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Invated Speakers

POLARIZATION OF SHORT ELECTROMAGNETIC PULSES
N.N. Rosanov, S.V. Fedorov

OPTICAL DETECTION OF MAGNETIZATION AND A SPIN NOISE
V.S Zapasskii

BRIDGING PHOTONICS AND THERMOMETRY: NEW HORIZONS
IN LUMINESCENCE SENSING
a®5® 5NI YAGIYAY

ESR SPECTROSCOPY OF THE FERMI-LIQUID OF SPINONS
IN ANTIFERROMAGNETIC CHAINS
A.l. Smirne

MAGNETIC AND ELECTRONIC PROPERTIES OF IRON HYDRIDES AND THE ¢-Fe
PHASE AT HIGH PRESSURES BASED ON MOSSBAUER SPECTROSCOPY DATA
AND SUPERCONDUCTIVITY EFFECTS

[.S. Lyubutin, A.G. Gavrilyuk, A.A. Mironovich, A.G. lvandvaJ dnov,

S.N. Aksenov, M.V. Lyubutina, I.A. Troyan

HIGH-RESOLUTION FOURIER SPECTROSCOPY OF CRYSTALS WITH f-
AND d-IONS. TEMPERATURE, MAGNETIC FIELD, AND STRAIN SENSORS
M.N. Popova, S.A. Klimin, B.Z. Malkin

CONCEPT OF THZ RADIATION VISUALIZATION USING RARE-EARTH DOPED
FLUORESCENT NANOSENSORS
V.V. Semashko, G.S. Shakurov, O.A. Morozov, S.L. Korableva, V.l. Kolesnikova

METHOD FOR DETERMINING THE PROBABILITIES OF TRANSITIONS FROM
INDIVIDUAL COMPONENTS OF AN EXCITED MULTIPLET BASED

ON THE TEMPERATURE DEPENDENCE OF THE LIFETIME

A.A. Kornienko, E.B. Dunina, L.A. Fomicheva
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MONAPU3ALNA KOPOTKUX SINTEKTPOMAIMHUTHbBIX MMIMYJIbCOB
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[MongapusaumoHHbIe SBMEHUS WrparT BaXKHYH pPOJSib B OMNTUKE WU
CMEeKTPOCKONUKN, U MNONSAPU30OBaHHas NIOMUHECLIEHUMS KpucTannoB 6bina
npegmeTom ocoboro BHumaHus IN.I1. deodunosa [1]. PaHee aTn sBneHna
n3yyanmcb nNPeMMyLLeCTBEHHO S  HernpepbiBHOrO  uanydyeHnsa [2].
PasBuTtne nasepHon TEXHUKN U HENTMHEWHOW OMNTUKE NPUBESIO K MOSIBIIEHNIO
BECbMa KOPOTKUX MMMYIbCOB, COAEpXallmxX TOSIbKO OOWH WM MeHee
onTuyeckoro uukna [3, 4]. OnucaHue nonapusaumMoOHHON CTPYKTYPbl Takmx
UMMynNbLCOB TpebyeT cneunansHOro pacCMOTPEHUS.

Monspwusaumsa N3rny4eHus CTporo onpepneneHa ans
MOHOXPOMAaTUYECKOro u3nydyeHns. B 3Tom cnydyae nonspusauma B
OMKCMPOBaAHHOM TOYKE MNPOCTpaHCTBaA [  3agaeTtca  rogorpadom
3JIEKTPUYECKON HaNps»XKEHHOCTU nonsa E — TpaekTtopuen koHua BekTopa E,
Hayano KOTOpPOro 3akpenreHo, npu WU3MEeHeHUM BpeMeHu [2]. JTa
TPpaeKkTopus Mrockas N ABNAETCA SNIUMNCOM, a B BbIPOXAEHHbIX CIlyvaax
Kpyrom (KpyroBaa nonspusaumd) wnum OTPe3KoM npsamMon (nuHenHas
nonapusaund). KoHeu Bektopa E npoxoauT rno Hen 6eCKOHEYHoe YMCIo
pas.

Ona nonuxpomaTuUyeckoro W3rnyvyeHud, COCTOSLWEro w3 BOMH C
HECKOSNbKMMW crneumanbHO nogobpaHHbIMK YacToTamu, rogorpad yxe He
NNOCKUA N MOXET SABMATbCHA 3aMKHYTOW MeTnen, B TOM 4ucre Yy3riom,
TOMOSNOrM4YEeCcKn He 3KBMBASIEHTHbIM Kpyry [5, 6]. N B 3aTOM cnyyae KoHel,
Bektopa E npoxogut no ropgorpady 6GeckoHeyHoe 4Yucno  pas.
Tononornyeckas xapakTepucTMka — YUCIO nepeceyeHnn NPOeKLUn
rogorpaga Ha nIOCKOCTb — ANA HUX KOHeYyHa. Takue «pydHble Yy3nbly»
cnyxart TpexmepHbiM 0606LeHnem duryp Jlnccaxy.

B aTom goknage oCHOBHOE BHUMaHWe yaendeTca nosfisipnsaumoHHON
CTPYKTYpe KOPOTKMUX B yKa3aHHOM CMbICIi€ UMIMYSIbCOB 3M1IEKTPOMArHUTHOro
nonsa [7]. NpuHuMnManbHON OCOBGEeHHOCTb rogorpadoB B 3TOM Cry4vae
CNYXWUT WUX 3aMKHYTOCTb, MOCKOMbKY A0 W MOcre npuxoda uMmnynbca B
paccMaTtpMBaemMylo TOYKy nosie oTcyTcTByeT. Mbl npuBogum obuiee
peweHne obpaTHOM 3agavn  KIacCUYEeCKOW  JIeKTPOANHAMUKUA — —
onpegeneHne MCTOYHMKOB, (POPMUPYIOLLMX 3afaHHOe nore, ucxoga wu3
o0Wwmx ypaBHeHU anekTpoanHamukn MakcBenna. KoHKpeTusunpys
MaTepuanbHble COOTHOLUEHUS, AN Bakyyma C 3apsigamu (nnasma) Mmbl
npeacrtaBnseM npumMepbl rogorpadoB 3MeKTPUYECKON Hanps»XKEHHOCTU He
TOMbKO B BUAE PYYHbIX Y3MN0B, HO M Y3r10B C BECKOHEYHOW TOMOMNOrMYEeCKOM
CJTOXXHOCTbIO (4mcrom nepecevyeHun). MpuBeaeHs.l Takke
NoNAPM3aUNOHHbIE JIEHTbl — OBYMEPHbIE MOBEPXHOCTU, obpasyemble npu
noMeLleHnn Hadana Bektopa E B Kaxayw TOYKy rogorpada; OHu moryT

N
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OblTb KakK ABYXCTOPOHHMMW, TakK U OLHOCTOPOHHUMMU (NeHTbl Mebuyca).
Kpome TOro, gatotcst npumepbl rogorpadpoB MarHUTHOM HanpsiKEHHOCTU U
BekTopa [MOMHTMHra (NOTOKa 9NEKTPOMAarHUTHOM 3Heprmn). YKasaHHble
CTPYKTYpPbl MOryT 6bITb CO34aHbl B NMfasmMe CTPYKTypamMu NAOTHOCTK 3apsga
M TOoKa B BMAE WMMYSbCHbIX pacnpefeneHHblX OCUUNNPYIOWMX W
BpaLLaroLLnXcs gMnonen.

[MpencrtaBnaeTcs, 4YTO MpUBEOEHHbIE pe3ynbTaTtbl MOryT ObiTb
NCNOSIb30BaHbI ans MNOJSTHOrO, NPOCTPaHCTBEHHO-BPEMEHHOIO
CTPYKTYPUPOBAHNSA KOPOTKUX INIEKTPOMArHUTHbLIX UMNYnbCoB [8].
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MarHutoonTuyeckme wuccnegoBaHUs KPUCTanNnoB, akTUBMPOBAHHbLIX
P3 woHamn, Obinn wnHUUMMpOBaHbl B [OCyOapCTBEHHOM OMTUYECKOM
nHctutyte mm. C.A. Basunosa [letpom [leTpoBuyem deodmnoBbiM B
KoHue 1960-x rogoB. lccnegoBaHusl, KOTOPbLIMM MHE rpeasiaranocb
3aHATbCS, NepBoHa4vasribHO OblNM HauerneHbl Ha HabngeHue 3adhdeKToB
BO3ENCTBUA MArHUTHOrO NOMSA Ha CMNeKTPbl aKTUBUPOBAHHbLIX KPUCTASNOB.
N3-3a OTHOCUTENBHO BOONLLUOW LWMPUHBI NOSIOC ONTUYECKUX NEPEXOLOB B
Kpuctannax nno CpaBHEHUIO C aTOMHbIMM cucTeMamn, 3P EKTbI
MarHMUTHOro nons NPosIBNAKTCA bonee Bblpa3nTenbHO Kak
WHOYUMPOBaHHAA MofemM aHU30TPONuda, a He WHAYUMPOBaHHbIE MONeMm
CABUMM ONTUYECKMX nepexodoB. B xopge atom paboTbl HaMm yaanocb
OOCTMYb npefenbHon (orpaHMyeHHon ApoboBbLIM  LWYMOM  (POTOTOKA
NPUEMHMKA) MONAPUMETPUYECKON YYBCTBUTENbHOCTU u3MepeHun [1, 2],
YTO MPUMEHUTESIBHO K MarHUTOONTUYECKMM dddeKkTaMm B napamarHUTHbIX
cpefjax YykasblBano Ha BbICOYMaWLWY YyBCTBUTESNBHOCTb MeToda K
HaMarHM4EeHHOCTU CMNH-CUCTEMbI N K €€ N3MEHEHUSM. OTU pe3ynbTaThl, B
COYETAHMM CO 3HAYUTENbHBLIM MNporpeccoM B 06nacTM nasepHbIX
TEXHOMNOIMMM  MO3BOSMUNM  OTKPbITb  HOBbLIE  3aMevaTesfibHble  MNyTU
nccnegoBaHnn B o6mactm MarHUTOONTUMKM M CNEKTPOCKONUM MarHUTHOrO
pe3oHaHca. OgHum  n3 Hambonee BnevaTnAwWUX pes3ynbTaToB
YNOMSHYTbIX  JOCTUXEHUU nasepHom nonsapuMeTpumn SIBUNOCb
obHapyxeHune adbekta MarHMTHOro pe3oHaHca B WymMax dapageeBCcKoro
BpawieHus [3]. ekt ObIN BNepBble 3aperncTpupoBaH Ha aTOMHOM
cucteme (napbl LWENOYHOro MmeTanna), rae HamarHM4YeHHOCTb CrMHOBOW
cucteMbl Hambonee addekTnBHO npeobpasyetca B apageeBckoe
BpalleHue [3, 4]. D B panbHenwem ata metoamka Obina nepeHeceHa Ha
TBEpOOTENbHbLIE  NapamMarHeTUKWU, MOPOAMB  HOBOE  HanpasfieHue
cnekTpockonun AINP — cNeKTpOCKONMIO CINHOBLIX LLYMOB [5].

HoBblM  noaxon  xapakrtepusoBarncsa  psgom  crieymduyecknx
OCODEHHOCTEN, [fOenaBWwKMX €ro B  onpedeneHHblX  OTHOLUEHUAX
YHUKanbHbiM. Cpean HMX MOXHO YNOMSIHYTb HEBO3MYLL AWM XapakTep
N3MepUTENLHOM  Npoueaypbl, OTCYTCTBME  TpeboBaHUS  MarHUTHOE
nonapusaumn CrmH-CUCTEMbI, BbICOKOE NPOCTPAaHCTBEHHOE pa3pelleHne n
pag apyrmx. Kpome Toro, CneKkTpoCKOMMs CrMHOBLIX LUYMOB OKasariacb
cnocobHOM pellaTtb HEKoTopble 3agayun, OBbIMHO [OCTYMHbIE TOMbKO AN
HEJTMHENHOW OMNTUKN.

B noknage npegnonaraetca gatb obuiee npeacrtasrieHne o meToae
CMEKTPOCKOMNUN CMMHOBLIX LUYMOB, KOCBEHHLIM 06Pa3oM UHULMMPOBAHHOM
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M.rn. ®eodunoseim 6Gonee 50 netr Hasag, W NPMBECTU MNPUMEPDI
9KCNepuUMeHTarbHbIX Pe3ynbTaToB, MOMYyYEHHbIX C MPUMEHEHUEM ITOU
YHUKanbHON meTtoauku. [o HeJaBHEro BpeMEHU CnekTPOCKOMUSA CMHOBLIX
LWWYMOB  UCMofnb3oBanacb  TOMbKO AN U3Yy4eHUss  aTOMHbIX W
NnoslynpoBOAHUKOBBLIX CUCTEM. B HacTosiuiee Bpemsi OHa, OfHako
NpoAeMOHCTpUpoBana CBOW 3PEPEKTUBHOCTb UM MO OTHOLIEHUK K
KpucTtannam ¢ pegkoseMenbHbIMM MOHaMKU 1 MO3TOMY 3acry>kKuBaeT CBOEro
yNoMUHaHus Ha aToMm Cumnosnyme.
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ACP-CMNEKTPOCKONMA oEPMUN-KNOKOCTU CINMMMHOHOB
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OgHomMepHble LenoYvkn cnmHoB S = 1/2 ¢ aHTUeppoMarHUTHbIM
obmeHOoM o00nagatoT HeOOblMHbIM OCHOBHBLIM COCTOSIHMEM B BuUAE
KBAHTOBOWM CMUHOBOW XXWOKOCTU, B KOTOPOM HET KINacCUYeCKoro MarHUTHOro
nopsigka. OgHako, 9TO COCTOSIHME CUITbHO KOPPENMPOBAHO U OMNUCLIBAETCSA
Kak aHcambnb [enokanuM3oBaHHbIX KBa3uM4yacTuy co crnvMHom S = 1/2.
YKasaHHble KBa3n4yacTuuUbl ABNAKTCA depMMOHaMM 1 NOSTyYnsin Ha3BaHue
cnnHoHOB. Bo3byxaeHnsa, Habnogaemble B 3KCNEPUMEHTaX NO HEYNPYyromy
paccesiHUi0 HEeWTPOHOB WS SNIEKTPOHHOMY CMMHOBOMY pPEe30HaHCy,
npeactaBnalOT cobon napHble obpas3oBaHMs TuUnNa «KBasuyacTuua -—
OblpKa», BO3HMKaKLIMe npu nepeHoce CnnHoHa u3-rnof yposHsa depmu
HapyXy. CnekTp 3HayeHuMN nepenaHHOW 3JHeprum npu PUKCMpoBaHHOM
nepefaHHOM MMMyrbCe OKasbliBaeTCA MNPy 3TOM LLUMPOKUM U UMEET BUL Tak
Ha3blBaeMoro ABYXCMUHOHHOIO KOHTUHYYMa, paguKanbHoro
OTNNYaKLLErocsl OT CNEKTpa MarHOHOB B OObIMHOM aHTUdEpPpPOMarHeTuke.
OT O06blYHbIX )EPMMEBCKMX CUCTEM TuMA IMEKTPOHOB B MeTanmnax
CMNHOBbLIE LIENOYKN OTNMYAKTCA TEM, YTO (DEPMUOHBI B HUX HE ABISOTCS
MUKpoYacTMUuaMn Matepunm, a npeactaBnsaioT CcOOON  KOMSMEKTUBHbIE
OWHaMUYEeCKne  CTPYKTYpbl  MakpOCKOMUYECKOW CNUHOBOWM  CUCTEMbI
ON3NEKTPUYECKOro Kpuctanna.

Mbl  n3ydaem cCnekTpbl MOrMOWEHNA  3NEKTPOMarHUTHbIX BOJIH
MUNNMMETPOBOro amanasoHa B kpuctannax K>CuSO4Brz, cogepxalymx
Lienoykn noHoB Cu?* (S = 1/2), n Cs2CoCls ¢ uenodkamm noHos Co?* (S =
3/2) v nonyyaem 3KCnepuMeHTarbHble CBUOETErNbCTBa Kak Ccamoro
CyLeCTBOBaHN4A CMUHOHOB, Tak n NX depMnN->XngKoCTHOro
B3aMmoaencTeuns. Baammogenctene CnNUHOHOB TUMa «paccesiHne Hasapg»,
Hapsgy € B3avmopgeucTtsuem [ssanowmHckoro — Mopun npusBoauT K
[o06aBOYHOMY CABUrY rpaHuL, CIMHOHHOIMO KOHTMHYyMa B MarHMTHOM More.
Ha ocHoBe akcrnepuMmeHTanbHOro orpenesieHnsl rpaHuL crnektpa u ux
3aBMCMMOCTWU OT MarHuTHoro nons 6bina onpegeneHa BEPOATHOCTb
paccesiHUA CNUHOHOB APYr Ha Apyre U NnepeHopMMpoBKa CrekTpa 3a cyer
B3anmMoaencTeus oepmMun-xmakocTHoro tuna B KoCuSO4Br2 [1].

Ona kpuctannos Cs:CoCls ¢ uenoykamm uoHoB Co?* (S = 3/2),
obnagalowmx CUMbHOM aHU3OTPOMNMEN, BO3MOXHO nNpeacTaBfieHME Ha
OCHOBE NceBaoCnMHOB S = 1/2 BcneacTtBue TOro, YTo COCTOAHUA C S; = +/—
3/2 otpeneHbl OOnNbLWOW LWENbld B KPUCTAN/MYEecKoOM TMofie U He
3acensarTca nNpu HU3Kon Temnepatype. Llenoykn obnagatoT aHM3oTponuen
XXZ-Tuna, nx CnekTp COXpaHseT B o0WMX yYepTax BuUA ABYXCMMHOHHOIO
KOHTUHYYMa, OAHAKO MMEET MO CPaBHEHUIO C rern3eHbeproBCKOn LIENOYKOM

]
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pacLlensieHne yxe B HyNeBOM Trofle, KOTOpPOe pasBMBaeTCA MO Mepe
YCTAHOBNEHNS  BHYTPULIENOYEYHbIX  KOppensunmrm npu  NOHMKEHUU
TeMmnepaTypbl [2]. Mbl Habnogaem obpasoBaHue CnekTpa,
COOTBETCTBYIOLLLEr0 KOMNMEKTUBHOMY [OBWMXEHUIO CNMHOB B XXZ-Lenoyke
npu oxnaxageHun obpasua B WHTepBane ot 2 o 0.2 K, nocne 4ero
NPOUCXOAUT MAarHUTHOE YMNopsigOYeHMEe C ele OAHOW paguKkaribHOWm
nepecTtponkon crnektpa. CmelleHne 4acTtoTbl MarHUTHOMO pPe3oHaHca B
pesynbraTte pasBUTUA CMNUH-XXUOKOCTHLIX KOppensumn CcooTBETCTBYET
TeopeTnyeckoMy cnekTpy XXZ-uenodkm ncesgocnuHoB s = 1/2,
nony4yeHHomy metogom DMRG [3].

[Mony4yeHHble pesynbTaTbl yKasblBalOT Ha (epMU-XUOKOCTHOe (To
eCcTb He depmu-ra3oBoe) noBefeHNe CNUHOHOB, a TaKkKe Ha
CyLLeCTBOBaHME XOPOLLO onpeeneHHbIX KBa3nyacTul, B CMNH-XXUOKOCTHOW
daze XXZ-Lueno4evyHoro aHTugeppomarHeTuka.
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MAMHUTHBIE N QNEKTPOHHbLIE CBOVCTBA MMAOPWAOB XXEJNE3A
N ®A3bI e-Fe MO JAHHBIM MECCBEAY3POBCKOW CINEKTPOCKOMNNA
NMPW BbICOKNX JABITIEHUNAX N QOPEKTbI CBEPXINPOBOOMMOCTH

N.C. NMobyTtuH!, A.l'. Faspuniokt?, A.A. MupoHoBuy?, A.l'. iBaHoBa?,
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[Mpn BBLICOKMX [OaBneHUsIX U HU3KMX TemnepaTtypax uccrnegoBaHbl
9MIEKTPOHHLIE, MarHuUTHble, KonebaTenbHble W CTPYKTYpPHble CBOWCTBA
ynctoro e-Fe xenesa un ero coeauHeHun ¢ Bogoponom FeHy (nonu-, nnu
cynep-rugpuabl xenesa) [1-3]. cnonb3oBaHbl MeTOAbl CUHXPOTPOHHOM
méccbayapoBckon cnektpockonun NFS (Nuclear Forward Scattering),
pamMaHOBCKOW CMNEeKTPOCKOMNUK, MUKPO-KOHTaKTHOWN (angpeesckon)
CMEKTPOCKOMUKN,  3MEKTPO-pe3NCTMBHbIE  UCCNEedoBaHUs, a  Takxke
PEHTrEHOBCKAA CUHXPOTPOHHas andopakumsa. YMctoe aTomapHoe Xeneso B
dase e-Fe nccneposanock B ananasoHe P-T ycrosun (P = 15-241 Tla, T
= 4.2-300 K). BroisiBnieHa aHOManunsa B aneKTPOHHbIX CBOMCTBAxX B obnactu
pasrneHnn 150 ITla. Bo Bcém uccnegoBaHHOM Auanas3oHe P-T ycnosum
dasza eFe nposaBnAeT AuMamMarHuUTHble cBoOMCTBA W coxpaHset [T1Y
KpUCTann4eckyro CTpyktypy [2].

Monurngpuabl xenesa CUHTE3MPOBAIMCb MPU BbICOKOM [aBIIEHUU
METOAOM Na3epHOro HarpeBa McxogHoro e-Fe xenesa B cpege 6opaHa
ammmnaka (BHsNH3) B kamepax BbICOKOro [aBfeHWd C  anMasHbIMU
HakoBasnbHAMW. ATOMapHbIn Bogdopod H» Bblgenancs B pesynbTaTte
TepMmuyeckoro pasnoxeHna BH3NHz: B npouecce HarpeeBa MOLHbIM
nasepHbIM U3nyyeHMeM U BCTynan B peakuuio C xxenesom. B pesynbTtarte
TaKoro CMHTE3a, Kak npaBuio, CUMHTE3NpyeTca MHoroobpasne pasnmnyHbIX
da3 FeHy ¢ HacbIWEHHOCTLIO Xene3a BOAOPOAOM B AnanasoHe X = 1-6.
[MokazaHO, 4TO coAepxaHue Bogopoda 3aBUCUT  OT  BENUYUHBI
NPUMNOXEHHOro [aBneHus, TemnepaTtypbl U BPEMEHU CUHTE3a, a Takke, u
OT paBHOMEPHOCTWU pacnpefeneHns MOLWHOCTM B Jla3epHoOM nydke. U3
aBonuMn MeccbayapoBCKMX CMEKTPOB YCTAHOBIIEHO, YTO B AuanasoHe
nasrneHnn o 130 Mla cnHTe3npyroTCs Kak MarHUTHbIe, Tak U HeMarHUTHbIE
(vnn cnabomarHuTHble) dasbl FeHy [1]. Mpn gasneHnax soiwe 150 [Tla
Ha4YMHaT NOABMATECA HEMarHUTHble (pasbl, HO C CYLLECTBEHHO OPYrMMM
9MIEKTPOHHBLIMW CBOWCTBaMWU. JTO crnegyeT M3 BEUYUHbI M30MEPHOro
cOBura, KOTopbi oTn4aeTcs OT ero 3HadyeHus B e-Fe. Boiwe P ~ 160 [Tla,
CUHTEe3npyroTCs hasbl FeHy, nposiBnatoLwme cBepxnpoBosLime CBOUCTBA C
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KpUTUYEeCKOM TemnepaTypouM nepexoga B  CBEPXNpPOBOAMMOCTL B
ananasoHe Tc ~ 12-30 K [3]. 3HayeHne Tc 3aBUMCUT OT [OaBfeHUn WU
yCITOBUI CUHTE3a.

Mpn nogrotoBke o06pasuoB wmcnonb3oBanock obopyaoBaHue LK
«YCKOPUTENbHbIN LEHTP HENTPOHHBLIX NCCIIef0BaHUN CTPYKTYPbl BelecTBa
n apgepHon  MeguumHbel» AWM PAH.  PeHTreHOoCTpyKTypHble W
mMeccbayapoBCKMe uccnefoBaHUsa BbINOMIHEHbI B paMKax BbIMOSIHEHUS
rocyaapctBeHHoro 3agaHnsa HUL «KypyaToBCKUM MHCTUTYT».

BNBINOIPAPUNHECKNE CCbBIJIKU

1. A.l. TaBpuniok, B.B. CtpyxkuH, C.H. AkcéHos, A.I'. VBaHoBa,
A.A. MupoHoBud, WN.A. TposiH, A. [laxomoBa. WN.C. JloByTuH,
Mnucema B XXKI3TO 116, 779 (2022).

2. A.l'. MaBspuniok, B.B. CtpyxkuH, C.H. AkcéHos, A.A. MupoHoBuy,
N.A. TposH, A.l'. MBaHoBa, WU.C. JltobyTuH, Mucema B XKOTP 117,
132 (2023).

3. A.l. MaBpuniok, N.A. TposiH, B.B. CtpyxkuH, [.H. TpyHos, C.H.
AkcéHoB, A.A. MnpoHosuy, A.l'. iBaHoBa, W.C. JTlobyTuH, MNucbma

B KOT® 118, 735 (2023).



®YPBLE-CIMNEKTPOCKOINNA BEICOKOIO PASPELUEHNA KPUCTAIIOB
C f- U d- NOHAMW. OATHUKU TEMMNEPATYPbI, MATHATHOTO MNOJA,
AEOOPMALINN

M.H. Monosa?!, C.A. Knumuu?!, 5.3. MankunH?
Rdzmisdlsizls MY jClstesMSsfdd ¢t sy
S OLOdNT o sdz¥ @ d WO Az dzr 2 kded o j

SOLQdzt siyfmd W
E-mail: popova@isan.troitsk.ru

B lNocynapctBeHHOM Ontuyeckom WHctutyTe mm. C./A. Basunosa,
roe pabotan [létp [lletposud PeodunosB, BeNUCb UCCNeoBaHUS B
obnactM  pas3nuyHbiX  BUAOOB  CMNEKTpOCKONuM,  BKNYas  pypbe-
crnekTpockonuio. LLnpokognanasoHHas dypbe-CrneKkTPOCKOMNNA BbICOKOro
paspeLlleHns — MOLLHbIN MeToL uccrefoBaHna doratbiX Y3KUMU JIMHUSMA
NPOTSXKEHHbIX CcrnekTpoB. OH MpUMEHAETCH B aTOMHOW M MOJSIEKYSISIPHOMN
cnektpockonun, a B UCAH Obin BnepBble NPUMEHEH K TBEPAOTESIbHbIM
3ajayamMm, B 4acTHOCTW, ANf1I9 WCCNedoBaHUS CreKTPOB KPUCTassos,
aKTUBUPOBAHHbLIX peako3emenbHbiMU (P3) noHaMu 1 noHaMn nepexogHbIX
MeTasnmos.

B ngoknage 6yayTt kpaTko gaHbl 0COBEHHOCTM MeToaa 1 ero uctopus,
3aTeM pacCMOTPEHbl MpUMepbl  UCCNedoBaHUM,  BbINOSIHEHHbIX B
JTabopatopun  dypbe-cnektpockonum WCAH B coTpydHudecTBe C
TeopeTukamn KasaHckoro egepanbHOro yHuBepcuteta M MHOMMMMU
9KCNepuMeHTarbHbIMU TPpynnaMmn n3 pasHbIX HayuvHbIX Y4YpexneHun, Kak
3aHMMaKLWMMNUCH CUHTE30M KpUCTannoB, Tak U WX WUCCredoBaHWEM C
nomoLbio apyrux metognos (AP, peHTreHOBCKNE N HENTPOHHbIE METOAbI,
MarHuTHble, MarHUTO3MeKkTpu4eckme, ANarneKkTpunyeckue,
TepMoauHamuyeckne wmamepenusi). Mbl nokasanu, 4To MmeTon dypbe-
CMEKTPOCKOMNUN  BbICOKOrO  paspelleHns obecneunmBaeT  pPEKOPAHYHO
YyBCTBUTENbHOCTb B OOHApPY>XeHUN npumecein, AedeKTOB U HanpsKeHUN B
KpucTannax, 4To MOXeT OblTb MCMNOSMIb30BaHO AS11 KOHTPOSIS KayecTtBa U
COBEpPLUEHCTBOBaHUA TEXHOSNOrMM pocTa KpuctannoB. Metoq nossonser
nccrnenoBatb  CTPYKTYPHblE M MarHUTHble  (pas3oBble  nepexopsbl,
onpenendaTb TUMbl MarHUTHBIX CTPYKTYP, B TOM YKUCre B CriydasaXx, Korga 3710
HEBO3MOXHO WNWN 3aTpygHUTENbHO caefnatb HEeWTPOHHbIMKM MeTodaMwu.
Bbinn  nccnepoBaHbl  pasnMyHble  (PYHKUMOHarbHble  Martepuansbl:
MYIbTUEPPOUKM, NIOMUHOGOpBI, Kpuctannel  gngd KBaHTOBOMW
9JIeKTPOHUKM, KBaAHTOBOW wuHpopmaTtuku. MHorve BuAObl OMTUYECKOM
KBAHTOBOW MaMsATU WUCMONb3YHT CBEPXTOHKME YypoBHWM P3 unoHOB B
Kpuctannax, W Mbl UCCNegoBasivi CBEPXTOHKYHD W U3OTOMUYECKYHO
CTPYKTYpY B chekTpax. bbina pasButa MUKpOCKONMYeckass Teopus
N30TOMNYECKON CTPYKTYpbl B crektpax P3 MOHOB, MHOYLMPOBAHHOW Kak
n3oTonuMYeckum ©OecnopsigkoM B KpUCTaniM4yeckon matpuue, Tak WU
pasnunymem macc agep P3 nsotonos. OBHapyxeHbl cnekTpanbHble FINMHUK
CO crneunduyecknm npoBasriomM B LEeHTpe, COOTBETCTBYIOLLNE Nepexosam C
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ydyactmem opoutanbHO BbIPOXOEHHbBIX 3MEKTPOHHbIX COCTOSHMW. [ns
OOBACHEHNA  KOHTypa Takux JNUHMA  OBblla  MNOCTpOeHa  Teopus
AedOpMaLMOHHOIO YLIMPEHUS W pacLlienfieHna CchekTparbHbIX JUMHUN,
BKMNtoYatoLwas BbiBog 0060OLLEHHON OYHKUMKM pacnpeneneHnusi KOMNOHEHT
TeH30pa CrydawHbix gedopmaumn, UHOYUMPOBAHHbBIX  TOYEYHbIMU
nedektamMm  unM - rpaHMuaMm  JOMEHOB B YMNpyro  aHm3oTPOMHOM
KOHTUHYYMeE.

HenaBHee ycoBeplLLUeHCTBOBaHWE 3KCMNepUMeHTanbHOW YCTaHOBKM Ha
base doypbe-cnekTpomMmeTpa Bruker 125HR nossonsetr Ham
perncTpupoBaTb CMNEKTPbl He TOJSIbKO MOrSOWEHNA U OTPaXeHUs, HO W
NOMUHecUeHUMn ¢ paspeweHnem go 0.0006 cm? [1]. OTo oOTKpbINO
BO3MOXHOCTM nccnegoBaHnn B obnactn AVNCTaHUMOHHOIO
NIOMUHECLUEHTHOrO MOHUTOPUHIa HU3KUX TemnepaTtyp, MarHUTHbIX NOnewu,
nedgopmaumn [1-3].
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KOHUEMUMA BUIYAITM3AUNU TILU-N3NYHEHNA
C NCIMOJIbSOBAHMEM ®JTYOPECUEHTHbBLIX HAHOCEHCOPOB,
NErMPOBAHHBIX PEOKO3EMEJIbHBIMU SNEMEHTAMU
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TeparepuoBbin agnanasoH (0,1-10 Tl'y, 3 mm — 30 MKM) pacrnonoXxeH
MeXay MWKpPOBOSHOBOM W AanbHen MK-obnactsamu cnektpa v go cux nop
cnabo ocBOeH 4enoBeyecTBOM. TIlL uM3nNy4yeHne B3aMMOOENCTBYET C
HU3KOYACTOTHbIMW KonebaTenbHbIMM  MOAAaMW  MOSEKYST U NO3BONSET
noslyd4aTb YHUKanNbHYy (OYHKUWOHAaNbHYO MHGopMauuio o6 obbektax u
ABMEHUAX, HEOOCTYMHYK NPU  UCMNOMb30BaHUM  OPYIrUX  U3JTYHYEHUN
aneKkTpoMarHuMTHoro cnektpa. B uvactHoctn, TIy wmsnyyeHne cnocobHO
NPOHUKaTb CKBO3b PasfnyHble MaTepuanbl, YTO NO3BOSISIET NPOBOAUTb UX
KOHTpacCTHY auddepeHumnaumio no MonekynapHoOMy coCcTaBy U BbIABNATb
CKpbITble 06bekTbl. Kpome TOro, OoHO He SBMSIETCA WOHU3MPYIOLWUM U
coBepLleHHO 6e3BpeaHO Ans XuBon Matepun. [oaTomMy AeTEKTUpOBaHNE U
Bu3yanusauus Ty nanyyeHna npeacraBndeTca NepcrnekTMBHbIM MOLLHbIM
WHCTPYMEHTOM AN uccnegoBaHun B obnactu 6uonornn, MeguumHCKOW
TepaHocTukn [1], npumeHeHnnn B obnactnm obecneyeHns He3onacHOCTU
XuUsHegeaTtenoHocTn [2], MaTepuanoBefeHusa, agedekrockonun [3],
COBPEMEHHLIX cuctem cBa3n [4] u T. AO. Paspabotka uanyeckmnx
NPUHLMMNOB MOCTPOEHUS BbICOKOYYBCTBUTENbHbBIX ObICTPOAENCTBYHOLLNX
OETEKTOPOB M BM3yanu3aTopoB B peanbHoM maclitabe BpemeHn KBY wm
TeparepLoBOro U3ny4yeHna ABsSeTCS akTyarnbHOW U HEOTMOXHOM 3aadven.

B HacToswem [foknage npeanaraeTca napagurma Busyanusaumm
Tlu-nanyyeHnsa, kotopass sBNAeTCs pes3yfbTaTOM CUMHTE3a paHee
NPeanoXeHHbIX wnaen, Kacawwmxca Bu3yanusaumm MUKPOBOJSTHOBOIO
nanydeHuss («pagumosusopa») [5] M MeTannMyeckux HaHoyacTuy —
npeobpasosarenen Tl y-n3nyyeHma B Tenno Ans TeNNOBU3NOHHbBIX CUCTEM
[6]. OBcyxgaeTcs n pasBnBaeTCa BO3MOXHOCTb peanmnsaumm OeTeKTOPOB U
BU3yann3aTopoB Ha OCHOBE aKTUBMPOBAHHbIX (PTOPMOHLIX HaHO4YacTwuL,
KOTOpble OOHOBPEMEHHO ABMATCA 3(PdeKkTUBHbIMU nornotutenamu TIu-
N3NYyYEHUST U BbICOKOYYBCTBUTENbHLIMU JIIOMUHECLIEHTHBIMN AaTyMKamMu
Temnepatypbl. [lepcnekTuBHbiM MaTepuanoM Ans  Takumx OaTyMKOB
SBNSAKOTCA NEerMpoBaHHble peako3eMesnbHbIMU dfieMeHTaMn OTOPUAHLIE
HaHOKpuUCTannbl, obnagawwme HU3KUMKA 3HAYEHUSAMU TENNOEMKOCTH,
TennonpoBOHOCTU, MNIIOTHOCTU U 3PGEKTUBHON riyopecueHumen [7].
BoamoxHO co3paBaTb 0O0beMHbIE WU/UNN KOMNO3UTHbIE HAHOYaCTULbI TUMNA
«aapo-obonoyvka», B KOTOpPbIX AnNs nornoweHus Try-nsnyvyeHms moryt
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MCMNOSIb30BaTbCA MEXLUTApPKOBCKME MNepexodbl WOHOB peako3eMeribHbIX
WOHOB B OCHOBHOM COCTOSIHMM, KrlacTepbl BOAbI WMNU MeTansimyeckme
BKITIOMEHMA, a nocrneaylwmnn HarpeB MOXeT [OeTekTMpoBaTbCs Mo
cnekTpasnbHO-NMIOMUHECLEHTHLIM CBOMCTBAM, 3aBUCSALLUM OT TeMnepaTypsbl.
[MpoaHannanpoBaHbl NpenMyulecTBa U HedocTaTkuM AaHHOro nogxoga, a
Takke AaHa OUEHKa pasfiMdHbIM Noaxodam K CO34aHMI0 TakMxX OaTyYMKOB-
BU3yann3aTopoB.

MpencrtaBneHbl OCOBGEHHOCTM CUHTE3a MTOPUOHbLIX HaHoYacTuu,
NerMpoBaHHbIX peaKko3eMesSibHbIMWU  MOHaMW, pPasfiIMYHOro cocTaBa W
Mopdonornn, npoaHanmanpoBaHbl U PacCMOTPEHbl UX abCcopOUMOHHbIE K
dorlyopecCLEeHTHbIE CreKTparibHO-KUHETUYECKUE XapaKTeEPUCTUKN B T L w
ONTMYECKOM CMeKTpanbHOM W TeMnepaTypHOM [uMana3oHax, B KOTOPbIX
peannuayeTca UWX MakcuMmanbHasi TemnepaTypHasi 4yBCTBUTENbHOCTb.
OueHeHbl noporn obHapyxeHus Ty n3ny4yeHns n MHEPLUMOHHbIE CBOMCTBA
TemnepaTtypHbIX CEHCOPOB/BU3yanu3aTopoB Ha OCHOBE (PTOPUAHbLIX
HaHoyacTuu. [lpmBegeHbl  pesynbTaTbl  NEPBbIX  IKCMNEPUMEHTOB.
O6cyxpatoTcsa  ganbHenwme NnepcrneKkTmBsbI ncnonb3oBaHua  Tly
doryopecLEeHTHbIX HAHOBM3yann3aTopoB.
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METO[ ONPELENEHNA BEPOATHOCTEWM NEPEXOOOB
C OTAEJIbHBIX KOMIMOHEHT BO3BYXAEHHOIO MYJIbTUTMJIETA MO
TEMMNEPATYPHOW 3ABUCMOCTU BPEMEHW XKN3HU
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Bpema  xun3Hm  BO3OY)KOEHHOro  MymnbTuNneTa —  BaXHas
XapaKTepUCTUKa, KOTOpas YYMTbIBAETCA NPU KOHCTPYMPOBAHWWN fa3epoB.
N3amepeHna BpeMEHU XU3HW WHOrga [AOMOMHATCA M3MEPEHUAMU ee
TemnepaTtypHOM 3aBUCMMOCTU. [lepBble U3MepeHus TemnepaTypHOn
3aBMCMMOCTU Obinu BbINONHeHbl 6onee 50 neT Hasag M npoaosikarT
BbIMONHATLCA M B Hactosiwee Bpems. OpHako, nocrnegoBaTeribHOE
TeopeTnyeckoe onucaHue 9KCrnepuMeHTanbHoOn TemnepaTtypHon
3aBMCUMOCTU BbIMOSHEHO HefaBHoO B pabote [1]. B atom pabote ans
KOPPEKTHOIO OMMcCaHus unanydatefibHblIX M abcopbunoHHbIX nepexonos C
y4yeToOM TemMrnepaTypHOM 3aBMCUMOCTU NpeanoxeHa cnegyowas popmyna
ONS CUNbl OCLUITNSATOPOB:

D

Eq ]
KT

fJ—O

: , 4

Ke(G)SR & G d ,)cd ) exng

f = RAL s s Q 1
»=ayma @ > (1)
3poecb B kayectBe f° MOXHO MCMONb30BaTb CWflbl OCLUIINIATOPOB,

onpeaeneHHble no teopun xagna — Odenbta, Kc 1 KoppekTupytoLme
KO3t DPULIMEHTHI, SR(Q, ga) — maTtpuua npasun otbopa usnyyaTenbHbIX

nepexonos, DEG1 :EG EG — OJOHeprmda KOMMOHEHTblI C HenpueoaMMbIM

npegcraeneHeM G mynbtunnetra J OTHOCUTENbHO KOMMOHEHTbl C
HanMeHbLUEN 3Heprnen aTtoro Mynstunneta, k — nocrossHHaa bornbumaHa,
Yyepes3 Z 0603HavYeHa cTaTucTMyeckas cymma.

PesynbTaTtbl  OnNucaHuUs  3KCNEPUMEHTaNbHOW  TemrepaTypHOU
3aBUCUMOCTM [2] BpeMEHM XU3HKU MynbTunneta *Fs. noHa Nd3* B LiYFs c
ncrions3oBaHnem opmyrbl (1) npeacrasneHbl HA PUCYHKE.
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Puc. Toukamn 0603HaYeHbI SKCNnepmmMeHTalribHble 3Ha4YeHnA

B kauecTBe Bapbupyembix napameTpoB BbibpaHbl Kc[l7,g] = 1, Kc[l 5.6
= 1.4. im cooTBeTCTBYIOT crneaywouime BepodatHocTn nepexonos W(l7g) =
1755 ¢, W(ls6) = 2457 c .

Taknm obpasom, Nofny4YeHo XopoLlee onncaHue 3KCnepuMeHTarbHOM
3aBUCMMOCTU N BEPOATHOCTM MNEPEXOAOB C KOMMOHEHT BO30YXXOEeHHOro
MynbTUNIIeTa.
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[ONCTaHUMOHHOE  M3MEpeHne  TemnepaTtypbl Ha  OCHOBaHUU
TemMnepaTypHO-3aBUCUMbIX XapaKTepPUCTUK JIIOMUHECLIEHUMN OBOBLEKTOB
(Bpemsi 3aTyxaHus, NONIOXKEeHUe, LWUPUHA N MIHTEHCUBHOCTb JIMHUI) LLUMPOKO
NPUMEHSIETCA B pasfinyHbiX 06nacTax Haykm M TexHukn. OHO nosBonseT
OTCNexXmBaTb XOA4 XUMWUYECKMX peakunin U pasfinyHbIX TEXHOMNOrM4eCcKmnx
NPOLIECCOB M NoflydaTb KapTbl pacrnpeneneHus Temneparypbl C XOpoLIUM
NPOCTPAHCTBEHHbIM  paspelleHnemM, 4YTo O0cOBEeHHO UEHHO Aans
BMOMEOVUMHCKMX  MPUNOXeHUn. HasBaHHble NpUMeEHeHus  TpebytoT
N3MepeHnin BONN3N KOMHATHOW TemnepaTypbl U Bbllle, U1 UMEHHO 3TOT
OnanasoH TemnepaTyp XOpoLo OCBO€H. Mcnonb3yeTca ntOMUHECLIEHLNS
KpuctannosB c¢ f- n d-noHamu, opraHU4eCKUX MOJSIEKYSl, KBAHTOBbIX TOYEK,
LLleHTPOB OKpacku B anmasax. ObnacTb KPMOreHHbIX TeMnepaTyp noyTn He
OCBOEHa, Torga Kak Takue W3MepeHusi Heobxoaumbl, Hanpumep, npu
NPOBEOEHUM HU3KOTEMMEPATYPHbIX OKCMNEPUMEHTOB, B KOCMWUYECKUX
nccnegoBaHUsIX, B COBPEMEHHbIX KBAHTOBbLIX TEXHOMNOIMMSX.

[Ons NIOMUHECLEHTHbLIX M3MEPEHUN TemnepaTyp B AnanasoHe 3—
150 K ™Mbl  npegnoXxunm ucnonb3oBaTtb U3MepPeHUs OTHOCUTENbHbIX
nHTeHcmaHocTen LIR (line intensity ratio) U wupuH Av nMMHUM Nepexoaos
MeXOy LTAapKOBCKUMW YPOBHSIMM WOHOB faHTaHOMAOB M Xpoma B
Kpuctannax [1-6], a ons ewe 6onee HU3KNX Temnepatyp — MU3MepeHue
pacnpegeneHnss WHTEHCUBHOCTENW KOMMOHEHT CBEPXTOHKOW CTPYKTYpbI
(CTC) B cnekTpe noHa Ho®*' B kpucTtannuyeckoi nos3vumMmM ¢ OOCTaTOYHO
BbICOKOW cummeTpuen [7]. bBbinn  npeanoXeHbl  NMIOMUHECLEHTHbIE
OonbUMaHOBCKME paTUOMETpUYECKMe TEepMOMETPbl Ha  KpucTannax
KoYFs:Er3* [1], LiYF4:Er3* [2], KY3Fi0:Ho** [4], YA|3(BC)3)4ZCI‘3+ [5] c
MakCUMarbHbIMU abCcontTHbIMK YYBCTBUTENbHOCTSMMU B6NIM3N
TemnepaTyp or 3 go 60 K. lMpu sTOM nOMUHecuUeHuuss uoHa Erd*
perucrtpupoBanacb B obnactu okorno 1.5 mkm Ha nepexoge *lizz — “lisp,
nonagawoLias B OKHO NpPO3pavyHOCTN ONTUYECKNX BOSTIOKOH. B paboTe [6] no
NIOMUHECLEHUMN 9pbus, BBEOEHHOro0 B Kpuctann MynbTudeppounka
GdFe3(B0Os3)s B kadecTBe 30HAA, 3aperMcTpupoBaHbl MarHUTHbIE (Da30Bble
nepexoabl B 3ToM coeauHeHun (Npu 37 mn 9 K), ¢ OAHOBPEMEHHbLIM
KOHTpOSieM TeMnepaTtypbl.

[na un3MmepeHuss CBEPXHU3KMX TemnepaTyp BbibpaHa nuvHMA C
yactoton 6089.3 cm! B cnektpe nNOMUHECLEHLMM MOHOU3OTOMHOrO
kpuctanna ‘LiYFsHo®* B nepexopme °ls — °l;, obnagawolias XopoLUo
paspeweHHon CTC u nonagawwas B cTaHgapTHbin U-guanasoH ans
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OMTOBOJIOKOHHOMN  CBSI3W. NpoBegeH  pacyeT  pacnpegeneHus
WHTEHCUBHOCTEN CBEPXTOHKMX KOMMOHEHT C Y4YeTOM CMeLUMBaHUS
BOJTHOBbIX dyHKUMI LLITAPKOBCKUX YpOBHeM CBEPXTOHKUMMU
B3anMOAENCTBUSIMA n B NpeanosioXKeHUN 60MbLMaHOBCKOro
pacnpegeneHnsa HaceneHHOCTEN CBEPXTOHKNX noaypoBHen. Pa3paboTtaHa
MeTOoAMKa perucTpaumm TemnepaTtypbl C UCNOSIb30BaHNEM BCEX KOMMOHEHT
CTC.

bnarogapum coastopoB pabot [1-7] KH. bBbongeipesa, A.L.
MonyaHosy, E.l1. Yykanuny, T.A. Uronknny, M. Bettinelli, H.M. Xangykosa.
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P3MCU-PE3OHAHCHI B ONTUYECKU MIOTHBLIX KPUCTAINAX
C PEOO3EMEJIbHbIM NOHAMU
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OnTuyeckne W ONEKTPOHHblE CMMHOBblE MNepexodbl B MOHaX
peakoseMesibHbIX anemeHToB (P3W) obnagatoT 60MblLUMM BPEMEHN XKU3HN
KBAHTOBOM KOrepeHTHOCTW, 6narogapsa 4emy 9TU MOHbI MpPUBIEKaoT
BbonbLloe BHUMaHME B pa3paboTkM COBPEMEHHbLIX KBAHTOBbLIX TEXHOSIOMMN
[1], cpean KOTOpbIX 3aMeTHOEe MEeCTO 3aHuMMaeT paspaboTka KBaHTOBOW
namatn (KIN) Ha ¢OoTOHHOM 3Xx0 [2] kak ogHOro M3 6asoBbiX 3N1IEMEHTOB
onTudyeckoro kBaHToBoro nostoputena. KI1 Ha @QOTOHHOM 3xe B
Kpuctannax ¢ P3UM uHTepecHa CBOMMW BO3MOXHOCTAMWU K COXPaHEHWUIo
BGonblIOro 4mMcna CBETOBbIX WMMMYNbCOB, Kak 3TO0 6bino, Hanpumep,
NpPOAEMOHCTPUPOBAHO B coxpaHeHun 6onee 1000 Takmx MmMnynbCcoB Ha B
OOHOM K3 npoTokonoB ontudeckon KIT Ha @oOTOHHOM axe [3].
MHOroMMnysnibCHble  CXeMbl  BO3OY)XAEHUA  KOFEPEHTHbIX  aTOMHbIX
aHcambnen Takke WUCNONb3ylTCA B (OPMUPOBAHUS NUHUMIA  Pamcu
pe3oHaHca, obnagatrowmx Y3KOM CnekTparibHOM LUMPUHOM | | , KOTOpble
aKTMBHO UCMONb3YITCH B CNEKTPOCKONMUM BbICOKOrO paspeLleHns, a Takke
B CO3JaHUN OMTUYECKMX YacOB W CTaHAAPTOB 4acToTbl [4]. Y3kue nuHun
Pamces Bcerga oopmupytotcst BO36yxaeHMeM onTUYeCKU TOHKON aTOMHOM
cpefe nocnenoBaTenbHOCTBIO Jas3epHbIX MMMYNbCOB CO  creuuasnbHo
NoAroTOBMEHHbIMM BpPEMEHHbIMM (hopMamun. B HacToswen pabote Mbl
nokasblBaemM BO3MOXHOCTb WCMNOSIb30BAaHNA MHOIOKPaTHbIX CUrHasoB
JPOTOHHOrO 3xa, BO3HUKAIOLIMX B ONTUYECKM NMOTHbIX Kpuctannax ¢ P3U,
OS5 CO34aHus CBEpPXY3KMUX NIMHUM Pamcn pesoHaHca [5], lwmpuHa KOTOopbIX
MOXET ObITb CUIbHO YMEHbLUEHA NO CPaBHEHUIO C1| ]

bbino paccmoTpeHo Bo36yxaeHne OBYXYPOBHEBOW HEOLHOPOLAHOW

YLLNPEHHOWN OMTUYECKN MNNOTHOW pe30HaHCHOW cpeabl
nocrnenoBaTernbHOCTLIO n3 OBYX n Tpex naparnnesibHo
pPacnpoCTPaHSALNXCA Nas3epHbIX UMMNYNbCOB, pasfefieHHbIX 3aJaHHbIMU
BPEMEHHbLIMW UNHTEepBanamu. CymmapHass uMnynbCHas JiasepHblX

nMnynbcoB Bblbupanacb 6GnmM3kon K TI. OTM  UMNYNbCbl  BbICTPO
nornoLarTca B cpefe, Bbl3biBas NOsiIBIIEHWE CUrHanoB OOTOHHOrO 9xa B
ee rmMybuHe. [lokazaHo, 4TO B TNybuHe cpeabl BO3HUKAET YyXe
nocnegoBaTenbHOCTbL  MHOTFOKpaTHbIX — CUrHamoB  POTOHHOrMO  3xa,
npuBOaAWMX K  (OPMUPOBAHMIO  Tpynnbl  BO3OYXOEHHbIX  aTOMOB,
obnagatowmx CBepxys3kumMu NMHUSAMU Pamcn pesoHaHCoB, cnekTparbHas
LUMPUHA KOTOPbIX YMEHbLUAeTcs B rMybuHe cpeabl Kak| 1 f X7 1 Q 7
(r;e | 0 — onTuyeckass nNIOTHOCTb pPe30HaHCHOro nepexopa,
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|  — KO3(hPMUMEHT pe30oHaAHCHOro nornoweHna cpefbl, L — ee anuHa).
bbino u3yyeHne nosegeHMe OPMbl  JIMHUM  OTUX PE30HaAHCOB B
3aBMCMMOCTM OT MapaMeTpoB nas3epHblX MNapamMeTpoB U cnocobos
3oHaMpoBaHus. [lokaszaHo, 4TO CBepXy3kne nuHUM PamMcu  MOXHO
Bo30Oyxdatb npu | O] p M ux 30HOMPOBAHUM NPOOHLIM UMMYLCOM,

pacnpocTpaHALLNMCA napannensHo (aHTMNapannensHo)
BO3OYyXOaloWmMMN nasepHbIMA  UMNyNbCaMn, Tak WU B OPTOrOHarIbHOM
reomMeTpun.

