nekTpoHHOM Mukpockorne JEOL JEM-2100F. Jlns Bo3Oyxnenus ¢o-
tomtomuHecteHuun  (PJI) ucmonp3oBajicsl  MOJIYNPOBOJAHUKOBBIM  J1a3ep
(A =980 um).

Jlns o6pasnoB ¢ Tonuuaon miéHku 120 n 160 HM HaOMOgaeTCS Mojoca
npu 1240 HM, KOTOpasi MPEANOI0KUTEIFHO OTHOCUTCS K M3IydyeHuro ¢assl IR-
Si. O6pazoBanue BkiIroueHuit (a3el YR Ha rpanmiie ¢ MIEHKOW MOATBEPKAACTCS
JAHHBIMH DJIEKTPOHHOM MuKpockonuu. llpenmonaraercsi, 4ro oOpa3oBaHue
JTaHHOUW ha3pl MPOMCXOMUT 3a CUET pellaKcalliil MEXaHHMYEeCKUX HampsKeHUMH,
BO3HUKAIOIIUX B IUIEHKE NMPU UMILTaHTanuu. s odpasna ¢ d = 300 HM oO6pazo-
BaHue rekcaroHanbHOU (a3el 1 OJI npu 1240 HM HE BBISBICHBI, YTO CBS3aHO,
MO-BUJUMOMY, C HEIOCTATOYHBIM YPOBHEM HANpPsKEHUM, MPOHUKAIONIUX U3
MMIUIaHTUPOBAHHOTO cios (cornacHo pacueram no TRIM ero Tommuua ~ 50
HM) B ITOJIOKKY Si.

PaGota Beimonnena mpu momnepxkke MunHoOpHayku Poccum B pamkax
MIPOCKTHON YacTH rocymapcrBeHHoro 3amanus (Ne 16.2737.2017/4.6). Hukonb-
ckast A. A. mpu3HaTenbHa 3a NOAAEPKKY B pamkax rnporpammbl «Y MHUK».

1. D.S. Korolev, A.A. Nikolskaya, N.O. Krivulin et al., Tech. Phys. Lett.
43(8), 767 (2017).
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PACLIN®POBKA T'EKCATOHAJILHOI ®A3bI AlAs HA Ge/Si(112)

A.A. CVI_HKOBl, LA HaBJ'IOBl, H.B. BaﬁIIYCBZ, A.B. PBIKOBZ, A.B. HOBI/IKOBS,
J1.B. IOpaCOBS
lHuofceeopO()CKuﬁ eocyoapcmeennwiil ynugepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
ZHaywo-uccvzeaoeameﬂbCKuL? GuzuUKo-mexHuUecKuti UHCImumym,
Huoicnuii Hoseopoo
3HHcmumym Gusuxu muxpocmpykmyp PAH, Huowcnuii Hoseopoo
E-mail: sushkovartem@gmail.com

AlAS TpaauIIMOHHO UCTIOIB3YETCS B Ka4eCTBE OJHOr0 U3 Oy(pepHBIX CIIO-
eB Juist BeIpaniuBanus GaAs Ha moanoxkkax Si [1]. IIpu HOpMaabHBIX YCIOBHAX
IIMPOKO30HHBIA MONyHpoBOoAHUK AlAS sBisieTcss HEnpSIMO30HHBIM M HUMEET
CTPYKTYPHBIH THT cdanepuT. B mporecce pocta OJHOTO TMOTYIMPOBOJIHUKA Ha
APYroM H3-3a PaccoTIacOBaHMS MapaMeTPOB peHIeToK (opMupyercs 00JbIIoe
KOJIMYECTBO ACPEKTOB, B TOM YHCIIE Te(PEeKThI yakoBKHU. [Ipy BRICOKOMH IJIOTHO-
CTH 1e(EKTOB YITAKOBKHA BO3MOXKHO M3MEHECHHE CTPYKTYPHOTO THIIA MaTepuala,
CJIeIOBATEIbHO, U 30HHON CTPYKTYPHI.

B pabote wucciemoBanach KpHcTainueckas crpykrypa cioeB AlAS Ha
nooxke Si(112) ¢ 0ydepnsim ciioem Ge. MccnenoBanue MomepevyHoro cpesa
CTPYKTYpPBI TTPOBOJMIIOCH HA MPOCBCUYMBAIOIIEM AJICKTPOHHOM MHKPOCKOIIE BbI-
cokoro paspemenust JEM-2100F (200 xB).

Ha n300pakeHUsIX BBICOKOTO pa3pelieHrs MOMEpPEeYHOro cpe3a JTaHHOW
CTPYKTYPBI, MOJYYEHHBIX C TTOMOIIBIO TIPOCBEYMBAIONICH AIEKTPOHHOW MHUKPO-
ckonuu (BPIIOM-uzobpaxkenus), B cimoe AlAS oOHapykeHbI 0071aCTH C BBICO-
KOU KOHIIEHTpanuen ne(eKToB YIIaKOBKH, YTO CBUICTEIBCTBYET O I'eKCcaroHasu-
3anuu Marepuana. CorilacHO TEOPETHYECKUM pacdeTaM, ONMMCAHHBIM B paboTe
[2], BropuuTHas dasza AlAs (2H) momkna o0agaTh MPSIMO30HHON CTPYKTYPOId.
Pacimdposka rexcaronanbuoii gaser AIAs ma BPIIDM-u3o0pakeHusx ¢ Io-
motrsio Dypbe-ipeobpa3oBaHnii ykaspiBaeT Ha mnpeoOnananue monutuna 9R,
KOTOPBIN corytacHO padoTe [3] mMeeT oiro rekcaronanuzanuu 66,66 %.

Takum 00pa3oM, BIEpBHIC HA OTHOCHTEIBHO JACIIeBOi momnoxke Si(112)
OblJIa TOJTyYeHa TeKCaroHalbHAs KPUCTAIUTUYECKAss CTPYKTypa IHPOKO30HHOTO
nonynpoBogauka AlAs. CrienoBateiabHO, A CO3AaHUS ONTHYECKUX MPUOOPOB
Ha TIOJUTOKKE Si He 0053aTeTbHO BBIPANIUBATE CIIOKHBIE CTPYKTYPBI C Pa3JIAd-
HBIMHU Oy(DepHBIMU CIIOSIMU, a BIOJHE TOCTATOYHO JOOUTHCS reKcaroHaIn3aIuu
camoro OydepHoro ciost AlAs.

1. V.Y. Aleshkin, N.V. Baidus, A.A. Dubinov et al., Appl. Phys. Lett. 109,
061111 (2016).

2. A. De, C.E. Pryor, Phys. Rev. 81, 155210 (2010).

3. B. Wen, J. Zhao, M.J. Bucknum et al., Diamond Relat. Mater. 17, 356
(2008).
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®A3O0BBIE IIEPEXO/IbI B YIJIEPOJHBIX MATEPHUAJIAX
TP BBICOKUX JABJIEHUAX

I'.B. Tuxomuposna, T.K. [TerpocsH, S1.FO. Bonkoa, A.B. TeGeHbkOB
Vpanvckuii ghedepanvruiii ynusepcumem um. nepsozo Ilpezudenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: galina.tikhomirova@urfu.ru

UccnenoBaHbl sBIEHUS MEpeHOCA B YIVIEPOIHBIX MaTepuaiax (dymiepeHe
Cs0 B MOHOMEPHOM, pOMOO3IpUUECKON U TeTparoHaJbHOW (ha3ax, B OJHOCTEH-
HBIX U JIBYCTE€HHBIX yriepoanbix HaHOTpyOkax (OYHT u AYHT), B rpadene u
rpadute) npu aasiaeHusx a0 35 ['Tla. M3ydyena kuHeTHKa peakcaluu dTUX Ma-
TEpHUAJIOB MIPU U3MEHEHUH JaBiieHus. V3mepeHus npoBOIUINCH B KAMEPE BBICO-
KOT'O JIaBJICHUS C aJIMa3HbIMU HAKOBAJIbHSIMU U3 CUHTETHUYECKUX aJIMa30B «Kap-
OOHAIO».

B npornecce 06paboTku 1aBieHUEM U TEMIIEPATypoi PyJIepeH UCTIBITHI-
BaeT IMOCJIEA0BATEILHOCTh (Pa30BBIX MpeBpalieHuid. ITH (a3bl CUIBHO OTJIMYa-
IOTCS KaK 10 BEJTUYMHE CONPOTHBIEHUA (0T coTeH OM 110 coteH MOM), Tak u 1o
€ro TeMIepaTypHON 3aBUCUMOCTU. MneHTuhUIMpoBaHbl O0COOCHHOCTH, COOT-
BETCTBYIOIME M3BECTHBIM M3 JIUTEPATyphl (Pa30BbIM MpeBpalieHusM Qyiepe-
Ha. [Ipennmoxena cxema MoOCIeIOBATEILHOCTH (DA30BBIX MpEBpaleHUN ¢yIuie-
peHa 1oJ JelCTBUEM BBICOKHMX JaBieHUi. OnpeneneHo BpeMs peslakCaluu Co-
npoTUBIEHUs Bcex (a3 Pymieputa nocie M3MEHEHUs TaBJICHUs: OHO COCTaBIIsI-
et OoJee IByX 4acosB.

Uccnenyembie 00pa3iibl OJHOCIONHBIX YTIEPOJHBIX HAHOTPYOOK ObLIH
MOJIYYE€HbI METOJIOM XUMHUYECKOro napodasnoro ocaxaeHuss CVD u ouunieHs
merogoMm HiPCO (High pressure CO). Jluamerp OYHT Obu1 O1leHeH TTpu OMO-
I IPOCBEYMBAIOIIETO AJIEKTPOHHOIO MUKpockoma u coctaBui 0,8 - 1,2 HM.
OO6nHapyxeHa cuibHas 3aBUCUMOCTh compoTuBieHus kryroB OYHT ot nasine-
Husi. OOHapyKeHa CIOKHAs 3aBUCUMOCTh COMPOTHBIICHHS JKT'YTOB JIBYCTEHHBIX
yraepoaHbix HaHOTPYOOK (JAYHT) oT nmaBieHus, KoTopas CBS3bIBAeTCS C IPO-
neccamu aedopmaliii uX YriiepoaHou CTpyKTypbl. M3-3a Gonblioro guamerpa
BHCIIIHEH TPYOKH, U, COOTBETCTBEHHO, OOJBIIETO KOJWYECTBA J1e(EKTOB, IBY-
CTEHHas CTPYKTypa pa3pyllaeTcsi Ipy ropa3o MEHbIINUX JABICHUIX, YEM OJHO-
cteHHass. TeM He MeHee, MOJHOTO pPa3pylIeHUsT HAHOTPYOOK HE MPOUCXOIUT
BILIOTH /10 JiaBieHu nopsaka 30 I'Tla.

NccnenoBanbl NpOBOJIUMOCTb, MArHETOCOIIPOTUBIIEHUE U TEPMO3JIC Tpa-
¢uta u rpadeHa B 3aBUCUMOCTU OT JABJICHHUS NPU KOMHATHOW TeMIiepaType, a
TakKe KMHETHKA MX penakcanuu. HabmomaBimecss 0COOEHHOCTH CBSI3BIBAIOTCS
¢ (hazoBeIMH TIEpex0aMu B rpaduTe MU ITUX AaBieHusIX. MccnenoBanacsk Bo3-
MO>XHOCTh BOSHMKHOBEHHMsI HOBBIX (Da3 yriieponma u3 rpadura mpH JIATEIHHON
(cyTkn) BeIZIEpKKE oA maBieHueM. oT 18 mo 45 I'Tla. O6HapykeHbl 0COOSHHO-
CTH COTIPOTHBIICHUS, TEPMODC U BPEMEH pellaKCcalliyl COMPOTHBIICHHS B 00Ja-
ctu 27-35 I'Tla, mo-BuAMMOMY, CBSI3aHHBIC C 3apOABIIIIAMUA HOBOU (a3bl, coXpa-
HSAIOIIUMUCS TI0CJI€ CHITHUSI HAarpy3KH.

