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MHO®OPMALIUA ANA YYACTHUKOB

KoHpepeHums npoBoauTCs NHcTutyTOM dur3nKn " XMMUN
MIY nm. H. IN. Orapésa B nepuog ¢ 19 no 22 ceHtabpsa 2017 roga.

MecTo npoBefeHUs nneHapHbiX 3acefaHun — [1Bopel KynbTypbl U UCKYCCTB
MY um. H. I'. Orapésa.

MecTo npoBeaeHUss CEKUMOHHbIX 3acefdaHun U MNPOXMBaAHUSA Y4acCTHUKOB
KOHdpepeHuun - caHaTtopun «Hagexaa» (pacnonoxeH B 30 km ot r. CapaHcka).
[Mporpammon KoHGbepeHLMN NpeayCMOTPEHbI:
e 00630pHbIE AOKNaabl-NeKkLMM BeAYLLUNX YYEHbIX N0 TEMATMKe KOHdepeHLnH;
e BbICTYNNEHNS YH4ACTHUKOB C YCTHbIMW U CTEHLAOBbIMM OOKTagaMu.
OprkomMmMTeToM YCTaHOBMEHa creaywuwass npoaoKUTENbHOCTb AOKNa4oB:
nekumn — 45MuH., npurnaweHHole goknagpl - 30 MUH, yCTHblE coobLeHns — 15 MuH.
[nsa gemoHcTpauum unnicTpaTMBHbIX MaTepUarnoB fiekTopamM 1 Aoknagymkam
OyayT npegocTaBneHbl CpeacTBa Bu3yanbHOM M KOMNbIOTEPHOW Npe3eHTaumn. B no-
cnegHeM criydae nHgopmaums 4ormkHa ObiTb NOAroTOBMEHA B 3N1IEKTPOHHOM BUAE C
nomoLubto Microsoft PowerPoint unu B Buae rpadgpuyeckmx gpamnos: .jpg, .tif, .omp.
Pasmepbl WMWTOB ANS pasMmeLeHnsa cTeHaoBbix goknagos — 90x120 cm? (wm-
pWHa, BbICOTA).

PEFTMCTPALUMUA yuyacTHuKOB KOHbepeHuun 6ymet npoBoautbca 18 ceHTabpsa c
15.00 go 18.00 B cpore rmasHoro kopnyca MI'Y um. H. 1. Orapésa (yn. bonblue-
BUCTCKas, 68).

19 ceHTabpss ¢ 8.00 go 8.30 B caHaTtopumn «Hapexpga». [Jo mecta npoBegeHus
YYaCTHUKN KOHbepeHun ByayT oTnpaBneHbl TPAHCMOPTOM OprkoMuTeTa.

O epemeHu npubbimusi 8 CapaHCK npocum 3abnaz2oepeMeHHO coo 6b-
wumb no asieKkmpoHHou noyme: ryabochkina@freemail.mrsu.ru. lpu Hanu4uu
makou uHghopmayuu opekomumemom 6ydem opz2aHu3oeaHa ecmpeya y4yacm-
HUKO8 KOHghepeHyuu no mecmy npubbimusi e 1to6oe epemMsi Cymox.

KOHTAKTHAA UH®OPMALIUA

Anpec: 430000, r. CapaHck, yn. bonblwesuctckas, 68a,
MIY um. H. I. Orapésa, NdX

Ten./dakc: (8342) 24-24-44
E-mail: mnksh@yandex.ru

http://www.vnksh.mrsu.ru
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OPrAHU3ALUOHHbLIA KOMUTET
16-U MEXXQYHAPOHON HAYYHOW KOH®EPEHLUU-LLKONbI
«MATEPUAIIbl HAHO-, MUKPO-, ONTO3JIEKTPOHUKU U BONTOKOHHOW
OMNTUKU: ®U3NYECKUE CBOUCTBA U MPUMEHEHUE »

CapaHck, 19 —22 ceHTabps 2017 r.

Conpeacepnatenu KOHdepeHLUUU-LLUKONbI:

E. M. IvaHoB — akagemuk PAH, Hay4yHbln pykoBoauTens HayyHoro ueHTpa
BOJSIOKOHHOW onTukn PAH

B. B. Ocuko — akagemuk PAH, pykoBoauTernb Hay4yHOro LeHTpa nasepHbix
mMaTepuanoB un TexHornornn MHctutyta obwen dpusuku um. A. M. lNpoxoposa PAH

OpraHn3aunMoHHbIA KOMUTET:

C. M. BooBuH — pektop MI'Y nm. H. I. Orapésa, npeacenaTternb
K. H. Huwes — anpektop MOX MI'Y mm. H. I. Orapésa, 3amecTutennb
npeacenaTtens

E. B. YynpyHoB  — pektop HHI'Y nm. H. L. JlobaveBckoro

M. ®. YypbaHoB - gupektop UXBB PAH

B. B. AAky6a — reHepanbHbIn aupektop AY «TexHonapk-Mopaosusi»
M. A. PA6o4yknHa - y4yeHbl cekpeTapb

MporpaMMHbIN KOMUTET:

— Aa.¢.-M.H., HHI'Y nm. H. U. NNo6auesckoro, H. Hosropog,

E. B. YynpyHoB
Poccus, npegcenarens

T. B.AHTponoBa — A.X.H., MHCTUTYT xumum cunukatos um. . B. 'pebeHLwmnkoBa
PAH, Cankr-lNeTepbypr, Poccus

O. H. NopwkoB — K.@.-M.H., HHI'Y um. H. W. JTobauesckoro, H. Hoeropopg, Poccus

C. A.lpuropbesB — [O.X.H. HaunoHanbHbIN nccnegoBaTenbCkuii YyHUBEPCUTET
«M3WM», MockBa, Poccusa

E. B. XXapukoB —Aa.7.H., PXTY vm. . . MeHpgeneeBa, MockBa, Poccusa

A. M. 3103MH —A..-M.H., M"Y nm. H. IN. Orapésa, CapaHck, Poccusa

B. 1. KpeBumuk — A.d.-M.H., NenseHcknn 'Y, lNeH3a, Poccus

. E. ManawkeBndy  — a.d.-m.H., UHCTUTYT bnamkm um. b. N. CtenaHosa HAH
Pecnybnukn Benapycb, MuHck, benapycb

K. H. HuweB —K.p.-M.H., MI'Y um. H. I'. Orapésa, CapaHck, Poccusa

M. H. NonoBa — A.®.-M.H., MHcTuTyT cnektpockonun PAH, Mockea, Poccus

M. A. PAa6o4kunHa —A..-M.H., M"Y nm. H. IN. Orapésa, CapaHck, Poccus

C.Jl. CemeHoB —A.¢.-m.H., HUBO PAH, MockBa, Poccus

B. B. Cemaluko — A.%.-M.H., KazaHckun (Mpusomxkckuin) denepanbHbii

yHuBepcuTtet, KasaHb, Poccus

B. H. CuraeB — O.X.H., PXTY um. 1. N. MenpeneeBa, MockBa, Poccusi



C. A. TapaceHko —A.0.-M.H., PTU um. A. ®. Modhbde PAH, CaHkT-lNeTepbypr,

Poccus
C. H. YwakoB —K.d.-M.H., MOD PAH, Mocksa, Poccus
M. n. ®epopos — Aa.X.H., NOP PAH, Mocksa, Poccus
A. B. lLopoxoB —A..-M.H., MI'Y um. H.IN. Orapéea, CapaHck, Poccus
A. C. Cefalas — Ph.D., National Hellenic Research Foundation, Athens,

Greece
F. Kusmartsev — Ph.D., Loughborough University, Loughborough, UK
l. Sildos — Ph.D., Tartu University, Tartu, Estonia

Pa6ouas rpynna:

A. B. lonybbes H. B. Moucees
. H. EBTeeBa M. A. MNataes
n. A. Kynukos H. B. CngopoBa
E. H. JlioToBa C. A. XpywanuHa
A. A. JllanuH A. H. YabywkuH
E. . TpamknHa



CnoHcopbl n opmumanbHble NapTHepPbI

POCCUNCKUIA
®0HA
OYHOAMEHTANBHbIX

WCCNEQOBAHUM

Poccunckun cdoHa cdyHaameHTanbHbIX uccnegosaHun (PO®®PU) cosgaH
Ykasom [lNpesuvgeHTta Poccunckon depepaummn Ne 426 ot 27 anpens 1992 ropa.
P®®UN — camoynpaBnsemasa rocygapcTBeHHass HeKOMMepyeckad opraHu3auus B
dopme beaepanbHOro ydpexgeHusi, Haxogsuierocs B BeaeHun [lpaBuTtensctsa
Poccunckon ®enepauun.

OcHoBHble HanpaBneHus geaTtenbHocTn POOU:

— KOHKYPCHbI OTOOp nNnyywux HayyHbIX MPOEKTOB W nocnegyoulee
OpraHu3aumMoHHO-(pHaHCOBOEe obecneveHne nogaep>kaHHbIX NPOEKTOB;

— 0606LeHne pe3ynbTaToOB 3aBepLUEHHbIX NPOeKkToB PODU;

— MOHUTOPUHI HaykKuW — MHOroacnekTHbl aHanuM3 COCTOSIHUS U TeHAEeHLU Ui
pa3BUTUSA KOMMJIEKCA POCCUMUCKOM HAyKM Ha OCHOBE OpUrMHasibHOM CUCTEMBbI
KOHKYPCHbIX WHOWKATOPOB, 3KCMEPTHbIX M APYrUX AaHHbIX O XO4€e BbINOSIHEHUS
NPOEKTOB;

— [oBefeHVe pe3ynbTaToB WUCCreaoBaHW, nopaepaHHbix doHgom, [0
noTeHumanbHbIX Nofb30BaTenewn;

— nporpaMmmbl OOLLIEr0 HAa3HAYEHUS.

TPYNNA KOMNAHUN

«ONTHKIHEPTD>

Fpynna komnaHum «ONTUKIHEpPro» BKMYaeT B cebs psg He3aBUCHMMbIX
npegnpuatun.  KomnaHuy, OCYWeCTBRASOWME MNPOMbILLIIEHHOE MPOU3BOACTBO:
«CapaHckkabenb-OnTtukay, «9M-KABEJb», «OM-KAT», «OM-TJNTACT», « CAPMAT»,
npegnpuaTua  No  okasaHui ycnyr: WcnblTatenbHblin  LeHTp  «OnTUKIHEproy,
«ABTOTpaHc-CapaHck», «3OM-TTIPUHT», kode-6ap «IpoKoduny. KomnaHum
meauumHckoro Hanpaenenusi: «HOBOME[O» n «MegdctetKnunuk». OO0 «3M-
CEPBUC» - npeanpuatMe no okasaHuio ObiTOBbIX ycnyr. [lpeactaButenbcTBa,
co3faHHble ANns npogBwkeHust ToBapoB «OnTukaHepro» — Toprosbin Jom 3OM-
Kabenb B Poccuun n Opticenergo GmbH 3a pybexom.

Cant «OnTukaHepro»: http://www.opticenergo.ru.

WWW.PHOTONICS.SU

DOOTOHUKA

HAYYHO-TEXHUYECKWM XYPHAN

XypHan «®oToHMKa» NOCBALLEH ONTUYECKMM CUCTEMaM pasnuYHbIX TUMOB
(3NEeKTPOONTUYECKMM, OMNTOBOSIOKOHHBIM, NAa3epHbIM, MOMHOCTbLI OMNTUYECKUM), UX
arnemeHTaMm u TexHonoruam. Llenb mapaHus — rnybokoe u nogpobHoe ocBelleHune



BOMpocoB, CBA3aHHbIX C oONTu4eCcKMMM cCuctemMmamin nepenadun, onTun4ecKkKnmn
TexXHosrnormamun, onTun4eckmmMmm martepumanamm wmn 3nemMeHTamMu, o6opy/:|,0|3aHV|eM n
CTaHKaMu, nucnosrnb3yemMmbiMn B ONTUYECKNX CUCTEMAX.

®OHA MHOPACTPYKTYPHbIX
W OBPA30BATEJIbHbIX MPOrPAMM

PoHA MH¢paCcTPYKTYPHBbIX U 06pa3oBaTenbHbIX nporpamm co3gaH B 2010
rogy B cootBetctBum ¢ PegepanbHbiM 3akoHOM Ne 211-03 «O peopraHusauum
Poccuiickon kopnopauun HaHoTexHonorun». OpobpeHHas B Hosab6pe 2013 ropa
«CTtpaterna  ®oHOa MHPPACTPYKTYPHbIX WM oBpasoBaTernbHbIX  NPoOrpaMmm»
onpegensetr ero mecto B pynne POCHAHO kak mHcTUTyTa, cnocobcTByoLLero
PasBUTUIO WHMPACTPYKTYpbl B cdepe HaHOTEXHOMOrMMW A BCEeX POCCUMCKUX
npegnpuaTUn HaHOUHOYCTPUKU, UckNoYaa noptdenbHble komnaHun POCHAHO.
Kpome Toro, ®oHf SABMSETCA YacTbl0 CUCTEMbI POCCUUCKUX WHCTUTYTOB pPasBUTUA
(«<MHHOBaAUWOHHOrO  nNuUdTa»), cGopMMpyemMon B paMKax rocyLapCTBEHHON
nporpamMmmMbl « AKOHOMUYECKOe pa3BUTUE U MHHOBALMOHHAs 9KOHOMMKa.

B uenax cosgaHus onTuManbHbIX YCNOBUW ONA Pa3BUTUS HAHOWHOYCTPUU
doHA MHPPaCTPYKTYpPHbLIX M OoBpasoBaTernbHbIX NporpamMMm BedeT paboTy B cemMu
OCHOBHbIX HarpaBrneHusaXx:

— pa3BUTME TEXHOSOMMYECKON NHAPACTPYKTYPbI;

— co3faHve KagpoBOro noTeHuunarna orpacnu;

— pa3BuTME PbIHKOB MHHOBALMOHHOW NPOAYKLUMN;

— CTaHgapTmsauus, cepTudmkaumns n OLleHKa BGesonacHocTu

HaHOTEXHOOrMYEeCKOM NPOaYKLNN;
— MeTpornornyeckoe obecrnevyeHme HaHOMHOYCTPUMK;
— COBepLUEeHCTBOBaHWe 3aKkoHoAaTenbcTBa B 06r1actu MHHOBaU WK,
— nonynapu3aumsi HAHOTEXHOOMUN.

OTEPRITOE AKLWOHEPHOE OBIUECTEO

JNEKTPOBbINPAMWUTEND .

OAO "OnekTpoBbINpsMuUTEnb" - KpynHenwias poccumnckas
3MeKTpoTEXHMYECKas KOMMNaHuA c 6oratbim oOnbiToMm B obnactM pas3paboTok u
NpoM3BOACTBA CUITOBbIX MOMYNPOBOAHNKOBLIX NPpMBOPOB U 060pyaOBaHNS AN HYXA
MHOMMX oTpacren NPOMbILLUIIEHHOCTU, 3HEPreTUKM U TPaHCnopTa.

OcHoBHble Hanpaenenuns geatensHocTn OAQO "3nekTpoBbinpaMuTens":

— paspaboTka M NPOM3BOACTBO BbICOKOI((EKTUBHBLIX MOMYNPOBOAHNKOBbIX
NpnBopPOB CUNOBOWN 3NEKTPOHNKN;

— paspaboTka 1 Npon3BoACTBO 3Heprocbeperarwero npeobpasoBaTenbHOro
obopyaoBaHus.



’PAOUK NPOBEOEHNA KOH®EPEHLUU-LLKOIbI

19 ceHTAOPA 2017, BTOPHUK

07:00-08:00 3AE3 YYACTHUKOB
08:00-08:30 PErMCTPALIUA
08:30-09:00 3ABTPAK
12:00-13:00 OBE[l

13:00-13:30

TOPXXECTBEHHOE OTKPbITUE KOH®EPEHLIUA

C.M. BAosuH, npedcedamenb OpzaHu3ayuoHHO20 KOMumema

B.B. Ocuko, akademuk PAH, conpedcedamersib KOH(hepeHYuu-WKobl
E.M. JuaHos, akalemuk PAH, conpedcedamesnb KOHghepeHUUU-WKOIIbI
E.B. YynpyHoe, npedcedamenb [MpocpaMMHO20 kKoMumema

13:30-15:00

NNEHAPHOE 3ACEOAHUE
Conpedcedamenu: akalemuk PAH E.M. JuaHoe, 0.¢h.-M.H. E.B. YynpyHoe

13:30-14:15

E.M. fluaHoe

HayuHblil yeHmp sonokoHHou onmuku PAH, Mockea

OlNTUYECKUE BOJIOKOHHBLIE YCUITUTETIN [J151 BOJTOKOHHO-
OINTUHYECKUX CUCTEM CBA3U: UCTOPUA PA3BUTUA, COCTOSAHUE OETT

14:15-15:00

M.®. YypbaHos
UHecmumym xumuu ebicokoducmbix eewecms um. I, I. [Jeesambix PAH

HOBBbIE 3A0A4YU U PE3YITIbTATbI B XMW BbICOKOYUNCTbLIX BELUECTB U
MATEPUAJIOB

15:00-15:15 NMEPEPbLIB

13:30-15:00 NMNEHAPHOE 3ACEOQAHUE
lMpedcedamens O.¢h.-M.H. C.A. TapaceHKo

15:15-16:00 | C.4. bpeduxuH

UHcmumym ¢busuku meepdoeo mena PAH, YepHozonoeka
SJIEKTPOXUMNYHECKUE TEHEPATOPbI - TBEPJOOKCULAHBIE TOINJINBHbIE
AJIEMEHTbI (TOT3) IMNTAHAPHOU KOHCTPYKLNU

16:15-17:00

K.H. Enbuoe
UHecmumym obuwel cpusuku um. A. M. lNpoxoposa PAH, Mockea

OT ®U3NKUN [TOBEPXHOCTU K KBAHTOBOMY KOMITbIOTEPY

17:00-17:45

M.E. opouweHko, B.B. Ocuko

UHecmumym obuwiel cpusuku um. A. M. lNpoxoposa PAH, Mockea
KOMIMAKTHbBIE TBEPLOTEJIbHbIE JIASEPbI CPEQHEI O UK-OUATTA30HA

18:00

TOBAPULLIECKUWA YXXKWUH




20 ceHTAOpPsA 2017, cpena

08:00-09:00 3ABTPAK
OKWA MI'Y um. H.T. OrapéBa
09:00-10:30 NEKUUM
lpedcedamensb: 0.¢h.- M.H. B.B. Cemawko
09:00-09:45 H.C. Aeepkuee
OTU um. Noppe, CaHkm-lNemepbype
QPPEKT AAHA-TEJIJIEPA B I10J1YTIPOBOOHUKAX
09:45-10:30 A.C. Cefalas
National Hellenic Researth Foundation. Theoretical and Physical Chemistry Institute, Athens
Kazan Federal University, Kazan
CURRENT STABILITY IN AMORPHOUS SEMICONDUCTORS CORRELATES
WITH TRANSLATIONAL SYMMETRIES ALONG CONDUCTIVE PATHS AT THE
NANOSCALE
10:30-10:45 NMEPEPbLIB
10.45-12.15 lNpedcedamens: 8.m.H. E.E. JlomoHo8a
10:45-11:30 | M.H. [Tonoea
UHemumym cnekmpockonuu PAH, Tpouuk
CBA3AHHBIE SJIEKTPOH-®OHOHHBLIE BO3BYXXAEHUA B KPUCTAJITIAX
11:30-12:15 | B.B. Cemawko
KasaHckul cpedeparbHbil yHUsepcumem, KasaHb
HOBbIN 1rnogxond K NCCJIIEJOBAHUIO YCUIINTETIbHbIX XAPAKTEPUCTUK
AKTUBHbIX CPEL] C UCI10JIb3OBAHUEM TEXHUKU Z-CKAHUPOBAHUA
12:15-13:00 OBEQN
13:00-14:30 MNpedcedamens: 0.¢h.-M.H. [1.A. Pa6oykuHa
13:00-13.45 | FO-H. [MapxomeHko, H.FO. Tabaykosa
HUTY MUCuC, Mocksa
CTPYKTYPHAS QUATHOCTUKA KPUCTAJ1JIOB HA OCHOBE JMUOKCHUOA
LINPKOHUA
13:45-14:30 | C.J1. JibiceHko, M.A. lNaHKkoe
KT TN «Padyza», Mockea
PA3PABOTKA HA BA3E ®KIT1 I'TlI "PAOYIA" TEXHOJIOI MU 10J/1YHEHUSA
TNMPO3PAYHOU OINNTUYECKOU KEPAMWKU
14:30-14:45 NMEPEPbLIB
14.45-17.00 | Npedcedamernb: 0.¢h.-M.H. [1.I". 3sepes
14:45-15:30 | [1.B. [lempoe
OTU um. Nogpgpe, CaHkm-lNNemepbype
CIIEKTPOCKOIMNsA OONHOYHbIX NMPUMECHbIX LEHTPOB B
roJ1yrnnPOBOOHUKAX
15:30-16:15 | [LE. Manawkeguy4
WHecmumym c¢usuku um. b .U. CmenaHosa HAH Benapycu, MuHck
AKTUBUPOBAHHBbIE XAHTUTOIMNOOOBHbIE CTEKJIA: OOCTUXXEHUA N
TEPCIIEKTUBbI
16:15-17.00 | A.B. Knszee
HauyuoHarnbHbIl uccriedosamernbckuli Huxxeaopodckuli 20cydapcmeeHHbIl yHuUsepcumem
um. H. N. Jlobayesckozo, HuxxHul Hoezopod
UCI10JIb3OBAHUE KAJTIOPUMETPUYECKUX U PEHTITEHOCTPYKTYPHbIX
METOOOB AHAJIN3A 1A NU3YYEHUA ®A30BbIX MTEPEXOL4OB B
HEOPIrAHUYECKUX U OPIAHNYECKNX COEUHEHUAX
18:00-19:00 YXXUH
19:00-20:30 CTEHOOBAA CECCUHA (xonn nepen aya. Ne1)

9




21 ceHTAOpPA 2017, yeTBeEpr

08:00-09:00 3ABTPAK
09:00-10:30 NMPUMALUEHHbLIE OOKNAODbI
MNMpepcepatens A.c.-M.H. M.H. NMonoBa
09:00-09:30 | 4-C. CMupHose
OTU um. Noghbpe, CaHkm-lNemepbypa
CIMEKTPOCKOINUS 3JIEKTPOHHbIX U SSQEPHbIX CITUHOBbLIX ®JIYKTYALNUA
B IOJ1YTNIPOBOAHUKAX
09:30-10:00 | U.O. 3onomosckul
YnbsiHosckul 20cydapcmeeHHbIl yHugepcumem, YrbsHO8CK
BOJIOKOHHbLIN YCUITUTEJIbHbIA KACKAL C 3JIEMEHTAMU KOMIMPECCUU
CIMEKTPA 4J151 TEHEPALINU JTIA3EPHbLIX UMITYJ1IbCOB BbICOKUX SHEPIUA
09:00-10:30 | C.B. Ycoe', A.B. XdaHoe *
1 - OO0 TexHomnozu4yeckue cucmemsbi 3auUmHbiX Mokpbimud, LLjepbuHka
2 - Bnadumupckul eocydapcmeeHHbIl yHueepcumem um. A. . u H. I.Cmonemoesnix,
Bnadumup
OCOBEHHOCTH PA3MEPHOU OGPAEOTKN MATEPUAJIOB
MOoAOYJINPOBAHHbBIM JIASEPHBIM J1YH4OM
10:30-10:45 NEPEPbLIB
10:45-12:30 3ACEOAHNA CEKLMA
Ayn. 1 Ayn. 2
NNA3EPHbIE MATEPUAIIbI U BONOKOHHAS ONTUKA
TEXHONOruu lpedcedamernb: K.¢h.-M.H.
Npedcedamernb: 0.¢h.-M.H. K.H. Huwee
MN.A. Pa6oy4kuHa o
10:45-11:00 | A.A. BywyHoe, M.K. Tapa6puH, 0.B. NeaHoe'**, C.B. BacuH’
C.M. Tomunoe 1 - YnbsiHosckul ¢bunuan MHcmumyma
MI'TY um. H.3. baymaHa, Mocksa paduomexHUKU U 31eKMPOHUKU,
JIA3EPHBIE KPUCTAJ1/IbI C um. B.A. KomenbHukoea PAH, YnbsHoeck
MUKPOTEKCTYPUPOBAHHbIM 2 - YnbaHoscKull 20Cy0apcmeeHHbIt
NMPOCBETJISIIOLYMNM MNMOKPLITUEM 4151 | YHUsepcumem, _w’b'c”"OGCK .
CPELHEIO UK-OUAMA30HA 3- yj'leIHOGCf(UU 2ocydapcmeeHHbIl
mexHu4yeckul yHusepcumem, YbsHO8CK
BOJIOKOHHbIE CBETOBO/AbI C
TOHKOIT/IIEHOYHbIMU
TOKPbLITUAMU N UX MOAbI
11:00-11:15 | A.A. lllagenbes, A.C. HusamymouHos, O.B. NeaHos
B.B. Cemawko, M.A. Mapucoes, YnbsiHoeckuli ¢hunuan VIicmumyma
A.A. lllakupos paduomMeXxHUKU U 371eKMPOHUKU,
Kasatckuli hedepanbHbili yHusepcumem, um. B.A. KomenbHukosa PAH, YnbsiHosck
KazaHb YnbsHosckull 2ocydapcmeeHHbI
UCCJIE4OBAHUWE CINEKTPAJIbHO- yHusepcumem, YIbsHOECK, .
KUHETUYECKNX W YCUINTENbHBIX | Y7bHosckul aocyaapcmseH”g’}“
XAPAKTEPUCTUK NEPCIEKTUBHOM mexHu4eckul yHugepcumem, YbsHO8CK
AKTUBHOWM CPE[Ibl Y&-[JMATA30HA Z’égzgzg"é’ﬁ’;ﬁ” bHOE
Ce3+:LiSro,8Ca0,2A|F6
MPEOBPA30OBAHUA
NoJIAPU3AUNN B CKPYYEHHbBIX
BOJIOKOHHbIX CBETOBOAAX
11:15-11:30 | B.._ Fopueea’, A.A. JlanuH"*, A.A. MbiHeHkos', K.H. Huwes',

C.J1. Kopa6bneea', B.H. Kasakos",

B.B. Maenoe', B.M. KswkuH?,

B.I1. Muwku#?, MN.A. Ps6o4kuHa?,

B.B. Cemawko®

1 - KasaHckuli ¢pedepasibHbil yHUBEpcumem,

B.M. KswkuH', O.B. TomunuH,
O.B. BosipkuHa', C.B. dupcmose’,
U.A. Ky6aHosa'

1 - Mopdosckuti 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapéea,
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Ka3zaHb, Poccusi

2 - HayuoHarnbHbili  uccrnedogamesibCKul
Mopdosckutli 2ocydapcmeeHHbIlU yHUgepcumem
um. H.l. Oeapéesa, CapaHck
CTPYKTYPHbIE OCOBEHHOCTU U
KO3®ULIMEHTbI PACIIPELEJIEHUA
MOHOB Pr*", Y** U Lu* B CMELUAHHbIX
KPUCTAJIJIAX LiY,LuF,

CapaHck,

2 - Hay4Hbil yeHmp 80/10KOHHOU OrmuKu
PAH, Mockea

ClEKTPAJIbHO-
JIOMUHECLIEHTHBbIE CBOUACTBA
CTEKJIOKPUCTAJITTUYECKUX
MATEPUAJIOB,
AKTUBUPOBAHHbIX BUCMYTOM

WU.B. XXnykmoea®, H.;0. TumapeHko®

11:30-11:45 | U-U. ®apyxwuH, A.C. HuzamymoiuHos,
B.B. Cemauwko, C.J1. Kopa6nesa, A.A. Taeneeg®, B.A. KambiHuH’, B.B.
M.A. Mapucos Ljeemkog*
KasaHckuli  ¢pedepanbHbili  yHUsepcumem, | 1 - Mockosckul mexHooaudeckul
Ka3zaHb yHugsepcumem, Mockea,
BJIIUSIHUE BHELIHUX ®AKTOPOB HA | 2 - MlHcmumym obuwel gou3uku
®OTOAUHAMUYECKUE TPOLECCbHI U | um. AM. [Ipoxoposa PAH, Mocksa,
MAPAMETPbI JIA3EPHOU FEHEPALIUN 3 - HauuoHarbHbIl ucciedosamesibCcKuli
B AKTMBHOM" CPE,qE LiLuO 7Y03F4:Ce3+ ﬂdeprlU YHUsepcumem «MM(DM)), Mockea
T UCCJIEQOBAHUE N
OrNnTUMNUIALINS BOJIOKOHHbBIX
ro/ibMUEBbIX YCUITUTEJIEA B
ABYXMWUKPOHHOM OUATTA30HE
11:45-12:00 | C.H. Ywakoe"*, M.A. YcnamuHa’, B.W. Manazan', B.U. feHkep',
.11. ®edopoe*?, B.B. Ocuko’, O.H. E2opoea’, B.A. KaMbIHUH",
K.H. Huwes', C.B. KysHeyose” A.A. oHocoea™?, C.E. Ceepukos®,
1- Mopdoeckuli 2ocydapcmeeHHbIl C.J1. CemeHo&?, B.b. UGGMK061’4
yHugsepcumem um. H. 1. Ozapésa, CapaHck, 1 - MHcmumym o6wel ghusuKku
2- lhHemumym obuwieli chusuku um. A.M. lpoxoposa PAH, Mocksa,
um. A.M. lNpoxoposa PAH, Mocksa 2 - Hay4Hbil yeHmp 80/10KOHHOU OfMUKU
BbIPALUINBAHUE U paH, Mockea,
CIMEKTPOCKOIMNYECKWE CBOUCTBA 3 - MAO «llepmckas Hay4Ho-
KPUCTAJI/IOB TBEPbIX PACTBOPOB | npou3sodcmeeHHasi
CaF,- SrF, = YbF; npubopocmpoumersibHasi KOMIaHUsI»,
lNepmb,
4 - HayuoHarbHbIU uccrnedosamernnbcKuli
s0epHbIl yHUsepcumem « MU®U», Mockea
KOMIMAKTHbIA YCUITUTE]b
HA OCHOBE
BbICOKOJIETMPOBAHHOITO
Er**/Yb** KOMIMO3UTHOI O
OlNTUYECKOI O BOJIOKHA
12:00-12:15 | A.H. Yabywkun', K.B. BopoHyoe’, B.J1. Jlumeak, M.I1. Cmaee,
H.I. 3axapoe®, E.E. JlomoHoga", A.Tl. Oxpumuyyk
A.A. JlanuH', M1.A. PsiboykuHa* Mexx0yHapodHbIl UeHMp ria3epHbIX
1 - HauuoHarnbHbIl uccrnedosamensckuli mexHosio2ud, poccutickull XUMUKO-
Mopdoeckuti 2ocydapcmeeHHblIli yHusepcumem | MexHosi02u4eckul yHugepcumem
um. H.l. Ozapéea, CapaHck um. [].N. MeHOeneeesa, Mocksa
2 - Poccutickuli gpedepansHeil sdepHeid ueHmp | @OPMUPOBAHUE KAHAJIbHbIX
Bcepoccutickuli HUW akcnepumeHmansHol BOJIHOBO/ZOB B O bEME
¢pusuku, Capos, 3 KPUCTAJTJIA ZNS C ITOMOLYbKO
3 - MHcmumym obwel ¢pusuku ®EMTOCEKYHOHbIX JIA3BEPHbIX
um. A.M. lpoxoposa PAH, Mocksa UMY/1IbCOB
TNEPECTPAUBAEMbIN
,CIBYXMMKPOHHbIﬂ JIA3EP HA
KPUCTAJTIIAX ZrOQ-Yzog-HOZOg
12:15-12:30 | C.H. Apbmemos, A.H. bensies, H.®. Paxumos, A.C. HuzamymouHos,

A.A. JlanuH, O.A. Ky3Heyoesa,

I.A. Ps6o4kuHa, C.A. XpywanuHa
HauyuoHanbHbil uccnedosamernbckuli
Mopdosckutli 2ocydapcmeeHHbili yHUgepcumem
um. H.l. Oezapéea, CapaHck

B.B. Cemawko

KasaHckul ¢pedeparnbHbil yHUgepcumem,
Ka3zaHb

POTONHOYUUNPYEMbIE
TNEPUOONYECKUNE CTPYKTYPbI U
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NCrio/ib3OBAHUE JTASEPHOIO NX XAPAKTEPUCTUKU B
WU3NTYYEHWS ABYXMUKPOHHOU KPUCTAJJIAX CaF,-LuF;,
OBJIACTU CIIEKTPA 4JIA AKTUBUPOBAHHbIX MIOHAMM Ce**
3HOOBA3AJIbHOU KOAIynsymm u Yb**

BAPUKO3HbIX BEH

10:45-12:30

Ayo. 3
HAHOMATEPWAIblI U HAHOTEXHOINOIu
lMpedcedamenb: 0.x.H. 1.11. Pedopos

10:45-11:00

E.B. domeHKO8

Hoeocubupckuti 'ocydapcmeeHHbIl TexHudeckul YHueepcumem, Hoeocubupck
PA3PABOTKA PEXXMUMA POCTA IJIEHOK Al,O; HA TOBEPXHOCTH
SIMUTAKCUATIbHbIX CJIOEB Hg, Cd,Te METOJOM ATOMHO-CJ/IOEBOIO
OCAXLOEHWA IPU MOHUXXEHHOW TEMIEPATYPE

11:00-11:15

U.B. ®posnoe*?’ E.C. Knumoe', B.A. Cepzeeg?

1 - YrbsHosckul ¢hunuan uHcmumyma paduomexHUKU U 37IEKMPOHUKU

um. B.A. KomenbHukosa Pocculickol akademuu HayK, YIbsHOBCK,

2 - YrbsiHO8CKUU 20cy0apcmeeHHbIl mexHUYecKul yHusepcumem, YribsHO8CK
SJIEKTPOPUINYHYECKUE XAPAKTEPUCTUKU MACCUBOB MHOIOCTEHHbIX
YI'TIEPOOHbIX HAHOTPYBOK

11:15-11:30

A.A. Hukonbckas’, [].C. Koponee', H.O. Kpueynun', A.H. Muxatiinos®,

A.U. Benoe', A.A. Masnoe’, 4.N. Temenb6aym’, H.A. Co6oneg’, M. Kumar®

1 - Huxxeeopodckutli 2ocydapcmeeHHbil yHusepcumem um. H.U. Jlobayesckoeo, HuxHul
Hoezopod,

2 - Qusuko-mexHu4deckulti uHecmumym um. Mogbgbe PAH, Cankm-lNemepbype ,

3 - Indian Institute of Technology Jodhpur, Jodhpur, India . .
NUOHHO-JTYHYEBOW CUHTE3 KPEMHWA C FTEKCAIOHAJIbHOU CTPYKTYPOU

11:30-11:45

O.10. YepHsieea, A.B. onzaHoe, B.B. MuwkuH, A.A. lNbiHeHkoe, K.H. Huwee
HauyuoHanbHbIl uccriedosameribckull Mopdosckuli 2ocydapcmeeHHbIl yHusepcumem

um. H.l. Ozapéea, CapaHck

CUHTE3 HAHOPA3MEPHbIX IMJIEHOK Li,Mn,O, CO CTPYKTYPOMW LUMUHEIN
METOLOM ALD-TEXHOJIOI N

11:45-12:00

M.H. XXapkos *. C.A. XpywanuHa', I1.A. Pa6ouykuHa', H.A. MMamaes’,

I.5. Cyxopykoe™*

1 - HayuoHanbHbIl uccriedosamesibckuli Mopdosckuli 2ocydapcmeeHHbIl yHuUsepcumem
um. H.I'. Ozapéesa, CapaHck

2 - Queen Mary University of London, United Kingdom

CUHTE3 U ®U3NKO-XUMUYECKUE CBOUCTBA NMOJIMMEPHbIX
MUKPOKATIICYI1 C KPUCTAJIJIMMECKUMUWN HAHOPA3MEPHbIMU
YACTULJAMMWN Y ,Er, VO,

12:00-12:15

U.A. Opnoe, l.A. Ps6o4kuHa, A.B. [JonzaHoe
HauyuonanbHbil uccnedosamernbckuli Mopdosckuli eocydapcmeeHHbili yHuUsepcumem
um. H.IN. Ozapéea, CapaHck

CUHTE3 U UCCJIEQOBAHUE JIIOMUHECLIEHTHBIX XAPAKTEPUCTUK
YI'TIEPO4HbIX HAHOYACTUL U NMOJIMMEPHbIX MUKPOKATICYIl C
BKJTOYEHHbIMU B X OBbOJ104KY YIJIEPOAQHbIMU HAHOYACTULJAMU

12:30-13:00

OBE[]

13:00-19:00

MoceweHne LeHTpa MOKLIAHCKON KynbTypbl (c. Ctapasa Tepuamopra)

19:00-20:00

YXUH
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22 ceHTAOpPSs 2017, nATHUUA

08:00-09:00 3ABTPAK
09:00-10:30 NMPUIMALUEHHBIE OOKNAAObLI
Mpeancepartensb: A.cd.-M.H. I'.E. ManawkeBuy
09:00-09:30 | C.A. [puzopbes
HauuoHanbHbIl uccriedogamenbsckuli yHugepcumem «M3U», Mockea
SJIEKTPOXUMWYECKUE CUCTEMblI HA OCHOBE MMPOTOHHO-OEMEHHOM
MEMBPAHbI: OT HAHOCTPYKTYPHOWU 3JIEMEHTHOU BA3bl K CO34AHUIO
YCTAHOBOK NMPOMBbBILUJIEHHOIO MACLLUTABA
09:30-10:00 | 4.B. KpalHoe
OTU um. Noghpe, CaHkm-lNemepbypa
CIMMMHOBASI OANHAMUKA MATHUTHbIX MPUMECEW Mn
B I10J71YriPOBOAHUKAX
10:00-10:30 | A.A. JlanuH
HayuoHanbHbIl uccnedosamernsckulti Mopdosckuli 20cydapCcmeeHHbIl yHU8e pcumem
um. H.l. Ozapéesa
AHTUCTOKCOBA JIOMUHECLIEHLNSA ®TOPULOHBIX MATEPUAJIOB
CO CTPYKTYPOW ®JIIOOPUTA, JIETUPOBAHHbLIX MIOHAMUW Er** U Ho®'
10:30-10:45 NMEPEPLIB
10:45-12:30 Ayn. 1 Aya. 2
HOBbIE ®YHKUUWOHAJIbHbIE OJIEKTPOHHbIE ABIEHUA
MATEPUWAIDbI B HAHOCTPYKTYPAX
lpedcedamernsb: O0.¢h.-M.H. lpedcedamensb: 0.¢h.-M.H.
M.H. lNonoesa H.C. Aeepkues
10:45-12:30 U.B. CmenaHoea, E.M. Kono6koea, A.A. (pucopbKuH
E.[l. CnbiwkuHa, O.B. lNempoea lNemepbypackul uHcmumym s10epHoU
Pocculickull XUMUKO-mexHoIoauye ckuti ¢busuku umeHu b.I1. KoHcmarnmurosa HUL|
yHusepcumem um. [.M. MeHdeneesa, ‘Kypyamoseckut MiHcmumym”
Mockea CIINH-T10JISAPU30OBAHHbIE TOKU
TEPMUYECKAST OBPABOTKA B ACUMMETPU4YHOM
BUCMYTIrEPMAHATHbBIX CTEKOIJ1 UHTEP®EPOMETPE AAPOHOBA-
PA3HbIX COCTABOB BOMA
10:45-11:00 A.C. Kopcakos, A.4. Canumeapees, A.C. KosynuH, A.U. Manbilwes,
A.E. Jlbeos, J1.B. XKykoea H.E. Kupunnoea
Ypanbckuli gpedeparbHbil yHUBepcumem Huxxezopodckuti 2ocydapcmeeHHbIU
uMeHu nepeoeo npesudeHma Poccuu uccnedosamenbCKull yHU8epcumem
b.H. EnbyuHa um. H.W. Jlobavesckoeo, HuxHul Hoezopod
UCCJIE4OBAHUE SJIEKTPOHHbBIN TPAHCIIOPT
MOHOKPUCTAJIJIOB BPOMUAA B KBA3NOJHOMEPHbIX
CEPEBPA, JIEFMPOBAHHbIX BOJIHOBO4AX CO CINH-
OOHOBAJIEHTHBIM TAJUJIMEM OPBUTAJIbHbIM
B3AMMOLOEUCTBUEM:
MPOSIB/IEHUS 4OMNOJ/IHUTE/IbHON
CIMMHOBOU CUMMETPUN
11:00-11:15 A.E. Jlbeos, A.C. Kopcakos, A.C. Pynbkos, A.A. bopuc, A.A. lNepos
A.4. Canumeapees, J1.B. XKykoesa Huxxezaopodckutl eocydapcmeeHHbIl
Ypanbckul ¢pedeparibHbil yHusepcumem | yHusepcumem um. H.U. Jlobaqesckoeo,
umeHu nepeozo npesudeHma Poccuu Hux+ut Hose2opod
B.H. EnbyuHa PEPMU ITOBEPXHOCTU B
OlNTUYECKUNE XAPAKTEPUCTUKU BEWITIEBCKUX MOJTYMETAJIIIAX
MATEPHAJIOB HA OCHOBE MEPBOIO POA BO BHELIHEM
r'AJIOFEHNOOB CEPEBPA U INOCTOAHHOM MAIHUTHOM I10OJIE
OOHOBAJIEHTHOIO TAJUINA
11:15-11:30 A.[l. Canumeapees, A.C. Kopcakos, K.P. Bnacoe, M.A. lNsmaes,

A.E. Jlbeos, J1.B. XKykoea

A.B. lllopoxoe
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Ypanbckuli gpedeparibHbil yHUBepcumem
UMeHuU repeoeo rnpe3udeHma Poccuu
E.H. EnbyuHa

HauuoranbHbil uccrnedosamernbcKuli
Mopdosckutli 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapéesa, CapaHck

OlNPELEJIEHUE NOKA3ATEIJIA B3AMMOOEUCTBUE
TMPEJIOMJTIEHUA KPUCTAJT/IOB SJIEKTPOMAIHATHOIO
CUCTEMbI AgBr (TIBrg46l054) U3JTYYEHWS C QJIEKTPOHAMU B
rnosyrnPoOBOAHUKOBOU
CBEPXPELLETKE, NTOMELJEHHOU B
MAIHUTHOE I1OJIE
11:30-11:45 M.O. AHypoea, K./. PyHuHa, A.P. 3atinacymduHos, A.B. TenexHuUKoe
E.B. Epmonaesa, A.A. AKKy3uHa, HauuoHarnbHsIl uccnedoeamernbcKuli
A.B. Xomsikoe, N.X. Aeemucos, Huxeaopodckuli 2ocyd0apcmeeHHbIl
0.5. Mempoea yHUgepcumem um. H.U. Jlobauesckoeo,
Poccutickuti XUMUKO-MexHOmo02u4ecKull HuxHud Hoszopoo
yHusepcumem umeHu .. MeHOerneesa, SJIEKTPOHHBIE COCTOsIHNA B
Mockea roJ1yriPOBO4JHNKOBbIX
BJINSIHUE COCTABA CTEKJISIHHOW | TETEPOIEPEXOAX C
MATPULIbI HA OBOBLEHHBIM CITAH-
JIIOMUHECLIEHTHbBIE CBOUCTBA 1 | OPBUTAJIbHbBIM
CTABUIIbHOCTb XAPAKTEPUCTUK | B3AUMOLJEUCTBUEM
r’mePUOHbBIX MATEPUAJIOB HAPECCEJIbXAY3A
11:45-12:00 K.H. Huwes*, M.N. E.C. Azaposa, .M. Makcumosga
Hoeononbyes', B.B. Enucees?® Huxeaopodckuli 20cydapcmeeHHbIL
1 - HayuoHarbHbiIl uccnedosamenbcKull yHugepcumem um. H.U. Jloba4eeckoeo,
Mopdosckuti 20cydapcmeeHHbitl Huxwuti Hoe2opod
yHugepcumem um. H.IN. Ozapéea, Caparck | QPPEKT 'YCA-XEHXEH B
2 - OAO «3nekmposbInpaMumerns», YCJ10BUSIX BO3BYXOEHUA
CapaHck . TJIA3MOH-IOJISIPUTOHOB B
KOMIJIEKCHbIN JAUPAKOBCKUX MATEPUAJIAX
NMPOEKT « CO3AHUE
BbICOKOTEXHOJIOMYHOIO
fMIPON3BOL4CTBA CBEPXMOLLHbIX
NMPUBOPOB CHUII0BOM
QJIEKTPOHUKMU,
OBECIIEYNBAROLNX
KOHKYPEHTOCITOCOBHOCTb
N UMINMOPTO3AMELLEHUE B
HAYKOEMKUX OBJIACTSIX
MNMPOMBILUJIEHHOCTMU,
TPAHCITIOPTA U SHEPIETUKN»:
OCHOBHBbIE PE3YJIbTATbI
HUOKTP
12:00-12:15 | P.P. Fedorov?, S.V. Kuznetsov',
E.l. Chuvilina®, A.A. Gasanov®,
M.S. Kuznetsov 3, I.S. Lisitskii?,
V.G. Plotnichenko®, V.V. Osiko*!
1 - Prokhorov General Physics Institute,
Russian academy of sciences, Moscow
2 - Lanhit-ltd Moscow,
3 - Giredmet ASC "Rosatom" company,
Moscow
4 - Fiber Optics Research Center, Russian
Academy of Sciences, Moscow
NEW MATERIALS FOR IR OPTICS
12:15-12:30 M.H. Masikoea, I1.11. ¢edopoe,

C.B. Ky3Heuyoe, B.B. BopoHoe
UHemumym obweli chu3uku

um. A.M. lNpoxoposa PAH, Mockea
CUHTE3 NOPOLLUKOB NaRF, (R=Y,
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Ce) METO4OM U3 PACTBOPA B
PACINNIABE

12.30-13.30

OBEQ

14.30

noABEAEHUE UTOIMOB KOH®EPEHLIMA

CTEHAOBbLIE OOKIAADbI

U.A. Bonkog', C.H. Ywakoe’, B.A. KambiHur?, K.H. Huweg*

1 - HayuoHarnbHsIlU uccriedosamernibekuli Mopdosckuli eocydapcmeeHHbIl yHUsepcumem,
CapaHck

2 - Uicmumym oneL'l ¢pusuku um. A.M. lpoxoposa PAH, Mocksa .
BOJIOKOHHbIN 3P5f4EBbIM JIA3EP C TNNACCUBHOU
CAMOCUHXPOHU3ALUUNEN MOL

A.[l. lMpoxopoe, M.A. Hoeukoe, A.H. Ceeprokoea, B.B. pubko,

An. I1. lfpoxopoe

UHecmumym nipuknadHol ¢pusuxku PAH, HuxHut Hoezopod

LLUNPOKOATNEPTYPHbBIE OINTUYECKUE OJIEMEHTbI L4Ji1 MOLYHbIX
JIASEPHbBIX CUCTEM

A.B. Muxeeg'?, B.H. Kasakoe °

1 - KazaHckull HauuoHasbHbIlU uccredosamesibCKUli mexHOI02Uu4ecKuli yHU8epcumem,
Ka3zaHb

2 - KasaHckul (Mpueomxkckul) gpedepasibHell yHugepcumem, KasaHb

KUHETUKA HAPACTAHWS AlN-KOHBEPCUOHHOU JIOMUHECLIEHUNN TTIPU
NUMIyJibCHOM BO3BYXQEHUU

A.H. Ceeprokosa, B.U. Pybaxa, A.I. [[poxopoe

UHemumym nipuknadHol ¢pusuxku PAH, HuxHutl Hoszopod

UCCJIEJOBAHUE KUHETUKN u MOP®OJI0O NN POCTA
BOLOPACTBOPUMbIX KPUCTAJIJIOB

A.l. CasukuH, A.C. Ezopoes, A.B. Bydpyes, U.FO. lMepyHuH, N.A. NpuwuH
HauuoHarnbHbil uccrnedosamensckuli Huxea2opodckuli eocydapcmeeHHbIl yHugsepcumem
um. H.U. Jlobayesckozo, HuxHut Hoszopod

NMPEOBPA30BAHUE [BYXMUKPOHHOIO WK-U3JTYYEHUSI B BUOUMbIA
,CM;AI'IA3OH KEPAMWKOA HA OCHOBE PbF,, JIETMPOBAHHOU WOHAMMU
Ho®"

[.B. CumaHoeckuti', B.A. Uearoe', M.O. Mapbiveg®, B.C. Hukomnoe’
HauuoHarnbHbil uccrnedosamensckuli Huxe2opodckuli 2ocydapcmeeHHbIl yHugepcumem
um. H.W. Jlobauesckoeo, HuxHuli Hoe2opod

POCT U CBONCTBA MOHOKPUCTAJIJIIOB Ca, xLi»xGeO,

M.. 3bikoea’, K.FO. Kponeseukas', E.H. Moxeeumuna*, U.X. Aeemucoe’

1 - Pocculickull XuMuKo-mexHoJsiozu4eckul yHusepcumem um. [.U. MeHOeneesa, Mockaa,
2 - WHcmumym xumuu ebicokoqucmelx gewecms um. .. Hesambix PAH, Huxhul
Hoezopod

UCCIIEQOBAHUE TPOUHOU ANATPAMMBbI Zn-Se-Fe

A.C. HuzamymduHos, B.B. Cemawko, C.J1. Kopabneea, 3.1. Madupos
KaszaHckuti cpedeparibHbili yHUsepcumem,. KasaHb

CIMEKTPOCKOIMUYECKUE XAPAKTEPUCTUKU KPUCTAJIJIOB LiYF, U KY3F o,
AKTUBUPOBAHHbLIX NOHAMU Gd**

n.4. Apwuroea’, 1.A. Ps6oukuHa', C.J1. Kopabnesa’, B.B. Cemawko’

1 - HayuoHanbHbIl uccriedosamesbekuti Mopdosckuli 2ocydapcmeeHHbIl yHugepcumem
um. H.l. Ozapeesa, CapaHck,

2 - KasaHckutli ¢pedeparbHbil yHUsepcumem, KasaHb .
ClEKTPAJIbHO-JIOMUHECLIEHTHbBIE CBOUCTBA KPUCTAJIIIOB
Dy, Tb:LiYF, u Dy, Th:LiLuF,

10

WU.A. Lllykapes®', O.H. Fadomckuli*

1 - YnbsiHosckuli eocydapcmeeHHbIl yHuUsepcumem, YbsgHO8CK

HAPYLIEHUE TIPUHUUITIA OBPATUMOCTU CBETOBbIX [10OTOKOB B
OMNTUYECKNUX CPEOAX CO C/IYYAUHBIM BIIN3KUM K HYJIIO
TTOKA3ATEJIEM TNPEJIOMJIEHUA

15




11

E.C. Knumoe ', E.C. BazaHosa ', O.A. [Jaenidoea *, M.B. By3aesa *,

WU.A. Makapoea ', A.B. Ucaes *, [].B. Kosnoe °, H.A. ByHakoe *

1 - YnbsiHoscKul 2ocydapcmeeHHbIU mexHuU4Yeckuli yHugepcumem, 2. YibsHO8CK,

2 - YnpsaHosckul eocydapcmeeHHbIl yHusepcumem, 2. Y/bsiHO8CK

YIIPOYHEHUE MEXAHUYECKUX CBOUCTB INOJIMMEPOB YTIJIEPOO4HbIMU
HAHOTPYBKAMU

12

U.A. Makapoea, P.P. ®au3oe, KO.A. CydbuH, B.B. KaneHoe, M.B. By3aeea,
O.A. faebidoea, E.C. Knumoe
YnbsiHo8CKul 20cyOapcmeeHHbIU mexHUYecKul yHusepcumem, YbsHO8CK

YI'TIEPO4HbIE HAHOTPYBKU, KAK 3®®PEKTUBHBIE BAKTEPULNAbI

13

B.H. TpywuH, A.C. Mapkenos, B.B. [pubko

HauuoHanbHbil uccrnedosamensckuli Huxe2opodckuli 2ocydapcmeeHHbIl yHugepcumem
um. H.U. Jlobauesckozo, HuxHul Hoszopod

HEKOTOPbIE BO3MO>XXHOCTHUN POPMUPOBAHUA rfPO®UIIA
TMOBEPXHOCTU PEHTIEHOOITTUYECKUX SJIEMEHTOB

14

A.B. Ucaee, N.A. Makapoea, T.FO. [Jbsiukoea, M.B. by3aeea, O.A. [JasbiOo8a,
E.A. SlpbiHkuHa, E.C. Knumoe
YnbsiHogcKull 20CyOapCmeeHHbIll MexHUYeCcKuUl yHugepcumem

COPBLUUA TAXKETIbIX METAJIJIOB HA YITIEPOAHbBIX HAHOTPYBKAX

15

K.A. AkuHwee

Wremumym ¢usuku um. b.M. CmenaHoea, Mutck, Pecrybnuka benapycb

CTPYKTYPA U OINTUYECKUE CBOWUCTBA KBAPLIEBbIX IEJlb- CTEKOII,
JIETMPOBAHHbIX Sb, Al UB

16

A.C. lopbyHoe, K. H. Huwee, B.I. MuwkuH, E.H. Jlomoea, A.B. [JonzaHoe
HayuoHanbHbIl  uccriedosameribckuli Mopdoeckuli 2ocydapcmeeHHbill  yHusepcumem,
CapaHck

UCCJIEQOBAHUE HAHOCTPYKTYP, MOJIYHYEHHBIX METOOQAMU
AHOOHOI' O OKUCJIEHUA N ATOMHO-CJTOEBOIO OCAXXLOEHUA (ALD)

17

C.B. Ky3Heuyoe', M.H. Masikoea', B.fO. lpotidakoea', M.A. Mapucoe®,

B.B. IMaenoe’, B.I". Mlopuesa?, 1.0. XnbiHuHa'?, I1.B. Bonkosa"?®,

B.B. BopoHos', B.B. Cemawko’, I1.[1. ®edopoe’

1 - UHcmumym obuwed ¢husuku um. A.M. lNpoxoposa PAH, Mocksa

2 - KasaHckul ¢pedeparnbHbili yHUsepcumem, Ka3aHb,

3 - Mockosckuli mexHonoaudeckuli yHugepcumem, Mockea

TTOPOLLUKA JIOMUHO®OPOB HA OCHOBE LUEJIOYHO3EMEIBbHbIX
®TOPULOB, JIEFTMPOBAHHbBIX PEOKOI3EMEJIbHbIMU SJIEMEHTAMW, O115
®OTOHUKU

18

B.A. Kpymbko, M.I'. Komoea, [].B. [flomuHosa

1 - UHcmumym obwel u HeopeaHuyeckol xumuu um. H.C. KypHakoea PAH, Mocksa,
2 - MHemumym obwel ¢pusuku um. A.M.lNpoxoposa PAH, Mockea

CUHTE3 U JIKMUWUHECLIEHTHBIE CBOUCTBA Gd.GeMoOg:Yb,Er

19

A.ll. raxynura, 4.M. 'unsayp

HauyuoHanbHbIl uccnedosamernbckull Huxezaopodckuli 2ocydapcmeeHHbIlU yHU8epcumem
um. H.U. Jlobauesckozo, HuxHut Hoszopod

MOLEJ/IUPOBAHUE  CTPYKTYPHbIX, 3JIEKTPOHHbIX,  ONTUYECKUX
CBOUCTB KPUCTAJIJIOB TUIIA KAPBUOAA BOJIb®PAMA U3 T[IEPBbIX
rnPUHUNIOB

20

H.B. lony6es’, E.C. Ulenambeesa', B.H. Cuzaes’, P. Jlopenuyl?, A. Maneapu'?

1 - Poccutickuli XuMuko-mexHosioaudeckull yHueepcumem um. [.U. MeHdeneesa, Mockea
2 - YHusepcumem MunaHa-bukokka, MurnaH

BJ/IMSIHUE Ni#* u Ti** HA CIMEKTPAJIbHO-JIIOMUHECLEHTHbIE CBOUCTBA
CTEKJIOKEPAMUKN HA OCHOBE y-Ga,0;

21

T.C. CesocmbsiHoga, E.B. XKykoea, P.P. Calighymsipos,

A.B. Xowmsikoe,0.b. [lempoea

Poccutickuli xumuko-mexHosoau4eckul yHueepcumem umeHu .M. MeHOeneesa
BIIUSAHUE [JOBABOK OKCUMOA AJIOMUHUA HA CTEKJIOBAHUE,
KPUCTAJITIN3ALUNIO U CBOUCTBA CBMUHLIOBbIX ®TOPOBOPATHbIX
CTEKOJ1, AKTUBUPOBAHHbBIX Nd** Eu®*" u EF*
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22

M.B. Ipuwe4kuH, A.B. Xomsikoe, E.H. MoxxeeumuHa, M.[1. 3bikoea,

N.X. Aeemucos

Poccutickuli xumuko-mexHosioauveckul yHusepcumem um. [.U. Mendeneesa, Mocksa
TOJIYHYEHUE BbICOKO4YUCTOIO TEJIITYPA C TMOHU)XXEHHbIM
COOEPXAHUEM CEJIEHA

23

E.C. U2Hambesa', H.B. Nony6es', M.3. 3usmduHosea', B.H. Cuzaes’,

I.E. Manawkesuy’, P. Jlopenyu®, A. Maneapu'?

1 - Poccutickuli XuMuko-mexHosioaudeckul yHueepcumem um. []. Y. Mendeneesa, Mockea,
2 - Uicmumym ¢pusuku um. 6.M. CmenaHoea HAH Benapycu, MuHck, benapycs,

3 - YHusepcumem MunaHa-bukokka, MunaH, Umanus

OBbILLEHNE QPOEKTUBHOCTU LLUINPOKOIMOJIOCHOU UK
JIOMWHECLEHLUNU HAHOCTEKJIOKEPAMUKMU, AKTUBUPOBAHHOU
WOHAMMU Ni*

24

A.A. l'ycakoeckasi, O.C. Kanucmpamoea, I1.B. AHOpees, A.B. N'yujuH,

H.B. Comoes, E.B. YynpyHoe

HayuoHanbHbIl uccnedosamernbckull Huxezaopodckuli 2ocydapcmeeHHbIl yHU8epcumem
um. H.U. NMo6ayesckozo, HuxHul Hoszopod CUHTE3 U CTPYKTYPA KPUCTAJIJIOB
AUKAPBOKCUIIATA TPUDEHNIIBUCMYTA

25

E.A. Ucynoea, B.A. UeaHoe, I1.B. AHOpeee, M.A. ®addees, A.B. bopsikoe
HauuoHnanbHbil uccrnedosamernbckuli Huxe2opodckuli 2ocydapcmeeHHbIll yHugepcumem
um. H.U. Jlobauyesckozo, HuxHul Hoszopod

UCCJIEQOBAHUE COCTABA KPUCTAJIJ1I0OB KTP:Hf U KTP:Zr,
BbIPAUJEHHbBIX METOLOM N3 PACTBOPA B PACIIJIABE

26

[.B. Xepsikos', T.B. Bonkosa', M.A. Bopuk’, A.B. Kyne6sikur’,

E.E. JlomoHoea*, B.A. Mbi3uHa’, I1.A. Pa6ouykuHa', A.H. Ya6ywkuH"

1 - HayuoHasnbHbIlU uccriedosamernibckuli Mopdosckul 2ocydapcmeeHHbil yHuUsepcumem
um. H.l. Ozapéesa, CapaHck,

2 - Mlhemumym obuwjeli cpusuku um. A.M. lNpoxoposa PAH, Mocksa

UCCJIEQOBAHUE JIOKAJIbHOU CTPYKTYPbI KPUCTAJIJIOB
ZrOZ-Gdzo3-EU203

27

B.IO. lpotidakoea’, C.B. KysHeuoe °, B.B. BopoHos °, I1.I1. Pedopos**

1 - Mockosckuti mexHonoaudeckuli yHusepcumem MUTXT, 2. Mockea,

2 - lhcmumym obuwiel cpusuku um. A.M. lNpoxoposa PAH, e.Mockea

PA3O0BbIE OUATPAMMbI CACTEM CYJIb®ATA T'AITJINA C CYIIbOATAMU
JINTUA U HATPUA

28

O.A. JlunuHa, M.A. Menko3epoea, A.FO. Hychapos, A.I1. TOMIOHHUK,

A.B. baknaHoea, J1.J1. Cypam, B.I". 3y6koe

UHecmumym xumuu meepdozo mena YpO PAH, EkamepuHbype

UK -JIIOMWUHE CUEHLMNSA TBEPAbIX PACTBOPOB Sr;la,.Nd,(Ge;0q),:Ho**

29

A.E. Ezopoea, I1.B. AHdpees, [].B. CumaHoeckul, B.A. UeaHos,

B.A. Mameeee

HauuoHnanbHbil uccrnedosamernbckuli Huxe2opodckuli 2ocydapcmeeHHbIl yHugepcumem
um. H.U. Jlobauesckozo, HuxHul Hoszopod

OCOBEHHOCTU KPUCTAJIJIA CA3;GE;CR,0;,, BbIPALEHHOIO METO4OM
N3 PACTBOPA B PACIIJIABE

30

H.A. Caxaposea’, I1.A. Ps6oykuHa', B.A. JlomoHog’, B.M. KawkuH*

1 - HauyuoHarnbHbil uccrnedosamernbckuli Mopdosckuli eocydapcmeeHHbIlU yHUsepcumem
um. H.l. Ozapéea, CapaHck,

2 - lhecmumym kpucmannozgpaguu um. A.B. LLlybHukosa PAH, Mockea .
CTPYKTYPA n CIIEKTPAJIbHO-JIOMUHECLEHTHBIE CBOUCTBA
KPUCTAJI/IOB Tsze5013

31

H.O. AzapanuH, T.M. BypxaHoea, A.B. Conoenega
TiomeHcKul eocydapcmeeHHbll yHusepcumem, TroMeHb
CUHTE3 U ONITUHECKUE CBOUCTBA BaPrCusS;

32

E.3. AlyHaesa, T.B. YyxnoeuHa, J1.U. Uenesa
Uremumym obuwieli cpusuku um. A.M. lNpoxoposa PAH, Mockea
NMPOBJIEMbI JE®PEKTOOEPA30BAHWS B KPUCTAJINIAX SrMoO,:RE*

17




33

A.B. Jloguesg, A.K. Haymos, O.A. Mopo3oe, P.]. Aensimos

KaszaHckuti gpedeparbHbili yHUgepcumem, KasaHb

YCUITUTEIIbHbIE CBOACTBA U CTOUKOCTb K OBPA30BAHMUIO LIEHTPOB
OKPACKU KPUCTAIJIJIA BaF,:Ce

34

K.A. MapmsbiHoga, O.K. Anumos, M.E. [JopoweHkKo,

B.A. KoHrowkuH, B.B. Ocuko

UHemumym obuwiel cpusuku um. A.M. lNpoxoposa PAH, Mockea
UCCIIEJOBAHUE CIMEKTPOCKOIMNYECKUX CBOACTB OMTUYECKUX
LIEHTPOB UOHA TYIINA B TBEPAbIX PACTBOPAX CAF,-YF3;:Tm

35

B.H. QeHucos, 5.A. 3a3ynuH, E.A. ®edocees
HauuoHanbHbil uccnedosamenbckuli Mopdosckul eocydapcmeeHHbil yHuUsepcumem
um. H.IN. Ozapeesa, CapaHck

UCCIIEQOBAHUE CIIEKTPOB CBEYEHUSI B [MPOLIECCE 3ATYXAHWUA
JIOMUHECLEHLUMN CBEPXTOHKUX CJIOEB JIOMUHO®OPOB [1PU
NOJIEBOM BO3BYXOQEHUN




HAHOMATEPUAJIbl U HAHOTEXHOJZIOIN'nMH



OT ®M3UKU [TIOBEPXHOCTU K KBAHTOBOMY KOMIIBIOTEPY

K.H. EnpuioB
Hncmumym obweti ¢puzuxu um. A.M. Ilpoxoposa PAH, Mockea
E-mail: eltsov@kapella.gpi.ru

B nacrosiiiee Bpems (yxke 6oJiee 1BaaliaTy JE€T) BO BCEM MHUPE aKTHBHO Be-
JyTCsl pabOTHI 10 CO3J]aHUI0 KBAHTOBOTO KOMITBIOTEPA, KOTOPBIiA, B CIIy4yae ycCIell-
HOW peayn3aliii, MOKeT H3MEHUTh CaMO TTOHSITHE HH(POPMAIIMOHHBIX TEXHOJIOTHH,
MOCKOJIbKY YK€ ceiuac pa3paboTaHbl alrOPUTMbI, TTO3BOJISIONINE PEIIaTh 3a/1ayH,
HEJOCTYITHBIC KJIACCUYCCKUM KOMITbIoTepaM. Kak B cBOE BpeMs CO3/IaHUE JIa3epOB
IIPHUBEJIO K TOSBIICHUIO MPUHIIUIINAIHLHO HOBBIX TEXHOJIOTHM, TaK M KBAaHTOBBIC
BBIYHCIICHUS 1 KOMMYHHUKAIIUA MOTYT BO MHOTOM M3MEHHUTH HAIlU MPEICTABICHUS
0 BO3MOXXHOCTSIX 00Opa0OTKHU U nepenadyn nHGOpMaIuu.

HecMoTps Ha 3HaUMTENbHOE MPOJIBUKEHNUE B 00JIACTH KBAHTOBBIX BBHIYHUCIIE-
HUMN, IO CHX IMOpP MCCIIEIOBAHUS SBISIOTCS MPEIU3NOHHBIMU M HOCAT (yHIaMEH-
TaIbHBIA XapakTep. OKCIEPUMEHTAIHLHO MPOJAEMOHCTPUPOBAHA BO3MOXKHOCTD
KBaHTOBBIX BBIYMCIICHUHN B TaKWX (PU3MUECKHX CHCTEMax KaK MarHUTHBIC MOJICKY-
JIbI, XOJIOAHBIC aTOMBI U MOHBI B JIOBYIIIKaX, CBEPXIPOBOJISIINE CTPYKTYPhI, KBaH-
TOBBIE TOYKU B MONYNpoBOAHUKAX, NV-IIEeHTpbl B ajMa3HbIX IJIEHKAX U €CTh CY-
IIIECTBEHHOE MPOABHKEHUE B KCIICPUMEHTE B HaHOOJIEe MePCIIe KTHBHOW CHCTEM —
Ha OT/ICIBLHBIX MPUMECHBIX aToOMaX (C MCTIOIb30BAaHUEM SIEPHOTO M DJICKTPOHHOTO
CIIMHOB) HA MOBEPXHOCTH KPEMHHUSI.

ITockonbKy €CcTh TOHMMaHHUE, YTO, B TIEPBYIO OYEPENb, CICAYET pa3BUBAThH
KBAaHTOBBIE TEXHOJIOTMM Ha TBEPAOTEIbHBIX MaTepHualiaX, TaKUX KaK KpPeMHUI
wi AllIBV unu nanoyriepognbsie Marepuaibl (rpadeHbl), TO HEOOXOIUMO Kak
MOYKHO TOYHEE OINPEACIUTHCS C UX MEePCIEKTUBHOCTHIO /T KBAHTOBBIX BBIYMCIIC-
Hui. Bce ocranbHbIe BapHaHThI peaM3aliil KBAHTOBOTO KOMIIBIOTEPA BBITIISIAT
JIOCTaTOYHO DK30THUYCCKHUMHU UM, HECMOTPS Ha WMCIOIIMECS JOCTIKCHUS C TOYKH
3peHuss QyHIaMCHTAILHBIX MCCIICIOBAHUM, MOTYT OBITh KpailHE HEMpPaKTHYHBIMU
JUTSI TIPUMEHEHHS B PeaTbHBIX YCTPONCTBAX.

B nanHo# nekuuu paccMaTpuBalOTCs UMEIOIINECS MOAXOAbl U AKCIIEPUMEH-
TaJbHbIE pealu3alMyd KBAaHTOBBIX OUTOB (KyOHMTOB) U3 OTAEIbHBIX MPUMECHBIX
aTOMOB B MOHOM30TOMHOM KpeMmunH (*°Si) ¢ HCII0Ip30BaHHEM MHCTPYMEHTOB (H-
3UKHU MOBEPXHOCTH, B MEPBYIO OYEpe/b C MIPUMEHEHUEM CBEPXBBICOKOBAKYYMHOM
CKaHHUPYIOIIEH TYHHEITbHON MUKPOCKOIUH U JIOKATHHBIX TOBEPXHOCTHBIX XUMUY €-
CKHUX PEaKIIUH.
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DJIEKTPOXUMHNYECKUE CUCTEMbBI HA OCHOBE ITPOTOHHO-
OBMEHHOU MEMBPAHBIL: OT HAHOCTPYKTYPHOM DJIEMEHTHOU
BA3BI K CO3JAHUIO YCTAHOBOK ITPOMBILIUIEHHOI'O MACILITABA

C.A. I'puropnes
Hayuonanvnoui uccnedosamenvcruii ynusepcumem « MOH», Mockesa
E-mail: sergey.grigoriev@outlook.com

DNEKTPOXUMHYECKUE CHCTEMBI Ha OCHOBE MPOTOHHO-OOMEHHON MeMOpaHBI
MO3BOJISIIOT OCYIIECTBIIATh MPEOOPa30BaHUE BHUJIOB DHEPTHUU C BHICOKOU I hek-
TUBHOCTBIO U 0e3 yiiepOa i OKpYXKaroIlel Cpe/ibl, U BCE IMIHUPE BHEAPSIOTCS Ha
TpPaHCIIOPTE U JIJIS ICLICHTPAIM30BAaHHOI0 dHEprocHadxkenus [1]. B mocneqnue ro-
JIbI aKTUBHO TMPOpadaThIBACTCS MHTETPAIMS HU3KOTEMIIEPATyPHBIX BOJOPOIHBIX
AIEKTPOXUMHUYECKUX CUCTEM C DHEProyCTaHOBKAMHM Ha OCHOBE BO30OHOBJISIEMBIX
BUJIOB 3HEpPruu [2], BKIIOYAs TaK Ha3bIBAGMYIO KOHIICHIUIO power-t0-gas [3].
Bonpuryro mepcrnekTuBy BOJOPOIHBIE SJIEKTPOXUMHUYECKUE CUCTEMBI UMEIOT IS
SHEprocHabkeHust pOOOTOTEXHUKH U pslia APYTUX TPUMEHEHUH.

B pamkax maHHOro mokiama OyayT pacCMOTPEHBI acCHEKThl MPUMEHEHUS
HAaHOMATEPUAJIOB Y HAHOTEXHOJIOTUN MPHU CO3IaHUM JIEMEHTHOW 0asbl (dJIEKTPO-
KaTaJn3aToOpoOB, aKTUBHBIX CJIOEB, MEMOpaH U Ta30qu(@y3uOHHBIX 3JIEKTPOIOB)
HU3KOTEMIIEPATYPHBIX SJIEKTPOXUMHYECKUX CHCTEM, OOOOIICH OMBIT pa3padOTKH
MMAJIOTHBIX YHEPrOyCTaHOBOK MPOMBINIJICHHOTO MaciiTada U MOKa3aHbl BO3MOXKHO-
CTH MX MPAKTUYECKOTr0 MPUMEHEHUS.

1. C.A. I'puropbeB, AnbTepHaTHBHAs dHepreTuka u sxkonorus 150, 8 (2014).
2. C.A. I'puropbeB u fap., Termosnepreruka 2, 3 (2015).
3. M. Kopp et al., Int. J. Hydrogen Energy 42, 13311 (2017).
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PA3PABOTKA PEXXVMA POCTA IUIEHOK Al,O; HA IIOBEPXHOCTHU
DIIMTAKCHUAJILHBIX CJIOEB Hgy.,,Cd,Te METOJOM ATOMHO-
CJIOEBOI'O OCAXAEHWA TP ITOHMKEHHOU TEMIIEPATYPE

E.B. ®omenkos’, I'.O. CHLlopOB2
lHoeocu6upc1<uL7 20Cy0apcmeen bl mexHuueckui yHusepcumem, Hoeocubupck
Unemumym ¢usuku nonynposodnukos um. A.B. Pacanosa CO PAH,
Hosocubupck
E-mail: masterhripelov@gmail.com

B nacrosimieit pabore uccieayercs BIMSHUE UIMTEIBHOCTEH CTaauii mpo-
[ecca aTOMHO-CIIOEBOT0 OCAXJIECHHSI Ha CKOPOCTh POCTa MJIEHKHU MPHU Pa3IUUYHBIX
Temrieparypax pocta. [lepBonauansuo mnéaka Al,Oz Oblia BeIpalieHa mpu CTaH-
naptHbix ycioBusix u mpu 200 °C. CkopocTh pocta IpU 3TOM COCTaBuUIa
1,29 A/muxn. Janee TeMreparypa npoiecca opina normxeHa 10 120 °C. CkopocTb
pocTa mpu 3ToM nogHsaack 10 1,39 A/uukn. B cnexyromeii cepuu 3KCHeprMeHTOB
OBLJIO UCCIIEIOBAHO BJIUSHUE U3MEHEHUs UIUTEILHOCTH KaXKJI0M M3 CTaauid mpo-
TYBKH TIpU (PUKCUPOBAHHOM BPEMEHU JIPYrod CTaauu. Y BEIMYCHHE ATUTEILHOCTH
MPEaIIa3MeHHON TPOAYBKH HE OKa3bIBaeT 3HAYMTEIHHOro 3((dexTa Ha CKOPOCTh
pocTa, B TO BpeMsl KaK MpU YBEJIUUYECHUU JJIMTEIHLHOCTA MOCTILIA3MEHHOM MPOJyB-
ku ¢ 0,8 10 4,9 cekyHIbI CKOPOCTh POCTA CTPEMUTENIBHO TMAJIAET, MOCIE BBIXOIA Ha
HachlleHUe co 3HadeHneM 1,32 A/muxi. B Xone mocnemyromux cepuil SKCIepu-
MEHTOB OBLIM MOJY4YEHBl 3aBUCUMOCTH CKOPOCTH pOCTa OT JIJIMTEIbHOCTU IOCT-
na3MeHHou mponysku npu temneparypax 140 °C, 160 °C, 180 °C u 200 °C un
OIpPEEIIEHbl ONTUMAJIbHBIE MapaMeTPbl POCTOBBIX MPOLECCOB. J[OMOIHUTEIBHO
IIPOBEJICHO HCCIIEA0BAHUE 3aBUCUMOCTH COJIEpKaHUS OPraHMYECKUX IPHUMECEN B
MJIEHKE B 3aBUCUMOCTH OT MapaMeTpoB pexuma pocta mpu temreparype 120 °C.
[Tpu ontumansHbIX yenmoBusx s 120 °C Owina Beipamena ninéuka Al,Oz Tommu-
Hoit 83 HM Ha noBepxHoct HgCdTe. Jlanee Obuta chopmupoBana MJIII crpykry-
pa In-Al,03-HgCdTe u uzmepena mu3kouyactotHas (10 x['m) BonbT-hapamnas xa-
pakTepucTuka. Taxke OblIa pacCyUTaHa 3aBUCUMOCTh €MKOCTH OT HANpPSKEHUS
0e3 yuéra 3(peKTOB BCTPOCHHOTO B IUAJIEKTPUK 3apsiia U MOBEPXHOCTHBIX COCTO-
sHui. [lapaMmerpsl noaydeHHOM MIEHKH (TJIOTHOCTh MOBEPXHOCTHBIX COCTOSHUM,
cocrasusias 2-10" cm*3B™ n BCTPOEHHBIN B JMAJIEKTPUK 3apsill, COCTaBUBLIUN
6-10° cM®) IPEBOCXOMIT MApaMeTphl [UIEHKH, BHIPAIICHHOI MAaTHETPOHHBIM Pac-
meuterneM ((2 + 3)-10™ em?3B™ u (3 + 5) 10" cm™ coorsercraenHo [1]). Iomy-
YeHHBIE JIaHHBIC MO3BOJISIOT TOBOPUTH O LienecooOpasHocTu npumenenus Al,O; B
Kau€eCTBE MacCUBHUPYIOLIEro nokpeitust 1ist KPT.

1. E.A. Canmun, B.IL. Tlonomapenko, B.U. CradeeB, ®usuka u TexHUKa 10-
TynpoBOAHKUKOB 22, 6 (1988).
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SJIEKTPOOU3NYECKHUE XAPAKTEPUCTUKUN MACCHBOB
MHOI'OCTEHHBIX YTJIEPOAHBIX HAHOTPYBOK

1.B. ®ponos™? E.C. Kimmos', B.A. CepreeB2
YVibsanosckui Quauan uHcmumyma paouomexHuKuy u d1eKmpoHuKu
um. B.A. Komenvuuxosa PAH, Ynvsanoeck
2 VibsaHo8CKulL 20CY0apCcmeenHblll MexXHU4ecKull yHusepcumem, Yivbsanosck
E-mail: ilya-frolov88@mail.ru

MHuoroctennble yriepogHbie HaHoTpyOku (MVYHT) mnomydensl meTonom
MOCVD [1] B ToKe aproHa ¢ HCIOIb30BaHHEM MPEKYPCOPOB TONIyosIa U (hepporlie-
Ha. MccnenoBanbl nsaTh 00pasioB MaccuBoB MYHT: 1 — ucxoansie; 2 — mocie oT-
xwura; 3 — mocie omkura ¢ oopadorkoii HCI; 4 — mociie omkura ¢ 06paboTKOM Kuc-
aoTamu; 5 — mocne oOpaboTKU KUCIOTaMu. st u3mMepeHus 37eKTpopUu3nuecKux
xapaktepuctuk MaccuBoB MYHT pa3paboTrana KOHTaKTHasi CUCTEMA C TOJIBUKHBIM
AIEKTPOAOM U HUXPOMOBBIM HarpeBaresem (puc. 1).

H3mepeHune ynenbHoro 3JIeKTPUYECKOro CONPOTUBIEHUS Py 00Pa3LoB MIpo-
BOJUJIOCH HAa IIOCTOSSHHOM TOKE. 3aBUCUMOCTHU pyj; MaccuBoB MYHT ot mioTHO-
CTH MaccuBa p NpHUBEIEHBI HAa pUC. 2. B Tabnuue 1 npuBeneHsl 3Ha4eHUs Pyj 00-
pasuoB MYHT npu miotHoctu maccusa 600 Kr/M°.

t ] WexopHbie MYHT
= — -MYHT+omKur
_— 10 —k— MYHT+omxur+HCl
| —a— MYHT+omKkur+HCl+KucnoTbi
E —e— MYHT+KkncnoTbl
]
S
g
Q
0,1 -
i 0,01 ‘ .
e 0,2 0,4 0,6 08  p-103, krim?
Puc. 1. KontakTHas cucrema s Puc. 2. 3aBucumocty yieapbHOro 00bEMHOTO
MU3MEPEHUSI SIEKTPOPU3NY €CKIX JIEKTPHYECKOr O COIPOTUBIICHHUS Py 1
XapakTepucThuk maccuBoB MYHT maccuBoB MYHT ot minoTHocTH MaccuBa p
3
Tabnuua 1 — 3nauenus Py oopasuos MYHT npu nnornocrtu maccusa 600 kr/m
Ne obpasma 1 2 3 4 5
Py, OM'cm 0,133 0,130 0,262 1,102 0,173

MaccuBbl ucxonHbix U oToxokeHHBIX MYHT umeror Onuskue 3nauenus. [lo-
cie 00paboTku comsiHOM kuciotor conportuBienne MYHT BospactaeT B 1Ba pasa.
HaunGonemee 3nauenne pyy nmeror MYHT, oroxokeHHBIE B 00paOOTaHHBIE KHCIIO-
Tamd. C yBEIMUEHUEM TeMIleparypbl HaOJMIOAaeTcsl €1adoe YMEHbBIIEHHE MacCHBa
MVYHT no 3akony, 6muszkomy k muHeiHomy; TKC wmaccuBa ucxomasix MYHT
pasen — 6,3-10 K. TTo Bemmumne Py M XapakTepy €ro 3aBUCUMOCTU OT TEMIIEPATy-
pbl uccnenoBanHbie MY HT OoTHOCATCS K TOTYNIPOBOHUKAM.

1. E.C. Knumog, M.B. by3aesa, O.A. JlaBbiioBa u ap., KypHai npukiaHON
xumun 88, 1128 (2015).
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MOHHO-JIVUEBOM CUHTE3 KPEMHUS
C TEKCAT'OHAJIbHOM CTPYKTYPOM

A.A. Huxonsckas', JI.C. Kopones', H.O. Kpusymun', A.H. Muxaiizos®,
AM. Benos’, I.A. [asnos’, .. TeTeJIL6ayM1, H.A. Co6ones®, M. Kumar®
lHumcezopodcxuﬁ eocyoapcmeennblil yHusepcumem um. H 1. Jlobauesckoeo,

Huoicnui Hoseopoo
2 Qusuko-mexruueckuti uncmumym um. A.@. Hopge PAH, Canxm-ITemep6ype
% Indian Institute of Technology Jodhpur, Jodhpur
E-mail: alena.nikolskaya.1994@mail.ru

CoBpeMeHHBII 3Tan pa3BUTHUS JIEKTPOHHONW TEXHUKHU XapaKTepus3yercs Ie-
pEXOAOM OT TPAJULIMOHHOW MHKPOAIEKTPOHUKH K OINTORJIEKTPOHUKE W HWHTE-
rpajbHOM ONTHKE, YTO TpeOyeT pa3paboTKu 3PPEKTUBHBIX U IO BO3MOXKHOCTH
COBMECTUMBIX C CYIIECTBYIOIIEH KPEMHHUEBOW TEXHOJIOTMEW HW3JIy4yaTeJIel CBETA.
HenpsaMo30HHOCTh TpaJuLHOHHOIO MaTepraia MUKPOIJIEKTPOHUKHN — KPEMHUS 3a-
TPYIHSIET €ro MPUMEHEHUE B KauecTBe u3nydarens cBeta. OJTHUM U3 NEPCIEeKTH B-
HBIX METOJOB YCHUJIEHHS €r0o JIOMUHECLEHTHBIX CBOMCTB SIBJISIETCA CO3/IaHHE Ha
OCHOBE OOBIYHOTO KPEMHHS HEaIMa30MmoJ00HBIX alIOTPONHBIX MOIU(DUKALINA, B
YaCTHOCTH, TeKcaroHaJbHOro THma. O)KUAaeTcs, YTO reKcaroHajabHBIN Si mpose-
MOHCTPUPYET YIIYYIIEHHUE ONTUYECKHX CBOWMCTB IO OTHOIIECHUIO K €ro ajiMa3zHOu
MOJU(pUKALINY.

CymiecTBytoniye crnocoObl CHHTE3a NeKCcaroHajabHOU (a3bl KPEMHHUS IUIOXO
COBMECTHMBI C CYIIECTBYIOIIEH KpeMHHEBOW TexHonorued. [lanHas mnpobiiema
MO’KET OBITh pelIeHa MyTeM HOHHOI'O CHUHTE3a BKIIIOUEHHUH reKkcaroHajJbHOU (ha3bl.
B nacroseii paboTe ycTaHOBJI€Ha BO3MOKHOCTh CHHTE3a MeKCAaroHaJIbHBIX BKJIIO-
YeHUW Sl pU UMITIAHTAIlMA HOHOB CPETHUX SHEPTHi B KPEMHUHN U TUDIICKTPUY e-
CKHE TUICHKUA Ha KPEMHHUH.