Bbin npoBegeH 3KCNepPUMEHT NO OBGHapPYXEHU0 Npeacka3biBaeMoro
CYXXEHUs nNHMn Pamcu npy ABYXMMMNYNbCHOM BO30OY>XAEHMM OMTUYECKOro
nepexoaa WOHOB 2pbusa B kKpuctanne MP7Erd* Y,SiOs ¢ ontuyeckon
nnoTtHocThio | 0 oL OOHapyXeHHoe CyxeHue nMuHuM  C&® pasa, ux
dopma 1 napameTpbl XOPOLLO ONUCHLIBAOTCSA NPeaCcTaBneHHON TEOpPUEN.
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K an-tenneposckum (AT) MarHeTMkam Mbl OTHOCMM COE€AMHEHUS1 Ha
OCcHOBe siH-TennepoBckux 3d- n 4d-MOHOB C KOHurypauusmm tuna 0 ‘Q

B BbICOKOCUMMETPUYHOM  OKTa3ApPUYECKOM, KyGU4YeCKoM Unm
TeTpasapuYecKOM OKPY>KEHUWM M C OCHOBHbLIM OpbBuTanbHbiM E-gyGnetom
[1, 2]. DTO coeanHeHUs HA OCHOBE TETPAa-KOMMIIEKCOB C KOHurypaumen Q
(Tid*, V4, Cr®*), HuskocnuHoBsow (LS) koHdurypaumen 'Q (VZ*, Crd*, Mn*),
BblCOKOCNMHOBOW (HS) koHdurypaumein Q (Fe?*, Co®*), okTa-koMmnnekchbl ¢
HS-koHdurypaumen ‘Q (Cr?*, Mn**, Fe*, Ru*'), LS-koHdurypaumein Q
(Co?*, Ni**, Pd®"), a Takke OKTa-KOMMNNeKchbl ¢ KoHdurypauven ‘Q (Cu?",
Ni'™, Pd'™, Ag?"). Bce AT-koHdurypaumm d-MoOHOB BKMHOYAKT OOMH Q-
ONEKTPOH WNM oAHYy ‘Q-AbIpKY CBEpX YCTOWYMBBLIX, MOMHOCTbIO WK

HaMoONOBUHY 3anofiIHEHHbIX, OBOMIoYEeK, YTO OeraeT MX HeyCTONYMBbLIMU
OTHOCUTESIbHO peakumn aHTuU-AT-OucnponopumoOHNPOBaHUSA, NPUBOLALLNM
K 0OPMMPOBAHUID CUCTEMBI ASTEKTPOHHbLIX U ObIPOYHbIX LIEHTPOB S-Tuna C
opOuTanbHO HEBLIPOXAEHHLIM OCHOBHBIM COCTOSIHMEM [2], 3KBUBaANEHTHOW
cucteme 3MMPEKTUBHBLIX KOMMO3UTHBIX CMWUH-CUHITIETHBIX WU CMUWH-
TPUNNETHBLIX OO30HOB B HEMAarHWTHOW, MMM MarHUTHOW pelletke [2]. B
knacc AT-marHeTMkoB nonagaer O6o0nblWOe YUCNO  MNepCnekTUBHbIX
MaTepuanoB C KOHKypeHUMen opbuTanbHbIX, CAWHOBBIX W 3apsigoBbIX
cterneHen cBoboabl, HaxoOAWMXCA B LEHTPEe BHMMAHUS COBPEMEHHOW
PU3MKN KOHOEHCMPOBAHHOIO COCTOSAHWUA, TakuxX Kak mMaHraHutel RMnOs,
deppatbl (Ca,Sr)FeOs, pyteHatsl RuO2, (Ca,Sr)RuOs, (Ca,Sr)2RuOs,
lWwnpokun pag gepponHuktnaos (FePn) n dgeppoxanskoreHnaos (FeCh),
3D-Hukenatbl RNiOs, 3D-kynpatr KCuFs, 2D-kynpatbl (La2CuOs, ...) un
Hukenatbl RNiO2, coeamHeHns Ha ocHoBe cepebpa (AgO, AgF2). OTun
maTepuanbl obnagatoT 6GoraTbiM CMNEKTPOM  YHUKarnbHbIX CBOWCTB OT
pasnunyHbIX TUNoB opbutanbHoro [1], CNWMHOBOro, 3apsiAOBOro, CrWH-
3apsa40BOro ynopsagoyeHus, HEeOBbIYHOrO KBa3n-meTanny4eckoro
nosegeHna, OO MepexodoB MEeTanf-u3ondatop U CNUH-TPUMIETHOW
ceepxnposoanmMmoctn [2]. B poknage paccmaTtpmBaeTcd Knaccudoukaums
AT-marHeTnkoB, oOpurMHasnbHbln  METOA  3apsidoBbiX  TPUMNETOB U
9PPEKTUBHBIX rAMUSILTOHMAHOB, MO3BOSIAWMA  OaTb  adeKkBaTHoe
onncaHne dNeKTPOHHOW CTPYKTYpbl AT-MarHeTMkoB, BO3MOXHble 0a3oBble
COCTOSAHUSA, (pa3oBble OuMarpamMmbl, MarHUTHbIE U ONTUYECKME CBOWCTBA
akTyanbHblx AT-marHeTMkoB 6e3 MCNONb30BaHWA TakK HasblBaeMblX «a b
I N » MeTomoB, OCHOBaHHbLIX Ha Teopuun oyHKUMOHarna nnotHoctu (DFT).
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K adppekty AHa — Tennepa (3AT) B HacTodALwee BpeMs OTHOCAT Kpyr
ABMEHUN, CBA3aHHbIMN C Teopemon HAHa wn Tennepa [1], kKoTopas
yTBEPXOaeT, YTO «BCE BbIPOXAEHHbIE 3rEKTPOHHbIE  COCTOSAHUS
HENIMHENHbIX MOJSIEKYNl HEeyCTOMYMBbLI, €Cnu BblipOXaeHne oByCrnoBreHo
9NEKTPOHHbIMW opbuTamMu MNU cnnMHOM». Hanpamyro K Kpuctannam aTta
TeopemMa OTHOLLUEHUSI HEe MMEET, OOHaKO ONns OnucaHusl KpuctamnsoB C
Marnowu KOHLeHTpaumen npumecen 3ameLleHna npUMeHsaeTCcA
MOneKynspHas Mogesib, B KOTOPOW paccMaTpuBaloTCA SH-TENNEepOBCKNe
(AT) komnnekchbl, KaXablh N3 KOTOPbIX COCTOMUT M3 WMOHa, obragatoLllero
opbuTtanbHbIM BblpoXgeHnemMm (4acto 3aTo 3d WMOHLI), U ero Gnuxanwero
OKPY>KEHUA. o 3amelleHns NOH MeTanna HaxoauTcs B
BbICOKOCMMMETPUYHOM OKPY>XEHUWN (TETpasgpuyeckoM, Kybuyeckom wumnm
OKTa’apuyeckom), a nocne 3aMeLleHusi KOMMMeKc npeTepneBaeT
TeTparoHanbHble, TPUroOHasnbHbLIE UMM OPTOPOMOUNYECKNE UCKAXKEHUS, YTO
NPUBOOUT K M3MEHEHMUSIM SHEPreTUYECKUX COCTOSAHWUA, BO3BYXOEHHbLIX W
OCHOBHOIO, W TMPOSIBNIEHNIO CBSA3AHHbIX C HUMMKW ocobeHHoCcTeEN B
MarHUTOPE30HAHCHbIX W OMTUYECKMX chekTpax (CcMm., Hanpumep, [2]), a
Takke ynpyrux xapakrepuctukax [3]. Takum obpasom, ecnm Mcnosnb3oBaTb
bonee ob6wmn noaxod, MOXHO paccmaTpuBaTb nposierieHne IAT B
MarHeTuame (MarHUTOCTaTUKE WU MarHUTOOMHAMUKE), dneKTpoMarHeTname
n  dunsmyeckon akyctmke. [nsa NOMHOTbI cregyeT  YNOMSAHYTb W
Tennodun3nKy, HoO AKCNEPUMEHTOB B 3TOM 0BNacTun, MArko roBopsi, HEMHOIO
[4]. Tennodwusmyeckne wn MarHUTOCTATUYECKNE OIKCNEPUMEHTbI OatloT
WHOPMaLNIO, CBHA3aHHYKD C rnepexogaMn  MeXay OCHOBHbIM W
bnunanexawmmm BO30Y>KAEHHbLIMN 9HEepreTN4eCKNMm YPOBHSIMU,
MarHUTOPE30HaHCHble — MeXgy pacwenneHHbIMWU MarHUTHbIM Mosem,
ONTUYECKME — MeXOy OCHOBHbIM W 6onee BbICOKO3IHEPreTUYECKNMMU
YPOBHAMU, a aKycTudeckne — WHGOpMaLMio, CBA3AHHYKD C OCHOBHbIM
coctosHuemMm. CnepgoBaTenbHO, ANA Haubonee nonHoro onucaHua AT
KOMMMEKCOB crneayeT MWCNonb3oBaTb BCe 3TU  3KCNEPUMEHTasbHble
cpeacTea.
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B pgaHHOM coobuWeHnM Mbl OCTaHOBMMCS Ha 3KCMepUMEeHTarbHbIX
BO3MOXHOCTAX (PU3NYECKOM aKyCTUKM B nnaHe wudydeHuss IAT B
NPUMECHBbIX KpucTanmnax, npuyem C Marion KOHLUEHTpauuen npumecw,
Takor, YTobbl AT KOMNMeKkcbl MOXHO 6bINO cynTaTb TEPMOAUHAMUYECKUM
aHcambnem C HeB3auMMOOEWCTBYHOLLMMU APYr C APYrOM CTPYKTYPHbIMU
anemeHtamu. lpu 3aTOM npumecu ABNAKTCA NMPUMECAMU 3aMeLLeHUa U
pacnosiaraloTca B y3fiax pelleTkn C BbICOKOCUMMETPUYHBIM OKPY>XXEHUEM.
B skcnepumeHTe, kak nNpaBuIio, U3MeEPSHTCA U3MEHEHUS aMMnUTyabl O U
dasbl ¢ curHana, npoweawero 4Yepes wuccriegyemblin obpaseu, oOT
BHELWHero napameTtpa (TemnepaTypbl Y MarHUTHOro nonss O) npw
dukcmpoBaHHon 4vactote ( ). OTU U3MEHEHUs CBSA3aHbl C U3MEHEHWEM
nornoweHunsa| un dasoBoi CKOpOCTH L criegylowmnm obpasom:

¥ -, — — (1)

roe Q 1 70 — BONHOBOE YMCHO, O — PacCTosiHME, NPONAEHHOE BOSHOM, a
BESIMYMHbI C nHOekcoM O COOTBETCTBYIOT 3HAYEHUAM, OonpeaesieHHbIM Npu
HEKOTOPOM (PUKCMPOBAHHOM napameTpe, Hanpumep, Y, ecnu 310
Temnepartypa. VamepeHus nornoLleHns n pasoBon CKOPOCTU PaKTUYECKU
ABNATCA N3MEPEHMEM KOMMNIIEKCHOro BOSTHOBOMO Yncna:

— = R (2)

KOTOpOE SIBMSIETCA PEeLUeHMEM BOSTHOBOIO ypaBHEHWS, B KOTOPOE BXOAAT
KOMMOHEHTbI TEH30pa ynpyrux mogynen w . Ynpyrme Moaynu

onpeaendrT HanpaxeHnda ,, , KOTopble ABNAKTCA TepMOANHaMUYECKUMN
cunnamu, cornpaxeHHbiMM C OTHOCUTEJIbHbIMU ,D,erOpMaLI,I/IﬂMI/I - B
KavyectBe TepMOAUHaMUNYECKMUX KoopaAuHaT W onpegendrT CBO6OD,HyPO
QHEpPruo lenbmMronbua. WMmeHHO yripyrme moaysnn  BbIHMUCAOT MpPU
UHTEpNnpeTaunmn pe3yribTatoB J3KCNEpUMEHTOB, MO3TOMY €CTECTBEHHbIM
6yneT npeacTaBJiIATb SKCNepuMeHTalibHble pe3yJibTaTbl, Nepecy4nTaHHbIE B
KOMMOHEHTbI ANMHaAMWYECKUX (3aBI/ICFILLI,I/IX oT L-IaCTOTbI) KOMMIMEKCHbIX
MOD,yﬂeVI YMPYrocTu. Ecrn B IKCnepnMmeHTe n3MeHeHune d)a3bl curHarna
onpependeTtcd no I/I3MeHeHI/_I(I-O 4YacCTOThbl, TO

30 0
N I I ®
W 1 a O

30ecb 1 ganee, rae HeT HeOBXOAMMOCTH, TEH30PHbIE MHAEKCHI OMNYLLEHbI.
[MepBble 9KCNepUMEHTbI, BbINOSIHEHHbIE rpynnon M. CTtypxa,
nokasanu: (i) AT B ynbTpa3ByKOBOM IKCNEPUMEHTE UMEET aHU3OTPOMHYIO
npupody (OH npodABnseTcsa nuwb B MoAaxX, co3garowumx ynpyrue
CMeLLeHNsi, COOTBETCTBYIOLME MNONAPU3aLNN aKTUBHbLIX BUOPOHHBLIX MOJ,
(i) MakcMMyM nornoLeHunst, cBA3aHHbIn ¢ AT, MeeT penakcaumoHHyto, a
He pPe30HaHCHYI Npupoay, Kak 3To paHee npenckasbiBanockb [5], (iii) Ha
OCHOBE 3KCNEepUMEHTAaribHO onpefeneHHon TemMnepaTtypHoOU 3aBUCUMOCTU
BPEMEHU penakcaunum MOXHO YCTaHOBUTb MeXaHu3Mbl perakcaumm,
KOTOPbIMX OKa3anucb TepMuUYecKas akTMBauus U TYHHeNnMpoBaHUE 4yepes



noTeHUmanbHbli  BGapbep, conpoBoXgakouweecss  MNOrfoweHneM U
ncrnyckaHmeMm TensioBbiX POHOHOB (CM. CCbiflku B [3]).

BolpaxeHne pgna Bknaga AT nogcuctemsbl | B MOrnoweHue
yNbTpa3ByKOBOW BOfHbI (T.€., B MHMMYIKO 4acTb ynpyroro moayns) 6bino
Nosly4eHO ANs MHTepnpeTauum pesynbTaToB 3KCNEPUMEHTOB B KpucTanne
Al,O3:Ni®* [3]. 370 BblpaxeHue 6bino 0606LwweHo ana AT BknagoB obeunx
COCTaBMSAIOLLMX KOMMNEKCHOrO AMHAMMUYEeCKOro Moayns ynpyrocTu B [6]:

W W P .

5 & p @)
roe o — nsotepmudeckmn sknag AT nogcmctemsl B MOAYIb YPYrocTu
Kpuctanna, T — KOH(urypaumoHHoe Bpemsi penakcaumm (Bpems

pacnpegenexHms AT KOMNIIEKCOB MO COCTOSHMSAM, XapaKTepU3yHLMMCA
pasnuyHbIMK gedopmaumnsMn KOMMNIekcoB). BbipaxeHne Onst KOMMNOHEHT

) onpegendeTca npoussogHon AT Bknaga B NfOTHOCTb cBOBOAHOWM
9Heprmn "O O KOMMOHEHTaM TeH30pa OTHOCUTENbHbLIX AedopMauunn -

[7]: )
y I O - S)

a 'O BblpaaeTcs Yepes CTaTUCTMYECKY0 CyMMy ) [8]:

0 £QYadh (6)
. 00t YO - (7)
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roe € — KoHueHTpauus AT komnnekcos, 'Q — noctosiHHas BonbumMaHa, YO
— W3MEHEHMs 3JHEPrMn OCHOBHOINO COCTOSIHMSI 3a CYeT BUOPOHHOro
B3aMMOLENCTBUA, MWHOEKC « ¥ YKasblBaeT CUMMETPUMHbIE CBOWCTBA
rnodanbHbIX MWUHUMYMOB agmabdartunyeckoro noTeHuyuana (AN),
TeTparoHanbHblX E, TpuroHanbHbix T wunu optopombuyeckmx OR,
ol ftp — YnMcno MUHUMYMOB Anst cryvaes cummeTpumn E, T, OR:

T a& (8)
— 8

T-1-

ABHbIN BUA Moaynen B CIlyd4ae KpUCTamnsfoB CO CTPYKTYpOWn

BlopuMTa OblM NonyyeHbl B [9], a ANA KpuCTanmoB CO CTPYKTYpoWn
cthaneputa n dnrooputa — B [10]. U3 npmBeaeHHbIX B 3aTux paboTtax
BblpaXXE€HMA $CHO, B KakMxX Mogax crnegyer oxugaTb aHomanumm B
TemnepaTypHbIX 3aBUCMMOCTHAX MOMMOLWEHNA N CKOPOCTU YynbTpasByka B
3aBMCUMOCTN OT TOrO, KakMMu CUMMETPUYHbIMKM CBOMCTBaMu obnaparoT
rnobanbHble MUHUMYMBI All, dhopMUpyoLLIMEe OCHOBHOE COCTOSIHUE.

Takum obpasom, Zlse j ey Hjdzed)J B OdzdL slstetst d

Ccwu ) Fdz' IstcOL 9o Ctso sd3 ¢ it jstel] d3 szl jdzc
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C tod fls O datk@®:Ni®*, MW tste i3lz dzd te 5 9 [Gdzlzts fizlz \pd dzts (
stsdz? ¢85 BBEBN jddj dz2O ¢ ted Mmls Odzdz Hickzgts2
f sCOL OdzO oL B dets M s ! 1 CMY j ted d3d dzls Odz
mMd d3d3d Isted 2 dz' n Mo s2 Mise L CMistc] dGZz dq3ts @
ftslsj dzyd OdzO ¢ v CIusthnamepijisie cBOMCTBA 3aBUCAT OT
COOTHOLLEHNSA BENMYMH CUIOBbIX KOHCTaAHT U KOHCTaHT BUBPOHHOW CBA3M,
NMHENHbIX U KBagpaTUYHbIX, U a priori Hem3BecCTHbl. OTMETUM, YTO AaHHas
BO3MOXHOCTb OTCYTCTBYET Mpu NpoBeAeHUn OpYyroro Tuna aKCnepMMmeHToB

6e3 ncnonb3oBaHWs MoAeNbHbIX NpeacTaBneHnn, n obycrnosrieHa TeM, YTO
ypaBHEHUA [OBUMXEHUA B (PU3MYECKOM aKyCcTuKe codepXaT TeH30pbl

YeTBEpPTOro paHra wW , a He BTOporo (- , ... ), Kak B

anekTpomMarHeTuame. BbinonHMB BblYMCNeHNA nNo oopmynam (5—8), MOXHO
3aMeTUTb, YTO SBHbIN BN, BbipaxkeHu ana AT Bkrnaga B nsotepmMumyeckme
MOy nmeeT BUA

& 5 — 9)
roe @ — pacctosiHue ot AT ueHTpa Ao 6Gnukanwero aHWoHa, O —
KOHCTaHTa, a 'O — nMHenHast KOHCTaHTa BMOPOHHOM CBA3M (B AAHHOM
cnyyae WHAEKC yKasblBaeT Ha TO, 3HEPrunto Kakux WUCKaKEHUN KoMMsiekca
OHa XapakTepuayeT: TeTparoHanbHblX Y O nubo TpuroHanbHbix Y Y.
PacyeTbl KOHCTaHT O AOBOSMbHO TpydoeMkaa paboTta, KoTopas
BbINOJSTHAETCA ONA MaTpul, pasHONn cuMMeTpum u AT KOMMNeKcoB pasHon
KOH(purypaumm wuHamsugyanbHo. MOXHO nokasaTb, 4YTO, €CfiM BBECTU
ob03HayeHne HekoTopoun TemnepaTypbl Y, Takon Yto] Y p (He nyTaTb C
BPEMEHEM CMNUH-PELLETOYHON penakcaumm), To BblpaxeHne (4) MOXHO
3anucatb B Buae

&) Y@ Y JIY p 06w Y Y 1t
- C T Q T 38 (10)
A W'Y p 1 fT WY p 1 7
3HaueHne Y MOXHO ONpeferiuTb 9KCNepUMEHTarbHO Mo Makcumymy
kpmBor | Y JY Takum obpasom, Y@ Y wu Odw Y Takke

CTAHOBATCA W3BECTHbl W3 3KcrnepumeHTta. B pesynbrarte, COBMeCTHOe
peweHune ypasHeHun (9) u (10) ana Y Y npmBOoOUT K ABYM YpaBHEHUAM,
B OOHO W3 KOTOpPbIX BXOAAT [AdaHHble, MOflyYEeHHble W3 WU3MEpPEHUN
NnorroLleHns, BO BTOpPOe — U3 U3MEPEHUM CKOPOCTU, a KpoMe [Opyrux
M3BECTHbLIX MapamMeTpoB 3KCNepuMeHTa, cogepxutca 'O, 4Tto pAaet
BO3MOXHOCTb  KONMTMYECTBEHHOrO  ornpefeneHnsa  JIMHEWHbIX  KOHCTaHT
BUOPOHHOM CBS3W ABYMSI He3aBUCUMbIMW MeTodamu. Ecnv 13 gpyroro
TUMNa OSKCNEPUMEHTOB M3BECTHbl CUMOBbIE KOHCTAHTbl, TO MOJSTIy4YEeHHbIE
3HaveHnss 'O no3BondaAT onpegenutb aHeprun AT ctabunmsaumm mn AT
aedopmMmaunmn KOMMIEKCOB.
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Ecnm B nesBytwo 4actb (10) noactaButb  9KCNEPUMEHTASIbHO

onpeaeneHHble 3aBucumocTm Y'@ YT n 'O6® “YT®, TO MOXHO

nofyynTb  ABa  HE3aBWCUMbIX  ypaBHEHUS  ANs  onpeneneHus

TeMnepaTypHOii 3aBUCUMOCTU KOH(UIYPaLMOHHOMO BpeMEeHN penakcaumm

T Y:

foy p 'O Y JY ‘00w Y JY ; (11)
1 04w Y JY 0w Y JY

w P Y® YOV (12)
TY - SNg voy

B yp. (11) 3HaK «+» BepeTtca ana Y “Y u 3Hak «—» — ana Y Y.
BoipaxeHue (11) oTnnyaeTcsa OT UCNOSb30BaHHOIO paHee rpynnon CTypxa
[11] Tem, 4yTO Ucnonb3yeTca 3Ha4yeHne Y, a He MNOSIoXKeHWe Makcumyma
nornowennsa Y. [HdenctButenbHo, Y € “Y, HO 3TO NpUBNMXKEHNE He
yunTbiBaeT rmnepbonuyeckoe M3MEHEHUE WU30TEPMUYECKOTO MoAyns C
Temnepatypo. OHO cnpaBeanMBO AnsS MNUKOB LMpWUHOA Y'YL Y.
WccneposaHne TeMnepaTypHbIX 3aBUCUMOCTEN BpemeHn penakcauuum [12]
nokasano, 4to npegnoxeHHole CTypXeM MexaHu3Mmbl [3] XOpoLlo
OMUCLIBAKOT MNPOLECCLl pernakcaumn, a npu  HU3KMX Temneparypax
OOMUHUPYIOLLMMU  ABMISAOTCA  MNPOLIECCbl  TYHHENUPOBaHWA  Yepes
noTeHuManbHblh  6apbep, 4YTO MNO3BOMSET OTHECTUM YIbTPa3BYKOBLIE
nccnegoBaHna OAT B OONMPOBaHHbLIX KpUcTannax K obnactu KBaHTOBOW
akycTuku [13]. MexaHn3m TyHHenMpoBaHUs C U3rnyyeHnem ogHoro ooHoHa,
obecrneymMBaeT CKOPOCTb perakcaummn, nponopuMoHanbHyt0 TemnepaType,
N NPMBOOUT K HEeHyreBOMY MOrMOWEHNIO yrbTpa3Byka Odaxe B npepgerne
HyNneBon TemnepaTypbl, 4YTO HABMSETCA BeCbMa BMnevyaTnaLwum
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BITVAHNE KOHLEEHTPALI,I/IVI Sc®* HA ONTUYECKUE CBOVCTBA
NTTPUN CKAHOUN AITTIOMUHWNEBBLIX TPAHATOB, JIETMIPOBAHHbIX
KATUOHAMW PEOKO3EMEJIbHbLIX SNTEMEHTOB

A.A. Kpasuos, E.A. bpaxko, [.I'. begpakos, B.A. Tapana
]9 Jjw® COLMEd2 W jHJteOdz dzr 2 [ ded o ji tshijydnis(]
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MaTepmanbl CO CTPYKTypoh rpaHata 0Onarogapsi  BbICOKOM
TENnnonpoBOOAHOCTN,  MEXaHM4YeCKOM  MNPOYHOCTM N TEePMUYECKOW
CTabUNbHOCTU  LUMPOKO  WUCMOMb3YKTCA B KayecTBe Matpuy Aans
peakosemMesnbHbiX MoHoB (Re). Cpean mMHoroobpasusi rpaHaToB 0COOO0ro
BHUMaHUS 3acnyXuBaeTt UTTPUN cKaHann antomuHmneBblin rpaHaTt (YSAG), y
KOTOPOro Kpuctannuyeckas pelleTka nposiBNsieT TONepaHTHOCTb K
yacTuyHoMmy 3amelleHunio uttpus (Y3 B mogekasgpuyeckon U antoMUHNA
(APP*) B oKkTasgpuyeckon nosvumsax Ha ckaHoun (Sc3). Mpu BbIGOpe
mMaTepvana Cc 3agaHHbIMM CBOMCTBaMMW, BaXHO 3HaTb, Kak U3MEHEHUS B
KPUCTanSIM4eCKOM OKPYXXEHUN pPedKOo3eMEesrlbHOro WMOoHa BAUAKOT  Ha
ceonctBa YSAG:Re.

Llenbto nccnepoBaHnsa s1BASNOCh BbisiBieHWE 3GdEKTOB BINAHUSA
KOHLUEeHTpauuin Sc3* B JoaeKkasapruyeckon 1 OKTasapuYeckon no3numax Ha
onTuyeckne cBoucTea Kepamukn Ha ocHoBe YSAG:Re (roe Re= Sm u Nd).

Ontuyeckas kepamuka YSAG:Re, ©Obina nofnydyeHa MeTOOOM
HepeaKTUBHOIo cnekaHus HaHOKPUCTanIM4yecKumx NOPOLLIKOB,
npeactaensaoWwmMx cobon TBepable pacTBOPbl CO CTPYKTYpOW rpaHara.
CoctaB o6pasuoB onucbiBancsa obwen dopmynon {YszxyScxRey}Al-
:SC;]AIsO12, roe 0<x<1.5; y=0.03 (Nd) u y=0.15 (Sm), 0<z<1.0. O6
ONTUYECKOM Ka4yecTBe MOJSTy4EHHOMN KepaMUKU MOXHO CyAUTb MO CnekTpam
npeacTaBfeHHbIM Ha puc.

3) YSAG:Sm b) YSAG:Nd
80 4-----""f - Pe==m==sammag AR S 80 4
g e S
2 Gra S 60
= Mg,  —150.2015  Shy, 7]
2 40 a L2 0.75:0.2:0.15 € 40 4 | | 1200800
a a2 —0.12:0.08:0.15 = 0'2 1 c; . 03
— ag " ~—-0.15:0.5:0.15 = —0.2:L.U0.
i G, 20 A
20 54'15/2/2 —0.15:0.95:0.15 = —1.5:0.2:0.03
0 6p3|/:;5/2 - -Limit YAG O 0 ——-Lirlnit YAG | , ,
200 350 500 650 800 950 1100 200 400 600 800 1000
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Puc. Cnektpbl nponyckaHnsa obpasuoB kepamukn YSAG:Sm (a)
n YSAG:Nd (b), wndp coctasos x:y:z

Ansa  uccnepoBaHHbIX  cocTaBoB  YSAG:Re  3adomKCUMpOBaHBbI
apdeKkTbl HEOOHOPOAHOrO YLIMPEHUA U CMELLEHUS LUTAapKOBCKUX MOS10C
NIOMUHECUEHUUN 1 nornoweHus. CaenaHo npeanosiokeHne, YTo
NPUYNHON HEOOHOPOAHOrO YLUMPEHUS MOSIOC JIIOMUHECLIEHLMN ABMSIETCA
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CYLLIECTBOBAHMEM HESIKBMBANEHTHbIX LieHTpoB Re®'. Tak, B B dzd ¥y ©2 M j d
tsC tolz ) jREA sfioxeT Haxoautbea oT 0 go 4 Sc3* B oKkTasapuyecKon
noavummn (4AR*-0Sc®*; 3APR*-1Sc3*; 2AIR*-2Sc3"; 1AP*—3Sc3*;0AI*—4Sc?)
n ot 0 0o 4 B Aoaekasapudeckon camte (4Y3—0Sc3t; 3Y3*-1Sc3*; 2Y3'—
2Sc3; 1Y3*-3Sc3;0Y3*-4Sc3"). MHbIMM cnoBamu, KONUYECTBO BO3MOXHbIX
HEeaKBMBASIEHTHbIX LeHTPoB B YSAG:Re OOMKHO coCcTaBnsATb HE MeHee 25.
Bce atm ueHTpbl 06pa3yloTcs C BEPOATHOCTAMWU, KOTOPblE€ 3aBUCAT OT
cocTaBa CKaHaun cogepallero rpaHaTa. [1py noBbILLEHUN KOHLIEHTpaLUK
Sc® po 50 art.% pasHoobpasne HesKBMBANEHTHbIX LIEHTPOB CTaHOBUTCSA
MakcumanbHbiM. Kpome TOoro, BbISIBIIEHO BNUSIHUE KOHLEHTpauuin Scit Ha
HedenaykceTn4yeckmn apgoekT.

RMMdzj Hso Odzdj o' fsdzdzj dets © ©OHRBEOR ¢
[dded s jtemMlso © dz2OEZSd d o' Mh jets tSBtLOL 59
(FSRN-2025-0001).
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BO3BYXOEHVE NFOMWHECLEHLI/ MOHOB Ln®** 3A MPEOENAMU
NX NONOC MNOrTNOoWwEHNA B AKTUBMPOBAHHbBIX CTEKINAX

[.E. Manawkeswuy?, B.B. Kosrap?, A.A. Cyxogona?, B.H. Curaes?®
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MepBoe coobLueHne o] HabnaeHUN NMIOMUHECLEHLINK
peako3eMesibHbIX MOHOB MNpU nas3epHOM BO3DYXXAeHUM 3a npegenamm umx
NMosioc NOrNoLWeHns B OKCUAHLIX CTEKnax Obino caenaHo 6ornee 10 net
Hasag [1]. OgHako npennoXeHHass B HEM WHTepnpeTaums npupoabl
Habngaemoro addekTa, 6asunpyrowancs Ha runotese opMnMpoBaHus B
CTeKrie KOHTUMHYyMa [AdedeKkTHbIX UeHTpoB [2] M nepejadnm OT  HUX
BO30OY)XOEHWI Ha akTuBaTop, NPeAcTaBnsieTcsa ManoBepossTHOW. [oaTomy B
HacTosien paboTe npeanpuHaTa nonbiTka 4obuTbca GonbLUENn ACHOCTU B
NMOHMMaHMN MPUYMH OaHHOro addekTa Ha npumepe psiga OKCUOHbIX
CTEKOIN, aKTUBUPOBAaHHbIX MoOHamun Th3" n Yb3*,

YCTaHOBNEHO, YTO JIIOMUHECLEHLNS WCMNONb3yeEMbIX akTUBaTOpPOB
npu YykKasaHHOM BO3OyXOeHMW WMMeeT MeCTO JNMWb Npu reHepaunn B
MaTpuLe CynepkoHTUHYYMa U OCYLLIECTBIISIETCS NyTEM DOe3bl3fnyvaTenbHOro
nepeHoca BO3OY)XOEHUA OT YLWKUPEHHbIX a3oBoM camMo- U Kpocc-
MoAynsaAuMen CNyTHUKOB KOMOMHaALMOHHOro paccesHusa. Heobxogmmbim
YCOBMEM peanusauuMm OaHHOro npouecca sBnsieTcda Hanuyue y
aKkTuBaTopa 3HEepPreTUYecKMxX COCTOSIHUA, PE30HaHCHbIX TFEeHEepUpyeMbIM
CYNEPKOHTUHYYMOM  CMyTHMKaM  KOMOMHAUMOHHOrO  pacCcesiHus U
onTuyeckum doHoHaMm. [Mpn 3TOM CKaHMpoOBaHWE MO CMEKTPY MaTpulbl
ONVMHBbI  BOMHbI  N1A3€PHOr0  M3MNy4YeHUs  MOXET  COMNpPOBOXAATbCH
BO3OY)XOEHMEM pasfiMyHbIX ONTMYeckux LeHTpoB. OOpalwlaet Ha cebs
BHUMaHME aKTMBHasi pPofib B nMpouecce nepeHoca BO3OyXAeHUN
KonebaTenbHbIX OCUMNNATOPOB HE TOMbKO Matpuubl, HO U NpUMecH, B
yacTtHocTn, OH™-rpynn, npn4yém BKNag nocnegHuMx 3aBUCUT OT CUIMbl UX
CBSI3N CO CTPYKTYpPHOW ceTKoW cTekna. CnegyeTr Takke OTMETUTb, YTO
HECMOTPSA Ha TMepeKkpbiTUe CheKkTpa CyYNepkoHTUHyyMa C nofiocaMu
MOrMOLWEHNss  UCMOMNb3yEMbIX aKTUMBATOPOB, BKNag M3nyvaTenbHOM
nepegadn B BO3bYyXOEHUE UX NMIOMUHECLEHUMM NPaKTUYECKN OTCYTCTBYET;
He oOOHapyXeHO BO3byXOeHMUsi 3TUX aKTUBATOpPOB W B pesynbraTe
ABYX(OTOHHOIO NOrMOLLEHNS.

OnuncaHHbIn - aPEKT MOXET UCMNOoSb30BaTbCA ANA  NonyyYeHud
paBHOMEpHON MO O6bEMY BellecTBa HACENEHHOCTM MeTacTaburibHOro
COCTOSIHMSI aKTMBATOPOB, B KayecTBE HOBOrO WHCTPyMeHTa Ans
nccrnegoBaHns B3aMMOAENCTBUS MOCNEAHUX C MaTpuLen U NpUMECHbIMU



KonebatenbHbIMA ocuunndaTopamMun, a TakkKe U3yvdeHuda MUKPOCTPYKTYpPbI
OonNTn4eCKMnX Matepunarnos.
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QODEKT MAI'HVITOSVJ'IEKTPVILIECKOVI HEB3AVMHOCTU
B CYBMUITTIMMETPOBOW 3IMNMP-CMNEKTPOCKOINMNN NMPUMECHbIX
MNOHOB %°Er3* B MOHOKPUCTAIJIE "LiYF4

M.B. EpemuH?, B.®. Tapacos?
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B pabote [1] npu uccnegoBaHuUM BIMSIHAS MarHUTHOrO MNONS Ha
curHanbl (POTOHHOTO 3XO MPUMECHBLIX MOHOB °Erd* B MoHOKpucTanmnax
LiYF4 n LiLuFs 6binin obHapyxeHbl 9ddekT MarHUTO3NEKTPUYECKON
HEB3aUMHOCTM W rucTtepe3nc B dGopme 6aboykm B 3aBMCUMOCTU
WHTEHCUBHOCTU (POTOHHOrO 3Xxa OT HanpaBfeHUA MarHUTHOro Mons u oT
HanpaBfeHNs1 ero CKaHMpoBaHNA. OX0 Habnganock Ha nepexone Mexay
YPOBHSAMU MyNbTUMNETOB “l1s» U *Fo. B naHHol paboTte coobuiaetcs 06
OoGHapy)XeHNUN MarHUTO3NEKTPUYECKON HEB3AUMHOCTWU MPU UCCNeLoBaHUN
PE30HAHCHbLIX MEPEXOO0B MEXAYy YPOBHSAMW OCHOBHOIO M MNEpBOro
BO30YXEeHHOro OyGrneToB OCHOBHOrO MynbTunneta *lisp noHoB °°Erd* B
N30TOMUYECKM YUCTOM MoOHOKpucTanne ’LiYFs. OddekT HeB3anmHOCTU
NposiBNSIeTCA B 3aBUCMMOCTU aMMNNUTyAbl PE30HAHCHbIX CUrHanoB OT
HanpaBfeHUsT MarHWTHOrO Mons U opueHTauum obpasua B MarHUTHOM
none. 3To AEMOHCTPUPYIOT CNEKTPbI, MPUBEAEHHbIE HA pPUC.

L L L L L L
-10 -8 6 -4 -2 0 2 4 & 8 10
MarHutHoe none (MTa)

Puc. Cnektpbl OIMP Mexay6neTHbIX nepexoaoB MoHoB 1%6Er3* B LiYF4. CnekTpbl (a)
1 (6) 3anucaHbl Npn NnoBopoTe obpasua Ha 180 .

KBaHTOBO-MeXaHMYeCKMn  pacyeT BEPOATHOCTM  MarHUTHbIX WU
SNIeKTPUYECKMX AOUNONbHLIX MNepexofoB Mnokasasn, 4YTo MpU HEeKOTOpPbIX
opueHTaumax obpasua B MarHUTHOM Mofie BEPOSATHOCTU 3TUX MepexonoB
CpaBHUMbI. JMEEKT HeB3aMMHOCTU 0bBbACHSETCA WUHTepdepeHumnen
aMnnMTys BEpPOATHOCTEM MAarHUTHbIX U SNEKTPUYECKUX  AUNONbHbIX
nepexoaoB, XapakTep KOTOPOW 3aBUCUT OT opueHTaumm obpasua B
MarHuTHo mone. lNogpobHocTu B paboTte [2].
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CYBTEPAIEPLIOBBIE CMEKTPbI BO3BYXOEHWW B KPUCTAIINAX
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Kpuctannbl OBOWMHbLIX OTOPMAOB coaepXalune peako3emMeribHble
NPUMECN NHTEHCUBHO U3Y4aloTCA y)Ke B TedeHue MHormx net. MIHTepec K
9TUM COE€AMHEHUSIM CBSI3aH C MHOMOYUCNEHHBIMU MPUITOXKEHUSMU B
pasnnyHblX obnactax uankn. OHWM MUCNONb3YKTCA Kak 3ddEKTUBHbIE
nasepbl M Kak MoOAENbHble CUCTEMbI [ONA WU3Yy4eHuUst MpoLEecCoB
TYHHENMPOBaHUSA B MOSEKynspHbIX  MarHutax. MHoxecTBo  paboT
NOCBSILLEHO U3YYEHMIO B HUX MPOLLECCOB MarHUTOONTUKN U OMTOAKYCTUKMW.
OOHOM K13 WHTEpPEeCHbIX OCOBEHHOCTEN OTUX COEOAVHEHUN HABNSIETCS
OOCTaToyHO 6nmM3koe  pacnoriokeHne BO3OYXXAEHHbIX COCTOAHUA B
npedenax OCHOBHOro MynbTunneta. B yactHoctn, y LiYFaHo®
luTapkoBckue ypoBHu: 0, 6.8, 23 cm, y LiYF4:Er®**: 0, 17 cm™, y LiYF4:Dy3*:
0, 14.4 cv™, y LiYF&Tm3*: 0, 31 cm™t. 310 06GCTOATENLCTBO AenaeT ux
BecbMa npuBrekaTenbHbIMKU cuUCTEMaMU AN NPUMEHEHUN B TEXHUKE
TeparepuoBOro [AuanasoHa, OOHOW W3 akTyalnbHbIX 3adady KOTOPOW
SIBNSAETCSA CO34aHuMe 4yBCTBUTEMbHbIX MNpPUEMHUKOB. HepaBHO Oblino
NpeanoXeHo perncTpupoBaTb TeparepuoBoe M3fnyyvyeHne No U3MEHEHMUIO.
CMNEeKTPOB JNOMUHecUeHUMn. Ons 3Ttoro Heobxoammo, 4TObOblI AOEeTEeKTop
WHTEHCMBHO nMornowan TeparepuoBble BOMHbI, YTO nNpuMBeAeT K
yBENMUYEHNIO  TemnepaTypbl OeTekTopa U U3MEHEHUKD  ChekTpa
noMuHecueHuun.  Kpuctannbl  OBOWHbLIX — dTOPMOOB,  Aonyckawouime
BXOXOEHNE  pedKo3eMeribHbIX MOHOB OT  AOonen  npoueHta Ao
KOHLLEHTPUPOBAHHbIX cuUcTeM, obnagalT HeobxoauMbIMW CBOMCTBaAMM.
Bonee ToOro, Hanuune OGNU3KOPACMNONOXEHHbLIX LITAPKOBCKNUX YPOBHEN
No3BONSIET YBENUUNTL MOrMNOLWEHNE TeparepuoBbiX BOSMH, a 3aBUCMMOCTb
SMEKTPOHHbIX COCTOSIHUA pPeaKO3eMErNIbHOroO MoHa OT MarHUTHOro Mons
M3MEHATb 0Bnactu nonoc pe3oHaHCHOro nornoweHunda.  loatomy
noapobHOEe CNEeKTPOCKONUYECKOE MUCcrneaoBaHMe ABNSeTCA HeoOXoaMMbIM
yCrnoBueM ansi NpuMeHeHnst ABOMHbIX PTOPUAOB B TEXHUKE TeparepLoBoro
ananasoHa. Mbl npeactaBnsieM pesynbTaTtbl  M3YYEHUS KPUCTansioB
LiY«Dy1xFs B cybteparepuoson (50-600 [Tuy) obrnactu yactor cC
ncnonb3oBaHnem metogoB JAlP-cnekTpockonuu.

PaHee pasbaBneHHas cuctema (LiYFs:Dy 0.05%) 6bina umsydeHa
Hamn metogom OJlP cnekTtpockonuu B cybTeparepuoBoM amnanasoHe [1].
Bbina namepeHa BennumHa LWITApPKOBCKOro pacLuenneHns Mexagy OCHOBHbIM
N nepBbiM BO30YXAEHHbIM AyGrNeToM OCHOBHOro MynbTunneta ®Hisp, a

s O

er

Y


mailto:shakurov@kfti.knc.ru

Takke MOCTPOEHa 4acTOTHO-MosieBad  3aBUCMMOCTb  PE30HAaHCHbIX
nepexogoB mexay aybnetamu. B HacToswen paboTe ycTaHOBMEHO, YTO
yBENMYEHNE KOHUEHTpauMmM MOHOB AUCMPO3US MNPUBOAUT K 3aMETHOMY
YMEHbBLLUEHUIO LUTAPKOBCKOrO pacLllenneHnsa u CUINbHOMY YBESTMYEHUIO
3P EKTMBHOIO g-hakTopa Npu HabnogeHun mexaybneTHbIX nepexonos.
B KoHueHTpupoBaHHOM obpasue addekTuBHbIN g-daktop 6bonee yem B
OBa pasa npeBblllaeT 3HadeHue, noriydeHHoe pAansa  pasbaBreHHoro
Kpuctanna B OpMeHTauuun, Korga MarHMTHoe none nepneHamnKynapHo ocu
cummeTtpun. Kpome TOro, obHapyxeHa aHM30TPONnA WHTEHCUBHOCTEW
curHanos OlP npu BpaweHun KpucTansa BOKpPYr ocu cummeTtpuun. B
aoknage obcyxaarTca BO3MOXHblE NPUYUHbI HabnogaeMblx
0COBEHHOCTEN U3YHYEHHOM KOHLUEHTPALMOHHON CEepUN.
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ONTUYECKUE ABINEHVA B HELEHTPOCUMMETPU4YHOM
AHTNPEPPOMAIHETUKE CuB204
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Metabopatr wmean CuB2Os Kpuctannuayetca B  YHUKarbHOW
HEeLLEHTPOCUMMETPUYHOW TeTparoHasnbHOM CTPyKType —42m [1], B KOTOpOW
MarHuTHble MoHbl mean Cu?* ¢ anekTpoHHon obornoukon 3d® n cnuHom S
=1/2 3aHMMalOT B  3fIeMEHTapHOW  sYenke  [OBEe  CTPYKTYPHO
HeakBmBaneHtHble 4b wn 8d nosvumm (puc. 1). DTN  CTPYKTYpPHblE
OCODEHHOCTN HaxoOdaT nposiBneHnss B 6oratoM MarHUTHom pasoBown
anarpamme [2] n B ONTUYECKMX ChnekTpax MOrfoLWeHns, CBS3AHHbIX C
9JIEKTPOHHBLIMWU Mepexogamn B Kpuctannuyeckom none (puc. 2) [3]. Ha
npoTskeHun asyx gecartunetnn CuB.Os4 ocTtaetcs npegMeToOM akTUBHbIX
nccrnegoBaHUn, YTo CBA3aAHO C HabnwageHneM HeOBObIYHbIX MarHUTHbLIX Y
ONTUYECKMX CBOWCTB. B poknage 6yayt paccMoTpeHbl OCOBEHHOCTU
NMNHENHBbIX U HEJIMHEWHbIX CNEeKTPOB reHepauun BTOPOW FapMOHUKU U
cnekTpoB POTOSTIOMUHECLIEHLINN.

600} cuB,O,

B 400 LJ{ ;ﬂ’_»/\\le k”\l‘\\ E; '.:l
% ‘OSM N | ~— 7“:7-: ‘
;% 600 U”W Evl .g
§ 400 i R e N\\ P, :
-ié 20: MJJ/ \\7"""’*»777,:
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Puc. 1. Cxema 3KCUTOHHbIX Puc. 2. OnTuyeckuit cnekTp
COCTOSAHMIN noHa meam B 4b n 8d NOrnoLweHnst B TPEX OCHOBHbIX
no3numsax nonapusaumax, T =9 K

Ha puc. 2 nokasaHbl CNekTpbl normnoweHns B nonapusauusax a (E||x),
o| (E||x) and 11 (E||z). OHK xapakTepusytoTcs 6GoraTton TOHKOW CTPYKTYPOU C
BbICOKOW MOSIAPU3aLMOHHON 3aBUCUMOCTbLIO, YTO, KaK NpaBumno, HETUMNYHO
O OKCUOHbIX MarHeTuKoB. Takas CTpyKTypa CHeKTpoB MO3BONSET
O[HO3HAYHO BbIAeNUTb anekTpoaunosibHble (ED) n marHntogmnosibHble
(MD) nepexoabl. B cnektpax MOXHO HageXHO BblaenuTb 6e3(pOHOHHbIE
NIMHUN (3KCUTOHbI), KOTOPbIE CONPOBOXAATCA MAarHOHHLIMW U POHOHHbBIMM
carennutamu. OCOBEHHOCTbIO CMEKTPOB SBMSETCA TO, YTO (DOHOHHbIE
catennuTbl HabngaeTcs Ha BCeX 3KCUTOHaxX. QKCUTOHbI npn 1.405, 1.667
n 1.913 aB MOXHO o0OgHO3HA4YHO OTHecTU K 4b nogcucrteme, U OHMU
HabngaTCca NPeMMyLLeCTBEHHO B a- U S-Nonspu3aumnax. SKCUTOHbI Npu
1.577, 1.873 n 2.120 aB nepexogax cnegyet oTHecTn k 8d noacucrteme, u
OHM HabnogalTca B OCHOBHOM B p-nondpusaumn. Kpome Toro, atu ase
rpynnbl  3KCUTOHOB  XapaKTEpPU3YKTCHA  pasfiMyHbiM  TemnepaTypHbIM

Lo
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noBegeHnMeM, a MMEHHO, B (DaKTU4YECKOM WNCYE3HOBEHUU 4bh 3KCUTOHOB
Bbilwe Tn = 20 K, B TO BpeMs Kak 8d aKCUTOHbI HabntogatoTcs BANOTb A0
Temnepatyp ~150 K.

B poknage 6yayT pacCcMOTPEeHbl CNEeKTPOCKoNnyYeckne ocobeHHOCTU
reHepaunm BTOPOW OMNTUYECKOM FAPMOHMKM Ha SKCUTOHHbIX nepexodax u
ocobeHHOCTM ee noBedeHust B MarHutHom none go 10 T [4]. B
3aKknioyeHne 6yayTt npuBedeHbl pes3ynbTaTtbl No GoratbiM CrnekTpam
doTontoMmuHecueHunmn Huxe 1.405 3B Ha NnepBOM 3KCUTOHOM Nepexoae.
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HEB3AMMHOCTb B ANATPAMMAX U3NTYHEHNA
AHTNOEPPOMAIHETUKA CuBFOMW

A.P. HypmyxameTtoB, M. B. EpemuH
SOLORZNT o sdyNMMEJB)Odz! dzf 2 Ekdzdo j temd¢ Sind
E-mail: srgalex@list.ru

ABrneHne onTM4eCcKon HEB3AaMMHOCTU, NPU KOTOPOM MOrMOLEeHne Unm
NMIOMUHECLEHUMS 3aBUCUT OT HanpasfeHus pacrnpocTpaHeHusi cBeTa, B
nocnegHue rogbl NpUBreKaeT 3HauuTenbHOe BHUMaHWe. B matepuanax c
HapylweHMeM BpPEMEHHOW W MPOCTPAHCTBEHHOW WMHBEPCUMEN OHO MOXET
BO3HMKATb M3-3a MHTepdepeHuumn anekTpudeckmnx (ED) n marHntHbIX (MD)
AnnornbHbIX nepexonos [1].

