MuHucTepcTBo 06pasoBaHus 1 Hayku Poccuickon ®enepaumm
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NMHOOPMALUA ONA YHACTHUKOB

KoHgepeHuna nposoautcs NHCTUTYTOM PU3MKM U XuMnm HaumoHanbHoro
nccnenoBaTenbCKoro MopaoBckoro rocyaapCTBEHHOro yHMBeEpcuTEeTa
nm. H. M. OrapeBa B nepuoga ¢ 11 oktsbps no 14 oktabpsa 2016 roga.

MecTo npoBefeHus nneHapHbIX 3acefaHun — [1Bopey, KynbTypbl U UCKYCCTB
MY nm. H. MN.Orapesa.

MecTo npoBedeHUs CEeKUMOHHbIX 3acefaHunh U MNPOXMBaHUA YYaCTHUKOB
KOH(pepeHuumn - caHatopun «Hagexga» (pacrnonoxeH B 30 km ot r. CapaHcka).

[Mporpammon KoHepeHLUMn NpeayCMOTPEHbI:

e 00630pHble JOKNaAbl-NEKUNN BEQYLLUNX YYEHbIX MO TEMATUKE KOHGEPEHLNN;
e BbICTYNSIEHMS YHACTHUKOB C YCTHLIMWU U CTEHAOBLIMU LOKNagaMu.

OprkomuTeToM yCcTaHOBMNEHa cnepyoLwas NpoaoPKUTENbHOCTb JOKaA0B:
nekuuun — 40 MuH, npurnawweHHsle goknagbl 30 MUH, YCTHble coobLeHns — 10 MUH.

[lna gemMoHCcTpauum UnnNCTpaTUBHBIX MaTepuanosB nekropam 1 goknagynkam
OyayT npegocTaBrieHbl CpeacTBa BU3yarlbHOM U KOMMNbIOTEPHOM npes3eHTauun. B
nocrniegHeM crnyyae MHgopMauma ormkHa bbiTb NOArOTOBMEHA B 3NIEKTPOHHOM BUAe
c nomowbto Microsoft Power Point nnmn B Buge rpaguyeckmx gpannos: .jpg, .tif, .omp.

PasmMepbl WWTOB ANA pasMelleHuss CTeHOOoBbIX AoknagoB — 90%120 cm?
(wwvpurHa, BbiCOTA).

PEMTMCTPALUUA yyacTHMKOB KOHGepeHunn byaeT npoBoantbca 10 okTabps ¢
15.00 po 18.00 B ¢pore rmaBHoro kopnyca MIY wum. H. Tl Orapesa (yn.
Bonbwesunctckas, 68), 11 oktsabpsa ¢ 8.00 po 8.30 B caHaTtopun «Hagexga». [o
MecTa NpPOBEOEHMS] YYACTHWKM KOH(bepeHuun OyayT OTnpaBfeHbl TPaHCMOPTOM
oprkomuTteTa.

O epemeHu npubbimussi e CapaHCcKk npocumM 3abna2oepemMeHHO
coobwumsb no a3nekmpoHHoU no4yme: ryabochkina@freemail.mrsu.ru. IMpu
Hanu4uu OaHHoU uH¢opmauyuu OpzkomMumemom 6ydem opeaHu3oeaHa
ecmpeyva y4acmHUKO8 KOHghepeHyuu no mecmy npubbimusi e sro6oe epemsi
CYMOK.

KOHTAKTHAA UH®OPMALIUA

Appec: 430000, r. CapaHck, yn. bonbLuieBucTtckas, 68a,
MIY um. H. 1. OrapeBa, NdX

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

ryabochkina@mail.ru

CanT KoHdepeHumnu: http://www.vnksh.mrsu.ru
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OPrAHU3ALMOHHbLIA KOMUTET
15-1 MEXXQYHAPOQHOW MOJIOAEXHON HAYYHOWU KOH®EPEHLMU-LIKONbI
«MATEPUANbI HAHO-, MUKPO-, ONTO3JIEKTPOHUKU YN BONTOKOHHON
ONTUKN: DUSNYECKUE CBOUCTBA N MPUMEHEHMUE»
CapaHck, 11 okta6psa — 14 oktabps 2016 .

Conpeacenatenun KoHdepeHUUN-LUKONbI:

E.M. AnaHoB - akagemuk PAH, Hay4yHbI pykoBoauTenb Hay4yHoOro ueHTpa
BONOKOHHOM onTukn PAH;

B.B. Ocuko — akagemuk PAH, pykoBoguTenb Hay4HOro ueHTpa nasepHbix
MaTtepuanos u TexHonornn MHctutyTa obuien pmsmnkmn nm. A. M. MNpoxoposa PAH.

opraHM3aL|MOHHbIVI KOMUTET.

C.M. BaooBuH — pektop MI'Y um. H. . Orapesa, npegcenarenb
K.H. HnweB — anpekTtop NOX MI'Y um. H. IN. OrapeBa, 3amecTuTesnb
npencenartens

E.B. YynpyHoB  — pektop HHIY um. H. U. Jlobayesckoro

M.®. Yyp6aHoB — aupektop MXBB PAH

B.B. flky6a — reHeparnbHbIn gupektop AY «TexHonapk—Mopaosusi»
MNM.A. PAGo4yknHa — y4eHbI cekpeTapb

MporpamMMHbIN KOMUTET:

T.B. AHTponoBa — O.X.H., IHCTUTYT XUMUN CUSTUKATOB UM.
W.B. I'pebeHwmkoa PAH, CaHkT-lNeTepbypr, Poccus;

C.A. lNpuropbeB - 0.T.H. HauunoHanbHbIM nccnegoBatenbCcknin yHusepceuteT «M3N»,
Mockea, Poccus;

O.H. Nopuwkos — K.(p.-M.H., HHI'Y nm. H.W. NNo6ayesckoro,
H. Hosropog, Poccus;

E.B. XXapukos — A.T.H., PXTY vm. .. Menpgeneesa, Mockea, Poccus;

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

B.[A. KpeBuuk — O..-M.H., MNMeHseHcknn 'Y, MNeH3a, Poccus;

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

I.E ManawkeBuY. — a.d.-M.H., IHCTUTYT pmsnkm nm. 6.1. CtenaHosa HAH
Pecnybnukn Benapycb, MuHck, benapyce;

B.B. Ocuko — akagemuk PAH, MO® PAH, Mockea, Poccus, npeacenartens

K.H. HuweB — K.(p.-M.H., M"Y um. H.I. Orapesa, CapaHck, Poccus;

M.H. NonoBa — 0.¢.-M.H., MHcTuTyT cnektpockonun PAH, Mockea, Poccus;

MN.A. Pa6oukmHa — a.¢p.-m.H., MY um. H.T1. OrapeBa, CapaHck, Poccus;

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

B.B. Cemaluko — 0.¢.-M.H., KazaHckun (IMpuBormkckuin) benepanbHbIn
yHuBepcuteT, KasaHb, Poccus;

B.H. CuraeB — A.x.H., PXTY vm. .. Menpeneea, MockBa, Poccus;

C.H. YwakoB — K.d.-M.H., MOP PAH, Mockea, Poccus;

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

MN.n. ®epopos — a.x.H., MOP PAH, Mockea, Poccus;

A.B. lLlopoxoB — A.0.-M.H., MY um. H.IN. Orapesa, CapaHck, Poccus.

Pa6ouas rpynna:

T.B. BonkoBa J1.A. Kynukos H.B. Moucees

A.B. lonybbes O.MM. Nasapesa [.B. Msarkos

N.H. EBTeeBa A.A. NlanuH M.A. MNaTaes

H.B. Cuagoposa C.A, XpywanuHa A.H. YabyuwkuH

H.B. AHueH



CnoHcopbl U opmymanbHble NnapTHepbl

POCCUACKMIT
®OHA
OYHOAMEHTAJIbHBIX

WCCNEAOBAHWMA

Poccuinckun doHp cdyHaameHTanbHbIX uccnegoBaHun (POPU) cosgaH
Yka3zom [peavmageHTta Poccunckon depepaumm Ne 426 ot 27 anpena 1992 ropa.
P®®dUN—- camoynpaBnsemas rocygapCTBeHHas HEKOMMep4Yeckas opraHusaums B
dopme denepanbHOro yuypexaeHusi, Haxoasiweroca B BefeHuu [lpaBuTenbcTBa
Poccuiickon ®epgepauun.

OcHoBHble HanpaBreHus gearenbHocT POOU:

— KOHKYPCHbIA OTOOp Ny4YlWMX Hay4yHbIX TMPOEKTOB W nocnegywoLlee
OopraHu3aunoHHo-MHaHCoBOE obecneveHne nogaepXaHHbIX NPOEKTOB;

— 0600LeHME pe3ynbTaToOB 3aBEPLUEHHbIX NpoekToB POOU;

— MOHWUTOPUHI HayKM — MHOrOACNeKTHbI aHanM3 COCTOSHUS U TEeHAEHUWA
pa3BUTUA KOMIMJIEKCA POCCUMCKOM HAyKM Ha OCHOBE OpUIMHaNbHOW CUCTEMbI
KOHKYPCHbIX WHOWKATOPOB, 3KCNEPTHbIX W APYIMX AaHHbIX O XO4e BbINOMHEHUS
NPOEKTOB;

— [JoBedeHne pesynbTaToB WCCneaoBaHuK, noaaepXaHHbix PoHaom, Ao
noTeHUManbHbIX Nofib3oBaTeneu;

— nporpamMmbl 06LLEero Ha3Ha4YeHus.

TPYNNA KOMNAHUN

«DNTHKIHEPTD>»

Fpynna komnaHuMn «ONTUKIHEpPro» BKIYaeT B cebs psg He3aBUCUMbIX
npeanpusatui.  Komnavuy, OCyLecTBrsSOWMe MNPOMbILNEHHOE NPOU3BOACTBO:
«CapaHckkabenb-Ontuka», «3M-KABEJIb», «OM-KAT», «OM-TJIACT», « CAPMAT»,
npeanpusaTMss nNo  okasaHuo ycnyr: McnbitatenbHbll  UeHTPp  «ONTUKIHEProy,
«ABToTpaHc-CapaHck», «3OM-MPUHT», «kode-6ap «[lMpoKoduin». KomnaHum
meanuuHckoro Hanpaenenus: «HOBOMEL» un «Mep3ctetKnmHuk». OO0 «3M-
CEPBUC» - npegnpuatve no okasaHuto 6biToBbIX ycnyr. [NpeactaButenbcTBa,
CO3[aHHble aAnA npoaBuXeHna ToBapoB «OnTukaHepro» — Toproeeii Jom 3M-
Kabenb B Poccum n Opticenergo GmbH 3a py6exom.

Cant «OnTtukaHeproy: http://www.opticenergo.ru.

WWW.PHOTONICS.SU

DOTOHUKA

HAYYHO-TEXHUYECKUM XYPHAN

XypHan «®oToHUKa» MOCBSILLEH OMNTUYECKUM CUCTEMAM pPasfMYHbIX TUMOB
(3NEeKTPOONTUYECKNM, OMTOBONIOKOHHbLIM, Na3epHbIM, MOMHOCTBI OMNTUYECKUM), KX
anemMeHTaMm u TexHonorusm. Llenb m3gaHus — rnybokoe u nogpobHoe ocBelLeHue
BOMPOCOB, CBSI3aHHbIX C ONTUYECKUMW CUCTEMAMWU Mepenayun, OnTUYECKUMMU
TEXHOMOMMSIMK, OMTUYECKMMM MaTepuanamu u 3rnemeHTamu, obopyaoBaHMEM U
CTaHKaMW, UCMONb3yeMbIMU B ONTUYECKMUX CUCTEMAX.



©OHA UHOPACTPYKTYPHbIX
W OBPA30BATEJIbHbIX NPOrPAMM

®PoHA MHGPACTPYKTYPHbIX U 06pa3oBaTesibHbIX NporpamMmm co3agaH B 2010
rogy B cooTBeTcTBUM ¢ depepanbHbiM 3akoHOM Ne 211-®3 «O peopraHusaumm
Poccuiickon kopropauumn HaHoTexHonorum». OpobpeHHaa B Hosibpe 2013 roga
«CtpaTterns  ®doHga MHMPACTPYKTYPHbIX U oOpasoBaTenbHbIX  NporpamMmy»
onpegensiet ero mecto B pynne POCHAHO kak uHCTMTyTa, cnocobCcTByoLLEro
pasBUTUIO UHGPACTPYKTYpbl B cdpepe HaHOTEXHOMNOrMmM A5 BCeX POCCUNCKUX
npegnpuaTUi HaHOUHAOYCTpUK, UckmoYas noptdensHole komnaHum POCHAHO.
Kpome Toro, ®oHa sBNAETCH 4YacTblo CUCTEMbl POCCUMCKUX MHCTUTYTOB pa3BUTUA
(«MHHOBaUMOHHOrO  nudTa»), dopMupyemMonm B paMKax rocygapCTBEHHOM
nporpaMmbl « SKOHOMUYECKOE pas3BUTUE U MUHHOBALMOHHAS 9KOHOMUKAY.

B uensx cosgaHua onTuMarnbHbIX YCMOBUM AN pasBUTUSE HAHOMHAYCTPUM
®oHO MHDPACTPYKTYPHbIX M ObBpasoBaTerNibHbIX NporpamMm BegeT paboTy B cemu
OCHOBHbIX HanpaBfeHusIX:

— pa3BuUTUE TEXHONOMMYECKON MHAPPACTPYKTYpbI;

— co3JaHue KagpoBOoro noTeHumnana oTpacnu;

— pa3BUTUE PbIHKOB MHHOBALMOHHOW NPOAYKLWUU;

— CTaHgapTm3aums, cepTudukauns n oLeHkKa BesonacHocTu

HaAHOTEXHOMNOMrMYeCKon NPoayKLmnK;

— MeTponornyeckoe obecrneyeHne HaHOMHAOYCTPUMK,

— COBEpLUEHCTBOBaHME 3aKoHoAaTenbCcTBa B 0611acTv MHHOBaUVN,

— nonynsipmM3aumsi HAHOTEXHOSOTMM.

OTEPLITOE AXLWOHEPHOE OBILMECTEOD

JNEKTPOBbINPAMWUTEND .

OAO "OnekTpoBbINnpAMUTEND" - KpynHenwas poccumnckas
9NeKTpoTEXHMYECKass KOMMaHust ¢ BoraTbiM onbiToM B obnactn paspaboTok u
NPOM3BOACTBA CUJTOBLIX MOMYNPOBOAHNKOBBLIX NPUOOPOB 1 060PYyaOBaHUA ANS HYXA,
MHOMMX OTpacren NPOMbILLNIEHHOCTU, SHEPreTUKN N TpaHCMnopTa.

OcHoBHble HanpaerneHus gearenbHocT OAQO "3neKkTpoBbINpsIMUTENb":

— paspaboTka M NPOM3BOACTBO BbICOKOIPMEKTUBHBLIX MOMYNPOBOLHMKOBBIX
NpnbopOB CUNOBOW ANEKTPOHMKY;

— paspaboTka 1 Npou3BOACTBO 3HeprocbeperatoLiero npeobpasoBaTernibHOro
obopynoBaHus.



NMPOrPAMMA KOH®EPEHLUUU-LLKOJbI

11 okTA6psa 2016, BTOPHUK

07:00-08:00 3AE3[] YYACTHMUKOB
08:00-08:30 PEFMCTPALINA
08:30-09:00 3ABTPAK
12:00-13:00 OBE[Q
13:00-13:30 TOPXECTBEHHOE OTKPbITUE KOH®EPEHLUU-LLKOJIbI
' ' C.M. BAoeuH, npedcedamenb Op2aHuU3ayUuoHHO20 KOMumema
NMMNEHAPHOE SACEHAHME, NMOCBALWEHHOE 100-NETUIO JTIAYPEATA
13:30-15:00 | HOBENNIEBCKOU NPEMUN, AKAOEMUKA A.M. MIPOXOPOBA
Conpedcedamenu: akademuk PAH E.M. uaHoe, akademuk PAH B.B. Ocuko
B.B. Ocuko, M.H. [lonoea
13:30-14:15 UHecmumym obuwel ¢pusuku um. A.M. lNpoxoposa PAH, 2. Mocksa
' ' K UCTOPUUN CO34AHUA JTASEPA 5
(K 100-JIETUIO JIAYPEATA HOBEJIEBCKOU NMPEMWUUN, AKAQEMUKA
A.M. [TIPOXOPOBA)
14:15-15- E.M. fluaHos
5-15:00 HayuyHbil yeHmp gonokoHHoul onmuku PAH, Mockea
A.M. TIPOXOPOB Y BOJIOKOHHAS OINTUKA
15:00-15:15 NMEPEPbLIB
B.B. Cemawko
15:15-16:00 Kasatckuu (lMpusomkckul) @edeparnbHbit YHUsepcumem, KasaHb 5
' : A.M. TPOXOPOB N CTAHOBJIEHUE KA3AHCKOMU LLKOJIbI MO KBAHTOBOM!
QJIEKTPOHUKE
I.A. Pa6o4kuHa
HauyuonranbHbIl uccriedosamenbckuli Mopdoeckutli 2ocydapcmeeHHbIl yHuUgepcumem
16:15-17:00 | um. H.I1. Ozapesa, CapaHck 5 .
TBEP[OTEJIbHbIE JIA3EPbI C JUOAHON HAKAYKON HA OCHOBE
NMPO3PA4YHOU ONNTUYECKOU KEPAMUKU
10.I". BaliHep
17:00-17-45 WHcmumym cnekmpockonuu PAH, Tpouuk, Mockea
' ' OMNTUYECKASI MUKPOCKOINSI CBEPXBbICOKOI'O MIPOCTPAHCTBEHHOITO
PA3PELLEHUA U EE TPUMEHEHWUE
18:00 NMPUBETCTBEHHbLIA YXXWH




12 okTA6psa 2016, cpena

08:00-09:00

3ABTPAK

OKW MI'Y um. H.IN. OrapéBa

09:00-10:30

NEKUUA
lpedcedamens: 0.¢h.-M.H. B.B. Cemauwiko

09:00-09:40

H.C. Asepkues
@usuko-mexHudeckult uHecmumym um. Nogpgpe, CaHkm-lNemepbypa

CITABAS JTIOKATIN3ALINA U AHTUTTOKATIN3ALINA B MHOIOOJIMHHbIX
HAHOCTPYKTYPAX

09:40-10:20

C.A. TapaceHko
@usuKko-mexHudeckult uHecmumym um. Noghgpe, CaHkm-INemepbypa
HAPO>XAHUE 3JIEKTPOHOB B I10J1YTIPOBOQHUKAX

10:20-10:35

NMEPEPbIB

10:35-11:15

M.5. PoduH

@usuKko-mexHudeckult uHecmumym um. Noghgpe, CaHkm-INemepbypa
CBEPXBbICTPbIE JIABUHHBIE INMPOLIECCHI B I10J1YTTIPOBOOHUKAX
U NMINyJIbCHAS SJIEKTPOHUKA NMUKOCEKYHOHOIO QUATNA30HA

11:15-11:55

M.C. KazaH

UHecmumym paduomexHuku u anekmpoHuku uMm. B.A. KomenbHukosa PAH, Mockea
TYHHEJIbHbIA TPAHCIOPT B CBEPXPELLUETKAX C PACIMPELENEHHbLIM
Try PEBOHATOPOM

12:00-13:00

OBE[N

13:05-17:45

NEKUUN
lpedcedamenb: 0.¢h.-M.H. [1.A. Psabo4kuHa

13:05-13:45

H.JI. lleapy
UHecmumym ¢busuku rnosynpogodHuKos um. A.B. PxaHoea CO PAH, Hosocubupck

MEXAHU3Mbl ®OPMUPOBAHNS1 HAHOCTPYKTYP A"BY

13:45-14:25

A.B. Kpatickut
@usuyeckuli uHcmumym um. .H.Jlebedesa PAH, Mockea

O I'OJIOrPA®UU: HTO ITO TAKOE, KAK OHA BO3HUKIIA U [J151 HEIO HYKHA

14:25-15:05

C.A. puzopkee

HauuoHanbHbIU ucciedogsamernbsckuli yHugepcumem «M3OU», Mockesa
HAHOCTPYKTYPHbIE MATEPUAJIbI B HU3KOTEMIEPATYPHbIX
QJIEKTPOXUMUYECKUX CUCTEMAX

15:05-15:20

NMEPEPbLIB

15:20-16:00

I.E. Manawkesuy

UHcmumym cbusuku um. 6.X. CmenaHoea Pecnybnuku benapycb, MuHck
AKTUBUPOBAHHBIE YIIbTPAOUCIIEPCHBIE AJIMA3bI: TEKYLEE
COCTOSHUE N NEPCIIEKTUBbI

16:00-16:40

K.H. Bondbipes

UHecmumym cnekmpockonuu PAH, Tpouuk, Mockea

LIEHTPbI OKPACKU B AJIMA3E: ONTTUYECKWE CBOUCTBA U MEPCIMEKTUBbI
NMPUMEHEHUST

16:40-17:20

A.B. KHsi3ee

HauuoHanbHbIlU uccriiedogsamernsckuli Huxezopodckul yHugepcumem
um. H.U. Jlobayesckozo, HuxHuti Hogzopod

XUMWNYECKASI TEPMOAOWUHAMUKA CJIIOXXHBIX OKCUoOB

18:00-19:00

YXXWH

19:00-20:30

CTEHOBASl CECCUS (xonn nepen aya. Ne1 )




13 okTAOpPA 2016, yeTBEpPr

08:00-09:00 3ABTPAK
9:00-10:30 NMPUrMALLEHHBIE OOKNAQbI
Mpeacepnarens A.¢.-M.H. M.H. NonoBa
A.B. [lnamoHoe
9:00-9:30 OTU um. Uoghgpe, CaHkm-Nemepbype
OMNTUYECKASI AHU3O0TPOINA NMOJ1YTNTIPOBOAHNKOBbLIX HAHOCTPYKTYP
C.A. KnumuH
9:30-10:00 | MHcmumym cnekmpockonuu PAH, Tpouuk, Mockea
®OHOHbI N CBSAA3AHHBIE COCTOSIHNSI B ONTUYECKOW CMEKTPOCKOMUN
10:00-10:30 NMEPEPbLIB
10:30-13:00 3ACEOAHUA CEKUMKA
Ayn. 1 Ayn. 2
NA3EPHbIE MATEPUAJIbI U BOJTOKOHHAS OMNTUKA
TEXHONOIn lpedcedamens: K.¢h.-M.H. K.H. Huuwiee
MNpedcedamens: .¢h.-M.H. I1.I". 3eepee
C.B. ®upcmoe’?, M. Zhao®*, L. Su?®, A.C. Jlo6aHog!, A.H. M'ypbsiHog?,
Q.H. Yang?4, E.l. ®upcmoea’, C.B. dupcmoe?
C.B. Anbiwese', E.M. fuaHoe* 1 - lHcmumym Xxumuu 8bICOKOYUCMbIX
1 - HayyHbIl yeHmp 80/I0KOHHOU ONMUKU | gewecmes um. I.I". Jeesimbix PAH,
PAH, Mocksa _ | Huxwuii Hog2opod
2- HauUOHe{anb/u uccneaoeanzeanKuu 2 - HayuHbIl 4eHmp 6010KOHHOU ONMUKU
Mopdoeckuli 2ocydapcmeeHHbIL PAH, Mockea
10:30-10:40 )C/;Hueepcumem um. H.I. Ozapeea, MOIYYEHUE CBETOBO/OB HA
3 <’-apsahlhlacrll(ghai Institute of Ceramics, l(()BC:g BEB%E;_Ig OCI;.(’Z.ZJ‘:,’XTOFO
Chinese Academy of Sciences, China ﬂEI'MIL!OBAHHOI'O OﬂéBOM
4 - School of Materials Science and
Engineering Shanghai University, China METOAQOM MCVD W UCCIIEAOBAHUE
JIIOMUHECLIEHTHbIE CBOACTBA MX OITU4ECKNX CBOUCTB
Na>O-GeO2 CTEKOIJI,
JIETUPOBAHHbIX BUCMYTOM
O.I". lopues A.H. A6pamoe?, A.H. l'ypbsiHoe', M.B.
KasaHckut (MNpusomxckuli) SAwkoet, A.[. Mnexoeuy?,
cedeparbHbill yHUsepcumem, KasaHb N1.[. Ucxakoea?®, B.B. Konmaweg?
AHAJIN3 MEXAHU3MOB All- 1 - lHcmumym XumMuu 8bICOKOYUCMbIX
KOHBEPCUOHHOIO BO3BYXXAEHMS1 | sewecme um. [.['. Leesmbix PAH,
10:40-10:50 | KPACHOM JIOMUHECLIEHLINN Huxrut Hoezopoo, .
UOHOB Ho* B KPUCTAJINIE 2 - HayyHbIl UeHmp 80/10KOHHOU ONMuKu
LiYb F4:H03+ PAH, Mocksa
®OPMUPOBAHUE ®A3bl MYJIJINTA B
CEPALIEBUHE AJTOMOCUITUKATHbIX
BOJIOKOHHbIX CBETOBOAOB,
JIETUPOBAHHbIX XPOMOM
A.B. XapaxopduHn*, B.O. Cokonoe®, Wn.B.)XXnykmoea'?, C.A.®unamoea?,
B.I. MnomHuyenko®, A.FO. Jlanmeeg?, B.A.KambiHuH?, B.B.Ljeemkoe?
A.H. N'ypbsHoe? 1 - Mockosckuli mexHorno2u4ecKkul
1 - HayyHbil yeHmp 80510KOHHOU ornmuku | yHugepcumem, Mockea
PAH, Mockea, 2 - Mlhcmumym obuweli chusuku
10:50-11:00 2 - MHCmumym xumuu 8bICOKOYUCMbIX um. A.M. Npoxoposa PAH, Mocksa
) ) seuwiecme um. I'.I". [leessimbix PAH, PA3PABOTKA IOJIbMUEBOIO
HuxHuli Hoszopod BOJIOKOHHO-OINTUYECKOIO
BUONMAS U BITUXKHASA UK- YCUIINTETIA
JIOMUHECLEHLiNS1 CBUHLIOBbIX
AKTUBHbIX LIEHTPOB B CTEKJIAX
SiO2
C.C. ®edomoe’ A.C. Jlunambes?, B.H. 3axapoe, [./. Kaemacnbes,
11:00-11:10 | C.B. Jlomapee', U.C. neboe*, I.N. Jleonosuy

M.I. Kazanckui'?, B.H. Cuzaeg*

AO «llpoepeccr», Camapa




1 - Pocculickuli XUMUKO-mMeXHOoJsI02u4yec -
Kul yHusepcumem

um. [1.U1. MeHdeneesa, Mocksea

2 - University of Southampton, United
Kingdom

POPMUPOBAHUE HAHOPELLIETOK B
LEJITOYHOCUITUKATHbBIX CTEKJIAX
PEMTOCEKYHOHbIMU JIA3EPHbIMA
UMIYJIbCAMU

AATYUK BbICOKOBOJIbTHOIO
HATIPS)XEHUSA HA OCHOBE
BHYTPUBOJIOKOHHbIX
BP3I'TOBCKUX PELLETOK

J1.A. Moyanos, A.B. Kocmpoe,

A.B. Cupukoeckuti, A.B. HexdaHoe,
A.N. MawuH, A.B. BopomsbiHyes,

A.M. BopombiHuyee

1 - Ulhecmumym npuknadHol u3uKku
PAH, HuxHut Hoszopod

2 — HauyuoHanbHbIl uccriedosamernbcKuli
Huxxezopodckuli yHusepcumem

um. H.U. Jlobayesckozo, HuxHul

I".U. JleoHosuuy, C.B. Onewkesudy,
B.H. 3axapoe, H.B. PsicHoli

AO «[llpoepeccr e. Camapa
MACCUBHbIA BOJIOKOHHO-
OMNTUYECKUA OATYUK
HATIPS>KEHHOCTHU
SJIEKTPUYECKOITO 01715

11:10-11:20 Hosz0pod
3 - Huxeeopodckull mexHudeckul
yHusepcumem um. P.E. Anekceesa,
HuwxHul Hoszopod
UCCJIEQOBAHUE BIINAHUA
IMAPAMETPOB ITPOLIECCA HA
CBOUCTBA CTEKOJI CUCTEMbI AS-S
MOJIYYEHHbIX
TMTA3SMOXUMUYECKUM METO4QOM
A.A. JlanuH®, MN.A. Pa6oykuHa’, E.H. MTnemeHega'?, A.®. Koconanoe®,
B.B. Cemawko?, B.I". lopueea?, A.H. Konsidur®, A.B. Mnadbiwess, A.T".
C.J1. Kopa6neea? Oxpumyyk 2
1 - HayuoHanbHbiIli uccnedosamensckuli | 1 - Poccudckul XUMUKO-
Mopdoeckuti 2ocydapcmeeHHbill mexHoJsioeu4ecKkuU yHusepcumem
yHusepcumem um. H. 1. Ozapésa”, um. .M. Meroeneesa, Mocksa, .
. ' CapaHck 2 - Mockoseckuli ¢pusuko-mexHu4eckul
11:20-11:30 2 - Kasanckut (Mpusomxckuti) g” CITumy m, Mockea, .
gpedeparbHbIl yHUsepcumem, KaszaHb P,;\ Hal}\//’LIOI-ICL;(IgaueH Mp 8OJIOKOHHOU onMmuKU
F'EHEPALINS TTASEPHOI O MEPELAYA CBEPXKOPOTKUX
M3/1YHEHWA B BUOUMOM WUMIYJIbCOB 10 BOJIOKOHHOMY
HANATIA30HE CIIEKTPA HA CBETOBO/Y C 010/
IFSPMCTA."”AX LiYosLuo7Fa: Pr A LiYFa: CEPH”EBMHO”
r
A.A.lllagenses, A.C.HuzamymaduHoe, B.A. Jlazapee!, C.O. JleoHoe?,
B.B.Cemawko, M.C.Mapucoe O.B.Maneese?, C.I". Ca30HKUH",
KasaHckut (lpusomxckull) A.A. Kpbinoe?, M.K. Tapa6puH*,
pedeparnbHbIl yHUgepcumem, KasaHb B.E. Kapacuk', A.H. Kupeeg®,
CIMEKTPOCKOIUYECKNE CBOUCTBA | M.A. l'y6ur®*
KPUCTAJIJIOB TBEPAbIX 1-Hay4yHo-obpa3ogamesibHbIl UeHmp
PACTBOPOB CO CTPYKTYPOU ®omoHuka u UIK-TexHuka,
KOJIbKBUPUUTA MITY um. H.3. baymaHa, Mockea
11:30-11:40 | LICa1xSrxAlFs:Ce®* 2-HayyHbIl yeHmp 80710KOHHOU ONnMmuKu
PAH, Mocksa
3-@u3suyeckul uHcmMmumym
um. N.H. Jlebedesa PAH, Mockea
4-HauyuoHarbHbIl uccriedosameribcKull
s0epHbIl yHUsepcumem MU®U, Mockea
BOJIOKOHHbIN KOJIbLIEBOUA
OSPBUEBbIN JIA3EP A5
METPOJI0O N
A.A. Co6onbt, B.E. LlykwuH*, B.N. Manazan ', B.U. feHkep *,
A.U. 3aliyes? O.H. Ezopoea ?, B.A. KambIHUH 1,
1- Mucmumym obwiel ou3uKku A.A. [oHocosa’, C.E. Ceepykos’,
11:40-11:50 | um. A.M. lpoxoposa PAH, Mocksa

2- MlHcmumym ¢pu3uku um.
J1.B. KupeHckoeo CO PAH, KpacHosipck
UCCJIEQOBAHUWE CTPOEHUA

C.J1. CemeHoée?, B.b. Lleemkoe*
1 - UHecmumym obweli chusuku
um. A.M. Npoxoposa PAH, Mocksa
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MATEPUAJIOB HEJIMHEUHON
OIMTUKN SrB.O7 U PbB:O7 B
KPUCTAJIJTMHECKOM,
CTEKIIOOBPA3HOM U
PACI/IABJIEHHOM COCTOSIHUAX
METOLAMU CIIEKTPOCKOIINN
KOMBUHALIMOHHOI'O PACCESIHUA
CBETA

2 - Hayy4HblIl yeHmp 80510KOHHOU OrnmMuKu
PAH, Mockea

LUMPOKOIMOJIOCHbIA BOJIOKOHHbIA
NCTOYHUK HA OCHOBE
BbICOKOJIETMPOBAHHOIO Er3*/Yb3*
KOMIO3UTHOIO ONNTUYECKOIo
BOJIOKHA

0.10. BumkuHa'?, A.I1. CaeuKkuH',
O.H. EpemelikuH'?3

1- HayuoHarnbHbil uccredosamenbcKuli
Huxxeaopodckuti 2ocydapcmeeHHbIl
yHusepcumem um.H.U. Jlobayecsckoeo,
HuwxHul Hoszopod

A.A. 3asynuH, 6.H. [leHucos
HauuoHanbHbIl uccriedosamesibeKull
Mopdosckull 2ocydapcmeeHHbil
yHugepcumem um. H.I1. Ozapeeaa,
CapaHck

®YHKUNOHAJIbHbIA ®OTOLETEKTOP

11:50-12:00 2-000 «MenCuTeK», ,ﬂ3ep)KUHCK, HA OCHOBE (DOTOHMOHA B
3- lHcmumym Xxumuu 8bICOKOHYUCMbIX ONTUKOBOJIOKOHHbBIX JIMHUSIX
seuwiecme um. I'.I". [leesimbix PAH, CBSI3U
HuwxHul Hoszopod
JIA3EP HA NOJINMKPUCTAIJIJIE
Cr?*:ZnSe C CEJIEKTUBHbIM
PE30OHATOPOM
C.[. BenukaHoe, K.B. BopoHuos, A.A. lbinedkos!, K.H. Huwes?®,
B.A. MapromkuH, H.I". 3axapoe, B.M. Kswkun', C.B. ®upcmoeg?
B.b. Konomeeuy, A.B. JlapuoHos, 1- HayuoHarnbHbIl uccriedosamenbcKuli
I".H. HomakoHoe, KO.H. ®posoe Mopdosckuti 20cydapcmeeHHbIU
ueHmp — BcepoccuUE:KuU Hay4Ho- CapaHck,
12:00-12:10 | uccredosamenscKkul uHcmumym 2- HayuHblii yeHmp 8050KOHHOL OMMUKU
aKcrnepumeHmarnsHol gusuxu, Capos PAH, Mockea
JIASEPHAS1 CUCTEMA BIUSIHUE KPUCTAJITU3ALIMN U
ABYXMUKPOHHOIO OUATTA30HA HA KOHLEHTPALMM Bi-Os HA
OCHOBE KPUCTAJI/IOB Tm:YLF U a3
Ho:YAG C ANOHOW HAKAYKOM CIEKTPAJIbHO-JIOMWHECLIEHTHBIE
CBOUNCTBA BAPUN-TAJIO-
FTEPMAHATHbIX CTEKOJ1
C.[. BenukaHoe, K.B. BopoHyoe, M.B. OsdeHko, U.A. Jlesuuykuli,
B.A. NapromkuH, H.I". 3axapos, J1.®. NManko
.M. Muuwenko, A.B. MyxuH, Bernopycckutl 20cy0apcmeeHHbIU
A.C. HadéxuH, H.W. Hukonaee mexHosoauyeckull yHueepcumem, MuHck
Poccutickuli gpedeparbHbili A0epHbIl BOPOCUITMKATHBIE CTEKJ/IA 151
12:10-12:20 | ueHmp — Becepoccudlickul Hay4Ho- MXECTKOIO MHOIOXXUITbHOIO
uccriedosamersibCKull UHCMmumym OMNTUYECKOIO BOJIOKHA
akcriepumeHmarnbHol ¢usuku, Capos
BbICOKO3HEPIrETUYHAST CUCTEMA
FEHEPATOP-YCUITUTEJIb HA
OCHOBE KPUCTAJIJIOB Ho:YAG
4.C. Jlunamos, A.H. l'ypbsiHoe
MHCmumym Xumuu 8bICOKOHYUCMbIX
eewecms um. I.I". [Jeesmbix PAH,
) ) HuxHutl Hoszopod
12:20-12:30 N3rOTOBJIEHNE AKTUBHbIX
CBETOBO4OB HA OCHOBE
AJTIOMO®OCP®OPOCUITNKATHON
MATPULbI
Ayo. 3
10:30-13:00 HAHOMATEPUAJIblI U HAHOTEXHOJIO U
lpedcedamens: 0. ¢b.-M.H. FO.I". BaliHep
P.I". BaxpeHes,', M.H. Masikoea?, C.B. Ky3neyoe 2, A.B. Ps6oea 2, [].B [TomuHoea
2, B.B BopoHoe 2, I1.I1 ®edopoe
1 - Mockoseckuli eocydapcmeeHHbili yHueepcumem um. M.B. JlomoHocosa, Mockea,
10:30-10:40 | 2 - MHcmumym obuwel ¢pusuku um. A. M. lNpoxoposa PAH

QPPEKTUBHBIE Al-KOHBEPCUOHHbIE JTIOMWHO®OPbI HA OCHOBE
®TOPUAA KAJIbLNSA, IETUPOBAHHOIO UTTEPBUEM U OQPBUEM
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10:40-10:50

H. B. JlamyxuHa, [].A. JlusyHkoea, I'.A. Po2oxuHa

Camapckul 2ocydapcmeeHHbIl aspoKocMu4Yeckul yHusepcumem, Camapa
MHOIOCJIOUHbIE CTPYKTYPbIl HA BA3E TOPUCTOIO KPEMHWS AN
COJIHEYHbIX 3JIEMEHTOB

10:50-11:00

C.A. XpywanuHa®, l.A. Ps6oykuna', B.M. Kaswkun', A.C. BaHeueg?,

O.M. laiimko?®, E.E. JlomoHoea*, H.FO. Ta6a4koea®

1 - HayuoHanbHbIl uccriedosamensckuli Mopdosckuli eocydapcmeeHHbIU
yHusepcumem um. H.I1. Ozapeesa, CapaHck

2 - Institute of Physics, Tartu, Estonia

3 - MlHcmumym obuweli u HeopeaHudeckoul xumuu um. H.C. KypHakoea PAH, Mocksa
4 - Mlhcmumym obweti pusuxku um. A.M. lNpoxoposa PAH, Mockea

5 - HUTY MUCUC, Mockea

B3AUMOLENCTBUE JIABEPHOI'O U3J1YYEHUA BITUXXHEIO UK-OUATTA30HA
ClEKTPA C Yb-COLOEPXALNMU ONIJIEKTPUHECKUMU HACTULIAMU

11:00-11:10

O.A. payee?, C.A. MNapaxuH', A.B. Benonuneukuii?, A.H. s16noHckuii 13,

B.A. AHdpeeg'?, A.B. Epwoe!

1 - HayuoHanbHbIl uccrnedosamernbckuli Huxezopodckuli yHugepcumem

um. H.N. ITobayesckozo, HuxHul Hogzopod

2 - @usuko-mexHudeckul uHcmumym umeHu A.®@.Noppe, PAH, CaHkm-llemepbype
3 - Mlhcmumym ¢pusuku mukpocmpykmyp, PAH, HuxHul Hoeezopod
PE30OHATOPHbIE MHOIOCJIOUHBIE CTPYKTYPbIl, COQEPXXALUUE
HAHOKPUCTAIIbl KPEMHUSA U TEPMAHUA

11:10-11:20

M.H. Xapkoe, C.A. XpywanuHa', 1.A. Pa6oy4kuHa', H.A. lMamaee’,

r.b. Cyxopykoe'?

1 - HayuoHanbHbil uccriedosamernbckuli Mopdosckutli 2ocydapcmeeHHbIl
yHusepcumem um. H.l1. Ozapesa, CapaHck

2- Queen Mary University of London, United Kingdom

KOMINO3UTHBLIE CTYKTYPbl HA OCHOBE INMOJIMMEPHbIX KATICYJl C
HAHOPA3MEPHbIMU KPUCTAJITTUHECKUMU YACTULJAMU OPTOPOCPATOB U
OPTOBAHALATOB C PEOKO3EMEJIbHbIMUA MOHAMMW OJ15
BUWOMEQNUNHCKUX NPUMEHEHWUA

11:20-11:30

M.H. Masikoea, I1.I1. ®edopos, A.A. Jly2auHuHa, C.B. Ky3Heyoe, B.B. BopoHoe
UHecmumym obuwel ¢pusuku um. A.M. lNpoxoposa PAH, Mocksa
PA300BPA30BAHMUE lNPU CUHTE3E HEOPIrAHUYECKNX HAHO®TOPUOB
LEJTOYMHO3EMEJIbHbBIX U PEOKO3EMEJIbHbBIX QJIEMEHTOB

11:30-11:40

FO.A. PoxHoea, C.B. Ky3Heuyoe, M.H. Masikoea, B.B. BopoHos, P.I1. Epmakoe,
A.B. Psiboea, [.B. lTomuHosa, I.I1. ®edopoe

UHecmumym obuwel ¢pusuxu um. A.M. lNpoxoposa PAH, Mockea

CUHTE3 U UCCJIEQOBAHUE ATl-KOHBEPCUOHHbIX JIOMUHO®OPOB HA
OCHOBE HAHOIMOPOLLIKOB SrF>:Yb:R (R =Er, Tm)

11:40-11:50

A.B. flonzaHoe, B.C Xpamoe, B.B. MuwkuH, A.Il. Jlonapeea, K.H Huwee
Mopdoeckutli eocydapcmeeHHbIl yHusepcumem um. H.I. Ozapesa, CapaHck
MoJyY4YEHNE METO4OM ALD HAHOPA3MEPHbIX INTJIEHOK Al203 HA
HAHOCTPYKTYPUPOBAHHOU NMOBEPXHOCTU AJTOMUHUA

11:50-12:00

M.A. lMamaee!, M.B. Nepacumoe’, M.H. XXapkoe', N.A. FOpnoe',

MN.C. 3ambiwnses?, P.P. MaHeee', H.A. MMamaee’, I'.b. Cyxopykoe'?
MOAEJINPOBAHUE NMPOCTPAHCTBEHHOI'O PACIIPELEJIEHNUA
MOJINIJIEKTPOJINTHbBIX MATHETUT-COQEPXXALUNX MUKPOKATCYI1 B
BUNOOBBEKTAX

1 - HayuoHanbHbIl uccriedogamernbsckuli Mopdoeckuli 20cydapcmeeHHbIU
yHusepcumem um. H. 1. Ozapéea, CapaHck

2 - Queen Mary University of London, London, UK

13:00-13:30

OBE[,

13:30-19:30

MNMocelleHne LeHTpa MOKLLIAHCKOWN KynbTypbl (c. CTapas Tepuamopra)

19:30-20:00

YXKWH
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14 okTAOpPA 2016, NnATHULA

08:00-09:00 3ABTPAK
9:00-10:30 NMPUIMALUEHHbIE OOKNAAQDbI
Mpencepatens: a.d.-m.H. .E. ManawkeBuy
M.B. fypHes
9:00-9:30 Qu3suko-mexHudeckul uHecmumym um. A.®. Noghpe PAH
: : MATHUTOOITUYECKAS CIMEKTPOCKOINNA KYJIOHOBCKUX KOMITIIEKCOB B
TPUITOHAJIbHbIX KBAHTOBbIX TOYKAX GaAs/AlGaAs
C.B. Ky3Hneuoegl, I.I1. ®edopoe?, E.A. Mapubun*?, B.B. Ocuko'
1 - UHcmumym obwel pusuku um. A.M. lNpoxoposa PAH, Mockea
9:30-10:00 | 2 - 3A0 MIHKPOM, CaHkm-llemepbypa
TMOJINKPUCTAJITIMYECKUE MATEPUAJIbI HA OCHOBE ®TOPULOB Il U Il
Py NEPMOANYECKON CUCTEMbI /151 POTOHUKN
N.A. KokypuH
1 - @usuko-mexHu4eckul uHcmumym um. A.®. Nogpgpe PAH
10:00-10:30 2 - HayuoHanbHbil uccnedosamernsckuli Mopdoeckul eocydapcmeeHHbIl
’ ' yHugsepcumem um. H.I1. Ozapesa
TOHKAS CTPYKTYPA SKCUTOHOB, JIOKAJIN30BAHHbIX HA OQUHO4YHbIX
AKLIENNTOPAX B KBAHTOBbIX 5IMAX GaAs/AlGaAs
10:30-10:50 NMEPEPbLIB
10:50-13:30 Ayn. 1 Ayn. 2
ANEKTPOHHBIE ABNEHUA
3ACE[IAHUS L s B HAHOCTPYKTYPAX
CEKLK lpedcedamens: 0.¢p.-m.H. M.H. lMonoea L ed:legaxenb.d.d).—M.H.
.C. Asepkues
K.H. Huwee*, M.U.Hoeononbuyee* B.B. KapnyHuH
B.B.Enuceeé? Mopdoesckuli 2ocydapcmeeHHbili
1 - HayuoHarnbHbil uccriedosamerbCKuli nedaeoeauyveckuli uHcmumym, CapaHckK
Mopdoeckuli eocydapcmeeHHbili PE3OHAHCBbI B NOryiolEHNN
yHusepcumem um. H.I. Ozapésa, OJIEKTPOMAIrHUTHOIr o
CapaHck U3JTYHYEHUA B KBAHTOBOU
2 - OAO «3nekmposbInpsmMumeris» TMIPOBOJIOKE
KOMIJIEKCHbIN NMTPOEKT « CO3AHUE
10:50-11:00 BbICOKOTEXHOJIOMM4YHOIo
: : NMPON3BOLJCTBA CBEPXMOLYHbIX
NMPUBOPOB CUITIOBOU
SQJIEKTPOHUKW, OBECINEYNBAROLLNX
KOHKYPEHTOCIOCOBHOCTb U
UMIOPTO3AMELEHUE B
HAYKOEMKUX OBJIACTSIX
TMPOMBbBILUIIEHHOCTU, TPAHCIIOPTA
N QHEPIETUKU»: OCHOBHBbIE
PE3YJIbTATbl HUOKTP
E.C. BazaHoea', O.A. fJaebidoea’, A.A. lepoe, A.C. Pynbkoe
M.B. By3aeea', E.C. Knumoe?, HauuoHanbHbIl uccnedosamernbcKull
B.A. Cepzeee?, U.B. Pposoe’ Huxeaopodckuli 2ocydapcmeeHHbIL
1 - YnesHoeckul 2ocydapcmeeHHbIU yHusepcumem um. H.U. Jlobayesckozo,
mexHuYeckul yHusepcumem, YnbsiHosck | HuxHuli Hogeopod
2- YnbaHosckul ¢unuan uHecmumyma MATrHUTOONTUYECKNA IOPEKT
11:00-11:10 | paduomexHUKU U 371IeKMPOHUKU UM. KEPPA U UHOYLUUPOBAHHAAS
B.A. KomenbHukoea PAH, YrnbsiHogck CITMHOBAHA NOJISIPU3ALNA
AKPWUITIOBbIN NMOJIMMEP C COCTOSAAHWUN HOCUTEJIEN B
BKITKOYEHUWUEM YT JIEPOLQHbIX MMOBEPXHOCTHOW CBEPXPELLETKE
HAHOTPYBOK KBAHTOBbIX TOYEK B
TMNEPIMNEHOUKYITSIPHOM MAFHUTHOM
MOJIE
A.C. Jlunambeg?, I'.10. lllaxaunbO0sH’, E.C. Aszapoea, .M. Makcumoea
T.0. Jlunameesa', C.B. Jlomapee*, Huxezopodckuti 2ocydapcmeeHHbIL
11:10-11:20 | C.C. ®edomos’, yHusepcumem um. H.U. Jlobayesckozo,
M. . BemyuHHukoe', B.H. Cuzaes?, HuxHuli Hoszopod
M.I. KazaHckuii*? JOJINHHO-3ABUCUMbIA COBUI
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1 - Poccutickuli XUuMUKo-
mexHosioaudeckul YHusepcumem

um. [].1. MeHdeneesa, Mocksa,

2 - University of Southampton, United
Kingdom

MoagnenNLUNPOBAHUE CTEKOI
CUCTEMbI Ag20-Zn0O-P20s
U3JTYHYEHUEM JIA3EPA C .
UMINyJibCAMU ®EMTOCEKYHQHOU
A/MNTEJIbHOCTHU

Ir'YCA-XEHXEH B CTPYKTYPAX HA
OCHOBE CUIINLIEHA U TPA®EHA

H. ®. Paxumoe, A. C. HusamymaduHoe,
B. B. Cemauwko

KasaHckut (lMpusomxckuli) pedeparibHbili
yHugsepcumem, KasaHb
®OTOUHOYUNPYEMbIE

M. B. Ko4dues, E.B. YubiHa,

B. A. ljeemkoe, H.H. CubenbOuH
@u3suyeckul uHcmumym

um. I.H. Jlebedesa PAH, Mocksa
BJINSIHUE HAHOYACTUL] 30J10TA

11:20-11:30 | nEPUOAUYECKUE CTPYKTYPBI M MX | HA CIIEKTP IIOMUHECLIEHUMN
XAPAKTEPUCTUKU B KPUCTAJITIAX 3KCUTOHOB B
CaFz-LuFz, AKTUBUPOBAHHbIX nonynPoOBOAHUKOBOU
UOHAMMU Ce3* U Yb3+ CTPYKTYPE GaAs/AlGaAs C
KBAHTOBbIMU SIMAMU
M.O. AHypoea, E.B. Epmonaesa, 4.C. Koposnieg, A.H. Muxatos,
A.B. Xomsikoe, O.b. lTempoesa A.N. Benoe, N.H. AHmoHos,
Poccutickuli xumuko-mexHosioaudeckud E.B. Okynuu, [].B. lyceliHos,
YHusepcumem um. [].1. MeHdeneesa, O.H. Nnopwkos, O.N. Temenbbaym
11:30-11:40 Mockea Huxeezopodckuli 2ocydapcmeeHHbILl
' ' T'MBPULOHBLIE MATEPUAJIbI HA yHugsepcumem um. H.U. Jlobayesckozo,
OCHOBE JIOMUHECLIEHTHbIX HuwxHuti Hogzopod
OKCUXUHOJIMHOBbIX METAIJIJI- CUHATTUYECKOE INOBEJEHUNE
KOMIT/IEKCOB U @TOPOBOPA THOU MEMPUCTUBHbBIX HAHOCTPYKTYP
CTEKJISIHHON MATPULbI HA OCHOBE OKCUOA KPEMHUA
K.H. Bonodsipee', A.[l. MonyaHoea', A.P. 3aiinazymduHoe,
P.B. Mucapee?, D. Kamenskiy?® A.B. TenexHukoe
1 - Ulhcmumym cnekmpockonuu PAH, HauuoHanbHbIl uccriedosamesibeKuli
Mockea Huwxeaopodckuli 2ocydapcmeeHHbIl
2 - QuU3UKO-mexHU4ecKul uHcmumym yHugepcumem um. H.U. Jlobauesckozo,
um. A.®@. Nogpgpe PAH, Hux+uti Hoezopod
11:40-11°50 CaHkm-lemepbype QJIEKTPOHHBLIE COCTOSIHUA B
: ' 3 - High Field Magnetic Laboratory, CBEPXPELLUETKAX CO CIIUNH-
Radboud University, Nijmegen, OPBUTAJIbHbIM
Netherlands 5 B3ANMOOQENCTBUEM
®PYCTPUPOBAHHbIN MATHETUK
NI3(BOs)2: MICCIIEQOBAHUE
CITMHOBbIX BO3BYXQEHUA B
CUJTIbHbBIX MAHUTHbIX NMNOJISAX
M.A. Bopuk, B.T. By6nuk®, K.P. Bnacoe, M.A. lMasmaes
C.N. BpeduxunH?, A.B. KynebskuH, HauuoHanbHbIl uccnedosamernbcKull
WU.E. Kypuubina?, E.E. JlomoHoea*, Mopdoesckuli 2ocydapcmeeHHbili
®.0. Munosuy®, B.A. Mbi3uHa®, yHusepcumem um. H.I1. Ozapeesa,
B.B. Ocuko!, H.FO. Ta6aykoea® CapaHck
1- Uhcmumym obuwiel ¢husuku TTPOAIBJIEHUE JIOKAJIU3ALIUN
um. A.M. lpoxoposa PAH, Mocksa BAHBE-LITAPKA B CBEPXPELLUETKE
11:50-12:00 2 -HauyuoHanbHsbIl uccriedosamernbcKul C OFrPAHUYEHHBbIM YNCJIOM
’ ' mexHosioau4yecKkull yHugepcumem CJIOEB
‘MUCuC”, Mockea
3- lhcmumym ¢bu3uxku meepdozo mena
PAH, YepHozornoeka
CPABHEHUE CTPYKTYPbI U
CBOUCTB KPUCTAJIJIOB JUOKCULA
UNPKOHUS1 CTABUITIN3UPOBAHHbIX
OKCUOAMU UTTPUS U CKAHONA
J1.C. Ma3aee'? C.A. Knumun*
1-UHemumym cnekmpockonuu PAH,
12:00-12:10 | Jpouut Mockea

2- Mockoegckul ¢husuko-mexHu4ecKul
uHcmumym, [onaonpyOHbld,
Mockosckasi obnacme
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TPU CLUEHAPUSI MATHUTHOI O
YMOPSIJOYEHUS CusR(Se03):0:Cl
(R=Er, Sm,Yb): ONTTUYECKASI
CIEKTPOCKOIMUS

12:10-12:20

T.B. Bonkoea!, M.A. Bopuk?,

E.E. JlomoHoea’, B.A. Mbi13uHa?,

M.A. Pa6oykuHa', A.H. Ya6ywxuH*,
H.FO. Tabauykoea®

1 - HauuoHarbHbIl uccnedosamerbcKuli
Mopdoeckull 2ocydapcmeeHHbil
yHusepcumem um. H.l1. Ozapesa,
CapaHck

2 - UHecmumym obuweli cousuku

um. A.M. lNpoxopoea PAH, Mockea

3 -HayuoHarnbHbIl uccriedosamernbeKuli
mexHosioau4YecKull yHugsepcumem
“‘MUCuC’, Mockesa,

OMNTUYECKUNE LUEHTPbI NOHOB Eu®*
B KPUCTAJIJTIAX QUOKCULA
UNPKOHUA, CTABUITTIN3NPOBAHHbIX
OKCHOOM UTTPUA, 5
C TETPAITOHAJIbHOU U KYBUYECKOMU
CTPYKTYPOU

12:20-12:30

E.3. flyHaeea ', T.B. YyxnoeuHa *,
J1.U. Ueneesa ', B.B. Konmsbiwees ?

1- UHecmumym obwel cbu3uku

um. A.M. lNpoxoposa PAH, Mocksa

2 -Hay4HbIl yeHmp 80510KOHHOU ONMuKU

PAH, Mockea

BbIPALUNBAHWUE U UCCJIEQOBAHUE

ClIEKTPAJIbHO-JIIOMUHECLIEHTHbIX
XAPAKTEPUCTUK KPUCTAJIJIOB BGO

12:30-12:40

E.M. Kono6koea, N.B. CmenaHosa,
O.b. lNlempoea

Poccutickull XuMuKo-mexHosioaudecKull
yHusepcumem um. [.U. MeHderneesa,
Mocksa

CUHTE3 U UCCJIEQOBAHUE
CBQP?CTB BUCMYTrEPMAHATHbIX
CTEKOIJI, JIEFTUPOBAHHBbIX d- u f-
SJIEMEHTAMW

12:40-12:50

E.C. U2cnambeea’, H.B. Nosny6ee’,
M.3. 3usmdunHosea?, B.H. Cuzaesg’,

P. llopenuyu?, A. Maneapu?

1 - Poccutickuli Xumuko-
mexHosoauyeckuli yHusepcumem

um. . . MeHOeneesa, Mocksa

2 - University of Milano-Bicocca, Milan,
Italy
CINEKTPAJIbHO-JIOMUHECLIEHTHbBIE
CBOUNCTBA CTEKIIOKEPAMUWKN HA
OCHOBE y--Ga203

12:50-13:00

B.P. bopuy4eeckut, B.T. By6nuk,
A.B. Kyne6sikuH, E.E. JlomoHoea,
B.A. Mbi3uHa, C.B. Cepsikos,
H.FO. Tabaykoea

UHcmumym obuwel ¢pusuku

um. A.M. lNpoxoposa PAH, Mocksa
B3ANMOCBA3b MEXLQY
XUMNYECKUM COCTABOM,
CTPYKTYPOM, 5
KPUCTAJIJIOIPA®UYECKON
OPUEHTALIMEN TETPAIOHAJIbHbIX
KPUCTAJIIIOB HA OCHOBE
ANOKCUOA LUNPKOHUA
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13:00-13:10

H.H. Ky3bmuH, K.H. Bondbipes,
E.A. Jo6peyoea

1 - Mockosckuli eocydapcmeeHHbIU
yHusepcumem um. M.B. JTomoHocosa,
Mocksa

2 - Uucmumym cnekmpockornuu PAH,
Tpouuk, Mockea

3 - Qu3su4yeckul UHCMuUmMym

um. N.H. Jlebedesa PAH, Mocksa
CIIEKTPOCKOIMTUMYECKOE
UCCJIEQOBAHUE PELJKO3EMEJIbHbIX
rAJIJIMEBbIX BOPATOB CO
CTPYKTYPOU XAHTUTA

Ayo. 3

10:50-13:00

NA3EPHBIE MATEPUAJbI U TEXHONOIUU
lpedcedamernsb : 0.¢h.-M.H. [1.A. Psabo4ykuHa

10:50-11:10

J1.4. Ucxakoea', ®.0. Munoeuy', B.M. MawuHckuii, A.C. 3neHko",

M.B. MpecHsakoe?, A.Jl. Bacunwsee?, B.U. Manazan®, C.E. Ceepykoe®, E.M. QuaHoe*
1 - HayyHblil ueHmp 8onokoHHou onmuku PAH, Mockea,

2 - «HUL» Kypyamoeckuli uHcmumym, Mockea

3 - Mlhcmumym obwel gousuku um. A.M. [poxopoea PAH, Mockea
UOEHTUOUKALNSA HAHOKPUCTAJIJTUHECKUX BKITOYEHUU,
HONBUAYAJIbHbBIX ATOMOB Bi U Bi-KITACTEPOB B AKTUBUPOBAHHbIX
BUACMYTOM OINMTUYECKUX MATEPUAJTIAX

11:00-11:10

C.H. Ywakoe'?, M.A. Ycnamuna?, I1.I1. ®edopoe'?, B.B. Ocuko?, K.H. Huwee',
B.M. Kawkun*, A.A. MbiHeHkoe, C.B. Ky3Heuoe?, E.B. Tromsiee*

1 - HayuoHanbeHbIlU uccriedogsamernbckuli Mopdoeckuli 20cydapcmeeHHbIU
yHugepcumem um. H.I1. Ozapeesa, CapaHck,

2 - Uucmumym obwel ¢pusuxu um. A.M. lNpoxoposa PAH, Mocksa
BbIPALLUUBAHNE KPUCTAJI/IOB TBEPbIX PACTBOPOB CaF>—SrF.:
PU3NYHECKUE CBOUCTBA

11:10-11:20

A.H. YabywkuH, B.B. Banawoe, E.E. JlomoHoga, FO.J1. Konbinos, .A. Pa6o4kuHa
1 - HayuoHanbHbIl uccrnedosamensckuli Mopdoackuli 20cydapcmeeHHbil
yHusepcumem um.H.l1. Ozapeesa, CapaHCk

2 - lncmumym paduomexHuUKU U 31ekmpoHuKku um. B.A. KomenbHukoea PAH,
®pssuHo, Mockoeckasi obnacms

CMEKTPAJIbHO-JIIOMUHECLIEHTHBIE U FTEHEPALIMOHHBIE CBOACTBA
KEPAMWKUN Y203 U KPUCTAJIJIOB CTABUITU3POBAHHOIO UTTPUEM
ANOKCUOA UNPKOHWS JIETUPOBAHHbIX P3-UOHAMM (Er¥*, Tm®,Ho®*)

11:30-11:40

I.B. lWlunoea, I.I. 3sepees, A.A.CupomkuH

Mremumym obwed gousuku um. A.M. lNpoxoposa PAH, Mockea
UCCJIEQOBAHMUE IOJIAPU3ALNOHHbBIX 3ABUCUMOCTEUN CMIEKTPOB
JIOMUHECL EHUNN NOHOB HEOQNUMA B AHU3OTPOITHbIX KPUCTAJIJIAX

11:40-11:50

N.0. 3onomoeckut, B.A. Jlanuhn, [].U. CemeHyoe

YnbsiHoeckuli eocydapcmeeHHbIl yHuUsepcumem, Hay4yHo-mexHonoau4yeckul
uHemumym um. C.I1. Kanuupsl, YnesHosck

moaynsUMoHHASI HEYCTOUYUBOCTb BOJIHOBbIX ITAKETOB,
PACIPOCTPAHSIIOLMNXCS B CPELE C BEIYLEW BOJIHOU MOKA3ATE/SA
TTPEJIOMJIEHUS

13:30-14:00

OBEQ

15:00

NOoABEAEHME NTOIMOB KOH®EPEHLIMU
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CTEHOOBASA CECCWUA (xonn nepen aya. Ne1)

Conpedcedamenu: 0.¢h.-M.H. M.H. lNonoea, 0.¢h.-m.H. [1.A. Pa6o4ykuHa

E.B. lonweea,' > N.E. KonecHukoea®, M.. Muxaiinoe', A.B. CaHdyneHko', N.A. Cokonoe?
1 - HayyHo-uccriedosamernbCcKuli U mexHOI02Uu4YeCcKuUll UHCmuUmym ornmu4ecKo2o
mamepuanoeedeHusi BHL| «OU um. C.U. Basunosa», CaHkm-llemepbype

2 - CaHkm-Tlemepbypeackul nonumexHuvyeckul yHusepcumem lNempa Benukozo,
CaHkm-lNemepbype

3 - Cankm-lemepbypeckul 2ocydapcmeerHbil yHusepcumem, CarHkm-ITemepbype

CUHTE3 U dU3INKO-XUMNYECKUE CBONCTBA HAHOKPUCTAJIJTMYECKUX

[MOPOLLUKOB MgAlI204: EusEu®*

E.B. lonseea'?, M.[j. Muxaiinoe', N.A. Cokonoe?

1 - HayyHo-uccriedosamernbcKuli U mexHono2u4YecKul UHCmumym onmu4ecko2o
mamepuanosedeHusi BHL] «TOUW um. C.U. Basunoea», CaHkm-llemepbype

2 - CaHkm-lNemepbypackul nonumexHudeckul yHueepcumem lempa Benukoeo,
CaHkm-lNemepbype . 5

MYIIbTUCIIEKTPAJIbHbIN ONTUYECKUN MATEPUAJT HA OCHOBE
HAHOKPUCTAJIJIMYECKOU KEPAMUKN AJTOMOMAIHUEBOMU LUMNAHETIN

A.U. Kprokoea, A.B. Lljep6ak
Camapckul HayuoHasbHbIl aspokocmudeckuli yHugepcumem um. C.I1. Koponesa, Camapa

BE3bIHEPLINOHHBIE N3MEPUTEJIN CBY MOLLJHOCTU HA OCHOBE
PAONOJIJIEKTPUHECKOIO 3PPEKTA B I10JTYIIPOBOJHUKAX

A.M. Jleckoe, A.B. Epwoe, [].A. pades, U.N. YyHuH

1 - HayuoHarnbeHbIlU uccriedogamernbckuli Huxezaopodckuli 2ocydapcmeeHHbIl yHusepcumem
um. H.U. Jlobayesckoeo, HuxHuli Hoseopod 5 5

mognenNKALNA JIIOMUHECLIEHTHbBIX CBONCTB MHOIOCJIONHbIX HAHOCUCTEM
«HAHOKPUCTAJIJINYECKUN KPEMHUW/ONINIEKTPUK» BBEOQEHUEM BO4JOPOAA

E.A. Jo6peuoeal, K.H. bondsipee!, E.FO. Boposukoea®, B.A. YepHbiwee®

1 - Ulhcmumym crniekmpockonuu PAH, Mockea, Tpouuk

2 - Mockoeckuli eocydapcmeeHHbIl yHusepcumem um. M.B. JlomoHocoea, Mockea
3 - Ypanbckuti pedeparnbHbil yHusepcumem um. b.H. EnbyuHa, EkamepuHbype
CTPYKTYPHbIE OCOBEHHOCTU KPUCTAJIJIOB GdCr3(BOs3)4

.M. ®edopoe'?, M.H. Masikoea?, C.B. Ky3Heyoe?, B.A. Macnoe?, A.A. lNbIHeHKog",
C.H. Ywakoe'?, M.A. Ycnamuna', K.H. Huwee', H.U. CopokuH®

1 - Mopdosckul eocydapcmeeHrHsbit yHusepcumem um. H.[. Ozapesa, CapaHck,

2 - Uucmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea

3 - Ulhcmumym kpucmannoegpaguu um. A.B. LllybHukoea PAH, 2. Mockea

®A30BAS OUATPAMMA CUCTEMbI NaF-CaF:

B.B. pubko .*, B.H. TpywuH.?, A.C. Mapkenoeg?

1 - HauyuoHanbHbIl uccriedosamernbckull Huxezopodckuli 20cydapcmeeHHbIl yHugepcumem
um. H.U. Jlobayesckozo, HuxHuli Hogzopod

2 -Hay4Ho-uccriedoeameribCcKul ghuduko-mexHudeckul uHemumym HHI'Y, HuxHut Hos2opod
YINPABJIEHUE KPUBU3HOU NMPO®UIIAA PEHTITEHOOITTUYECKUX SJIEMEHTOB

E.A. Ucynoea, B.A. UeaHoe, 1.B. AHOpees, M.A. ®addeee

HauuoHanbHbil uccriedosamernbckull Huxezaopodckul 2ocydapcmeeHHbili yHugepcumem
um. H.W. Jlobayesckoeo, HuxHut Hogzopod

®A30BbIN AHATIN3 KPUCTAJIJIOB KTP:Hf U KTP:Zr, BbIPALUUBAEMbIX METOLOM
U3 PACTBOPA B PACIJIABE

B.A.Kpymbko', M.I.Komoea*, [].U.MTomuHoea?

1 - UHecmumym obuwel u HeopaaHu4deckol xumuu um. H.C. KypHakoea PAH, Mockea

2 - lhcmumym obwet gousuku um. A.M. lNpoxopoea PAH, Mockea
TMMPOIrugPOITIMTUHYECKUN CUHTE3 FTEPMAHATO®OCPATOB Gd11010(Ge04)(PO4)s,
AOMUPOBAHHbIX MOHAMU Yb3* - Er** B ITAPAX, N X IIOMWHECLEHTHbIE
CBONCTBA
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10

C.B. Ky3Heuoe!, I.I1. ®edopoe’, E.B. YyeunuHa?, A.A. lacaHoe®, B.I". [lnomHu4eHKo*,
B.B. BopoHog?, I.A. Monoe®, B.B. Ocuko'

1 - UHecmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea

2 - OO0 JIAHXUT, Mockea

3-AO MMPE/JMET, Mocksa

4 - HayyHbil yeHmp eosiokoHHol onmuku PAH, Mockea

5 - bpsiHCKul 20cyOapcmeeHHbil yHusepcumem um. U.I". [lempoeckozo, bpsiHck
MOHOKPUCTAIJI INI: HOBbINN MATEPUAJT UK ONUATIA30HA

11

C.B. Ky3Heuyog?, B.C. Cedos'?, B.I". Panbyenko'?, M.H. Masikoga®

C.C. CasuH®, K.IN. XKypaenee’, A.K. MapmbsiHoe, U.[]. PomaHUWKUH*,

A.A. Xomuy?, I.I1. dedopose?, B.N. KoHoe'?, B.B. Ocuko'

1 - UHecmumym obwel ¢pusuku um. A.M. lpoxoposa PAH, Mockea

2 - HayuoHanbHbil uccnedosamernbcKuli a0epHbiti yHusepcumem, Mockea

3 - Mockoeckuli mexHonoau4eckul yHusepcumem, Mockea

4 - lHcmumym paduomexHUKU U 3anekmpoHuku um. B.A. KomensHukoea PAH, ®ps3uHo,
Mockoeckas obriacmeb

JIOMUHECLIEHTHBIE KOMIMO3UTbl HA OCHOBE AJIMA3HbIX INTJIEHOK C
HAHOYACTULAMU ®TOPULOB

12

A.B. PabuHuH, M.A. ®addeee, 1.B. AHApeee

HauuoHanbHbil uccriedosamensckull Huxezaopodckul 2ocydapcmeeHHbili yHugepcumem
um. H.U. Jlobaqyesckozo, HuxHul Hogzopod

UCCJIEQOBAHUE ®A30BbIX PABHOBECUUN B CUCTEME K2S0O4—H2S04—H20

13

T.C. CeeocmbsiHoga, E.B. XKykoea, B.A. CupomuHa, A.B. Xomsikoe, O.b. lflempoea
Poccutickuli xumuko-mexHonoau4yeckuli yHueepcumem umeHu .M. MeHdeneesa, Mockea
AKTUBUPOBAHHBIE PELJKO3EMEJIbHbIMU SJIEMEHTAMU OKCU®TOPULHBIE
BOPATHbIE U BOPOCUJIIMKATHBIE CTEKJIA

14

A.B.3atiues, C.A. JleHucos, B.H.TpywuH, A.B.HexdaHoe, C.A.Mameeee, B./0.Yankos,
B.T. llleHeypoe

HauuoranbHbil uccrniedosamenbckull Huxeaopodckul 2ocydapcmeeHHbill yHugepcumem
um. H.U. Jlobayesckozo, HuxHuli Hogzopod

BIINAHWE TEMITEPATYPHOI'O PEXXUMA HA CTPYKTYPY U MOP®OJ1I0I IO CJIOEB
Ge, BbIPALJEHHbBIX METOOQOM «"OPAYEN TPOBOJIOKU» HA Si (100}

15

M.3. 3usmdunoea’, A.C. Likypamko', H.B. Nony6ee’, C.C. uxa?, A.B. Macanoe?,

A.l". TypbsaiHckuii?, U.B. Mupwuw?, B.H. Cuzaee*

1 - Poccutickuli XuMUKo-mexHosioauveckul yHueepcumem um. [J.U. Mendeneesa, Mockea

2 - @usuyeckut uHcmumym um. [1.H. Jlebedesa Pocculickoli akademuu Hayk, Mockea
UTTPUN-AJTIOMOBOPATHBIE CTEKJIA A4J151 QETEKTUPOBAHWSA PEHTTEHOBCKOIO
USJTYHEHUA

16

MN.B. Be36opodkuH', K.B. flykensckuli?, B.B. emudoeg!

1 - HayyHo-uccriedosamernbcKuli U mexHono2u4YecKul UHCmumym onmu4ecKogo
mamepuarnoeedeHusi BHL| «OU um. C.U. Basunosa», CaHkm-llemepbype

2 - CaHkm-Temepbypackull 20cydapcmeeHHbIl yHUg8epcumem mesieKoMMyHUKayut
um. npogpeccopa M.A. boHu-Bpyesuya, CaHkm-lTemepbype

ANCKPUMUHALNA BbICLLUEN MOAbl B TPUITOHAJIbHO OPUEHTUPOBAHHbBIX
MUKPOCTPYKTYPAX C CEPALEBUHOU QUAMETPOM 100 mkm U JBONHON
OBOJIO4YKOU

17

A.B. Muxeesg 2, B.H. Kazakoe?

1 - KasaHckul HayuoHarsbHbIU uccriedogamerbCKuli mexHomo2u4eckul yHugepcumem,
KasaHb

2 - Kasatckul (lMpueosxckuli) ghedeparibHbil yHugepcumem, KasaHb

AHAJIN3 MEXAHN3MOB BO3BY)XXLOEHUS AlI-KOHBEPCUOHHOU JIOMUHECLEHLINN
C NIOMOLYbHKO KOPPEJIALIMOHHbBIX CITEKTPOB

18

A.H. Hockoega, A.Il. [Ipoxopoes
Muemumym npuknadHol ¢gpusuku PAH, HuxHuil Hoezopod
U3MEPEHUE YOEJIbHOU 3JIEKTPOIIPOBOQHOCTU KPUCTAJIJIOB DKDP

19

A.A. Cmenko

Poccutickuli xumuko-mexHomnoauyeckul yHusepcumem um. .. MeHnOeneesa, Mockea
BJ/INSIHWE KOHLEHTPALIUN MOHOB Nd 3* HA CIMNEKTPAJIbHO-JIIOMUHECLEHTHbIE
CBOUNCTBA JIABEPHOI'O ®OCPATHOIO CTEKIJIA

18




20

M.M. Cmaee’, B.B. fJopocheee?, A.I. Oxpumyyk*

1 - MexdyHapoOHbIl yeHmp nasepHblix mexHonoaul, Pocculickuli XUMUKO-mexHonoau4deckul
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OIITUYECKAA MUKPOCKOIINA CBEPXBBICOKOI'O
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E-mail: vainer@isan.troitsk.ru

OnbiTel AHTOHM BaH JIeBEHT'yKa OTKPBUIM MUPY 3aMeyaTeNIbHbIA UHCTPY-
MEHT: ONTHYECKUI MHKPOCKON U MPOJEMOHCTPUPOBAIU €r0 YIUBUTEIbHBIE
BO3MOXKHOCTH. C MOMOIIBI0 MPOCTEUIIIETO YCTPOMCTBA, OCHOBOM KOTOPOIl OBLIH
BCEro JIMIIb OJIHAa MUHHUATIOpPHAs cepuyeckas JIMH3a U CBET CBEYH, YAAJIOChH
3arJsiHyTh B HEU3BECTHBII K TOMY BPEMEHH MHUP MUKPOCKOIMYECKUX Pa3MEPOB
u (opm: BriepBbIC YBHIETh OAKTEPHUH, PA3TISACTh CI0KHOE MUKPOCKOTTMYECKOE
CTpPOCHHE KJIETOK, HaOII0aTh MHOTHE JPYrHe HEOOBIYHBIE IS TOTO BPEMEHH
MUKPOCKOIUYECKUE OOBEKTHI U CTPYKTYPhl. O4eHb OBICTPO ONTHYECKHUI MUKPO-
CKOIl CTaJl OCHOBHBIM WMHCTPYMEHTOM, HCIIOJB3YEMBIM [UJISl U3YYEHUS MUKpPO-
OOBEKTOB U MHUKPOCTPYKTYp B OHOJIOTUH, MEIUIMHE, MAaTEpUATIOBEACHUU U
MHOTHUX IpPYI'HX 001acTsX.

OnTuyeckas cxema U KOHCTPYKLMSI ONTHYECKOTO MHKPOCKOIIA, CIIOXKHB-
IIMECS B MEPBbIC NECATUIIETHS NOCIIE Hadajga MIMPOKOr0 MCIOJIB30BAHUS TOTO
npubopa J01roe Bpems NPUHIUIHAIBHO HE MeHsuMch. CTaHIapTHBI MHKpO-
CKOII, U3rOTOBJICHHBIN B cepeanHe XIX Beka u B cepeanne XX Beka Majo OTJIH-
YalnKuch Jaxe BHEMHE. OCHOBHBIM JIOCTH)KEHUEM B Pa3BUTHH ONTHYECKON MHK-
pockonu B XIX Beke MOXHO cuurtath co3ganHue [[xopxem Diipu U DpH-
ctoM AOGGe Teopun pabOThl ONTUYECKOTO MUKPOCKOTA, OCHOBAHHOM Ha BOJIHO-
BOM TEOPHUM CBETA, AAIOLIECH KOJIWYECTBEHHBIM KPUTEPUUA NPOCTPAHCTBEHHOIO
paspemienuss Mmukpockona. B XX Beke onTuueckass MUKpPOCKOIUS CTaja pa3BU-
BaTbcs Ooisiee OBICTPBIMU TeMnaMmu. B camoM Havanie Beka Puxapn 3urmMoHam u
['enpu 3uneHTond BBHIMOJHUIM YHUKAJIbHBIE 3KCHEPUMEHTHI MO HAOIIOJCHUIO
CBEPXMAJIBIX HAHOYACTHI[ 30JI0Ta B KOJJIOMIHOM PacTBOPE Ha CO3JaHHOM WUMU
HOBOM ONTHYECKOM MHKPOCKOIIE, MOJY4YMBIIEM Ha3BaHWE LIEIEBOM YJIbTpa-
MHUKPOCKOI. DTO MUKPOCKOM, pabOTarolUi B PEKUME TEMHOIO MOJI C OCBe-
ImeHreM odpasna cOOKy C TMOMOIIbI0O HHTEHCUBHOTO M3JIYYEHHUS, CO31aBaeMOro
M1a3MOM AJIEKTPUUECKON Tyru. BaxkHO OTMETUTH, 4TO pa3Mephl HAOII01aeMbIX
YaCTHI] B 3THX SKCIIEPUMEHTAX COCTABIIUIN €UHULIBI HAHOMETPOB, YTO HAMHOTO
MEHbIIIE TOJIOBUHBI JJIMHBI BOJIHBI OCBEIIAIOIIET0 CBETa. JTU AKCIEPUMEHTHI U
CO3JaHME€ HOBOI'O METOJAa ONTUYECKOW MHUKPOCKONUHU ObLIM OTMEUYEHBI Bpyde-
HueM B 1925 rogy Puxapay 3urmonau HobGenesckoil npemuun no xumuu. Ce-
JTYIOIIMM Ba)KHBIM IIarOM B Pa3BUTUU ONTUYECKONW MUKPOCKOMNHUH SBUJIOCH CO3-
nanue @punem llepHuke Meroga (a3oBOoro KOHTpacTa, KOTOPBINA IMO3BOJIUII
NPEOJI0JIETh TPYAHOCTU HAOJIOICHUSI TPO3PAYHBIX MUKPOOOBEKTOB, MOMEIIEH-
HBIX B KHUJIKYIO cpeay. DTO NOoCTHKeHue Ob110 oTMeueHo B 1953 rogy Hobenes-
CKOM TIpeMueit o husmnke.

B 1956 rogy MapBuH MUHCKUI1 CO31a€T HOBBIM TUN ONTHYECKOTO MHK-
pockorna — KOH(OKaIbHbIH MUKPOCKOI, MPEUMYIIECTBA U MOTEHIMATbHBIE BO3-
MO>KHOCTH KOTOPOTO OKAa3aJIUCh CTOJb 3HAYMMBIMH, YTO B HACTOSIIEE BpPEMs
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ONTHUYECKasi cxemMa KOH(POKAIbHOTO MUKPOCKOMA SIBJISIETCS OCHOBHOW INPHU CO3-
JTAaHUU OOJBIIMHCTBA COBPEMEHHBIX MUKPOCKOIIOB.

bypHoe paszButue B koHrie XX u B Hadasie XX| Beka HayKd M TEXHOJO-
I'Yii, B YACTHOCTH IOSIBJICHUE BHICOKOUYBCTBUTEIIbHBIX (POTOAIEKTPOHHBIX MPU-
€MHUKOB JUISI PETUCTPALlMU ONTUYECKUX H300paKEHUM, IIMPOKOE pacipocTpa-
HEHUE KOMIBIOTEPHBIX CPEJICTB, a TAKXKE IMOSBIICHHUE IIUPOKOTO aCCOPTUMEHTA
Majora0apuTHBIX Ja3€pPHBIX MCTOYHUKOB MOCITYKUJIM MOIIHBIM TOJYKOM IS
pa3BUTHUSL ONTHYECKOW MUKPOCKONHH B TOCIEIHHE ABa AeCATUIETHS. Temrbl
3TOTO Pa3BUTHS MOPAKAIOT: €CIIM COBCEM HEJAABHO B OOJIBITMHCTBE MPUMEHEHHI
ONTUYECKUI MUKPOCKOII MPECTABIST COO0H OTHOCUTENBHO HEOOBIION U MPO-
CTOM HACTOJBHBIN MPUOOpP, TO TENEPh COBPEMEHHBI MUKPOCKOII, PEATU3YOIIHIA
MOCITIEIHUE JOCTHKEHHS B 3TOM 00JIacTH, MpEACTaBIAeT COOOM CIOKHOE KpPYII-
HOrabapuTHOE yCTPOMCTBO, Tpedyroliee sl cBOEro (yHKIIMOHUPOBAHUS CIIe-
UaJIbHO 000PYIOBaHHOTO noMmenieHus. [10sBUI0Ch MHOTO HOBBIX METOJIOB OII-
TUYECKOW MHUKPOCKOIIMH, OCHOBAaHHBIX Ha MOCIEAHMX JIOCTH)KEHUSX OMNTHKHU,
CHEKTPOCKONHNH, (POTOHUKU U JPYTUX HAYK M TEXHOJOTHH. BaXHOCTh pa3BUTHS
ONTUYECKOW MHUKPOCKOINHUHU JJIsi HAYKU M TMPAKTUKU HArJIsAHO MOATBEP)KAAET
BpyueHue B 2014 rony tpem yuenbim: Ctedany Xemny, Dpuky bernury u Bu-
absiMmy MepHepy HoOeneBckoil mpemMuum no XuMUHM 3a pasButue (iayopec-
LEHTHON MUKPOCKOITUU CBEPXBBICOKOIO pa3pelleHusl.

B nexiuu OyayT KpaTKo M3II0KEHBI TEOPETUUECKUE OCHOBBI ONITUYECKOM
MUKPOCKOIIUY U J1aHbl OOBSICHEHUSI OCHOBHBIX IPUHIIUIIOB, JISKAIIUX B OCHOBE
pa3IMYHBIX METOJOB ONTHYECKONW MHKpockonmuu. [lmaHupyercss 03HaKOMUTH
CIIyIIaTeNei ¢ HOBBIMA METOJaMHU ONTHYECKOW MHUKPOCKOIUU M MX BO3MOXKHO-
CTSIMH, IPUBECTU MPUMEPHI X HCIIOIH30BAHMS B Pa3HBIX 00JACTSIX, MPOJAEMOH-
CTPUPOBATDH Psii HHTEPECHBIX PE3YJbTATOB, MOJYYEHHBIX C UX MPUMEHEHHUEM B
caMoe€ IOCJIEAHEE BPEMS.
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Untepec x Hanoctpykrypam A!'BY 06ycnosnen mepcnektusoit ux uc-
M0JIb30BaHUSI B MPUOOpax HAHO- M ONTOXJIEKTPOHUKU. B pabore mpencraBieHbl
pe3yabTaThl MOJICIUPOBAHUS pocTa HUTEBUIHbIX HaHOKpuctamwioB (HHK), na-
HOKJIACTEPOB M HAHOKOJICI] TI0 MEXAaHM3MY Map-KUAKOCTb-KPUCTAII. AHaIN3
pocTa HAaHOCTPYKTYpP OCYLIECTBIsUICA ¢ moMmoiibio MounTe-Kapno mozaenuposa-
HUS Ha 06a3e mporpammHoro komiuiekca SilSim3D [1].

HccnenoBansl 3aBUCUMOCTH CKOPOCTH KaTaTUTHYECKOTO M CaMOKaTalH-
tudeckoro pocta GaAs u INAs HHK ot temnepaTypsl 1 HHTEHCUBHOCTH TIOTOKA
MbllIbsKa. [loka3aHo, 4TO caMOKaTaJIUTUYECKUI POCT OOjee UyBCTBUTENIEH K
COOTHOUICHHIO MOTOKOB TaJljIusl U MbIIIbsIKa, yeM KaTanutudeckuil. [Ipoananu-
3UpOBaHO BiusiHUE d(PdekTa peancopOrun Ha MOP(HOIOTHIO U CKOPOCTh POCTa
HHK. [Toka3ano, 4to peancopOuus MblllIbsKa 1a€T OCHOBHOM BKJIaJ| B yBEIHUE-
Hue ckopoctu pocta HHK u mpexneBpemeHHOe MOrioneHue Kamiu MeTauia.
Peancopbrust Ga/ln mpuBOIUT K HE3HAYMTEIBHOMY YMEHBIICHUIO aKCHABHOM
cKopocTH pocta, Ho npojieBaeT poct HHK, npengorspaias ncuesnoBeHue ka-
UM JUI JUIAH, TpeBbimaromux auddysuonnyo mmHy Ga/ln mo 60KoBbIM
crenkam HHK. IIponemonctpupoBan 3¢ ekt BripaBHuBanuto nuamerpos HHK,
XapaKTEepHBIN JUIs1 CAMOKATAIMTUYECKOTO pocTa [2].

[IponemoHcTprpoBaHa 3aBUCUMOCTE Mopdosorun GaAS HaHOCTPYKTYD,
MOJTyYEHHBIX METOJIOM KamlelbHOW AMHUTAKCHH, OT mapaMeTpoB pocta. Ompene-
JICHBI TUATIa30HBI TEMIIEPATYP ¥ MTOTOKOB MBIIIbSIKA U1 (POPMUPOBAHUS HAHOK-
nactepoB U HaHokojen GaAsS. [Ipoananu3upoBaHbl yCI0BUS 00pa30BaHUS OJIU-
HapHbIX M JBOMHBIX KOHIIEHTpUYeckux koiyel. IlokazaHo, yTo HabOmOaeHHE
JBOMHBIX KOJIEL BO3MOXHO B HEKOTOPOM JMalla30HE TEeMIEparyp U MOTOKOB
MBILIBSAKA TPU PACCTOSHUSAX MEXKAY KAaIUIIMU, NPEBBIIIAIOMIMMU YABOECHHYIO
ey U y3un rajuimst mo moBEPXHOCTH.

PaGota mpoBenena mpu nomnepxkke POOU (Ne 14-02-00776-a) u mpo-
rpamm PAH.

1. A.H. Kapnos, B.A. 3BepeB, A.I'. HacToBbsik u np. BeruncnurenbHble Me-
TOABI U MporpamMmmupoBaHue: HoBble BBIUMCIHUTENbHBIE TEXHOJIOTHH. 15,
388-399 (2014).

2. V.G. Dubrovskii, T. Xu, A.D. Alvarez at al. Nano Lett. 15, 5580-5584
(2015).
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TEKVIIEE COCTOAHUE U ITEPCIIEKTHMBLI

I'.E. Manamkesuy’, B.A. Jlanunal, J. Opitz?, 1. Sildos®, B.B. Kosrap?,
T.I'. Xoruenkonal
Y Unemumym ¢usuxu um. B.U. Cmenanosa HAH Benapycu, Munck
2 Fraunhofer Institute of nondestructive testing, Dresden, Germany
3 Institute of Physics, University of Tartu, Tartu, Estonia
E-mail: g.malashkevich@ifanbel.bas-net.by

WuauBrayallbHbIE YacTULBl yiabTpaaucrepcHoro anmvasa (YZA), noiy-
YeHHBIC JIETOHALMOHHBIM CHHTE30M, IMPEACTaBISIOT COOOW alMasHbIe spa C
«auameTpom» ~ 4 HM, MOKPBIThIE KJIACTEPHON 000JOYKOIl HeaaMa3zHOro yrie-
poja TonmuHoNu 1-5 HM, Ha KOTOpOI pacroiaraloTcsi BKparuieHus: rpaduToBOM
da3bl, comepxaliel Takxke pasjMYHbIe TUIBI YIJIEBOJOPOJOB U mpumecHu [1].
Takue HAaHOYACTHUIIBI MOTYT MPOSIBIATH JTIOMUHECIICHIIMIO B BUIUMON U OJIMXK-
Helt YD-o0mactsax cnekrpa. [lpu sTom mupuHa 3anpeieHHon 30HbI IS MOHO-
KPUCTAJUIMYECKOTO ajiMasa COCTABISIET = 5,5 3B, a 1y HeanMas3Horo yriaepojaa
MOKET IIOHMKAThCS 10 2 5B ¢ moBblIEHUEM 10U «TPadUTOBBIX» SP2-CBs3EH
HaJl «aIMa3HeIMKU» SP3-cBsa3samu [2]. JanHble ocoOeHHOCTH aenaoT YJIA uHTe-
pPECHBIM OOBEKTOM JIJIs JIESTUPOBAHUS PA3TUYHBIMUA MPUMECHBIMU aKTUBATOPAMU
U HCCJIEAOBAaHUSA €ro BIMSIHUS Ha CIEKTPAJIbHO-JTIOMUHECLIEHTHBIE CBOWCTBA
nocieqHux. OJHAKO CIeIyeT OTMETUTh, YTO H3-32 BBICOKOW IOBEPXHOCTHOM
OHEPTrUM MHIUBUIYAIbHBIX YacTull YJIA cTaOuiIn3upyroTcsi B BUJE KIACTEPOB
pasmepoMm 20—40 HM, a UX pa3lieieHUe NPEACTABIAET JOCTATOYHO CIIOXKHYIO
npooiemy.

Hacrosmast pabora mpencraBisieT co0oil 0030p MOJYYEHHBIX HaAMU pe-
3yJBTATOB IO UCCJIEA0BAHUIO JTIOMUHECLICHIIMN aKTUBUPOBaHHbIX Y /A u neru-
POBaHHBIX UMHU KBAPLEBBIX I'€JIb-CTEKOI.

B pa6ote ucnomw3oBamuchk YJIA, cunresupoBanHbie B 3A0 «CuHTay
(Munck. benapych). AktuBaius nopomkoB YA ocyiiecTBisiack MyTéM HX
CMEIIMBAaHUSI B YCIOBUSX YJIbTPa3BYKOBOI'O JWCIIEPTUPOBAHUS C PacTBOpaMu
JErupyrommux coenuHeHui. [loaydyeHHble aKTUBUPOBAHHBIE MOPOILIKH BBICYIIIU-
BaJIUCh U TEPMOOOPa0ATHIBAINCH B PETYJIUPYEMBIX OKUCIUTEIbHO-BOCCTAHOBU-
TEJIbHBIX YCIOBHSX. JIerupoBaHue 3TUMH MOPOIIKAMU KBAPLEBBIX T'€lb-CTEKOJ
OCYUIECTBJISIOCH HA CTAJUU 30JI5l.

HccnenoBanue MOJy4eHHBIX 00pa3loB MPOBOJMUIIOCH C MCIOJIb30BAHUEM
PEHTIeHOrpaQUUECKUX, 3JIEKTPOHHO-MHUKPOCKONMYECKUX M CIEKTPaJbHO-IIO-
MUHECLEHTHBIX METOOB.

YcraHoBIEHO, YTO aKTUBUPOBAHHBIE OMHUCAHHBIM oOpazoM YJIA xapak-
TEPU3YIOTCA 3HAYUTEIbHBIM YBEJIMYEHUEM TEPMOCTOMKOCTH: NOTEps BEca HMcC-
xogHoro Y/IA mocne 30 MuH oTkura Ha Bo3ayxe npu o = 700 °C cocTaBisier
100 %, a nerupoBanHoro — menee 10 %. IIpu sToM Ha qudpakTorpamMmme coxpa-
HsieTca OparroBckuid pediiekc npu 20 ~ 43,8°, COOTBETCTBYIOIIUNA OTPAKEHUIO
ot mockoct (111) anmaza [3]. Habmomaemoe yBennueHHE TEPMOCTOMKOCTU

MBI 00BsICHSIEM (OPMHPOBAHHEM Ha TOBEPXHOCTH yacTull YJ[A moctatoyHo
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IUIOTHOM IUIEHKU JIETMPYIOUIUX COEIWHEHUM, CBSA3aHHBIX XUMUYECKHMH CBS-
3ssmMu THna LN —O—C ¢ HeanmMa3HbIM yIiiepoioM, KOTOpas BEAET K MHTUOUPO-
BaHMIO OKUCJICHHS aJIMa3HOTO SApa.

dopMupoBaHUE B MpOLECCE TEPMOOOPAOOTKM YKa3aHHBIX CBSI3€d MOA-
TBEPAACHO CIEKTPOCKOMUYECKU Ha npumepe YA, JIErupoBaHHOTO a30 THOKHC-
JIOW COJIBIO €BPOIHS, JJII KOTOPOTO MpU TepMooOpaboTke B auamazone 450 —
700 °C umeetr MecTO JJIMHHOBOJHOBOE cMmemieHue Ha 0,5 HM OapulieHTpa He-
pacmemisronielics nonockl °Do — 'Fo nonos Eu®" u 3HaunTensHoe ocnabnenue
«anekTpoaunonbHex» f—f-monoc. OqHOBpeMeHHO HaOMIOAAETCS IBAIIATUKPAT-
HOe yBeauueHue >(QPEKTUBHOCTH BO30YKICHHS JIFIOMHHECLIEHIIME HOHOB Eu®' B
00J1acTH MOJIOCHI ITepeHoca 3apsiaa [4].

3HauUUTENbHOE YBEJIMYCHHE WHTECHCUBHOCTH JIIOMHHECIICHIIMM HaOIro/a-

ercst A YA, nerupoBaHHOTO coJsIMU Xpoma U aimtoMmunus. [loayyeHHble Ha-
HOMOPOIIKHU MPOSIBISIIOT 3()PEKTUBHYIO JTIOMUHECHECHIIMIO MPU HU3BKUX ok B
IIMPOKOH BHOPOHHOM mosoce T2 — A, a IpH BBICOKUX — B y3KOM CIIMH3aIIpe-
menHoil nonoce 2E — %4, [5]. UcnonszoBanme Cr—Al-conepsxammx VJIA c
Torx = 1300 °C mnst mermpoBaHUs KBapIEBBIX T'e€lb-CTEKOJ MOKa3alo, YTO BBE-
JICHHBIE B HUX HAHOYACTHIIBI IIOJIBEPKEHBI H30TPOIIHOMY CXKATHUIO MaTpHUILIEH, a
Tak)Ke€ HE3HAUUTEIbHOMY, Oyiarosiapsi OTCYTCTBUIO CTaJUU paciljiaBa, pacTBOpe-
HUIO, TPH KOTOPOM (hopMHpYIOTCs ontudeckue reHTpsl Cr'*, roe n = 3—6 [6].