Pa6ora wactnuno nomnepkana PODU (rpant 16-02-01137).
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JJIOMMHECLHEHTHASA TEPMOMETPHUS IN VITRO C
HNCIIOJIb3OBAHMWEM AII-KOHBEPCHMOHHBIX HAHOYACTUI]
NaGdF,:Yb**-Er**, Yb*-Tm**

J1.B. [TomunoBa, A.B. Ps6osa, 1.JI. Pomanumikus, I1.B. I'paues,
B.1O. IIpoitnakosa, C.B. Ky3neuos, B. B. Boponos
Hncmumym ooweti pusuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: pominovdv@gmail.com

PaGora rmocBsIeHa MCCICIOBAHUIO Aal-KOHBEPCHOHHBIX HAHOYACTHII
NaGdF,, momupoBaHHBIX HOHAMHU Yb**-Ert, Yb3+-Tm3+, 1T OECKOHTAKTHOMU
OLIEHKH TEMIIEPATyphI iN VItro 1o W3MEHEHHUIO CIIEKTPOB JTIOMHUHECICHIIHH.

a) 6)) Yb-Er B) Yb-Tm
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Puc. 1. a) BaBucHMMOCTb TeMIIepaTypsl HarpeBa amn-KoHBepcHoHHbIX HaHo4gacTul] NaGdF,, mo-
nupoBaHHbIX HOHAMHU YD-Er u YD-Tm, oT mIoTHOCTH MOIIHOCTH BO30Y K IafOMIETO H3ITyde-
Hus; 0), B) TeMIIEpaTypHasi 3aBUCUMOCTh CIIEKTPOB al-KOHBEPCHOHHOM JIFOMUHECIIEHITUN
vonos Er* u Tm* u CIEKTpaIbHBIE UANa30HbI, UCIOIb3yeMbIe 1j1st TepmomMeTpu (Io, 11)

[Tokazano, uto Hanouactuilel NaGdF,, mommpoBannbie monamu Yb-Er
HArpeBaroTCs MOJ JEWCTBUEM JIa3€PHOTO M3JIyYeHHUs] CYIIECTBEHHO CHIIBHEE,
yem HaHouacTuisl NaGdF,, nonupoBanusie nonamu Yb-Tm (67,5 u 6,2 °C co-
OTBETCTBEHHO Ipu P = 1 BT/CMZ). [Ipoananu3upoBaHa 3aBUCUMOCTH TEMIIEpa-
TYPHOU YYBCTBUTEIBHOCTH OT CHEKTPAJIbLHOIO JHANa30Ha, HCIOJIb3YeMOTO s
TepMoMeTpuu. Tloka3aHo, 4To IjIsi HAHOYACTHUI, JonUpoBaHHBIX YD-Er, Makcu-
MajibHass YyBCTBUTEIBLHOCTh B HCCJEAYEMOM JHAria3oHe TEMIIEpaTyp JOCTUTa-
€TCs TP UCIIOJIb30BAaHUN OTHOIICHMS TIJIOIAIeH Mo MUKaMU JIIOMUHECIICHITUH,
COOTBETCTBYIOIIMMH TI€PEX0JI1aM HOHOB Er** *Hyyp—*lisp (I,) m 4Sg0— *ligp (1)
u cocrasnser 1,34 % - C L. JIJ1si HaHOYACTHII, JOMUPOBAaHHBIX YD-TmM, Makcu-
MaJlbHasl 9yBCTBUTEIBHOCTh ObUIA MOJy4YeHA MPH HCIOJIH30BAHUHU IS TEPMO-
METPHUHM OTHOIIEHHUS TIIOIIAU MO]T TUKOM JIFOMHUHECIICHIIMHM, COOTBETCTBYIOIIUM
nepexoam 1F2,3—>3H6 (I;) x muTomaay mMoa BHAAWMHOW MEXKIY IMHUKaMH, puc. 1B)
l1, m coctaBuna 4,11 % - ct

[IpoBeneHO MCCICIOBaHME TUIIEPTEPMHHM IN VItr0 Ha pa3IUYHBIX KJICTOY-
HBIX JIMHUSX M aHAJIU3 BIUSHUS TEMIIEPATYpPhl HA 3/I0POBbIC U PAKOBBIC KICTKH.
[TokazaHo, 4TO 3a CYET Pa3’IUYHON UYYBCTBUTEIIBHOCTH KJIETOYHBIX JMHHUU K
TeMIepaType MOKHO 00ECIIEUUTh CEJIEKTUBHYIO THTIEPTEPMHUIO.

NccnenoBanue BRIMOMHEHO 3a c4eT rpanta Poccuiickoro HayuHnoro ¢ona
(mpoekT Nel7-72-20186).
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CIIEKTPAJIBHO-JIFOMUHECILEHTHBIE CBOVMICTBA YI'JIEPOJIHBIX
HAHOYACTHULL, CUHTE3UPOBAHHBIX 13 PACTBOPOB
AMHNHOKAIIPOHOBOM KUCJIOTEI

N.A. IOpinos, I1.A. Ps6oukuna, C.A. Xpyiianuna
Hayuonanwvusiii uccnedosamenvckuti Mopooeckuii 2ocyoapcmeentbiii
yuusepcumem um. H.II. Ozapésa, Capanck
Email: ivanuyrlov@gmail.com

Kosnonap! m1IOMUHECIIEHTHBIX HAHOYACTHI] HA OCHOBE PEIKO3EMEIbHBIX U
TSDKETIBIX METAJJIOB, B HACTOSIIEE BpeMsi MPUBJIEKAIOT K ce0e 3HAUYUTEIbHOE
BHUMaHue. Hanuuue criekTpaibHO-JIFOMUHECIIEHTHBIX CBOMCTB Y TaKUX CHUCTEM
JiefaeT UX MePCHEKTUBHBIMU IS Pa3IMYHbIX TpuMeHeHuH. OTHAKO CepbhEe3HBIM
HEJIOCTaTKOM TOJOOHBIX CHUCTEM SIBISETCS TOKCHYHOCTH I OMo0OBEeKTOB [1].
VYrneponusie Hanowyactuibl (YHY), koTophie XapakTepU3yIOTCS UHTCHCUBHOMU
JIOMUHECIICHIIMEN B BUJIUMOM 00J1acTH crieKTpa [2], MOTYT ObITh PACCMOTPEHBI
B KaueCTBE HETOKCUYHOW aJIbTEPHATHUBBI KOJIJIOMJAM JIFOMUHECIICHTHBIX HAaHO-
YaCTHI] HA OCHOBE TSKEJIBIX METAJJIOB.

JlromuHecieHTHBIE XapakTepucTuku Y HU 3aBucar ot meTona cuHTe3a U
THIIA UCXOJAHOTO BEILIECTBA, UCIIOIB3YyEMOr0 JUIsl UX nojiydyeHus. biaronaps pas-
paboTKe MPOCTHIX OJHOCTAIUMHBIX METOJIOB cuHTe3a YHUY, cramo BO3MOXKHO
MOJIy4aTh KOJUTOH/IBI B OOJIBIINX 00BEMax 3a KOPOTKOE BpEMS.

B cnekTpax moMuHeCHEHITUN KOJTOUIHOTO pacTBopa YHY HabmonaeTcs
CMEIIIEHUE TTOJI0KEHUI MaKCUMyMa JIIOMUHECLICHIIMHA B 3aBUCUMOCTH OT JIJIMHBI
BOJIHBI BO30YX7eHUsA. JlaHHBIM XapakTep CHEKTPaJbHO-TIOMUHECIICHTHBIX
CBOMCTB HabromaeTcs Oyiarogaps HATMYUIO T-TIOMEHHOU CTPYKTYpPBI U TIPUCYT-
CTBUIO ()YHKIIMOHAJIBHBIX Tpynn Ha moBepxHoctd YHY [3]. B cBs3u ¢ 3TUM ak-
TyaJIbHOM 3ajadeil sBisieTcs pa3pabOoTKa METOIOB MOJYYCHHUS M TMOUCK HOBBIX
MarepuaioB Jjis cuHTe3a Y HY ¢ KOHTpOJIMpyeMbIMU pa3MEPHBIMU U JIFOMHUHEC-
IIECHTHBIMHA CBOMCTBaMH.

B nmanHol paboTe MeTOIOM THAPOTEPMAIbHON 00pabOTKH B MHUKPOBOJI-
HOBOM PEAKTOpPE U3 PacTBOPA aMHUHOKAIIPOHOBOW KMCJIOTHI BIEPBBIC MOJYUYEHBI
koJutonibl Y HU. MetoioM TMHAMUYECKOT O paccesiHUsI CBETA OLICHEHBI CPEIHUE
pa3Mepsl nonydyeHHbix Y HU.

Pe3ynbTaThl Kccne0BaHus JTIOMUHECIIEHTHBIX CBOMCTB KOUIoua0B Y HY,
MOJYYEHHBIX W3 PacTBOpa aMHUHOKAIIPOHOBOM KHCJIOTBI, CBUJECTEILCTBYIOT O
HaJIMYUM Y HUX TEpecTpanBaeMou JIOMHUHECHeHIIMA B auana3zone 300-600 Hm
P BO30YKICHUHU U3TYUYCHUEM C Aoy, = 280-520 HM.

1. L. Cao, X. Wang, M.J. Meziani et al., J. Am. Chem. Soc. 129, 11318
(2007).

2. C.K. Chua, Z. Sofer, P. Simek et al., ACS nano 93, 2548 (2015).

3. S.Y.Lim, W. Shen, Z. Gao, Chem. Soc.Rev. 44, 362 (2015).
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TEPMOITPOI' PAMMUPYEMBIN CUHTE3 MOHOKPUCTAJIJIOB
A30THMPOBAHHOI'O I'PA®EHA 13 MOJIEKYJI AHETOHUTPUIIA

C.JL KOBaJIeHKol, T.B. HaBJ'IOBal, O.1. KaHI/IIJ_[eBal’Z, K.H. EJ’IBLIOBl
1H;Ltcmumym ooweti pusuxu um. A.M. Ilpoxoposea PAH, Mockesa
Mockosckuti pusuxo-mexnuyeckuii uncmumym, Mockea
E-mail: stanislav.l.kovalenko@gmail.com

Hcnonb30BaHHBIA TEPMONIPOTPAMMHUPYEMBIN CUHTE3 3IUTAKCUAIBHOTO N-
JErMPOBAaHHOTO MOHOCIIOIHOTO rpadeHa BKIOYal B ce0sA: 1) HachllleHUue Mpu-
noBepXHOCTHOU oOnactu obpaszna Ni(111) yrmepoaom ¢ coxpaHeHUEM YUCTOTHI
caMoi moBepxHOCTH; 2) aacopouuto aneronutpuia (C,H3N) npu temnepatype
ot —15 °C no 0 °C no3zoit okono 2000 Jlenrmiop; 3) OsicTphlil (pdmn) mporpes
obpasna g0 140 °C; 4) omxur o6paszua npu 400 °C. [dns momydeHus KBa3HUCBO-
0o1HOrO TpadeHa HCIOJIb30BAIACh MHTEPKAIALMS 30JI0Ta B HHTepdeic rpa-
den/Ni(111) B coorBeTcTBUE ¢ padoToii [1]. UHTepkansius npoBoAMIIaCh TyTEM
HanbUIEHUS 30JI0Ta Ha TIOBEPXHOCTh MPU KOMHATHOM Temmeparype U mocheay-
folero omkura B teueHre 15 muH npu 450 °C. Bce TexHosormueckue omnepa-
I[UU, aHAJIU3 CTPYKTYPHl U AJIIEMEHTHOI'O COCTaBa MOBEPXHOCTU MPOBOJIUIUCH B
€IMHON CBEPXBBICOKOBAKYYMHOM yCTaHOBKE, OCHAIIEHHOM 3JIEKTPOHHBIM OXe-
CHEKTPOMETPOM, AUPPAKTOMETPOM MEJJIEHHBIX AJIEKTPOHOB, CKAHUPYIOIIUM
TyHHEJbHBIM MHKpockon (CTM), KBaapymnoJbHBIM Macc-CIIEKTPOMETPOM, CH-
CTEMOH HamycKa Ta30B M cHUCTeMO#l mporpeBa oOpasnoB. CTM-uzobpaxeHus
3alTUCHIBAIMCH B IMPOKOM JIMana3oHe TyHHeIbHbIX Hanpspkenuid U= (—1,30 +
+1,00) B.