[MepBble KBAaHTOBO-MeXaHU4Yeckne pacyeThl BEPOSATHOCTEN
MarHUTHbIX W 3NEeKTPUYECKUX AUNOSbHLIX MEPeExXodoB C  ydeToOM  UX
nHtepgepeHumn B CuBFOW 6binnM  npoBegeHbl  pabotax [2, 3.
[MapannenbHO ¢ MUKPOCKOMUYECKUMUM pacyeTamMu MaTPUYHbBIX IN1IEMEHTOB
ncnosib3oBancs TEOpPEeTUKO-rPynnoBou MeTo[ onpeneneHus
WHBApPUMAHTHbIX KOMMOHEHT TEH30pa MarHUTOdNeKTpuyeckon cesasn. B
HacTosiweM coobuweHnn Mbl 0606Laem NosnyvyeHHble paHee pesynbTaTbl U
aHanuampyem MpuUMEHNUMOCTb CUeHapus MHTepdEepeHLMNn MarHUTHbIX W
SNIeKTPUYECKMX AOUNOSIbHBbIX MNepexofoB ANA  MOLENVMPOBAHUS  HOBbIX
9KCNepuUMeEHTarbHbIX pe3ynbTaToB, NOfly4eHHbIX HedaBHO B paboTte [4], no
cnekTpam nomMuHecueHumn B obnactn 1.4 3B B8 CuBFOM

B anemeHTapHon suenke CuBFOMumetotcs 2 Tmna noHoB meau B 4b-
Nno3nLnK, NoKasibHble OCU KOTOPbIX pa3BEpPHYTbl OTHOCUTESTBLHO ApYr Apyra
(reomeTpuyeckaa pycTpaumns). IAdpdekT dpycTpaumm CyLeCTBEHHO
CKkasblBaeTCA Ha CYMMapHOM WHTEHCUBHOCTU JHOMUHecueHuun. [ns
pacyeTa BOJIHOBbIX (PYHKUMA M MaTpuyHbIX anemeHTtoB ansg ED n MD
nepexonoB MCMNofb30BaHa KpucTtanmnorpadguyeckas cucrema kKoopauHar,
YTO MO3BOSIUMO YMNPOCTUTbL pacyeT OBMEHHbIX MNonen, OEWCTBYHOLMX Ha
BO36Y)XOEHHbIE COCTOSIHUSI MIOHOB MeaMW.

YPOBHU 3HEPrUM U BOSHOBblE (PyHKUMM MoHOB Cu?d, 3aHMMaroLLMX
4b-nosunumwu, paccyuTaHbl nyTem  YUCNeHHOW  guaroHanmsaumm
9 PEKTUBHOIO raMuUIIbTOHMAHaA:

H:HCF+HSO+HZ+HS>?+HS)? (1)
30ecb nepsble TPU YrfieHa COOTBETCTBYIOT KPUCTarsIM4eckoMy Mnoso,
CrnH-opbuTanbHOMY U 3€eMaHOBCKOMY B3aMMOLENCTBUIO COOTBETCTBEHHO.
MocnegHwe gBa yneHa onucbiBaldT OBMeHHble MOoNs, OEUCTBYHOLLME Ha
OCHOBHOE 1 BO3bOYXOeHHOE COCTOSIHUSA MOHOB MeaW.

ans onucaHus ANEKTPUYECKMX ANNOSbHbIX nepexonoB
ncnosib3oBasncs a@EKTUBHLIN ONepaTop, Y4YUTbIBaOLLMA NepemeLlmBaHne
COCTOSIHUA OCHOBHOW KOHdpurypaumm 3d° ¢ Bo3OyxaeHHbiMM 3d%4p u
COCTOSAHUSAIMU C NepeHOCcoM 3apsaa:
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H. = § {EOU W) pe (2)

t
k,p.t
3HaueHna DM oueHuBanuchk no dopmynam pabotsl [5], a 3aTem

abCcomnioTHOe 3HaYeHNe YTOYHANOCh MO AKCNEePUMEHTAbHbIM JaHHbIM.
OTHOCWTENbHbIE WHTEHCUBHOCTW MNepexofoB C  BO3OYXKAEHHbIX
COCTOSIHWI (g| Ha OCHOBHOe |g) paccuuTbiBanMcb no dopmyne (Z —

cTaTucTmyeckas cymma):
T 2 e
lo” Ale|Hy +He[g) € /2 3

10 B e

2 ‘

[100]

. - R R

Puc. a) Cxema ypoBHeit Cu?*, CTpenkoi oTMeYeH aHanM3npyeMblil nepexos.

Anarpammbl (b-d) paccuntanbl anga nosvumn A1, ceetoBas BonHa k“||a, E”||b, B"||c,
BHelWHee marHuTHoe none B = 0.5 Tn BpawaeTcs B ab-nnockocTu KpucTanna.
MonsapHbIN yron ykasbiBaeT HanpaBfieHWe BHELLUHEro MarHUTHOrO Monsi, Ha4nHast OT OCK
a. PagmanbHble 3HayeHnsa npeacTtaBnsatoT: b) HOpMUMPOBAHHbBIE MOAYNIN MaTPUYHbIX
3NEMEHTOB, C) pa3HocTb a3 mexay ED n MD maTpuyHbIMK 3anieMeHTamm,

d) HopMMpoBaHHbIE MOSHbIE MHTEHCMBHOCTU Nepexoaos. B 3aBucnmoctun
oT pasoBoro cooTHowweHna mexgy ED n MD Bknagamu, nonHble MIHTEHCUBHOCTU
nepexoaoB ycunuBalTCs (KOHCTPYKTUBHAA MHTEPdEPEHLMS) UM NOAABNAOTCS
(BecTpyKkTnBHas MHTEPEPEHLMSA)

Hawwn  pacyeTbl  BOCNPOM3BOAAT  OCHOBHble  OCOBEHHOCTU
9KCNepuUMEHTarnbHbIX AaHHbIX, NPUIyYeHHbIX B paboTe [4] u nossonstoT
NOCTPOUTbL AnarpamMmMbl MNPOCTPAHCTBEHHOrO pacrnpeneneHnss nUsnyvyeHus
ONS pasnuyHbix  KOMBUHaumnm BekTopoB. O6bACHSeTCs OTCyTCTBUE
apdpekta onga reomeTpun k*||c. PaccunTtaHbl KOHKpPETHbIE HanpaBieHUsA U
OTHOCUTESbHbIE BEMNYMHBI BEKTOPOB, COOTBETCTBYIOLLUNX MaKCUMarbHOMY
3 peKTY HEB3AUMHOCTW.
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LIMPKYNAPHbBI OUXPOW3M B MONAPHOM ANbTEPMAIMHETUKE
FeoMo30s
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Mbl uccnegoBanu UMPKYnNspHbin - gnxponam (MCD) u  adodoekT
dapaneqa B nonapHomM anbtepmarHeTuke [1] FeAVIopOUc ncnonb3oBaHnem
nnHenHon Ty cCnekTpockonuuM C BpeMEHHbIM paspewieHneMm. OObl4HO B
aHTudeppomarHeTmkax addekt dPapages asndetcs cnabbiM, ogHaKO B
cnyqyae FeRVIofFOW rmbpuaHble  MarHOH-NonsipoH  moabl  [2, 3]
OEMOHCTPUPYIOT  HEOXMAAHHO  OOonbLyHO BENIMYNHY  BpaLleHus
3M1EeKTPOMAarHUTHOW BOJSTHbI NPU NPUNOXEHUN MAarHUTHOIO NOon4.

AHTUdeppomarHnTHein nopagok FeRAVIopOUWycTaHaBnuBaeTca Huxke
60K. B 9TOM cCoOCTOSHUM pOBa MOAPELUETOYHbIX MarHUTHbIX MOMEHTA
Xeresa, pacnorioXXeHHbIX B HE3KBMBANEHTHbIX NO3ULMNAX, OPUEHTUPOBaHDI
aHTMNapannenbHo BAOOSb OCU z (OCW C KpucTasnmna), 4To NpuBOAUT K
HyreBoM  CYyMMapHOM  HaMarHM4eHHOCTW, HO C  COXpaHeHWeM
MaKpOCKOMM4eCKon CUMMETPUN B MAarHUTHOM MPOCTPAHCTBEHHO-TPYNMNOBOM
cMmbicrne. Takas KoHdurypauusi OTHOCUTCA K Knaccy cummeTpum 6m’m’.
[Mpy NpUNOXeHn MarHUTHOro Nons BAOSb OCU Z CUMMETPUSA MOHUXaeTCA
0o 3m’, YTO paspellaeT MarHUTO3NEKTpUYeckne a3PdeKTbl, a TaKke
LUPKYNAPHBIA OUXPOU3M.

AHanuna cnektpa npu HyreBoOM Mnore Mo3BOSfUIIO TOYHO OrnpeaenuTb
napameTpbl TIy BO36GYyXAeHUW, yuntbiBas caoBur dasbl, KOTOPbIA 4acTo
UrHOPUPYETCHA B CTaHOAPTHbIX MeTodax aHanui3a BpeMs-paspeLleHHbIX
cnekTpos. [Mpn NpUNoXXeHn MarHNTHOro NONA CUMMETPUSA MOHUXKaeTCca A0
3m’ 1 nMHUK NornoLwleHus pacuiennsetcs Ha V-obpasHo pacxoasuimecs
MOAbI, KaXkgast U3 KOTOPbIX COOTBETCTBYET CBOEW MarHUTHOM NofpeLueTke
[4]. A3mepeHna B NUHENHO MONApU3OBaAHHOM CBETE MpU COrflacoBaHumn
YrrnoB OeTeKkTopa M UCTOYHMKa THZz uanyyeHus °45 nO3BOMMMIO OLEHUTb
yrosi noBopoOTa 3rfEeKTPUYecKoro nonsg, a Takke ONIUNTUYHOCTb
npuBeaeHHbIE Ha pUC.
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Puc. 1. HacTtoTHas 3aBMCMMOCTb yrina nosopoTa 1 3rniMnTUYHOCTU nosisipusaumm
NpoXoasLLero ceeTa Yyepes Kpuctann TonwmHon L B MarHUTHOM none H npunoXxeHHOM
BAOSMb OCU C

HenpepblBHblE  NWMHUKM  Ha  puC. ObIMM  MOMNyYeHbl  NYTEM
MOLENUPOBaHMUS  CMeKTpa C  MCMNOSib30BaHMEM  OBYX NOPEHLEBbIX
OCLUUINIATOPOB M NapamMeTpoB, OnpeAeni€HHbIX NMpu HyrNeBOM MarHUTHOM
none. B pamkax aTtonM mMogenu npegnonaraeTcs, YTO CTOMb CUSbHOE
BpalleHne MnocKOCTM nondpusaunm ceBeTa OOYCNOBMEHO COYeTaHUEM
Manon BENIMYMHbI  OMINEKTPUYECKON MNpOHULAeMOCTM ¢ 6onblum
MaTPUYHBbIM 3fIEMEHTOM Mepexoda MexXay YPOBHAMU HuKenexaulero
MynbTunneTa Fe2¢.

Kpome TOro, MarHMTO3MEKTPUYECKME CBOWCTBA arnbTepMarHeTuka
FeRVIioFOWnpegnonaratoT HanuumMe B HabnogaeMom crnekTpanbHON NIMHUN
nepexonoB 06oOUX TUMOB — 3NEKTPUYECKUX U MarHuToamnonbHbIX. Kak
nokasaHo B pabote [4], OHXU MOryT NMOMNOXUTESNBHO MHTEPGEPNPOBATL, TEM
caMbIM 3HAQYMUTESBHO YBENMYMBAA CUNY ocuunnaTopa.

[OpyriM BO3MOXHbLIM WCTOYHUKOM Habntogaemoro adekta MoxeT
ObITb OBOMCTBEHHAdA npupoda nuHUMM BO3OyxaeHua. CornacHo AaHHbIM
HEWTPOHHOrO paccesiHUs U n3MepeHusm paccesHua Pamana [2, 3], aTa
NUHUSA Takke obnagaet POHOHHBLIM XapakTepoMm, TO ecTb Habnwgaemas
mModa npeacTtaBnseT cobon rmbpugHoe BO3OyXAeHMe, codeTarollee
SMIEKTPOHHbLIE U (POHOHHbIE KOMMOHEHTbI. JTO OCOOEHHO NEPCNEeKTUBHO
ANAa  JganbHEeMWwuMx WuccnegoBaHWM B CBETE HedaBHUX [OOCTUMXKEHUN B
obnactu nccnegoBaHus XmpanbHbIX OHOHOB.
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JIOMNHECUEHTHAA CIMEKTPOCKOINA BbICOKOIO PA3PELLEHUA
CaWOg4:Ho®*
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Bonbgpamatr kanbuma (CaWOs) wuMeeT CTPYKTypy LWeenuta wu
obnagaeT BbICOKOM MEXaHWYEeCKON MPOYHOCTbI, XMMUYECKON CTONKOCTbLIO
N NPEBOCXOAHbLIMM OMTUYECKMMW cBOMCTBaAMW. Kak 4YuCTbIn, Tak W
nervpoBaHHbIN pegkosemenbHbiMn anemeHTammn (P33), CaWOs wmpoko
NPUMEHSIETCA B pPasfiMyHbiX 0Bnactsx (OTOHMKM U ONTOINEKTPOHUKMN.
Bcnencreme HM3KoOM NAOTHOCTU sAepHbiX cnvHoB B CaWO4 BO36yxaeHus
CBEPXTOHKMX MOAYPOBHEWN, nernpyrowmx noHos P33 B 3aTOM KpucTanne,
nmeroT BGonblune BpeMeHa KOrepeHTHOCTU, YTO MNpeactaBnseT MHTepec
01151 COBPEMEHHbIX KBaHTOBbIX TEXHOMOrMN. B aTOM criydyae CyLeCTBEHHO
3HaHue cBepxToHkon cTpykTypbl (CTC) ypoBHen wnoHos P33. CTC B
CheKkTpax HIOMUHECUEHUNMN Takke MOXeT OblTb Wucrnonb3oBaHa Aans
peanu3aunmn YyBCTBUTESbHbIX JAaTYMKOB MarHUTHOrO Nnongd, Temnepartypbl 1
aeopmauni.

B npaHHonm paboTe npegcrtaBneHbl pesynbTaTbl  MCCNeaoBaHUS
cnekTpoB doTontommuHecueHummn (P1) kpuctanna CaWOa4:Ho®** (0,01 aT.%)
C BblCOKMM paspetueHmem (0.02 cmt), B TOM Yncne B MarHMTHbIX NOnsax (40
270 MT), Npun BO3BYXOEHUN U3MyYEHMEM AMOLHOrO rasepa C ASNIMHON
BONMHbI 641,6 HM. Bce nuvHumn @J1 6biNnnM  MAEHTUDULMPOBAHBI  Kak
cBA3aHHble ¢ WoHamu Ho®*, 3amelwawowmmum wuoHbl Ca?* B yanax
TeTparoHanbHON CUMMETPUM Ss C HenoKanbHOM KOMMeHcauunen 3sapsiaa.
Bnepsble Habntoganacb xopowo paspeweHHas CTC B cnekTpax
dzs 3d dzj )y Laipd:ido®*. Panee CTC Gbina 3apeructpypoBaHa B
cnektpax ff ts6 dztsh jawacbwkpuctanna [1]. B cnekTtpax nornoweHus
CaWO4:Ho®** nedopmaunoHHoe paclwienneHue, Bbl3BaHHOE
B3aMMOAENCTBMEM BbIPOXAEHHbIX 3MEKTPOHHbLIX YPOBHEN CO CIlyYarHbIMU
aeopmMmauusamMm B Kpuctanse n  nNposiBnslweecas B YBENUYEHUN
LeHTpanbHoro wuHTepBana CTC, oTcyTcTBOBano nNpu KOHUEHTpaumax
ronbMusas meHee 0,5aT1.% [1]. B cnektpe ®J1 CaWO4:Ho*" (0,01 aT.%)
OBOHapy>XeHO BbIpaXEHHOEe YyBenunyeHune LueHTpanbHoro mHtepBana CTC
ana  nuHum 6740,3cmt B nepexone mMexgy  BO36yXaeHHbIMU
MynbTUnneTamm °Fs 1 °ls, KOTOPbIN HEMb3s HabnaaTh B NOrMoLLEHUN. JTa
nuHna @J1, nonagarwowaad B S-OkHO NPO3PaYHOCTM OMNTUYECKUX BOJSIOKOH,
MOXET CNYXWUTb YyBCTBUTESNbHLIM MHANKATOPOM BHYTPEHHMX HamnpsiKeHUn

d
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O KOHTponda KadectBa KpuctannoB. Wcnonb3ysa nuHumn 8640,3 u
8582,7 cm! B cnektpax ®J1 CaWO4:Ho®*' (0,5 at.%), Mbl peanusoBanu
NMIOMUHECLEHTHbIN OONbLMaHOBCKUI paTnomeTpuyeckun tepmomeTtp. OH
MMeeT MakCUMarbHYy abCOMOTHY YyBCTBUTENBHOCTL NpWU Temnepartype
Tm = 21,5 K, oTHOCUTENbHAA YyBCTBUTENLHOCTb MPU 3TOM Temnepartype —
10 % K1, Mo 3aBuCALUMM OT HanpaBneHHOro BAOMb OCU C MarHUTHOrO
nona (0-270 wmTn) cnektpam ©Obinn onpegeneHbl  g-gaktopbl. Mol
nokasanu, 4to ¢ nomouwibio nuHun dJ1 5160,5cm? ¢ g=25 MoxHO
OOHapYyXUTb N3MEHEHUS MarHnTHoro nons ~0,3 mTn. BeinonHeHbl pacyeTsl
napamMeTpoB KpuUCTannauyeckoro nons wn cmogenupoBaHa dopma
cnekTpanbHbIX JIMHUA C Y4YEeTOM CBEPXTOHKUX B3auUMOLEWCTBUN U
cnydanHbIX gedopmauum  pelleTkn, C  UCMOoSib30BaHMEM  PYHKLMK
pacnpegeneHna cnyyanHblX gedopmaunmin, Bbl3BaHHbIX  TOYEYHbLIMU
aedektamu B ynpyroaHmsoTponHom kpuctanne CaWOa.
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B pabote [1] npencrtaBneHbl pes3ynbTaTtbl, CBUOETENLCTBYHOLLME O
TOM, 4TO npu BO3bByXaeHUn HaHonopowkoB YPOs C  BbICOKOM
KOHLieHTpauuei noHos Yb®" nasepHbiM uanydyeHuem ¢ AnNvHon BonHbl 970
HM W BbICOKOM [MAOTHOCTbIO MOLLUHOCTW, BO3HMKAET LUMPOKOMNOSIOCHOE
«benoe» unanyydeHve B BMAMMOW 0bBMnacTM chnekTpa, MMetowee TennoByto
npupogy. B [2] npeanoxeH mMexaHM3M BO3HUKHOBEHUA OAHHOMO U3Ny4YeHUs
B pesynbraTe Harpesa HaHornopowkoB YPO4:Yb npu BO3OencTBUM Ha HUX
WHTEHCUBHbIM NasepHbiM u3nydyeHnemM. OH 3akroyaeTcd B HeSIMHENHOM
B3aMmogencTeum uoHos Yb®* gpyr ¢ gpyrom u ¢ gedektamu
Kpuctannmyeckon peletkn. B pesynbrate 3T10ro B3anMOOEWCTBUSA
NPOUCXOANT 3aceneHune ypoBHEN OedEeKTOB CTPYKTYPbl, PaCnofOoXeHHbIX
B6NM3n gHa 30HbI NpoBoAMMOCTU. C pOCTOM TemnepaTtypbl 3MEKTPOHbI C
9TUX  YPOBHEW MOryT nepexoautb B 30HY MNPOBOAMMOCTM WU
B3aMmMogencteoBatb C (OHOHAMW  KPUCTANfIMYECKON pPeEeLUEeTKU, YTO
NPUBOAMUT K 3HAYUTESNIbHOMY HarpeBy [OUANIEKTPUYECKMX HaHOo4YacTuL,
COMNPOBOXAAKLLNMCA  BO3HUKHOBEHMEM  LLUMPOKOMNOSIOCHOIO  «Benoro»
N3nyYeHus.

B HacTtosdwem poknage npeacrasfieHbl pesyrnbTaTbl UCCreLoBaHUN
cnekTparnbHO- JIIOMUHECLEHTHbIX XapakTepUCTUK HaHodacTtuy ZrO,, HfOo,
NerMpoBaHHbIX peakosemernbHbiMu (P3) noHamm (Er®*, Yb®*) ¢ pasnuyHoi
KOHUEHTpaumen, npu nx Bo3byxaeHun nasepHbiM n3nyvyeHnem B 6nmkHem
NK-gnanasoHe (Asoss.~980 HM, Asoss.~1500 HM).

BbinorHeH cpaBHUTENbHBIA  a@Hann3 XapakTepPUCTUK  TEnoBOro
N3nyyeHus, BO3HMKAILLETO npwu BO30yXaeHun HaHo4acTuL,
ZrO>—-30Mon.%Yb203 n  HfO2—-30mM0n.%Yb2O3 nasepHbIM  U3nyyYyeHUeEM
C | exc~980 HM 1 BbICOKOM MAOTHOCTHIO MOLLIHOCTMU.

[MpuBeaeHs.l pesynbTaThl nccrnenoBaHnd LUTOTOKCUYHOCTM
HaHo4acTuy ZrO2 — 30 Mon.% Yb203 n HfO2 — 30mon.% Yb2Os, a Takke
pesynbTaTbl 3KCMNEPUMEHTOB iN-vivo (Ha MbllWax), CBUAETENbCTBYOWMNE O
TOM, YTO Tepanusa C UCNONb3oBaHMEM cycneH3nn HaHodacTuy, ZrO2, HfO2 ¢
BbICOKMM cogepxaHnem Yb20Os okasbiBaeT npoTMBOONyXoreBoe AencTene
B OTHOLLIEHUN 3T0Ka4YeCTBEHHOM OMyXxosnv menaHomsl B16.

RiNMdzj Hise Odzd ] o' {sdzdaj dets ftod % d dzOdz

( G tc Odals -22-00283%).
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JloBywkn Hocutenenm 3apsga  MOryT CYLWECTBEHHO BIUATb Ha
NMIOMUHECLIEHTHbIE U CUMHTUIISLUMOHHbIE  CBOWCTBA  LUMPOKO3OHHbIX
mMaTepuarnos, cBeToanoaoB Ha OCHOBE NONynpPOBOAHUKOBBLIX
HaHOreTepoCTPYKTYp W  APYrnxX JIIOMUHECLIEHTHbIX (YHKUMOHAIbHbIX
maTepuanoB. Hanuuue noBywek B HEKOTOPbIX Cry4adx npuBOOUT K
YXYOWEHNIO CBOWCTB (YMEHbLUeHWe BbIXxoda JIIOMUHECUEHUMU O
NIOMUHOGOPOB, CUMHTUNNATOPOB M cBeToauogos). OgHako B page
Cny4yaeB OHW MOryT urpaTb MOSIOKUTENBHYKD PONb, Hanpumep, npu
pa3paboTke YCTPOMCTB namATh (NPbPKKOBAA MNPOBOAMMOCTb B TOHKUX
ONANeKTpudecknx crosix). Ha 3axsaTe Hocutenen 3sapsga rrnybokumm
NOBYLUEYHbIMU YPOBHAMW OCHOBaHO SABfleHWE TepMOSTIOMUHECLIEHLMN,
KOTOpPOE UCMNOSIb3yeTCHd Npu COo34aHuM TEPMOSTIOMUHECLEHTHbBIX OAaT4YMKOB
NOHU3MpPYOLWEro nsnyyeHuns. Takum obpasom, nccrnegoBaHme NOBYLLEYHbIX
COCTOSIHUM ABNSAETCH aKTyallbHbIM U UMEET He TOSIbKO (pyHOaMeHTanbHoe,
HO W npaktnyeckoe 3HavyeHne. OCHOBHbIM METOAOM UCCrefoBaHUs
NOBYWeEYHbIX COCTOSIHAA B HacTosiwee Bpems SBNSeTcd MeToA
TepMositoMUHecueHUMN. [1aHHbIN MeTo NO3BONSET onpenennuTb 3HEPruto
akTuBauuMu INOBYLUIEK M YaCTOTHbIA (pakTop, HO He AdaeT uHopmauumn o
CKOPOCTU 3axBaTa HocuTenen 3apsga nosylkamu (Nokanusauuu 3apsga
Ha noByLUKax), TUMNE MOBYLUEK U UX KonmyecTtBe. OTU 3agayun moryt ObiTb
peLleHbl npwu nccrnegosaHun OANHaMUKU MHTEHCUBHOCTU
KaTOAOSIIOMUHECLIEHLMN W MOMMOWEHHOro Toka npu  ONUTENbHOM
obny4yeHMn obpasLoB AMEKTPOHHbLIM MyYKOM. Takue uccnegoBaHUa MoryT
ObITb BbINOSHEHBI HA 6a3e 3NEeKTPOHHOro MMKpockona. Bo MHOrMx cnyyasnx
MeOSIeHHOE WU3MEHEHWEe MHTEHCMBHOCTW  KaToAOJSIIOMUHECLIEHLUMN 1
NOrfIOWEHHOro Toka Mpu HenpepbIBHOM 00y4YeHUU SNEKTPOHHBIM MYyYKOM
CBSI3aHO C NOBYLUEYHbIMW COCTOSHUAMM, KOTOPbIE, B CBOKD o4yepenb, MOryT
ABMATLCA LEHTpaMu JIIOMUHECUEHUMN WU BRUSAKOT Ha BO30yXaeHue
LleHTPOB JIIOMUHECLUEHLUMN B pe3yrbTaTe nepegadn aHeprum Bo3byxxaeHus
OT 3r1EeKTPOHOB MEPBUYHOrO 3MEKTPOHHOro nyyka. Xapaktep AUHaAMWKK
MOrfoWeHHOro Toka MNo3BonseT onpefenuTb TuUn NOBYWKMA  (3axBaT
9NEKTPOHOB UNU AObIPOK, UM BO3MOXHbI 00a npouecca OQHOBPEMEHHO).
3aBUCUMOCTb BPEMEHWN U3MEHEHUS MOrNOLWEHHONo ToKa U MHTEHCUBHOCTU
KaToOOMOMMHECLIEHLMN OT MAIOTHOCTM BO36YyXAeHus (NSIOTHOCTM TOKa
9JIEKTPOHHOrO nyyka) AaeT UHOPMAaLMIO O CKOPOCTU 3axBaTa HocuTenemn
3apgga noByLlKamu, 3aBMCMMOCTb  [AWHAMUKM WHTEHCUBHOCTMU
KaTO4OSTIIOMUMHECLIEHLMN OT TemnepaTtypbl MO3BOSISIET OLEHUTb 3HEPIUto
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akTMBauun nosylwku. OTHOCUTENbHOE WU3MEHEHWE WHTEHCMBHOCTU MOJIOC
KaTOAONOMUHECLEHLMM N MOTTMOLWEHHOr0 Toka CBSI3aHO C coaep)KaHueMm
nosyliek B obnactu, obnyyaemon aneKkTpoHHbIM My4ykoM. MccnepoBaHue
KUHETUKA MOMOC  KaTOAOMIOMWHECLIEHUMM Ha OONy4YeHHbIX U He
0o6ny4YeHHbIX obnacTax obpasLla No3BonsieT onpeaenuTb B3auModencTeune
MOBYLLIEK C LUEeHTpaMu JOMUHeclueHuMn. ViccnepgoBaHne npupoabl
MOBYLUEYHbIX  COCTOSIHUA,  MX  B3aMMOAENCTBUSS C  LEeHTpamu
MIOMUHECLIEHLMN U OMNpedeneHne SHeprnm WX akTueBauum MeTOAOM
noKanbHOM KaToAONMOMUHECLEHLUMN OTKPbIBAEeT HOBblIE BO3MOXHOCTM MNpw
NMPMMEHEHMN METOAOB PaCTPOBOM  IMEKTPOHHOWM  MUKPOCKONUW AN
N3y4YeHUs LLIMPOKO3OHHbIX MaTepunanos.

OTOT MeToA NPUMEHSNCA NPU UCCneaoBaHUM UTTPUA antoMUHUEBbLIX
rpaHaToB, OKCUOOB LIMPKOHUSA U radpHMsi, opTodhocaToB, akKTUBMPOBAHHbIX
NOHaMN peaKo3eMerbHbIX 3NEMEHTOB.



TEMMNEPATYPHbBIE SBABUCUMOCTW CINEKTPOB JIIOMUHECLIEHLINA
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Cpean InOMMHECLEHTHbLIX TEXHONOrMM TepMoMeTpun Haubonee
NepcnekTUBHbLIM  cyYUTaeTcsa  MeTod,  HasbiBaeMblt  « OTHOLLEHWE
WHTEHCMBHOCTEN nOMUHecueHuun»  (LIR), KkoTopblh OCHOBaH Ha
N3MepeHnn TemnepaTypHoOn 3aBUCMMOCTM OTHOLUEHUSA UHTErpanbHbIX
WHTEHCMBHOCTEN OBYX NOSIOC NIIOMUHECLEHUMN, PETUCTPUPYEMBIX B OQHOM
CMEeKTpe, B YacCTHOCTM, OBYX MOMOC JNOMWUHECLIEHUMU, OBYCNOBMEHHbIX
nepexogamMmu C OBYX 3HEPreTUYeCKUX YPOBHEN, HAaXOOALWNXCA B TEMNIOBOM
paBHOBECUM, B HEKOTOPbIX OMNTUYECKM aKTMBHbIX WOHax. OgHum un3
BapmaHToB Metoga LIR 4aBnsetca wucnonb3oBaHne NHOMUHOGOPOB,
NernpoBaHHbIX MOHOM Eu?*, KOTOpbLI UMeeT Brnn3Kkne 3HEPrnv HDKaMLLIEro
YPOBHS1 3MEKTPOHHON KOHdpurypaumm 4f°5d (mnanee 5d) u Huxanwero
BO30YXXOEHHOro ypoBHS °P7;, anekTpoHHoU KoHdurypauumn 4f7 (nanee 4f).
Takme nOMUHOMOPLI MOFYyT AEMOHCTPUPOBaTb OAHOBPEMEHHO Kak
LLUIMPOKOMONOCHYK MEXKOH(UIYpaLUMOHHYO NtoMnHecueHuno 5d-4f, Tak m
Y3KOMOJIOCHYIO BHYTPUKOHMUIrypaLnoHHyo niomMuHecueHumio 4f-4f (°P7z, —
8S7/2) noHoB Eu?*. 3T OBa TMNa NIOMUHECLIEHLMN UMEIOT OYEeHb pasHble
BEPOATHOCTU M3MydaTenbHbIX MNepexoaoB, YTO MPUBOAUT K CUSTbHOM
3aBMCMMOCTU UX OTHOCUTESTbHOW WMHTEHCMBHOCTM OT Temnepartypbl. JOTa
0COBEHHOCTb cospaet NpeanocCbIIKA ans pa3paboTku
BbICOKOYYBCTBUTESTbHbIX AaT4YnKoB Temnepartypobl Ha OCHOBE
MIOMUHECLIEHTHBIX MaTepuarnoB, coAepXallmx NoHsl Eu?*.

TBepoodasHbiM  CUMHTE30M MOSlyYeHbl Kepamuyeckne obpasubl
MHOTFOKOMMOHEHTHbIX (MTOPUAHbLIX COEAMHEHUN, WUMELWNX Kybnyeckue
CTPYKTYPbI: NazCaszAl2F14, NaCaMgqF7, Na3CaMggAIF14 n NasCasAl7Fss,
nermpoBaHHbIX MoHaMu Eu?*. B aaHHbIX doTopuaax nermpyouime noHbl Eu?*
UMEKT CYLLEeCTBEHHO pas3HOe JIOKasfibHOE OKpYXeHune W, Kak pesynbTar,
pasHble cheKkTpanbHble U TeMnepaTypHble cBoncTBa 5d-4f n 4f-4f nonoc
noMuHecueHumn. B yactHocTH, B NasCaMgsAlFi14 1 NaCaMgzaF7, nmetowmnx
CTPYKTYpY KyGuueckoro nupoxnopa, nonoca 4f-4f niomuHecueHumn Eu?
HabnogaeTca Tonbko npu HuM3kom Temnepatype [1, 2]; B NasCasAl-Fz3
nonoca 4f-4f nloMMHECUEHUNN C MHTEHCUBHOCTbIO B MUKE, CPaBHUMOMN C
MHTEHCUBHOCTBLIO nonockl 5d-4f nmomuHecueHumn Eu?*, Habniogaetca B
CMeKTpe BNSIOTb 4O AOCTAaTOYHO BbICOKMX TeMnepaTyp ~650 K, Torga kak B
Na>CasAloF14 4f-4f noMuHecueHumns Eu?" oTcyTCcTBYeT B CnekTpe BO BCEM
nccrnegoBaHHOM TemnepaTtypHoM amanasoHe 77-670 K. Habniogaembie
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OTNUYMA CBOWCTB TMOMUHEcCLeHUUn Eu?* B cMHTE3MpoBaHHbIX dpTopuaax
0o0ycnoBneHbl pPasnnyHbiM OTHOCUTENbHLIM SHEPreTUYECKUM MOSNOXEHNEM
nanyyaowmx 4f'(°Pz2) n 5d coctosHuit Eu?* B aTuUX TOpuaax, B
CTPYKTypax KoTopbiX WOHbl Na* u Ca?* 3aHMmaloT pasnuyHble
KOOpAMHALMOHHbIE NONM3APHI, a TakkKe Hanndnem B HEKOTOPbIX dhTopuaax
OByX unu 6ornee eBponMEBbLIX LIEHTPOB. TemnepaTypHasi 3aBUCUMOCTb
MHTEHCUBHOCTU NIOMUHECLeHUMM Eu?* B CUMHTE3NpOBaHHbLIX pTopuaax B
obnactn cunbHOro TemnepaTypHoro TyweHus B guanasoHe 400-500 K
noTeHumanbHO MoXeT ObITb Ucnonb3oBaHa AnNd  FIOMUHECLEHTHOM
TEPMOMETPUN C MAKCUMANbHON OTHOCUTENBHOW YyBCTBUTESNbHOCTBLIO 0 3
%.
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MNKPOCKOIMMYECKAA NMPUPOOA TEMIEPATYPHOIO YWWMPEHNA
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B pnoknage npmBogutcsa 063op pesynbtaToB paboT no CnekTpockonum
N NyopecueHTHON HAaHOCKOMUM OOMHOYHbIX OpraHMYecKuX MOnekyn,
KOSTNOUAHbBIX MOSTYNPOBOAHUKOBLIX KBAHTOBLIX TOYEK, LIEHTPOB OKpacKn B
anvase, BHeApEHHbIX B TBepAable MaTpuubl (NOSMMEPbI, MOMEKynsipHble
KpucTannbl), B T. 4. MPU KPUOFEHHbIX TemnepaTypax [1].

O6cyxnaeTcs MUKpPOCKONM4yecKkas npupoaa HEeO4HOPOAHOro
YLLUMPEHNSA ONTUYECKMX CNEKTPOB MOMMOLLEHNSA U NIIOMUHECLIEHLMM, @ TaKKe
MEeXaHu3Mbl TemnepaTypHOro (B Auanas3oHe OT HECKOSMbKUX eauHuL, 40
HECKOSbKMUX [OEeCATKOB rpagycoB KenbBuvHA) OAHOPOAHOMO  YLIMPEHUS
6ecOHOHHbLIX crekTparnbHblX NUHUAN  (BPJT) OOMHOYHBIX KBAHTOBbIX
nanydarenen passfinyHoM npupoabl (pwnc.): OpraHUYeckmnx
NOMUHecUMpyoWwmMx Monekyn [2, 3], NonynpoBOAHUKOBbLIX KBaHTOBbLIX
TOYeK [4, 5], LEHTPOB OKpacku B anmase [6, 7].

Puc. 1. nniocTpauusa BO3MOXHOCTU U3MEPEHWUS NTOKarnbHbIX NapaMeTpoB TBepaom
maTpuubl (Mo BPJT) 04MHOYHBIX MPUMECHBLIX KBAHTOBbIX U3ny4vaTenen.

[MpooemoHCcTpMpoBaHa  BO3MOXHOCTb  MPAMOro  30HOMPOBaHUA
nokanbeHbIX noneun [8] n penakcauMoOHHOW AWHaMUKM Ha HAHOMETPOBOW
lWKane, u3MepeHus napamMeTpoB HU3KOIHEPreTUYeCKUxX 3IrnemMeHTapHbIX
BO36YXOEeHW TYHHENbHOro U (OOHOHHOro Tuna [9], yCTaHOBEHUS BNUSHUSA
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NMPUMECHbIX LEHTPOB Ha penakCcaumoHHY OUHAMUKY U POSiM Pe30HaHCHbIX
POHOHHbLIX MOA4 MaTpuubl [2, 3].

BNBINNOIPAPUNHECKNE CCBIJIKU

1. A.B. Haymos. YOH. 183, 633 (2013).

2. A.O. CaBoctbsiHOB, A.B. Haymos, [Mncbma B XK3T®. 120,
333 (2024).

3. AO. Savostianov, LY. Eremchev, T. Plakhotnik,
A.V. Naumov, Phys. Rev. B. 110, 045430 (2024).

4. K.R. Karimullin, A.l. Arzhanov, LY. Eremchev, B.A. Kulnitskiy,
N.V. Surovtsev, A.V. Naumov, Laser Phys. 29, 124009 (2019).

5. AWN. ApxaHoB, A.O. CasoctbsHoB, K.A. MarapsH,
K.P. KapumynnuH, A.B. Haymos, ®oToHuka. 15, 622 (2021).

6. A.Yu. Neliubov, I.Yu. Eremchev, V.P. Drachev, S.S. Kosolobov,
E.A. Ekimov, A.l. Arzhanov, A.O. Tarasevich, A.V. Naumov, Phys.
Rev. B. 107, L081406 (2023).

7. 1.Yu. Eremchev, A.Yu. Neliubov, K.N. Boldyrev, V.G. Ralchenko,
V.S. Sedov, L. Kador, A.V. Naumov, J. Phys. Chem. C. 125, 17774
(2021).

8. A.V. Naumov, A.A. Gorshelev, M.G. Gladush, T.A. Anikushina,
A.V. Golovanova, J. Kohler, L. Kador, Nano Lett. 18, 6129 (2018).

9. C.B. Opros, A.B. Haymos. N3B. PAH. Cep. douns. 78, 280 (2014).



M3MEPEHUE CBOWVCTB AHCAMBIA NIOMUHECUPYIOLWNX
LEHTPOB B KPUCTAJINIMYECKOW CPEAE MO XAPAKTEPNCTUKAM
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PeanbHble rnioOMuHecuupylowmne wnu  rasepHble  cpefbl  4acTo
cogepxat He OAWH aHcamOnb JIIOMUHECUUPYIOLWNX KBAHTOBLIX CUCTEM
(LEHTPOB  NIOMWHECLEHUMM), a CMeCb HECKOSIbKMX  aHcambnen.
B3anmogencTene ONTUYECKOro M3NyyYyeHUst ¢ TakuMum cpefamun MNpUHATO
onucbiBaTb  MeTogOM  MaTpuubl  NIIOTHOCTM,  3BOSIOLMUSA  KOTOPOMU
onucbiBaeTca YypaBHeHnem Hewmana [1, 2]. [Ona nonHOTbl OnucaHus
Nnosie3aHo UMeTb WHJOPMAaUMID O KONMMYecTBE W CBOMCTBax BCeX
aHcambnen, NpUHMMaOLKNX y4acTue B Npoueccax B3aMMoLenCcTBUSA cBeTa
N BellecTBa B JaHHOM 3kcnepumeHTe. pu npsaMoM aKkcnepMMeHTarbHOM
N3MEepPEHNN, Harnpumep, CrekTpasibHbIX WM BPEMEHHbIX XapaKTepUCTUK
NMIOMUHECLEHLUMN Kakoro-nmbo aHcambns Heobxoaumo, TeM WU UHbIM
cnocobomMm,  OTAENUTb  MIOMUMHECLEHUMIO  3Toro  aHcambns,  oOT
NIOMUHECLIEHLMN  CONYTCTBYIOWMX aHcambnen. OgHako, ecnn mnmeeTcsd
CYLLLECTBEHHOE MNepeKpbITUe CheKTparnbHbIX MOMOC pasHbiX aHcambnewn,
UM peanuayTcs ManopasnuinMble 3HaYeHUS UX MOCTOSHHbIX BPEMEHU
3aTyxaHusi, TO Takoe pasfeneHue 3aTpygHUTeNlbHO. 3TO MNOBbIWAET
NOrpeLHOCTb U3MEPEHUN.

B paHHoM paboTe aKcnepuMmeHTanbHO UccregoBaH  MeTon
N3MEPEHNSA NMIOMUHECLEHTHbIX XapakTepUCTUK aHcaMmbns, B KOTOPOM 3Tu
XapakTEPUCTUKN N3MEPSAIOTCA Ha €OWHUYHLIX LeHTpax [3], a UTOroBbIv
pe3ynbTaTt Ansa aHcambns nonyyarT NyTEM CTaTUCTUYECKOro yCpeaHeHus
pe3ynbTaToB, MOMYyYEeHHbIX ANA €OUHUYHBIX LEHTPOB, BXOAALWNX B JAHHbIN
aHcambnb. [na a3Toro npeaBapuUTENbHO WU3MEPSIOTCA Takke apyrue
BO3MOXHbI€ XapaKTepPUCTUKWN, BKIOYas XapaKTePUCTUKU BPEMEHHbIX
TPAeKToOpuUhn WHTEHCUBHOCTU JIIOMUHECLUEHUUN, AN BCeX eOVHUYHbIX
LEHTPOB, KOTOpble BO30OYyXOalTCa B AAHHOM 3KCNepumMeHTe. 3aTeM no
BCEM COBOKYMHOCTW CBOMX XapaKTepuUCTUK BCe 3aperncTpupoBaHHbIE
NIOMUHeECUMpyOLLMEe  LEHTpbl  CpaBHMBAKOTCA  Mexgy cobonm m
pacrnpegenstoTca No OoTAerNbHbIM  aHcamMbnam. Yxe nocne 3Toro
BbIYUCNAIOTCA CTaTUCTUYECKU  YCPELHEHHble 3Ha4YeHUs  PasfUYHbIX
XapaKTepUCTUK KaXkgoro oTaesibHoro aHcambnsi.

OKcnepuMeHTanbHyo anpobaunio ONMcaHHOro MeToda M3MEPEHUN
yaobHO ObiNo NpoBECTM Ha MNpUMeEpe U3IMEPEHUA BPEMEHU XKU3HMU
aHcambrnen KBaHTOBbIX CUCTEM (LEHTPOB oOKpacku), obpasyembiXx B
MOHOKpuUcTanne dTopuaga nutTna nog LEWUCTBUMEM UWOHU3UPYIOLLEN
paguauun. JlloMuHecueHunto Bo3byxaanm MUKOCEKYHOHbIM fa3epHbIM
N3nyyYyeHnemMm C [OAMHOM BOJSIHbI 532 HM M peructpupoBann €€ B
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cnekTpanbHom obnactn ot 655 go 725 HM, BblaensieMon MNonoCOBbIM
nHTepdepeHUMoHHbIM cBeTopuUnbTpoMm. KMccnegoBaHma nposogunn c
NOMOLLIbIO KOHJoOKasibHOro NIOMUHECLLEHTHOIO CKaHupyroLlero
mukpockona  MicroTime 200 ¢  BpeMEHHbIM  pa3pelleHUeEM,
paboTaloLwero B pexmnmMe BpeMs-KOppennpoBaHHOIO cyeTa OAUHOYHbIX
NIOMUHECLEHTHbIX ¢OOTOHOB. B nepBbin aHcamMbnb 6biNn BblAEMNEHDI
Hanbonee 4YacTo BCcTpeyarwmecs LeHTpbl. I3amepeHHoe cpefHee BpeMs
XW3HM LEHTPOB MNepBOoro aHcambna B BO30YyXOEHHOM COCTOSIHUM
coctasuno 17,49 = 0,072 Hc. na BTOPOro no 4actoTe peruvcrpaunu
LEeHTPOB aHCcaMbnsa BpeMs Xn3HM B BO30Yy>XOEHHOM COCTOSIHAN COCTaBWUITO
16,47 £ 0,040 Hc. Bcero B yKkasaHHbIX Bbllle YCNoBUSX BO30OyXaeHUa u
pernctpaunm 6o1n1o 3apermctpmpoBaHo 11 pasnuyHbix aHcambnen.
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CMEKTPOCKOMMA NONAPU3ALMOHHBLIX ®NYKTYALIAN
PEOKOSEMEJIbHbLIX NOHOB B OAN3NEKTPUYECKNX CPEOAX

B.O. Kosnos
HOdz®llg sjteBztceMECd?2 cetmMizH OteMmise j dzdz 2
d@CH jIsjteplztgasmpd W
E-mail: v.o.kozlov@spbu.ru

B nocnegHue rogbl TeEXHMKa crnekTpockonun cnnHosoro wyma (CCLL)
crana BaXHbIM MWHCTpyMeHTOM [1] Ons uccnegoBaHUsi MarHUTHOrO
pe3oHaHca, obnagasa npu 3TOM, CNOCOBHOCTAMWU HENMUHENHbIX ONTUYECKNX
mMeTogoB [2], n B psge crydyaeB OAHOBPEMEHHO WM HEBO3MYLLAKOLNM
xapaktepom [3]. [llpu 9atom TOT (pakt, 4yto CCLU sgaBnseTcs
NnonsipUMETPUYECKON  MEeTOAMKOM, MO3BONMUMIO  pacwmpuTb  obnacTb
npumeHeHna CCLU Ha pag «HEeMarHUTHbIX» PU3NYECKUX CUCTEM, CBONCTBA
KOTOPbIX Takke MposiBASAOTCS B ONIYKTYMPYIOLWUM MO nonspusaumm ceeTe,
noaTomy uenecoobpasHo Obino BBeCcTU 0006LLEHME MeToAuKM B Buae
cnekTpockonun nonapusaunoHHblx dnyktyaumn (Cr1d). lMNoaxoaawmmm
obbektamu ana Clrd moryT 6bITb Kak CUCTEMbI, KOTOPbIE U3My4atoT CBET C
dnykTynpyowen nonapusaunen, Harnpumep, Kak B Criydae WsrydeHus
NnoNsApUTOHHOrO KoHAeHcata [4]. Tak m cpedpbl, KOTopble npeobpasytoT
nonspusaumMoHHOe COCTOsiHMe CcBeTa, Mpolwewero 4yepes cpeqy,
HanpMmep, WyMbl ABOWHOrO nydenpenioMneHnsa B CTEKNax C NpUMecsaMm
peako3eMesnbHbIX noHoB (P3U) [9].

Hactoswmnn o030pHbIN Aoknad nocBsieH npumeHeHuto Clrld —
0006LWEHHON MONAPUMETPUYECKOM METOAUKM, pPasBUTOM Ha OCHOBE
CMEKTPOCKOMMM  CNWMHOBOrO  Wyma — K wuccnegoBaHuiwo P33 B
ananekTpudeckux matpuuax. OCHOBHOE BHUMaHWe yAaereHO WU3y4YyeHuto
P3W B HeynopsgoveHHbIX cpefax, B YaCTHOCTU, B CTEKNAX, a Takke B psae
N3O0TPOIMHbIX N aHNU3OTPOMHbLIX KpUCTanoB. YcnewHoe npumeHeHne CCLU k
Kpuctannam ¢ P3U [6] npuBeno K ngee ero npuMeHeHus K nermpoBaHHbIM
CTeknaMm C OrpoOMHbIM npeobnagaHMemM HEOOHOPOAHOW  LUMPUHDI
BHYTPUKOHGUIYpaLMOHHbBIX ONTUYECKMX NEepPexonoB Hag OOHOPOAHOW Npu
TemnepaTtypax xugkoro renus. [locne cepun 3KCNEPUMEHTOB Oblis
obHapyXeH LWyM B CTeKne, KOTopbin He MoxeT ob6bacHATbess CCLL.
dnykTyaunmm Habnwganucb B cTeknax, nermposaHHbix Nd3+ n Yb3+, kak
NONIAPU3aLNOHHBIN LIYM JFTa3epHOro fy4va, npoxoasilero Yyepes obpasey, B
obnactn nornoweHns P33 wnoHos. LUym xapaktepusoBarncs niOCKUM
(“6enbim”) cnekTpom B AnanasoHe 4Yactot Ao 1 'y 1 He NposiBNAN HUKAKOW
3aBMCUMOCTU OT MarHuTHoro nons. OBHapyXeHHbIM NoNAPU3aLNOHHbIN
LUYM WHTEPNPETUPYETCA B TEPMUHAX CTPYKTYPHOW OWHAMWUKU CTEKOn,
BbISIBASIEMON MNPU  HU3KMX Temnepatypax U O0ObIMHO OnUCbiIBAEMOWN B
MOZENWN TYHHENbHbIX ABYXYPOBHEBbLIX CUCTEM.
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AHOMANBbHAA NMIOMUHECLEHUWA Sm?* B KPUCTANNAX LaFs

E.A. PagxaboB
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E-mail: eradzh@iqgc.irk.ru

B  kpuctannax LaFs-Sm?*  obHapykeHa  LUMPOKOMONOCHas
BeccTpykTypHasi nonioca NOMUHECLEHUNN C MakcuMymMom okono 1230 HM
npu BO3OyXaeHun B obnactb 4f-5d nepexogos B MoHax camapus. [lo
Onn3kon aHanormm C OMTUYECKMMW CMNeKTpamMu KpacHOro CBEYEHUA B
LaFs-Eu?*  HabniogaemMoe  cBeYeHMe  OTHEeCeHO K aHOMarbHOW
NIOMUHECLEHLUMMN.

Momumo  HopmanbHoM  5d-4f-nloMuHecueHUuMn B OOMbLUMHCTBE
matepuanos, Eu?*, Yb?* B HeKOTOpbIX KpucTannax [OeMOHCTPUPYIOT
«aHOMarbHYHO»  LUMPOKOMOSIOCHYIO  JIIOMUHECLEHUMIO € Bonblinm
cTokcoBbiM casurom [1]. Ons Takmx naHTaHOMAOB BO36OYXOeHHbI 5d-
YpOBEHb Monagaet B 30HY NPOBOAUMOCTW. JIlOMMHECUEeHUNA BO3HUKaeT
nocne nepexoga nU3 COCTOAHUM 30HbI MPOBOAMMOCTU, UMEIOLLNX MEHbLLYIO
9Heprmo, 4Yem 5d-ypoBeHb, Ha 4f-ypoBeHb NPMMECHOro MOHa NaHTaHomga.
LLinpokononocHasa nomuHecueHums Eu?t B LaFs ¢ makcumymom npu 600
HM Takke npeactaBnsieT cobon u3nydeHne U3 periakCUpoBaHHbIX
COCTOSIHMM 30HbI NPOBOAMMOCTU HAa OCHOBHOW ypoBeHb Eu 4f (aHomarnbHas
noMmuHecueHuus) [2]. KpacHaa 5d-4f niomuHecueHUMa OByXBareHTHOro
camMapusl B KpUcTasnsax akTMBHO UccrnegyeTca B nocregHee BpeMs B CBA3N
C NOMCKOM HOBbIX CUMHTUITAALUMOHHBIX N JO3UMETPUYECKMX MaTepuanos. B
HacTosLlel paboTe LUMPOKOMNOMOCHaaA aHoMmarnbHasa noMUHecueHUns Sm?*
obHapyxeHa B kpuctannax LaFs.

B cnektpe nornoweHnsa LaFs-Sm?*  HaGniopganuchk  luMpokas
BGeccTpyKTypHas nosioca ¢ MakcMmymom okono 600 HM mn psig nonoc npu
aAnnHax BosiH MeHee 500 HM. OnTuyeckue nepexonbl dNeKTpoHoB C 4f
000MNoOYKM WOHOB camMapusa Ha 1s-ypoBeHb BakaHcum obycnasnuBatoT
OJIMHHOBOJSTHOBYHO NOSIOCY MOrMNoLWeHna ¢ MakcumymMom okosio 580—-600 Hm,
a nepexoabl Ha ypoBHM 5d-obonodkn camapua obycnosnueatoT
KOPOTKOBOSHOBbIE nosiock! norroweHns (200-500 Hm).