[Ipn nermpoBannn Y JIA a30THOKMCIBIMHU COJIAIMM AJIOMUHUS, LIEPUS U
TepOHsl BO BCEX CIIy4yasiX MHTEHCHUBHOCTb JIOMHHECLEHIIMH PEIKO3EMEIbHBIX
MOHOB ObLTa HM)KE YEM aHAJIOTMYHBIM 00pa3oM TepMOOOpPaOOTaHHBIX COEAMHE-
HUW JIETUPYIOLIMX 3JEMEHTOB. [I[pyunHONM TakoW CUTyaluu, MO-BUIUMOMY, SIB-
asieTcst OoJbIIas J0Jisd rpapUTUBUPOBAHHOTO YTIIEPO/Ia, BBI3BIBAOIIETO rallleHUE
1 Tymenue moMuHecueHmuu kak Ce®', tax m Th3. Onmmako pammanmonnas
CTOMKOCTh ONTHYECKHX LIEHTPOB JIAHTAHOMIOB, CPOPMHUPOBAHHBIX HA MOBEPX-
HocTH Y /IA, 3aMETHO MOBBIIIIAETCS.

PaccmoTpeHbl MEpCHEeKTHBBI MCIOIb30BaHUS aKTHUBUPOBAaHHbIX Y/IA B
KayecTBe JIIOMUHO(OPOB, aKTUBHBIX CPEJl MOPOIIKOBBIX JIa3€pOB, a TAKkKe HAHO-
CTPYKTYPHUPYIOIUX U 1ePeKkTooOpa3yonmx 100aBoK.
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Bort yxe Ha NpOoTsSKEHUU HECKOJIbKUX JCCATHICTHI BHUMAaHUE MUPOBOIO
HAyYHOT'O COOOIIECTBA MPUBIEKAIOT ONTHYECKUE CBOMCTBA LIEHTPOB OKPACKU B
anMaszax. Takue [EeHTPbI CBSI3aHbl C MPUMECSIMU, TUO0 BBOAMMBIMU CHELUATBHO
nyTeM JISTUPOBaHMUs, JIMOO HEKOHTPOJIUPYEeMbIMU. LIEHTpBI OKpacku CroCOOHBI
KaK MOIJIOMATh M3JIYyYEHUE CEJIEKTUBHO MO JJIMHAM BOJH, YTO MOXKET MEHSTh
[BET ajaMa3a, TaK U M3JIy4aTb CBET B PA3JIMYHBIX CIEKTPAJbHBIX JUANA30HaX.
Oxkasanoch, YTO HEKOTOPBIE LIEHTPHI MOTYT AaBaTh OYEHb Y3KYIO JIMHUIO U3JY-
yeHus (IIEHTPHI THITa a3oT-BakaHcusA, NV, n kpemuuii-Bakancus, SiV), npuaem
YAQIOCh MOJIYYUTh U3JIYyYEHHE OT OJMHOYHBIX LEHTPOB, YTO MO3BOJIAET UCCIE-
JI0BaTh MX MHTEPECHYIO KBAaHTOBYIO MPUPOAY. TE€XHOJOTHMU IMO3BOJISIIOT MOJY-
YUTh HAHOAJIMa3, COJACPKAIIWA OJWH ONTUYECKUU IIEHTP, YTO MEPCIEKTUBHO
JUTSL HYXKJ] KBAHTOBBIX MH(OPMAIIMOHHBIX U BBIYUCIUTEIBHBIX CUCTEM. DTO HC-
TOYHUKH OJIMHOYHBIX (POTOHOB M DJIEMEHTHI KBAHTOBBIX KOMITBIOTEPOB (ONTH-
yeckrue KyOuTsl). [lacmopTusupysi cCrieKTpajbHbIEe XapaKTEPUCTHUKU OTAEIbHBIX
YacTHUIl, MOKHO CO3[1aBaTh YHUKAJIbHBIE ONTUYECKUE METKH, 3AIIMIIAIOLIIUE OT
noasienok. Kpome Toro, OTKpbIBatoTCs EPCHIEKTUBBI IPUMEHEHUS B OMOJIOTUH U
MeguuuHe. DOYHKIUMOHAIM3UPYS TAaKHUE€ HAHOYACTHUIbl, MOXXHO HCCJIEI0BAThH
IIPOLIECCHI, TPOUCXOIAIIME BHYTPH KaK OAHOW KIIETKH, TaK U 1IEJIOr0 OpraHusma,
pUYeM BO3MOXKHO MPOBOJUTH UCCIEAOBaHU IN VIVO, TO ecTh paboTaTh C KU-
BbIMU opraHuzMmamu. «lIpukperisis» Takoll HaHOoaiaMmas, HalpuUMeEp, K BUPYCY,
MOKHO MPOCIIEAUTh, KaK MOCIEAHUI aTaKyeT KJIETKY, YTO MO3BOJIUT CO3/1aBATh
HOBBIE d(pPexTrBHBIEC CpencTBa 3amUThl. CTOUT 3aMETUTh, YTO ajaMa3 — 3TO yT-
JIEpOoJl, OH BXOJIUT B COCTaB BCEX JKUBBIX OPraHU3MOB, IMO3TOMY MOKHO OXU-
JaTh, YTO TOKCHUYHOCTh HAHOAJIMAa30B HHU3KAa. Bce mnpHBEIEHHOE TOBOPUT O
OOJBIIIOM HAYYHOM U MPAKTUYECKOM IMOTEHIIMAJE aiIMa30B C LIEHTPaMHU OKpa-
CKU.

B nexuuu OyayT Takke 3aTpOHYTHI pabOThI aBTOpa, Kacaroluecsi HOBOTO
ONTUYECKOT0 IIEHTpa B ajiMase, CBs3aHHOro ¢ mnpumeckio repmanus (GeV).
Hamm uccnenoBanus nokasanu, yto GeV LUEHTphl UMEIOT YHUKAJIbHbIE XapaK-
TEPUCTUKHA, BO MHOTOM IPEBOCXOJSIINE TAKOBBIEC ISl U3BECTHBIX paHEe LEH-
tpoB SiV u NV. B yacTHOCTH, HaOIIOaeTCsA OYEHB SIPKOE CBEUCHHE B KPACHO-
OpaHXXeBOM 00JIaCTU CIIEKTpa ¢ 00IBIION KBAaHTOBOU 3P (eKTUBHOCTHIO. ByayT
00CYX1aTbCsl UHTEPECHBbIE U30TONMYecKrue IP(DEKThI, KaK CBS3aHHbBIE C YIIIEpPO-
JIOM, TaK U ¢ repManuem [1].

Pab6orta mognepxana IIporpammoii [IPAH «®DynnamentanbHbie W TpH-
KJIaJHBIE TPOOJIEMbI (POTOHUKH M (PU3HKA HOBBIX ONITUYECKUX MATEPHAIIOB »

1. E.A. Exumos, C.I'. JIsmun, K.H. bonapipes u ap., [Tucema B XKOT®. 102,
811 (2015).
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B mocnenHee BpeMsi MHTEpEC MCCIEIOBATENEH CMECTHIICS OT WU3YYCHUS
CBOMCTB OOBEMHBIX KPUCTAIIOB K U3YUEHHUIO CBOMCTB reTepOCTPYKTYp C KBaH-
TOBBIMHU SIMAMH, KBAHTOBBIMUA HHUTSAMH M KBAaHTOBBIMH TOYKaMH. Takue CTpyK-
Typbl NPEACTABISAIOT COOOHM CIIOM, HUTH UM KJIACTEPhI Y3KO-30HHOT'O MOJIYIIPO-
BOJIHUKA OKPYKEHHbBIE ITUPOKO-30HHBIM MOJYIPOBOJAHUKOM. ECTECTBEHHO, UTO
BIIMSIHUE TpaHMI] pa3zaena (MHTepdeiicoB) Ha cBoiicTBa oOpaslia B TAKUX YCJIO-
BUSIX CHJIBHO BO3pAcCTaeT, U ONTHYECKUE CBOMCTBA TaKUX CTPYKTYp OYIyT BO
MHOTOM ONPENIEATHCA CBOMCTBAMH UHTEP(DEICOB.

BOABIIMHCTBO TeTEPOCTPYKTYP BBIPAIIMBAIOTCS HAa OCHOBE KyOHMYECKHX
IIOJIYIIPOBOJHUKOB, UMEIOLIUX BBICOKYIO TOUYECYHYHO CUMMeTpuro. OmIHAKO Tpa-
HULIA MEXAY JBYMSI KyOMYECKHMH IMOITYIPOBOJHUKAMU BCEr/la UMEET CYILECT-
BEHHO 00Jiee HU3KYI0 CUMMETPHIO. DTO MPUBOJUT K TOMY, YTO J1a’)KE€ B CUMMET-
PUYHBIX T'€TEPOCTPYKTYpaxX, TAKMX KaK CUMMETpUYHbIE KBaHTOBbIE siMbl (K1)
Wi cepuvecKue KBAHTOBBIE TOUYKH, IMOHWKEHHAs CUMMETpUs HHTep(deiicoB
MO>KET BBI3BAaTh AHU30TPOIIHIO ONITUYECKUX CBOMCTB CTPYKTYpPHI KaK LIEJIOTO.

B nannom noknazne Oyzner JaH 0030p OpUTHMHANIBHBIX PE3YJIBTATOB HCCIIE-
JOBAaHUS ONTHYECKOW AHU30TPOIUHU FETEPOCTPYKTYP, BEI3BAHHON €CTECTBEHHOM
aHu3oTponuerd umHTepdercoB. BynyT paccMOTpeHbl HPOSBICHHUS ONTUYECKOU
aHU30TPOIIUKA B TeTepocTpykTypax Tuna-Il, sgdexkt aHuzoTponuu BpeMeHH
CIIMHOBOM pelaKcaluyd U aHU30TpOIus OOMEHHOrO PacCIICIIEHHUs SKCHUTOHA B
KBaHTOBBIX TOUYKAX.

HaunOoiniee cuinbHO BIMSHHE NMOHM)KEHHOW CUMMETpPUM HHTep(deiicoM Ha
ONTUYECKHUE MEPEXO0JIbI MOKET MPOSABIATHCSA B reTepocTpykTypax tumna-ll, B ko-
TOPBIX JIEKTPOHHBIE U ABIPOYHBIE COCTOSIHUS JIOKAIU30BaHbl B COCETHUX IO~
IIPOBOJHUKOBBIX CIOSIX. B 3TOM ciyyae onThyeckue Mepexoibl MPOUCXOASAT
npsiMO Ha uHTep(elice u, ceaoBaTeIbHO, B IOJHOM Mepe UCTIBITHIBAIOT Ha ceOe
€ro MHKPOCKONMHYECKYIO CTPYKTYpy. JaHHblli 3ddext OyaeT paccMOTpeH Ha
npumepe KA ZnSe/BeTe, Boipamiennbix Baoiab Hanpasienus [001]. Ora cuc-
Te€Ma OTHOCUTCS K KJaccy CTPYKTyp 0e3 o0IIero aroma, TO €CTh P NEPEXoie
yepe3 uHTepdeiic MeHsIeTCsl KaK KaTHOH, TaK MU aHUOH. DTO MO3BOJISIET CO3/1a/1-
BaTh JIBa TUIAa MHTEPPENCOB sl CTPYKTYpP aHHOTO Kilacca. B paccmarpuBae-
MoM ciydae 310 uatepdeiic (Be-Se) u (Zn-Te). [Ipudyem cTpykTypa npsmoro u
oOpaTtHoro unrepgeiica B K5 MoxxeT KOHTpoJMpoBaThCsl HE3aBUCUMO. TeM ca-
MBIM MBI MOKEM co3aBaTh kak cummeTpuunbie KA (o0a unrepdeiica oquna-
KOBBIE), TAK U HECUMMETPHYHBIE.

Toueunas cummerpus unrepdeiica (001) B cucreme, cocTosiie u3 mo-
JYTIPOBOJHUKOB C KyOW4ecKoW pemieTkoi, ectb Cp. ITO HHU3KAasE CUMMETPHS,
JOMyCKarouas ONTHYECKYI0 aHU30TPOIUIO B IJI0CKOCTH HHTEep(deiica. OHaKo B
K4 ecth BTOpO# MHTEep(deiic ¢ Takol ke cumMeTpuen. B simax ¢ sKBHUBaJICHT-
HBIMU HHTepQeiicaMu BO3HHMKAaeT JOMOJHHUTENbHAs Olepanus CUMMETpPUH, a
MMEHHO OTPAXKEHUE B IIEHTPaJIbHOU MiockocTu KA u moBopot Ha 90 rpamycos.
Ota omneparus NepeBOAUT NMPsMON uHTepdeic B oOpatHbiid. B pesynbpTaTe 00-
mas cumMeTpusa KA nmoserimaercsa 10 Dag. g 3TOM TOYeYHOM CUMMETPUU OIl-
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TUYeckasi aHu3zorpornus 3anpeimieHa. B K5 ¢ HeskBuBaneHTHBIMU HMHTEpdEi-
caMU CUMMETPHUSl BCeS CTPYKTYpPbl COXPAHSIET CUMMETPHIO OJMHOYHOIO HH-
Tepdeiica, M ONTUYECKAs] aHU3O0TPOIHUSI MOXKET HAOJI0JaThCsl HEMTOCPEICTBEHHO.

I'erepocuctema ZnSe/BeTe xapaktepu3yeTcsi O4€Hb OOJBIION BEIHMYH-
HOU pa3pbIBOB 30H (13B u Oosee) kak B 30HE MPOBOAUMOCTH, TaK U BAJICHTHOM
3oHe. Kak criencTBue TyHHENMpOBaHUE HOCHUTENEH W3 sIMbI B Oapbep KpaiiHe
MaJo, He 60jiee OJHOrO MOHOCIOA. YUHUTHIBas TOT (PAKT, UTO JIIPKA U SIEKTPOH
B Ture-II nokanu3oBaHbl B COCEHUX CIIOSX, CTAHOBUTCS MOHSATHBIM, YTO OINTH-
YECKHI MEepexXo] B JAHHOM CIIy4ae IPOUCXOIUT B Y3KOM CJIO€, KOTOPbIN 3aXBa-
THIBA€T TOJILKO MHTEpQEiiCHbIe XUMHUUYecKnue cB3H. st xkaxmoro untepderica
XUMHUYECKHUE CBSI3U JiexkaT B onpeneneHHoi miockoctu (110) wnm (110). Dxene-
PUMEHT MOKa3bIBAET, YTO UMEHHO OPUEHTALUS CBA3EH 3a/1a€T OPUEHTALUIO JIU-
HEHHOW MOJSIpU3alliy U3JIyYeHHUs HEMPSIMOro 3KCUTOHA Ha uHTepdeiice. [Ipu-
YeM CTeIeHb MOJSPU3alMU U3TyYeHUs Ha OJUHOYHOM HHTep(eiice mocTuraer
80 %. B cTpykrypax ¢ HecumMmeTpruuHbIMU K5I opreHTanus XUMHUECKUX CBS-
3ell Ha psIMOM M oOpaTHOM uHTep(ericax conagaot. CinenoBarenbHO, 00U
curiai ®JI ot cTpyKTypsl B 11€710M 00J1a/1a€T CTENEHbIO JIMHEHHO NOJIIpU3aLiy,
orpeaesaeMoi oqHUM nHTepdeiicom, 1. e. 80 % [1].

B cummetpuunsix KA Bkiiagel B nomnsipuzanuio OT OpsIMOro U 0OpaTHOTO
UHTEpPENCOB KOMIIEHCUPYIOT Apyr apyra, u curHai ®JI ot KA B uenom oka-
3bIBAETCS HEMOJISPU30BAaHHBIM. TeM He MEeHee, U B 3TOM CiIydae aHU30TPOIUIO
MO’KHO Ha0JII0/1aTh, €CIIM HAPYUIUTh SKBUBAJIEHTHOCTh UHTEP(ENCOB BHEIIHUM
BO3MYUIEHUEM. JTO MOXKHO CHENaTh, HAIPUMED, TPUIIOKUB BHEITHEE JIECKTPHU-
4eCcKOe T0JI€ BI0JIb Ocu pocTa. C MOMOIIBI0 3TOr0 NOAX0Aa HaM YAaJloch OOHa-
PYKUTh Tak Ha3blBaeMblil KBaHTOBBIN 3(dekT [lokkenbca B reTepocTpyKTypax
tuna-11 [2].

B K41 anuzorponus nntepdeiicoB MOKET MPOSIBUTHCS HE TOJIBKO B BUJE
NOJIIPU3AlMM W3JIy4€HUs] WIN TOIJIOLIEHUS, HO M INPUBECTH K aHU30TPOINU
JIpYTUX MapameTpoB, OMUCHIBAIOIIMX COCTOSIHUSA HocHuTesed. B kauecTBe npu-
Mepa Mbl PACCMOTPUM AHU3OTPOIIMIO BPEMEHH CIIMHOBOM pENAKCallUU 3JICK-
tpoHa B KSI GaAs/AlGaAs. M3sectHo, uTo B GaASs OCHOBHBIM MEXaHH3MOM
CIIMHOBOM sIBJIsieTCsl MexaHn3M [[psikoHoBa - Ilepens. KauecTBeHHO 3TOT Mexa-
HU3M MOKHO IOHSTH, €CJIM PacCMOTPETh MPELECCHIO IEKTPOHHOTO CIIMHA B
ciy4ailHoM 3(Q(GEeKTUBHOM MarHMUTHOM IIOJIE€ BEJIMYMHA W HaIpaBJIEHUE KOTO-
pOro 3aBHUCST OT BOJIHOBOI'O BEKTOPA 3eKTpoHA. Hamnuume Takoro mosst CBA3aHO
CO CIIMHOBBIM PACHICTNIEHUEM 3JIEKTPOHHOI'O COCTOSIHUSI 32 CUET CHUH-OpOU-
TaJIbHOTO B3anmozencTBus. B K Bo3MOXXHBI ABa BKIIa/ia B 3TO paCHICIIJICHUE!
JUHEWHbIE ¥ IO BOJTHOBOMY BEKTOpY. 151 000ouX BKJIaJ0B HEOOXOAMMO, KOHEY-
HO, OTCYTCTBHE LIEHTpa MHBepcuU B cTpykKrype. [lepBoiii Bkian (Ipeccenbxay-
3a) CYHIECTBYET U B 00bEMHOM MaTepuaje U CBS3aH C OTCYTCTBHEM LIEHTpa UH-
BEPCUU B MCXOJHOM NOJIyIPOBOJAHMKE. Kpome TOro, mpu Haau4uHu CTPYKTYp-
HOM acMMMETpUHU BJOJb OCHU POCTa, BO3HHKaeT BkJaj PamiObl. CyniecTBEeHHO,
YTO 3aBUCUMOCTU HampaBieHUs 3((HEKTUBHOIO MOJS OT HANpPaBICHUS BOJHO-
BOI'O BEKTOpa I 3TUX BKJIAJ0B Pa3IM4YHbl. DTO NPHUBOJUT K TOMY, YTO IS
HEKOTOPOT'0 HaNpaBJIeHHs] BKJIaJbl MOTYT CKOMIIEHCUPOBATh Npyr napyra. [lpu
TOYHOM COBIMAJICHUU KOHCTaHT pacuieruieHus Jlpeccenbxayza u PamoObr BO3-
MO>KHO TIOJTHO€ TOJABJICHHE peNlaKCcall JJisi OJHOM M3 KOMIIOHEHT CIHHA
anekTpoHa. B 00mieM ciiydae 4acTMYHOM KOMIEHCAIlMM BpeMs pellaKkCcaluu
CIIMHA OKAa3bIBAETCA 3aBUCAILEM OT €TI0 HAIPABIICHHUS.
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s o6HapyxkeHust 3pdexra HE0OX0AMMO OJJHOBPEMEHHOE CYIIECTBOBA-
HUEe 000MX BKIJIQZOB ¢ com3mepumon BemmunmHOU. O0braHO KA GaAs/AlGaAs
CUMMETPHUYHBI U BKJIaJ Pamobl B HUX OTCYTCTBYET, OJHAKO HEAKBUBAJICHTHOCTh
uHTep(ericoB MOXKET OBITh CO37aHa MCKYCCTBEHHO. Hampumep, MOXXHO mpuiio-
KUTh AJIEKTPUUECKOE IMOJIE€ BAOJIb OCH POCTA WJIM BBIPACTHTH Oaphepbl CleBa U
CIIpaBa OT SIMBI C Pa3HbIM cocTaBOM. B nokmnazne OyayT npeacTaBieHbl SKCIIEpu-
MEHTAJIbHBIE PE3yibTAaThl MO HAOMIOJACHUIO AHU30TPOIHUU BPEMEHU CIHMHOBOM
pernakcaluu moy4eHHbIe, UCToNb3ys 00a noaxona [3].

[Tocnenusist yacTh noKJIaAa OyJIET MOCBSIIEHA ONTHYECKUM MPOSIBICHUSM
HU3KOM cuMMeTpur B KBaHTOBbIX Toukax (KT). B ornmuume ot Kf, B nanHom
cllydae aHHU30TPOMHS MOXKET OBITh BbI3BaHA HE TOJIbKO HHU3KOM CHUMMETpUEH
unTepdeiicos, HO U popmoit Touku. Kak mpaBuiio, B SKCIEpUMEHTE HE yIaeTCs
pa3zenuTh J1Ba 3TUX BKIaaa. B manHoi padore Ha mpumepe KT CdSe/ZnSe Oy-
JIeT MPOAHAIM3UPOBAHA POJIb HU3KOM CUMMETPUM HAa OOMEHHOE B3aMMOJEHCT-
Bue B 3kcutoHe B KT. Byner mokazaHo, 4To aHU30TPOMTHOE OOMEHHOE B3aHMO-
JEHUCTBHE CHUMAET BBIPOXKJICHUE COCTOSIHUS ONTHUYECKU aKTUBHOTO DKCUTOHA. B
JKCIEPUMEHTE 3TOT 3(P(PEKT MPOSBISIETCS KaK KOHBEpCUs MoJisipu3auuu (HoTo-
JIOMHUHECLICHIIMY B YCIIOBUSAX MOJISIPU30BAHHOTO, PE30HAHCHOIO BO30YXKICHHUS.
Ha 6aze ganHoro 3gdexra BO3MOXKHO CO3/1aHUE 3JIEKTPOONTHUECKOIO MOTYJIs-
topa Ha KT. B nokinane OyaeT npeacTaBiieHa BO3MOXKHAsT KOHCTPYKIUS TaKOTO
npubopa [4].

B uccnenoBannoit cucreMe KT Bo3MOxkHO HabmrofeHHE JTHOOOMBITHOIO
s dexTa npu NPUII0KEHUH MArHUTHOTO MOJIS B INIOCKOCTH (reomeTpust dorra).
OxaspIBaeTCsl, YTO MPHU OINPEACICHHOM 3HAYEHWHM MAarHUTHOIO IOJISl, CHMMET-
pust cocrosiHus 3kcutoHa B KT moBeimaercs, u oH BeneT cedst mogo0HO KCH-
TOHY B OOBEMHOM MaTepHaJie B MOMEPEYHOM MoJe. AHAIU3 MOJIEBOK 3aBUCUMO-
cty nossipusanuu OJI, momydyeHHOM B AAHHBIX JKCHEPUMEHTAX, IO3BOJIAI C
YIOBJIETBOPUTENBHONM TOYHOCTBIO OIIPENEINTh MHOTME SKCUTOHHBIE I1apa-
METpPBbI, B YACTHOCTU KOHCTaHTbl OOMEHHOI'O PacIlEIyIEeHUus U g-(pakTop IKCHU-
TOHA B TUIOCKOCTH HHTepdeiicos [5]. [locnennunii, ¢ yueToM HU3KOH CHUMMETPHH
KT, takxe obnagaer anuzorponueil. MUKpOCKONMMYECKHE MEXAHU3MBbI, OTBET-
CTBEHHBIE 32 aHU30TPOIHUIO g-(hakTopa, OyAYT paCCMOTPEHBI B 3aKIIOUYUTEIb-
HOU 4aCTH JOKJIaJa.
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AHanu3 myONMMKaIMOHHOW aKTUBHOCTH B 00JacTH JIIOMUHOGOPOB Ha OC-
HOBE (PTOPHUIOB MOKa3aj, 4TO HAOIIOJAETCS YCTOMYUBBIA POCT KOJIMYECTBA My0-
JUKAlMA 0 CHHTE3y U HUCCJICAOBAHMIO al-KOHBEPCHOHHBIX JIFOMHUHO(OPOB,
CocOOHBIX TpeoOpa3oBbiBaTh MK-u3mydeHne Hakadykd B BUAUMBIA JTHAMMa30H
CBETa. YBEJIMYEHUE MHTEpPECca CBSI3aHO MPEUMYILECTBEHHO C MEPCHEKTUBON HX
PUMEHEHUS B OMOMEIUIIMHCKUX MTPUIIOKEHUAX, a Takxke it yBennuenus KIT/1
COJIHEYHBIX MCTOYHHUKOB TOKA. J[711 mpUMEHEHUsI B MEIMLIMHE HEOOXOAUMO HC-
10JIb30BaTh HalMEHEE TOKCHYHbIE BellecTBa. B nmuteparype Haunboisee uccie-
nyemoit matpuieit ssisserca NaYFs u tomy nonoonsie ¢assl. B To xe Bpems
BECbMa MAaJIOMCCIIEZIOBAHHBIM SIBJISIETCS OMOCOBMECTUMBIA MaTepuan - (GTopus
Kanpius. OAHUM U3 CACPKUBAIOIIUX (PAKTOPOB €ro MPUMEHEHHUS SIBISETCS HU3-
KMl KBAaHTOBBIN BbIXOJ. B pesynbrare, 1efpl0 Halie paboTbl ObLT CHHTE3 H
UCCIIC/IOBAaHKNE JTFOMMHECIICHTHBIX Xapaktepuctuk CaF,:Yb:Er, a taxke momck
ONTUMAJIBHOTO COOTHOIIEHUS JIETUPYIOIUX 100aBOK. B paboTe Obu1 HCIONB30-
BaH METOJ COOCAXJICHUs U3 BOJIHBIX PACTBOPOB C MCIIOJIb30BAHUEM B KaueCTBE
(GTopupyrOUMX areHToB (TOopuaa aMMOHUS U PTOPOBOAOPOJHONW KHUCIOTHI, U3-
MEHSJIM TaK)Ke MOPSAOK J100aBiIeHusl peareHToB. COrinacHO JaHHBIM PEHTI€HO-
(a30BOro aHanaM3a B pe3ysbTaTe KaKJI0ro 3KCIEPUMEHTA ObUIM CHHTE3UPOBAaHbI
oOpas3iibl (JII0OPUTOBOTO TBEPAOTO PACTBOPA.

Ha puc. 1. npeacraBiieHbl TUIIMYHBIE CIIEKTPHI All-KOHBEPCUOHHOM JIFOMH-
HECIICHIIMM 00pa3lioB MPU HAKayKe Ha JIMHE BOJHBI 974 HM, KOTOpbIE XapaKTe-
PU3YIOTCSl HAJIMYMEM OJHOM MOJOCHl JIIOMUHECHUEHIMH B KpacHOM obsactu
CIEKTpa U JIBYX IOJIOC B 3€JIEHOI 00J1acTu criekTpa. B pe3ynbrare ananu3a sKkc-
NEPUMEHTAIbHBIX JAHHBIX OBUIO ONpPENETICHO, YTO HAWOOJBIIMKM SHepreThye-
ckuid Bbixof (3,11 %) ObL1 JOCTUTHYT NMPU MUCHOJIB30BAHUH METOAUKH COBMECT-
HOT'O MPUKAIbIBaHUS (PTOPOBOJAOPOIHON KUCIOTHI U pACTBOPA HUTPATOB B pEaK-
TOP 3aMOJHEHHBIN OUIMCTUIUTMPOBAHHOMN BOIOH.

PaboTa BbInosHEHa pH YacTUYHOU (prHaHcoBoU noanepxkke PODU (mpoekt
Ne 15-32-21152-moi1-a-Ben).
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MHOI'OCJIOMHBIE CTPYKTYPBI HA FA3E IIOPYCTOI'O KPEMHI
JU COJIHEYHbBIX SJIEMEHTOB

H.B. JlatyxuHa, /[.A. JIuzynkosa, I'.A. Poroxxuna
Camapckuti cocyoapcmeeHublil aspokocmudeckuti yHusepcumem, Camapa
E-mail: natalat@yandex.ru

AKTyaJIbHOCTh JaHHOM pabOThl OIpenessieTcs HE0OXOAUMOCTBIO MOBbI-
cutb KIIJ[ KpeMHUEBBIX COJTHEUHBIX AJIEMEHTOB.

s co3nanusi POTOUYBCTBUTENBHBIX CTPYKTYP HCIOJIB30BaJIUCh MOHO-
KPUCTAIUTMYECKHE TIACTUHBI KPEMHHUS C P-N MEPEeX0J0M U pa3Hou 00paboTKoit
paboyeil MOBEPXHOCTH: TEKCTYPUPOBAHHOMN, NUTM(OBAHHOW UM MOJIUPOBAHHOM.
TexcTypupoBaHHasi MOBEPXHOCTb MMENAa MHUKpOpENbed B BHJIE NPABUIBHBIX
YETBIPEXYTroJIbHbIX nupaMu]l (puc. 1). @opMupoBaHUE NOPUCTOTO CIOSI MPOBO-
JWJIOCh aHOJHBIM TPaBJICHMEM B BOJHO-CIHMPTOBBIX pacTBopax HF. Bo Bpems
aHOJHOTO TPABJICHMSI TEKCTYPHUPOBAHHOW MOBEPXHOCTH MOPOOOpa30BaHUE Ha-
YUHAETCs B MeECTaxX YIIyOJieHuss MHUKpopesbeda, Aajnee mopa pacTeT BriyOb
KPEMHHUEBOTO AJIEKTpo/a. B 3aBHCHMOCTH OT PEKUMOB TPABJICHUS MOXHO I10-
JYYUTh OTAEIBHO CTOSLIME KOJOHHBI C BEPIIMHAMH B BUJE MUPAMUM, OTJCIICH-
HBIX JPYT OT ApPYyra BHICOKOOMHBIMHM OOJIACTSIMHU MOPUCTOTO KPEMHHUsI (TEMHBIE
oOnactu Ha puc. 1). Ha moBepXHOCTH nupamMuj COXpaHsAeTcss N-TUI IPOBOJUMO-
CTH, TaK 4TO ()OTOUYBCTBHUTEIbHAS CTPYKTypa MpeACTaBisieT co00il MaTpuily
OTJEJIbHBIX BEPTUKAJIBHBIX JIMOJOB. 3aTe€M Ha pabO4yyl0 MOBEPXHOCTh HAHOCH-
JUCh KOHTAKThI U AUDIEKTPUUEKOE TTOKPHITHE

HccnenoBanust mokazand XOpourylo (OTOUYBCTBUTEIHHOCTH 0Opa3IoB
(puc. 2). JIy4mine crieKTpaibHble XapaKTEPUCTUKU UMENIHU 00pa3libl ¢ MOPUCTHIM
cioeM u nokpeiteM u3 DyF3. [Ipu HexkoTOpoM ymeHbIIEHMH (OTOUYBCTBU-
TEJIBHOCTH B KOPOTKOBOJIHOBOW 4YacTU cHeKTpa, oOpasubl ¢ ruieHkod DyF3
UMEIOT 3aMETHOE YBEIMYCHHE B JJIMHHOBOJIHOBOW. DTH PE3yNIbTAThI MTOKA3bIBA-
IOT NEPCHEKTUBHOCTD UCIIOJIB30BAHUS TAKUX CTPYKTYP B COJIHEUHBIX JIEMEHTaX

[1].
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Puc. 1. POM-u3o0paxenue Tek- Puc. 2. CnektpaibHble 3aBUCUMOCTH 00PAa3II0OB C
CTYpPUPOBAHHOW MOBEPXHOCTH nopuctbiM ciioeMm DyF3z u 6e3 Hux

C ITOPUCTBIM CJIOCM.
1. N.V. Latukhina, A.S. Rogozin, G.V. Puzyrnaya at al., Procedia
Engineering 104, 157-161 (2015).
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B3AVIMOJIEMCTBHUE JIASEPHOI'O U3JIYYEHU S BJIVDKHETO
NK-IUAITA30HA CIIEKTPA C Yb-COLEPXALIMMU AUSJIEKTPUYE-
CKUMUN HACTULIAMU

C.A. Xpymamuaal!, [1.A. Ps6oukunal, B.M. Kamxkun®, A.C. Barernes?,
O.M. Taiitko®, E.E. Jlomonosa*, H.}O. Ta6aukoBa®
! Hayuonanononi uccreooeamenscrkuii Mopdosckuii 20cyoapcmeenubvlii yHueep-
cumem um. H.II. Ozapesa, Capanck
2 Institute of Physics, Tartu, Estonia
3 Uncmumym obweii u neopeanuyecxkou xumuu um. H.C. Kypnaxoea PAH,
Mocxesa
4 Unemumym obweti pusuxu um. A.M. Ipoxoposea PAH, Mocksa
SHUTY MUCHUC, Mockea
E-mail: anabel-2005@yandex.ru

B Hacrosimiee BpeMs WHTEpec ISl MCCienoBareNied MpeCcTaBiIsioT Ju-
ANEKTPUUECKUE HAHOpPA3MEPHbIE COCAMHEHHS, aKTUBUPOBAHHBIE PEIKO3EMENTb-
HeiMH (P3) nonamu. Bo30yxeHre JaHHBIX YaCTHIL JIa3€PHBIM U3TyYEHUEM OTI-
PEICIICHHBIX JJIMH BOJIH MPUBOJUT K BOSHHUKHOBEHHUIO B HUX JIIOMUHECIICHIIUU
P3-moHOB, 4TO 00YCIOBIMBAET UX UCIOJIb30BAaHUE B OMOMEIUIIMHE B KaueCTBE
BU3YaJIU3aTOPOB M OMOJIOTHYECKUX METOK.

Hapsiny ¢ myOnukanusiMy, MOCBSIIIEHHBIMH HCCIIEOBAHUSAM JIOMHHEC-
1eHId P3-MOHOB B JHMAJIEKTPUYECKUX HAHOYACTHUIAX, CYIICCTBYIOT pPabOTHI,
CBUJICTEIHCTBYIOIINE O TPOSBICHUH MOJAOOHBIMH YACTHUIIAMHA CBOWCTB, OTIWY-
HBIX OT CBOMCTB OOBEMHBIX KPHCTAIIJIOB aHAJIOTUYHBIX COCTaBOB. B wacTHOCTH,
psn aBTOpoB [1-4] cooOImaeT 0 MOSIBICHWU IIMPOKOIMOJIOCHOTO H3IYYEHHUsS B
UTTEPOUIA-COePIKAIINX COCTUHCHUSX TMPU BO30YKIECHWU JIa3ePHBIM H3ITyde-
HHEM B nosocy nornomenus noHos Yb3*. Tlogo6Hoe sBIeHME HAGIIOAATIOCH B
nanomoporkax LiYbP4Oi1, [1], Y20::Yb,Er [2],Yb3Ai5012 [3], a Takke Kepa-
muke Y203:Yb®* [4], ogHako cpeay aBTOPOB HET OJHO3HAYHOIO MHEHHUS O IIPH-
YIHAX BOSHUKHOBEHHUS ITUPOKOIIOIOCHOTO U3JIYYCHHS B JAHHBIX COCTUHEHUSX.

B nacTosimei pabote coob1aercst 0 HabJIIOACHUH IIUPOKOMOJIOCHOTO 13-
Jy4eHUS M €ro XapaKTepUCTUKaX B HAHOPA3MEPHBIX YaCTHUIIAX KOHIICHTPAIIMOH-
HBIX psAnoB opTodocdaroB u ruapaTtoB opTodocharoB UTTPUS, JTETHPOBAHHBIX
nonamu Er**, Yb*', a taxxke wactnmax Ybh,O3 u ZrO,-Yb,0;3. Ilpusogsrcs skc-
NepUMEHTANIBHBIC (PAKThI, CBUACTECIBCTBYIONIME O TEIIOBOW MPHUPOJIE IMHUPOKO-
MIOJIOCHOTO M3JIYUYEHUS W TIPEJIararoTcsl BO3MOXKHBIC MEXaHU3MBI €r0 BO3HUK-
HOBEHUHI.

1. W. Strek, L. Marciniak, A. Bednarkiewicz, at al., Opt. Express 19, 14084
(2011).

2. S.M. Redmond, S.C. Rand, S.L. Oliveira. Appl. Phys. Lett. 85, 5517
(2004).

3. J. Wang, J.H. Hao, P.A. Tanner, Optic Lett. 35, 3922 (2010).

4. J.-F. Bisson, D. Kouznetsov, K.-I. Ueda, at al., Appl. Phys. Lett. 90,
201901 (2007).
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PE3OHATOPHBLIE MHOI'OCJIOMHBIE CTPYKTYPBI, COJJEPXXAIIVE
HAHOKPUCTAJIJIBI KPEMHMA 1 TEPMAHUSA
3

JLA. I'paues?, C.A. T'apaxun?, A.B. benomnenxuii?, A.H. 16noucknii?,
B.A. Annpees'?, A.B. Epmios?
! Hayuonanomwiii uccneooeamenvciuii Huscezopoockuil 20cydapcmeeniwiil yHu-
eepcumem um. H.U. Jlobauesckoeo, Huxcrnuti Hoeeopoo
2 @uzuxo-mexuuyeckuti uncmumym um. A.@. Hogpgpe PAH, Canxm-ITemepbype
3 Uncmumym ¢usuxu muxpocmpykmyp PAH, Huocnuii Hoe2opoo
E-mail: grachov@phys.unn.ru

[TpoBeneHbl CTPYKTYpPHBIE M ONITUYECKUE MCCIETOBAHNS HAHOKPUCTAIIIIOB
Si u Ge B pe30HATOPHBIX CTPYKTypaxX. MHOTOCIIOWHBIE HAHONICPUOIUICCKUC
CTPYKTYPBI OBUTH TIOTYYEeHBI MeToIoM ¢u3ndeckoro ocaxaenue SiO (mm GeO)
u SiO; U3 OBYX pas3lenbHBIX UCTOYHUKOB. DopMUpOBaHNE HAHOKPUCTAIIOB
CTUMYJIMPOBAIOCH OTKUTOM B aTMocdepe azorta: pu 1000-1100°C mist cTpyk-
typsl SIO/SIO; [1], u npu 400-600 °C nns GeO/SiO; [2]. Pazmepsl HaHOKpH-
CTaJUIOB BapbUPOBAIMCH OT 3 0 8 HM KaK IIyTeM M3MEHEHMS TeMIIEpaTypsl OT-
)kura [1], Tak 1 TOIIMHBI CIOEB [3], KOTOPBIE COCTABIISLIM HECKOJIBKO HAHOMET-
poB. Pe3onaTopHbIe CTPYKTYpbI OB U3TOTOBJICHBI HA KPEMHHUEBBIX MOTIOKKAX
U COCTOSJIM U3 JBYX paclpeesIeHHbIX OpA3rrOBCKMX OTpaskaTeled ¢ aKTHBHOMN
CpENoi, 3alI0OJIHEHHON HaHOKpUCTAIIIaMU [4].

CranuonapHasi (pOTOIIOMUHECIEHIIMA HM3ydajach B YCIOBUSX HaKayKu
Nd:YAG nazepa (A = 532 uM). CrekTpsl ¢ BPEMEHHBIM pa3pelieHUeM ObLIH
nostydeHsl npu Hakauke N nmazepa (A = 337 uMm, 7 Hc, 45 T'). U3mepenus npo-
BOJWJIMCH MPY KOMHATHOM TeMIepaType.

Bbul0 yCcTaHOBIIEHO, YTO MCIOJB30BAaHUE PE30HATOPHBIX CTPYKTYp MHpH-
BOJIWT K 3HAYUTEILHOMY CYKEHHUIO TIMKOB JIIOMUHECTIEHIIUU 10 20 HM U B TO kKe
BpeMs MOBBIIICHUIO UX UHTEHCUBHOCTHU 10 50 pa3. Ocoboe moiaokeHne MaKcu-
MyMa TIOJIOCHI JIIOMHHECLIEHIIMU OTpEACIAeTCs KOHCTPYKIIMEH pe30oHaropa: pa-
Oounii quamazoH mis ctpykryp SiO/SiO; cocrarmsm 650-850 uam u 1000-750
oM s GeO/SiO,. [{nst pe30HATOPHBIX CTPYKTYpP IO CPaBHEHHIO CO CTPYKTY-
pamu 0e3 3epkail HaOI0gaeTcsl COKpallleHue BPEMEHU U3ITyUeHUsl.

B menom ucciaenoBaHue pe3oHATOPHBIX CTPYKTYpP HE TOJBKO XOpoIlas
BO3MOXKHOCTh YBEIMYUTHh (YHKIIMOHATIBHOCTh KPEMHHEBOW (POTOHUKH, HO H
Takke Oojiee IIMPOKO HCCIenoBaTh (yHAAMEHTalIbHbIE BONPOCHl JIFOMHU-
HECIICHIINA KPEMHHUEBBIX U T€PMAHUEBBIX HAHOKPHUCTAJIIOB.

1. L. Vaccaro, L. Spallino, A.F. Zatsepin et al., Physica Status Solidi (B).
252, 600 (2015).
2. M. Ardyanian, H. Rinnert, M. Vergnat, Journal of Luminescence 129, 729

(2009).

3. AV. Ershov, I.A. Chugrov, D.I. Tetelbaum et al., Semiconductors 47, 481
(2013).

4. A. Belarouci, F. Gourbilleau, R. Rizk, Journal of Luminescence 121, 282
(2006).
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KOMITO3UTHBIE CTPYKTYPbI HA OCHOBE TTOJIMMEPHBIX KAIICYJI

C HAHOPA3SMEPHBIMU KPUCTAJUTMYECKUMU YACTULIAMU OPTO-

®OCDATOB U OPTOBAHAJIATOB C PEJIKO3EMEJIbHBIMU MIOHAMU
JUTS1 BUOMEJIMLIMHCKUX TIPUMEHEHUI

M.H. XKapxkos !, C.A. Xpymanuna®, I.A. Pa6ouknna®, H.A. ITaTaes?,
I'.5. Cyxopykos*?
Hayuonanvnouii uccreoosamenvckuii Mopooeckuii 20cy0apcmeeHiviil yHueep-
cumem um. H.II. Ozapesa, Capanck,
2Queen Mary University of London, United Kingdom

Huzkas n30upaTenbHOCTh ACUCTBUS U BHICOKAs] CHCTEMHAs TOKCUYHOCTh
IIPOTUBOOIYXOJIEBBIX MPENApPaTOB SIBJIAECTCA OJHOM M3 HaMOoJIee aKTyaJIbHBIX
npobJieM B COBpEMEHHOM MeauliuHe U papMakoiaorui. OQHUM U3 MOAXO0I0B K
pEIIEeHUI0 JaHHOU MPOOJIEMBI SIBISIETCS MHKAMCYTHPOBAHIUE XUMHUOTIPENapaToB
B pa3IM4HbIE HOCUTENIHU. B mocnenHee BpeMs TOCTUTHYT OOJIBILION Mporpecc B
CO3JaHUH MOJUMEPHBIX HAHO- U MUKPOKAIICYJIL.

JUIsL cO31aHusI CUCTEM aJIPECHOM JOCTABKHU JIEKAPCTBEHHBIX MPENapaToB
HEOOXOJMMO OCYLIECTBIIATh KaK yNpaBIseMOE IMepeMEIleHue Karcyl, TaKk U
JUCTAHIIMOHHOE YIIPaBJIEHHE MPOHUIAEMOCThI0 MX oOojyouek. CyliecTByIOT
pa3auyHble COCOOBI BO3/IEHCTBUS HAa 000JIO0UYKY Karcyll, KOTOpble MOTYT IIpH-
BECTU K BBICBOOOXKICHHIO MaTepuaja, MOMELIEHHOIO BHYTpPb: (hHU3HUECKOe
(nmazepuoe uznyuenne, CBY), xumudeckoe (u3menenue pH) u 6uonornyeckoe
(BozneiicTBue (pepmMeHTA).

Jiist obecnieueHusi 4YyBCTBUTEILHOCTH K JIa3€pPHOMY M3JIyYEHHIO B COCTaB
000JIOYKH MOTYT OBbITh BKJIFOUEHBI HAHOYACTHIIBI METAJIJIOB WIIM JIPYTUX UX CO-
€AMHEHUI (OKCHIIOB, COJIEH), MOJIEKYJIbl OPraHUYECKUX KpacUTeed, KOTOphIe
MMEIOT TTMKH TIOTJIONIEHUS B BUIuMon u ommkHelt MK-obnactu ciektpa.

B nacrosmeit pabote o0cyxaaercs crnocod MpUMEHEHUsT KpUCTaIhye-
CKUX HaHoYacTull oprodocdaTtoB U oproBaHaAaToB P3D 1ist BCKpHITUS MHK-
POKAIICYJI ITPU BO3JAEHCTBUN HA HUX JIA3EPHOTO U3JIy4CHMUS.

HarpeBanue KpucCTalIM4ecKMX HaHOYACTUL[ OpTOPoc(aToB U OpTOBA-
HanatoB P30 mpu BO3AEHCTBUM HAa HUX JA3€PHOIO M3IYUYEHUS MOXKET ObITh
00yCIIOBJIEHO JBYMsI HanOoJjiee BO3MOKHBIMM MEXaHU3MaMU. DHEPIus Jiazep-
HOT'O U3JTy4YeHUs, nornomieHHast P3-noHoM, MOXKeT ObITh NepesiaHa Ha KoJieha-
TenbHbIe ypoBHU OH-Tpymm, u 3aTeM B pe3ynbTare 0e3bI3aydaTebHON penak-
caiuu TpaHc(opMUpOBaHa B TEIIOBOE U3TyUeHUE. TakKe BOBMOXKEH Pa3orpen
YacTUI] B pe3yJibTaTe Oe3bI3yyaTeIbHOM pENaKcallud C 3HEPreTHYECKUX
ypoBHei# camoro P3-noHa.

B pabote npeacTaBieHbl SKCHEPUMEHTANIbHBIE PE3yJIbTaThl, CBUACTEIb-
CTBYIOIIME O HArpe€BaHUU OOPA3I[0B TOHKOJMCIIEPCHBIX MOPOUIKOB U KOJIJIOU-
JIOB COCTaBOB: Y.99Er001PO4, Y0.95Er005POs 1 Y 5ErgsPO4 ipu BO3mEiicTBUM
Ha HUX JIA3EPHBIM U31yYEHUEM C JUIMHOM BOJIHBI 532 HM.
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D®A300BPA30OBAHMUE ITPY CUHTE3E HEOPTAHUYECKHMX HAHO®TO-
PMJ10B IIEJIOYHO3EMEJIbHBIX U PEJIKO3EMEJIbHBIX OJIEMEHTOB

M.H. Maskoga, IL.I1. ®enopos, A.A. JIyrununa, C.B. Ky3Henos,
B.B. BopoHos
Hncemumym obweti gouzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: mn.mayakova@gmail.com

Hanodropunsl — OypHO pa3BuBaromascs 00JacTh HEOPraHMYECKOTo Ma-
TepuanoBeneHus. CBOMCTBA, MPOSIBIsIEMble HaHOMAaTepUAIaMU, a TAKXKE YHHU-
KaJIbHBIN HA00p (M3UKO-XUMHUYECKUX CBOWCTB (PTOPUAOB O0YCIOBIMUBAIOT BO3-
MO>KHOCTH HCIIOJIb30BaHUS HAHOTOPOLIKOB (PTOPUAOB B PA3IMUYHBIX 00IACTAX
HAYKH U TEXHUKH (JIOMUHO(OPHI; TPEKYPCOPHI I Ja3epPHON U CHUHTHILISIU-
OHHOI KepaMHKH; KOMIIOHEHTHI AJIEKTPOXUMUYECKUX YCTPONCTB, MPOCBETIISIO-
M€ TMOKPBITHS, KaTaIN3aTOPbl, OMOMEIUIIMHCKUE PUIOKEHU U T. 1.). Llensto
JaHHOU paboThl OBLIIO YCTAHOBJIEHUE OOLINX 3aKOHOMEPHOCTEHN CHHTE3a HaHO (-
TOPUOB CIIOKHOTO COCTaBa METOJIOM COOC@XJEHUS U3 BOJHBIX PAacTBOPOB U
pa3paboTKa METOJIMK MOJYYEHHUs MOPOIIKOB ¢ (PYHKIIMOHAILHBIMU CBOMCTBAMU
(JTroMUHO(OPBI, CHUHTUIUISITOPHI).

Bbbu10 yCcTaHOBNIEHO, UTO CUHTE3 HaHOPTOPHUIOB CIIOKHOTO COCTaBa, Kak
IPABUJIO, OCYIIECTBISETCS MOCPEICTBOM HEKJIACCHUECKOIO0 MEXaHU3Ma pocTa
KPUCTAJUIOB IyTEM arjioMepaliii HaHOYACTHI] U MPUBOAUT K 0Opa30BaHUIO HE-
paBHOBECHBIX (ha3 MEepeMEeHHOTo cocTaBa. [Ipu mepexone Ha HAHOYPOBEHb IPO-
UCXOAWT TIOBBIIIEHNE CUMMETpUN (Pa3bl, a TakKe MCUE3HOBEHHE OTPAaHKU KpHU-
ctayuioB. Pa3oBbie TUAarpaMMbl OMHAPHBIX CHCTEM IIEIOYHO3EMENTbHBIX U Pe/l-
KO3eMETbHBIX (TOPUAOB, MOJYyUYEHHBIE Ha OCHOBE JaHHBIX COOCAXKICHUS W3
BOJIHBIX PAaCTBOPOB MPH KOMHATHOHN TeMIepaType, Kak MpaBmiio, HE COOTBETCT-
BYIOT (Da30BbIM AMarpaMMam, MOJy4YEeHHbIM IPpU 00pabOTKe NaHHBIX TBEpAO(ha3-
HOTO cuHTe3a. bt 0OHapyxeH 3¢ dekT n3Menenus $a3oBOro cocTaBa B 3aBH-
CUMOCTH OT TOCJIEIOBAaTEIbHOCTH BBEJIEHUS KOMIIOHEHTOB. B psane uccieno-
BaHHBIX CHCTEM OBbLIM BBISBICHBI HOBbIE (ha3bl. HalineHHbIe 3aKOHOMEPHOCTH
MOTYT OBITh IPUMEHEHBI TIPU Pa3padOTKE TEXHOJOTHH CHHTE3a (YyHKIIMOHATb-
HBIX MTOPOIITKOB HAHO(PTOPUIOB U MATEPUATIOB HA MX OCHOBE.
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CHUHTE3 1 NCCIIEAOBAHUE AIT-KOHBEPCHMOHHBIX
JIIOMMHO®OPOB HA OCHOBE HAHOITOPOIIKOB
SrF2:Yb:R (R = Er, Tm)

1O.A. Poxnoga, C.B. Ky3nenos, M.H. MasikoBa, B.B. Boponos, P.I1. Epmakos,
A.B. Ps6oga, /1.B. [TomunoBa, I1.I1. degopos
HUncmumym obweti gouzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: mn.mayakova@gmail.com

B nocnemnue ronbl omHEM U3 OypHO pa3BUBAIOIINXCS HAIIPABICHHUM SB-
JSIeTCsl UCCIIEOBAHUE all-KOHBEPCUOHHBIX JTIOMHUHO(DOPOB, MO3BOJISIOMINX TIpe-
oOpa3oBbIBaTh OmmxkHee nHPpakpacHoe u3nydenue (BUK) B Buaumbiii auamna-
30H cBeTa. [ momyueHus: BbICOKOA((HEKTUBHBIX IIOMUHO(GOPOB C IHEpreTHY e-
CKOM TOYKH 3pEHHSI HEOOXOJIMMO HCIIOJIb30BaTh BELIECTBA C MaJOW SHEprueu
(OHOHOB KPUCTANTUYECKON PEIIETKH, B CBSA3H C YeM HauOoJiee MUPOKO Hccie-
nyroTcst GTopuabl (B BUAE CTEKIOKEPAMHUKH M KPUCTAJUIMUECKUX MOPOIIKOB)
JUTsl IPUMEHEHHUST B MEJIMIIMHE, UCTOYHUKOB Oesioro ceeta u yBenuueHun KI1J]
COJIHEUHBIX OaTapei.

Ilenpro gaHHOM pabOTHI SABISAJIACH pa3pabOTKa METOJIUKH CHHTE3a OJIHO-
¢da3HBIX TMOPOIIKOB Ha OCHOBE (hTOpHUIIa CTPOHIMUS, JETMPOBAHHOTO IapaMu
Yb3*:Er¥* n Yb*:Tm®, a Taxke ux QuU3MKO-XMMHMYecKas U JIOMUHECLEHTHAs
XapakTepu3aius A1 yCTAaHOBJICHHS B3aUMOCBSI3U «COCTaB — JIIOMUHECIIEHTHBIC
XapaKTEPUCTUKN» CHHTE3UPOBAHHBIX TTOPOIIIKOB.

MeTomoM coOCaXACHHUS M3 BOJHBIX PACTBOPOB MPHU MCIOJIL30BAHUH HUT-
paTa CTPOHITUS, HUTPATOB PEAKO3EMEIbHBIX 3JIEMEHTOB, (PTOpUIa aMMOHHS H
(GTOPOBOAOPOTHON KHCIOTHI CHHTE3MPOBAHBI OJHO(MA3HBIC MOPOIIKH TBEPIBIX
pacTBOPOB Sl YDErFaixiy 1 SrixyYB TMyF2ixiy co cTpykTYpOI#i (mroopuTa,
IIPUYEM COJIepKaHUe PeAKO3eMeNbHBIX 351eMeHToB (P39) BapsupoBaiocs B 1Iu-
pokoM auanaszone koHieHtpauui (ams nap Yb/Er: x = 2+12; y = 0.1+3 momn. %;
st map Yb/Tm: x = 1+30; y = 0.1+6 moi. %).

B pesynbraTe paboThl oTpaboTaHa METOAMKA CUHTE3a U YCIOBHS TEPMO-
00pabOTKN CUHTE3UPYEMBIX MOPOIIIKOB.

[Ipoananu3upoBana 3aBUCUMOCTb DHEPIETHUYECKOTO BBIXOJA arl-KOHBEP-
CUOHHOM JIFOMUHECIICHITUH ISl TOPOIIKOB HAa OCHOBE (PTOpHUIA CTPOHIIMS, JIETHU-
poBanHoro mapamu YD:Er u Yb: Tm B 3aBucumoctu ot comeprxkanust P33. Onpe-
JIeNICHBl TIEPCTIICKTUBHBIE COCTaBBl al-KOHBEPCHOHHBIX JIFOMHUHO(POPOB Sy
yYDENRF iy (x =5+7,5; y = 0,542 Moi. %) 1 Sriyy YD, TMyFoiiiy (x = 105 y =
0,1+0,2 Mon. %), KOTOpble MOTYT OOECHEYUTh an-KOHBEPCUOHHYIO JIFOMHHEC-
IEHITNIO C YHEPTETHYECKUM BBIXOZOM Oojiee 5 % Mpu HaKauKe MOTYIPOBOIHH-
KOBBIM JIA3€pOM Ha JJIMHE BOJIHBI 974 HM M IUIOTHOCTHM MOIIHOCTH HakKadyku |
Bt/cM?.

PaGota BeIMonmHeHa mipu (UHAHCOBOW moamepxkKke rpaHTa POOU
Ne 16-32-00654 mon_a.
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[MOJIYYEHUE METOAOM ALD HAHOPA3MEPHBIX ITJIEHOK Al,O3
HA HAHOCTPYKTYPUPOBAHHON ITIOBEPXHOCTH AJTFOMUHNA

A.B. lonranos, B.C Xpamos, B.I1. Mumikun, A.Il. Jlonapesa, K.H Humies
Mopooeckuii cocyoapcmeennuiil ynugepcumem um. H.I1. Ozapesa, Capanck
E-mail: dolganov_sasha@mail.ru

[TopucTbie MIECHKU OKCHIa aIFOMUHUS SIBJISIOTCS SIPKUM MPUMEPOM IIPO-
CTPAHCTBEHHO-YIOPSIIOYEHHBIX CTPYKTYp, HMMEIOMIMX BaXHOE MPAKTUUYECKOE
3HauyeHue. [laHHbIN MaTepua SBISETCS OCHOBOM JJIsl CO3/1aHus OOJIBIIOTO Kpyra
HAHOMATEPHUAJIOB ¥  BBICOKOTEXHOJIOTMYHBIX  YCTPOWCTB: 3JEKTPOJATHYC-
CKHUX KOHJCHCATOPOB TOBBIMICHHONH €MKOCTH, (DOTOHHBIX KPUCTAJLIOB, MATPHII
st GOPMHUPOBAHUSA HAHOCTPYKTYP Pa3IUYHOTO COCTaBa M T€OMETPHH, TMOJI0-
KEK JJI Ta30BBIX CEHCOPOB.

B nokmane npencraBieH HOBBIN TTOXO0/ K TIOJYYCHUIO OPUEHTHPOBAHHBIX
BBICOKOTIOPUCTBIX HAHOCTPYKTYypUpoBaHHBIX IuieHOK Al;O3; Ha moBepxHOCTH
anmoMuHueBbIX (Goiibr. Criocod OCHOBaH Ha HAHECEHUH METOJIOM aTOMHO-CJIOe-
Boro ocaxjaeHus (ALD) nanopasmepnbix cioeB Al,O; Ha mpeaBapuTenbHO
c(hOpMHUPOBAHHYIO Ha TMOBEPXHOCTH ATIOMUHHUS BBICOKOYMOPSAOUYEHHYIO CHC-
TEMy HAHOMOp, KOTOpasi MOJydaeTcs MyTeM SJECKTPOXUMHUYECKOTO OKHCICHHUS
ATIOMUHUA B pa30aBJIEHHBIX PaCTBOPaX KUCIOT C MOCIEIYIONUM KUTISTYCHUEM B
CrO3+H3PO4. B pesynbrare, o JaHHBIM PacTPOBOM AJIEKTPOHHONW MUKPOCKO-
nuu (POM) u ckanupyroiei 30H10Boi Mukpockonuu (C3M), Ha TOBEPXHOCTH
ATFOMUHUSA (OPMHUPYETCS YIOPSIOYCHHAS CTPYKTypa IMMIHMHAPUICCKUX KaHa-
JIOB, PACHOJIOKEHHBIX MEPICHIUKYIAPHO MOJIOKKE W 00pa3yromMX TeKcaro-
HAJIBHYIO CeTKY (puc. 1).

—_—— 0.00
1.00 um 3.00 x 3.00 um

Puc.1.

BrIssBIEHBI KOppEIALMU MEXAY YCIOBUAMHU DJIEKTPOXUMUYECKOTO OKHC-
JICHUs AJIFOMUHMS ¥ pa3MepaMM JIOMEHOB, JOJIEH IIOP B I'€KCATOHAJIBHOM OKpY-
KEHHUH U IapaMeTpaMu JIOKaJIbHOTO nopsiika. Paspaborana MmeTonuka cuHTe3a U
no00paHbl ONTUMAJIbHBIE YCIOBUS (DOPMHUPOBAHUSI MOPUCTHIX HAHOCTPYKTYP
Ha IIOBEPXHOCTU AIIOMHUHHUS C MAKCUMAIBHOM CTEIEHBIO YIOPSAAOYEHHOCTH.
[Tokazano, yto merogom ALD Ha maHHOW CTPYKType MOTYT OBITH MOIYYEHBI
HAaHOCTPYKTYPUPOBAHHBIE CJIOM OKCHUJIA AIIFOMUHUS 33JaHHOMN TOJILLIUHBI U MOP-
dhonoruu.
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CHUHTE3 U ®U3UKO-XUMHWYECKUE CBOMCTBA
HAHOKPUCTAJIJIMYECKUX TTOPOILIKOB MgAl,O4: Eu*/Eu®*

E.B. T'onbepal?, U.E. Konecuaukos®, M.Jl. Muxaiinos!, A.B. Cannynenko?,
U.A. Coxonos?

! Hayuno-uccnedosamenvckuil u mexnono2udeckutl UHCMunyn onmu4ecko2o
mamepuanosedenus BHL] «'OU um. C.U. Basunosay, Cankm-Ilemepoype

2 Canxm-Ilemepbypackuii nonumexnuyeckuii ynusepcumem Ilempa Benuxozo,

Canxm-Ilemepoype
3 Canxm-Ilemepbypackuti 2ocyoapcmeennviii ynueepcumem, Cankm-Ilemepbype
E-mail: lenysik_net@mail.ru

OxcH/IHbIE HAHOKPUCTAILIMYECKUE MAaTepHUaibl, JETMPOBAHHBIE PEIKO3E-
menbHbIMU HoHamu (P3U), Gmarogaps HaObopy OCOOBIX (DM3MKO-XUMHUYECKUX
CBOMCTB SABJISIFOTCS OOBEKTOM WHTEHCUBHBIX HMCCIIEJOBAaHUN HAy4YHOrO M MpPH-
KJIAIHOTO XapaKTepa U LIMPOKO MPUMEHSIIOTCS B KAUECTBE JIIOMUHECIIEHTHBIX
HOKPBITHI, METOK, MAPKEPOB B OINTHUKE, ONTOIJIEKTPOHUKE, MEIUIINHE, OHUOJIO-
ruu. boJbloi WHTEpec MPeACTaBISAIOT HAHOMOPOIIKM AJIFOMOMArHMEBOW IIMU-
Henu (AMILI), nerupoBaHHO MOHAMU TpeX- U ABYXBAJIEHTHOTO eBpomnus. Bos-
OyXJIeHHE JIOMHUHECLEHLIUH B HUX BO3MOXXHO NpPU BO3ACHCTBUM H3YUECHMS
ommwkHero Y® nuamazona. JlerupoBaHue MOHAMH JBYXBAJICHTHOTO €BPOIHUSA
o0ecrieynBaeT BHICOKYIO HHTEHCUBHOCTD U KBAHTOBBIN BBIX0]1 TIOMUHO(DOPOB HA
ocHoBe AMIII.

[{eas gaHHOTO MCCIEI0BAHUS — CHHTE3 U UCCIEN0BAHUE (PU3UKO-XUMUYE-
CKHMX CBOMCTB HaHONOpOmKOB AMIII, akTHBUpPOBaHHON MOHAMH TpPEX-, IBYXBa-
JeHTHOro eBponus. [[ns momydeHuss HAHOPA3MEPHBIX KPUCTALNTMYECKUX I10-
pomkos MgAl,O,: Eu**/Eu?* B paboTe npuMeHsAnu MOAU(PUIUPOBAHHBIA METOL
[TeurHM, BKIIFOYAIOIIUNA TOMOJHUTEIBHYIO TEPMUUECKYIO0 00pabOTKYy B pacIijiaBe
XJopuaa Kajaus JUIsi CHUXKEHMSI CTENeHHu arjioMeparuu vactuil [1]. ITpoBeneHo
UCCIICIOBAaHUE BJIUSIHUE TEMIIEPATypbl U BPEMEHU MEPBUYHOTO U BTOPHUYHOTO
IPOKAJMBAHUI MOPOLIKOB B MPOIECCE CUHTE3a Ha UX CTPYKTYpPY, (a30BbIi CcO-
CTaB, MOP(QOJOTUI0O U CIEKTPaJIbHO-IIOMHHECLIEHTHBIE CBOMCTBA. B pabote
TaK)K€ M3Y4YEHbI CIEKTPhl JIIOMUHECHEHIMH (TpU pa3HBIX criocobax Bo30yxIe-
HUS), TOJIY4YEHbl W HCCIENOBAaHbl KOHIIEHTPAIMOHHBIE CEpUH 00pasIoB
MgAl,O,: Eu**/EU?*, ompenenensl ONTUMANBHBIE KOHIIEHTPALUMKE MOHOB €BPO-
nust B Marpuiie AMIII. MccnenoBanus CBOMCTB MOJYYEHHBIX 00pa3lioB MpoOBe-
JIEHBI C UCIIOJb30BaHUEM 000pyioBaHus pecypcHbIX 1eHTpoB CIIOIY «Pentre-
HOIU(PPAKIMOHHBIE METOJbI UCCIEN0BaHUs», «ONTUYECKUE U JIa3epHbIE METO-
JIbI UCCIIEIOBAHUS BELIECTBAY.

Pabota BeinosHeHa npu (UHAHCOBOM MoAAepKke MUHKHCTEPCTBA 00pa30-
Banus u Hayku P® B pamkax Cormamenus Ne 14.604.21.0078
(RFMEFI160414X0078).

1. E.V. Golyeva, D.V. Tolstikova, I.E. Kolesnikov at al., J. Rare Earths.
33(2), 129-134 (2015).
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MV JIbTUCITEKTPAJILHBIN OIITUYECKU MATEPUAJI HA OCHOBE
HAHOKPUCTAJUIMYECKOM KEPAMUKU AJTIOMOMATHUEBOU
ILITTAHEJIA

E.B. l'oabeal?, M.JI. Muxaiinos?, 1.A. Cokon0B?

! Hayuno-uccnedosamenvckuil u mexnono2udeckutl UHCMunyn onmu4ecko2o
mamepuanosedenus BHL] «'OU um. C.U. Basunosay, Cankm-Ilemepoype
2 Canxm-Ilemepbypackuii nonumexnuyeckuii ynusepcumem Ilempa Benuxozo,
Canxm-Ilemepoype
E-mail: lenysik_net@mail.ru

J{nst pa3BUTHS COBPEMEHHOM HAYKU U TEXHHMKH, B YACTHOCTH JUIsl CO3J1a-
HUSI ONTUKO-3JIEKTPOHHBIX CHCTEM IOBBIIIEHHOTO KAauecTBa, aKTyaJIbHOUW 3ajia-
yel SIBISETCS] TMOMCK HOBBIX WJIM YCOBEPIICHCTBOBAHHME HMEIOIIMXCS ONTUYE-
CKMX MaTepHaliOB. B 4HncIie MepCHEKTUBHBIX HEOPraHUYECKUX MATEPHUATIOB OCO-
00e¢ MecTO 3aHMMaeT ONTHYEeCKas KepaMHKa ajJlOMOMArHUEBOW IIIMHHEIH
(AMIII). CoueTaHue BBICOKMX ONTHYECKHUX, MEXAaHHUYECKUX M APYTUX (PU3HUKO-
XUMHUYECKHX CBOMCTB 00YCIIOBIMBAIOT MHpoKoe nmpuMeHeHne AMIII B kauecTBe
po3payHorl OpoHH, OOTEKaTeNel pakeT, IMOIOKEK JJIsd AJICKTPOHHBIX YCT-
poiictB. AMIII, nerupoBanHas noHamu nepexoanbix meramios (Fe, Co, Ni, Ti u
JIp.), MIPEJCTaBIISICT UHTEPEC ISl CO37aHUs UCKYCCTBEHHBIX IPAaroleHHBIX KaM-
Hell. Mcronp30BaHrEe HAHOMIOPOIIKOB B TEXHOJIOTHHM ONTHYECKUX KEPAMHUK CIIO-
COOCTBYET YJYUIIICHUIO UX CIEKAEMOCTU W YIUIOTHEHUIO U 3HAYUTEIBHO MOBBI-
1a€T MEXAHUYECKHUE U ONTUYECKUE CBOMCTBA KOHEYHOI'O MPOIYKTA.

[lenb maHHOI pabOTHI — CHHTE3 U UCCJIEAOBAHUE CBOMCTB HAHOIIOPOIIKOB
AMIII n onTuyecko KEpaMHKH Ha WX OCHOBE ISl MOJYYEHUS MYJIbTUCIECK-
TpaJIbHOr0 MaTepuana, npo3payHoro ot Y® no OmmxHero MK nuamazona qivH
BOJIH. /{7151 MI3roTOBNIEHUSI KEpAMHUKU B pab0OTE UCIOJIH30BAIUCH HAHOPA3MEPHBIC
nopomikn AMIII, cuHTE3UpOBaHHBIE CIEAYIOIIMMU METOJAMH «MSTKON XH-
MHW»: MOJAU(PUIIUPOBAHHBIM MeToA0oM [leunnu [1] 1 MeTo1OM TUIpOIIM3a IBO-
Horo m3omnpomnuitara Mg-Al [2]. Kepamuueckue oOpasisl MOJIy4eHbI METOI0M
ropsiYero OJHOOCHOTO NPECCOBAHUS HAHOMOPOIIKOB. M cciemoBaHO BIMSHUE
YCIIOBUH CHHTE3a HAaHOTIOPOIITKOB Ha UX CTPYKTYpYy, CBOMCTBA U (PH3UKO-XMMHU-
YECKHE XapaKTEPUCTUKU ONTHUYECKOM KepaMHMKH Ha MX OCHOBE. M3yueHbl ONTH-
YeCKHE CBOMCTBa KepaMHYEeCKHX 00pa3ioB. IIpogeMoHCTpupoBaHAa BO3MOXK-
HOCTh MOJIYYECHMS! IBETHOW ONTHYECKOW KEPAMHUKH, NEPCIEKTUBHOW [JIs FOBE-
JUPHOUN MPOMBIIIIJIEHHOCTH.

PabGora BeimonHeHa npu (puHaHCOBOM momanepxkke DoHIa COneUCTBUA
Pa3BUTHIO MaJIbIX (HOPM MIPEANPUATHNA B HAYUYHO-TEXHUUYECKOU cepe B pamKax
nporpamMmsl «Y MHUK».

1. E.V. Golyeva, D.V. Tolstikova, I.E. Kolesnikov at al., J. Rare Earths.
33(2), 129-134 (2015).

2. B.B. Jlpo6orenko, E.M. T'aBpumryk. Crioco0 moiy4deHus ABOWHOTO H30-
nponuiaTta Mmaraus-antomunus. [latent Poccun Ne 2471763, 2011.
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OCHJUIALIMOHHBIE ITAPAMETPbBI
KPUCTAJIJIOB KAJIA JUTUIPODPOCDATA

H.I1. HerecoBa
Mockosckuii eocyoapcmeentulil yHugepcumem umenu M.B. Jlomonocosa,
Qusuueckuti paxyromem, HTCD K, Mockea
E-mail: npn@mig.phys.msu.ru

OnTuyeckue mapamerpsl kpuctaiuioB KDP - nuruapodocdara kanus,
K2H2PO4, uccinenoBanuch B paMKax MOJAOCUUUIALMOHHON 3JIEKTPOHHON MO-
nenu [1].
=11k op(wal—0?) /¢, e=Yk 2w ? 0/ Al Ql=(wa—w?)*+dyln?,
2n2=[(e+&%) *+e], 2n=[(e’+&) &,
a=nhw l(h/2) = 10°nshew,  R=[(n—1)>+n2]/[(n+1)>+n2],
wp’= (4re?*/m)-p-s | (M-q),
rae &, &, N, N, €CTh JEHCTBUTEIbHBIE U MHUMBIE KOMIIOHEHTBI IUAJIECKTpUYe-
CKOM 1 npenomiieHust GyHKUUH, Aoy, hwe, fiy — nna3MeHHas, 3¢ ¢deKkTuBHast co0-
CTBEHHAs, paIMallMOHHOTO TPEHUS YHEPTUHU B €V, €, M, S — 3aps, Macca U Ba-
JICHTHOE YHCJIO DJIEKTPOHOB, COOTBETCTBEHHO, @ — 4acToTa, =27/ — MOCTOSsH-
Has [lnaHka, fwpy — IUIa3MEeHHAs SHEPTHs, COOTBETCTBYIOIIAsI MAaKCUMYyMY 3JICK-
TPOHHBIX MOTEPh wl,  — mapameTp B3auMoaecTBusi, M - MonekymsipHas macca,
0 —MaccoBasi INIOTHOCTh B §/CM3, a — ko>duimenT nornomenus B cm?, R —
KO3(PUIIMEHT OTpakeHUs], ¢ — CKOPOCTh CBETA.

s monoocuwanmonHon moaenu KDP BennumHa kBagparta mia3meH-
HOM DHEPTHsl BAJIEHTHBIX JJIEKTPOHOB paBHA 0p,°=456,6769=21,37%, Bennuuna
KBaapaTa COOCTBEHHOM dHepruu — o= 14,2884=3,78° rpanu4nble yclnoBus
npu ® = 0 onpenensarores en=1+wp e, &0 = 456,6769 / 14.2884 = 31,96137.
Bennurna kod(g@uimenta noromenns o = 10°-3,7-9.2107 = 0,34 cm™ npu
hw=3,7, 2hy = 4 108, n;=9,2 107 cornacyercs ¢ dKCIEPUMEHTAILHEIMH JAHHEI-
mu [2]. IIpu ymenbmenun noteps 2y<4-10® kosdduuuent nornomenus o Gy-
neT yMeHbInatbes. OMHOPOIHOCTh HAaHOCTPYKTYp KDP M0xHO KOHTpOIMpOBaTh
10 BEJTUIHHE 2 ).

beutn paccuntanbsl s K = 6 OCHMJUIAIMOHHOW MOJEIM ONTHUYCCKHUE
byHKIMY &, &, N, N, a, @ &, L, oL, R. BenmnunHa kBagpaTa rmia3sMeHHON dHEP-
run hop,? pazouBaeTcs Ha 6 MEpEMEHHBIX MO uucay okcunoB 2KH2PO4 =
2KPO3+2H20=K20+P205+2H20=(K2+0,502) + (P2+2,502) + (2H2+02).

O6cyxnatorcs aiis KDP kputepun o0pa3zoBanus, pocTa, yCTOWYMBOCTH U
OJTHOPOJTHOCTH HaHOKpHUCTAIOB. PaccmarpuBaercst (ha3oBbiii nepexon (Temre-
patypa 123 K) B KDP npu pa3pbiBe BaJICHTHBIX CBSI3€H, acCOLMAlU aTOMOB 3a
CU€T BBIJICIICHUS JHEPTHUH TOAPEIICTOK CIIAPEHHBIX JJCKTPOHOB — MOJIEKYI,
($ha30BOM pacciIOCHUH.

1. N.P. Netesova, Proc. SPIE, Nanophotonics VI, 9884, 98843R1-98843R14
(April 21, 2016).
2. B.W. becnanos u np., KBanTtoBas anexkrponuka, 9 (11), 2343-2345 (1982).
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MOJIUDUKAILMS JIIOMUHECLIEHTHBIX CBOMCTB MHOI'OCJION-
HbIX HAHOCHUCTEM «HAHOKPUCTAJUIMYECKHUIA
KPEMHUW/JUSJIEKTPUK» BBEJIEHUEM BOJIOPOJJA

A.M. Jlerkos, A.B. Epmios, JI.A. I'paueB, N.1. Uynun
Hayuonanvnwui uccnreoosamenvcruii Husicecopoockuii 20cyoapcmeenHbiil
yuusepcumem um. H.U. Jlobauescrkozo, Husxcnuii Hoezopoo
E-mail: legkov_a_m@mail.ru

[leas paboOTHI - M3y4eHHE BIUSHUS OTXKUTA M MOCTTUAPOTCHU3AINHA HA
doromomunecuennuo (PJI) MHOTOCTOMHBIX HAHOMEPUOIUYECKUX CTPYKTYP
(MHC) a-SiOx/SiOZ, a-SiOX/A|203, a-SiOx/ZI’Oz.

MHC SiOy/amsnextpux ¢ nepuogamu 8—20 HM U 9HCIOM ciioeB 10 60
OBLITM TIOJTYYEHBI AJICKTPOHHO-TYUYEBbIM HcmapeHueM. OTKur oOpasioB B a30T-
HOW cpefie ¢ IeNbio (POPMHUPOBAHHS HAHOKPUCTAILIOB KpeMHHs (NC-Si) mpoBo-
nuncs npu temrneparypax 1000 u 1100 °C B teuenue 2 yacoB. ['uaporenuzamus
MHC npoBoamiach OTKUTOM B MOJEKYJsIpHOM Bojopozae (1 atm.) mpu 400—
550 °C B Teuenue 2 yacoB. [locnemyrommas qeruaporeHu3anus oCcyiecTBIsIIaCh
B armoc(epe azora npu temneparypax 600-700 °C B Tteuenue vaca. CrieKTpbl
crauroHapHon OJI wusmepsich IpU KOMHATHOM TEMIIEPATYpE Ha MO-
Hoxpomarope SP-150 (350-900 um) mpu Hakauke Np-nmaszepom (337 HM) u Ar-
nazepom (488 uM), a Takke B auamnazone 580-1100 umM mpu BO3OYX ACHUU
Nd:YAG (532 um) nazepom.

[To magueiM DJI HaOmromaeTca Uk B auamnazoHe inH BoJH 700—-800 HM
(1.5-1.8 3B), cBs3annsIi ¢ n3nydernnem ot HK Si B quanekrpuueckoit marpuie.
TepmooOpadoTka otoxokeHHBIX mpu 1000 u 1100 °C MHC a-SiO,/auanexTpuk
B Bojiopojie mipu 400-550 °C ycuiuBaeT MHTEHCUBHOCTh (DOTOJIFOMUHECIIEHIIUU
ot HK B 2-6 pa3 ais ucclieqyeMbIX TUTIOB CTPYKTYp M UX nieprooB. Hanboiee
MOAXOJAIINM JUIsl THAPOTeHU3aluK HaiieH auarna3on temneparyp 400450 °C,
BBIIIIE KOTOPOTO MACCUBAIIUS CTAHOBUTCS MeHee d(P(HEeKTUBHOM BCIIEICTBUE Ha-
pactanus 3¢ dy3un Bogopoaa. Poct uatencuBHocTH DJI conpoBoKmaeTcs cia-
ObIM KpaCHBIM CMEIIECHUEM MHUKAa CBETOBOW SMHUCCUHU 3a cueT Ooiiee dhPexTuB-
HOW maccuBaiuu o0opBaHHBIX CcBsizelt Oosee kpynHbix HK Si u cooTBercTBYy1O-
IIETO YMEHBIIICHHS KOHIICHTPAIIUK IEHTPOB O€3bI3TydaTeIbHOW PEKOMOWHAIINY.

[Tocnenyromas aeruaporeHu3anusi B 0€3BOJIOPOHON cpejie Mpu TemIie-
parypax 600—700 °C npuBOAUT K 3HAYUTEIBHOMY YMEHBIICHUIO UHTEHCHUBHO-
CTU JIFOMUHECHECHIIMM OT HAaHOKPUCTAIIJIOB KPEMHUS U3-3a UHTEHCUBHOU 3D dy-
3UM BOJOPOJA.

C 1uenplo Hax0XkJACHUST BOAOPOAa B 00pa3liax, MoJABEPTrHYTHIX THAPOTCHU-
3aIuu, MPOBOAWIOCH CHsATHE ciekTpoB MK npomyckanus. Biusiaue naccuBanuu
BOJIOPOJIOM OOOpPBAaHHBIX CBsI3¢H Ha rpaHuile NC-Si/IUANIEKTPUK HUCCIIEI0BAIOCH
metogom OIIP.
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MECHANISM OF A"'BY NANOSTRUCTURES FORMATION

N.L. Shwartz
A.V. Rzhanov Institute of Semiconductor Physics SB RAS, Novosibirsk, Russia
E-mail: nataly.shwartz@gmail.com

Research interest to A'"'BY nanostructures is due to their promising appli-
cations in opto- and nanoelectronics. Simulation results of nanowires (NW),
nanoclusters and nanorings growth according to vapor-liquid-solid mechanism
are presented in this work. Analysis of nanostructure growth was fulfilled using
a Monte Carlo simulation based on software package SilSim3D [1].

Growth rate dependences of catalyzed and self-catalyzed growth of GaAs
and InAs NWs on temperature and arsenic flux were obtained and analyzed. It
was shown that self-catalyzed growth is more sensitive to the ratio between the
gallium and arsenic fluxes than catalytic growth. A readsorption effect on NW
morphology and growth rate was examined. Arsenic readsorption was demon-
strated to make a dominant contribution to the increase of NW growth rate and
untimely drop consumption. Gallium/indium readsorption results in insignificant
axial growth rate decrease, but prolongates NW growth, preventing drop disap-
pearance for the length exceeding the Ga/ln diffusion length along NW side
walls. Self-equilibration effect of NW diameters, typical for self-catalyzed
growth [2], was demonstrated.

Morphology dependence of GaAs nanostructure, formed by droplet epi-
taxy, on growth parameters was demonstrated. Temperature and arsenic flux
ranges for GaAs nanoclusters and nanoring formation were determined. The
conditions for single and double nanorings were analyzed. It was shown that
double rings formation is possible for certain temperatures and arsenic fluxes
when distances between the droplets exceed twice gallium surface diffusion
length.

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

1. AN. Karpov, V.A. Zverev, A.G. Nastovjak at al., Numerical Methods and
programming 15, 388-399 (2014).

2. V.G. Dubrovskii, T. Xu, A.D. Alvarez at al., Nano Lett. 15, 5580-5584
(2015).

44


mailto:nataly.shwartz@gmail.com

ACTIVATED ULTRADISPERSED DIAMOND: CURRENT STATUS
AND PROSPECTS

G.E. Malashkevich?, V.A. Lapina?, J. Opitz?, I. Sildos?,
V.V. Kouhar!, T.G. Khottchenkova!
1 B.1. Stepanov Institute of Physics, NAS of Belarus, Minsk
2 Fraunhofer Institute of nondestructive testing, Dresden, Germany
3Institute of Physics, University of Tartu, Tartu, Estonia
E-mail: g.malashkevich@ifanbel.bas-net.by

Individual particles of ultradispersed diamond (UDD) obtained by deto-
nation synthesis represent diamond nuclei with a “diameter” of about 4 nm cov-
ered by a cluster shell of non-diamond carbon with 1-5 nm thick, on which in-
clusions of graphite phase also containing various types of hydrocarbons and
impurities are arranged [1]. Such nanoparticles can exhibit luminescence in the
visible and near-UV regions of the spectrum. Energy gap width for single crystal
diamond is ~ 5.5 eV, while for non-diamond carbon it may be reduced to 2 eV
with increasing proportion of “graphite-like” sp?-bonds over the “diamond-like”
sp3-bonds [2]. These features make the UDD an interesting object for different
impurity activators doping and studying its effect on the spectral-luminescent
properties of the latter. However, it should be noted that due to the high surface
energy of individual particles the UDD are stabilized in the form of clusters
sized 20—40 nm, and their separation is an intractable problem.

This work provides an overview of our results on the study of the lumi-
nescence properties of activated UDD and silica gel-glasses doped with them.

We used the UDD synthesized by CC “Sinta” (Minsk. Belarus). Activa-
tion of UDD powders was carried out by mixing them with doping compounds
solutions under ultrasonic dispersion. The obtained activated powders were
dried and heat treated under controlled redox conditions. Doping of the silica
glasses with these powders was carried out on a sol stage.

A study of the samples was carried out using X-ray diffraction, electron
microscopy and spectral-luminescent methods.

It was found that UDD activated by the manner described are character-
ized by a significant increase in a heat resistance: weight loss for the initial UDD
after 30 minutes of annealing in air at 75, ~ 700 °C was 100 %, and it was less
than 10 % for doped UDD. At that the Bragg reflex at 20 = 43,8° corresponding
to the reflection from the (111) plane of the diamond persists on a diffraction
patterns [3]. The observed increase in the heat resistance we explain by the for-
mation of the sufficiently dense film of the doping compounds associated with
Ln—O-C chemical bonds with non-diamond carbon on the surface of UDD par-
ticles, which leads to inhibition of the oxidation of the diamond core.

Formation of the such bonds during the heat treatment confirmed spectro-
scopically on the example of the UDD doped with europium nitrate salt, for
which long-wavelength shift in 0,5 nm of Eu®** ions nonsplit °Dy — ’Fo band
barycenter and the significant weakening of the electric dipole f—f-bands take
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place during the heat treatment in the 450—700 °C range. At the same time, there
is a twenty-fold increase in the efficiency of luminescence excitation of Eu®*
ions in the region of charge-transfer band [4].

A significant increase in the intensity of luminescence is observed for the
UDD doped with chromium and aluminum salts. These nanopowders exhibit
efficient luminescence at low Ty, in the broad vibronic band *7, — 44,, and at
high Tann in the narrow spin-forbidden band 2E — “4, [5]. Using of Cr—Al-con-
taining UDD with Ty, = 1300°C for doping of silica gel-glasses showed that the
introduced nanoparticles are subject to the isotropic compression by the matrix,
as well as to a slight (due to the absence of the melt stage) dissolution when the
optical Cr"™ centers (where n = 3—6) are formed [6].

Rare earth ions luminescence intensity was lower for UDD doped with ni-
trate salts of aluminum, cerium and terbium than for the compounds of alloying
elements heat-treated in a similar manner in all cases. The reason for this situa-
tion, apparently, is a large proportion of graphite-like carbon that causes quench-
ing of both Ce®* and Th** ions luminescence. However, radiation resistance of
the lanthanides optical centers formed on the surface of the UDD markedly in-
creases.

The prospects of using of activated UDD as luminophors, laser active me-
dia, nanostructuring and defect-forming additives were contemplated.

1. A.E. Aleksenskii, M.V. Baidakova, A.Ya. Vul’ et al., Phys. Solid State
41, 668 (1999).

2. M.E. Kompan, E.l. Terukov, S.K. Gordeev, et al., Phys. Solid State 39,

1928 (1997).

Powder Diffraction File. JCPDS — ASTM, USA, N 6-0675 (1977).

4. G.E. Malashkevich, V.A. Lapina, G.I. Semkova, et al., JETP Letters 77,
291 (2003).

5. G.E. Malashkevich, V.A. Lapina, P.P. Pershukevich, Bull. Russian Acad-
emy Sci. Phys. 70, 1899 (2006).

6. G.E. Malashkevich, G.I. Semkova, A.V. Semchenko, et al., JETP Letters.
88, 855 (2008).
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COLOUR CENTERS IN DIAMOND: OPTICAL PROPERTIES
AND APPLCATION PROSPECTS

K.N. Boldyrev
Institute of spectroscopy RAS, Troitsk, Moscow, Russia
E-mail: kn.boldyrev@gmail.com

Over the last decades, optical properties of color centers in diamond at-
tract attention of the world scientific community. These centers are associated
with impurities, specially introduced by doping or uncontrollable ones. Color
centers are capable to both selectively absorb radiation at wavelengths that can
change the color of the diamond and emit light in different spectral ranges. It
turned out that some centers can provide a very narrow emission line (e.g., ni-
trogen-vacancy, NV, and silicon-vacancy, SiV, centers), and it is possible to get
emission from a single center, which allows to explore its interesting quantum
nature. In going over to nanoscale size crystals, nanodiamond containing only
one optical center can be obtained. This gives possibility of using such dia-
monds for the needs of quantum information and computing systems, in partic-
ular, as single-photon emitters and elements of quantum computers (optical
qubits). Knowledge of spectral characteristics of individual particles allows cre-
ating unique optical labels that protect against counterfeiting. In addition, per-
spectives of application in biology and medicine appear. Using such nanoparti-
cles, one can investigate the processes taking place inside a single cell, as well
as in the whole organism, it is possible to carry out studies in vivo, that is, to
work with living organisms. "Attaching" nanodiamond with a color center to,
e.g., a virus, one can see how the latter one attacks the cell, which has a per-
spective of creating new and effective means of protection against viruses. It is
worth noting that diamond is carbon but living organisms contain carbon, so one
can await a low toxicity of nanodiamonds. All said above points to a great sci-
entific and practical potential of diamond with color centers.

The lecture will also deal with the author's research on a new optical cen-
ter in diamond, associated with the germanium impurity (GeV). Our study has
shown that GeV centers have unique characteristics, in many respects superior
to those of previously known SiV and NV centers. In particular, they show a
very bright glow in the orange-red region of the spectrum, with high quantum
efficiency. Interesting isotopic effects associated with both carbon and germa-
nium will be discussed [1].

Financial support of the RAS under the Program “Fundamental and prac-
tical problems of photonics and physics of new optical materials” is acknowl-
edged.

1. E.A. Ekimov, S.G. Lyapin, K.N. Boldyrev at al., JETP Letters 102, 811
(2015).
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THE INTERACTION OF NEAR-INFRARED LASER RADIATION
WITH Yb-DOPED DIELECTRIC PARTICLES

S.A. Khrushchalina?, P.A. Ryabochkina!, V.M. Kyashkin!, A.S. Vanetsev?,

O.M. Gaitko®, E.E. Lomonova*, N.Yu. Tabachkova®
1 Ogarev Mordovia State University, Saransk, Russia

2 The Institute of Physics, University of Tartu, Tartu, Estonia

3 Kurnakov Institute of General and Inorganic Chemistry, RAS, Moscow, Russia
4 Prokhorov General Physics Institute, RAS, Moscow, Russia
® National University of Science and Technology MISiS, Moscow, Russia
E-mail: anabel-2005@yandex.ru

At the present time the dielectric nanosized compounds doped by rare
earth (RE) ions are interesting for researchers. Excitation of these nanoparticles
by laser radiation with a certain wavelengths leads to occurrence of lumines-
cence of RE ions, allowing their application in biomedicine as the visualizers
and bio-labels.

In addition to investigations devoted to the study of the luminescence of
RE ions in dielectric nanopatrticles, there are articles testifying that such particles
can exhibit the properties that different from those of the bulk crystals of similar
composition. In particular, some authors [1-4] report about the occurrence of
broadband radiation in ytterbium-containing compounds when excited by laser
radiation in an absorption band of Yb3* ions. A similar phenomenon has been
observed in such nanopowders as LiYbP401, [1], Y203:Yb,Er [2],YDb3A5012 [3],
as well as ceramics Y,03:Yb®* [4], but there is no single opinion about the caus-
es of appearance of the broadband radiation in these compounds.

In this paper we report the observation of the broadband radiation and its
characteristics in nanosized particles of concentration series of yttrium ortho-
phosphates and hydrate orthophosphates doped with Er3*, Yb**, as well as parti-
cles Yb,0O3 and ZrO,-Yb,0s. Experimental evidence of the thermal nature of the
broadband radiation are presented, and possible mechanisms of its occurrence
are suggested .

1. W. Strek, L. Marciniak, A. Bednarkiewicz at al., Opt. Express 19 14084
(2011).

2. S.M. Redmond, S.C. Rand, S.L. Oliveira, Appl. Phys. Lett. 85, 5517
(2004).

3. J. Wang, J.H. Hao, P.A. Tanner, Optic Lett. 35, 3922 (2010).

4. J.-F. Bisson, D. Kouznetsov, K.-l. Ueda at al., Appl. Phys. Lett. 90,
201901 (2007).
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RESONATOR MULTILAYER STRUCTURES
CONTAINED SI AND GE NANOCRYSTALS

D.A. Grachev!, S.A. Garakhin', A.V. Belolipecky?, A.N. Yablonsky?,
B.A. Andreev!® and A.V. Ershov!
! Lobachevsky State University, Nizhny Novgorod, Russia
2 |offe Physical-Technical Institute, RAS, St Petersburg, Russia
% Institute for Physics of Microstructures, RAS, Nizhny Novgorod, Russia
E-mail: grachov@phys.unn.ru

We present a structural and optical study of Si and Ge nanocrystals in the
resonator structures. The multilayer nanoperiodic structures were fabricated by
physical vapor deposition of SiO (or GeO) and SiO; from two separate sources.
Formation of nanocrystals has been achieved by annealing in a nitrogen atmos-
phere: the SiO/SiO; structure [1] at 1000-1100 °C, and the GeO/SiO, structure
at 400-600 °C [2]. Nanocrystal sizes have ranged from about 3 to 8 nm by var-
ying the annealing temperature [1] and the thickness of the layers [3], which
were a few nanometers. The resonator structures were prepared on silicon sub-
strates and consisted of two distributed Bragg reflectors with an active medium
filled with the nanocrystals in between [4].

The stationary photoluminescence has been exited with a Nd:YAG laser
emitting at A = 532 nm. The time-resolved photoluminescence spectra have been
obtained at the excitation with a pulse nitrogen laser emitting at A = 337 nm,
with a pulse duration of 7 ns and repetition frequency 45 Hz. Measurements
have been carried out at room temperature.

The study has been found that the use of such resonator structures has led
to significant narrowing of luminescence bands to 20 nm and enhancing their
intensity up to 50 times at the same time. The particular position of the lumines-
cence band maximum is determined by the resonator design: operating range for
the SiO/SiO; structures was 650-850 nm and 1000-750 nm for GeO/SiO,. So
far as the dynamics is concerned, we observed decrease in luminescence time
for the resonators compared with the structures without mirrors.

This resonator structure study in general seems to be a good way to add
further functionality to silicon photonics and investigate broader the problem of
the luminescence of silicon and germanium nanocrystals as well.

1. L. Vaccaro, L. Spallino, A.F. Zatsepin et al., Physica Status Solidi (B)
252, 600 (2015).
2. M. Ardyanian, H. Rinnert, M. Vergnat, Journal of Luminescence 129, 729

(2009).

3. AV. Ershov, I.A. Chugrov, D.I. Tetelbaum et al., Semiconductors 47, 481
(2013).

4. A. Belarouci, F. Gourbilleau, R. Rizk, Journal of Luminescence 121, 282
(2006).
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THE OBTAINING OF NANOSIZED AL;03; FILMS ON NOSTRUCTURED
ALUMINUM SURFACE BY ALD METHOD

A.V. Dolganov, V.S. Khramov, V.P. Mishkin, A.P. Lopareva, K.N. Nishev
Mordovian State University, Saransk, Russia
E-mail: dolganov_sasha@mail.ru

Porous alumina films are a bright example of spatially ordered structures
with great practical importance. This material is the base for a large range of
nanomaterials and high-tech devices, such as electrolytic high-value capacitors,
photonic crystals, matrices for the formation of nanostructures with different
compositions and geometries, substrates for gas sensors.

The new method for the production of highly porous oriented Al,O3
nanostructured films on the surface of aluminum foil is presented. This approach
IS based on the nanosized Al,O3; atomic layers deposition (ALD) on alumina
surface with a preformed highly ordered nanopore system, obtained by electro-
chemical oxidation of aluminum in a dilute acid solution, followed by boiling in
CrOs;+H3PO,4. According to scanning electron microscopy (SEM) and scanning
probe microscopy (SPM), the ordered structure of cylindrical channels disposed
perpendicular to the substrate and forming a hexagonal grid is obtained on the
surface of aluminum (Fig.1).