[IpennoxkeHHsld MeTOA cHUHTE3a oOecreunBaeT (HOPMUPOBAHHE MOHO-
CJIOWHOTO 3MHUTAKCUATBLHOTO MOHOKpHCTaIa TpadeHa, JerupoBaHHOTO aroMa-
mu a3ora, Ha noBepxHocTH Ni(111). CoBMeCTHOE HCIIONB30BaHHE CKAHUPYIO-
e TYHHEJIbHOW MHKPOCKOTIMH U PAacuyeTOB Ha OCHOBE TEOPHH (DYHKIIMOHAJA
IUIOTHOCTH TO3BOJIIET TOBOPUTH, UYTO aTOMBI a30Ta, B OCHOBHOM, 3aMEIIAOT
aTOMBI yIJiepoJia B pelieTke rpadeHa wim HaxoAsTCs B OMBaKaHCHH (TTUPUIIH-
HOBBIN JedekT) ¢ obmel koHmeHTpamuei okono 0,3 %. AHamu3 NpOBOIUIICS
IyTeM CpaBHEHUS SKCIEPUMEHTANbHBIX U pacyeTHbIXx CTM-u3o0paxkenuii: ana-
JU3UPOBANIACH TUIOTHOCTH AJIEKTPOHHBIX COCTOSIHUM W CHUMMETpHUs Je(EeKTOB.
[Tocne mHTEpKanmsAMu MOHOCIOS 3070Ta B MHTep(deiic mexny N-rpadeHom u
noBepxHOCThIO Ni(111) menoctHOCTh rpadeHa He HApyIIAIach, a KOHIICHTPALIHSI
a3zoTa B TpadeHe coxpaHsiach Ha UICXOAHOM ypoBHe, 0,3 %.

1. D. Usachov et al., Nano Letters 11, 5401 (2011).
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CUHTE3 U ®U3UKO-XUMUYECKUE CBOMCTBA JIMIIOCOM,
COJIEPXKAINX KPUCTAJJIMYECKME HAHOPASMEPHBIE YACTHUIIBI
CaF,: Yb**, Re** (Re = Er*', Tm*"), UL ®OTOJMHAMUNYECKON
TEPAIINU

M.H. XKapxos, A.A. Jlsnun, B.I1. Arees, C.A. Xpymanuna, O.A. Kynukos,
I1L.A. Psa6Goukuna
Hayuonanwvusiii uccnedosamenvckuii Mopooeckuii 2ocyoapcmeentbiii
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: mikhail.zharkov.92@mail.ru

®doronunamuueckas Tepanusi (OT) sBnsercs nHanbosee manasieit ¢pop-
MOM JieueHHs paka u3-3a €€ OobIlnel N30UpaTeTbHOCTH JEHCTBUS Ha OITyXOJie-
BYIO TKaHb 10 CPAaBHEHUIO C TPATUIIMOHHOW XMMHOTEPANUEe U OTCYTCTBUS Tsi-
KETBIX MECTHBIX U CHUCTEMHBIX OCIIOKHEHUM, KOTOPhIE MOTYT BO3HUKHYTH MPH
XUPYPrU4eCcKOM BMeIIaTeabCTBE. J[aHHBIM METOJl JIeYeHUs BKIIIOYAeT B ceOs
HETMOCPEACTBEHHYIO aKTHBalMio MoJiekysn ¢dortoceHcubunuzatopa (OC) mpu
BO3JICCTBMM HA HUX JIa3epPHBIM H3JIyUYCHHEM BHIMMOIO JHara3oHa CIEKTpa.
OrnrcaHHBIA MPOIECC COMPOBOXKAACTCS 00pa30BaHWEM AKTHUBHOTO CHUHIJIETHOTO
KHUCJIOPOJIa M CBOOOJHBIX PaJUKAIOB, KOTOPHIE BBI3BIBAIOT HEKPO3 M aIoNTO3
PaKoBbIX KIIETOK. B Hactosimiee Bpems B KIMHWUYECKOW mpaktuke s OIAT
npuMeHseTcs 1nenbii psag OC, xapakTepu3yIUXCcss MAKCUMYMOM TIOTJIOIICHUS
B KpacHoM o6jactu crektpa (650-800 um). OgHako, JaHHBIN qUara3oH He COOT-
BETCTBYET MAKCUMYMY MpoOIycKaHus (~ 1 MKM) OHOJOTHUYECKUX TKaHEH, YTO 3a-
tpyausier npouecc GT npu neveHnu rirydboko pacroyioKeHHBIX OITYXOJIeH.

B nactosmeit pabore npemiaraercs aunocomansHas Gopma OC aiist npo-
Benenust OJIT rioyboko3zaneraronux onyxojen (10 = 7 ¢M) C HUCIOJIb30BaHUEM
nmazepHoro msnydeHus OmmwkHero uHppakpacHoro (MK) nuamasona cmektpa.
Pa3paborannas cuctema mpeicTaBiseT cOO0W XMMHUYECKH CTaOWIM3UPOBAHHOE
PO Ha OCHOBE HaHOpasMepHbIX dactul] CaF: Yb*, Re* (Re = Er’, Tm3+),
KOTOpPO€ TMOKPBITO JUMUIAHBIM OucioeMm, coziepxkamum Moiekyinsl OC. Monb
Yb3+, coJieprKalliecsl B COCTaBe HAHOYACTHI, oOecrneunBaroT d3(PEeKTHBHOE T10-
IJIOIICHUE J1a3€pHOr0 M3JIydeHHs ¢ jnuHamu BoiaH ~ 980 M. IlocpenctBom
MPOIIECCOB O€3BI3IYYaTEeIbHOTO TePEeHOCca MOTJIONIEHHAS SHEPTUS MOXKET OBITh
nepeaHa Ha SHEPreTUYECKUE YPOBHH APYTHUX PEAKO3EMEIbHBIX HOHOB (Er3+,
Tm3+), 9TO OyAEeT MPUBOJUTH K BOSHUKHOBEHHMIO WX JIOMHUHECIICHIINM B BUIU-
MO# 00JaCTH CHEKTpa MO0 MEXaHW3MYy amn-KoHBepcuu. Takum oOpazom, OyaeT
oCyHIeCTBISIThCSl mpeodpazoBanre MK-u3mydenuss B 601ee KOPOTKOBOIHOBOE,
COOTBETCTBYIOIIIEE BHUIMMOMY JAHana3oHy crnekrpa u norjomieHuto ero OC.
BaxxHoil 0COOEHHOCTBIO MpenaraeMoi JIUIMOCOMAIbHOW CHUCTEMBI SIBISIETCSA
BO3MOKHOCTh MPUAAHUS JIOMOTHUTEIBHBIX «BEKTOPHBIX» CBONCTB C MOMOIIBIO
Pa3TUYHBIX PEIENTOPOB M CHEIU(PUUECKUX AHTUTEN, YTO MOXKET YBEIMYHUTH
s pexruBHOCTS DJIT.

B paGote npennokeH METOJ] CHHTE3a YKa3aHHBIX HAHOCTPYKTYP U OMHUCA-
HbI UX HEKOTOpbIE (PU3UKO-XUMUYECKHUE CBOICTBA.
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YAEJIbHAS ITOBEPXHOCTH MHOI"'OCTEHHBIX
YTIJIEPOAHBIX HAHOTPYBOK

E.C. KJII/IMOBl, M.B. BysaeBal, H.A. MaKapOBal, O.A. I[aBBIJ:LOBal,
E.C. Baranosa', H.A. Bynakos”
YVabsanoscruii 20CY0apcmeenHblll mexHudecKuil yHugepcumem, YivsiHOB8CK
2V absanoeckuil 20Cy0apcmeennblil yHugepcumem, YivsiHOBCK
E-mail: eugen1947@mail.ru

MHuoroctennsie yriaepoanbie HaHoTpyOoku (MYHT) nmomyuyensl Ha na6o-
paTopHoii yctaHoBKe MeTojgoM MOCVD c ucnosb3oBaHueM MPEKypcopoB dep-
porieHa u tonyona [1]. Juamerp HanoTpyOok 20-120 HM, Gosbiliast 4acTh KOTO-
pbix 40-60 HM, JJIMHA HECKOJBKO AECATKOB MKM. [IOopHCTOCTH yriepoaHbIX
HAaHOTPYOOK OMpeNeNsiii METOAOM KaNmWUIIPHOW KOHAEHCAIMU a30Ta. Y JIeib-
HYIO TUIOMmAab moBepxHocTu onpeaessui metogoM BET (bpynayspa-Ommera-
Tennepa), Pacnipenenenue nop no pasmepam u yneiabHbIil 00BeM MOp OINpeaens-
nu o merony BJH (bappeta-/I>xoiinepa-Xanenasi) [2]. [TonydeHHBIE H30TEPMBI
U30TEePMBI aJICOPOIIUM COOTBETCTBYIOT M3oTepMmaM Il Tuma m XapakTepHBI s
HETMOPUCTHIX acoOpOeHTOB (puc. 1).
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Puc. 1. U3oTepmsl aacopOimu-aecopOiuu azota it MYHT: 1- agcopOuus; 2 - necopOrusi.
Anamuzarop Quantachrome NOVA 1000 e
VnenbHas miomans nopepxHoctdy MYHT cocrasasier 16,33 MZ/F, va-
METp Top C y3KUM pacmpenenenueM 19, 23 uwm, yaenpHbli 00bbeM mop 0,019
MJI/T, YTO CPABHUMO C JIMTEPATyPHBIMU JaHHBIMH [3].

1. E.C. KimumoB, M.B. byzaeBa, O.A. JlaBbimoBa u ap., XKIIX 87, 1128
(2014).

2. A.C. BsauecnaBos, E.A. [lomepanneBa, M3mepenue niowaou u nopucmo-
Cmu Memooom KanumiapHou konoerncayuu azoma, M.: MI'Y, 2006.

