MuHucTepcTBo 06pasoBaHus 1 Hayku Poccuickon ®enepaumm
HauunoHanbHbIN uccnegoBaTenbcki MopOoBCKMIMA rOCYyAapCTBEHHbLIN YHUBEPCUTET
um. H. 1. Orapésa
UHcTuTyT 0o6Lwen dunankm um. A. M. MNpoxoposa PAH
HayyHbIN LeHTp BONOKOHHOW onTukn PAH
MHCTUTYT XMMUM BbICOKOUNCTLIX Bellects PAH
HauunoHanbHbINM nccnegoBaTensckun Hkeropoackuin rocyaapCTBEHHbIN YHUBEPCUTET
um. H. W. JlobaueBckoro
AY «TexHonapk-Mopoosua»

Poccuncknin hoHa doyHaameHTanbHbIX UccreaoBaHni

doHA NHPPaCTPYKTYPHLIX 1 obpasoBaTenbHbix nporpamm OAO POCHAHO

MATEPUAINbI HAHO-, MUKPO-, ONTO3NIEKTPOHUKU U BOJTOKOHHOM
ONTUKMW:
®U3NYECKUE CBOUCTBA U MPUMEHEHUE
MNMporpamma n matepuansl
14-n MexxayHapoaHOW Hay4HOW KOHhepeHLUUMN-LLKONbI
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WHOOPMALUA ONnA YHACTHUKOB

KoHgepeHuna nposoautca  WHctutytom  pmsmkn  mn xummm - MY
nm. H. I'l. Orapesa B nepuog ¢ 29 ceHTs6ps no 2 okts6pa 2015 roga.

MecTo npoBefeHus NneHapHbIX 3acedaHu — [Bopel, KynbTypbl U UCKYCCTB
MY nm. H. . Orapesa.

MecTo npoBeAeHUs CEKUMOHHbIX 3acedaHui W NPOXUBAHUSA YYaCTHUKOB
koHdepeHuun — caHaTopun «Hagexaa» (pacnonoxeH B 30 km oT r. CapaHcka).

[Mporpammon KoHepeHUMn nNpeayCMOTPEHbI:

e 0030pHble AOKNAaAbI-NEKLMM BEOQYLLMX YHEHBIX NO TEMATUKE KOHGEPEHUNN;
e BbICTYMNIEHMS Y4ACTHUKOB C YCTHLIMWU U CTEHAOBLIMU AOKNagaMun.

OprkoM1MTEeTOM YCTaHOBIEHA crieaytoLlasi NPOAOMKNTENBHOCTb AOKMaA0B:
nekuun — 45 MuH, npurnaweHHole goknagbl — 30 MWH, yCTHble coobLieHnsa —
10 — 20 MuH.

[ns geMoHcTpaumm unniocTpaTMBHbIX MaTepuanoB NekTopamMm u goknagymkam
OyayT npenocTaBreHbl CpeacTBa BM3yalnibHOM M KOMMbIOTEPHOW MpeseHTauuun. B
nocrnegHeM cnyyae nHgopmMaunsa 4omkHa 6biTb NOArOTOBIEHA B 3NIEKTPOHHOM BMAE
¢ nomoLubto Microsoft PowerPoint unu B Buge rpadguyecknx camnnos: .jpg, .tif, .bmp.

Pasmepbl wutoB aOna pasMelleHnsa cTeHOoBblX goknagos — 90%120 cm?
(wnpwuHa, BbicoTa).
PETMCTPALIUA y4yacTHMKOB KOHbepeHuun OyaeT npoBoauThbest 28 ceHTabpsa C
15.00 po 18.00 B douve maBHoro kopnyca MIY wum. H. Tl Orapesa
(yn. bonbwesuctckas, 68), 29 ceHtabpsa ¢ 9.00 go 10.00 B caHaTtopun «Hagexaay.
[lo mecTta npoBefeHust y4acTHUKN KOHdepeHumn ByayT oTnpaBfeHbl TPaHCMOPTOM
oprkommTeTa.

O epemeHu npubbimusi e CapaHck npocuMm 3abra2oepeMeHHO
coobwumsb no 3sieKmpoHHOU nouyme: ryabochkina@freemail.mrsu.ru. IlMpu
Hanuyuu makol uHgopmayuu opakomumemom 6ydem opzaHuU308aHa
ecmpey4a y4acmHUKO8 KOHghepeHyuu no mecmy npubbimusi 8 sroboe spemsi
CYMOK.

KOHTAKTHAA NUH®OPMALIUA

Anpec: 430005, r. CapaHck, yn. bonbLueBucTtckas, 68a,
MY nm. H. . Orapeea, NdX

Ten./dakc: (8342) 24-24-44
E-mail: ryabochkina@freemail.mrsu.ru

ryabochkina@mail.ru

http://www.vnksh.mrsu.ru
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OPIAHU3ALUUOHHBLIA U MPOrPAMMHbBIA KOMUTETbI

14-A MEXXQYHAPOHON HAYYHON KOH®EPEHLMU-LLKONbI
«MATEPUATIbl HAHO-, MUKPO-, ONTO3JIEKTPOHUKN N BOJTOKOHHON
ONTUKW:
®U3NYECKUE CBONCTBA U MPUMEHEHUE»

CapaHck, 29 ceHTabpsa — 2 oktsabps 2015 .

Conpeacepnatenu KoHdepeHUUN:

E. M. lnvaHoB — akagemuk PAH, paupektop Hay4yHOro ueHTpa BOMOKOHHOW OMTUKK

PAH

B. B. Ocuko — akagemunk PAH, avpektop HayyHoro LuUeHTpa nasepHbIX
mMaTepuanoB n  TexHonoruM  MIHCTuTyTa  obwen  pusumkn
um. A. M. lNpoxoposa PAH

opraHVI3aLIMOHHbII7I KOMUTET.

C. M. BooBuH — pektop MI'Y um. H. I. Orapesa, npegcenarenb

K. H. Huwes — aupektop NOX MI'Y nm. H. . Orapesa, 3amecTtutenb
npeacenarens

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

M. ®. Yyp6aHoB — aupektop MXBB PAH

B. B. flky6a — reHeparnbHbIn gupektop AY «TexHonapk—Mopaosusi»

M. A. PAGo4yknHa — y4eHbI cekpeTapb

MporpamMMHbIN KOMUTET:

T. B. AHTponoBa — O0.X.H., IHCTUTYT XMUN CUNnKaToB
nm. N.B. I'pebeHwmkoBa PAH, CaHkT-lNMNeTepbypr, Poccus;

Yu. Barnakov — Ph.D., Norfolk State University, Norfolk, USA;

O. H. Nopuwkos — K.p.-M.H., HHI'Y um. H.W. JloGayesckoro,
H. Hosropopg, Poccus;

E. B. )KapukoB — O.T.H., PXTY um. .. MeHgeneeBa, Mocksa, Poccus;

A. M. 3103uH — A.d.-M.H., MI'Y um. H.IN. Orapesa, CapaHck, Poccus;

B. 1. KpeBuuk — A.®.-M.H., lNeH3eHckunn 'Y, MNeH3a, Poccus;

A. C. KypkoB — A.d.-M.H., NOP PAH, Mocksa, Poccus;

F. Kusmartsev — Ph.D., Loughborough University, Loughborough, UK;

. E. ManawkeBn4y  — g.d.-M.H., IHCcTUTYT cbmamkmn um. 6.1. CtenaHosa HAH
Pecnybnukn Benapyck, MuHck, Benapycs;

K. H. HuwesB — K.(0.-M.H., MI'Y nm. H.T. Orapesa, CapaHck, Poccus;

M. H. lNonoBa — 0..-M.H., HcTuTtyT cnektpockonuu PAH, Mocksa, Poccus;

M. A. Pabo4kuHa — A.d.-M.H., MI'Y um. H.IN. Orapea, CapaHck, Poccus;

I. Sildos — Ph.D., Tartu University, Tartu, Estonia;

B. B. Cemaluko — A..-M.H., KazaHckun (MprBoOmKCKMiA) dheaepanbHbIn
yHuBepcuteT, KasaHb, Poccus;

B. H. CuraeB — A.X.H., PXTY vm. 1.1N. MenpeneeBa, MockBa, Poccus;

C. H. YwakoB — K.dp.-M.H., MOD PAH, Mockea, Poccus;

C. A. TapaceHko —A0.d.-M.H., PTU um. A.®. Nodbde PAH, CankT-lNeTepbypr,
Poccus;

M. . ®epopos — A.X.H., NOD PAH, Mockea, Poccus;

A. B. lLlopoxoB — A.d.-M.H., MI'Y um. H.IN. Orapea, CapaHck, Poccus.
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CnoHcopbl 1 NapTHepbI

POCCUACKUIA
®0HA
OYHAAMEHTAJIbHbIX

WCCNEOBAHUM

Poccunckun coHa cdyHaameHTanbHbIX uccnegosaHun (PO®®U) cosgaH Ykasom
MNpeanageHTta Poccuinickon depepaunmn Ne 426 ot 27 anpens 1992 roga no vHuumnaTuee
KPYMHENLUMX YYeHbIX CTpaHbl. Poccunckun doHa dyHOaMeHTanbHbIX WUCCeaoBaHUn —
camoynpasrnsiemas  rocyfapCTBEeHHass HeKOMMepuyeckas  opraHusaumss B dopme
denepanbHOro yvpexaeHus, Haxogsweroca B BegeHun [lpaButenbctBa Poccuinckon
depepaummn, OCHOBHOWN LIENbI KOTOPOM SAABMSIETCA NOAAEPKKA Hay4yHO-UccrneaoBaTenbCKMX
paboT No BCeEM HarnpaeneHsaM yHOaMeHTanbHOM Haykn Ha KOHKYPCHOW OCHOBE, 1 KOTopas
npv3BaHa NOCTPOUTb HOBbIE OTHOLLEHUSI MEXAY YYEHbIMWU N FTOCY4apCTBOM.

OcHoBHag 3aga4va PoHAa B COOTBETCTBUM C YCTABOM — 9TO NPOBeAEHMNE KOHKYPCHOrO
oTbopa Ny4ywKnX Hay4HbIX NMPOEKTOB M3 4ucna Tex, YTo npeactaBrneHbl PoHOQY yYeHbIMKU B
WHMUMATMBHOM Mopsgke, W nocrneaylollee opraHu3aunmoHHo-mHaHcoBoe obecnedeHve
noaaepkaHHbIX NPOEKTOB.

K HacTtosiiemy BpeMeHn B CTpykType paedrenbHocTn POPU mMoxXHO BbIAENUTH
cneayroLmne OCHOBHbIE HanpaBrieHUs:

— npoBefeHne KOHKYPCHOro otbopa Nyylimx HayYHbIX NPOEKTOB M3 Ymucra Tex, 4YTo
npeactaeneHbl  doOHAY y4YeHbIMM B WMHUUMATMBHOM  Mopsigke, WM nocnegywouiee
OpraHn3auMoHHO-(hUHaHCOBOEe obecneveHne NoaaepKaHHbIX MPOEKTOB;

— 00006LeHVe pe3ynbTaToB 3aBepLUEHHbIX NPOeKToB PODU;

— MOHUTOPUHI HayKM—MHOrOACMNeKTHbIA aHanu3 COCTOSIHUSA U TEHOAEHUUA pasBuUTUS
KOMMnekca pPOCCUMIUCKOM HaykM Ha OCHOBE OPUrMHaNbHOW CUCTEMbl  KOHKYPCHbIX
NHANKATOPOB, SKCMEPTHbIX U APYrMX AaHHbIX O XO4€ BbINOSIHEHNSI NPOEKTOB;

— [JoBedeHue pes3ynbTatoB  MCCreaoBaHun, nopaepXaHHolix  doHaom, Ao
noTeHunanbHbIX Nonb3oBaTenewn;

— NporpaMmbl 00LEero HazHa4yeHus.



©0HA UHOPACTPYKTYPHbIX
W OBPA30BATEJIbHbIX MPOrPAMM

®oHA MHPACTPYKTYPHBLIX U o6pa3oBaTenbHbIX Nporpamm co3aaH B 2010 rogy B
cootBeTcTBUN C PepepanbHbiM 3akoHOM Ne 211-d3 «O peopraHmnsaumm Poccuiickon
Koprnopaumn HaHoTexHonorun». OpobpeHHas B Hosiope 2013 roga «Crtpaterua doHga
MHPPACTPYKTYPHLIX M 0OpasoBaTenbHbIX Nporpamm» onpegensdetr ero mecto B [pynne
POCHAHO «kak MWHCTMTYyTa, CNOCOOGCTBYIOLWIErO pPas3BUTMIO MHMPACTPYKTYpbl B cdepe
HAHOTEXHOMNMOrMM Onsi  BCEeX POCCUACKMX MPeanpuaTMini - HaHOMHOYCTPUKW,  UCKIoYas
noptdenbHble komnaHunm POCHAHO. Kpome Toro, ®oHg sBnsieTcs 4acTblo CUCTEMBI
POCCUNCKNX WHCTUTYTOB pasBuUTUS («MHHOBALMOHHOIO nudta»), opmMupyemon B pamkax
rocygapcTBEeHHON NporpamMmmbl « QKOHOMUYECKOE pasBUTUE U MHHOBALMOHHAsS SKOHOMUKa».

B uensx co3gaHnsa onTMManbHbIX YCNOBUW ONSA pasBuUTUS HaHouHAaycTpun PoHg
NH(PACTPYKTYPHbIX M OBpasoBaTenbHbiX nNporpaMm BegeT paboTy B CeMW OCHOBHbIX
HanpaBneHnsXx:

— pasBuUTME TEXHOMNOMMYECKOM MHPPACTPYKTYpPHI;

— CO3[aHune KagpoBOro noTeHumana otTpacnu;

— pa3BUTME PbIHKOB MHHOBALMOHHON NPOOYKLMM;

— CcTaHgapTusaums, cepTudmkaumnsa n oueHka 6e30nacHOCTU HaHOTEXHOMOrMYeCcKom
NPOAYKLMM;

— MeTposiormdeckoe obecneyeHne HaHONHOYCTpUK;

— COBEpLLEHCTBOBaHWE 3akoHoAaTenbCcTBa B 0611acTv MHHOBaL M,

— nonynapusaunsa HaHOTEXHOOTUN.

WWW.PHOTONICS.SU

DOOTOHUKA

HAYYHO-TEXHUYECKUW XXYPHAN

XypHan «®OTOHMKa» TMOCBSILLEH ONTMYECKMM cucTemam fboro  Tuna
(3NeKTpoONTUYECKNM,  OMTOBOSIOKOHHBLIM,  JlA3epPHbIM,  MOSMIHOCTBI  OMTUYECKUM),  UX
anemMeHTam u TexHomnorusam. Llenb nsgaHus — rnybokoe m nogpobHoe ocBeLLeHNE BOMPOCOB,
CBSI3aHHbIX C OMNTMYECKUMW CUCTEMaMM nepeaadun, ONTUYECKMMM  TEXHONOTUSIMU,
ONTUYECKMMWN MaTepuanammn v anemMmeHTaMu, 06opyaoBaHNeM U CTaHKaMK, UCNONb3yeMbIMu
B ONTUYECKMX CUCTEMaX.



’PA®UK NPOBEOEHUA KOH®EPEHUUU-LWIKOJbI

29 ceHTAOpSA 2015, BTOPHUK

07:00—
AE3[]1 YYACTHUKOB
06:00 3AE3[ YYACTHUKO
08:00—
PEMMCTPALMS
09:00
09:00- 3ABTPAK
10:00
12:00- OBEQ
13:00

13:30- TOPXXECTBEHHOE OTKPbITUE KOH®EPEHLIUU (3an iBopua KynbTypbl
14:00 n uckyccts (OKW) MY um. H.MN. Orapésa)

14:00- NIEHAPHOE 3ACEQAHUE
16:15 Conpedcedamenu: akademuk PAH E.M. JuaHos, akademuk PAH B.B. Ocuko

14:00- E.M. fluaHos

14:45 HayyuHbIl yeHmp gonokoHHoU onmuku PAH, Mockea
HA INOPOrE MNETA3PbI

14:45- | B.B. Ocuko
15:30 UHcmumym obuwjel ¢pusuku um. A.M. lNpoxoposa PAH, 2. Mocksa
SHEPIrO3®®EKTUBHOCTb TBEPLOTEJIbHbIX JIA3EPOB

15:30- | M.@. Yyp6aHoe
16:15 UHcmumym xumuu ebicokoyucmelx seuwecmes um. I.I". eesmbix, HuxHul Hoezopod
XUMUs1 BbICOKOYNCTbIX BELLJECTB

16:15-16:30 NMEPEPbLIB
16:30- NNEHAPHOE 3ACENAHUE
18:20 lpedcedamenb: 0.¢h.-M.H. C.A. TapaceHKo
16:30— l. SIldOS _ .
1715 Tartu University, Tartu, Estonia

PERSISTANT LUMINESENCE AND UV RADIATION DOSIMETRY ON BASIS
OF ZrO, (P. 121)

17:15— J1.5. KapayuHckut

18:00 00O "KonHekmop Onmukc”

’ @usuko-mexHudeckut uHecmumym um. A.@. ogpgbe, CaHkm-lNemepbype
AKTUBHbIE OINNTUYECKUE KABEJIN HA OCHOBE BEPTUKAJIbHO
UINYHARLNX JIASEPOB jJ151 CYINEPKOMIbKOTEPOB U LJEHTPOB
OBPABOTKU JAHHBIX (C. 52)

18:20— B.H. )KMeQUK
@usuKko-mexHudeckul uHcmumym um. A.®@. oghgbe, CaHkm-lNemepbype

18:45 | ofTO3MEKTPOHUKA HA OCHOBE METEPOCTPYKTYP A3N: TEXHOJIOIUSI,
OU3UKA U IPUMEHEHME (C. 78)
OPTOELECTRONICS BASED ON III-N HETEROSTRUCTURES:
TECHNOLOGY, PHYSICS AND APPLICATIONS (P.122)

19:00 TOBAPWLLECKUMN Y)XXVUH




30 ceHTAGpPA 2015, cpena

08:00- 3ABTPAK
09:00
OKWU MI'Y um. H.M. Orapésa
09:00- JIEKUUNAN
10:30 lpedcedamenb: 0.¢h.- M.H. C.A. TapaceHKko
09:00— B.B. Cemauwko
0945 KasaHckut (MNpusomxkckuli) chedeparbHbili
' yHusepcumem, KasaHb
QPPEKTbI CBETOBOI'O JABJIEHUA
B ®U3NKE TBEPLOTEJIbHbIX JIABEPOB
(C. 140)
LIGHT PRESSURE EFFECTS IN PHYSICS OF
SOLID-STATE LASERS (P. 175)
09:45- | M.H. Monoea
10:30 UHcmumym cnekmpockonuu PAH, Tpouuk
MYJTIbTUPEPPOUKU (C. 79)
10:30— E.E. JlomoHo8a
11:15 MHucmumym obwel gusuku PAH, Mockea
' CUHTE3 U CBOUCTBA
MoJIN®YHKLUNOHAJIbHbIX MATEPUAJIOB —
KPUCTAJ1JIOB HA OCHOBE OUOKCUOA
LNPKOHMUA (C. 80)
11:15— A.C. Cefalas
12:00 National Hellenic Researth Foundation. Theoretical
' and Physical Chemistry Institute, Athens, Greece
Kazan Federal University, Kazan, Russia
SIZE DEPENDENT SEMICONDUCTING
BEHAVIOR IN METAL NITRIDE NANODOMAINS
(P.42)
12:00-
BE
14:00 OBEA
14:00- NEKLMK
15:30 MNpedcedamens: 0.¢h.-M.H. [1.A. Psa6oykuHa
14:00— H.FO. Tabaykoea
14:45 HauuoranbHbIl uccriedoeamernbckull
' mexHosioau4eckul yHugepcumem «MUCUC»
PEHTTEHOBCKAA QU®PAKTOMETPUA
MOJINKPUCTAJIJIOB (C. 85)
14:45— 1O.J1. Konbinos
15:30 @psasuHcKkul punuan MHecmumyma
' paduoanekmpoHuxku PAH, Mocksa
OKCUOHAS JIABEPHASI KEPAMUKA (C. 141)
15:30-17.30 KYNbTYPHAA NPOrPAMMA
18:00-
19:00 YHUH
19:00-
20:30 CTEHOOBAA CECCUA (xonn nepepn aya. Nel )




1 okTAGpA 2015, yeTBepr

08:00-09:00 3ABTPAK
9:00-10:30 Ayn. 1 Ayn. 2
3ACEAHUS NNA3EPHbIE MATEPUAIbI BOJIOKOHHAA ONTUKA
CEKU,V"Z U TEXHONOrum ﬂpedcedamenb: K.d).-M.H.
Npedcedamens: 3.¢p.-m.H. B.B. Cemawiko K.-H. Huwee
9:00-9:30 | MpurnaweHHbIn aoknan MpurnaweHHbIW AoKNaa
I.E. Manawkesuy", U.A. Bygpemos, A.C. Buprokos
E.H. ModdeHexHbIli’, A.A. Boliko?, HayuyHbil yeHmp 80510KOHHOU ONMUKU
K.H. Huwee®, T.I. XomyeHkoea’, PAH, Mockea
W.B. Mpycoea', N.U. Cepzeea’, BOJIOKOHHBIE CBETOBOAbI
M.11. MNepwyxeeuy’, A.A. Cyxodona* | € 10101 CEPALIEBUHOMU:
Y Mnemumym ¢pusuku um. 5.M. CmenaHosa OT IPOCTbIX KAMN/I/ISIPOB
HAH Benapycu, MuHck, benapycb K CBETOBOAAM .
% MomenbcKuti eocydapcmeeHHbIl CO CTPYKTYPUPOBAHHOMN
mexHuyeckull yHusepcumem UM. OBOJ1I04KOM (C. 53)
1.0. Cyxoeo, Nomenb, benapyck
3 HauyuoHnanbHbIl uccriedosamerbeKul
Mopdoeckull eocydapcmeeHHbil
yHugepcumem um. H.I1. Ozapeesa, CapaHck
BJIMSIHUE NTPUMECU XPOMA HA
CMEKTPAJIbHO-JIIOMUHECLIEHTHbIE
CBOWCTBA KEPAMUKU HA OCHOBE
Y3Als01,:Ce* (C. 145)
INFLUENCE OF CHROMIUM IMPURITIES
ON THE SPECTRAL-LUMINESCENT
PROPERTIES OF CERAMICS BASED ON
Y3Als0,,:Ce* (P. 176)
0:30-9:50 | A.B. Kpatickuti', T.B. MupoHoea’, B.®. XonuH, @.B. ApaHacbeg
B.A. MocmHukoe?, M.A. llleeyeHko" UHCmumym xumuu 8bICOKOHYUCMbIX
1 ®usuveckull uHcmumym eewecms um. I.I". [Jeesmbix PAH,
um. I1.H. Jle6edesa PAH, Mockea Hux+ul Hosz2opod
2 HUM pusuko-xumuyeckoli MeduUUHbI CUHTE3 BbICOKOYNUCTbIX
®MEA Poccuu, Mocksa CTEKOJ1 CUCTEMbI SiO,-GeO,-P,0s5,
OCOBEHHOCTU PABOTbI JIEFTMPOBAHHbIX BUCMYTOM,
roJslIorPA®UYECKNX CEHCOPOB MPU | M CBETOBOAOB HA NX OCHOBE
KOJIOPUMETPUYECKOM METOLOM MCVD (C. 62)
OlNPELQEJIEHNN UBMEHEHWUA OJTUHbI
BOJIHbI OTPAXKEHHOIO CBETA
(C. 147)
FEATURES OF HOLOGRAPHIC SENSOR
OPERATION AND THE COLORIMETRIC
DETERMINATION OF THE
WAVELENGTH CHANGE OF THE
REFLECTED LIGHT (P. 178)
9:50-10:10 | A-A. Jlanux', A.I. Mepkynoe®, A.H. IypbsiHos, A.C. Jlunamoe

M.A. Ps6oykuna', I.1. ®edopoe®

! Mopdoeckuii 2ocydapcmeeHHbiti

¥Hu3epcumem um. H.I'. Ozapéea, CapaHck
UHcmumym obweld ¢husuku

um. A.M. lNpoxoposa, Mockea

AHTUCTOKCOBA JIOMUHECLIEHUNS B

KPUCTAJIJIAX MF3-HoF3; (M= Ca, Ba, Cd)

rPY BO3BYXXQEHUN HA YPOBHM °I,

U °ls IOHOB Ho>* (C. 148)

MHcmumym XUMUU 8bICOKOYUCMBbIX
eewecme um. I.I". [Jesesmpbix PAH,
HuwxHuti Hoszopod

MOJIHOCThLIO TA30®A3HbIA
MCVD-METOQ U3rOTOBJIEHUS
AKTUBHbIX CBETOBOOB

C MHOOKOMINTOHEHTHOW
CUITIUKATHOWU CEPOLIEBUHOU
(C. 63)

10




ANTI-STOKES LUMINESCENCE IN
CRYSTALS MF;-HoF; (M=Ca, Ba, Cd)
UPON EXCITATION at °I; and °ls LEVELS
of Ho>" IONS (P. 179)

A.H. A6pamos’, A.H. l'ypbsiHoe',

10:10-10:20 | U.HU. apyxwuH,
A.C. Huzamymaduros, B.B. Cemawko, | M.B. Swkoe, J1.[J. Ucxakosa®,
C.J1. Kopabnesa B.B. Konmawee”
KasaHckut (MNpusomxckuti) gpedeparbHbili ! UHCcmumym xumuu 8bICOKOHUCMbIX
yHusepcumem sewecme um. I.I". [leesimbix PAH,
JIABEPHbBIE XAPAKTEPUCTUKU HuwxHuli Hosaopod.
AKTUBHOW CPEQbI LiLug,YosFaCe™ 2 Hay4Hbil yeHmp 80510KOHHOU
B PEXXUME 'EHEPALIUN UMIYTIbCOB onmuku PAH, Mockea
Y/IbTPAKOPOTKOU QJINTE/IbHOCTHU ®OPMUPOBAHUE HAHO®A3bI
(C. 149) B-Ga,0, B CEPLJLIEBUHE
FAJITIMACUITUKATHbIX
BOJIOKOHHbIX CBETOBO/AOB,
JIETMPOBAHHbBIX XPOMOM (C.64)
10:20-10:30 | A.H. Benses, O.A. Ky3Heuyoea, A.B. nadbiwes, A.H. KonsduH,
A.A. JlanuH, K.C. PomaHos, A.®. Koconanoe, FO.I1. SueHko,
I.A. Psibo4kuHa, A.H. YabyuwkKuH, A.Ll. NMpsimukoe, A.C. Buprokoe,
A.C. XpywanuHa N.A. byghemoe
HauyuoHarbHbIl uccnedosamenbckul Hay4Hbil ueHmp 80510KOHHOU
Mopdosckuli 2ocydapcmeeHHbil onmuku PAH, Mockea
yHusepcumem um. H.l1. Ocapéea, CapaHcKk | 3pPEKTUBHASI PAMAHOBCKAS
UCI10/Ib30BAHUE [IBYXMUKPOHHOIO | rEHEPALINST U3JTYYEHUST HA
JIABEPHOIO N3NTYYEHWS 15 1,9 mkm B [10JIOM CBETOBO/E,
IMPOLJECCA 3HAOBA3AJIbHOU 3AINOJIHEHHOM BOOPO4OM
JIA3EPHOW OBJINTEPALINN (C. 65)
BAPUKO3HbIX BEH IN-VITRO (C. 150)
EFFICIENT RAMAN GENERATION
OF 1.9 um RADIATION IN
HYDROGEN-FILLED HOLLOW-CORE
FIBER
(P.72)
10:30-10:40 | I-O. Jlunameesa, A.C. Jlunamses, C.A. ®unamoea’, B.A.
C.B. Jlomapes, B.H. Cuzaes. KambiHuu?, A.B. Psibosa’,
Me>xdyHapodHbil ueHmp nasepHsbix B.B. JloweHos", I1.B. 3eneHkoe®,
mexHomnoaul U.0. 3onomosckuli’,
PXTY um [.W. MeHOeneesa, Mockea B.b. Lleemkoel, V\.C. Kypkoel’z\
ONTUMHN3ALNS YCIIOBUNA Y Yromumym o6wet guauku
®OPMUPOBAHUA um. A.M. lNpoxoposa PAH, Mocksa
KBA3MMOHOKPUCTAJIINYECKUX 2 la6opamopus chomMOHUKY
KAHAJIOB lMepmckozo HayyHo20 ueHmpa YpO
B JIAHTAHOEOPOIEPMAHATHOM PAH, Mepw
CTEKJIE JIASEPHBIM TYYKOM (C. 151) | 3 Liyig peiinoxupypeu
um. H.H.Bypderko PAMH, Mockea
YnbsiHoeckul 2o0cydapcmeeHHbIU
yHUgepcumem, YrnbsiHo8CK
BO3QEWCTBUE roJibMUEBOIO
BOJIOKOHHOIO JIA3EPA C
JA/IMHOW BOJIHbI N3JTYYEHUS
2,1 mkm HA PA3JINYHBIE
BUOJIOMMYECKUE TKAHU (C. 66)
IMPACT OF HOLMIUM FIBER LASER
AT WAVELENGTH OF 2.1 MICRONS
ON DIFFERENT BIOLOGICAL
TISSUES (P.73)
10:40-10:50 A.H. Konsdur®, J1. MypadsiH?,

A.M. llleesikuHa, C.B. Jlomapee,
T.0. Jlunambeea, B.H. Cuzaes

A. 3eiimyHsiH’, I'. ToHesIH?,
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MexQyHapOoOHbIl yeHmp nasepHbix
mexHonoeul, Poccutlickuti XUuMUKO-
mexHooau4eckull yHugepcumem

um. [].11. MeHdeneesa, Mocksa
JIOKAJIbHAST KPUCTAJITIN3ALUNSA
JIMTUEBOHNOBUEBOCUITUKATHOI O
CTEKIIA U3JTYHEHUEM
®EMTOCEKYHOQHOIO JIA3EPA (C. 152)

A.®. Koconanoe®,

A.[. Mpsamukoe*

! HayuHbIt yeHmp 80510KOHHOU
onmuku Pocculickol akaGemMuu Hayk,
Mocksa

2 EpesaHckutl 2ocydapcmeeHHbIl
yHusepcumem, EpesaH, ApmeHus
AUCIEPCUA U
PACIPOCTPAHEHUE
®PEMTOCEKYHQHOI'O JIABEPHOIO
UMIYJTIbCA B I10JIOM CBETOBO/AE
C OTPULATEI/IbHOUA KPUBU3HOU
rPAHULUbI CEPOLEBUHA-
OBOJIOYKA (C. 67)

DISPERSION AND FEMTOSECOND
PULSE DELIVERY IN HOLLOW-
CORE MICROSTRUCTURED
OPTICAL FIBER WITH A NEGATIVE
CURVATURE OF THE CORE
BOUNDARY (P. 74)

C.C. ®edomoe’, A.C. Jlunambee®,

A.A. MMonocoea'?, 0.J1. Kenb?,

10:50-11:00
C.B. Jlomapes', M. BepecHa’, A.U. Cemepukoea®, A.C. Kypkog®
MN.I. KazaHckui?, B.H. Cuzaeg” ! Mepmckutl HayuoHabHbIL
! MexdyHapoOHbiIli ueHmp nasepHbIX uccnedosamenbcKuli
mexHonoaut PXTY um [1.U. MeHOeneesa, roniumexHuU4ecKul yHugsepcumem,
Mockea lMepmb
% YHueepcumem Caymeemnmona, ? Mepmckasi HayyHo-
CaymeemnmoH, Benukobpumarusi rpouseoocmeeHHasi
®OPMUPOBAHUE npubopocmpoumeribHasi KOMaHus,
ABYIYYEINPEIIOMJIEHUS B lMepmb
MHOIOKOMIMOHEHTHbIX CTEKJIAX 3 lMepmckuli Hay4HbIU yeHmp YpO
®PEMTOCEKYHOHbIMU JIA3BEPHbIMU PAH, lNepmb 3
UMIMNyJbCAMM (C. 153) LINPOKOI1OJ/IOCHbIN 3
BOJIOKOHHbIN 3PBUEBbLIN
NUCTOYHUK U3JTYHEHUA (C. 68)
11:00-11:10 | H-®. Paxumos, A.U. Jllo6umos, K.H. Huwes, A.A. lTbiHeHKOS,
A.C. HuzamymduHos, B.B. Cemawko | B.I1l. MuwkuH
KasaHckul (MNpusomxkckuli) chedeparibHbili HauyuoHanbHbIlU uccriedogamernbcKuli
yHusepcumem, KasaHb Mopdoesckuli 2ocydapcmeeHHbili
POTONHAOYLNPYEMBbIE yHugepcumem um. H.I1. Ozapéea,
TNMEPUOANYECKUE CTPYKTYPbI N UX CapaHck
XAPAKTEPUCTUKU B KPUCTAJITIAX NMPUMEHEHUWE METOL4OB
CaF,-LuF;, AKTUBUPOBAHHbIX TEPMUYECKOI'O AHAJIN3A A1
MOHAMMU Ce** U Yb*' (C.154) UCCIIEQOBAHMUS
TEPMOCTOUKOCTU MOJIMMEPHbIX
MOKPbITUA ONMTUYECKUX
BOJIOKOH (C. 69)
11:10-11:20 | A.A. Jlanun', E.E. JlomoHoga’,
MN.A. Ps6oykuna*, H.B. Cudopoea’,
A.H.Ya6ywkuH"
" HayuoHarnbHbili uccriedosamernbekull
Mopdoeckul 2ocydapcmeeHHbili
¥Hu3epcumem um. H.I'. Ozapéea, CapaHck
UHcmumym obweld ¢husuku
um. A.M. lNpoxoposa PAH, Mocksa
ClEKTPAJIbHO-JIOMUHECLIEHTHbIE
U FrEHEPALJMOHHBLIE CBOACTBA
KPUCTAJIIIOB Zr0,-Y,03-Er,04 (C. 155)
11:20-11:40 NEPEPbLIB
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11:00-12:30

Aya. 1

Ayn. 2

3ACENAHUA
CEKLMNA

NA3EPHBIE MATEPUATbI
N TEXHONOIruun
MNpedcedamens: d.¢h.-M.H. [1.I". 3eepee

11:40-11:50

O.P. Axmsimos, B.B. Cemauwiko,

A.C. HuzamymoduHoe, M.A. Mapucoe
KasaHckul (MNpusomxckuti) gpedeparbHbili
yHuUsepcumem

Yo-JIA3EPbI YJIIbTPAKOPOTKUX
nMryJsibCoB HA OCHOBE
KPUCTAJINIOB Ce*":LiCaAlFs u
Ce*":LiLuYF, (C. 156)

ULTRASHORT PULSED UV LASERS
BASED ON THE Ce*":LiCaAlFs AND
Ce’":LiLuYF, CRYSTALS (P. 180)

11:50-12:00

[.A. HanpacHukoe', B.B. Manbues',
H.W. JleoHrok', K.H. Mlop6ayensi’

! Kaghedpa kpucmannoepachuu u
Kpucmasnnoxumuu, eeosioeudeckuli
pakynsmem, MI'Y um. M.B. JlomoHocosa,
Mocksa;

2 Benopycckuli HaUUOHabHbIL
mexHu4eckul yHusepcumem, MuHck
MUKPO- U HAHOKPUCTAJIJTU3ALINA B
PACIIJIABAX YAI3(BO3)4 M GdAI3(BO3),
(C.157)

MICRO- AND NANOCRYSTALLIZATION
IN YAl3(BO3)s M GdAIy(BO3), MELTS

(P. 181)

12:10-12:20

B.H. Kazakoe, O.I'. Nopuee,

B.B. Cemawko

KasaHckut ([Npusomxckuti) chedeparbHbili
yHUsepcumem

METOQUWKA OLEHKHU NMJIOTHOCTHU
MOLHOCTU JIASEPHOI'O U3JTYYEHMWAI,
MALQAIOLIEINO HA OBPA3LbI NPH
NMPOBELQEHUU JTIASEPHO-
CITEKTPOCKOIMUYECKUX
SKCIEPUMEHTOB (C. 158)

12:20-12:30

O.I". opues, B.H. Kazakos,

C.Jl. Kopa6bneea, B.B. Cemawko
KasaHckut (MMpusomxkckull) ®edeparnbHbil
YHusepcumem
CMEKTPAJIbHO-KUHETUYECKUE
CBOWCTBA KPUCTAJJIA
LiYF,:Yb*, Tm* (C. 160)

12:40-12:50

H.A.Caeoy4ykuH, M.M.Cepzees,

B.I. Betiko

YHusepcumem UTMO, CaHkm-lNemepbype
OBPATUMASI PA30BAS
TPAHC®OPMALINA NTOBEPXHOCTU
®OTOYYBCTBUTEJIbHOI'O CTEKJIA
N3JNTYHYEHNEM CO,-JIA3EPA (C. 162)

12:50-13:00

C.H. Ywakoe'?, M.A. YcnamuHa',
.M. ®edopoe?, C.B. Ky3Heyoe’,
K.H. Huwesg" B.B.Ocuko’
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' HayuoHarnbHbili uccriedosamenbckull
Mopdoeckul eocydapcmeeHHbili
%/Hueepcumem um.H.l1. Ozapesa, CapaHck
UHemumym obwel cpusuku um. A.M.
lMpoxoposa PAH, Mockea
UCCJIEQOBAHUE MPOLJECCOB,
BINSIOLNX HA YCTOAYNBOCTb
®POHTA KPUCTAJIJIN3ALNN, NTPU
BbIPALUNBAHUU KPUCTAJIJIOB
CaF,-RF3; U CaF,-SrF, METO4QOM
CTOKBAPIEPA (C. 163)

13:00-13:30 OBE[l
13:30-15:00 Ayn. 1 Ayn. 2
3ACEAHUS SQJIEKTPOHHbLIE ABJIEHUA B HAHOMATEPUAIbI U
CEKLIMM HAHOCTPYKTYPAX HAHOTEXHOJIOI'nn
Npedcedamens: A.¢h-M.H. MNpedcedamens: Ph. D. |.Sildos
C.A. TapaceHko,
13:30-14:00 | MPUrnaweHHbIN Aoknaa MpurnaweHHbIN AoKnNag
A.B. MowakuHcKuli F.V. Kusmartsev', W.M. Wu'?,
DU3UKO-MEeXHUYECKUL UHCmuUmym M.P. Pierpoint*?, K.C. Yung?
um. A.@. Nogppe, Carkm-llemepbype ! Loughborough University,
TOlOJIOTM4YECKUE KPAEBBIE MO/bI | | oughborough, Leicestershire, UK
B ®OTOHHbIX KPUCTAJINTAX (C. 191) % The Hong Kong Polytechnic University,
Kowloon, Hong Kong, China
3 Ogarev Mordovia State University,
Saransk, Russia
IN THE SPOTLIGHT — GRAPHENE-
BASED OPTOELECTRONICS AND
TRANSISTORS (P. 43)
14:00-14:10 | A-A. (pU2OPLKUH 4A.A. 'payes, A.B. lNupozos,
®rBY NMemepbypackuti uHcmumym A.B. HexdaHos, FO.A. [lyOuH,
A0epHOU PUIUKU UMEHU A.A. Maenos, A.B. Epwos
b.I1.KoHcmaHmuHosa 5 Huxezopodckuli 20cydapcmeeHHsbit
®OTONHAYLIUPOBAHHbLIN TOK B yHueepcumem um. H.M. Jlo6ayesckozo,
KBAHTOBOM KO”bLlE HuxHul Hoeaopoa
CO CIINH-OPBUTAJIbHbBIM MOANOUKALMNS CTPYKTYPHbIX
B3AUMOAENCTBHUEM (C. 194) U JIOMUHECLIEHTHbIX CBOUCTB
MHOIOCJIOHbIX
PHOTOINDUCED CURRENT IN A HAHOINEPUOONYECKUX CUCTEM
QUANTUM RING WITH SPIN-ORBIT GelAl,03 MMIMITAHTALMEA UOHAMM
INTERACTION (P. 210) KNCITIOPOLA M OT)XXUIOM (C. 30)
MODIFICATION of STRUCTURAL and
LUMINESCENT PROPERTIES
of MULTILAYER NANOPERIODIC
OXYGEN ION IMPLANTATION AND
ANNEALING (P. 44)
14:10-14:20 | C-A. CosbikuH, B.I1. Beckauyko, O.A. Bensikog', 0.I. Moposoe®,

r.rf1. BamkuH

FOxHO-Ypanbckuli 20cydapCcmeeHHbIU
yHugepcumem, YenabuHck

AB INITIO MOQEJTUPOBAHUE
SJIEKTPOHHbIX U ONTTUHYECKUX
CBOWCTB JE®EKTHbIX
YrTIEPO4HbIX HAHOTPYBOK (C. 195)

0.B. Benoycoea®, M.B. Ky3Heyoe'
! HauyuoHanbHbIl uccriedosamernbcKul
Mopdosckuti 2ocydapcmeeHHbil
yHugsepcumem um. H.l1. Ozapeea,
CapaHck

2 UHcmumym cmpykmypHoU
MaKpOKUHemuKuU U npobnem
mamepuanosedeHuss PAH,
YepHozornoeka
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AB INITIO STUDY OF THE ELECTRONIC
AND OPTICAL PROPERTIES OF
DEFECTIVE CARBON NANOTUBES

(P. 211)

JIEBUTALJUOHHO-CTPYMHBINA
CUHTE3 HAHOYACTHL] AUOKCULA
TUTAHA (C.31)

LEVITATION-JET SYNTYESIS OF
TITANIA NANOPARTICLES (P. 45)

C.A. XpywanuHa', A.C. BaHeuee®,

14:20-14:30 | E-C. Asapoea, M. Makcumoea
Huxezopodckuli 20cydapcmeeHHbIL O.M. aiimko®, B.M. KawkuHr*,
yHusepcumem um. H.U. Jlobayesckoeo, M.A. Ps6oukuHa', N. Cundoc?,
Huxnuti Hoszopod 3 H.FO. Ta6aukoea*
JIOKAJIN3ALINOHHbIE CBONUCTBA ! Mopdosckuti 2ocydapcmeeHHbii
HEYNOPSAOOYEHHbIX LEJIEBbBIX yHueepcumem um. H.I1. Ozapéea,
TPA®EHOBbIX CBEPXPELLUETOK Capatck
(C. 196) 2 WHcmumym ¢pusuku, Tapmy,
AcmoHus
LOCALIZATION PRIPERTIES OF 8 UHecmumym obwel u HeopeaHu4eckol
DISORDERED GAPPED GRAPHENE xumuu um. H.C. Kyprakoea PAH,
SUPERLATTICES (P.212) Mockea
* HayuoHanbHbili uccrnedosamenbckuli
mexHosioeu4ecKkull yHugepcumem
«MUCUC», Mockea
ClEKTPAJIbHO-
JIIOMWHECLIEHTHbBIE CBOACTBA
HAHOPA3MEPHbIX
KPUCTAJIJIMYECKUX ITOPOLLKOB
Y 1.xYbxPO,:Er (C. 32)
14:30-14:40 | A.B. lLlopoxoe’, K.H. Anekceee’, M.C. IlydoekuH, I1.B. 3eneHuxuH,
M.A. Msmaee*, H.H. XeacmyHog'* C.J1. Kopa6neea,
! HayuoHanbHbili uccnedosamenbckuti A.C. HuzamymouHos,
Mopdoesckull eocydapcmeeHHbil A.O. KpaweHHukoesa,
yHusepcumem um. H.I1. Ozapeea, B.B. CeMauwko
Caparick KazaHckuti (Mpusomkckuli)
MHemumym ¢pusuku, YHusepcumenm thedeparibHbill yHusepcumem, KasaHb
gacpfiopo, Jlecmepwup, Benukobpumanus | yuHay1JUPOBAHHAS JTIA3EPHbIM
Mopdosckuli 20cydapcmeeHHsbil U3JTYYEHUEM TOKCHUYHOCTb
nedazoauyeckull uHcmumym um. HAHO‘IACTMLI PrF; M LaF; 'q”ﬂ
M.E. Escesneea, CapaHck BUOJNTIOrMYECKNX OB EKTOB
OlPELEJIEHUE YCJIOBUWN YCUIIEHUS (BAKTEPUIA, PAKOBBbIX KITETOK
OQJIEKTPOMAIHATHOIMO U3JTYHEHUS YE/TOBEYECKUX TKAHEM) (C. 33)
noJsyiyriPOBOogHNUKoBoU -
CBEPXPELLUETKOA HA OCHOBE
AHAJIN3A CTATUYECKOU BAX (C. 197)
DETERMINATION OF AMPLIFICATION
OF ELECTROMAGNETIC RADIATION
BY SEMICONDUCTOR SUPERLATTICE
BASED ON ANALYSIS OF STATIC CVC
(P.213)
14:40-14:50 | A-B. llopoxoe’, H.C. lMpydckux', M.A. BacuneHko', H.J1. Weapy™*

K.H. Anekceeg®

! HauuoHanbHbIlU uccriedosamernbcKull
Mopdoeckul eocydapcmeeHHbil
yHusepcumem um. H.l1. Ozapesa,
CapaHck

2 Miemumym cpusuku, YHusepcumem
Jlaghbopo, BenukobpumaHusi
NMPUMEHEHWE KPUTEPUS
HAUKBUCTA L4151 AHATIN3A
SJIEKTPUYECKOU CTABUIIbHOCTU B
rnoJyrnPoBO4HUKOBbLIX

* Hosocubupckuti 20cydapcmeeHHbill
mexHuYeckul yHusepcumem,
Hoeocubupck

% MiHemumym cbu3suku
rnonynposodHuKkos um. A.B. PxaHosa
CO PAH, Hosocubupck
MOLEJIMPOBAHUE POCTA GaAs-
HAHOCTPYKTYP METO4OM
KAMENIbHOU 3MUTAKCUM (C. 34)

SIMULATION OF GaAs-
NANOSTRUCTURE GROWTH BY
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CBEPXPELIETKAX (C. 198)

USING THE NYQUIST CRITERION FOR
ANALYSIS OF AN ELECTRICAL
STABILITY IN SEMICONDUCTOR
SUPERLATTICES (P. 214)

DROPLET EPITAXY (P.46)

H.B. Mouceee, B.C. Xpamos,

14:50-15:00
B.H. JeHucos
HauuoHanbHbIl uccriedosameribeKull
Mopdoesckuli eocydapcmeeHHbili
yHusepcumem um. H.l. Ozapesa,
CapaHck
CPABHUTEJIbHOE UCCJIEqJOBAHUE
XAPAKTEPUCTUK ®OTO-
U SJIEKTPOJIIOMUHECLYEHLNWN
CBEPXTOHKUX
CJIOEB ZnS:Mn (C. 35)
15:00-15:20 NEPEPbIB
15:20-17:00 Ayn. 1 Ayn. 2
SNEKTPOHHBIE SIBAEHMS NIASEPHBIE MATEPUATbI
3ACEQAHUKA B HAHOCTPYKTYPAX N TEXHONOIrnun
CEKLUUN M ) lMpedcedamenb A.¢h.-m.H. [1.A.
pedcedamens: 0.¢h-m.H. A.B. lLlopoxoe p
'960YKUHa
15:20—15:50 | MPurnaweHHsIn aoknan MpurnaweHHbIN aoknag
H.C. Asepkues JI1.N. Nenesa
®Du3uKo-mexHu4ecKkul uHcmumym UHecmumym obuwiel ¢pusuxku PAH,
um. A.®. Nogpgbe, CaHkm-llemepbype Mocksa
OPUEHTALINS CITMHOB HOCUTEJIEA MPOLIECCbI KPUCTAIIIIN3ALINN
3AP5sIJA TOKOM B N ®OPMOOBPA30BAHUS
noJsiyrnPOBO4HUKAX (C. 192) OKCUAOHbIX KPUCTAJIJIOB (C. 146)
CRYSTALLIZATION AND SHAPING
PROCESSES OF OXIDE CRYSTALS
(P.177)
15:50-16:00 | A.-A. Manbiwes, I".I". Ucynoea A.A. Llagenbes,
Huwxeaopodckuli 2ocydapcmeeHHbIL A.C. HuzamymouHos,
yHusepcumem um. H.U. Jlobayeackoeo, M.A. Mapucoes, B.B. Cemawko
Husxruti Hoe2opod KasaHckuti (MpueomkcKuti)
CIIMHOBbIN ®UIIbTP HA OCHOBE pedepanbHbili yHUsepcumem, KasaHb
OTKPbITON KBAHTOBOU TOYKU B CIEKTPAJIbHbIE CBOUCTBA
MAIrHAUTHOM I1OJIE (C. 199) AKTUBHOW CPE/]bI
Yo-AUAIMA30HA HA OCHOBE
SPIN FILTER BASED ON THE OPEN TBEP/[]bIX PACTBOPOB CO
QUANTUM DOT IN MAGNETIC FIELD CTPYKTYPOU KOJIbKBUPUUTA
(P.215) LiCay,SrAlFs:Ce* (C. 164)
16:00-16:10 | M-A. [Mlamaee’, A.B. lllopoxoe’, A.M. FaxynuHa, E.A. Ucynoea,

K.H. Anekceeg®
! HauuoHanbHbIlU uccriedosamernbcKull
Mopdoeckul eocydapcmeeHHbil
yHusepcumem um. H.I1. Ozapéesa, CapaHck
UHcmumym cbusuku, YHuUsepcumem
Jlaghbopo, BenukobpumaHusi
MOrJ1IOWEHNE SNTEKTPOMATHUTHOIO
U3JTYYEHWNS M1OJ1YNPOBOAHNKOBOU
CBEPXPELLUETKOW B HAKITIOHHOM
MATrHUTHOM I10OJIE (C. 200)

ABSORPTION OF ELECTROMAGNETIC

M.O. Mapsbidee

@usuyeckul ghakynbmem,
Huxxeaopodckuli 2ocydapcmeeHHbIL
yHuUsepcumem

um. H.U. Jlobayesckoezo, H. Hogszopod
UCCJIEJOBAHUE
TICEBJOCUMMETPUN
KPUCTAJIJIOB KTP C
PA3JINYHbLIMU JIErTMPYOLLINMMU
TNMPUMECSIMMU (C. 165)

THE STUDY OF
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RADIATION BY A SEMICONDUCTOR
SUPERLATTICE PLACED IN A TILTED
MAGNETIC FIELD (P. 216)

PSEUDOSYMMETRY OF KTP
CRYSTALS WITH SUBSTITUTIONS
(P. 182)

H.C. Mpydckux', A.B. LLlopoxoe™,

B.I". lopueea, B.B.Cemauwiko,

16:10-16:20
K.H. Anekceeg® C.J1. Kopabneea, M.A. Mapucoe,
! HayuoHanbHbili uccnedosamenbckuti B.B. lNassnos
Mopdosckuli 2ocydapcmeeHHbIl KaszaHckuti (Mpusormkckuti)
%/Hueepcumem um. H.IN. Ozapéea, CapaHcKk | ¢hedepanbHbili yHUSEpPCUMEM
UHcmumym ¢busuku, YHuUsepcumem NCCIIEQOBAHUE KPUCTAIJIIA
Jlagh6opo, BenukobpumaHus ce*, Pr¥:LiYqsLluosF, B KAYECTBE
KPUTEPUN CTABUIIbHOCTU BOJTH MEPCMNEKTUBHOU AKTUBHOW
3AP5JOBOU [TJIOTHOCTHU B CPE[Llbl JIA3EPA Y®-IUATTA30HA
nosnyrnPoBO4HNKOBOU 5 (C. 166)
CBEPXPELIETKE, HAXOQALENCA B
BbICOKOYACTOTHOM LiYosLuosFa: Ce**, Pr¥* MIXED
QJIEKTPUYECKOM I10JIE (C. 201) CRYSTAL AS A PERSPECTIVE UP-
CONVERSIONALLY PUMPED UV
STABILITY CRITERIA FOR A ACTIVE MEDIUM (P._183)
SEMICONDUCTOR SUPERLATTICE
WITH VARIOUS TYPES OF CONTACTS
(P.217)
16:20-16:30 | O-4. [Mo30Hsikoea, A.B. Lllopoxoe 0./0. Bumkuna'?, A.ll. CagukuH',
HayuoHanbHbil ucciedosamenscKull O.H. EpemelikuH**3
Mopdoeckuti 2ocydapcmeeHHbil A.C.Ezopoe**
yHusepcumem um. H.T1. Ozapéea, CapaHcK | ' Huxezopodsckuli 20cydapcmeeHHbil
[TAPAMETPUYECKOE YCUIIEHNE yHusepcumem um.H./. Jlobayesckozo,
BbICOKOYACTOTHOI O U3JTYHYEHUS HusxHuti Hos2opod
MACCHBAMU KOHTAKTOB 2 000 «MHmennekmyanbHbie
HAXXO3E®COHA (C. 202) cucmembl HH», [j3epuHcK
¥ VIHemumym Xumuu 8bICOKOYUCTMbIX
sewecme PAH, HuxHul Hoezopod
AKTUBHOE 3EPKAJIO HA OCHOBE
TMOJIMKPUCTAJIJIMYECKOIO
Cr**:zZnSe (C. 167)
ACTIVE MIRROR ON
POLYCRYSTALLINE Cr**:ZnSe
(P.184)
16:30-16:40 | U.A. KokypuH K.A. Mapmeiroea'”?, O.K.
HauuoHanbHbIl uccriedosamernbckull Anumoe?®, M.E. [JopoweHKo?,
Mopdoeckul 2ocydapcmeeHHbili B.A. KOHIOWKUH?,
yHusepcumem um. H.I1. Ozapesa, CapaHck | A H. Haknadoe?, B.B. Ocuko®
BITUAHUE CIIWH-OPBUTAJIbHOI O ! HayuoranbHbIi uccnedoeamensckull
B3AUMOAENCTBUA HA yHusepcumem «M3U», Mockea
CMEKTPAJIbHBIE W TPAHCIOPTHbIE Uricmumym oBuell cusuky
CBOMCTBA InAs HAHOIPOBOJIOK um. A.M. Mpoxopoea PAH, Mockea
(C. 203) WUCCNEQOBAHVE
CIMEKTPOCKOIMUYECKUX U
FEHEPALMOHHbIX CBOUCTB
ONTUYECKUX LIEHTPOB UOHOB
Tm®" B KPUCTAIINIAX ®TOPULA
KAJlIbLUA (C. 168)
INVESTIGATION OF Tm** IONS
OPTICAL CENTERS
SPECTROSCOPIC AND LASER
PROPERTIES IN CaF2 FLUORIDE
CRYSTALS (P. 185)
16:40-16:50 | A-A. lMepos, A.C. Pynbkoe B.A. [TocmHukoe’, A.B.

Huwxeaopodckuli 2ocydapcmeeHHbIL
yHusepcumem um. H.U. Jlobayesckoeo,

Kpaiickuti’, M.A. LLleg4yeHKO?,
B./A. CepaueHko'
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HwxHuli Hoszopod
KBA3UKIIACCUYECKAA ANHAMUKA
SJIEKTPOHA B MOAQEJIN XAPIIEPA-
XOBLUTAQTEPA C YYETOM CIlINH-
OPBUTAJ/IbHOIrO B3AUMOLEWCTBUS
PALIBA 1 PECCEJIbXAY3A (C. 204)

SEMICLASSICAL DYNAMICS OF
ELECTRON IN HARPER-HOFSTADTER
MODEL INCLUDING RASHBA AND
DRESSELHAUS SPIN-ORBIT
INTERACTION (P. 218)

"Humn UIUKO-XUMUYECKOU MEOUUUHbI
®OMEA Poccuu, Mocksa

2 ®usuyeckuii uHcmumym

um. .H. Jlebedesa PAH, Mocksa
rOJIOFPA®PUYECKNE CEHCOPBbI
I'TIOKO3bI (C. 169)

HOLOGRAPHIC GLUCOSE
SENSORS (P.186)

16:50-17:00

B.[. Kpee4uk, A.B. Pasymoe,

I1.C. BydsiHckuli

lMeH3eHckul 2ocydapcmeeHHbili
yHUsepcumem

SPPEKT JBONHOU ®OTONOHUIALNU
ABYX3JIEKTPOHHbIX MPUMECHbIX
LIEHTPOB B KBA3UHYJ/IbMEPHOU
CTPYKTYPE (C. 205)

18:00-19:00

YXUH
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2 okTAb6pa 2015, nAaTHMUa

08:00-09:00 3ABTPAK
9:00-10:30 Aya. 1
3ACE[IAHUA HOBbIE ®YHKLIMOHAJIbHbIE
CEKLUK MATEPUAITbI

lpedcedamenb 0.¢h.-m.H. M.H. lMonoesa

9:00-9:30 MpurnaweHHbLIN goknag

K.H. Huwee

Mopdoeckuli eocydapcmeeHHbIl
yHusepcumem um. H.l1. Ozapéea, CapaHcK
KOMIJIEKCHbIA NMPOEKT
«OPIrAHU3ALNS TPON3BO/LCTBA
nosyrnPOBOAHUKOBbIX NMPUBOPOB
CUII0OBOU SJIEKTPOHUKN HA OCHOBE
CO3/JAHUSI BA3OBOU TEXHOJIO N
U3rOTOBJIEHUST CTPYKTYP
«KPEMHWUWA HA MOJINE4EHE»

C UCINOJIb3OBAHUEM
HU3KOTEMITEPATYPHbIX
COEQJUHEHWU»: OCHOBHbIE
PE3YIIbTATblI HUOKTP (C. 86)

9:30-9:40 | U.B. CmenaHoea, A.H. Yubeckoea
Poccutickuli XuMuKo-mexHonnoauyeckul
yHusepcumem um. .. MeHderneesa,
Mockea

BJIMAHUE KOHUEHTPAL N OKCUAOA
BUCMYTA HA OTTTUMECKUE

M ONSJNIEKTPUYECKUE CBOACTBA
BUCMYTIrEPMAHATHbIX

CTEKOIJ1 (C. 88)

THE INFLUENCE OF BISMUTH OXIDE
CONCENTRATION ON OPTICAL AND
DIELECTRIC PROPERTIES OF BISMUTH-
GERMANIUM GLASSES (P. 123)

9:40-9:50 M.A. EOPUI(l, B.T. Ey6nu:(2,

T.B. Bosnikoea®, A.B. KynebsikuH*,
E.E. JlomoHoea', ®.0. Munosuy’,
B.A. Mbi3uHa', B.B. Ocuko',

MN.A. Ps6oykuHa®, H.;O. Taba4ykoea*

! UHecmumym obwel ¢husuku um. A.M.
lNpoxoposa PAH, Mocksa

% HayuoHanbHbIli uccnedosamenbckuli
mexHonoau4yeckull yHueepcumem
«MUCUC», Mockea

® HayuoHanbHbIli uccnedosamenbckuli
Mopdoeckuli eocydapcmeeHHbIl
yHusepcumem um. H.l1. Oeapéea, CapaHck
BJIUSIHUE TEPMOOBPABOTKN HA
CTABUIIbBHOCTb ®A30BOIro0
COCTABA Y CBOUCTBA KPUCTAIJIJIOB
YcL, JIEFUPOBAHHbIX Ce u Nd (C. 89)

EFFECT OF HEAT TREATMENT ON THE
PHASE COMPOSITION AND
PROPERTIES STABILITY OF PSZ
CRYSTALS DOPED Ce AND Nd (P. 124)
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9:50-10:00

M.O. AHyposa, A.B. XoMsikos,
O.b. lNlempoea, U.B. Taiidakoe
Poccutickuli xumuKko-mexHonoau4yeckul
yHusepcumem um. .. MeHdeneesa,
Mockea

CUHTE3 U JIOMUWHECLEHTHBLIE
CBOMWCTBA rMBPUAHbIX
MATEPUAJIOB HA OCHOBE
METAJIJIOPFAHUYECKUX
KOMIIJIEKCOB Eu B CTEKJISIHHbIX
MATPULAX (C. 90)

SYNTHESIS AND LUMINESCENT
PROPERTIES OF HYBRID MATERIALS
BASED ON METAL-ORGANIC
COMPLEXES Eu

IN GLASS MATRIX (P. 125)

10:00-10:10

T.B. Bonkoea', M.A. Bopuk’,
A.B. Kyne6siku+’, E.E. JlomoHo8a’,
B.A. Mbi3uHa?, MN.A. Pss6o4ykuHa',
A.H. Ya6ywkun', [.B. Msizkoe*
! HauyuoHanbHbIl uccriedogamesibeKull
Mopdoeckuli eocydapcmeeHHbIL
yHusepcumem um. H.l. Ozapéea, CapaHck
UHecmumym obwel ¢busuku um. A.M.
lpoxoposa PAH, Mockea
OCOBEHHOCTU CTPYKTYPbI
U CIIEKTPAJIbHO-JIIOMUHECLEHTHbLIX
CBOWUCTB KPUCTAJINIOB YACTUYHO
CTABUITUSNPOBAHHOITO NUOKCUOA
LNPKOHUA, JIETMPOBAHHbIX
MOHAMMU Eu** (C. 91)

FEATURES OF STRUCTURE AND
SPECTRAL-LUMINESCENCE
PROPERTIES OF CRYSTALS OF
PARTIALLY STABILIZED DIOXIDE
ZIRCONIA DOPED IONS Eu** (P. 126)

10:10-10:20

E.A. o6peuoea, K.H. bondbipes,
A.A. Epogheee

UHemumym cnekmpockonuu PAH, Mocksa,
Tpouuk

KOMITJIEKCHOE UCCJIEQOBAHUE
CAMAPUEBBbIX ABOUHbIX
OPTOBOPATOB CO CTPYKTYPHbIM
TUMOM XAHTUTA (C. 92)

10:20-10:30

A.M. Mak'?, 10.A. PoxHoea’,

C.B. KysHeuyog*

! Mockoeckuti eocydapcmeeHHbll
yHusepcumem um. M.B. JlomoHoco8a,
Mocksa

% WMremumym o6uweli ¢pusuku um. A.M.
lMpoxoposa PAH, Mocksa

CUHTE3 JIOMUHO®OPOB HA OCHOBE
SrF,:Yb:Er u SrF,:Yb:Tm (C. 93)

10:30-10:50

NEPEPbLIB

10:50-13:00

Aya. 1

20




3ACEOAHUA
CEKLMNA

HOBBIE ®YHKLMOHAJIbHbIE
MATEPUANDbI
lpedcedamenb A.m.H. E.E. JlomoHo8a

10:50-11:10

B.A. Kpymbko', M.I". Komoea',
A.N. Momuroea®, A.B. Monog?

' Ynemumym o6uweli u HeopaaHu4eckol
xumuu um. H.C. KypHakosa PAH, Mockea
2 YHemumym obuieli ¢husuku

um. A.M. lNpoxoposa PAH, Mockea
NMUPOrugPOJINTUYECKUA CUHTE3
CJI0O>KHbIX BOPATOB
Ln1408(GeO4)2(B 03)5 — OCHOBBbI ,a”ﬂ
MNMOJIYHYEHUA JTIOMUHO®OPOB
LIMPOKOI'O CIEKTPA (OT UK- 4O
Y®-OBJIACTH) (C. 94)

COMPLEX BORATES Ln1404(Ge0,),(BOx)s
— THE BASE OF THE BROAD SPECTRUM
PHOSPHORS (FROM IR TO UV REGION).
SYNTHESIS BY COMBUSTION METHOD

(P. 127)

11:10-11:30

A.A. Co6onb', B.E. WykwuH",
FO.K. BopoHbko', 51.B. Mepacumog?
Y MHemumym o6wetli ¢pusuku um. A.M.
lMpoxoposa, Mockea

MHcmumym cuuHMUIIAYUOHHbIX
mamepuarnos HAH YkpauHsi, 2. Xapbkos,
YkpauHa
CTPOEHUE NMMPOCUITUKATOB
rAQOJINHUS U TTIOTELNA B
KPUCTAJIJIMYECKOM U
PACIJIABJIEHHOM COCTOSIHUAX:
UCCJIEQOBAHUE METO4QAMU
CIEKTPOCKOIMNU KPC (C. 95)

THE STRUCTURE OF CRYSTALLINE AND
MELTING LUTETIUM AND GADOLINIUM
PYROSILICATES BY MEANS OF RAMAN
SPECTROSCOPY (P. 128)

11:30-11:50

E.C. Knumos, B.A. Cepzees
YnbsiHosckul eocydapcmeeHHbIl
mexHu4yeckuli yHugepcumem, Y/1bsSHO8CK
2 YnbsiHo8CKUL ¢hunuan UHcmumyma
paduomexHUKU U 371eKMPOHUKU
um. B.A. KomenbsHukoea Poccutickol
akademuu Hayk, YbsiHO8CK
YrTIEPO4HbLIE HAHOTPYBKMU:
MognNeULINPOBAHUE, HOBbLIE
KOMITO3ULINOHHBIE NOJINMMEPHbIE
MATEPUAIJIbI (C. 96)

11:50-12:10

C.B. KysHeuoe', I0.A. PoxHosa',
M.H. Masikoea', [].C. SicbipkuHa',
A.M. Mak*?, P.I". BaxpeHee'?,
B.B. BopoHos', A.B. Psi6oea",
[.B. MomuHosa', A.A. JlyauHuHa®,
A.E. BapaHyukoe®, B.K. UeaHoe”,
.M. ®edopos’

Y Memumym o6weli ¢pusuku um. A.M.
lMpoxoposa PAH, Mockea

? MockoscKuii 20cydapcmeeHHbili
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yHusepcumem um. M.B. JTomoHocos8a,
Mocksa

® Beepoccutickuli uHCmumym Hay4Hol u
mexHu4yeckol uHgpopmauuu PAH, Mockea
* Memumym obuweli u HeopaaHuYecKol
xumuu um. H.C. KypHakosa PAH, Mockea
NMOPOLLUKN &TOPULOB M, ,R,F>.«, RF3
N NaRF, (M=Ca, Sr, Ba; R - P33) 4JiA
®OTOHUKU (C. 101)

FLUORIDE POWDERS My RyFa.x, RF3
AND NaRF, (M=Ca, Sr, Ba; R — RARE-
EARTH ELEMENTS) FOR PHOTONICS
(P. 129)

12:10-12:20

C.I". Mouceee, B.A. Ocmamo4YHUKO8
YnbsHo8CKuUl 20CydapCmeeHHbIU
yHusepcumem, YibsHO8CK

ClEKTPblI UHTEP®EPEHLJMOHHOIO
®UJIbTPA C 3EPKAJIAMMU,
PA3[EJIEHHbIMW CITIOEM
HAHOKOMITO3UTA C PE3OHAHCHOMU
JANCIMEPCUEWN NOKA3ATEJA
NMPEJIOMJIEHUA (C. 102)

SPECTRUM OF THE INTERFERENCE
FILTER WITH MIRRORS SEPARATED BY
LAYER WITH RESONANCE DISPERSION
OF THE REFRACTIVE INDEX (P. 130)

12:20-12:30

M.A. Bakynur', K.H. Huweeg",

M.UN. Hoeononbues®,

B.A. MapmbIHeHKO”

' Mopdosckuii cocydapcmeeHHbiti

yHusepcumem um. H.l. Ozapéea, CapaHck
OAO «3nexkmposbinpsmumerns», CapaHcK

KOMIbKOTEPHOE MOOEJINPOBAHUE

PACTIPELOEJIEHNSA MEXAHUYECKNX

HATMPSI)KEHUA B CTPYKTYPAX

«KPEMHWW HA MOJIMBOEHE» (C. 103)

12:30-12:40

M.A. Bopuk', A.B. Kyne6skuH',

E.E. JlomoHoga', B.A. Mbi3uHa',

B.B. Ocuko?, I.A. Psi6o4ykuHa’,

H.B. Cudopoea?®, H.F0. Taba4ykoea®

Y MHemumym obweli ¢pusuku

um. A.M. lNpoxoposa PAH, Mocksa

% HayuoHanbHbIli uccnedosamenbckuli

Mopdoeckuli eocydapcmeeHHbIl

yHueepcumem um. H.l. Ozapéea, CapaHck
HauuoHanbHbIl uccriedoeameribcKull

mexHosioeu4eckull yHusepcumem

«MUCUC», Mocksa

CTPYKTYPA, ®A30BbIA COCTAB U

CIEKTPAJIbHO-JIOMUHECLIEHTHBLIE

CBOUCTBA KPUCTAJI/I0B YACTUYHO

CTABUITU3NPOBAHHOIO QUOKCHAA

LUNPKOHUS, TIEFTMPOBAHHbIX

MOHAMM Yb*" (C. 104)

12:40-12:50

M.B. JemkuH, A.B. Cmoxapos,

M.UN. Hoeonosibuees, 6.®. MamuH,
K.H. Huwees

Mopdoeckuli eocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapéesa, CapaHck
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NMPUMEHEHWE PEHTITEHOBCKOHU
MUKPOTOMOIPA®UN

4115 NCCITEQOBAHUA MTOPUCTBLIX
MATEPUAJIOB (C. 105)

12:50-13:00

M.A.Bopuk', C.U.BpeduxuH’,

B.T. By6nuk’, A.B.Kyne6sikur',

WU.E.Kypuubina®, E.E.JlomoHosga",

®.0.Munosuy?, B.A.Mbi3uHa',

C.B.Cepsikoe'*, H.;0.Tabaykoea’
UHCcmumym obwel ¢busuku

um. A.M. lNMpoxopoea PAH, Mockea

2 HauyuoHanbHbIl uccriedosamesbeKull

mexHonoau4eckull KHugepcumem

«MUCUC», Mocksa

® MHcmumym ¢usuku meepdozo mena

PAH, YepHozonoska

3ABUCUMOCTb CBOMACTB U

CTPYKTYPbI TBEPbIX

SJIEKTPOJINTOB HA OCHOBE ZrO, OT

KOHLEHTPALIMA CTABUITU3UPYIOLUENA

NMPUMECH Y,0O; (C. 106)

13:.00-13:10

A.A. Akky3uHa, P.U. Aeemucos,

U.B. Talidakoe, A.B. Xomsikoe,

E.H. MoxeeumuHa, N.X. Aeemucos
Poccutickuli XuMuKo-mexHonoau4eckull
yHusepcumem um. [.U.MeHdeneesa,
Mockea

HECTEXUOMETPUS
METAJTJIOPFAHUYECKUX
KOOPOUHALMNOHHbLIX COEQUHEHWUUA —
BO3MOXXHO JIn 3TO? (C. 107)

NONSTOICHIOMETRY OF METAL
ORGANIC COMPLEXES - HOW CAN IT
BE? (P.131)

13:10-13:20

M.H. Masikoea, I1.I1. ®edopos,

B.B. BopoHoe

UHemumym obwel ¢cbusuku

um. A.M. lNpoxoposa PAH, Mockea
CUHTE3 U UCCJIEJOBAHUE TBEPbIX
PACTBOPOB B CUCTEMAX BaF,.RF;
(R=La, Ce) /151 SJIEKTPOXUMUYECKUX
YCTPOMUCTB (C. 108)

SYNTHESIS AND STUDY OF SOLID
SOLUTIONS

IN BaF,:RF3; (R = La, Ce) SYSTEMS
FOR ELECTROCHEMICAL DEVICES
(P.132)

13:20-13:30

A.H. PedbkuH, M.B. Pbixosa,

E.E. Slkumos

WHemumym npobrnem mexHonoauu
MUKPO3IEKMPOHUKU U 0COboYUCMbIX
mamepuarnos PAH, YepHozonoska
CUHTE3 TOJICTbIX NJIEHOK HUTPUOA
AJIIOMUHUS N3 TFA30BOU ®A3bI C
MNCI0OJIb3OBAHUEM BbICOKOYUCTbIX
AJIIOMUHUS U XITOPUCTOIO
AMMOHMUA (C. 109)
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GAS-PHASE SYNTHESIS OF AIN THICK
FILMS USING A HIGH PURITY ALUMINUM
AND AMMONIUM CHLORIDE (P. 133)

13:30-14:00

OBE[

15:00

NOABEAEHUE UTOIMOB KOH®EPEHLIMU




30.09
19:00

CTEHOOBAS CECCUA (xonn nepen aya. Ne 1 caH. «kHapgexaar)

B.A. JIbikoe, M.A. ®addees

Huxeaopodckuli eocyHusepcumem um. H.U. Jloba4yesckoeo, HuxHult Hoezopod
OrNnTUMU3ALINA YCJ/10BUA SKCMEPUMEHTA 10 OlIPELEJIEHNIO
MAJIOIO KOJIMYECTBA NMPUMECEW B KPUCTAJTITIAX METOOM OIMTUKO-
SMNUCCUOHHOU CIIEKTPOCKOMNUU (C. 110)

T.A. Npayeea, M.FO. Lljep6aHb, A.E. O2opodHukoe,T.A. Kyabmu4esa
Huxeaopodckuli 2ocydapcmeeHHbil yHugsepcumem um. H.U. Jlobayesckoeo,

HuxHuti Hoseopod

BITUAHNE HU3KOTEMITEPATYPHOIO OT)XUI'A HA ®U3UKO-MEXAHUYECKUE
CBOWCTBA CYBMUKPOKPUCTAJIITUYECKUX AJTIOMUHUEBbIX CIJIABOB
1420 U 1421 (C. 111)

A.H. Hockoea, B.H. lNlopmHoe, A.E. E2opoea

Huxxeazopodckuti 2ocydapcmeeHHbIl yHUsepcumem um. H.U. Jlobayeackoeo,
Huwxruli Hoszopod

U3YYEHUE NMPOLECCA POCTA KPUCTAJIJTTIMMECKUX METACTPYKTYP
HA OCHOBE KDP (C. 112)

GROWTH OF TERAHERTZ PHOTONIC CRYSTALS (P. 134)

A.C. Abpamos, C.A. AgpaHacbes, [].U. CemeHyo08

YrnbsiHoecKuli 20cydapcmeeHHbIl yHuUsepcumem, YrbsHOBCK

UHTEP®EPEHLIMOHHOE YTIPABJIEHUE MNMOrJIOLA TEJIbHOU C[TOCOBHOCTbIO
YIIbTPATOHKUX CIIOEB METAIJJIA (C. 36)

INTERFERENCE ABSORPTION CONTROL IN METAL NANOLAYERS (P. 47)

A.N. Manbiwees, A.C. Ko3ynuH

Huwxezaopodckuli 2ocydapcmeeHHbIl yHusepcumem um. H.M. Jlobayesckoeo,

HwxHul Hoszopod

MHO[I™ OMOﬂOBbIVi TPAHCIIOPT B KBA3NOOHOMEPHbIX CBEPXPELLETKAX CO
CINH-OPBUTAJIbHbIM B3AMMO,£{EP70TBMEM (€. 206)

MULTIMODE TRANSPORT IN QUASI-1D SUPERLATTICES WITH
SPIN-ORBIT INTERACTION (P. 219)

M.B. by3aeea, O.A. aebidoea, U.A. Makapoea, E.C. BazaHoea, E.C. Knumoe
YrnbsiHoecKuli 20cydapcmeeHHbIU mexHU4YecKul yHugepcumem, 2. YbsiHO8CK
®YHKUNOHAIIN3AUNA  YITIEPOOQHbLIX HAHOTPYBOK AJid CO34AHUA
KOMITO3UTHbIX NMOJIMMEPHbLIX MATEPUAJIOB (C. 37)

A.C. KosynuH, A.A. KoHakoe

Huwxeaopodckuli eocydapcmeeHHbIl yHusepcumem um. H.U. Jlobayesckoeo,

Hux+uti Hoseopod

CIMEKTPOCKOINNS YPOBHEW JIAHOAY KAK CIOCOb OIPEAEIIEHUS 30HHbIX
TNMAPAMETPOB IMOBEPXHOCTHbIX COCTOSIHUHA TPEXMEPHOIO
TOINOJIOrNYECKOI'O U3O0JIATOPA (C. 207)

LANDAU-LEVEL SPECTROSCOPY AS METHOD FOR DETERMININING BAND
PARAMETERS OF THE 3D TOPOLOGICAL INSULATOR SURFACE STATES (P. 220)
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10.

11.

12.

13.

B.B. 'pu6bko, A.C. Mapkenoe, B.H. TpywuH, B.E. KomomuHa, U.H. AHmoHos,

J1.I1. Becenosa, E.B. YynpyHoe

Huwxeaopodckutli eocydapcmeeHHbIl yHusepcumem um. H.U. Jlobayesckoeo,

Hux+ul Hoseopod

®OPMUPOBAHWNE MACCUBA MOHOKPUCTAJI/TMYECKUX OCTPOBKOB C MAJIOA
YryioBOU QUCIMEPCUEN (C. 113)

GENERATION OF AN ARRAY OF MONOCRYSTALLINE ISLANDS WITH SMALL
ANGULAR DISPERSION (P. 135)

A.B. CumaHoeckul, B.A. MeaHoe, M.O. Mapsbiyees, B.C. Hukonos
Huwxeaopodckutli eocydapcmeeHHbIl yHusepcumem um. H.U. Jlobayesckoeo,
HuwxrHuli Hoszopod

BbIPALINBAHUE MOHOKPUCTAJIJIOB CayyLi, xGeO, (C. 170)

THE GROWTH OF CA,xLI1,xGEO, SINGLE CRYSTALS (P. 187)

T.C. CesocmbsiHoga, E.B. XKykoea, A.B. Xomsikoe, O.b. [lempoea

Poccutickuli XumMuko-mexHonoau4eckutl yHugepcumem umeHu [.1. MeHOeneesa, Mocksa
BJIMSIHUE KOHLIEHTPALIMN PEJKO3EMEJIbHbBIX AKTUBATOPOB HA
CIMEKTPAJIbHO-JTIOMUHECLIEHTHBIE CBOACTBA CBUHL|OBbIX
OKCUDTOPULOHbIX CTEKOJ1 U CTEKITOKPUCTAJIJIMMECKNX MATEPUAJIOB

(C. 114
INFLUENCE OF CONCENTRATION OF RARE-EARTH ACTIVATORS

TO THE SPECTRAL AND LUMINESCENT PROPERTIES LEAD OXYFLUORIDE
GLASSES AND GLASS-CERAMICS (P. 136)

A.M. Jleckoe, M.A. Kyopsiwoe, [.A. paves, A.B. Epwos
Huxeaopodckuli eocydapcmeeHHbIl yHugepcumem um. H.U. Jlobayesckozo,
HwxHul Hoszopod

JIOMUHECLIEHTHBIE CBOl:!CTBA MHOTr OCJIOUHbIX HAHOCTPYKTYP
«HAHOKPUCTAJIJIMYECKUN KPEMHUW/OKCUL AJTIOMUHWUS», TOOABEPIrHYTbIX
TEPMOOBPABOTKE B BOJOPO/E (C. 38)

LUMINESCENT PROPERTIES OF «NANOCRYSTALINE SILICON/ALUMINIA»
MULTILAYERED NANOSTRUCTURES ANNEALED IN AMBIENT
HYDROGEN (P. 48)

M.J1. Jlanmeea, [.C. HyxOuH, I1.B. AHOpees, E.C. CmapocmuHa

Huxeeopodckutl eocydapcmeeHHbIl yHusepcumem um. H.U. Jlobavyesckozo, HuxHul Hoszopod
SJIEMEHTHbIA N ®A30BbIA AHAJIN3 CMELLUAHHbIX KPUCTAJI/IOB TAPTPATOB
CaxSnl_XC4H4OG'nHZO (C 115)

ELEMENTAL AND PHASE ANALYSIS of MIXED CRYSTALS OF TARTRATE
CaXSnl_XC4H4OG°n H,O (P. 137)

C.A. apaxuH, [j.A. payves, A.B. HexxdaHoe, A.B. Epwoe

Huxeeopodckull 2ocydapcmeeHHbili yHugeepcumem um. H.M. Jlobayesckozo, HuxHuli Hoszopod
®OPMUPOBAHUE HAHOKPUCTAJIITIOB Ge INYTEM HATIPABJIEHHOIO OT)XXUIrA
TOHKUX IMJIEHOK GeO, (C. 39)

Ge NANOCRYSTALS OBTAINING BY CONTROLLED ANNEALING OF THIN GeO,
FILMS (P. 49)
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14.

15.

16.

17.

18.

19.

20.

A.M. 3r03uH, M.A. BakynuH, C.B. Ge36opodoe, B.B. PadalikuH, C.H. Cabaee
HauuoranbHbil uccrnedosamenbckuli Mopdosckutli 2ocydapcmeeHHbIl yHusepcumem

um. H.I. Ozapéea, CapaHck

BJIMAHUNE 3ATYXAHUSA HA 3AKPETITIEHWA CITUHOB B ﬂBYCﬂOﬂHbIX TIJIEHKAX
®PEPPUTOB-TPAHATOB (C. 208)

THE INFLUENCE OF THE GILBERT DAMPING PARAMETERON THE SPIN PINNING
DEGREE (P. 221)

A.A. llanun', 4.B. Msazkoe', M. lMapm?®, N. Cundoc?®, T. Tamme?, I1.A. Pa6oy4kuHa',
B.M. Kawkun*

! HayuoHanbHbii uccriedosamernsckuli Mopdoeckul eocydapcmeeHHbIl yHugepcumem
um. H.I. Ozapéea, CapaHck

2 UHcmumym ¢busuku, Tapmy, ScmoHust

®A30BbIA COCTAB U CIEK TPAJIbHO-JIIOMUHECLIEHTHbIE CBOMUCTBA
MUKPOTPYBOK ZrO,-Yb,0; (C. 116)

THE PHASE COMPOSITION AND SPECTRAL-LUMINESCENT PROPERTIES OF
MICROTUBES ZRO,-Y,03-YB,0; (P. 138)

M.A. ®addees, [J.A. Cemukos, A.B. Pa6uHuUH
Huxxeazopodckuli eocydapcmeeHHbIl yHusepcumem um. H.M. Jlobayesckoeo,
HwxHul Hoeszopod

UCCJIEQOBAHME YCIIOBUA KPUCTAJIITIN3ALNN TPEXKOMITOHEHTHOU
CUCTEMbI K,SO,~H,SO,~H,0 (C. 117)

10.A. PoxHoea", C.B. Ky3Heyoe', A.A. JlyauHuHa’, B.B. BopoHog®, I1.11. ®edopos’
Y Muemumym o6uwieti epusuku um. A.M. Mpoxoposa PAH, 2. Mockea

2 Bcepoccultickuli uHcmumym Hay4HoU u mexHudeckol uHgopmauyuu PAH, e. Mockea
CUHTE3 INOPOLUKOB Sr,R,F2.x (R =Nd, Yb) /I ®OTOHUKHU (C. 40)

SYNTHESIS OF THE POWDERS Sr; R.F2+ (R = Nd, Yb) FOR PHOTONICS (P. 50)

N.9.Kawaiikun™?, M.FO. CanzaHckuii’, K.H. Huwee?, A.Jl. Tomawyk',

A.H. l'ypbsiog®, E.M. QuaHos"

' HayuHbiti ueHmp eonokoHHol onmuku PAH, 2. Mocksa

2 Mopdoeckuli eocydapcmeeHHbili yHugepcumem

um H.I1. Ozapéea, 2. CapaHck

3 UHcmumym xumuu ebicokoducmbix eewecmes um. I. . Jeesmbix PAH
PAOUALINOHHAA CTOUKOCTb BOJIOKOHHbIX CBETOBOLOOB IPU HU3KUX
TEMIEPATYPAX (C. 70)

LOW-TEMPERATURE RADIATION RESISTANCE OF OPTICAL FIBERS (P. 76)

A.[1. Mepkynog', A.A. Jlanun', I.A. Pa6oukuHa', I1.M1.Pedopoe?, C.B. KysHeuyos”
* HayuoHanbHsili uccnedosamensckuti Mopdosckuti 20cydapcmeeHHbill yHusepcumem

um H.l. Ozapésa, 2. CapaHck

2 UHemumym obwel cpusuku um. A.M. lNpoxoposa PAH, 2. Mockea

AHTUCTOKCOBA JIKMUHECLEHLNA B KPUCTAJIJIAX CaF,:Ho, BaF,:Ho MNPy
BO3BYXIOEHUU HA YPOBEHb °ls MIOHOB Ho** (C. 171)

M.I. Lundsiikur', C.A. XpywanuHa', 1.A. Pa6oykuHa', B.A. Kpymbko®

" HayuoHarnbHbiii uccnedosamenbckuti Mopdosckuti 20cydapcmeeHHbili yHugepcumem
um H.T1. Ozapéea, 2. CapaHck

2 Mnemumym obweli u HeopaaHuydeckoli xumuu um. H.C. KypHakosa PAH, Mockea
CIMEKTPAJIbHO-JIIOMWHECLIEHTHBIE CBOACTBA Y U Gd-
CUITMKATO®OCPATOB, JIEFTUPOBAHHbIX MOHAMM Yb**, Er®* (C. 118)
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21.

B.l, UeaHosa'?, I.I". 3eepee’, E.J. [lyHaesa’, A.B. Hexopowux’, J1.N. Neneea’,

M.E. [JopoweHKO*

! Mockoeckuti 9Hepzaemuyeckul uHemumym, Mockea

2 UHecmumym obweld ¢pusuku PAH, Mockea

ClMNEKTPAJIbHO-JIOMUHECLIEHTHBIE UCCJIEQOBAHUSA KPUCTAJIJIA SrMoQy,

AKTUBUPOBAHHOIO MOHAMM Ho** (C. 172)

SPECTRAL AND LUMINESCENT INVESTIGATION OF SrMoO,CRYSTAL, DOPED
WITH Ho*" IONS (P. 188)



HAHOMATEPWUAIbI
N HAHOTEXHOJIOI'MA



MOJNDPUKALIVA CTPYKTYPHBIX U JIIOMMHECHEHTHBIX CBOICTB
MHOTI'OCJIOMHBIX HAHOHIEPUOJANYECKUX CUCTEM Ge/Al;O;
NMIUTAHTAIMEN MOHAMU KMCJIOPOIA 1 OTKMT'OM

ILA. I'paues, A.B. [Tuporos, A.B. Hexxnanos, }0.A. Iynun, /I.A. [1aBnos,
A.B. Epmos
Huoicecopoockuii cocyoapcmeennwiti ynusepcumem um. H.U. Jlobauesckoeo,
Huorenuu Hoeeopoo
E-mail: grachov@phys.unn.ru

B mocnennee Bpemsi MposBISE€TCS MOBBIIMICHHBIM HHTEPEC K M3YYECHHIO
CBOMCTB HAHOKPHUCTAJUIOB F€PMaHUsl, MEPCIEKTUBHBIX B KAUYECTBE HUCTOYHHKOB
U3JIyYEHUs MPU KOMHATHOW TEMIIEPAType, SYEEK JOJITOBPEMEHHOIO XPaHEHHUS
3apsnga. JJigs UX TOJNYYEHHS 4YacTO HCIHOJIb3YeTCsl MOAXol (hOpMUPOBAHMS
MHOTOCJIOMHON HaHomnepuoaudeckoil ctpykrypsl (MHC) u mocnenyromero
OT)KHI'a, 4YTO TMO3BOJISIET KOHTPOJUPOBATh IUIOTHOCTh, pa3MEpbl U MOPSIOK
HaHOKpUcTauioB. HWHTEepec mnpenacraBiasieT MoAudUKALUS CTPYKTYPHBIX U
ONTUYECKUX CBONCTB aHcamOJied HAHOYACTHUI[ T'€pMaHHUsl B MaTpHUIIE OKCHJIA
ATIOMUHUSL UMIUIAHTallMe HMOHAMHU KHUCJIOpOAa W BBICOKOTEMIIEpATypPHBIM
OTXKHUTOM.

Mmuorocnoitapie Hanonepuoanudeckue (5—10 um) crpykrypsr Ge/Al,Os,
copepxkamue 10-30 mnepuonoB, ObUIM TOJYYEHBl METOJIOM BaKyyMHOI'O
UCTIApEHUsS] U3 Pa3leNbHBIX UCTOYHUKOB 1Mo Metomuke [1]. CTpykTypbl OblLIn
061ydeHbl noHamu kuciaopoaa (20 kaB) gozamu ot 1-10° 1o 1:107 em™. Omxur
npooawH B auanazone 500—-800 °C B atmocdepe azota. CTpyKTypHO-(ha30BbIC
nepexoanpl ObUTM M3Y4YeHBI METOJaMU KOMOWHAIMOHHOTO pACCesHUsl CBETa W
Oypre HNK-cnekrpockonuu MPOITYyCKAaHU, TaKXKe o CHUMKaM
MIPOCBEUYUBAIOLIECH  JJICKTPOHHOM  MHMKPOCKOIHUHU  BBICOKOTO  Pa3pellCHHUS.
CrexTpbl (DOTOIFOMUHECIIEHITMN M3MeEpsuUch B auanazoHe 550-1100 am mpu
KOMHaTHOM Temneparype npu Bo30yxaeHuu Nd:YAG (532 um) nazepom.

B noxnane cooOmiaercsi, 4To B 3aBUCUMOCTH YCIOBUN MOJU(UKAIIUU HA
crekTpax ®JI HaOGII0IaI0TCA HECKOIBKO MOJI0C (POTOJIOMUHECIICHITUN TIpU 2.2,
1.8 u 1.0 3B. [{ns monoc 2.2 u 1.8 3B [2] Habmogaercss Koppensius MOJI0KCSHUS
U UMHTEHCHUBHOCTH C TEMIIEpaTypol OTKHUTra M J1030M UMIUTaHTaruu. OgHako
oe3nedexTHas mosoca ®JI nanokpucramoB Ge npu 1.0 3B [3] Habmronanace
JUIIL TOpU  J03€ KHUCIOpOJa 1-10° cm? mmst MHC, OTOXOKEHHBIX pu
temrepatypax 700-800 °C. Ilepexon repmanus wu3 amopduHoi (a3bl B
KPUCTAUIMYECKYIO TPU JAHHBIX TeMIIepaTypax MOATBEPXKAACTCS JaHHBIMU
KOMOHMHAIMOHHOTO paccesaus cBeta 1 Dypre MK-crexkTpockornu.

1. 1. A. I'paueB u nap., Bectauxk HHI'Y um. H.W. Jlo6auesckoro 1(2), 59
(2014).

2. A.-M. Lepadatu et al., J Nanopart. Res. 15, 1981 (2013).

3. T.Kannoetal., J. Mater. Chem. C 2, 5644 (2014).
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JIEBUTALIMOHHO-CTPYMHBIM CUHTE3 HAHOYACTUILI
JIMOKCUJIA TUTAHA

O.A. bemsikos', IO.T. M0p030132, O.B. BCJIOYCOBaZ, M.B. Ky3neros'
' Hayuonanvnwii ucciedosamenscruti Mopoosckuii 20cydapcmeeniii
yuugepcumem um. H.I1. Ocapesa, Caparck
2Hncmumym cmpykmypHoti MaKpOKUHEMUKU 1 npobiemM MamepuaiosedeHus
PAH, Yepnozconoska
E-mail: al12fool@gmail.com

Hanowactumsl cocraBa TiO, Obu TOMYYeHBI MOAUGMUIIMPOBAHHBIM
JIEBUTAIMOHHO-CTPYHMHBIM MeTonoM M.A. I'ena [1]. 3aroToBka MeTaIIM4ECKOro
TUTaHa TOJBEIIMBAIACH BHYTPU KBAapLUEBOW TPYOKM U HarpeBajach [0
IUIABJICHWsT W Hadyana wucnapeHuss B BY  MHAYKIHOHHONW  YCTaHOBKE.
OOpaszoBaBmiasicss Karuisi MeTajula 00/yBajach pPEryJIHpyeMbIM MOTOKOM
razoobpasHoro aprona/renus, (opmupyss 30HY KOHICHCALlUH, KOTOpas
ONpeNeNsula CpEeIHUW pasMep IojydaeMblX dactul. Karwis HenpepbsIBHO
HOANMUTHIBAJIACH TUTAHOBOW IMPOBOJIOKON nuamerpoMm 0.4 mm. st momyyeHus
OKCHJIa B TIOTOK Ta3a-HOCUTENs J00aBIsUIOCh JO3UPOBAHHOE KOJIMYECTBO
razoobpasHoro  kuciopoaa. CHHTE3UpOBAaHHbIE  HAHOYACTHUIBI  ObUIM
OXapaKTEPU30BaHbl C IOMOINBI CKAHUPYIOLIEH 3JIEKTPOHHONW MHKPOCKOIIHH;
pentrenodazoBoro anaiausa; meroga bOT; onrudeckoit criekTpockonuu B YD,
BuauMoM, MK nuanaszonax, a taxxe crnekrpockonuu KPC.