) 0.
1.00 um 3.00 x 3.00 um

Fig.1.

Correlations between the aluminum electrochemical oxidation conditions
and the domain size, as well as between the proportion of pores in the hexagonal
environment and local order parameters are detected. The method of synthesis is
developed and the optimal conditions for the formation of porous nanostructures
on the surface of aluminum with a maximum degree of order are selected. It is
shown that the Al,O3nanostructured layers with the predetermined thickness and
morphology can be obtained on this structure by the ALD method.
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OSCILLATION PARAMETERS
OF POTASSIUM DIHYDROGEN PHOSPHATE CRYSTALS

N.P. Netesova
M.V. Lomonosov Moscow State University, Physics Faculty, LTSP D, Russia
E-mail: npn@mig.phys.msu.ru

Optical parameters of KDP crystals - potassium dihydrogen phosphate,
K2H2PO4, within poly oscillation electron model were investigated [1].
=11k wpl(wal—w?)/ QE,  e=Yk 2w 0/ A, Ql=(waP—w?)?+4plan?,
2nr2:[(3r2 +8,2)0’5+8r] , 2n12 :[(ng +8,2)0’5_8r] ’
a=nhw I(h2) = 10°n:hw,  R=[(n—1)*+n2)/[(n+1)*+n2],
wp’= (4re?*/m)-p-s | (M-q),
where &, &, Ny, n, are the real and imaginary components of the dielectric and
refractive functions, %wy, hicwc, iy are the plasma, effective natural, radiant fric-
tion energies in eV, e, m, s are charge, mass and valency number electrons;
suitably, o is frequency, h=2z# is Planck constant, zwp, is the plasma energy
corresponding to the maximum electron losses wl, q is interaction parameter; M
is molecular mass, p is mass density in g/cm?, a is the absorption coefficient in
cm?; R is the reflectance factor, c is the light speed.

For one oscillation KDP model value of the square plasma valence elec-
tron energy is wp*=456,6769=21,372, the value of the square effective natural
energy is o= 14,2884=3,782, the boundary conditions at o = 0 are determined
ero=1+0p%/ ©Z, € = 456,6769 / 14,2884 = 31,96137. The absorption coefficient
value a = 10°3,7-9,2107 = 0,34 cm™ at ho=3,7, 2hy = 4-10%, n;=9.2 107 is
consistent with experimental data [2]. With radiation loss decrease 2hy < 4-10®
absorption coefficient a will be decreased. Homogeneity of KDP nanostructures
can be controlled by the value 2 yx.

There were calculated for k = 6 the oscillation model optical functions
er, &, N, N, 0, @ &, L, oL, R. The square plasma energy value hwp,? is divided
into 6 variables on the number of oxides 2KH2PO4 =
2KP0O3+2H20=K20+P205+2H20=(K2+0,502) + (P2+2,502) + (2H2+02).

Criteria for KDP formation, growth, stability and homogeneity nanocrys-
tals are discussed. The phase transition (temperature 123 K) in KDP at break
covalent bonds, the association of atoms due to the release of energy sublattices
paired electrons - molecules, phase separation is considered.

1. N.P. Netesova, Proc. SPIE, Nanophotonics VI, 9884, 98843R1-
98843R14 (April 21, 2016).
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MODIFICATION OF LUMINESCENT PROPERTIES
OF «NANOCRYSTALINE SILICON/DIELECTRIC» MULTILAYER
NANOSYSTEMS BY HYDROGENATION

A.M. Legkov, A.V. Ershov, D.A. Grachev, I.I. Chunin
Lobachevsky State University, Nizhny Novgorod, Russia
E-mail: legkov a m@mail.ru

We have studied photoluminescence (PL) of the a-SiO,/SiO,, a-
SiO,/Al,O3 and a-SiO./ZrO, multilayer nanoperiodic structures (MNS) annealed
and post-hydrogenizated.

A SiO,/dielectric MNS consists of a few layers, up to 60; layer thickness
is varied between 8-20 nm. MNS were obtained by electron beam evaporation.
Annealing of the samples was carried out in nitric environment at 1000 and
1100 °C for 2 hours. The MNS were annealed in molecular hydrogen (1 atm.) at
400-550 °C for 2 hours. PL spectra were measured with monochromator SP-150
(350-900 nm), the samples were pumped by N-laser (337 nm), Ar,-laser
(488 nm) and in the range 580-1100 nm by Nd:YAG-laser (532 nm).

As to PL data of the annealed SiO,/dielectric systems there is a PL band
in the range of 700-800 nm (1,5-1,8 eV) and assumed with silicon nanocrystals
(Si NCs). PL intensity of annealed at 1000-1100 °C MNS increases by 2—
6 times after heat treatment in hydrogen at 400—550 °C for all structures and all
layer thicknesses. Its maximum reaches after hydrogenation at 400-450 °C, and
for higher annealing temperature it is less effective since hydrogen effusion ris-
es. The growth of the PL intensity is accompanied by a weak red shift. The phe-
nomena is caused by more effective passivation of the dangling bonds in the
large Si NCs and corresponding reduction in the concentration of recombination
centers.

The subsequent dehydrogenation in nitric environment at a temperature of
600-700 °C decreases the luminescence intensity of Si NCs since intensive hy-
drogen effusion.

In order to find the hydrogen in the hydrogenated samples was obtained
IR transmission spectra. The effect of the hydrogen passivation of the dangling
bonds at the nc-Si—oxide count was investigated by ESR.
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[TOJIYYEHUE CBETOBOJOB HA OCHOBE BBICOKOYMCTOI'O
KBAPLEBOI'O CTEKJIA, JIETHPOBAHHOI'O OJIOBOM METOZIOM
MCVD U NCCIIEAOBAHUE X OIITUYECKUX CBOUCTB

A.C. Jlo6anos!, A .H. I'ypeanos?, C.B. ®upcros?
YUucemumym xumuu svicoxouucmoix eewgecms um. I'.T. Jleesamuix PAH,
Huoicnui Hoeeopoo
2 Hayunwiii yenmp éonokounoii onmuxu PAH, Mockea
E-mail: lobanov@ihps.nnov.ru

BBeneHnue nuokcuaa oJioBa J1ake B HE3HAUMTENBHBIX KOHIICHTPAIUAX B
CHJIMKATHBIE CTEKJIa TIOBBIMIACT MX (POTOUYBCTBUTEIHLHOCTH B YIBTPA(PHOIETO-
BOM YacCTH CIEKTpa, YTO IO3BOJIAECT BBIMOJHATH Ooyiee d(PPEKTUBHYIO 3aMHCh
Op3rTOBCKUX PEIIETOK B BOJOKOHHBIX CBETOBOAax. Kpome Toro morpeOHOCTh B
HIUPOKOTOJIOCHBIX ONTUYECKUX YCUIIUTENSAX U JIa3epax CTUMYJIMPOBAIM HHTEPEC
K TOMCKY HOBBIX MAaT€pHaJIOB, MPUTOJHBIX JJII CO3JaHUSl TAKUX YCTPOMCTB B
ommkuaert UK obmactu. O6napyxenue MK momMuHecieHITMN B CTEKIaX, JICTHPO-
BaHHBIX BUCMYTOM, U MOCJEAYIONIasl JIEMOHCTPAIU B BUCMYTOBBIX CBETOBOJAX
Ja3epHOU reHepanuu U ycuiaeHus B obmactu 1150 — 1770 HM MOBBICHIIO MHTE-
pec K MOMCKY HOBBIX JICTUPYIONIUX J00aBOK.

ABTOpHI paboThl [1] HaOMIOAAMHM IMPOKYIO TOJIOCY JTIOMUHECIICHITUN Ha
1200 — 1600 M B crekie Ha ocHOBe SiO, ¢ 700aBKO#l 010Ba, IIOJIOKEHUE KOTO-
POl 3aBUCEIIO OT IJIMHBI BOJIHBI HAKAUYKU. ABTOPBI paOOThI CBSI3BIBAIOT HAJIMYKE
ATUX TI0JIOC C AKTUBHBIMH IIEHTpPaMU OOYCIIOBJICHHBIMU MPUCYTCTBUEM HOHOB
Sn?* B MOJIy4eHHOM CTeKJe. BaKHO OTMETHTB, UTO B JIMTEPATYPE OTCYTCTBYIOT
cBefeHus ¢ aetaibHbIM onrcanueM MCVD mporiecca moirydeHus BOJIOKOHHBIX
3aroTOBOK Ha OCHOBE BBICOKOUMCTOTO KBApIEBOrO CTEKJIA, JETMPOBAHHOTO OJIO-
BOM M CBETOBOJIOB U3 HUX.

B nmanHOM COOOIIICHNY TIPUBOIATCS PE3yJIbTaThl UCCIICIOBAHHUM 1O TOJY-
yeHuto 3arotoBok MCVD MeTo/10M 1 BOJOKOHHBIX CBETOBOJOB Ha OCHOBE BHI-
COKOUYHCTOTO KBApIIEBOI'O CTEKIIa, JJIETMPOBAHHOTO 0JI0BOM. [[71s1 BBEIEHUSA OJI0OBA
HCITOJIB30BAJICS METOJ OCAKICHMS M3 Ta30BOM (a3bl, a TaKKe METOJI IMIPOITUTKH
MOPUCTOTO cJiosi cTekia. I[IpoBeneHsl MCCIeIOBaHUSl BIMSHUS COCTaBa CTEKJIa
MaTPHUIIbI, OKUCIUTEIbHO-BOCCTAHOBUTENIBLHBIX YCIOBUM W TEMIIEpaTyphl OCaXK-
neHust Ha 3¢ (EKTUBHOCTh BXOXKIACHHUS OJI0OBa B CTEKJ0. [loka3aHo cylecTBeH-
HOE BIIMSHHUE TeMIIepaTyphbl MPoIecca Ha KOHIIEHTPAIMIO OJI0BA B MOJYYEHHBIX
creksiax. [lomydeHsl 0Opasipl 3ar0TOBOK M CBETOBOJOB C COJIEPKAHUEM JTUOK-
cuga osioBa 10 7,5 mon.%. IIpoBeaeHsl uccnenoBaHuss ONTUHYECKUX XapaKTepu-
CTHUK MOJIYYEHHBIX 3aTOTOBOK U CBETOBO/IOB.

1. B.l. Denker , B.l. Galagan, L.D. Iskhakova et al., J. Appl. Phys. B. 120,
13 (2015).
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OOPMUPOBAHUE ®A3bI MVYJUUIMTA B CEPJUEBVHE
AJTIOMOCHJIMKATHBIX BOJIOKOHHbBIX CBETOBO/IOB,
JIETMPOBAHHbLIX XPOMOM

A.H. A6pamos!, A.H. T'ypeanos!, M.B. Smkos?, A.Jl. [Tnexosuy?,
JI.JI. Ucxakoa?, B.B. Konrarues?
Ynemumym xumuu svicoxouucmoix eewjecme um. I'.1. Jleesimoix PAH,
Huoicnuii Hoseopoo.
2Hayunwiii yenmp eonokonnoi onmuxu PAH, Mockea.
E-mail: abramovan84@mail.ru

B nacToseit paboTe NpoBeIEHO UCCAEA0OBAHUE ONTUYECKUX CBOMCTB BO-
JIOKOHHBIX CBETOBOJIOB CO CTEKJIOKPHCTAIUIMYECKON CEPALIEBUHOM, JErMpOBaH-
HOM XpOMOM C NEPCIEKTUBOM CO3/IaHHS MEPECTPAMBAEMBIX MCTOUYHUKOB H3IIY-
yeHus, paboTaolMX B HEOXBAYEHHOM BOJOKOHHBIMU JIa3€paMU JUaIa3oHe <
900 uM. HeobxonumocTs (popMHpOBaHHUS KpHUCTAUIMYECKON (pa3bl, B Haliem
ciydyae MyJuut, B cepaneBuHe BC myTtem temioBoit o0paboTku 06pasioB 00y-
CJIOBJIEHA HU3KUM KBAaHTOBBIM BBIXOJIOM JIIOMUHECIICHIIMM MOHOB XpOMa B CH-
JIMKaTHBIX cTekax [1, 2].

HccnenoBanune npoBogwioch Ha oOpasuax BC Ha OCHOBE IUIaBIE€HOTO
KBaplia, JErMPOBAHHBIX XPOMOM M OKCHJIOM aJTIOMUHUS, KOHIIEHTpAIus KOTO-
poro Bapsupyertcs B npeaenax ot 6,5 Moi.% 1o 29 mon.%. Konuentpauus xpo-
ma onenmBaercs kak 1073 - 102 macc.%. B xome CHEKTPOCKONUYECKUX HCCIIe-
noBannii BC BBISBIIEHO, UTO NpPHU yBEIWYEHUH KOHLEHTPALMU OKCUIA ATFOMU-
HHUSI MEHSETCS COOTHOLUIEHUE MHTEHCHBHOCTEH I0JIOC MOIJIOMEHUs HoHOB Cr¥* u
Cr*. Ycranosneno, uro npu konuentparuu Al,O3 > 20 mMom.% HOHBI XpoMma
HaXOJATCA MPEUMYILIECTBEHHO B BAJIGHTHOCTH 3+.

[IpoBenen nuddepeHnaIbHO-TEPMUUECKUN aHAIN3 CTEKOJ CepILEBUHbI
3aroTOBOK JIJIsl YCTAHOBJICHHUS MapaMeTpoB TepMooOpadboTku obpasios BC. Y-
TaHOBJICHO, YTO TEIuIoBasi oOpadboTka oo6pas3ioB BC, ¢ BBICOKMM coJiep>KaHHEM
OKCHUJa AIIOMUHHUS B CEPALICBUHE, YBEIMYUBAET UHTEHCUBHOCTD JTIOMHHECIICH-
nuu B OmmkHel MK-o6mactu ciekTpa ¢ yBeTUYEHHEM €€ KBAHTOBOT'O BBIXOJA
10 ~2 % W BpEMEHEM >KU3HHU BIUIOTH JI0 ~2,5 MC IIpU KOMHATHOW TeMrepaType.
N3ydeHbl crieKTphl MOTJIOMIEHUSI B OTOXOKEHHBIX oOpasuax. IlokasaHa 3aBucu-
MOCTh MHTEHCHUBHOCTH TMPOITYCKaHUS CBETa OT BPEMEHU M TEMIIEPATyPhl OTIKUTA
00pasIioB.

Meronamu cniektpockonuu KP u POA moarBepkIeHO, 4TO OTXKUT MPHU-
BOJUT K MOSIBJICHUIO B CEPALIEBUHE KPUCTAITMYECKOHN (ha3bl MYJLITUTA.

PaboTa BrinmonHeHa npu noaaepxke rpanra PODOU Ne 16-32-00438.

1. T. Murata, M. Torisaka, H. Takebe, K.J. Morinaga, J. Non. Cryst. Solids
220, 139-146 (1997).

2. G.H. Beall, J.F. MacDowell, M.P. Taylor. Transparent Glass Ceramics
Containing Mullite, U.S. Patent 4396720 (1983).
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PA3PABOTKA I'OJIbBMHMEBOI'O BOJIOKOHHO-OIITUYECKOI'O
YCUIIMTEJIA

.B. Xnykroa'?, C.A. ®unaroa?, B.A. Kambiaun?, B.B. LlBeTkoB?
Mockosckuii mexnonocuueckuii ynueepcumem, Mockea
2Uncmumym obweti pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
E-mail: vi.filina@gmail.com

WNuTepec k 2 MKM 1Mana3oHy BbI3BaH MOTEHIIMAIbHBIMUA PUMEHEHUSIMU B
TaKuX 00JIACTAX, KaK MEJIUIINHA, CIIEKTPOCKOMHUS M TIEPCIICKTUBHBIX TEJICKOM-
MYHHUKAIIMOHHBIX pa3paboTkax. [ peamusamuy ONTHYECKUX CXEM, paboTaro-
X B ATOM JHAra30He, HE0OXOIUMbI YCHIIMTENN, OCHOBAaHHBIC HA MOHAX TYJIHS
WM ToJIbMuSL. TynreBble BOJIOKOHHBIE YCUIIUTENN TIPOJEMOHCTPUPOBAIH BBICO-
KU KOO PUIIMEHT YyCUJICHUS U HU3KUK YPOBEHb HIyM-(akTopa mpu padoTe B
crieKTpaJibHOM auanaszone oT 1720 am 1o 2050 am [1]. OnHako A nojiy4eHus
reHepanuu Ha JuiMHax BoJiH Oosiee 2100 HM, KaKk MPaBUIIO, UCTIOIB3YIOTCS BO-
JIOKHA, JIECTUPOBAHHBIC MOHAMU TOJIBMUS, TaK KaK MX 00JIACTh JTIOMUHECIICHIINH
Jexut B Auamnazone 1900-2200 um [2-4].

OnTuyeckas cxeMa TOJIbMHUEBOIO YCWJIMTENSI MPEACTABICHA Ha PUCYHKE
1(A). B kauectBe 3amaromiero reneparopa (3. I'.) ObLT KCIONB30BaH TOJbMUE-
BBIH J1a3ep, U3IyYaroIIUi Ha JyIiHE BOJIHBI 2120 HM, MOITHOCTH KOTOPOTO ObLIA
camkena 70 250 MxBt. Mynbrumiekcop (WDM) 1125/2100 am, KOoTOpbIi 00B-
SAVHST UMITYJIbCHBIA CHTHAJ OT 3aJalOIIEero Jla3epa M M3JIyYCHHE HAaKadyKu Ha
JrHe BOJHEI 1125 HM.

A) B)
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Puc. 1. A) Cxema roiapmueBoro ycuintenst U b) BbIXOAHbBIE TaHHBIE.
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B nporecce n3amepeHus: BEIXOHOTO CUTHAjIA ObLI UCIOIb30BaH (QUIIBTP C
nogasjaenueM 30 n1b Ha gaMHaX BOJIH MeHee 1,5 MKM JJIsd MOJaBJICHHUS HEIIO-
TJIOLIEHHOTO U3TyYeHHS HAaKauKH.

B pe3ynbrate, MakcuMaabHbIN KOA(PDUIIMEHT YCUIICHHUS COCTaBUII
~ 22 nb, a BEIX0aHAsI MOIIHOCTH Ha JyinHe BOIHBI 2120 HM - 48 MBT.

1. A.M. Heidt et al., IEEE J. Quantum Electron. 20, 3100612 (2014).
2. S.D. Jackson, IEEE J. Quantum Electron. 42, 187-191 (2006).

3. J.Kim, et al., CLEO/Europe and EQEC (2009).

4. A.S. Kurkov, et al., Opt. Lett. 35, 490-492 (2010).
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JATUYUK BBICOKOBOJIbTHOI'O HAITPAKEHUA
HA OCHOBE BHYTPUBOJIOKOHHbBIX bPOI'TOBCKHMX PEIHETOK

B.H. 3axapos, /I.1. KaBtacees, I'.I1. JIeoHOBHUY,
AO «Ilpoepeccy 2. Camapa
E-mail: ZaharoffV@inbox.ru

[Ipy KOHTpOJIE IEKTPUUECKOTO HAIPSKEHHS B BBICOKOBOJIBTHBIX JIMHUSX
nepeaadn ANMEKTPOIHEPTUU HEOOXOAUMO MO0 MPUHUMATh CIEIHUAIbHbIE BBICO-
KO3aTpaTHbIE MEpPhI JIJIsl 3alIUThl U3MEPUTEIbHBIX MPUOOPOB, MO0 HCHOJIB30-
BaTh TEXHUYECKHUE CPEICTBA, He TpeOyrommue 3Tux Mep. K Takum cpemcrBam
OTHOCATCSI BOJIOKOHHO-ONTUYECKHE AATYMKU HA BHYTPHUBOJOKOHHBIX bparros-
ckux pemietkax (BBP) [1].

B noknane mpeacraBieH cnoco0 KOCBEHHOTO M3MEPEHHUS BBICOKOBOJIBT-
HOTO HAIpPSHKEHUS TTOCPEICTBOM MpeoOpa3oBaHms TpaHCHOPMATOPOM HampsiKe-
HUS OTOMpaeMoOi W3 JMHUHU SJEKTPUUYECKON MOITHOCTH B MUKPOIIEPEMEICHUE
ceplieyHuKa TpanchopmaTopa, )KECTKO 3aKpEIIEHHOTO Ha y4aCcTKe ONMTUYECKOTrO
BosiokHa ¢ BBP (puc. 1). Mukponepemelienre cepieuHuKa BbI3bIBAE€T aKCHUaAJIb-
Hyto negopmanuio ydactka OB, 4To B CBOIO ouepe/ib MO3BOJISET MOJYyUYUTh OII-
TUYECKUM CUTHAJI, JUJIMHA BOJHBI KOTOPOIO MIPONOPLMOHAJIbHA U3MEPIEMOMY
HanpspkeHnto. HauvanbHas npenycTaHOBKa U KOPPEKLUS YIPABICHUS aKCHUAJIb-
HbIM pacTsbkeHneM ydactka OB ¢ BBP ocyiiecTBisieTcss ¢ TpUMEHEHHEM TOCTO-
SHHOT'O MarHuTa.

Mazrum

== £,

=
( T L 5%
] =

Puc. 1

Br16op u ontuMuzanus 3a3opa MEXAy SKOPEM U CEpAECYHHKOM, 00pazo-
BAHHOI'0 YCEYEHO-KOHUYECKUMU MOJIIOCAaMH, MO3BOJSET CHU3UTh IIOTOK pacces-
HUS KaTyIIKK ¥ YBETUYUThH MPOBOJAMUMOCTb pabOYero 3a3opa, 4To CyILIECTBEHHO
yiy4diaet 3QPEeKTUBHOCTD UCIIONIb30BAHUS SHEPTUH MATHUTHOTO TOJIS.

1. B. Ribeiro, FBG-PZT sensor system for high voltage measurements In-

strumentation and Measurement Technology Conference (12MTC), 2011
IEEE.
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[TACCHBHBIN BOJIOKOHHO-OIITUYECKUN JIATYUK
HATIPSDKEHHOCTU DJIEKTPUYECKOI'O OIS

I'.W. JIeonosuu, C.B. Onxemxkenuu, B.H. 3axapos, H.B. PscHoii
AO «Ilpoepeccy 2. Camapa
E-mail: leogil@mail.ru

OnHUM U3 CYIIECTBEHHBIX IPEUMYIIECTB TACCUBHBIX BOJOKOHHO-ONITUYE-
CKUX JaTYUKOB HANPSHKEHHOCTH anekTpudeckoro nois (BJIDII) nepen ranbpa-
HUYECKUMH SIBIICTCS aOCOJIFOTHAS MCKPOB3PHIBOOE30MACHOCTh, YTO JETAeT UX
0Cc000 MPUBIIEKATEIBHBIMU JJIsI OMACHBIX TMPOU3BOJCTB M 00BekTOB [1]. Ham-
OonpuIyr0 W3BecTHOCTh cpeau BJIDIl momyuwmnu [aTyukd HanpsHKEHHOCTH
AIEKTPUUECKOTO TII0JIsl, OCHOBAaHHBIE Ha 3JeKkTpoornTudeckoM 3¢dexrte I[lok-
Kenbca. [Ipyu Macce TOCTOMHCTB TaKUX JTATYMKOB OHU HE SIBIISIFOTCS CETEBBIMU U
TpeOyIOT OTIAENBHO JUIS KaXIOTO CEHCOopa MOJBOASAIIEE W OTBOMAIICE TpPaHC-
NopTHBIE BoJIOKHA. KpoMe TOTO, B HUX NMPUMEHEH aTTEHIOATOPHBIN THUIT PE0O-
pa3oBaHus HanpskeHHOCTH OII B MOITHOCTH MOIYJIMPYEMOIO €1 aHaJIOTOBOTO
ONTUYECKOI'O0 CHUTHajla, CYLIECTBEHHO CHIKAIOLINK MOMEXOYCTOMYUBOCTD IIPO-
TSUKEHHBIX KaHAJIOB NIEpeAavy TaHHBIX.

B nactosiee Bpems Habuparot nonyssipaocts BJI911 BoHOBOrO THIA Ha
OCHOBE BHYTPUBOJOKOHHBIX bparrosckux pemerok (BBP). ['pynny u3 Heckoib-
KHX JICCSTKOB TaKUX JATYMKOB, PabOTAIOMIUX B MHIUBUAYATIbHBIX CIIEKTPAJIhb-
HBIX JMana3oHax, MOKHO OOBbEAMHUTH B CETEBYIO CTPYKTYpPY Ha OJHOKUIBHOM
TPAHCIIOPTHOM OITOBOJIOKHE, KOTOPOE MOJKIIOYAETCS K YAAJICHHOMY aHalln3a-
TOPY CHEKTpa - UHTEpPporaropy. K ciaokHOCTIM peanusanu U3BECTHBIX CTPYK-
TYPHBIX U TEXHUYECKUX PEIICHUIN MPU CO3/IaHUM TaKUX JATYMKOB SIBJISICTCS HE-
00XOAMMOCTh TOMCKAa BBICOKOUYBCTBUTEIBLHOIO CEHCOPHOTO AJIEMEHTa, Mpe-
CTaBJISIOLIEr0 cO00i MO0 HEMOCPEACTBEHHO YYaCTOK CHEHAIU3UPOBAHHOIO
onToBoJiokHa ¢ BBP, mbo Takoit ke 3JIeMEHT Ha CTaHJIapTHOM OITOBOJIOKHE,
HO C JIOTIOJHUTEIBHOU CeHCOpHO-akTioaTopHoi cTpykrypoirt (CAC), mpeobpa-
3YIOLIEW BO3JECUCTBHUE JJIEKTPUUECKOIO IOJII B MEXAHUYECKYIO WIH TEIJIOBYIO
nedopmaruio yuactka ¢ BBP. B psne myonukanuii B kadectBe CAC npepiara-
I0TCS Pa3UYHbIC MaTEpHUAIIbl, 00JIaAI0NINEe CHIIBHBIMU 3JIEKTPOCTPUKITMOHHBIM
WM TIbE302JIEKTPUUYECKUM d(PdeKTamMu, HAIPUMEP CErHETOIICKTPUUECKUE pe-
JAaKCOpHI HA OCHOBE MarHoHnoOaTa cBUHIA [2].

C ydeToM JOMOJHUTEIBHOTO YIPYTOro COMNPOTHUBIIEHUS, CO3/1aBA€MOr0
MaTepUaioM ONTHYECKOr0 BOJOKHA, OTHOCHUTENIbHAsI oceBas Acdopmaius yda-
ctka BBP ¢ CAC onpenensiercst popmyoit

_ &o(Kegpe +120,) E”
e KYgpc +NY,,

rae E - HanpsDKEeHHOCTh JJIGKTPUYECKOTO TIOJNS;, TAE &y, Ecac U €op -IICK-
TpPUYECKasl IMOCTOSIHHAS BaKyyMa W OTHOCHTEIIBHBIC AJICKTPUYCCKUE KOHCTAHTHI
marepuasia CAC u OB cootBercTBeHHO; Yo U Ycac - Moaynu FOHra ontuye-
ckoro BojokHa ¢ BBP u CAC coorBercTBeHHO; K, N — KO3 DHUIIHUEHTEI ompee-

. k+n=1, (1)
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nsromue Bkaaa CAC u OB (mo macce u crioco0y B3anMoIeicTBUS) B (hOPMHUPO-

BaHME UTOTOBOM JepopMariuu.

Ha puc. 1 mpexacraBieHsl XapaKTEpUCTUKU 3aBUCUMOCTU Jedopmaiuu
paznuyHbiX TUNIOB CAC OT HampsKEHHOCTH AJIEKTPUYECKOTO TOJISL, B KOTOPBIX
MPAKTUYECKU Y BCEX XapaKTEPUCTUK HAONIOAAeTCs Majlas KpyTU3HA Ha Hayallb-

HBIX Y94aCTKaX KPUBBIX.
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ABTOpaMH IMPpCaJI0KCH CII0CO0 M TEXHUYECKOE PCIICHUC, ITO3BOJIAIOMICC
oe3 BBCACHHA TI'aJIbBAHUYCCKUX JJICMCHTOB 3d CUCT IIPHUMCHCHHUA HOBOI'O KOM-
6I/IHI/IpOBaHHOFO CAC u3 PCIAaKCOPOB U JJICKTPCTOB CMCCTHTh HAYAJIbBHYIO TOUKY
OTCUYCTAa 3aBUCUMOCTH HA YIaCTOK C OoJbIICH KPYTI/I?)HOﬁ XapaKTCPHUCTHUKHU, YTO
CYHICCTBCHHO YyJIy4lIaCT 4YYBCTBUTCIIBHOCTb HOAaT4YHWKaA IIpU MaAJIbIX 3HAYCHHAX

HaIIPAKCHHOCTH JJICKTPHUYCCKOI'O I10JIA.

1. T. Oxocu, Bonokonno-onmuueckue oamuuxu, JI.: DHeproaTomusiaar,

1990. 256 c.

2. Z.Y. Cheng, V. Bharti, X. Zhao, S. Wang. Ultrasonics Symposium, 1998.
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IIEPEJAYA CBEPXKOPOTKIX UMIIYJILCOB 1O BOJIOKOHHOMY
CBETOBOJ1Y C ITOJIOI CEPALIEBUHOM

E.H. ITneteneBal?, A.®. Koconanos®, A.H. Komsimun?®,
A.B. Tnanemues®, A.I'. Oxpumuyxk!?
LPoccutickuti xumuxo-mexnonozuueckuil ynusepcumen
um. J[.U. Menoeneesa, Mockea
2Mockosckuti puzuxo-mexnuueckuii uncmumym, Mockea
SHayunwiti Llenmp Bonoxonnoti Onmuxu PAH, Mockea
E-mail: ekaterina.pleteneva@phystech.edu

BoJiokOHHBIE CBETOBO/IBI € MOJION CEPLIEBUHON BBITOAHO OTIMYAKOTCS OT
CBETOBOJIOB C KBapIEBOW CEPALIEBUHON T€M, YTO OHHU CHOCOOHBI MPOMYCKATh
CBEPXKOPOTKHE UMITYJIbChI BHICOKOM MUKOBOM MOITHOCTH, 00Ja/lal0T YHUKAJb-
HBIMH JTUCTIEPCHOHHBIMU CBOMCTBAMU U HU3KOW HEJIMHEHMHOCTHIO (IPUMEPHO HA
3 mopsiika HUKE, YeM B CBETOBOJIaX C TBEPJAOTEIBHOM CEpILICBUHON ).

bouto uccnenoBaHo pacmpocTpaHeHHEe (EMTOCEKYHAHBIX HMITYJIbCOB B
BOJIOKOHHOM CBETOBOJIE PEBOJILBEPHOI'O THUIIA C ITOJIOW BO3AYILIHOW CEpALEBU-
HOU U ¢ 000JI0YKOM B BUJIE HE CBSI3aHHBIX MEX]Iy COO0H BOCEMBIO IIMJIMHIpUYE-
CKUX KanmwuisipoB. [lokazaHa BO3MOXHOCTb MEpefaydl HMMITYJIbCOB MUKOBOM
MOIIHOCTH BIUIOTH /10 6,6 MBT (aHeprus umiynbca o 1,7 MxJ[x) uepes uccne-
JyeMbIid CBETOBO/J] 0€3 HCKaXeHUs! (JOPMbI UMITYJILCOB (yBequeHHe JUTUTENIbHO-
CTH UMIyJbca He Ooree yem Ha 20 %).

MakcumanbHOE MPOIyCKaHUE CBETOBO/A, BKIIIOUAs IOTEPHU Ha 3aBEJICHUE,
coctaBwiio 74 % mnpu sHeprusax meHpmmx | Mx/[k. Ilpu yBennuennn sHeprun
MMITYJIbCA Ha BXOJE B CBETOBO/I IIPOITYCKAHUE YMEHBILIAETCS, 4 3aTEM IIPU JHEP-
rusix 6onpmnx 50 MkJ[K BBIXOJUT Ha NOCTOSTHHOE 3HAUY€HUE, IPUMEPHO PaBHOE
30 %.

IIpoBeieHbI  OKCIIEPUMCHTABHBIC — HCCICIOBAHHUS  AWCIICPCHOHHBIX
CBOWCTB. Pe3ynbTaTsl MOKa3aly, YTO CBETOBOJ 00nagact aHOMaJIBHOI/I aucnep-
CHeil, KOO(Q(HHUIMEHT AUCTICPCHH TPYIIOBBIX CKOpocTei P2 = —2 ,3rc?/xm otpu-
uarenbHblid. M3-3a JII'C mpoucXoauT ylIMpEeHHe UMITYJIbCa, HO HE TaKOE 3HA4u-
TEJIbHOE, KaK B CBETOBOJE C KBAapLECBON CEPALIEBUHON TAKOM K€ JJIMHBI, TaK KaK
JUCIIEPCUOHHAS JUTMHA UCCIEA0OBAaHHOTO CBETOBOJA CYUIECTBEHHO OOJIbILIE, YEM
Yy CBETOBOJIa C KBapIIEBOU CEPALICBUHOM.

[Ipu sHepruu nazepHol Hakayku 8 HJ[)K HAYMHAIOT MOSABJISITHCA HEJTUHEN-
Hble 3(pPeKThl B crnekTpe (M3pe3aHHOCTh cnektpa). [lpu 3ToM crekTp emie He
HayuMHAET ymUpAThCs. [Ipyu yBeIMUeHUN 3HEPrun CIEKTP HAUMHAET YIIUPSATHCS,
MOSIBJISIFOTCSI HOBBIE BBHICOKOYACTOTHBIC (TP SHEPTUM Hakadku oT 624 HJlX) u
HU3KOYACTOTHBIE KOMITIOHEHTHI (IpU 3HEprum Hakayku ot 3 Mk/[xk), nmpuyem
3¢ (HEeKTUBHOCTh MpeoOpa3oBaHMsl HHEPTUM HAKAYKA B DHEPTUIO HU3KO-
YaCTOTHOW BOJIHBI BBIIIE, YEM B SHEPTUIO BBICOKOYACTOTHON. BOIOKHO HaunHa-
€T aKTUBHO CBETUTHCS MPU SHEPrUU H3IIYHYEHHS, MPEBBIIAIOLIEH MOPOTOBOE
3HaueHne 85 MK/, MOSABIIAIOTCSA CHEKTPAIbHBIE KOMIIOHEHTHI BUIUMOIO U3JTY-
4eHUs, BIUIOTh 10 450 HM. Tak e yCTaHOBJIEHO, YTO IIPU SHEPTHUsIX, MPEBbIIIA-
foiux 3HayeHue 110Mk/[>x HaOmrogaeTcs reHepanusi KBa3MKOHTUHYYMa B JHa-
nazone or 430 mo 1450 um. Henuueitnble >(QEKTHl CBA3aHBI C BKIAIOM ° B
NOJIIPU3YEMOCTh BO3yXa.

Pe3ynbTaThl McclieOBaHUN CBHUJIETEIBCTBYIOT O MEPCIEKTUBHOCTH MPH-
MCHCHHII BOJIOKOHHBIX CBETOBOJIOB C MOJION CEPIALCBUHON Il TPAHCIIOPTUPOB-

KH CBCPXKOPOTKUX JIA3CPHBIX UMITYJIbCOB BBICOKOM IMUKOBOM MOIITHOCTH.
Pabora BeIonHeHa npu nojaepkke MuHucTepcTBa oopazoBanus 1 Hayku P® (rpant

Ne 14.7250.31.0009) u Poccuiickoro ¢onaa (yHIaMEHTaIbHBIX HCCIEIO0BAHUN (TPAHTHI
PODU 15-02-99688 A u PODU 15-02-08840 A).
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BOJIOKOHHBIN KOJIBLIEBOI DPEUEBBIN JIA3EP
JIJ11 METPOJIOT M1

B.A. Jlazapes!, C.O. Jleonos!, O.B. Manees!, C.I'. Cazonkun?, A.A. Kpsuios?,
M.K. Tapa6pun’, B.E. Kapacuk®, A.H. Kupees®, M.A. I'y6un®*
'Hayuno-obpazoeamenvuoiii yenmp « Pomonuxa u UK-Texnuxay,

MI'TY um. H.D. baymana, Mockea
2Hayunwiti yeump eonokonnoti onmuxu PAH, Mockea
Sdusuveckuii uncmumym um. I1L.H. Jlebedesa Poccutickoti akademuu Hayk,
Mocxkesa
*Hayuonanvuwiii ucciedosamenvckuti aoephwiii ynueepcumem MUDU, Mockea
E-mail: vladimir.al.lazarev@gmail.ru

BosiokoHHbIH J1a3ep yapTpakopoTkux uMnyiibcoB (YKHM) — HeoThremiiemas
4acTh BOIIPOCOB METPOoJIoruu 4actort [1]. Panee ObUIO MOKa3aHO, YTO reHEpalus
CUMUJIAPUTOHOB MOXKET OBITh MOJyY€HA C MOMOIIBIO THOPUIHON CHHXPOHU3A-
IMA MOJ, KOTOpas MOApPa3yMEBAET COBMECTHOE IECHCTBHE JIBYX MEXaHH3MOB
CUHXPOHM3ALIMKU: MEJJICHHBIA - HACBHIIIAIOMUKACS MOTJOTUTENb B BHJIE OJHO-
CTEHHBIX YTJIEPOJHBIX HAHOTPYOOK [2] U OBICTPHIM, OCHOBAHHBIN Ha HEJIUHEH-
HOM SBOJIIOIMM TOJSPU3alMY, BbI3BaHHOW HenuHeWHbIM 3¢ dektom Keppa B
BOJIOKHAX.

Mps1 nonyunnu renepanuio YKW B mogHOCTHIO BOJOKOHHOM 3pOMEBOM
KOJIbIICBOM BOJIOKOHHOM JIa3zepe, KOTOPhIA paboTaeT B pexxuMe TMOpUIHON CUH-
xpoHu3zauuu Moj [3, 4]. MeajeHHO HACBHIAKMMUNCA TOTJIOTUTENb MPEACTAB-
JsieT cOOOM OJTHOCTEHHBIE YTIEPOAHbIC HAHOTPYOKH, TOMEIIEHHBIE B TTOJIMMED-
HYIO IJIEHKY KapOOKCHUMETHIILEIUTIONO03bI [S]. JIuTensHOCTh MMITYJIBCOB JIa3epa
coctasisieT 130 dc, criekTp umeer napadoinyeckyro ¢GopMy U BBIXOAHAS MOIII-
HOCTh 7,14 MBT. TlonyueHHbIN peXUM T'€Hepalud CUMHJIAPUTOHOB OB OYEHb
CTaOWJIHBIM B TEYCHHE HECKOJIBKUX MECSIIEB.

bri10 mpoBeneHo uzydeHue pexknuma paboThl CUMHUIAPUTOHHOTO Jia3epa, B
YaCTHOCTA HM3MEpEHa IIMPUHA OJHOW JHMHHHM TPeOEHKH, KOTOpas COCTaBUIA
32 kI'n (FWHM). Taxxe Oblia n3MepeHa jJaeBuanusa AjutaHa ¥ OTHOCHUTEIIbHBIN
myMm uHTeHCUBHOCTH (RIN). Tlo cpaBHEHMIO C BOJOKOHHBIM JIa3epoM, TMpe-
CTaBJICHHBIM B [6], HalI JIa3ep UMEET COU3MEPUMOE 3HAYEHUE OTKJIOHEHUS Yac-
TOTHI IOBTOPEHUS, OTHOCUTEIBLHO HU3KOE 3HAUEHUE IIyMa MHTEHCUBHOCTU Me-
Hee —125 nbu/T'1 ¥ BBICOKYIO CTa0OUIBHOCTH pa0OTHI.

1. U. Keller, Nature 424, 831-838 (2003).

2. M. E. Fermann, I. Hartl, Nat Photon. 7, 868-874 (2013).

3. ALA. Krylov et al., Laser Physics Letters 12, 6 (2015).

4. V. A. Lazarev et al., Frontiers in Optics 2015. FW3C. 2 (2015).
5. AA. Krylov etal., J. Opt. Soc. Am. B. 33, 134-142 (2016).

6. M. Gubin et. al., Laser Physics 17, 1286-1291 (2007).
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ILIMPOKOITOJIOCHBIM BOJIOKOHHBIM UICTOYHUK HA OCHOBE
BBICOKOJIETUPOBAHHOI'O ER**/YB®* KOMITO3UTHOI'O OIITUYE-
CKOI'O BOJIOKHA

B.W. I'anaran!, 5.1. lenkep®, O.H. Eroposa?, B.A. Kambiaus?,
A.A. Tlonocoaa?, C.E. Ceepukos?, C.JI. Cemenon?, B.b. LipeTkoB!
Yncemumym obweri pusuxu um. A.M. Ipoxoposa PAH, Mockea
2Hayunwiti yeump eonoxonnoti onmuxu PAH, Mockea
E-mail: nastya-aleksi@mail.ru

[[InpOKONOJIOCHBIE BOJOKOHHBIE UCTOYHUKHA H3JIYyYEHHS HA OCHOBE KBap-
LIEBBIX ONTHUYECKMX BOJIOKOH, JICTMPOBAHHBIX MOHaMu Er*) mamm mmpokoe
IIPUMEHEHUE B BOJIOKOHHO-ONTHYECKUX THPOCKOMAaX, CUCTEMaX HU3KOKOTE€PEHT-
HOM pedIeKToOMeTpUu U Tp.

[ens HacTodIIEl pabOThI 3aKII0YANIACh B CO3/JAHUU U MCCIICIOBAHUU TOJI-
HOCTBIO BOJIOKOHHOTO KOMITAKTHOTO IIMPOKOITOJIOCHOIO UCTOYHHUKA U3JTYYEHHUS], B
KayeCTBE AaKTUBHOM CpeAbl KOTOPOTO MCIIOJb30BAHO BBICOKOJETUPOBAHHOE
Er¥*/Yb* xomnosutHOE onTHyeckoe BOJNOKHO. IToronieHne n3rydeHus Hakauyku
B BOJIOKHE Ha JIJTMHE BOJHBI 971 HM mpu BBojie B 0005104Ky coctaBmio 0,3 nb/cm.
[Tormormenue B cep/iiieBUHE Ha JTMHE BOJIHBI 1535 HMm Ob110 1,5 nb/cm.

B paGote Obumi MccieoBaHbl CIIEKTPhI M3TYYCHHUS M MOIIHOCTD IITUPOKO-
MOJIOCHOIO MCTOYHMKA M3JIYYEHHUS IPU PA3IMYHBIX JIMHAX AKTUBHOW CPEIbl U
Pa3JIMYHBIX MOITHOCTSX HAKa4YKy Ha 971 HM.
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Puc. 1. Cnektpsl uznyueHus (a) ¥ MOITHOCTH (0) HCTOYHHUKA U3ITYYSHUS MIPH PA3TUIHBIX MOIII-
HOCTSIX HaKa4Ku (JJIMHA CBETOBOJIa 68 cM)

Ha puc. 1 mpeacraBieHbl CEKTphl H3My4eHHs (2) ¥ MOIIHOCTH (0) mpu
JUTMHE aKTUBHOM cpenbl 68 cM. Ha criekTpax m3myueHus HaOIroAar0TCs Ba IPKO
BBIpOKEHHBIX TTUKa BOMM3U 1535 u 1543 HM, mMprUHa KOTOPHIX HA MOJIYBBICOTE
COCTaBJIICT 2 HM M 5 HM, COOTBETCTBEeHHO. COOTHOIIIEHUE HHTEHCHBHOCTEH IMH-
KOB MEHSIETCS B 3aBUCHMOCTH OT MOIITHOCTH HAaKa4YKH.

B pesynbrate paboThl MPOJEMOHCTPUpPOBAHA BO3MOXXHOCTH HCIIOJB30Ba-
HUS pa3pabOTaHHBIX BOJIOKOH B ITMPOKOIIOIOCHBIX UCTOYHUKAX U3ITyUeHHUSI.

Pabora 6b11a nognepxana POOU B pamkax npoekra 14-29-08168 opu_m.
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®YHKIMOHAJIbHBI ®OTOJIETEKTOP HA OCHOBE ®OTOINOJIA
B OIITUKOBOJIOKOHHBIX JINHUAX CBA31

S.A. 3azynun, b.H. /leaucoB

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

B ONTOBONOKOHHBIX JHMHHSIX CBSI3M CYHIECTBYET OOJBIIOE KOJIMYECTBO
Pa3IMYHBIX NMPUEMHUKOB ONTHYECKUX CHUTHAJOB. B OOJBIIMHCTBE YCTPOMCTB
CUTHAJ MPUHUMAIOT, MIPEOOPa3yloT U3 ONTUYECKOTO B DJCKTPUUECKUN U 3aTeM
MPOU3BOAT Pa3IMYHbIe OMepalny, YTo TpeOyeT MOIIaroBoro nmpeodpazoBaHus,
a cIIeJI0BATENIbHO, YJHEPTUU U BpeMeHH. Kak Obl10 paHee mokaszano [1] cymecT-
BYET BO3MO>KHOCTh CYMMHPOBAHUS JIByX CUTHAJIOB C MOMOIIBIO (hOTOPE3UCTOP-
HOrO ONTpoHa. B pamkax mgaHHONW pabOThI paccMOpPTEHAa BO3MOKHOCTD
MPOM3BENICHUSI MAaTEMaTHYECKUX omnepanuid (MepeMHOXKEHHE, CYMMHUPOBAHUE)
HENOCPEICTBEHHO NP JETEKTUPOBAHNUU ONTUYECKUX CUTHAJIOB, U PEAIN30BaHO
B YCTpPOICTBE CYMMHUPOBAaHHUS JBYX ONTHYECKUX CHUTHAJIOB, MOAYJIHPOBAHHBIX
10 UHTEHCUBHOCTH, YTO YINpolaeT KOHCTpykiuio y3i10B OBJIC u noBeimaer
obicTpoaeiicteue. Ha puc. 1 nmnpencraBieHa mNpuHIMOMAIBHAsS —CXema
HKCIIEPUMEHTAIbHON YCTAaHOBKH.

1
i‘l/
ETCA) VD1 fD; 2

R1

Puc. 1. HpI/IHI_II/IHI/IaJ'ILHaSI CXEMa JCTCKTOpa

JlaHHasT ~ KOHCTPYKIMS  TO3BOJISIET  IPOU3BOJAUTH  CYMMHPOBAHUE
ONTHUYCCKUX CHUTHAJIOB M OOECIIeUrBaTh TOJIHYIO TaJbBaHUYECKYIO Pa3BA3KY
BXOJHBIX CUTHAJIOB KaK ME&XAy coOOM, TaK U C BBIXOJHBIM curHajgoMm. Ha puc. 2
MPEACTABJICHBl COOTBETCTBEHHO TEOTCPUUYECKU U  IKCIICPUMEHTAIIbHBIN
CIIEKTPBI BBIXOJHOTO CUTHAJA.

ToARED
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Puc. 2. CriekTp BBIXOJHOTO CUTHANA (a-TEOPETUUYCCKHI, O-IKCIIEpUMEHTAIbHBII)

1. B.H. Jlenncos, f.A. 3a3ynun. Marepuansl Becepoccuiickoit koHbEpeHITIN
«ParosIeKTpOHHBIE CPENCTBA TOIYYCHHS, 00paOOTKHA U BU3YaIH3allUU
uHpopmaruny, 156 (2014).
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BJIIMSIHUE KPUCTAJUIM3ALIMM 1 KOHLIEHTPALINA Bi,O3 5
HA CIIEKTPAJIBHO-JIIOMUWHECHEHTHBIE CBONCTBA GAPUU-
I'AJIJIO-TEPMAHATHBIX CTEKOJI

A.A. Tleinenxos!, K.H. Humes?!, B.M. Ksamkun?®, C.B. ®upcros?
'Hayuonanvnvni uccredosamensvckuii Mopoosckuii 2ocyoapcmeenubiili yHueep-
cumem um. H. I1. Oz2apesa, Capanck
2Hayunwiti yeump eonokonnoti onmuxu PAH, Mockea
E-mail: alekspyn@yandex.ru

BosiokoHHBIE CBETOBO/IbI, aKTUBUPOBAHHBIE MOHAMU BHUCMYTA, SBIISIOTCS
MEPCIIEKTUBHBIMY [IJI1 IPUMEHEHHS B IIHPOKOIIOJOCHBIX BOJOKOHHO-ONTHYE-
CKUX YCUJIUTENSX, padoTtaromux B ommkHeMm MK-auanazone anux BoiH. [Ipak-
THUYECKOE MPUMEHCHUE TAKUX CBETOBOJIOB CIIEPKUBACTCS TEM, YTO JO HACTOS-
IETO BPEMEHH OKOHYATEJIbHO HE YCTaHOBJICHA (M3MUECKask MPUPOIa aKTUBHBIX
BUCMYTOBBIX 1IeHTPOB (ABII), onpenenstonux crnekTpanibHO-IIOMUHECIIEHTHBIC
CBOMCTBA aKTUBHOM CPEJIBL.

Lenpto paboOTHI SABISAJIOCH CPABHUTEIBHOE HMCCIIEJOBAHUE CIEKTPATbHO-
JIOMUHECHEHTHBIX cBOMCTB ABIl B amopdubix Oapuii-rayo-repMaHaTHBIX
CTEKJIaX U B ATHUX YK€ CTEKJIaX, MOABEPrHYTHIX KOHTPOJIUPYEMOU KpUCTAILIU3A-
100518

UccnenyemMblie cTekina nojiydaiu MyTeM IIaBiIeHus TBEpAO(Pa3HON MIUXThI
coctaBa 14Ba0 - 2Ga;0; - (84-x)GeO; — xBi,03; (X = 0 - 5) Ha Bo3zayxe. Kpu-
cTaynyeckas da3a JaHHOU cucTeMbl co cTpykTypoit BaGe,Ogy momyyanacs my-
TE€M BBICOKOTEMIIEPATYPHOI'O OTXKUTa UCXOJHBIX aMOP(PHBIX 00pa3IoB MPU TEM-
neparypax OJM3KHX K TeMIepaType KpUCTAIUIM3allUU CTEKIIA.

Ha crniektpax moriomieHus: ucciaeayeMbIx 00pas3oB B aMOp(PHOM COCTOSI-
HUU HAOJIOJAeTCsl XapakTepHas Il BUCMYTCOIEPKAIUX CTEKOJ IMO0JIOCa IO-
rJIonieHusi ¢ MakcuMyMoM B obsiactu 500 HM. THTEHCUBHOCTH JaHHOM MOJIOCHI
BO3PACTAET C YBEJIMYEHUEM KOHIIEHTpauuu BUcMyTa. [Ipu uccienoBaHuu criek-
TPOB MOTJIONIECHUS 3aKPUCTAITTU30BAHHBIX 00PA3I[0B C COJEP)KAHHEM BUCMYTa OT
1 1o 5 M01.% HabmomaeTcst pas/iesieHle BhIIIEYKa3aHHOM MOJIOCHl Ha IBE C MaK-
cumyMamu B obsiactu 475 u 550 HM. B cnekTpax JIFOMUHECIEHIIUU, TTOJTyYEH-
HBIX C JUIMHOW BOJIHBI BO30YkaeHus 450 HM, JJIS CTEKOJ ¢ KOHIICHTparuei
Bi,03 0,5 u 1 M011.% B amMmophHOM COCTOSTHMM HAOJFOJAITUCH JBE IMOJIOCHI C MaK-
cumymamu BOm3u 820 HM u 1270 HM, IPUMEPHOE COOTHOILIEHNE UHTEHCUBHO-
CTell KOTOPBIX cocTaBysuio 1:3. B mpoliecce KpucTauM3auy CTEKOI Ha0Iroa-
JaCh MHBEPCHSI COOTHONIEHUSI MHTEHCHUBHOCTEM JAHHBIX MOJIOC JIFOMUHECIEH-
nuu. C yBeIMYEHUEM COJICpKaHMS KPUCTAIMUECKON (a3bl CYIIECTBEHHO BO3-
pacTana UHTEHCUBHOCTb MOJIOCHI JIIOMUHECHEHIMUA ¢ MaKkCUMyMoM BOiu3u 820
HM, IPU 3TOM HPONOPIUOHATIBLHO YMEHbIIANACH (BIUIOTH JO MOJHOTO MCYE3HO-
BEHUSI) MHTEHCHUBHOCTh TIOJIOCHI ¢ MakCUMyMoM B oOmactu 1270 um. JlaHHbIH
a3 PeKT MOKET OBITh CBS3aH C MEPEXO0JOM MPU KPUCTAUIU3AIUU CTEKJIa aKTUB-
HBIX HOHOB BUCMYTa U3 aMOP(HOTO B KPUCTATUIMUECKOE OKPYKEHUE.

PaboTta BeImosiHeHa npu duHAHCOBOM Tomuepxkke rpanta PODOU Ne 16-
32-00852
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BOPOCUIIMKATHBIE CTEKIJIA JJIA XKECTKOI'O MHOI"OXXHNJIbHOT'O
OIITUYECKOI'O BOJIOKHA

M.B. Jlanenko, M. A. JleBunkuii, JI.®D. I[Tanko

benopycckuii 2cocyoapcmeennuiii mexunonocuueckuil ynugepcumem, Munck
E-mail; dyadenko-mihail@mail.ru

JlanHast paboTa HampaBjeHa Ha PEIICHHE OJHOM W3 aKTyaJbHBIX 3ajad
ONTHUYECKOI'0 MaTepHaIOBE/ICHUsI, CBI3aHHONW C TOBBLIIICHUEM KauyecTBa BOJIO-
KOHHO-ONITUYECKUX H3JCIIHIA, KOTOPhIE HAXOMIT MIMPOKOE MPUMEHEHHIE B ME/TH-
IIUHE, AJICKTPOHHUKE, aBTOMOOMJIECTPOCHUH, MPUOOPOCTPOSHUU U OOOPOHHOM
MIPOMBITIUICHHOCTH.

OCHOBOI BOJIOKOHHO-OIITHYECKHUX H3JICIIHH SBIISCTCS KESCTKOS MHOTOMO-
JIOBOE OMTHYECKOE BOJIOKHO, JUIS TTOJIYYSHHSI KOTOPOTO MCIOJIB3YIOTCS COTJIaco-
BaHHBIC TI0 PSAIY XapaKTEPUCTUK CTEKJIA ISl CBETOBEAYIIEH KIJIbI, CBETOOTpa-
JKaroIeH M 3aIMTHON 000JI0YeK.

B pesynbrare cuHTe3a 1 nccnenoBanus crekol cucreMbl BaO—B,03—La,05—
TiO,—SIO; pa3paboTaHbl MaTepHabl JJIs CBETOBEAYIICH JKHIIBI C MOKa3aTeeM
npenomnenns ceeime 1,8050 m noxasarens ocnadnenns 0,0041 cm . Veranos-
JIEHO, YTO MPH MOJISIPHOM cooTHomIeHnH KomoneHToB BaO:La,03:TiO,, paBHoM
2:1:1, moaaBIsAIOTCS MPOIECCHl KPUCTAJUTM3AIIUN, XapaKTepHbIE NI TaHHOW CHC-
teMbl. Beenenue no6aBok WO; u Y703 Mo3BOISET MOBBICUTH MOKa3aTelb Mpe-
JIOMJICHHUS CTEKOJI M MCKITFOUNTh WX KPUCTAJUTH3AIMIO NP JUTATEITBHON TepMUJe-
CKOI1 00paboTKe.

PaspaboTka crekia st cBeToOTpaXkaromield 000JIOUKH ¢ TIOKa3aTeneM Ipe-
gomutenns 1,4887 B cucteme Na,O—-K,0-B,03-SiO, mo3Bommiao o0ecreyuTs u-
CIIOBYIO alepTypy ontudeckoro BojiokHa 6osee 1,0. CoBmectHoe BBenenue KoO u
Na;O B cootHomernu ot 1:1 mo 4:1 obecneunBaeT MOAABICHUE MPOIIECCOB KPH-
CTAJUIM3AIUH TIPH JUTUTSIIBHON TePMHUECKOH 00paObOTKe B IIPOIIECCE BHITSTUBAHUS
OJIHO- ¥ MHOT'O’KHJIBHOT'O ONITHYECKOTO BOJIOKHA.

IIpu pa3paboTke CTEKOJ IS 3aIUTHOM OOOJIOYKH Ha OCHOBE CHCTEMBI
Na,0-K,0-B,03-Si0; ¢ BBemennem komOmHaimu kpacureneii CoO, CryOs,
Mn,O3, TiO, u Fe;O3 momydeHbl MaTepualibl ¢ BBICOKAM KO3(D(UIIMEHTOM OCad-
JICHUs B BUAUMOM U ONvbKHEN HH(paKpacHOM 4acTH CIIEKTpa.

PerynupoBaHue BS3KOCTHBIX XapaKTEPUCTHK CTEKOJM I CBETOOTPaKAIOIIEH
W 3alIUTHOH O00OJIOYEK OINTHYECKOrO BOJIOKHA OOCCTICUMBACTCS BapbHPOBAHHEM
cootHomeHnii (Na,0O+K,0)/B,03 u K;O/Na,O B mx cocraBe, KOTOpBIE COCTaB-
as10T 1,5 m 1,0—1,2 COOTBETCTBEHHO.

VY CTaHOBJIEHO, YTO COOTHOIIIEHHE MTOKa3aTeJIed BI3KOCTH CTEKOJI IJIsI CBETO-
BEAYIICH XUJIBI U 000JOYCK B TEMITEPATypHBIX WHTEpPBajax €ro BBITATHBAHUS,
NIEPETSHKKH B MHOTOYKHIJIBHOE BOJIOKHO BJIMSICT Ha TCOMETPHUECKHE TapameTphl
OINTHYECKOTO BOJIOKHA, @ TaKXe YHCTOTY TOJSl 3pEHHMS M KOHTPACTHOCTH BOJIO-
KOHHO-ONTHYECKUX m3Aeimii. ONTUMHU3aIsS COCTABOB CTEKOJI JJIS 3aIUTHOM 000-
JIOUKH TI0 BA3KOCTHBIM XapaKTEPUCTUKaM B uHTepBaie 3Hauenmii 10°-10% Ia-c
MO3BOJISICT CTAOMJIM3UPOBATh TIPOIECC H3TOTOBIICHHUS BOJIOKOHHO-ONTHYECKHUX
W3JICTIUI Pa3IMIHOTO Ha3HAYCHHS M, KaK CJICJICTBHE, IIOBBICUTH UX KAYECTBO.

65



N3I'OTOBJIEHME AKTUBHBIX CBETOBOJIOB HA OCHOBE
AITIOMODOCPOPOCUIMKATHON MATPHUILIbI

A.H. I'ypesnos, J.C. JIunatos
HXBB PAH, Huoicnuti Hoseopoo
E-mail: lidenis@yandex.ru

bnu3kuii k KBaplieBOMY CTEKJIYy MOKa3aTelb ImpesioMieHus anomModocdo-
pocmnkatHoro (A®C) crekna u BbICOKAsi paCTBOPUMOCTh B HEM OKCUA0B P30,
JIeNar0T JAaHHBIM MaTepHall YHUKAJIBHBIM JUIsl U3TOTOBIICHUS OJHOMOJIOBBIX aK-
THUBHBIX CBETOBOJIOB C BBICOKMM IMOPOTOM HEIMHEWHBIX A((PEKTOB U CO3MaHMUS
Ha UX OCHOBE MOIIIHBIX HCTOYHUKOB U3ITyUCHHSI.

PaboTta mocesieHa UCCIEOBaHUIO MPOIECCa OJHOBPEMEHHOTO JIETHPO-
BaHus kBapieBoro crekna P,0s, Al,Os, RE;O3 (RE - Er, Yb, Tm) u3 razoBoit
dazer B MCVD wmetone. B kauecTBe mpeKkypcopoB UCHOIB30BAIKNCH JETKOJIETY-
yue SiCls, POCl; u manoneryune AICl; u RE(thd)s, koTopbie TepMocTaTHpoBa-
auck pu 130 u 160 °C 1 103UpOBATUCH B OTIOPHYIO TPYOY IO OTACIBHBIM 000-
rpeBacMbIM MAarvcTpajIsiM JIJIsi UCKJIIOYEHHS] KOHJEHCAIlMW U B3aUMOJICHCTBUS
KOMITOHEHTOB Mapora3oBOil CMECH B CUCTEME HaIycKa.

Nzrotosnenne ADC crekina oCcyliecTBIsUIOCh IByMs criocobamu. B cran-
JApTHOW METOJMKE B OMOPHYIO TpyOy omHoBpeMenHO moctymnanmu SiCls, POClIs,
AICI; u RE(thd)s, oOpasytoruecss B 30He HarpeBa OKCHJIbI CIUIABIISUIUCH B MIPO-
3padHbIM CJIOW cTeKIa. JlaHHBIM MeTO He mo3BoJsAeT BBOAUTh B ADC maTpuiy
oonee 1 mac.% P33. B pesynprate B3ammopeiicteus napoB AlCl;, POCl; u
Er(thd);s BbIXOA cHcTeMBbl MOJaYM 3apacTayl TBEPABIMH YacTHUIIAMH, KOTOPBIC
CPBIBAJIUCH ITOTOKOM, YTO BIIOCIIEJACTBHUU MPUBOAIIO K 0OOPa30BaHUIO B CTEKIIC
My3bIPEH U PE3KOMY POCTY ONITHYECKHUX MOTEPb.

Bropass MeToauka MCKIIOYAET B3aMMOJCHUCTBUAE MPEKypcopoB. B Hauane
ocaxnaincs nopuctbiii P20s-Al,03-Si0O; croit crekna. Jlagee B TpyOy moctyman
RE(thd); u oOpasyromuiics B 30He HarpeBa RE;O3 ocakiaics Ha MOBEPXHOCTH
MOPUCTOTO CJIOS. 3aT€M MMPONUTAHHBINA MOPUCTHIN CIION CILIABJISUIICS B MIPO3pay-
HOEe cTeksio. M3roroBneHue cepileBUHBI MyTEM MHOTOKPATHOTO HAHECECHMSI
TOHKUX TOPHUCTBIX CJIOEB, KAKIBIM U3 KOTOPHIX MHOTOKPATHO MPOIMUTHIBAJICS
RE,O3 mo3BojsieT M3roTaBiIMBaTh BbICOKOJIeTHpoBaHHbIe P3D (4 - 6 mac.%)
A®C CBETOBOBI.

YcranoBneno BiusgHUE coctaBa APC cTekna Ha CTENEHb BXOKICHHS OK-
cunoB P33. TlpoBeneHsl UccienoBaHUs MO BIUSHUIO TemmepaTypbl U 3ddek-
TUBHOCTH OCaxJeHus Ha KoHueHTpamuio P,0s, Al,O3, RE;O3 B cTekiie u paB-
HOMEPHOCTB pacipeiesieHUs JIETUPYIONUX OKCHUIOB 10 JjuHe npedopmbl. N3-
roroBieHbl ADPC mpedopmsl ¢ An = 0.0005-0.002, coxepxkamue ot 1 1o
4 mac.% P33, xapakTepusyromuecss OJHOPOAHBIM COCTAaBOM Kak IO JJIMHE, TaK
U 110 ceyeHuto. CBETOBOIbI BHITSHYTHIE U3 TIOJYYCHHBIX TPEPOPM UMEIOT BHICO-
KM€ ONTHYECKUE XAPAKTEPUCTUKU (HU3KHE ONTHYECKUE MOTEPH, BBHICOKYIO d(-
(EeKTUBHOCTH YCUJICHUS U T.1I.).

HccnenoBanue BbIMoHEHO TpHU (hrHAHCOBOUM momnepxkke PODU B pam-
Kax Hay4yHoro npoekra Ne 16-03-00325 a.
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ITOJIYUEHUE CTEKOJI CUCTEMBI SiOz-GeO;-P;0s, IETMPOBAHHBIX
BUCMYTOM, METOJIOM XUMHUYECKOI'O OCAXKEHUS 13 TA30BOIA
®A3bI (MCVD)

AdanacreB D. B.
UXBB um. I'. I'. Jleeamuix PAH, Huoxcrnuti Hoeeopoo
E-mail: kamerton-fis@mail.ru

Cpenu 60ab110T0 pa3HOOOpa3us COCTABOB KUCIOPOIHBIX CTEKOI, JIETUPO-
BaHHBIX BHCMYyTOM, cTékiaa cocraBa SiO,-GeO,-P,0s obmagaroT psmoMm Ipe-
UMYIIECTB, @ UMEHHO: 00JIee HU3KUMHU ONTHYCCKUMU MTOTEPSIMH B THarma3oHe 1 —
1,3 MM, HamuueM OoJiee MUPOKOMOIOCHON JIIOMUHECIICHIINKA C IIEHTPOM Ha
1,3 MM [1], mo cpaBHEHHUIO C APYTUMHU CTEKIAMHU.

[ens nanHO# pabOTHI 3aKiII04aeTCs B MOMyYeHUun pocdoporepmaHoCcuiin-
katHbIX (DPI'C) cTékon, nerupoBaHHbIX BUCMyTOM MeTonoM MCVD, ucnons3ys
B Ka4eCTBE MCXOJHOrO coeauHeHus BiBrs, u onpeneneHnn onTUMaabHOW KOH-
[EHTpaIlMN OKCHJIa BUCMYyTa B CEpALICBUHE MaTepuala, 00J1aJalolero BEICOKOM
WHTEHCHUBHOCTBIO JTFOMUHECIICHITUN U HU3KUMH ONITHYECKIUMH TIOTEPSMHU.

OOpasibl BEICOKOYUCTBIX CTeKoJ cucteMbl Si0,-GeO,2-P,0s, teruponan-
HBIX BUCMYTOM, ObUIN MOy4YeHbl o cranaapTHoit MCVD Ttexnosnoruu. B xaue-
CTBE M3MEHAEMOI0 apameTpa MpU MOJYYSHHH 3aroTOBOK Obliia BRIOpaHa OTHO-
cCUTENbHas KOHIEHTpauus Tpuopomua BucmyTta (OCH) B ncxoHOM mapora3o-
Boi cmecu. [lomaua BucMyTa B CEpIIEBHHY KOHTPOJUPOBAJIACH ITOTOKOM
uHepTHOro rasa (aprona, CBY) uepe3 TepmocTratupyemyro aMmIryiy, COAepika-
11yt Tpuopomu BUcMyTa. M3 moydeHHBIX 3aTOTOBOK OBLIM BBITSHYTHI CBETO-
BOJIBI.

CocTaB MOJyYEHHBIX CTEKOJ OMPENENsICS METOJOM MAacCC CIEKTPOCKO-
nuu. M3Mepenue pacnpeneneHus Jerupyromieil 100aBku 1Mo JIMHE 3ar0TOBOK
OCYIIECTBISUIOCH HA CIEIMAIBEHOM NPUOOpe ¢ HAKAYKOM OT JIa3epHOTO AMOAA Ha
800 uM. CrekTphl MOTJIOMICHUs U ycuiieHus: ¢cBeToBo10B (L~150-200 meTpoB),
BBITSHYTBIX W3 3arOTOBOK, ObUTM M3MEpEeHBI B nuana3zoHe JaiauH BojH 800-1700
HM.

Pazpabotana metoauka noiayudeHus: BbICOKOUUCThIX DI'C cTEKOM U CBETO-
BOJIOB Ha WX OCHOBE, JISTUPOBAHHBIX BHUCMYTOM, M3roToBieHHbIXx mo MCVD
TEXHOJIOTUH, UCTIOJIB3Ys B KauecTBe npekypcopa BiBrs.

PesynbraThl yka3pIBaloT Ha TO, YTO YBEJIIMUYEHHWE KOHIICHTPAIMU BUCMYTa
B CEpIIIEBUHAX CBETOBOIOB MPHBOJUT OBICTPOMY POCTY ONTHYECKHX MOTEPh B
nuana3one 400-1600 um. IToka3zaHo, 4To IS TOJYYCHHUS CTEKOI cucTeMbl SiO,-
Ge0,-P,0s-Bi ¢ HU3KUMHU ONTHYCCKUMU TIOTEPSIMHU U akTUBHBIME MK-11eHTpamMu
HeoOxouMo BBefieHne BucMmyTa nopsiaka (0,01-0,02 m01.%).

1. B.®. Xonun, U.A. Bydetos u ap., Kanrosas snexrponuka 38(7), (2008).

Bripaxenue 6marogapHoctu
ABTOp BBIpaxaeT OJaroJapHOCTb CBOEMY HAYYHOMY PYKOBOJIUTEIIO
®. Xomuny, a taxke corpyanukam JITBC A.H. 'ypesnoBy, A.H. AGpamoBy u
H.

B.
H. BGIIKaHOBy 3a ICHHBIC KOHCYJIbTAllUX U IIOMOIIb B IPOBCACHNHN SKCIICPUMCHTA.
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CIIEKTPAJIBHBIE U BPEMEHHBIE XAPAKTEPUCTUKU
[MTMKOCEKYHIHOI'O SPBMEBOI'O BOJIOKOHHOTI'O JIAZEPA
C PA3JIMYHbIMU JJVIMHAMUM PE3SOHATOPA

N.A.Bonkos!, B.A.Kambiaun?, K.H.Humes?, B.B.1{BeTkoB.
Hayuonanvnoni uccredosamenvckuti Mopoosckuii 20cyoapcmeenubiil
yHueepcumem, Capanck
2Uncmumym obweti pusuxu um. A.M.IIpoxoposa PAH, Mockeéa

JlazepHble UCTOYHUKH, U3TYyUYalOIINE B MIUPOKOM CIEKTPAIBHOM JUaIa30HEe C
3a/IaHHBIMA BPEMEHHBIMH XapaKTePUCTUKAMU U (HOPMOM CIEKTpa, HAXOASIT MPUMEHE-
HUE BO MHOTUX 00JacTsX. DTO MOXET OBITh Kak NMPUMEHEHHE B HAYYHBIX IIENIAX -
CIIEKTPOCKOIIHSI, T€Hepalus CYNEepKOHTUHYyMa, TaK M TMPUKIAIHBIX — METPOJIOTHS,
onTHYecKass ToMorpadus, rUNepCreKTpaIbHOEe U3ydeHHe oO0beKkTa U ap. B kauectse
MPUWIOKEHUM KOPOTKUX MMITYIHCOB OTMETUM HUCCJIEAOBAaHUE CBEPXOBICTPHIX IMpOIIEC-
COB, TE€HEpAIMIO0 U JETEKTUPOBAHHE TEpareploBOro usnydeHus. PaznooOpasue BO3-
MOJKHBIX MPUMEHEHUI MPUBENIO K MOSBICHUIO OOJIBIIOTO KOJIWYECTBA MCCIICOBAHUA,
HaIpaBJIEHHBIX Ha CO3JaHWE MCTOYHUKOB, T€HEPUPYIOIINX YIBTPAKOPOTKHUE ONMTHUYE-
CKHE UMITYJIbCHI C Pa3JIMYHBIMHU XapaAKTEPUCTUKAMH.

B pabote ucciemoBaHa cxema KOJBIIEBOTO 3pOue- _,?
BOT'O BOJIOKOHHOTO Jia3zepa YJIbTPaKOPOTKUX HMITYJIbCOB C
JuHamu pe3onaropa 64 M u 204 m. JlanHas cxema Io3Bo-
JSIET pean30BaTh MEXaHW3M CHHXPOHH3AIMU MOJ Ha -
dexre HBII, xoTopeiii ocHoBaH Ha 3ddekre Keppa. Peso-
HATOp Jlazepa OOpa3oBaH OJHOMOJOBHEIM BOJIOKHOM SM
332 ¥ BOJIOKHOM, JIETUPOBAaHHBIM »pOuemM. J[TMHa aKTUB-
Horo cBetoBoma AENe5 (msroroBaennoro B OAO
"ITHIIIIK" r. Tlepmb) cocTaBuna 4m. {
Hakauka ocyiecTBisiiach yepe3 BOJOKOHHBIA MynbTuIiekcop 1480/1550 nazepHbimM
OJTHOMOJOBBIM JUOJOM Ha JJIMHE BOJIHBI 1462 HM C BBIXOJHOM MOIIHOCTBIO J10 100
MBT. Ilornomenne Ha JIuHE BOJIHBI HaKayku cocTaBmiio 6,4 nb/m. Hanpasienue re-
HEpaluu B CXEeME OIpPeeisioch BOJIOKOHHBIM U30JIATOPOM. J[Ba KOHTpoJIiepa mois-
pU3alMU YCTAHOBJIEHBI B KOJIBLIEBOM PE30HATOPE C JIBYX CTOPOH OT BOJIOKOHHOIO IO-
JSIPU3ALMOHHOTO JIETTUTENS U UCIIONB3YIOTCS 1JIs1 MOACTPOMKH MOJIApU3ALUH.

N3BectHO, uTO B 06sMacTu aHomanbHOM JII'C BHYTpH pe3oHaTOpa MOTYT CYyIIle-
CTBOBAThH JIBa OCHOBHBIX THIIa T€HEPAIMHU: TEHEPAIMs COJTUTOHOB U TE€HEpaIus pacTsi-
HYTBIX HUMITYJbCOB. XapaKTEPHbIM MPU3HAKOM T'€HEpaIlMU KJIACCUYECKOIO COJIUTOH-
HOTO pPEXHMa SIBIIIETCS BOBHUKHOBEHHUE B CIEKTPE M3IYUYEHHUS y3KUX OOKOBBIX MakK-
cuMyMoB Kemm n-HOTO mopsijika, OTCTAIOUIUX OT IEHTPATbHOW JJIMHBI BOJHBI Ac HA
HEKOTOPYIO BEIMYHMHY AA, 1O KOTOPOH MOXKHO cymuTh o cymmapHoit JII'C BHyTpu
pe3oHaropa.

[Ipu nnuHe pezoHaTopa jazepa 64 M OBUIM MOTYYECHBI UMITYJIBCHI JJTUTEIBHO-
cteio 1,08 1ic ¢ wacroroii mosropenus f =3,3 MI'1, a B cxeme ¢ JUIMHO#N pe3oHATOpa
204 M — 1,3 nic ¢ wacrotoit noeropenus f =1 MI'n. IlonxydyeHHBIE PEKUMBI T€HEPALTUH
00J1a1al0T XapaKTepUCTUKAMU, TIPUTOIHBIMH /I YCIEITHOTO UCIOJIh30BaHMS B Kaye-
CTBE 33/IaI0IIEr0 YCTPOMCTBA IIPHU T'eHEPALUK CYTIEPKOHTHHYYMA.

1. K. Rajesh, R.W.Brian, APPLIED OPTICS 51 (27), (2012).

Er-BonokHo SM 332

KowTponnep KowTponnep
nonspuaauun nonApuaaLAM
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FABRICATION OF OPTICAL FIBERS BASED ON HIGH-PURITY
QUARTZ GLASS DOPED WITH TIN BY MCVD METHOD
AND INVESTIGATION OF THEIR OPTICAL PROPERTIES

A.S. Lobanov}, A.N. Gur'yanov!, S.V. Firstov?
1G.G. Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod
2 Fiber Optics Research Center of RAS, Moscow
E-mail: lobanov@ihps.nnov.ru

Introduction of tin dioxide even in small amounts into silicate glasses in-
creases their photosensitivity in the ultra-violet spectrum range which provides a
more efficient record of Bragg gratings in optical fibers. Besides, the demand for
broadband optical amplifiers and lasers stimulated the interest to search new
materials suitable for fabrication of such devices in the near IR-range. Detection
of IR luminescence in glasses doped with bismuth and subsequent demonstra-
tion of laser generation and amplification in the range of 1150 — 1770 nm in
bismuth optical fibers heightened the interest in searching for new dopants.

The authors of paper [1] have observed the broadband of luminescence at
1200 - 1600 nm in glass on the basis of SiO, with addition of tin which position
depends on pumping wavelength. The authors of paper connect the presence of
these bands with active centers due to ions of Sn?* in prepared glass. It is im-
portant to note that the detailed description of MCVD process for fabrication of
fiber preforms on the basis of high-purity glass doped with tin and of optical
fibers on their base are not available in literature.

This report gives the results of investigations on fabrication of preforms
by MCVD method and of optical fibers on the basis of high-purity quartz glass
doped with tin. For introduction of tin the method of deposition from the gas
phase was used as well as the method of impregnation of the porous layer of
glass. The effect of matrix glass composition, the reductive-oxidative conditions
and the deposition temperature on the efficiency of introduction of tin into glass
was investigated. A substantial effect of the process temperature on the concen-
tration of tin in the prepared glasses is shown. The samples of preforms and op-
tical fibers were fabricated with the content of tin dioxide up to 7.5 mole %. The
optical properties of the fabricated preforms and optical fibers were investigated.

1. B.l. Denker, B.I. Galagan, L.D. Iskhakova, S.E. Sverchkov, E.M. Dianov,
J. Appl. Phys. B. 120, 13 (2015).
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FORMATION OF MULLITE PHASE IN THE CORE
OF ALUMINOSILICATE OPTICAL FIBERS DOPED WITH CHROMIUM

A.N. Abramov?, A.N. Guryanov!, M.V. Yashkov?, A.D. Plekhovich?,
L.D. Iskhakova?, V.V. Koltashev?.
1G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,
Nizhny Novgorod
2Fiber Optics Research Center RAS, Moscow
E-mail: abramovan84@mail.ru

Optical properties of optical fibers with a glass-ceramic core doped with
chromium for new fiber lasers to shorter wavelengths (<900 nm) have been
studied. Chromium ions have a low luminescence quantum vyield in silicate
glasses [1, 2], but the crystalline phase, in our case mullite, will enable a high
luminescence quantum yield.

A number of fiber preforms with a chromium doped aluminosilicate core
have been investigated. The alumina concentration in the preforms was varied
from 6 to 29 mol. %, and the chromium concentration was estimated at 10--
102 wt.%. As shown by spectroscopic characterization, increasing the alumina
concentration in the aluminosilicate core glass increases the percentage of Cr3*
ions and reduces that of Cr** ions.

To establish the parameters of the heat treatment of samples carried out
differential thermal analysis of the core glass. Prolonged heat treatment has been
shown to increase the near-IR luminescence intensity and quantum yield of lu-
minescence to 2 % in the fibers at room temperature. Optical losses of optical
fibers after annealing have been studied. It is shown the dependence of the in-
tensity of light transmission from the time and temperature of annealing the
samples.

Raman spectroscopy and X-ray diffraction data indicate the presence of a
crystalline mullite phase in the fibers and preforms after high-temperature heat
treatment.

This work was supported by the RFBR grant Ne 16-32-00438.

1. T. Murata, M. Torisaka, H. Takebe, K.J. Morinaga, J. Non. Cryst. Solids
220, 139-146 (1997).

2. G.H. Beall, J.F. MacDowell, M.P. Taylor. Transparent Glass Ceramics
Containing Mullite, U.S. Patent 4396720 (1983).
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DEVELOPMENT HOLMIUM FIBER OPTICAL AMPLIFIER

l.V. Zhluktoval?, S.A. Filatova?, V.A. Kamynin?, V.B. Tsvetkov?
1 Moscow Technological University, Moscow, Russia
2Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: vi.filina@gmail.com

Interest in the 2 micron range caused by potential applications in such ar-
eas as medicine, spectroscopy and advanced telecommunications development.
In order to implement optical scheme operating in this range, the required ampli-
fiers based on thulium or holmium ions. Thulium fiber amplifiers have demon-
strated a high gain and low noise figure at work in the spectral range from 1720
nm to 2050 nm [1]. However to obtain emission at wavelengths longer than
2100 nm, the as usual fiber doped with holmium ions are used since their lumi-
nescence region is in the range 1900-2200 nm. [2-4].

Optical scheme of holmium amplifier is shown in Fig. 1 (A). As a master
oscillator (MO) was used holmium laser, that emitting at a wavelength of 2120
nm, the output power was reduced to 250 uW. Multiplexer (WDM) 1125/2100
nm, which combine the pulse signal from the master oscillator and pump irradi-
ation at the wavelength of 1125 nm.

A) B)

. r ;
501 5P out(1)
—-G(2

Ho fiber 40 4 20

MO 2120 um
WDM
c__)

Pump
1125 Hm

N
o
ap'o

P pump,W

Fig.1. Schematic of holmium amplifier (A) and output data (B)

During the measurement output signal was used filter with the suppres-
sion of 30 dB at wavelengths less than 1,5 microns, for unabsorbed pump radia-
tion suppression.

As a result, the maximum gain reached ~ 22 dB, while the output power
on wavelength at 2120 nm - 48 mW.

1. A.M. Heidt, et al., IEEE J. Quantum Electron. 20, 3100612 (2014).
2. S.D. Jackson, IEEE J. Quantum Electron. 42, 187-191 (2006).

3. J.Kim, et al., in CLEO/Europe and EQEC (2009).

4. A.S. Kurkov, et al., Opt. Lett. 35, 490- 492 (2010).
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THE HIGH VOLTAGE SENSOR VOLTAGE ON THE BASIS
OF INSIDE FIBER BRAGG GRATINGS

V.N. Zakharov, D.I. Kaftasev, G.l. Leonovich
JSC "Progress”, Samara
E-mail: ZaharoffV@inbox.ru

In the control of electrical stresses in high-voltage lines of electricity
transmission you must either take special and costly measures to protect the
measuring devices or to use technical means that do not require these measures.
These features include fiber-optic sensors on vnutripolostnyh Bragg grating
(FBG) [1].

The report presents a method for indirect measurement of high voltage by
converting a voltage transformer tapped from the electric power line in micrope-
rimetry of a transformer core fixedly mounted on the region of the optical fiber
with FBG (Fig. 1). Micropreemie core causes axial deformation of S section,
which, in turn, allows to obtain an optical signal, the wavelength of which is
proportional to the measured voltage. The starting preset and the correction con-
trol axial tension plot of CQ VBR is carried out using a permanent magnet.

Mazrum
e =
1 =
o X\ ; - 5
L =h

Fig. 1

Selection and optimization of the gap between the armature and the core,
formed by a truncated conical poles, allows to reduce the flux of the coil and to
increase the conductivity of the working gap, which significantly improves the
energy efficiency of the magnetic field.

1. Ribeiro B. FBG-PZT sensor system for high voltage measurements / In-

strumentation and Measurement Technology Conference (12MTC), 2011
IEEE.
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OPTICAL FIBER PASSIVE SENSOR OF ELECTRIC FIELD INTENSITY
G.l. Leonovich, S.V. Oleshkevich, V.N. Zakharov, N.V. Ryasnoy
JSC "Progress”, Samara
E-mail: leogil@mail.ru

One of the significant advantages of passive fiber optic sensors of electric field
intensity (VDAP) over electroplating is the absolute isbrowsercompatible, which
makes them particularly attractive for hazardous production facilities and objects P].
The most famous among VDAP got the sensors of the electric field based on the elec-
trooptical Pockels effect. With the many advantages of such sensors, they are not net-
worked and require a separate sensor for each inlet and outlet of the transport fiber. In
addition, they applied attenuation conversion type tension EP in her power modulated
anialog optical signal significantly reduces the noise immunity of extended data chan-
nels.

~ Currently gaining popularity VDAP wave type based vnutripolostnyh Braggi
8rat|ngs (FBG). A group of several dozen such sensors, working in individual spectra
ands can be combined into a network structure on the single transport fiber, which
connects to a remote spectrum analyzer - interrogatory. The complexity of imple-
menting the known structural and technological solutions for the creation of such sen-
sors is the need of findin? highly sensitive sensor element, which is either directly to
the site of a specialized fiber with FBGS or the same element in a standard optical
fiber, but with additional sensory-actuator structure éSAS), which converts the Influ-
ence of an electric field into mechanical or thermal deformation plot with UBD. In a
number of publications as the CAC offers a variety of materials with strong electro-
%trictliondo[r2 iezoelectric effects, for example, ferroelectric relaksory based magnonio-
ate lea :

With the additional elastic resistance generated by the material of the optical fi-

ber, the relative axial deformation plot UBD with SAS is determined by the formula

2
BEP — % (k8CAC i ngOB)E , k+n=1, (1)
KYcpe + 1Y,

where E - electric field stren%th;so , the Ecacand %OB - electric constant of vacuum and
relative electric constant of the material of SAS and S, respectively; and WAV - USAS
- young's modules of fiber optic with FBG and CAC, respectively; k, n — coefficients
specifying the contribution of the SAS and S (by mass and the way of interaction) to
the final deformation.

In fig. 1 presents characteristics depending on the strain of different types of
SAS on the electric field, in which virtually all characteristics can be observed small
slope at the initial sections of the curves.
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Fig. 1

The authors propose a method and technical solution without the introduction of
galvanic cells, due to the application of the new combined SAS from relaxors and
electrets, offset the start point based on the plot with a higher slope, which signifi-
cantly improves the sensitivity of the sensor for small values of the electric field.

1. T. Okoshi, Fiber-optic sensors, L.: Energoatomizdat, 1990. 256 p.
2. Z.Y. Cheng, V. Bharti, X. Zhao, S. Wang. Ultrasonics Symposium, 1998.
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FIBER ERBIUM RING LASER FOR METROLOGY

V.A. Lazarev!, S.0. Leonov!, O.V. Maleev! S.G. Sazonkin!, A.A. Krylov?,
M.K. Tarabrin?, V.E. Karasik?, A.N. Kireev?, and M.A. Gubin®*
1Science and Research Center Photonics and IR-Technics, Bauman Moscow
State Technical University, Moscow
2Fiber Optics Research Center of the Russian Academy of Sciences, Moscow
3P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow
“National Research Nuclear University MEPhI, Moscow
E-mail: vladimir.al.lazarev@gmail.ru

Ultra-short pulse (USP) fiber laser is a chief ingredient in the emerging
field of optical frequency metrology [1]. It was shown earlier that a similariton
generation may be realized with a hybrid mode-locking (ML) technique that
implies co-action of two ML mechanisms — a slow saturable absorber (SA) such
as single-walled (SW) carbon nanotubes (CNTSs) [2], and a fast one such as non-
linear polarization evolution based on the nonlinear Kerr-effect in fibers.

We obtained USP generation from erbium-doped hybrid mode-locked all-
fiber erbium ring laser [3, 4]. Slow SA was based on boron nitride-doped SW
CNTs hosted in polymeric carboxymethylcellulose film [5]. The laser has a typ-
ical 130-fs USP parabolic-shape spectrum at 7.14-mW output power. The ob-
tained similariton generation regime was very reliable over several months.

Frequency measurements of the similariton laser was performed, in par-
ticular a single comb line is estimated to be approximately 32 kHz (FWHM).
Also, the Allan deviation of the repetition rate and a relative intensity noise were
measured. Compared with a fiber laser given in [6], our laser has a commensu-
rably low repetition rate deviation, a low relative intensity noise value of less
than - 125 dBc/Hz and high reliability.

1. U. Keller, Nature. 424, 831-838 (2003).

2. M.E. Fermann, I. Hartl, Nat Photon. 7, 868-874 (2013).

3. A.A. Krylov et al., Laser Physics Letters. 12, 6 (2015).

4. V.A. Lazarev et al., Frontiers in Optics 2015. FW3C. 2 (2015).
5. AA. Krylov et al., J. Opt. Soc. Am. B. 33, 134-142 (2016).

6. M. Gubin et. al., Laser Physics. 17, 1286-1291 (2007).
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BROADBAND HIGH-CONCENTRATION ER/YB-CODOPED COMPOSITE
FIBER SOURCE

B.l. Galagan?, O.N. Egorova?, B.l.Denker?, V.A. Kamynin?,
A.A. Ponosova?, S.E. Sverchkov?, S.L. Semjonov?, V.B. Tsvetkov!
!General Physics Institute, Russian Academy of Sciences, Moscow
2Fiber Optics Research Center, Russian Academy of Sciences, Moscow
E-mail: nastya-aleksi@mail.ru

Broadband Er-doped silica fiber sources are widely used in fiber-optic gy-
roscopes, low-coherence reflectometry systems, and etc.

The purpose of present research was development and investigation of
compact all-fiber broadband light source using a high-concentration Er¥*/Yb%*
composite fiber as gain medium. The small-signal absorption of light launched to
inner cladding was about 0.3 dB/cm at the pump wavelength 971 nm. The core
absorption at the 1535 nm wavelength was 1,5 dB/cm.

The emission spectra and output power were measured for broadband clad-
ding-pump light source with different gain medium length and varying pump
power at 971 nm using single-pass forward-signal configuration.
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Figure 1. Emission spectra (a) and output power (b) of broadband light source with the composite
fiber 68 cm long

Fig. 1 shows emission spectra (a) and output power (b) of broadband light
source with the composite fiber 68 cm long. The emission spectra have two
peaks near 1535 nm and 1543 nm which full widths at half maximum amount
about 2 nm and 5 nm, respectively. Peak intensity relation varies with pump
power.

In summary, we demonstrate the applicability of investigated fibers for
design of compact all-fiber broadband light sources.

This study was supported by RFBR, the project 14-29-08168 ofi_m.
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INFLUENCE OF CRYSTALLIZATION AND THE CONCENTRATION
OF Bi,0; ON SPECTRAL-LUMINESCENT PROPERTIES OF BARIUM
GALLIUM GERMANATE GLASSES

A.A. Pynenkov!, K.N.Nishchev?, V.M. Kyashkin!, S.V. Firstov?
IN.P.Ogarev Mordovia State University, Saransk
2Fiber Optics Research Center of the Russian Academy of Sciences, Moscow
E-mail: alekspyn@yandex.ru

Optical fibers doped with bismuth are promising for use in wideband opti-
cal fiber amplifier operating in the near infrared wavelength range. The practical
application of such fibers is constrained by the fact that so far not been finally
established the physical nature of the bismuth active centers (BAC) determining
the spectral-luminescent properties of the active medium.

The aim of the work was a comparative studying of spectral-luminescent
properties of BAC in amorphous barium gallium germanate glasses and in the
same glasses subjected controlled crystallization.

The investigated glasses were obtained by melting in air of batch with
composition: 14Ba0 - 2 Ga,0s3 - (84-x) GeO; — xBi,03 (X = 0-5). The crystalline
phase of the system with the structure BaGe;Oy was obtained by high-tempera-
ture annealing of initial amorphous samples at temperatures close to the crystal-
lization temperature of the glass.

In the absorption spectra of the samples in the amorphous state is ob-
served characteristic of bismuth glass absorption band with a maximum at 500
nm. The intensity of this band increases with the concentration of bismuth. In
the study of the absorption spectra of samples crystallized bismuth containing
from 1 to 5 mol.% of the aforementioned bands observed split into two maxima
at 475 and 550 nm region. Moreover, by increasing the bismuth concentration of
1 to 5 mol.%, a change ratio of intensities of these bands. So for a sample con-
taining 1 mol.% Bi,03; band with a maximum at 550 nm is of the form "shoul-
der" on the background of the main strip, and when the content 5mol.% Bi,O3
the opposite is true. In the luminescence spectra obtained with an excitation
wavelength of 450 nm for glass in the amorphous state observed two bands with
maxima near 820 nm and 1270 nm, the approximate ratio of the intensities of
which was 1:3. In the process of crystallization of the glass was observed inver-
sion of the ratio of intensities of these luminescence bands. With the increase in
the content of the crystalline phase substantially increased the intensity of the
luminescence band having a maximum near 820 nm with a proportional reduc-
tion (up to complete disappearance) with a maximum intensity of the band at
1270 nm region. This effect may be associated with transition of active bismuth
ions at crystallization glass from an amorphous to a crystalline environment.

This work was supported by the grant of the RFBR Ne 16-32-00852
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BOROSILICATE GLASSES FOR RIGID MULTICORE OPTICAL FIBER

M.V. Dyadenko, I.A. Levitskii, L.F. Papko
Belarusian State Technological University, Minsk
E-mail: dyadenko-mihail@mail.ru

The given work is aimed at solving one of actual problem of the optical
materials technology, connected with improvement of quality of fiber-optical
products. These products are widely used in medicine, electronics, motor indus-
try and other branches of industry.

Rigid multimode optical fiber is a basis of fiber-optical products. The
glasses for the light-guiding core, reflective and protective coats coordinated on
a number of characteristics are used to obtain rigid multimode optical fiber.

Materials for light-guiding core with the refractive index over 1,8050 and an
indicator of weakening of 0,0041 cm™® are developed as a result of synthesis and
research of glasses of the BaO-B,03-La,03-TiO,-SiO, system. It is established
that at the molar ratio of the BaO:La,03:TiO; equal 2:1:1, the typical crystallization
processes characteristic for this system are suppressed. Introduction of the WO3; and
Y,0; oxides allows to increase refractive index of glass and to exclude their crys-
tallization at long period of heat treatment.

Development of the glass for a reflecting coat with the refraction index of
1,4887 in the Na,O—K,0-B,03;-SiO, system has allowed to provide a numerical
aperture of optical fiber more than 1,0. The joint introduction of the K,O and Na,O
in the ratio from 1:1 to 4:1 provides suppression of the crystallization processes at
long heat treatment during optical fiber drawing.

Materials with the high coefficient of easing in the visible and near infrared
part of a spectrum as the result of developing glasses for a protective coat on the
basis of the Na,O—K,0-B,03-SiO, system with introduction of the combination
CoO, Cr,03, Mn,03, TiO, and Fe,O5 are received.

Regulation of the glass viscosity characteristics for the reflective and protec-
tive coats of the optical fiber is provided with a variation of ratio (Na,O+K,0)/B,0;
and K,O/Na,O in their compositions which are 1,5 and 1,0-1,2 respectively.