3. M. Maryam, Advanted Materials Research 626, 289 (2013).
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COPBLIMOHHBIE CBOMCTBA IIEOJIUTA, JOITMPOBAHHOI'O
YIJIEPOAHBIMU HAHOTPYBKAMMU

T.}O. IpsaukoBa, M.B. by3aeBa, 1.A. Makaposa, O.A. JlaBeinosa, E.C. Knumos
Vavsinoeckuii cocyoapcmeennviii mexuuieckuil ynugepcumem, YivsHO8CK
E-mail: m.buzaeva@mail.ru

BBenenue B npupoiHbie MUHEPAIBI HAHOYTIIEPOIHBIX CTPYKTYP MOXKET 3Ha-
YUTEIHHO YJIYYIIUTh COPOIIMOHHBIE CBOMCTBA MPUPOIHBIX MUHEPAJIOB, U HA 3TOM
OCHOBE MOXKHO CO3/1aBaTh HOBOE MOKOJIEHUE KOMITO3UTHBIX MaTEpUAJIOB JIJIsl COpO-
IIMOHHOM OYMCTKU MPOU3BOJCTBEHHBIX CTOYHBIX BOJ| OT HE(PTEIPOIYKTOB U TSKE-
JIBIX METAJUIOB. B KauecTBe COPOEHTOB HMCIOIBH30BATIM MPUPOIHBIC MUHEPATBI ME-
CTOPOXKICHUN YIIBsIHOBCKOM oOsacTi. MonuduipoBanue cOpOEHTOB MHOTOCTEH-
HBIMU YIJIEpOAHBIMU HaHOTpyOkamu mnpoBoawin (MYHT) npu cootHomeHuu
TBepaon u xuakoit ¢az T: XK = 1:10. 100 Ma BomHOM cycnieH3uH, 00pa30BaHHOM
yIJIEPOIHBIMU HAHOTPYOKaMU M BOJOW, 00pabaThiBaIM yJIbTPa3BYKOM B TEUCHHE
6-8 MuH, nocienoBaTensHO BBOAWIM | T cynbdara amomuaus, 10 T OYHIIIEHHOTO
OT MpUMecel copOeHTa (AMATOMUT, OTOKa, IIEOJIUT) U TIOJIBEPraiu yIbTPa3ByKOBO-
My BozfeicTBuio emie 2-3 muH. [locie mpekpariieHus: yiabTpa3ByKOBOTO BO3JIEH-
ctBusi B TeueHue 20-60 MUH. OCakIaeTcsi OAHOPOIHBIN CBETIO-CEPbIA MEJIKOUC-
nepcHbIii moponiok. CopOIMOHHBIE CBOMCTBA MHUHEPAIOB OINPEACISUIA CTaTHye-
ckuM MeTtosioM mipu cootHomienun T: XK = 1:50. B ¢unsTpare onpenensuim ocra-
TOUHYIO KOHIICHTPALMIO 3arpsI3HAIOIINX BelIecTB. [Ipy pa3nmuyHbIX KOHIIEHTpALIU-
X MOHOB METAJUIOB B PaCTBOPE OBLTN MOCTPOESHBI H30TEPMBbI aJICOPOIIUH U OTpeie-
JIEHbI OCHOBHBIE MapaMeTPhI MPOIECCOB AIACOPOIMH MOHOB HA LIEOTUTE JJIST MOJIH-
¢urmmposanHoro (0,2 mac. % MYHT) u HemoauduImMpoBaHHOTO 1IE0JIUTa TPU BO3-
NENCTBUY YIbTpa3ByKa B Teuenue 120 c.

['paduueckuit ananu3 U30TepM a1cOPOIIMK HOHOB METAIJIOB CBUECTEIBCTBY-
€T O JIYYIINX COPOIIMOHHBIX CBOMCTBAX MOAU(PHUIIMPOBAHHOTO IIEOJIUTA TIO OTHO-
IICHUIO K MOHAM ITMHKA. 3HAYeHHE K€ MaKCHMaJIbHOM aacopOImu HalIromaeTcs
JUIE MEJTU TIPU MCTIONIb30BAHUK MOAUDUIIMPOBAHHOTO IieonuTa. [lo cpaBHEHHIO C
HEMOAU(PUIIMPOBAHHBIM [IEOJTUTOM CTETIEHb U3BJICUCHHUS YBEeTMUMBaeTcs Ha 25 %.

HNuTeHcudukaims mporeccoB copouy npu MPUMEHSHUH MOIU(UITIPOBaH-
HOTO II€0JIUTA U YJIbTPa3BYKOBOTO BO3ACUCTBUSA (IO CPaBHEHHIO C copOLuMeill Ha
[IEOJIUTE B OOBIYHBIX CTATMUECKUX YCIOBHSX) TIO3BOJIMIIA CHU3UTH BpeMsi 00paboT-
KU pacTBOPOB, 3arps3HEHHBIX HOHAMU IIMHKA U Meau, ¢ 4 1 1o 120 c. CreneHs usz-
BJICYCHMSI HOHOB TSDKEIBIX META/IOB jocturaet 98 %. CopOiimoHHass 04MCTKA 3KO-
HOMHUYECKHU IIeTIeCO00pa3Ha Mpu CYMMapHOM COJICPYKAHUW MOHOB TSKEIIBIX METall-
JIOB B CTOYHBIX Boax MeHee 20 mr/I1.
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CHUHTE3 U SJIEKTPOHHO-MUKPOCKOITMYECKNI AHAJIN3
I'MBPUAHBIX MATEPHAJIOB HA OCHOBE MHOI"'OCTEHHbIX
YI'JIEPOJHBIX HAHOTPYBOK U HAHOIIOKPBITUU Al,O3 U ZrO,

I.B. Buskos', K.B. Kpemiues?, I1.B. Augpees’, I'.C. 3aGpoauHa’,
AM. O6’bGIIKOB2, b.C. KaBepI/IHZ, H.M. CeMeHOBZ, C.10. Ketkos?,
M.A. ®anzees’, C.A. I'yces®, JI.A. Tatapckuit®
lHuofceeopOOCKuﬁ 2ocyoapcmeennsiii ynugepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
2HHcmumym memannoopeanudeckou xumuu um. 1" A. Pazyeaeea PAH,
Huoicnuii Hoseopoo
3HHcmumym Qusuxu muxpocmpykmyp PAH, Huocnuii Hoseopoo
E-mail: mr.vilkof@yandex.ru

['ubpunnble MaTepuaabl HA OCHOBE MHOT'OCTEHHBIX YTJIEPOJHBIX HAHO-
Tpyook (MYHT), moBepXHOCTh KOTOPBIX J€KOPUPOBAHA HAHOUYACTUIIAMU OKCH-
JIOB METAJIJIOB, TIPEACTABISIOT COOOM HOBBIM Klace (PYHKIIMOHAJIBbHBIX HAaHOMa-
TEPUAJIOB, WUMECIOIIUX IIUPOKHM CIEKTP MPUMEHEHUU B Pa3IUYHBIX 00JIACTIX
HAayKU Y MPOMBINUIEHHOCTU. Takoro poaa Marepuaibl BbI3BaJIM OTPOMHBIN MH-
TEpeC B CBSI3U C MEPCIEKTUBAMU UX BBEJACHHS B KaU€CTBE KOMIIOHEHTOB B BBICO-
KOTEeMIIEpaTypHbIE KEPAMOMATPUUHBIE KOMITO3UTHI JIJIs YJIYUILICHUSI UX MEXaHHU-
YECKHUX U AJIEKTPOHHBIX CBOMCTB, @ TAKXKE C HATUYUEM Y HUX UCKIIFOUUTEIIBHBIX
(OTOKATATUTUYECKUX, DIIEKTPOKATATUTUIECKUX U CEHCOPHBIX CBOMCTB.

Jlns cuHTe3a ruOpuaHbIX MaTepuanoB Ha ocHoBe MYHT u HaHOTOKpHI-
TUH OKCUOB MeTaIIOB, B YacTHOCTU Al,O3 u ZrO,, Hamu ObUT IPUMEHEH METOJ
OCaKJeHHs W3 MapoBoil (asel Merayutoopranuueckux coeaunenuit (MOCVD)
Ha CHEIHaIbHO Ppa3pabOTaHHOM [JIsi 3TOT0 HSKCIEPUMEHTAIBHOM YCTaHOBKE.
JlanHast ycTaHOBKA MPEJCTABIIAET COOOM BEPTUKAIBHBIN TPyOUaThlii KBapIeBbIN
PEAKTOp C CUCTEMOM HarpeBaTelIbHBIX MeYyel. B 30Hy neuu ucrapuresns momMe-
[IAETCSl MPEKYPCOpP HAHOMOKPHITUA (All€TUIALETOHAT AJIFOMUHUS WU alleTHhiia-
1ETOHAT UpKOHUs). B 300y neun nuposn3za nomemiarorcss MYHT, Ha koTopbie
IPOUCXOAUT OCAXKIECHUE MOKPBITUS IIPU PaA3JIOKEHUU Npekypcopa. CUHTE3 mpo-
UCXOJUT TMPHU MOCTOSHHOW OTKA4YKE PEAKTOpa C IMOCTENEHHBIM HAarpeBOM IEYeil
710 HEOOXOMMBIX TEMIIEPATYP UCTIAPEHUS U PA3TIOKEHUS MPEKYPCOPOB.

[Tony4yeHnsle TakuM 00Opa3oM THOPHIHBIE MaTepuaibl OBLIN HCCIEAOBA-
Hbl TIPU TIOMOIIM CKaHUPYIOIIETO JJIEKTPOHHOTO MuKpockoma Carl Zeiss
SUPRA 50 VP u mpocBeunBaromero 3aeKTpoHHOro Mukpockoma Carl Zeiss
LIBRA 200MC. Ananu3 CUHTE3UPOBAHHBIX THOPUIHBIX MAaTEPHAIIOB JaHHBIMU
METO/IaMH TIO3BOJIMJI YCTAHOBUTH HE TOJBKO MOPQOJIOTHIO HCCIETYEMbIX 00B-
€KTOB, HO U OTPEJETUTh CTPYKTYPY U COCTaB MaTEpHAJIOB Ha Pa3IUYHBIX Yy4acT-
Kax 00pa3loB.

PaGota BemonHena mpu (uHAHCOBOW TMoamepxkke Poccuiickoro donaa
dyHIamMeHTanbHBIX HcchaeaoBanuii (rpant Ne 18-33-00776).
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NCCJEJIOBAHME YIIPYTUX JE®OPMAIHI
B PEHTT'EHOOIITUYECKHUX 3JIEMEHTAX

B.B. I'pu6ko, B.H. Tpymun, A.C. MapkenoB
Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuii Hoseopoo
E-mail: gribkovaldimir@icloud.com

B mHacrosmme BpeMs ISl YIOpaBJICHHS IMapaMeTpaMu PEHTIECHOBCKOTO
Mydka HapsAay CO CTallMOHAPHBIMA PEHTTEHONTHYCCKUMHU DSJIEMEHTAMH BCE
OoJpIlIce MPUMEHEHNE HAXOAT 3JIEMEHTHI aIallTUBHONW PEHTTEHOBCKOM ONTHKH
[1-4]. uTepakTHBHOE ympaBicHHE MapaMeTpaMH CXOAMMOCTH PEHTTEHOBCKOTO
IyYyka UMEET BAKHOE 3HAYCHUE JIUIS PEIICHUS 3a/1a4 (OKYCUPOBKH M KOJIJTUMa-
UM PEHTICHOBCKUX IYyYKOB M MOXKET OBITh HCIIONIB30BAHO B TaKWUX 00JIACTAX
KaK MEIUIIMHA, aCTPOHOMUS, UCCIICIOBAaHUE OMOJIOTHICCKUX OOBEKTOB, a TAaKKe
B MUKPO- ¥ HAHODJICKTPOHHUKE.