N, em’”
11000 10000 9000 8000 7000 6000
: ' : ; " ;

LaF -0.1mol.%SmF,
6+ exc.- 405nm, 10K

I, pA

T T T T T
900 1000 1200 1400 1600
L, nm

Puc. Cnektp cBeveHnsa LaF3-0.01% SmFs npu 80K. Hebonblwwne nposansl
B criekTpe ceBeveHuns okono 1240 n 1380 HM cBA3aHbI C NornoweHnemM napos BOAbI
(rmapokcuna) B Bo3gyxe
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Mpu BO3GYXOeHun B obnactu 4f-5d nepexomoB Sm?* Habnopancs
NUHen4YaTbln cnekTp ceBevyeHus 560-960 HM O0BOYCNOBMEHHbIN Nepexogamm
4f-4f B noHax Sm?* (°Do.1,2-’Fj). MloMMMO 3TOro, MpU HU3KMX TemnepaTypax
NnosIBNSIETCA WIMpoKaa OecCTpykTypHasi nofioca MOMUHECUEHUUN C
mMakcumymomMm okono 1230 HmM. dopma MHPpakpacHOM norocbl B
Kpuctannax LaFsz ¢ npumeckto 0.01, 0.1 n 0.3 monb.% SmFz ogmMHakoBa.
NHppakpacHas nonoca Habnwoganacb nNpu OCBELLEHUW nasepamMu C
anvHamm BomnH 405, 450, 536 HM (o6nactb 4f-5d nepexomoe B Sm?Y).
N3nyyeHnem 6onee ANMHHOBOMHOBLIX nasepoB (650, 808, 980 Hm)
WHGpakpacHaa nosioca He Bo3byxganacb. CnekTpbl BO36YyXOeHUA
LLUMPOKOMOSIOCHOIO  MH(PpakpacHOro cBeYeHUss U nunHenyatoro 4f-4f
cBeyeHus Sm?* 6nusku. MHTEHCUMBHOCTb LLIMPOKOMOSIOCHOIO CBEYeHuUs
1230 HM pacteTr o Temnepatyp okono 130 K. [lNpu panebHenwem
yBENMMYEHNN TemnepaTtypbl MHTEHCUMBHOCTb nonocbl 1230 HM HauduHaer
yMeHbLIaTCa U cBeveHne TymnTcs Boiwe 240 K.

Mo pagy Takmx CBOWCTB, Kak BO3byxaeHune B obnactm 4f-5d
nepexonos, 6onblwon cTokcoBbIi casur (okoro 1.6 aB), wwupokada
BGeccTpyKkTypHasi nonoca, 3aTyxaHMe B MUKPOCEKYHAHOM [uanasoHe
BpeMeHu, Habnogaemaa Hamu B LaF3-Sm?* nioMuHecLeHUMA noxoxa Ha
aHoManbHyl noMuHecueHumo Eu?t, Yb?* B kpuctannax. WHdpakpacHas
nonoca ceevenusa npu 1230 HM B KpucTtannax LaFs-Sm?* o6ycnosneHa
aHOManbHOW NMIOMUHECLEHLINEN, nepexogamu c nokarnbHbIX
penakCcMpoBaHHbIX 30HHbLIX COCTOSIHUA OnNmXamwmnx WOHOB faHTaHa Ha
ocHoBHOe 4f cocTosHMe WoHOB camapus Sm?'. Brepsble aHomanbHas
MIOMUHecLeHUMA obHapyxeHa Ana naHtaHouga Sm?*, ana KoToporo
OHOBPEMEHHO HabntogalTca nanyyartensHole f-f nepexogbl n nepexoabl ¢
YPOBHEN B 30HEe NPOBOAMMOCTU Ha 4f OCHOBHOW ypoBeHb Sm?*,
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TBEPIbIE PACTBOPbI CsLaixCexABa4 (x = 0-1; A = Si, Ge; B = S, Se):
AJIEKTPOHHAA CTPYKTYPA, ONTUYECKME CBONCTBA
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OgHodasHble KpucTannbl TBepAablx pactBopoB CslLaixCexABs
x = 0-1;, A = Si, Ge; B = S, Se) Obinu nosnyvyeHbl METOOOM
BbICOKOTEMMEpPATYPHOro aMmnyribHOro CUHTE3a B pacniase xfiopuaa uesus
N nccnegosanncb Metogamm abcopbLMOHHOM U HU3KOoTEMMepaTypHOU (OT
5 K) ntoMMHECLIEHTHOM CMEKTPOCKOMUKN, C pacyeTamMu 30HHOM CTPYKTYpPbl C
npuMeHeHnem Teopumn oyHKUMoHana nnotHoctn. 3ameHa La—Ce, S—Se
nim Si—Ge nNpoBOANT K YMEHBLUEHUIO LUMPUHBI 3anpeLLleHHON 30HbI,
onpegeneHHon B mogenn Tayua: Eg = 3.76 (CsLaSiSs), 3.50 (CsLaGeS,),
3.18 oB (CsLaSiSes). 4f5d B03GyxaeHHble cocTosHMa Ce®* nexart B
3anpeLeHHON 30He, NO3TOMY B crnekTpax dpoTontomuHecueHuum (PJ1) npu
nobom 3HavYeHun napameTpa X HabnwgaeTcs HeaneMeHTapHasa nonoca d
Y  #3nyyeHua noHos Ce** B obnactn 520—-600 HM. KuHeTuka 3aTyxaHus
noMuHecueHun Ce®* npu BO3GYXAEHUM MMMNYIbCHBIM  SNEKTPOHHbLIM
Ny4YKoOM nnm PEHTrEHOBCKUM CUHXPOTPOHHbIM N3ny4YeHnem
XapakTepuayetcs OOMUHMpPYHOLLEN ns-cocTasnsawowen. C yBenuyeHnem
napamMeTpa X BpeMsa 3aTtyxaHuda cokpailaetcs [1].

Mpn v = 5 K B cnektpax PJI Bcex HenermpoBaHHbIX WA
crnabonerMpoBaHHbix MoHamu Ce3" wmaTpuuax nosBNAKTCA HOBbIe
MHTEHCMBHbIE nomnocbl B Buaumonm obnactm u ~700-760 HM. OHu
0obyCnoBfeHbl CBEYEHMEM aBTOMOKANU30BaHHbIX 3KCUTOHOB (AJ1Q) m
nedektoB. C yBenuueHnem KoHueHTpauum Ce3* wuanyuenne AJlD
peabcopbupyeTca 3a cuyeT nornoweHus unoHamm Ce** u Tywmutcs B
pesynbtate nepeHoca aHeprunm AJI3—Ce3. ®J1 AND Bo3byxaaetcs
UCKMIOYNTENBHO B 0b6nactu kKpas dQyHOaMeEHTanbHOro MorfoweHns u
MEX30HHbIX nepexoaoB. Mpu Hu3kmMx Temnepatypax ®J1 Ce** moHoB ©
aedektoB 3PEEKTUBHO BO3DYXXKAAKTCA KaK BHYTPULEHTPOBBLIM  UNA
pekoMOMHAUMOHHBIM MyTeM, TakKk W 3a CYeT COo3[4aHuUs 3KCUTOHOB,
CBs3aHHbIX Ha gedoekte. CtokcoB casur nonocbkl ®J1 AT, aHeprus cBA3U
9KCUTOHOB, 0651IacTb TeMnepaTypHOro TyweHus ammccun AJTS 3aBUCAT OT
cocTtaBa maTpuubl. INpu Temnepatypax Bbiwe ~25 K nromuHecueHums AJld
TyWwmnTCca no 3akoHy MoTta 3a cyeT aBTOMOHM3AUMUM  3KCUTOHOB.
MoHokpuctannel CsLaSiBs, B = S, Se nernpoBaHHble noHamn Ce™3,
NepCcneKkTUBHbLI B KadectBe  9(PFEKTUBHbIX npeobpasoBareneu
NOHU3NPYIOLLNX N3NYYEHUI.
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BIIMAHVNE S®®EKTA NEPEMNOITIOWEHNA N3NYHEHWUA
HA KWHETUKY UMMYJIbCHOW KATOOONOMWHECUEHLM MOHA
NWTTEPBUNA B KEPAMWUKAX HA OCHOBE OKCUOA NTTPUA

A.C. Makaposa?, B.1. ConomoHos?, B.A. NMycTtoBapos?, B.B. Ocunos?
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NccnenosaHa nmnynbcHas KaTo4ONOMUHECLIEHUMSA MOHa UTTepbus B
Kepamumyecknx obpasuax Kybuyeckoro okcuga UTTpUs C codepXaHuem
okcuaa uttepdusa 5 mon.%, npu cuHTe3e KOTOpbIX MCMNOSb3oBarica OKcua
LMPKOHUA codepxaHueMm 5 mon.% B KadecTBe crekawuwen aobasku
(Yb:Y203 + ZrOz). OTn obpasubl obnydyanucb B BO3gyxe MNpU KOMHATHOM
Temnepatype 9SIEKTPOHHbLIM MYy4YKOM [JSIUTESNIbHOCTLID 2 HC CO CpeaHeMu
aHepruen anektpoHoB 170 k3B u nnotHocTbio Toka 130 A/cm?. [ns
perncTpauum KNMHETUYECKNX KPUBbLIX NMOTOK JIIOMUHECLIEHLMM BbIBOLOUSICA B
MOHOXpoMaTop MOP-41, NnocpencTBoMm KOTOpOro BblOensncs
cheKkTpanbHbI  y4aCTOK wWUpMHOM S5 HM. B KadecTtBe npuemMHuKa
ncnosib3oBancsa POTOINEKTPOHHbIN YMHOXUTENb PIY-62. CurHan ¢ PIY
nepepasancs Ha ocuunnorpad Keysight DSOX 2014A.

MomuHecueHumMa wnoHa  Yb®  Habnioganacb Ha  LUMPOKOW
CITOXXHOCTPYKTYypupoBaHHoM nonoce 900-1150 HM, COOTBETCTBYHOLLEN
ONTUYECKMM Nepexofam Mexay LITapKOBCKUMW KOMMOHEHTaMU BEPXHEro
2Fs2 U HWKHero 2F7. 3HepretTuyecknx yposHel [1]. Bo BpemMeHHOM
ananasoHe 0-19 mc ans OTAEnbHbIX NMNHUIA MMMNYNbCHOW
KaTo4OSTIOMUHECLIeHLNN HabnoaeTcq CyLLeCTBEeHHoOe pasnuyne
XapaKTepHbIX BpeMeH 3aTyxaHus noMuHecueHuun 1 (puc. 10). MNMpuynHon
9TOMYy MOXeT 4BNATbCA 3PEEKT nepenornoweHnsa  unsnydeHus [2],
0coGeHHO MnposiBnsoLmMiics B obract nepexoda 2Fsi(Vo) <> 2F72(Vo) npu
976,6 HM™.

[ €
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Puc. 1. (O — Ontnyeckue nepexoabl MoHa Yb3* B pelueTke KyGrM4eckoro okcuaa UTTpus
N U3MEpPEHHbIE Ha COOTBETCTBYHOLMX UM ASfIMHAX BOSTH BpeMeHa 3aTyxaHus
nomMmnHecLeHunn B kepammkax Yb:Y203 + ZrOg;

(8) — CnexTpbl NIloMUHecLeHUuun kepammnkn Yb:Y203 + ZrO2, 3apernctpmpoBaHHble
HenocpeacTBEHHO nocne obnyyeHns anekTpoHamn (1) n cnycts 1 MuH
nocre npekpaLleHnsa BHeLHero Bo3aencTeuns (2)

Kpome TOro, obHapyXeHO yBenMyeHue BPEMEHW MOCrecBevYeHns
noHoB Yb3' ¢ nonmHbIM 3aTyxaHuem docdopecueHunn Yepesd ~ 20 MUH
nocrne npekpaweHns BHeLWHero Bo34encTBus. CnekTpbl NocnecBeyYeHus
00nyYeHHbIX 06pasuoB, 3apercTpupoBaHHble MPU  UCMOSIb30BaHUM
MoHoxpomaTtopa SOL Instruments MS3504i wn undposon kKamepsbl
HLS 190IR, nokazanu nc4yesHoBeHME NMHUKN Npn 976,6 HM U COXpPaHEHMUEe
nanydenuss Ha nuHuax npu 1031,2 n 1074,5 um (puc. 1B). ObcyxapatoTcs
MEeXaHM3Mbl BO3HUKHOBEHMS HabnogaeMbIX SABIIEHUNA.
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CBEPXTOHKOE /1 JE®OPMALIMOHHOE PACLLEMNEHUA NNHNA
B CMEKTPAX IIOMWHECLIEHUWW KPUCTAJNA KY3F10:Ho®*
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MoHokpucTannbl crioxHbix @TopmnaoB KYsFip (npocTpaHcTBeHHas
rpynna cummeTpum Fm3m) npospayHbl B LWIMPOKOM 06fiactu Cchnektpa,
TEPMUYECKM U XMMUYECKU YCTOMYMBBI. JlermpoBaHHble peakuMn 3eMIsimu
OHM NPeacTaBNAlT MHTEpPeC B KayecTBe fasepHblX cpen, uanydartenen
Benoro ceeTa, MaTtepuanoB N4 fla3epHOro oXnaxxaeHusl.

Hactodwaa pabota nocesiwleHa WUCCNegoBaHUKO — KpUCTanmioB
KYsF10:Ho%*. MoHbl Ho®** 3amewiaroT uoHbl Y3* B MO3MUMSX C TOYEYHOMN
roynnon cummetpum Ca. B pabote [1] coobwanoce 0O nepBoOM
Habn4eHMN XOPOLLO pa3peLleHHOM cBepxToHKon cTpykTypbl (CTC) B
cnektpax ff 5 ¢ dzts h jkulzcfanna KYsFi0:HO®* ¢ koHUeHTpauuei MOHOB
ronbmusa 0.4 n 1 ar. %. Habniogaemble B cnekrtpax MOrMoLweHus
OCOBEHHOCTUN CBEPXTOHKOW CTPYKTYpPbl BbISIM yCnewHO NpoMOAeNMpOBaHbI
B pamMKax pacyeta no Teopum Kpuctannmdeckoro nonga [1]. lNokasaHa
nepcnektmeHoctb CTC B KY3Fio:Ho®*" ans keaHTOoBOM namsTtn [2]. B
KBAHTOBLIX TEXHOSIOMMNAX, KaK NpaBuIio, UCNOoSb3yeTca NitoMMHecUeHums. B
OaHHon paboTe Mbl  3apernctpupoBanu cnektpbl dz¥ d3d dzj My dzv
kpuctanna KYsFio:Ho®*" (1 aT.%) ¢ BbICOKMM paspeLleHneM.

CnekTpbl NioMmnHecLeHUun ¢ paspelueHnem o 0.02 cm? nsmepsanuce
B LUMPOKOM cnekTpansHom (5800—11000 cm™) n TemnepatypHom (5-300 K)
ananasoHax ¢ ucnorb3oBaHnem dypbe-cnektpomeTpa Bruker IFS 125HR un
Kpuoctata 3aMkHyToro umkrna Sumitomo RP-082. KoHTponb wu
ctabunusaums Temnepartypobl OCYyLLEeCTBNANUCH C NOMOLLbIO
OBYXKaHanbHOro  TepMOKOHTporuiepa Lake  Shore  Model  335.
JTtommHecueHumna Bo3byxganacb nsnyvyeHnem AnogHoro nasepa c AnvHon
BOSHbI 635 HM.

B cnektpax nomunHecueHumn KYsFi0:Ho®" Mbl BnepBble Habnoganm
CBEPXTOHKOE U AedopMaumoHHOEe pacwienneHne nMHun.  JInHum
nepexooB C y4acTUeM LUTAPKOBCKMX YPOBHE OCHOBHOIro MyrnbTunneta °lg
UMEKT OAVHAKOBYKD CTPYKTYpPY B  CNekTpax JIIOMUHECLUEHUUU n
nornowenuns. OTmeTnm, 4yto B paboTe [1] aepopmaumoHHoEe pacLuensieHne
NUHMA B CMeKTpax nornoweHns He Habnioganocb. Ona nuHmn ¢ CTC
aedopmMaunoHHoe pacuiensneHne, o0ycroBneHHoe B3aMOAENCTBUEM
BbIPOXOEHHbIX 3NEKTPOHHbIX YPOBHEN CO chnyyvanHbiMn aedopmMaunsamm
KpUcTanindeckon pelleTkn, NposiBAAeTCS B YBENMYEHUU LEHTPanbHOro
nHtepsana CTC. B cnektpax noMuHecueHumn kpuctanna KYsFio:Ho®"
HabngatTca nepexodbl Mexay BO3OYXOEHHbIMWU  MyIbTUNNETaMu,
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KOTOpble HEeBO3MOXHO HabniogaTb B cnekTpax nornolleHus. [Ons
HEKOTOPbIX W3 TNUHUIA NepexodoB MeXOy LUTAPKOBCKMMMU YPOBHAMMU
BO30Y)XOEHHbIX MynbTUMNeToB °ls M °l7 MoHa Ho®** Mbl oGHapyxunu
BblpaXeHHOE YyBemnuuyeHue LeHTpanbHoro uHTepsana CTC. Takum
obpa3om, CnekTpbl TNIOMUHECLEHLMM BbLICOKOTO paspelleHus Gonee
YyBCTBUTENbHbI K AedopMauluam, YemM CreKTpbl MOrMoweHus, U MoryT
OblTb UCMOMNb30BaHbl AN KOHTPONS KayeCcTBa BblpalleHHbIX KPUCTansoB.
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MHTEHCUMBHOCTMW f-f MEPEXOOOB MOHOB Eu®** B KPUCTAJNAX
ZrO2-Eu20s3

C.A. Bykapes', C.B. M'yumH', E.E. JlomoHoBa'?, B.A. MbianHa'?, A.A. Pey?,
M.A. Pabo4ykmHa’
W OydsdzOd dzr 2 d fiyfndd mtste ©dsfi 2 MEEHMAE 1 Ote
bdzdo j ofdfdgjls] . 1. [ G Otgy ofCs i fiudors O dzfn €
Rdzls skl sBM j2 WYdLdSd dd. 6. [ .(sigEYH

E-maiblu k a r @w a mdr eux

NoHbl Eu’* (4f°) obGnapatoT ogHOM M3 cambiX MPOCTbIX CXEM
SHEepreTMYecKNX YpOBHENW U ONTUYECKUX MNEepexodoB, YTO MpuBrekaer
nuccriegosatenen Ass Ux UCNonb3oBaHWUS B Ka4eCTBE CMEeKTPOCKONNYECKOro
30HAa Ans n3yvyeHna ocobeHHOCTen NnokKanbHOM CTPYKTYPbl KPUCTanNsoB.

C TOYKM  3peHus NpaKTUYECKUX MNPUMEHEHUN  maTepuansl,
nernpoBaHHble MoHamu Eu®*, npencTaBnaAlT 3HaYUTENbHLIA UHTEpec ANns
MX MCMNONb30BaHMUS B KayecTBe fIOMUHOMOPOB, M3NyyaloWmMX B KpacHOM
obnactu cnekTpa.

BaxHenwen xapakTepucTUKOM  JIIOMUHECUEHTHbIX  MaTepuarnoB
SIBNSIETCSA BEPOATHOCTb U3NyyaTenbHbIX NEPEXOA0B MeXay MynbTunieTamm
penkosemernbHbix (P3) noHos. [1nga ee onpeneneHns LWMpoOKO UCNosSib3yeTCs
metoq [xapgoa — Odpenbta [1, 2]. Metog Ixanna — Odensta ocHoBaH Ha
pesynsratax U3MepeHnn rnapameTpoB CMEKTPOB MOMMOWEHNS, @ UMEHHO,
WHTEerpanbHOro cevyeHnsd norrfoweHNss ONTUYECKUX MNepexonoB Mexay
OCHOBHbIM M BO30YyXAeHHbIM MynbTunnetramm P3-noHa. NMpn 3TOM MOHbI
egponua  obnagjaer  CcBOMCTBaMW,  MO3BOSISKOWMMKW  pacCcyMTbiBaTb
napametpbl [xagna — Odensta TOMbKO C  MOMOLLBID  CMEKTPOB
NIOMUHECLEHLINN.

B HacTosiwen pabote 6binu BblMMUCIIEHBI NAapamMeTpbl NHTEHCUBHOCTH
Oxanna — Odpenbta O (t = 2,4,6) uoHoB Eu®* B Kpuctannax
ZrO>—x mMon.% Eu203 (x = 15,20), nonyyeHHbIX METOAOM HanpaBfieHHOMN
Kpuctannuaaumen pacnnaBa B XOSIOAHOM TUrAe W HaAHOMOPOLLKOB
aHanorm4yHoOro cocrtasa, MOfyYeHHbIX MeToAoM coocaxaeHuda. Cnenyet
3aMeTUTb, 4YTO KpUCTanfbl W  HAHOMOPOLIKM  AaHHbIX COCTaBOB
XapaKTepuayrTcsa Kybrnyeckom gason.

3HayeHna napameTpoB MHTeHcuBHOCTM O (t = 2, 4, 6) noHoB Eu®*
Ona  KpuctannoB M HadonopowkoB ZrO2 — Eu203 npeacrtaeneHbl B
Tabnuyax 1, 2.

Tabnuua 1. 3HadyeHus Q; (t = 2, 4, 6) voHoB Eu®* ona kpuctannos
ZrO2— Eu20:s.

Kpuctann Qo Q4 Qs
ZrOz — 15 mon.% Eu203 2.81 1.57 212
ZrOz2— 20 mon.% Eu203 3.36 1.77 2.21
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Tabnuua 2. 3HadeHus Q; (t = 2, 4, 6) noHoB Eu** ansa HaHOMOPOLLIKOB
ZrOz — Eu20:s.

HaHonopolok Qo Q4 Qs
ZrO2 — 15 mon.% Eu203 3.02 1.73 1.9
ZrO2— 20 mon.% Eu203 2.91 1.58 1.8

N3 Tabnuy 1, 2 BMAHO, 4TO NapaMeTpbl MHTeEHCUBHOCTU Qt (t = 2, 4, 6)
ONs  KpuctannoB M HaHonopowkoB ZrO2 — Eu20Os3 xapaktepusytoTcd
ONU3KNMWN 3HAYEHUSMMN.
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YCUNEHUE TEPMOJIIOMUHECLIEHTHOIO OTKNWKA B LiMgPOu,
LisMgs[PO4]4Fs W LizMgPO4F MPU JOMUPOBAHUM P33
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MeToabl NMIOMUHECLEHTHON OO3MMETPUN (TEPMUYECKU- N ONTUYECKM
CTUMYNUPOBaHHAas  JIIOMUHECUEHUMs) ABNAITCA  APdEKTUBHBIMU U
BOCTPeOOBaHHbLIMM MHCTPYMEHTaMU ONA KOHTPONS [03 WOHU3UPYHOLLNX
nanyvyeHnin. B yctponcteax OO3MMETPUYECKOTO KOHTPOMA KIHOYEBYH porib
urpaeT Mmatepuarn geTeKkTopa, KOTOpbIi AoSmKeH obecrneynTb NHTEHCUBHbIN
ONTUYECKUA OTKIMUK Ha BO3OAENCTBUE MWOHU3MpYIOLLEero wuanydyeHund. B
KadecTBe mMaTepuanoB OEeTEeKTOPOB ANSA JIIOMUHECLLEHTHON O003MMEeTPUN B
paboTte paccmoTpeHbl coeanHeHust LIMgPOa, LisoMgs[POa]aFs n LiaMgPO4F.
[MokaszaHo, 4TO 6Gnarogapss ydavyHOMY COYeTaHWO  (PYHKLMOHANbHbIX
XapaKkTepUCTUK, TaKUX KaK HU3KUW 3PPEKTUBHBLIM aTOMHbIN HOMED,
NUHEenHas [o30Bad 3aBUCMMOCTb, Manasi notepa  O03MMEeTPUYECKOro
CUrHana npu XpaHeHun, 3T MaTpuubl MOryT 6biTb MCMNOMb30BaHbl AJ1S
nepcoHanbHon posumeTpun. CnefyeTr OTMETUTb, YTO doTopdpocdaThl
LioMg3[POalsFs n Li2MgPO4F paccmoTpeHbl B KayecTBe O03UMETPUYECKNX
mMaTepuanos BrnepBble.

BeegoeHne P33 no3BosiseT MHOrokpaTtHO MOBbICUTb WHTEHCUBHOCTb
TJ1 curHana kKaxgoro 3 coegmMHeHun, OOHaKO MeXaHu3M BO3OEeNCTBUS
KOHKpeTHoro P33 Ha [Jo3uMMeTpudeckue XapakTepPUCTUKU pPasfUYHbIX
COeIHEHU MOXEeT pas3nTeribHO OTNUYAaTbCH, YTO XOPOLIO BUOHO U3 puUC.
ona uvoHa Er¥*. B paboTe BnepsBble O0GHapyxeHo, 4YTo B LiMgPOu,
LioMg3[POs)sFs n  Li2MgPO4sF, ponupoBaHHbix P33, BO3MOXHbI [ABa
MexaHu3Ma YyBenunYeHUss BbIXoda TepMOSNIOMUHeECLEeHUMN. B nepsom
cnyyae ycuneHuve [OOCTUraeTcd 3a CYeT BbICBEYMBaAHWA  CaMOro
pefKo3eMEeSIbHOro AfieMeHTa, Takom MexaHmsm Habnwgaetca ansa Dy, Tb,
Gd, Sm, Tm n Eu. B 3atom crniyyae OCHOBHOW KOMIMOHEHTOM CMEKTPOB
asnaTca f-f nMHUMK, cBA3aHHbIE € nepexodamu B P33. BTopon mexaHu3m
xapaktepeH gna Ho, Nd, Ce, Pr, Yb n Er. B gaHHOM crniydae Ha cnekTtpe
OTCYTCTBYIOT 3MUCCUOHHbIE MOMOCHI, XapakTepHble Ans gaHHoro P33, a
BbICBEUYMBAIOTCH TOMbKO MHOrMOKPATHO YCWUIEHHble CWUrHanbl MaTpulbl.
Bnepsble npeanoxeHa cxema, 06bACHAKOWAS Hanudne OByX MeXaHU3MOB
BbICBEYMBaHUA.

B pabote npy nomMowM  COBOKYMHOCTU TEOPETUYECKUX U
9KCNepuUMEHTarnbHbIX METOAOB NPEenrioKeHO O0bObsACHEHWE  pa3nnyums
9 PEKTUBHOCTH Kaxkgoro n3 MeXaHN3MOB yCuUneHus
TEPMOJSIIOMUHECLEHUMM B 3aBUCUMMOCTM OT MaTepuana OonTUYeCcKou
MaTpuLbl.


mailto:akulov@ihim.uran.ru

Intensity, arb.units

Intensity, arb.units

T
100

Puc. Kpueble TepmorntommHecueHumnn LiIMgPOas (a), LisMgs[POa4]aFs (b) n Liz2MgPO4F (c),

Li,Mg,[PO,],F, i

o] e Li,MgPOF

Er0.1% ro.1

TLD-100 TLD-100
g2
=
S
el
©
=
2
g
c

T T T
200 300 200 300
| P O t°C

aonnpoBaHHbIX P33, B CpaBHEHUU C CepMVIHO-BbIHyCKaeMbIM OO3NMETPUHECKNM

W tsdzH O

maTtepuanom TJ14-100 (LiF:Mg, Ti)
Rffydzj H 50 Odzd j

o'  tsdzdzj dzts

LO Mmudl

-13-0P(b8, https://rscf.ru/project/25-13-00068/.

GO


https://rscf.ru/project/25-13-00068/

MCTOYHUNK OONHOYHbIX @OTOHOB 1 OOHOATOMHbBIN
ONTUYECKN SATBOP HA OCHOBE MATHUTOOMTUYECKNX
QOPEKTOB B BO/ITHOBOJE
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bbicTpoe pa3BuTMe KBAHTOBOW MHPOpMATUKM TpebyeT KOMMAKTHbIX U
9PPEKTMBHBIX WCTOYHUKOB OAMHOYHLIX (OOTOHOB, HAHOAETEKTOPOB WU
ONTMYECKUX BEHTUIIEN HA YPOBHE OOMHOYHbLIX POTOHOB. B CBSA3M C 3TUM,
bonblune ycunua HanpaeneHbl Ha MPOEKTUPOBaHME KBAHTOBLIX CUCTEM C
3aJaHHbIMM  OMNTMYECKUMW CBOMCTBAMW W Ha ynpaBfieHue 3TUMU
CBOMCTBaMM B pexume pearnbHoro BpemeHn [1, 2]. BonHoBoaHas
KBAHTOBas 3reKTpoAnHaMuKa npenocTaBndeT Xopollyk nnatgopmy ans
pewleHna 9TUX 3ajay, B YaCTHOCTU, C TOYKM 3peHUs KBaHTOBO-
MHJOPMAaLIMOHHBIX NPOTOKOSIOB [3].

B cutyaumn, korga atomMmbl CBA3aHbl C BOSIHOBOAOM, 3aryTaHHOCTb
Mexay pasnuyHbiMKM aToMaMu B aHcambne 3HauYuTeSNlbHO yBenmnyMBaeTCs
Gnarogapsi HanpaBnseMbIM  MOAAaM  QfIEKTPOMArHUTHOrO MNons B
BoniHoBoge. Oco3HaHWe 3Toro (pakta nNpmMBESIO K psay IKCMNEPUMEHTOB C
XON0gHbIMWU aTOMaMn, NPUrOTOBMIEHHLIMX B HAHOBOJSTOKOHHOW NOBYLUKE [4—
6]. BnocneactBun 3To NO3BONUNO MNPOAEMOHCTpUpoOBaTb 3ddPEKTUBHOE
GparroBckoe 3epkano ¢ ucrnonb3oBaHvem D103 atomoB, oTpaaTenbHas
CnocoBHOCTb KOoTOporo gocturaet 75 % [7, 8].

Mbl n3yuymnun marHuToonTuyeckne adpdektel B aHcambne aTtomos,
pacnonioXXeHHbIxX ® dzlz Is a@gHOBOAA, Kak NOKa3aHo Ha puC.
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Puc. Ockns BonHoBoaa, aTOMHOro aHcamons BHYTPWU HEro n NOCTOAHHOIoO
MarHMTHOro nos4

Ha ocHoBe pacdeta KoadpdpmumMeHTa nponyckaHMa aTOMHOro
aHcambnsa B BONHOBOLE MPWU HanMyMM BHELLUHEro MarHWTHOro Mofs Mol
nokasblBaem, 4YTO MOXHO co034aTb 3(P@EKTUBHOE U ynpasBrsemoe
OparroBckoe  3epkano, MNo3BoSiAloLEee U3MEHATb  OTpaXaTenbHYHo
cnocobHoctb oT 0 pgo 1. bonee Toro, cpaBHeHWE pe3ynbTaToB,


mailto:aleksej-kurapcev@yandex.ru

NOSflydeHHbIX Ans aHcambna w aOns oA4HOoro artoma, nokasano, 4To
NepecTporKMN CBETOMPOMNYCKaHUS B YKa3aHHOM guana3oHe MOXHO OOCTUYb,
ncnonb3ysi Bcero oanH atom [9].

Ha ocHoBe npoBedeHHbIX UCCNedoBaHWWM Mbl Takke npeanaraem
HOBYI CXEMY UCTOYHMKA OAMHO4YHbIX (bOoTOHOB. Kak 6b1510 NnokasaHo paHee,
BHYTPW BOSIHOBOAA aTOM MOXeT ObITb NPUroTOBMEH B OnNpeaerieHHOM
Hepacnagawuwemca Bo30yXgeHHOM TeMHoM cocTodaHum [10]. Mel
OEMOHCTPUPYEM, YTO BKIHOYEHME MArHUTHOrO Nomnd NO3BOSISET paspyLUnNTb
9TO coCTosiHME. Takum obpasom, Mbl MOXEM MHOYLMPOBATb UCMyCKaHWe
doToHa B Tpebyembli MOMEHT BPEMEHMN.
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PENAKCALUNOHHBIE ABJIEHUA B YINPYTUX MOAYJTAX KPUCTAINA
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B moHokpuctanne NaGd(WOs)2, OonMpoBaHHOM MOHaMun 3pbusa u
UMEIOLLLEM CTPYKTYPY LUEENUTa, BbINOMIHEHbI M3MEPEHUsT TeMMNepaTypPHbIX
3aBMCUMOCTEN  MOrMOWEHNSS U CKOPOCTU  YIbTPa3BYKOBbLIX  BOJH,
pacrnpoCTpaHSALWMXCS B passinyHbIX KpmncTannorpaguyeckmx
HanpaBneHusax. JKCnepumMeHTbl NpoBoannncbL Ha Yactotax 48—161 Mlu B
nHTepane 4-200 K c wucnonb3oBaHMEM MNPOAOSIbHbIX W MNONEepPeYHbIX
HOpManbHbIX MoA. [lpumep TakuMx 3aBMCUMMOCTEM MNPUBEOEH Ha puc.
NameHenna nornowenns (AU) n as3oBoit CKOpocTM (AV) HOpMarbHbIX
yNbTpasByKOBbIX MO,  CBfA3aHbl C  MU3MEHEHUSMW  MHUMOW U
OENCTBUTENbHOW COCTAaBIAOLWMX KOMMOHEHT TeH3opa Yrpyrux mopayreu
(co) cnepyowmm obpasom:

Dh_,4Dv, &
frJ C ~ 0 k’ (1)
rae k — BOJIHOBOE 4UCNO, a WHAOEeKChI 0 ob6o3HavarT BEJINYNHbI,

ornpeaeneHHble Npy HEKOTOPOK OUKCUPOBaHHOW TeMnepaType T, .
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Puc. TemnepaTtypHble 3aBUCUMOCTU N3MEHEHUS OTHOCUTESTbHO 3Ha4YeHu npn so=4 K
drazoBon ckopocTu (a) n nornoweHus (b) npoaonbHBIX yNbTPas3ByKOBbIX BOSH,
pacnpOCTPaHAOLLMXCS B HanpaBneHUn TeTparoHanbHOM OCU, NOSTyYeHHbIE Ha YacToTe
161 My,

B obnactu Ttemnepatyp Huxke 30 K Habnoganucb aHomanuu,
XapakTepHble AONs penakcauMoOHHbIX NPOLEeCCOoB, aHanorMyHble TeM, 4TO
MMEIT MECTO Mnpu nposiBreHun adpdekta AHa — Tennepa B NPUMECHbIX
Kpuctannax (cm., Hanpumep, [1]). OnpegeneHa TemnepaTypHas
3aBMCMMOCTb BPEMEHN KOHMPUrypaLMOHHOW penakcauum, KoTopas ykasana
Ha 3HaveHus 9SHeprun aktmBaumm 210 K n BbICOKOTEMMNEPATYPHOro
npedena 4acTtoTbl penakcauun 2.5x10° Tu. B poknage obcyxaaetcs
BO3MOXHada MHTepnpeTaumsa obHapyXeHHbIX aHOManunmn.
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CMNEKTPOCKOMNA ®A30BOIO NEPEXOOA B MYIIbTUPEPPOUKE
h-YbMnO3

A.[. MonuaHosa®, C.A. Knumun?, H.H. Kysbmun?, 11.X. Ann2, M.H. Monosat
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2Institute of Solid State Physics, CAS, Hefei, Anhui, P. R. China

E-mail: nastyamolchanova@list.ru

['ekcaroHanbHble MaHraHutel REMnOz (RE — pegkosemerbHbIn
9IEMEHT) XapaKTepu3yKTCsA CWUITbHOM CBSA3bID CErHETO3NEKTPUYECKUX,
MarHUTHbIX 1 AnanekTpuiecknx ceonucTs [1—4]. B h-YbMnOsz HabnogaeTca
CMOHTaHHbIN MarHUTHbIN (pas3oBbiv nepexod npu Ty = 85 K, peanuayetcs
120-rpagycHasi MarHuUTHaa CTpyKTypa Bcregctsue dpyctpaumin B
nogpeweTke MapraHua [3]. YnopsgodeHue B nogpewetke uUttepbus
HabntogaeTca npu bonee HU3KUX TemnepaTtypax. B cnekTpockonuyeckom
paboTe [5] coobwanocb 0 pacwenneHnn IMHUA B CREKTPax NponycKaHus
h-YbMnOs, cBA3aHHOM CO CHATMEM KPaMepCOBCKOrO  BbIPOXOEHUSA
ypoBHel noHa Yb3** 06MeHHbIM B3auMOaEeNCTBUEM.

h-YbMnO,

49K

b

Temperature, K

10540 10560 10580

Wave number, cm™!
Puc. CnekTpbl nponyckaHus u kapTta uHTeHcnsHocTen h-YbMnOs. PacwenneHve
KpamMepCoBCKUX AybneTos

B paHHoM paboTe npoBeoeHO cucTeEMaTMYEeCcKoe wuccrenoBaHue
pacllenneHna KpamMepcoBckux aybnetoB wuoHa Yb3* B kpuctanne h-
YbMnOs. B 4acTHocTW, nonyyeHa TemnepaTtypHass 3aBUCUMOCTb
pacLienneHuns Do(T) OCHOBHOro KpamepcoBCKOro aybneta nmoHa nttepbus
B nosvuun 4b. OHa wvcnonb3oBaHa AN pacyeta TemnepaTypHoro
NnoBedeHMs MarHuMTHoro MomeHTa uoHa Yb3'(4b), a Takke aHomanuu
LLloTTkM B TennoeMKoCTU. NonyvyeHHble pe3ynbTaTbl HAXOAATCS B XOpOLLEM
corfacum ¢ nutepaTypHbiMy gaHHbIMKU. OueHeHO 3HavyeHne adhPEKTUBHOTO
MarHMTHOro nons, AencTeylollero Ha uoHbl Yb3'(4b). CpoenaHn BbiBOg O
TOM, 4YTO MarHUTHbIK MOMEHT WuTTepbus B nosvummnm 4b sasngetcsa
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pes3ynbTatoM noAMarHW4YnBaHus B 3(@eKTMBHOM Mosie, co3gaBaeMoM
ynopsaao4YeHHOM MarHUTHOM NOACUCTEMON MapraHLua.
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NMIOMUHECUEHUNA Eu®t B KEPAMUKE HfO2-Y203-Eu203

E.B. JemeHnTbeBa!, K.H. OpexoBal, [1.A. TaBpyHoB?, A.®. 3auenun?,
M.B. 3amopsiHckas!
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B nocnegHee BpemMsa BaXHbiMM  npobnemamu  0O3NMETPUU
CTAHOBATCA 3ajayu, CBHA3aHHble C YyTunmsaumen u wumMmmobunmsaumen
SAOEPHbIX 0TXOA0B, aHanM30M MOCneacTBUM MacluTabHbIX paguMaunoHHbIX
aBapuin N aKonormyeckux katactpodp. LLnpokoe pacnpocTpaHeHue ans
yKa3aHHbIX NPUMEHEHUA MNOMYYUSTA TEPMOSTIOMUHECLIEHTHbIE [03UMETPbI.
OgHuUM K13 BO3MOXHbLIX MaTtepuarnoB Afs CO34aHUsa paauvauuoHHO- U
XUMNYECKN CTOMKMX OO3UMETPOB SABMNSETCA Kepammka Ha ocHoBe ZrOo-
HfO2-Y203-Eu20s.

B pabote 6bina cuHTesmpoBaHa kepamuka HfO2-Y203-EuO3 ¢
pasfiMyHbIM  codepXaHnem  UTTPUsS,  MOKa3aHO, 4YTO  Kepamuka
ctabunusmpoBaHa B Kybudeckon pase. CnekTpbl (POTONHOMUHECLIEHLMNM
OGblMn nonydeHbl Ha cnekTpodniyopumeTtpe Horiba Fluorolog 3 (Jobin
Yvon), OCHalLEHHbIM KCEHOHOBOW flamMnon MoOLWHocTblo 450 BT u
XapakTepHbIM OTHoweHnem curHan/wym 6onee 20 000:1.

Mpn  ctabunusaumm  okcmaa  UMPKOHUS  peako3eMesibHbIMU
afieMeHTamMn NPOUCXOAUT reTepoBanieHTHOE 3aMeLLeHne TpexBaneHTHbIM
peako3emernbHbIM MOHOM MoHa Hf** ¢ obpasoBaHuem KUCNOPOAHOM
BakaHcun V,. [lpn 9TOM pasnuMyHoe pacrnorfioXeHne  BaKaHCUN
OTHOCUTESTbHO penKko3eMeribHbIX 9NIEMEHTOB B BAVKHNX
KOOpAMHALMOHHbIX cdhepax obycrnoBnmBaeT pasHoobpasne ero OKpy>KeHUs
N UBMEHEHME €ro fiokanbHOM cMMMeTpun. C pOCTOM KOHLIEHTpaLMK NTTpUs
YyBENNYNBAETCA KOHLUEHTpaUMs KMCNOPOLHbIX BakaHCWUW, Y4TO MPUBOAUT K
obpa3oBaHMI0 Pas3NUYHbIX TUMOB TOKAnNbHOro OKpyeHusa Eu. [Mpu
NnosiBNEHNN BaKaHCUM BO BTOPOM KOOpAMHALMOHHOW cdpepe rnokarnbHas
cumMmmeTpua LeHTpa noHmkaetcs 0o Ci (ueHTpol | TMna). MNpu nossneHuu
BakaHCUM B NepBON KoOpAvMHauMoHHOM cdepe EuU3*, nokanbHoe
nosnoxeHune cootsetcTByeT Coy unn HWxKe (UeHTpbl Il Tvna). Mpu BbICOKUX
KOHUEHTpaumnax ctabunuampyrowero okcnga B nepBon KOOpAMHALNOHHON
chepe Eu3* moryt Habnopaatbcsa cpasy 2 BakaHCUMM, B 9TOM Criyyae ero
nokanbHoe nonoxeHue dyaet cootBeTcTBOBaTh Co (LeHTpb! 1l TMNA) [1, 2].

B niomuHecueHunn nepexopa °Do-’Fo HabnogaeTcsa ABe Monockl C
mMakcumymamm 17283 cvm? (578,60 Hm) n 17311 cmt (577,67 HMm), 4TO
rOBOPUT O HanNM4yMM ABYX HE3KBUBANEHTHbIX NO3nuun eBponusi. NokasaHo,
YTO COOTHOLUEHME WHTEHCMBHOCTU MOMOC 3aBUCUT OT [AfMHbI  BOJIHbI
BO30OyxaeHus. Tak kak nonoxeHue nepexoga °Do-'Fo cBA3aHO C ANUHON
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cBsasn Eu-O, MOXHO npeanosiokuTb, YTO nepexoq ¢ Makcmmymom 17311
cM! cBsI3aH ¢ MeHee CUMMETPUYHOW NO3MUME eBponusi.

OunpaeTcs, 4Yto npu Bo3byxaeHun B I nepexode 'F2-°Do GyayT
BO30OYyaaTbcsl MOHbI Eu®* B MeHee cMMMeTpUYHBIX No3numsax. B cnektpax
Habnogaetca nosiBneHMe nuka ¢ Makcumymom 587,3 HM. CornacHo
nuTepaTypHbiM AaHHbIM [1, 2] B OKCMAE LMPKOHUSA CTabunnampoBaHHOM
UTTpuem HabnwgaetTcsa  aHanorMyHas nosioca, COOTBETCTBYHOLLAS
noMrHecueHumn Eu®t B noavumm | Tuna, nMetoleil B CBOEM OKPYXXEHUM
BakaHCUIO  KMCnopoga BO  BTOPOW  KOOpAMHAUWOHHOM  cdhepe.
OTHocuTenbHass MHTEHCMBHOCTb OAHHOrO MuKa pacTeT Npu yBeNUYeHuu
coaepXxaHusa NTTpus.
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KPUOIT'EHHAA PATUOMETPUNYECKAA TEPMOMETPUA
BOJIBLUMAHOBCKOI'O TUIMA
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AunctaHumoHHasa NIOMUHEeCUeHTHas TepMoMeTpus crana
BOCTpeboBaHHOM TemMoM [Ons  Hay4yHoro coobuiectBa M3-3a  OCTPOW
HeobBXoOMMOCTM B HaAEXHOM onpeferneHnn temnepaTypbl ONA pasnnuydHbIX
NPUNOXEHWN, rae CTaHOapTHble KOHTaKTHble MeTodbl HenpumMeHumbl [1].
MpuHUMA NIOMUHECUEHTHON TEPMOMETPUM 3aKMo4YaeTcd B MOHUTOPUHre
TemnepaTypHO-MHAYLIMPOBAHHOIO N3MEeHeHNs NIIOMUHECLEHTHbIX
napameTpoB. PatnomeTtpuyeckuin noaxod, WUCNONb3ywLWMA [Ba pasfinyHbIX
NMIOMUHECLEHTHBIX nepexoaa, bonee ycTon4mB K CUCTEMATUYECKMM OLLUMBKaM,
BbI3BaHHbIM  (PIYKTyaUMSAMN  UHTEHCUBHOCTU  MUCTOYHMKA, KOJIMYECTBOM
nomMmHoopa WM NPOCTPAHCTBEHHbIM  pacrnpegeneHem obpasua, no
CPaBHEHUID C MHTEHCUMBHOCTbLIO U3NYYEHUS UMW MONOXEHNEM CMEKTParnibHON
NUHUW. [aHHbIXW MEeTOA4 OCHOBaH Ha nepepacrnpeieneHnn HaceneHHOCTH
9IeKTPOHOB  MeXay TemnepaTypHO-CBA3aHHbIMU  YPOBHSMW  SHEPTUMW.
PasHocTb 3Heprin (AE) wmexgy TemnepaTypHO-CBA3aHHLIMU YPOBHSIMU
OOIMKHa HaxoauTbea B AnanasoHe 200-2000 cm~! ana obecneyeHus TOYHOro
AeTeKkTMpOoBaHUA Temnepartypsbl [2].

[ns onpeneneHvs Temnepartypbl B KPUOreHHOM AuanasoHe, MMeKLLEM
pewatoliee 3HadeHne gna  obnactenm CBepXnpoBOAALMX  MarHMTOB,
a3pPOKOCMMYECKON NPOMbILLIEHHOCTH n MaKpOMOSEKYNAPHOM
Kpuctannorpadpuu, 3HadyeHme AE gormkHO ObiTb MeHbLUe, YTOBbI pearmpoBaTb
Ha MWHUMArnbHbIE W3MEHEHUA TemnepaTypbl B YCMOBUSAX HU3KUX UMK
CBEPXHU3KMX Temneparyp.