It is established that the ratio of indicators of the glass viscosity for the light-
guiding core, reflective and protective coats in temperature intervals of the fiber
drawing, banners in multicore fiber influences on the geometrical parameters of
optical fiber, and also cleanliness of a vision’s field and contrast of the fiber-opti-
cal products. Optimization of the glass compositions for the protective coat ac-
cording to viscosity characteristics in the range of values 10°-10* Pas allows to
stabilize process of the fiber-optical articles production of different purposes and,
as a result, to increase their quality.
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HAHOCTPYKTYPHBIE MATEPUAJIbI B HUBKOTEMIIEPATYPHBIX
SJIEKTPOXUMMNYECKUX CUCTEMAX

C.A. I'puropeeB
Hayuonanvnoiii uccneoosamenvckuu ynueepcumem "MOIOU", Mockea
E-mail: sergey.grigoriev@outlook.com

HuskotemmnepaTypHbie 3JIEKTPOXUMHUYECKHE CHCTEMbI (TOILTUBHEIE 3JIe-
MEHTBI, DJIEKTPOIU3EPHI BOJBI U JIP.) HA OCHOBE TBEPAOTO MOJUMEPHOTO DJICK-
tposuta (TIID) [1] MO3BONSAIOT ¢ BBICOKOW 3(PPEKTUBHOCTHIO OCYIIECTBIISTH
npeoOpa3oBaHre BUIOB dHEPruu 0e3 yiiepda OKpYyKarIlIel cpeiae W HaxOIsT
Bce 0oJiee MUPOKOE MPUMEHEHHE B PA3JIMYHBIX OTPACIISIX MPOMBINIJICHHOCTH, HA
TpaHCIIOPTE, B DHEPTETUKE U B CICIUAIBHBIX IENAX. B maHHOM mokmane OyayT
PacCMOTPEHBI TIPUMEHSEMBIE B JIEKTPOXUMHUCCKUX cucTemax ¢ TIID HaHOCT-
PYKTYpHBIE KaTAIUTUYECKUE, DJIEKTPOAHBIC U MEMOpaHHbIe MaTepualsl (puc. 1)
Y TEXHOJIOTUU UX MOTYUYCHUSI.

~ S IEKTPOKATAIH-
-~ THYeCKHEe CJIOM

KOJLIEKTOPbI _ -~
ToKa/ -
razomdpdyson-
HbI€E )JIEKTPO/AbI

TTs. TID-
MemOpaHa

aszopasjae/iMTe/IbHbIe

ﬁlmO.ﬂﬁpl{Ll(‘ TLIACTHHBI

Puc. 1. IlpuHuunuanbHas cxema 3JeKTPOXUMHUECKOro 3yieMeHTa Ha ocHose TIID.

OnHUM U3 OCHOBHBIX KOMIIOHEHTOB DJJIEKTPOXHUMHUYECKOW CHUCTEMBI C
TIID, onpeaensronux ee 3HHEKTUBHOCTL U pecypc pabOThI, SBISETCS DIIEKTPO-
KATAJIMTUYECKUNA CIIOM, OCHOBY KOTOPOI'O COCTaBJIIIOT HAHOYACTHIIBI IJIATUHO-
BbIX METaJUIOB. J{JIs CHHTE3a KaTaau3aTopoB UCIOJb3YIOTCS KaK BbICOKOA(D(DEK-
TUBHbIE XUMUYECKUE (OJHOBPEMEHHAs! COPOLIMS/BOCCTAHOBICHHE), TaK U (HU3HU-
YECKHE METOJbl (MArHETPOHHO-MOHHOE PACHbUICHUE), TO3BOISIOLIME MOIYyYaTh
HAHOYACTHUIIBl TUIATUHOBBIX METAJUIOB C MOHOMOJAJIBHBIM paclpeeeHueM
pasMepoB B amama3one 2,5-3,5 HM. DJIEKTpOXUMHUYECKasl PEaKIus MPOTEKaeT B
TaK Ha3bIBAEMBIX TOYKAaX TPOWHOTO KOHTAKTa (pUC. 2), B KOTOPHIX KaTaauTHYe-
CKH-aKTHUBHBIE YACTUIIbl HAXOMSITCS B KOHTAKTE C JJICKTPOHHBIMH M IMPOTOH-
HBIMU ITPOBOJIHUKAMM, & TAKKE CUCTEMOM Tra30BbIX U XKUJIKOCTHBIX Mop. biaro-
Japsi IPUMEHEHUI0 HAHOCTPYKTYPHBIX 3JIEKTPOKATAIM3aTOPOB PACX0/ METAIIOB
TJIATUHOBOM TPYIIIBI OBLTT CHUKEH Ha TIOPSIOK, aKTUBHO BEIETCS pa3paboTKa HE
COJIEp KalllMX IUIATUHOBBIX METAJUIOB KATAIUTUYECKA AKTUBHBIX MOJEKYISIPHBIX
KOMILIEKCOB [2]. B cuily psiia yHUKaIbHBIX CBOMCTB, TAKMX KaK BBICOKAs DJICK-
TPOMPOBOJIHOCTD, OOJIBINIAs y/AEJIbHAS MOBEPXHOCTh, MEXaHUUECKasl MPOYHOCTD,
CTAOMJIBHOCTh M CTOMKOCTh B arpeCCUBHBIX cCpelax OOJIBbIIYIO TMEpPCIEKTHUBY
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UMeeT MpUMEeHeHre rpadeHONOJO0HBIX MATEPHATIOB B KAYECTBE HOCUTEIS DJICK-
Tpokaranuzaropa (puc. 3) [3].

HACTHILI
HOCHTE! ISt =2
KaTajJIu3aTopa

HAHO-4ACTHIG!
ILIATHHOBBIX

METALIOB -
Pt,Pdurn)

THI-memopana IEKTPORATATHTHYCCKHIT C/10ii  Ta301npPy3nonnbIii
IEKTPOX

Puc. 2. Cxema nporneccoB nepeHoca Macchl U 3apsifia B KATOJHOM JJIEKTPOKATAITUTUIECKOM
CJIO€ TOIUIMBHOTO 3iieMeHTa ¢ T11D

20 nm

Puc. 3. HanouacTuiipl TulaTUHBI HA TOBEPXHOCTH BOCCTAHOBJIEHHOTO OKCHUa rpadeHa

B komnekropax Toka/razonuddy3noHHBIX JJIEKTPOAAX OCYIIECTBIACTCS
TPAHCIIOPT PEAreHTOB M MPOIYKTOB IJIEKTPOXUMUUYECKON PEAKIIMK, OHU o0ecIie-
YUBAIOT TAK)KE KOHTAKT C DJIEKTPOKATATUTUYECKUM ciioeM. biaromaps paspado-
TaHHBIM 3JIEKTPOJIAM C TPAJAUEHTOM MOPUCTOCTH 3HAYUTENBHO YIYUIIEH MacCo-
NEPEHOC, a TAK)KE€ CHU)KEHbl OMHYECKHE TOTEPU Ha TPAHUIIE C DJIEKTPOKATAIIH-
THUYECKUM cJioeM [4].

[Ipumenenne MoaU(pUIIUPOBAHHBIX U KOMIIO3UTHBIX MEMOpaH C HaHOCT-
PYKTYpOH CO CHUXKEHHOW ra30MpOHUILIAEMOCTBIO MO3BOJISIET MOBBICUTH AP (Dek-
TUBHOCTH JIEKTPOXUMHUYECKOU CUCTEMBI M IOBBICUTEH CPOK €€ CITY>KOBI.

BaxHyto poip B ONTHUMHU3AIMU SJIEKTPOXUMHUYECKUX CHCTEM HMIPAET Ma-
TeMatuueckoe MojaenupoBaHue. C ydyeToM TMOJYyUYEHHBIX pe3yJIbTaTOB ObLIH
MPEVIOKEHbI, B YACTHOCTH, ONTUMHU3UPOBAHHBIE KOHCTPYKIIMHU SJIEKTPOJOB U
CTPYKTYPBI JIEKTPOKATATUTUIECKUX CJIOEB, ONTHUMAJIbHBIEC MapaMeTphl pabOThI
DIEKTPOXUMUYECKON CUCTEMBI.

Takum oOpa3oM, KCIIONH30BAHWE HAHOMATEPUATIOB U HAHOTEXHOJIOTUHN B
HU3KOTEMIIEPATYPHBIX AIEKTPOXUMHUYECKUX CHUCTEMaX MO3BOJISICT 3HAUYUTEIIBHO
YIYyYlIUTh MX XapakrepucTtuku. Tak, cymmapssid KIIJ[ sHeproycrtaHoBku Ha
OCHOBe TomuBHOIO 3jeMeHTa ¢ TIID moxker mocturats 50-60 %; KII smek-
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TpOoJu3HBIX cucteM cocTaBisieT 85-90 %. JlocTUrHyThIM Ha CETONHALIHUN JE€Hb
YPOBEHbB YJIeIbHOW MOIIIHOCTH OaTapei TOIIMBHBIX 3JIEMEHTOB Ha ocHoBe TIID
cocTassier 6onee 1,0 kBT/kr (mpu mnotHocTH Toka 6onee 1 A/cm? MmeMOpaHHO-
ANEKTpOoHOrO OJnoka). JlanmpHelnas pa3paOoTka MHHOBAIMOHHBIX HAHOTEXHO-
JIOTUM BOJOPOJHBIX AJIEKTPOXUMUYECKUX CUCTEM, OTHOCSIIMXCS K IMIECTOMY
TE€XHOJIOTUYECKOMY YKJIaly, MO3BOJUT CMECTUTh BEKTOpP Pa3BUTHS IPOMBIIII-
JICHHOCTH B CTOPOHY HAYKOEMKHUX TEXHOJIOTHH U CO3J]aTh HOBbIE paboune MecTa
JUTSI BEICOKOKBATM(DUITMPOBAHHBIX CICIHAIMCTOB, a MTUPOKOMACIITA0HOE BHE-
JpeHrEe BOJOPOIHON IHEPTeTHKU OyAET COCOOCTBOBATH PEIICHUIO PSi SKOJIO-
TUYECKUX, SHEPTETUYECKUX U COLMAIBHBIX MTPOOJIEM.

1. P. Millet, R. Ngameni, S.A. Grigoriev, V.N. Fateev, Int. J. Hydrogen
Energy 36, 4156 (2011).

2. A.V. Dolganov, O.V. Tarasova, D.N. Moiseeva, E.E. Muryumin, Int. J.
Hydrogen Energy 41, 9312 (2016).

3. A.K. Geim, Science 324, 1530 (2009).

4. S.A. Grigoriev, P. Millet, S.A. Volobuev, V.N. Fateev, Int. J. Hydrogen
Energy 34, 4968 (2009).
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XUMHNYECKAA TEPMOAMHAMUKA CJIOXHBIX OKCHUJIOB

A.B. Kusses!, H.H. Cvupnosal, E.H. Bynanos?, C.C. Kusasesal,
O.B. Kpamenunnukosa®
Hayuonanvuviii uccnedosamenvcruii Husce2opoockuii 20cyoapcmeenmulil
yuusepcumem um. H.U. Jlobauescrkozo, Huscnuit Hoszopoo
E-mail: knyazevav@gmail.com

Haunbosnee Ba)XHON 4acThIO HAIIUX MCCIIEAOBAHUM B 00J1aCTH XUMUYECKON
TEPMOJUHAMUKNA — KaJIOPUMETPUUYECKHUE HccienoBaHus. [lonydeHHbIe Kanopu-
METPUYECKUMHU METOJIaMU TEPMOJANHAMUYECKUE PYHKIIUU COSAMHEHUIN HCIIONb-
30BaJIM ISl OMKMCAHMS MPOLECCOB C UX YYACTHEM U BBISBIICHHS KPUTEPUEB MX
ycTOWYMBOCTU. C HCHOJIB30BAHUEM PEAKIMOHHOIO a/1nadaTUYECKOTO Kalopu-
MeTpa BIEPBBIE SKCIEPUMEHTAIIBHO OIPEAEIICHbl SHTAIBIINKN 00pa30BaHUs I0-
psanka 200 Heopranudeckux coeauHeHui. [Ipu Bcel Kaxymencs mpocroTe Io-
Jy4YeHUs MOAOOHBIX Pe3ylbTaTOB JJIsl IPOBEACHUS SKCIIEPUMEHTA TpeOyeTCsl BO-
IIEPBBIX: HANTU PACTBOPUTEND ISl COCIMHEHUS, YTO 3a4aCTYIO SIBIIETCS CEPb-
€3HOM MpoO0JIEMOI B CIydae HEKOTOPBIX TPYAHOPACTBOPHUMBIX COECIMHEHHUN BO-
BTOPBIX JUIsl ONPEEICHUS] OOHOW SHTAIBIHUKA 00pa30BaHMsI HEOOXOAMMO OIpe-
JEJIATh SHTAIBINU 3-6 peakiuil, a KaXIyl0 peakuio NpoBOJIAT 3-5 pa3, 4ToObl
C nmomoIpl pacnpenenaceHuss CThIOJIEHTa pacCUUTaTh MOTPEIIHOCTD SHTAJIBIIAA
pacTBOpEHUS.

B agnaGatnueckoM BaKyyMHOM KaJIOPUMETPE M3yuU€Hbl TEMIEpAaTypHBIE
3aBHCUMOCTH M300apHBIX TerjIoeMKocTel 6osee yem it S0 coeAMHEHUN B UH-
TepBasie TemnepaTyp oT 7 no 350 K. JlanHble MccieaoBaHUs MO3BOJWIM HaM
OMKCcaTh BO3MOXHBIE (Pa30BbIE MEPEXO/Ibl B COEUHEHUAX MTPU HUZKUX TEMIIEpa-
Typax, a TaKXe ONpeAeNUTh a0CONIOTHBIE SHTPONHUM BelecTB. OTMETHM, YTO
n300apHbIe TEIIOEMKOCTA OOJBIIMHCTBA HEOPTaHUYECKUX COEAMHEHUI MOHO-
TOHHO BO3PACTAIOT C YBEJIMYEHUEM TEMIIEPATYPBI, HE MPOSBIISAS BUIUMBIX aHO-
Manuii. Hampotus, B ypaHWJIBaHaAUEBOW KUCIOTE, ypaHUIKapOOHATaX, ypaHUJl-
cylibdaTax B HEKOTOPHIX BOJIbPpamaTax oOHAPYKEHBI (PU3NUYECKUE MEPEXOIbI.
Onucanue Nepexoj0B MPOBOJIUIM C MOMOIIbIO KiIacCU(pUKAIMU (PU3NYECKUX
nepexonoB Mak-Kamnaga — Bectpyma. CornacHo 31o¥ (heHOMEHOJIOTHYECKOM
KJ1accu(uKanuu Bce (a3oBble Mepexoibl B TBEPAbIX Te€IaX MOXKHO pa3AeluTh Ha
cemb tunoB (I, 21, 31, 2N, 3N, G, H). Tpu nepexona sSBISAIOTCS U30TEpMUYE-
CKHMH, JIBa Iepexona - Heuzorepmuueckue, G u H mepexonpl, ybe Ha3BaHUsA
IPOUCXO/IAT OT aHIIMHCKUX ciioB “hump” u “ glass-like” .

Haubonee pacnipocTpaHeHHbIN BUJI IEPEXOA0B B CIIOMCTHIX COETUHEHHSIX
— uzorepmuueckue (l) mepexomnl, cBsi3aHHBIE ¢ MOIUMOPGHBIMU TTEPEX0IaMHu B
kpucrasie. [lorumopduszm 00ycnoBiIeH BOZMOXKHBIMU CMEIICHUSIMU WJIU TTOBO-
pOTaMH CIIOEB APYT OTHOCUTENBHO IPYTa B KPUCTAIUIMYECKOU CTPYKType. M30-
TEpMUYECKHE Mepex0ibl HAOIIOJAI0TCS B BUJE “TIMKOB” HAa KPUBOM TEILNIOEMKO-
CTH; IJIOIIAAb “IUKOB” YMCJIECHHO paBHA dHTAJIbINM (ha30BoTO nepexona. boiee
peaKo BcTpeuaeMble (u3nueckue nepexonbl — H-mepexoasl, KoTopble HAOIIO-
JalTcs B BUAE “TOpOOB” Ha KpUBOM TersioeMKOCTH. C (pu3HuecKoi TOUKU 3pe-
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HUS TaHHAs aHOMAJMs MOXET OBbITh CBfA3aHA C “‘pa3MOpaKUBaHUEM™ BpallleHUIN
BOKpYT cBsA3u M¥ --- OH, B CTpyKTypax COOTBETCTBYIOIIMX KPHCTAIOTUIPATOB.

Hust coemmuernii NasUO2(COs)3) n KoFe TigO16 00HapykeH TpeTuit Bua
dusnueckux nepexonoB — tura G (glass-like). IIpupoaa sToli aHoManum, Bepo-
ATHO, CBS3aHAa C HAJIMYHUEM B CTPYKTYpE aHHOI'O COEAUHEHUs KaTHOH-KaTHOH-
HBIX B3aMMOJEHUCTBUM, YTO MOATBEPKICHO HAMH pacyeTaMu MOJIu3IpoB Bopo-
Horo-/lupuxie ¢ momotipio mporpammaoro komruiekca TOPOS.

Takum 00pa3oM, KOJIOPUMETPHUUECKHE METObI MO3BOJWIH ONPEIEIUTh
BCE HEOOXOAMMBIE TEPMOJANHAMUYECKUE PYHKIMH U1t SO HEOpraHUYECKUX CO-
enuHeHui. Tepmoxumuueckue TaHHbIe ObLIM MOTy4eHbl 1715 200 coennHEeHu .

JlaHHBIE O TEMJIOEMKOCTH, OCOOCHHO NP HU3KUX TeMIepaTypax, M03BO-
JSIFOT CHENIaTh BBIBOJBI O XapaKTepe TOIMOJIOTMM CTPYKTYpPbl TBEpAbIX Ten. Jlis
3TOr0, Mbl PAcCCUMUTAIM (PpPaKTAIbHBIE Pa3MEPHOCTU U XAPAKTEPUCTUUYECKUE
TeMIiepaTypbl. M3 3KCIIEpUMEHTAIbHBIX 3HAYEHUI TEIJIOEMKOCTH B JIMANA30HE
20-50 K omnenuBanu 3HaueHue ppakrtanbHOu pazmepHocTH D coenunenuit. Co-
rnacHO (pakTaabHOM TEOpPUHU TEIIOEMKOCTH, D siBisieTcss HamboJiee Ba)KHBIM
napamMeTpoM, KOTOPBIA OMpeesieT XapakTep reTepoJMHAMUYHOCTH CTPYKTYPBI
BelecTBa. /{1 TBEpIbIX BEIIECTB C LEMOYEYHON CTPYKTYPOU 3aBUCUMOCTD TETI-
JIOEMKOCTb OT TEMIIEPATYPhI IIPH HU3KUX TEMIIEPATYpax IPOMOPIHOHANLHA 11,
IS CIIOMCTBIX COSAMHEHHH - T2 U U1 KapKacHEIX - T°. B (pakTansHOM Teopuu
TEIJIOEMKOCTH, MoKa3aTeneM T siBisgeTrcd (PyHKIHMEH TerioeMKOCTh 0003Haya-
ercst uepe3 D u Ha3biBaeTcs QpakTaibHOM pazMepHOCThIO. [lomydeHHble 3Haue-
HUSl (PpaKTaJbHOM PAa3MEPHOCTH COINIACYIOTCSI C HAIIUMU CTPYKTYPHBIMHU JIaH-
HBIMHU, TaK OHa paBHa 3 JJIs KapKaCHBIX MUPOXJIOPOB U 2,4 u 2,5 st OpaHHEpu-
TOB C KBa3UCJIOUCTOU CTPYKTYPOHU.

Jlia uzydenust pa3oBbIX MEPEXOA0B, TEPMUUYECKON CTAOMIBHOCTH U TEM-
neparyp IUIaBJICHUS BELECTB HAMU TaKe aKTUBHO HCIONb3yeTcs auddepen-
uanbHas CKaHUpyolas Kanopumerpust. OHaKo, ISl TOro, 4TOObI OTBETUTH Ha
BOIIPOCHI O CTPYKTYPHBIX IMEPECTPOMKAX HEOOXOAUMO HMCHOJIb30BaTh BBICOKO-
TeMIlepaTypHyl0 peHtreHorpaduto. B obnactu (a3oBbix nepexonoB HaOI01a-
€TCsl aHOMAJIbHOE U3MEHEHUE TEMITEPATYpPHOM 3aBUCUMOCTH MMapaMeTpa dJIeMEH-
TapHOU siueiiku. [lpu Pa3zoBoM mepexoie MPOUCXOIUT IKCTPEMATILHOE U3MEH €-
HUE JAMarpaMMbl TEIJIOBOTO PAaCIIMPEHHs. DTH AUarpamMMbl MOCTPOEHUE MpPH
pa3IUYHBIX TEMIEpPaTypax JAEMOHCTPUPYIOT MPUOPUTETHBIE HAMPABICHUS TEIl-
JIOBOTO PACLIMPEHHUS U €r0 aHW30TPONUU. 3HaAUE€HUE KOIPPUIIMEHTA TEIIOBOTO
pacIIMpeHrs B 3aJJaHHOM HaIIPaBJIEHUU COOTBETCTBYET JUIMHE PAINYC-BEKTOPA,
KOTOPBIN OTKJIabIBaCTCA OT Hayaia KOOpAUHAT 0 Kpasi (UTYpbl PACIIUPEHUS.

JHanusie nuddepeHnnanbHol CKaHUPYIOMIeH KaTOpUMETPHUH, PEaKIIMOH-
HOM KaJOpUMETPUU COBMECTHO C TEPMOJAMHAMHYECKUM MOJEIMPOBAHUEM IIO-
3BOJISIIOT MOCTPOUTH (ha3oBble nuarpaMMbl. B kadecTBe mpumepa MpHUBEACHO
uccienoanne (azopoi guarpammbl cucteMbl Pbs(PO4)3Cl - Pbs(VO,)sCl. s
JTAHHOM CHCTEMbl MOJICJIMPOBAHUE BKIIIOUYAJIO CIEAYIOIIHNE TallbI:

1. Pacuet Temnepatyp pacnaga TBepAbIX pacTBOpoB (Twm), T.e. KpuBoi bekkepa;
2. Onpenenenre GyHKIMOHATBHON 3aBUCUMOCTH TEMIIEPATypbl MOTUMOPPHOTO
nepexoja OT COCTaBa;

84



3. Pacyer TemmepaTyp coiMayca M JIMKBHJyCa, OCHOBaHHbI Ha PaBHOBECUU
KPHUCTAJUT — )KUJIKOCTb.

Jlyist pacyeta TeMiiepaTyp COJIMIyca W JIMKBUJIyCa MCIOIb30BAIM YpaBHe-
nue Knaysuyca-Knanelipona, KoTopoe B ciiy4yae peryasipHbIX pacCTBOPOB MOKHO
nepenucaTh B BUjE cieayromeid cucteMmbl. [Ipu 3ToM pemianack oOparHas 3a-
Jaya, T.€. MOJICJIMPOBAHUE MPOBOJUIOCH Ha OCHOBE IKCIIEPUMEHTAIBHO TOJIY-
YEHHBIX JAHHBIX O rpaHunax ¢as. PemuB cucreMmy ypaBHEHUMN, MbI OIIPEIETUIH
TEPMOJUHAMHUYECKUE TTapaMETPHhI JIJIsi KPUCTAIIIA U SHTAJIBIHNY LJIABJIICHUS KOM-
MOHEHTOB. 3HAYEHUs, MOJYYEHHbIE TaKUM 00pa3oM, ObUIM HMCHOJIb30BAHBI JJIS
nocTpoeHus 3aBucuMoctu (pynkunu ['mb6ca )XUIKOCTH U KpUCTallla OT COCTaBa
1 (a30BOM JUArpaMMsl.

[Tpu hopmMupoBaHUK TaHHBIX MUHEPATOMOAO0HBIX COSTUHEHUN B TIPUPOJIC
WM TEXHOJIOTUYECKUX CXEMaX, MOKHO OXHUJaTh 0Opa3oBaHUE, KaK UHIAUBUIY-
anbHBIX (a3, Tak U TBEPJbIX pacTBOpoB. Hamu npomeneHo pusnuko-xumuye-
CKOT'0 HUCCIIEIOBAHUS TBEPABIX PACTBOPOB COCTABOB IMPEICTABICHHBIX Ha ClIail-
ne. Metogom peHtreHorpaduu OmpeneseHbl TPaHUIbl CMECUMOCTH BCEX H3Y-
YEHHBIX CUCTEM M PEAKIMOHHOW KaJlOPUMETPUEH OMpPEAENCHbl CTaHAAPTHBIC
SHTAJIBIINKA CMEIIEHUS.

3aTeM ¢ MOMOUIBIO TEOPETUUECKUX MOJENEH OMUCHIBAIM WU3MEHEHHUE TEP-
MOJMHAMHYECKUX (DYHKIIMI B BUJIE aHAIUTUYECKUX YPABHEHMIA, UTO YIIPOILAJIO
IIPEICTABICHUE KOJUYECTBEHHON MH(POpPMALUUA O CUCTEMAX U MO3BOJIIIO HAXO-
JUTh TIApIMaIbHbIC MOJIbHBIE BEIUYMHBI U KOIPOUIIMEHTH aKTUBHOCTEH KOM-
MTOHEHTOB.

B ypaHunBaHajgaTax CMENIEHHE OMMCHIBAETCS MOJAECIBIO PETYISPHBIX pac-
TBOPOB, TeopeTnyecku paspadoranHoil U.ITpuroxunsimM. B pamkax gaHHO Mo-
JIeIM MaKCUMYM MOBEPXHOCTH SHTAJIBIIMU CMEIICHHS OT COCTaBa JIOJKEH HaxXo-
JTUTHCST BOJM3W OJHOW M3 OMHAPHBIX CHCTEM, YTO HAOJIOAeTCs B HAIEM CITy-
qae.

N3yuyenue ypanuicynb}aTtoB moTpeOoBajIo CO3JaHUE TEOPETHUYECKOW MO-
T CyOperyJsipHBIX pacTBOPOB JJIsl TPOMHBIX CUCTEM, KOTOpasi OTCYTCTBYET B
auTepatype. B pamkax 3Tol MOAENM MakCUMajlbHOE 3HAYEHHUE SHTAJIBIINU CME-
IIeHUsT HaOJII01aeTCsl MPU TIPOU3BOJIBHBIX KOHIICHTPAIUAX TPEX KOMITIOHEHTOB,
MOATOMY DHTAJIBIHNIO CMEIICHUS KakK (YHKIHMIO OT COCTaBa HEOOXOIUMO Mpe/-
CTaBJIATh B BUJE YETHIPEX claraeMbiX. Tpu ciaraembix OyAyT OTBEYaTh 3a IO-
BeJlcHUEe (PYHKIMM BOJIM3M OMHAPHBIX CUCTEM, a YETBEPTOE B IEHTPAIbHOU 4Ya-
CTHU JUarpaMMbl.

OnHUM U3 ATANoOB U3YYEHUS COCAMHEHUMN SIBISETCS MCCIEAOBAaHUE UX IO-
BEJICHUS B BOJIHBIX PaCTBOpAX.

[IpensioxkeHa KoJIMYECTBEHHAsT (PU3UKO-XUMUYECKast MOJIENb OMUCAHUS Te-
TEPOT€HHON CHUCTEMBI «OCaJOK — BOJHBIM PAacCTBOpP», KOTOpas MpeICcTaBiICHA
cienymomei 6510k-cxeMoil. B ocHOBY Mojienu ObUTH MOJI0XKEHBI ypaBHEHUST Ma-
TepUaNbHOTO OajiaHca JyIsi ypaHa U COOTBETCTBYIOIIUX JJIEMEHTOB, C YYETOM
BO3MOXHBIX (DOpM CyIIECTBOBaHUS WX B pacTBope. KoHIleHTparuu HOHHO-
MOJICKYJIIPHBIX (OPM BBIpAKAIH Yepe3 AKTUBHOCTH HOHA WM MOJIEKYJIBI,
HaJIM4KMe KOTOPHIX B PacTBOpE HamboJee BEPOSTHO MPHU 3aJaHHOM KUCIOTHOCTU
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cpeabl. {5 3TOro uCnoab30Bai YPABHEHUSI TOMOTEHHBIX PEAKIIUN U BEJIMUHUHbI
UX KOHCTaHT paBHOBecus. [loacTaBisii SKCHEPUMEHTAIBHO MOJTYYEHHBIE
3HAUEHUS KOHIICHTPALMA COOTBETCTBYIOIIMX JJIEMEHTOB M BenuuuHy pH
pemanyd TMOJYyYEeHHYI0 CHUCTEMY YypaBHEHHMM. Jlamee BBIUMCISAINM KOHCTaHTY
paBHOBecHsI Tpollecca pacTBOPEHUSI COEIMHEHMM, a 3areM (yHkiuu ['nb6ca
oOpa3oBaHUs COSAMHEHUM.
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®OHOHBI U CBA3AHHBIE COCTOAHUA
B OIITUYECKOM CIIEKTPOCKOITUH

C.A. Knumun

HUnemumym cnexkmpockonuu PAH, Tpouyk, Mockea
E-mail: klimin@isan.troitskl.ru

Byayt paccmoTpeHbl (u3HUECKHe MOJEIH U CIEKTPOCKOIHYECKHE Me-
TOJBI HWCCJICIOBAHUS JHEPTETUYECKUX COCTOSHUN KPHCTAJUIOB, CBS3aHHBIX C
ONTHYECKUMU KoJeOaHusmMu pemetkd. OcoOeHHOe BHUMaHUE OyAeT YIEIeHO
B3aMMOJICUCTBUIO (JOHOHOB C DHEPTETUYCCKUMHU BO30YKICHUSIMU APYTUX IO -
CHCTEM: DJIEKTPOHHON W MarHUTHOU. ByayT mpuBeneHbI IpUMEPHI SKCIIEPUMEH-
TAJTBHOTO HAOIIOACHUS DJIEKTPOH-(DOHOHHBIX M (DOHOH-MAarHOHHBIX CBSI3aHHBIX
MO/JI U3 OPUTHHAJIBHBIX UCCIICIOBAHUN C YYaCTHEM aBTOPA JOKIIA/a.

JleranpHO OymeT 0OCYXAaThCs CIEKTPOCKOTMYECKOE MCCIICIOBAHUE Tep-
oueBoro u rajoiauHueBoro peppodopatos, GdFe3(BOs)s u ThFes3(BOs)s, B ko-
TOPOM HaMH OBUTH BIEPBBIC DKCIEPUMEHTAIBHO HCCICIOBAHBI ()OHOHBI B HU3-
KOTeMIlepatypHoii cTpykrypHoit ¢aze P3:21 [1, 2]. CpaBHHUTEIbHBIN aHAIN3
HK-criekTpoB OTpakeHHsI JBYX COCIUHEHUH, OJHOTO - C PEAKO3EMEITbHBIM
HMOHOM, HE UMEIOIIUM 3JICKTPOHHBIX YPOBHEH B 001acTu sHepruii poHOHOB (Ta-
JOJIMHUI), IPYrOro — ¢ MOHOM, 00JIaIatoIuM OOTaThiM CIIEKTPOM COCTOSIHUM B
TOM ke obiactu (TepOwuii), mokasain, uyto B TbhFe3(BOs)s oOpasyeTcs cBsi3aHHas
51eKTpoH-POHOHHAS Moja B obnactu E-ponona s6mmsu 197 em™ [1] (puc. 1).
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Puc. 1. Cnextpsl otpaxenust ThFe3(BOs)s u GdFes(BOs)s B obnactu E-poHona BOIM3M 197
cml. BzaumoseiicTBre (JOHOHA ¢ SIIEKTPOHHBIMU BO30YKIeHUAMH MoHa Th** mpuBoauT k 06pasoBa-
HUIO CBS3aHHBIX 3JIEKTPOH-POHOHHBIX MO [1].

BynyTt paccMoTpeHbl Takke Apyrue Kpuctamibl [3, 4] ¢ ApKo BbIpa)keH-
HBIMH 3P deKTaMi B3aUMOJIEHCTBUS (POHOHOB C PA3IMYHBIMU MOJICUCTEMAMHU.

PabGoTta BeIMONHEHa npu mnojAep:xkke Poccuiickoro HayuHoro (onnaa
(rpanTt Nel14-12-01033).

1. S.A. Klimin, A.B. Kuzmenko, M.A. Kashchenko, M.N. Popova, Phys.
Rev. B. 93, 054304 (2016).

2. D. Fausti, A. Nugroho, P. van Loosdrecht, S.A. Klimin, M.N. Popova,
L.N. Bezmaternykh, Phys. Rev. B. 74, 024403 (2006).

3. S.A. Klimin, D. S. Pytalev, M. N. Popova, B. Z. Malkin, M.V. Vanyunin,
S.L. Korableva, Phys. Rev. B. 81, 045113 (2010).

4. S.A. Klimin, A.B. Kuzmenko, M.N. Popova, B.Z. Malkin, 1.V. Telegina,
Phys. Rev. B. 82, 174425 (2010).
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HOJIMKPUCTAJUIMYECKUE MATEPHUAJIBI HA OCHOBE ®TOPHI0B
II 1 II I'PYIHIT HEPUOAMYECKOUN CUCTEMBI U1 ®OTOHUKHA

C.B. Kyznenos?, ILII. ®enopos?, E.A. I'apu6un'?, B.B. Ocuko’
Yucmumym obweri pusuxu um. A.M. Ilpoxoposa PAH, Mockea

2340 UHKPOM, Canxm-Ilemep6ype
E-mail: kouznetzovsv@agmail.com

[TonukpucTtaimmueckue MaTepuaibl Ha OCHOBE LIEIIOYHO3EMENbHBIX (PTO-
PUIOB, JETMPOBAHHBIX PEAKO3EMEIbHBIMU 3JIEMEHTaMHU Ha MPOTSIKEHUU JECS-
TUJICTUN TPEICTABISIIOT 3HAUMTENbHBIN MHTEpec it (poToHuku. Mcnomp3oBa-
HUE€ MOHOKPUCTAJUIMYECKUX MATEpUAIIOB OCIIOKHEHO UX COBEPLICHHOM CIAaNHO-
CTBbIO, YTO MPUBOAMT K Pa3pyIICHHUIO ONTHYECKHX MaTEpUajoB MpU padoTe ¢
Humu. Kpome Toro, 3aTpyqHEeHO MOJyYeHHE MOHOKPUCTALTUYECKUX OOpa3IoB
BBICOKOI'O KauecTBa M OOJBIION anepTyphl. YIIydlIEHUE MEXaHUYECKUX XapakK-
TEPUCTHUK U CBSI3aHHOM C HUMM JIA3€PHOM ITPOYHOCTH BO3MOXKHO TP MEPEXOIE K
HOJyYEHHUIO KEpaMUYECKUX (MOJUKPUCTAIINYECKUX) (DTOPUIHBIX ONTUYECKUX
MaTepuasoB, 4TO TpedyeT pa3pabOTKU TEXHOJIOTUN UX cuHTe3a. B noxmnane Oy-
YT U3JI0KEHBI PE3yJIbTAThl MO MOIYYEHHIO KEPAMUK METOJOM IIyOOKOW miia-
CTHUYECKOHN NedopmMaliii MOHOKPUCTAIJIOB U METOJIOM TOpPSYEro MPEeCcCOBaHMS
nopoukoB. IlosrydeHs! cnenyromue pe3yibTaThl:

- pa3paboTaH HOBBIM MOJXOJ K CHHTE3y (PTOPUAHBIX MOPOLIKOB MPEKYpPCO-
POB MOCPEJICTBOM CHHTE3a MPOMEKYTOYHOTO BEIECTBA, BBIACISIOIEIO IPH TEP-
MO000Opa0OTKe GTOPUPYIOIINI areHT;

- ompenesieHbl TpeOOBaHUS K IMOPOLIKAM-
peKypcopam JUisl UCIOJIb30BAaHUSI UX B TEXHO- -~

JIOTUM KOMIIaKTUPOBAHUS,
- onpejeneHbl TpeOOBaHUS K MOHOKpH-

crajylaM JJid MCHOJIL30BAaHUSA B TEXHOJIOTHUH | 138.121109
L CaF,-YbF; (3%)

rIIyOOKOM MIaCTHYECKOM nedopmanuu;

- MOJy4YeHbl oOpasibl (TOPUIHOMN Jazep-
HOM KEPAMUKU HMACHTUYHOW MOHOKPHUCTAIIIAM
(puc.l) 1o TEIJIOMPOBOAHOCTH M CXOXKEH IO
CHEKTPaTbHO-TEHEPAIIMOHHBIM ~ XapaKTEPUCTH-
KaM;

Puc. 1. ®ororpadus kepamMuku
- ONpENENCHbl MOAXOAbl ISl YBEIMYECHUS CaF2:Yb (3 Mon.%), nosydenHoii

MEXaHUYECKUX XapaKTepUCTUK (MHKPOTBEP- METO/IOM TJTy0OKOH MI1acTHIECKOH
JOCTh M BA3KOCTh Pa3pyIICHHUs) KEPAMHK IO ACPOPMALITIT MOROKPHCTATTA.
CPaBHEHUIO C MOHOKPHUCTAIUIAMU

- pa3BUTO HOBOE HAYYHOE HANpaBJieHHE — XUMUS, (PU3MKA U TEXHOJIOTUS Ha-
HO(PTOPHUIOB.
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KOMIIIEKCHBIN ITPOEKT «CO3JIAHUE BRICOKOTEXHOJIOT' MYHOI'O
ITPOM3BOJCTBA CBEPXMOII[HBIX [TPUBOPOB CUJIOBOU
OJIEKTPOHUKH, OBECIIEUMBAIOIIMX KOHKYPEHTOCIIOCOBHOCTD
N UMITIOPTO3AMEHIEHNE B HAYKOEMKUX OBJIACTAX
[TPOMBIIIUVIEHHOCTH, TPAHCIIOPTA 1 SHEPTETUKN» :
OCHOBHBIE PE3VYIJIbTATBI HUOKTP

K.H. Humes !, M.1.Hosonoubues?, B.B.Enucees
Mopoosckuii 2ocyoapcmeennviii ynusepcumem um. H.II. Ozapésa, Capanck
2040 «Inexmposvinpamumensy, Capanck
E-mail: nishchev@inbox.ru

2

B noxiame npeacTtaBieHbl pe3ysbTaThl IIEPBOrO OTYETHOTO IIEpUOAA
npoekta «Co3aHue BBICOKOTEXHOJOTHMYHOTO IMPOU3BOACTBA CBEPXMOIIHBIX
IpUOOPOB CHUJIOBOM 3ANEKTPOHUKH, 00ECHEUHNBAIOIIMX KOHKYPEHTOCIOCOOHOCTD
Y UMIIOPTO3aMEIlIEHNE B HAYKOEMKHX 00JacTIX MPOMBIIIJICHHOCTH, TPaHCIIOpTa
U DHEPreTHKW», BbinojHsieMoro Muctutyrom ¢usuku u xumuu MI'Y um. H.II.
Orapeea u OAQO «DnekTpoBBIIPSIMUTENL» B pamkax llocTaHoBIEHUA
[IpaButenscTtBa PO Ne 218 «O mepax rocynapCTBEHHOM MOIAECPKKU Pa3BUTHUS
KOOTIEpAllMM POCCUUCKUX BBICHIMX YYEOHBIX 3aBEJACHUN U OpraHu3alui,
peanu3yromuX KOMIUIEKCHBIE IPOEKTHI 110 CO3JaHUI0 BBICOKOTEXHOJOTHYHOTO
IIPOU3BOJICTBAY.

[lenbro mpoekTa siBIsieTCs pa3padoTka 0a30BOM TEXHOJOTUH M OpraHU3aIUs
IIPOU3BOJICTBA HOBBIX BBICOKOBOJIBTHBIX CHJIOBBIX MOJTYNPOBOJIHUKOBBIX MPUOO-
POB Ha OCHOBE HEWTPOHHOJIETUPOBAHHOTO KPEMHHS M DJIEKTPOIPOBOISAIINX
KOMIIO3ULIMOHHBIX TEPMOKOMIIEHCATOPOB AUAMETPOM 10 5 MOWMOB. B pamkax
npoekra nposonaiarcs HWUOKTP, nanpaBneHHble Ha CO3/1aHWE TUPUCTOPOB HA
toku 10 5000 A u Hanpskenue 10 8500 B, o6nagaromyx MOBBIIIEHHBIMU TEX-
HUYECKUMH XapakTepucTukamu. Co31aHue JaHHBIX MPUOOPOB pellaeT 3aaady
VMMITOPTO3AMEILEHHS] CIIOXKHBIX CHJIOBBIX 3JEKTPOHHBIX KOMIIOHEHTOB JUISl CO-
BPEMEHHOTO dHEprocOeperaromero 000py10BaHus.

OcHOBHOM 3ajaueill MEpBOTO OTYETHOTO IMEpHOJa SIBIsUIach pa3paboTka
IIPEIBAPUTEIILHOTO IPOEKTA TEXHOJIOTUYECKHUX ITPOLIECCOB U3TOTOBIICHUS JJIEKTPO-
MPOBOASIINX KOMIO3UTHBIX TepMokommeHncatopoB (TII TK) u momynpoBoaHu-
koBbIX 3meMeHToB (TII I12). McnomHUTEnsIME TIPOCKTa MPOBEACHBI MATCHTHHIC
UCCIIeIOBaHMs, pa3paboTaHa MpeaBapUTEIbHAs TEXHOJIOTMYECKas JOKyMEHTa-
LU, TPOBEJICHBI HccenoBarebckue ucnbitanug maketoB TK u TII TK.

Pabota Beinonnena B ®I'BOY BO «MI'Y um. H.II. Orapesa» npu ¢u-
HaHcoBO# noanepxke IIpaButenscrBa Poccuiickoit denepanuu (MuHoOpHayku
Poccun) B pamkax gorosopa Ne 02.G25.31.0213 mexay OAO «DneKTpoBbIIps-
MuUTeNb» U MuHoOpHayku P® 00 yciioBUSX MPETOCTABICHUS U UCTIOJIb30BAHMUS
cyOCHaMM Ha peain3aliio KOMIJIEKCHOTO MPOEKTa MO CO3AaHUI0 BBICOKOTEXHO-
JIOTUYHOT'O MPOMU3BOJCTBA, BBHINOJIHAEMOIO C YYaCTHEM POCCHICKOIO BBICIIETO
y4eOHOTO 3aBE/ICHMUS.
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AKPUJIOBBIN ITOJIMMEP C BKJIKOYEHUEM VT JIEPOJIHBIX
HAHOTPYBOK

E.C. Baranosal, O.A. Jlaseinosal, M.B. bysaesa!, E.C. Kimumos?,
B.A. Ceprees?, U.B. ®ponos?

LVivanoeckuii 2ocyoapcmeennviii mexuuueckutl yuusepcumen, YivsaHo6ck
2 Vavanosckutl punuan Mucmumyma paouomexuuxy u 31eKmpoHuK
um. B.A. Komenvnuxosa PAH, Yivanoeck
E-mail:_ilya-frolov88@mail.ru

OcHoBHas 3aj1a4ya MpU CO3JAHUH MOJUMEPHBIX HAHOKOMITO3UTOB C BKIIIO-
YEHUEM YTIIEPOJHBIX HAHOYACTHI] — JOCTHKEHUE MAaKCUMaJIbHOW CTEIIEHH JUC-
neprupoBanus Y HT B maTpue nonumepa.

B pabote ucnonp3oBamu cuHTe3upoBanHble MetogoM MOCVD mHuOTrO-
cTeHHble yriepomnblie HaHOTpyOku (MYHT) ¢ agmamerpom 40-80 um. [ns
yiny4dmienusi coBMectumoctd MYHT ¢ matpunieit nonmumepa TpyOku GyHKIIHO-
HanusupoBa (b-MYHT) npuBHBKON HAa MOBEPXHOCTH MOJSPHBIX KapOOK-
cwibHBIX Tpynn (COOH) mpu 06paboTke CUIbHBIMU KucaoTamu [1].

JIist monydeHuss KOMIO3uTa Opaiu pacTBOp MOJMMETHIMETaKpuiiaTa
(IIMMA) B TONyOJI€, C TOMOIIBIO yIIbTPa3Byka B Hero aucneprupoBani MYHT,
CYCIICH3UI0 HAHOCHWJIM HAa KPEMHHUEBYIO IUIACTHHKY, IEHTPU(PYTUPOBAIU IS
UCIIAPEHHUS TOJIYOJIa, MOTYYEHHBIE TUICHKU UCCIIEN0BAIN PA3IMYHBIMA METOJAMHU.
Mukponpoduiii MOBEpXHOCTH IJIEHOK M3MEPSUIMCh Ha 30HIOBOM MHKPOCKOIIE
NanoEducator B pexxume ACM (puc. 1). bBonee MukpoaucnepcHas, yCTOMIUBast
HAaHOKOMIIO3UTHAs cpeaa nonydaerca ¢ g-MYHT, o yem cBugerenscTByer 00-
Jiee CriaXeHHbIN MPOoQuIb MOBEPXHOCTH IJIEHKH (pHUC. 1 0).

7 s 8

X, MEM

V. MKM X. MEM ¥, MKM

6>

0
a) 0)
Puc. 1. ACM-mukpodororpaduu mieHoK MOJIUMEPHOr0 KOMIIO3UTa
Ha ocHoBe [IMMA: a) ¢ opuentupoBanasiMu MYHT; 6) ¢ o-MVYHT

1. E.C. Knumos, M.B. by3aesa, O.A.JlaBbiaoBa u ap., JKypHasl npuKIagHON
xumun 88, 1128 (2015).
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MOJUOUITNUPOBAHUE CTEKOJI CUCTEMbI Ag,0-Zn0O-P,0s
N3JIYYEHUEM JIAZEPA C UMITYJIbCAMUM ®EMTOCEKYHJTHOM
JUIMTEJIBHOCTHU
A.C. Jlunartees?, I'.JO. IHaxrunsasan!, T.O. Jlunarsesa®, C.B. Jlotapes!,

C.C. ®enoros!, M.I1. Berunanaukos!, B.H. Curaes?, I1.I". Kazaunckmii'?
LPoccutickui xumuro-mexronoauueckuii ynusepcumem um. .M. Menoeneesa, Mockea
2University of Southampton, United Kingdom

E-mail: lipatievas@yandex.ru

Oco0060 3HAaYMMBIM MPAKTHYECCKUM TMPUMEHEHHEM (PEMTOCEKYHIHOTO Jia-
3epHOTO MOIU(DHUIMPOBAHUS ONTHYECKUX CPEM, B YACTHOCTU CTEKOJ, IIPEICTAB-
JseTcs pa3paboTka 00bEeMHON ONTUYECKON MaMATH, 00ECIeUHNBAIOIIEIO MHOTO-
CJIOMHYIO 3alliCh JAHHBIX B HOCUTENE. Peanu3aius Takoro mojaxo/ia mo3BoJiniia
OBl MHOTOKPATHO MOBBICUTH TUIOTHOCTH 3aIMCH WH(OpMAIH, a HCTIOIb30BAHKE
OKCHUJIHOTO CTEKJa B KaueCTBE HOCUTENS 00eCreymio Obl COXpaHHOCTh UH(POP-
Malliy Ha ThICSYM JeT. JJig KoaupoBaHus UH(POpMAIIUKA MOTYT OBITh UCIIOJIB30-
BaHbl Pa3NIMYHbIC MApaMETPhl, BO3HUKAIOIINE MPU (PEMTOCEKYHIHOM JIa3€pHOM
MOAU(PUIIUPOBAHUM CTEKOJI: U3MEHEHUE MOKa3aTelsl MPEeIOMIICHUS, MapaMeTphl
JBYJIYYETIPEIIOMJICHUSI aHU3O0TPOITHBIX 00JacTel M BO3HMKHOBEHHE I HU3MeE-
HEHHE CIIEKTPa JIIOMUHECIICHIIUU, KOTOPHIE B PSI/IE CIyYaeB JAIOT BO3MOYKHOCTD
MHOTOYpOBHEBOU 3anucu [1, 2]. AHanu3 pa3BUTHS MOAXOJ0B K MHOIOMEPHOM
3anucy MH(OOPMALIMK B CTEKJIE MOKA3bIBAET MEPCIEKTUBHOCTH COBMECTHOTO HC-
MOJIb30BaHUS JABYJIYUYEITPETIOMIICHUS U TFOMUHECLICHIIUU JIJI MTOBBIIIECHUS TIIOT-
HOCTHM MHOTOYPOBHEBOT'O KOJUPOBaHUSI HH(OPMAIIUH.

B nannHol pabotre mpeAmnpuHsTa MOMBITKA OJHOBPEMEHHOTO (hOpMHUpPOBa-
HUS JIIOMUHECLEHTHBIX HAHOYACTUIl cepedpa U ABYTydeNpeTIOMIISIONINX obJac-
Teil B 00beme crekia coctaBa 40P,05-552n0-4Ag,0-1Ga,03 hemToCeKyHIHBIM
Ja3epHbIM mydkoM. [Ipu Bo3eHCTBUU Ha CTEKIIO CHOKYCUPOBAHHBIM ITyYKOM B
Jiana3oHe dHEprut umiysbsca ot 38 10 73 HJ[XK MoJydeHbl KOJbLEBUIHBIE MUK-
pPOOOIIACTH TUAMETPOM JI0 5 MKM C HAHOYACTHIIAMH cepedpa, MHTEHCUBHO JTO-
MHUHECIICHIIUPYIOIIMMH B BUJIUMOM o0jacTH. B meHTpe 3tnx obiacTeit 3adukcu-
pOBaHO JBYyIydenpenomieHue ¢ hpasoBbiM caurom a0 30 HM. OpueHTalus Me-
JIEHHON OCH JIBYJy4YENpPEIOMIICHUS MEPNEHANKYISIPHA MJIOCKOCTH MOISpPU3aALUN
JIa3ePHOTO My4YKa, YTO CBUJIETEIBCTBYET O (POPMUPOBAHUU TIEPUOANUECKUX HAHO-
CTPYKTYp THIIA HAHOPEWIETKH. B nanmpHeWmeM npeanonaraercs HCCIea0BaTh
BO3MO>KHOCTh HE3aBUCHUMOTIO YIIPaBJIEHUS MMapaMeTpaMu JTFOMUHECIICHIIUU U JIBY-
Jy4YeTrpeIoMIICHHUS, YTO OTKPBHUIO Obl BOZMOXHOCTH JIJIsi KOJUPOBAHUS JAHHBIX B
KQKJIOM U3 HUX.

Pabota BeimonHeHa npu noxanepxkke Cosera mno rpanTtam [lpesunenra PO
(rpanT MK-9290.2016.3), PODU (rpant 16-03-00541) u MunucrepcTBa 00pa3o-
BaHus ¥ Hayku PO (rpant Ne 14.250.31.0009).

1. L. Canioni et. al., Opt. Let. 33, 360-362 (2008).
2. J. Zhang et. al., Phys. Rev. Let. 112, 033901 (2014).
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OOTONMHAYLHNUPYEMBIE [IEPUOJUYECKUE CTPYKTYPBI
N X XAPAKTEPUCTUKU B KPUCTAJIJIAX CaF,-LuFs,
AKTUBUPOBAHHBIX MOHAMMU Ce** u Yb**

H.®. Paxumos, A.C. Huzamytaunos, B.B. Cemaniko
Kaszaunckuii (Ilpusonxcckuii) gpedepanvhsiii ynusepcumem, Kazamo
E-mail: niyaz@mail.ru

B HacTosiee BpeMs BeleTCs aKTUBHOE HCCJIEJIOBAHHME MaTepualioB, B
0o0BbeMe KOTOPBIX MOXKHO OBLJIO ObI CO37aBaTh MPOCTPAHCTBEHHBIE MEPUOaUYE-
CKH€ HEOJHOPOJHOCTH ONTUYECKUX XapaKTEPUCTHUK (TIOKA3aTeb MPETOMIICHHUS,
KO3 GUITUEHT TOTJOMICHHS) 7S LeJe peaau3aliyd Ha UX OCHOBE (POTOHHBIX
kpuctamwioB [1, 2, 3]. Takxke BeayTCs MOUCKH METOAMK CO3JAHHS MEPUOIAYC-
CKHUX CTPYKTYp Ha OCHOBE IIEHTPOB Okpacku. B pabore [4] B xpuctamie LiF
ObUTM CO3/1aHbI MEPHOANYECKHE CTPYKTYpHI ¢ mepuogoM 1 MKM 3a cuer obec-
[BEUMBAHUS LIEHTPOB OKPACKH, MPEABAPUTEILHO HABEJICHHBIX B KPUCTAJUIMYE-
ckoMm Mmatepuane. CylleCTBEHHBIM SIBISIETCS TO, YTO Ce€Yac MEPUOJMYECKHUE
CTPYKTYPBbI U3TOTOBJISIOT MOCPEACTBOM TpaBlIeHUS JIMOO HaBeEHUs 1e(PEKTOB B
Marepuaax XeCTKUM YD H3TydeHUEM WM JIEKTPOHHBIMU IMyYKamH, T. € OHH
ABJISIFOTCSL CTAalMOHAapHbIMU. [Ipym 3TOM cleayer OTMETUTh, YTO CYLIECTBYIOT
KOPOTKOXHUBYIIHME HEHTPbI OKPACKU, BPEMS KU3HU KOTOPBIX MOYKET IPUHUMATD
sHadeHus nopsaka 1070 ¢ [5].

[lepcrieKTUBHBIM TMPEJICTABISETCA CO3/JaHUE MATEepUATIOB, ONMTHUYECKUMH
CBOMCTBAMU KOTOPBIX MOYHO OBLJIO OBl yIPaBJSATh C MOMOIIbIO BHEIIHETO Ja-
3€pHOT0 M3IYyYEHHUS 3a CUET YIPABJIEHUS PABHOBECUEM JMHAMHYECKHUX IPOIIEC-
COB B HHX ITpH Hakauke YD n3nydeHuem.

B Hacrosiieit pabote o0CyXAat0TCsl pe3yabTaThl SKCIEPUMEHTOB MO CO3-
JAHUIO TIEPUOJIMYECKUX HEOJHOPOJHOCTEW KO3(PUIMEeHTa MOrIOUEHUsI LEH-
TPOB OKPACKU U KOIPPUIIMEHTA YCUIICHUSI B CMEIIAHHBIX KPUCTAJIaX CO CTPYK-
Typoii dimoopura CaF,-LuFs;, aktusuposannsix nonamu Ce3* u Yb3*. Ilepuoau-
YeCKHe HEOJHOPOJHOCTH ObUIM CO3[aHbl C MOMOILBIO MHTEP(HEPOMETPUUECKUX
METOJIOB C UCIOJIb30BaHUEM H3iyueHus 4-it rapmonuku jazepa Nd:YAG ¢ au-
HOU KorepeHTHOocTH 20 cMm. IlpencraBieHsl pe3ynbTaThl UCCIEIOBAHUN XapakK-
TEPUCTHUK TOJIYYCHHBIX MEPUOTUICCKUX CTPYKTYP, @ UMEHHO TIyOMHA MOJYJISI-
MW, BPEMS KU3HU NEPUOJHYECKON CTPYKTYpbI, CIEKTpalbHbIE XapaKTEpH-
CTHUKH.

1. L.Lu, A. Mock, M. Bagheri, J.-R. Cao, S.-J. Choi, J.O’Brien, P. Daniel
Dapkus, IEEE Photonics Technology Letters 17, (2009).

2. P. Barclay, K.-M. Fu, C. Santori, R. Beausoleil, OPTICS EXPRESS. 12,
9588-9601 (2009).

3. Y. Tanaka, J. Upham, T. Nagashima, T. Sugiya, T. Asano, S. Noda,

Nature materials 6, 862-866 (2007).

F. Bonfigli, et. al., Applied Optics 31, 38-43 (2009).

5. V.V. Semashko, A.K. Naumov, A.S. Nizamutdinov, R.Yu. Abdulsabirov,
S.L. Korableva, SPIE Proc. 5402, 421-429 (2004).
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I'MBPUJIHBIE MATEPUAJIBI HA OCHOBE JIIOMMHECHEHTHBIX
OKCHUXNHOJIMHOBBIX METAJIJI-KOMIIJIEKCOB
N ®TOPOBOPATHOU CTEKJIAIHHON MATPHUILIbI

M.O. Anypoga, E.B. Epmonaesa, A.B. Xowmskos, O.b. [TerpoBa
Poccuiickuii xumuxo-mexnonocuueckuti ynusepcumem umernu /.. Menoeneesa,
Mockea
E-mail: maria_anyrova93@mail.ru

I'uGpunusie Mmatepuansl (I'M) — 3T0 MaTepuaibl 0COOOTO TUMA, APXUTEK-
Typa KOTOPBIX COCTOMT U3 OPraHMYECKOW M HEOPTaHWYECKON COCTaBIISIOLIUX
B3aMMOJICHCTBHE KOTOPBIX MPUBOAMUT KaK K YACTHYHO HACJIEIYIOIIMM TakK U ab-
COJIFOTHO HOBBIM CBOMCTBaM MO OTHOLIEHWIO K BELIECTBAM M3 KOTOPBIX OHHU
cuHTe3upoBansl [1]. 'M Ha OCHOBE OKCHXWHOJIMHOBBHIX [2] U (eHaHTPOJIUHO-
BbIX [3] JMIOMHUHECHUPYIOMINX OPraHUYECKUX METAJI-KOMIUIEKCOB MOTYT OBIThH
MEPCIEKTUBHBIMU JIJI1 CO3/1aHUSI HOBBIX CBETOM3IIYYAIOIINX YCTPOMCTB.

I'M cuHTe3upoOBaIu Mo METOAUKE, onMcaHHou B [3]. B kauecTBe opranu-
YECKUX JIIOMUHO(POPOB HCIOJIB30BAIUCH §-OKCUXUHONATHI (Meqy) merarion
(Lig, Kg, Nag, Rbg, Mgq, Srqz, Bagz, Zngz, Scqs, Algs, Gags and Ings). O6-
pasibl MPEACTaBISIN COOOM MpO3padyHble CTEKJIOBUIHBIC IUIACTUHBI, CHEKTP
MPOMYCKAaHUSI KOTOPBIX MPAKTUYECKH TIOJHOCTBIO COOTBETCTBOBAI CIIEKTPY
nponyckanus MarpudHoro crekina 80PbF,-20B,0; (puc. 1la). I'M cocraBa
Srq2+80PbF,-20B,03 nokazan Hanboiee spkyro ¢oromomuHecteHiuio (DJI) ¢
MaKCUMYMOM I0J0Ckl Ha 528 HM 1 mmpuHoi 123 um (puc.l_0).
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Puc. 1. T'ubpuansiit marepuan Srq2+80PbF2-20B20s3:
a) CIIEKTp MpomnycKaHus, 0) HopMHUpoBaHHbIN criekTp DJI.

PaGora BbimnosiHeHa npu puHaHcoBo# nmoaaepxkke PH® (rpant Ne 14-13-
01074).

1. B. Lebeaua, P. Innocenz, Chem. Soc. Rev. 40, 886 (2011).

2. R. Avetisov, O. Petrova, A. Khomyakov et al., J. Cryst. Growth 401, 449
(2014).

3. O. Petrova, I. Taydakov, M. Anurova et al., J. Non-Cryst. Sol. 429, 213
(2015).
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®PYCTPUPOBAHHBIMI MATHETHK Ni3(BOs3),: UCCJIIEJJOBAHUE
CIIMHOBBLIX BO3bYXXJIEHNHN B CUJIbHBIX MATHUTHDBIX ITOJIAX

K.H. Bongsipes?, A.JI. Momuanosal, P.B. ITucapes?, D. Kamenskiy?
YUncmumym cnexmpockonuu PAH, Mocksa
2usuxo-mexnuueckuti uncmumym um. A.@. Hogppe PAH, Canxm-Ilemepbype
3High Field Magnetic Laboratory, Radboud University, Nijmegen, Netherlands
E-mail: nastyamolchanova@list.ru

Opro6opat Hukens Niz(BOs), kpuctammsyeTcss B poMOUYECKON CHHTO-
Huu (ip. Tp. PNnnm (#58)) u oOmamaeT cTpyKTypoil MuHepana KoTouTa. VoHBI
Ni?* 3aHMMAalOT BEe pazInMuHble OKTadapuyeckue nosuimu 2a u 4f, popmupys
JIB€ MarHuTHbIE ToJcUcTeMbl. OO0 MOJCUCTEMbI HUKEIIS YIOPSI0YUBAIOTCS aH-
tudeppomMaruutTHo npu temmneparype Ty = 46 K [1]. B nenaBueit padore [2]
OBLIO MOKA3aHO, YTO B JAHHOM COEIMHEHUH NpU Ty HAOJIIOIaeTCs TaKkKE CTPYK-
TYpHBIN (a30BbIil IEPEXO/], CBSI3aHHBIN C YABOCHUEM KPUCTAINIMYECKON STYEUKHU
U «CKJIQJIbIBAHUN» TIPU 3TOM 30HBI bpuiosHa.

B Hacrosimeit paboTe mpeacTaBieHO HCCIEI0BaHUE CIEKTPOB MPOITyCKa-
HUS TeparepuoBoro uaiaydeHus depe3 MoHokpuctal Niz(BOs), B MOCTOSHHBIX
MarHUTHBIX TOJISX HANPsHKEHHOCTHI0 70 32 Ti. B HylneBOM MarHMTHOM IOJi€
HIDKE TeMIepaTypbl [N HaOItonaIcs psiji OCOOCHHOCTEHN, HHTEPIIPETUPOBAHHBIX
KaK OJJHOMAarHOHHbIE BO30YX/I€HHUS. 3aBUCUMOCTb YAaCTOT MAarHUTHBIX BO30YX-
JIEHUW OT BEJIMYUHBI TOJII MMEET SPKO BBIPAKEHHBIM HEIMHEHHBIA XapakTep
(puc. 1). D10 MOXeT yka3bplBaThb Ha B3aMMOJEHCTBHE MarHUTHBIX MOJ JpPYT C
JIpyroM (CIHMH-COMHOBOE B3auMojelcTue). Kpome Toro, B CHIIbBHBIX MarHuT-
HbIX noJsix (>10 Ti) HaOmromaeTcss MOBEAECHNE MAarHUTHBIX MOJI, YKa3bIBAIOIIIEE
Ha ($a30BBIN MEPEXO]T THUMA «CITUH-(IIOT.

Magnetic field (T)

20 30 40 50 60

Wavenumbers (cm™)

Puc. 1. 3aBucuMoOCTh TeparepIioBoro crekrpa rnpomyckanus MoHokpucrauia Niz(BOs)2 ot
BHeIHero MmarautHoro mosst npu T = 1,5 K.

PaboTa BeInmosiHeHa npu nogaepxkke rpantoB PH® 16-12-10456 (P.B.I1.),
PODU Ne 15-32-20613 (K.H.b., A.JI.M.) u rpanra Ilpesunenra P® mis mox-
JEPIKKHA MOJIOBIX yueHbix (MK-3521-2015.2).

1. L.N. Bezmaternykh et al., Phys. Stat. Sol. B. 249, 1628 (2012).
2. R.V. Pisarev et al., Phys. Rev. B. 93, 134306 (2016).
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CPABHEHUE CTPYKTYPhI 1 CBOMCTB KPUCTAJIJIOB IMOKCUJIA
[MNPKOHUMA CTABMJIIM3MPOBAHHBIX OKCHUJAMU
NTTPUA U CKAHAUA

M.A. bopux!, B.T. by6omuk®, C.11. bpenuxun?, A.B. Kyne6sakun?,
N.E. Kypuusina?, E.E. JlJomonosa!, ®.0. Munosuu®, B.A. MbI3unal,
B.B. Ocuko!, H.}O. Ta6auxoBa®
Ynemumym obweri puzuxu um. A.M. IIpoxopoea PAH, Mocksa
2Hayuonanbuwvlii Uccie0o6amenseKull mexHoI02UYecKuti YHUEepCcumen
“MHUCuC”, Mockea
SUncmumym usuxu meepoozo mena PAH, Yepnozonosxa
E-mail: kulebyakin@Ist.gpi.ru

Kpucrannnueckre MaTepuanbl Ha OCHOBE TUOKCHAA ITUPKOHUS U3BECTHBI
HE TOJIbKO CBOMMH IPEBOCXOIHBIMHU MPOYHOCTHBIMU XapaKTEPUCTHUKAMU, HO H
BBICOKON MOHHOW MPOBOJUMOCTHIO. BBICOKHME MPOYHOCTHBIE CBOMCTBA 00YCIIOB-
JeHbl CHelu(pUUEcKOl TOMEHHOM CTPYKTYpol marepuaia, Kotopas (GopMmupy-
eTCcsl B MPOIECCEe OXJaXKJEHUS KpUCTallla, a TakKe BEPOATHOCTBIO TETparo-
HaJIbHO-MOHOKJIMHHOT'O NEPeXo/ia MpU MPUIIOKEHUN MEXaHUYECKON Harpysku.
Bricokast noHHAsi IPOBOAUMOCTh BO3MOXKHA OJlarofapsi HaJIMYMIO B CTPYKTYpE
MaTepuasa KUCIOPOJHBIX BaKaHCHM, KOTOpbIe 00pa3yloTcs B pe3yJbTaTe cTadu-
JAU3alUHU BbICOKOTeMIepaTypHo Moaudukanuu ZrO; noHaMU peIKO3eMeNbHbIX
3JIEMEHTOB C BaJICHTHOCTHIO OTIIMYHOM OT ZI.

B 3aBucumMocTH OT BHJa M KOHIEHTPAIMU CTAOUIM3HPYIOLIETO OKCHIA
CTPYKTypa U CBOWMCTBA TOJYYEHHBIX MAaTEPHAIOB MOTYT CYIIECTBEHHO OTJIH-
yaThCcs. B HacTosmieil paboTe MpeacTaBleHbl Pe3yJbTaThl MCCIEIOBAHUS KPH-
cramioB ZrO; crabunm3upoBanHbiX Y203, SC,03 U mpoBeaeH CpaBHUTEIBHBIHI
aHaJIN3 MOJYYCHHBIX JaHHBIX.

[TokazaHo, YTO B TETparoHaJbHBIX KpUCTAIaX TUOKCHAA LUPKOHUS CTa-
OWJIM3UPOBAHHOTO OKCUIOM WUTTPHUsI, MPHUCYTCTBYIOT ABE (a3bl: TpaHChHOpMHU-
pyeMas U HeTpaHchopMupyemasi, KOTOpble OTJIMYaloTCs coaepxkanueM Y03 u
napaMeTpamu pemieTku. B kpucramiax ¢ OKCHIOM CKaHIUSl aHAJIOTMYHOM KOH-
LEHTpaluu IPUCYTCTBYET JIMIIL O/HA (pa3a - HeTpaHchopmupyemasi. CooTBeT-
CTBEHHO, TPEIIMHOCTOMKOCTh TETparoHaNbHbIX KpuctamwioB Zr0O; - Y,0; Ha-
MHOTO BBbIIIE, 4eM KpucTamioB ZrO; - SC;0s.

HccnenoBanus KyOMYeCKMX KPUCTAJUIOB MOKA3aJl0, YTO MpU CTaOWiIH3a-
UM OKCUJIOM UTTpHUsl KyOuueckas ¢aza B KpHUCTajUlaX COXpaHSIETCs MPH KOH-
neHTpanuax 8§ mMon.% Y03 u BbiIe, a Mpu CTAOMIM3AIMN OKCHUIOM CKaHIHS
Kyounueckas (aza B KpucTajiax nosisasiercs auib npu 10 mon.% Sc;03. B oc-
HOBHOM, B JMaria3oHe KOHIIEHTpaIui okcuaa ckauaus 9-11 mon.%, kyoudeckast
daza pacmamaercs Ha TETPArOHATBHYIO M POMOOIAPHUYECKYI0. DTO CBSI3aHO C
MEHBIIMM HOHHBIM PaJUyCOM KaTHOHA CKaHAMS MO CPABHEHHUIO C KaTHOHOM
UTTPUSL.

PaGota BemMosHEHa TIpu (UHAHCOBOW TOMJEPKKEe TpaHTOoB PODOU
Ne 16-38-00521 mon_a u Ne 15-38-70053 mon_a_moc.
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TPU CHEHAPUS MATHUTHOI'O YITOPAAOYEHUSA CusR(Se0s),0.Cl
(R = Er,Sm,Yb): OITUYECKAS CITEKTPOCKOITUA

JI.C. Ma3zaes*? C.A. Knumun'
Yiemumym cnexmpockonuu PAH, Tpouyk, Mockea
2MDTH, [Joneonpyouwiii, Mockoeckas obracme
E-mail: klimin@isan.troitsk.ru

Peaxozemenbubie (P3) ¢panmucuter CusR(Se03)20,.Cl (R — peakas 3em-
J51) — 3TO CHUHTETHUYECKUE HW30CTPYKTYPHBIC AHAJIOTH MPUPOJHOTO MHUHEpasa
Cu3Bi(Se03),0,Cl [1, 2]. C omHO# CTOPOHBI, 3TH COCIAUHEHUS TPEICTABISIOT
WHTEPEC B KAUECTBE MOJICIBHBIX CHUCTEM IS UCCIIENOBaHUS (GPYCTPUPOBAHHOTO
U HU3KOpa3MmepHoro martHetusma [3, 4]. C npyroéi CTOpOHBI, C MPAKTUYECKOM
TOYKHU 3PEHUS MPHUBJICKATEIbHA BO3MOXHOCTh YIIPaBICHUS HAMarHUYCHHOCTHIO
B HU3KUX MarHUTHBIX MOJsAX. K HacTosmeMy MOMEHTY XOpOIIO HCCIICTOBAHBI
MarHUTHBIE CBOMCTBAa BHCMYTOBOI'O W HMTTPUEBOrO (PAHIIUCUTOB, B KOTOPBIX
TOJIBKO MEJIb 00J1aJJaeT MATHUTHBIM MOMEHTOM. MOXXHO OXHUJaTh, YTO MPU BBE-
JIEHUU BTOPOM MarHUTHOM MOJCUCTEMBI (PEIKO3eMENIbHOM) Oy yT HaOII01aThCs
HOBBIC MHTEpECHBIC sIBIICHUA. B jgaHHON paboTe mMeTo/aMu ONMTHYECKOU CIeK-
TPOCKOIHH UCCIEAYIOTCS TpU (PpaHIIMCUTA C PATUUYHBIMU PEIKUMHU 3eMJIISIMU -
Er, Sm, Yb. Bce Tpu P3 snemeHTa HaxoJsSTCS B TPEXBAJICHTHOM COCTOSIHUH,
ITO— KpamMepcoBCKUE HOHBI. [lo paciernyieHno CreKTpaabHbIX JIMHUNW TEpexo-
OB MEXKIY KPaMEPCOBCKUMH yOJIeTaMH MOXHO JIETEKTHPOBATh MAarHUTHOE
VIOPSAIOYCHHE KpHUCTAla, IO €ro pe3KoMy W3MEHCHHIO -  CIIHH-
TIEPEOPUESHTAITHIO.

[IpoBeneHBI MCCIEAOBAHUS TEMIIEPATYPHO-3aBUCUMBIX CIIEKTPOB TIOTJIO-
mienust B oonactu f-f mepexomoB ynmomsayteix P3 nonos. Bo Bcex Tpex coemu-
HEHUSAX 00HAPYKECHO MAarHUTHOE YITOPSI0YCHUE METHOM MOJACUCTEMBI TIPU TEM-
nepatype Tn BOmm3u 36 K Tak e, kak B CusY (Se03),0,Cl [4]. Bopsba maruuT-
HBIX aHU30Tponuil P3 U MenHOM MOoJCUCTEM MPUBOAMUT K CIIUH-TIEPEOPUEHTAIU -
oHHOMY (ha30BOMY IIEpEX0Jy B CaMapveBOM M HUTTepOHMEBOM (paHIMCUTAX,
npudeM pasHoro tumna. Eciu B urrepOueBoM (paHIMCUTE MEePEOPUCHTALIUS
MIPOUCXOIUT Kak (ha30BbIi MEPEX0/1 MEPBOro Poja, TO B CAMapUEBOM — KaK BTO-
poro. OOCYXIar0TCs BO3MOXHBIE MPUYUHBI TPEX PA3IMUYHBIX CIIEHAPUEB Mar-
HUTHOTO TIOBEICHHSI HCCIICIOBAHHBIX COCTMHEHH.

1. A. Pring, B.M. Gatehouse, W.D. Birch, Amer. Mineral. 75, 1421 (1990).

2. P.S. Berdonosov, V.A. Dolgikh, Russ. J. Inorg. Chem. 53, 1353 (2008).

3. M. Pregelj, O. Zaharko, A. Giinther, A. Loidl, V. Tsurkan, S. Guerrero,
Phys. Rev. B. 86, 144409 (2012).

4. K.V. Zakharov, E.A. Zvereva, P.S. Berdonosov et al., Phys. Rev. B. 90,
214417 (2014).
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OIITUYECKUE LIEHTPLI MOHOB Eu®** B KPUCTAJIJIAX JIMOKCUIA
HUPKOHMA, CTABMIN3NPOBAHHBIX OKCAOM UTTPIA,
C TETPAI'OHAJIbBHOU U KYBUYECKOHM CTPYKTYPOU

T.B. Bonkosa', M.A. bopuxk?, E.E. JlomonoBa?, B.A. MeI3una?,
IT1.A. Ps6ouxunal, A.H. Ya6ymkun', H.IO. Tabaukoa®
Hayuonanvnuiii uccneooeamensvcruti Mopoosckuii 20cyoapcmeenHbiil
yuugepcumem um. H.I1. Ocapesa, Caparnck
2Uncmumym obweri pusuxu um. A.M. Ilpoxopoea PAH, Mockea
SHayuonanbuwvlii ucciedo6amensekull mexHoI02UYecKuti YHUeepcumen
“MHUCuC”, Mockea
E-mail: sendboxvv@mail.ru

YHuKkanbHbIe (QU3UKO-XUMHUYECKHUE CBOMCTBA MAaTEpPUAJIOB HA OCHOBE JIH-
okcua nupkoHus ZrOy, cTaOMIN3UPOBAHHBIX U YaCTUYHO CTAOMIIM3UPOBAHHBIX
Y203, obecnieunBaloT MX pa3jMYHbIE MpaKkTUYecKue mnpuioxkenus. CBoHCTBa
ATUX MaTEepUaJIOB BO MHOI'OM 3aBUCAT OT UX CTPYKTYPHBIX 0COOEHHOCTEM, 00y-
CJIOBJICHHBIX HAJIMYUEM KHCIOPOJHBIX BaKaHCUW, 0Opa3yroIMXcs B Ipolecce
crabunuzarnuu ZrOy OKCUIOM UTTPHSL.

dopMUpOBaHUE JOKAIBHOW CTPYKTYpPhl KaTHOHOB MPH HAJIUYUU KHUCIIO-
POJIHBIX BaKaHCUW B KpPUCTAIAX CTAOMIM3UPOBAHHOTO W YaCTUYHO CTAOMIM3U-
POBAaHHOTO JMOKCHJIA IIUPKOHUS MOXKHO BBISIBUTh METOJAMH ONTUYECKON CIEK-
TPOCKOTIMH C WCIOJIb30BAaHUEM B KAa4ECTBE CIEKTPOCKOMHUYECKOTO 30H/Ia MOHA
Eus*.

HecMoTps Ha 3HAUUTETHLHOE KOJTMYECTBO IMyOJIMKAITUH, TTOCBSAIIICHHBIX HC-
CJIEZI0OBAHUIO CTPYKTYPHI ONTHYECKUX LIEHTPOB MOHOB EU* B TBepabIX pacTso-
pax Ha OCHOBE AMOKcHAAa UUpPKOHUS [1-4], B Hactosimee BpeMs OTCYTCTBYIOT
paboThI, B KOTOPHIX MOJOOHBIC UCCIETOBAHUS ObUTH ObI BBIMIOJIHEHBI JIJII MOHO-
KkpuctamuioB ZrO; mpu cTabMIM3aIluu OKCUJIOM UTTPUSI B IIUPOKOM JIMAMA30HE
M3MEeHEeHHs KoHIeHTpaun Y 203.

B Hacrosmeit paboTe ¢ MCIOIb30BaHUEM METOOB ONMTUYECKON CIEKTPO-
CKOITMHM BBIABJIEHBI OCOOCHHOCTH JIOKAILHOTO OKpYy»KeHHs MoHoB EU®* mms ter-
paroHaJbHBIX M KyOMYECKMX TBepabIX pacTBopoB ZrO—(2,7 — 3,8 Mom.%)
Y203-0,1 M01.% EU,03, monmydeHHBIX METOJ0M HAaINpaBJICHHOW KpHUCTAJLIN3a-
[IMU pacIljiaBa C MCTOJIb30BAaHUEM MPSIMOTO BBHICOKOYACTOTHOTO HAarpeBa B XO-
JIOAHOM KOHTEHUHEDE.

PaboTa BhinonHeHa npu ¢puHaHcoBOM noaaep;xkke rpanta PODU opu M,
Ne mpoekra 16-02-00457.,

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. FO.K. Boponbko, M.A. 3ydapos, A.A. Cobosb u ap., OnTHKA U CTIEKTPO-
ckorust 81, 814 (1996).

4. KO.K. Boponrsko, M.A. 3ydapos, A.A. Cobonp u ap., Heopranmaeckue
matepuainsl 33, 452 (1997).
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BBIPAIIUBAHUE U NCCJIEAOBAHUE
CIIEKTPAJIBHO-JIIOMWHECLHEHTHBIX XAPAKTEPUCTUK
KPUCTAJIJIOB BGO

E.D. lynaesal, T.B. Yyxsosuna®, JI.U. Usnepal, B.B. KonTeimes
Yucmumym obweri pusuxu um. A.M. Ilpoxoposa PAH, Mockea
2 Hayunwiii yenmp éonokonnoii onmuxu PAH, Mockea
E-mail: chukhlovina@gmail.com

2

Monokpuctaiuisl repmanaTa BucmyTta BiysGesO1, (BGO) co crpykrypoit
IBJIUTUHA SBISIOTCS CUMHTUIUIALIMOHHBIM MaTEpPHAIOM, O Y€M HM3BECTHO €LIE C
cepenrbl XX Beka. OHAKO MPH ONPENEIECHHBIX BO3JAEHCTBUAX ITAHHBIE KPH-
CTaJUTBl MOTYT TMPOSIBISITH OCOOCHHBIE CIEKTPaIbHO-TIOMUHECIICHTHBIE Xapak-
tepuctuku [1]. Hacrosimas pabota mocssimeHa pa3paboTKke TEXHOJIOTHH OITH-
YECKH COBEPIICHHBIX KPUCTAIIOB repmaHara Bucmyta BisGezO12 co cTpykTypoit
ABJIUTUHA U UCCJICIOBAHUIO BIMSHUS BHEIIHUX BO3JCUCTBUI Ha CIIEKTPOCKOMH-
YECKHE XapaKTEPUCTUKHU TOJIYYEHHBIX 00Pa3IoB.

B pamkax ganHOU paboThl ObUIM MPOBEACHBI POCTOBBIE SKCIEPUMEHTHI U
M01I00paHbl ONTUMAJIbHBIE TTAPAMETPhI, MO3BOJISIONINE MOTYyYUTh OCCIIBETHBIE,
npo3paunbie B oomactu 0,3—6,5 mxm kpuctamuel BGO ontuueckoro kadectra
nByx opueHtanuid [111] u [100] MeTtomom HoxpanbCKoro.

[IpeacTaBieHsl pe3ynbTaThl IKCIIEPUMEHTOB 10 OTXKUTY 00pPa3IOB B pas-
JMYHBIX YCIOBUsX: B mopoinkax (Bi,Os, GeO,, B mmuxte BisGes012), Ha Bozayxe
U B QopBakyyMme. Takxke ObLJIO UCCIENOBAHO BIUSHUE Y-O0IyUYEHUs U HAChIIIE-
HUS BOJIOPOJOM Ha omTU4YecKue cBoiicTBa kpuctauioB BGO. N3yuyeHo BnusHue
BHEILIHUX BO3JIEUCTBUI HAa MOP(OJOTHUIO OBEPXHOCTH HCCIEAOBAHHBIX 00pa3-
L[OB, MOJYYEHbI CIEKTPHI MOTJIOMICHHUS U MPOAHAIU3UPOBAHO BIUSHUE YCIOBUN
MIPOBEICHUS] TEPMUYECKON OOpabOTKH Ha UX CHEKTPAIbHO-ITIOMUHECUEHTHBIE
XapaKTEPUCTHUKHU.

Oxpamennbiii oopaser; («red» BGO) Obut mosydeH OTKUTOM B (opBa-
kyyme B rpaduroBoM Turiie npu 900 °C. CriekTp MOTJIOMIEHHs TaHHOTO 00pasiia
BBIABJISIET MUKK Ha 365, 455 u 518 uM. [Ipu Hakauke KCEHOHOBOW JIaMIONl Ha
nrHe BOJIHBI 450 HM B ciekTpaibHou o0iactu 240-1650 HM Oblia 3aperucTpu-
pOBaHa JIIOMUHECIEHIUSA C JABYMSI NMUKAMH: IIUPOKUNA MUK C MAKCUMyMOM Ha
1000-1100 am u Gonee y3kuit uk Ha 1500 aM. g monocer 1030 HM criekTp
BO30YXKIEHUSI TIOMUHECIEHIIMK — y3Kas M0JIoca ¢ MaKCUMyMOoM Ha 370 HM, aJis
nosiocel 1500 HM — OoJiee mupoKas nojioca ¢ MakCuMyMom Ha 450 HM.

PaboTa BbINIONIHEHA TpU (PUHAHCOBOW MOJJEPIKKE MPOrpaMMbl IPE3HU-
nuyma PAH Ne | 111.

1. Y. Pingsheng, S. Liangbi, Z. Hengyu, Opt. Mater. 33, 831-834, (2011).
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CHUHTE3 U UCCJIEJJOBAHUE CBOVCTB BUCMYTIEPMAHATHBIX
CTEKOJL, JJETMUPOBAHHbIX d- WJIN f-OJIEMEHTAMU

E.M. Kono6kosa, 1.B. Cremanoga, O.b. [lerpoBa
Poccuitickuti xumurxo-mexnonocuueckuti ynusepcumem um. /.M. Menoeneesa,
Mockea
E-mail: kolobkovaevg@gmail.com

BucMyTtrepmanatHeie cTeksia Mpo3padyHbl B BUAUMOM M OnmxHem HK-
JMara3oHe CIEKTpa, 4YTO TMO3BOJISET HCMOJb30BaTh HMX Kak MaTpuily s
JISTUPOBAHUS PEIKO3EMEIbHBIMA U TepexonHbiMu roHamu [1]. Kpome toro, B
BUCMYTT€pPMaHATHBIX CTEKJIax BO3MOKHO MOTy4YEHUE HECKOJIbKUX
KPUCTALTAYECKUX das: CHUHTWLISILIMOHHON Bi,Ge;O01» u
ceruerodekTpuueckoil Bi,GeOs [2]. M3MeHeHne COOTHOMEHUS UCXOTHBIX OK-
CHJOB CITIOCOOCTBYET 0Opa30BaHUIO B CTEKJIE JTUOO OIHOM, MO0 KOMOWHAIIUU
atux (a3. /laHHas paboTa MOCBAIICHA W3YYEHUIO BIMSHUSA JT00ABOK OKCHJIOB
XpoMa WJIM HEOJMMa Ha CBOMCTBA BUCMYTI€pPMaHATHBIX CTEKOJI pa3HBIX COCTa-
BOB.

Hccnenosansl crekiaa Bip03-GeO; ¢ COOTHOIIEHUIMH OCHOBHBIX KOMIIO-
HentoB 40:60, 45:55 u 50:50 m01.% u ¢ goOaBiIeHHEM OKCHIA HEOOUMMa HIIHN
okcuaa xpoma B koHueHTpamusax 0,1, 1 umu 0,01, 0,1 mo0s1.%, COOTBETCTBEHHO.
Crekna mojydalu IUIaBJIEHHEM CMECH MCXOIHBIX OKCHJIOB IIPU TeMIepaType
1100°C w mocneayonuM OTJIMBOM Ha TMOIOXKKY. JlMdnmekrpudeckue
XapaKTEPUCTUKHN U3MEPSUIA C MTOMOIIBI0 MOCTOBOM cxembl E7-12 ¢ wacroron 1
MI'n B nuana3zone temmeparyp 25-620°C. MukpoTBepAOCTh ONMpEnesiid METO-
noM Bukkepca B nnanasone Harpy3ok 50-150 r.

BoeisiBIeHO, 4TO POCT KOHIIEHTpAIMM XpoMa B CTEKJIE CHOCOOCTBYET
KpUCTAUTM3AIlMK, TOTJa KakK OKCHJ HeoJuMa YJydlllaeT CTEKJIOBaHUE
BUCMYTTepMaHATHBIX COCTaBOB. JloOaBlieHME OKCHIOB HEOoJAMMa M XpoMa
YBEIIMYHNBACT MHMKPOTBEPJOCTh, AHAJIOTMYHOE BIMSHUE OKa3bIBaCT POCT
koHneHTparuu GeO,. 1o maHHBIM TUAICKTPUUYSCKUX M3MEPESHHM OIpECICHBI
XapaKTePUCTHYECCKHUE TeMIIEpaTyphl CTEKOJI. Y MEHBIIIEHHUE COJIEPKAHUS OKCHa
BHUCMYyTa B CTEKJIC NPUBOAUT K YBEIMYCHHUIO TEMIIEPATypbl CTCKIOBAHHS H
TeMIepaTypbl MaKCHMaJIbHON KPHUCTAJUIM3AIMH, a TaKXKe K POCTY YJEIBHOTrO
CONPOTHUBJICHUSA. He oTMEUYeHO CyYIIEeCTBEHHOTO BIMSHHUS OKCHJIOB XpoMa H
HEOJMMa YKa3aHHBIX KOHIICHTPAIIMA Ha IHUAJCKTPUYCCKHAE XapaKTECPHUCTHKH.
Taxkum oOpa3oM, U3MEHEHUS B AUDJICKTPUICCKUX CBOWCTBAX MPEUMYIIIECTBEHHO
CBSI3aHBI C COOTHOIIICHMEM OCHOBHBIX KOMIIOHEHTOB MATPHIIBI CTEKOJI — OKCHIOB
BHCMYTa U T€pMaHHS.

1. LV. Stepanova, N.G. Goraschenko, Optics and Spectroscopy 114, 873—

875 (2013).
2. K. Pengpat, D. Holland, J. Europ. Ceram. Soc. 23, 1599-1607 (2003).
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CHEKTPAJIbHO-JTJFOMUHECIIEHTHBIE CBOMCTBA
CTEKJIOKEPAMUMKHM HA OCHOBE v-Ga,03

E.C. Urnarsesal, H.B. T'ony6es?, M.3. 3usaraunosal, B.H. Curaes?,
P. Jlopenim?, A. INaneapu?
! Poccuiickuii xumuxo-mexmnonocuqeckuti ynueepcumem um. J{. M. Menoeneesa,
Mockea
2 Ynusepcumem Munana-buxkoxa, Munan, Umanus
E-mail: elena_ign85@mail.ru

C MOMeHTa BbIX0/1a, OKOJIO 35 JIeT Ha3aJl, NEPBOM pabOTHI IO ONITHYECKUM
CBOMCTBaM KBAaHTOBBIX TOYEK B cTekJe [ 1], mpoiecchsl GopMupoBaHus MOIYIPO-
BOJTHUKOBBIX HAHOKPUCTAILJIOB B MPO3PAYHON AUAIEKTPUUYECKON MaTpulle Npu-
BJICKAIOT IPHUCTAIbHOE BHIMaHUe. HabmoneHre KBaHTOBBIX pa3MepHBIX ddek-
TOB OBUTIO OOYCIIOBJIEHO BO3MOXKHOCTBIO TOJIy4aThb B HEW HAHOKPUCTAJIbI 3a-
JTAHHOTO pa3Mepa, BapbUpys yCIOBUsS TepMooOpadoTku [2]. U3meHeHue Koiu-
YyecTBa COOCTBEHHBIX Je(EKTOB MOJYIPOBOJHUKA, HAMPUMEP IPU BBEACHHUU
JICTUPYIOUTUX TPUMECEH, SBJISIETCS HE MEHEEe BaKHBIM CIIOCOOOM YIIPABJICHHUS
€ro onTU4eCcKUMH cBoiicTBamH [3, 4]. ITocaegnee, 0JHaKO, OCIOKHEHO B3aUMO-
JEUCTBUEM CO CTEKJIOOOpa3HON MaTpHIleH B Ciydyae MoTyIpPOBOIHUKOBOM (a3bl,
BbIICIISIIONICHCS B cTekiie. [loBbillieHHas XuMUYecKass U TepMUYecKas CTaOuiIb-
HOCTh CTEKJIO00pa3HOM MaTpHIlbl paCIIUPSIET TEM HE MEHEE CIEKTP BO3MOKHBIX
MPUMEHEHUH BBIJCICHHBIX B HEl HAHOKPUCTAIJIOB IO CPABHEHHUIO C TEMH K€
HAaHOKPUCTAJIaMH, TIOJIYYEHHBIMU U3 PacTBOPA.

B nanHOI paboTe CMHTE3UMPOBAaHbI MAJIOIIEIOYHbIE TAJUTMEBOCUIMKOTEP-
MaHATHBIE CTEKJIA, TPU TEPMOOOPAOOTKE KOTOPHIX BBHIACISIIOTCS HAHOKPUCTAILIBI
v-Gay0s. Tlokazano, uto kak u 11 (a3el B-GaO3 crekTp TIOMUHECIICHIINHA Ha-
HOKpUCTAIOB Y-Ga;O3, BBHIACIMBIIUXCS B MAaTPUIIE CTEKJa, MPEACTABISIET CO-
oot cynepriozuiuio Y-, roay0boii U 3e1eH0M moyioc. BeISIBICHBI B3aUMOCBSI3H
MEXIy COCTaBOM CTEKOJ, YCJIOBHSIMHU HX BapKd M TEPMOOOpPaOOTKHU, C OJHOM
CTOpOHBI, B omuHecneHimed B Y®, sunumoit u UK obnactu criexrpa, ¢ npy-
roM.

PaboTa moanepxana MunucrepcTBoM obpazoBanus U Hayku PO (rpaHTbl
MK-8807.2016.3 u 14.250.31.0009).

1. A.W. Ekumos, A.A. Onymienko, [Tucema B XKOT® 34, 363 (1981).
2. N.F. Borrelli et al., J. Appl. Phys. 61, 5399 (1987).

3. M. Kuno, J. Phys. Chem. Lett. 5, 3817 (2014).

4. J.Z. Zhang, J.K. Cooper, S. Gul, J. Phys. Chem. Lett. 5, 3694 (2014).
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B3AUMOCBS3b MEXY XUMNYECKUM COCTABOM, CTPYKTYPOH,
KPUCTAJIJIOTPAONYECKOU OPUEHTALMEN TETPAI'OHAJIBHBIX
KPUCTAJIJIOB HA OCHOBE JUOKCUIA LIMPKOHM A

B.P. bopuuenckuii, B.T. by6auk, A.B. Kyne6skun, E.E. JlomonoBa,
B.A. Me3una, C.B. Cepskos, H.}O. TabaukoBa
HUncmumym obweti gouzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: vasbm@yandex.ru

Kpucrannnueckue Marepuanbl Ha OCHOBE IMOKCHJIA [IUPKOHMS 00J1aJaroT
CBOMCTBaMHU, IEPCIIEKTUBHBIMU BO MHOTUX IPWIOKEHUIX U MPEACTABISIIOT 3HA-
YUTEIIbHBIA UHTEPEC KAK C HAYYHOM, TaK U C NMPAKTUYECKOW TOYKHU 3pEHHUs. AK-
TyaJIbHOCTh CO3JaHUs TAaKUX MATEPHUAIOB ONPENEIAETCS NEPCHEKTHUBAMU HX
WCIIOJB30BaHUsl B KayeCTBE KOHCTPYKIHMOHHBIX HEMETANIMYECKUX BBICOKO-
IPOYHBIX M WU3HOCOCTOMKUX MaTepHaIOB, TEPMOOAPHEPHBIX M 3AIIUTHBIX IO-
KPBITH, TBEPABIX JIEKTPOJIUTOB JJI TOIUIMBHBIX 3JIEMEHTOB, TaTYMKOB KHUCIIO-
poJZla B pa3HbIX CpeAax U JAPYruX MOJOOHBIX YCTPONCTBaX, a TAK)XKE B KA4ECTBE
OMOMHEPTHBIX MaTEPUAJIOB I MEAUIINHBI.

[enbto HacTosALIEH pabOTHI SIBISIETCA YCTAHOBICHUE KOPPEISALUU MEXITY
XUMHUYECKUM COCTaBOM, CTPYKTYpOH, KpucTasiorpaduueckoil opueHTanuei
TETPAaroOHaJIbHBIX KPUCTAJUIOB HA OCHOBE JMOKCHIA LIMPKOHUA U UX MEXaHUYe-
CKMMHM CBOMCTBaMU. [[J1s1 M3ydeHUsI MEXaHUYECKUX XapaKTEPUCTUK Marepuana,
TaKuX Kak, TBEPAOCTb U TPEIIMHHOCTOWKOCTH, MCIOJIb30BAJIN METOJ WUHIECHTHU-
poBanus. VMccnenoBanue neopMalliOHHBIX MEXaHHW3MOB Ba)KHbI IOTOMY, UTO
JUISI MHOTUX NIPUMEHEHUIN HaNpsHKEeHUs B 00beMe BbI3BaHbl KOHTAKTHOW HArpy3-
KOU JIEUCTBYIOLIEN C ITOBEPXHOCTH.

Meronamu peHTI€HOBCKOW Iu(PAKTOMETPUM U MPOCBEUMBAIOLIEH 3JIEK-
TPOHHOM MHUKPOCKONHH HCCJIEI0BAHA HBOJIIOIMUSA (PAa30BOr0 COCTaBa M JBONHU-
KOBOM CTpYKTypbl KpuctaiioB UCI] B 3aBUCMMOCTH OT KOHIICHTpAIlUU CTaOu-
JU3UPYIOIICH TpPUMECH U YCIOBUU TepMooOpaboTku. MccimemoBaHoO BIMSHHUE
OpHUEHTALMX MHIEHTOPA HAa BEJIMYMHY MHUKPOTBEPAOCTH U TPEUIMHOCTOMKOCTHU
Ha Pa3HbIX KPUCTAIIIOTPAPUUECKUX TPaHsIX KpUCTala.