B pabore [5] npennoxkeH MeTo (POKYCUPOBKH PEHTICHOBCKOTO H3JTyde-
HUS, OCHOBAaHHBIH Ha WCIOJIB30BAaHUU KPHUCTAIOB C NEPEMEHHBIM IEPHOJIOM.
VYka3bIBacTCs, YTO B TAKUX KpUCTAUIaX IIMPUHA Kpas 00JacTH JUPPAKITMOHHO-
IO OTPAKCHHUS 3aBHCHT OT BHJIa PO AehOpPMAIIMH, YTO ¥ TIO3BOJISICT CO3/1a-
BaTh (POKYCHPYIOIIHE CUCTEMBI. JlaHHBIC UCCIICIOBAHNS YKa3bIBAIOT HA HEOOXO-
JUMOCTh y4eTa Je(pOpPMAIMOHHBIX IMOJCH TpH (POKYCHPOBKE PEHTTEHOBCKHX
MyYKOB C UCIIOJIb30BAHUEM M30THYTHIX KPUCTAIIJIOB.

B nanHoit paboTe mpuBenEHbI Pe3yNbTaThl UCCIAEAOBAHUS AehopMariuii
TU(GPaKIUOHHOTO 3JIeMEeHTa (MOHOKPUCTANIMYECKON TIacTHHE Si) BOZHUKIIINX
npu GopMUPOBAHUHN U3TUOHOTO MOYJISI, BO3MOKHOCTh IPUMEHEHUS] KOTOPOTO B
Ka4eCTBE aJalTUBHOTO PEHTTEHOONTHHYECKOrO 3JEMEHTa MMokasaHa B [3, 4].
[Ipoduns nedopmaruii onpenensics Mo CMENEHNUI0 OPETTOBCKOTO MOJIOKEHUS
nuka (400) onpenenseMoMy IpH CKaHUPOBAHUU 00Opas3lia ¢ MOMOIIBIO HU3Mepe-
HUSl KpUBBIX AUGPAKIMOHHOTO OTPaKEHUS B Pa3IMYHBIX €ro Toukax. M3mepe-
HUS OCYIIECTBIISUINCH Ha qudpakTomeTpe Bruker D8 Discover.

CornacHo JaHHBIM HKCIIEPUMEHTA U PACYETHBIM JAaHHBIM OTHOCHUTEIIHHBIC
nedopMalviy, BO3HHMKAIOIIME TpPH M3rHbO€ IIacTHUHBI Si, HE TMPEBBIAIOT
55 - 10°°. Us MOJIYYCHHBIX JAaHHBIX MOKHO CHEJAaTh BBIBOJ O MajiOM BIIMSIHUU
nedopMaIiii BOSHUKAIKUX B TU(PAKIIMOHHOM 3JIEMEHTE TPH (POPMHUPOBAHUH
MU3THOHOTO MOJYJIS HAa YIIPABJICHUE CXOIUMOCTHIO PEHTI€HOBCKOTO TydKa.

1. C. Atkins et al., Proc. of SPIE 6721, 67210T-2 (2008).

2. B.H. Tpymun, E.B. UynpynoB u np., [loBepxnocts. PeHTres., cuHXpoTp.
¥ HEUTpOHHBIC uccien. 5, 28 (2017).

3. B.B. I'pu6ko, B.H. Tpymun u np., Hanodpusuka u HAHOIIEKTPOHHKA.

Martepuansr XX MexayHnapoaHoro cummo3unyma 1, 387 (2017).
4. A.B. Aunpees, [Tucema B dKOTD 74, 8 (2001).
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OIITUYECKAJ I'EHEPALINA B YCUJIMBAIOIIEM ®OTOHHOM
KPUCTAJIIE C MOHOCJIOEM METAJIJIMUECKNX HAHOYACTULL

n.A. FHVXOBl, C.I'. Moucees'?
YWabanosckuii 20Cy0apcmeennblil ynugepcumem, YivbsiHo8ck
2V absanoeckuil Gunuan Uncmumyma paouomexHuku u 21eKmpoHUKU
um. B.A. Komenvnuxosa PAH, Yrvanoeck
E-mail: glukhov9l@yandex.ru

B pabore wuccienoBaHbl CHEKTpalbHbIE XapaKTepPCTUKU (POTOHHO-
KPUCTAJTUYECKOU CTPYKTYPhl C MOHOCJIOEM CEpeOPSHBIX HAHOYACTHI] JIUTITH-
4ecKor (popMBI.

Jlns pacuera oTpakaTelbHOW W MPOIYCKHON CMOCOOHOCTEN paccMaTpu-
BaeMOM CTPYKTYpHI B paboTe MPUMEHSAETCS MAaTPUUHBIA METOJ g uHTepde-
coB. ONTUYECKHE XapaKTEPUCTKU TPAHUILIBI pa3jiesia ABYX MaTepHalbHbIX Cpell
onpenensoTcs GpeHeneBCKUMU KOADPUITUEHTaAMU OTPAKEHUSI U MPOITYCKaHUSI.
[TockonbKy MacCUB HAHOPA3MEPHBIX YaCTHUI], PACIIOI0KEHHBIX B OJHOM MJIOCKO-
CTH, B3aUMOJICHCTBYET C AJIEKTPOMArHUTHOW BOJHOM MOJOOHO TUIOCKOM TpaHu-
e paszena ABYX Cpell, OH TaKKe paccMaTpuBaeTcs Kak MHTepdenc ¢ HEKOTO-
phIMU COOCTBEHHBIMU KOA(PIUIIMEHTAMU OTPAXKCHHUS W MPOMYyCKaHUA. AMIUIH-
TyAHbIC KOADDUITUEHTHI OTPAXKCHUS U MPEJIOMIICHUS] MOHOCIIOS PACUUTHIBAKOTCS
OpY MOMOILIH YHCIEHHOTO METO/A, PEalM30BaHHOIO B MAKETE CHEUUAINU3UPO-
BaHHBIX MporpamMm (HU3NIECKOTO MOJICTUPOBAHMUS.

[TokazaHa BO3MOXKHOCTh BHIOOPOUHOM T'€HEpallMy MOJIIPU30BAHHOTO CBe-
Ta B (POTOHHO-KPUCTAIUTMYECKON CTPYKTYype C MOHOCIOEM METaNIMYeCKUX Ha-
HouacTull. KoadduimeHnTsl oTpakeHus: U MPOMYCKaHUS MOHOCIIOS OIpenens-
I0TCS IIA3MOHHBIM PE30HAHCOM B HAaHOYACTHUIIAX U 3aBUCAT OT MOBEPXHOCTHOM
KOHIIEHTpalMK W (GopMbl HaHOYacTHIl. biaromapsi 3Tomy, B 3aBUCHUMOCTH OT
OpUEHTAIIMM OCH aHWU30TPOIMH MOHOCJOS U HAIpaBICHHUS MOJSPU3ALUU CBETA
JOCTUTAETCS cenaparys Mo POTOHHO-KPUCTATUTHYECKON CTPYKTYPHI.

1. Y. Dadoenkova, I. Glukhov, S. Moiseev et al., Optics Communications

389, 1 (2017).
2. S.G. Moiseev, V.A. Ostatochnikov, Quantum Electron. 46, 743 (2016).
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CITEKTPAJIbHO-TIOMUHECLEHTHBIE CBOMCTBA
1 IUTOKCUYHOCTb HAHOPA3MEPHBIX YACTHULL (YEr)PO,

A.B. lllyukuna, C.A. Xpymanuna, [1.A. Ps6oukuna, O.B. Munaesa,
M.H. Kapkos
Hayuonanwvusiii uccnedosamenvckuti Mopooeckuii 2ocyoapcmeentbiii
yuusepcumem um. H.II. Ozapésa, Capanck
E-mail: nastenkal220@gmail.com

B nayuHoll nuTepaType MMEETCs 3HAUUTEIHHOE KOJIMYECTBO PaboT, Mo-
CBAILIEHHBIX HCCIEeN0BaHUI0 Mopdoioruu, (a3oBoro cocraBa, CHEKTPaIbHO-
JIOMUHECIIEHTHBIX CBOWCTB HaHOpPa3MEpHBbIX uacTuil opTodocdaroB, JIErupo-
BaHHbIX P3 monamu [1-3]. UuTepec k HUM 0OyCJIOBJIEH T€M, YTO BO MHOTHX pa-
00Tax MO3UIIMOHUPYETCS MX HCIOJIb30BAHUE 1T OMOMEIMIIMHCKUX MPHUIIOXKE-
HUM.

B nacTtosimieit paboTe BBITIOTHEHBI UCCIEAOBAHUS alIKOHBEPCUOHHOMU JIIO-
MHUHECIICHIIMM YacTHI[ KOHICHTparmonuoro psaga Yi14EnPO, (X = 0,25; 0,5;
0,75; 1) npu Bo30YyX/ICHUU YPOBHS iz (L= 1,5 Mxm) nonos Er**, [Ipu nanHOM
criocobe BO30YXKIEHUS alKOHBEPCHOHHAsI JIOMUHECIICHIMS HaOmomanach ¢
ypOBHEMU 2H11/2, 483/2, 4F9/2 U 4|9/2 wonos Er*”.

[Ipu yBenudyeHUU MIOTHOCTH MOIIHOCTH H3Ty4YCHHUSI BO3OYKIEHUS BBIIIC
1929 Br/cm? s gactun Y1 EnPO, (X = 0,25; 0,5; 0,75; 1) Habaromanoch Im-
POKOIOJIOCHOE U3JIYYEHUE B BUAUMOM JUAIa30HE CIEKTpa. AHAIN3 XapaKTepu-
CTUK JIaHHOTO U3JTy4E€HUS CBUJIETEIILCTBYET O €TI0 TEIJIOBON MPHUPOJE.

BaxxHbIM ycioBHEM, ONpenensionuM MpUMEHEHHE HAHOYACTHI] B OuoMe-
TUITUHE, ABIIAETCS CTENEHb UX TOKCUYHOCTH. B paboTe Oblia BBINOIHEHA OLICH-
Ka TOKCHYHOCTHU JaHHBIX HaHOpPa3MepHbIX AudsiekTpuueckux dactuil (YEr)PO,,
COTJIACHO KOTOPOW OHU XapaKTEepU3YKTCA KaK YMEPEHHO TOKCHYHOE BEIIECTBO.

[Ipu BHECEHUM HCCIIEYEMBIX MMOPOIIKOB ¢ KOHIIEHTPAIUEH HOHOB Er** or
0,15 mMr/MI1 1 BBIIIIE K KJIIETKAM JKH3HECIIOCOOHBIMHM OCTaBanoch 55 % OT MX KO-
muuectBa. [lomymakcumanbHass uHruOupyromas kouuneHnrtparus |Csy HaHOUa-
ctunt (YErPO, cocraBuna - 0,894 mr/ma (48 1 unkyOarun); 1,383 mr/mi (24 9
MHKYOaIun).