B kauecTtBe 00BEKTOB MCCIEIOBAHUNA MCIOJIb30BAINCH MJIACTUHBI KPEMHUS
KD2®-4,5 ¢ opuentarueit (100) u mienku SiO, tomuuuol 160 HM Ha KPeMHHH
(100). Ob6my4yeHue MpOBOIUIOCH MOHAMU TaJUTUs U a3ota ¢ 3Heprusmu 80 u 20 5B
COOTBETCTBEHHO n03aMu B uHTepBane 5-10'° — 2.10' cm™ ¢ mocmemyroumm oTKu-
rom nipu 800 °C. HccrnenoBanue CTPYKTYphl IPOBOAWIOCH HA MPOCBEYUBAIOIIEM
anexkTpoHHOM Mukpockorne JEOL JEM-2100F.

Ha rpanunie SiO,/Si, a Takke Ha TpaHUIE MMOABEPTIIETOCS aMOphHU3aAIUH
CJIOSl KPEMHHUSI OOHAPY)KEHbl HAHOBKJIFOUEHHS KPUCTAUIMYECKOTO KPEMHHS C OT-
JUYAIOMUMCS OT ajMa3orofAo0HOro depenoBanreMm miockoctet {111}. C nmomo-
upio Oypbe-npeodpa3oBaHusl HW300PAKEHUN BBICOKOIO PA3pPEIICHHs, a TaKKe
AIEKTPOHHOW AMGPAKIMU YCTAHOBJICHO, YTO CTPYKTYypa YKa3aHHBIX BKIIIOUCHHM
COOTBETCTBYET TIeKcaroHanbHOMY mnoiutuny 9R-Si, creneHp rekcaroHaau3anuu
KoToporo paBHa 2/3. B noknazae oO0CyX1at0TCsl MEXaHU3Mbl 00pa30BaHuUs BKIIIOYE-
HUMW reKCaroHabHOM (Da3bl C TOUKH 3PEHUS BIUSHUS MEXaHUYECKUX HANPSDKCHUM,
CO3/1aBa€MbIX B ITPOLIECCE NOHHOM UMIUIAHTALIMH.

Pabota BeimonHena npu noxajgepxkke MuHoOpHayku Poccun B pamkax mpo-
€KTHOM "yacTtu rocyfaapcrBeHHoro 3afganus (Ne 16.2737.2017/1T4).
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CHUHTE3 HAHOPA3MEPHBIX IVIEHOK Li,Mn,0, CO CTPYKTYPOU
HIMMHEJIM METOAOM ALD-TEXHOJIOI' M

O.10. Yepnsiera, A.B. Jlonranos, B.B. Mumkun, A.A. ITeiHenkoB, K.H. Hures
Hayuonanvnoiii uccneoosamenvckuii Mopoosckuti 2ocyoapcmeeHmbii
yuusepcumem um. H.I1. Ocapesa, Capanck
E-mail: dolganov_sasha@mail.ru

CmemaHHBIM  OKCHJ JMTUA W MapraHua co CTPYKTYpOM IIIWHEIN
(Liz+xMn,0O4) — Hanboee mepcrneKTUBHBIA MaTepual JJIs UCIOJb30BaHUS B TOH-
KOIUICHOYHBIX JIUTHH-HOHHBIX aKKyMYJIATOpax. YHHUKaIbHOCTH LiyMn,O4 00y-
CJIOBJIEHA HaNUM4ueM NpoTsbKeHHBIX (70 40-50 HM) KaHajaoB, B KOTOPbIE MOTYT
OBICTpO, Oe3 paspymieHus (a3, MHTEPKATUPOBATHCA U JCHHTEPKATUPOBATHCS UOHBI
JUTHSL.

B noknane npencraBiieH NOAXO K MOTY4EHUIO HAHOPA3MEPHBIX TUICHOK (110
50 HM) TUTUPOBAHHOTO IBOWHOTO OKCHIA JUTHUS M Maprafima coctaBa Li;Mn,0O4
co cTpyKTypoit mmuHenu, rae 0,5 < X < 1,3, ¢ ucnons3opanuem ALD-TexHonorumu.
Croco0 oCHOBaH Ha TOCIEIOBATEIHPHOM (POPMUPOBAHUHU CIIOCB OKCHA MapraH-
11a — B3aUMOJCHCTBHEM TMpeKypcopa wmapranma Tpuc(2,2,6,6-rerpameTni-3,5-
rentanaronaro)maprania(lll) ¢ Bogol u okcuia IUTUS — B3aUMOJICHCTBUEM TPET-
OyTunara JUTHS C BOAOW, C TOCICAYIOIIMM OTXKHUTOM B aTrMocepe aproHa mpu
temneparype 300 °C B teuenue 1-2 gacos. [Ipu 3TOM mOIy4arOT JTUTUPOBAHHBIN
JIBOMHOM OKCHJ] TUTHUSI U MapraHiia co CTPYKTYpOH IIMUHENH, ¢ 3aJJaHHOU CTEXUO-
Metpuen coctaBa. C ncnosp3zoBanueMm MetooB POM, C3M, PDA u tepmorpasu-
METPUM TIOJYUYEHBI JaHHBIE O (PA30BOM COCTOSHUU TOJIYYEHHOTO MaTepuana,
orpezesieHa MOP(OJIOTHs TIOBEPXHOCTHU, a TAK)KE DIIEMEHTHBIA COCTAB.

Pabora BEIMOHEHA MMPU peaTu3allii TOCYIapCTBEHHOTO 3anaHuss MuHOOp-
Hayku Poccun (mpoekt Ne 4.4566.2017/bY).
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CUHTE3 U ®U3UKO-XUMNYECKUE CBOMCTBA TMOJMMEPHBIX
MUKPOKATICYJI C KPUCTAJUIMYECKUMU HAHOPA3MEPHBIMU
YACTULIAMHA Y, Er, VO,

M.H. XKapkos®, C.A. Xpymamna', [1.A. PsGouxuna’,
H.A. Israes’, T'.b. Cyxopykos™”
' Hayuonanvmwiii uccnedosamenscxuii Mopdosckuii 20cyoapcmeentbiil
yuugepcumem um. H.I1. Ozapésa, Capanck
Queen Mary University of London, United Kingdom
E-mail: mikhail.zharkov.92@mail.ru

Huzkas u30uparenbHOCTh JEHCTBUS U BBICOKAs CHUCTEMHAsi TOKCUYHOCTb
IPOTUBOOIYXOJIEBbIX XUMHOMNPENApaToB SABISETCS OAHON M3 Hanbosee akTyalb-
HBIX TIPO0JIEM B COBPEMEHHON MeAuInHe U papMakosorud. OJHUM U3 BO3MOXK-
HBIX pelIEHUN JaHHOU MPOOJIEMBbI SBISETCS MHKAICYJIMPOBAHUE JIEKAPCTBEHHBIX
BELIECTB B pa3JIMYHbIE HOCUTEIN WM X KOHBIOTAlMs C HUMH. B kauecTBe Takux
HOCUTENEH MOTYT OBbITh MCIOJIb30BaHbI MOJIMMEPHBIE HAHO- U MUKPOKAIICYJIbI, B
pa3paboTKe KOTOPHIX B HACTOAIIEE BPEMsI IOCTUTHYTHI 3HAUUTEIbHBIC YCIIEXH.

Metoauka GopMUpPOBaHUS TaKHX KaIlCyJ 3aKJIIOYAETCs B MOCIIEI0BATEIb-
HOM XUMHYECKOU aJcOpOLMK MPOTUBOMOIOKHO 3aPSKEHHBIX MOJIUIEKTPOIUTOB
U3 PacTBOPOB HA MOBEPXHOCTH YACTHUIL (SAEp) PA3TMUHOM HNPUPOABI U (HOPMBI.
[Tocnie 0Opa3oBaHus KANCYJbl AP0 YAAISIETCS, YTO OOBIYHO OCYILIECTBIISIETCS Y-
TEM €ro pacTBOPEHUS, NMPUYEM ITO HE BIMSIET HA CTPYKTYpPY M CBOMCTBA IOJIH-
MEPHBIX 000JIOYEK.

BxmtoueHne B 00OJIOYKM TOJNMAJIEKTPOIUTHBIX KarcCysl METaTIMYEeCKUX
WIM KPUCTAJUIMYECKUX HAaHOUacTHll, coxepxkamux P39, moxeTr obecrnednTs BO3-
MO>KHOCTb JIOKQJIbHOTO TOIJIOLIEHUSI U3y4YEHUs B ONTHYECKOM JIMAINa30HEe JJIs
TEMIEPATypHOTO BHICBOOOKIEHUS COAEPKUMOIO KarcyJj, B TOM 4YHCIe AJs aj-
PECHOM TOCTABKH JIEKAPCTBEHHBIX MPENapaToB.

Kpucranmmueckue nanoyactuusl Yi4ErVO,, BkIIOYEHHBIE B CTPYKTYPY
Karcys, MOT'YT HarpeBaTbcsl MO JEHCTBUEM BHEIIHETO Ja3€pHOr0 U3IYyYEHUs C
COOTBETCTBYIOILIEH JJIMHOW BOJHBI U TaKUM OOPa3oM H3MEHSATh MPOHUIIAEMOCTb
000JI0YEK Karcyin. DTO B CBOIO OYEPEb MOXKET MPUBECTH K TMOJHOMY WIM Ya-
CTHYHOMY BBICBOOOKJIEHUIO BEIIECTBA, MOMEIIEHHOTO BHYTPh Karcyna. Harpes
HaHovacTuil Y 4ErVO, nmporcxoauT B pe3yiibTare MHOrO)OHOHHOW peaKcaiiu
SHEpreTuyeckux ypoBHel P3-mona. Takke sHeprus Jla3epHOro U3Iy4eHUs, Mo-
rioneHHast P3-nonoM, MoxeT ObITh Tepenana Ha KojebarenbHble ypoBHU OH-
IpyIN, COAEPXKAUIMXCA B CTPYKTYpE M Ha NOBEPXHOCTH YacTHUL, U 3aTEM B pe-
3ynbTare 0e3bI3Ny4aTeNbHON pelaKcaluy TpaHC(POPMUPOBaHA B TEIJIOBOE U3IY-
YEeHHUE.

B nanHoll paboTre npeqiokKeH METO/I CUHTE3a MOJIUMEPHBIX MUKPOKAICY
C KOJUIOMIHBIMHU KpHCTAUTMYECKUMHU dacTtumamu Y1,ENnVO, u mpeacraBieHb!
pe3yJIbTaThl UCCIIEOBAHUS UX HEKOTOPBIX (PU3UKO-XUMUYECKUE CBONCTB.
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CHUHTE3 1 UCCJIIEJOBAHUE JIIOMMWHECHEHTHBIX
XAPAKTEPUCTUK YTJIEPOAHBIX HAHOYACTHUIL U ITOJIMMEPHBIX
MUKPOKAIICVYJIC BKIIFOYEHHBIMU B X OBOJIOYKY VYIJIEPO/IHbIMI
HAHOYACTHULIAMMU

N.A. FOpnos, I1.A. Psbouknna, A.B. Jlonranos
Hayuonanvnoiii uccneoosamenvckuit Mopoosckuii 20cyo0apcmeeHHblll YHUBepCu-
mem um. H.I1. Ocapesa, Capanck
E-mail: lvanuyrlov@gmail.com

B Hacrosiiiee Bpemsi BeAyTCs aKTHBHBIC MOWCKH KOJIIOMIHBIX PacTBOPOB
HAHOPA3MEPHBIX YACTHII, 00JIaAIONINX JTIOMHHECIICHTHBIMA CBOMCTBAMHU B BUJIH-
Mol obsactu crnekTpa. CyIlieCTBEHHBIMH HEIOCTaTKaMU KOJUTOMJHBIX PacTBOPOB
HA OCHOBE HAHOYACTHUIL C PEAKO3EMENbHBIMU U TSHKEIBIMU METAIAMU XapaKTepH-
3YIOIIUXCSl TAKUMH CBOMCTBAMM, SIBJISIFOTCSl 3HAUUTENIbHAS TOKCUYHOCTh M TIOXAs
yCTOWYMBOCTh. B KadecTBe abTepHATHUBHI B HACTOSIIIEEC BPEMS PACCMATPUBAIOTCS
KOJUTOMHBIE PACTBOPHI YIIIEPOAHBIX HAHOYACTHII.

VYriepoHble HAHOYACTHIIBI SIBISIOTCS HOBBIM KJIACCOM YTJIEPOJTHBIX HAHO-
pa3MepHBIX MaTtepuanioB. Hamuume GyHKIIHMOHATBHBIX TPYIIT HA MMOBEPXHOCTH YT-
JIEpOAHBIX HAHOYACTHI[ a TAKXKE HAJIUYHE T-IOMEHHOM CTPYKTYpbl MPUBOJIUT K
ety cMerieHuss MaKCHMyMa B CIIEKTPE JIFOMHUHECIICHIINA KOJUTOMIHOTO pac-
TBOpPA YTIEPOIHBIX HAHOYACTHUI[ B 3aBUCUMOCTH OT JIMHBI BOJIHBI BO30YXKICHHS
[1].

B mnactosimieit pabote B pesyibTaTe TEPMHUECKOM 0O0pabOTKU pacTBOpa
(GpPYKTO36I B MHUKPOBOJTHOBOM PEAKTOPE MOJYUEHBI KOJJIOUIHBIE PACTBOPHI YIJie-
POJTHBIX HAHOYACTHII,

B 3aBucumoctn ot koHIeHTpanmuu U pH MCXOmMHOTO pacTBopa (PpYyKTO3BI
OTIPE/ICIICHHBI CPEHUE pa3Mephl M Z-TIOTEHITUAT YTIEPOAHBIX HaHo4yacTHIl. Mc-
CIIEJTIOBaHbI JIIOMHUHECIICHTHBIC XapaKTEPUCTUKHU ITOJYICHHBIX 00pasIloB KOJUIOH-
JIOB YTJICPOJIHBIX HAHOYACTHII.

MeTonoM MOCIOMHOIO0 OCAXIACHHS CHUHTE3UPOBAaHbI MOJIUMEPHBIE MHKpPO-
KarcyJbl ¢ YIIepOJHBIMU HAHOYACTUIIAMH, BCTPOCHHBIMU B UX 000JIOUKY U HCCIIe-
JIOBaHbI UX JIIOMUHECIIEHTHBIE CBOMCTBA.

1. G. Eda, Y.Y. Lin, C. Mattevi et al., Adv. Mater. 22, 505 (2010).

27


file:///C:/Users/PC123/AppData/Roaming/Microsoft/Word/Ivanuyrlov@gmail.com

HAPYIIEHME TITPUHINTIIA ObBPATUMOCTH CBETOBbIX
ITOTOKOB B OITTUYECKHUNX CPEJAX CO CIIYHANHBIM BJIN3KMM
K HYJIIO [TOKA3ATEJIEM ITPEJIOMJIEHUA

M. A. lllykapes, O.H. ['agomcknit
Vavanosckuti cocyoapcmeenusiii yHusepcumem, YibsaHo8cKk
E-mail: blacxpress@gmail.com

[Tokazano, 4uTo onTudeckoe npomyckanue oopasios (PMMA + Ag)/glass Bo
BCTPEUHBIX HANPABJIECHUAX SBISETCS HEOJWHAKOBBIM. JJIs1 TEOpeTHYECKOro o0bsic-
HEHUS 3TOTrO SIBJICHUS MpUMEHsieTcsl 3D PeKT okanu3anuu GOTOHOB HA TOBEPXHO-
CTH KOMIIO3UTHOTO CJIOSI, MOKa3aTesb MPEJIOMIICHUSI KOTOPOro SIBJSIETCS CiIydai-
HOU BEJIMYMHON C OJIM3KUMU K HYJIIO 3HAUCHUSMH.

54

= (1)_coating-glass
45 - === (2)_glass-coating

- (3)_glass

700 750 800 850 900 950 1000
nm

Puc. 1. Ontudeckoe npomnyckanue oopasia (PMMA + Ag)/glass co croponsl ruieHku (kpuBas 1)
U €O CTOPOHBI NOANOXKKH (3). Benmnmunna K onperneneHa ¢ moMONbp0 COOTHOIICHUS

—Ig (I / Io) =xd, Ig (e) ,TI€e K - IOCTOSHHAs DKCTUHKIUU

5

0
700 800 900 1.10°
A, nm
Puc. 2. [TocTossHHBIE SKCTUHKIHUH Ky, U K,y AJIS ONTHYECKOrO MPONYCKaHMs 00pasna

(PMMA+AQ)/glass Bo BCTpeuHBIX HAIIPABJICHUAX (TEOPHUs).
CoOTBETCTBYIOIINE SKCIIEPUMEHTAILHBIC 3aBUCMOCTH MTPUBEICHBI Ha puc. |
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VYIIPOUYHEHVE MEXAHNYECKUX CBONCTB IIOJIUMEPOB
YTJIEPOJHBIMU HAHOTPYBEKAMU

E.C. KJII/IMOBl, E.A. BaraHOBal, O.A. ,Z[aBLmOBal, M.B. BysaeBal,
N.A. MaKapOBal, A.B. Hcaes’, J.B. Kosnos®, H.A. EyHaKOB2
YVibsanosckuii 20CY0apCcmeeHHblll mexXHudecKull yHusepcumem, YivsaHock
2 VibsHoscKuil 20cydapcmeentbiii yHusepcumen, YibaHo8CK
E-mail: eugen1947@mail.ru

[Tonumepubie monmuMerunaMerakpunaTasie ctekia (IIMMA) nonyyanu BBe-
JIEHUEeM B MaTpUIly MOJIMMEpPa MHOTOCTEHHBIX YIJIEPOJHBIX HAHOTPYOOK, TTOBEPX-
HOCTb KOTOPBIX ObLIa PyHKIIMOHANIU3UpOBaHA kKapOokcuinbHbiIMu COOH-rpynnamu
(p-MVYHT) [1]. B monomep MMA mnipu yibTpa3ByKOBOM BO3JICHCTBUHM JTUCIIEPT -
pPOBAJIM PACYETHOE KOJIMYECTBO YrepOAHBIX HAHOTPYOOK, TUCHIEPCHUIO JOOABIISIN
K BSI3KOMY pacTBOpY, MOJy4€HHOMY pacTBopeHueM nopoiika [IMMA B coO6cTBeH-
HOM MoHoMepe. CMech 3alMBajid MEXIY CUJIMKATHBIMU CTEKJIAMU U MPOBOAMIH
oreepxkaenue npu 60-70 °C B Teuenne 3 u B npucyrcrsun JAK. Tloayuennsie
IJIACTUHBI TOJIIUHON 2 MM MOJBEpPrajy UCIHBITAHUSIM Ha PaCTSHKEHUE U MUKPO-
TBEpPAOCTH (Tadu. 1).

C yBenuuenueM koHreHTpauuu ¢-MYHT B monvMepHOM KOMIIO3UTE Tpe-
Jie]1 TPOYHOCTH MPU PACTSHKEHUU (G,,) YBEJIMUUBACTCS U JOCTUTaeT MaKCUMAJIbHOM
BeJIMUMHBI TIpu KoHUEeHTpauuu 0,60 %. [lanpHeiiee yBeInyeHUE KOHUECHTPALIMU
MPUBOAUT K CHUKEHUIO MpeJeia NPOYHOCTH. J[JI1 ATUX K€ KOMIIO3UTOB 3HAUEHUE
MUKPOTBEPIOCTH 110 Bukkepcy makcumanbHO Tipu KoHIeHTparuu 0,70 %.

Tabmuma 1 — Mexanndeckue cBoiicTBa koMmo3uToB [IMMA ¢ ¢-MVYHT

®»-MVYHT, mac.% | 0,00 | 0,05 | 0,10 | 0,20 | 0,30 | 0,40 | 0,50 | 0,60 | 0,70
[Mpounocts mpu | 31,48 | 37,31 | 42,51 | 47,02 | 50,80 | 53,82 | 54,31 | 56,42 | 52,34
PaCTSHKCHUH (Gy),
MlIIa
MuxkpoTtBepnocts, | 8,15 | 11,14 | 13,23 | 14,82 | 16,11 | 16,32 | 16,84 | 17,05 | 17,23
HV

Takum o0Opa3om, mpezen NPOYHOCTH MPH PACTSKEHUH JJIT KOMIIO3UTOB Ha
OCHOBE NOJUMETHIMETAaKpHUIIaTa, AOIMUPOBAHHOIO YIJIEPOJHBIMU HAaHOTPYOKamu,
yBesuuBaercs B 1,8 pa3a. 3HaueHne MUKPOTBEPAOCTHU U 3TUX K€ KOMIIO3UTOB
yBenuuuBaercs B 2,1 pasa.

Pa6ora Beimonuena npu noaaepxkke PODU (mpoekt 16-43-732026/16).

1. E.C. Kimmos, M.B. By3aesa, O.A. [laBeigoBa u ap., XKIIX 88, 1105 (2015).
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YTJIEPOJHBIE HAHOTPYBKU KAK DOOEKTHUBHBIE BAKTEPULI/IbI

H.A. Makaposga, P.P. ®au3os, 10.1. Cyneun, B.B. Kanenos, M.B. by3aesa,
O.A. daBeigoBa, E.C. Knumos
Vavsanosckuti 2ocyoapcmeenublil mexHuuecKull yHugepcumem, Yivsanoeck
E.mail: gorlovskaya.irin@bk.ru

Cwmazouno-oxnaxaatromue xugkoctu (COXK) B BHuAEe BOIHBIX AMYIIbCHI
OpUMEHSIOTCS IpU MeTaimioo0padoTke. B nporecce ucnonb3zoBanus COX 3arps3-
HSIOTCSI ¥ TIOJIBEPTaroTCsl OMoJIornueckoMy nopaxkenuto. Hamu oOHapykeHo, 4To
O0aktepunnaHas ycronunBocth COX MokeT OBITh MOBBIINIEHA BBEJACHUEM B
AMYJIbCHUIO MHOTOCTEHHBIX YriiepoHbix HAaHOTPYOoKk (MYHT). [{ns uccnenoBanuii
ucnonb3zoBasin COX mapku «APC-21».

Hamu mpoBegeHo  cpaBHeHHME  OakTepulMaHbIX  cBoiicTB  MVYHT,
(G YHKIMOHAIM3UPOBAHHBIX MPUBUBKOM HA TMOBEPXHOCTH KapOOKCHIIBHBIX TPYIII
(MYHT-COOH), a Takxe NpUBHBKOW YETBEPTUYHONH aMMOHHEBOH comn [1],
nonyuenHoi nipu B3aumozeicteun MYHT-COOH c¢ tpustanonamunom (MYHT-
T3A), u pacupoctpanerHHoro Oakrepuriuaa «Codexc». OreHka OaKTepUITUTHBIX
CBOMCTB MpPOBOAMJIACH IIYTEM ONpEAeTeHUs Oaia MHUKPOOHOIOrHYECKOIr0
nopakenus Ha ocHoBe TTX-tecra (Tadm. 1).

Tabnmuna 1. buonornueckoe mopaxenue 3% smynbcun COX B mpucyTcTBUH
6axrepunnioB. Konnenrparus MYHT 0,1 mac. %

BakTepuiu bann buonopaxenus (I - 1V), cyrku
30 cyr 60 | 90 | 120 | 150 | 180 | 240 | 360
bes Gakrepunuaa I i | Il Il \Y/ v | IV A\
Codekc 0 0 I I 1 Il \Y A\
MVYHT 0 0 0 0 0 I I 1
MVYHT-COOH 0 0 0 0 0 0 I I
MVYHT-TOA 0 0 0 0 0 0 0 0

Oynknuonanu3upoBanubie MYHT 005ana0T BBICOKOWM aHTUMHKPOOHOM
akTUBHOCTHI0. Yepes 360 cyr. npu ucnonszoBanun MYHT-COOH u MYHT-TOA
Oouornopaxkenue orcyrcTByer. J[ims oOpasmna ¢ Gakrepuniuaom «Codeke» MomHoe
ounonopaxkenue Hadmoaaetcs uepes 240 cyr (6amn ouonopaxkenus 1V).

Pa6ora BeimonueHa npu noanaepxkke POOU (mpoekt 16-43-732026/16).

1. N.A. MakapoBa, M.B. by3aeBa, O.A. JlaBbiioBa u ap., Bectauk FOYpl'Y,
cepust «Xumusi» 7, 5 (2015).
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HEKOTOPBIE BO3MOXHOCTU ®OPMHMPOBAHMA [TPODINIIA
INOBEPXHOCTU PEHTTEHOOIITUYECKHUX 9JIEMEHTOB

B.H. Tpymun, A.C. Mapkenos, B.B. ['pu0ko
Huoicecopoockuti cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnun Hoeeopoo
E-mail: gribkovladimir@icloud.com

WNuTepakTHBHOE yIpaBieHUE IMapaMeTpaMu CXOJUMOCTH PEHTTEHOBCKOTO
nmy4yka uMeeT OOJbIIIoe 3HAUCHHUE ISl UCCIICIOBAHUM B TaKUX 00JIACTAX KaK MEJU-
IIMHA, aCTPOHOMUs, Pu3nKa TBepaoro teia. Hanbosee akTHBHOE pa3BHTHE aaall-
TUBHOW PEHTTCHOBCKOW OITHKHU MPOUCXOJUT IMPEXKIEC BCETO B aCTPOHOMHUH, B Ta-
KuX mpoektax kak Smart X-ray Optic [1], Generation-X [2] u 1p., a Takke Ha 00b-
€KTax CUHXPOTPOHHOro u3nydeHnus [3]. B mpuBeneHHbIX paboTax U3MEHEHHE U
KOppeKILHs Mpoduiisi MOBEPXHOCTU PEHTTEHOONTUYECKOI0 3JIEMEHTA, KaK MPaBUJIO,
HCIIOIb3YIOT MbE303JIEKTPUUECKUE MPUBOIbL. B padote [4] moka3aHa BO3MOXXHOCTb
WHTEPAKTUBHOTO YIPABJICHUS KPUBU3HOW MPOGUIS PEHTIC€HOONTUYECKOrO 3Je-
MEHTA ITyTEeM M3MEHEHUS TeMIEPaTyphl H3THOHOTO MOJYJIS, KOTOPBIHN SBIISJICS €T0
COCTaBHOM YacCThIO.

B nannoit pabote MeTOI0M MOAEIMPOBAHUS UCCIEAYETCA BIUSIHUE (HOPMBI
MTO/JTO’KKU W3THOHOTO MOJYJII Ha MPO(IIIb MOBEPXHOCTH PEHTTCHOONTHYECKOTO
AJIEMEHTa, B Ka4eCTBE KOTOPOTO MCIHOJIh30BaIach MOHOKPHUCTAIIMYECKAs TJIACTH-
Ha KpeMHus (S1). U3rubHbIit MOyITb MPEACTABISIET COO0M TPEXCIONHYIO CUCTEMY,
COCTOSIIIYIO M3 TOJIOKKH, BBITTOJIHEHHON M3 KBApIIEBOTO CTEKJIA, CIIOSI KJIeS M MO-
HOKPHUCTAJIIMYECKON TuTacTUHBL. B paboTe moka3zana BO3MOXKHOCTD MOJTy4YEHUS Ma-
paboIMYEeCKUX M AJUTUIITUYECKUX MPO(HIIeH MOBEPXHOCTU PEHTTEHOONTUYECKUX
AJIEMEHTOB TPU HMCIOJB30BAaHUH IOJIOKEK, 0OpaTHAs CTOPOHA KOTOPBHIX HMENa
dbopMy mapaboTUIECKOTO IUIMH/IPA U TUIIEPOOION1a, COOTBETCTBEHHO.

Pe3ynbTaThl MPOBEICHHBIX HCCIICIOBAHNN IMOKAa3aIl BO3MOXHOCTE (DOpPMH-
pOBaHUS PEHTICHOONTHYECKUX DBJCMEHTOB C 3aJaHHBIM MPOodHIEM U pagnycoM
KPUBHU3HBI UX MTOBEPXHOCTH MTYTEM U3MEHEHUS (hOPMBI MTOJIOKKHU, BXOASIICH B U3-
TMOHBIA MOMYJIb, U U3MEHEHHEM ero Temmneparypsbl. [lonydeHHbie pe3yibTaTbl MO-
ryT OBbITh MCHOJb30BAaHbI MPU CO3JAHUU AJIAlITUBHBIX SJIEMEHTOB PEHTTEHOBCKOMN
OIITHKH JISI IByMEPHON (DOKYCHPOBKHU M KOJUTMMAITUU PEHTTEHOBCKOTO MyJKa.

Carolyn, Proc. of SPIE 6721, 67210T-2 (2008).

R.A. Windhorst et al., New Astronomy Reviews 50, 121 (2006).

M. Roche, Proc. of SPIE 9965, 996501-1 (2016).

B.H. Tpymwun, B.B. I'pubko, A.C. MapkenoB u ap., Marepuanst XX Mex-

nyHapogHoro cummnosuyma «Hanodusuka u HaHo3JeKkTpoHuka» 1, 417
(2016).

HowhE
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COPBLMA TAXKEJIBIX METAJIJIOB HA YI'JIEPOIHBIX HAHOTPYBKAX

A.B. Ucaes, N.A. Makaposa, T.1O. [IpsiukoBa, M.B. by3aeBa, O.A. /laBb110Ba,
E.A. Spbiakuna, E.C. Knumon
Vavsanosckuti 2ocyoapcmeenmviii mexHudeckutl yHugepcumem, YivsaHosck
E-mail: m.buzaeva@mail.ru

YrieponHbie HAaHOTPYOKH, B TOM uucie u MHorocreHHbie (MYHT), momy-
4aloT Bce OoJiblliee paclpocTpaHEHHWE B COPOLIMOHHBIX MpPOLEcCcax OYMCTKU 3a-
I'PA3HEHHBIX pacTBOPOB. [l ycuieHus! COpOIMOHHOM CITOCOOHOCTH MOBEPXHOCTh
MVYHT moanduuupyroT OpUBHBKON MNOJSpHBIX rpynn. OOpaboTka CUIbHBIMH
KHACJIOTaMHU TIPUBOAUT K TPHUBUBKE IMPEUMYIIECTBEHHO KapOOKCHIIBHBIX TPYIII
(MYHT-COOH). O6pab6orka MYHT 3TWJIOBBIM CIIUPTOM B MPUCYTCTBHH TIEPOK-
cuaa OeH30MIIa MPUBOAUT K (DYHKIIMOHAIM3ALMKA MOBEPXHOCTH THAPOKCUIbHBIMU
rpynmnamu (MYHT-CH,CH,OH).

OynkunonanuzupoBanubie MYHT saBnsitorcs 3pdeKTUBHBIME COpOEHTaMU
10 OTHOILICHHUIO K TSKEJIbIM METajlllaM, B YAaCTHOCTU MEJIU U LIUHKY. B 3TOM ciiyuae
Ha moBepxHocTd MYHT 00pa3yroTcsi xenaTHple KOMIUIEKCHI ¢ KOOpPAWHUPOBAH-
HBIM aTOMOM MeTtaiiia (puc. 1).
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Puc. 1. XenaTHple KOMIIEKChI METAJNIOB HA oBepXHOCTH MYHT

Ha puc. 2 mpuBenens! n3orepmsl aacopoimu inaka Ha MY HT.

10 20 0 40
C, mrin

Puc. 2. U3otepmbl ajcopOumu kaTuoHoB IuHka HAa MYHT: 1 — ucxonasie MYHT;
2 - MYHT-COOH; 3 - MYHT-CH2CH20H; A (mr/r) — agcop6uusi; C (Mr/m) — paBHOBeCHas
KOHIIEHTPAIIHs KaTHOHOB ITUHKA B PaCTBOPE

Pab6ota BeinonHeHa npu noaaepxke PODU (mpoekt 16-43-732026/16).
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CTPYKTYPA 1 OITUYECKME CBOVICTBA KBAPLIEBBIX I'EJIb-CTEKOJI,
JIETUPOBAHHBIX Sh, Al 1 B

K.A. AkuHuies
Unemumym guzuxu um. 5.U. Cmenanoea, Munck, Pecnybonuxa benapyco
E-mail: akinshau@ifanbel.basnet.by

Lenap paboThl — CUHTE3 KBAPIEBBIX I'€lIb-CTEKOJ, aKTUBUPOBAHHBIX HOHAMHU
Sb*, u uccIen0BaHNE X CTPYKTYPHI H OITHIECKHX CBONCTB.

beumm cuHTE3MpOBaHBl MOAMGPUITMPOBAHHBIM 30J1b-T€Ih METOJIOM C TOCIIe-
AyroIei TepMooOpabOTKON KBapIeBble cTekaa cieayommx cucreM: Sh,O3z-SiO,,
Sbh,05-B,03-SiO,, Sh,03-Al,05-SiO,. UccnenoBanne ux CTPYKTYPbl U ONTHYEC-
CKHUX CBOWCTB OCYIIECTBISJIOCH ¢ moMoulsio nudpakromerpa JIPOH 3.0, ckanu-
pytorero snekTpoHHoro mukpockorna LEO 1420, cniektpodoromerpa Cary-500 u
cnektpodiayopumerpa CIJI-2.

1,0

10t
5 =

& ) ]
305 3 0.5

= =

400 500 600 700 800 200 240 280
A (nm) A (nm)
Puc. 1. Cextpsl momMuHecteHInH () U e€ Bo30yxaeHus (0) KBapIeBbIX T'ellb-CTEKOI
CUCTEM szOg—SiOz (1), Sb203—8203—8i02 (2), szOg—A'zOg—SiOz (3) KB =270 HM, Xp =
750 HM

VY CTaHOBIIEHO, YTO JaHHBIE CTEKJIA TP CYMMApHON KOHLIEHTPALUH JIETUDPY-
fomux coeaquHeHuid <4 macc. % peHtreHoamopdHbl. CHEKTpbl MOTJIOMIEHUS
00pa3loB XapaKTEPU3YIOTCS BBICOKOW MPO3PAYHOCTHIO B BUIUMOW MU OJUKHUX
YO®- u UK-obmactsx cmekTpa, Mpu 3TOM AJIMHHOBOJIHOBOM Kpai monoc Y-
noryomeHust s Sh- u Sb—B-conmepkamuyx KBapueBbIX CTEKON XapaKTepU3yeTCs
BBICOKOW KPYTH3HOM, a HMX KOHTYpPbhl THPAaKTUYECKH COBManaroT, s Sb—Al-
COZIEpXKaIIEro KBAPILEBOrO CTEKJIA KPYTH3HA 3aMETHO MeHble. CIEeKTpbl JHOMU-
HECIICHIIMH KBapIIEBBIX CTEKOI (pUC. 1a) HMEIOT CIOXKHYIO CTPYKTYpy: Sb- m Sh—
B-conepxamme CTE€kia XapaKTEpU3YIOTCS HAIMYUMEM IIUPOKOM W HUHTEHCUBHOU
nosiockl ip 790 HM u cn1aboi, OTHOCUTEILHO Y3KOM IOJIOCHI ¢ MaKCMMyMOM
BOm3u 400 HM (cM. kpuBble /a u 2a), a mis Sb-Al-comepxariiero crekyia umeer
MECTO JIOIOJIHUTEJIBLHOE IOSBJICHNUE IIUPOKOW IOJIOCHI CPEIHEW MHTEHCUBHOCTH
BOMM3n 550 HM (cM. kpuByro 3a). CHekTp BO3OYKACHUS JIOMUHECIICHIUH
(puc. 16) s Bcex KBaplUEBBIX CTEKOJ MPENCTABICH Ccaabopa3peiéHHOMN
CTPYKTYPHOM TOJIOCOM, Jiekatield B 00J1acTi OJIM)KHETO BAKYyMHOTO U COJTHEYHO-
ciernoro ynbrpaduonera.

OO6cyx)aaeTcsi IPaKTUYECKOE MPUMEHEHHUE JaHHBIX CTEKOJL.
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NCCIIEJOBAHUE HAHOCTPYKTYVYP, IIOJIYHEHHBIX METOAMMU
AHOZHOI'O OKHMCJIEHUA 1 ATOMHO-CJIOEBOI'O OCAX/IEHUA (ALD)

J.C. T'op6ysos, K.H. Humes, B.I1. Mumxkwun, E.H. JIroroBa, A.B. Jlonranos
Hayuonanvnoiii uccneoosamenvckuit Mopoosckuti 2ocyoapcmeeHHbiil
yuusepcumem um. H.I1. Ocapesa, Capanck
E-mail: gorbunovdiman94@mail.ru

TexHomoruss aHOMWPOBAHUS  YCICNIHO TPUMEHSETCS IS CHHTE3a
CaMOOPTraHU30BAHHBIX HAHOCTPYKTYPUPOBAHHBIX MATEPUATIOB C TMEPUOTUUECKUM
pacToOJIOKEHUEM HAHOMOP Ha MaKPOCKOMUYECKUX TOBEPXHOCTAX. M3MeHsis
TEXHOJIOTHYECKHUE TapaMeTpbl aHOAWUPOBAHMS, BO3MOXKHO TOJyYEeHHUE aHOJHBIX
OKCHJIOB AJIIOMHHHS C IIUPOKHM CIIEKTPOM CTPYKTYPHO MOPQOJOTHYECKUX U
AMEKTPOPHU3NIECKIX XapaKTepucTHK [1-3].

B nmamnoit paGore ams  QopmMupoBaHUS TIOPUCTBIX HAHOCTPYKTYP Ha
MOBEPXHOCTH  QJIIOMUHUSA, aTIOMHUHHEBbIE  (POJIBIH  OBUITM  TIOJBEPTHYTHI
AIEKTPOIUTUUECKOMY aHOJIMPOBAHUIO, TIPU PA3TUYHBIX 3HAUCHUSX HAMPSHKEHUS U
BpEMEHHBIX XapakTepucTuk B pactBope 0,3M (COOH), c¢ nampHedmmm
kumsiuenueM B pactBope CrO; + H3PO,. Tomorpaduueckne ocobeHHOCTH
(dbopMUpPyEMBIX HAHOCTPYKTYP UCCIEAOBAINCH COBMECTHO MeTogamu POM u C3M.
Anamuz POM u C3M — uzoOpakeHMil TMOKa3all, 4TO JaHHbIE 00pa3Ibl UMEIOT
MOP(OJOTHYECKN pa3BUThIE MMOBEPXHOCTH C TI'E€KCOrOHAIBLHO-TIEPUOIUIECKOM
HAHOCTPYKTYpPOH C AacCEeKTHBIM COOTHOIIEHHEM COCTaBISIONIUM B CPEIHEM
(20/65 um) (puc. 1), koTopast OTHOPOJIHA TIO BCEl TOBEPXHOCTH o0Opasiia.

; » JlaHHBIE HAHOCTPYKTYUPOBAHHBIE IIOBEPXHOCTH MOTYT

MPUMEHSTHCS TUISt co3gaHus €MKOCTHBIX
HAHOCTPYKTYp €  KOHTPOJHUPYEMBIM  3HAYCHUEM
YACIbHOU BIIEKTPUYECKOU EMKOCTH. [Tocne

BJIEKTPOIUTHYECKOTO AHOJIMPOBAHUS METOJIOM
aTOMHO-CJIOEBOTO OCaKIACHMS Ha moBepxHocTtn Al
HaHOCHJICS JTUDJIEKTPUYECKUN clon OKCHJIa
amomuana. Meronq ALD 1Do3BossieT HAHOCUTH
OJHOPOJAHBIE MOHOCJIOM 3aJaHHOTO XHWMHUYECKOTO
COCTaBa U PETYJIUPYEMOU TOJIIUHBI.

500,00 rm ' 100x100um  DBIJIN MPOBEJICHBI U3MEPEHUS YAEIbHOU
Puc. 1. ACM - uzobpakenue 3J]€KTpOéMKOCTH JJIs1 06pa3u0B C C€CTCCTBCHHBIM
TeKCOTOHAJILHO-TIEPUOINYECKOM
HAHOCTPYKTYPHI, COPMHPOBAHHOI OKCHIOM, I 06pa3110B C HaHeceoHHI)IM OKCHUIOM
Ha noBepxuoctd Al-honbru amoMuHug MetogoM ALD (200 C 450 unukioB

~ 50HM), ¥ 1711 00pa3lioB ¢ HAHECEHHBIM OKCHIOM
amomuauss merogom ALD (200 °C 450 mukinoB ~ 50 HM) C MOCIEAYIOITUM
omkurom mpu temmeparype 400 °C oxono 2,5 yacoB. MeHsss mapaMeTpbl U
PSKHMBI  OCUKICHUSA, MOXHO MEHATh MaTepHaJ OKCHIHOTO CJIOS W
KOHTPOJIMPOBATH TOJIIMHY CIOEB, YTO JAET BO3MOXKHOCTH MOJMYYEHUSI eMKOCTHBIX
HAHOCTPYKTYp C pPEryJupyeMbIMH 3HAYCHUSMHU YIEIbHOM DIEKTPUYECKOU
€MKOCTH.

1. A.Mozalev et al., Electrochimica Acta. 48, 3155 (2003).
2. G.D Sulka, Nanostructured Materials in Electrochemistry, 1-116 (2008).
3. M.M. ®usik, O.H. Kanwruna, Bectauk OI'Y 1, (2013).

34



[TOPOLLIKH JTTOMHNHO®OPOB HA OCHOBE HIEJIOYHO3EMEJIbHbBIX
OTOPNIOB, JIETIPOBAHHbBIX PEAKO3EMEJIbHbIMU DJIEMEHTAMMU
JUI @OTOHUKA

C.B. Kyzuenos', M.H. Masixosa', B.1O. ITpoiinaxosa’, M.A. MapI/ICOBz,
B.B. ITaBnos’, B.T. FOpI/IeBaz, I1.0. Xuemuna'?, ILB. Bonkosa™?,
B.B. BOpOHOBl, B.B. CCMaHIKOZ, ILIL CDCI[ODOBl
Y Unemumym obweii pusuxu um. A.M. Ipoxoposa PAH, Mocksa
? Kasanckuii pedepanvuwiii yrusepcumem, Kazano
3Mockosckuii mexnono2uueckutl yHusepcumem, Mockea
E-mail: kouznetzovsv@gmail.com

Heoprannueckne HaHODTOPHUABI SBISIOTCS YHUKAIbHBIM KJIACCOM BELIECTB
Ui ipuMeHeHus B ¢oTtoHuke [1]. B HacTosmiee BpeMsi mIMpPOKO 00CYXKmaeTcs
npUMeHEeHuEe HAHOMTOPUIIOB AJIsi HYXK]J COJHEYHOW SHEPreTUKH IS YBEIUYCHUS
KIIJ] conneunbix Oarapeil, i MEIUIIMHBI 32 CUET all-KOHBEPCUOHHOM Iepeaaydu
SHEPrUM HAKauKu U3 OMKHEH MH(pakpacHOR 00JacTU CIEKTpa B BUAUMBIN JHa-
NMa30H CHEKTpa W JJs CO3/IaHUS BBICOKOTEMIIEPATYPHBIX SJIEKTPOXUMHYECKUX
yCcTpoucTB. Llenbio qanHON paOOThI ABISIUCH CUHTE3 MOPOIIKOB HEOPTraHUUYECKUX
¢TopunoB u aHanu3 3GGEKTUBHOCTH PA3IMUHBIX (PTOPUIHBIX MATPULl MPUMEHH-
TEJIbHO K UCTOJIb30BAaHUIO UX B KAYECTBE JIayH-KOHBEPCHOHHBIX JIIOMUHO(DOPOB.

[Topomku (pTOpUIOB KalbLUs W CTPOHLHSA, JETUPOBAHHBIX PEIKO3EMEIIb-
HBIMU 3JIEMEHTaMU ObUIM CUHTE3UPOBAHBI METOJOM COOCAXKIEHUSI U3 BOJHBIX pac-
TBOPOB IIPH BapbUPOBAHUU PA3IMYHBIX YCIOBUM cuHTe3a. PenTreHodas3oBblil aHa-
73 TOKa3ajl, YTO ObUTM CHUHTE3MPOBaHbl OAHO(MAa3HbIE 00pa3lbl C (PIHOOPUTOBOM
cTpyKTypoii. COrjlacHO TaHHBIM CKaHUPYIOUIEW 3JIEKTPOHHOW MHUKPOCKOIHMH pas-
Mep yactull coctaBisl oT 50 1o 200 HM. BbuM 3aperucTpupoBaHbl CIIEKTPbI 1ayH -
KOHBEPCHOHHOMW JIFOMUHECIEHIIMU U ONpPEEIICHbl U MPOBEJICH aHAJIM3 3aBHUCHMO-
CTM MHTEHCHBHOCTH JIFOMUHECLUEHUMH OT KOHLEHTPALUWUHU PEIKO3EMENBHBIX 3JIe-
MEHTOB.

Pabota mognepxana rpantom PH® 17-73-20352.

1. ATressaud, K.R. Poeppelmeier, Photonic and Electronic Properties
of Fluoride Materials, ISBN : 9780128016398, (2016).
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NANOMATERIALS AND NANOTECHNOLOGY



CURRENT STABILITY IN AMORPHOUS SEMICONDUCTORS
CORRELATES WITH TRANSLATIONAL SYMMETRIES ALONG
CONDUCTIVE PATHS AT THE NANOSCALE

A.C. Cefalas'?, V. Gavriil', Z. Kollia', N. Spyropoulos—Antonakakis",
D. Christofilos®, G. Kourouklis®, V.V. Semashko?, V. Pavlov?,
E. Sarantopoulou*?
'National Hellenic Research Foundation, Theoretical and Physical
Chemistry Institute, Athens
’Kazan Federal University, Institute of Physics, Kazan
3Aristotle University of Thessaloniki, Thessaloniki
E-mail: ccefalas@eie.gr

Nanoscale surface morphology of amorphous semiconductors is correlated
with the electric and thermal transport of electrons along the conductive paths. Be-
sides theory, a high degree of correlation at the nanoscale between the surface
morphological features, the energy and the temperature gradients of conductive
electrons in pseudo-Fermi energy is also established experimentally, via atomic
force (AFM), an electrostatic force (EFM) and scanning thermal microscopy
(SThM). As the line mean profile gradients oM/ox of surface function
z = M(x, y)along a distance L at the nanoscale is a pseudovector, the energy and
temperature gradients attain an odd-parity symmetry along opposite conductive
paths. On the other hand, there exist a strong coupling between the electric and the
entropic currents at the nanoscale [1], which intrinsically impose directional cur-
rent stability anisotropy in a generalized current-entropic thermodynamic space.

For either long conductive paths (L > 1 mkm) or along symmetric
nanodomains, current stability for both positive and negative currents (i) is possi-
ble. On the contrary, for short conductive paths along non-symmetric
nanodomains, the complete set of independent variables (L, 1) is spanned by two
loci, one of stable current and the other of unstable current. The experimental and
theoretical results signify the importance of local morphological features in thin
amorphous semiconductive layers for stable nanoelectronic operation.

0.00
+10V . [ (ov
0.10 4 Il unstable | .

’ IV unstable ‘

ﬂ = . | stable oM
x
T v
1
L]
: i

-0.05 l el
1il stable | ] -0.10 41
L Jov A0V
: : : . : - - - . T
200 400 600 800 1000 200 400 600 800 1000
L (nm) L (nm)

i (nA)
o
a
i(nA)

0.00

Fig.1. Electric current (i), conductive length (L) stability plane for positive (left image)
and negative (right image) surface mean profile gradient f The asymmetry of the two loci,

is the outcome of the odd parity symmetry along conductive paths of surface profile,
energy and, temperature gradients

1. A.C. Cefalas, Z. Kollia, V. Gavriil et al., Appl. Surf. Sci. 396, 1000 (2017).
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ELECTROCHEMICAL SYSTEMS BASED ON PROTON EXCHANGE
MEMBRANE: FROM NANOSTRUCTURED ELEMENT BASE
TO CREATION INSTALLATIONS OF INDUSTRIAL SCALE

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

Electrochemical systems based on proton exchange membrane allow for the
transformation of the kinds of energy with high efficiency and without environ-
mental damage. The systems are implemented for transport and decentralized pow-
er supply application [1] more and more widely. Recent years, integration of low-
temperature hydrogen electrochemical systems with power plants on the basis of
renewables [2], including the so-called power-to-gas concept [3] is actively worked
out. Hydrogen electrochemical systems are rather promising for power supply of
robotics and some other applications.

In this report, the aspects of application of nanomaterials and nanotechnolo-
gies in the course of research and development of element base (electrocatalysts,
active layers, membranes and gas diffusion electrodes) of low-temperature electro-
chemical systems is considered, experience of development of pilot power plants
of industrial scale is generalized, and possibilities of their practical application are
shown.

1. S.A. Grigoriev, International Scientific Journal for Alternative Energy
and Ecology 150, 8 (2014).

2. S.A. Grigoriev et al., Thermal Engineering 2, 81 (2015).

3. M. Kopp et al., Int. J. Hydrogen Energy 42, 13311 (2017).
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DEVELOPMENT OF THE GROWING PROCESS OF THIN Al,O; FILMS
ON THE SURFACE OF EPILAYERS OF Hg;«Cd,Te USING
LOW-TEMPERATURE ATOMIC LAYER DEPOSITION TECHNIQUE

E.V. Fomenkov', G.Y. Sidorov’
'Novosibirsk State Technical University, Novosibirsk
Rzhanov Institute of Semiconductor Physics, Novosibirsk
E-mail: masterhripelov@gmail.com

In this paper we investigate the dependence of the thin film growth rate of
the PE-ALD process steps using different process temperatures. The first film was
grown with the use of standard Oxford Instruments 200 °C growth process with
growth rate of 1,29 A/cycle. Next, temperature was lowered to 120 °C with growth
rate of 1,39 A/cycle. During the next experiment series we investigated the influ-
ence of the duration of pre-plasma purge and post-plasma purge steps with one var-
lable and one fixed step duration. Pre-plasma purge step duration demonstrates ra-
ther low influence on the growth rate even being enlarged from 1 to 6 seconds.
Post-plasma purge step duration demonstrates high influence of the film growth
rate with decrease from 1,39 to saturation on 1,32 A/cycle (0,8 seconds to 4,9 and
higher seconds relatively). During next series temperature was increased to 140 °C,
160 °C, 180 °C and 200 °C and optimal parameters of process for these tempera-
tures were investigated. In addition dependence of concentration of organic impuri-
ties was investigated. The concentration of organic impurities in thin Al,O5 films
grown in optimal and non-optimal parameters is about 2,5-3%. Electric properties
of 83-nm Al,O; film grown using optimal parameters for 120 °C on the surface of
MCT were investigated using LF (10 kHz) CV curve of In-Al,05-HgCdTe struc-
ture. Density of distribution of surface states in the band gap of 2:10" cm?-eV™* on
Fermi level and built in charge of 6-10° cm™ are lower in comparison with films
grown by magnetron sputtering ((2 = 3)-10* cm?eV™* and (3 = 5) -10™ cm™ re-
spectively [1]). Received data show that using thin Al,O3; films grown by low-
temperature PE-ALD is reasonable.

1. EAA. Salmin, V.P. Ponomarenko, V.I. Stafeev, Soviet Physics-
Semiconductors 22, 6 (1988).
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ELECTROPHYSICAL CHARACTERISTICS
MASSIFS OF MULTIWALL CARBON NANOTUBES

L.V. Frolov*?, E.S. Klimov', V.A. Sergeev?
'Ulyanovsk Branch of the Kotelnikov Institute of Radioengineering and Electronics
of Russian Academy of Sciences, Ulyanovsk
Ulyanovsk State Technical University, Ulyanovsk
E-mail: ilya-frolov88@mail.ru

Multiwall carbon nanotubes (MCNT) are received by the MOCVD [1] meth-
od in argon current with use of precursors of toluene and ferrocene. Five samples of
the MCNT massifs are investigated: 1 — initial; 2 — after annealing; 3 — after anneal-
ing with HCI processing; 4 — after annealing with processing by acids; 5 — after pro-
cessing by acids. The contact system with a mobile electrode and the nichrome heat-
er (fig. 1) is developed for measurement of electrophysical characteristics of the
MCNT massifs.

Measurement of specific electric resistance pcy samples was taken on a direct
current. Dependences pcy the MCNT arrays from massive density p are given in
fig. 2. Values pcy MCNT samples are given in table 1 at the density of massive of
600 kg/m®,

J . — Initial MCNT
= = - MCNT after annealing
—— MCNT after annealing
Micrometer screw with HCI processing
o 10 —&— MCNT after annealing
sl Movable electrode with processing by acids
% P D g \ —eo— MCNT after processing by acids
- | Cuvette & .
1 " wment z
A= ~{| Heater
O | e — 0,01 : . \ . w
il 0,2 0,4 0,6 08  p-103, kg/m3
Fig. 1. Contact system for measurement Fig. 2. Dependences of specific volume
of electrophysical characteristics electric resistance pcy the MCNT massifs
of the MCNT massifs from massif density
Table 1 — Values pcy of MCNT massifs at the density 600 kg/m®
Ne sample 1 2 3 4 5
Pcv, Q ‘CM 0,133 0,130 0,262 1,102 0,173

Massifs of the initial and annealed MCNT have close values. After processing
by hydrochloric acid resistance of MCNT increases twice. pcy the MCNT annealed
and processed by acids have the greatest value. With increase in temperature weak re-
duction of the MCNT array under the law close to linear is observed; TKR of the
massif of initial MCNT is equal — 6,3-10™ K-1. In values pcy and to the nature of his
dependence on temperature the studied MCNT belong to semiconductors.

1. E.S. Klimov, M.V. Buzaeva, O.A. Davydova et al., Zhurnal prikladnoi
khimii 88, 1128 (2015).
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ION BEAM SYNTHESIS OF HEXAGONAL SILICON

A.A. Nikolskaya', D.S. Korolev?, N.O. Krivulin!, A.N. Mikhaylov', A.I. Belov',
D.A. Pavlov!, D.I. Tetelbaum®, N.A. Sobolev?, M. Kumar®
'Lobachevsky Nizhny Novgorod State University, Nizhny Novgorod
?|offe Institute, St. Petersburg
*Indian Institute of Technology Jodhpur, Jodhpur
E-mail: alena.nikolskaya.1994@mail.ru

The present stage of development of electronic technology is characterized
by a transition from traditional microelectronics to optoelectronics and integrated
optics, which requires the development of efficient and compatible with conven-
tional silicon technology light emitters. Traditional material of microelectronics —
silicon is an indirect band gap semiconductor; it makes it difficult to use silicon as
light emitter. One of the promising approaches to enhance its luminescent proper-
ties is the formation on the basis of conventional silicon of non-diamond allotropic
modifications, in particular of hexagonal type. It is expected that the hexagonal Si
will demonstrate the improved optical properties in comparison with its diamond
modification.

Existing methods for synthesis of hexagonal silicon are poorly compatible
with silicon technology. This problem can be solved by using ion synthesis of hex-
agonal inclusions. In the present work, the possibility of synthesis of hexagonal in-
clusions in Si by ion implantation in silicon and oxide film on silicon has been ex-
perimentally demonstrated.

Silicon wafers (n-Si (resistivity of 4,5 Q-cm)) with (100) orientation and
SiO, film with thickness of 160 nm on (100) silicon were used as objects of inves-
tigation. The samples were implanted with gallium and nitrogen ions with energies
of 80 and 20 keV, respectively, and doses in the range of 5-10"® — 2.10"" cm® with
subsequent annealing at 800 °C. The structure of implanted samples was investi-
gated by using the JEOL JEM-2100F transmission electron microscope.

On the SiO,/Si interface, as well as on the border of the amorphized silicon
layer, crystalline silicon nanoinclusions with different from diamond-like stacking
sequences of {111} planes are observed. By using the Fourier-transforms of high-
resolution images, as well as electronic diffraction, it is found that the structure of
these inclusions corresponds to the 9R-Si hexagonal polytype with the degree of
hexagonality equal to 2/3. In this report, the formation of hexagonal inclusions in
silicon is discussed in terms of the effect of mechanical stress generated during the
ion implantation process.

The work is supported by the Ministry of Education and Science of the Rus-
sian Federation (State Assignment No 16.2737.2017/114).
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SYNTHESIS AND PHYSICOCHEMICAL PROPERTIES OF POLYMERIC
MICROCAPSULES WITH CRYSTALLINE NANOSIZED
PARTICLES Y 4Er,VO,

M.N. Zharkov', S.A. Khrushchalina®, P.A. Ryabochkina®,
N.A. Pyataev', G.B. Sukhorukov'?
'0garev Mordovia State University, Saransk
Queen Mary University of London, United Kingdom
E-mail: mikhail.zharkov.92@mail.ru

Low selectivity of action and high systemic toxicity of antitumor drugs is
one of the most urgent problems in modern medicine and pharmacology. One
possible solution to this problem is the encapsulation of drugs in different carriers
or their conjugation with them. Polymeric nano- and microcapsules can be used
as such carriers and at present time significant advances in the development of
their have been made.

The procedure for the formation of such capsules consists in the successive
chemical adsorption of oppositely charged polyelectrolytes from solutions on the
surface of particles (cores) of various nature and shape. After the capsule is
formed, the core is removed, which is usually done by dissolving it, and this does
not affect the structure and properties of the polymer shells.

The inclusion of metal or crystalline nanoparticles containing REE to the
shells of polyelectrolyte capsules can provide the possibility of local absorption
of optical radiation for the temperature release of the capsules contents, particu-
lary for targeted drug delivery.

The crystalline nanoparticles Y,,Er,VO, included in the capsule structure
can be heated under external laser radiation with an appropriate wavelength, and
thus change the permeability of the capsule shells. This in turn can lead to the
complete or partial release of the substance placed inside the capsules. Heating of
nanoparticles Y Er,VO, occurs as a result of multiphonon relaxation of the en-
ergy levels of the RE ion. Also, the energy of the laser radiation absorbed by the
RE ion can be transferred to the vibrational levels of the OH"- groups contained
In the structure and on the surface of the particles, and then, as a result of nonra-
diative relaxation, transformed into thermal radiation.

In this paper, we propose a method for the synthesis of polymer microcap-
sules with colloidal crystalline particles Y ,Er,VO, and the results of a study of
some of their physicochemical properties.
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SYNTHESIS AND INVESTIGATION OF LUMINESCENT
CHARACTERISTICS OF CARBON NANOPARTICLES AND POLYMERIC
MICROCAPSULES WITH CARBON NANOPARTICLES INCLUDED
IN THEIR SHELL

l.LA. Yurlov, P.A. Ryabochkina, A.V. Dolganov
Ogarev Mordovia State University, Sarans
E-mail: Ivanuyrlov@gmail.com

At the present time, active searches for colloidal solutions of nanoscale par-
ticles that have luminescence in the visible region of the spectrum are conducted.
Essential disadvantages of colloidal solutions based on nanoparticles with rare-
earth and heavy metals characterized by such properties are significant toxicity and
poor stability. As an alternative, colloidal solutions of carbon nanoparticles are cur-
rently being considered.

Carbon nanoparticles are a new class of carbon nanoscale materials. The
presence of functional groups on the surface of carbon nanoparticles and the pres-
ence of a m-domain structure lead to the shift of maximum in the luminescence
spectrum of a colloidal solution of carbon nanoparticles, depending on the excita-
tion wavelength [1].

In the present work colloidal solutions of carbon nanoparticles have been ob-
tained as a result of the heat treatment of the fructose solution in a microwave reac-
tor.

Depending on the concentration and pH of the initial solution of fructose, the
mean size and 3-potential of the carbon nanoparticles have been determined. The
luminescent characteristics of obtained colloids of carbon nanoparticles have been
Investigated.

Polymeric microcapsules with carbon nanoparticles included in their shell
have been fabricated through layer-by-layer assembly and their luminescent st been
studied.

1. G. Eda, Y.Y. Lin, C. Mattevi et al., Adv. Mater. 22, 505 (2010).
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VIOLATION OF THE LIGHT STREAM REVERSIBILITY PRINCIPLE
IN OPTICAL MEDIA WITH A RANDOM QUASI-ZEROREFRACTIVE INDEX

I.A. Shchukarev, O.N. Gadomsky
Ulyanovsk State University, Ulyanovsk
E-mail: blacxpress@gmail.com

It is shown that the optical transmission of samples (PMMA + Ag)/glass in
the counter directions is unequal. The effect of localization of photons on a surface
of a composite layer which index of refraction is a random variable with values,
close to zero, is applied to a theoretical explanation of this phenomenon.
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= (1)_coating-glass
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Fig. 1. An optical transmission of a sample (PMMA + Ag)/glass from the side of a film
(acurve 1) and from a substrate (3).The value « is defined by a ratio —Ig(1/1,)=xd, lg(e),
where « is the extinction constant

700 800 900 1.10
A, nm

Fig. 2. The extinction constants «;,,, and x,,,, for an optical transmission of a sample

(PMMA + Ag)/glass in the counter directions (theory). The corresponding experimental
dependences are given in fig. 2
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SOME POSSIBILITIES OF FORMATION A PROFILE OF SURFACE
OF THE X-RAY OPTICAL ELEMENTS

V.N. Trushin, A.S. Markelov, V.V. Gribko
Lobachevsky State University, Nizhny Novgorod
E-mail: gribkovladimir@icloud.com

Interactive control of the X-ray beam convergence parameters is essential for
research in such areas as medicine, astronomy, solid state physics. The most active
development of X-ray adaptive optics occurs primarily in astronomy, in such pro-
jects as the Smart X-ray Optic [1], Generation-X [2] etc. and also at synchrotron
radiation objects [3]. In these works piezoelectric actuators were used to change
and correct X-ray optical element surface profiles.

This paper shows the possibility of interactive control of X-ray optical ele-
ment’s profile curvature by changing the temperature of the flexion module, which
was the integral part of the profile. It was researched through modeling, how the
form of substrate of the flexion module influences the surface profiles of X-ray op-
tical element (single-crystal silicon wafer (Si)). The bending module is a three-
layer system consisting of: a substrate made of quartz glass, an adhesive layer and
a single crystal plate. In particular, process of modeling demonstrated the possibil-
ity of acquiring parabolic and elliptical surface profiles of x-ray optical elements.

The results of the research showed the possibility of the formation of X-ray
optical elements with a predetermined profile of the surface by changing the form
of the substrate of flexural module. The results can be used in the development of
adaptive elements of the X-ray optics for collimation and focusing two-
dimensional X-ray beams.

1. A.Carolyn, Proc. of SPIE 6721, 67210T-2 (2008).

2. R.A. Windhorst et al., New Astronomy Reviews 50, 121 (2006).

3. M. Roche, Proc. of SPIE 9965, 996501-1 (2016).

4. V.N. Trushin, V.V. Fungi, A.S. Markelov et al.,, Proceedings XX
International Symposium "Nanophysics and nano electronics" 1, 417 (2016).
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STRUCTURE AND OPTICAL PROPERTIES OF SOL-GEL SILICA GLASSES
DOPED WITH Sb, Al AND B
K.A. Akinshev
B.l. Stepanov Institute of Physics, NAS of Belarus
E-mail: akinshau@ifanbel.basnet.by

The aim of this work is to synthesize sol-gel silica glasses doped with Sh**
ions and to study its structure and optical properties.

The silica glasses of the following systems Sb,0;-SiO,, Sb,05-B,03-SiO,,
Sh,0;-Al,03-SiO, were synthesized by modified sol-gel technique followed by
heat treatment at various temperatures. DRON 3.0 diffractometer, LEO 1420 SEM-
microscope, Cary-500 spectrophotometer and SDL-1 spectrofluorometer were used
to study the structure and optical properties of these samples.
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Fig. 1. Luminescence (a) and excitation (b) spectra of sol-gel silica glasses
of the following systems szOg—SiOz (1), szOg—BzOg—SiOz (2), Sb203—A|203—Si02 (3),
hexe = 270 NM, Areg = 750 NmM

It was found that these glasses are X-ray amorphous while the doping com-
pounds summary concentration <4 macc. %. Absorption spectra of these samples
characterized with a high transparency at visible range and near-UV and near-IR.
The UV-absorption bands of Sb- and Sb-B-containing silica glasses have high
steep long-wave edge and their shapes almost coincide, but the similar steepness of
Sb-Al-containing silica glass absorption spectrum is less. Silica glasses lumines-
cence spectra (fig. 1a) have a complicated structure: Sh- and Sb-B-containing
glasses characterized by present of wide and intense band at 790 nm and slight and
relatively narrow band with maximum about 400 nm (see la and 2a curves). An
appearance of additional medium intensity wide band at 550 nm in luminescence
spectrum of Sb—Al-containing glasses takes place (see 3a curve). The excitation
luminescence spectra (fig. 1b) of all silica glasses have a weekly-resolved structur-
al band at the near vacuum and solar-blind ultraviolet.

Possible applications of these glasses are under discussion.
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BOJIOKOHHAA OMNTUKA



BOJIOKOHHBIN YCUJIUTEJIbHBIN KACKAJT C DJIEMEHTAMU
KOMITIPECCHHU CIIEKTPA JIJIS1 TEHEPALIMU JIASEPHBIX UMITYJILCOB
BbICOKUX DHEPTUMN

N.0O. 3omoToBckuit
Vavanosckuti cocyoapcmeenusiii yHusepcumem, YibsaHo8cK
E-mail: rafzol14@mail.ru

[IpoexTupoBanue u coznanue BoJIoKOHHBIX cucteM (BC), obecneunBaromumx
TEeHEpaIi0 UMIYJIbCOB M31YyYEHHUS BBICOKUX SHEPruil, HECOMHEHHO, SIBJIIETCS OJ-
HOM M3 UEHTPAJIbHBIX 337]a4 COBPEMEHHOM J1azepHor ¢pu3uku. Ha gaHHbI MOMEHT
BC yxe BocTpeOOBaHbI U MPUMEHSIOTCS B ONTUYECKOW CBS3U, MEIMIIMHE, Ja3ep-
HOUM 00pabOTKe MaTepHaJIOB JIJIsl PEIICHUs PA3HOTO pojia 3a/iay IMIUPOKOTO KPyra.
Baxxnoe npukinagHoe 3Hauenue BC cocTout B pa3paboTKe Ha UX OCHOBE MOIIHBIX
ONTUYECKUX YCUIIUTEINICH JIa3€PHBIX UMIMYJIbCOB. Y CUIUTEIbHBIE CUCTEMbI HA OC-
HOBE ONTUYECKUX BOJOKOH, JIETUPOBAHHBIX PEIKO3EMEIbHBIMU 3JIEMEHTaMU,
MMEIOT KOMITAKTHBIE pa3MepPbl, HAAECKHBI MIPU SKCILTyaTallui U OTINYAIOTCS BBICO-
KHM Ka4eCTBOM BBIXOIAIIEro mydka [1, 2]. Yka3aHHbIe OCOOEHHOCTH JENAI0T MO-
nobnbie yecunutenbHble BC kpaliHe npuBjeKaTeIbHBIMU JIJIS1 UCIIOJIb30BaAHMS.

Cneunduka BOJTOKOHHBIX YCUIIUTEIBHBIX CHCTEM CBSI3aHA C IMPOSIBJICHUEM
COJIUTOHHBIX 3(D()EKTOB, OrpaHUUMBAIOIIUX HHEPrUI0 UMITYJIbCA B YCHIIMTENE C
aHOMaJIbHOM Aucnepcueit rpymmobix ckopoctedt (JI'C). B cBsizu ¢ atum, s ycu-
JIEHUSI Ja3€pHBIX MMIYJIbCOB IO BBICOKHMX SHEPrUi IIMPOKOE PaCIpPOCTpPaHEHUE
MOJYYHWJIA ONTOBOJIOKOHHBIE yeunuTenu ¢ HopmanbHou I'C [3]. K Tomy xe, npu
pacipoCTpaHEHUH HMITYJIbCA B BOJIOKOHHOM YCHJIMTENIE HAOIIOJIAl0TCS CHIIbHBIC
HeMHEeWHbIe 2QdeKThl, npexk e Bcero (azonas camomonyssinueit (PCM), mpuo-
JSIast K BBIXOJY YaCTH CIIEKTpa 3a Mpeesibl MOJI0Chl YCUICHUS, HCKaKEHHUIO OTH-
Oarorreil 1, B UTOre, K pa3pylieHUI0 UMIYJIbCa U BCIEACTBUE KOTOPOU HMITYJIBC
pruoOpeTaeT BHICOKYIO MOJOXKHUTEIbHYIO YaCTOTHYIO MonyJsitiust (uupn). IMeHHO
BBICOKOE 3HAUCHHE YMpIIa SBISIETCS OJHUM W3 OCHOBHBIX (haKTOpPOB, OrpaHUYMBa-
IOIUX MOJTy4E€HUE UMITYJICOB BBICOKHX dHepruii (6onee 100 n/lx).

CrannaptHblii  cioco0 yMEHbILIEHUS BIMSHUS HETATUBHBIX HEIMHEHHBIX
BO3/ICUCTBUN PEAIM3YETCS 32 CUET TEXHUKU «YCHIICHUS YUPIUPOBAHHBIX UMITYIIb-
coB». CyTb crocoba 3aKirovaeTcs B MPeABAPUTEILHOM PACTSHKEH MU UMITYJIbCa TSI
CHIKEHHS €r0 MUKOBOW MOIIHOCTH, €r0 MOCIEAYIOUIEr0 YCUIEHUS U €ro peKOM-
npeccuu [4]. J1ns psaa YD ma3epoB npy NpUMEHEHUH CICIHAILHO pa3pad0TaHHBIX
BOJIOKOH-CTEPIKHEI» C OOJIBIION IJIOMIAIbI0 MOABI U UCTIOIb30BAHUN HECKOJIBKUX
CTaAui YCUJIEHUS JaHHBII METOJ MO3BOJIET MOIY4aTh UMITYJIbChHI C SHEPTUSAMHU 10
HECKOIbKUX M/[’k 1 muKoBBIMU MoIHOCTSIMH Ooiiee 1 I'BT [5].

OIHUM U3 MHTEPECHBIX MOAXOJO0B, MPEIIOKEHHBIX B MOCIECIHUE TOAbI AJIs
CHUKEHHSI HETaTUBHOTO HEJIMHEMHOrO YIIMPEHUsS CIEKTpa, SBJISETCA TAKXKE YCH-
JeHue napadoIMYeCKUX UMITYIbCOB-CUMUISIPUTOHOB [6] B BOJIOKHAX C HOpMallb-
HoH, pactymei o auHe JI'C [7, 8]. Ero npeumyiiecTBoM ABJSIETCS OTCYTCTBHE
CJIOKHBIX B HACTPOHKE 0OHEMHBIX AJIEMEHTOB — PEIIETOK, MOAYISTOPOB U T.II.
Eme ogqauM MeXaHu3MOM, TPUMEHSIEMBIM JIJI1 CHYDKEHHS YITUPEHUsI CHEeKTpa u3-
3a ®CM, sBnsgercs cnekTpanbHas kommpeccus (CK) mmnyneca [9]. Cyrh mexa-
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HHA3Ma COCTOUT B IIPEABAPUTEIBLHOM MPUIAHUU UMITYJIBCY OTPULATEIBLHOIO YUpIIa
U JalibHemeM ero norameHuu 3a cueT ®CM npu pacnpocTpaHEHUU UMITYJIbCA B
HEJIUHEHoM cpezie. B coBpeMeHHbIX paboTax paccMmarpuBanuck 3anaun CK Herno-
CPEACTBEHHO MPU YCWIECHUU C MOJIYYEHUEM MOILIHBIX UMIIYJIBCOB C Y3KUM CIIEK-
tpoM [10, 11], CK mapabonuueckux CUMUISPUTOHHBIX MMITYyJIbcoB [12, 13], uc-
nosb3oBanus eMeHToB CK B Mozenu 3¢ ()EeKTUBHOrO CUMUIISIPUTOHHOTO Jia3epa
[14] u T.1.

B nannoii pabote paccmaTpuBaeTCsl MOJIENb T€HEPATOPa JIA3EPHBIX UMITYIIb-
COB BBICOKOM DHEPIHH, OCHOBaHHas Ha BO3MOXHOCTH CK MMIyJIbCOB, MPOLIEAIINX
cranuio ycuieHusa. CyKeHue CreKkTpa UMIyJbca Mo3BoyisieT 3P (HEeKTUBHO YCHIIH-
BaTh €ro Ha cieayromien craauu. OQHO U3 OTIUYMI pabOThI 3aKJIIOYAETCS B CPaB-
Henue mozener CK, ucnonp3yromux s GOpMUPOBaHUS UMITYJIbCa C JTUHEHHOM
YaCTOTHOM MOIYNSIMEH MO0 CTaHIApTHBIM MEXaHW3M CHEKTpaIbHOU (PHIbTpa-
11K 00 AJIEMEHTBI ONITHYECKOTro mporieccuHra («pulse shapery).

OcHOBHBIEC COOTHOLIEHHUS

bynem paccmarpuBarh CTaHAAPTHYIO MOJIEIIb PACIIPOCTPAHEHUS UMITYJIbCA B
HEJIMHEWHOM BOJIOKHE Ha OCHOBe HejuHelHoro ypaBHeHus Ilpenunrepa (HYII)
JUTSE KOMILIEKCHOM aMIutiTyasl A(z,t) [15]:

. 2
— 22— +iy|A"A=0. 1)
31ech z — mpoJloJibHAsL KOOpAMHATa, t — BpEMsI B CUCTEME KOOPAUHAT, CBSI3aHHOM
C TPYNIIOBOM CKOPOCThIO nMIyibca, S, — koadpduuuent AI'C, y — napamerp Kep-
POBCKOI HEIMHEWHOCTH. 371eCh U Jlajiee MPEeHEeOpekeM 3aBUCUMOCTbIO 3, OT JJIu-
HbI BOJIHBI, T.€. BKJIaJlaMH JUCIEPCUN TPEThEro U 00Jiee BBICOKUX MOPSIKOB. DTO

BO3MOXXHO cJ€/laTh B TOM cJlydyae, €CJId JJWHa BOJOKHA CYIICCTBECHHO MCHBIIC
L, =272/p,, TAE 7, — JJIATEILHOCTh UMITYJIbCA, & [, — JUCIEPCUs] TPEThEro MOo-

psaKa. DTO yCIOBHE BBITIOIHICTCS ISl HMITYJIbCOB JJIMTEIIEHOCTHIO TTHKOCEKYHIa
u 0oJjiee, pacIpOCTPAHSIONIMXCS B BOJOKOHHBIX CBETOBOJAaX JUIMHOW MeHee 100 M
¢ BeMMuuHOU S, <10°nc®/m, mpu 3ToMm JI'C BenmmauHON 0KOJIO S, ~107nc’ /M BHO-

CUT CYIIECTBEHHBIN BKJIaJl MPU PACIPOCTPAHEHUU TAKUX UMITYJIHLCOB B CBETOBOJIAX
JUTMHOM B IECATKU METPOB [16].
[Tonoxxum, dYTO B BOJIOKHO HMHXEKTHPYETCS JIMHEHHO YacTOTHO-

MOJIYJIMPOBAaHHBIM HMMITYJIbC C OTPHUUATEIBHBIM YUPIIOM A(O,t):a(t)exp(iCOtz),
C,<0. Ilpu ero pacmpocTpaHeHUU B BOJOKHE MOJOXXHUTEIbHBIA 4HUpIl, HaOupae-

MbI 3a cuer @CM, KOMIEHCUPYET MEPBOHAYAIbHBIN, B PE3YyJIbTaTE CIIEKTP UM-
nyjbca ckuMmaercs. KauecTBo koMripeccuu 3aBUCUT OT (opmbl orubaromiein a(t).

[Tokazano, 4uTo mapaboyMueckuii BuJl ormbOarouieil umnyinasca (2) obOecrieyuBaeT
Hauay4dlun pesynstar [12, 13].

(2)
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P, — IMKOBasi MOIIHOCTb. JI€MCTBUTEIBHO, B OE3AUCIIEPCHOHHOM Cilydae f3, =0 Ha

HEKOTOPOM JUCTAHIIMU z=L 4YacTOTHAas MOIYJSIUS MOXET OBITh TMOJHOCTBIO
CKOMITeHCUpOBaHa. [Ipu 3ToM nocTuraeTcss MUHMMabHAs IIUPUHA CIIEKTPA.

Hns ouenku BausHug JII'C MOXHO HMCIONB30BaTh CTaHAAPTHBIM BapyallMOHHBIN
noaxon [17]. Ilonmaras, 4To mapamMeTpbl UMITYJIbCa IIIaBHBIM 00pa30M U3MEHSIOTCA
1oJ, ACUCTBUEM HENMHEWHOCTH, a BiusiHue JII'C saBnsieTcs BO3MYILIEHUEM, MOXKHO
CUUTATh, YTO MIPH PACIIPOCTPAHECHUH UMITYJIbC COXPaHSET Mmapadboandeckyo hopmy
(2) u nuHEelHY0 4YaCTOTHYIO Monyisiuio. [Ipy 3ToMm 171 mapamMeTpoB UMITYJbCa —
yupna C(z) ¥ AIUTENBHOCTH 7,(z) MOXET OBITh IOIyYeHA CIECIyIOIas cUcTeMa

ypaBHeHui [18, 19]:

dr
d—pZZﬁZCTp,
Z
d—C——ZCZ,B +37/W ©)
dz 2 4rs '

3necb W — sHeprus uMmiyisca. Ha puc. 1 mokasaHsl pe3ysbTaThl pacueToB MO CHU-
creme (3), IEMOHCTPUPYIOILKE SBOIIOLUIO JUIMTEILHOCTY UMITY/IbCaA 7, U INMPHHBI

CIICKTpa AQ, OLICHCHHOM 13 COOTHOIIICHHUS

Ao (4'”2}1(%% v, (4)

TrwHM

TAE Tryuy — JVIMTENBHOCTh MMITYJIbCA HA TIOJIOBUHE BBICOTBI Ty =\/§rp. [Ipn
CUJIbHOM 4aCTOTHOM MOIYJISILIMM MOKHO HOJIAraTh, YTO AQ ~|C|rqy,,, - Ha puc. 1 (a,

b) cpaBHHBaeTCs IBONIONHS MMAPAMETPOB HUCXOTHOTO MapadOIMIECKOr0 UMITYJIbCa
cpenneit aHeprun W = 1,33 nJl>k B HeJIMHEHHBIX CBETOBOJAX C Pa3IMUYHBIMH 3HA-
yerusimu JII'C. Kak MOXHO BUIETh, IO OTHOIICHUIO K O€3AMCIIEPCHOHHOMY ClY-
yato, CK uzer 3HaunTenbHo ObicTpee B BojokHax ¢ HopMansHOU JII'C. IIpu atom
IPOMCXOAUT TAKXKE CXKaThe UMIMYJbCa, U, TAKUM 00pa3oM, MUHUMAalIbHAs IIUPUHA
cnekTpa AQ, ., TOCTHXKMMas P KOMIIPECCUH B BOJIOKHE ¢ HopManbHOU [II'C, He-

CKOJIBKO OO0JIbIlle BEIMYUHBI AQ ., moaydaeMoil mpu B, =0. C TOYKH 3peHus mo-

min 2

Jy4YEHUs PEKOPAHO Y3KOro CHeKTpa mnepcrneKTUBHOM BhIMISAUT CK B BOJIOKHE C
anomanbHON [II'C S, <0, Tak Kak MpU 3TOM MPOUCXOAUT PACTSIKEHHE UMITYJIbCA.

OpnHako B 3TOM cilydae CIEIyeT HCIOJIb30BaTh BOJIOKHA 3HAYMUTEIILHOM JIJIUHBI
(6omee 250 M w1 B, =—5nc’/m), 4TO MPUBOAUT K HEOOXOAUMOCTH yUETa BITHSHHUSI
BBICIIIUX JAUCTICPCUI U TIOTIIOMEHHUS, CHIKamuX 3¢ dextuBHocts CK.

[Tpu ocymectiennn CK omgHOM M3 mpoOiem sIBIsSieTCS BHIOOP HAYAIbHBIX
YCIIOBUM, KOTOPBIA TMOSBISIETCS NPU 3aJaHUU Y HAayaJdbHOTO MMITyJIbca OTpHIla-
TeJIbHOTOo HavyabHOro unpna C,. Ha puc. 1 (c, d) cpaBHUBaeTcst 3BOIONMS IIUPHU-

HBbI CIICKTpa AQ 1 JJIUTEIBHOCTU 7 b napa6onp1qec1<nx HMITYJILCOB, KOTOPBIC MOT'YT

ObITh TMOJYYEHBI IIOCII€ COOOLIEHUS OTPULIATEIbHOM YaCTOTHONM MOIYJISLIMU
(HampuMep, IpU MOMOLIM JU(GPAKIIMOHHBIX PELIETOK) HEKOTOPOMY HadallbHOMY
UMITYJIbCY. DTH UMITYJbCHI 00nanatT onuHakoBoi sneprueit W = 1,33 u paBHoM
HAa4aJbHOM IIMPUHOM CIEKTPa, HO PAa3IMYHBIMU JUIMTENLHOCTAMU 7,5 M, COOTBET-
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CTBEHHO, OTJIMYHBIMHU 3HAYCHUSMHU HAYAJIBHOTO YHMpra C, MPU PacClpOCTPAHCHUH B
CBETOBOJIE C MapamerpoM HemuHerHoctn y=10Br'km™ u JAI'C B, =10nc’/m.

CIutonHble TUHUU — pe3yibTaThl pacueToB 1o cucreme (3). Kpyxkamu 0003Haue-
HBI PE3yJIbTaThl YHUCIECHHOIO MOIEIUPOBaHUs ypaBHEHUS (1).

AEED

[a—y

AQ (10"3s)

Fiber lentgh (m) Fiber lentgh (m)

0 100 0 100
Puc. 1. DBomonus mupuHbl ciekTpa (a) u JmrenbHocTd (D) mapadoarnueckoro UMITybca

C IIUTEIBHOCTBIO 7, =10 11c 1 HavanbHbM ynpniom C, = —1nc . DBOMOLKS M PUHbI

criektpa (C) u puurtensHocTd (d) mapabolnuecKux UMITYJIbCOB PABHOM SHEPIHH C PAaBHOMN
HaYaJIbHOM IIMPHHOM CIEKTPA U PA3IMYHBIMK HAYAIBHBIMU JJITEIBHOCTIAMH 7 ),

Kak m cienoBano okuaaTh, 3a cdeT 0oJjiee BEICOKOM NMHMKOBOM MortHocTu CK nm-
IIyJIbCOB C BBICOKUM I10 MOJYJIFO HaYaJabHbIM YUpIOM C;, IPOUCXOAUT HA MEHBIINX

mnHax BosiokHa. OpgHako CK uMmynbCoB ¢ MEHBIIMM 4UpHoM C, MPOUCXOIUAT

pu OOJBIICH TTUTETHPHOCTA UMITYJBCA U, TAKUM 00pa30M, MOKHO JJOCTUYh OoJiee
y3KOM MUHUMAJILHOW IHUPHHBI CIEKTpa AQ, . . 37eCh, OMATh K€, MPUXOIUTCS TO-

BOPHUTH, UTO HCIIOJIb30BaHUE OoJiee JUIMHHBIX BOJIOKOH MPUBOAUT K HEOOXOAMMO-
CTH y4eTa BIMSHUS BBICIIMX JUCIEPCUIA U MOTJIOIIECHHUS.