ConocraBieHe TaHHBIX O CTPYKTYpE, (pa30BOM COCTaBE U MEXaHUYECKUX
CBOMCTBAX MO3BOJWJIO MPEANOIOKUTh, YTO OCHOBHBIM (PAKTOPOM, BIHUSIOLIUM
Ha CHIKEHUE TPEIIMHOCTOMKOCTH C yBEJIIMYEHHUEM KOHLEHTPALUU CTaOWUIN3U-
pyroliel npuMecH, siBisieTcst uaMeHeHnue (pazoBoro cocrara kpuctamioB YCILI.

Pa6ota BemmonHena npu noanepxkke rpanta POOU 16-02-000742.

101


mailto:vasbm@yandex.ru

CHEKTPOCKOHNMUYECKOE UCCJIENOBAHHUE PEAKO3EMEJIbHBIX
I'AJUJIMEBBIX BOPATOB CO CTPYKTYPOU XAHTHUTA

H.H. Ky3smunt?, K.H. Boaasipes?, E.A. Jlo6pernosa?®
Mocxkosckuii 2ocyoapcmeennviii ynusepcumem um. M.B. Jlomonocosa, Mockea
2Unemumym cnexkmpockonuu PAH, Tpouyx, Mockeéa
Sdusuueckuil uncmumym um. I1.H. Jlebeoesa PAH, Mockea
E-mail: kolyanfciIm@gmail.com

CymecTByeT pacTymias MoTpeOHOCTh B CHHUX U yIbTPa(HOIETOBBIX Jia-
3epax B HEKOTOPBIX Pa3BUBAIOIIMXCSA OONACTIX NPAKTUYECKOIO MPUMEHEHHS.
VYMeHbIIIEHNE NJIMHBI BOJHBI JIA3€PHOTO W3JIyYEHHS] UMEET BA)KHOE 3HAUCHHE
IpU ONITUYECKON 3amucH U o0paboTke nHGopMauy (U1 JIyYIIero pa3pemeHus
1 0oJiee BBICOKOW MIIOTHOCTH JTaHHBIX), B MEIMLIMUHCKUX LENAX (1151 CEIEKTHB-
HOTO TIOTJIOIIECHHUS CBETAa), B OXpaHe OKpY’Karoleh cpeibl (11 pa3paboTKu JIuc-
TAHIMOHHBIX JaT4MKOB). OnuH U3 3()(PEeKTUBHBIX COCOOOB MOJYyYEHUSI TAKOTO
U3IIy4YEeHHs] — MCIOJIb30BAHNE HEJIMHENHBIX KPUCTAJUIOB B KAa4eCTBE I€HEpalu-
OHHOM Cpenpl C MOCIEAYIOIIHMM CAMOYABOCHHUEM M CAMOCMEIICHHEM YacTOT.
Takast TEeXHONOTHs TaKKe NMPUMEHUMa MpU pa3pabOTKe MUKPOIA3€pPOB C JUOJ-
HOM HAKauyKOM, re HEOOBIION HEIMHEWHBINH KPUCTAIUT KPEMUTCS K BEIXOJTHOMY
KOHILy JIa3€pHOIO IMOJA, W BBIIIOJIHSIET POJIb YABOMUTENS 4acTOThl. OJHUM U3
SAPKUX IPEACTABUTENIEN TAKUX HEJIMHEHHBIX MAaTE€pPUAJIOB SIBISIOTCA PEAKO3€-
MEJIbHBIE aTIOMHHHEBBIE OOpaThl CO CTPYKTYpHBIM TUIIOM XaHTuTa. CoenuHe-
HUS [IAPOKO U3YUYEHBI, U PE3YJIbTAThl UX UCCIEAOBAHUS MPEICTaBICHBI BO MHO-
rux cTaThsax (Hamp., [1, 2]).

B nacTosen pabote npoBeIeHbl IEPBbIE CIEKTPOCKOMMYECKUE UCCIEI0-
BaHUS psfa COEAMHEHUN rajuiueBbIX 00paToB, OJIM3KUX K AIFOMUHUEBBIM Oopa-
TaM, OJIHAKO B OTJIMYHE OT MOCIEAHUX NMPAKTUUECKH HE U3yUYEHHBIX. B mupokom
JMana3oHe TeMIIepaTyp M 4YacTOT MOJYyYEHbl M HHTEPIPETUPOBAHBI CIEKTPHI
nponyckanus u jgromuHecteHiuu 6opatoB REGaz(BOs)s ¢ pasiauunbiMu pe-
kumu 3emisivu RE. Ha ocHOBe JIOMHUHECHEHTHBIX JAAHHBIX U PE3yJbTaTOB HC-
CJIeIOBaHUS METOJOM ONTHYecKoM criektpockonuu B MK u BuguMoi obiactu
OIpEeJENIeHAa CXeMa ITAPKOBCKUX 3HEPreTUUECKUX YPOBHEU psilia PEIKO3EMENb-
HeIx oHoB (Eu®*, Sm®**, Ho** u 1p.) B Marpuue rammmesoro Gopara. ITomydeHs
BpEMEHa 3aTyXaHMsI JIOMUHECUEHIMH JJIsl HanOoJjiee MHTEHCHUBHBIX MEPEXO0JI0B.
[TonyyenHass uHpopMaLusi MOXKET ObITh MCIIOJIB30BAHA JJI CO3JaHUsS ONTUYE-
CKHMX YCUJIMTEJIEH, 1a3€pOB U YACTOTHBIX YABOUTEIEH.

PaboTa BbInosIHEHA NpU PrHAHCOBOM Moaepkke Poccuiickoro HayyHoro
dbonma (I'pant Ne 14-12-01033) u crunenguu Ilpesunenta PO (E.A L.,
CI1-754.2015.1).

1. 1. Foldvari, Journal of Luminescence 102-103, 395 (2003).
2. E. Cavalli, Journal of Luminescence 102-103, 216 (2003).
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CTPYKTYPHBIE OCOBEHHOCTHU KPUCTAJIJIOB GdCr3(BO3)4

E.A. Jlo6penosal, K.H. Bonasipes?, E.JO. boposukosa?, B.A. UepHblnies
Yiemumym cnexmpockonuu PAH, Mocksa, Tpouyx
2Mockoeckuii 2ocyoapcmeennsiii ynueepcumem um. M.B. Jlomonocosa, Mockea
3Vpanvckuii pedepanvuuiii ynueepcumem um. 5.H. Envyuna, Examepunbype
E-mail: elena-dobrecova@yandex.ru

3

Penkozemennubie (P3) GopaThl cO CTPYKTYpHBIM THUIIOM MHHEpaja XaH-
TUTA TPEJCTABIAIOT MHTEpec Ojaromapsi CBOMM ONTHYECKHUM, MarHUTHBIM U
MAarHUTOAJIEKTPUYECKUM CBOMCTBaM. Psifi 3THMX CBOMCTB XapakTEpeH JIMIIb I
HEIEHTPOCUMMETPUUYHBIX CTPYKTYP. P3 XpoMoBBIe O0paThl HIMEIOT MOJIUTUITHYIO
MPUPOAY Y KPUCTATUIU3YIOTCS B JABYX PA3IUYHBIX MOIUDUKAIUAX: POMOOIIPH-
YeCKOM ¢ mpocTpaHCTBEeHHOM rpynmoi R32 (6e3 neHTpa MHBEPCUHU) UM MOHO-
KJIMHHOM C TEHTPOCUMMETPUYHOW NpocTpaHCcTBeHHOW rpymmoit C2/c. Twum
CTPYKTYpPBI 3aBUCUT OT yCJIOBUI cHHTe3a. bosee Toro, s TaHHBIX COeTMHEHUN
XapaKTEpPHO COCYIIECTBOBAaHHE B OJHOM MOHOKPHUCTAJUIE Pa3IM4YHO YHOPSIO-
YEHHBIX CTPYKTYpPHBIX (pparmeHToB. B Hacrosmielt paboTe mpencTaBieHbl pe-
3yJbTaThl UCCIIEIOBAHUS KOJIMYECTBEHHOTO COOTHOIICHUSI CTPYKTYpPHBIX (a3 B
kpuctaie GdCr3(BOs)s metogom MK cHeKTpOCKONUHU B JJTMHHOBOJIHOBOM 00-
JIaCTH.

WukonrpysntHo twiaBsmuiics Oopat GdCr3(BOs3)s mosiydyeH wmeromom
CTIOHTAHHOW KPHCTAUIM3AallMA C HCIOJIh30BAHUEM B KA4eCTBE PACTBOPUTEIS
K:M0O, - 3M00;. OtHomenrne 6opaTa K pacCTBOPUTEIIO B DKCIIEPUMEHTE CO-
crapisuio 1:1. Ha puc. 1 mpencraBien MK cnextp GdCr3(BOs)s B mivHHO-
BOJHOBOH oOxactu. IIpoBenennsie ab initio pacyersr B pamkax teopuu (yHK-
[[MOHAJIa TUIOTHOCTH TO3BOJIMIIN Pa3ACTUTh KOJICOaHHsI, OTHOCSIINECS K CTPYK-
typam R32 mn C2/c. [lo MHTEHCHBHOCTSM TIOJIOC C YYETOM CHJI OCHMJLISITOPOB
yZaJoCh OLIGHHWTh COOTHOLIEHHE (ha3: colepkaHue pomMO0dapuUecKor (HeleH-

TpOoCUMMETpUYIHOI) (pa3bl coctaBisgeT 0koso 80 %.

R32+C2/c
0.8+ 98

o
(o]
1

[MornoweHwue, oTH. ea.
o
'S
1

o
N
1

0.0 LN I FR TR I PR B
60 70 80 90 100 110 120

BonHosble uucna, CM"
Puc. 1. Cnexrp nornomienus GACr3(BO3)s B JTMHHOBOIHOBOM 001acTH
NPy KOMHATHOW TeMIepaType.

PaboTa BeImonHEHA pu PuHAHCOBOM MoEpkKe Poccuiickoro HayuyHOTO
donna (rpant Ne 14-12-01033) u crunenauu [pesuaenra PO (CI1-754.2015.1).
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®A30BAA JTUATPAMMA CUCTEMBbI NaF-CaF;

ILIT. ®enoposl?, M.H. Maskosa?, C.B. Kysnenos?, B.A. Macios?,
A.A. ITeinenkoB!, C.H. Ymaxos*?, M.A. Ycenamunal, K.H. Humes?,
H.U. Copokun®
Hayuonanvnvni uccneoosamensvcruti Mopoosckuii 20cyoapcmeenHuiil
yuusepcumem um. H.I1. Ozapesa, Capanck,
2Uncmumym obweti pusuxu um. A.M. Ilpoxopoea PAH, Mockea
SUncmumym xpucmannozpagpuu um. A.B. Illyonuxosa PAH, Mockea
E-mail: ppfedorov@yandex.ru

Cucrema NaF-CaF; - oqna u3 npocteimux GTOPUAHBIX CUCTEM IBTEKTHU-
YecKoro Tuma, (pa3oBas nuarpaMma ee miydaiach HeogHokpatHo [1-3]. Ha oc-
HOBE JTOM CHUCTEMBI pa3padaThIBaJIUCh MHOTOKOMIIOHEHTHBIE HOHHBIE pac-
TJIaBBI, IEPCIICKTUBHBIC JJIS1 CIIOIH30BAHUS B METAJLUTYPTUU U aTOMHOM dHEpre-
tuke. UMeroTcst ykazanus Ha oOpa3oBaHue 00JACTH TBEPJbIX PACTBOPOB Ha OC-
HoBe CaF; [1-3], mpexacraBisromeii MHTEpeC A Pa3pabOTKH (TOP-MOHHBIX
AIIEKTPOJIUTOB, OJJHAKO 3Ta 00J1acTh (Pa30BOIl TUarpaMMBbl paHee HE U3y4daliach.

Uccnenoanue dazoobpazoBanus nposoawiu wmetonamu JICK, PDA,
POM u PCMA. Cunte3 nipu 950-1050 °C npoBoauiu B pacTBOpe-paciiiaBe Mo
peakiuu CaCly+2NaF = CaF,+ 2NaCl. HuzkoremnepaTypHbIii CHHTE3 HaHOIIO-
POIIKOB ocymiecTBIsM myreM ocaxaenus CaixNaxF, x u3 BogHOro pactBopa
Ca(NOs), u3obiTkoM NaF. [ToirydeHbI MOPOIIKH CO CPEIHUM Pa3MEPOM YACTHI
50 uMm ¢ coaepxanuem NaF (x = 0,035). Dtu 00pa3npl HaXOIATCS B METacTa-
OUIEHOM cOCTOSTHUU. TemneparypHas 3aBUCHMOCTh PaBHOBECHON pacTBOPUMO-
ctu NaF B CaF, HocuT perporpamusiii xapaktep. PacTBopuMocTh moCTHraeT
MakcuMalibHOM BenuuuHbl 3,5 £ 0,5 mon. % NaF (x = 0.035) mpu 1200+£50 °C
(TeMriepaType, COOTBETCTBYIOIIEH pa3sMbITOMy (pazoBOMy mepexoay y Quroopu-
ta). [Tpu 920+25 °C ona gocturaetr munumyma (< 0,4 moi. %), u cHOBa Bo3pac-
taet A0 2,2 = 0,2 moin. % npu Temneparype 3BTekTuku (8§18 °C).

H3mepenrie MOHHOW MPOBOJAUMOCTH TMPOBEIACHO HAa MPECCOBAHHBIX Ta0-
JIETKaX METOJIOM UMIIEJJAHCHOM CIIEKTPOCKOIIUH C UCTIOIh30BAHUEM CEPEOPSTHBIX
AJIEKTPOJIOB. 3HAYEHUS DJICKTPOIPOBOTHOCTH OOpPA3I0B HAHOKEPAMHUKHU, TMOJY-
YEHHON XOJIOJHBIM IpeccoBaHUEM HaHOMOPOITKOB CapoesNaop3sF1065, cocTas-
nsrot 1-:10%-3-10* Cwm/cem mipm 400 °C.

3Ha4YeHue >IEKTPONPOBOIHOCTH HaHokepamuku N-CaF, mpu 530 “C mpe-
BBILIACT DIIEKTPOIIPOBOAHOCTL MOHOKpHcTamioB CaF, B 10° pas.

Pa6ota nognepxana rpantom PODU 15-08-02481-a.

1. F.Delbove, Silicates Industriels 32, 2659. (1967).

2. W. Bollmann, R.Reimann, Phys. Stat. Sol. A. 16, 187 (1973).
3. M. Natsuhara, et al., Solid State lonics 40/41, 874. (1990).
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YITIPABJIEHUE KPUBWU3HOM ITPO®UJIS PEHTIEHOOIITUYECKUX
SJIEMEHTOB

B.B. I'pu6kot!, B.H. Tpymmun?, A.C. Mapkenos?
! Hayuonanonwiii uccredosamensckuti Husce2opoockuii 20cyoapcmeennbiil
yuusepcumem um. H.U. Jlobauescrkozo, Huscnuii Hoezopoo
2 Hayuno-uccineoosamenvckuti pusuxo-mexnuueckuti uncmumym HHI'Y,
Huoicenui Hoeeopoo
E-mail: gribkovladimir@icloud.com

OpnHoil W3 3a7a4 PEHTT€HOBCKOW ONTUKH SIBJIAETCS CO3/IaHUE PEHTIECHO-
TG PaKIIMOHHBIX AJIEMEHTOB JJIsi AByMEpHOU (pokycupoBkH [1] u KommuManuu
PEHTI€HOBCKOro M3iydeHus. Ha pe3ynbrar ynpaBlieHHs pEeHTTEHOBCKHM HU3ITYy-
YEHUEM U30THYTBIMHU 3JIEMEHTAMH, IOMUMO F'€OMETPHUECKUX MCKAKEHUI, BIIU-
€T OTKJIOHEHUE JIOKAJIbHOW KPUBU3HBI M3rH0Oa OT 3aJaHHOW. B 3Tom ciyuae
aKTyaJIbHBIM SIBJISIETCS PA3BUTUE METOJOB aJIalITUBHOM PEHTTE€HOBCKOW ONTHUKH,
NO3BOJISIIOIINX KOPPEKTHPOBATh CXOJMMOCTb PEHTTEHOBCKUX IIYYKOB ITyTEM
yhpaBiieHus npoduieM u3ruoa KpucTauia.

B nanHOil paboTe 3KCHEpUMEHTAIbHO HCCIEAYETCs TEMIEpaTypHOE W3-
MEHEHUE KPHUBU3HBI NPOQUIsl MOBEPXHOCTH AUPPAKIMOHHBIX 3JIEMEHTOB Ha
npuMepe MOHOKpucTauimueckon maactuHbel Si(400) B cocraBe TPEeXCIIONWHOM
CTPYKTYPBI — IOJIOKKA-KJIEH-MOHOKPUCTAJUIMYECKAs TUIACTUHA. JKCIEPUMEH-
TaJbHOE HCCIEAOBaHUE MPOPUIS MOBEPXHOCTH MOHOKPHCTALIMYECKOM Iia-
CTUHBI POBOIUIIOCH Ha udpakTomerpe D8 Discover.

W3 mony4eHHBIX HAMU JIaHHBIX OBLUIO YCTaHOBJIEHO, YTO HMCXOJHAs KpH-
BHU3HAa MOBEPXHOCTH MOHOKPHUCTAJUIMYECKOW IUIACTUHBI, 00pa3yromascs Ipu
MPUKJIEMBAHUHU €€ Ha MOAJIOKKY, 3aBUCHUT OT YCAJIKH KJies, yIPYTHX [apaMeTpoB
COCTABJISIFOUIMX U3TMOHOrO MOAYJISL M UX pa3mepoB. McxoaHas KpuBHU3HA MOHO-
KPUCTAUTMYECKON TUIACTUHBI TaKK€ 3aBUCUT OT TEMIIEpaTyphl €€ MpPHUKJICHUBa-
HUS, U3MEHEHUEM KOTOPOM MOXXHO 337aBaTh MCXOAHYIO KPUBH3HY MOHOKpPU-
CTAJUTMUECKOM TUIaCTUHBI, KOTOPYIO OHA NMPUOOpETaeT Npu KOMHATHOM Temmepa-
Type (TemrmepaType NpOBEACHUsS SKCIIEPUMEHTA). DTO aeT BO3MOXKHOCTh (op-
MHUPOBAHUSl JIBYXOCHO-M30THYTOTO Tpoduiis oTpaxkaromero sineMenra [2], B
KayecTBE KOTOPOr0 MOTYT OBbITh TAaK)K€ MCIOJIb30BaHbl PEHTI€HOBCKHUE U OITH-
YECKUE 3epKalia.

1. T. Yen, XypHuan texandeckoi ¢pusuku 72, 92-94 (2002).
2. A.B.AunpeeB, A.A. Konosxko, [ToBepxHocTb. PeHTrenoBckue, cCHHXpO-
TPOHHBIC U HEUTpOHHBIC UcchenoBanus 1, 28-32 (2003).
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®A30BBII AHAJIN3 KPYCTAJIJIOB KTP:HF U KTP:ZR,
BBIPAIIMBAEMbBIX METOJIOM 13 PACTBOPA B PACIIVIABE

E.A. UcynoBa, B.A. lBanos, I1.B. Auapees, M.A. ®annees
Huoicecopoockuii cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckozo,
Huoicenui Hoeeopoo
E-mail: evgeniya.isupova@yandex.ru

Kpucramner turanun docdara kanus (KTP) ¢ mpumecsmu rapuus u nup-
KOHHSI BBIpalIMBAINCh U3 pacTBopa B pacmuaBe (flux-merom) meromom cron-
TAaHHOW KpUCTaJUIM3aluu. B KauecTBe HCXOIHOTO COCTaBa IIUXTHI AJI BHIpPAILIH-
BaHUs OB BEIOpAH OJMH M3 COCTaBOB, UCCIEeNOBaHHbIX B [1, 2]: 42 mon.% K30,
14 m01.% P20s, 14 Mon.% TiO,, 30 Mmon1.% WOs. [Ipumecs HfO, nmu ZrO, 3a-
MelIana He0OXOAUMYIO MO CTEXHOMETPHH 4acTh, npuxoasiytocs Ha TiO, Tak,
YTO CyMMapHasl MOJIIpHasl J10Jig OKCHJa THUTaHa M OKCHJAa MPHUMECHOTO aToMa
octaBasiiach paBHoM 14 M01.%. BermiecTBo KpUCTAIITM30BaIOCh HA MJIATHHOBOM
MIPOBOJIOKE, MOMENIAEMON B IUIATMHOBBIA THUTEIb. BbIpalieHHbIE KPUCTAILIbI
OTMBIBAJIUCh B TOPSIYEH BOJIE OT OCEBIIMX HAa HUX HE3aKPUCTAIIU30BABIIMXCS
OCTaTKOB pacTBOP-pacIljiaBa.

Hamu Obitm  BbIpamiensl  psabl  kpuctamwioB  KTip xHfOPO, wu
KTi1 «ZrkOPO4 co 3HaueHusimu MonbHbIX gonedt (HfO, mmm ZrOy)/TiO; B
HayaibHOM cocTtaBe B uHTepBajie oT 0,01 mo 0,13, ¢ marom B 0,02, a Takxe
onopHbIi o0pazen kpuctaimia KTP (Bcero 15 o6pasion). [lonyuennsie oOpa3iibl
KPUCTAIIJIOB MEPETUPAINCH B araTOBOM CTYTIKE.

JIist uaeHTUgUKaU BEIpAIleHHbIX (Da3 MPOBOJIUIICS PEHTI€HOBCKUN (a-
30BbIM aHanu3 Ha audpakromeTpe Shimadzu XRD-7000 na m3nyuenun Cu-Ka.
Cpemka mpousBoauiiack mo cxeme bparra-bpentano, B auamnasone yrios 20
10°-80° ¢ marom 0,02°, s3xcnio3unuent 2 ¢. Ipyu KOMHAaTHOM TeMIlepaTtype. 3aaa-
BaJIOCh BpallleHne oOpasiia B COOCTBEHHOM IIJIOCKOCTH CO CKOpOCThiO 1 00./c.
®da30BbIi aHAIHM3 MTOKa3all, YTO Bce 00pasibl oaHO(Da3HbIe, OJU3KUE TIO CTPYK-
type Kk unctomy KTP (PDF Ne 00-035-0802). O6paboTka qudpakrorpamMm mpo-
Boauiack B nporpamme Bruker TOPAS c 1ienbio yTouHEHUST TapaMeTpOB dJie-
MEHTapHOU SIYEUKU KpUCTaUIOB. B kauecTBe HyJIeBOTO MPUOIMKEHUS UCIIOb-
3oBasiack yrcras crpykrypa KTP (ICSD 66570). O0beM 351eMeHTapHOM SYCHKH
BO3pACTAET C YBEIMUYCHHUEM JIOJIHM 3aMEIEHUsI aTOMOB TUTaHa aTOMaMU MTPUMECH
BILUIOTh 10 BemmuuHbl 0,07. IIpym nanpHeWIneM yBEJIMYEHWM AOJIM aTOMOB TH-
TaHa, aTOMaMU MPUMECU 00bEM MEHSIETCS He3HAUUTEIbHO. Pe3ynbTaThl peHTre-
HOBCKOW JTU(PPAKTOMETPHUH TMO3BOJIAIOT CAENATh BBIBOJ, YTO MPUMECH BCTpaH-
BAIOTCA B CTPYKTYPY KPHCTAJUIOB, YTO B COYETAHWU C JAHHBIMH JJIEMEHTHOTO
aHaJIM3a MO3BOJUT YTOYHUTH JaHHBIC O Kod(duimente 3axBara Hf u Zr xpu-
ctaiiom KTP.

1. K. lliev et al., J. of Crystal Growth 100 (1-2), 225-232 (1990).
2. D.P. Shumov et al., Cryst. Res. Tech. 25(11), 1245-1250 (1990).
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[MMPOTMJIPOJINTUYECKUN CUHTE3 TEPMAHATO®OCOATOB
Gd11010(Ge0s)(POs)s, JOIIMPOBAHHBIX HOHAMU Yb** - Er¥* B [TAPAX,
1 UX JIIOMUHECLIEHTHBIE CBOMCTBA

B.A. Kpyteko?!, M.I". Komoga?!, JI.1. IToMunoBa?
YUncmumym obweti u neopaanuueckou xumuu um. H.C.Kypnaxosa PAH,
Mockea
2Uncmumym obweti pusuxu um. A.M.IIpoxoposa PAH, Mockea
E-mail: kroutko@igic.ras.ru

I'epmanaTodocdatsr Ln11(Ge04)(PO4)3010 (6pyTrTo-hopmyina
LNn1;GeP304) — TepmocToiikue coequaerus (T, > 1500 °C), koTopsie KpHucTa-
JU3YIOTCA B TPUKIMHHOM cHHroHMH (mp.rp. Pl). OHM uUMEIT BBICOKYIO H30-
MOP(}HYIO €eMKOCTb 1O PEAKO3EMEIBHOMY HOHY, TOCKOJIBbKY 00pa3yloT psijl U30-
CTPYKTYpHBIX coenuHeHuil ot Pr no HO [1]. B coctaBe 3Tux coenuHeHuid rep-
MaHHI W30MOPQHO 3amelnaeT KpeMHuit B cumkarodocdarax LNniiSiP3Ogs, ko-
TOpbIE MPEACTABISIOT UHTEPEC B KAUECTBE MATPUIIL JJIs1 al-KOHBEPCUOHHBIX JIIO-
muHoopoB [2]. Kak npaBuiio, cunte3 cinoxHbeix GocdaToB LN11GeP302 mpo-
BOJSIT METOJIOM COBMECTHOT'O COOCQXKJICHUSI aMMHUAKOM KOMIIOHEHTOB PEaKIMU
C TOCJECAYIOIIUM CTYIEHYAaThIM OTXKUTOM 30JI51 JI0 KOHEYHOW TeMIepaTyphbl
1400 °C [1]. B pabore mnoka3aHa BO3MOYKHOCTH IIOJYYEHHS JTIOMHHO(OPOB
Gd11GeP302:YD**-Er** no 3omb-rens texnonorun (CBC meronom) ¢ mocie-
JYIOIIMM OTXKHUIOM 301€el ipu Temmneparype 1200 “C.

3aperucTpupoOBaHbl CHEKTPHI a-KOHBEPCHOHHOW JTIOMHUHECICHIINHA TIPU
M3JTy9aTeNbHbIX Tepexonax 2Hiip,*Ssp—*lisp 1 *Fop—*l152 monos Er¥* B coenu-
HCHUAX Gdg,ngo,ggEro_llGepgoze u Gdlolngbo.nEro_llGepgoze (pI/IC.l), 3Ha4YCHUA
AHEPIreTUYECKOro Bbixoa JJroMuHopopoB coctaBuiu 0,45 u 0,41 %, cooTBeTCT-
BEHHO.

1 ., l{oTH.ep)

08 - ——Gd11GeP3026:Yb:Er (9:1)

----Gd11GeP3026:Yb:Er (7:1)
0.6 -
0.4 -

0.2 -

0 |

500 550 600 650 700

Puc. 1. Criektpsl an-koHBepcHOHHOM TroMuHectieHInH Gdg oY Do.99Er0.11GeP3026
1 Gd10.12Ybo.77Er0.11GeP3026 (hexc = 974 nm, P = 2,5 W)

PaboTta BeimonHeHa nipu punancoBor noaaepxkke PODU (rpant No 15-
08-08467).

1. b.® dDxypunckuii, I'.B.JIeicanoBa, KypH. Heopran. xumuu 43, 2065
(1998).
2. A.Ryabova, D.Pominova, V.Krut’ko et al., Photonics & Lasers in Med. 2,
117 (2013).
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MOHOKPHCTAJUI INI: HOBBI MATEPUAJI UK JIUATIA3SOHA

C.B. Ky3uenos?, I1.IL. CDGI[OpOBl, E.B. qYBI/IJ'II/IHaZ, A.A. T'acanos®,

B.I'. ITnotanucuko?, B.B. Boponos?, IT.A. TTormos®, B.B. Ocuxo?!
Ynemumym obweri pusuxu um. A.M. IIpoxopoea PAH, Mocksa
2 000 «JIAHXHUT», Mocksa
3 AO «TMPEJJMET», Mockéa
*Hayunwiii yeump sonoxounoti onmuxu PAH, Mockea
® Bpanckuii 2ocydapcmeennviil ynueepcumem um. U.I". Ilemposckozo, Bpsnck
E-mail: kouznetzovsv@gmail.com

Mounokpuctaiuiel ranoreauoB tawmas: 1ICI-TIBr
(KPC-6) u TIBr-Tll (KPC-5), taxxke kak u Csl sBustorcs
marepuanamu  ganeHero MK  numanazona.  [laHHbIE
MaTepuaabl HMMCIOT psJ HEJAOCTATKOB: KPUCTALIBI C
TaJUTMEM TOKCUYHBI, a WOJMWJ Ie3Us TUTPOCKOmH4YeH. B
CBSI3M C OTHM ITOWICK HOBBIX MaTEpHajOB, MCKIFOUYAIOITIX

BBIIICTICPEUUCIICHHBIE HEJIOCTATKH, SIBISETCS Puc. 1. ®oto ckona
nenecooOpasHbiM.  OOHUM M3 NEPCIEKTUBHBIX MoHOKpucTamia Inl.
MaTepHaioB, KOTOPBIM MOXKET OBITh UCIOJIB30BaH B ’
KauecTBe  anmpTepHaTtwBbl  sBisiercs  Inl.  Inl e

054

KPUCTAJUIU3YETCS B pOMOMUYECKON CUHTOHHMHM (IIp. Tp.
Cmcm) mpu Temnieparype 365 °C.

Inl ObIT CHMHTE3UpPOBaH M3 COOTBETCTBYIOLIUX
AJIIEMEHTOB B KBaplEBOM PEAKTOPE M 3aTEM OYMIIECH
peakTuduKanueil B aproHe U NepeKpucTauIn3aiuei.

044

034

Transmittance, a.u.

024

014

00

T
1

Monokpuctamiel  Inl ObTM  BBIpalieHsl METOOM Wavelenoh micors”
Bpumkmena-CtokOaprepa B KBaplEBBIX aMIIyjax, Puc. 2. Cnextp mporyckanus
CKOPOCTh ~ KPHCTAJIM3allMd COCTaBWiIa 2  MM/4. Inl (Tonumuna 1.80 Mm).

[TapameTphl pemeTKy BhIPAIIEHHOTO MOHOKPHCTAIIA
cocraBuin: a = 4.76465 (35), b = 12.77656 (82),
c = 4.90717 (35) A; Taxke ObIIO OTMEUEHO, UTO A

MOHOKPHUCTAIIIIBI 001aIaf0T XOPOIIIeH CIIAHOCTHIO TI0 N

<0k0> (pwuc.1.). Kpaii monocel mornomienuss B MK T
obnacTtu coctaBui 52 MkM (puc.2). beuia onpenenena
TeMIepaTypHas 3aBUCHMMOCTh TEILIONPOBOAHOCTH M PHC. 3. 3aBHCHMOCTS Teriio-
teruoemkoctu Inl, xotopele cocrasuma 1,03 Br/(m-K) ~ POBOAHOCTH OT TeMIiepa-
mpu 100 K u 0,58 Br/(m K) mpu 300 K, 44,7 rypet anst Inl.
JIx/(mons-K) mpu 100 K u 52,7 JIx/(monb K) ipu 300 K, cooTBeTCTBEHHO (pHC.
3).

k, W/m*k
o
°
B

PaboTa BbeimonHeHa 3a cuer cpeacTB Cormamenus Ne 14.604.21.0130
(yaukanbubii uaentudukarop RFMEFI60414X0130).
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JIIOMMHECHEHTHBIE KOMITO3UTbI HA OCHOBE AJIMA3HbBIX
IUDIEHOK C HAHOYACTHUIAMU ®TOPHUI0OB

C.B. Kysznenos?, B.C. Cenos*?, B.I'. Panpuenxo™?, M.H. Maskosa?,
C.C. Capun®, K.II. Xypasnes*, A.K. Mapreanos?, U.JI. Pomanumkun?,
A.A. Xomuu*, TLII. ®enopos?!, B.M. Konos?, B.B. Ocuxko!
Ynemumym obweri pusuxu um. A.M. IIpoxopoea PAH, Mocksa
2Hayuonanohwiii uccredoeamenvekuil 0epuviil ynusepcumem, Mockea
3Mocroeckuii mexnonoauueckuii ynueepcumem, Mocksa
tUncmumym paouomexnuxu u snekmponuxu um. B.A. Komenvnurxosa PAH,
Dpaszuno
E-mail: kouznetzovsv@gmail.com

Anma3 sBIsSeTCS TPAIUIIMOHHO BOCTPEOOBAaHHBIM MaTEPHAIOM JIJISi TACCUBHBIX
AIIEMEHTOB ONTHKU — BHICOKOTIPO3PAYHBIX M M3HOCOCTOMKUX OKOH M JIMH3, CHOCOOHBIX
NPOIMYCKaTh BBICOKOMOIIIHOE M3JIy4eHHEe B JuanazoHe oT OmmkHero Y® 10
MUKpPOBOJIH.  BbICOKasi  TEMJIONPOBOAHOCT, W MPO3PAYHOCTh  aiMasza st
PEHTTEHOBCKOTO M3JIYYEHHS JIENaeT ero MEePCHeKTUBHBIM MaTepHalIoM JUIsl CO3IaHUs
MacoK PEHTreHOBCKOM auTorpaduu. B mocnennue 15 ner Bce Oonpmmii MHTEpec
BBI3BIBACT MEPCIEKTHBA HCIOJIb30BAaHUS aiMa3a B OMOMEIUIIMHE U KBAaHTOBOM ONTHKE
B KauecTBE AaKTUBHOI'O JJIEMEHTa 3a cueT (OpPMHUPOBAHUS B ajMa3e MPUMECHBIX
HEHTPOB OKpacku. OJIHAKO, OTHOCUTEIFHO Majloe KOJUYECTBO BO3MOXKHBIX IIEHTPOB
OKpAacKHU B ajmase, a Takke TPYJHOCTH B MX (POPMUPOBAHMM OCTABIISIIOT OTKPBITHIM
BOIPOC O MOMCKE HOBBIX METOJIOB (POPMUPOBAHUS ONTHYECKH aKTUBHOTO ajaMasa.

OaHUM W3 HOBBIX MOJXOJOB SIBJISETCS CO3/aHME KOMIIO3UTHOTO MaTepHala Ha
OCHOBE HAaHOYacCTHUI] (PTOPHUIOB, BPOIICHHBIX B aJIMa3HYI0 MAaTpHUIy METOJIOM
IUIA3MOXMMHUYECKOTO  OCAaXICHHWS anMaza u3 ra3oBoil ¢aspl. Heocnopumbeim
MPEUMYIIECTBOM JAAHHOTO MOAXOAA SIBJISETCS BO3MOXHOCTH HIMPOKO MOJYJIHPOBATH
CBOICTBa MOJy4aeMOro MaTepuajia 3a cueT MOAU(PUKAINH XHUMHYECKOTO0 COCTaBa
BCTpPanBaeMbIX HAHOYACTHII. e O S

B pesynbrate ObUIM MOTYy4YEHBI TUICHKU D Fpeks || D Fpeaks (c)
aJIMa30B C BPOIICHHBIMA HAHOYACTUIIAMU
¢TopuaoB. bbun 3aperucTpupoBaHbl CIEK-
TPHI al-KOHBEPCUOHHOM JTFOMUHECIICHIINH JITISI
LaF3:Yb:Er (mpu Hakauke Ha JJIMHE BOJHBI
974 uM) u ¢doTtomoMuHEeCHEeHIIUU (TIpU
Hakauke Ha JjuHe BOJHBI 473 M) 1t EuF3.
Jlnst oOpa3ioB ¢ BPOIICHHBIMH YaCTHIIAMH
EuF3 6p110 00HapykeHO M3MEHEHHUE CIIEKTpa
JIOMUHECUEHIIMU TI0 CPAaBHEHHUIO CO CIIEKTPOM
JIOMUHECHEHIIMM MCXOJHOTO TMOpOIIKa - B
CIIEKTPE  JIIOMUHECLIEHIIMM  HMHTEHCUBHOMU
MOJIOCOM JIIOMUHECHEHIIMM CTaHOBUTCSA Tak
Ha3bIBaeMas KpacHasl I0JIoca JIFOMMHECLICHIIMH, CBUACTENbCTBYIOLIAS O HU3ZKOM
CHMMETPHUH JIOKAJIbHOTO OKPY)KEHUs HOHa eBponwus (puc. 1).

PaGora uwactuuno mogmepxkana Crunenmueit [Ipesugenta PO 2575.2015.2 u
PODU 16-29-11784 odu-m.

611.6 nm—‘

614.3 nm

3
592.6 nm ] 624 6‘ 0 nm
2
. 587.7nm 598.2 nm

Intensity, a.u.

1 580 nm

575 5;%0 5;{5 5‘;() 5“)5 (v(’)() 6(‘)5 ()i() 6]‘5 ()é() 6?'_5 ()3’() 6;5 640
Wavelength. nm
Puc. 1. Cniektp JHOMHUHECLICHIINT
oOpasia aTMa3HOU IJIEHKH C
BpPOIIEHHBIMU HaHOYacTUlaMu EuF3.
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VICCJIIEJOBAHHUE ®A30BBIX PABHOBECUI
B CUCTEME K>S04—H>S04-H>0

A.B. Pa6unun, M.A. ®annees, I1.B. Aaapeen
Hayuonanvnoiii uccneoosamenvcrkuiit Husicecopoockuti cocyoapcmeenmbiil
yuusepcumem um. H.U. Jlobauesckoeo, Huxcnuii Hoeeopoo
E-mail: ryabinin.nn@yandex.ru

Baxkneiimelr (yHKIIMOHATBLHONH YacThIO BOJIOPOJIHBIX TOIUIMBHBIX dJie-
MEHTOB SIBJISIETCSI MMPOTOHOOOMEHHasi MeMOpaHa. B kauecTBe MEpCIEKTUBHBIX
MaTepHayioB MeMOpaH pacCMaTPUBAIOTCS CYMIEPIPOTOHHBIE KPUCTAIIIBI — BOJIO-
ponoconepxkamue con ¢ obmed Gopmynoit MemHn(AOs)miny2-XH20 (Me =
NH, K, Rb, Cs; A=S, Se, P, As).

OOBEKTOM HCCIEOBAHUS TAaHHOW pa0OTHI SIBISIOTCS KPUCTAUIBI THAPO-
cynbpata kamust KmHn(SOs)m+ny2-XH20, 1 0OCHOBHO# 3amadeid SBISETCS TOMCK
YCIIOBUM KpUCTAJUIM3allMK JaHHBIX coeluHeHui. Takum oOpazom, paborta mo-
CBSIIIEHA OMPE/EICHUIO TPAHUYHBIX YCIOBUN KPUCTAJUIM3AIMU U3 BOJAHBIX pac-
TBOPOB KpUCTAILIOB KinHn(SO4)mny2 xH20 B cucreme K,SO4—H,SO4—H-0.

UccnenoBanue ¢a3oBbIX paBHOBECH B HCCIEAyEeMON CHUCTEME IPOBO-
UM B W30TEPMHUYECKUX PABHOBECHBIX YCIOBHAX mIpu Temmeparype 29.0 °C
METO/IOM 3arpy3ok. [locTosiHCTBO Temmeparypbl O0OECleYUBaiId C MOMOIIBIO
TepMocTaTta pa3pabOTaHHOW HaMHM KOHCTPYKUMHU. Bpemsi ycraHOoBieHUs quHA-
MHYECKOTO paBHOBecHs ompeneisioch s coenuHeHus K,SOs. C marom B
10 mac.% mpoBeseH aHamW3 ACCATH 3arpy30K C Pa3IUYHBIM COJIEP)KAHHEM HC-
XOJTHBIX KOMITOHEHTOB.

®da30BbIil COCTAaB KPUCTALIU3YIONMINXCS COSAUHEHUN OMPEAEIISICS METO-
JIOM PEHTICHOBCKOTO (ha30BOTO aHajgM3a Ha TOPOIIKOBOM IudpakToMeTpe
Shimadzu XRD-7000.

DNEeMEHTHBIN COCTaB KPUCTAJUTUIYIONIUXCS COSTMHEHUN U HACHIIICHHBIX
pPacTBOPOB OMNPEACISIICA METOJIOM aTOMHO-DMUCCHOHHOW CHIEKTPOCKONHMH Ha
cnexktpomeTpe Varian 720-ES.

B xone uccnenoBanus moiydeHbl o0nactu kpuctamumm3anuu a3 KSOy,
K3H(SO4)2, KHSO,4 tpexkommonenthoit cucrembl K;SO4,~H,SO,—H,0. Hcxoa-
Hoe coenuHenne KjySO, kpucrammsyercs npu koHrneHTpauuu H,SO4 B quana-
3oHe oT 0 10 10 mac.%. Ilpu 3arpyske 20 mac.% H;SO4 coBMecTHO KpucTal-
m3yroTes KSOs 1t KsH(SO4),. KsH(SO4), kpuctanmmusyercs B quamna3oHe Co-
otHomeHu KyS04:H2SO4 ot 70:30 no 60:40 mac.%. Coenunnenne KHSO, xpu-
CTaJUTU3YETCS TIPH NpeBbImieHny KoHeHTparuu H,SO4 B 50 mac.%.
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AKTHUBUPOBAHHLIE PEJJKO3EMEJIbHBIMU 3JIEMEHTAMU
OKCHUODPTOPUJIHBIE BOPATHBIE 1 BOPOCUJIMKATHBIE CTEKJIA

T.C. CeBocthsiHOBa, E.B. XKykoBa, B.A. CupotuHa,
A.B. Xowmsikos, O.b. [lerpoBa
Poccuiickuii xumuxo-mexnonocuueckuti ynusepcumem umernu /.. Menoeneesa,
Mockea
E—mail: t.sevostjanova@mail.ru

OxcudTopuaHbie CTEKIIa U CTEKIOKpHCcTAINYeckue matepuanbl (CKM)
Ha WX OCHOBE SIBIISIIOTCS MEPCHEKTUBHON MaTpUIEW JJIsi BBEACHUS PEIKO3e-
MEJIbHBIX aKTUBATOPOB, TaK KaK COBMENIAIOT JIIOMUHECIICHTHBIE CBOMCTBA (TO-
PUAHBIX KPUCTAJUIOB, OOJAJAIONIMX HU3KOIHEPTETUYCCKUM (DOHOHHBIM CIICK-
TPOM, C TEXHOJOTUYHOCTBIO U BBICOKOM MEXAHUYECKOM U XUMHUUYECKOU CTOMKO-
CTBIO OKCHJIHBIX cTeKoJ. OKcH(TOpUIHBIC CBUHIIOBBIE, OapHEBHIC U CMEITIAaHHBIC
CTEeKJa, KaK mpekypcopsl i nonydeHuss CKM, cuHTe3upoBaiv B pa3iMuHbIX
CHUCTEeMaX: CHUIMKATHBIX [1], 6opaTHbIX [2], repMaHaTHBIX [3], TETypUTHBIX [4].

B nanHoil pabore ObLIM MOTY4YEHBI OOPOCUIIMKATHBIE CTEKJIA U3 IIUXTHI
cocraBa 80 PbF, — x B,O3 — (20-x) SiO, (rae x = 0, 5, 10, 15 u 20) u
70 PbF; — x B203 — (30-x) SiO; (rae x = 0, 10, 20 u 30) 1 akTUBUPOBAHHBIE CO-
CTaBbl, B KOTOPbIX Pb vactuuno 3amerien Ha Eu, Er unn YD B koHIeHTpanusx
or 1 mo 6 mon.%. HccnenoBanusi cocTaBa CTEKOJI METOAOM PEHTTE€HO-CIIEK-
tpanbHOTO MUKpoaHanu3a (INCA Energy 3-D MAX, Oxford Instruments) moka-
3aJld, YTO MpU cuHTe3e yieryuuBaetcs 10 20 % dropa, a amOMUHUN BXOJIUT B
CTEKJIO B KoJinuecTBe 4-5 mMacc.%.

JIs MOMYyYEeHHBIX CTEKOJ OMpPEACICHBbl XapaKTEPUCTUUECKUE TeMIiepa-
Typbl U KO3()PUIMEHT TUHEHHOTO TEPMUUECKOTO paCIIMpPEeHHs (IUIATOMETPU-
YECKUM METOJIOM ), TNIOTHOCTh, MUKPOTBEpA0CTh (MeTo1oM Bukkepca, [IMT-3),
nmokaszarenu npejaomieHus: (Mmeroaom JlomouHukoBa i AiuH BojiH 488, 540 u
619 HM), TUAIIEKTpUYECKas MPOHUILIAEMOCTh U MPOBOJAUMOCTh (M3Meputenb E7-
12, 1 MI'i, cepeOpsinbie KOHTAKThI), criekTphl mortorenus (Varian 5000 Cary),
ciektpsl JromuHectieHImu (QE65000 (Ocean Optics) u Fluorolog FL3-22
(Horiba Jobin Yvon)). IIpoBeaeHb! KpUCTAIM3AMNA CTEKOI B PA3JIMYHBIX TEM-
nepaTypHO-BpEMEHHBIX pexkumax, mnoidydeHbl CKM, B KOTOpBIX BBIACISETCS
OJIHa KyOnueckas Kpuctairnueckas ¢asa -PbF,.

Pabota BbimonHeHna mnpu (uHaHcoBoM mnojaepxkke PH®  rpant
Ne 14-13-01074.

1. O.b. Iletposa, A.B. XomskoB, OnT. u criextp. 114, 962 (2013).

2. O.b. Iletposa, T.C. CeBocthsinoBa, M.O. AnypoBa, A.B. Xowmskos, Onr.
u criektp. 120, 272 (2016)

3. B. Klimesz, G. Dominiak-Dzik, M. Zelechower, W. Ryba-Romanowski,
Opt. Mat. 30, 1587 (2008)

4. B. Burtan, Z. Mazurak, J. Cisowski, M. Czaja, R. Lisiecki, W. Ryba-
Romanowski, M. Reben, J. Wasylak, Opt. Mat. 34, 2050 (2012)
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BJIMSIHUE TEMIIEPATYPHOI'O PEXXMIMA HA CTPYKTYPY
1 MOP®OJIOIIO CJIOEB Ge, BBIPALLIEHHBIX METOZIOM
«TOPSTYE! TTIPOBOJIOKM» HA Si(100)

A.B. 3aiinieB, C.A. [lenucos, B.H. Tpymun, A.B. Hexxnanos, C.A. MaTBees,
B.1O. Yankos, B.I'. lllenrypos
Hayuonanvnwuii uccnieoosamenvcruii Huscecopoockuii 20cyoapcmeenvlil yHu-
eéepcumem um. H.U. Jlobauesckoeo, Huxxcrnuti Hoseopoo
E-mail: andrew1994a@mail.ru

Jlis M3rOTOBJCHHUS MHUKPO- U OMNTOSJEKTPOHHBIX MPUOOPOB HAa OCHOBE
AMUTAKCHAIIBHBIX CclI0eB GE€ MEePCHEKTUBHBIMH SIBISIOTCS METO/ABI ra30(ha3HOTo
ocaxaeHus. HemaBHO HaMu cooOIIAIOCh O MOJYyYEHUH KAaYeCTBEHHBIX CIIOCB
nyTeM pazioxenus ruapuaa (GeHs) va «ropsiaeit mpoBosoke» [1].

Lenp HacTosmiel paboOThl — UCCIIEOBAHUE CTPYKTYPHOTO COBEPIICHCTBA
u Mopdororuu cinoeB Ge, BBIPAIICHHBIX B PA3IMYHBIX TEMIIEPATYPHBIX YCIIO-
BUAX Ha moanoxkkax Si(100).

Cnou Ge Tommuno# 0,5-4 mxm ocakaanu Ha Si (100) B BEICOKOBaKyyM-
HOM yCTaHOBKE IIPH HaIlyCKe MOHOrepMaHna 10 aasjieHus 4-107* topp. Pasnoxe-
Hue GeH, mpoucxomuno Ha Harperoit j0 1300-1500 °C TanTanoBoi mojocke,
PaCIOJIOKEHHOM HAIPOTHUB TMOJUIOKKU. MccienoBanu aBa TeMrepaTypHbBIX pe-
KMMa poCTa: NP TOCTOSIHHOM Temriepatype nomioxku (Ts = 350°C) u npu
nByx temneparypax (350 °C u 500 °C). A Taxke McCIen0BajIoch BIUSHUE TO-
ciepoctoBoro omxkura (mpu 800 °C/30 MuH.), BRIpANIEHHBIX MPH ITOCTOSHHOM
temriepatype 350°C crnoes Ge.

Pe3ynbpTrathl MpOBEACHHBIX HCCIENOBAHUN TMOKa3ald, YTO CTPYKTYypHOE
COBEPIICHCTBO CJIOEB, BBIPAIICHHBIX MPHU JBYXTEMIEPATYPHOM PEXKHUME BBIIIE,
4eM TpU OAHOTeMIlepaTypHOM. I1o maHHBIM PEHTTCHOBCKOW AM(PPAKIIAN IIH-
pUHA KPUBOM KauyaHUs Ha TOJIOBUHE €€ MaKCUMymMa WHTEHCHUBHOCTH (Awmi/;
auri.: FWHM) ot cnost Ge(004) coctaBmisuia 3,1 yria. MUH. B IEPBOM CiIy4ae U
5,7 yri. muH. Bo BTopoM. OJIHaKO TIPH JBYXTEMIIEPATYPHOM PEKHUME POCTa Ha-
0JIF01a10Ch HEKOTOPOE OrpyOsIeHHE TTOBEpXHOCTH cioeB GGe.

OTXUT CIIOEB YIy4ylIaeT CTPYKTYPHOE COBEPIIEHCTBO CJIOEB: IOCJE OT-
xura Ami;p = 2,6 yri. MmuH. [IoBEpXHOCTb CIIOS IPH 3TOM COXPAHSETCS IaJaKOMH,
KaK TOCJIe BhIPAIIMBAHUS: 3HAUCHUS CPEIHEKBAAPATUYHON MIEPOXOBATOCTH TO-
BepxHocTH (RMS) He npesbimaror 1 HM.

PaboTa BbIMosHEHA Npu (prHAHCOBOW mopaepx ke rpaHtoB [IpesuaeHta
Poccuiickoit @eneparun (MK-7021.2015.2) u PODOU (Ne 15-02-99664).

1. B.I'.lllenrypog, C.A.Jleaucos, B.FO.Yankos u ap., [Tucema B XKTD 41(1),
71 (2015).
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UTTPUI-AJTIOMOBOPATHBIE CTEKJIA JJI IETEKTUPOBAHN S
PEHTIT'EHOBCKOI'O U3JIYUEHN A

M.3. Bustaunosal, A.C. lllkyparko!, H.B. Tony6es!, C.C. I'mxa?,

A.B. Macanos?, A.I'. Typesuckuii?, 1.B. lupumn?, B.H. Curaes?
LPoccutickuii xumuxo-mexnonozuyeckuii ynueepcumem um. JI. 1. Mendeneesa,
Mockea
2usuueckuil uncmumym um. I1L.H. Jlebeoesa PAH, Mockea
E-mail: m.z.ziyatdinova@gmail.com

OnHUM 13 OCHOBHBIX METOJIOB PETUCTPAIIMHN HOHU3UPYIOIIETO U3TyUICHHUSI
SBJIICTCS] CUMHTWUIITMOHHBIH [1]. [IpenmyiecTBaMu CTEKOJ B Ka4eCTBE CITUH-
THJUISTOPOB SBJISIIOTCS OTHOCUTEIIbHAS ICTIIEBU3HA N3TOTOBIICHUS, BOBMOXHOCTh
MOJIYYCHUS M3IeTUH pa3HbiX (opM U pazMepoB. CyIIeCTBEHHBIN HEIOCTATOK
CTEKOJI — OTHOCUTENIbHO HU3Kasi 3(P(PEKTUBHOCTH MPEOOPa30BaHUS PEHTTEHOB-
ckoro m3iydeHus. OH, OJJHAKO, MOXET ObITh YMEHBIIECH 3a CYET YBEJIHUYCHUS
MOTJIONIEHUS PEHTTC€HOBCKOTO M3Ty4YeHUs Oy1aro/iapsi BEJACHUIO B COCTaB CTEKJIA
TSDKEJIBIX 3JIEMEHTOB U YBEJIMYEHHUIO ONTHYECKOTO MYTH ATOTO M3IIy4YEeHHS, T. €.
UCIIOJIb30BaHUsl BOJIOKOH [1]. Mcmonb30BaHMe BOJOKOHHBIX CIUHTHUIUIATOPOB
MO3BOJISIET YBEJIMYUTHh JYHEPIEeTHUECKOE Pa3pelIeHUe W CHU3UTH TMOTEPH TPU
CIIEKTPOMETPUUECKUX U3MEPEHUSX [2].

HenaBHo HaMu TOKa3aHO, YTO UTTPUM-AIFOMOOOPATHBIE CTEKJIa CUCTEMbI
LNn,03—Al,03-B,03-Sh,03 (Ln =Y, Th, Ce, Gd) 1roMuHECIIUPYIOT O] BO3/CH-
CTBHUEM PEHTTE€HOBCKOT'O M3JTyUYEHUs, IPUYEM UHTCHCUBHOCTh CBEUEHHUS BO3pac-
Tajga, Kak U OKUJAJIO0Ch, IPU BBEJICHUH OKCUJIOB TsHKENbIX MeTauioB [3]. B Ha-
cTosiiel paboTe M3ydeHa PEeHTICHOJIOMHHECIICHIUS UTTPU-aTIoMOOOPATHBIX
CTEKOJI B 3aBUCHUMOCTH OT cojepxanus 10203, Sb,O3 ¥ 3aMEHBI 4acTH JISTKHX
anemeHToB Ha PDO. Beenenue B coctaB crekon BaO mo3Boinio 3HaAUYHUTEILHO
CHU3UTH CKJIIOHHOCTh CTEKJIa K KPUCTATU3AIMK: Pa3IUYhe MEXIy 3HauCHUEM
Tg u Temmeparypoil MakCMMyMa SK30TE€PMHUUYECKOTO MHKA YBEIUYHIIOCH CO-
rinacHo JICK ¢ ~ 160 no 245°C.

MaxkcuManbHbIi SHEPTETUYECKUNA BBIXOJI, OIIEHCHHBIN MO OTHOIIEHUIO K
moHokpucTamy CAdWOy,, coctaBuit 25 %. [TonydueHHbIE pe3yabTaThl CBUIACTEIIb-
CTBYIOT O MEPCNEKTUBHOCTH M3YYEHHBIX CTEKOJ JJIsS BU3YaJTU3alNH U JIETEKTH-
POBaHUS PEHTTEHOBCKOTO M3TyICHUS.

PaboTa BbImosIHEHA NpU (PrHAHCOBOW MojAepkke MuHuctepcTBa o0pazo-
BaHus 1 Hayku P® (rpant 14.250.31.0009).

1. M. J. Weber, J. of Lum. 100, 35 (2002).

2. H.B. Knaccen, B.H. Kypnos, C.H. Pocconenxo u np., M3Bectus PAH.
Cepus ¢pusnyeckas 73, 1451 (2009).

3. M.3. Buarnunona, H.B. 'ony6es, I'.E. Manamkesuy u np., ¥Ycnexu
B XMMHH U XUMHUYeCKoi Texnomoruu. 29 (7), 23 (2015).

113


mailto:m.z.ziyatdinova@gmail.com

NCCIEJOBAHUE METOJAMU POM 1 ACM CTPYKTYPHbBIX
OCOBEHHOCTEN AJTIOMUHHUEBBIX ®OJIbI
ITOCIJIE SJIEKTPOJIMTUYECKOI'O AHOJJUPOBAHIMA

J.C. T'op6ynos, B.I1. Mumkun, E.H. JIrotoBa, A.B. [lonranos, K.H. Humes
Hayuonanvnoiii uccneoosamenvckuii Mopoosckuti 2ocyoapcmeeH bl
yuugeepcumem um. H.I1. Ocapésa, Capanck

O} heKkTUBHBIM U TEXHOJIOTHYECKH MPOCTHIM METOJAOM CHHTE3a CaMOOp-
TaHU30BAHHBIX HAHOCTPYKTYPHUPOBAHHBIX MATEPUATIOB C MEPHOJUUYECKUM pac-
MI0JIOKEHUEM HAHOIIOpP Ha MAKPOCKOIMMYECKUX TTOBEPXHOCTSX SIBISIETCS MPOLIECC
aHonupoBaHus. TexXHOJIOrus aHOJUPOBAHMS B MOCJIEIHEE BPEMS CTaJla aKTUBHO
COBEPILEHCTBOBATHCS B CBS3M C BO3MOYKHOCTBIO IPUMEHEHUS MTPOLIecca aHOAM-
pOBaHUA AJIsl TOJTYYCHHs MOPUCTHIX IJICHOK C 3aJlaHHOM Mopdonorueil u, Kak
CJIE/ICTBHE, C ONPEIACICHHBIMA CBOMCTBAMU. 3a CUET M3MEHEHHUS YCJIOBUH aHO-
JUPOBAHMUS BO3MOYKHO ITOJIyYEHHE AHOJIHBIX OKCHIOB AJTOMUHHS C IIMPOKHM
CHEKTPOM CTPYKTYPHO MOP(OJIOTMYECKUX U DIEKTPOPU3MUECKUX XapaKTepu-
ctuk [1, 2, 3].

B nannHoit pabore [y McCCleNOBaHUS MHUKPO- U HAHOCTPYKTYPBI
Al—dorbr npumensiiucs metosl POM u ACM.

Jisg  ¢GopMuUpOBaHHS  OIpPENEJICHHOW IOBEPXHOCTHOM  CTPYKTYPHI,
Al — Gonbru ObUIM TOJABEPTHYTHI AJIEKTPOJMTHYCCKOMY AHOAMPOBAHHIO, MPU
Pa3IMYHBIX 3HAYEHUAX HANPSHDKEHHS U BPEMEHHBIX XapaKTEPUCTUK.

Anamuz POM n ACM wu3o0paxkeHuid mokaszaj, 4YTO Ha MOBEPXHOCTH HC-
cienyeMbIX (oJIbr, MOJABEPTHYTHIX aHOJAUPOBAHUIO, BOSHUKAET pa3BUTAas IEPUO-
IUYecKas HaHOCTPYKTypa. Bpuld Moy4eHbl CTPYKTYpBI JABYX THUIOB C YCIOB-
HbIM Ha3BaHUEM «TpyOuaThie» - CTPYKTypHas €IUHULA MPEJCTaBIsSET COOOM
TpyOKy ¢ pasmepamu nopsiaka 130x36 M (puc. la) u «momychepudeckuey» -

CTPYKTYpHasi €IMHUIIa UMEeT BUJ moiychepsl ¢ nuamerpoMm mopsaka 70 HM
(puc. 16).

500.00 nm 500.00 nm 1.00 x 1.00 um

Puc. 1. ACM — uzo6paxerue nosepxuoctd Al — Gosbr mocse 3IeKTPOTUTHIECKOTO aHO U -
poBaHus; (a) — «Tpy0OUaras» cTpykTypa, (0) — «mmonychepuueckas CTpykTypay

1. A. Mozalev et al., Electrochimica Acta. 48, 3155 (2003).

2. G. D. Sulka, Nanostructured Materials in Electrochemistry, Weinhei,
WILEY VCH. (2008).

3. M.M. ®unsk, O.H. Kansruna, Bectauk OI'Y 1, 150 (2013).
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NANOSTRUCTURED MATERIALS IN LOW-TEMPERATURE
ELECTROCHEMICAL SYSTEMS

S.A. Grigoriev
National Research University "Moscow Power Engineering Institute”, Moscow
E-mail: sergey.grigoriev@outlook.com

Low-temperature electrochemical systems (fuel cell, water electrolyser,
etc) based on proton-exchange membrane (PEM) [1] allow to convert energy
environmentally-friendly with high efficiency, and are finding expanding appli-
cations in various industries, transport, energy systems and special purposes.
Nanostructured catalytic, electrode and membrane materials (fig. 1) applied in
PEM electrochemical systems, and technologies of theirs production are consid-

ered in this report.
H, ' v A - ~. electrocatalytic
W 1o, z 0 ‘ Z - layers

\
current collectors/ _ - - / -
gas diffusion ~ H*+H,0 & ! R
electrodes "~ {¥ o, T, " ~ PEM

_ ' separating
bipolar plates

Fig. 1. Schematic diagram of the electrochemical cell based on PEM.

One of the main components of the PEM electrochemical system, respon-
sible for its efficiency and service life, is the electrocatalytic layer based on
nano-particles of platinum metals. High-effective chemical (simultaneous sorp-
tion/reduction) and physical (magnetron sputtering) methods are applied for the
synthesis of catalysts. These methods allow to obtain nano-particles of platinum
metals with mono-modal size distribution in a range of 2,5-3,5 nm. The electro-
chemical reaction occurs in the so-called triple contact points (fig. 2) there cata-
Iytically-active particles are in a contact with electron and proton conductors,
and a system of gas and liquid pores. Through the use of nanostructured electro-
catalysts, the loading of platinum group metals has been reduced by the order;
catalytically-active molecular complexes not containing platinum metals are
actively developed [2]. Due to a number of unique properties such as high con-
ductivity, large specific surface area, mechanical strength, stability and dura-
bility in corrosive environments, graphene-like materials are rather promising as
a carrier of electrocatalysts (fig. 3) [3].

Fig. 2. Scheme of the mass and charge transfer processes in the cathodic electrocatalytic layer
of PEM fuel cell
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Fig. 3. Platinum nano-particles on the surface of reduced graphene oxide

Current collectors/gas diffusion electrodes are responsible for the
transport of the reactants and products of the electrochemical reactions, they also
provide the contact with the electrocatalytic layer. Due to developed electrode
with gradient of porosity, mass transfer parameters are considerably improved,
and Ohmic losses at the boundary with the electrocatalytic layer are reduced [4].

The use of modified and composite membranes with nanostructure allows
to reduce permeability and improves the efficiency of the electrochemical sys-
tem and its service life.

Mathematical modeling is an important instrument in the optimization of
electrochemical systems. Taking into account the obtained results, the optimized
design of the electrodes and the structure of the electrocatalytic layers, optimum
operating parameters of the electrochemical system were proposed.

Thus, the use of nano-materials and nanotechnologies in low temperature
electrochemical systems can significantly improve their performance. So, the
overall efficiency of power generation in PEM fuel cell can reach 50-60 %; the
efficiency of the electrolysis system is 85-90 %. Achieved to date the level of
specific power of PEM fuel cell stack is more than 1,0 kW/kg (at a current den-
sity of 1 A/cm? of membrane-electrode assembly). Further development of inno-
vative nono-technologies of hydrogen electrochemical systems pertain to the
sixth wave of innovation will allow you to shift the vector of industry develop-
ment towards high-end technologies and create new workplaces for highly-
qualified specialists. Large-scale implementation of hydrogen energy will con-
tribute to solving a number of environmental, energy and social problems.

1. P. Millet, R. Ngameni, S.A. Grigoriev, V.N. Fateev, Int J Hydrogen
Energy 36, 4156 (2011).

2. A.\V. Dolganov, O.V. Tarasova, D.N. Moiseeva, E.E. Muryumin, Int J
Hydrogen Energy 41, 9312 (2016).

3. A.K. Geim, Science 324, 1530 (2009).

4. S.A. Grigoriev, P. Millet, S.A. Volobuev, V.N. Fateev, Int J Hydrogen
Energy 34, 4968 (2009).
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CHEMICAL THERMODYNAMICS OF COMPLEX OXIDES

A.V. Knyazev?!, N.N. Smirnova!, E.N. Bulanov?, S.S. Knyazeval,
O.V. Krasheninnikova!
L obachevsky University, Nizhny Novgorod, Russia
E-mail: knyazevav@gmail.com

An important task in our work was studying the thermodynamic functions
of the compounds in order to describe the processes with their participation and
detecting criteria of their stability. For this purpose, we chose the thermochemi-
cal schemes. We used the concentrated nitric, hydrochloric, hydrofluoric and
sulphuric acids as solvents. We chose them because of the good solubility of
compounds under investigations in their solutions. The enthalpies of formation
of about 250 inorganic compounds containing uranium were experimentally
determined for the first time using a reaction adiabatic calorimeter. Despite the
seeming simplicity of obtaining similar results, in order to conduct the experi-
ment in the first place it is necessary: to find a solvent for the compound, which
is often a serious problem in the case of certain soluble compounds. Secondly, to
determine the enthalpy of formation of a necessity to determine the enthalpy of
from three to six reactions, and each reaction is carried out 3-5 times using Stu-
dent distribution to calculate the error of the enthalpy of dissolution.

Using an adiabatic vacuum calorimeter, we have identified the tempera-
ture dependences of heat capacities at constant pressure for more than 50 com-
pounds in a temperature interval from 7 to 350 K. The obtained data allowed
describing possible phase transitions and calculating absolute entropies of for-
mation of the compounds. It is important to note that heat capacities at constant
pressure of the majority complex oxides monotonously grow with rising temper-
ature without any visible anomalies. On the contrary, the physical transitions are
observed in uranylcarbonates, uranylsulfates, several tungstates and spinels. The
description of transitions was made by means of McCallaf-Vestrum classifica-
tion of physical transitions. According to this classification phenomenological
all phase transitions in solids can be categorized into seven types (I, 21, 3I, 2N,
3N, G, H). Three transitions are isothermal, two transitions are non-isothermal,
and G and H transitions, whose name comes from the English word hump and
glass-like.

The most common type of transitions in the layered compounds is iso-
thermal (1) transitions connected with polymorphic transitions in the crystal. The
polymorphism is caused by possible shifts or rotations of layers relatively to
each other in the crystalline structure. Isothermal transitions look like “peaks”
on the curve of heat capacity; the area of “peaks” is numerically equal to the
enthalpy of phase transition. The less common physical transitions are H-
transitions and they are observed as “humps” on the curve of heat capacity.
From the physical point of view, the given anomaly may be connected with “de-
freezing” of rotations around metal — water (M—OH,) bond in structures of the
appropriate crystallohydrates.
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The compounds Tetrasodium Uranyl Tricarbonate (Na;UO,(CO3)3) and
(Potassium Titanium Iron Oxide) KjFe,TigO1s show the G-type (glass-like)
physical transitions. The nature of this anomaly is probably related to the pres-
ence of cation—cation interactions in the structure of this compound, which we
confirmed using VVoronoi—Dirihle calculations of polyhedra using program com-
plex TOPOS.

Thus, the calorimetric methods allowed estimating all necessary thermody-
namic functions of 50 inorganic compounds. Thermochemical data were ob-
tained for 200 compounds.

Data on the heat capacity, especially at low temperatures, allow drawing
conclusions about the nature of the topology structure of solids. To do this, we
calculated the fractal dimension and the characteristic temperatures. From the
experimental heat capacity values in the range 20-50K the value of the fractal
dimension D of the compounds were evaluated. According to the fractal theory
of the heat capacity, D is the most important parameter that specifies the charac-
ter of heterodynamics of the substance structure. For solids of a chain structure
the relation heat capacity versus T at lower temperatures is proportional to (tem-
perature in the first degree) T, of a layer structure to (temperature in the second
degree) T2 and of steric one to (temperature in the third degree) T2 . In the fractal
theory of the heat capacity, an exponent of T is the heat capacity function is de-
noted by D and is called the fractal dimension.

The obtained values of the fractal dimension are consistent with our
structural data, so it is 3 for frame pyrochlore and 2.4 and 2.5 for brannerite qua-
si layered structure. In addition, in our work we actively use the theory of the
Debye heat capacity of solids.

For the study of phase transitions, thermal stability, and melting tempera-
tures of the substances we are also actively using the differential scanning calo-
rimetry. However, in order to answer questions about the structural changes
necessary to use high-temperature and low-temperature X-ray diffraction. The
anomalous change in the temperature dependence of the unit cell parameter is
observed in the field of phase transitions. In the phase transition there occurs
extreme change diagram of thermal expansion. These diagrams constructing at
different temperatures demonstrate priority directions of thermal expansion and
its anisotropy. Value of thermal expansion coefficient in given direction corre-
sponds to length of radius-vector which is traced from origin of coordinates to
edge of figure of expansion.

Differential scanning calorimetry data, reaction calorimetry data and
thermodynamic modeling allow making phase diagrams. We have investigating
the phase diagram of the indicated system LiVWOgs - NaVWQO;s. Modeling for
this system includes the following steps: 1. Calculating solidus and liquidus
temperatures based on crystal- liquid equilibrium. 2. Calculating the critical
temperature on a solid-solution segregation curve (Tw) using Becker's equation.

In calculating solidus and liquidus temperatures, we used Clausius—
Clapeyron equation, which in the case of regular solutions can be represented by
the following system of equations. Thus, we solved an inverse problem, that
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consists in the thermodynamic modeling realized on the base of experimental
data about phase borders. Having solved the system of equations, we determined
thermodynamic parameter for the crystal and enthalpy of melting of the compo-
nents. The values obtained in this way were used to construct the plots of the
Gibbs energies versus composition for a liquid and a crystal and the phase dia-
gram.

It is possible to expect the formation of both individual phases and solid
solutions with inclusion of the corresponding metals on forming these mineral-
like compounds in nature or during technological processes.

On this slide you can see the physicochemical study of the solid solutions
of compositions that we carried out. The miscibility borders of all studied sys-
tems were determined using X-ray diffraction, and then the standard enthalpies
of mixing were measured using reaction calorimetry. Then using theoretical
models, the change of thermodynamic functions was described as analytical
equations that simplified the presentation of the quantitative information on the
systems and allowed to estimate partial molar values and coefficients of the
component activity.

The study of uranylsulfates required the creation of theoretical model of
subregular solutions for ternary systems which is absent in literature. In terms of
this model, the maximal value of enthalpy of mixing can be obtained at any con-
centration of three components and, therefore, the enthalpy of mixing as a func-
tion of composition should be represented as four summands. Three summands
will be responsible for the behavior of function near to binary mixtures, and the
fourth - in the central part of the diagram.

One of the steps of studying compounds is the exploring their behavior in
water solutions. The experimental data on the solubility of the compounds at
25°C (degrees Celsius) were obtained at the first stage. We identified the
tendencies of the changing of hydrolytic stability depending on pH value. Using
the obtained data we have identified the thermodynamic characteristics of com-
pounds that are stable, when come in contact with water. Here you can see the
quantitative physicochemical model describing heterogeneous system “precipi-
tate — aqueous solution®, represented by the following block diagram. This mod-
el is based on material balance equations for corresponding elements subject to
possible forms of their existence in solution.

Obtained data were used for constructing phase diagrams of structure-
forming elements in the water solution under condition of their simultaneous
presence.
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PHONONS AND COUPLED MODES
IN OPTICAL SPECTROSCOPY

S.A. Klimin
Institute of Spectroscopy RAS, 108840 Moscow, Troitsk, Russia
E-mail: klimin@isan.troitskl.ru

Physical models and spectroscopic techniques used to study excitations
connected with crystal lattice vibrations will be overviewed. A special attention
will be given to the interaction of phonons with excitations of other subsystems
(electronic, magnetic). Examples of coupled electron-phonon and electron-
magnon modes will be given from author’s experimental investigations.

Optical spectroscopic study of the two rare-earth iron borates, namely, of
GdFe3(BOs)s ' TbFe3(BO3)4, Will be discussed in detail. This study has pre-
sented the first experimental results on phonons in the low-temperature P3;21
structural phase of these iron borates [1, 2]. Two compounds mentioned are
characterized by the absence of electronic states in the region of phonons for the
first one (gadolinium) and by a reach spectrum of such states for the second one
(terbium). Comparative study of these two compounds revealed formation of
coupled electron-phonon modes in ThFe3(BOs),4 in the vicinity of E-phonon near

197 em 1 [1] (Fig.1).
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Fig. 1. Reflectivity spectra of TbFe3(BO3)s (TbFb) and GdFe3(BOs)4 (GAFB) in the spectral
region near the 197 cm™* E-phonon. Interaction of phonon with crystal-field excitations
of the Th®" ion leads to formation of coupled electron-phonon modes [1]

Other crystals [3, 4] demonstrating clear spectral signatures of the interac-
tion of phonons with other subsystems will be discussed.

Support of the Russian Science Foundation under Grant
Ne 14-12-01033 is acknowledged.
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POLYCRYSTALLINE MATERIALS FOR PHOTONICS ON THE BASIS
OF GROUP Il AND GROUP 1l METAL FLUORIDES

S.V. Kuznetsov!, P.P. Fedorov!, E.A. Garibin'?, V.V. Osiko?
LA.M. Prokhorov General Physics Institute RAS, Moscow, Russia
2INKROM, St. Petesburg, Russia
E-mail: kouznetzovsv@gmail.com

Polycrystalline materials, based on alkaline earth fluorides doped rare
earth elements, have been of significant interest for photonics scientists for dec-
ades. Use of the single crystals of similar composition is quite complicated, for
they are prone to cleavage that leads to mechanical failure of optical materials in
the course of their usage. Also, preparation of high quality and large aperture
single crystals is quite complicated. One can improve mechanical properties and
corresponding laser endurance of said fluoride optical materials by shifting to
polycrystalline specimens, but the latter requires a development of their syn-
thetic technology.

Our report covers results of the preparation of fluoride ceramics materials
by deep plastic deformation of their single crystals as well as by hot-pressing
their powders, namely:

- we have developed a novel synthetic technique for preparing fluoride pre-
cursor powders by obtaining an inter- | B—

>

mediate compound capable to release a 7 T .
fluorinating agent under thermolysis -
conditions; \
- we have determined the require- '
ments for precursor powders that can | 138.121109
! CaF,-YbF; (3%)

be used in compacting technology pro-
Cesses;

- we have determined the require-
ments for the single crystals that can be
used in deep plastic deforming pro-
Ccesses;

- we have prepared fluoride ce-
ramic specimens with the same thermal Fig. 1. CaFaYb (3 mol.% Y) ceramics
ConQUctIVIty ar_ld Slm”ar. sp_ectrum gen- prepared by deep plastic deformation of
eration properties as their single crystal its single crystal
analogs (fig. 1);

- we have determined the ways and means for the improvement of mechani-
cal properties of fluoride ceramics materials (micro-hardness and fracture tough-
ness) in comparison with their single crystal analogs;

- we have developed a novel scientific area of study, physics, chemistry and
technology of nanofluorides.
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HYBRID MATERIALS BASED ON LUMINESCENT BASED
ON 8-HYDROXYQUINOLINE METAL COMPLEX
AND FLUOROBORATE GLASS MATRIX

M.O. Anurova, E.V. Ermolaeva, A.V. Khomyakov, O.B. Petrova
D. Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E—mail: maria_anyrova93@mail.ru

Hybrid materials (HM) — materials special type of architecture which con-
sists of organic and inorganic components of the interaction which leads to par-
tially inherit and completely new properties compared to the substances from
which they are synthesized [1]. HM on the basis of on 8-hydroxyquinoline [2]
and phenanthroline [3] luminescent organic metal complexes can be promising
for creation of new light-emitting devices.

HM were made as described in Ref [3]. As the organic phosphors used 8-
hydroxyquinoline (Meqx) metal complexes (Lig, Kq, Nag, Rbqg, Mgq, Srgy,
Baq,, Znqg, Scqs, Algs, Gags and Ings). The samples were transparent glassy
plates, the transmission spectrum of which is almost entirely consistent with the
spectrum transmission of the matrix glass 80PbF,-20B,0; (fig. 1a). The HM of
the composition Srg,+80PbF,-20B,03; demonstrated the highest photolumines-
cence (PL) intensity with Amax = 516 nm (FWMH 123 nm) (fig.1b).
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Fig. 1. The hybrid material Srgz + 80PbF2-20B20s:
a) transmission spectrum, b) normalized PL spectrum

This research was financially supported by the Russian Scientific Foun-
dation (grant number Ne 14-13-01074).
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(2014).
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FRUSTRATED MAGNETIC Ni3(BOs3),: INVESTIGATION OF SPIN
EXCITATIONS IN STRONG MAGNETIC FIELDS

K.N. Boldyrev?, A.D. Molchanoval, R.V. Pisarev?, D. Kamenskiy?
nstitute of spectroscopy RAS, Moscow, Russia
2|offe Institute, RAS, St Petersburg, Russia
®High Field Magnetic Laboratory, Radboud University, Nijmegen, Netherlands
E-mai: _nastyamolchanova@list.ru

Nickel oxyborate Ni3(BOs3), crystallizes in the orthorhombic system (sp.
gr. Pnnm (# 58)), and possesses the structure of kotoite mineral. The Ni?* ions
occupy two different octahedral positions, 2a and 4f, forming two magnetic sub-
systems. Both nickel subsystems order antiferromagnetically at the temperature
Tn =46 K [1]. In the recent study [2], it has been shown that, at Ty, also a struc-
tural phase transition takes place, associated with a doubling of the crystal cell
and a corresponding "folding" of the Brillouin zone.

This work presents a study of the terahertz transmission spectra of a
Ni3(BOs3) single crystal in constant magnetic fields up to 32 T. Several features
interpreted as single-magnon excitations have been observed below Ty in a zero
magnetic field. The field dependence of the frequencies of the magnetic excita-
tions has a distinct nonlinear character (fig. 1). This may indicate to an in-
teraction of the magnetic modes with each other (spin-spin interaction). In addi-
tion, the behavior of magnetic modes indicating "spin-flop” phase transition has
been observed in strong magnetic fields (> 10 T).

Magnetic field (T)

-1
Wavenumbers (cm™)

Fig.1. The field dependence of the THz transmission spectrum of the Niz(BO3)2 single
crystal at temperature T=15K

This work has been supported by the RSF Grant Ne16-12-10456 (R.V.P.),
the RFBR Grant Ne 15-32-20613 (K.N.B., A.D.M.), and the Grant of the Presi-
dent of the Russian Federation (Grant MK-3521-2015.2 for young scientists).
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COMPARISON OF STRUCTURE AND PROPERTIES OF THE ZIRCONIA
CRYSTALS STABILIZED BY YTTRIUM AND SCANDIUM OXIDES

M.A. Borik?, V.T. Bublik®, S.1. Bredikhin?, A.V. Kulebyakin?, I.E. Kuritsyna?,
E.E. Lomonoval, F.O. Milovich®, V.A. Myzina!, V.V. Osiko?,
N.Y. Tabachkova®
LA.M. Prokhorov General Physics Institute, RAS, Moscow, Russia
2National University of Science and Technology « MISIS», Moscow, Russia
3Institute of Solid State Physics RAS, Chernogolovka, Russia
E-mail: kulebyakin@Ist.gpi.ru

Crystalline materials based on zirconia are known not only for its excel-
lent strength characteristics, but also high ion conductivity. High strength prop-
erties are due to a specific domain structure of the material, which is formed
during cooling of the crystal, as well as the probability of tetragonal-monoclinic
transition by applying mechanical stress. High ionic conductivity is possible due
to the presence in the structure of the material of the oxygen vacancies which are
formed by high temperature modifications stabilize ZrO, rare earth ions with a
valence other than Zr.

Depending on the type and concentration of the stabilizing oxide structure
and properties of the materials may differ substantially. This paper presents the
results of a study of ZrO, crystals stabilized by the Y,03, Sc,03 and a compara-
tive analysis of the data.

It is shown that the crystals of tetragonal zirconia stabilized with yttria has
two phases: transformable and nontransformable which differ Y,03 content and
lattice parameters. In crystals of scandium oxide with a similar concentration,
there is only one nontransformable phase. Accordingly, the crack resistance of
the tetragonal ZrO, - Y,0j3 crystals higher than ZrO, - Sc,O3 crystals.

Research cubic crystals showed that the stabilizing yttria cubic phase in
the crystal is maintained at a concentration of 8 mol.% Y,03 and higher, and the
stabilization of scandium oxide crystals in the cubic phase appears only at
10 mol.% Sc,0s. In general, in the range of scandium oxide concentrations of
9-11 mol.% the cubic phase falls into the tetragonal and rhombohedral. This is
due to the lower scandium cation ionic radius compared with yttrium cation.

This work was supported by RFBR grant Ne 16-38-00521 mol_a and
Ne 15-38-70053 mol_a_mos.
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THREE SCENARIOS OF MAGNETIC ORDERING CuzR(Se03),0.Cl
(R =Er,Sm,Yb): OPTICAL SPECTROSCOPY

L.S. Mazaev!?, S.A. Klimin?
Lnstitute of Spectroscopy RAS, Troitsk, Moscow, Russia
2Moscow Institute of Physics and Technology, Dolgoprudny, Russia
E-mail: klimin@isan.troitsk.ru

Rare-earth (RE) francisites CusR(Se03);0,Cl (R = RE) are synthetic
isostructural counterparts of the natural mineral Cu3Bi(Se0s),0,Cl [1, 2]. On the
one part, these compounds are interesting as model systems for studying frus-
trated and low-dimensional magnetism [3, 4]. On the other part, they are attrac-
tive from practical point of view, as they can be switched magnetically in low
magnetic fields. At present, magnetic properties of bismuth and yttrium fran-
cisites are well studied [3, 4]. These compounds incorporate the only magnetic
subsystem which is the two-sublattice copper one. One can anticipate observing
new interesting phenomena at an introduction of the second (RE) magnetic sub-
system. In this work, optical spectroscopy is used to study magnetic behavior of
francisites with the three different RE elements, namely, with Er, Sm, or Yb. All
the three enter the compounds as trivalent Kramers ions, which fit well for stud-
ying magnetic phase transitions by optical spectroscopy. Splitting of spectral
lines corresponding to transitions between Kramers doublets testifies a magnetic
ordering but an abrupt change of this splitting manifests a spin-reorientational
phase transition.

Temperature-dependent transmission spectra were studied in the region of
f-f transitions of the RE ions mentioned above. In all the three compounds, cop-
per magnetic subsystem was found to order magnetically at temperatures Ty
around 36 K, like in CuzY(Se03),0,CIl. Competition of magnetic anisotropies of
the RE and copper ions leads to spin-reorientational phase transitions in Sm and
Yb francisites. Interestingly, these transitions are of different types in Sm and
Yb compounds. Whereas a first-order reorientation takes place in
CusYb(Se03),0,Cl, a second-order one occures in CuzSm(Se03),0,ClI [4]. Pos-
sible reasons for different scenarios of magnetic behavior in the three com-
pounds are discussed.

1. A. Pring, B.M. Gatehouse, W.D. Birch, Amer. Mineral. 75, 1421 (1990).

2. P.S. Berdonosov, V.A. Dolgikh, Russ. J. Inorg. Chem. 53, 1353 (2008).

3. M. Pregelj, O. Zaharko, A. Giinther, A. Loidl, V. Tsurkan, S. Guerrero,
Phys. Rev. B. 86, 144409 (2012).

4. K.V. Zakharov, E.A. Zvereva, P.S. Berdonosov et al., Phys. Rev. B. 90,
214417 (2014).
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THE FEATURES OF FORMATION OF Eu®* OPTICAL CENTERS
IN THE SOLID SOLUTIONS ZrO;-Y,03-Eu,03

T.V. Volkoval, M.A. Borik?, E.E. Lomonova?, V.A. Myzina?,
P.A. Ryabochkina®, A.N. Chabushkin!, N.Yu. Tabachkova®
1 Ogarev Mordovia State University, Saransk, Russia
2 Prokhorov General Physics Institute, RAS, Moscow, Russia
3National Research Technological University "Misis", Moscow, Russia
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Unique physical and chemical properties of materials based on zirconia
dioxide ZrO,, stabilized and partially stabilized with Y03, provide them a vari-
ety of practical applications. The properties of these materials are largely de-
pendent on their structural characteristics due to the presence of oxygen vacan-
cies formed in the process of stabilizing ZrO, yttria .

Formation of cations local structure in the presence of oxygen vacancies
in crystals stabilized and partially stabilized zirconia can be revealed by optical
spectroscopy using Eu®* ion as a spectroscopic probe.

Despite the large number of publications devoted to the study of the struc-
ture of the optical centers of Eu®* ions in solid solutions based on zirconia diox-
ide [1-4], there are no studies that such studies will be conducted for the stabili-
zation of ZrO, single crystals of yttrium oxide in a broad change concentration
range Y,0s.

In this work we are revealed the features of the local environment of Eu®*
ions using optical spectroscopy for the tetragonal and cubic solid solutions
Zr0,-(2,7-3,8 mol.%)Y,03-0.1 mol.% Eu,O; that were grown by directional
melt crystallization with direct high-frequency heating in a cold container are
investigated.

The work was financially supported by RFBR Grant ofi_m, Project
Ne 16-02-00457.
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GROWTH AND INVESTIGATION OF SPECTRAL-LUMINESCENCE
CHARACTERISTICS OF BGO CRYSTALS
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Single crystals of bismuth germanate Bi,Ges;0;, also known as BGO (eu-
lytite structure) are scintillation materials, what has been known since the mid
XX century. However, these crystals can show special spectral-luminescent
characteristics [1] as a result of the certain influences. This paper is devoted to
the development of the technology optically homogeneous BGO crystals and
investigation of the impact of external influences on the spectroscopic properties
of the samples.

In this work growth experiments were carried out and the optimum pa-
rameters to obtain BGO crystals of optical quality were defined. The crystals
grown by the Czochralski method along [111] and [100] directions were color-
less and transparent in the spectral range of 0,3 — 6,5 mkm. The results of expe-
riments on thermal treatment of the samples at different conditions (in Bi,Os,
GeO,, BisGe;0;, powders, in air and vacuum) will be demonstrated. The effect
of gamma-irradiation and hydrogen saturation on the optical properties of BGO
crystals will be also shown. The surface morphology of the testing samples was
studied depending on external influences. The effect of thermal treatment con-
ditions on absorption spectra and spectral luminescence characteristics of BGO
samples were analyzed. Colored sample ("red" BGQO) was obtained in the pre-
vacuum annealing in a graphite crucible at 900 °C. The absorption spectrum of
this sample has peaks at 365, 455 and 518 nm. The luminescence was registered
in the spectral range 240-1650nm under pumping of xenon lamp of 450 nm with
two peaks: a broad peak with a maximum at 1000-1100 nm and a narrow peak at
1500 nm. Excitation spectrum of luminescence for the band of 1030 nm is a nar-
row band with a maximum at 370 nm; for 1500 nm band - a broad band with a
maximum at 450 nm.

This work was financially supported by the RAS Presidium program
Ne. I.1P.
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SYNTHESIS AND PROPERTIES STUDY OF BISMUTH-GERMANIUM
GLASSES DOPED WITH d- OR f-ELEMENTS

E.M. Kolobkova, 1.V. Stepanova, O.B. Petrova
The D.l.Mendeleev University of Chemical Technology of Russia, Moscow
E-mail: kolobkovaevg@gmail.com

Bismuth-germanium glasses are transparent in visible and near-IR spectral
regions and therefore they may be applied as a matrix for rare-earth and transi-
tion ions doping [1]. In addition, it’s possible to produce several crystal phases
in bismuth-germanium glasses: scintillation Bi,Ges;O;, and ferroelectric Bi,GeOs
[2]. Initial oxides ratio variation leads to formation of either one phase or phase
combination. The aim of present research was to analyze the effect of chromium
or neodymium oxides addition on different composed bismuth-germanium
glasses properties.

The Biy03-GeO, glasses with principal components ratio 40:60, 45:55 u
50:50 mo1.% and with neodymium or chromium oxides addition at concentra-
tions 0,1, 1 or 0,01, 0,1 mol.%, respectively, were under research. The glasses
were produced by melting the mixture of initial oxides at 1100 °C and ensuing
castling of the melt onto a substrate. The dielectric properties were measured by
Resistance Bridge E7-12 with frequency 1 MHz, inside temperature range
25-620°C. The microhardness was determined by Vickers technique at loads
50-150 g.

It’s shown that chromium concentration increasing promotes glass crys-
tallization whereas neodimium oxide refines bismuth-germanium compositions
vitrification. Neodymium or chromium oxides addition enhances microhardness,
the GeO, concentration growth makes the same effect. The glass characteristic
temperatures were determined via dielectric measuring data. The bismuth oxide
content decreasing leads to glass transition temperature and maximum crystalli-
zation temperature enlarging as well as to resistivity growth. The significant
effect of mentioned chromium and neodymium oxides concentrations on dielec-
tric characteristics does not revealed. Thus, dielectric properties variation mainly
related with glass matrix principal components ratio — bismuth and germanium
oxides.

1. L.V. Stepanova, N.G. Goraschenko. Optics and Spectroscopy 114, 873—

875 (2013).
2. K. Pengpat, D. Holland, J. Europ. Ceram. Soc. 23, 1599-1607(2003).
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SPECTRAL AND LUMINESCENT PROPERTIES OF y-Ga,03
GLASS-CERAMICS

E.S. Ignat’eval, N.V. Golubev?, M.Z. Ziyatdinova?, V.N. Sigaev!, R. Lorenzi?,
A. Paleari?
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Since the first work on the optical properties of quantum dots in glass [1],
about 35 years ago, the processes of semiconductor crystals formation in a
transparent dielectric matrix have received great attention. Controlling nanocrys-
tals size by varying heat treatment conditions makes possible to observe quan-
tum confinement effects [2]. Changing the number of semiconductor intrinsic
defects, for example, by doping, has become even more important tool to control
its optical response [3, 4]. The latter, however, is complicated by the interaction
of semiconductor phase with the glass matrix. Nevertheless, enhanced chemical
and thermal stability of glass matrix extends a range of possible applications of
embedded nanocrystals as compared to the same nanocrystals obtained from a
solution.

In the present work we have synthesized low-alkali gallium germanosili-
cate glasses, which are crystalized with y-Ga,O3 nanocrystals. It has been shown
that similar to B-Ga,O; the luminescence spectrum of precipitated y-GayO3
nanocrystals is a superposition of UV, blue and green bands. The relationships
between the glass composition, melting and heat treatment conditions, on one
hand, and the luminescence in the UV, visible and IR spectral region, on the
other, are revealed.

This work has been supported by the Ministry of Education and Science
of the Russian Federation (grants MK-8807.2016.3 and 11.G34.31.0027).
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SPECTROSCOPIC STUDY OF RARE-EARTH GALLIUM BORATES
WITH HUNTITE-TYPE STRUCTURE
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At present, there is a growing demand for blue and UV lasers in several
developing areas of practical application. Reducing the laser wavelength is im-
portant in optical recording and information processing (for a better resolution
and higher data density), for medical purposes (for selective absorption of light),
in environmental protection (for the development of remote sensors). One of the
most effective ways to obtain such radiation is the use of nonlinear crystals as a
lasing medium, followed by self-frequency doubling and self- frequency mixing.
This technology is also applicable in the development of micro diode pumped
lasers, where small nonlinear crystal is mounted to the output end of the laser
diode and acts as a frequency doubler. One of the brightest representatives of
such nonlinear materials is the rare-earth (RE) aluminum borate with the struc-
ture of a natural mineral huntite. The compounds have been extensively studied
(see, e.g., [1, 2] and references therein).

Here we report on the first spectroscopic studies of a number of RE gal-
lium borates, which are close to the aluminum borates but unlike the latter ones
practically not studied. In a wide range of temperatures and frequencies, trans-
mission and luminescence spectra of RE gallium borates REGa3(BOs), with
various rare earths were obtained and interpreted. On the basis of the lumines-
cent data and of the optical and infrared spectroscopy results, we have deter-
mined the scheme of the crystal-field energy levels of a number of rare-earth
ions (Eu®*, Sm®*", Ho*', etc.) in the matrix of gallium borate. We have found lu-
minescence decay times for the most intense transitions. The obtained infor-
mation can be used to create optical amplifiers, lasers, and frequency doublers.

This work was supported by the Russian Science Foundation (Grant
Ne  14-12-01033) and the Russian President's Scholarship (E.F.D.,
CI1-754.2015.1).
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STRUCTURAL PROPERTIES OF GdCr3(B0Os)s CRYSTALS

E.A. Dobretsova!, K.N. Boldyrev!, E.Yu. Borovikova?, V.A. Chernyshev?
YInstitute for Spectroscopy RAS, Moscow, Troitsk, Russia
2Moscow State University, Moscow, Russia.
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Rare-earth (RE) borates with structure type of the natural mineral huntite
are of interest due to their optical, magnetic and magnetoelectric properties.
Some of these properties are characteristic only for non-centrosymmetric struc-
tures. RE chromium borates have polytype nature and crystalize in two modifi-
cations, namely, the rhombohedral one with the space group R32 (non-
centrosymmetric) or the monoclinic one with the centrosymmetric space group
C2/c. The crystal type depends on the growth conditions. Moreover, a coexist-
ence of differently ordered structural fragments in one single crystal is a char-
acteristic feature of these compounds. The objective of our study was to investi-
gate the ratio of the two phases in a GdCr3(BO3), crystal by the method of far-
infrared spectroscopy.

Incongruently melting borates GdCr3;(BOs), were obtained from a molten
solution based on K;MoO, - 3Mo0O; as a result of spontaneous crystallization.
The ratio of borate to the solvent in the mixture was 1:1. fig. 1 shows the long-
wave-lenght part of the absorption spectrum of GdCr3(BOs3), crystal. The ab
initio calculations in the frame of density functional theory enabled us to sep-
arate modes belonging to the R32 and C2/c phases and to estimate the ratio of
these phases in GdCr;(BOs), crystals. We have found that the content of the
rhombohedral (non-centrosymmetric) modification is about 80 %.
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Fig. 1. IR spectrum of GdCr3(BOs)4 in long-wave range under room temperature
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PHASE DIAGRAM OF THE NaF-CaF, SYSTEM
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The NaF-CaF, system is one of the simplest fluoride systems. It has the
eutectic type phase diagram that has been studied by different research groups.
The NaF-CaF, system was the basis to develop more complex multicomponent
ionic melts that were utilized in metallurgy and atomic energy industry. Authors
[1-3] indicated that they have observed CaF,-based solid solutions in the NaF-
CaF, system that could be used for the development of fluoride-ion solid elec-
trolytes, but this part of the aforementioned NaF-CaF, phase diagram has yet to
be studied in details.