1. R. Balakrishnaiah, D. Kim, S. Yi et al., Thin Solid Films 518, 6145
(2010).

2. C. Xpymanuna, I1. Ps6oukuna, B. Ksamkun u ap., [lucema B XKOTD 103,
342 (2016).

3. Yu.V. Orlovskii, Optics Express 5, 1230 (2015).
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JIOMUHECL[EHTASI HAHOTEPMOMETPHS HA OCHOBE
HAHOYACTULL Pr**:LaF; OJJHOSIJIEPHOU CTPYKTYPBI
1 HAHOUYACTULL Pr¥*:LaFy/LaF; CTPYKTYPBI SIJIPO/OBOJIOUKA

M.C. IlynoBkuHn, O.A. Mopo3os, JI.A. Kopskosuesa, P.III. XycHyTtnuHoBa,
A.T'. Kuamos, A.C. Huzamytaunos, B.B. Cemamiko

Kazanckuii (Ilpusonsccxuii) ghedepanvruiii ynusepcumem, Kazamo
E-mail: jaz7778@list.ru

Hanormractuast Pre*:LaF; (Cp, = 1 %), Pri*:LaF; (Cp, = 1 %)@LaF; Hano-
IIACTHHBI sapo/oGomouka, Hanocdeps Pri’:LaF; (Cpr = 1 %) SNPs u Pr**:LaF;
(Cpr = 1 )@LaF; Hanocheps! s1ap0o/0000UKa ObLIIM CHHTE3UPOBAHBI METOIOM
COOCaX/ICHUS M3 BOJHBIX PACTBOPOB

YMeHbIICHHEe HHTCHCHBHOCTH M3JIY4CHHS C COCTOSIHHS Py (Ha IIMHAX
BOJIH 487 1 537 HM) U OTHOBPEMECHHOE YBEIUUCHNEC HHTCHCUBHOCTH H3JTy4CHHUSI
C COCTOSIHUS “Py OOBSCHSACTCS TEM, YTO HIEKTPOHHBIC HACEICHHOCTH yPOBHEH
*P1 1 °Py COOTHOCATCS IPYT C APYrOM B COOTBETCTBHE C pacrpeaeicHneM boib-
[[MaHa, KOTOPOE 3aBUCHUT OT TEMIIEPATyPhl H3BECTHBIM 00pa3om [1].

3HaveHHe a0COJIFOTHOW YyBCTBUTEIIBHOCTH ISl BCEX HAHOYACTHI] COCTaB-
msier S, = 0,01 K™ ipu 300 K u He 3aBucuT 0T pasmepa, GOPMBI U CTPYKTYPBI
HAHOYACTHIL.

KHHETHKH JTIOMHHECIICHIIMN COCTOSIHHSL Py, 3allMCaHHBIC B IHAIA30HE
TeMIIepaTyp IpuBeAeHbI Ha puc. 1.

UntencnBHOCTD (OTH. €1.)

. I o WL
0 5 10 15 20 25
Bpewmsi (Mkc)

3 3+
Puc. 1. Kunetuku qroMuHECIIeHIIMM Py cocTostHUS MOHOB Pr™" st ciydast HaHocdep

Jlns ucclieryeMbIX CUCTeM He HaOJIroaaroTcs 0e3bI3IydaTeIbHbIe IepeXo-
el ¢ °Pg Ha ‘D, cocTosHMSL Bpemena xu3nu 3Py MEHSIOTCS C TeMIIepaTypou
BCIICJICTBHE 3aBHCHMBIX OT TEMIIEPATyphl MPOIIECCOB TYIIEHUS Ha AcheKTax B
HAHOYACTHIIAX.

1. M.J. Weber, The Journal of Chemical Physics 48, 10 (1968).
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NANOMATERIALS AND NANOTECHNOLOGY



SMALL SIZE CHARGED NANOPARTICLES ACTIVATE
TUMOR CELL GROWTH

A.C. Cefalas™? V.V. Semashko!, M.S. Pudovkin®, P.V. Zelenikhin,
V.E. Gavriil?, A.S. Nizamutdinov', Z. Kollia?, A. Ferraro™?, E. Sarantopoulou®?
'Kazan Federal University, Kazan, Russia
National Hellenic Research Foundation, Theoretical and Physical Chemistry
Institute, Athens, Greece
E-mail: ccefalas@eie.gr

Localized extracellular interactions between nanoparticles and transmem-
brane signal receptors may well activate cancer cell growth. Herein, tiny LaFs
and PrFz; nanoparticles in DMEM+FBS suspensions, stimulated tumor cell
growth in three different human cell lines (A549, SW837 and MCF7). Size dis-
tribution of nanoparticles, activation of AKT and ERK signaling pathways and
viability tests pointed to mechanical stimulation of ligand adhesion binding sites
of integrins and EGFR via a synergistic action of an ensemble of tiny size nano-
particles (< 10 nm). While very small size nanoparticles may well associated
with the activation of EGFR, integrin interplay with nanoparticles remains a
multifaceted issue. A theoretical motif shows that, within the requisite pN force
scale, each ligand adhesion binding site can be activated by a tiny size dielectric
nanoparticle via electrical dipole interaction. The size of the active nanoparticle
stayed specified by the amount of the surface charges on the ligand adhesion
binding site and the nanoparticle, and also on the separating distance between
them. The electrical dipole force remained inversely proportional to the second
power of nanoparticle’s size, evincing that only tiny size dielectric nanoparticles
mighty stimulate cancer cell growth via electrical dipole interactions. The work
contributes towards recognizing different cytoskeletal stressing modes of cancer
cells.
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INVESTIGATION OF THE PROPERTIES OF HEXAGONAL SILICON
OBTAINED BY ION IMPLANTATION

A.A. Nikolskaya, D.S. Korolev, A.N. Mikhaylov, A.l. Belov, A.A. Sushkov,
D.A. Pavlov, D.I. Tetelbaum
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: alena.nikolskaya.1994@mail.ru

The implementation of optical communication channels into solid-state
electronics requires the search for light-emitting materials which are compatible
with silicon technology. Synthesis of hexagonal silicon by ion implantation
solves two global problems. Fist, as it is theoretically predicted, this modifica-
tion would have better optical properties than cubic silicon. Second, ion implan-
tation is a traditional technology of microelectronics, so the synthesis of this
phase by ion implantation easily solves the problem of integration. In this work,
the formation of the hexagonal phase of silicon by ion implantation has been
studied, and the structural and optical properties of the synthesized phase have
been determined.

Earlier, we reported the formation of inclusions of hexagonal phase 9R-Si
in a silicon substrate at the interface with a SiO, film (160 nm) upon implanta-
tion of Ga” and N," ions [1]. There to determine the influence of the SiO, thick-
ness (d) and the type of implanted ions, irradiation by Kr* with energy of 80 keV
and a dose of 5-10™ cm? was performed in the SiO,/Si system with 120, 160
and 300 nm thick SiO, films, followed by annealing at 800 °C. The cross-
sections of the synthesized samples were studied by transmission electron mi-
croscopy (X-TEM) using the JEOL JEM-2100F microscope. A semiconductor
laser (A = 980 nm) was used to excite photoluminescence (PL).

For samples with d = 120 and 160 nm, a PL peak at 1240 nm was ob-
served, which presumably refers to emission from the 9R-Si phase. The for-
mation of this phase in a silicon substrate at the interface with the film was con-
firmed by X-TEM. It is assumed that the relaxation of mechanical stresses aris-
ing in the film during implantation is responsible for the formation of this phase.
For a sample with a film thickness of 300 nm, the formation of a hexagonal
phase and PL at 1240 nm were not revealed, which is apparently due to the in-
sufficient magnitude of stress penetrating from the implanted layer (~ 50 nm)
into the Si substrate.

The work is supported by the Ministry of Education and Science of the
Russian Federation (State Assignment Ne 16.2737.2017/4.6). A.A. Nikolskaya
acknowledges the support in the framework of UMNIK program.

1. D.S. Korolev, A A. Nikolskaya, N.O. Krivulin et al., Tech. Phys. Lett.
43(8), 767 (2017).
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DECIPHERING OF THE HEXAGONAL PHASE OF AlAs ON Ge/Si(112)

A.A. Sushkov', D.A. Pavlov', N.V. Baidus®, A.V. Rykov?, A.V. Novikov®,
D.V. Yurasov®
'Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
*Physical-Technical Research Institute, Nizhny Novgorod, Russia
3Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia
E-mail: sushkovartem@gmail.com

Traditionally AlAs is used as one of the buffer layers for growing GaAs
on Si substrates [1]. Under normal conditions, the wide-gap-AlAs semiconduc-
tor is an indirect gap semiconductor and has the sphalerite structural type. A
large number of defects including packaging defects are formed during the
growth of one semiconductor layer to the other due to mismatch of the lattice
parameters. In the case of high packing defect density, it is possible to change
the structural type of the material, and its band structure.

The crystal structure of AlAs layers on a Si(112) substrate with a Ge buff-
er layer was investigated. The cross section of the structure was analyzed by a
high resolution transmission electron microscope (HRTEM) (JEOL JEM-2100F
microscope operated at 200 kV).

Due to TEM investigations regions with a high concentration of packag-
ing defects were found in the AlAs layer, which indicates the hexagonalization
of the material. The wurtzite phase of AlAs (2H) has to possess a direct band
structure according to the theoretical calculations described in [2]. Deciphering
the hexagonal phase of AlAs in HRTEM images, by means of Fourier trans-
forms, indicates that the polytype 9R with share of hexagonalization about
66,66 % [3] dominates.

Thus, a hexagonal crystal structure of the wide-gap-AlAs semiconductor
was obtained on a relatively cheap Si(112) substrate for the first time. Therefore,
it is not necessary to grow complex structures with different buffer layers, but it
Is quite sufficient to achieve the hexagonalization of the AlAs buffer layer itself
to create optical devices on a Si substrate.

1. V.Y. Aleshkin, N.V. Baidus, A.A. Dubinov et al., Appl. Phys. Lett. 109,
061111 (2016).

2. A. De, C.E. Pryor, Phys. Rev. 81, 155210 (2010).

3. B. Wen, J. Zhao, M.J. Bucknum et al., Diamond Relat. Mater. 17, 356
(2008).
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PHASE TRANSITIONS IN CARBON MATERIALS AT HIGH PRESSURES

G.V. Tikhomirova, T.K. Petrosyan, Ya.Yu. Volkova, A.V. Tebenkov
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: galina.tikhomirova@urfu.ru

Transport phenomena in carbon materials (monomeric, rhombohedral and
tetragonal phases of fullerene Cg, single-wall and double-wall carbon nanotubes
(SWNT and DWNT), graphene and graphite) have investigated at pressures up
to 35 GPa. Relaxation kinetics of these materials at changing pressure was stud-
led. The measurements were performed using the high-pressure chamber with
anvils made of synthetic carbonado diamonds.

In the course of treatment by high pressure and temperature, fullerene un-
dergoes consequent phase transformations. These phases have quite different
both resistivities (from hundreds Ohm to hundreds MOhm) and their tempera-
ture dependences. Resistivity peculiarities were identified with the known phase
transitions of fullerene. The scheme of sequence of phase transformations under
high pressures is suggested. Resistivity relaxation times for all fullerite phases
are determined as more than two hours.

Samples of single-wall carbon nanotubes (SWNT) under study were
grown by CVD and cleaned by HiPCO (High pressure CO) method. The SWNT
diameters estimated by means of TEM (transmission electron microscope) were
0,8 to 1,2 nm. Strong pressure dependence of the SWNT bundles was found.
The complicated pressure dependence of resistivity of double-wall carbon nano-
tubes (DWNT) is attributed to deformation of their structure. Destruction of
DWNT begins at essentially lower pressures than SWNT because of larger di-
ameter of outer tube and respectively larger number of defects. Nevertheless,
there is no complete collapse of DWNT up to 30 GPa.

Conductivity, magnetoresistance and thermoelectromotive force of graph-
ite and graphene, as well as their relaxation kinetics, in dependence on pressures
were studied. The features observed are attributed to phase transitions.

The possibility of formation of new carbon phases from graphite at con-
tinuous exposure (24 hrs) under pressures of 18 GPa to 45 GPa was examined.
The features in the pressure dependence of resistance as well as its relaxation
times observed in the range 27-35 GPa are connected likely with the inclusion of
a new phase, which did not disappear after removal of the load.