B naHHom pabote ana obecneyeHusi KPUOreHHOW NHOMUHECLIEHTHOM
TepmomeTpun (20-250 K) ¢ umcnonb3oBaHWeM TemnepaTypHO-CBA3aHHbIX
LUTAPKOBCKMX MOAYPOBHEN Obin ucnonb3oBaH noMmuHodop LuVOa:Nd3,
PaTnomeTtpuyeckaa tepmomMeTpusa Obina ycnewHO BbINOSIHEHA Ha OCHOBE
BO30OYKOEHHbIX “F32(1)/*F3/2(2) M OCHOBHbIX “*lo2(1)/4l92(2) nogypoBHen co
3HAUMTESNBbHO pasnnYaloLWMMNUCA IHEPreTUYECKMMI 3a30pamu, a MeHHo 30 u
131 cvm~l. [JononHUTENbHbIN TeMnepaTypHO-3aBUCUMbIA NapameTp — LnpuHa
nonockl Hanbonee Apkoro nepexoaa *Fsiz2(1)—*lo;2(1), NO3BONMM BbIMNOMHATHL
MHOroMOJOBOE TENSIOBOE 30HAMPOBAHME, 4YTO MOBbIWAET HAAEXHOCTb WU
paclumpsieT pabounin ananasoH.
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NCCIEAOBAHNE KOMIMO3UTHBIX CTPYKTYP CeFs/CeOx,
AKTUBMPOBAHHBIX MOHAMW Nd**/Yb** 1A LIENEN
TEMMNEPATYPHOW CEHCOPWKA
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Bbinn cuHTesnpoBaHbl ofHOMasHble (rekcaroHarnbHasa CTPYyKTypa)
HaHo4acTuubl Nd3**(mon. 0.1%), Yb3®" (mon. 0.5%): CeFs metogom co-
ocaxaeHusi. 3TN HaHovacTuubl oTXuranun Ha Bo3gyxe npu 600 °C B
TedeHue 15, 30, 60 n 120 MuMH gna nonyyeHns OByxdasHbIX HAaHOYacCTuUL
Nd3*, Yb®":CeFs/CeOQ.. locne 120 MMH oTxura ObiNnM MNOMNy4YeHsbl
oaHodasHble Nd3*, Yb3: CeO. (kybuyeckaa asza). Yactmubl Nd®*,
Yb3*:CeF3s/CeO; (15, 30 n 60 MMH) NpoOEMOHCTPMPOBanNu KomMouHauun
da3z CeFs u CeO,. Ousmdecknn pasmep o06pasuoB MNOCTENEHHO
yBenuumancs ot 19 Hm (Nd®, Yb®*:CeFs) po ~ 409 Hm (Nd*,
Yb3*:CeFs/CeO2 (120 wmwuH)). Bbino caoenaHo nNpeanornioXeHue, 4To
OByX(asHble obpasubl COCTOAT U3  CMNEYEHHbIX  NerMpoBaHHbIX
HaHo4acTuy, CeFsz n CeO2 co cpeagHuUm pasmepom obracTten KorepeHTHOro
paccesHus (OKP) okono 65 HM. Mbl npoBenn cnekTpanbHO-KUHETUYECKYIO
Xapaktepusaumio obpasuoB B guanasoHe Temnepatyp 80-320 K. B
Ka4yecTBe TeMnepaTypHO-3aBMCUMOro napameTpa Obino B3SATO OTHOLLEHUE
nHTeHcmBHocTen nonoc nmomuHecueHumn (LIR) (LIR = Ind/lvp) (puc.1a)).
LIR ans ogHodasHbiX nernpoBaHHbiX HaHodacTuy CeFsz saBnsaetcs
ybbiBatowen pyHkumen sBo scem ananasoHe 80-320 K. B ceoto o4vepeab,
ona opHodasHbix HaHodactuy Nd3*, Yb3*:CeO: (120 mwuH) sABnsieTcs
Bo3pacTawwen dyHkunen. LIR gna aByxdasHbix obpasuyoB 6onee
CNOXHbl M MOFyT paccmaTtpmBaTbCs Kak KoMbuHaums LIR ogHodasHbIX
obpasuyoB. Takke 6bIM nonydeHbl cnekTpbl AP KOMMNO3UTHBIX YacTuu
Nd3*, Yb3*:CeFs/CeO.. Cnektpbl OIP BbIrMAAAT oAMHaKOBO AnA Bcex 3
obpasyoB M COCTOAT M3 WMHTEHCMBHOW nNuHMM ¢ g = 3.43, KoTopas
obycroBrneHa YeTHbIMU n3oTonamu Yb3* B KyGrM4eckom KpuUcCTannmyeckom
nose CeO: . JluHna Ha g= 3.07, npunucbiBaeTCsa K TPUrOHamnbHbIM y3fiam
oOpa3oBaHHbIM MyTEM 3aMeLleHus OofHOro wu3 6nvkanwumx WOHOB
kucnopoga Bokpyr Yb3* rmppokcunbHon rpynnoi. JinHua Ha g = 2.76
OTHOCUTCA KO BTOPOMY TWUMY TPUrOHaAmNbHbIX Y3M0OB, CBA3a@HHbIX C
BakaHCUAMM KUcropoda B Onvxkaniiem OKpyXeHunm noHa Yb3*, Takke
BO3MOXHO 06pa3oBaHue KnacTepoB AoNMpoBaHHbIX MoHOB Yb3* (puc. 16)).
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Nd3*, Yb3*: CeFs/CeO2



BIIMAHNE 3PPEKTA TEMMNEPATYPHOIO PACLUMPEHUA
HA TEMMNEPATYPHYIO YYBCTBUTEJIbHOCTb
OBPA3LOB YFa: Nd®*, Yb3*
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Hanouactuubl YFs: Nd** n YF3: Nd*, Yb** 6binu cuHTE3upoBaHbl
MEeTOAO0M rmapoTepMaribHOro CUHTE3a C JanbHenLWnM OTXXUrom 4 yaca npu
400 ‘'C Ha Bo3ayxe. ®dasoBblii cocTaB Obin onpegeneH MeTOAOM
NOPOLLKOBOro peHTreHodgasoBoro aHanusa (PPA), cpeaHun pasmep Obin
nonydyeH 6narogapsa nNpPOCBEYMBAIOLLEN 3MEKTPOHHOWM MWUKPOCKONUU W
paBeH 5512 HM, NOMUWHECLEHTHbIE XapaKTePUCTUKM Bbinn MccnegoBaHbl
MEeToOOM nasepHon abcopbumoHHoM cnekTpockonun. CornacHo AaHHbIM
P®A [na HekoTopblx nuMkoB bparra Habniogaetca caoBur B CTOPOHY
GonbliMx 3HayeHun yrna npu 6onee HU3KMX TemnepaTypax. bbinu
paccynTaHbl UBMEHEHUS B MEXNIOCKOCTHbIX pacctosHmax (0,000 3—0,000
5 HM), a Takke napamMeTpbl KPUCTanInM4eckon PELUETKM MPU pasnuyHbIX
Temnepartypax. Takme U3MeHeHUsd BMNOSIHE MOryT BHECTU CBOW BKnag B
CMEeKTpanbHO-KMHETMYECKYIO  Xapaktepmsauuio  obpasyos.  Ob6pasubl
nccrnegoBanucb Ha AnMHax BOMH  BO30OyxaeHuss 355 mn 790 HMm,
COOTBETCTBYIOLUMX Moriocam nornoweHns noHos Nd**. B Havane gaHHon
paboTbl Obina cuHTe3npoBaHa cepus Yactul YFs: Nd®*(0.1; 0.5; 1.0; 2.0 n
5.0 Mm01n.%) Ans nomucka onTUMasribHOM KOHUEHTpauun. lNoBegeHne KNHETUK
3aTyxaHusl NIOMUHECLEHUMM Ha AfMHE BOMHbI 865 HM npu ABYX ANMHaX
BOJIH BO30YXOEHUSA CXOXW, 3aBUCMMOCTb Mpu BO3OYXXOAEHUM Ha ANvHe
BOofHbl 355 HM npeactaBneHa Ha puUCyHKe. Buaum, 4YTO  KMHETUKM
3aTyxaHusl yKopadnmBalTCHa NPU YMEHbLUEHUM TemnepaTtypbl, TEM CaMblM
OEMOHCTPUPYIOT HETUNUYHOE NoBeAdeHne. bbina npeanoxeHa rmnortesa [1,
2], 4TO YyBEnWYeHUEe BPEMEHU 3aTyxaHus JnoMuHecueHumn Nd3* c
yBENUYEHneM TemnepaTypbl CBS3aHO CO CXaTUEM KPUCTanIM4YecKou
peweTkn obpasua npu HU3KMX TemnepaTypax (cornacHo P®A). Torga npwu
HU3KNX TemnepaTtypax noHbl Nd3* conukatoTcs, 1 Mexay HAMU CTaHOBUTCS
bonee BepoATEH MPOLLECC KpOCC-penakcauuu, KOTopbIM onycTowaeT
ypoBeHb “Fzo (Nd**). CTouT OTMETWUTb, YTO [aHHble pe3ynbTaThbl
nosTopsitoTcs Ana mukpoyactuy YF3: Nd3*, cnemoBaTtenbHoO, [AOaHHbIX
npouecc He 3aBUCUT OT pa3mMepa YacTuy U MeToda ux nonyvyeHud. bonee
TOro, TakOro NOBEAEHUS1 KMHETUK 3aTyxXxaHus He BO3HMKaeT B obpasuax
LiYFs: Nd®" u BaY2Fs: Nd*". Opyrumu cnosamu, AaHHbIN adpdeKkT, ckopee
BCero, cBA3aH MMeHHO ¢ maTtpuuen YFs.
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0.000 0.0|01 0.(;02 0.003
Bpewms, ¢
Puc. 1. KuHeTtuku 3aTyxaHusa nioMuHecueHumm obpasua YFs: Nd** (0.5 mon.%)
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dUN3NYECKME OCHOBbI ®YHKLIMOHNPOBAHMA
NMFOMUHECLIEHTHBIX TEMMEPATYPHbIX CEHCOPOB HA OCHOBE
KPUCTAJNTMYECKMX YACTUL, @TOPVOOB, AKTUBMPOBAHHbIX
NOHHOW MNAPOW Ce3*/Th?

M.C. MynoskuH, A.A. Cadpuynnuna, C.N. KanuHnyeHko
sOLOdMCd?2 (1twdotsdymecd2) W JHJteoQdzidsfpmdt
E-mail: maksim.s.pudovkin@gmail.com

JTlommMHecueHTHass TePMOMETPUST — 3TO aKTUBHO pa3BUBaKOLLMIACA
METOA PEerucTpupoBaHus TemnepaTtypbl 3a cveTa aHanmMsa napameTpoB
NIOMUHECLIEHLMM 0COBOro noMMHOGOpa, HaxXOASLWErocss B KOHTaKTe C
nccnegyeMmbim obbektom. [aHHbI MeTod MNOo3BONSIET UccnegoBaTtb
TemnepaTypHble nons c CYOMUKPOHHbBIM NPOCTPaHCTBEHHbIM
paspeweHneMm. B nuTepatype ©Obino MokasaHo, 4YTO B KadecTBe
NIOMUHOMOPOB  MEPCNEKTUBHO MNPUMEHSATb  KPpUCTansiMdeckme 4YacTuupbl
bTOPMOOB, aKTMBMPOBAHHLIX MOHHOM Napon Ce*/Th3* [1].

B naHHoM paboTe mMeToaoM CO-OCaxaeHus U3 BOAHbIX PacTBOPOB
npu KOMHATHOM TemnepaTtype C nocneaywwen rmapoTepmanbHOn
obpaboTkomn Obinn CUHTE3MpPOBAHbI HaHoOYacTULbI pasnnyHoON
apxuTekTypbl, BKkMoYas CeFs:Th®*(1%), CeFs, LaFsTbh%(1%), CeFs:
LaFs:Th®*(1%), LaFs:Ce®* (5%), LaFs:Ce**(5%): Tb*(1%). Bbina npoBeaeHa
dunsmyeckas xapakrepusaums MeTogamu NpoCBEYMBAIOLLEN SNEKTPOHHOM
MUKPOCKOMMUA 1 NMOPOLLKOBOrO peHTreHoda3oBoro aHanmsa. [okasaHo, 4To
OOHOSIAEPHbIE  HaHoYacTMubl UMMeT cpegHun guameTp 60  Hwm.
HaHouacTuubl CTPYKTYpbl «si4po-oboniovka» umeroT anametp 6onee 250
HM. [lpegnonaraetcsi, 4TO o00ONO4YKa «HapacTaeT» Ha arnomeparbi
HaHovacTuy. CornacHo [JaHHbIM  MOPOLIKOBOrO  PEHTreHoda3oBoro
aHanmsa, BCe HaHo4YacTuLbl UMEIOT XEefaeMyr rekcaroHarnbHyk @asy,
XapaKkTepPHY ONA coeduHeHun dTopuaa naHTaHa v Topuaga uepus.
[MnkoB OT nNpuMecHbIX a3z n amopdHon asbl obHapyXeHo He Obino. B
X04e 9KCNEPUMEHTOB MO Na3epHOW CMNeKTPOCKOMUW, ONMpasdcCb Ha Takue
KpUTEPUUN, KaK MHTEHCUBHLIM CUrHam NOMUHECLEHLMM OT ABYX WOHOB WU
OTCYTCTBME  LUMPOKOMOSIOCHOMO  CBeYveHnd, ©Obin  BblibpaH cocTaB
LaF3:Ce3*(5%):Tb%*(1%). OnA  [anbHeMwux  WUccneaoBaHuin  Obinu
CUHTE3NPOBaHbl HAHOYAaCTULUbl C aHanoOrmMYyHbIMU KOHLIEHTpaUMSMN MOHOB
aKTUBaATOPOB, HO MHOWM apXUTEKTypbl, @ UMeHHO LaFs:Ce**(5%):Th%*(1%),
LaF3:Ce®(5%), LaF3:Tb3"(1%). Bbino nokasaHo, YTo B cocTaBax, e WMOHbI
uepus n Tepbus NpoCTPaHCTBEHHO pasfeneHbl («a4po-obosiovka» mnnu
MexaHu4eckas CMeCb BYX NOPOLLKOB), TeMnepaTypHas 4yBCTBUTENbHOCTb
Bbllwe. Takum obpasomMm, ©ObiNnO MoOKaszaHo, 4TO 3(PPEeKTUBHOCTb
TEPMUYECKOTO  TYLIEHMS WOHOB LEPUs BbIle, YEM U3MEHEHuEe
WHTEHCUBHOCTb 3a CYET nepeaaydn SHeprum noHam Tepbus.

O6Lwasa pekomeHgaumnsa no co3gaHU HAHOTEPMOMETPOB Ha OCHOBE
NoHHol napbl Ce®*'/Th®" TakoBa, YTO HeoGxoOAMMO co3daBaTb CTPYKTYPHI,
roe AaHHble MOHbl HE B3aMMOOEWCTBYIOT Mexay cobon (sapo-o6omoyka,
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MexaHu4yeckass CMecCb MOpowkoB W Ap.). B paHHom cnyyae, Oyger
peann3oBbiBaTbCA  paTUOMETPUYECKMX MNogxod, rOe B KayecTse
napameTpa, 3aBUCSALLIEro OT Temnepartypbl, byaeT GpaTbCs COOTHOLLEHNE
WMHTEerparnbHbIX NUHTEHCUBHOCTEN OaHHbIX MOHOB.

BNBINNOIPAPUNHECKNE CCBIJIKU

1. Brites, C. D., Marin, R., Suta et al. Advanced Materials, 35(36),
2302749 (2023).



LLNPOKOIOJIOCHAA ®OTOJIIOMNHECLIEHUNA MPUMECHbIX
KATVMOHOB Cu?* B PELLETKE LUMNWHEJA LiAlsOg

A.A. KanyctuH, A.H. PomaHos, E.B. Xayna, B.H. Kopuak

AjHjBOd dZF 2 dMfjdzj Hse Olsj a2 MSd2 yj dz
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MaTepuanel, cogepxawime TnpUMeCHble KaTUOHbl NepexoaHbIX
MEeTasnmnoB, AEMOHCTPUPYIOLIME LUMPOKOMOSOCHY (OOTONOMUHECLIEHLMIO
(®J1) BocTpeboBaHbI B KadecTBe aKTUBHOM cpefbl MNepecTpavBaeMbiX
nasepoB. PaHee Hamn ObiNno MOKas3aHO, YTO [MPUMECHbLIE KaTUOHDI
OByxXBaneTHou megu B pewleTke kopyHaa AlOsz aBnaiTca nanydarowmmm
LleHTpamu wmnpokononocHon BUK ®J1 Ha onTuyeckom nepexoae 2Tz — 2Eqg
[1, 2]. Jlutvn-aniomuHmneBas wnunHenb LiAlsOs, Kak W  KOpPYyHA,
XapakTepusyeTcs CWIbHbIM MOSIeM JUraHgoB M HU3KOWM CUMMETpuen
OKPYXXEHUSA B KATUOHHbIX y3rax, YTO AOSMKHO CNOCOOCTBOBAThL peanunsauum
N3nyyaTenbHOro nepexoaa Ha NPUMecHbIX MoHax Cu?*.

[dencTButensHo, nonyyeHHble obpasupl Cu?*:LiAlsOs,
OEMOHCTPUPYIOT  UHTEHCUBHYK wimMpokonorncHyto BUK  ®J1 kak npu
KOMHaTHOM TemnepaTtype, Tak 1 npu 77K (puc.).
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Puc. Cnektpbl ®J1 n Bo3byxaeHusa ®J1 ana Cu?*:LiAlsOs, nony4yeHHble
npu KOMHaTHOW Temnepatype n 77 K

Mony4yeHHble cnekTpbl ®JT 1 cnekTpbl Bo3byxaeHna dJ1 noxoxm Ha
TakoBble AnA Cu?':Al,Os. MNo-BMAMMOMY, Kak B KOPYHAE, Tak M B LUMUHENK
LiAlsOg wmnpokas nonoca dJ1 obycnoeneHa nposisneHnem acpdekra AHa —

t
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Tennepa B OCHOBHOM 3NIEKTPOHHOM COCTOSAHUM MoHa Cu?*. OueHka
KBaHTOBOro Bbixoga bBbWK ®J1 npn komHaTHOM Temnepatype Ans
Cu?*:LiAlsOs gaeT BenuunHy ~25 %, 4TO NpeacTaBnsaeT UHTEPEC C TOYKU
3peHua peanusaunmn TBeEpLAOTENBHOrO fasepa.

t OBtSISsO o' fsdzdzj d2O ffted Y SHHJtY CJ [ S
(t1 A, 61tc0O@3s20099).2 5
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BJIMAHVE KATUOHHOI'O COCTABA HA OINTUYECKWE
N JIIOMWHECUEHTHbBIE CBOWCTBA MHOIOKOMIMOHEHTHbIX
TPAHATOB
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Kpuctannbel rpaHaTtoB, IerMpoBaHHble peako3eMerlbHbIMM MOHaMU
Ce3®*, aBnsaTcsa nepcnekTUBHbIMU docdopamMn U cuvHTUNNaTopamu. B
YaCTHOCTW, CUMHTUNNATOPbLI Ha ocHoBe GdsAlGazOi12:Ce nnaHunpyetcs
ncnosib3oBatb B KanopumeTpe  MOAepHU3MpoBaHHOro  bonblioro
afpoHHoro konnawvgepa [1]. Takke 3TM Kpuctanibl XapaKTepusyrTCs
OOCTaTOYHO  BbICOKOW  MMOTHOCTBKD U XOPOLUM  3HEepreTUyeckum
paspelweHnem [2]. JlioMmHecueHUuMs 3TUX rpaHaTtoB obycnosreHa
nanyyatenoHoiMu nepexogamu 5d-4f B noHax Ce®*. Hanunune menneHHbIx
KOMTMOHEHT B KMHETMKe NioMuHecLeHumMn Ce>* npu BbICOKOIHEPreTUYECKOM
BO3OYXOEeHMMN SABMSETCA HeOOCTaTKOM 3TUX rpaHaToOB WM CBA3AHO KaK C
HanmMymMem noBylleK, TaKk W MepeHOCOM BO3OYXAEHWM Ha uepun no
noacucteme 4f ypoeHent Gd**. lameHeHne KaTMOHHOIO cocTaBa Mo3BonseT
NMOCTENEHHO W3MEHATb CBOWCTBA KpuUCTanfiioB W, B  4acTHOCTWU,
ONTMMU3NPOBATL MPOLLECCHI NMepeHoca 3Heprum OT MaTpuubl KpuUcTanna K
noHam aktusaTtopa. Kpome TOro, 4actm4yHoe pasynopsifgovyeHne CTpyKTypbl,
XapakTepHoe ONA MHOrOKOMIMOHEHTHbIX FpaHaTOB TaKXe MOSIOXUTENBHO
BNMAET Ha MpoLECChl NepeHoca aHeprun K ueputo [3, 4]. B HacTosLwen
paboTe pacCMOTPEHO BANAHME KAaTUOHHOIO COCTaBa Ha JIIOMUHECLEHTHbIE
M ONTUYECKMe CBOWCTBA psiia MHOrOKOMMOHEHTHbIX rpaHatoB. Ocoboe
BHUMaHWe yaeneHo BMMSHNIO CKaHONA Ha CBOUCTBA rpaHaToB.

Kpuctannbi GdsAl,Gaz012:Ce, GdsAl.Gaz012:Ce,Ca,
GdsAI1,5Scha2,5012:Ce, GdsA|1,5SClGaz,5012:C6,Ca, GdsGas012:Ce Obinn
BblpawieHbl MeTogoM YoxpanbCkoro B MpUAMEBLIX TUMMAX B aTMocdepe
aproHa ¢ gobasneHnem 1-2 06% O2. Kpuctannbl, Gd2.gsSc1.89Al323012:Ce,
Y3ScAls012:Ce, Th3Sc2Al;012:Ce 6binn BbipallleHbl MeToaoM bpuaxmeHa B
BOCCTaHOBUTENbHON aTtmocdepe. C NCNofb30BaHNEM
cnektpodgotomeTpoB PerkinElmer Lambda 950 n Agilent Technologies
Cary-5000 6bIiM  nOnyYeHbl  CMNEeKTpbl  MOMMOWEHNS, OTPaXKeHUs U
kKoadhdumumeHTa npenomneHnsa. CnekTpbl oTpaxeHnsa 6binn nonpasfeHbl C
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y4yeToM dpakTopa MHOFOKpPaTHOMO OTPaXeHWs CBeTa OT MOBEPXHOCTEN
KpUctanmnoB C WCMNONb30BaHMEM CheLManmM3vMpoBaHHOrO MPOrpaMMHOro
obecneveHna. Takke ©OblNnM KU3MEPEHbl CMEKTPbl NIOMUHECLEHLNMN,
BO30OY)XOEHUS  NIOMUHECLEHLMN U  KpMBblE  TEPMOCTUMYNMPOBaAHHOWN
NIOMUHECUEHUMN.  3MepeHnss  nNpoBOAUMNIUCL  C  UCMONb30BaHMEM
nabopaTopHOW YCTaHOBKM MO JIIOMWUHECUEHTHOW CMEeKTPOCKONMMM B
9HepreTudyeckom amnanasoHe 2.5-6 aB n B obnactu temnepatyp 80-500 K.

Ha ocHoBe aHann3a cnekTpoB MOrMOLLIEHUsST NOoKasaHO B3aMMOCBS3b
MeXOy KaTMOHHbIM COCTaBOM rpaHaToB U CUITOM KPUCTannnM4eckoro nons,
onpeaensaoLllen BenuuuHy paclienneHns yposHei 5di u 5dz Ce®,
[eMOHCTpUpyeTcss  M3MEHEHMEe  LMPUHbI  3anpeLieHHOW  30Hbl B
3aBMCMMOCTU OT cocTaBa rpaHaTtoB. [na psga KpuctanioB Ha OCHOBE
CMEKTPOB OTpPaKeHUsa onpeaenieHo MNOMoXeHNne SKCUTOHHOro nuka. B
paboTte Takke ob6CyxaalTcss OCOBEHHOCTU JIOMUHECLEHTHbLIX CBOWCTB,
CBSI3aHHble C YAaCTUYHbIM 3aMELLEeHMEM KaTMOHOB antoMUMHUA WU ranius
ckaHguem.
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JMMOMUHECUEHTHAA CIEKTPOCKOINA, MEPEHOC SHEPT U
N PAONALIMOHHAA CTOMKOCTb MOHOKPUCTAIIOB Gd.03:RE®*
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NHTepec K CUHTE3y U M3y4YeHUo CBOMCTB okcupa ragonuHus Gdo0Os3
obycrnoBrneH NepcrnekTMBoM ero MCnosfib30BaHWA B MeauuMHe, Hanpumep, B
Ka4ecTBe KOHTpACTHbIX BewecTB AN YNbTPa3BYKOBOW, MarHUTHO-
pPe30HaHCHOWN, KOMMbIOTEPHOW TOMorpadum, ny4yeBoW Tepanuu, a Takke B
bvomeauumMHe, CNUHTPOHUKe. [lpn 3TOM nNpakTUYeCcKn BCE W3BECTHbIE
9KCrnepuMeHTarnbHble  UCCNedoBaHUst U NpakTuyeckne  paspaboTku
BbIMNOSHAOTCA Ha MWKPO- WAM  HaHonopowkax. B pgaHHon pabote
nccnegosanucb o6bemMHble MOHOKpucTannbl Gd2O3 BbICOKOro OMTUYECKOro
KayecTBa C  KybOMYeCKOW  CTpyKTypon  Bukcbuuta, nerMpoBaHHble
peako3emMenbHbIMU noHamu (Tb, Eu, Pr, Ce), BblpalweHHbIE NO OPUTMHANbHOM
MeToauke metogomM Yoxpanbckoro [1]. bbin nayyeHsl CnekTpbl NOrmnoLLeHns,
HU3KOTEMNEpPATyYpHOM OTO- W pPEeHTreHontoMuHecueHumn. Ha ocHoBe
NonydeHHbIX  AaHHbiXx  Mogenn  P.  Dorenbos npoBegeH — pacyer
9HEepreTM4YecKkoro MnosioKEHUsT OCHOBHOIMO COCTOSIHUA BCEX OBYX- WU
TpexBaneHTHbIX MOHOB NaHTaHouaos, aHeprum f 1 f n f 7 d 3NeKTPOHHbIX
nepexonoB B KpucTansax okcuaa ragonunHus ¢ Kybmndeckon CTpykTypon [2].
[MpeonoxeHa aHepreTndeckasi guarpamma NpUMECHbIX MOHOB AJS1 aHanmsa
3P PEKTMBHOCTU NEPEHOCA AHEPTUM MEXOY NOHAMWN NaHTaHOMOOB.

[ns nccnegoBaHus pagmMauuoHHON CTOMKOCTU Kpuctanibl obnyyanucb
ObicTpbIMKU anekTpoHamu (E = 10 MaB) Ha nuHenHom yckoputene Y3JIP-10-
10C (Yp®Y) unu npotoHamu (E = 18 MaB) Ha uccrneposatensckomMm kaHarne
yuknotpoHa TR-24  (Yp®Y). [locTtpaguaumoHHble  addekTol  Bbinu
nccnegoBaHbl  Metodamu  abcopOUMOHHOM M HU3KOTEMNEepaTypHOW
NMIOMUHECUEHTHON cnekTpockonuu. [lapameTpusaumsa akcrnepuMeHTasibHbIX
KPUBbIX, aHanua3 pesynbTaToB CMEKTPOCKONUYECKNX WUCCrneoBaHUn B
COYEeTaHMn ¢ nuTepaTypHbIMU AaHHBIMW NO3BONWAKN caenatb 060CHOBaHHbIE
BbIBOAbl O JIIOMUHECLEHTHbIX CBOMCTBAX, 3((PEKTUBHOCTN NepeHoca SHeprnu
N pagnaLMOHHOM CTOMKOCTN MOHOoKpucTannos Gd2Os:RE®".

it OBtslsO orf ff sdzdzj dzO o fsSHHJjtYCj [
o' Mh jets BBOL 5o Oded™  A203POBRCIH 121PBUZ
2).
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COCTOAHNE NMEPEHOCA 3APAOA B METAJITIOPITAHNYECKMX
COEOMHEHUVAX PEOKO3EMEJIbHbLIX SNNIEMEHTOB
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Nccnenyss paHee xnopuabl peako3emernbHbiXx anemMeHToB (P33) ¢
reTepouMKnMyeckumMmM  nuraHgamn,  Mbl  MOKasanu, 4to  cnabble
HeKoBasneHTHble B3auMOOEWUCTBUSA, TakMe KaK p- p* CTOKMHI U BOAOPOLHbIE
CBS13U1, BbI3bIBAOT BHYTPU- N MEXNUraHAHbIE COCTOSIHUS nepeHoca 3apsga
(CT), KoTOpble MOryT oKasblBaTb 3aMETHOE BNUSIHME Ha 3PIEKTUBHOCTb
ceHcubunusaumm nommHecueHuun mnoHoB Ln3* [1]. B 3aBucumocTn ot
9HEprm TakKMX COCTOSIHUA WX BIUSIHUE MOXET BapbupoBaTbCs OT
yBenuyeHnsa apekTMBHOCTN NepeHoca SHeprun 4o pacluupeHns nonochl
BO30OYyXaeHus B BUAMMYO 0bracTb crnekTpa.

MeTogamMn ONTUYECKOW CNEKTPOCKOMUU, C MpuBMevYeHneM OaHHbIX
PEHTreHOCTPYKTYPHOrO aHanmsa u KBaHTOBO-XMMUYECKUX pacveToB Obinu
n3ydyeHbl coenHeHus P33, copepxawue pasfivyHoe KONMUYEecTBO
apvn3ameLlleHHbIX uuknoneHTagneHunoHolx (Cp) nwuraHpgos (1-3) w
denunbHbix rpynn (1-4) (puc.) [2]. B atux coeamHeHuax oBHapyXeHo
HEeCKOSfbKO TUMOB cocTosiHun CT, BKM4Yash BnepBble HaWgeHHOe Afis
MeTannoopraHn4yeckux coeamHeHun P30 cocTosiHMe nepeHoca 3apsga
nurang-nuraHg (LLCT) [3]. Kpome Toro, 6bina npoBegeHa OLEHKa
nanyvatenoHon n 6e3mnanyvartenibHON CKOPOCTU pefakcaunmn noHa tTepbus,
KoTopas Bapbupyetca B pgumanasoHe 0,23-0,69 McC, M BHYTPEHHEro
KBAHTOBOro BbixoAda, focturawwero B psge cnydaes 100 %. Takke B
OAHHOM psagy Obiyv NosiydeHbl TakMe BaXHble C MPaKTUYECKOM TOYKU
3peHus XapaKTEepPUCTUKM, Kak BbICOKWUN KBaHTOBbIN BbIX0O[,
doTontomuHecueHummn (4o 75 %) n MmarHnTHasi BOCNpPUMMYMBOCTD [4].

Taknum obpasom, BNUAHME COCTOSHUI MepeHoca 3apsiaa Ha npoLlecc
nepeHoca aHeprmn B P33 MeTannoopraHMyYeckux COEOUHEHUSIX Henb3s
HeOOLeHNBaTb.
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CKOPOCTb 3ATYXAHUA SNTEKTPNYECKOIO ANMOJIbHOI O
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ANI3NEKTPUYECKNX TOHKNX TMJNTIEHKAX

K.K. MyxoB?, P.A. Tanner?
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NccnengoBaHa CKOpPOCTb  3aTyXaHuUA  3MEKTPUYECKOro  AUMONbLHOro
N3MYYEeHU TIOMUHECLEHTHbIX LEHTPOB B  3aMKHYTbIX [ABYMEPHbIX
KPpUCTaNNUYeCcKux OOHOPOAHbLIX AMAMNEKTPUYECKUX TOHKMX  MMeHKax.
PaccmaTprBaemble JIOMUHECLEHTHbIE LIeHTPbl MNpeacTaBnsaloT  cobow
KBaHTOBble OObLEKTbl (aTOMbl, MONEKYrbl, WOHbI, TakMe KaK MWOHbI
penKo3eMernbHbIX 3NIEMEHTOB M WOHbI NepexodHbIX MeTarnmnoB), B KOTOPbIX
CKOPOCTb  paavauMOHHOrO  pacnaga  BO3GYXOEHHOr0  COCTOSHUSA
3HaYMTENbHO NpeBbILLIAeT CKOPOCTb Ge3bi3nyYaTenbLHOro pacnaaa.
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QOOEKTNBHAA HAKAYKA ATOMHbBIX MOMEHTOB B YCINOBUAX
CNMHOBOIO OBMEHA B KBAHTOBOM OINTUYECKOM
MAIMHUTOMETPE BEJIJIA — BITYMA

K.A. bapaHues, A.H. JlutBnHoB
dOdzGllg sjteBlztceMCd?2 Ydzdlsjrddyj MSd2 &
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E-mail: kostmann@yandex.ru

OpHOM M3 KMYEeBbIX 3a4ad KBAHTOBOM CEHCOPUKM ABNSIETCS
NoBbllEHNE YYBCTBUTENBLHOCTU [[AaTYMKOB MarHutHoro nonsa [1, 2],
YMEHbLLUEHNE WNX pa3MepoB W BNUSHUSA OPYyr Ha gpyra. Taknme gaTymku
ncnonb3yTca B buonornn, MmeguuuHe, rmpocKonuu, HaBuraumm, reosiornm
N Npun uccnegoBaHuMM Kocmoca. B HacToswen paboTte paspabaTbiBaeTcs
nocnegoBaTesnbHbI - TEOPETUYECKMA NoAXod Ana onucaHust paboTol
KBAQHTOBOrO  OMTUYECKOrO MarHUTOMEeTpa, MCMOSb3YOLEro dBfieHue
MarHUTHOrO pe3oHaHCa B ra3oBOM SYEenKe CO LIENIOYHbIMWM aToMaMun W
ByepHbIM rasom.

dunsnyeckmmn npeaen YyBCTBUTENBHOCTU MarHuTomeTpa
onpegendeTca OTHOLIEHWEM aMNUTydbl K LWMPUHE BO3BY)XOAaeMoro
MarHUTHoro pesoHaHca. OCHOBHbIM (OAKTOpPOM, CHMXaWWMMm 3TO
OTHOLLEHUNE, ABAAETCA CNUHOBbBIN OOMEH BHELLUHMX 3NIEKTPOHOB LLEMOYHbIX
aToMOB npu cTosikHoBeHuaAx [3]. K HacToswemy BpeMeHM CyllecTByeT
HECKOJSIbKO MEeTOA0B MogaBrfieHusi CnMHOBOro obmeHa. OanH U3 HUX — 3TO
NCMNONb30BaHNE T.H. «BbITSHYTOrO» COCTOSIHUSA aTOMOB [4]. OTO COCTOsIHNE
peanuayeTcsa Npu yBeNMYEHNUN MHTEHCUBHOCTWU Na3epHOM HaKauyku, koraa
yAaeTcsa OpPMEHTUPOBATb CMMHbI 3NIEKTPOHOB B OOHOM HanpasneHun. [pu
9TOM npouecc cnuHoBoro obmMeHa ocTaHaBnMBaeTcs. OTO MNO3BONSET
NOSTyYMTb CYLLECTBEHHOE CYXEHWEe JMHUN MarHUTHOro pPe3OHaHca, 4TOo
ObiNO HEOOHOKPaTHO JKCNepMMEHTanbHO MNPOAEMOHCTPUPOBAHO [5].
OpHako, nocnegoBaTenbHaad  AMHaMMYeckast KBaHTOBasi  Teopwus,
OCHOBaHHaA Ha HaxOXAeHMM aTOMHOW  MaTpuubl NNOTHOCTM WU
yunTbiBalOLWasas HENMHENHLIM XapakTep CAMHOBOro o6MeHa, a Takke
COXpaHeHue si4epHOro crnvHa nNpu CTONKHOBEHUSAX, pa3paboTaHa He Obina.
BBuay CrnoXxHOCTM npoTekarwwmx MNpoLeccoB, B Hay4dHbIX paboTax Kak
NpaBuUmnoO  UCMOMb3YKTCA  YNPOLUEHHbIE  NOAXOAbl  TEOPETUYECKOro
OMNuUCaHus, OCHOBaHHbIE HAa CKOPOCTHLIX YPaBHEHUAX ONS HAcefeHHOCTEN
aTOMHbIX YPOBHEN, NMOO Ha KnaccMyeckoMm onncaHmm gUHaAMUKN aTOMHOTO
chnnHa.

Oco0bIi MHTEPEC UMEET He «KNnaccuyeckasi» cxema BO3byxaeHus
MarHUTHOrO pe3oHaHca, B KOTOPOM Ha aTtoMbl HenocpeacTBEHHO
BO34ENCTBYET paaMo4acToTHOe MarHuTHoe none, a T. H. cxema benna —
Bnyma [6], B KOTOpon BO30y)XOaeTcs napaMeTpudeckuin pe3oHaHC nyTem
MOAYNAUMN  NHTEHCUBHOCTM MWW NonaApu3aumMm nasepHoro ManyyeHus
Hakauykn. Takad cxema Haubonee KOMNaKTHA W WCKOYaeT BIUsHUE
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MarHUTHbIX JaT4YUKOB OpYyr Ha Aapyra. JOCTUrHYTb «BbITAHYTOrO» COCTOSHUA
B TaKOM CXeMe 3Ha4YuTESIbHO CIIOXHEee, YeM B «Knaccudeckon», BBUAOY
cneundukn opmeHTaumMm aToOMHbIX MOMEHTOB.

B HacTtosiwen paboTe noCTpoeHa TeopeTudeckas MoOAEsb
domanyeckoro 6510ka ONTUYECKOrO KBAHTOBOrO MarHUTOMeTpa, OCHOBaHHas
Ha HaxoXOEeHWM MOSIHOM aTOMHOWM MaTpuubl NfoTHocTU. Mopgenb
YUUTbIBAET HENMHENHbIA XapakTep CMMHOBOro obMeHa M CTONKHOBEHUS
LLIeNTOYHbIX aTOMOB C OydyepHbIM rasom, NMpu KOTOPbIX COXPAHAETCS CrvH
agpa. MccnegoBaHbl cnocobbl hOpMUPOBAHUSA «BbITAHYTOrO» COCTOSIHUS
KaK B «Knaccm4yeckom» cxeme BO3bYyXOEeHWS MarHUTHOroO pe3oHaHca, Tak u
B cxeme benna - bnyma. [llpegnaratotca MeToAbl, MCNoOnb3yloLine
OONOMHUTENBbHYKD  KOMMOHEHTY  NasepHoro  nond, ANs  BblKa4yku
HacesrleHHOCTN U3 HEPE3OHAHCHOIO CBEPXTOHKOIO NOAYypPOBHS.
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XIX MexpyHapoaHbin ®Peodmnosckun CuMnosmym

MO CNEeKTPOCKONUU KpUuctanmnos, fermpoBaHHbIX MOHaMUN peaKo3eMeJibHbIX
U nepexogHbLIX MeTanmnoBs
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CMNEKTPAJIbHO-IOMUHECUEHTHBLIE XAPAKTEPUCTUKN KEPAMUK
Y203:Tm, Y203:Ho, Y203:Tm,Ho

A.O. Apucknn?, E.M. BysaeBa?, .A. Pa6o4ykunatl, P.H. Makcnmog?,
B.B. Ocunos?, B.A. LLintos?
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Kpuctannbl  nonytopHbix  okcngoB (Y203,  Lu203,  Sc203),
nerMpoBaHHble peako3emMesnbHbiMM  (P3) unoHamu, XapakTepusyloTcs
BbICOKMUMM  3HAQYEHUSIMW  MUKOBbIX CEYEHUA  MOrMOLIEHUS, BbICOKOM
TENnnonpoBOAHOCTbID M  MEXaHMYECKOM MPOYHOCTbIO, YTO AenaeT ux
NepcnekTUBHLIMA aKTUBHbIMM cpefamMu TBEepAOTeNbHbIX fas3epoB. M3-3a
BblCOKOW Temnepatypbl nnasneHunsa (~2400 °C) BblpawmBaHue KpPYMnHbIX
MOHOKPUCTansoB 3aTpyAHEHO, NOSTOMY aKTUBHO pa3BMBaOTCA TEXHOMOMN
noslydeHus nasepHon KepamMmkm Ha OCHoBe 3TUX Matepuanos [1-5].

B Aoknage npeacTaBneHbl pesynbTarthbl nccnenoBaHmns
CMEKTPOCKOMUYECKNX XapaKTEPUCTUK (CUN  OCUMNNATOPOB, MNapamMeTpoB
MHTEHCMBHOCTK) MoHOB Tm3*, Ho*", B kepamukax Y20s:Ho, Y20s3:Tm.
BbinonHeH nx CpaBHUTENbHbIN aHanua C aHanorn4yHbIMu
xapaktepuctnkamm ans YsAlsO12:Ho 1 Y3AlsO12:Tm. BbisiBNEHO, 4TO cunbl
ocuunnATopoB nepexoga °ls—°Gs noHoB Ho3* B kepamuke Y20s:Ho,
SHe—3Hs n °Hs—3Fs unoHoB Tm3* B kepamumke Y03 Tm, a Takke
napamMmeTpbl UHTEHCUBHOCTU Q2 B 3TUX KepamMmuKkax 3HAYUTENbHO Bbille MO
OTHOLLIEHUIO K aHanormyHbiM BenndnHam B Y3zAls012:Ho 1 Y3Als012:Tm. 310
pasnuymMe CBSA3aHO C OCOOEHHOCTAMM NOKAaNbHOrO KPUCTanfM4ecKoro
oKkpyxeHnsa P3-MoHOB B 3TUX MaTepuanax.

B kepamuke Y203:Tm,Ho npu Bo3OyxaeHUM Ha ypoBeHb *Hs MOHOB
Tm3* BbIABNEHO Hanuune Gesbl3ny4yaTenbHOro MNepeHoca 3JHeprun c
ypoBHs 3F4 noHoB Tm3* Ha ypoBeHb °l7 noHoB Ho3".

RiMMdzj Hso Odzedj] o' fsdzdgj dets L O fMyvy ls G0
W sdzH O -23-0D460, https://rscf.ru/project/24-23-00460/.
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LLUNPOKOINMOJIOCHAA 3MNP-CMNEKTPOCKOINNA HEKPAMEPCOBbBIX
PEOKOSEMEJIbHbIX NOHOB B KPUCTAJITIAX TPAHATOB U YAIO3
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Kpuctannbsl noTeumm v UTTPUA antoMumHUEBbIX rpaHaToB Y3AlsOi12
(YAG), LuzAlsO12 (LUAG) wn optoaniommuHata wuttpus YAIOz (YAP),
aKTMBMPOBAHHbIE WMOHaMW penko3emMenbHbiX (P3) anemMeHToB, LWUMPOKO
NCMNOSIb3YIOTCA B KBAHTOBOW 3NeKTPOHUKe. MdyyeHne MarHUTHbIX CBOMCTB
HekpamepcoBbIX P3 MOHOB, 3ameLLaloLWnX B 3TUX COeAUHEHUAX NOHBbI Y3' 1
Lu®*, meTogom OIP gonroe Bpems He NpeacTaBnanocb BO3MOXHbIM 13-3a
OTCYTCTBMSI CUTHaNoB Ha cTaHOapTHOM annapatype. Hamu BbINOMHEH psag
nccrnegoBaHWM  TakMX  KPUCTaANMOB C MUCMNOMb30OBaHUMEM  TEXHUKM
cybTeparepuoBbix 4actoT. O6pasubl 6bIM  BblpalleHbl  MEeTOAOM
bpupkmena B NHcTuUTyTe ®Pusmnyeckux WccneposanHnm HAH Pecnybnuvkm
Apmerusa  (AwTtapak). Wccneposadbl  kpuctannel  YAG:Tb®", Ho®*',
LUAG:Tb®", YAP:Ho®**, Tb® n Tm3*, onpeaeneHbl napameTpbl CIMHOBOIO
raMusibTOHMAHa WOHOB, pacLUensieHNd B HYSIEBOM MOfie U KOHCTaHThI
CBEPXTOHKOro B3aMMOAENCTBUSI.

B kpuctannax utTpumn-antoMMHMEBOrO rpaHaTa ¢ NpUMechblo Tepbus
MeTOA0M BbicOokodacToTHOro AP B wmpokom ananasoHe vactoT (70-200
GHz) oGHapyXeHO U UccrneaoBaHo BnusHWE aHTucanT aedektoB (Y3* Ha
mecte APP* n AP Ha mecTe Y3*) Ha cnekTpbl OMP noHoB Th3*. Hapsaay c
noHammn Tb®', HaxoOodAWMMWMCS B NO3MUUU  UTTPUS B pPerynspHoMm
OKPYXXeHuKn, Habnoganca uenbin psg LUeHTpoB Tepbua € MeHbLuen
KOHLEHTpaumen n n3MeHeHHbIMM 3HAYEHUSIMN HavanbHOro pacLiensieHns
YPOBHEN HeKpamepcoBa KBasuaybneta. OTO W3MEHEHWE CBSI3aHO C
HanM4YneMm aHTUcanuT-g4edeKTOB B OKPYXeHUM Tepbuda. OBHapyKeHHble
LLeHTPbI TEPOUSA C MEHbLLUM, YeM Ans OCHOBHOM no3unumm Th3* HayanbHbIM
paclienneHnemM, npunucaHbl MoHam  Tepbusi, BOGAM3KM  KOTOPbIX
NPUCYTCTBYIOT aHTUCanT-AedeKThbl Aly  (VOHbI antoMUHUS B
0oOeKasgpuyecknx nosuumsx uttpus). Takke oGHapykeHbl MOHbI HO3* 1
Tb3*,  nokanu3oBaHHble B  OKTaA3APUYECKUX  MO3ULMAX  UTTPUN
antoMUHMEBOro rpaHaTta. CnekTpockonuyeckme napameTpbl B 3TOM
coeguHeHMn 6binn onpegeneHbl Ha OCHOBE 3(MEKTUBHOIO CMNMHOBOIO
raMuIibTOHNaHa.

B kpuctanne YAP:Ho3" kpoMe 04MHOYHOrO LieHTpa 3aperncTpupoBaH
cnekTp ammepa Ho®" - Ho®'. [Ina aToro kpuctanna BbIMNOMHEH pacyeT C
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ncnosib3oBaHnem Teopun kpuctannudeckoro nons (Kr). B pamkax mogenu
OOMEHHbIX  3apsgoB  nonyyeHbl  napameTtpbl  Krl. [TocTpOEeHbI
TEeopeTU4eckne YacToTHO-MOSIEBble 3aBUCUMOCTM Ond  gumMepa WU
N30SIMPOBAHHOIO LIEeHTpa, KOTOPbIE COrfnacylTca C 9KCrnepuMeHTanbHbIMU
AaHHbIMW. B pacdeTe cnektpa gumepa, Kpome SHeprnn n3onmpoBaHHbIX
MOHOB, ObINM Yy4YTEeHbl MarHWTHOE AWNOSb-AUNOSIbHOE W  WN30TPOMHOE
aHTMdeppomarHutHoe  obMeHHoe  B3auMOOEeNCTBUS. MonydeHHas
BenmMyMHa oOMEHHOro uHTerpana B AuMepax MoXeT ObiTb MCNofb30BaHa
npu NOCTPOEHUN Teopumn ObHapyxeHHoro npu Temnepatype Tn = 0.16 K
aHTUEPPOMArHUTHONO  JNEKTPOHHO-A4EPHOro  ynopagoymBaHma B
KOHLEeHTpupoBaHHOM coeamHeHnn HoAIO3. [1eMCTBEHHOCTb TEOPETUYECKON
Moaenu 6bina npoBepeHa Ha kpuctanne YAP:Tm, ona KOTOporo AaHHble,
nony4veHHble metogom AlNP, cornacytotcs ¢ pacdyetamm K.



NCCINEOOBAHUME F-LUEHTPOB OKPACKW B Yb:YAG KEPAMUKE
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ANlOMOUTTPUEBLIN  rpaHaT, OOMUWPOBAHHbLIK  MOHaAMW  UTTPUS
(Yb:YAG), sBndetcs OOHUM U3 MEpPCrneKkTUBHbIX MaTepuanos Ons
TBEPOOTENbHbLIX fa3epoB, Onarogapss BO3MOXHOCTU  U3rOTOBEHUS
n3genun 6onbLIOro pasmepa n CrioXXHOM reoMeTpmu4eckon dopMsbl, a Takxke
nosyyeHnss 6Gonee BbICOKMX KOHLEHTpAUUW aKTUBMPYHOLLEA MNPUMECH.
B npouecce npousBoacTBa KepaMMKMU BO3HUKAKOT CTPYKTYPHble OedeKTbl,
Takne Kak F-LUeHTpbl OKpacku, BNUSIOLWME Ha ONTUYECKUE U CreKTparnbHble
CBOWCTBA.

Llenb AaHHOM paboTbl — OLEHKa BNUSHUSA CTPYKTYPHbIX OeeKTOB Ha
cnekTpanbHble xapaktepucTtuku Yb:YAG.

B Bugmumon obnactm (A = 200 - 900 HM) cnekTp nornoweHuns Yb:YAG
KepamMuMKn He COOAEpPXWUT JIMHUMA MNOrNOLWEHUs, CBHA3aHHbIX C 4f-Af
nepexogamu (puc. 1a) [1]. OgHako BHeOpeHME KUCNOPOAHLIX BaKaHCWUI
(F — uUeHTpbl OKpackuM) nNpuMBOAUT K MOSIBAEHUIO 3 LUMPOKUX JIMHUA
nornowenns (¢ wupmHon AA = 50-100 HM) ¢ gnuHamu BOMH (LEHTPLI
nnHunm 230, 270, 390, 660 HM), KOTOpPbIE MOXHO OBOBLACHUTL Nepexogamu
91EKTPOHOB, NMOKaNMU30BaHHbIX B LLEHTPaxX OKPaCKW.

CnekaHne B Bakyyme CnocobCTByeT CO34aHMI0 KUCOPOAHbIX
BakaHcui B Yb:YAG (F-ueHTpbl okpacku) (puc. 16) [2].
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PucyHok 1. a) cnekTp nornoweHust obpasua Yb: YAG;
6) cnekTp nornoweHunsa obpasua Yb: YAG, cogepxauiero + F-LeHTpbl

OcCoBeHHOCTbI0  JaHHOM  KepaMuKM — ABSieTCA  TemnepaTypHasd
3aBUCMMOCTb  MOrMOLWEHUs, BbI3BaHHAss paccedHnem (OTOHOB Ha
Kpuctannutax  (MeXKpUCTannuTHbIX  rpaHuuax)  kepamukn.  [lpu



yBenuyeHnn temnepatypbl oT T = 153 K go T = 203 K npoucxoaut
yBenuyeHne KoagduumMeHTa MOormnoweHnsi, KOTopoe MOXHO OOBbSCHUTb
ynpyrum paccesiHme cBeTa, Bbl3BaHHbIM TeMmoBbIM  paclUMpeHnem
kKpuctannutos Yb:YAG. B gmanasoHe Temnepatyp oT T =233 Koo T =
323 K npouncxoauT yYMEHbLUEHWEe MOorfoweHns, BEepOosATHO, Bbl3BaHHOE
N3MEHEHNEM CTPYKTYPbl MEXKPUCTAISIUTHBIX [PaHUL, C YMEHbLUEHUEM
LUMPUHBI NepexoaHon obnacTu.
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Kepamunka antoMouTTpUMEBOro rpaHaTta, AOMMPOBaHHOMO WOHaMWU
Heoauma (Nd:YAG), obnapaer  psaom NpenmMyLLeCTB nepen
MoHoKkpuctannamm Nd:YAG: BO3MOXHOCTb W3roTOBMEHUS  U34ennn
OonbLIOro pasmepa M CroXHon dopMbl, Donee BbiCOKas MexaHu4yeckas
NPOYHOCTb N TepMMyecKas CTOMKoCTb [1].

Llenbto gaHHoOM paboThbl ABRSiETCA MccnegoBaHWe TemnepaTypHoOu
3aBucumMocTn napametpoB [xapga-Odensta (LI AJ Al ) [2] Nd:YAG
Kepamukn (aTomHoe coaepxaHune noHos Nd3* — 1 %).

TemnepaTypHble U3MepeHNsa nNposBoaunncb B ananasoHe ot T = 153
Koo T = 323 K ¢ warom 10 K. N3 akcnepuMmeHTanbHO W3MEPEHHbIX
CMEKTPOB MPOMNyCKaHUs onpenensany ocuunisaToOpHyo cuny "Q | a 3aTew,

~

ncrnonb3ys COOTHOLLEHNE §] B ill JY
(0  — 3KcnepuMeHTanbHO-U3MepeHHas cuna ocuunnatopa ana Q- ro

nepexofda 4f-4f, Y — npuBeaeHHble MaTPUYHbIE 3MEMEHTbl rnepexonax

[3]), onpepenanu napametpbl [xagna - Odenbta. PesynbtaTthl
06paboTKn akcnepuMeHTanbHbIX JaHHbIX NPUBEAEHbI HA PUCYHKE.
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Puc. TemnepaTypHas 3aBMcuMocTb napameTpoB [xanaa — OdenbTta

N3 nonyyeHHOW TemnepaTypHOM 3aBUCUMOCTM creayeTt, 4YTo C
yBeNu4eHnem TemnepaTtypbl Habnwgaetcsa pocT Ll , 4To MOXHO 0O BbACHUTL
9J1IeKTPOH-(POHOHHBIM B3auModencTenemM. B TO Xe BpemMsa yMeHblUeHue
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napametpoB LI Al ¢ yBenuuyeHnem TemnepaTtypbl MOXHO OBGBSCHUTHL
TemnepaTypHbIM paclUMpeHneM MaTepuana, NpMBOASLUM K YMEHbLUEHUIO
BHYTPEHHErO NOKanbHOro 3N1EKTPUYECKOro Nonsi.
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N3NYHEHME CBEPX®JTYOPECLUEHLWN N CBEPXUIJTYYATEJNIbHAA
NA3EPHAA TEEHEPALIMA B MOHOKPUCTAIE YPO4: Er®*
HA TENIEKOMMYHUKALUMOHHOW ONWHE BOJIHbI

K.N. l'epacumos?, M.M. MunHeranues?, C.A. Moucees?, 1.B. BpekoTkuH?,
M.H. MonoBa?
IsOLOdMSd?2 CoOdidstso r,2 tysifipisdier, s OL
Rdzisdiskzls MY j € Is to tsunt€ tsf fef&fin S o0@ sy fyd v

E-mail: brekotkin.ivan@yandex.ru

Csepxuanydenme (CW) [LOuke [1] xopowo W3BECTHbIN 3PeKT
KOONepaTMBHOIO W KOFEPEHTHOrO CMOHTAHHOIO W3rfy4YeHusi, KOTOpPbIN
Bbl3blBaeT WHTEpPeC B TakuMx 06facTax uccnegoBaHWKW, Kak Hanpumep,
dm3nka nasepoB U kBaHToBas ontuka [2]. KoonepaTuBHOE CNOHTaAHHOE
N3ny4yeHne B MaKpOCKOMMYeckoM aHcambne (o6bem >> A3%), kak npasuno,
HasbiBaeTcs cBepxdnyopucueHunen (CP) [3]. B gaHHom pabote 6bino
npoBeaeHo wuccnenosaHne CO® B MoHokpuctanne YPO.: Er¥* npwu
TemnepaTtype ot 3,5 go 18 K. Mbl Habntogann mowHoe nsnyyvyeHme CO Ha
TeNeKOMMYHUKaLMOHHbLIX AnvHax BonH (1,5 mkm) n reHepauyuio CU nasepa
NpU pPasfnyHbIX CXeMax HakadkM W gnvHax BoOmfH. [Mpy uMMynbCHOM
BO3byxaeHun CO gemMoHCTpupoBana Knaccuyeckui konebaTenbHbIN
xapakrep.