OOpa3upl HAHOYACTHUI] UMENM 3aJaHHBbIE CpEJHUE pa3Mephl B 00JacTu
20+120 HM ¢ JOr-HOPMaIBHBIM paclpeesieHrueM 1o pa3mepy. JudpakunoHHbie
kaptuHbl POA nokazanu Hanmuuue anarasza (JCPDS 73-1764) u pytuna (JCPDS
72-1148) B cMHTE3UPOBAHHBIX YACTULIAX, IPUYEM COJAEPIKaHNUE PYyTHIIA OBLIO OT
1 1o 20 at. %. Ilo nanHbIM ciekTpoB AUPHY3HOTO OTpakeHHs B YD U BUAMMOM
oOnactu ObUIa OLIEHEHA HeNpsMas IMPHUHA 3alpelleHHON 30HbI Ha ypoBHE 3.0-
3.1 aB. B cnextpe KPC nanouactui 661111 00Hapy>KeHbI BCE OCHOBHBIE JINHUU,
NpUHALJICKAIIME AaKTUBHBIM ONTHYECKMM MOJAM aHara3a W pyTuia,
YIIUPEHHBIE 3a CYET pa3MepHoro dddexra.

WHTEHCHBHOCTD (OTH. eA.)

T T
200 400 600 800

KP-casur (cM")

Muxkpogoro u cnektpsl KPC HaHouacTuIl ¢ pa3HbsiM (a3zoBbIM COCTaBOM

1. M. T'en, A.B. Mumnep, [Toepxuocts 2(150), (1983).
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CIIEKTPAJIBHO-JIIOMWHECHEHTHBIE CBOINCTBA
HAHOPA3MEPHBIX KPUCTAJIJIMYECKHMX ITOPOIILIKOB
Yl_bex(PO4):Er

C.A. XpymaJmHal, A.C. BaHeueBZ, O.M. FaﬁTKO3, B.M. KHHIKI/IHl,
I1.A. Ps6oukuna’, U. CI/IJ'II[OCZ, H.1O. TaGaukosa®
"Mopooscruii cocydapcmeennviii ynusepcumem um. H.IT. Ozapesa, Capanck
2HHcmumym Gusuxu, Tapmy, Icmonus
3P[Hcmumym ooweli u Heopeanudecxou xumuu um. H.C. Kypnaxosa PAH,
Mocxesa
‘HUTY « MUCHCy, Mocxkea
E-mail: anabel-2005@yandex.ru

HccnenoBanns (du3HUeCcKuX XapaKTEPUCTHUK HaHOPa3MEPHBIX
KPUCTAJUIMYECKUX COEIUWHEHUN, JIETUPOBAHHBIX penko3zeMenbHbiMu  (P3)
MOHAMH, MPOBOAATCS YXe€ JAOCTaTOYHO JaBHO. MHTepec kK NaHHBIM 0OBEKTaM
00yCIIOBIIEH 1704 CIEKTPaJIbHO-IIOMUHECLICHTHBIMA CBOMCTBaMH,
00eCneunBaOIIUMIA  BO3MOXHOCTh IIMPOKOIO IMPAKTUYECKOTO0 IPHUMEHEHHUS.
Hecmotpss Ha OoJbIIOe KOJIMYECTBO MyOJIMKAUi, MOCBSILEHHBIX H3YYEHUIO
JAHHOW TeMBbl, psii (PyHAAMEHTaJIbHBIX BOIPOCOB OCTAETCA OTKPHITHIM. Tak,
UHTEpPEC Uil UCCJENOBATENed  NIPEACTABIAET  BBIACHEHHE  MPUPOJBI
BO3HUKHOBEHUS LIMPOKOMOJIOCHOM JIFOMUHECLIEHIIMU B 00J1aCTH AJIMH BOJIH 370-
900 HM B HAHOKPHCTAITHYCCKUX COCIMHEHMSX, AKTHBUPOBAHHBIX HoHaMu YH™",
py BO30YKIEHUH Ja3epHbIM M3llydeHreM ¢ A=972 um. CorinacHo pe3ynbTraram
UCCIICIOBAaHMI, TPOBEACHHBIX  aBTOopamMu  pador [1-3], MexaHU3MBI,
OTBETCTBEHHBIE 32 JAHHOE SIBJICHUE, B PA3IMYHBIX MaTepHaliax MPOSBIAIOTCS B
pPa3HOM CTENEHHU.

[lenpto HacTosiie paOOThl  SBISAETCA M3YYEHHE  CIEKTPaJIbHO—
JIOMUHECIICHTHBIX XapaKTEepPUCTUK HAaHOPa3MEPHBIX KPUCTAILIOB opTodocdaTos,
AKTUBMPOBAHHBIX HOHaMM Er*" u YD’ U BbIABICHHME BO3MOMKHBIX MPHUHH
BO3HMKHOBEHUS IIMPOKONOJOCHON JIIOMUHECLIEHIIMU B JAHHOM THUIIE MaTepuaia
npu BO30YXACHUU M3ITydeHHEeM ¢ A=972 uM. [ TOCTHXKEHUS MMOCTAaBJICHHOM
nenu  ObI0O  TMPOBENEHO  HCCJIENOBAaHME  KOHIIEHTPAMOHHOTO  psa
HaHokpucTtauioB oprodocharos Y1, Yb,PO,Er (x=0; 0,25; 0,5; 0,75, 1), a

Takke Hx TuaApatoB — Y1,YDPO,0.8H,0O:Er. ns yka3zaHHBIX 00pasioB
3apErUCTPUPOBAHBI  CIEKTPHI JIFOMUHECIICHIIMM TIPH  PA3JIMYHBIX CIOCO0aX
BO30YKJICHHUSI 51 IUIOTHOCTH MOII[HOCTH, U3YYCHBI TIPOIIECCHI

dboronpoBoaumocTd. Ha OCHOBE TOJYYEHHBIX pE3YyJbTaTOB  CJCJIaHbI
MIPEAIOJI0KEHUS O BO3MOXHBIX MEXaHU3MaX BOSHHUKHOBEHUS IIUPOKOTIONOCHON
JIIOMUHECIICHIIMA B JAaHHBIX COECOUHEHUSIX B 00JacTH UIMH BoaH 370-900 M
pU BO3OYXKICHUU U3ITydeHUEM ¢ A=972 HM.

1. W. Strek, L. Marciniak, A. Bednarkiewicz et al., Opt. Expr. 19, 14083
(2011).
2. J. Wang, J.H. Hao, P.A. Tanner, Opt. Lett. 35(23), 3922 (2010).
3. P. Redmond, S.C. Rand, X.L. Ruan et al., J. Appl. Phys. 95(8), 4069
(2004).
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NMHAYIOUPOBAHHAA JIASEPHBIM U3JIYVUEHMEM TOKCUYHOCTD
HAHOYACTUL Pri; 1 LaF; UIS1 BUOJIOTMYECKUX OB bEKTOB
(BAKTEPUH, PAKOBbBIX KJIETOK YEJIOBEYECKMX TKAHEN)

M.C. TlynoBkuH, I1.B. 3enennxun, C.JI. Kopabnesa, A.O. KpamnieHHnKoBa,
A.C. Huzamytaunsos, B.B. Cemaiiko
Kazanckuii (Ilpusondicckuit) ghedepanvusiii ynusepcumem, Kazamo,

E-mail: jaz7778@list.ru

brnarogapsi  yHUKaJbHBIM  CBOMCTBaM, HaHOMAaTEpUalbl  YCIEIIHO
MPUMEHSIOTCS B TaKMX OOJIACTSAX, KaK OYMCTKA BOJBI. Takke HaHOMAaTEPHAIIbI
UMEIOT YHUKAJIbHBIH OMOAKTHUBHBIN MOTEHIIMAT M MOTYT OBITh MCIIOJB30BAaHBI B
meauuuue [1]. MccnenqoBanne moCBSIIEHO TOKCHYHOCTH HAHOMATEPHUAIIOB MO/
JEUCTBUEM JIa3€PHOT0 HW3JIy4YeHHUs Il OHoJorMdyeckux oObekToB. llemsimu
JTAHHOTO MCCIIEOBaHUS SIBJSIOTCS cCMHTE3 HaHowacThll Prk; u LaF; u mpoBepka
TUMNOTE3bl TOKCUYHOCTH JTHX HAHOYACTHUI[ TMOJ| JEWCTBUEM Ja3epHOro
U3JIy4eHHUs I Ouosormdeckux oobekToB: Salmonella typhimurium TA 98, a
Tak)Ke MPOBEPKA TUIIOTE3bI AlTONTO3UPYIOIIETo AeUCTBUST HaHouyacTull Pri; mos
JICHCTBHEM JIa3€PHOTO M3JTyUeHHS [T PaKOBBIX KiieTok lung carcinoma A549,

Hanouactunpl PrF; m LaF; cuHTE3upoBamuch METOIOM OCaKICHHS B
pacTtBope, omucaHHOM B cTatbe [2]. HccrnemoBanue pacnpenesneHus: 1o
pa3MepaM HaHOYACTHI] B TIOJIYYEHHOM KOJUIOMHOM PAacTBOPE OCYIIECTBIISIIOCH
MeTO0M (DOTOHHOM KOPPETSUMOHHOW creKTpockonuu (mpubop  pupmbl
«Photocor-FCy»). 3mepenune mokas3ajii MPUCYyTCTBHE HAHOYACTHII CO CPEIHUM
pamuycom 63 HM. lIpm wHcCcnenoBaHMM TOKCHYHOCTHM HAHOYACTHUI[ CMECh
KOJUIOMJHOTO PacTBOpa HAHOYACTUI[ M B3BECh MCCIEAYEMBIX KIIETOK
00JIyJaJIUCh HEMPEPHIBHBIMU JIazepaMu € JIMHAMU BOJIH 532 HM U 473 HM u
MomHocTIMH 30 MBT kaxnaeli. KoHIEHTpanus KIETOK CalbMOHEIUIBI B
duspactBope  10°imerox/mn, KoHmeHTtparwms Hamowactun 0,1 wmr/m. B
AKCHEPUMEHTE OMPEAEISUINCh ONTUMAJIbHOE 3HAYEHUE IJIOTHOCTH MOIIHOCTH
Ja3epHOTO W3JIY4YEHUS W ONTUMAIBHOE BPEMS DJKCIO3WUIUU KIETOK. [lpwm
3HAQYEHUU IUIOTHOCTU MOIIHOCTH JiazepHoro u3nyuyenus (532 um) 0,4 B/cM” n
BpeMeHax skcnozuuuu: S5, 10 m 15 MHHYT BBDKMBAEMOCTb KIETOK (IO
CpPaBHEHHUIO C KOHTPOJBHBIMH oOOpasmamu) coctaBuina 39%, 34%, 20%
COOTBETCTBEHHO. BBUIO BBISBICHO amomnTO3UpYIolee AecTBrue HaHoyaTuIl Pri;
NOJ| JCWCTBUEM JIa3epHOTO M3IYyYCHHs JIJIs PAKOBBIX KIETOK lung carcinoma
A549. Jlons KIJIETOK, HaXOSAIIUXCS B COCTOSHUM aromnTo3a Uil BpeMEH
obmyueHuss 5 muH, 15 muH u 30 muH cocraBmsuia 23%, 33% u 45%,
COOTBETCTBEHHO (M3nydeHue 532 Hm). Takke BBIACHWIOCH, YTO HAHOYATHIIBI
LaF; He 001a1a10T aroNTO3UPYIOMIUM JACHCTBUEM.

1. V. Apalangya, V. Rangari, B. Tiimob et al., Applled Surface Science
295, 108— 114 (2014).
2. L.Ma, W. Zheng, Y. Chen et al., Materials Letters 61, 2765 (2007).
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MOJIEJIMPOBAHUE POCTA GaAs-HAHOCTPYKTYP METOJIOM
KAIIEJIbHOU DIINTAKCUU

M.A. BaCI/IJIeHKol, H.JL ]_I_IBapul’2
'Hosocubupckuii 2ocyoapemeennsiii mexnuueckuti ynusepcumem, Hosocubupck
2HHcmumym @uszuxu nonynpoeooHukos um. A.B. Pacanosa CO PAH,
Hosocubupck
E-mail: vasilenkonsk1992@gmail.com

[Tpennoxxena u peanuzoBana Monte-Kapio (MK) monens hopmupoBanus
GaAs-HaHOCTPYKTYp MeTtonoMm kamnembHoU smuTakcuu (K9J) [1]. OcHoBoit MK
MOJENIM KalelabHOW SIHUTAKCUU SABISIETCS KIACCUYECKHM MEXaHW3M Map—
*Kuakoctb—Kpuctami. [Ipu KO KOMIIOHEHTHI TpeThel U NATOM TPYIIT OCTYNAI0T
Ha TOBEPXHOCTH IOCJIEIOBATENIBHO: CHayanda TaJuIni, TOTOM MOJIEKYJISPHBIN
MbIbSK. [Ipy u3MeHeHnn Temmneparypsl U nmoToka AS, B auanazoHax 470 —
670K u 0.01 — 10 MC/c cOOTBETCTBEHHO OBLI TMOJYYEeH PSAI CTPYKTYP:
KOMITAKTHBIE TPEXMEPHBIE KPUCTAJIBI, HAHOKPHUCTAIUIBI C JKHIKUM SJIPOM
raJlyiisl BHYTPH, HAHOKOJIbLIA M HAaHOOTBEPCTHs. bpuUla MpOoIEeMOHCTpUpOBaHA
3aBUCUMOCTh Mopdosorun GaAS-HaHOCTPYKTYp OT OpPUEHTALMM MOJJIOKKH.
[TokazaHo, uyTOo 00pa3oBaHME HAHOOTBEPCTUH M HAHOKOJIELl B MOJAEIBHOM
CHCTEME BO3MOKHO TOJIBKO Ha MOJJIOKKaX ¢ opueHTarueit nosepxHoctu (001).
[Tpoananu3upoBanbl KHHETUKAa (OpMUPOBaHUS HaHOKoJel. Mopdomorus
MOBEPXHOCTH B mporecce KD MOXKET KOHTPOIMPOBATHCS KaK TEMIEPATypoil,
Tak ¥ notokom AS, (Puc.1).

a) C)

b
o

%

i / %e) %f)

Puc. 1. Ceuennsa GaAs-HaHOCTPYKTYp MOCII€ KPUCTATUIU3AIMN KATUTU TaJLTUS
Ha noBepxHocTH GaAs(001) mpu pa3HBIX TeMIepaTypax ¥ HOTOKaX MbIIIbsKA:
a) T=570K, Fasz =0.1 MC/c; b) T = 620 K, Fasz = 0.5 MC/c; ¢) T = 670 K, Fas, = 3 MC/c;
d) T=570K, Fas2 = 0.01 MC/c; e) T =620 K, Fas2 = 0.05 MC/c; f) T= 670 K,
Fas2 = 0.5 MC/c. Arombr Ga 0TMEUEHBI TEMHO-CEPBIM, aTOMBI AS — cepbIM 1BeToM. Ga 1 As
MCXO/IHOM MOJIIOKKH N300paskeHbl 60Jiee CBETIBIMU OTTEHKAMU

OddexTel W 3aBUCUMOCTH, HaOIIOJaeMble B MOJIEIBLHON CHCTEME,
KauyeCTBEHHO COTJIACYIOTCSI C AKCIIEPUMEHTAIBHBIMUA JaHHBIMU 10 pocty GaAs-
HAHOCTPYKTYP METOJIOM KaIleJIbHOM dnuTakcuu [2].

Pa6ora BemonHeHna npu mnogjaepxkke POOU (Ne 14-02-00776-a) u
nporpamm PAH.

1. M.A. Vasilenko, 1.G. Neizvestny, N. L. Shwartz, Comput. Mater. Sci.,
102, 286-292 (2015).
2. K. Reyes, P. Smereka, D. Nothern, et al., Phys. Rev. 87, 165406 (2013).

34



mailto:vasilenkonsk1992@gmail.com

CPABHUTEJIBHOE UCCIIEJOBAHUE ®OTO-
N SJIEKTPOJIIOMUWHECHEHINN CBEPXTOHKHMX CJIOEB ZnS:Mn
Henuncos b.H., Moucees H.B., Xpamos B.C.
Mopooeckuii cocyoapcmeennuiil ynugepcumem um. H.I1. Ozapesa, Capanck
E-mail:boris117@mail.ru

B paGore mnpuBomATcsS pe3ynbTarhl MOJAETUPOBaHUS  (POTO- WU
AIEKTPOFOMUHECIIEHIIMK cJIoeB JroMuHOpopa ZnS:Mn tommuuoit 200 HM,
nosrydeHHbIX MeTonoM ALD-ocaxnenus na ycranoBke TFS200. Merog ALD
OCAXJEHUS SIBIISETCS OJHAM W3 OCHOBHBIX B IIOJIYYCHHUH HAHOPa3MEPHBIX
wieHok [1]. Hamu ObutM TOSTydeHBbI BRIPOKEHUS JJIT MHTCHCUBHOCTH CBEUYCHHS
CJIOS B 3aBUCUMOCTH OT TOJIIMHBI cJI0si TpH (HOTOBO30Y X AeHUM (HAOII0IeHUN
CO CTOpPOHBI BO30YKJawomiero wusziaydeHus) (1) U 2JIEKTPOIIOMUHECIICHIIUU
(o dext Jlocea) B 3aBUCUMOCTH OT 4rciia (N) MPUMECHBIX CIIOCB Maprasia, (2).

_ —(yq+ay)d
|, =/01,,1—e 17277, (1)
e a,,a,, f — KOdPPUIMEHTH TOTJIOMEHNUS BO30YKIAIOIIETO H3IyYCHHUS,
JJIOMUHCCIOCHIIUN U KBAaHTOBEIN BBIXOJ COOTBCTCTBCHHO, | .~ HHTCHCHUBHOCTbH

o

BO30Y>K/IaIOIIETO U3TYUYCHUSI.

|9J7 = Io(l_rn+l)/(1_r)’ (2)
rae lg — MHTEHCUBHOCTL CBEYEHHUS OIHOTO CIIOSi aTOMOB IIPUMECH Maprauia, N-
YUCIO CJI0EB NPHMECH Maprania, I — BEPOATHOCTH MOIVIONIEHHS CBETa
JIIOMUHECLIEHIMU OJHHMM IIPUMECHBIM CIIOEM, N — YHCIO AaTOMHBIX CIIOEB
npumecd. Ha puc.] npuBeneHbl 3aBUCHMOCTH WHTEHCUBHOCTU CBEYEHMS OT
TONIMHBI  CJI0sA X =(cy +a,)d Tpu  (POTOBO3OYKIEHUM M HMHTEHCHBHOCTH
5JIEKTPOJIIOMUHECLIEHIIMH B 3aBUCUMOCTH OT YKCIIa CiIoeB puMecH (N). PacueTs
[PUBE/ICHBI B OTHOCHTEJIbHBIX eIMHUIIAX, 1(x)=1./4,, u

11(n)=1,,/1, coorBeTcTBenHo. Ilpu r=0,9 onTUManbHOE YHCIO CJIOEB IPU

MOpPOroBOM HampsbkeHuu, paBHoMm 110 B, paBHo 50, 4tro coBmagaer c
JKCIIepUMEHTOM. [Ipu 3TOM mnaneHusl HaNpsHKEHUs MEXKIY IBYMS CIOSIMHU
paBHbIM 2,2 B. DHeprus npuopOperaeMas 3JIEKTPOHOM IIPU MPOXO0XKIECHUN 3TON
PA3HOCTU MOTEHIMAJIOB COOTBETCBYET PHEPIMM KBAaHTAa CBETA C JJIMHOW BOJIHBI
paBHo# 0,56 MKM B MakcuMyMe crniekTpa uznyudenust ZnS:Mn.
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Puc.1
1. R.L. Puurunen, J. Appl. Phys. 97, 121301 (2005).
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MHTEP®EPEHIIMOHHOE VIIPABJIEHHE ITOI' JIOLIATEJIBHOM
CIIOCOBHOCTBIO YJIBTPATOHKHUX CJIOEB METAJIJIA

A.C. A6pamos, C.A. Adanacwes, [[.1. Cemeniion

Vavsnosckuil cocyoapcmeennsiii ynusepcumem, Yavanoeck, Poccus
E-mail: aleksei abramov@mail.ru

B HacTosielt pabote npoaHaIM3upOBAHO MHTEP(PEPEHIIMOHHOE YIPABICHUE
HOTJIOUIATENIbHOW CHOCOOHOCTBIO YJIBTPATOHKUX METAIIMYECKUX IUICHOK IpU
HAaKJIOHHOM MAaJICHUH JBYX BCTPEUYHBbIX KorepeHTHbIX BosiH CBY nuamaszona.
W3mensiss aMImuTy1HO-(a30Bble XAPAaKTEPUCTUKU MEXAY BOJHAMH, MOYHO
NOOUTBCSI TMPAKTUYECKH TOJIHOTO TOMJIOLIEHUS MaJarollel  MOIIHOCTH.
Onpenenenbl yriapl MaAeHUsT U TOJIIUHBI ITJIEHKHA, MNPU KOTOPBIX OMUCAHHBIN
ekt MokeT HaOII01aThCsl.

Ha puc.1 npexncraBieHa 3aBUCUMOCTh KO3(P(UIHMEHTA MOTJIOMIEHHUS OT
TOJILIUHBI JJIs IIJIEHOK MEJU U Xpoma (a, 0) Mpu HAJIMYMH BOJHBI «IIOJCBETKIY C
amruutynoii B= A, HavanpHOM pasHocThio a3 d=0wu /2 u yria nageHus

0, =0° 77°. AHanu3 noKa3bIBaeT, YTO MAKCUMYMBbI KO3((PUILMEHTA MOTIOIEHHS

y IJICHOK C OOJIbIIEeH MPOBOJUMOCTBIO HAXOAATCA B 00JIACTH MEHBIIMX TOJIIIUH.
Tak, mpu HAaKIOHHOM TaJE€HWUU NJS IUICHKA MEAM MAaKCHMyM MOTJIOIIECHUS
oTBeYaeT IieHkaM ¢ d =2 HM, a JUIs IUICHKH XpOMa MaKCUMyM MPUXOIUTCS Ha
uatepBan (11...14) um. Benuumna kod(d@uUIMEHTa TOMIOMIEHUS B CiIydae

OJIMHOYHOM BOJIHBI (YTO COOTBETCTBYET Pa3sHOCTH (a3 6 =7/2) He IpeBbIIIacT

snaueHust D =0.5, B pexxume BCTpedHBIX BOJH Tipu ycioBuu O =0 Makcumym
ko3 uiieHTa TMOIJIOMIEHUSI MOXET JOCTUTraTh 3HAYEeHHs, MPAKTHUYECKU
paBHOrO eauHuie. TakuMm 00pa3oM, B YyKa3aHHOM pPEXKUME [Js IUICHKU
ONMPENECNCHHOW  TOJIIMHBI MOXET JOCTHIaTbCs MNPAKTUYECKH  IOJHOE
HOJIOUIEHHUE MAJAl0Ied MOIHOCTH U3JIy4Y€EHUS.

10~ (a) - copper 10 (b) - chromium

054, A 05k [ Lo/ T 2

0.0 - AL 0o & s ' '
0 10 d (nm) 20 0 10 d (nm) 20

Puc. 1. 3apucumoctu D (d) ans yrnos nanenns 6, =0, 80° (kpusbie 1,2)

Takum oOpa3oM, HaHOMETPOBBIC METALIUYCCKHE IUICHKH MOTYT OBIThH
WCIIOJIb30BaHbl B KAYECTBE MOIIIOTUTENeH MUKPOBOJIH. Hanbonee adpdextuBHOE
MIOTJIONICHHE DJHEPTMHM B IUICHKaX HAOJIOAAaeTcs TpPU PaBEHCTBE aMIUIUTY]
OpssIMOM WM BCTPEYHOM BOJIH, MpPHUYEM IUICHKHM MEHbBIIEH TOJIIMHBI CITyXKat
JTYYIIAMH TTOTIOTUTEIISIMH.

Pabora mnonnepxana MwuHUCTEpCTBOM oOpa3oBaHuss W Hayku PO
(nasnauenue Ne3.175.2014K ot 18.07.2014) u npoext Nel4.250.31.0015 .
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OYHKIMOHAJIM3ALNA YIJIEPOAHBIX HAHOTPYBOK
JU CO3JAHNA KOMITIO3UTHBIX ITOJIMMEPHBIX MATEPHUAJIOB

M.B. byzaesa, O.A. JlaBbinoBa, 1.A. Makaposa, E.C. Baranosa, E.C. KnumoB
Vavsanosckutl 2ocyoapcmeeHtblil mexHUYecKull yHugepcumen, 2. YivsHo8ck
E-mail: m.buzaeva@mail.ru

CylecTBEHHBIM  JTOCTHKEHHEM MOCIEIHHX JIET B IPOU3BOJCTBE
MOJMMEPHBIX MaTEpPUAJIOB SABJISETCA BBEACHUE B HHUX HAHOPa3MEPHBIX
KOMIIOHEHTOB, HampuMep YIJIEPOAHbIX HAHOTPYOOK. BBeneHHe HECKOIBKHUX
IIPOLIEHTOB HAHOYIJIEPOJHBIX CTPYKTYp B MOJUMEPHI MO3BOJISIET CO3/1aTh HOBBIE
KOMIMO3UIIUOHHBIE ~ MaTepuajabl C  YIYYIICHHBIMA  MEXaHUYECKUMHU U
ANEKTPO(PU3NYECKUMHU CBOMCTBaMU. B kauecTBe MOJMMEPHON MaTPUIbI OOBIYHO
UCITOJIB3YIOTCS TOJIMOJIE(PUHBI, TOTUIPHUPHI, STOKCUIHBIE CMOJIBI.

Jnst mMomuduuUpoBaHUs MCHOJIB30BAIM  MHOTOCTEHHBIE YTJIIEPOJIHBIE
HaHoTpyoku (MVYHT), mnonydenusie Hamu  wmetogqom MOCVD ¢
UCIIOJIb30BaHUEM MPEKYPCOPOB TOJIyosa U (heppoleHa.

MVYHT pocTtaro4yHO HMHEpPTHBI 10 OTHOLICHUIO K MaTepuajaM U HuX
MOBEPXHOCTh HEOOXOAUMO (YHKIIMOHAIU3UPOBATh MPUBUBKON TMOJSPHBIX
rpymn~ (-COOH, -CO, -OH). TIlpu o6pabotke MVYHT cmechio
KOHIIEHTPUPOBAaHHBIX CEPHOM M a30THOM kucior mpu 90 °C B TeueHwe yaca

MaccoBas J0Js KapOOKCUIIBHBIX TPYMI, MPUBUTHIX K TMOBEPXHOCTH, COCTaBUIIA
4,1 % (p-MVYHT).

Kpome Toro, na ocuoBe G-MYHT Bo3moxxHO wMonudummpoBanue
MOBEPXHOCTH HAHOTPYOOK YETBEPTHUYHBIMU aMMOHHEBBIMHU COJISIMU, KOTOPBIC
oOpa3yloTcs Mo peaknuu KapOokcwibHbBIX Tpynn (-MYHT ¢ amunamu, B
YaCTHOCTH C TPUITAHOJIAMUHOM.

MYHT- C(O)-O" H" + :N(CH,CH,OH); —
— MYHT-C(0)-O" HN"(CH,CH,0H);
[IpuBHBKa MONSAPHBIX TPYHI COCOOCTBYET 0OJIee TyUIEMY COBMEIICHUIO
MVYHT ¢ nosssipHsIMH aKpUJIOBBIMA MOHOMEPAMM.
3HAUUTENBHON MpOOJEMON TMpHU  HUCIOJB30BAHUM HAHOMATEPUATIOB
aBigeTcs Bbicokas aaresus MYHT apyr k apyry. Ilostomy mis nosiyuyeHus
MOJUMEPHOTO KoMmro3uta Ha ocHoBe (-MYHT wu akpuioBelx MOHOMEpOB
UCIIOJNIB3YETCsl YIbTpa3ByKoBasi 00paboTKa CMeCH B BSI3KOHM cpejie, MOTyuyeHHOM
pPacTBOPEHHEM MOJUMEPA B COOCTBEHHOM MOHOMEPE.
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JIIOMWHECLIEHTHBIE CBOVMCTBA MHOUFOCJIOIZH%IX
HAHOCTPVYKTYP «<HAHOKPUCTAJIJIMYECKUI KPEMHUI/OKCHU/T
AJIFOMUHU SI», [IOJIBEPTHY ThIX TEPMOOBPABOTKE B BOJIOPOJIE

A M. JlerkoB, M.A. Kynpsmos, JI.A. I'paues, A.B. Epmios
Huoicecopoockuii cocyoapcmeennuiil ynusepcumem um. H.H. Jlobauesckoeo,
Huoicnuit Hoseopoo
E-mail: legkov_a_m@mail.ru

[{enb paboThl ObLIa B U3YUYECHUHU BIUSHUSA OTXKUTA U MTOCTTUAPOTCHU3AINN
MHOTOCJIONHBIX HaHonepuomuueckux crpykryp (MHC) a-Si/Al,O; u a-
SiO/Al, O3, Ha poromomunecuenmyio (OJI), 1 MUKpopenbed UX MOBEPXHOCTH.

MHC a-Si/Al,03; u a-SiO/Al,O3 neprogamu 820 HM U 9uciioM ciioeB 18
ObUTM TIOJYYEHBI JJIEKTPOHHOIYYEBBIM HcmapeHueM. [locTruaporenusamnms
MHC npoBoaunace omkurom B Bojopoae (1 atm.) mpu 350 — 550 °C. Otrxur
o0pa3ioB B 06e3B010poiHOM cpene mpoBoawics B azoTe npu 1100 °C. CriekTpsl
®JI usmepsmuch Ha MoHoxpomarope SP-150 (350 — 900 um) npu Hakadke N-
nazepom (337 um), Ar-nazepom (488 HM) U cuHUM cBeTonMoAOM (378 HM).
Mopdosiorus noBepXHOCTH 00pa3lioB M3y4yalach Ha CKAHUPYIOIIEM 30HIO0BOM
aToMHO-ciJioBoM ~ Mukpockonie (ACM)  «SolverProy  (NTM-MDT) B
HEKOHTaKTHOU MOJI€.

ITo manueiMm ®JI MHC a-Si/ Al,O3 u a-SiO/Al,O3, 0TOXKKEHHBIX TpH
1100 °C, cnenyer Hanmmuue monoc: mpu 550-600 ©HM, cBs3bIBaeMas c
usny4yatenbHbiMu F-tientpamu B Al,O3 m BakancmoHHbIMH nedektamu SiOy
(x <2), oOpa3yromuMucs B MPOIECCEe OTXKUTA HA TPAHUIAX «HAHOBKIIIOUCHHE -
matpuriay; u npu 850-900 HM, cBs3pIBacMas HamH ¢ oOpa3oBaHueM Si
HaHokpuctawioB (HK) B Al,O3 npu BeicOKOTEMIIEpaTypHOM OTXKHUTE.

TepmooGpabdoTka B Bogopozae nmpu 350-500 °C otoxokennsix mpu 1100 °C
MHC a-SiO/Al,O; nosbimraer ®JI or HK u yMeHbIIaeT HMHTEHCHBHOCTb
ne(EeKTHBIX TIOJI0C, YTO MblI CBSI3BIBAEM C HAChIleHHEM AeGEKTOB THUIIA
o0opBaHHOM CBs3U B pe3ynbTaTe maccuBaimun MHC Bomopogom.

MakcumanbHOe yBennueHue uHTeHCMBHOCTH DJI pocrturaercs mocie
rugporennzanuu  npu  temneparype 400 °C, Bblllle KOTOPOW MaccUBaLMs
cTaHOBUTCS MeHee d(h(PEeKTUBHON BCeACTBUE HapacTaHus 3¢ ¢y3un BOAOpoOa
u3 ooOpasnoB MHC. Tlocnenyromuii omxur B O€3BOJOPOIHON cpelne TpH
temrnepatypax 600-900 °C npuBOAMT K 3HAYUTEIBHOMY YMEHBILICHUIO
WHTCHCUBHOCTH JTIOMUHECIIEHIINN OT HAaHOKPUCTAJIIOB KPeMHUs U3-3a dhy3un
BOJIOpOJIA.

[To ACM-npanueiM omxur npu 1100 °C MHC a-Si/Al,0; nmpuBoaut k
YBEJIMYEHHIO BHICOTHI HEPOBHOCTEH B BUI€ XOJIMHUKOB Ha nopsaok (40 — 80 M),
410 OBLTO CBsI3aHO ¢ 0OpazoBanueM HK mpu BeICOKOTEMITEpaTypHOM OTIKUTE.
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OOPMMPOBAHUE HAHOKPUCTAJIJIOB Ge ITYTEM
HAITPABJIEHHOI'O OTXXUTI'A TOHKHUX IINIEHOK GeOy

C.A. l'apaxuH, /[.A. I'paueB, A.B. Hexxnanos, A.B. Epmios
Huoicecopoockuii cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckozo,
Huoicenui Hoeeopoo
E-mail: GarakhinS@yandex.ru

HenpsmMo30HHBIE MMOJIyIPOBOAHUKOBBIC MaTepHalibl, Takue kak Si u Ge, B
00BEMHOM COCTOSTHUU HE MO3BOJISIOT c(hOpMUPOBATH 3D (PEKTUBHBINA U3TyUYaTENb
ceeta. OJIHAaKO B HAHOKPHUCTAIUIMYECKOM COCTOSIHUM IOJYIPOBOJIHUKOBBIE
Marepuansl |V rpynmbl OposBISIOT HMHTEHCHBHYIO JIOMUHecHeHuuto. [lo
cpaBHeHMIO ¢ kpemMHUeBbIMU HaHOKpucTamwibl (HK) Ge [1] unTepecHbl u3-3a
0oJiee HU3KOM TEIIONPOBOJHOCTH M 00J€€ BBICOKOW 3JIEKTPONPOBOJHOCTH, a
TaK)ke TEPMOIJICKTpUUIECKUX CBOMCTB. Mcmonp3oBanne Tonknx mieHok ¢ HK Ge
MO3BOJIIET YAEUIEBUTh U3FOTOBJICHHUE NMPUOOPOB U MPOU3BOJIUTH UX HA TMOKUX
NoJIOKKax. B jgaHHOM paboTre mnpennpuHsATa TOMNBITKA TMOJYyYECHUS H
NOCJIENYIONIETO aHanu3a cBoicTB cucreM ¢ maccuBamu HK Ge, momydeHHBIX
IIyTEM BBICOKOTEMIIEPATYPHOI'O OT’)KUIa TOHKUX IUICHOK.

Hccnenyemble CTpyKTyphl, mpenactaBistomue coboil mieHkn GeOy
tomuuHoN 40 — 350HM, MOJydEeHBI METOZOM 3JIEKTPOHHO-JIy4€BOTO MCIAPEHUS
B BakyyMe. bbuta u3roroniena cepusi 00pa3LoB, OTINYAIOMIKUXCS TEMIIEPATypoil
nominoxkn 35 —-560°C B mpomecce ocaxnenus. [locmemyrommuii  OTKUT
npoBogwics B auanazoHe Ttemmeparyp 400 — 600 °C B Tteuenume 30 mMuH B
atMocepe azora. CTpyKTypHbIE HCCIIEIOBaHUs ObUIM BBINOJIHEHBI METOJaMU
HUK-nornonieHuss ©  KOMOMHAIIMOHHOTO  paccesHusi cBeta.  CHeKTpsl
dotomomunecteHu (PJI) ObUTM M3MEpEHbI NMPU KOMHATHOM TeMIeparype B
nuana3one 550 — 1000 um npu Hakauke Nd:YAG nazepom.

B wuccinenyembIx CTpyKTypax, IO JaHHbIM crnekrpockonuun HK-
MOTJIONIEHUS, OTXUI MPUBOAUT K pacnagy [2] HECTEXHOMETPHUUYECKOTO
cyookcunma repmanus Ha GeO, m Ge, rae mo MaHHBIM KOMOWHAIIOHHOTO
paccesiHUsI CBETa, MOCIEIHUN KpUcTaIIu3yeTcs npu temmeparype Boie 500 °C
[3]. Ha cnekrpax ®JI HaOmromaeTcs HECKONBKO IIOJIOC CBedeHUS npu 1.8 u
1.4 5B, crno>xHBIM 00pa30M 3aBUCAIIUX OT TEMIIEPATYPHI OTKUTA.

1. S.Aganetal., J. Phys. 18, 5037 (2006).
2. E.B.Topoxos u ap., [ToBepxuocts 10, 82 (1990).
3. P.K.Girietal., J. of Nanomaterials 2012, 905178 (2002).
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CHUHTE3 ITOPOLIKOB Sry«RyF24x (R = Nd, Yb) U1 POTOHUKU

I0.A. Poxnosa’, C.B. KySHCHOBl, AA. .HyFI/IHI/IHaZ, B.B. BOpOHOBl,
ILIL CI)eJ:[opOB1
1HHcmumym oowett puzuxu um. A.M. I[Ipoxoposea PAH, . Mockesa
2Bcepoccm‘icmﬁ UHCMUmMym Hay4Hou u mexuudecxkou ungopmayuu PAH,
2. Mockea
E-mail: julia.r89@mail.ru

B mocneaHmne roapl MHTEPEC K CHHTE3y W M3YUEHHI0 HEOPTaHUYECKUX
(GTOPUIOB 3HAUUTEIHHO YBEIUYWICS HM3-32 WX YHUKAILHOTO Habopa (u3MKO-
XUMHUYECKUX CBOWCTB M PA3IMYHBIX 00JIACTEH MPUMEHEHHS B HayKe U TEXHUKE.
[Topomku ¢GTOpUIOB MEPCIEKTUBHBI ISl UCIIOIB30BAHUS B KAaYECTBE IIMXTHI
JUISL W3TOTOBJICHUSI JIa3€pPHOUM KEpaMUKH, HCTOYHUKOB O€JIOr0 CBETa, IpH
pa3paboTKe HOBOTO TOKOJICHUS COJHEYHBIX OaTapeil, B OHOMEAUIIMHCKUX
UCCIIETOBAHUSIX JUIsl POTOAMHAMUYECKON TUATHOCTUKY U TEPAIUH paKa.

[lenpro maHHOW pabOTHI SABISETCS HWCCICIOBAHME IpoIecca IMOTyYSHUS
omHodaszueix mopomkoB SriNdF, 1 SriYbF,.,, BKIIoUaromero cwHTE3
IMUXTHl  3aJaHHOTO COCTaBa W3 BOAHBIX HHUTPATHBIX PacTBOPOB €
WCITOJIb30BAaHUEM B KadecTBE (TOPUPYIOIMIETO areHTa ¢GTopuaa aMMOHWS,
B3SITOTO C U30BITKOM OT CTEXHOMETPHH, M CTYIICHUATYIO TEPMOOOPaOOTKY.

MeTomoM COOCaXIACHUS W3 BOIHBIX PACTBOPOB TIPH HCIIOIH30BAHUU
HUTpaTa CTPOHIIHS, HUTPATOB PEIKO3EMEIbHBIX JIEMEHTOB U (PTOPHIa aMMOHUS,
B3sTOM B u30bITKE 7/ — 120% OT CTEXMOMETPHUYECKOTO KOJIMYECTBa OBLIN
CHUHTE3UpOBaHbl oxHodasubie mopormku Sr NdF,, u Sri,YbF co
cTpykrypoir  ¢dmooputa.  ComepxkaHue  pEIKO3EMENbHBIX  DJIEMEHTOB
BapbUPOBAIACH B MIUPOKOM auanazone koHmeHTpanuii (0.3 — 20 moi.%).

B pesynbrare paGoThl ObUIO BBISBIEHO, YTO B 3aBUCHMOCTH OT yCIIOBUU
OCaXIeHUs U u30bITKa ¢GTopuaa amMMOHHS, pasMep U Gopma YacTHII
U3MEHSIOTCS OT HaHO- M MHUKpPOKYyOOB paszmepoMm 50350 HM [0 yacTuil
iacTuHYaTol hopmbl yHON 50200 HM.

MeTooM HCKPOBOTO IUIA3MEHHOTO CIEKaHWS W3 CHHTE3MPOBAHHOMN
MIMXTBI OBUIM TMOJy4YeHBl Kepamuyeckue oOpasubl S NdF..y ¢ 97%
TUIOTHOCTBIO MO CPABHEHUIO C TEOPETUUECKOU BEIIMUYMHOM.
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SIZE DEPENDENT SEMICONDUCTING BEHAVIOR IN METAL
NITRIDE NANODOMAINS

C. Cefalas™?, V.V. Pavlov?, Z. Kollia®, V.V. Semashko?, E. Sarantopoulou®
'National Hellenic Research Foundation, Theoretical and Physical
Chemistry Institute, Athens, Greece.
*Kazan Federal University, Institute of Physics, Kazan, Russia

Size dependent electric properties of gold, indium and tantalum nitride
nanodomains (metal nitrides), grown by pulsed laser deposition with a
molecular fluorine laser at 157 nm are verified experimentally. Metal nitride
nanodomains, either crystalline or amorphous, exhibit semiconducting behavior
and the metal-semiconductor-metal contact can be modeled with a back-to-back
Schottky barrier model. From the experimental 1-V curves via conductive
atomic force microscopy, the main charge carrier transport process in crystalline
nanodomains is thermionic field emission via electron tunneling, while
conductivity in amorphous nanodomains is mainly via interactive trapping sites
(Poole effect). The rectifying, near symmetric and asymmetric current response
of nanocontacts is related to the size of nanodomains, as structures with a few
nanometers thickness are conductive. Current rectification, charge memory
effects and electron scattering at boundaries are also observed in “quite small”
conductive nanodomains (6-10 nm) due to stored charges near the surface for
crystalline materials. On the contrary amorphous metal nitrides indicate a non-
surface polarization. Surface charges are identified as inversion domains via
electrostatic force microscopy.
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IN THE SPOTLIGHT — GRAPHENE-BASED OPTOELECTRONICS
AND TRANSISTORS

F.V. Kusmartsev', W.M. Wu?, M.P. Pierpoint™*, K.C. Yung®
'Loughborough University, Loughborough, Leicestershire, UK
The Hong Kong Polytechnic University, Kowloon, Hong Kong, China
¥ Ogarev Mordovia State University, Saransk, Russia
E-mail: m.pierpoint@Iboro.ac.uk

In recent years, the use of graphene within optoelectronic and
semiconducting devices has been gaining an ever increasing momentum. The
two-dimensional material exhibits some truly unique properties, which can be
useful for many practical applications.

Although highly transparent (absorbing a mere 2.3% of light), graphene
exhibits a strong interaction with photons. Together with its superior values of
both electrical conductivity and Young’s modulus, it is often considered an ideal
replacement to existing materials such as Indium-Tin-Oxide (ITO), which can
be used in displays, touch screens, and photo-voltaic cells. Graphene is also
finding its place within plasmonic devices. The material may be used to capture
light, and alter the incident wavelength — typically one or two orders of
magnitude. Furthermore, the graphene plasmonic waveguide has become an
essential component for integration within logical circuits, delivering fast
operating speeds with minimal optical loss. Some other key features, including
saturable absorption and optical excitation, pave the way developments in health
and safety. This is achieved by adjusting the wavefront of incoming light, and
preventing the absorption of photons at higher intensity. Although this effect is
exhibited by many semiconductors already, none are as sensitive as graphene.
The material’s transmittance is inversely proportional to the intensity of incident
light, and thus may also be used as a photonic limiter.

Whilst there do exist high-frequency devices which do not require a
logical OFF state, the generation of a discernable band-gap for graphene will be
crucial to its later application within semiconducting devices. Existing methods
include the use of carbon nanotubes (CNTSs), bilayer graphene, deformed
structures, chemical doping, and more. In the context of optoelectronic devices,
a tuneable band-gap will isolate the range of frequencies that can be absorbed.
Amongst other examples, we shall discuss the graphene photodiode and
photodetector. Various designs of transistors also exist, including those which
make use of CNTs, and others which harness the phenomena of quantum
tunneling. The merit of a CNT transistor resides in ballistic transport occurring
throughout the CNT channel, with minimisation of the short channel effect. We
finally consider the working mechanism and physical principles behind the
graphene tunneling transistor.

1. F.V. Kusmartsev, W.M. Wu, M.P. Pierpoint, et al., Applied

Spectroscopy and the science of nanomaterials 2, 191-221 (2015).
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MODIFICATION of STRUCTURAL and LUMINESCENT
PROPERTIES of MULTILAYER NANOPERIODIC SYSTEMS
Ge/Al,O3 by OXYGEN ION IMPLANTATION AND ANNEALING

D.A. Grachev, A.V. Pirogov, A.V. Nezhdanov, Y.A. Dudid, D.A. Paviov,
A.V. Ershov'
Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod, Russia
E-mail: grachov@phys.unn.ru

Last decade there is an increasing interest in property studying of
germanium nanocrystals promising as a source of radiation at room temperature
and effective charge cells. A way to obtain Ge nanocrystals is annealing of
multilayer nanoperiodic systems (MNS). In this case it is possible to control the
density, size and its order. We have studied the structural and optical properties
of Ge nanocrystals in alumina matrix modified by oxygen ion implantation and
high-temperature annealing.

Multilayer nanoperiodic (5-10 nm) structures Ge/Al,O3 containing 10-30
bilayers were prepared by vacuum evaporation from separate sources as
described in [1]. Structures were implanted with oxygen ions (20 KeV) in the
dose range 1-10™ — 1-10"" cm™. Annealing was carried out in the range 500—
800 °C in a nitrogen atmosphere. Structural phase transitions were studied by
Raman and Fourier transform infrared spectroscopy (FTIR), as well by high
resolution transmission electron microscopy. Photoluminescence spectra were
measured in the range of 550-1100 nm at room temperature with Nd:YAG
(532 nm) laser excitation.

We report that for studied structures few photoluminescence bands at 2.2,
1.8 and 1.0 eV are observed depending on the modification conditions. There is
a correlation of position and intensity with annealing temperature and
implantation dose for bands 2.2 and 1.8 eV [2]. However, defect-free Ge
nanocrystals PL band at 1.0eV [3] is observed only for structures with
110" cm™ oxygen dose and annealed 700-800 °C. The germanium phase
transition from amorphous to crystalline under given temperatures is confirmed
by Raman and FTIR spectroscopy.

1. D. A. Grachev et al., Vestnik of Lobachevsky State University of
Nizhni Novgorod 1(2), 59 (2014).

2. A.-M. Lepadatu et al., J Nanopart. Res. 15, 1981 (2013).

3. T.Kanno etal., J. Mater. Chem. C 2, 5644 (2014).
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LEVITATION-JET SYNTYESIS OF TITANIA NANOPARTICLES

0.A. Belyakov?, 1u.G. Morozov?, O.V. Belousova?, M.V. Kuznetsov*
'Ogarev Mordovia State University, Saransk, Russia
?Institute of Structural Macrokinetics and Materials Science, RAS,
Chernogolovka, Russia
E-mail: al12fool@gmail.com

The nanoparticles of TiO, composition were obtained with a modified
levitation-jet M.J. Gen method [1]. Billet metallic titanium was suspended inside
a quartz tube and heated upto melting and the beginning of the evaporation in
the high-frequency induction setup. The resulting droplet was blown by
adjustable flow of gaseous argon/helium, forming the condensation zone, which
determined the average size of the obtained particles. The droplet was
permanent fed by titanium wire with diameter of 0.4 mm. To obtain oxide
nanoparticles in the carrier-gas stream was added to the desired quantity of
gaseous oxygen. The synthesized nanoparticles were characterized using a
scanning electron microscopy; X-ray diffraction; BET method; optical
spectroscopy in the UV-Vis, FTIR, and Raman spectroscopy.

The samples of nanoparticles have predicted average sizes in the region of
20+120 nm with log-normal size particle distribution. XRD diffraction pattern
show the presence of anatase (JCPDS 73-1764) and rutile (JCPDS 72-1148) in
the synthesized particles, the phase content of rutile was from 1 to 20 at. %.
According to the diffuse reflectance spectra in the UV and visible regions was
estimated indirect bandgap value at the level of 3.0-3.1 eV. In the Raman
spectrum of nanoparticles were found all the main lines belonging to the active
optical modes of anatase and rutile, broadened due to the particle-size effect.
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Microphoto and Raman spectra of nanoparticles with different phase composition.

1. M.Ya. Gen, A.V. Miller, Poverkhnost 2(150), (1983).
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SIMULATION OF GaAs NANOSTRUCTURE GROWTH BY DROPLET
EPITAXY

M.A. Vasilenko', N.L. Shwartz"?
'Novosibirsk State Technical University, 630073, Novosibirsk, Russia
2A.V. Rzhanov Institute of Semiconductor Physics SB RAS, Novosibirsk, Russia
E-mail: vasilenkonsk1992@gmail.com

A Monte Carlo (MC) model of GaAs nanostructure formation by droplet
epitaxy (DE) is suggested and realized [1]. A basis for the Monte Carlo model is
the vapor-liquid-solid mechanism. DE growth of GaAs nanostructures is based
on the successive supply of elements of third and fifth groups on the surface:
firstly gallium and then molecular arsenic. As temperature and arsenic flux
intensity changing in the range of 470 — 670 K and 0.01 — 10 ML/s, respectively,
series of nanostructures was obtained: compact three-dimensional crystals, core-
shell nanoclusters with liquid gallium core, nanorings, and nanoholes. The
dependence of GaAs nanostructure morphology on surface orientation was
analyzed. It was demonstrated that the formation of nanoholes and nanorings
was possible only on the substrates with (001) surface orientation. The Kinetics
of nanoring formation was examined. Surface morphology in the DE process
can be controlled both by temperature and by arsenic flux intensity (Fig. 1).
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Fig. 1. Cross-sections of GaAs nanostructures after Ga drop crystallization on
GaAs(001) surface at different temperatures and arsenic fluxes: a) T =570 K,

Fas2 = 0.1 ML/s; b) T =620 K, Fasz = 0.5 ML/s; ¢) T =670 K, Fas; =3 ML/s; d) T =570 K,
Fas2 =0.01 ML/s; €) T = 620 K, Fas; = 0.05 ML/s, f) T = 670 K, Fasz = 0.5 ML/s. Ga atoms
are marked in dark-gray and As atoms in gray colors. Ga and As of initial substrate are
marked in lighter colors, than those created during crystallization process.

The effects and dependences observed in the model system qualitatively
correspond to the experimental data of GaAs nanostructure DE growth.

This work was supported by RFBR (project Ne 14-02-00776-a) and by the
Russian Academy of Sciences Programs.

1. M.A. Vasilenko, I.G. Neizvestny, N. L. Shwartz, Comput. Mater. Sci.
102, 286-292 (2015).

2. K. Reyes, P. Smereka, D. Nothern, et al., Phys. Rev. 87, 165406
(2013).
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INTERFERENCE ABSORPTION CONTROL IN METAL NANOLAYERS

A.S. Abramov, S.A. Afanas’ev, D.l. Sementsov
Ulyanovsk state university, Ulyanovsk, Russia
E-mail: aleksei abramov@mail.ru

In this work, we study the specific features of absorption of ultrathin metal
films under the oblique incidence of two counter-propagating coherent waves of
the microwave frequency range. We use the examples of two metals: copper and
chromium. The presence of a counter-propagating wave (CPW) makes it
possible to realize significant interference effects — almost complete absorption
of the incident power. Similar effects are significantly dependent on the phase
difference of the incident waves. We determine the angles of incidence and the
film thickness at which these effects can be observed.

Fig. 1 shows the thickness dependencies D (d) in the presence of

“illuminating” wave of amplitude B=A. The analysis shows that under the
incidence of a single wave and two CPW of fixed frequency the maxima of the
absorption coefficient in films with higher conductivity are shifted to smaller
thicknesses. So, at oblique incidence for copper film the maximum absorbance
corresponds to films of thickness d =2 nm (Fig. 1a, solid curve 2), while for

chromium the maximum is in the range of d =(10-12)nm (Fig 1b, solid

curve 2). Absorption coefficient in the case of a single wave (which corresponds
to the phase difference 6 =/2) does not exceed D =0.5 (dashed curves). In

the case of CPW, upon meeting the condition of ¢ =0, the absorbance can reach
a value almost equal to unity (solid curves). Thus, for a film of definite thickness
almost complete absorption of the incident radiation power can be achieved.

(b) - chromium

10 - (a) - copper 1.0 -

]

0.5

0.0 S ML 0.0 & ' ‘

0 10 d (nm) 20 0 10 d (nm) 20
Fig. 1. Thickness dependencies D (d) at the angle of incidence &, =0, 80°(curves 1, 2).

Our analysis also showed that the interference effects in the presence of
CPW can both increase and decrease the absorption, i.e. the heat emission in the
metal film. The integral heat emission may be effectively controlled by varying
the phase difference of the incident waves and the angle of incidence. Thus, the
metal films of nanometer thickness can be used as absorbers of microwaves. The
most effective energy absorption in the films is observed at equal amplitudes of
the forward and backward waves. We established that the films of lesser
thickness are the best absorbers.

This work was supported by the Ministry of Education and Science of the
Russian Federation (assignment #3.175.2014K from July 18, 2014) and project
#14.250.31.0015.
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LUMINESCENT PROPERTIES OF «NANOCRYSTALINE
SILICON/ALUMINIA» MULTILAYERED NANOSTRUCTURES
ANNEALED IN AMBIENT HYDROGEN

A.M. Legkov, M.A. Kudryashov, D.A. Grachev, A.V. Ershov
Lobachevsky State University of Nizhniy Novgorod, Nizhniy Novgorod, Russia
E-mail: legkov_a m@mail.ru

We have studied photoluminescence (PL) and surface microtopography of
annealed and post-hydrogenizated nanoperiodic multilayer structures (MNS) a-
Si/Al,O; and a-SiO/Al,Os.

MNS a-Si/ Al,03 and a-SiO/Al,O; consists of 8 — 20 nm, count of layers
is 18. MNS were obtained by electron beam evaporation. To post-hydrogenizate
MNS were annealed in hydrogen (1 atm.) at 350 — 550 °C. Following annealing
of the samples was carried out in nonhydrogen environment in nitrogen at
1100 °C. PL spectra were measured with monochromator SP-150 (350 —
900 nm), the samples were pumped by Nj-laser (337 nm), Ar,-laser (488 nm)
and blue light-emitting diode (378 nm). The surface morphology was examined
with scanning probe atomic force microscope (AFM) «SolverPro» (NTM-MDT)
in non-contact mode.

According to PL data MNS a-Si/Al,O; and a-SiO/Al,Os, annealed at
1100 °C have bands. The one is at 550 - 600 nm bind to F-radiative centers in
Al,O3, and vacancy defects SiO, (x < 2) formed in the annealing process on the
borders «nanoinclusions/matrix». The other is at 850 — 900 nm which explained
with the formation of Si nanocrystals (NC) in Al,O; at high temperature
annealing.

NC PL of annealed 1100 °C MNS increases after heat treatment in
hydrogen at 350 — 500 °C and reduces the intensity of defect bands associated
with the saturation of defects such as dangling bond as a result of hydrogen
passivation MNS.

Maximum increase of PL intensity is reached which after hydrogenation
at 400 °C. For higher temperatures the passivation is less effective causes by
hydrogen effusion rising. Annealing in nonhydrogen environment in a range of
600-900 °C leads to a significant decrease intensity of luminescence of silicon
nanocrystals due to hydrogen effusion.

AFM data shows annealing at 1100 °C MNS a-Si/Al,0; leads to
increasing the mounds height irregularities increases (40 —-80 nm). It was
associated with the NC formation in the process high-temperature annealing.
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Ge NANOCRYSTALS OBTAINING by CONTROLLED ANNEALING
OF THIN GeOy FILMS

S.A. Garahin, D.A. Grachev, A.V. Nezhdanov ,A.V. Ershov
Lobachevsky State University of Nizhniy Novgorod, Nizhniy Novgorod

E-mail: GarakhinS@yandex.ru

Process materials such as Si and Ge, in a bulk state is not possible to form
an effective emitter. However, in the nanocrystalline state group IV
semiconductor materials exhibit intense luminescence. According to the
comparison with silicon nanocrystals (NCs) Ge [1] have been studying due to
the low thermal conductivity and higher electrical conductivity, as well as the
thermoelectric properties. Thin films with the NC Ge usage allows reducing
manufacturing devices and to make them flexible substrates. In this paper we
attempt to obtain and analysis of the properties of systems with arrays NC Ge,
formed by high-temperature anneal of thin films.

The structures are 40-350nm GeOy films, prepared by electron-beam
evaporation in vacuum. A series of samples was made with different substrate
temperature 35— 510 °C during the deposition process. Subsequent anneal was
carried out in a temperature range of 400 —600°C 30 min under nitrogen.
Structural studies have done with Fourier transform infrared spectroscopy
(FTIR) and Raman spectroscopy. The photoluminescence (PL) spectra were
measured at room temperature in the range 550 — 1000 nm pumped Nd: YAG
laser.

According to the FTIR effect of annealing leads to the disintegration [2]
non-stoichiometric suboxide germanium to GeO, and Ge, where according to
Raman latter Ge crystallizes at temperatures above 500 °C [3]. On the PL
spectra are observed few emission bands, 1.8 and 1.4 eV, depending on the
anneal temperature in a complex manner.

1. S.Aganetal., J. Phys. 18, 5037 (2006).

2. E.B.Topoxos u ap., [ToBepxuocts, 10, 82 (1990)
3. P.K.Girietal., J. of Nanomaterials, 2012, 905178 (2002).
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SYNTHESIS OF THE POWDERS Sr1,RsF2:x (R = Nd, Yb) FOR PHOTONICS

Yu.A. Rozhnova', S.V. Kuznetsov', A.A. Luginina®, V.V. Voronov?,
P.P. Fedorov*

'Prokhorov General Physics Institute, RAS, Moscow, Russia
2All-Russian Institute for Scientific and Technical Information (VINITI),
Moscow, Russia
E-mail: julia.r89@mail.ru

In recent years, interest in the synthesis and study of inorganic fluorides
has increased significantly due to their unique set of physical and chemical
properties and a variety of applications in science and engineering. Powders
fluorides are promising for use as furnace charge for production of laser
ceramics, white light sources, when designing a new generation of solar cells, in
biomedical research for the photodynamic diagnosis and therapy of cancer.

The purpose of this work is research the process of obtaining single-phase
powders Sri_ Nd,F»., and Sr.,Yb,F,., including synthesis of furnace charge of a
given composition from aqueous nitrate solution using as a fluorinating agent
ammonium fluoride, taken with an excess of the stoichiometry and heat
treatment step.

Co-precipitation method from aqueous solutions using strontium nitrate,
nitrates of rare-earth elements and ammonium fluoride, taken in an excess of 7 —
120% of the stoichiometric amount of synthesized single-phasepowder
Sry«Nd,F,., and Sr;,Yb,F,., with the fluorite structure. The content of the rare
earth element was varied within a wide concentration range (0.3 — 20 mol.%).

As a result of work it was revealed that depending on the deposition
conditions, and an excess of ammonium fluoride, the size and a form of particles
change from nano- and microcubes size 50+350 nm to particles of a lamellar
form length of 50+200 nm.

The method of spark plasma sintering from the synthesized furnace
charge of ceramic samples were obtained Sr;(Nd,F,., with a density of 97% in
comparison with theoretical value.
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AKTHUBHBIE OIITUYECKUE KABEJIM HA OCHOBE BEPTUKAJIbHO
N3JIIYHAIOHINX JIASEPOB JJIA CYIIEPKOMIIBIOTEPOB U HEHTPOB
OBPABOTKU TAHHBIX

JI.A. KapaunHckui
000 «Konunexmop Onmuxkcy, Cankm-Ilemepbype
E-mail: leonid.karachinsky@connector-optics.com

B Hacrosmiee Bpemsi BOIIPOC YBEIWYEHUS OBICTPOICUCTBUS ONTHYECKHUX
MEXCOETMHEHHUM, UCTIONB3YEMbIX MPU CO3/IaHUU CYIIEPKOMITBIOTEPOB U IIEHTPOB
o0pabotkn nanubix (LIOM), sBisgercs kpaitHe akTyanbHbIM. OnHOW U3
KIIFOUEBBIX TIPOOJIeM MeAHbIX Kalened, TPaJUuIUOHHO HCIOJb3YEeMbIX IIpH
nepegadye uHGOpPMAIUKM, SIBISETCS OTHOCUTEIBHO OBICTpOE 3aTyXaHHe
AJIIEKTPOMATrHUTHOM BOJHBI C PACCTOSHUEM TIPU TMOBBIIMIEHHUH CKOPOCTH
nepeiaund JaHHBIX. AKTUBHBIM ontudyeckuid kabenb (AOK) mosBossier mpu
COXpaHEHUH HJIEKTPUUECKUX HHTEP(ENCOB YBEIUYUTH NATBHOCTh M CKOPOCTH
nepeayu JaHHBIX.

B kadecTBe ONTHYECKHX MEXKCOCAMHEHUN HA KOPOTKUE AUCTAHIMU (10
100 M) B ocHOBHOM HcnoJib3ytoTcsi AOK Ha OCHOBE BEPTUKAIBHO H3ITyYarolIuX
nazepoB (BUJI) cnekrpanpHOro amanazona 850 HM U COOTBETCTBYIOIIUX p-i-N
dboroanono (D) Ha ocHoBe (GaAs, cnOCOOHBIX MepenaBaTh JaHHBIE CO
CKOpOCThIO 10 25 T'6ut/c Ha kaHan [1]. B pamkax 3Toro nmojaxona yBelnyeHue
CKOPOCTHU Tiepe/ladyu MHPOpMallud Ha KaHA JOCTUTaeTCs 3a CUET MOBBIIMICHUS
nojiocel Monysaiuu BUWJI m ®J] 3a cUeT NPUMEHEHHS CIEIUAIBHBIX
KOHCTPYKIIUK  J1a3epoB/(OTOMOIOB, yMEHBIIIEHUS pa3MepoB TPHOOPOB H
ONTUMH3AIMNA CXEMBI MPOIECCUPOBAHUS ONTHUYECKUX KOMIIOHEHT, CO3JaHus
COOTBETCTBYIOIIUX  BBICOKOYACTOTHBIX  YMPABISAIONIMX  WHTErPATbHBIX
MUKpOcXeM. JIaHHOTO TMOoaAX0/Ja MPHUAEPKUBAIOTCS KPYIHBIE MPOU3BOIUTEIN
AOK, Ttakme kak Finisar Corporation, Sumitomo, Avago Technologies.
AnbpTEepHaTUBHBIM MOAXOA — OTO TUOpPUAHAS HUHTErpalMs Jlazepa C
pacnpeneneHHoir  obpatHoit  cBsizbio (POC-mazep) W MOHOJUTHOTO
MHOTOKAHAJIBHOTO OMNTO3JEKTPOHHOIO 4YHUMa, CPOPMUPOBAHHOTO B paMKax
kpemHuii-repmanueBoil TexHosoruu (SOI, CMOS). B takom uune mniaHapHbIC
BOJIHOBOJIbI U AENUTENH, (Pa30Bble MOIYIATOPHI U (OTOAETEKTOPHI, a TaKXKe
YIPABJISIFONINE MHUKPOCXEMBbI HHTETPUPOBAHBI B CIHUHYIO CHCTeMYy. JlaHHBIN
noaxoa Obul pa3paboTaH W peann3oBaH Kommanwew Luxtera, koropas
BITOCJIC/ICTBUH Obla MproOpeTeHa kommanueit Molex.

B noxmame Oyaer mpenctaBieH o0030p COBPEMEHHOTO COCTOSIHHS
TEXHOJIOTUI BBICOKOCKOPOCTHOW Tepenadd JaHHBIX B CYMEPKOMITbIOTEpPAX H
O/, npencraBieHbl pe3yabTaThl HAIIMX HCCIEAOBAHUN, TEMOHCTPHUPYIOIIHE
BO3MOYKHOCTbh CO3JaHHUSl HAJECKHBIX BEPTHUKAJIBHO H3JIYyYaIOIIMX JIA3€pOB CO
CKOPOCTBIO mepeadn nanubix 10 25 '6ut/c [2] 1 AOK Ha ux ocHOBe.

1. R.King, S. Intemann, S. Wabra, Proc. SPIE 8276, 82760G (2012).
2. L.Ya.Karachinsky et al., Semicond. Sci. Technol., 28 (2013).
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BOJIOKOHHBIE CBETOBO/IbI C ITOJION CEPJILIEBUHOMN:
OT ITPOCTBIX KAIIUJUISIPOB K CBETOBOJAM
CO CTPYKTYPUPOBAHHOI OBOJIOYKOM

H.A. bydeton, A.C. buprokos

Hayunwiii yenmp 6onoxonnou onmuxku PAH, Mockea
E-mail: iabuf@fo.gpi.ru

B HacTosiiee BpeMs XOpOIIO Pa3BUTHl TEXHOJIOTUU HW3TOTOBJICHUSA
BOJIOKOHHBIX CBETOBOJIOB Ha OCHOBE KBapIIEBOTO CTEKJIA, IO KOTOPHIM MOKHO
MepeaBaTh M3JIy4YEeHHE OT BHAMMOIO JHamna3soHa A0 ~2 MKM. Takue
BOJIOKOHHBIE CBETOBOJbI CO3/IaBAJMCh B TEPBYIO O4YEpeaAb I TMepeaadu
BuauMoro u UK mnznydenus. CnekrpaibHbIE 3aBUCUMOCTH ONTHYECKUX TMOTEPh
CBETOBOJIOB OTrPAaHUYMBAIOT pabOuyMii 1uana3oH UIMH BOJH. [l mepenauu
M3JIy4EHUs Ha JJIMHAX BOJIH Oojiee 2 MKM CO3/IaHbl BOJIOKOHHBIE CBETOBOBI Ha
OCHOBE JIpYTUX MaTepuaoB: (IOOPUAHBIC U XAJIbKOTEHUIHBIE BOJIOKOHHBIE, a
Takxe moyu- (Hanpumep, u3 AgBrCl) u monokpucrammndeckue (13 candupa).

JApyruM mMOOXOJOM K pAaCIIUPEHHI0 BO3MOXKHOCTEM  BOJIOKOHHBIX
CBETOBOJIOB SIBWJIaCh pa3paboOTKa BOJOKOHHBIX CBETOBOJOB C  IOJIOU
ra30HaIOJIHCHHOW (HampuMmep, Bo3ayxoM) cepaueBuHod [1, 2]. B Takux
CBETOBO/IaX OOJIbIIIASl YACTh MOIIIHOCTH U3ITyUYE€HHSI pACIIPOCTPAHIETCS MO MOJIOU
CEpALIEBUHE, U MEHbIIIAs] — [0 MaTepuaily, U3 KOTOPOr0 U3rOTOBJIEH CBETOBOJ.
DTO CYIIECTBEHHO CHIXXAET BIMSIHUE CIEKTPATIbHBIX XapaKTepUCTUK MaTepuaia
Ha CBOMCTBa cBeToBoAa. [lepexon Kk moyioi cepAleBUHE BEIET K CHUKECHUIO
ONTUYECKUX MOTEPh (OHU B ra3e HUKE MO CPABHEHUIO C TBEPABIM TEJIOM) U K
CHIPKEHUIO HEJIMHEHHOCTH MPUMEPHO Ha 3 mopsiaka (T.K. MJIOTHOCTh raza mnpu
aTMOC(EpHOM JaBJICHUM MPUMEPHO Ha 3 TOpsiAKAa HUXKE TJIOTHOCTU TBEPJOTO
Tena). Ho mosbie CBETOBO/IbI HE UMEIOT HOPMAJIBHBIX MOJ M3-3a TOT0, YTO B HUX
MOKa3aTellb MPEJIOMIICHUS] CEPAUEBUHBI HUXKE, YEM IOKa3aTeb MPEIOMIICHUS
o0Oosiouku. Bee mHTEpecyromme Hac MOJIbI B TAKMX CBETOBOJAX - BBITEKAIOIIHE.
B MOCJEAHUE nojTopa JECATUIICTHS MOTYYNIIN pa3BuTHE
MUKPOCTPYKTYPUPOBAHHbIE BOJIOKOHHBIE CBETOBOJBI C IMOJOW CEpALEBUHOM
(MBCIIC), B KOTOpBIX CBETOBEIYIIHME CBONCTBA 00ECIICUMBAIOTCS HAIMYHUEM
OOJBIIIOr0 KOJIMYECTBA TPAHUIT BO3IYX-CTEKJIO B 000JI0OUKE CBETOBO/IA.

MexaHu3Mbl JIOKaIU3aluu u3lydeHus B moJiod cepaunesudHe B MBCIIC
pa3IMYHBl  JUIS  PA3UYHBIX TUIIOB MHUKPOCTPYKTYPHUPOBAHHON 00O0JIOUYKH
CBETOBOJIa. YJIep>KaHWE U3JIYUEHUS B CEPJIIEBUHE CBETOBOJIAa CO CIIOKHOMU
CTPYKTYpOH OTpakarolieil 000JIOYKH JOCTHUTAETCS 3a CYET KOHCTPYKTHUBHOM
uHTep(PEepeHIINU, BOSHUKAIOIIEH MPU PACCESIHUU CBETa Ha OJHO- U JBYMEPHBIX
(OTOHHO-KPUCTAJUIMYECKUX CTPYKTypax 000JI0YkH. [[Mama3oHbl AJWH BOJIH, B
KOTOPBIX U3JIyYEHHE HE MOXKET PACIPOCTPAHATHCA B PaIUAILHOM HaINpPABICHUU
no o0O0JI0YKe, 10 aHAJOTUU C KPHUCTAIUIAMU HA3bIBAIOTCS (POTOHHBIMHU
3ampenieHHbIME 30HaMu. O0IacTH POITYCKAHMS U BRICOKUX MOTEPh U3ITYYCHUS
ONpENENAIOTCA YCIOBUSIMU PE30HAHCAa WJIM AHTUPE30HAHCA OTACJIbHBIX
AJIEMEHTOB OTpakarole 000JI04ku cBeToBoAa. COOTBETCTBYIOIIAS MOJEIb,
nonyunBmas HazBanne ARROW (AntiResonant Reflecting Optical Waveguide),
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paccmotpeHa B [3, 4]. IlonepeuHble ce4eHUs] pEaM30BAHHBIX K HACTOSIIEMY
BpemeHu MBCIIC poctarouHo pazHooOpasHsl (cM. puc.l).

4 Sh o
Puc.1. N300pakeHus TIOMIEPEUHBIX CEUCHUI PA3IMIHBIX TUIIOB BOJIOKOHHBIX CBETOBOJIOB C
OJION CepALEeBHHOM. 1 — HOTOHHO-KpHCTAIIHYECKHIT cBeToBO [5]; 2 — hoTOHHO-
KpHcTaJuIndeckuii ceeToBo] Tuna Kagome [6]; 3 — GoTOHHO-KpHCTAIUIMYECKUI CBETOBO/
tuma Kagome ¢ rpanuiieit mosoi cep/neBuHbl B GopMe THIMONUKION b [7]; 4 —
PEBOJIBBEPHBIN BOJIOKOHHBIM CBETOBOJ C MOJIOM CEPALEBUHOM U ¢ COEMHEHHBIMU
Kanuuisipamu [8]; 5 — BOJOKOHHBI CBETOBOJ C IOJION CEPALIEBUHOMN M C DIEMEHTaMU
000J10uKH B hopMe «ImapanrroTHKoB» [9]; 6 — peBoIbBEPHBI BOJIOKOHHBINH CBETOBO/I C MOJIOM
CEep/IIEBHHOM ¢ pa3iebHbIMU Kanuuisipamu B ooosouke [10]

H3BecTHO, 4TO 00abIIMHCTBO CBY-CBETOBOOB M3TOTABIMBAINCH B BUJIC
MOJIBIX TPYOOK PA3JIMYHOTO CEYEHHUS C XOPOIIO MPOBOASIIMMU (OTPaXKAIOIINMHU)
cteHkamu. [lopTOMy HEYIUMBUTEIBHO, YTO €IIe JI0 PEIIeHUs BOIpoca O
CHU)KEHUH ONTUYECKHUX MOTEPh B KBAPLEBOM CTeKJIE A0 ypoBHs ~10 ab/km Oblia
paccMOTpeHa BO3MOKHOCTh CO3JIaHUSI TIOJIBIX BOJIOKOHHBIX CBETOBOJIOB B BHUJIE
MOJIBIX MYCTHIX IUJIUHIPOB B 00bEMHOM MaTepuaie (puc.2) — AUDJICKTPUKE WU
MeTaJlIE.

7]

D

/

Puc.2. Cxema nomnepeuyHoro ceueHus mojoro CBeTOBOIa B BUE MOJIOTO IIWIHHIPA
nuamerpom D B oObeMe cTekiia ¢ mokazaresneM MpeaoMIIeHus N

Taxkas 3amaga ObUTa B IOCTATOYHO MOJIHOM BHjIe perieHa B [11], rae Obuio
MOKAa3aHO, YTO BBIPAKEHUE JIJISI ONTHYCCKHX IOTEPh OCHOBHON MOJBI B TaKHX
CBETOBOJ[aX MOKET OBITh MPECTABIICHO B BUJIC

o B =148 M[ﬂm])%o[mm]f ’ (1)
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TO €CTh MOTEPH B TAKOM CBETOBO/IC MPOIOPIIMOHATbHBI BTOPOM CTEIICHHU JJTUHBI

BOJIHBI M OOpaTHO MPONOPIMOHAIBHBI TPEThCH CTEIMEHU TUaMeTpa IOJIOH

CEpALICBUHBI. 3/1€Ch HCIOJIB3YETCS BBICOKHH KOA()(UIMCHT OTPaKCHHUsS CBETa

NpU CKOJIB3SIEM TaJcHUM Ha TPaAHWILy paslieNia JIBYX Cpel C pasIMYyHbIMHU

NOKa3aTesIMK TIPEJIOMIICHUS, HAlPUMEpP, BO3/yXa U CTEKJa, YTO OMHUCHIBACTCS

dbopmynamu Openens [12](cm. puc. 3):

a2 2

_mn(af—@)_a__wn(af—@)

L7 ain? L 2 '

sin“(6, +6,) tan“ (6, + 6,)

1.0

KoadpmumeHT oTpaxeHus

00— e g g v
0.0 0.2 0.4 06 0.8 1.0 1.2 1.4 16
Yron nageHus, pag
PI/IC.3. CXCMa OTpa)KeHI/ISI u HpeJIOMJIeHI/ISI CBECTOBOT'O nyqa Ha I‘paHI/IIIC ABYX Hp03pa‘-IHI)IX
Ccpea C pa3JIMUHBbIMU IMOKA3aTCIISIMU ITPCIIOMIICHHA (cneBa). 3aBI/ICI/IMOCTL KOS(i)(I)HI_IPIeHTa
0Tpa>1<eH1/151 I/ISHy‘IeHI/IS{ paSJIPI‘IHOfI nonﬂpmaunn oT yrna ImaacHUuA nyqa Ha rpaHHuy pa3I[eJ1a

(cmipaBa)

B (2) mepBoe BhIpaKEHHE COOTBETCTBYET OTPAKEHUIO W3IyYCHUS,
AIIEKTPUYECKUII BEKTOP KOTOPOTO JICKHUT B IUIOCKOCTU TAJCHHUSA, a BTOPOE —
U3IYYEHUIO C DJIEKTPUUECKUM BEKTOPOM, TapauIeTbHBIM MIIOCKOCTH TaICHUSI.

OnTrueckne TOTEPH B TaKWX CBETOBOJAX (puC.2) MOXHO OIICHUTH,
UCIIONIb3Ysl OYEHb IMPOCTYI0 IUIOCKYIO MOJenb cBetoBoAa (puc.4): Oynem
CUMTATh, YTO IMJIUHAPUIECKUI CBETOBOJ Ha PHUC.2 UMEET MPUMEPHO TaKUE K€
NOTEpPH, KaK M IUIOCKUI CBETOBOJ Ha puc.4. Ecnu mpennoyiiokutb, YTO yroi
NaJeHUs JTyda Ha TUIOCKYIO MPaHHUIly BO3AYX—CTEKJIO OJM30K K CKOJB3SIIEMY, TO
ecTh (cM. puc.3)

Oy ="/y—5,6 >0 (3)
TO packiaasiBas Gopmysisl OpeHenst B psiji MO CTENEHSIM O , TTOJTYUYHM:
R, =R, (8)=1- -2 .5~1-386-5: ()
2
Jn?-1
4.n?
R =R /(6)=1-————-5~1-8.05-5. (5)
n’—1

Takum oOpa3oM, Mbl BHAUM, 4YTO OTJIMYKE KOI(PPUIMEHTA OTPAKEHUS OT
eAuHUIBI (T.e. KOA(DPUIMEHT MPOMyCKaHMs) HU3MEHSIETCS JIMHEHHO C YTJIOM
CKOJIBKEHHS MPU MaJlol BEJIMUMHE MOCieHEro. YncieHHble BhIpaXEHUs 3/1€Ch
ykazaHbl 11t N=1.44 (kak y kBapueBoro crekia B onvkaem MK). Ecnu ke Mbl
3HaeM KOA(OUIIMEHT OTPaKEHUSI OT OBEPXHOCTH, TO B JIy4€BOM MPUOIMKEHUU
MOYHO OIICHUTH KOA(PPULIMEHT ONTHYECKUX TTOTEPH (CM. pucC. 4).
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Puc.4. K pacuery ko3 unmeHTa onTHIECKUX MOTEPh B JTYICBOM MPUOIMKCHUN

Ecaum npenmonoXuTh, YTO HMHTEHCUBHOCTh H3IYyYEHUSI B CBETOBO/IE
u3MeHsercss mo 3akoHy | =1,-exp(—a/l), TO, cuMTas, UYTO H3MEHECHHE

HHTCHCUBHOCTHN 3a OAHO OTPAKCHHUC MOKHO OTHCCTH K HU3MCHCHHIO Ha
pacCCTOAHNUN MEKAY ABYMA OTPAKCHUAMMU, ITOJTYIHUM:

dI:I-a-df;d%:(l—R):a-df;dﬂ:L:% (6)
a=(1—R)~%

B kayecTBe OLEHKH pa3yMHO, MO-BUIMMOMY, NPHUHATH, YTO W3IIy4YCHHE
OCHOBHOM MOJZIbI B TAaKOM CBETOBOJE (M B LMUIMHAPUYECKOM CBETOBOJE TOXKE)
MO/ YIJIOM K OCH CBETOBOJId, COOTBETCTBYIOIIEM yIiay AUPpakuud Ha
nuadparme, pazMep KOTOpOM COBNAAAET C MONEPEUHBIM pa3MEpPOM CBETOBOJIA:

O~ % B pesynbpTaTe mosiyuum CienyrouIue BhIPAKEHUsS IJIs OTEPH B

IINIOCKOM CBCTOBOAC AJIA IBYX B3dMMHO IICPIICHANUKYJLAPHBIX HOHﬂpHBaHHﬁZ

4 A2 2
@ = a| 987 |-1638. (/1[um])%D[mm])3 o

n

4.0 12 2
o S B/ A LR L /7

CpaBuenue ¢ padoroit [11] (Beipaxkenus (7) u (8) c BeipaxkeHueM (1))
MOKA3bIBACT, YTO TaKas CPAaBHUTEJIBHO Tpy0as ammpoKCUMAaIMs JaeT BIOJIHE
yIOBJETBOPUTEIILHOE COTJIaCHE€ C TOYHBIM pelleHueM 3anadu. Ecinu He
OPUHUMAaTh BO BHUMAHUE BO3pAacTaHHE ONTUYECKUX MOTEPh MPHU HU3THOE
CBETOBOJIOB, TO HX YpPOBEHb BIIOJIHE YAOBJICTBOPUTENBHBIN NpHU JHAMETpPe
cBeToBOjia OKoJo 1 MM. Ho ecnu yMeHBIIMTD TuaMeTp IMOJION CepIeBUHBI 10
0ObIYHOTO 3HaYeHUs mopsaaka 100 MKM, TO MOTepH BO3pPACTAIOT Ha 3 MOpsIKa U
COCTaBJISIIOT HEMpUeMIIeMble B OOJIBIIUHCTBE ciiydaeB ~15 nb/m.

B cBeroBoje, cxema KOTOpOro IOKa3aHa Ha puc.3, kodpduuueHt
OTpaXEHUS Ha TpaHMIE IIOJIOM CEpALIEBUHBI CTPEMUTCS K EIUHULE C
yMeHbIlIeHueM & JuHednHo (cM. dopmynbl (4), (5) u puc.7). YBEIUUUTH
KOA(Q(QUUUEHT OTPaXXEHUs MOXHO, MCIONb30BaB OTPAKEHUE OT JIBYX
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MTOBEPXHOCTEH, PACIIOIOKEHHBIX Ha HEOOJBIIIOM PACCTOSHUM APYT OT APyTa, TO
€CTh CJIEJIaB CBETOBOJ W3 TOHKOW CTCKISIHHOW TPYOKH C TOJIIIMHON CTEHKH
MOpsAKA JJTMHBI BOJIHBI (pHC.S).

a), D b) R
/D
ol
: '
AN
N
Puc. 5

Torga Mbl UMEEM Ha IpaHUIE CEPALEBHUHBI IBE IOBEPXHOCTU C BBICOKHM
KO3 PUIIMEHTOM OTpakeHHs Ha Kaxaoi. B 3ToMm ciydae cyMMapHBIi
KodphuLMeHT oTpaxxeHuss OyIeT 3aBUCETh OT OTPaXEHUS Ha MEpBOU
NOBEPXHOCTH, HA BTOPOM TMOBEPXHOCTH U  HUHTEPPEPEHUUU  MEXKAY
OTpaXEHHBIMH ITy4YKaMu (TI0JI00HBIC CXeMBI paccMmaTpuBaiuch B [3, 4]). Ecim
KO3 (PUIIMEHT OTpakeHHs OT OJHOM NOBEPXHOCTHU TPYOKHM H3BECTEH (CM.
dbopmynbel (4), (5)), TO pe3yabTar mpolecca MHOTOKPATHOTO OTPaKEHUS U
uHtepdepeHiu (cM. puc. 6) MoxkeT ObITh CPABHUTEIBHO MPOCTO BHIUKCIICH B
TOM K€ MPUOJIMKEHUH MaJIOro O C MOMOIIbIO aIrOpPUTMa, UCIOJIB30BAaHHOTO B
[13]. Hosst oTpaskeHHOTO U3TyYEHUS B 3TOM CIIy4ae MOXKET OBbITh 3aIMCaHa, KaK:

4-R-sin2(%)

| = 9)
r _ 2 ) ci 2 ® 0
(1-R)?*+4-R-sin (é)
rae R — ko puimeHT oJHOKpaTHOTO OTPAKEHHS OT TOBEPXHOCTH, a
®:4-7r-d-n-cosé?2+ﬂ (10)

pasHOCTh (a3 MeXAy JydaMd, OTPaXEHHBIMH OT TIEPBOM UM BTOPOH
noBepxHocTeli. B ciydae xoHcTpykTHBHOW uHTepdepenimu ( P =(2m+1)rz,
rjae M-1enoe HEOTPULIATENIBHOE YHCJIO0) TPU OTPAXKEHUM OT IUIACTUHKH
COOTBETCTBYIOIIEH TOJIIIUHBI, MBI TIOJYYUM (CM. TaKXKe puc.7):

4

R =1- 0z _1-52 (11)
4.n*

R, = . 5° 12

I n2_1 ( )
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Puc.6.
COOTBETCTBYIOIINE BBIPAKEHUS JJII ONTHYECKHX TOTEPh B TaKOM
CBETOBOJIC OYAYT:

4 2
“TeaDt 13)
— 4-n’ ’1_3 (14)

(04
Il n2 _1 D4

1.0

x
s
S 08
g o
©
Q.
=
(o]
-
§ 0.6 - ~ |
s -
: % !
S 0.4+ // i 12
o
g 00 e 3
o4 SUR I (N o 4
024 = |
—— . ——
1.46 1.48 1.50 1.52 1.54 1.56 1.58

Yron nageHund, pag
Puc. 7. 3aBucuMocTh KO3OQPUITMESHTOB OTPAKESHHSI OT YIJia MaJCHUS 90 = % -0:1-R | ISt
OJIHOM MOBEPXHOCTH BO31YX-CTEKIIO; 2- R” JUJIsL OTHOM TOBEPXHOCTH; 3- R | JJIs CTEKIITHHOM
MJIACTUHKU MPU YCIIOBUU pe30HaHca; 4- R” JUISL CTEKJISTHHOM TUTACTUHKHU IPU YCIOBUU

pe3onanca. Nn=1.44

CootBeTcTBytOIIME YKClIeHHbIE OleHKU (cM. (15) u (16)) moka3zbiBaioT,
YTO ONTUYECKUE NTOTEPU B TAKUX TOHKOCTEHHBIX CTEKJISIHHBIX CBETOBOAAX (IOKa
HEe OyneM o00cyXaaTh BO3MOXHOCTH TPAKTUYECKOW peanu3aluu TakKoi
KOHCTPYKUUHU. 37eCh €CcTh npoOliema: Jito00e MPUKOCHOBEHHE K MOBEPXHOCTH
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2
TpyOKM HapyllaeT €€ OTPa’KalolUe CBOMCTBA) MPOMOPLUOHAIBHBI HE A %33 , a

3
ﬂ“ 4TO MO3BOJBICT CYIICCTBCHHO CHU3UTDL IOTCPU:
D4 9

o[98 |=0016. M[ﬂm]%D[mm])“ (15)
o | 9B ] =007 (Z[ym]%D[mm])“ (16)

Ho npu nuamerpax csetoBoja okojio 100 MKkM moTepu mpuOIMKaroTcs K
enuHuIle 1b/Mm.

Ecnu 00patuTh BHUMaHUE HA TPAHMILY TIOJION CEpJIIEBUHBI B Pa3IMUHbIX
TUIIaX BOJOKOHHBIX CBETOBOJOB, NMPEACTABICHHBIX Ha pUC.l, TO MBI YBUIUM,
YTO BO BCEX THUIIAX CBETOBOJOB MPUCYTCTBYET CTEKJISHHBIN KallWJUISIp TOH WIH
MHON (HOpPMBI, OrpAaHMYMBAIOUINI MYCTYIO 00sacTh cepaueBuHbl. Ho s ero
KpEIUIEHUSI W yBEIWYEeHUS KOA(DPUIMEHTAa OTPaXEHUs HCMOJIb3YIOTCA
pa3IuYHbIe MEXAHU3MBI, U, pa3yMeeTcs, pa3IMuHble KOHCTPYKUUU. B (poToHHO-
KPUCTAUTMYECKUX CBeToBojax (puc.l.l) kamwminsip OKpYyXKeH JIByMEpHOMU
NIEPUOINYECKON CTPYKTYpPOM, KOTOpas HMMEET CBOM 3aIPEIICHHBIC 30HBI IS
pacrpoCTpaHEHUsI W3JIYYEHHs] B OINPENEICHHBIX AHaNa3oHaxX JJIMH BOJIH B
HaIlpaBJICHUM MTONEPEK CBETOBOJA. B pe3ynbTaTe B3auMOJEUCTBUS U3IyUEHUS C
TAaKOM CTPYKTYpOH CBET OTpa)KaeTcsi OOpaTHO B CEPILEBHUHY, U ONTHYECKHE
IOTEPU €ro NPH PacCHpOCTPaHEHUH IO TOJOM CEpALEBUHE Ha JJIMHAX BOJH,
COOTBETCTBYIOIIMX 3ANPEIIEHHON 30HE, CYHIECTBEHHO CHMXaroTca. IMEHHO Ha
TaKuX CTPYKTypaxX MOJy4EHbl PEKOPAHBIE HA CETOAHSAIIHUN I€Hb MaJible TOTEPU
B CBETOBO/IE C ITOJION ceprieBuHON Ha ypoBHEe 1.2 n1b/xkm [14].

HccnenoBaHusi CBETOBOJIOB CO CTPYKTYPOU, MpeACTaBIeHHOM Ha puc. 1.3
MOKa3aJld, YTO WM3MEHEHUE KPUBU3HBI I'PAHMIIBI MOJIOM CEpJILIEBHHBI BENET K
CHI)KEHUIO ONTHYECKUX MoTepb. CuuTas KpHUBU3HY LMIMHIPHUYECKOTO
Kanwuisipa MOJIOKHUTENIbHOM, KPHBU3HA TPaHULBl CEPALIEBUHBI CBETOBOJIOB
puc.1.3-6 orpunarenbHa, IMO3TOMY HMX 4YacTO HAa3bIBAIOT CBETOBOJAMH C
OTPUIIATEIFHOW KPUBU3HOW TPAHUIIBI CepAlleBHHA-o00M0uYKa. Pasymeercs,
KpUBH3HA HE MOXET OBITh OTPUIATEIIPHONW Ha BCEM MPOTSDKCHUHM TPAHUIBI U
MMEET Pa3pbIBbl B YIIIaX—TOYKAX COCUHEHHUS PA3JIUYHBIX FJIEMEHTOB.

Kak u3BecTHO M3 3JIeKTpoAMHAMUKK [12] BeawuuHa Mo W3JIyYeHHUS B
CEpILICBUHE TMPU MPUOIIKEHUWH K OTUM YIJIaM CHIDKAeTCsA, TeM CaMbIM
YMEHbIIIasl ~ ONTHYECKME  TOTEPM WU CHIKAs  JIOJI0  HW3JIYy4YEHWUS,
pacpoCTpaHsIOIIEerocsl M0 MaTepually cepialeBuHbl. bosee Toro, pasaeneHue
KalUIIPOB, 00pa3yroIIMX OTPAKAIO[YI0 000JI0YKY cBeTOBOja (cM. puc. 1.6)
NPUBOAUT €Ille OOJbIIEMY CHUXEHHUIO ONTHYECKUX TIOTEPh B CBETOBOJE,
MOCKOJIbKY K3 OO0OJIOUKM YOMPAIOTCS 3JIEMEHTHI, CIIOCOOHBIE MOJIEPKUBAThH
MO/Ibl 000JI0YKH, U3ITyYEHHE KOTOPBIX OBICTPO 3aTyXaerT.