We have studied the phase formation in the NaF-CaF, system using dif-
ferential scanning calorimetry (DSC), X-ray diffraction (XRD), electron micros-
copy (SEM) and X-ray spectroscopy microanalysis (XRSMA) methods. We
synthesized the corresponding high temperature samples in flux melt at
950-1050°C according to the following reaction: CaCl, + 2NaF = CaF, + 2NacCl.
Lower temperature preparation of Ca;—xNaxF,-x specimens at room temperature
has been carried out by their co-precipitation from aqueous Ca(NOs), with NaF
excess. The latter technique allowed synthesis of metastable Ca;NaxF2«x na-
nopowders (ca. 50 nm diameter) with x = 0,035. The solubility of NaF in CaF;
depended on the temperature in a complex manner: it reached its maximum val-
ue of 3,5 + 0,5 mol % NaF (x = 0,035) at 1200 + 50 °C (temperature correspond-
ing to the fluorite diffuse phase transition), decreased to its minimum of < 0,4
mol % at 920 + 25 °C and then grew up to 2 + 0,2 mol.% at eutectic temperature
(818 °C).

lonic conductivity of Ca;—x<NaxF,—x samples has been carried out by im-
pedance spectroscopy technique (pressed pellets, silver electrodes). Cold-
pressed Cap 0s5Nag 035F 1,065 NANopowder specimen exhibited 1-10# -3-10* Sm/cm
electrical conductivity at 40°C; and electrical conductivity of n-CaF, nanoc-
eramics at 53°C was 10° times higher than electrical conductivity of CaF, single
crystals under the same conditions.

This work was supported by RFBR grant Ne 15-08-02481-a.
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CONTROL OF CURVATURE THE OF PROFILE OF X-RAY
OPTICAL ELEMENTS
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One of the objectives is to develop a X-ray optical elements for two-di-
mensional focusing [1] and collimation of the X-ray beams. On the result of
control of the curved of X-ray elements affects the deviation of local curvature
of the bending of the set. In this case important to develop adaptive methods of
X-ray optics, allowing adjusting the convergence of the X-ray beams by con-
trolling the profile bending of the crystal.

In this paper, we investigate experimentally the variation of the tempera-
ture of the curvature of the profile of the surface diffractive elements on the ex-
ample of the monocrystalline plate Si (400) as part of a three-layer structure -
substrate-adhesive monocrystalline plate. Experimental research of the profile of
the surface of the monocrystalline plate was carried out on a diffractometer D8
Discover.

From the information obtained by us, it was found that the initial curva-
ture of the surface monocrystal plate depends on the shrinkage of the adhesive,
elastic parameters components the bending unit and their size. The initial cur-
vature of the monocrystalline plate depends on its temperature bonding. The
initial curvature of the monocrystalline plate depends on its temperature bond-

ing.

1. T. Chen, Journal of Technical Physics 72, 92-94 (2002).
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search 1, 28-32 (2003).
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THE PHASE ANALYSIS OF KTP:HF AND KTP:ZR CRYSTALS GROWN
USING THE FLUX METHOD
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Potassium titanyl phosphate (KTP) crystals doped with hafnium and zir-
conium were grown using the flux method by spontaneous crystallization. One
of the starting compounds demonstrated in [1, 2] has been selected for growing:
42 mol.% K0, 14 mol.% P,0s, 14 mol.% TiO,, 30 mol.% WOs. A part of TiO;
required by the stoichiometry were replaced by HfO, or ZrO, so the total mole
fraction of titanium oxide and doping oxide remained equal to 14 mol.%. The
KTP were crystallized on the platinum probe immersed in a platinum crucible.
The grown crystals were separated mechanically and washed several times with
hot water.

We have grown a series of KTi;—y\HfxOPO, and KTi_xZrkOPO, crystals
with (HfO, or ZrO,)/TiO, ratio in the starting compositions in a range from 0,01
to 0,13 with a 0,02 step, so the total number of samples was 15 including pure
KTP. Crystals were milled in an agate mortar.

X-ray phase analysis was carried out to identify the grown phases. Powder
XRD data for the specimens were recorded in the range from 20 to 80° (26) with
a constant step of 0,02° and 2 s/step counting time at room temperature on a
Shimadzu XRD-7000 powder diffractometer using filtered Cu-Kao radiation.
Rotation of the sample was setted in its own plane with a speed of 1 rev/sec.
Phase analysis showed that all samples are single-phases similar to the pure KTP
(PDF Ne 00-035-0802). Cell parameters and cell volume for all samples were
refined using the TOPAS-Academic software. The structure of pure KTP
(ICSD 66570) was used as a zero-order approximation. The increase of the cell
volume is related to the increase of the proportion of substitution of titanium
atoms by impurity atoms up to a value of 0,07. The cell volume has an approxi-
mately constant value with a further increase of the proportion of substitution of
titanium atoms by impurity atoms. According to the powder XRD data we can
conclude that some part of the Hf and Zr from initial compositions used for
growing incorporated in the KTP crystal structure. It would allow to specify
distribution coefficients of Hf and Zr by KTP crystal in combination with the
elemental analysis data.

1. K.lliev et al., J. of Crystal Growth 100(1-2), 225-232 (1990).
2. D.P. Shumov et al. Cryst. Res. Tech. 25(11), 1245-1250 (1990).
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COMBUSTION SYNTHESIS OF GERMANOPHOSPHATES
Gd11010(Ge04)(POs4)3, DOPED WITH Yb3 - Er®* IONS IN PAIRS,
AND THEIR LUMINESCENT PROPERTIES
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IN.S.Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow
2 A.M.Prokhorov Institute of General Physics RAS, Moscow
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Germanophosphates LNn11(Ge04)(PO4)3010 (gross composition
Lni;GeP30Oy) are heat-resistant compounds (melting point > 1500C). They
crystallize in triclinic system (space group P1) and have high isomorphic capaci-
ty of rare earth ions, since form a series of isostructural compounds from Pr to
Ho on REE row [1]. In their structure germanium is isomorphic replaces silicon
in silikophosphates Ln1;SiP3046, Which are of interest as templates for the up-
conversion phosphors [2]. Usually, complex phosphates Ln;;GeP3;O are syn-
thesized using ammonia coprecipitation reaction components followed by an-
nealing sol stepwise to the final temperature 1400°C. This paper shows the pos-
sibility of synthesis of phosphors Gdi1GeP3026: Yb®* - Er** by sol-gel technolo-
gy (combustion method), followed by annealing sol at 1200°C.

Up-conversion luminescence spectra were registered for Er®* ions in the
electronic  transitions  2Hi1,*Ssp—1sp,  *Fop—?lisp  in compounds
Gdg oY 99Er0,11GeP3026 and Gdig 12Y b 77Er0 11GeP3Ox6 (fig. 1), the values of the
energy output of these phosphors were 0,45 and 0,41%, respectively.

1 - lloTtH.eq)

08 ——Gd11GeP3026:Yb:Er (9:1)

----Gd11GeP3026:Yb:Er (7:1)

0.6

0.4 -

0.2 -

) | 3 A(Hm)

500 550 600 650 700
Fig. 1. The spectra of up-conversion luminescence Gdg,oY bo,99Er0,11GeP3026
and Gd10,12Ybo77Er0,11GeP3026 (A = 974 nm, P = 2,5 W)

This work was supported by RFBR (grant Ne15-08-08467).

1. B.F. Dzhurinsky, G.V. Lysanova, J. Inorgan. Chemistry 43, 2065 (1998).
2. A. Ryabova, D. Pominova, V. Krut'ko et al., Photonics & Lasers in Med.
2,117 (2013).

136


mailto:kroutko@igic.ras.ru

SINGLE-CRYSTAL INI: NEW MATERIAL FOR IR OPTICS
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Single crystals of thallium halides, TICI-TIBr (KRS-6) and TIBr-TlI
(KRS-5) solid solutions, as well as cesium iodide, Csl, have been the primary
far-infrared optical materials for more than 50 years despite their high toxicity
(KRS crystals) or hygroscopicity (Csl). Indium monoiodide, Inl, can be a good
alternative material to these substances. Orthorhombic indium monoiodide
(Cmcm space symmetry group) melts congruently at 365 °C; Inl is not
hygroscopic, and it is chemically stable. We synthesized Inl from the
corresponding elements using quartz installation under ambient pressure.
Obtained Inl was purified by rectification under argon, capillary and
recrystallization purification techniques. Inl single crystals (14 mm diameter,
70 mm length) were grown by Bridgman-Stockbarger method in isolated quartz
vessels (2 mm per hour crystallization rate).

Our Inl single crystal (a = 4,76465(35), b = 12,77656(82), ¢ =
4,90717(35) A unit cell parameters) had a perfect <Ok0> cleavage. Edge of its
absorption band in the visible spectrum rage has been determined by 2,01 eV
forbidden zone width. Inl transparency in IR spectrum range spanned to 51 um
(fig. 2); its heat conductivity (k) decreased from 1.03 W/(m K) at 100 K to
0,58 W/(m K) at 300 K, whereas its heat capacity grew from 44,7 J/(mol K) at
100 K to 52,7 J/(mol K) at 300 K, respectively.

Our work has been carried out under the Agreement Ne 14.604.21.0130
(RFMEFI160414X0130 unique identifier).
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Fig. 1. Inl single crystal plate, chipped along Fig. 2. Inl plate transmission spectrum
the cleavage (1,80 mm thick)
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Diamonds are the traditionally used material for making passive optics
elements, such as: high transparency lenses and windows that can transmit high
power radiation in the microwave to UV part of the spectrum. Their high heat
conductivity and X-ray transparency are important for making masks for X-ray
lithography. During last 15 years, scientists exhibited an increasing interest in
diamond materials in biomedicine and quantum optics because of the
opportunity to form impurity-based color-centers in diamond crystal lattice.
However, making the latter color centers is a complicated task due to their
relatively low concentrations and obstacles in their generation, so making
optically active diamonds has become one of the problems of modern
technology.

One can solve this problem via composite material venue and produce a
diamond matrix, containing in-grown fluoride nanoparticles in its body, by
plasmochemical precipitation of diamond from the gaseous phase. This method
allows modulation of the synthesized material properties by variation of the
chemical composition of the in-grown nanoparticles.

We have synthesized diamond films containing in-grown fluoride
nanoparticles, and recorded up-conversion luminescence spectrum for
LaFs:Yb:Er-containing specimen (974 nm pumping) and photoluminescence
spectrum for EuF3-containing sample (473 nm pumping). The diamond film
with EuF3 in-grown particles exhibited a Iumlnescence spectrum dlfferent from
the luminescence spectrum of starting _ (C)
intrinsic EuF3: the former spectrum 1 pDoFypes |y Deipods
contained the most intensive so-called
“red” luminescence line at ca. 611,6 nm
(fig. 1). This fact indicated the lower site
symmetry of the europium ions in the
diamond:EuF; film compared to EuFs
initial powder.

This work was partially supported
by the President of Russian Federation
Stipend Ne 2575.2015.2 to Sedov V.S.
and RFBR 16-29-11784-ofi-m grant.
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OXYFLUORIDE BORATE AND BOROSILICATE GLASS ACTIVATED
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Oxyfluoride glass and glass-ceramic (GC) are promising matrixes for in-
troducing the rare earth activators, as combine luminescent properties of fluoride
crystals having a low energy phonon spectrum, with the manufacturability and
high mechanical and chemical resistance of oxide glasses. Oxyfluoride lead,
barium and mixed glass as precursors for GC, synthesized in different systems:
silicate [1], borate [2], germanate [3], tellurite [4].

In this study we were obtained borosilicate glass batch composition from
80 PbF, — x B,O; — (20-x) SiO, (where x = 0, 5, 10, 15 and 20) and
70 PbF; — x B,03 — (30-x) SiO, (where x = 0, 10, 20 and 30) and activated com-
positions wherein Pb is partially substituted with Eu, Er and Yb in concentra-
tions ranging from 1 to 6 mol.%. Studies of glasses by X-ray spectral microa-
nalysis (INCA Energy 3-D MAX, Oxford Instruments) showed that the synthe-
sis is volatilized to 20% fluorine, and aluminum is included in the glass in an
amount of 4 — 5 wt.%.

For the obtained glasses were determined the characteristic temperature
and the coefficient of linear thermal expansion (dilatometry method), density,
microhardness (Vickers method, PMT-3), refractive indices (method Lodochni-
kova for A = 488, 540 and 619 nm), the permittivity and conductivity (E7-12, 1
MHz, silver contacts), absorption spectra (Varian Cary 5000), luminescence
spectra (QE65000 (Ocean Optics) and Fluorolog FL3-22 (Horiba Jobin Yvon)).
Carried crystallization of glass in different temperature-time conditions, ob-
tained GC, which is one cubic crystalline phase of B-PbF,.

This research was financially supported by the Russian Scientific Foun-
dation (grant number Ne 14-13-01074).

1. O.B. Petrova, A.V. Khomyakov, Opt. Spectrosc. 114, 876 (2013).

2. O.B. Petrova, T.S. Sevostjanova, M.O. Anurova, A.V. Khomyakov, Opt.
Spectrosc. 120(2), 260 (2016).

3. B. Klimesz, G. Dominiak-Dzik, M. Zelechower, W. Ryba-Romanowski,
Opt. Mat. 30, 1587 (2008)

4. B. Burtan, Z. Mazurak, J. Cisowski, M. Czaja, et al., Opt. Mat. 34, 2050
(2012)
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EFFECTS OF TEMPERATURE ON THE STRUCTURE
AND MORPHOLOGY OF Ge LAYERS, GROWN BY “HOT WIRE”
METHOD ON THE Si(100)

A.V. Zaycev, S.A. Denisov, V.N. Trushin, A.V. Nezhdanov, S.A. Matveev,
V. Yu. Chalkov, V.G. Shengurov
Lobachevsky State University, Nizhny Novgorod
E-mail: andrew1994a@mail.ru

Vapor deposition methods are promising for the production of micro and
optoelectronic devices based on epitaxial Ge. We have recently reported re-
ceiving quality layers by decomposing hydride (GeH,) on "hot wire" [1].

The purpose of this work - the study of structural perfection and morphol-
ogy of the Ge layers, grown under different temperature conditions on Si (100)
substrates.

Ge layers of thickness 0,5 — 4 microns were deposited on Si (100) in a
high-vacuum plant at puffing monogermane to a pressure of 4-10* Torr. GeH,
decomposition occurred at heated to 1300-1500 °C tantalum strip, placed oppo-
site the substrate. We studied two temperature growth mode: at a constant tem-
perature of the substrate (Ts = 350 °C) and at two temperatures (350 °C and
500 °C). Also studied the effect postgrowth annealing (at 800 °C/30 min) grown
at a constant temperature of 350 °C of Ge layers.

The results of these studies have shown that the structural perfection of
the layers grown at two-temperature mode is better than at the single-tempera-
ture mode. According to X-ray diffraction rocking curve width at half of its
maximum intensity (FWHM) of the layer of Ge(004) was 3,1 arcmin. In the first
case and 5,7 arcmin. in a second. However, if two temperature growth mode,
there was a slight roughening of the surface of the Ge layers.

Annealing layers improves the structural perfection of the layers: after an-
neal FWHM = 2,6 arcmin. The layer surface maintaining smooth as after culti-
vation: RMS value of surface roughness less than 1 nm.

The work was supported by grants of the President of the Russian Federa-
tion (MK-7021.2015.2) and RFBR (Ne 15-02-99664).

1. V.G. Shengurov, S.A. Denisov, V.Yu. Chalkov et al., Technical Physics
Letters 41(1), 36 (2015).
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YTTRIA-ALUMINOBORATE GLASSES AS X-RAY
DETECTION MATERIAL

M.Z. Ziyatdinova?, A.S. Shkuratko!, N.V. Golubev?, S.S. Gizha?,
A.V. Masalov?, A.G. Turyanskiy?, I.V. Pirshin?, V.N. Sigaev?
1 D.1. Mendeleev University of Chemical Technology of Russia, Moscow,
2 P.N. Lebedev Physical Institute, LPI, Moscow,
E-mail: m.z.ziyatdinova@gmail.com

Scintillation is one of the basic methods of ionizing radiation detection
[1]. Glass, because of its low-cost, large-volume production possibilities, is at-
tractive as a scintillator material. Nevertheless, glasses possess a large number
of point defects which result in low X-ray conversion efficiency [1]. This can be
partly overcome by increasing the absorption coefficient or the optical path of
X-rays. Fiber scintillators increase the energy resolution and reduce the light
loss of spectrometric measurements [2].

We has recently shown that yttria-aluminoborate  glasses
Ln,03—Al,03-B,03—-Sh,03 (Ln = Y, Th, Ce, Gd) demonstrate green lumines-
cence under X-rays, and the introduction of heavy elements results in the in-
crease of luminescence [3]. The aim of the present work is to study lumines-
cence efficiency of glasses as a function of Th,O3, Sh,O3; content. The depend-
ence of emission intensity on replacement of the light elements by the PbO has
been also studied. The introduction of BaO into the glass composition decreased
significantly the tendency to crystallization: the difference between Tg values
and exopeak extremum temperatures according to DSC curves has increased
from about 160 to 245 °C.

The scintillating efficiency of about 25 % of that of the CdWQ, crystal in-
dicates that these glasses are useful for detecting X-rays.

This work is financially supported by the Ministry of Education and Sci-
ence of the Russian Federation (grant 14.250.31.0009).

1. M. J. Weber, J. of Lum. 100, 35 (2002).

2. N.V. Klassen, V.N. Kurlov, S.N. Rossolenko et al., Bulletin of the Rus-
sian Academy of Sciences. Physics 73, 1451 (2009).

3. M.Z. Ziyatdinova, N.V. Golubev, G.E. Malashkevich et al., JACCT
29(7), 23 (2015).
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INVESTIGATION STRUCTURAL FEATURES OF ALUMINUM FOILS
AFTER ELECTROLYTIC ANODIZING OF METHODS SEM AND AFM

D.S. Gorbunov, V.P. Mishkin, E.N. Lyotova, A.V. Dolganov, K.N. Nishchev
Ogarev Mordovia State University, Saransk, Russia

Efficient and technologically simple method of synthesis of self-
assembled nanostructured materials with periodic of location of nanopores on
macroscopic surfaces is the anodizing process. The technology of anodizing in
recent years has become actively develop with the ability to use the anodizing
process to obtain porous films with a given morphology and, consequently, with
definite properties. By changing the anodization conditions is possible to obtain
anodic aluminum oxide with a wide range of structural morphological and
electro physical characteristics [1, 2, 3].

In this work for investigation micro- and nanostructured Al — foils is
used methods of SEM and AFM. For obtain definite surface structure, Al — foils
were subjected to an electrolytic anodization with different voltage values and
time characteristics.

Analysis of SEM and AFM images revealed there is developed a periodic
nanostructure on the surface of the foils subjected to anodizing. Two types of
structures have been obtained with the provisional name "tubular" - structural
unit is a tube with dimensions of the order 130x36 nm (fig. 1 a) and
«semispherical» - structural unit has the form of a semisphere with a diameter of
about 70 nm (fig. 1 b).

i —_—
500,00 nm x1.00 um 500.00 nm 1.00 x 1.00 um

Fig. 1. AFM — surface image of Al — foils after foils electrolytic anodization;
(a) — «tubular» structure, (b) — «hemispherical structure»

1. A. Mozalev [et al.], Electrochimica Acta. 48, 3155 (2003).

2. G. D. Sulka, Nanostructured Materials in Electrochemistry, Weinhel,
WILEY VCH. 2008.

3. M.M. Filyak, O.N. Kanygina, Vestnik OGU 1, 150 (2013).
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NNA3EPHbBIE MATEPUAIbI
U TEXHOJIOIIA



K UCTOPUUM CO3TAHUA JTASEPA

B.B. Ocuxo?!, M.H. [Tomosa?
YUncmumym obweri pusuxu um. A.M. Ilpoxoposa PAH, Mockea
2Unemumym cnexkmpockonuu PAH, Tpouyx, Mockea
E-mail: popova@isan.troitsk.ru

JlazepHas renepalius BrepBbie Obl1a mosydeHa 15 mas 1960 r. Teomopom
MeiimanoMm Ha KpucTajuie pyOnHa. MeliMaH, B TO BpeMsl COTPYJIHHUK YaCTHOM
KOMIIaHUH, CBSI3aHHOM C CaMOJIETOCTPOEHHEM, BEJ pabdOTy OJMH, HECMOTpPS Ha
3aMpeT Ha4aJIbCTBAa 3aHUMATHCA 3TON «HENEPCHEKTUBHOW» TEMATUKOM, U 1Mo0e-
JIUJ B IPaMaTHYECKON TOHKE HECKOJIBKUX aMEPUKAHCKUX U COBETCKHUX HCCIIENIO-
BaTeNbCKUX Trpymil. MelMaH Hamucan MHTEPECHYIO KHUTY O T€X COOBITHSIX U
CBOCH TocIieyromei xu3uu [1].

Coznanuio Jazepa mnpejliecTBoBania MHTeHcuBHas padora B CIIA u
CCCP, u HobGenesckyio npemuto «3a (QyHIaMEHTaIbHYIO padoTy B 00JiacTu
KBaHTOBOMW AJIEKTPOHUKH, KOTOpPasl MPUBEJA K CO3/IaHUI0 YCUIIMTENEH U reHepa-
TOPOB, OCHOBAHHBIX HA MPHUHIMIIE Ma3epa — jazepa» noayuunu Y. Taync, co-
tpynuuk MIT, u H.I'. bacoB u A.M. Ilpoxopos, corpynnuku ®UAH wuwm.
I1.H. JlebeneBa. Meiiman HecripaBeaJiuBo He OblT yaoctoeH HoGeneBckoit mpe-
Muu. CaM OH B cBOel KHUTE NUIIET: «bbu1o Okl O0JIee pa3yMHO OTJATh JOJKHOE
pycckomy ¢uzuky dadpukanty. XoTd OH U HE CO3Jal Ja3zep, OH MPEIJIOKUI
UJICIO Jla3epa paHblile, YeM MOSBWINCH MEPBhIE PAOOTHI IO JIa3epy».

JleficTBUTENBHO, TIepBasi pab0OTa, UMEIOIAsi HETIOCPEICTBEHHOE OTHOIIIE-
HUE K Ja3epy, Obuia BeinoaHeHa emie 10 BokHbl B CCCP. B 1939 r. B.A. ®a6-
pukanT 3amutui B DMMAH nokropckyro auccepraiuio, B KOTOpoi ObUTu cdop-
MYJIMPOBAaHbl YCJIOBHS OTPUUATEIBHOrO IMOIJIOMICHUS W MpEaraics MeETOA
CO3JaHHsl THBEPCHOM HACEIEHHOCTH B Ira30BOM pa3ps/ie.

Bepnemcsa k BpeMenu cosnanus nepsoro jaszepa. H.I'. bacos eme B Ha-
gaiie 1959 r. opranuzosan B ®MUAH nouckoBsie paboThl 10 nazepam. J{oOuB-
much ux ¢uHancupoBanus (ampenb 1960 r.), oH 0OpaTUiCsS K 3aBEIyIOLIEMY
nabopatopueit momuHecteHuu ®UAH M.JI. 'ananuny ¢ npeasioxKeHUeM cle-
nath pyomHoBbIi nazep. M.J. 'ananun, A.M. JleontoBuu u 3.A. UmkukoBa
3aHsUTUCh TOU paboToil. BecHoii 1961 r. Obuta coOpaHa JiazepHasi yCTaHOBKA, a
18 cenTs0ps 1961 r. Oblna nonyueHa revepauus. B cenrsadpe 1961 r. s, Torna
crynentka MOTH, npuna B rpynmy A.M. JIeoHTOBMYa Ha npakTuKy. B aTon
JIEKIIMU S PACCKaXKy O TOM IMOpe, a TaKKe O MEPBBIX JIA3epHBIX paboTax Ha YK-
paune u B Apyrux pecnyonankax CCCP. «I[Ipu n3BeCTHBIX HETOCTATKAX CUCTEMBbI
BJIACTH T€X BPEMEH B CTPaHE OCYUIECTBIISIACH CTPATETUYECKU B3BEILICHHAS MPO-
rpaMMa Hay4yHOTO M TE€XHUYECKOro pa3ButTud. JlazepHble mcciaenoBaHusi ObUIH
YacThl0 3TOM Mporpammel», - numer 3aB. Otaenennem ontuku DOUAH
A.B. MacanoB B nocnecioBuu K COOpHHUKY CTaTeu, mocpsiieHHomMy 50 — jieTuro
nasepa [2].

1. T.H. Maiman, The Laser Odyssey. Laser Press, 2000.

2. A.B. MacanoB, Omoenenue onmuxku @PHUAH: nepsvie pabomsi no cozoa-
Huto nazepos. M.: PAH, ®UUAH um. I1.H. Jlebenera, 2010.
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A.M.ITPOXOPOB 1 CTAHOBJIEHUE KA3AHCKOM HIKOJIBI
10 KBAHTOBOM DJIEKTPOHUKE

B.B.Cemaiiko
Kazanckuii (Ilpusoorcckuit) ghedepanvhwiii ynusepcumem, Kazamo
E-mail: vadim.semashko@kpfu.ru

B noxiage pacckasblBaeTcs O BEXax Pa3BUTHs HANPABICHUS «KBAaHTOBAs
anekTponukay B Kazanckom ynusepcurere (KI'Y/KDVY) u o Toit posu, KoTopyro
ceirpan Anekcanap Muxaiinosuu I[IpoxopoB u corpyaanku GUAH/MODAH B
CTaHOBJICHUH 3TOro HampasieHus. [IpuBogstcs goctmwxenus KI'Y/KOY B 06-
JacTU Jla3epHOW (PU3MKK B MPOILIbIE TOJBI M OOCYXKIAIOTCS Pa3BUBAIOIIUECS
COBPEMEHHBIC HAIIPABJICHUS UCCIICIOBAHNMN.

1. A.B. Aranos, M.X. CanaxoB, Mcmopus ¢uzuxu u acmponomuu 8 Kazan-
ckom ynugepcumeme 3a 200 nem, Kazans : I3n-Bo Kazanckoro rocyaap-
CTBEHHOT0 YH-Ta, 2007.

2. H.C. Anprmiynep, B.A. Tonennies-Kyrtysos, A.JI. JlapuonoB, Xporuxu
Hayynou u auunou scuznu C.A. Anemusynepa, Kazanp : 3n-Bo KazaHcko-
ro rocy/1apCTBEHHOTO yH-Ta, 2011.
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TBEPJIOTEJILHBIE JIASEPBI C JJUOJJHOM HAKAYKOI HA OCHOBE
TIPO3PAYHOIT OIITUYECKOI KEPAMUKH

I1.A. Pg6oukuna
Hayuonanvnoiii uccneoosamenvckuii Mopoosckuti 2ocyoapcmeeHtblil yHUgep-
cumem, Capanck
E-mail: ryabochkina@freemail.mrsu.ru

B Hacrosiee BpeMst onTuyeckasi KepaMuKa, JIETUPOBAHHAS PEAKO3EMENb-
HbIMU U MEPEXOJHBIMU HOHAMHM, SIBJISIETCS MEPCIEKTUBHBIM MaTEPUATIOM IS
ONTHUYECKUX 3JIEMEHTOB J1a3epoB. TE€XHOJIOIUs M3rOTOBJIEHUSA ONTHUYECKOM Ja-
3€pHOI KEpaMUKHA UMEET Psii MPEUMYILECTB 110 CPABHEHHIO C TEXHOJIOTHEN po-
CTa MOHOKpHUCTa/UIOB. OHA MO3BOJSET MOJy4YaTh AKTUBHBIE ONTHYECKHE 3Jie-
MEHTBI OOJIBILIETO0 pa3Mepa, C BHICOKOM KOHIIEHTpALMEi, a TakkKe I'pagueHTOM
MOHOB aKTUBATOPOB. B psne ciydyaeB KepaMuUyecKas TEXHOJIOTHS MO3BOJISIET
[I0JIy4aTh MaTEpHUAJIbl, BBIPAIIMBAHUE KOTOPBIX B BHUAE MOHOKPHCTAJUIOB 3a-
TpyZaHeHO. KpoMme TOro, coriiacHo MHEHUIO psla CHELUAIMCTOB, HAJAXKEHHOE
IPOMBIIIJIEHHOE TPOU3BOACTBO JIA3€PHOM KEpPaMHUKU MOXKET OOECHeuuTh ee
MEHBIIYK0 CTOUMMOCTh IO CPAaBHEHHUIO C TEXHOJIOTMEN BBIPAIIMBAHUS MOHOKpPH-
CTaJIJIOB.

B noknage Oyaer mpencTtaBieH MaTepuall, OTPAa)KAIOLIUIl COBPEMEHHOE
COCTOSIHAE Pa3BUTHUS TEXHOJIOTMH MOJyYEHHUs JIa3epHOU Kepamuku B Poccuu n
3a pyOeXoM, a TaKXKe €€ MPUMEHEHNE B KaUeCTBE aKTUBHOW CpPEJbl TBEPAOTENb-
HBIX JIA3€POB C THOJHON HAKa4uKOM.

Bynyt npencraBiieHbl pe3ysbTaThl HCCIEOBAaHUM, HAIIPABIEHHBIE HA CO3-
JJAHWE TBEPAOTENBHBIX JIA3€POB C JTUOAHOW HAKAYKOM HAa OCHOBE JIA3€pHOM Ke-
pamuku Y3Al5012 1 Y203, lerupoBaHHOM peAKO3eMETbHBIMI HOHAMH, KOTOPBIC
npoBoasATca B HammoHanbHOM uccienoBateabckKoM MOpPIOBCKOM TOCyIapCT-
BeHHOM yHuBepcutere uM. H.II. OrapeBa coBMecTHO ¢ ydyeHbIMU U3 Pps3uH-
ckoro ¢gmmana Mucruryra paaunorexuuku um. B.A. KotenbaukoBa PAH (T.
Mocksa) u [llanxatickoro uncturyta kepamuku (T. [llanxaii, KHP).
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O I'OJIOTPA®UN: UTO 3TO TAKOE, KAK OHA BO3HUKIJIA
N U YET'O HYKHA

A.B. Kpatickuii
Quszuuecxkuil uncmumym um.I1.H. Jlebeoesa PAH, Mockea
E-mail: kraiski@ci.lebedev.ru

B noknane kpaTko paccMaTpuBaeTCsl MOHITHE Tolorpaguu Kak MeTojna
MOJIHOM 3allUCU M BOCIPOM3BEICHUSI CBETOBBIX IMOJIEH U KaKOBbI €€ OCHOBHBIC
npuMmeHnenus. Ha ocHoBe noHATHs nHTEpdepeHInn cBeTa U Judpakiiui BOJH Ha
NEPUOJINYECKON CTPYKTYpEe MOSACHSIETCS OCHOBHas uuesd roiorpagpuu. Kpatko
paccka3bIBaeTCsl O PETUCTPUPYIOIIUX TolorpaduyecKkux cpedax, pac-
CMaTPHUBAETC HUCTOpUA IU(PPAKIHOHHBIX PEHIETOK, KaK IPEIIECTBEHHUKOB
rojorpaduu CI0KHBIX M300pakeHnd. PaccmarpuBaeTcss UCTOpUs CO3aHUS OC-
HOBHBIX TOJIOTpapUUECKUX CXEM M MOTHBAIMs aBTOPOB 3TuX cxem: ['abopa,
Jlenucroka, Jlenra.

PaccMaTpuBaroTcst mpuMepsl IPUMEHEHUST U300pa3UTEIbHBIX U 3aIIUTHBIX
rojorpaMM Kak HambOosee ynoTpeOiaseMblx ceifdac BUJOB IOJOrPaMM, TOJI0rpa-
¢duyeckoil HTEpPEpOMETPUH, HALLIEAIEH JOCTATOYHO HIMPOKYIO U3BECTHOCTD B
WHXCHEPHBIX HAayKaX, BO3MOXXHOCTH 3allMCH TMOJSPU3ALHUHA CBETOBOTO MOJS.
KpaTtko oOcyknaeTcst BO3HUKIIas C y4yacTHEM aBTopa rojiorpadus HU3MEHsIo-
IIMXCSI BO BPEMEHHU CBETOBBIX ITOJIEH, ITO3/IHEE pACIIMPEHHAS PSAOM aBTOPOB Ha
ocHOBe Jipyrux (usnyeckux 3pdexToB B crnenupuueckux oonactax (poroHHoe
9X0, Cpelbl C BBDKUIa€MbIMU CHEKTPAIbHBIMA MpPOBaJIaMu). Y TOMHUHAIOTCS TO-
JgorpauYecKue CEHCOpPbl, KAK MOTEHIMAIbHBIA HOBBIM BUJ JUATHOCTHYECKUX
YCTPOMCTB.

Bxkpatie paccmatpuBaercs ¢otorpadusi B HaTypaidbHBIX LBeTax Jlumi-
maHa (HobGenesckasa npemus o ¢puszuke 1908 r.) kak 6a3zuc, Ha KOTOPOM pa3BU-
Basnach rojorpadus Jlenucroka.
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JIIOMMHECIEHTHBIE CBOMCTBA Na,O-GeO, CTEKOJI,
JJETMPOBAHHbLIX BUCMYTOM

C.B. ®upcros*?, M. Zhao®**, L. Su®, Q.H. Yang*, E.I'. ®upcrosal,
C.B. Anpies!, E M. JInanos?
Y Hayunwui yenmp éonoxonnoii onmuxu PAH, Mockea
2 Hayuonanvuitl ucciedoéamenvckuii Mopoosckuil 20¢y0apcmeentbiil
yuugepcumem um. H.I1. Ocapesa, Caparnck
3 Shanghai Institute of Ceramics, Chinese Academy of Sciences, China
4 School of Materials Science and Engineering Shanghai University, China

E-mail: sergei_firstov@mail.ru

AKTHUBHBIC Cpelbl, JISTUPOBAHHBIC BUCMYTOM, IIPUBJIEKJIM BHUMaHUE I10-
CJI€ CO3JIaHMs MEPBOTr0 BUCMYTOBOTO Jiazepa [1]. B otnuume oT cpen ¢ peakose-
MEJIbHBIMH MOHAMU, ONTHUYECKUE CBOMCTBA CTEKOJ C BUCMYTOM CYIIECTBEHHO
3aBUCAT OT CTPYKTYPhl U XMMUYECKOTO COCTaBa CTEKJISTHHOW MaTpHIlbl. DTO 00-
CTOSITEJILCTBO TTO3BOJIJIO Pa3paboTaTh BUCMYTOBBIE Ja3epbl, KOTOPBIE CIIO-
COOHBI T€HEpUpPOBaTh M3IYyYCHHE B CHEKTpaJbHOM pauamnasone ot 1150 mo
1775 um [2, 3]. B 2TOl CBSI3M M3y4eHHE HOBBIX CTEKJISIHHBIX MAaTPHII, JIETHUPO-
BaHHBIX BUCMYTOM, MPE/ICTABISAET HAYYHBIN U MPAKTUYECKUN UHTEPEC.

B Hactosmieit paboTe NpoBOAUIOCH U3YYCHUE CUHTE3UPOBAHHBIX B TUTJIC
HAaTpUN-TEPMAHATHBIX CTEKOJ, JIETUPOBAHHBIX BUCMYTOM. M3ydeHo BiusiHHE
00aBKM OKCHJa HATpUs Ha CIEKTPaIbHO-JTIOMUHECIIEHTHBIE CBOMCTBA CTEKOJ.
Ha puc. 1 mpeacraBieHbl CIIEKTPbI BO30YKICHHUS W JTIOMUHECIICHITUN HCCIIe0-
BaHHBIX CTEKOJ. Merogom koMmOuHaImoHHoro paccesuus (KP) Oblmn n3ydeHsl
CTPYKTYpPHbIC U3MEHEHUS, MPOUCXOAAIINE MTPU BapHallid XUMHUYECKOTO COCTaBa
crekna. Crnektpbl KP ncciaeayeMbIx CTEKOJI, COAepk alluX pa3IMiHOE KOJIAYe-
CTBO OKCH/JIa BUCMYTa, IPUBEJICHBI HA PUC. 2.
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Puc. 1. Cnektpsl Bo30y>kaeHUs (IITPUXOBas) Puc. 2. KP cniektpsr Na20-GeO:
Y JIIOMUHECLIEHLINH (CTLIOIHAS) C BUCMYTOM
HCCIICAYCEMBIX CTCKOJI
ABTtopsl pabotel OmaronapsaT B.B. Konramesa 3a uzmepenue KP cnek-
TpoB. PaGora BbeImonHEeHa mnpu mnojaepxkke Poccuiickoro ¢onma dyHmameH-
TanbHbIX uccaeaoBanuit (Ne 15-52-53127) u I'ocynapctBenHoro ¢hoHa ecTecT-
BeHHbIX HayK Kutas (Ne 16141101107).

”HT&HCHBHOCTb, OTH.e.
HHTEHCHBHOCTE, OTH.€/1.

1. E.M. Dianov et al. Quantum Electron. 35, 1083 (2005).
2. L.A. Bufetov, E.M. Dianov, Laser Phys. Lett., 6, 487 (2009).
3. S.V. Firstov et al. Opt. Lett., 39, 6927 (2014).
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AHAJIN3 MEXAHWU3MOB AII-KOHBEPCHMOHHOI'O BO3bYXXIEHM 1
KPACHOM JJIOMHUHECLIEHIIMY NOHOB Ho** B KPUCTAJIJIE
LiYbF;:Ho®*

O.I'. I'opues, b.H. Kazakos, B.B. Cemarixo
Kaszanckuii (Ilpusonxcckuil) ghedepanvhsiii ynusepcumem, Kazano
E-mail: goriev.0.g@gmail.com

Jromunecuennus kpucramia LiYbF,:H0%*(0.2 ar.%) Bo30Oy:xnanace usiy-
YEHHUEM TMOJYMPOBOJHUKOBOTIO Ja3epHOro auoaa ¢ MomHocTeio 0,755 BT u
A = 933am. @opMa IPOJOJIBHBIX CEYCHUH U MPOodUIeH JTIOMHUHECIICHITIHN CYyIIIe-
CTBEHHO 3aBHUCAT OT MOJOKEHUS AZ TIEPETSHKKHU JIA3EPHOTO JTy4a OTHOCUTEIHHO
nepeHe MOBEPXHOCTH KpucTasuia. [Ipoekuuu mpoaoasHOTO CeYeHUs JIIOMU-
HECIEHIIMA KpHUCTaJlJla Ha HaIpaBieHUE PACIPOCTPAHECHMS JIA3€PHOrO JIyda
OTIpeJIENIeHbl KaK TOPU30HTAIbHbBIE TPOQPUIIH.

Korma nepetsikka HaxoauTcsi BHYTpU Kpuctamwia (Az = 0+2,5 MM), B HEM
dbopmupyeTCcsl y3KHiA KaHal BAOJb JIA3€PHOTO JIyda ¢ Hanboyiee WHTCHCHUBHOU
momuHecuenuei nonos Yb3 u Ho®* (puc. 1a).

0.0 04 0.8 12 16 00 0.4 038 12 16
Z. MM Z, MM

Puc. 1. ®otorpadus nposonsHoro ceyenns R-momunectennuu nosos Ho®',
Az = 1.2 mm (@); rOpU30OHTAIBHBIC TPOMUIN IO OCH KaHAaa JTFOMUHECICHIINN
nonos Yb*" (1), monos Ho®" : nns R-momunecnenmu (2) u G-momMuHecuennuu (3),
Az = 1.2 mm (b); Topu3OHTaTBHBIE TPOGUIHN TI0 OCH KaHana R-momuneciienuy nosos Ho®*
mpu Az = 1,05 MM (1), 1,2 Mmm (2), 1.35 mm (3) (¢)

OGHAPYKEHO, YTO KaHAJI PE3KO CYKAETCSA IPH IOJOKEHHH MEPETHKKH
Ja3zepHOTO Jyda B mHTepBaie Az = 1,05+1,35 MmmM. DTO NMpUBOAUT K CHUIBHOMY
YBEJIMYEHHIO 00BEMHOM IIOTHOCTH SHEPIHHU B KaHaie. B pe3ynbraTe BO3HHKAET
CHHXPOHHM3ALMS U3IIy4eHUs MOHOB Yb®' ¢ 06pa3zoBaHMEM MOIIHOTO KOT€PEHT-
HOTO M3IydeHHs. DTO IPUBOIAUT HACEIEHHOCTE ypoBHS °Fs nonoB HO®*" x mouru
MHBEPCHOMY COCTOSTHHIO, KOTOPOE OBICTPO pacraaaeTcs.

B 11po0bHBIX TpO(UIILX BAOIL OCH KaHajla IPOSBISIOTCS KAK MUHUMYM
JBa Pa3sIMYHBIX MEXAHU3Ma 3acelIeHHs YHEPreTUUECKUX ypoBHeil noHos Ho®", ¢
KOTOpeIX mpoucxoauT 3eneHas (G-mepexonm {°F4, °S;}—°lg) u kpacHas
(R-nmepexon °Fs—°lg) momunecuenus (puc. 1b). Jna kpacHOM IHOMUHECIIEH-
MU OJIMH W3 MEXaHU3MOB BO30YXKJeHUs OOYCIOBJIEH B3aUMOJICUCTBUEM
Yb3**—Ho*, a Bropoii — H0**—>H0**. DT MexaHU3MBI IPOSABIAIOTCS B Pa3HBIX
y4acTKax KaHaja, a MX BKIAIbl 3aBUCAT OT IIOJIOKEHUS MEPETSHKKHU JIA3€PHOTO
Jy4a BHYTpHU KpucTasia (puc. 1c).

149


mailto:goriev.o.g@gmail.com

BUJINMAA U BJINKHAA UK - IIOMUHECHEHIINA CBUHIJOBBIX
AKTUBHbIX HEHTPOB B CTEKJIAX SIO;

A.B. Xapaxopaun?, B.O. Coxonos?, B.I'. [InotHu4eHKo?,
AJO. Jlanires?, A H. I'ypbsnoB?
Y Hayunwui yenmp eonoxonnoii onmuxu PAH, Mockea
2 Unemumym xumuu evicokoyucmuoix ewecms um. I'.I. Jleeamuvix PAH,
Huoicnuni Hoeeopoo
E-mail: kharakhordin@fo.gpi.ru

Crekna, JIeTMpOBaHHBIE BUCMYTOM, IMPEJACTABISAIOT COOOM HOBBIM Kilacc
ONTUYECKH aKTUBHBIX MAaTEPUAJIOB, OOJIAMAIOIINX ITUPOKUM CIEKTPOM JIFOMU-
Hecrieniun B OmmwkaeM WK nmamazone mnuH BosH. OgHAKO, MJIS yIYYIICHUS
XapaKTEPUCTHK JAHHBIX MATEPUATIOB HEOOXOIUMO JydIllee TOHUMaHUE TPUPO-
bl BUCMYTOBBIX IICHTPOB.

N3yuenue cTEKoJ, JIETUPOBAHHBIX JAPYTUMH DJIEMEHTAMHU, OJM3KUMH K
BHUCMYTY IO CBOMCTBaM, MOKET J1aTh JOMOJIHUTEIbHYI0 HH(OPMAIIUIO O TIPUPO-
JIe BUCMYTOBBIX IIEHTPOB, a TAK)KE€ BO3MOXXHOCTH Pa3pabOTKU HOBBIX AKTUBHBIX
MaTepHayioB JUIsl UCTIOJIB30BAHMS B BOJIOKOHHOM orntuke. OJIHUM U3 TaKUX dJIe-
MEHTOB SIBJISIETCS CBUHEII.

B pa6orax [1,2] nabmonanace MK mromunecuenmus B oomactu 1,1-1,2
pm u BOIu3M 1,4 pm B BOJOKOHHBIX CBETOBOJIaX Ha OCHOBE KBAPIIEBBIX U Tep-
MaHaT-CHUJIMKATHBIX CTEKOJI, JIETHPOBAHHBIX CBUHIIOM, 3arOTOBKH ISl KOTOPBIX
n3rorasiauBaiiuchk MetogoM MCVD. Hukaknx 000CHOBaHHBIX MOJIEIEH CBUHIIO-
BbIX 1IeHTpoB UK sroMuHecIieHIInY B 3TUX paboTax HE Mpesiaraioch.

JI71s1 HamMX HCclieJOBaHMM HCIIOJIb30BAIMCh 3arOTOBKH CBETOBOJOB, H3-
rotoBiieHHbie MCVD-MmeTonom, ¢ cepatieBuHoi u3 crexiia SiOz, JerupoBaHHO-
ro CBUHIOM. M3 3aroToBOK BBIpE3aIUCh MUIMHIAPUYECKUE OOpa3Ilbl TOIIIHMHOM
2 MM.

DOKCNEepUMEHTAIBHOE H3y4Y€HHE CIEKTPOB MPOITYCKAHUS, JIFOMUHECIICH-
UK ¥ BO30YXIeHHs JroMuHecteHIu crekon SiO2:Pb mokasano, 4to mpu oT-
HocuTeNbHO HU3KOM conepkanuu PbO (~0,1 Bec.%) B 3THUX cTeKiIax HaOIo1a-
eTcs BuauMas JroMuHectieHus B oomactax 300-450 u 500-600 am u UK mro-
MuHecHeHIus B obmactax 850-950, 1000-1200 u 1300-1400 am.

CorynacHO HamMM pacyeTaM, JromMuHecleHus B oomactu 300-450 M
0o0OyCIIOBJICHA TpeX- M JBYXKOOPJAMHHPOBAHHBIMU artomamu PD, B oOmactu
500-600 uM — nByXxkoopauHHUpoBaHHBIME aToMamu Pb. UK nmromuHeceHnys B
obsactu 1000-1200 HM MOXkeT ObITH 00YCTIOBJICHA IIEHTPOM, MIPEIACTABIISIONTUM
coboii Mexaoy3enabHbli HOH Pb* B cetke SiO,, a B oOmactsax 850-950 um u
1300-1400 HM — 1IEHTPOM, TIPEACTABIISIOIIUM COOOM KOMILIEKC, 0Opa30BaHHBIN
MeXKI0y3eIbHBIM aToMoM Ph® 1 [ByMst KMCTIOPOIHBIMU BaKAHCHUSMHU.

1. 1.A. Bufetov, et al., Opt. Express 17(16), 13487-13892 (2009).
2. A.S. Zlenko, et al., Quant. Electronics 42(4), 310-314 (2012).
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OOPMUPOBAHUME HAHOPEIIETOK B IIEJIOYHOCUJIMKATHBIX
CTEKJIAX ®EMTOCEKYHIHBIMU JIASEPHBIMU NUMITYJIbCAMM.

C.C. ®enoros!, A.C. Jlunarses!, C.B. Jlorapes?!, U.C. I'ne6os?,
I1.T. Kazauckwuii'?, B.H. Curaes’.
1PXTY um. J.U. Menoeneesa, Mockea
2 University of Southampton, United Kingdom
E-mail: monteske@mail.ru

[leprognueckne HAHOCTPYKTYpPHI, (popMmupyrommecs B 00BbEME CTEKOI
NoJl JCHCTBHEM (PEMTOCEKYHAHBIX JIa3€PHBIX HMITYJIbCOB, SBISIOTCS MpEaAMe-
TOM MHOTHX HCCJIEIOBaHHM, B OOJBIIMHCTBE U3 KOTOPBIX Cpelon it popMu-
pOBaHUS HAHOPEIIETOK SIBJISIETCS KBapleBOe CTEKJI0. B mocnennue ronapl moiy-
YeHBI CBUACTEIHCTBA BOSHUKHOBEHHUSI HAHOPEIIETOK U B 00beMe MHOTOKOMIIO-
nentHbix crekoi: ULE (Corning), Borofloat33 (Schott)[1], AF32 [2], a Takxke B
GeO; [3], onHaKO B3aMMOCBSI3b XMMHUYECKOTO COCTaBa CTEKJIA, YCIOBUM U Me-
XaHU3MOB (DOPMUPOBAHUS B HEM HAHOPEIIETOK, UX CTPYKTYPbl U XUMUYECKUX
IPOLIECCOB, COMPOBOXKAAIOIIMX HMX TOSABICHUE, HA CErOAHsS MPAaKTUYECKU HE
uzydyeHa. B To ke Bpems moka3zaHo, 4TO /I MHOTOKOMIIOHEHTHBIX CTEKOJ KO-
JUYECTBO UMIIYJIbCOB, KOTOpOE TpeOyeTcs s CO3AaHMsI HAaHOPELETKU ¢ (a3o-
BBIM CJIBUTOM, COTIOCTaBHUMbIM C BO3HHMKAIOIIMM B KBapI€BOM CTEKJIE, MHOIO-
KpaTHO BO3pacTaer [2].

B nanHoli padote Ha npumMepe cucteMbl Na;O-SiO; u3ydaioch BIHSHHAE
MIETIOYHBIX OKCHIOB Ha (POPMUPOBAHME HAHOPEIIETOK B OMHAPHBIX CHIIMKAT-
HBIX CTeKJaX. B KadecTBe MCTOYHMKA JIa3€pPHOTO H3IIyYEHHUs HCIIOIb30BAICS
(deMToCeKyHIHbI pereHepatuBHbIi ycunurens Pharos SP (A = 1030 =M,
napaMeTpbl UMITYJIbCOB, UCTIOJIB30BAHHBIX B JAHHOM JKCIIEPUMEHTE: JIUTEIb-
HocTh 600 (e, sneprust 86 nllx, yacrora ciepoanus 200 kI'w). Janusie COM
MOATBEPIMIN (POPMUPOBAHUE HAHOPEIIETOK C XapaKTEPHBIM MEPUOJIOM CTPYK-
Typsl 200 - 300 HM B cTeknax coctaBoB ¢ 10 u 15 Mmon.% NaO, a Takxke ¢ 5
Moi.% (Na,O+K0). C moMoripio KOJIMYECTBEHHOTO MHUKPOAHANN3a JABYJIyde-
npesioMyIeHus rmokaszaH 2 (exT HackIimeHus (Ha30Boi 3aJep>KKH, BO3HUKAIOIIEH
B JIBYJTYUYEIPEIIOMIISIONINX HAHOPEIIETKAX MPHU JUTUTEIILHOM BO3ICUCTBUH (HeM-
TOCEKYHJIHOTO Ty4yKa, Ha OJHOM M TOM >K€ YPOBHE JUIsl CTEKOJI C pa3HbIM CO-
nepxkanueM NayO ot 0 1o 15 moi1.%. B To ke BpeMsi MUHUMaJbHOE KOJIMYECTBO
UMITYJTBCOB, TpeOyeMoe Uil BOBHUKHOBEHHUS! HAHOPEIIETKH, CYIIECTBEHHO (Ha
MOPSZIOK) MEHSIETCS B 3aBUCHMOCTH OT COACPKAHHMSI IETOYHOTO OKCH/IA.

Pab6ora BeimonHeHa npu nojaep:kke MuHUCTEpCTBa 00pa30BaHUS U HAYKU
P® (rpanT Ne 14.750.31.0009) u PODU (rpantsr 16-03-00541 u 16-03-00541).

1. S. Richter et al., Opt. Mat. Ex. 3, 189607 (2013).

2. S. Fedotov et al., Appl. Phys. Lett. 108, 071905 (2016).
3. F. Zhang et al., J. Opt. Soc. Am. B. 31, 860-864 (2014).
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NCCIELOBAHUE BJIMAHUA ITAPAMETPOB ITPOLIECCA
HA CBOMCTBA CTEKOJI CUCTEMBI As-S TIOJTYUYEHHBIX
INTASMOXUMHNYECKUM METOJJOM

JI.LA. Mouanos®?3, A.B. Koctpos!, A.B. Cupuxosckuiil, A.B. Hexnanos?,
A W. Mammn?, A.B. Boporsianes®, A.M. Boporsianes®

L Unemumym npuxnaonoti pusuxu PAH, Huoscnuii Hoezopoo
2 Hayuonanvuuiii uccreooéamenvckmii Huoice2opoOckuii 20cyoapcmeentblil

yuugepcumem um. H.-U. Jlobauesckoeo, Husicnuti Hoseopoo

3 Huoice20po0ckuti 20CY0apCmeeHtblll mexHuiecKull yHueepcumemn
um. P.E. Anexceesa, Huowcnuii Hoseopoo
E-mail: mochalovleo@gmail.com

O6pasub! cTexon cucteMbl AS-S noiydanu B ABe ctaand. CUHTE3 HINXTHI
MIPOBOJIMIIN B3aUMOJCHCTBUEM 3JIEMEHTAPHBIX AS B S B HU3KOTEMIIEPATyPHOM
aproHoBoi 1u1azme. {11 moxydeHus: MOHOJIMTHBIX 00pa3IoB MOCIE CTaJuHu Oca-
KJEHUS PEAKTOP OTIMANKON OTAEISUIM OT OCHOBHOW CHCTEMBI U IIPOBOJMIIN T'O-
MOTEHM3AIMIO0 CTEKJIO00Pa3yIoIero pacijiaBa B Kavatomeics neun. Temmnepa-
Typa roMoreHu3anuu He npesbimana 750 °C B teuenue 1 ygaca. [Tocne romore-
HU3alMM PEAKTOP U3BJICKAIM W3 MEYH M OTBEPIKIalu paciiiaB B cTekio. [lomy-
4eHBbI 00pa3ilbl cucTeMbl As-S nuameTpoM 5 MM, niuHOM 10 10 MM, ¢ coaepika-
HueM S ot 50 1o 70 moin.%.

HccenenoBaHo BIMSHHE TEMIEPATYPbl CTEHOK PEaKkTOpa B 30HE pa3psja Ha
BBIXO/l U COCTaB MOJIy4a€MbIX CTEKOJ. Y CTAHOBJIEHO, UTO B MHTEPBAJIE TEMIEpa-
Typ 150-250 °C, Bbixoza 6mm3ok k 100 %, cocTaB mosrydaeMbIX CTEKOJ COOTBET-
CTBYET 331aBA€EMOMY COCTaBY.

HccnenoBaHo BiwMsHUE NaBlieHUs B cucteMe B mHTepBaie 1,9-19 mMm.pT.
CT. HA COCTaB IMOJY4aEMbIX CTEKOJI. Y CTAHOBJIEHO, YTO C YBEIMYECHHEM JaBJie-
HUS B peakTope Bo3pacTtaeT Temiiepatypa ero creHok (¢ 200 °C mo 350 °C), uto
MPUBOJUT K OTKJIOHEHHIO COCTaBa MOJy4a€MbIX CTEKOJ OT 3aJJaHHOTO A0 5%.

MeTonoM CHEKTPOCKONMUU KOMOMHAIMOHHOTO PACCesSHUS YCTaHOBJICHO,
YTO MPOAYKTHI MIA3MOXHUMHUYECKOTO B3anuMoiericTBrs amopdubl. Ha oTaenbHbIx
ydacTKax MPUCYTCTBYET Kpuctaminyeckas ¢aza AssSs u S. Meromom JICK
YCTAaHOBJICHO, YTO TEMIIEpaTypa CTEKJIOBAHUS CTEKOJ MOTYYECHHBIX MPEITIOKEH-
HBIM METOJIOM U TPAJUIIMOHHBIM (TUIABJICHUEM JIEMEHTOB B BaKyyMHPOBAaHHBIX
amITyJiax) cOIoCTaBuMa.

3arpA3HAIONIErO ASMCTBUS MaTepurala anmapaTrypsl B YCIOBUAX IKCIEPH-
MEeHTa He BbIsiBIeHO. CoziepkaHue KPEMHHUSI B MOJYUYCHHBIX CTEKJIaX HaXOIUTCS
Ha yposHe (1-2)-10™* mac.%, 94TO COOTBETCTBYET €ro COACPIKAHUIO B MCXOTHOM
cepe.

PaGota BbIMoOMHEHa Tmipu (UHAHCOBOM moAaepxke rpaHta POOU
Ne15-42-02402 u mpaButenbpcTBa Huxeropoackoi obmacTu.
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I'EHEPALIA JTASEPHOI'O U3JIVUEHMA B BUJIMIMOM JIMAITA30HE
CIIEKTPA HA KPUCTAJIUIAX LiYo,3LUo,7F4ZPI’ nu LIYF4PT

A.A. Jlanun?, TI.A. Pa6oukunal, B.B. Cemamko?, B.I'. 'opuea?,
C.JI. Kopabnesa?
Hayuonanvnoni uccneoosamensckuti Mopoosckuii 2ocydapcmeentbiil
yHueepcumem, Capanck
2Kazanckuii pedepanvuviii ynusepcumem, Kasanw
E-mail: andrei_lyapin@mail.ru

B Hacrosimiee BpeMsi akTUBHO pa3padaThIBAIOTCS TBEPAOTEIBHBIC JTa3ephl,
U3ITyJalolre B BUAUMOW 00JIacTh criekTpa. JlaHHbBIE ja3ephl MOTYYUIN IIHPO-
KO€ TIPUMEHEHNE B PA3IMIHBIX 00JACTAX HAYKH M TEXHHUKHU: ONITHYECKAs CIICK-
TPOCKOIUSI, Tojiorpadusi, OMOMEIUIIMHCKUE TEXHOJIOTUH, pa3BieKaTelbHas UH-
TyCTPUS U APYTHE.

OpnHoit U3 BO3MOKHOCTEH MOTYYEHUs Ja3epHOM IeHepaluyd B BUIUMOM
JMana3oHe JJIMH BOJIH SIBJISIETCS MCIOJBb30BAHHE B KAueCTBE AKTUBHBIX CPEJ
MaTepHalloB JIETHPOBAaHHBIX MOHaMH Pr’*. Pa3sBuThe CHUHUX JUOIHBIX Ja3€pOB
o30S0 B 2004 Toay MOJIy4uTh T'€HEpaLMIO Ha JJIMHE BOJIHBI 640 HM Ha Kpu-
crayuie LiIYF4:Pr B ycnoBusx monynpoBogHrKoBoi Hakauku [1]. K HacTosmemy
BPEMEHH J1a3epHasl TeHepalus MoJdy4YeHa Ha pasiudHbIX Kpuctamiax LiYF4Pr,
LiLuF4:Pr, LiGdF4:Pr, KY3Fi0:Pr, LaFs:Pr, BaY,Fs:Pr, YAIOs:Pr, nerupoBan-
HBIX oHamu Pr3* [1-4]. OnHako MOWCK ONTHUMAIBHON MaTPHIIBI IS TPa3eoIu-
MOBBIX JIa3€pOB C JUOJAHOM HAKAYKOW BHUIMMOTO JWANa30HA CIIEKTPAa OCTACTCS
aKTyaJIbHOM 3a7a4yeH.

B Hacrosmeit pabote Obljia mojlydeHa ja3epHasi reHepalysi Ha KpUcTall-
nax LiYosluo7F4:Pr u LiYF4:Pr na muae BostHBI 640 HM B YCIOBHSIX JHOJTHON
HAaKauKy Ha ypoBeHb °P, noHOB Pr¥*. MakcumanbpHas BBIXOAHAS MOMIHOCTH JIa-
3epoB B 06oux ciaydasx cocraBuia 340 MBt. [Iudbdepenmmansuniii KIT/ rene-
pallyiy 1O MOTJIOMIEHHOW MOIHOCTH cocTaBua 9 % u 8,5 % ny1s1 1a3epoB Ha KpH-
crayuiax LiYosLlug7F4:Pr u LiYF4:Pr, coorBeTcTBeHHO. Takke B pabote 00CyX-
JTAeTCSl TTOTCHIIMAIbHBIE BO3MOXXHOCTH YIIYUIICHHS BBIXOJAHBIX XapaKTEPUCTUK
na3epoB Ha kpuctamiax LiYosLug7F4:Pr m LiYF4:Pr, BelpamieHHbIX METOZOM
bpumxmena.

PaboTa Bemonnena npu guHancoBoit noaaep:;kke HUP B pamkax nmpoekT-
HOM YacCTH TOCYJapCTBEHHOTO 3a/laHusl B cepe HAyIHOU AESATEIBLHOCTH IO 3a-
nanuto Ne 3.384.2014/K u rocynmapctBenHoro 3aganus Ne 0708 0210059 611
(«Opranu3zanys NpoBeACHUs] HAYYHbIX UCCIEI0BAHUI).

1. A. Richter, et al., Opt. Lett. 29, 26380 (2004).

2. B. Xu, et al., Opt. Express. 19, 1191 (2011).

3. Z. Liu, etal., J. Opt. Soc. Amer. B 30, 302 (2013).
4. P.W. Metz, et al., Opt. Lett. 39, 3193 (2014).
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JIMCKPUMMHAIIMA BBICIIEM MOJIbI B TPUI'OHAJIBHO OPMEHTH-
POBAHHBIX MUKPOCTPYKTYPAX C CEPIHEBUHOU TUAMETPOM
100 MKM 1 IBOMHOU OBOJIOYKOU

I1.B. Bes6opoakun’, K.B. Jlykensckuii?, B.B. Jlemuon?
YHayuno-uccneoosamenvckuii u mexnono2uveckui uHCMumym onmu4ecko2o
mamepuanosedenus BHL] «'OU um. C.U. Basunosay, Cankm-Ilemepoype
2Canxm-ITemepbypackuii 20Cy0apcmeennbvlil yHueepcumen meneKoMmMyHUKayull
um. npogh. M.A. bonu-bpyesuua, Canxm-Ilemepoype
E-mail: vovecc@mail.ru

MUKpOCTPYKTYPUPOBAHHBIE CBETOBOJBI HA OCHOBE KBAapLEBOI'O CTEKJIA C
00JBIION (IUaMETPOM B HECKOJIBKO JIECATKOB MUKPOMETPOB) CEPALIEBUHOM pac-
CMaTPHUBAIOTCS B KAYECTBE MEPCHEKTUBHBIX 3JIEMEHTOB ISl CO3aHUS MOILHBIX
BOJIOKOHHBIX JIa3€pOB C BHICOKHM MOPOTOM IMPOSIBICHUS HETMHEHHBIX 3(PPEeKTOB
U AU PaKIMOHHO-OIPAaHUYEHHBIM KauyeCTBOM BBIXOJHOTO M3NMyuyeHus. Hamuuue
B KOHCTPYKIIMM TaKuUX CBETOBOJOB HApYyXHOW OOOJIOUKH, C OJIHOM CTOPOHBI,
o0ecrieurBaeT MEXaHU3M HaKauKd aKTUBHOW 00JIACTH CEpALIEBHHBI, OJJHAKO C
JpYrol — MPENnATCTBYET AEIOKAIU3allMU TPYIIbl BBICIIMX MOJ 32 IPEIEIbI
CepALEBUHBI U BHyTpeHHEHN 000n0ouku. [1o 310l mpuunHe pazpaboTka CTPYKTYp
c OOJIbLIOW CEepILEBUHON, TapaHTHUPYIOUIMX AUPQPEepeHlnanbHOe YCUICHUE
dbynnamentanbHon (LPo1) Monpbl, siBIieTCsS akTyalnbHOM 3aa4eil B cdepe nazep-
HBIX TEXHOJOTHM.

[lens manHOM pabOTHI 3aKiOyanach B afanTalldd KOHUEMIMHM JABONHOMN
000JIOYKH K CTPYKTypaMm C CHUMMETPHUEW CEYEHHs] MOHWKEHHOW pa3MEepHOCTH
(rpuronaneHol, Czy) [1] m mccnenoBaHWM BIMSHHS TEOMETPUH BHYTPECHHEU
000JIOYKH Ha UHTEHCUBHOCTh AUCKpuMUHauuu Boiciieit (LP11) moner (Puc. 1).

Puc. 1. DBoJrONNS TOMEPEYHOTO PACIpeIeIeH s AIeKTpruieckoro mosist Moabl LP11 (HE21)
B 3aBHUCHUMOCTH OT cooTHotIeHus (K) pa3MepoB MallbiX U OONBIINX OTBEPCTUH CTPYKTYPHI:
a) K=0,80; 6) K=10,70; 8) K= 0,60; ) K= 0,50. [Iyiuna Bonusl u3nyudenus 1064 am.
brio ycranoneno, yto npu ymensinenuu mnapamerpa K ot 0,80 mo 0,50
BEJIMYMHA MHTETrpajia MepeKpoITHs 1oyt Mmoabl LP11 ¢ akTmBHO# 06iacThio, 3a-
Humaronier 80 % rmiomanu cepaueBuHbl guaMmeTpom 100 MKM, CHUXKAETCS OT
72,5 % 1o 45,8 %, 4T0 cIOCOOCTBYET YCUIICHUIO TTPpEUMYIIIeCTBEHHO LPo; MoIbI.
Benuunna uHTErpana nepekpouITus mojis Moabl LPg;, He UCTBITHIBAIOIIEH, B OT-
augue oT Mojnbl LPii, MpocTpaHCTBEHHOTO paclICIJIEHUs] B YCIOBHSX TPUTO-
HanpHOU cuMmmeTpuu Csy, coctapmsieT 78,9 % npu K = 0,50.

1. B.B. JlemumoB u ap., Ontudeckuii xypran 79, 52 (2012).
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KPUCTAJUIM3ALINA IAHTAHOBOPOI'EPMAHATHOI'O CTEKIJIA
C IOMOUIbIO PEMTOCEKYHAHOI' O ITPOCTPAHCTBEHHO-
MOAYJIMPOBAHHOI'O JIASEPHOI'O ITYUKA

A.C. Jlunatwes?, T.O. Jlunarsepal, A.C. Jlappkunl?, E.B. Jlonatunal,
C.B. Jlorapes?, I1.T". Kazanckuiit®, B.H. Curaes’.

LPoccuickui xumuro-mexronoauueckuii ynusepcumem um. .M. Menoeneesa, Mockea
2Mockosckuti 2ocyoapcmeenusiii ynueepcumem um. M.B. Jlomonocosa, Mockeéa
3 University of Southampton, United Kingdom
E-mail: lipatievas@yandex.ru

Co3nanue aKTUBHBIX KPUCTAIUIMYECKUX O0JIacTe 3alaHHOM apXUTEKTY-
pBI C BBICOKMM IPOCTPAHCTBEHHBIM pa3pelieHuEeM B 00beMe CTEKJa MOoA Jei-
CTBUEM JIQ3€PHOT0 M3IYYEHUS] YPE3BBIYAWHO AKTYAIbHO JJII Pa3BUTHS OITO-
AIIEKTPOHUKHU U MHTErpajbHON oNTHKU. HeaBHO ¢ MOMOIIBIO KOPPEKIMHU abep-
panuii, BO3HUKAONIMX TpU (POKyCcHpOBKE (PEMTOCEKYHITHOTO My4yka B 00beMe
CTEKJIa, MyTeM €ro MPOCTPAaHCTBEHHON MOYJSIUUA OblIa MOKa3aHa BO3MOXK-
HOCTbh CO3/IaHUsl B CTEKJIE KPUCTAINIMYECKUX BOJHOBOJOB C MOTEPSIMU Ha pac-
npocTpaHeHue Ha ypoBHe 3 nb/cM, a Takke pa3BeTBUTENICH Ha UX ocHOBE [1, 2].

B nanHo#t paGoTe u3ydanach KpuUCTaUIH3alMs JaHTaHOOOpPOrepMaHaTHO-
ro (JIBI') crekma BOmu3u cocraBa cernerodnektpuka LaBGeOs ¢ ucnoias3oBa-
HUEM AUGPAKIIMOHHBIX onThudeckux aneMeHToB ([1O3). B kauecTBe uCTOUHMKA
JIA3€pPHOT0 U3JIyYEHUs HMCIOJIb30BAJIaCh UTTEepOUEBas (PEeMTOCEKyHHAs Jiazep-
Has cucteMa (aymHa BosHbl 1030 HM, IITUTEILHOCTD, SHEPTUS U YacTOTa CIe0-
BaHus uMiybcoB 300 ¢c, no 100 mx/Ix, 1o 500 kI'm).

C nomomipio JIOD ObUIM MOJSYYEHBI Ja3€pHbIE MYYKH, COTJIACOBAaHHBIE C
MoaaMu DpmMuTa-I"aycca BBICOKOTO MOpsiKa, KOTOpble (POKYCHPOBAIUCH B 00B-
eMm JIbI' cTekia ¢ nensro ero kpucramumsauuu. [lomydeHHbIE KPUCTATUIMYECKUE
CTPYKTYPbI U3y4€Hbl METOJAMHU ONTUYECKOW MUKPOCKOINHU, MUKPOCIIEKTPOMET-
puM KOMOWHAIIMOHHOTO PACCesHUS U KOJUYECTBEHHOTO MHUKPOAHAIW3a JBYIY-
yenpenomiienus. [IpogeMOHCTpUPOBAHO OJHOBPEMEHHOE (opMUpOBaHUE 8
KPUCTAUIMYECKUX KAaHAJIOB MPH JEJIIEHUH UCXOJHOIrO JIa3epHOro myyka Ha 11
MyYKOB 3a CYET BBEACHUS perieTky Jlammana nepen (oKyCupyromuM o0beKTH-
BoM. I3-3a HepaBHOMepHOTro pacmpeneneHus sHepruu ummynbca (=10 %) B
My4Kax, KOTOpasi SIBJISIETCSI KPUTUUECKU BaXKHBIM MapaMeTPOM JIsl YCTOMUHUBOM
KpUCTAJUTM3AIMY, MPOoGUIb KaHAJIOB HECKOJIBKO pPa3audajics, 4TO TOBOPUT O
HEOOXOJMMOCTH MCHOJIb30BaHUs OoJiee npeuu3noHHbIX JIOD U nanpHeiiiei
ONTUMU3AIMHY TTApaMETPOB JIA3€PHOTO OO0TyUCHHUS.

Pabota BeITIONIHEHA TpU TIOJIIEp)KKe MuHUCTEPCTBA 00pa30BaHMs U HAyKU
P® (rpant Ne 14.250.31.0009) u PODU (rpant Ne 16-33-60081 u 14-03-00931).

1. A. Stone, et al., Scientific reports 5, 10391 (2015).
2. A. Stone, et al., JOSA B 30(5), 1234-1240 (2013).
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CIIEKTPOCKOIIMYECKHE CBVOPICTBA KPUCTAJIJIOB TBEPAbBIX
PACTBOPOB CO CTPYKTYPOU KOJILKBUPUMTA LiCa;SrAlFs:Ce®*

A.A. [llaBenbeB, A.C. Huzamytaunos, B.B. Cemamiko, M.M. Mapucos
Ka3zanckuii gpedepanvuviii ynusepcumem, Kaszano
E-mail: alexey.shavelev@gmail.com

dTOopUaHBIE KPUCTAIBI CO CTpYyKTypod konbkBupuuta LiCaAlFs u
LiSrAlFs, akTuBHpOBaHHBIC PA3IMYHBIMA MOHAMHM, IIUPOKO WU3BECTHBI KaK akK-
TUBHBIE CpElIbl TBEPAOTENIBHBIX Ja3€pOB U JETEKTOPOB yacTuil. OJHAKO 3TH
MaTpHIIbl XapaKTEPU3YIOTCAd HU3KOU U30MOP(PHOI €MKOCThIO KPUCTALTNYECKOM
PEIIETKH MO OTHOIICHUIO K MOHAM IEpHsl, YTO MPUBOJAUT K HU3KUM 3HAYCHUSIM
BbIXOHOM sHepruu. C Ipyroi CTOpOHBI, B 3TUX MaTpUllax OOHAPYKEHBI 3 TUIA
IPUMECHBIX HEeHTPoB noHOB Ce3*, uTo mpuBOIUT K ele GonbuIeMy yXYAIIECHUIO
na3epHoit dpdexTuBHOCTU. B TIOCIIEIHNE TOIBI NCCIAEAYIOTCS CMEIIAaHHBIC KPHU-
CTaJUIbl, aKTUBUPOBAHHBIE PEIKO3EMEIbHBIMU HOHAMM, JJISl 1IEJI€H MOUCKA OI-
TUMaJIbHOTO XMMHYECKOTO COCTaBa U yBeIU4YeHUs KodddUIMeHTa pacipenene-
HUS, a TAaKXKe YIy4dllIeHUs JTa3epHBIX XapakTepucThk. Kak ObUI1o moKazaHo paHee,
M3MEHEHHE XMMHUUYECKOTO COCTaBa B KPUCTAJUIAX JAET BO3MOXHOCTh KOHTPOJIU-
poBaTh KO3(PGUIMEHT pachpeiesieHns MPUMECHBIX MOHOB, ONTHUYECKHE CBOW-
CTBa U (DOTOXMMHUYECKYIO CTAOMJIBHOCTb. 3/1€Ch MBI MPEJCTaBIsIEM JaHHBIE O
CHEKTpaIbHBIX CBOWCTBAX CEpPUM CMelmaHHBIX Kpucramios Ce®': LiCa.
xSrxAlFs, BeIpaleHHbIX MeTO1I0M BprmkMeHa.

N3ydeHune CneKTpoB MOIJIOLICHUS MOKa3alo, YTO KOAI(PPUUIMUEHT MOTrIIo-
meHyst B cMemanHbix kpuctamiax LiCa;-xSrxAlFe:Ce® B 3 pasa Gonblue uem B
LiCaAlFs:Ce** npu omunakosom kommuectBe CeF3 BO BceX COEIMHEHMSX.
CrekTpbl NOTJIONICHUSI NPEACTABICHBI B BUAE OJHOM IIMPOKOM IMOJIOCHI, MPE-
CTaBJIAIONIEH CBEPTKY JIMHUN TOTJIOMICHUS BCEX MPUMECHBIX ILIEHTPOB HOHOB
Ce®*, cymecTByOIIMX B JaHHBIX KpUCTauiax. Tarkke IOKa3aHbl BpeMs-
pa3pellIeHHbIE CIIEKTPHI JIIOMUHECIIEHIIMA MOHOB LIEpUSI B CMEIIAHHBIX KPUCTAJI-
Jax CTPYKTYphl KOJBKBUPHUHUTA B TemreparypHoM auana3zone ot 5 K mo 300 K.
Mpbl M3yunnu CHEKTpaIbHO-KMHETHYECKHE XapakTtepuctuku S5d-4f mepexomos
Hepust B cepuu o0pasioB cMmemaHHbiX KpuctamioB LiCa;xSrxAlFs u oOHapy-
KUK 3 ONTHYECKM-HEDKBUBAJIICHTHBIX IIPUMECHBIX LIEHTPOB HoHOB Ce®*,

1. M. Dubinskii, V. Semashko, at al., J. Modern Opt. 40, 1-5 (1993).

2. S. Wakahara, T. Yanagida, et al., Rad. Meas. 56, 111-115 (2013).

3. V. Semashko, M. Dubinskii, at al.,Las. Phys. 5, 69-72 (1995).

4. V. Castillo, G. Quarles, at al., Proc. of SPIE, 4970, 22-34 (2003).

5. A. Nizamutdinov, V. Semashko, at al., JETP Letters 91, 21-23 (2010).
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VICCJIEJOBAHUE CTPOEHM S MATEPUAJIOB HEJIMHEMHOM
OIITHUKH SrB4O; 1 PbB4O; B KPUCTAJIVIMYECKOM,
CTEKJIOOBPA3HOM U PACIIVTABJIEHHOM COCTOSHUAX
METOLAMMU CIIEKTPOCKOIIMM KOMBNHAIIMOHHOI'O
PACCEAHNMA CBETA

A.A. Co6omp!, B.E. ykmma!, A.U. 3aiines?
Ynemumym obweri puzuxu um. A.M. IIpoxopoea PAH, Mocksa
2Uncmumym usuxu um. J1.B. Kupenckozo CO PAH, Kpacnospck
E-mail: shukshinve@lIst.gpi.ru

JleTanbHO M3y4YeHBI MOJISPU30BAHHBIC CIIEKTPbl KOMOMHAIIMOHHOTO pacce-
saus ceeta (KPC) B MoHOkpucTtaimax mudopatoB ctpoHIius SrB.O; (SBO) u
ceunna PbB,O; (PBO) mpu 300 K. IIpoBenén ananus xoe0aTeIbHBIX CIIEKTPOB
KPC stux coenunenuii. zyueno nzmenenue cnektpoB KPC BHyTpeHHUX Koe-
O0aHull OOpP-KUCIOPOJIHBIX KOMIUIEKCOB MpHU MEPEX0e OT KPUCTAIUIMUECKOIO B
CTEeKJ1000pa3HOe U pacIulaBieHHOE cocTosiHue. Ha ocHOBE MOIy4YeHHBIX pe3yiib-
TAaTOB AHAJIM3HUPYIOTCSI 3aKOHOMEPHOCTH (POPMHUPOBAaHUS OOP-KUCIOPOIHBIX
KOMIUIEKCOB B CTEKJaX, pacllaBax M KpUCTallax JIUOOpaTHBIX COCTaBOB

SrO-2B,03 u PbO-2B,0; B cpaBHEHHUU C HUCCIECIOBAHHBIM paHEE COCTABOM
sz()'2132()3

Crekno
RHO-2B>03

WHTEHCUBHOCTb, OTH.eA.
L

Kannsa

Kpuctann

2(‘]0 4(‘)0 6(‘)0 B(;O 10‘00 12‘00 14‘00 16‘00 Av, CM'l
Puc. 1. Crekrpst KPC kpuctrammdeckoro PBO u karumu 3acThIBIIIETO
Ha ero MOBEPXHOCTH pacIuiaBa
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JIA3EP HA TIOJIMKPUCTAJIJIE CR?*:ZNSE C CEJIEKTUBHBIM
PE3OHATOPOM

0.10. butkunal?, A.Il. Casuxun?, O.H. Epemeiikun’?3
! Huscecopoockuii 2ocyoapcmeennuiii ynueepcumem um. H M. Jlobauesckozo,
Huoicenui Hoeeopoo
2000 «MenCuTex, J[3eporcunck
3 Uncmumym xumuu évicokoyucmoix eewecms PAH, Huscrnuii Hoseopoo
E-mail: oybitkina@gmail.com

Jlazepbl ¢ JUIMHOM BOJIHBI T€HEpALUK MEPECTPANBAEMON B CHEKTPATILHOM
nuanasoHe 2-3 MKM aKTHBHO TTPUMEHSIOTCS NIl OOHAPYKEHUS MaJIbIX KOHIICH-
Tpalud MOJIEKYJISIpHBIX ra3oB [1]. B HacTosiiee Bpemsi 04HOM U3 MEPCHEKTUB-
HBIX 33J1a4 SIBJISIETCS CO3/IaHUE Jia3epa Ha OCHOBE MOJUKPUCTAILIOB XaJIbKOTCHU-
JI0OB LIMHKA C IIMPUHOW JIMHWM CHEKTpa reHepauuu nopsaka 1 HM. B manHOU
paboTe B Ka4eCTBE aKTUBHOM CpeJibl UCTOJb30BalIcs noukpucTtai CrZnSe.

JIJist OCyIIeCTBICHUS MEPECTPONKHU JITTMHBI BOJIHBI Jlazepa Obuta coOpaHa
V-o00pa3Has cxema pe3oHaTopa ¢ MPU3MEHHBIM CEJIEKTOpoM. B kauecTBe cenek-
Topa Hcnoyb3oBaiuch nmpu3mbl U3 SiO; u CaF,, pacmonokeHHBIX O[] YIJIOM
Bbproctepa. AKTUBHas cpella pe3oHaTopa MpPeACTaBiisyia cOOOM MOJMKPUCTAIT
CrZnSe TtonmuHON 2 MM, Ha 3aJHIOI0 MOBEPXHOCTh KOTOPOro OBLIO HAHECEHO
«TIIYyX0€» 3€pPKaJIo B CEKTpaibHOM Jauanazone 2500-2900 um. YcunuBaromuii
AJIEMEHT ObUI 3aKPEIUICH B MEIHBIN paauatop, AJisl YMEHBIICHUS BIUSHUS TET-
JIOBOW JIMH3bI, HABOAUMOW HMCTOYHUKOM HAKadykKu. B KadyecTBe HMCTOYHUKA
HAaKauKU MCIOJIb30BAIOCh JIMHEHHO-TIONSPU30BAHHOE H3iMydeHue [m:YLF-
naszepa Ha juuHe BoHBI 1908 HM. M3nmydeHne U3 pe3oHaTOpa BBIBOJMIIOCH Ye-
pe3 BBIXOJIHOE 3epKaio ¢ KO3 OUITMEHTOM MPOIMYyCKaHUsI Ha JUIMHE BOJIHBI TeHe-
panuu nopsiaka 20 %.

B nannoii paGote Obia OCyIIeCTBICHA MEPECTpOMKa JJIMHBI BOJIHBI Te-
Hepalliy B JMana3oHe B Auana3oHe 2,5-2,68 MKM ¢ mOMOIIbo nmpusMsl u3 SiO;.
[lepecTpoiika ¢ MOMOIIBIO 3TOM MPU3MBI B 00JI€€ JJIMHHOBOJIHOBBINA JHUANa30H
OrpaHUYMBAIACH OTJIOMIEHUEM MPU3MbI HAa JJIMHE BOJIHBI 2,7 MKM.

C nomormisto npusmbl 3 CakF, qnaa BosHbl CrZnSe-na3epa nepecTpan-
Bajach B auamnaszone 2,5-2,9 Mkwm. JlanpHeilmas nepecTpoiika orpaHuYMBaIach
YMEHBIIIEHUEM JOOPOTHOCTH 3€pKajl PE30HATOpa M YMEHBIIIEHHEM B JaHHOM
CIEKTPAJIbHOM JIHana3zoHe KodphuiimeHTa yCUJICHUS! aKTUBHOM CpEIbl.

CrekTp reHepanuy UMes U3pe3aHHbId BUJl, OOYCIOBICHHBIN MOTIONMICHU-
€M ITapoB BOJBI B JUAINa30HE JJIUH BOJH 2,6-2,9 MmxM. [llupuna muanm cocTaBu-
na nopsnaka 30 Hm.

1. A.C. Eropos, O.H. Epemeiikun, A.Il. CaBukun, KBanToBasi 351eKTpoOHUKA
42 (12), (2012).
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JIABEPHAS CUCTEMA JIBYXMUKPOHHOTO JIUAITIA30HA
HA OCHOBE KPUCTAJIJIOB Tm:YLF 1 Ho:YAG
C JIMOTHOMN HAKAUKOM

C.Jl. Benukanos, K.B. Boponios, B.A. I'aptorkun, H.I'. 3axapos,
B.b. Konomeen, A.B. Jlapuonos, I'.H. Homakonos, FO.H. ®posios
Poccuitickuti pedepanvuviii ss0epuwiii yenmp — Beepoccutickuil HayuHo-
uccie008amenbCKull UHCmumym sxcnepumenmanviou gusuxu, Capos
E-mail: voroncov.kv@ya.ru

CnekTpanbHbIM 1UaNa30H U3TyYeHUS TYJIUEBBIX JIA3€POB COCPEOTOUCH B
obsactu 1juH BOJH ~1,8+2,1 MKM U TOAXOIUT JJIsI MPUMEHEHHUS B Pa3IUYHbIX
chepax, B TOM YHUCIE JJIi HAaKauKU TOJIBMHUEBBIX cpell. Tak jazep Ha OCHOBE
kpuctamia Tm:YLF wumeer cmextp wusmydeHuss ONM3KMIA K MaKCUMyMam
nornomenus kpuctamuioB Ho:YAG u Ho:YLF.

B nocniegnue roasl Tm:YLF ma3epsl ¢ AMOAHON HAKaYKOW HUCCIEITYFOTCS
pa3IMYHBIMH HAYYHBIMU TpynmamMu. B pabdortax [1, 2] MmakcumanbHass MOITHOCTh
HAKa4yKHU Ja3epa Ha OCHOBE OJIHOTO IWJIMHIPUYECKOTO aKTUBHOT'O AJIEMEHTA C
aerupoBanueM 3 ar.% cocraBmsuia  ~/0Bt  uw  Oblia  orpaHudueHa
TEPMOMEXaHMUYECKOW MPOYHOCTHIO KprucTaiia. B padorax [2, 3] makcumanbHast
MOIITHOCTh Hakadku Oblaa moBeimieHa A0 135+300 Bt 3a cueT ycTaHOBKH B pe-
30HATOP JIBYX aKTHUBHBIX 3JIEMEHTOB C jJerupoBanueM 3,5 u 2,5 at.%, cOOTBeT-
cTBeHHO. OJIHAKO B 3TUX CIy4asX UCMHOJb30BAJIUCh YETHIPE UCTOYHUKA HAKAYKH,
YTO CHJIBHO YCJIOKHSET KOHCTPYKIIHIO Jla3epa.

B nacrosieii pabote npecTaBiaeHbl Pe3yabTaThl YUCIECHHOTO MOJICIUPO-
BAHUs U SKCIIEPUMEHTANIBHBIX HcciienoBaHui HernpepbiBHOro Tm:YLF mazepa
Ha OCHOBE OJIHOTO LWJIMHJIPUYECKOTO AKTUBHOTO 3JIEMEHTA C TOPLEBOW ABYX-
CTOPOHHEW HAKa4yKOM M3JIy4YEHUEM JIA3€PHBIX NHOIHBIX MoAayJierd. PacyeTsl mo-
Ka3ajid, 4YTo yBeJnueHue MonHocTu Hakauku Tm:YLF nazepa no ~200 Bt 6e3
pa3pylieHus] KpUCTaJia U CYIIECTBEHHOTO CHIDKEHUS d(P(PEKTUBHOCTH T'eHEpa-
YA BO3MOXHO NPH YMEHBIIEHUU JIErupoBaHus 110 2 at.%.

B skcnepumentax ¢ renepauued TM:YLF naszepa Ha o-monsipuzanuu
MaKCHMallbHasi MOIIIHOCTh HaKayku jJocTurana 3HadyeHus 185 BT u He mpuBo-
WA K pa3pylLIeHUI0 aKTUBHOrO 3jeMeHTa. CHEeKTp M3JIy4eHUs HaXOAWJICS Ha
JuiHe BOJIHBI ~1910 HM 1 ¢ momotbio 3Tanona ®adpu-llepo orcrpauBancs Ha
~1908 am mpu Hakauke kpuctamuia HO:YAG. B Ho:YAG nazepe ¢ omaHompo-
XOHOM HakaukoW wusnmydennem [TMIYLF nazepa momydena 3¢@dEeKTHBHOCTH
npeodpazoBanus ~60 %.

B cinyuae renepanuu Tm:YLF nazepa Ha m-nonsipusaiiuu MakcuMalibHast
MOIITHOCTh HaKauku cocTtapiisia 145 Bt. CnekTp renepanuu Haxoauscs B o0a-
ctu ~1890 HM u ¢ momompio dTanona dadpu-Ilepo mMor OBITH COTNIAaCOBaH C
MakcUMyMOM mnorjioienus kpucraiia HO:YLF na nyivne BosiHbl ~1892 HM.

1. H.I'. 3axapos, O.JI. Autunos, A.Il. CaBukun u 1p., KBaHTOBas snekTpo-
auka 39, Ne 5, 410-414 (2009).

2. M. Schellhorn, Appl. Phys. B 91, 71-74 (2008).

3. X.Duan, Y. Shen, B. Yao, at al., Adv. Solid State Lasers 68, 343 (2014).
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BBICOKOOHEPT'ETUYHAA CUCTEMA I'EHEPATOP-YCHUJIUTEJIb
HA OCHOBE KPUCTAJIJIOB Ho:YAG

C.Jl. Benukanos, K.B. Boponnos, B.A. I'aprorkun, H.I'. 3axapos,

I''M. Mumenko, A.B. Myxun, A.C. Hanéxun, H.. Hukomnaes, FO.H. ®ponos
Poccuitickuti gpedepanvuuiii s0epuuiii yenmp — Beepoccutickuii HayyHo-
uccie008amenbCKull UHCmumym skcnepumenmanviou gusuxu, Capos

E-mail: Nikitagz@rambler.ru

B nacTosiiee BpeMst K pa3pab0OTKe TBEPAOTEIbHBIX J1a3epOB, padOTAIOIIUX
B 00J1acTH ~2 MKM TIposiBJIsieTcst OobIoi uutepec [1]. B mepByro odepenpb 3To
CBSI3aHO C TEM, YTO M3JIyYCHHUE C TAKOM JNIMHOW BOJIHBI IONAAET B OJAHY U3 IO-
JIOC TIPO3pPavYHOCTH aTMOCheEphl. JIBYXMUKPOHHOE M3TyYCHUE OKA3bIBACTCS BOC-
TpeOOBAHHBIM [IJISl PEIICHUS Pa3IUYHbIX 3aJlad B MPOMBIIIJICHHOCTH U MEIU-
nuHe. Kpome Toro, uMmysiabCHO-TIEPUOJUYECKOE U3IYUYEHHE C JUIMHOW BOJIHBI
~2 MKM MOXXET HCIIOJb30BaThCS JJII HAKauKH TMapaMEeTPUUYECKUX TCHEPaTOPOB
cBeTa Ha kpuctaimie ZnGeP; [1, 2].

Cpenu na3zepHbIX KPUCTAJLIOB, M3JIYYAONIMX B 001acTH ~2 MKM, Hambo-
Jee MIUPOKOE MPAKTUYECKOE PACIPOCTPAHEHUE TOIYYUIT aTFOMOUTTPUEBBIN
rpanat Y3Als01, (YAG), nerupoannsii nonamu Ho®* [1]. On o6namgaer Bbico-
KOM MEXaHUYECKOM MPOYHOCTBHIO U XOPOILIEH TEIUIONPOBOJIHOCTBIO. D(PPeKTrB-
Has Hakauyka KpuctauioB HO:YAG mokeT ObITh OCYIIECTBJIICHA U3ITyYCHHUEM
TYJIUEBBIX JIA3€POB C JUTMHOW BOJHBI ~1,9 MKM.

Oco0bIil UHTEpEeC MPEACTABIACT UMITYJILCHO-TIEPUOANYECKAS] TeHEpalus
Ho:YAG cuctem ¢ BBICOKOW NHKOBOM MOMIHOCTHIO. Ilpu »TOM omHuM U3
HanOoJiee BaXKHBIX OTPAaHUYMBAIOIIUX (PAKTOPOB MOBBIIICHUS SHEPTUU UMITYJIb-
COB 3a CYET CHIDKEHHUS YacTOThI CIEJAOBAHUS SIBISICTCS BPEMsl KU3HHU BO30YXK-
JIGHHOT'O COCTOSIHUSI, Ha KOTOPOE€ BIMSIOT MpOIlecChl an-KoHBepcuu. [Iporecchl
an-KOHBEPCUH MPUBOJAT K CHIKEHUIO d(PPEKTUBHOCTHU Ja3zepa U 00pa3oBaHUIO
CWJIHHOW TEIJIOBOW JIMH3BI B aKTUBHBIX AJIEMEHTaX, YTO OCOOCHHO CHJIBHO TPO-
SIBJIICTCSI TIPU HU3KOW YaCcTOTE CIICOBAHUS UMITYJIbCOB. J[711 YMCHBIIICHUS JTaH-
HBIX SBJICHUHA MOXHO NMMPUMEHSATH KPUCTAIIIBI C TTOHMKCHHBIM JICTUPOBAHUEM.

B nacrosimieii paboTe mpecTaBieHbl pe3ybTaThl YUCICHHOTO MOJICTUPO-
BaHUS M DKCIIEpUMEHTaIbHbIX uccienoBanuit HO:YAG cucrtemsl, cocrosiei us3
3aJaK0IIEro TeHeparopa U Tpex ycuiurtened. Hactora clieoBaHUS MUMITYJIbCOB
coctasisia nopsiaka 100 I'n. belmm mpoBeneHbl UCCiea0BaHUs BIUSIHUS CTEIIE-
HU JIETUPOBAHUSA aKTHUBHBIX AJIEMEHTOB Ha paboTy J1a3epHOro McTouyHuka. Mo-
TyJALUUsT TOOPOTHOCTH 33JAI0LIEro FeHepaTopa OCYIIECTBISUIACh aKyCTOONTH-
YECKUM 3aTBOPOM Ha OCHOBE KPUCTALTMYECKOTO KBapia. I(PQPEeKTUBHOCTD Mpe-
oOpa3oBaHUsI U3TYYCHUS HAKAYKU B HMITYJIbCHO-TIEPUOJUYECKYIO TE€HEPaIUIO
nocturana 10 %. Ilapamerp pacnpoctpanenus mydka M? cocrasun ~1,3.

1. B.M. Walsh, Laser Physics. 19(4), 855-866 (2009).
2. P.A. Budni, L.A. Pomeranz, M.L. Lemons et al., J. Opt. Soc. Am. B 17,
723-728 (2000).
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NHAVBUYAJIBHBIX ATOMOB Bi U Bi-KJIACTEPOB
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MeromamMu PEHTTEHOBCKOW M 3JCKTPOHHOW IU(pakiuu, CKaHUPYIOICH
AHATMTHYECKOU ¥ TIPOCBEUMBAIOIIEH MUKPOCKOITUN BBICOKOTO Pa3pelIeHUs H3Y-
YEHBI paACIpPEICNICHHE SJIEMEHTOB M TMPHUPOJIa HAHOBKIIOYCHUH B BOJIOKOHHBIX
ceeroBoax (BC) u mpedopmax nist Hux. CocTaBbl CEpALIEBUH MOIPA3ICISIOTCS
Ha cepun: | - Bi:SiOy, Il - Bi:Al,O3-SiOy, 111 - Bi:GeO,-SiOy, 1V - Bi:Al,Os-
Ge0,-SiO; u V - Bi:P,0s- GeO,-Si0;. B Hux uacHTHPHUIMPOBAHB HAHOKPH-
CTaJUIMYECKHE BKIIOUEHUsT MeTautnueckoro Bi, Bi,Os, kBapia, kpuctobanura,
GeO; u Biy(GeOy)s. Hannurie HaHOBKIIOYCHUI MOXKET SIBJIATHCSA MPUYUHOM OTI-
TUYECKUX TMOTEPh B BOJOKOHHBIX cBeTOBOAaX. [lokazaHo, 4TO HAHOBKIIOYCHUS
MOTYT OOpa30BBIBAaTHCS B MPOUCXOASIIMX C JOCTATOYHO BBICOKOW CKOPOCTHIO
nporieccax u3roroieHus npedopm u BC gaxe mpu HU3KUX KOHIICHTPALUSIX
JICTHPYIONTUX JJICMEHTOB. Y CTaHOBJIEHA 3aBUCHMOCTH MPHUPOILI HAHOBKIIIOYE-
HUH OT KOHICHTpaIuu Bi U COOTHOIICHHS KOHIIEHTpAU KaTHOHOB B CEpJIIIe-
BuHax BC. Haubonbiias CKIIOHHOCTh K IpoiieccaM 00pa30BaHUs HAHOKPHUCTAJI-
JoB oOHapyxeHa B repMmaHo-cuiukaTHeix BC (cepus |ll). dDocdopo-
CHUJIMKATHBIC CHCTEMBl HEYCTOWYHWBHI TIOJT BO3JICHCTBHEM 3JIEKTPOHHOTO ITydYKa
(200 x3B), 4TO mMpOsABISETCS BO BPEMEHH HAHOPAa3MEPHOW TeTEPOTECHHOCTHIO
COCTaBa, HAHOCTPYKTYPHBIM PACCIOCHUEM CTEKJIa M YaCTHUYHBIM IJIaBIICHUEM
obpa3ra.