B 3akmouenue pasnena 100aBUM HECKOJIBKO CJIOB O MPUMEHUMOCTH MONY-
YEHHBIX pe3y/IbTaTOB BapHALMOHHOIO aHaiu3a. J{ake B IpOCTOM MOJENH, OMUCHI-
Baemord HYII (1), n3nayanbHO mapaboaMuecKuil UMIYJbC MPH PaclpOCTpaHEHUH
u3MeHseT (GopMy Orudaromiei, Ipu 3TOM HapyllaeTcs MPEINONIOKEHUE O JTMHEH-
HOW, TTOCTOSIHHOW BJ0JIb UMITYJIbCA YACTOTHOW MOAYJSIUUU. JJIsl MpOBEPKHA JOCTO-
BEPHOCTU PE3YJIbTATOB OBLJIO MPOBEIEHO YHMCIEHHOE MOCIUPOBAHUE YPaBHEHHUS
(1) cranmapTHbIM METOAOM TMOIIArOBBIX MpeoOpazoBanuit Dypue [15]. Ero pe-
3ylbTaThl JJIsl ABYX BapHAHTOB HAYAJIbHBIX YCIOBUM W HA0Opa MapaMeTpoOB BOJOK-
Ha TaK)Ke MoKa3aHbl Ha puc. 1. Kak MOXXHO BUIETh, OHU HAXOASATCSA B XOPOILIEM CO-
[JIaCUM C pe3yJibTaTaMHU pacdeToB Mo cucteme (3), 4To MOATBEPXKIAeT ajeKBart-
HOCTb MCHOJIb30BaHUSI BaPUAIMOHHOI'O METOJA U1 OLEHKH U3MEHEHUS MapameT-
poB uMiynbcoB npu CK.

Monesb yCHIMTEIbHOr 0 KacKaaa

Tenepp nepeiieM K pacCMOTPEHUIO MOJIETH YCHJIUTEIBHOIO Kackaja, Cro-
COOHOTO TEHEePUPOBATh MMITYJIbCHI BBICOKMX HSHEpruid. [lomokum, 4TO Ha BXOJ
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KackaJia mojaercs napadoIMuecKuii MUKOCEKYHIHBI UMITYIbC CPEIHEH IHEPrUu
W (1 - 3 u/lx), obnagaronuii BRICOKUM IMOJIOKUTEIBHBIM JTHHEHHBIM YHUPIIOM C
IMIUPUHON CIeKTpa AQ mopsaka 10@ct. M3BecTHO, YTO MOAOOHBIE HMITYJIBCHI
YCTOWYHMBO T€HEPUPYIOTCA JIa3€paMU CHMUJISIPUTOHHOTO THIIA C HOPMAJIbHOM M C-
nepcueit pezonaropa [20, 21]. IlpuHiunuansHas cxema Kackaja MpecTaBieHa Ha
puc. 2. IlepBbIM ee 371€MEHTOM SIBISIETCS MHBEPTEP UMpIia, 00eCeynBaAOIINA UM-
NyJIbC OTPULATEIBHOW YAaCTOTHOM MOAYyJALMENd. B mMozmenn oH mpencraBieH Ju-
HEHHBIM JUCHEPCHOHHBIM 31eMeHTOM c¢ aHoMmaibHOM [I'C g, . ®dusnyeckn oH

MOXKET COCTOSITh W3 Mapbl AUGPAKIIMOHHBIX PEIICTOK. Jlajmee UMITylIbe moaBepra-
etrcs CK, mocne koTopoii 0H MOXKET OBITh 3PHEKTUBHO YCHUIICH.

. Gaussian . . . Spectrum Gaussian
m | Chirp Spectrum narrow Amplifier Broad | Chirp e aTrow!
: compressor " g, f32a, fog filter invert pre r
: inverter | | f e filter [ i > o | Iverter Ll g, pan, e filter f—,,
Parabolic S 20 <0 By, Qn T ta b | 2¢h (1) <0 Lan Q
pulse

woAQ |

Puc. 2. [IpuHuunuaneHas cxema yCHJIMTEIbHOIO KacKaaa.
[TepBbIii 010K BBIICIICH MTPUXOBOM JIMHUCH

[TapameTpamu criekTpaibHOro kommpeccopa sipisitorest II'C S, u HenuHen-
HOCTh y BOJIOKHA JUIMHBI |. B cxeMe HeoOXOIMMO Tak»Ke MCMHOJIb30BaHUE Y3KOTO
NPEeyCHWINTEILHOTO CHeKTpaibHoro Quiustpa. B Momenu paccmarpuBaercs
GuUIBTP C TayCCOBBIM CIIEKTPOM MPOIMYCKaHUsS MUPUHOU Q,. Ero pons coctout B
bunsTpanuu nheaecTaia CleKTPaIbHOM MIIOTHOCTH, KOTOPBIA HEM30€KHO TMOSBIIS -
€TCA IOCJIE KOMIIPECCUH CIIEKTpa UMITYJIbCA C HHBEPTUPOBAHHBIM YUpPIOM. PUITb-
Tpalus 00eClEeUnBaeT CrUIAKMBAaHHE MHOXKECTBA MAJIbIX JIOKAIBHBIX MCKaKEHUM
oru0aroieii, KOTOpble MPU YCUJICHUH MOTJIA Obl MPUBECTH K Pa3BUTHIO HEYCTOM-
YUBOCTEH W pacnajay umiynbca. [Ipu aTom morepu 3Hepruu npu GUILTPALUA MU-
HUMaJbHBI, T.K. OCHOBHAasi €€ 4acThb CKOHIECHTPUPOBaHA B LEHTPAJIbLHOW 4YacTH
CIIEKTpa, CBOOOHO MPOXOAsIICH uepe3 GUuIbTp.

OCHOBHBIM 3JIEMEHTOM KacKaja SIBJISIETCS BOJOKOHHBIM YCHIIUTENb C HOP-
manbHOU [II'C },,, KOTOpbIN clocOOEeH mepeaaTh UMITYJIbCY 3HAUUTEIbHYIO dHEP-

rui0. OTa CIIOCOOHOCTh B JAHHOW MOJIEIH XapaKTepU3yeTcs BBHICOKUM Ko3(duiiu-
€HTOM YCHJICHHS MaJIOTO CUTHAJA (,, IPUYEM HAChIIIEHHOE YCHIICHUE

g= gO£1+éI|A(z,t)|2 dtj_ , (4)

OIMMCBIBAIOICC N3BMCHCHHUC YCUJICHUS 110 AJIMHC N3-3d UCTOIICHUA HAKA4YKH, J10JIK-
HO OIIPCACIIATHCA CPABHUTCIIBHO OO0IBIIION BHCpFI/Ieﬁ HaCbIINICHUA Esat .

B uneanbHOM ycwiuTtesie ¢ MOCTOSHHBIM MO JJIMHE U HEOTPAaHUYEHHBIM 0 IIU-
pUHE CHEKTPOM YCUJIEHUEM, UMITYJbC JIF000H (hOPMBI aCHMITOTUYECKH MpPUOOpe-
TaeT napabonnueckyro GopMy ¢ JIMHEWHBIM YHUPIIOM, OIpenesiieMbiM Kod(Ppuiiu-
€HTOM ycuJieHus U BennunHoi HopMmasibHOU JII'C [6]. B manHoili cxeme Oyner pac-
CMOTpeHa OoJiee peasibHasi MOJENIb YCHIICHHS, XapaKTEPU3YIOIAscsd HE TOJBKO
HACBILLIEHUEM, HO U KOHEUHOM ITMPUHON CIIEKTpa YCUJICHHS Qg .
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PacnipocTpanenue u3iaydeHus] B yCUIIUTENE OMUCHIBACTCS MOAU(DUIIMPOBAH-
HpIM HY 1T
oA Bo—ifhy °A . 2. OA
Tojfm e Ty |AFA=Z 5
oz > e TN A=T ()
rae f,,=9/9Q;, y,— KodGOUIHEHT KEPPOBCKOM HEIMHEHHOCTH aKTUBHOIO BOJIOK-

Ha. HacellieHne U OrpaHUYEHHOCTh CIIEKTPa YCHJICHHS NMPUBOIAT K MCKAKEHUIO
napaboJInyecKor Orudaroe 1 OTKIOHEHUIO YaCTOTHOM MOAYJISALMU OT JIMHEWH O-
ro BUJIa U OTPAaHUYMBAIOT BEJIMYHMHY BBIXOJHON 3HEPIMHU UMITyJIbCa. J{elCTBUTENb-
HO, KOHEUHAsl 1eJIb OTJEIbHOI0 KAacKa/la 3aKJII0YaeTCsl B OJy4EHUU UMITYJIbca 00-
Jie€ BBICOKOM DHEPIHM MPHU COXPAHEHUH JIMHEMHOCTH YUpHa U MaKCUMAJIBHO BO3-
MOKHOMY TPUOIMKEHUIO OTHOAIONIEH K MapadoIMYecKOMy BHIY. DTO BO3MOXKHO
clenaTh NpU MOMOIIM JOMOJHUTENBHOTO CreKTpalibHOro ¢unbtpa. Ero mmpuna
Qy» JTOJDKHA ONPENENSIThCA KOMIPOMHUCCOM MEKIY ITOCTUKEHHEM BBICOKON BBbI-
XOIHOW 3HEPrUU UMIYJbCA W JIMHEMHOCTHIO €r0 4aCTOTHOM MOAYJAIMU. BaxxHO
OTMETUTH, YTO COBPEMEHHBIE IOCTUKEHHUS ONTHYECKOTO MPOIECCUHTA MO3BOJISIIOT
MCIOJIb30BaTh BMECTO CTaHAApPTHOTO (HUIBTpPa C TayCCOBBIM pacIlpeaeleHHEM
MPOITYCKAaeMBIX 4acToT, ycTpoiicTBa (pulse shaper), obecnieunBaromue mpudimKe-
HUE (QOpPMBI UMITylIbca K HEOOXOIUMOMY BHY, HAIPUMEp, Ha OCHOBE >KUJIKHX
KPHUCTAJUIOB WJIM aKyCTOONTHYECKOro moayiaropa [13, 22, 23]. Tlocne npoxoxae-
HUA MEPBOro OJI0Ka YCUIIMTEIBHOIO KacKajla UMITYJIbC CHOBA HAIpaBJIsETCs B UH-
BEpPTEp YMUPIIA, 3aT€EM B CIEKTPAIBHBIA KOMIIPECCOP M BHOBB ITPOXOJUT Y3KHM
cHeKkTpaibHbll (uiabTp. B pesynabTare ummyiibc, NpOLIEANIMNA TMEepBbId OJOK, ¢
JHEpPrueu mnopsiaka coreH HJ[)K CTAaHOBUTCS «IIOAIOTOBJICHHBIM» K CIEIYHOLIEH
cTaauu ycuwieHus. B manHoW paboTe Mbl OCTAHOBHM PACCMOTPEHUE HA ATOM CTY-
neHu. I onmcaHus JanbHEWINEro YCUJIEHWS WMITYJIbCA IO DHEPTUM B JECATKU
MK/[X 1 BbIlle HEOOXOUMO KOHKPETU3UPOBATh MEXaHU3M ycujeHus. B kauecTse
BapHAHTOB MOXET OBITh PACCMOTPEHO YCHJICHUE B JISTUPOBAHHBIX CTepkHsX [1, 3],
B TBEPAOTENBHBIX CUCTEMAX U T.II.

JInst neMOHCTpaly MOJYyYEHUSI UMITYJIbCAa BBICOKOW HEPTUU C Y3KUM CIEK-
TPOM, YTO OOecleuruBaeT MOTEHIMAN €ro Mocieayromero 3PpGeKTUBHOro ycue-
HUs1, OBLJIO MPOBEJIEHO YKUCIEHHOE MOJAEIIMPOBAHUE PACIIPOCTPAHEHUSI HAYaJIbHOTO
napadoJIMyecKoro UMNyAbCa ¢ HAYaIbHON JIIMTEIBbHOCTBIO 7po =151c, TMHEHMHBIM

yuprioM Co =1mnc2 ¥ NUKOBOM MolIHOCTHIO 120 BT.
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Puc.3. MruoBenHas yacrtora (a, ¢) u ¢popma orubaromieii ummysbca (b, d) mociae npoxoxaeHwst
pa3nmuuHbIX craauid kKackana. Cl — maBeprep unpmna, SC — cneKTpaibHbI KOMIPEccop,
NF — y3kuii ciekTpaibHblil GUIbTP, amp — ycunutens, BF — mmpokuit duistp.
Input — umnynbe Ha BXoze, output — Ha BeIXOJ1€ U3 Kackaaa

Ha puc. 3 moka3anbl oru6aromnye 1 3aBUCUMOCTY MIHOBEHHOW YaCTOThI UM-
IyJIbCOB TIOCJIE MPOXOXKIEHUS 3JIEMEHTOB Kackana. Kak MOXHO BHUAETH, IEpen
ycuiieHHeM (a, b) yacToTHass MOAYJSLUUS UMIYJIbCa MPAKTUYECKH MOJTHOCTHIO IMO-
ramaercs. Takum 00pazom, MpHU MPOXOXKAECHUN Y3KOro (GUiIbTpa, CriaKUBatOLIEro
OMeHMsI YaCTOTHOW MOAYISALIMU, UMITYJIBC TEPSIET MUHUMYM SHEPTHH U CTAHOBUTCS
NOJFOTOBJICHHBIM 1Jisl yCUJIEHUs. B XoJe ycuieHusi CHeKkTp MMITyJbca OBICTPO
ymmpsiercsa uz-3a @CM, npu 3TOM y30CTh Ha4aJIbHOTO CHEKTpa obecrneunBaeT 3 }-
(eKTUBHYIO TIepeauy SHEPrUud U JIMHEHHYIO0 YaCTOTHYIO MOAYJISALIMIO WUMITYJbCA,
1o KpaiiHel Mepe, Ha HadainbHOM 3Tane (C, d). B nanpHeimem u3-3a KOHEYHOTO
CIIEKTpa YCWJICHHSI () 4acCTOTHAs MOIYJISIUUSA TEPAET JUHEHHBIA BUJ, ITOITOMY B
MOJIEJIM YPOBEHb YCUJIEHUS (C yUETOM HACBILIEHUS) OTPAHUYEH BEIMUYMHON OKOJIO
22 nb. Ilocne rayccoBoro ¢puiapTpa ¢ MUPUHON Qp M UHBEPTUPOBAHUS UUpHA UM-
IIyJIbC HAIIPABJISAETCA BO BTOPOM CHEKTPAJIBHBIA KOMIIPECCOP, TA€ €r0 YHMPII BHOBb
noramaercsi. [IoBbIIIEHNE YHEPTUM UMITYJIbCA TTO3BOJISAET OCYIIECTBIATh KOMIIPEC-
CHIO CIIEKTPA B BOJIOKHE C MEHBIIEH HETMHENHOCTRIO 7, =3 Br'km™. 3mech Tarke
ClIelyeT OTMETHUTh, YTO OOJIbIIAs TUTEILHOCTh UMITYJIbca (> 40 1c Ha MOITYBBICO-
T€) U OTHOCUTEIBHO HEBBICOKAS MMMKOBAsi MOIIHOCTh MO3BOJIIIOT MUHUMHU3UPOBATh
BJIMSIHUE BBICHIMX HEIMHEWHBIX (DAKTOPOB, INIABHBIM M3 KOTOPBIX SBIISAETCS BbI-
HYXJleHHOe KoMOuHannonHoe paccesinue (BKP). B manHoi mojenu ux BIussHuEM
npeHeOperaercs.
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output

Normalized Spectrum
(10 dB/div)
T
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Puc. 4. HopmupoBaHHBI Ha MaKCUMaJIbHOE 3HAUEHUE CIIEKTP UMITYJIbCa MOCIIE MPOXO0KICHUS

pa3nu4HbIX cTaaui Kackana. LllTpuxoBas TMHUS MOKA3bIBAE€T IPUMEHEHHBIN NIOCIIE yCUIIUTENS
HIMPOKHIA rayccoB GUIBLTP

[Tocne npoxoxAeHUsT BHIXOAHOTO Y3KOro (pMiIbTpa MIMPUHA OCHOBHOTO MHUKA
B CIIEKTPE UMIyJIbCa JIOCTUTaeT 2-104s-1, mpu 3TOM mbeaecTan (cinado pa3iudyum
Ha puc. 4) uMeetr ypoBeHb MeHee -17 ab. DHeprusi UMIyjibca COCTaBISET OKOJIO
106 vk, uTto GoJiee ueM B 55 pa3 BbIIIE YHEPTUH Ha BXOJIC.

(@) 4FAQ(10"3s7) E

50

length (m)

(b)

Q(105s)
(Hp)\"\“d/d

: BF+
CI Spectral N \(.[ Spectral NF
compressor # 1 Amplifier compressor # 2

(c) 77 /-1
1O_p(IOJ/s )

1+
0.1F

0.011 : .
0 50 length (m) 100

Puc. 5. I3meHeHue MM prHbI HOPMUPOBAHHOIO CIIEKTPA Ha MOJYBBICOTE (@), IuarpaMma 3BOJI0-
LIMA HOPMUPOBAHHOT'O CIIEKTPa UMITYJIbCA IIPU IPOXOKICHUH POTSHKEHHBIX DJIEMEHT OB KacKaaa
(b), n3MeHEHME MaKCUMAIFHOTO 3HAYCHUS CHIEKTPAILHOM MIIOTHOCTH SHEPTUU UMITYIIbCa (C)

MHOrokpaTHoe C:KaTHe CHEKTPAa UMITYJIbCA IMO3BOJSAET OCYIIECTBIATh Iajb-
HEWIllee TMOBBILIEHUE YHEPIUM B MOIIHOM YCUIIUTENBbHOM cucreme. lIpuBeneHHbie
paccyXAeHUsl WUIIOCTPUPYET PUC. 5, HA KOTOPOM ITOKA3aHA JBOJIIOLMUSA CIEKTPA
UMITYJIbCA TIPU TIPOXOXKIACHUU Kackana. OOpariaeM BHUMaHUE Ha JIOCTH)KCHHUE BhI-
COKHX MUKOBBIX 3HAUEHUI CIIEKTPaIbHOMN IIIOTHOCTHA SHEPTUU UMITyJIbCa. JTOT pe-
3y/lbTaT MOXKET UMETh CaMOCTOATENIbHOE 3HaU€HHE 0€3 OTHOLIECHMS K MOCIEenYI0-
HIEMY YCHJICHUIO, TaK KaK BECbMA MHTEPECEH IS 33/1a4 HEJIMHEHMHOW KOHBEPCUU
4acTOT, FTEHEpALlMM KPATHBIX TAPMOHUK U T.II.

B pabote paccmoTpenbl ocHOBHBIE 3akoHOMepHOCTH CK mapabonuueckux
VMIIYJIbCOB B HEJIMHEWMHOM OINTHUYECKOM BOJOKHE. [IokazaHo, 4TO METOIBI Bapua-
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IIUOHHOT'O aHAJIN3a TMO3BOJISIIOT KOPPEKTHO OIMKCHIBATh JBOJIOIHUIO MapamMeTpoB
umnyibca npu CK. KoppeKTHOCTh BapHUallMOHHBIX pacueTOB MOJATBEPIK/I€HA CpaB-
HEHHEM C Pe3yJIbTaTaMu MPSIMOT0 YUCIEHHOT'0 MOJICTUPOBAHUSI.

[IpennoxxeHa ynciaeHHass MOJIENb YCHIIMTEIBHOIO Kackaaa, B COCTaB KOTOPO-
ro Bxoaat cermeHThl CK. IlpennoxenHas Mojeib MOKa3bIBA€T BO3MOXKHOCTh YCH-
JIEHUSI BXOAHBIX UMITYJIbCOB CPEHEN MOIIHOCTH 1O SHEPrUid MOpsiKa COTeH H/[XK,
IIPU OTOM CHEKTPaIbHbIC XapaKTEPHUCTUKH BBIXOIHBIX UMITYJIHLCOB 00CCIICUMBAIOT
NOTEHIMAJ Tocieytoero 3 (MEKTUBHOTO YCUIICHUS.

PaccMoTpeH Takke BapuaHT MPEAJIOKECHHON MOAEIH, UCIOJIb3YIOIIUM die-
MEHT ONTHYECKOTO MPOIECCUHTA, TTO3BOJIAIONINI (HOPMUPOBATH OTHOAIOIITYIO U Ya-
CTOTHYIO MOJYJISIIIMIO uMNyJbca. [lokazano, 4To mpu HEOOXOIMMOM YPOBHE Kade-
CTBa JIAHHOTO BJIEMEHTA MapaMeTphl MPEJI0KEHHON MOJIEIN MOTYT OBITh 3HAYH-
TENHHO YITYYIICHBl — CHUKEHBI TIOTEPH DHEPTUU HAa CIEKTPATbHYIO (UIIBTPAIIHIO,
camxkena qmHa cermeHToB CK. Ilocneanee, B CBOO ouepeab, MO3BOJUT YMEHb-
IIUTh BO3MOXXHBIE UCKAKEHUS W3-3a BIUSHUS BBICIIUX AUCIEPCUIN U MOTJIONIEHUS.
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BOJIOKOHHBIE CBETOBO/IbI C TOHKOIIJIEHOYHBIMH
[TOKPLITUAMUA 1 X MO/IbI

O.B. I/IBaHOBl’Z’S, C.B. Bacun®
YYVabanosckui Gunuan Uncmumyma paouomexnuku u 31eKmpoHUKU
um. B.A. Komenvnuxosa PAH, Yivanosck
2V ibsaHOBCKUIL 20CY0apCcmeenHblll YyHugepcumem, YivsiHo8ck
3Vaiwsnosckuii 20CY0apCcmeenHblll mexHu4ecKull ynusepcumem, Yivsanosck
E-mail: olegivvit@yandex.ru

BosokoHHO-ONTHYECKHE TaTUMKU 1TOKA3aTeNs MPETOMIICHUS! U XUMUYECKOTO
COCTaBa BHEIIHEUW Cpe/bl HIMPOKO MCCIECAYIOTCA B MociieHee BpeMs [1]. Otu nat-
YUKW OTJIMYAIOTCS MaJbIMH pa3MepaMu, BBICOKOW 4YBCTBUTEIbHOCTHIO, BO3MOXK-
HOCTBIO MYJIbTHIUIEKCUpOBaHus. [y peanu3anuy 4yBCTBUTEIBHOCTH BOJIOKOH-
HBIX CTPYKTYp K BHEIIHEU cpenie 3PGEeKTUBHBIM METOJOM SIBIIIETCS BO30YK/IEHHE
MTOBEPXHOCTHOW BOJIHBI Ha COOTBETCTBYIOLLEH Irpanuile [2]. B cranmapTHOM BO-
JIOKHE TTOBEPXHOCTHOE TOJIE HE3HAUUTEIHbHO, HO OHO MOXET OBITh YBEIMYEHO HA
HECKOJIHPKO TOPSIIKOB HAHECEHWEM TOKPHITUH Ha BHENIHIOIO 000JO0YKY BOJIOKHA
[3].

Bnusgnue BHemiHeW cpeibl HA TMOBEPXHOCTHOE IOJI€ OOHAPYKUBAETCS IO
CIBUTY PE30HAHCHBIX JIJTUH BOJIH, HA KOTOPBIX MPOUCXOAUT B3aUMOJICHCTBUE MOJIbI
CEpJILICBUHBI ONTHUYECKOr0 BOJOKHA C MOJaMH OOOJIOYKH B JJIMHHOIIEPUOIHOM
peIIeTKe UM BOJIOKHE C IBOWHON 000JI09KOH [3].

B nannoil paGote uccieayercs BO3MOXHOCTb HAaHECEHHS Ha ONTHYECKOE
BOJIOKHO C JBOMHOM 000JIOYKOM MOJMMEPHBIX MOKPHITUH HAa OCHOBE MOJIMBUHUIIO-
Boro criupra toimuaon 500-1500 am. OTpabaThiBaeTcs METOIMKA HAHECEHUS T10-
KPBITHUS 33JJTaHHOW TOJIIIMHBI U CIOCO0 €€ M3MepeHus. PaccuuThiBaloTCsl MOJIbI BO-
JIOKOHHOW CTPYKTYphI C BHELIHUMU CIIOSIMH, UMEIOIIMMH TOKa3aTelb MpeoMIie-
HUs OOJIbIIE, YEM MOKa3aTelb MPEIOMIICHUS CEP/IIICBUHBI.

L
. iy
Lz == f—
— —
SMEF-28 SM630 SMEF-28

Puc. 1. CtpykTypa Ha OCHOBE BOJIOKHA C IBOMHON 000JI0YKON M TOKPBHITHEM.

DKCNEPUMEHTAILHO U3MEPSIOTCA CIEKTPhI MPOMYCKaHUsI CTPYKTYpPBI C IO-
KpPBITUEM, 3aBUCUMOCTH PE30HAHCHBIX JIJIMH BOJIH OT TOJIIIMHBI MOKPBITUS U CPaB-
HUBAIOTCSI C TEOPETUUECKUM PacyeToOM. AHATUZUPYIOTCS BO3MOXHOCTH ITPUMEHE-
HUS CTPYKTYPBI C TTIOKPHITUEM B KQUECTBE JaTUUKa XUMHUYECKOTO0 COCTAaBa BHEIIIHEN
Cpelbl.

UccnenoBanue BBINOMHEHO npu nojuaepxkke PODU B pamkax HaydHOTO
npoekta Ne 16-47-730738.

1. Y. Zhao et al., Opt. Express 21, 26136 (2013).
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3. 1.D. Villar, L.LR. Matias, F.J. Arregui, Opt. Lett. 30, 2363 (2005).
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SKCIIEPUMEHTAIJIBHOE NCCJIEJJOBAHUE ITPEOBPA3OBAHUA
[TOJIAPU3ZALIMN B CKPYUYEHHBIX BOJIOKOHHBIX CBETOBOJIAX

0.B. Usanos'??
YYVabanosckui Gunuan Uncmumyma paouomexuuky u 31eKmpoHUKu
um. B.A. Komenvnuxosa PAH, Yivanosck
2V ibsaHOBCKUIL 20CY0apCcmeenHblll YyHugepcumem, YivsiHo8ck
3Vaiwsnosckuii 20CY0apCcmeenHblll mexHu4ecKull yuugepcumem, YivsiHo8cCK
E-mail: olegivvit@yandex.ru

Ckpy4yuBaHUE€ ONTUYECKOrO BOJIOKHA JIaBHO MCHOJIb3yeTCs g MoAu(uUKa-
UM CTPYKTYPBl BOJIOKHA, MOCPEACTBOM KOTOPOrO MPOUCXOAMUT BO3ACHCTBUE Ha
BOJIOKOHHBIE MOJIBI [1]. CkpydrBaHHE IPUMEHSIETCS 1JI1 YIPABICHUSI COCTOSTHUEM
NOJIIPU3alliid B BOJIOKHE, JJIsl IEPECTPOMKHN paboveil AJIMHBI BOJHBI BOJOKOHHBIX
PEUIETOK, MPU HU3TOTOBJIEHUH BOJIOKHA ISl YMEHBILICHHS JBYIIYUYEIIPEIOMIICHUS U
MOJISPU3AMOHHON MOJOBOM TUCIEPCUU U C ApyruMu uemsamu. Kpome toro, ckpy-
YUBaHUE BOJIOKHA SIBJIIETCS OAHUM U3 HEXeENaTeIbHbIX (DAKTOPOB MPU MPOKIAIKE
BOJIOKOHHO-OITUYECKUX KaOesel, KOTOPBIA JOJDKEH COOTBETCTBYIOLIMM 00pa3oM
yuuThbiBaThca. CKpydHMBaHHE BOJIOKHA HMCHOJB30BAJIIOCH MPU CO3JAHUU JTaTYUKOB
[2]. [IpennoskeHbl U pean30BaHbl Ha MPAKTUKE BOJOKOHHBIE PEIIETKH, PopMuUpy-
€MbI€ ITyTEM CKPYYMBAHUS CUIIBHO JBYJIYYETIPETOMIISIOIINX BOJIOKOH.

D¢ deKT ckpyduBaHHsS BOJIOKHA MPOSIBISETCS B IUPKYISIPHOM ABYJIy4ernpe-
JIOMJICHHM W BPAILEHUH MOJIPU3ALUUA MOJIbI, PACIPOCTPAHSIONICHCS IO BOJIOKHY,
CO CKOPOCTBIO, TIPOIOPIMOHALHON cKkpyunBanuto [3]. [Ipu sToM kospdunreHt
IIPOIIOPITMOHATILHOCTH OIpeesaeTcs KoMOuHamuein goroynpyrux koddduiuen-
TOB. BennunHa HUPKYISAPHOrO MBYJIYYEHPEIOMIICHUS B CKPYYEHHBIX BOJIOKHAX
OblIa M3MEPEHa B HECKOJIbKMX padoTax, OJHAKO MPHUBOJUMBIE 3HAUEHUS (POTO-
yrpyroro kodp@uimeHta MEI0T JOCTATOYHO CHUIIHLHBIN paz0poc.

B nanHo#l paboTe sKCrepUMEHTANbHO U3MepsieTcss GoToynpyruii kodddu-
[UEHT, ONpPEACIAIOMINNA BETUYMHY HUPKYISIPHOTO ABYJIYYETPETOMIICHUS B BOJIOK-
Hax pa3lMYHbIX TUMOB, C PA3IMYHBIMHU MApaMETPaMH CEPJLIE€BUHBI, Pa3IAYHbBIX
POU3BOJIUTENCH. AHANTU3UPYIOTCS pe3yabTaThl U3MEPEHUN U 00CyXaaroTcs (pak-
TOpPBI, BIUSAIOIIME HAa BEIMYUHY (HOTOYNpyroro ko3hduiiueHTa uccieyemMoro Bo-
JIOKHA, TaKWe€ KakK CTeNeHb JErupoBaHus cepAlleBUHbL. Hccienyercs BiMsHUE
CKpYUYMBaHMS BOJIOKHA Ha COCTOSIHME TOJSIPU3ALMU MPU (PUKCUPOBAHHBIX KOHIAX
BOJIOKHA. B yka3aHHOUW KOH(UTYpaIuu JTMHEWHOE BpaIICHHUE MOJISPU3AIUN TOITK-
HO OTCYTCTBOBaTh, YTO MO3BOJISIET BBIABUTH MOJSpU3ALMOHHBIE 3PQeKThl Oosee
BBICOKOT'O MOPSIKA.

HccnenoBanne BbpIMONHEHO npu noupuepkke PODPU B pamkax HaydyHOro
mpoekta Ne 16-47-730738.

Ulrich, A. Simon, Appl. Opt. 18, 2241 (1979).
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2. V. Budinski, D. Donlagic, Opt. Express 24, 26282 (2016).
3. 0.V. Ivanov, J. Opt. Soc. Am. A 22, 716 (2005).
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CIIEKTPAJILHO-JIFOMHUHECLIEHTHBIE CBOMCTBA
CTEKJIOKPUCTAJUIMHECKUX MATEPHAJIOB,
AKTUBHNPOBAHHbBIX BUCMYTOM

AA. HLIHeHKOBl, K.H. HI/IHleBl, B.M. K}IIIII(I/IHl, O.b. TOMHJII/IHl, O.B. BOSIpKI/IHal,
C.B. ®upcros’, N.A. Kybanosa'
' Hayuonanvmwiii uccnedosamenscruii Mopdosckuii 20cyoapcmeentbiil
yuugepcumem um. H.I1. Ocapesa, Capanck
2Hayymbuj yenmp eonokonHou onmuxku PAH, Mockea
E-mail: alekspyn@yandex.ru

BucMmytconepxaiiue BOJIOKOHHBIE CBETOBObI SBIISIIOTCS MEPCIIEKTUBHBIMU
JUTSI TPUMEHEHUS B IIIMPOKOTIOJIOCHBIX BOJIOKOHHO-ONITHYECKUX YCUITUTENSIX, pado-
tatomux B OmmkHem MK-nuanmasone nnun BoiH. [IpakThueckoe npuMeHeHUE Ta-
KHX CBETOBOJIOB CHIEPKUBAETCS TEM, UTO JO HACTOSIIETO BPEMEHU OKOHYATEIBHO
HE ycTaHOBIIeHa (U3UYECKash MPUpOJia BUCMYTOBBIX aKTUBHBIX LIEHTpoB (BAIL),
ONPENETAIOMMNX CIIEKTPAIbHO-TIOMUHECIEHTHBIE CBOMCTBA AKTHUBHOM CpEJIBI.
DTOMY NpPENATCTBYIOT: MOJUBAJICHTHOCTh MOHOB BUCMYTA, CYLIECTBEHHOE BIIMS-
HUE TEXHOJIOTMYECKHX YCIIOBHI CHHTE3a M COCTaBa aKTUBHOW Cpe/bl Ha CIEK-
TpaJIbHO-TIOMUHECIIEHTHBIC CBOKcTBa BALI.

Lenbio pabOThl SIBISLIOCH MUCCIIENOBAHUE BIIMAHMS 3JIEMEHTOB |-3 rpymnmsl
nepuoauueckor cucremnl .M. MeHneneeBa Ha CHEKTPaIbHO-TIOMUHECICHTHBIE
CBOMCTBA aKTUBHUPOBAHHBIX BHUCMYTOM CTEKJIOKPUCTAUIMYECKUX MATEPUATIOB CO
ctpykrypoii Tuna BaGe,Oo.

O06pa3ipl cTekiokepaMuku co cTpykTyport BaGe,Og nmoyyanu myreM oTKu-
ra UCXOJHBIX aMOp(HBIX 00pa3ioB crekina coctaBa 14Ba0 -2N — (84-x)GeO, —
xBi,03 (N — okcuabl anementoB 1-3 rpymm, x=1, 3, 5 Moi.%) nipu Temmeparypax
OJIM3KUX K TeMIIepaType KPUCTAILIU3AINH CTEKIIA.

Ha cnextpax morsyomnieHus UccienyeMbix 00pa3IioB CTEKIOKEPAMUKH OTMe-
YEHO CYIIECTBEHHOE M3MEHEHHUE TOJIOKEHHUS IMOJI0C TMOTJIOMICHUSI B 3aBUCUMOCTHU
OT TUTIa BBOJAMMOW TpuMecH. Tak, Hampumep, i 00paslioB, B COCTaB KOTOPBIX
BBOAMJINCH OKCUJBI 3JeMEHTOB 3-il rpymibl, Takue kak Ga,O; Habmoganuch xa-
pakTepHbIe MOJI0CH noromieHus B odmactu 470 u 550 um. [Ipu BBeieHHH B COCTaB
OKCHJIOB B (TopuaoB 35eMeHToB 2-i rpymibl (CaO umu CdF,) HaGmromanmch mo-
jgocel morJionteHuss B oOmactu 430 um 610 BM. Ilo pgaHHBIM KBaHTOBO-
MEXaHUYECKOTO MOJICITUPOBAHUS M PEHTIC€HOBCKOTO ()a30BOT0 aHaIN3a 3aMEIIECHNE
OCHOBHOT'O aTOMa MaTpHUIlbl HA aTOMBI, KaK C MEHBIIIEH, TaK U OOJbIIEH CTENEHbIO
OKHUCJICHHs] 00€CTIeunBaeT BAPUATUBHOCTh BaJICHTHBIX COCTOSIHUN BUCMYTA. Takum
o0Opa3omM, 3aMeHa BBOJMMOM MPUMECH MPUBOJUT K CMeHE CTpYKTypbl BAILL u, kak
CJIE/ICTBUE, K U3MEHEHUIO TUIA YHEPTeTUUECKUX TIEPEXOI0B.

Peann3yemblili B MHTEpIpETALIMU TOJYYEHHBIX PE3YIbTATOB MOJIXO] MO3BO-
JSIeT TPOEKTUPOBATH BUCMYTCOJACPIKAIINE CTEKIOKPUCTAIIMYECKUE MaTepualbl
MyTeM MOJIU(UKAIIUN KPUCTALTUIECKON MaTPHUIIbI.
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®OTOUHAYLIUPYEMBIE TEPUOJIUYECKUE CTPYKTYPBI
U UX XAPAKTEPUCTHUKU B KPUCTAJUIAX CaF,-LuF,
AKTUBUPOBAHHBLIX MOHAMMU Ce* u Yb**

H.®. Paxumos, A.C. Huzamyrnunos, B.B. Cemarmiko
Ka3zanckuii gpedepanvruiii ynusepcumem, Kasano
E-mail: niyaz@mail.ru

B Hacrosiiiee Bpemsi BeA€TCsl aKTUBHOE UCCIIEI0BAHUE MAaTEPUAIIOB, B 00be-
M€ KOTOPBIX MOXKHO OBLIO OBl CO3AaBaTh MPOCTPAHCTBEHHbIE MEPUOIUYECKHE HE-
OJTHOPOJAHOCTH ONTHUYECKHX XapPaKTEPUCTHUK (IMOKa3aTesb MpeoMIIeHUs, KOdPpu-
[IMEHT MOTJIOIIEHHU) JIJIsl LeJIel peanu3aluy Ha UX OCHOBE (DOTOHHBIX KPUCTAIIOB
[1, 2, 3]. Takke BeayTCsl IOMCKU METOAMK CO3IAHMSI TIEPUOUUESCKUX CTPYKTYP Ha
OCHOBE LIEHTpOB okpacku. B padote [4] B kpuctamie LiF Obun co3nanbl nepuoau-
YECKUE CTPYKTYPHI C MEpUoaoM | MKM 3a cyeT 00eClBEUUBAHMS LIEHTPOB OKPACKH,
MIPEIBAPUTEILHO HABEICHHBIX B KpUCTauIMueckoM Mmartepuasie. CyllecTBeHHbIM
ABJIETCA TO, YTO CelYac MepuoANYECKUE CTPYKTYPhl U3TOTOBISIOT TOCPEICTBOM
TpaBieHusl 1100 HaBelneHUs Ne(EeKTOB B MaTepuaiax >KecTKuM YD uzmydeHuem
WM 3JIEKTPOHHBIMH Iy4KaMH, T.€. OHU SIBJIIOTCS CTalMOHapHbIMH. [Ipu 3Tom
ClielyeT OTMETHUTh, YTO CYHIECTBYIOT KOPOTKOKHUBYIIHE HEHTPHI OKPACKHU, BpeMs
JKI3HH KOTOPBIX MOXKET MPHHUMATh 3Hadenns mopsaka 1070 ¢ [5].

[lepcieKTUBHBIM MPEACTABISAETCS CO3JaHUE MAaTEPUATIOB, ONTUYECKUMHU
CBOWCTBAMU KOTOPBIX MOXHO OBLIO OBl YIPaBIATh C MOMOLIBIO BHEIIHETO JIa3ep-
HOT'O M3JIYYEHHMs 32 CUET YNPAaBJIEHUS PAaBHOBECHUEM IWHAMHUYECKHX IPOLIECCOB B
HUX Ipy Hakauke YD usiyueHuem.

B HacTosmeit pabote 00CyxAar0TCsl pe3ysbTaThl SKCIIEPUMEHTOB IO CO3/1a-
HUIO TMEPUOJUYECKUX HEOJHOPOJHOCTEH KO3 (PUIMEHTa MOIJIOLUEHUsI LEHTPOB
OKpackd M Ko3(pPUIMEeHTa YyCUIIEHHs] B CMEIIAHHBIX KPHUCTAJUIaX CO CTPYKTYpou
dumoopura CaF,-LUF;, aktuBupoannbix nonamu Ce®” n Yb**. Tarke oGcyxma-
I0TCA PE3yJIbTAaThl SKCIEPUMEHTOB HAaKauKu 30HJAMPOBAHUS C BPEMEHHBIM paspe-
menueM. [leproauueckre HEOAHOPOTHOCTH ObLUTH CO3JaHbI C TOMOILBIO HHTEpde-
POMETPUYECKUX METOJIOB C MCIOJIb30BAaHUEM U3NydyeHUs 4-i rapMOHUKH Jia3epa
Nd:YAG ¢ guno#t koreperntHoctd 20 cm. IIpencraBieHsl pe3yabTaThl UCCIIEI0-
BaHUI XapaKTEPUCTUK MOTYYCHHBIX MEPUOJUUECKUX CTPYKTYP, a UMEHHO TIyOnHa
MOJYJISIIIUU, BPEMs KU3HU MEPUOJUYECKON CTPYKTYpBI, CIEKTpAIbHBIE XapaKTe-
PHUCTHUKH.

1. L. Lu, A. Mock, M. Bagheri et al., IEEE Photonics Technology Letters 17,

(2009).
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(2009).

3. Y. Tanaka, J. Upham, T. Nagashima et al., Nature materials 6, 862-866
(2007).

4. F. Bonfigli et. al., Applied Optics 31, 38-43 (2009).
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B nocnennue roapl 00sbllIoe BHUMAHUE YACISIETCS BOJOKOHHBIM YCUIIUTE-
JSIM ABYXMUKPOHHOTO Hana3oHa. JlaHHbII HHTEpeC BbI3BAaH TAKUMU MEPCIEKTH B-
HBIMH HAIMpaBICHUSAMHU KaK MEIUIIUHA, aTMOC(EpHast CBsI3b, CIEKTPOCKOMHS U JIp.
[1]. dns peanu3aliuv ONTHYECKUX CXEM pabOTarolIMX B JBYXMHUKPOHHOM JHara-
30HE MPENOYTUTENLHEE BCEro HMCIOJb30BaTh BOJIOKHA, JIETUPOBAHHBIE MOHAMHU
TOJIBMHS, TaK KaK MX 00JIaCTh JIOMHUHECIICHIINH JISKUT B nuamna3one 1900-2200 am
[2-4].

bruta coOpana sKcriepuMeHTalbHasi YCTaHOBKA C 33/Ial0IIUM HETPEPHIBHBIM
rOJIbMUEBBIM JIa3€POM, T€HEPUPYIOIIUM CIa0bIi CUTHAJ AJis u3MepeHus: kKodhdu-
IIUEHTOB YCUJICHUSI CUTHAJIA U MOJYYEHHUS CIIEKTPaIbHBIX XapaKTEPUCTUK B aKTHUB-
HOM YCHJIMBAIOILEW Cpele, B KaUeCTBE KOTOPOW BBICTYHAIO BOJIOKHO, JIETMPOBAaH-
HOe ToiabMueM. JJis HaKayKu YCUIIUTENS UCIOIb30BAJICA UTTEPOUEBBIN Jlazep, U3-
Jy4arolui Ha JIJTMHE BOJIHBI 1125 HM.
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Puc. 1. A) u B) - rpaduxu 3aBucumMoctu K03 (puiueHTa ycuiIeHus oT JJIMHbI aKTUBHOT O
BosiokHa; b) u C) - Beixonubie cnekTpbl 111 2016 1 2045 Hm

[To cpaBHEHMIO ¢ TpeABIAYIIUMH padoTaMH [5, 6] ObUTH MOMY4EeHBI OOJBIITHE
KO3 PUIIMEHTHI yCHIICHUS I Auara3oHa JjauH BojaH 2016-2150 HM, a ©UMEHHO
MakcuMalbHbld KO3 duuuent cocrasui Oonee 34 ab. IlpoBeneHa TmaTenbHas
ONTUMU3AIMS AKTUBHOTO BOJIOKHA JIJII HECKOJIbKUX YPOBHEH 3aJ1al0IIero CurHaiza
B nquanasone ot 270 MxBT 1o 1 MBT.

1. K. Scholle et al., Bishnu Pal, 2010.

2. S.D. Jackson, IEEE J. Quantum Electron.42, 187 (2006).

3. J. Kimetal., in CLEO/Europe and EQEC (2009).

4. A.S. Kurkov et al., Opt. Lett. 35, 490 (2010).

5. S.A Filatova et al., Article in Laser Physics Letters 12, 095105 (2015).
6. .B. Xnykrosa u np., Coopuauk Tpynos MHTKHNBT-2016, 109 (2016).
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KOMITAKTHBIN YCUJIUTEJL HA OCHOBE
BEICOKOJIETUPOBAHHOI'O ER*/YB*" KOMITIO3UTHOI'O
OIITUYECKOI'O BOJIOKHA

B.1. Tamaran’, b.1. Jlenxep’, O.H. EFOpOBaZ, B.A. KambIHuH",

A.A. HOHOCOBal'S, C.E. CBequOBl, C.JL CGMGHOBZ, B.b. HBGTKOB1'4
1Hhtcmumym obweti puzuxu um. A.M. Ilpoxoposa PAH, Mockea
°Hayunwiii yenmp sonorkounoi onmuku PAH, Mockea
[1A0 «Ilepyckas HAyUHO-NPOU3E0OCMEEHHAS NPUGOPOCIPOUMENbHAS
Komnanusy, llepmo
4Hauu0HaﬂbezzZ uccredosamenvckuti s0epuulil yrugsepcumem « MUD®H», Mockesa
E-mail: nastya-aleksi@mail.ru

B mactosmmieit paboTte mpencTaBieH MOTHOCTHIO BOJIOKOHHBIA KOMIIAKTHBIN
YCUJIUTEIb C HAKAYKON B 000JI0UKY, B KAUECTBE aKTUBHOM CPEIbI KOTOPOTO UCIIONb-
30BaHO BBICOKOJICTHPOBAHHOE Er¥*/Yb® koMmosurHOe OnTHYECKOE BOIOKHO. Nzny-
yeHue Hakadykyd Ha 971 HM M cur”Haja Ha JUIMHE BOJHBI ~ 1550 HM BBOIMIINCH B
KOMITO3UTHOE BOJIOKHO Uepe3 OOBETUHUTENIb HAaKauKH.

B pabote Obumn MccnenoBaHbl CIEKTPHI U3IIYUYCHUS U MOITHOCTh YCHITUTEIIS

MIPU Pa3IMYHBIX MOIIHOCTSX HAKa4yKu. /[TMHA aKTUBHOTO BOJIOKHA B YCUJIUTENE CO-
cTaBisiiia 23 cMm.
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Puc. 1. 3aBucumocth k03¢ HUIMEHTA YCHIICHHS OT BBEICHHON MOIIHOCTH HaKauKH
JUTSL pa3JIMYHBIX MOIIHOCTEH CUTHANA () ¥ CIIEKTP U3IYUYCHHUS yCUITATEIS
npu MOITHOCTH curHaia 4,4 MmBT (0)

Ha puc. 1 npencraBneHsl 3aBUCUMOCTb KO3(PGUIMEHTA YCUICHHS OT BBEJICH-
HOW MOLIHOCTH HaKauKW JJIS1 pa3HbIX MOILHOCTEH (a) U CIIEKTP U3Iy4YEHHUs YCHIIH-
Tess (0) mpu IIMHE akTUBHOM cpenbl 23 oM. [lonydueHo MakCUMallbHOE yCUJIEHHE
11,5 nb, ynensHoe ycunenue coctasuio 0,5 ab/cMm.

Pabota 6bima nmogneprxkana POOU B pamkax mpoekra 14-29-08168 opu_m.
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®OPMUPOBAHME KAHAJIbHBIX BOJJHOBOJIOB B OFLEME
KPUCTAJIIA ZnS C [TIOMOIIBIO ®PEMTOCEKYH/IHbIX
JIASEPHBIX UMITVYJIbCOB

B.JI. JIutBak, M.II. Cmaes, A.I'. Oxpumuyk
Meoswcoynapoonuwiii yenmp nazepuvix mexroao2uil, Poccuiickui
XUMUKo-mexnonocuveckuti ynueepcumem um. /.M. Menoeneesa, Mocksa
E-mail: illusionle@mail.ru

Cynbdua muHKa UMEET IMIMPOKOE OKHO MPO3PAYHOCTH, IPOCTUPAOIIEECS B
cpenuuii nHGpakpacHsiid nuama3on criekrpa (0,4—14 mxm). B coBokymHOCTH C BbI-
COKOM HEJIMHEWHOCTHIO TOKA3aTeNisl MPEIOMIICHHS, 3TO JAENAaeT KpUcCTaua ZnS
Ype3BbIYAHO TMPHUBJICKATEIBHBIM JIJI1 CO3/aHUSI BOJHOBOJHBIX YCTPOMCTB HEJH-
HEWHOM onTuky, padoraromux B cpeanem UK.

Kpucrannmuueckuit o6pasen; ZnS ObUT IPOTECTUPOBAH HA TMPEIMET Ja3epHOi
3aMMCH  KaHAJTbHBIX  BOJHOBOMOB. [lyukom  demTocekyHmHOrO  Jasepa
(4 = 1028 um), choKyCHPOBAHHBIM 101 TOBEPXHOCTHIO MTOJUPOBAHHOMN MJIACTUHKH
oobekTuBoM ¢ NA = 0,85, Obuta 3amrcana cepusi TPEKOB M3MEHEHHOTO ITOKa3aTelIsl
MPEJIOMJIEHHUS] TIPU CKaHUPOBaHUHU oOpa3la nomnepék JiazepHoro nydka. [lpu 3anu-
CU BapbUPOBAIUCH JJIUTEIBHOCTh, SHEPIHs, YaCTOTA MOBTOPEHUS UMITYJIbCOB, IO-
JsIpU3aIUsl JIA3epHOTO My4YKa, CKOPOCTh CKAaHMPOBAHMS IUIACTUHKHU. bbiio ycra-
HOBJICHO, YTO MPH OOJIYYEHUH MPOUCXOUIO YMEHbBIIICHHE TTOKA3aTelsl mpesiome-
HUSI BHYTPHU Tpeka. Bce Tpeku B pa3HOM CTENEHU BBITSHYTHI BJIOJb PaCpOCTpaHe-
HUSI J1a3€pHOTrO My4YKa B MOMEPEYHOM CBOEM CEYEHUU. 3aBUCUMOCTh MOJIUPUIIUPO-
BAHHOT'O TIOKA3aTesIsl TPEJIOMIICHHS |A7| 1 BBICOTBI TPEKOB N OT JIINTENILHOCTH UM-
MyJIbCOB 7 MpecTaBieHa Ha puc. 1. OnTuManpHas JJIMTENbHOCTH MO BEJIUYUHE An
U TI0 TJIaJIKOCTH TPEKOB 3akimtovaercs B quarna3one 800-1500 ¢c. [Toporosas snep-
rust Mmoagudukauu ctekia cocrabuia Ey = 30 u/lx. B mmpokom nuamnaszone sHep-
ruit ummynsca (30—-1000 v/]x) ObpUIH MOTYYESHBI TIIAJKHE OJHOPOIHBIC TPEKH.

0,003 4 - 160

0,002+ y 140
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0,000 T T T — 0
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Puc. 1. 3aBUCUMOCTb M3MEHEHHUS OKA3ATEIsI TPEIOMIICHHSI |[47| 1 BBICOTBI Tpeka h
OT JUIMTEIBHOCTH T UMITyJIbCa (YacToTa ciaeqoBaHus uMirysibcoB f =5 kI'1, sHeprus B uMmnyJbce
Ep= 960 n/lx, ckopocts ckanupoBanus Vyr = 0,25 Mm/c)

[Tocne ompeneneHuss ONTUMAIIBHBIX PEXKUMOB 3allUCH TPEKOB ObLIa OCY-
IIECTBJICHA 3allMCh BOJIHOBOJIA ¢ OOOJIOYKOM C MOHUKEHHBIM IOKa3aTeseM Ipe-
JIOMJICHUSI. BbUIO MPOAEMOHCTPUPOBAHO OJHOMOJOBOE BEICHHE WM3IYYEHUS JIA
JUTMHBI BOJIHBI A = 1064 HM.

Pabota BbInonHeHa npu nojaaep:xxke MunucrepcTBa 00pazoBaHus U HAYKU
P® (rpant Ne 14.250.31.0009).
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BOJIOKOHHBIM DPBUEBBIN JIAZEP C [TACCHUBHOM
CAMOCHHXPOHIMBALIMEN MO/

W.A. Boakogs', C.H. Viakos™? , B.A. KaMLIHI/IHZ, K.H. Humes
' Hayuonanvmwiii uccnedosamenscruii Mopdosckuii 20cyoapcmeentbiil
yuugepcumem, Capanck
2 Hnemumym obweti usuxu um. A.M. Ipoxoposa PAH, Mockea
E-mail: emofan_80@mail.ru

B nocnennee BpeMs OOJbIIOE YMCIIO MCCIEAOBAHUNA MOCBALICHO CO3AaHUIO
BOJIOKOHHBIX JIa3€POB Ha OCHOBE MCIOJb30BAHUS HEIMHCHHBIX MEXaHU3MOB |1, 2].
Oco0eHHO MPUBIIEKATEIILHBIMU SIBIISIIOTCS HAJEKHBIE 1[€JIbHOBOJIOKOHHBIE JIa3€phl,
KOHCTPYKIUHM KOTOPBIX HE COAEPKAT NPEUN3NOHHBIX ONTOMEXaHUYECKUX JIEMEH-
TOB. ABTOpaMu pa3paboTaH KOJbIEBOM IpOMEBbI BOJIOKOHHBIN Ja3ep, cxema Ko-
Toporo (puc. 1) mo3BoJIsieT peaqu30BaTh MEXaHU3M CHHXPOHHU3AIMU MO Ha 3¢-
¢dexre HBIL

VPR
N

Puc. 1. Cxema K0oJbIIeBOr0 SpOMEBOTO 1IETFHOBOJIOKOHHOTO Jlazepa

Pesonarop mnazepa oOpasoBaH ogHOMOIOBBIM BojokHOM SM-E3 (AO
«OmnroBonokonnbie Cuctemb» r. CapaHCK) U BOJIOKHOM, JISTUPOBAHHBIM SPOUEM.
Jlimna aktuBHOro BosiokHa SM-EYDF-6/125-HE (Nufern) cocrabmsina 3 M.
Hakauka ocymiecTBisiyiach 4epe3 BOJOKOHHBIA CyMMAaTOp MOIIHOCTH JIa3€pPHBIM
MHOTOMOJIOBEIM JTHOZIOM Ha JUTMHE BOJHBI 970 HM ¢ BBIXOJHOW MOIIHOCTBHIO JI0
4 Bt. HammpaBneHue reHepai B CXeMe ONpPeesiiioCh BOJIOKOHHBIM U30JISITOPOM.
JIBa KOHTpOJUIepa MOJIAPU3AINNKA YCTAHOBJICHBI B KOJBIIEBOM PE30HATOPE C JIBYX
CTOPOH OT BOJIOKOHHOTO TMOJISIPU3AIMOHHOIO JEIUTENS U UCTIONIb3YIOTCS JUIsl 1O/1-
CTPOMKHU MOISPU3ALUH.

B Tabmmie mpuBenAcHBI XapaKTEPUCTHUKHU HW3ITYUCHUS BOJIOKOHHOTO Jiazepa
JUTSL IBYX BapUAHTOB €0 KOHCTPYKIIMH, OTJIMYAIOIIUXCS JUTMHON pe30oHaTopa.

Tabmuua 1. XapakTepucTUKH U3ITYy4eHHUs] BOJIOKOHHOTO Jia3epa

Yacrora noBTOpEHUS LlenTpanbHas giuHa
Ne | JlnmnHa pe3oHaropa, M
UMITYJIbCOB, MI'1 BOJIHBI U3JIYY€HUSI, HM
1 70 3,2 1565
2 210 1,1 1568

1. W. Xu, Z. Luo et al., OPTICS EXPRESS 24, 10786 (2016).
2. G.P. Agrawal, Nonlinear Fiber Optics, Academic Press, 2013.
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FIBER PREAMPLIFIER CASCADE WITH COMPRISING SPECTRAL
COMPRESSION FOR GENERATION OF HIGH-ENERGY LASER PULSES

1.O. Zolotovskii
Ulyanovsk state university, Ulyanovsk, Russia
E-mail: rafzoll4@mail.ru

Laser optics is actively engaged in development of the systems generating
high-power pulses for multiple applications including material processing, optical
communication, medicine, etc. Great demand for these systems stimulates progress
in high-power optical pulse amplifiers. Compactness, reliability and high beam
quality make the amplification systems based on rare earth doped optical fibers at-
tractive for practical use [1, 2]. Fiber amplifier systems suffer from strong nonline-
ar effects mainly caused by self-phase modulation (SPM) of a propagating pulse.
Soliton effects limit the pulse energy in the amplifier with anomalous group veloci-
ty dispersion (GVD). Thus, to amplify the laser pulses up to higher energies the fi-
ber amplifiers with normal GVD are widely used [3]. High positive frequency
modulation (chirp) is among the main factors limiting pulse power by ~ 100 nJ in
such amplifiers. Chirp occurs due to SPM and causes spectrum broadening beyond
the amplification band thereby disturbing the pulse envelope and, consequently,
destructing the pulse.

A common way to mitigate undesirable nonlinear effects is to use the
chirped pulse amplification technique that includes preliminary pulse stretching to
reduce its peak power, amplification of the stretched pulse and pulse recompres-
sion [4]. With the use of special rod fibers of a large mode-field area in multistage
amplifiers this technique enables pulses with energies up to a few mJ and peak
power of more than 1 GW generating in Yb laser spectrum range [5]. A recent ap-
proach to reduce nonlinear spectrum broadening is amplification of parabolic simi-
lariton pulses [6] in fibers with normal GVD increasing along the fiber length [7,
8]. Absence of bulky components (lattices, modulators, etc.) in the system makes
this technique very attractive.

Another mechanism used for reduction of SPM induced pulse spectrum
broadening is the spectral compression (SC) [9]. In this technique, a negative chirp
initially acquired by the pulse is followed by chirp compensation in a nonlinear
medium. Recent experimental and theoretical studies of SC have considered vari-
ous problems, in particular, spectral compression accompanied by pulse amplifica-
tion resulting in high-power narrow-band pulses [10, 11], SC of parabolic similari-
ton pulses [12, 13], employing SC elements in the model of an efficient similariton
laser [14], etc. In this paper, we report the model of the high-energy laser pulse
generator based on spectral compression and employed as a preamplifier. Pulse
spectrum narrowing allows its efficient amplification in the subsequent stages. The
paper compares two models of such amplifying systems. The first model utilizes a
standard mechanism of spectral filtering for nonlinear chirp suppression, while the
second one employs pulse shaping elements for this purpose.
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Key equations
This section analyzes the main characteristics of SC of a pulse propagating
in nonlinear optical fiber. Let us consider the common model of pulse propagation
in nonlinear fiber based on the nonlinear Schrodinger equation (NSE) inscribed for
a complex amplitude A(z,t) [15]:
H 2
Z_’;_%%HMAF A=0. )
Here, z is the longitudinal coordinate, tis the time in the moving coordinate sys-

tem, g, and is the GVD parameter, » is the Kerr nonlinearity parameter. For sim-
plicity, fiber losses are neglected in this section. Hereinafter, the 5, wavelength de-

pendence, i.e. high order dispersion coefficients (third order and higher), are also
omitted. It is feasible if the fiber length is much shorter than L, =273/4,, where -,

is the pulse duration, g,is the third order dispersion. This condition is valid for the

pulses of ps and longer duration propagating in the fibers shorter than 100 m hav-
Ing B, <1072ps*/m. In these fibers, the GVD of about g, ~10?ps®*/m effectively con-

tributes to propagation of these pulses even for the fiber length of tens of meters
[16].

Let us consider a linearly frequency modulated pulse with a negative
chirp A(O,t)=a(t)exp(iC0t2), C, <0 injected into the fiber. When propagating in a

fiber, the SPM induced positive pulse chirp compensates the initial chirp causing
pulse spectrum narrowing. Compression quality depends on the pulse envelope
shape a(t). The best results have been reported for a parabolic shape of the pulse

envelope (P, is the peak power) [12, 13]

2
a= Po(l—;—z} |t|£rp, a=0, |t|>rp, 2

p
Indeed, in the case of zero dispersion g, =0 at some fiber length z=L the frequen-
cy modulation can be completely compensated ct*-yP,1-(t/z,)*IL =—yRL =const and

the minimal spectrum width can be achieved.

Although dispersion and its interplay with SPM are commonly believed to
ultimately limit the spectral compression performance, in the case of Gaussian
pulse shape, as it is shown in Ref. [16], certain correlation between GVD and non-
linearity may enhance the quality of the spectral compression process. Here, how-
ever, we are estimating not the SC quality but its variation with the dispersion pa-
rameter with the aim to define the optimal length of fiber with the given nonline-
arity and GVD that corresponds to the minimal spectrum width of the propagating
parabolic pulse.

To estimate this effect of GVD a standard variational method can be applied
[17]. Assuming that the pulse parameters are determined mainly by the nonlineari-
ty and the effect of GVD is just disturbance effect, the propagating pulse could be
considered to maintain the parabolic shape (2) and linear frequency modulation.
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The following set of equations is obtained for the pulse chirp C(z)and duration
v (z) [18, 19]:

dr
d_pzzﬂZCTp’
VA
d—C:—ZCZ/B’ +37/W (3)
dz 2 4t

p
Here, W is the pulse energy. Fig. 1 shows evolution of the pulse duration z,

from set (3) and spectrum width AQ that is determined by the ratio

2
4In2 2
AQ:\/( ] +(Crmmm)
TrwHM

where z.,,.,, 1S the pulse width at half of maximum. At a strong frequency modula-
tion an assumption AQ~|C|zay IS Valid. Fig. 1 (a, b) compares evolution of the
parameters of initial parabolic pulse with an average energy of W =1.33nJ in non-
linear optical fibers with different GVDs.

2SS

Fiber lentgh (m) Fiber lentgh (m)

0 100 0 100
Fig. 1. Evolution of the spectral width (a) and duration (b) of a parabolic pulse of duration
7,,=10 psand initial chirp c,=-1ps?® propagating in fibers with nonlinear parameter =10 w*km™*

and different GVVDs. Evolution of the spectral width (c) and duration (d) of parabolic pulses
of equal energy, the same initial spectral widths but different initial pulse durations r,,
propagating in the fiber with nonlinear parameter y=10wm®* and GVD g, =10ps*/m .

Solid lines are calculations from set (3). The circles are results of numerical
simulation of Eq. (1) with corresponding parameters
One can see that in the normal GVD fibers spectral compression occurs

much faster in comparison with zero dispersion fibers. As the pulse is compress-
ing, the minimal spectral width AQ_._obtainable in the normal GVD fiber is a bit

greater than AQ, . achievable in fibers with 8,=0. To obtain extremely narrow
spectrum, SC in anomalous GVD g, <0 fibers seems to be the most attractive due
to pulse stretching. However, much longer fibers (over 250 m for g, =-5ps®*/m) are

required for such compression and so high order dispersion and absorption effects
leading to degradation of SC efficiency have to be taken into account.
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The choice of initial negative chirpc, value is important for effective SC.
fig. 1 (c,d) compares evolution of the spectral width AQ and duration z, of parabol-

ic pulses that could be achieved at the negative frequency modulation assigned to
the initial pulse (e.g. by means of diffraction gratings). These pulses are of equal
energy W = 1,33 nJ and initial spectral width but different durations r,,and, hence,

different initial chirp C,. As expected, due to higher peak power, SC of the pulses
with high absolute value of the initial chirpC,occurs at shorter fiber length. How-
ever, SC of the pulses with lower chirp C, occurs at longer pulse duration. Thus, a
narrower minimal spectral width AQ_, can be achieved. However, again, the use of

longer fiber length requires accounting of high dispersion coefficients and absorp-
tion.
Egs. (3) demonstrate specific scaling, i.e. change of the initial pulse duration

r,, = ki, with varying peak power (or fiber nonlinearity) yP, —k’»'R, does not

shit the SC maximumcC =0. This allows generalization of the results obtained in
this section for the pulses with different energies and durations.

The results obtained by the variational method should be verified. Even in a simple
model governed by the NSE (1), initially parabolic pulse propagating in a fiber
changes its envelope shape, so the assumption of a linear frequency modulation in-
side the pulse is not perfectly valid. To validate reliability of the results, Eq. (1) has
been numerically simulated by the split-step Fourier method [15]. Simulation re-
sults for two sets of initial conditions and fiber parameters are shown in Fig. 1. One
can see a good agreement of these results with calculation results of set (3). It con-
firms validity of the variational method for description of the pulse parameters dur-
ing SC.

Model of a cascade amplifier system

Employing results of the previous section now we consider the cascade am-
plifier complex generating high energy pulses. Let a picosecond pulse of the aver-
age energy (1-3 nJ), high positive linear chirp with a spectral width AQ of about
10” s be introduced in the cascade. Such pulses can be generated by similariton
lasers based on a normal dispersion cavity [20, 21].

The scheme of cascade amplifier system is shown in fig. 2. The first element
of the cascade is a chirp inverter providing the pulse with a negative frequency
modulation. In the model, it is a linear dispersion element with anomalous
GVD 3, . In practice, it could be designed as a pair of diffraction gratings. Then,
the pulse passing the first element undergoes spectral compression followed by ef-
fective amplification. The spectral compressor is characterized by the parameters
of GVD g,, nonlinearity » and the fiber length 1. A narrow band spectral filter is
included before the amplifier. In our model, Gaussian filter with the transmission
spectrum width Q_ is employed. This element is important to filter out the spectral
density pedestal appearing with SC of the pulse. The filter smoothes local perturba-
tions of the pulse envelope that could cause instabilities and pulse destruction dur-
ing amplification. Importantly, the filter does not affect significantly the pulse en-
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ergy, since the most of the pulse energy is concentrated in the central part of the
spectrum that can pass through the filter without significant losses.

) Gaussian . . . Spectrum Gaussian
m | Chirp Spectrum HAITOw Amplifier Broad | Chirp TS TS
; COmpressor - g B2, B2 filter inverter e il
_ inverter | ] 8o 71 L ! filter || ; — a0, - verter Ll Bo, yan, | filter |—,,,
Parabolic | B2ch <0 > 1 ol T ta | B2ehan<0 L Qnan
pulse

W,AQ |

Fig. 2. The cascade amplifier system

The system employs a fiber amplifier with the normal GVD g,, as the main ele-

ment providing high energy transfer to the pulse that is possible due to the high
value of small signal gain g,, while the saturation gain
1

g= g0(1+ = fla@of dtj , (4)

describing the gain decrease with the length caused by pump depletion should be
determined by rather high saturation energy E., .

In an ideal amplifier with the spectrally unlimited gain, which is constant
along the fiber length, the pulse of any shape acquires a parabolic shape with a lin-
ear chirp determined by the gain and normal GVD parameter [6]. However, in the
present approach, both saturation in the amplifier and final amplification spectrum
band , are accounted providing more correct description of the real amplifier.

Pulse propagation in the amplifier is described by the modified NSE

— 2
B La P TA L =S ®)

sat

oz 2 ot
where 8,, =g/Q, ,is the Kerr nonlinearity of an active fiber.

Saturation and finite gain bandwidth cause perturbation of the parabolic
pulse envelope and deviate a pulse chirp from linearity thus restricting the achiev-
able pulse output energy. Indeed, the task addressed to the amplifier in this cascade
Is to generate a pulse with higher pulse energy maintaining linearity of the chirp
and parabolic shape of the pulse envelope. It can be done employing another spec-
tral filter with the transmission band providing a proper balance between output
pulse energy and linearity of the pulse frequency modulation. Note that recent ad-
vances in optical processing allow to replace a filter with a pulse shaper (e.g. based
on liquid crystals or acousto-optic modulators) [13, 22, 23 ] that is able to adjust
any required pulse shape to the propagating pulse. Further, we will discuss this ap-
proach in more detail.

After passing the first block, the pulse again passes the chirp inverter, then
the spectral compressor and narrow spectral filter. As a result, the pulse passed the
first stage with the energy of about several hundreds of nJ is prepared for amplifi-
cation in next stages. So, the considered configuration is some kind of preamplifier
enabling high-energy pulse generation. The concern of this model is to demon-
strate generation of high energy pulse with narrow spectrum allowing its further
amplification.
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To demonstrate generation of high energy narrow-band pulses the propagation of a
parabolic pulse with the initial durationz,, =15ps, linear chirp C, =1ps?and peak
power of 120 W has been numerically simulated.

The simulation results are given in figs. 3-5. Fig. 3 shows the envelopes and
Instantaneous frequency of pulses passed the cascade elements. As one can see, be-
fore amplification (fig. 3 (a, b)) the pulse frequency modulation is almost compen-
sated.
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Fig. 3. The instantaneous frequency (a,c) and pulse envelope for pulse passing different stages
of the cascade (b,d). CI — chirp inverter, SC - spectral compressor, NF — narrow-band filter,
amp.- amplifier, BF — broad-band filter, Input — the pulse at cascade input.

Output is the pulse at cascade output

Thus, the pulse loses minimum of its energy as it passes a narrow-band filter
that smoothes frequency modulation peaks and is prepared for amplification. Dur-
ing amplification the pulse spectrum broadens rapidly due to SPM. However, ini-
tial narrow spectrum of the pulse ensures efficient energy transfer and linear fre-
quency modulation for a pulse, at least, at the beginning of the amplification (fig. 3
(c, d)). Then, due to a limited gain bandwidth _, the frequency modulation loses

its linearity, therefore, the maximal total amplification obtained in the model (the
gain saturation is taken into account) is limited by 22 dB. After passing a Gaussian
broadband filter with the width &, and chirp inverter, the pulse is introduced into

the second spectral compressor where its chirp is compensated again.

output

Normalized Spectrum
(10 dB/div)

0 5
0—0,(105s")

Fig. 4. The pulse spectrum normalized to the maximal value after passing different stages of the
cascade. Dashed line is a broad-band Gaussian filter used after amplification
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An increase of the pulse energy enables the second SC in the fiber with low-
er nonlinearity », =3 W “km™. Noteworthy, long pulse duration (>40 ps at half-

maximum) and relatively low peak power allow to mitigate influence of higher or-
der non-linear parameters, mainly of Raman scattering. In our model, these effects
are neglected. After passing a narrow filter, the width of the main peak in the pulse
spectrum achieves 2-10"s™,while the level of the pulse pedestal (obscure in fig. 4)

is less than - 17 dB.
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Fig. 5. Dynamics of the normalized spectrum width (FWHM) (a), evolution of the normalized
spectrum of the pulse passing through long cascade elements (b), dynamics of the maximal value
of the pulse energy spectral density (c)

The output pulse energy of about 106 nJ is 55 times higher than the energy
at the input. Significant spectral compression allows further energy increase in the
amplifier system. Fig. 5 shows spectrum evolution of the pulse passing the cas-
cade. One should note high peak values of the obtained pulse spectral energy den-
sity. This result is of particular concern even with no regard to further amplifica-
tion, since it could be used for problems of nonlinear frequency conversion, gener-
ation of high harmonics etc.

In summary, we consider spectral compression of parabolic pulses in nonlin-
ear optical fiber. It is been shown that the variational analysis allows correct de-
scription of the dynamics of pulse parameters during SC. The results of the analy-
sis are validated by direct numerical simulations.

We propose a numerical model of the preamplifier cascade comprising spec-
tral compression. The model demonstrates that the input pulses of moderate power
could be amplified up to energies of hundreds of nJ so that the spectral parameters
of output pulses become suitable for further effective amplification of the pulse.
We also offer the model modification employing the pulse shaper to optimize the
pulse envelope and frequency modulation. It has been shown that the pulse shaper
could significantly improve the model parameters, in particular, to reduce energy
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losses in spectral filtering and shorten length of SC elements. The latter, in its turn,
diminishes perturbations caused by higher dispersion and absorption.
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OPTICAL FIBERS WITH THIN FILM COATINGS AND THEIR MODES

0.V. Ivanov'*3, S.V. Vasin®
YUlyanovsk Branch of Kotel nikov Institute of Radio Engineering and Electronics
of RAS, Ulyanovsk
Ulyanovsk State University, Ulyanovsk
3Ulyanovsk State Technical University, Ulyanovsk
E-mail: olegivit@yandex.ru

Fiber optic refractive index and chemical sensors are widely investigated in
recent years [1]. These sensors have advantages of small size, high sensitivity, and
multiplexing. An effective method to realize sensitivity of fiber structures to exter-
nal medium is excitation of evanescent waves at the fiber-medium interface [2].
The evanescent field in a standard fiber is weak, but it can be enhanced by several
orders of magnitude when the outer cladding of the fiber is coated with a thin film
having refractive index higher than that of the cladding [3].

The influence of the external medium on the evanescent field reveals itself
as a wavelength shift of a resonance corresponding to interaction of the core mode
and cladding modes in a long-period fiber grating or a double cladding fiber [3].

In this work, we investigate feasibility of deposition of thin film coatings on
double cladding optical fiber. The coatings are based on polyvinyl alcohol and
have thickness 500-1500 nm, which is of order of the wavelength. The transmis-
sion spectrum of the double cladding structure contains several dips caused by in-
terference between fiber modes. We work through the procedure of deposition of
coating with a constant thickness and measurement of coating thickness. We calcu-
late numerically the modes of the multilayer fiber structure with outer cylindrical
layers having refractive index higher than the refractive index of the core.

L
. iy
Lz == f—
— —
SMEF-28 SM630 SMEF-28

Fig. 1. Double cladding fiber structure with an overlay

Transmission spectra of the double cladding fiber structure are measured,
and the dependence of resonance wavelengths on coating thickness is compared
with theoretical calculation. We analyze the possibility of using this coated fiber
structure as a chemical sensor.

The reported study was funded by RFBR according to the research project
Ne 16-47-730738.
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EXPERIMENTAL INVESTIGATION OF POLARIZATION
TRANSFORMATION IN TWISTED OPTICAL FIBERS

O.V. lvanov* 23

YUlyanovsk Branch of Kotel nikov Institute of Radio Engineering and Electronics
of RAS, Ulyanovsk
Ulyanovsk State University, Ulyanovsk
3Ulyanovsk State Technical University, Ulyanovsk
E-mail: olegivvit@yandex.ru

Twisting of optical fiber has been used for a long time to modify fiber struc-
ture and modes propagating through the fiber [1]. Twisting is employed for con-
trolling polarization state in the fiber, tuning wavelength of fiber gratings, reduc-
tion of linear birefringence during fiber drawing, controlling polarization mode
dispersion, etc. In addition, twisting of optical fiber is one of the hindrances that
should be eliminated during cable laying, and the effect of twisting should be taken
into account accordingly. Some sensors are based on fiber twisting [2]. Fiber grat-
ing fabricated by twisting standard and special fibers has been proposed and real-
ized.

The effect of fiber twist exhibits itself in circular birefringence and rotation
of polarization of mode propagating through the fiber with the rate proportional to
twist [3]. The ratio between the twist and polarization rotation is determined by
combination of stress-optic coefficients. The value of circular birefringence in
twisted fiber has been measured in several works; however, there is no good
agreement between the results obtained.

In this work, we experimentally measure strain-optic coefficient that deter-
mines circular birefringence in fibers of various types from different manufactures.
We test fibers with different parameters of the core. We analyze the measurement
results and discuss the factors that influence the strain-optic coefficient of the cor-
responding fiber, such and dopant concentration. We study the effect of twisting
for a fiber with fixed ends. In this configuration, the linear rotation of polarization
Is eliminated, that allows us to reveal polarization effects of higher orders.

The reported study was funded by RFBR according to the research project
Nel6-47-730738.
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SPECTRAL-LUMINESCENT PROPERTIES OF BISMUTH-DOPED
GLASS-CRISTALLINE MATERIALS

A.A. Pynenkov', K.N. Nishchev', V.M. Kyashkin®, O.B. Tomilin®,
O.V. Boyarkina', S.V. Firstov?, I.A. Kubanova®
'Ogarev Mordovia State University, Saransk
“Fiber Optics Research Center of the Russian Academy of Sciences,
Moscow
E-mail: alekspyn@yandex.ru

Bismuth-containing optical fibers are promising for use in broadband fiber-
optic amplifiers operating in the near infrared wavelength range. The practical ap-
plication of such fibers is hampered by the fact that until now the physical nature
of the bismuth active centers (BAC) determining the spectral-luminescent proper-
ties of the active medium has not been finally established. This is hampered by the
polyvalence of bismuth ions, the significant influence of technological conditions
for synthesis and composition of the active medium on the spectral-luminescent
properties of the BAC.

The aim of this work was to investigate the influence of elements 1-3 of the
group of the periodic table of D.l. Mendeleev on the spectral-luminescent proper-
ties of bismuth-activated glass-crystalline materials with a BaGe,Oq type structure.
Samples of glass ceramics with the BaGe,Oy structure were obtained by annealing
the initial amorphous glass samples of the composition 14BaO-2N- (84-x) GeO,-
XBi,03 (N-oxides of the elements of the 1-3 groups, x = 1, 3, 5 mol%) at tempera-
tures close to The crystallization temperature of the glass.

The absorption spectra of the investigated glass-ceramic samples show a
significant change in the position of the absorption bands, depending on the type of
impurity introduced. For example, for samples containing oxides of elements of the
third group such as Ga,0s3, characteristic absorption bands in the 470 and 550 nm
regions were observed. When introducing into the initial matrix oxides and fluo-
rides of the elements of the second group (CaO or CdF,), absorption bands were
observed in the region of 430 and 610 nm. According to the data of quantum me-
chanical modeling and X-ray phase analysis, the replacement of the basic atom of
the matrix by atoms with both a lower and a higher degree of oxidation ensures the
variability of valence states of bismuth. Thus, the replacement of the impurity in-
troduced leads to a change in the structure of the BAC and, as a consequence, to a
change in the type of energy transitions.

The approach realized in the interpretation of the results obtained allows one
to design bismuth-containing glass-crystalline materials by modifying the crystal
matrix.
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LIGHT-INDUCED PERIODIC STRUCTURES AND THEIR
CHARACTERISTICS IN CRYSTALS CaF,-LuF,,
ACTIVATED BY Ce* AND Yb* IONS

N.F. Rakhimov, A. S. Nizamutdinov, V. V. Semashko
Kazan Federal University, Kazan,
E-mail: niyaz 06@mail.ru

Currently under active investigation materials, in volume of which could
create spatial periodic heterogeneity of optical characteristics (refractive index, ab-
sorption coefficient) for realization photonic crystals [1, 2, 3]. Also being sought
techniques for creating periodic structures on the basis of color centers. In [4] in a
LiF were created periodic structure with a period of 1 micron by bleaching of color
centers, previously induced in the crystalline material. It is essential, that now peri-
odic structures are made by etching or guidance defects in materials by hard UV
radiation or electron beams, i.e. they are stationary. It should be noted, there are
short lived color centers, lifetime of which can range from about 10° s [5].

Promising the creation of materials, whose optical properties can be con-
trolled by external laser light through the management equilibrium of dynamic
processes in them pumped UV radiation.

In this paper, we discuss the results of experiments of creating periodic in-
homogeneities of the absorption coefficient of color centers and the gain in mixed
crystals with the fluorite structure CaF,-LuF;, doped Ce® and Yb**". The results of
pumping experiments with time resolution are also discussed. Periodic inhomoge-
neities were created using interferometric techniques using radiation 4th harmonic
Nd: YAG laser with a coherence length of 20 cm. Here presented results of re-
search characteristics of periodic structures, namely, the depth of modulation, life-
time of the periodic structure and spectral characteristics.
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RESEARCH AND OPTIMIZATION OF FIBER HOLMI AMOUNT
AMPLIFIERS IN THE TWO-MICROWAVE RANGE
.V. Zhluktova'? N.Y. Titarenko®, A.A. Tavleev®, V.A. Kamynin?, V.B. Tsvetkov?
'Moscow Technological University, Moscow
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*National Research Nuclear University "MEPhI", Moscow
E-mail: i.v.zhluktova@gmail.com

In recent years, great attention has been paid to fiber amplifiers of the two-
micron range. This interest is caused by such perspective directions as medicine,
atmospheric communication, spectroscopy, etc. [1]. To realize optical circuits op-
erating in the two-micron range, it is preferable to use fibers doped with holmium
ions, since their luminescence region lies in the range 1900-2200 nm [2-4].

An experimental setup with a continuous holmium laser was generated, gen-
erating a weak signal for measuring the signal amplification coefficients and ob-
taining spectral characteristics in an active amplifying medium, which was holmi-
um-doped fiber. An ytterbium laser emitting at a wavelength of 1125 nm was used
to pump the amplifier.

407 A) 17 B)
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Fig.1. A) and B) - graphs of the dependence of the gain on the length of the active fiber;
B) and C) - output spectra for 2016 nm and 2045 nm

Compared with previous works [5, 6], large gain factors were obtained for
the wavelength range 2016 - 2150 nm, namely the maximum coefficient was more
than 34 dB. A careful optimization of the active fiber for several levels of the mas-
ter signal in the range from 270 uW to 1 mW has been carried out.
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HOBbIE PYHKUUOHAJIbHbIE MATEPUA/bI



SJIEKTPOXUMMWNYECKUE 'EHEPATOPBI - TBEPTOOKCU/IHBIE
TOIUVIMBHBIE 3JIEMEHTBI (TOT9) INTAHAPHOU KOHCTPYKINU

C.. bpenuxun
Hucmumym ¢huszuxu meepoozo mena Poccuitickout akademuu Hayk, Yeproeconoexa

[IpencraBiieHbl pe3yabTaThl BRIMOIHEHUS pabOT Mo pa3paboTKe J1aboparop-
HOM MacImTabupyeMol TEeXHOJOTUM M3roToBjIeHus Oatapein u3 TOTD mianapHoi
KOHCTPYKLIMM ¥ KOHLEMLHUH CO3/IaHUs Ha UX 0a3e YHEPreTHYECKUX yCTAaHOBOK pa3-
JUYHOTO HA3HAYEHUs U CTPYKTYphl. [IpencraBiieHbl pe3ynbTaThl U3rOTOBJICHUS U
UCTIBITAHUM AJICKTPOXUMHUYECKUX XapakTepuctuk Oatapeit TOTD mianapHOl KOH-
cTpykuuu MomHocThio 500 Br.

Hensimu paOOThI ABIISIUCH:

— Pa3paboTka Hay4YHO-TEXHHUYECKUX OCHOB CO3JIaHUsI BHICOKOA((PEKTUBHBIX
AKOJIOTMYECKH YMCTHIX SJHEPTeTUYECKUX YCTaHOBOK (DY) Ha OCHOBE TBEPIOOKCHI-
HBIX TOTUITMBHBIX 3JeMeHTOB (TOTD).

— PazpaboTka MaTepuanoB, TEXHOJOTMU H3TOTOBJIEHUS U KOHCTPYKLUU
TOTD ¢ BBICOKMMU IUIOTHOCTBIO SHEPTOBBIAECIEHUSA, HAAEC)KHOCTHIO U IKCILTyaTa-
LMOHHBIMU XapaKTEPUCTUKAMHU.

— IloBbImienue > pexTuBHOCTH U CHIDKeHHE ctoumoctu TOTD 3a cuer co-
3aHUSI U UCTIOJH30BAaHUS HOBBIX (DYHKIIMOHAJIbHBIX MATEPUAJIOB U CTPYKTYp MAJS
KOMITO3ULIMOHHBIX MHOT'OCJIOMHBIX 3JIEKTPOJIOB U JIPYTUX KOMIIOHEHTOB TBEPAOOK-
CUJHBIX TOIJIMBHBIX JIEMEHTOB.

— Pa3paboTka KOHCTPYKLIMH U MacIITaA0UPYyeMOil J1aDOpaTOPHOU TEXHOI 0TI
uzrorosiyieHus 6atapeid TOTD mnaHapHOW KOHCTPYKIHUU.

— Pa3paboTka, U3roTOBIEHHE U MCIBITAHUS SKCIIEPUMEHTAIHLHOrO o0Opas3ua
SHEProycTaHoBKU Ha ocHoBe TOTD.

— WMsroroBnenne u ucneitanue Oarapen TOTD miaHapHOM KOHCTPYKIUU
morHocTeIo 500 BT.