B HacTtosiee BpeMs yKe 3KCIEPUMEHTAIBHO MPOJEMOHCTPUPOBAHO, UYTO
CBETOBO/IbI C MOJION CEpALIEBUHOMN TOCTUTIIN TOTO YPOBHS Pa3BUTHsA, KOTJa OHU
y)K€ MOTYT NMPUMEHATHCS B PA3JIMYHBIX O0JACTSIX HAyKU U TEXHUKU. Takue
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CBCTOBOAHI, oOecrneunBas OOJBIIHE JJINHBI BBaHMOHeﬁCTBHH H3JIydCHUA C
ra3daMu, OTKpbIBAOT HOBYIO 001aCTh HEJIMHEHWHOMN OITHKM Ta30B. YiKe CO31aHBbI
PaMaHOBCKHC JIa3€CPbl Ha BOAOPOAC, IIO3BOJIAIOINIMC C BBICOKHUM  KIIJ
OCYHICCTBILAITE CABUIT Y4CTOTBI JIA3CPHOIO HM3IYUYCHHUSA Ha OYCHDb 6OJIBHIYIO

BEJIMYMHY, HEJIOCTYITHYIO JJIsl TBEpAOro Tena: 4155 cm™ (puc. 8).
OnvHa BOJIHbI, MKM
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YacTorTa, cm’

Puc.8. CriexTpsl u3iydeHus Ha BBIXOJE PEBOJIBLBEPHOTO CBETOBO/IA C MOJION CEPALICBUHOM,
3aI0JIHEHHOTO MOJIEKYISPHBIM BOJIOPOAOM, IIPU ABYKPAaTHOM MpeBbiieHuH nopora BKP.
JaBnenue Bogoposa B cepAueBuHe p=31 atM. CeKkTpbl peTUCTPUPOBAIIUCH KaK MTPU
nuHeiHO# (TuHus 1) Tak ¥ KpyroBo# (muuuu 1 u 2) monsipusarmu Hakadku [15]. SO — muaus
Hakayku, S1 — mepBeIi KonebaTenpbHBIN CTOKC, AS1 U 2 — MepBbIid U BTOPOU KoJiebaTeIhHbIe
aHTHCTOKCHI. [Ipu KpyroBoi nmoispu3aiiy Hakauku HaOJII01al0TCS CTOKCOBBI KOMIIOHEHTHI,
CBSI3aHHBIE C BpaIllaTeJIbHBIMU [IEPEX0AAMHU B MOJIEKYJIE BOAOPOIA

Co3nanbl ra30BbI€ J1a3epbl HA MHBEPCUM HACEIIEHHOCTEN Ha CBETOBOAAX C
MOJION CepALeBUHON (MBI TPUBBIKJIM YXKE, YTO Ta30BBIE JIA3€phl COJEPKAT
JUTMHHBIN JKECTKUN KanmuJuisip ¢ padouyuM Tra3oM, a Terepb B Psje CIydaeB €ro
MOXHO 3aMEHUTh BOJOKOHHBIM CBETOBOJIOM). B Takux CBETOBOJAX MOXKHO
T€HEPUPOBATh MIMPOKOMOJIOCHOE HM3JIYYECHHUE OMNATh K€ 3a CUET HEIMHEUHBIX
B3auMoJiericTBui. Creayer 0co00 OTMETUTh, YTO MOTEHIIMATLHO CBETOBOJBI C
MOJIOM CEpJILIEBUHOW MOTYT MMETh OINTHUYECKHUE IMOTEPHU CYIIECTBEHHO Oosee
HU3KHUE, YEM CYIIECTBYIOIIME KBAPIIEBbIE KOMMYHUKAIIMOHHBIE CBETOBOABI. UTO
MOJKET €111e OOJIBITIE PACITUPHUTH 00ACTH UX TPUMECHEHHUSI.

1. R.F. Cregan, B.J. Mangan, J.C. Knight et al., Science 285, 1537-1539
(1999).

Russell, Science 299, 358-362 (2003).

3. T.P. White, R.C. McPhedran, C. Martijn de Sterke et al., Opt. Lett. 27,

1977 (2002).
4. N. M. Litchinitser, A. K. Abeeluck, C. Headley et al., Opt.Lett. 27,

1592 (2002).
F. Benabid, et al., Phys. Rev. Lett. 93, 123903 (2004).
F. Benabid, et al., Science 298(5592), 399-402 (2002).
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7. Y. Y. Wang, N. V. Wheeler, F. Couny, et al., Opt. Lett. 36, 669
(2011).

8. A.D. Pryamikov, A. S. Biriukov, A. F. Kosolapov et al., Optics
Express 19, 1441 (2011)

9. F. Yu, W. J. Wadsworth, J. C. Knight, Optics Express 20, 11153
(2012).

10. A. N. Kolyadin, A. F. Kosolapov, A. D. Pryamikov et al., Opt.
Express 21, 9514 (2013).

11. E.AJ. Marcatili, R.A. Schmeltzer, Bell Syst. Tech. J., 43, 1783
(1964).

12. JLJ. Jlangay, E.M. Jludmmun, Drekmpoounamuxka CniowHsX cpeo,
M.: Hayka, 1982.

13. A.B. Cuyxun. Oo6wuii «xypc ¢usuxku, mom |V, Onmuxa,
M.:.duzmatiut, 2006.

14. P. J. Roberts, F. Couny, H. Sabert et al., Optics Express, 13, 236
(2005).

15. A.B. I'mangpimes, A.H. Konsaun, A.®. Koconanos u np. KBanTtoBas
anekTpoHuka 45, (2015) (B meuatn).
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CUHTE3 BbICOKOUYUCTBIX CTEKOJI CUCTEMBI SiO,-GeO,-P,0s,
JIETMPOBAHHBIX BUCMYTOM, U CBETOBO/IOB HA 11X OCHOBE
METOJIOM MCVD

B.®. Xonun, ®.B. Adanacses
Hnemumym xumuu gvicokoyucmuix geujecms um. 1'.1°. Jlesamoix PAH,
Huoicnui Hoeeopoo
E-mail: khopin@/ihps.nnov.ru

Cpenu  GOJIBIIOTO Pa3HOOOpa3Wsi COCTABOB KHCIOPOIHBIX CTEKOI,
JICTUPOBAHHBIX BHUCMyTOM, cTékiia coctaBa Si0O,-GeO,-P,05 obmanator psgom
MIPEUMYIIECTB, & UMEHHO: 00Jiee HU3KUMHU ONTHYCCKUMU MTOTEPSIMH B THAITA30HE
1-1.3 mxM, HauyreM OoJjiee MKUPOKOIMOIOCHON JIIOMUHECIIEHIIUM C LIEHTPOM Ha
1.3 MM [1], 1m0 cpaBHEHMIO ¢ APYTUMH CTEKIAMH.

Lenp TAHHOU paboThI 3aKJII0YAETCS B IIOJTyYEHHUH
dbochoporepmanocunukatibix  (PI'C) cré€kos, JIETUPOBAHHBIX BUCMYTOM
metogoM MCVD, wucrone3ys B KadecTBe HMCXOAHOTO coenuHenusi BIBri, u
OTIPEJICTICHUH ONTUMAJIbHOM KOHIICHTPAlIUU OKCHUJA BUCMYyTa B CEpJIIEBHHE
Marepuana, oOJaJaroNIero BBICOKOM WHTEHCHUBHOCTBIO JIFOMUHECICHIIUU M
HU3KUMHU ONTUYECKUMU TTOTEPSIMH.

O6pa3ipl BBICOKOYHMCTBIX  CTEKOI CHUCTEMBI Si0,-GeO,-P,0s,
JIETUPOBAHHBIX BHUCMYTOM, ObUIM TIONy4eHBl 10 craHgaptHoii MCVD
TEXHOJIOTHH. B KadecTBe M3MEHSEMOro TMapaMmeTpa MpU TMOJyYeHHH 3arOTOBOK
OblJ1a BbIOpaHa OTHOCHUTENbHAsA KOHLEHTpaius Tpubpomuaa sucmyta (OCH) B
UCXONHOW  maporazoBo cmecu. Ilogawa BHCMyTa B CepAUEBHHY
KOHTPOJIMPOBaJIach TOTOKOM HWHepTHoro rasza (aprona, CBY) wuepes
TEPMOCTATHPYEMYIO  aMITylly, COJACpKallyr0o TpuOpomMua BucMmyTa. U3
MOJIYYCHHBIX 3arOTOBOK OBUTH BBITSHYTBI CBETOBO/IBI.

CocraB MoTy4YeHHBIX CTEKOJ OMPEEISIICS METOJIOM MACC CIIEKTPOCKOIHUH.
W3mepenne pacnpeneneHuss JeTUpyromiel g00aBKu M0 JUIMHE 3aroTOBOK
OCYIIECTBIISUIOCH HA CIIEIIHAIIBHOM MPUOOPE ¢ HAKa4YKOM OT JIA3ePHOTO U0 Ha
800 aM. CrniekTpsl moriomnieHus: U ycuienus cBetoBooB (L~150-200 metpon),
BBITSIHYTBIX M3 3arOTOBOK, ObUTH U3MEPEHBI B Uana3oHe JiH BoiaH 800 —

1700 aMm.

Paspaborana meroaumka mnosydeHuss BbICOKOUHCTBIX DPI'C crékon u
CBETOBOJIOB Ha HMX OCHOBE, JIETUPOBAHHBIX BHCMYTOM, W3TOTOBJICHHBIX TIO
MCVD-texHosoruu, ¢ HUCHOJb30BAaHMEM B KadecTBe TNpekypcopa BiBrs.

Pe3ynbTaThl yka3pIBalOT Ha TO, YTO YBEJIIMUEHHWE KOHIICHTPAIIMU BUCMYTa
B CEpIIIEBUHAX CBETOBOIOB NMPHBOJUT OBICTPOMY POCTY ONTHYECKUX MOTEPh B
nuanazone 400—1600 um. ITokazaHno, 4To I MOTy4eHHS CTEKON cucTeMbl Si0,-
Ge0,-P,0s-Bi ¢ HU3KMMHU ONTUYCCKUMU TOTEPSIMHU U akTUBHBIME MK -11eHTpamu
HeoOxoanmo BBeaeHne Bucmyta mopsiaka (0,1-0,2 macc.%).

1. B. ®. Xomnun, U. A. byderos u ap., Kanrosas snexrponuka 38 (7),
(2008).
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TTOJTHOCTBIO 'A30®PA3HBII MCVD-METO/] U3IOTOBJIEHHMA
AKTHBHbBIX CBETOBOJOB C MHOI'OKOMIIOHEHTHOM
CHMJIMKATHOU CEPALIEBMHON

A.H. I'ypesnos, J.C. JIunatos
Hnemumym xumuu gvicokoyucmuix geujecms um. 1.1, /lesamoix PAH,
Huoicnui Hoeeopoo
E-mail: lidenis@yandex.ru

JIyist co3aaHusi MOIIHBIX OJTHOMOJIOBBIX UCTOYHUKOB HU3JIy4eHHsS! TPeOyroTCs
aKTUBHBIE CBETOBObI C BHICOKUM MOPOIOM HENUHEHHBIX 3P (deKToB, nMeromux An
0.001 - 0.002 m BBICOKYIO KOHIICHTPAIIMIO OKCHIOB PEAKO3EMEIBHBIX AJIEMEHTOB
(1 -4 mac.%). B kauecTBe Marepuaia CEpAILEBHHBI TAKHX CBETOBOJOB BhIOpaHA
anmomopochopocuIMKaTHas MaTPUIIA.

3aroToBku cBeTOBOJIOB m3roTaBnuBamuck MCVD-meronom, nerupoBaHue
KBapIIEBOrO CTEKJIa BCEMU 10OaBKaMM OCYIIECTBIISUIOCH U3 Ta30Boi (a3bl. CTEKIIO
CEpIIIEBHHBI OCaXaaloch 2 wMetomamu: craHgaptHoi MCVD-meromukoit u
ocaxxaenneM mopuctoro cios crekiaa Al,O3-P,0s-Si0O,, ¢ mocnemyromieit ero
MponuTKoi okcuaamMu P33 u cruiaBieHreM B MpO3payHbIi CJIOM CTEKIa.

Uccnenosan npotecc razo(azHoro JIETUPOBAHUS
anmoMo(ochOPOCUTIMKATHOTO  CTEKJIa OKCHUIOM d3pOHsl C  HUCIHOJIb30BAaHUEM
tpuc(aunuBamonameranara) spoust (Er(thd)s). VYcranosieno BimsHHME cocTaBa
amoMo(ochOpOCUIMKATHOTO CTEKIa Ha cTeneHb BXxoxkiaeHusi Er,Osz. IIpoBenensr
UCCIIEJIOBAHUS 10 BIUSHUIO TeMmmeparypbl U 3(QdeKkTuBHOCTH TepMmodope3a Ha
COCTaB M OJHOPOJHOCTH CTEKJIA CEP/IIIEBUHBI.

[IpoBeneHbl CpaBHUTENBHBIE WCCIIECIOBAHHUS TOKA3aTeNsl MPEIOMIICHUS,
ONTHYECKUX TOTEPb, CIEKTPOB IOIOMCHAS M JTIOMHHECHCHIMH HOHOB YDh*™,
YCTOMYUBOCTH K (POTOMOTEMHEHHIO BBICOKOJIETUpOBaHHBIX YD,0O3 CBETOBOMOB Ha
ocHOBe amoModochopocuukaTHON U 60poaTroModochHOpPOCUINKATHON MATPHIIHL.
OOHapyX€HO, YCHUJIUTENbHBbIE CBOMCTBA JaHHBIX CBETOBOJOB OIPEAECISIOTCA
cooTHomieHrneM KouieHrpamuii Yb,03, Al,O3 u PyOs. Jlo6aBka B,O3 okaspiBaeT
CYILIECTBEHHOE BITUSTHUE TOJIBKO Ha MoKa3aTelb MIPEIOMIICHUS
MHOTOKOMITOHEHTHOTO CTEKJIa U HE BIUSET Ha CHEKTPaIbHBIA JAMANa30H paOOThI
UTTEpOHEBBIX BOJOKOHHBIX J1azepoB U ycunutenei (900—1100 am).

MakcumanbHast koHIeHTpanus P32 B amomMopochOpOCHITHNKATHOM CTEKIIe
coctapysieT 2 mac.% npu An 0,002. IIpoBeneHsl UcCcIe0OBaHUS MO BBEIACHUIO B
amomodocdopocunukaTHyto Matpuity F u B,O3; C menbio cHmXeHus mokazaress
MIPEJIOMJICHHS CTEKJIA CEPALICBUHBI M YBEITUYCHUS COJEP>KaHUS aKTUBHOU JOOABKHU
cBbiie 2 mac.% (nmpu An ne 6oinee 0,002).

Ha ocHoBe pa3paboTaHHBIX CBETOBOJAOB OBUIM CO3JIaHBl IPOUEBBIC
BOJIOKOHHBIHN Ja3ep (7,5 BT) u ycunurens (7,2 Bt) ¢ pekopanoil 3¢ heKTHBHOCTHIO
35% u 31% coOTBETCTBEHHO (OTHOCHUTEIBHO TMOTJOMIEHHOM MOIIHOCTH) C
HAKauKoW B 000JIOUKY, C UCTIOJIB30BAHUEM JICIIEBBIX U JOCTYITHBIX MHOTOMOIOBBIX
auonoB Ha 980 HM. MOIIHBIN UMITYJILCHBIM UTTEPOUEBBIM KOHYCHBIM yCHJIUTEh
MUKOCEKYHTHOM JUIMTEILHOCTH C PEKOPIHOM BBIXOAHOM MolHOCTHIO S00 kBT 6€3
Pa3BUTHS HEJIMHEUHBIX 3(PPEKTOB.
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®OPMIPOBAHNE HAHO®A3BI -Ga,0; B CEPIIEBUHE
I"AJJIMNCUIIMKATHBIX BOJIOKOHHBIX CBETOBO/IOB,
JIETMPOBAHHbLIX XPOMOM

A.H. A6DaMOB1, A H. prbﬂHOBl, M.B. HIHKOBl, JLI. HCX&KOBaZ,
B.B. Koxnrames?
1HHcmumym xumuu gvicoxouyucmoix sewecms um. 11", /lesamoix PAH,
Huoicnuii Hoseopoo.
2Hayunwiii yenmp éonokonnoii onmuxu PAH, Mocksa.
E-mail: abramovan84@mail.ru

[IpoBeneHO  wWcclemOBaHUE  ONTHYECKMX W CTPYKTYPHBIX — CBOWCTB
BOJIOKOHHBIX cBeTOBONOB (BC) ¢ cepaueBHHON U3 TaJIMACUIMKATHOIO CTEKIIA,
JIETUPOBAHHOTO HMOHAMHU XpOMa C TMEPCIEeKTUBONW CO3JaHHUA HAa UX OCHOBE
NePeCTPaNBACMbBIX JIA3€POB M IIMPOKOIIOJIOCHBIX YCHUJIMTENCH, padoTarmux B
nuarna3oHe jJiMH BojdH 600-900 HM. C y4yeToM HHU3KOTO KBAaHTOBOIO BbIXOJa
JIOMUHECIICHIIMM HWOHOB IEPEXOJHBIX METAUIOB B CHJIMKATHBIX CTEKJaXx,
peCTaBIsieT OoNbIIoil nHTepec monyderue Crit B cTexi006pasHOil MaTpuie B
KPUCTAJUTMYECKOM OKpyx)eHuu. OIUH U3 BO3MOXKHBIX CHOCO00B (hpopmupoBaHUS
KpUCTAJUTMUECKO a3bl B CTekiIe—TemIrepaTypHas oOpaboTka oO0pa3IoB Ipu
TEMIIEPATypPe BHIIIE TEMITIEPATYPhl CTCKIOBAHUSI.

C nenpro orucka HanboJiee ONTUMAIBHOTO COCTaBa CTeKIa cepeBuHbsl BC
JUTS BBIICTICHUSI KPUCTANTNYECKOM (ha3bl MCCIE0BAHO HECKOIBKO MATPHII:

o Si0,-Ga,03:Cr**

o Si0,-Ga,03-TiO,:Cr*

o Si0,-Ga,05-Al,05:Cr*

o Si0,-Ga,03-Al,05-TiO,:Cr".

JIOTIOJTHUTEIBHOE ~ JISTUPOBAaHWE OKCHJIOM  allIOMHHHUS HE  SBIISIOCH
00s3aTeNbHBIM M apOOMPOBAIOCH JUII YMEHBUICHHS] ONTUYECKUX TMOTEPh
BOJIOKOHHBIX CBeToBOAIOB. Jlo6aBka TiO, mcmonp3oBanach Kak HYKIJIEATOp IS
6omee 3pGeKTUBHOTO BBIJICTCHUS KPUCTALTUYECKOMN (ha3bl.

Omnpenenenne TeMIepaTyp CTEKIOBAaHHMS H KPHUCTAUIM3AIMA  CTEKOJ
MeTosIoM JuddepeHIInaTbHO-CKAHUPYIONIEH KaIOpUMETPHUH B CHIIy Malloro
terioBoro  3¢d@dexrta (0ObeKTa HCCIEIOBaHUS — CEPALIEBHHA 3arOTOBKHU
BOJIOKOHHOTO CBE€TOBOJA) Ha TepMorpaMmax HMeEeT HesBHbIM Buia. Iloatomy
nof00p  peXKUMOB  TEMIEPATypHOTO  OTXKHra  OOpas3loB  OCYIIECTBIISIICS
OKCIIEPUMEHTAIBHO ¥ Ha OCHOBE JINTEPATYPHBIX JAHHBIX.

[Tokxazano, uro TeruioBas oOpaboTka o6pasuoB BC npuBoauT K CHIBHOMY
YBEJIMYCHUIO MHTEHCUBHOCTHU JIFOMHHECHEHINH (~2-3 MOopsiika) MO CPaBHEHUIO C
UCXOAHBIMU. HaumOoNbIIyl0 WHTCHCHBHOCTH JIFOMHUHECICHIIMU Tokazanun BC ¢
nob6askoii Hykiearopa (TiO5).

MeTo10M CIEKTPOCKONTUN KOMOWHAITMOHHOTO PACCESTHUS YCTAHOBJICHO, YTO
BBICOKOTEMIIEpaTypHass 00paboTKa MPUBOAUT K OOPa30BaHUIO KPUCTATUIMYECKON
dazer B-Ga,03 B cepaueBuHe BC, a MerogoM peHTreHo¢a3oBOro aHaln3a
MOJITBEPKIEHO oOpa3oBanue Kpuctamummueckoil ¢asel [-GaOs; B cepmneBuHe
3arotoBku BC.
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OOPEKTUBHAA PAMAHOBCKAA I'EHEPALIA U3JIYUHEHUA
HA 1,9 mxm B I[10OJIOM CBETOBOJE, 3AIIOJIHEHHOM BOAOPOAOM

A.B. I'magpmies, A.H. Kongaun, .®. Kocomanos, FO.I1. fnenko,
AN Tlpsmukos, A.C. buprokos, 1.A. Byderon
Hayunwiii yenmp 6onoxonnou onmuxku PAH, Mockea
E-mail: alexglad@fo.gpi.ru

BonokoHHBIE CBETOBOJABI € TMOJIOM  CEpPIALIEBUHOW, 3allOJHECHHOMU
pa3IMUYHBIMU Ta3aMH, OTKPBIBAIOT HOBBIE BO3MOXXHOCTH JJIsI TE€HEpaluu
NK-u3nmydyeHuss ¢ NOMOIIBIO PaMaHOBCKOIO paccesHus. Mcmosb3oBaHue
CBETOBOJIa MO3BOJISICT 3HAYUTEIBHO YBEJIWYWUTh JJIMHY B3aUMOJACHCTBUS U
CYIIECTBEHHO CHHM3UTh MOPOTOBBIE MOIIHOCTH Hakaukud. OcoOblii HHTEpec
MPEJCTABIIAECT PAaCCesTHUE B MOJICKYJISIPHOM BOJOpPOJIE, TJI€ CABUT YacCTOTHI Ha
KonebaTebHOM —Iepexome odeHb Bemuk (4155 cm™), uwro mosBomser
CYIIIECTBEHHO NMpoABUHYThCS B MIK-0051acTh ciekTpa gaxe mpu 0JIHOKACKaIHOM
npeoOpa3zoBanud. HenmaBno [1] BmepBble OBUIO  MPOASMOHCTPUPOBAHO
ahdexkTrBHOE pamMaHOBCKOe mpeoOpazoBanue 1,06 MxkmM—1,9 MM B
HECTAIIMOHAPHOM pPEXUME (IJIUTEIbHOCTh HUMITyJbca Hakauku 1=0,7 HC) B
CBETOBOJIE, 3allOJJHEHHOM BoaopoaoMm, ¢ kBaHTOBbIM KIIJ 48% wu cpenueit
BBIXOJIHOM MOIITHOCTBIO ~7,5MBT.

g —e—cToKcoBas BoaHa (1907 um)
: 0.4 —a—pakauka (1064 um)
=
3
= .
E A‘L‘ ——a é-/
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Beenennas momnocTs Hakauku (Br)
Puc. 1. (CneBa) @ororpadus Topua nosiaoro cBeToBojia, UCIOJIb30BAaHHOIO B JaHHOU paboTe.
(CnpaBa) 3aBHCHMOCTb CpeHEN BBIXOHON MOIIHOCTH CTOKCOBOM BOJIHBI M ITPOIIE/IIEH
MOIIHOCTH HAKA4YKH OT MOIIHOCTH HaKa4KH, BBe,Z[eHHOI\/II B CBETOBO

B nanHoit pabote wuccnenoBaH CTalMOHApHBIA pexkuMm (1=125 He)
paMaHOBCKOr0 MpeoOpa3oBaHUsl B  CIEUUAIbHOM CcBeToBojae (puc. 1),
3allOJTHEHHOM BOAOpoIoM. KoHCTpyKIMsl cBeTOBOAA [2] OTIMYAETCsl MPOCTOTOM
U T03BOJISIET peajau30oBaTh HU3KWe onTuueckue notepu: 0,25 ab/m Ha qmHe
BOJIHBI Hakauku (1064 um) u 0,1 1b/mM Ha cTokcoBoi juuHe BoJHBI (1907 HM).
KBanToBas sddextuBHOCTh TpeoOpa3zoBaHus coctaBuia 60 % mnpu cpeaHeit
BbIXOAHOM MomHocTH 300 MBT. MccnenoBanbl CHEKTpalibHBIE U BPEMEHHBIE
XapaKTEPUCTUKUM PaMaHOBCKOro Jiazepa. M3MmepeHa 3aBUCUMOCTH MOpOra
TEHEPALMH OT JABJIECHHS BOJIOPOJA.

Pa6ota BeimonHeHa npu noaaepxkke rpanta POOU 15-02-08840-A.

1. Z.Wangetal., Laser Phys. Lett. 11, 105807 (2014).
2. A.Pryamikov et al., Opt. Exp. 19, 1441 (2011).
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BO3I[EI>1CIBI/IE I'OJIBMHUEBOI'O BOJIOKOHHOI'O JIA3EPA
C JIMHOU BOJIHBI M3JIYUEHUA 2,1 mxm HA PA3JIMYHBIE
BMOJIOI'MYECKHUE TKAHUN

C.A. CDI/IJIaTOBal, B.A. KaMLIHI/IHl'Z, A.B. P516013al, B.b. HomeHOBl,
I1.B. 3eJIeHKOB3, n.0. 30H0TOBCKHﬁ4, B.b. HBGTKOBl, LA.C. KypKOB‘
1P[Hcmumym ooweut puzuxu um. A.M. IIpoxoposa PAH, Mockea
2]7a60pam0puﬂ gdomonuxu Ilepmcroeo nayunoeo yeumpa ¥YpO PAH, [lepmo
SHUH Heupoxupypeuu um. H.H.Bypoenxo PAMH, Mockesa
"Vavsanoscruil 20Cy0apcmeenblil yHugepcumem, YivsiHo8ck
E-mail: filsim2910@gmail.com

Pactymuii nHTEpEC K MCTOYHUKAM U3Jy4YEHUS 2-MUKPOHHOIO IMAIla30Ha
OOyCNIOBJIEH IIUPOKON o00JacTbl0 MX MPUMEHEHMs, KaKk B HAay4HbIX
UCCJIEIOBAHUSIX, TaK M B MPHUKIAIHBIX cepax, a TakkKe g MEIUIMHCKUX
nenet [l]. B Hacrosmee BpeMs IIMPOKO HCHOJB3YIOTCS TOJIBMHUEBBIE
TBEPAOTENbHBIE Ja3ephl [2]. OQHAKO MOXKHO OTMETUTH P UX HEJOCTATKOB.
OHu  paboTalOT TOJBKO B  HMIIYJIbCHOM pPEXUME C  TeHepaluen
BBICOKOOHEPIE€TUYHBIX JUIMHHBIX UMITYJIbCOB C 4aCTOTOM moBTopeHus 1o 20 I'm.
OueBHIHO, UTO MPH CYLIECTBYIOIIEM pa3HOOOpa3uu MaTOJIOTUH B PsIJI€ CIIyyacB
TPEOYIOTCA JPyrue peKuMbl pabOThl, KOTOPbIE MOTYT 00€CIEYUTh BOJIOKOHHBIC
roJibMMeBbIE a3epbl. Kpome TOro, B 3TOM ciiydae ciieayeT OKMAaTh CHUKEHUS
CTOMMOCTH Jla3epa 1 ero 00CIyKUBAHHUSL.

MpbI npencTaBisgeM TOJBMHUEBBIM BOJOKOHHBIM J1a3ep C JJIMHOW BOJIHBI
u3iIydeHus 2.1 MKM M pe3yibTaThl 10 BO3JAECUCTBUIO JIA3EPHOTO M3IyYEHHS HA
KUPOBBIE M MBIIICUYHbIE TKaHW, a TaKXe TBEPAYID MO3TOBYIO OO0OJIOUKY
CIMHHOTO MoO3ra O€CKOHTaKTHbIM MeETOJOM. MakcuManbHas BbIXOJHAs
MOITHOCTb J1a3epa cocTaBuiia 8.5 BT B HENPEPHIBHOM PEXKUME.

OneHka 3KCIEpUMEHTOB OCYLIECTBIISUIACH 10 CIECAYIOIIMM MapaMeTpaM:
BEJIMYMHA 30H KapOOHM3allMM MU KOAryJsMOHHOTO Hekpo3a. PaccrosHue ot
TOpLA U3Iy4yalollero BOJIOKHA [0 00pa3lla, MOIIHOCTh U3Iy4YeHUs U
JUTATEIILHOCTh 00JydeHus: BapbupoBaiuch (3 — 5 mm, 3 — 8 Brt, 25 — 60 c¢).
[Tocne 25 ¢ BozmeiicTBHUsI HAa OOpa3Ibl TBEPAOW MO3TOBOW OOOJIOUKH pa3Mep
30HBI KOAryJsILIMOHHOTO HEKpo3a Jexan B mpeaenax 125 —250 MkmM, a 30HBI
kapOoonuzauuu B npenenax 10 mxMm. Ilocne 50 cek BO3IEWCTBUS HA KUPOBYIO
TKaHb, pa3Mep 30Hbl KOAryJSIIIMOHHOrOo Hekpo3a coctaBui 800 — 1200 mMkwMm, a
30HbI KapOoHuzauuu 20 — 35 wMkwMm. [lodyyeHHble pe3ynabTaThl BecbMa
OTIMYAIOTCA JAPYr OT Jpyra. JTO, MPEeXAe BCEro, 0OYCIOBIECHO pPa3Iu4YHbIMU
TEPMUYECKUMU M  ONTHYECKUMHU CBOMCTBAMU  OHOJIOTMYECKUX  TKaHEH
(koa¢dunIeHTaMH TOTIIOMICHHUS, PACCESHUS U UX TUIOTHOCTHIO) [3].

1. T. Bilici, S. Mutlu, H. Kalaycioglu, et al., Lasers Med. Sci. 26(5), 699
(2011).
2. T.AWollin, and J.D. Denstedt, Journal of clinical laser medicine &
surgery 16(1), 13 (1998).
3. S.L.Jacques, Phys. Med. Biol. 58(11), 37 (2013).
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JUCITEPCUA U PACITPOCTPAHEHUE ®EMTOCEKYHIHOT'O
JIABEPHOI'O UMITVYJIBCA B ITIOJIOM CBETOBO/JE
C OTPUILIATEJIbHOM KPUBU3HOM 'PAHUIIBI CEP/IITEBUHA-
OBOJIOYKA
A.H. Komsymn®,J1. MypazmHZ, A. 3eﬁTyHﬂH2, I. Touesn?, A.®. Koconamos',
A.JI. TIpsimukos’
Y Hayunwni yenmp onoxonnoii onmuxu Poccuiickoti akademuu nayk, Mockea
2Epeech1<uL7 eocyoapcmeennnlil ynugepcumem, Epesan, Apmens
E-mail: kolyadin@fo.gpi.ru

BriepBbie BbITIOMHEHBI W3MEPEHHs] TUCIEPCHU TOJOr0 CBETOBOJA C
OTPULIATEIBHOM  KPUBU3HOMW  TpaHUIBI  cepAleBUHa-oOonouka  (puc.l).
HccnenoBan mpouecc nepenaud (PEMTOCEKYHIHBIX JIA3€PHBIX HMITYJIbCOB IO
TaKOMY CBETOBO/LY.

Disp (ps/(nm*km))

-6 28KU  X1,900  T@nm 1148, SR
6 2N ‘-_“'_;'.“:':q#_ 3

660 680 700 720 740 760
Wavelength (nm)

Puc.1 3aBucumocTh qUCIEPCUH B TIOJIOM CBETOBO/IE OT JJIMHBI BOJIHBI. BeTaBka —
MOTIEPEUHBIN Cpe3 CBETOBOIA ((hOTO CO CKAHUPYIOIIETO YIEKTPOHHOTO MUKPOCKOTIA)

N3mepenus nucnepcuyd NpOBOAMINCH UHTEP(HEPEHIIMOHHBIM METOJIOM B
CBETOBOJIC JUIMHOW 8,6 M C QuaMeTpoM cepaueBuHbl 26 MKM. B kadecTBe
UCTOYHUKA WCIONB30BAICA HCTOYHHK CyNEepKOHTHHyyMa. [lomydeHHas
3aBUCUMOCTh  ANIIPOKCUMHUPOBAIACh MOJMHOMOM  IIIECTOM  CTENEHH W
nuddepentuponanack. [loaydeHHbie pe3ybTaThl MPEICTaBICHBI HAa puc. 1.

bbutn  mpoBeneHbl  aBTOKOPPETSIMOHHBIE HM3MEPEHUS ITUTEILHOCTU
(EeMTOCEKYHIHBIX HMMITYJIbCOB W3IyYeHHUS J0 W TOCJE MPOXOKICHHUS TaKOTO
CBETOBOJIA. B KauecTBe MCTOUHMKA MCIOIB30BANIACK Ja3epHas cuctema Coherent
Verdi V10 + Mira 900F co caenyromumu napamerpamu usnydeHus: > 1 Br
CpelIHEell MOIIHOCTA MpHU 4YacToTe NmoBTOpeHus 76 MI'n, LeHTpaibHas IJMHA
BOJIHBI 748 HM, CcHEKTpalibHasl mMpuHAa uMiyiabca 4 HM. [Ipu npoxoxxaeHun
uMnynscoB uepe3 10 M oTpe3ka CBETOBOAA JUIMTEIBHOCTh HWMITYJIBCOB
CYIIECTBEHHO Bo3pocia ¢ 255 mo 514 ¢c, 49To COOTBETCTBYET 3HAYCHUIO
mucniepenn o= —2290 /M umm D=7,7 nc/(HM*KM), 9TO XOPOIIO COraCcyeTcs
CO 3HAYEHHEM JIUCIIEPCUU, TIOyYEHHBIM HHTEPPEPEHIITMOHHBIM METOI0M.

Pabota BrinoHEHA 1ipu noepkke rpanta POOU 14-29-07176 odpu_ M.
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[LIMPOKOITOJIOCHBIM BOJIOKOHHBIM SPEUEBBLIN NICTOYHUK
N3JIVUEHUS

A.A. TTonocosa'?, O.JI. Kems’, A.1. CeMepI/IKOBaZ, IA.C. KypKOB3‘
1HepMCKuL7 HAUUOHATIbHBIIL UCCTIe008AMENbCKULL NOUMEXHUYECKULL
yHusepcumem, Ilepmo
ZﬂepMCKa}l HAYYHO-NPOU3B0OCHMBEHHAS NPUOOPOCMPOUMENbHASL KOMNAHUS,
Ilepmo
3epmcxuii nayunviii yenmp YpO PAH, [Tepmb
E-mail: nastya-aleksi@mail.ru

OO6uienpu3HaHHa MEPCIIEKTUBHOCTh BOJIOKOHHO-ONTHYECKUX THPOCKOTIOB
(BOI') nns cucteM ympaBiieHMST WM HaBUTalMM JABMXKYIIUMUCS OOBEKTaMU
paznuuHoro pojga. OmHUM W3 KIIOYEBBIX 3nemMeHToB BOI'  aBastorcs
[IMPOKOIOJIOCHBIE MCTOYHUKH HU3IyYE€HUS HA OCHOBE JPOMEBBIX ONTHYECKUX
BosiokoH (OB). B rupockomax, mnpousBoaumbix B IlepMmckoii Hay4yHO-
npousBojacTBeHHOM kommanuu (ITHIIIIK), B Tedenue psiga JeT UCHONB3YIOTCA
3pOuEBbIE BOJIOKHA 3apy0exHOTO MPOU3BOCTBA.

[leapto Hacrosimedt pabOTHI SIBJISETCS pean3alisi W ONTUMU3AIUS
IIMPOKOIOJIOCHBIX ~HCTOYHUKOB Ha OCHOBE OOpaslloB  MPOMBIIUIEHHBIX
ontudyecknx BoiokoH mnpowmsBoactsa IIHIIIIK. OcHoBHBIE mnapameTpsl
pa3palbaThiBA€MOTO MCTOYHHMKA — IIMPUHA CIEKTpa W3JIYYEHHUs, BBIXOJHAS
MOIITHOCTh U TEMIIEpaTypHasi CTaOUJILHOCTh JIaHHBIX MTapaMeTPOB.

B kadecTBe MCTOYHMKA HaKaYKU OBLIT UCIIOJIH30BAaH MOJIYIPOBOIHUKOBBIN
nazep (980 ©HMm). B KkayecTBe akTUBHOM cpeabl wucnosib3oBaiuch OB ¢
xoruentpammsivu Er¥* or 510" no 10" cm®. Beumo mpoBeneno msmepene
CIEKTpa W3JIy4YEHUsS B 3aBUCHMOCTH OT [JMHBI BoOJIOKHA. [Ipu cpaBHeHUUM
MCTOYHMKOB Ha OCHOBE KaK MMIIOPTHOIO, TaK U OTEYECTBEHHOI'O BOJIOKHA
HIMPUHA CIIEKTPa U3TyUYECHUS] COCTABHIIA OKOJIO 7 HM; BBIXOJIHAsi MOILIHOCTb —

35 MBT. bpuio moka3aHo, YTO WCIIOJIE30BAHHE BOJIOKOH C ITOBBIIICHHOM
KOHLEHTPALMEN MMO3BOJISIET CHU3UTD JUNIMHY AKTUBHOT'O BOJIOKHA.

PazpaboTanHbie MICTOYHUKH WCCIIEAOBAIMCH B TEMIIEPATypHOW Kamepe B
nuamna3zone temmepatyp oT -50 mo 60 °C. Bbuio moka3zaHo, 4TO BBIXOJHAs
MOIIIHOCTh M CPEJHEB3BEILICHHAs JUIMHA BOJHBI U3MEHAIOTCS HE Oojiee ueM Ha
5% u 0,1% coorBercTBeHHO. Ilo naHHBIM mapameTpaMm pa3pabOTaHHBIN
MCTOYHUK MPAKTUYECKU HE YCTYNAET aHAJIOTYy Ha 3apyOeKHOM BOJIOKHE.

Takum o00pa3om, ObUIO YCTaHOBJIEHO, YTO BO3MOXHO MCHOJb30BAHHE
BOJIOKHA OTE€UECTBEHHOI'O MPOU3BOACTBA I 3 (PEKTUBHBIX IIMPOKOIOIOCHBIX
HMCTOYHHUKOB B BOJIOKOHHO-ONITUYECKUX TMPOCKOMAX.
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INPUMEHEHUE METOJOB TEPMUYECKOI'O AHAJIM3A 5
JJ NCCIIEJOBAHMSA TEPMOCTOUKOCTH 3AIIUTHBIX ITOKPBITUN
OIITUYECKHNX BOJIOKOH

K.H. Humes, A.A. Ilpinenkos, B.I1. Mumkuna

Mopoosckuii cocyoapcmeennuiil ynugepcumem um. H.I1. Ozapésa, Capanck
E-mail: alekspyn@yandex.ru

KitoueBoii xapakTepucTHKON onTuyeckux BosiokoH (OB), mpumeHseMbIx
B HE(TEra3o0BOM W XUMHUYECKON MPOMBINIICHHOCTH, SIBISETCS MX TEPMUUYECKAS
cToiikocTh. TepMmocToiikocTh OB mpexe BCero 3aBUCUT OT CBOMCTB 3al[UTHOTO
MOKPBITUS, KOTOPOE TMpEeAHA3HAYEHO JUIsi  NPEJOXPaHECHHS TMOBEPXHOCTH
BOJIOKHA OT MEXaHUYECKUX TIOBPEKACHUN U TMPSIMBIX KOHTAKTOB C
okpyxarouien cpenoil. Crannaptaeie OB ¢ 3aIIMTHBIM aKpUIIATHBIM ITOKPBITUEM
MOTYT OKCIUTyaTHpOBAaThCS TpH Temmeparypax He Bbime 85°C. HambGonee
TepMocToiKkuMU sBIIsIIOTC OB ¢ monmuumuaHON 3amuTHOM 00osoukoi [1]. B
JOKJIaJle  MPEICTAaBICHBl  PE3yJIbTaThbl  HUCCIEAOBAaHUA  TEPMOCTOMKOCTH
ONTUYECKUX BOJIOKOH Meroaamu Tepmuueckoro aHanmmza (TMA u JICK). B
UCCIIEIOBAHUSIX METOJ0M TEPMOMEXAHUYECKOTO aHaau3a (TMA)
TepMocToiikocTh OB Hamu omnpenensnachk W3 TEMIEPaTypHBIX 3aBUCHMOCTEN
sHaueHuss gedopmanmu dL  3amumrtHOM o00070ukn OB, 00ycioBIeHHOI
JICUCTBUEM JIOKAJIbHOW TECTOBOM MEXaHMYECKOW HArpy3KH, IPUIIOKECHHOU B
HaIpaBJICHUN MNEPHEHAUKYISIPHOM OCH BOJIOKHA, HArpeBaeMoro ¢ 3aJIaHHOU
CKOPOCTBIO B BBIODAHHOM UHTEPBAJIE TEMIIEPATYP.

dL /mxm dL/dt /(mKkm/MuRH)
[

10

-20

-25

160 180 200 220 260 280 300 320

240
R Temneparypa /°C
Puc 1. TemneparypHbie 3aBUCUMOCTH JIOKanbHOU nedopmariu dL 3amurHoM
o6onouku OB nox aelicTBUEM pa3INnYHBIX TECTOBBIX HAIPYy30K.
Cxopocts HarpeBa BC - 5°C/mun

N3 3aBucumocteit dL(T) u dL/dT (T), nmpeacraBieHHbIX HA puc.l, ObLIH
OTpEJICICHBl TEMIIEPATyphl Hadajla pa3MsITYeHHs] 3alllUTHBIX 000JI0YeK,
XapakTepu3yrolme TEePMOCTOMKOCTh uccienyeMbix OB. [Ins  wu3MepeHuit
UCTIOIb30BAJICS TepMoMexanuueckuii anaauzarop TMA402F3 Netzsch.

1. S.L.Semenov, D.A.Sapozhnikov, D.Yu.Erin, et al., Quantum
Electronics, 45(4) , pp.330-332 (2015).
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PAJIMAITMOHHA SI CTOMKOCTb BOJIOKOHHBIX CBETOBOJIOB
TP HU3KUX TEMIIEPATYPAX

I11.D. Kamaﬁxnﬂl’z, M.I1O. CaﬂraHCKm"I3, K.H. HI/IHIGBZ, AJL TOMamyKl,
A.H. prbﬂHOB3, E.M. Tnanos’

' Hayunwiii yenmp sonoxkonnoti onmuxu PAH, 2. Mockea
2Mopdoeckud eocyoapcmeennwiti ynusepcumem um H. I1. Ozapésa, 2. Capanck
3Hhtcmumym xumuu gvicoxouyucmoix sewecms um. I I'. Jlesamovix PAH,

2. Huowcnuii Hoseopoo

E-mail: kpf@fo.gpi.ru

JUist paGoTbl B YCIOBHSIX IOBBIIIEHHOTO YPOBHS paavanuu (KOCMOC,
aTOMHasi dJHEPreThKa, HAy4YHO-TEXHUYECKHUE TMPUMEHEHUSI) HEOOXOIUMBI
CHelualibHble paguanuoHHo-cToiikue cBetoBoAsl (PCC). U3BectHO, dTO
YMEHBIICHUE TEMIIEPATYPbl NPUBOJUT K POCTY pPaguallOHHO-HABEICHHBIX
notepb (PHII) B Bonokonnsix cBeroBoaax (BC). Ilpu stoMm, i KocMUYECKUX
NpUMEHEHUHN, paboTa B I[IUPOKOM JIMAMA30HE TEMIIEpATyp  SBIAETCS
HEOOXOMUMBIM  ycioBueM. [loatomy, 1enblo JaHHOW  pabOThl  OBLIO
uccienoBanue temneparypHoil 3aBucumoctd PHII B BC, pa3paGortaHHBIX B
HIIBO-NUXBB PAH, a takxe B HeKOTOpbIX kKommepueckux BC.

B nacrosimeli pabore Obutn mpoBenenbl uccienoBanus PHIT B BC ¢
CEpPALECBUHON U3 HEJIIETUPOBAHHOIO U JIETUPOBAHHOI'O I'€PMAHUEM KBapLIEBOIO
CTEKJIa TeMrnepaTypHoM uHTepBasie ot -60 no +60 °C. CaeroBosb! 00JTy4aJIiCh
Ha Y-UCTOYHUKE Co® B Tewenne 15 MUHYT; B Te€ueHHE 45 MHUHYT mocie
3aBepILICHUS 00JIy4eHUS] U3MEPSIIUCh HABEICHHbIE MOTEPH NPH pelaKcaluu, Ipu
ATOM TOTJIONIEHHAsA J103a cocTtaBuina ~ 1kl p.

1000 ; : : . . —
06J'IyHeHVIe| penakcauusi t=-60°C
a ] Puc. 1.3aBucumocts PHII ot
BpEMEHH O0JIy4YeHUs U
penakcalyu Ha JUTHHE BOJIHBI
1.31 MKM 1pu MOIIIHOCTH J03BbI
1,1 rp/c, t=-60°C.

a — paIMalMOHHO-CTOMKUI
cseroBo ¢pupmsi J-fiber;

b ] b,C — cBETOBO/IbI, M3TOTOBICHHEIE
] HIIBO PAH cosmectHo ¢ UXBB
PAH

100

PHIM, pb/km

[any
o
1
1

0 10 20 30 40 50 60
Bpems 06nyyeHus/penakcaumm, MyuH

Ha puc.l npeacrasnena sBomtouus PHII ot Bpemenu oOnyuenus s
KOMMEPYECKOIO  PaAUallMOHHO-CTOMKOTO CBETOBOAA. @) W  CBETOBOJIOB,
paspaboranueix B HIIBO-MXBB PAH; b), ¢) mpu t=-60°C. as Bcex
CBETOBOJOB 3aMeTEH MOHOTOHHBIA pocT PHII ¢ mornomennon 1030, 0JHAKO,
ypoBenb PHII B cBeToBOaX D) 1 ¢) cymecTtBenno menbme PHIT cBeToBOza Q).
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EFFICIENT RAMAN GENERATION OF 1.9 pum RADIATION
IN HYDROGEN-FILLED HOLLOW-CORE FIBER

A.V. Gladyshev, A.N. Kolyadin, A.F. Kosolapov, Yu.P. Yatsenko,
A.D. Pryamikov, A.S. Biriukov, I.A. Bufetov
Fiber Optics Research Center RAS, Moscow
E-mail: alexglad@fo.gpi.ru

Gas-filled hollow-core fibers (HCF) enable a new route for in-fiber
generation at IR wavelengths by stimulated Raman scattering (SRS). The
waveguide structure results in enlarged length of nonlinear interaction and
essential reduction of threshold pump power. In particular, vibrational SRS in
molecular hydrogen is of great interest, because it provides a large Raman shift
of Qr=4155 cm™.

HCF-laser emitting at 1.9 um has been recently developed using pure
vibrational SRS in molecular hydrogen [1]. The laser operated in transient SRS
regime (pump pulse duration t=0.7 ns) with quantum efficiency up to 48 % and
average output power of ~7.5 mW.

—e—Stokes (I‘)I(]',’ nm)
—~ 0.41 —a—Pump (1064 nm)
2
b ']
/
Y A
= o
E 47
=] A/A/ /./'
0.0 Hfana—ot .
0.0 0.5 1.0

Coupled Pump Power (W)

Fig. 1 (Left): SEM image of HCF used in our experiments. (Right): Average output power at
both stokes and pump wavelength as a function of the pump power coupled to H,-filled HCF

In this paper the steady-state (t=125 ns) SRS in special hydrogen filled
HCF (fig.1) was investigated. The fiber has simple design (fig. 1) proposed in
[2], which enables us to achieve optical losses as low as 0.25 dB/m at the pump
wavelength (A=1064 nm) and 0.1 dB/m at the Stokes wavelength (A=1907 nm).
Quantum efficiency as high as 60 % has been achieved at the average output
power of 300 mW. Both spectral and temporal characteristics of the laser are
studied. Threshold dependence on H, pressure is measured and compared with
data published earlier.

This work was supported by RFBR grant number 15-02-08840-A.

1. Z.Wangetal., Laser Phys. Lett. 11, 105807 (2014).
2. A.Pryamikov et al., Opt. Exp. 19, 1441 (2011).
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IMPACT OF HOLMIUM FIBER LASER AT WAVELENGTH OF
2.1 MICRONS ON DIFFERENT BIOLOGICAL TISSUES

S.A. Filatova', V.A. Kamynin'? A.V. Ryabova', V.B. Loschenov’,

P.V. ZelenkoV?, 1.0. Zolotovsky*, V.B. Tsvetkov', A.S. Kurkov*?
'General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
Photonics Laboratory of Perm Scientific Center, Ural Branch of the Russian
Academy of Sciences, Perm, Russia
N.N. Burdenko Institute of Neurosurgery RAMS, Moscow, Russia
*Ulyanovsk state university, Ulyanovsk, Russia
E-mail: filsim2910@gmail.com

The interest in lasers with radiation wavelength of 2 um is growing,
because of very broad application area, both in research and in applied fields, in
particular for medical purposes [1]. So holmium solid-state lasers are widely
used [2]. However, we can note a number of their disadvantages. They operate
only in a pulse mode with high-energy long pulse generation and with repetition
frequency of 20 Hz. Obviously that under the existing diversity of pathologies in
some cases different modes of laser operation are required. That can be provided
by holmium fiber lasers. Furthermore in this case to be expected reduce of cost
of laser and its maintenance.

We present Ho-doped fiber laser and results of laser radiation effect on
biological tissues, such as adipose, muscle tissues, dura mater of spinal cord of
porcine. We have used continuous-wave Ho-doped fiber laser with maximum
output power around 8.5 W, which was pumped by Yb-doped fiber laser that
emits at 1.125 pm with maximum output power around 30 W.

Evaluation of experiments was carried out on the following parameters:
the size of zones of carbonization and coagulation necrosis. Before conducting
the experiments, all samples were placed in water environment to simulate
natural conditions. Laser influenced in a contactless manner on all samples of
biological tissues. The distance from the end of the fiber to the sample was
varied from 3 to 5 mm. Laser power varied from 3 to 8 W. Time of exposure
ranged from 25 to 60 seconds. After 25 seconds of laser exposure on samples of
dura mater the size of coagulation necrosis area was 125 - 250 um, and size of
carbonization zone was 10 um. After 50 seconds of laser exposure on samples
of adipose tissue the size of coagulation necrosis zone was 800 — 1200um, and
zone of carbonization was 20-35 um. The obtained results of laser irradiation
effect on various samples of biological tissues are different. This is primarily
due to differences in their thermal and optical properties, namely the absorption
coefficient, scattering coefficient and density of the tissue [3].

1. T. Bilici, S. Mutlu, H. Kalaycioglu, et al., Lasers Med. Sci. 26(5), 699
(2011).

2. T.AWollin, and J.D. Denstedt, Journal of clinical laser medicine &
surgery 16(1), 13 (1998).

3. S.L.Jacques, Phys. Med. Biol. 58(11), 37 (2013).
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DISPERSION AND FEMTOSECOND PULSE DELIVERY IN HOLLOW-
CORE MICROSTRUCTURED OPTICAL FIBER WITH A NEGATIVE
CURVATURE OF THE CORE BOUNDARY

A.N. Kolyadin®, L. Mouradian?, A. Zeytunyan®, H. Toneyan?, A.F. Kosolapov?,
A.D. Pryamikov*
'Fiber Optics Research Center of Russian Academy of Sciences, Moscow
2Ultrafast Optics Laboratory, Yerevan State University, Yerevan, Armenia
E-mail: kolyadin@fo.gpi.ru

The dispersion of hollow core microstructured optical fiber with negative
curvature of the core boundary was measured for the first time. The process of
femtosecond pulse propagation through such fibers was investigated.
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Fig.1 Dispersion in hollow core fiber. Inset: cross-section of the fiber with a core
diameter 26 pum (SEM picture)

Dispersion measurements were carried out by interferometric method
using the 8.6 m fiber with core diameter of 26 pm. Supercontinuum generator
was used as a light source. The data obtained were approximated by the 6"
degree polynomial with consequent differentiation.

We carried out autocorrelation measurements of femtosecond pulses
before and after propagation along such a fiber. As a source of pulses laser
system Coherent Verdi V10 + Mira 900F with the following parameters of
radiation: >1 W average power at 76 MHz repetition rate, 748 nm central
wavelength, 4 nm spectral bandwidth was used. After propagation through a 10
m fiber the pulse duration was essentially increased from 255 fs to 514 fs
corresponding to the value of dispersion p,=—2290 fs°/m or D=7.7 ps/(nm*km).
This result is in good agreement with the measured value.

This work was supported by the grant RFFI 14-29-07176 ofi_m
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LOW-TEMPERATURE RADIATION RESISTANCE OF OPTICAL FIBERS

P.F. Kashaykin? A.L. Tomashuk®, M.Yu. Salgansky?®, K.N. Nishchev?,
A.N. Guryanov®, E.M. Dianov*

'Fiber Optics Research Center of the Russian Academy of Sciences, Moscow
?P.N.Ogarev Mordovia State University, Saransk
3G.G.Devyatykh Institute of Chemistry of High-Purity Substances of the Russian
Academy of Sciences, Nizhny Novgorod

E-mail: kpf@fo.gpi.ru

Special radiation resistant optical fibers are required for operation in
radiation environments (space, nuclear industry, some special scientific and
technical applications). As is well-known, temperature decreasing lead to an
increase of radiation-induced attenuation (RIA) of light in optical fibers [1]. At
the same time, operation over a wide temperature range is a prerequisite for
space applications. For this reason, the purpose of our work was to investigate
the RIA temperature dependence in radiation-resistant optical fibers recently
developed at the Fiber Optics Research Center (FORC) of the Russian Academy
of Sciences (RAS) in association with the G.G.Devyatykh Institute of Chemistry
of High-Purity Substances of RAS and also in commercial optical fibers.

RIA was investigated in fibers with an undoped and Ge-doped-silica core
under gamma-irradiation from a *°Co-source to a dose of ~ 1 kGy at
temperatures in the range -60 - +60 C. The RIA was measured in the process of
irradiation (during 15 min.) and in the process of post-irradiation recovery
(during 45 min.)

1000 7

irradiation 1 ralaxation t=-60°C
' 5 1 Fig. 1. RIA evolution in the

course of y-irradiation (0—
15 min.) and post-irradiation
recovery (15-60 min) at A =1.31
um. The dose rate is 1.1 Gy/s,
T=-60°C
. a) —a commercial German
10 ! b | radiation resistant fiber;

; c b,c) — fibers, developed at FORC
] RAS

100 -

RIA, dB/km

6 ' fO ' Zb ' Sb ' 40 ' 50 ' 60
time of irradiation/relaxation, min
Fig. 1 shows the RIA dependences on time of irradiation and post-
irradiation recovery for the commercial German radiation resistant fiber (fiber a)
and the fibers developed in FORC RAS (fibers b and c) at t=-60° C, A=1.31 pm.
All the fibers demonstrate monotonic RIA variation with dose, however, RIA
level of fibers b) and c) is essential less than that of the fiber a).

1. E.J. Friebele, M.E. Gingerich, and D.L. Griscom, Optical Materials
Reliability and Testing 1791, (1992).
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OIITOSJIEKTPOHUKA HA OCHOBE I'ETEPOCTYKTYP A3N:
TEXHOJIOI' S, PU3UKA U [TIPUMEHEHUE
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[Tpucyxnenue HoOeneBckoii mpemuu mno ¢usuke 2014 roma sSmoHCKUM
uccienoparensim WM. Akacaku, X.Amano wu 1. Hakamypa (l. Akasaki,
H. Amano and Sh. Nakamura) 3a co3nanue 3¢ (heKTUBHBIX CHHMX CBETOAHOIOB Ha
OCHOBE HIMPOKO30HHBIX MOJYNPOBOJHUKOBBIX COCIUHEHUNA — HUTPUIOB TpPEThEil
rpynnbl - (Al,Ga,In)N  —  oTpasuino BaXHOCTh I 4YEJOBEYSCTBA HAYYHO-
TEXHOJIOTUYECKUX YCWJIMM TI0 CO3JaHUI0 «IPKUX M DHEprocOeperaronmx
UCTOYHNKOB ocBemenus» [1]. Ceromnsmnuii ycnex HoOeneBckux JaypeaToB
0asupyercs Ha TPyJA€ HECKOJIbKMX MOKOJEHUH YUYEHBIX M TEXHOJIOrOB XX Beka.
[TosToMy BO BBOJHOW YacTH JOKJIana OyAeT AaH KPAaTKUW HCTOPUYECKHN 0030p
pa3BUTHS  (U3MYECKMX OCHOB  IOJYIPOBOJHUKOBOM ONTORJICKTPOHUKH U
reTepOANUTAKCUATIBHBIX ~ TEXHOJOTWW. 3aTeM OyIyT OINHUCaHbl  Pa3BUTHIE
JaypeaTaMyd  HOBBIE TIOJIXOJbI K POCTY TETEPOCTPYKTYp Ha  OCHOBE
A3N-coenvHeHN, TO3BOJUBIINE PEIIUTh KPUTUYECKHE TMPOOIEMBbI BBICOKOU
ne(EeKTHOCTHU U MOTy4YeHUs P-N Iepexo/I0B B ITUX MaTepuaiax.

B ocHoBHOW wYacTu nokinama Oyner gaH 0030p paboOT, MPOBOIUMBIX B
nabopaTopuu KBaHTOBOpazMepHbIX TerepocTpyktyp OTU um. A.®. Uodbde mo
Pa3BUTHIO  TEXHOJIOTMM  pPOCTa  METOJOM  IUIa3MEHHO-aKTUBUPOBAHHOM
MOJIEKYJIIpHO-TTy4K0BOM snuTakcuu (ITA MIID) rerepocTpykTyp HMIMPOKO30HHBIX
coequaeHuit 111-N ¢ BeIcOKUM comepkaHneM WHANS U aTFOMUHAS M UCCIICTOBAHUIO
ux (¢uznyeckux CcBOMCTB. Tak, KOMIUIEKCHBIE HCCIEIOBAHUS SMUTAKCHAIBLHOTO
pocTa, CTPYKTYPHBIX, ONTHYECKUX U ANEKTPOPU3NYECKUX CBOMCTB COEIMHEHUUN
InGa;«N (x=0-1) mo3BoAMIM HE TONBKO CKOPPEKTHPOBATH 3aBHCHMOCTh
dbyHIaMEHTAILHOTO Kpasi TOTJIONMIEHUSI 3TUX MAaTepualioB OT COCTaBa, HO H
BBISIBUTH Pa3IMuHbIe (PU3NUYECKUE SBICHHS, CBSI3aHHbIE C (DOpPMHUpPOBAHMEM B HUX
KOMIIO3UTHBIX CTPYKTYp MeTam/moaynpoBogHuk npu X>0.4 [2]. OcHoBHOe
BHUMaHHME B Jokiaze OynyT yaenerno ITA MIID rerepoctpykryp AlyGa;.yN ¢ y>0.4,
X CBOMCTBaM M MpPaKTUYECKUM NPUIOXKEHUSIM. ByayT paccMOTpeHbl OCHOBHBIE
craguu nporiecca ITA MIID: poct 6ydepubix cinoeB AIN Ha omoxkax c-candupa
¢ KOHIeHTpaumeil mpopactarommx guciaokammii 10° - 10%cm™, popmuposanue
kBaHTOBBIX sM AlGaN ¢ momorpio CyOMOHOCIONHON JUCKPETHOM SMUTAKCHH,
noydeHue N- u P-nerupoBanHbix cioeB AlGaN. Dtu pa3paboTKu B UTOTE MPUBEIN
K JIEMOHCTpPAIIMA TMPOTOTUIIOB COJIHEUHO-CIIEMBIX (DOTOMPUEMHHUKOB Pa3JIMIHOTO
TUIA, & TAK)KE UCTOYHUKOB CIOHTAHHOTO W JIA3€pHOTO M3IIydyeHus cpennHero Y-
nuara3oHa ¢ JmuHor BoJHbI A<300 aM [3.,4].

1. http://www.nobelprize.org/nobel prizes/physics/laureates/2014/
2. S.V.lvanov et al., J. Crystal Growth 403, 83 (2014).

3. B.H. Xwmepux u op., ®TII 42(12), 1452 (2008).

4. S.V. lvanov et al., Semicond. Sci.Technol. 29, 084008 (2014).
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MVIJIbTUOEPPOUKHA

M.H. ITonosa
Hnemumym cnexkmpockonuu PAH, Tpouyk, Mockea
E-mail: popova@isan.troitsk.ru

Mynbtudeppouku, T. €. Marepuajbl, B KOTOPBIX COCYIIECTBYIOT IO
KpaiiHell Mepe JBa U3 HECKOJBbKUX MapaMeTpoOB MOPsAKA, MHTEPECHBI KaK JJis
byHaamMeHTaIbHON (PU3UKKU TBEPIIOTO TeJa, TaK U C TOUKHU 3PEHUS BO3MOXKHBIX
IIPAKTUYECKUX TPUMEHEHUN. [ 1an Moen TeKnu CIIe Ty OIIniA:

1. BBenmenue. Kparkas wuctopuss MarHMTOARNEKTpHUeckoro 3¢dexra u
MynbTU(GEppONKOB. Poibs cumMMeTpun.

2.9¢ddexThl B MArHUTOANEKTPUUECKUX MYIbTU(EPPOUKAX.

a) Marautosnexktpuueckuii 3(p(PexT (MHAYUUPOBAHHBIE MArHUTHBIM
MOJIEM TOJISIPU3AIIHS UITH SJIEKTPUUECKUM MTOJIEM MAarHUTHBI MOMEHT).

0) Marautonuanektpuueckuit 3dpdext (u3mMeHeHwe S TMOJ ACHCTBHUEM
H).

B) MarHuTosnekTpuyecKkuil KOHTpoib (mepekiatoueHue P ¢ momouso H
wimm M ¢ mnomompro E). TlpumeHeHHs B CCHCOPHOM  TEXHUKE,
MUKPO3JIEKTPOHUKE, CUCTEMAaX MarHUTHOW MaMsATH, CIUHTPOHUKE U JP.

r) BolcokouacTOTHBIE CBOMCTBA: 3JIEKTPOMATrHOHBI.

3. Uro wMoxer cpenaTh ONTHYECKas CIEKTPOCKONUS B (U3MKE
MYJIbTUPEPPOUKOB?

4. MynbsTudeppouku u3 cemeicra penkozemenbHbix (P3) OopaTtoB ¢
obmeit popmynoit RM3(BOs)s, R =Pr - Er, Y; M = Al, Ga, Fe, Cr.

a) Crpykrypa. CtpykTypHbIi (ha3oBerii nepexos B RFe;(BO3),.

0) Maruutssie cBoiicTBa P3 peppobopartos.

B) MarHuTosJeKTpUUECKNEe U MarHUTOIUAIEKTPUIECKIE CBOMCTBA.

5.Cnextpockonus myiasTrdepponkoB RFe;(BO3), 8 MICAH.

a) JIronu u o6opynoBanue.

0) Maruutaeie (aszoBeie mepexonbl B SmFe3(BOs3)s:  pacmieruieHust
KpaMepCOBCKUX Ay0ieToB [1].

B) CriekTpocKonus CTpyKTypHOTo (azoBoro nepexoaa B EuUFe;(BO3),.

r) Cnektpsl B nanekoit K obmactu u ciuH-(pOHOHHOE B3aUMOJICHCTBHE
B RFe3(BO3),. Mexanu3mbl CriiH-(pOHOHHOTO B3aUMOCHCTBUSA [2].

1) B3zaumopeiictBue Mex1y (POHOHOM U JEKTPOHHBIM BO30YxkaeHHeM P3
nona B PrFe3(B03),. CesizanHas siekTpoH-hoHoHHAs Moaa [3].

Aptop Onaromaputr PH® 3a ¢uHaHcoByro moaaepxky 1o rpanty Ne 14-
12-01033.

1. M.H. Ilonosa, E.Il. Yykanuua, b.3. Mankusn, u ap., XKOTD, 145, 128
(2014).

2. K.N. Boldyrev, T.N. Stanislavchuk, S.A. Klimin, et al., Physics Letters
A 376, 2562 (2012).

3. K.N. Boldyrev, T.N. Stanislavchuk, A.A. Sirenko, et al., Phys. Rev. B
Rapid Comm. 90, 121101(R) (2014).
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CUHTE3 U CBOMCTBA ITOJIM®YHKIIMOHAJIbHBIX MATEPUAJIOB —
KPUCTAJIJIOB HA OCHOBE JUOKCUIA LIMPKOHM A

E.E. JlomoHOBa
Hncmumym obweti chuzuxu um. A.M. IIpoxoposa PAH, 2. Mockesa, Poccus
E-mail: elomonova@mail.ru

bonee copoka ner Ttomy Hazan B PusnueckoM uHcTUTYyTEe HMM. [1.H.
Jlebeneea AH CCCP Obumm HawaTel  pabOTBl IO  TEXHOJOTHUH
BBICOKOTEMIIEPATYPHBIX MAaTEPHATIOB METOJOM TPSIMOTO BBICOKOYACTOTHOTO
miaBieHus. B pesynbrare 3THX paboT OBLIM pa3paOOTaHBl OCHOBE METOA,
co3JaHa ammaparypa, MPOBEICHBI CHUCTEMATHYCCKHE HCCIICIOBAHUS YCIOBHMA
IJTABJICHUS W KPUCTAUIM3AIMH PA3IMIHBIX XHMHYECKHX COCIWHCHUU, OBLIH
MOJIYYCHBI KPYITHBIE MOHOKPHUCTAJUIBI TBEPIBIX PACTBOPOB HAa OCHOBE OKCHJIOB
IMUPKOHUS W TapHUSA, TOJYYCHHI MOHOKPHUCTALIBI OKCHJIOB PEAKO3EMEITbHBIX
AJIEMEHTOB, CKaH/MsI, UTTPUS U ATFOMUHUA.

TexHonorus ocHOBaHa Ha TMPSMOM BBICOKOYACTOTHOM IIJIaBJICHUU
JTUAJIEKTPUKA B XOJOJHOM Turjie. PacmiaB TyrormiaBKOro AUAJIEKTpUKA
HaxXoJUTCA B 000J04YKe TBEPAOM (pa3pl TOTO K€ XUMHUYECKOTO COCTaBa, UYTO U
pacriaB. DHeprusi K pacivlaBy TOJBOJUTCS C TOMOIIBI0 HHIYKTOpa
BBICOKOYACTOTHOTO TreHepaTopa. DU3MYECKON OCHOBOM HTOM TEXHOJIOTHH
MOCIYXIJIO OOHapy>KEHHOE pe3Koe CKauykooOpasHoe (Ha 2 — 3 mopsaka)
MOHMKCHUE DJICKTPOCOMPOTUBIICHUS TYTOIUTABKUX JHUAJICKTPUKOB TIPH  UX
IaBjicHUU. B pe3yiapTaTe Takoro XapakTepa 3aBHCUMOCTH  YAEIHHOTO
AJIEKTPOCONPOTUBIICHUS TUAJICKTPUKOB OT TEMIIEpaTyphl PacIuiaB OKa3bIBACTCS
xopouiei Harpy3koi aiis BU-reneparopa, a TBepaas ¢aza octaeTcsi Mpo3pavyHoit
JUTSI BBICOKOYACTOTHOTO TTOJISl M HE HarpeBaeTCl.

3a wWcTeKmMe TOAbI  OTa  TEXHOJOTHS  TOJyddiia  IIHPOKOE
pacnpocTpaHeHHME Kak y Hac B CTpaHe, Tak u B mupe. C ee NOMOIIbIO
OCTEKJIOBBIBAIOT ~ PAJMOAKTUBHBIE OTXOJbI, KOMIIAKTHUPYIOT TYTOIUIaBKUE
MOPOIIKK,  BapsiAT  TYroIUIaBKUE  CTEKJa,  CUTaJUIHI, MOJTY4aroT
MOJIMKPUCTAIUTMYECKUN KPEMHUHN I COTHEUHBIX DJIEMEHTOB.

Opnnako HamOoJiee SAPKUM PE3yJbTaTOM PA3BUTHS TEXHOJOTHUHU MPSMOTO
BY nnaBneHus B X0JIOAHOM KOHTEHHEpE SBIISCTCS MTPOMBIITUICHHAS! TEXHOJIOTUS
KpUCTAJUIOB HAa OCHOBE JUOKCHJA NUPKOHUA. PazpaOoTaHHBIN METO SBIISETCS
CIMHCTBEHHBIM TIPOMBIIIUICHHBIM METOJOM TIOJyYCHHSI TaKUX KpPHUCTAJIIOB.
IOBenupHBIE CBOWCTBA KyOMYECKHX TBEPJBIX PACTBOPOB Ha OCHOBE JUOKCHIA
IIUPKOHUS — (PUAHUTOB JTABHO OIICHEHBI, U OOBEMBI TMPOU3BOJICTBA SBJISIOTCS
OJTHIMH W3 CaMbIX OOJBIIMX B MHUpE, OJHAKO IO CHX IOP OTKPBIBAIOTCS BCE
HOBBIC BO3MOXXHOCTH HCIIOIH30BAHUS 3TUX MOHOKPHCTAIIJIOB B TEXHUKE: ONTHKE,
Ja3epHOM  TEXHHKE, MUKPO- W ONTODJIEKTPOHUKE,  DHEPIeTHKE,
BBICOKOTEMIIEPATYPHO  TeXHHWKE. [IpOMBINIIEHHOE MPOM3BOJACTBO  ATUX
KPUCTAJUIOB JIOCTUTAET HECKOJBKUX COTEH TOHH B MECAIl M COCPEIOTOYEHO
rmaBHeIM 00pasom B CIIIA, Kutae, FOxuoit Kopee, Poccun n na TaiiBane.
bonee 90% mnpou3BOOMMBIX KPUCTAJUIOB MPUMEHSIETCS B  IOBEIHMPHOMN
MIPOMBITIUICHHOCTH, & OCTAaBIIAsICA YaCTh MCIOIL3YETCS IS psifa TEXHUYECKUX
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npumeHeHui. Ceillyac MHUpPOBOE MPOU3BOJACTBO ATHX KPHUCTAUIOB COCTABIISAET
okos10 3000 T B ros.

HccnenoBaHusi HEKOTOPBIX CBOMCTB MOHOKPHUCTAIOB  KYyOWYECKHX
TBEPJBIX PACTBOPOB HA OCHOBE JIMOKCUJIA IMPKOHUS ((PUAHUTOB) MOKA3AIU, YTO
OHM  00JIalal0T  YHUKAJIbHBIMH  ONTUYECKHUMH,  MEXaHWYECKUMH U
AIEKTPUYECKUMHU XapaKTEPUCTUKAMH: 3TO — M30TPOIHAS ONTHYECKAasl Cpena C
BBICOKMM TTOKa3zaTejaeM mpejaomieHus (2,15 — 2,2) u mupokoil CreKTpaibHOM
obmacTeio mpomyckanus (250 — 7500 um), obmagaromas OOJBIION TBEPIOCTHIO
(8,5 o Moocy), Tyromaskoctsio (2700 — 2800°C), HOHHOI MPOBOANMOCTHIO
TPU MOBBINICHHH TeMmiepatypbl Bbime 300°C. DTo coueTanme CBONCTB CAENANo
(bUaHUTBl TEPCHEKTUBHBIM MaTEpUaIOM JJisI MHOTHUX O0O0JIaCTe TEXHUKU H
POMBIIUIEHHOCTH: OMNTHKH, AIIEKTPOHUKH, MpUOOPOCTPOCHHMUS,
BBICOKOTEMIIEPATYPHOU TEXHUKH.

B cepeaune 70-Xx TOAOB, BO3HMK IIOBBIIICHHBIA HHTEpEC K
BBICOKOIIPOYHBIM U BBICOKOBSI3KMM MarepuajaM U3 AUOKcHla LupkoHus. K
TaKUM MaTepuajaM OTHOCUTCS YaCTUYHO CTAOWJIM3UPOBAHHBIA  JTUOKCHU]]
nupkonus (UCLI), npeactaBistommii coOol TBEpABIA PacTBOp JTUOKCH]IA
UPKOHUSL ¢ HEOONBIIMMH J00AaBKAMU OKCHUJA WUTTPHUS JTUOO OKCHJIIOB JIPYTHUX
PEAKO3EMENIBHBIX M IIEJIOYHO3EMENBHBIX MeTauioB. Meton mnpsMoro BY-
IUIABJICHUS. B XOJIOJZHOM KOHTEHHEPE JAaeT BO3MOYKHOCTH IIOJIYYEHHUS 3TOrO
BBICOKOIPOYHOT0, TPEUTMHHOCTOMKOTO Marepuasa ¢ HyJeBO! MOPHUCTOCThIO, 0€3
($a30BBIX TpaHUI], HAMPABJICHHON KpUCTa/UIM3alnuer u3 paciiaBa. CUHTE3 Ha
BO3/lyX€, OTCYTCTBUE CHEIHAIbHBIX TPEOOBAHHI K TPAHYJIOMETPUUYECKOMY
COCTaBYy M OJHOPOJHOCTM MCXOAHOTO Marepuana, a TaKkKe MPaKTHYECKH
0€30TXOAHBIA XapaKTEp TEXHOJIOTMH (MCIOJNb30BaHUE JUII  MOBTOPHOIO
neperuiaBa KpUCTaNIMYECKUX OTXOZOB), JEJaeT 3TOT MeToi Oojee BecbMa
MEPCIEKTUBHBIM  JJIA MOJIyYEHHUsSI BBICOKOIPOYHBIX M  BBICOKOBSI3KUX
KOHCTPYKIIMOHHBIX MAaTE€pHUAJIOB, YCTOMYMBBIX B arpeCCUBHBIX, B YAaCTHOCTH
OKHCIIUTENIbHBIX, CPEIaX B IUPOKOM TEMIIEPATyPHOM UHTEpPBAJIE.

MeronamMu pEHTTEHOBCKOW TU(PAKTOMETPUH, U MPOCBEUUBAIOIICH
AIEKTPOHHON MHUKPOCKONHUHU HCCIIEIOBAHA CTPYKTypa KPHUCTAUIOB YaCTUYHO
crabunmsupoBanHoro auokcuaa mupkonust (UCL[). MccnemoBanusi mokxazanw,
yto kpuctaiibl YCLI, mosydyeHHbIe HANIPaBICHHOW KpUCTAIIU3AIMEN pacIliaBa,
XapaKTEepPU3yIOTCS  HaJM4YMeM JIByX TeTparoHalnbHbix (a3 (t u t'),
pa3IMyaroUXCsl CTENEeHbI0 TETPAroHalIbHOCTU (C/a), MpPUYEM YBEJIUYEHUE
KOHLEeHTpauu Y,03 B KpHUCTaIaX NPUBOAUT K YBEJIMUYEHUIO COJIEPKAHUS
HeTpaHchopmupyemoit t' ¢aspl. Kpuctamnsl o0nanai0T pa3BUTOM JTOMEHHO-
JBOMHHMKOBOW CTPYKTYpOM B AWAIla30HE KOHUEHTPALUWA OKCHIA UTTPUA OT 2 10
7 Mon%. JIBOMHUKOBBIE JOMEHBI 00Pa3yIOTCS MPH OXJIAXKIEHUH MOHOKPHUCTAIA
B mporecce (Pa3zoBOro mepexoja KyOWdecKod CTPYKTYPhl B TE€TpParoHaJbHYIO.
®da30Bblil NEPEXO]] TEHEPUPYET HANPSHKEHUS, KOTOPhIE PEIAKCUPYIOT 33 CUET
JIBOMHUKOBaHUSA. Bua U qucnepcHOCTh JBOMHUKOBBIX JIOMEHOB ONPEAEISAETCH,
TJIaBHBIM 00pa3oM, BUIOM M KOHIIGHTpAIMell CTaOMIM3UPYIOIEeH MPUMECH.
Takass cTpykTypa MaTepuajia, MOJy4Y€HHass B pe3yabTare IMpolecca
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HAaHOCTPYKTYPHUPOBAHUS MpHU (Pa30BOM MEPEXoje, HE MOKET HE OTPa3UThCS Ha
CBOMCTBaX 3TUX KPUCTAILJIOB.

OU3NKO-XMMUYECKHE CBOWCTBA KPHUCTAUIOB HAa OCHOBE JUOKCH]IA
IUPKOHUSL YCIOBHO MOKHO pa3OuTh Ha ABe rpymimsbl. [lepBas rpymnma — 310 Te
CBOMCTBa, KOTOpPBIE OMPEAENSAIOTCS B OCHOBHOM XHMHYECKHM COCTaBOM U B
paBHOM crenenu npucymu u kpuctaam YCIl, u ¢uanuram. Ilpexne Bcero,
CIEQyeT  OTMETUTh  BBICOKYIHO  TEMIIEpaTypy  IUIaBJICHUSA 2800°C,
AJIEKTPONPOBOJIHOCTh INPU  MOBBIIEHHBIX TEMIEparypax, M[pUYEM 3Ta
AJIEKTPOIIPOBOTHOCT, HMOHHOTO THHA. OCOOCHHO CleayeT OTMETUTh TaKHe
CBOMCTBA, KaK MCKJIIOYUTEIBHO BBICOKAs XMMHYECKasi CTOMKOCTh K KHCJIOTaM,
HIeJI04YaM, paciulaBaM HIEJIOYHBIX METaUIOB; CTOMKOCTh B OKHCIIHATEIBHOU
aTMocpepe BO BCEM HHTEpBAJIEC TEMIIEpaTyp BIUIOTh 1O TEMIIEPATYpPbI
I1aBi€HUsl; OMOMHEPTHOCTb, YTO  SIBISIETCA  HENPEMEHHBIM  YCIOBHEM
OMOCOBMECTUMOCTH; OTCYTCTBHE aAre3ud K OHOTKAaHSIM U  BbICOKas
PEHTI€HOKOHTPACTHOCTb.

Bropas rpynma — CcBOWCTBa, KOTOPBIE OIPENEISIIOTCS B OCHOBHOM
HaHOCTpyKTypoi KkpuctaiuioB YCILl. CrnencrBueM HaHOCTPYKTYPUPOBAHHUS
SBJIIETCSI TOSIBJICHHE MCKIIOYUTENBHBIX MEXAHMYECKMX CBOWCTB MaTepHala.
[Ipesxxne  Bcero,  3TH  KpHUCTAUIbI  OOJAAAalOT  OYEHb  BBICOKOM
TPEIIMHHOCTOMKOCTBIO, MpeesiaMi MPOYHOCTU Ha U3TUO, CXKATHE, BBICOKUMU
MoAyJsIMU ynpyroctd. Creayer OTMETHTh MOBBIIMIEHHYI0 H3HOCOCTOMKOCTD
TOr0 MaTepuajlia B COYETaHUM C HHU3KUMHU KO3(hUIIMEeHTaMu TpeHHUs.
CoyeTaHne TakUX HPOYHOCTHBIX M TPUOOTEXHUYECKUX XAPAKTEPUCTUK CO
CBOMCTBaMH, NEPEUYMCICHHBIMU B NEpBOM rpymnmne, aenaetT Kpucramwisl YCLI
BECbMa MEePCIEKTUBHBIM KOHCTPYKIIMOHHBIM MaTE€pHaIOM JUIsl MHOTUX OTpacieu
TEXHUKUA U METULIUHBI.

bonpuie mnepcrnekTHBbl UMEIOT 3T MaTepuaibl JUisl NPUMEHEHUs B
KAauecTBE KOHCTPYKLIIMOHHOIO MarTepuana Uil H3TOTOBJICHUS neTaneu
TpUOOTEXHUUYECKOTO HAa3HAUYEHHS, KOMIIOHEHTOB H3MEPUTEIbHBIX MpPHOOPOB,
UHCTPYMEHTOB Jisi O0paOOTKM MaTepuajoB pe3aHueM U jaaBiieHueM. [lns
IPUMEHEHUSI KEPAMUYECKUX KOHCTPYKIIMOHHBIX MAaTE€pHaJOB B KadeCTBE
netanell  TpUOOTEXHUYECKOrO0 Ha3HaueHus [Uisi  paboTbl B YCIIOBHUSX
NOBBIIICHHBIX TEMIIEpaTyp M arpecCHUBHBIX cpeja OONbllIoe 3HAYECHHUE HMEEeT
BO3MOXHOCTh pPabOThl MX B COYETAHUUM C METAUIMYECKUMH ACTAIAMU
KOHCTPYKIIMA. B 3Toil CBsA3M OOJBIIYyI0 POJIb WUrpaeT OJM30CTh 3HAYCHUM
ko3 puieHToB TepMUyeckoro pacuupenus kpuctaioB YCI u cranm.

NHTEeHCHBHO pa3BUBAIOTCS pabOTHI MO UCTOIb30BaHMI0 KpuctauioB YCI]
B MeauuuHe. B HacTosmiee Bpemsi HauOoJee AaKTUBHO MCHOJIB3YIOTCS
MaTepuaibl Ha OCHOBE JHUOKCHJA IUPKOHUS B  PEKOHCTPYKTHUBHO-
BOCCTAHOBUTENBHOM cTOMaronoruu. Kepamuka U3 JHOKCHIA LMPKOHHUS
npu3HaHa HamOosee MPOYHBIM M OMOJOTHYECKH COBMECTHMBIM C OPraHHU3MOM
YelioBeKa MaTephajoM sl pecTaBpanuu 3yOoB. UeM MeHbIe ocTaTOYHas
MOPUCTOCTh KEPAaMUKH, TeM OO0Jee NpPOYHBbIA, TPEIIMHOCTOMKHWNA Marepuanl H
MEHBIIE CTENEHb €0 JErpajalyy B arpeCCUBHBIX Cpelax. DTH XapaKTEPUCTUKH
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OTIpEENSeTCs] CMOoCOOOM M3TOTOBJIEHUS MaTrepuana. KpucTtamisl YacTHYHO
crabunusupoBanHoro auokcuaa mupkonus (YCL[), cuHTE3MpOBaHHBIE U3
pacriaBa B XOJIOJHOM KOHTEWHepe, SIBISIOTCS OMOCOBMECTUMBIMH, OOJIaJaroT
HYJIEBOM MOPHUCTOCTBIO M OTCYTCTBHEM TpaHMI] 3epeH. VX MexaHudeckue
XapaKTepUCTUKU BBIIIE, & CTEINEHb JErPaJallii CYIIECTBEHHO HHXKE, YEM
KEpAMHUKH TOTO K€ COCTaBa.

JI0o HEKOTOPOro BPEMEHHU CYIIECTBOBAIO OJHO OOCTOATENHLCTBO, KOTOPOE
OrpaHUYMBAJIO CHEKTP NPUMEHEHHH TUOKCHIA IUPKOHHS B CTOMATOJIOTMH —
TEXHOJIOTUYECKH CJIOXKHAasi O0O0pa0OTKa 3aroTOBOK W3 OKCUAA LUPKOHUS.
CoznanHasi B HAcCTOAIEE BpeMsl CHCTeMa OOpabOTKH TaKMX MaTepHaloOB BO
MHOTOM CHOCOOCTBOBaJa MIMPOKOMY HCIOJB30BAaHUIO ATOTO Marepuaia JJis
ctomaroiorud. CoOBpeMEHHas CUCTEMa pEcCTaBpalud W MPOTE3UPOBAHUSI—
CAD/CAM (nepBbiii ee oOpazel co3nad Gupmoit Siemens) MO3BOJISET CleIaTh
BKJIAJIKY, KOPOHKY WJIM UCKYCCTBEHHBIE 3yObl, TPAKTUYECKU MEHBIIIE YEeM 3a TPU
yaca.

Hapsany c yxke OTMEUEHHBIMH CBONCTBAMH, TaKUMHU KaK XHUMHUYECKas
CTOMKOCTh, OMOMHEPTHOCTh, OTCYTCTBUE AJTr€3UN K OMOTKAHSIM 3TOT MaTepHall
o0namaeT CHOCOOHOCTBIO K CBEPXOCTPOW 3aTouyke  Osarojgaps BBICOKOM
TPEIIMHHOCTOMKOCTH, TBEPAOCTM M IpodHOCTH. (CBepxocTpas 3aTouKa,
NOBBIUICHHAs] HM3HOCOCTOMKOCTh M OWOJIOTMYECKas WHEPTHOCTh I03BOJISET
ucnosb3oBaTh Kpuctamuibl YCL[ 1ist XUpyprudeckux pexyIluX UHCTPYMEHTOB.
WX uCnosb3ylOT B TJA3HOW, SMOPHOHAIBHOW, HEUPOXHPYpPTrUU U B 0OIIEH
XUPYPTUH. DTH CKAIBIENH OTIIMYAIOTCS OUYE€Hb XOPOIIMMHU 3KCIUTyaTallMOHHBIMU
xapaktepuctukamu. OHU JalOT OYEHb YUCTBIA pe3 M OBICTPO 3KHUBAIOIIYIO
pany.

Kpucramibl yacTuyHO cTadMIM3upoBaHHOro Auokcuaa nuupkonus (UCLI)
IpU KOMHATHOW TEMIIEpAType SBISIOTCA TUIWYHBIMUA JAUDJIEKTPUKAMU H
oOnaaaroT BBICOKMMU AHTUIIPUTAPHBIMU CBOMCTBaMH, BBICOKOU
DIEKTPOXUMUYECKON CTOMKOCTBIO M H3HOCOCTOMKOCTBEO, YTO MO3BOJISIET
MCIIOJIB30BaTh €r0 B KAU€CTBE UJICAIbHOIO KOHCTPYKIIMOHHOTO MaTepHhayia JJis
peKymux pabodymx YacTed WHHOBAIIMOHHOTO  AJICKTPOXUPYPTHUECKOTO
UHCTPYMEHTa, KOTOpBI oOecreuynBaeT OECKpPOBHOE IPOBEJIEHUE CaMbIX
CJIOXHBIX OIEpaIHil.

OnHuM K3 MEepCNEeKTUBHBIX HANPAaBICHUHN MCIIONIB30BAHUS KPUCTAIIOB Ha
OCHOBE JIMOKCHJIa LIMPKOHHUS SIBJISIETCS HCIOJb30BAHUE B KayeCTBE TBEPJIBIX
ANEKTPOJIUTOB B TBEPAOOKCHUIHBIX TOIUIMBHBIX 3JI€MEHTaX, JaTYMKaX KUCIOPOaa
B arpeCCUBHBIX CpeJiax MPH MOBBIIICHHBIX TEMIIEPATYpax B U APYTUX MO00HBIX
DJIEKTPOXMMHUUYECKUX YCTPOMCTBAaX. B Hacrosee BpeMs MCIOJIb3YHOTCS
KepaMUYECKHe TBEpJbI€ BJIEKTPOJUTHI Ha OCHOBE JuoKcuia. CTpPYKTypHBIE,
MEXaHUYECKUE U DJIEKTPUUYECKHE CBOMCTBA TAKUX KEPAMUYECKUX MATEPUAJIOB B
3HAYNUTEIBHOM CTENEHH 3aBUCAT OT UX MHUKPOCTPYKTYpHI (pa3MepoB 3€peH,
XapakTepa pachpelelieHds KOMIIOHEHTOB TBEPAOrO pacTBOpa Mo o0beMy U
rpaHullaM 3€pEeH, MEX3EPEHHbBIX HANPSKEHUN, HAJTUYUS TIOp U T.J.), KOTOPBIEC B
CBOIO OYEpEb ONPEIEIAIOTCS TEXHOJOIMYECKUMHU YCIOBHUSIMHM CHUHTE3a. B
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OTJIMYME OT KEPAMUKH, MPU MOIYYEHUU MATEPUATIOB B BUAE MOHOKPHCTAIUIOB,
BJIMSIHUE 3TUX (PAKTOPOB MOXHO HUCKIIIOUUTh, YTO CYIECTBEHHO IOBBIIIAET UX
CTaOMJIBHOCTh M pecypc padboTel. OAHON U3 MPoOJIEeM TBEPABIX JIEKTPOJIUTOB
SBJISIETCSL CTA0MIIBHOCTh XapaKTEPUCTUK MPU paboOunX TEMIEpaTypax B TEUCHUE
JUINTEJIBHOIO BPEMEHM, YTO MOXKET OBITh CBSI3aHO Kak C (ha30BbIMHU
OpEBpalICHUSIMM, TaK M C BBICOKOTEMIIEPATYPHON peKpUCTAIUIM3ALUEH
KepaMHUKU Npu pabouux Temmeparypax. i MOHOKPHUCTAUIOB CTaOMIIBHOCTb
OTIpeeNseTCs UMb (Pa30BON yCTONYMBOCTHIO TBEPAOTO PACTBOPA.

Pa3paOoTanHasi TEXHOJIOTHS CHHTE€3a KPHUCTAIZIOB METOJOM IPSMOI0
BBICOKOYACTOTHOTO TUIABJICHHSI K MaTepUabl, MOJTYYEHHBIE 110 ITOW TEXHOJOTHH,
3alMIIEHBI LETbIM PSAJOM aBTOPCKHX CBUIETENLCTB U MaTeHTOB B Poccuu u 3a
pyOeKOM.
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PEHTTEHOBCKAA TNUP®PAKTOMETPUA TTOJIMKPUCTAJIJIOB

H.}O.TabaukoBa
Hayuonanvnolii ucciedosamenbCckuti mexHonio2u4ecKutl yHugepcumem

«MUCHC», Mockea
E-mail: ntabachkova@gmail.com

HccnenoBane  aTOMHOM — CTPYKTYpPBl  BEIIECTB  COBPEMEHHBIMHU
TUQPAKIUOHHBIMM  METOJAaMHU IO3BOJISIET BBISIBUTH PECYPCHI  YIIyUIIEHUS
duznyeckux  CBOMCTB ~ MaTepuajoB M BO3MOXXHOCTH  YIIyUIICHHUS
HKCIUTYaTAI[MOHHBIX XapaKTEPUCTHK MaTepuanoB. TpeOoBaHMsS TEXHOJIOTUU
MOJIYYEHHUS] MAaTEPUAJIOB U CTPYKTYpP 3JEKTPOHHOW TEXHUKH IMPHUBOJAT K TOMY,
YTO METOAbl aHadu3a CTPYKTYpbl CTAHOBATCS HE TOJBKO METOJAMHU
UCCJIEIOBAHMS, HO U METOJAaMH KOHTpPOJS KauecTBa 3aJaHHbBIX OOBEKTOB. B
JAHHOU paboTe paccMOTpeHbl (PU3NYECKUE OCHOBBI TU(PPAKIIMOHHBIX METOOB
U3Y4EHUS ATOMHOIO CTPOEHUS BEIIECTBA W  OCHOBHBIE IPUJIOKEHHUS
PEHTIE€HOCTPYKTYPHBIX HCCIEA0OBAHUI B MATEPUAIOBEICHUY.

Haubonee pacrnpocTpaHeHHOHN 3a/adeil CTPYKTYpHOTO aHaiu3a SBJISETCS
yCTaHOBJIEHHE (DAa30BOrO0 COCTaBa W MPELU3UOHHOE OINpeesieHUuEe MEepUoI0B
pemetku. IlapameTpbl sneMeHTapHON sUEHKU SIBISIIOTCS (DyHAaMEHTaIbHBIMU
XapaKTEPUCTHUKAaMU pEIIETKH KpucTaiwia. OHM 3aBUCAT OT TEMIIepaTyphl,
KOHLIEHTpalUy NPUMECH U CTPYKTYPHOIO THIIA PACTBOPA, TAKXKE OT YIPYIHX
HaIpsHKEHUH, NEeWCTBYIOIIMX HA JaHHBIA OOBEKT. DT 3aBUCUMOCTH  MOTYT
OBITh KCIIONB30BAHBI JIs1 PELICHUS Psiia MPUKIAIHBIX 3aAa4 (PU3HKU TBEPAOTO
Teda W MarepuanoBedeHus. [lpu 3ToM BO MHOrMX ciydasx TpeOyroTcs
npeu3uoHHbIe n3MepeHusi. OQHUM U3 T0CTATOYHO IIMPOKO PACTIPOCTPAHEHHBIX
MPUJIOKEHUN  TPEHU3UOHHBIX M3MEPEHUM MEKIUIOCKOCTHBIX —PAaCCTOSHUN
ABJIETCS ONPEACIICHUE OCTATOYHBIX MAKPOCKOMUYECKUX YIIPYTUX HANPSHKEHUI.