HoBbie BO3MOXKHOCTH [IJIsi BU3YalU3allMM WHAUBUAYAJIbHBIX aTOMOB OT-
KpBhIBAET PacTpoBasi MPOCBEUMBAIOIIas dJIEKTpoHHAsT Mukpockonus (STEM) c
KOppekTopoM cepruueckoit abeppaiii U BbICOKOYTIIOBBIM KOJIBIIEBBIM JIETEK-
topoMm (HAADF). JlaHHBIM METOJIOM HCCIICIOBAHBI AKTUBUPOBAHHBIE BUCMYTOM
crékia cucrembl MgO-Al,O3-SiO; ¢ M3ydeHHBIME paHee CIIEKTPOCKOMTUYESCKUMHU
XapaKTEePUCTHKAaMU. BriepBbie WACHTUDUIIMPOBAHBI KaK WHANBUIYAJTbHBIE HO-
Hbl Bi, Tak u Bi-kiacTepbl 1 ycTaHOBIIEHA 3aBUCHMOCTh pa3MepoB Bi-kiactepon
OT KOHIICHTpAIlMM BUCMYTa B COCTaBE CTEKOJ. B COOTBETCTBHM C pa3zMepaMu
KJIACTEPOB B MarHMEBO-aJIFOMO-CHUJIMKATHBIX CTEKJIAaX C COACpKAHUEM BUCMYTa
nopsinka 0,25 atr.% nHaubonee BEpOATHBIMU (GopMaMH MpeAcTaBisioTcs Bi-
nuMepsl 1 Bi-moHoMmepsl. [Ipu 3TOM cooTHONIEHHE 10JIeH TUMEPOB U MOHOME-
POB HM3MEHSETCS MPU TEPeXoe OT OKUCITUTEIBHBIX K BOCCTAHOBUTEIHHBIM
yCJIOBUSIM CUHTe3a crekia. C yBelIMYeHHEeM KOHIICHTPAIIMM BUCMYTa KOJIMYE-
CTBO aTOMOB B Bi-kjacTepax yBenuuuBaercs.
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CIIEKTPAJIBHO-JIIOMUHECHEHTHBIE 1 TEHEPALITMOHHBIE
CBOMCTBA KEPAMUKH Y,0; 1 KPMICTAJIJIOB
CTABUJIIM3NMPOBAHHOI'O UTTPUEM JIMOKCHUIA ITMPKOHN A,
JIETUPOBAHHBIX P3-UOHAMU (Er**, Tm3*, Ho*)

A.H. Yabymkusn?, [1.A. Ps6oukunal, E.E. JlomonoBa?, B.B. banamos?®,
10.J1. Konbuios®
Hayuonanvnvnii uccneoosamenvcruti Mopoosckuii 20cyoapcmeentbill
yuueepcumem, Capanck
2 Unemumym obweti pusuxu um. A.M. Ilpoxoposa PAH, Mockea
3 Opasunckuil punuan Uncmumyma paouomexsuxu u 31eKmpoHuKy
um. B.A. Komenvnuxosa PAH, Mockea
E-mail: chabushkin@mail.ru

TBepaoTenbHbIE JIa3epbl, reHepupyolmue wuznydeHue B OmmkHem UK
creKTpajibHOM auanazone (1,5-2,1 MkM) mpencTaBisioT O0JbIION UHTEpEC IS
Pa3IMYHBIX MPAKTUYECKUX NMPUMEHEHUH: B JIMHUAX CBS3M, B MEIULMUHE, B JIH-
JApHBIX YCTpoWcTBax. B KadecTBe aKTHUBHBIX CpEJ TBEPAOTEJBHBIX JIA3€pOB,
TEHEPUPYIOLINX H3JIyY€HUE B CHEKTpaJibHOM auamnazoHe 1,5-1,65 MKkM ucnoss-
3YIOTCSl KPUCTAJUIBL, CTEKJIA U KEPAMUYECKUE MaTepUalbl, JIETUPOBAaHHbIE NOHA-
mu Er**. B kauecTBe MCTOYHMKOB JIa3€pHOIO U3NydeHus B oonactu 1,9-2,1 Mkm
MOTYT HCIIOJIb30BAThCSI TBEPAOTEBHBIE JIa3€phl HA OCHOBE MAaTEPHUAJIOB, JIETHU-
poBaHHBIX HoHamu TM3* u Ho®* [1-2].

[lepcrieKTUBHBIM HaIlpaBJICHUEM B COBPEMEHHOM Ja3epHON (pu3uKe sBIIS-
€TCsl CHHTE3 TYTI'OIUIAaBKUX OKCHUJHBIX MaTEpHAJIOB, 00JIaIal0IIUX YHUKAIbHBIMU
(U3UKO-XMMUYECKUMHU CBOMCTBaMU. K TakuM COeAMHEHHSIM OTHOCATCS KpH-
cramibl Y703 u ZrOz-Y,03. B To ke BpeMs CyIIECTBYIOT ONpE/IEICHHbBIE TIPO-
OJIeMBbI TIPH BBIPAIIUBAHUN MOHOKpHUCTAIOB Y203, nerupoBaHHbx P3-moHamu,
OONBIINX pa3MEPOB U HEOOXOIMMOTO ONTHUYECKOro KaydecTBa [3]. B cBs3u ¢
3TUM, 3HAQUYMTEJIHBI AaKUEHT JEJIAeTCs HAa Pa3BUTHE TEXHOJOTMU IOJyYEHHS
BBICOKOMPO3payHOM KepaMHuKu Ha ocHOBe Y203, terupoBanHoi P3-nonamu.

B nacrosmieit pabote npuBOAATCS pe3yibTaThl UCCIEIOBAHUS CIIEKTPab-
HO-JIFOMUHECIICHTHBIX U T€HEPALMOHHBIX CBOMCTB KPHUCTAJUIOB CTaOWUIM3UPO-
BAaHHOTO UTTpUEM auokcuaa upkoHus (ZrOz-Y,03) U KepaMHKU OKCHIA UT-
tpus (Y;03), neruposannbix nonamu Er¥*, Tm** u Ho**. Taxxke mpexncraBineHsl
PEKOMEHJAIMU 110 UX MCHOJb30BaHUIO B KAUECTBE AKTUBHBIX CPE/ TBEPAOTEIb-
HBIX JIA3€POB C TUOJHON HAKa4uKOM.

1. B.M. Walsh, Laser Physics 19(4), (2009).

2. Ch. Krankel, IEEE Journal of selected topics in quantum electronics
21(1), (2015)

3. K. Petermann, G. Huber, L. Fornasiero, Journal of Luminescence 87, 89
(2000).
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VCCJEJOBAHUE TTOJISIPU3AILITMOHHBIX 3ABUCUMOCTEM
CIIEKTPOB JIIOMWHECHEHIIM NOHOB HEOAMIMA
B AHMU3OTPOITHBIX KPUCTAJIJTAX

I'.B. [lluno.a, I1.I". 3BepeB, A.A.CupoTKkuH

Hncmumym obweti gouzuxu um. A.M.IIpoxoposa PAH, Mockea
E-mail: shilova@Ist.gpi.ru

OnHuM U3 NMEepCHEeKTUBHBIX MyTEW MOITYYEHUs TeparepueBOro M3Iy4eHUs
SIBJIIETCSI KICTIOJB30BAHKE JIBYXYaCTOTHBIX J1a3€POB C TOCIEAYIOIICH reHeparuei
Pa3HOCTHOW YacTOTHl. M3BECTHO, YTO CIEKTp JTIOMHHECIICHIIMH TMPUMECHBIX
PEAKO3eMENbHBIX MOHOB CHUJILHO W3MEHSETCS B aHW30TPOITHOM KPHUCTALIC B
3aBUCUMOCTH OT €r0 OpHUEHTaIMHA. ET0 MakCMMyM CIBUTAETCS OT OJHOMW JJTHHBI
BOJTHBI K IPYTON U MOXKET CYIIECTBOBATh OPUEHTAIIWS, JAIOIIAs JTa3epHYIO TeHe-
palrIo Ha JIBYX JJIMHAX BOJH OJHOBpeMeHHO. Panee B pabote [1] Obuia mpoje-
MOHCTPHPOBaHA JBYX4acTOTHAs reHepanus Ha kpucTtamie Nd>":YVO,.

[lenwro HacTosIEelH pabOTHI OBLIO HCCIIEOBATH BOZMOXHOCTD YIIPaBICHUS
CHEKTPAILHOMN 3aBHCHMOCTBIO K03 dunuenta ycunenus B nonax Nd** ma onru-
geckoM nepexoze “Fzp — *lig2 B o6mactu 1,06 MKM B aHM30TPOIHBIX KPHCTaI-
nax STWOy4, YLiF4, YVO4 u YAIOs.

B skcniepumeHTanbHOM YCTaHOBKE MCIOIB30BANICA TUOAHBINA Jla3zep ¢ BO-
JIOKOHHBIM BBIBOJIOM H3JIy4Y€HUs, KOTOPHIN JaBajl JCTOJISIPU30BAHHOE H3ITyde-
HUe Ha jymHe BoJiHbl 808 HM. Bo30Oyxaatoiee nzinydeHrue (HoKyCHpOBaIOCh Ha
HCCIIeIyeMOM 00pasIie, KOTOPBIM MOT BpaliaThCs B TIIOCKOCTH MEPIICHIUKYIISAP-
HOM majaronieMy Jiyay. Onrudeckas cucrema U3 JIBYX JIMH3 M NpuU3Mbl [ aHa-
ToMIICOHa CeNeKTUpOBaJIa JIFOMUHECIICHIIUIO TOJIBKO OJHOW TMOJSpH3aIlid |
HaIpaBJjsia Ha BXOJHYIO IIEib criekTpoMeTpa. CIIeKTp JTIOMHHECIICHITUN PETH-
CTpUPOBAJICS ¢ TOMOIIBIO criekTpomeTpa 1 CCD nuHeWkH, ConpsKeHHOM ¢ mep-
COHAJIbHBIM KOMITbIOTEpoM. OOpasiiel ObUTH BBIPE3aHbI MEPIECHIUKYIISIPHO OTI-
Tryeckor ocu C, BpallleHHe KpUCTaia MO3BOJISIIO BBIACIATh JTIOMUHECIICHITUIO
C TOJISIPU3ALIUEH TIJIABHO MEHSIOIIENUCS OT T 10 C.

MakcuMyM CIEKTpa IFOMHUHECHeHIuM s MoHoB Nd** B kpucramne
SIWO, nns m-monsipusarnuu. HabmromaeTcs Ha jaiauHe BoiaHBI 10559 m ms
o-nofisipu3anuu Habmonaercs Ha 1062,7 um. [lpu moBopoTe KpucTauia Ha yroi
45° x ocu C HaOmromaeTcs OQMHAKOBAsI MHTEHCUBHOCTH 00€MX JIMHUNA. DTO CBU-
JIETENHCTBYET O BO3MOKHOCTH TOJIYICHHS JBYXYaCTOTHON T€HEpaIluu B J1a3epe
¢ aktuBHBIM >1eMenToM Nd*": STWO, ¢ nanHol opreHTanueii.

B pabGore Takxke ObUIM HMCCIIENOBAHBI MOJSAPU3ALMOHHBIE 3aBUCHUMOCTH
crekTpoB JoMuHecteHmn noHoB Nd*' B kpucramnax YVOs, YAIOs, SIWO, u
OTIpe/ICIICHBI OPUEHTAIIUH, TIPH KOTOPBIX BO3MOYXHA JIBYXYaCTOTHAS TEHEPAITHS.

1. AA. Sirotkin, S.V. Garnov, V.l. Vlasov, at al., Quantum Electron. 42,
420-426 (2012).
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MOJIVJISAIIMOHHA I HEYCTOMYMBOCTD BOJIHOBBIX ITAKETOB,
PACITPOCTPAHAIOINXCA B CPEJE C BEI'YIIIEM BOJIHOU
ITOKA3ATEJIA ITPEJIOMJIEHUA

N.0O. 3onoroBckuit, B.A. Jlanun, /[.1. CemeH110B
Vavanosckuti cocyoapcmeennwiii ynusepcumem, Hayuno-mexunonocuuecxuii
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MopynaiuonHas HeycTounBocTh (MH) — pocT ManbiX rapMOHUYECKUX
BO3MYILIEHUN HETIPEPHIBHOM BOJIHBI — 3()(EKT, XapaKTEpHBIH JIi MHOTUX HEJH-
HEWHBIX CHUCTEM, MOJJEPKUBAIOIINX PACIPOCTPAHEHUE JIOKAIM30BAHHBIX BOJIH,
MPUPOJA KOTOPOIrO CBA3aHA C COBMECTHBIM JICICTBUEM HEJIIMHEWHBIX U JUCHIEP-
CHOHHBIX 3 dekToB [1].

JIns BOJIHOBOI'O ITAKETa, PACIPOCTPAHSIOIIETOCS B COOTBETCTBYIOIIEU
cpele ¢ rpynIioBOr CKOPOCTBIO, KOTOpasi paBHa ckopoctu nepemenieHus: bBIIII
MOKHO Ipeo0pa3oBaTh ypaBHEHHE Ul aMIUIMTYAbl OTHOAloIel BOJIHOBOTO
nakera K Bufy [2, 3, 4]:

Q/X—ifZ(z)Da—ZMif(z)R\A\zﬂzo (1)
oz or?

rae 7=t —a%a)z — Bpems B Oeryiell cucreMe KoopauHar, [ =n,@/C — mno-

CTOSIHHASI PACTIPOCTPAHEHHs BOJHOBOTO MakeTa B cBetoBoje, Gynkmms f(z) —

dbyHKIUMsA, onpeaensemMas ri1yOMHOM M 4acTOTOM MOJYJISIIIUU TOKa3aTens Ipe-
JIOMJIEHUS BOJIHOBOJA.

HccenenoBanbl yCa0BUS BOSHUKHOBEHHS, 00JIacTh CyIIECTBOBaHUS, U JIPY-
M€ XapaKTEPUCTHKH MOAYJAIMOHHOW HEYCTOMYMBOCTH BOJHOBBIX ITAKETOB,
PACIIPOCTPAHSIONMINXCS B HEIMHEHHON cpene ¢ Oerymieil BOJHOM IMOKa3aTels
npesoMiieHus. [1oaydeHbl 3aBUCUMOCTH UHTETPAJIbHOIO UHKPEMEHTA YCUJIEHUS
OT 4aCTOThI OTCTPOMKH IPH pa3IMUHbIX apamerpax cpeansl u bBIIII.

IToka3aHa BO3MOXKHOCTbH pacriaia KBa3WHENPEPHIBHOIO BOJIHOBOTO IAKETa
Ha TIOCIIEJIOBATEIbHOCTD yJIBTPAKOPOTKUX UMITYJILCOB Ha 00Jiee KOPOTKUX JTH-
HaxX pacnpoCTpaHEHUs! ¢ MEHbIIIEH JIUTETLHOCTHIO M OOJIbIIIEH aMIUTUTYIOM 1O
CpPaBHEHMIO C HEJIMHEHHBIMU CpellaMH, B KOTOPBIX Oerylas BOJIHA MOKa3aTess
MPEIIOMJICHUSI OTCYTCTBYET.

1. G. Agrawal, Nonlinear fiber optics, Springer, (2007).

2. B.II. Topuurun, KBantoBas snexrponuka 22(5), 509 (1995).

3. B.H. Kolner, IEEE Journal of Quantum Electronics 30( 8), 1951 (1994)

4. N.O. 3onotosckuii, B.A. Jlanun, JI.1. CemenuoB, KBantoBas siaeKkTpo-
uuka 46(1), 39-44 (2016).
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AHAJIN3 MEXAHWU3MOB BO3BYXJIEHHUS ATI-KOHBEPCMOHHOM
JIIOMMHECHEHIMHA C ITOMOILBIO KOPPEJIAIIMOHHBIX CIIEKTPOB

A.B. Muxees'?, b.H. Ka3zaxos?
! Kazanckuii nayuonanvhvlii uccie008amenbCKull mexHoI02U4ecKull
yHusepcumem, Kazano
2 Kasanckuii (Tlpueonsicckuii) pedepanvruiii ynueepcumem, Kazanw
E-mail: veehima@gmail.com

C moMomIbI0 KOPPEISIIUOHHBIX CIIEKTPOB MPOAHATM3UPOBAHBI MEXAHM3-
MBI BO30YXJCHHUS 3€JIEHOW M KPAacHOW aI-KOHBEPCHOHHOW JIFOMHHECIICHIINU
kpuctamia LiYbF4:H0% (0,2 ar.%). s Bo30yXKIeHHS TIOMHHECLCHIUH HC-
M0JIb30BAJIOCh M3JIyYCHHE MOJIYMPOBOJHUKOBOTO JA3€PHOTO TUOJA C MOIIHO-
cThio 0,755 BT #u Aex = 933 M. CrekTpbl JTIOMUHECIEHIIUU PETUCTPUPOBAIHUCH
U PA3IAYHBIX TOJIOKECHUAX AZ TEPeTSHKKH JIa3epHOTO Jyda OTHOCHUTEIIBHO
KpUCTajUia, T.e. NPH Pa3IuYHOW OOBEMHON TUIOTHOCTH HSHEPTUU HU3ITyUCHUS
HaKauyKu B KpucTawie (aHanor Z-ckaHupoBaHus). J{isl BBISIBIEHUSI CTaTUCTUYE-
CKOM B3aMMOCBSI3U MEXIY 3aBUCUMOCTBIO OT AZ MHTEHCUBHOCTH JIFOMUHECIICH-
un J(Ao,AZ) Ha (UKCUPOBAHHOM JUIMHE BOJIHBI Ao M QHAJOTMYHOW 3aBHCHMO-
ctbio J(A,AZ) Ha BCeX OCTaJIbHBIX JJIMHAX BOJH A, BBIYMCISUIICS KOA(DQUIHMCHT
xoppensiuu [Tupcona r(ho,A). C ero moOMOIIBIO CTPOMJICS KOPPEISAIMOHHBIH
criektp R(Ao,A) = 0.5(1 + r(Ao,A)). Ilepexoapl MeXTy YPOBHSAMHU SHEPTUN HOHOB
Yb** u Ho®**, npoucxonamue Ha anuHax BoaH A, g kotopeix R(Ao,A) =~ 1, ur-
paroT OMNpEeNeNIoNIyI0 poiib B ((OPMHUPOBAHUH HACEICHHOCTH YPOBHS DHEPTUH,
OTBEUAIOIIETO 32 JIIOMUHECLICHITUIO Ha JIJTMHE BOJHBI Ag.
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Puc. 1. Koppensironnsle criekTpbl [ist 3en€Hoit (a) Ao = 544 um u kpacHoii (b) Ao = 640 HM
nroMuHecHeHIuH kpuctamia LiYbFa:Ho%" (0,2 at.%) - cinomnas nmunus. [IponyMepoBaHHbIE
CKOOKHM yKa3bIBAIOT HAa YYACTKH KOPPEISAIMOHHOTO CIIEKTPA, B IMPEIeNax KOTOPBIX

R(Ao,A) ~ 1. CiekTp JOMHHECHECHIUH TIPH AZ=2 MM - TYHKTHPHAsI JTUHHS

Koppensiunonnsie ciekTpsl (puc. 1) mo3BOJUIN YCTAHOBUTH IJIaBHBIE Me-
XaHM3Mbl BO30YkmeHus 3enéHoit momuuecueHmun  Ho¥ ({PF4, S} —°lg):
1) {5H5, 5H6, SGz}—>{5F4, 582}, 5|6—> {5F4, 582}; 2) 5|4—>{5F4, 582} u KpaCHOﬁ JIFO-
muHecueHmu Ho¥ (CFs—°lg): 1) {3G4, 3Kz} —5Fs, °l;—Fs; 2) °ls—°Fs. TIpouecchl
1) BeI3BaHEI Nepeaadeii sHepruu ot moHoB Y3 w/unm o nanyuenus Hakauku K

nonam Ho®*, a mpoueccsl 2) - unppakpacHoil momuHecueHuel °l-—°lg nonos
Ho®*.
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M3MEPEHME VJIEJIbHOM SJIEKTPOITPOBOJITHOCTU
KPUCTAJIJIOB DKDP

A.H. Hockoga, A.II. IIpoxopos
Hnemumym npuxnaonou guzuxu PAH, Huowcnuii Hogeopoo
E-mail: anna_13.08@mail.ru

Benymiye npou3BoauTENM HOBBIX IMOKOJEHUH JIa3epOB C BBICOKOW HM-
MyJIbCHON SHEPrueil, Ja3epoB CO CBEPXBBICOKON MUKOBOW MOIIHOCTHIO, JIa3€pOB
CO CBEPXKOPOTKOM JITUTEIIPHOCTHIO M3TyYEHHUS 3aMHTEPECOBAHBI B HEITMHEHHO-
ONTHYECKUX 3JIEMEHTaX BBICOKOTO KadecTBa. HamOomee moaxomsmuMu HeETu-
HEHWHO-ONTUYECKUM MaTEPUAJIOM JJIs YKA3aHHBIX BBIIIE JIA3€PHBIX KOMIUICKCOB
sisietcst kpuctan KDP u ero aedirepupoBannbiii anagor DKDP [1, 2]. Ha
CETOIHSIITHUMN JCHb JJIS YIOBJICTBOPEHUS TPEOOBAaHUI BEIYIIUX MPOU3BOIAUTE-
JIel Ta3epHON TEXHUKH KPUCTAJUIBI, HCTIOIB3YEMBIE B DJIEKTPOONTHICCKUX MPH-
0opax, MOJDKHBI UMETh BBICOKUH MPOLIEHT JedTepupoBanus (>97,5 %) u obna-
JaTh JOCTaTOYHO BBICOKMM OMHYECKHM compoTuieHueM (>10 I'Owm). Takum
00pa3oM, U3MEpPEHUE IECKTPONPOBOAHOCTH SBIISIETCS BAXKHOM XapaKTEPUCTUKON
JTAHHBIX KPUCTAJIIOB.

WccnenoBanus mokasajiu, 4TO Ha BETUYHHY YACIbHOU SJIEKTPOIPOBOIHO-
CTH OKa3bIBAIOT BJIMUSHHE POCTOBBIC Je(EKThl U METOJ BbIpAIMBAHUS KpUCTaJI-
j0B. OOpa3subl 1Jis1 U3MEPEHUN U3TOTOBISIUCH B BUJIE MPSIMOYTOJIBHOTO Mapali-
nenunena pazmepamu ot 8x8x16 mm 1o 20%20x10 mm. Kpucramisl, u3 KoTo-
PBIX BBIPE3TACH 00pasibl JJIsi U3MEPEHUH, BBIPAIIUBAINCEH TBYMS METOJIAMH:
CKOPOCTHOHM pOCT PO(GHINPOBAaHHBIX MOHOCEKTOPHATLHBIX KPUCTAJUIOB U Tpa-
JTUITMOHHBIA POCT MOHOKPHCTAIIJIOB M3 pacTBopa. M3MepeHus yACIbHOU JIICK-
TPOMPOBOJHOCTH TMPOBOIMIUCH TIPH KOMHATHOW Temmeparype. Ha Topier 00-
pas3IoB C MOMOIIBI0 TOJHOPA3MEPHBIX JJIEKTPOAOB IMOJaBaJIOCh HANPSKEHUE
4500 B (U). Y nenpHas mpoBOIUMOCTH (o) paccuuThiBaiach no gopmyie (1).

1 R=S
= = , 1
p=—="T (1)
R = T CONPOTHUBJICHUE OOpasna; | — BeInynHa TOKa; p — YACIbHOE COIpPO-

TUBJICHWE oOpasia; S — MIoNaab MOMEPEeYHOTo ceueHusl oOpasma; L — mimuHa
oOpasria.

1. B.M. Ily3uxoB, B.1. Cano, M.W. KonsibaeBa u ap., Mounokpucmanisi
KDP/DKDP ons mowmnuix nazepos. Boipawuearnue, céoticmea, npumee-
Hue, XapbkoB: H-T MoHOKpHCcTaILI0B, 336 (2004).

2. A.H. Jleuenko, BectHuk XapbKOBCKOTO HaIlMOHAJIHLHOTO YHUBEPCUTETA
uMm. B.H. Kapasuna, Cepus «Paanodusuka u snexrponukay 16(927), 22-

30 (2010).
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BJIMAHUE KOHLUEHTPALIMUM MOHOB NdSi
HA CIIEKTPAJIBHO-JIIOMUHECLEHTHBIE CBOUCTBA
JJASEPHOI'O ®OCDPATHOI'O CTEKIJIA

A.A. Crenko
Poccuiickuti xumuko-mexnonozuueckuii ynugepcumenm
um. JI. 1. Menoeneesa, Mockea
E-mail: sashaweek@mail.ru

Crexkna Ha ¢ocdaTHONH OCHOBE, AKTUBHPOBAHHBIC PEAKO3EMETbHBIMU
MOHAMH, IIUPOKO MPUMEHSIOTCS B KAueCTBE AKTHBHBIX CPEJl TBEPJOTEIBHBIX
Ja3epoB, U UCCIIEI0BAHUS 110 COBEPIIEHCTBOBAHUIO COCTABOB HE MPEKPALIAIOTCS
[1]. 3HaunTeNPHOEC HEOAHOPOMHOE YIIMPEHUE PA0OUYUX JIA3EPHBIX MEPEXOI0B B
CTeKJIax OOyClIaBIUBAaET BO3MOXKHOCTh MEPECTPOMKU JIJIMHBI BOJIHBI JIa3epHOM
reHepalui, a TaKKe BO3MOXKHOCTh T€HEpPAllMd HMITYJIbCOB YIbTPAKOPOTKOM
JUIATEIbHOCTH [2, 3].

[enbto pabOTHI ABISAIOTCA CUHTE3 CTEKOJ Ha (pochaTHONW OCHOBE CIIOKHO-
ro COCTaBa, aKTUBUPOBaHHBIX HoHamu NO** u WccnenoBaHue MX ONTHYECKUX
CBOMCTB. B pe3ynbrare sKCIIEpUMEHTOB OBLIM YCTAaHOBJIEHBI ITapaMETPhbl BapKH
U BBIpaOOTKHM cTekos cocTtaBoB (MosbH.%) (100-X) (52,17 P,0s, 8,384 BaO,
17,059 K0, 5,35 SiOy, 9,624 Al,O3, 7,386 B,03) + X Nd;Os3, rne X = 0,1; 0,2;
0,4;0,8; 1,6; 3,2; 6,4.

HccnenoBanus mo ompeAeeHUuIo0 BpEeMEHHU 3aTyXaHusl TIOMUHECIICHIINN U
KBAaHTOBOTO BBIXO/Ia MOKAa3aJd, YTO JaHHas (ocdaTHas MaTpUIa SBISETCS XO-
pOIIEN OCHOBOM ISl OJIYYEHNUS JIIOMAHECITUPYIOIINX CPEN C BBICOKMM KBAaHTO-
BBIM BBIXOJOM B JauanasoHe KoHmeHTtpaumii monos Nd** or 1-10% cm? no
7 -10%° cml, m  BBICOKOM ONTUYECKOH OJHOPOAHOCTBIO JAXKeE IIPU BapKe B
TUTJIAX Majoro o0bema, 9TO OCOOEHHO Ba)KHO ISl CO3JAHMSI MEIKOCEPUIHBIX
u3JeNuid ¢ 0coObIMU CBoOMcTBaMHU. VccienoBaHus CHEKTPaJbHBIX XapaKTepH-
CTHK NOJy4YE€HHBIX 00pa3lO0B CTEKOJ BBISBMWIM HAJMYHME LIUPOKOH MOJOCHI JIIO-
MUHecIeHIIu BOaM3u 1053 HM, mMprUHA KOTOPOM cocTaBisier ~ 27 HM. Takxke
BaXXHBIM PE3YJbTATOM IPOBEICHHON PaOOTHI SIBISIETCS BOBMOXKHOCTH BBEICHMUS
B pa3pabOTaHHYI0 MaTpuily OOJbIIUX KOJIM4ecTB oKcuaoB P30 (mo 7-8
MOJIbH.%) C COXpaHEHHEM 3HAYMTENILHOTO KBaHTOBOro Bbixona (~ 40 %), uto
OTKpBIBAaCT BO3MOKHOCTh COAKTHUBALMU CTEKJa pa3iuuHbiMU P30 ¢ mensio co-
3/1aHUS BBICOKOA((DEKTUBHBIX TIOMUHECIIUPYIOLIUX CPE.

1. H.E. AnekceeB u ap., Jlazepnvie pocghamnuvie cmexna, M.: Hayka, 1980.

2. A.A. banansu u ap., KBantoBas snexrponunka 14, 2195-2197(1987).
3. L. Hu, etal., High Power Laser Science and Engineering 2, (2014).
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HEJIMHEMHBIE OIITUYECKUE CBOMCTBA BBICOKOUMUCTHIX
TEJIJTYPUTHBIX CTEKOJI

M.II. Cmaes?, B.B. Jlopodees?, A.I'. Oxpumayk?
YMearcoynapoonviii yenmp nazepuvix mexmonoauti, Poccuiickuii xumuxo-
mexnonocudeckuil ynugepcumem um. /[.1. Menoeneesa, Mockea
2Unemumym xumuu evicokouucmolx eeujecme um. I'.T. Jlessmuvix PAH,
Huoicnui Hoeeopoo
E-mail: smayev@gmail.com

Creksia Ha OCHOBE JMOKCHJA TEJUIypa XapaKTEepPU3YyIOTCS HU3KOM SHEpPru-
el GOHOHOB M MOTYT OBITh MOJYYEHBI C MPEACTHLHO HHU3KOM KOHIICHTpaIUei
MEPEXOIHBIX METAJUIOB M THIPOKCUIBHBIX TPYIII, YTO JI€JaeT UX MPO3pPavuHbIMU
B OmkHel u cpennent obmactsax UK. Xopoiine BI3KOynpyrue XapakTepucTUKH,
MEXaHUYECKask MPOYHOCTh U BBICOKHI MOKa3aTelNb MPEIOMIICHUS JENal0T TEeIUTy-
PUTHBIE CTEKJIAa YpPE3BbIYAHHO MPUBJIEKATEIBHBIMU JUISI  BOJHOBOIHBIX
ycrpoiictB MK ontuku. Mbl rccneaoBany BBICOKOYHUCThIE LIMHK- U BOJIb(ppamar-
TEJUTypUTHBIE CTEKJIa, MOAU(PUIIMPOBAHHBIE OKCHIaMU MOJIMO/I€HA, JIaHTaHa WU
BucMyTa. Cttkiia ObUIM MOJTyYEHBI IIJIABIEHUEM CMECH BBICOKOUHCTBIX OKCHIOB
B 30JIOTOM WJIM IJIATUHOBOM THUIJISIX B PEAKTOpPE U3 KBAPIIEBOIO CTEKJIa B aTMO-
chepe kucinopona. McnonszoBamu okcuabl 1€0;, WO3;, M0O; cobcTBeHHOTO
IIPOM3BOACTBA U KOMMEpYECKU aocTymHbie okcuabl ZnO, La,03, Bi,O3. Coaep-
KaHUe TIePEeXOHBIX METAIJIOB B MOJIYYEHHBIX CTEKJIaX HE MpeBbIIIano 1-2 ppm,
TIOTJIONIEHNE TUAPOKCUIBHBIX TPYIII Ha ~3 MKM cocTasisuio 0,001-0,01 ecm 2.

MeronoM Z-ckaHupoBaHUsl ObUT SKCIEPUMEHTAIILHO ONpeaenéH Kodpdu-
LIAECHT KEPPOBCKOM HEJIMHEWHOCTH (, XapaKTEpU3YyIOIMN N3MEHEHHUE OKa3aTe-
a5 npenomiienust Dn = g x |. O6pa3nel momMemaiuch Ha MOTOPU3UPOBAHHYIO
CUCTEMY MO3MIIMOHUPOBAHUS M CIABUTAIUCh OTHOCHUTEIBHO (HOKyca JIMH3BI
BJIOJIb OCH Tiyuka ¢emrocexkyHaHoro nazepa (180 dc, 1030 um, 1 x['m). Hdns
Bcex o0Opa3uoB nosydeHo g > 0. Haubonbias g Obu1a noaydeHa AJis TEJUTYPUT-
HOTO CTeKJIa ¢ 100aBKoi okcuaa BucmyTa: g = 5,6 x 107 cm?/I'Br.

Crexia, MOAU(pUITUPOBAHHBIE OKCHAAMH BOJb(paMa M BUCMYTA, OBLIU
IPOTECTUPOBAHbl Ha MpPEIMET JIa3epHOM 3alMuCU KaHaJIbHBIX BOJHOBOJOB. C
ATOM LENBI0 MyYKOM (PEMTOCEKYHJIHOTO Ja3epa, CPOKYCHPOBAHHBIM MOJ IO-
BEPXHOCTHIO TIOJIMPOBaHHOM miacTUHKU o0bekTuBOoM ¢ NA=0,85, ¢ pa3nuuHbI-
MU SHEpPrueil, 4acTOTON MOBTOPEHUSI UMIYJIbCOB, U CKOPOCTbIO CKAHUPOBAHUS
IUTACTUHKU Oblja 3alKcaHa cepusi TPEKOB U3MEHEHHOIO TOKa3aTells Mpesiomiie-
Hus. [loporoBas sueprus momudukanuu crekia cocraBuna By = 14 ullx. B
HIMPOKOM JuanazoHe ’Hepruit ummynbca (14—-160 u/[X) momydeHbl rinaakue
OJTHOPOJIHBIE TpeKH. Pe3ynpTaThl MCCIENOBAaHUN CBUIETEIBCTBYIOT O MEPCIICK-
TUBHOCTH MCCIICZIOBAHHBIX COCTABOB CTEKOJI JIJISl CO3aHUS HEIMHEHHBIX BOJHO-
BOJIHBIX YCTPOMCTB.

PaGora BeIMOnHEHA TpH momuep:kke MuHUCTEpCcTBa 00pa3oBaHUS H
Hayku P® (rpant Ne 14.250.31.0009) u Poccuiickoro ¢onna dyHaamMeHTa b-
HBIX HcenenoBanuit (rpanTel Ne 15-43-02185 u 15-03-08324).
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HEJIMHEMHBIE ITPOILIECCHI ITPU JBYX®OTOHHOM MEX30HHOM
[MMKOCEKYHJHOM BO3BYXJIEHNU KPUCTAJIJIA PbWO,

B.N. Jlykanun, A.4. Kapacuk
Hncmumym obweti gouzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: vladimirlukanin@yandex.ru

IIpenioxkeH 3KCIEpPUMEHTAIBHBINA METOJ UCCIEA0BaHUS TNHAMHUKHU HEJIH-
HEIHBIX MPOLIECCOB IPU MEXK30HHOM JABYX(OTOHHOM NMHUKOCEKYHAHOM BO30YXK-
JICHUH KPUCTAJJIOB BOJb(ppamMaToB. MeTon MpoAEeMOHCTPUPOBAH MPH BO30YK-
neann kpucramia PbWO, mocnenoBaTelbHOCTBIO MOIIHBIX 25 MHUKOCEKYHTHBIX
UMITYJIBCOB C JUIMHOM BOJIHBI 523,5 HM M HENPEPBIBHBIM MPOOHBIM U3ITyYEHHEM
c nnuHOU BOJHBI 633 HM. M3MepeHne mporyckaHusi IpOOHOTO M3ITyYeHUs MpH
BO30Y)KJIEHMH KpHUCTaJlJla IO3BOJISIET B IIMPOKOM BPEMEHHOM JAHANa3zoHE OT
eIMHUIl HAHOCEKYH]I 10 €UHHI] CEKYH/I UCCIIE0BATh BIUSHHUE JABYX()OTOHHOTO
MEX30HHOTO MOTJIONIEeHMsI, KeppOBCKOM M TENIIOBOW HEIMHEWHOCTH ITOKA3aTeIs
IIPEJIOMJIEHUS HAa CBOMCTBA M3JIy4CHHUS HaKauku. BpeMeHHOe pa3penieHue peru-
CTPUPYIOLIEH anmnaparypbl O3BOJSET pa3ianydaTh ObICTPhIE U MEIJICHHbIE HEU-
HEHHBIE MPOLECCHI, UMEIOIIUE JIEKTPOHHYIO M TEIUIOBYIO IPUPONY, BKIIOUAs
reHepaluio TEeII0BOM JMH3bI U TepMoanuddysuto. [Ipu BeipoxkaeHHOM OBYX(DO-
TOHHOM BO30YK/IE€HHUU KPHUCTaUla B OTCYTCTBHE BHEUIHETO MPOOHOTO H3ITyue-
HUS TIOKa3aH aJIbTEPHATUBHBIA METOJ| MCCIEAOBAaHUS JUHAMHMKHU TpaHChopMa-
I HABEJAEHHOTO MOTJIOIIEHHUSI U COOTBETCTBEHHO JMHAMHUKU PA3BUTUSA HEIU-
HEWHBIX MPOLIECCOB.

MpsI uccnenoBanu JTUHAMUKY HEJIMHEWHBIX MPOLIECCOB MPU MEKIOHHOM
BO30YyKAcHMH KpucTtauia POWO, mocienoBaTeIbHOCTBIO MTMKOCEKYHTHBIX WM-
MyJIbCOB U HEMPEPHIBHBIM MPOOHBIM HU3JIyYEHUEM BO BPEMEHHOM JUANa30HE OT
€MHUI] HAHOCEKYH/| 10 €IMHULl CEKyH. BbIABIEHbI BpeMeHHbIe 00J1aCTH, 00Y-
CJIOBJICHHBIC BJIWSIHUEM HeJuHenHoro mpouecca DIl Ha pocTt U penakcamnuro
HABEJCHHOTO OAHO(OTOHHOTO MOTJIONIEHUSI B HAHOCEKYHJIHOM — CEKYHIHOM
JIAana3oHe JUIUTEIbHOCTEN. PacCMOTpEHBI MPOLIECCH], CBSI3aHHBIE C T€HEPALUEN
U MHUTpaIuel >JIeKTPOHHBIX BO30YXKJIeHUM K JoBymikaMm. [lokazaHo, 4yTo B ma-
pakcuanbHON 00JIaCTH MHKOCEKYHJHOTO BO30YXKIEHHUS KpHUCTaljla HaBOJIUTCS
TEPMOJIMH3a, OINpPENEICHbl BPEMEHHbIE PAMKH OOpa30BaHMs 3TOM JIMH3BI U €€
paspyuieHusi BciencTBue mpouecca tepmoaudgysuu. Ilpouecc penakcauuun
ANIEKTPOHHBIX BO30YKJIEHUI C YpOBHEW JIOBYIIEK B OCHOBHOE COCTOSIHUE IPO-
UCXOJUT 32 BPEMEHA MOPsAKAa COTHH MHJUTUCEKYH. [Ipy BBIPOKIEHHOM MHUKO-
CEKYHAHOM JBYX(OTOHHOM BO30YXAEHUM KpUCTAJIa MPOAEMOHCTPUPOBAHA
JTMHAMUKa TpaHchopMauu npornycKaHusi MpOOHOW BOJHBI.

PaboTta moanepkana rpantoM Poccuiickoro ¢gonna (yHaaMeHTaIbHBIX
uccnenoBanuii Ne 16-02-00338 u rpantom PH® Ne 14-22-00248.
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CIHEKTPAJIbBHO-KMHETUYECKHUE UCCJIIEAOBAHNA OIITUYECKUX
EHTPOB MOHOB TVYJIMA B KPUCTAJUIAX UTTPODJIIOOPUTA

E.A. Baranosa!, O.K Anmumos?, M.E. Jlopomenko?, K.A. MapTsiHOBa?,

B.A. Konromkun®, A.H. Haknamgos?
'Hayuonanvnvii uccnedosamensvckuil ynusepcumem « MOHUy, Mockea
2Unemumym Obweii @usuxu um. A.M. Ipoxopoea PAH, Mockesa
E-mail: katherinavagapova@gmail.com

Uccnenoanne ¢propuanbix kpuctamion (CaFy, SrF,, BaF,) u ux tBepapix
pactBopoB (CaF,:SrF,, CaF;:BaF,, SrF;:BaF,, CaF,:YFs3), nerupoBanabix noHa-
MU TyJusi, 00yCIIOBICHO BO3MOXHOCTBIO CO3/IaHUS HA UX OCHOBE d(D(PEKTUBHBIX
KOMITaKTHBIX J1a3€pOB B 00JIACTH ABYX MUKPOH C JUOJHOM Hakaykou. OcoOeH-
HOCTBIO (PTOPUAHBIX KPUCTAIUIOB, SABIJIAETCS Mpoliecc GOpMUPOBAHUS B HUX pa3-
JUYHBIX TUIIOB ONTHYECKUX LEHTPOB (OT OAMHOYHBIX J0 PA3JIMYHBIX KIIACTEPH-
30BaHHBIX LEHTPOB) ¢ HOoHamu P33 u, Kak mpaBuio, ¢ KOMIEHcaMeR n30bITKa
3apsfia akTUBaTOpa MEXJI0y3elabHbIMU HoHamu (ropa [1, 2]. CinegoBaTenbHoO,
CHEKTPAJIbHO-TCHEPALMOHHbBIE  XapaKTEPUCTUKU (PTOPHUIOB, JIETMPOBAHHBIX
voHaMu TM3*, CHUIIBHO 3aBHMCAT OT TUIA ONTUYECKUX LEHTPOB M OT MATPHMIIEL,
UCITIOJIB3yEMOW B Ka4ECTBE aKTUBHOI'O JIEMEHTA.

Hacrosimas pabota mocBsillieHa MCCIIEAOBAHUIO BIUSHUS KOHLIEHTPAIUU
dTopuaa UTTPUS HA CHEKTPAIbHO-KUHETHUYECKUE XapaKTEPUCTUKU ONTUYECKUX
LEHTPOB MOHOB TyJus B Kpuctajuie urrpodmooputa CaFz: Y F; Merogom cenek-
TUBHOTO JIa3€PHOT0 BO30YKICHMUS.

B KadecTBe MCTOYHMKA BO30YkKIEHHS HOHOB TM3* HCIONB30BaOCH H3ITY-
YyeHue mapameTpudeckoro Jiazepa (Solar 604 OPO). M3mepeHne KUHETHKH 3aTy-
XaHMs ¥ CTIEKTPOB JIIOMHHECIICHIIMU TTPOBOIUIIOCH Ha MOHOXpoMaTope M/J[P-23.
Perucrparust 2 MKM W3JIy4eHHUs OCYIIECTBISUIOCH (oTocomnmpoTuBicHueM PbhS,
CUTHAJI ¢ KOTOporo mocTtymnan Ha nudposoit ocmutorpad Tektronix, compsi-
JKEHHBIN C KOMITBIOTEPOM.

N3mepeHsl CEKTPhI MOMIONICHUS, IIOMUHECHEHIIMN U KHHETUKH 3aTyXa-
HUS JIFOMUHECHIEHIMU. Ha OCHOBaHMM CIIEKTPAIIbHO-KMHETHYECKUX HCCIIEN0Ba-
Huit kpucramia CaF2:YF3:0,1 Bec.% TmF; oOHapykeHbI TpU THIIA ONTHYECKUX
LEHTPOB TYJMS: KJIACTEPU30BaHHBI HU3KOCUMMETPUYHBIA LIEHTP, KIACTEPU30-
BaHHBIM Y-Tm HEeHTp co CBOWCTBAMHU OJM3KMMH K TETParoHaJbHOMY IIEHTDY,
yTo U B Kpuctamie CaF,, BBICOKOCHMMETPUYHBIN TONTOXUBYIIANA LEHTP C TET-
ParoHaIbHBIM JIOKAIEHBEIM OKpY:XKeHHeM MOHOB Tm?3*. IIpoBeieHa OLEHKa Bpe-
MEH JKU3HH 3THX IIEHTPOB, KOTOpbIe paBHBI t1 ~ 5 MS, t, ~ 15 ms, tz ~ 170 ms
COOTBETCTBEHHO.

1. N. Strickland, G.D. Jones, Phys. Rev. B 56, 10916 (1997).
2. O.K. Alimov, M.E. Doroshenko, V.A. Konyushkin at al., J. of Lumin.
167, 16 (2015).
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TPEXMUNKPOHHAA 'EHEPALINA MOHOB I'OJIBMUA B KPUCTAJUIE
YSGG ITPU BO3BYXJAEHNM KOPOTKUMMU JIASEPHBIMUA
NMITYJIbCAMU

10.B. Kepg!, ILT". 3epen?, A.A.CupoTKHH
'Hayuonanvnvii uccnedosamensvckuil ynusepcumem « MOHUy, Mockea
2Uncmumym obweti pusuxu um. A.M.IIpoxoposa PAH, Mockea
E-mail: julia.kerv@gmail.com

2

TBepaoTenbHBIE JIa3ephl, paboTalollMe B CHEKTpadbHOM obOsactu oT 1,5
10 3 MKM, HaxXxomsaT OONBIIOE MPAKTHYECKOE MPUMEHEHHE IS MEIUIIUHBI |
ononornu. Kpuctaiisl, akTHBHPOBAHHBIE HOHAMU TOJIBMUS, UCIIONB3YIOTCS IS
CO37aHMs JIa3epOB, pabOTarONIMX B 3TOW oOjacTu crmektpa. B padore [1] Obut
MIPOJIEMOHCTPHUPOBaH Ja3ep Ha kpuctamwie YSGG, cOaKTUBUPOBAaHHOM HMOHAMH
Ho*, Yb* u Cr** ¢ nmammoBeiM BO30yXIaeHHEM, paOOTABIIMI HA ONTHYECKOM
repexoae %l — °l7 B o6nactu 2,84-3,05 MKkM. B akTHBHOM »JieMeHTe MIPOUCXO0-
IuIa KacKagHas nepejaada Bo3OyxueHus ot noHos Cri'k monam Yb® u nansmie
Ho®'. B pe3ynbrare BO3HHMKAIa MHBEPCUS HACEIECHHOCTH MEKIY YPOBHAMHU “lg 1
°l; ¥ pasBuBanach reHepanys. Bpems Ku3HH BO30yXIeHHS Ha YpOBHE °lg B
nonax Ho®* B xpucramne Ho* Y3 Cr3*:YSGG cocraBnser 470 MKc, 4TO 3HAUH-
TEJNLHO KOpOYe BpeMEHHM xu3HH ypoBHA °l7 (9,8 mc). B pesynbrare renepauus
MOKET HaOJII0IaThCs TOJILKO KOPOTKOE BpPEMsl, 0 TE€X MOP MOKa HE CPABHSIOTCS
HACEJIEHHOCTH ypOBHeli °lg u °l7.

[enbto HacTosel pabOThl OBLIO SKCIEPUMEHTAIBHO UCCIEI0BATh BO3-
MOXHOCTb TOJIYYEHHUsI JIa3€pHOM TeHepaly Ha CaMOOTPAHUYEHHOM IEPEX0Jie
®ls— °l; B monax Ho*" B kpucramne Ho**Yb3*Cr3*:YSGG npu nakauke HaHOCE-
KYH/JIHBIMU UMITYJIbCAMH JIA3€PHOT0 U3ITyUeHUs C IIMHON BOMHEI 1,14-1,18 mimM.

B kauecTBe ucTOUHMKA BO30YKACHUS MUCIOJIH30BAIOCH U3TyYCHHUE Jlazepa
Mancan-203 na kpucramie LiF ¢ F* menTpaMu oOKpacku IIIaBHO ¥ HENIPEPHIBHO
IepecTpauBacMoOro B CHeKTpalibHOM obOmactu 1,1-1,25 MKM ¢ Hakauyko
Nd:YAG nazepom [2]. DHeprusi UMIYJIbCOB U3IYUYCHHS C JJTUHON BOJIHBI OKOJIO
1,16 MM paBHsutack 25 MK OpH JJIUTEIBHOCTH UMITYJIbCOB 20 HC U 4acToTe
ciaenoBanus uMiryiabcoB 5 I'n. Kpucramn Ho**Yb3* Cr3*:YSGG 6bu1 usrorosien
B BUJIC LWIMHApaA AUAMETpoM 3 MM U JJIMHOW 65 Mm. Mcnosb3oBasiachk IMpo-
JoJIbHAs cxema Bo30ykaeHus. [Ipu ucnoap30BaHuM TUIOCKUX 3epKaj ¢ Kodpdu-
nueHToM oTpakeHust omm3kuMm K 100 % nHaOmromanack reHepauus ¢ JJIUHOM
BOJIHBI B 00sacTu 3 MkM. OOCy»)naercst JaJibHEHIIast ONTUMHU3AIMS ONITUYECKUX
AJIEMEHTOB PE30HATOpa Jiazepa C b0 MmoaydeHus: 3QpGEKTUBHON reHepainu
TaKoro Jiazepa.

1. A.®. YwmeickoB, FO.Jl. 3aBapueB, A.M. 3arymenssiii u ap., KBantopas
anexTponuka 23, 791 (1996).

2. T.T. bacuen, ILI. 3BepeB, A.I'. IlamamBummu, u gp., KsanroBas
snexkTponuka 24, 591 (1997).
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LASER MATERIALS
AND TECHNOLOGY



TO HISTORY OF CREATION OF THE LASER

V.V. Osiko!, M.N. Popova?
IA.M. Prokhorov General Physics Institute, RAS, Moscow, Russia
2Institute of Spectroscopy, RAS, Troitsk, Moscow, Russia
E-mail: popova@isan.troitsk.ru

Laser emission was first observed on May 15, 1960, by Th. Maiman in
ruby. Maiman was with the Hughes Aircraft Company at that time. He was not
allowed to work with “unpromising” ruby but he continued alone and, finally,
has won a dramatic race between several American and Soviet research groups.
Maiman has described these events and his life in an interesting book [1].

Intensive studies in the USA and USSR preceded invention of the laser.
The Nobel prize in physics “"for fundamental work in the field of quantum elec-
tronics, which has led to the construction of oscillators and amplifiers based on
the maser-laser principle" was given to Charles Townes (the MIT), Nicolay Ba-
sov, and Aleksandr Prokhorov (the Lebedev Physical Institute). Theodore
Maiman was unjustly deprived of the Nobel prize. He writes in his book: “It
would be reasonable to recognize the Russian physicist Fabricant. Although he
did not create a laser, he suggested the idea of a laser earlier then the first laser
works appeared”.

Indeed, the first work directly related to laser was performed in the USSR
before the War. In 1939 in the Lebedev Physical Institute, V.A. Fabricant has
defended his Dr. Sci. Thesis, in which conditions for a negative absorption were
formulated and the method was suggested to create the inverted population in a
gas discharge.

Let us return to the time when the first laser started to operate. As early as
at the beginning of 1959, N.G. Basov has organized research in the Lebedev
Physical Institute, aimed to create a laser. In April 1960, he succeeded in getting
funding and addressed the head of the luminescence laboratory M.D. Galanin
with a suggestion to create a ruby laser. M.D. Galanin. A.M. Leontovich, and
Z.A. Chizhikova started to work on this problem. In the spring of 1961 the laser
setup was ready but the lasing was first observed on September 18, 1961. In
September 1961, | have entered the research group of Dr. Leontovich, as student
of the Moscow Institute of Physics and Technology. In this lecture I’ll remem-
ber this time and also tell about first laser studies in Ukraine and other Soviet
republics. “Notwithstanding certain shortcomings of the soviet system, a strate-
gically balanced program of scientific and technical development was realized in
the country. Laser studies were a part of this program”, - writes the head of the
Optical Devision of the Lebedev Physical Institute A.V. Masalov in the after-
word to the collection of articles dedicated to the 50" anniversary of the laser era

[2].

1. T.H. Maiman, The Laser Odyssey. Laser Press, 2000.
2. AV. Masalov. LPI Division of Optics: The first work on lasers. Moscow :
LPI, 2010.
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ALEXANDER M. PROKHOROV AND KAZAN QUANTUM
ELECTRONICS SCHOOL’S FORMATION

V.V. Semashko
Kazan federal University, Kazan, Russia
E-mail: vadim.semashko@Kkpfu.ru

Development retrospectives of Kazan quantum electronics school are pre-
sented. The important role of Alexander M. Prokhorov and his colleagues from
Physical Institute and General Physics Institute of Russian Academy of Science
to enhance optical spectroscopy and laser physics in Kazan are demonstrated.
The progress of Kazan university in above mentioned fields and recent activities
are discussed.

1. AV. Aganov, M.Kh. Salakhov, The history of physics and astronomy in
Kazan University for the period of 200 years, Kazan : Kazan State
University, 2007.

2. N.S. Altshuler, V.A. Golenishev-Kutuzof, A.L. Larionov, An annals of

scientific activity and personal life of S.A.Altshuler, Kazan : Kazan State
University, 2011.
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SOLID DIODE-PUMPED LASERS BASED ON A TRANSPARENT
OPTICAL CERAMICS

P.A. Ryabochkina
National Research Ogarev Mordovian State University, Saransk, Russia
E-mail: ryabochkina@freemail.mrsu.ru

In present time, optical ceramics doped with rare-earth and transition ions,
Is a promising material for optical elements of lasers. The manufacture of optical
laser ceramic has several advantages compared with single-crystal growth tech-
nology. It allows to get active optical elements with larger size, with a high con-
centration, as well as the gradient of concentration of ion activators. In some
cases the ceramic technique allows to obtain materials that are difficult to grow.
as a single crystal. In addition, according to some experts, well-established in-
dustrial production of ceramic lasers can provide their lower cost compared to
the crystal growth technology.

In this report the current state of development of technologies for the pro-
duction of laser ceramics in Russia and overseas will be presented, as well as its
use as the active medium of solid-state diode-pumped lasers. It will also present
the results of research aimed at creating a solid-state diode-pumped lasers based
on laser ceramics and Y3AlsO;; and Y03, doped with rare earth ions, which are
carried out at the National Research Mordovia State University in collaboration
with scientists from the Kotelnikov Institute of Radio Engineering and Electron-
ics (RAS), Fryazino Branch and the Shanghai Institute of Ceramics (Shanghai,
China).
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ABOUT HOLOGRAPHY: WHAT IT IS, HOW IT APPEARED
AND WHAT IT IS NEEDED FOR

A.V. Krayskiy
Lebedev Physical Institute of RAS, Moscow, Russia
E-mail: kraiski@ci.lebedev.ru

The concept of holography as a method of recording and reconstruction
of the full light fields and its main usage are briefly described in the report . The
core idea of holography is explained based on the concept of interference and
diffraction of light waves by a periodic structure.Briefly are described the holo-
graphic recording media. Briefly it is discussed the history of diffraction grat-
ings, as a precursor of holography of complex images. It is briefly described the
history of the creation of the basic holographic schemes and motivation of the
authors of these schemes: Gabor Denisyuk, Leith.

The author considers examples of usage of the visual and security holo-
grams as the most popular types of holograms now, holographic interferometry
that is widely known and used in the engineering science. The opportunity to
record the light field polarization is also discussed in the report. It is briefly
discussed the holography of varying in time light field, that later extended by
several authors on the basis of other physical effects in specific areas (photon
echo, media with burns spectral hole). Briefly are mentioned holographic sen-
sors, as a potential new type of diagnostic devices.

Briefly is discussed the Lippmann photography in natural colors (Nobel
Prize in Physics 1908) as a basis on which was developed Denisyuk holography.
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LUMINESCENT PROPERTIES OF BI-DOPED Na;0-GeO, GLASSES

S.V. Firstov!?, M. Zhao®*#, L. Su®, Q.H. Yang*, E.G. Firstoval, S.V. Alyshev?,
E.M. Dianov!
! Fiber Optics Research Center, RAS, Moscow, Russia
2 Ogarev Mordovia State University, Saransk, Russia
3 Shanghai Institute of Ceramics, Chinese Academy of Sciences, China
4 School of Materials Science and Engineering Shanghai University, China
E-mail: sergei_firstov@mail.ru

The active media doped with bismuth attracted great interest after the de-
velopment of the first bismuth laser [1]. In contrast to the glasses doped with
rare-earth ions, the optical properties of Bi-doped glasses strongly depend on the
structure and chemical composition of the glass matrix. As a result, the active
media for bismuth lasers capable of generating radiation in the spectral range
from 1150 to 1775 nm have been developed [2, 3]. Therefore, a study of a new
glass matrix doped with bismuth is of scientific and practical interest.

In this paper, we report the results on the luminescent properties of Bi-
doped sodium-germanate glasses. These samples were prepared using a crucible
technique. fig. 1 shows the excitation and luminescence spectra of the synthe-
sized glasses. The effect of sodium oxide addition on the luminescent properties
of the glasses was studied. The structural transformations of glass structure in-
duced by the variation of the chemical composition were investigated by means
of the Raman spectroscopy. The measured Raman spectra of the glasses contain-
ing different amounts of bismuth oxide are illustrated in fig. 2.
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Fig. 1. Excitation (dashed) Fig. 2. Raman spectra of Na,O-GeO; doped
and luminescence (solid) spectra with different content of Bi»O3
of the investigated glasses

Authors are grateful to V.V. Koltashev for the measurements of Raman
spectra.

This work was supported by the Russian Foundation for Basic Research
(grant 15-52-53127) and National Natural Science Foundation of China (NSFC)
(grant 16141101107).

1. E.M. Dianov et al. Quantum Electron. 35, 1083 (2005).
2. |.A. Bufetov, E.M. Dianov, Laser Phys. Lett. 6, 487 (2009).
3. S.V. Firstov et al. Opt. Lett. 39, 6927 (2014).
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ANALYSIS OF THE MECHANISMS OF UPCONVERSION EXCITATION
OF RED LUMINESCENCE OF LiYbFs; CRYSTAL DOPED WITH Ho** IONS

O.G. Goriev, B.N. Kazakov, V.V. Semashko
Kazan Federal University, Kazan, Russia
E-mail: goriev.o.g@gmail.com

The luminescence of Ho**(0,2 at. %):LiYbF, crystal was excited by radia-
tion of the laser diode (0,755 W) at wavelength A = 933nm. The shape of lumi-
nescence longitudinal sections and beam profiles essentially depends on the po-
sition of the laser beam waist with respect to the front surface of the crystal (Az).
The projections of the longitudinal section of the crystal’s luminescence on the
axis of laser beam are defined as horizontal profiles.

When the waist is inside the crystal (Az = 02,5 mm), a narrow channel is
forming along the laser beam with the most intense luminescence of Yb3* and
Ho®" ions (fig. 1a).

T T - T T T B T
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Fig. 1. Photo of longitudinal section of R-luminescence of Ho®" ions, Az = 1,2 mm - (a);
horizontal profiles of the axis of luminescence channel of Yb®* ion (1), R-luminescence (2)
and G-luminescence of Ho®*" ions (3) for Az = 1,2 mm - (b); horizontal profiles of the channel
axis of R-luminescence of Ho®* ions for Az = 1,05 mm (1), 1,2 mm (2), 1,35 mm (3) - (c)

It was found that the channel narrows sharply when the waist position of
the laser beam is in the range of Az = 1,05+1,35 mm. This leads to a large in-
crease in the volumetric density of energy in the channel. As a result, the syn-
chronization of Yb3" ion radiation occurs with arising strong coherent radiation.
This brings the population of °Fs energy level of Ho®*" ions to nearly inverse
state, which rapidly decays. In the longitudinal profiles of the channel axis at
least two different mechanisms of population of Ho®* ion energy levels can be
observed from which green (G-transition{°F4, °S,}—"°lg) and red (R-transition
Fs—°lg) luminescence (Fig. 1b) begins. For the red luminescence one of excita-
tion mechanisms is based on the interaction Yb**—Ho%*, and the second — on
Ho®**—Ho3" interaction. These mechanisms occur in different parts of the chan-
nel, and their contributions are dependent on the position of the waist of the la-
ser beam inside the crystal (fig. 1c).
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VISIBLE AND NEAR-INFRARED LUMINESCENCE OF Pb-ACTIVE
CENTERS IN SiO, GLASSES

A.V. Kharakhordin?, V.O. Sokolov?, V.G. Plotnichenko?, A.Yu. Laptev?,
A.N. Guryanov?.
'Fiber Optics Research Center of RAS, Moscow, Russia
?Institute of Chemistry of High-Purity Substances of RAS, Nizhny Novgorod,
Russia
E-mail: kharakhordin@fo.gpi.ru

Bi-doped glasses represent a new class of optically active materials, hav-
ing a wide luminescence region in the near IR range. However, a better under-
standing of the origin of bismuth centers is needed to improve the performance
of these materials.

Investigation of glasses doped with other elements, similar to bismuth in
their properties, can provide an additional information on the origin of Bi-
centers, as well as the possibility of developing new active materials for use in
fiber optics. One of such elements is lead.

In [1, 2] the infrared luminescence was observed within 1,1-1,2 um and
near 1,4 um in optical fibers based on silica and germanate-silicate glasses
doped with lead, which preforms were fabricated by MCVD method. No valid
models of lead infrared luminescence centers were suggested in these papers.

For our studies we used the optical fiber preforms produced by MCVD
method with a SiO;-glass core doped with lead. Cylindrical 2 mm thick samples
were cut from such fiber preforms and then measured.

Experimental study of the transmission, luminescence and luminescence
excitation spectra of SiO,:Pb glasses has shown that at a relatively low PbO con-
tent (~ 0,1 wt.%) the visible luminescence within 300-450, 500-600 nm and in-
frared luminescence within 850-950, 1000-1200, 1300-1400 nm are observed in
these glasses.

According to our calculations, the luminescence in the 300-450 nm region
is related to three- and twofold coordinated Pb atoms, and that within
500-600 nm is due to twofold coordinated Pb atoms. IR luminescence in the
1000-1200 nm region can be attributed to the center, representing an interstitial
Pb* ion in the SiO; network, and that in the 850-950 nm and 1300-1400 nm re-
gions is due to the center, being a complex formed by interstitial Pb® atom and
two oxygen vacancies.

1. LLA. Bufetov, et al., Opt. Express. 17(16), 13487-13892 (2009).
2. A.S. Zlenko, et al., Quant. Electronics. 42(4), 310-314 (2012).
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STUDY OF INFLIENCE OF PREPARATION PARAMETERS
ON THE PROPERTIES OF As-S CHALCODENIDE GLASSES OBTAINED
VIA PLASMA ENHANCED CHEMICAL VAPOR DEPOSITON

L.A. Mochalov*?3, A.V. Kostrov!, A.V. Stricovsky!, A.V. Nezhdanov?,
A.l. Mashin® A.V. Vorotyntsev?, V.M. Vorotyntsev?
L Institute for Applied Physics of the RAS, Nizhny Novgorod
2 N.l. Lobachevsky Nizhny Novgorod State University, Nizhny Novgorod
3 Nizhny Novgorod State Technical University n.a. R.E. Alekseev,
Nizhny Novgorod, Russia
E-mail: mochalovleo@gmail.com

The usage of plasma allows to provide the chemical reaction at a lower
temperature of the reactor's walls in comparison with the “traditional” thermal
method. The decreasing of the temperature of preparation seems to be an actual
task from the point of reduction of contamination from the materials of setup.

In fact, the process of preparation was divided on two stages — the synthe-
sizing of the batch and the following melting and homogenization of the glasses.
The homogenization was carried out at the temperature of 750 °C during one
hour. The bulk samples of As-S glasses with S content from 50 to 70 mol.% were
prepared.

The influence of the reactor’s walls temperatures in the discharge zone on
the yield of the glasses was investigated. It was found that at the temperature
range of 150-250 °C, the yield is close to 100 % and content of the glasses accu-
rately correlates with the parameters of deposition.

The effect of pressure in the range of 1,9-19 Torr was investigated as well.
It was found that the increasing of pressure brings about the increasing of tem-
perature of the reactor walls from 200 °C to 350 °C. In its turn, it causes a 5 %
deviation of composition of the final glasses from the initial parameters.

The data of Raman spectroscopy prove that the products of plasma chemical
interactions are mainly amorphous. Partly the crystalline phase is presented by
As;S, and Sg. The data of DSC study of the PECVD samples are correlated with
the same obtained for the samples prepared by «traditional» method (fusion of
elements in evacuated ampoules).

The contamination from the materials of setup has not been observed. The
silicon content in the final glass is at a level of (1-2)-107* wt.%, that is equal to the
level of contamination of the initial substances. The work was supported by grant
RFBR Ne 15-42-02402 and Government of the Nizhny Novgorod region.
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LASER OSCILLATION IN VISIBLE SPECTRUM ON LiY3sLug7Fa:Pr
AND LiYF4:Pr CRYSTALLS

A.A. Lyapin!, P.A. Ryabochkina!, V.V. Semashko?, V.G. Gorieva?,
S.L. Korableva?
!National Research Mordovian State University, Saransk
2Kazan Federal University, Kazan
E-mail: andrei_lyapin@mail.ru

At present solid-state lasers emitting in the visible range are actively de-
veloped. These lasers are widely used in various fields of science and technolo-
gy: optical spectroscopy, holography, biomedical technology, entertainment
industry and et al.

Using as active media materials doped with Pr3* is one of the possibilities
of obtaining lasing in the visible wavelength range. The development of the blue
laser diode has allowed in 2004 to obtain lasing at a wavelength of 640 nm on
the crystal LiYF4:Pr under LD pumping [1]. By now lasing was obtained at var-
ious crystals LiYF4:Pr, LiLuF4:Pr, LiGdF4:Pr, KY3F0:Pr, LaFs:Pr, BaY,Fs:Pr,
YAIOz:Pr doped with Pr3* [1-4]. But search for an optimal matrix for praseo-
dymium diode-pumped lasers in the visible spectrum range is still an urgent
task.

In this paper, laser oscillation on LiY3Lluo7F4:Prand LiYF4:Pr crystals at
a wavelength of 640 nm under LD pumping of the 3P, level of Pr¥* ions was
obtained. Maximum output power of lasers in both cases was 340 mW. The
slope efficiency of the absorbed power was 9 % and 8.5 % for lasers on
LiYosLluosF4:Pr and LiYF4:Pr crystals, respectively. Also in the paper, we dis-
cuss the potential for improving of the output characteristics of the lasers based
on the LiYosLuo7F4:Prand LiYF4:Pr crystals grown by Bridgman method.

Contract grant sponsors the Ministry of Education and Science of the
Russian Federation (the project part of the State Assignment in the sphere of
scientific ~ activities  Ne  3.384.2014/K and  State  Assignment
Ne 07080210059 611).

1. A. Richter, et al., Opt. Lett. 29, 26380 (2004).

2. B. Xu, et al., Opt. Express. 19, 1191 (2011).

3. Z. Liu, etal., J. Opt. Soc. Amer. B 30, 302 (2013).
4. P.W. Metz, et al., Opt. Lett. 39, 3193 (2014).
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THE STRUCTURE STUDY OF NONLINEAR OPTICAL MATERIALS
SrB4O7 & PbB4O7 IN CRYSTAL, VITREOUS AND MELTING STATES
BY RAMAN SPECTROSCOPY TECHNIQUE

A.A. Sobol?, V.E. Shukshin?, A.l. Zaitsev?
'Prokhorov General Physics Institute, RAS, Moscow, Russia
2Kirensky Institute of Physics, RAS, Siberian Branch, Krasnoyarsk, Russia
E-mail: shukshinve@Ist.gpi.ru

The polarized Raman Spectra of single crystal strontium SrB4O; (SBO)
and lead PbB,O; (PBO) diborates at 300 K are recorded and studied in details.
The assignment of vibrational spectra of these compounds was made. M3y4eno
The originating from internal vibrations of boron-oxygen complexes Raman
spectra transformation was studied at crystal-melt transition and crystal-glass
one. Based on this data the rules of boron-oxygen complexes forming in glasses,
melts and crystals of SrO-2B,03; and PbO-2B,0; compounds were analyzed in
comparison with ones for Li,O-2B,03; compound, which was studied earlier.

Glass
RHhO-2B>03

Blob

Crystal
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Fig. 1. The Raman Spectra of PBO crystal and the blob of melt frozen on |ts face
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SELECTIVITY POLYCRYLLINE CR?":ZNSE LASER SYSTEM

0.Yu. Bitkina'?, A.P. Savikin!, O.N. Eremeykin!??3
!Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod, Russia
2LLC «MelSyTechy, Dzerzhinsk, Russia
3Institute of Chemistry of High Purity Substances RAS, Nizhny Novgorod, Russia
E-mail: oybitkina@gmail.com

Tunable mid — IR solid —state laser system operating in the 2—3 spectral
range are in great demand for a variety medical, industrial and other applications
[1]. At the present time development of the laser system based on zinc chalco-
genide polycrystalline with the output linewidth about 1 nm it is one of the fu-
ture problem. In that work Cr?*ZnSe polycrystalline was used as gain element.

We used V-scheme of laser cavity with a SiO, and CaF; prism selector lo-
cated at the Brewster angle relative to the optical axis of the cavity. The gain
element was a polycrystalline Cr?*ZnSe, The Cr?*ZnSe thickness was 3 mm and
the one side of the polycrystalline had a reflective coating at 2,5 — 2,9 um spec-
tral range.

The active element was secured in a copper radiator to reduce the effect of
the thermal lens induced pumping source. The Tm:YLF laser 1 emitting at a
wavelength of 1,9 um was used for pumping. We used output mirror of
Cr?*ZnSe laser cavity made on the ZnSe substrate with the transmittance
T~20 % at a wavelength of 2,5—2,9 um.

We demonstrated cavity with SiO, prism selector. In this configuration 2,5
— 2,68 tuning range was obtained. Tuning was limited prism strong absorption at
the wavelength 2,7 um.

We used CaF, prism selector for obtaining tuning curve at 2.5 — 2.9 u
spectral range. In this case tuning was limited a decrease in the Q — factor of the
resonator mirrors and gain of CrZnSe polycrystalline at 2.9 um wavelength.

The dips in Cr?*ZnSe laser emission spectrum can be explained by water
vapor absorption at 2,5-2,9 um wavelength range. Laser linewidth was approx-
imately 30 nm.

1. A.S. Egorov, O.N. Eremeikin, A.P. Savikin, et al., Quantum Electronics
42 (12), (2012).
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THE 2-um WAVEBAND LASER SYSTEM BASED ON Tm:YLF
AND Ho:YAG CRYSTALS WITH DIODE PUMPING

S.D. Velikanov, C.V. Vorontsov, V.A. Garutkin, N.G. Zakharov,

A.V. Larionov, G.N. Nomakonov, V.B. Kolomeets, Yu.N. Frolov
Russian Federal Nuclear Center — The All-Russian Research Institute of Exper-
imental Physics, Sarov, Russia
E-mail: voroncov.kv@ya.ru

The radiating waveband of the thulium lasers is collected in the
1,8+2,1 um band and is convenient for using in different spheres including the
holmium active medium pumping. Thus, the laser based on Tm:YLF crystal has
the radiation spectrum which is close to the absorption maxima of Ho:YAG and
Ho:YLF crystals.

In recent years the continuous-wave (CW) lasers based on the Tm:YLF
crystals with the diode pumping are being investigated by the different scientific
groups. The maximum pumping power of the laser based on the one cylindrical
active element doping 3 at.% was ~70 W and it was bounded by the termome-
chanical crystal strength that is pointed in papers [1, 2]. The maximum pumping
power was increased up to 135+300 W due to the resonator installation of two
active elements doping 3,5 at.% and 2,5 at.%, was specified in papers [2, 3].
However, in these cases four pumping sources are used that complicates the
laser construction.

The current paper represents the the numerical modeling and experimental
investigation results of the CW Tm:YLF laser based on the one cylindrical ac-
tive element with the dual end pumping of the laser diode modules. It has been
calculated that it is necessary to decrease the crystal doping up to 2 at.% for in-
creasing the Tm:YLF laser pumping power up to ~ 200 W without any active
element breakdown. Herewith, the generation efficiency decrease will be insig-
nificant.

The maximum pumping power reached 185 W mark and it did not lead to
the active element breakdown of the Tm:YLF laser based on the o-polarized in
experiments. The radiation spectrum was ~1910 nm wave range and was adjust-
ed to ~1908 nm by using Fabry-Perot etalon for the maximum absorption coor-
dination of the Ho:YAG crystal. The conversion efficiency of ~60 % was ob-
tained in the Ho:YAG laser with the single-pass pumping of the Tm:YLF laser
radiation.

In case of the Tm:YLF laser generation on the m-polarization the maxi-
mum pumping power was equaled to 145 W. The generation spectrum was
~1890 nm wave range and could be agreed with the maximum absorption coor-
dination of the Ho:YLF crystal with ~1892 nm wavelength by using Fabry-Perot
etalon.

1. N.G. Zakharov, O.L. Antipov, A.P. Savikin et al., Quantum Electron.
39(5), 410-414 (2009).

2. M. Schellhorn, Appl. Phys. B. 91, 71-74 (2008).

3. X.Duan, Y. Shen, B. Yao, at al., Adv. Solid State Lasers. 68, 343 (2014).
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THE HIGH-ENERGY SYSTEM OF THE MASTER OSCILLATOR-POWER
AMPLIFIER BASED ON THE Ho:YAG CRYSTAL

S.D. Velikanov, C.V. Vorontsov, V.A. Garutkin, N.G. Zakharov,
G.M. Mishjenko, A.V. Muhin, A.S. Nadezhin, N.I. Nikolaev, Yu.N. Frolov
Russian Federal Nuclear Center — The All-Russian Research Institute
of Experimental Physics, Sarov
E-mail: Nikitagz@rambler.ru

Nowadays, there is a great interest to the solid-state lasers engineering,
working in the spectral range of ~2 um [1]. Primarily, it is due to the fact that
the radiation with such a wavelength falls into one of the atmospheric transpar-
ency bands. The 2-um waveband radiation became requested for various practi-
cal task solutions in different fields of industry and medicine. Moreover, the
pulse-periodic radiation with ~2 um wavelength can be used for pumping the
optical parametric oscillator based on ZnGeP crystal [1, 2].

Among the laser crystals, radiating in spectral range ~2 um, the widest
practical use was obtained by ion-implanted Ho®" the yttrium aluminum garnet
Y3AlIs012 (YAG) [1]. The YAG has high mechanical strength and satisfactory
thermal conductivity. The efficient Ho:YAG crystal pumping can be realized by
the thulium laser radiation with ~1,9 um wavelength.

The pulse-periodic generation of the Ho:YAG systems represents a great
interest which is a sequence of laser pulses with a high peak power. Besides, one
of the most important limiting factors of the increasing pulse energy is the excit-
ed state lifetime due to decreasing repetition rate that is influenced by the up-
conversion processes. The up-conversion processes lead to the decreasing laser
efficiency and to formation of the strong thermal lensing in the active elements
that is especially shown at low pulse repetition rate. To decrease that negative
effect it is possible to apply the crystals with the reduced doping level.

At the current work the results of the numerical modeling and the experi-
mental investigations of the Ho:YAG systems consisting of the master oscillator
and three power amplifiers are represented. The pulse repetition rate was about
100 Hz. The investigations of the doping level influence of the active elements
on the laser source work were produced. The Q-switching of the master oscilla-
tor was implemented by the acousto-optic modulator based on the crystalline
quartz. The conversion efficiency of the radiation pumping into the pulse-
periodic generation reached 10 %. The beam propagation-factor was M?~ 1,3.

1. B.M. Walsh, Laser Physics 19(4), 855-866 (2009).

2. P.A. Budni, L.A. Pomeranz, M.L. Lemons et al., J. Opt. Soc. Am. B 17,
723-728 (2000).
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IDENTIFICATION OF NANOCRYSTALLINE INCLUSIONS, INDIVIDUAL
Bi-ATOMS AND Bi-CLUSTERS IN Bi-DOPED OPTICAL MATERIALS

L.D. Iskhakoval, F.O. Milovich?!, V.M. Mashinsky?, A.S. Zlenko?,
M.V. Presniakov?, A.L. Vasil’ev?, B.l. Galagan®, S.E. Sverchkov?, E.M. Dianov!
! Fiber Optics Research Center, RAS, Moscow, Russia
2NRC Kurchatov Institute, Moscow, Russia
3 Prokhorov General Physics Institute, RAS, Moscow, Russia
E-mail: Ldisk@fo.gpi.ru

The nature of nanocrystalline inclusions and distribution of dopants in the
bismuth-doped silicate fibers and preforms were studied by X-ray and electronic
diffractions, analytical scanning and transmission electron microscopy. The
compositions of the cores were Bi:SiO; (series 1), Bi:Al,O3-SiO; (11), Bi:GeO,-
SiO; (1), Bi:Al,03-Ge0,-Si0; (IV) and Bi:P,0Os- GeO,-SiO, (V). Nanocrystals
of metallic Bi, Bi,0s, quartz, cristobalite, GeO, and Bis(GeO,); were observed
in these glasses. Such inclusions can lead to the background optical losses
growth in Bi-doped fibers. It was demonstrated that nanocrystalline inclusions
can be formed during perform and optical fiber fabrication processes which
occur with high enough speed of temperature change and with low dopants
concentrations. Nature of nanocrystalline inclusions in the preforms and fibers
varies considerably depending upon the bismuth concentration and the ratio of
cations concentration in the core glass. The highest tendency to form
nanoinclusions was found in the preforms of series 111 with Bi:GeO,-SiO; core
and a relatively high content of germanium and bismuth oxides. Glasses
containing phosphorus (series V) were unstable under prolonged influence of the
electron beam (200 keV) and this complicates their investigation. Unstability
was manifested as glass stratification and melting. That becomes apparent in
time. At first the nanometer-scale heterogeneities were appeared and then a
partial melting of sample was observed.

New possibilities for visualization of individual atoms are opened by
scanning transmission electron microscopy (STEM) with a high-angle annular
dark field (HAADF) detector. The strong atomic number dependence of
HAADF-STEM imaging is very effective for the direct observation of heavy
elements inside amorphous glasses consisting of relatively light elements.
HAADF-STEM has been applied by us for the research of Bi-doped MgO -
Al,O3 - SiO; glasses with examined early luminescent description. First both the
individual Bi-ions and Bi-clusters were identified and dependence of Bi-clusters
sizes with the increase of Bi-concentration was established. According to the
clusters sizes in Mg-Al-silicate glasses with the Bi content about 0,25 at. % the
most probable forms of Bi-incorporation are Bi-dimers and Bi-monomers. The
dimers and monomers quantity ratio changes as result of transition from oxidiz-
ing to reducing medium of synthesis. When Bi-concentration raises, the amount
of atoms in clusters increases.
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GROWING SINGLE CRYSTALS OF CaF,-SrF, SOLID SOLUTIONS
AND THEIR PHYSICAL PROPERTIES

S.N. Ushakov!?, M.A. Uslamina?, P.P. Fedorov'?, V.V.Osiko?, K N. Nishchev?,
V.M. Kyashkin?, A.A. Pynenkov?, S.V. Kuznetsov?, E.V. Tyutyaev!
1 Ogarev Mordovia State University, Saransk, Russia
2 A.M. Prokhorov General Physics Institute, RAS, Moscow, Russia
E-mail: uslaminam@mail.ru

Crystals of rare earth-doped CaF,-SrF, solid solutions have become in-
creasingly popular in quantum electronics [1, 2]. We have developed new tech-
niques for growing said single crystals with the use of crystal growth installation
with inductive heating, and we have grown sets of the doped CaF,-SrF; solid
solution crystals with different Ca/Sr ratios under various conditions (e.g., grow-
ing rate, etc.). All Ca;«SryF, single crystals have been characterized by X-ray
diffraction as well as Raman, infrared/visible, and optical spectroscopy in order
to control their structure, optical quality and other physical properties.

As per X-ray diffraction data, Ca;Sr«F, crystals of the following three
groups with 1, 2, 3, 5, 7, and 10 mol.% SrF; (the 1-st group); 25, 30, 35, 40, 47,
and 55 mol.% SrF, (the 2-nd group); 0,05, 0,1, 0,2, 0,4, 0,6, and 0,8 mol.% SrF2
(the 3-rd group), grown at v = 6, 12 and 48 mm/hour growth rate each, contained
single fluorite-type phase only, and their crystal lattice parameters increased
linearly with the increase of SrF, content (grouping of these three sets was done
according to the melting points of produced crystals). Raman spectra of
Cay,Sr.F> crystals contained only one line at 323-283 cm™ with the line fre-
quency migrating steadily from 323 cm™ for x = 0 to 283 cm™ for x = 1 when X
value has been varied. Half-width of the aforementioned line in Raman spectra
of Cay.Sr.F2 crystals changed from 9 cm™ for x =0 to 16 cm™! for x = 0,55 and
then back to 9 cm™ for x = 1. UV/visible spectra of Ca;—Sr.F, crystals con-
firmed their transparency in this part of the spectrum down to 200 nm (Karimov
et al. [3] indicated that Ca;—Sr«F, absorption started at 120-130 nm). Low inten-
sity absorption bands at about 230, 250 and 300 nm were related, perhaps, to
some microimpurities. Edge of Ca;—SrF, absorption interval in IR spectra has
been observed at 12-14 microns (12 microns for x = 0 and 14 microns for x = 1).

The aforementioned single crystal growth technique for high optical
quality CaF,-SrF; solid solution crystals can be implemented for manufacturing
of the corresponding rare earth-doped Cai—Sr«F, single crystals without signifi-
cant modifications.

1. P.P. Fedorov, I.1. Buchinskaya, Russ. Chem. Rev. 81(1), 1-20 (2012).

2. ,E.G. Chernevskaya, Optika i Spektroskopiya 10(5), 640-643 (1961).

3. D.N. Karimov, O.N. Komar'kova, N.l. Sorokin, et al., Crystallography
Reports 55(3), 518-524 (2010).
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SPECTRAL-LUMINESCENT AND LASER PROPERTIES OF Y03
CERAMICS AND STABILIZED DIOXED ZIRCONIA BY YTTRIUM
DOPED RE-IONS (Er®", Tm**, Ho*)

A.N. Chabushkin?, P.A. Ryabochkina®, E.E. Lomonova ?, V.V. Balashov?,
Yu.L. Kopulov 3
1 Ogarev Mordovian State University, Saransk, Russia
2 A.M. Prokhorov General Physics Institute, RAS, Moscow, Russia
3Kotelnikov Institute of Radioengineering and Electronics, Fryazino Branch,
Russian Academy of Science, Fryazino, Russia
E-mail: chabushkin@mail.ru

Laser systems with wavelengths in the near infrared spectral range
(1,5-2,1 um) region can be found in communication lines, several fields of med-
icine, in LIDAR systems, in gas detection. Compact diode-pumped solid-state
lasers based on Er®* doped materials have been widely studied as 1,5-1,65 um
laser sources. The most common laser systems for the generation of laser radia-
tion with wavelengths in the 2 um region are based on thulium- and holmium-
doped crystals or glasses [1-2].

New oxide crystals for solid state lasers with the extremely high melting
points attract attention of researchers. The sesquioxides of Y,03 are promising
host materials for rare-earth doped solid-state lasers due to their high thermal
conductivity. However, the high-melting points have hindered the growth of
high-quality crystals [3]. A significant focus is on the development of technolo-
gy for high-transparent ceramics based on Y,0s, doped with rare-earth elements.

This paper presents the study of spectral-luminescent and lasing proper-
ties of crystals yttrium-stabilized dioxed zirconia (ZrO,-Y,03) and Y,0s3, doped
with Er¥*, Tm3*, Ho*", and development of recommendations for their use as
active media for solid-state lasers under diode pumped.

1. B.M. Walsh, Laser Physics 19(4), (2009).

2. Ch. Krankel, IEEE Journal of selected topics in quantum electronics
21(1), (2015).

3. K. Petermann, G. Huber, L. Fornasiero, Journal of Luminescence 87, 89
(2000).
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INVESTIGATION OF POLARIZATION DEPENDENCIES
OF FLORESCENCE SPECTRA OF NEODYMIUM IONS
IN ANISOTROPIC CRYSTALS

G.V. Shilova, P.G. Zverev, A.A. Sirotkin
A.M. Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: shilova@Ist.gpi.ru

The dual wavelength lasers are used for the oscillation of terahertz radia-
tion via difference frequency generation. It is well known that the fluorescence
band of Nd** ions strongly varies in anisotropic crystal with its orientation so
that its maximum shifts from one wavelength to another. Recently the
Nd3*:YVQ, laser with two wavelength output was demonstrated [1].

The aim of this work was to investigate the possibility to control the spec-
tral dependence of the amplification gain of Nd3* ions at *Fs; — *l11/» optical
transition around 1,06 mm in SrWOQ,, YLIiF,;, YVO, and YAIO; anisotropic
crystals.

The experimental setup utilized a diode laser at 808 nm with depolarized
fiber output. The excitation radiation was focused into the investigated sample
with plane parallel surfaces that could be rotated in the plane perpendicular to
the excitation beam. Collimation lenses and the Glan prism selected the fluores-
cent radiation with the fixed polarization and directed it onto the entrance slit of
the spectrometer. The fluorescence spectrum was registered by a linear CCD
connected to PC. The samples were cut perpendicular to the optical axis C.
Their rotation smoothly changed the registered fluorescence polarization from =
to c orientation.

The maximum of the fluorescence spectrum of Nd3* ions in STWQ, crystal
for m-orientation was observed at 1055.9 nm and for c-orientation at 1062,7 nm.
The intensities of both lines became equal for fluorencence polarization with 45°
with respect to optical axis C. We assume that this orientation of Nd3*: SrWQ,
crystal is perspective for developing a dual wavelength laser.

In this report we also present and discuss the polarization dependencies of
the fluorescence bands of *Fs;, — #l11, transition in Nd** ions in YLiF,4, YAIOs;,
and YVQ, anisotropic crystals. The orientation of these crystals for dual wave-
length laser development is proposed.

1. A.A. Sirotkin, S.V. Garnov, V.I. Vlasov, at al., Quantum Electron. 42,
420-426 (2012).
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MODULATION INSTABILITY OF WAVE PACKETS IN MEDIUM
WITH A RUNNING REFRACTIVE INDEX WAVE

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

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

For a wave packet propagating in an appropriate environment with the
group velocity, which is equal to the speed of movement BVPP can transform
the equation for the amplitude envelope of the wave packet to the form [2, 3, 4]:

gﬂ—ifz(z)Da—z,&Hf(z)RWzﬂzo (1)
oz or’ ’

where r:t—a'%a)z - time in traveling in a coordinate system, S=n,w/c -

the propagation constant of the wave packet in the fiber, the function f (z) - the

function defined by the depth and frequency modulation of the refractive index
of the waveguide.

The conditions for the occurrence, the existence region, and other charac-
teristics of the modulation instability of wave packets propagating in a nonlinear
medium with a refractive index of a traveling wave. The dependence of the inte-
gral gain increment of the frequency detuning for different parameters of the
environment and RRIW.

The possibility of the collapse of the quasi-continuous wave packet in the
sequence of ultrashort pulses at shorter wavelengths spread with shorter duration
and greater amplitude in comparison with non-linear environments in which the
traveling wave of the refractive index is not available.

1. G. Agrawal, Nonlinear fiber optics, Springer, 2007.

2. V.P. Torchigin, Quantum Electron. 25 (5), 484 (1995).

3. B.H. Kolner, IEEE Journal of Quantum Electronics 30(8), 1951 (1994)
4. 1.0. Zolotovskii, et al., Quantum Electronics 46(1), 39 (2016).
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ANALYSIS OF THE EXCITATION MECHANISMS
OF THE UP-CONVERSION LUMINESCENCE USING
THE CORRELATION SPECTRA

A.V. Mikheev!?, B.N. Kazakov?
! Kazan National Research Technological University, Kazan, Russia
2 Kazan Federal University, Kazan, Russia
E-mail: veehima@gmail.com

The excitation mechanisms of the green and red up-conversion lumines-
cence of the LiYbF;:H0**(0,2 %) crystal were analyzed by correlation spectra.
The luminescence was excited by the near-infrared radiation of the laser diode at
the wavelength of 933 nm. The radiation power was 0,755 W. The luminescence
spectra were recorded at different positions Az of the laser beam waist relative to
the crystal, i.e. at different volumetric energy density of the pump radiation in
the crystal (similar to Z-scan technique). The Pearson product-moment correla-
tion coefficient r(Ao,A) was calculated to determine a statistical relationship be-
tween the luminescence intensity J(Ao,Az) dependence on Az at fixed wave-
length A, and a similar dependence of J(A,Az) at all other wavelengths A. The
correlation spectrum was determined by the formula R(Ao,A) = 0,5(1+r(Xo,A)).
The transitions between the energy states of Yb** and Ho®" ions, occurring at
wavelengths A, for which R(Ao,A) = 1, play a determining role in population of
the energy state, responsible for the luminescence at the wavelength .
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Fig. 1. Solid line - correlation spectra of the green (a) Lo = 544 nm and red (b) 2o = 640 nm
luminescence of LiYbF4:Ho%*(0,2 %) crystal. Numbered brackets indicate areas

of the correlation spectrum where R(Ao,A) = 1. Dotted line - luminescence spectrum
at Az=2 mm

The correlation spectra (fig. 1) made it possible to determine the major
excitation mechanisms of the green luminescence Ho®** ({°F4, °S,} —°lg): 1) {°Hs,
*Hs, °G,}— {°F4, °Sy}, °le—{°F4, °S2}; 2) °lu— {°F4, °S,} and red luminescence
Ho%* (°Fs—°lg): 1) {°Gs, K7} —%Fs, °l;—°Fs; 2)°ls—°Fs. The processes 1)are
caused by the energy transfer from Yb3®" ions and/or from the pump radiation to
Ho®*" ions, while the processes 2)are caused by the infrared luminescence
HO3+(5|7—>5|8).
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MEASUREMENT OF ELECTRICAL CONDUCTIVITY
OF DKDP CRYSTALS

A.N. Noskova, A.M. Prokhorov
Institute of Applied Physics of the RAS, Nizhny Novgorod, Russia
E-mail: anna_13.08@mail.ru

Leading manufacturers of new generation lasers with high pulse energy,
lasers with ultrahigh peak power, ultrashort radiation duration lasers are inter-
ested in nonlinear-optical elements of high quality. The most suitable nonlinear-
optical material for the lasers above is KDP crystal and its deuterated analog
DKDP. Today crystals used in electro-optical devices must have a high level of
deuteration (>97,5 %) and high ohmic-resistance (>10 GOhm) to satisfy the
requirements of the leading manufacturers of lasers. So the electrical conductivi-
ty measurement is very important characteristic of crystals.

The researches have shown that electrical conductivity magnitude is af-
fected by the growth defects and crystal growth method. Samples were made as
a rectangular parallelepiped sized from 8x8x16 mm to 20x20x10 mm. Samples
were grown in 2 methods: the dynamic growth of profiled monosectorial crys-
tals and traditional growth of single crystals in solution. The electrical conduc-
tivity measurings were taken in conditions of indoor temperature. On the face of
samples was put under the voltage 4500 B (U) via full dimensional electrodes.
The electrical conductivity was calculated using the formula (1).

I R=*S
= = , 1
p=_== (1)
R :% — the sample resistance; | — the current; p — the resistivity oopasma; S —

cross-sectional area; L — the length of the sample.

1. V.M. Puzikov, V.I. Salo, M.l. Kolybaeva et. al., Monocrystals
KDP/DKDP for high power laser. The growth, properties, application,
Kharkiv, Institute of monocrystals, 336 (2004).

2. AN. Levchenko, Vestnik of Kharkiv Karazin National University «Radio
Physics and Electronics» 16 (927), 22-30 (2010).
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NONLINEAR PROCESSES IN TUNGSTATES CRYSTALS
UNDER TWO-PHOTON PICOSECOND INTERBAND EXCITATION

V.1. Lukanin, A.Ya. Karasik
Prokhorov General Physics Institute, RAS, Moscow, Russia
E-mail: vladimirlukanin@yandex.ru

A method of studying the nonlinear processes dynamics under two-photon
interband picosecond excitation of the tungstates crystals is proposed. The
method is demonstrated under excitation of PbWQO, crystal by a sequence of
25 ps powerful pulses with a wavelength of 523,5 nm and continuous probe ra-
diation with wavelength 633 nm. The measurement of the transmittance of the
probe radiation under excitation of the crystal allows us in a wide temporal
range (from units of nanoseconds to a few seconds) investigate the influence of
two-photon interband absorption, the Kerr and thermal nonlinearity of the re-
fractive index on the properties of the laser radiation.

We show the influence of nonlinear process of two-photon absorption on
the growth and relaxation of the induced single-photon absorption in nanosec-
ond-second range of durations. The processes associated with the generation and
migration of electronic excitations to the traps were revealed. It is shown that in
the paraxial region of excitation of the crystal the thermal lens arises (fig. 1). We
determined the time region of the formation of this lens and its destruction as a
result of the process of thermal diffusion (fig. 2a). The process of the relaxation
electronic excitations from the traps levels to the ground state occurs for hun-
dreds milliseconds (fig. 2b). We demonstrate the dynamics of transformation of
the probe wave transmission under degenerate two-photon picosecond excita-
tion.