Pumping pulse Gigant ringing
SF SF pulse after
B turn-off of
the pumping
Ringing SF after 9 pus
delay
B -
o

1 1
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Intensity (arb. un.)

Exponential decay
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~ time constant

of ~7 us

CW SR laser generation,
stationary mode

Transitional mode
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Puc. OuHamuka CO Ha noHax Erd* B moHokpuctanne YPOs, T = 4 K. YepHasa kpusas —
UMNYNbC Hakadkm MoLHocTblo ~170 MBT. KpacHas kpuBas usnyyeHne CO Ha nepexoae
H132(Gsh)-  4l1s/2(Gs?)
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Mbl nccnegoBanu 3aBUCUMOCTUM BPEMEHHOW 3a[EepPXXKWU, MNUKOBOM
MOLWIHOCTKN, obuwen aHeprn CO, ONUTENbLHOCTM wUMNOynbCa WU UX
dnykTyaumin oT 3Heprum nmnynbca Hakadku. Kpome TOro, mbl gobunuch
paboTbl y3kononocHoro (= 48 kl'y) ogHo4YacToTHOro N ogHomogosoro CU
nasepa c Bbicokum anddepeHumansHbiM Kl (= 84 %) npu HenpepbIBHON
HaKauke.
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CTPYKTYPA W CMEKTPAJIbHO-NMIOMWHECLUEHTHBIE CBOVCTBA
HAHOPASMEPHbBIX HACTULL ZrO2-Y203-Eu203
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Kepamnyeckne wmatepmanbl Ha ocHoBe ZrO, Gnarogaps
YHUKaNbHOMY COYETaHUK CBOWCTB WM BO3MOXHOCTU TOYHOIO KOHTPOSIS
CTPYKTYpbl 00OnagatT OrpoMHbIM  MOTEHUMANIOM [ONA  NPaKTUYeCKoro
npumeHeHna [1]. Npn aTom cnegyeT OTMETUTb, YTO CTPYKTypa, CBOMCTBA U
Ka4eCcTBO MOSflydaeMou KepaMuKu OnpedesiaoTcs  XapaKTepucTukamu
NMOPOLLKOB, WCMOSIb3yEMbIX B KayeCTBe MPEKypcopoB, U CYLLECTBEHHO
3aBUCAT OT MeToa UX MONyYeHUS.

PesynbTaTbl KOMMMEKCHbIX WCCeaoBaHUN CTPYKTYpbl, ©a3oBOro
coctTaBa M CNeKTpanbHO-NIOMUHECLIEHTHBIX  CBOWCTB  KPUCTansoB
KOHUEeHTpaunoHHoro psiaa ZrO2-Y203-Eu203 Obinu npeactaBneHbl paHee B
paboTtax [2-5], B KOTOpPbIX ObINO MOKa3aHo, YTO WMOHbI Eu®* B ManbIx
KOHUEHTpaumax MoryT ObiTb 3)dEKTUBHO MWCMOMb30BaHbl B KadecTBe
CMEKTPOCKOMUYECKOro 3oHA4a ANA uccrnefoBaHns CTPYKTYpPbI.

B Hactoswen pabote npoBedeHbl uccrnegoBaHna mopdonornu,
das3oBoro coctaBa U CNeKkTpanbHO-JIIOMUHECLIEHTHbIX  CBOWCTB
HaAHOMOPOLUKOB  KOHUEHTpauuoHHoro  psaga  ZrO2-(4-27mon.%)Y20s-
(0.1M01n.%)Eu203, nonyyYeHHbIX METOAOM XMMWYECKOro COOCaXOeHUS.
BbinosiHEH  CcpaBHUTENbHBbIN  a@HanNU3  pes3ynbTaToB  UCCredoBaHUA
HaHOMNOPOLLKOB Zr0O2-(4-27m0n.%)Y203-(0.1mM0n.%)Eu203 n
MaKpPOCKOMUYECKUX KPUCTasrsioB aHasnorMyHoro cocrtaBa, MOSTyYEeHHbIX
MEeTOAOM HarnpasBfieHHON KpucTannu3auun C WUCNoSib30BaHWEM MPAMOro
WHOYKUMOHHOrO HarpeBa B XOJI0QHOM KOHTENHepE.
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HOBbI KNACC MOMUHO®OPOB HA OCHOBE BAHAZIATOB
CTPOHLIMSA SrsMgR(VOa)-
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Cpeon BewecTB, COOTBETCTBYHOLUMX BbICOKMM  TpeboBaHuAM,
npegbsaBnseMbiM K JIIOMMHOOpPaM HOBOMO [MOKOMEHUS, BblOENATCS
COeVHEeHMs co CTPYKTypOu TMna
B-Caz(POs)2. 0O6nagasi BbICOKOWM  M30OMOPMHOM  €MKOCTbl), Takue
COeaVHEeHUs NpeacTaBnAlT cobon BeCbMa NepCrnekTUBHY MaTpuly As
Nnosly4eHns NIOMUHECLIEHTHbIX MaTepuanoB. Tak, Hanpumep, BBOASA B
CTPYKTYpPY penkosemernbHble anemeHTbl (P30 — R), MoxHO pobutbces
NIOMUHECLIEHLNMN B pasfnnMYHbIX obnacTtsx cnektpa. CToOUT OTMETUTb, YTO B
OAHHOM CTPYKTYPHOM ceMencTBee BO3MOXHO CyLwiecTBoBaHue
NOMUHOKOPOB He TOJIbKO Ha OCHOBE
B-Cas(POs4)2, Hanpumep CasMgEuU(PO4)7 [1], HO W WN3OCTPYKTYPHbIX
BaHagatoB kanbuus, Caoln(VO4)7:Eu®* [2], a Takke WX aHanoros
dooccaToB, NOCTPOEHHbIX Ha oOcHoBe cTpoHumss — SrsMR(PO4)7 [3]. B
cepuax CTpoHUMEBBIX (PocdaToB, WU3OCTPYKTYPHbIX CTPOHLMOBUTIIOKUTY
unn  SroFe1s(POs4)7 [4], npoueccbl ¢asoobpa3oBaHUs  OCTalTCH
ManounsyyYyeHHbIMWU, B OTNMYME OT MX KalnbLMEeBbIX aHanoros (Hanpumep,
Cag_xM?*xR(PQ4)7), roe 3adukcMpoBaHO (OOPMUPOBAHME HEMPEepPbIBHbIX
cepuin TBepAblX PaCcTBOPOB KakK NPU KaTUOHHbLIX [5], Tak M aHWOHHbIX
3ameLLeHnsx, 4To 6bI1o nokasaHo, Hanpumep, B cepumn CagY (PO4)7—x(VOa)x
[6]. WM3ocTpykTypHble [(-Cas(POas)2 BaHagaTbl CTPOHLUMA K HaCTOSLEMY
MOMEHTY MNpeaCTaBneHbl TONbKO OTAENbHbIMK coeanHeHuaMn Sroln(VOas)7
[7], SreR(VO4)7 (R = Tm, Yb n Lu) [8], SreLa(VOa)7: XEu®* [9].

Hamu O6bina u3ydyeHa BO3MOXHOCTb aHUOHHbLIX 3aMEeLLeHUn B Cepun
docatoB  SrsZnNEU(PO4)7-x(VOs)x [10], ©n nokasaHa BO3MOXHOCTb
nosly4eHnst HeNpPepbIBHOW cepun TBEpAbIX pacTBopoB B 06nactn 0 < - < 6.

B HacTtoswen paboTe, NOMMMO MOMYyYEHUS aHanOrnM4yHOM Cepun,
coaepxallen unoHbl Mg?" c obuwen dopmynon SrsMgEU(PO4)7-x(VOa)x,
OblN CMHTE3NPOBaAHbLI M UCCNedoBaHbl BaHagaTbl CTPOHUMS ONA BCEro
psaga P33 — SrsMgR(VO4)7. Obpasubl Nofy4eHbl METOAOM TBEPAOGA3HOIo
CYHTE3a U3 CTEXMOMETPUYECKUX KONMMYeCTB UcxogHblx peareHToB MgO,
SrCOs, NH4H2PO4, NH4VO3 n R203. CuHTE3 npoBOAWNM B HECKOSbKO
nocrnegoBaTerbHbIX 3TAnoOB C MOCTEMNEHHbIM YBENUYEHNEM TemnepaTypbl
cnHTesa oT 400 pgo 1100 °C, BpemMsi BblAepXKWM Mpyu  (PUHANBHOM
TemnepaTtype coctasnano 100 4. [Nanee o6pasubl MeaneHHo
oxnakganucb BMeCTE C neyvbto 40 KOMHATHOW TeMnepaTtypbl.
OndopakTorpamMmmMbl cepum CMeELLaHHbIX doocdaTo-BaHa4aToOB MpuBeLEHbI
Ha puc. 1a. Bce pednekcbl CUMHTE3MPOBAHHLIX BELLECTB COOTBETCTBYIOT
dase cTpoHumoBUTIIOKUTA (Sro.ssMgo.14)3(PO4)2 [11], Bkntoyas BaHapar
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SrsMgEu(VOa)7, B otnuume ot SrsZnEu(PO4)7-«(VOa)x [10], roe BaHagat
SrsZNEu(VO4)7 oemMmoHcTpupoBan npumMmech dasbl CO CTPYKTYPOW 3BNUTUHA
SrsEu(VO4)s. Mo mepe 3amelleHnsa P> — V°* napameTpbl aneMeHTapHbIX
silYeeKk OEeMOHCTPUPYIOT MOHOTOHHbIA pocT (puc. 16), 4To cooTBeTCTBYET
npasuny Berapaa.

(a) SrMgEu(PO,),,{VO,),
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Puc. 1. lndpakrorpammbl ons cepumn cmellaHHbix oocdaTto-BaHagaToB
SrsMgEU(PO4)7-x(VOa)x 1 wtpmx-andpakrorpamma ans (Sro.ssMgo.14)3(PO4)2
(PDF-2 Ne 47-1895)

CnekTpbl  M3ny4vyeHns  doTontoMuHecueHuun ansa  docdaro-
BaHagaTtoB SrsMgEU(PO4)7-x(VOa)x NpuBeaeHsl Ha puc. 2.
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Puc. 2. Cnektpbl poTtontommHecLeHumm SrsMgEU(PO4)7-x(VOa)x; Ha BCTaBke

npuBeaeHbl 3aBUCUMOCTU MHTErpanbHON NHTEHCUBHOCTU (DOTONMOMUHECLEHLIMM
npu Aex = 395, 465 HM

Habniogaemble Nonocbl Ha CrnekTpax COOTBETCTBYHOT 3IEKTPOHHbLIM
nepexogam katuoHa Eu®* ¢ HukHero B030YyXOeHHOro cocTtosHua °Do Ha
TEPMbl OCHOBHOIO COCTOSIHUSA Fj. AHanu3 uHTerpanbHbIX UHTEHCUBHOCTEN
npu OnvHe BONHbI BO36YyxaeHus 395 u 465 HM npuBeaeH Ha BCTaBke.
MOXHO BMOETb MOHOTOHHLIM POCT MO Mepe YBESIMYEHUA COoAepXKaHUuA
VO4* rpynnbl B cTpykType. OOHako, nNpu nepexode K YMCTOMYy BaHadaty



SrsMgEu(VOs)7 Habnwogaetca HEKOTOPOEe CHWKEHWE WHTEHCUBHOCTU
JOoTONMOMUHECLIEHUNN,  OOHAKO, MNO  CcpaBHeHUO Cc  dhocdaTtos
SrsMgEuU(PO.)7 nHTerpanbHasi UHTEHCUBHOCTb CBeYeHUst MoHoB Eu* Bhilwe
bonee, yem B 2 pasa. CmellaHHOE aHMOHHOE OKpPY)XeHue LEHTPOB
CBEYEHMS OKasblBaeT BIIMSHME HaA KOOPAMHAUMOHHbIE  MNONM34PbI,
3aHMMaeMble MoHamu Eu*, u, B utore, BedeT K pocTy 3pdEKTUBHOCTM
cBeveHusi. B pabote obcyxpatoTca KpucTtannorpaduyeckne acnekTbl
cBeyveHns noHos P33 B matpuue SrsMgR(VOa4)7 1 cmellaHHbIX dpocdaTo-
BaHa4aToB.

t OBSISO o' ftsdzdzy dzO § tcd W d dzOdzmtso t52-
73-10007.
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CTPYKTYPHBbIE N ®USNKO-XUMUNYECKUE XAPAKTEPUCTUKA
ONTUYECKOW KEPAMUKN AITFOMOMAIHVUEBOW LUMWHENN
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AnioMomMarHmeBasd WNWHENb C  Kybuyeckon  Kpuctansmyeckom
CTPYKTypor obnagaet mnpeBOCXOAHbIMU XUMUYECKUMU, TEPMUYECKUMMU,
ONINEKTPUYECKUMN, MEXAHUYECKMMU U ONTUYECKMMWU CBOMCTBaAMU. ITU
CBOMCTBa [AenalT I3TOT MaTepuan nepcnekTMBHbIM A9 ONTUYECKU
NpO3payHbIX OKOH, KyrnosioB U BPOHK, CUCTEM HOYHOIO BUAEHUSA, a TaKke
KaKk OCHOBa OS5 CUMHTUNNSAUMOHHBLIX M NasepHbiX MatepuanoB. OgHako
npouecc nonyvYeHnsa antoMoMarHMEBOW LUMMHENW ON9 UCNOSNb30BaHUS B
KayecTBe ONTUYECKUX WU3OENUA  PasfiMyHOro HasHayYeHus O0CTaTOYHO
cnoxeH. [ns cuHTe3a antoMoOMarHuMeBasi LUMWHENM BbICOKO OMTUYECKOro
KadyecTBa TpebyloTCA KakK MWCXOAHble TMOPOLLUKMA BbICOKOW YUCTOTbl W
HeobXoOMMOW CTeneHu [OUCNEePCHOCTU, TaK U  BbICOKOTEXHOMOIMMYHbIE
MEeTOAbl CUHTE3a C onpefeneHnemM OnTUManbHbIMU PEXMMOB Ha KaXK4oMm
n3 ero artanoB. brnarogaps Takomy noaxogy MoOryt ObiTb MOMyYeHbI
ONnTUYecKMe Martepumaria BbICOKOM MSIOTHOCTU C HaMMeHbLUeW CTerneHblo
noTepb Ha paccesiHue.

HaHonopowkn antomMoMarHMeBoW LUNUHENW Mofyvanu C MOMOLLbIO
o6paboTkn cmecu NCXOOHbIX KOMMEpPYECKNX NMOPOLLKOB B
CTEXMOMETPUYECKOM COCTaBe B CepUMHON ycTaHoBKe cuHTe3a «ATJIIAC»
npoussoactea OO0 «UK-TTE». CTpykTypy 1 (pa3oBbi COCTaB MOPOLLKOB
nccnegosanu MeTogamu PEHTreHOBCKOM AndgopakToMeTpum n
NpocCBeYMBalOLLEN INEKTPOHHOM MUKpockonuu. B paboTe nokasaHo, 4To
CYHTE3NPOBaHHbLIN MaTepuan aniMoMarHMeBOW LUNUHENWN NpeacTaBnseT
cobon cnaboa-rnomepoBaHHble 6ernbii MOPOLIOK C HMU3KOW HACbINHOM
nNNoTHOCTbO.  [lopowok  6b1  ogHOasHbIM, Ha  AudpakTorpamme
Habngann TOMbKO OTpaxeHusi, cooTBeTcTByowme dase MgAlLOs.
Yactuubl nopowka wuMenu cdepudeckyto qopmMy, pasmepbl 4acTul
BapbmpoBanucb B pAuanasoHe oT 20 go 30 HaHomeTpoB. CpegHee
3HayeHue yOdenbHOM MOBEPXHOCTU  CUHTE3MPOBAHHOIO  MaTepuana
coctaBuno 75 w™?r. OnTuyeckne CBOWCTBaA MNPO3pPaqYHON KepamuKu,
N3roTOBMIEHHON W3 CUHTE3UPOBAHHbLIX MOPOLUKOB, METOAOM ropsiyero
OLHOOCHOro MNPeccoBaHUA C MOCreaylWmM FopssyYnM  MU30CTaTUYECKUM
npeccoBaHneM, 6bIsiM CONOCTaBUMbI C UMEKOLLMMUCSA B HACTOSLLIEE BPEMS
aHanoramu. CeTtonponyckaHue obpasuoB gocturano 75% B AnanasoHe
onvH BonH ot 0,4 oo 6 mkm. B pabote obcyxgatTca ocobeHHoCTU
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TEXHOJTIOrMYEeCKoro npouecca CUHTe3a MOPOLUKOB C MOMOLLbIO YCTaHOBKM
«ATJIAC», a Takke OCOBEHHOCTM KOMMNAKTUPOBAHUS WU TEPMUYECKOM
obpaboTkun. NokasaHo, YTO Ka4eCTBO MOSTy4YEHHbLIX 00pa3LoB 3aBUCESO OT
yCrioBMIA  NpoBedeHNd  npouecca  KoMnaktupoBaHuda.  [1poBedeHbl
nccrneaoBaHNa XapakTepucTuk obpasuoB  antoMOMarHMEBOW  LUMUHENN,
MOSTYYEHHbIX Ha KaxaonW CcTaguuM TEXHOSOrMYyecKkoro npouecca npu
NCNOSb30BaHUN APYrMX BUAOB MCXOOHbIX MOPOLLKOB.



CTPOEHME U NNMIOMMHECUEHUMNA OUMEPHbBIX NMMBAJIATOB
NAHTAHMAOOB C NMPOU3BOAHLIMA 1,10-OEHAHTPOJTNHA
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C nomMowpbio MIOMUHECLEHTHOW CMEKTPOCKONMUN, PEeHTreHOBCKOM
ONdpPakUnMM U BblYUCIIUTENBbHBIX METOLOB M3yyeHa B3aUMOCBS3b Mexay
CMEKTPOCKOMNYECKUMN N CTPYKTYPHbIMKU  OCOBEHHOCTAMW  OAUMEPOB
nueanaTtos naHTaHngos Ln(Piv)s(Phn) (rae Ln = Eu, Gd, Tb; Piv = (CH3)3C-
COO~; Phn = 1,10-peHaHTponunH (Phen) u ero 4-metun-, 4,7-aumMeTus-,
3,4,7,8-teTpameTun-, 5-amnHo- (APhen) n 5-HUTPO-NPON3BOAHLIE).

Pabota 4aBnsetca NpPoOAOSMKEHMEM  UCCNeaoBaHUN  OMMEPHbIX
anndaTtmyeckux n apomMmaTuyeckmx kapbokcmnatoB naHTaHMaoB € N-
OOHOpHbIMM nurangamu [1]. TvBanatbl obnagaloT BbICOKMM KBAHTOBbLIM
BbIXOQOM  JIIOMMHECLEHUMM, a Takke  Xopowen  TepmMo- W
doTOCTabUNBHOCTLIO. CoegnHeHns XOpOLLO pacTBOPAIOTCS B
OpraHMYecKknx pacTBOPUTESNSIX U CMOCOBHbLI K BO3rOHKE B BaKkyyme. OTU
OCODEHHOCTM genalT UX NpuBrekaTternbHbiMKM  ONS  U3YYEHUS WU
NOTEHLUNANbHOIO NPMMEHEHUS B Pa3nNUYHbIX 061acTax Haykn U TEXHUKN.

N3amepeHbl crnekTpbl NIOMUHECLEHUMN coeanHenun Eu n Tb, cnekTpobl
docdopecueHumn coeguHeHnn Gd, BpemMeHa KU3HU SNEKTPOHHbIX
cocTosAHUI °Do (EU®*) 1 °Da (Tb3*) 1 MHTEHCMBHOCTL MIOMUHECLEHLUN MNPU
77 n 295 K. OnpegeneHbl Kpuctannuyeckne CTpYKTypbl CEMU COEOUHEHUNA.
C nomowpbto nporpammHoro obecneveHnss LUMPAC [2] paccumTaHsbl
napameTpbl MHTeHcnBHOCTU [kanna-Odpenbta Qi (A = 2, 4, 6) NuBanaToB
Eu, ckopoctn wu3nyyaTenbHbiX W 6esbl3aniydatenbHbiX  MPOLEeCcCoB,
KBaHTOBasi 9MPAEKTUBHOCTb W KBAHTOBLIA BbIXO4 JIIOMUHECLIEHLNN.
[MokaszaHo, 4TO MexaHuam guHamudeckon ceaAsn (DC) gomuHupyeT B
KOHTpone uHTeHcuBHocTu f-f nepexopos Eu®'.

MpoaHanunanpoBaHa 3 (PEKTUBHOCTb nepenayn SHeprum
BO30yXaeHns k noHam Eu®* n Tb®" B 3aBMCUMMOCTM OT OTHOCUTENBHOIO
MONOXEHNs1 PEe30HaHCHbIX YPOBHeW WoHOB Ln3* u HaubGonee HU3KUX
BO3DOY)XOEHHbIX S1 M Ti COCTOSIHUIA, OTHOcAWMXCA K nuradHgy Phn.
MHorooHoHHas penakcaums ABNsAeTCs €ONHCTBEHHbIM
Be3bl3nyyatenbHbiM  OpoueccoMm B nuBanatax Eu. CkopocTb 3Toro
npoLecca Hu3kasa us-3a yaaneHHoro pacnonoxeHna —CHsz -Tywuutenen ot
noHa Eud. Otor haktop obecrneurMBaeT BbICOKYID KBaHTOBYIO
adpdeKTUBHOCTL MNoMuHecLeHUmn Eud': 55-62 % npu 77 K. KBaHTOBBbIN
BbIXOZ TaKXe NeXuT B 9TOM AuanasoHe, YTO YyKasblBaeT Ha BbICOKYH
ap(peKTMBHOCTb Mepeaayn 3HepruM oT nuraHaoB K MoHy Eu®'. OgHako B
cnyyae Eu(Piv)3(APhen) npun 295 K 311 napameTpbl yMeHbLUAOTCA BOBOE,
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4TO OBYCNOBMEHO pacrnonoXeHnem ypoBHS T1 Mexay ypoBHsSMU °D1 1 °Do
noHa Eu3'. PaccuuTtaHHble 6esbi3nyYaTenibHble CKOPOCTU MNpPAMON WU
obpaTHoi nepedaun sHeprum T1—°D1 n T1°Do cornacyoTcsi ¢ aHepruen
TpunneTa B pasfiMyHbIX COeANHEHNAX eBPONUS.

B nueBanatax Tepbus, noMMmMoO MHOrooOHOHHOW penakcaumu,
aKTUBEH Takke obpaTHbIn nepeHoc 3Heprun °Da-Ti, YTO NPUBOOUT K
YMEHbLLEHUIO BPEeMEHM XM3HU cocTosiHus °Ds npu 295 K, a Takke K
CHWKEHUID WHTEHCMBHOCTU JIOMUHECLEHUUX BMAOTb A0 €€ MOJSIHOro
TyweHnsa. [lpy Bo3OyxaeHunm B nomnocy Se-Si1 nuraHga Phn Tonbko
Tb(Piv)3(Phen) wumeeT BbICOKYHO  MHTEHCUMBHOCTb  JIOMUHECLEHLMMW.
YMeHbLLUEHHOE BPeMSs U3HM cocTosiHUA °Da B 3TOM nuBanaTte npu 77 K u
oTCcyTCTBME oObpaTtHOM nepefayn aHeprum npm 295 K obbacHATCS
BNMUSIHWEM CUIBHOIO CBA3bIBaHUA Tb ¢ obonmu nuraHgamu.
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CNEKTPOCKOINUYECKOE NCCIIEOOBAHUVE N BUONMAA
MIOMUHECLEHUMA MOHOB Th** B KPUCTAINAX Th/Yb:SrF
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KpucTtannsl, akTuBMpoBaHHble MOHaMK Tepbua, npeacTaBnsaoT UHTEpeC
OS5 co34aHna nasepos, paboTalowmx B BUAMMOM CreKTpanbHOM AnanasoHe.
B paboTte wuccnepoBanucb Kpuctannbl Sro.oesTho.o2F2.02, SrogoTboi1oF21 ©
SrogsxThoosYbxF2os+x (X = 0,0.05,0.10), Bblpall€eHHble METOAOM
BpumkmeHa-Ctokbaprepa B MHOrokaHansHom rpacduTtoBom Turne. Modsl Yb3*
MCNOnb30BanNnCb B KayecTBe CEeHCMbunuaatopoB Ans BO3OYXOEeHUS MOHOB
Tb®*. CnekTpbl MNOrMOLIEHUA KPUCTanNMoB W3MepPsAnicb NpU  KOMHAaTHOM
Temnepartype B guvanasoHe AsvH BonH oT 300 HM o 3200 HM. 3 cnekTpoB
nornoweHnss ¢ nomouwbio Teopun [bkapna-Odenbta onpeneneHbl CUnbl
NMHUIA, paccyMTaHbl BEPOATHOCTM MNEepexoaoB, KOIMPPUUMEHTbI BETBMEHUS
NMIOMUHECLIEHLIMW M pafuaLMOHHOE BpeMs XM3HW ypoBHA °Da noHa Th3,
KOTOpOe BO BCEX Kpuctannax umeno Onuskme 3HayvyeHust M COCTaBMsno
Tr= 6.6 Mc. CnekTpbl NOMUHecUeHUMNM WoHoB Th3* B Kpuctannax Obinu
n3mMepeHbl Npu Bo3dyxaeHun Tpetben rapmoHnkon Nd:YAG nasepa (355 HM)
Ha nepexope ’'FeA SLo. PacuyeTHble 3HAYEHUS CeYEHUN NIOMUHECLEHLMM Ha
nepexonax °DsA "Fs u °DsA "Fa (AnvHbl BonH 544 HM 1 586 HM) cocTaBunm
7.0 x 10722 cM? n 2.2 x10722cm?. Bpems XU3HW NMIOMUHECLIEHLIMN Ha YPOBHE
D4 B MoHax Th®* GbINO u3MepeHo Npu BO3OYXOEHUM TpeTbeil rapMOHUKOW
nmnynbcHoro Nd:YAG nasepa ¢ OnNUTenbHOCTbIO MMMyrnbcoB 22 Hc. B
KpucTannax, akTUBUPOBAHHbLIX TONbKO MoOHamyn Th3* (SrixTbxF2ix, X =
0, 0.05,0.10), oHO wumeno 6nM3kMe 3HayeHna okono 5.9 wMmc, 4TO
cBMaeTenbCcTByeT 00 OTCYTCTBMWU KOHLEHTPALMOHHOIO TYLUEHUSI Y WOHOB
Tepbus. B kpuctannax, CO-aKTMBMPOBAHHbLIX WOHaMu wuTTEpdua (Sro.os-
xTho.osYbxF205+x, X = 0,0.05,0.10), KkpuBble 3aTyxaHuUs JIHOMUHECLIEHL MM
XOPOLLO ONUCHLIBANMCb OQHO 3KCMOHEHUManbHOM 3aBUCUMOCTbBIO C BpEMEHAMMU
Xun3Hn 5.9, 5.3 1 4.1 MC. YMEHbLLEHNE SKCNEPUMEHTANIbHOIO BPEMEHU XKU3HU
C POCTOM KOHLeHTpauunm uoHoB Yb3* o06ycnoBrneHo KoonepaTuBHbLIM
npoueccoM AayH-KoHBepcuu, HabnogasLwmMmcs paHee B paborte [1].

B paboTe uccrnegoBanacb NOMUHECLIEHLNSA MOHOB Th3* B kpucTannax
Tb/Yb:SrF2 npu BO3GYXaeHUN WOHOB Yb3* u3nyyeHMem HenpepbiBHOro
AnmogHoro nasepa C  ANMHOW  BOfHbl 955 HM. [lpu 3TOM  CnekTp
NOMUHECUEHLMN NOHOB Tb3" Bbin MOEHTUYEH CNEKTPY, NOMYyYEHHOMY MpU UX
npssmMomMm  BO3OyXaeHun. Habnwganacb  KBagpatuyHas  3aBUMCUMOCTb
WHTEHCUBHOCTU  NIOMUHECLEHUMN MoHOB  Tb3*  OT  WHTEHCUBHOCTU
BO3OYyXXOalLWEro U3nyyYeHusi, 4YTO CBWOETENbCTBOBANO O TOM, YTO
BO3Oy)KaeHne wuoHa Tb3* npoucxoaut 3a cyeT KoonepaTMBHOro arn-
KOHBEPCUOHHOrO MnpoLecca ¢ nepegadent Bo3byxaeHust oT AByX MoHoB Yb3*
OOHOMY MOHY Th3*,
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OOTOANHAMUNYECKWE MNMPOLIECCHI B KPUCTAINAX BaY:Fs
NPV OBONHOW AKTUBALIMN MOHAMW Th3*-Yb3*
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CornHeYHble nNaHenu octarTCca OOHUM U3 KIOYEeBbIX HanpasfeHun B
pa3BUTUN  BO30OOHOBMNAEMbIX WUCTOYHUKOB  9Heprun. CoBpeMEHHble
nccrnegoBaHWA  HarnpasrieHbl Ha MOBblWEHWe WX 3PgEKTUBHOCTM W
OONTOBEYHOCTN 3a CYET ONTMMU3AUUM MaTepuanos U KOHCTpyKUnn. OgHnm
M3 NEepcneKkTUBHLIX MOAXOO0B SABMSETCA WUCNOMb30BaHWEe MTOPUOHbIX
KpUcTanmnoB, akKTMBMPOBAaHHbIX peako3eMerlbHbIMM MOHaMW, B KayecTBe
OOMNOSTHUTENbHbBIX NOAM0XEK NN PYHKUMOHAIbHbIX CNOEB, YTO NO3BONSAET
YNydWnTb OMNTUYECKME W TEPMUYECKNE XapPaKTEPUCTUKN  COMHEYHbIX
naHenen [1]. Mpumepom sBnsetca npumeHeHne CaF.:Ce3*-Yb3* nans
yBenmyeHna appekTMBHOCTM NOTMOLEHUS KpeMHUEBOM NOAMNOXKN. B aTOM
coeauHeHun Ansa napbl noHoB Ce* n Yb*" moxeT HabnogaTbca nepegava
BO3OyxaeHnss oTr wuoHoB Ce** Kk wuoHam Yb3®* ¢ nocneaywowmm
BbiCBeuYMBaHnemMm B onmkHen MK obnactm ¢ kBaHTOBOM 3G EKTUBHOCTLIO
bonee eguHuubl. PaspaboTka Takmx HaHodocdopoB NO3BONSAET
pa3pabaTbiBaTb HOBble BbICOKOI(MEKTUBHLIE COSIHEYHbIE nNaHenu [2].
N3BecTHbl W gpyrme adpdekTuBHbIE Mapbl WMOHOB And  nogobHoro
npeobpasoBaHus aHeprun. WccnepgosaHust ctekon 50P20s5-20Ca0-
25Naz0-5A1,03-0.5Th3*-xYb%* (B Mmon.%, x = 0, 0.5, 1.5 n 3) ¢ napon
nerMpoBaHHbIX MOHOB Th-Yb nokasanu yBenuyeHMe CyMMapHOro
npeobpasoBaHnsa 3HEpPrum conHeyHon naHensto Ha 0.34 % [3].

B npaHHOM pabote Obinn uccnegoBaHbl  OTOAMHAMMUYECKME
npouecchl B Kpuctannax BaYz:Fs npu ABonHONW akTMBaumum noHamu Th3* u
Yb3. BbinM  3aperncTpupoBaHbl M NpPOaHanuM3upoBaHbl  CMEKTPbI
NIOMUHECLIEHLNKN ANS1 CnyYaeB MOBbILLEHWS U NMOHMKEHUS] SHEPTUN KBAHTA;
Takke OblMM  nNpoBedeHbl  HMU3KOTEMMepaTypHble  MUCCeaoBaHUs B
ovanasoHe Temnepatyp 77-300 K niomuHecueHumn mnoHoB Yb3*. Takke
Oblna nonyyeHa 3aBUCMMOCTb BPEMEHU >KU3HU OT KOHLEHTpauuu
NIOMUHECLEHTHOMO MOHA B Crlydae MOHWXKEHUS 3JHeprum kBaHTa. bbin
npousBeaeH pacyeT napameTpoB peleTkM B MNPUCYTCTBUM MPUMECHbLIX
MOHOB Ha OCHOBE [JaHHbIM pPEHTreHodas3oBOro aHanui3a, KoTopble
cocTaBunu: a = 6.94 A; b = 1048 A; ¢ = 424 A v B = 99.8". Bbina
npousBegeHa OLEHKa KonmyecTBa (POTOHOB, y4acTBYHOLWMX B npoueccax
nepefayn SHEpPrMm B Cryyae MOBbILWEHUS SHEPrMM KBaHTa, 3HAYEHUS
KOTOpbIX cocTtaBunu 2,27 u 2 ans ypoBHel °Da n °Ds, COOTBETCTBEHHO.
Bbinu  npoBedeHbl U3MEPEHUs1 KBAHTOBOrO BbIXO4a [ANA  Crnyyaes
NOBbLILEHUS N MOHWXKXEHNS 3HEPrnMK KBaHTa, KoTopble coctasunn 0,004 %,
0,03 % wn 0,014 % pnsa, cooTBeTCTBEHHO, 2 aT.%, 5 art.% n 10 at.% noHoB
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Yb*" (noBbileHne sHeprumn keaHTa); 70,3 %, 49,3 % u 55,05 % nans,
COOTBETCTBEeHHO, 2 aT.%, 5ar1.% wun 10ar.% woHoB Yb3" (noHwkeHue
9HEeprmn KkBaHTta). bbino BblABMHYTO NpeanosioXKeHne 0 Hanninm obpaTHbIX
NPoOLECCOB MNepeaayun sHeprMm Ha WoHbl Yb3* B cnyyae nosbiweHusA
9Heprmn kBaHTa. bbin caenaH BbIBO4 O BMUSIHAM MPOLIECCOB KPOCC-
penakcaumMm Ha HaceneHHocT °Ds u °Ds ypoBHeN WOHOB Tepbus;
nepegavya aHeprum B nape woHoB Tb-Yb npoucxoant He no
KoonepaTtmBHbIM  MpoueccamM, a, BepPoOATHO, N0  MexaHM3MaMm
OAHOOTOHHOrO npouecca.
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KBAOPYIOJIbHbIE BSAVIMO,D,EVICTBVIFIV
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PenkosemernbHble (P3) KpucTannbl CO CTPYKTYpOW nupoxriopa
ABMATCA O4HUMU n3 Hanbonee aKTMBHO nccrnenyembix
dpYCTPUPOBAHHBIX MAarHETUKOB Ha MNPOTSXKEHUW  MOCMEOHUX  TpeX
aecatuneTmn. Tem He MeHee, MOCTPOEHUE MUKPOCKOMUYECKOW MOAENMN,
onucbliBaroLLLEN HEOObIYHbIE CBOWCTBA 3TUX KPUCTAmsOB, HE 3aBepLUEHO K
HacTosiwemy BpemeHun. OgHonm un3 obcyxgaemblx npobrnem sABnseTcs
BO3MOXHOCTb  CYLLEeCTBOBaHUS asbl, XapakTepusyemon OasibHUM
NOPSIAKOM  ONEKTPUYECKUX KBaOpPYNOSibHbIX MOMEHTOB 4f-311eKTpOHOB,
nokanusoBaHHbIX Ha P3 noHax.

OHeprneu 3MeKTpocTaTUyecKmx B3anMo4enCcTBuUmn Mexay
ANEKTPUYECKUMIN MYMbTUNONAMM MOXHO MPaKTUYECKN Bcerga npeHebpeuysb.
OpHako BupTyarnbHble Mpouecchl nepebpoca 3NEKTPOHOB MeXOY CHVH-
opbuTansaMm WMOHOB C He3anoSHEHHbIMU 3IEKTPOHHBIMU  0BO0NoYKaMK
yepe3 MNPOMEXYTOYHblE COCTOAHUSA JIMraH4oOB MHAYUMPYKOT KOCBEHHOE
B3aUMOLENCTBNE MeXAY MYJSIbTUMONbHLIMA MOMEHTaMW. JHeprust 3Toro
B3anMOAENCTBUSA MOXET AOCTUratb BenuymnHbl nopsaaka 1 K [1].

Bnepsble kBagpynosibHble CTENEHM CBOOOAbLI MPUMEHUTENBHO K P3
nupoxsiopaMm  ynomuHaioTca B pabote [2], raoe ramunbTOHMaH
KBagpynosibHbIX B3auMogencTBuin 6bi1 3anmcaH B 0asnce BOSTHOBbLIX
byHKUMIA OCHOBHOro Aybneta moHa Pr3* B kpuctannuyeckom none Dag
cMMmmeTpun  (4epes  matpuubl  [laynu). B obwem cnyyae npwu
MoAennpoBaHMn CBOMUCTB P3 NMpoXnopoB B YCNOBUSX, MNPU KOTOPbIX
Henb3s npeHebpedb 3acCeneHHOCTbI0  BO3OYXOEHHbLIX  3NEKTPOHHbIX
COCTOSIHMIK, ornepaTtop KBaApynosibHOro B3aMMOAEWNCTBUS AO0SMKEH ObiTb
3anncaH 4Yepes3 KOMMOHEHTbI ornepaTtopa 31eKTPUYECKOro KBaapyrnosibHOro
MOMeHTa (MPONopLMOHAanbHOro cpepmnyeckoMy TEH30pYy BTOPOro paHra).

B pgaHHOm paboTe nonyyeH onepaTtop  KBagpynosbHbIX
B3aMMOOENCTBUM B TeTpasgpu4eCcKOM Knacrtepe, cogepXallem cocegHue
yeTblpe P3 uMOHa B  MarHUMTHO-  HE3KBMBANEHTHbIX  MO3UUUAX
Kpuctannuyeckon peweTtkn P3 nupoxnopos. CTpykTypa nNOMAYy4YEHHOro
oneparopa corfnacyeTcsa ¢ HegaBHO onybnuMkoBaHHoW paboTton [3].

KBagpynonbHble B3anMOLeNCTBUSA  KOHKYPUPYOT C  MarHUTHbIMU
B3aUMOLENCTBUAMU. YYeT KBagpynoribHbIX B3auMOLEWCTBUA MPUBOOUT K
nepeHopMmMpoBKE napamMeTpoB OOMEHHOro B3aMmogencTeBus. B gaHHom
paboTe BbIMNOMHEHbI pacyeTbl MOMEBbIX 3aBUCUMOCTEN HaMarHU4YEHHOCTU
KpucTtanna Pr2Zr207. [NokasaHo, 4yTO yyeT KBagpynosnbHbIX
B3aUMOLENCTBUA MPUBOLUT K YMEHbLUEHUNIO 3PMEKTUBHOIO MarHUTHOIO
MomMmeHTa P3 noHa npun HU3KNX Temneparypax.
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CUHTE3 N NCCNEAOBAHME KATOOONOMUHECLEHLIMN
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B pamkax paboTbl GbinM CUMHTE3MPOBaHbI opTodocdaThl UTTPUSA U

noTeuus, HeaKTUBUPOBAHHbIE " aKTUBMPOBAaHHbIE MOHaMM
TPexBaneHTHOro apbusi, Co CTPYKTYpPOI KCeEHOTMMa MeToaoM dortoca. Bbinu
nccrnenoBaHbl NMIOMUHECLIEHTHbIE CBOWCTBaA CUHTE3UPOBaHHbIX
MOHOKPUCTAanmnoB.

OCHOBHbIM METOAOM WCCNEeOOBaHUA HABNSANCA MeTo[ JIoKanbHOMN
kaTogositommHecueHumn (KJIT). JIloMmHecueHTHble CBOWCTBA, CBA3AHHbIE C
TOYEeYHbIMU AedeKTamMu, MOTyT OTNiMYaTbCA B PasfiNyHbIX HanpaBSieHUAX
pocTa KpucTanmoB, No3ToMy ObiiM BblbpaHbl [Ba HanpaBrieHuUs pocTa
Kpuctannos (BAOMb M Monepek OonTudyeckon ocwu). HeakTmBmpoBaHHbIE
MOHOKpUCTannbl optodocdaToB UTTpUs 1 notTeums 6 opmMeHTUPOBaHbI
B JaHHbIX HanpasneHnax ana nccrnegosanust nx KI1 csomncts.

Bbinu NnoslyyeHsbl CNeKTpbl Kn BUANUMOTO avanasoHa
CUHTE3UPOBaHHbIX MOHOKPUCTAaNoB opTodocaToB UTTpUS 1 nioteums. B
cnekTpax HeakTUMBMPOBAHHbIX MOHOKPUCTANOB opTodocdaTtoB UTTPUS
Habnopganca casur nonoc  KIl  pedektoB geduumta  Kucnopopga
oTHocutenbHO nonoc KJl  pgedektoB geduunta Kucnopoga B
MOHOKpuUcTannax oprtodocdarta nwTeumsa. ITO CBA3AHO C pasfiMyHOMn
LUMPMHOW 3anpeweHHON 30Hbl AaHHbIX MaTepuanos. JlloMuUHecueHUms
nedektoB geduunta Kacnopopa, oTBevarowumx 3a nosiocy 2.7 3B B
opTtodpochaTtax nwTeuma (2.5 3B B optodocdartax UTTpuUs), BHOCUT
66nbLLIMIA BKNAL B JIIOMUHECLEHLMIO U MMeeT BOMbLUY0 MHTEHCUBHOCTL B
CrneKTpax, MNOofyyYeHHbIX B HanpasfeHuuM nonepek ontuyeckon ocu. B
cnekTpax MOHOKPUCTAanmnos, aKTUBUPOBAHHbIX NOHaMWM apbus,
Habnoganucb Kak MoOMnocbl TPEXBANEHTHOro 3pbus, Tak M NOMOoChI
cobcTBeHHbIX aedekTtoB. [Npyn 3aTOM nonockbl 3pbusi He caBurarTCcs B
3aBMCMMOCTU OT LUMPUHBLI 3arnpeLieHHON 30Hbl MaTepuanos.

bbina wuccnegoBaHa KOHUEHTpaUWMOHHas cepus  opTodocdaToB
NITEUUNs, aKTUBMPOBAHHbBIX MOHaMKU 3pbust B pasHbIX KOHUEHTpauusax. B
Kpuctannax Habnioganacb nepegada aHeprmm ot COOCTBEHHbIX AedeKTOB
K MoHam apbus, BCneacTBME YEro He yaanocb NOCTPOUTbL OOHO3HA4YHblEe
KOHLEHTPALMOHHbIE 3aBUCMMOCTU MHTEHCUBHOCTK nonoc KJ1 apbus.

[Onsa wuccnegoBaHus BAWAHUS  FOBYLLEK HOcUTenen 3apsga  Ha
NMIOMUHECLUEHTHbIE CBOMCTBA MCMOSib30Banacb OpuUrMHanbHasi MeToauka,
OCHOBaHHasA Ha W3MEPEHUM AUHAMUKN WHTEeHcmBHOCTM nonoc KIT npwu
HenpepbIBHOM 06y4YeHnn 0bpasLoB 3MEKTPOHHBbIM MYyYKOM OT BPEMEHW.
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OOHOBPEMEHHO C 3TMM PErMcTpupoBanocCb W3MEHEHWE BeNUYMHbI
NnornoLeHHoro Toka. B obwem Buae 3aBMCMMOCTU MOTMOLLEHHOro Toka OT
BpeMeHM 0BnydYeHns 3MeKTPOHHbIM My4ykoM Ana obpasua, cogepkallero
no OOQHOMY TUMY FNOBYLUEK 3MIEKTPOHOB WM ObIPOK, MOXET ObiTb OMMCaHO
cnegylowmm obpasom:

. fm T n e — i 1
U U 00Q o Q h @)
rae 6 'Q onucblBaeT BKNagd SMEKTPOHHLIX MoBywek, a © Q — Bknag
OblpOYHbIX noBywek. KoadbduumeHtsl 0 M O  NPOnopuUUOHanbHbI
coAepXaHuio noByllek B obpasue, a — M — — BEPOATHOCTb 3axBaTa

9MIEKTPOHOB W [ObIPOK MOBYLIKAMW COOTBETCTBEHHO. OnpegeneH Tunm
NOBYLLEK WU BEPOATHOCTb JlOKanusauuu 3apsiga B pasnmyHbiXx obpasuax
optohocchatoB wutTpna wn  nwoteuus.  O6cyxgaeTtcss  BO3MOXHOCTb
NPUMEHEHNA  OaHHbIX MaTepuarioB B  KayecTBe  OCHOBbl AN
TEPMONOMUHECLIEHTHBIX JO3MMETPOB.

RMMdzj Hso Odzdj o' ftsdzdzgy des L O Mmyd ls
W sdzH O -72-0PML2, hitps://rscf.ru/project/24-72-00112/.
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VNCCNELOBAHWE BNNAHNSA COCTABA HA MIOMUHECLIEHTHBIE
CBOMCTBA HAHOKPWUCTANNOB a-NaRFa4:Yb/Er/Ce/(Zn,Mg)
(R =Y, Yb, Lu) B BIVIXKHEM WK-AVMAMNA3OHE AN BUOMEAULIMHbI
N OMTUYECKUX TEXHONOM M

A.B. Kowenes, H.A. Apxaposa, [1.H. Kapumos
JIsHjdzj dzgdd cRrRdzMIsdIskzls C dgmis® dztzisc O W dzd !
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®TopuaHble HaHokpuctannbl (HK), nernpoBaHHble uoHamu Erd*,
ABMNATCA MepCrnekTMBHON nnatopMon AN COo34aHus NIOMUHOGOPOB
onmkHero WK-guanasoHa (BUK) (1400-1700 HM) M KOMMNO3UTHbIX
mMaTepuanoB Mo 3ajayuM WHBA3MBHOW BM3yanusaumm W Tepanuu,
ONTUYECKUX KOMMYHMKaumn. OfHako HeBbICOKask WMHTEHCMBHOCTb BUK-
NIOMUHECLIEHLIMM NMPU MOHMKEHUM pa3Mepa KpUCTannoB 4O HAHOCOCTOSIHUS
CYLWEeCTBEHHO OrpaHuYMBaeT noTeHuman ux MpakTU4ecKoro NpUMeEHEHUS.
[MoaTOMy aKTyanbHbIM OCTaeTca BOMPOC pa3paboTkM MeToaosiornm
NOBbILWEHUST CREKTPanbHO-NIOMUHECLEHTHbLIX CBONCTB doTopuaHbix HK B
BUK-obnacTu.

B OaHHOM paboTe npeanoxeH nogxon co3faHus
cnoxHonernpoBaHHbIX HK a-NaRFs4: Yb/Er/Ce/(Zn,Mg) (R =Y, Yb, Lu) co
CTPYKTYpOr «a0p0-000M0o4vka», MOMYyYEeHHbIX METOAOM TEPMUYECKOro
pasnoxeHus npekypcopoB. CpaBHeHue kybunyecknx a-NaRFs (R =Y, Yb,
Lu) u rekcaroHansHon B-NaYFs maTpuu, nerMpoBaHHbiX noHamu Yb3*/Erd*,
nokasano, 4yto HK a-NaYbFsEr gemMoHCTpupyloT Hambonee BbICOKYHO
nHTeHcuBHocTb BUK-ntomuHecueHunn npu UK-so3byxaeHumn (A = 975 HM)
cpeaun Kybmndeckmx aHanoroB n 6nuskme nokasatenu ¢ HK B-NaYF4: Yb/Er.
BeeneHne B maTtpuuy a-NaYbF4Er no 2 mon.% woHoB Ce*" npuBoauT K
OBYXKPaTHOMY yBeSiM4eHu0 WHTeHcuBHOCTU BUK-nomuHecueHunn npwm
O4HOBPEMEHHOM MOAABMNEHUN NIOMUHECLIEHLUMM B BUOMMOM AnanasoHe.
N3omopdHoe retepoBaneHTHoe 3amellieHne noHoB Y3 nonamu Zn?* unm
Mg?* go 10 mon.% B HK a-NaYbFi:Er/Ce KOMNNEeKCHO mMoBbilLaeT
WHTEHCMBHOCTb fIIOMUHECLeHUMKM B 2 pasa B kKpacHom (A = 620—700 HM) n B
1.7 pasa B b/K-obnactsx cnektpa. HK a-NaYbF4:Er/Ce/(Zn, Mg) umetoT
nepcrnekTMBbl MNpUMEHeHNa aAns OuoBM3yanusauunm BO BTOPOM OKHE
npo3payHoCcTM OMOTKaHM W KOMMOHEHTOB-yCUNUTENEN CurHana B
ONTUYECKUX KOMMYHUKALMSIX.
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Puc. NM3M-un3obpaxeHune ¢ rmctorpammon pacnpegeneHuns no pasamepam U CnekTpbl
nomuHecueHumn HK a-NaYbFa:Er/Ce/(Zn, Mg) n B-NaYFa:Yb/Er npn NK-Bo36yxaeHuu
(A =975 Hm)

Pabota BbinorHeHa C wucnonb3oBaHnem obopynosaHusa  LIKT]
«CTpykTypHaa aguarHoctuka matepuanoB» KKKud® HUL «KypudaToBckui
MHCTUTYT» Npun nogaepxke MnHUcTepcTBa Hayku U Bbiclero obpasoBaHuns
P® B pamkax rocygapcteeHHoro 3aganunsa HUL «Kyp4yaToBCKU MHCTUTYTY.



CNEKTPANBbHO-NTIOMUHECLEHTHBIE XAPAKTEPUCTUKHA
KPUCTAIINTOB N HAHOTMOPOLLKOB ZrO2-Sc203-Eu203

A.C. Anekceesa?, B.A. Koyewkosa?l, B.M. Kawkunn?, H.A. JlapuHa?,
E.E. JlomoHoBa?, MN.A. Psb6oukunal, H.FO. Tabaukosa??
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MaTepmanbel Ha  OCHOBe  [OuOKcMaa  uupkoHma  obnapgatoT
YHUKaNbHbIMU (OU3NKO-XMMUYECKMMN CBOMCTBAMM U LLUMPOKO UCTMONb3YHOTCS
B KayecTBe TBepAblX 3NeKTPONMTOB ANA TBEPLOOKCUAHLIX TOMSUBHbIX
anemeHToB (TOTI). OcobbIn NHTEPEC NpeacTaBnseT KepamMmmka Ha OCHOBE
ONOKCMAA LMPKOHUSA, CTabmnuanMpoBaHHOrO OKCMAOM ckaHaus, 6narogaps
MX MOBbLIWEHHON WOHHOM MNPOBOAMMOCTM MO CPaBHEHWID C OpPYruMu
cucTemMamu Ha OCHOBe uoKcuaa umMpkoHus [1, 2].

OneKkTpomsnyeckme Un TepMOMEXaAHMYECKME CBOMUCTBA  TaKUX
MaTepuanoB CyLIEeCTBEHHO 3aBWUCAT OT TEXHONMOrMW TMONyyYeHus W
XapaKTEPUCTUK  UCXOOHbIX MOPOLWKOB. 3TO MoXeT obycnasnveaTb
CTPYKTYpHble OCODEHHOCTM MaTepuana u cogepxaHue npumecen [3].