JlpyrumMu  BaKHBIMU pE€3yJIbTaTaMH, KOTOPBIE MOXHO IIOJYYUTh C
MOMOUIbIO PEHTTEHOBCKOW NU(PAKTOMETPUU W HHTEPIPETHUPOBATH HAa OCHOBE
TEOPUH METOJA SIBIIAIOTCS: AHAJIN3 TOHKOM KPUCTAILIMYECKON CTPYKTYpBI U €€
U3MEHEHUS B  IPOLIECCE  TEXHOJOTMYECKHX  BO3JACHCTBUNA, HU3yYEHHE
KPUCTaJUIMYECKOW CTPYKTYpPbI, HCCIEJOBAaHUE TBEPABIX PACTBOPOB W AHAIINU3
TekcTyp. C moMoIIpio TU(PPaKIIMOHHBIX METO/IOB ONPEEICHHUS TEKCTYP MOXKHO
NOJy4YUTh TMPEJICTaBICHHE 00 OPHEHTUPOBKaX B MOJIMKPUCTATUIMYECKUX
oObeKTax.  AHalWM3  yIIMUpeHUs  JAUPPAKIUOHHBIX  MAKCUMyMOB  Ha
nudpakTorpaMMax MOJUKPUCTAIIIOB — IUPOKO TMPUMEHSETCS ISl U3YYeHUS
ne(eKTHOW CTPYKTYphl KPUCTANIUTOB M ONpENeNeHUs pa3MepoB oljacTei
KOTE€PEHTHOI'O PACCESIHUS.

Takum oOpazom, B paboTe HapsAAy C ONPEACIICHUEM aTOMHOM CTPYKTYphI
BELIECTBA METOJIOM PEHTTEHOBCKOM AM(PPAKTOMETPUH PACCMOTPUM BOIIPOC 00
YCTAaHOBJICHUHM PAa3JUYHBIX JIONOJHUTEIBHBIX CTPYKTYPHBIX XapaKTEPUCTUK
NOJINKPUCTAUIMYECKUX OOBEKTOB — TEKCTYPbl, BHYTPEHHUX HaIpPsHKEHU,
JTUCTIEPCHOCTH O0JacTell KOTEPEHTHOTO pAaCCEesTHUS, KOHIEHTPALUU TBEPIbIX
pPacTBOPOB U T.A.
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KOMIDIEKCHBII ITPOEKT «OPTAHMU3AIM ITPOU3BOJICTBA
TTIOJIYTIPOBOJHUKOBBIX ITPUEOPOB CUJIOBOI DJIEKTPOHUKN
HA OCHOBE CO3JIAHU S FA30BON TEXHOJIOI' MM M3TOTOBJIEHNA
CTPYKTYP «KPEMHMI1 HA MOJIMBIEHE» C UCITOJIb30BAHUEM
HU3KOTEMITIEPATYPHBIX COEJIMHEHU»:
OCHOBHBIE PE3VYIJIbTATBI HUOKTP

B.B. EJII/ICCCBl, B.A. MapTBIHeHKol, K.H. HI/IHIGBZ, M.N. HOBOHOJIBHCBZ
Y040 «2nexmposvinpsmumensy, Capanck
2Mopooeckuii zocydapcmeennpiii yrusepcumem um. H.I1. Ozapesa, Capanck
E-mail: nishchev@inbox.ru

B nokiame mpencTtaBieHbl pe3ysbTaThl YETBEPTOIO M IATOIO OTYETHBIX
NepuoI0B npoekTa «Opranuzanus NpoOU3BOJACTBA MOJIYIPOBOJHUKOBBIX TPUOOPOB
CWJIOBOM JJIEKTPOHMKM HOBOI'O TOKOJEHUS Ha OCHOBE CO3JaHMsl 0a30BOM
TEXHOJIOTUM  HW3TOTOBIICHUSA  CTPYKTYp  «KpPEeMHHH Ha  MOJIUOAEHE» C
MCIIOJIb30BaHUEM HHU3KOTEMIIEPATYPHBIX COECIUHEHHI», BBINOJHIEMOTO B paMKax
[ToctanoBnenus IlpaButensctBa P® No218 «O mepax rocyaapCTBEHHOU
MOJAJICP)KKU Pa3BUTHsI KOOTEPALMA POCCUICKUX BBICHIMX YYEOHBIX 3aBEICHUN U
OpraHM3alyid, pEAIM3YIOIHUX  KOMIUIEKCHBIE  MPOEKThl MO  CO3JAHUIO
BBICOKOTEXHOJIOTUYHOTO ITPOU3BOICTBAY.

Ilenpto mpoekTa sABIAETCS pa3pabOTKa HOBOW TEXHOJOTHMH W3TOTOBIICHUS
CTpYKTYyp «kpemHuii Ha wMommOaeHe» (KHM), ocHoBaHHOW Ha NpUMEHEHHH
cepeopocoaepxkamux mnact (CII) nus  HHM3KOTEMIEpaTypHOTO  COCIUHECHUS
AJIEMEHTOB CTPYKTYpP CHJIOBBIX MOJyNPOBOAHHKOBBIX MprbopoB. Ha 6aze manHOI
texHonorun Ha OAQO «DIeKTPOBBIIPAMUTENBY CO3JAETCA BHICOKOTEXHOJIOTHYHOE
MPOMBIIUIEHHOE  IPOM3BOJICTBO  MOJYHNPOBOJHUKOBBIX MPUOOPOB  CHIIOBOM
AIIEKTPOHUKHU C MOBBIIIEHHBIMH 3KCILTyaTallAOHHBIMU XapAKTEPUCTUKAMU.

OCHOBHOM 3a/1a4eil YeTBEPTOr0 OTYETHOTO MEPUOAa KOMIUIEKCHOTO MPOEKTa
SBJISJIOCH 3aBEPIICHUE Pa3padOTKU MPEABAPUTEIBHOTO MPOEKTa TEXHOJIOTHUECKOTO
nporecca usrotopienus ctpykryp KHM (TIT KHM). B xozae BbINOIHEHUS NPOEKTa
WCTIOJTHUTEISIMU MIPOBEJICHBI MaTEHTHBIC UCCIICIOBAHUS, pa3paboTaHa
npeaBapuTebHas TEXHOJOTUYECKas JTOKyMEHTalus, pa3paboTaHbl MpOrpaMMbl U
METOJMKHU HccheoBarenbckux ucneitanuii (IIM), mpoBeneHs! nuccneaoBaTesibCcKue
ucneiTanug maketos ctpykryp KHM u TII KHM.

B msiTom nieproze npoexra:

- ONpeneNeHbl MOKa3aTeld TEXHOJOTUYHOCTU U PECYpPCOCOEpPEeKEHHUs] CTPYKTYP
KHM.

- paspaboraHa pabouasi KOHCTPYKTOPCKasi, TEXHOJOTHYECKasi W JKCIUTyaTallMOHHAS
nokymenTaiust KHM, B oM uuciie npoekt TY.

- mposenieHa Metpostornyeckas skeneprusa PKJI u PT/] va ctpykrypet KHM.

- pa3paboTaHa TporpaMMa W METOAWKU MpEeABAPUTEIbHBIX HCIBITAHUN OINBITHBIX
00pa3uoB ctpykTyp KHM 1 TexHOIOrHYecKoro npouecca ux U3roToBJICHHSL.

- B paMKax IepBOro srana mnpeaBapurenbHbix ucnbiTanuii TII KHM wusroroBnenst
OTBITHBIE 00pasiibl cTpykTyp KHM.

B xone Beimonnennss HUOKTP deTBepTOoro U maroro OTYETHBIX NEPUOJIOB
MPOEKTA NOIy4deHbl cienyromue PU/I:
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1. Ka6nos E.H., Jlykun B.W., PrubaukoB B.C., AdanacbeB-Xoasikua A.H.,
Humer K.H. Crnoco® ompeneneHuss NPOYHOCTH CIETUICHHS TIOKPBITHS C
KpeMHHeBo# noioxkoi. [Tatent RU 2548393 MITK GO1N19/04.

2. Humes K.H., HoBonomsuies M.U., bernos B.M., Okun M.A., Crennos /[.A.
Cnoco6 ompeneneHusi kKodhPUIMEHTa TEMIEPaTypONPOBOJHOCTH TOHKHUX CJIOEB
MaTepuanoB. 3asBKa Ha IMOJIydeHHE naTeHTa Ha uzoOpereHue Ne2015119944 or
28.05.2015 r.

3. Mapteinenko B.A., Emucees B.B., I'pumannn A.B., Xanyrua A.A., Huies
K.H., Hoononbiie M.U. CuiioBoii moJIynpOBOAHUKOBBIN MTPHUOOP ¢ TOBBIIEHHOM
YCTOMYMBOCTBIO K JAMHAMUYECKON JIaBMHE. 3asiBKa Ha TMOJIyYeHUE NaTEHTa Ha
nose3Hyto moaesb Ne2015125231 ot 29.06. 2015 1.

[Tonydaennsie pesynbsratel HUOKTP omyOnmkoBaHbI:

1. V.I.Lukin,V.S.Rylnikov, A.N.Afanasyev-Khodykin, K.E.Kutsevich,
K.N.Nishchev. A method of determining the Strength of silver-coating adhesion to
a silicon support using glue.// Polimer Science. Series D. Glues and Sealing
materials.2014,vol.7,No.4, pp.313-315.

2. Humes K. H., HoBomoneries M. 1., Mumkun B.I1., CaBpacor K.B., Enucees
B.B. , Mapreienko B.A., TI'pumanun A.B. MHccinenoBanme mpouecca
HU3KOTEMIIEPATypHOIO CIEKaHusd cepedpocoaepkaumx nact meroaom POM .
Tpynst XXV Poccuiickoit KOHPEpEHIHH MO 3JIEKTPOHHOW MHUKPOCKONHH U 2-U
[[Ixonbl MONOABIX y4eHBIX «COBPEMEHHBIE METOABI AJIEKTPOHHOM W 30HJIOBOM
MUKPOCKOTIMM B HCCJICIOBAaHUSX HAHOCTPYKTYp M HaHomaTepuayioB», PKOM-
2014 .Tom Ne2, UTTTM PAH, 2014 ISBN 978-5-89589-069-1 2014. C.468-469

3. T'op6ynos II.C.,Humes K. H., HoBomonbuies M. U., Mumikun B.I1., Yckosa E.H.
UccnenoBanue CTpyKTYpbl MHOTOCIIOMHBIX METAJUIMUECKUX TTOKPHITUI HA KPEMHUU
merogamu POM u C3M. Orapes-online. "®wu3nko-mMareMaTndeckue Hayku'. —
2014. — Ne19. CeugetenbctBo 0 peructpammu IJI Noe ®C 77 — 52910 ot 20.02.2013.
ISSN 2311-2468 Ne19, urons, 2014— URL: http://journal.mrsu.ru/arts/issledovanie-
struktury-mnogoslojjnykh-metallicheskikh-pokrytijj-na-kremnii-metodami-rehm-i-

szm. C.1-5.

4. Jlykun B.WU., PeuibnukoB B.C., AdanacbeB-Xonapikun A.H., Jloummnun 1O. B.,
Humer K.H. OcobeHHOCTH HU3KOTEMIIEpATyPHOTO CIIEKaHUs cepeOpocoaepraieit
IIACThl JUIA JeTajed CUJIOBOM JJIEKTPOHUKHU. TexHOosorus MammuHOCTpoeHus. NeS,
2015. C. 313-315.

5. Humer K. H., HoBononsuesM.M., Mumikun B.I1., ['pumanun A.B., Curaues
A.®., CaBpacoB K. B., Emucees B. B., MapteiHenko B.A. HccrnemoBanue
HU3KOTEMIIEPATypHOTO CIEKaHUs cepeOpocoAep KalliuxX MmacT METOJIOM PacTpOBOM
ANeKTpOoHHOM MuKpockonuu. [Ipuknannas ¢pusuka, Ne5, 2015.C. 10-14.

PabGota BemmonHeHa B pamkax goroBopa Ne(02.G25.31.0051 mexmy OAO
«DNEKTPOBBINPSIMUTENL» U MUHUCTEPCTBOM 00pa3oBaHusi W Hayku Poccuiickii
@denepanun 00 YCIOBHUSIX MPEAOCTABICHUS U HCIOJIb30BaHUA CyOCHIMU Ha
peanu3aiuilo KOMIUIEKCHOTO TPOEKTa MO CO3JaHUI0 BBICOKOTEXHOJOTHUYHOIO
MIPOU3BOJICTBA, BBIMIOJHAEMOTO C Yy4YacTHEM POCCHUUCKOTO BBICHIETO Yy4eOHOTO
3aBEJICHUS.
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BJIMSIHUE KOHHEHTPALIMM OKCUA BUCMYTA
HA OIITUYECKUE 1 JUSJIEKTPUYECKHUE CBOUCTBA
BUCMVYTI'EPMAHATHBIX CTEKOJI

W.B. CrenanoBa, A.H. UunOeckoBa
Poccuitickuti xumurxo-mexnonoecuueckuti ynusepcumem um. [{.1M. Menoeneesa,
Mockea
E-mail: stir@inbox.ru

B cucreme Bi;03-GeO, cCymecTBylOT HECKOJBKO COCIUHCHHA,
o0JagaroNMX I[IEHHBIMUA TPAKTUYECKUMH CBOMCTBAMH: JJICKTPOONTHYECKUMHU
(Bi;,Ge0y), crimaTrusmronHbiME (BisGesO1,) MM CerHeTOAIeKTPUICCKUMHU
(Bi,GeOs). B wuHTepBaJie KOHIIGHTpAIMid OKCHJIOB, BKJIIOYAIONMEM B CeOs
cocraBel BiyGes0;; m BiyGeOs, BO3MOXHO TIOJYYHTh CTEKJIA XOPOIIETo
KauecTBa, KOTOpPbIE MOXHO dJ(PGEKTHBHO JIETUPOBATh TEPEXOAHBIMH H
peIKo3eMeNIbHBIMM ~ HOHAaMHW W HCIOJIb30BaTh I CHHTE3a B  HHUX
COOTBETCTBYIOIIMX KpHUCTaUIMYecKux (a3. B maHHON paboTe ObLIO H3YyUYECHO
BIIMSTHUE KOHIICHTPAIIMM OKCHJA BHCMYTa Ha ONTHYECKUE U JUIICKTPUUCCKHE
CBOMCTBA BUCMYTI€PMaHATHBIX CTEKOJI Pa3IUYHBIX COCTABOB.

JIns  SKCIEpUMEHTOB OBUIM BBIOpAHBI COCTaBBI CO  CICAYIOIIUMU
cootHomeHusMHu: Bi,03:GeO,: 40:60, 45:55 u 50:50; crexia mnoaydaiu
IUIABJICHHEM CMECH MCXOJIHBIX OKCHIOB mpH Temieparypax 1075 u 1100°C u
MOCJICYIOIIEH OTIMBKONW Ha TOMIOXKKY. CIEKTphI TOTJIONIEHUS TOJyYEeHHBIX
oOpasioB caumanu Ha criektpodoromerpe UNICO 2800 (UV/VIS) B nuanazone
190-1100 uM. [IudnmekTpudeckue XapaKTepUCTUKA H3MEPSIIH C TOMOIIBIO
MocToBoi cxeMbl E7-12 ¢ wactoToit 1 MI'y B tuanazone 25—-620°C.

Ha cmekTtpax mornomeHuss BceX 00pasloB MPUCYTCTBYET —ILICYO
noryionieHus B obnactu 500 HM, KOTOpO€ CBSA3aHO C HAJIMYMEM B CTEKJIax
ONTHYECKUX JePeKTHBIX Bi-tieHTpoB [1]. MHTCHCHBHOCTD IUIEYa MOTJIOIICHUS
YBEIMYMBACTCS Kak C pocToM KoHueHTpamuu Bi,O3, Tak u ¢ pocrom
TEeMIIepaTyphbl CHHTE3a CTEKOI.

VYBenuueHue coaepkKaHus OKCHJIa BHCMYTa MPUBOAUT K CHIDKCHHIO
XapaKTEPUCTHUCCKUX TEeMIIepaTyp OOpa3lloB M K YMEHBIICHHUIO YICIHHOTO
compoTuBjieHUs. B oOmacTu TemmepaTyp BBIIIE TeMIIEpaTyp CTEKIOBAaHUS
TURJICKTpUUYECKas MpoHuIaeMocth obpasmnoB 50Bi,03-50GeO, B Oombieit
CTCTICHU 3aBHCHT OT TEMIIEpaTypbl, YeM Yy O0Opa3loB JAPYyTrHX COCTABOB.
BepositTHo, 23TO  cBsi3aHO ¢ oOpa3oBaHMEM B JIaHHOM  CTEKJIC
cereroanekTpuueckon ¢aszpl Bi,GeOs. Xapakrtep TtemmnepaTypHOW KpHUBOM
TaHTeHCAa yIJla JURJICKTPUYCCKUX IOTEPh TIPH  OXJAXKACHHUM 00pasIoB
MoKa3pIBaeT, 4To cTekiaa cocTtaBa 40Bi1,03-60GeO, B MeHbIIEH CTENCHU
MOABEPKEHbI KPUCTAIIU3AIlMK T0 CPaBHEHUIO C JPYrMMH cocTaBamu. Bce
CHEKTPAIbHBIC W JUPJICKTPUYECKHE KPUBBIC OOPA3IOB «IIPOMEKYTOTHOTOH
cocraBa 45Bi1,03-55Ge0, nexart Mexay 3HaUeHUSIMH [T IPYTUX 00pa3loB, 4To
MIOKA3bIBACT SIBHYIO CBSI3b M3yUEHHBIX CBOMCTB CTEKOJ ¢ KOHIeHTparuei BiyOs.

1. E.M. JlnanoB. KBanrtoBas snexrponuka 40(4), 283-285 (2010).
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BJIMSIHUE TEPMOOBPABOTKU HA CTABMJIBHOCTD ®A30BOI'O
COCTABA 1 CBOUCTBA KPUCTAJIJIOB UClL,
JIETUPOBAHHBIX Ce 1 Nd

M.A. Bopnxl, B.T. By6JII/IK2, T.B. Bonkosa®, A.B. KVJI€6SIKI/IH1, E.E. JlomoHoBa’,
@.0. MI/IJIOBI/I‘JZ, B.A. MBISI/IHal, B.B. OCI/IKOl, [1.A. PsGoukuna’,
H.IO. Ta6aukosa®
Ynemumym o6weii pusuxu um. A.M. Ipoxoposa PAH, Mockea
ZHaWOHaJZbelLZ ucce008amenbCKull MmexHoI02UYeCKUll YHugepcumem
“MHUCuC”, Mockea
3 Hayuonanvhuiii ucciedosamenscxul Mopooeckuii 2cocyoapcmeerHblil
yuusepcumem um. H.11.Ozapesa, Capanck
E-mail: kulebyakin@Ist.gpi.ru

Kpucranisl Ha OCHOBE TMOKCH]Ia TUPKOHUS U3BECTHBI TEM, YTO 00JIaat0T
YHUKAJIBHBIM COYETaHHEM (PU3UKO-XMMHUYECKUX CBOMCTB, Onarojapsi 4emy
SBJIAIOTCS. BEChbMa TMEPCHEKTUBHBIM MaTEpUAJIOM IS IIUPOKOW 00JacTh
NpuMEHEeHU. B KadecTBe KOHCTPYKIMOHHOIO MaTepuansa HCHOJIb3YIOT
YaCTUYHO cTabmin3upoBanHbll auokcua mupkonus (YUCL)), oGnamaromimii
BBICOKMMU MPOYHOCTHBIMHU XapaKTEpUCTUKAMHU. J[JI1 TakuX mMaTepualioB BaKHA
CTaOMJIBHOCTH CBOMCTB TMIPH Pa3HBIX PEKUMAX AKCILTyaTaIHH.

B nacrosimieit paboTe mpencTaBieHbl pe3ynbTaThl HCCIICOBAHUS BIUSTHUS
TepMOOOpaOOTKH B pa3HbiXx cpenax Ha kpuctamwisl YCLl, nerupoBaHHBIC
COBMECTHO MOHAMHU Iiepusi U Heoauma. Panee ObLIO MOKa3aHO, YTO JOOABIIEHUE
k cucteme ZrO, - Y,0; okcuma mepus W HEOOWMa MOXKET CYIIECTBEHHO
yJIy4l1aTh MEXaHUYECKHE CBOMCTBA KPHUCTAJUIOB, TAKUE KAK MUKPOTBEPAOCTH U
TPEIMHHOCTOMKOCTh. OTMEUEHO, YTO (Pa30BbIM COCTaB M CBOWCTBA KPUCTAIIJIOB
3aBUCAT KaK OT KOHIIEHTPALMHU CTAOMIM3UPYIOLIEr0 OKCHUIA UTTPHUS, TaK U OT
KOHLIEHTpauuu Jerupyrommx npumeceil. Ilockonbky WOH 1epusi HMeEeT
NIEPEMEHHYIO BAJICHTHOCTD, TO MEPEX0] OKCUIA LEPHS U3 3-X BAJEHTHOIO B 4-X
BaJICHTHOE COCTOSIHHE MPH OTKUTE HA BO3AYXE MPUBOAUT K YMEHBILIECHHUIO €ro
MOHHOTO pajiiyca W COKpAIaeT YUCIO KUCIOPOIHBIX BaKaHCUH, HEOOXOIMMBIX
st 3apsigoBoit kommercamuy Ce®. B 9TOM clydae, Ipy MalbIX KOHICHTPALSIX
cTabunmsupyromero okcuga UTTpus (= 2 Mo0i1.%) IMIOTHOCTh KPUCTAIOB
CHUXKAETCS, YXYAIIAIOTCS MEXAHMYECKHUE XApAaKTEPUCTUKU MaTepuana, 4To
0OyCJIOBJIEHO TOSIBJIEHUEM MOHOKJIMHHOW (ha3bl B Kpuctamie. [lpu ormxure B
BAKYYM€ IUIOTHOCTh YBEJIMYMBAECTCS M B KPHUCTAIAX HPUCYTCTBYET TOJBKO
TeTparoHajabHas (aza, 0 YeM CBHUJETEJbCTBYIOT JIAHHBIE MO CHEKTPOCKOMHUU
KOMOMHAIMOHHOrO paccesaHusi. [lokazaHo, YTO COBMECTHOE JIETUPOBAHHE
LEPUEM U HEOJMMOM IOMOTaeT U30eKaTh MOSIBICHUSI MOHOKJIMHHOM (ha3bl Jaxe
IIPU MaJIbIX KOHIEHTPALUAX OKCHIA UTTPHUSL.

Pabota BeimonHeHa mpu ¢uHAHCOBOM moanepxkke rpanta PODU No 13-
02-12051 odu m u Ilpesuagmyma PAH mo mnporpamme ¢yHIaMeHTaIbHBIX
uccnenoBannii Nel "HanocTtpykTypel: ¢usmka, Xxumusi, OHOJIOTHS, OCHOBBI
TEXHOJIOTH"
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CHUHTE3 U JIJIOMUHECILEHTHBIE CBOVMICTBA I'MBPUJIHBIX
MATEPHUAJIOB HA OCHOBE METAJIJIOPTAHUYECKHNX
KOMIUIEKCOB Eu B CTEKJISIHHBIX MATPUITAX

M.O. Anypoga, A.B. Xomsikos, O.b. Ilerposa, 1.B. Talinakos
Poccuitickuti xumurxo-mexnonocuueckuti ynusepcumem umenu /.M. Menoeneesa,
Mocksa
E-mail: maria_anyrova93@mail.ru

['ubpunusie Marepuansl (I'M) Ha OCHOBE METAJUIOPTaHUYECKUX
JTIOMUHO(DOPOB U HEOPTAaHUYECKUX CTEKOJ MOTYT OKAa3aThCs MEPCIEKTHBHBIMU
MaTepruajlaMi JUIsl CO3JAHUs HOBBIX CBETOM3Iydaromux ycrpoucts [1]. IM
CUHTE3UPOBAIM IIyTEM IMPOBEJACHUSI BBICOKOTEMIIEPATYpPHOU reTepodazHoit
peaklud, B KayecTBE JIOMHHO(Opa HUCHOJB30BANIM KOMIUIEKC Tpu (4.,4,4-
tpudTopo-1-(2nadptrn)  Oyran-1,3-auonarto-(1,10-¢heHoHTpOIMH)  eBpoOmUs
(EuNaphphen), B kadecTBe CTEKJIOOOpa3HBIX MaTpHIl — OKCHJA Oopa pa3Hoii
CTereHU OOE3BOKMBAHUSI W JIETKOIUIABKOE OKCHU(TOPHUIHOE CTEKIO COCTaBa
80PbF,-20B,0;. Bce moayuennsie I'M mpeactaBisuii co0Oi CTEKJIOBHIHBIC
IUIACTUHBI W JIeMOHCTpupoBasid  (oTtomtomuHecteHmioo (PL)  pasnuunoit
MHTEHCUBHOCTH B MHTEPBAJIE LIBETOB CBEUYEHHUSI OT KPACHOTO JI0 3E€JEHOTO MpH
BO30YXKJIEHUH TUOJIOM C JUTMHOM BOJIHBI 377 HM.

Ha cmektpe PL I'M Ha ocHOBe mpoIUiaBiIeHHOTO oOkcuaa Oopa
MPUCYTCTBYIOT TOJIBKO MOJIOCHI, COOTBETCTBYIOIINE SHEPTETHUECKUM MEPEX01aM
noHa Eu®" (Ama=611 HM), IIPU 3TOM CIIEKTP OJIM30K K CIEKTPY MOPOIIKOBOTO
npenapara EuNaphphen. B I'M, mosiy4eHHBIX Ha OCHOBE HEMPOILJIABICHHOTO
okcuga Oopa, HaOMOIaeTCs MIMPOKas IOJ0Ca JIOMUHECIICHIIMU B 3€JICHOU
obmactu cnektpa (Ama=503 ©BM). B I'M Ha o0OCHOBE CBHUHIIOBOTO
dbropobopaTHoro crekia mupokas mosioca PL (An=480 HM) oKa3biBaeTcs
3HAYNTENBHO 0OJee WHTCHCUBHOM, 4eM y3KHe IMHHH, cBsi3aHHble ¢ Eu’.
MO>XHO MPEANON0XKUTh, YTO B CTEKJIISTHHOW MAaTPHUIIEe MPOUCXOAUT reTepodazHast
oOMeHHas peakumsi. IIpu stoM noHsl Eu’® mmepexomsiT B HEOpraHH4ecKoe
OKPYXEHHUE, YTO TMPUBOJUT K CHIDKCHHIO MHTEHCUBHOCTU WX JIIOMUHECIICHIIUN
[0 TUINYHON IS CTEKOJN, AKTHBUPOBAaHHBIX Eu®’, a IWramasl 4acTH4HO
CBSI3BIBAIOTCS B KOMIUIEKCHI CO CBUHIIOM [2], oOnanatomire 0ojiee MHTEHCUBHOM
JOMUHEcHeHIMe. Takum 00pa3oM, BO3MOXKHO (OPMHUPOBAHUE HOBBIX
JIOMUHECLIEHTHBIX MaTepuajioB MyTeM MpOBEJAEHUS OOMEHHOU rerepodazHoit
peakiuu MEXIy KOMIIOHEHTAaMH CTEKJIOKPUCTALIMYECKOM MAaTpUIbl U
METAJJIOPTaHUYECKUMHU KOOPAUHAIMOHHBIMU COCTMHCHUSIMU oe3
UCITIOJIb30BAHUS PACTBOPUTENIEH B HEOKUCIUTEIBHON aTMOcdepe.

PaGota BrimonaeHa npu ¢unancoBoi nomnepxkke PH®, rpant Ne 14-13-
01074.

1. R. Avetisov, O. Petrova, A. Khomyakov et al., J. Crystal Growth. 401,
449 (2014).
2. F. Marandi, R. Rutvand, M. Rafiee et al., Inorg. Chim. Acta. 363, 4000
(2010).
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OCOBEHHOCTU CTPYKTVYPBI U CITEKTPAJIBHO-
JIIOMMHECIEHTHBIX CBOMCTB KPUCTAJIJIOB YACTUYHO
CTABUJIM3NMPOBAHHOI' O JMOKCUIA ITMPKOHA,
JIETUPOBAHHBIX NIOHAMM Eu**

T.B. Boakosa', M.A. BOpI/IKZ, A.B. Kyﬂe651KI/IH2, E.E. JlomoHOBa?,
B.A.MLISI/IHaZ, [1L.A. PsGoukuna’, A.H. UIa6y1111<HHl, J1.B. Misirkos”
' Hayuoannvhoiii uccnedosamenscruii Mopdosckuii 20cyoapcmeenHblil
yuusepcumem um. H.I1. Ocapésa, Capanck
2P[Hcmumym ooweut puzuxu um. A.M. IIpoxoposa PAH, Mockesa
E-mail: sendboxvv@mail.ru

HccnenoBanuio CIEKTPaTbHO-TIOMHUHECTICHTHBIX XapaKTEPUCTHK
TBepAbIX pacTBopoB Zr0,-Y,03-EU,03 ¢ TerparoHanpHOM U KyOHUYECKOH
CTPYKTYPOM MOCBSAIICHO 3HAYUTEIILHOEC KOJUIESCTBO HAYIHBIX IMyOMKarmid [ 1-4].
OpHako UCIOJIb30BAaHUE KPUCTAIUIOB HA OCHOBE JHOKCHAA ITUPKOHMS,
JIETUPOBAHHBIX PEJIKO3EMETbHBIMU HOHAMHU, B MPAKTUUYECKUX MPUIOKEHUSIX O~
MPEXKHEMY MTPUBJIEKAET K HUM OOJIBIIION MHTEPEC UCCIe0BATENCH.

B mnactosimieit pabGote uCCiENOBaHbl CHEKTPAIbHO-TIFOMUHECIIEHTHBIC
XapaKTEePUCTUKU KPUCTAIIOB cocTaBoB 97.2 mon.% ZrO,— 2.7 mon.% Y,03-0.1
Mon.% Eu,03;, 96.3 m01.% ZrO, —3.6 mon.% Y,0; 0.1 mom.% Eu,0O;, 91.8
Mon.% ZrO,—8 mon.% Y,053-0.1 mon.% Eu,03, 85.9 Mmon.% ZrO,—14 mon.%
Y,03;-0.1 wmom% EuU,O3;, CHHTE3UpOBAaHHBIX METOJOM HaIPaBJICHHOM
KpUCTAJUTM3AIlMN  paciijlaBa C HCIOJIb30BAHUEM TMIPSMOTO WHIYITMPOBAHHOTO
HarpeBa B XOJIOAHOM THTJIE.

[Ipu wccnenoBaHWMM JAHHBIX KPUCTAIOB METOJOM CIEKTPOCKOIHHU
KOMOWHAITMOHHOTO PACcCesHUS B WX CIEKTPaX BBIABJICHBI OCOOECHHOCTH,
KoTopele He Habmomamuch paHee B crekrpax KPC kpuctammo ZrO,,
craGunmsnpoBanubix Y,0; ¢ npumecsimu noros Nd** u Yo,

C moMOIIBI0 CEJIEKTUBHOW JIa3epHOM CIIEKTPOCKONMM TIOKA3aHO, YTO
BbIsIBIIEHHBIE 0coOeHHOCTH B cniekTpax KPC kpucramios 97.2 mon.% ZrO,—-2.7
M011.% Y,03-0.1 mon.% Eu,03, 96.3 Mm01.% Zr0,—3.6 Mm01.% Y,05-0.1 m01.%
Eu,05, 91.8 Mm01.% ZrO,—8 m01.% Y,05-0.1 m01.% Eu,03, 85.9 Mmoi1.% ZrO,—
14 mon.% Y,03-0.1 momn.% EU,03 00yciaoBIeHb HAIMUKMEM B HUX ONTHYECKUX
LEHTPOB HOHOB EU’, aHATOrHYHBIX 1O KPHCTALIOrpadUIECKOMY OKPYKCHHIO
npuMecHsIM HeHTpam nouoB EU** B crpykrype Y,05:Eu.

PaboTa BhinonHeHa npu (ruHaHcoBOM nojaep:xkke rpanta POOU odpu M,
No mpoexra 13-02-051.

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

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

3. KO.K. Boponbko, M.A. 3ydapo, A.A. Cobons, JL.U. I{pmban,
Ontrka u criekrpockorms 81, 814 (1996).

4. 10.K. Boponwsko, M.A. 3ydapos, A.A. Co6omnp, C.H. Ymakos, JI.U.
[{eim0an, Heopranwueckue matepuanst 33, 452 (1997).
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KOMIIIEKCHOE VCCJIEJJOBAHWE CAMAPHEBBIX JIBOMHBIX
OPTOBOPATOB CO CTPYKTYPHbLIM TUIIOM XAHTUTA

E.A. Jlo6perosa’, K.H. Boxasipes’, [I.A. Epodecs’
1IJ}chmumym cnekmpockonuu PAH, Mockea, Tpouyx
E-mail: elena-dobrecova@yandex.ru

Hamu Obu1 paccMOTpeH psii caMapHUeBBIX JIBOMHBIX OPTOOOpPATOB C
pasnuunbiMu M-katnonamu (M = Al, Cr, Fe, Ga). M3BecTHO, YTO KpHUCTAJLIBI
Y Al5(BO3),:SM®* niposiBisiioT Xoporne (iIroopeciieHTHbIE CBOACTBA B BUANMO#
u OmokHell nHbpakpacHoil obmacti. Mor Sm®* 0co60 WyBCTBHTEIEH K
YHEPTeTHYECKHM IEPEX0NaM, IOCKOIBKY €r0 BO3OYKICHHBI YPOBEHb ~Gs)
UMEET JOBOJBHO  BBICOKYIO KBAaHTOBYIO J(G(EKTHBHOCTH W  MaJloe
KOHIICHTPAIlMOHHOE  TylIeHWe  JomMuHecnmeHnumu  [1].  HccnemoBanus
PEAKO3EMENbHBIX TaJUTMEBBIX OOpaToB IMOKa3aldW, YTO OHU CXOXH C
amroMo0opaTamMu Mo CTPYKTYPHBIM U (PU3UYECKUM CBOMCTBAM.

OcoOblii UHTEpEC MPEACTaBISAI0T OOpaThl ¢ MArHUTHBIMU M-KaTHOHAMU,
takumMu kak Fe um Cr. B crpykType 3TUX COEIMHEHUN NPUCYTCTBYIOT JBE
MaraHutHele  moacucteMbl (R m  M-katuoHoB), mpudeM  OOMEHHOE
B3aMMOJICUCTBHE B CHCTEME Keie3a (XpomMa) HOCHT KBa3WOJIHOMEPHBIi
xapakrep. B SmFe3(BO3), HabmiogaeTcst crmoHTaHHas mnojspusanus [2] u
OOJBIION MAarHUTORJIEKTPUUECKHUHN P(HEKT, MaKCUMAIIbHOE 3HAYEHHE KOTOPOTO
nocturaet -520 mxKn/M2 npu B = 50 kO [3]. B [4] onyOnrKoBaHbI pe3yibTaThl
uccienoBanus kpuctamwioB SMCry(BO3),;, Kak HOMHHAJIBHOTO COCTaBa, TaK U
aerupoBaHHOro 1% »pOud. YcTaHOBIEHO, YTO CaMapUeBBId XPOMOBBIN OopaT
UCIIBITBIBAET Kackaj (pa3oBbIX Mepexo10B mpu Temmeparypax T; = 7.8 = 0.5 K,
T,=6.7+0.5KuT3;=4.3%0.2 K, cBjI3aHHBIX C YIOPSATOUCHUEM MOJICUCTEMBI
XpoMa 1 CIIUH-TIEPEOPUEHTAIIMEH MarHUTHOTO MOMEHTA XpoMa.

B  macrosmieit pabore wuccieqoBaHa — IITAPKOBCKAas — CTPYKTypa
SHEPreTHYeCKHM YpoBHeH SM®" B caMapheBbIX HBOMHBIX OpTOOOpAaTax ¢
pasznmuuabiMu M-katnoHamu (M = Al, Cr, Fe, Ga). DTu naHHBIC TO3BOJIST
MpeacKa3aTh paHee He OTKPHITHIE CBOMCTBA COCIMHEHHHM C HCIOJIb30BAHHEM
TEOPETUUECKUX MOJICIICH.

PaboTa BeImoniHEeHA npu puHAHCOBOM MoepkKke Poccuiickoro HayuyHOTO
donna (rpang PHD Ne 14-12-01033) u crunenmuu Ilpesupenta PO (CII-
754.2015.1)

=

I. Kebaili, M. Dammak, J. Lum. 132, 2092 (2012).

1O. @. [Tonos, A.II. IlstakoB, A.M. Kagomuiesa u ap., 2KTO®D 138,

226 (2010).

3. A.A. Myxumn, I'.I. Bopo0seB, B.}O. BanoB u ap., [Tucema B XKOTD
93(5), 305 (2011).

4. K. H. bonasipes, E. A. lo6penosa, C. FO. I'aBpuiikus u ap., BectHuk

HUSY «MUDN» 3(4), 484 (2014).

N
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CHUHTE3 JIIOMNUHO®OPOB HA OCHOBE SrF,:Yb:Er u SrF,:Yb:Tm

A.M. HaKl’z, IO.A. P0>I<HOBa2, C.B. Ky3Heu032
"Mocrosckuii 2ocyoapcmeennwvlil yuusepcumem um. M.B. Jlomonocosa, Mockea
2Hhtcmumym ooweti uzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: alexunnipark@gmail.com

Heoprannueckue ¢ropuapl, a B 0COOCHHOCTH (TOPHUIBI HICIOYHBIX U
HICJIOYHO3EMENBHBIX METANIOB, B TEUYEHUE IMOCJIEIHUX HECKOJbKHX JIET
SIBIIAFOTCSL  NPEAMETOM  aKTHBHBIX — HMCCIIENOBaHWW.  Takol  WMHTEpec
00yCJTaBIMBACTCS YHUKAIbHBIMA (DU3UKO-XUMUYECKUMU CBONCTBAMH OTHX
COCIMHCHHUM, KOTOPHIE BO MHOTOM TIPEBOCXOJSAT CBOWCTBA aHAIIOTHYHBIX
XaJBKOTCHHIOB 1 XJIOPHJIOB.

dTOpUARI HANLIA CBOE NPUMEHEHHE BO MHOTHUX OOJIACTSAX HAyKH U
texaukd. OgHUM ©3 Haubojee TMEepPCINEKTUBHBIX M OTHOCHTEIBHO HOBBIX
HaIpaBJICHUI SBISETCS HUCCIICAOBAHUE al-KOHBEPCHOHHBIX JIOMHUHO(OPOB,
MO3BOJISIONIMX TEPEBOJUTh OJIMDKHEE HMH(PPAKPACHOE H3IIyYCHHE HAKAYKU B
BUJIMMBIN  JMAma3oH cBeTa. BaxHO Takke OTMETUTh BO3MOXKHOCTh
UCIIOJIb30BAHUSI TaKUX JIIOMUHO(POPOB ISl TOJYYEHHUS HCTOYHHKOB O€I0ro
CBeTa.

[lenpto Hacrosiel pabOThI SIBISETCS pa3pabOTKa METOJUKH CHHTE3a
[IOPOIIKOB (D TOPUAA CTPOHLHS, JermpoBaHHOro coueranmsamu Y :Er*" u
Yb*:Tm*, a Ttakke uX (HU3MKO-XHUMHYECKAash W  JIFOMHHECLICHTHAS
XapaKTepHU3aIlusl.

B pabote umcnonp30Bajics METOA COOCAXKIEHUS M3 BOJHBIX PACTBOPOB:
MIPOU3BOAMIIOCH MTOKAIEIbHOE A00ABIEHUE PACTBOPA HUTPATOB CTpOHLMS U P32
(0,08 M) k pactBopy ¢dropuna ammonust (0,16 M), B3sitoro B 7% u 114%
u30bITKe. B pesynbTare ObIIM CHHTE3MPOBAaHBI 00pa3Ibl COCTABOB Sfyy.y
YDyEryFoixey 11 Sy YD TMFo.yhy € pasiuanbiM comepxanuem P30.

[To manHbIM peHTreHo(a30BOro aHaiu3a ObUIO OINPECICHO, YTO BCE
oOpasibl SBISIOTCS OMHO(MA3HBIMH C TPaHEIEHTPUPOBAHHON KyOMUYeCKOn
pemeTkoil (CTpyKTypHBIM TuN (QuiroopuTa), a TakKe OBUTM pPacCUUTAHbI
napamMeTphl PEIIeTKH U pa3Mep 00J1acTell KOTEPEHTHOTO PaCCEesTHUS.

[To manubM guddepeHnranTbHON CKAaHUPYIONIEH KaJTOPUMETPUH OBLITH
OIIpeIeIICHBI PEXUMBI TepM0o0oOpaboTku (Goee 400 °C) u pasmeps! YacTHIL 10 1
1ocJie TepMooOpadOTKA METOAOM CKaHUPYIOILIEH 3EKTPOHHOU MUKPOCKOIIUH.

Jlns TepmMooOpaboTaHHBIX 00pa3OB MpPU HAKauke Ha JJIMHE BOJIHBI
974 um ObUIM 3apPETUCTPUPOBAHBI CIIEKTPHI JTIOMHUHECICHIIMH, PAaCCUUTAHbI
KOOPJIMHATHI IIBETHOCTH, KOTOPHIE OBLIM HAHECCHBI HA JMArpaMMy IIBETHOCTH
MKO.

B pesyabrathl paboThl Obula oTpaboTaHAa METOJAMKA CHUHTE3a U
OXapaKTepU30BaHbl  TOPOMIKK  JIOMUHODOPOB  StyyyYDERFoiwiy 11 Shyyy
YbyTmyF x4y A7 MIPOKOTO Kpyra NpUMEHEHUH B OTOHUKE.
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MMMPOTMJIPOJINTUYECKNI CUHTE3 CJIOKHBIX BOPATOB
Ln1405(Ge0,)2(BOs)s — OCHOBBI /1151 [IOJTYYEHUS JTIOMUHO®OPOB
[LIMPOKOI'O CIIEKTPA (OT UK- IO Y®-OBJACTH)

B.A. Kpyrsko!, M.T. KOMOBal, J.A. HOMI/IHOBaZ, A.B. Tonos?
Y Unemumym obweii u neopeanuueckoii xumuu um. H.C. Kypnarkosa PAH,
Mockea
2IJ}chmumym ooweti pusuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: kroutko@igic.ras.ru

I'epmanaTobopatel coctaBa LNj,Og(Ge0,y),(BOs)s, Tne Ln — Gdiy m
La,Gdsx — CMEIIaHOAHWOHHBIC XMMHYECKH M TEPMOCTOMKHE COCAMHCHUS,
KOTOpBIE KPUCTAJUIM3YIOTCSI B TPUTOHANBHOW CHUHTOHHH (Tip.rp. P3;) m umeror
HEeICHTpocUMMeTpuuHOe cTpoeHue. Croxnble Oopathl LayGdiyGe,BsOay,
akTHBHpOBaHHBIe wmoHamu Eu®"  (5,1520 ar.%) — oddexruBHbE
MHOTOIICHTPOBBIC KpaCHBIC JTIOMHHOGMOPHI, KaK B KPHUCTAUIMYECKOM, TaK H
crekioobpasHom cocrosiann [1]. Jomuposanusie monamu Nd**Yb** Er** u
Tm**, Lny,Ge,Bs0s, (Ln — Gd, La,Gdy4y) — momunodopsl Bugumoro u MK
Jrana3oHoB [2,3].

Kak nmpaBuito, ciioxHbIe 00paThl CHHTE3UPYIOT METOJIOM TBepA0(a3HOro
B3auMOJICHCTBHA [1-3], IpU 3TOM B KOHEYHOM IPOIYKTE MOTYT IIPUCYTCTBOBATH
HEKOHTPOJUpPYEeMble mpuMecu optoboparoB P3D. B pabore mnoka3aHa
BO3MOXKHOCTh mojydeHus JoMHHOGOpoB (Gd14GeBsOz:Nd u  La,Gdysy
GeyBe034:Yb:Er (rme X=3,4) 6€3 MOCTOPOHHUX TPHUMECEH METOJIOM TOpPEHUSI.
3aperucTpUpOBaHbl CIEKTPhI JTIOMUHECIICHIIMA HOHOB Nd*™ na AJIEKTPOHHOM
nepexoie *Fap—"lop B Gdy302Ndg 9sBsGeO34, a Taxoke CHEKTp an-KOHBEPCUOHHOU
JJIOMUHCCHCHIINU 60paTa L&gylGGd]_onojEro.MGezB6034 (PHC])
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ABtopsl Onarogapasl POOU 3a ¢unancoByro momuepxky (rpant Nel5-08-
08467).

1. B.A. Kpytseko, I'.B. JIsicanoBa, B.1. bypkos u ap., Heopran. marep. 38,
1364 (2002).
2. A.B. Ilonog, A.B. Ps6oBa, M.I'. KomoBa u ap., KBant. snekrponuka. 40,
1097 (2010).
3. A. Ryabova, D. Pominova, V. Krut’ko et al., Photonics & Lasers in Med.
2,117 (2013).
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CTPOEHUE ITMPOCUIIMKATOB I'AJIOJIMHUA 1 JIIOTELUA
B KPUCTAJUIMYECKOM U PACIUIABJIEHHOM COCTOAHUAX:
NCCIEJOBAHUE METOJAMMU CIIEKTPOCKOIINU KPC

AA. CO6OJILl, B.E. H_[VKHII/IHl, |IOK BOpOHLKOl, J1.B. FepacHMOB2
YUnemumym o6weii pusuxu um. A.M. Ipoxoposa PAH, 2. Mockea, Poccus
2HHcmumym CYyuHmMuIAYUoHHvIX mamepuanoe HAH Ykpaunwl, 2. Xapvkos,

Ykpauna
E-mail: shukshinve@Ist.gpi.ru

[TupocnimMKaThl peAKO3EMENBbHBIX 3JIEMEHTOB, Takue Kak Lu,Si,0; u
Gd,Si,07, akTHBHpPOBaHHBIC HOHAMU C63+, HaxOJST MPUMEHEHHE KaK JETEKTOPHI
MOHM3UPYIOIETo n3nydeHus. Llenpro HacTosmiel paboThl SBISIIOCH TOTYyUYEHHUE
uHpopmaiuu 00 0COOEHHOCTAX CTPYKTYpbl U €€ TpaHchOopMalu B IMpoiiecce
$a30BbIX TMpeBpallleHUH psfga OUPOCHINKAaTOB P30 ¢ momompbio METo/I0B
cnexktpockonuu KPC, B TOM uucIie npu BHICOKUX TeMIIeparypax.

UccnenoBansl kosiebaTeNbHbIE CHEKTPHl PAa3HBIX CTPYKTYPHBIX THUIIOB
MUPOCUIIUKATOB PEAKO3EMENbHBIX AJIEMEHTOB. Y CTaHOBJIEHO, 4YTO (Da3oBbIii
nepexoi u3 CTpykTypsl A B cTpykTypy F B Gd,Si,O7:La(11Momp%) nporcxoaut
B uHTepBasie temrepatyp 1 723 — 1 773 K u B Haliem SKCEpUMEHTE PacCTSHYT
1o BpeMeHu 110 40 MuH.

BnepBrie wumeHTH(DHUIMPOBAHBI TIOJHBIH HA0Op M CHMMETpHs Kak
BHYTPEHHUX KOJeOaHuM [S1,07]° - anmoHa, Tak u KoneOaHuit KPUCTAJUTMYECKOMN
pemETKH B MOHOKPHUCTA/UIAX MUPOCHUIMKaTa Jrorenus. s 3Toro ObuH
MPOBENICHBI JI€TaJIbHbIC HWCCIEAOBaHMS NOJSPU30BaHHBIX criekTpoB KPC storo
coequHenus B mupokoM (20 — 1500 K) untepBane temnepatyp. MccnenoBansl
cnektppl KPC  mupocwnukata sroTenuss B 00JacTsAX — TeMIeparyp,
MPEANIECTBYIONUX  IUIABJICHUIO,  COOTBETCTBYIOIIMX  PACIIABICHHOMY
COCTOSIHUIO W Tmeperperomy pacmiaBy no 2 173 K. OGuapyxkeH sddekr
CHWJIBHOTO WCIIapeHUsi OKCHJa KPEMHHS U3 PACIUIABJICHHOTO MUPOCUIIMKATA
JIOTEIINS.

Nnentudunuporana npupoaa neheKTHBIX BKJIIOUEHHI B
MOHOKpHCTAJIaX Tmupocunukara Joterus. OOHapykeHo, 4YTO 00BEM
MoHOKpHucTaia Lu,Si,O; neprneHauKyaspHO MIOCKOCTH CHAHHOCTH pa3aeicH
Ha IJIACTUHBI MMUPUHON OKOJI0 1 MM, TOSIBJICHUE KOTOPHIX CBS3aHO C SBJICHUEM
JTBOMHUKOBaHMS. | paHUIIBI MKy ABOMHUKAMH JEKOPUPYIOTCS BKIFOUCHHSIMHU
U3 MUKPOKPHUCTALTUTOB CO CTPYKTYpo# LU,SiOs.

HccnepoBanue BbIMONHEHO Npu (UHAHCOBOM mnojaepkke PDODOU B
pamMkax HaydHoro npoekrta Ne 13-02-00707 a.
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YTJIEPOJAHBIE HAHOTPYBKU: MOJNOUITUPOBAHUE, HOBBIE
KOMITO3UIIMOHHBIE ITIOJIMMEPHBIE MATEPHAJIBI

E.C. Kinumog', B.A. CepreeB2
YVibsnosckui 20CY0apCcmeeHHblll mexXHu4ecKull yuugepcumem, 2. YibsaHo8CK
2Vibano6cKuil Qunuan uHcmumyma paouomexHuKy u 31eKmpoHUKU
um. B.A. Komenvnuxosa Poccutickotl akademuu Hayk, 2. YvsaHo8ck
E-mail: eugenl1947@mail.ru

Kpome ¢ymmepena u rpadena yriepon MokeT 0Opa3oBBIBATh M TaK
Ha3bIBAEMbBIE YIVIEPOAHBIE HAHOTPYOKH, HMEIOIIME BHYTPEHHHE KaHAJIbI.
Bnepseie ux oxapakrepuzoBasn Cymuo MumxnMa npu UCCIENOBaHUU OCAIKa,
oOpa3yrolerocst Ha KaToJie Mpu paclblIEHUHU IpaduTa B AJIeKTprUecKoi nyre. B
YIIEPOJHBIX HAHOTPYOKaxX CBsI3b MEXIY YIJIEPOJHBIMH aTOMaMHU HMEET B
OCHOBHOM sp“-xapaktep. MaeanbHass olHOCTEHHAass HAHOTPYOKa MpPEACTaBIISAET
co00i CBEpHYTYIO B LMWIMHJP I'pad)€HOBYIO IUIOCKOCTb, IOBEPXHOCTh KOTOPOU
BBUUIO)KECHA NPAaBUJIBHBIMU  I[IECTHYTOJIbHUKAMH, B  BEPIIMHAX KOTOPBIX
PacCIoJIOKEHBI aTOMBI YTIIepoia. YTJIepOAHbIe HAHOTPYOKH MOTYT COJIepkKaTh HE
OJIHy, a HECKOJIbKO CTEHOK. Takue TpyOKH Ha3bIBAIOTCS MHOTOCTEHHBIMU
(MVYHT). OHu oTiiMyaroTcsi OT OAHOCTEHHBIX IIUPOKUM pazHooOpazuemM hopMm u
KOH(Urypanmii.

VYrieponnble HAHOTPYOKH CTOAT B psily Haubojee MepCreKTUBHBIX
HaHOMAaTepUaIOB Onaronaps CBOUM YHUKAJIbHBIM CBOMCTBaM,
00€eCIeynBaOIIMM BO3MOXKHOCTh X IPUMEHEHUS B PA3JIMYHbBIX 00JIACTIX HAYKU
U TEXHUKU. BBeleHHe HECKOJbKMX MPOLIEHTOB (MM JI0JIel MpOIEHTA)
HAaHOYIJIEPOAHBIX CTPYKTYp B TIOJMMEpbl MO3BOJSET CO3/4aTh HOBBIE
KOMIO3UIIUOHHBIE  MaTepuajbl C  YJIYYIICHHBIMA  MEXaHUYECKUMHU U
ANEKTPOPU3NYECKIMU CBOMCTBAMU.

CuHTE3 MHOTOCTEHHBIX YIJIEPOAHBIX HAHOTPYOOK MPOBOJWIM B TOKE
aproHa METOJIOM XHMHUYECKOTO OCaXJACHHs W3 NapoBod  (a3pl C
UCIIOJIB30BaHUEM MeTalloopraHnnyeckux coeauuennit (Mmerogq MOCVD) Ha
pa3pabOTaHHOH HaMH DKCIIEPUMEHTAIIBHOM  yCTaHOBKE. B kaudecTtse
MIPEKYPCOPOB MCTIOIB30BAIIN TOIYOJ U (epporieH [1].

Ucxonubie MYHT o6pabatbiBany B METALTHYECKOM TOMOTEHH3ATOPE IS
MOJy4YEHHUSI MEJNKOJUCIEPCHOTO MpoaykTa. Jlias mpurotoBieHus o0pa3loB
NPOBOJIMIM  YIBTPa3BYKOBYIO  00paboTky  (mabopaTopHas  yCTaHOBKa
norpyxHoro tuna «M1JI 100-6/4», gactora 22 kI'11) B U30IPONMIOBOM CIUPTE C
nocnenyromum BeicymmBanreM mpu 100 °C B Teuenue 6 4.

VYriepoaHble HAHOTPYOKM XUMUYECKU WHEPTHBI BCJIEACTBUE CHUIIbHOTO
CONPSDKCHHSL JIEKTPOHOB B  SP°-THOPHAM3UPOBAHHON KOHICHCHPOBAHHOM
apoOMaTU4YECKOM CUCTEME. OJTO  CONPSDIKEHHE  3HAYUTENBHO  MMOHUMKAET
XUMHUYECKYI0 PEaKIIMOHHOCIIOCOOHOCTh CHCTEMBI. ODHEpPrus apoMaTH3aluu
(pe3onanca) Ha ogHO OEH30JBHOE KOJBIIO cocTaBisieT okojio 150 x/[x/moib,
OJIHAKO 3TO 3HAYEHUE HE YBEJIHMYMBACTCS KPATHO IpPU KOHACHCHUPOBAHUU 2
konen (Hadtanun — 225 x/x/Monb), unu o0pa3oBaHUM 3-WJIEHHBIX CTPYKTYP
(arTpaneHn u dhenantpen 350 u 385 kJ>x/mMomb).
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Jnst mpunanus MYHT TeXHOTOTMYECKMX CBOWCTB WX MOIUDHUIMPYIOT
pasnmuyHbIMM  criocobamu.  Haumbonee  pacnpoCTpaHEHHBIMU  SIBIISFOTCS
TepMOOOpadOTKa Ha BO3TyXe (OTXKHUT) M XUMHUYECKasi 00paboTKa KUCIoTaMHu [2].

ITpu tepmoobpabdotke (450 °C, 40 MUH) BCKPBIBAIOTCS 3aKPBITHIE TOPIBI
TpyOOK M MPOUCXOTUT UX pa3ioM Ha aedekrax pemetku. [Ipu cunrese MYHT
KaTaqnu3aTopoM SIBIIsIeTCA  (eppolleH — IKEJIe30COoJepKalllee COSTUHEHUE.
[ToaToMy, mpu oOTKHUre o0O0pa3yeTrcs OKCHJ Keje3a, KOTOpPbIN yaansercs
00pabOTKOW COJISTHOUW KHCIIOTOM.

Mupoko  pa3Buto  MOAUGUIUPOBAHHWE  HAHOTPYOOK  00pabOTKOI
CHJIBHBIMHM KHCJIOTaMH MPH HarpeBaHuu. Mbl IpoBOAWIN (HYHKIIMOHATU3AIIHIO
MVYHT 06paboTkoii cMEChI0 KOHIEHTPUPOBAHHBIX CEPHON M a30THOM KHCIIOT B
o6bemuoM cootHomenuw (3:1) mpu 90 °C B Teuenue 70 MUH.

[Ipn okucnurenbHON (QyHKUMOHANM3auuuM Ha mnoBepxHocth MYHT
npuBuBaroTcs  noisipueie  rpynmnel  (-OH, -C=0, -COOH). IIpomecc
KOHTPOJIUPYETCA IO MaKCHMaJbHOMY HAaKOIUIGHHIO KAapOOKCHJIBHBIX TPy
(MOTEHIIUOMETPUYECKOE TUTPOBAHWE) HA TMOBEPXHOCTH TPyoOOK (puc. 1, 2).
MaccoBas 0511 KapOOKCUIIbHBIX TPYIIN, MPUBUTHIX K MOBEPXHOCTH, COCTABHIIA
4.0 % (p-MVYHT).

W, % (1o macce)
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Puc. 1. Cogepxanne kapookcunbHbIX Tpymi (W, % macc.) B MYHT B 3aBucumMocTu OT
BpeMEHH (PYHKITMOHATH3AIIUN

Puc. 2. Cxematndeckoe nzdpaxenue GyHKInoHaau3upoBanHbix MYHT

g uaenTugukanmu GyHKIMOHATBHBIX TPy UcHoab30Bainu meron NK-
cnektpockonuu. B crnekrpax ucxoansix MYHT nabnromaercs mupokas mojioca
noromenust B o6nactu 3000 — 3700 cm™ (komeGaHHs THAPOKCHIBHBIX TPYIII
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abcopompoBannoit  Boabl). [lomocer  mormomenust 2921, 2851 em™
oTHOCATCs K KoneGannsm C—H rpyrm, monoca 1600 cM™ xapakTepHa JIs CBSI3H
C=C yrunepogHoro ckeinera HaHOTpyOOok. Ilocie ¢yHKIMOHAIM3AIUK OTH
MOJIOCHI COXPAHSIIOTCS W TOSBJISIIOTCA HOBble nuku 1653, 1700, 1734 em?,
cooTBeTCTBYIOIMMKE KoyieOanusiM cBsa3u C=0. HeOounbiias HMHTEHCUBHOCTH
HOBBIX TIMKOB TIOTJIOIIEHUS CBs3aHa ¢ OoJbiioi moBepxHOCThI0 MYHT
OTHOCHUTEJIbHO MPUBUTHIX rpym (puc. 3).

Hanmnune MHO)kecTBa y3kux JmHUN noraonieHus B MK-cnekrpax cBsizaHo,
BEPOSITHO, C MPOSIBICHUEM KOJIEOAHUH aJCOPOUPOBAHHBIX HAa MOBEPXHOCTH
HaHOTPYOOK MOJIEKYJI ra3a U3 BO3AyXa.
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Puc. 3. UK-cniektp MYHT mnociie 06paboTKku cMeChIO CEPHON U a30THOM KHUCIIOT
(IRAffinity-1)

MexanusM 00pa3oBaHMsl KOBAJIEHTHOW XMMHYECKOM CBSI3U MEXKIY
YTIAEPOIOM KapOOHWIBHOM M KapOOKCUIILHOM TPYMI € YIJIEPOJIOM MOBEPXHOCTH
MVYHT B HacTosiiee BpeMs HE OIHKCaH, IOCKOJBKY oOpa3oBaHUE CBS3H
BO3MOXXHO TOJbKO mipu paspymeHun pewetku MVYHT. Ecte ocHOBanus
mpeanojaratb, 4YTO CBSI3b OOpasyercs Ha jaedekrax TpyOKu ¢ yxke
Pa30pBAHHBIMU XUMUYECKUMU CBSI3SIMU.

Hamnune nedexroB B MYHT xopomio mposiBiasieTCss B CIEKTpax
KOMOMHAIMOHHOTO paccestHus (puc. 4). CrieKTpbl KOMOMHAIIMOHHOTO PAaCcCEesHUS
UMEIOT XapaKTepHble OocOoOeHHOCTH [3]. B cmekTpe OTYeTIMBO MPOSIBISETCS
maamst G ¢ gactotamu 1597 u 1617 cM™, COOTBETCTBYIOLIAS KOTCOAHUSIM sz—
rUOpUIM3UPOBAHHOTO yriiepoja B rpadeHoBbix cinosax. Jlunusa G pacuierisieTcs
Ha [IB€, YTO SBIIAECTCS XapaKTEPHbIM MPU3HAKOM MHOTOCTEHHBIX TPYOOK.
CunbHas muauss D ma 1316 cM™ u ee Bropas rapmonmka 2D Ha 2623 cm™
yKa3blBaeT Ha Hajauuue Ae(eKTOB B HAHOTpyOKax. bosbias MHTEHCUBHOCTH D,
cpaBHuMas ¢ G, Taxxe xapakrepHa 1t MYHT.
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Puc. 4. Criektper koMOuHanmonHoTro paccestaust MYHT: 1 — ucxomnbie; 2 — 1ociie OTKUTa U
00pabOTKH COJITHOM KHCIIOTOM; 3 — mocjie 00pabOTKH CMECBIO a30THOM M CEPHOU KUCIIOT
(cuctema Renishaw in Via)

OOpamaer Ha ceOsi BHUMaHUWE TOT (PaKT, YTO MHPU PaA3IUYHBIX BUIAX
00paboTku TpyOOK (OTKHT, 00pabOTKa KHCJIOTaMH) KOJHUYECTBO Ie(EKTOB
MPAaKTUYECKU HE MEHAETCS, YTO CBUIETEIbCTBYET B TIOJIB3Y TOrO, 4YTO
XUMUYECKasl CBsI3b MpHU (DYHKIMOHATU3AIMU 00pa3yeTcsi Ha YK€ HMEIOIINXCS
W3HAYaIbHO JIepeKTax.

Hawnbomee TEpCHEKTUBHBIMU I JAWCICPTUPOBAHMS  YTIEPOIHBIX
HAaHOTPYOOK B AKpUWJIOBBIE MOHOMEDPBI SIBIISIFOTCS MVHT,
(GyHKIHMOHAIU3UPOBAHHBIE CMEChIO a30THOM U CEPHOU KHUCIIOT. B 3TOM ciydae
MOJISIPHBIE  KapOOKCWJIbHBIE TPYNIbI  00€CTIEYMBAIOT COBMECTUMOCTH  C
MOHOMEPOM U MAaTpPHIIEH MoJruMepa.

[Ipu cuHTE3€ MOTMMEPHBIX KOMIIO3UTOB B KAdyeCTBE TEPMOHHHIIMATOPA
HamOosiee ymoOeH JuHUTpWI aszo-uzoMacisHoil kuciotel ([AK). Ero
IPEUMYILNECTBO 3akimroyaercss B Oomee Huskoi (50-70 °C) Ttemmeparypoit
pacnaga mo cpaBHeHuto ¢ mnepokcumamu (80-130 °C). Ilpu pacmame JIAK
00pasyeTcss MOJIEKYJISIPHBIA a30T U HUaHu3onponuibHbii pagukan (CHsz),CN-,
BEAYIIMN MTPOLIECC MTOJIUMEPUBALINH.

B kauyecTBe MOHOMEPOB WUCIONB30BaANM MeTuiaMmeTakpuiar (MMA) u
auMeTakpuiaT TpudTwiieHrukods (TIT'M-3):

CH,=C(CH3)-C(0)-OCH; (MMA)
CH,=C(CHz)-C(0)-0-(CH,-CH,-0)3-C(0)-C(CH;)=CH, (TTM-3)

3HauuTenbHOM mpoOnemoi mpu  ucnons3oBanun MVYHT  sBnsercs
oOpa3oBaHME arJioMEpaToB, UYTO 3aTPYAHSIET UX PAaBHOMEPHOE paclpeaesieHue
IIPU  BBEJACHUM B pa3auyHble Martpulbl. Jlng monydyeHHuss yCTOWYHMBOU
JMCTIEpCUOHHOM cpelibl B MoHOMepe (MMA) ncnosib30Baiy pacTBOPHI MOPOIIKA
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nosmMepa [IMMA B cOOCTBEHHOM MOHOMEPE U YJIBTPA3BYKOBOE BO3/ICHCTBHE
(30-60 c¢). Konmentpamus JIAK s mosydeHHS TOJMMMEPHBIX CTEKOJ
cocrassteT 0.5 %. Bpems orBepikaenus nmpu 50-70 °C B Teuenue 3 4.

IIpy M3ydeHHH CTPYKTYpbl NOJUMEPHBIX KOMIIO3UTOB Ha ocHOBe IIMMA
u MVYHT ¢ noMoup0 CKaHUPYIOWIETO 3JJIEKTPOHHOIO MHUKPOCKOIIA HaMH
OOHapyKEeH YHUKaIbHBIA 3(DPEKT CTPYKTYpUPOBAHUS MOIMMEPHONW MATPHUIIBI
Mo/ JIEWCTBHEM ITydykKa OAJIEKTPOHOB OT Mukpockona (Phenom pro X,
yckopstoniee Hanpsbkenue 5, 10 kB), puc. 5.

a) 0)
Puc. 5. CtpykrypupoBanue nonuMepHoii MaTpuibl: a) ucxoansii [IMMA ¢ MYHT
0.005 %; 6) crpykrypupoBanne [IMMA

Jnsa n3ydyenust cucrem ¢ MYHT BO3MOXHO HCIHOJB30BaHUE PA3JIMYHBIX
Marpull. M3ydannce CeKTpbl ONTUYECKOrO Iporyckanus aucrnepcuit MYHT B
ouchenon-A smnokcuBHHWNGUPHON cMosie. CpaBHEHUE CIIEKTPOB MOKA3bIBAET,
YTO 11 HAHOTPYOOK TOCHE OTXKHUra Ha BO3JAyXe M OO0pabOTKH COJISTHOM
KHUCIIOTOM TPOIMyCKaHUE HM3IyYeHUs Ha TOPSIOK OOJbINe, 4YeM i TOW JKe
KOHIEHTpanuu ucxogubix MYHT.

3a TOMOIb, OKAa3aHHYIO MPHU CHEMKE CIEKTPOB KOMOWHAIIMOHHOTO
paccessHus ~ OnmaromapuM  COTpyAHUKOB (CapaTOBCKOTO TOCYIapCTBEHHOTO
yauBepcuteta uMm. H.I'. YepnsimeBckoro na.x.H. l'opuna JI.A. u k.p.-M.H
bparamosa JI.I1.

1. E.C. Kimumo, M.B. by3aeBa, O.A.[laBbinoBa u ap., JKIIX 87, 1128
(2014).

2. E.C. KiiumoB, M.B. byzaesa, O.A.J/laBsimoBa u ap., bXK,21, 109
(2014).

3. M.M. Rahman, Natural Sience 3, 208 (2011).
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[MTOPOLIKU ®TOPUIOB M, RsF2.x, RF3 1 NaRF, (M=Ca, Sr, Ba; R — P33)
JJI @OTOHUKU

C.B. KVBHCLIOBl, I0.A. PO)KHOBal, M.H. MaSIKOBal, I.C. HCLIpKHHal,
AM. HaKl’z, P.I. BaxpeHeBl’z, B.B. BOpOHOBl, A.B. PH60Bal, J1.B. [TomuHOBa’,
AA. .HYFI/IHI/IHaS, A.E. Bapanunkos’, B.K. MBanos’, ILII. ®egopos
YUnemumym o6weii pusuxu um. A.M. ITpoxoposea PAH, Mocksa
2Mocrogckuii 2ocyoapcmeennwiil yuugepcumem um. M.B. Jlomonocosa, Mocksa
3Bcepoccuiicmtﬁ UHCMUMYm HAYYHOU U mexHudeckou ungpopmayuu PAH,
Mocxesa
4HHcmumym ooweti u Heopeanudecxou xumuu um. H.C. Kypnaxosa PAH,
Mocxesa
E-mail: kouznetzovsv@gmail.com

Heoprannyeckne HaHOPTOPHUABI SBISIFOTCS YHUKAJIBHBIM KJIAaCCOM BEIIECTB
JUIsi TpuMeHeHusT B (¢oToHHMKe. B Hacrosiee Bpemsi IIMPOKO OOCYKIaeTcs
npUMeHeHHuEe HAaHO(MTOPUAOB IJIsi HYXKI COJHEYHOW DHEPreTUKU Ui yBEIUYCHHUS
KIIJl comneunsix Oatapei, I MEIUIIMHEI 32 CUET al-KOHBEPCHOHHOW Mepenadn
OPHEPTruM HaKauku U3 OmmkHeW HH(]pakpacHOW 0OJACTH CHEKTpa B BUAMMBIN
JMAna3oH CHEKTpa W JUIsl CO3/IaHUs BBICOKOTEMIEPATYPHBIX 3JEKTPOXUMUYECKHUX
ycTpoicTB. Llenbio qaHHOW paboThl SIBISUIUCH CUHTE3 MOPOILIKOB HEOPTraHUYECKUX
(GbTOpUIOB MIMPOKOTO Kpyra COCTaBOB M aHaiu3 3(PQGEKTHBHOCTH Pa3IUUHBIX
(GTOPUAHBIX MaTpUIl MPUMEHUTEIHFHO K HCIOJIB30BaHUIO MX B KadyecTBe af-
KOHBEPCHUOHHBIX JIIOMUHO(OPOB.

[Topomku ¢GTOpHIOB OBUIHM CHHTE3UPOBAHBI METOJOM COOCAXKIACHUS U3
BOJHBIX PACTBOPOB MPU BAPbUPOBAHUM PA3NMYHBIX YCIOBUWA CHHTE3a: THI
dropupytomero arenra (HF, NaF, NHF), mopsmox cmemenus peareHTos,
WCIIOJIb30BAaHUE OPTaHUYECKUX MOIU(UKATOPOB W KOHIEHTPAIMM HMCXOIHBIX
BelecTB. B pabore mpencrtaBieHbl pe3yibTaThl MO OTPAOOTKE METOJIMK CHHTE3a
na”oropomkoB NaRF;:Yb:Er (R=Gd, Y, Lu), CaF,Yb:Er, SrF;:Yb:Er u
LaFs:Yb:Er. ns cucrem LaF;-NaGdF,, NaGdF,-NaLuF,, NaYF,;-NaLuF, CaF,-
YF3, SrF,-YF3; ompenenensl o6iacTu CymiecTBOBaHHS OJHOGMA3HBIX TBEPABIX
pactBopoB. IlpoBeaeH aHanmu3 3aBUCHMOCTH JHEPreTHYECKOrO BBIXOAA all-
KOHBEPCHOHHOM JIFOMHUHECIICHIIMM OT KOHIICHTPAIMU MTTepOus W JpOus s
pazmuunbix matpul] (NaYF4:Yb:Er — kyOuueckas ¢asa), CaF,:Yb:Er, StF:Yb:Er n
LaF3:Yb:Er). Onpenenensl NepCeKTHBHBIC COCTABBI M MOKA3aHO, YTO CYIIECTBYIOT
HECKOJIbKO 00JIacTeli COCTaBOB C BBICOKMMH BEJIMYMHAMHU AaN-KOHBEPCHOHHOU
JFOMUHECIICHIINN.

Hns o6pasioB SrF,:YD:ErTm u (SrF,:Yb:Er+ SrF,:Yb:Tm) onpenenenst
00JacTH  COCTAaBOB M IJIOTHOCTH MOIHOCTH HAKAauKWl Ui TIOJYYCHHS
JIOMUHO(OPOB, KOOPAUHATHI IBETHOCTU KOTOPBIX OJIM3KU K OEJIOMY CBETY.

[Ipu kowbloraumu ¢GOTOCEHCHOWIM3aTOpa M MOJMATUICHUMHUHA K
HanouactuiiaM NaYF, YD:Er mnpomemoncTpupoBana rTeHepaiusi CHHIJICTHOTO
KHCJIOpoJia ¥ ero (poToqMHAMHYECKast aKTUBHOCTb.

Pabora mommepxkana rpantamu MK-3133-2014-2, PODU-13-02-12162-
odpu-m, PODI-15-32-21152.
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CHEKTPbI THTEP®EPEHIIMOHHOI'O ®MJIBTPA C 3EPKAJIAMU,
PA3JIEJIEHHBIMHW CJIOEM HAHOKOMIIO3UTA C PE3OHAHCHOU
JUCIIEPCUEN ITOKA3ATEJIA ITPEJIOMJIEHN A

C.I'. Moucees, B.A. OcTaTOYHUKOB
Vavsanosckutl cocyoapcmeenuvlil yuusepcumem, YivsiHo8CK

E-mail: ost.vld@yandex.ru

nnk

Jucnepcust mokaszaTens MpeTOMICHHUS MeTaJlI-TUAIEKTPUUECKUX
Hanokommo3uToB (HK) mMeer pe3oHaHCHBIN XapakTep B ONTUYECKOW OOIaCTH
CIEKTpa, YTO OTPaKaeTCsi Ha CIEKTPaJIbHBIX XapaKTEPUCTHKAX CTPYKTYD,
4acThl0 KOTOPBIX OHHM SBJstOTCSA. [lpm coBmameHmm oOjacTu pe3oHaHca C
(OTOHHOM 3ampEIIeHHON 30HOW OJJHOMEPHOIO0 MHTEP(PEPEHLIMOHHOTO (UIbTPa
(U®), nabmromaercss pacuieruieHrne obiactu mnpomyckanusi. B pabore [1]
npearajgoch JUisl MPOTHO3MPOBAHUS IOJIOKEHHWE O0JIacTed MpOINyCKaHUs B

(dboTOHHOM 3amnpenieHHoM 30He ycinoBue pesonanca dadpu-Ilepo:

rie Ni m Lo — mokasarens mpenomsenus nedeKTHOro CII0s MEKIY 3epKagaMu
Ha COOTBETCTBYIOIEH JumHEe BONHBI, M=(1, 2,...) — mopsimok uHTEphEpEHIUH.
Opnako, ucnonb3zoBanue yciaosue Padpu-llepo naer npuemieMyr0 TOYHOCTb

TOJIBKO HpI/I MaJIbIX OTKJIOHCHUAX ITOKA3aTCJIA HpeHOMHeHI/IH
N="n,—n, /ny

360 400 440 A, HM
Puc.1

Ha puc. 1. nokazanel aucnepcusi mnokazarens npenomieHus HK
(crutomrHbIe) TIpU 00BeMHOM Josie Metaia 10% u panguyce HaHOYACTHIL 2 HM,
Moabl pe3oHaropa @Dabpu-lleppo (myHKTHpP), U3MEHEHUE TOJOXKCHHUS
MakcumymoB nponyckanus U® 6e3 cnoeB HK (mTpux) npu u3MeHEHUU IITUHBI
BoIHBL.  IlepecedyeHuss KpUBBIX JUCHEPCHM  TOKa3aTelsl  MPETOMIICHUS
HAaHOKOMIIO3UTA U 3aBUCUMOCTEM MakCUMyMoOB Ipornyckanus WO paror
BO3MOYKHOCTh OIpPEACNIUTh JUIMHBI BOJIH Ha KOTOpBIX OyaeT HaOroaaThbes
CHU)KEHHUE OTPaKEHUS.

PaGora BbeiMonHeHa 1mpu (puHAHCOBOW mojAep:kke MuUHUCTEpCTBa
oOpa3oBanus u Hayku Poccmiickoit @eneparuu (mpoekt Ne 14.250.31.0015 u
'3 Ne 3.2202.2014/K).

1. C. 5. Berpos, A. 10. ABneeBa, U. B. Tumodeen. XKOTD 140(5):871-
878, 2011.
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KOMIIBIOTEPHOE MO/JEJIMPOBAHUE PACITPEAEJIEHUA
MEXAHUYECKUX HAIIPSDKEHNHN B CTPYKTYPAX « KPEMHNN
HA MOJIMBJIEHE»

M.A. BaKVJ'II/IHl, K.H. HI/IHIGBl, M.N. HOBOHOJ’ILHGBl, B.A. MapTLIHeHKOZ
1 . "
Mopoosckuii ecocyoapcmeennwiii yrueepcumem um. H.I1. Ocapesa, Capanck
OAO «Inexmpogvinpsimumenvy, Capanck
E-mail: bakulinma@yandex.ru

HccnenoBannio TEpMUUECKUX HAMPSHKEHUH B MHOTOCIIOMHBIX CTPYKTYpax,
B TOM YHCJIE€ MOJYIPOBOJAHUKOBBIX, MOCBAIICHO 3HAYUTEIBHOE KOJIMYECTBO
pabot, Harpumep [1-3] .

B HacTosimieit paboTe METOJAOM MAaTEeMaTUYECKOTrO MOJCIUPOBAHUS
UCCIIEIOBAIUCh TEPMOMEXAHUYECKUE HAINPSKEHUSI B CTPYKTYpE «KPEMHUH Ha
monuoaeHe» (KHM), mnpencrapmstomeid coOoil cUCTEMYy TpeX KECTKO
COEIMHEHHBIX CIIOEB B BHUJIE UCKOB AHaMETpoM 56 MM. BepxHuii KpeMHUEBBIN
Y HUKHUW MOJMOIEHOBBIN AUCKU UMENU (PUKCHpOBaHHBIE TOMMUHGI 1,1 1 2 MM
cootBeTcTBeHHO. CocTaB, ToJIMHA ©  (U3UYECKUE  XapaKTEPUCTUKU
MIPOMEKYTOUYHOTO CJIOS, COSUHSIONIET0 KPEMHUEBBI U MOJMOICHOBBIN JIUCKH,
BAPBUPOBAINCH. PacueTsl MPOBOAWINCH METOJOM KOHEYHBIX 3JIEMEHTOB MJIS
COCIMHEHUW 10 CTAHJAPTHOM TEXHOJIOTMU CIUIABJICHUS CUIYMUHOM H MO
TEXHOJIOTUM HU3KOTEMIIEpATypHOTO CIEKaHus cepedpocoaepskanux nact. s
MaTeMaTUYECKOTr0 MOJICIIMPOBAHUS HCIIOIB30BAJICS MPOTPAMMHBIM KOMILIEKC

ANSYS.
7 Ha puc. | npencrasiensl pacCUMTaHHBIE
HaMHU 3aBUCHUMOCTH Tporuba ctpykrypsl KHM
2 (BO3HUKAIOIIET0 TMpU €€ OXJAXICHUH OT
TEMIIEpaTypbl  MpoOLEcCa  COCIAMHEHHS 10
1 KOMHATHOM) OT TOJIIHUHBI POMEXYTOYHOTO

CJIO.

8, MKM

-100 —

-200 —

W3 rpadukoB criemayer, 4TO MPH MabIX
3HAYEHMSAX TOJIIUH IPOMEKYTOUYHOIO CJOSI C

-300

v e LT ™ ™ POCTOM TOJIIIMHBI CIIOSI TTPOTUO YMEHBIIAETCS.
Puc. 1. 3asucumocth mporu6a [Ipm OmpeeICHHBIX TOJIIIIAHAX CJIOEB
ctpykrypet  KHM ot romuniel ooy iga (680 Mxm) u cepebpa (590 MkM)
IIPOMEXYTOYHOIO CII0L:
1 - cunymmma, 2 — cepedpa. nporud crpykrypsl KHM npuHumaeT HyneBoe
CoiomiHble JUHUM — pe3ynbTaTsl  3HAUCHUE. HpI/I 9TOM COCIUHAIACMBIC

pacuera mno dopmynam [1] 18 popepxHOCTM ~ KpeMHMS M MoOJuOjeHa
JINCKOB OECKOHEYHOT'O TUaMeTpa

CTAHOBATCS MPAKTUYECKU TUIoOCKuMHU. [Ipm
JaTbHEUIIIeM YBEIMYCHUHU TOIIIMHBI POMEKYTOYHOTO CJI0SI TPOTUO CTPYKTYPHI
KHM wu3MeHseT 3HaK U pacTeT MPAKTUUYECKHU JIMHEHO.

1. M. Vasudevan, W. Johnson , Appl. Sci. Res. Section B 9, 420-430
(1961).

2. E. Suhir, Journal of Applied Mechanics, 56, 595-600 (1989).

3. T. Lackner, Journal of Electronic Materials, 8(1), 19-24 (1989)
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CTPYKTYPA, ®A3OBBIN COCTAB U CIIEKTPAJILHO-
JIIOMMHECIEHTHBIE CBOMCTBA KPUCTAJIJIOB YACTUYHO
CTABMJIM3MPOBAHHOI'O JMOKCHUIA LIMPKOHNMA,
JIETUPOBAHHbBIX HIOHAMM Yb**

M.A. BOpI/IKl, A.B. Kyne6;1KI/IH1, E.E. HOMOHOBal, B.A. MBI3I/IHal, B.B. Ocuko’,
I1.A. P5160‘{KI/IHa2, H.B. CI/II[ODOBaZ, H.10. Ta6aukosa®
YUnemumym o6weii pusuxu um. A.M. ITpoxoposea PAH, Mocksa
2 HayuonansHwlii ucciedo8amenbeuil Mopooeckuiti 2cocyoapcmeerHblll
yuusepcumem um. H.I1. Ocapésa, Capanck
3Hauu0naﬂbubzd uccne008amenbCKull MmexHoN02UYeCKUll KHUgepcumem
«MUCHC», Mockea
E-mail: ya.natalka2112@yandex.ru

Kpucramnel auokcuaa UUPKOHUS, CTAOMIM3UPOBAHHBIE UTTPHUEM,
JIETUPOBaHHbIE pEaKO3EMEbHBIMU (P3) MOHAMH, MPEACTABIIAIOT
MOTEHUHUAJIBHBIA UHTEPEC JJISl TBEPAOTEIBHBIX J1a3€pOB C MOJIYIIPOBOAHUKOBOM
Hakaukoi. Kpucrtamiel nuokcHia HUPKOHUS, YACTHUYHO CTAOWIM3UPOBAHHBIC
urtpuem (UCL]), o0namaroT yHUKaIbHBIMU MEXaHWYECKUMH CBONCTBAMH U
MPEACTABIAIOT OOJBIION HMHTEpeC sl TPUOOTEXHUYECKUX MPHIIOKCHUH.
@usnueckue cBoiictBa kpuctamwioB UYCII, nerupoBannbix P3 unonamu, B
HACTOSIIEEC BPEMS U3YUEHbI B MEHBIIIEH CTEMEHHU MO CPABHEHUIO C KPUCTAILIAMH
YCL 6e3 npumeceit P3 noHOB.

B Hactosimieit paboTe TmpeACTaBlI€Hbl PE3yibTaThl HMCCIEAOBaHUMN
CTPYKTYpbl U (Da30BOr0 COCTaBa KPUCTALJIOB JHOKCHJA IIUPKOHUS, YACTUYHO
CTaOMIIM3UPOBAHHOTO UTTPHUEM C TIPUMECHIO HOHOB Yb* (ZrO, — 1 m0o1.% Y,0;
-1.8 Mmo1.% Yb,03, ZrO, — 2.5 mon.% Y,03 — 0.3 mo1.% Yb,03, ZrO, — 2
M0i1.% Y,03 — 0.8 mo1.% szOg, Zr0, — 3.4 m0o1.% Y,0;5; -1.8 moi1.% ngOg),
METOZaMH  TMPOCBEUMBAMONICH  DJIEKTpOHHOW  Mukpockonumu  ([IDM),
pentrenodasoparo anaiguza (PPA) W CHEKTPOCKONMHMHM KOMOMHAIIMOHHOTO
paccesinus ceera (KPC).

JIJTs1 JAHHBIX KPHCTAILIOB TOTYYEHBI CIIEKTPBI moromenus noros Yh**, a
TaKKe€ CHEKTPbl JIIOMUHECIEHIIMA 3TUX HOHOB MPHU CEJIEKTUBHOM JIa3€PHOM
BO30OY)KJICHUM W BPEMEHHOM pa3penieHnd. Ha OCHOBaHWM aHanw3a JTaHHBIX
CIEKTPOB M HX CPABHUTEIBHOIO aHaIW3a C AHAJOTMYHBIMHU CIEKTpaMu st
KPUCTAJIOB  JUOKCUJA  IIUPKOHUS,  CTAOMJIM3UPOBAHHOTO  UTTPHUEM,
nerupoBanHoro nonamu Yb**, cieman BEIBOX 06 OCHOBHBIX THITAX OINTHUYECKUX
neHtpoB moHoB Yb®' B KpHCTaIax MOKCHEA LMPKOHHS, YaCTUYHO
CTaGHITM3HPOBAHHOTO HTTPHEM C IPUMECHI0 HoHOB Yh™,

PaboTa BbInoiHEHA Mpu (pUHAHCOBOU noaaepxke rpanta POOU opu_m,
No mpoexra 13-02-051.
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ITPUMEHEHUE PEHTTEHOBCKOM MUKPOTOMOI' PA®UN
JI NCCIIEJOBAHMA ITOPUCTBIX MATEPHUAJIOB

M.B. lemxun, A.B. Croxapos, M.1. HoBonouiblieB, b.®. Mamun, K.H. Hunies

Mopooeckuii cocyoapcmeennuiil ynugepcumem um. H.I1. Ozapesa, Capanck
E-mail: novopol@inbox.ru

D@ heKTUBHBIM METOJIOM HCCIEIOBAaHUSI MOPUCTONU CTPYKTYpPhl 00pa3iioB
SBJISIETCSI PEHTICHOBCKAash KOMITbIOTEpHAss MUKpoToMmorpadus, B KOTOPOH IO
Ha0oOpaM PEHTTEHOBCKHUX MPOEKIMI UCCIeTyeMOro o0pasiia Ipy €ro BpalleHUH
PEKOHCTPYUPYIOT €ro 00beMHOe u3o0paxkeHue. COBpeMEHHbBIE PEHTTC€HOBCKUE
MUKpOTOMOrpadbl, HMEIOIINE pa3pelicHue TMOpsSAKa HECKOJIbKUX MHKPOH,
MO3BOJISIIOT ~ MOJIy4aThb  OOBEMHBIE  HM300paKEHUS  PEHTTEHOKOHTPACTHBIX
MUKPOOOBEKTOB,  PACIIOJOKEHHBIX BHYTPH HCCIEAYEMbIX OOpasloB ¢
pazmepamu, IPEBBIIAIONIUMY NpeIesl pa3penieHus npudopa.

PexoncTpynpoBaHHOe 00BEMHOE H300paKeHHE O00JIACTH CKaHUPOBAHUS
UccienyeMoro oopasiia mpejcTaBisieT co00i HabOp BOKCENEeH ¢ pa3IuyHBIMU
3HAQYEHUSIMH YPOBHSI CEPOr0, COOTBETCTBYIOIIUMH ONPEACICHHOMY 3HAYECHUIO
PEHTI€HOBCKOM IUIOTHOCTU WM JHHEHHOTo Koddduimenta ocnabnenus (JIKO)
ero Marepuana. Jus  BU3yalM3alMd  MUKPOIIOp B PEHTT€HOBCKOM
MUKpOTOMOrpauu  4Yamie  BCEr0  HUCIOJB3YIOT  METOJl  IOPOTOBOM
cerMeHTanuu [1], B KoTopomM BBIOOp mopora He Bcerja SBisieTcss (pu3nyecku
000CHOBaHHBIM.

Nudopmariuss 0  paBHOMEPHOCTH  paClpeleNieHUs] HAHOMOp B
uccieayeMoM  oOpaslie  MOXKET OBbITh MoJiydeHa U3 aHanu3a  (OpMBI
pacripe/ieJieHus BOKCeJIel Mo 3HauYeHHsIM ypoBHsI ceporo. Ecim uccnemgyemsiii
oOpazer; COCTOUT U3 OJHOPOJHOTO IO PEHTICHOBCKOM MJIOTHOCTH Marepuaa,
COJIEpIKalller0 BHYTPU CIy4allHO pacmlpe/iesIeHHbIE HAHOIMOPhI, TO U3MEPEHHAas
byHKIUS pacpeeseHus] BOKCEJIeH 10 3HAYEHUSAM yYPOBHS Ceporo OyaeT MMeTh
dbopmy  pacmpenenenuss [aycca. Ilpuuem  mmpuHa  pacmpeneneHus
XapakTepu3yeT PaBHOMEPHOCThb paclpeiesieHuss HeoaHopoaHocTell. Hamnuwne
MHUKPOTIOp MPUBEAET K 3aBBIIMICHHBIM 10 OTHOLIEHUIO K pacnpeaeneHuto ['aycca
3HAUCHUSM Ha JIEBOM CKJIOHE W3MEpPeHHOW (YHKIMM pacrupeaeracHus,
COOTBETCTBYIOIIUM OOBEMHOW JI0J€ MHKPOIOpP. AHAJIOTHYHO, TIO TIPABOMY
CKJIOHY (YHKIMHA pPACIpeeeHUs] MOXHO ONpeneisiTh OOBEMHYIO JOJIO
OCCIIOPUCTBIX MHKPOOOJIACTe B  HCCIEIYEMOM 1

oOpasrie. 1ol b

B wHacrosimeil paboTe JaHHas METOAMKA Ea- f
INpUMCEHEHAa  UI1  HCCICAOBAHHMS  NIOPHUCTOCTH gs ”* . = |?5
Marepualia TEIUIOOTBOIALIIUX OCHOBAaHWH, § ¢ rhl 7 ,"
uzroropnaeHHplx U3 MMKM AISIC, u matepuana 5 2 +’{N ............................ /
3arOTOBOK TAHTAJIOBBIX SIEKTPOIIMTHYECKUX 0 — ——

100 150
YpoBeHb ceporo

KOHJICHCATOPOB. KCIEPUMEHTHI MPOBOJIUIHNCH C
UCTIOJIb30BAaHUEM PEHTTEHOBCKOTO MHKpoToMorpada SkyScan 1172,
1. Sezgin M., Sankur B., Journal of Electronic Imaging, 13(1), 146-165
(2004).
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3ABHCHUMOCTb CBOMCTB Y CTPYKTYPBI TBEPJIbIX
SJIEKTPOJIMTOB HA OCHOBE ZrO, OT KOHIUEHTPALIHN
CTABWIN3UPYIOIEU ITPUMECH Y,04

M.A.Bopux', C.U.Bpenuxun’, B.T. By6mux®, A.B.Kyne6skun',
I/I.E.KypI/IHLIHaZ, E.E.HOMOHOBal, CD.O.MI/IJIOBI/ILI3, B.A.Msi3una’,
C.B.CQDHKOBl'S, H.10.Ta6aukosa’

YUnemumym o6weii pusuxu um. A.M. ITpoxoposa PAH, Mockea
2P[Hcmumym Gusuxu meepoozo mena PAH, Yeproconoska
3Hauu0Haﬂbeld ucce008amenbCKull MmexHoI02UYeCKUll YHugepcumem

«MUCHUC», Mocksa
E-mail: germes.seyakov@yandex.ru

Kpucrannmaeckue  MaTepuasibl ¢ BBICOKHMH — MEXaHUYECKUMU
XapaKTEPUCTHKAMHA W TIOBBIIIICHHOW HOHHOW IMPOBOJUMOCTBIO IPECTABISIOT
3HAUUTEIBHBIN UHTEPEC, KaK C HAYYHOM, TaK U C MPAKTUYECKON TOUKU 3PEHMUS.
AKTYaJqbHOCTh CO3JJaHUSI TAKMX MaTEepUaJIOB OMPEEISICTCS MEePCIEKTUBAMHU UX
HCIIOJIb30BAHUS B KAYECTBE KUCIOPOAOOOMEHHBIX MEMOPAH B TBEPAOOKCH IHBIX
TOTUTMBHBIX AJIEMEHTAX.

Hacrosmas pabora MOCBSIIEHA pa3zpaboTke HOBBIX
MOHOKPUCTAILTMYECKUX Ta30HEMPOHUIIAEMBIX TBEPJIBIX AJIEKTPOJIUTOB Ha
ocHoBe ZrO, 1 BKIIIOYAET B CeOsl: CUHTE3 U UCCIIeI0BaHNEe (U3UKO-XUMHUYECKUX
CBOMCTB  MOHOKPUCTAJUIOB  TBEPIABIX  pacTBOpoB Ha  ocHOBe Zr0O,
cTabnmM3upoBaHHBIX Y,0O3 B IIMPOKOM JUAaNa3oHE COCTaBOB JJI BBIOOpA
ONITUMHU3UPOBAHHBIX COCTABOB MOHOKPHCTAJIJIOB.