TBepaookcuaHbie TorMBHBIE 351IeMeHThI (TOTD) — 3T0 35eKTpOXUMHUUECKHE
reHepaTopbl, 00ECHeunBaoIIue NpsIMOe MpeoOpa3oBaHUE XUMHUYECKON >HEPruu
TOIUIMBA B AJIEKTPUUECTBO, MMelolee ropa3fgo Oonpimmii Teoperudeckuid KII/,
YeM TpaJULMOHHBIE TEXHOIOTHH MpeodpazoBanus sHepruu, KIIJI koTopsix orpa-
HuyeH KIIJ[ uukna Otro, Tpunknepa win KapHo. B kauecTBe TomimBa 3JI€KTpO-
xumuueckue reaepatopsl Ha TOTD MOryT HMCIONb30BaTh BOJOPOA W/WIH JIFOO0E
ra3u(UIMpoOBaHHOE YIJIEBOJIOPOJHOE TOMIMBO (MPUPOAHBIA ra3, AW3. TOILIUBO,
6uoras), a Takke CO, CIUPTHI U CMECH JIETKUX OpPraHMYecKux coeauHeHuil. Tor-
JMBHBIE 3JIEMEHTHI SBJSIFOTCS OCHOBOM HamOosee 3(p(GEeKTUBHBIX U IKOJIOTHUECKU
YUCTBIX TEXHOJIOTMI MPOM3BOACTBA AIEKTpOdHEprun. OTIAENBHO CIENYyEeT OTMe-
TUTh BOCTPEOOBAHHOCTh BBICOKOA((EKTUBHBIX M NOPTATUBHBIX T'€HEPATOPOB
AJIEKTPOIHEPTUU HA TOIUIMBHBIX 3JIEMEHTAX JUIS YAAJICHHBIX [TOCEIEHUM, CTAHIMMI
KaTOJIHOM 3alIuThl TPYyOONPOBOAOB, CBSI3U M MHOTUX CIEIIIPUMEHEHUN (Oecmu-
JIOTHBIE JIETaTENbHbIE allllapaThl, OABOIHbIN U HAABOJHBIN (JIOT U T.A.).

C SKOHOMHMYECKON M COUMAIBHOM TOYEK 3PEHHS PA3BUBAIOIIMINCA PBIHOK
TOIUIMBHBIX AJIEMEHTOB SIBJIIETCS. OJHUM W3 CaMbIX JUHAMUYHBIX U OTEHIHAIBHO
NO3BOJIUT OOECIEUNUTh PEIIEHHE MHOIMX COLMAIbHBIX mpobiem. Ilo oueHkam
PriceWaterhouseCoopers, rio0anbHbIii CIPOC Ha BCE BUAbI TOIUIMBHBIX 3JIEMEHTOB
nocTUTHET 2,5 TpiH nosut k 2021 rony. B Poccun nepcnekTuBHBIN CIIPOC HA YHEDP-
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royctaHoBkr Ha ocHoBe TOTD orieHuBaeTcsi B KpallHe IIUPOKUX Mpenaenax, oT 7
10 160 I'Bt. OueBuaHO, YTO pa3BUTHE JAHHOTO HAYYHO-TEXHOJIOTMYECKOTO U MPO-
U3BOJCTBEHHOI'O CEKTOpa MO3BOJMT KaK PACIIMPUTH IKCIIOPTHBIE BO3MOXKHOCTH,
TaK U YCKOPUTbH PA3BUTHE YAAJIECHHBIX PallOHOB, TPYOOIPOBOJHBIX CETEH U CMEXK-
HBIX 00JlacTell MPOMBINIJIEHHOCTH, B YaCTHOCTH MAalIMHOCTPOEHUS, SHEPreTUKUA U
XUMUYECKOUN MpoMbIliuieHHOCTH. OTcTaBanue Poccun B 007aCTH pa3BUTHUSL TEXHO-
JIOTUH, WCIONB3yeMbIX Npu cosnanuu Oarapeit TOTD, mpuBeno kK ToMy, 4TO B
HacTosiIee Bpemsl pa3paboTaHbl TONBKO ABa poccuiickux tuma Oartapeir TOTO
TpyO4aTOl KOHCTPYKLMHU U OTCYTCTBYIOT Pa3paOOTKH T'€HEPAaTOPOB AJIEKTPOIHEP-
ruu Ha 0aze Oarapeit TOTD mmanapHOW KOHCTPYKIMH. JTO, B TIEPBYIO OUEpEb,
CBSI3aHO C 0oJiee BBICOKMMHU TPEOOBAHUSAMHU K DJIEMEHTHOM 0a3e M TEXHOJIOTHSM,
UCIONb3yeMbIM 1151 tuiaHapHbix TOTD. Bmecte ¢ TeM, uMenHo ianapasie TOTD
Ha JIAHHOM JTare pa3BUTHUSl TEXHUKHU OOJiee MPUTOJIHBI JJIsi CEPUITHOTO MPOU3BO/I-
CTBa C MPUMEHEHUEM MACCOBBIX TEXHOJIOIMI MUKPO3JIEKTPOHHOW MPOMBIIIIEHH O-
CTH, TAKUX KakK TpadapeTHas mevaTh aKTUBHBIX CIIOEB.

[Ipu paspaborke 6atapen TOTD miaHapHOW KOHCTPYKIMU COTPYAHHKAMU
NOTT PAH:

1) GbUIO TPOBEICHO KOMITBIOTEPHOE MOJICIIMPOBAHUE PACIIPEICIICHUS TOKOB
U TemrepaTypHbix nosneit B 6atapee u3z TOTD pasmepom 100x100 mm. [lonnast 3a-
nada mojenupoBanus 6arapeu u3z TOTD cocToUT U3 HECKOJIBKUX B3aUMOCBS3aH-
HBIX PaCYETHBIX I10/133/1a4, PEIIAEMbBIX COBMECTHO: ra30BbI€ IIOTOKH, PaCIIpeaeIie-
HUS COCTAaBOB B Ta30BbIX CMECSX, AJIEKTPUYECKHE TOKH, TeMIieparypa. s toro,
4yTOOBI ONMKCATh TPAHCIIOPT ra30BBIX MOTOKOB B OJTHOPOJHBIX BUPTYaJIbHBIX TEJaX,
UCIIOJIb3YETCS CTaHJapTHAs MOJEb MOPUCTOrO TeJa, peain30BaHHAasl B HUCIOJIb3Y-
€MOM MPOrpaMMHOM TTAKETE.

/ 02
KaTOAHbLIA TOKOCHEM BO3AYWHBLIE KaHanb! /L
0,000 5,000 10,000 {men) ' -
T =

2500 7.800

. [IpoBeneHO KOMIBIOTEPHOE MOJAETHPOBAHUE PACIPENEICHUS TOKOB B
6arapee u3z TOTD pasmepom 100x100 MM nipu pazHbIX KOdDPUIIMEHTAX YTHIIU3A-
I[UU TOTLIIVBA.

. [Tony4yeHbl TpEXMEpHBIE KapThl pacnpe/esieHusl IJI0OTHOCTH TOKa B Oa-
tapee u3 20 TOTD npu Hanpskenusix 17,5, 15u 12,5 B.
. OOHapyXeHO, 4TO KapTHUHA paclpeie]IeHUs] TIIOTHOCTH TOKAa 3aBUCHUT

OT peXKrUMa pPadOTHI: TIPU OOJBIITNX TOKAX HAOIIOAAETCS MAaKCUMYM TIJIOTHOCTH TO-
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Ka B HalpaBJICHUU BO3IYIITHOTO MOTOKA, 00YCIOBICHHBIA KOHKYpPEHIIMEH Harpena

Y KHCIIOPOJHOT'O OOCTHEHHUSI.
I[To pe3ynbraTram MoeapoBaHUS pa3paboTaHa U 3allaTeHTOBaHA HOBasi KOH-

cTpykuus 6arapen TOTO.
2) B cootBeTcTBUM ¢ pa3paboTaHHON TexHOJOorued m3rotoBieHsl TOTO
pasmepom 100%100 MM ¢ MHOTOCITIOMHBIMHU KaTOJIOM 1 aHOJIOM.

TR S AT
AT GKOE R T O,

DY HKUHOATBHELT RITONHE CHOH

MeMOPAHA TBEPAOTO MICKTPOINHTR

hyuKIHOHANLHBLIH AHOAMBL CHOT

TOKOCH@MHLIH aHOTIbUT CIOH

®ororpadus TOTD pazmepom 100 x 100 mm. H300paxeHne NomnepeyHoro ceueHus
Bepxuuii psn — n3o0pakeHre aHOAHON CTOPOHBI.  TBEPAOOKCHIHOI'O TOILIMBHOTO 3JIEMEHTA,
Huxnuit psa — ¢ kKaTonHoM MOJTYYEHHOE METOI0M CKaHUPYIOIIEH
CTOPOHBI AJIEKTPOHHON MUKPOCKOITUHU
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BosbramnepHsie 1 MOIIHOCTHBIE XapakTepucTuku  batapes TOTD niaHapHON KOHCTPYKIMU
6atapen TOTD momuocteio 500 Bt MotHocThI0 500 BT

1. Brepseie B Poccuiickoii deneparinu pa3paboTana dJIeMEHTHAs 0a3a U u3-
roroBiieHbl TOTD mnanapHoil koHCTpykuuu pazmepom 100x100 MM ¢ yaenbHOM
pabodeit MmomHOCTRIO Ooree 250 MBT/cM>.

2. BriepBbie U3rOTOBJICHBI U UCTBITaHbl Oatapen u3 TOTD manapHoil KOH-
cTpyuuu. Jlocturayra Mmomsocts 560 BT.
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CBA3AHHBIE DJIEKTPOH-OOHOHHBIE BO3BYXIEHWA
B KPUCTAJIJIAX

M.H. Ilonosa
Hnemumym cnekmpockonuu PAH, Tpouyk, Mockea

E-mail: popova@isan.troitsk.ru

DneKTpoH-(POHOHHOE B3aMMOJIEHCTBUE UTPAET BAXKHYIO POJIb B (DU3HKE KPU-
CTaJJIOB. B 4acTHOCTH, OHO OTBETCTBEHHO 3a KJIACCHYECKYIO CBEPXIPOBOJANMOCTb,
pasnuunble BuAbl dhdekra Ana-Tennepa, casur u ymupenue 0echOHOHHbBIE JIH-
HUM, PENaKCalUIO IITAPKOBCKUX YPOBHEHU U, CIIEIOBATEIIbHO, BpEMEHA KU3HU. Be-
JUYMHBI 3THX 3P(HEKTOB UMEIOT NEPBOCTENIEHHOE 3HAYEHUE IS JIA3ePHBIX MPUIIO-
KEHHM, MOCKOJIbKY OHHU BJIMSIOT Ha YCHJIEHHE, CTAOMJIBHOCTh BBIXOJHOM YacCTOTHI
U TEPMHUECKYIO MEpecTpoiiKy sazepa. B ciywyae pezonanca mexay (poHoHOM H
AIEKTPOHHBIM BO30YXKJIEHUEM 3JIEKTPOH-()OHOHHOE B3aUMOJIECUCTBUE MOXKET MpHU-
BOJIUTh K OOPa30BaHUIO CBA3AHHBIX 3JIEKTPOH-(OHOHHBIX MO, U 3TO XapaKTEPHO
JUIL OYCHB HITUPOKOT0 Kilacca cTexuoMeTpudeckux f- u d-marepuasnos, B TOM dncie
MHOTUX (YHKIIMOHATBbHBIX. B pe3ynbrare 3aMeTHO M3MEHSETCSI HU3KOYACTOTHBIN
SHEPreTUYECKUIN CIEKTP, BIUSIONIMNA HA TEPMOJIUHAMUYECKUE U MAarHUTHBIE CBOM-
cTBa coenuHeHus. lloaToMy BakHO MNOHMMAaTh (U3UKY CBA3AHHBIX AJIEKTPOH-
(POHOHHBIX MO M UX MTOBEJACHUE BO BHEIIHUX MAaTrHUTHBIX MOJISX.

51 paccMOTpIO 3T BOMPOCHI HAa MPUMEPE HAIIUX HEIABHUX MCCIIEIOBAHMM
CBSI3aHHBIX 3JIEKTPOH-(POHOHHBIX MOJ B AHTHU(PEPPOMATHUTHOM MOHOKPHUCTAILIE
PrFe;(BO3)4, KOTOPEIH siBIsSIETCS MYJIbTHQEppouKoM. J[iast MynbTudeppouKkoB xa-
PaKTEPHO BBIPAKEHHOE B3aMMOJCHCTBUE PA3JIMYHBIX MOJCUCTEM: 3apsI0OBOM, pe-
IIETOYHOM M CIIMHOBOMW, U TIO3TOMY OHU HambOoJee MepCrleKTUBHBIE KaHIUAAThI IS
HaO0JIIOIeHUST HOBBIX 3(PPEKTOB, OOYCIOBIEHHBIX 3JIEKTPOH-(DOHOHHBIM B3aHMO-
neiicteueM. B cmektpe TeparepiioBoro otpaxkeHus kpuctammia Prie;(BOs),
HA0JII01ATIOCh pacUIeIUIeHMe HU3KOYaCTOTHOM ()OHOHHOW 30HBI, pacTyllee ¢ MOo-
HUKEHUEM TEMIIEpaTyphbl U COMPOBOXKAAIOUIEECS MepepacnpeieieHneM HHTEHCH B-
HOCTEH MEXJy KOMIOHEeHTaMu pacuierniieHus [1]. Mbl Takxke u3ydaliv MOBEJCHUE
ATOM CHEKTpaJbHOW OCOOCHHOCTHM BO BHEIIHUX MAarHUTHBIX nossix 10 30 Tin u
HaOJroqaM aBe Touku Oudypkaiuii B criekrpax Pries(BOs), B MarHutoymopsiao-
YEeHHOM CcOCTOsIHUM [2]. Bce ymomsinyTble siBIeHHs ObUIM YCTIEIIHO OOBSICHEHBI U
CMOJIETTUPOBAHBI B PaMKaX TEOPHUH CBS3aHHBIX AJIEKTPOH-()OHOHHBIX MO/, OIpe/ie-
JIeHa BeJTMYMHA KOHCTAHTHI 3JICKTPOH-(DOHOHHOTO B3auMoeicTsus [ 1, 2].

1. K.N. Boldyrev, T.N. Stanislavchuk, A.A. Sirenko et al., Phys. Rev. B Rapid
Comm. 90, 121101(R) (2014).

2. K.N. Boldyrev, T.N. Stanislavchuk, A.A. Sirenko et al., Phys. Rev. Lett.
118, 167203 (2017).
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CTPYKTYPHAS TUATHOCTUKA KPUCTAJIOB HA OCHOBE
JIMOKCUJIA LIUPKOHUS

10.H. ITapxomenko, H.}O. TabaukoBa
Hayuonanvnoiii uccneoosamensvckutl mexuonocuyeckuil yuugepcumem « MUCuCy,
Mockea
E-mail: ntabachkova@gmail.com

Kpucrannmmueckue marepuasibl Ha OCHOBE JHMOKCHJA LIMPKOHMS O0JaJaroT
CBOMCTBAaMHU, IEPCIEKTUBHBIMU BO MHOTUX IIPWIOKEHUAX U NPEICTABIIAOT 3HAYU-
TEJIbHBIA HHTEPEC KaK C HAYYHOW, TaK U C MPAKTUYECKOW TOUKHU 3peHUs. AKTyallb-
HOCTb HCCJIEIOBAHMSI OOYCIIOBIIEHA 3HAYUTEIBHBIM MHTEPECOM K 3TUM OOBEKTaM
KAaK MaTepHrasaM MEepCIEeKTUBHBIM ISl UCIIOJIb30BaHUs B KA4€CTBE KOHCTPYKI[MOH-
HbIX HEMETAJUIMYECKUX BBICOKONPOYHBIX U M3HOCOCTOMKHUX MATEPHUAIOB, TEPMO-
OapbepHBIX U 3aAIIUTHBIX MOKPBITUMA, TBEPBIX MIEKTPOIUTOB JIJISl TBEPAOOKCHTHBIX
TOILJIMBHBIX 3JIEMEHTOB, JATYMKOB KUCJIOPOJA B Pa3HBIX Cpelax M JPYrux momoo-
HBIX YCTPOMCTBaxX, OMOMHEPTHBIX MATEPUATIOB I MEAMIIMHBI, a TaKXKEe MaTepua-
JIOB, UHTEPECHBIX JJIS1 AJIEKTPOHUKH U IIPOMBILIIIEHHOT O KaTaJIn3a.

[losiBneHrEe HOBBIX METOJOB MCCIENOBaHUA, pa3pabOTKa HOBOW COBEpILECH-
HOM anmaparypsl, MO3BOJSIONIAS MPOBOAUTH UCCIEAOBAaHUS CTPYKTYpbl MaTepHua-
JIOB Ha NMPUHLIHUIHUAIBHO HOBOM YPOBHE, OTKPBUIM HOBBIE NEPCIIEKTUBBI CO3AaHUS
MAaTepUaJIoOB € 3aJaHHBIMU CBOKMCTBaMU. OHAKO MPUMEHEHHUE ITUX METOAOB U HC-
N0JIb30BaHUE aNMapaTypHbIX BO3MOXKHOCTEN TpeOyeT pa3pabOTKH HOBBIX METOJUK
IIPUMEHHTENBHO K PELICHUIO KOHKPETHBIX 3a4a4.

OcHOBHOI 3a/aueil B JaHHOW paboTe ABISIETCS YCTAHOBJICHHE 3aKOHOMEP-
HOCTEH, KOTOPBIM IMOJYMHSECTCS B3aMMOCBA3b MEXAY CTPYKTYpPOH, XHUMHUYECKUM
COCTaBOM, YCJIOBUSIMU CHHTE3a U (PU3NYECKHUMHU CBOMCTBAMH KPUCTAJIOB, YTO BbI-
3bIBaCT Kak ()yH/IaMEHTAJbHBIN, TaK ¥ 3HAYUTEIbHBIA MPUKIIATHON UHTEPEC B CBS-
31 C BO3MOXHOCTBIO LI€JIEHANIPABICHHOIO M3MEHEHHUS! CBOMCTB ()YHKIMOHAIBHBIX
matepuanioB. JloctoBepHas nHGOpMaLKs O CTPYKTYpPE KPUCTAIIOB, MOJIy4YE€HHAs Ha
OCHOBE pa3pabOTaHHBIX METOIUK €€ MCCIEeI0BaHus, U3 PEHTTeHOAU(PPAKIIMOHHBIX
JNAHHBIX, 3JIEKTPOHHOM MPOCBEYMBAIOIIEN M CKAHUPYIOLIEH MHUKPOCKOMHUH, aTOM-
HO-CHJIOBOM MUKPOCKONMH, CHEKTPAJIbHBIX UCCIIEIOBAHUI MO3BOJIUIIA IPOCIEANTh
MPUYHUHHO-CIIEICTBEHHYIO CBA3b MEXKAY CTPYKTYPOH U (PU3NUYECKUMH CBOWCTBaMU
KPUCTAIJIOB, TAKUMU KaK MEXaHUYECKUE XAPaAKTEPUCTUKHU (MUKPOTBEPAOCTh, TPE-
IIMHOCTOWKOCTh, MPOYHOCTh) M ANEKTpopu3ndeckue (MpOBOAUMOCTh U T.I), a
TaK)K€ OLICHWUTHh BIMSHHUE HAa CTPYKTYPY MaTepHaia COCTaBa MU TEXHOJIOTHYECKUX
YCIIOBUM CUHTE3a, BKJIIOYas KAaK YCJIOBUS BBIPAIIMBAHUS KPUCTALUIOB U3 PACILIABA,
TaK ¥ yCJIOBUS MOCIEAYIONIEH TepMOOOPaOOTKH.

PaGota Brinonnena npu noaaepxkke rpanta PH® 16-13-00056.
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COBMECTHOE HUCIIOJIb30OBAHUE CTPYKTYPHbBIX
N KAJIOPUMETPUYECKUX METOA0B U1 U3YUYEHMA
®A30BbLIX IIEPEXO/10B

A.B. Kusizes', H.H. CMI/IpHOBal, H.B. Comos’, C.C. Kusizesa’,
O.B. KpaH_ICHI/IHHI/IKOBal, A.T. broxuma', E.B. I{ynpyHOB1
' Hayuonanvmoiii uccnedosamenscxuii Huswce2opoockuti 20cydapcmeerbiil
yrugepcumem um. H.U. Jlobauesckozo, Huocnuii Hoecopoo
E-mail: knyazevav@gmail.com

Kanopumerpuueckue uccieqoBaHusi SBISIOTCS HauOojiee TPYAOEMKON 4va-
CTBIO MCCJIEIOBaHUN B O0JACTH XMMHUYECKOW TepMoJIuHaMHKHU. [lomydyeHHble Ka-
JOPUMETPUUYECKUMH METOJaMU TEepPMOAMHAMHUUECKHe (YHKIUU COCIUHEHUUN HcC-
MOJIL30BAJIM JIJIs1 ONTUCAHUS MPOLIECCOB C UX YYACTUEM M BBISIBIICHUSI KPUTEPUEB UX
ycronyuBocTH. C MCMOJIb30BAHUEM PEAKIIMOHHOTO aiMadaTUYeCKOro KajJopuMeT-
pa U KaJOpUMETpa CrOpaHusl BIEPBBIE 3KCIEPUMEHTAIBHO ONPEAEICHbI SHTAJb-
nuu o0pa3oBaHus nmopsjika 250 HeOpraHMUEeCKUX U OPraHUuYECKUX COCTUH CHUM.

B agmaGatudyeckoM BaKyyMHOM KaJIOPUMETPE M3YYEHBI TEMIIEpaTypHbIC 3a-
BUCHUMOCTH M300apHBIX TEIIOEMKOocTel Ooiiee yeM Juist 60 coefMHEHU B UHTEP-
Basie Temreparyp ot 7 g0 350 K. JlanHble uccienoBaHus MO3BOJIMIA HAM OMKCATh
BO3MOXKHBIE (pa30BbI€ MEPEXOJbl B COCAMHEHUAX IMPH HU3KUX TemIepaTypax, a
TaK)K€ ONPEJEIUTh a0COIIOTHBIE SHTPONHMM BemecTB. OTMETUM, YTO M300apHbIE
TEIUIOEMKOCTH OOJIBIIMHCTBA HEOPraHUYECKUX COEAMHEHM MOHOTOHHO BO3pac-
TAIOT C YBEJIMUECHHUEM TeMIIepaTyphl, HE MPOSBIISIs BUANMBIX aHoManuidi. HanpoTus,
B ypaHWJIBaHAJAUEBOW KHUCIIOTE, ypaHWIKapOOHaTaX, ypaHWICyib(aTax, B HEKOTO-
pBIX BoJb(pamMarax, MMUHENSIX (PUCYHOK) U CTEPUOIHBIX TOPMOHAX OOHAPYKEHBI
¢usnueckue nepexonpl. Onrcanne Nepexo10B MPOBOAUIIN € MOMOIIbIO Kilaccudu-
kanuu ¢uzndeckux nepexonoB Mak-Kamnadpa — Becrpyma. CormacHo »Toii de-
HOMEHOJIOTHYECKON KiaccuuKalu Bce (Pa3oBbie Mepexoibl B TBEPABIX Teax
MOHO pazaenuth Ha ceMb THIOB (I, 21, 31, 2N, 3N, G, H). Tpu nepexonaa sBistoT-
Csl U30TEPMUYECKHMHU, JBa Mepexoja - Heusorepmuueckumu, G u H nepexonsl,
YbH Ha3BaHUS MIPOUCXOMIAT OT aHIVIMHCKUX clIoB «humpy» u «glass-like.

Haubomnee pacnpocTpaHeHHbIH BHUJI IEPEXOAOB B CIOUCTHIX COCAUHEHUSAX —
uzotepmuyeckue (l) mepexonpl, cBA3aHHbIE ¢ TOTUMOP(HHBIMH TIEPEXOIaMU B KPH-
craiue. [lomumopdusm 00ycI0BIIEH BO3MOKHBIMU CMEUIEHUSIMH U TTIOBOPOTAMHU
CJIOEB JIPYyT OTHOCHUTEJIBHO Jpyra B KPUCTAJUIMYECKOM CTpyKType. M3oTrepmuue-
CKHE Tepexo/ibl HaOMI0Ial0TC B BUJEC IIHKOB» Ha KPUBOM TEIIIOEMKOCTH; IIJIO-
IaJb «IHMKOB» YWCJIEHHO paBHA SHTalbIMM (Pa3oBOro mepexojna. boiee penko
BCTpeuaeMble (pu3nyeckue nepexoasl — H-mepexoapl, KoTopble HaOMIOIAIOTCS B
BUJIE «TOpPOOB» Ha KpUBOM TemioeMKocTH. C (u3NUecKOl TOYKH 3pEHUs JTaHHAS
aHOMaJIMsI MOXKET OBbITh CBfA3aHA C “‘pa3MOPAKMBAHKMEM™ BpAIllEHUH BOKPYT CBS3U

M" ... OH, B CTpYKTYpax COOTBETCTBYIOLIMX KPHCTAIOTHIPATOB.
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Puc. 1. TemmeparypHble 3aBUCHMOCTH TEIIOEMKOCTH coenuteHuit LiysTis304, CO7/3Shy/304,
LiMn,04 co cTpyKTypoit MUHEpaia IIMTUHETH
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Jis coemuuennit  NasUO,(COs)3) n KyFe,TigO14 0OHapykeH TpeTHid BH
¢dusudeckux nepexonoB — tumna G (glass-like). IMpupoma 3Toit aHoManuu, BEpoOsT-
HO, CBSI3aHA C HAJMYHMEM B CTPYKTYpPE MAHHOTO COCIMHECHHS KAaTHOH-KATHOHHBIX
B3aMMOJICHCTBUN, YTO MOJTBEPKJACHO HAMHM pacueTaMu MOJIUdApoB Boponoro-
Jupuxie ¢ momoinpio nmporpaMmmHoro komruiekca TOPOS.

TakuM 00pa3oM, KOJTOPUMETPUUECKUE METOBI MIO3BOJUIM ONPEICIUTh BCE
HEO0OXOIMMbIE TepMOAUHAMUYEcKre QyHKIUU Ay 50 Heopranudeckux u 10 op-
TaHUYECKUX COeMMHEHUHN. TepMOoXUMUYECKHE JaHHBbIE ObLIU TMOMy4deHbl s 250
COEeIUHEHUMN.

Jlnst m3yuenust ¢a3oBbIX MEPEXO0J0B, TEPMHUUECKONW CTAOMIHLHOCTH M TEMIIe-
paTyp ITUTaBJICHUS BEIIECTB HAMH TAaK)Ke aKTUBHO MCTOJb3yeTcs nuddepeHiinaib-
Hasl CKaHupyromas kanopuMmerpus. OgHaKO IS TOTO YTOOBI OTBETUTH Ha BOITPOCHI
0 CTPYKTYPHBIX TEPECTPONKax HEOOXOIWMO HCIOIb30BAaTh BBICOKOTEMIIEPATY]-
Hy10 peHTreHorpaduto. B obmactu pa3zoBbix mepexo10B HaOII01aeTCs aHOMAJILHOE
M3MEHEHHE TEMIIEPATYPHOU 3aBUCHUMOCTH MapaMmeTpa dJIEMEHTApHOU ssuerku. [Ipu
(ha30BOM Tepexoie MPOUCXOINUT IKCTPEMATTLHOS U3MEHEHUE JTUArpaMMBbl TEIJIOB O-
ro pacliupeHusi. DT IUarpaMMbl TOCTPOCHUS TIPU Pa3IUYHBIX TeMIepaTrypax Jie-
MOHCTPUPYIOT MPUOPUTETHBIC HAMIPABJICHUS TETIOBOTO PACIIMPEHHS U €T0 aHU30-
Tponuu. 3HadYeHHEe KOA(h(OUIIMEHTA TEIMJIOBOTO PACIIUPEHUS B 3aJaHHOM HaIpaB-
JICHUM COOTBETCTBYET JUIMHE PaJInyC-BEKTOpa, KOTOpask OTKJIAbIBAETCS OT Havasia
KOOPJWHAT A0 Kpast PUrypsl paciiipeHusl.
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TEPMNYECKAA OBPABOTKA BUCMYTI'EPMAHATHBIX CTEKOJI
PA3HBIX COCTABOB

N.B. CrenanoBa, E.M. Kono6kosa, E./[. Cneiikuna, O.b. Ilerposa
Poccutickuti xumuxo-mexnonocuueckuii ynueepcumem
um. J[. 1. Menoeneesa, Mocxesa
E-mail: stir@inbox.ru

B cucreme Bi,03-GeO, cymiecTByeT HECKONIBKO COCTUHEHUN, KPUCTAILIBI
KOTOpBIX 00yamatoT siekrpoonTudeckumMu (BipGeOyy), CHMHTHILISAIIMOHHBIMH
(Bi;Ge301y) nmm cernerodnektpuueckumu (Bi,GeOs) corictBamu. Kpucramimnye-
ckue ¢asznl BiyGes0q, u Bi,GeOg BO3MOXKHO CUHTE3UPOBATh MyTEM TEPMHUYECKON
00pabOTKH CTEKOJI aHAJIOTMYHOTO MJIM OJIM3KOT0 XMMHYECKOIO COcTaBa. B mpembI-
JTYIIAX UCCIETOBAHUIX HAMHU IOKAa3aHO, YTO MU3MEHEHHE COOTHOIIEHUS OKCHJIOB
BUCMYTa U T€pPMaHMS BIMSAET HA OKPACKY MOJY4aE€MbIX CTEKOJI U CTPYKTypy oOpa-
3YIOIIMXCS MPHU JanbHene TepMmooOpadoTke Kpuctammniueckux ¢a3. B mannoit
paboTte ObLIIO M3YyYEHO BIIMSHUE YCIOBHH TEPMUUYECKOM 00pabOTKH BUCMYTIepMa-
HATHBIX CTEKOJ Pa3JIMYHBIX COCTABOB HA MX ONTHYECKUE XapAKTCPHUCTHKHU.

JI1s1 SKCTIepUMEHTOB OBLTM BHIOPaHBbI COCTAaBbI CO CICAYIOIIMMU MOJbHBIMU
cootHomeHusiMu Bi,03:Ge0; - 35:65, 40:60, 45:55, 50:50, 55:45; crekna nomny4a-
JIV TUTABJICHUEM CMECH MICXOIHBIX OKCHIOB M TIOCIICYIOITUM OTIMBOM Ha OO0 K-
Ky. Tepmuueckyro 00pabOTKy MCXOMHBIX CTEKOJI IPOBOJMIM HAa BO3IYXE U B BOC-
cTaHoBUTENIbHOU arMocdepe. CHeKTphl MOTIONICHHS TOJYISeHHBIX 00pa3IoB 10 U
mociie TepMudeckoir o0paboTkm cHuManm Ha crekTpodoromerpe UNICO 2800
(UV/VIS) B nmanazone 190-1100 am.

CreKkTphl MOTJIOMICHHUS BCEX MCXOIHBIX CTEKOJI COJIepKaT I1JICUO TTOTJION]CHHS
B obmactu 500 HM, UHTEHCUBHOCTh KOTOPOT'O YBEJIMYUBAETCA C POCTOM KOHIIEH-
tparuu Bi,03; 1 onpenenser kpacHsid BeT oOpasmoB. [lormomenue B 3Toit 0ba-
CTH CBSI3aHO C HAJIMYUEM B CTEKJIaX OoNnTHYecKuX aedekTHoix Bi-mentpos [1]. YBe-
JMYCHHUE COJEP)KAHMS OKCHJAa BUCMYTA B CTEKJIC TIPUBOJIUT K CMEIICHUIO Kpasi Imo-
TJIONICHUS B JJIMHHOBOJTHOBYIO 00JIACTh.

Tepmuueckass oOpabOTKa CTEKOJ Ha BO3JyXE MPHUBOAMUT K 3HAYHUTEIHLHOMY
OCBETJICHUIO 00pa3oB. CHEKTphbl MOTJIOIMICHUS TePMOOOPaOOTaHHBIX CTEKOJ Je-
MOHCTPUPYIOT YMEHBIIICHUE WJIM JTa)Ke TIOJTHOE€ MCUYE3HOBEHHE TIJIeUa MOTJIOMICHUS
B o0actu 500 HM, 4TO, BEPOSATHO, CBSA3AHO C PA3pPYyIICHUEM BUCMYTOBBIX IIEHTPOB
3a cueT auddy3un KUCIOpoaa BO3AyXa WK U3MEHEHUS CTEIICHN OKHCIICHUSI HOHOB
BucMyTa. DpdexT odecrBeunBaHus HAOIIOMACTCA U TIPH TEMIIeparypax oopadoT-
KM HIDKE TeMIIepaTyp CTEKJIOBaHUsS OO0pas3IloB. ITO IMOKA3bIBACT, YTO IIPOIIECC
OCBETJICHHS CBSI3aH C Pa3pyIICHHEM IICHTPOB OKPACKH, a HE C O0Opa30BaHHWEM B
CTEKJIC KPUCTALTMIECKUX (as3.

1. E.M. [lnanos, KBanroBas snextponuka 40 (4), 283-285 (2010).
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NCCIIEJOBAHME MOHOKPHUCTAJIJIOB BPOMUIIA CEPEBPA,
JIETMPOBAHHBIX OJJHOBAJIEHTHbBIM TAJIJIMEM

A.C. Kopcakos, /I./]. Caiumrapees, A.E. JIbBoB, JI.B. XykoBa
Ypanvckuii peoepanvrulii ynusepcumem umeHu nepeozo
IIpesuoenma Poccuu b. H. Envyuna, Examepunoype
E-mail: a.s.korsakov@urfu.ru

[TpoGnema moaydeHrs BBICOKOYHCTHIX BOJIOKOHHBIX MaTEpHUaIOB HA OCHOBE
raJIOTEHUJIOB cepedpa M OJIHOBAJIEHTHOTO TaJUIMA SIBJIIETCS BeCbMa akTyaibHOU. B
CBSI3U C OTUM, JIJIsl paboThl B quana3one ot 2,0 mo 40,0-45,0 MkM HaluM KOJIJICK-
THBOM pa3pabotansl MK-cBETOBOIBI Ha OCHOBE HOBBIX KPHCTAJIOB TBEPABIX pac-
tBOpoB 3amemienus cucreM AQBr— TII u AgBr — (TIBrg4sloss) [1]. TIpoBencus
(U3UKO-XMMUYECKHE MCCIIEIOBAHUS YKA3aHHBIX CUCTEM, YTO 00€Cleyusio co3ia-
HUE DJIEMEHTHOM 0a3bl, HA OCHOBE KOTOPOW CO3/aHbl HOBbIE (DOTOCTOMKHE HAHO-
nedeKkTHbpIe KpUCTATbl. KpoMe TOro, W3 MOJy4eHHBIX KPUCTAIOB M3TOTOBIICHBI
doronHo-kpuctamuyeckue MK-cBeToBObI, IpeIHa3HAYCHHBIE JIJI1 U3TOTOBJICHUS
BOJIOKOHHO-ONITHYECKUX CHCTEM, BOCTPEOOBAHHBIX BO MHOTHX OOJIACTSX HAYKU U
texauku. Hammane noauna tamms (I), Opomuna tamums (I) 1 ux TBEpabIX pacTBO-
POB B COUETaHUU C OPOMHUIIOM cepedpa MpUIACT KpUCTaulaM U CBETOBOJIaM Ha HMX
OCHOBE YIyUIIEHHBIC ONTHKO-MEXaHWMYECKUE CBOWCTBA. BcreacTBue MexaHu3Ma
TBEPJOPACTBOPHOTO YIMPOUYHEHHUS MATEPUAJIOB OMPEACICHHOTO COCTaBa IMOBHIIIA-
I0TCS TBEPJOCTh, POTOCTOMKOCTD, MMOKA3aTENb MPETIOMIICHHS U PACIIUPSETCS CIIECK-
TPaJIbHBIN AMaNa30H MPONYyCKaHUs B JJIMHHOBOJIHOBYIO 00J1acTh (puc. 1).

1——AgBr 2—— 1 mon % Tl B AgBr 3 —— 5 wmom % Tl B AgBr
4 ——2 wmou % Agle AgBr 5 ——>5 mom. % TIBr I ., B AgBr 6 8 mon. % TIBr, I ., B AgBr
85 T T T T T T T
x 80 1
o 2 &/\
= B \7\
e - 6
% 70 4
5 L
Q. |3
= 65 i
60 1 1 1 1 1 1 1
0 10 20 30

JlmrHa BOTHBI, MKM
Puc. 1. CHeKTpaJ'IBHbIe IMpOITyCKaromu € KpUuCTaJlJIbl pa3JIMYHbIX COCTABOB
[Tomyuennsie K cBETOBOABI MOT'YT IPUMEHSTHCS B JIA3€PHOM TEXHUKE (Tie-
penaua jazepHoro uznydeHuss CO u CO, nazepa), sepHoi TeXHUKE (KOHTPOIb
paaranioHHoro Qoua), Huzkoremneparypaass UK nupomerpusi, oHaliH MOHUTO-
PUHT XMMHUYECKHUX MPOLIECCOB U B APYTHX TEXHOJOTMYECKHUX MPOLIECCaX.

1. A.C. KopcakoB, Hupparpacuvle kpucmaiivl u c6emosoowl. Teopus u npax-
muxa, YMII YIIN, 2015.
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VIIVUIHEHUE OIITUYECKUX XAPAKTEPUCTHUK OIITUKHN
N3 TAJIOT'EH1IOB CEPEBPA 1 O/JJHOBAJIEHTHOI'O TAJUUIVA

A.E. JIsBoB, A.C. Kopcakos, JI.JI. Canumrapees, JI.B. XXykoa
Ypanvckuii gpedepanvuwiii ynusepcumem umenu nepeoco
IIpesudenma Poccuu b.H. Envyuna, Examepunbype
E-mail: a.e.lvov@urfu.ru

Pa3Butre ONTUKM JUKTYyeT TpeOOBaHMUS MO YIYUYIICHUIO XapaKTEPUCTUK
AJIEMEHTHOM 0a3bl ONTHUYECKUX W3JACNHM, B YaCTHOCTH JIMH3 U CBETOBOJOB. [Ipu
ATOM TIEPEXO0JI B MaJIOOCBOCHHBIE 00Jiee ITMHHOBOJIHOBBIE CIIEKTpaIbHbIe 0071aCcTH
CBSI3aH C UCIOJIb30BAHUEM MaTEPHUATIOB C OOJIBIIUM MMOKa3aTesieM MPEeIOMIICHHUS, a
ATO MPUBOAMUT K POCTY (PpEHEIEBCKUX OTpaKeHWU Ha MeK(}a3HbIX TpaHuiax. B
CBSI3U C 3TUM BCTAET BOMPOC O CO3JAHUU MPOCBETISIONIUX MOKPBITUM, KOTOpbIE
cMorau Obl HUBEJIUPOBaTh 3TOT 3P dext. Hanbosee nepcrnekTUBHBIMU MaTepuaa-
MU WH(PPaKpaCHON ONTHUKH SIBISIFOTCS TBEPJBIE PACTBOPHI TAIIOTEHUIOB cepedpa u
OJIHOBAJICHTHOTO TaJutvs. ['panuna ux npo3payHoctu aocturaetr 40 Mkm (st Mo-
HOKPHUCTAJIJIOB) U 25 MKM (Uil MOJIMKPUCTAJUIMYECKUX CBETOBONOB). [lupokwii
CIIEKTP BO3MOXKHBIX COCTaBOB TBEPJIbIX PACTBOPOB JAET BO3MOKHOCTh H3MEHSTH
UX ONTHKO-MEXaHWYECKUE XapaKTEPUCTHUKH, TEM CaMbIM J1a€T BO3MOXHOCTH CO-
3/1aBaTh ONMTHYECKHUE PJIEMEHTHI «I10 KJIH0u». Pa3paboTka HOBBIX KPUCTATUIMYECKUX
cucreM AgBr — Tl u AgBr — (TIBrg 4l 54) MO3BOIISIET YriTyOUThCS €Iie JAajblie B
JUTMHHOBOJIHOBYIO 00JIaCTh, HO CHUJIbHO YBEJIMUMBAET MOKA3aTeJIeM IMPEIOMIICHHUS.
OpnHako B A TUX cuUCTeMax OOHapyxkeH uHtepecHblid dddekT. [lpu oOmyueHun yin-
TpadrOJETOM MOJIUKPUCTAUIMYECKUX TUIACTUH MPOUCXOIUT MU3MEHEHHE MOBEpX-
HOCTU. B pesynpTaTe KOTOporo ymeHslnaercsi npomnyckanue B ommxHem MK (7o
8 MKM) ¥ yBeIMYHMBAcTCS Ha Oojiee JIMHHBIX BOJHAX (pHc. 1), 3a cyeT yMeHbIIe-
HUS (PpeHeneBCcKoro orpaxkeHust [1]. DTO MO3BOJIAT YBEIMYHUThH MPOIMYCKAHHUE B
cpenueM Ha 4 % Ha kax0i MexdazHoit rpanure [2].

|
100 4 0 min . _ A 7 7-».:}..l L 100
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Relative optical transmission [%]
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Puc. 1. 3aBHUCcUMOCTh POITYCKHUS OT BpeMeHH 00my4uerus oopasia Adoos T l002Broeslo 02

1. A. S. Korsakov and et al., Chin. Opt. Let. 14, 020603 (2016).
2. A. S. Korsakov and et al. Opt. Mat. 62, 534-537 (2016).
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OIIPEJAEJIEHUE TIOKA3ATEJIA TTPEJIOMJIEHUA KPUCTAJIJIOB
CHUCTEMBI AgBI‘ — (TIBr0,45|0‘54)

. J. Canumrapees, A.C. Kopcakos, A.E. JIbBoB, JI.B. XykoBa
Ypanvckuii hedepanvuwiii ynusepcumem umeru nepeozo
IIpesuoenma Poccuu b. H. Envyuna, Examepunoype
E-mail: d.d.salimgareev@urfu.ru

B Hacrosmee Bpemsi akTyaiabHbIM siBisieTcsa paszsutue MK texHukm, mpo-
3padyHoil B cpeanHeM U aanbHeM MK nuanazonax. OgHUM U3 NEPCIIEKTUBHBIX MaTe-
puanoB SBISIOTCS KpUCTADIBI  AgyyT1xBrigsulossx 1Tpo3paunsie or 2,0 10
40,0-45,0 mxm. Kpome Toro, jist JaHHBIX MaTepuajoB MOMHUMO JWara3oHa IMpo-
3pavyHOCTH HEOOXOJHMMO 3HATh 3aBHCHUMOCTH ITOKA3aTells MPEIOMIICHUS OT JUTMHBI
BOJIHBI, YTO BaYKHO JIJIsl TEXHUYECKUX MPUMEHEHUN B 00J1aCTH JJTUH BOJIH OT 3,0 10
12,0 mxm u nganee. [lo meTonuke, onucanHou B padore [ 1], onpeneneHsl mokas3are-
JM TIPEJIOMJIEHUS B crieKTpajibHOM auarazone oT 3,0 no 14,0 mxm. C 3TOH 1embio
MBI CHSJIM CIIEKTPBI MTponycKaHus ¢ paspemieHuem 0,5 em. Chemka MIPOBOUIIACH
¢ ucnoisb3zoBanueM aenurenss KBr u KPT nerekropa ¢ )KMTKOA30THBIM OXJIAXK[I€-
HueM. Ha mosydeHHBIX CIEKTpax pacCMOTPEHBl YYACTKH C SPKO BbIPAXKEHHOW MH-
tepdepeHnneii, cooreTcTByromue aauHam BoaH 3,0; 4,5; 5,0; 8,0; 10,6; 12,0,
14,0 mxm. Ha puc. 1 npeacraBiena qucnepcus mokasaress IpeIoMIICHHUS.
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[nuHa BONHbI, MKM

Puc. 1. ucnepcus nokasaress NpeaoMIICHUs] KPUCTAIIIIOB Pa3JIMYHBIX COCTaBOB

W3 puc. 1 BugHo, uto ¢ yBenuuenueM coaepxkanusi T1Brg4eloss B cucreme
AgBr — (TIBrg4elos4) mpoucxonut yBenmuveHne 3HAYCHUHN IMOKa3aTess Mpeiomiie-
HUSI Ha BCEX JJIMHAX BOJIH, HO B Mpe/eiax KaXJaoro cocTaBa MPOUCXOAUT MOHO-
TOHHOE yObIBaHHUE.

[TonydeHHbIE 3HAHUA MOKA3aTEJICW MPETOMIICHHS MO3BOJSAT HIPOBOAUTH MO-
JETTUPOBAHUE ONTHYECKOU CTPYKTYPhI B IIUPOKOM CIIEKTPAIBHOM JIMANla30HE U U3-
rOTaBJIMBATh PA3INYHBIC (POTOHHO-KPUCTAIUTNIECKHAE CBETOBOIBI, IPUMEHSIEMBIC B
nazepHou Texnuke, UK crnexkTpockonuu u TeIIOBU3MOHHON TEXHUKE.

1. F. Padera. Measuring absorptance (k) and refractive index (n) of thin films

with the PerkinElmer Lambda 950/1050 high performance UV-Vis/NIR
Spectrometers, 2013.
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BJIMAHUE COCTABA CTEKH}IHHOI‘/'I\'MATPI/IL[H
HA JIIOMMHECHEHTHBIE CBOUCTBA
N XAPAKTEPUCTUKU I'MBPUIHBIX MATEPUAJIOB

M.O. Anyposa, K.W. Pynuna, E.B. EpmonaeBa, A.A. AKKy3uHa,
A.B. XowmsikoB, N.X. Asetucos, O.b. IlerpoBa
Poccuiickuti xumuxko-mexnono2uueckuil yrueepcumen
umenu [{. 1. Menoeneesa, Mockesa
E-mail: maria_anyrova93@mail.ru

OpnHoil U3 OCHOBHBIX 33/au MoiydeHus THOpuaHbiXx MarepuanoB (I'M) Ha
OCHOBE BBICOKOI(D(EKTUBHBIX OPraHUYECKUX JIFOMUHOPOPOB U HEOPraHUYECKUX
CTEKJISTHHBIX MAaTpPHI] SIBJSETCS 3aIUTa OPraHMYECKUX KOMIIOHEHTOB OT pas3pylla-
IOIIIETO BO3JEHCTBUS OKpYyKaroleh cpesnl (rmapbl Boabl, Y ®-06aydenue) [1]. Tlo-
ATOMY aKTyaJIbHOM 3ajjaueil sBIIETCS HUCCIEeIOBaHME CTAOMIIBHOCTU XapaKTepHu-
ctuk ['M. B nmannoil pabore umccriegoBaHa CTaOMIBHOCTh CHEKTPOB (DOTOIHOMU-
HecueHuu (®JI) I'M Ha ocHoBe 8-okcuxuHonsaToB metaiuioB (Li, Rb, Sr) u de-
HaHTPOJIMHOBOro KoMIuiekca Eu ¢ Tpemsl pa3MyHbIMU HU3KOIUIABKMMH CBHHIIO-
BBIMH HEOpPraHW4YeCKUMU cTekIssHHbIME Matpuiiamu (Gl1 — 80PbF,-20B,0;, GI2 —
62Pb0-26B,05-12Si0, u GI3 — 62PbF,-26B,05-12Si0,) npu 1IMTEIbHON BbI-
JEp’)KKE B KOMHATHBIX YCJIOBHSX, MOJ JeicTBUEM Y D-mamMnbl U MPU HArpeBaHUS
BBIIIE TEMIIEPATYP CTEKJIOBaHUsA MaTpul. JlromMuHecueHTHBIE cBOMCcTBA I’ 3aBH-
CAT OT MaTpullbl (puc.l. a), HO OCTAIOTCS MPAKTUYECKU HEU3MEHHBIMU MPHU J10CTa-
TOYHO KE€CTKUX BO3JeHCTBUsX (puc. 1.0).

1,0 1 » 1,01
. =)
I Y
Y 0,84 T 0,8
£ S
> =
= 0,64 & 0,6
4 o
0 i~
5 Q
S 0,4 Q 0,44
o
s 3
I 0,2 B 5 0.2
o oL -
= I : 4
§ X .
O:O T T T T l‘I . A 0.0 : . , '.,"rv K . ,
400 450 500 550 600 650 700 ’400 450 500 550 600 650 700

AnvHa BOmHbI, HM [nuHa BonHbI, HM

Puc. 1. a) cnexktpel ®JI I'M Ha ocHoBe Eu(NTA)3(Phen) n pa3nmuyHbIX CTEKISHHBIX MaTpUIL,
0) ciektpbl DJI: 1 — mopomikoBoro Eu(NTA)s(Phen) u I'M Ha ocHoBe MaTpuiisl GI2,
2- mocye noxy4eHus, 3 — mocie 6 MecsIeB SKCIO3UINH Ha BO3AYXE B YCIOBUSIX COTHEYHOTO 00-
Jy4eHHs, 4 — OCIIe HArPEBAHUSI BBIIIIC TEMIIEPATYPhI CTEKIIOBAHUS MATPHUIbI

PabGora BbmonHena mpu (uHancoBor moanepkke PH® rpant Ne 14-13-
01074.

1. O. Petrova, I. Taydakov, M. Anurova, et al. Periodica Polytech., Chem. Eng.
60 (3), 152 (2016).

94



KOMIUIEKCHBIN ITPOEKT «CO3JJAHUE BEICOKOTEXHOJIOI MUHOI'O
TTPOM3BOICTBA CBEPXMOIIHBIX [TPUEOPOB CUJIOBOU
SJIEKTPOHUKH, OBECIIEUNBAIOINMX KOHKYPEHTOCITOCOBHOCTD
N UMIIOPTO3AMENIEHUE B HAYKOEMKHUX OBJIACTAX
I[MPOMBIIUIEHHOCTH, TPAHCIIOPTA 1 ODHEPI'ETUKM»:
OCHOBHBIE PE3VYJIBTATBI HUOKTP

K.H. Humes 1, M.A1 .HOBOHOJII)LICBl, B.B. Enucees?
'Hayuonansnwni uccnedosamenscxuii Mopoosckuii 2cocyoapcmeeHrHblil
yuugepcumem um. H.I1. Ocapésa, Capanck

2
OAO «nexkmposwvinpamumensy, Capauck
E-mail: nishchev@inbox.ru

IIpencraBnensl  pe3ynbTrarel HUMOKTP, BBIOTHEHHBIX B paMKax
KpynHoMmaciuTabHoro npoekra «Co3gaHue BBICOKOTEXHOJIOTMYHOTO IPOM3BOACTBA
CBEPXMOIIHBIX ~ OpPUOOPOB  CHUJIOBOM  DJIEKTPOHHMKH,  OOECHEeUMBAIOIINX
KOHKYPEHTOCIIOCOOHOCTh U HMMIIOPTO3aMEUICHHUE B HAYKOEMKHUX O00JIaCTsIX
MIPOMBIIIUIEHHOCTH, TPAHCIIOPTAa W SHEPreTUKW», peain3dyeMoM HWHCTUTyTOM
¢uzuku u xumun MI'Y um. H.I1.OrapeBa 1 OAO «DneKTpOBBIIPIMHUTEIb.

Llenbro mpoekTa sBIseTcs pa3paboTka 0a30BO TEXHOJIOTMHU U OPraHU3aUs
MIPOU3BO/ICTBA HOBBIX BHICOKOBOJIbTHBIX CHJIOBBIX MOJYIPOBOJIHUKOBBIX TPHOOPOB
Ha OCHOBE HEWTPOHHOJETHPOBAHHOIO KPEMHUS U KOMIIO3UTHBIX TE€PMOKOMIIEHCA-
TOPOB AMAMETPOM 110 5 mroiiMoB. CozaHue 3THX NMPUOOPOB pelIaeT 3aJady UM-
NOPTO3aMEUIEHUSI CIIOBBIX AJIEKTPOHHBIX KOMIIOHEHTOB JIJIi COBPEMEHHOI'0 dHEp-
rocOeperaromero o0opy/10BaHHs.

Bo BTOpOM 0TUETHOM meEpHoe KOMIUIEKCHOIO MPOEKTa pa3padoTaH mpe/Ba-
PUTENBHBIA TPOEKT JBYX KIIFOUEBBIX TeXHOJIOrnueckux nporeccos (TII):

1) TII u3roToByeHUs SICKTPOITPOBOISIIINX KOMIO3UTHBIX TEPMOKOMITCHCA-
TopoB (TK),

2) TII m3roToBiieHUS TOJYNPOBOAHUKOBBIX 3neMeHTOB (I1D) aByx KoH-
CTPYKLIMOHHBIX THIIOB:

- [ID nonHOCTHIO IPUKUMHON KOHCTPYKIIUH,

- [I9 ¢ TepmokoMIipeccuOHHBIM coequHeHneM TK u KpeMHUEBOTo KpucTai-
na.

BrInonHeHsl NaTeHTHBIE UCCIEI0BaHMs, pa3paboTaHa MpeiBapUTEeIbHAs TEX-

HOJIOTUYECKAs] JOKYMEHTALUS, TPOBEACHBI UCCIEA0BATEIILCKUE UCIIBITAHUS Make-
TtoB TK n TII TK.

Pa6otsl Bemmonaensl B ®I'BOY BO «MI'Y um. H.IL. OrapeBa» npu ¢punan-
coBoil nmogaepxke IlpaBurenscrBa Poccuiickoit @epepaunn (Munoopaayku Poc-
cuu) B pamkax noroBopa Ne 02.G25.31.0213 mexay OAO «DneKTpOBBIIPSIMHU-
Tenb» 1 MuHoOpHayku P® 00 ycnoBHsIX MpenoCTaBlI€HUs U UCIOJIb30BaHUs CyO-
CUIMH Ha PEAM3ALUI0 KOMIIJIEKCHOTO IPOEKTA M0 CO3/IaHUI0 BBICOKOTEXHOJIOT M Y-
HOT'O NMPOU3BOJICTBA, BHIIIOJIHIEMOrO C Y4aCTUEM POCCUICKOrO BBICIIETO Y4eOHOTO
3aBeJICHUS
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CHUHTE3 I[TOPOIIIKOB NaRF, (R =Y, Ce) METOIOM
N3 PACTBOPA B PACIUIABE

M.H. Maskoga, IL.I1. ®enopos, C.B. Ky3nenos, B.B. Boponos
Hncmumym obweti ¢puzuxu um. A.M. Ilpoxoposa PAH, Mockea
E-mail: mn.mayakova@gmail.com

B nocneanee BpeMs Ha0It01a€TCs BBICOKUI MHTEPEC K CUHTE3Y U U3Y4EHUIO
(TOPUAHBIX MOPOIIKOB. YHUKAIbHBIA HA0OP (PU3UKO-XMMHUYECKUX CBOWCTB (hTO-
pUI0B OOYCIIOBIMBAET BO3MOXHOCTh HCIOJb30BaHUS (TOPUAHBIX IOPOIIKOB B
pa3IMYHbIX O0JIACTSIX HAYKW M TEXHUKHU: (QTOPUIHBIE MOPOIIKA MOTYT OBITH HC-
NI0JIb30BaHbl B KQUECTBE MPEKYPCOPOB I JIA3EPHON KEPAMUKHU U TOJIYYEHUS MO-
HOKPHUCTAJIJIOB, JUTSl pa3nuuHbiX OnomenunuHckux npumenennidt. NaYF, u NaCeF,
ABJIIETCA MEPCIIEKTUBHBIMU MaTpPULAMU JUIsl JISTUPOBAHMS PA3IUYHBIMHU PEIKO3€E-
MEJIbHBIMU 3JIEMEHTaMU U co3faHus 3¢pdexTuBHbIX TromuHOPopoB. NaYF, kpu-
CTAJUIU3YETCS B IBYX MOJUMOP(GHBIX MOIU(PUKALUAX: BBICOKOTEMIIEPATypHOH KY-
Onueckoil ((IIOOPUTOBBIM CTPYKTYpPHBIA THII) U HU3KOTEMIIEPATYpPHOH TIeKcaro-
HaJbHOW (CTPYKTYpHBIM THN rarapuHuta). CorjgacHo JIMTepaTypHbIM JAHHBIM T'eK-
caroHajibHas MOAU(UKAIIS ¢ HU3KOTEMIIEPAaTypHBIM JISTHPOBAHUEM 3pOHEM U UT-
TepOuEM sIBIsETCS BBICOKOA((EKTUBHON MaTpUIIEl C MOBBILAIOIIKUM Hpeoldpas3o-
BaHueM. CylIeCTBYET MHOTO METOJIOB CHUHTE3a HU3KOTEMIIEpaTypHOH MOAU(UKa-
uuu NaYF,, HO OONBIIMHCTBO M3 HUX CBSI3aHO C TEXHUYECKUMH TPYAHOCTSIMU. B
3TON paboTe MBI UCIOJIb30BAJIM METOJI CIOHTAHHOW KPUCTAJIIIM3allMU U3 pacijiaBa
JUTs cuHTEe3a rekcaronainbHoi monudukanuu NaYF 4 u NaCeF,. beimn onpenencHsl
ONTUMAaJIbHBIE YCIOBHS CUHTE3a (TEMIIEpaTypa CUHTE3, KOJIMUYECTBO PACTBOPUTEIIS,
U30BITOK (DPTOPUPYIOUIETO areHTa, JOMOJHUTEIBHBIE YCIOBUS TEPMOOOPAOOTKH).
Cunrte3upoBaHbl oHO(a3Hble 00pasiibl, Pa3z0BbIil COCTAaB KOHTPOJIUPOBAJICS PEHT-
reHo-(pa3oBbIM aHanu30M. Mopdoaorus CHHTE3UpOBaHHBIX MOPOLIKOB M3ydyajach
C TNOMOIIBIO CKaHUPYIOUIEH HJIEKTPOHHOM MHUKPOCKONHWHU. KpymHblE 4YacTUIbI
NaYF, ¢ rekcaronanbHOi MOpQOJIOrHeil Mojble BHYTPH, & BHEIIHUE CTEHKH MMe-
IOT TOJIIMHY OKoJI0 50 HM.

Pa6ora BeinionHeHa pu noaepxkke rpanta POOU Ne 15-08-02481.
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CHUHTE3 U JIOMUHECHEHTHBIE CBOMCTBA Gd,GeMoOg:Yb,Er

B.A. Kpyrbko *, M.T. KOMOBal, J1.B. [ToMuHOBa
Y nemumym o6weii u neopeanuueckoti xumuu um. H.C.Kypnaxosa PAH, Mockea
2H)chmumym obowett puzuxu um. A.M.Ilpoxoposa PAH, Mockea
E-mail: kroutko@igic.ras.ru

I'epmanatomonubaatel Lny(GeO,4)(MoO,) (opyrTo-hopmyna Ln,GeMoOg) —
CMEIIaHOAHUOHHBIE COCAMHEHHS CO CTPYKTYpor HckakeHHoro meenuta CaWO,
(TeTparoHanbHast CHHTOHHMS, mp.Tp. 144/8), B pemrerke koToporo katHonsl Ln®* 3a-
memaror Ca’’ B 10eKadIPHUECKHX MO3HIMAX, a HoHbl M0®" u Ge** crarncriue-
CKU PACIPENEIIEHbl B TETPA3IPUUECKUX MMOZUIUASIX wWe* [1]. Pa3ynopsanoueHHOCTh
crpyktypbl LN,GeMoOg moareepaun Blasse [2], koTopblit vcciemoBan JIIOMUHEC-
LICHTHBIE CBOCTBA IepMAaHATOMOJIMONATOB, TOMMPOBAHHBIX HoHamu Eu®'. Tepma-
Hato-moanoaatel Gd,GeM0oQOg, monupoBaHHbIE HOHAMM Yb3+, Er3+, Tm3+, npen-
CTaBISIIOT  ONPENCJICHHBIM MHTEpeC s co3gaHust JazepoB [3] u  am-
KOHBEPCHOHHBIX JIIOMUHO(DOPOB [4].

B pabote cunresuposanbl G, Y0 Er,GeMoOg ¢ paznuuHbIMU COOTHOLIE-
HusiMu akTBHBIX HoHOB Yb®* - Er*' B mapax, 3aperucTpHpOBaHBI CIEKTpHI aIl-
KOHBEPCHOHHOHN JIIOMHUHECIICHIIUN B 3€JICHOM M KPAaCHOM CHEKTPAIbHBIX JHAIa30-
HaX Tpy UHPpaKpacHOM Jia3epHOM Bo30yxkaeHuu (A=974 um, P=2,5 BT) u onpe-
JIeJIeHbI 3HaueHus KBaHToBoro Beixojaa (QY,%) momunodopos (Tabdmn.1). Ycnosus
TBepA0(a3HOTO CHHTE3a U MeTouKa onpeaeneHuss QY mpuBeneHs! B [4].

Tabmuua 1.
Yb/ Er, ar.% 2 3 4 5
5 0,09 0,14 0,10 0,10
7 0,78 0,22 1,36 -
9 - 0,14 1,01 0,16

Jlnst psimia mpUMEHEHUH HYKHbI JTIOMHUHO(OPBI Pa3IMYHON TUCIIEPCHOCTH.
Hamu paspabotansl ycioBus noiaydeHuss Ln,GeMoOg MeTogoM KHAKOCTHOM To-
MOT€HHU3alMd B MPUCYTCTBUU KOMIUIEKCOOOpa3oBaTeneil TUMOHHON KHCIOTHI U
MaHHHUTA C TOCIAEAYIOMIUM OTKUTOM aMOP(HBIX MPEKYPCOPOB.

Pabora BeImonHEHa B pamkax rocymapctBeHHoro 3ananus MOHX PAH B
o0JyacTv (pyHIaMEHTAILHBIX HaYYHBIX UccienoBanuii (tema Ne45.3), Homep rocpe-
ructpanun: 0088-2014-0003.

1. C.B.Finch, L.A.Harris, G.W.Clark, Proc. Conf. Rare Earth Research 3" 3,
107 (1964).

2. G.Blasse, J. Inorg. Nucl. Chem. 30, 2091 (1968).

3. L.Xu, Q.Zhang, W.Zhou, J. Cryst. Growth. 318, 991 (2011).

4. A.Ryabova, D.Pominova, V.Krut’ko, M.Komova, Photon. Las. Med. 2,
117 (2013).
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CTPYKTYPHBIE, DJIEKTPOHHBIE, OIITUMECKUE CBOVICTBA
KPUCTAJIJIOB TUIIA KAPBUIA BOJIbOPAMA
N3 IIEPBLIX ITPUHIIUIIOB

A.IL I'axymuna, JI.M. ['uneryp
Hayuonanvnoui uccneoosamenvckuit Husicecopoockuii cocyoapcmeennwiii
yrueepcumem um. H.U. Jlobauesckoeo, Huowcnuii Hoseopoo
E-mail: fyskaaa@mail.ru

[enpio paboThI SBISETCA U3YYEHUE CTPYKTYPHBIX, JJIEKTPOHHBIX U ONTH-
YECKUX CBOMCTB KPUCTAJUIOB CTPYKTYPHOI'O THIIa KapOuaa Bojib(PpamMa B paMKax
Teopun (PyHKIMOHAJIa TUIOTHOCTU. B ucciienoBaHuM paccMOTpPEeHO 7 KpHUCTal-
noB: WC, AuC, MoP, MoC, NbN, NbS, OsC. Pacuér mpoBoauics B Iporpamm-
HoMm makere WIEN2K [1] ¢ ucrons3oBanneM 000OIIEHHOIO IPaJHMEHTHOrO MPH-
Oomkenus [2]. Jus onTUMHU3AIMU CTPYKTYpPbl PACCMOTPEHHBIX KPUCTAIIOB B
nporpamme WIEN2K ucnons3oBanock 100 k-rouek. Jlyist pacdera aiieKTpOHHON
CTPYKTYpBI HCIOIb30BasIoch 27000 K-Todyek. YcIoBHEM CXOAMMOCTH CaMOCO-
[JIACOBAHHBIX BBIUMCIICHUN SIBISJIACH HEU3MEHHOCTh MOJIHOM SHEPTUU CUCTEMBbI
C TOYHOCTBIO JI0 10° Ry.

OnTuMuzaiust CTpYKTYpbl MPOBOAMIIACH MYTeM MHUHUMU3ALMKU MOJHOU
SHEPruh OTHOCUTEIIbHO O0BbeMa 3JeMeHTapHoOW sueilku. C UCHOoJIb30BaHHEM
ypaBHEHUs cocTosHUs MypHarana [3] ompenenicHbl paBHOBECHBIE MapaMeTpPhl
AJIEMEHTAPHON SYEHKH, MOAYJb COKaTUS W MPOU3BOJHAS MOMAYJA CKATHUS IO
JaBlieHnI0. B pamMkax ucclieoBaHUsl ONTUYECKUX CBOMCTB MOJYYEHBI CIIEKTPHI
MHHMMOM ¥ ACHCTBUTEIILHON YaCTH JTUAJISKTPUUECKOM TpoHuIiaeMocTd Re e(®) u
Im &(w), TeHCTBUTEILHON W MHMMOM YacTH ONTHYECKON MPOBOJUMOCTH G(M),
nokasartelis npeomieHus N(m), kodddurrenta skcTHHKIMK K(m), oTpakaTeb-
HOM criocoOHOCTH KpucTamwia R(w), koadduiinenta noriomieHus, GyHKIUHA MO-
Tephb PHEPTUH IEKTpoHaMU L ().

HccnenoBanue BBITIOJHEHO Tpu (UHAHCOBOM mopaepxkke PODU B pamkax
Hay4Horo npoekta Ne 16-32-00536 mon_a.

1. P. Blaha at al., WIEN2k, An Augmented Plane Wave + Local Orbitals
Program for Calculating Crystal Properties, Techn. Universitat Wien,
Austria, ISBN 3-9501031-1-2 (2001).

2. J.P. Perdew, S. Burke, M. Ernzerhof, Phys. Rev. Lett. 77 (18), 3865-3868
(1996).

3. F.P. Murnaghan, Proc. Nat. Acad. Sci. 30, 244 - 247 (1944).
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BJIMSIHUE Ni** 1 Ti** HA CIIEKTPAJIbHO-JIIOMUHECLIEHTHBIE
CBOICTBA CTEKJIOKEPAMUKHU HA OCHOBE y-Ga,05

H.B. Fonv6eBl, E.C. I/IFHaTBeBal, B.H. CHraeBl, P. .HOpGHHI/IZ, A. I_Iaﬂeapﬂl’2
! Poccutickuti XumMuko-mexnono2uyecKuil yrugepcumem um. /. 1. Menoeneesa,
Mockea
2 Ynusepcumem Munana-buxokka, Munan
E-mail: golubev_muctr@mail.ru

OnTuyeckue CBOWCTBA MOJYMPOBOAHUKOBBIX HAHOKPUCTAIIIOB BO MHOTOM
OTIPEACIIAIOTCS UX pa3MEpPOM W HAJIMYUEM CTOPOHHHUX IpuMecei. Panee Hamu ObI-
Ja TI0Ka3aHa BO3MOYKHOCTH BbIZeNeHUS Y-Ga,O3 B MaJIOMIEIOYHBIX TAJTMEBOCUITH-
KOT€pMaHAaTHBIX CTEKJIaX, M BBISABICHA KOPPEJAHS MEXIy d(PPEeKTHBHOCTHIO JITO-
MUHECUEHIUU U COOTHOILIEHUEM JIOHOPOB M aKIENTOPOB ATOM (pa3bl, KOTOPOE U3-
MEHSJIOCHh C Pa3MEPOM HAHOKpUCTAILIOB [ 1, 2].

B nmanHoO# paboTe mpuBenEHBI Pe3yJbTaThl CPABHEHUS BIUSHUS T€TEPOBa-
nertabix mpumeceit (Ti* wm Ni*"), crmocobubix 3amectuts Ga®* B crpykType
HaHOKPHUCTAJJIOB, HA KPUCTAJUTM3AITUIO MAIOMIEIOYHBIX TATMEBOCUITMKOTCPMaHT-
HBIX CTEKOJI ¥ CIEKTPAIHLHO-TIOMUHECIICHTHBIE CBOWCTBA IMOJYYaeMON CTEKIIOKE-
pamuku. B orimune ot mMoHokpucramia -Ga,O;, a Takke HaHOMOPOIIKOB Y-
Ga,03, MOMTydeHHBIX CHHTE30M M3 PacTBOpa, B3aUMOJCHCTBUE TTOCIEAHEH (a3bl ¢
MaTpHIEH CTEKa BeChbMa CYIIECTBEHHO M MPEISITCTBYET HETIOCPEACTBEHHOM JKC-
TPAMOJSIIIUU CYIIECTBYIOMUX MaHHBIX [3-5]. OOHapykeHO, YTO OTHOCHUTEIILHOE
CoJlep’KaHMe KpHUCTAILTMYECKON (a3l U pasMep HaHouacTull y-Ga,0z, oOpa3yro-
MIUXCSA TPU TEPMOOOPAOOTKE yKa3aHHBIX CTEKOJ, U3MEHSETCS C KOHIIEHTpaIue
no6asku. Beenenne Ni** u Ti**, oquako, B 3HaUUTENBHO GONBIIEH CTENEHU BIHSAET
Ha KOJMYECTBO M COOTHOIIECHHWE COOCTBEHHBIX AcdekToB Y-Ga,0Osz 4TO B CBOIO
ouepenib ONPEACIISIeT MOJOKEHUE Kpasi ONTHYECKOTO TIOTJIONIEHUS U CIIEKTPaIbHOE
pacrpeienieHue JJIOMUHECIIEHIINH 3Tor a3kl B YD u BuguMoit 00J1acTy.

Pabora nmogaepxana MunucrepctBoM oOpa3oBaHusi U Hayku P® (rpantbl
MK-8807.2016.3 u 14.250.31.0009).

1. N.V. Golubev et al., J. Mater. Chem. C 3, 4380 (2015).

2. N.V. Golubev et al., Phys.Chem.Chem.Phys. 17, 5141 (2015).
3. T.Wang et al., J. Am. Chem. Soc. 132, 9250 (2010).

4. L. Binet, D. Gourier, J. Phys. Chem Solids 59, 1241 (1998).
5. T. Wang et al., J. Mater. Chem. C 2, 3212 (2014).
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BJIMSTHUE JIOBABOK OKCUJIA AJIFOMUHUSI HA CTEKJIOBAHUE,
KPUCTAJUIM3ALIMIO U CBOMCTBA CBMHIIOBBIX ®TOPOBOPATHBIX
CTEKOJI, AKTUBUPOBAHHBIX Nd*, Eu** u Er*

T.C. CeBocthsaHoBa, E.B. Kykosa, P.P. Caiidytspos,
A.B. Xowmsikos, O.b. IlerpoBa
Poccutickuti xumuxo-mexnonocuueckuti ynueepcumem umenu J{.1. Menoeneesa,
Mockea
E—mail: t.sevostjanova@mail.ru

Okcuj aTrOMUHUS BXOJUT B COCTaB MHOTHX JIa3€pHBIX CTEKOJI [1] U cTeKI0-
kpuctaimmyeckux marepuanoB (CKM), B Tom 4ucie U B OKCOPTOPUAHBIX CUCTE-
Max [2-3]. BxoxkaeHue B CTEKJIO aTIOMUHUS MOXET MPOUCXOAUTh KaK MyTeM BHeE-
CEHUSI COOTBETCTBYIOLIUX KOMIIOHEHTOB B IIUXTY, TaK U YACTUUHBIM PACTBOPEHU-
€M KOPYHJIOBBIX TUIJIEH B pacrjiaBe MpU BapKe, UTO HE CKA3bIBAETCS OTPULIATENb-
HO Ha CTIIEKTPAILHO-TIOMUHECIICHTHBIX CBOMCTBAX CTEKOJI, HO MOXET CIIOCOOCTBO-
BaTh JIydllleMy ylepkanuio (propa B pacruiaBe [4], yIydllIEHUI0 MEXaHUYECKUX
CBOMCTB cTekia [1], a Takke crmocoOCcTBOBaTh 00Jiee paBHOMEPHOMY pacrpe/iese-
HUIO aKTUBATOPOB B CTEKJIE [5].

B nannoit pabote ObUTM CHHTE3UPOBAHBI PTOPOOOPATHBIE CTEKIIA U3 IIUXTHI
cocrapa (100-x)(80PbF,—20B,03) - X Al,O3; (X ot 0 g0 30 M01.%), B TOM 4mCIIC
aktuBupoBaHHble NdFj;, EUF; mmm ErF; B xonuenTpaunun 1 mon.%. Bapka ocy-
IIECTBIISJIACH B MJIATUHOBBIX WJIM KOPYHJIOBBIX TUTIIAX. VccnenoBaHO CTEKIIOBaHUE
¥ KPHCTa/IH3aIMs B JaHHOI cucTeMe, Bxoxkaeune Al*" B cocras crekia, BamsHue
KoHIeHTparu Al Ha MeXaHWYeCcKWe W ONTHYECKUE CBOMCTBA CTCKJIA U CIICK-
TPaJIbHO-TIOMUHECIIEHTHBIE CBOMCTBA akTUBHMPOBAaHHBIX P33 crtekon. MccnenoBa-
HUS COCTaBa CTEKOJ METOJOM pEHTTeHocHeKkTpamsHoro mukpoanammsa (INCA
Energy 3-D MAX, Oxford Instruments) mokazaiu, 4To HaWJydIlee ONMTHYCCKOE
Ka4ecTBO CcTeKoj HaOmomaercs npu koumeHtpanuu Al,O; 10-12 mon.% He3aBH-
CUMO OT croco0a CMHTE3a — B KOPYHJIOBOM WJIM IJIATUHOBOM THUTJIE. Y BEIMUYEHUE
koH1eHTparuu Al,O; TpUBOIUT B TaHHOW CHCTEME K POCTY TBEPJIOCTH H TaJICHUIO
nokasaresisi mpejaomiieHus. [Ipyu kpucTamimM3anuy paciiaBoB BO BCEX CIydasiX Bbl-
nanarT ¢gasbl GTOPUAOB CBUHIIA, TPUYEM C pOCTOM KoHIeHTparuu Al,O3 yBenu-
YUBaeTCs J0JA HU3KoTeMmmepaTypHoil (aszbl o-PbF2, uto MoxkeT ObITH CBSI3aHO C
TEM, 4TO 0o0Jiee YCTOMYUBBIE K KPUCTAIUIM3ALMK PACIUIaBbl HAUMHAIOT KPUCTAJUIN-
30BaThCs MpHU OOJIee HU3KUX TEMIIEpaTypax.

Pabora BeinonHeHa npu puHaHcoBor mnoaaepkke PH® rpant Ne 14-13-
01074.

1. b.W. I'anaran, W.H. I'nymenko, b.W. [lenkep u ap., ®u3. u xum. crekia 37,
(3), 350 (2011).

2. D. Ehrt, Curr. Opin. Solid State Mater. Sci. 7, 135 (2003).

3. K. Shinozaki, W. Pisarski, M. Affatigato at all., Opt. Mat. 50, 238 (2015).

4. A.A. Kunpuanos, H.I'. Kapnyxuna, ®u3. u xum. crekia 32 (1), 3 (2006).

5. B. Hatta, M. Tomozawa, J. Non-Cryst. Sol. 354, 3184 (2008).
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[NOJIYYEHHME BBICOKOYUCTOI'O TEJUIYPA C IIOHMXEHHBIM
COLEPXXAHMEM CEJIEHA

M.b. I'pumieukun, A.B. Xomskos, E.H. MoxeBuTrHa,
M.II1.361k0Ba, 1. X. ABeTHCOB
Poccuiickuu xumuxo-mexnonoauueckuui ynueepcumem
um. /[.U. Menoeneesa, Mocksa
E-mail: igor_avetisov@mail.ru

B nacTosiee BpeMst BRICOKOYUCTBIN Tesmyp (uuctotoit 6N u sydiiie) mmmpo-
KO MCIOJIb3YeTCs JJIsl MOJy4EHUSI MAaTePUAIOB ONTO3JIEKTPOHUKH, (POTONPUEMH H-
KOB Pa3fIMYHBIX JUAMA30HOB JIJIMH BOJH U JAPYTUX 007ACTAX TEXHUKH. McXoaHBIM
CBIPbEM JJISl TOJIYUYEHHUSI BBICOKOYMCTOTO TEJUTypa CIYKUT TEUIyp TEXHHYECKHX
MapoK, OCHOBHBIMH MPUMECSIMH B KOTOPOM SIBJISIIOTCSI Melb U ceieH. HauOoinee
pacnpoCTpaHEHHbIMU METOJIaMU OYUCTKU TEJUTypa SIBJISIOTCS BaKyyMHasl TMCTHJI-
JSIMST ¥ 30HHAS IJ1aBKa. BakyymHash TUCTHIUIAIMS MO3BOJISIET 3G (GEKTUBHO ya-
JUTh METAUTMYECKUE MPUMECH, OJIHAKO MPUMECh SE COXpaHAeTCs Ha MCXOJAHOM
ypoBHe ~ 107 mac.%. CHIKEHHUs KOHIGHTPAIUK ceneHa 10 ypoBas 107 mac.% u
HIDKE (HEOOXOAMMOTO IJisi TIOJIydeHHs Telurypa unctotro 6N) mocturaior ¢ mo-
MOIIIbI0 30HHOM TUIaBKU B atMocdepe Bojaopoaa. IIpm 3ToM BbIXOJ KOHEYHOTO
npoaykrta He npesbimaet 20 %.

B npakTuke pazaenieHus BEUIECTB U3BECTEH CIOCOO MOBBIICHHS 3PPEKTHB-
HOCTH IIpoLecca ¢ MOMOIIbIO JOOABIEHHUSI B UCXOJHYIO CMECh T'€TTEpPUPYIOIIEH
KOMITO3ULIUH, CEJEKTUBHO CBS3bIBAIONICH IIENEBYIO MPUMECh B MAJIOJETYy4€e XH-
muueckoe coenuHenue [1]. [IpencraBieHnas paboTa MOCBSAIIECHA TTOMCKY KOMIIO-
3ULIMHU, TIO3BOJIAIONIEN YIY4IIUTh CTENIEHb OYMCTKH TEJTypa OT S€ B mpoliecce Ba-
KYYMHOW AUCTWIISILIMU 10 YPOBHS 107 mac. %.

Huctumnsiuuio temunypa mapku TA-1 (99,9 mac.%) npoBoaunu B peaktope
u3 kBapieBoro crekia (KplaA), npu fuHaMuyeckoM Bakyyme 107 TOPp B YCIIOBHU-
X KOHTPOJUPYEMOIo IpaiIueHTa TeMrepaTypbl. B peakTop ObLIM MOMENICHBI Te-
PETOHHBIN KyO ¢ HCXOIHBIM MaTepuajoM M TpyOKa-mpueMHUK KoHaeHcara. Ky6 u
NPUEMHHMK OBLUIM M3TOTOBJIEHBI M3 0c000 uucroro rpadura (MI'-1, OOO TIKII
BUAJI). K ucxongnomy marepuany J00aBJISIIA FETTEPUPYIOLIYI0 KOMITIO3UIIMIO B
koinnuectBe 5-15 mac.%. KoHueHTpanuio npuMeceid B ICXOAHOM MaTrepuale, Ky-
OOBOM OCTaTKe M KOHJIEHCATE ONPEACIsIA METOJIOM MAaccC-CHEKTPOMETPUU C WH-
nyktuBHO cBsizanHoM ma3Moit (NexION 300D, Perkin Elmer).

B pe3ynbTare paOoThI ONpEAENIeHO BIUSHUE COCTaBA IeTTEPUPYIOMIEH KOM-
NO3UIIMM Ha KOHLIEHTPALMIO CelieHa M 00llee coaep)kaHue MpUMeced B Telype
6N.

PabGora BbimonHena mnpu ¢GUHAHCOBOM moaaep:kke MwuHoOpHayku P®
RFMEFI57716X0218.

1. M.®. Yypbauos, A.Il. BenbmMyk0B, Xumus 6b1cOKOUUCMBIX HEOPSAHUYECKUX
sewgecma, H. Hosropon : N3a. Huxkeropoackoro ['ocynusepcurera, 2015.
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TIOBBIIIEHUE DO®OEKTUBHOCTU HIMPOKOIIOJIOCHON
UK TIOMUHECIHEHIIMNM HAHOCTEKJIOKEPAMUKY,
AKTHBHUPOBAHHOM MOHAMMU Ni**

E.C. I/IrHaTLeBal, H.B. Fony6eBl, M.3. 3I/I$ITI[I/IH0Ba1, B.H. Curaes?,
I".E. Manamkesua®, P. JTopenrn®, A. Taneapu™
! Poccutickuti XumMuKko-mexHoio2uieckuil yHugepcumemn
um. JI.U. Menoeneesa, Mockea
2 Unemumym dusuxu um. B.Y. Cmenanosa HAH Benapycu, Musck
3 Ynusepcumem Munana-buxokka, Munan
E-mail: elena_ign85@mail.ru

CTeKIOKpUCTAUIMYECKUE MATEPUAIIBI C IIUPOKOMOIOCHON JIFOMHUHECIEHIIH-
el B omkueit MK obnactu nmepcnekTUBHBI 711 pa3pabOTKH HAa UX OCHOBE BOJIO-
KOHHBIX yCUJUTENeH Juisi onTudyeckux cucreM cBa3u [1]. IlogoOuble maTepuabi
IIO3BOJIIIOT YBEJIMYWTHh IIMPHUHY IIOJOCHI YCWJIEHHs 1O cpaBHeHnio ¢ BKP-
YCHJIUTENSIM CO CJIOKHOM CUCTEMOM HAaKauKu W SpOUEBBIMHU YCUIIUTEISIMU, JIJISL KO-
TopbiXx OHa cocTapisieT mpuMepHo 100 um [2] 1 30 M [3], cooTBeTCTBEeHHO. Panee
HaMU TIOJIy4eH JIOMUHecrupytomnmii B ommwkaerr MK obnactu cTeKIOKpuCTaIN-
qeckuil MaTepuat Ha ocHoBe Y-Ga,03:Ni?* ¢ monymuprHoil TroMHHeCHeHIHH 60-
nee 300 HM, KOTOPBIM, KaKk U B CIy4yae aHAJIOTUYHBIX MaTepualioB, 00Jiajan OTHO-
CUTEJILHO HEBBICOKMM KBAHTOBBIM BbIX0/0M [4]. B manHoii paboTe onucaHo moiny-
YeHHE HAHOCTEKIOKePaMUKH, aKTUBHpoBaHHOH moHamu Ni’*, ¢ mcmomp3oBaHmeM
JBYXCTYNEHYATOro pexuma TepMooOpadoTku. OOHApPYKEHO, UTO HHTErpajibHas
WHTCHCHBHOCTH JTFOMHHecIeHnu B OnmmkHel MK obmactn yBenuuuiack Ha 30 %
3a CYEeT MPUMEHEHHUS MPEAKPUCTAILIM3ANUOHHON 00padoTku. OnTuMuzaius pe-
KUMa TEPMOOOPabOTKH MPUBEAET, KaK OXKUJIACTCS, K JalibHEieMy pocTy 3¢ dek-
tuBHOCTU MK mroMUHECHEHIINN TAaHHON HAHOCTEKIIOKEPAMUKHU.

Pabora nmogaepxana MunucrepctBoM oOpa3oBaHusi U Hayku P® (rpantbl
MK-8807.2016.3 u 14.250.31.0009).

1. J. Qiu et al., Optical Fiber Communication and Optoelectronics Conference,
Asia. — IEEE, 617-619 (2007).

2. A.B. JleonoB, O.E. Haumii, B.H. Tpemnukos, Ilpuknagnas ¢oronuka 1,
26 - 49 (2014).

3. A.C.Kypkos, O.E. Hanwuii, Lightwave russian edition 1, 14-19 (2003).

4. V.N. Sigaev et al., Nanotechnology 23, 015708 (2012).
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CHUHTE3 U CTPYKTYPA HOBbBIX IUKAPBOKCHUJIATOB
TPUOEHWIBUCMYTA

A.A. I'ycakosckad, O.C. Kammuctparosa, 11.B. Annpees, A.B. ['ynun,
H.B. Comog, E.B. UyrnipyHoB
Huoicecopoockuti cocyoapcmeennwiil ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnui Hoseopoo
E-mail: eliss_ag@mail.ru

buc(3-¢pypunakpunar) tpudeHUIBUCMYTa U IOU-M-HUTPOIIMHHAMAT TpHde-
HUJIBUCMYTAa OBUTM CHUHTE3UPOBAHBI IO HW3BECTHOW METOJHMKE OKHCIMTEIBHOTO
npucoeauHenus o cxeme [1]:

(CeHs)3Bi + 2RCH=CHCOOH + (CH3);COOH — (CgHs)3Bi(OC(O)CH=CHR), +
+ (CH3)3sCOH + H,0,
rac R= C4H30, M-NOz—C6H4.