This work was supported by the Russian Foundation for Basic Research
(project number 16-02-00338) and the Russian Scientific Foundation (project
number 14-22-00248).
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SPECTRAL AND KINETIC INVESTIGATIONS OF THULIUM IONS
OPTICAL CENTERS IN YTTROFLURITE CRYSTALS

E.A. Vagapova?!, O.K. Alimov?, M.E. Doroshenko?, K.A. Martynova?,
V.A. Konyushkin?, A.N. Nakladov?
National Research University « MPEIL», Moscow, Russia
2Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: katherinavagapova@gmail.com

Investigation of fluorite crystals (CaF,, SrF,, BaF;) and their solid solu-
tions (CaF,:SrF,, CaF,:BaF,, SrF,:BaF,, CaF,:YFs), impurity doped with thuli-
um ions, is important due the possibility of their usage in developing of efficient
compact diode-pumped laser for 2 um spectral region. The pecularity of fluorite
crystals is a creation of different types of the single and the clasterized optical
centers which includes RE®** ion and interstitial fluorine ion for charge compen-
sation [1, 2]. The laser oscillation properties of fluorite materials impurity doped
with Tm3* strongly depend on the type of the optical center and the chemical
composition of the active element matrix.

In this report we investigate the influence of ittrium fluorite concentration
in CaF,:YF; crystal on the spectral and kinetik parameters of thulium optical
centers by means of a site selective laser spectroscopy.

Optical parametric oscillator (Solar 604 OPO) was used to excite Tm?3*
ions. The fluorescence and Kinetic investigations were proceed with mono-
chromator MDR-23. The registration scheme used PbS detector which was con-
nected to the digital oscilloscope connected to PC.

Absorption and luminescence spectra, decay kinetics were measured.
Spectral and kinetic investigations of CaF,:YF3: TmF3(0,1 wt.%) crystal allowed
to reveal three types of thulium optical centers. They are: clusterized low sym-
metry center; clusterized Y-Tm center with properties close to those of tetrago-
nal center registered in CaF, crystal; highly symmetrical long lifetime center
with tetragonal local surrounding of Tm3* ions. The relaxation lifetime of these
optical centers was estimated to be equal to t; ~5 ms, t, ~ 15 ms, 13 ~ 170 ms
correspondingly.

1. N. Strickland, G.D. Jones, Phys. Rev. B 56, 10916 (1997).

2. O.K. Alimov, M.E. Doroshenko, V.A. Konyushkin, at al., J. of Lumin.
167, 16 (2015).
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THREE MICRON OSCILLATION OF HOLMIUM IONS IN YSGG
CRYSTAL EXCITED BY SHORT LASER PULSES

Yu.V. Kerv}, P.G. Zverev?, A.A. Sirotkin?
National Research University « MPEI», Moscow, Russia
2Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: julia.kerv@gmail.com

Solid state lasers with the radiation output in 1,5-3 um spectral region are
widely used for various kinds of practical applications in medicine and biology.
Holmium doped crystals are used for developing efficient and compact lasers for
this spectral region. Recently the laser oscillation of Ho*" ions at °ls — °I; ener-
gy transition in 2,84-3,05 um spectral range was demonstrated in YSGG crystal
co-doped with Yb3* and Cr®* ions with flash lamp pumping [1]. The cascade
excitation transfer from Cr3* ions to Yb** and further to Ho®*" ions occurred in
the active medium. As a result the population inversion between °lg and °I; en-
ergy levels was developed and the laser oscillation was registered. The relaxa-
tion lifetime of °lg energy level in Ho** ions in Ho**Yb3 Cr¥*:YSGG crystal is
only 470 ps. This is much shorter than that for °I; energy level (9,8 ms). So the
oscillation is developed until the population inversion between these levels ex-
ISts.

The aim of this work was to investigate the possibility to obtain laser os-
cillation at this self-restricted °lg— °I; optical transition in Ho*' ions in
Ho®*Yb3*Cr3*:YSGG crystal under the excitation with nanosecond laser pulses
with 1,14-1,18 um wavelength.

The radiation of Malsan-203 laser on LiF:F? color center laser was used
as a pump source [2]. This laser system provides smoothly tunable radiation in
1,1-1,25 um spectral region under pumping with Nd:YAG laser. The pulse en-
ergy of the radiation with 1,16 um wavelength was about 25 mJ with the pulse
duration 20 ns and pulse repetition rate 5 Hz. The sample of
Ho**Yb3*Cr3*:YSGG crystal was prepare in the cylindrical shape with 4 mm
diameter and 65 mm length. We used a longitudinal pump scheme. The laser
oscillation at about 3 um wavelength was observed in the cavity composed with
two high reflectivity mirrors. The optimization of optical elements in the laser
cavity to obtain effective oscillation of such laser is discussed.

1. A.F. Umyskov, Yu.D. Zavartsev, A.l. Zagumennyi et al., Quantum
Electronics 23, 791-792 (1996).

2. T.T. Basiev, P.G. Zverev, A.G. Papashvili, et al., Quantum Electronics 27,
574-578 (1997).
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CJIABAS JTIOKAJIM3ALMA 1 AHTUJIIOKAJIM3ALA
B MHOI'OJOJIMHHBIX HAHOCTPYKTYPAX

H.C. ABepkuen
Duszurxo-mexnuyeckuti uncmumym um. A.@. Hogpgpe, Canxm [lemepbype
E-mail: averkiev@les.ioffe.ru

SIBnenue ciaboil JIOKaIu3aluKu COCTOUT B YCUJIEHUU PACCESIHUS Ha3aJl 3a
cueT uHTepGEPEHLINN BOJH, PACTIPOCTPAHSIONINXCS BAOIb 3aMKHYTHIX TPAaeKTO-
puil IO U MPOTHUB YaCOBOM CTpesikk. B mpoliecce ynpyroro paccesiHus Ha MpuU-
Mecsix (pa3bl BOJIH U3MEHSAIOTCS TaK, YTO B TOUYKE BO3BpaTa MX OHHU COBIAJAIOT,
TO €CTh UMEET MECTO YBEJIMUEHHE BEpOSITHOCTH. BHelHee kiaccuuecku cinaboe
MarHUTHOE T0JI€ HE BBI3BIBAET KBAHTOBAHHUS CBOOOHOTO JIBIXKEHHSI HOCUTENEH
3apsga, HO U3MEHsET a3y BOJHOBOW (YHKIIMH WM CJIEIOBATEIHLHO YHHUUTOXKAET
UHTEp(EPEHIINIO U YMEHBIIIAET BEPOSITHOCTh BO3BpaTa. Takoe u3MEHEHHE BEPO-
ATHOCTEH MOXET MPOSIBIATHCA B TOM, YTO MPOBOAUMOCTh B KJIACCHUYECKHU Clia-
OBIX MArHUTHBIX MOJSX BO3pPACTaeT, B OTIMYHUE OT KJIACCUUYECKHM MarHUTHBIX
NOJIEW, B KOTOPBIX MPOBOJAUMOCTH YMEHBIIAETCS. YUET CHUH-OpPOUTaIBHOTO
B3aMMOJICUCTBUS O3HAYAET, UTO BOJHOBBIE (DYHKIIMHM CTAHOBSITCS CIMHOPAMH U
BO3BpPAT TAaKOM BOJIHBI B UCXOJHYIO TOUYKY IMPUBOJIUT K PA3HOCTU (pa3 paBHOM T,
a 9TO O3HAYaeT, YTO B HYJEBOM IIOJI€ MPOUCXOJIUT MOJABICHUE PaCCESTHUS
Ha3ajl, U, CIEJ0BaTENIbHO, 32 CUeT UHTep(DEPEHIINN MPOBOAUMOCTb BO3PACTAET U
uMeeT MecTo aHTuiokanu3auus. COOTBETCTBEHHO, MPOBOJMMOCTH B ClaObIX
MarHUTHBIX TOJISIX yMeHbInaercs [1].

B noknage Oyner paccMOTpEH elle OJMH MEXaHU3M PacCEsHUs, IPUBO-
TSN K c1a00il JTOKaJIM3auy — MEKIOJMHHBIE IEPEXObl B ABYMEPHBIX CIIOSAX
Ha moBepxHocTu Tesutypa, B M/III cTpykTypax Ha MOBEPXHOCTH KPEMHHUS U B
JBYMEPHBIX cosix TpadeHa. Oka3bIBaeTCs, UTO B Psi/I€ CIIy4acB SKBUBAJICHTHBIC
JIOJIMHBI MOKHO pacCMaTpUBaTh KAK Pa3IMYHbIE CIIMHOBBIE COCTOSIHUSA, U TOTAA
YOpYrue Nepexobl MEXAY JOJMHAMU BBITIAIAT KaK MPOLIECCHI CIIMHOBOU pe-
JaKcaluu, U JUIsl ONKUCAHUS MAarHETOCOIPOTUBIICHUS MOKHO IMPUMEHSTH HJIE0-
goruto [1]. OnHako, B rpadeHe, B KOTOPOM CHUH-OPOUTAIBHOE B3aUMOICHCTBUE
HECYLIECTBEHHO, CUTYyallls HEOObIUHAas: 0€3 MEKIOJUHHBIX MIEPEX0/I0B, TO €CTh
«B OTCYTCTBHE» CIHUHOBOM pellakcallii UMEET MECTO aHTuiokamu3aius [2] (B
TaK Ha3bIBAEMOM JU(PHY3MOHHOM PEXHMME, KOT/Ia YaCTULIA BO3BPALIAETCS Ha3a
Ha JUTMHAX TPAGKTOPUN MHOTO OOJBIIMX JIMHBI cBoOOAHOTrO mpobera). Hamu
MOCTpOEHA Teopusi CIadoi aHTUJIOKANIM3aIlluu B TpadeHe BO BCEM JMAIa30HE
KJIACCUYECKHU CJIA0bIX MAarHUTHBIX MOJIeH (TO €CTh MPUHSTHI BO BHUMAHUE TPACK-
TOPHUH, COJAEpKAIIME HECKOJIbKO PACCEUBATENEH) C YyUETOM MEXKIOJIMHHBIX Te-
PEXOJIOB MPOJIEMOHCTPUPOBAH MEPEX0]T OT AaHTUIIOKATIM3AIUU K CITa00M JIOKaU-
3allMM U JIaHO KaYeCTBEHHOE OOBSICHEHWE 3HAKa MAarHeTONPOBOAMMOCTH MpPH
pPa3TUYHBIX COOTHOIICHHSIX BpeMeHH c00s (pa3bl BOJIHOBOM (YHKIIMM U BPEMEHU
MEXJIOJIMHHBIX NEPEX0I0B. DT OCOOEHHOCTH MEXKJOJUHHBIX MEPEX0J0B Kaue-
CTBEHHO M KOJIMYECTBEHHO CPaBHUBAIOTCS C AQHAJIOTMYHBIMU IMPOLIECCAaMU IS
AJIEKTPOHOB Ha MOBEPXHOCTH KPEMHHUSI U JBIPOK B aKKYMYJIHPYIOIIUX CIIOSX Ha
MMOBEPXHOCTH TEJLTYpa.

PaboTa BrinonHena npu noaaepxke [Iporpammer [pesuanyma PAH.

1. S. Hikami, A. Larkin, Y. Nagaoka, Prog. Theor. Phys. 63, 707 (1980).
2. E. McCann, K. Kechedzhi, V.I. Fal’ko, H. Suzuura, T. Ando, B.L.
Altshuler, Phys. Rev. Lett. 97, 146805 (2006).
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C.A. Tapacenko
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E-mail: tarasenko@coherent.ioffe.ru

JlaBHBIM-JITaBHO, Ha 3ape CO3/JaHusl KBaHTOBOM MexaHuku O. IlIpeaunrep
oOpaTujl BHUMaHUE Ha HEOOBIYHOE CBOMCTBO ypaBHEHMs Jlupaka — oreparop
CKOpPOCTH U omepartop ['amuiabTOHA HE KOMMYTHPYIOT JIPYT C JPYroM Jaxe B
OTCYTCTBHE BHENTHUX Mojel. HekoMMyTaTUBHOCTh MOXKET MPUBOAHUTH K TOMY,
YTO KBAaHTOBO-MEXAHHMYECKOE COCTOSHUE PEISATUBUCTCKOM YaCTUIIBI C OIpese-
JICHHBIM 3HAUYEHUEM UMITYJIbCa HE XapaKTEPU3YETCsS ONMPEACICHHBIM 3HAUYECHUEM
CKOPOCTH: Ha PaBHOMEPHOE U MPSIMOJIMHEHHOE ABUKEHUE HAKIAJABIBAETCS JPO-
xanue (Hem. Zitterbewegung) [1, 2]. YacTtoTa TakuxX OCUMJUIALAN IS TUPAKOB-
CKOTO 3JIEKTpOHa omnpezensercs napamerpom 2mc/h ~ 102 I'n u upe3BbIyaiiHo
BBICOKA, aMILIUTYJa — KOMITOHOBCKOM JIMHOM BOMHEI *c ~ 107! cm — ouens
Majia, MOATOMY HEMOCPEACTBEHHOE SKCIEPUMEHTAIIBHOE HccienoBaHue dddek-
Ta B HACTOSIIIEE BPEMSI HEBO3MOKHO.

B nannoit paborte coobmaercs 060 00HaApYKEHHH, TECOPETUUECKOM U DKC-
MEPUMEHTAILHOM HMCCJIEAOBAHUU aHAJIOTa JAPOXKAIIETO JBYXKEHUS ISl AJIEKTPO-
HOB B NOJTYNpoBoAHUKaX [3]. D deKT ocHOBAaH HA TOM, YTO B CUCTEME CO CIIUH-
OpOUTANBHBIM B3aUMOJICHCTBUEM BO BHEIIIHEM MAarHUTHOM IT0JIE, EHCTBYIOIIEM
Ha CIIMH, CKOPOCTh 3JICKTPOHA HE SIBJIAETCS COXPAHSIOLIEHCS BEIUYUHOM, a COo-
JIEPKUAT BKJIAJ, OCHUUIMPYIOIINAN HA JapMOPOBCKOM vactote. [loaTomy mpenec-
CUsl CIIMHa B MarHUTHOM TIIOJI€ CONPOBOXKJAETCS OPOUTAIBHBIM JIPOKAHUEM
ANEKTPOHA B PEAIBHOM MPOCTpaHCTBE. J[pokaHWE OTIOEIBHBIX SJIEKTPOHOB
MOXHO CJIeJlaTh KOT€PEHTHBIM, €CJIUM CHUHXPOHU30BaTh CHUHOBYIO JHMHAMHKY
AJIEKTPOHOB, HAMPUMEpP METOJaMH ONTHUYECKOW opueHTanuu. KorepeHTHoe
JpOXKaHUE aHCaMOJIS SJICKTPOHOB COXPAHSAETCA J0 TeX IMOp, MOKa CIIUHOBAs KO-
T€PEHTHOCTh HE Pa3pyIIaeTcsl MPOIECCAMH CIIMHOBOM peJIaKCalllH.

OKCIEpUMEHThI BBIMOJHEHBI Ha oOO0pasllax ¢ HampsSKEHHBIMU SIHUTaK-
cuanbHeIMH closiMu INGaAS N-tuma. MeX30HHOE ONTHYECKOE BO30YKICHUE
CTPYKTYpP HHUPKYJSPHO MOJSIPU30BAHHBIM CBETOM HWHUIIMUPOBAIO KOTEPEHTHYIO
MPELECCHUIO AIEKTPOHHBIX CIIMHOB B MarHUTHOM IIOJIE U, CJI€IOBAaTENIbHO, KOTe-
PEHTHOE JAPOXKAHUE AIEKTPOHOB MPOBOJAUMOCTH. [[pokaHue 2JEKTPOHHOTO ras3a
JIETEKTUPOBAJIOCHh KaK BBICOKOYACTOTHBIN 3JICKTPUUYECKHM TOK, BOSHUKAIOIIUMN B
oOpasiie B OTCYTCTBHE MPHIIOKEHHBIX MepeMeHHBIX mojiek [3]. Pazpaborannas
TEOpHUsT KOTEPEHTHOI'O JIPOKAHUS JJICKTPOHOB B TMOJYMPOBOJHUKAX XOPOIIO
OMUCHIBAET HAOJIO/IaeMbI€ B DKCIIEPUMEHTE 3aBUCUMOCTH aMIUIUTYIbl U 4acTO-
Thl BBICOKOYACTOTHOTO TOKa OT MAarHUTHOTO TMOJsl, MOJSPU3alUd BO30YXKIat0-
IIETO CBETa U TEOMETPHH 00pa3IloB.

1. E. Schrodinger, Sitz. Press. Akad. Wiss. Phys.-Math. 24, 418 (1930).

2. W. Zawadzki, T.M. Rusin, J. Phys.: Condens. Matter 23, 143201 (2011).

3. I. Stepanov, M. Ersfeld, A.V. Poshakinskiy, M. Lepsa, E.L. lvchenko,
S.A. Tarasenko and B. Beschoten, to be published.
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TYHHEJIbHBIN TPAHCITOPT B CBEPXPEILIETKAX
C PACIIPEJEJIEHHBIM TT'll PE3BOHATOPOM
N.B. Anryxos!, M.C. Karan?, C.K. ITanpoukuii', A.H. Bapanos?, P. Tecne?,
A.J1. Bypasnes®, A.Il. Bacunbes®, 10.M. 3agupanos®, H.J[. Uneunckas®,
A.A. Ycuxosa®, B.M. Ycrunos®
L Unemumym paouomexnuxu u snexkmponuxu um. B.A. Komenvnuxosa PAH,
Mockea
2JES, Université Montpellier 2, CNRS, Montpellier, France
3 @usuxo-mexnuyeckuti uncmumym um. A.@. Hogpgpe PAH, Cankm-Ilemepbype
E-mail: kagan@cplire.ru

[IpuBeneHbl naHHBIE O BIUSIHUU pactipeaeneHHoro teparepionoro (TI'r)
pe3oHaTopa Ha TyHHENbHBIH TOK B cBepxpemerkax (CP) InAs/AISb wu
GaAs/AlAs npu komuaTHOU Temneparype. CP, cocrosBmme u3 60 u 100 nepuro-
0B CP, cCOOTBETCTBEHHO, OBLIN PACIIONIOKEHBI MEKYy CUIBHO JIETUPOBAHHBIMU
BEPXHUM KOHTAaKTHBIM CJIOEM U MOJUIOKKOW. MeTauimueckiue KOHTAKThl K BbI-
TpaBJICHHBIM Me3a-CTpyKTypaMm auamerpoM 10-15 mxMm umenu popmy Kojblia,
oOpa3zys pacrnpe/eJeHHbI Pe30HATOp Ha JUIMHBI BOJH B CBOOOJIHOM MPOCTpaH-
ctBe oT 110 mo 160 mxMm.

Ha Bonbrammnepnbix xapaktepuctukax (BAX) InAs/AlSb B obnactu He-
PE30HAHCHOTO TYHHEIUPOBaHUS (TIPU HAMIPSHKEHUSIX, KOT/1a EPEKPHITUE OCHOB-
HBIX COCTOSIHMM B COCETHHMX KBAaHTOBBIX SIMaxX M, COOTBETCTBEHHO, MUHHU3OHHAS
MPOBOJANUMOCTh OTCYTCTBYIOT) Obljla OOHApy>KeHa Cepusi MaKCUMYMOB, IEPUO-
TUYECKUX TI0 HaNpsDKeHHI0. PaccTosHne MeXTy HUMHU KOPPEIUPOBAIO C PE30-
HAHCHOM YaCTOTOM pe30HaTopa. BO3HUKHOBEHUE STUX MAKCUMYMOB CBSI3bIBACT-
csi ¢ apdexrom [lépcenna, T. €. C yBEIMUEHUEM UHTCHCUBHOCTU CITIOHTAHHOTO
U3ITyYCHHs] B PE30HATOPE MO CPABHCHHUIO ¢ MHTCHCHBHOCTHIO CITOHTAHHOTO M3-
Jy4eHHS B CBOOOIHOE TIPOCTPAHCTRO.

B pe3oHaTopHBIX CTpyKTypax Ha OCHOBE KOpOTKomnepuoaubix CP
GaAs/AlAs wuccrenoBaics BepTUKAIBHBIN TPAHCIIOPT B PEXUME MUHU30HHOU
MIPOBOJAMMOCTH (B MPHUCYTCTBHH SJIEKTPHUECKUX JIOMEHOB). OOpa3oBaHHE JBU-
KYIIUXCS TOMEHOB, MIPOUCXOUBIIIEE PU HEKOTOPOM MTOPOTOBOM HAIPSHKEHUH,
COMPOBOXKIAJIOCH CKAYKOOOpa3HbIM YMEHbIIIEHHEM Toka Ha BAX, koTopoe Mor-
70 pocturath 50 %. O6HapyXeHO, YTO MPU U3MEHEHUH ITapaMeTPOB pe30HATOPA
ATO TMOPOrOBOE HANPsHKEHUE CYIIECTBEHHO MeHsieTcs. [lpemnoxkeHo oObscHe-
HUE, CBSI3bIBAIOIIEE 3TOT CABUT MOPOTa ¢ BO30OYKIACHUEM B pe3oHaTope Koseba-
HUW 3HAYUTEITHLHON aMIUTMTYIbI, KOTOPBIC 32 CUET BBITIPAMJICHUS HA CHJIBLHOM
HEJTMHEWMHOCTH 00pa3ila CABUTalOT padouyl0 TOYKY Ha BOJIbTAMIIEPHOM Xapak-
TepucTuke. TakuM 00pa3oM, 3TOT OIBIT SABIIACTCS YKa3aHHEM (pa3syMeeTcs, KOC-
BCHHBIM) Ha BO30YKJEHHE Pe30HATOPA 3a CUET OTPHUIIATEIIHHOTO COMTPOTHBIICHUS
CP ¢ nomenamu.

PaboTa BeImoONHEHA Mpu moAepKke Poccuiickoro ¢orma GpyHmaMeHTalb-
HbIX ucciuenoBanuii (rpant 14-02-01062) u mporpamm PAH «OcHoBbl dyHaa-
MEHTAJbHBIX MCCJIEIOBAHUIM HAHOTEXHOJOTUH M HaHoMarepuasioB» u «CoBpe-
MEHHBIE TPOOJIEMBI PATUODUUKI.
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MATHUTOOIITUYECKAS CITEKTPOCKOITNA KYJIOHOBCKHUX
KOMIUIEKCOB B TPUT'TOHAJIBHBIX KBAHTOBBIX
TOYUKAX GaAs/AlGaAs

M.B. /lypues

Quzuxo-mexuuyeckuil uncmumym um. A.@. Hogpgpe PAH, Cankm-Ilemepoype
E-mail: durnev@mail.ioffe.ru

B nannoit pabore OyayT mpeacTaBieHbl Pe3yJIbTaTbl TEOPETHUECKUX U
HKCIIEPUMEHTAJIBHBIX HCCIEIOBAaHUN MarHUTOONTHYECKUX 3(h(PexToB B HEHa-
NpsDKEHHBIX KBaHTOBBIX ToukaX GaAs/AlGaAs, BbIpallleHHBIX HAa MMOBEPXHOCTU
GaAs(111)A. Takue KBaHTOBbIE TOYKM OOJAJAIOT TPUTOHAIBHON CHUMMETpUEH
C3v c ocbto Tperbero mopsaka z|[[111] u memoHCTpupyIoT sipkue 3(pQeKTsl,
MpOSIBIIIEMBIE B CIIEKTpaX MarHuTodOMHuHecueHuuu [1]. B wactHocTh, mar-
HUTHOE T0JIE, MPUJIOKEHHOE BJIOJIb OCH POCTA, CMEIINBAET COCTOSIHUS TSKEIBIX
JBIPOK C MPOEKIUAMH CIHHA +/— 3/2 Ha 3Ty OCh M MPHUBOIUT K ONTHYECKOMN
AKTUBHOCTU «TEMHBIX» dKCUTOHHBIX U TPUOHHBIX COCTOSHUU [2, 3]. B CTpyKTy-
pax ¢ 3aTBOPOM MPOJAEMOHCTPUPOBAHBI PA3IMYHBIE COCTOSIHUA OJUHOYHBIX TO-
yek ¢ 3apsgom ot —3|e| o +2le| [4].

B pabote Oyzaer mpencraBieHa AeTallbHAas TEOpUS TOHKOH CTPYKTYpHI U
CHEKTPOB MarHuTO (POTOJIOMHHECLIEHIIMM BO30Y)KIECHHBIX COCTOSIHHM 3JIEK-
TPOH-IBIPOYHBIX KOMILIEKCOB, B KOTOPBIX 3JEKTPOH WM AbIPKA HAXOIATCSA Ha
BO30Y)XICHHOM YPOBHE Pa3MEpPHOTO KBAHTOBAHHS. JTO TaK HA3bIBACMbIE «rOpsi-
upe» TPUOHBI X (IBa DIEKTPOHA M JbIpka) B X' (31IEKTPOH M IBE IBIPKH), &
TaKKe IBYKPATHO 3apsuKEHHBIM dKcuToH X% . IlomokeHHMe WM MHTEHCHBHOCTH
CHEKTPaIbHBIX JUHUI ONpeNensieTcsl KOHKYpEeHIUMEH MeXAy OOMEHHBIM B3au-
MOJENCTBUEM DJIEKTPOHA U JABIPKU U CMEIIMBAHUEM COCTOSIHUM TSKEIIOU IBIPKH
MarHuTHbBIM 1nojeM. CpaBHEHUE TEOPUU M SKCHEPUMEHTOB MO (POTOTOMHHEC-
LEHIUN OJUHOYHBIX TOYEK MO3BOJISIET OJTHO3HAYHO UACHTU(ULIMPOBATH 3aps10-
BOE€ COCTOSIHME TOYKH, & TAKXKE M3BJIEUYb KOHCTAHTBI 3JIEKTPOH-ABIPOYHOIO 00-
MeHa 1 §-(haKTopbl HOCUTENIEH 3apsiaa B BO3OYKIEHHBIX COCTOSIHUSAX [S].

[IpeacTaBiensl JaHHbIE O AMHAMUYECKOW MOJSPU3ALUU SIIEP B TaKUX
CTPYKTYypax, HaOJIFoJaeMoM Mpu pe30HAHCHOM BO30YXKIAeHUU. SnepHas moJisipu-
3a1Msl posiBisieTcs: B Buje nojis OBepxaysepa, AEMCTBYIONIErO Ha CIIUHBI AJIEK-
TPOHOB U ABIPOK M MPUBOJSALIETO K JOMOIHUTEIBHOMY BKJIATy B pacUICIUICHHE
auHUM u3nydeHuss X+ TpuoHa. HaOmroleHue OJHOBPEMEHHO «CBETIIBIX» H
«TEMHBIX» COCTOSIHUWA TO3BOJISIET HE3aBUCUMO H3MEPUTh KOHCTAHThHI B3aUMO-
JENCTBUS CIIMHOB SIIEP CO CIIMHOM 3JIEKTPOHA U JbIpKU. V3MepeHHOe 3HaueHue
OTHOUIEHUS! KOHCTAHT CBEPXTOHKOI'O B3aUMOJECUCTBUS AJI JBIPKH U 3JIEKTPOHA
okasbiBaeTcsa paBHbIM npuMepHO 20 %. IlocTpoeHHass TeopHsi CBEPXTOHKOIO
B3aMMOJICUCTBUS IBIPKU CO CIIMHAMHU SJ€p B KBaHTOBbIX Toukax (111) mokasbl-
BaeT, YTO 3TO 3HAYEHHUE 3aBHCHUT HE TOJIBKO OT CBOMCTB Marepuaia, HO U OT
dbopMBbI B pazMepa KBAaHTOBOM TOYKH [6].

1. M.B. Aypues, ®TT 57, 1201 (2015).

2. G. Sallen, B. Urbaszek, M.M. Glazov, et al., Phys. Rev. Lett. 107, 166604
(2011).

3. M. V. Durnev, M. M. Glazov, E. L. Ivchenko, et al., Phys. Rev. B 87, 085315
(2013).

4. L. Bouet, M. Vidal, T. Mano, N.Ha, T. Kuroda, M.V. Durnev et al., Appl. Phys.

5

6

Lett. 105, 082111 (2014).
. M.V. Durnev, M. Vidal, L. Bouet, et al., arxiv:1511.08196 (2015).
. M. Vidal, M.V. Durnev, L. Bouet, et al., arxiv:1603.02909 (2016).
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TOHKAA CTPYKTYPA SKCUTOHOB,
JIOKAJIM30OBAHHBIX HA OAMHOYHBLIX AKIIEIITOPAX
B KBAHTOBBIX SIMAX GaAs/AlGaAs

U.A. Koxypun'?
LDusuro-mexnuueckuii uncmumym um. A.@. Hogppe PAH, Canxm-Ilemepbype
2Mopooeckuii 2ocyoapcmeennviii ynusepcumem um. H.I1. Ozapesa, Capanck
E-mail: kokurinia@mail.ru

TenneHuMs K MUHUATIOPU3ALUN TTOJTYIPOBOJHUKOBBIX YCTPONUCTB NMPUBOAMUT K
TOMY, YTO CTAHOBHUTCS CYILIECTBEHHBIM JIETHPOBAHUE HA YPOBHE €IMHUYHBIX IIPUMEC-
HBIX aTOMOB. B 4acTHOCTH, MOYXHO TOBOPUTH O BBIIEJICHUH OTIEIBbHON OTPACIIH HOJTY-
MPOBOJAHUKOBOM HAyKH, HMEHYEMOH «COJNOTpOoHHMKa» (OoT aHri. solitary dopant
optoelectronics). CiaemyeT Takxke OTMETUTh, YTO SKCIHEPUMEHTHI C OJJUHOYHBIMH MPHU-
MECAMH JTaI0T BO3MOKHOCTh M3yUUTh IPOCTPAHCTBEHHOE PACIIPEAECICHUE PUMECE B
MOJIYITPOBOTHUKAX.

CymiecTByeT JBa OCHOBHBIX MOJX0/1a K IKCIIEPUMEHTAIBHOMY U3YyUYECHHUIO OJU-
HOYHBIX MPUMECEH B MOJIYNPOBOJHUKAX: ONTHUYECKUE METOJbI U METOJbl CKAHUPYIO-
el MUKpocKonuu. B HacTosiiee BpeMst peaan30BaHbl 3KCIEPUMEHTHI IO ONTHUYECKOM
CIIEKTPOCKONHUH InAs KBAaHTOBBIX TOYEK, JIESTUPOBAHHBIX OJIMHOYHBIMHU IPUMECIMHU
Mmapranua. OpHako, MPOLIEHT JIETMPOBAaHHBIX TOYeK, (hopma, pazMep U XUMHUECKHUI
COCTaB KBAaHTOBOW TOYKH, a TaK)K€ PACIIOJOKECHUE MPUMECH BHYTPH HEE OCTAIOTCS
CIIy4alHBIMU, YTO OCJIOKHSIET UCCIIETOBAHUE U BOCIIPOU3BOAUMOCTD PE3YJIBTATOB.

OpurnHasnbHas 4acTh JOKJIAJa MOCBAIIECHA UCCIEAOBAHUIO OAUHOYHBIX IPHUMeE-
ceit 6epmiusa B kBaHToBOoU sMe (KA) GaAs/AlGaAs. DkcriepuMeHTaNbHO MOJYYEHbI
criekTpbl poromomunectenuuun (DJI), oOycroBneHHONW peKkoMOMHAIMENW 3KCHUTOHA,
JIOKaJIM30BAHHOTO HA OJMHOYHOM HEUTpaTbHOW NpuMecH. [lomydeHHBIE pe3yibTaThbl
OBUIM COIIOCTaBJIEHbl C TEOPETUUYECKOW MOJIEIIBIO, OIMMUCHIBAIOIIEH SHEPIeTUYECKOE
IIOJIOKEHNE W MHTECHCUBHOCTU ONTHUYECKHUX IEPEXOJ0B DKCUTOHA, JOKAIM30BAHHOIO
Ha akuenTtope. B paMkax 3To# k€ MOJIETU UCCIEA0BAINCH CHEKTPhl LIUPKYJISAPHO TO-
nspuzoBaHHo DJI B MarHUTHOM MOJ€, M3YYEHO 3E€EMAHOBCKOE pAaCIICIUICHHE U
HalgeHbl dQQekTuBHbIE g-(aKTOphl. 3AeCh CIEAYET OTMETHTh, 4TO crekTpbl DJI u3
K4 ob6namaroT BechbMa GoraToii CTpYKTYpOid, B TIEPBYIO OYepPeIb ATO CBSI3aHO C MHOXKE-
CTBOM JIMHUHM SKCUTOHOB, JIOKAJIM3YIOIIMXCS HAa PAa3IMYHbIX Ae(eKTax, HEOJHOPOIHO-
ctsix untepdeiicop KA u np. HeoOxoaumoil nmpu 3TOM CTaHOBUTCS HIIEHTU(DUKAIIISL
psAla JUHUM U IIOCTPOCHUE COOTBETCTBYIOIIMX TEOPETUYECKUX MOJEICH, MAr0LIUX
IPEICTABIECHUE O CTPYKTYPE MHOTOYACTHUYHBIX KOMILJIEKCOB, MOJIO)KEHUH CIIEKTPajlb-
HBIX JJUHUW, UX UHTEHCUBHOCTH, MOJISIPU3ALIUU U T. 1.

DKCUTOH, JIOKAJIM30BAaHHBIN Ha aKIenTope, 00J1a1aeT CI0KHOM SHEPTeTUUECKOM
CTPYKTYpOHM B CUJTy HaJM4Ms CYIIECTBEHHOIO OOMEHHOTO B3aMMOJICICTBUS BCEX TPEX
yacTHll (ABYX ABIPOK M OJHOTO 3JIEKTPOHA) BXOJAIIMX B TAKOM KOMIUIEKC, a TaKkKe
BJIUSIHUS MOTEHIIMaa KBAHTOBOM siMbl. OOMEHHOE B3aMMOJEHCTBUE JIBYX JIBIPOK HO-
cuT (GeppOMarHUTHBIN XapakTep, B pe3yJbTaTe€ YEero OCHOBHOE COCTOSIHUE TaKOTro
KOMILJIEKCa UMEET MOJHBIA MOMEHT J = 2. Poib 0OMEHHOT0 B3aMMOACHCTBUS JABIPOK C
AIIEKTPOHOM (TOXe (eppOMArHUTHOT0) TAaKKE CYIIECTBEHHA, TaK KaK 3TO B3aUMOJIEH-
CTBHE CWJIBHO BO3pPACTAET B CUCTEMax NOHUKEHHOM PA3MEPHOCTH IO CPABHEHHIO C
00BEMHBIM MaTepuaioM. B 00beMHOM Marepuaie TPeX4aCTUYHBIX KOMILIEKC Xapak-
TEPU3YETCs BEIMIHHON 1moIHOrO MomeHTa F = 1/2, 3/2, 5/2 , a Bnusiaune s dexra pas-
MEPHOI'0 KBAaHTOBAHMSI JIONOJHUTENBHO YCIOXHSIET CTPYKTYPY YPOBHEW CBS3aHHOTO
skcuToHA. [Iomumo atoro, cnekrpsl DJI onpenendaroTes Takke CTPyKTYpOW ypOBHEHR
KOHEYHOTO COCTOSIHMS (HEWTpaJbHBIA akIenTop), oOpasyromerocs mocie u3Iyda-
TEJIBHON PeKOMOMHAIINH SKCUTOHA.

ITocTpoeHHast MoJienb MO3BOJIMIA KOJIMYECTBEHHO ONUCATh TOHKYIO CTPYKTYpY
cnekTpa MUKpo-DJI 3kcUTOHA, TOKATN30BAaHHOTO HA OJJMHOYHOM aKLEenTope Oepusuins
B KBAHTOBOM SIME.

PaGora BeimonHeHa npu noaepkke Poccuiickoro HaydHoro oua (mpoexT
Ne 14-12-00255).
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I'EHEPALITMOHHBIE ITPOLIECCBI B KPEMHUEBBIX MAIT-CTPYKTYPAX
C HAHOPA3MEPHbBIMU JUDJIEKTPUYECKUMMU CJIIOSMHN OKCHUOB
PEJAKO3EMEJIbHBIX DJIEMEHTOB

AM. I'yppsHOB
Camapckuil 20cy0apcmeenusblil apXumeKmypHO-CImpoumeibHblil YHUgepcumen,
Camapa
E-mail: gurjanovam@mail.ru

Kpemnauessie M/III-cTpyKTypbl C¢ AUIIEKTPUUYECKUMU CIOSIMH OKCUIOB
peako3zeMenbHbIX deMeHToB (OP33) saBastoTCsa MepcneKTUBHBIMU dJI€MEHTaMU
JUISL MUKPO- U HAHOXJIEKTPOHUKH, MOCKOIbKY OP33 MOryT ObITH OTHECEHBI K
IbTEPHATUBHBIM JTUAJIEKTPUKAM (JUAJIEKTPUKAM C BBICOKOM TUAJIEKTPUUECKOU
nponunaemocthto — high-k dielectrics). B manHoit paboTte ncciemoBaiuch CBOM-
CTBA IPaHUIIbl TUDIEKTPUK-TIOTYTIPOBOJHUK B KpeMHHEBbIX MJIIT-cTpykTypax ¢
HaHopa3MepHbIMU (20+60 HM) AUAIEKTPUUECKUMU TIJIEHKAMU OKCHJIOB CKaH U,
pOus, ronpMua. HMudbopmamuio o0 rpaHune pazjiena  JAUAJIEKTPUK-
MOJIYNPOBOJHUK MOKHO MOJIYYUTh, paCCMaTPUBasi FT€HEPALIMOHHBIE TIPOLIECCHI B
MUII-ctpykrypax.  I'eHepaumonHele  xapakrepuctuku  M/III-ctpyktyp
Al/R;03/nSi/Al (R — cuMBOJI peKO3EMENBHOTO BJIEMEHTA) ONPEACSUINCh U3
penakcaioHHbIX 3aBucuMoctedt eMkocti M/IIT-ctpykTypsl C(t) pu HepaBHO-
BECHOM OOETHEHUM IMOBEPXHOCTH KPEMHHSI OCHOBHBIMU HOCHUTEISIMU 3apsija,
CO3J1aBAEMOM IMPSMOYTOJBbHBIMA UMITYJIbCaMH HampsbkeHus. [Iponecc penakca-
1 eMKkoctd M/III-cTpyKTypsl, ONUCHIBAETCS YPABHEHHUEM:

Negss d(C)' | o, Méoss (Co 4 (1)
! C

2C, dtlC r

o“o
rae Ci — eMKOCTh JUAJICKTPUKA, OTHECEHHAS K SIUHUIIE TUIOIIAIN, & — JUDJICK-
TpUYEeCKasi MPOHUIAEMOCTh MOJynpoBoaHMKA. [0 penakcalMoOHHBIM KpPUBBIM
HEPaBHOBECHON €MKOCTH OIpPECISUINCh OOBEMHOE BpeMsl KU3HU HEOCHOBHBIX
HOCUTEJIeH 3apsiaa 7y U yAelibHas CKOPOCTh MOBEPXHOCTHOM reHepamnuu S. Yka-
3aHHBIC 3aBUCUMOCTH PETUCTPUPOBAIMCH B TEMHOTE, PU KOMHATHON TEMIIEpa-
Type. JIUTENbHOCTh MEPEXOAHOTO MPOLIECCa PEIAKCAIUY HEPABHOBECHOU €M-
KOCTH Haxoauiach B mnpenenax 30+500 mc. PaccuntanHble 3HaYECHUSI CKOPOCTH
MOBEPXHOCTHOM T€HEepaluu S U 00BEMHOTO BPEMEHH KU3HU HEOCHOBHBIX HOCH-
TeJen 3apsaaa 7y UMENIU COOTBETCTBEHHO BennuuHbl 10+90 cm/c u 0,3+4,5 MKkc.
CKOpOCTh TOBEPXHOCTHOM TreHepauuu B HccienoBaHHelx MJII-cTpykTypax
Al/Sc,03/nSi/Al, Al/Er,O5/nSi/Al, Al/H0,03/nSi/Al Ha mopsiiok MeHbIIIE aHAIO-
TUYHOIO napamerpa B KpeMHueBbix M/III-cTpykTypax ¢ TEpMUUYECKON IBYOKH-
ChIO KPEMHHUS B KAUE€CTBE JUAJIEKTPUKA, YTO CBUJIETEILCTBYET O XOPOIIIEM Kaue-
ctBe rpanuiel OP3D — kpemHueBas nojnoxka. J[Jis cpaBHEHUs, 3HaY€HHUE CKO-
POCTH TTOBEPXHOCTHOM reHepaunu B KpemHueBblx M/III-cTpykrypax ¢ tepmu-
YECKOW JBYOKHCHIO KPEMHHUS B KAaYECTBE JUAICKTPUKA COCTABIISAECT BEIUYUHY

200-+400 cwm/c.
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PE3OHAHCEHI B ITIOTJIOIEHNN SJIEKTPOMAI'HUTHOI'O
N3JIYYEHUSA B KBAHTOBOM ITPOBOJIOKE

B.B. Kapnyaun
Mopoosckuii 2cocyoapcmeenHblil neda2o2udecKuti UHCMumym
um. M.E. Eecesvesa, Capanck
E-mail: karpuninvw@mail.ru

[ToyueHO aHAJIMTUYECKOE BBIpAKEHUE AJI KOA((PUIIMEHTa NOTIOUICHUS
(KII) »neKTpOMarHMTHOTO H3JIyYE€HHsI 3JIEKTPOHAMU KBAaHTOBOUM IPOBOJIOKH,
MOMEIIEHHOW B MarHuTHoe ToJie. Mcrnonap30BaH aHU3OTPOMHBIN mapadoiande-
CKUH MOTeHIHaN KoH(paitHMeHTa. PaccMoTpeH citydail monepeyHoro MarHuTHO-
ro MoJiA IO OTHOUIEHUIO K OCU IPOBOJIOKH. 1I0Ka3aH pe30HAHCHBIN XapakTep
IIOTJIOLIEHNS M HaWJIEHO MOJIOXKEHUE PE30HAHCHBIX NHUKOB B 3aBUCHMOCTH OT
4acTOThl (puc.l), MArHUTHOrO MOJIS M YIJIa HAKJIOHA MAarHUTHOIO IOJISI B IJIOC-
xoctu X0z [1].

20 i
i

0.5

0 &
w,101%57!
Puc.1. 3aBucumocTts KII QJICKTPOMATrHUTHOT'O U3JTYUYCHUS OT YaCTOTHI U3JTYYCHU
@, =5-10°c™, w, =10-10"°c™, @, =7.5-10"c™, 0 = /3- cruomHas kpupas,
0 = 7/ 6 -nynxTupHas kpuas, 7 =10 ¢, T =10K .

I'padux nmeer mybrIeTHYIO CTPYKTYpy. ITa CTPYKTypa 0OYyCIOBJIEHA pe-
30HAHCOM IIPU YCJIOBHUM, YTO YaCTOTa M3JIYYEHHUS pPABHA OJHOU U3 JBYX T'HU-
OpuHBIX 4acTOT 21 2. [TOCKOMBKY THOPUIHBIC YACTOTHI 3aBUCST OT BEJTUYHHBI U
HAaMpaBJICHUS MOJIsI, TO U MOJIO)KEHUE PE3OHAHCHBIX YaCTOT 3aBUCUT OT ITUX K€
IapaMeTpoB MarHUTHOro 1noJjs. dopma pe30HAHCHBIX MMKOB B COOTBETCTBUU C
BelpaxxeHueM KII cumMmerpuuHass OTHOCUTENIBHO TOYKM PE30HAHCHBIX MAaKCH-
MYMOB.

Takxe Hvcciieq0BaHO paccesHUue 3JEKTPOHOB HAa ONTHYECKUX (POHOHAX U
MOKAa3aHO, YTO OHO MPUBOJHUT K JOMOJIHUTEIBHBIM PE30HAHCHBIM MUKaM B I0-
riomeHuru. OTMETHM, 4TO Kak CJIEAYET U3 JIMTEPaTyphl [2] HAKIOHHOE K OCH
CMUMMETPUHM CUCTEMbl MAarHMTHOE TOJIE€ JAE€T JOMOJIHUTEIIbHBIE BO3MOMXHOCTH
JUJIs U3YYEHUS TApaMETPOB CIIEKTPA HOCUTEJS 3apsiia U IAHHBIX PACCEIHUS.

1. B.B. Kapnyuun, B.A. Maprymuc, ®TII 50, 785 (2016).
2. NJI. Ipuuko, N.}O. CmupnoB, A.B. CycnoB u ap., KOTD 138, 557
(2010).
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MATHUTOOIITUYECKUU DPDEKT KEPPA U UHIVLIMPOBAHHAS
CIIMHOBAS ITOJISIPU3ALIS COCTOSHUM HOCUTEJIEU
B [IOBEPXHOCTHOM CBEPXPEILIETKE KBAHTOBBIX TOYEK
B NEPITEHAVK VJISIPHOM MATHUTHOM IIOJIE

A.A. Ilepos, A.C. PynbkoB
Hayuonanvnouii uccneoosamenvckuu Husxce2opoockuii 2ocyoapcmeer bl yHU-
eepcumem um. H.U. Jlobauesckoeo, Huoxcnuti Hoszopoo
E-mail: aleksrulkov@yandex.ru

N3ydenune ynpaBiasieMblX ONTHYECKUX CBOMCTB MOJYIPOBOJIHUKOBBIX
CBEpPXPEIIETOK CO CHUH-OpOUTaNbHBIM B3aumojeiictBuem (COB) B raze Hocu-
TeNel SBJISIETCS 3HAYMMBIM B KOHTEKCTE MPAKTHUUECKUX MPUIOKEHUM B CIUH-
TpoHuke. OJHUM U3 TOCTATOYHO MEPCIEKTUBHBIX KAHJIUJIATOB HA POJIb CTPYK-
Typ C HETPUBUAIBHBIMU MAarHUTOONTHUYECKUMH CBOMCTBAMU SIBJISIETCS ABYMEp-
HBIN DJIEKTPOHHBIN ra3 B cBepxpemieTke Ha ocHoBe GaAs, AlGaAs u InAs ¢
cuibHbiIM COB Pamiba, Haxonasmuiicss B KBaHTYIOIIIEM MarHuTHOM Tone [1].
[Ipy n3y4eHUrn MarHUTOONTHYECKUX CBOMCTB JAaHHBIX CTPYKTYp HAMH UCCIENO-
BaHa YaCTOTHAs 3aBUCUMOCTbH yriia BpaieHus Keppa (monspusiii a¢gdext Kep-
pa), BBIPAXKEHHOTO Yepe3 KOMIIOHEHTHI TeH30pa TUHAMUYECKON TTPOBOJUMOCTH.

Pacuer wu3MepsieMbIX MAarHMTOONTHUYECKHX BEIWYMH, WHIYLIUPOBAHHBIX
M0JIEM DJIEKTPOMArHUTHOM BOJIHBI, 0a3UPyeTCsl Ha BRIYMCICHUU KOMIIOHEHT TEH-
30pa JUMHAMHUYECKON MPOBOJAUMOCTH B paMKax TECOPUM JIMHEHHOTO AJIEKTPOIU-
HaMuueckoro otkianka Ky6o [2]. BeryuciaeHHble KOMIIOHEHTHI TEH30pa MPOBO-
JMMOCTUA OMpPEACNISIOT BEJIMYMHY YyIJia MOBOPOTA TUIOCKOCTH TOJISIpU3ALUU U
AIUIUNTUYHOCTH B ToyisipHOM 3ddexte Keppa. OcoOeHHOCTH 4acTOTHOM 3aBU-
CUMOCTHU KOMIUIEKCHOTO yriia Keppa cBsizaHbl ¢ CUMMETpUEH CIIMHOPHBIX OJ10-
XOBCKUX COCTOSIHUM 3JIEKTPOHOB B MArHUTHBIX MOJ30HaX. [IpOTHBOMOIOKHBIM
10 3HAKY 3HAYECHUAM MPOCKLIHMN CIMHOBBIX NMOJISIPU3ALNAN COCTOSHUM JIEKTPOHA
COOTBETCTBYIOT YaCTOThI NEPEXOA0B, MPU KOTOPHIX OTCYTCTBYET MOTJIOIIEHUE B
cpene, oOyClOBIEHHOE ee TupoTponuei. Bo3nelicTBue Ha 3JEKTPOH JIMHEHHO
MOJISIPU30BAHHOTO 3JIEKTPOMArHUTHOTO HM3IIYYEHHUs TEpareploBOro Auana3oHa
MPUBOJUT K BO3HUKHOBEHHIO HWHAYLHMPOBAHHON CHHUHOBOW TIJIOTHOCTH, YTO
HEIMOCPEACTBEHHO siBisieTcs pe3ysibratoMm yueta COB. Cnengyer oTMETUTS, UTO B
MoJeNbHBIX pacuéTax B orcyTcTBUEe COB B raze Hocuresnel mogo0HOTO TEUCHUS
MarauToontuyeckoro 3gdekra Keppa He HaOmogaercss B CUly KOJUIMHEAPHO-
CTU DJICGKTPOHHOTO CIHHA BEKTOPY BHEIIHEr0 MArHUTHOTO TMOJI B KaXIIOM
KBAHTOBOM COCTOSIHUM M HE3aBUCHUMOCTH OIEPATOPOB DJIEKTPOHHOU CKOPOCTH
OT CIIMHOBBIX MaTPHII.

1. A.A. Tlepos, JI.B. Connbiikosa, [Tucema B XKOT® 88. 717-723 (2008).
2. P.M. Oppeneer, T. Maurer, J. Sticht, et al., Phys. Rev. B 45, 10924-10933
(1992).
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JIOJIMHHO-3ABUCUMBIN CJIBUT T'YCA-XEHXEH B CTPYKTYPAX
HA OCHOBE CUJIMLIEHA U TPAD®EHA

E.C. AzapoBa, I M. MakcumoBa
Huoicecopoockuti cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckozo,
Huoicenui Hoeeopoo
E-mail: azarova.ekaterin@yandex.ru

Oddext I'yca-Xenxen (I'X) [1], kak U3BECTHO, COCTOUT B TOM, UTO MAKET
AJIEKTPOMArHUTHBIX BOJIH, MAJAOIIMX HA TPAHUILY pa3jena ABYX JAUAIICKTPUKOB,
UCIIBITHIBAET MPOJIOJIBHOE CMEIICHUE B YCIOBUSX MOJHOTO BHYTPEHHErO OTpa-
x)eHus. [[puauHON 3TOTO ABIsSETCS MHTEPhEPEHITUS BOIH, 00Pa3yIOIINX MAKET U
MPUOOPETAIONTNX pa3TudHbIe (Pa30BBIC CABUTH TPH OTPAKECHHH. TakuMm oOpa-
30M, 3TOT 3hHEKT MOKET OBITh PEaTM30BaH B MPHUHIIMIE U ISl APYTHX THUIIOB
BOJIH, HapUMep, JJIsl aKyCTUUECKUX uin BoJH e bpoiina. Pabora bunakkepa ¢
COaBTOpaMu [2] MHHUIIMUpPOBAJA U3y4YeHUe AaHHOro 3¢ dexTta B rpadeHe u rpa-
beHoBBIX CTpyKTypax. B oTinume oT rpadeHa, cuibHOE CHUH-OpPOUTAIBLHOE
B3aMMOJICHCTBUE B CUJIMIICHE MTPUBOJUT K TMOSBJICHUIO IIEIU B CIEKTPE BOIU3H
JUPAKOBCKUX TOYEK, BEIUYMHY KOTOPOM MOKHO MU3MEHSATHh BHEUIHUM JJIEKTPHU-
YECKHUM TOJIEM.

B nannoit pabore cmemnienue I'X o, paccuuTaHo AJ1s1 BOJTHOBOTO ITaKeTa,
OTpaxarolerocs oT uHTepdeica, pa3iemsiomero CTPYKTYpbl (CHUIUIICHOBBIC
uiu TpaeHOBBIC), XapAKTEPU3YEeMbI€ PA3TUYHBIMU 3HAUYCHUSIMU TMapaMeTPOB
ey ¥ noteHnuana. Hame paccMoTpeHHre MOKa3bIBaeT, YTO B IIEJIEBOM Ipa-
(deHe BelMYMHA Gy 3aBUCUT HE TOJIBKO OT KHHEMATHYECKUX XapaKTEPHUCTHK
HayaJbHBIX YAaCTHIl, HO U OT MPUHAJJICKHOCTH AJIEKTPOHOB OMpPEACICHHON 10-
auHe. B cunuiene ke 3aBUCUMOCTh 3(P(GEKTUBHOU IIEIN OT CIIMHOBOTO M J10-
JIMHHOTO UHJAEKCOB MPUBOAUT K CHATHUIO HE TOJIBKO JOJUHHOTO, HO M CTUHOBOTO
BBIpOXKAeHUsI. Kpome TOro, B orauyme OT onTudeckoro sddexra, coriacHo
HalllUM pacyeTaM MPOAOJIbHBIM CABUI ['X BO3HMKAET M IPU YaCTUYHOM BHYT-
PEHHEM OTPAKEHUU OT rPaHUllbl HEOAHOPOAHOCTU. OIHAKO, IPU OTPAKEHUU OT
OJIMHOYHOTO MHTep(deiica BeIuunHa CMEIeHHs (KOTOPOEe MOXKET ObITh Kak Io-
JIO)KUTETFHBIM, TaK U OTPUIIATEIILHBIM) B JIOOOM Ciy4yae Maja U COCTaBJISET
HECKOJIbKO (PEPMHUEBCKHX JJIMH BOJIH. YcuiieHue 3¢ dexTa, T. €. 3HAUUTEITHbHOE
yBEIMYECHHE aOCOIMIOTHON BETUYHMHBI CIBUTA Gt MOXET OBITh JOCTHUTHYTO JIJIS
AIIEKTPOHHOTO IMaKeTa, MPOXOJAIIECT0 Yepe3 MOTEHIHATbHBIN 0apbep KOHEYHOM
HIMPUHBI B YCIIOBUSX pe30HaHcCa. MBI pacCMOTpeNid 3aBUCHUMOCTh Gt OT Tapa-
METpPOB MOTEHIMAJa U XapaKTEPUCTUK HaydajlbHOro mnakera. IlokazaHo, 4To B
OTJINYKE OT CJIy4asi, pACCMOTPEHHOrO BhIIIe, cMenieHue ['X B mieneBoM rpadene
SIBJISIETCS TOJMHHO-BBIPOXKJICHHBIM, a JIJIsl CUJIMIICHA €ro BEJMYHWHA 3aBUCUT OT
MIPOU3BEACHUS CIIMHOBOTO U JOJMHHOTO UHICKCOB.

1. F. Goos and H. Hanchen, Ann. Phys. 436, 333 (1947); 440, 251 (1949).
2. C.W.J. Beenakker et al., Phys. Rev. Lett. 102, 146804 (2009).
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MO/JAEJIMPOBAHUE ITPOCTPAHCTBEHHOI'O PACITPEAEJIEHU A
[TOJINDJIEKTPOJIMTHBIX MAT'HETUT-COAEPXAIILIMX
MUNKPOKAIICYJI B BUOOBBEKTAX

M.A. ITaraes’, M.B. I'epacumos’, M.H. XKapxkos!, N.A. IOpnos?,
I1.C. 3ampinuises?, P.P. T'anees?, H.A. Ilaraes?, I'.B. Cyxopykos'?
! HanmoHamsHBIHN HCCIeI0BATEIBCKUN Mop1oBCKHi TOCYAaPCTBEHHBIN
yHuBepcuteT uM. H. I1. Orapésa, CapaHnck
2 Queen Mary University of London, London, UK
E-mail: pyataevma@mail.ru

B nocnenHue ronpl B Ka4eCTBE CPEACTBA ISl HAIPABIEHHON MarHUTHO-
yIpaBIsieMON JOCTaBKH JIEKAPCTB ObUIM IPEAJIOKEHB MHOTOCIONHBIE IOJIH-
AJIEKTPOJIUTHBIE MUKPOKAIICYJIbl, CHHTE3UPOBAHHbIE U3 OMOpa3iaraeMblX IMOJIH-
MEPOB U COJEpIKalllle MarHUTHble HaHO4acTHLbI [1]. OOHAKO A0 HACTOSILErO
BpEMEHU HE ObljIa M3yuyeHa JUHAMUKA MArHUTHBIX YaCTHUI BO BHEIIHEM I10JIE€ U
HE MCCIIEJOBAaH MEXAaHNU3M, KOTOPBI MOYKET IPUBOJUTH K JIOKAIBHOMY KOHIICH-
TPUPOBAHUIO MUKPOKOHTEHHEPOB € JIEKAPCTBEHHBIM IIPENApaTOM.

B Hacrosmeil paboTe paccMaTpuBarOTCS MOJMMEPHBIE MUKPOKAIICYJIbI,
CUHTE3UpPOBAaHHbIE U3 MOJMAPTMHHUHA U JEKCTpaH-Cyib(aTa, coiepixaliue Ha-
HOYACTHIIbl MarHeTuTa B obosnouke. Hamu ObLIM MCClieOBaHbl UX MarHUTHBIE
CBOMCTBA M HM3y4Y€HA BO3MOKHOCTH YNPABICHUS] KOHIEHTPALIMEH KaICyJs B >KU-
BOM OpPraHU3ME C MOMOIIbI0 MAarHUTHOTO IOJIS.

JUist onucaHds MEXaHHW3Ma HAaKOIUIEHUS KalCcyl MPEeIoKEHAa MOJEIb
JBUKEHUSI (PEPPOMATrHUTHBIX HAHOYACTULl B JIAMUHAPHOM IIOTOKE MHIKOCTHU
IIPU HAIMYUU HEOJHOPOAHOTO MarHUTHOrO mnoJid. Kak M3BeCTHO, B TAaKOM IOJIE
Ha YacTUIly JEHCTBYET CUja, MPOMOPIUOHATIbHASA TPAJUEHTY MOJI1 1 MarHUTHO-
My MOMEHTY YacCTULbl. YUYWTHIBas BO3MOXXHOCTb BpAaIl€HUS HAHOYACTHUI[bl B
KHUJKOCTH, B JAHHOM ClTyyae HE0OXOJUMO paccCMaTpuBaTh CPEIHUNA MarHUTHBIN
MOMEHT U COOTBETCTBEHHO YCpPEIHEHHYIO cuily. st onpeneneHuss MarHiTHOro
MOMEHTa B paboTe HCMOIb30BANACh TEOPUS CylepnapaMarHUTHOM >KHJIKOCTH,
COIJIaCHO KOTOPOW 3aBUCUMOCTh MarHMTHOIO MOMEHTAa OT IIOJISI ONKCHIBAETCS
dbopmynoi JlamxkeBeHna [2]. Jlis olleHKM MPOCTPAHCTBEHHOTO paclpeeicHus
noJiss ObUIM TPOBENEHbl AHAIMTUYECKHE U YHUCJICHHBIE HCCIEIOBAHUS TOJIEH,
CO3/1aBa€MbIX MarHUTaMy pa3nyHOW (opMbl (LWIMHAP, YCEUCHHBIH KOHYC).
Taxxke ObUIM IPOBEAEHBI U3MEPEHUS] MAarHUTHOTO NMPOCTPAHCTBEHHOI'O pacipe-
JIeJIeHUs MOJsl OT MarHuTa IWIMHIPUYECKON (OPMBI U MPSMbIE U3MEPEHUS CHU-
JIbl, AEUCTBYIONIEH Ha 00pa3iibl KOJUIOMAHOTO MarHETUTa B 3TOM ToJie. Pe3ynb-
TaThl PACYETOB XOPOLIO COIJIACYIOTCA C MTPOBEACHHBIMUA H3MEPEHUSIMU.

Pabota BhImonHeHa npu puHaHCOBOW noaaepxkke Munoopuayku PO B pamkax
roCyJapCTBEHHOTO 3a/1aHus (poekT Ne 2952).

1. A.M. Pavlov, et al. Adv. Mater. 25, (48) 6945 (2013).
2. M.U. lInnomuc, YOH 112, 427 (1974).
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[MTPOABJIEHUE JIOKAJIM3ALIM BAHBE-IIITAPKA B CBEPXPEHIETKE
C OI'PAHMYEHHBIM YN CJIOM CJIOEB

K.P. Bmacos, M.A. IIaTacB
Hayuonanvnoiii uccneoosamenvcxuii Mopoosckuii 2ocyoapcmeenmsiil yHusep-
cumem um. H. I1. Ocapésa, Capanck, Poccus
E-mail: windsofoceans@gmail.com

B 1960 roay I'. X. Banbe paccMOTpen ABUKEHUE DJIEKTPOHOB B IEPHUOIH-
YECKOM ITOTEHUHAJIC NPU HAJIUMYMHU IOCTOSHHOTO BHEIIHETO JJIEKTPUYECKOTO
nosist [1]. Ucnone3ys 6a3uc u3 GJI0XOBCKUX BOJHOBBIX (DYHKIUN M pa3ioxKeHHUE
OTJIEJbHBIX WICHOB YPAaBHEHHSI B PAJBI IO CTEIIECHSIM 3HEPIHH, OH IOKa3aj, YTo
B TAKOW CHCTEME BO3HHUKAET JUCKPETHBIN SJHEPreTHUECKUN CIEKTP. DTO SIBJICHUE
IOJTY4YMJIO Ha3BaHue Jokanu3anuu Banpe-IllTapka. Bnociencrsum nokasarens-
cTBa cyuecTBoBaHus Banbe-llITapkoBCKOW JIOKaNM3allM HEOAHOKPATHO IOA-
BEprajuch KpUTUKE [2,3], B YaCTHOCTH, BBICKA3bIBAJIUCh COMHEHHUSI OTHOCHUTEIb-
HO HEOOXOJUMOCTH BO3HMKHOBEHHS JIOKATM30BAHHBIX COCTOSHUHI INPHU JIIOOBIX
napaMeTpax NOTEHIHMAada U 3HAYECHUSX DJIEKTPUYECKOro mojs. O4eBHIHO, YTO
IPAKTUYECKHU BaXKHBIM SIBJISIETCS] BOIIPOC 00 HEPIETUYECKOM CIIEKTPE CBEpXpe-
HIETKH, COJIEPKALLEH T0CTATOYHO OO0JIBIIOE, HO KOHEYHOE YHUCIIO ITEPHO/IOB.

[enbto HacTosIIeH pabOThI ABJISETCS UCCIENOBaHMS IPOsBIECHUHN > ek-
Ta Banbe-llITapkOBCKOW JIOKanu3auMu B MOJEIBHOW OJHOMEPHOU CHUCTEME,
COZIEpIKaIlled HECKOJBKO JECATKOB IEPUOJOB, IOMEIICHHOW B OJHOPOIHOE
aNeKTpUUecKoe mnojie. B pabore paccMOTpEHO paccesHHE JIEKTPOHOB, HajleTa-
IOLMX U3 00JaCTH C HU3KOM NMOTEHIMATIBHON SHEPTUEel Ha CTyNeH4YaThlid (HeEMO-
HOTOHHBIN) MOTEHLHXAJ, 00pa30BaHHbIN NEPUOAUYECKUM MOTEHIIMAIOM CBEpX-
pPEIIETKH U OJHOPOAHBIM JJIEKTPUYECKHM TMOJIEM NPHU PA3NTUYHBIX IHEPTUSAX
DIIEKTPOHOB.

Haiinena MakcuMalibHasi TUJIOTHOCTh BEPOSITHOCTU HAXOXKAEHUS IIEKTPO-
Ha B JJAHHOM TMepUojie KaKk (PYHKIUS dHEpPruu 3iekTpoHa. OOGHAPYKEHO, YTO B
OMpENICICHHBIX MHTEPBajaX SHEPrui MaKCUMaJIbHAsl IUIOTHOCTh BEPOSTHOCTHU
OCLMJUIUPYET Kak (PYHKUUS SHEPTHU C MEPUOJIOM, COOTBETCTBYIOIIUM PACCTOS-
HUIO MEXIY IITapKOBCKMMU YpPOBHsMU. [Ipeanoxxen kpureprii, OCHOBaHHBIN Ha
aHaJgu3€e aMIUIUTYIbl OCHWUISUUNA, MO3BOJSIONIMN KOJIMYECTBEHHO OIIEHUTH
cTeneHb BeIpakeHHOCTU Banbe-IlITapkoBckoit nokanuzanuu. C UCIOIb30BAHU-
€M 3TOr0 KpUTEpHs IOKAa3aHO, 4TO Jokanu3auus Banbe-lllTapka nocratoyno
3aMETHa, TOJIbKO B CJIy4ae OTHOCUTENBHO BBICOKMX MOTEHUUAIBHBIX 0aphepOB U
Ca0BIX ANEKTPUUYECKUX MOJIEH.

Pabota BbImonHeHa mpu (uHaHCOBOM mopaaepxkke Munobpuayku PO B
paMKax rocyaapcTBeHHOro 3ananus (mpoekt Ne 2.2665.2014).

1. G. H. Wannier, Phys. Rev. 117, 432 (1960).

2. J. Zak, Phys. Rev. Lett. 20, 1477 (1968).
3. J. Zak, Phys. Rev. B 43, 4519 (1991).

208



BJIVSIHUE HAHOYACTHL 30JIOTA HA CITEKTP JIIOMUHECHEHIINN
3KCUTOHOB B ITOJYITPOBOJHNUKOBOU CTPYKTYPE GaAs/AlGaAs C
KBAHTOBLIMU AMAMU

M. B. Kounes, E.B. Yusina, B.A. Iiserkos, H.H. Cubensaun
Quszuueckuti uncmumym um. I1. H. Jlebedoeea PAH, Mockesa
E-mail: eucyna@bk.ru

NccnenoBanus miaa3MOHHBIX 3(QEKTOB BBI3BIBAIOT IMOBBIINICHHBIA HWHTE-
pec, MOCKOJIbKY OHU TO3BOJIIOT YIPaBIATh HHTEHCUBHOCTBIO M HANPABIIEHHO-
CThIO M3JIyYEHHS B MOJIYIPOBOJHUKOBBIX HAHOCTPYKTypax. CyllecTBYyIOT pas-
HOOOpa3HbIE BapUAHTHI CTPYKTYpP, B KOTOPBIX MPOSIBIAIOTCS IJIa3MOHHBIE 3(-
dexTel. B manHol paboTe MBI MCCIENOBAIM BIUSHUE HAHOYACTHI[ 30JI0Ta HA
CHEKTPATbHO-KMHETUYECKUE XapAaKTEPUCTUKH IOJIYIPOBOJHUKOBOW TIe€TEpO-
CTPYKTYpPBHI C IPUITOBEPXHOCTHOU KBAaHTOBOM SIMOM.

Uccnenoanust NpoOBOJAWINCH HA CTPYKTYPE C IBYMSI KBAHTOBBIMU SIMAMHU
(K51) GaAs/AlGaAs tommumuoi 10 u 15 HM, pa3jeneHHBIX OapbepHBIM CI0EM
Aly3Gag 7As Tommunaoi 200 HM. PaccTosiHre OT TOBEPXHOCTH 00Opasiia 10 y3KOii
K4 coctaBnsino 15 am. Ha moBepxHOCTh 00pasiia HAaHOCHIICS BOJIHBIN PacTBOP C
30JI0TBIMH HAHOYACTUIIAMH, CTAOWIM3UPOBAHHBIMHU IIHKJIOJEKCTPUHOM, CO
cpenHuM auamerpom 15 HM. [ToBepXHOCTHAsI KOHIIEHTpalUsi HAHOYACTHUIL 30J10-
Ta peryJupoBajgach U3MEHEHHEM KOHIICHTpaluu pactBopa. O6paser momerani-
CSl B TEJIMEBBIA ONTUYECKUN KPUOCTAT C PETYIUPOBKOU TemmepaTypsl. M3mepe-
HUs npoBoawiIKch npu Temmneparype 10 K. BHytpusimHoe Bo30yxneHne oopas-
I1a OCYIIECTBISUIOCH ITMKOCEKYHTHBIMU UMITYJIbcaMu T i-carupoBoro jasepa. B
crektpe (poromomuHecteHnu (DJI) KBaHTOBBIX SIM HAOJIIOJIATUCh JTUHUU U3-
Jy4eHUs HKCUTOHOB, Takke ObUIa BUJHA ciadas JIMHUSA U3TyYEHUsS TPUOHOB B
mmpokoit K. Hanecenue 30710ThIX HAHOYACTHI] HA MOBEPXHOCTh 00pasia npu-
BEJIO K TOMY, YTO HaOJI0aJICsl 3HAUUTEIBHBIN CABUT B 00JIe€ JITMHHOBOJIHOBYIO
obnacte u ymupenue nunun OJI nmpunoBepxHoctHO# (y3koii) KS. Bnusinue
30JI0TBIX HAHOYACTHIl Ha CHeKTp mupokoi KS (Haxomsiieicst nanpiie oT mo-
BEPXHOCTH) OBLIO HE3HAYUTEIHHBIM. BB H3MEPEHbI KHHETHYECKUE 3aBUCUMO-
ctu DJI o6enx KA kak yucroro obpasia, Tak U ¢ HAHECEHHBIMU 30JI0THIMU Ha-
HoyacthuaMmu. IlocrosHHbie BpeMeHu 3atyxanus DPJI s 4ucTor CTPYKTYpPBI
cocTaBIsiOT 0koJio 450 nc B y3koi KA u 850 nc - B mmpokoit KA. [ns cTpyk-
TYpBbI € 30JIOTBIMM HAHOYACTULIAMH Ha MOBEPXHOCTU 3TU BPEMEHA YMEHBIIAOT-
cs 1 coctaBisiroT 200 1 600 e, COOTBETCTBEHHO. BHAHO, 4TO HaHECEHHE HAHO-
YacTHUI 30J10Ta Ha MOBEPXHOCTh 00pa3la MPUBOAUT K 3HAYUTEIHLHOMY HM3MEHE-
Huto auHamuku OJI kak npunoBepxHoctHoil KA, Tak U (B MEHbILIEH CTEIEHH) —
yrayonennon KA.

AHanoruyHele pe3ysbTaThl ObUIM MOJy4eHbl NMPU HAHECEHWH 30J0TON
IJIEHKU Ha TOBEPXHOCTh CTPYKTYPHL.

PaboTa BrimonHeHa npu ¢puHancoBoi mogaepkke PODU (mpoext Ne 13-
02-12197).
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SJIEKTPOHHBIE COCTOSHUA B CBEPXPEHIETKAX
CO CIITMH-OPBUTAJIbHBIM B3AUMOAENCTBUEM

A.P. 3aiinaryrannos, A.B. Tene:xHuKOB
Hayuonanvnouii uccneoosamenvckuu Husxce2opoockuii 2ocyoapcmeerHblll yHU-
eéepcumem um. H.U. Jlobauesckoeo, Huoxcnuti Hoszopoo
E-mail: zoyal066@mail.ru, telezhnikov@phys.unn.ru

N3yueHne KBaHTOBBIX COCTOSIHHMM 3JIEKTPOHA B CBEPXPEMIETKAX CO CIUH-
opouTanpHbIM B3auMozeiicTBueM (COB) siBnsieTcs akTyanbHOU 3a1aueit Gu3uKu
KOHJIEHCUPOBAHHOT'O COCTOsIHUA. B nanHol pabote B pamkax monaenu Kponura-
[lennu uccneaoBaHa ANEKTPOHHASI CTPYKTYpa CBEPXPEIIETKH, CHOPMUPOBAHHOMA
NEPUOINYECKHA MOBTOPSIONIMMUCS CIOSAMH IOJIYINPOBOJHUKOB C Pa3IMYHBIMU
koHctantamu COB Jlpeccenbxay3a.

JIy1st 9acTHOTO ciTydasi, KOT/1a BOJTHOBBIE BEKTOPHI |kx| = ‘ky‘ (cBepxpemeéT-

Ka OPUEHTHUPOBAHA MO OCH Z), MOJy4eHbI JBa (u3-3a Hammuusg COB) nucnepcu-
OHHBIX YPaBHCHUS, KKIOC M3 KOTOPBHIX OMPEICTSET CBOI CEPHI0 MHUHU30H
(Puc. 1a). [Ipu a3TOM cocTostHUS KaXK10i ceprn (0003HAUYCHHBIC MHIACKCAMHU «+)»
U «—») UMEIOT CJICAYIOIIME CIIMHOBBIC TJIOTHOCTH: SZi (Z) =0, SXi (Z) = —Syi (Z) .

YucneHHpI aHAIN3 JUCIIEPCUOHHBIX YPABHEHHMM ITOKA3ajl, YTO IIMPUHA MHUHU-
30H, a TAK)KE BEJIMYMHA 3alPEIIECHHBIX 30H CYLIECTBEHHO 3aBUCAT OT THIIA CIIU-
HOBOM NOJIsIpu3anny. Tak, ¢ pOCTOM IapaMeTpa |kx| MUHHM30HBI U3 CEPUH C IIO-
JSApU3aLUEn «1» OKa3bIBAIOTCS 3aMETHO YK€ aHAJOTHYHBIX MUHU30H U3 CEPUH C
nosisipusanueit «—». [Ipu 3Tom 00e cepur MUHU30H CMELIAIOTCSI BBEPX IO SHEP-
ruu. Takke yCTaHOBIJIEHO, UTO B 3TOM YaCTHOM cily4ae UHTEP(ENCHBIE COCTOS-
HUS B CBEPXPEIIETKE OTCYTCTBYIOT.

, OHCPIruss MUHU30H CHUJIBHO 3aBHUCHUT OT

B obuiem ciyuae, xorga |k, | = ‘ky

COOTHOILIEHHSI MEXKy BOJJTHOBBIMU BEKTOPAMH |kx| 17§ ‘ky‘. Pacuer 30HHOM CTpYyK-

Typbl CBEPXPEWIETKU ISl 3TOrO ciay4as Obul mpousBeneH uucieHHo (Puc.10).
BuaHo, 4TO B MPOTUBOMONIOKHOCTh PACCMOTPEHHOMY paHee Cilydaro Habroza-
eTCsl «KaHTUKPOCCUHT» BETBEH criekTpa. [Ipu 3ToM OTKphIBaeTCs SHEpreTHIecKast
IIETIb.

i

Puc. 1. DHepreTudeckuii criekTp CBEpXpEIETKY MIPU |kx| = ‘ky‘ uk, =0
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ZITTERBEWEGUNG OF ELECTRONS IN SEMICONDUCTORS

S.A. Tarasenko
A.F. loffe Physico-Technical Institute, Russian Ac. Sci., St. Petersburg
E-mail: tarasenko@coherent.ioffe.ru

Once upon a time, at the birth of quantum mechanics, E. Schodinger drew
attention to an unusual property of the Dirac equation: The operator of velocity
and the Hamiltonian do not commute with each other even in the absence of
external fields. This implies that the quantum-mechanical state of a relativistic
particle with a definite value of the momentum may not be generally character-
ized by a certain value of the velocity: The uniform and linear motion of a parti-
cle may be superimposed with its trembling motion (Zitterbewegung) [1, 2]. The
frequency of these oscillations for Dirac electrons is determined by the parame-
ter 2mc?/h ~ 10%° Hz and is extremely high while the amplitude given by the
Compton wavelength #c ~ 107! c¢cm is very small. Both are inaccessible with
present experimental techniques.

In this paper, we report the discovery, theoretical and experimental study
of the trembling motion of conduction-band electrons in semiconductors, the
phenomenon similar to the Zitterwebegung of relativistic particles [3]. Here, the
effect originates from the fact that, in the presence of spin-orbit coupling and an
external magnetic field, the electron velocity is not a conserved quantity and
contains a contribution oscillating at the Larmor frequency. Therefore, the spin
oscillations of electrons in the magnetic field are accompanied by the trembling
orbital motion of the electrons in real space. Trembling motion of individual
electrons can be made coherent if one synchronizes the electron spin preces-
sions, e.g., by means of optical orientation. Coherent electron Zitterbewegung is
maintained as long as the spin coherence is not destroyed by the processes of
spin dephasing.

The experiments are performed on strained n-type InGaAs epilayers. The
interband optical excitation of the samples by pulses of circularly polarized light
triggers the coherent precession of electron spins in the magnetic field and
thereby initiates the coherent Zitterbewegung. The trembling motion of the elec-
tron gas is detected then as a high-frequency electric current generated in the
sample in the absence of any bias applied [3]. The developed theory of the co-
herent electron Zitterbewegung in semiconductors describes well the experimen-
tally observed dependence of the amplitude and frequency of the high-frequency
current on the magnetic field, the polarization of the exciting light, and the sam-
ple geometry.

1. E. Schrodinger, Sitz. Press. Akad. Wiss. Phys.-Math 24, 418 (1930).

2. W. Zawadzki, T.M. Rusin, J. Phys.: Condens. Matter 23, 143201 (2011).

3. I. Stepanov, M. Ersfeld, A.V. Poshakinskiy, M. Lepsa, E.L. Ivchenko,
S.A. Tarasenko, and B. Beschoten, to be published.
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TUNNELING TRANSPORT IN SUPERLATTICES WITH DISTRIBUTED
THZ CAVITIES

1.V. Altukhov!, M.S. Kagan,! S.K. Paprotskiy!, A.N. Baranov?, R. Teissier?,
A.D. Buravlev?, N.D. Il’inskaya®, Yu.M. Zadiranov?, A.A. Usikova®,
A.P. Vasil’iev®, V.M. Ustinov®
V. A. Kotel nikov Institute of Radio Engineering and Electronics,
Russian Ac. Sci., Moscow
2|ES, Université Montpellier 2, CNRS, Montpellier, France
3A.F. loffe Physico-Technical Institute, Russian Ac. Sci., St. Petershurg
E-mail: kagan@cplire.ru

The studies of the effect of distributed terahertz (THz) cavity on the tun-
neling current in superlattices (SL) InAs/AlSb and GaAs/AlAs at room tempera-
ture are presented. The SLs consisted of 60 and 100 periods, respectively, were
sandwiched between heavily doped cap layer and the substrate. Metallic con-
tacts to the produced mesa structures had the form of a ring and formed a dis-
tributed cavity for free-space wavelengths of 110 to 160 pum.

Several equidistant maxima were observed on current-voltage characteris-
tics in the range of non-resonant tunneling (at voltages, when the overlapping of
ground confined states in the neighboring quantum wells and corresponding
miniband transport disappear). Voltage differences between the maxima were
correlated to the resonant frequency of the cavity. The origin of these maxima is
attributed to the Purcell effect that is the enhancement of spontaneous electro-
magnetic emission into the cavity as compared with the emission into free space.

The vertical transport in the short-period GaAs/AlAs SLs was studied in
the region of miniband conductivity (at the presence of electric domains). The
electric domain formation at a threshold voltage was accompanied by steep cur-
rent drop. The current jump could reach 50 %. It has been found that this thresh-
old voltage changes considerably under the variation of the cavity parameters.
The shift of the threshold has been explained by the excitation of high-amplitude
oscillations in the cavity. Indeed, if an ac voltage of comparable amplitude is
applied to the sample with a nonlinear current-voltage characteristic in addition
to the dc voltage, an additional dc voltage appears because of the detection and
shifts the operating point. Thus, this experiment indicates the excitation of THz
oscillations in the cavity owing to the negative resistance of the superlattice with
domains.

This work was supported by the Russian Foundation for Basic Research
(project no. 14-02-01062) and RAS programs “Basic research on nanotechnolo-
gy and nanomaterials” and “Modern problems of radiophysics”.
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MAGNETO-SPECTROSCOPY OF COULOMB COMPLEXES IN
GaAs/AlGaAs TRIGONAL QUANTUM DOTS

M.V. Durnev
A.F. loffe Physico-Technical Institute, Russian Ac. Sci., Saint-Petersburg
E-mail: durnev@mail.ioffe.ru

This work is aimed at theoretical and experimental studies of magneto-
optical effects in unstrained GaAs/AlGaAs quantum dots grown on the
GaAs(111)A surface. These quantum dots possess a trigonal C3v symmetry with
a three-fold rotational axis z|[[111] and demonstrate bright effects observed in
photoluminescence (PL) spectra [1]. Particularly, magnetic field directed along
the growth axis mixes heavy-hole states with +/—3/2 spin projections onto the z-
axis and leads makes exciton and trion “dark”™ states optically active [2, 3]. In
charge tunable gated structures different charge states of single dots with a
charge varying from —3|e| to +2|e| are demonstrated [4].

In this work we will present a detailed theory of the fine structure and
magneto-PL spectra of the excited states of the electron-hole complexes, in
which electron or hole resides in the excited level of the size quantization. These
are the so-called “hot” trions X~ (two electrons and a hole) and X** (an electron
and two holes), as well as a doubly charged exciton X% Position and intensity
of the spectral lines are determined by the interplay of the electron-hole ex-
change interaction and the magneto-induced mixing of heavy-hole states. Com-
parison of theory and experiment allows for a precise identification of the charge
state of the dot and to extract the exchange constants and g-factors of the excited
charge carriers [5].

We show the dynamic nuclear polarization which appears under a reso-
nant excitation. Nuclear polarization manifests itself as an Overhauser field act-
ing on electron and hole spins and leading to the additional contribution to the
spectral splitting of the X+ trion. Simultaneous observation of both “bright” and
“dark™ states allows for independent extraction of hole and electron hyperfine
constants. The ratio of these constants is found to be approximately 20 %. The
developed theory of the hole-nuclear hyperfine interaction in (111) quantum
dots predicts that this value depends not only on intrinsic material properties but
also on the dot shape and size [6].

1. M.V. Durnev, Solid State Physics 57, 1201 (2015).

2. G. Sallen, B. Urbaszek, M.M. Glazov, et al., Phys. Rev. Lett. 107, 166604
(2011).

3. M.V. Durnev, M.M. Glazov, E.L. Ivchenko, et al., Phys. Rev. B 87,
085315 (2013).

4. L. Bouet, M. Vidal, T. Mano, M. V. Durnev, et al., Appl. Phys. Lett. 105,

082111 (2014).

M.V. Durnev, M. Vidal, L. Bouet, et al., arxiv:1511.08196 (2015).

. M. Vidal, M.V. Durnev, L. Bouet, et al., arxiv:1603.02909 (2016).
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RESONANCES IN THE ABSORPTION OF ELECTROMAGNETIC RADIA-
TION IN A QUANTUM WIRE

V.V. Karpunin
Evsevev Mordovia State Pedagogical Institute, Saransk
E-mail:karpuninvwv@mail.ru

An analytical expression for the absorption coefficient (AC) of electro-
magnetic radiation by electrons in a quantum wire placed in a magnetic field is
obtained. We used the anisotropic parabolic confinement potential. The case of a
transverse magnetic field with respect to wire axis is considered. Shows absorp-
tion resonance nature and position of peaks is found. The resonant peaks de-
pending on the radiation frequency (fig. 1), the magnetic field and the magnetic
field angle of inclination of the plane x0z [1].

20 :
i

0.5

14
Lu,lﬂ”s_I

Fig.1 The dependence of the coefficient of the electromagnetic radiation on the radiation
frequency; @, =5-10"c™, w, =10-10"c™, w, =7.5-10"c™, 8 = z/3-solid curve,
0 = 716 -dashed curve, 7 =10"¢,T =10K .

The graph has a doublet structure. This structure due to resonance with the
proceeded that the radiation frequency  is equal to one of two hybrid frequen-
cies Q. Since hybrid frequencies dependent on the magnitude and direction of
the field, and the positions of the resonant frequencies depends on the magnetic
field of this parameters. The shape of the resonance peaks in accordance with
the expression AC is symmetric with respect to the point of resonance peaks.

We investigated the scattering of electrons by optical phonons and show
that it leads to additional resonance peaks in the absorption. It should be noted
that it follows from [2] inclined to the axis of system symmetry magnetic field
offers additional possibilities for the study of charge carrier spectrum parameters
and the scattering data.

1. V.V. Karpunin, V.A. Margulis, Semiconductors 50, 732 (2016).
2. |.L. Drichko, 1.Yu. Smirnov, A.V. Suslov et al., JETP 111, 495 (2010).
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VALLEY-DEPENDENT GOOS-HANCHEN SHIFT IN SILICENE
AND GRAPHENE BASED STRUCTURES

E.S. Azarova, G.M. Maksimova
Lobachevsky State University of Nizhny Novgorod
E-mail: azarova.ekaterin@yandex.ru

Goos-Henchen (GH) effect [1] is an optical phenomenon in which a light
beam undergoes a lateral shift from the position predicted by geometrical optics,
when totally reflected from a single interface of two media having different re-
fraction indices. This is due to the wave interference: waves forming a package
acquire different phase shifts upon reflection. Thus, this effect can be imple-
mented for other types of waves, such as acoustic or de Broglie waves. Beenak-
ker’s paper [2] initiated a study of this effect in graphene and graphene based
structures. Unlike graphene, the strong spin-orbit interaction in silicene leads to
the appearance of gaps in the spectrum near the Dirac points, the value of which
can be changed by an external perpendicular electric field.

In this paper, the GH shift o, is calculated for the wave packet reflected at
the single interface separating the silicene or graphene structures, characterized
by different values of the gap and potential parameters. Our consideration shows
that in gapped graphene a value o, depends not only on the kinematic character-
istics of the initial particles, but also on the electrons belonging to a certain val-
ley. In silicene the effective gap dependence of on the spin and valley indices
leads to the removal of not only the valley but also the spin degeneracy. In addi-
tion, in contrast to the optical effect, according to our calculation, the lateral
beam shift occurs not only in the case of total, but also in the partial reflection.
However, upon reflection from a single interface, the value of displacement
(which can be both positive and negative) is of the order of several Fermi wave-
lengths. The greater effect, i.e., a significant increase in the absolute value of
shift o; can be achieved for the electronic beam passing through the potential
barrier of finite width in the resonance conditions. We have examined the de-
pendence o; on the barrier parameters and characteristics of the initial wave
packet. It is shown that in contrast to the case discussed above, the GH shift in
gapped graphene is a valley-degenerate, and for silicene its value depends on the
product of spin and valley indices.

1. F. Goos and H. Hanchen, Ann. Phys. 436, 333 (1947); 440, 251 (1949).
2. C.W.J. Beenakker et al., Phys. Rev. Lett. 102, 146804 (2009).
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MODELING OF SPATIAL DISTRIBUTION OF POLYELECTROLYTE
MAGNETITE-CONTAINING MICROCAPSULES IN BIOLOGICAL

OBJECTS

M.A. Pyataev, M.V. Gerasimov, M.N. Zharkov, I.A. Yurlov, P.S. Zamyshliaev,
R.R. Ganeev, N.A. Pyataev, G.B. Sukhorukov
National Research Mordovia State University, Saransk, Russia
E-mail: pyataevma@mail.ru

Multilayer polyelectrolyte microcapsules made of biodegradable polymers
with incorporated magnetite nanoparticles have been proposed recently for
magnetically controlled target drug delivery [1]. However, the dynamics of the
magnetic particles in the external field has not been studied yet and the mecha-
nism which can lead to accumulation of microcontainers with drug in the mag-
netic field was not investigated.

In this paper, we consider polymeric microcapsules synthesized of pol-
yarginine and dextran sulfate. The magnetite nanoparticles were imbedded in the
capsule shell. We have studied their magnetic properties and the possibility of
changing the concentration of capsules in the living organism using a magnetic
field.

A model of the movement of ferromagnetic nanoparticles in a laminar
flow of fluid in the presence of an inhomogeneous magnetic field is proposed to
describe mechanism of capsules accumulation. It is well-known that a force pro-
portional to the magnetic field gradient and the particle magnetic moment acts
on the particle in such a field. Taking into account the possibility of nanoparticle
rotation in the liquid, the average magnetic moment and the average force acting
on a particle are to be considered in this case. To determine the average magnet-
ic moment we use the theory of superparamagnetic liquids according to which
dependence of the magnetic moment on the magnetic field is described by the
Langevin formula [2]. To estimate the spatial distribution of field we have per-
formed analytical and numerical study of fields generated by magnets of differ-
ent shapes (cylinder, truncated cone). Furthermore, we have measured the mag-
netic field generated by a cylindrical permanent magnet and the force acting on
samples of colloidal magnetite in this field. The results of calculation are in
good agreement with the measurements.

The work is supported by Ministry of Education and Science of the Rus-
sian Federation (project no. 2952).

1. A. M. Pavlov, et al. Adv. Mater. 25, (48) 6945 (2013).
2. M. I. Shliomis, Sov. Phys.- Uspekhi 17, 153 (1974).
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MANIFESTATION OF WANNIER-STARK LOCALIZATION
IN A SUPERLATTICE WITH A FINITE NUMBER OF LAYERS

K.R. Vlasov, M.A. Pyataev
National Research Mordovia State University, Saransk, Russia
E-mail: windsofoceans@gmail.com

In 1960, G.H. Wannier investigated the motion of electrons in a periodic
potential in the presence of a homogenous external electric field [1]. Using a
basis of Bloch wave functions and expansion of individual terms of the equation
in a series by powers of energy, he showed that a discrete energy spectrum ap-
pears in such system. This phenomenon was called Wannier-Stark localization.
Later, evidence for the existence of Wannier-Stark localization has been criti-
cized [2,3], in particular, doubts were raised about the necessity of localized
state existence at any potential parameters and the values of the electric field. It
Is obvious that from practical point of view the most important problem is the
one about energy spectrum of a superlattice containing sufficiently large but
finite number of periods.

The aim of the present work is the study of the Wannier-Stark localization
effect in a one-dimensional periodic system containing a few dozens of periods,
placed in a homogeneous electric field. We consider the scattering of electrons
coming from the region with low potential energy to the stepped (non-
monotonic) potential formed by periodic superlattice potential and the homoge-
neous electric field potential.

The maximal probability density of electron finding in a given period as a
function of electron energy was investigated. It was found that in certain inter-
vals of energy the maximal probability density oscillates as a function of energy
with the period corresponding to the distance between the Stark levels. A crite-
rion based on the evaluation of the oscillation amplitude, allowing quantifying
the degree of Wannier-Stark localization, was proposed. Using this criterion, we
have shown that Wannier-Stark localization is quite noticeable only in the case
of a relatively high potential barriers and weak electric field.

The work is supported by Ministry of Education and Science of the Rus-
sian Federation (project no. 2.2665.2014).

1. G. H. Wannier, Phys. Rev. 117, 432 (1960).

2.J. Zak, Phys. Rev. Lett. 20, 1477 (1968).
3.J. Zak, Phys. Rev. B 43, 4519 (1991).

218



THE INFLUENCE OF GOLD NANOPARTICLES ON THE EXCITON
LUMINESCENCE SPECTRUM IN GaAs/AlGaAs SEMICONDUCTOR
QUANTUM-WELL STRUCTURES

M.V. Kochiev, E.V. Utsyna, V.A. Tsvetkov, N.N. Sibeldin
Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia
E-mail: eucyna@bk.ru

Studies of exciton-plasmon interactions have attracted much interest re-
cently because they can be harnessed to control the intensity and directionality
of radiation in semiconductor nanostructures. Plasmonic effects manifest them-
selves in various types of heterostructures. Here, we examine the influence of
gold nanoparticles deposited onto a semiconductor structure with a near-surface
quantum well (QW) on the spectral and kinetic characteristics of the QW emis-
sion.

We investigated a GaAs/AlGaAs structure containing a 10-nm-wide QW
in close proximity (15 nm) from the surface and a 15-nm-wide reference QW
located deeper within the structure and separated from the first QW by a 200-
nm-thick Aly3Gao7As barrier layer. An aqueous solution with gold particles sta-
bilized by cyclodextrin with an average particle diameter of 15 nm was applied
to the sample surface. The surface concentration of nanoparticles was regulated
by varying the solution concentration. The sample was placed in a variable-
temperature helium optical cryostat. The measurements were carried out at a
temperature of 10 K. The intrawell excitation of the sample was performed by
picosecond pulses from a Ti:sapphire laser. The photoluminescence (PL) spectra
of both QWs feature exciton emission lines; the spectrum of the wider QW also
feature a weak trion line. The deposition gold nanoparticles onto the sample
surface led to a significant long-wavelength shift and broadening of the PL line
corresponding to the near-surface QW. The influence of gold nanoparticles on
the spectrum of the reference QW (located far from the surface) was negligible.
The kinetic dependences of the PL from the two QWs were determined both for
the bare sample and the sample coated with gold nanoparticles. The PL decay
time constants for the narrow and wide QWs in the bare structure are about 450
and 850 ps, respectively. For the structure coated with gold nanopatrticles, these
times are 200 and 600 ps, respectively. Thus, the deposition of gold nanoparti-
cles on the sample surface leads to changes in the PL dynamic of both the near-
surface QW and, to a less extent, the reference QW.

Qualitatively similar results were obtained when a continuous gold film
was deposited on the surface of the structure.

The study was supported by the Russian Foundation for Basic Research
(project Ne 13-02-12197).
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ELECTRON STATES IN SUPERLATTICES WITH SPIN-ORBIT
INTERACTION

A.R. Zaynagutdinov, A.V. Telezhnikov
National Research Nizhny Novgorod State University of N.l. Lobachevsky,
Nizhni Novgorod
E-mail: zoyal066@mail.ru, telezhnikov@phys.unn.ru

The study of quantum states of electron in superlattice with the spin-orbit
coupling (SOC) is an actual problem of condensed matter physics. In this paper
in the framework of model of Kronig-Penny was studied the electronic structure
of the superlattice, formed by periodically repeating layers of semiconductors
with different constants SOC Dresselhaus.

For the special case, when the wave vectors \kx\ :‘ky‘ (superlattice is ori-
ented along the z axis), two dispersion equations (due to the presence of the

SOC) was obtained. Each of which defines a series of miniband (Fig. 1a). In this
case states belonging to each series (designated indices "+" and "-") have the

following spin densities: S;(z)=0, S;(z)=-S;(z). Numerical analysis of the
dispersion equations shows, that the width of the miniband as well as the value
of band gaps depend strongly on the type of spin polarization. So, with an in-
crease of the parameter |k, |, miniband of a series with the polarization of "+" are

considerably narrower than those of the miniband series with polarization "-".
Moreover, both series of miniband are shifted up in energy. Also found that in
this particular case the interface states in the superlattice are absent.

In the general case, when |k, | ‘ky‘ , miniband energy strongly depends on
the ratio between the wave vectors |k,| and ‘ky‘. The calculation of the band

structure of the superlattice for this case was produced by numerically (Fig. 1b).
It can be seen, that in contrast to the case considered previously "anticrossing"
branches of the spectrum is observed. This opens the energy gap.

E E

-~ ~ o - B

-
g N Bt

Fig. 1. The energy spectrum of the superlattice with ‘kx‘ = ‘ky‘ and k,=0
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Haquoe n3gaHue
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