B pabote 6b11 mosrydensl kpuctamisl ZrO; — (0T 2 10 12 M01.%) Y,0s3,
KOTOPBIE TIO3BOJIHIIN TTOAPOOHO MPOCIICTUTE IBOJIIOIUIO CTPYKTYPHI U (Da30BOTO
COCTaBa B 3aBHUCHUMOCTH OT KoHIeHTparuu Y,0;. IIpoBeaeHo wmcciaenoBaHme
BIUSIHUA  KOHIEHTpauuu Y03 Ha MOHHYIO MPOBOJUMOCTH KPUCTALUIOB Ha
ocHoBe ZrO,. Tloka3aHo cCyIIeCTBOBaHHWE JBYX MAaKCHUMyMOB HWOHHOM
IpOBOIMMOCTH B obnactu Temmeparyp 800-900°C mns cocraBoB ZrQO, —
3.2m01.% Y03 u ZrO, — 8Mon.% Y503 VYcraHOBIEHO, YTO BIHSIHUE
KOHIICHTpAIlMU CTAaOWJIM3UPYIOMIEr0 OKCHJIa Ha BEJIWYUHY IMPOBOJAUMOCTH B
npenenax oaHO0(a3HOTO MOJII COCTABOB BO MHOTOM OTPEJEISCTCS BHYTPEHHEH
CTPYKTYpOi KpucTaia. Pasnmuuume B CTPYKType KPHUCTAUIOB [IJIsi Pa3HbIX
KOHIICHTpaIMi cTaduam3upymoomero okcuaa Y0z ompenensercs yCIOBHUSIMH
CHUHTE3a KPHUCTAJLIOB.

N3mepenne  MeEXaHHMYECKHMX  CBOMCTB  MOKAa3ajg0, 4YTO 3HAYCHUE
TPEIIMHOCTOMKOCTH YMEHBIIIACTCS ¢ pOCTOM KOHICHTpanuu Y,0O3 U 3TO CBA3aHO
C YMCHBIIICHHEM KOJIMYECTBA TETparoHanbHOU t-(ha3sl.

Mpb1 npenamnonaraeM, 4To NPOBOJAUMOCTh B Kpuctamiax ZrO, - Y,0;
CBs3aHA CO CTPYKTYPOH, a M3MEHEHHE MEXaHUYECKHUX CBOHCTB — C (ha30BBIM
COCTaBOM.
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HECTEXMOMETPUA METAJUIOPI'AHMYECKHNX
KOOPAMHAIMOHHBIX COEJUHEHNN — BOSMOXHO JI 5TO?

A.A. Akky3una, P.1. ABetucos, 11.B. Taiinakos, A.B. XoMsaKko0B,
E.H. Moxesutnna, 1.X. ABeTHCOB
Poccuiickuii xumurxo-mexnonocuueckuii ynusepcumem um. /.M. Menoeneesa,
2.Mocksa
E-mail: akkuzina@yandex.ru

SBneHuME HECTEXHOMETPUM XOPOUIO HW3BECTHOE MPUMEHUTEIBHO K
Heopraundueckum kpuctammam npu 1>0 K. Ilpunaro cuwrats, yto M
OpraHUYECKUX COEIMHEHHI HE CBOWCTBEHHO SIBJICHUE HECTEXMOMETPUU H3-3a
MOJIEKYJIIPHOTO CTPOEHUSI OPraHUYECKUX KPUCTAIIIOB.

B nmanHoMm wucciegoBaHMM HamMHu OBLIO M3Y4YEHBI CBOMCTBA KPHUCTAIIIOB
Tpu-(8-okcuxunonsra) amomunus (I11) (Algs) mocine TepMudeckoir 0OpabOTKH
IpH Pa3IMYHBIX IABICHMUAX Mapa JMraHnooOpasyromero kommoHeHTa (Phg).
AlQz siBIsSieTCS U3BECTHBIM OPTaHUYECKUM 3JieKTpostoMuHopopom it OLED
YCTPOMCTB, KOTOPBIH CYIIECTBYET B HECKOJIBKUX MOTUMOPPHBIX MOAU(DUKALINSIX.
Cxema nonuMop¢HBIX nepexoaoB B Alqs B 3aBUCHMOCTH OT TEMIIEPATypbl Oblia
ycTaHoBjeHa B [1,2].

Bnepseie B HacTosmed pabore OBUIO MOKa3aHO, YTO YBENHYEHHE Ppg
IPUBOJNUT K CIEIYIOLIUM pPE3yJbTaTaM: a) CHH)KAeTCd WHTEHCHUBHOCTD
dboromomunectieniuu (OJI) npu puxkcupoBaHHON Torura; 0) YMEHBIIAETCS
TeMIiepaTypa noJIMMOpQHBIX EPEXOJ0B U TEMIEPATypa IJIABJICHUS;

B) HAaOJII0JAeTCsl TUIICOXPOMHBIN caBUT Makcumyma @JI ot 517 no 508 um (mipu
Tomura = 580 K st a-Algs). Bce n3mMeHeHns HOCHIIM 00paTUMBIN XapaKTep, 4To
yKa3bIBaeT Ha TEPMOJAMHAMUYECKYIO IPUPOAY HaOM0AaeMbIX 3P(HEKTOB.

OOnapyxeHHbli  3pPexT MOXKHO  OOBSICHUTH  (POPMHUPOBAHUEM
TEPMOJIMHAMHYECKH PABHOBECHOW KPHCTAIIMYECKON CTPYKTYpbI, KOTOpas B
3aBUCUMOCTH 0T Pyq mpuBommna K uU3MeHeHHMIO uucia atomMoB Al mpu
IIOCTOSIHHOM ~ KOJIMYECTBE JIMTAHJOB B  KPUCTAJUIMYECKOW  CTPYKTYpE.
[TonTBEp)KaAEHUEM STOMY SIBIIAFOTCS PE3YJIBTATBl PEHTTEHO-CTPYKTYPHOI'O
OIpENEIeHUs MapaMETPOB KPUCTAJUIMYECKON pemeTku. IIpu moseimenun Py
o0BeM dJieMeHTapHOU sueiiku Kpuctamia Alqs yBemuuuics ¢ 1046,27 (18) no
1048,31 (16) A®, B To BpeMst KaK peHTreHorpaduyecKas IOTHOCTb CHIKAIACH
¢ 1,458 1o 1,455 r/em®. Habmromaemblit 5 peKT MOXKHO OOBSCHATD B TEPMHHAX
HectexuomeTpun Al B MeTarutokomiiekce Alqs.

Pabota BblmoniHeHa nipu (puHaHCOBOW moanepxkke rpanta PHO 14-13-
01074.

1. M. Brinkmann et al., J. Am. Chem. Soc., 122(21), 5147 (2000)-5157
2. R.1. Avetisov et al., Russian Microelectronics, 43(8) 526 (2014).
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CHUHTE3 U NCCJIEIOBAHUE TBEPAbIX PACTBOPOB
B CUCTEMAX BaF,:RF; (R=La, Ce)v
JJA QJIEKTPOXUMUWYECKUX YCTPOUCTB

M.H. Maskosa, I1.I1. ®enopos, B.B. Boponos

Hnemumym obweti gouzuxu um. A.M. [Ipoxoposa PAH, Mockea
E-mail: mn.mayakova@gmail.com

B nmocnenmHue rojbl  BO3pacTaeT  MHTEpPEC K HMCCIEJIOBAHMSIM
HAaHO(PTOPHUIOB. YHUKANBHBI HA00p (PU3UKO-XUMUYECKUX CBOMCTB, a TaKkKe
cnenu@uueckue 0COOEHHOCTH BEIIECTBA B HAHOKPHUCTAJUIMYECKOM COCTOSHHUH
0OyCJIaBIMBAIOT BO3MOKHOCTH HCIOJIb30BaHUSI HAHOMOPOIIKOB (TOPUIIOB B
Pa3IUYHBIX 00JIACTAX HAYKH W TCXHUKH.

Bbonpioe BHMMaHue K ceOe MpUBIIEKAlOT (TOP-UOHHBIE POBOJIHUKHU KaK
MaTepHuaibl sl aKKyMYJISITOPOB HOBOrO NokoJsieHus. IlepeHoc 3apsiza B Takux
aKKyMYJISITOpax OCYIIECTBIISIETCS MPU MTOMOIIM aHUOHOB (Topa. DTOP-UOHHBIE
AKKyMYJISITOPBI MMEIOT PSAJI TPEUMYIIECTB: BBICOKAs IJIOTHOCTHIO HSHEPTUU
(ynenbHasi €MKOCTh (PTOP-MOHHBIX AKKYMYJISITOPOB Ha TMOPSIOK IPEBBIIIACT
AHAJIOTUYHYIO XapaKTEPUCTHKY HauOoyiee yMOTPEOUTENbHBIX celuac JIMTHIA-
MOHHBIX Oarapeit), spdexTrBHas paboTa MPU MOBBIIIEHHBIX TeMIEpaTypax,
M0Kapo- U B3pbIBOOE30MIaCHOCTb, HU3KHUI caMopa3psI.

Opnumu w3 Hauboyiee TMEPCIEeKTUBHBIX (PTOP-MOHHBIX JIIEKTPOJIMTOB
SBJIAIOTCSL TBEPIbIE PACTBOPbl CO CTPYKTYpod (IroopuTta M TUCOHUTA B
cuctemax BaF,:RF; (R = La, Ce). M3BecTHBI BBICOKOTEMIIEPATYPHBIE METO/IbI
CUHTE3a JIaHHBIX MaTEPHAJIOB (POCT MOHOKPUCTAIUIOB, CIIEKAHUE MEXaHUYECKOU
CMECH KOMIIOHEHTOB PAa3JIMYHBIMU CHOCO0aMH), OJHAKO MPUMEHEHUE TaKUX
METOJIMK COMPSKEHO C PAIOM TEXHOJIOTHYECKUX TPYAHOCTEH.

B nannoit paboTe uccnenoBaHo nojydeHue oopasios B cuctemax BaF;:R
u RF3;:Ba (R = La, Ce) nmyrem coocakJieHusi U3 HUTPATHBIX PAacTBOPOB. bbuin
NoJlydyeHbl 00pa3lbl BO BCEM KOHILEHTPALMOHHOM JHalla30HE MCCIEAYEMbIX
CUCTEM C BapbUPOBAHHEM PEKUMOB cuHTe3a. OOHAPYKEHO, YTO TIPU U3MEHEHUU
YCIOBUM CHHTe3a pe3ko MeHsercs ¢a3oBblii coctaB ocaaka. Ob6macth
CYILIECTBOBAHMSI TBEPABIX PACTBOPOB THUCOHUTOBOM CTpykTypbl Rj,BaFs.y
yBenuuuBaetrcs oT y = 0.23-0.21, xapakTepHO#l AJisl BBICOKOTEMIIEPATYPHOI
paBHOBecHOU (a3l 10 y = 0.80 (Lag,BaggF,). Pazpaborana meroguka cunresa
NEPCIIeKTUBHBIX cOCTaBOB RygBag 1F>9 (R = La, Ce).
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CUHTE3 TOJICTBIX INDTEHOK HUTPUJIA AJTFOMUHMS U3 TA30BOU
DA3bI C UCITIOJIB3OBAHWEM BbhICOKOYHMCTBIX AJIIOMUWHIKA
N XJIOPUCTOI'O AMMOHUNA

A.H. Penvrknn, M.B. PeikoBa, E.E. SIkumoB
Hncmumym npobiem mexnHonocuu MUKpoJIeKMpOHUKU U 0COOOUUCTNbIX
mamepuanos PAH, Yepnoeconoexa
E-mail: ryzhova@iptm.ru

[InéHkn HUTpUIIAa ATIOMUHHS TPEACTABIAIOT OOJBIION HHTEpEC IS
IIPUMEHCHUS B HOBBIX MMOKOJICHUSX [ o
ONTOAJIEKTPOHHBIX YCTPOUCTB, MNOBEPXHOCTHO-
AKyCTUYECKUX  BOJHOBBIX  YCTPOWCTBaX U
MbE303JICKTPUUECKUX YIBTPa3BYKOBBIX
npeobOpazoBarenei 6iaroaapsi TaKUM CBOMCTBaM,
Kak  TBEPIOCTb,  BBICOKOE  JIIEKTPUUECKOE
YAEIBbHOE COITPOTHUBIICHUE, XUMHUYECKast
MHEPTHOCTb. JUIsI MOJydeHusi IUIEHOK HUTPHUIA
AJIOMUHHS UCIIOJIB3YIOTCS METOABl JIA3€PHOU
abnanuu, MarHeTpoHHOro pacmbuieHus [1]. Puic. 1. POM m306pasenie
MeTOIH)I XUMHYECCKOI'0O CHHTE3a IIO3BOJJAIOT MOTIEPEYHOT 0 CKOJIA TOJICTOU
BBIPACTUTH IUIEHKU BBICOKOIO KadecTBa NIpU nnénkn AIN
OOJIBIIIUX CKOPOCTSX POCTA.

B paGote mnosydyeHbl TIEHKM HUTPUJA QATIOMUHHUS Ha KPEMHHEBBIX
MOJI0OKKaX METOJAO0M Ta30(ha3HOTO CHHTE3a B TPEX30HHOM KBapIlIeBOM peakTope,
C HCIOJb30BAHUEM OCOOOYMCTOIO AIIOMUHHUSA U XJOpuAa aMMOHHUA. JlaHHBIN
METOJI MO3BOJISIET TMOJy4YaTh HUTPHUJ ATIOMUHHS JICHIEBO, TEXHOJOTHYECKHU
MPOCTO C XOPOIIEH CTEMNEHBIO BOCIIPONU3BOIUMOCTH.

[Ipu cuHTE3e HUTPUAA aTIOMHHHS HaWOOJBIIUNA TPUPOCT MAaCChHI
HaOMIoMaJICs Ha TOJJIOKKaX, PAacIHoJIOKEHHBIX B Haudaje 30HBI pocTta. bbiio
YCTaHOBJIEHO, YTO HAWJIYYIIUHU 110 KPUCTAUIMYHOCTH U CTEXUOMETPUU MaTEpUall
MOJIy4aeTCd B CEPEIUHE BBICOKOTEMIIEPATYPHOW 30HBI MPU YMEPEHHBIX
ckopocTsax pocta (5-50 mMxm/gac). B 3aBucuMOCTH OT yCIOBUM CHHTE3a ObUIH
MOJYYEHBbl KaK TOJICTbIC TUIEHKA HUTpUAA aTtOMUHUA (pUcC. 1), TAK U MaCCHUBBI
TOJICTBIX CTEPKHEM.

[TosryuenHbie o0pa3Iisl HCCIIEIOBAINUCH METOAAMH  PAaCTPOBOU
ANEKTPOHHON MuKpockonuu (POM), KaTOMOTIOMUHECHECHIIMH, XUMHYECKOTO
MHKpPOAHAIN3A, KOMOHWHAIMOHHOTO paccesHus u PEHTT€HOBCKOM
nudpakrTomerpun. Ha 0CHOBaHMM MOJTYYEHHBIX PE3yJIbTaTOB ObLIO YCTAaHOBJICHO,
YTO MPEJIONKEHHBIM METOJl MO3BOJISIET CMHTE3WPOBATH MaTEpUall, MPUTOIHBIN
JUISL U3TOTOBJICHHUS ITbE303JIEKTPUYECKUX U ONITOAIEKTPOHHBIX YCTPOUCTB.

25kV  X2,200 10um 0000 10 30 SEI

1. S. Strite, H. Morkoc, Journal of Vacuum Science &amp; Technology B
10(4), 1237-1266 (1992).
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OIITUMU3ALA YCJIOBUM DKCITEPUMEHTA I10 OITPEJEJIEHUIO
MAJIOI'O KOJJMYECTBA IIPUMECEN B KPUCTAJIJIAX METOJAOM
OIITUKO-PMUCCUOHHON CITEKTPOCKOITNH
B.A. JIsikoB, M.A. ®annces
Huoicecopoockuii eocynusepcumem um. H.U. Jlobauesckozo, Huscnuii Hoseopoo
E-mail: Vladimir.lyko@gmail.com

OObekTaMu HCCIIENOBaHUS SIBISUIUCH CEPUM KPUCTAUIMUECKUX 0O0pasIlos,
BBIPAIICHHBIX U3 BOJIHBIX PAaCTBOPOB, U3 pacTBOpA B pacIjiaBe M BHIPAIICHHBIX B Teli€.
Llenp uccienoBaHus 3aKI0YaIach B UBMEPEHUU OTHOCUTEIBHOTO COAEPKAHUS MAJIbIX
puMeceld, BCTPOEHHBIX B KPUCTAUIMUECKYIO CTPYKTYPY.

KonnuecTBEHHBIN 3JIEMEHTHBIM aHAdW3 TPOBOAWICA ONTHUKO-3MHCCUOHHBIM
METOJIOM Ha CIEKTPOMETpE C MHJIYKTHBHO CBs3aHHOM rurazmoii Varian 720-ES.
Hcxomubie 00pasibl pacTBOPSIIHCH:

B AeuHousuposaHHoU Boge (KHPO4:Mn, KyNiyCo(1-4(S04)2-6H,0, NaClOs + K;SO,);
B coirstHoi Kuciore (Cay.xLinGeO,:Cr);

B cosieHoit Boje (CaySny,C4H4O0g);

B CMECH IIJIABUKOBOW KHCJIOTBI, IEPEKKUCH Boopoaa u cepHoit kucaoThl (KTiOPO4:Hf,
KTiOPO,:Zr).

JJis IOHMKEeHUS TTopora 0OHAPYKEHUS MPUMECH ¢ COXpaHEHHEM JTOCTaTOYHOU
TOYHOCTH JUIsI KaXJOW CEepUU KPHUCTAJUIOB MPOBOAWIACH ONTHUMM3ALHUS YCIOBHUI
JKCIIepUMeHTa. BakHpiM dTarmoM npu MpoOOMOATOTOBKE  SBJISLUIACH — OIEHKA
ONTUMAJIBHON CTEMEeHW pa30aBlICHUs] TMOATOTOBJICHHBIX pPACTBOPOB Ha OCHOBE
MpeABaAPUTENbHBIX SKCIIEPUMEHTOB.

N3BecTHO, UTO KHCIOTa TMOHMXKAET WHTEHCHUBHOCTh AHAIMTHYECKUX JIMHUM,
MOBBIIIAS TEM CaMbIM TIpEAeNbl OOHAPYKEHHUS aHAJTU3UPYEMbIX XUMHYECKUX
AJIIEMEHTOB.

Kpome toro, npeaen oOHapyeHUSI XUMUUECKOTO 3JIEMEHTA OINPEAENsAeTCs AJIs
KOKJIOW aHAIUTHYECKOM JMHUU. B XO0Jae 5SKCIEepUMEHTOB, MPOBOJUICA OTOOP
CIIEKTPAJIbHBIX JIMHUN aHATUTUYECKUX DJIEMEHTOB, MO3BOJISIOMINM TOHU3UTH TTOPOT UX
oOHapykeHus. OnTuMu3aIys MPOBOAMIACE C YYETOM SMHUCCHOHHOTO CIEKTpa BCEX
XUMUYECKUX DJEMEHTOB, BXOASIIMX B COCTaB MCCIEAYEMOTr0 KPHUCTAJLTMYECKOTO
obpasna.

B Ttabn.l yka3aHel mpenenbl OOHApYXEHUS psiia MPUMECHBIX XHUMHUYECKHX
AJIEMEHTOB, PACCUUTAHHBIC 110 PE3YJIbTaTaM MPOBEJACHHBIX OMBITOB.

Tabnuna 1. Paccuntannblie npeensl OOHApYKEHHs! ISl pa3JIMYHBIX XUMHUUECKHUX 3JIEMEHTOB

XUMHUYEeCKUH Amnanm3upyeMslit o0paser PacrBopuTens Jmuna Bonabl, | [lpemen oOHapykeHUs,
JJIEMEHT HM MK/

B CapxLixGeO4:Cr HCI 208.956 11.3
Ca CayxLixxGeO,:Cr HCI 422.673 0.8
Co KzNixC0<1.x)(SO4)z'6Hzo H20 228.615 8.1
Cr CapxLiGeO,:Cr HCI 267.716 17.1
Ge CayxLizGeO,:Cr HCI 265.117 15.6
Hf KTiOPO4:Hf H,0,, HF, H,SO4 277.336 23.9
K KTiOPO4:Hf H,0,, HF, H,SO4 766.472 11.6
Li CapxLixGeO4:Cr HCI 670.783 6.9
Mn KH;PO4:Mn H.0 260.568 0.9
Mo CapxLinGeO4:Cr HCI 204.598 7.6
Na CayxLixGeO,:Cr HCI 588.995 415
Ni KoNixC0(1-1(S04)2-6H,0 H,O 230.299 3.2
P KTiOPO,:Hf H.0 213.618 56.6
S NaClOs; + K;SO, H,0 181.972 40.3
Sn Ca,Sn;xCsH406 H,0, NaCl 283.998 3.6
Ti KTiOPO,:Hf H20,, HF, H,SO, 377.572 7.6
Zr KTiOPO,:Zr Hy0,, HF, H,SO4 349.619 1.3
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BJIMAHUE HU3KOTEMIIEPATYPHOI'O OTXXUT'A HA ®U3UKO-
MEXAHWYECKUE CBOMCTBA CYEMUKPOKPUCTAJUIMYECKHNX
AJTIOMUHUEBBIX CIINITABOB 1420 1 1421

T.A. I'paueBa, M.IO. IllepOanb, A.E Oropoanukos,T.A. Ky3smuuena
Huoicecopoockuti cocyoapcmeennuwlil ynusepcumem
um. H.U. Jlobauesckozo Huocnuii Hoeeopoo, Poccust
E-mail: ogorodnikov.a.e@yandex.ru

Jannas paboTta MOCBSAIIEHA UCCJIEI0BAHUIO BIIUSTHUSA
HU3KOTEMIIEPATYPHOIO OTKMra Ha MHUKpoTrBepaocts (H,) wu ynempHOE
AIEKTPOCONPOTUBIICHUE (pyo) CyOMUKPOKPUCTALITUYECKUX (CMK)
AIFOMUHUEBBIX CIUIABOB, IMOJIYYEHHBIX METOJIOM PAaBHOKAHAJIBHOIO YIJIOBOIO
npeccoBanus (PKVYII).

B kauectBe 00BEKTOB wucciaeaoBaHuss Obutn  BbIOpanbl  CMK
amoMuHueBbie cruiaBbl 1420 (Al —5,5% Mg — 2,2% Li— 0,1% Zr) u 1421 (Al -
5,5%Mg — 2,2% Li — 0,1% Zr — 0,2%Sc), nony4dennsie metogom PKYITL.Orxur
uccieayeMbix oopasios nposouicsa npu 100°C. Bpemst omkura (f) MeHsutoCh
or 2 no 390 munyTt. HMcneiTaHus Ha MHKPOTBEPAOCTh IPOBOAMINCH Ha
nudpoBom mukpotBepaomepe HVS 1000. YaenpHOE 3JI€KTPOCONPOTUBIICHHUE
U3MEPSIIOCH Ha MIEpeHOCHOM BuxpeTokoBoM npubdope SIGMATEST 2.069.

B xone uccnenoBanusi o6HapyxeH, 3h(HEKT HEeMOHOTOHHOTO M3MEHEHUS
H, ot t mpu Maneix BpemeHax (cM. puc. 1), npu JanbHEHNIIEM OTKUTE 3HAUCHHUE
MUKpPOTBEPAOCTH 000MX CIJIABOB HE MEHSIOCH B IIPe/ieNiaX MOrPEIIHOCTH.

3aBUCHMOCTH p,, OT t TIpHM MalblX BpEMEHaX OTKUIa TaKKe HMEIOT
HEMOHOTOHHBIN XapakTep C JIOKAIbHBIMM MakCMMyMamu npu 8 u 30 MuHyTax
(critaB 1420) w npu 8 muHytax (cruiaB 1421). Ilpu nanbHeilmeM oTXKHTre
HaO0JII01aeTCSl MOHOTOHHOE CHUYKEHUE 3HAYCHUS Py,
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Puc. 1. I'paduku 3aBUCUMOCTH MUKPOTBEPIOCTH U YACIBHOTOJIEKTPOCOTPOTHUBIICHNE
ot Bpemenu omxkura pu 100°C CMK amomunueBbix cruiaBoB 1420 (a) u 1421 (6).

B pabotax [1-2] ycraHoBieHO, 4TO Ha (PU3UMKO-MEXaHUYECKUE CBOWCTBA
MarepuanoB, noirydyeHHbIX merogoM PKVII, cunpHOe BiusiHME OKa3bIBaeT
HaJW4Yue B HEPABHOBECHBIX TpPaHMIIAX 3EPEH JIaHHBIX MaTEPHAIOB 00JacTeH
n30bITouHorO0  cBoOOgHOTO OO0BeMa (MCO). HeMOHOTOHHBIM  XapakTep
3aBucumocted Hy 1 p,, oT t MoxkeT ObITh 00BsACHEH 3Bomonuen obnacreit UCO
IIPU OTXKUTE.

1. Berextun B.U., Kagomues A.I'., Sklenicka V., u ap. ®TT 49(10), 1787-

1790 (2007).
2. berextun B.U., Kono6os FO.P., HapsikoBa M.B., u ap., )KT® 81(11),
58-63 (2001).
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N3YYEHUE I[TPOLIECCA POCTA KPUCTAJUIMYECKUX
METACTPYKTYP HA OCHOBE KDP

A.H. Hockoga, B.H. IToptHoB, A.E. Eropoa
Huoicecopoockuti cocyoapcmeennulil yHugepcumem
um. H.U. Jlobauescroeo, e. Huxxcnuii Hoeeopoo

E-mail: anna_13.08@mail.ru

@®OTOHHBIE KPUCTAIUIBI - ATO MaTEpUAJIbl C YHIOPSAOYEHHON CTPYKTYpOil,
XapaKTEPHU3YIOMICHCS CTPOr0 TEPHUOIWYECKUM H3MEHEeHHEeM KodddumumeHTa
MPEJIOMIICHUSI B MacilTadax, COMOCTABUMBIX C JIJTMHAMM BOJIH M3iIy4deHui [1].
@DOTOHHBIE  KpUCTAJIBL,  Omarojaps  IMEPUOAMYECKOMY  H3MEHEHUIO
ko3 duieHTa MpeaoMIICHHs, TMO3BOJSAIOT MOJYYUTh PpPa3pelICHHbIE H
3alpelieHHbIe 30HBI JUIsI DHEPTHil (POTOHOB, TEM CAMBIM MOTYT BBIOJIHSITH
¢ynkuuo ¢unsTpa. Kak cienyer u3 auteparypbl, (POTOHHBIE KPHUCTAILIBI H
yCTpOMCTBa Ha UX OCHOBE OYyAYT CpPaBHMMBI IO 3HAYUMOCTH C CO3JaHUEM, B
CBOE BpEMsI, UHTETPAJIbHON MUKPOAJICKTPOHUKH [2].

[lenbto naHHOW paboThl sBIsETCS H3ydeHHEe pocta 2D-PoTOHHBIX
KPUCTAJJIOB B BHUJE KPUCTAJUIMYECKUX METACTPYKTyp HAa OCHOBE KpPUCTAJIOB
KDP, u wux pjanpHelimee ucClIeIOBaHHME B  00JacTH  TeparepioBOro
paavounsnyyeHus. 'eoMeTpust METacTpyKTyp Noa0Hpanach UCX0/Is U3 BOJTHOBBIX
apaMeTpoB TeparepleBbIX UMITYJIbCOB.

BripamuBanue (HOTOHHBIX KPUCTAUIOB OCYIIECTBISIIOCH TPHU MOMOIIH
Macku, Kotopas Obula TOJlydeHa B pesyibTaTe (POTOIUTOrpaduyecKoro
nporecca U miacTuHKH Z-cpesa KDP pasmepamu 2,5%2,5 cm’. Macka nmena
kBaapatHbie oTBepcTHs ¢ pedpom 100 mxm. Kpucrtamner KDP npunaanexat k
TOYCUYHON IPyIIe CUMMETPHH 42M i SBIMIOTCS ONTUYECKH OIHOOCHBIMH. BbLIT

MPOBEJAEH psi ONBITOB TMPU PA3HBIX YCIOBUSAX, C UEIbIO IMOIYYUTH
MEPUOJIMYECKYIO KPUCTAJUIMUECKYI0 CTpykTypy (puc.l). Temmeparypa pocta
coctapisia 23°C. OTHOCUTENBHOE TIepechIlieHne ObII0 paBHBIM < (). 1.

I

xd
ldMR

Puc.1. ®parment meractpykrypsl KDP

Ha cuumke mpexacraBieHbl kpuctamibl KDP, Bbipociime B OTBEPCTHUSX
Mackd B HampapiieHuu ocu Z. Ha ux BepuIMHax BHJHBI TPaHU OUMHPAMU/IBL.
Bricota kpucTamioB okoiyio 1 - 2 M.

1. H. Benisty, V. Berger, J.M. Gerard et al., Photonic Crystals, Springer
V1, (2005).
2. E.JI. UBuenko, A.H. IToanyOnsrii, ®usuka tBepaoro tena 48(3), 540

547 (2005).
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OOPMUPOBAHUE MACCUBA MOHOKPHUCTAJUIMYECKHX
OCTPOBKOB C MAJIOA YI'JIOBOU AUCIIEPCHUEN

B.B. I'pu6ko, A.C. Mapkenos, B.H. Tpymun, B.E. Kotomuna,

N.H. Anrtonos, JI.II. Becenona, E.B. UynpyHoB
Huoicecopoockuti cocyoapcmeennwiil ynusepcumem um. H.U. Jlobauesckozo,
Huoicnui Hoeeopoo
E-mail: redfox-92@mail.ru

B pabote perraeTcs 3amaya dbopmupoBaHUS MacCHBOB
MOHOKPHUCTAIIIMYECKUX OCTpOoBKOB (MO) c Manoil yrioBoW Jaucrepcuen c
LEIbI0 MCIIOJIb30BAaHUS WX B KAaYECTBE AKTUBHBIX CpEJl NMPHU pPEUICHUH 3ajad
yopaBieHusi mnapamerpamu ((OKYCHUPOBKM M KOJUTUMAILIMHM) PEHTIC€HOBCKHUX
nyudkoB. [Ipu ¢popmupoBannn MaccuBoB MO BO3HHMKAET pssl IPOOIEM, K YUCTY
KOTOPBIX OTHOCUTCA UX Pa30pPUEHTHPOBKA, B pPE3yJbTaTe KOTOPOU MOIYLIMPUHA
kpuBoil kauanua (KK) or mnomyuyeHHOro waccuBa yBEIMUMBAETCS, YTO
OCJIOXKHSIET 3ajady yIPaBIICHU [TapaMeTpaMy PEHTTEHOBCKOIO ITy4Ka.

[lenbto naHHOW PabOTHI OBUIO HCCIENOBAaHUE MPOMEXYTOUHBIX CTaJAUN
¢dopmupoBanus MaccuBoB MO. [l 3TOro mnpoBOAMIIOCH HCCIEIOBAaHUE
MaccruBa MO nipu TemrnepaTypHOM BO3JAEHCTBUN Ha HETO.

MeTonoM  BBICOKOpa3pelIameil  PEeHTI€HOBCKOW — AU(PPaKTOMETpUU
UCCJIEI0BAHA pa3opUEHTUPOBKA MOHOKPHCTAJUTMYECKUX OCTPOBKOB
MOJIy4YEHHBIX ~METOJOM  IJJa3MOXUMHUYECKOro TpaBieHus. Ha Hamuuwue
Pa30pPUEHTUPOBKH YKa3bIBACT MIMPUHA UCXOJAHON KPUBOM KadyaHUsl, CHATOU MpHU
KOMHAaTHOM TeMIIepaType, KoTopas coctasisuia 20 yrioBbIX MUHYT.

Ha puc. 1a, 6, ¢ mokazansl npoduiiu KK cusaroii ot maccuBa MO Si (111)

(B cTpykType nouioxka—kineit—MO) ot e€ TemrepaTypsl.
2400

| I. UMII./ceK. (c)
1800
1200

600

17.25 17.45 20 17,65 17.85

Puc. 1. Ilpodunm a,6,c KK casateie ot MmaccuBa MO Si (111) (B cTpyKType moAmoKKa—KIehH—
MO) nipu Temmiepatypax 24.6 °C, 80 °C u 120 °C coOTBETCTBEHHO

O pazopuentupoBke MO MOXHO CyauTh W3 puc. 10, Tae mmmMpuHa
HaMMEHBIIUX OCIHUJUISLMN UHTEHCUBHOCTH HAa KPHMBOM CHATOM oT MaccuBa MO
paBHA MIMPUHE KPUBOM KadyaHUs CHATOM OT MCXOJHOM IUIACTUHKH, KOTOpast
cocraBisuia 20 yri. c. U3 puc. 1 BUAHO, 4TO ycaAKy Kies B IPOLIECCE €ro
OTBEPJICBAHUSI MOYKHO KOMIIEHCHUPOBATh HATPEBOM CTPYKTYpPbI, HPU KOTOPOM
IPOUCXOAUT €€ BBIIPSIMIIEHHE, O00ycloBieHHOe pasHullell B 3HaueHusix KTP
KJIES] Y TIOJIJIOKKH.
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BJIMAHUE KOHLUEHTPALMN PEAKO3EMEJIBHBIX AKTUBATOPOB
HA CIIEKTPAJIbHO-JTIOMUHECIHEHTHBIE CBOMCTBA CBUHIIOBBIX
OKCHUOPTOPUJIHBIX CTEKOJI U CTEKJIOKPUCTAJJIMYECKUX
MATEPHAIJIOB

T.C. CeBocthsHoBa, E.B. XKykoBa, A.B. Xomskos, O.b. IleTposa
Poccuiickuii xumuxo-mexnonoeuuecxkuii ynusepcumem umenu /.M. Menoeneesa,
Mockea
E-mail: t.sevostjanova@mail.ru

OxkcudTopuaHbIC CTEKIA U CTeKIOKpucTaumaeckue matepuaisl (CKM) B
CBUHIIO-TOpO-O0paTHOM cucTeMe O00JaJaloT YHHUKAJbHBIM  COYETaHUEM
TEXHOJOTUYHOCTU OKCHUJIHBIX CTEKOJ C HHU3KOIHEPIeTUUYECKUM (HPOHOHHBIM
CIIEKTPOM,  XapakTepHbIM It  (Topuaa CBUHIIA, UYTO JeNaeT HX
MEPCIIEKTUBHBIMU MaTepUaJIaMU JIJIs BBEJICHUSI B HUX PEJIKO3EMEJIbHBIX HOHOB
(P3U) ¢ 11enbio MOTyYeHUS HOBBIX J1a3epHBIX cpen [1-2].

B Hacrosieit pabote CUHTE3MPOBAHBI CTEKIIA U3 IIUXTHI C COACPKAHUEM
dbropuna cBunna g0 90 mon%, aktuBupoBanubsie noHamu Pr, Nd, Eu, Ho, Er u
Yb B xoHHEHTpaIHsIX OT 2-10%° hi (e} 3-10% em, HUccnenoBaHbl MeXaHUUECKHUE U
ONTHUYECKHE CBOMCTBa cTekoJ. Jljisi cTekon, akTuBUpoBaHHbIX Er, ompeneneHa
npenesibHasg KOHIIGHTpAIUsi AaKTHUBAaTOpa, IIO3BOJISIONIAs TMOJIy4aTh CTEKIIa
onTU4ecKkoro kayectna. [IpoBegena kpucramimsanus cTékon, noinydeHsl CKM,
B KOTOPBIX BBIJACIIACTCA OJHA KyOWdeckas kpucraummueckas ¢asza B-PbF,. Tlo
nanueiMm POA P3U sddextuBro BxomaT (mo 12 mon.%) B oOpasyromuecs
kpuctauuTel B-PbF,. YacTuuHas kpucTamu3amus MPUBOAWT K YBEINYCHUIO
TBepAOCTH Ha 15 — 20% ¥ CHMXEHHIO TIOKa3aTels mperomiieHus Ha 2-3%.

UccnenoBanbl CEKTPhl MOTJIOMICHUS U JIIOMUHECIICHIIMU 711 00pa3lioB
crekol 1 CKM c pasznuuneimu P3U, mpoBeneHsl CpaBHEHUS CO CIEKTpaMu
KPUCTATHYECKUX TBEePAbIX pacTBOopoB (POF,)14(LNF3)y (rme Ln=P3U; X ot 0,05
10 0,2). CriexTpbl JIIOMUHECIICHIIUU Er®" B BUAMMOI 06/1aCTH HCCIICIOBAHBI KAK
npu npsmoM (377 HM) Tak WM MpU AHTUCTOKCOBOM (975 HM) BO3OYKICHHH.
[TokazaHo, 4to cnekTpsl JroMuHecteHnuu >pousi B CKM 61m3ku K criekTpam
pOUs B KpUCTAIUIMYECKOM cMermanHoM ¢ropune PbggsErgisF,15. Kaptuna
pacripenieneHuss KoopauHat I1BeTHOCTH cBeueHuss CKM oT KoOHUEHTpauuu
kpuctauToB [B-PbF, mo3BonseT ¢ OAHOW CTOPOHBI OMPEAEATH IO IBETY
CBEUCHHMS CTENECHb 3aKPUCTAJIM30BAaHHOCTH MaTepualia, a C JPYroid CTOPOHBI
UCIOJIb30BaTh MaTEpHUall OJIHOTO COCTaBa, HO C pa3HON 00pabOTKOW B KauecTBe
moMuHOGOpa pa3HOro IBETa CBEUCHHS. Takue wmaTepuaibl MOTYT OBITh
MEPCIIEKTUBHBI B KAYECTBE JIA3€POB U aHTUCTOKCOBBIX JTIOMUHO(OPOB.

Pabota BeimosiHeHa npu puHancoBoi noanep:xkke PH® rpant Ne 14-13-
01074.

1. D.R. Rao, G.S. Baskaran, R.VV. Kumar at al., J. Non-Cryst. Sol. 378,
265 (2013).

2. O.b. IlerpoBa, A.B. Ilomos, B.E. llykmmn, KO.K. BopoHbko,
Onrt.xypH. 78(10), 30 (2011).
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SJEMEHTHBIN U ®A30BbIN AHAJIN3 CMEILIAHHBIX KPUCTAJIJIOB
TAPTPATOB Ca,Sn;.,C4H,06nH,0

ML.JI. JlanreBa, [.C. Hyxnun, I1.B. Aaapees, E.C. CtapocTruna
Huoicecopoockuii cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckozo,
Huoicenui Hoeeopoo
E-mail: starostina2012e@yandex.ru

OgHuMu W3 BaXHBIX 3a7a4 (PU3MKM KOHJIEHCHPOBAHHOTO COCTOSTHUS
SBJISIIOTCSL CUHTE3, BBIPAIlMBAaHUE, W3YUYCHUE CBOWCTB HEJIMHEHHO-ONTHYECKUX
KPUCTAJUIOB M YCTAHOBJIEHHWE CBSI3M CTPYKTYPHO 3aBHCHMBIX CBOWCTB C
COCTaBOM, CHMMETPHEN U aTOMHOU CTpyKTypoH [1]. B nanHoil pabote MmeTogom
KpUCTAJUIM3alMd B Treje ObLIM BBIPAIIEHBI W HCCIEAOBAHBl HEJTWHEHHO-
ONTUYECKHWE CMEIIaHHbIC KPUCTAUIBI TapTpara Kaibluii-oa0BO. CHHTE3
KPUCTAJUIOB OCYILECTBISICS B METACWIMKATHOM TIe€Ji€é Ha OCHOBE BUHHOM
KHUCIIOTBI B YCIIOBUSAX TepMOCTaTUpoBaHus npu Temneparype 34+1°C [2]. boun
BBIPAIEHbI BOCEMb PA3JIMYHBIX CMEIIAHHBIX KpUCTAIIIOB TapTpara Ca-Sn Buaa,
B KQYeCTBE MUTAIOIIETO PacTBOPA OBLIM MCIIOIB30BAHBI PACTBOPHI U. MoJisipHOE
coxepxkanne BapbupoBanoch ot 10 1o 80% c marom B 10%.

DJIEMEHTHBI ~ aHajau3  MOPOBOJAWIICA  HAa  ONTHKO-dMHUCCHOHHOM
CIEKTPOMETpPE C MHAYKTHUBHO cBsizaHHOM mmnasmoir VARIAN (AGILENT) 720-
ES. ITo pe3ynapTatam m3MepeHHil OBIIO ONMPEIENIEHO, YTO KOHIIEHTpAIlUs HOHOB
0JIOBA B KPUCTAJIJIaX MEHSETCSI HE MOHOTOHHO [3].

dazoBbiii aHanu3 npooawica Ha audpakromerpe Shimadzu XRD-7000
Ha TMOPOUIKOBBIX oOpa3uax. OOpaboTka audpakTorpaMMm MpPOBOAMIACH B
nporpammubix komruiekcax Bruker EVA u Bruker TOPAS. U3 pe3ynbraros
¢dba3oBoro aHanmza cieAyeTr, 4YToO sl OOpasloB, IS KOTOPBIX MOJISIPHOE
coAepKaHWEe B MNUTaroleM pactBope cocrtasisier oT 10% mo 50% cucrema
SBIISIETCS OIHO(A3HOM, 17151 00pa3LOB, COACPKAIINUX B MUTAIOIIEM PAacTBOpE OT
60 1o 80% cuctema nByxdasHa.

1. W.P. Ulen. Ilpunyunwvr neaunetinou onmuxu, M.: Hayxka, 1989.
2. TI'. Tennm. Buipawusanue kpucmainos 6 eensix, M.: Mup, 1973.

3. B.B. Kadanosa, Cnpasounux no pacmeopumocmu, 131. AxageMun
Hayk CCCP, 1963.
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®A30BbIN CQCTAB U CIIEKTPAJIbHO-JIIOMWHECLEHTHBIE

AA. .HSII'[I/IHl, JI.B. MHFKOBl, H. CI/IJII[OCZ, IL.A. PH60qKHHal, B.M. KHIHKI/IHl,
T. Tarre?, M. HapT2
"Mopoosckuii cocydapcmeennuiii ynusepcumem um. H.IT. Ozapesa, Capanck
Tapmyckuu ynusepcumem, dcmonus, Tapmy
E-mail: dimitry.myagkov@yandex.ru

Pa3paboTtka u UCCJIEI0BAHKE buznyeckux CBOICTB
MUKPOKPUCTAJUIMYECKUX TPYOOK Ha OCHOBE JHMOKCHAA LUPKOHUSA MPHUBJIEKAIOT
3HAYUTEIIbHBIN UHTEpPEC uccieaorareneu [1,2].

B nacrosimeit paboTe mpeacTaBieHbl PEe3yJbTAaThl  UCCIIEIOBAHUIN
MUKpPOKpHUCTAUINYeCKuX Tpyook 92 mon% ZrO, — 4 mon% Y,0; — 4 mon%
Yb,0;. Mukpokpucraumyeckue Tpyoku auametpoMm 30 MKM, JIUHOH 1-2 cM
(puc. 1) ObuM MOTyyeHbl KOMOMHAIIMEH MPOLIECCOB: SKCTPY3UU KUJIKUX HUTEH
U3 BSA3KOTO ILIEJIOYHO3EMEIBHOTO OKCHAA LUPKOHUS U CaMOCOOpPKH YacTHUIl U3
301, [locie mosy4enus TpyOKH OTXKUTaIkch pu Temmneparype 900° C.
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Puc 1. ®ororpaduisi MUKpOKPHUCTAILTHIECKOM o
Puc 2. PenTrenorpaMMbl MUKPOKPUCTAIIINYECKON

0 _ 0 _
4 prgKH 92 mon% Z10; — 4 mon% Y705 Tpy6Ku 92 M01% ZrO; — 4 mon% Y,03 — 4 Mon%
Moi% YD,0s, onyueHHast B 0€JI0M CBETE € Yb,05 1 kpucTana ZrosY o001 68

MMOMOLIBIO ONITHYCCKOTO MUKPOCKOIIa (lCDD 01-089-9068)

[Ipu wccnenmoBaHWK AaHHBIX TPYOOK METOJOM PEHTreHO(a30BOTO
aHaM3a BBISIBJICHO, YTO OHHM XapaKTEPU3YIOTCS TETPArOHAIBHON CTPYKTYypOu
(puc. 2).

B paboTe BBITIOJIHEHBI HCCIEAOBAHHUS CIEKTPATbHO-TFOMUHECIICHTHBIX
XapaKTePUCTUK MHUKPOKPUCTALIUYECKUX TPYOOoK 92mM01%Zr0O, - 4mon%Y,03 -
4mon%Yh,0O3 W mpoBeaM WX CpPaBHUTCIBHBIM aHAIW3 C aHaJOTHYHBIMHU
XapaKTEPUCTHKAMU IS MOHOKPHCTAZIOB YacTUYHO CTAOMIIM3UPOBAHHBIX
MTTPHEM IHOKCH/A IUPKOHHS, aKTHBHPOBAHHBIX HoHamu Yb™,

1. T. Tatte, M. Part, Talviste, K. Hanschmidt, et al., RCS Adv. 4, 17413
(2014).
2. K. Utt, M. Part, T. Tatte, et al., J. of Luminescence 152, 125 (2014).
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NCCIELOBAHUE YCﬂOBHPI KPUCTAJUUIM3ALINN
TPEXKOMIIOHEHTHOU CUCTEMBI K,SO,~H,S0O,—H,0

M.A. ®agnees, JI.A. Cemuxos, A.B. Ps1Ounun
Huoicecopoockuiti cocyoapcmeennviil ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnuni Hoseopoo
E-mail: ryabinin.nn@yandex.ru

Baxueiimeld (QyHKIMOHAIBPHOM YacThI0 BOJOPOJHBIX TOIIMBHBIX
AIIEMEHTOB  SIBJISIETCS  NPOTOHOOOMEHHass MeMOpana. B kauecTBe
MEPCTIEKTUBHBIX MaTepPHAIOB MeMOpaH paccMaTpUBAIOTCA COCAMHEHUS
cemetictBa MemHn(AO4)mny2 xH20 (Me = NH,, K, Rb, Cs; A=, Se, P, As).

B nanHo#t paboTe nMpoBeIeHO UCCIIeI0BaHUE YCIOBUN KpUCTAILTU3AIUN
ruapocynbdatoB kamua pazaugHoro cocraBa  KyHn(SOu)meny2 xH,O B
TpexkoMmmnoHeHTHo# cucteme K,SO,—H,SO,—H,0.

UccnenoBanne ¢a3oBbIX pPaBHOBECHM B paccMaTpUBAaEMOMl CUCTEME
MPOBOAWIIM B H30TEPMUYECKUX PABHOBECHBIX yCaoBUsX mpu 29.0°C metogom
3arpy3ok. [locTrossHCTBO — Temmeparypbl oOecleuuBald C  [OMOIIBIO
TepMocTara.  Bpemss ~ yCTaHOBJIEHHS ~ JAWMHAMHUYECKOTO  PaBHOBECHS
onpenersock s coenuHeHus K;SO,.

@a30Bbli COCTAB KPUCTAUIU3YIOIIMXCS COEIUHEHUN OMpeAesics
METOZIOM PEHTTEHOBCKOTO (ha3oBoro aHanusa Ha audpakromerpe Shimadzu
XRD-7000.

DJIEMEHTHBI ~ COCTAaB  KPHUCTAJUIM3YIOLIMXCS  COCNMHEHUHM U
HACBHIIIIEHHBIX PAcCTBOPOB OMpPEACISICS METOJIOM aTOMHO-IMHUCCUOHHOMN
CTHIEKTPOCKONNH Ha criekTpoMeTrpe Varian 720-ES.

B xome wuccnenoBaHus mONy4YeHbl OO0JacTH Kpuctauuzanuu a3
KySO4 K3H(SOy),, KiH2(SO4)s, KHSO,; TpexkOMIOHEHTHOW CHCTEMBI
K,SO,~H,SO,~H,0.
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CITEKTPAJIbHO-JIFOMUHECLIEHTHBIE CBOMCTBA
CHIIMKATODPOCDATOB M;1(Si04)(PO4)3010 (M=Y,Gd),
JIETUPOBAHHBIX MOHAMU Yb** U Er*

M.T. HHHﬂHI?IKI/IHl, C.A. XpymaJ]HHal,H.A. PSI60‘{KI/IHal,
B.A. prTBKOZ, M.T. Komosa®
'MT'Y um.H.IT.Ozapesa, Capanck
2HHcmumym oowell u neopeanudeckouu xumuu um. H.C.Kypnaxosa PAH,

Mocksa
E-mail:Ma89520710742@yandex.ru

CoenuHEHUsT PEIKO3EMENIBHBIX  AJIEMEHTOB CO  CMEIIaHHBIMHU
OKCOAHMOHAMM XapPAKTEPU3YIOTCS BBICOKOM XMMHUYECKOW M TEPMUUYECKOU
croiikocteio [1]. K  nmaHHOMy KiacCy COCAMHEHHH  OTHOCSTCS
cummkaropocharel  My1(SiO4)(PO,)3019  (rme  M=Ln,Y), koropsie
KPUCTAUIM3YIOTCS B TPUKIMHHOW cuHroHuu (mp.rp. P1) um wumerot
HELICHTPOCUMMETPUYHOE CTPOCHHE, YTO TMPEANojiaraeT HaJlUdue y 3THX
COCIMHEHUN OMTHUYECKHMX, IbE30-, MHUPO-, a TaKkKe (PepporTeKTPUUSCKUX
CBOMCTB M 00€CIICUMBACT UM PA3JIMYHbBIC MPAKTUICCKUE PUMEHEHUS.

Cunukatodocharer  LNny(Si04)(PO4)301p 00mamaroT  BBICOKOIA
H30MOP(HOM EMKOCTBIO IO PEAKO3EMENbHBIM HOHAM, IOCKOJBKY WX
CTpYKTypa He MeHseTcsa 1o psay P32 ot Pr no Er [2]. Otu coenunenus
MIPEACTABIISIOT HHTEPEC I X UCIIOJIh30BaHUS B KA4eCTBE JIIOMUHOGOPOB,
U3ITyYaoNINX B PA3INYHBIX CIIEKTPATBHBIX AHANa3oHaxX.

Hacrosmiass  paGoTta TOCBSIIEHA HCCIIEIOBAHUIO  CIIEKTPAILHO-
JFOMUHUCIICHTHBIX XapakTepucTuk crimkarodocdatoB Yq1(Si04)(PO4)3010
1 Gdy1(Si04)(PO,)3010, mermpoBanneix nomamu Yb* u Er’*. ims stux
COCIMHCHUH TOJYYEHBI CIIEKTPhI alTKOHBEPCHOHHOW JIFOMUHECIICHITUN IS
MepexoI0B 483/2—>4I15/2 u 4F9/2—>4I15/2 wonos Er** pu BO3OYXKICHUHM Ha
ypoBeb °Fsp, wmomoB Yb®. TlokasaHo, 4dTro YyCIOBHS CHHTE3a
cukatopocdatoB (TBepaoda3HbId CHHTE3 WIW METOJI COBMECTHOTO
COOCaXJCHUS), a TAK)KE COOTHOIIICHUE KOHIICHTPAIUH JIETUPYIOIINX NOHOB
Yb* u Er*, okaseiBaloT CyImeCTBEHHOE BIMSHHE HA OTHOCHTEIBHOE
nepepacrpeeicHie HWHTCHCHUBHOCTH JIFOMHHECICHIIMM I TIEPEXO0JI0B
*Saip—"l1512 1 *Foy— 151 momon Er’,

PabGora BeImONHSETCS NpU (HUHAHCOBOM MOMJIEPKKE OFOIKETHOTO
¢bunancupoBanuss U Poccuiickoro dbonma  QyHIaMEHTAIbHBIX
uccienoanmii (rpant Nel5-08-08467).

1. b.®. xypunckuii, I'.B. JIsicanoBa, XXypHan HeopraHudeckou
xumun 43 (12), 2065 (1998).

2. b.®. [Ixypunckuii, B.A.Kpytbko, XKypHanm HeopraHnuecKkon
xumun 45 (8), 1276 (2000).
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PERSISTENT LUMINESCENCE AND UV RADIATION DOSIMETRY
BASED ON ZrO, NANOMATERIALS

l. Sildos, L. Puust, V. Kiisk
Institute of Physics, University of Tartu, Tartu, Estonia

Energy shortage and pollution of the environment are two connected
problems at the global scale. It is also believed that the excessive carbon
emission due to the consumption of fossil fuels has led to noticeable global
warming. Therefore, harvesting the energy of the “renewable” energy sources,
most importantly solar energy and thermonuclear energy, are one of the most
important challenges for the civilization on Earth. At the same time, continual
monitoring of our living environment is needed.

In the solar cells, semiconducting materials transform the incident
sunlight to electricity by separating the photocreated charge carriers. However,
many dielectric materials exists which are able to store the photoelectrons in
deep traps for a long time. The trapped charges are subsequently gradually
released, as a result of thermal or photostimulation, and their energy is released
in the form of light at a luminescence center. Such materials are potentially
important components of sustainable energetics (due to persistent luminescence)
or dosimetry of ionizing radiation (due to thermo-/photostimulated
luminescence). Moreover, nanoparticles with persistent afterglow can be used as
fluorescent biolabels for in-vivo medical research.

ZrO, and HfO, are attractive wide-gap materials with a multitude of
applications. The monoclinic form of the material exhibits an intense
photoluminescence (PL) at 490 nm, with promising persistent luminescence and
thermoluminescence (TL) properties [1,2]. The aim of this investigation was to
clarify the nature of the PL centre in ZrO, and the charge traps responsible for
the afterglow and TL by applying heat treatment in reducing and oxidizing
environment and more careful TL analysis. We also studied the temperature
dependence of the PL and tested the optically stimulated luminescence (OSL).
Implications for persistent phosphors and UV radiation dosimetry will be
discussed.

1. J.M. Carvalho, L.C.V. Rodrigues, J. Hols4, et al., Optical Materials
Express 2, 331-340 (2012).

2. L. Puust, V. Kiisk, K. Utt, H. Méndar, et al., Central Eur. J. Phys. 12,
415-420 (2014).
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OPTOELECTRONICS BASED ON I11-N HETEROSTRUCTURES:
TECHNOLOGY, PHYSICS AND APPLICATIONS

V.N. Jmerik, S.V. Ivanov
IOFFE Institute, Saint-Petersburg
E-mail: jmerik@pls.ioffe.ru

The awarding of the Nobel Prize in physics in 2014 |. Akasaki, H. Amano
and Sh. Nakamura for "the creation of efficient blue light-emitting diodes”
based on wide gap semiconductor compounds - group Il nitrides (Al,Ga,In)N -
demonstrated great importance for the mankind of scientific and technological
efforts in development of “bright and energy-saving white light sources” [1].
Today's success of the Nobel winners is based on the work of several
generations of scientists and technologists of XX century. Therefore a brief
historical overview of the development of physical background of
semiconductor optoelectronic heterostructures and their epitaxial growth
technologies will be given in the introduction of the paper. Then, the key
approaches in growth of IlI-N heterostructures elaborated by the Japanese
scientists will be outlined which allowed them to solve the critical problems of
these materials - high defect density and formation of p-n junctions.

The main part of the paper will provide an overview of the R&D activity
carried out in the Laboratory of Quantum-size Heterostructures at the loffe
Institute on the epitaxial growth of (Al,Ga,In)In compounds with high indium or
aluminum contents by plasma-assisted molecular beam epitaxy (PA MBE), as
well as the studies of their physical properties. Thus, complex investigation of
the epitaxial growth, structural, optical and electrical properties of the In,Ga; N
(x=0-1) alloys allowed us to correct the compositional dependence of the
fundamental absorption edge of this material, as well as to reveal various
physical phenomena related to the formation of composite metal/semiconductor
structures in these materials at x>0.4 [2]. The main attention will be paid to
PA MBE of Al,Ga;.yN-based heterostructures with y>0.4, their properties and
practical applications. The main stages of the PA MBE: the growth of AIN
buffer layers on c-sapphire substrates with the threading dislocation density of
10° - 10°%cm™, the formation of quantum wells by using the sub-monolayer
digital alloying technique, and the obtaining of both n-type and p-type
conductivity of AlGaN layers will be considered in detail. These developments
resulted in fabrication of solar-blind photodetectors of different types as well as
emitters of spontaneous and laser radiations within the mid-UV spectral range
(A<300 nm) [3,4].

http://www.nobelprize.org/nobel prizes/physics/laureates/2014/
S.V. Ivanov et al., J. of Crystal Growth 403, 83 (2014).

V.N. Jmerik et al., Semiconductors 42(12), 1420 (2008).

S.V. Ivanov et al., Semicond. Sci. Technol. 29, 084008 (2014).

anl el A o
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THE INFLUENCE OF BISMUTH OXIDE CONCENTRATION ON OPTICAL
AND DIELECTRIC PROPERTIES OF BISMUTH-GERMANIUM GLASSES

l.V. Stepanova, A.N. Chibeskova
The D.l.Mendeleyev University of Chemical Technology of Russia, Moscow
E-mail: stir@inbox.ru

The Bi,0O;3 — GeO, system has some substances which possess very
important practical properties such as electro-optical (Bi;,GeOy), scintillation
(BiyGesOq,) or ferroelectric (Bi,GeOs). There is an oxide’s concentration
interval including the compositions Bi;,Ge;01, and Bi,GeOs, where is possible to
produce good-qualitative glasses for effective doping by transition or rare-earth
ions and for synthesis the suitable crystal phases in them. The influence of
Bi,Os-concentration on optical and dielectric properties of different composed
bismuth-germanium glasses was investigated in this research.

The compositions with ratio of Bi,03:GeO, like 40:60, 45:55 and 50:50
were chosen for experiments; the glasses were produced by melting the mixture
of initial oxides at 1075 u 1100°C and ensuing castling of the melt onto a
substrate. The optical absorption spectra of glasses were studied using a UNICO
2800 (UV/VIS) spectrophotometer in the range from 190 nm to 1100 nm. The
dielectric properties were measured by Resistance Bridge E7-12 with frequency
1 MHz, inside temperature range 25 — 620°C.

The optical absorption spectra of all samples have the absorption shoulder
in the area around 500 nm which corresponds to optical defect Bi-centers in the
glasses [1]. The intensity of absorption shoulder is increasing both through
Bi,Os-consentration and rising of glasses synthesis temperature.

The increasing of bismuth oxide content leads to decay of characteristic
temperatures and resistivity. Dielectric constant of 50Bi,03-50GeO, samples at
temperatures above glass-transition temperature is more affected by temperature
than other samples’ one. Probably it’s due to the fact the ferroelectric phase
Bi,GeOs was formed in the glass. The character of dielectric loss tangent
temperature curve while cooling process shows that 40Bi,03-60GeO, glasses
have weaker crystallization in comparison with other analyzed compositions. All
spectral and dielectric curves of “intermediate” composition 45Bi,O; - 55GeO,
lies between other samples values, so the glasses properties have clear
relationship with Bi,O3z-concentration.

1. E.M. Dianov. Quantum Electronics 40 (4), 283-285 (2010).
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EFFECT OF HEAT TREATMENT ON THE PHASE COMPOSITION AND
PROPERTIES STABILITY OF PSZ CRYSTALS DOPED Ce AND Nd

M.A. Borik', V.T. Bublik? T.V. Volkova®, A.V. Kulebyakin, E.E. Lomonova’,
F.O. Milovich?, V.A. Myzina', V.V. Osiko', P.A. Ryabochkina®,
N.Y. Tabachkova®
'A.M. Prokhorov General Physics Institute, RAS, Moscow
®National University of Science and Technology « MISISy, Moscow
3N.P. Ogarev Mordovia State University, Saransk
E-mail: kulebyakin@Ist.gpi.ru

The structure and properties of partially yttria-stabilized zirconia crystals
(PSZ) doped with Ce* and Nd** ions were investigated before and after
annealing. The measurements of both microhardness and fracture toughness by
microindentation have been carried out. The density of the crystals was
determined by hydrostatic weighing.

Studies have shown that crystals of PSZ obtained by directional
solidification of the melt consist of two tetragonal phases (t and t’), with varying
degrees of tetragonality.

In the case of small concentrations of stabilizing yttrium oxide (= 2
mol.%), the transition from cerium oxide 3-valence in the 4-valent state after
annealing in air reduces the number of stoichiometric oxygen vacancies, which
leads to the monoclinic phase, and reduce the density of crystals degradation in
mechanical characteristics of the material
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SYNTHESIS AND LUMINESCENT PROPERTIES OF HYBRID
MATERIALS BASED ON METAL-ORGANIC COMPLEXES Eu
IN GLASS MATRIX

M.O. Anurova, A.V. Khomyakov, O.B. Petrova, |.V. Taydakov
D. Mendeleyev University of Chemical Technology of Russia, Moscow
E—mail: maria_anyrova93@mail.ru

Hybrid materials (HM) based on metal-organic phosphors and inorganic
glasses may be promising materials for creating new light emitting devices [1].
Hybrid materials were synthesized by a high temperature reaction. The organic
phosphor was tris(4,4,4-trifluoro-1- (2-naphthyl) butane-1,3-dionato-(1,10-
phenanthroline) Eu (EuNaphphen). As glassy matrix we used different degree of
dehydration B,05; and easy melting 80PbF,-20B,0; glass. The produced HM’s
were thin glassy plates. They showed photoluminescence (PL) of varying
intensity in the range of emission colors from red to green when excited diode
with a wavelength of 377 nm.

PL spectra of HM’s based on fused B,O3 had only bands corresponding to
the energy transitions of Eu®" (Amax=611 Em). The spectra were similar to that of
the EuNaphphen powders. For HM based on infused B,03; we observed a broad
PL band with 503 nm maximum corresponding to the ligand PL. For HM based
on 80PbF,-20B,0; glass a broad PL band (Ans=480 nm) was more intense than
the narrow lines of transitions of Eu®*. We supposed that an exchange reaction
accompanied by a partial decomposition of organic complexes in a glass matrix
took place. Eu®* ion shifts towards an oxide-fluoride environment, which leads
to PL intensity decrease to typical values attributed to glasses doped with Eu®".
Simultaneously the ligands are bonding into complexes with Pb [2], and the
complex PL is more intense. So, we developed a cheap technique of making of
new luminescent materials by conducting a high-temperature exchange reaction
between the components of glass matrix and organic complex without the use of
solvents in an non-oxidative atmosphere.

This research was financially supported by the Russian Scientific
Foundation (grant number Ne 14-13-01074).

1. R. Avetisov, O. Petrova, A. Khomyakov et al., J. Crystal Growth. 401,
449 (2014).

2. F. Marandi, R. Rutvand, M. Rafiee et al., Inorg. Chim. Acta. 363,
4000 (2010).
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FEATURES OF STRUCTURE AND SPECTRAL-LUMINESCENCE
PROPERTIES OF CRYSTALS OF PARTIALLY STABILIZED DIOXIDE
ZIRCONIA DOPED IONS Eu**

T.V. Volkova', M.A. Borik?, A.V. Kulebyakin?, E.E. Lomonova?, V.A. Myzina?,
P.A. Ryabochkina®, A.N. Chabushkin®, D.V. Myagkov'
'Ogarev Mordovia State University, Saransk
2A.M. Prokhorov General Physics Institute, Russian Academy of Sciences,
Moscow
E-mail: sendboxvw@mail.ru

Significant amount of science publications are dedicated to the spectral-
luminescence properties of solid solutions ZrO,-Y,03-Eu,03 with tetragonal and
cubic structure [1-4]. However, the use of crystals based on zirconia dioxide,
doped with rare-earth ions, in practical applications still attracts the interest of
researchers.

In this work the spectral-luminescence properties of crystals 97.2 mol%
Z2r0,—2.7 mol% Y,05-0.1 mol% Eu,03, 96.3 mol% ZrO,—-3.6 mol% Y,05-0.1
mol% Eu,03, 91.8 mol% ZrO,—8 mol% Y,0;-0.1 mol% Eu,03;, 85.9 mol%
ZrO,-14 mol% Y,03;-0.1 mol% Eu,O; which were grown by directional melt
crystallization with direct high-frequency heating in a cold container are
investigated.

The results of the investigation of these crystals by Raman spectroscopy
method indentified features in their spectra that were not observed before in the
Rar3nan spectra of crystals ZrO,, stabilized with Y,0; doped with Nd** ions and
Yb*".

The methods of selective laser spectroscopy detected that revealed
features in Raman spectra of crystals 97.2 mol% ZrO,-2.7 mol% Y,05-0.1
mol% Eu,0;, 96.3 mol% Zr0,-3.6 mol% Y,05-0.1 mol% Eu,03;, 91.8 mol%
Z2r0,-8 mol% Y,03-0.1 mol% Eu,03 85.9 mol% ZrO,-14 mol% Y,05-0.1
mol% Eu,0; are caused by the presence into them the optical centers of ions
Eu’®* similar in crystallographic environment to impurity centers of ions Eu®" in
structure Y,05:Eu.

This work was supported by the grant of the Russian Foundation for Basic
Research ofi_m, No. 13-02-051 project.

1. J. Dexpert-Ghys, M. Faucher, P. Caro, Journal of Solid State
Chemistry 54, 179 (1984).
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COMPLEX BORATES Ln;4,05(Ge0,),(BOs)s — THE BASE OF THE BROAD
SPECTRUM PHOSPHORS (FROM IR TO UV REGION). SYNTHESIS BY
COMBUSTION METHOD

V.A. Krut’ko', M.G. Komova', D.V. Pominova?, A.B. Popov®
N.S.Kurnakov Institute of General and Inorganic Chemistry RAS, Moskow
24.M.Prochorov Institute of General Physics RAS, Moskow
E-mail: kroutko@igic.ras.ru

Germanates borates Ln4Og(GeQ,4),(BOs)s, Where Ln - Gdy4 and La,Gdy4.«
— complex oxide chemically and thermally stable compounds with mixed
anions. They are crystallize in the trigonal crystal system (space group P3,) and
have noncentrosymmetric structure. Complex borates La,Gd4,Ge,B¢O34, doped
with Eu** (5,15,20 at.%) - effective multi-center red phosphors in crystalline
and glassy state [1]. Doped with Nd**,Yb** Er** and Tm** ions, Ln;4Ge,B¢Oz4
(Ln - Gd, LaGdyy) — phosphors of visible and IR ranges [2,3].
Usually, complex borates one synthesize by solid-state reactions [1-3]. As
synthesized, the final product may contain uncontrolled impurity of rare-earth
orthoborates. This paper shows the possibility of obtaining borate phosphors
Gd14GezB(5034:Nd and LaXGd14_XGEZBGO34:Yb:Er (Where X = 3,4) without
impurities by combustion synthesis. Luminescence spectra of Nd*™ ions were
recorded on the electronic transition *Fz,—*lg; in Gdy302Ndg 0sBsGeO34, as well
as up-conversion luminescence spectra of Laz16Gd;oYbg7Er14Ge,BeO34 borate.
(Fig.1.) More intensive band of the spectrum corresponds to the transition *Sg;,
— *1450, and less intensive — to the *Fg, — 1155, transition of Er¥*ion.
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Fig.1. The luminescence spectrum of Las 16Gd10Ybo7Er014Ge2B6O34
(}\'exc =974 nm,P=25 W)

The authors are grateful for the financial support of RFBR (grant Ne15-08-
08467).
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THE STRUCTURE OF CRYSTALLINE AND MELTING
LUTETIUM AND GADOLINIUM PYROSILICATES
BY MEANS OF RAMAN SPECTROSCOPY

A.A. Sobol*, V.E. Shukshin®, [Yu.K. Voronko', Ya.V. Gerasimov®
'Prokhorov General Physics Institute, RAS, Moscow, Russia
?Institute for Scintillation Materials, NASU, Kharkov, Ukraine
E-mail: shukshinve@Ist.gpi.ru

The Rare Earth pyrosilicates, e.g. Lu,Si,O; u Gd,Si,O;, doped with ce*
are used as detectors of ionizing radiation. To collect and detect data on the
structure features and phase transition behavior of RE pyrosilicates the Raman
spectroscopy technique (including High Temperature one) was used.

The vibrational spectra of various structure types RE-pyrosilicates were
analyzed. It was found, that A- F-type structural phase transition in
Gd,Si,07:La(11mol%) take place inside 1723-1773 K temperature range. Its
duration is 40 minutes in our experiment.

At the first time the full number and symmetry assignment both internal
[Si,0;]° -anion and external lattice vibrations for Lutetium pyrosilicate (LPS)
were assigned. To do these detailed investigations the polarized Raman spectra
were recorded inside a wide (from 20 K up to 1500 K) temperature range. The
Raman spectra of Lutetium pyrosilicate in various states (before melting point,
melting state and superheated melt up to 2173 K) were examined. The intensive
silicon oxide evaporation from Lutetium pyrosilicate melts was found.

The origin of imperfect inclusions in LPS single crystals was determined.
It was found the twinning effect leads to origin of the layers with 1mm thickness,
which divide the volume of the LPS single crystal normally toward its cleavage
plane. The boundaries between twins were decorated by inclusions of Lu,SiOs
micro crystals.

The study was supported by RFBR project number 13-02-00707.
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FLUORIDE POWDERS My RF».x, RF3 AND NaRF, (M=Ca, Sr, Ba; R —
RARE-EARTH ELEMENTS) FOR PHOTONICS

S.V. Kuznetsov', Yu.A. Rozhnova', M.N. Mayakova', D.S. Yasirkina',
A.M. Pak'?, R.G. Vahrenev*?, V.V. Voronov', A.V. Ryabova', D.V. Pominova’,
A.A. Luginina®, A.E. Baranchikov’, V.K. lvanov*, P.P. Fedorov’
'Prokhorov General Physics Institute RAS, Moscow
2L omonosov Moscow State University, Moscow
3All-Russian Institute for Scientific and Technical Information, Moscow
*Kurnakov General and Inorganic Institute RAS, Moscow
E-mail: kouznetzovsv@gmail.com

Inorganic nanofluorides are a unique class of materials for use in
photonics. It is now widely discussed nanofluorides application for the needs of
the solar industry to increase the efficiency of solar cells, in medicine due to the
up-conversion of energy transfer pumping of the near-infrared region of the
spectrum in the visible range of the spectrum and to create high-temperature
electrochemical devices. The aim of this work is the synthesis of inorganic
fluoride powders of wide range of compositions and analysis of the efficiency of
various fluoride matrices with respect to their use as up-conversion phosphors.

Fluoride powders were synthesized by co-precipitation from aqueous
solutions by varying the different synthesis conditions: type fluorinating agent
(HF, NaF, NH4F), order of mixing reagents, the use of organic modifier and
concentrations of the starting materials. The results to develop methods of
synthesis of nanopowders NaRF,Yb:Er (R = Gd, Y, Lu), CaF,:Yb:Er,
SrF,.YDb:Er and LaFs:Yb:Er. For systems LaFs;-NaGdF,;, NaGdF,;-NaLuF,,
NaYF,;-NaLuF,4, CaF,-YF;, SrF,-YF; identified the region of existence of single-
phase solid solutions. The dependence of the energy yield of up-conversion
luminescence of ytterbium and erbium concentration for different matrices
(NaYF4:Yb:Er - the cubic phase), CaF,:Yb:Er, SrF,:Yb:Er and LaF;:YDb:Er). The
promising compounds and show that there are several areas of compounds with
high values of up-conversion luminescence.

For samples SrF,:Yb:Er:-Tm and (SrF,:Yb:Er + SrF,:Yb:Tm) identified
areas of composition and density of the pumping power for the phosphors, the
chromaticity coordinates are close to white light.

When the conjugation of a photosensitizer and a polyethyleneimine
nanoparticles NaYF,:Yb:Er demonstrated the generation of singlet oxygen and
its photodynamic activity.

This work was supported by grants from the MK-3133-2014-2, RFBR-13-
02-12162-ofi-m, RFBR-15-32-21152.
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SPECTRUM OF THE INTERFERENCE FILTER WITH MIRRORS
SEPARATED BY LAYER WITH RESONANCE DISPERSION
OF THE REFRACTIVE INDEX

S.G. Moiseev, V.A. Ostatochnikov
Ulyanovsk State University, Ulyanovsk

E-mail: ost.vid@yandex.ru

In the spectrum optical region the dispersion of the refractive index of the
metal-dielectric nanocomposites (NC) has a resonance character. This feature is
reflected in the spectral characteristics of the structures which the NCs are a part.
If the resonance region coincides with the interference filter (IF) photonic band
gap, the transmission region splits. To predict the position of the transmission
areas in the photonic band gap, the following Fabry-Perot resonance condition is
proposed in Ref. [1], where , and are the refractive index and thickness of the
defect layer between the mirrors at the appropriate wavelength, is the
interference order. However, the Fabry-Perot condition gives a satisfactory
accuracy for small deviations of the refractive index only .

360 400 440 A, HM

Fig.1

Fig. 1 shows the NC refractive index dispersion (solid lines) at the metal
volume fraction of 10% and radius of nanoparticles of 2 nm, the Fabry-Perot
resonance condition (dotted line), the change of position of the IF bandwidth
maxima without NC layers with varying wavelength(dashed line). Curve
intersections of the refractive index dispersion of the nanocomposite and the
dependences of the IF bandwidth maxima allow to determine the wavelengths at
which the reflection is reducing.

The work is supported by the Ministry of Education and Science of the
Russian Federation (Project Ne 14.7250.31.0015 and State Task Ne
3.2202.2014/K).

1. S. Ya. Vetrov, A. Yu. Avdeeva, I. V. Timofeev, Journal of Experimental
and Theoretical Physics 113(5), 755-761 (2011).
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NONSTOICHIOMETRY OF METAL ORGANIC COMPLEXES — HOW
CAN IT BE?

A.A. Akkuzina, R.1. Avetisov, I.V. Taydakov, A.V. Khomyakov,
E.N. Mozhevitina, I.Ch. Avetisov
D. Mendeleyev University of Chemical Technology of Russia, Moscow, Russia
E-mail: akkuzina@yandex.ru

The nonstoichiometry phenomenon is well known for inorganic crystals.
The crystal nonstoichiometry results from general thermodynamic laws at T>0
K. But in case of organic crystals it has been thought the nonstoichiometry is not
valid due to a molecule structure of organic crystals.

In the research we have studied the crystals behavior of tris-(8-
hydroxyquinoline) aluminum (I11) (Algs) during heat treatment under ligand
vapor (Pug). Algs is a known organic phosphor for OLED devices. The scheme
of Algs polymorphic transitions vs temperature has been established in [1,2].

The first time it has been shown that Pq increase results to: a) reduction of
photoluminescence (PL) intensity at a fixed Tamneaingg D) reducing the
temperatures of polymorphic transitions and melting; ¢) hypsochromic shift of
PL maximum from 517 to 508 nm (at T,,,=580 K). All changes were reversible,
indicating the thermodynamic nature of the observed effects.

We explained the effects by the formation of a thermodynamically
equilibrium crystal structure, which depending on Py, resulted to the change of
Al atom number at a constant amount of ligands in the crystal structure. The
suggestion was proved by XRD analysis of the crystal lattice parameters. We
have discovered the correlation between lattice parameters vs Pyq, The unit cell
volume has increased from 1046.27(18) to 1048.31(16) A®, while the X-ray
density has decreased from 1.458 to 1.455 g/cm®. The observed phenomenon
could be easily explained in terms of Al-nonstoichiometry in Algs metal
complex, whereas other explanations involve difficulties.

The research was financially supported by Russian Science Foundation
grant 14-13-01074.
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SYNTHESIS AND STUDY OF SOLID SOLUTIONS
IN BaF,:RF; (R = La, Ce) SYSTEMS
FOR ELECTROCHEMICAL DEVICES
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E-mail: mn.mayakova@gmail.com

Interest in synthesis and study of nanofluorides is rapidly increased
recently. An unique set of physical and chemical properties of fluoride and
specific behavior of matter in nanoscale objects cause the possibility of using
nanofluorides in various fields of science and technology.

Much attention is attracted to the fluorine-ion conductors as materials for
a new generation of batteries. The charge transfer in such batteries is produced
by fluorine anions. Fluorine-ion batteries have several advantages: high energy
density (specific capacity of fluorine ion batteries exceeds the 6 - 10 times the
one of common lithium-ion devices), efficient operation at -elevated
temperatures, fire and explosion safety, low self-discharge.

There are solid solutions systems BaF,: RF; (R = La, Ce) with a fluorite-
and tysonite-structure may use as most promising fluorine-ion electrolytes. high-
temperature synthesis methods of these materials (growth of single crystals,
sintering mechanical mixture of components by various methods) are known,
but the using of such techniques involves a lots of technical difficulties.

In this paper we are investigated to obtain samples in systems BaF,:R and
RF;:Ba (R = La, Ce). We use coprecipitation technique from aqua solutions for
synthesis powders. Samples were obtained during the entire concentration range
investigated systems using different variations coprecipitation method from aqua
solutions. It was found that the dramatic technique variation changes phase
composition of precipitation. The region of existence of solid solutions tisonite
structure R;.,BayFs;., increases from y = 0.23-0.21, that is a feature for high
temperature equilibrium phase, up to y = 0.80 (Lao,BagsF,,). A method for the
synthesis of promising compounds Ry gBag:1F,¢ (R = La, Ce) is developed.
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GAS-PHASE SYNTHESIS OF AIN THICK FILMS USING A HIGH PURITY
ALUMINUM AND AMMONIUM CHLORIDE

AN. Redkin, M.V. Ryzhova, E.E.Yakimov
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Chernogolovka
E-mail: ryzhova@iptm.ru

Aluminum nitride films are of great interest for use in a new generations
of optoelectronic devices, surface acoustic s =

wave device and piezoelectric ultrasonic &
transducers due to their properties such as
considerable  hardness,  high  electrical £
resistivity, chemical inertness. AIN films are |
usually grown by laser ablation and magnetron
sputtering [1]. Chemical synthesis methods
allow growing high-quality films at high
gI’OWth rates. 25KV X2,200 10pm 0000 10 30 SEI

B In this work aluminum nitride films on Fig. 1. SEM image of the cross
silicon substrates were prepared by vapor-phase cleavage thick AIN film.
synthesis in three-zone quarts reactor using

high purity aluminum and aluminum chloride. This method is inexpensive,
technologically simple and obtaining aluminum nitride films with good
reproducibility.

In the synthesis, the largest weight gain was observed in substrates
positioned at the beginning of the growth zone. Material of best crystallinity and
stoichiometry was obtained in the middle of the high temperature zone at
reasonable growth rates (5 — 50 mkm/h). Depending on synthesis conditions,
both thick films and rod arrays of aluminum nitride were deposited (Fig.1).

The samples were examined using scanning electron microscopy,
chemical microanalysis, Raman scattering and X-ray diffraction methods. The
results of the study show the proposed method allows synthesizing material
suitable for piezoelectric and optoelectronic devices.

1. S. Strite, H. Morkoc, Journal of Vacuum Science &amp; Technology B
10(4), 1237-1266 (1992).

133


mailto:ryzhova@iptm.ru

GROWTH OF TERAHERTZ PHOTONIC CRYSTALS

A.N. Noskova, V.N. Portnov, A.E. Egorova
Lobachevsky State University of Nizhni Novgorod
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Photonic crystal is a material with ordered structure, which is
characterized by a strictly periodic changing of the refraction index on a scale
comparable to the wavelength of the electromagnetic waves [1]. Photonic crystal
allow to obtain permitted band and band gaps for photon energies, so they can
use as a filter. According to previous researches, photonic crystals and devices
based on them will be comparable with the creation of integral microelectronics
in importance [2].

The aim of this work is to study the growth of 2D-photonic crystals as
crystal metastructures which are based on crystal KDP, and further research for
terahertz radiation radio emission. Using parameters of terahertz pulse signal the
metastructures geometry was chosen.

The photonic crystals were growing using a mask, which was made by the
photolitographic process and Z-cut KDP plate with size 2,5 x 2,5 cm % The
mask had square holes with a rib 100 microns. KDP crystals belong to the point
group symmetry 42m. KDP crystals are uniaxial optical crystal. A series of

experiments was done in different conditions, to obtain a periodic crystal
structure (Figure 1). The growth temperature was 23°C. Relative supersaturation
was = 0.1.

Fig.1. Fragment KDP metastructure

KDP crystals are presented in the picture, they was grown up in the holes
of the mask in the direction of the axis Z. The bipyramid. faces are visible faces
on their tops. The height of the crystals is about 1 - 2 mm.

1. H. Benisty, V. Berger, J.M. Gerard et al., Photonic Crystals VI, (2005)

2. E.L. Ivchenko, A.N. Poddubny, Solid State Physics 48(3), 540-547
(2005)
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GENERATION OF AN ARRAY OF MONOCRYSTALLINE ISLANDS
WITH SMALL ANGULAR DISPERSION

V.V. Gribko, A.S. Markelov, V.N. Trushin, V.E. Kotomina, I.N. Antonov,
L.P. Veselova, E.V. Chuprunov
Lobachevsky State University of Nizhni Novgorod
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The work is aimed to solve the problem of generation of monocrystalline
islands (M) arrays with small angular dispersion for their usage as active media
while solving problems of controlling parameters (focusing and collimation) of
X-Ray beams. While MI arrays generation a number of problems appear, for
example disorientation of MI arrays. It results in increase of FWHM of a
rocking curve (RC) that makes it difficult to control the parameters of an X-Ray
beam.

The aim of this work was to study intermediate phases of MI arrays
generation. For that a research of an MI array under temperature effect
conditions was made.

The disorientation of monocrystalline islands got by the method of plasma
etch was researched with the help of the high resolution X-ray diffractometry.
The width of the original rocking curve measured at room temperature (equal to
20 minutes of arc) shows at the presence of the disorientation.

In the picture 1a, b, c the profiles of RC taken from the array of Ml Si
(111) (in the structure substrate-glue-MI) from its temperature are shown.

2400 1, imp./sec.
i (©)
1600 |
800
0 | | | |
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20,°
Pic. 1. The profiles a,b,c of RC taken from the array of MI Si (111) (in the structure
substrate — glue - MI) at temperatures 24.6 °C, 80 °C u 120 °C correspondingly.

The picture 1b. makes it clear that disorientation takes place. Here the
width of the oscillation intensity on the curve taken from the array of Ml equals
to the width of RC taken from the original plate that was equal to 20 minutes of
arc. In the pic. 1 one can see that the shrinkage of the glue during the process of
its solidification can be compensated with heating of the structure. Than the glue
becomes strait due to the difference of the coefficient of thermal expansion of
the glue and substrate.
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INFLUENCE OF CONCENTRATION OF RARE-EARTH ACTIVATORS
TO THE SPECTRAL AND LUMINESCENT PROPERTIES LEAD
OXYFLUORIDE GLASSES AND GLASS-CERAMICS

T.S. Sevostjanova, E.V. Zhukova, A.VV. Khomyakov, O.B. Petrova

D. Mendeleyev University of Chemical Technology of Russia, Moscow
E-mail: t.sevostjanova@mail.ru

Oxyfluoride glass and glass-ceramic (GC) in the system PbF,-PbO-B,0;
possesses a unique combination of adaptability oxide glasses with low-energy
phonon spectrum characteristic of lead fluoride, which makes them promising
materials for the introduction of these rare-earth ions (RE) in order to obtain
new laser matrixes [1-2].

In the research, we synthesized glasses using charge with PbF, up to 90
mol.% doped by Nd, Pr, Eu, Ho, Er and Yb in concentrations from 2-10" to
3-10* cm™. The mechanical and optical properties of glasses were investigated.
For glasses doped Er, defined limit concentration of activators to optical quality
glass. The glasses were crystallized at different time-temperature conditions. We
succeeded but to obtained GC’s containing a single crystalline cubic phase -
PbF,. According to XRD up to 12 mol.% of rare earth dopants could be
efficiently be built in the cubic PbF, crystal lattice at crystal. It resulted to 15-
20% hardness increase and 2-3% refractive index reduction.

The absorption and luminescence spectra for glasses and GC’s samples
the various RE and compared with spectra of crystalline solid (PbF,),(LnF3)y
(where Ln = RE; x from 0.05 to 0.2).

We analyzed Er® luminescence spectra of glasses and GC’s in the visible
region at direct (377 nm) and anti-Stokes (975 nm) excitations. It was
demonstrated that the GC’s luminescence spectrum was identical to
luminescence spectrum of PbggsErgisFo15 crystal. We found out the
luminescence chromaticity coordinates of GC’s laid on locus of CIE triangle
between the glass and single crystal points. The distribution pattern of the
chromaticity coordinates of the emission of GC’s on the concentration of the
crystallites -PbF, allows one hand to determine the color of the emission level
of crystallization of the material, on the other hand use the material of the same
composition but with different heat-treatment as phosphor glow in different
colors. Such materials may be promising as anti-Stokes lasers and phosphors.

This research was financially supported by the Russian Scientific
Foundation (grant number Ne 14-13-01074).
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ELEMENTAL AND PHASE ANALYSIS OF MIXED CRYSTALS
OF TARTRATE Ca,Sn, ,C,H,O, -nH,0

M.L. Lapteva, D.S. Nuzhdin, P.V. Andreev, E.S. Starostina
Nizhni Novgorod State University, Nizhni Novgorod
E-mail: starostina2012e@yandex.ru

One of the important tasks of condensed matter physics is the synthesis,
growing, study the properties of nonlinear optical crystals, and
communication structurally dependent properties to the composition,
symmetry and atomic structure [1]. In this study, the nonlinear optical crystals
of mixed tartrate calcium-tin were grown by the method of crystallization in
the gel and investigated. The synthesis was carried out in metasilicate crystals
gel based on tartaric acid in a thermostat at a temperature of 34 + 1°C [2].
Eight tartrate Ca-Sn crystals Ca,sSn, ,C,H,O,-nH,O type were grown,
solutions Ca(NO,), -4H,0 and snCl, -2H,0 were used as the feed solution.
The molar snCl, -2H,0 content ranged from 10% to 80% in increments of
10%.

Elemental analysis was performed on optical-emission spectrometer
with inductively coupled plasma VARIAN (AGILENT) 720-ES. From the
measurements, it was determined that the concentration of tin ions in the
crystals does not change monotonously [3].

Phase analysis was carried out on a diffractometer Shimadzu XRD-7000
in powdered samples Ca Sn, C,H,O, -nH,0. Processing diffraction patterns was

carried out in software systems Bruker EVA and Bruker TOPAS. From the
results of the analysis phase follows that for the samples for which the molar
content in the feed solution SnCl,-2H,0 is from 10% to 50% the system is
single-phase, for samples containing in the feed solution SnCl, -2H,0 from 60%
to 80% of the biphasic system.

1. I.R. Shen, The principles of nonlinear optics, M.: Nauka, 1989.

2. G. Haenisch, Crystal growth in gels, M.: Mir, 1973.

3. V.V. Kovalev, Handbook of solubility, Ed. USSR Academy of Sciences,
1963.
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THE PHASE COMPOSITION AND SPECTRAL-LUMINESCENT
PROPERTIES OF MICROTUBES ZrO,-Y,0;-Yb,03

A.A. Lyapin', D.V. Miagkov’, I. Sildos?, P.A. Ryabochkina *,
V.M. Kyashkin®, T. Titte?, M. Part®
'Ogarev Mordovia State University, Saransk
2University of Tartu, Estonia, Tartu
E-mail: dimitry.myagkov@yandex.ru

Development and investigation of physical properties of microcrystalline
tubes based on zirconium dioxide attracted considerable interest of researchers
[1, 2].

In this paper results of research of microcrystalline tubes 92mol% ZrO,-
4mol% Y,05-4mol% Yb,05 are presented. Microcrystalline tubes (diameter 30
mm, length 1 - 2 cm) (Fig. 1) were grown by a combination of processes of
extrusion of the viscous liquid threads alkaline zirconium oxide and self-
assembly of particles of the sol. Tubes annealed at 900° C.

10000 §

e |l g, -
Fig. 1. Photo of microcrystalline tube Fig 2. XRD patterns of microcrystalline tube
92mol% ZrO,-4mol% Y,03-4mol% Yb,0;  92mol% ZrO,-4mol% Y,03-4mol% Yb,03 and
obtained in white light with an optical crystal Zrp.94Y0,0601,88 (ICDD 01-089-9068)
microscope

Investigation of these tubes by using X-ray analysis is showed that they
are characterized by a tetragonal structure (Fig. 2).

Spectral-luminescent characteristics of microcrystalline tubes 92mol%
ZrO,-4mol% Y,03-4mol% Yb,03; were investigated. Also comparative analysis
of these characteristics was carried out with the same characteristics of single
crystals of yttrium partially stabilized zirconium, doped with Yb**.

1. T. Tétte, M. Part, Talviste, K. Hanschmidt, et al., RCS Adv. 4, 17413
(2014).

2. K. Utt, M. Part, T. Tatte, V. Kiisk, et al., J. of Luminescence 152, 125
(2014).
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OOPEKTBHI CBETOBOI'O JABJIEHMA B ®U3UKE TBEPAOTEJIBHBIX
JIASEPOB

B.B. Cemamxo', O.P. Axtamos', A.C. Husamyraunos', E. CapaHTonoynoyl’z,
A.K. Kedamac'?
'Kasanckuii pedepanvuviii ynusepcumem, Kazanw
2 Unemumym meopemuueckoii u gusuveckoti xumuu, Hayuonanohoiil
uccneoosamenvckuil pond Pecnyonuxu I peyus, Aghunoi
E-mail: vadim.semashko@kpfu.ru

JlaBiieHre cBeTa W MOHJAEPOMOTOPHBIE CHIIBI M3 IK30THUYECKHUX SIBIICHHM,
KOTOphIMM OHM Obuti B Hayaie XX Beka [l], B Hacrosimee Bpems C
MCIIOJIb30BaHUEM JIa3€PHOI0 U3TYUYEHHUS PEBPATIIMCH B MOIIHBIA HHCTPYMEHT
TEXHOJOTUYECKHUX MpoleccoB. Tak, HaMpUMEpP, OHU C YCIIEXOM IPUMEHSIIOTCS B
TEXHOJIOTUSAX aTOMHOW ONTHKHU, Pa3ACICHUS] U30TOMOB, Ja3€PHOM OXJIXKICHUU
ra3oB, HaHOTEeXHOJNOTHAX U T.M. [2]. Takxke cyiecTByloT paboThl, B KOTOPBIX
paccMaTpuBaJUCh  BOIPOCHI  JIA3€PHO-UHIYIIUPOBAHHOW  MOJUDUKAIIUU
MOBEPXHOCTU TBEPJBIX Ted 3a cueT Nud@y3un B HUX aTOMOB OKPYKaIOIIEH
aTMocepbl W/WIM aacOpOMPOBAHHBIX HA MX MOBEPXHOCTH XUMHUYECKHUX
aneMeHTOB [3]. B 9Toil CBS3M yAMBUTEIBHBIM OKa3ajoCh OTCYTCTBHE
JUTEPATYPHBIX JAaHHBIX 00 MCCIIEIOBAHWU BIIMSHUS TTOHIEPOMOTOPHBIX CHJI Ha
CBOMCTBA TBEPJOTEIIbHBIX aKTUBHBIX MAaTEPUAIOB WM HEJIMHEWHO-OMTHYECKUX
DJIEMEHTOB, TOJBEPTAIONINXCS HAKaYKe BBICOKOMHTECHCHUBHBIM KOTEPEHTHBIM
JIa3€pHBIM U3TYUYCHHUEM.