The work is supported in part by RFBR grant 16-02-01137.
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LUMINESCENT THERMOMETRY IN VITRO USING UPCONVERSION
NANOPARTICLES NaGdF,:Yb**-Er¥*, Yb*-Tm**

D.V. Pominova, A.V. Ryabova, I.D. Romanishkin, P.\V. Grachev,
V.Yu. Proydakova, S.V. Kuznetsov, V.V. Voronov
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: pominovdv@gmail.com

The work is devoted to upconversion nanoparticles NaGdF, doped with
Yb¥*-Er¥, Yb*-Tm®" study, used for contactless temperature estimation by
change of the luminescence spectra.
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Fig. 1. a) Pumping power dependence of upconversion nanoparticles NaGdF, doped with
Yb**-Er**, Yb**-Tm*" ions heating temperature; b), c) temperature dependence of Er®* and
Tm** ions upconversion luminescence spectra and spectral regions, used for thermometry

(IZ! |1)

It was shown that NaGdF, nanoparticles doped with Yb-Er ions were
heated under laser radiation much stronger than NaGdF, nanoparticles, doped
with Yb-Tm ions (67,5 and 6,2 °C correspondingly under P = 1 W/cm?). The de-
pendence of temperature sensitivity on used for thermometry spectral region was
analyzed. The maximal sensitivity in studied temperature region was achieved
by using the ratio of areas under luminescence peaks, which correspond to Er®*
Hyo — “lisp (1) and *Sgr, — *lis (14) transitions and is 1,34 % - C*. For Yb-
Tm doped nanoparticles the maximal sensitivity was obtained by using for
thermometry the ratio of area under luminescence peak, which corresponds to
'F, 3 — Hg (1) transition and area under valley, fig. 1c) 1, and is 4,11 % - C.

The study of in vitro hyperthermia on various cell lines and an analysis of
the effect of temperature on healthy and cancer cells were carried out. It was
shown that due to the different sensitivity of the cell lines to the temperature, se-
lective hyperthermia could be performed.

Funding for this research was provided by Russian Science Foundation
(project N17-72-20186).

202


mailto:pominovdv@gmail.com

SPECTRAL-LUMINESCENT PROPERTIES
OF CARBON NANOPARTICLES SYNTHESIZED FROM SOLUTIONS
OF AMINOCAPRONIC ACID

l.A. Yurlov, P.A. Ryabochkina, S.A. Khrushchalina
National Research Ogarev Mordovia State University, Saransk, Russia
Email: ivanuyrlov@gmail.com

Colloids of luminescent nanoparticles based on rare-earth and heavy met-
als currently attract considerable attention. The presence of spectral-luminescent
properties in such systems makes them promising for various applications.
However, a serious disadvantage of such systems is toxicity for bioobjects [1].
Carbon nanoparticles (CNPs), which are characterized by intense luminescence
in the visible spectral range [2], can be considered as a non-toxic alternative to
colloids of luminescent nanoparticles based on heavy metals.

The luminescence characteristics of the CNPs depend on the synthesis
method and the type of the starting material used to prepare them. Due to the
development of a simple one-stage methods of CNPs synthesis, it became possi-
ble to obtain large volumes of colloids in a short time.

In the luminescence spectra of a CNPs colloidal solution, the position of
the luminescence maximum is shifted, depending on the excitation wavelength.
This character of the spectral-luminescent properties is due to the existance of
the m-domain structure and the presence of functional groups on the CNPs sur-
face [3]. In connection with this, the urgent task is to develop methods for ob-
taining and searching for new materials for the synthesis of CNPs with con-
trolled dimensional and luminescent properties.

In this study, colloidal CNPs was first obtained from the aminocaproic ac-
id solution by hydrothermal treatment in a microwave reactor. The method of
dynamic light scattering was used to estimate the average sizes of the obtained
CNPs.

The results of the investigation of the luminescent properties of CNPs col-
loids obtained from an aminocaproic acid solution indicate the presence of a
tunable luminescence in the 300-600 nm range when excited by radiation with
Aex. = 280-520 nm.

1. L. Cao, X. Wang, M.J. Meziani et al., J. Am. Chem. Soc. 129, 11318
(2007).

2. C.K. Chua, Z. Sofer, P. Simek et al., ACS nano 93, 2548 (2015).

3. S.Y.Lim, W. Shen, Z. Gao, Chem. Soc.Rev. 44, 362 (2015).

203


mailto:ivanuyrlov@gmail.com

THERMOPROGRAMMED SYNTHESIS OF NITROGEN
DOPED MONOCRYSTALLINE GRAPHENE FROM ACETONITRILE

S.L. Kovalenko®, T.V. Pavlova', O.l. Kanischeva'?, K.N. Eltsov*
'Prokhorov General Physics Institute RAS, Moscow, Russia
“Moscow Institute of Physics and Technology, Dolgoprudny, Russia
E-mail: stanislav.l.kovalenko@gmail.com

The used thermoprogrammed synthesis of epitaxial N-doped monolayer
graphene includes: 1) saturation of the near surface region of the Ni(111) with
carbon while preserving purity of the surface; 2) adsorption of acetonitrile
(C,H3N) dose about 2000 Langmuir at a temperature of —15 °C to 0 °C; 3) flash
annealing of the sample to 140 °C; 4) annealing the sample at 400 °C. To obtain
quasi-free standing graphene, gold was intercalated into the graphene/Ni(111)
interface in accordance with the paper [1]. Intercalation has been carried out by
evaporation of gold on the surface at room temperature and then annealing for
15 min at 450 °C. All technological operations, analysis of the structure and el-
emental composition of the surface have been carried out in ultrahigh vacuum
setup equipped with an electron Auger spectrometer, scanning tunneling micro-
scope (STM), quadrupole mass spectrometer, the gas inlet and the sample heat-
ing systems. STM images have been recorded over a wide range of tunnel bias
Uy=(-1,30 + +1,00) V.

The proposed method of synthesis provides formation of N-doped epitaxi-
al monocrystalline graphene on the Ni(111). STM and density functional theory
calculations used jointly allow us to say that the nitrogen atoms basically substi-
tute carbon atoms in graphene lattice or are in bivacancy (pyridine defect) with a
total concentration about 0,3 %. The experimental and calculated STM images
analysis has been used to determine density of electron states and symmetry of
atomic defects. After intercalation of gold monolayer into the graphene/Ni(111)
interface, the graphene continuity has not been broken and the nitrogen concen-
tration remained at the same level — 0,3 %.

1. D. Usachov et al., Nano Letters 11, 5401 (2011).
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SYNTHESIS AND PHYSICO-CHEMICAL PROPERTIES OF LIPOSOMES
CONTAINING CaF,: Yb**, Re** (Re = Er**, Tm*") CRYSTALLINE
NANOSIZED PARTICLES FOR PHOTODYNAMIC THERAPY

M.N. Zharkov, A.A. Lyapin, V.P. Ageev, S.A. Khrushchalina, O.A. Kulikov,
P.A. Ryabochkina
National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: mikhail.zharkov.92@mail.ru

The photodynamic therapy (PDT) it is most sparing form of cancer treat-
ment, because it is have greater selectivity of action on tumor tissue compared to
traditional chemotherapy and it have not the severe local and systemic complica-
tions that may occur during surgery time. This method of treatment includes the
direct activation of photosensitizer molecules (PS) under exposure of the visible
range laser radiation. The described process is accompan the forming of active
singlet oxygen moleculs and free radicals, which can cause necrosis and apopto-
sis of cancer cells. Currently, in clinical practice for PDT, a large number of
photosensitizers having a maximum absorption in the red region of the spectrum
(650-800 nm) are used. However, this range does not correspond to the maxi-
mum optical transparency (~ 1 um) of biological tissues that difficultate PDT for
the deep localisation tumors.

In the our work, we presented a PS liposomal form for carrying out PDT
of deep-lying tumors (up to = 7 cm) with using laser radiation, wich have a near
infrared (IR) spectral range. The developed system it is a chemically stabilized
nucleus on base nanoparticles CaF,: Yb*, Re** (Re = Er**, Tm**), which have a
lipid bilayer cover with included PS molecules. The Yb* ions contained into the
nanoparticle composition give the effective absorption of laser radiation with
wavelengths 980 nm. As a result of nonradiative transfer, the absorbed energy
can be transferred to the energy levels of other rare-earth ions (Er**, Tm*"), that
will lead to the appearance of their luminescence in the visible spectral range
through by up-conversion mechanism. Thus, the IR radiation will be transform
to shortwave light, wich correspond to the visible spectral range and it will be
absorbed by the PS. An important feature of the proposed liposomal system is
the possibility of imparting additional "vector" properties through various recep-
tors and specific antibodies, which can increase the efficiency of PDT.

In our work proposed a method for the synthesis of these nanostructures
and described of their some physico-chemical properties.
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SPECIFIC SURFACE OF MULTISTABLE CARBON NANOTUBES

E.S. Klimov', M.V. Buzaeva', I.A. Makarova', O.A. Davydova',
E.S. Vaganova', N.A. Bunakov?
'Ulyanovsk State Technical University, Ulyanovsk, Russia
Ulyanovsk State University, Ulyanovsk, Russia
E-mail: eugen1947@mail.ru

Multi-walled carbon nanotubes (MWNTS) were obtained on a laboratory
installation using the MOCVD method using precursors of ferrocene and toluene
[1]. The diameter of nanotubes is 20-120 nm, most of which are 40-60 nm, and
several tens of microns in length. The porosity of carbon nanotubes was deter-
mined by capillary nitrogen condensation. The specific surface area was deter-
mined by the BET method (Brunauer-Emmett-Teller), the pore size distribution
and the specific pore volume were determined by the BJH method (Barrett-
Joyner-Halendy) [2]. The isotherms of the adsorption isotherm correspond to
type Il isotherms and are characteristic of nonporous adsorbents (fig. 1).

16.0—

f

400 LT

| | |
0.2 0.4 0.6 0.8 0.96
Relative Pressure, P/Pg

Fig. 1. Nitrogen Adsorption-Desorption Isotherms for MWNTS: 1 - adsorption; 2 - desorption.
Quantachrome NOVA 1000 e Analyzer

The specific surface area of the MWNT is 16,33 m?/g, the pore diameter
with a narrow distribution of 19,23 nm, a specific pore volume of 0,019 ml/g.
which is comparable with the literature data [3].

0.0

1. E.S. Klimov, M.V. Buzaeva, O.A. Davydova et al., ZhPH 87, 1128
(2014).

2. A.S. Vyacheslavov, E.A. Pomerantseva, Measurement of area and porosi-
ty by capillary nitrogen condensation, M.: MSU, 2006.

3. M. Maryam, Advanted Materials Research 626, 289 (2013).

206


mailto:eugen1947@mail.ru

THE SORPTION PROPERTIES OF ZEOLITE
DOPED WITH CARBON NANOTUBES

T.Yu. Dyachkova, M.V. Buzaeva, I.A. Makarova, O.A. Davydova, E.S. Klimov
Ulyanovsk State Technical University, Ulyanovsk, Russia
E-mail: m.buzaeva@mail.ru

Introduction to natural minerals of nanocarbon structures can significantly
Improve the sorption properties of natural minerals, and on this basis, a new
generation of composite materials for the sorption treatment of industrial
wastewater from oil products and heavy metals can be created. As the sorbents
used natural minerals deposits of the Ulyanovsk region. Modification of
sorbents by multiwalled carbon nanotubes was carried out (MWNT) at a ratio of
solid and liquid phases T: XK = 1:10. 100 ml of an aqueous suspension formed of
carbon nanotubes and water was sonicated for 6-8 min, 1 g of aluminum sulfate,
10 g of the impurity-free sorbent (diatomite, flask, zeolite) was sequentially in-
troduced and subjected to an ultrasonic action for a further 2-3 min. After cessa-
tion of the ultrasonic effect, a uniform light gray fine powder is precipitated for
20-60 minutes. Sorption properties of minerals were determined by the static
method at a ratio of T: H = 1:50. The residual concentration of pollutants was
determined in the filtrate. At various concentrations of metal ions, adsorption
isotherms were constructed in the solution and the main parameters of the ad-
sorption of ions on the zeolite for the modified (0,2 wt. % MWNT) and unmodi-
fied zeolite under ultrasound exposure for 120 s were determined.