OgHMM n3 Hanbonee 3PEKTUBHBIX IKCNEPUMEHTASTbHLIX METOLOB
BbIABNEHNA NOKaNbHOW KPUCTaNIM4Yeckon CTPYKTYpbl TBEPAbIX PacTBOPOB
Ha OCHOBE [JuOKCMAA LUMPKOHUS, Yy4duTbiBalOLWEN pacnpegerieHne
KMCNOPOAHLIX BakKaHCU, ABNSETCA METOL OMTUYECKOW CMEKTPOCKOMUN C
ncnosnb3oBaHMeM MOHOB Eup B KadecTBe crneKkTpockonnyeckoro 3oHaa [4,
5]. BblcOokaga 4yBCTBUTESTBHOCTb U HEpa3pyLLaoLLMA XapaKkTep BO34ENCTBUS
AenarwT 9TOT MeToq Takke 3(PdeKTMBHbIM Ond aHanusa MpUMECHOro
coctaBa matepuvana [6, 7].

B HacToswen pabote Obin npoBedeH CpaBHUTEMbHbIA aHanua
CTPYKTYpbl, TMPUMECHOro COCTaBa W CreKkTpasibHO-NMIOMUHECLEHTHbIX
XapakTepucTnK HaHonopowkoB ZrOz-Sc203-Eu,O3, Nony4yeHHbIX MeToaoM
COOCaXOeHUa M rmapoTepmaribHOro CuUHTe3a, a Takke MOHOKpUCTansos
Zr02-Sc203-Eu20s3, BblpaLleHHbIX MeTO40M HarnpaBJIEHHOM
Kpuctannuaaumm pacnnasa B «XOSIOAHOM» TUrne.
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NK-MIIOMNHOD®OPBLI HA OCHOBE NaYGeO4, AKTUBUPOBAHHBIE
NOHAMWU Tm?3*, Tm3*/Ho3*, Tm3*/Dy3*

A.A. PbibHukoBa, O.A. Jlnnuna, A.KO. HYydapos, A.A. TIOTHOHHUK,
B.I". 3ybkos
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B HacTodwee BpemMa BO3POC MHTEPEC K HOBbIM MaTepuanam c
amuccuen B uHppakpacHom (UK) gnanasoHe gnuH BonH. WK gmanasoH
N3Ny4YeHUn SBNAETCH KparHe npuBnekaTenbHbIM AN LWMPOKOro crekrpa
NnpUMMEHEeHN B MeauumHe, Guonornmn, actpodusnke, B BOEHHOW cdepe.
OnuBmHbl  NaYGeOs ponuvpoBaHHble MoHamu  Tm3*,  Tm3'/Ho*,
npeobpasyoT mnanydeHne 808 HM B UMK gmanasoH nopsgka 1.6—2.2 MKM.
CoponvpoBaHne uoHamm Tm3*/Dy®" nossonseTr O0GUTLCA 3MUCCUN B
oonee ANMHHOBONMHOBOM AMana3oHe 2.7—3 MKM.

B xome paboTbl UMTpaTHO-HUTPATHbIM METOLOM, MOSlyYeHbl Cepun
NaYi1xTmxGeOs, x=0.0-0.2, NaYossxIMoisHOxGeOs, x =0.0-0.055,
NaYo.gsxTmo.1sDyxGeOs, x =0.002-0.1. Ona Bcex CUCTEM NPOBEOEHDI
KOMMMEKCHbIEe nccrnegoBaHus KOHLEHTPALMOHHbLIX  3aBUCUMOCTEWN,
HanbornbLuen WHTEHCUBHOCTbLIO CBEeYeHus obnaganu obpasupbl
NaYo.e5TMo.15Ge04s, NaYo.s15TmMo.15H00.035Ge04, NaYo.ga5TMo.15DY0.00sGEO4.
Bbina u3yyeHa KMHETMKA 3aTyxaHus TOMUHEcLEeHUMn uoHoB Tmdt,
paccunTaHbl BpeMeHa Xu3Hu ypoBHel *Ha, °Fs4 moHoB Tm3* n petanbHo
npoaHanuaMpoBaHa CKOpPoOCTb nepeHoca dHeprn Wrms+—tm3+ B NaYi
«TMxGeOs Kak yHKUMA KoHUeHTpauum Tm3*. MokasaHo, YTo MOHbI Tm3*
MOryT BbICTYNaTb Kak B pPOSiM AOHOPA, TaK MU akuenTopa, NepeHoC dHeprum
Mexagy cocegHUMM MoHamMum  OByCrioBneH YCKOPEHHOW  Murpaumen
BCNeACTBUM  AUMNONb-AMMNONbHOINO  B3auMMoAencTBma. Ha  ocHoBaHuK
NOSTyYEHHbIX AAHHbIX NPeasiokeH MexaHusMm opmMumpoBaHUA ABYX Fpynn
NMIOMUHECUEHTHbIX NMHUKM npu 1.3—-1.6 MKM 1 1.6-2.1 MKM B cChekTpax
NaYixTmxGeOs (Aex =808 HM). BBemeHne B cuctemy uoHos Ho®*
no3BondeT pacwupUTb SMMUCCUOHHYIO Mofnocy [0 2.25 MKM 3a c4yeT
nepexopa °l; — °lg. Bnarogaps MHTEHCUMBHOW LUMPOKOW MONoce U3nyyYeHus
B AnanasoHe 1.6—2.25 mkm coctaB NaYo.s15s Tmo.15H00.035Ge0O4 MOXeT ObITb
UCnonb3oBaH B KayecTBe MaTepuana, wuanyyawwero B TpeTbeM W
YeTBEPTOM ChneKTpanbHbIX OKHax, Ans Bu3yanu3aumm 6nonornyeckmnx
TKaHEN.
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Puc. a) CnekTpbl ntommHecueHumn NaYo.ss-xTmo.1sHoxGeO4 (x = 0.0—0.055);
6) Cnektpbl MK-ntommHecueHummn npun Aex = 808 HM cepum NaYo.ssxTmo.1sDyxGeOa4
B AnanasoHe 2.75-3 MKM; B) KOHLEHTpaLMoHHasi 3aBMCUMOCTb CKOPOCTM
nepeHoca aHeprumM Mexay cocTosaHUAMN 3F4 (Tm3*) Wrma+—Tma+
B NPUCYTCTBUM MOHOB Dy3*

OeTanbHO NpoaHanM3npoBaHbl BpeMeHa XWU3Hu ypoBHen 3F4 (Tm3Y),
B npucyTcTBumn noHoB Ho®** n Dy3*. MNokasaHo, 4YTo nepenadya aHeprun ot
MOHOB Tynusa K MoHam Ho®** u Dy3* npowucxoout BCneacTeuv OWMOnb-
OMMNONbHOTO B3aMMoAencTBus. PaccunTaHa CKOpOCTb MUrpauuv 3Heprum
mexay 3Fs, (Tm3'), B npucytctBum noHoes Ho*" u Dy3*. U3-3a Gonbliero
NepekpbITUS 3MNEKTPOHHbIX nodypoBHein Tm3* u Dy**, Habniogaemoe
yMEHbLLUEHNE CKOPOCTW Murpauuv Gornee 3Ha4UTENbHO, YEM B Criyvyae C
Ho®".



AHANN3 NOKAJIbHOIO OKPY>XEHUA MOHOB CE(lIl)
B rTMAPOKCUNATATUTE METOOOM 3IMP-CIMNMEKTPOCKOMNMA

M.A. CagosHukosa?, [1.B. LypTakosa?, I.B. Mamun!, H.B. MNeTpakosa?,
M.P. Madypos?
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'mpopokcnanatnt  (FAn)  npvBRNeK  3HadYUTeNlbHOE  BHUMaHwe
bnarogapsi yHMKanbHOMy covyeTaHnio BMOCOBMECTUMOCTU, BMOAKTUBHOCTH,
HETOKCMYHOCTWN, perynmpyemMbiM CBOMWCTBAM WU  LUMPOKOMY  CMEKTPY
npumeHeHnn [1]. Onsa pacwmpeHns cnektpa nNpUMEeHEHNa U ynyylleHus
YHKUMOHANMBbHOCTU B KpUCTannuyeckyro pewetky [An  BHeapswT
pasfiyHbIMWU WOHbLI, B TOM 4uUCne pedko3emeribHble arnemeHTbl (P33).
NoHbl uepuss (Ce) aBRSAOTCA NEepPCnekTUBHbIMU - BU3Yanu3mpyroLLmnmMm
areHTamn Ons AnarHOCTUKU U NeYeHUs MOBPEXOEHHbIX OpraHoB M TKaHew
Gnarogapsi nx CnocobHOCTU MOMUHECUMPOBaThL B LUMPOKOM AnanasoHe
3IeKTpOMarHMTHOro manydenus. Oxunpgaetcsd, 4to BkodeHne Ce B An
YNy4LwnNT ero CBOMTCBa, TEM CaMblM MOBbIWAA MPUBNEKaTeNbHOCTb 3TUX
KOMNO3MTOB A5 NPUMEHEHNA B MMNMaHTonorun. Hawe wuccrnepoBaHue
OEeMOHCTpUpyeT ycneLHoe N3roToBrieHNE NIOMUHECLLEHTHOIO
rmgpokcuanaTuTa, nermpoBaHHoro noHamu uepus (Ce-I'An).

Llenbto  HacTosiwero wuccrnegoBaHus  SBMSIETCA  YCTaHOBIEHUe
BNUAHUA MeTOLOB CUHTe3a U 0bpaboTkM Ha coaepkaHve MNOCTOPOHHUX
npumecen, MarHUTHble CBOWCTBA W CTPYKTypHble Mogudukaumm B
nopowkax Ce-'An ¢ ncnonb3oBaHMEM pasfnnUyHbIX METOOO0B 3NIEKTPOHHOIO
napamMarHuTHoro  pesoHaHca  (OlP). TlMopowkn  Ce-TAn  6binn
CUHTE3MPOBaHbl METOLOM XUMUYECKOrO OCaXOEeHWS C MCMNOSb30BaHUEM
HUTpaTa Kanbuus, HUTpaTa uepua u rmgpodocarta ammonus. asectHo,
4YTO MOXHO npepoTBpaTuTb npoueccbl okucneHus Ce(lll) oo Ce(lV) B
YCrNOBUAX BOCCTAHOBUTENBHOW WNU 3awuTHOM cpedbl. Ona cosgaHus
BOCCTaHOBUTENBHON aTMOC(epbl MCNOob30BanivMcb MeTOAbl TEPMUYECKON
obpaboTkm ©  ropsiyero  npeccoBaHusl.  BbICylEHHble  MOPOLLKK
nogseprannucb TepMunyeckon obpaboTke B pasnuuHbix ycnosusax: (1)
Tepmmyeckass obpabotka npm 1300 °C B BO3gywHoOW atmocdepe; (2)
ropsiyee npeccoBaHue B yrnepoaHon dopme B aTmocdepe aproHa npu
pasrneHun 30 Mlla n Temnepatype 1100 °C. AHanu3 peHTreHOBCKOM
Ondopakunm nokasarn, 4To rmapokcManaTuT ABnseTcsa OCHOBHOW pas3on BO
BCEX CMHTE3MpPOBaHHbIX 0bpasuax.

OlP namepeHna nposogunuck B HenpepbiBHOM (CW) 1 nmnynbcHOM
pexumax B X-ananasoHe (veey = 9,6 'Tu) Ha cnektpomeTpe Bruker Elexsys
E580. OnekTpoHHO-siAepHble B3aMMOAEWUCTBUS  aHanM3npoBanuCb C
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MCNoSib30BaHMEM TPEXUMMynbCHOW nocregosaTtenibHocTn Electron Spin
Echo Envelope Modulation (ESEEM).

Pesynbtatel 3P nokasbiBaoT, 4TO0 Ans  obpasuoB nocne
TepmoobpaboTke ropsunm npeccoBaHnem npu 1100 °C Ce BxoauT B
cTpyktypy [An B TpexBasieHTHOM COCTOSHMM. [Ona  NOpOLUKOB,
noaBeprHyTbix Tepmoobpabotke Ha Bo3gyxe npum 1300 °C, Ce
npeTepneBaeT YacTUYHYKO TpaHcdopmauuild B YeTblpexBarieHTHoe
coctogHne. B Ce-TAn (6e3 TepmooOpaboTkuM) Uepun OoKUCNSeTcs A0
YyeTblpexBaneHTHOro coctosiHus. C nomoubto akcnepumeHta ESEEM 6b1no
YCTaHOBJIEHO MECTOMNOSIOXKEHME LIepUs B Kpuctannuyeckon peluetke NAn v
OLIEHEHO PacCTOsHUE MeXy Kanbuuem 1 Lepmem (npumepHo 3,5 A).
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1. V. Scognamiglio, V. Nocerino, B. Miranda, L. De Stefano,

E. Tempesta, M. Rossi, F. Baldassarre, A. Altomare, F. Capitelli,
J. Cryst. Growth. 70(4), 100637 (2024).



SNEKTPOOMNTUYECKAN N MATHUTOSNEKTPOOMTUYECKNI
QODEKTHI B KPUCTAIINE HoFes3(BOs3)4
B OBNACTU MEPEXOA °ls—°S;

B.B. Cokonog, A.B. Manaxosckui, N.A. lN'yanm

RdeisdlIlskzls WdLd¢d dd. [ . 1. s ditegfsgfEsc
E-mail: valer963@iph.krasn.ru

B poknage npeactaeneHbl crnekTpbl anekTtpoontudeckoro (J0)
mMarHutToanektpoonTuyeckoro (MO0O) adpdekToB B Kpuctanne HoFes(BO3)4
B obnacTu f-f anekTpoHHoro nepexoaa °ls —°S; n 3aBUCUMOCTb 3P HEKTOB
OT TeMmnepaTtypbl B MHTepBane 4-30 K.

Kpuctann HoFe3(BOs3)s saBnsetca aHTUdgeppomMarHeTUMKoMm Tuna
nérkasi nNnockocTb ¢ TemnepaTtypon Heena 38 K U MMmeeT TPUrOHanbHYO
cummetputo P3:21. Obpasel ona namepeHun Obin Bblpe3aH B MIOCKOCTU
bc. Ceert, anektpudeckoe none (3200 V/icm, 8 kHz) n marHuTHOe none
(0-2.5 kOe) 6binn HanpasneHbl BOOSb a-ocu. IamepeHus npon3Boannnuch
npu Tt-nonapusauumn (||c) v npu o-nonspusaumn (*c). Kak cnenyet wms
Teopun nuHenHoro 30 adhpbekta (adpdekta [lokenbca), OH oOkasancs
3HaunTenbHO cnabee npu T-nonspusauun. Ha puc. 1 npegcrasneHbl O-
nonspusoBaHHble cnekTpbl nornoweHnda, 30 addekta 1 MO adchekTa B
none 2.2 kOe npu Temnepatype 10 K. MarHMTHOe none He TOSbKO
yBenuumBaeT ahdEeKT, HO TakKe N3MEHSET ero cnekTp. BennunHa n 3Hak
apekTa 3aBUCAT OT BO3OY>KAEHHOITO COCTOSIHUS.

M3O adhdpekT Obin nccrnegoBaH B YHKUUN OT MarHUTHONO Nosisi N oT
TemnepaTtypbl (puc. 2).

6

1 H=2.2 kOe T2 25-
54 s o |
| H=0 kOe £ =
L1= £ 204
4 85 -
] r5 o
CRaS S 02 S 154 :g
2+ g1 2 L 2 f
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1 1 (E) O 05+ g,
I.IJ | 2468101214151320
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0 T T T T T T T 0.0 T T T T
18380 18400 18420 18440 0.0 0.5 1.0 1.5 2.0 25
E (ecm’) H (kOe)
Puc. 1. Cnektpbl nornoweHusa (D) Puc. 2. 3aBucnmoctb MO0 adhdekTta
n M30 adppekTa npu 10 K. OT marHuTHoro nons npu 10 K.
B ckobkax ykasaHbl CUMMETPUM Ha BcTaBke — 3aBucumoctb MOO
BO30OY>KOEHHbIX COCTOSAHUI achdekTa oT TemMnepatypbl
B none 2.2 kOe
TemnepaTypHasd 3aBUCUMOCTb KayecTBeHHO nostopdeTr

TemMnepaTypHyt0 3aBUCUMOCTb CNOHTAaHHOW 3NEKTPUYeCcKon nonspusaumm B
aToM-Xe kpuctanne [1]. 3aBMCMMOCTb OT MarHMTHOro nons 6nm3ka K
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NMMHENHOWN, HO He 3aBUCUT OT 3HakKa nons. ATO MOXHO OOBACHUTb, €CIu
yyecTb, 4To MBOO addekT obycnoBrneH He HENOCPEACTBEHHO MarHUTHbLIM
nonem, a BEKTOPOM aHTUeppomMarHeTnama.

BNBINNOIPAPUNHECKNE CCBIJIKU

1. R.P. Chaudhury, F. Yen, B. Lorenz, C.W. Chu et al. Phys., Rev.
80, 104424 (2009).



HWOBMN-COLEPXALLME NIOMUHODOPDI

B.B. Tutkos, b./. Jlazopsk
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E-mail: vlatitkov@yandex.ru

BaHagaTbl KanbuuMsi CO CTPYKTYpOM Tuna BUTNOKUTA SABMSKOTCS
XOPOLMMU MOAESbHBIMU CTPYKTYPaMU AN U3YYEHUST BANSHUS KaTUOHHbIX
N a@HMOHHbIX 3aMeLleHMn Ha NIOMUHECLIEHTHbIE cBOMCTBA. CTPYKTYPHbIE
OCOBEHHOCTM  MO3BOMAKT  NPOBOAMTbL  3aMeLleHMs  Kanbuusi  Ha
penko3emernbHble KaTMoHbl ©6e3 KomneHcauun 3apsiga. Takke Gnarogaps
GonbMM  paccToaAHUAM  MexXay JIIOMUHECLEHTHbIMW  LEeHTpamMn B
KaTMOHHOW NoapeLLéTke He HabngaeTcsa KOHUEHTPaLMOHHOE TyLLEHME.

BaHagatbl paccmaTpuBalOTCA Kak NEepCrneKkTUBHbIE MaTpuubl Ans
KpacHbIX FIOMUHOGOPOB Ha oOcHoBe Eu?". B kayecTBe WCTOYHMKOB
BO36Y)XOEHMS MOXHO MCNOMb30BaTh Kak Y®P-uanyyeHne, Tak U U3nyyeHue B
cvHen obnactu cnektpa. PaHee 6bino nokasaHo [1], 4To Aaxke HebonbLine
3amelLeHnsa B aHMoHHol noapewéTtke Vo Ha Nb°" 1 Ge*" nopagka ~1-2 %
MOXeT NpUBOAUTb K 3HAYUTENIbHOMY YBESIMYEHUID WHTEHCUMBHOCTMU
noMUHecueHunn Eu*,

B HacTosdwen pabote paccmaTtpmBaroTCs HOBble BaHagaToO-HMOOAThI
kanbunsa CasErPb(VOa4)7—x(NbOa4)x:Eu3* n CarsErPbZn(VO4)7-x(NbOa)x:EU®".
Onpepenexbl rpaHnubl 3amelweHna V' Ha Nb°, a Takke nokasaHo
NONOXWUTENbHOE BNUsSIHNE BBeAeHus KaTuoHoB N B CTpykTypy Ha
NIOMUHECLIEHTHbIE CBOMCTBA.

{ OBslkO o' §sdzdzj dz0  ted W didaOnizf tp tstd-j & ks
13-00148.

BUBJITMOINPAPUNYHECKNE CChIJTKA

1. V.V. Titkov et al., J. Solid State Chem. 308, 122884 (2022).
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NMOMUNHECLIEHTHAA TEPMOMETPUA HA KPUCTAJINE KYsFi0:Erd*
E.M. Yykanuna!, T.A. Uronkmnal?, H.H. Kyabmun?, M.H. MNonosat
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E-mail: echukalina@isan.troitsk.ru

MoHokpuctannel KYsFio:Er®* 3apekomeHgoBanu cebs B KkayecTBe
nepcneKkTUBHbIX nasepHbIx COeIMHEHWN, obnagarowmx
KOHKYPEHTHOCMNOCOBHLIMN XapakTepUCTUKaMU AN1S reHepaunn nasepHoro
nanyyenuns B 6nvkHen UK (*lizz — 4lis) n Buanmoit (2Hiwp, *Saize — 4lisp)
obnactax. Bo3MOXHOCTb NMIOMUHECLLEHTHOW TEPMOMETPUN, OCHOBAHHOMW Ha
nepexogax Mexay LUTAPKOBCKUMU YPOBHAMU MOHa Er®* B KpucTanmnmyeckomn
mMaTpuue KYsFio:Er**, Hackonbko Ham U3BECTHO, paHee He obcyxaanach.
Llenbto  gaHHOM paboTbl ABRSETCA MNOCTPOEHUE  NIOMWHECLIEHTHOMO
TepmomeTpa, paboTatowero B obnactu  HU3KMX  TemnepaTyp.
PaccmatpuBaetcsa 4acTOTHbIM aAnManas3oH, COOTBETCTBYIOLLUMA nepexony
H1az — *l152 M MONagaOWNIA B OKHO NMPO3PayYHOCTM OMTUYECKUX BOSOKOH
(okono 1.5 MKm).

[Onsa  peweHna  nocTtaBfieHHOW  3ajayM  MeTogom  bypbe-
CreKTpocKonun  BbINnM  3aperucTpupoBaHbl  CNEKTPbl  NIOMUHECLIEHLNN
MoHokpucTanna KYsFio:Er®* (2 at.%) B cnekTpansHoi o6nactu ot 6000 ao
7000 cvm? B amanasoHe Temnepatyp oT 3 go 300 K. JlloMuHecueHums
obpasua Bo3byxaanacb NosynpoBOAHUKOBLIM Na3epoM C ONUMHOWN BOJSIHbI
nanyyeHuns 808 Hm.

Ha pucyHke nokasaHbl CNeKTpbl NIOMUHECLIEHUMM B obnactax 6425—
6445 cv? (a) n 6510-6558 cm? (b) npu Temnepatypax 25, 40 n 70 K.
LLITapkoBCKME YPOBHM OCHOBHOrO MynbTunneta “lisp  0003HAYeEHbI
apabckumy uudbpamn, BO3BYKOEHHOTO “liz; — 3arnaBHbIMM NATUHCKUMM
GykBamn, nepexoabl Mexay [OBYMSI COCTOSIHUSIMU — COBOKYMHOCTbIO
000O3Ha4YeHNN  COOTBETCTBYIOLWIMX  COCTOSHUNA. Mpn  nosbiweHun
Temnepartypbl NPOUCXOOUT nepepacnpeneneHne HaceneHHOCTeN YpPOBHEN
B COOTBETCTBUM C pacnpegeneHvemM bonbumaHa, a 3HayuT, U3MeHseTCs
WHTEHCUBHOCTb COOTBETCTBYHOLLMX JIUHUMA.
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TemnepatypHasds 3aBUCMMOCTb  OTHOCUTESIbHbIX  MHTErpasbHbIX
WHTEHCUBHOCTEN, MPUBEOEHHBIX Ha pUC. CheKkTpanbHbIX obnacten
cpaBHMBanacb C ©O0SfbLUIMAaHOBCKMM pacnpegesieHneM HacCeneHHOCTEN.
BbinonHeHa oueHka pekomeHgyemoro paboyvero guanasoHa TepMomeTpa
(40-90 K), onpeneneHna TemnepaTtypa Tm = 63 K, npu KOTOpOn JoCcTUraeTcs
MakcumanbHas abcontTHas YYBCTBUTENBHOCTb npeasfaraemoro
TepmomeTpa. OTHocuTenbHasa YyBCTBUTESBHOCTbL NPU 3TOW Temnepartype
cocTtaBnset 2,9 % K,

Takke obcyxgaeTcsl BO3MOXHOCTb MCMOSb30BaHUS TeMnepaTypHOn
3aBMICMMOCTW MONYLUMPUHBLI NIMHUK A3 ONS U3SMEPEHUs Temnepartypbl.

{ OBBISO o' § sdzdzj dz0@ § WdsH W [ dePzi) s g 8T M
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NMPOABINEHUVE NMAMATN N BABOYKA B POTOHHOM 3XO

A.M. Werena!, C.J1. Kopabnesa?, O.A. Moposos!, H.K. Conosapos?,
B.®. Tapacos!

1SOL Odzf S d 2 -5 Fudaffus MS d2 ddgmlsdlsgls | 0o 52
AR OL Odzi S g2 dzOkwdy 2s Ouj@ste | shfydw

S 0L OdzE BT o tsdzy MC d2) WJHJtOd dgr 2
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E-mail: shegedaam@agmail.com

B kpuctannax Y(LuU)LiFz ¢ noHamu 3pbua pasHOM KOHLEHTpauuu
oOHapyXeH CunbHbIN ructepesnc-6aboyka B MHTEHCUBHOCTU (DOTOHHOIO
axa (®3) npu M3MEHEHUM MONAPHOCTM W Hanpa.fieHUs CKaHMPOBaHWS
BHewHero marHutHoro nonst H. OOpaweHHoe ®3O Habnwoganocb Ha
nepexone *lis2 — *Fo2 NPU 3a4epXKKe MeXxay nasepHbIMy UMNyNbcamu tiz =
33 + 60 Hc. baboyka B UHTEHCMBHOCTM PO BO3HMKAET MNPU HapyLUEHUU
ycriosun napannernbHoctu (D) # 0) unun optoroHansHoctu (D~ # 0) ocn C
Kpuctanna u nons H. OTUM yCrnoBUS HOCAT KPUTUYECKUA XapakTep W
B6abouyka Bo3HMKaET yxe npu D) (D~) < 1°.
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Puc. MNoeeaeHue nHteHcneHocT O3 B LuLi F4:Er®* (0.025%) B MarHuTHoMm none
npu D = +2°. CTpenkamu nokasaHo HanpasreHne N3MeHeHNs MarHMTHOro nons

[Mpwn n3ameHeHun 3Haka oTkrnoHeHus Dy (D~) BepxHne n HWKHUE BETBU
«KpblnbeB  Gaboykm»  MeHsOTCA  MecTamu. BeTtBu  rucrepesuca,
nonyyeHHole npu uameHeHurn H oT *Hwaee A0 H = 0 gaBnawoTCcH
«YCTOMYMBBIMU» W HE MEHATCA MNpUM  MU3MEHEeHUUM HanpasfeHus
CKaHupoBaHunda H, ecnn He MeHSAeTCs MONAPHOCTb MarHUTHOro nong. lNpwu
CMEeHe MOonsApHOCTM U yBenudeHun H no abconoTHOM BenuuMHe [0
HEKOTOPOro KpUTUYECKOro 3HayeHust H* B obpasue coxpaHsaeTcs «namMsaTby
0 npebbiBaHMM B rnosie NPOTUBOMNOSIOXHON NONSIPHOCTM.

Bo3HMKHOBEHME rmcrepesmnca-6aboykm obbscHsaeTCA
NHTEpdEPEHLMNEN INEKTPUYECKUX U MArHUTHbIX OUMNOSbHbBIX NEPExonos,
CBSI3aHHbIX C MposiBfieHneM B obpasuax MarHUTOSNEKTPUYECKMX CBOWCTB
[1]. B paboTte [2] Takke uHTepdepeHumen aNeKTPUIEeCKUX U MarHUTHbIX

Iz
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OVMOSbHbIX nepexodoB 06bsCHSAETCA 3PdEKT MarHUTOSNEKTPUYECKOM
HeB3auMHOCTM B  cybmunnumeTpoBon  IlMP-cnektpockonun  YLiF,
nermposaHHoro uoHamu %°Er3*  korga  MHTEHCMBHOCTb  CUrHanoB
9MIEKTPOHHOrO NapamarHUTHOro pe3oHaHca MeHsinacb Npu NepekTtoYeHnN
HanpaBneHUss MarHNTHOro Nosisi Ha obpaTHoe.

BEUBITMOINPAPUNYECKUE CCbIJIKA
1. AM. Shegeda, S.L. Korableva et al., JETP Letters, 117,

267 (2023).
2. M.V. Eremin and V.F. Tarasov, JETP Letters, 121, 434 (2025).



PACYET g-®AKTOPA PEKO3EMEJIbHbIX MOHOB
B MMAPOKCHNATMNATUTE

O.B. Ulyptakosa, M.A. CagoBHukoBa, [.B. MamuH, M.P. Nadgypos
sOLOdMC d?2 (1 eddizdPOiEidd zdalz @Mdls j Is,
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E-mail: darvshurtakova@kpfu.ru

CuHTeTnyeckmn rugpokcmanatmt  (FAn) npuBnekaeT BHUMaHWe
nccnegoBartenien n TeXHonoros dnarogapst XMMMYECKOMY U CTPYKTYPHOMY
CXOACTBY C KOCTAMM K 3ybamu mnekonutarwmxcs. lNpenapaTbl Ha OCHOBE
AN ucnonb3yrTca B MeanumHe bnarogaps BbICOKOWM OMOCOBMECTUMOCTN,
OMOaKTUBHOCTW, OTCYTCTBUIO TOKCUYHOCTW. [JonmnpoBaHue pasfiMyHbiMU
MOHaMKM MO3BOSMISIET MEHSATb CBOWCTBA KOHEYHOro npoaykrta Mo pasHble
uenwm [1].

B paHHOM paboTe wuccnegoBanucb 06pa3subl MUKPOpPa3MEPHOro
nopowka [An, pgonupoBaHHoOro woHamu Ce3*, cUHTE3NpoBaHHbIE B
WHCTUTYTE MeTannyprum n matepmanosegeHnd um. A.A. bankoBa meTogom
9JIEKTPOHHOro napamarHuTHoro pesoHaHca (Ol1P). Cnektpbl  3lP
Habnganucb nocne peHTreHosckoro obnydeHus (YPC-55 (U = 50 kB, | =
15 MA, W-anTukatog), T = 297 K, Bpemsa 1 4, pacdyeTHas nosaild k).
N3mepenus 3MP nposoaunuce B mMmnynbcHoM pexunme Bruker Elexsys
E580 (X-gnanasoH).

3apernctpupoBaHHbii cnektp J3INP BeposTHee Bcero obycrnoBrieH
NOHaMU Lepus B OBYX HEIKBMBASIEHTHbIX MO3ULMSAX MOHOB Kanbuus. [Ons
onucaHma cnektpa O3lP Obinu paccunTaHbl g-haktopa ana obenx
BEPOSATHbIX MNO3uuMi. bbina HanucaHa nporpamma Ha s3blke Python, B
KOTOPOW paccymTbIBAOTCA NapamMeTpbl KPUCTanIM4eckoro nongd, y4ymtbisas
BKMnag OT WMOHOB PELUETKM, OBOMEHHbIN BKNag W BKMag OT MepeKpbiBaHMs
SNEKTPOHHLIX OPOUT MOHA Lepusi U BHELLHMX 06ono4vek Gnmkanwmx MOHOB
Kncnopoga cornacHo pabote [2]. Nocne gvaroHanusaumm maTpuubl Obinn
noslyd4eHbl BOJSIHOBbIE (PYHKLMM HUXHEro aybneta, Obin paccumtaH Q-
TEeH30p no opmyre

8,:=28,w | I [ w)ig =28 Reu [, [wDg = =28 ,mly | T, [w'), (1)

rae g — dakrop JlaHae Ans noHa Ce?*. PesynbTaTt onucaHus npeacTaBneH
Ha pUCYHKe.
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X-band Call) cale. | 0.48 | 0.60 | 3.27
pulse mode Reany | 0.51 [ 0.85 | 3.29

T=4K cale. | 049 | 1.39 | 2.70
Reany | 0.56 | 1.25 | 2.93
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AHanu3 cnekTpa, NpeacTaBfeHHOro Ha PUCYHKe, MOoKasblBaeT, 4To
3KCMepUMEHTanbHbIN CNEKTP MOrMOLEHNST MOXET ObiTb OTHECEH K CNEKTPY
noHoB Ce*" B BYX HESKBMBANEHTHbIX KpucTannorpauyeckmx nosuuusix.
Habniopgaemble pacxoXOeHus Mexay TEeOpPeTMYECKM pacCyYUTaHHbIMU
3HAYEHUAMUN g-TEH30pa U 3HAYEHUSMW, MONYyYEHHbIMU M3 anmnpoKCMMaLUmm
3KCNEepUMEHTanbHbIX [AaHHbIX, BEPOSiTHO, BbI3BaHbl 0ofee CUnbHbIM
HapyLleHeM NoKanbHOM CUMMETPUMN B KPUCTaNSIMYECKON peLleTke.

it OBtSIsO dzf g@®@ dztf tod f§ tSHH jtey CJ 1 iEpgH2CnC
(ftetsj § Is-72:001812.
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POLARIZATION OF SHORT ELECTROMAGNETIC PULSES

N.N. Rosanov, S.V. Fedorov
loffe Institute RAS, Saint-Petersburg, Russia
E-mail: nnrosanov@mail.ru

Polarization phenomena play an important role in optics and
spectroscopy, and polarized luminescence of crystals was the subject of
special attention by P.P. Feofilov [1]. Previously, these phenomena were
studied mainly for continuous-wave radiation [2]. The development of laser
technology and nonlinear optics led to the appearance of very short pulses
containing only one or less optical cycles [3, 4]. The description of the
polarization structure of such pulses requires special consideration.

Polarization of radiation is strictly defined for monochromatic
radiation. In this case, polarization at a fixed point in space r is given by the
hodograph of the electric field — the trajectory of the end of the vector E, the
beginning of which is fixed, with a change in time [2]. This trajectory is flat
and is an ellipse, and in degenerate cases, a circle (circular polarization) or
a straight line segment (linear polarization). The end of the vector E passes
along it an infinite number of times.

For polychromatic radiation consisting of waves with several specially
selected frequencies, the hodograph is no longer flat and can be a closed
loop, including a knot, topologically not equivalent to a circle [5, 6]. And in
this case, the end of the vector E passes along the hodograph an infinite
number of times. The topological characteristic — the number of
intersections of the projections of the hodograph on the plane — is finite for
them. Such "tame knots" serve as a three-dimensional generalization of
Lissajous figures.

Figure captions should be written with 10 pt font (centered). A line
spacing of 6 pt should follow the caption. Markings on the figures should
have the size corresponding to the 10-12 pt font in the final version of
abstracts, line thickness - not less than 1 pt. Please, take the file size into
account choosing the format of your figure.

In this report, the main attention is paid to the polarization structure of
short, in the specified sense, electromagnetic field pulses [7]. The
fundamental feature of the hodographs in this case is their closed nature,
since there is no field before and after the pulse arrives at the point
indicated. We present a general solution to the inverse problem of classical
electrodynamics — determining the sources that form a given field, based
on the general equations of Maxwell's electrodynamics. Specifying the
material relations, for a vacuum with charges (plasma), we present
examples of hodographs of electrical field not only in the form of tame
knots, but also knots with infinite topological complexity (number of
intersections). Polarization bands are also presented — two-dimensional
surfaces formed by placing the origin of the vector E at each point of the
hodograph; they can be both two-sided and one-sided (Mobius bands). In
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addition, examples of hodographs of magnetic field and the Poynting vector
(electromagnetic energy flow) are given. The indicated structures can be
created in plasma by charge and current density structures in the form of
pulsed distributed oscillating and rotating dipoles.

It seems that the presented results can be used for complete, spatio-
temporal structuring of short electromagnetic pulses [8].

The work was supported by the Russian Science Foundation, grant
No. 23-12-00012.
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OPTICAL DETECTION OF MAGNETIZATION AND A SPIN NOISE

V.S. ZapasskKii
Saint Petersburg State University, Spin Optics Laboratory,
Saint Petersburg, Russia
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Magneto-optical investigations of crystals containing rare-earth
impurities were initiated, in the Vavilov State Optical institute, by P.P.
Feifilov in late 60’s. The research that | was assigned to start was initially
aimed at observation of spectral manifestations of the magnetic-field effects
in the RE activated crystals. In view of relatively broad optical transitions in
crystals, as compared with atomic systems, the magnetic field effects are
revealed in a more pronounced way as the field-induced anisotropy rather
than field-induced shifts of optical transitions. In the course of this work, we
have managed to achieve the highest (shot-noise limited) polarimetric
sensitivity of the measurements [1, 2], which, as applied to magneto-optical
effects in paramagnetic media, signified extremely high sensitivity to the
spin-system magnetization or its variations. These results, in combination
with significant advancements in the field of laser technologies, laid the
basis for remarkable experimental and theoretical investigations in
magneto-optics and magnetic resonance spectroscopy. Among the most
fascinated effects discovered due to these polarimetric achievements was
the effect of magnetic resonance in the Faraday rotation noise spectrum
[3]. The effect was first observed on atomic systems (alkali-metal vapors)
where the spin-system magnetization was converted most efficiently into
the Faraday rotation [3, 4], but then was transferred to solid-state
paramagnets and gave rise to the new direction of the EPR spectroscopy,
nowadays referred to as the spin noise spectroscopy [5].

The main idea of the spin noise spectroscopy was to observe
spontaneous spin precession of a spin-system without its coherent
excitation indispensable in the conventional magnetic-resonance
spectrometers. This approach was characterized by a number of specific
features that made it unique in many respects. Among them are the
nonpereturbative character of the measuring procedure, no requirements to
spin polarization of the system, high spatial resolution, and some others. In
addition, the SNS made it possible to solve certain problems usually
accessible only for nonlinear optics, like to distinguish between
homogeneously and inhomogeneously broadened optical transitions, to
realize the pump-probe spectroscopy in the regime of linear optical
susceptibility, and to perform three-dimensional tomography of transparent
media.

This talk is intended to give a general idea of the spin noise
spectroscopy method implicitly initiated by P.P. Feofilov more than 50
years ago and to present examples of experimental results obtained with
the aid of this unique technique. Until recently, this method was used
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mainly for studying the atomic and semiconductor systems, but nowadays it
has shown its efficiency with respect to the rare-earth activated crystals
and thus deserves to be promoted on this Symposium.

Preparation of the talk was supported by SPbSU grant
No. 125022803069-4.
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Temperature measurement is a fundamental requirement across
numerous scientific disciplines and industrial sectors. Among the various
thermometric techniques, Iluminescence thermometry has gained
substantial attention due to its non-contact nature, high spatial resolution,
and the ability to operate under challenging conditions [1]. This plenary
lecture will offer an in-depth exploration of luminescence thermometry,
examining established and emerging techniques, the challenges that
constrain its broader adoption, and the exciting future directions that
promise to elevate its capabilities further.

Luminescence thermometry exploits the temperature dependence of
optical properties in luminescent materials. Typically, parameters such as
luminescence intensity, emission spectral shifts, lifetime decay, and the
ratio of intensities between thermally coupled emission bands are
monitored as indicators of temperature changes [2]. These diverse
modalities allow researchers to tailor sensing approaches to specific
environments and accuracy requirements. Materials that have been
extensively investigated include rare-earth-doped phosphors [3], such as
those based on erbium, europium, and neodymium ions, transition-metal-
doped phosphors, such as those based on Cr®*, Mn*", and Mn®* [4, 5], as
well as quantum dots and organic fluorophores. Each class offers distinct
advantages in terms of stability, sensitivity, and biocompatibility.

Recently, our work at the Vin€a Institute has elucidated key energy
transfer processes and developed multi-parameter sensing strategies that
enhance the reliability and precision of temperature measurements [6, 7].
The investigations into nanostructured phosphors [8] have also opened
avenues for nanoscale temperature sensing, critical for applications in
microelectronics, catalysis, and biomedical diagnostics where conventional
contact thermometry is impractical.

Despite these advances, luminescence thermometry faces several
challenges. One major limitation is the influence of environmental factors
such as background fluorescence, scattering, and photobleaching, which
can degrade signal quality and affect measurement accuracy. Additionally,
the calibration of luminescent thermometers often requires careful
consideration of material-specific responses over the desired temperature
range, posing difficulties for universal application. Ensuring reproducibility
and stability of luminescent probes, especially under harsh or dynamic
conditions, remains a critical hurdle. Furthermore, while lifetime-based
techniques offer robustness against intensity fluctuations, they often
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demand sophisticated instrumentation, which can Ilimit practical
deployment.

Addressing these challenges requires a multidisciplinary approach.
Advancements in material design, such as the engineering of core-shell
nanostructures or hybrid composite systems, aim to enhance luminescence
efficiency and environmental stability. Concurrently, the integration of
luminescence thermometry with emerging photonic technologies, such as
fiber-optic sensors and plasmonic enhancement, promises improved
sensitivity and miniaturization. Novel data analysis methodologies,
including machine learning algorithms, are increasingly employed to
deconvolute complex luminescence signals and improve temperature
readout accuracy [9].

Looking ahead, the future of luminescence thermometry is poised to
benefit from the convergence of material science, optics, and
computational techniques. Development of multifunctional luminescent
probes capable of simultaneous temperature sensing and other
environmental monitoring (e.g., pressure, pH) will expand application
horizons. There is also growing interest in in vivo thermometry, where
biocompatible luminescent nanoparticles could enable non-invasive
monitoring of physiological temperature with unprecedented spatial
resolution. Additionally, scaling luminescence-based sensors for industrial
use, especially in extreme environments such as high-temperature reactors
or cryogenic systems, offers significant practical value.

This plenary talk will thus not only synthesize current knowledge and
highlight the seminal contributions of researchers but also engage with
emerging trends and unresolved questions in luminescence thermometry.
By fostering an interdisciplinary dialogue, the lecture aims to inspire
collaborative research efforts that will overcome existing barriers and
unlock the full potential of luminescence-based temperature sensing in both
scientific and technological contexts.
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S = 1/2 spin chains with antiferromagnetic exchange have a peculiar
ground state of a quantum spin liquid, without classical magnetic order.
However, this state is strongly correlated and may be described as an
ensemble of delocalized quasiparticles with spin S = 1/2. These
guasiparticles are fermions and are called spinons. Excitations which are
observed in experiments on inelastic neutron scattering or electron spin
resonance are pairs of quasiparticles and holes which occur when a spinon
is transferred from a state below the Fermi-level to the outside. The
spectrum of the energy transmitted to excitations at a fixed transmitted
pulse turns out to be a wide band and has the form of a so-called two-
spinon continuum, radically different from the spectrum of magnons in a
conventional antiferromagnet. In the conventional fermionic systems such
as electrons in metals fermions are microparticles of matter, while in the
spin chains fermions are collective dynamic structures of the macroscopic
spin system in a dielectric crystal.

We study the absorption spectra of microwaves in crystals of
K2CuSOa4Br; containing chains of Cu?" ions (S = 1/2) and Cs;CoCls with
chains of Co?" ions (S = 3/2) and obtain experimental evidence for the
existence of spinons and for their Fermi-liquid interaction. The interaction of
spinons of the “backscattering” tyforpe, along with the Dzyaloshinsky-
Moriya interaction, leads to an additional shift of the boundaries of the
spinon continuum in presence of the magnetic field. Based on the
experimental determination of the spectral boundaries and their
dependence on the magnetic field, the probability of scattering of spinons
on each other and the renormalization of the spectrum due to the Fermi-
liquid type interaction in K2CuSO4Br, was determined [1].

For Cs2CoCls crystals with chains of Co?* ions (S = 3/2) with strong
anisotropy, a pseudospin representation with the effective spin s = 1/2 is
possible because Sz = +/-3/2 states separated by a large gap are not
populated. The chains of pseudospins exhibit XXZ-type anisotropy, their
spectrum retains the general appearance of a two-spin continuum.
However, in contrast to Heisenberg chains, XXZ chains show a splitting of
k = O states already in the zero field, which arises upon the decrease of
temperature when the intrachain correlations appear [2]. We observe the
formation of a spectrum corresponding to the collective motion of spins in
the XXZ chain when the sample is cooled in the range from 2 to 0.2 K, after
which a magnetic ordering occurs with another radical restructuring of the
spectrum. The shift in the frequency of magnetic resonance as a result of
the development of spin-liquid correlations corresponds to the theoretical
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spectrum of the XXZ chain of pseudospins s = 1/2, obtained by the DMRG
method [3].

The results obtained indicate the Fermi-liquid (i.e., non-Fermi-gas)
behavior of spinons, as well as the existence of well-defined quasi-particles
in the spin-liquid phase of the XXZ-chain antiferromagnet.

The work was supported by the Russian Science Foundation grant
No. 22-12-00259.
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MAGNETIC AND ELECTRONIC PROPERTIES OF IRON HYDRIDES
AND THE &-Fe PHASE AT HIGH PRESSURES BASED ON MOSSBAUER
SPECTROSCOPY DATA AND SUPERCONDUCTIVITY EFFECTS
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Electronic, magnetic, vibrational and structural properties of pure e-Fe
iron and its hydrogen compounds FeHx (iron poly- or superhydrides) were
studied at high pressures and low temperatures [1-3]. Synchrotron
Mdssbauer spectroscopy NFS (Nuclear Forward Scattering), Raman
spectroscopy, micro-contact (Andreev) spectroscopy, electrical resistivity
studies, as well as the synchrotron X-ray diffraction were used. Pure atomic
iron in the e-Fe phase was studied in the range of P-T conditions (P = 15 —
241 GPa, T = 4.2 — 300 K). An anomaly in the electronic properties in the
pressure range of about 150 GPa was revealed. In the entire studied range
of P-T conditions, the e-Fe phase exhibits diamagnetic properties and
retains the hcp crystal structure [2].

Iron polyhydrides were synthesized at high pressure by laser heating
of the initial e-Fe iron in ammonia borane BH3NHz medium in high-pressure
diamond anvils cells. Atomic hydrogen H> was released as a result of
thermal decomposition of BHsNHs during heating with powerful laser
radiation and reacted with iron. As a rule, the result of such synthesis is the
formation of multiple FeHx phases, whose saturation of iron with hydrogen
is in the range x = 1 — 6. It was shown that the hydrogen content depends
on the value of the applied pressure, temperature and time of synthesis, as
well as on the uniformity of the power distribution in the laser beam. From
the evolution of the Mdssbauer spectra it was established that in the
pressure range up to 130 GPa both magnetic and non-magnetic (or weakly
magnetic) phases of FeHy are synthesized. At pressures above 150 GPa
non-magnetic phases begin to appear, but with significantly different
electronic properties. This follows from the value of the isomer shift, which
differs from its value in e-Fe. Above P ~ 160 GPa, FeHx phases were
synthesized, exhibiting superconducting properties with a critical
superconducting transition temperature in the range Tc ~ 12 — 30 K [3]. The
value of Tc depends on the pressures and synthesis conditions.
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The equipment of the Collective Use Center "Accelerator Center for
Neutron Studies of the Structure of Matter and Nuclear Medicine" of the INI
RAS was used in the preparation of the samples. X-ray structural and
Mdossbauer studies were carried out within the framework of the state
assignment of the National Research Center "Kurchatov Institute"
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At the S.I. Vavilov State Optical Institute, where Pyotr Petrovich
Feofilov worked, research was conducted on various types of
spectroscopy, including Fourier spectroscopy. High-resolution, wide-range
Fourier spectroscopy is a powerful method for studying extended spectra
rich in narrow lines. It is used in atomic and molecular spectroscopy, and at
the Institute of Spectroscopy, it was first applied to solid-state problems,
specifically to studying the spectra of crystals activated by rare-earth (RE)
and transition-metal ions.

The report will briefly describe the features of the method and its
history, then examine examples of research carried out at the Fourier
Spectroscopy Laboratory of the Institute of Spectroscopy in collaboration
with theoreticians from Kazan Federal University and many experimental
groups from various scientific institutions, both engaged in the synthesis of
crystals and their study using other methods (EPR, X-ray and neutron
methods, = magnetic, magnetoelectric, dielectric, thermodynamic
measurements). We demonstrated that high-resolution Fourier transform
spectroscopy provides record-breaking sensitivity in detecting impurities,
defects, and stresses in crystals, which can be used for quality control and
to improve crystal growth technology. The method enables the study of
structural and magnetic phase transitions and the determination of
magnetic structure types, including in cases where this is impossible or
difficult to achieve using neutron methods. Various functional materials
were studied, including multiferroics, phosphors, and crystals for quantum
electronics and quantum informatics. Many types of optical quantum
memory utilize hyperfine levels of RE ions in crystals, and we investigated
the hyperfine and isotopic structure in the spectra. A microscopic theory of
the isotopic structure in the spectra of rare-earth ions, induced by both
isotopic disorder in the crystalline matrix and the mass difference between
the nuclei of RE isotopes, was developed. Spectral lines with a specific dip
in the center were discovered, corresponding to transitions involving
orbitally degenerate electron states. To explain the contours of these lines,
a theory of deformation-induced broadening and splitting of spectral lines
was constructed, including the derivation of a generalized distribution
function for the components of the random deformation tensor induced by
point defects or domain boundaries in an elastically anisotropic continuum.

A recent upgrade to the experimental setup based on a Bruker
125HR Fourier transform spectrometer allows us to record not only
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absorption and reflectance spectra but also luminescence spectra with a
resolution of up to 0.0006 cm-1 [1]. This has opened up research
opportunities in the field of remote luminescence monitoring of low
temperatures, magnetic fields, and deformations [1-3].

This report was prepared with the financial support of the Russian
Science Foundation (grant no. 23-12-00047).
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The THz range (0.1-10 THz, 3 mm — 30 pum) is located between the
microwave and far IR spectral regions and is still poorly explored by
mankind. The THz radiation interacts with the low frequency vibrational
modes of molecules and allows obtaining unique functional information
about objects and phenomena that is inaccessible using other radiation of
the electromagnetic spectrum. In particular, THz radiation can penetrate
various materials, enabling the contrast differentiation of materials by their
molecular composition and the identification of hidden objects. Besides, it is
non-ionizing and completely harmless to living matter. That is why
detection and visualization of THz radiation is a prospective powerful tool
for exploring in biology, medical theranostics [1], security & military
screening [2], materials science, defectoscopy [3], advanced
communication systems [4] etc. The development of physical principles for
the designs of highly sensitive fast-response real-time detectors and
visualizers of microwave and terahertz radiation is the pressing and urgent
task.

In this report, we propose a paradigm of THz radiation visualization,
which is the result of the synthesis of previously proposed ideas regarding
of microwave radiation imaging (“radiovisor”) [5] and metallic nanoparticles
THz-to-heat converters for thermal imaging systems [6]. Here the
opportunity of implementing detectors and visualizers based on activated
fluoride nanoparticles, which simultaneously are efficient THz-radiation
absorber and high-sensitive luminescent temperature sensors is discussed
and developed. Rare-earth doped fluoride nanocrystals, having low values
of heat capacity, thermal conductivity, density and efficient fluorescence [7]
are a promising materials for such kind sensors. It is possible to design
bulk and/or composite nanoparticles of the "core-shell* type, where
interStark transitions of ground state rare-earth ions, water clusters or
metal inclusions can be use to absorb THz radiation and the followed
heating can be detected by their spectral-luminescent properties dependent
on temperature. The advantages and disadvantages of this approach are
analyzed and various approaches of such kind sensors/visualizers are
evaluated.