B nanHoMm nokiane oOcyxaaeTcs MOHACPOMOTOPHOE JCHCTBUE CBETA Ha
MUKpPO- U HAHOYACTHIII, COJACpKaIUecs B atMocdepe Win aacopOupOBaHHBIC
Ha TIOBEPXHOCTH KPHUCTAUIMYCCKUX AaKTHUBHBIX DJIIEMEHTOB W TIPHBOIATCS
AKCTIIEPUMEHTANIbHbIC JaHHbIC BIUSHUS JaBJICHUS CBETAa HA HHEPreTUUYECKUE
XapaKTEPUCTUKU  TBEPAOTENbHBIX  JlazepoB Y@  jamamazoHa  CIHEKTpa,
dyHKUHOHHpYIOMKX Ha ocHOBe Sd-4f mepexomax oo Ce”,

1. I1.H. JIebenes, Coopanue couunenuii, M.: U3-so AH CCCP, 1963,
2. B.W. Baneikun, Bectauk PAH, 81, 291 (2011).
3. E. Sarantopoulou, et al., Applied Surface Science 254, 804 (2007).
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OKCHUIHAA JIASBEPHAA KEPAMIUKA

10.JI. Konbuio
Dpsazunckuil puruanr PedepaibHoco 20CyO0apCmMEeHH020 0I00HNCEMHO20
yupesxcoenusi Hayku ncmumyma paouomexnukuy u 31eKmpOoHUKY
um.B.A.Komenvnuxosea PAH; Poccus

E-mail: ylk215@ire216.msk.su, ylk215@yandex.ru

3a mocneaHue rojbl ObLT JOCTUTHYT 3HAYUTEIBHBIA MPOTPECC B CO3JaHUU
BBICOKOKAYECTBEHHBIX OKCHIHBIX JIA3EPHBIX KEPAMUK Ha OCHOBE COSTUHEHUN CO
CTPYKTYpOW TpaHaTa U OKCHJOB TPEXBAJCHTHBIX PEIKO3EMEIIbHBIX JJIEMEHTOB,
YTO OTPaXCHO B IICJIOM psJie HeAaBHUX 0030poB (Hampumep, [1-9]).
OnTryeckoe KauyecTBO TaKUX KePaMHUK CEHYac COOTBETCTBYET KaueCTBY JTYUIITHX
KPUCTAUIOB aHAJIOTMYHOTO COCTaBa. 3aJaud B OOJACTH TEXHOJIOTHU ITHX
KepaMHUK CBOJATCA K CTAOMJIBHOMY ITOJTYYEHHI0 00pas3oB ¢ MHUHUMAaJIbHBIMH
ONTUYECKUMHU MOTEPSIMU (COOTBETCTBEHHO, C MAKCUMAJIBHBIM MPOITYCKAHUEM) U
ONTUMM3AIMK TApaMETPOB IMpollecca sl TMOJy4YeHUsT  Takux oOpa3lioB.
BaxxHeWIIuM 3JI€MEHTOM TEXHOJIOTHH 3]IeCh SIBJSIETCS BBIOOP ONTUMAJIbHBIX
CIEKAIMIMNX T00ABOK, KOTOPBIE JODKHBI 00eCIieurBaTh XOPOIIHUE ONTUYECKUE
XapaKTEPUCTUKU TPU HAUMEHBIIHUX TEMIEpaTypax CIEeKaHUs U MPUEMIIEMbIX
pa3Mepax KepaMUYEeCKHMX 3€peH, 4YTO CYIIECTBEHHO il oOecredyeHus
TEPMOCTOMKOCTHU U JOJITOBEUHOCTH Pa0OTHl aKTUBHBIX JIa3€PHBIX JIEMEHTOB.

B nexumm paccMOTpeHBI OCHOBHBIE TMOAXOABI M MPOOJEMBI MONTYYCHHUS
MpPO3payHbIX, B TOM YHCIE JIA3ePHBIX, KEpaMHUK Ha OCHOBE HTTPHM
ATIOMUHHAEBOTO TpaHaTa HW OKCHJAa WTTPUSA. B YacTHOCTH, TPUBEIACHBI
pe3yNbTaThl ACTAIBHOTO CPAaBHCHUS BIMSHHS psfa CIEKAIONUX T00aBOK Ha
TEXHOJIOTHIO M XapaKTEPUCTHKHA 0OpasloB KEPaMHKU HTTPUN-aTFOMHUHHUEBOTO
rpanara Y3Als0p; (MAD) u okcupma wrtpus. Takue mo0aBku B psiie CiydaeB
SIBJISFOTCS PEIIAIOIIMMHE JIJIs1 TOCTHXKEHUSI PO3PAYHOCTH KepaMuK. PaHee B psizie
pabot (Hampumep, [10-16] u cchuikm B 3TUX paboTax ) ObUIM H3YYCHBI
OTICNBHEIC CIEKaloIe 100aBku, B ocHoBHOM, Si0,, MgO, MgO-Si0O,, ZrO,,
Si0,-B,03, La,03; HO ux comocTaBieHne, KaK MMPaBUiIO, HE MPOU3BOIMIOCH. B
JAHHOM paboTe M3yueHO BIMSHUE Ha mporecc cnekanus kepamuku MAIT kak
9THX J00aBOK, TaKk M HEKOTOpPBIX JApyrux, Hampumep, CaO, Bi,Oz wu
KOMOMHAIMA  BCce  COBOKymHOCTHM Jo00aBok. B kadectBe  100aBOK
WCITOJIB30BAICh OKCHJIBI, BBOJMMBIC JTMOO B BHJC IOPOIIKA, JUOO B BHUJC
noaxojsiero pactsopa. OOpasnbl KepaMUK TOTOBWJIMCH IO OOBIYHOM IS
PEaKTHBHOTO CIICKAaHUS CXEME — CMEIIICHHUE-TIOMOJI B TUTAHETAPHON MEJbHUIIC,
CyXO€ TMPECCOBAHWE C XOJOJHBIM HM30CTATHUYCCKUM TIPECCOBAHMEM Ha
3aBEPIIAOIICH CTAIUH U CTICKaHHE B BaKyyMe.
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Puc.1. JlunaromMeTpuyeckre XapakTepucTuky crekanus kepamuku YAG, Yb:YAG
IIPU UCIIOJIb30BAHUHU Pa3IMUHBIX CHEKAIOUINX 100aBoK. 1,2,3 — KpuBbIE ycaaKH.

1d,2d,3d — npou3BoHbIE 10 BpeMEHH KPUBBIX YCAIKH. 3 — KEpaMHKa, COepIKalast

tosbko SiO2, 1 u 2 — KepaMHKH, cojiepKaniue 1omoaHuTensHo Zr0O;, u ByOs3
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Puc.2. Baenmnwmii Bug o6pasios kepamuk YAG (Ha BCTaBKe) U ONTHYECKUE CIIEKTPHI

IPOIMyCKaHH. Ha HpaBOI\/'I BCTAaBKC MPUBCACHBI TCMIICPATYPLI BEIACPIKKU IMTPHU CIICKAHUHA

N3yyanuch KWHETHWKA CIIEKaHUS 10 PE3yJbTaTaM IUIaTOMETPUUYCCKUX
U3MEPCHUM, PEHTTeHO(}A30BBI COCTAaB KEPAMUK, CIEKTPHl ONTHYECKOTO
MIPOITYCKAHWS/TIOTIIONIECHHUS;, CTIEKTPHI JTIOMUHECIICHITHH.

Hatineno, uTo BoO3MOXKHa KOMOMHAIIMS COCTaBa CIEKAIOIINUX JO00ABOK, IPU
KOTOpo JnoctarouyHast st jpoctwkenus 100% mimoTHOCTHM —TemIiiepaTypa
CIIEKaHHMsS MOXKET ObITh cHiKeHa Ooilee dem 200°C 1O CpaBHEHHIO C
TPAAUIIMOHHO HCMoNb3yeMor gobaBkorr SiO,. Ha pwuc.l, xak mnpumep,
NPUBEAEHBI KPUBBIE YCAJKU 00pa3OB U UX CKOpOCcTU. BuaHo, yto ayis oOpasua
3 (tompko SiO;) MakcHMMalibHasi CKOPOCTh YCAJIKH TPUXOJMUTCS Ha TUAra30H
temreparyp Bbime 1600°C, a npu rtemmeparype 1600°C ¢asa coOGCTBEHHO
rpaHata cocTaBisger He Oosnee 85 oOBeMHBIX NpoleHTa. B Toxe Bpems, B
oOpasuax conepxkamux jaononHurenbHo B,O3; u ZrO,, yxxe npu temneparype
1550°C monuocThIO 3aBepiaeTcs GopMUpoBaHue (Gas3bl IpaHaTa U MIPAKTUYECKU
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MOJTHOCTHIO 3aKaHUMBAETCS ClieKaHue. TOT (akT, YTO CIIeKaHHEe “‘CTapTyeT’ MpH
JIOBOJIBHO HH3KHX TemIiepaTypax (ocobeHHo kpuBas 2,2d Ha puc.l)
obecnieunBaer OoJiee IMOJIHOE ycTpaHeHHE mop. B aTom ciiydae HeOosblIMe
HOTPEIIHOCTH (HEOJHOPOAHOCTH) MPU IMPECCOBAHUM HMMEIOT MOJHBIA  IHAHC
ObITh critaxkeHHbIMU. C Ipyroi CTOPOHBI, OTHOCUTEIBHO HU3KOTEMIIEPATypHOE
3aBepuieHne GpopmMupoBaHus (a3bl rpaHaTa TOBOPUT O TOM, 4TO AU(PPY3UOHHBIE
nporeccel uaytT ObicTpee, yem B ciydae SiOp, dYTO JaeT BO3MOXKHOCTH
HUBEJIUPOBATh IPaHYyJIOMETPUYECKUE IIOIPEIIHOCTH IIPUTOTOBJICHUS
MOPOLIKOBBIX cMeceil. TakuM 00pa3zom, MOKHO ClIeJaTh BBIBOJ, UTO HalJICHHBIE
KOMOHMHAIIUY CIEKAIONUX T00aBOK JEHCTBUTENHHO CIIOCOOCTBYIOT YIIPOIICHHUIO
TEXHOJIOTUH W MOBBIIIEHUIO €€ BOCIIPOU3BOINMOCTH.

C ucnonp30BaHMEM  pPa3pabOTaHHBIX  TEXHOJOIMYECKUX  METOJIMK
nosydeHbl o0pasmpl kepaMuk YAG u Yb:YAG, Nd:YAG, Cr:YAG wun
KOMIIO3UTBI Ha KX OCHOBE. B KauyecTBe npuMepa KadyecTBa IOJYYEHHBIX
o0Opa3noB Ha puc. 2 U 3 mpuBeJeHbl OOUIMM BHUJ U CHEKTPHI MPOIYCKAaHHUS
o0pa3noB rpanara. [Ipomyckanwue (in line) Ha 0OBIYHOW JTUHE BOJIHBI JIA3EPHOM
resepanuu (nopsaka 1 MxMm) qocturaeT BeIUUUHbI 84.5 MpoLeHTa ISl TOJILIIUH
00pa3noB 1 MM, YTO COOTBETCTBYET TEOPETUUECKH JOCTUKUMOMY YPOBHIO.
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Puc.3. O0mmii Bua 1 CIeKTphI poryckanus oopasuoB kepamuk YAG u Yb:YAG. Ha
HIKHEH BcTaBke npasbiil oOpazent Yb:YAG cpa3y nocie criekanus, JeBbli ocie
JIOTIOJTHUTENILHOTO oTXura npu Temieparype 1100°C. Ha BcraBke BBEPXY TEMIIEPATYPhI
CIeKaHus

PaboTa nogaepxkana rpantom POOU Ne 14-02- 90446 a.

1. J. Sanghera, B. Shaw, W. Kim, et al., Proc. of SPIE 7912, 7912 1Q-1-
15 (2011).

2. J. Sanghera, W. Kim, G.Villalobos, et al., Proc. of SPIE 8039, 8039 03-
1-8 (2011).

3. C.I'Tapanun, A.B.Imutpiok, A.A.JKunun, u 1p., OnTUYECKHil )KypHaI
77(9), 52-68 (2010).

143



4. J. Sanghera, W. Kim, G. Villalobos, et al., Opt. Mater. 35, 693-699
(2013).

5. V.B. Kravchenko, Yu.L. Kopylov, Handbook of solid-state lasers,
edited by Denker and Shklovsky. Chapter 3, Woodhead Publishing
Limited, Cambridge, 2013.

6. J. Guo, J. Li, H. Kou, Inorganic Synthetic Chemistry 19, 429-453
(2011).

7. S.F.Wang, J. Zhang, D.W. Luo, et al., Progress in Solid State
Chemistry 41, 20-54 (2013).

8. G. Boulon, Opt. Mater. 34, 499-512 (2012).

9. C.H.baraes, A.A.Kamunckuii, FO.JI. KombsuioB, u ap., KBantoBas
anekrponnka 43(3), 271-275 (2013).

10. R. Boulesteix, A. Maitre, J.-F. Baumard, et al., Opt. Mater. 31(5), 711-
715 (2009).

11.A.Maitre, C. Sallé, R. Boulesteix, et al., J. Am. Ceram. Soc. 91(2), 406
— 413 (2008).

12. A.J. Stevenson, E.R. Kupp, G.L. Messing., J. Mater. Res. 26(9), 1151-
1158 (2011).

13. A. J. Stevenson, X. Li, M.A. Martinez, et al., J. Am. Ceram. Soc. 94,
1380-1387 (2011).

14. H. Yang, X. Qin, J. Zhang, S. et al., J. Alloys Compd. 509, 5274-5279
(2011).

15. H. Yang, X. Qin, J. Zhang, et al., Opt. Mater. 34, 940-943 (2012).

16. W. Liu, W. Zhang, J. Li, et al., J. Europ. Ceram. Soc. 31(4), 653-657
(2011).

144



BJIIMSAHUE ITPUMECHU }SPOMA HA CIIEKTPAJIBHO-
JJIOMNHECHEHTHBIE CBOMCTBA KEPAMUWKHN HA OCHOBE
Y3A|5012:Ce3+

I'.E. ManamKeBqu, E.H. HO,H,HGHCX(HBIﬁz, AA. BoﬁKoz, K.H. HI/IHIGBS,
T.I'. Xoruenkosa', 1.B. prCOBal, N.N. CepreeBl, ILIL HepHIYKeBI/Iql,
AA. nyoz:onal
1HHcmumym Guzuxu um. b.U. Cmenanosa HAH benapycu, Munck, bearapyco
F'omenvexuil eocyoapcmeennviil mexuudeckuu ynusepcumem um. 11.0. Cyxoeo,
T'omenw, benapyco
3Mopooeckuii zocydapcmeennwiii yrusepcumem um. H.I1. Ozapesa, Capanck
E-mail: g.malashkevich@ifanbel.bas-net.by

C uenpr0 yBEIMYEHHUS JOJM KpPACHOM COCTABISIONIEH B CIEKTPE
U3IIy4eHHUS] JBYXKOMIIOHEHTHBIX (CBETOAMOJ — JIOMUHO(OP) HCTOYHUKOB
OCBEILICHUS VICCJIEI0BAHBI CHEKTPAIBHO-TFOMUHECLICHTHBIE CBOMCTBA
NOJIYy4CHHOW  KOJUIOMJHO-XUMHUYECKHM METOJAOM KEpaMUKHM Ha OCHOBE
Y3AI5012:Ce3+, JIOTIOJIHUTENIHHO JISTUPOBAHHOM U3 ra30BOM (ha3bl XpOMOM.

YCTaHOBJICHO, YTO CHHTE3MpPOBaHHAs Kepamuka BKiodaeT Y3AlsOq;
npocTpaHcTBeHHOW Tpymmbl 1a3d KyOW4eckol CHHIOHMU TIpU HAIMYHA
HE3HAUUTENIbHOW mpuMecH oprtopombuueckoro YAIO; u xapakrepusyercs
CHEKTPaMH JIOMUHECLIEHIIMHM U BO30YKJIEHUS TIOMUHECLICHIINH, IPUBEICHHBIMU
Ha puc. 1. OTMmeyaeTcssi BBICOKAs TEPMOCTAOMIBHOCTh €€ JIHOMHUHECLIEHTHBIX
XapaKTEPUCTUK M PAJUKAIBHOE  pas3IMude€  MIHOBEHHBIX  CIIEKTPOB
JIOMHHeCHeHIH HoHOB Cr’, uTo MO3BOJAET CHenaTh BHIBOA O pealn3aIlii
3THX MOHOB B JIBYX Pa3jMuHbIX nojacucreMax. [Ipyu HeOOIbIINX KOHIEHTPALUIX
nonoB Ce®* u Cr¥* (= 1-10%° u menee 1-10™ cM™° cOOTBETCTBEHHO) OTCYTCTBYET
CYIICCTBEHHOE TYIICHHE IOMHHeCHeHImH Cr* um oTMedaercss e 3aMeTHas
cencubummsarus nonamu Ce>* B mopcucreme Y3AlsO1,.

10| B 10 T T T

dN/dx (oTH. exn.)
o
ol

0,0

0.0 400 500 600

500 600 700

A (HM)
Puc. 1. Cnektpsl mroMuHectieHnu (@) U e€ Bo30ykaeHUs (0) KepaMUKH Y3A|5012:Ce3+, cr,
Asos, HM: 400 (2a) 1 460 (1a), Aper, HM: 600 (10), 694 (26), 725 (36) u 750 (46)

[TonyueHHble pe3yabTaThl MO3BOJSIOT pacCMAaTPUBATh COAKTUBAIIUIO
HTTPHii-aTIOMHHIEBOro rpaHata noamu Ce®" u Cr'* kak oquH M3 BO3MOKHBIX
nyTel YBEMYEHUSI JOJM KPACHBIX KBAHTOB B CIIEKTPE €ro JIIOMUHECIIEHIIUU MPU
BO30Y)KJICHUH U3TyYCHUEM CBETOAMOI0B Ha OCHOBE KpucTtamuia InGaN.
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[MPOLECCHI KPUCTAJUIM3ALINUN 1 ®POPMOOBPA30OBAHIA
OKCHUIHBIX KPUCTAJIJIOB

JIL.U. BneBa
HUncmumym obweti gouzuxu um. A.M. [Ipoxoposa PAH, Mockea
E-mail: ivleva@Ist.gpi.ru

[Mpuniun GpopmMooOpa3oBaHusl, OTKPHITHIN U CHOPMYITHPOBAHHBIN

C.B. CrenaHoBBIM TO3BOJIICT IMOJNYyYaTh H3ACIUS 3aJaHHON TEOMETPUU W3
pa3IMYHBIX MaTEepPHajOB HEMOCPEACTBEHHO B TPOIECCe KpUCTaUM3anuu. B
0030pe pPaccMOTPEHBbI pa3pabOTaHHBIE W OCYIIECTBICHHBIC K CETOAHSIITHEMY
JTHIO BapWaHThl H MOJU(DHUKAIH croco0a, TO3BOJISIONIME TOTYyYaTh
MOHOKPHUCTAJZIBI HE TOJLKO B BHJIC JICHT, CTEp)KHEH, TpyO, HO M CIIOKHBIC
npoUIM KPUCTAIUIOB JIUAJICKTPUKOB KaK ITOCTOSHHOTO, TaK W IEPEMEHHOTO
ceueHus. PaccMOTpeHbl BapHaHThI YIPaBJICHHS MPOICCCAMHM KPHUCTAJUTH3AINH
PO UITMPOBAHHBIX KPHUCTAIJIOB. [TpuBeneHb 0COOEHHOCTH
dbopmoobpazyomux  ycTpoicTB  (popMooOpaszoBareneil) u  MmapaMeTphbl
KPUCTAILTM3AIMOHHBIX TPOIECCOB, OMPEICIIAIONNE CTa0UIBHOCTh IPOIIECCOB
MOJyYeHUsT  KPUCTAUIOB  3adaHHOW  Qopmbl. [lokazaHbl  BO3MOXKHOCTH
GbOpMUPOBaHUS  CTPYKTYp TIOCTOSIHHOTO M IEPEMEHHOTO  COCTaBOB.
HccnenoBanbl OCOOCHHOCTH TPYIIIOBOTO BBIPANIMBAHKS TPOPUIMPOBAHHBIX
KPUCTAIIOB. PaccMoTpeHBl TpUYMHBI O0pa30BaHHUS POCTOBBIX Je()EKTOB U
CocoObl WX  ycTpaHeHHWs. [IpuBeIeHBI JOCTOMHCTBA W  HEIOCTATKH
UCIIOJIL3YEMBIX BapuaHTOB crocoba CTemaHoBa, WX NPUMEHUMOCTb JUIs
OTJCNIBHBIX KPUCTAUTMYCCKUX MATECPHAIOB W BO3MOXKHOCTH HCIIOJIb30BAHHMS
pOQUIMPOBAHHBIX KPUCTAUIOB IS PA3IMYHBIX IPUMCHEHUIA.
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OCOBEHHOCTH PABOTBI I'OJIOTPAONYECKMX CEHCOPOB
TP KOJIOPUMETPUYECKOM OIIPEJEJIEHWN U3MEHEHW A JIJIMHBI
BOJIHBI OTPA’JKAEMOI'O CBETA

A.B. KDaI?ICKI/Iﬁl, T.B.MHpOHOBal, B.A. HOCTHI/IKOBZ, M.A. ]_HqueHKol,
L dusuueckuii uncmumym um. I1.H. Jlebeoesa PAH, Mockea
U Guzuxo-xumuuecxou meouyurvt ®PMBbA Poccuu, Mockea
E-mail: kraiski@sci.lebedev.ru

OmaHUM W3 CYNIECTBEHHBIX MPEUMYIIECTB TOJIOTPAPUIECKUX CEHCOPOB
nepes; MHOTMMU JPYTUMHU SIBJSIETCSI OTHOCUTEINIbHASI MPOCTOTA MCIOJIb30BAHUS
UX B KAa4eCTBE MHOTOKAaHAJIbHBIX. JTO O3HAYAaET, YTO MOKHO OJIHOBPEMEHHO
MPOBOAUTL pa3IMUHbIE H3MEPEHUS B Pa3HbBIX TOYKAX €ro MOBEPXHOCTH.
Hanpumep, omnpenensiTb KOHIEHTPALMIO OJHOTO KOMIIOHEHTa B Pa3IMYHBIX
pacTBOpax WIM KOHIEHTPAllMM pPa3HbIX KOMIIOHEHTOB OJHOTO M TOTO K€
pactBopa, AuMO60 M TO W Jpyroe. [ns yckopeHuss mnpoBeneHHs OOJIBIIOTO
KOJINYECTBA aHAIU30B, HAMPUMED, NJISI ONPEACICHUS KOHILIEHTPAIMU TJIFOKO3BI
BO BCEX sUeWKax 4yumna OJHOBPEMEHHO, ObLI pa3padoTaH KOJIOPUMETPUUYECKHI
crioco0 M3MEpEHUs CPEIHEH ITTMHBI BOJHBI Y3KOIOJIOCHOTO M3inydeHus [1-2] mo
[IBETHOMY HIU(PPOBOMY H300paxkeHuto. Metoa paboTaer B BUIUMOM JIHAMA30HE
455 — 625 um.

CyThb crioco6a COCTOUT B TOM, YTO MOCKOJIBKY OTPAXKEHHOE TOJIOrPaMMON
U3JIydeHUE Y3KOMOJIOCHO (ChekTpajibHas mupuHa J0 20 HM), TO MO
COOTHOIIIGHUIO CUTHAJOB B I[BETOBBIX KaHajdaX M300paXKeHUS MOXKHO
OJIHO3HAYHO OMNPEJEIUTh JJIMHY BOJHBI JJISI KaXJOTO MHUKCENs] U MOCTPOUTH
KapTy IJWH BOJH u3oOpaxkeHus. CriocoO TpeOyeT crenuaibHOW KaluOpOBKH
M(POBOro perucTparopa.

JInsi  OJHOBPEMEHHOTO TMPOBENICHUS HECKOJBKMX aHaJIu30B  ObLia
CKOHCTPYHPOBaHa KIOBETa C MUKPOQITIOUTHBIMH STYCHKAMU.

Opnako mpu pabore ¢ rosorpaguuecKUMU CEHCOpPAMU BO3HHMKAET P
npo0seM, OJlHa M3 KOTOPBIX — OJHOMEpHOe HaOyxaHue cios. [lpu Gombrmmx
CABUTAX BOJIH 3TO MPUBOJUT K U3MEHEHHUIO yIJla OTPA)KCHUS U JJIUHBI BOJIHBI.
Jlnst mpenoTBpamieHusi 3Toro ObUT pa3padoTaH CHEIUATbHBIA BHUA MPOCTOM
MPOCTPAHCTBEHHOHN (UIIBTPAIMH U3TYUSHUS TIPH 3AMMCH TOJIOTPAMMBI.

PaGora mommepkana  TpaHTOM  TporpamMMbl  (yHAAMEHTAIBHBIX
uccienoanuii [pesnaguyma PAH «®ynaaMeHTanbHbIe HAYKH — MEAULIMHE.

1. A.B. Kpaiickuii, T.B. Mupounosa, T.T. Cynranosa, B.A. IlocTHHKOB,
B.1. Cepruenko, B.E. TuxonoB. Crnoco0 u3MepeHusi JJIMHBI BOJHBI
Y3KOIOJIOCHOT'O CBETOBOI'O U3JIYyYEHUS] KOJIOPUMETPHUUECKUM CIIOCOOOM.
[Tatent P® Ne 2390738 21.05.2008.

2. A.B. Kpaiickuii, T.B. MuponoBa, T.T. CynranoBa, KBsaHTOBas
aekrpornka 42(12), 1137-1139 (2012).
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AHTUCTOKCOBA JIIOMUHECLIEHI[MS B KPUCTAJIJTIAX MF5-HoF,
(M= Ca, Ba, Cd) IIPY BO3BYXJIEHY HA YPOBHU °I; 1 °Is MOHOB Ho**

A.A. JIsmun', A.IL. Mepkynos', ILA. Ps6ouxuna®, TLII. CI)ezxopOB2
"Mopoosckuii 2ocydapcmeennviii ynusepcumem um. H.IT. Ozapesa, Capanck
2Hhtcmumym ooweti usuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: andrei_lyapin@mail.ru

SIBneHUE AHTUCTOKCOBOM JIIOMHUHECUEHIMUA PEAKO3EMENbHBIX HOHOB,
JIETUPOBAHHBIX B Pa3JIMYHbIE MATPUIlbI, MOJYYHJIO IIMPOKOE MPUMEHEHHUE BO
MHOTHX 00JIACTSAX HAYKH M TEXHUKH.

B Hacrtosimieit paboTe wucciemayercss aHTHUCTOKCOBA JIFOMUHECIICHIHUSA,
BO3HMKaIoMass Bo ¢ropunueix kpuctamwiax (MF,, rme M=Ca, Ba, Cd)) co
CTPYKTYpoii diroopura, nernpoBadHbx noHamu Ho®*. OxHoil 3 ocobeHHOCTE!H
JIAHHBIX MaTepHaJiOB TpHU JierupoBaHuu P3-noHamu siByisieTcss oOpa3oBaHUE B
HUAX KJIaCTEpOB M3 O3THUX HMOHOB, YTO BIMSIET HAa XapakTep MEXaHU3MOB,
OTBETCTBEHHBIX 3a BO3HMKHOBEHHE AHTHUCTOKCOBOW JIOMHHECHEHUIHH B 3THUX
MaTepranax. VccienoBaHMI0 aHTHCTOKCOBOIT JoMUHecHeHmy HoHoB Ho® Bo
(OTOPUIHBIX KPUCTAILIAX THIIA (ITIOOPUTA TIPU BO3OYKIACHUU Ha ypoBHH 4, °Fs,
582, 5F3 MOCBSIIICHO 3HAYUTEJbHOE KoJIWuecTBO myOnukaruii [1-3]. OnHako B
HACTOSIIIIEE BpeMsl MPAKTHUYECKHM OTCYTCTBYIOT pabOThl, B  KOTOPBIX
UCCIIEIOBAJIOCH ~ KOPOTKOBOJIHOBOE€  CBEUYEHHWE TMpU  BO3OYXKICHUM  Ha
sHepretuyeckue ypoBHH |; u °ls mono H0®" masepubiM msmyuenmem. Pamee
HaMi OBUIM KCCJIEIOBaHbl MEXaHU3Mbl AHTUCTOKCOBOM JIFOMUHECIEHIIUU B
Kpuctaiax u kepamukax CaF,HO mnpum BO3OyXIeHWH OBYXMUKPOHHBIM
JA3€PHBIM M3JIyYEHHEM Ha YPOBEHB °|; monos Ho®* [4, 5]. Llenbro HacTosIIEH
paboTHI SIBISJIOCH U3YUYCHUE MEXAaHM3MOB, OTBETCTBEHHBIX 32 BO3HUKHOBEHHE
aHTUCTOKCOBOW JroMHuHECTIeHITMU B Kpuctamwiax CaF,:Ho, BaF,:Ho, CaF,-SrF,-
HoF; npu Bo36yxaeHmu Ha yposr# “l; i °ls nonos Ho®". TIpu manHbIX crioco6ax
BO30Y)KJICHHSI UCCIICOBAHHBIC KPUCTAIUTBI 00J1aJal0T MHTEHCUBHBIM CBEUCHHUEM
B BUJIMMOM JIMAIla30HE JIJIMH BOJIH M MOTYT OBITh WCIIOJIb30BaHBI B KAaueCTBE
BU3YyallM3aTOpPOB HWH(GpPaAKpacHOTO u3NydeHHs. Ha OCHOBE MOTy4YEHHBIX
OKCIIEPUMEHTAJLHBIX JaHHBIX B paboTe TMPEUIOKEHBI KaHAIbl 3aCEJICHUS
HSHEPreTUYECKUX YPOBHEH MOHOB Ho** B kpuctaimax CaF,:Ho, BaF,:Ho, CaF,-
SrF,-HoF; pu Bo36yx/iennn Ha ypoBHH |7 1 °ls 5THX HOHOB.

PabGorta BeimonHeHa mnpu QuHaHcoBoil mnopaepxkke HMP B pamkax
MPOEKTHOM YaCTU TOCYAapCTBEHHOTrO 3aJaHusi B cpepe HaydHOU NeATEeIbHOCTH
no 3aganuto Ne 3.384.2014/K u rocynapctBenHoro 3aganus Ne 0708 0210059
611 («Opranuzanus NpoBeACHHS HAYYHBIX UCCIEAOBAHUIN).

1. Brown M.R., Shand W.A., Physics Letters, 11, 219 (1964).

2. S.R. Bullock, et al, J. Opt. Soc. Am. B., 14, 553 (1997).

3. Mujaji M., Comins J.D., Phys. Stat. Sol. C, 9, 2372 (2004).

4. A.A. Lyapin, et al, Quantum Electronics, 44, 6, 602 (2014).

5. A.A. Lyapin, P.A. Ryabochkina, A.N. Chabushkin, S.N. Ushakov, P.P.

Fedorov, Journal of Luminescence, 167, 120 (2015).

148



JIABEPHBIE XAPAKTEPUCTUKU AKTUBHOM CPEJIbI LiLu0.7Y0.3E4:Ce3+
B PEJXKMME I'EHEPAIIM UMITYJIBCOB YJIBTPAKOPOTKOU
JUIMTEJIBHOCTHU

N.N. ®apyxmiun, A.C. Huzamytnunos, B.B. Cemamiko, C.JI. Kopa6iesa
Hnemumym ¢uzuxu KOV, Kazano
E-mail: burushal6é@gmail.com

CeronHst pa3BUTUE TEXHOJOTUH TpeOyeT NPUMEHEHUsT ONTHYECKUX
KBAaHTOBBIX T'€HEPATOPOB CO CTAOMIBHBIMHU CHEKTPAJbHBIMU IapamMeTpaMu,
KOTOphle paboratoT B Y@ jauamna3oHe CIEKTpa C HMMITYJIbCaMU KOPOTKOM H
YABTPAKOPOTKOM ymTenbHOCTH [1]. HOBBIM moaxXxogoM K  IMOIMYYEHUIO
TpeOYEMbIX CIEKTPAJIbHBIX XapaKTEPUCTUK SABISIETCS MPAMOE MOIYYECHHE
nazepHoil reHepanuu Y® uanazoHa cnekTpa Ha (TOPUIHBIX KpHUCTaIax,
axtuBrpoBaHHex Ce*, B wactHOCTH B Kprctamte LiLug;YosFa:Ce* [2].

OCHOBHBIMHM IIpOIIECCAMM, MPEIATCTBYIOIIMMH IIOJIYYEHHUIO Ja3epHOU
reHepaluuy, B TaKUX AaKTHUBHBIX CpENax SBJSIIOTCS  TOTJIOIICHUE U3
BO30YKJIECHHOT'O COCTOSIHUSL aKTUBATOpa U 00pazoBaHue 1eHTpoB okpacku (L{O).
B kpuctamie LLYF:Ce 11O o6mamaroT  mOJOCOM  TOIJIOIIEHUS,
IIEPEKPBIBAIOLIEHCS € I0J0COW JromMuHecueHuuu. IlpoBoas ananoruro c
METO0M MAaCCUBHOM  MOJYJSILUU  JTOOPOTHOCTHM B  HACHIIIAIOIIUXCS
MOTJIOTUTENSAX, Mbl MOJY4aeM XOPOLIYI0 NPEANOCHUIKY I IOJIYYEHUS
KOPOTKHX MUMITYJIbCOB B Y @ nuanasoHe.

Hamu Obuta peanm3oBaHa 3KCHEpPUMEHTAIbHAST YCTAHOBKA JUISI TIOJyYEHHS
YK wumnynscoB B Y® pauanazone. JlazepHasi reHepanusi Obljia MOJydyeHa B
UMITYJIbCHOM PEXUME C JJIMHON BOHBI A = 311 HM M IJIUTENBHOCTHIO UMITYJIbCA
tiun = 400 11C, Bpemst xxu3HU (POTOHOB COCTaBUIIO T, = 281 TIC.

JIMUTEeNbHOCTh UMITYJIbCA MPEBBIIIAET BpeMs *KU3HHU (POTOHA B PE30HATOPE,
YTO CBHUJIETEIBCTBYET O MHOI'OMOJOBOM XapakTepe JiazepHou reHepauuu. Ho
Mbl HaOJIOZaeM OJMHOYHBIM UMITYJIbC, KOTOPBIM HE IOBTOPSET HUMITYJIbC
Hakauku. JlaHHBI (aKT CBUACTENBCTBYET O BO3MOXKHOM MOJIYJISIIUA
JNOOPOTHOCTH BHYTPHU PE30HATOPA.

1. B. Wellmann, D. J. Spence and D.W. Coults, Opt. Lett. 39(5), (2014).
2. S. Nobuhiko, L. Zhenlin, S. Yusaburo, et al.,Opt. Lett. 20(6), (1995).
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HUCIIOJIb3OBAHUE IBYXMHWUKPOHHOI'O JIABEPHOI'O U3J1YYEHUAA
JUA ITPOIECCA SHAOBA3AJIBHOU JIASEPHOU OBJIMTEPAILIN
BAPHMKO3HbIX BEH IN-VITRO

A.H. benses, O.A. Ky3nenora, A.A. Jlsnun, K.C. Pomanog, I1.A. Psa6oukuna,
A.H. Ya6ymkun, C.A. XpymiaiuHa
Hayuonanvnoiii uccneoosamenvcruii Mopoosckuti 20cyoapcmeeHHbilil
yuusepcumem um. H.I1. Ocapésa, Capanck
E-mail: chabushkin@mail.ru

DHJIOBEHO3HAasd Ja3epHas o0nurepanus MIUPOKO MPUMEHSETCS Ul
JUKBUJAIMU pedIiokca B MarucTpajabHBIX MOJKOXHBIX BeHax. J[lms peanmuzanuu
JAHHOI'O  Tpolecca B  KIMHAYECKOM TMPAaKTUKE NPUMEHSAIOTCA  JIa3ephl,
reHepupymomme u3inydyenue Ha aimuHax BosiH: 810, 970 u 1470 um. U3nydenue c
muirHaMu BosiH 810 HM 1 970 HM momaiaeT B MOJIOCHI MOTJIONICHUS TeMOTJIO0HHa,
MO9TOMY COOTBETCTBYIOIIME Ja3epbl KIAaCCUPUIHMPYIOTCS Kak «H» maszepsl.
N3nyyenne c¢ mimHOW BOJHBI 1470 HM XOpOIIO TOTJIOMIAETCS BOAOW, U
COOTBETCTBYIOLLIKE Ja3epbl OTHOCAT K «\W» na3epam.

Hecmotpss Ha TO, 4YTO TpollecC Jia3epHOM oOnHUTEepaluu aKTHBHO
NPUMEHSIETCS B psfe KIWHUK JIA JICUCHUS BApUKO3HOW OO0JIE3HH, OJHO3HAYHOE
IIPEICTABICHUE O MEXAaHU3ME JEHCTBUS PHEPTUU JIA3EPHOTO U3IYUYEHHUS HA CTEHKY
BEHBI OTCYTCTBYET. Psi7i aBTOPOB CUMTAET, YTO Jydllee MOIJIOLICHUE W3Iy4eHUs
BOJIOM MPHUBOJMUT K MOTJIOIICHUIO W3IyYEHUS NPU MPOXOKICHUH UM MEHBIIErO
pacctosiHusi B Oumonormdeckod TkaHu. [lpu sTomM moBpexnpatoumii  dPdext
BEHO3HOM CTEHKHM 00€CIEeUrBAETCS IPU MEHbIIEH MOUTHOCTH MOJBOJMMOrO B BEHY
JA3epHOTO U3TYyUYCHHUS.

B Hacrosmieit pabote mNpeACTaBICHBI PE3yJbTAaThl JKCIEPUMEHTOB T10
DHJIOBA3AILHON JIa3E€PHOM OOJIMTEpAIlM BapUKO3HBIX BEH IN-VItro, BBITIOJTHEHHBIC
MPU KCMOJB30BAaHWN HM3JIYyYECHHUS C JUIMHOW BOJIHBI 1.885 MxM. B mepBoil cepum
AKCIIEPUMEHTOB JIa3€pPHOE H3JIYUYCHHE C JUIMHOW BOJHBI 1.885 MKM BBOJMIIOCH B
CETMEHTHI BEH, yJIaJCHHBIX WHTPAONEPALMOHHO, 3aNIOJHEHHBIX (PH3UOIOTUIECKIM
pPacTBOPOM, Yepe3 BOJIOKHO € TUIOCKMM TOpLIOM. Bo BTOpO# cepru 3KCIIEPUMEHTOB
M3JIyYEHHE BBOJWIIOCH B CETMEHTBI BEH, 3aIIOJTHEHHBIX 1IEJIBHOW KPOBBIO.

Pe3ynbTaThl TUCTOJIOTMYECKOTO aHAIN3a CETMEHTOB BEH NOCIJIE BO3JACHCTBUS
Ja3epHBIM HM3JTYyYECHHEM IMOKA3bIBAIOT, YTO 3HAYUTEIbHBIC MOBPEKICHUS CTCHKU
BEHBI C 00JIACTAMH HEKpO3a B ciiydae (PU3UOJOTHYECKOTO PAacTBOpa MPOUCXOISAT
IIPY  3HAYECHHHM MOILHOCTH JIA3€PHOT0 M3Iy4YeHUs 3 BT M CKOpOCTH W3BJIEYEHUS
ceeroBoga 0.5 mm/C. Ilpu wHCONB30BaHUM UEABHOM KPOBH AHATIOTUYHBIC
MOBPEXIEHUS XapaKTepHbI I MOIIHOCTH Ja3epHOro wusiayueHus 2.8 BT u
CKOpOCTH u3BJIeueHus ceeroBoaa 0.6 mm/C.

Ha ocHOBe 371€MEHTHOro aHain3a TOpLA CBETOBOJA, BBINOJHEHHOIO IMOCIE
HKCIEPUMEHTOB B (PU3MOJOTUUYECKOM PACTBOPE U LENBbHON KPOBH, CIIEaH BBIBOJ O
BIUSIHUM TOpAYero KapOOHU3MPOBAHHOTO CJOS Ha TOpLE CBETOBOJA Ha
MOBPEXKJIECHNUE BHYTPEHHEH CTEHKU BEHBI.

PaGora BbimosHeHa Tmpu  mojajepkke [OcylnapcTBEHHOTroO — 3alaHust

MunuctepcTBa oOpasoBanus u Hayku PO (ITpoekt Ne 3.384.2014/K).
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OIITUMM3ALIMS YCJIOBUI ®OPMHUPOBAHMS
KBA3MMOHOKPUCTAJIIMYECKNX KAHAJIOB
B IAHTAHOBOPOI'EPMAHATHOM CTEKIIE JIASEPHBIM ITYYKOM

T.0. JlunateeBa, A.C. Jlunarses, C.B. Jlorapes, B.H. Curaes
Meswcoynapoonbvlil yenmp 1a3epHbvlx MmexHoI02Ull
PXTY um [ U. Menoeneesa, Mockesa
E-mail: t.lipatieva@yandex.ru

DopMUpPOBaHUE MPOTSHKEHHBIX KBa3MMOHOKPHUCTAUNIMYECKUX KaHAJIOB B
00bEeMe CTEKOJ C TMOMOIIbI0 (DEMTOCEKYHIHBIX JIa3€pPOB SBISACTCS OJHHUM M3
aKTyaJbHBIX HaIllpaBJICHUM MCCIIEAOBAaHUM, CBSI3aHHBIX C Pa3paO0TKONM aKTHBHBIX
AJIEMEHTOB MHTErpajibHOM ONTHKU. B paMkax 5TOro HampaBJICHUS BEIETCS
MIOMCK HOBBIX COCTaBOB CTEKOJ M PEKHUMOB MOJIU(DHUIIMPOBAHUS UX CBOMCTB,
MO3BOJIAIONIUX TOJy4YaTh B CTEKJIaX c(OpMHUpPOBAHHBIE a3epoM Oe3nedeKTHBIC
BOJTHOBOJHBIE KaHAJIbI, B TOM YHCJIE KPUCTAJUTMUYECKHUE.

B  nmanHoii paboTre TpOBENEH TOUCK  ONTUMAJIBHBIX  YCIIOBUM
dbopmupoBaHUs KBa3MMOHOKPHUCTATTMYECKUX JTMHUAN B
JAHTAaHOOOpPOrEepPMAHATHBIX  CTEKJIaX BOJIM3M COCTaBa CETHETORJICKTPUKA
LaBGeOs mon aeiicTBueM (HEeMTOCEKYHIHBIX Ja3ePHBIX WMITYJIHCOB C JJTHHOM
BoJHBI 1030 M, murenbHOCTHIO 10 340 (¢ B MIMPOKOM AMANA30HE YACTOTHI
ciepoBanus  (5-500 kI'm) w osHeprum wumnyiabcoB (0,1-110  mx/[x).
Y CTaHOBJIEHO, YTO ONTHMajbHasi CKOPOCTb IEPEMEIICHUs JIa3epHOIro IyyKa
OTHOCHTENIFHO oOpasiia JIeKUT B uHTepBajie oT 20 g0 50 MKM/C U HaXOJHUTCS B
MPSMOl  3aBUCUMOCTH OT DHEPIrMM HMMITYJibCa — C TIOBBIIICHUEM DJHEPIUU
MMIYyJIbCa Jaszepa IS TOJIYyYEeHHUsS KBa3UMOHOKPUCTAIUIMYECKON CTPYKTYpPhI
HEOOXOJMMO IIOBBIIIATH 3Ty CKOPOCTh. B 3TOM ciydae HENpPEpBIBHBIM POCT

OJHOPOJHOW OPUEHTUPOBAHHOM KPUCTALUIMYECKOW CTPYKTYphl — BIOJIb
HAMpaBJICHUs] CKAHUPOBAaHMS JiazepoM. l[lokazaHO, YTO SHEPrUs HMMITYJIbCA
JIA3EPHOTO Iy4Ka, KOTOpas o0ecreunBaeT dbopmupoBaHue

KBa3MMOHOKPUCTAUIMYECKON JIMHUU, JISKUT B nipenenax ot 0,3 go 38,8 Mk [x.
CHIWKEHUE DHEPrud UMITyJbCa TMO3BOJSET 3HAYUTEIBHO  YMEHBIIUTH
KOJIMYECTBO TPEUIMH U YAY4YIIUTh MOpOPUiIb KPUCTALIUYECKOU JIMHHM.
JloOUThCS CYIIECTBEHHOTO CHIDKCHHSI DHEPTUM HMMITYJIbCa MOXHO, YBEIUYHBas
YacTOTYy CJEJOBAaHUSI MUMIYJbCOB. Tak, MpH 4YacTOTE CJIEAOBaHUS HMITYJIbCOB
300 x['m »HEeprus ummylbca MOXKeT ObITh cHWKeHa n0 0,5 MxJ[x. ['myOuna
(OKYCUPOBKH ITy4YKa OTHOCHUTEIHHO TOBEPXHOCTH CTEKJIA TAK)KE CYIIECTBEHHO
BIUSICT HA MPOGUIh KPUCTAIUIMYECKON JIMHUK: TIPU €€ yBeaudeHuu cBbie 100
MKM HaOJIOJAaeTCsl 3HAYMTENIBHOE BBHITATHBaHUE Mpoduias u o00pa3oBaHHE
MPOTSHKEHHBIX TPEIINH B CTPYKTYpPE KpHUCTaJIa.

PabGora BbeImoOnHEHAa mpH mnoajuep:kke MuHucTepcTBa 00pa3oBaHUS H
Hayku PO (rpant 14.250.31.0009) u Poccuiickoro ¢onaa ¢pyHaaMeHTaTIbHBIX
uccienoanmii (rpantsl 14-03-00931 u 13-03-01018).
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JIOKAJIBHA A KPUCTAJUIN3ALINA
JINTUEBOHNUOBUEBOCUIIMKATHOI'O CTEKJIA U3JIYHEHUEM
OEMTOCEKYHIHOTI'O JIASEPA
JM. llieBsikuna, C.B. Jlorapes, T.O. JlunateeBa, B.H. Curaes
Medsicoynapoonuwiti yenmp nazepuvix mexnonocuil, Poccutickuilt Xumuko-
mexuonocudeckuil ynugepcumem um. /|.1. Menoeneesa, Mockea
E-mail: shevyakinadarya@bk.ru

B nocnennee BpeMsi ycCWIMBaeTcCsi TEHICHLMS K MHUHUATIOPU3AIUU
Pa3IMYHBIX YCTPOMCTB OMNTOSJICKTPOHWKH, HMHTETPAIBHOM W BOJIOKOHHOM
OINITUKH, YTO BJICUET 32 COOON MOTPEOHOCTh CO3/IaHMUsI HOBBIX (DYHKIIMOHAIBHBIX
MaTepUalioB. OJTO BBI3BAJIO AKTUBHOE pPA3BUTHE METOAOB JIOKAJBHOU H
HaIlpaBJICHHOW KPHUCTAIUIM3ALMK CTEKJIa, B TOM YHCIE MOAHPUIMPOBAHHE
CTPYKTYpbl CT€KJa Ty4KOM (PEMTOCEKYHJIHBIX JIa3€pOB C BBIJEICHUEM
KPHUCTAJUIOB C OCOOBIMH CBOMCTBaMU (CIEKTPAIbHO-TIOMUHECIIEHTHBIMU, MTHPO-
U TBE302JIEKTPUUECKUMHU, HEIMHEHHO-ONTUYECKUMU U T1p.). JlaHHBIN crocob
Hapsy C JIOKaJbHbIM W3MEHEHHUEM IIOKa3aTelsl MPEJIOMIICHUS TO3BOJIAET
MOJIy4aTh TPEXMEPHBIE KPUCTATUIMYECKUE CTPYKTYPhI B 00beME CTEKOI.

Opnum u3 Hanbosee MEePCHEKTUBHBIX KPUCTALIOB Il (POPMUPOBAHUS
CTPYKTYp CIOKHOW apXUTEKTYphl sBIseTCs cerHetodiekTpuk LiNbO3 c
BBICOKOM ONTHUYECKON HEJIMHEHHOCThIO. B manHOM paboTe oKaIbHOM Ja3epHOit
00paboTKe TMOABEPrHYTO JIMTUEBOHUOOMEBOCHJIMKATHOE CTEKJIO COCTaBa
32,5L1,0-27,5Nb,05-40Si0, (M011.%). PaHee a1t 3TOro CTeKi1a HCCISA0BATUCE
yCoBUSL (POPMHUPOBAHUST KPUCTALTNUYECKOU (a3l PEMTOCEKYHIHBIM JIa3€PHBIM
u3JIlydeHueM, ydactota kotoporo coctaBisia 200 kl'm [1], a B pabore [2]
npoJaeMoHCTpupoBaHa kpuctammuzanus LiNbO; B crekiie OJIM3KOro cocraBa
IPH YacToTax ciemoBanus ummyiabcoB 200—500 kI [2].

B HacTosimieM HCCIIEIOBAaHUM  BIIEPBBIE ITIOKa3aHAa BO3MOXKHOCTh
oOpa3oBaHUsI KPUCTAUIOB HUOOATa JIUTUA TOJA JACHCTBUEM (PEMTOCEKYHIHOTO
My4yka ¢ 4acToTou ciemoBaHus uMmyJsibcoB 100 kI’ u MeHee U onpeaeiaeHbl
COOTBETCTBYIOIIUE  PEXHMBI  oOmyueHus. B pabore  wucmoib30BayCs
(beMTOCeKyHIHBIN pereHepaTuBHBIN JIa3EpHBIN YCUJIUTEIIb TETA,
TeHEPUPYIOMINI UMITYJIbCHI JIUTENbHOCTEI0 290 dc ¢ sneprueit g0 120 mx]Ix
Ha jiuuHe BoaHbl 1030 HM. HccnenoBaH MIMPOKHMM JHMAana3oH PEKHUMOB
00JTy4eHUsI CTEKJIa ABMKYIITUMCS JIA3€PHBIM ITYyYKOM: SHEPIHsSl B UMITYJIbCE OT 2
no 12 mx]lx, ckopocth ckanupoBanHus oT 1 1o 300 mxm/c. JIjisi 4acTOTHI
cinenoBanuss umnysibcoB 100 kI': mMakcuMmanbHas CKOPOCTh CKaHUPOBAHUS
JA3epHBIM IYYKOM, TO3BOJIsAIONIAs (OPMUPOBATH CIUIOIIHBIE KaHAbl U3
HUOOAaTa JUTUS B CTEKJIE BBIOpaHHOrO cocTaBa, coctaBuia 10 Mkm/c mpu
sHeprun umnyibsca 2 MKk u 100 mxM/c ipu sHeprum ummyiabsca 4—6 MkJx.
OobpazoBanue  Qa3pl  LiNbOz.monTBepxkaeHo  JaHHBIMEH — KOH(OKAIBHOM
cnektpockonuu KP. PabGorta BbimonmHeHa mnpu mnoaaepxke MuHucTepcTBa
obOpazoBanus u Hayku P® (rpant Nel4.7250.31.0009) u PODU (rpantsr 14-03-
00931 u 13-03-01018).

1. YuB.etal. JOSA B, 21(1), 83-87 (2004).

2. He X. etal. JOSA B, 31(2), 376-381 (2014).
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OOPMUNPOBAHUE JIBYJIYUEIIPEJIOMJIEHUA
B MHOI"'OKOMIIOHEHTHbLIX CTEKJIAX ®PEMTOCEKYH/IHbIMHA
JIASEPHBIMU UMITYJIbCAMU

C.C. ®esoros’, A.C. JIumatses', C.B. Jlotapes’, M. BGPGCHaZ,
IL.T. KaSaHCKI/Iﬁl'Z, B.H. Curaes’
1MeofcdyHap00an7 yenmp nazepuoix mexuonoeuti PXTY um [ U. Menoeneesa,
Mockea
2Y)Ltueepcumem Caymeemnmona, Caymeemnmon, Beauxoopumanus
E-mail: monteske@mail.ru

SIBreHMsT aHU3OTPOIMHOTO PACCESIHUSI CBETa U JIBYJy4EHpPEIOMIICHUS,
KOTOphI€  BO3HUKAIOT B  KBapIEeBOM  CTEKJIE,  MOJAUPUIUPOBAHHOM
(heMTOCEKYHIHBIMU JIa3€PHBIMU HUMIMYJIbCAMHU, B MOCJIEAHUE TOAbl MPUBJICKIN
OoJbIIOC BHHMAHWE MCCICIOBaTeiIceH. bBbpUIo IMOKa3aHo, YTO OTH SIBICHUS
CBs3aHbl ¢ (opMuUpoBaHMEM Tak Ha3biBaeMbIX HaHopemeTok [l1]. Takue
MEPUOANYECKHE HAHOCTPYKTYPBI YK€ NMPUMEHSIOTCSA JUIsl CO3JaHUSI YCTPOMCTB
MUKPOTUJIPOJINHAMUKHN, KOHBEPTOPOB TMOJSPU3ALMNMU JIA3€PHOTO H3IYUYCHHS.
[IponeMoHCTpHpOBaHa BO3MOXKHOCTH CO3J]aHUSI MHOTOYPOBHEBOM OO0BEMHOM
ONTUYECKON MaMsITH Ha UX OcHOBE [2]. K HacTosimieMy MOMEHTY HAaHOPEIIETKH
OBLIIM TTOJIyYEeHBI, IOMUMO KBapIIEBOTO CTEKJIa, B MHOTOKOMITOHEHTHBIX CTEKJIaxX
mapok ULE (Corning), Borofloat 33 (Schott) [3], a Takke B cTekiioo0pazHoOM
GeO;, [4].

B Hamed — pabore NPEANPUHATA  IONBITKA chopMHpPOBAThH
JBYJTydeTnpesioMIIeHHE, 3aBUCSIIEe OT Noyisipu3auu (PeMTOCEKYHIHOTO My4Ka, B
psiie MHOTOKOMIIOHEHTHBIX CTEKOJ, B TOM YHUCJIE 3a MpeleliaMi CUITUKATHOM
CTEKJIOOOpa3ytomied cuctembl. Jlas 2TOM 1[EeNIM  HUCMOJb30BaJIMCh  JBa
dbeMTOoCeKyHIHBIX pereHepaTuBHbIX ycunutens: Pharos (340 dc, 1030 HwM,
sHeprus ummnyJiibca 10 400 Mk ]Ik, yactoTa ciegoBanusi UMIysnbCoB 10 S00 kI'1)
u TETA (290 d¢dc, 1030 vm, sHeprusi ummynbca a0 120 mxJlx, yactora
cinenoBanus 10 100 x['m). UccnenoBanust MoauHUIIMpOBaHHBIX STUMH Jla3epaMu
CTEKOJ C  TIOMOIIBKD  CHUCTEMBbI  KOJIMYECTBEHHOIO  MHKpOaHaIu3a

JBYJIYYEIPEIOMIICHUS Abrio Microbirefringence BIIEPBbIE
IPOAEMOHCTPUPOBAIA BO3ZMOKHOCTh MOJyUYEHUS MOJIIPU3ALMOHHO-3aBUCUMOI0
JBYJTy4EIPeIOMIICHHUS B IEJTIOYHOCHIINKATHBIX, HATpUEBOOOPATHBIX,

HATPUEBOATIOMOOOPATHBIX U CTPOHIIMEBOOOPATHBIX CTEKIaX, a TakXke B
NpOMBIIUIEHHOM — OecmieniounoM  crekiie  AF32  (Schott). VYcranoBnens
JIMara30Hbl COCTABOB CTEKOJ M PEKHMMOB JIA3EPHOTO OOIY4YEeHHS, I KOTOPOTO
peanusyeTcst JaHHbINA AP DEKT.

Pabora BeimonHeHa npu noaaepkke MuHHCTEpcTBa 00pa3oBaHusl U HAyKU
P® (rpanT Nel14.750.31.0009).

1. Shimotsuma Y. et al., Phys. Rev. Lett., 91, 247405 (2003)
2. Zhang J. et al., Phys. Rev. Lett., 112, 33901 (2014)

3. Richter S. et al., Opt. Mat. Ex., 3, 189607 (2013)

4. Zhang F. et al., J. Opt. Soc. Am. B, 31, 860 — 864 (2014)
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®OTOUHAYLIUPYEMBIE [TIEPUOJIUYECKUE CTPYKTYPBI U X
XAPAKTEPUCTUKU B KPUCTAJUIAX CaF,-LuFs;, AKTUBUPOBAHHbBIX
NOHAMU Ce** u Yb**

H.®. Paxumog, A.W. JIro6umos, A.C. Huzamytaunos, B.B. Cemariko
Kaszanckuii (Ilpusonxcckuil) ghedepanvhsiii ynusepcumem, Kazano
E-mail: niyaz@mail.ru

B Hacrosiee Bpemsi BEAETCS aKTUBHOE HCCIEIOBAaHUE MATEPHUAIIOB, B
o0beMe KOTOPBIX MOXHO ObUI0 OBl  CO3/aBaTh  IMPOCTPAHCTBEHHBIC
MEePUOANYECKUE HEOJHOPOJHOCTH ONTUYECKUX XapaKTepUCTHUK (IOKa3aTellb
npeaoMIIeHUs, KO3(P(QUIIMEHT TMOIJOMIEeHHs) Uil LeJied peanu3alud Ha HX
ocHOoBe (HOTOHHBIX KpuctauioB [1,2,3]. Takke BeayTcsi MOUCKH METOAUK
CO3/IaHUsI TIEPUOJNYECKUX CTPYKTYp Ha OCHOBE IIEHTPOB Okpacku. B pabote [4]
B kpuctaiie LiF Obuid co31anbl NepUonYecKue CTPYKTYPhI € EpUoIoM 1 MKM
3a cYeT 00eCIIBEYMBAHUS IIEHTPOB OKPACKH, MPEIBAPUTEIHLHO HABEJICHHBIX B
KpuctauinueckoMm wmarepuaine. CylecTBEHHBIM SIBJISIETCS TO, 4YTO ceidac
NEPUOJIMYECKUE CTPYKTYPHl H3TOTOBJISIOT TOCPEJICTBOM TpPAaBJICHUS OO
HaBeJleHHUa JedeKTOoB B MaTepuanax KecTKuM Y D-u3nydyeHuem WiH
AIEKTPOHHBIMU Iy4YKaMH, T.€ OHM SBISIIOTCA CTallMOHapHbIMHU. [Ipu 3TOM
CI€AyeT OTMETUTh, YTO CYIIECTBYIOT KOPOTKOKHMBYIIHME UEHTPHl OKPACKH,
BPEMSI JKU3HH KOTOPBIX MOKET IIPHHUMATH 3HaueHws mopsiaka 107 ¢ [5].

[TepcrieKTUBHBIM TMPECTABIISIETCS CO3J]aHWE MAaTEpPUAJIOB, ONTUYECKUMHU
CBOMCTBAMU KOTOPBIX MOKHO OBbUIO OBl YIpPaBisATh C IOMOIIBIO BHEITHErO
Ja3epHOTO M3JIY4YEHUs 3a CUeT YNPaBIEHUS PABHOBECUEM JUHAMUYECKUX
MPOLIECCOB B HUX MPHU HaKauke Y O-U3TydeHUEM.

B Hacrtosmieit pabote 00CYXKIarOTCsS pe3yJibTaThl AKCHEPUMEHTOB IO
CO3JIJaHUI0 TEPUOJIUUYECKUX HEOJHOPOJAHOCTEH KOI(p(DUIIMEHTAa TOTJIONICHUS
[IEHTPOB OKpacKh U KOA(P(UIIMEHTA YCUJICHUS B CMEIIAHHBIX KPUCTALIAX CO
crpykTypoit duooputa CaF,-LUF;, axtuBupoBanubix noxamu Ce®* u Yb*.
[lepuonuueckne  HEOMHOPOAHOCTH  OBUIM  CO3JaHBI  C  TIOMOIIBIO
UHTEPPEPOMETPUICCKAX  METOJIOB C HCIIOJB30BAaHUEM W3JIy4CHHUS  4-if
rapmonuku jaszepa Nd:YAG ¢ mmmHo# korepentHoctH 20 cM. IlpencraBieHsl
pe3yabTaThl HMCCIEIOBAHUM XAPAKTEPUCTUK TMOJYYEHHBIX MEPUOJIUYECKUX
CTPYKTYp, @ WMMEHHO TJIyOWMHA MOMYJSIMW, BPEMS >KU3HHU MEPUOIMYECKOU
CTPYKTYPBHI, CIEKTPAIbHBIC XapaKTECPUCTUKH.

1. L. Lu, A. Mock, M. Bagheri, J.-R. Cao, et al., IEEE Photonics
Technology Letters 17, (2009).

2. P.Barclay, K.-M. Fu, C. Santori, et al., OPTICS EXPRESS 12, 9588-
9601 (2009).

3. Y. Tanaka, J. Upham, T. Nagashima, et al., Nature materials 6, 862-
866 (2007).

4. F. Bonfigli, et. al., Applied Optics 31, 38-43 (2009).

5. V. V. Semashko, A. K. Naumov, A. S. Nizamutdinov, et al., SPIE

Proc 5402, 421-429 (2004).
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CITIEKTPAJIBHO-JTFOMUHECLEHTHBIE U TEHEPALIMOHHBIE
CBOVCTBA KPUCTAJIJIOB ZrO,-Y,05-Er,0

AA. .HSII'[I/IHl, E.E. .HOMOHOBaZ, I1.A. P;160qKHHa1, H.B. CPI,Z[OpOBal,
A.H.Yabymkum"
' Hayuonanshuiii uccnedosamenscruii Mopdosckuii 20cyoapcmeenHblil
yuusepcumem um. H.I1. Ocapésa, Capanck
2P[Hcmumym ooweut puzuxu um. A.M. Ilpoxoposa PAH, Mockea
E-mail: chabuschkin@mail.ru

Kpucrammpl  cTaOMIM3UPOBAHHOTO UTTPUEM  JHOKCHAA ITHUPKOHWSI,
AKTUBHPOBAHHBIE PEAKO3EMEIbHBIMU HOHAMH, TPEJACTABISIOT WHTEpPEC IS
JIA3€POB C MOJYTPOBOJHUKOBON HAKAUYKOMU.

B Hacrosimieil paboTe NpencTaBlICHbl pE3yJbTaThl HCCIEIOBAHMIA
CIEKTPATbHO-TIOMUHECIICHTHBIX XapaKTepUCTUK kpuctauioB Zr0,—13.4 mon.%
Y,03-0.6 m011.% Er,0s.

[Toy4yeHbl ClieKTpaIbHbIC 3aBUCUMOCTH CEUEHUM IOTJIONMICHUS Tepexoia
15— 11372, TFOMUHECTICHIIH BBIHY>KJICHHOTO MEpexoia 43— 15/ MOHOB Ertt
B kpuctamiax Zr0O,-13.4 mon.% Y,03;-0.6 mon.% Er,0;. Ucnons3ys nanHbie
3aBUCHMOCTH, JUII 3TUX KPHCTAVIOB IOJy4YeHa CIHEKTpaJibHas 3aBUCHMOCTH
CEUYCHHUS YCUIICHUS JTA3EPHOTO MEPEX01a 4I13/2—>4I15/2 wouos Er** MIPU PA3JTUYHBIX
3HAYCHUSX MapaMeTpa OTHOCUTEILHON MHBEPCHOM HACEIICHHOCTH.

B xpucrammax ZrO,-134 wmon.% Y,0:-0.6 wmon% Er,0O; mnpwm
BO30YXXJIEHUM Ha YpPOBEHb 4I15/2 wonos Er’* oOHapyXeHa aHTUCTOKCOBA
JIFOMUHECLEHIIUS C YPOBHEN 483/2 u 4F9/2 nonoB Er¥*. VccnenoBansl MexaHu3Mbl
BO3HHUKHOBCHUS 3TOM JIIOMHUHECIICHIIHM.

[IpencraBieHbl pe3ynbTaThl TEHEPAITMOHHOTO SKCIIEPUMEHTA Ha TIEPEXO/IC
4I13/2—>4I15/2 wonos Er’ MpY HaKayKe Ha YPOBEHb 4I13/2 kpuctamoB ZrO,—13.4
M011.%Y,03-0.6 M071.% Er,O3 BOJIOKOHHBIM JIa3€pOM C JUIMHOW BOJIHBI 532 HM.

PaGora BbImonHeHa mnpu Tomaaepkke [ocymapcTBeHHOro 3amaHus

MununcrepcTBa oopazoBanus U Hayku PO (ITpoekt Ne 3.384.2014/K).

155


mailto:chabuschkin@mail.ru

Y ®-JIA3EPKI VJIbTPAKOPOTKHX UMITYJILCOB HA OCHOBE
KPUCTAJUJIOB Ce**:LiCaAlFs u Ce**:LiLuYF,

O.P. Axtamos, B.B. Cemamiko, A.C. Huzamytnuaos, M.A. Mapucos
Kazanckuii gpeoepanvuviii ynusepcumem, Kazanwo, Poccus
E-mail: akhtyamovo@mail.ru

Baxknoit mpoOiieMoii KBAaHTOBOM SJIEKTPOHMKH SBJISCTCS TeHEpalus
yIBTPAKOPOTKUX JazepHbix umiyibcoB (YKU) B Y®d-nuanasone crekrpa.
CeMelCTBO 1IepUii-aKTUBUPOBAHHBIX KPHUCTANIOB OTKPHIBAET BO3MO>KHOCTH
co3nanust YD TBEpIOTEIBHBIX JIA3€POB C MEPECTPOUKOI 1O JyirHe BOJHEI [1]. B
JnaHHOU pabore coobmiaercs o reHepanuu YKU B Y®-auanazone crekTpa ¢
WCMOJIb30BAaHMEM AaKTHUBHBIX CpEl Ha OCHOBE KPHUCTAUIOB KOJKBUPHUHTA
Ce*:LiCaAlFg n cmemanusix kpuctamios Ce’":LiLUYF, co crpykTypoit
1IeeauTa, HaKauyMBaeMbIX Ha JJIMHAaX BOJH 266 HM U 300 HM, COOTBETCTBEHHO
[2]. OkciepuMeHTANIbHBIE PE3YIbTAThl IPEACTABIICHBI HA PUC. 1.
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Puc.1. BpemenHoe pacnpe/ie/icHie HHTEHCHBHOCTH UMITYJTbCOB T€HEPAIHH JIa3ePOB Ha
ocrose kpucramios Ce>*:LiCaAlFg (a) u Ce**:LiLuYF, (b)

AxrtuBHas cpena Ce®':LiCaAlFg momermamach B CIOXHBIH pPe30oHATO,
COCTOSIIIINI U3 KOPOTKOTO HU3KOJIOOPOTHOIO U JIJTMHHOT'O PE30HATOPOB, KaK 3TO
ObUTO ciaenaHo paHee, Hanmpumep, B [2]. KopoTkuii pe3oHaTop obecrieuuBal
reHepanuio Y@ J1a3epHOro M3JIy4eHUsi B MHUYKOBOM PEXHUME, B TO BpPEMs Kak
JUTMHHBIA PE30HATOP BBIJAEISIT MEPBBIM U3 MUYKOB U OO0ECredYrBal PEXUM €ro
pereHepaTuBHOTO ycwieHHs. B pesynbrare Obuta JOCTUTHYTa CTaOWMIIbHAS
reHepanus nocuegoBarenbHoctd Y KU qnurensHocthio 800 mc, neproioM 4 He.

Takke 00CyXmaeTcss BO3MOXKHOCTb MOJYJIAIMH BHYTPHPE30HATOPHBIX
MOTePb, UCTIOIL3YST (POTOAMHAMUYECKUE MPOIIECChl. Tak MHAYIHUPOBaHHBIE YD
HAaKauKOW TIOTEpU B AaKTUBHOW Cpele MOTyT OBITh WCIOJIb30BAHBI IS
YKOPOUEHHUSI UMIMYJbCOB TeHeparuu. s 3Toro ObLIM BBIOpAHBI KPUCTAJLUIbI
ceMencTBa Ce3+:LiLuYF4, TaK KakKk B HHUX JIOCTaTOYHO CHWJIBHO BBIPAXKEHO
dbopmupoBaHue 1eHTpoB okpacku [3]. CooOiiaercss o reHepanuu OJUHOYHOTO
YKU pnurensHocthio 300 1ic B pezonarope ®adpu-Ilepo Ha ocHOBe KpucTaia
Ce*:LiLuYF, (puc.1b). OGCYXITafOTCS MEpCIeKTHUBBl yKOpodeHHus Y@
Ja3€pHBIX UMITYJIbCOB U co31aHus HOBbIX Y KU TBepnorenbHbix Y na3epos.

1. N. Sarukura, Z. Liu, M.A. Dubinski et al., IEEE J. STQE, 1, 792 (1995).

2. N. Sarukura, Z. Liu, S. lIzumida et al., J. Appl. Opt., 37, 6446 (1998).

3. O.R. Akhtyamov, A.S. Nizamutdinov, V.V. Semashko et al., Proc. SPIE,
7994, 799401 (2011).
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MUKPO- 1 HAHOKPUCTAJUJIM3ALIMA B PACITVIABAX YAI;(BO3),
1 GdAI;(BO,),

JLLA. HaHDaCHI/IKOBl, B.B. ManbueBl, H.1. HCOHIOKl, K.H. F0p6aqu512
1Raqbeapa KpUCMAnnio2paguu u KpUCmMauloXumuu, 2e0102U4ecKutl paxkyivmen,
MI'Y um. M.B. Jlomornocosa, Mockea;
2Bejzopyccmn? HAYUOHAIbHBIU MexXHuuecKul yHueepcumem, Munck

E-mail: dante88152247711@mail.ru

N3yyeHne O0COOEHHOCTEN MHUKpPO- M HAHOKPUCTAUIM3ALHUUA B BSI3KUX
pacruiaBax OOpaTOB akTyaJdbHO JMJIA CO3JAaHHS CPaBHUTEIBHO HEIOPOTUX
ONTHUYECKUX CTEKJIOKPUCTAIUIMYECKUX MaTepUAIOB — JJIEMEHTHOW 0a3bl
KOMMAaKTHBIX Jia3epHbIX cucrem [1,2]. B mnpennmaraemMoM  cooOleHUH
00CyX/1aeTCsl CHHTE3 CTEKJIOKPUCTAIUIMYECKUX KOMIIO3UTOB HAa OCHOBE
YAI3(BO3)s (YAB) u GdAI3(BO3)s (GAAB) ¢ pa3nuuHbIME BapUaIldsaMu
cocTaBa M TeMIIepaTypHBIX ycioBuil. [lpu OXJIaKJeHUU COOTBETCTBYIOIIMX
3TUM (opMysaM paciuiaBoB (GOpMUPYETCS HENpo3payHasi CTEKJIOKepaMuKa
(rmazypp), a mnpu 100%-HOM u30bITKE B HHUX OOPHOrO aHTUApPHIIA U
MIPOJIOJKUATEIBLHOM BBIJIEPKKE MPU MAKCUMAJIBLHOM TeMIiepaType (ONTUMaIbHOM
1250 u 1350°C g GAAB u YAB COOTBETCTBEHHO) MaTepHaj CTAaHOBHICS
IPO3PAYHBIM.

Jlst monmydeHHBIX 00pa3IoB XapaKTepHO ABa Buja peHTreHorpamm: (1)
aMOp(HBIX BEIIECTB, 0€3 YETKUX MUKOB W (2) C BBIICICHUEM HHTECHCHUBHBIX
OTPaKECHUM, CBUIETEIHCTBYIONIUX O MPUCYTCTBUHM KPUCTAIIMYECKOU (a3bl B
CTEKJIOBUJIHOW MaTpuile. YacTb MX COBIAJaeT MNpU HAJOXXEHUU C THUKaMU
“sranoHHBIX” peHTrenorpamm kpucramios GAAB u YAB.

Ha  snexrpoHHOMUKpOCKONMYECKMX  cHUMKax  YAB-coaepxammx
riiazypei HaONoAatoTCs MOJ0CTH, BO3MOXKHO, CBA3aHHBIE C YIAJICHUEM JETYUUX
KOMIIOHEHTOB MpU KpucTaun3auuu. COriacHO MHUKPO30HAOBOMY aHalu3y, B
CTEKJISTHHOM MaTpHIIE 3a4acTyI0 MPOCMATPUBAIOTCS OTIMYAIOIIUECS MO COCTaBY
YY4aCTKH, YTO TaKKe€ MOXKET CBHJETEILCTBOBATH O (POPMUPOBAHWUU B HEM
HAHOPAa3MEPHBIX  KpUCTAUIUTOB. B mpo3paunbix  GAAB-kommosurax
(UKCUPYIOTCS UTOJbYaThie MUKPOKPUCTALIBI, B TO BpeMs Kak B TJa3ypH
OOHapy’>KeHO JIBa WX TWIMA - Y/UIMHCHHBbIC (10 HECKOJBKUX MHKPOH), C
OTHOIIEHUEM [IMHBI K mupuHe ~10/1, U wmauoMopdHbIe TpU3IMATHYECKHE
WHIUBU/IBI.

MeTtonoM 00beMHON PEHTT€HOBCKOW ToMorpaduu B BHIOPAHHOM 00beMe
(1MM%) CTEKIITHHON MaTpPHII YCTAHOBICHO, YTO COACPIKAHIE KPHCTATTHYCCKOl
da3wl B Hel gocturaet 32.5%, B TO BpeMs Kak MojiocTu cocTaBiistoT 0.35%.

[Tomy4yeHsl CEKTPhI MOTJIOMIEHUS] CTEKIOKPUCTAIUTMUYECKUX KOMIIO3UTOB
Ha ocHoBe Er,Yb:YAB, cdopMa koTOpbhIX cxo0ka co crekTpamu (ocdaTHbIX
CTEKOJI.

1. G. Karlsson, et al., Appl. Phys., B 75, 41 (2002)
2. K.N. Gorbachenya, et al., Optics Letters, 38(14), 2446 (2013)
3. N.I. Leonyuk, J. Crystal Growth, 174(1-4), 301 (1997)
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METOAMKA OLIEHKHU INIOTHOCTU MOITHOCTU JIASEPHOI'O
N3JIIYUYEHUA, [TAJJAIOLIEI'O HA OBPA3IIbI ITPU ITPOBEAEH1N
JIASEPHO-CIIEKTPOCKOIIMYECKNX SKCITEPUMEHTOB

b.H. Kazakos, O.I'. I'opues, B.B. Cemaiiiko
Kaszancxuii gpedepanvruiii ynusepcumem, Kazanw
E-mail: bor300@yandex.ru

OneHka MIOTHOCTH MOIIHOCTH JIa3€PHOIO M3IY4YEHUs, MaJarolero Ha
KpUCTAJI, HeoOXogumMa B  TMOJABISIONIEM  OOJIBIIMHCTBE  JIa3€pPHO-
CHEKTPOCKOMMYECKUX IKCIIEPUMEHTOB U MIPOBEJCHUN TECTOB, HAIIPABIICHHBIX Ha
UCCJIEIOBAHUE XapaKTEPUCTHK Ja3epHol reHepauuu. [Ipm 3TOM OCHOBHOM
TPYJIHOCTBIO ISl TAKUX OIICHOK SIBIIAETCS M3MEPEHUE IUIOMAAN TOMEePEeYHOro
CEUCHMS JIA3epHOTO JIyda HEIMOCPEICTBEHHO Ha TOBEPXHOCTU OOpa3IioB.
TpaguiMOHHO CcedeHHe IMy4Ka HaumboJiee TMPOCTO OMpENeNsIeTCs IyTeM
pEerucTpalui paMepa paJuallMOHHBIX MOBPEXKICHUN Kakoro-iudo maTepualia
(boToOymara, kommpoBaibHass Oymara W Ip.), a TaKKe IO pa3MepaM ero
M300paKEeHUS HA dKpaHe WK JTIOMUHOGOpPE, HAOII01aeMOro BU3yaibHO, JIHOO0 ¢
npuMeHeHneM kamep [1]. OmHako, HACKOJIBKO HaM HM3BECTHO, HE CYIIECTBYET
CEepUNHBIX MPUOOPOB JJIsI U3MEPEHUSI PacHpeesICHUs] MHTEHCUBHOCTU ITy4YKa
BO30YXKJIEHUSI HEMOCPEACTBEHHO HA MCCIEAYEeMbIX OOBEKTaX B TMEPETIKKE
dbokycHupyrole ONTUKH, a HUMEIIIMECS Ha pPBIHKE TPUOOPHI TMO3BOJISIOT
OIICHUBATh JIMIIb XAPAKTEPUCTHUKHU ITYYKOB Jia3epa, PacCHpOCTPAHSIOMIUXCS B
CBOOOJIHOM MPOCTPAHCTBE, MO KOTOPHIM IO HM3BECTHHIM (opMysiaM ONTHKU
rayCCOBBIX IMYYKOB PACCUMTHIBAIOTCS TOBEPXHOCTHAS TJIOTHOCTH MOIIHOCTH
u3nydeHusi. ECTECTBEHHO, YTO TOYHOCTh TAaKUX PacC4€TOB OOBIYHO OCTABIISET
KenaTh JY4IIero, 4To HEeU30€KHO OO0yClIaBIMBAEeT OIIMOKH MOCIEAYIOIUX
OIICHOK IapaMeTPOB TMPOIIECCOB, OMPEACISAIOMNX 3acelieHne BO30YKICHHBIX
COCTOSIHUM B HCCIIEyeMbIX 00pa3IoB.

B macrosmeidt pabore mpenacTaBieHa  METOAMKA,  ITO3BOJISIOIIAS
UCCIIEIOBATh PacipeaeieHue HHTEHCUBHOCTH (MOIIHOCTH) JIA3€PHOTO Iy4yKa B
00JIaCTH €ro MepeTsHKKM Ha TMOBEPXHOCTU KpHCTAJIM4eckoro odpasma. s
TOTO HAaMU MpeJjiaraercss HCIOJIb30BaTh JIIOMHHECIEHIIMIO KpHUCTaIa,
npoerupys ee mzobpaxkenue Ha 1ockocTh I[13C-matpunbl. i peanuzanuu
9TOM HMJeH MBI IPUMEHWIN U3MEPUTEIbHBIA MuKpockon MITB-2 (24-x kpaTtHOE
yBEJIMYEHHE, pabouee pacCTOSTHUE MEXAY OOBEKTUBOM U OOBEKTOM ~6 CM, IIeHa
nenenus mkaisl — 0,05 mM) u BeO-xkamepy Logitech HD Webcam C525. [Ins
OCYILECTBJICHUSI M3MEPEHUA  MHUKPOCKOIl  HACTPAMBAETCd Ha  PE3KOE
N300paKEeHHE TTepeHEN TOBEPXHOCTH KPUCTAIIA, B KOTOPYIO BXOJIUT JIa3€PHBIM
Jy4.

B xagecTBe MILUTFOCTpAKY METOIMKH TIPUBOIATCS PE3YIbTaThl H3MEPEHUS
MOBEPXHOCTHOM MJIOTHOCTH MOIIHOCTH JIA3€PHOTO M3TYyUYECHUS] Ha MOBEPXHOCTH
kpucramwia LiYbF4Ho® (0.2 Mon.%), B03GY:KIaeMOr0 M3IydeHHEM JIa3ePHOI0
Jroja ¢ JJIMHOW BOJHBI 935 HM (puc.1).
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a p=1,84 kBr/em’ 5F5—> 517

I/IHTCHCI/IBHOCTL, mnp.en.

500 550 600 5 650 700

Pric. 1 Criextp momuHecteHimn kprctamia LiYbF4H0**(0.2%) ABo3= 935uM —a;
MIPOEKIUH pacIipeieIeH s JIOTHOCTH MOIIHOCTHU M3JIy4€HHs 110 MMOBEPXHOCTU KpHCTaia Ha
mwiockocth X (D) u Y(C): mpoekiuu pacripenesieHuss — | ¥ HHTErpaIbHbIE IPOCKITHH
pacnpenenenus — 2; d —dotorpadus usnydenus kpucramia (¢puastp C3C-21)

OO6cyknaeTcsi METOJIMKA aHalu3a U300PaKEHUS CEYSHUS JIA3epHOTO JIydya
B 00JIaCTH €ro MEePeTsHKKM Ha TTOBEPXHOCTH KPHUCTAILIA, 3aPETUCTPUPOBAHHOE B
o0yracTi BO30yK1aeMoi UM 3ejieHoi omuHectiennnu (puc.l a,d). [puBoasites
pe3yNbTaThl PacyeTOB paclpe/iesieHns HMHTEHCUBHOCTH BO30yxkaeHus (puc.l
b,C), a Takke OIEHUBACTCS MOBEPXHOCTHAS IUIOTHOCTh MOIIHOCTH HM3JTyYCHHS
BO3OYXXJIeHHsI Ha oO0pasile B 3aBUCUMOCTH OT CTeleHH (POKYCHPOBKH.
[IponemMoHCTpUpOBaHa aJEKBATHOCTh IOJIyYaeMbIX C TIOMOIIBIO JTaHHOM
METOJMKH PE3yJbTaTOB C pe3yJbTaTaMu HW3MEPEHUN, BBIMOJHEHHBIMA C
UCIIOJIb30BAaHUEM JIPYTUX METOJWK, a TaKXKe JUTEPaTypHBIMU JIaHHBIMHU TIO
HCCIICIOBAHUIO CIIEKTPAIbHO-TIOMUHECIIEHTHBIX XapaKTePUCTUK KPHUCTAJIIOB
LiYbF,:Ho™".

1. I".Xupn, Hzmepenue nazepnvix napamempos. (IKchepumenmaibhvie
MemoObl ONMUYECKOU K8AHMO8ouU dekmpoHnuku), M.: Mup, 1970.
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CIIEKTPAJIbHO-KMHETUYECKUE CBOMCTBA KPUCTAJIJIA
LiYF,:Yb¥ Tm®*

O.I'. T'opues, b.H. Kazakos, C.JI. Kopabnesa, B.B. Cemariko
Kaszancxkuii (Ilpusonscckuu) @edepanvusiii Yuusepcumem
E-mail: goriev.o.g@gmail.com

B coBpeMeHHO# CHEKTPOCKONMHM TBEPAOTENbHBIX JA3€pHBIX Cpel,
aKTUBHPOBAaHHBIX P3-MOHaMHM, CyIIeCTBYET aKkTyajbHas MpoOsieMa MOBBIIICHUS
3¢ (HEeKTUBHOCTH an-KOHBEPCUOHHOM HaKa4yKu BBICOKO JeXKaIIUX
DPHEPreTUYECKUX COCTOSHUU. bnaromaps sddexktuBHOMY mpeoOpa3oBaHUIO
u3iydeHus uHdpakpacHeix JazepHeix auonoB (MK JI/) B Bumgumyro u YO
JFOMUHECHEHIMIO, KPUCTAJUIBI C JBOWMHOM akTtuBamuerd P3 wmoHamu Hanum
IIMPOKOE TNPUMEHEHHWE B LBETHBIX JUCIUIESIX, COJIHEYHBIX Oarapesx,
NK-ungukaropax u T.4.[1,2]. Kpome TOro, BaXHO 3HATh XapaKTEPUCTUKH
NIEPEXOAHBIX  IPOLECCOB,  KOTOPBIE  ONPENEISIIOT  YCTaHOBUBILHKCS
JTUHAMUYECKUA PEXKUM PAOOThI ITHX YCTPOMCTB. [[MUTENBHOCTh MEPEXOHBIX
MPOIIECCOB MOYKHO OIPEIETUTh MO PEaKIMU Ha BHEIIHHUE BO3MYILCHHUS B BHUJE
JI€TIbTa-UMITYJIbCA, €UHUYHOTO CKauKa W MIEPUOANYECKOMN
MOCJEA0BATEIBHOCTH IPSMOYTOJIBHBIX UMITYJIBCOB.

B nanHo#l paboTe mpencTaBieHbl PE3yJbTaThl CIEKTPOCKOMUYECKUX
nccnenoBannii  kpucramia LiYF.YD® Tm® npu  Bo3Gyxaennn nasepHbIM
U3JyYeHHEM HAHOCEKYHJHOTO JMara3oHa [JIMTEIbHOCTEH M HENpPephIBHBIM
uznyyenuem UK JIJT (puc. 1).

—— OPO (355nm) A

—— OPO (465nm) D-F, 6
—— UK JIJ] (976nm) —H,

=465HM
s
|
=

‘opo
/
\ ID”AIH

NHTEeHCUBHOCTB, TIp.€/1.
HNHTEHCUBHOCTB, TIp.€A.

300 400 5007% HM600 700 800 900 300 400 500 A, HM 600 700

Puc. 1. CnekTpbl JIIOMUHECHIEHIIMK HOHOB Tm®* s KpHUcTasie LiYF4:Yb3+,Tm3+:
(a) — Bo30yxnaemsble HenpepblBHbIM n3iydeHueM UK JIJI (Agp=976uM, P;p=1,5BT) n
ONITHYECKUM TapaMeTpuueckuM reHeparopom (OPO);

(6) — mmmyascrHo-nepuonmaecknM (t=1mc, Typ=16,67mc) (1) n HenpepsiBabM (2)
nzinyuenreM UK JIJI. B o6oux caydasx Ajg=976 am, Pyp=1,5BT

HccnenoBanbl 3aBUCUMOCTH CHEKTPOB M KUHETUKH JIFOMUHECLIEHIIUU
voHoB Tm*>" B jamHOM Kpuctajule npu BoszaewictBun usnydenus MK JIJI,
MOJYJINPOBAHHOT'O MIPSIMOYTOJIBHBIMU UMITYJIbCAMHU € IIEpUOIOM [ ;1=16,67MC u
JUIATENBHOCTEIO  t;;,=0.08+15Mc 1o Meronuke, mnpemtoxkeHHoO B [3.,4].
[TokxazaHo, 4yTO, BapbHPYsl INIOTHOCTh MOLTHOCTH BO30YXACHUSA, JJIUTEIBHOCTD U
NEPUOJ CIIET0BAHUS UMIYJIbCOB BO30YK/I€HUS, YAAETCSI CYIIECTBEHHO U3MEHATh
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KaK BHUJ CIEKTPOB al-KOHBEPCHOHHOM JIFOMHHECIIEHIIMH, TAK U BPEMEHHBIE €€
3aBUCUMOCTH (pHuc.2).

OOHapykeHO, YTO NPU UMIYJIBCHOM BO30YyxJeHuu uznydeHuem UK JIJ]
JUIATEIBHOCTBIO {;7=0.1MC KMHETHKA JIIOMUHECLICHIIUA HOHOB Tm*" B o6mactu
nepexoga ‘G,—°Hgs nMeer BHI, MOMOGHBI MHYKOBOMY PEXHMY Ja3ePHOIR
reHepaluy, a Mpu yBEIMUEHUH JJINTEIbHOCTH UMITYJIbca BO30YKICHMS CHadajla
HA0JII0JaeTCsl HEMOHOTOHHOE BO3pPacTaHWE WHTEHCHBHOCTH JIIOMHHECLIEHLIUH,
JOCTUTaroNias MakCUMyMa IpH tjz=2mMc, mociae KOTOpOro OHa UAET Ha CIaf,.
Kpome TOro, B HayaJbHOM CTaAud KHUHETHKU JIIOMUHECUEHLUHUHA IIPH
JUINTENIBHOCTAX HMMITYyJIbcOB B030yxaeHus wusnydenus WK JIJ t;;=3-+13mc
OOHapy’>KMBAae€TCsl YETKO BBIPAKEHHBIA 3KCTPEMYM, HAOJIOJaeMblid CIyCTS,
IPUMEPHO, 2MC MOcie Hadana Bo30yxaeHud. [Ipu nanpHelineM yBelM4eHUH
tyg >13 Mc DKCTpeMyM OTCYTCTBYET, YTO CBUACTEIBCTBYET 00 YyCTaHOBIICHUM
JUHAMUYECKOIO PaBHOBECHUS MEXKIAY IpOLECCaMM 3acelieHUs U pacnajaa
BO3GYKICHHBIX COCTOSIHMIT HOHOB TM>",

[ 8 a ; o [ 2ms B

MHTEeHCHBHOCTD, TIp.€1.

WurencuBHOCTH (450HM), mp.e

WurencuBHocTh (450HM), NIp.ex.

LT

T T T T T T T T T 1 T T T T T T T T
00 o1 02 03 04 05 06 07 08 09 10 0,0 0.4 0.8 1,2 1,6 2,0 0 2 4 6 8 10 12 14 16
t, MC t, MC t, MC

Pric. 2. Kunernka momurectenun noroB Tm** B kpucramie LiYF, Yb** Tm®*: (a) —
OTKJIMK JTFOMHHECICHIIMH TIO0GHBIH «THYKOBOID) Ta3epHOM reHepartii (epexon ~Gs—Hg)
npu ty =0,1mc, Trp=16,67mc, Ajp=935uM (1) 1 kuHeTHKa MoMuUHecHeHIH npH ty=10Hc,
Ag=465uM (2); (0,B) — KHHETHKA JTIOMUHECLEHIINHU (TIepexo]l 1D2—>3F4) pU BO30OYKICHUH

nznydenneM UK JI: typ=0,2+15mc, Agjg=935uM, Pyip=1,44BT, Trp=16,67mc, 300K
3HaueHUsT HWHTCHCHUBHOCTEM OTKJIMKa JJFIOMUHCCIICHIIMU 110 OKOHYAaHHIO
HMIIYJIbCa B036Y)KI[CHI/I$I YMCHBIIAKOTCA II0 JSKCIIOHCHIOHUAJIBHOMY 3aKOHY C
XapaKTepUCTHUECKUM BpemMeHeM T = 10Mc, coBmajgaromemMy M0 MOPSIKY
BEJTMYHHBI C BpEMEHEM sKH3HH noHa Tm° ' (°F4), paBHbIM 16 Mc.

PesynbraTel pabOThl  CBUAETENBCTBYIOT, YTO YIAETCS  YIPaBISATh
HACEJICHHOCTSMHM  al-KOHBEPCHOHHO BO30YXKIEHHBIX COCTOSIHUMA, BapbUpys
JJIMTCIIBHOCTE W IIEpHUOJ  CICAOBAHUSA  HMITYJIbLCOB B036Y)KJICHI/I$I Ipu
(UKCHUPOBAHHOMN €r0 UHTEHCUBHOCTH.

M. Wang, et al., Mater. Lett. 63, 325 (2009).

Y. Huang, C.M. Lieber, Pure Appl. Chem. 76, 2051 (2000).
V. V. Pavlov, et al., JETP Letters. 100, 11(2014).

B.N. Kazakov, et al., J. of Physics:CS. 560, 012003 (2014).

e
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OBPATUMASA ®A30BAA TPAHCOOPMALINA ITOBEPXHOCTHU
OOTOUYYBCTBUTEJIBHOI'O CTEKJIA U3JIYUHEHUEM CO,-JIASEPA

JLA. CaBoukun, M.M. Ceprees, B.I1. Beliko

Vuusepcumem UTMO, Cankm-Ilemepoype
E-mail:denis-savochkin@mail.ru

O6padoTtka dorouyBcTBUTENbHBIX cTekon (DPC) ¢ wucnosb3oBaHUEM
Ja3epHBIX TEXHOJOTMM AaKTUBHO TNPUMEHSETCS B TEUEHHUE IMOCIEIHUX
JNECATWICTHN i1 CO3JIaHMsl PA3IMYHBIX MHUKPOCTPYTYp. TpaauiimoHHBIC
METOJIbI O00pabOTKM COCTOSIT W3 JBYX OJTamoB: Mpoiecca (POTOAKTHUBAIIUH
Ja3epHBIM U3IYYEHHEM M TMpoliecca HEOOpaTUMOW KpUCTAIUIM3AIMU TIPU ABYX
ctaguitnoit TepmoobOpadoTke (TO) B meun. Cramus TO B meuu, HECMOTpsL Ha
OOJIBIIIYIO JUIUTENBHOCTH (OT 4 710 8 4), ABJISIETCS HEOOXOIUMBIM YCIIOBUEM JIJISI
dbopmMupoBaHUsT KpHUCTANIMUECKON (a3pl B 00JacTSIX MpeABapUTEIbHON
dotoaktuBanuu. Omxur ®C uznyuennem CO,-nazepa MO3BOJIUI OTKA3aThCA OT
craaur TO B e4n U MHULIUUPOBATH (HOPMUPOBAHKE KPUCTALTUYECKOH (ha3bl HA
noBepxHoctu DC B 1eHTpe O0OJACTH BO3JACUCTBUS MPSMO B Ipoliecce
obmyuenus [1, 2].