Graphical analysis of adsorption isotherms of metal ions indicates the best
sorption properties of the modified zeolite with respect to zinc ions. The same
value of maximum adsorption is observed for copper using a modified zeolite.
Compared with unmodified zeolite, the recovery rate is increased by 25 %.

Intensification of sorption processes with the use of modified zeolite and
ultrasonic action (in comparison with sorption on zeolite under ordinary static
conditions) allowed to reduce the processing time of solutions contaminated
with zinc and copper ions from 4 h to 120 s. The degree of extraction of heavy
metal ions reaches 98 %. Sorption purification is economically feasible with a
total content of heavy metal ions in waste water of less than 20 mg/|.
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SYNTHESIS AND ELECTRON-MICROSCOPIC ANALYSIS OF HYBRID
MATERIALS BASED ON MULTI-WALL CARBON NANOTUBES
AND NANO-COATINGS Al,03 and ZrO,

L.V. Vilkov', K.V. Kremlev?, P.V. Andreev', G.S. Zabrodina®, A.M. Obyedkov?,
B.S. Kaverin®, N.M. Semenov?, C.U. Ketkov?, M.A. Faddeev', S.A. GuseV®,
D.A. Tatarsky®
'Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
?Rasuvaev Institute of Metalorganics Chemistry RAS, Nizhny Novgorod, Russia
3Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia
E-mail: mr.vilkof@yandex.ru

Hybrid materials based on multi-walled carbon nanotubes (MWNTS), the
surface of which is decorated with nanoparticles of metal oxide, represent a new
class of functional nanomaterials, which have wide set of applications in various
fields of science and industry. The materials arouse large interest due to perspec-
tives of their application as components in high-temperature ceramic matrix
composites for improvement of mechanical and electronic properties, and ones
have exceptional photocatalytic, electrocatalytic and sensory properties.

For synthesize hybrid materials based on MWCNs and nanocoatings of
metal oxides, particularly Al,O3 and ZrO,, we used the method of metalorganic
chemical vapor deposition (MOCVD) on a specially designed experimental in-
stallation. It presents a vertical tubular quartz reactor with a heating furnace sys-
tem. The precursor of the nanocoating (aluminum acetylacetonate or zirconium
acetylacetonate) is placed into the evaporator area of heater. MWNTSs are placed
into the pyrolysis area of heater, upon decomposition of the precursor the coat-
ing is deposited on them. Synthesis goes on with a continuous pumping of the
reactor and with a slow heating of the furnaces to the required evaporation and
decomposition temperatures of the precursors.

The final hybrid materials were researched by means of scanning electron
microscope Carl Zeiss SUPRA 50 VP and transmission electron microscope
Carl Zeiss LIBRA 200MC. The analysis of synthesized hybrid materials was
held by these methods allowed to identify morphology, structure and composi-
tion of materials on different areas of samples.

The research was supported by the Russian Foundation for Basic Re-
search (grant Ne 18-33-00776).
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STUDY OF ELASTIC DEFORMATIONS IN X-RAY OPTICS ELEMENTS

V.V. Gribko, V.N. Trushin, A.S. Markelov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: gribkovaldimir@icloud.com

At present, the adaptive x-ray optics elements are increasingly used to
control the parameters of the x-ray beam along with stationary x-ray elements
[1-4]. The interactive control of X-ray beam convergence parameters is im-
portant for solving problems of focusing and collimation of X-ray beams and
can be applied in such areas as medicine, astronomy, biological objects research,
and also in micro- and nanoelectronics.

In paper [5], a method of focusing x-ray radiation based on the use of
crystals with a variable period is proposed. It is pointed out that in such crystals
the width of the boundaries of the diffraction reflection region depends on the
type of deformation profile, which makes it possible to create focus systems.
These studies indicate the need to take into account deformation fields when fo-
cusing X-ray beams using deform crystals.

This paper presents the results of a study of the diffraction element de-
formation (Si single-crystalline plate) that occurred during the formation of the
bending module, the possibility of using it as an adaptive x-ray optical element
Is shown in [3, 4]. The deformation analysis was carried out by relative dis-
placement Bregg position of the peak (400) defined by the scanning of the dif-
ferent parts of the sample. The measurements were carried out on the diffrac-
tometer Bruker D8 Discover.

According to the experimental data and calculated data, the relative de-
formations arising when the Si plate is bent do not exceed 5,5 - 10°. From the
data obtained, it can be concluded that the deformations in the diffractive ele-
ment have little effect when the bending module is formed to control the con-
vergence of the X-ray beam.

1. C. Atkins et al., Proc. of SPIE 6721, 67210T-2 (2008).

2. V.N. Trushin, E.V. Chuprunov et al., Surface. Roentgen., sync. and the
neutron. 5, 28 (2017).

3. V.V. Gribko, V.N. Trushin et al., Nanophysics and nanoelectronics. Pro-
ceedings of the XX international Symposium 1, 387 (2017).

4. AV. Andreev, JETP Letters 74, 8 (2001).
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OPTICAL GENERATION IN AMPLIFIING PHOTONIC CRYSTAL
WITH MONOLAYER OF METALL NANOPARTICLES

lLA. Glukhov', S.G. Moiseev'?
'Ulyanovsk State University, Ulyanovsk, Russia
?Kotelnikov Institute of Radio Engineering and Electronics RAS, Ulyanovsk,
Russia
E-mail: glukhov91l@yandex.ru

We investigate spectral characteristics of the photonic crystal structure
with a monolayer of silver elliptic-shaped nanoparticles.

We use matrix method for interfaces to calculate the reflectivity and
transmission of the structure. Optical characteristics of the interface between
two material media are determined by the Fresnel reflection and transmission
coefficients. Since an array of nanoparticles interacts with an electromagnetic
wave like a plane interface between two media, it is also considered as an inter-
face with some proper reflection and transmission coefficients. The reflection
and refraction coefficients of a monolayer are calculated with a package of spe-
cialized physical modeling programs.

The possibility of selective generation of polarized light in a photonic
crystal structure with a monolayer of metallic nanoparticles is shown. The re-
flection and transmission coefficients of a monolayer are determined by the
plasmon resonance in nanoparticles and depend on the surface concentration and
shape of the nanoparticles. Dependence on the orientation of the anisotropy axis
of the monolayer and the direction of light polarization leads to the separation of
the modes of the photonic crystal structure.

1. Y. Dadoenkova, I. Glukhov, S. Moiseev et al., Optics Communications

389, 1 (2017).
2. S.G. Moiseev, V.A. Ostatochnikov, Quantum Electron. 46, 743 (2016).
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SPECTRAL-LUMINESCENT PROPERTIES AND CYTOXICITY
OF NANOSIZED PARTICLES (YEr)PO,

A.V. Schuchkina, S.A. Khrushchalina, P.A. Ryabochkina, O.V. Minaeva,
M.N. Zharkov
National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: nastenkal220@gmail.com

In the scientific literature there is a significant amount of work devoted to
the study of morphology, phase composition, spectral-luminescent properties of
nanosized particles of orthophosphates doped with RE ions [1-3]. Interest in
them is due to the fact that in many works their use for biomedical applications
IS positioned.

In this paper the studies of the upconversion luminescence of the concen-
tration series Y, EnPO, (x = 0,25; 0,5; 0,75; 1) particles under excitation of
"3 level (L = 1,5 pm) of Er** ions were performed. In this excitation method,
upconversion luminescence was observed from 2Hiyz, Sz, *Faiz and “lgj levels
of Er** ions.

When the power density of the excitation radiation was higher than 1929
W/cm? the broadband radiation in the visible spectral range was observed for
Y1-xErPO,4 (X = 0,25; 0,5; 0,75; 1) particles. Analysis of the characteristics of
this radiation indicates its thermal nature.

An important condition determining the use of nanoparticles in biomedi-
cine is the degree of their toxicity. In the work, the toxicity of (YEr)PO4 na-
nosized dielectric particles was estimated, as result these particles can be charac-
terized as a moderately toxic substance.

When the investigated powders with the concentration of Er®* ions from
0,15 mg/ml and higher were added to cells, 55% of their number remained via-
ble. The half-maximal inhibitory concentration 1Csq of the (YEr)PO4 nanoparti-
cles was estimated as 0,894 and 1,383 mg/ml for 48 and 24 h incubation, respec-
tively.

1. R. Balakrishnaiah, D. Kim, S. Yi et al., Thin Solid Films 518, 6145
(2010).

2. S. Khrushchalina, P. Ryabochkina, V. Kashkin et al., JETP Lett. 103, 342
(2016).

3. Yu.V. Orlovskii, Optics Express 5, 1230 (2015).
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LUMINESCENCE NANOTHERMOMETRY OF Pr**:LaF; SINGLE CORE
AND Pr**:LaFs/LaF; CORE/SHELL NANOPARTICLES

M.S. Pudovkin, O.A. Morozov, D.A. Koryakovtseva, R.Sh. Khusnutdinova,
A.G. Kiiamov, A.S. Nizamutdinov, V.V. Semashko
Kazan Federal University, Kazan, Russia
E-mail: jaz7778@list.ru

The Pr**:LaF; (Cpr = 1 %) plate like NPs (PNPs), Pr¥*:LaF; (Cp, = 1 %)
@LaF; core shell PNPs, Pr**:LaF; (Cp, = 1 %) SNPs and Pr**:LaF; (Cp = 1 %)
@LaF; core shell SNPs were synthesized via co-precipitation method.

Then decreasing of the intensity of the emission from °P, (e. g., at about
487 nm or 537 nm) and simultaneous increasing of the intensity of the emission
from 3P, (at 523 nm) can be attributed to the fact that °P; and °P, states share
their electronic populations according to the Boltzmann process. For all the
samples absolute sensitivity S, = 0,01 K™ at 300 K. As it is proved the Sa does
not depend on the structure of the NPs. Fluorescence decay curves of Py level
for core PLNPs recorded at different temperatures upon 444 nm pulse laser exci-
tation is shown on fig. 1.
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Fig.1. Fluorescence decay curves of *Py level

The D, emission was not found or seems to be negligible for Pr¥*:LaFs.
Hence the lifetime of °P, state is not influenced by multophonon relaxation from
%P, to ‘D, although this process is temperature dependent [1]. For *Po, however,
thermally populating higher levels, which begin at 544 cm™* above °Po, is im-
portant. As was discussed above the rapid thermalization of the *P; in the ab-
sence of any nonradiative transitions to other lower states contributes into the
temperature sensitivity of the samples. Additionally for system Pr**:LaF; con-
centration quenching takes place. This process is due to energy migration be-
tween Pr** ions and final quenching by a defect. The energy exchange between
Pr** ions occurs via cross-relaxation.

1. M.J. Weber, The Journal of Chemlcal Physics 48, 10 (1968).
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