CuHTe3 mpoBoaWiCS B TeTparuapodypaHe Mpu KOMHATHOW TeMIiepaType B
onHy craguio. [IpoaykTsl peakiuu ObUTH NMEPEKPUCTAILIU30BAHBI U3 CUCTEMbI T€K-
cad — xjopodopm (4:1), UTOrOBBIN BBIXOA MPOAYKTOB cocTaBui 68 % u 71 % co-
OTBETCTBEHHO.

Momnoxkpucramibsl 6uc(3-gpypunakpuiara) TpudeHWIBUCMYTa OBLIM BbIpa-
IICHBl METO/IOM 3aMEHBI PACTBOPHUTENCH M3 TeTparuapodypaHa W METPOICHHOTO
adupa, B cydae AU-M-HUTPOIMHHAMaTa TpudeHunBucMyTa — u3 cuaresa. CTpyk-
TYpHBIM aHaa3 MOHOKpHUCTALIOB Ouc(3-hypunakpunara) TpupEeHUWIBUCMYTa U
IU-M-HATPOLIMHHAMaTa TpU(EHUIBUCMYTa ObUT TMPOBENEH Ha IU(PPAKTOMETpE
Rigaku XTALab PRO MMO003, ocuamennom HPAD-nerexkropom Pilatus 200K.

B pesymbrare peHTTEHOCTPYKTYPHOTO aHaju3a OIpeaesieHo, uTo Owuc(3-
bypunakpunar) TpupEeHUIBUCMYTa KPUCTATUIM3YETCSI B MPOCTPAHCTBEHHOM T'pyI-
e P1, mapamerpsl sueiiku coctaBisiior: a = 10,6523(8) A, b = 12,4657(5) A, ¢ =
= 12,4967(4) A, o = 88,025(3)°, B = 81,125(5)°, y = 89,420(2)°. Hdu-m-
HUTPOIIMHHAMAT TPU(PCHIIBHCMYTA KPUCTATUTM3YETCS B MPOCTPAHCTBCHHOM TPYII-
ne P2, mapameTpsl staeiiku coctapusior a = 8,7412(4) A, b = 18,2340(8) A, ¢ =

= 13,0050(6) A, B = 101,564(5)°, a. = y = 90°.

Pabora BeImosHEHA B paMkax 0a30BOM YacTH TOCYIApCTBEHHOTO 3aJaHUS
BBICIIIAM y4€OHBIM 3aBEJICHHSIM M HAyYHBIM OPTaHHU3AIUSAM B chepe HAydIHOU Jes-
TenbHOCTH, TTpoeKT Ne3.6502.2017/BY.

1. A.B. I'ymun Jucc. nokt. xuMm. Hayk, HHI'Y. H. Hosropon, 283 c. (1998).
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NCCIIEJOBAHUME COCTABA KPUCTAJIUIOB KTP:HF 1 KTP:ZR,
BBIPAIIMBAEMbBIX METOJIOM 13 PACTBOPA B PACIUIABE

E.A. Vcynoga, B.A. 1BanoB, I1.B. Aunpees, M.A. ®annees, A.B. bopsikos
Hayuonanvnoiii uccneoosamenvckuiit Husicecopoockuii 2ocyoapcmeentuiii
yuugepcumem um. H.U. Jlobauesckozo, Huoicnuii Hogeopoo
E-mail: evgeniya.isupova@yandex.ru

Kpucramnsl Tutanun dpocdara kamus (KTP) ¢ npumecsmu rapHust u upko-
HHSI BBIpAIMBAIKCh U3 pacTBopa B paciuiaBe (flux-meron) MeTonom crioHTaHHOM
KpUCTaTM3alu. B kauecTBe MCXOJHOr0 COCTaBa IIMXTHI JJIsl BhIpalllMBaHUs ObLI
BBIOpaH OJIMH M3 COCTABOB, UCCieNOBaHHBIX B [1, 2]: 42 Mmon.% K,0, 14 mon.%
P,Os, 14 mo1.% TiO,, 30 mon. % WOs. IIpumecs HfO, nmu ZrO, 3amermana HEOO-
XOJUMYIO TIO CTEXMOMETPUHU YacTh, npuxosirytocs Ha TiO, Tak, 4To cymMapHas
MOJIIpHAsi JIOJIsi OKCUJIa TUTAHA U OKCHJIa IPUMECHOr0 aToMa OCTaBajlach paBHOU
14 mon. %. BemecTBo KprUCTaUIM30BaI0Ch Ha MJIATUHOBOW MPOBOJIOKE, IMOMENIae-
MO B IJIATUHOBBIN TUTEJb. BhIpallieHHbIe KPUCTAIbI OTMBIBAIKCH B TOpsSiUei BO-
JI€ OT OCEBIIMX HA HUX HE3aKPUCTAJUTM30BABIIMXCS OCTATKOB PaCTBOP-pacILIaBa.
Hamu Oputm BeIpamiensl psabl kpuctamioB KTiy,Hf OPO, n KTiyZr,OPO, co
3HaueHUSAMU MOJNbHBIX fojed HfO,/(TiO, + HfO,) umm ZrO,/(TiO, + ZrO,) B
HadabHOM coctaBe B uHTepBasie oT 0,01 mo 0,13, ¢ marom B 0,02, a Takxke 4m-
ctoiil kpuctasn KTP (Bcero 15 o6paszuos). [TonydeHHbie 00pas3iibl KPUCTAIOB TIe-
PETUPAIIUCH B ITOPOIIOK B araTOBOM CTYIIKE.

PentrenoBckuii Qazobrii aHamu3 (audpakromerp Shimadzu XRD-7000,
uznyuenne Cu-Ka) mokaszan, uyto Bce 00pasiibl SBISIOTCS OAHOGA3HBIMU, OJIU3KH-
MU 110 cTpykType K unctomy KTP (PDF Ne 00-035-0802). OOHapy»keHa JIMHEHHAS
3aBUCHUMOCTh MEXJIYy OOBEMOM AJIEMEHTAPHOM SUEWKM M KOHILIEHTpaluel LUpPKO-
Hus ripu X < 0,07. Tlpu nanpHeiineM yBeTUYEeHUN KOHIIEHTPAINH ITUPKOHUS 00beM
SAYEUKHU TIOYTH HE MEHSETCS. 3aBUCUMOCTh MEXAY OOBEMOM 3JIEMEHTAPHOU SUEUKHU
U KOHIIEHTpanuen rauus X pazouBaercs Ha JBa OJIM3KUX K JIMHEHHBIM y4acTKa C
ycnoBHOM rpanuuned npu X = 0,05. Takum oOpa3om, pe3yapTaThl pEHTT€HOBCKOI
TUu(dpaKTOMETPUN MO3BOJISIIOT CAEIaTh BBIBOJ, UTO MOHBI IPUMECE BCTPaUBaIOTCS
B CTPYKTYPY KpUCTAJJIOB, 3aMelllasi HOHbI TUTAHA.

JI1sl KOJMYECTBEHHOI'O OINPEJEIEHUSI OTHOCUTEIBHOIO COJAEPKAHUS TUTaHA
U [UPKOHMS WM TaHUS B BBIPAIIEHHBIX KpUCTAJUIaX MPOBOAMICS SJIEMEHTHBIH
aHaJlu3 Ha PEHTTEHO(IIYOPECIICHTHOM CHEKTPOMETPE IMOCIEN0BATEILHOIO THIIA
(Shimadzu Lab Center XRF-1800) u Ha aTOMHO->MHUCCHOHHOM CIIEKTPOMETPE C
MHIYKTUBHO-CBs13aHHO# ma3moi (Prodigy High Dispersion ICP, Teledyne Lee-
man Labs).

Bripaiiennbsie cepu 00pa3loB MEPCIEKTUBHBI Il U3yYEHUs] B3aUMOCBS3U
CTPYKTYPBI KPUCTAJUIOB U MX HEJIMHEHHO-ONITHYECKUX CBOWCTB.

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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VCCJIEJOBAHVE JIOKAJIBHOM CTPYKTYPBI KPUCTAJIJIOB
ZrOQ'Gdzog'EU203

JL.B. Kepsixos', T.B. Bonkosa', M.A. EOpI/IKZ, A.B. Kyne6skun®,
E.E. .HOMOHOBaZ, B.A. Mb3una®, ILA. PsGoukuna’, A.H. I—Ia6y1111<I/IH1
' Hayuonansnwni uccnedosamenscxuii Mopoosckuii 2cocyoapcmeeHtbli

yuugepcumem um. H.I1. Ocapesa, Capanck

2 Hnemumym obweti pusuxu um. A.M. Ipoxoposa PAH, Mockea

E-mail: sendboxvw@mail.ru

TBepabie pacTBOPHI CTAOMIIM3UPOBAHHOIO M YACTUYHO CTAOMIU3UPOBAHHOTO
JUOKCHUJIA ITUPKOHUSI UMEIOT IIMPOKHUM JUara30H MPaKTUYECKUX MPUMEHEHUM B
pa3IMYHBIX 00JIACTSIX HAYKU U COBpeMeHHOM TexHukH [1]. B mpouecce crabunmsa-
uu ZrO, okcuaamu 3JIEMEHTOB BTOPOW U TpeThel rpynn Ilepuoandeckoit cucre-
MbI 00pa3yloTCsl KUCIOPOIHbIE BAKAHCUU, KOTOPHIE MPU B3aMMOJICUCTBUM C MOHA-
MU KaTHOHOB WJIM MEXIy coboi moryt (opmupoBarh accomuatel. OOpa3oBaHme
JTAHHBIX aCCOIIMATOB B KpUCTAJIaX CTaOMIM3UPOBAHHOIO U YACTUYHO CTAOMIN3U-
POBAHHOTO JUOKCHA IIUPKOHUS, 3HAUUTEIHHO OKAa3bIBAECT BJIMSIHME HA CBOWCTBA
JAHHBIX MaTEPHUAJIOB.

D@ dexkTUBHBIM METO/IOM BBISIBJICHHSI OCOOEHHOCTEHN JTOKAIBHON CTPYKTYPBI,
B TOM YHUCJI€ BBISABJICHUE HAJMYUS aACCOI[MATOB C Y4aCTHEM KHCIOPOIHBIX BaKaH-
CHil SIBIISICTCS METOJ ONTHYECKON CIIEKTPOCKOIHH ¢ UCIOIB30BaHHEM HOHOB Eu®*
B KQUECTBE CIIEKTPOCKOMUYECKOTo 30H 1a [2-6].

B nacrosieit pabote MeTo/1aMu peHTTe€HOBCKON TU(paKIMKU U CTIEKTPOCKO-

MU KOMOWHAIIMOHHOTO PACCEsTHUSI CBETa BBIMOJHEHBI HCCIeqoBaHUs (Ha30BOTO
coctaBa MOHOKpHCTAILIOB ZrO,—(2,7 — 33 Mm01.%) Gd,03-0,1 mom.% Eu,0a.
C uCnonap30BaHUEM METOJIOB ONTHUYECKOU CIEKTPOCKOIUU BBISIBIECHBI OCOOEHHO-
CTH JIOKQJIBHOrO OKpY)KeHHs HOHOB EU®" I TeTparoHambHEIX M KyOHYECKHX
TBepabIX pacTBopoB ZrO,—(2,7 — 33 mo01.%) Gd,O5-0,1 mon.% Eu,0,, nomyuen-
HBIX METOJIOM HaIlpaBJICHHON KpUCTAJLIM3AIlMU paciylaBa ¢ UCIOJIb30BaHUEM TIPsi-
MOT'0 BBICOKOYACTOTHOT'O HarpeBa B XOJOIHOM KOHTEHHEpE.

Pabora BeimosHeHa npu ¢puHAHCOBOM ToaAepkke rpanta PO®U a, Ne nipo-
exta 16-02-00457.

1. 10.C. Ky3smunos, E.E. JlomonoBa, B.B. Ocuxko, Tyeonraskue mamepuansi
u3 xonoonoz2o muens, Mocksa : Hayka, 2004.

2. M.A. bopuk, T.B. Bonkosa, E.E. JlIomoHoBa u ap., Onruka u CeKTpOCKO-
s 122, 67 (2017).

3. J. Dexpert-Ghys, M. Faucher, P. Caro, Journal of Solid State Chemistry 54,

179 (1984).

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

1O0.K. Boponbko, M.A. 3ydapos, A.A. Cobosb u ap., OnTuKa M CIEKTPO-

ckorus 81, 814 (1996).

6. FO.K. Boponbko, M.A. 3ydapos, A.A. Cobons u 1p., Heoprannueckune ma-
tepuaisl 33, 452 (1997).
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®A30BBIE IMATPAMMBI CUCTEM CVYJIb®ATA I'AJIJINA
C CYIJIbOATAMMU JIMTUA U HATPUA

B.IO. IIpoiinakosa’, C.B. Ky3nenon 2 B.B. Boponos 2 1L 1L CDCIIOpOBl’Z
Mocrosckuii mexnonoauveckuii yuusepcumem MUTXT, Mocksa,
2Plhtcmumym ooweti puzuxu um. A.M. [Ipoxoposa PAH, Mockea

E-mail: ppfedorov@yandex.ru

Gay(SOy); npeacraBisier coboit ManouccieaoBaHHoe coeanHenue. CHHTE3
IPOBOJIUIIA U3 PEAKTUBA FAJLTUH YKCYCHOKHCIBI OCHOBHOM C MOCIICAYIOIIUM Tep-
MHUYECKUM pa3jiokeHHeM Tujapara. Pa3oBble PaBHOBECHS H3ydajd METOJAMHU TEp-
muyeckoro (JATA +TI, nepuatorpad Q-1500) u perrrenodazoBoro (nudpax-
tomeTp Bruker D8 Advanced) anamu3os.

O06e3BokeHHBIN Cynbdar ramums pasnaraercs, HaunHas ¢ 680 °C, ¢ o6pazo-
BaHHEM HaHOKpucTaudeckoro Ga,0s.

Cucrema Li,SOy4 - Gay(SO4); 3BTeKTHUECKOTO THIA. KOOpAMHATHI SBTEKTH-
ku — 548 °C, 30 mon% Gay(SOy4)s. O6sacTh TBEPIOro pacTBOpa Ha OCHOBE BBICO-
KoTemIepaTypHoi Mmogudukanun o-Li,SO, mama. B cucreme Na,SO,4 - Gay(SO4);
obpasyercs coequneHre Nas;Ga(S0,)s, H30CTPYKTYpPHOE COSAUHCHHSIM aTIOMHHHS
¥ WHIUS, KOTOPOE MHKOHTPYIHTHO TaBuTcs mipu 585°C. KoopauHaThl SBTEKTH-
ku— 540 °C, 17mon % Gay(SO,)s. OO6nacTe TBEpIOro pacTBopa Ha OCHOBE
a-Na,SO, cocraBsiet 8 £ 1 Mo % Gay(SO,)s.

ta OC toC
=il °1 900% L |
» a2 /
800- 03 800H § /
|
| v ! L+Ga,(SO))
700_: 700n \ l ol o
| — — = | 5\ I
600 | ¥ L+Ga (SO °00 _Mg:i’
9 70 +Qa, b 0 0
L+B—3\835_§L@ 500 5001538
) 548 .
ke & 400J 8 S+Ga2(SO4)3
o | 2
400 3004 2
Li,SO,+Ga,(SO ¢
U il 200}
Li,SO,20 40 60 80Ga,(SO,), Na,SO, 20 40 60 80 Gay(SO,),
mol.% i mol.% " ‘

1 — nannsie JITA, 2 — Hauano pa3ioxeHus,
3 — nByx(daszubie 00pa3isl Mo JaHHEIM POA
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UK JIIOMUHECLEHLINS SrsLa,Ndy(Ges0,),:Ho**

O.A. Jlununa, M.A. Menkoseposa, A.10. Uydapos, A.Il. TroTroHHUK,
S1.B. baknanoga, JI.JI. Cypar, B.I'. 3yOxoB
Huemumym xumuu meepooeo mena ¥YpO PAH, Examepunbype
E-mail: LipinaOlgaA@yandex.ru

Jlazepsl kopoTkoBosiHOBOro MK nmuamazona (1-3 MKM) HaxXomsiT HIMPOKOE
IPUMEHEHHUE B PA3JIMYHBIX OTPACAX HAYKHA U TeXHUKH. V3nydenne B mHppakpac-
HOM JIMara30He JJIMH BOJIH B OCHOBHOM Jocturaercs 3a cuet 4f — 4f nepexomos B
pasmuunbix P3 momax (Ho®, Er¥, Tm* u r.1.). ITockonbKy HaHHBIE HOHBI He
UMEIOT TI0JIOC TIOTJIOIIEHUS, TUOO UMEIOT Majloe CeUeHHE noronieHus npu 808 HM
1 980 HM, KOMMEpUYECKHE JIa3epHBIE AUOJbI HE MOTYT OBITh MCIIOJIH30BAHbBI B Kae-
CTBE HCTOYHHMKOB ONTHYECKON Hakadykd. Beemenne B Matpuiy moHoB Nd** mmm
Yb* B KkauecTBe ceHCHOMIM3ATOPA MO3BOISET PELIMTH JTY IpobieMy. B HacTos-
meil paboTre M3y4eHBbI JTIOMHUHECIICHTHBIE CBOMCTBA BIEPBBIE CHHTE3UPOBAHHBIX
(a3 Ha OCHOBE KOJIbIIEBOro repmanara Sralay(Ges0yg),, COTOMMPOBaHHOIO HOHAMU
Nd* u Ho*".

Cepust TBEpIBIX paCTBOPOB SI’3La2_XNdX(Ge3»09)2:HO3+ (x=0,025 -0,5) 6p11a
MOJIy4€Ha ¢ MPUMEHEHUEM HUTPAaTHON MeTonuku. COrjlacHO JaHHBIM PEHTTEHOB-
CKOM nudpakuyu, o0pa3lbl KPUCTAIU3YIOTCS B MOHOKJIMHHOW CUHTOHUU (TIp. TP.
C2/c, Z = 4). Oxcupl JaHTaHA B HEOJIMMA, HCIIOJIb3yeMbIC IIPH CUHTE3E, COIepiKa-
m mukpornpuMect Ho®, KOHIEHTpamusi KOTOPBIX Oblia OMPEIEeicHa METOLOM
macc-criekTpoMeTpri. CIeKTpsl moMuHecteHImn Stsla,.Nd,(Ge;0q),:Ho* mpu
BO30YXKJICHUU JIa3€PHBIM JHOJIOM C Ay = 808 HM mipescTaBiieHsl Ha puc. 1. B obna-
ctu 1,0-1,9 MKM npucCyTCTBYET HECKOJIBKO MOJIOC BEI3BAHHBIX CEPHUEH MEPEXOI0B C
BO30YXI€HHOT O 4F3/2 ypoBHs Heouma. Hanbomnee nHTEHCHBHBIC TUHUM TipH 2,1 U
2,7 MkM otHOCUTCS K °l; — °lg 1 °lg — °l; nepexojiaM B MOHE Ho*". HauGosnbias

HMHTCHCUBHOCTH JJFIOMUHECIICHIIN U Ha6H}OHaeTCﬂ JJIA CcOCTaBa
SrgLal_gNd0.2(69309)2: HO3+.

Sr,La, Nd (Ge,O,),:Ho*
A.,=808 Hm

MHTEHCMBHOCTL (OTH.eA.)
>
n
o
w

2000 3000
OnwvHa BonHbI (HM) -
Puc. 1. Crextpsl mromMuHecHeHn coeauaerui Srslas.«Ndy(Ges0g)2:Ho

-
o |
o
o

Pabota BeimonHeHa mpu ¢GuHAHCOBOM Tomanepkke Poccuiickoro HaydHOTO
¢douaa (rpant Ne 16-13-10111).
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POCT CazGesCr,0,, CO CTPYKTYPOM T'PAHATA

A.E. Eroposa, I1.B. Auapees, [.B. Cumanosckuii, B.A. l1Banos, B.A. MarBeeB
Hayuonanvuouii uccneoosamenvckuii Husicecopoockuii cocyoapcmeentuiii
yrugepcumem um. H.U. Jlobauesckozo, Huscnuii Hoezopoo
E-mail: ae-egorova@yandex.ru

['epMaHaTHBIE (a3bl ¢ AKTHBHBIME HOHaMH Cr** epCIIeKTUBHBI 1St MCIIOMb-
30BaHUA B TBEPIOTENbHBIX JIazepax Auanazona 1,1-1,6 mxwm [1].
B mpouecce uccnenosanus cucremsl Li,O * MoO; — CaO — GeO, B obmactu N,
¢da3oBoi AMarpaMmbl, UCCICAOBAaHHON B [2], ObLI MOJYy4EH CPOCTOK, M300PaKeH-
HbIW Ha puc. 1.

-
B JAHHOM CpOCTKe COI[ep)KEU'II/ICB BKpal'IJ'ICHI/ISI KpI/ICTaJ'IJ'IOB 3CJICHOT'O IIBC€TAa

pa3InyYHbIX pa3MepoB (puc. 2).
CormnacHo pe3ynbTaTaM pPEHTTEHOCTPYKTYPHOIO aHajiM3a 3TH KPHCTaJJIbI

A

Puc. 1. Cpocrok ¢ HOBO# (pa3oit

UMEIOT CTPYKTYPY I'paHara, OTHOCITCS K IMPOCTPAHCTBEHHOM TPyIIe 1a3d 4 yve-
10T xuMudeckyto popmyny CazGesCr0qp,. (Z = 4, a = 12,26413(8)A).

b | ‘ 2 ] ‘:',‘
Puc.2. Kpucramisl, conepxaiumecs B CpOCTKE

1. Meng Jian-Xin, Yang Chuang-Tao, Chen Qing-Qing, J. Lumin. 130 (7),
1320 - 1323, (2010).

2. V.A.lvanov, M.O.Marychev, P.V.Andreev et al, Journal of Crystal Growth
426, 25-32 (2015).
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®A30BBIN COCTAB U CIIEKTPAJIbHO-JIFOMUHECHEHTHBIE
CBOMCTBA KPUCTAJIJIOB Tm,TesO13

H.A. Caxaposa’, TLA. PH60‘1KI/IHal, B.A. .HOMOHOBZ, B.M. Kstkun®
' Hayuonanvmwiii uccnedosamenscxuii Mopdosckuii 20cyoapcmeentbiil
yuusepcumem um. H.I1. Ozapesa, Capanck
2Hhtcmumym kpucmannoepaguu um. A.B. Illyonuxoea PAH, Mocksa
E-mail: saharova.1996@mail.ru

B macrosimmieli paboTe mpecTaBieHbl pe3yIbTaThl UCCIEe0BaHUN (Ha30BOTO
cocTaBa U CHEKTPaJIbHO-TIOMHHECIICHTHBIX XapaKTEPUCTUK KpHUCTAJUIOB
Tm,TesO43, BbIpalllEeHHBIX PACTBOP-PACILIABHBIM.

@Da30BBIi COCTAaB KPUCTAIa YTOYHSIIM METOJOM PEHTIeHO()a30BOro aHalM-
3a. Jluppakrorpamma, mpuBeAeHHAs HA PUC. |, CBUIETEIHCTBYET O COOTBETCTBUU
KpuctauioB 1M, TesO13 cTpykType neHtaremtypara Tynus. [lapamerpsl snemen-
TapHOM sTYEHKU ObUIM YyTOYHEHBI METOJIOM PUTBENb/Ia U COOTBETCTBEHHO PaBHBI: &
=6,9014A, b =8,6047A, ¢ =10,5277A; 0. = 88,825°, B = 86,750°, y = 74,944°.

Pentrenorpamma otpakennii ot Habopa miockoctei (00L) mist MOHOKpH-
ctaa Tm,TesOy3 mpencraBneHa Ha puc.2.

1.0 4 002

004
08 0,84

06+ 0,6

006

041 044 o1

Intensity, arbitary units
Intensity, a.u.

008
0.2 024

00 10
W yil Or ‘ -
0,0 0,0 L 1 : 1

T T T 1
20 40 0 20 40 60 80 100

2-Theta 2-Theta

Puc. 1. ludpaxtorpamma Puc. 2. PenTrenorpaMma oTpaxeHHA
MTOJIMK PUCTAJLITMIECKOT0 00pasia ot Habopa miockocteii (00L)
kpuctamia TmyTesO13 MoHOKpHcTaia TmyTesOq3

3aperucTpupoOBaHbl CIEKTPHI MOTJIOMIEHUS U JIIOMUHECHIEHIIUH HUOHOB Tm*
B Kpncgannaéc Tm%Te50313. Cnextpbl J'?gOMI/IHeCIJ;eHHI/II/I, COOTBETCTBYIOIIUE TEPE-
xoaam “H;—"Hg u “F4,—"Hg monoB Tm™", 3apeructpupoBanHble Mpu BO30YXIEHUU
U3JIy9eHUEM TBEPJIOTEILHOTO Ja3epa C A,,, =457 HM IOoKa3aHbl Ha puc. 3.
- 3F4—-3Hs 10 3Hs4—3Hq
| f"\
L o [

0.6+ / \ 0,6
/
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Puc. 3. CriekTpbl JIOMUHECIICHITUHN HOHOB Tm s kpuctamie TmyTesO13
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CHUHTE3 1 CBOMCTBA B VK-OBJIACTH COEJJMHEHUS BaPrCusS,

H O. Azapanun, T. M. bypxanoBa, A. B. ConoBbéBa
Tromenckuii 2ocyoapcmeennvlil yuugepcumem, Tromensb

E-mail: riddig@bk.ru

Coenunenne BaPrCuS; monydeHO CIUIaBJIGHHEM IIMHMXTHI, COCTOSIICH W3
CMECH MCXOJHBIX CYJIb(HUIOB, B KBapLIEBOM peakTope IpHU MHEPTHOM aTMmocdepe,
NyTeM IUIABJIEHUSI B Ipa()UTOBOM THIJIE HAa YCTAHOBKE TOKOB BBICOKOH YacTOTHI
npu 1400 K. OxnaxxaenueM U3 paciiaBa mojydyeH rOMOreHHBIM 00pa3ell, 4To yKa-
3bIBAET HA KOHTPYIHTHBIN XapaKkTep IJIaBJICHUS COCIUHEHHUS.

BaS — cunresupoBan nmyrem BocctaHoBineHuss BaSO, B moroke Bomopoaa
npu temrepatype 1173 K B kBaprieBom peakrope. Pr,S; monyden cynbhuanpoBa-
HueMm Pr,Oz oc.u 11-4 npu 1273 K B motoke cyabPpuaupyronmx ra3on, oopa3yro-
HIUXCS TIPU Pa3NoKeHUH pojoHuTa amMmmonus. [[ns nomydenus Cu,S ucnonb3oBaH
METO/I IPSIMOT0 aMITyJIbHOTO CHHTE3a M3 UCXOAHBIX BemecTB. HaBecka u3 CuU x.u.
u S oc.u 8-4, 3anassHHasl B TPOBaKyMMHUPOBAHHYIO KBapIEBYIO aMITylly, B TEUCHUH
HEJIeNU BhIepKaHHOU B MydenbHoil neun mpu 1300 K.

B s10it pabote ucnonszoBanace MK-cnexkrpockomnus Ha obopynoBanuu UK-
®ypre criekrpomerp @CM 1201. [l aToro uccneayeMblii odpasel] pactTupaics u
MEepPEMEIINBAIICS C 3apaHee MOJArOTOBIEHHBIM TAaJOHOM. DTaJOHOM CIIYKHJI 3apa-
HEee OTCHSATHIN, MPOKaJIeHHbIA mopomok Opomuaa kanuss KBr mapku o.c.u. Cremka
Benach B armocdepe yriaekucioro rasa CO, ¢ aumamasonom or 4000 cm™ 1o
500 cm™.

Ha cIieKTpe MOMHMO IHKa STAIOHHOTO Gpomuaa kamus 1444 cv™ mpucyt-
CTBYeT curHai oT Bomsl 3418 cM™, agcopbupoBanHoil n3 arMocdepsl. CrieKTp co-
€IUHEHHS XapaKTEPU3YIOTCS MHUPOKUM JIHAMA30HHOM ITponyckaHus oT 3418 em™
10 1624 cm™. U koaddpuuperTom nporyckanus ot 40 1o 60 %.
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ITIPOBJIEMBI JEOEKTOOBPAZOBAHNS B KPUCTAJUIAX SrMoO,:RE*

E.O. lynaesa, T.B.Uyxsosuna, JI.U. Bnesa
Hncmumym obweti puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: chukhlovina@gmail.com

Pa3paboTka  HOBBIX  KOMIAKTHBIX,  A((EKTUBHBIX,  CIEKTPAILHO-
MNO3ULIMOHUPOBAHHBIX TBEPAOTENIbHBIX HCTOYHUKOB JA3€PHOrO M3IIyYEHUs IS
onmkHero u cpeanero MK-nnamna3oHoB siBisieTcs: akTyalnbHOU 3a1a4yeil. B nocien-
Hee BpeMs ObUIN MPeIokKEHbl OKCUIHBIE JIa3€PHbIE CPE/Ibl, TTO3BOJISIONINE OCYIIIEe-
CTBHUTH JIa3epHOE YCHJICHHE U TeHeparuio Ha P3 monax (pyHkums nazepHoit cpe-
Ibl), 1 00ecrieunTh Bbicokod(dexTuBHyt0o BKP koHBepcutio nazepHOTo U3inydeHus
(pyHKIMST HETMHEHHOU Cpebl).

Hamu pa3zpaborana TeXHOJIOTMs MOHOKPUCTAJUIOB MOJIMOAaTa CTPOHIIUSA, Jie-
rupoBaHHbIX roHamu Pr¥*, Ho* u Tm®* mosBossroriiast BOCIipon3BOAMMO [ONYYaTh
MeToI0M YoXpallbCKOro KPHUCTAIJIBI XOPOIIEro ONTHYECKOI0 KayecTBa U Mojyde-
HbI KOHIIEHTpalMOHHbIe cepun kpuctaiwioB SIMoO,, ¢ pazmepamu 20 MM B aua-
MeTpe U JIMHOU 10 50 MMm.

SrMoO, KprcTamm3yercst B CTpyKType mieenuta (mp. rp. 144/a): nonsr Sr**
HaxoJATCS B MCKWKEHHOM aojaekadaipe SrOg, HMOHBI Mo® - B terpadape MoO,.
MOHBI-aKTHBATOPH BBOMINCH B pacmmaB B Buae REND*0, (RE*= Pr¥,
Tm**H0®") ¢ mcKakeHHOH CTPYKTYpOH IIEeNnTa, 4TO ONATONPHSTHO UL H30-
MOpP(HOTO 3aMELIEHUSI U AJIEKTPOHEUTPAILHOCTH CUCTEMBI. Pe3ynbTaThl yTouHe-
HUA CTPYKTYpbl STM0QO, PEHTTE€HOCTPYKTYPHBIM METOJIOM CBUJIETENIBCTBYIOT O Ba-
KaHcHAX B Mo3uLUH SI' ((Srogsse) l0.012)M0O,), UTO OOBACHAET XKENTOBATHII IBET,
oGycoBnenHsIit rentpom okpacku (Vs'’, 2h*)*. B cucremax ¢ Ho> u Tm** o6pa-
3yIOTCSA pa3HbIC TOYCUHEIC Ne(EKTHI: 0 - Hos,"+Nby,’ u
0 — Tm™ + Vg™ + Nb + Vo' cooTBercTBEeHHO, 4TO, HANGOIEE BEPOSTHO, 00Y-
CIIOBIICHO GOIBIIMME PA3THIMSIMU B pasMepax noHoB Sr° u Tm* (rs, = 1,26 A,
Frm = 0,99 A) no cpaBrenmio ¢ HO®" (ry, = 1,02 A). MoxHnO 0Xumats, 4T0 611H-
30cTh pasmepoB Sr™* u RE®" Gymer yBenmduBaTh rpaHHIbI H30MOPGHOTO reTepo-
BaleHTHOro 3amemterns B SIM0O,:RE®, a yBemmueHue pasHHUIBI — 06PA30BAHHUIO
OTPaHUYEHHOI'0 TBEPJIOro pacTBopa BHeApeHusa. M3mepennsl 3 hekTruBHBIE KO3 (-
durmenta pacnpenenenns nonos Pret, Ho* u Tm** B kpucramre StMoO,, koto-
peie coctaBuin 0,80; 0,40 u 0,25 cOOTBETCTBEHHO.

N3ydeHbl CreKTpaabHO-TIOMUHECIICHTHBIE W TE€HEpPAllMOHHBIE XapaKTepH-
CTHKH BHIPAIICHHBIX KprcTamioB. Ha kpucramie StMoO,: Tm* momyuen mmpoxknit
cnektp reneparuu 1850 — 1990 uM mpu BO3OYXJI€HHM Ja3epHBIM JHOJOM Ha
1700 uMm. DddextuBHOCT NTpeodpazoBanus 18 %.

PaGora BeimonHeHa npu QuHaHCOBOW mojaepkke rpanta PODU (rpant
Ne 16-32-00423).
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YCHUJIUTEJIBHBIE CBOMCTBA U CTOMKOCTH K OFPA3OBAHUIO
LHEHTPOB OKPACKU KPUCTAJIJIA BaF,:Ce

A.B. Jlorues, A.K. Haymos, O.A. Mopo3os, P./l. ArisimoB
Kaszanckuii gpedepanvruiii ynusepcumem, Kasamo
E-mail: alovchev@kpfu.ru

B nannoit pabote ObLIM ONpesesieHbl yCUIMTENbHbBIE CBOMCTBA KPUCTAILIIOB
cocraBa BaF,:Ce®" B yCIIOBUAX MHTEHCUBHOro Y® o0nyuenus. Kpucramibsl Obutn
BBIPAIEHBI B II€YX WHIYKTUBHOTO HArpeBa METOJOM TEMIIEPATyPHOT0 TPaJNeHTa B
BaKyyMe.

Ha puc. 1 nokaszaH cnekTp NOTJIOLIEHUS W JIOMUHECUECHIIUU BaF,:Ce®".
Haxkauka mpousBoamiach nazepoM Ha kpucramte LiCaAlFgCe* (LICAF:Ce) B ne-
CEJICKTUBHOM PE30HATOPE C JJIMHOM BOJIHBI reHepaiuu 287 HM. Takke Ha pUCYHKE
nokaszaH crekTp oMmuHecteHnnu kpuctaa LICAF:Ce npu ero Hakauke u3iyde-
HUEM C JUIMHOU BOJIHEI 266 HM.

Cnextp momunecteHiu LICAF:Ce xoporio coriacyercsi o CeKTpoM Io-
rioneHueM kpuctanna BaF,:Ce, uro mo3BomnsieT caenaTs BHIBOA O BO3MOXHOCTHU
CTYIEHYATO HaKayKW, KPOME TOr0 HAJIWYHWE TOIJIONIEHUS Ha JJIMHE BOJHBI
266 M mo3BosisieT Bo30OyxknaTh BaF,:Ce HampsiMyro OT 4eTBepTON TapMOHUKH
HEOJMMOBOTO JIa3epa.

bbut mpousBeneH aHamM3 CTOMKOCTHM Marepuaia K oOpa30BaHUIO IICHTPOB
OKpPACKH MPU MHTEHCUBHOM MPOJOJDKUTEIHLHOM OOJYYEHUH J1a3epaMu C JJIMHAMHU
BOJIH 266 u 287 HM. Takke NpencTaBIICHbI dKCIIEPUMEHTAIBHBIE PE3YIbTAaThl U
JTAHHBIE PACUYETOB IO WCCIEAOBAHHUIO YCHUJIMTEIbHBIX XapaKTEPUCTHK KpHCTAJJa
BaF,:Ce ¢ menbro u3ydeHuss BOSMOKHOCTH CO3JIaHMSI HOBOM aKTHBHOM Jla3epHOM

Cp€anbl.
f\ —®—norn. BaF,.Ce
/ —®—nmom. BaF,Ce
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Puc. 1. Cnextp nmoriomieHus 1 JIoMUHecLeHIIMU KpucTauia BaF,:Ce
u criekTp momuHecnennuu kpuctanna LiCAF:Ce

112


mailto:alovchev@kpfu.ru

NCCIIEJOBAHUE CIIEKTPOB CBEYEHNMA B [TPOLECCE 3ATYXAHUA
CBEPXTOHKUX CJIOEB JJIOMNHO®OPOB
TP ITOJIEBOM BO3BYXJAEHNUA

b.H. Jlenucosn, A.A. 3a3ymuH, E.A. ®egoceen
Hayuonanvuwvui uccnedosamenvcrkuii Mopoosckuti 2ocyoapcmeeHHblil
yuugepcumem um. H.I1. Ocapesa, Capanck
E-mail:yaroslav.zazulin@mail.ru

B pabote mnpuBoasTCcs pe3yibTaTbl MOJCIMPOBAHMS CIEKTPOB CBEUCHMS
cBepxTOoHKUX (200HM) cioeB JroMuHOGOpa CoJepkKaIero ABa IEHTpa CBEUCHUS B
Ipolecce 3aTyxaHusi MpH BO30YXAEHUH TojieM. PacueT mpoBoauiCsS TpH yClo-
BUW OJHOPOIHOTO BO30YXICHUH TI0 BCEH TOMMUHE ¢10s [ 1], 9TO MO3BOIIAET PE3KO
YIIPOCTUTH PACUET B Cllyyae peKOMOMHAIIMOHHOW KUHETUKU cBeueHus. [Ipu pac-
YyeTax MoJiaranoch, YTo JIOMUHOGOP UMEET N LEHTPOB CBEUYEHUS C Pa3HBIMU CKO-
POCTSIMU PEKOMOWHAIUH, CTIEKTPBI KOTOPBIX OMHUCKHIBAOTCs ['aycoBckoit kpuBoii. B
3TOM CJlydae KHHETHKA CBCUCHHS Ha TAHHOM JJIMHE BOJIHBI IS | IICHTPA CBEUYCHHUS
omnuckiBaeTcs nuddepeHranTbHpIM YpaBHEHUEM BUIA

dAn;j (2)/dt =—agjAn; + 7340 (A)], 1)
rae ogj =2yjNg - CKOPOCTb PEKOMOMHAIMU HA | LEHTP CBEYEHHs NPU HU3KOM

YPOBHE OCBEILECHUS; }j - KOIQPUIMEHT peKOMOUHALNY Ha | LIEHTp cBeueHus; Ny -

KOHI_[eHTpaHI/IH paBHOBeCHBIX CBO6OI[HBIX HOCI/ITeHeﬁ B 30HC HpOBOI[I/IMOCTI/I. B
Cllydae HHM3KOTrO YPOBHS BO30YXKIEHHMs, [IPU HAIMYUM JBYX LEHTPOB CBEYEHUS C
Pa3JIM4YHBIMU CKOPOCTAMU peKOM6HHaHI/IH, COOTHOIICHUC MCKAY MHTCHCUBHOCT -
MU CBCUCHMH: IICPBOI'0 U BTOPOIr'o ICHTpPA B MAKCUMYMC paBHO!:
n:(ll/IZ)eXp_ (g —apy) -t (2)

ECHI/I a01 > 0{02 , TO C TCUCHNCM BPECMCHH COOTHOLICHHUC MG)I(I[y MHTCHCHUBHO-
CTAMHU CBCUCHUS LCHTPOB U3MCHACTCA B HOHB3y BTOPOr'o IIMKa U pGSyHBTI/IpyIOHII/Iﬁ
CIIEKTP CBEUYEHUs, OYIET CMEIIATHCA B CTOPOHY BTOPOro muka. I[Ipu o6paTHOM CO-
OTHOLICHHH 1 < gy PE3YIbTUPYIOIIHIA CIIEKTP CBEUYCHUH CMECTHTCS B CTOPOHY

nepsoro nuka. Ha puc. 1 nmpuBeneH CeKTp CBEYEHMsI IS CIIydast ¢y, > g, -

IuTie.:[ A,max = 0. 5MEM I‘;"T- el Amax = 0.55MKM

oe| Nal 7 0g [ Ne2 ZASN

07 fol D 07 };" \\

S a
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Sl ™ VAN A

0z VR - N 0z yas N

01 Fa— - < 01 B

04 D45 05 055 06 065 D07 A.MKM 04 045 05 055 06 06 07AMEM
Puc. 1 Crektpsl cBedeHus. o1 = 20p. Ne 1 - 1o 3aTyxanusi, Ne 2 - 3atyxanue t = 1/2ay

1. B.H. lenucos, H.B. Moucees, B.C. Xpamo, COopHUK Tpy10B 14-0i1 MeXK-
TyHapOIHOM KoH(pepeHInn «MaTepuaiabl HaHO-, MUKPO-, OITOAJIEKTPOHUKH
Y BOJIOKOHHOM ONTHKHU: (DU3HUECKHE CBOMCTBA U IpUMeHeHue», 35 (2015).
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COUPLED ELECTRON-PHONON EXCITATIONS IN CRYSTALS

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

A coupling between the electronic system and the lattice vibrations plays an
important role in physics of crystals. In particular, it is responsible for the classical
superconductivity and different kinds of the Jahn — Teller effect. Narrow zero-
phonon spectral lines in crystals shift and dramatically broaden with increasing the
temperature, mainly because of the electron-phonon coupling. The same coupling
Is responsible for the crystal-field levels’ relaxation and, hence, the lifetimes. The
values of these effects and of the multiphonon relaxation rates (also dependent on
the electron-phonon interaction) are of primary importance for laser applications,
because they influence the gain, output frequency stability, and thermal tunability
of a laser. In the case of a resonance between a phonon and an electronic excita-
tion, the electron-phonon interaction can result in a formation of coupled electron-
phonon modes, which is typical of a very broad class of stoichiometric f- and d-
materials, including many functional ones. This results in appreciable changes in
the low-frequency energy spectrum that governs thermodynamic and magnetic
properties of the compound. That is why it is important to understand physics of
coupled electron-phonon modes and of their behavior in external magnetic fields.

I’1l address these issues on the example of our recent studies of the coupled
electron-phonon modes in a multiferroic antiferromagnetic PrFe;(BOs), single
crystal. Multiferroic compounds exhibit a mutual interference of the charge, lattice,
and spin degrees of freedom and are the most promising candidates for observing
new effects mediated by the electron-phonon interaction. In the terahertz reflection
spectrum of PrFe;(B0Os),4, we observed a growing splitting of the lowest-frequency
phonon band with lowering the temperature, accompanied by redistribution of in-
tensities between the components of the splitting [1]. We also studied the behavior
of this spectral feature in external magnetic fields up to 30 T and observed two bi-
furcation points in the spectra of PrFe;(BOs), in the magnetically ordered state [2].
All the mentioned phenomena were successfully explained and modeled in the
framework of the theory of coupled electron-phonon modes and the value of the
electron-phonon coupling constant was determined [1, 2].

1. K.N. Boldyrev, T.N. Stanislavchuk, A.A. Sirenko et al., Phys. Rev. B Rapid
Comm. 90, 121101(R) (2014).

2. K.N. Boldyrev, T.N. Stanislavchuk, A.A. Sirenko et al., Phys. Rev. Lett.
118, 167203 (2017).
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JOINT USE OF STRUCTURAL AND CALORIMETRIC METHODS
FOR THE STUDY OF PHASE TRANSITIONS

A.V. Knyazev', N.N. Smirnova’, N.V. Somov?, S.S. Knyazeva',
0.V. Krasheninnikova', A.G. Blokhina', E.V. Chuprunov*
'Lobachevsky University, Nizhny Novgorod
E-mail: knyazevav@gmail.com

Calorimetric studies are the most laborious part of research in the field of
chemical thermodynamics. An important task in our work was studying the ther-
modynamic functions of the compounds in order to describe the processes with
their participation and detecting criteria of their stability. The enthalpies of for-
mation of about 250 inorganic and organic compounds were experimentally deter-
mined for the first time using a reaction adiabatic calorimeter and combustion calo-
rimeter.

Using an adiabatic vacuum calorimeter, we have identified the temperature
dependences of heat capacities at constant pressure for more than 60 compounds in
a temperature interval from 7 to 350 K. The obtained data allowed describing pos-
sible phase transitions and calculating absolute entropies of formation of the com-
pounds. It is important to note that heat capacities at constant pressure of the ma-
jority complex oxides monotonously grow with rising temperature without any vis-
ible anomalies. On the contrary, the physical transitions are observed in uranylcar-
bonates, uranylsulfates, several tungstates, spinels (figure) and sterioid hormones.
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 (1, 21, 31, 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 isother-
mal (1) transitions connected with polymorphic transitions in the crystal. The pol-
ymorphism is caused by possible shifts or rotations of layers relatively to each oth-
er 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 ob-
served as «humpsy on the curve of heat capacity. From the physical point of view,
the given anomaly may be connected with “defreezing” of rotations around metal —
water (M—OH,) bond in structures of the appropriate crystallohydrates.

The compounds Tetrasodium Uranyl Tricarbonate (Na;UO,(C0Os)s3) and (Po-
tassium Titanium Iron Oxide) K,Fe,TigO. show the G-type (glass-like) physical
transitions. The nature of this anomaly is probably related to the presence of cati-
on—cation interactions in the structure of this compound, which we confirmed us-
ing Voronoi—Dirihle calculations of polyhedra using program complex TOPOS.
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Fig. 1. Temperature dependences of the heat capacity of LissTis;304, C07/3Sby304, LiMN,O4
compounds with spinel mineral structure
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Thus, the calorimetric methods allowed estimating all necessary thermody-
namic functions of 50 inorganic and 10 organic compounds. Thermochemical data
were obtained for 250 compounds.

For the study of phase transitions, thermal stability, and melting tempera-
tures of the substances we are also actively using the differential scanning calorim-
etry. 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 dia-
gram 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 corresponds to length of radius-
vector which is traced from origin of coordinates to edge of figure of expansion.
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HEAT TREATMENT OF BISMUTH-GERMANIUM GLASSES
WITH DIFFERENT COMPOSITIONS

l.V. Stepanova, E.M. Kolobkova, E.D. Slyshkina, O.B. Petrova
The D.1.Mendeleev University of Chemical Technology of Russia, Moscow
E-mail: stir@inbox.ru

The Bi,05-GeO, system includes some compounds whose crystals possess
electro-optical (Bi»2GeO,), scintillation (Bi,GesO,,) or ferroelectric (Bi,GeOs)
properties. Crystalline phases Bi,Ge;01, and Bi,GeOs may be synthesized by heat
treatment of glasses with the same or close to that chemical composition. Our pre-
vious studies revealed the changing bismuth oxide to germanium oxide ratio effect
on synthesized glasses’ color and structure of crystalline phases’ forming after sub-
sequent heat treatment. The effect of heat treatment conditions on optical charac-
teristics of different composed bismuth-germanium glasses was investigated in this
study.

The glass compositions with molar ratio of Bi,0;:GeO, equal to 35:65,
40:60, 45:55, 50:50, 55:45 were chosen for experiments; the glasses were produced
by melting the mixture of initial oxides and subsequent casting of the melt onto a
substrate. The heat treatment of initial glasses was made on air and in reduced at-
mosphere. The optical absorption spectra of glasses before and after heat treatment
were studied using a UNICO 2800 (UV/VIS) spectrophotometer in the range from
190 nm to 1100 nm.

The optical absorption spectra of all initial glasses have the absorption
shoulder in the area around 500 nm, whose intensity is rising with Bi,Os-
concentration increasing and provides red color of samples. The absorbance in this
region corresponds to optical defect Bi-centers in the glasses [1]. The increasing of
bismuth oxide content in glass leads to absorption edge shift to long-wave region.
The glasses heat treatment on air leads to significant discoloration of samples. The
heat-treated glasses absorption spectra show decreasing or even full disappearance
of absorption shoulder at 500 nm associating with Bi-centers destruction caused by
oxygen diffusion from air or by bismuth ions oxidation number changing.

The bleaching effect was revealed even when treatment temperatures were
below than glass transition temperatures. It’s shown the decolorization process is
associated with color centers destruction not with crystalline phases forming in
glasses.

1. E.M. Dianov, Quantum Electronics 40 (4), 283 - 285 (2010).
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INVESTIGATION OF SINGLE CRYSTALS DERIVED FROM SILVER
BROMIDE DOPED WITH MONOVALENT THALLIUM

A.S. Korsakov, D.D. Salimgareev, A.E. Lvov, L.V. Zhukova
Ural federal university named after
the first President of Russia B.N. Yeltsin, Yekaterinburg
E-mail: a.s.korsakov@urfu.ru

High-purity fiber materials based on silver halides doped with monovalent
thallium are of crucial importance for producing units working in the mid- and far-
IR range. In this regard, basing on novel crystals of substitutional solid solutions of
AgBr—TIl and AgBr—(TIBrg 4lo54) Systems, our research group developed IR-fibers
for the wavelength range from 2,0 to 40,0-45,0 mkm [1]. At first, we investigated
physicochemical characteristics of these systems. This research formed the basis
for the creation of new crystals and, as a consequence, the new photostable crystals
with nanodefects were grown. Then, from the crystals obtained, we fabricated the
photonic crystal fibers, which are suitable for manufacturing fiber optic systems
useful for many fields of science and technology. The presence of thallium (1) io-
dide, thallium (I) bromide, and their solid solutions in silver bromide leads to the
enhancement of optical and mechanical properties of crystals and fibers based on
them. Due to the solid solution strengthening of certain materials in question, we
observed the increase of the hardness, photostability, refractive index and we also
observed the expansion of transmission range towards longer wavelengths (fig. 1).

1 ——AgBr 2—— 1 mol. % Tl in AgBr 3 ——5 mol. % Tllin AgBr
4——2mol. % Agl in AgBr 5——>5mol. % TIBr [ ,, in AgBr 6 8 mol. % TIBr [ ;, in AgBr
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Fig. 1. Transmission spectra of the samples

The obtained IR fibers can be used in laser technology (transfer of laser ra-
diation of CO and CO, laser), nuclear technology (monitoring of background ra-

diation), low-temperature IR pyrometry, online monitoring of chemical processes
and other technological processes.

1. Korsakov A.S. Infrared crystals and optical fibers. Theory and practice.
UMC UPI, 2015.
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IMPROVEMENT OF OPTICAL CHARACTERISTICS OF OPTICAL UNITS
DERIVED FROM SILVER HALIDES AND MONOVALENT
THALLIUM HALIDES

A.E. Lvov, A.S. Korsakov, D.D. Salimgareev, L.V. Zhukova
Ural federal university named after
the first President of Russia B.N. Yeltsin, Yekaterinburg
E-mail: a.e.lvov@urfu.ru

The development of optics dictates the requirements for improving the char-
acteristics of the element base of optical products, in particular lenses and fibers. In
this case, the investigation of insufficiently explored long wavelengths is associat-
ed with the use of materials with a large refractive index, and this leads to the in-
crease in the Fresnel reflections at the interphase boundaries. In connection with
this, there is a question about the creation of anti-reflective coatings, which could
neutralize this effect. The most promising materials of infrared optics are solid so-
lutions of silver halides and monovalent thallium halides. Their transparency edge
values reach 40 microns (for single crystals) and 25 microns (for polycrystalline
fibers). A wide range of possible compositions of solid solutions makes it possible
to change their optical-mechanical characteristics, thereby making it possible to
create «turnkey» optical elements. The development of new AgBr - TIl and
AgBr — (TIBrg4eloss) crystal systems allows us to go further into the long-
wavelength region, but in this case the refractive index increases greatly. However,
an interesting effect was found in these systems. The UV-irradiation of the samples
(polycrystalline plates) caused the surface change. As a result, the transmission in
the near infrared reduced (down to 8 pum) and the transmission at longer wave-
lengths increased (fig. 1) due to the decrease in the Fresnel reflection [1]. This will
allow us to increase the transmission by an average of 4 % on each interface [2].

1004 e [ 100

80+

- 80

60 - - 60

40 + - 40

Relative optical transmission [%]

530 min

20

T T T T T T 20
6000 5000 4000 3000 2000 1000

Wavenumber [cm™]

Fig. 1. Relative transmission variation depending on the exposure time for AgogsTlo02Brosslo 02

1. A. S. Korsakov and et al., Chin. Opt. Let. 14. 020603 (2016).
2. A. S. Korsakov and et al. Opt. Mat. 62. P. 534 — 537 (2016).
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REFRACTIVE INDEX DETERMINATION
OF AgBr — (TIBrg4loss) CRYSTALS

D.D. Salimgareev, A.S. Korsakov, A.E. Lvov, L.V. Zhukova
Ural federal university named after
the first President of Russia B.N. Yeltsin, Yekaterinburg
E-mail: d.d.salimgareev@urfu.ru

Currently, the infrared materials, transparent in the mid- and far-IR range,
are in great demand. AgBr — (TIBrg 4lo54) Crystals are one of the promising materi-
als transparent from 2,0 to 40,0 — 45,0 mkm. For these substances, besides the
transparency range, the dependence of refractive index on wavelength is necessary
to know. This is important for technical applications in the wavelength range from
3,010 12,0 um and beyond. According to the technique described in [1], refractive
indices in the spectral range from 3,0 to 14,0 mkm were determined. For this pur-
pose, the transmission spectra were registered with the resolution of 0,5 cm™. The
spectra were recorded using a KBr splitter and an MCT detector, which is cooled
down by liquid nitrogen. Then we studied the parts of each spectrum correspond-
ing to the wavelengths of 3,0; 4,5; 5,0; 8,0; 10,6; 12,0; 14,0 um where we observed
a clear interference. The dispersion of the refractive index is shown in fig. 1.
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Fig. 1. The refractive indices of the crystals under consideration

It is seen in fig. 1 that the refractive index values rise with the increase of
TIBrg4loss content in AgBr-(TIBrg46los4) System within the entire wavelength
range in question, while for each constant composition these values monotonously
decrease with the wavelength increase.

Basing on the refractive indices obtained, it is possible to carry out the mod-
eling of fiber optical structures in a wide spectral range and to produce various

photonic crystal fibers suitable for IR spectroscopy, thermal imaging and laser
equipment.

1. F. Padera, Measuring absorptance (k) and refractive index (n) of thin films

with the PerkinElmer Lambda 950/1050 high performance UV-Vis/NIR
Spectrometers, 2013.
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INFLUENCE OF THE COMPOSITION OF GLASS MATRIX
ON LUMINESCENT PROPERTIES AND STABILITY
OF CHARACTERISTICS OF HYBRID MATERIALS

M.O. Anurova, K.I. Runina, E.V. Ermolaeva, A.A. Akkuzina,
A.V. Khomyakov, I.Ch. Avetissov, O.B. Petrova
D. Mendeleev University of Chemical Technology of Russia, Moscow
E—mail: maria_anyrova93@mail.ru

One of the main tasks of obtaining hybrid materials (HM) based on highly
effective organic luminophores and inorganic glass matrices is the protection of
organic components from the destructive effects of the environment (moisture, UV
irradiation) [1]. Therefore, it is important to study the stability of the characteristics
of HM. The stability of the photoluminescence (PL) spectra of GM based on the 8-
hydroxyquinolates of metals (Li, Rb, Sr) and the phenanthroline complex Eu with
three different low-melting lead inorganic glass matrices (GI1-80PbF,-20B,0s,,
GI2-62Pb0-26B,03-12Si0, and GI3 - 62PbF,-26B,05-12Si0;) with prolonged ex-
posure in room conditions, under the influence of a UV lamp and when heated over
the glass transition temperatures of the matrices. The luminescent properties of
HM depend on the matrix (fig. 1a), but remain practically unchanged under harsh
influences (fig. 1b).
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Fig. 1. a) PL spectra of HM based on Eu(NTA)s(Phen) and various glass matrices;
b) PL spectra of: 1 — powdered Eu (NTA)3(Phen) and HM's a matrix-based GI12:
2 — as-synthesized,
3 — HM's exposed at UV during 6 months,
4 — HM's annealed over glassy temperatures

This research was financially supported by the Russian Scientific Founda-
tion (grant number Ne 14-13-01074).

1. O. Petrova, I. Taydakov, M. Anurova et al., Periodica Polytech., Chem. Eng.
60 (3), 152 (2016).
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NEW MATERIALS FOR IR OPTICS

P.P. Fedorov', S.V. Kuznetsov!, E.L. Chuvilina?, A.A. GasanoV®,

M.S. Kuznetsov®, 1.S. Lisitskii® V.G. Plotnichenko®, V.V. Osiko*
'Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow
’LANHIT-LTD Moscow
*GIREDMET ASC «Rosatom» company, Moscow
*Fiber Optics Research Center, Russian Academy of Sciences, Moscow
E—mail: ppfedorov@yandex.ru

Single crystals of thallium halides, TICI-TIBr (KRS-6) and TIBr-TIl (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 direct crystallization 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).

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 mkm (fig. 1). Another good materials for IR-optics is the CsPbBr; (fig. 2).

This work was partially support by Agreement No. 14.604.21.0130.
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SYNTHESIS OF THE SOLUTION-MELT METHOD
AND INVESTIGATION OF NaRF, (R=Y, Ce)

M.N. Mayakova, P.P. Fedorov, S.V. Kuznetsov, V.V. VVoronov
Prokhorov General Physics Institute, RAS, Moscow
E-mail: mn.mayakova@gmail.com

Interest in synthesis and study of fluoride powders is rapidly increased re-
cently. An unique set of physical and chemical properties of fluorides cause the
possibility of using fluoride powders in various fields of science and technology.
Fluoride powders can be used as the precursors for laser ceramics and single crys-
tals preparation, for different biomedical applications. NaYF, and NaCeF, Are
promising matrices for doping with various rare earth elements and the creation of
effective phosphors. NaYF, crystallizes in two polymorphic modifications: the
high-temperature cubic (fluorite structure type) and low-temperature hexagonal
(gagarinite structural type). According to the literature data, erbium and ytterbium
doped lowtemperature hexagonal modification is high efficiency up-conversion
matrix. There are many methods for the synthesis of low-temperature modification
NaYF,, but most of them involve technical difficulties. In this paper we used the
method of spontaneous crystallization from the melt for the synthesis of
NaCeF4and NaYF,; hexagonal modification. The optimal synthesis conditions
(temperature synthesis, the amount of solvent, the excess of the fluorinating agent,
additional heat treatment conditions) were determined. Single-phase poweders con-
firmed by x-ray diffraction were synthesized. The morphology of the synthesized
powders was studied by scanning electron microscopy. Large particles are hexago-
nal morphology hollow inside, and the outer walls have a thickness about 50 nm.

This work was supported by RFBR grant Ne 15-08-02481.
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SYNTHESIS AND LUMINESCENT PROPERTIES OF Gd,GeMoQg:Yb,Er

V.A.Krutko', M.G.Komova', D.V.Pominova®
N.S.Kurnakov Institute of General and Inorganic Chemistry RAS, Moscow
2 A.M.Prokhorov Institute of General Physics RAS, Moscow
E-mail: kroutko@igic.ras.ru

Germanates molibdates Ln,(GeO,)(MoO,) (the gross-formula is
Ln,GeMoQyg) are the compounds with mixed anions. They have structure of dis-
torted scheelite CawWQ, (tetragonal system, 14,/a), in which lattice the lanthanide
cations Ln** replace Ca?* cations in dodecahedral positions, and Mo®" and Ge**
ions are statistically distributed in tetrahedral positions of W®" [1]. The disorgani-
zation of Ln,GeMoOg structure was confirmed by Blasse [2], who investigated the
luminescent properties of germanate-molybdates, doped with Eu** ions. Germanate
molybdates Gd,GeMoOg, doped with Yb**, Er**, and Tm*" ions, are of definite in-
terest for the lasers [3] and up-conversion phosphors [4] creations.

We synthesized Gd,.x., Y byEr,GeMoOg with various ratios of the active Yb¥
and Er** ions. Their up-conversion luminescence spectra in visible range were reg-
istered for electronic transitions *Hyy/,*Ss,—" 115, *Foo—"l15, OF Er** ions under
infrared laser irradiation (A= 974 nm, P = 2,5 W) and quantum yield values (QY,
%) were obtained (table 1). The conditions of solid phase synthesis and the proce-
dure of QY determining are given in [4].

Table 1.
Yb/ Er, at.% 2 3 4 5
5 0,09 0,14 0,10 0,10
7 0,78 0,22 1,36 -
9 - 0,14 1,01 0,16

For a number of applications phosphors with different dispersity are needed.
We have created the conditions for Ln,GeMoOg obtaining by liquid homogeniza-
tion in the presence of chelating agents of citric acid and mannitol and annealing of
amorphous precursors.

This publication was carried out within the State Assignment on Fundamen-
tal Research to the Kurnakov Institute of General and Inorganic Chemistry (theme
N45.3).

1. C.B.Finch, L.A.Harris, G.W.Clark, Proc. Conf. Rare Earth Research 3" 3,

107 (1964).

G.Blasse, J. Inorg. Nucl. Chem. 30, 2091 (1968).

L.Xu, Q.Zhang, W.Zhou, J. Cryst. Growth 318, 991 (2011).

4. A.Ryabova, D.Pominova, V.Krut’ko, M.Komova, Photon. Las. Med. 2, 117
(2013).
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STRUCTURAL, ELECTRONIC, OPTICAL PROPERTIES OF TUNGSTEN
CARBIDE TYPE CRYSTALS FROM FIRST PRINCIPLES

A.P. Gazhulina, D.M. Gilgur
Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod
E-mail: fyskaaa@mail.ru

The goals of this work is to study the structural, electronic, and optical
properties of crystals of the structural type of tungsten carbide in the framework
of density functional theory. We have studied 7 crystals: WC, AuC, MoP, MoC,
NbN, NbS, OsC. Calculations were performed using the generalized gradient
approximation [1] in the WIEN2k code [2]. 100 k-points mesh were used for
structural optimization. 27000 k-points were used for electronic properties cal-
culations. The self-consistent calculations were considered to be converged
when the total energy of the system was stable within 10 Ry.

The structures of crystals were optimized through minimization of the to-
tal energy with respect to the unit cell volume. The equilibrium lattice constant,
bulk modulus and first pressure derivative of the bulk modulus were determined
according to Murnaghan’s equation of state [3]. Dielectric function, optical con-
ductivity, refractive index, extinction coefficient, reflectivity, absorption coeffi-
cient, electron energy loss function have been calculated.

The reported study was funded by RFBR according to the research project
No. 16-32-00536 mol_a.

1. J.P. Perdew, S. Burke, M. Ernzerhof, Phys. Rev. Lett. 77 (18), 3865-3868
(1996).

2. P. Blaha et al.,, WIEN2K, An Augmented Plane Wave + Local Orbitals
Program for Calculating Crystal Properties, Techn. Universitat Wien,
Austria. ISBN 3-9501031-1-2 (2001).

3. F.P. Murnaghan, Proc. Nat. Acad. Sci. 30, 244-247 (1944).
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INFLUENCE OF Ni** u Ti** ON SPECTRAL-LUMINESCENCE PROPERTIES
OF GLASS-CERAMICS BASED ON y-Ga,03

N.V. Golubev', E.S. Ignat’eva’, V.N. Sigaev', R. Lorenzi?, A. Paleari‘?
' D. Mendeleyev University of Chemical Technology of Russia, Moscow
2 University of Milano-Bicocca, Milan, Italy
E-mail: golubev_muctr@mail.ru

The optical properties of semiconductor nanocrystals are largely determined
by their size and the presence of impurities. Recently, we demonstrated the possi-
bility of y-Ga,O;3 precipitation in low-alkali gallium-germanosilicate glasses, and a
correlation was found between the luminescence efficiency and the ratio of donors
and acceptors in this phase [1, 2].

This paper presents the results of a comparison of the effect of heterovalent
additives (Ti** or Ni?"), able to replace Ga** in the structure of nanocrystals, on the
crystallization of low-alkali gallium-germanosilicate glasses, and the spectral-
luminescence properties of the fabricated glass-ceramics. In contrast to the f-
Ga,0; single crystal, as well as the y-Ga,O3 nanopowders obtained by synthesis
from the solution, the interaction of the latter phase with the glass matrix is very
significant and inconsistent with data available [3-5]. It was found that the relative
content of the crystalline phase and the size of the y-Ga,O5; nanoparticles formed
during the heat treatment of these glasses vary with the concentration of the addi-
tives. The incorporation of Ni** and Ti**, however, has a much greater effect on the
amount and the ratio of the y-Ga,O; intrinsic defects, which in turn determine the
position of the optical absorption edge and the spectral distribution of lumines-
cence of this phase in the UV and visible region.

This work has been supported by the Ministry of Education and Science of
the Russian Federation (grants MK-8807.2016.3 and 14.250.31.0009).

1. N.V. Golubev et al., J. Mater. Chem. C 3, 4380 (2015).

2. N.V. Golubev et al., Phys.Chem.Chem.Phys. 17, 5141 (2015)
3. T.Wang et al., J. Am. Chem. Soc. 132, 9250 (2010).

4. L. Binet, D. Gourier, J. Phys. Chem Solids 59, 1241 (1998).
5. T. Wang et al., J. Mater. Chem. C 2, 3212 (2014).
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THE EFFECT OF THE ADDITION OF ALUMINUM OXIDE ON GLASS
TRANSITION, CRYSTALLIZATION AND PROPERTIES OF LEAD
FLUOROBORATE GLASSES DOPED Nd*', Eu®* AND Er**

T.S. Sevostjanova, E.V. Zhukova, R.R. Saifutyarov,
A.V. Khomyakov, O. B. Petrova
D. Mendeleev University of Chemical Technology of Russia, Moscow
E—mail: t.sevostjanova@mail.ru

Aluminum oxide is a part of many laser glasses [1] and glass-ceramics (GC),
including in oxifluoride systems [2-3]. Entry aluminum into glass can occur both
by introducing the appropriate components in the charge and by partially dissolv-
ing the corundum crucibles in the melt during cooking, which does not adversely
affect the spectral-luminescent properties of the glasses, but may contribute to bet-
ter retention of fluorine in the melt [4], to improve mechanical properties of glass
[1], and also promote a more even distribution of activators in glass [5].

In this paper, fluoroborate glasses were synthesized from a charge of the
composition (100-x) (80PbF»-20B,05) - x Al,O3 (x from 0 to 30 mol.%), including
activated NdF;, EuF; or ErF; at a concentration of 1 mol.%. Cooking was carried
out in platinum or corundum crucibles. The study of vitrification and crystalliza-
tion in this system, the occurrence of AI*" in the glass composition, the influence of
Al concentration on the mechanical and optical properties of glass, and the spec-
tral-luminescent properties of doped RE glasses. Investigations of the composition
of glasses by X-ray spectral analysis (INCA Energy 3-D MAX, Oxford Instru-
ments) have shown that the best optical quality of glasses is observed at an Al,O5
concentration of 10-12 mol.%, regardless of the synthesis method: in a corundum
or platinum crucible. An increase in the concentration of Al,Os3 in this system leads
to an increase in hardness and a decrease in the refractive index. In the crystalliza-
tion of melts, the phases of lead fluorides drop out in all cases, and with increasing
Al,O5; concentration the proportion of the low-temperature phase of a-PbF, in-
creases, which may be due to the fact that more crystallization-resistant melts
begin to crystallize at lower temperatures.

This research was financially supported by the Russian Scientific Founda-
tion (grant number Ne 14-13-01074).
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. B.l. Galagan, I.N. Glushchenko, B.l. Denker at al., Glass Phys. and Chem.
37 (3), 350 (2011).

2. D. Ehrt, Curr. Opin. Solid State Mater. Sci. 7, 135 (2003).

3. K. Shinozaki, W. Pisarski, M. Affatigato at al., Opt. Mat. 50, 238 (2015).
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5. B. Hatta, M. Tomozawa, J. Non-Cryst. Sol. 354, 3184 (2008).
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HIGH PURE TELLURIUM PRODUCTION WITH LOW SELENIUM
CONTAMINATION

M.B.Grishechkin, A.V. Khomyakov, E.N. Mozhevitina,
M.P.Zykova, 1.Ch. Avetissov
D. Mendeleev University of Chemical Technology of Russia, Moscow
E-mail: igor_avetisov@mail.ru

At present, high-purity tellurium (total purity 6N or better) is widely used for
the production of optoelectronics materials, photodetectors of various wavelength
ranges and other fields of engineering. The starting material for the production of
high-purity tellurium is tellurium of technical grades, the main impurities in which
Is being copper and selenium. The most common methods for tellurium purifica-
tion are vacuum distillation and zone melting. Vacuum distillation can effectively
remove metallic impurities, but the impurity of selenium is retained at the initial
level of 10 wt%. Reducing the concentration of selenium to a level of
10"° wt% and lower (necessary for the production of tellurium with a purity of 6N)
Is achieved by zone melting in hydrogen atmosphere. In this case, the yield of the
final product does not exceed 20 %.

In the substances separation practice, a method is known to increase the effi-
ciency of the process by adding a getter composition that selectively binds the tar-
get impurity to a low volatile chemical compound [1]. The present work is devoted
to the search for a composition that makes it possible to improve the degree of pu-
rification of tellurium from selenium in the process of vacuum distillation to a level
of 10° wt%.

Distillation of tellurium of TA-1 grade (99,9 wt%) was carried out in a
quartz glass reactor (KrldA), under a dynamic vacuum of 10 Torr under con-
trolled temperature gradient conditions. A distillation still with raw material and a
condensate receiver were placed in the reactor. The still and receiver were made of
high pure graphite (MG-1, PKP VIAL Ltd., Russian Federation). To the starting
material, a getter composition was added in an amount of 5-15 wt%. The concen-
tration of impurities in the starting material, residue and condensate was deter-
mined by inductively coupled plasma mass-spectrometry (NexION 300D, Perkin
Elmer).

As a result of the research, the influence of the getter composition on the
concentration of selenium and impurities’ total content in 6N tellurium has been
determined.

The research was financially supported by the Ministry of Education and
Science of Russian Federation RFMEFI57716X0218.

1. M.F. Churbanov, A.P. Vel'muzhov, Chemistry of High-Purity Inorganic
Substances, N. Novgorod : 1zd. Nizhny Novgorod State University, 2015.
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Ni**-DOPED NANO-GLASS-CERAMICS WITH ENHANCED EFFICIENCY
OF BROADBAND NEAR-INFRARED LUMINESCENCE

E.S. Ignat’eva’, N.V. Golubev', M.Z. Ziyatdinova’, V.N. Sigaev',
G.E. Malashkevich? R. Lorenzi®, A. Paleari**
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2 B.I. Stepanov Institute of Physics of the National Academy of Sciences
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Glass-ceramics with broadband luminescence in the near-infrared region are
promising materials for optical fiber amplifiers [1]. These materials can increase
the amplification bandwidth compared to Raman and erbium amplifiers for which
it reaches ~ 100 nm [2] and ~ 30 nm [3], respectively. Recently, we obtained
y-Ga203:Ni2+ based glass-ceramics luminescent in near-IR region with full width at
half maximum of more than 300 nm, which, like the similar materials, had a rela-
tively low quantum yield [4]. In this work, we report about Ni**-doped nano-glass-
ceramics prepared through two-step heat treatment. It was found that the integrated
photoluminescence intensity in the near-IR region increased by 30 % due to the use
of pre-crystallization treatment. Optimization of the heat treatment conditions will
lead, as expected, to further growth of the IR luminescence efficiency of this nano-
glass-ceramics.

This work has been supported by the Ministry of Education and Science of
the Russian Federation (grants MK-8807.2016.3 and 14.250.31.0009).

1. J. Qiu et al., Optical Fiber Communication and Optoelectronics Conference,
IEEE, 617 - 619 (2007).

2. A.V. Leonov, O.E. Naniy, V.N. Treschikov, Prikladnaja fotonika 1, 26 - 49
(2014).

3. A.S.Kurkov, O.E. Naniy, Lightwave russian edition 1, 14 - 19 (2003).

4. V.N. Sigaev et al., Nanotechnology 23, 015708 (2012).
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SYNTHESIS AND STRUCTURE OF NEW TRIPHENYLBISMUTH
DICARBOXYLATES

A.A. Gusakovskaya, O.S. Kalistratova, P.V. Andreev, A.V. Guschin,
N.V. Somov, E.V. Chuprunov
Lobachevsky State University of Nizhni Novgorod
E-mail: eliss_ag@mail.ru

Bis(3-furylacrylate) triphenylbismuth and  di-m-nitrocinnamate  tri-
phenylbismuth were synthesized using a methology of the oxidation addition [1]:
(CgHs)sBi + 2RCH=CHCOOQOH + (CH3)3;COOH — (C¢Hs)sBi(OC(O)CH=CHR), +

+ (CH5);COH + H,0,
where R = C4H30, m-NO,—CgH,.
Synthesis was held in tetrahydrofuran at room temperature. The reaction products
were recrystallized from hexane—chloroform mixture (4:1). The yields were gener-
ally about 68 % and 71 % respectively.

Single crystals of bis(3-furylacrylate) triphenylbismuth were grown by the
solvent replacement technique from tetrahydrofuran and hexane, in case
of di-m-nitrocinnamate triphenylbismuth crystals were obtained from synthesis.
Structure analysis of single crystals of bis (3-furylacrylate) triphenylbismuth and
di-m-nitrocinnamate triphenylbismuth was held with Rigaku XTALab PRO
MMOO03 diffractometer, equipped with HPAD—detector Pilatus 200K.

As a result of crystal structure analysis it was defined that the crystal
of bis (3-furylacrylate) triphenylbismuth belongs to space group P1, unit cell pa-
rameters are: a = 10,6523(8) A, b = 12,4657(5) A, ¢ = 12,4967(4) A,
a = 88,0253)°, P = 81,125(5)°, y = 89,420(2)°. The crystal
of di-m-nitrocinnamate triphenylbismuth belongs to space group P2, unit cell pa-
rameters are: a = 8,7412(4) A, b = 18234008) A, ¢ = 13,0050(6) A,
B =101,564(5)°, a=vy=90°.

The work was performed within the framework of the basis part of the gov-
ernment contract for state universities and scientific organisations in the academic
sphere, project Ne3.6502.2017/bU4.

1. A. V. Gushchin, Doctoral Dissertation in Chemistry (NNGU, Nizhni Novgo-
rod, 1998.
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THE ELEMENTAL ANALYSIS OF KTP:HF AND KTP:ZR CRYSTALS
GROWN USING THE FLUX METHOD

E.A. Isupova, V.A. Ivanov, P.V. Andreev, M.A. Faddeev, A.V. Boryakov
Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod
E-mail: evgeniya.isupova@yandex.ru

Potassium titanyl phosphate (KTP) crystals doped with hafnium and zirconi-
um 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.% K,0, 14 mol.% P,0s, 14 mol.% TiO,, 30 mol. % WO3;. 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 wa-
ter. We have grown a series of KTi,,Hf;OPO, and KTi,Zr,OPQO, crystals with
HfO,/(TiO, + HfO,) or ZrO,/(TiO, + ZrO,) 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 in-
cluding pure KTP. Crystals were milled in an agate mortar.

X-ray phase analysis was carried out to identify the grown phases. Powder
XRD data for the specimens were recorded on a Shimadzu XRD-7000 powder dif-
fractometer using filtered Cu-Ka radiation. Phase analysis showed that all samples
are single-phases similar to the pure KTP (PDF Ne 00—035-0802). The increase of
the cell volume is related to the increase of the proportion of substitution of titani-
um atoms by zirconium atoms up to a value of 0,07. The cell volume has an ap-
proximately constant value with a further increase of the proportion of substitution
of titanium atoms by zirconium atoms. The relationship between the unit cell vol-
ume and proportion of substitution of titanium atoms by hafnium x is divided into
two linear diapasons. The slope of the line changes nearly x = 0,05. 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.

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

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

1. K. lliev etal., 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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INVESTIGATION OF THE LOCAL STRUCTURE OF ZrO,-Gd,05-Eu,03
CRYSTALLS

D.V. Zheryakov', T.V. Volkova', M.A. Borik?, A.V. Kulebyakin?,
E.E. Lomonova®, V.A. Myzina®, P.A. Ryabochkina', A.N. Chabushkin®
! Ogarev Mordovia State University, Saransk
? Prokhorov General Physics Institute, RAS, Moscow
E-mail: sendboxvv@mail.ru

Solid solutions of stabilized and partially stabilized dioxide zirconia have a
wide range of practical applications in various fields of science and modern tech-
nology [1]. During the stabilization of ZrO, by oxides of the elements of the se-
cond and third groups of the periodic system, oxygen vacancies are formed. The
oxygen vacancies can form associates upon interaction with cation ions or with
each other. The formation of these associates in crystals of stabilized and partially
stabilized zirconia greatly influences the properties of these materials.

An effective method for revealing the features of the local structure, includ-
ing the identification of the presence of associates with the participation of oxygen
vacancies, is the optical spectroscopy method using Eu®" ions as a spectroscopic
probe [2-6].

In the present work, X-ray diffraction and Raman spectroscopy studies of
the phase composition of ZrO, — (2,7-33 mol.%) Gd,O; — 0,1 mol.% Eu,O; single
crystals were carried out.

The features of the local environment of Eu®* ions for tetragonal and cubic
solid solutions of ZrO, — (2,7 — 33 mol.%) Gd,O; — 0,1 mol.% Eu,O;, obtained by
directional melt crystallization with direct high-frequency heating in a cold con-
tainer, are revealed using optical spectroscopy methods.

The work was financially supported by RFBR Grant_a, Project No. 16-02-
00457,
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PHASE DIAGRAM OF THE SYSTEM GALLIUM SULFATE
WITH SULFATES OF LITHIUM AND SODIUM

V.Yu. Proidakova’, S.V.Kuznetsov?, V.V.Voronov?, P.P.Fedorov'?
'Moscow Technology University MITKHT, Moscow
Prochorov General Physics Institute RAS, Moscow

E-mail: ppfedorov@yandex.ru

Ga,(S0O,); is an insufficiently studied compound. Synthesis was performed
from the gallium basic acetate with subsequent thermal decomposition of the hy-
drate. Phase equilibrium was studied by thermal analysis (DTA +DTG, deriva-
tograf Q-1500) and X-ray diffraction (diffractometer Bruker D8 Advanced). Dehy-
drated gallium sulphate is decomposed, starting from 680°, with the formation of
nanocrystalline Ga,03. The system Li,SO, - Ga,(SQ,)3 is eutectic type. The coordi-
nates of the eutectic are 548 °C, 30 mol% of Ga,(SO,)s. The region of solid solu-
tion on the basis of the high temperature modification of a-Li,SO, is small. In the
system Na,SO, - Ga,(SO,); the compound Naz;Ga(SO0,); is formed, which is
isostructural with aluminum and indium analogs. It melts in incongruent way at
585 °C. The coordinates of the eutectic are 540 °C, 17 mol % of Ga,(SO,4);. The
area of solid solution based on a- Ga,(SO,)s3 is 8 £ 1 mol % of Gay(SO,)s.
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1 - DTA data, 2 — onset of Ga,(SO4); decomposition,
3 —two phase samples according to X-ray data
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INFRARED LUMINESCENCE IN SrsLa, Nd,(Ge;00),:Ho*

O.A. Lipina, M.A. Melkozerova, A.Y. Chufarov, A.P. Tyutyunnik,
Y.V. Baklanova, L.L. Surat, V.G. Zubkov
Institute of Solid State Chemistry, Ekaterinburg
E-mail: LipinaOlgaA@yandex.ru

Near-infrared lasers operating in the 1 — 3 pum spectral range are in great de-
mand for a variety of optical applications. Luminescence in this wavelength region
can be excited due to the 4f — 4f transitions in lanthanide ions (Ho*, Er**, Tm*,
etc.). Since these ions have no absorption bands or have a small cross section at
808 or 980 nm, commercial laser diodes cannot be used as pump sources. In order
to achieve strong emission in the near-infrared region, codoping of other active
ions as sensitizer ions, e.g. Nd** or Yb**, has been used. The present report is fo-
cused on multiband emission in Nd** and Ho* codoped cyclogermanate
Sr3Lay(Ges0y),.

The Sr3Laz_XNdX(Ge309)2:Ho3+ (x = 0,025-0,5) solid solution has been syn-
thesized using the citrate technique. The powder XRD study shows that the sam-
ples crystallize in the monoclinic system with the space group C2/c, Z = 4. The
lanthanum and neodymium oxides contained trace impurities of holmium, which
were accurately defined by mass spectrometry. The RT luminescence spectra of
SrgLag_XNdx(Gegog)z:H03+ in the range from 10 to 3,0 wum under
808 nm laser diode excitation demonstrate the Nd*" concentration dependence
(fig. 1). The lines assigned to the transitions from the excited ‘Fs, state of Nd** are
present at the 1,0-1,9 um spectral region. The most intensive bands centered at
2,1 mkm and 2,7 mkm are associated with the °l; — °Ig and °lg — °I transitions in
holmium ion. The highest Iluminescence intensity is found in
SrgLal’gNdolz(GegoQ)g: H03+.

Sr,La, Nd (Ge,O,),:Ho*
A,=808 nm

9)2

Intensity (a.u.)

100 Wé?/cglength (nm) 3000
Fig. 1. RT luminescence spectra of SraLa,xNd,(GesOg)2:Ho** (x = 0,025-0,5)

This work was supported by RSF (Grant No. 16-13-10111).
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GROWTH OF Ca3Ge;sCr,0,, WITH GARNET STRUCTURE

A.E. Egorova, P.V. Andreev, D.V. Simanovsky, V.A. Ivanov, V.A. Matveev
Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod
E-mail: ae-egorova@yandex.ru

Germanates with active ions Cr** are promising for application in solid-state
lasers emitting in the spectral region of 1,1-1,6 mkm [1].

The druse was received during the research of the system Li,O - M0O;-CaO-
GeO; in the region N, of the phase diagram [2]. The druse are shown in fig. 1.

10 mm

il

A

Fig. 1. Druse with new phase

There were impregnations of green crystals of various sizes (fig. 2) in this

druse.
According to the results of X-ray analysis, these crystals have a garnet struc-

ture, belong to the space group la3d and have the chemical formula
CazGesCry0qs. (Z =4,a=12,26413 (8) A)

Fig. 2. Crystals from druse with new phase

1. Meng Jian-Xin, Yang Chuang-Tao, Chen Qing-Qing, J. Lumin. 130 (7),
1320-1323, (2010).

2. V.A. Ivanov, M.O. Marychev, P.V. Andreev et al, Journal of Crystal Growth
426, 25-32 (2015).
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STRUCTURE AND SPECTRAL-LUMINESCENT PROPERTIES
OF Tm,TesO,3 CRYSTALS

N.A. Sakharova', P.A. Ryabochkina', V.A. Lomonov?, V.M. Kyashkin*
'National Research Ogarev Mordovian State University, Saransk, Russia
2A.V. Shubnikov Institute of Crystallography, RAS, Moscow, Russia
E-mail: saharova.1996@mail.ru

This paper presents the results studies of phase composition and spectral-
luminescent properties of new Tm,TesO43 crystals which were grown by the flux
method in the A.V. Shubnikov Institute of Crystallography, RAS.