B nacrosimieit paboTe ucciaenoBaiuch CTpyKTypHO-(}ha30Bbie MEpexo/Ibl Ha
noBepxHoctu ®C mapku Foturan, HaxogsmiemMcsi B pa3MsIri€HHOM COCTOSTHUH,
MojJi JCWCTBUEM H3IyuYeHUs ¢ iMHOM BoJiHbl 10.6 MkM. IIpoBeneHHbIe
UCCIIEIOBAHUSI TIO3BOJIUIIM OMPENEIUTh ONTHUMAJIbHBIC HUAMa30Hbl TeMIEpaTyp
IpU JIA3€PHOM OTXKHTE, MPHUBOAANIME K Kpucrammmsanuud (470 — 575 °C) u
obpatnoit amop¢uszarmu (580 — 650 °C) mosepxuoctu PC. J[IUTEIBHOCTH
OT)KHTa B MPOLIECCE KPUCTAITU3AIMU B 3aBUCUMOCTH OT BRIOPAHHOTO Marna3oHa
BapbUpoOBaJiach B npeaenax or 5 no 25 muH. Ilpu 3ToM OBUIO BBISBIEHO JBa
TUMA KPUCTAUIMUECKON (a3pl, OTIWYAIOIIUECs NIPyr OT JApyra Mo BHEIIHEMY
BUJIy: OCTPOKOHEUHON M MHOTOTPAaHHOW (OPMBI, MU CTPYKType KPHUCTAILIOB,
COCTaB KOTOPBIX COOTBETCTBOBAJ JUCUIIMKATY JIUTUS U METACHIMKATY JIUTHS.
OOpartnas amopdu3anus npoTekana oT 5 10 25 ¢ U COMPOBOXKIATACh 3aMETHBIM
YMEHBIIICHUEM IIEPOXOBATOCTH TMOBEPXHOCTH, & TAaKXKE€ BOCCTAHOBJIECHUEM
ONTUYECKHUX CBOMCTB MaTepuaa.

Omnpenenenue pexxumoB oTxura OC uznyuennem CO,-nazepa N0o3BOJIUIO
VOPABJISATH TMPOIECCAaMU  KPUCTAUIM3allMd M 00paTHOM amopdu3aiuu B
pealbHOM BpPEMEHHM U 3HAYUTEIbHO COKPATUTh JJIMTEIBHOCTH OO0pPabOTKH.
biaromaps 3ToMy OKa3ajloCch BO3MOXHBIM CO3JaHHE€ Ha TOBEpXHOCTH PC
o0JnacTell ¢ rpaHUllel pe3Koro nepexoa Mexay KpUCTAIIMYeCKO 1 aMopdHOM
dazamu. IlyreM MHOTOKpaTHBIX CTPYKTYpHO-(a30BBIX TEPEXO0JIOB  Ha
noBepxHOCTH PC OBLIN MOTYUYEHBI 00JIACTH KPUCTAILTU3AIUMU B (pOpME KOJIbIIA C
pasMepaMu MeHee 1 MM, KOTOpble MOTYT OBITh MCIOJIb30BaHbI KakK auadparmbl
JUJIS1 Ta3€PHOT0 U3TYUYCHHUS.

1.V.Veiko, E.Ageev, M.Sergeev et al, Journal of Laser
Micro/Nanoengineering 8, 155-160 (2013).
2. D.1.Arees, B.I1.Beiiko, OnTudeckwii xypHai 79, 86-94 (2012).
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MCCJIEJOBAHME ITPOIIECCOB, BJIMSIONNX HA YCTOMYMBOCTD
OPOHTA KPUCTAJUIN3ALNU, ITP1 BBIPAILIMBAHNN KPUCTAJIJIOB
CaF,-RF; 1 CaF,-SrF, METO1OM BPUJIDKMEHA

C.H. yIHaKOBl'Z, M.A. YCHaMHHal, ILII. CDGIIOpOBZ, C.B. KYSHGHOBZ,
K.H. HI/IHIGBly B.B.Ocuko?
"MI'Y um.H.I1. Ozapesa, 2.Capanck
2HHcmumym ooweti pusuxu um. A.M. Ilpoxoposa PAH, 2.Mockea
E-mail: uslaminam@mail.ru

JUist  co3manust  sazepoB  Buaumoro u - OmmkHero MK-nmamasona
NEePCIEKTUBHBI MOHOKPHUCTAILIB (PTOPHUIIOB, akTHUBHpOBaHHBIe TM, Er, Yb, Dy.
OpHoil M3 mpoOJeM MNpU BBIPAIIMBAHUM KPHUCTAJJIOB TBEPIBIX PACTBOPOB CO
CTPYKTYpoW  (IroopuTa ONTHYECKOTO KayecTBa ABISIETCS 0Opa3oBaHME
XapakTepHOW HEOJHOPOJHOCTH THUMA sueucTol cyocTpykTypsl [1]. Llenbro
paboOThl  SABISUIOCH  UCCIENOBAaHUE  IPOLECCOB  yCTOMYMBOCTH  (hpoHTa
KpUCTAJUIM3AllMd  TpU  BbIpAllUBaHUM  psAjga  MoHokpuctauioB  Caky,
aktuBupoBaHHbIX P33, u kpucramios CaF, — SrF,, pa3iaudHbIX COCTaBOB.
MOoOHOKpUCTAIIIBI  BBIPALIMBAIOTCS W3  paciulaBa METOJOM  bpukMeHa-
Croxbaprepa Bo (¢Topupyroleil arMocdepe Ha aBTOMATHU3UPOBAHHOM
YCTaHOBKE C MHAYKIIMOHHBIM HarpeBoMm Huka-3.

B Ounapnbpix cucTteMax yCTOWYMBOCTh (PpPOHTA KPUCTALIM3ALUU K
KOHLIEHTPAIMOHHOMY  [EPEOXJAXKACHUI0 MOXET OBITh O0XapaKTepu30BaHa
kpurepreM: (G/R)*D > meAx, rne G — TemneparypHslii rpaaueHT, R — ckopocTb
Kpuctaumzanuu, D — xoapduuuent nuddy3un, M — TaHreHC yria HakJIoHa
JUKBUAYCA, AX — CKaYOK KOHLEHTpALMK Ha (PPOHTE KPUCTAJUIM3ALUUU. DTOT
KpUTEpUIl MOJy4yaeTcss W3 TPAHUYHOIO YCJOBHUSL ~Maccolepeiadyd Ha
MOBEPXHOCTU pas3fena KpPUCTAI — pacijlaB, U MOXET ObITb MPUMEHEH U K
HECTallMOHAPHBIM IIPOLIECCAM. Ecnu MpoIIECC KpUCTAILTU3auU
KBa3UpPaBHOBECEH, TO IIPaByK) YacTb HEPABEHCTBA, MMEIOILYI0 Pa3MEpPHOCTb
TEeMIIepaTyphbl U Ha3BaHHYIO (YHKIHMEH yCcTOWYMUBOCTHU [1], MOKHO paccuuTaTh
u3 T-daszoBoii  aumarpammbl. [[ns  momgaBieHUss — KOHIEHTPAIIMOHHOTO
nepeoxnaxaenuss otHorrenne (G/R)*D  M0MKHO MPEBBICHTH KPUTHYECKYIO
BEITUYMHY, T.€. HEOOXOAMMO YMEHBIATh CKOPOCTh KPUCTAIUIM3AIU ¢ (WJIH)
YBEIIMYMBATh TEMIIEPATYPHBII TPAJIUECHT.

B pesynbTate BhIpalIMBaHUsS KOHILIEHTPALIMOHHOW CEPUU KPHUCTAILIOB
TBeporo pactBopa B cucteme CaF, - SrF, mpu G =25 rpag/cm, V = 1.4¢10™
CM/C TOJy4Yy€Ha Cepusi KPUCTAJUIOB ONTHYECKOTO0 KadecTBa 0€3 S4YeHCTOu
cTtpykTyphl. [IpoBenena onenka koddduimenta B3aumMoanudPpy3un KaTUOHOB B
pacmmaBe D > 2.5¢10° cm’/c. M3BecTHa 5)deKTHBHAS TEHEPALHS KPHCTAIIIOB
TBepabix pactBopoB CaF, — SrF,:Yb®" mpm amommoit masepmoii Hakauke [2].
[IpoBeneHHbBIE HaMH HCCIAEAOBaHMUS IOKA3bIBAIOT BO3MOXHOCTh IIMPOKOIO
BapbUpoBaHus cooTHomeHus: Ca:Sr B maTpuile 6€3 HapylmIeHUST ONTHYECKOTO
KauecTBa KPUCTAIIJIOB.

1. TLIT. ®enopos. Heopranuueckue marepuanst 37, 95 (2001).

2. T.T. bacues, C.B. BacunbseB, M.E. Jlopomenko u np. KBanrosas

snextponuka 37, 934 (2007).
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CIIEKTPAJIbHBIE CBOMCTBA AKTUBHOM CPEJIbl V®-IUATIA30HA
HA OCHOBE TBEP/IbIX PACTBOPOB CO CTPYKTYPOUI
KOJILKBUPUUTA Ce*:LiCay xSryAlFg

A.A. [llaBenbeB, A.C. Huzamytaunos, B.B. Cemaiko, M.M. Mapucos
Kaszanckuii gpeoepanvroiii ynusepcumem (@I'OY BIIO KDY)
E-mail: alexey.shavelev@gmail.com

dropuaHbie KpPHCTALIBI CO CTpykTypoii KoibkBupuuta LICaAlFg u
LiSrAlFs, akTuBUpOBaHHBIE PA3JIMYHBIMH HOHAMH, W3BECTHBI KaK AaKTHUBHBIC
Cpeabl TBEPAOTEIBHBIX Ja3epoB U JerekTopoB uactull [1,2]. Kpucramisi,
akTHBHpOoBaHHBIe Ce®*, caMble pACIPOCTPAHCHHBIC AKTHBHBIC CPEIBI IS
HaOJIIOJICHUST YCWJIGHHS] M TeHepauuu cBeta B Y@ nauanazone. OIHAKO HUX
MaTpHIIbl XapaKTEPU3YIOTC HU3KOU U30MOP(PHOI €MKOCThIO KPUCTALTAYECKOM
PEILIETKH 110 OTHOIICHHIO K HoHaM Ce>, 4To MpHBOINT K HU3KHM 3HAUCHHSIM
BBIXOJIHOM »Hepruu. C Japyrol CTOpOHBI, OOHApYX eHbI 3 TUIA MPUMECHBIX
1eHTpoB HOoHOB Ce°', uTO MPUBOIMT K ele GONbLIEMY YXYAIIEHHIO JTa3epHOi
sabdextuBHocTH [3]. B mocnegHue roapl UCCIEAYIOTCS CMEIIAHHBIE KPUCTAILIBI
LiCa;.xSrxAlFg, akTUBHpPOBAaHHBIC PEAKO3EMEIBHBIMH HOHAMH, B IIOHCKax
ONTUMAJBHOTO XHMHYECKOIO COCTaBa, a TaKXE€ VYIYUYIICHUS JIa3€pPHBIX
xapakTtepucTuk [4]. Panee ObuI0 TMOKa3aHO [5], 4TO M3MEHEHHE XMMHYECKOTO
COCTaBa MO3BOJISIET KOHTPOIUPOBATH KOIPPUIIMEHT pacpeieTICHUsI TPUMECHBIX
MOHOB, ONTHUYECKHE CBOMCTBA U (DOTOXMMHUYECKYHO CTaOWIBHOCTh. 37eCh
MPECTABIICHBI IAHHBIC CIIEKTPATIbHBIX CBOMCTB CEpUU CMEIIAHHBIX KPUCTAJIIOB
Ce**:LiCay.xSryAlFs, BBIPAIICHHBIX MeTOZI0M bpumkmMeHa.

CrexkTpsl TMOIJOMICHUST MOKa3aiu, 4TO KOI(P(OUIIMEHT TOTJOIMICHUS B
CMEIIaHHBIX KpPHUCTaIax LiCayxSryAlFs:Ce** B 3 paza Oombplle 4YeM B
LiCaAlFg:Ce*. CrekTpsl MpencTaBIeHBl B BHAC OXHOH IIMPOKOH IMOJOCHL
MPEACTABISIONIYI0 CBEPTKY JIMHUM TMOIJIOLIEHUS] BCEX IPUMECHBIX ILIEHTPOB
Ce*. Takke IOKA3aHBI BPEMs-Pa3PEIICHHBIC CIICKTPHI JIIOMUHECIICHIINA HOHOB
uepus B ATUX Kpuctammax npu temneparypax 300K u 77K. UzydeHsl
CIIEKTPaIbHO-KMHETHUECKHE XapakTepucTuku 50-4f mepexonoB 1epust B cepuun
00pa31oB U OOHAPYKIIH 3 ONTHYECCKU-HEAIKBUBATICHTHBIX TPUMECHBIX IIEHTPOB.
Takke CMeElIaHHbIE KpPHUCTAUIBl MOKAa3bIBAIOT BBICOKYI) HWHTEHCHUBHOCTD
JIOMHUHECIICHIINN KOPOTKOBOJHOBBIX IIEHTPOB, KOTOPHIE SIBIISIOTCS, TIO OOJIBIIICH
YaCTH, aKTUBHBIMU JIA3€PHBIMU IICHTPaMHU.

1. M. Dubinskii, V. Semashko, A. Naumov, et al., J. Modern Opt. 40, 1-5
(1993).

. S.Wakahara, T.Yanagida, Y.Fujimoto, et al, Rad. Meas. 56 111-115 (2013).

. V. Semashko, M. Dubinskii, R. Abdulsabirov, et al., Las. Phys. 5, 69-72
(1995).

4. V. Castillo, G. Quarles, R. Chang, Proc. of SPIE 4970, 22-34 (2003).

. A. Nizamutdinov, V. Semashko, A. Naumov, et al., JETP Letters 91, 21-23
(2010).
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NCCIELOBAHUE ITICEBJOCUMMETPUN KPUCTAJUJIOB KTP
C PA3JIMYHBIMU JIET UPYIOHIMMU ITPUMECAMU

A.IL Tlaxynuna, E.A. McynoBa, M.O. MapeiueB
Quzuueckuii ghaxynomem, Huowcecopoockuti cocyoapcmeeHtblil
yuusepcumem um. H.U. Jlobauesckoeo, H. Hoszopoo
E-mail: evgeniya.isupova@yandex.ru

Ha MomenbHBIX CTpyKTypax cynepsueek KpUCTalioB TUTaHWI-(pocdara
kamust (KTP), nerupoBannbix Zn, Ge, Zr, Nb, Sn, Sb, Hf, Ta, paccuurans
KOHIICHTPAITMOHHBIC 3aBUCHMOCTH CTENEHU WHBAPUAHTHOCTH DJICKTPOHHOM
IJIOTHOCTH [1] OTHOCHUTENBHO oOmEpanu UHBEPCUU (TICEBIOMHBEPCHM).
Jnanazon u3ameHeHus: koHueHTpauud npumece ot 0 1o 30 ar.% c marom B 1
%. MopenbHbIE TPUMECHBIE CTPYKTYPBI COAepKaT 64 HCXOMHBIX AIEMEHTAPHBIX
AYEHKH, I KaKIOW KOHUEHTpauuW mnpumecu cmoaenupoBano mo 1000
CTpYKTyp. PacueTsl mTpOBOIWINCH Il Pa3HOM 3aCEICHHOCTH MPUMECHIO
TUTAHOBBIX MO3ulMi. JIJisi co3maHusi MoOJenel NMPUMECHBIX KPUCTALIOB H
pacyeTa TICEBIIOMHBEPCUU HMX CTPYKTYpbl HCHOJB30BAJIaCh MpOrpamma
PsAnalyser [2]. Beutn cmoaenupoBansl cTpykTypbl KTP:NbD ¢ yueTom kanueBbix
BakaHcuii [3]. KadyecTBEHHO KOHILEHTpPAllMOHHBIE 3aBUCUMOCTH IICEBJO-
WHBEPCUHU PACCUMTAHHBIC C YYETOM KaJIMEBBIX BaKaHCHM M 0€3 HUX COBMAJAIOT,
MaKcUMallbHOE pasznnuue He npeswimaet 0,3%, yto cornacyercs ¢ [4].

[IpoBeneHo cpaBHEHHE MOTYUYCHHBIX KOHIICHTPAIIMOHHBIX 3aBUCHUMOCTEH
TICEBIOMHBEPCUU C U3BECTHBHIM MOBEJICHUEM HHTCHCUBHOCTH T€HEPAIIUH BTOPOM
TapMOHUKHU JIa3ePHOTO W3JIYYCHHUs Ha TMOPOIIKOBHIX oOpasmax KTP:Zr [5],
KTP:Sn [6], KTP:Hf [7], KTP:Nb [8], KTP:Sb [8]. IloBeneumue
KOHIICHTPAITMOHHBIX ~ 3aBUCHUMOCTEH TICEBJIOMHBEPCHHM ¥ HWHTCHCHUBHOCTH
reHepald  BTOpPOM TapMOHUKHM  JIa3€pHOTO  M3JY4YEHUST  KAYECTBEHHO
COTJIACYIOTCSI.

1. E.V. Chuprunov, Crystallography Reports. 52(1), 1 (2007).

2. W.H. Jlosraues, H.B. Comos, Bectnuk HHI'Y. 5, 231-237 (2013).

3. HE.HoBukoBa, W.A. Bepun, H.MN. Copokuna wu 1p.,

Kpucramiorpadus. 53(6), 999-1008 (2008).

4. AIl. Taxynuna, M.O. MapsrueB., Marepuansl HaHO-, MHUKPO-,
ONTOAJIEKTPOHUKU W BOJIOKOHHOW ONTHKHU: (PU3NYECKHE CBOMCTBA U
npuMeHenue: co. tp. 12-it MexayHap. Hayd. KoH}.-mK., 153 (2013).

5. B.H. Boponkosa, B.K. fAnosckuii, I.H. JleontheBa u ap., Heopran.

Martepuainsl. 40(12), 1505-1507 (2004).

6. B.1. Boponkoa, B.K. SfuoBckuii, T.FO. JloceBckas wu mp.,
Kpucramnorpadus. 47(1), 99-104 (2002).

/. EWN. Opnosa, E.II. Xapuronoa, H.E. HoBukoBa wu np.,
Kpucramiorpadus 55(3), 440-447 (2010).

8. B.A.MBanos, B.A. Bypnos, M.O. Mapsrues u np., Kpucramnorpadus
53(4) 714-719 (2008).
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WCCJIEJJOBAHUE KPUCTAJIJIA Ce™,Pr’": LiYosLluoFs
B KAUECTBE [IEPCIIEKTUBHON AKTUBHO CPE/IbI JTIABEPA
Y®-TUATIASOHA

B.I". I'opuesa, B.B.Cemamixo, C.JI.Kopa6nesa, M.A.Mapucos, B.B. [1anos

Kaszanckuii (Ilpusonxcckuii) ghedepanvhsiii ynusepcumem, Kazamo
E-mail: ekorre_v@mail.ru

B Hacrosiee BpeMs mepecTpanBaeéMble IO 4YacTOTE€ TBEPJOTEIIbHbBIE
ontuyeckue kBaHTtoBbie reHepatopsl (OKI', nazepsr) Y ®-auana3ona Haubomee
IPOCTO PEANTU3YIOTCA C HCIOJIb30BAaHUEM B KadecTBe pabOuyuX Ja3epHBIX
IIEPEXO0B MEKXKOH(PUrypannoHHbIX 41" 15 - 4f" MIEPEXOJIOB PEIKO3EMETBHBIX
noHOB. [Ipu »sTtom Hakauka Takux OKI' ocymectBisercs Y®P-nsnyueHnem
rapMOHUK CEPUNHBIX JIa3epoB, paboTaronux B BuauMoM u uHdpakpacaom (MK)
YanazoHe, Ju00 M3IYyYEHHEM MOIIHBIX SKCHUMEPHBIX Ja3epoB. OpHako,
ucrosib3oBanue Y®D-HaKkayku UHIYIUPYET B TBEPIOTEIbHBIX AaKTHUBHBIX
aneMmeHTax (oroauHamuueckue mpouecchl (DJII), koropbie 00ycraaBIMBaIOT
JErpajjaliiio ONTHYECKUX CBOMCTB AakTUBHBIX cpell. OJHMM M3 CHOCOOOB,
MO3BOJISIONIMM U30€XKaTh WIM 3HAYUTENIbHO YMEHBIIUTH BPEIHOE IMPOSIBICHUE
@®/II1, sBigeTCS MCMOIB30BAaHUE ANIKOHBEPCHUOHHOW Hakauku [1]. [louck myrei
TaKoro crocoda co3/aHusi THBEPCHOM HACEIEHHOCTH Tak)Ke aKTyasleH U C TOUKH
3peHus peanuzanuu dPGEKTUBHON HAKAYKW TBEPAOTEIbHBIX Y@ aKTHUBHBIX
Cpell C UCIOJIb30BAaHUEM H3ITyYEHHUS MOITYIPOBOJIHUKOBBIX JIA3€POB U CO3JAHUS
KOMIIAKTHBIX LEJIbHOTBEPIOTEIBHBIX YCTPOMCTB KBAaHTOBOM JJIEKTPOHUKU YD
JMana3oHa.

B nacrosieir pabote uccieayercsi BO3MOKHOCTh CO3/IaHUSI UHBEPCHOM
HACEICHHOCTH MEXTy COCTOSHMsMHU 50- n 4f-xordurypauuii nona Ce®* myrem
CTYIICHYaTOr0  alKOHBEPCHOHHOTO  BO30OyxkneHuss  coctosHuii  4f5d-
koHGurypauun notos Pr’* ¢ mocemyrouteii nepenadeii SHEPrUN BO3GYKICHHS
or moHa Pr* k momy Ce®. B kauecTBe 0OBEKTa MHCCIICHOBAHHII BHIOPAH
kpuctami LiYgzlugsFs: ce* Pr*. B paboTe ObUIM OIpeeICHBI a0COIIOTHBIC
KOHIIEHTpAIIMU HOHOB ce**'uPr¥ s kpuctamiax LiYgsLlug,Fs: Ce**, Pr¥*, ouenen
Kod(PHUIMEHT Tiepeaadn IHEPTUU BO30YKICHUS OT MOHOB Pr* k nonam Ce*, a
TaKK€ TaKhe IapaMeTphl, KaK CEUCHUsS IMOTJIOMICHUS] SHEPTHH HAKAYKU C
Bo36yxaeHHoro 4f5d cocrosHus moHOB Pr* B 30HY MPOBOZMMOCTH H C
ocHOBHOTO coctosiaus noHoB Ce®* Ha Bo3GyxmenHoe 5d cocTosHMe Ha IIHHE
BOJNHBI 266 HM. llpeacraBneHbl pe3ynbTaTbl MCCICIOBAHUN «HAaKayKa-
sonaupoBanue» 4f-5d mepexomoB MOHOB ce* B kpuctasiax LYLF. ITyrem
MaTeMaTHYECKOr0 MOJICIUPOBAHUS OMPEICTICHbl ONTUMAJIbHBIC TTapaMeTPhl IS
JTOCTHXKCHHSI MaKCHMajbHOro ycuienus Ha S5d-4f mepexomax HOHOB ce®* B
LYLF kpucramiax. Pe3ynbratel HUCCIEIOBAHUM  CBUJACTEIBCTBYIOT O
MEPCIIEKTUBHOCTH ANKOHBEPCUOHHOM HaKa4Ku JUISt peanuzaiuu
kpuctaymmaeckux Y ® iazepos Ha 6a3e kpuctamioB LiY sl ug7Fs: ce*, Pr¥.

1. V.V. Semashko, M. F. Joubert et al., Proc. of SPIE. 4061, 306 (2000).
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AKTUBHOE 3EPKAJIO HA OCHOBE ITOJIMKPUCTAJIJIMUECKOI'O
Cr**:ZnSe

0.10. Burkuna'?, A I1. Caukun’, O.H. EpeMeﬁKHH1’2’3 , A.C.EropoB L2
1Hu:)fceeopodeci<uﬁ 2ocyoapcmeennwlil yHusepcumem um.H.U. Jlobauesckoeo,
Huoicenui Hoeeopoo
2000 «HUnmennexmyanvuvie cucmemovl HH», /[3epocunck
3Hhtcmumym xumuu svicoxouucmolx sewpecms PAH, Huoxcnuti Hoszopoo
E-mail: bitkina@r-aingroup.com

Jl7is co3maHus KOMIAKTHBIX W MOUIHBIX Ja3€pOB OJHUM W3 BO3MOXKHBIX
CIIOCOOOB  MOBBIIICHHUS] BBIXOJHOM MOIIHOCTU SIBJISIETCS HCIIOJIb30BaHUE
ONTUYECKUX ycuiuTene. B  Hacrosmee BpeMs U3BECTHbI CXEMBI C
UCTIONb30BAaHUEM «TIYXUX» aKTUBHBIX 3€pPKal C OTACIbHBIM HCTOYHHKOM
Hakauku. B maHHOI paboTe akTUBHOE 3€pKaJio OBLJIO COBMEILEHO C BBIXOAHBIM
3epKaJioM pe3oHaTopa. AKTHUBHOE 3€pKajo MPEACTaBIsIO cOO0M MOIUKPUCTAILT
Cr’*:ZnSe, Ha OIHY MOBEPXHOCT KOTOPOTO OBLIO HAHECCHO OTPAKAIOIICE
NOKpbITHE ¢ KO3 dunmentamu nporyckanus 1~30% Ha JiuHe BOJHBI 2,4 MKM
(renepamusi) u T=99 % na nnuHe BoiHBI 1,9 MKM (Hakauka), a Ha BTOPYIO
CTOPOHY HAHOCHJIOCHh MPOCBETJIAIOIIEE MOKPBHITUE HA JJIMHE BOJIHBI 2,4 MKM.
Henornomennas »Heprusi Hakauykd HUCIHOJb30Bajach Uil BO30YXKICHHS
YCUJIUTENS B aKTUBHOM 3epkajie. B Xole sKcrepuMeHTa aKTHUBHOE 3epKallo
CPaBHHUBAJIOCHh C BBIXOJHBIM 3€pKajioM (KJIACCHYECKUM) Ha TIOJJIOKKE U3 ZNSe ¢
TEMHU JK€ XapaKTepUCTUKAMH TMOKPHITUS. B KadecTBe HCTOYHMKA HAKAYKU
UCIONIb30BaNoch u3nyyenue TM:YLF — mazepa 1 ¢ niavHOW BOJIHBI T€HEpALMH
1,9 MxmM (puc. 1). U3nydenue Hakauku ObLIIO CPOKYCUPOBAHO B aKTUBHYIO CPEIY
rerepatopa 4 B mATHO auametpom ~600 MkM. Pesonatop Cre*:ZnSe-masepa Ha
2,4 MKM COCTOSUT U3 IBYX TUIOCKHX 3€pPKaJ — «TIIyX0e» 3 ¥ BBIXOJIHOE 5, KOTOpOe
B DKCIIEPUMEHTE 3aMEHSIOCh Ha aKTUBHOE 3€PKAaJIO.
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2 o2 -
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Dueprus nakauku, mJIx
Puc.1. biok-cxeMa nuHEHOTO pe3oHaTopa Puc.2. 3aBUCMMOCTD BBIXOJHON SHEPIUU
. 2+,
(1-Tm:YLF — nasep, 2 — Jlunza, 3- «rnyxoe»  Cr-':ZnSe — nasepa ot sHepruu Hakauku (1-
2+,
3epkaio, 4 — nomukpuctamt Cro :ZnSe, 5- aKTUBHOE 3epKaJio, 2 — KJIACCHYECKOe
BBLIXOJJHOC 3CpKaJIO) 3epKa_]10)

Hcnonp3oBaHne aKTUBHOIO 3€pKajia, MO CPAaBHEHHIO C KIIACCHYECKUM,
NPUBOJWIO K YBEITUYECHHUIO BBIXOAHOM sHeprum Cr:ZnSe-nmazepa ~ 1.5 paza

(puc.2).
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MCCJIEJIOBAHUE CIIEKTPOCKOITMYECKHIX
1 TEHEPALIMOHHBIX CBOMCTB ONTUYECKNX LIEHTPOB
MOHOB Tm** B KPUCTAJIJIAX ®TOPUJIA KAJIBIIMS

K.A. MaDTBIHOBal’Z, O.K.AJII/IMOBZ, M.E. I[opomeHKoz, B.A. KOHIOHIKI/IHZ,
A.H. HaKJ'Ia,ZLOBZ, B.B.Ocuko?
1Ha14u0Ha]ZbelL7 uccneoosamenvckuil ynugepcumem « MOHy», Mocksa
2HHcmumym ooweti pusuxu um. A.M. IIpoxoposa PAH, Mockea
E-mail: kmartynova@hetnet.ru

Lenpto uccnenoBanuii ObUIO OINMpeneTeHHE TUIIOB ONTHYECKUX IICHTPOB
MOHOB TyJids, OOpa3ylolMXCsi B KOHIIEHTPAMOHHOM CEpUM KpHUCTAIIOB
dropuna Kanpuus, JUHAMHKA HMX (OPMHUPOBAHHS, NOJIOKEHUE, MIUPUHA U
WHTEHCUBHOCTD JINHUM TOTJIOIICHUS WU JIIOMUHECIEHIMU, & TAKXe ITOJIYyYEHHE
TE€HEpalry Ha JUIMHAX BOJH, COOTBETCTBYIOIINX PA3HBIM ONTHYECKUM LIEHTPAM.

B wu3MepeHHBIX cCIEKTpax TOMVIOMIEHUS ObUIM BBIAEJCHBl JIMHUM,
COOTBETCTBYIOIKE JIMHUSAM MOIVIOIEHUS TPEX PA3JIMYHBIX ONTHYECKUX LIECHTPOB
MOHOB Tynus. Iloka3aHO, YTO KOHILIEHTpalWs TETPAaroHAJBHBIX LIEHTPOB IPH
YBEJIIMYEHUU KOHUEHTPALMU MOHOB TylUs ObICTpO yMeHbiaeTcs (puc.l). Ilpu
Huzko (77K) temmeparype Obuld HU3MEPEHbl KHUHETHUKU  3aTyXaHMs
JIOMHUHECHECHIIMM JUI TPEX Pa3JIMYHBIX ONTHUYECKUX LIEHTPOB, BpPEMs KU3HU
KOTOpBIX Ha mepexome -Fs-Hg coctaBmmo 6wmc, 19 mc u Gomee 120 mc
COOTBETCTBEHHO. CyIIECTBEHHOE pPa3jiMyuMe BO BpPEMEHAX >KU3HH PA3JIUYHBIX
ONTHUYECKUX LEHTPOB HMOHOB TyJHs IIO3BOJIWIO BO BpEMA-PA3pPELICHHBIX
Hu3koTemneparypubix (77K) crnektpax JIIOMUHECICHIIMM TIPU CEJIEKTUBHOM
BO30YXXJIeHMH B oOnactd 795 HM BBIIETUTh WHAUBUIYAJIbHBIE CHEKTPHI
JIOMUHECLEHIIMM OTHAEJIBHBIX ONTHYECKMX LEeHTpoB. Ha pwuc.2 B kadecTBe
IIpUMEpa TPUBEICH BBIACIEHHBIN CHEKTP JIIOMHHECUEHLIHMH TETParoHaJIbHBIX
LIEHTPOB HOHOB Tyius B kpuctamie CaF,:Tm>*(0.1%).
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o200 + +
TI50 7955 TIE0 Wavskngth, nm
Wave length, nm )
Puc.1 — ®parmenT criekTpa MoraoimeHnst HOHOB Puc.2 — Cnextp 1oMHUHECIIEHITUT
Tynus B kpuctaiuie CaF, Ha niuHe BOHBI 795.4 HM  TeTparoHaJIbHBIX IICHTPOB HOHOB TYJIUS B
JUTS Pa3THYHBIX KOHIEHTpammii Tm** mpu kpucramie CaF,: Tm*(0.1%)

temrepatype 77 K
[Ipy Hakayke Ja3epHBIM AUOAOM C JJIMHOW BOJIHBI 795 HM 1ipu
KOMHAaTHOM Temmeparype Obula TMOJy4YeHa TeHepaluus B  KpUCTaJUIe
CaF,:Tm>*(0.4%). Jlnst BBIXOZHOTO 3epkama ¢ KOIPQHIMEHTOM OTPaKEHHS
99.7% B W3MEpPEHHOM CIIEKTpE TEeHEpaluu HAOMIOJAINCh JBE JIMHUH,
COOTBETCTBYIOIIUE JIOKAJbHBIM MAaKCUMyMaM HHU3KOTEMIEPATYPHBIX CIIEKTPOB
JFOMUAHECUECHIIMN PA3JIMYHBIX ONITUYECKUX HEHTPOB HOHOB TYJIUA.
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['OJIOTPA®UYECKUE CEHCOPBHI I'JTKOKO3bI

B.A. Iocraukos', A.B. Kpaﬁcxnﬁz, M.A. IlleBuenxo’, B.W. CeprueHko”
Y aum Guzuxo-xumuuecxou meouyunvt ®MBbA Poccuu, Mockea
2 dusuyeckuil uncmumym um. I1.H.Jlebeoesa PAH, Mockea
E-mail: vladpostnikov@mail.ru

[onorpaduueckue ceHcopsl [1-2] mpeAcTaBisiOT cOOOW MaTpuUIly Ha
OCHOBE MoJuMepHoro ruaporens (tommuHod 10-50 mMKM), 3aKpemyieHHYIO Ha
MOBEPXHOCTU CTEKJISIHHON TOJUIOKKH, B KOTOPYIO PETYJISPHO BHEIPEHBI CIOU
HAaHOpPa3MEpHBIX TBEPAOTENbHBIX 3epeH AJ, cpelHee pacCTOSHHE MEXIy
KOTOPBIMU B TIp€/eNiaX CJIOS MHOTO MEHbBIIE IJIMHBI BOJHBI BHAMMOIO CBETA.
Takast CTpyKTypa TpH OCBEIIEHHWU OCIBIM CBETOM OTPaXaeT Y3KOMOJIOCHOE
U3Iy4YeHUe, JUIMHA BOJIHBI KOTOPOTO ONM3Ka K YABOCHHOMY IEPUOAY CIIOEB.
W3menenne HaOyxaHHs THIPOTENIEBOM MAaTpPUIBl TPUBOAUT K HW3MEHEHUIO
NEpUOAA CIIOEB U COIMPOBOXKAAETCS YBEIMUYECHHUEM WM YMEHBIICHUEM JIJIMHBI
BOJIHBI OTPa)KEHHOTO U3My4deHus. /[ npuaaHust 4yBCTBUTEIBHOCTH CEHCOPOB K
IJIIOKO3€ B IUIEHKY THUIPOTeNiss BCTPOEHBI NMPOU3BOJHBIE aAMUHO(MEHUIOOPHOI
KHUCJIOThI, OOECHEYMBAIOIINE CEJIEKTUBHOE B3aUMOJCHCTBUE C TIJIIOKO30ii
a”Hanu3upyemon cmecu. OOpa3oBaHUE KOMILJIEKCOB TJIFOKO3bI COMPOBOKIACTCS
HaOyXaHWEM THUIPOTeJIeBOM MaTpUllbl, W W3MEHEHHEM JUIMHBI  BOJIHBI
OTPa’XKEHHOTO CBETA, YTO OIpPENESETCS] ¢ MOMOIIBIO CIIEKTPaIbHOrO Mpuodopa,
WIH JJa)Ke BU3YaJIbHO.

OTKJIMK CEHCOPOB TJIFIOKO3bI JIMHEHHO 3aBUCHUT OT COACPYKAHHS TIIOKO3BI
(0-20 MM) B MoOzeIBHBIX pacTBOpax. [Ipu yBeaMueHUN HOHHOW CHIIBI pacTBOpa
(comepxkanust NaCl) ot 0 mo 0,15 M 4yBCTBUTEIBHOCTh CEHCOPOB CHUKACTCS
Oonee ueM Ha MOPAJOK. DTO OTPAaHUYMBACT BO3MOXKHOCTH TPAKTUYECKOTO
NPUMEHEHUST CEHCOPOB B OHOJIOTUYECKUX JKUIKOCTSIX, Kak MPaBHUIIO,
COJEpKallMX 3aMETHOE KOJMYECTBO pa3IMyHbIX HOHOB. OrmpeneneHa
YyBCTBUTEIBHOCTh CEHCOPOB K COAEPKAHMIO TIIOKO3bl B 00pa3liax ChIBOPOTKH
KPOBU C M3BECTHBIM COJIEP)KAHHEM TIIFOKO3bI, 00pa00TaHHBIX MOAU(MUKATOPOM
JUI. BOCCTAHOBJICHHMS TJIIOKO3bl 110 copOuTa. Pe3ynbTaThl ompenencHUs
collepKaHusl copOuTa B MOAM(PHUITMPOBAHHBIX 00pa3lax ChIBOPOTKH KpPOBHU
NPAKTHYECKHU COBMAJAIOT C OINpeAeJICHUeM COpOuTa B KOHTPOJBHBIX pacTBOpax
copbuta B ToM ke Oydepe. UyBCTBUTEIHLHOCTh CEHCOpPA B OTUX YCIOBUSIX —
oonee 400 HM/MM, MO3BOJISIET OKWJATh YBEIMYEHHS TOUHOCTH OIpPEACIICHUS
[UIFOKO3BI B Tu1azMe kpoBu a0 0, 02 MM B o6sactv pU3MOIOTHYECKH 3HAYNMOTO
coneprkanus rioko3bl 0-30 MM, 4TO B IIATH pa3 BBIIE TOYHOCTH COBPEMEHHBIX
71a00paTOPHBIX METOIOB OMPEIEICHHUSI TITFOKO3bI.

PaGora mommepkaHa TpaHTOM  MporpaMMmbl  (PyHAAMEHTAIBHBIX
uccienoanuii [Ipesuauyma PAH “@yHnaMmeHTanbHbIE HAYKH - MEIALIMHE .

1. A.K Yetisen, | Naydenova, F. da Cruz Vasconcellos, et al., Chemical
reviews 114(20), 10654-10696.

2. A.B. Kpaiickuii, B.A. [ToctHukoB u ap. KBantoBas anekrponuka 40,
178 (2010).
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BBIPAIIIMBAHUE MOHOKPUCTAJIJIOB Ca,xLiy xGeOy

Cumanosckuii /I.B., BanoB B.A., MapsiueB M.O., Hukoinos B.C.
Huoicecopoockuti cocyoapcmeennviil ynusepcumem um. H.U. Jlobauesckoeo,
2. Huoicnuii Hoseopoo

E-mail: egick1993@mail.ru

W3BectHo, uro kpucramibl Li,CaGeO, B HacTosimee Bpems SBISIOTCS
OJIHUMHU U3 HauboJiee MEePCIEKTUBHBIX COSIUHEHUN s ucnoiyib3oBanusi B LED
yCTpOMCTBaX. DMHUCCUHOHHBIN criekTp kKpuctamioB Li,CaGeO,, mommpoBaHHBIX
HEKOTOPBIMU PEIKO3EMETLHBIMI HOHAMH, XapPAKTEPUIYETCS SPKUMU JTUHUSIMU
Ha JiuHax BoiaH 473 uM, 485 M u 575 um [1,2]. Lenbto Hamel pabOTHI
SBIIICTCS BBIpAIMBaHWE MOHOKpHCTALIOB Cayli, «GeOy, mpurogHbIX It
W3YYCHUS UX ONTHICCKUX CBOMCTB.

Kpucramner CapLi, xGeO, BbIpammBainch U3 BBICOKOTEMIIEPATYPHOTO
pactBopa (flux-meron). Kpucramnsl BbIpamuBaiiach METOJOM CIOHTAHHOMN
KPUCTAJUIM3AI[MU Ha Y3KOW IUIATUHOBOM MAaJOYKe B UMIUHAPUYECKOM THUTJIE
JMaMETpOM 5 CM U BBICOTOM 5 cM. Macca BBICOKOTEMIIEpAaTypHOTO pacTBOpa
cocraBisuia 150 r. B TeueHue Bcero BpemeHu pocrta (6 CyTOK) MPOUCXOJIUIIO
paBHOMEpHOE BpallleHUE IUIATUHOBOM manouku. Temmeparypa HM3MEHsUIach OT
952°C nmo 932°C. IIpo mnpoLIECTBUM YKA3aHHOTO BPEMEHM HaA MAJIOYKE
oOpa3oBajach Jpy3a, COCTOSIIAs M3 HECKOJBKUX KPHUCTALIOB C pa3MepaMu
okosio 1 cm (cMm. puc. 1). IlpenBaputenbHble HCCIEIOBaHUS HAa ONTHYECKOM
MHUKPOCKOITE TTOKa3aJId, YTO OHU UMEIOT JOCTATOYHOE Ka4eCTBO ISl TOTO, YTOOBI
MIPOBOJIUTH UCCIICIOBAHNE X (PU3UIECCKUX CBOUCTB.

Pucynok 1 — ®otorpadus BeipamieHHbIX KprcTamioB CayxLizxGeOy

1. Meng Jian-Xin, Yang Chuang-Tao, Chen Qing-Qing, J. Lumin.
130(7), 1320-1323 (2010).
2. |.V. Berezovskaya at al., Ceram. Int. 39(6), 6835-6840(2013).
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AHTUCTOKCOBA JIFOMUHECIIEHIIMS B KPUCTAJIJIAX CaF,:Ho,
BaF,:Ho ITPY BO3BY)KIEHUM HA YPOBEHD’Is MIOHOB Ho*

A.A. .HHHI/IHl, ATl MeDKVJIOBl, IL.A. PH60‘1KI/IHal, ILIL CI)ezLopOB2
"Mopooscruii 2ocydapcmeennviii ynusepcumem um. H.IT. Ozapesa, Capanck
2Hhtcmumym ooweti usuxu um. A.M. IIpoxoposa PAH, Mockea
E-mail: merkulianskii@yandex.ru

AHTHCTOKCOBA JIOMHHECIeHIs noHoB HO®" Bo dropmmHbIX KpHCTamIax
CO CTpPyKTypou ¢urroopuTa u3ydaercs ¢ 60-X TomoB mpornioro Beka [1-3].
WHuTepec K MaHHBIM WCCIICIOBAHUSM BBI3BAH BO3MOXXHBIM NMPUMEHEHUEM ITHX
MaTepuaJioB B KayeCTBE BH3yaJM3aTOPOB HMHQPPAKPACHOTO  HW3IIYUCHHS,
KBaHTOBBIX CYCTUYHNKOB, aKTUBHBIX CPEJ JIJIS JIa3€POB.

B nHacrosimielt paboTe MpencTaBi€HBbl PE3yJbTAaThl  HCCIEIOBAHUS
MEXaHU3MOB, OTBETCTBEHHBIX 32  BO3HHKHOBCHHE  aHTHCTOKCOBOM
moMmuHecneHnur uoHoB Ho®* B kpucrammax CaF,;Ho u BaF,:Ho mpu
BO30Y)KICHHH Ha YpoBeHs °ls nono Ho®" naseprbiv m3nydennem. IIpu jaHHOM
croco0e BO30YXKJACHHS OBbUIM 3aperHMCTPUPOBAHBI CIEKTPHl AHTHCTOKCOBOMU
moMmuHecneHnur HoHoB HO®*  cootBerctByromme mepexomam  Fi—lg,
5F4(582)—>5I8, *Fs—°lg 9THUX HOHOB B kpucramnax CaF,:Ho u BaF,:Ho.

Jlnst  BBISIBIIGHWST MEXaHM3MOB OTBETCTBEHHBIX 32 BO3HHKHOBEHHE
AHTHCTOKCOBOH JIOMMHecIeHImH noHoB HO®* B Marepmamax CaF, Obutn
3aperuCTPUPOBAHBI KWHETUKH Pa3ropaHus U 3aTyXaHUs JIOMHHECIICHIINN NOHOB
Ho** ¢ YPOBHEM 5F3, 582, 5F5 oTuXx wHOHOB. Ha ocHoOBe aHamm3a
OKCIIEPUMEHTAJIBLHBIX JaHHBIX B padoOTe TMPEIONKEHBI KaHAIbl 3aCCIICHUS
SHEPreTUYECKNX YPOBHEW MOHOB Ho®* 8 kpuctamiax CaF,:Ho u BaF,:Ho mpu
BO3OYK/ICHHH HA YPOBEHD °ls 3THX MOHOB. [IpOBENCH CPAaBHUTEIBHBIN aHAIM3
MEXaHU3MOB aHTHCTOKCOBOW JIIOMHHECHECHIMM B Kpucramuiax CaF,:Ho u
BaF,:Ho.

PaGorta BmimonHeHa mnpu ¢unancoBor momuepxkke HUP B pamkax
MIPOCKTHOM YaCTH TOCYAApCTBEHHOTO 3a7aHusl B chepe HaydHOU NeATEeTLHOCTH
no 3aganuio Ne 3.384.2014/K u rocynapcrsensnoro 3aaanus Ne 0708 0210059
611 («Oprann3zanusi NpOBEACHUSI HAYYHBIX UCCIICIOBAHUI ).

1. Brown M.R., Shand W.A., Physics Letters, 11, 219 (1964).
2. S.R. Bullock, et al, J. Opt. Soc. Am. B., 14, 553 (1997).
3. A.A. Lyapin, et al, Journal of Luminescence, 167, 120 (2015).
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CIIEKTPAJIBHO-JIIOMWHECHEHTHBIE NCCJIIEAOBAHU A
KPUCTAJUIA SrMoO,, AKTUBUPOBAHHOI'O MIOHAMM Ho**

B.I'. MBanosa'?, IL.T. 3BepeBZ, E.D. I[yHaeBaZ, A.B. Hexopomnxz,
JLY. Usnesa®, M.E. I[OpOHIeHKOZ
"Mockosckuii snepeemuueckuti uncmumym, Mockea
2Unemumym obweii pusuxu PAH, Mockea
E-mail: ivanovavg93@mail.ru

TBepnotensHbIe Ja3epbl, paboratomue B OmmkHerd u cpemnedr UK
CHEKTPAJIbHOM 00JIaCTH, HAXOJAT MPAKTUYECKOE MPUMEHEHHE B MEIUIIUHE,
OHOJ0ruu, A1 3KOJOTMYECKOr0 MOHUTOPHUHTA OKpY Karolien cpeasl. [loaTomy B
HacTosilee BpeMs OoJibliod (GyHIAMEHTAIBHBIM HWHTEpPEC MPEACTABISIOT
IBYXMHKPOHHBIC JIa3epbl HA KPHCTAIAX M CTEKIaX, akTuupoBaHueie Ho®'
(mepexox °l; — °lg). Monu6aaT CTpOHIHMS 0671a1aeT BBICOKHM KO3(DBHIHEHTOM
BKP ycuieHus, modsToMy monudyHKIHOHANBHBL kpueram: Ho*':SrMoO,
MOKET OJIHOBPEMEHHO PaboTaTh Kak aKTHUBHAs Ja3epHas cpela U HEeJIMHEWHas
BKP-aktuBHas cpena [1].

B macrosmieit paGoTe mpoBeACHBI  HCCIENOBAaHUSA  CHEKTPaJIbHO-
JIFOMUHECIIEHTHBIX CBOMCTB KpHUCTAJLIa H03+:SrMOO4. Uccnemyemblii oOpasery
TOJIIMHON 3 MM OBLT M3rOTOBJIEH U3 KpucTajuia, BbipamieHHoro B MO® PAH
MeTooM YoXpalbCKoro Ha Bo3myxe. KoHIeHTparms mpuMecHsIX HoHOB HO®*
coctaBisia 8,04x1 0% M,

C momo1pio IBYXKaHAIBHOTO criekTpomeTpa Cary-5000 Obuti M3MepeHbl
MOJISIPU30BaHHbIE CHEKTPbI MOMJIOUIEHUsT Kpuctaia B obnactu 350-2300 HMm.
Jlns peructpauuu JromMuHecueHuuu B OmmkHeil MK cnektpanbHO oOnactu
UCHoJb30Bajicss MoHoxpoMatop MJIP-23, doroanon PbS wu 1mdposoit
ocummtorpag Textronix TDS-2022. Jlnsg BO30YXIEHUS HCIOJIL30BAJICS
MMITYJIbCHBIW MTOTYTPOBOJHUKOBBIN AUO/I C JIIMHOM BOJHBI reHepauun 445 HMm.

W3 3HaueHuidl WHTErpalbHBIX KOI(PGUIIMEHTOB TMOTJIOMICHUS OBLIU
OIpEeIeIeHb CUIBI OCHHJUIATOPOB AICKTPOHHBIX IepexomoB noxHa Ho®. C
nomoipio Meroaa Jlxanma-OdensTa onpeneneHbl nmapameTpbl HHTCHCUBHOCTH
QO (t=2, 4, 6) B 9TOM KpHCTALIe, KOTOpbie coctaBmm (2 = 7,27x10%cm?,
O, = 1,9x10%Mm?, Qg = 0,2x10 %M. Hcnonb3ys mMoNydyeHHbIE 3HAYCHUS
napamMeTpoB WHTECHCUBHOCTH, OblIa OMNpEeieHa BEPOSITHOCTh CIOHTAHHOTO
M3TyqaTeIbHOrO Iepexoa ¢ ypoBHs |, B none Ho>*. Paccunrannoe 3HaucHme
BPEMEHHU >KHM3HU YpoBHA |; coctaBmiio 13 MC, 4TO OKa3aloCh HECKOJIBKO
OOJBIIIE HKCIIEPUMEHTATIFHO U3MEPEHHOTO BPEMEHH, KOTOPOE COCTAaBUIIO 6 MC.
Bonbuioe Bpemst km3uu noHoB Ho®* mHa yposme °l; B kpucrame SrMoO,
MO3BOJIIET  pacCUUThIBaTh Ha  co3daHue dA(PGEeKTUBHBIX  Jla3epOB B
JBYXMUKPOHHOM CIIEKTPAJIbHOM JHana3oHe C BO3MOXHOCTbIO HEIMHEHHOTro
BKP camonpeoOpazoBaHus U3yuyeHUs] B cCaMOM aKTUBHOM JIa3epHOMU cpejie.

1. L.I. Ivleva; T.T. Basiev; P.G. Zverev; V.V. Osiko; 1.S. Voronina; N.M.
Polozkov, Optical Materials. 23, 439 (2002).
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LIGHT PRESSURE EFFECTS IN PHYSICS OF SOLID-STATE LASERS

V.V. Semashko’, O.R. Akhtyamov?, A.S. Nizamutdiniov*, E.Sarantopoulou®?
A.C. Cefalas™?
'Kazan Federal University, Kazan
National Hellenic Research Foundation, TPCI, Athens
E-mail: vadim.semashko@Kkpfu.ru

Light pressure and ponderomotor forces, which were perceived like as
exotic effects at the beginning of XX century [1], at the recent time are became a
powerful tool of technology due to advances in laser physics. For instance it is
successfully applied in technology of atomic optics, isotopes separation, laser
cooling of gases, nanotechnologies and etc. [2]. Also there are publications,
which demonstrate a solid-state material surface modification because of laser
radiation enhanced diffusion into the bulk of ambient atoms or molecules
and/or adsorbed ones on its surface [3]. In this way the lack of literature data, to
our knowledge, about ponderomotor forces impact on properties of solid-state
active elements or nonlinear optics elements pumped by intensive and coherent
laser radiation are seemed surprising.

Here ponderomotor effects impact on micro- and nanoparticles, situated
into ambient air or adsorbed on the surface of crystalline active elements are
discussed and, as we believe, experimental data of light pressure impact on
energetic properties of UV solid-state laser based on 5d-4f transition of Ce®*
ions are presented.

1. P.N. Lebedev, Collected works, - Moskow: USSR Acad. Of Sci.,
1963.

2. V.l1. Balikin, Vestnik RAN 81, 291 (2011).

3. E. Sarantopoulou, et al., Applied Surface Science 254, 804 (2007).
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INFLUENCE OF CHROMIUM IMPURITIES ON THE SPECTRAL-
LUMINESCENT PROPERTIES OF CERAMICS BASED ON Y;Al;0y,:Ce**

G.E. Malashkevich®, E.N. Poddenezhny?, A.A. Boiko? K.N. Nishchev?,
T.G. Khottchenkova', I.V. Prusova’, I.I. Sergeev', P.P. Pershukevich®,
A.A. Sukhodola®
'B.1. Stepanov Institute of Physics, NAS of Belarus, Minsk, Belarus
?P.0. Sukhoi Gomel State Technical University, Gomel, Belarus
3N.P. Ogarev Mordovia State University, Saransk
E-mail: g.malashkevich@ifanbel.bas-net.by

Spectral-luminescent properties of ceramics based on Y,Al:0,:Ce*
obtained with colloid-chemical method and additionally doped with chromium
from the gas phase were investigated in order to increase the proportion of the
red component in the emission spectrum of the two-component (LED-
phosphor) light sources.

The synthesized ceramics includes Y3AlsO., with space group la3d cubic
system in the presence of minor impurities of orthorhombic YAIO; and is
characterized by luminescence spectra and luminescence excitation spectra
shown in Fig. 1. The lack of significant quenching of Cr®* ions luminescence
and its remarkable sensitization by Ce** ions occur at low concentrations of Ce®*
and Cr** ions (= 1-10%° and less than 1-10"° cm™3, respectively). There is a high
thermal stability of the luminescent properties of the synthesized ceramics and
radical difference in instantaneous spectra of luminescence of Cr®* ions, which
allows concluding that the realization of these ions in two different subsystems
takes place.

T T T T T T T T T T T T
10f ) L0 ! b
2! 1
! A
! o ~
I \ ‘3
B ] \ I,_ \
! 4\ 3 W
I / ’
o \
(| ’ \|
.z n N
0.0 L. N | . 0'0‘ | |
500 600 700 400 500 600

A (hm)
Fig. 1. Luminescence (a) and its excitation (b) spectra of Y3Als01,:Ce®", Cr¥* ceramics. Aexc,
nm: 400 (2a) and 460 (1a), Arec, NM: 600 (1b), 694 (2b), 725 (3b) and 750 (4b)

The obtained results allow us to consider co-activation of yttrium-
aluminum garnet with Ce** and Cr*" ions as one of the possible ways of
increasing the proportion of red photons in the spectrum of its luminescence
excited by light-emitting diodes based on InGaN crystals.
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CRYSTALLIZATION AND SHAPING PROCESSES
OF OXIDE CRYSTALS
L.I. Ivleva
General Physics Institute RAS
E-mail: ivleva@gpi.ru

The main principles for continuous growth of controlled profiled single
crystals from the melt were formulated by A.V.Stepanov. It allows to produce
the samples of specific geometry from different materials: metals,
semiconductors, dielectrics .A number of original variations and modifications
of the Stepanov technique will be considered. The crystals of different
configurations (ribbons, tubes, rods) and complex profiles can be grown with
constant and variable cross-sections. The system “melt-crystal” peculiarities
during the crystal growth process by Stepanov technique will be given. The
types of dies for different variants of the technique will be shown. The technique
can be used for production of profiled crystals of constant and varying
compositions. The group of some ribbons can be grown simultaneously using
special die construction and controlled growth parameters. Growth defects of
profiled crystals and the reasons of their formations will be discussed.
Advantages and disadvantages of the variants of the technique will be
considered for different oxide materials. The fields of applications of profiled
materials will be presented.
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FEATURES OF HOLOGRAPHIC SENSOR OPERATION AND THE
COLORIMETRIC DETERMINATION OF THE WAVELENGTH CHANGE
OF THE REFLECTED LIGHT

A.V. Kraiski!, T.V. Mironova', V.A. Postnikov?, M.A. Shevchenko'
'P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow
?Research Institute of Physical-Chemical Medicine FMBA of Russia, Moscow

E-mail: kraiski@sci.lebedev.ru

One of significant advantages of holographic sensors is the possibility of
their use as multi-channel ones. This allows simultaneous measurements at
different points of the surface, for example, measurement of a component
concentration in a set of test solutions, or determination of a set of components
in the same solution, or both. To simplify the process of multi-channel analysis,
for example to determine the glucose concentration in all cells of the sensor
simultaneously, we developed the colorimetric method for measuring the mean
wavelength of the narrow-band radiation [1-2] from color digital images. The
method works in the visible range of 455 - 625 nm.

The idea of the method is that, since the light reflected by the hologram is
narrowband (a spectral width of 20 nm), the mean wavelength can be uniquely
determined from the ratio of signals in the color channels for every image pixel.
This gives us the map of wavelengths of the image. The method requires a
special camera calibration.

For multi-channel measurements a microfluidic cell array was designed.

However, a number of significant problems appear when working with
holographic sensors. One of them is the one-dimensional swelling of the
holographic layer, which leads to the change of the reflection angle and the
wavelength under large wavelength shifts. To prevent this, we developed a
special kind of simple spatial filtering of the radiation forming the hologram.

This work was supported by a grant program of the Presidium of RAS
"Fundamental sciences for medicine."”

1. AV. Kraiski, T.V. Mironov, T.T. Sultanov, VA Postnikov, V.I.
Sergienko, V.E. Tikhonov. A method for measuring the wavelength of
the narrowband light colorimetric method. RF Patent number 2390738
21.05.2008.

2. AV. Kraiski, T.V. Mironov, T.T. Sultanov, Quantum Electronics 42
(12), 1137-1139 (2012).
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ANTI-STOKES LUMINESCENCE in CRYSTALS MF;-HoF; (M=Ca, Ba, Cd)
UPON EXCITATION at °I; and °Is LEVELS of Ho>* IONS

A.A. Lyapin®, A.P. Merkulov', P.A. Ryabochkina®, P.P. Fedorov?
'Ogarev Mordovia State University, Saransk
?General Physics Institute of Russian Academy of Sciences, Moscow
E-mail: andrei_lyapin@mail.ru

Anti-Stokes luminescence of rare earth ions doped in different matrices is
widely used in many fields of science and technology.

In present paper we investigate anti-Stokes luminescence of Ho3+ ions in
crystals with the fluorite structure (MF,, where M=Ca, Ba, Cd). One of the
features of these materials is the formation of clusters of rare-earth ions which
affect on the nature of the mechanisms responsible for the anti-Stokes
luminescence in these materials. Anti-Stokes luminescence of Ho**-doped
fluorite-type crystals upon excitation of °l,, °Fs, °S,, °Fs levels has been
extensively studied [1-3]. However, we have found no studies of anti-Stokes
luminescence in MF;-HoF; crystals excited by IR radiation to the °Is and °I;
levels of Ho®" ions. Previously we have investigated the mechanisms of anti-
Stokes luminescence in CaF,:Ho crystals and ceramics upon excitation by laser
two-micron radiation to the level °I; [4, 5]. The goal of the present work is to
study the mechanisms of upconversion luminescence in CaF,:Ho, BaF,:Ho,
CaF,-SrF,-HoF; crystals upon excitation of the °I; and °ls levels. At these
methods of excitation the investigated crystals possess an intense glow in the
visible wavelength range and can be used as visualizers of IR radiation. On the
basis of experimental data we suggested channels of populating of energy levels
under excitation of °1; and °I5 levels.

This work were supported by the The Ministry of Education and Science
of the Russian Federation State Order for Research in 2014 (Project No.
3.384.2014/K and Project No. 07080210059611).

Brown M.R., Shand W.A., Physics Letters, 11, 219 (1964).

S.R. Bullock, et al, J. Opt. Soc. Am. B., 14, 553 (1997).

Mujaji M., Comins J.D., Phys. Stat. Sol. C, 9, 2372 (2004).

A.A. Lyapin, et al, Quantum Electronics, 44, 6, 602 (2014).

A.A. Lyapin, P.A. Ryabochkina, A.N. Chabushkin, S.N. Ushakov, P.P.
Fedorov, Journal of Luminescence, 167, 120 (2015).
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ULTRASHORT PULSED UV LASERS BASED ON THE Ce*":LiCaAlFs AND
Ce**:LiLuYF, CRYSTALS

O.R. Akhtyamov, V.V. Semashko, A.S. Nizamutdinov, M.A. Marisov
Kazan federal university, Kazan, Russia
E-mail: akhtyamovo@mail.ru

An important problem of quantum electronics is the generation of laser
radiation in the form of ultrashort pulses in UV spectral range. The family of
cerium-doped laser crystals offer an attractive all-solid-state route providing
tunable laser oscillation directly in the UV [1]. Here we report on UV
subnanosecond pulses lasing on colquiriite Ce**:LiCaAlFg and scheelite types
structure mixture crystals of Ce*":LiLuYF, active media which were pumped at
around 266 nm and 300 nm, correspondently. Experimental results are presented
in fig.1.
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Fig.1. Temporal distribution Ce®*:LiCaAlF laser (with external mirror) (a); temporal
distribution Ce®":LiLuYF, laser

The Ce**:LiCaAlFs active media were placed into composite laser cavity
consist of a short length low Q-factor laser cavity and a long feedback laser
cavity, as it was done early in [2]. The short laser cavity provide subnanosecond
spiking pulses which seeded into long cavity to select the first pulse and
organize its regenerative amplification. As a result the stable ultrashort “pulse-
train” with pulse length at about 800 ps and the period at about 4 ns defined by
the design of the cavity is observed (fig. 1a).

Also we discuss an opportunity of using photodynamic processes for
intracavity losses modulation. For instance an internal UV pump induced losses
in active medium could be utilized for shortering of laser pulse. To do that
Ce*":LiLuYF, crystals family were selected because of color centers formation
is well pronounced in it [3]. We report on single pulse generation of 300 ps
duration from Ce*":LiLuYF, (fig. 1b) in Fabri-Perrot cavity. Further prospective
of UV laser pulse shortening and design for new short-pulse solid-state UV
lasers are discussed.

1. N. Sarukura, Z. Liu, M.A. Dubinski et al., IEEE J. STQE, 1, 792 (1995).
2. N. Sarukura, Z. Liu, S. lzumida et al., J. Appl. Opt., 37, 6446 (1998).
3. O.R. Akhtyamov, A. S. Nizamutdinov, V. V. Semashko et al., Proc. SPIE,

7994, 799401 (2011).
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MICRO- AND NANOCRYSTALLIZATION IN YAI3(BO3), 1 GdAI3(BO3),
MELTS

D.A. Naprasnikov !, V.V. Maltsev?*, N.I. Leonyuk*, K.N. Gorbachenya?
'Department of Crystallography and Crystal Chemistry, Geological Faculty,
MSU, Moscow;

?Belarusian National Technical University, Minsk
E-mail: dante88152247711@mail.ru

Studying of features of micro- and nanocrystallization in viscous borates
melts is important for creating a relatively inexpensive optical glass-crystalline
materials - elemental base of compact laser systems [1,2]. In the proposed report
the synthesis of glass-ceramic composites based on YAIl;(BO3), (YAB) and
GdAI;(BO3); (GJAB) with different variations in the composition and
temperature conditions is discussed. Upon cooling melts, corresponding to these
formulas, opaque glass ceramic (glaze) is formed. It becomes transparent with
the addition of 100% excess of boric anhydride and prolonged exposure
(BBIIEpKKa?) at the maximum temperature (optimal 1250 and 1350°C for GAAB
and YAB, respectively).

Obtained samples have two types of X-ray spectra: (1) of amorphous
materials without clear peaks and (2) with intense reflections, indicating the
presence of crystalline phase in a glassy matrix. Some of them coincide with X-
ray spectra of GAAB and YAB crystals.

The electron microscope images of YAB-containing glazes demonstrate
cavities, possibly associated with the removal of the volatile components during
crystallization process. According to microprobe analysis, there are areas of
different composition in glass matrix, that could also indicate the formation of
nano-sized crystallites. In the transparent GdAB-composites needle
microcrystals detected, while in the glaze there are two types of
crystals - elongated (to several microns) with a ratio of length to width about
10/1 and idiomorphic prismatic ones.

In selected volume (1 mm®) of glass matrix, by the method of X-ray
microtomography established that the content of crystalline phase therein
reaches 32.5%, while the cavities are 0.35%.

Also obtained absorption spectra of glass-ceramic composites based on
Er,Yb:YAB, the shape of which is similar to the spectra of phosphate glasses.

1. G. Karlsson, et al., Appl. Phys. B 75, 41 (2002).
2. K.N. Gorbachenya, et al., Optics Letters 38(14), 2446 (2013).
3. N.I. Leonyuk, J. Crystal Growth 174(1-4), 301 (1997).

181


mailto:dante88152247711@mail.ru

THE STUDY OF PSEUDOSYMMETRY OF KTP CRYSTALS WITH
SUBSTITUTIONS

A.P. Gazhulina, E.A. Isupova, M.O. Marychev
Physics department of the N.I. Lobachevsky State University of Nizhni
Novgorod (NNSU)
E-mail: evgeniya.isupova@yandex.ru

The dependences of the degree of the invariance of the electron density
with respect to the operation of inversion [1] (pseudoinversion) on the
concentration of the impurity were calculated using model supercells of the
potassium titanyl phosphate (KTP) crystals doped with Zn, Ge, Zr, Nb, Sn, Sbh,
Hf, Ta. The concentration of the impurity varies from 0 to 30 at. % with a 1%
step. Model impurity supercells contain 64 initial unit cells. 1000 structures
were simulated for each impurity concentration. Calculations were performed
for various occupations of both inequivalent titanium positions in KTP structure
by impurities. Program PsAnalyser [2] was used to create supercells and to
calculate the pseudoinversion of their structures. Structures of KTP:Nb were
simulated subject to the potassium vacancies [3]. Concentration dependencies of
pseudoinversion calculated using models with the potassium vacancies and
without them agree within 0.3%, which conforms to [4].

A comparison of the dependencies of the pseudoinversion on the impurity
concentration with the known behavior of the intensity of the SHG on powder
samples KTP: Zr [5], KTP: Sn [6], KTP: Hf [7], KTP: Nb [8], KTP: Sb [8] was
implemented. The behavior of the concentration dependencies of the
pseudoinversion and intensity of the SHG agree qualitatively.

1. E.V. Chuprunov, Crystallography Reports. 52(1), 1 (2007).

2. L.N. Lozgachev, N.V. Somov, Vestnik of Lobachevsky State
University of Nizhni Novgorod. 5, 231-237 (2013)

3. N.E. Novikova, I.LA. Verin, N.I. Sorokina et al., Crystallography.
53(6), 999-1008 (2008).

4. A.P. Gazhulina, M.O. Marychev., Materials of nano-, micro-,
optoelectronics and fiber optics: Physical properties and applications:
collection of works of the 13th International Conference School, 153
(2013).

5. V.I. Voronkova, V.K. Yanovsky, I.N. Leontieva et al., Neorgan.
Materials. 40(12), 1505-1507 (2004).

6. V.I. Voronkova, V.K. Yanovsky, T.Y. Losevskaya et al.,
Crystallography. 47(1), 99-104 (2002).

7. E.l. Orlova, E.P. Kharitonova, N.E. Novikova et al., Crystallography.
55(3), 440-447 (2010).

8. V.A. lvanov, V.A. Burdov, M.O. Marychev et al., Crystallography.
53(4) 714-719 (2008).
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LiYosLug-Fs: Ce*, Pr** MIXED CRYSTAL AS A PERSPECTIVE UP-
CONVERSIONALLY PUMPED UV ACTIVE MEDIUM

V.G. Gorieva, V.V. Semashko, S.L. Korableva, M.A. Marisov, V.V. Pavlov
Kazan Federal University, Kazan, Russia
E-mail: ekorre v@mail.ru

Currently tunable solid-state optical quantum generators of UV range are
most easily implemented on interconfigurational 4f"*5d - 4f" transitions of rare-
earth ions in wide-bandgap dielectric crystals. In this case the pumping of the
laser is usually carried out by UV harmonics of visible and infrared radiation
generated by of commercially available lasers, or powerful UV radiation of
excimer lasers. However, UV pumping radiation induces in solid-state active
elements various photodynamic processes (PDP), which cause degradation of
the optical properties of active media. One of the ways to avoid or significantly
reduce harmful manifestations of PDP is to use up-conversion pumping [1].
Finding ways to realize such up-conversion pumping is a topic problem in the
view of future implementation of effective solid-state UV-active media with the
use of semiconductor lasers as a pumping source and compact solid-state
quantum electronics devices of UV range in general.

Here we investigate an opportunity of effective population of states of 5d-
configuration of Ce** ions in LiYsLug-F4 (LYLF) crystals by stepwise *H,-4f5d
up-conversion excitation of states of 4f5d-configuration of Pr¥* ions, followed
by the transfer of excitation energy from Pr** to Ce** ions.

We determine the real concentrations of Pr** and Ce** ions in LYLF
crystals. Such parameters as excited 4f5d state photoionization cross-section of
Pr** ions, ground state cross-section of Ce** ions at 266 nm wavelengths and
energy transfer coefficients of energy transfer from Pr** to Ce*" ions were
estimated. The results of pump-probe experiments on 5d-4f transitions of Ce®*
ions in LYLF crystals are presented. Due to non-optimal pumping conditions
just small-signal gain was observed. The optimal parameters for getting
maximal gain on 5d-4f transitions of Ce>* ions were determined by mathematical
modeling.

Obtained results of pump-probe experiments and results of mathematical
modeling demonstrate good prospects of using crystal LiYsLug-Fs:Ce*, Pr** as
an active medium of solid-state laser with up-conversion pumping.

1. V.V. Semashko, M. F. Joubert et al., Proc. of SPIE. 4061, 306 (2000).

183


mailto:ekorre_v@mail.ru

ACTIVE MIRROR ON POLYCRYSTALLINE Cr*:ZnSe

0.Y. Bitkina*?, A.P. Savikin', O.N. Eremeykin'?*, A.S. Egorov*?
'Lobachevsky State University, Nizhni Novgorod
2000 “Intellectualnye Systemy NN, Dzerzhinsk
%Institute of Chemistry of High Purity Substances RAS, Nizhni Novgorod
E-mail: bitkina@r-aingroup.com

Use of the optical amplifier is one of the possible ways to increase the
power output of laser. Currently the experimental setup is known using HR
active mirror with a separate pumping source. In this work, the active mirror was
used as the output mirror of the cavity. The active mirror was a polycrystalline
Cr*ZnSe. The one side of the polycrystalline had a reflective coating with the
transmittance T=30 % at a wavelength of 2.4 n and T=99% at a wavelength 1.9
w. The other side had antireflection coating at a wavelength 2,4 p. Unabsorbed
pump energy was used to excite the amplifier in the active mirror.

During the experiment an active mirror was compared to the classic
output mirror made on the ZnSe substrate with antireflection coating of the same
characteristics. The Tm:YLF laser 1 (fig.1) emitting at a wavelength of 1.9
mkm was used for pumping. The pump radiation was focused in the active
medium 4 Cr*ZnSe laser .Beam diameter was ~600 mkm. The laser cavity of
Cr**ZnSe laser consisted of a plane dichroic mirror 3 and output mirror 5,
which was replaced with the active mirror during the experiment.
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Fig.1. Block diagram of Cr**ZnSe laser Fig.2. Output energy Cr**:ZnSe laser as a
(1- Tm:YLF laser, 2- lens, 3- dichroic mirror,  function pump energy (1- active mirror, 2-
4 - polycrystalline Cr**'ZnSe, 5 - output classic mirror)

mirror)

The use of active mirrors (fig.2), compared to classical mirrors, has led to
an increase in output energy of the Cr**:ZnSe laser for ~ 1.5 times.
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INVESTIGATION OF Tm*" IONS OPTICAL CENTERS SPECTROSCOPIC
AND LASER PROPERTIES IN CaF, FLUORIDE CRYSTALS

K.A. Martynova“% O.K. Alimov?, M.E. Doroshenko?, V.A. Konyushkin?,
A.N. Nakladov?, V.V. Osiko®
'National Research University "MEI", Moscow
2General Physics Institute. AM Prokhorov, Russian Academy of Sciences,
Moscow
E-mail: kmartynova@hetnet.ru

The aim of our research was to determine the properties of different types
of thulium ion optical centers in the concentration series of calcium fluoride
crystals, i.e. the dynamics of their formation, the position, the width and the
intensity of the absorption and fluorescence lines and obtaining of different
optical centers laser room temperature oscillations at wavelengths corresponding
to their local fluorescence maxima.

In the measured absorption spectra lines corresponding to tetragonal ion
optical centers were separated according to [1]. It was shown that for CaF,
crystal tetragonal centers concentration decreases rapidly with increase of
thulium ions concentration (see Fig.1). At low (77K) temperature fluorescence
decay curves at °F,-*Hs Tm®" transition for three different optical centers were
measured with lifetimes of 6 ms, 19 ms and 120 ms respectively. A significant
difference in the different thulium ions optical centers lifetimes allowed to
obtain individual fluorescence spectra of the particular optical centers from
measured time-resolved low-temperature (77 K) fluorescence spectra with
selective excitation by temperature tunable 795 nm laser diode. Fig. 2 shows an
example of the low temperature thulium ions tetragonal centers fluorescence
spectrum in CaF,: Tm** (0.1%) crystal.

020 [ CaFy:Tm™ (0.9 wi%) !
g 010 E (1
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7950 795.5 7960 1700 1800 150 2000 2100
Wave le ngth, nm Wavelength. nm
Fig.1 — Part of the of thulium ions absorption Fig.2 —Thulium ions tetragonal centers
spectrum in CaF; crystal near 795.4 nm for fluorescence spectrum in the CaF,:
different concentrations of Tm** at 77 K Tm** (0.1%) crystal at 77K

Under laser diode (A=795 nm) pumping at room temperature lasing of
CaF,: Tm* (0.4%) crystal was obtained. For the output mirror reflectivity of
99.7% the measured lasing spectrum was found to consist of two oscillation
lines corresponding to local low-temperature fluorescence maxima of different
thulium ions optical centers.
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HOLOGRAPHIC GLUCOSE SENSORS

V.A. Postnikov', A.V. Krayskiy?, M.A. Shevchenko?, V.I. Sergienko®
'Research Institute of Physico-Chemical Medicine FMBA of Russia, Moscow
?Physical Institute. Lebedev Russian Academy of Sciences, Moscow

E-mail: vladpostnikov@mail.ru

Holographic sensors [1-2] are based on the hydrogel polymeric matrix
(10-50 microns thick) fixed on a surface of a glass plate in which layers are
regularly introduced nanoscale solid grains Ag, the average distance between
them within the layer is much smaller than the length the wavelength of visible
light. Such a structure is illuminated with white light reflects the narrow-band
radiation whose wavelength is close to twice the period of the layers. Changing
swelling hydrogel matrix leads to a change in the period of the layers is
accompanied by increasing or decreasing the wavelength of the reflected
radiation. For giving the sensitivity to the glucose sensor in a hydrogel film
integrated aminophenylboronic acid derivatives that provide selective
interaction with glucose assay mixture. The formation of glucose complex is
accompanied by swelling of the hydrogel matrix and the variation of the
wavelength of the reflected light, which is determined by the spectral device, or
visually.

Responses of glucose sensors are linearly dependent on the glucose
content (0-20 mM) in model solutions. With an increase in ionic strength
(content NaCl) from 0 to 0.15 M sensor sensitivity is reduced by more than an
order of magnitude. This limits the practical application of the sensor in
biological fluids usually contain an appreciable amount of different ions.
Sensors to determine the sensitivity of the glucose content in blood serum
samples with known amounts of glucose, a modifier-treated for recovery of
glucose to sorbitol. The results of determination of sorbitol-modified serum
samples substantially coincide with the definition in the control sorbitol solution
in the same buffer. The sensitivity of the sensor under these conditions - 400 nm
/mm, allows to expect increasing the accuracy of determining blood glucose in
plasma for 0, 02 mM in physiologically meaningful 0-30 mM glucose, which is
five times higher than the accuracy of current laboratory methods for
determining glucose.

This work was supported by a grant program of the Presidium of RAS
"Fundamental sciences - medicine."

1. A.K. Yetisen, I. Naydenova, F. da Cruz Vasconcellos, et al., Chemical
reviews 114(20), 10654-10696 (2014)

2. AV. Kraisky, V.A. Postnikov et al., Quantum Electronics 40, 178
(2010).
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THE GROWTH OF CA,.xLI,xGEO, SINGLE CRYSTALS

D.V. Simanovsky, V.A. lvanov, M.O. Marychev, V.S. Nikolov
Lobachevsky state university of Nizhni Novgorod
E-mail: egick1993@mail.ru

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 elements emits intensely at 473 nm, at 485 nm and at
575 nm [1,2]. The main aim of this work is the growth of Ca,Li,,GeQ, single
crystals suitable for studying of their optical properties.

High temperature solutions (flux-method) were used for Ca,Li»GeOy
crystal growth by spontaneous crystallization on a narrow platinum stick in a
cylindrical crucible with a diameter of 5 cm and a height of 5 cm.. The weight of
the high-temperature solution was 150 g. 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 crystals with sizes
about 1 cm (see fig. 1). Preliminary researches with an optical microscope
showed that they have sufficient quality to carry out researches of their physical
properties.

Fig. 1. Photo of grown crystals of CaycLi,xGeOy

1. Meng Jian-Xin, Yang Chuang-Tao, Chen Qing-Qing, J. Lumin.
130(7), 1320-1323 (2010).
2. |.V.Berezovskaya at al., Ceram. Int. 39(6), 6835-6840 (2013).
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SPECTRAL AND LUMINESCENT INVESTIGATION OF
SrMoO, CRYSTAL, DOPED WITH Ho* IONS

V.G. lvanova'?, P.G. Zverev?, E.E. Dunaeva?,
A.V. Nekhoroshih?, L.I. Ivleva®, M.E. Doroshenko?
'Moscow Power Engineering Institute, Moscow
2General Physics Institute RAS, Moscow
E-mail: ivanovavg93@mail.ru

Solid-state lasers operating in the near and middle infrared spectral region
find practical applications in medicine, biology, ecologic monitoring of natural
environment. Two-micron lasers with crystals and glasses, activated with Ho®"
ions (transition °1; — °Ig) has a large fundamental interest. Strontium molybdate
has a high Raman gain, therefore Ho**:SrMoO, crystal can operate as an active
laser medium and a nonlinear Raman medium simultaneously and can be a basis
for the creation of compact solid-state lasers operating at new spectral
components which are optimal for specific applications [1].

In the present work we investigated the spectral and the luminescent
properties of Ho**SrMoO, crystal. The test sample was 3 mm thick and was
prepared of a crystal grown by Czochralski method in GPlI RAS. The
concentration of Ho** impurity ions was 8.04x10* cm,

Spectrometer Cary-5000 was used to measure polarized absorption spectra
in the spectral region of 350-2300 nm. A monochromator MDR-23, a PbS
photodiode and a digital oscilloscope Textronix TDS-2022 were used in
fluorescence measurements in the near IR spectral region. A pulsed
semiconductor diode with the output wavelength of 445 nm was used as an
excitation source.

The oscillator strength values of electronic transitions in Ho®* ion were
determined from the values of the integrated absorption coefficients. By using
the Judd-Ofelt procedure were determined the intensity parameters Q; (t=2, 4, 6)
for Ho®* ion in SrMoO, crystal, which equaled €, =7.27x10%cmM’
0O, = 1.9x10%cm?, Qg = 0.2x10%cm®. Using the obtained values of the intensity
parameters the probability of spontaneous radiative transition from level °l; in
the ion Ho®" was calculated. The lifetime value for °l; energy level was found to
be equal to 13 ms. This value is slightly longer than that obtained in the
experiment which was 6 ms. Long lifetime value for °l; energy level in
Ho®*:SrMo0O, crystal allows to consider it as a promising medium for
developing efficient two micron lasers with the possibility of simultaneous
Raman conversion of laser radiation.

1. L.I. lvleva; T.T. Basiev; P.G. Zverev; V.V. Osiko: I.S. Voronina;
N.M. Polozkov, Optical Materials. 23, 439 (2002).
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TOIIOJIOI'MYECKHUE KPAEBBIE MOJIbl B ®OTOHHBIX KPUCTAJIUTAX

A.B. IlomakuHCcKui
Quzuxo-mexuuyeckuil uncmumym um. A.D. Hoghghe, Cankxm-Ilemepoype
E-mail: poshakinskiy@gmail.com

TomosIorn4eckKUMU  M30JATOPaMU  HA3bIBAIOT MaTepualbl, KOTOPHIE
BHYTpH 00beMa MPEACTABISIIOT COO0M MUANEKTPHUK, a HA MOBEPXHOCTH HMMEIOT
YCTOMYMBBIE TPOBOAAIIME cOCTOsHMS [1]. B Hacrodiiee Bpemsi IpOUCXOOUT
OypHoe pa3BuThe (HU3UKH (POTOHHBIX TOMOJIOTHUECKUX H30JIATOPOB — HOBOTO
Tuna (OTOHHBIX KPUCTAIUIOB, SBISAIONMIMXCS AHAJIOTaMH  BJICKTPOHHBIX
TOMOJIOTUYECKUX HU30JISITOPOB. OCHOBHBIM CBOMCTBOM TaKUX CHUCTEM SIBIISICTCS
HAJINYWE B HUX KPACBBIX TOIMOJOTMYECKH 3AIIMIIEHHBIX ONTHYECKUX Mo [2]. B
JOKJIane OyAeT chenaH 0030p Pa3IMYHBIX peaau3alluii OJHOMEpHBIX [3-5] u
JIBYMEPHBIX [6-8] (OTOHHBIX TOMOJOTHYECKHX H30JATOpOB. [loapoOHO OymeT
OMMCaHa TEOPHUS HU3IYYaAIONIUX TOMOJIOTMYECKUX MOJI B CTPYKTYypE€ Ha OCHOBE
MEPUOANYECKON MOCIEAOBATEIbHOCTA KBAHTOBBIX SIM C HECKOJIBKUMH SIMAMH B
areMeHTapHOu sueiike [4]. KpaeBble MOABI B TaKOl CUCTEME MMEIOT KOHEYHOE
paaualoOHHOE BPEMS KM3HHU, BBI3BAHHOE YXOJOM CBETA U3 CTPYKTYPHI UEpPE3 €€
Kpasi, ¥ TTIOATOMY IPOSIBISIIOTCSA B CTAIMOHAPHBIX U PA3pPELICHHBIX BO BPEMEHHU
CIIEKTPAaX OTPaXXEHUS CBETA OT CTPYKTYPHI.

Hanmune wmm orcyTcTBHE Yy (POTOHHOTO  KpUCTauila  KpaeBbIX
TOMOJIOTUYECKUX MOJI OMNPENEISETCS CTPYKTYpOHd OJIOXOBCKUX COCTOSIHUIMA,
KOTOpasi MOXET OBbITh OXapaKTEepU3OBaHa HEKOTOPHIMHM LIEJIBIMUA YHUCIaAMU —
TOMOJIOTUYECKUMHU UWHBapuaHTamMu. OTIWYHBIE OT HYJS 3HAYEHUS OTUX
WHBApUAHTOB CBUIETEILCTBYIOT O TOMOJIOTHYECKON HETPUBUATBLHOCTH CUCTEMBI
M, CIIEIOBATEbHO, O HAJIWYMKW Y HEE KpaeBblX MoJA. BaxHol 3amaueit
CHEKTpOCKONMU (OTOHHBIX KPUCTAJIOB SBISAETCS pa3paboTka METOJIOB
U3MEpPEHUs TOMOJIOTMUYECKUX WHBapuaHTOB. B nmoknane Oyaer omucan crnocod
U3MEPEHUsI TOIMOJOTUYECKUX HWHBAPUAHTOB, OCHOBAHHBIM Ha aHanmmu3e (aswl
kod(ddureHTa oTpakeHus, W TPOJEMOHCTPUPOBAHO €r0 MNPUMEHEHHE IS
OJTHOMEPHBIX M IByMEPHBIX (POTOHHBIX KpUCTALIOB [9].

PaGoTa BrimonHeHa npu oazepxke houaa «luHacTus.
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OPUEHTALIMS CIITMHOB HOCUTEJIEN 3APSIIA
TOKOM B ITOJIVITPOBOAHNKAX

H.C. ABepkuen
Quzuxo-mexnuueckuil uncmumym um. A.@. Hoghgpe PAH, Canxkm-Ilemepoype
E-mail: averkiev@les.ioffe.ru

JluHeliHas CBSI3b MEXKIY CIMHOM HOCHUTENIEW MU AJIEKTPHUUYECKUM IOJEM
BO3MOXXHa B CpeAax CHEUHAIBHOW CUMMETPHUHM, B KOTOPBIX OTCYTCTBYIOT
IJIOCKOCTH OTPaXEHUs, TaK YTO KOMIIOHEHTHl HMCTUHHBIX U ICEBIOBEKTOPOB
peoOpasyroTcsl MO OJUHAKOBBIM MPEACTaBICHUAM. [I0CKOIBKY 1O OTHOIICHUIO
K OOpallleHUI0 BPEMEHM BEKTOp CIMHA M3MEHSET 3HaK, a BEKTOp
AIEKTPUYECKOTO TOJsI HET, TO KOAP(PPUIMEHT CBA3M MEXAY HUMH JOJIKEH
MEHSITh 3HaK MpU OOpAIEHUH BPEMEHHU, TO €CTh MUKPOCKOMUYECKUI MEXaHU3M
Takoro 3p¢eKra A0HKEH ObITh IUCCUMATUBHBIM. J{OKIaa mpencTaBisieT coOoit
0030p TEOPETUYECKUX U HKCIEPUMEHTAIBHBIX PaOOT, MOCBSIIEHHBIX STOMY
SBJICHUIO.

CBsi3p MEXIy BEIMYMHON CHUHOBOM MOJISIPU3ALMH U DIIEKTPUYECKUM
mojieM (TOKOM uepe3 oOpa3zelr) JoJDKHA ObITh 00YCIIOBJICHA CIIMH-OPOUTAIBHBIM
B3auMoOJielicTBUEM. [Ipy 3TOM MOKET BO3HUKATh JBA TUIIA SBJICHUMN: CIIMHOBBIM
abdext Xomra [1], npencraBustomuii coO0M MPOCTPAHCTBEHHOE pa3/IeiCHHE
HOCHUTEJIEH C MPOTHUBOIOI0XKHO OPUEHTUPOBAHHBIM CIIMHOM U OJAHOPOJHAS IO
o0beMy moJsApuzainusa Hocutener [2,3]. MUKpOCKONMMYECKOW MNpUYUHON
SABJICHUM MOXKET OBbITh HaJIMYME HEUYETHBIX I[I0 HMIYJbCY CJIaraéMbIX B
raMuJbTOHUAHE, OMUCHIBAIOIIEM CHEKTp HocuTened. Takue BkiIagbl MOTYT
BO3HUKATh B CHUCTEMaxX MOHUXEHHOW CUMMETPUU, HAIIPUMEP B TUPOTPOITHBIX
KpUCTaJJIaX WM KBAaHTOBBIX sIMaX WJIM MPOBOJIOKAX.

BnepBbie Ha BO3MOXKHOCTh OPUEHTAIIMM CHUHOB AJEKTPUUYECKUM TOJIEM
ObLJIO yKa3aHO B [4] I THPOTPOITHOTO TOJYIPOBOJHUKA Teutypa. B atom
cliy4ae H3-3a OCOOCHHOCTEH JHEPreTHYECKOM CTPYKTYypbl MaTepuala
MPOTEKAHUE TOKAa BJOJIb TPUTOHAIBHON OCH MPUBOJIUIO K BO3HUKHOBEHUIO
CPEIIHETO CIIMHA, TAK)KE OPUEHTUPOBAHHOTO BJIOJIBH 3TOTO HarpaBieHus. DPpdekT
Obl1  OOHapykeH B [5] 1O JOMOJHUTEILHOMY TOBOPOTY IUIOCKOCTH
MOJISIPU3ALIMM CBETa, PACIIPOCTPAHSIIONIETOCS BAOJb OCH TpEThero nopsaka. s
JIBYMEPHBIX cucTeM 3(P(HEKT TEOpeTUYeCKH paccMOoTpeH B [2,3], Thoe Takxke
oOcyxpmajicss Bompoc o crnocobe ero peructpauun. Haunbonee mosHOE
TEOPETUYECKOE HCCIIEOBAHUS s 1€(POPMUPOBAHHBIX OOBEMHBIX KPHUCTAJIJIOB
M JBYMEPHBIX CHCTEM TNPOBEACHO [6], TIe NOpeaIoKeHO M JABAa METoAa
peructpanuu. IlepBbIli COCTOMT B HCMOJB30BAaHUM METOAA MArHUTHOTO
pE30HaHCa, TOCKOJBbKY B CHUCTEME BO3HHMKAET CPEAHUM MArHUTHBIA MOMEHT,
KOTOPBIM MOXET ObITh 3apeructpupoBaH meromgamu JIIP wmm SAMP. Bropoi,
OoJiee MOAXOMSAIINMA JIJI1 MOJYNPOBOJHUKOB, OCHOBAH HAa M3MEPEHUU CTEIECHU
KPYTOBOH moJsipu3anuu (GOTOTIOMHHECIICHITUN, KOTOPasi MOXKET BOSHUKATh TIPH
JOTIOJIHUTEIbHOM K MOPHJIOKEHHOMY 3JEKTPUYECKOMY TIOJII0 MEK30HHOM
dboToBo30yxaeHNM [7]. Takoit a3hdext Ob11 0OHApyk)eH [8] T KBAHTOBBIX SIM
GaAs/AlGaAs p-tuma. OpueHTanus CHOUHOB MPH NPUIOKCHHH IO B
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KBAaHTOBBIX sIMax Obula Takke oOHapyxeHa mno >pdexty Dapanes s
W3JIyYEHHUS B TEpareprioBoi oomactu cnekrpa [9].

Opnako, B 000MX YKa3aHHBIX AKCIIEPUMEHTax BeJnurHa 3¢ ¢ekTa Oblia
MEHbIIIE, YeM MpeAcKa3blBaeT TEOpHs, TaK YTO BO3HUKAET BOIPOC O IOUCKE
HU3KOPAa3MEPHBIX CTPYKTYP, B KOTOPHIX d3PGHEKT CIMHOBOW OpHUEHTAIIMH TOKOM
MOKET OBITh HAJIEKHO YCTAHOBJICH.

B aTOM cMBbICIHE peACcTaBiIsieT HHTEPEC U3yUeHUEe ITOTO SIBJICHUS B KBa3U-
OJIHOMEPHBIX CTPYKTypax (KBaHTOBBIX MPOBOJIOKAX), B KOTOPBIX M3-3a OOJIbIIEH
JUTMHBI CBOOOJHOTO Mpo0era, BeJIMYMHA CPETHETO CIUHA MOXKET OBITh BEIUKA.
JleTanpHOE TEOPETUUECKOE MCCIIEIOBAHNE OPUEHTAIIMM CITMHOB TOKOM B KBa3u-
OJIHOMEPHBIX MPOBOJIOKaX BbINOJHEHO B [10] M mnoka3zaHo, 4TO B TakKHX
CTPYKTypax CTEleHb OpPHUEHTAlMA MOXXET OBITh CPaBHUMOW C BEIMYUHOU
s dexTa B XOpOIIO NPOBOASIINX JBYMEPHBIX CTPYKTYpaX.

Pab6oTa BeinosHeHa npu noaaepxkke PH® (mpoekt Nel4-12-00255).

1. M.1. Dyakonov, V.I. Perel, Phys. Lett. A 35, 459 (1971).

2. A.T'. Aponog, 10.B. JIsuga-I'emnep, [Tucema B XKOTD 50, 398 (1989).

3. V.M. Edelstein, Solid State Commun. 73, 233 (1990).

4. E.JI. UBuenko, I'.E. ITukyc, [Tucema B XKOT® 27, 640 (1978).

5. J1.LE. Bopo6bes, E.JI. UBuenko, I'.E. [Tukyc, u np., 29, 485(1979).

6. A.I. Aponos, 10.b. Jlsana-I'ennep, I'.E. Ilukyc, XXKOT® 100, 973
(1991).

7. H.C. ABepkues, A.1O. Cunos, ®TII 39, 1370 (2005).

8. A.Yu. Silov, P.A. Blajnov, J.H. Wolter, et al., Appl. Phys. Lett. 85,
5929 (2004).

9. S.D. Ganichev, S.N. Danilov, P. Schneider, et al., J. Magn. Magn.
Mater. 300, 127 (2006).

10. N.A. Kokypun, H.C. ABepkues, [Tucema B XKOT®D 101, 627 (2015).
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®OTOVHIYLIMPOBAHHEIN TOK B KBAHTOBOM KOJIbLIE
CO CIITMH-OPBUTAJIbHBIM B3AUMOAENCTBHUEM

A.A. I'puropbkux
HUL] «KU» DI'BY Ilemepbypeckuui uncmumym s0epHot u3uxu
um.b.1l. Koncmanmunosa, Cankm-Ilemepoype
E-mail: ale-grig@yandex.ru

B nanHo#t pabote paccMmaTpuBaeTcsl CUCTeMa, COCTOsIIas U3 KBAaHTOBOTO
KOJIbIIa, COCAMHEHHOTO OJJTHOMEPHBIMU MPOBOJHUKAMU C ABYMS SJIEKTPOHHBIMU
pesepByapamu. Kombo ocBemaercs MOHOXPOMATHYECKMM — LUPKYJISPHO
MOJISIPU30BAHHBIM U3JTYYEHUEM, IMOSTOMY €ro raMuIbTOHHAH TapMOHUYECKU
3aBUCUT OT BpEMEHH. B TramMuIbTOHMAH KOJbIA BXOAST Cllaracmele,
OTBEYAIOIINE CIUH-OpPOUTAIBLHOMY B3auMojielicTBHIO PamiObl, Onarogapsa uemy
ANEKTPUYECKOE TIOJIE€ M3IIYYEHHSI MOXET  BIIHSITH HA CIUHOBBIE CTENECHU
cB00OJBI d7eKTpoHa. KOHTAaKTHI KOJIbIIA C MPOBOJHUKAMHU DPacCMaTPUBAIOTCS
KaK pacCerBarOIINEe MOTECHINABI HYJIEBOTO paguyca.

JlaHHasi cucTeMa HE MMEET LEHTPa MHBEPCHM B Cllydae, KOrjaa MpoBojAa
MOAKIIFOUYEHBI K KOJbIy HECUMMETPUYHO, WM KOTJAa HMMEET MECTO pa3jinyuue
paccenBaOIINX CBOWCTB «JIEBOI0» U «IPABOr0» KOHTAKTOB. CIIEICTBUEM 3TOTO
aBisgeTcst (QororaibBaHUYeCKUd HS(P(YEKT — BO3ZHUKHOBEHHE B MPOBOJAX
ITOCTOSIHHOTO TOKA IO/ JEUCTBUEM ONTUYECKOTO BO3MYIIEHUS.

B nmanHoil paboTe TpemsioKEH METOJ pacdeTa, IMO3BOJSIOIINMA
AQHAJTUTUYECKU BBIUYMCIUTH KBA3HIHEPTETUUECKHE JJICKTPOHHBIC COCTOSHUS B
CUCTEME C YYETOM YIPYroro paccesiHhsl Ha KOHTAaKTax MW HEYNPYroro
B3aMOJIENCTBUSA C W3JIyYEHUEM. Hatinen COOTBETCTBYIOIIUI
dboTonHayIMpOBaHHbBIN TOK. [loka3zaHo, YTO CYIIECTBYIOT JiIBa MEXaHH3Ma
BO3HUKHOBEHHUS (POTOTOKA, KOTOPHIE MOKHO OXapaKTEPU30BaATh KAK JTMHECUHBIM
(JI®I'D) wu uumpkynspueiit  (LIDID) dororansBannueckue sdhdextor. I[lpu
HYJIEBOM (JIN0O 11e710M) MarHuTHOM 1oToke JIOI'D He 3aBUCHUT OT HANPaBJICHUS
UUPKYJSPHON MOJSPU3ALMN TAJAOIIEr0 MU3JIy4eHUs, B TO BpeMsi Kak TOK,
oOycnoBneHHbIi [IOI'D, MeHsIeT 3HaK IPU CMEHE HANIPABJICHHUSI TTOJISIPU3ALIUH.

B o6mem ciydae ¢oToTOK 007a7a€T CIIONKHOW 3aBUCUMOCTHIO OT
MapaMeTpPOB CUCTEMbBI — YaCTOTHI U3JIyYeHUs, YpoBHA DepMHu, MOJI0OKEHUS TOUEK
KOHTaKTOB Ha KOJIbIIC U JUTMH PAacCesHUsI KOHTaKTOB. Pasymeercs, 11t GOTOTOKA
XapakTepHa NEPUOAUYECKas  3aBUCUMOCTh OT MAarHUTHOTO IIOTOKa 4Yepe3
KOJIBIIO C IEPHUOJOM, PABHBIM KBAHTY MOTOKA.
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AB INITIO MOIAEJIMPOBAHME SJIEKTPOHHBIX 1 OIITUYECKHX
CBOUCTB AE®EKTHLIX YIJIEPOJHBIX HAHOTPYBOK

C.A. CospixkuH, B.I1. beckauko, I'.I1. BaTkun
[Osicho-Ypanvckuii cocyoapcmeennwiil ynusepcumem, Yenabunck
E-mail: sergey.sozykin@gmail.com

B pabore u3noxkeHbl pe3yabTaThl HCCIACAOBAHUS BIMSHUS Je(PEKTOB
KapKaca OJJHOCTEHHBIX yriaepoAHbix HaHOTPYOOK (OYHT) Ha uxX 3leKTpOHHYIO
CTPYKTYpPY M ONTHYECKHE CBOWCTBA. JTU CBEACHHUS BAXKHBI ISl IPUMEHEHUS
OYHT B wMmukpoanekTpoHuke. lccinenoBaHnne npoBOAWIOCH € MOMOUIBIO
HEAIMITUPUYECKOTO KBaHTOBO-MEXaHUYECKOIO 0/IX0/1a: MeToaa
NICEBJIONOTEHIIMANIA B paMKax TeOpUH (YHKIHMOHAJA 3JIEKTPOHHOHN IUIOTHOCTH
(DFT) B npubmmkenuu JiokanbHoU TuioTHOCTH (LDA).

B kauectBe 00BEKTa UCCIENOBAHUS M3-3a CPABHUTEIBLHO MaJiOro pajnyca
U METAUIMYECKOTO THIa mpoBoAuMocTH Oblia BelOpana OVYHT (7,7).
HanoTpyOKH ¢ METAJUIMUECKUM TUIIOM IPOBOAMMOCTH MPEACTABISAIOT UHTEPEC,
TaK KaK OKa3bIBaIOT ONPEACISIONIEE BIMSIHUE HA MPOBOASAIINE CBOWCTBA ITyYKOB
HaHOTPYOOK. Mcmonb3yemasi sl pacyeToB cylepsiuelika MmpeacTaBisiia coOoil
dbparment YHT nmunoit 1,5 am (168 aromoB yriiepona). Mojenu U3 MEHbIIIETO
YKCJIa aTOMOB, KOTOPBIE MBI HMCIIOJIB30BAIM B MHPEABIAYIIUX HCCIEAOBAHMIX
[1,2], oka3zamuch HEAOCTATOYHO JUTMHHBIMU JISl U3yUYEHUsI 1e(PEKTOB.

Ananu3 cBoiictB aedexkTHbix OYHT mpoBoauics B HECKOJIBKO 3TarloB.
Ha mnepBom omnpenensuiack HauOosiee craOuibHash aToOMHas KOH(pUTrypauus
uneanbHou (Oe3nedexTHoi) HaHOTPYOkH. IlyTem BapbupoBaHus mnepuoaa
TPaHCJSIIMM  BJIOJAb OCH HAHOTPYOKM C TOCIEAYIOMIeH ONTUMU3ALMeH
reOMETpPUH, ONpeaesiach KOH(Urypauus, NpU KOTOPOW TMOJHAs SHEPrus
CUCTEMBI JIOCTUTaJIa MUHUMYMA, a CUJIbL, IEHCTBYIOLIME HA ATOMbI, PaBHbI HYJIIO
(c Tounoctero 1m0 0,4 »B/Hm). Takas koHdurypamms Oblia CTapTOBOM st
BTOPOTO JTama BbIUMCICHUH, Koraa A00aBIsUTUCH Je(QEeKThl CTPYKTYpHI
pa3IMuYHBIX TUIOB: OJMHOYHAS U JIBOMHas BakaHcuu, nedekt CrtoyHa-Bernca,
nedekT BCTpauBaHUA AMMEpa yriepoja B CTEHKY HAaHOTPYOKH, IO OJHOMY 3a
pa3. Ilocine BcraBkM Jedekra, TeOMETpUs BHOBb ONTHUMU3MpPOBANAch U
PACCUMTHIBAIIMCH AIEKTPOHHAS CTPYKTYpa U ONTHYECKUE CBOMCTBA.

XapakTepHbIMH OCOOCHHOCTSIMU AJIEKTPOHHON CTPYKTYphI Oe3neeKTHOM
OVYHT saBnsrorcs cuHryimsgspHoctd BanH-XoBa — THKM Ha IUIOTHOCTH
ANEeKTpOHHBIX  coctosiHuid  (DOS)  pacnonokeHHblE  CUMMETPUYHO IO
OTHOUIEHUIO K ypOBHIO DepMH, pa3HOCTb PHEPTUU MEXKIY KOTOPHIMH MOKET
OBITH U3MEpeHa dKcnepuMeHTanbHo. [locne no0aBieHust n1eEKTOB, MOSBISIETCS
MHTEeHCUBHBIM TUK Ha DOS BOmu3u ypoBHs Pepmu. BO3HMKHOBEHHE 3TOrO
JOTIOJTHUTENBHOTO MHKA (TMOJI0KeHne 1 (opma maka 3aBUCIT OT TUNa aedexTa)
U3MEHSAET ONTUYECKUE CIIEKTPHI MOTJIOIIEHUS HAHOTPYOOK.

1. S. A. Sozykin, V. P. Beskachko, Molecular Physics 111, 930-938 (2013).
2. S. A. Sozykin, V. P. Beskachko, Advanced Materials Research 1091, 25-29
(2015).
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JIOKAJIM3AITMOHHBIE CBOMCTBA HEVYIIOPSJIOYEHHBIX H[EJTEBBIX
I'PAOEHOBBIX CBEPXPEIIETOK

E.C. AzapoBa, I M. MakcumoBa
Huoicecopoockuii cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckozo,
Huoicnuii Hoseopoo, Poccus
E-mail: azarova.ekaterin@yandex.ru

B nmnocimenHue roabpl TEOPETHUYECKH W HKCHEPUMEHTAIBHO aKTHUBHO
nzyuarorcsi cepxpemietku (CP) Ha ocHoBe rpadena [1, 2]. Bo3amMoxHOCTB
(opMHpOBaHUS 30HHOW CTPYKTYPHI C MMOMOIIBI NEPUOJUYECKOTO MOTEHIHAIA,
OTKpPBIBAET MYTU MJIsl CO3/JaHMS Pa3IUYHBIX HAHOAJIEKTPOHHBIX YCTPOMCTB Ha
ocHOBe rpadeHa. OgHAKO B YCIOBHUSAX PEATBHOIO SKCIIEPUMEHTA U3TOTOBIICHHUE
uaeabHo nepuoanueckord CP  SBIETCS HEBBINOJHUMOM 3ajadyeil u3-3a
clIy4ailHbIX  J1epeKToB,  OOYCIIOBJIEHHBIX,  Hampumep,  (QIyKTyarusMu
[IapaMeTpOB  CHCTEMBI.  TpaHCHOPTHBIE  CBOMCTBA  HEYHOPSAIOYECHHBIX
rpa)eHOBBIX CBEPXPELIETOK UCCIIEI0BAINCH paHee, HallpuMep, aBTopami [3].

B nanHo#l palote wu3yuyaercss BiausHUE ciaboro Oecrnopsaka Ha
JOKaJIM3allMOHHBIE ~ CBOWMCTBA  IIENEBBIX  T'pa)€HOBBIX  CBEPXPEIIETOK,
cOPMHUPOBAHHBIX  TMEPUOJUYECKH  PACIOJIOKEHHBIMU  MPSMOYTOJIbHBIMU
noTeHIanbHbIMU Oapbepamu. Hamu paccmorpenst aBa tuma CP: CP ¢
onHopoaHou menbio U CP, oOpa3zoBaHHas MOJIOCKaMH IIENEeBOro (Oaphepbl) U
oecmienieBoro (simbl) rpadeHoB. Ha ocHoBe Teopuru BO3MYIICHUN HaMu
MOJIy4EHO AHAJIMTUYECKOE BBIPAXKEHHE MJii OOpAaTHOM JUIMHBI JIOKAJTU3ALMU
(OJT) B cyuae GaykTyalnuii reoMeTpuuecKux (IUpUHbBI rpa)eHOBBIX CIIOEB) U
HHEPreTUYECKUX (BEIMYMHBI MOTEHIMANa M IIeTd B OapbepHBIX O0OJACTX)
napameTpoB. B mepBom ciywae, koraa Quykryupyer OapbepHas (sMHas)
HIMPUHA, COOTBETCTBYyIOWIee BolpaxkeHue i1 OJ[J BeiBiIAeT Hanuume
pe3oHancoB @abpwu-Ilepo, B yCIOBHUAX KOTOPBHIX JUIMHA JIOKAJIU3AIUH
OecKOHEYHa. DTU PE30HAHCHl SBJSIOTCS TOYHBIMH, T.€. COXPAHSIOTCS MpH
aroboi  cremeHu  Oecnopsinka. B ciydyae mo3unmoHHOro  Oecnopsika,
00yCJIOBIIEHHOTO (QIYKTyallusIMH IMUPUH KaKk 0apbepoB, TaK U SIM BBIPAKCHHE
115t OJ1JI monmydeHo ¢ y4eToM KOppeJsilifii, KOTOPbIE NPUBOAAT K YBEIUYEHUIO
(W1 yMEHBIIECHUIO) JUIMHBI JIOKAJIW3AIlMU BOJM3U JBOWHBIX PE30HAHCOB.
@OnykTyalud  BBICOTHI  TOTCHIIMAIBHBIX ~ 0apbhepoB TaKKE MPHUBOMIT K
JEOKAIM3AMOHHBIM ~ PE30HAaHCaM, KOTOpPble  BO3HUKAIOT  TOJBKO B
npuOImkeHun cnaboro Oecnopsinka. Hamm ycranoBneHo, uto st CP ¢
HEOJHOPOJIHOM IIENbI0 3TU PE30HAHChl MOTYT MOSIBISATHCA TOJIBKO B Cllydae
HOPMAJIBHOTO MAJ€HUSI YaCTUIl HAa CTPYKTYpY. DTO O3HAYAET, B YACTHOCTH, YTO
npu ciabom Oecrnopsiike B OJTHOMEPHOM Cllydae HE BCE COCTOSIHUSI MAaCCHUBHBIX
JMPAKOBCKHUX YACTULL JJOKAJIN30BAHBI.

1. S. Dubey, V. Singh, et.al., Nano. Let. 13, 3990 (2013).

2. G.M. Maksimova, E.S. Azarova et.al., Phys. Rew. B 86, 205422
(2012).

3. Q. Zhao, J. Gong, Phys. Rew. B 85, 104201 (2012).
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OIIPE/JEJIEHUE YCJIOBUM YCUJIEHU S SJIEKTPOMAI'HUTHOI'O
U3JIYYEHNMA TTI0J1YIIPOBOJAHMKOBOM CBEPXPEHIETKOU
HA OCHOBE AHAJIM3A CTATUYECKOHN BAX

A.B. H.[OpOXOBl, K.H. AJI@KCCGBZ, M.A. [Tsraes!, H.H. XBacrynos
"Mopooscruii cocydapcmeennviii ynusepcumem um. H.IT. Ozapesa, Capanck
2Unemumym Qusuku, Yruusepcumem Jlagbopo, Jlecmepuup, LE11 3TU,
Benuxoopumanus
3M0p0060kud 20CY0apcmeenHblil neda2o2uiecKuil UHCImumym
um. M.E. Eecesvesa, Caparck
E-mail: khvastunovhn@mail.ru

B HacTosiiee BpeMsl 3KCIIEpUMEHTalbHAs peanu3alus YCWIMTENd Ha
OCHOBE TMOJIYIIPOBOJHUKOBOM CBEPXPEIIETKH B TEParepleBOM AUana3oHE HE
OCYUIECTBJIEHA M3-3a ACHCTBYIOUIMX B CHUCTEME JECTPYKTHMBHBIX (hakTOpoB. B
peXHUME YCUJICHUS] BO3HHUKAIOT HECTAOWJIBHOCTHU, CBSI3aHHBIE C OTPULIATEIbHOMN
muddepennuansuoit  nmpoBoaumocthio (O/I1). B kauecTBe BO3MOXKHOCTH
n30eXaTh HeCTAOUIIBHOCTEN pacCMaTPUBAETCS BBEICHNUE B CUCTEMY MarHUTHOTO
nosig. [Ipy B3aMMHONEPIEHIUKYJISPHBIX IEKTPUYECKOM M MArHATHOM IIOJIE
(97eKTpHUUECKOE T0JI€ HAIPaBJICHO BJAOJb OCH CBEPXPELIETKH) TEOPETUUYECKH
BO3MOYKHO MOJIyYE€HHE YCUJIEHUSI CUTHAJIA ITOIYIIPOBOJIHUKOBOM CBEPXPELIETKON
Ha OTpULATEIBHBIX 3eKTpoHHBIX Maccax (NEMAG) [1]. OmnHako, ¢ TOYKH
3peHUs KOHTPOJs M YOpaBJICHUS YyCUJIeHUs Oojee WHTEpEeceH Ccliydaid
HAaKJIOHHOTO MArHUTHOTO TOJsA. YHUCIEHHO BO3MOXHOCTh YCHICHHS B
HAKJIOHHOM MarHUTHHOM T10JI€ IOKa3aHa B padote [2].

B  nmanHOW paboTe NPOBOAUTCS  AHAJUTUYECKOE  HUCCIEIO0BAHHE
BO3MOYKHOCTH YCHJIEHUSI BBICOKOYACTOTHOTO AJIEKTPOMArHUTHOTO M3JIyYEHHS B
cllydya€  HAKJIOHHOTO  MarHUTHOIO  TOJiE W NPUBOAMUTCS  MPOCTOU
reOMETPUYECKUN TyTh ompeAesieHuss Kod((UIMEeHTa YCWIEHHUs, HCXOId U3
aHaJin3a TOJbKO cTaTudecko BAX cBepXpelieTKH.

YcranoBneHo, yTo KOd(DPUITUEHT morioeHus (YCUJICHUs), MOXKET OBITh
BBIDA)KEH B BHJIE KOHEYHOW PA3HOCTU OT IUIOTHOCTH IIOCTOSIHHOTO TOKa B
OKpPECTHOCTH OJOXOBCKOM 4acTOThl. OTMETHM, YTO HAKJIOHHOE MarHUTHOE MOJe
COCOOHO  (OpMHUPOBATH  JONOJHUTENIbHBIE  O0JIACTH  MOJIOXKHUTEIBHOM
muddepeHIManbHOM  MPOBOJUMOCTH, B KOTOPBIX BO3MOXKHO IOJyYeHUE
CTAOMJIBHOT'O YCUJICHHS U3JTyYEHUSI.

PabGota BbimoaHEHAa mnpu (QUHAHCOBOM mMoOjAepkKe MHHHCTEpCTBA
oOpa3oBanus U Hayku P® B pamkax roczananus (poext 2665)

1. A.B. llopoxoB, M.A. IlsraeB, H.H. XBactrynoB u gp., Ilucema B
Kypnan skcrepuMeHTanbHOM U Teopetudeckor ¢uzuku 100, 870
(2014).

2. T. Hyart, J. Mattas, K.N. Alekseev, Physical Review Letters 103,
117401 (2009).
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IHPUMEHEHWE KPUTEPWA HAWKBUCTA JIJ11 AHAJIM3A
OJIEKTPUYECKOU CTABMJIBHOCTH B ITOJIYITPOBOIHMUKOBBIX
CBEPXPEIIETKAX

A.B. ]_HODOXOBl, H.C. prI[CKI/le, K.H. Anekcees’
"Mopoosckuii 2ocydapcmeennviii ynusepcumem um. H.IT. Ozapesa, Capanck
Yuusepcumem Jlagpbopo, Benukobpumanus

B Teopun s¢ddexra ['aHHa BaKHBIM BOIPOCOM SIBIISIETCS OIpPEIEICHUE
YCIIOBUM, MPU KOTOPBIX CHCTEMA CTAHOBHUTCS HECTAOWJIBHOM OTHOCHUTEIBHO
(GayKTyauuii BHYTPEHHErOo >JEKTPUYECKOro Imoyisl. B ciydae KOHTakToOB
IPOU3BOJIBHOIO BHJAa 3TO YCJIOBHE MOXET HE COBNAAaTh C YCIOBUEM
BO3HMKHOBEHUSI OTpULIATENbHON auddepeHuansHor npoBoaumoctu (OIT)
[1]-[2], uTo MeHseT pexum reHeparuu. OIHUM U3 TOIXOA0B K OIMPEICICHHIO
YCIIOBUI BO3HMKHOBEHHUS HECTAaOWJIBHOCTEH sBisieTcs Kputepuil HalikBucra,
OCHOBAHHBII HAa  aHAJIM3€  BBICOKOYACTOTHOTO  HMIIEIAHCA  CUCTEMBI.
[IpeuMy1IecTBOM JTaHHOTO KPUTEPHUS SIBIIETCS MPOCTOTA €r0 MCHOJb30BAHMS,
He TpeOyromiass HUKAKUX aHAJIUTUYECKUX BBIYHUCICHHUM, €cClii HU3BECTEH
UMIIEIAHC CUCTEMBI KaK (DYHKIIHS YaCTOTHIL.

[TonoOHbBII mOAXOA MOXET OBITh UCIHOJIB30BaH M TIPU  aHAIU3E
AIIEKTPUYECKON CTAOMIBHOCTHU MOIYIPOBOAHUKOBBIX CBepXpelieTok. Kpurepuii
HalikBucTa ImO3BOJSET ONPENEIUTh IEPEXo] OT peXHMa TEHEepaluu 1o
npuHiuny auogoB I'amna [3] k gpyrum  pexumam, B 4acTHOCTH,
napaMeTpuiecKoil reneparmu [4].

B 4actHOCTH, B cilydae OMHYECKMX KOHTAKTOB, KpuTepud HaiikBucra
AT YCIOBUS BO3HUKHOBEHHUS HECTAOMIBHOCTEHM, OTJIMYHBIE OT YCJIOBHA
BO3HMKHOBEHHUSI OTpHILATeNIbHOW JuddepeHuranibHol  npoBoauMoctu. B
pe3ynbrare 00J1acTh CTAOMJIBHOCTH MPU HE CIMIIKOM BBICOKMX KOHLIEHTPALUAX
AJIEKTPOHOB M HE OYEHb OOJIBIIOHN JJIMHE CBEPXPEIIETKH MOXKET CABUHYTHCS B
obnacte O/III, 4TO MOXKET TOBOPUTH O BO3MOXHOCTH SKCIIEPUMEHTAIHLHOTO
oOHapykeHust d(dexra  yCuUIeHUS  BBICOKOYACTOTHOTO  WM3JIy4YeHUS B
KJIACCUYECKOM CXEME€ YCHJIEHHs, OCHOBAHHOW Ha HUCIIOJIb30BAHUU JJI1 YCHIICHUS
pexuma OJIIT.

PaGora BwimonHeHa mTpu (PUHAHCOBOM MOJACpKKE MUHHCTEpCTBA
oOpazoBanus u Hayku PD B pamkax roc3aganus (mpoekt 2665).

1. E. McCumber, A. G. Ghynoweth, IEEE Transactions of Electron
Devices Ed-13, 4 (1966).

2. H. Zetsche, IEEE Transactions of Electron Devices Ed-21, 142
(1974).

3. E. Schomburg et al., Phys. Rev. B 65, 155320 (2002).

4. T. Hyart, A. V. Shorokhov, and K. N. Alexeev, Phys. Rev. Lett. 98,
2204041-2204044 (2007).
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CIIMHOBBIN ®UJILTP HA OCHOBE OTKPLITOM KBAHTOBOM
TOUKU B MATHUTHOM IIOJIE

A.N. Mansmues, I'.I'. UcynoBa
Huoicecopoockuii cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckozo,
Huoicnuit Hoseopoo
E-mail: isupova@phys.unn.ru

Crnun-opOutansHoe B3aumozelcteue (nanee COB) mposBisercs B
¢dusnke TBEpaOTO Tena Ha (PyHAAMEHTATbHOM YPOBHE, ONPECIIss JICKTPOHHBIC
KBAaHTOBBIC COCTOSIHMSI W TIPUBOJAS K MHOTOYHMCIEHHBIM TPAaHCIOPTHBIM H
ONTUYECKUM 3PPEKTaM, MHOTHE U3 KOTOPBIX MMEIOT MPaKTUYECKH HHTEpecC.
OmHrM W3 BaXHBIX  YCTPOWMCTB  COBPEMEHHOM  MOJYIPOBOJIHUKOBOU
COUHTPOHUKHM SBJISIETCSl CIIMHOBBIA  (UIBTP, MCHOJB3YyEeMbId i1 0TOOpa
HOCHTEJIEN C 3aJaHHOM CIIMHOBOW moJisipu3anuei [1].

Puc. 1. OTkpriTas KBaHTOBasl TOUKA C MOJABEAEHHBIMU K HEll BXOAHBIM (1) 1
BBIXOZHBIM (2) KaHAJIaMU

[lepcrieKTUBHOM NPEACTABISAETCS BO3MOKHOCTBH ITOCTPOECHUSI CIIMHOBOTO
¢unbTpa Ha OCHOBE pe30oHaHCOB PaHO — ACHMMETPUYHBIX PE30HAHCOB
IIPOBOAMMOCTH, BOBHUKAIOIINX B PE3YJIbTATE B3aUMOJAEHCTBUS JJOKAJIN30BaHHBIX
COCTOSIHUA W KOHTMHyyMa. B naHHOM palOoTe peub HIOET O pEe30HaHCcax,
OoOHapy>KeHHbIX paHee [2] u BbI3BaHHBIX BKItoueHueM B cucteme COB.

CrpykTypa, Ha NpUMEpPE KOTOPOM MPOU3BOAUTCS MOJACIMPOBAHUE, —
OTKpBITasi KBAaHTOBasg TOYKA C IIOABEICHHBIMM K HEH KBa3MOJHOMEPHBIMU
kaHamamu c¢ yderom COB. B mnpucyrctBuM c¢inaboro MarHUTHOTO —TOJIS
IIPOBOAUMOCTD CTPYKTYPBI CTAHOBHUTCSI 3aBUCUMOM OT CIIMHOBOW NOJIPU3ALIAN
COCTOSIHMSI BO BXOJHOM KaHaine. lcmonb3oBaHue 3TOoro (paxkrta IMO3BOJISIET
HaJIeXKaIuM 0I00POM MapaMeTPOB CUCTEMBI PEaIn30BaTh CIMHOBBIN (UIBT,
(GYHKIIMOHUPYIOIIUN Ha «HYJIE» U «EIUHUIE» OJHOTO M3 YIOMSHYTHIX BBILIE
PE30HAaHCOB. OTO B CBOIO OYEPEAb OTKPBIBACT JOIOJIHUTEIBHBIE BO3MOKHOCTH
JUIs. MAHUITYJIMPOBAHUSI CIIMHOBBIMM CTENEHSIMU CBOOOABI HOCHUTENEM M, KaK
CJIEJICTBUE, JUIsl CO3JaHUs HOBBIX TPUOOPOB CIMHTPOHUKH.

1. J.F. Song, Y. Ochiai, J.P. Bird, Appl. Phys. Let. 82, 4561 (2003).
2. I'.T'". Ucynosa, A.W. Maubiies, [Tucema B XKOTD, 94 (7), 597 (2011).
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HOTJIOIMEHUE 5JIEKTPOMATI'HUTHOI'O U3J1YYEHUA
[TOJYITPOBOAHNKOBOM CBEPXPEIIETKON B HAKJIOHHOM
MAT'HUTHOM II10JIE

M.A. H}ITaeBl, A.B. ]_HOpOXOBl, K.H. Anekcees’
1M0p006c7<m7 2ocyoapcmeennsiil ynueepcumem um. H.I1. Ocapesa,
Capanck, Poccus
2Unemumym gusuru, Yuusepcumem Jlagopo, Benuxobpumanus
E-mail: pyataevma@gmail.com

B pabote uccinenyercs NMOTJOMIEHHUE 3JIEKTPOMAarHUTHOTO HW3IIyYEHHs B
MOJYIPOBOAHUKOBOM  CBEPXPEIIETKE,  MOMEIIEHHOM B MIPOJAOJBHOE
DIEKTPUYECKOE W HAKJIOHHOE MarHuTHoe mnoisd. HHTepec k wucciaemyemoi
CUCTEME CBSI3aH C MNOpoOJeMON CO3[aHMS YCWIMTENIS W TeHepaTopa
TEparepuoBoro u3nydeHusd. Kak W3BECTHO, OJHUM W3 TMPEOSATCTBUHA B
peanu3alyd pexuMa YCHIICHHS B CBEPXPEIIETKE SBISIOTCS HECTAOMJIbHOCTHU
BOJIH 3aps0BOU IUIOTHOCTH, KOTOpBbIE dbopmupyrores, Korjaa
muddepeHnnanbias MPOBOAUMOCTh CHUCTEMBI CTAHOBUTCS OTPUIIATEIILHOM.
[ToaTOMy HEOOXOIUMBIMH YCIOBUSIMH JUISl UCIOJIb30BAHUS CBEPXPEIICTKU B
Ka4eCTBE  YCWIMTENA  SBISIIOTCS  OTPHULATEIBHOCTH  BBICOKOYACTOTHOTO
koadurrenTa MIOTJIOICHUS u [IOJIOKUTEJIBHOCTh CTaTUYECKOU
nudepeHnnanbHON TPOBOAMMOCTH.

Kak nmokazano B pabote [1], 53Tu Ba yCJIOBUSI MOTYT OBITh OJTHOBPEMEHHO
BBITIOJIHEHBI MPU MOMEIICHUHA CBEPXPELIETKH B MEPIEHAUKYISIPHOE K €€ OCH
MarHuTHOe moJie. B TakoM ciydae B CHCTEME CO3JAIOTCS YCIOBUS IS
JTAHAMHAYECKOTO HAKOIUJIEHUS] PHEPTMU MPU HEIUHEHMHBIX KBAa3ULMKIOTPOHHBIX
ocuwisinusax. Ilpunoxkenue wmaiaoro MnpoOHOTO BBICOKOYACTOTHOTO MO
MO3BOJISIET IEPEBECTU YACTh HAKOIJICHHOW SHEPTUM B U3JTyUYCHUE.

B paGote [2] oTmeuaeTcs, 4TO MpU MajOM HAKJIOHE MAarHUTHOTO TOJIS K
OCH CBEpXpEIIECTKM Ha y4dacTKe BOJbT-ammnepHou xapakrepuctuku (BAX) c
OTPULIATENLHBIM HAKJIOHOM (B CHJIBHBIX AJIEKTPUYECKUX MOJIAX) MOSBISIOTCA
OTPE3KH C TOJIOKUTENbHOU U PepeHIMaTbHON MTPOBOIUMOCTBIO, KOTOPHIC
MOYKHO HCTIOJIb30BaTh JJIS IOJIYYEHHS YCUIIEHHS] BBICOKOYAaCTOTHOI'O CUTHAJIA.

B Hacrosimieit pabote pacCMOTpPEH Cily4ail MpOU3BOJBHOTO yTila HaKJIOHA
MarHuTHoro noJjisi. zydeno usmenenue hopmel BAX nipu yBennyeHun HaKJIOHA
nons. OnpeneneHsl Npeaeiibl yIJIOB HAKIOHA, MPU KOTOPBIX OTPULIATENIBHOE
MOTJIOIIEHUE MOYKET COUETATHCS C MOJIOKUTENBHBIM HakiIoHOM BAX.

Pabota BbImonHeHa mpu (uHAHCOBOM mopanepxkke Munobpuayku PO B
pamMkax roczaganus (mpoekt Ne 2.2665.2014).

1. A.B.Ilopoxos u ap., [Tucema B dKOT® 100, 870 (2014).

2. H.H. XBactyHoB u np. Cmabuiuzayus ycuieHus 8blCOKOUACMOMHOZ0
U3IY4eHUsl 8 ceepxpeulemke 8 HAKIOHHOM MAcHUMHOM noje. Orapes-
online. ®usuko-marematrueckue Hayku. Crensoimyck. 2014.
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KPUTEPUI CTABMJIBHOCTH BOJIH 3APSJIOBOM IIJIOTHOCTU
B ITOJIYITIPOBOJHMKOBOU CBEPXPEIIETKE, HAXO/AUIENCS
B BLICOKOYACTOTHOM SJIEKTPUYECKOM IIOJIE

K.H. AneKceeBl, H.C. HDVI[CKI/IXZ, A.B. I_HopOXOB2
'Vuusepcumem Jlagp6opo, Benurkobpumarnus
2Mopdoecmn? eocyoapcmeennwiti yHusepcumem um. H.I1. Ozapesa, Capanck
E-mail: prudskikh-ns@rambler.ru

HUctounnkun wmukpoBoinHOro u Tl wW3mydeHUs, OCHOBAaHHBIE Ha
UCIIOJIb30BaHUHU CBEPXPEUICTKH B KaueCTBE aKTUBHOM Cpelibl, MOTYT paboTaTh
KaK B JOMEHHOM PEKHUME FaHHOBCKOTO Tuma [1], Tak u B 0€3J0OMEHHOM PEXUME
[2. B cBsmBu ¢ 3TEM, HEOOXOMUMO 3HATh KpPUTEPUH CTAOMILHOCTH,
ONPEAENSIONMI MEePexXo]l OT OJHOIO PEeKUMaA K Apyromy. B nanHoil pabote Mbl
bopMynaupyeM Takod KpUTEpUd I TMOJYHPOBOJHUKOBBIX CBEPXPEIIETOK B
CIyya€ KaK OMHUYECKHX, TaK U HEOMHYECKHUX KOHTAKTOB, MCIOJIb3YS MOJXOJ,
pa3Buthiii B Teopun dd¢ekra ['anna [3]-[4] u ocHOBaHHBI Ha aHaIHM3E
BBICOKOYACTOTHOTO UMIIEAAHCA CUCTEMBL.

1 T ‘ T 5 T T T ¥ T ¥ T b T T T % T

Unstable

nL, 10" cm™

E/E

Puc.1. U3menenue o0aacTi HEyCTONYUBOCTH B 3aBUCUMOCTH OT CBOMCTBO KOHTAKTA.
CrtomHast KpuBasi COOTBETCTBYET OMUUYECKOMY KOHTAKTY, IITPUXOBAsk — YUCTO
HEOMHYECKOMY, MYHKTHpHAs — IPOMEKYTOUHOMY Ciy4aro. Belllle KpUBBIX pacroyiokeHa
001aCcTh HEYCTOMUUBOCTH. E¢r — KpuTHUECKOE TOJIE, COOTBETCTBYIOIIEE MAKCUMYMY
cratnueckoit BAX cBepxpemieTky, E — moctostHHOE 35IeKTpUUecKoe MoJie, MPUI0KEHHOE K
CBEpXpelIeTKe, Ng —KOHIIEHTPAIs 3JIEKTPOHOB, L — muinHa cBepxpemeTku. BuaHo, uto
HEOMMYECKUN KOHTAKT MPUBOAMT K OOJIbIIEH CTaOMIIBHOCTH CHCTEMBI.

PaGora BwimonHeHa mTpu (PUHAHCOBOM MOJAECpKKE MHUHHCTEpCTBA
oOpazoBanus u Hayku PD B pamkax roc3aganus (mpoekt 2665).

1. E. Schomburg et al., Phys. Rev. B 65, 155320 (2002).

2. B. W. Canxun u jp., [Tucema B XKOTD 94, 393 (2011).

3. E. McCumber, A. G. Ghynoweth, IEEE Transactions of Electron Devices
Ed-13, 4 (1966).

4. H. Zetsche, IEEE Transactions of Electron Devices Ed-21, 142 (1974).
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I[TAPAMETPUYECKOE YCUJIEHUE BBICOKOYACTOTHOI'O
N3JIYUEHNA MACCUBAMUM KOHTAKTOB JDKO3ED®COHA
B PEBOHATOPE

O.[. ITo3ansakoBa, A.B. llopoxos
Hayuonanvnwiii uccneoosamenvckuii Mopoosckuii 2ocyoapcmeeHHblll
yuusepcumem um. H.I1. Ocapésa, Capanck
E-mail: Pozdn-olesya@yandex.ru

W3BecTHO, YTO €CM TOK 4epe3 MHKO03e()COHOBCKUN KOHTAKT IMPEBBIIIACT
HEKOTOPO€ KPUTHYECKOE 3Ha4yeHHe, OOYCIIOBJICHHOE CBOMCTBAMH CaMOTO
KOHTaKTa, Ha KOHTAaKT€ BO3HHMKAET Pa3HOCTb IMOTEHIMAJIOB, YTO NPHUBOJAUT K
HecTtanimoHapHoMy  3ddekty  Jxoszedpcona [1]. BOmu3m  kpuTuyueckoit
TEeMIIepaTyphl JUIsl aHaJIU3a BBICOKOYACTOTHBIX SIBJICHUHM YJOOHO HCHOJb30BATh
PE3UCTUBHYIO MOJIENb [2], COMIacHO KOTOPOW JKO3€()COHOBCKUWA KOHTAKT
MOKET OBITh MPEACTABICH B BHJE MapaJUICIbBHOTO COCIUMHEHUS HACAIBbHOTO
JK03€()COHOBCKOTO KOHTAKTa, qyepes KOTOPBII TEYET TOJIBKO
0€31MCCUTIaTUBHBIM TOK KYNEpPOBCKMX Iap, M PE3UCTUBHOIO JJIEMEHTa C
aKTHBHBIM CONPOTUBIICHUEM, 4Yepe3 KOTOPBIM TEUYET NMCCUIATHBHBIA TOK
OJIMHOYHBIX 3JIEKTPOHOB MPOBOJMMOCTH (HOpMalbHbIN TOK). B paMkax maHHOi
Moznenn B [3] ObUIO HaWJIEHO AaKTUBHOE CONPOTHUBIIEHUE TOYEUHOTO
JK03€()COHOBCKOTO KOHTAaKTa B CJIa0OCHUTHAJIbHOM MPUOJIMKEHUU U TOKa3aHo,
YTO B TaKOW CHCTEME BO3MOXKHO MapaMETPUUECKOE YCUJIEHUE BHEIIHETO
BBICOKOYACTOTHOTO M3i1y4yeHus, Onaronmaps J[>k03e)COHOBCKOMY H3ITyUYEHHUIO,
BBITIOJIHSAIOIIEMY POJIb U3JTyYEHUSI HaKaukH | 3,4].

B nannoit paboTe Mbl IpOAOJIKAEM pa3BUBATh UAEH, BRICKAa3aHHbIE B [3,4],
MPUMEHUTENILHO K MaccuBaM KOHTAakTOB J[>kozedcoHa B pe3onatope. Ilpexne,
YeM NEepPEerTH K MaccMBaM, HaMU ObLUIM M3Yy4YE€HBI BBICOKOYACTOTHBIE CBOWMCTBA
OJMHOYHOTO0 KOHTakTa J[>ko3edcoHa B pe3oHaTOpe MpH HAIWYUKM BHEIIHETO
OpOOHOr0 MEPEMEHHOI0 CHUTHajla MPOU3BOJIBHONW aMIUIMTYABl. 3aTe€M MBI
pacCMOTpPENM CHUHXPOHHU3ALMI0 HECKOJBKMX KOHTAKTOB B  PE30HATOPE,
IIOCKOJIBKY TOJIBKO CHHXPOHHM3UPOBAHHBIE KOHTAKTbl MOTYT JaTh YCHUJICHHE,
3HAUWTEIBHO  MPEBBIIAIONIEE  yCWIeHHEe BHemHero BY  usnydenws,
MOJIy4YEHHOTO ¢ MOMOUIBIO OJHOIO KOHTAaKTa. 3aTe€M, MCHOJb3Yysl PE3UCTUBHYIO
MOJEJIb M YHCIEHHBIE METOJbI, Mbl PACCUMTAIM MOTJOMIEHHYID MOLIHOCTb
(MolHOCTh ycuieHusi) BHemHero BY wusnmydeHuss B MaccMBE KOHTaKTOB
JI>xo3edcoHa B pe3oHaTope.

1. B.D. Josephson, Phys. Lett. 1, 251 (1962).
2. JLT. Acnamasos, A.W. JlapkuH, [Tucema B XKOT® 9, 47 (1969).
3. A.H. Beicrakun, B.H. I'y6ankos, JI.C. Ky3smMuH, u 1pio,

Pannorexnuka u siekTponuka 15, 896 (1971).
4. F. Auracher and T. Van Duzer, J. Appl. Phys. 44(2), 848 (1973).
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BJIMSTHUE CITMH-OPBUTAJILHOI'O B3AUMO/ENCTBUS
HA CIIEKTPAJIBHBIE U TPAHCITOPTHBIE CBOVICTBA
InAs HAHOITPOBOJIOK

N.A. Koxypun
Mopoosckuii 2ocyoapcmeennuiil ynugepcumem um. H.I1. Ozapesa, Capanck
E-mail: kokurinia@mail.ru

HanonpoBosnoku (HII) Ha ocCHOBe y3KOIIEIEBbIX MOJIYIPOBOJIHUKOB
rpynnbsl A3Bs, Takux kak InAs, B KOTOpPBIX M3-3a MPUIOBEPXHOCTHOTO M3ruba
30H W TUHHUHTA ypoBHI Depmu BONMM3M TOBEPXHOCTH (HOPMHpYETCS Tak
Ha3bIBaeMbl TyOyssipHbIi 35eTpoHHbI ra3 (TOI) [1] ¢ cUiIbHBIM CHHH-
opOutanbHbIM B3aumoieiicTBueM (COB) Pamosi [2], sIBASIOTCS TEPCIIEKTUBHBIM
KaH/IUJATOM JIJIsl IPUMEHEHUS B MTOJTYITPOBOIHUKOBOM CIIMHTPOHHUKE.

Henasno coobmianochk 0 HaOIIOIeHUHN OATUCTUYECKON MPOBOJUMOCTHU B
nocratouHo kopoTkux INAs-HII [3], uyto nonaroe Bpems He yAaBaloch
peann3oBaTh B CHJIy HHU3KOM MOABMKHOCTH, OOYCIIOBJICHHOH paccesHUEM Ha
mepoxoBatocTax noBepxHocTu. Bmusuue COB  Pam6owsr (COBP) Ha
SHEepreTHYecKuil cekTp u dammuctuaeckuil Tpancnopt HII 6b110 TeopeTnuecku
U3y4eHo B [4], onHaKO, 3P PEKThI, CBA3AHHBIE C OTCYTCTBUEM LIEHTPA UHBEPCUU
y matepuana HIT (COB [lpeccensxay3a (COBJI)) [5], He paccMaTpuBaIuCh.

JIns ommucaHus SJIEKTPOHHBIX cocTosiHUKA B TOIT MBI ucnonb3oBaiu
IPOCTYI0 MOJIETb 3JEKTPOHHOIO Ta3a, MOMEIIEHHOTO Ha UWIMHAPUYECKYIO
noBepxHocTh [6]. Hamu noctpoen ramuiibronnan COBJl Ha nuimuHApUYECKOM
MIOBEPXHOCTH,  y4MThHIBasg, 4Yro ocb pocra HII  coBmamaer ¢
kpuctayutorpadguyeckum HamnpasieHueM [111]. Ilpu stom cneuuduka 3agauu
3aKJIFOYAETCS B TOM, YTO B KaXJOW TOYKE Kpyrooro ceueHuss TOI' anekTpon
nojBepkeH aecTBuio paznuuyHoro COB, 4ToO He XapaKTepHO IJsi OOBIYHBIX
IJIAaHAPHBIX HAHOCTPYKTYP.

Oco6ennocteio HII ¢ cunbabiv COB siBnsieTcs Haju4Ke B CIIEKTPE psiaa
MOJI30H, HUMEIOUIMX OoJiee OJHOTO HKCTpeMyMa (JBa MUHUMYMa M OJUH
MakcuMyM). Hanuuume Takux TOA30H TMPOSBIAETCS B OaJTTUCTHUECKOM
TpaHCIIOpTE: TaK, KapTHHA KBAHTOBAaHUS OaJNTMCTUUYECKOHW MPOBOAUMOCTHU
OTJIMYAETCS HEMOHOTOHHOCTBKO OT  XOpPOIIO HW3BECTHOM  CTyNeHYaTou
3aBUCUMOCTH KOHJIaKTaHCa OT XHWMHMYECKOrO IIOTEHIMalda B CTPYKTypax C
POCTOM NMapaboIMYeCcKON JUCTIEPCUEH.

PabGoTa BhIMONHEHa mHpu mnogaepxkke MwuHHcTepcTBa 00pa3zPoBanus u
Hayku P® (mpoekt Ne 2665 B paMkax roc3agaHusi By3am).

1. S. Estevez Hernandez et al, Phys. Rev. B 82, 235303 (2010).
2. 1O.A. Berukos, 2.U. Pam6a, I[Tucema B XKOTD 39, 66 (1984).
3. S. Chuang et al, Nano Lett. 13, 555 (2013).
4. L.A. Kokurin, Solid State Commun. 195, 49 (2014).
5. G. Dresselhaus, Phys. Rev. 100, 580 (1955).
6. JL.U. Marapunn, [I.A. Pomanos, A.B. Hamnuk, [Tucema B XKOTD 64,
421 (1996).
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KBA3UKJIIACCUYECKAA JUHAMUKA SJIEKTPOHA B MOJIEJIN
XAPIEPA-XOBIITAATEPA C VHETOM CIIMH-OPBUTAJIBHOT'O
B3AUMOIENCTBUSA PAILIBA U IPECCEJIbXAYVY3A

A.C. PynbkoB, A.A. Ilepos
Huoicecopoockuti cocyoapcmeennwiii ynusepcumem um. H. U. Jlobauesckoeo,
Huoicnuit Hoseopoo
E-mail: aleksurban666@gmail.com

N3ydyeHne KBAaHTOBBIX COCTOSIHUM DJJEKTPOHA B CBEPXPEUIETKAX B
MarHUTHOM U D3JEKTPUUECKOM TMOJISIX SIBISIETCS aKTyaJlbHOM 3amadeil (u3MKH
KOHJICHCUPOBAaHHOTO COCTOsIHMsA BeniecTsa [1]. borartas crpykrypa cnekTtpa u
TONOJIOTUSI KBAaHTOBBIX COCTOSIHUA HOCHUTENIEH ONPEesioT OCOOEHHOCTH
MarHUTOONTUYECKUX [2], TpaHCHOPTHBIX [3] M KUHETHYECKUX 3(PQPEKTOB B
AJIIEKTPOHHOM rase. B HacTrosiiee BpeMs SKCIIEPUMEHTAIbHO YK€ HaOII0AaINCh
3¢ (deKThl, NOATBEPKIAIOLINE CYIIECTBOBAHUE PACIICIUVIEHHON CTPYKTYpHI
ypOBHEN Jlanpay (il JNEUCTBUEM IBOSIKOIIEPUOIAYECKOT O
NIEKTPOCTATUYECKOrO  moyist  cBepxpeml€tku  [4].  IloaynpoBOAHMKOBBIE
CBEPXPELIETKN SBISAIOTCSA YJOOHBIM OOBEKTOM JJisi MCCIEAOBAHUSA KBaHTOBO-
MEXaHMUYECKOIO JBIKEHMS B HUX HOCUTENEeH 3apsana. [leno B ToM, 4TO MJId
HAOJIIOJICHUS PACILEIUICHHBIX CTPYKTYpP CHEKTpa THUIa «0abodyek XOoBIITaaTepa»
B peajbHbIX KPUCTAUIMUYECKHX CTPYKTypaxX HEOOXOAWMBI MAarHUTHBIEC TOJS C
nHayknuen nopsaka 10-30 MI'c.

OcHOBHOM 3ajayeid JTaHHOTO HCCJIEHOBAHMUSL  SABJISICTCS U3YUYECHUE
JVHAMHUKH DJIEKTPOHA B CKPEIEHHBIX MOJIAX B JIBYMEPHBIX CBEpXpéuieTkax. B
paMKax peleHus 3aJa4d PacCUMTaHa 3aBUCHMOCTb IIOJIOKEHUS MarHUTHBIX
0JIOXOBCKMX TMOJI30H CHEKTPA 3JEKTPOHA OT YKCJIa KBAHTOB MOTOKA MAarHUTHOTO
MOJisi  4Yepe3  DJIEMEHTapHyK  sSYelKy pemérku. Meroauka  pacuéra
DHEPreTUYECKOr0 CIIEKTpa  IMO3BOJAET BBIYUCIUTHL 3aKOH JUCIEPCUU B
MAarHATHBIX IOJ30HAX KAK aHAJUTUYECKH, TaK U YUCIECHHO. UNCIEHHBIN pacuér
AJIIEKTPOHHOTO CHEKTpa IPOBOAWIICS C MCIIOJIB30BAHUEM METOAA YHUTAPHBIX
npeo0pa3oBaHuid, COXPAHSIONIMX HOPMY BOJHOBOM (QyHKIuu. PaccumTtansi
DJIIEKTPOHHASA IUIOTHOCTBH, CIIMHOBBIE IUIOTHOCTH, a TAaKXe€ TOMOJOIMYeCcKast
KpuBH3HA beppu COCTOSHMI MarHWTHBIX MOA30H. Ha ocCHOBe peuienus
KBa3UKJIACCUUECKUX YPAaBHEHUM JBWKECHHUSA YCTAHOBJIEHBI 3aKOHOMEPHOCTH
MOMEPEYHOTr0  TPAHCIOPTa HOCHUTENeW, OOYyCIIOBJIEHHBIE THUIIOM  CIHH-
OpOUTANBHOTO B3aUMOCHCTBHUS B IBYMEPHOM 3JIEKTPOHHOM ra3e.

1. D.R. Hofstadter, Phys. Rev. B 6, 4 (1976).

A. A. Perov, L.V. Solnyshkova, and D. V. Khomitsky, Phys. Rev. B
82, 165328 (2010).

3. B. S lemuxoBckuii, A. A. Tlepos, XKOT®D 76, 10 (2002).

4. T. Schlosser et al., Semicond. Sci. Technol. 11, 1582 (1996).
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DODEKT JBOMHOU ®OTOMOHU3AIINN ABYX3JIEKTPOHHbBIX
I[MPUMECHBIX HEHTPOB B KBA3SUHYJIbMEPHOU CTPYKTVYPE

B.J1. KpeBuuk, A.B. Pazymos, I1.C. bynsHckuii
Ilenzenckuii cocyoapcmeennslil ynusepcumem, 2. Ilensza
E-mail: physics@pnzgu.ru

ITpoBeneHo 0600IIEeHNE MeTO/1a TOTEHIIMANIAa HYJIEBOTO pajnyca Ha cilydyai
JBYX3JIEKTPOHHBIX IPUMECHBIX LEHTPOB B KBaHTOBBIX Toukax (KT) c 3apsmom
A/lpa paBHBIM HYJIO. BapuanlMOHHBIM METOAOM, B PAMKAX MOJYyIMIINPUYECKOU
MOJIETH JBYXAJIEKTPOHHOTO MPUMECHOTO IIEHTpa B chepruuecKn-CHMMETPUIHOMN
KT, paccuntan mepBbIi NMOTEHUHWAT HWOHU3ALMU. Y CTAHOBJIEHA CBS3b MEXIY
IIEPBBIM U BTOPBIM MOTEHIMAJAMHA MOHHU3ALHUH JIBYXAJIEKTPOHHOTO ITPUMECHOTO
LIEHTpa C HYJEBBIM 3apAnoM sapa. lloka3aHo, 4to B oTiMuMe OT Ciaydas
00BEMHOTO MOJIYIIPOBOJHUKA IIPOCTPAHCTBEHHOE OTpaHUYCHHE B
KBa3UHYJbMEPHBIX CTPYKTYpax CIIOCOOCTBYET OOPAa30BaHUIO JBYXIIEKTPOHHBIX
IIPUMECHBIX LIEHTPOB U IIPU HYJIEBOM 3apsJie aTOMHOI'O OCTOBA.

B nunonpHOM mpuOIMKEHUM TMONTY4YEHO aHAIUTUYECKOE BBIPAKEHUE AJIs
K03 puIMEeHTa IPUMECHOTO MOTJIOLIEHUS CBETa B KBa3UHYJIBMEPHOI CTPYKTYpe
npu (pOTOMOHU3ALMHU ABYXIEKTPOHHON NIPUMECH € YUYETOM JUCIEPCUU paanyca
KT.

Ha pucynke mnpuBeaeHa CIHEKTpalibHas 3aBUCHUMOCTh KodhduimeHTa
MOTJIOIIEHUS CBETA MPHU JABOMHON (POTOMOHM3ALMHU BYXDJIEKTPOHHOU MpUMECH
B InSb KT. Bugno, uto nBoiiHas (oTOMOHHM3AIMS OpUMEcel MNPUBOIUT K
MOSIBJICHUIO HA CIEKTPAJIbHOW KPUBOM MOTJIOLIEHUSI XapaKTEPHOTO JBYropOOro
npoduiis, MOJOKEHUE MUKOB B KOTOPOM CYIIECTBEHHO 3aBUCUT OT CPEIHETrO
pamuyca KT (na puc.: X =hw/E, - sHeprus GoTroHa B equHALAX 3PPEKTUBHON

O0poBCKO# 3HEpruu; KpuBbie 1 U 2 moctpoensl ais cpennero paauyca KT 100

HM 1 70 HM COOTBETCTBEHHO).
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1. A.A.Tpunoepr, E.J[. Benopycen, ®TT, 1970-1978 (1978).
2. B. JI. KpeBuuk, A. B. Pazymos, Il. C. bynsuckuii, I3BecTust BRICIITUX
yueOHbIX 3aBefieHuil. [ToBoimkckuit pernoH. ®U3nKo-MaTeMaTHIeCK1e

nayku 3(31), 228-240 (2014).

205


mailto:physics@pnzgu.ru

MHOI"OMOJIOBBI TPAHCIIOPT B KBA3SMOJHOMEPHbBIX
CBEPXPEIIETKAX CO CIIMH-OPBEUTAJIBHBIM B3AUMOJENCTBUEM

A .M. Mansies, A.C. Ko3yaua
Huoicecopoockuii cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckozo,
Huoicnuit Hoseopoo
E-mail: SashaKozulin@yandex.ru

B nocienHue roapl aKTUBHO HCCIEAYIOTCS CHCTEMBI, B KOTOPBIX
COBMECTHOE MPOSIBJICHUE CIHHOBBIX M 3apsAJIOBBIX CTENEHEH CBOOOIBI MMEET
NPUHIUOUAIBHBIA XapakTep. OJTOT HMHTEpec OOYCIOBJIEH, NPEXKIE BCEro,
BO3MOKHOCTBIO CO3JaHUs Ha OCHOBE CHIUHTPOHUKHU HOBBIX
ITOJIYTIPOBOJHUKOBBIX YCTPOWUCTB [l], mIpu MOIEIMpOBaHMH KOTOPBIX B CBOIO
ouepeb He0OX0IUMO NMPUHUMATh BO BHUMaHUE 3P PEKThI, CBSI3aHHBIE C YUETOM
HECKOJBKMX MOJI pPa3MEpHOro KBaHTOBaHUA. B paHHOW paboTe wu3ydaercs
MHOTOMOJIOBBII TPaHCHOPT B KBa3HOJHOMEPHOW CTPYKType, COCTOSAILIEH U3
JBYyX KaHaJoB 0e3 cnuH-opOuTtanbHoro Bzaumojeicteus (COB), pazneneHHbIX
paccenBaTelieM — MAacCHBOM M3 HECKOJBKHUX MOBTOPSIOMIMUXCS (PparMeHTOB,
KaX[IbI U3 KOTOPBIX COJEPXHUT 001acTh AuHbI |; ¢ HenyneBsiM COB Pamba u
Jlpeccenbxaysa, a Takxe 00acth amuHsl |, 6e3 COB (cM. puc. 1).

kaHan 1 a,p o, p a.p kaHan 2

l, 1,

Puc. 1. Cxematuueckoe U300pakeHne KBa3MOIHOMEPHOI cBepXxpeleTku. B oGmactsax
CO CIIMH-OpPOUTAJIBHBIM B3aUMOJecTBHEM (cepblil 1BeT) 1100 a (mapamerp Pamba), mubo f
(mapametp Jlpeccenbxay3a) OTIMYHBI OT HYJIS.

C ucnonb30BaHUEM METOJa MaTpHIlbl paccesiHus [2-5] ObLIM NpOBEIEHBI
YUCJICHHBIC PAcUeThl KOHJAKTAHCA M CIMHOBOW TMOJSPHU3AIUU CTPYKTYPHI TIPU
pasTUYHBIX 3HAYCHUSX IapaMerpa paccewBarens. Ha 3aBUCHMOCTSX Kak
MOJIHOTO, TaK W CIHWH-3aBUCMMOTO KOHJIAKTaHCA OT OJHEPTrUUd HOCHUTENEH
oOHapy>KeHbI TMPOBaJbl, OOYCIOBIEHHBIC JOKAJIU3allUe BOJH B O0OJACTAX C
HenyneBbiM COB. B pabGore Takke 00CyXIaeTcsi CIIMHOBAsl TPEIECCUs B
s pexTHBHOM MarHUTHOM Toe, cBsa3aHnHoM ¢ COB, u BnusHue Oecrnopsaka B
nmapamMeTpax pacceuBaTrelidi Ha TPAHCIIOPTHBIC XapaKTEPUCTUKH HCCIEITYyEeMOM
CHUCTEMBI.

=

S. Datta, B. Das, Appl. Phys. Lett. 56, 665 (1990).

L. Zhang, P. Brusheim, H.Q. Xu, Phys. Rev. B 72, 045347 (2005).

3. P.M. Krstajic, E. Rezasoltani, P. Vasilopoulos, Phys. Rev. B 81,
155325 (2010).

4. H. Xu, Phys. Rev. B, 52, 5803 (1995).

5. H. Xu, Phys. Rev. B, 50, 8469 (1994).
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CHEKTPOCKOIIUS YPOBHEM JIAHJAY KAK CITOCOB
OIIPEJEJIEHNA 30HHBIX ITIAPAMETPOB ITOBEPXHOCTHbBIX
COCTOAHUU TPEXMEPHOI'O TOIIOJIOTMHYECKOI'O U30JIAITOPA

A.C. Ko3zymua, A.A. Konakosn
Huoicecopoockuti cocyoapcmeennwiil ynusepcumem um. H.U. Jlobauesckozo,
Huoicnui Hoeeopoo
E-mail: SashaKozulin@yandex.ru

M3BeCTHO,  4YTO  BJEKTPOHBI HA  NOBEPXHOCTH  TPEXMEPHBIX
TonoJiornyeckux nu3oasaTopoB (TH) xapakTepusyroTcsi OeCIIeIeBbIM JTUHEHHBIM
M0 KBa3UUMITYJIbCY 3aKOHOM jucnepcuu [l1]. OmHako B SKCHEPUMEHTAX IO
uccienopanuio T meTonomM (OTOSMUCCHOHHOM CHEKTPOCKONHUHU C YIIOBBIM
paspemenneM (ARPES) wHabmrogaroTcs OTKIIOHEHHS 3aKOHA JTUCIICPCHH
MIOBEPXHOCTHBIX COCTOSIHUM OT JMHENHOro, 0OyCIIOBJIEHHBbIE BKJIaJaMu Ooiee
BBICOKOTO IOpSiAKA II0 BOJHOBOMY BeKTOpYy [2]. CnekTpockomus ypOBHEW
Jlannay (YJI) sBnseTcss anbTepHAaTHBHBIM CIIOCOOOM 3KCHEPUMEHTAIBHOIO
uzydyeHus TU, mNO3BOJISAIONIMM —H3BJIEKaThb HH(OpPMALMIO O CBOWCTBAX
PHEPreTUYECKOI0 CIEKTpa Kak B oO0beMe, Tak W Ha nosepxHoctu TU [3]. B
HACTOALIEH paboTe MpensioKeH OPUTHHAIBHBIA CIOCOO OIpeneseHHs] 30HHbBIX
IIapaMeTPOB ITOBEPXHOCTHBIX COCTOSIHUMI MO JaHHBIM CrieKTpockonuu Y JI.

Hamu pemmaetcs crarmonapuoe ypaBaenue [Ipenunrepa ais orubarorieit
BOJIHOBOW (DYHKIIMM C TraMUJIbTOHUAHOM

Ao fa (s = 0B . (p +e A/c:)2 .
- V[Gx(p +e0A/c)]Z + =825 (p+ +p2)5,, (1)
2 2m
r7ie €y — JIEMEHTapHBIN 3apsn, M —a¢dexTuBHas Macca, V — ckopocth Depmu
MOBEPXHOCTHBIX COCTOSIHUM, ( — cnuHOBBIA (akTop Jlanmd, 4 — mapamerp

roppuposku, B —BHemHee MarHutHOe mone, P .= P Ei( P y+EAJC), a

BEKTOPHBIN MOTEHIHaN BbIOpaH B kanuOpoBke A, = A, =0, A, = BX. IIpu sTtom
NepBbIe J[Ba CjlaraéMbIX B TamuwibTOHHaHE (1) YYUTHIBAIKCH TOYHO, a JiBa
MOCJHEAHUX, YYHUTHIBAIOIIUX KPUBU3HY M TIEKCAarOHAJIbHOE HCKaXKECHUE
AJIEKTPOHHOTO crieKTpa (TohpupoBKy) [4] — O TEOPUN BO3MYIIICHHA.

B orcyrcTBHE TeKCcaroHajdbHOTO MCKaXX€HUs 3aBuUcuMoctd YJI ot
BEJIMYMHBI BHENTHETO0 MAarHUTHOTO TOJiI HMMEIOT HAKJIOHHBIE ACHUMIITOTHI,
yTJI0BbIe KOA(PPHUIIMEHTHI U CBOOOIHBIC WICHBI KOTOPBIX SIBJISIFOTCS JTUHEUHBIMU
byHKIIUIMH HOMepa ypoBHs. HaxoklneHue mapameTpoB (yHKIHMN MO JaHHBIM
cnexktpockonuu YJI mo3BosisieT mofyduTh 3HadeHUs 3(pPEeKTUBHOM Macchl, -
¢daktopa u ckopoctu depmu. B pamkax HaHHOTO MOAXOAA TAKXKE UCCIEAOBAHO
BITUSIHHE TEKCArOHAJLHOTO MCKAXEHUS Ha CTPYKTypy YJI U mpeioxeH cnocoo
HKCIIEPUMEHTAIBHON OLIEHKH MapameTpa A.

1. X.-L. Qi, S.-C. Zhang, Reviews of Modern Physics 83, 1057 (2011).

2. M. Nomura, A. Takayama, T. Sato et al, Phys. Rev. B 89, 045134 (2014).
3. A.A. Schafgans, K.W. Post et al, Phys. Rev. B 85, 195440 (2012).

4. L. Fu, Phys. Rev. Lett. 103, 266801 (2009).
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BJIMSTHUE 3ATYXAHWS HA 3AKPEIIUIEHHE CITMHOB
B IBY XCJIOMHBIX IINIEHKAX ®EPPUTOB-I'PAHATOB

A.M. 3I031/IH1, M.A. BaKYJII/IHl, C.B. Be36oponos’, B.B. Panaiikun’,
. C.H. Cabaes"
Mopoosckuii 2cocyoapcmeennwiii ynueepcumem um. H.I11. Ocapesa, Capanck

E-mail: sergei2089@mail.ru

B Hacrosimieil paboTe TEOPETHYECKH HCCIEAOBAHO BIMSHUS MapaMeTpa
3aryxanus [mnbOepra o u yactorel CBY-monst Ha cremeHb 3aKperuieHUs
CIOMHOB IpU NEPHEHAMUKYJSIPHON W MNapajuieIbHOM OPUEHTAUUSAX BHEIIHErO
MOCTOSTHHOI'O MAarHUTHOTO NOJII H OTHOCHUTENIBHO MJIOCKOCTH IJIEHKH.

BelrtoniHeH  pacd€r s ABYXCIOWHOM IUIEHKM €O CIEAYIOIIHMHU
3HAQYEHUSIMU [IapaMEeTpOB CJIOEB: MEpBbIA ciaoi uMen ToiamuHy h =0.42,m,
HaMarHW4eHHoCcTh HachlneHus 4z7M, =1740G, > dexTuBHOE 1MOJIE OAHOOCHON
anusotporimu H" =-17120e , mapamerp 3aryxanus [misbepra o =0.003;
BTOpOH cioit umen h, =2.5um, 42M, =1330G, H." =960e. Ilpu pacuere o
BappupoBas oT 0.1 go 0.9 . I'mpomMarHWTHOE OTHOIIEHHE B OOOMX CIOSIX
IPUHAMAJIOCh OJMHAKOBBIM M paBHBIM y =1.76-10'0Oe™ -s™ . IlocTosHHOI
NOJJIEP>KUBAIach Pa3HOCTh MOJIEW OJHOPOJHOTO PE30HAHCA MEPBOTO U BTOPOTO
cimoeB H,,—H,<0 u H,—H,>0. B nepsoM cirydae cioii 3aKpenicHus
ABJISECTCS JUCIEPCUBHOM CpElloM, BO BTOPOM — pEaKkTUBHOW. B kaudectse
napameTpa, OINPENEISIIONIEr0 CTENEeHb 3aKPEIUICHHs HCIOJIb30BAJICS YIIO0BOMN
KO3(P(GUIUEHT 77 AUCIEPCHUOHHBIX KpPUBBIX, IMOCKOJbKY JaHHBII mapaMmerp
SBJIIETCSI YYBCTBUTEIBHBIM K CTENEHHM 3aKperuieHus CNuHOB. OT cTeneHu
3aKperJIeHHUs] 3aBUCUT KOH(MUrypalus CIHH-BOJHOBBIX MOJ M 3HA4YCHHE
NPOCTPAHCTBEHHOM (pa3bl HAa TPAHMIIE CJIOEB U COOTBETCTBEHHO 3HAYCHMS
BOJIHOBBIX unces CB-mMon onpeensomnx HakIOH TUCIIEPCUOHHBIX KpUBbIX. Ha
puc. 1 mpeacraBieHbl 3aBUCMMOCTH 77 OT IapaMeTpa 3aTyXaHUs ¢ BO BTOPOM
CJI0€ NPHU NapaJIeNbHOW OpHWEHTaUMH H  OTHOCHTENBHO IIOCKOCTH IUIEHKH
i AByX 3HaueHu yactor f, =9.34GHz u f, =34GHz.

N4 3148 -

LEIFE

Puc. 1. 3aBucumocThb yriioBoro koduiimenTa 1 oT nmapameTpa 3aTyXaHus o B CJI0€
3aKpCILICHUA a) H01-H02: - 7000ke, b) H01-H02: - 17000ke, C) H01-H02: - 3000e, d) H01-H02: -
13000e¢ (crurornbie muann-f1=9.34 GHz, mrrpuxossie f,= 34 GHz

N3 puc. 1 BUAHO, YTO C YBEAMYEHUEM YACTOThl U ¢ CTENEHb 3aKPEIUICHUS
CIIMHOB BO3pacTtaeT. Eciu cion 3aKkperuieHus ABISETCS AUCIEPCUBHOU CPENoOn
HaOJFOaeTCsl MUHUMYM CTEINeHU 3akperieHus. OHako, KOraa CIION SBIISETCS
pC&KTHBHOfI CpCI[Oﬁ CTCIICHb 3aKpPCIVICHHA MOHOTOHHO YBCIMYHMBACTCA IIPU
BO3pacTaHUHu .
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PHOTOINDUCED CURRENT IN A QUANTUM RING WITH SPIN-ORBIT
INTERACTION

A.A. Grigor’kin
NRC «KI» B.P. Konstantinov Peterburg Nuclear Physics Institute, St.Peterburg
E-mail: ale-grig@yandex.ru

The system consisting of quantum ring connected with two electron
reservoirs by one-dimensional conductors is considered in this research. The
ring is illuminated by monochromatic circularly polarized radiation therefore its
Hamiltonian has harmonically time-dependence. The ring’s Hamiltonian
includes summands correlated with Rashba spin-orbit coupling thus the
radiation electric field may affect the electron spins. Contacts between the ring
and conductors are modeled using the theory of zero-range potentials.

This system has not inversion center either when conductors connect to
ring asymmetrically or when there is the difference between scattering
properties of “left” and “right” contacts. As a consequence, the optically induced
dc current appears in conductors - photogalvanic effect.

The method of analysis which allows analytically calculate quasi-energy
electron states in system taking into account both elastic scattering on contacts
and inelastic interaction with radiation is suggested in this report. The
appropriate photo-induced current is calculated. It is shown there are two
mechanisms of photocurrent generation which can be characterized as the linear
(LPGE) and circular (CPGE) photogalvanic effects. The LPGE is independent
of the direction of the circular polarization of the incident radiation at the zero
(or integer) magnetic flux, while the current caused by the CPGE changes the
sign with the change of the polarization direction.

Generally the photocurrent complexly depends on system
parameters - radiation frequency, the Fermi level, arrangement of contacts on
ring, scattering length of contacts. It is clear the photocurrent periodically
depends on the magnetic flux through the ring.
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AB INITIO STUDY OF THE ELECTRONIC AND OPTICAL PROPERTIES
OF DEFECTIVE CARBON NANOTUBES

S.A. Sozykin, V.P. Beskachko, G.P. Vyatkin
South Ural State University, Chelyabinsk
E-mail: sergey.sozykin@gmail.com

In this work, we introduce the possibility of single-wall carbon nanotubes
(SWNT) properties modification by insertion of different defects into the SWNT.
Understanding of such effect on SWNT properties is important for possible
microelectronics applications. Defective carbon nanotubes have been
investigated by means of ab initio quantum mechanical methods.
Pseudopotential approach within the framework of density functional theory
(DFT) with local density approximation (LDA) is used for accurate description
of equilibrium structures of SWNT as well as for assessment of the effect of the
defects on the electronic and optical structure of SWNT.

We chose (7,7) single wall carbon nanotube for examination, as their
electrical conductivity shows metallic behavior. Such nanotubes greatly
influence on the conducting properties of nanotube bundles. The supercell used
for calculations represented a CNT fragment approx. 1.5 nm long. It contained
168 carbon atoms. Models of fewer atoms, we used in previous studies [1,2],
were not long enough to study defects.

The properties of defective CNTs were analyzed in several stages. First,
the most stable atomic configuration of ideal (non - defective) CNT was
determined. It was found by variation of CNT length with succeeding geometry
optimization, providing total energy of the system reaches the minimum and
forces acting on atoms are equal to zero (with accuracy to 0.4 eV/nm). This
optimized configuration was taken as a starting point for the second step of
calculations, when the CWNTSs defects were made of various types: single and
double vacancies, Stone—Wales defects, ad-dimer defects, one at a time. After
the insertion of defect, geometry was again relaxed and then new properties
were calculated. For the derived systems, equilibrium structure, corresponding
electronic structure and optical properties were obtained.

Characteristic features of the electronic structure of every perfect CNT are
van Hove singularities — sharp peaks on DOS positioned symmetrically relative
to Fermi level, the difference between which can be measured experimentally.
After adding defects, a sharp intensive peak appears on DOS near Fermi level.
The occurrence of these additional peaks changes the optical absorption spectra
of nanotubes that can be detected experimentally.

1. S. A. Sozykin, V. P. Beskachko, Molecular Physics 111, 930-938
(2013).

2. S. A. Sozykin, V. P. Beskachko, Advanced Materials Research 1091,
25-29 (2015).
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LOCALIZATION PRIPERTIES OF DISORDERED GAPPED
GRAPHENE SUPERLATTICES

E.S. Azarova, G.M. Maksimova
Lobachevsky State University of Nizhni Novgorod, Russia
E-mail: azarova.ekaterin@yandex.ru

In recent years much attention of both theoreticians and experimentalists
has been paid to the graphene-based superlattices (SLs) [1, 2]. Such interest
results from the prediction of possibly engineering the system band structure by
the periodic potential, which opens different ways to fabricate graphene-based
electronic devices. Meanwhile, real graphene SLs can not be perfectly periodic
due to random imperfections resulting, for example, from the variations of
medium parameters. The transport properties of disordered graphene SLs have
been studied earlier [3].

We study the effect of weak disorder on the localization properties of
gapped graphene SL formed of rectangular potential barriers located
periodically. We consider two types of the SLs: the SLs with uniform gap and
SLs consisting of alternating layers of gapped (barrier) and gapless (well)
graphene regions. Using the perturbative approach, we obtain an analytical
expression for the inverse localization length (ILL) derived for the case of
randomly fluctuating as the geometric (widths of layers) and energetic (the
potential height or the gap value in barrier regions) parameters. In the first case,
when the barrier (well) width fluctuate around their mean value, the
corresponding equation for the ILL reveals the presence of the Fabry-Perot
resonances, at which the localization length diverges. These resonances are
exact, i.e., stored in any degree of a disorder. For the case of weakly fluctuating
both barrier and well widths we obtain the analytical expression for ILL taking
into account correlations. The main effect of the correlations, leading to an
increase (or decrease) in the localization length, was found close to double
resonance, arising under the condition of coincidence of two Fabry-Perot
resonances associated with barrier and well widths. The random fluctuations of
the potential strength also lead to the delocalization resonances, but in this case,
they exist only in weak-disorder approximation. We found, that unlike the SL
with a uniform gap, for an array composed of alternating strips of gapless and
gapped graphene modifications, these resonances can appear only for normally
incident particles. For such particles, the delocalization resonances occur also
for the purely random potential. This means, in particular, that in the one-
dimensional case, not all the states of the massive Dirac particles are localized
for the weak disorder.

1. S. Dubey, V. Singh et.al, Nano. Let. 13, 3990 (2013).

2. G.M. Maksimova, E.S. Azarova et.al., Phys. Rew. B 86, 205422 (2012).
3. Q. Zhao, J. Gong, Phys. Rew. B 85, 104201 (2012).
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DETERMINATION OF AMPLIFICATION OF ELECTROMAGNETIC
RADIATION BY SEMICONDUCTOR SUPERLATTICE BASED
ON ANALYSIS OF STATIC CVC

A.V. Shorokhov?, K.N. Alekseev?, M.A. Pyataev', N.N. Khvastunov'?
! Ogarev Mordovia State University, Saransk
2 Department of Physics, Loughborough University, Leicestershire, LE11 3TU,
United Kingdom
3 Mordovia State Pedagogical Institute named after M. E. Evsevev, Saransk
E-mail: khvastunovnn@mail.ru

Currently, experimental realization of the amplifier based on
semiconductor superlattices in the THz range has not been performed because of
the operating system, destructive factors. In the amplification arise instability
associated with negative differential conductivity (NDC). As a way to avoid the
of instabilities can be applied a magnetic field. When mutually perpendicular
electric and magnetic field (electric field is directed along the superlattice axis)
is theoretically possible to obtain a signal gain of the semiconductor superlattice
on the negative electron mass (NEMAG) [1]. However, in terms of the gain
control more interesting case is tilted magnetic field. Numerically, the
possibility gain in a tilted magnetic field is shown in [2].

In this paper, an analytical study of the possibility of amplification of
high-frequency electromagnetic radiation in the event of an tilted magnetic field
and given a simple geometric way of determining gain coefficient, based on the
analysis of only the static current-voltage characteristics of the superlattice.

It is found that the absorption (gain) coefficient can be expressed as a
finite difference from the constant current density in the neighborhood of a
Bloch frequency. Note that the tilted magnetic field capable generate additional
positive differential conductivity region in which it is possible to obtain stable
amplification of radiation.

This work was financially supported by the Ministry of Education and
Science of the Russian Federation in the framework of state order (Project 2665)

1. A.V. Shorokhov, M.A. Pyataev, N.N. Khvastunov et al., JETP Letters.,
100, 766 (2015).

2. T. Hyart, J. Mattas, K.N. Alekseev, Physical Review Letters 103,
117401 (2009)
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USING THE NYQUIST CRITERION FOR ANALYSIS OF
AN ELECTRICAL STABILITY IN SEMICONDUCTOR SUPERLATTICES

A.V. Shorokhov', N.S. Prudskikh®, K.N. Alekseev?
'Ogarev Mordovia State University, Saransk
'Loughborough University, United Kingdom

The important issue of the Gunn diode theory is to determine the
conditions under which the system becomes unstable with respect to fluctuations
of the internal electric field. For arbitrary contacts this condition can be different
from the condition for the occurrence of negative differential conductivity
(NDC) [1]-[2]. It changes the regime of generation. One approach to
determining the conditions of instability is the Nyquist criterion based on the
analysis of high-frequency impedance of the system. The advantage of this
criterion is the ease of use. In the case when the impedance of the system as a
function of frequency is known this criteria does not require any analytical
calculations.

A similar approach can be used to analyze the electrical stability of
semiconductor superlattices. Nyquist criterion allows determining the transition
from the generation of Gunn diodes type [3] to the other regimes, in particular,
to the parametric generation regime [4].

In particular, Nyquist criterion gives the instability criterion that differs
from the conditions of negative differential conductivity criterion in the case of
ohmic contacts. As a result, the region of stability can be shifted to the NDC
region in the case of small concentrations of electrons and if the length of the
superlattice is not very long. It can indicate the possibility of experimental
obtaining of the high-frequency amplification effect in the classical scheme of
amplification based on the use of NDC to get a gain.

This work was supported by Russian Ministry of Education and Science
(project No. 2665).

1. E. McCumber, A. G. Ghynoweth, IEEE Transactions of Electron
Devices Ed-13, 4 (1966).

2. H. Zetsche, IEEE Transactions of Electron Devices Ed-21, 142
(1974).

3. E. Schomburg et al., Phys. Rev. B 65, 155320 (2002).

4. T. Hyart, A. V. Shorokhov, and K. N. Alexeev, Phys. Rev. Lett. 98,
2204041-2204044 (2007).

214



SPIN FILTER BASED ON THE OPEN QUANTUM DOT
IN MAGNETIC FIELD

A.l. Malyshev, G.G. Isupova
Lobachevsky state university of Nizhni Novgorod, Nizhni Novgorod, Russia
E-mail: isupova@phys.unn.ru

It is known that, in solid-state physics, the spin-orbit interaction (SOI)
plays a fundamental role, because it determines the electron quantum states and
leads to multiple transport and optical effects, many of which are of applied
interest. One of the most important devices of modern semiconductor
spintronics is the spin filter. It is used for the selection of carriers with a given
spin polarization [1].

Fig. 1. Open quantum dot with the (1) input and (2) output channels

The possibility of using Fano-type resonances for the construction of the
spin filter is very promising. Fano-type resonances — asymmetric conductivity
resonances resulting from the interaction of localized states and the continuum.
In this work we are talking about narrow resonances, that we discussed earlier
[2], which caused by the inclusion of SOI to a system.

We study a quantum dot structure with attached input and output quasi-
one-dimensional channels in the presence of the SOI. In the case of weak
magnetic field, the conductance of the structure becomes dependent on the spin
state of the carriers in the input channel. This property makes possible the
construction of spin filter based on this system by the proper selection of its
parameters. This spin filter operates on the “zero” and “maximum” of the one of
these Fano-resonances. And this opens up additional possibilities for
manipulation the spin degrees of freedom of the carriers and for the creation
new spintronic devices.

1. J.F. Song, Y. Ochiai, J.P. Bird, Appl. Phys. Let. 82, 4561 (2003).
2. G.G. Isupova, A.l. Malyshev, JETP Letters, 94 (7), 556 (2011).
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ABSORPTION OF ELECTROMAGNETIC RADIATION
BY A SEMICONDUCTOR SUPERLATTICE PLACED
IN ATILTED MAGNETIC FIELD

M.A. Pyataev', A.V. Shorokhov', K.N. Alekseev’
! Ogarev Mordovia State University, Saransk, Russia
2 Loughborough University, Loughborough, United Kingdom
E-mail: pyataevma@gmail.com

We study the absorption of electromagnetic radiation in the
semiconductor superlattice placed in a longitudinal electric field and a tilted
magnetic field. The interest to the system is associated with the problem of
creation of an amplifier and generator of terahertz radiation. It is known that one
of the obstacles in the implementation of the amplification regime in a
superlattice is instability of charge density waves which arises when the
differential conductivity of the system becomes negative. Therefore, the
superlattice can be used as a high-frequency amplifier only if the high-frequency
absorption coefficient is negative and the static differential conductivity is
positive.

As shown in [1], both the conditions can be satisfied when the system is
placed in the magnetic field perpendicular to the axis of the superlattice. In this
case, the dynamic energy storage becomes possible at nonlinear quasi-cyclotron
oscillations. The application of small probe high-frequency oscillating field
allows one to transfer a part of the stored energy into radiation.

It is noted in paper [2] that positive differential conductivity appear at
some areas on the part with negative slope of the current-voltage characteristic
(in strong electric fields) in a magnetic field slightly inclined to the axis of the
superlattice. This effect can be used for amplification of the high-frequency
signal.

In this paper we consider the case of arbitrary angle between the magnetic
field and the superlattice axis. The change in the form of the current-voltage
characteristic with increasing in the angle of inclination is studied. The limits of
angles at which the negative absorption can be combined with a positive slope
of the current-voltage characteristic are determined.

The work is supported by Ministry of Education and Science of the
Russian Federation (project no. 2.2665.2014).
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2. N.N. Khvastunov et al. Stabilization gain of high-frequency radiation
in superlattice in tilted magnetic field. Ogarev-online. Physics and
mathematics. Special Edition, 2014,

216


mailto:pyataevma@gmail.com

STABILITY CRITERIA FOR A SEMICONDUCTOR SUPERLATTICE
WITH VARIOUS TYPES OF CONTACTS

K.N. Alekseev’, N.S. Prudskikh?, A.V. Shorokhov?
'Loughborough University, United Kingdom
Ogarev Mordovia State University, Saransk

E-mail: prudskikh-ns@rambler.ru

Sources of microwave and THz radiation based on a superlattice as the
active medium can operate both in the regime of Gunn domains [1] and in the
domainless regime [2]. In connection with this, it is necessary to know the
stability criteria that determine the transition from one to other regime. In this
paper we formulate such criteria for semiconductor superlattices with both
ohmic and non-ohmic contacts using the well-established approach developed in
the theory of Gunn diodes and based on the analyze of a high-frequency
impedance of the system [3]-[4].
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Fig.1. Changes of the instability regions depending on the properties of the contact. The
solid curve corresponds to the ohmic contact, the dashed curve corresponds to the purely non-
ohmic contact, the dotted curve corresponds to the intermediate case. A region of instability is

above the each curve. E,, is critical field corresponding to the maximum of static current-
voltage characteristics of the superlattice, E is dc-bias, ng is the concentration of electrons,
L is the length of the superlattice. One can see that non-ohmic contact leads to greater stability
of the system.
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SEMICLASSICAL DYNAMICS OF ELECTRON IN HARPER-
HOFSTADTER MODEL INCLUDING RASHBA AND DRESSELHAUS
SPIN-ORBIT INTERACTION

A.S. Rulkov, A.A. Perov
Lobachevsky state university of Nizhniy Novgorod, Nizhniy Novgorod
E-mail: aleksurban666@gmail.com

Investigation of quantum states of electron in superlattice in magnetic and
electric fields is an actual problem of condensed matter physics [1]. Peculiarities
of spectrum structure and topology of quantum states of particles define the
particularities of magneto-optical [2], transport [3] and Kinetic effects in two-
dimensional electron gas. Nowadays, some effects, which confirm the existence
of split structure of Landau levels under the action of 2D-periodically
electrostatic field of superlattice are observed [4]. Semiconductor artificial
superlattice is very convenient for the studying of quantum-mechanical motion
of charged particles. The thing is that for the observing of split structure of
spectrum that is called “Hofstadter butterfly” in real crystals the magnetic field
with induction about 10 to 30 MGs is needed.

The main aim of this research is to learn more about dynamics of electron
in crossed fields in 2D lattices. During this research we found the dependence of
positions of magnet Bloch subbands of electron spectrum on ratio of flux
through a lattice cell to one flux quantum. The method of calculation of energy
spectrum allows to determine the dispersion relations in magnetic subbands both
analytically and numerically. In order to calculate the electron spectrum a
unitary transformation method, that provides the constancy of wave function’s
norm was used. Electron density, spin densities, topologically Berry curvature of
states of magnetic subbands were calculated. Due to the solution of
semiclassical equations of motion, regularities in transverse transport of charged
particles, caused by type of spin-orbit interaction in 2D electron gas, were
determined.
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82, 165328 (2010).
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MULTIMODE TRANSPORT IN QUASI-1D SUPERLATTICES WITH
SPIN-ORBIT INTERACTION

A.l. Malyshev, A.S. Kozulin
University of Nizhniy Novgorod, Nizhniy Novgorod, Russia
E-mail: SashaKozulin@yandex.ru

There has been growing interest in the studies of physical systems in
which the charge and spin degrees of freedom manifest themselves
simultaneously. This topic has attracted much attention due to hopes of creating
novel devices based on spin effects. Starting with the paradigm for spintronic
Datta-Das spin field-effect transistor [1], there have been put forward many
proposals of such devices. In this work we investigate transport properties of a
system which contains a periodic array of N units in the quasi-one-dimensional
superlattice connected with two leads without spin-orbit interaction (SOI). Each
unit consist of a region length |; with nonzero either the Rashba and Dresselhaus
SOI terms, and SOl-free region of length I, (see fig. 1). Similar systems have
been previously studied in several papers in which either the Rashba term was
included [2] or only the lowest two subbands were taken into account [3].

left lead a, p a, p a,p right lead

A
Fig. 1. The schematic illustration of the quasi-1D superlattice. In SOI regions (shaded) either
a (the Rashba SOI strength) or g (the Dresselhaus SOI strength) is non-zero.

We have employed the multimode scattering matrix formalism [2,4,5] for
numerical calculation of the total and spin-dependent conductances as well as
spin-polarization of the structure for different ratios of the SOI strengths, regions
lengths and number of the SOI units. We find dips both in the full and spin-
dependent conductances appearing at different locations in energy and study the
relations between them for various values of parameters of the structure. The
spin precession in the effective SOI-induced magnetic field and the influence of
disorder in the parameters of a SOI unit on spin-dependent transport through the
structure are also investigated.
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LANDAU-LEVEL SPECTROSCOPY AS METHOD FOR DETERMININING
BAND PARAMETERS OF THE 3D TOPOLOGICAL INSULATOR
SURFACE STATES

A.S. Kozulin, A.A. Konakov
University of Nizhniy Novgorod, Nizhniy Novgorod, Russia
E-mail: SashaKozulin@yandex.ru

It is well known that the electrons at the surface of three-dimensional
topological insulators (T1) are characterized by the gapless linear in momentum
dispersion relations (massless Dirac fermions) [1]. However, recent results of
spin- and angle-resolved photoemission spectroscopy (SARPES) demonstrate
deviation of the surface states dispersion from the linear-in-k dependence due to
the presence of the quadratic and cubic in momentum contributions [2]. Landau-
level (LL) spectroscopy is an alternative technique of experimental study, which
allows one to obtain the properties of the energy spectrum both in the bulk and
at the surface of 3D TI [3]. In this work we propose an original method of the
extraction the band parameters of 3D TI from LL spectroscopy experiments.

We solve the Schrodinger equation with the following Hamiltonian:

i =v[éx(fs+eo/i/c)l+g‘;BB&ﬁ(“;:/C)Z 6+ 200+ 576,
where e, and m stand for the elementary charge and the effective mass,
respectively, v — is the Fermi velocity of the surface states, ug, B, and g are the
Bohr magneton, external magnetic field and spin g-factor, respectively, 1
denotes the warping parameter, p .= P x+i( py+eAJ/c), and A=A, =0,
A, = Bx are the components of the vector potential. The first two terms in the
Hamiltonian (1) are treated exactly, while the last two, describing the finite
curvature and the hexagonal warping [4] of the surface states, are taken into
account as perturbations.

In the absence of the hexagonal warping LLs as functions of the magnetic
field have asymptotes which slope and intercept as linear functions of a LL
number. Obtaining these functions parameters from LL spectroscopy
experiments allows one to extract the values of the effective mass, g-factor and
the Fermi velocity of the surface states.

In the frames of this approach we also investigate the influence of the
hexagonal warping on the structure of LLs and suggest a way of experimental
estimation the A parameter.

1. X.-L. Qi, S.-C. Zhang, Reviews of Modern Physics 83, 1057 (2011).

2. M. Nomura, A. Takayama, T. Sato et al, Phys. Rev. B 89, 045134 (2014).
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INFLUENCE OF THE DAMPING PARAMETER ON PINNING
OF THE SPINS IN TWO-LAYER GARNET-FERRITE FILMS

A. M. Zyuzin', M. A. Bakulin, S. V. Bezborodov', V.V. Radaikin®,
B. S.N. Sabaev*
'Mordovian State University, Saransk
E-mail: sergei2089@mail.ru

This article contains theoretical investigations of the influence of the
Gilbert damping parameter & and microwave field frequency on pinning of the
spins at the perpendicular and parallel orientations of the external constant
magnetic field A with respect to the film plane.

The calculations was made for the two-layer film with the following
layers parameters: the first layer has been thickness h, =0.42.m, saturation
magnetization 47M, =1740G , effective field of uniaxial anisotropy
H" =-17120e, Gilbert damping parameter « =0.003; second layer has been
h,=2.5um, 472M, =1330G, H;" =960e . Parameter « has been varying from

0.1 to 0.9 . Gyromagnetic ratio in both layers has been the same
y=176-10"0e™" -s™ . Constantly maintains the difference homogeneous
resonance fields of the first and second layers #,, - H,, <0 and H,, —H,, >0.
In the first case, the pinning layer is dispersive medium in the second - reactive.
The parameter determines the degree of pinning is the slope » of the dispersion
curves, since this parameter is sensitive to the spin pinning degree. The spin
pinning degree determines the configuration of the spin-wave modes and phase
at the boundary layers and therefore the wave numbers SW-modes determined
by the slope of the dispersion curves. Fig. 1 shows the dependence of the 7
from the damping parameter « in the second layer in a parallel orientation
relative to the film plane for the two frequency values f =9.34GHz and

f, =34GHz.

Fig. 1. The dependence of the slope n of the damping parameter o in the pinning layer:a) Hoz-
Hoo= - 7000e, b) Ho1-Hoo= - 17000e, C) Ho1-Ho2= - 3000k, d) Ho1-Hgo= - 13000¢ (SO“d lines
— ,=9.34 GHz, dashed lines — f,= 34 GHz

Fig.1 shows the spin pinning degree increase by increasing frequency and
a . If the pinning layer is dispersive medium was observed minimum pinning
degree on dependence from damping parameter. However, if this layer is
reactive medium, the pinning degree monotonous will increase with « .
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Hayqﬂoe HU3J1aHuC

MATEPHUAJIBI HAHO-, MUKPO-, OIITO3JIEKTPOHUKH
U BOJIOKOHHOM ONTUKMU:
®U3NYECKUE CBOMCTBA U IPUMEHEHUE

IIporpamma u MaTepuaJbl
14-ii MesxxayHapoaHOii HAY4YHOI KOH(epeH MU -IKOIbI

Tleyamaemcs 6 asmopckou pedaxyuu
6 COOMEEMCMBUU C NPEOCHABIEHHBIM
OpUSUHAT-MAKEMOM
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