The phase composition of crystal was refined by X-ray phase analysis. The
diffractogram shown in Fig. 1 evidence that samples of Tm,TesO,3 crystals corre-
spond to the structure of thulium pentatellurate. The unit cell parameters were re-
fined by the Rietveld method and respectively: a = 6,9014 A, b = 8,6047 A,
¢ =10,5277 A; a = 88,825°, B = 86,750°, y = 74,944°. Also was recorded intensities
of reflections from a set of the planes (00L). This XRD pattern is shown in fig. 2.
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Fig.1. Diffractogram of a polycrystalline Fig. 2. XRD pattern of reflections from set of
sample of Tm,Tes0;3 crystal the planes (00L) of Tm,TesO3 single crystal

In the course of studies of the spectral-luminescent characteristics of
Tm,TesOy5 crystals, the absorption and luminescence spectra of Tm*®" ions were
recorded upon excitation by the radiation of the solid-state laser (Aexe = 457 Nm).
All optical transitions have been identified.
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Fig. 3. Luminescence spectra of Tm** ions in Tm,TesO43 crystal
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THE DEFECTS FORMATION PROBLEMS IN SrMoO4,:RE* CRYSTALS

E.E. Dunaeva, T.V. Chukhlovina, L.I. Ivleva
Prokhorov General Physics Institute RAS, Moscow
E-mail: chukhlovina@gmail.com

The development of new laser media for producing compact effective spec-

trally positioned solid state laser sources for near and middle IR spectral region is
an actual problem. Recently, multifunctional oxide media which combine laser and
nonlinear-optical (Raman) properties were proposed.
In this work we have developed the growth technology of high optical quality
SrMoO, crystals doped with Pr¥*, Ho**, Tm* ions basis on Czochralski method.
The concentration series of Pr**:SrMo0O,, Ho**:SrMo0O,, Tm*":SrMoO, crystals
have been obtained from the melt in the air. Typical dimensions of the crystals
were 20x15x50 mm.

SrMoOQ, has sheelite type structure (space group 14,/a): the Sr atoms are lo-
cated in SrOg dodecahedra, the Mo® atoms are in MoO, tetrahedra. Dopant ions
were added into the melt in the form of RE**Nb>*0, (RE* = Pr¥, Tm*, Ho*")
which has a distorted scheelite-type structure. Simultaneous incorporation of het-
erovalent impurities (RE**, Nb>*) into the scheelite structure is favourable for iso-
morphous substitution and electroneutrality of the system. The results of XRD in-
vestigation of SrMoO, crystals indicate the wvacancy in Sr position
((Srogsse)l0012)M0Qy), it explains the yellowish color due to the F- center (Vs,”,
2h")* formation. For Ho* and Tm®" systems the different point defects are formed:
0 — Hog +Nby,' and 0 —> Tm™ + Vg™ + NbP* + V"' It is most likely due to
large differences of Sr** and Tm*" ions radii (rs; = 1,26 A, r1m = 0,99 A) in compar-
ison with Ho®* (ru =1,02 A). It can be expected, that the proximity of Sr** and
RE* ion radii will lead to extension of the boundaries of isomorphous heterovalent
substitution in SrMoO4RE*": strong difference of ions radii — to formation of a
limited solid solution. The effective segregation coefficients of dopants were de-
termined: Keff(Pr*") = 0,8; Keff(Ho®") = 0,4 and Keff(Tm**) = 0,25.

Spectral luminescent and laser characteristics of as-grown crystals were in-
vestigated. Efficient room temperature lasing under 1700 nm laser diode pumping
was obtained in the Tm**:SrMoO, crystal with slope efficiency up to 18 %. Broad
oscillation wavelength tuning within 1840-1980 nm spectral range was obtained.

This work was supported by the Russian Foundation for Basic Research,
project no. 16-32-00423.
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AMPLIFICATION AND COLOR CENTER EFFECT OF Ce:BaF, CRYSTAL

A.V. Lovchev, A.K. Naumov, O.A. Morozov, R.D. Aglyamov
Kazan Federal University, Kazan
E-mail: alovchev@kpfu.ru

We was study the amplification properties of the Ce*:BaF, crystals with
high intensity UV irradiation. Samples was been synthesized by radio frequency
heating in vacuum by thermal gradient technique.

Fig. 1 present the absorption and luminescence spectra of the Ce:BaF, crys-
tal. Pump source was Ce*:LiCaAlFs (Ce:LiCAF) based laser with non-selectivity
cavity and lasing wavelength 287 nm. And the same figure present luminescence
spectra of Ce:LiCAF crystal, pumped by 266 nm laser.

Ce:LiCAF luminescence spectra is very close to the Ce:BaF, absorption, so
we can consider a possibility of multi-step pump. But non-zero absorption of
Ce:BaF, crystal in 266 nm range is useful for pumping with 4h harmonics of neo-
dymium lasers.

We studied the Ce:BaF, material color center effect with the high intensity
prolonger irradiation by UV laser with wavelength 266 and 287nm. We presented
experimental and theoretical analysis of amplification properties and consider pos-
sibility to create a new amplification medium.

f\ —®—abs. Ce:BaF,
/ —®—lum. Ce:BaF,

\| 4 lum. CeLiCAF
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280 300 320 340 360
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Fig. 1. Ce:BaF2 crystal absorption and luminescence spectra and luminescence
spectra of Ce:LiICAF crystal
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INVESTIGATION THE SPECTRUM OF CERTIFICATION IN THE PROCESS
OF DENYING OF SUPERHONE LAYERS OF LYUMINOPHORES
AT FIELD EXCITATION

B.N. Denisov, Y.A. Zazulin, E.A. Fedoseev
Ogarev Mordovia State University, Saransk
E-mail:yaroslav.zazulin@mail.ru

The results of modeling the luminescence spectra of ultrathin (200 nm)
phosphor layers containing two luminescence centers in the process of damping
when excited by a field. The calculation was carried out under the condition of uni-
form excitation over the entire thickness of the layer [1], which makes it possible
to simplify the calculation sharply in the case of recombination luminescence ki-
netics. In the calculations it was assumed that the phosphor has n luminescence
centers with different recombination rates, the spectra of which are described by
the Gaussian curve. In this case, the luminescence kinetics at a given wavelength
for the luminescence center is described by a differential equation of the form:

dAn; (4)/dt = —agiAnj + 734N (A)], 1)
which ag; = 2y,ng - recombination rate at i center of glow at low illumination level,
7i coefficient of recombination at i center of glow, Ng - concentration of equilibri-
um free carriers in the conduction band. In the case of a low excitation level, in the
presence of two luminescence centers with different recombination rates, the ratio
between the luminescence intensities of the first and second centers at the maxi-
mum is equal to:

n=(ly/13)exp— (o —ag) -t (2)
If o, >, then over time the relationship between the intensities of the lu-

minescence of the centers changes in favor of the second peak and the resulting
emission spectrum will shift toward the second peak. If g1 <y the resulting

spectrum of emission will shift towards the first peak. Figure 1 shows the emission
spectrum for the case o, > o, .

I AMAx = 0.5MKM I Amax = 0,55 MKEM

=
-t
b -

0.4 --;J..45 05 IIISS 06 065 07 .4,.MEM 04 - 045 03 US‘S 06 065 07AMEM
Fig.
1. Spectra of luminescence a3 = 2ay. No. 1 to attenuation, No. 2 is the damping t = 1/2a,

1. B.N. Denisov, N.V. Moiseyev, V.S. Hramov, The 14th International Confer-
ence. "Materials of nano-, micro-, optoelectronics and fiber optics: physical
properties and applications”, 35 (2015).
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KOMIIAKTHBIE TBEPIOTEJILHBIE JIABEPBHI CPEHEI'O
VK-TAATIA30HA

M.E. IIopomeHKol, B.B. Ocuxo!
Y Unemumym obweii pusuxu um. A.M. Ipoxoposa PAH, Mocksa

E-mail: dorosh@]Ist.gpi.ru

B nocnenHue HECKONBKO JIET BO3POCHIMI MHTEpPEC K MPAaKTHYECKOMY MpU-
MEHEHHUIO TBEPAOTENbHBIX JIA3€POB MOJHSI MPOOJIEMYy MPOJBUKEHUS U3ITYYCHUS B
cpenuuii K nuana3on amuH BoJH (2-6 MKM). DTOT IMaIia3oH MPEJCTaBIsIeT HHTE-
pec Oyarogapsi HaJIMYKMIO B 3TOM JIMANa30He JIJIMH BOJIH T.H. KOKOH TIPO3PavyH OCTH
3eMHOM aTMOc(epbl, 4YTO MO3BOJIsIET Ucnonb3oBaTh UK u3nyyeHue Takux jiazepos
B CHCTEMAaxX C OTKPBITBIM TPAaKTOM Jiyda. J(ONOJHUTENBHO 3TO M3IyYEHHUE H3-3a
CBOEH JIJTMHBI BOJHBI MEHEE YYBCTBUTENILHO K Pa3IMYHBIM aTMOC(EpPHBIM TIOMEeXam
110 CPAaBHEHHUIO C cucTeMaMu, paboraromumu B omkaeM MK auanazone. Taxxe,
Hanuyue OOJNBIIOr0 KOJUYECTBA MHTEHCHBHBIX JIMHHUM MOTJIOUICHHS Pa3iMYHbIX
MOJIEKYJIIPHBIX Ta30B B CIIEKTPAJIBHOM AWAIa3oHe 2-6 MKM IO3BOJISIET CO3/1aBaTh
Ha OCHOBE TAaKHMX JAa3€pPOB BHICOKOUYBCTBHUTENBHBIE CUCTEMbI JUCTAHIIMOHHOIO JIe-
TEKTHUPOBAHUSI.

Pazpabotka TBeproTenbHBIX JazepoB cpeanero MK amanazoHa AjvH BOJH
TpeOyeT pelieHus] LEeNoro psaa (pyHIaMEeHTAIbHBIX MpoOsieM. Bo-nepBbiX, KpH-
CTAJUTMYECKasl UJIM CTEKJISIHHAsI MaTpUIa HE JI0JKHA UMETh MOTJIOMICHHS Ha JITIMHE
BOJIHBI M3JIy4€HUS, T.€. M0JI0CA MPOIYCKAHUS TaKUX MATPHIl JOJDKHA ObITh OUYEHb
HMPOKON. BO-BTOPBIX, Take B Ciydae BBICOKOW MPO3paYyHOCTH MaTPHULBI Ja3ep-
HbIE TIepexoibl, cooTBeTcTBYOMmMUE cpenqHemy UK nuanazony, Moryt ObITh cylie-
CTBEHHO IMOTYUIEHBI BCIEACTBHE MPOLECCOB MHOIO()OHOHHOMN Oe3bI3aydyaTreabHOn
penakcanuu. C 3Toil TOUKH 3peHHs OO0IBIION KJIaCC OKCHIHBIX MaTepUaIoB OKa3bl-
BAETCSl MAJIONEPCIEKTUBHBIM Il co3laHus JyasepoB cpenHero MK nuamasona
JuH BosiH. HamGosee NTMHHOBOIHOBBIN M3 U3BECTHBIX JIa3€POB HA OCHOBE OKCH-
JTHBIX KPUCTAJUIOB — KPHUCTAJJIE aTIOMO-UTTPUEBOrO I'paHaTa, aKTHUBHUPOBAHHOTO
MOHAMHU TPEXBAJIEHTHOT O 3pOUs, MO3BOJISET MOTYUUTh U3TyYEHUE Ha JITTMHE BOJIHBI
2,94 mxm. IloMUMO MOMCKa HOBBIX AaKTHBHBIX CPE/l, BOZHUKAET cephe3Has mpooie-
Ma C MCTOYHMKAaMU HAaKauyKy TaKuX Jjla3epoB. B Hacrosiiee BpeMs BbICOKOIPhEK-
TUBHBIE TIOJIYIPOBOJAHUKOBBIE JIa3epbl pabOTaIOT B OCHOBHOM B BHJAMMOM H OJIHXK-
HeM MK crnekTpanbHOM IHMana3oHe, 4TO MO3BOJIIET HAKAYMBATh TOJBKO BBICOKO-
JeKaIUe SHEPreTHUYECKUE YPOBHH Ja3€PHBIX HOHOB, YTO MPUBOJMT K CYHIECTBEH-
HBIM CTOKCOBBIM MOTEPSAM M HU3KOH 3P (EKTUBHOCTH Ja3€pHOI reHepaluy Ha Te-
pexonax, coorsercTByomux cpennemy MK nnamasony crekrpa.

B noknane ocHOBHOE BHHMAaHHE OyIET yAENIEHO XalbKOI€HUJAHBIM MaTpH-
uaMm (T.e. cocTaBaM, OCHOBAaHHBIM Ha CyJb(PHIax, CEJIEHUaX U TEUTypUTax) B Ka-
YECTBE OCHOBBI aKTHBHBIX 3JIEMEHTOB JiazepoB cpeanero MK nmamasona. byayr
paccMoTpens! aBoiiHbIe coctasbl rpymmsl A'B", koTopbie Hanbonee HHTEHCHBHO
pa3pabaThIBAIUCh B MOCIEAHEE IECATUIIETHE, U TTOKa3aHO, YTO TBEPJbIE PACTBOPHI
HAa UX OCHOBE SIBJISIFOTCS MEPCIEKTUBHBIM MATEPUAIIOM JJII CMELICHUS] T€HEpUpYe-
MO0 JIA3€pHOro M3JIy4deHus aainblie B cpennuid MK aumana3on niauH BoiH. bynyr
[PEICTABIIEHbI PE3YJIbTAThI U1 AKTUBALMA NOHAMH NEPEXOJHBIX METAIOB, TAKUX
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KaK JBYXBAICHTHBIE XPOM M »keme3o, 1t cocraBoB rpymmst A'BY', u pemxose-
MEJIbHBIMU MOHAMU B CiTydae CyJb(uI0B.

B pesynbrare OyayT npoAeMOHCTPUPOBAHBI JJIMHBI BOJIH M3JIYyYEHUS Jlaze-
POB BILIOTH A0 5,5 MKM B KpUCTaJJIaX THOTrajiaTa CBUHILA (Cyab(dua), akTUBUPO-
BaHHOT'O MOHAMU JMCIPO3Usl, U LHEHTPAIBHBIE JIJIMHBI BOJIH I'€HEpAlUy BIUIOThH 10
5,7 mxm (tipu 220 K) B TBepaom pactBope ZnMnSe u 10 5,8 MKM B TBEpIOM pac-
tBOpe CdMnTe,
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HOBBIM ITIOAXO0]1 K UCCIEJJOBAHUIO YCUJIUTEJIbHBIX
XAPAKTEPUCTHUK AKTUBHbLIX CPE/] C UCIIOJIb3AOBAHUEM TEXHHUKU
Z-CKAHUPOBAHNMA

B.B. Cemaiko, O.P. AxtsamoB, A.A. [llaBenbe, B.A. OcTaTo4HHKOB
Ka3zanckuii gpedepanvruiii ynusepcumem, Kasano
E-mail: uadpcy@mail.ru

CrekTpanbHble U IHEPreTUYEeCKUE XapakTEepUCTHUKU akTUBHBIX cper (AC)
ONPEACIAIOTCA TAaKMMHU NapaMeTpaMHM Kak: CEYEHHE IOIVIOUIEHUS Ha 4YacToTe
HAKayKH, CEUCHHE CTUMYJIMPOBAHHOIO M3IY4YEHHS, CEUEHHE MOTJIOMIEHUS U3 BO3-
oyxnaenHoro cocrosinug (IIBC) kak Ha yacToTe HaKauyku, TaKk U Ha 4acTOTE Jlazep-
HOW T'eHepaluy, a TaKKe NpoleccaMu, HHAYLIUPYEMBIMU B aKTUBHBIX Cpellax B pe-
3yJbTaTe BO3JEHCTBHUS MHTCHCUBHBIX M3nydeHui [1, 2]. OObIYHO AJIT TaKUX HC-
CJIEZIOBAHUN MCHOJB3YIOT TEXHUKY «pump-probey» CIEeKTPOCKOINH, KOTOpast mpei-
M0JIaraeT HaJU4Me HAKAYKU JUIsl CO3/IaHUs B CPEJle€ MHBEPCHOW HACEIEHHOCTH, H
30HMPYIOLIEr0 M3IYyYEHHUs JJIsl MCCIEOBAaHUS OTKIMKAa BO30YXJIEHHOH cpenbl.
HNmeHHO MOTpeOHOCTh HECKOMBKUX MCTOYHUKOB M3IIYUEHHUS U CBSA3aHHBIE C ATHM
po0JIeMbl TPOCTPAHCTBEHHOTO M BPEMEHHOI'O COIIACOBAHUS MYYKOB HAKAUYKU H
30HAMPOBaHMsI BHYTpU 00pa3la sIBISIOTCS OCHOBHBIMHU HEJIOCTaTKaMH 3TOM METO-
Tukd. B TO e Bpems, U UCCIIEJOBAaHUS YCUIIMTENbHbBIX Xapakrepuctuk AC B Ka-
YecTBE MPOOHOr0 M3JIYYEHHUS] MOKHO HCIOJb30BATh COOCTBEHHYIO JIFOMUHECIIEH-
U0 oOpa3ua (SIBJIE€HUE YCHIIEHHOTO CIIOHTAaHHOTO u3nydenus). [Ipu atom Heobxo-
UM TOJIBKO UCTOYHUK HAaKa4yKH, a Bapbupys JUIMHY BO30YXACHHON yacTh oOpa3Lua
U H3MEpsisi MHTEHCHBHOCTb YCHUJIEHHOIO H3JIyY€HHUS JIFOMUHECLEHUMWH, YAAETCA
OIPENEINTh ONTHUYECKUH KOAI(PGUIMEHT YCUJICHUS Majloro CUTrHajla WJIM, Hallpu-
Mep, KO3(PPUIMEHT NOrJIoEeHus U3 BO30YKIEHHOTO COCTOsIHUA [3, 4].

B nanHo#l paboTe MBI JEMOHCTPUPYEM BO3MOXKHOCTH NMPUMEHEHHUS METOoJa
Z-CKaHUPOBAHUS C OTKPBITON amepTypoy AJii OJHOBPEMEHHOI'O MCCIEI0BaHUS Xa-
PaKTEPUCTUK HACBIIIEHUS MOTJIOMICHUS U ycusieHus: ontuyecku ToiacTeix AC. Ilpu
ATOM HM3Y4aeTcsl 3aBUCUMOCTh KO3(DPHIIMEHTa MOTJIOMIEHUs WM TPOMyCKaHus 00-
pasla Ha JJIMHE BOJHBI BO30YXK/IEHUS OT MOJOXKEHUS NEPETHKKU (POKYCHPYEMOTrO
U3J1y4EeHMs] HAaKauKU OTHOCUTEJIBHO €ro nepenHel nmosepxHoctu. [Ipu yBennyenuu
UIMHBI 00nacTu o0pasiia, B KOTOPOH OCTHUTHYTa 3Ta WHBEPCHAs] HACEJICHHOCTD,
s ekt ycunenus cnoHTaHHoOro usnydeHus (Y CU) npuBoauT K €€ CHUKEHUIO U
BOCCTAHOBJICHHUIO HAaCEJIEHHOCTH Ha OCHOBHOM COCTOsSIHMU. B pesynbrare, ko3 (-
(UIIMEHT MOTJIOUICHHUSI MCCIEAYEMOro 00paslia Ha 4acTOTe HAKAYKU 3aBUCUT OT
BEPOATHOCTEN COOTBETCTBYIOIIMX IEPEXOJO0B, IUIOTHOCTH MOIIHOCTH H3Iy4YEHUS
BO30YXKIEHUSI U T€OMETPUU SKCIIEPUMEHTa (IMPOCTPAHCTBEHHOM pacHpeeIeHUN
oOJactu B oOpasiie, 001a1aronel ¢ ”HBEPCHOU HACEICHHOCTBIO).

Ha puc. 1 mnpuBomsarcs pe3ysbTarbl Z-CKaHHPOBAHUS KPHUCTAJUIOB
Ce:LiCaAlF6 ¢ ucnonb30BaHMEM HU3TYyYEHHsI YETBEPTOM TapMOHHMKHU Ja3epa Ha
Nd:YAG (A=266 uM) B KauecTBe M3Iy4eHHUs HAKAYKU. DTU IKCIIEPUMEHTAIbHBIC
3aBUCHMOCTH YJIa€TCS MHTEPHPETUPOBATH METOAOM OaJlaHCHBIX YpaBHEHHMH W,
npuMeHsisi GUTUHTOBBIE MPOLEAYPHI, ONPEIEIATh BECh HA0OP MapaMeTpoB, XapakK-

TEPU3YIOIINX JIAaHHYIO aKTUBHYIO cpeny [S].
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Puc. 1. 3aBucuMOCTH NIJIOTHOCTH PHEPTUM U3JIyUEHUS] HAKAYKU HA NTepeNHEn
HOBEPXHOCTH KpHCTaJUla (YepHasi KpuBasi) U K03 puiimenTa noraomeHus
kpucrauia Ce:LiCAF Ha aymHe BOJHBI 266 HM OT pacCTOSHUS OT IICHTPa

MEePEeTKKU U3TYyUSHUs 10 €ro NepeiHel MOBEPXHOCTH (CUHSS KpUBas).
[IyHkTHpHOW JIMHUEHN [TOKa3aH OKUJAEMBII X0/ KPUBOM PU OTCYTCTBUM BJIMSHUS
spdexta YCU. Koopnrnara «0» COOTBETCTBYET MOJIOKEHUIO [IEHTPA MEPETIKKU

Ha repeaHel MoBepXHOCTH oOpa3ia. CBepXy cXeMaTHUeCKH MOKa3aHa KayCTHUKa
U3JTy4eHUs] HaKauKu BHYTPH 00paslia: a — ImepeTshKKa pacioiokeHa mo3aau oopasiia,
b — mepeTskka BHYTPH HEro, C — MEPETsHKKA PACIloNokKeHa 10 epeTHen
MMOBEPXHOCTH 00pa3ia

PabGora BbITIONHEHA 3a CcUeT CpelCTB cyOcuauu, BblaeleHHoW KazaHnckomy
denepabHOMY YHHUBEPCUTETY [UJIsl BBITIOJHEHHsI TOCYIAapCTBEHHOTO 3aJaHUs B
chepe HayuHou AestenbHOCTH [cornamenne Ne 3.1156.2017/4.6], a Takxe B pam-
kax [IporpamMMbl MOBBIIEHUsT KOHKYpeHTOCITocoOHOCcTH KaszaHckoro ¢eaepaibHO-
r0 YHUBEPCHTETA CPeAH JHAUPYIOIIUX MHUPOBBIX aKaJeMHYECKHUX IICHTPOB [Co-
rimamenue Ne 02.A03.21.0002].
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AKTHUBHMPOBAHHbBIE XAHTUTOIIOAOBHBIE CTEKIJIA:
JOCTWKEHMSA U ITEPCIIEKTHUBbI

I'.E. MaJ'IaH_IKeBI/I‘-Il, B.B. KOBrapl, TI. XOT‘ICHKOBal, A.H. Hlumko’,
B.H. CI/IFaeBZ, H.B. Fony6eBZ, E.C. I/IFHaTBeBaZ, M.3. 3usTanMHOBA’,
E.B. HGCTpﬂKOB3
YUnemumym @usuxu um. B.1. Cmenanosa HAH Benapycu, Munck
2Poccutickuti XuMUKO-MexHOI02UecKull VHUBepcumem
um. /[.U. Menoeneesa, Mockea
3HHcmumym naszeproti puzuku CO PAH, Hosocubupck
E-mail: g.malashkevich@ifanbel.bas-net.by

Kak wm3BecTHO, OOJBITUHCTBO <«JIa3€PHBIX» PEAKO3EMEIbHBIX MOHOB B JIU-
AJICKTPUYECKUX Cpelax MOABEPKEHO KPOCC-PEIaKCAlMOHHBIM B3aUMOJIEHCTBUSM,
KOTOpBIE SIBIISTFOTCSI OCHOBHOW MPHYMHOW KOHIICHTPAITMOHHOTO TYIICHHS JTFOMHU-
HECIICHIIMM W UCTOYHHUKOM IIPOOJIEM IPH CO3aHUU AKTHUBHBIX CPEJl C BBICOKUM
yICTBHBIM ChEMOM JHEPTrUu M3MydeHus. DPPEKTUBHOCTh ITUX B3aUMOICHCTBUI
MIPU MPOYUX PABHBIX YCIOBUAX HAXOJUTCS B OOPATHOM CTENEHHON 3aBUCHUMOCTH
OT PACCTOSIHUS MEXKIY JOHOPOM M aKIIENTOPOM BO30YKJICHHUHN B Clydae MYJIbTHU-
MOJIbHOTO B3aMMOJICUCTBUA U YOBIBAE€T IKCIIOHECHIIMAIBHO C TIOKA3aTEeJIeM MOpsIKa
pa3Mepa MX SJEKTPOHHBIX 00OJOYEK B cliydae OOMEHHOro B3aumojeuctus [1].
XOpoII0 M3BECTHO TaK)Ke, YTO C IOBBIIICHWEM KOHIIEHTpanuu LN cpeaHecraru-
cTuyeckoe paccrosinue Lnh—Ln cHmkaeTrcst 10 MUHUMAIIBHO BO3MOXKHOTO (Rpin) 171st
JTAHHOW MAaTpPHIIBI, ONPEeIIeMOro OCOOEHHOCTAMH €€ CTPOCHMS, a TIPH JaJIbHE -
IIIEM TOBBIIIEHUH JIMIIh YBEIWYMBACTCS YHCIO MOHOB, HAXOAIIMXCS HA TaKOM
paccrosiuuu. [ToaTOMy MOMCK MaTpuil, 00eCTIeYUBAOIIUX O0NbII0E Ry, ABIsSETCS
IPUOPUTETHBIM TPY CO3JIAaHUHM BBICOKOJIETUPOBAHHBIX JIA3EPHBIX CpeJl ¢ OOJIBIITNM
YIEIbHBIM YHEPTOCHEMOM.

HaunGonee u3BecTHBIMU MpUMEpaMU OKCUJIHBIX MaTPHUII, YAOBICTBOPSIONINX
3TOMY YCIIOBHIO, SIBJSIFOTCS XaHTUTONoA00HbIe KpucTamuibl  YAly(BOs3), ¢
Rmin = 6,0 A [2] u Li—Ln-docdarroe cTexno ¢ Ryin = 5,6 A [3]. OcHOBHBIM HeTO-
CTaTKOM TIEPBBIX SIBIISIETCS OTHOCHUTEIHHO BBICOKASl YaCcTOTa BAJCHTHBIX KOJIeOa-
Huit rpymmmpoBok BO; (Vi ~ 1300 cM ' [4]), 4To BeAET K CyIeCTBEHHOMY BHYTPH-
IIEHTPOBOMY TYIIIEHUIO JIIOMUHECIICHITUN Ln** ¢ ueGombmIoi DHEPreTUYECKON IIe-
JhI0 MEXTY METAaCTAOMIIbHBIM COCTOSHUEM WM OJIMDKAWIAM HIDKHHAM, a BTOPBIX —
HU3KHE (DU3UKO-XMMUUYECKHE XapaKTepUCTUKH. [ToaToOMYy MpeanpruHIMaIOTCs MHO-
TOYUCIICHHBIC TIOMBITKU MOJYYEHUSI MATPUIL, TUIIEHHBIX YKa3aHHBIX HEIOCTATKOB.
OnHuM W3 TEPCHEKTUBHBIX BApUAHTOB PEIICHUS TAKOW 3aJauyul MPEJCTaBISAETCS
MOJIYYCHUE WUTTPUK-AIFOMOOOPATHBIX CTEKOJ C COCTAaBOM BOJIM3H CTEXHMOMETPHHU
XaHTUTA, YYUTHIBASI BHICOKYIO KOHIIEHTPAI[UIO B IMOCJEAHEM CTEKJIO00Pa3yIOIIUX
OKCHJIOB M BO3MOYKHOCTB IIPEBPAIICHUS MPU TIEPEX0JI€ B CTEKI000pa3HOE COCTOS-
HHe HEKOTOpOil YacTh rpymmupoBok BO3 B BO,c v, ~ 1100 em ' [4].

B macrosmeit pabore u3ararTCs pe3ysIbTaThl MCCIIEIOBAHUS OCHOBHBIX
CTPYKTYPHBIX, CHEKTPAIbHO-TIOMUHECIICHTHBIX, TEIUIOQU3NYECKUX W TeHepalu-
OHHBIX IMapamMeTpoB CTeKONI cucTeMbl (LN, Y 1,),0:—Al,0;—B,03, roe Ln = Ce, Sm,
Tbu Yb.
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OnbITHBIE 00pa3lbl CTEKON OBUIM MOJYYEHBI METOJIOM IUIABJICHUSI B TJIATUHOBBIX
Turisax Ha Bo3ayxe mpu 1 = 1250-1550 °C B snekTpudeckod Meun COMpOTHBIIC-
HUA. B KauecTBe MCXOIHBIX KOMIIOHEHTOB HCHOJb30Baiuch LN,Os; (ocu), Y,0;
(ocua), Al(OH)3 (unma), H;BOj3 (X4). PaciiaB BeUTMBAIM HA METAJUTHYSCKYIO TUIUTY
U TIPECCOBAIM JIPYTOil 10 TOMIMIHMHBI ~ 2—5 MM. {11 cpaBHEHUS ObLIM CUHTE3UPO-
BaHbI TBepaOodazHbM MeToaoM Tipu 1160 °C xaHTUTOMOA00HBIE TOTUKPUCTAILIHI.
CtpyKkTypa MOJIYYEHHBIX 00pa3I0B HCCIEN0BAIACh C MOMOIIbIO PEHTIEHOBCKOTO
mudpaxromerpa JJPOH 3M (uznyuenune CuK,, Ni-¢punerp), UK-Oypbe cniektpo-
metrpa Nexus u KP-cnexkrpomerpa Spectra Pro-500i ¢ reomerpueit mox 180° mpu
na3epHoM BO30yxkaeHun ¢ A = 532 HM. CHeKTphl MOTJIONIEHUSI PETUCTPUPOBATHCH
cnexktpomerpom Cary-500. s uccienoBaHus CIIEKTPOB JIIOMUHECIIEHIIMA U €€
BO30YyKIeHus1 ucnosb3oBaics cnexkrpoduyopumerp C/JI-2. Kuneruka 3aryxanus
JIOMUHECIICHIINM  HCCIENOBaJlach C TOMOIIpl0  1udpoBoro ocmmwmiorpada
Tektronix TDS3032B nipu Bo30y»XIeHUM W3JIy4€HUEM MOHOMMITYJIBCHOTO Ja3epa
Ha candupe ¢ TutaHoM (A = 890-920 HM, IIUTETHHOCTh UMITYJIBCA MO MOJIYILIH-
pune ~ 10 HC) U ero rapMOHUKAMHU, a TaKXKe Jla3epa Ha MOJIEKYJsIpHOM azote Ni-
tromite Laser LN-100 (337 am u 0,3 HC).

Hcnonp3yst MPpUMEHUTEIILHO K CcTeKIy cucteMbl (SmyY14),0:—Al,05—B,04
METOJ] KHHETUYECKON JTIOMUHECIIEHTHOU CIIEKTPOCKOMUU OBbLUIN OMpeeIeHbl MUK-
ponapaMeTp AOHOP-AKLENTOPHOTO B3aUMOJCHCTBUS HOHOB Sm** (Cpa =
4,2+4,5:10">* CMBC_l) 1 3HaueHue Ry, KoTopoe coctaBmio 6,7 +0,5 A [5]. Pe-
KOPAHOE JIJIi OKCUJIHBIX MaTepUasioB 3HaUeHUE R, Mpu OJIM30CTU cOCTaBa K CTe-
XMOMETPUU XaHTUTa U Jaj0 HaM OCHOBAaHHUE Ha3BaTh DTH CTEKJIA XaHTUTOMOA00-
HeIMH. [Ipy 3TOM OBLTO YCTAaHOBJIEHO, YTO MPEEIbHBIN KBAHTOBBIN BBIXOJ] JTFOMH-
HECIICHIINH HOHOB SM°" B TaKOM CTeKIie MpUMepHO Ha 15 % BbIIIE, YeM B IOJH-
Kpuctayax xantura (puc. 1). lanubii ¢akt o0bscHIETCS ociablieHueM BHYTPH-
IIEHTPOBOTO TYIICHUS JIOMHHECHEHIIMM H3-3a TpaHchOpMalluh B CTEKJIE 4YacTu
rpynnupoBok BO3; B rpynnupoBku BOy, 1011 KOTOPBIX CYIIECTBEHHO BO3pPACTaeT
IpU MOHWKEHUU TemImepaTypbl cuHTe3a (puc. 2). Ilpu Hakauke MaHHBIX CTEKOJI
cBeToAnoaoM ¢ A = 402 HM u MouiHocThio ~ 200 MBT nonyueHa ycuieHHas JiO-
MUHECICHIIUA [6].

Onocpe10oBaHHO BBICOKOE 3HAYEHUE Rpj, B XaHTUTOMOAOOHOM CTEKJIE MOJ-
TBEPAKIACTCS M OTCYTCTBHEM KOHIICHTPAIMOHHOTO TYHICHUS JIIOMUHECIIEHIIUU
noroB Th®* [7], koTopoe B GOIBIIMHCTBE MATPHUI[ OCYIIECTBISICTCS O CXEME
Tb3+(5D4 — 7F0_2) : 3Tb3+(7F6 - 7FM). JlauHbI (DaKT CyauT OompenenaEHHbIC Tep-
CIEKTUBBI MCIOJIH30BAHUIO TAKMX CTEKOJI B KaueCTBE BU3Yyanu3aTopoB YD n300-
paxennid. OIHAKO M3-32 OTHOCHUTEJIBHO BBICOKOYACTOTHOIO ITOJIOKEHUS WHTEH-
CHBHBIX MEKKOH(HTYPAIIMOHHBIX [OJIOC TIOTJIONICHAS HOHOB Th>" B TOHKOM citoe
MOXET MOTJOTUTHCA JUIIL u3nydeHue ¢ A < 250 HM, a Oojee AJIMHHOBOJIHOBOE
Y ®-uznyyeHue He MOXKET CO3/aTh B CTEKJIE YETKOT'O M300paKEHUSI.
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Puc. 1. KoHuenTpannonHas 3aBUCUMOCTh Puc. 2. CiexTpsl KOMOWHAIIMOHHOT O
KBaHTOBOI'O BBEIXOJA JIOMUHECIIEHIINHN paccestHusI CTEKOJI CHCTEMBI
1oHOB SM>* B XaHTHTOMOMO0OHBIX CTEKIAX La;03-Y,03—-Al,03—-B,03, cuHTE3MpOBaHHBIX
(1) m nommkpucramax (2) npu 1450 °C (1) u 1250 °C (2)

I[To5TOMY B KauecTBE CEHCHOMIM3AaTOPAa JOMHHECHEHIHH Th®' Gbum mc-
nos30Bansl HoHbI Ce®*. OKa3a1och, 4TO IepHil, B OTIMYHE OT TepOus, B XaHTHTO-
MOJOOHBIX CTEKJIAX peaiM3yercs B ABYX 3apsiOBbIX cocTosHUAX 13 u +4. [lns
TIPEIOTBPAIeH s TTOSABJICHUS MOCIEIHEro HCHob3oBajca okcu Sh,Os, KoTOpHIit
B pacIuiaBe 4acTudHO mepexoaut B Sh,0s, Boccranasmisas Ce'* no Ce®. B pe-
3ynbTaTe ObLIM HOIY4eHbI CTEKIA, XapaKTEPU3YIOIUECs CIEKTPaMU MOTIOMIEHHUS,
JIFOMUHECLIEHIIUH U €& BO30YKICHHUS, IPEICTaBIEHHBIMU Ha PUC. 3.

- T

J10
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s >
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Puc. 3. Crnextpsl momuneceHuu (1), mormomenus (2) u Bo30YyKISHHUS JTFOMUHECICHIIUH
(3). hexc = (1) 300 HM, Arec = (3) 545 um

BunHo, 4TO0 OHM O0ecnedyMBarOT NPAKTUYECKH MOJHOE moriuoueHue Y d-
u3nydeHus ¢ A < 315 aM B ciioe TommuHon = 100 MKM, OTCYTCTBHE 3HAUUTEIIbHBIX
npoBasio B Y®-CreKTpe BO30YKIACHHS TIOMHHECIICHIMH Th®', mpencTaBiIeHHoro
abcopOumorHsIMH monocamu Sb** (A =~ 270 um), Ce** (A = 310 um) u Tbh*
(A ~ 220 HM), MOAABIAIONIYIO OO KBAHTOB, HCITYCKaeMbIX HOHaMu Th*" (momockr
npu A = 490, 545, 587 u 620 HM), 1 MaTyl0 OO0 KBAaHTOB, UCITYCKa€MbIX HOHa-
mu Ce® (momoca mpu A ~ 350 um). KBaHTOBBIH BBIXOX CEHCHOMIM3UPOBAHHOI
JIFOMHHECIIEHIMH HOHOB Th®* B 3THX CTeKIax 77 mpH BapbUPOBAHHUH KOHICHTDA-
A COAKTUBATOPOB HU3MEHSIETCS B COOTBETCTBUM ¢ puc. 4. Kak BHAHO, Makcu-
MajbHOE 3HaYeHue gaHHoro napamerpa (= 80 %) peanu3yeTcst pu KOHIIEHTPAITUU
CeyO3 < 1 mon. % u konueHTpauu 10,03 > 5 moi. %. bonee HU3KKE 3HAYEHUS 77

k (em™)
WnTencuBHOCTh (OTH. €11.)
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npu koHueHtpauun Ce,Oz paBHOM 2 1 5 MOA. % W NpPEeHEOPEKUMO Majoh J0ie
Ce(IV) MoxHO 00BsicHUTD TymeHneM momuaectenun Ce®” monamu Sb° u skpa-
HUPOBAHHMEM II0JIOCHI BO30YXIEHUS JIIOMUHECUEHIMU NEPBBIX aOCOpPOLMOHHOM
[OJI0COM BTOPBIX. B monb3y Takoro oOBbsICHEHHsI CBHIETEIbCTBYET 3HAUMTEIHHO
GonbIee ocIablieHne HHTEHCHBHOCTH moMuHecteHin Ce® o cpaBHeHmio ¢
COKpaIlIeHueM €€ CpeHel MIMTEIbHOCTH MPU YBEIWYCHUH KOHIEHTPAIIUU CYPb-
Mbl. CBOIO JIENTY B CHUKEHHE 7] MPH BBICOKUX KOHIICHTPAIUSIX COAKTHBATOPOB
MOXET BHOCHTh M TYIICHHE JIOMHHECHEHIHH 1o cxeme Tb> (°D; —
7F1): 6Ce‘°’+(2F5/2 — 2F7/2). Yro Kacaercs OMUHECIIEHIMK noHoB Sb*', To ona oka-

o . o 3

3bIBACTCA ITOJIHOCTBIO HOTYIHGHHOI/I HYTGM HepeHoca B036Y)KJICHI/II/I Ha NOHBI Ce "
3+

uTh™.

Puc. 4. 3aBUCMMOCTH KBAaHTOBOT'O BBIXO/1a CEHCUOUIM3UPOBAHHOMN JIIOMUHECIICHIIUA HOHOB
Tb* or koumenrpamuu Ce;03 u Tho0s3. Konuenrparms Sb,0s3, moi. %: (1) 1,0; (2) 2,0; (3)
5,0. Aexe = 320 M

[IpencraBnsiercs, 4to O0dbIIOE 3HAUEHHE Rpj, MOXKET CBHIFpaTh IOJIOXKH-
TEJNBHYIO POJIb ¥ B peaM3alliid MaKCUMalbHOU A((EKTUBHOCTH JIa3epOB Ha CTEK-
JlaX, aKTUBUPOBAHHBIX UOHAMHU Yb3+, MOCKOJIbKY TaKOM peaju3alui MemmaroT (o-
TO3aTEMHEHHE U KOOIepaTuBHas JoMHUHecueHuus. [lepsoiii addext 0byciaoBneH
doroBoccranoiennem Yb® 1o Yb* B Yb-Yb kmacrepax [8], a Bropoii —
CBEpXOOMEHHBIM B3amMoJeiicTBHeM Mexay noHamu Yb®', koTopoe mmeer mecto
npu UX Kiactepusanuu. J[OMONMHUTETBbHBIM CTUMYJIOM HCCJIEIOBAHMS TAaKUX CTE-
KOJI SIBJIIETCS OTCYTCTBHE JAAHHBIX 00 3(PPEKTUBHOCTH BHYTPHUIICHTPOBOIO TYIIIE-
nust moMuHeceHtmn Yb*,

Ha puc. 5 npuBeieHbl CIEKTPHI JIIOMUHECIIEHIIMU U MOTJIOUIEHUS CTEKJIa CO-
craBa (Mox1. %) 1,5Yb,05—8,5Y,0;—30Al,0;—60B,03. Onpenensis uepe3 HHTErpaj
KpaBua [5] mis aToro crekiia 3Ha4YeHWE pPaJAMAlMOHHOW JUIMTEILHOCTH pacmana
MeTtacTabuibHoro cocrosuus Yh®* MoJIy4yaeM BEIHYHHY Trg = 890140 wmkc. [lan-
Has BEIMYMHA B Mpe/eaX OUIMOKU dKCIEpUMEHTa OCTaéTcs MOCTOSHHOMN MpHU Ba-
pbrpoBanuu KoHueHTpauu Yb,0; B npeaenax 0,5—-10 mon. %. [Ipu 3TOM KuHe-
THKA 3aTyXaHHUs TIOMHHECIEHIIMN HOHOB Yb®* COXpaHseT mpakTHYeCKn SKCIIOHCH-
[UAJIbHBIN XapakTep HE3aBUCHUMO OT MCIOJIb3YEeMOM KOHILEHTpallUud aKkTUBaTopa u
npuMecHblx OH -rpynmn.  AnnpokcuManus Uisi  MajOJIETMPOBAHHOTO — CTEKJa
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(0,5 mom. % YDb,0O3) BepositHOCTH Tymenus OH -rpynmamu JTFOMHHECHCHIIHA
Yb*, onpenensieMoi kKak W = 1/te, — 1/159, B 0071aCTH HYJIEBOTO MOKa3aTeNs IH-
KOBOT'O MOTJIOLIEHUS ATUX Irpyni npu A = 2820 HM MOKa3bIBA€T B COOTBETCTBUU C
puc. 6, YTO BHYTPULIEHTPOBBIM TYLIEHUEM JIFOMUHECLIEHIIUN MOKHO ITPEHEOPEYb.

-4 1.0 =
. >
10 | >3
o
- 400 | |
5~
o 2 - "o
: F = =
i 7/2 los % = .
= s 200 - 1
5k -’
= .-
......I | ..."'-q--n.o... 0.0 0 *; é f_l),
900 1000 1100 -1
A (HM) koH (CM )
Puc. 5. Cnextpsl momMuHecennnu (1) Puc. 6. 3aBucuMOCTb BEpPOSITHOCTH TYIIEHUS
U CBeTOOCIa0IeH S (2) cTeKIa momuHectennun Yb® B crexie
1,5Yb,03-8,5Y,03-30Al,03-60B,03. 0,5Yb,03-9,5Y,03-30Al,03;—60B,03 ot
Mexc = 910 HM. Aleyxe = 2 HM, Alrec = 1 HM koHmeHTparuu OH -rpymm

31mech cieayeT OTMETHUTh, YTO MHTEHCHUBHOCTH JitoMuHecueHIuu Yh—-Yb-
LIEHTPOB B XAHTUTOMOJOOHOM CTEKJIE MPUMEPHO HA JBa MOPSJIKAa HMXKE YEM B
KBapIIEBOM T'€JIb-CTEKJIC MPU UJICHTUYHBIX YCIOBUSAX BO30YKICHUS U BIBOE MEHb-
e KoHIeHTpauuu utrepous. Kpome Toro, B mmpokoM JHAINA30HE HAKAYEK OT-
CYTCTBYET JIIOMHUHECLICHIMS (hOTOBOCCTAHOBICHHBIX HOHOB Yb’', omocpenoBanHo
CBUJICTENLCTBYIOIIAsE 00 OTCYTCTBUM 3HAUUTEIIHHOTO (110To3aTeMHeHI/m Ot dak-
ThI C yquOM NpeHEOPEKMMO HU3KOTO BHYTPUILIEHTPOBOI'O TYIICHUS JIFOMUHECIICH-
i Yb* u OTHOCI/ITGJ’IBHO BBICOKUMU I((HEKTUBHBIMU 3HAYCHUSMU TOTYITAPUHBI
[IOJIOChI ?Fsi, — Fa (= 33 HM) U CeuCHHS HHAYLMHPOBaHHOrO H3mydenns (0,5-10

0 em® npu 1040 HM) MO3BOJISIIOT paccMaTpUBaTh AETUIPOKCHIIMPOBAHHBIE CTEKJIa
cucteMbl YD,03—Y,03—-Al,0,—B,03 B kauecTBe MEPCHEKTUBHOIO JIA3EPHOTr0 Ma-
Tepuasa. J{OMmoOJHUTENbHBIM MPEUMYIIECTBOM TAKUX CTEKOJ] SBIISETCA OTHOCH-
TENBHO BBICOKASI TEMIIEPATyPOIPOBOAHOCTD (= 3,25-10° em?/c [9]).

JI71st monydeHus reHepaiy UCIoJIb30BaJICS MPOAOIbHBIA BapHaHT HAKAYKH
M3ITYYCHUEM JIa3€PHOT0 CBETOAMONA ¢ A =~ 965 HM. AKTHBHBIN 3JIEMEHT M3TOTaB-
JUBAJICA B BHUJIE TUIACTUHKU TOJIIIMHOM 2 MM U3 CTEKJIa, CIIEKTPbl KOTOPOro U300-
pakeHbl Ha puc. 5. Pe3onaTop ObUT 00pa30BaH TUXPOUYHBIM 3€PKAJIOM C MOTEPSIMHU
IIpU JJIMHE BOJHBI HAKAYKW U B 00J1aCTH yCUJIeHUs! cooTBeTCTBEHHO 3 % u 0,3 % u
chepuueckum c¢ nponyckanuem 0,3 %. M3nydeHne HaKayku ¢ TOpIia BOJIOKHA Tie-
peaaBajioch B I[EHTP aKTUBHOI'O 3JeMEHTa 0€3 MOTepH IJIOTHOCTH MOIIHOCTH C
MIOMOIIIBIO JTMH30BOI'0O TEJIECKOIA C COIIAaCOBAHUEM IEPETIKEK HAKAYKU M pE30Ha-
Topa. CpeHsst MOIITHOCTh HaKayKH, Majarolieil Ha oOpaserl, popMupoBangachk mpe-
phIBaTEJIEM C YMEHbIIIEHHEM B 12 pa3 MOIIHOCTH Jia3epa HaKauku (JIJIUTEIbHOCTh
OKHa rnpepbiBaTens = 1,5 mc).

B pesynbTare mpoBeeHHOr0 dKCIepUMeHTa Obljla MOJydyeHa reHepaius Oll-
TUYECKOTO u3nydeHus npu A = 1062 um (puc. 7) ¢ mOporoM mo yaeabHOU MOrio-
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. . 2 .
méaHoi MormHocTH 130 BT/MM®. HU3KOMHTEHCUBHBIN CHUTHA Ha 3TOM PHUCYHKE
npu A = 965 HM — HU3ITydyeHNE HaKauKu.

3

MHTeHcMBHOCTL (OTH. eqd.)

1 " 1 " 1 " 1 " 1
900 950 1000 1050 1100
L (Hm)
Puc. 7. CriekTpbl reHepaluy jiazepa ¢ akTHBHBIM 3JieMeHTOM U3 crekina 1,5 Yh,03-8,5Y 03—

30Al,03-60B,0; ripu mousoct Hakauku (Br/mm?) 300 (1), 850 (2) u 1000 (3)

Takum 00pa3oM, CHHTE3UpPOBAHHBIE METOAOM IUIABICHUS UTTPHIMA-
arOMO0OOpaTHBIE CTEKJIA C COCTABOM BOJIM3M CTEXMOMETPUH XAHTHTA XapaKTepH-
3ytorcs (1) peKOpIHBIM Il OKCHUJHBIX MaTepuajoB 3HAYEHHEM MHUHHUMAIBLHOTO
paccrosiaust Ln—Ln, (2) Gosnee BBICOKMM IO CPAaBHEHHUIO C XaHTHUTOIOAOOHBIMH
KpUCTa/lIaMH KBAaHTOBBIM BBIXOJIOM JTIOMHHECIICHITNN aKTHBATOPOB C dHEPreTHd e-
ckoil menpro < 10000 oM MEXy METacTaOMJIBHBIM M OJMKAUIINM HUXKeEJIeKa-
M ypoBHsMH, (3) mpu coakruBarmu nonamu Ce®*, Tb* u Sb** moryr ncnonsso-
BaThCs MU Busyanmsarmn Y D-m3o0paxkennii u (4) npu akTuBarmu uoHamu Yb**
MIEPCTICKTUBHBI B Ka4e€CTBE aKTUBHOT'O Marepuajia (eMTOCEKYHIHBIX MHKPOYHII-
Ja3€pOoB.

Pabora wactuuno nogaepxana bP ®OU (rpant ®15C0O-028) u PO OOU
(rpautsl 16-03-00541 u 16-53-00157).
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C.B. Kysuenos’, ILIL. ®exgopos’
' Hayuonansnwiii ucciedosamenscxuil Mopoosckuii 2ocyoapcmeenHbiil
yuusepcumem um. H. I1. Ocapésa, Capanck
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E-mail: andrei_lyapin@mail.ru

Ananmu3 nyOnukanui, nHACKCHpyeMbIx 0a3amu naHHbix Web of Science u
Scopus cBUAETENBCTBYET O TOM, YTO KOJIMYECTBO padOT, MOCBSIIEHHBIX CUHTE3Y U
HCCJIEI0BAaHHUIO alIKOHBEPCUOHHBIX MAaTepUaoB (KpUCTAJUIOB, KEPAMHUKHU, MOPOIII-
KOB U T.J.), YBEJIMYUBAETCS C KaXAbIM rofoM. MHTepec K NaHHBIM Marepuazam
BBI3BaH UX IIMPOKUM MPUMEHEHHEM B PA3IMYHBIX 00JacCTIX HAYKH U TEXHUKU [1,
2].

B nacrosmielr pabore npeacraBiieH 0030p psAla NPUMEHEHMH alKOHBEPCH-
OHHBIX MAaTEpUaJIOB B COJIHEYHBIX OaTapesx, Ja3zepax BUJIMMOIO JUAIa30HA CHEK-
Tpa, BU3YaJIU3aTOPAX U3ITyUCHMUS.

Taxxe NpUBOAATCA PE3yJbTaThl HCCICHOBAaHUS AlIKOHBEPCUOHHOW JIFOMHU-
HECIICHIIMH B JIernpoBaHHbIXx Honamu Ho®* i Er¥ dropummbix kpucTanmax, kepa-
MHKaX U MOPOMIKAX CO CTPYKTYpo#l (hIroopuTa Mpu BO3OYKICHHH Pa3TUYHBIMU
Ja3epHBIMU UCTOUHUKAMH UH(PPAKPACHOTO U3TyUYEHUS.

HccnenoBanue BHITIOJHEHO 3a cueT rpaHTa Poccuiickoro HaydyHoro ¢onja
(mpoekT Nel7-72-10163).

1. J.C. Goldschmidt, S. Fischer, Advanced Optical Materials 3, 11 (2015).

2. R. Scheps, Progress in Quantum Electronics 20, 4, 271 (1996).

3. AA. Lyapin, P.A. Ryabochkina, A.N. Chabushkin et al., Journal of
Luminescence 167, 120 (2015).

4. AA. Lyapin, S.V. Kuznetsov, P.A. Ryabochkina et al., Laser Physics
Letters 14, 7 (2017).
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OCOBEHHOCTHU PASMEPHOM OBPABOTKU MATEPUAJIOB
MOJYJIMPOBAHHBIM JIASEPHBIM JIYHOM

C.B. YCOBl, A.B. Xnanos?

L1000 Texnonoauueckue cucmemvl 3awummix nokpeumui, LJepbunka
ZBJzac)umupcmﬁ eocyoapcmeentulil yHugepcumem um. A.I. u H.I. Cmonemosvix,
Braoumup
E-mail: zhdanov@vlsu.ru

K Hanbosnee OTBETCTBEHHBIM TEXHHYECKUM 3ajjauaM B pa3paboTKe pa3mep-
HBIX TEXHOJIOTUH 00paboTKM MaTepuanoB oTHocAT: (1) pa3paboTka Hay4dHOTO
000CHOBaHUS M0 CO3JJAHUIO0 U BHEJIPEHUIO KOHKYPEHTOCIIOCOOHBIX, MOIIHBIX JIa3e-
pPOB, TEXHOJIOTMM M OOOPYAOBAaHUSA [JIsl M3TOTOBJICHUS H3IEIUI TPakJaHCKOTO
Ha3zHaueHHUs; (3) co3aaHue JIa3epHOro TEXHOJOTMYECKOr 0 METO/1a ISl BBICOKOIIPO-
U3BOJIUTEIBHOI'O KAUECTBEHHOI0 M3IOTOBJICHUS JA€Taleld U3 TpyJHooOpadaThiBae-
MBIX MaTepHaliOB CIIOKHBIX JeTajeil; pa3paOoTka Jia3epHbIX METOAOB JJIs JAMHA-
MUYHOTI'O OCBOCHMSI Pa3JIMYHbBIX JTUCTOBBIX CIO0XKHOKOHTYPHBIX IPOGUIEH U3IEIHUMN.
HenocratkoM M3BECTHBIX JIa3epOB SIBISETCS HHU3Kas HAJEKHOCTH PabOTHI B yCIo-
BUSAX MPOM3BOJCTBEHHBIX IOMEIICHUII HAa ONEpaldd PE3KH, CBAPKU M TEPMO-
YIIPOYHEHUS, T.K. MpU padoTe Jiazepa MaTepHalIbHbIE YaCTHIbI, MOMadas B 30HY
MOIIIHOT'O CBETOBOT'O IMOTOKA, MOTJIOIIAIOT SHEPTUi0 Jyda W, Cropas, BbIAEISIOT
Ter1o. Jlazep COCTOUT U3 repMETUYHOrO U3IydyaTensl, ONTUYECKOW CXEMBbI, TpyOUa-
TOro (UIbTpa TOHKOW OYHMCTKH, KOMIIPECCOpa, ONTUYECKOM CUCTEMBbI CBEIACHMS
Jayd4a, OJ0Ka OXJIaXICHHsI, CUCTEMbI IUTAHUSI, YIIpaBIeHUsI U KOHTpoJs. Jlazep pa-
Ootaer ciaenyroumm obpasoM. Ilepen momxoroM jgamn Hakadykd, BXOISIIMX B CO-
CTaB 3JIEMEHTOB ONTHUYECKON CXEMbI, B MOMEHT BKJIIOUEHUS OJIOKA OXJIKICHUS U
NOJIaYM HaIpPSKEHUSI HA CUCTEMY MHUTAHMS, YIPABICHUS U KOHTPOJIS BKIIOYAETCA
KOMIIPECCOp, KOTOPbI HAauMHAET HarHeraTb aTMOc(epHBId BO3IyX B IepMETHY-
HBIM Kopmyc uznydarens. Bo3ayx, mpoxons yepe3 cejuKaresb, pacioiloKeHHbIN B
TpyO4UaToM (PUILTPE TOHKON OYMCTKH, YEPE3 €ro CTEHKU MOMNaiaeT B KOPILYC U3JY-
qaTensl ¢ 3JeMEHTaMU ONTHYeCKOM cxembl. Jlyig obecrieueHus: HaJeKHOM pabOThI
na3epa HeOOXOIMMO OIPENEIUTh BEIMYMHY BHYTPEHHETO o0beMa Kopllyca U3Ily-
qaressi, BBIOMpPaeMoro UCXos U3 ONTUMANbHBIX 3HAUE€HUH JaBJIEHUH, KOTOpBIE CO-
3[IAI0TCSl OYMIIICHHBIM BO3yXOM BO BHYTPEHHEM 00bEME KOpIyca U3IIydaTensl Moj
JecTBUEM KOMIIpeccopa Ipu padoTe Jlazepa B pekUMe reHepaluu 3Hepruu. lpu
nasienuu cBbime 106,3 klla HaOmopamuch cienyromue sBICHUS: TPEIIMHBI Ha
TpyOKax, pa3bIOCTUPOBKA OINTHYECKOM CXEMBI, pa3repMeTU3alus pPEe3HMHOBBIX
YIUIOTHEHUHM ONTHYECKUX 3JIEMEHTOB; Ipu AaBiaeHuu Huke 101,3 klla - nmoarapsl
Ha 3epKajiax U TOpLAX ONTHYECKUX FJIEMEHTOB, MaJICHUE MOITHOCTH JIa3epa.

[Ipennaraemoe ycTpoiCTBO ja3zepa 3a CYET MOCTOSHHOW nuddy3uu ouyu-
IIEHHOT'O BO3/lyXa yCTpaHseT 3aCTOMHBIE 30HBl U OOECIEUNBAET 3aMeJICHUE IPO-
Hecca pa3pyleHus 3JEMEHTOB ONTHYEcKo cucteMbl. Kpome Toro, BeIOpaHHBIE
3HAYEHHUS J1aBJICHUI HE CO3/IAI0T HAIPSKEHUM B 3JIEMEHTAX KOHCTPYKIIUH.
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JIAZEPHBIE KPUCTAJUJIBI C MUKPOTEKCTYPHPOBAHHBIM
[MPOCBETJIAIOIMM ITOKPLITUEM JIJI CPEAHEI'O UK-IMAITA3OHA

A. A. bymynos, M. K. Tapabpun, C. M. TomuiioB
Mockoeckuii 2cocyoapcmeentblil mexHuyeckuil yrugepcumem um. H. 3. baymana,
Mockea
E-mail: zendel@yandex.ru

Hctounuku nazepHoro uznyudenusi cpeanero MK-amamasona siBasitoTcs Boc-
TpeOOBAaHHBIMU B PA3IMYHBIX OOJIACTAX HAYKH U TEXHUKH. AKTYalbHOH SIBISIETCS
npoOsiemMa pa3paboTku S(PQPEKTUBHBIX HMCTOYHUKOB H3IYUCHHUS B JIMAMA30HE
2-3 MKM, TaK KaK UMEHHO B JJaHHOM 00JacTH pacroyio)keHO MHOKECTBO JIMHUI 1O-
TJIOIIEHUST KOJIeOaTEeNIbHBIX IEPEX0J0B MOJIEKYJ, YTO IO3BOJSIET HCIOIb30BATh
1Mo/I00HbIE UCTOYHUKU B METUIIMHCKON JUArHOCTUKE U CreKTpockonuu. s npu-
JIOKEHUN TaKoro poja HeOOXOAMMO CO3/IaHHWE MOIIHBIX U MEPECTPAuBAEMBIX IO
94acTOTe UCTOYHUKOB Ja3€PHOTO U3IIyUYEHHUs, OAHUM U3 NEPCHEKTUBHBIX TUIIOB KO-
TOPBIX SIBJSIIOTCS Jla3epbl HA OCHOBE KPUCTAJUIOB XaJbKOT'€HHUJIOB, JIETUPOBAHHBIX
MOHAMH TIePEXOIHBIX MeTaILIoB (Hanpumep, Cre*:CdSe u Cr**:ZnSe) [1].

OpHaKo HMCTONb30BAHUE TAKHX AKTHUBHBIX CPEJl COMPSKEHO C PSIIOM HEIO-
ctaTkoB. OTHUM U3 HUX SIBJIAETCS O0JbIION KOA(DPUIIMEHT OTpakeHus OT padoueit
MOBEPXHOCTH KPUCTAJUIA, TaK KaK XaJbKOT€HHJbl 00J1aJal0T BBICOKUM I1OKa3aTe-
Jem npesiomiieHus (okoJio 2,4) Ha paboueid JJIMHE BOJHBI 2 MKM, YTO MPUBOJUT K
30-mpOlIEHTHBIM MOTEPSIM Ha OTPaXKEHUE OT TpaHed KpUCTailia, KOTOpble He00XO0-
JUMO MUHUMHU3UPOBaTh. OJIHAKO TPATUIIMOHHBIE MPOCBETIISIONINE TUAJICKTPHY e-
CKHE TOKPBITUS 00Jaar0T HU3KOW JTy4eBOW MPOYHOCTHIO, YTO HE TO3BOJISIET MC-
MOJIb30BaTh MX B BBICOKOMOIIHBIX Jla3epax. AJIbTEpPHATUBON TOHKOIJIEHOUYHBIM
MPOCBETIISIONINM TOKPBITHSIM SIBIISIIOTCS MUKPOTEKCTYPHPOBAHHBIC MPOCBETIISIO-
M€ TIOKPBITHSA, JIydeBasi MPOYHOCTh KOTOPHIX paBHA MPOYHOCTH CAMOTO KPHUCTAJI-
na aktuBHOM cpenbl [2]. Llenas paboTel cocTouT B co3ganuu 3G (HEKTUBHOTO MUKPO-
TEKCTYPHUPOBAHHOTO MPOCBETIISIONIETO MOKphITHs st cpennero MK-anamasona u
METO/1a €r0 HAaHECEHHUS Ha KPUCTAJUIbl XaJIbKOTE€HUIOB.

Pa3zpabotan mMeTO7 HaHECEHHS MUKPOTEKCTYPHPOBAHHBIX MPOCBETIISIOMINX
MOKPBITHI C MOMOIIBI0 TexHojorudeckoi ycrtanoBku FemtoLab B HOILL «®oro-
Huka u MK-rexaukay. D¢ ¢dekTuBHOCTh METOA OLIEHUBAIach MOCPEACTBOM HCCIe-
JIOBaHUSI TEOMETPHUYECKHUX U CIIEKTPANBbHBIX XapaKTEPUCTUK MOTYYCHHBIX TEKCTYP.
[IpocBetssitonme MOKpPLITHS, TOJYUYEHHbIE TaKUM METOJIOM, MO3BOJIMIIMA CHU3HUTH
KOA(UITUEHT OTPaKEHUSI OT OAHON MOBEPXHOCTHU I Kpructaimia ZnSe ¢ 16 % no
7 %. Takum 00pa3om, IOKa3aHO, YTO MOAOOHBIE MPOCBETIIAIOIINE MTOKPHITUS SB-
JSIIOTCS. BO3MOXKHOM QJIbTEPHATUBON TPAJAUIIMOHHBIM JIUAJIEKTPUYECKUM TOHKO-
TJICHOYHBIM TIPOCBETIISTFOIITAM TTOKPBITHSIM.

1. 1.S. Mirov et al., Journal of Luminescence 133, 268-275 (2013).
2. 2.Sean McDaniel et al., Opt. Mater. Express 4, 2225-2232 (2014).

156


mailto:zendel@yandex.ru

HNCCJIEAOBAHUE CIIEKTPAJIbBHO-KMHETUYECKHX
N YCUJINTEJIbHBIX XAPAKTEPUCTHUK ITEPCIIEKTUBHOM AKTBHOUN
CPEJIbl YO JIMAITA30OHA Ce3+:LiSr0,8Ca0,2AIF6
A.A. lllaBenkeB, A.C. Huzamyrannos, B.B. Cemarixo,
M.A. Mapucos, A.A. [llakupos

Kaszanckuii gpedepanvruiii ynusepcumem, Kazano
E-mail: alexey.shavelev@gmail.com

dTopuaHBIC KPUCTALUIBI IPUMEHSIOT B KaUeCTBE aKTHUBHBIX Cpea IS TOJY-
YEeHUs JIa3epHOro usnydenus [1, 2]. B HaieM citydae 3TO KpUCTAILUT CO CTPYKTYpPOH
KOJIbKBUPUUTA, aKTUBUPOBAHHBIM HWOHAMU IHEpUsA. DTH COCTUHCHUS WUMCIOT P
MPEUMYIIIECTB MO OTHOIICHUIO K OKCHIHBIM COCIMHECHUSIM: HEBBICOKAs TeMIIepa-
Typa IUIaBJICHUS W IIMPOKas 3allpelieHHas 30Ha. 3HAYUTETHLHOE HEOIHOPOIHOE
Kosie0aTeIbHOE YITUPEHHE padourX Ja3epHbIX EPEXO00B ATUX UOHOB 00YCIaBIU-
BaeT MIUPOKYIO TOJIOCY MEPECTPOUKH JIa3ePHOM TeHEPAIli, a TAKKE BOZMOKHOCTh
TeHepaIiK HMITYJIbCOB YJILTPAKOPOTKOW JUIMTEIBHOCTH [3, 4].

Lenpio Hacrosimie pabOTHI SBISETCS MCCIEAOBAHUE CHEKTPOCKOMMYECKUX
corictB 00pa3noB LiCAF u LiSrqgCag,AlFe, akTHBHpOBAaHHBIX MOHAMH TPEXBa-
JICHTHOTO LEpHs MPU Pa3IUYHBIX TEeMIEpaTypax, a IMEHHO KOMHATHOH, TeMrepa-
Type KHUIKOTO a30Ta U >KUJIKOTO TelHs, a TaKKEe MUCCIEIOBAHHUE CIEKTPOB yCHJIE-
HUS B HCCIEAyeMbIX oOpa3iiax Ha MekKoHpurypamumoHHbix S5d-4f mepexomax
nonos Ce™".

B pesynbTaTte ucciaeqoBaHusl B CMENIAHHOM KpHUCTAJLIe Lisr0’8C3072A|F6:Ceg+
ObUIM MACHTH(HIMPOBAHBI TP THIIA IPHMECHBIX weHTpoB moHoB Ce’*. Takke
YCTAHOBJICHO, YTO B CMEIIAHHOM KPHUCTaJIJIe LiSrOYSCaO,zAIFGZCe3+ (18 cMm™! B 061a-
cr 270 um) koodduupent nornomenus nonos Ce®* B V@ nuamasone crektpa
IPUMEPHO B 6 pa3 MPEBOCXOAUT KOIPPHUIIMEHT MOTJIOMICHNUS B HECMEIIAaHHOM KPH-
cramie LiCaAlFg:Ce* (3 cm™ B o6macti 270 HM), 4TO JMIIHHHA pa3 LOKA3HIBACT
NIEPCIIEKTUBHOCTH BRIOPAHHOTO MaTepHaia.

1. W.H. Lee et.al., Physical Review B 39 (13), 8907 (1989).

2. M.A. Dubinskii et.al., Journal of Modern Optics 40 (1), 1-5 (1993).

3. N. Sarukura, Z. Lie, H. Ohtake, Optics letters 22 (13), 994-996 (1997).

4. M.H. Pham et.al., Japanese Journal of Applied Physics 53, 062701 (2014).
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CTPYKTYPHBIE OCOBEHHOCTH U KODPOULIUEHTHI
PACIIPEJIEJIEHMS MIOHOB Pr¥*, Y* U Lu** B CMELIIAHHBIX
KPUCTAJUIAX LiY 1y LucF,

B.I[. Topuesa’, A.A. .HHHI/IHl'Z, C.JL Kopa6JIeBa1, B.H. Kazakos', B.B. ITasnos’,
B.M. KHHIKI/IHZ, B.IL MI/IH_IKI/IHZ, ILA. P;16quI/IHa2, B.B. Cemarko’
! Kasanckuii pedepanvhuiii ynusepcumem, Kaszano
2 Mopoosckuii 2ocydapcmeennwiii ynugepcumem um. H.IT. Ozapesa, Capanck
E-mail: ekorre_v@mail.ru

[IIupoKO30HHBIC TUIICKTPUUYCCKHUE KPUCTAJUIBI, JOMUPOBAHHBIE HOHAMH
pa3eoiuMa XOpOoIIO U3BECTHBI Kak JTIoMUHOGMOpsl YD 1 Bugumoii o6nactu, u3iy-
yatomue ot 220 go 730 um. [Inpoko ucnonab3yembie A1 T€HEepali B BUAUMOM
nuanazone LiILUF, u LIYF, na3epHble KpUCTaUIbl SIBISIOTCS H30CTPYKTYPHBIMH T10
OTHOUICHUIO JPYT K IPYry U MPOSBIISIIOT aHAJOTUYHBIE ONTUYECKUE U KUHETUY e-
ckue cBoiicTBa. B To ke Bpems onTudeckoe kadectBo LiLuF, mydmre, wem LiYF,
KPHCTAUIOB U3 — 3a KOHTpY3HTHOro TuiaBieHus [1]. C apyroit croponsi, LiLuF,
KPUCTAJUTBI WCITOJB3YIOTCS PEXe IS Ja3epHBIX MPHUIIOKECHUNW U3 — 32 BBICOKOU
CTOUMOCTH COSIWHEHUN JoTenusi U Oosnee HU3KOro kKoddduimenTa pacrpeserne-
Hus noHoB Prrt uem B LiYF, [2]. Jns mocTrokeHHs: OanaHca MKy STUMHU JIBYyMsI
napaMeTpaMH MOT'YT ObITh HCITOJIb30BaHbI TBepbIe pacTBOPHI LiY 1 LU,F,.

B nacrosmeil pabote npeacTaBieHbl pe3yJibTaThl UCCIEIOBAHUM JIEBATH 00-
pasIoB cMermanHbIx kpuctamios LiYLu,F, (x =0; 0,3; 0,5; 0,6; 0,7; 0,8; 1), mo-
nupoBaHHbIX | at% MOHOB Pr¥ no muxre U 9mcTHIX LiYqoslug7F4 m LIYF, xpu-
ctaiioB. OOCYXIal0TCS Pe3yibTaThl CIEKTPAIbHO — KMHETHYECKUX HCCIE0Ba-
HUM, SHEPro — JIHUCIEPCUOHHOW PEHTICHOBCKOW CIIEKTPOCKONUHM W PEHTTEHOIIM-
(GpaKIIMOHHOTO aHAIKM3a dTUX 00Pa3IOB BIOJIb HAMpaBlIeHUs UX pocta. Onpenerne-
HbI Ko3(bdurmenTs pacnpegenenns noros Pre*, Y** u Lu®*". O6cyxmarores uccie-
JOBaHUS KPUCTAIUTMYECKOW CTPYKTYPHI JTOIMUPOBAHHBIX M HEAOTUPOBAHHBIX KpPH-
CTaJlJIOB.

Pabora Obiia momnmepskana rpantamu POOU [15-02-05309, 53/15-15] u
cyocunueit IlpaButenbctBa Poccuiickoit ®enepauuu [corjamieHue HOMEP
02.A03.21.0002] g noanepxkku IIporpamMmsl KOHKypeHTOCocoOHOcTH Ka3zaH-
CKOro (eaepaJibHOrO YHUBEPCUTETA CpelM BEAYIIMX HAyYHO-00pa3zoBaTEIbHBIX
IEHTPOB MHpa U cyOcuauu, BoieneHHoN Kazanckomy QenepaibHOMYy YHUBEPCH-
TETy JUIsl TOCYJAapCTBEHHOTO 3aaHus B cdepe HAydHOH NESITeILHOCTH [HOMEp
3.1156.2017 / 4.6]. Monepuuzaiys 000pyI10BaHMS JJIsl BRIPAIlIMBAHUS KPUCTAILIOB
1 pa3pabOTKa COOTBETCTBYIOIIMX METOJOB ObLIa BBIMOJHEHA B paMKax U (pUHAH-
coBoit moepkku Poccuiickoro Hayanoro ¢onmaa [rpant Ne 15-12-10026].

1. F. Cornacchia, A. Richter, E. Heumann, et al., Optic Express 15, 992 (2007).
2. A. Richter, E. Heuman, G. Huber, et al., Opt. Express 15, 5172 (2007).
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BJIMSIHUE BHEIIHUX ®AKTOPOB HA ®OTOJMHAMUWYECKUE
[IPOLIECCHI Y [TAPAMETPBI JIASEPHOIM I'EHEPALIMN B AKTUBHOM
CPEJIE LiLug;Y o 3F4:Ce*

N.N. ®apyxmuH, A.C, Huzamyraudos, B.B. Cemaiiiko,
C.JI. Kopab6neBa, M.A. Mapucon
Kaszanckuii gpedepanvhuiii ynusepcumem, Kasano
E-mail: burushalé@gmail.com

CeronHsi pa3BUTHE TEXHOJOTUH TPeOyeT NMPUMEHEHHs ONTUYECKUX KBAHTO-
BbIX T€HEPaTOpoB B ynbTpaduoneTroBoM (YD) auanazoHe CreKTpa ¢ UMITYJIbCAMU
KOPOTKOW U YJIbTPAKOPOTKON IIUTENbHOCTU [1]. OIHUM K3 MEPCIEKTUBHBIX Me-
TOAOB IONy4eHUs] YD U3Iy4yeHUs C KOPOTKOU JUIMTEIBHOCTBIO UMITYJIbCA SABIISIET-
Cs1 MCTIONB30BaHME (PTOPHIHBIX KPHCTAIOB, aKTHBHPOBaHHBIX HoHamu Ce*’, B Ka-
YECTBE aKTUBHOM CPEJIbI.

[Ipu B3anMopelcTBUN aKTUBHOU cpefbl ¢ YD H3MydeHHeM MPOUCXOAUT 00-
pazoBanue 1eHTpoB okpacku (LIO) 3a cuet poroguHamuueckux mpoueccos. Benu-
yuHa noteppb Ha 11O 3aBHCHT OT IJIOTHOCTU U3TyYEHHSI BHYTPU AKTUBHOM CpPENbI U
HE SIBJIICTCSl TIOCTOSITHHOM BO BpeMsl skcrepuMmeHTa [2]. JlaHHbII QakT maer BO3-
MOKHOCTb MCII0JIb30BaTh noriomenue O g maccuBHON MORYISALMM T0OPOTHO-
CTH WJIM BO3MOYKHOM CHHXPOHHU3ALMHU MOJ.

B pe3ynbrare skcriepuMEHTOB ObLla MOJNy4Y€HA Jla3epHas TeHepanusi C
LiLu0,7Y0,3F4:Ce3+ (Ce:LLYF) nmomydyena Ha njguHe BOJHBI 311 HM ¢ JIUTEIbHO-
cThio uMnyabcoB 400 nic. B pabote [3] moka3aHo, 4TO yBEIMYEHUE MIIOTHOCTH Ja-
3epHOM T'eHepaly B aKTUBHOM cpejie MpuBOAMT K oOecueunBanmio 110. M3Bect-
HO, YTO BHEIIHSS IMOJCBETKA Ha JIMHE BOJHBI 532 HM, obeciBeunBas 1[0, moBsI-
maet nuddepenunansubiii KIIJ aktuBHOM cpeapl. Takum oOpa3oMm, ypOBEHb IO-
tepp 1O ompenensercs oOecuBeunBarONUMU  (PaKTOPaMH: JOTOTHUTEIIbHAS
BHEUIHSS MMOICBETKA U UBMEHEHHE TeMIIepaTyphl.

JIelCcTBUTENBbHO, B PE3YJIbTATE€ DKCIEPUMEHTOB B HACTOALIEH paboTe MokKa-
3aHO, YTO MPHU BHEIIHEH MOACBETKE HaOMIOMaeTcsl yBenuueHue auddepeHmaib-
Horo KIIJ[ u yMeHblIEeHHE nopora JIa3epHOM TreHepanuu, a B GopMe UMITYJIbCa MO-
ABJIIETCSl BTOPOM CTaOMIIM3MPOBAHHBIA MUK. YMEHBIIEHUE TEMIIEPAaTypbl aKTUB-
HOM Ccpe/ibl MPUBOIUT K 3HAUUTEIHbHOMY U3MeHeHuto nuddepenimansuoro KII u
nopora ja3epHod reHepauuu. [y MHTepIpeTanuu pe3yapTaToB OblLia pa3padboTa-
Ha Mozenb quHamuyeckux npoueccoB B Ce:LLYF. Ilyrem Bapruanun HEM3BECTHBIX
MapaMeTpoOB MOJEIU OBbUIO JOCTUTHYTO COBMAJCHHE PE3YyJbTATOB KCIEPHUMEH-
TQJIbHBIX JaHHBIX C MOJEIMPOBAHHEM IO (POPME MMITYJIHCOB U DHEPIeTUUYECKUM
rapaMeTpam.

MBI npeamonaraeM, 4To YKOpOUEHUE UMITYJIbCA JIA3EPHON TEHEpaALlN CBA3A-
HO C IaCCUBHOW MOAYJsiLMEN JOOPOTHOCTH 3a CYET 00ECLBEYMBAHUS LIEHTPOB
OKpacKH, MOMJIOMAOIINX UMITYJIC HAKAYKHU.

1. A. Saliminia, et al., Optics Communications 333, 133-138 (2014).
2. V.V. Semashko et.al., Proceedings of SPIE 4766, 119-126 (2002).
3. L.A. Nurtdinova et.al., Las. Phys. Lett. 11 (12), 12580 (2014).
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BBIPAIIIMBAHUE U CIIEKTPOCKOITMYECKUE CBOMCTBA
KPUCTAJIJIOB TBEPIbIX PACTBOPOB CaF,— SrF,— YbF;

C.H. YHIaKOBl'Z, M.A. yCJIaMI/IHal, ILIL CDCIIOpOBl'Z, B.B. OCHKOZ,
K.H. Humes', C.B. Ky3neros”
' Hayuonansnwiii ucciedosamenscxuil Mopoosckuti 2ocydapcmeenHbiil
yuugepcumem um. H.I1. Ocapesa, Capanck,
2 Hnemumym o6weri pusuxu um. A.M. IIpoxoposa PAH, Mockea
E-mail: uslaminam@mail.ru

[lepcrieKTHBHOCTH MCIIONIb30BaHUs KPUCTAIIOB TBEpIbIX pacTBopoB CaF,—
SrF,, akTuBHpOBaHHBIX P3 MOHaMH, B KayeCTBE AKTHUBHBIX JJIEMEHTOB TBEPO-
TEJIbHBIX JIa3€POB C MOJYNPOBOJHUKOBOM HAKauKoOW, 0OYCJOBJIEHA, B TOM YHCIE,
TE€XHOJOTMYECKUMH MPEUMYIIECTBAMHU BBIPALIMBAHUS KPUCTAIJIOB BBICOKOT'O OII-
TH4yeckoro kayectBa. Ha pocrtoBoii ycranoBke HUKA-3 ¢ uHaykiimoHHbIM Harpe-
BOM, BBIpAIleHbI KOHIICHTPAIIMOHHBIC CEPUH KPUCTAILIOB, aKTHBUPOBAHHBIX YD, ¢
pa3nyHbIM cooTHomeHuem Ca/Sr.

N3BecTHO, 4TO KpUCTAILIBI (PTOPUIIOB CO CTPYKTYpPOH (roopuTa, akTUBUPO-
BaHHbIe P3 mMoHaMu, UMEIOT MUPOKHUI HAOOp ONTUYECKUX LIEHTPOB. VX MOXKHO
YCIIOBHO MOJEIUTh HAa H30JIMPOBaHHbIE (KyOMYECKHE), T€TparoHaJbHbBIE, TPUTO-
HaJIbHBIE U KiacTepbl. [Ipu 3TOM COOTHOIIEHHE KOHIEHTPAIUNA ATUX OMTHYECKUX
IIEHTPOB M CTPYKTypa KJIACTEPOB 3aBHCHUT Kak OT Tumna P3 moHa, ero KOHIEHTpa-
IuU, Tak U OT coctaBa matpuilbl (CakF,, SrF, wiu BaF,). Jlnsg nazepoB Ha mMoHax
Yb* ¢ momympoBomHMKOBOI Hakaukoil XapakTepHsl KoHIeHTpaumuu Yb Goree
1 at%. [Ipu >TOM TOMUHHMPYIONINI BKJIQJ B CHEKTPOCKOMUYECKHUE CBOMCTBA BHO-
CSIT ONITUYECKUE IIEHTPHI KJIACTEPOB U, YACTUYHO, TETPArOHAIbHBIC IICHTPHI.

HccnenoBanusi CIEKTPOB MOTJIOMICHUS KOHIICHTPAITMOHHON CEPUH TI03BOJIH-
JI0 BBIICNIUTH JIMHUU TIOTJIONIECHUS ATUX IIEHTPOB.

OreHKa COOTHOIICHHSI CIIEKTPATBHBIX JIMHUN KJIACTEPOB K CHEKTPATbHBIM
JUHUSIM TETparoHajJbHBIX LIEHTPOB B KOHLEHTparuoHnHou cepumn Ca,SriF, npu
m3MeHeHuu X ot 0 1o 1, BBIIBWIJIA HEJIMHEHHYIO 3aBUCHUMOCTb. B onpeneneHHoOU
CTENEHU COOTHOUIEHUE CHEKTPAIbHBIX JJUHUN KOPPETUPYET C TEMIEPATypOl KpH-
CTAUTM3ALMKA U PYHKIIMEH YyCTOMUMBOCTH (POHTA KPUCTAITU3AIUH.

HccnenoBanne KOHTypa JIMHUU TOTJIOIMICHUS ONTHYECKUX LEHTPOB KIacTe-
POB MOHOB B KpHUCTaJJIaX TBEPJbIX PaCTBOPOB MOKA3aJi0, YTO BIUIOTH /10 KOHIICH-
tparun  Cag7Srg 26 YDosF204 cOXpansieTcs ¢opma nUHHM, XapakTepHas Ui
Sro6Y Do 0sF204, IIprr 5TOM MUHMMAaNBHAS MMPHHA HA TIOTYBBICOTE JIMHHUU ITOTIIO-
IeHUsT ¢ MakcUMyMoM 975 HM HaOmomaercs anst coctaBa CagseSro4Y Do 0sF2,04
(BOJIM3M TOUYKM KOHIPYIHTHOTO IUIABJIEHUSA) U COCTABIISIET 6,7 HM.

[IpoBeneHHBIC MCCIEAOBAHUS MTO3BOJIIOT CAENaTh BBIBOJ O TOM YTO B KpH-
craiwiax TBepabiX pacTBopoB (Ca,Sri,)YDbgsF2 04 Hapymmaercst He TOJIBKO MpoOCTast
PaBHOBEPOSATHAS CTATHCTHKA pacmpenerneHus nonoB Yb® mo o6wemy kpucramra,
HO M CTATHCTHKA pacrpeneieHus noHo Ca”* u Sr** B GummkaiilmeM OKpyKeHHH
kiactepoB Ybh.
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[MEPECTPAVMBAEMBIM IBYXMUKPOHHBIN JIA3EP
HA KPUCTAJIJIAX YSZ:Ho

K.B.BOpOHL[OBl, H.I. 3axap0131, E.E. HOMOHOBaZ, A.A. JTsmun®,

ILA. PsGouknna®, A.H. Ya6ymkun®
' Poccuiickui Deodepanvublil si0epublil yenmp Beepoccutickuti HUU

sxcnepumenmanvroti pusuxu, Capos

2 Hnemumym o6weti usuru um. A.M. ITpoxoposa PAH, Mockea

3 Hayuonanshoiii ucciedosamensckutl Mopoosckuti 2ocydapcmeenHbiil
yuugepcumem um. H.I1. Ocapesa, Capanck
E-mail:_chabushkin@mail.ru

Jlazepsl, TEHEPUPYIOIINE U3Ty4YeHUE B IBYXMUKPOHHOM JIMAIIa30HE CIIEKTPa,
HaXOAAT IIUPOKOE MPUMEHEHHE B MEAMUIIMHE, B TEXHOJOTMU OOpabOTKU MIacTH-
KOB, a TaK)Ke ISl HAKayKH JIa3epHbIX UCTOYHUKOB cpennero MK-nuamazona. Jlns
CO3/IaHMsI JIA3€PHBIX MCTOYHUKOB, TEHEPUPYIONMIMX H3Ty4E€HUE C JUTMHOW BOJHBI
)\ > 2 MKM, HCIIOJIB3YIOT TBEPAOTEIBHbIC CPE/IbI, JIerHpoBaHHble noHamu Ho® .

B Hacrosiieit pabote ObuT peau30BaH HEMPEPHIBHBIN Jla3ep Ha KpUCTaLiax
CTaGHIM3UPOBAHHOTO HTTPHEM JUOKCHIA IUPKOHHS, TeTHPOBAHHbIX HoHaMu Ho®"
(YSZ:Ho). MakcumanbHasi BBIXOJHAsS MOIIHOCTh cocTtaBuia P=5 Bt Ha mimHe
BOJIHBI u3nydeHus A, = 2130 um. Kna nazepHoil reHepanuu Ipu 3TOM COCTaBHII
n = 37% no nagaroiiei MOITHOCTH Jlazepa Hakauku. Takxke Oblia MmojydeHa rnepe-
CTpOMKa JJIMHBI BOJIHBI TEHEPALIMU B CIIEKTpaibHOM Auamna3one 2056-2168 Hwm.

B kauecTBe WCTOYHMKA HAKauyKWd WCIOJB30BAJICSA Jla3ep Ha KpHUCTaJUIe
YLF:Tm ¢ MakcuMaipHOI BBIXOAHOM MOIIHOCTBHIO P=16,5 BT Ha aiuHe BOJHEBI
A =1910 um. InameTp mpokaunBaemMon 00JACTH B aKTMBHOM D3JIEMEHTE M3 KpHU-
crayuoB YSZ:Ho (0,8 ar.%) cocraBuia d = 300 wm. AKTHBHBIN 3JIeMEHT ObLT BbI-
pe3an B popme mapamienumnena pazmepom 3x3x20 mm. Pe3onatop naszepa Ha Kpu-
crayiax YSZ:HoO Obul 00pa3oBaH BXOJHBIM IUIOCKUM 3€pKajioM, ¢ Kod(puiueH-
TOM TIPOITYCKaHUs Ha JJinHE BOJIHBI HaKadku T(A = 1910 am) = 90 % u BBIXOJHBIM
cheprueckuM 3epKaJioM ¢ paauycoM KpHUBH3HBI pabodeil MOBEPXHOCTH
R=150 MM u ko3pdUIMEHTOM MNPONyCKaHWS Ha JJUHE BOJHBI TeHEpaIuu
T(A = 2130 am) = 6 %. Ilopor renepamnuu coctaBui Py, = 1 Br.

['paduk 3aBUCMMOCTH BBIXOJHOM MOIIHOCTH Jiazepa Ha Kpuctamax YSZ:Ho
OT MaJAroIEH MOIIHOCTH Ja3epa HAKauKy MMOKa3aH Ha puc. 1.

o
1

ndi!=37%
T=6%
P,=1W

Output power [W]
N w »

i
L

0 - T T T T T T T J
0 2 4 6 8 10 12 14 16 18

Incident pump power [W]

Puc. 1. I'paduk BBIXOIHOI MOIIIHOCTH Jla3epa Ha KpUCTaIaxX
YSZ:Ho ot MomHOCTH J1a3epa HaKauKu
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HUCIIOJIb3OBAHUE IBYXMHWKPOHHOI'O JIABEPHOT'O
N3JIVUEHMA U ITPOUECCA SHIAOBA3AJIBHOU JIASEPHOU
KOAT'VJIALIMU BAPMKO3HbBIX BEH

A.H. benses, O.A. Kysnenona, A.A. JIsnun, C.A. ApTeMoB,
ILA. Ps6oukuna, A.H. Yabymkun, C.A. XpymannHa
Hayuonanvuwuii uccneoosamenvckuti Mopooeckuti 20cyoapcmeeHHbill
yuugepcumem um. H.I1. Ocapéea, Capanck
E-mail: sergey560113@gmail.com

B Hacrosiiiee Bpemsi Asisl Jla3epHOM KOarysislMM BapUKO3HO PACIIMPEHHBIX
BEH MPUMEHSIOTCS JIa3ePbl, TEHEPUPYIOLINE U3TydeHUE Ha JiMHaX BOJH 0,81 MKM,
0,97 MkMm ¢ MomHOCThIO u3nydeHus 15-20 Bt m uzmydaromue Ha JUIMHAX BOJIH
1,47 mxm u 1,56 mxMm. M3nydeHue MoCIeAHUX IMOMNAAAET B MOJIOCY MOIJIOLICHUS
BOJIbI, Oylarofjapst 4emy MpoLecc KoaryyslMi BapuKO3HBIX BEH IPU UX HCIOJIb30-
BaHUU OCYILIECTBIIETCA MPU MEHBIIMX 3HAYEHHUSIX MOLIHOCTH JIA3€PHOIO HU3JIyde-
Hus, cocTtaBistronumx 10-12 Br.

Crnenyer 3aMeTUTh, UTO PELICHUE 3a]a4 HAIPABICHHBIX HA TOCTIXKEHUE d(]-
(dexTa Koaryssiiuy BapHUKO3HBIX BEH MPU MEHBIIUX 3HAYCHHUSX MOIIHOCTH H3IY-
YEHUSI SIBJIIOTCS aKTYaJIbHBIMU, TaK KaK 3TO MPUBEIET K MEHBIINM ITOBPEXKACHUSIM
MPUWIETAIONUX TKaHEH U HEPBOB U YCKOPUT MPOLIECC PEA0MIUTALINH.

B nHacrosmeit pabote mpeacTaBieHbl pe3yabTaThl SKCIIEPUMEHTOB iN-VIitro u
IN-VIVO 10 HCIOJIh30BAHUIO JIA3EPHOI'0 M3TYYCHUS C JIMHHOW BONHBI 1,885 MkM
JUTSL HJI0BA3aJIbHOM JIa3epHOM KOAryJsiiuyi BAPUKO3HBIX BEH.

DKcnepruMeHTHI IN-Vitr0 MpoOBOAMIMCH HA CETMEHTAX BEH UEJIOBEKA, M3BIE-
YEHHBIX MHTEPOINEPAIMOHHO. DKCIIEPEMEHTHI IN-ViVO BBIMTOJHEHBI HA BeHaX co0a-
KH.

B pesynbpTaTe mpoBeaEHHBIX SKCIIEPUMEHTOB MOKa3aHO, YTO 3P (PEeKT Koary-
JSIMUU  BAPUKO3HBIX BEH IMPU HCIOJb30BAHUM H3IYYEHHUS C JIJIMHOW BOJIHBI
1,885 MkmM obecnieurBaeTcs IpyU 3HAYEHUHU MOIIHOCTH U3IydeHus 4-5 BT.
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NPOKOAIIEPTYPHBIE OIITUHECKUE SJIEMEHTBI IJIX1 MOILHBIX
JIABEPHbLIX CUCTEM

A.1L. ITpoxopos, M.A. HoBukos, A.H. CeBprokosa,
B.B. I'pu6ko, An. I1. IIpoxopos
Hncmumym npuxnaonou ¢pusuxu PAH, Huscnuii Hoseopoo
E-mail: prokhorov.artem@appl.sci-nnov.ru

B pabote mpencraBiieHbl pe3yibTaThl BBIPAIIMBAHUSA KPYIMHOTA0ApUTHBIX
npodunupoBanHbIXx MOHOKpUCTaIIIOB KDP [1] 1 DKDP [2] (mporieHT nertepupo-
BaHUs COCTaBJs1 He MeHee 97,6 %) MeTOIOM CKOPOCTHOTO BbIPAIIMBAHUS MOHO-
CEKTOpUANILHBIX MPOPUIMPOBAaHHBIX KpucTauioB [3]. Uccinemyembie 0Opasiibl ObI-
I BHIPAIICHBI B (hopMe pazmepoM 320x320x70 MM°, B KPUCTAIUTH3ATOPE 0OHEMOM
150 nutpoB. PocT ocyiecTBIsICS B TEPMOCTATUPOBAHHBIX YCJIOBHUSIX IpHU a0CO-
JIOTHBIX MepechlleHnsx He npesbimaromux 3°C u ypoBHIO pH pactBopa paBHbIM
~ 2,7. Kpuctamibsl pociau rpanbio ounupamuasl (101). Jns mpuroroieHus pac-
TBOpa ucmnojib3oBaiack cojib KDP Prochem inc. ¢ comepkannem mpumecein Fe
50 ppb, Mg 50 ppb, Si 100 ppb, Al 50 ppb, Cr 89 ppb. CxopocTb pocTa MOHOKpPH-
CTAJUIOB cOCTapisija ~ 15 Mm/cyTku. Bblnm momydeHbl KpucTauiMueckue Oyiu
pasmepamu 307x320x70 mm® (KDP), 303x320x70 mm°® (DKDP).

C nomomipio TepaommeTrpa Metrel TeraOhmXA 10 kV MI 3210 (morpem-
HOCTh Ipubopa He mpesbimaeT 5 %), NPOBOAWINCH U3MEPEHUS COMPOTUBIICHUS
00pa3moB. M3mepenus compoTUBICHUS MPOBOIUIOCH IO TPEX AIEKTPOIHON cXxeMe
(OCHOBHOM, U3MEPUTEIILHBIN U OXPAaHHBIN 2JIEKTPO/Ibl) TIpH HampsikeHuu 10 10 xkB.
B xone pa®oThl ObLIM MOJyYeHBI KapThl paclpeneieHus yAeIbHOIO COMpOTUBIIE-
HUSl B UCCIeAyeMbIx oOpasmax. [lo mToram m3aMepeHuil OBIIM MONTYYEeHBI BOJBT-
aMIepHbIE XapaKTEPUCTUKHU HCCIEAYEeMbIX 00pa3loB OJM3KHE K JMHEWHBIM, YTO
COOTBETCTBYET BHICOKOMY KadeCTBY BBIpAIIEHHBIX 00pa3noB. Tak ke Obuld u3Me-
PEHBI KapThl pacHpeeleHus BEIMUNHBI YACIbHOTO COMPOTUBICHUS Al 0Opasia
pasmepamu  325x330x13 mm°. HeoZHOpOZHOCTH Ha KapTax paclpeIelIeHHs
yIEIBHOTO COMPOTUBIICHUSI O0YCIIOBJICHBI HAIMYUEM ACPEKTOB POCTa, KOTOPHIE B
CBOIO OYEpe/Ib SBIISIOTCS CIEICTBUEM BBICOKMX CKOPOCTEH pocTa U Mopdosiornye-
CKOM HEYCTOMYMBOCTH PACTYILEN I'PaHA MOHOKPHUCTAILIA.

1. B.M. Ily3uxoB, B.1. Cano, M.U. KonwibaeBa, Hucmumym monoxpucmai-
108, Xapbkos : HTK, 2004.

2. D.M. Pennington, D.E. Milam, I.D. Eimer, Report at the Il Annual Int. Cof.
“Solid-State Lasers for Application to Inertial Confinement Fusion (ICF)”,
17 (1996).

3. B.IL Epmios, /luc. CKOpOCTHOM POCT MOHOCEKTOPHATIBHBIX MPOGUIUPOBAH-
HBIX Kpuctauios rpynmnel KDP, H.H.: UTI®OPAH, (2007).
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KNHETUKA HAPACTAHMS AIT-KOHBEPCUOHHOM JIJIOMUHECLEHIIUN
I[TPY UIMITYJIbCHOM BO3BYKJIEHNN

A.B. MI/IXGGBI’Z, B.H. Kazakos®
! Kazancruii HAYUOHATIbHBLUL UCCTIE008AMENbCKULL MEXHON02UYeCKUTLL
yHusepcumem, Kaszano
2 Kazanckuii ¢edepanvhuiii ynusepcumem, Kazamw
E-mail: veehima@gmail.com

HpezmoxceHa BCPOATHOCTHAA MOACIIb KHNHCTHUKHA HapaCTaHu:A ali-
KOHBCpCPIOHHOfI JJIOMUHCCIHCHIIUU B CUCTEMAX, COCTOAIINX M3 YaCTUIl JABYX BUIOB!:
JIOHOPOB, HEMOCPEACTBEHHO B3aMMOJECHCTBYIOIINX C U3JIYYCHUEM HAKayKu, U aK-
IIENTOPOB, MOJIYJAIOITUX SHEPTHIO BO30OYXKACHUS OT AOHOPOB. OmpenencHa 3aBu-
CUMOCTh MHTCHCHBHOCTH JIIOMHHCCICHIIMM OT 4aCTOTbI V U BPEMCHU t Ipu I1pAa-
MOYT'OJIbHOM MOIYJISIIIMY U3 ydeHus Hakadyku U t — +0:

J(v,t) = kv p(v)t", (1)
3,Z[€CB k - MacIITaOHBINA MHOXHUTCIIb, (D(V) - INIOTHOCTD PACIPCACIICHUA BCPOATHO-

CTH 4acTOT ()OTOHOB; N - KOJMYECTBO IOCJEI0BATEIbHBIX MPOIIECCOB Mepeaadu
SHEPTUHU, MPEAIIECCTBYIONINX MEPEXOAY UIITYIAIOITUX YaCTHUI] B BO30YKIEHHOE CO-
CTOSIHHE. Y CTAaHOBJICHO, YTO JUISl MU3JIYyYEHUS TOHOPOB, IIPU OTCYTCTBUM MUTPALIMH
sHepruu: N = 0. B ciydae uznydeHus akuentopoB 3HadyeHue N>1 u 3aBUCHUT OT
MEXaHU3Ma Tepeladu dHEPIHH W3 IMOJCUCTEMBI JOHOpPOB. B dactHoctm, N = 1
O3HAYaeT OJHOKBAHTOBYIO TEpeauy SHEPTrur B pe3yJsibTaTe B3aUMOICHCTBUS BO3-
OyXIEHHOT0 JIOHOpa C HEBO3OYXKIEHHBIM akiienTopoM. Ecnu N = 2, To nmpoucxo-
JIUT TIPOIIECC IBYXKBAHTOBOM al-KOHBEPCHOHHOW Tepeaauyn dHEPTUH, 32 CUET BHI-
HYXKJICHHOT' 0O u3iydeHus [1].

C nomomipto (1) mpoBenéH perpecCUOHHBIM aHAIM3 KUHETUKW HapacTaHUS
ar-KOHBEPCUOHHOMN JIIOMUHECIICHIIMA KpUCTaJla Yongboleg:TmSJ'(l atT.%). Jlio-
MuHecueHys Bo3Oyxknanace MK usnydenuem nasepHoro nuona (A, =933 Hwm;

1,5 Bt). Ucnonb3oBanachk NpsMOyrojibHasi MOAYJISIUUS U3JTy4€HUS] HAKAYKU C JTU-
TeNbHOCTHIO uMITynbea 0,2—25 mc u nepuoaom moxyisitiuu 15-50 mc. B pesynbra-
T€ OBLIM IMOJIyYEHBl CIEAYIOLIME 3HAYEHUs Mapamerpa N JIsi OCHOBHBIX CIIEK-
TpaJbHBIX JIMHUI 3TOT0 KpHUCTaJUIA.

Aems HM 1700 1030 824 479 363 290

n =2 =0 =1 =2 =3 ~4
OOHapyXeHO CyIIECTBOBaHHME ABYX MapaJUIEIbHO MPOTEKAOIIUX IPOLEC-
COB mepenaun >Hepruu ot HoHoB Yb** (zoHOpHI) K oHam TmM®* (akienTopsr):

1) ogHOKBaHTOBas Iepeaaya SHEPTUH, BBI3BIBAIOIIASA TIEPEXO HEBO30YXK-
néuuoro nona Tm®" B cocrostaue *H, (A, =824 um);

2) IByXKBAaHTOBAsl all-KOHBEPCHOHHAsI Tepefadya SHEPruy 3a CUET BBIHYXK-
. 3+
JEHHOTO N3ITy4CeHUs, IPUBOSAIIAS K IIEPeX0oay HeBO30yKIEHHOT0 HOHa TM™ B co-
crostame "Gy (A, =479 HMm).

1. A.B. Muxees, b.H. Kazakos, [Tucema B XKOT® 102, 311 (2015).
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NCCIIEJOBAHUME KMUHETHUKH 1 MOP®OJIOI' M1 POCTA
BOIOPACTBOPHUMBIX KPUCTAJIUIOB

A.H. Cesprokona, B.W. Pybaxa, A.Il. [IpoxopoB
Hncmumym npuxnaonou ¢pusuxu PAH, Huscnuii Hoseopoo
E-mail: anna_13.08@mail.ru

BonopactBopumbie kpuctamisl Tuna KDP, o-LilOs, Ba(NO3), u T.4. uc-
NOJIb3YIOTCS B ONTHKE M JIA3epHON (PM3HKE HA MPOTSKEHUU MHOTHUX JieT. J[aHHbIe
KPUCTAJTBI SIBISIOTCS HanbOoJee MOAXOMAIIMMHA HETMHEWHO-ONTUYECKUMH MaTe-
puanaMmu, npuMeHsemble 1 3((PEeKTUBHOTO Mpeodpa3zoBaHUs JIa3epHOIo U3Jyde-
HuUs B BuAMMOM U OmkHeM MK- nuanazonax.

TexHomorust BeIpalliiBaHUs U COBEPIICHCTBO MOJY4aeMbIX KPHUCTAJUIOB 3a-
BUCAT OT KAueCTBa ChIPbsl. DTO OOBICHSIETCS TEM, YTO HAJIMYHUE B ChIPbE M COOT-
BETCTBEHHO B IPUIOTaBIMBAEMOM PACTBOPE MUKPOKOHIEHTpPAIUI ONpeIeIeHHBIX
npumeceil BiusieT Ha KuHeTuky pocrta rpanei (100) u (101) [1]. Tak, HekoTopsie
IPUMECH MPUBOJAT K 3aMETHOMY CHUXKEHHUIO CKOPOCTHU POCTa TpaHel MpHU3MBbI U
MEKCEKTOPHAIIbHBIM HANPSLDKEHUSAM, YTO HEMTPUEMIIEMO ISl CKOPOCTHBIX CIIOCOOOB
BBIPALMBAHMS KPYIHBIX KpUCTAILUIOB. Bennunna «MeptBoii 30HbD (AT,,;), onpene-
JSIIOIIAst IPUTOAHOCTh PACTBOPOB ISl BBIPAIIMBAHUS MOHOKPHUCTAJUIOB, SIBIISETCS
MHTETPAJbHBIM MAapaMETPOM, XapaKTEPU3YIOUIUM COAEpKaHWE NpHUMeEce B pac-
TBOpPE, UCKaKarOUUX rpanb npu3Mel (100). Jta 3agada crana ocOOEHHO akTyallbHa
B CBSI3M C pabOTaMU MO CKOPOCTHOMY pocTy kpucTaiuioB a-LilO;, KDP u ux neii-
TEPUPOBaHHBIX aHasoros, Benymumucs B UIIOPAH. Tak no ananoruum co croco-
6oM ckopocTHOro pocta kpuctaia KDP [2] mi1st ckopoCTHOTO pocTa KpUCTauIoB
a-LilO; [3] Takke BaKHO COOTHOILIEHHE CKOpOCTeH pocta rpaneit (100) u (101).
Takum 00pa3oM, B HMCCJICIOBAHUU IpeJCTaBiIeHbI daHHBIe 1Mo BiusHuoo Fe(l03),,
AglO;, CsOH, H3PO,, metunmerakpuiara Ha poct rpanu (100) kpuctaiioB o-
LilOs, pa3paboraHa METOAMKA U3MEPEHHUS «MEPTBOW 30HBI» pacTBOpoB a-LilO;,
IIPOBEJICHO CPaBHEHUE PE3YJIbTaTOB U3MEPEHUN CKOPOCTH POCTa T'paHEd U JBUKE-
Hus cryneHert it KDP u a-LilOs.

1. JI.A. Boponrtos, B.I1. Epmios, Becta. HHI'Y 1(9), 132 (2006).

2. B.IL Epmos Jluc. «CKOpOCTHOM POCT MOHOCEKTOPHUATLHBIX MTPOGUITHPO-
BaHHBIX KpucTayioB rpynmsl KDPy, H.H.: UTI®PAH, (2007).

3. B.W. Pybaxa, A.A. babun, M.A. Koroga, Te3. nokn. HKPK-XI, Mockaa,
(2004).

165


mailto:anna_13.08@mail.ru

HIPEOBPASOBAHME JIBY XMUKPOHHOI' O UK-U3J1YYEHMA
B BUTUMbIN TUAIIA3OH KEPAMUKOW HA OCHOBE PbF,,
JIETUPOBAHHOM HOHAMH Ho**

A.IL. CaBukun, A.C. Eropos, A.B. bynpyes, WULIO. [lepynun, . A. ['pummn
Huoicecopoockuti cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnun Hoeeopoo
E-mail: iperunin@mail.ru

[Ipu pabote ¢ mazepamu aByxmukponHoro MK nuamazona mjis Buzyasiausa-
MU U3JIy4YCHHS] MOKHO HMCIOJIb30BATh SIBJICHUE AHTHCTOKCOBOW JIFOMUHECLICHIIUU
(ACJI). BosbIMM MOTEHIMAIIOM IS 3TOro obagaer nox Ho>*, nMeromuit OJIOCY
norJiomenust B oosactu 1870-2150 HM Ha nepexojie U3 OCHOBHOTO COCTOSTHUSI.
NurencuBHocTh ACJI 3HAUUTENBHO 3aBUCHUT OT MAaTpUIIbl, B KOTOPYK BHEIPEH
vor Ho>. Maast BenuunHa SHEPrUH BHICOKOYACTOTHBIX (GOHOHOB B PbF,, paBHas
257 cm™, memaer srtor MaTepuall MepCreKTUBHOM MaTpulieh i 3¢p(EeKTHBHOTO
npeodpa3zoBanus IByXMHUKpOoHHOTO MK m3mydeHus B BUANMBINA TUAna3oH CIEKTpa.

Lens uccrnenoBanus — BbISICHEHWE MeXaHU3MOB TipeoOpa3zoBanus UK uzmy-
YeHWsI MCTOYHMKA B BUAMMBIN IHama3oH B kepamuke PbF,:HO® u omenka Bepost-
HOCTE MHOTO()OHOHHOT'O CTOKCOBA M aHTUCTOKCOBA BO3OYKICHUS U MEKHOHHOTO
IIEPEHOCA YHEPTUU.

JI1s1 mpoBeieHUs YKCTIEpUMEHTA ObUTH U3TOTOBJIEHBI 00pa3Ibl KEPaMUKH CO-
craa PbF,:1% Ho®>. Ilpu mocTpoeHHH AMATPAMMBI SHEPreTHYECKHX YpOBHEH
nonoB Ho>* B PbF, wucromnb30BaHsl CHEKTPBl TMPOMYCKaHUs 00pasloB CTEKOI
60T802—4OPbF2:1%H03+, noyiydeHHbIe B BUAMMOM U OnmxHeM MK nuanazonax Ha
cnektpodoromerpe CD-56 u dypne-cnekrpomerpe Varian 660-IR.

ACIJI o6pasiioB Bo30yxkaanacy uanydeHuem jgazepa Tm:YLF na qmune Bo-
Hbl 1908 HM B UMIYJIBCHOM PEXKHUME U PEXKUME CBOOOJHON reHepaluyd C MHTEH-
cuBHocThIO | = 15 W/em?,

[Tonyuena ACJI na nnune BosHbl 650 HM. MI3MepeHbl TOPOroBasi UHTEHCH B-
HOoCTh m3nydeHuss Tm:YLF nazepa nHeoOxoaumasi ajis BU3yaJbHOT'O HAOIIOECHUS
ACIJL Tlomyuyena nuarpamma 3aryxanuss ACJI, usmepeHo HU31ydaTenbHOE BpEMs
xu3Hn noHoB Ho>* Ha yposae °|; [Ipor3BeeHa OLEHKa BEPOSTHOCTE! [IEPEXOI0B.
Hnst craimonapuoro pexkuma ACJI Obuta cocTaBiieHa M pellieHa UJealnu3upoBaH-
Has cucTeMa OallaHCHBIX YPaBHEHUU U MOIY4YEHBI OLICHKH HACEIEHHOCTEN YpOBHEN
5I8, 5I7, 5I5, 5F5 hoHa H03+, Ha OCHOBAHHUHU ITUX JAHHBIX OIl€HEHA MOIIHOCTH CBEUE-
HUSL.

[To uTtoram u3MepeHHIl M OLICHOK MOKHO CHEJaTh CICAYIONIWE BBIBOJIBI:
ACJI HabGnrogaetcst naxke mpu HEOOIBIINX HMHTEHCUBHOCTSAX JIA3€PHOTO U3ITY4IEHUS,
YPOBEHD ~F5 3aCeISIETCS B OCHOBHOM 3a CUET MEKHOHHOTO IEPEHOCA YHEPIUN.
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POCT U CBOMCTBA MOHOKPUCTAJIJIOB CA,.xLI,xGEO,

J.B.Cumanosckuii, B.A. UBanos, M.O. Mapsrues, B.C. Hukosos
Hayuonanvuwiii uccnieoosamenvcxuit Husicecopoockuii eocyoapcmeentuiii

yuugepcumem um. H.U. Jlobauesckoeo, Huscnuii Hoseopoo
E-mail: egick1993@mail.ru

N3BectHO, uTo Kpuctamisl Li,CaGeO, B HacTosIee BpeMs SIBIISIOTCS OJI-
HUMHM M3 HauOojiee MEPCINEeKTUBHBIX COEAUWHEHUHN s ucmnosib3oBaHus B LED
yCcTporicTBax. DMHUCCHOHHBIA criekTp KpuctamioB Li,CaGeO,, momupoBaHHBIX
HEKOTOPBIMU PEAKO3EMEJIbHBIMU MOHAMU, XapaKTEPU3YeTCs SIPKUMU JIMHUSIMU Ha
nHax BojiH 473 uM, 485 uM u 575 uwMm [1, 2, 3]. Llenbto Hamielt paboThI sSBISIETCS
BbIpaliuBanue MOHOKpUCTAIOB Ca,,Li,GeO,, MpUrogHBIX IS H3YyYEHHUS HX
ONTUYECKUX CBOWCTB.

Kpucrammer Ca,yLinGeO, BoIpamMBainch M3 BBICOKOTEMIIEPATYPHOTO
pactBopa (flux-meTon) METOOM CHOHTAHHOW KPUCTAUIM3AlMKM Ha Y3KOW IJIaTH-
HOBOM MAaJIOYKE B MUWJIMHIPUYECKOM THUIJIE IUAMETPOM 5 CM M BBICOTOM 5 cM. B
TEUEHUE BCETO BPEMEHU pocTa (6 CYTOK) MPOUCXOUIO PABHOMEPHOE BpalICHUE
IUIATUHOBOM MaJIouku. B mporecce pocra Temneparypa HEJTMHEWHO CHUKAIACH C
952 °C no 932 °C. Ilo npormiecTBUM yKa3aHHOTO BPEMEHHU Ha Majouyke oO0pa3oBa-
Jach JIpy3a, COCTOSIIAs U3 HECKOJBKUX KPUCTAIOB C pa3MepamMu Okoiao 1 cMm
(cm. puc. 1). IlonmydeHHbIe KPUCTAJIIBI OBLIM HCIOJIb30BaHbI BIIOCIEACTBUHU KaK
3aTpaBOYHBIE.

MakcuMyM U3MEPEHHOrO CIEKTpa (POTOIOMUHECHECHIIMU PACIOJIONKEH Ha
JUIMHE BOIHBI 1222 HM, 4TO COOTBeTcTBYeT HoHaM Cr''. Takum oGpasom, moiy-
YEHHBIA KPUCTAUI MPEACTABISETCS MEPCIEKTUBHBIM ISl UCIOJIb30BAHUSI B TBEP-
JNOTENBHBIX Ja3epax auanazona 1,1-1,6 Mxm.

Puc. 1. ®ororpadus BeipamieHHbIX KpucTaiaioB Cay.xLixGeOy,.

1. Meng Jian-Xin, Yang Chuang-Tao, Chen Qing-Qing, J. Lumin. 130 (7),
1320-1323 (2010).

2. 1.V. Berezovskaya at al, Ceram. Int. 39 (6),6835-6840 (2013).

3. V.A. Ivanov, D.V. Simanovskiy, M.O. Marychev et al., J. Non-Cryst. Solids
456, 76-82(2017).
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M.IL 3BIKOBal, K.1O. KponeBeuKaﬂl, E.H. MO)KCBI/ITI/IHal’Z, N.X. Aserucos’
Y Poccutickuii xumuxo-mexnono2uueckuti yHugepcumen
um. [{.U. Menoeneesa, Mockesa
2HHcmumym xumuu evicokouucmolx ewgecms um. 1.1, /[eesamoix PAH,
Huoicnui Hoseopoo
E-mail: zykova_mp@inbox.ru

[Ipo6nema nerupoBanHusi ZnSe 3JEMEHTHI TPYIIIBI Kejne3a A MOTydyeHUs
Ja3epHBIX MaTEPUATIOB C XapakTepucTukamu B mupokom NUK-nuamnazone He Mmoxer
OBITH YCIIEIIHO pelieHa 0e3 JOCTOBEPHBIX JAHHBIX O BO3MOXKHBIX (Da30BbIX PaBHO-
BECHsI M PACTBOPUMOCTEN KOMIIOHEHTOB. B paboTe mpoBeneH neTanbHBIA aHAIN3
TPEXKOMIIOHEHTHOHN cucTeMbl ZN — Se - Fe s nonydeHus HOBBIX(YHAaMEHTab-
HBIX CBEJEHUU O (a30BbIX PABHOBECHUSIX B HCCIEIYEMOW CHUCTEME MpPHU MOMOIIH
PEHTT€HOBCKUX METOJIOB MccienoBaHusa. Ha ocHOBe cyllecTByrOIUX JIUTEpATyp-
HBIX JIAHHBIX O T-X IMpoeKnusx OuHapHbIx cucteM Zn - Se [1], Fe - Se [2] u Zn - Fe
[3] O6b11 IpoBeieH TeopeTHdecknii aHaM3 (a3zoBO AUArpaMMbl TPEXKOMIIOHEHT-
HOU cuctembl Zn-Se-Fe B nmamazone temmepatyp ot 450-1850 K, B pe3ymbrare
Yero nocTpoeHo 42 uzorepmuyeckux ceueHus. Ma3opble nccieq0BaHUs OTOXKKEH-
HbIX 00pa3loB B M30TEPMHUYECKUX ycioBHsxX npu temneparypax 730 K (I, 1) u
814 K (Ill, 1V) mokazanu HanmW4yue CYIIECTBOBaHHUA cienyromux ¢az: FezZn-
Fei1Zng-Zn-ZnSe (1), ZnSe-FeSe, Fe;Seg (Il), ZnSe-FesZny-Fe (lI1), FeSe,-
Fe;Seg-Se u moaTBepaAMIIN JOCTOBEPHOCTh TEOPETHUECKUX M30TEPMUUYECKUX CeUe-
HUM.

Se Se

Zn L= = _
{-FeZny;3 5 Fe,7n,, Fe,Zn,, &'-FesZn,, FeyZn,,
5-FeZn,, 6-FeZny,
a) 0)
Puc. 1. M300pakeHne n30TepMUUECKOT0 CeUeHHs TpoeKiuu T-x-y npoekiuu P-T-x-y
nuarpammsl cucteMbl Zn-Se-Fe npu: a) 730 K; 6) 814 K

PaGota BrinonHena npu ¢pruHancoBoit noaaepsxkke PH® Nel5-13-100028.

1. JI. A Ceicoes, B. M Anapees, O.K. Paiickun u 1p., MOHOKpUCTaIbI, CLIMH-
THIUIATOPBI U Opranudeckue JmoMunodopsr 3, 135-136 (1968).

2. H. Okamoto, Phase Diagrams of Binary Iron Alloys, Materials Park, 1993.

3. O. Kybamescku, JlnarpaMMbl COCTOSTHUSL IBOMHBIX CUCTEM Ha OCHOBE XKeJle-
3a, M.: Meramnyprus, 1985,
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CIIEKTPOCKOIIMYECKHNE XAPAKTEPUCTHUKHN KPUCTAJIJIOB
LiYF, Y KY3F1o, AKTUBUPOBAHHBIX MOHAMH Gd**

A.C. Husamyraunos ', B.B. Cemamko *, C.JI. Kopa6iesa *, D.J1. Maxupos *
! Kasanckuii hedepanvhviii yrusepcumem, Kaszano
E-mail: ed.madirov@gmail.com

Pa3Butre COBpEMEHHBIX TEXHOJOTMW HEPAa3pPbIBHO CBA3aHO C BO3MOXKHO-
CTBIO MOJIY4aTh U paboTaTh C U3JIyYEHHUEM C Bce 00Jiee KOPOTKUMH JIJIMHAMU BOJIH.
OnHako Ha CErOAHSIIHUN JIEHb YHMCIIO IPUTOAHBIX JJIsl UCIOJIb30BAaHUS B YIbTpa-
(duoseToBOM NMana3zoHe cpej SIBISETCS AOBOJIbHO MasibiM. OCHOBHOM 1LENbIO, KO-
TOpasi MpecieyeTcsl IpU pa3padoTKe HOBBIX CPEJ, SIBISIETCS BOZMOXXHOCTb padOThI
Ha HOBBIX, /IO 3TOT0 HEAOCTYIHBIX JJIMHAX BOJIH.

[lepcieKTUBHBIMU TIPEICTABISIOTCS IIUPOKO3OHHBIE TUAJIEKTPUKH, JOHPO-
BaHHbIe HoHamu Gd**. Takue MaTepHaibl MHPOKO HCCISTYIOTCS IS Lieneil co3a-
HUS 3PPEKTUBHBIX JTIOMUHO(POPOB M3-32 OOraToil CXeMbl SHEPreTHUYECKHX YpOB-
Hel 3TUX MOHOB, 00YCJIaBIMBAIOIICH M3JTydaTeIbHbIE MEPEX0bl B BUAUMON U Y D
obmactsax crnektpa. Ha ceronusamauii 1eHp cymecTByeT nHdopmaius o0 ontude-
CKHUX CBOMCTBaX MOHOB TaJIOJIMHMS BO (PTOPUAHBIX MaTpulax B Y@ auamnasoHe.
bono onpeneneHo, 4To B CreKTpe BO30YXKAEHUSI MPUCYTCTBYIOT JIMHUM B paiioHe
240 am (mepexon 83 - °D), 275 M (mepexon 83, — °I). JlromuHecueHmms
HaOmoanack Ha juymHax BoH 275 uM, 311 um [1, 2, 3]. IlpeacraBnsercs mnep-
CIEKTUBHBIM HCIIOJIB30BATh 3T MEPEXO bl JUIsl HAOIIOJEHUSI OMTUYECKOTO yCHUJie-
HUS U Jla3epHOU reHepauuu B Y@ obnactu. bonbioe BpeMs )KU3HU BO30YXKIECH-
HBIX COCTOSIHUM JTal0T NEPCHEKTUBBI MOJYYEHUSI HU3KUX MOPOTOB MPHU MOTYyYECHHE
Ja3epHON reHepaIuu B HEMPEPHIBHOM peKuUMe, a 2PdeKT caMoorpaHUueHUs Tepe-
XOJIOB TIO3BOJISIET MPEMIOKUTh d(HPEKTUBHBIE CXEMbI MOTYYEHUSI UMITYJIbCOB KO-
POTKOU JUIUTENBHOCTH IIPU UMITYJIbCHOM HAaKayKe.

Hamu Obutn mccnegoBaHbl CHOEKTPHI MOTJIOMICHUST 3TUX BHYTPUKOH(UTYpa-
uoHHbIX 4f - 4f mepexo/0B, a Takke CHEeKTPaIbHO-KUHETHUECKHE XapaKTEPUCTH -
KU JIFOMUHECIICHIIUN TIPH BO30YKICHUH B TIEPEXO]T o] — 887/2 (okomo 275 HM) B
kpuctamiax LIYF, u KY3F. Takxke B pabore 00CYKAAIOTCS SKCIIEPUMEHTHI 110

HAOJIIOJICHUIO ONTHYECKOTO YCHJICHHS B JTHX KPHCTAUIaX NPH HAKaYKe OKOJIO
275 BM.

1. Guoxian Zhua, Mubiao Xiea, Rongkai Pana et al., Journal of Fluorine
Chemistry 188, 28-32 (2016).

2. AJ. de Vries, M.F. Hazenkamp, G. Blasse, Journal of Luminescence
42, 275-282 (1988).

3. R. T. Wegh, H. Donker, A. Meijerink, Phys. Rev. B 56, 13841-13848
(1997).

169


mailto:ed.madirov@gmail.com

CIIEKTPAJIbHO-TTIOMUHECIEHTHBIE XAPAKTEPUCTUKA
KPUCTAJIJIOB Cas(NbGa)s0;, 1 LiYF,, JETUPOBAHHBIX IOHAMH Dy**

W.JI. Apmmnosa’, ILA. Ps6ouxuna’, C.JI. KopaGnesa®, B.B. Cemamiko®
' Hayuonanvmwiii uccnedosamenscruii Mopdosckuii 20cyoapcmeentbiil
yuusepcumem um. H.I1. Ocapésa, Capanck
?Kasanckuii pedepanvubiii ynusepcumem, Kazans
E-mail: i.arshi88@gmail.com

HHTepec kK M3yUeHHI0 MOHOB JUCTPO3USI KaK JICTUPYIOIIUX AJIEMEHTOB IS
Ja3epHBIX Cpel BO3HUK elie B 70-X rogax Mpomuioro Beka. Ha cerogusmHuii 1eHb
reHepallis Ha HOHAX JUCIPO3Us ObLIa MOTydYeHa B PSAIC KPUCTATMICCKUX MaTPHIT
[1, 2, 3] npeumyriecTBeHHO B cpeaneii MK-obmacTu criekTpa.

Pa3zpaboTanHble K HACTOSIIEMY BPEMEHH KOMMEPYECKH TOCTYIHBIEC Jla3ep-
HBIC JTUOJIbI, U3ITyYalolIie B CHHEH OOJACTH CIEKTpa, 00eCIeYNBAOT MPUHIIUITH-
AIIbHYIO BO3MOJKHOCTB IIOJTYUCHHS JTa3ePHON reHepanuy Ha noHax Dy®* B BrmuMoit
061acTy crekTpa, omarogaps >GdEKTHBHOM HAKAUKe HA yPOBEHb Fgp. DTO BO300-
HOBHWJIO MHTEPEC HCCIeAoBaTeNel, paboTalmuXx B 00JacTh Ja3epHOr (PHU3UKH K
KPHCTAIUIAM, JIETHPOBAHHBIM HOHAaMH Dy’".

B mHactosmiedr paboTe  BBHIMOJHEHBI  HMCCICIOBAHUS  CIIEKTPAIBHO-
JTFOMUHECIICHTHBIX cBOMCTB KpucTaiwioB LiYF,:Dy; LiYF,:Dy, Th; LiYF.:Dy,Tm u
Caz(NbGa)s01,:Dy 1 BBITIOHEH UX CPAaBHUTEIBHBINA aHAIN3.

N3 mHTerpanbHbIX KOd((UIIMEHTOB TOTJIOMICHUS MEPEX0I0B C OCHOBHOTO
COCTOSIHHUSA 6H15/2 Ha BO30YXKJICHHbIC MYJILTUILIETHI MOHOB Dy3+ IUIS. KPUCTAJLIIOB
LiYF;:Dy u Cay(NbGa)sO1,:Dy omnpenencHbl 3HaYCHHUS CHUJI OCIMILISTOPOB JIaH-
HBIX TICPEXOJ0OB M PACCUYWTAHBI 3HAYCHHS TapaMETPOB WHTEHCHUBHOCTH (2
(t=2,4,6). C ucronp30BaHNEM TOJTYYCHHBIX 3HAUYCHUI MapaMeTpOB UHTCHCUBHO-
CTH OIIPEIe/ICHBI 3HAYCHHS M3/TydaTeIbHBIX BEPOSTHOCTEH epexonoB HoHoB Dy*",
IIPEICTABIIIONINX HHTEPEC M1 TIOJYUdCHHS Ha HUX JIa3ePHON TCHEPAIIHH.

1. N.P. Barnes, R.E. Allen, IEEE J. Quantum Electron. 27, 277-282 (1991).
2. H. Jelinkova, M.E. Doroshenko, et al., Appl. Phys. A 122, 738-745 (2016).
3. S.R. Bowman, S.O’Connor et al., Opt. Express 20, 12906-12911 (2012).
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VCCJEJIOBAHUME CITIEKTPOCKOITMYECKNX CBOMCTB
OIITNMYECKHUX LHEHTPOB MOHA TYJIMA B TBEPBIX
PACTBOPAX CaF,-YF3:Tm

K.A. MaptsiHoBa, O.K. Anumos, M.E. [{opoiiieHko,
B.A. Konromkuh, B.B. Ocuko
Hncmumym obweti cpuzuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: kmartynoval9@gmail.com

UccnenoBanusi coBpeMEeHHOM J1a3epHON (DU3UKKU HAIMpPaBIIEHbI HA TIOUCK HO-
BbIX AKTUBHBIX Cpel Julsl TBEpAOTENbHbIX JazepoB WMK-nmmnamazona, Haxomsimmx
HIMPOKOE TPUMEHEHUE B PA3TUYHBIX 00JACTAX MEAUIMHBI, HAYKH, SKOJIOTUHU U T.J.
dTopuUIHbIE MAaTepUaJIbl (KPUCTAIUIBI U KEPAMUKH ), aKTUBUPOBAHHBIE MOHAMU TY-
JUS SBIISIOTCS OHUMH W3 TEPCIEKTUBHBIX B pa3paboTKe BbICOKOI(PHEKTUBHBIX
Ja3epoB C AMOJHON HAaKauyKoW, paboTarouux Ha AJIMHE BOJIHBI 2 MKM. OJJHAKO, KaK
W3BECTHO, PEIKO3EMENbHBIC HOHBI BO (PTOPUIAX MOTYT UMETh PA3TMYHOE JIOKAJb-
HOE OKPY)KEHHE, KOTOPOE BIUSET Ha €ro CIEKTPOCKOMUYECKUE U TeHEepallMOHHbIC
CBOMCTBA.

Panee namieid Hay4yHOUl rpymnmoi ObUIM BBLAEJIEHBI WHJWBHIYyaJIbHbIE CIEK-
TPbI KJIACTEPU30BAHHBIX, TETPAroHaJIbHBIX U JOJTOKUBYIIUX ONTHYECKUX IIEHTPOB
MOHOB Tynus B kpuctamwiax CaF, [1, 2]. B tBepapix pactBopax CaF,:Tm* co dyro-
pUJaMU HEAaKTUBHBIX pelIko3eMeNbHBIX 37eMeHTOB (Y3, LaFs;, LuF3) yacte noHos
TyJIUs B KJIACTEPU30BAHHBIX IIEHTPAX 3aMEHSETCS MOHAMH UTTpPUS, 00pa3ys HOBBIC
Tm-Y wneHTpsl, AMHAMUKAa (GOPMUPOBAHUS KOTOPBIX MPEJICTABIISIET OONbIION UHTE-
pec.

B nanHoit pabote mpuBeACHBI PE3yJIbTAThI UCCIEIOBAHUS CIIEKTPOCKOIIHY -
CKUX CBOWCTB KJIACTEPU30BAHHBIX ONTHYECKUX IEHTPOB B Kkpuctamuiax CakF,-
YF3:Tm*. Merogamu HU3KOTEMIIEPATYPHOU CEJIEKTUBHOU BpEMS-Pa3pelIeHHON
Ja3epHOM CHEKTPOCKONUU OBLIM MCCIIEIOBAaHbl CIIEKTPOCKOIUYECKUE CBOMCTBA
MOHOB TYJIMSI B KPUCTAJUIaX C Pa3jUYHBIM cojiepkaHueM (PTOPUIOB TYJUS U UT-
Tpusi. AHAIN3 MOJYYEHHBIX JAHHBIX U CPABHEHUE UX C PE3yJibTaTaMH, MOJTY4YEH-
HbIMU U1l Kpuctauia CaF, mo3Boiuiio BBIICIUTh B KpHUCTaLIaxX CaFg—YFg:Tm3+
YEThIPE PA3TUYHBIX TUIA KIACTEPU30BAHHBIX ONTHYECKUX LIEHTPOB, MOJIETH KOTO-
PBIX O0CYKIArOTCSI.

VYcraHoBieHne 3aKOHOMEPHOCTEN BIIMSHHS HEAKTUBHOW MPUMECH Ha KOH-
meHTpamnuio T M-Y IeHTPOB M UX CBOMCTBA OyIeT crtocoOCTBOBAThH pa3paboTKe Of-
TUMAJIBHOTO COCTaBa AKTUBUPOBAHHBIX KPUCTAIIOB JJIS MOTy4eHHS 3P (EKTUBHOM
Ja3epHON TeHepaluu 00J1acT 2 MKM.

1. O.K. Alimov, M.E. Doroshenko, K.A. Martynova et al. J. of Lumin. 167, 16
(2015).

2. M.E. Doroshenko, A.G. Papashvili, K.A. Martynova et al., Laser Phys. Lett.
12, 125701 (2015).
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COMPACT MID-IR SOLID-STATE LASERS

M.E. Doroshenko!, V.V. Osiko*
'A.M. Prokhorov General Physics Institute RAS, Moscow
E-mail: dorosh@lst.gpi.ru

During last several years a growing interest in the solid-state lasers practical
application faced the problem of extension of laser radiation further to mid-IR
spectral region (2-6 mkm). The need in mid-IR lasers is caused by the existence of
transparency windows in the atmosphere and thus by the possibility of using IR la-
ser radiation in open-beam optical systems. This radiation is additionally less sen-
sitive to atmospheric noise compared to systems using near-IR laser radiation. Al-
so, the presence of a large number of intense absorption bands of molecular gases
Iin the 2-6 mkm spectral range makes it possible to use tuneable mid-IR lasers in
highly sensitive detection systems.

The development of solid-state mid-IR lasers requires a solution of a number
of fundamental problems. First, the laser radiation must not be absorbed by crystal-
line or glassy host which should have a broad transparency window. Second, even
in the case of a sufficient transparency of the matrix at the laser wavelength, mid-
IR transitions can be efficiently quenched due to multiphonon relaxation. From this
point of view, the wide class of oxide matrices turns out to be out of interest for
development of mid-IR lasers. The longest-wavelength known laser based on an
oxide crystal is the erbium doped yttrium aluminium garnet laser (A = 2,94 mkm).
Next, there appear problems with pumping. At present state highly efficient semi-
conductor visible and near-IR lasers are mostly suitable for excitation of only high-
energy states of laser ions, which leads to high Stokes losses and, as a result, to low
lasing efficiency when mid-IR lasing is required.

In the report most attention will be paid for chalcogenide matrixes (i.e.,
compounds based on sulphides, selenides, and tellurides) as hosts for active ele-
ments of mid-IR laser. Binary compounds which were mainly developed during
the last decade will be discussed and solid solution approach to these type of com-
pounds will be demonstrated to be a perspective way to shift laser radiation further
to mid-IR spectral range. The results on transition metal elements, such as divalent
chromium and iron active ion doping in case of A"BY' compounds, or rare earth
ions doping in case of sulphides will be presented.

As a result oscillation wavelengths up to 5,5 mkm in Dy** doped lead thy-
ogallate (sulfide) crystal and central oscillation wavelengths up to 5,7 mkm (at
220 K) in and up to 5,8 mkm (at 240 K) in CdMnTe solid solutions will be demon-
strated.
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NEW APPROACH OF STUDDING OF ACTIVE MEDIA GAIN PROPERTIES
USING Z-SCAN TECHNIQUE

V.V. Semashko, O.R. Akhtaymov, A.A. Shavelev, V.A. Ostatochnikov
Kazan Federal University, Kazan
E-mail: uadpcy@mail.ru

An opportunity of studying of optical gain properties of active media using
the open aperture z-scan technique without any additional probe beam is demon-
strated for the first time. It is shown that, the method allows evaluating pump in-
duced photodynamic processes parameters in UV solid-state active media on the
pumping and lasing wavelengths: excited-state absorption and photoionization
cross-sections of active ions, effective absorption and ionization cross-sections of
color centers and recombination rates.

175



ACTIVATED HUNTITE-LIKE GLASSES: ACHIEVEMENTS
AND PROSPECTS

G.E. Malashkevich®, V.V. Kouhar', T.G. Khottchenkova®,
A.N. Shimko*, V.N. Sigaev?, N.V. GolubeVv?, E.S. Ignat’eva’,
M.Z. Ziyatdinova®, E.V. Pestryakov®
'B.I. Stepanov Institute of Physics, NAS of Belarus, Minsk
’D.I. Mendeleev University of Chemical Technology, Moscow
*Institute of Laser Physics SB RAS, Novosibirsk
E-mail: g.malashkevich@ifanbel.bas-net.by

It is known that the most of the «laser» rare-earth ions in dielectric media
undergo cross-relaxation interactions which are the major cause of concentration
guenching of luminescence and the source of problems during the creation of ac-
tive media with high radiation energy specific volume. Effectiveness of such in-
teractions, all other things being equal, is in inverse power dependence on distance
between the donor and the acceptor in case of multipole interaction and decreases
exponentially with the index of size order of their electron shells in case of ex-
change interaction [1]. It is also well known that at the increase in Ln concentration
average Ln—Ln distance decreases down to minimally possible (R,) for given ma-
trix, which is defined by its structural features. While its further increase just in-
creases the number of ions at such distance. That is why the search of matrixes,
which provide high Ry, is prior at creation of highly-doped laser media with high
specific energy extraction.

The most known examples of oxide matrixes satisfying this condition are
huntite-like crystals YAIl;(BOs), with Ryin # 6,0 A [2] and Li—Ln-phosphate glass
with Rmin = 5,6 A [3]. The basic shortcoming of the former is relatively high fre-
quency of valent vibrations of BO3 groupings (v, ~ 1300 cm™* [4]), which leads to
considerable intracenter quenching of Ln®* luminescence with low energy gap be-
tween metastable and nearest lower state, and of the latter — low physico-chemical
characteristics. Therefore, numerous attempts are made to obtain matrices that are
devoid of these shortcomings. One of the promising options for solving such prob-
lem is the production of yttrium-aluminoborate glasses with composition close to
the stoichiometry of huntite, taking into account high concentration of glass-
forming oxides in the latter and the possibility of their transformation into a vitre-
ous state of some of BOs groupings in BO,with v, ~ 1100 cm* [4].

In present work the results of research of main structural, spectral-
luminescent, thermophysical and lasing parameters of the (Ln,Y1,),03—Al,O5—
B,O; glasses, where Ln = Ce, Sm, Tb and YD, are stated.

Experimental samples of glasses were obtained by melting in platinum cru-
cible in air at the temperature 7= 1250-1550 °C in electric resistance furnace. As
initial components Ln,O; (high pure), Y,03 (high pure), AI(OH); (analytical
grade), HsBO; (chemically pure) were used. Melt was cast on a metal plate and
pressed by another metal plate till 2-5 mm thickness. Huntite-like polycrystals
were synthesized at 1160 °C for comparison.
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The structure of samples obtained was investigated using X-ray diffractome-
ter DRON 3M (CuK,, radiation, Ni-filter), FTIR spectrometer Nexus and Raman
spectrometer Spectra Pro-5001 with 180° geometry and laser excitation at A = 532
nm.

Absorption spectra were recorded using a Cary-500 spectrophotometer. For
the investigation of luminescence spectra and luminescence excitation spectra, an
SDL-2 spectrofluorimeter was used. Luminescence decay kinetics was investigated
using Tektronix TDS3032B oscillograph at excitation by monopulse laser on sap-
phire with titanium (A = 890-920 nm, pulse duration at half-width ~ 10 ns) and its
harmonics, as well as laser on molecular nitrogen Nitromite Laser LN-100 (337 nm
and 0.3 ns).

Microparameters of donor-acceptor interaction of Sm*" ions (Cp.a =
4,2+4,5.10" cm®™") and Ryin=6,7 £ 0,5 A were defined by applying luminescence
kinetic technique to the (Sm,Y,),0s—Al,0;-B,0; glass system [5]. Record for
oxide materials Ry, value, having composition close to huntite stoichiometry, gave
us the possibility to call these glasses huntite-like. It was established that ultimate
luminescence quantum yield of Sm®* ions in such glass is about 15% higher than in
huntite polycrystals (fig. 1). This fact can be explained by the weakening of intra-
center luminescence quenching due to transformation of the part of BOz-groups in-
to BO,4-groups, which part significantly rises at reduction of synthesis temperature
(fig. 2). At pumping of these glasses by light-emitting diode with A ~ 402 nm and
power about 200 mW, a heightened luminescence was obtained [6].
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Fig. 1. Concentrational dependence Fig. 2. Raman spectra of
of quantum yield of Sm** ions luminescence La,03-Y,03—-Al,03—-B,05 glasses obtained
in huntite-like glasses (1) and polycrystals (2) at 1450°C (1) and 1250°C (2)

Indirectly high R, value in huntite-like glass is also proved by the absence
of concentration quenching of Tb*" ions luminescence [7], which in majority ma-
trixes is realized by the Tb*(°D, = "Fo.,) : 3Tb**("Fs —> 'Fy,) pattern. This fact
promises definite prospects for the use of such glasses as UV image visualizers.
However due to relatively high-frequency position of the intensive inter-
configurational absorption bands of Tb*" ions, only radiation with A < 250 nm can
be absorbed in thin layer, and more long-wave UV-radiation cannot create a sharp
image in glass. That is why Ce®* ions were used as Th**-ions luminescence sensi-
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tizer. It was found out that cerium in contrast to terbium in huntite-like glasses is
realized in two charge states: +3 and +4. To prevent the appearance of the latter,
Sh,05 oxide was used, which partially changes to Sb,Os in the melt, reducing Ce*
to Ce>". As a result, glasses characterized by absorption, luminescence and excita-
tion spectra shown in fig. 3, were obtained. It can be seen that they provide almost
complete absorption of UV radiation with A <315 nm in ~ 100 um thickness, the
absence of considerable gaps in UV luminescence excitation spectrum of Th*, ex-
pressed by Sb** (A ~ 270 nm), Ce** (A ~ 310 nm) and Tb*" (A ~ 220 nm) absorption
bands, overwhelming share of the quanta emitted by Tb** ions (A ~ 490, 545, 587
and 620 nm) and minor share of quanta emitted by Ce®* -ions (A ~ 350 nm).
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Fig. 3. Luminescence (1), absorbtion (2) and luminescence excitation (3) spectra
Aexe = (1) 300 M, Arec = (3) 545 nm

Quantum yield of sensitized luminescence of Tb** ions in such glasses 7 at
variation of co-activators concentrations is changed according to fig. 4. It can be
seen that maximum value of this parameter (=80 %) is realized at
Ce,03 concentration <1 mol. % and Tbh,0O3; concentration >5 mol. %. Lower 7
values at Ce,03 concentration equal to 2 and 5 mol. % and negligibly low Ce(1V)
part can be explained by the quenching of Ce** luminescence by Sb>* ions and
shielding of luminescence excitation band of the former by the absorption band of
the latter. This explanation is supported by much greater weakening of Ce** lumi-
nescence intensity in comparison with the reduction in its mean duration with the
increase in the concentration of antimony. Quenching of luminescence by
Tb* (D4 — 'Fy) : 6Ce* (*Fs, — °F+12) scheme can give contribution to 7 reduction
at high concentrations of coactivators. As concerns Sb** ions luminescence, it turns
out completely quenched by the transfer of excitations on Ce** and Tb** ions.

178



Fig. 4. The dependence of quantum yield of sensitized luminescence of Tb** ions
on Ce;03 and Th,O3 concentrations. Sb,O3 concentration,
mol. %: (1) 1.0; (2) 2.0; (3) 5.0. Aexc =320 nm

It seems that the large value of R, can play the positive role in realization
of maximum efficiency of lasers on glasses activated by Yb® ions, because such
an implementation is hampered by photoshading and cooperative luminescence.
The first effect is due to photoreduction of Yb** to Yb®* in Yb-Yb cluster [8], and
the second is due to superexchange interaction among Yb** ions, which takes place
at their clustering. Extra incentive for investigation of such glasses is the absence
of data about effectivity of intracenter quenching of Yb®*" luminescence.

Luminescence and absorption spectra of glasses of (mol. %) 1,5Yb,05—
8,5Y,05,—30Al,05;—60B,0; composition are shown in fig. 5. Determining the value
of the radiative decay duration of the metastable state Yb®" for this glass in terms
of the Kravets integral [5] we obtain t,,g = 890+40 us. This value in the range of
experimental mistake stays constant at Yb,O3 concentration variation in the limits
of 0,5-10 mol. %. The kinetics of Yb* ions decay retains almost exponential inde-
pendently on activator concentration and impurity OH -groups. Approximation of
probability of Yb* luminescence quenching by OH -groups for low-doped glass
(0,5 mol. % YDb,0O3), being defined as W = 1/t,, — 1/7,,4, to the region of zero in-
dex of peak absorption of these groups at A =~ 2820 nm shows in correspondence
with Fig. 6, that intracenter quenching of luminescence can be neglected.
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Fig. 5. Luminescence (1) and light Fig. 6. The dependence of quenching
attenuation (2) spectra of 1.5Yb,03— probability of Yb** luminescence in 0,5Yb,03—
8.5Y203—30A|203—608203 glass. 9,5Y203—30A|203—608203 glass on OH -
Aexc = 910 NM. Ahexc =2 NM, Adrec =1 NM groups concentration
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Here it should be noted that the intensity of Yb—Yb-centers luminescence in
huntite-like glass is approximately two orders lower than in silicon gel-glass at
identical excitation conditions and twice-lower ytterbium concentration. In addi-
tion, photoreduced Yb* ions luminescence, which indirectly testifies to the ab-
sence of considerable shading, is absent in large range of pumpings. These facts,
taking into account negligibly low intracenter quenching of Yb** luminescence and
relatively high effective values of the band *Fs, — *F7, half-width (=~ 33 nm) and
induced radiation cross-section (0,5-10°% cm? at 1040 nm), allow to consider
glasses of the Yb,05-Y,03;—Al,0;—B,0; system as promising laser materials. The
additional advantage of such glasses is their relatively high thermoconductivity
(~ 3,25-107° cm?/s [9]).

To obtain laser action, we used a longitudinal pump model with a laser light
emitting diode with A ~ 965 nm. Active element was designed as 2 mm glass plate.
Its glass spectra are given in fig. 5. A dichroic mirror with losses at a pump wave-
length and in the region of amplification of 3% and 0,3%, respectively, and a
spherical mirror with transmission of 0,3% formed the resonator. Pumping radia-
tion was transmitted from the end of the fiber to the center of the active element
without the loss of power density by means of a lens telescope with matching of
waists of pump and of resonator. The average pump power incident on the sample
was formed by a chopper with a 12-fold decrease in the power of the pump laser
(the duration of the chopper window was ~ 1,5 ms).

As a result of the carried out experiment, laser action of optical radiation at
A ~ 1062 nm (fig. 7) with threshold for specific absorbed power 130 W/mm? was
obtained. Low-intensity signal in this fig. at A ~ 965 nm is the radiation of pump-

ing.
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Fig. 7. Laser action spectra of laser with 1,5Yb,03-8,5Y,03-30Al,03—-60B,03 glass active
element at pumping power (W/mm?) 300 (1), 850 (2) and 1000 (3)

Thus yttrium-alumoborate glasses with composition close to huntite stoichi-
ometry synthesized by melting technique are characterized by (1) record for oxide
materials value of minimal Ln—Ln distance, (2) higher in comparison with huntite-
like crystals luminescence quantum vyield of activators with energy gap
< 10000 cm™* between metastable and the nearest underlying levels, (3) at coacti-
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vation by Ce*, Tb* and Sb*" ions, they can be used for UV-images visualization
and (4) at activation by Yb** ions, they are promising as active materials of femto-
second microchip lasers.

This work was partly supported by BR FBR (grant no. F155B-028) and RF

FBR (grants no. 16-03-00541 and no. 16-53-00157).
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ANTI-STOKES LUMINESCENCE OF FLUORIDE MATERIALS
WITH FLUORITE-TYPE STRUCTURE DOPED Er* AND Ho*" IONS

A.A. Lyapin', P. A. Ryabochkina', M.V. Chernov', S.V. Kuznetsov,
P.P. Fedorov
'National Research Mordovia State University, Saransk
Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow
E-mail: andrei_lyapin@mail.ru

An analysis of the articles included in the Web of Science and Scopus data-
bases shows that the number of publications devoted to studying of the upconver-
sion materials is increasing every year. Interest in these materials is due to their
wide application in various fields of science and technology [1, 2].

In this paper we present a review of a number of applications of upconver-
sion materials in solar batteries, visible lasers, visualizers of laser radiation.

Also, the results of an investigation of the upconversion luminescence in
fluoride crystals, ceramics and powders with the fluorite structure doped Ho** and
Er*" ions under excitation by various infrared laser are presented [3, 4].

This work is supported by the Russian Science Foundation under grant 17-
72-10163.
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3. A.A. Lyapin, P.A. Ryabochkina, A.N. Chabushkin et al., Journal of
Luminescence 167, 120 (2015).
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FEATURES DIMENSIONAL MATERIAL PROCESSING
WITH A LASER BEAM MODULATED

S.V. UsoV', A. V. Zhdanov’
! LLC Technological system of protective coatings, Shcherbinka
2 V/ladimir State University named after A. G. and N. G. Stoletovs, Vladimir
E-mail: zhdanov@uvlsu.ru

The most critical technical challenges in the development of the dimensional
processing technologies include: (1) development of scientific basis for creation
and implementation of competitive, powerful lasers, technology and equipment for
the manufacture of products for civilian use; (3) creating a laser processing method
for high quality manufacturing parts from difficult to machine materials complex
parts; development of laser methods for the dynamic exploration of different sheet
profiles complex products. The disadvantage of lasers is the low reliability in terms
of production facilities for the operation cutting, welding and strengthening, be-
cause when the laser material particles, falling into the powerful area of the lumi-
nous flux absorb the energy of the beam and burned, produce heat. The laser con-
sists of a sealed transmitter optical design, tubular filter, the compressor, the opti-
cal system of the information beam, the cooling unit of the power system manage-
ment and control. The laser works in the following way. Before the burning of the
pump lamps is included in the optical circuit, at the time of switching of the cool-
ing unit and the supply voltage system power management and control switches on
the compressor, which begins to pump atmospheric air into the sealed housing of
the emitter. The air passing through silicagel located in a tubular filter through its
walls enters the body of the radiator elements of the optical scheme. To ensure re-
liable laser operation, you must determine the amount of the internal volume of the
housing of the emitter is selected based on the optimal pressure values, which are
created with purified air in the internal volume of the radiator under the action of
the compressor during operation of the laser in the mode of generation of energy.
At pressures above 106,3 kPa was observed the following phenomena: cracks in
the tubes, misalignment of the optical scheme, the depressurization of the rubber
seals optical elements; when the pressure is below 101,3 kPa - podgey on the mir-
rors and the end faces of the optical elements, the drop in laser power.

The proposed device of the laser due to the constant diffusion of purified air
eliminates stagnant areas and creates a slow process of destruction of elements of
the optical system. In addition, selected values of pressure does not create stresses
in the structural members.
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LASER CRYSTALS WITH MICROTEXTURED ANTIREFLECTIVE
COATING FOR MID-IR

A. A. Bushunov M. K. Tarabrin, S. M. Tomilov
Bauman Moscow State Technical University, Moscow
E-mail: zendel@yandex.ru

Mid-IR lasers are widely used in various fields of science and technology.
Development of the coherent sources in range of 2-3 mkm is important and actual
task, because there are many absorption lines of molecules, which makes it possi-
ble to use such lasers in medical diagnostics and spectroscopy. Lasers for such ap-
plications must have high average output power and wide frequency tunability
range. Lasers based on chalcogenide crystals doped with transition metal ions
(Cr**:CdSe and Cr**:ZnSe) have shown promising performance. [1].

However, there are some issues with using of these materials as active me-
dia. One of the problems is the high reflection coefficient from a surface of the
crystal, since the chalcogenides have a high refractive index of 2,4 at operating
wavelength of 2 mkm. That results in a 30 % of reflection losses, which could be
minimized with traditional antireflection thin-film dielectric coatings. But these
coatings have low optical damage threshold, which makes their application in
high-power lasers impractical. An alternative to thin-film dielectric antireflection
coatings are microtextured antireflection coatings which optical damage threshold
Is same as of active medium [2]. The aim of the work is to design of an effective
microtextured antireflection coating for the mid-IR region and the method of its
formation.

At Science and Education Center for Photonics and IR technology we devel-
oped the method for producing microtextured antireflection coatings with
FemtoLab laser micromachining system. The efficiency of the method was esti-
mated by measuring geometric and spectral characteristics of the crystals with mi-
crotextured faces. By using our method it’s possible to reduce the reflection coeffi-
cient of ZnSe crystal from 16 % to 7 %. Thus, it is shown that it’s possible to use
such antireflection coatings instead of conventional dielectric thin-film antireflec-
tion coatings.

1. 1.S. Mirov et al., Journal of Luminescence 133, 268-275 (2013).
2. 2.Sean McDaniel et al., Opt. Mater. Express 4, 2225-2232 (2014).
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INVESTIGATION OF THE SPECTRAL-KINETIC AND AMPLIFYING
CHARACTERISTICS OF THE PERSPECTIVE ACTIVE MEDIUM
OF THE UV RANGE LiSr, gCag,AlFs: Ce®*

A.A. Shavelev, A.S. Nizamutdinov, V.V. Semashko,
M.A. Marisov, A.A. Shakirov
Kazan Federal University, Kazan
E-mail: alexey.shavelev@gmail.com

Fluoride crystals are used as active media for obtaining laser radiation [1, 2].
In our case, this is a crystal with cloguiumite structure, activated by cerium ions.
These compounds have a number of advantages with respect to oxide compounds:
a low melting point and a wide band gap. A Significant inhomogeneous broaden-
ing of the vibrational laser transitions of these ions causes a broad amplification
band which gives ability to wavelength tuning and ultrashort pulses generation [3,
4].

The aim of this work is investigation of the spectroscopic properties of
LiCAF and LiSrqgCag,AlFs samples activated by trivalent cerium ions at various
temperatures, namely, the room temperature, the temperature of liquid nitrogen and
liquid helium, and the study of optical gain spectra in the samples under study by
the interconfigurational 5d-4f ion transitions Ce®".

As a result of experiments, three types of impurity centers of Ce** ions were
identified in the mixed LiSrqgCag,AlFg crystal. It was also found that in the mixed
crystal LiSrosCag,AlFs: Ce® (18 cm™ in the region of 270 nm) the absorption co-
efficient of Ce** ions in the UV range of the spectrum is approximately 6 times
greater than the absorption coefficient in an unmixed LiCAF: Ce* (3 cm™ In the
region of 270 nm), which once again proves the perspective of the selected materi-
al.

1. W.H. Lee et.al.,Physical Review B 39 (13), 8907 (1989).

2. M.A. Dubinskii et.al., Journal of Modern Optics 40 (1), 1-5 (1993).

3. N. Sarukura, Z. Lie, H. Ohtake, Optics Letters 22 (13), 994-996 (1997).

4. M.H. Pham et.al., Japanese Journal of Applied Physics 53, 062701 (2014).
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STRUCTURAL FEATURES AND DISTRIBUTION COEFFICIENTS OF Pr*,
Y* AND Lu*" IONS IN LiY;,LuF, MIXTURE CRYSTALS

V.G. Gorieva', A.A. Lyapin'?, S.L. Korableva', B.N. Kazakov', V.V. Pavlov’,
V. M. Kyashkin?, V.P. Mishkin?, P.A. Ryabochkina? V.V. Semashko®
! Kazan Federal University, Kazan
2 Ogarev Mordovia State University, Saransk,
E-mail: ekorre_v@mail.ru

The praseodymium doped wide-band gap dielectric crystals are well known
UV and visible phosphors emitting from 220 nm to 730 nm. Widely used for visi-
ble lasing LiLuF, and LiYF, crystals are isostructural to each other and demon-
strate similar optical and kinetic properties. At the same time LiLuF, exhibit better
optical quality than LiYF, crystals due to its congruent melting behavior [1]. From
the other hand LiLuF, crystals are used rarer for laser implementations due to high
cost of the lutetium compounds and lower distribution coefficient of Pr** ions than
LiYF, [2]. To reach balance between these two parameters the solid solutions of
LiYLu,F, can be used.

The nine samples of LiY.,LuF, (x=0; 0,3; 0,5; 0,6; 0,7; 0,8; 1) mixture
crystals doped by 1 at% of Pr3* ions in the melt and pure LiY,3lugsF4 and LiYF,
crystals were studied in the present search. Here we present the results of spectral-
Kinetic investigations, energy-dispersive x-ray spectroscopy (EDS) and x-ray dif-
fraction (XRD) analysis of these crystals along their growth direction. The distri-
bution coefficient of Pr**, Y*" and Lu®* ions dependences along crystalline bulk are
discussed. The crystal structure investigations of the doped and the undoped crys-
tals are presented.

This work was funded by Russian Foundation for Basic Research [grant
numbers 15-02-05309, 53/15-15] and the subsidy of the Russian Government
[agreement number 02.A03.21.0002] to support the Program of Competitive
Growth of Kazan Federal University among World’s Leading Academic Centers
and the subsidy allocated to Kazan Federal University for the state assignment in
the sphere of scientific activities [number 3.1156.2017/4.6]. Modernization of the
equipment for crystal growth and development of corresponding methods were
performed under the framework and the financial support of Russian Scientific
Foundation [grant number 15-12-10026].

1. F. Cornacchia, A. Richter, E. Heumann et al.,Optic Express 15, 992 (2007).
2. A.Richter, E. Heuman, G. Huber et al., Opt. Express 15, 5172 (2007).
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INFLUENCE OF EXTERNAL FACTORS ON PHOTODYNAMIC PROCESSES
AND PARAMETERS OF LASER GENERATION IN ACTIVE MIDEIA
Lilug,YosFsCe*

I.I. Farukhshin, A.S. Nizamutdinov, V.V. Semashko,
S.L. Korableva, M.A.Marisov
Kazan Federal University, Kazan
E-mail: burushal6@gmail.com

Today new technologies express demand on lasers oscillating in ultraviolet
(UV) spectral range and having short pulse duration [1]. One of perspective meth-
ods of obtaining UV lasing is using of fluoride crystals doped by Ce®" ions as ac-
tive media. Fluoride crystals doped by ions Ce* allow us to obtain short pulses
with duration from several to tens of nanoseconds and even in subnanosecond time
domain.

There are photodynamic processes in UV active medium resulting in for-
mation of color centers (CC). Level of losses due to CC depends on amount of la-
ser radiation inside the cavity and doesn’t remain constant during experiment [2].
This gives an opportunity to utilize the CC losses for arrangement the modulation
of Q-factor of the cavity or even mode-locking.

Laser oscillation from Lilug;YqsF4Ce* (Ce:LLYF) was obtained in pulse
mode at the wavelength 311 nm and with pulse duration 400 ps. As it was investi-
gated earlier [2] increase of laser radiation intensity inside the cavity leads to
bleaching of CC. Level of losses due to CC depends on bleaching factors i.e. the
external additional irradiation and temperature [3]. This opens the way to manage
the amount of CC and saturable absorber contrast ratio.

We have developed the model of dynamic processes in Ce:LLYF which in-
cludes 5d-4f laser transitions of Ce®" ion, excited-state absorption, photoionization
processes and color centers formation. From work [3] it is known that lasing of
Ce:LLYF active medium under additional irradiation by 532 nm light increases in
intensity and slope efficiency which is apparently due to CC bleaching. Moreover,
with temperature decreasing slope efficiency also increase and threshold is de-
crease. We have modelled the laser output of Ce:LLYF active medium. By varying
the parameters of dynamic processes, we have achieved agreement of experimental
results and calculation and we were able to calculate parameters.

We expect that shortening of the pulse duration was achieved by passive Q-
switch, which is caused by bleaching of CC in the volume of the active medium
absorbing the laser radiation.

1. A. Saliminia et al., Optics Communications 333, 133-138 (2014).

2. V.V. Semashko et.al., Proceedings of SPIE 4766, 119-126 (2002).
3. L.A. Nurtdinova et.al., Las. Phys. Lett. 11 (12), 12580 (2014).
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CRYSTAL GROWTH OF CaF,— SrF,— YbF; SOLID SOLUTIONS
AND THEIR SPECTROSCOPIC PROPERTIES

S.N. Ushakov'?, M.A. Uslamina', P.P. Fedorov*?, V.V. Osiko?,
K.N. Nishchev', S.V. Kuznetsov®
! National Research Mordovia State University, Saransk,
Prokhorov General Physics Institute RAS, Moscow
E-mail: uslaminam@mail.ru

The prospects of using crystals of CaF,—SrF, solid solutions doped by rare-
earth ions as active elements of solid-state lasers with semiconductor pumping are
due, among other things, to the technological advantages of growing crystals of
high optical quality. Concentration series of Yb-activated crystals with different
Ca/Sr ratios have been grown on the NIKA-3 induction heating set-up.

It is known that crystals of fluorides with a fluorite structure, activated by
RE ions, have a large set of optical centers. They can be conditionally divided into
isolated (cubic), tetragonal, trigonal, and clusters. The ratio of these optical centers
and the structure of the clusters depends both on the type of the RE ion, its concen-
tration, and on the composition of the matrix (CaF,, SrF, or BaF,). For Yb*lasers
with semiconductor pumping, concentrations of Yb are more than 1 at%. In this
case, the dominant contribution to the spectroscopic properties is made by the opti-
cal centers of the clusters and, in part, by the tetragonal centers.

Studies of the absorption spectra of the concentration series made it possible
to identify the absorption lines of these centers.

An estimate of the ratio of the spectral lines of clusters to the spectral lines
of the tetragonal centers in the concentration series (Ca,Sry.,)F, with a change in x
from O to 1 revealed a nonlinear dependence. To a certain extent, the ratio of the
spectral lines correlates with the crystallization temperature and the stability of the
crystallization front.

The study of the absorption line contour of the optical centers of
Yb* -clusters in crystals of Ca,SryF, solid solutions showed the same line shape
take place from Srge6Y Do 4F204 UP t0 Cag 7Sro 26Y Do 04F2,04.- The minimum width at
half-height (6,7 nm) of the absorption line with a maximum at 975 nm is observed
for the composition of CagseSro4Y boosF204 (Near the point of congruent melting of
solid solution).

The conducted research allows us to conclude that in crystals of solid solu-
tions (Ca,Sry.,)YbgosF204 disturbed not only simple equiprobable distribution sta-
tistics of the ions Yb®" in the crystal volume, but also the distribution statistics of
Ca”*and Sr** in the immediate vicinity of Yb clusters.
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TUNABLE 2 um YSZ:Ho SOLID-STATE LASER

N.G. Zakharov', K. V. Vorontsov', E.E. Lomonova?, A. A. Lyapin®,
P.A Ryabochkina®, A.N. Chabushkin®
! Russian Federal Nuclear Center All Russian Research
Institute of Experimental Physics, Sarov
2 A.M. Prokhorov General Physics Institute, Moscow
* National Research Mordovia State University, Saransk
E-mail: chabushkin@mail.ru

Solid-state lasers, which operate at the A > 2 um spectral range are of great
interest for a variety of practical applications in medicine, lidar systems, the pump-
ing sources of mid-infrared lasers.

In the present paper YSZ:Ho continuous wave laser at 2130 nm was devel-
oped. The maximum output power of 5 W with a slope efficiency of 37 % for con-
tinuous-wave operation was achieved. A tunable laser operating in the spectral
range 2056-2168 nm on the YSZ:Ho crystals was demonstrated.

The maximum power of pumping laser based on YLF:Tm crystal was
16,5 W at the wavelength 2130 nm.

The pump light was focused on the YSZ:Ho in spot diameter d=300 mkm.
The active element of the YSZ:Ho crystal has the size 3x3x20 mm. The laser cavi-
ty was formed by the flat input mirror with 90 % transmission at the pump wave-
length 1910 nm and a spherical output mirror with radius of curvature 150 mm
with 6 % transmission at the lasing wavelength 2130 nm. Pump threshold of 1 W
was achieved.

Figure 1 shows the output power of YSZ:Ho laser as a function of incident
pump laser power.
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Fig. 1. Output power of YSZ:Ho laser
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USE OF TWO-MICROWAVE LASER RADIATION FOR THE PROCESS
OF ENDOVASAL LASER COAGULATION OF VARICOSE VEINS

A.N. Belyaev, O.A. Kuznetsova, A.A. Lyapin, S.A. Artemov, P.A. Ryabochkina,
A.N. Chabushkin, S.A. Khrushalina
National Research Mordovian State University. N.P. Ogaryova, Saransk
E-mail: sergey560113@gmail.com

In present time, laser coagulation of varicose veins uses lasers that generate
radiation at wavelengths of 0,81 mkm, 0,97 mkm with a radiation power of
15-20 W and at wavelengths of 1,47 mkm and 1,56 mkm. Radiation of the latest is
falling into the absorption band of water, whereby the process of coagulation of
varicose veins occurs during their use is carried out at lower laser radiation power
values of 10-12 W.

It should be noted that the solution of problems to achieve the effect of
coagulation of varicose veins at lower values of power are topical, as this will lead
to less damage to the adjoined tissues and nerves and will speed up the process of
recovery.

In this paper, the results of in vitro and in vivo experiments on the use of
laser radiation with a wavelength of 1,885 mkm for endovasal laser coagulation of
varicose veins are presented.

In-vitro experiments were performed on human vein segments extracted
interoperatively. In-vivo experiments were fulfilled on the dog's veins.

As a result of the conducted experiments it was shown that the effect of
coagulation of varicose veins with the use of radiation with a wavelength of
1,885 mkm is provided at a radiation power value of 4-5 W.
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LARGE-APERTURE OPTICAL ELEMENTS
FOR HIGH-POWER LASER SYSTEMS

A.P. Prokhorov, M.A Novikov, A.N. Sevryukova, V.V. Gribko, Al.P. Prokhorov
Institute of Applied Physics of the RAS, Nizhny Novgorod
E-mail: prokhorov.artem@appl.sci-nnov.ru

The results of growing large-sized profiled single crystals of KDP [1] and
DKDP [2] (the deuterium percentage was not less than 97,6 %) by the method of
rapid growing of monosectorial profiled crystals [3] are presented in this work. The
test samples were grown in the form of 320x320x70 mm? in a 150 I. crystallizer.
The growth was carried out in thermostated conditions with absolute supersatura-
tions not exceeding 3°C and a pH level of the solution equal to ~ 2,7. The crystals
grew on the side of the bipyramid (101). For the preparation of the solution, KDP
Prochem inc. salt was used. With an impurity content of Fe 50 ppb, Mg 50 ppb, Si
100 ppb, Al 50 ppb, Cr 89 ppb. The growth rate of single crystals was ~ 15 mm /
day. Crystalline boules with dimensions of 307x320x70 mm® (KDP),
303x320x70 mm® (DKDP) were obtained.

Using a Metrel TeraOhmXA tera-meter 10 kV M1 3210 (the error of the de-
vice does not exceed 5 %), the resistance of the samples was measured. Resistance
measurements were carried out on three electrode scheme (primary, measuring and
guard electrodes) with a voltage up to 10 kV. In the course of work we obtained
maps of resistivity distribution in the studied samples. According to the results of
the measurements current-voltage characteristics of the samples close to linear
were obtained, which corresponds to the high quality of the grown samples. Also
we measured the distribution maps of the magnitude of the resistivity for sample
325x330x13 mm®. Heterogeneity on the resistivity distribution maps were caused
by the presence of growth defects which in turn are the consequence of high
growth rates and morphological instability of the growing face of the crystal.

1. V.M. Puzikov, V.I. Salo, M.I. Kolybaeva, ed. STC «Institute of Single Crys-
tals», Kharkov, (2004)

2. D.M. Pennington, D.E. Milam, I.D. Eimer, Report at the Il Annual Int. Cof.
«Solid-State Lasers for Application to Inertial Confinement Fusion (ICFy,
17 (1996)

3. V.P. Ershov, Candidate's Dissertation in Physics and Mathematics (Institute
of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod),
(2007)
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GROWTH KINETICS OF PULSE-INDUCED UP-CONVERSION
LUMINESCENCE

A.V. Mikheev'?, B.N. Kazakov’
! Kazan National Research Technological University, Kazan
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A probabilistic model of growth kinetics of the up-conversion luminescence
in the systems consisting of two types particles is proposed: donors that interact
directly with pump radiation and acceptors that receive excitation energy from the
donors. It is shown that with rectangular modulation of the pump radiation and
t —+0 the time dependence of the luminescence intensity at the frequency v has
the form:

J(v,t) = kv p(v)t".. (1)
Here k is a scale factor; ¢(v) is a probability density function of the photons fre-

guencies; n is the number of successive energy transfer processes preceding the
transition of the emitting particles to the excited state. It is established that for the
donor radiation, in the absence of the energy migration: n = 0. In the case of the
acceptor radiation, the value of n>1 and depends on the energy transfer mecha-
nism from the donors subsystem. In particular, n = 1 means a single-quantum en-
ergy transfer as a result of the interaction of the excited donor with the unexcited
acceptor. If n = 2, then one process of two-quantum up-conversion energy transfer
by stimulated emission occurs [1].

By dint of equation (1), a regression analysis of growth kinetics of the up-
conversion luminescence of YO,SYbo,ng:Tm“(l at.%) crystal was carried out. The
luminescence was excited by the near-infrared radiation of the laser diode at the
wavelength of 933 nm (1,5 W). A rectangular modulation of the pump radiation
with a pulse duration of 0,2-25 ms and a modulation period of 15-50 ms was used.
As a result, the following values of the parameter n were obtained for the main
spectral emission lines of this crystal.

Aens NM | 1700 1030 824 479 363 290

n ~2 ~ 0 ~ 1 ~2 ~3 ~ 4
The existence of two parallel processes of the energy transfer from Yb*" ions

(donors) to Tm** ions (acceptors) has been discovered: 1) a single-quantum energy
transfer, leading to transition of the unexcited Tm*" ion to the *H, (A, =824 nm)

state; 2) a two-quantum up-conversion energy transfer by stimulated emission,
causing the transition of the unexcited Tm*" ion to the 'G, (Ayn =479 nm) state.

1. A.\V. Mikheev, B.N. Kazakov, JETP Lett. 102, 279 (2015).
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Water-soluble crystals such as KDP, a-LilOs;, Ba(NO,),, etc. Have been used
in optics and laser physics for many years. These crystals are the most suitable
nonlinear optical materials used to effectively convert laser radiation in the visible
and near IR ranges.

The growth technology and structural quality of crystals depend on the
quality of raw material. The reason is that the presence of trace amounts of certain
Impurities in the raw material and, correspondingly, in the solution affects the
growth kinetics of the (100) and (101) faces [1]. In particular, some impurities sig-
nificantly slow down the growth rate of prism faces and cause intersectorial stress,
which is unacceptable for the production of large crystals using high-rate growth
techniques. The ATy, value («dead zone»), which determines the validity of solu-
tions for growing single crystals, is an integral parameter of solution, characteriz-
ing the content of impurities distorting the (100) prism face. This problem has be-
come especially urgent in view of the studies on rapid growth of a-LilO;, KDP
crystals and their deuterated analogs (which are under way at the Institute of Ap-
plied Physics (Nizhny Novgorod) [2]). So, by analogy with the rapid growth of
KDP crystal [2], the ratio of the growth rates of (100) and (101) faces determines
to a great extent the rapid growth of a-LilOj3 crystals [3].

Thus, the study presents data on the effect of Fe(l103),, AglO;, CsOH,
H3;PO,, methyl methacrylate on the growth of the (100) face of a-LilO; crystals, a
method for measuring the «dead zone» of a-LilO5 solutions was developed, and
the step motion for KDP and a-LilOs.

1. D.A. Vorontsov, V.P. Ershov, Vestn. Nizhegorod. Univ. 1(9), 132 (2006).

2. V.P. Ershov, Candidate's Dissertation in Physics and Mathematics (Institute
of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod),
(2007).

3. V.l. Rubakha, A.A. Babin, M.A. Kotova, Proc. 11th Int. Conf. on Crystal
Growth NKRK-XI, Moscow, (2004).
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TWO MICRON INFRA-RED TO VISIBLE CONVERSION
IN HOLMIUM-DOPED PbF, CERAMIC

A.P. Savikin, A.S. Egorov, A.V. Budruev, L.Y. Perunin, L.A. Grishin
Lobachevsky State University, Nizhni Novgorod
E-mail: iperunin@mail.ru

The phenomenon of anti-Stokes luminescence (ASL) is used for conversion
infra-red to visible range. The Ho> ion (absorption band at the ground state transi-
tion 1870-2150 nm) has a great potential for 2-um IR to visible conversion.

The intensity of ASL largely depends from the Ho®* ion matrix. A small value of
high-frequency PbF, phonons energy, equal 257 cm™, makes this material a prom-
ising matrix for the efficient 2 um IR to visible conversion.

The goal of the experiment is to research the IR to visible conversion me-
chanics in PbF,:Ho®* ceramics and the quantitative assessments of the multiphonon
excitation and interionic energy transfer probabilities.

Samples of PbF,:1%Ho*" ceramic were prepared for the experiment. The
transmission spectra of 60TeO,-40PbF,:1% Ho** glass samples were used to con-
struct the diagram of Ho®" energy levels in PbF,. The spectrums were obtained in
the visible and near-IR ranges in spectrophotometer SF-56 and the Fourier-
spectrometer Varian 660-IR.

ASL of the samples was excited by Tm:YLF laser radiation at the 1908 nm

wavelength in pulsed and free running modes with intensity level | ~ 15 W/cm?.
In the experiment was obtained the ASL at 650 nm wavelength. The threshold
power intensity of Tm:YLF laser required for visual observation of luminescence
was measured. The graph of ASL decay was obtained and the radiative lifetime of
the Ho* ions on °1, level were measured. The probability of resonance absorption
and probability of cooperation was estimated.

An idealized system of balanced equations was formulated and solved for
stationary ASL condition . The estimations of populations at °lg, °17, °Is, °F5 Ho*"
levels were obtained and the emission power was roughly calculated based on the
results from equation systems solution.

According to the measurements and assessments performed the ASL is ob-
served even at low intensities of laser radiation, °Fs level is populated mainly by
ion-ion energy transfer.
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THE GROWTH AND PROPERTIES OF Ca,.xLi,xGeO,
SINGLE CRYSTALS
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It is known that Li,CaGeO, is among of the most perspective phosphors for
LED (light emitting diode) applications. It is shown that Li,CaGeO, doped with
different rare earth element emits intensely at 473 nm, at 485 nm and at 575 nm [1,
2, 3]. The main aim of this work is the growth of Ca,.,Li, GeO, monocrystals suit-
able for studying of their optical properties.

High temperature solutions (flux-method) were used for Ca,.,Li,,GeO, crys-
tal growth by spontaneous crystallization on a narrow platinum stick in a cylindri-
cal crucible with a diameter of 5 cm and a height of 5 cm. During the whole time
of growth (6 days) there was a uniform rotation of a platinum stick. Temperature
was changing from 952 °C to 932 °C. After the expiration of the specified time it
was formed the druse on a stick, that consist of a several crystals with sizes about
1 cm (see fig. 1). These crystals were used as seed crystals in other growths.

The measured spectrum of photoluminescence has maximum at wavelength 1222
nm. It’s mean that crystals are doped with ions Cr*. So crystals Ca,,Li,,GeO, are

perspective for using them in solid-state lasers in spectral region 1,1-1,6 mkm.
o Kb

Fig. 1. Photo of grown crystals of CasLiz-xGeOy

1. Meng Jian-Xin, Yang Chuang-Tao, Chen Qing-Qing, J. Lumin. 130 (7),
1320-1323 (2010).

2. 1.V. Berezovskaya at al, Ceram. Int. 39 (6), 6835-6840 (2013).

3. V.A. Ivanov, D.V. Simanovskiy, M.O. Marychev et al., J. Non-Cryst. Solids
456, 76-82(2017).
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STUDY OF THE TERNARY DIAGRAM ZN-SE-FE

M.P. Zykova®, V.U. Kroveletskaya®, E.N. Mozhevitina™?, I.Ch. Avetissov’
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The problem of doping of crystals ZnSe with d-elements for obtaining laser
materials of a wide IR range is not possible to successfully solve without reliable
data on phase equilibrium and solubility of d-elements in ternary system. To obtain
new fundamental information on phase equilibriums in the system by using X-ray
methods and a detailed analysis of the ternary system Zn — Se - Fe was carried out
in the paper.

Based on the literature data on the T-x diagram of the Zn - Se [1], Fe - Se
[2], and Zn - Fe [3] binary systems, we simulated T-x-y diagram of Zn — Se - Fe
ternary system as a consequences of isothermal sections in the 450-1850 K tem-
perature range. The result was the construction of 42 isothermal cross-sections.
Phase studies by annealed samples under isothermal conditions at temperatures of
730 K (I, 1) and 814 K (Il1, 1V) have shown of the existence phases: FezZny,-
Fei1Zng-Zn-ZnSe (1), ZnSe-FeSe,.Fe;Seg (Il), ZnSe-FeszZn,-Fe (111) and FeSe,-
Fe,Seg-Se.

The results were confirmed by theoretical isothermal cross-sections.

Se

n . e —— L
{—FeZni; &' Fe,zn,, FesZny, &8'-FesZn,, FesZn,,
8-Fezn,, 6-Fezn,,

a) b)

Fig. 1. T-x-y isothermal cross-section of ternary Zn-Fe-Se system
ata) T=730 K; b) T=814 K
The research was financially supported by Russian Science Foundation
(grant N 15-13-100028)

1. L.A. Sysoev, V. M. Andreev, E.K. Rayskin et al., Monocrystals, scintillators
and organic phosphors 3, 135-136 (1968).

2. H. Okamoto, Phase Diagrams of Binary Iron Alloys, Materials Park, 1993.

3. O. Kubashevski, Diagrams of the state of binary systems based on iron,
M.Metallurgy, 1985.
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THE SPECTROSCOPIC CHARACTERISTICS
OF LiYF, AND KY3F;s CRYSTALS DOPED BY Gd** IONS

A.S. Nizamutdinov %, V.V. Semashko *, S.L. Korableva !, E.I. Madirov *
! Kazan Federal University, Kazan
E-mail: ed.madirov@gmail.com

The development of modern technologies is inextricably linked with the
ability to obtain and work with short wavelength radiation.

However, to date, the number of media suitable for use in the ultraviolet
spectral range is quite small. The main goal, which is pursued during the develop-
ment of new media, is the possibility of working on new, previously inaccessible
wavelengths.

Wide-zone dielectrics doped with Gd*" ions seem to be perspective. Such
materials are widely studied as effective luminophores, because of the rich energy
level diagram of these ions, which determines radiative transitions in the visible
and UV regions of the spectrum. Today, there is some information concerning op-
tical properties in the UV range of the gadolinium ions in the fluoride matrix. It
was determined that in the excitation spectrum there are lines around 240 nm (S, -
°D transition), 275 nm (®S;, — °I transition). The luminescence was observed at
275 nm, 311 nm [1, 2, 3]. It seems promising to use these transitions to observe op-
tical amplification and laser generation in the UV region. The long exited state life-
time gives the prospects of low laser generation thresholds in a continuous mode,
and the effect of self-limiting transitions allows us to propose effective schemes for
short pulse generation using pulse pumping.

We investigated the absorption spectra of these intraconfigurational 4f-4f
transitions, as well as the spectral-kinetic characteristics of luminescence upon 6l1-
83, transition excitation (around 275 nm) in LiYF, and KY3F, crystals. We also
discuss optical amplification experiments in these crystals using pumping at
275 nm.

1. Guoxian Zhua, Mubiao Xiea, Rongkai Pana et al., Journal of Fluorine
Chemistry 188, 28-32 (2016).

2. AJ. de Vries, M.F. Hazenkamp, G. Blasse, Journal of Luminescence 42,
275-282 (1988).

3. R.T. Wegh, H. Donker, Meijerink, Phys. Rev. B 56, 13841-13848 (1997).

197


mailto:ed.madirov@gmail.com

SPECTRAL-LUMINESCENT CHARACTERISTICS OF Dy** IONS DOPED
IN Ca3(NbGa)sO,, AND LiYF, CRYSTALS

1.D. Arshinova’, P.A. Ryabochkina®, S.L. Korableva®
'Ogarev Mordovia State University, Saransk
2 Kazan State University, Kazan
E-mail: i.arshi88@gmail.com

Interest in the study of dysprosium ions as alloying elements for laser media
began in the 1970s. Today, the generation on dysprosium ions has been obtained in
a number of crystalline matrices [1, 2, 3], mainly in the middle of the IR region of
the spectrum.

Developed by nowadays the commercially available laser diodes emitting in
the blue region of the spectrum provide the principle possibility of obtaining laser
generation on Dy** ions in the visible spectral region, due to the effective pumping
of the *Fg, level. This resumed the researchers’ interest who work in the field of
laser physics to crystals doped with Dy** ions.

In the present work, the spectral-luminescent properties of LiYF,:Dy;
LiYF,:Dy, Th; LiYF4;Dy,Tm and Cas(NbGa)sO,,:Dy crystals has been inquired
and done their comparative analysis.

The values of the oscillator strengths are determined for the LiYF,:Dy and
Caz(NbGa)s0,,:Dy crystals from the integrated absorption coefficients of the Dy**
ion transitions from the ground state ®H,,, to excited manifolds of these transitions.
The values of the intensity parameters Q; (t=2, 4, 6) were also calculated. Using the
obtained values of the intensity parameters, the values of radiative transitions
probabilities of the Dy*" ions has been determined, which are interesting for ob-
taining laser generation on them.

1. N.P. Barnes, R.E. Allen, IEEE J. Quantum Electron. 27, 277-282 (1991).

2. H. Jelinkova, M.E. Doroshenko, et al., Appl. Phys. A. 122, 738-745 (2016).
3. S.R. Bowman, S.O’Connor et al., Opt. Express. 20, 12906-12911 (2012).

198



THE INVESTIGATION OF SPECTROSCOPIC PROPERTIES OF THULIUM
IONS OPTICAL CENTERS IN SOLID SOLUTIONS CaF,-YF3:Tm

K.A. Martynova, O.K. Alimov, M.E. Doroshenko, V.A. Konushkin, V.V. Osiko
General Physics Institute of Russian academy of science, Moscow
E-mail: kmartynoval9@gmail.com

The purpose of modern laser physics research is to find new active media for
efficient solid-state infrared lasers which are widely applicable in medicine, sci-
ence, ecology, etc. Fluoride materials (crystals and ceramics), activated with Thu-
lium and Holmium ions are a promising candidate for the development of high-
efficiency diode-pumped lasers operating at a wavelength of around 2 um. Howev-
er, as is known, rare-earth ions may have different local environment in fluoride
materials, which affects their spectroscopic and laser properties.

Previously, our scientific group has identified the individual luminescence
spectra of clustered, tetragonal and long-lifetime thulium ions optical centers in
CaF, crystals [1, 2]. In CaF,: Tm** solid solutions with inactive rare-earth elements
fluorides (YF5, LaFs, LuFs3), some thulium ions which form clustered centers are
replaced by yttrium ions. It causes the formation of new Tm-Y centers, and the dy-
namics of their formation and their spectroscopic properties are of great interest.

In this paper, we present the results of the investigation of spectroscopic
properties of clustered optical centers in CaF,-YF5: Tm** crystals. With the meth-
ods of low-temperature selective time-resolved laser spectroscopy, the spectro-
scopic properties of thulium ions in crystals with different concentrations of thuli-
um and yttrium fluorides were studied. The analysis of obtained results and the
comparison with the results obtained earlier for CaF, crystals allowed us to identi-
fy four different types of clustered optical centers in the CaF,-YF3: Tm®* crystals,
and their possible models are being discussed.

The establishment of regularities in the influence of the inactive impurity on
the concentration of Tm-Y centers and their properties will help the development
of an optimal composition for the activated crystals in order to obtain effective la-
ser generation at the 2 um wavelength.

1. O.K. Alimov, M.E. Doroshenko, K.A. Martynova et al., J. of Lumin. 167, 16
(2015).

2. M.E. Doroshenko, A.G. Papashvili, K.A. Martynova at al., Laser Phys. Lett.
12, 125701 (2015)
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ODODEKT AHA-TEJUIEPA B ITOJIYIIPOBOJHUKAX

H.C. Asepkues, A.A. ['yrkun
Quszuko-mexuudeckuti uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepobype
E-mail: averkiev@les.ioffe.ru

Oddext Ana-Tennepa unu teopeMa fAHa-Temiepa COCTOUT B yTBEPKICHUU,
YTO B pe3yjbTaTe B3aUMOJICHCTBUS C JIOKAJHHBIMHU KOJICOAHUSMH BBIPOXKIECHHOE
AJIIEKTPOHHOE COCTOSTHUE HEYCTONYHMBO, YPOBEHb PACHICTIISETCS W CHCTEMa Tepe-
XOJUT B KOH(UTYpaIUIo ¢ 0oJiee HU3KOW cuMMeTpuei. [{ms kyOuueckux Kpucrai-
JIOB, COJEp)KaIluX MPUMECHBIC aTOMBI, 3TO MPUBOAUT K BO3HUKHOBCHHUIO aHU30-
TPOIHBIX Ae()EKTOB, KOTOPBIC MOTYT M3MEHSTH CBOIO MTPOCTPAHCTBCHHYIO KOH(H-
rypaiuio, T.€. IEPEOPUEHTUPOBATLCA MPU HU3KHUX Temneparypax [1]. DTa anuzo-
TPOMUs OyZIEeT MPOSBIATHCS, HAPUMEP, B HCOOBIYHON 3aBHCHMOCTH ITOJISIPH3aIlH-
OHHOT'O OTHOIIIECHUSI OT HANPABJICHUS BHEITHEH HArpy3KH MPHU H3Ty4aTEIbHBIX -
pexonax, OOYyCIOBJIEHHBIX TakUMH Aedpexkramu. [IpuMecHbie 3IeMEeHTHl IMepBO
rpynnel Cu, Au, Ag B GaAs u mecroii rpynnel Cr B ZnSe sBinswoTcs sH-
TEJUIEPOBCKUMH KOMIUIEKCAMH, W B3aUMOJICCTBUE HOCHUTENICH 3apsja, JIOKAIU30-
BaHHBIX Ha TakuX Je(deKTaxX, C JIOKAIbHBIMU KOJICOAHUSIMU TETPAdIPUUECKOrO
KOMIUIEKca (MMPUMECh + YeThIpe aToMa OCHOBHOMW PEIIETKH) MPUBOJIUT K BO3HHUK-
HOBEHUIO HECKOJIbKUX SKBUBAJICHTHBIX KOHPUTYpAIUi C MOHMKEHHOW CUMMETPHU-
€ll, pa3eneHHBIX MPOCTPAHCTBEHHBIMU Oapbepamu. Bpems mepeopueHTanuu Ta-
KHX KOMIIJICKCOB, BOBJICKAIOIICH N3MEHEHHE TTOJIOKEHHSI aTOMOB PEIIETKH, MOYKET
COCTaBIIATH JOJM MHUKPOCEKYHJIbI, CJIEIOBATEIHLHO, OHO MOXKET OBITH OINMPEACIICHO
U3 9KCTIEPUMEHTOB T10 TIOTJIOMICHUIO U PACIIPOCTPAHEHUIO YIbTPa3ByKa C AHAIa3o-
HOM YIIbTPa3ByKOBBIX dactoT mopsiaka 10° — 10° T,

B nokmane OyayT mpeacTaBieHbl pe3ybTaThl IKCIIEPUMEHTAIBHBIX U TEOpE-
TUYECKUX HCCIICIOBAHUNA aHW3OTPOITHBIX SH-TEJUICPOBCKHX IEeHTpoB B GaAs u
ZnSe. byayt o0CyX/IeHbl U3MEHEHHUS ONTHYECKUX CBOMCTB apCeHM I TajuIusl, TIPH
nerupoBanuu ero Cu, Ag u AU, u pe3ybTaThl UCCIACAOBAHUNA MOTJIOMICHUS Yib-
tpasByka B kpucramiax GaAs:Cu ({I; + I;)®e-3anaua DT) u ZnSe:Cr (T®e-
3a/1aua) Ipv HU3KUX TeMIIepaTypax B MarHuTHOM ToJie U 0e3 moJist. Haubounee sip-
KUM okazajcs a3 dexT yBennueHus: kodhuiimeHTa moraoneHus monepeyHou 3By-
KOBOM BOJIHBI B HECKOJIBKO pa3z B ZNSe:Cr B ciiabbIX MarHUTHBIX MOJISIX, OPUEHTH-
poBaHHBIX napaieabHo HanpaByieHussM [001] u [110]. B HyieBoM MarHuTHOM Mo-
Jie JUTS TAaHHOTO TICHTPa TYHHEJbHBIE MePEXO0Ibl MEXKY SKBUBAJICHTHBIMU KOH(U-
rypaiusiMy 3anpenieHbl U3 coo0OpakeHU CUMMETPUH, a TOrJIolleHne 00yClIoBe-
HO peJIaKCallMOHHBIMM TIEpeX0oaMK ¢ ydacTHeM (OHOHOB (BpeMs peiakcaruu T).
s komrexkca CuGa,AS TyHHEIbHBIE TEPEXO/Ibl MEXKY KOH(MUTYypalUusMu pas-
pEIIeHbl U B OTCYTCTBUM MarHUTHOTO TOJIsI, YTO MOXET MPUBOJUThH K peakcalu-
OHHOMY W PE30HAHCHOMY ITOTJIOIICHHUIO 3BYKOBOM BOJIHBI COOTBETCTBYIOIICH ITO-
JSIpU3AIMU U HAIPABJICHUS PACTIPOCTPaHEHUS. DKCIIEPUMEHTAIbHbBIE HCCIIEe0BA-
HUsl [2] MOKa3bIBAIOT, YTO B UCCJENYEMBIX 00pa3liax UMEETCs MECTO pellakcallu-
OHHOE TIOTJIOIICHHUE, CO BPEMEHEM pellakcalluu c1a00 3aBUCSIIUM OT TeMIepaTry-

pBI.

Pa6ota BemonaeHa npu noxnepxke PODU (rpant 15-02-02750)

1. A.A. I'yrkun, H.C. Asepkues, O630p, ®TII, B neuaru, 2017.
2. N.S. Averkiev et.al, J. of Appl. Phys. 116, 103708 (2014).
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CIIEKTPOCKOIIMA OANHOYHbLIX ITPUMECHbLIX LIEHTPOB
B ITOJIYITPOBOJJHUKAX

IL.B. Iletpos
Quzuxo-mexuuyeckuil uncmumym um. A.@. Hogpghe PAH, Canxm-Ilemepoype
E-mail: pavel.petrov@gmail.com

N3ydenue CBOWMCTB OJMHOYHBIX MPUMECHBIX aTOMOB B TBEPABIX Telax B
HACTOSIIECE BPEMs SBIIICTCS OJHUM W3 OYPHO Pa3BUBAIOIIMXCS HAINIPABICHHUH CO-
BpeMeHHOM (pu3uku. C TOYKM 3peHHs (yHIaMEHTaIbHOM HAYKH TaKHE JKCIEepH-
MEHTHI TIO3BOJISIIOT MPOBEPUTh U YTOYHUTH TEOPETHUECKUE MOJEIH, pa3padoTaH-
HbIC HA OCHOBAHUH SKCIEPUMEHTAIBHBIX JTAHHBIX YCPEIHEHHBIX 10 MaCCHUBY TIPH-
Mecel. B mpukiagHOM OTHOIICHWHM TaKHWe UCCIICIOBAHUS MHTEPECHBI, TTOCKOJIBKY
OJIMHOYHBIA TIPUMECHBIA aTOM SIBISIETCS a0CONIOTHBIM TPEACIOM MHHHATIOPHU3a-
MU BJEKTPOHHBIX MPUOOpPoB. CyIECTBYET JBa OCHOBHBIX 3KCHEPUMEHTAIbHBIX
MOIX0/1a K M3YYEHHUIO CBOMCTB OJMHOYHBIX MPUMECEH: ONMTHUYECKas CIEKTPOCKO-
nusi U TyHHENbHas MHUKpockomus. OnTU4ecKkas CIEeKTPOCKONUS MPEInOYTHTENb-
Hee, TaK Kak McclielyeMasi IPUMECh HE MOABEPraeTcsl BIMSIHHUIO MOBEPXHOCTH. O1-
HaKO TPOCTPAHCTBEHHOE PA3pEIICHHUE MPU ITOM OTPAHMYCHO TU(DPAKIIMOHHBIM
npeneiaoM. JIisi TUMHYHBIX TMOTYIPOBOAHUKOB C IIUPUHOW 3ampemiéHHON 30HbBI
nopsinka 1 5B cpenHee paccTostHuE MEXKIY NMPUMECSIMH TOPSIKA JIMHBI BOJIHBI
MEK30HHOM peKOMOMHAIIMY COOTBETCTBYET KOHIICHTPALIMU MPUMECEH paBHOM 10*
CM™>, YTO TEXHONOTHYECKH TPYIHOLOCTIKHMO. sl PEOJONCHHS YTOTO OrPaHH-
YEHUST BMECTO OOBEMHBIX JICTUPOBAHHBIX TOTYMPOBOJTHUKOB H3YUaIOTCS JIETHPO-
BaHHBIC HAHOCTPYKTYpHI. B HacTosiee BpeMs XOpOIIO pa3BHTa CIIEKTPOCKOITHS
TaKUX OJMHOYHBIX MOJYIMPOBOAHUKOBBIX HAHOCTPYKTYP, KaK KBAHTOBBIE TOUKH.
Peann3oBaHbl SKCTICPUMEHTHI 110 ONTHYCCKOMY HCCIICIOBAHHUIO KBAHTOBBIX TOYEK
JICTUPOBAHHBIX OJMHOYHOHN MPUMEChI0 Maprasiia u xpoma. IIpu aTtom dopma, pas-
MEp U XMMHUYECKUU COCTaB KBAaHTOBOW TOUYKH, a TaK)KE PACIIOJIOKEHUE TPUMECH
BHYTPU HE€ SIBJISAIOTCS CIIY9alHBIMH. JTO YCIOKHSET SKCIEPUMEHT W 3aCTaBIISCT
BBOJUTH B TEOPETUUECKOE OMHMCAHKME IKCTICPUMEHTAILHBIX PE3YJIhTATOB JOIMOTHH-
TETbHBIC TTAPAMETPHI.

B nokmnane Oyner pacckazaHo 00 ONTHYECKHX HMCCIIECIOBAHUSAX OAMHOYHBIX
aToMoB Oepmust B Matpuiie GaAs. B kadecTBe moIympoBOJHUKOBBIX HAHOCTPYK-
Typ, JIOKAJTU3YIONUX PEKOMOMHUPYIOIINE HOCUTENN, OBUIM HCIIONB30BAHBI Y3KHE
kBaHTOBBIC MBI GaAS/AlGaAs nerupoBanHbie OepuuimeM. Ham ymamock skcrie-
PUMEHTAIBPHO U3MEPUTH CHEKTPHI (HOTOTFOMHUHECIICHITUN OOYCIOBICHHOU PEKOM-
OMHaIMel SKCUTOHA, JIOKAJIM30BAHHOIO HA OJAMHOYHOM IMpuMecHOM atome. Ilo-
CTpOEHHAsi TeOpeTUYecKas: MOJENb MO3BOJUJIA KOJIMYECTBEHHO OIMUCATh TOHKYIO
CTPYKTYpPY CHeKTpa (HOTOTFOMHUHECIICHIIMN SKCUTOHOB JIOKAJIM30BAaHHBIX Ha OJIH-
HOYHOM aKIIeNTOpe OepHILIus.

1. P.V. Petrov, LLA. Kokurin, G.V. Klimko et al., Phys. Rev. B 94, 115307
(2016).

202


mailto:pavel.petrov@gmail.com

HEKTPOCKOIIMA 5JIEKTPOHHBIX U SIEPHBIX CITMHOBbBIX
OJIVKTYALIMU B ITIOJIYIIPOBOJHUKAX
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E-mail: smirnov@mail.ioffe.ru

CnekTpockonusi CIOMHOBOI'O IIIyMa OCHOBaHAa Ha MPONYCKAaHWH Yepe3
oOpasel JIMHEINHO MOJIIPU30BAHHOIO CBETA U M3MEPEHUH (PIYKTyaluii CHMHOBOIO
curtania @apazes (MoBopoTa INIOCKOCTU MOJSPU3AIMU MPOIIeaero ceera) [1, 2].
B paBHOBECHBIX YCIIOBUSAX CHWHOBAas MOJSAPU3ALMUSA B CPEOHEM OTCYTCTBYET W
cpenHee 3HaueHHe (papazeeBCKOro BpalleHHs paBHO Hym0. OJHAKO B CHCTEME
HEM30€KHO MPHUCYTCTBYIOT TEIUIOBbIE CIHHOBBIE (IYKTyalllH, MNPUBOISAIINE K
GaykTyauusM Moysgpu3aluy mpoiueanero ceera. ypre-o0pa3 KoppeasiiuOHHOM
byukuuu curHana dapazies HaIPSMYIO OTPa)KaeT CHEKTP CIUHOBBIX (UIYKTyalui
B cucreme. Ero wusydeHune nO3BOJIAET ONPENEIUTh PA3JIUYHBIE ITapaMETpPhI
CIIMHOBOM JUHAMHUKH CUCTEMBI, HE BBIBOJSI €€ U3 COCTOSIHUSI PABHOBECHS.

Ortor Meron HauOonee yHOOEH s HM3y4eHUS MENJICHHOM CIIMHOBOU

JUHAMUKH, MO3TOMY OCHOBHBIM OOBEKTOM CHEKTPOCKOIHMH CIMHOBOIO IIyma
SBJIIFOTCS AJIEKTPOHBI (U JIBIPKH), JIOKATM30BaHHbIE B KBAHTOBBIX TOUKAaX, WU Ha
pUMeCsX B OOBEMHBIX MONYNpoBOAHUKAX TUNa GaAs. MexaHU3Mbl CIIMHOBOU
pellakcaluy, CBSI3aHHbIE C OpOWTAlIbHBIM JBUKEHHEM, B TaKUX CHCTEMax
IOJIaBJIEHBl, TAK YTO ONPEICISAIOIIYI0 pPOJIb B CIMHOBOW JMHAMHUKE WIpacT
CBEPXTOHKOE B3aUMOJAEHCTBUE C SIAPAMU KPUCTAUIMYECKON PEIIETKHU.
Kaxxnp1ii pe3uieHTHBI HOCHUTEINb 3aps/la B3auMOJCHCTBYET C OOJNBIIMM YHUCIOM
SIIEPHBIX CIIMHOB N ~ 10° B CUJIy UEr0 XapaKTEpHbIE BPEMEHA SIIEPHOM CIIMHOBOU
JUHAMUKHU OKa3bIBAIOTCS 3HAYUTENIBHO O0Jiee JOJTUMU, YeEM BPEMEHA PellaKCaluu
U TIEpPUOAbl TMPEIECCUd CIUHOB AJIEKTPOHOB. TakuMm 00pa3oM OKa3bIBAaeTCs
BO3MOKHBIM OIMCBIBAaTh CHUHOBYIO AMHAMHKY PE3UICHTHBIX HOCUTENEH 3apsna
CUMTAs CIIUHBI SAEP HEMOJABUKHBIMH [3].

CrekTppl CHMHOBBIX (PIYKTyalUd JIOKQTU30BAHHBIX DJIEKTPOHOB B
OTCYTCTBUM BHEUIHErO0 MAarHUTHOI'O MOJIA COCTOST M3 ABYX IHUKOB, CM. YEPHYIO
CIUIOLIHYIO KpUBYIO Ha puc. 1. [Iuk B ciekTpe CIMHOBOTO IIYMa, PaclOI0KEHHBIH
Ha yactore ® = (), COOTBETCTBYET peJIAKCALIMH KOMITOHEHTBI CIIMHA, NapajlieIbHON
nomo OBepxay3epa, €ro IMIHPUHA OINPEAEISIETCd MPOJOJIBHBIM BPEMEHEM
CIMHOBOM penakcanuu. Bropoii 6osiee MUPOKUN U HU3KHUM MUK PACMONOXKEH Ha
XapakTEepHON YacToTe JapMOpOBOI Mpeleccud B moie suep O, a ero Gopma
oTpakaeT (pyHKLHMIO pacmpenereHus aOComoTHON BenuuuHbl nossg OBepxaysepa,
JNEUCTBYIOIIETO Ha AJEKTPOH [4, 5].
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Puc. 1. CnexTpsl CHMHOBOrO IIyMa JIOKAJIU30BAHHBIX JIEKTPOHOB, PACCUNTAHHBIE IIPU
Pa3IMYHBIX YACTOTAaX CIIMHOBOW MPELECCUU B IONEPEYHOM MarHUTHOM 1oine, Q= 0, 28 u 40

[IpunoxkeHne MONepeyHOro BHEIIHETO MAarHUTHOIO NOJS NPUBOAUT K
MOJABJICHUIO PEJIAKCAIIMOHHOIO MUKA U CMEIICHUIO MPELIECCUOHHOTO MUKa K 0oJee
BBICOKOM YacTOTE JIAQpMOpPOBOM mpereccuu €2, CM. KpacCHYIO IITPUXOBYIO M
CUHIOIO MYHKTHPHYIO KpuBble Ha puc. 1. Takum oOpa3om, WU3MEpEHUE CIIEKTPOB
CIIUHOBBIX (IYKTYaIliid TIO3BOJISIET ONMPENEISATh BpEMEHA CIIMHOBOW peJIaKCalluH,
g-pakToppl U KOHCTAaHTHI CBEPXTOHKOTO B3aWMOJICUCTBUSL JIOKAJIM30BaHHBIX
HOCHUTEJEH 3apsi/ia B MOJYIIPOBOJHUKAX [6].

BriBeneHue cucrtemMbl U3 TEPMOAMHAMUYECKOTO PaBHOBECHS KaueCTBEHHO
MOIUQPUITUPYET CHEKTPhl CHUHOBBIX Quiykryaruid. [Ipu moctaTouHo OOJNBIION
MOIIHOCTH 30HJUPYIOUIEr0 Jy4a MPOUCXOJIUT TEHEpalHs IOMOJIHUTEIbHOM
AJIEKTPOH-ABIPOYHOM Tapbl U (HOpMUpOBaHUE JIOKAIM30BAHHOTO TPUOHA
(3apsKEHHOTO 3KCUTOHA). BenencTBue 3Toro CnMHOBasi MPELECCHs AIIEKTPOHOB B
CBEPXTOHKOM TIOJIE siiep MOJABISIETCS, a CIMHOBAash pelakcalus CTaHOBHUTCS
AHU30TPONHOM. B pe3ynbrare NPEUEeCCHOHHBIM MUK MNPOMANacT, a MIUPUHA
pENaKCAallMOHHOTO TMKa pe3Ko Bo3pacraer. lloaroHka skcrnepuMEHTaIbHBIX
CIIEKTPOB  NO3BOJIIET  OINPENEIATh COOTHOLICHHE TEMIIOB TIE€HEpaluu W
PEKOMOMHAIMY JTOKAJIM30BAHHBIX TPUOHOB [7].

SnepHas cnwHOBas TOJCHMCTEMAa TaK)X€ MOXET OBbITh BBIBEJEHA U3
paBHOBECHUSI TOCPEACTBOM JMHAMUYECKOW mnoJsipu3anuu snep. llonepeunas
s/IepHas MOJIpU3aLUs IPUBOAUT K CMEIICHUIO MPELECCUOHHOTO MHUKA B CIEKTPE
CIIMHOBOTIO IlIyMa K 0ojiee BBICOKMM YacTOTaM U ero pe3komy cyxenuto [8]. Tak
KaK BpeMs peJakcaluy SJI€pHOM CIOUHOBOW MOJSPHU3ALMU HA MHOIO IMOPSIKOB
MPEBOCXOJIUT XapaKTEpPHbIE BpPEMEHA JJIEKTPOHHOM CIHUHOBOW JWHAMHUKU, TO
OKa3bIBAETCSI BO3MOXHBIM HM3MEPSATH CHEKTPbl CIIMHOBOTO IIyMa 3JICKTPOHOB C
BpeMEHHBIM pazpernienueM [9]. Takoro poaa sKCIIEpUMEHTHI MPEICTABISIOT COOOM
AIbTEPHATUBHBIA METOJ UCCIIEIOBAHUSA SIACPHON CIIMHOBOM MOJICUCTEMBI.

Takum 00pa3oM, HECMOTpPS Ha OTHOCUTEIBbHYIO MOJOIOCTh METOIUKH
CHEKTPOCKOMHUM CIUHOBBIX (DIIYKTyaluii, OHa SBJISETCS OJIHHM W3 HaubOosee
MOIIHBIX MHCTPYMEHTOB HCCJICIOBAHUSI CIIMHOBOW JIMHAMUKH JIOKAJTM30BaHHBIX
HOCUTENEW 3apsga B YCIOBUSX CBEPXTOHKOIO B3aUMOJEHUCTBUS C sIpaMH
KPUCTAJUIMYECKOU PEIIETKH.
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B ITOJIVIIPOBOJHUKAX

I.B. Kpaiinos®, H.C. Asepkues’, A.IL I[MI/ITpI/IeBl, I.C. I[I/IMI/ITpI/IeBl,
B.®. Canera’, M. Vladimirova®, D. Scalbert®
L @usuko-mexnuueckuil uncmumym um. A.D. Hogppe, Canxm-Ilemepbdype
?L aboratoire Charles Coulomb, Universite de Montpellier, Montpellier
E-mail: igor.kraynov@mail.ru

OnHuM U3 HampaBleHUH COBPEMEHHON (PU3UKH KOHJEHCUPOBAHHOTO COCTO-
SHUS SIBJISICTCS MOJIyY€HUE MaTepuaioB, KOMOWHUPYIOIUX B ce0e MarHUTHbBIE U
«KJIACCUYECKHUE» MOJTYNPOBOIHUKOBBIE CBOMCTBA, U U3yYEHUE CIIOCOOOB YIpaBlie-
Husl UMU. OZHON U3 UEHTPAIBbHBIX XapaKTEPUCTUK MAarHUTHBIX MAaTepUasIOB SIBJISI-
€TCsl BpeMsl pejlakCallud MarHUTHOM MOACHUCTEMBI U MHKXEKTHUPOBAHHBIX HOCHUTE-
neil. B nanHoii paboTe nzydaercs oObeMHBIM apCeHU I TaJUIUs JISTHPOBAHHBIN Map-
TaHIIeM ¥ MarHUTHBIC KBaHTOBBIC siMbl CATE ¢ mpuMechio MapraHiia.

Jlnst  pa30aBIieHHOTO MarHUTHOro moiympoBogHuka Ga;,Mn,As ¢
x = 1-8 % TeopeTnyecku M HKCIEPUMEHTAIBHO M3y4ajoch BpeMs MOMEpEeUHON
CIIMHOBOW peJlakcallii MapraHiia M BeJauuuHa g-hakropa B (peppoMarHUTHOM
(Ga,Mn)As. JlaHHble XapakTEpPUCTUKU LEHTPOB MapraHiia MCCJIEIOBAIUCH METO-
noM PamanoBckoro cnuH-pnun paccestHusi. [lo u3aMeHeHuto mupunsl JuHuu Pa-
MaHOBCKOI'O CIIUH-(JIUI pacCesHUsI ABIPOK Ha LEHTPaX MAapraHiia oT TEMIEepaTypbl
ObLJIa MO’Ty4YeHa 3aBUCUMOCTh BPEMEHHM JKU3HU CIIMHA MapraHia HauuHas oT ep-
POMAarHUTHOTO COCTOSIHUS 3aKaHYMBasi NapaMarHUTHBIM. 3aBUCUMOCTD IOJIOKEHUS
HEHTpa JUHUK PamMaHOBCKOrO CMH-(IINI PacCesTHUSI OT MAarHUTHOTO TOJISl TO3BO-
JISIET SKCIIEPUMEHTAIBHO ONMpeNeNuTh g-hakTop Maprasiia, TakuM oOpa3oM ObLia
NIOJIy4E€HA €r0 TEMIEPATYPHYIO 3aBUCUMOCTh. AHAJIN3 dKCIEPUMEHTAIBHBIX JaH-
HBIX B COBOKYITHOCTH C MPEMJIOKEHHOW TEOPETUYECKON MOJEIbI0 MO3BOJIAI BbI-
SABUTh HAJIMYUE JIBYX OCHOBHBIX MEXAHH3MOB CIIMHOBOM pEJaKCAI[MU CBA3AHHBIX C
nplpkaMu. [lepBbIil — 3TO penakcanus CMHA JIBIPOK HE CBSA3aHHAs C HaJIUYHEM
MAarHUTHBIX HOHOB U, KaK CIEACTBUE, OCIEAYIOIas pelaKcalus CIMHa Mapradna
M3-3a KOJUIEKTUBHOI'O JIBUJKEHHSI CUCTEMBI COCTOSILIEN W3 MOHOB MapraHia u aH-
camOnsl ABIPOK. DTOT MEXaHHU3M SIBJSIETCS MPeoOiafarouuM B (eppOMarHUTHON
daze. Bropoii cBsa3aH ¢ QuyKTyaldsMu CIiMHA JBIPOK, CO3/IAIOIIMX CIydanHoe 3 ¢-
(exTUBHOE MOJe AJI IEHTPOB MapraHiia. TOT MEXaHU3M CYIIECTBYET Ha BCEM
JMana3zoHe TeMIEpaTyp, OAHAKO MpeodiaacT B apaMarHuTHOU Qasze.

Takke mpeAcTaBIsIET UHTEPEC UCCIEN0BAHUE CIIMHOBOM pENaKCallH 3JEK-
TPOHOB B MarHUTHBIX KBAaHTOBBIX AMaX. CTaHIAPTHBIM MEXaHU3MOM AJIEKTPOHHOU
CIIMHOBOM pEJIAaKCallud B KBAHTOBBIX SIMaX C MAarHUTHBIMU IPUMECAMU SIBISECTCS
paccestHue ¢ MEPEeBOPOTOM CIIMHA HAa OJIMHOYHOM IMapaMarHUTHOM LEHTpE. DTOT
MEXaHU3M HE JaeT 3aBUCUMOCTU OT TEMIEPATYPbl U KOHLIEHTPALlUU 3JIEKTPOHOB. B
pabote [1] OblTa OOHapy»)eHa HEOObIYHAs] 3aBUCHMOCTh BPEMEHU CITMHOBOU pe-
JaKCauu OT TEMIIEpaTypbl - CKOPOCTh MOTEPU CHUHA 3JIEKTPOHOB YMEHbIATIACh
OpU yBEJIWYEHUU TeMmImeparypbl oOpasua. B noknaae naercs oObSICHEHHE 3TOTO
saddekra. Xopomo U3BECTHO, YTO B pa30aBICHHBIX MAarHUTHBIX MOJTYIPOBOJIHUKO-
BbIX CTPYKTYPaX MUMEIOTCS CHJIbHbIE KOPPEJSILIMU MEXKIy MarHUTHBIMHU MPUMECS-
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MU, KaK B (peppOMarHuTHOM, Tak M B mapaMarHUTHOM (aze. B mannoit pabore u3y-
YeHa 3JIEKTPOHHAs CIIMHOBAs pejlaKcalvsi B MArHUTHBIX KBAHTOBBIX SIMaxX C y4E€TOM
KOpPEJISIIIUA MarHUTHBIX IEHTPOB, MPOaHATIM3UPOBAH Cliydail KOCBEHHOTO OOMEH-
Horo B3aumojercTBus (PKKU) nmst BBIpOXKIEHHBIX HOCUTENEH W JIsl HOCUTETEH,
MOAUYUHSIOIIMXCS cTaTucThKe bonpumana. Ilpemnaraemast Teopusi CIIMHOBOM pe-
JIAKCAllUHM JJICKTPOHOB OINMCBHIBAECT HKCIEPUMEHT JJIi MArHUTHBIX KBAHTOBBIX SIM
CdTe n-tuma nerupoBaHHON MapraHieM U OOBSCHSACT 3aBUCHMOCTh BPEMEHH pe-
JAKCallMM CIHMHA JJICKTPOHA OT TEMMEPATypbl U MOIIHOCTH ONTHYECKON HAKAUYKU
IIPY HYJICBOM MarHuTHOM moJje. M3-3a Hanmu4uus B3auMOAECHCTBUSI MEXAY CIIMHAMHU
MAapraHIeB, JJIEKTPOH PACCEHBAETCS HAa CKOPPEIUPOBAHHOM T'PYIIE MapraHIieB,
YTO YMEHBIIAET BPEMsI CIIMHOBOM perakcaruu. JlaHHble KOppeasiuuu 00yCcaoBie-
Hbl KOCBEHHBIM OOMEHHBIM B3aUMOJICCTBUEM Yepe3 JIEKTPOHBI B KBAHTOBOMU SIME
1 $oTO BO3OYKIACHHBIMH IJICKTPOHAMH U JbIpKkaMu. C pocTOM TeMIiepaTypsl po-
UCXOJIUT Pa3pyLIEHUE NAHHBIX KOPPEJALMN, TEM CAMBIM YBEJIMYHMBAETCS BpPEMS
CIIMHOBOM PEJAKCAllMU 3JEKTPOHOB. Y BEJIMYEHNE MOITHOCTH ONTUYECKON HAKAYKHU
MPUBOJIUT K YBEIIMYCHUIO KOHUECHTPALMA HOCUTEIICH, YTO YCUJIMBAECT CIIMHOBBIC
KOppEJALIMM MapraHieB, YMEHbIIAsh BpeMsl CIOMHOBOM penakcanuu. OnrcaHHOe
MOJHOCTBIO AHAJIOTHUYHO SBJICHUI0 KPUTHYECKOW OMAJIECUEHIMUA, KOTOPOE 3aKJIIO-
94aeTcsl B TOM, YTO TIO Mepe MPHUOIMKEHUS K KPUTHIECKON TeMrieparype (a3oBoro
repexoa ra3-KuJIKOCTb PACCESIHUE CBETAa Ha BEUIECTBE YCWIMBACTCS BCIEIACTBUE
pocta (aykryauuii miotHoctd. B kBantoBOM sime CdTe n-tuma snerupoBaHHOM
MapraHiieM Ipyu CTPEMIJIEHUU TEMIIEPATyphl K TEMIIEpaType Iepexoaa napaMmarte-
TUK-(DeppOMarHeTuk, 00yCcIOBJICHHOTO B3aUMO/ICHCTBUEM CIIMHOB MapraHiia 4epes
HOCHUTEJIM B KBAHTOBOM SIME, YBETUYUBAIOTCS (PIIOKTyallM HAMarHU4€HHOCTH, YTO
IIPUBOJIUT K YBEIIMUYCHUIO PACCESIHUS C MEPEBOPOTOM CIIMHA, YMEHBIIAS BpEMs
CIIMHOBOW PEJIaKCaIlUU.

1. Z. Ben Cheikh, S. Cronenberger, M. Vladimirova et al., Phys. Rev. B 88,
201306 (2013).
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CIIMH-TTIOJIAPU30BAHHBIE TOKM B ACUMMETPNYHOM
NHTEP®EPOMETPE AAPOHOBA-EOMA

A.A. I'puropbkux
llemepbypeckuti uncmumym sdepnou uzuxu um. b.11. Koncmanmunosa
HUI] «Kypuamosckuii Mncmumymy, Cauxkm-Ilemepoype
E-mail: Ale-Grig@yandex.ru

HNuTepec k KBaHTOBBIM KOJBIIAM OOYCJOBJICH XapaKTEPHBIMU I HUX
s dexTamu, cBI3aHHBIMU C UHTEp(EpeHIIMen 2JIEKTPOHHBIX BOJHOBBIX ()YHKITUH.
WNuTepdepeHius npy HAIMYWHA CIIHH-OPOMTAILHOTO B3aUMOJCHCTBUS ITO3BOJISCT
co3maBaTh 3Q(HEKTHBHBIC CITMHOBBIEC (UIBTPHI HA OCHOBE OJMHOYHBIX KOJICIT U UX
ancamOusieii. B pabore paccMaTpuBalOTCs  COUH-TIONSPU30BAHHBIE  TOKH,
BO3HUKAIONIME TOJ JEHCTBUEM UUPKYJISPHO-TIOISIPU3OBAHHOTO U3JIyYEHHUs B
unTeppepomerpe AapoHoBa-boma — cucreme, cocrosielt U3 KBAHTOBOI'O KOJIbLIA C
JBYMSI IPUCOEANHEHHBIMU K HEMY OJJHOMEPHBIMHU MTPOBOHUKAMH.

B unrepdepomerpe, obOnamaronieM IEHTPOM HWHBEPCUHU, TOJ JEHCTBUEM
W3IIY4CHHUSI B OTCYTCTBHE PAa3HOCTH NOTCHIMAJIOB, BO3MOXXHO BO3HHKHOBEHHE
MMOCTOSSHHOTO CIIMHOBOTO TOKAa — YIOPSAOYEHHOTO JBMKCHHS DIICKTPOHHBIX
COMHOB TP OTCYTCTBMM mepeHoca 3apsga [1].  LleHTpocuMMeTpuyHBIit
UHTEePPEPOMETP TAK)KE MOXKET WUTPaTh POJb CIIMHOBOTO (PHIBTpa B OTHOIICHUH
MIPOTEKAIOIIETO Yepe3 HEero OAITUCTUYECKOTO TOKa. HemocTaTok ATOM CHUCTEMBI
CBsI3aH C TeM, 4TO d(PQeKTHBHAs CIHHOBAs (PUILTpAIUS BO3MOXKHA JIMIIb TPU
OOJIBIIMX 3HAYCHUSIX MAarHUTHOTO TMTOTOKA Yepe3 KOJIBIIO.

[Tokazano, 4TO 7151 ACUMMETPUYHOTO HHTEp(epomeTpa B 001IeM cirydae Ha
KOJIbIIE CYIIIECTBYIOT TaKU€ B3aMMHBIC TTOJIOKEHHUSI KOHTAKTOB, IIPH KOTOPBIX OJIHA
U3 TIOJIIPU30BAHHBIX KOMITOHEHT OaTHCTHYECKOTO0 TOKa OoOpamiaeTcs B HOJIb TIPH
MaJIbIX MarHUTHBIX TIOTOKAX.

N3MeHsdass MarHuTHBIM TIOTOK  4Ye€pe3  KOJbLO, MOXKHO II€PEBECTH
ACUMMETPUYHBIA WHTEPPEPOMETp U3 pPEKHMMa CIUHOBOTO (HIIBTpAa B PEKHUM
reHepaTopa CIMHOBOTO TOKA. B 3TOM ciydae B MPOBOMHHKAX, MOAKIIOYECHHBIX K
KOJbIy, CYIIECTBYIOT KOMIIOHEHThl ~TOKa, paBHble [0 BEJIMYUHE W
IPOTUBOMOJIOXKHBIE IO HAIIPABJICHUIO M OPUEHTALMK cliiHa. TakuMm oOpa3om, mpu
HaJIMYHUH PA3HOCTH MOTSHITMAIOB MEPEHOC 3apsijia Yepe3 aCUMMETPUYHYIO CUCTEMY
OTCYTCTBYET U MPOUCXOAUT JIUIIH IEPEHOC CIUHOBOM IJIOTHOCTH.

1. A.A. I'puropekun, C.M. lynaesckuii, ®TT 58, 2014 (2016).
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BJIEKTPOHHBIN TPAHCIIOPT B KBA3MOJHOMEPHBIX BOJIHOBOJAX
CO CIIMH-OPBUTAJIbHBIM B3AMMOJAENCTBHEM: IIPOSIBJIEHMA
JOIIOJIHUTEJIbBHOUN CITMHOBOU CUMMETPUUN

A.C. KozyimuH, A.1. Maneiues, H.E. Kuputosa
Huoicecopoockuti cocyoapcmeennviii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnun Hoeeopoo
E-mail: SashaKozulin@yandex.ru

B Hacrosiiiee Bpemsi aKTUBHO OOCYXKAAIOTCS pa3uyHbIe BapyUaHThl CIUH-
nosieBoro Tpansucropa Jlarrei-/laca [1]. B HekoTOphIX ero MoguduKanusx mpe-
JaraeTcsl ympaBlATh CIIMHOM 3JIEKTPOHA MOCPEACTBOM €r0 MPEIEeCcCHd B 0COOOM
KOJUTMHEapHOM  A(PEKTUBHOM MArHUTHOM  TI0JIe, TEHEPUPYEeMOM  CIIUH-
opbutanbHbIM B3aumonencTeueM (nainee COB). B psne pabot Obu10 mpoaeMoH-
CTPUPOBAHO, YTO peanu3anusi Takoh KoHpurypauuu 3h(PeKTUBHOIO MarHUTHOTO
T0JIS1 TIO3BOJISIET TOOUTHCS MOAABICHUS HEKOTOPHIX MEXaHU3MOB CIIMHOBOM pellak-
caiuu. KpoMe Toro, B 0IHOM M3 HAIIUX MPEABIAYIIUX paOOT, NOCBAIICHHONW U3Y-
yeHuio AByMepHbIX cucteM ¢ COB, Obulo mokazaHo, 4YTo KosuiuHeapHoe > dek-
TUBHOE MArHUTHOE TOJ€ MOXKET OBITh MOJIy4EHO B IIUPOKOM Kjacce KBAaHTOBBIX
M C pa3IMYHbIMH HAMPABIECHUSMH pocTa [2].

B nepBoii yactu naHHo# paboThl ObLJIAa MCCIE0BaHA CITUHOBAS MPEIECCUs B
KBa3MOJJHOMEPHBIX OJHOPOAHBIX BOMHOBOJax ¢ COB, chopmMupoBaHHBIX B KBaH-
TOBBIX SIMaX C Pa3JIMUYHBIMU HaMpaBlICHUsIMU pocTa. JJig ciaydas, Korja uccienye-
Mas cucTeMa 00J1ajlaeT JOTOJHUTEIIBHOM CHMMETPHUEH, CBA3aHHON CO CITMHOBBIMH
CTENEHSIMU CBOOOIbI (TaMUJIbTOHHAH KOMMYTHUPYET C OMEPaToOpoM MPOEKIUU CITH-
Ha Ha HampasieHue 3(PPEKTUBHOrO MArHUTHOTO TOJIs), MOJIYYEHO aHAIUTHY ECKOE
pemieHue cranoHapHoro ypaBHeHnus [lpeaunrepa. Iloka3aHo, 4TO TOJIBKO TpHU
HaJIMYUU TaKOW CUMMETPUU BO3MOXKEH KPOCCHUHT B JUCIIEPCUOHHBIX KPUBBIX.
Brtopast gacth manHo# pabOThI MOCBAIIEHA U3YYEHUI0O MHOTOMOJIOBOTO TPAHCTIOPTA
B KBa3MOJHOMEPHBIX HEOJHOPOJHBIX BoJHOBoAax ¢ COB. C wucnons3oBaHueM
dbopManr3mMa MaTpUIlbl pacCesTHUS ObUIM BBIYMCIEHBI CTIMH3ABUCUMBbIE KOHJIAKTaH-
Chbl, a TAK)K€ CIIMHOBASI MOJIIpU3AIUs MPU PA3IMYHBIX 3HAYCHUSIX MMAPaMETPOB CHU-
cTteMbl. Ha 3aBUCHMOCTSIX CMIMH3aBUCUMBIX KOHJAKTAHCOB OT YHEPIrUM HOCUTEIIEH
oOHapy»eHbl NpoBaybl TUIAa pe3oHaHCOB PaHo. YucieHHble pacdyeThl MOKa3bIBa-
10T, UTO MOJIOKEHUS HyJIEH CIIMH3aBUCUMBIX KOHJIAKTaHCOB HETPUBHAIILHO 3aBUCAT
OT COOTHOLIEHUsI Mexay napamerpamu COB.

Pabora yactuuno noanepxxana POOU nu MunucrepctBoM o0pa3oBaHus U
Hayku P® B pamkax BbINOJHEHUS MTPOEKTHOM yacTu roc3aaanus Ne 3.3026.2017.

1. S. Datta, B. Das, Appl. Phys. Lett. 56, 665 (1990).
2. A.S. Kozulin, A.l. Malyshev, A.A. Konakov, arxiV: 1610.0521.
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®EPMMU ITOBEPXHOCTH B BEMJIEBCKUX TTOJTYMETAJIJIAX
ITEPBOI'O POAA BO BHEIHHEM ITOCTOAHHOM
MAT'HUTHOM IIOJIE

A.C. PynbkoB, A.A. bopuc, A.A. Ilepos
Huoicecopoockuti 2ocyoapcmeennwiil ynusepcumem um. H.U. Jlobauesckozo,
Huoicnui Hoseopoo
E-mail: aleksrulkov@yandex.ru

BeitneBckue pepMuonsl kak perieHue ypaBHeHus: J(upaka ¢ HyleBoi Mac-
coil OOHapyXUBarOT ce0s1 B BUJE KBA3UUYACTHUIl B MOJyMETAJIaX, B KOTOPBIX HApYy-
IIEHa CUMMETPHSI COCTOSTHUI JTHOO 1O OTHOIICHUIO K MHBEPCHH KOOPIWHAT, JTHO0
[0 OTHOILIEHUIO K MHBEPCUH BpeMeHH. [IpuMepom Takux MarepuanoB MOTYT CIy-
KUTh cCoeMHEeHUs cemeicTBa TaAs, oTHOCAIIMECS K BEMJIEBCKUM MOJIyMeETasiam
nepBoro poga [l]. B okpecTHOcTH 4YeTHOro yuciaa TOouek B 30He bpuiiosHa
CIEKTpP HOCHUTEIIEH 3apsia B HUX JMHEEH IO BCEM TPEM MPOEKLUSIM KBa3UUMITYJIb-
ca. CiuH-TIONSpU30BaHbIE TOBEPXHOCTHBIE COCTOSIHMS HOCUTENEH 00pasyroT dep-
MUEBCKHE JIyTH, COCAUHSIIONINE MEXIy coOOH 1Ba OOBEMHBIX BEIHJIEBCKUX Y37a
MIPOTUBOI OJIOKHOM KUpaAIbHOCTH [2].

Bo BHelIHEM MAarHWTHOM TOJI€ SHEPreTUYECKUM CIEKTp 3JIEKTpOHa Mpe-
CTaBJIsIET CO0OM crekTp Tumna «6adouek XOoBIMITAATEPA», Pa3CIEHHBIX MEXIY CO-
0011 1IeNbI0 B HyJIE 2Hepruu (puc. 1).
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Puc. 1. DHeprernueckuii cuekTp nosymerania Beisis B MarHUTHOM I10JI€ B 3aBUCUMOCTH
OT 4MCJIa KBAHTOB II0TOKA YEPE3 2JIEMEHTAPHYIO SUEHKY PEIIETKU

KBaHTyromee neMcTBue MarHUTHOTO IOJS HA DJIEKTPOH IIPUBOJIUT K TOMY,
YTO CHEKTP pa30MBaETCs HA Pa3pelICHHbIC U 3aMPEIICHHBIE TIOJ30Hbl, YUCIIO KOTO-
PBIX B COBOKYITHOCTH paBHO 2(, rae P/( — YMCIIO KBAHTOB ITOTOKA MAarHAUTHOTO T10-
sl yepe3 dJIEMEHTAPHYIO siuelKy peméTku. Takum o0pa3oM, UMEET MECTO HETpH-
BUAJIbHOE BJIMSIHUE BHEIIHEIO MarHUTHOTO IOJISI HA W3HAYAIBHO YJIbTPAPEISATH-
BUCTCKHI CIIEKTp BEUJIEBCKOrO (pEpMHOHA, KOTOPBIN Ternephb NnepecTaér ObITh 0€3-
MaCCOBBIM.

1. S. Huang et al., arXiv:1501.00755v1 (2015).
2. S. Xu et al., arXiv:1501.01249v3 (2015).
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B3AUMOJIENICTBUE JIEKTPOMAT HUTHOI'O U3JTYHEHWA
C SJIEKTPOHAMMH B I10JIYIIPOBOJAHUKOBOM CBEPXPEIETKE,
INIOMEIIEHHON B MATHUTHOE I1OJIE

K.P. BnacoB, M.A. Ilaraes, A.B. [llopoxos
Hayuonanvuwuii uccnedosamenvcruti Mopoosckuii 2ocyoapcmeenHbwilli
yuugepcumem um. H.I1. Ocapéea, Capanck

E-mail: windsofoceans@gmail.com

PaccMmoTpeno B3auMoeicTBHE BRICOKOYACTOTHOTO AJIEKTPOMATrHUTHOTO W3-
JTYyYEHUS CO CBEPXPEIICTKOM, TOMEIIEHHOH B MPOI0IBHOE ITOCTOSTHHOE DJICKTPHY €-
ckoe mosie E u mocrossHHOE MarHuTHOE mosie H , HampaBieHHOE MO/ TPOU3BOIb-
HBIM YyIJIOM K OCH CBepXpemieTku. M3yuena BombT-amMmepHas XapaKTEpPHUCTHUKA
(BAX) cuctembl u k03hUITUEHT TOTJIOMICHUST KaK (DYHKIUS 4acTOThl U3JTy4eHUS
U HanpsOKEHHOCTH dNeKTpudeckoro nous. Ilokazano, uto BAX cBepxpemieTku B
HaKJIOHHOM MarHUTHOM IT0JIE MOXXET UMETh HECKOJIbKO MAKCHUMYMOB U COOTBET-
CTBEHHO HECKOJIbKO YYaCTKOB C OTpHIIATEIbHON nuddepeHInanibHOi MPOBOIUMO-
CThIO. B ciydasx mpomoiapHOTO W MEPHEHAMKYISIPHOTO MarHUTHOTO momst BAX
UMEET OJUH MaKCHUMYM, ONpPEJENIAEeMbIi YCIOBUEM @y7 =1 B IPOAOIBHOM IOJIE U

@y =2@, B NONEPEYHOM moie. 3aech @, =€eEd /7 — OnoxoBckas yacrora, 7 —
BpeMsi peslakcanuy, @, =eH/mc — nuxiorponHas yactora, d — mepuon cBepx-

peLeTKH, € — 3apsij IEeKTpoHa, M — 3ddexTrBHas Macca. [Ipu yBenumueHuu yria
HakJIoHa 1ot BAX cBepXpelIeTKu MOCTENEeHHO TPaHC(HOPMHUPYETCs, IPU 3TOM Ha
HEH BO3HUKAIOT JOIMOJHHUTEIbHBIE MAKCUMYMBl 1 MUHUMYMBI.

Kak mokaspIiBalOT mpoBeeHHbIE B Pab0OTe pacyeThbl, KOI(DPHUIIMEHT MOTIIo-
IICHUS] CBEPXPEUIETKA IMPU HEKOTOPBIX 3HAUYECHMSIX IMOCTOSHHBIX IOJEH MOXET
OPUHUMATh OTpHIIATEIbHbIE 3HAYEHUS, COOTBETCTBYIOUIUE YCHUJICHHIO CJIAa0O0ro
npobHoro curHana. [lpu 3ToM B 005aCTsAX MOJIEH, COOTBETCTBYIOIIUX OTPULIATENb-
HOW nuddepeHurnanbHON TPOBOAMMOCTH, HU3KOYACTOTHBIN KO3 (UIIMEHT MOTrJ10-
IIEHUS BCErJa OTPUIIATEIeH, KPOME TOr0, YCUJICHHE MOXKET HaOIroaaTbes U B 00-
JIACTH BBICOKMX 4acTOT. OTHAKO, TAKOM PEXUM HENPUTOJEH IS CO3/1aHUs YCUIIM-
TEJIl BBICOKOYACTOTHOT'O M3JIydeHHUsl Ha 0aze CBEPXpPEIIETKH, TaK KaK B 3TOM CIYy-
4ae CHCTEMa OKa3bIBAECTCSl HEYCTOMYMBOW, U B HEM BO3HMKAIOT DJIEKTPUUYECKUE J10-
MEHBI, U3MEHSIIOIINE BCE XapaKTEPUCTUKU cBepxpelieTku [1]. B To xe Bpems, ObI-
710 0OHapy»KEHO, YTO BHICOKOYACTOTHBINA KOI()PPUIIMEHT MOTIOMIEHUS MOXET CTa-
HOBHUTBCSI OTPUIATENBHBIM U MPH MOJOXKUTEIbHON Au(epeHnaibHON TpoBOIH-
MOCTH B Ciy4ae, KOIJa 3JICKTPUYECKOE II0JIE COOTBETCTBYET BO3PACTAIOIIEMY
yyactky BAX BOnM3M jnokabHOro Makcumyma. Ilpu 3TOM OTCYTCTBYIOT HecTa-
OWJIBHOCTH 3apsI0BOM MJIOTHOCTH, MPEMSATCTBYIOIINE YCHICHHIO BBICOKOYACTOT-
HOTO ITOJIA.

Pa6ota BeinonHena npu noaaepxke PODU (rpant 17-02-00969).

1. A.A. Urnaros, B.W. Hamkwun, )KOT® 93, 935 (1987).
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OJIEKTPOHHBLIE COCTOAHKA B [TOJYITPOBOJAHUKOBBIX
I'ETEPOIIEPEXOJAX C UOBOBH_[EHHI)IM CIIMH-OPBUTAJIbHBIM
B3AUMO/JENUCTBUEM JIPECCEJIbXAY3A

A.P. 3aiinaryrannos, A.B. TenexHukoB
Huoicecopoockuti 2ocyoapcmeennwiil ynusepcumem um. H.U. Jlobauesckozo,

Huoicnui Hoseopoo
E-mail: telezhnikov@phys.unn.ru

B monympoBogHukax 0e3 IeHTpa WHBEPCUU B psjfe 3aaad HE0OXOIUMO
YYUTHIBATh CIMH-opOuTamsHoe B3aumoseiicteue (COB) Jlpeccenbxaysa. B ciydae
korna kBaHToBas sima (KS1) Beipamena B nampasnenuu [100] Bkmag COB B
raMUAJIbTOHWAH JIByMEPHOI'O JJIEKTPOHHOIO Ta3a Xopowmo wu3BecteH [l], a
SHEPreTUYECKUE CHEKTPbl HOCUTENEeW JAeTalbHO u3y4deHbl. (OKa3pIBaeTcs
aKTyaJIbHbIM HCCIIEAOBaHUE sHepreruyeckoro crnekrpa B KA wmmm cepun uz KA
(MynbpTHOApBEpHON CTPYKTYpE), BBIpAILlEHHOM B IPOU3BOJIBHOM
KpucTauiorpagpuyeckoM HampaieHud. [Ipy 3TOM BKiIag B TaMHWJIBTOHHAH,
orBevaromnii 0606ménHomy COB [Ipeccenbxay3a, HNO-NPEKHEMY OKa3bIBACTCS
JTMHEHHBIM TI0 BOTHOBOMY BEKTOPY K 1 MMeeT BUa

—~

He = (aXXO'X +a,0,+a,0, ) K, + (ayxax ta,0,+a,0, ) Kk, ,
rae o,,0,,0, — Marpupl Ilaymm, o (i =X,Y;]= X,y,Z)— nocrosinube, KK, —
KOMITOHEHTHl BOJIHOBOTO BEKTOpa JJIeKTpoHa. lMccienoBaHWI0 OCOOEHHOCTEH
cnekTpa Hocuteneil B Takux K4 nocpsimiena Hacrosmas padora.

BbuT paccMOTpeH OJMHOYHBIN TeTeporepexol, MPeACTaBISIONINI cOO0H 1Be

nosryoeckoHeuHble 00acTu 2D sneKTpoHHOro ra3a ¢ pa3IMYyHbIMU MOCTOSSHHBIMU

COB [peccenbxaysa ¢, pa3nenéHHbIMU MPSMOJIMHEHHOW rpaHuieil. [lomydeHo

JUCIIEPCHOHHOE YPAaBHEHHME M BBINOJHEH Pacdy€T 3HEPreTH4YECKOro CHEKTpa IpH
PasiIMYHBIX KOMOMHAIMAX MapameTpoB «; (puc. 1). OOHapykeHO, 4TO TOMHUMO

00JIJaCTH C HEMPEPBIBHBIM CIIEKTPOM MOTYT CYIIIECTBOBATh JIOKAJTHW30BaHHBIE Ha
rpaHuile UHTepGEHCHBIE COCTOSTHUS.

—0014 |

ky

L L L
0.2 -01 00 0.l 02

Puc. 1. DHeprernueckuii CnEKTp OJMHOYHOI O FeTepornepexoa

PaGora Oblna BBIMONHEHA B paMKaxX MPOEKTHOM YacTH roc3afaHus
MunoOpraayku PO u nognepxana rpantom POOU Ne 16-32-00712.

1. G. Dresselhaus, Phys. Rev. 100, 580 (1955).
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OODEKT I'VCA-XEHXEH B YCJIIOBHUAX BO3BYXIAEHUA
I[UTASMOH-TIOJIAPUTOHOB B IMPAKOBCKUX MATEPHUAJIAX

E.C. Azaposa, I'.M. MakcumoBa
Huoicecopoockuti cocyoapcmeennwiii ynusepcumem um. H.U. Jlobauesckoeo,
Huoicnun Hoeeopoo
E-mail: azarova.ekaterin@yandex.ru

Oddext I'yca-Xenxen (I'X) coctout B TOM, 4TO NMpU MAAEHUU JTUHEHHO MO-
JSIPU30BAHHOTO CBETA HA FPAHUIY pa3liesia ABYX JUAJIEKTPUKOB OTPaKEHHBIN CBe-
TOBOW IMYYOK HCIBITBIBAET MPOAOJBHOE W YIJIOBOE CMEIICHHS OT TMOJOXKEHHS,
MPEACKa3bIBAEMOr0 reoMeTprudeckoit ontukou [1]. HecmMoTps Ha TO, 4TO C OTKpHI-
tus dpdexra ['X mpornuio 6onee 60 €T, OH MPOAOIKAET OCTABATHCS MPEIMETOM
MHTEHCUBHBIX TEOPETUUYECKUX U IKCIIEPUMEHTAIbHBIX UCCIENOBaHUMN (CM., HANpH-
Mep, CIHUCOK JuTeparypsl B [2]). 3HauutenbHoe ycuieHue 3¢ dexra I'X Moxer
OBITH TOCTUTHYTO MPH HAJTMYUH JTOTIOTHUTEIHHOTO MIEPEHOCA SHEPTHH Ha TPAHMUIIE,
BBI3BAHHOI'O PACIPOCTPAHEHUEM TIMOBEPXHOCTHBIX 3JIEKTPOMArHUTHBIX BOJIH,
Hanpumep, iasMoH-nossiputoHoB  (IIIIII) [3]. IloBepXHOCTHBIE ILTA3MOH-
MOJIIPUTOHHBIC MOJBI MOTYT BO30YXIAaThCSl TakKKe B JOMAPOBAHHOM TpadeHe B
TeparepiioBOM JuariazoHe 4acTor [4].

Kak moka3bIBaroT pacuersl, JUCT OeclieneBoro rpadena (Ujiv MHOTOCIOMHAS
rpadeHoBas CTPYKTYypa), HOMEIMICHHBIN MEXIy IBYMs AUAJIEKTpUKamu (KoHpUry-
parust OTTO) IPUBOJIUT K CYIIECTBEHHOMY ycuiienuto dddexra I'X nmpu pesoHanc-
HoMm Bo30yxkaenuu IIIIIT [5]. HecmoTpst Ha OTCyTCTBUE 1IENH B CIIEKTpe TpadeHa,
B IPHUHIUIIE, €€ MOXXHO OTKPBITh, HAIIPUMEP, BCIEICTBHE XUMHUYECKOIO JOMUPO-
BaHMsI, PA3MEPHOI0 KBAaHTOBAaHHMS 32 CUET HAPE3aHUSI HAHOJIEHT C TPaHULEH THUMa
armchair wim u3-3a B3aMMOJCHCTBUS TpadeHa C Pa3IMYHBIMH TOIOKKaMU. B
JaHHOM paboTe u3y4yeH caBur ['yca-XeHXeH B yCIOBHUAX BO30YKIEHUS JOKaIU30-
BaHHBIX HA MOBEPXHOCTHU IJIA3MOH-TIOJISIPUTOHOB B IIE€JIEBOM rpadeHe U paccMOT-
peHo BiusHHUE mieau Ha 3¢ @dexT. B yacTHOCTH, MOSABICHHE 3aNPEIEHHON 30HBI
MIPUBOJIUT K U3MEHEHUIO IMOJIOKEHUS PE30HAHCA, & C €€ POCTOM YMEHBIIAETCS Be-
anurHa dddexTa. AHaTOrnyHas 3aja4a MOXKET ObITh TOCTaBJIeHA U JJi KpEMHHUE-
BOr0 aHayiora rpadeHa — CUJIHMIEHA, B KOTOPOM BO3MOKHO BO30YKIEHHUE T1a3MO-
HOB JIBYX TUIIOB.

Pabora nognepxana rpantamu POOU 16-32-00712-mon1_a, MunoOpHayKu
P® (mpoekTHas yacTh roc3aganus — npuioxenue Ne3.2637. 2017) u @onaom pas-
BUTHUA TeopeTrnyeckoit ¢pusnuku «bA3UCY.

1. F. Goos, H. Hanchen, Ann. Phys. 436, 333 (1947); 440, 251 (1949).
2. S.Grosche et al., Opt. Express 23, 30195 (2015).

3. C. Bonnet, D. Chauvat, O. Emile et al., Opt. Lett. 26, 666 (2001).
4. L. Juetal., Nat. Nanotechnol. 6, 630 (2011).

5. M. Cheng et al., J. Opt. Soc. Am B 31, 2325 (2014).
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SPIN NOISE SPECTROSCOPY OF ELECTRONS IN PRESENCE
OF HYPERFINE INTERACTION

D.S. Smirnov
loffe Institute, St. Petersburg
E-mail: smirnov@mail.ioffe.ru

Spin noise spectroscopy is based on the transmission of linearly polarized
light through the sample and measurement of the fluctuations of the Faraday spin
signal (rotation of the polarization plane of the transmitted light) [1, 2]. In
equilibrium conditions, the spin polarization on average is absent and the mean
value of the Faraday rotation is zero. However, the thermal spin fluctuations are
unavoidable in any system, which leads to fluctuations of the transmitted light
polarization. The Fourier transform of the correlation function of the Faraday
signal directly reflects the spectrum of spin fluctuations in the system. The analysis
of spin noise spectrum makes it possible to determine various parameters of the
spin dynamics without excitation.

The spin noise spectroscopy technique is most convenient for studying slow
spin dynamics; therefore, the main object of spin-noise spectroscopy is ensemble
of electrons localized in quantum dots or at donors in bulk semiconductors like
GaAs. The spin relaxation mechanisms associated with the orbital motion of
electrons in this case are suppressed, so the spin dynamics is ruled by the hyperfine
interaction with the host lattice nuclei.

Each resident charge carrier interacts with a large number of nuclear spins
N~10°, so the characteristic times of nuclear spin dynamics are considerably longer
than the relaxation times and precession periods of electron spins. Therefore one
can describe the spin dynamics of resident charge carriers assuming that the spins
of the nuclei are frozen [3].

The spin noise spectrum of localized electrons in the absence of an external
magnetic field consists of two peaks, see the black solid curve in Fig. 1. The peak
at frequency o = 0 corresponds to the relaxation of the spin component parallel to
the Overhauser field; its width is determined by the longitudinal spin relaxation
time. The second peak is broader and lower, it is located at the characteristic
Larmor precession frequency in the field of nuclei o, and its shape reflects the
distribution function of the Overhauser field absolute value [4, 5].

The application of a transverse magnetic field leads to the suppression of the
zero-frequency peak and the shift of the precession-related peak to higher Larmor
frequency Q., see the red dashed and blue dotted curves in fig. 1. Therefore
measurement of the spin noise yields the spin relaxation times, g-factors, and the
hyperfine coupling constants of localized charge carriers in semiconductors [6].
Excitation of the system qualitatively modifies the spectra of spin fluctuations. For
sufficiently high power of the probe beam, an additional electron-hole pairs are
efficiently generated, which leads to the formation of localized trions (charged
excitons). This leads to the suppression of spin precession in the hyperfine field
and induces anisotropy of spin relaxation.
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Fig. 1. Spin noise spectra of localized electrons calculated for different Larmor precession
frequencies in a transverse magnetic field Q; =0, 26 and 49

As a result, the precession-related peak in the spin noise spectrum
disappears, while the width of the zero-frequency peak rapidly increases. Hence
the spin noise spectroscopy in nonequilibrium conditions allows one to determine
the ratio of the generation and recombination rates of localized trions [7].

The nuclear spin subsystem can be also perturbed, e. g. by means of the
dynamic nuclear polarization. Transverse nuclear spin polarization leads to a shift
of the precession-related peak in the electron spin noise spectrum to higher
frequencies and its strong narrowing [8]. Since the relaxation time of the nuclear
spin polarization is by many orders of magnitude longer than the characteristic
times of the electron spin dynamics, it is possible to measure the spectra of electron
spin noise with a time resolution [9]. Such experiments are an alternative method
for studying the nuclear spin dynamics.

As we have shown, the spin noise spectroscopy technique is a young, but
very powerful tool for studying the spin dynamics of localized charge carriers in
the presence of hyperfine interaction.

V.S. Zapasskii, Adv. Opt. Photon. 5, 131 (2013).

NL.A. Sinitsyn, Y.V. Pershin, Rep. Prog. Phys. 79, 106501 (2016).
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SPIN-POLARIZED CURRENTS IN ASYMMETRIC
AHARONOV-BOHM INTERFEROMETER

A.A. Grigor’kin
National Research Centre «Kurchatov Institute»
B.P.Konstantinov Petersburg Nuclear Physics Institute, St.Peterburg
E-mail: Ale-Grig@yandex.ru

The quantum rings have characteristic effects associated with electron wave
functions interference making them the objects of interest. The interference and
spin-orbit interaction allow to produce effective spin filters based on single rings
and there arrays. Spin-polarized currents induced by circular-polarized radiation in
Aharonov-Bohm interferometer (system made of quantum ring with connected to it
one-dimension conductors) were the aim of this study.

The direct spin current — ordered electron spin flow without charge transfer —
may occur under radiation when electric potential is absent, in the interferometer
having inverse center [1]. The centrosymmetrical interferometer may also act as a
spin filter for ballistic current leaking through it. This system disadvantage is the
necessity of great magnetic flow through the ring for effective spin filtration.

It is shown for asymmetric interferometer that in common case there are such con-
tacts’ reciprocal positions on the ring where one of the ballistic current polarized
components turns to zero at low magnetic flows.

The asymmetric interferometer may be transform from spin filter regime to
spin current generator regime by varying magnetic flow through the ring. In this
case there are current components with equal values but with opposite directions
and spin orientations in connected to ring conductors. Thus in the presence of elec-
tric potential the charge transfer through asymmetric system is absent and the spin
density transfer takes place only.

1. A.A. Grigor’kin, S.M. Dunaevsky, Phys. Sol. State 58, 2014 (2016)
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ELECTRON TRANSPORT IN QUASI-ONE-DIMENSIONAL WAVEGUIDES
WITH SPIN-ORBIT COUPLING: MANIFESTATIONS OF AN EXTRA
SPIN SYMMETRY

A.S. Kozulin, A.l. Malyshev, N.E. Kirillova
Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod
E-mail: SashaKozulin@yandex.ru

Nowadays many investigations have been focused on manipulation of the
electron spin degree of freedom in various modifications of the Datta-Das spin-
field effect transistor [1]. In some of them it is proposed to control the electron spin
via its precession in a special collinear effective magnetic field generated by spin-
orbit coupling (SOC). It was shown both theoretically and experimentally that real-
ization of such configuration of the effective magnetic field allows to provide sup-
pression of some spin relaxation mechanisms. Additionally, in our previous work,
2D electron systems with SOC were studied and it was found that a collinear effec-
tive magnetic field can be achieved in a wide class of quantum wells with different
growth directions [2].

In the first part of this work, we study spin precession in quasi-one-
dimensional (Q1D) homogeneous waveguides with SOC, formed in quantum wells
with different growth direction. In a case when the system under investigation has
an additional symmetry connected with the spin degree of freedom (the Hamiltoni-
an commutes the operator of the spin projection on the direction of the collinear
effective magnetic field) an exact solution of the Schrédinger equation is derived.
We also demonstrate that crossings in the electron dispersion curves exist only in
the presence of this symmetry.

In the second part of this work, multimode electron transport in inhomoge-
neous in SOC Q1D waveguides is investigated. We employ the scattering matrix
formalism and calculate spin-dependent conductances as well as spin polarization
of the structure for different values of the SOC-parameters and length of the SOC
region. We find Fano-resonance type dips in the spin-dependent conductances ap-
pearing at different positions in energy and obtain non-trivial relation between
them for various combinations of the SOC parameters.

The work was in part supported by RFBR (grant No. 16-32-00-712) and by
the Russian Ministry of Education and Science (project No. 3.3026.2017).

1. S. Datta, B. Das, Appl. Phys. Lett. 56, 665 (1990).
2. A.S. Kozulin, A.l. Malyshev, A.A. Konakov, arxiV: 1610.0521.
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INTERACTION OF ELECTROMAGNETIC RADIATION WITH ELECTRONS
IN A SEMICONDUCTOR SUPERLATTICE PLACED
IN A MAGNETIC FIELD

K.R. Vlasov, M.A. Pyataev, A.V. Shorokhov
Ogarev Mordovia State University, Saransk
E-mail: windsofoceans@gmail.com

The interaction of high-frequency electromagnetic radiation with a
superlattice placed in a longitudinal constant electric field E and a constant
magnetic field H directed at some angle to the axis of the superlattice is
considered. The current-voltage characteristics (CVC) of the system and the
absorption coefficient as a function of the radiation frequency and the electric field
strength are studied. The current-voltage characteristics of a superlattice in an
inclined magnetic field can have several maxima and several regions with negative
differential conductivity. In the case of a longitudinal and perpendicular field, CVC
has one maximum, determined by the condition @,z =1 in the longitudinal field

and w, = 2w, in the transverse field. Here, o, =eEd /7 is the Bloch frequency, ¢
Is the relaxation time, @, =eH/mc is the cyclotron frequency, d is the

superlattice period, e is the electron charge and m is the effective mass. As the
angle of inclination of the field is increased, the CVC of the superlattice is
gradually transformed with additional maxima and minima appearing on it.

Our analysis has shown that the absorption coefficient of a superlattice can
become negative at certain values of the field that corresponds to the amplification
of a weak test signal. In the areas of fields corresponding to negative differential
conductivity, the low-frequency absorption coefficient is always negative. In
addition, amplification regions in the high-frequency region can arise. However,
such a regime is not suitable for creating a high-frequency radiation amplifier
based on a superlattice, since in this case the system becomes unstable and electric
domains arise in it that change all characteristics of the superlattice [1]. At the
same time, it was found that the high-frequency absorption coefficient can become
negative even with positive differential conductivity in the case when the electric
field corresponds to an increasing region of the CVVC near a local maximum. In this
case, there are no charge density instabilities which would inhibit the amplification
of the high-frequency field.

The work has been supported by the RFBR (grant no. 17-02-00969).

1. A.A. Ignatov, V.l. Shashkin, JETP 66, 526 (1987).
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ELECTRON STATES IN SEMICONDUCTOR HETEROJUNCTIONS
WITH GENERALIZED SPIN-ORBIT INTERACTION
OF THE DRESSELHAUS

A.R. Zaynagutdinov, A.V. Telezhnikov
Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod
E-mail: telezhnikov@phys.unn.ru

In semiconductors without an inversion center, in a number of problems it is
necessary to take into account the spin-orbit coupling (SOC) of the Dresselhaus.
For the case when the quantum well (QW) is grown in the [100] direction, the con-
tribution of SOC to the Hamiltonian of a two-dimensional electron gas is well
known [1], and the energy spectra of carriers are studied in detail. It is of interest to
study the energy spectrum in a QW or a series of QW’s (a multi-barrier structure),
grown in an arbitrary crystallographic direction. For this case, the contribution to
the Hamiltonian, corresponding to the generalized Dresselhause SOC, is still linear
on the wave vector k and has the form

He = (aXXO'X +a,0,+a,0, ) K, + (ayxax +a,0,+a,0, ) k, ,

where o,,0,,0, are the Pauli matrices, ¢ (i=x,y; j=x,y,z) are constants, k,k,

are the components of the wave vector of the electron. The present paper is devot-
ed to the investigation of the features of the carrier spectrum in such QW'’s.

A single heterojunction, representing two semi-infinite regions of a 2D elec-
tron gas with different Dresselhause SOC ¢, separated by a straight line boundary
was considered. Dispersion equation was obtained and the energy spectrum was
calculated for various combinations of parameters ¢ (fig. 1). It is found, that in

addition to the region with a continuous spectrum there can be surface states local-
ized at the interface.

This work was supported by the Russian Ministry of Education and Science
through the project part of federal task and RFBR grant Ne 16-32-00712.

ky

Fig._i. Energy_spectrum of the single heterojunétion

1. G. Dresselhaus, Phys. Rev. 100, 580 (1955).
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GOOS-HANCHEN EFFECT UNDER CONDITIONS OF EXCITATION
OF PLASMON-POLARITONS IN DIRAC MATERIALS

E.S. Azarova, G.M. Maksimova
Lobachevsky State University of Nyzhny Novgorod, Nyzhny Novgorod, Russia
E-mail: azarova.ekaterin@yandex.ru

Goos-Hianchen (GH) effect [1] is an optical phenomenon in which a light
beam on an interface of two dielectric media undergoes a lateral and angular shifts
from the position predicted by geometrical optics under the condition of total in-
ternal reflection. Although this phenomenon was first observed 60 years ago, it still
remains the subject of intensive theoretical and experimental research (see, for ex-
ample, references in [2]). A significant enhancement of the GH effect can be
achieved with additional energy transfer at the interface caused by the propagation
of surface electromagnetic waves, for example, plasmon-polaritons (SPP) [3]. Sur-
face plasmon-polariton modes can also be excited in doped graphene in the te-
rahertz frequency range [4]. According to calculations, a gapless graphene sheet
(or a multilayer graphene structure) placed between two dielectrics (the Otto con-
figuration) leads to a significant enhancement of the GH effect under resonance
excitation of the SPP [5]. Despite the absence of a gap in the graphene spectrum,
basically, it can be induced, for example, due to chemical doping, size quantization
in armchair nanoribbons or by the graphene interaction with different substrates. In
this paper we study the Goos-Hénchen effect under the conditions of excitation of
plasmon-polaritons localized on the interface in gapped graphene; the effect of a
bandgap on the phenomenon is considered. In particular, the appearance of an en-
ergy gap changes the position of the resonance, and with its growth the magnitude
of the effect decreases. A similar problem can be posed for a silicon analog of gra-
phene — silicene, where plasmons of two types are possible.

This work is supported by the RFBR (Grant no. 16-32-00712-mol_a), Rus-
sian Ministry of Education and Science through the project part of the federal task
(application Ne 3.2637. 2017) and the «BASIS» Foundation.

1. F. Goos, H. Hanchen, Ann. Phys. 436, 333 (1947); 440, 251 (1949).
2. S.Grosche et al., Opt. Express 23, 30195 (2015).

3. C. Bonnet, D. Chauvat, O. Emile et al., Opt. Lett. 26, 666 (2001).
4. L. Juetal., Nat. Nanotechnol. 6, 630 (2011).

5. M. Cheng et al., J. Opt. Soc. Am B 31, 2325 (2014).
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