The features of the synthesis of rare-earth ions doped fluoride
nanoparticles of various compositions and morphology are presented, their
absorption and fluorescent spectral-kinetic characteristics in THz and
optical spectral and temperature ranges in which their maximum
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temperature sensitivity is realized are analyzed and reviewed. The
detection thresholds for Thz radiation and the inertial properties of
temperature sensors-visualizer based on fluoride nanoparticles are
evaluated. The results of first experiments are demonstrated. Further
prospects of THz fluorescent nanovisualizers are discussed.
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METHOD FOR DETERMINING THE PROBABILITIES OF TRANSITIONS
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The lifetime of an excited multiplet is an important characteristic that
is taken into account when designing lasers. Lifetime measurements are
sometimes supplemented by measurements of its temperature
dependence. The first measurements of the temperature dependence were
performed more than 50 years ago and continue to be performed at
present. However, a consistent theoretical description of the experimental
temperature dependence was recently performed in [1]. In this work, the
following formula for the oscillator strength was proposed for a correct
description of radiative and absorption transitions taking into account the
temperature dependence:
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Here as f,° one can use the oscillator strengths determined by the
Judd-Ofelt theory, Kc are correction factors, SRG, ¢) is the matrix of
selection rules for radiative transitions,DEG £, E_ is the energy of the
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component with an irreducible representation G of the multiplet J relative

to the component with the lowest energy of this multiplet, k is the
Boltzmann constant, Z denotes the statistical sum.

The results of the description of the experimental temperature
dependence [2] of the lifetime of the *Fs» multiplet of the Nd** ion in LiYF4
using formula (1) are presented in Figure.
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Fig. The dots indicate the experimental values
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The following parameters were selected as variable parameters:
Kc[l'7g] = 1, Kc[l's6] = 1.4. The following transition probabilities correspond
to them: W(I78) = 1755 ¢ %; W(s6) = 2457 ¢7L.

Thus, a good description of the experimental dependence and
probability of transitions from the components of the excited multiplet is
obtained.
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Remote temperature measurement based on temperature-dependent
characteristics of luminescence of objects (decay time, position, width, and
intensity of lines) is widely used in various fields of science and technology.
It allows monitoring the course of chemical reactions and various
technological processes and obtaining temperature distribution maps with
good spatial resolution, which is especially valuable for biomedical
applications. The above applications require measurements near room
temperature and above, and luminescent measurements in this
temperature range are well developed. Luminescence of crystals with f-
and d-ions, organic molecules, quantum dots, color centers in diamonds is
used. The cryogenic temperature range is almost unmastered, while such
measurements are necessary, for example, when conducting low-
temperature experiments, in space research, in modern quantum
technologies.

For luminescence measurements of temperatures in the range of 3—
150 K, we proposed using measurements of the relative intensities LIR
(line intensity ratio) and the widths Av of the lines of transitions between the
crystal-field levels of lanthanide and chromium ions in crystals [1-6], and
for even lower temperatures — measuring the intensity distribution of the
hyperfine structure components in the spectrum of the Ho3' ion in a
crystalline position with sufficiently high symmetry [7]. Luminescent
Boltzmann ratiometric thermometers based on KyYFs:Er3* [1], LiYF4Er®*
[2], KY3F10:HO®*" [4], and YAI3(BOz3)4:Cr3* [5] crystals were proposed with
maximum absolute sensitivities near temperatures from 3 K to 60 K. In this
case, the luminescence of the Er3* ion was recorded in the region of about
1.5 uym at the %liz2 — 152 transition, which falls within the transparency
window of optical fibers. In [6], magnetic phase transitions in multiferroic
GdFe3(BOs3)4 crystal (at 37 and 9 K) were recorded using the luminescence
of erbium introduced as a probe into this crystal, with simultaneous
temperature monitoring.

To measure ultra-low temperatures, a line with a frequency of 6089.3
cm? in the luminescence spectrum of a monoisotopic ‘LiYF4:Ho®* crystal in
the °Is — °l7 transition was selected. This line has a well-resolved hyperfine
structure and falls into the standard U-range for fiber-optic communication.
The distribution of the intensities of hyperfine components was calculated
taking into account the mixing of the wave functions of crystal-field levels
by hyperfine interactions and under the assumption of the Boltzmann
distribution of the populations of hyperfine sublevels. A technique for
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recording the temperature using all components of the hyperfine structure
was developed.

We thank the co-authors of [1i 7] K.N. Boldyrev, A.D. Molchanova,
E.P. Chukalina, T.A. Igolkina, M. Bettinelli, and N.M. Khaidukov. The work
was carried out with financial support from the Russian Science Foundation
(grant No. 23-12-00047).
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Optical and electronic spin transitions in rare-earth ions have a long
guantum coherence lifetime, which is why these ions attract great attention
in the development of modern quantum technologies [1], among which the
development of photon echo quantum memory (QM) occupies a noticeable
place [2] as one of the basic elements of an optical quantum repeater.
Photon echo QM protocols in crystals with rare-earth ions (REI) is
interesting for its ability to store a large number of light pulses, as was
demonstrated, for example, by storing more than 1,000 such pulses in one
of such QM protocols [3]. Multi-pulse excitation schemes of coherent
atomic ensembles are also used in the formation of Ramsey resonance
lines with a narrow spectral width 7 7 , which are actively used in high-
resolution spectroscopy, as well as in the creation of optical clocks and
frequency standards [4]. Narrow Ramsey lines are always formed by
excitation of an optically thin atomic medium by a sequence of laser pulses
with specially prepared temporal shapes. In this work, we show the
possibility of using multiple photon echo signals, that occur in optically thick
crystals doped by REIs, to create ultra-narrow Ramsey resonances [5], the
width of which can be greatly reduced compared tof ]

The excitation of a two-level inhomogeneous broadened optically
thick resonant medium by a sequence of two and three parallel propagating
laser pulses separated by preset time intervals was considered. The total
pulse area of the laser pulses were chosen to be close to 1. These pulses
are rapidly absorbed in the medium, causing the appearance of photon
echo signals in its depth. It is shown that a sequence of multiple photon
echo signals already occurs in the depth of the medium, leading to the
formation of a group of excited atoms with ultra-narrow Ramsey resonance
lines, the spectral width of which decreases in the depth of the medium as
1T71TR*7T 1 Q T (where | 0 is the optical density of the resonant junction,
a is the coefficient of resonant absorption of the medium, and L is its
length). The behavior of the line shape of these resonances was studied
depending on the parameters of the laser pulses and the probing methods.
It is shown that ultra-narrow Ramsey lines can be generated with | O] p
and their probing by a probe pulse propagating in parallel (antiparallel) with
exciting laser pulses, as well as in orthogonal geometry.

An experiment was conducted to detect the predicted narrowing of
Ramsey lines for two-pulse excitation of an optical transition of erbium ions
in a %’Er* Y,SiOs crystal with an optical thickness| 0 o®. The detected
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narrowing of the Ramsey line is about 2.5 times, their shape and
parameters are well described by the presented theory.

This research was supported by the Ministry of Science and Higher
Education of the Russian Federation (Reg. No. NIOKTR 121020400113-1).
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JAHN-TELLER MAGNETS
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We classify compounds based on Jahn-Teller 3d and 4d ions with
configurations of the 6 Q type in a highly symmetric octahedral, cubic or

tetrahedral environment and with the ground state orbital E-doublet as
Jahn-Teller (JT) magnets [1, 2]. These are compounds based on tetra-
complexes with the ‘Q configuration (Ti**, V**, Cr®*), low-spin (LS) Q
configuration (V2*, Cr®*, Mn**), high-spin (HS) ‘Q configuration (Fe?*, Co%),
octa-complexes with the HS Q configuration (Cr?*, Mn*, Fe**, Ru*"), LS
'Q configuration (Co?*, Ni®*, Pd®"), as well as octa-complexes with the 'Q
configuration (Cu?*, Ni'*, Pd', Ag?*). All JT configurations of d-ions include
one Q-electron or one Q-hole over stable, fully or half-filled shells, which
makes them unstable with respect to the anti-JT disproportionation
reaction, leading to the formation of a system of S-type electron and hole
centers with an orbitally non-degenerate ground state [2], equivalent to a
system of effective composite spin-singlet or spin-triplet bosons in a non-
magnetic or magnetic lattice [2]. The class of JT magnets includes a large
number of promising materials with competition of orbital, spin and charge
degrees of freedom, which are in the focus of modern condensed matter
physics, such as manganites RMnQO3, ferrates (Ca,Sr)FeO3, ruthenates
Ru0O2, (Ca,Sr)Ru03, (Ca,Sr)2Ru04, a wide range of ferropnictides (FePn)
and ferrochalcogenides (FeCh), 3D-nickelates RNiO3, 3D-cuprate KCuF3,
2D-cuprates (La2Cu0O4, ...) and nickelates RNiO2, silver-based compounds
(AgO, AgF2). These materials have a wide range of unique properties from
various types of orbital [1], spin, charge, and spin-charge ordering, unusual
guasi-metallic behavior, to metal-insulator transitions and spin-triplet
superconductivity [2].

The report discusses the classification of JT magnets, the original
method of charge triplets and effective Hamiltonians, which allows for an
adequate description of the electronic structure of JT magnets, possible
phase states, phase diagrams, magnetic and optical properties of actual JT
magnets beyond the so-called "ab initio" methods based on the density
functional theory (DFT).
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THE JAHN-TELLER EFFECT IN PHYSICAL ACOUSTICS.
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The Jahn — Teller effect (JTE) currently includes the phenomena
associated with the Jahn-Teller theorem [1], which states that “all
degenerate electronic states of non-linear molecules are unstable whether
the degeneracy is due to electronic orbits or to spin”. This theorem does
not directly relate to crystals, but to describe crystals with a low
concentration of substitution impurities, a molecular model is used that
considers Jahn — Teller (JT) complexes, each of which consists of an ion
with orbital degeneracy (often 3d ions) and its nearest environment. Prior to
substitution, the metal ion is in a highly symmetric coordination (tetrahedral,
cubic or octahedral), and after substitution, the complex undergoes
tetragonal, trigonal or orthorhombic distortions, which leads to changes in
the energy of the ground and excited states, and the appearence of
associated features in magnetic resonance and optical spectra (see, e.g.,
[2]), as well as elastic characteristics [3]. Thus, if we use a more general
approach, we can consider the manifestation of the JTE in magnetism
(magnetostatics and magnetodynamics), electromagnetism and physical
acoustics. For completeness, we should also mention thermal physics, but
experiments in this area are few [4]. Thermophysical and magnetostatic
experiments provide information related to transitions between the ground
and close excited energy levels, magnetic resonance experiments -
between those split by a magnetic field, optical - between the ground and
higher energy levels, and acoustic - information related to the ground state.
Consequently, for the most complete description of the JT complexes, all
these experimental techniques should be used.

In this report, we will focus on the experimental advantages of
physical acoustics in terms of studying the JTE in impurity crystals,
meaning a low impurity concentration, such that the JT complexes could be
considered as a thermodynamic ensemble with structural elements that do
not interact with each other. In this case, the substitutional impurities are
located at the lattice sites with a highly symmetric environment. In this
experiment, as a rule, changes in the amplitude 6 and phase ¢ of the
signal propagated through the sample are measured as a function of an
external parameter (temperature Y magnetic field 0) at a fixed frequency
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( ). These changes are associated with changes in attenuation | and
phase velocity 0 as follows:

N (1)
where 'Q 71 70 is the wave number, &is the distance trvelled by the wave,
and quantities with index O correspond to values determined at some fixed

parameter, such as "Y for temperature. Measurements of the attenuation
and phase velocity are in fact measurements of the complex wave number:

— - e (2)

which is the solution of the wave equation, which includes the components
of the elastic modulus tensor @ . The elastic moduli define stress tensor

, Wwhich are thermodynamic forces conjugate to the strain tensor - as
thermodynamic coordinates and determine the Helmholtz free energy. The
elastic moduli are calculated when interpreting the experimental results, so
it is natural to present the experimental results recalculated into
components of the dynamic (frequency-dependent) complex elastic moduli.
If in an experiment the change in the phase of a signal is determined by the
change in frequency, we can use i
3w 3 wP .0 (3)
o ST el
Here and below, where it is not necessary, tensor indices are omitted.

The first studies by M. Sturge's group showed: (i) the JTE in an
ultrasonic experiment has an anisotropic nature (it only appears in modes
with elastic displacements corresponding to the polarization of active
vibronic modes), (ii) the attenuation maximum associated with the JTE has
a relaxation, and not a resonance nature, as it was predicted before [5],
(i) from the experimentally determined temperature dependence of the
relaxation time, it is possible to establish the relaxation mechanisms, which
proved to be thermal activation and tunneling through a potential barrier,
accompanied by the absorption and emission of thermal phonons (see
references in [3]).

An expression for the contribution of the JT subsystem to the
attenuation of ultrasonic waves (i.e., to the imaginary part of the elastic
modulus) was derived to interpret the results of experiments in the
AlLOz:Ni®* crystal [3]. This expression was generalized for the JT
contributions of both components of the complex dynamic elastic modulus
in [6]:

&) @ P
® © p Q- (4)
where is the isothermal contribution of the JT subsystem to the
elastic modulus, t is the configurational relaxation time (the time of
equilibration of the JT complexes over the states characterized by different
deformations of the complexes). The expression for the components
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w Is determined by the derivative of the JT contribution to the

Helmholtz free energy density 'O over the components of the relative
deformation tensor - [7]:

N, (5)
T-1T- 5
and 'O is expressed by the statistical sum (b[?]:

0¢

®

"0 £Q Yo dh (6)
. 0T YO : (7)
“ “N o7

where ¢ is the concentration of JT complexes, Q is the Boltzmann
constant, the index “S” indicates the symmetry properties of the global
minima of the adiabatic potential energy surface (APES), E for tetragonal, T
for trigonal or OR for orthorhombic symmetry, &  ofthp is the number of
minima for the cases of symmetry E, T, OR, respectively:

& :QY—— 8 (8)

(0]

The explicit form of the moduli @ , in the case of crystals with the

wurtzite structure, was obtained in [9], and for the crystals with the
sphalerite and fluorite structure it was reported in [10]. From the
expressions given in these works, it is clear which modes should exhibit
anomalies in the temperature dependences of the attenuation and velocity
of ultrasound depending on symmetry properties of the global minima of
the APES that form the ground state.

Thus, the statement about the anisotropy of the JTE in the
ultrasonic experiments on Al203:Ni*" crystal, formulated in [3], was
not only generalized comprising crystals of different symmetry. In the
addition, possibility of experimentally determining the symmetry
properties of the APES extrema of the JT complexes was
demonstrated. These symmetry properties depend on the relation
between the values of the force constants and the constants of vibronic
coupling, linear and quadratic, and are a priori unknown. Note that this
possibility is not available when conducting other types of experiments
without model consideration. It is due to the fact that the equations of

motion in physical acoustics contain tensors of the fourth rank @ , and

not of the second (- , ... ), as in electromagnetism.

From the equations (5-8), it can be noticed that the explicit form of
expressions for the JT contribution to isothermal moduli has the form:

® 6 — (9)



where @ is the distance from the JT center to the nearest anion, 0 IS a

constant, and "O is a linear constant of the vibronic coupling (in this case,
the index S indicates the tetragonal E or trigonal T distortions). Calculation
of the constants 0  is complicated one and it is individually performed for
matrices of different symmetries and for the JT complexes of different
configurations.

It can be shown that if we introduce the notation of temperature Y,
such that] Y p (not to be confused with the spin-lattice relaxation time),
then expression (4) can be written in the form:

) Y® Y IY p 06w Y JY 71t

5 ST oY 1 f FOvY p1 e Qo

The value of "Y can be determined experimentally by the maximum of
| "YJY thus, Y@ Y and ‘040 Y also become known from the
experiment. As a result, the joint solution of equations (9) and (10) for
“Y 7Y leads to two expreeeions, one of which includes data obtained from
attenuation measurements, the second one includes data from velocity
measurements. This, in addition to other known experimental parameters,
contains "O, which makes it possible to quantitatively determine the linear
constants of vibronic coupling by two independent methods. If the force
constants are known from another experiments, than the obtained values of
'O allow us to determine the JT stabilization energies and the JT
deformation of the complexes. Thus, the methods of physical acoustics
make it possible to determine the static properties of the JT
complexes, namely, the values of the extrema of the adiabatic
potential energy surface and their positions in a five-dimensional
coordinate system of symmetrized displacements.

If we substitute the experimentally determined dependencies
Y@ Yo and 040  "YXO into the left-hand side of Eq. (10), we obtain
two independent equations for determining the temperature dependence of
the configurational relaxation time 1 "Y:

. 5 5 - (11)
Y - S —

o Y@ Y OY (12)
T°Y — ¢ P38

] Y@ Y JY

In Eq. (11) the «+» sign is taken for Y “Y and «—» for Y Y.
Expression (11) differs from that utilized earlier by Sturge's group [11] in
that the value of “Y is used rather than the position of the attenuation
maximum “Y . Actually, "Y e Y, but this approximation does not take into
account the hyperbolic variation in the isothermal modulus with
temperature. It is valid for peaks of width Y'YL "Y. The study of the
temperature dependence of relaxation time [12] showed that the



mechanisms proposed by Sturge [3] describe relaxation processes well,
and at low temperatures the processes of tunneling through the potential
barrier are dominant, which allows us to classify ultrasound studies of the
JTE in doped crystals as quantum acoustics [13]. The tunneling
mechanism with the emission of one phonon ensures a relaxation rate
proportional to temperature and leads to the non-zero attenuation of
ultrasound even in the limit of zero temperature, which is a very impressive
result. Thus, the methods of physical acoustics also make it possible
to study the dynamic properties of JT subsystems, namely, the
relaxation mechanisms that are directly related to the properties of
individual nuclear complexes: their adiabatic potential energy surface
and the probabilities of transition from one state to another by means
of quantum tunneling.

The work was partially financially supported by the Ministry of
Science and Higher Education of the Russian Federation (the basic part of
the state assignment, project no. FEUZ-2023-0013).

REFERENCES

1. H.A. Jahn and E. Teller, Proc. Roy. Soc. A161, 220 (1937).

2. 1.B. Bersuker, The Jahn-Teller effect, Cambridge: Cambridge
University Press, 2006.

3. M.D. Sturge, in Solid State Physics, Eds: F. Seitz, D. Turnbull, H.
Ehrenreich, New York: Academic Press, vol. 20, 1967, pp. 92-213.

4. W. Mac et al. Phys. Rev. B 50, 14144 (1994).

5. 1.B. Bersuker, JETP 17, 1060 (1963).

6. V.V. Gudkov, in The Jahn-Teller effect, Eds: H. Koppel, D.R.
Yarkony, H. Barentzen, Heidelberg: Springer, 2009, pp. 743-766.

7. L.D. Landau and E.M. Lifshitz, Course of Theoretical Physics, Vol.
7. Theory of Elasticity, Moscow: Fizmatlit, 2003; New York:
Pergamon, 1986.

8. L.D. Landau and E.M. Lifshitz, Course of Theoretical Physics, Vol.
5: Statistical Physics, Moscow: Fizmatlit, 2002; Oxford: Pergamon,
1980.

9. N.S. Averkiev et al., JETP 129, 72 (2019).

10. M.N. Sarychev et al., JETP 135, 473 (2022).

11. M.D. Sturge et al., Phys. Rev. 155, 218 (1967).

12. M.N. Sarychev et al., JETP Letters 113, 47 (2021).

13. M.N. Sarychev et al., Phys. Rev. B 109, 214104 (2024).



EFFECT OF Sc** CONCENTRATIONS ON THE OPTICAL PROPERTIES
OF YTTRIUM SCANDIUM ALUMINUM GARNETS DOPED WITH RARE
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North-Caucasus Federal University, Stavropol, Russia
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Garnet-structured materials are widely used as matrices for rare
earth ions (Re) due to their high thermal conductivity, mechanical strength,
and thermal stability. Among the various garnets, yttrium scandium
aluminum garnet (YSAG) deserves special attention. Its crystal lattice
exhibits tolerance to the partial substitution of yttrium (Y3¢) in dodecahedral
sites and aluminum (AlR¢) in octahedral sites by scandium (Sc3¢). When
selecting a material with desired properties, it is important to understand
how changes in the crystal environment of the rare earth ion affect the
properties of YSAG:Re.

The aim of this study was to identify the effects of Sc3¢ concentrations
in dodecahedral and octahedral sites on the optical properties of YSAG:Re-
based ceramics (where Re = Sm and Nd). Optical ceramics YSAG:Re were
obtained by non-reactive sintering of nanocrystalline powders, which were
solid solutions with a garnet structure. The composition of the samples is
described by the general formula {YsxyScxRey}Al>.Sc;]AlsO12, where
0<x<1.5; y=0.03 (Nd) and y=0.15 (Sm), 0<z<1.0. The optical quality of the
obtained ceramics can be assessed by the spectra shown in Fig.
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Fig. Transmission spectra of YSAG:Sm (a) and YSAG:Nd (b) ceramic samples,
composition code x:y:z.

For the studied YSAG:Re compositions, the effects of
inhomogeneous broadening and shifts of the Stark bands in luminescence
and absorption were recorded. It was suggested that the inhomogeneous
broadening of the luminescence bands is caused by the presence of
nonequivalent Re3¢ centers. Thus, in the nearest environment of Re3d,
there can be from O to 4 Sc3¢ions in the octahedral position (4ABH-0Sc3d;
SABP-1Sc3g; 2ALRp-2Sc3d; LARP-3Sc3d; 0ARPp-4Sc3¢) and from O to 4 in the
dodecahedral site (4Y3¢-0Sc3¢; 3Y3¢p-1Sc3d; 2Y3p-2Sc3d; 1Y3¢p-3Sc3d; 0Y3¢-
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4Sc3d). In other words, the number of possible nonequivalent centers in
YSAG:Re should be at least 25. All these centers are formed with
probabilities that depend on the composition of the scandium-containing
garnet. With an increase in Sc3¢ concentration to 50 at.%, the diversity of
nonequivalent centers reaches its maximum. In addition, the influence of
Sci3¢ concentrations on the nephelauxetic effect was revealed.

The study was carried out within the framework of the state
assignment of the Ministry of Science and Higher Education of the Russian
Federation (FSRN-2025-0001).
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The first report on the observation of luminescence of rare-earth ions
at laser excitation outside their absorption bands in oxide glasses was
made more than 10 years ago [1]. However, the proposed interpretation of
the nature of the observed effect, based on the hypothesis of the formation
of a continuum of defective centers in the glass [2] and the transfer of
excitations from them to the activator, seems unlikely. Therefore, in the
present work, an attempt is made to achieve greater clarity in
understanding the reasons for this effect using the example of a number of
oxide glasses activated by Tb*" and Yb3* ions.

It has been established that the luminescence of the activators used
at such excitation takes place only with the appearance of supercontinuum
generation in the matrix and is carried out by non-radiative transfer of
excitations from Raman satellites broadened by phase self- and cross-
modulation. A necessary condition for the implementation of this process is
that the activator has energy states resonant to the Raman satellites and
optical phonons generated by the supercontinuum. In this case, scanning
along the spectrum of the matrix of the wavelength of laser radiation can be
accompanied by excitation of various optical centers. Noteworthy is the
active role in the process of transferring excitations of oscillatory oscillators
not only of the matrix, but also of impurities, in particular, OH™-groups, and
the contribution of the latter depends on the strength of their connection
with the structural glass grid. It should also be noted that despite the
overlap of the supercontinuum spectrum with the absorption bands of the
activators used, the contribution of radiative transferring to the excitation of
their luminescence is practically absent; no excitation of the activators was
detected as a result of two-photon absorption.

The described effect can be used to obtain a population of a
metastable state of activators uniform in volume, as a new tool for studying
the interaction of the activators with the matrix and impurity oscillatory
oscillators, as well as studying the microstructure of optical materials.
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During the study of the effect of a magnetic field on photon echo signals
of ®®Er3* impurity ions in LiYFs and LiLuFs single crystals the effects of
magnetoelectric nonreciprocity and butterfly-shaped hysteresis were found [1].
The intensity of the photon echo was dependent on the direction of the
magnetic field and on the direction of its scanning. The echo signals were
observed at the transition between the levels of the 4152 and #Fg;2 multiplets.
Here we report that magnetoelectric nonreciprocity was observed during the
study of resonant transitions between the levels of the ground and first excited
doublets of the ground “#lis> multiplet of ®°Er3* jons in an isotopically pure
’LiYFs single crystal. The effect of nonreciprocity is manifested as a
dependence of the amplitude of the resonant signals on the direction of the
magnetic field and the orientation of the sample in the magnetic field. This is
demonstrated by the spectra shown in Fig.
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Fig. EPR spectra of inter-doublet transitions of 16°Er3* ions in LiYF4. The spectra (a)
and (b) are recorded with the sample rotated at 180

A gquantum mechanical calculation of the probability of magnetic and
electric dipole transitions has shown that for some orientations of the sample
in the magnetic field, these probabilities are comparable. The nonreciprocity
effect is explained by the interference of the probability amplitudes of
magnetic and electric dipole transitions, the nature of interference depends on
the orientation of the sample in the magnetic field. For more information, see

2].
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Crystals of double fluorides containing rare earth impurities have
been intensively studied for many years. Interest in these compounds is
associated with numerous applications in various fields of physics. They
are used as efficient lasers and as model systems for studying tunneling
processes in molecular magnets. Many works are devoted to studying
magnetooptics and optoacoustics processes in them. One of the interesting
features of these compounds is the fairly close arrangement of excited
states within the ground multiplet. In particular, LiYF4:Ho®*" has Stark levels
of 0, 6.8 and 23 cm™, LiYF4:Er3®* has 0, 17 cm™?, LiYF4:Dy** has 0, 14.4 cm~
1 and LiYF4#Tm3" has 0, 31 cm™. This circumstance makes them very
attractive systems for applications in terahertz range technology, one of the
urgent tasks of which is the creation of sensitive detectors. Recently, it was
proposed to register terahertz radiation by changing the luminescence
spectra. For this, it is necessary for the detector to intensively absorb
terahertz waves, which will lead to an increase in the detector temperature
and a change in the luminescence spectrum. Double fluoride crystals that
allow the entry of rare-earth ions from fractions of a percent to concentrated
systems have the necessary properties. Moreover, the presence of closely
spaced Stark levels allows increasing the absorption of terahertz waves,
and the dependence of the electron states of the rare-earth ion on the
magnetic field to change the regions of the resonance absorption bands.
Therefore, a detailed spectroscopic study is a prerequisite for the use of
double fluorides in terahertz technology. We present the results of studying
LiYxDy1-xF4 crystals in the subterahertz (50-600 GHz) frequency range
using EPR spectroscopy methods.

Previously, we studied a dilute system (LiYF4:Dy 0.05%) by EPR
spectroscopy in the subterahertz range [1]. The value of the Stark splitting
between the ground and first excited doublet of the ground multiplet ®His
was determined and the frequency-field dependence of the resonance
transitions between doublets was obtained. In the present work, it was
found that an increase in the concentration of dysprosium ions leads to a
noticeable decrease in the Stark splitting between doublets and a strong
increase in the effective g-factor when observing interdoublet transitions. In
the concentrated sample (LiYFa4), the effective g-factor is more than twice
the value obtained for the dilute crystal in the orientation when the
magnetic field is orthogonal to the symmetry axis. In addition, anisotropy of
the EPR signal intensity was detected when rotating the crystal around the
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symmetry axis. The report discusses possible reasons for the observed
features in the study of the concentration series.
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OPTICAL PHENOMENA IN NON-CENTROSYMMETRIC
ANTIFERROMAGNET CuB204
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Copper metaborate CuB20s4 crystallizes in a unique non-
centrosymmetric tetragonal structure —42m [1], in which magnetic copper
ions Cu?" with an electron shell of 3d® and spin S = 1/2 occupy two
structurally nonequivalent 4b and 8d positions in the unit cell (Fig. 1).
These structural features are manifested in a rich magnetic phase diagram
[2] and in optical absorption spectra associated with electronic transitions in
the crystal field (Fig. 2) [3].

CuB:204 has been the subject of active research for two decades due
to the observation of unusual magnetic and optical properties. The report
will consider the features of linear spectra, nonlinear spectra of second
harmonic generation and photoluminescence spectra.
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Fig. 1. Diagram of exciton states of copper ion Fig. 2. Optical absorption

in 4b and 8d positions. spectrum in three main

polarizations, T=9 K

Figure 2 shows the absorption spectra in polarizations a (E||x), o]|
(El|x) and 1 (E||z). They are characterized by a rich fine structure with a
high polarization dependence, which is usually non typical for oxide
magnets. Such a structure of the spectra allows one to unambiguously
distinguish electric dipole (ED) and magnetic dipole (MD) transitions. In the
spectra, it is possible to reliably distinguish phononless lines (excitons),
which are accompanied by magnon and phonon satellites. A feature of the
spectra is that phonon satellites are observed on all excitons. Excitons at
1.405, 1.667 and 1.913 eV can be unambiguously attributed to the 4b
subsystem, and they are observed predominantly in a- and s-polarizations.
Excitons at 1.577, 1.873 and 2.120 eV transitions should be attributed to
the 8d subsystem, and they are observed mainly in the p-polarization. In
addition, these two groups of excitons are characterized by different
temperature behavior, namely, the virtual disappearance of 4b excitons
above Tn = 20 K, while 8d excitons are observed up to temperatures of
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~150 K. The report will consider spectroscopic features of the second
optical harmonic generation on exciton transitions and features of its
behavior in a magnetic field of up to 10 T [4]. In conclusion, the results on
rich photoluminescence spectra below 1.405 eV on the first exciton
transition will be presented.

The work was carried out within the framework of the RSF project No.
24-12-00348.
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CALCULATION OF LIGHT EMISSION NONRECIPROCITY
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The phenomenon of optical nonreciprocity, where the absorption or
emission of light differs depending on the direction of propagation, has
attracted significant attention in recent years. In materials with broken time
and space inversion symmetry, it can arise due to the interference of
electric (ED) and magnetic (MD) dipole transitions [1].

The first quantum mechanical calculations of the probabilities of
magnetic and electric dipole transitions, taking into account their
interference in CuBFOW were carried out in studies [2, 3]. Alongside
microscopic calculations of matrix elements, a group-theoretical method
was used to determine the invariant components of the magnetoelectric
coupling tensor. In this work, we generalize previously obtained results and
analyze the applicability of the interference scenario between magnetic and
electric dipole transitions for modeling new experimental data recently
reported in [4] on luminescence spectra in the 1.4 eV range in CuBFO1

The unit cell of CuBFOW contains two types of copper ions in the 4b
positions, with their local axes rotated relative to each other (geometric
frustration). The frustration effect significantly affects the total luminescence
intensity. To calculate the wave functions and matrix elements for ED and
MD transitions, the crystallographic coordinate system was used, which
simplified the calculation of the exchange fields acting on the excited states
of the copper ions.

The energy levels and wave functions of the Cu2¢ ions occupying the
4b positions were calculated by numerical diagonalization of the effective
Hamiltonian:

H:HCF+HSO+HZ+HS)?+H§>? (1)

Here, the first three terms correspond to the crystal field, spin-orbit,
and Zeeman interactions, respectively. The last two terms describe the
exchange fields acting on the ground and excited states of the copper ions.

To describe electric dipole transitions, an effective operator was
used, accounting for the mixing of the ground-state 3d® configuration with
excited 3d®4p and charge-transfer states:

H, = & {EQU W} pe (2)
k,p.t
The values of D™ were estimated using formulas from [5], and the

absolute value was then refined based on experimental data.
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The relative transition intensities from the excited states (g | to the
ground state |g) were calculated using the formula (where Z is the partition
function):

o &l +Helg) e /2 ©

A key difference between absorption and luminescence calculations
is the need to account for the level population, as the excited state splitting
of 0.6 meV [3] becomes significant at experimental temperatures.

Due to the coexistence of both ED and MD contributions, interference
terms (linear in both E* and B*) appear, leading to directional asymmetry
in luminescence. Figure illustrates this interference for transitions from the
lower (a—c) and upper (d—f) excited doublet components.
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Fig. a) Energy level scheme of Cu2¢; the arrow marks the analyzed transition.
Diagrams (b-d) are calculated for position A1, with the light wave k*||la, E"||b, B"||c,
and an external magnetic field B = 0.5 T rotating in the ab-plane of the crystal. The polar
angle indicates the direction of the external magnetic field, starting from the a-axis.
Radial values represent: b) normalized matrix element magnitudes, c) phase difference
between ED and MD matrix elements, d) normalized total transition intensities.
Depending on the phase relationship between ED and MD contributions, the total
transition intensities are either enhanced (constructive interference) or suppressed
(destructive interference)

Our calculations reproduce the main features of the experimental
data obtained in [4] and allow us to construct spatial emission distribution
diagrams for different vector combinations. The absence of the effect for
geometries with k“||c is explained. Specific directions and relative
magnitudes of the vectors corresponding to the maximum nonreciprocity
effect are calculated.

The authors thank R.V. Pisarev and D.R. Yakovlev for valuable
discussions of the experimental data and insightful comments.
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Calcium tungstate (CaWOas) has a scheelite structure and possesses
high mechanical strength, chemical resistance, and excellent optical
properties. Both pure and doped with rare-earth elements, CaWOys is widely
used in various fields of photonics and optoelectronics. Due to the low
density of nuclear spins in CaWOs, the excitations of hyperfine sublevels of
doping rare-earth ions in this crystal have long coherence times, which is of
interest for modern quantum technologies. In this case, knowledge of the
hyperfine structure (HFS) of rare-earth ion levels is essential. HFS in
luminescence spectra can also be used to implement sensitive sensors of
magnetic field, temperature and deformations.

This paper presents the results of a high-resolution (0,02 cm™?) study
of the photoluminescence (PL) spectra of the CaWOMWHo03®" (0,01 at.%)
crystal, including those in magnetic fields (up to 270 mT) under excitation
by a diode laser with a wavelength of 641,6 nm. All PL lines were identified
as being associated with Ho®*' ions substituting for Ca?" ions at the S4
tetragonal symmetry sites with nonlocal charge compensation. For the first
time, a well-resolved HFS was observed in the luminescence spectra of
CaWOuHo?*". HFS was previously recorded in the absorption spectra of
this crystal [1]. In the absorption spectra of CaWOWHo3*, the deformation
splitting caused by the interaction of degenerate electron levels with
random lattice strains and manifested in an increase in the central interval
of the HFS was absent at holmium concentrations of less than 0,5 at.% [1].
In the PL spectrum of CaWOa4:Ho3®" (0,01 at.%), a pronounced increase in
the central interval of the hyperfine structure for the line 6740,3 cm™ in the
transition between the excited multiplets °Fs and °ls, which cannot be
observed in absorption, was found. This PL line, which falls into the
S-transparency window of optical fibers, can serve as a sensitive indicator
of internal strains for monitoring the quality of crystals. Using the lines
8640,3 and 8582,7 cm™ in the PL spectra of CawWOa4:Ho®*" (0,5 at.%), we
realized a luminescent Boltzmann ratiometric thermometer. It has a
maximum absolute sensitivity at a temperature of Tm = 21,5 K, the relative
sensitivity at this temperature is 10 % K. The g-factors were determined
from the spectra depending on the magnetic field directed along the c axis
(0-270 mT). We showed that magnetic field changes of ~0,3 mT can be
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detected using the PL line 5160,5 cm™ with g =25. Calculations of the
crystal-field parameters were performed and the shape of the spectral lines
was modeled taking into account hyperfine interactions and random lattice
strains using the distribution function of random deformations caused by
point defects in an elastically anisotropic CaWOs crystal.

The work was carried out within the framework of the state assignment
of the Ministry of Education and Science of the Russian Federation
No. FFUU-2024-0004 for the Institute of Spectroscopy RAS. M.N.P. thanks
the Russian Science Foundation for support (grant No. 23-12-00047).
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P.A. Ryabochkina!, S.A. Khrushchalina?, A.S. Alekseeval,
A.S. BikeeV!, V.I. Shlyapkina!, O.A. Kulikov!, N.Yu. Tabachkova?
10garev Mordovia State University, Saransk, Russia
2Prokhorov Institute of General Physics RAS, Moscow, Russia
E-mail: ryabochkina@freemail.mrsu.ru

Earlier in [1] presents the results indicating that when YPOa
nanopowders with a high concentration of Yb®* ions are excited by laser
radiation with a wavelength of 970 nm and a high power density,
broadband "white" radiation occurs in the visible region of the spectrum,
which has a thermal nature. In [2], a mechanism was proposed for the
occurrence of this radiation as a result of heating of YPO4:Yb nanopowders
when exposed to intense laser radiation. It consists in the nonlinear
interaction of Yb®" ions with each other and with defects in the crystal
lattice. As a result of this interaction, the levels of structural defects located
near the bottom of the conduction band are populated. As the temperature
increases, electrons from these levels can move into the conduction band
and interact with the phonons of the crystal lattice, which leads to
significant heating of the dielectric nanoparticles, accompanied by the
appearance of broadband "white" radiation.

This report presents the results of studies of the spectral luminescent
characteristics of ZrO. and HfO> nanoparticles doped with rare earth (RE)
ions (Er®*, Yb®") with different concentrations, when they are excited by
laser radiation in the near-infrared range (Aexc ~ 980 NnM, Aexc ~ 1500 nm).

A comparative analysis of the characteristics of thermal radiation
resulting from the excitation of ZrO> — 30mol%Yb.Oz and HfO> —
30mol%Yh.03 nanoparticles by laser radiation with | exc~980 nm and high
power density has been performed. The results of a study of the
cytotoxicity of ZrO2 - 30mol.%Yb.0z and HfO2 — 30mol.%Yb203
nanoparticles are presented, as well as the results of in vivo experiments
(on mice), indicating that therapy using a suspension of ZrQO,, HfO-
nanoparticles with a high content of Yb20O3 has an antitumor effect against
the malignant tumor melanoma B16.

The study was carried out with the financial support of the Russian
Science Foundation (grant No. 25-22-00281).
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INVESTIGATION OF TRAPS IN WIDE-BAND LUMINESCENT
MATERIALS

M.V. Zamoryanskaya, K.N. Orekhova, G.A. Gusev, V.A. Kravets,
E.V. Dementeva, P.A. Dementev, A.N. Trofimov
loffe Institute RAS, Saint Petersburg, Russia
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Carrier traps can significantly affect the luminescent and scintillation
properties of wide-bandgap materials, LEDs based on semiconductor
nanoheterostructures and other luminescent functional materials. The
presence of traps in some cases leads to deterioration of properties
(reduction of the luminescence yield for phosphors, scintillators and LEDS).
However, in some cases they can play a positive role, for example, in the
development of memory devices (hopping conductivity in thin dielectric
layers). The phenomenon of thermoluminescence, which is used in the
creation of thermoluminescent sensors of ionizing radiation, is based on the
capture of charge carriers by deep trap levels. Thus, the study of trap
states is relevant and has not only fundamental but also practical
significance. The main method for studying trap states is currently the
thermoluminescence method. This method allows one to determine the
activation energy of traps and the frequency factor, but does not provide
information on the rate of capture of charge carriers by traps (charge
localization on traps), the type of traps and their number. These problems
can be solved by studying the dynamics of the cathodoluminescence
intensity and the absorbed current during long-term irradiation of samples
with an electron beam. Such studies can be performed using an electron
microscope. In many cases, a slow change in the cathodoluminescence
intensity and the absorbed current during continuous irradiation with an
electron beam is associated with trap states, which, in turn, can be
luminescence centers or affect the excitation of luminescence centers as a
result of the transfer of excitation energy from the electrons of the primary
electron beam. The nature of the dynamics of the absorbed current allows
us to determine the type of trap (capture of electrons or holes, or both
processes are possible simultaneously). The dependence of the time of
change in the absorbed current and the cathodoluminescence intensity on
the excitation density (current density of the electron beam) provides
information on the rate of capture of charge carriers by traps, the
dependence of the dynamics of the cathodoluminescence intensity on
temperature allows us to estimate the activation energy of the trap. The
relative change in the intensity of the cathodoluminescence bands and the
absorbed current is associated with the content of traps in the region
irradiated by the electron beam. Studying the kinetics of
cathodoluminescence bands on irradiated and non-irradiated regions of the
sample allows us to determine the interaction of traps with luminescence
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centers. Studying the nature of trap states, their interaction with
luminescence centers, and determining their activation energy by the local
cathodoluminescence method opens up new possibilities in the application
of scanning electron microscopy methods to study wide-bandgap materials.

This method was used in the study of yttrium aluminum garnets,
zirconium and hafnium oxides, orthophosphates activated by rare earth
element ions.
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Among the technologies of luminescence thermometry, the most
promising one is considered to be the "Luminescence Intensity Ratio"
(LIR), which is based on measuring the temperature dependence of the
ratio of the integral intensities of two luminescence bands recorded in one
spectrum, in particular, two luminescence bands caused by transitions from
two energy levels being in thermal equilibrium in some optically active ions.
One of the variants of the LIR method is the use of phosphors doped with
Eu?* ion, which has similar energies of the lowest level of the 4f°5d
(hereinafter 5d) electronic configuration and the lowest excited 6P/, level of
the 4f" (hereinafter 4f) electronic configuration. Such phosphors can exhibit
simultaneously both broadband inter-configuration 5d-4f luminescence and
narrowband intra-configuration 4f-4f (°P7z. - 8S7z) luminescence of Eu®
ions. These two types of luminescence have very different probabilities of
radiative transitions, which leads to a strong dependence of their relative
intensities on temperature. This feature creates prerequisites for the
development of highly sensitive temperature sensors based on luminescent
materials containing Eu?* ions.

Ceramic samples of multicomponent cubic fluorides Na>CazAlxF14,
NaCaMg:F7, NasCaMgsAlF1s and NasCasAl7F3s doped with Eu?* ions have
been obtained by solid-state synthesis. In these fluorides, Eu?* doping ions
have significantly different local environments and, as a result, different
spectral and temperature properties of 5d - 4f and 4f - 4f luminescence
bands. In particular, in NasCaMgsAlFi4 and NaCaMgq2F7, having cubic
pyrochlore crystal structure, Eu?* 4f - 4f luminescence band is observed
only at low temperatures [1, 2]; in NasCasAl-F33, a 4f - 4f luminescence
band with a peak intensity comparable to that of the 5d — 4f Eu®
luminescence band is observed in the spectrum up to rather high
temperatures of ~650 K, whereas in NazCasAlFia 4f - 4f Eu?
luminescence is absent in the spectrum in the entire studied temperature
range of 77-670 K. The observed differences in the Iluminescence
properties of Eu?* ions in synthesized fluorides are due to the different
energy positions of the emitting Eu?* 4f'(°P+2) and 5d levels relative to each
other in these fluorides, in the structures of which Na* and Ca?" ions
occupy different coordination polyhedra, as well as the presence of two or
more europium centers in some fluorides. The temperature dependence of
the Eu?* luminescence intensity in synthesized fluorides in the region of
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strong temperature quenching in the range of 400-500 K can potentially be
used for luminescence thermometry with a maximum relative sensitivity of

up to 3 %.
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SYNCHROTRON-BASED SPECTROSCOPIC INVESTIGATIONS
OF NOVEL SCINTILLATORS: RECENT WORK AT DESY
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After its discovery in 1946/47, it took about 15 years until synchrotron
radiation (SR) was systematically used for spectroscopy. From that time
many spectroscopic methods under SR excitations have been developed.
However, the tuneability of SR and its inherent well-defined time structure
make it particularly well suited for time-resolved luminescence studies.
Nevertheless, the first pioneering work was published only in 1970
reporting the Iluminescence spectroscopy experiments under SR
excitations. The measurements were performed at TANTALUS storage ring
(Wisconsin, USA). Afterwards, luminescence activities at other synchrotron
centers around the world started. Since 1970 luminescence spectroscopy
experiments have been carried out for instance at Tokyo synchrotron
(Japan), at synchrotron center of Lebedev Physical Institute (Moscow,
USSR), at ACO storage ring (Orsay, France), MAX-Lab (Lund, Sweden),
UVSOR (Okazaki, Japan) and others. However, the most successful and
significant luminescence experiments under SR were performed at
SUPERLUMI setup. The SUPERLUMI endstation was constructed and
developed as a user facility in 1981 at DORIS Il storage ring of Hasylab at
DESY (Hamburg, Germany) and it was a flagship experiment for three
decades [1, 2].

Currently there are two experimental facilities in Europe which
provide regular and user friendly luminescence experiments under
synchrotron radiation excitations. The first one is photoluminescence end
station (FINESTLUMI) [3] that was installed in 2019 on the Finnish-
Estonian undulator beamline (FinEstBeAMS) [4, 5] of the 1.5 GeV storage
ring at MAX IV Laboratory (Lund, Sweden). Another setup is new
SUPERLUMI station installed on the P66 beamline of PETRA Il storage
ring at DESY (Hamburg, Germany) which is resumed its operation in 2020
[6]. Currently, both setups are actively utilizing by many user groups within
and outside of Europe. The main parameters and components of both
luminescence setups will be demonstrated and discussed.

The recent experiments as well as the recent significant results [7—
13] obtained at FINESTLUMI and SUPERLUMI for prospective luminescent
materials and scintillators will be briefly demonstrated and discussed. The
obtained results clearly demonstrate advantages of synchrotron radiation in
the luminescence spectroscopy of wide bandgap materials providing
unique experimental data. Another attention will be paid on the analysis of
time-resolved excitation spectra in vacuum ultraviolet spectral range in
cerium doped high-entropy garnet single crystals, which are currently
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among the most promising scintillator materials. The obtained results
allows identify energy transfer processes as well as follow final stages of
relaxation of electronic excitations in these compounds. The role of these
processes in the luminescence efficiency in heavily irradiated garnet
crystals by means of swift heavy ions [14, 15] will be also discussed.
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We provided a review on results of spectroscopy and fluorescence
nanoscopy of single organic molecules, colloidal semiconductor quantum
dots, and color centers in diamond, embedded in solid matrices (polymers,
molecular crystals), in a wide range of cryogenic temperatures [1].

Fig. lllustration of the possibility of measuring local parameters of a solid
matrix using ZPL of a single impurity quantum emitter.

We discussed the microscopic nature of the inhomogeneous
broadening of optical absorption and luminescence spectra, as well as the
mechanisms of homogeneous temperature broadening of the zero-phonon
spectral lines (ZPL) of single quantum emitters of various types: organic
luminescent molecules [2, 3], semiconductor quantum dots [4, 5], and color
centers in diamond [6, 7] in a range of temperatures from a few to several
tens of Kelvins. We demonstrated the possibility of directly probing local
fields [8] and relaxation dynamics on the nanometer scale, measuring the
parameters of low-energy elementary excitations of tunneling and phonon
types [9], and study the influence of impurity centers on relaxation
dynamics and the role of resonant phonon modes of the matrix [2, 3].
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MEASURING THE PROPERTIES OF AN ENSEMBLE OF LUMINESCENT
CENTERS IN A CRYSTALLINE MEDIUM BY THE CHARACTERISTICS
OF ITS SINGLE CENTERS

E.F. Martynovich, Ya.l. Grigorov, A.A. Tyutrin, V.P. Dresvyansky
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
E-mail: femto@bk.ru

Real luminescent or laser media often contain not one ensemble of
luminescent quantum systems (luminescence centers), but a mixture of
several ensembles. The interaction of optical radiation with such media is
usually described by the density matrix method, the evolution of which is
described by the Neumann equation [1, 2]. For a complete description, it is
useful to have information on the number and properties of all ensembles
participating in the processes of interaction of light and matter in the
experiment. In direct experimental measurement, for example, of the
spectral or temporal characteristics of the luminescence of any ensemble, it
IS necessary, in one way or another, to separate the luminescence of this
ensemble from the Iluminescence of the accompanying ensembles.
However, if there is a significant overlap of the spectral bands of different
ensembles, or if poorly distinguishable values of their decay time constants
are realized, then such a separation is difficult. This increases the
measurement error.

In this paper, a method for measuring the luminescent characteristics
of an ensemble is experimentally investigated, in which these
characteristics are measured on individual centers [3], and the result for the
ensemble is obtained by statistical averaging of the results obtained for the
individual centers included in this ensemble. For this purpose, other
possible characteristics are also preliminarily measured, including the
characteristics of the time trajectories of the luminescence intensity, for all
individual centers that are excited in this experiment. Then, for the entire
set of their characteristics, all registered luminescent centers are compared
with each other and distributed among individual ensembles. After this,
statistically averaged values of various characteristics of each individual
ensemble are calculated. It was convenient to conduct experimental testing
of the described measurement method using the example of measuring the
lifetime of ensembles of quantum systems (color centers) formed in a
lithium fluoride single crystal under the action of ionizing radiation.
Luminescence was excited by picosecond laser radiation with a wavelength
of 532 nm and recorded in the spectral region from 655 to 725 nm, isolated
by a band interference filter. The studies were carried out using a
MicroTime 200 confocal luminescent scanning microscope with time
resolution, operating in the time-correlated counting mode of single
luminescent photons. The most frequently occurring centers were isolated
in the first ensemble. The measured average lifetime of the centers of the
first ensemble in the excited state was 17.49 £ 0.072 ns. For the ensemble
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with the second highest frequency of registration of centers, the lifetime in
the excited state was (16.47 + 0.040) ns. In total, 11 different ensembles
were registered under the above-mentioned excitation and registration
conditions.
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SPECTROSCOPY OF POLARIZATION FLUCTUATIONS
OF RARE-EARTH IONS IN DIELECTRIC MEDIA

V.O. Kozlov
Saint Petersburg State University, Saint Petersburg, Russia
E-mail: v.0.kozlov@spbu.ru

In recent years, the spin noise spectroscopy (SNS) technique has
become an important tool [1] for studying magnetic resonance, while
possessing the capabilities of nonlinear optical methods [2] and, in some
cases, simultaneously non-disturbing [3]. At the same time, the fact that
SNS is a polarimetric technique made it possible to expand the scope of
SNS to a number of "non-magnetic" physical systems, the properties of
which are also manifested in light fluctuating in polarization, therefore it was
advisable to introduce a generalization of the technique in the form of
polarization fluctuation spectroscopy (SPF). Suitable objects for SPF can
be systems that emit light with fluctuating polarization, for example, as in
the case of radiation from a polariton condensate [4]. The same applies to
media that transform the polarization state of light transmitted through the
medium, for example, birefringence noise in glasses with rare earth ions
(REI) [5].

This review report is devoted to the application of SPF, a generalized
polarimetric technique developed on the basis of spin noise spectroscopy,
to the study of REI in dielectric matrices. The main attention is paid to the
study of REI in disordered media, in particular, in glasses, as well as in a
number of isotropic and anisotropic crystals. The successful application of
SNS to crystals with REI [6] led to the idea of its application to alloyed
glasses with a huge predominance of the inhomogeneous width of the
intra-configuration optical transitions over the homogeneous one at liquid
helium temperatures. After a series of experiments, noise was detected in
the glass, which cannot be explained by SNS. Fluctuations were observed
in glasses doped with Nd** and Yb®" as the polarization noise of a laser
beam passing through a sample in the REI absorption region. The noise
was characterized by a flat (“white”) spectrum in the frequency range up to
1 GHz and showed no dependence on the magnetic field. The detected
polarization noise is interpreted in terms of the structural dynamics of
glasses detected at low temperatures and usually described in the model of
tunnel two-level systems.

The work was supported by Saint Petersburg State University under
research grant No. 125022803069-4.
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ANOMALOUS LUMINESCENCE OF Sm?* IN LaFs CRYSTALS

E.A. Radzhabov
Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia
E-mail: eradzh@igc.irk.ru

In LaFs-Sm?* crystals, a broadband structureless luminescence band
with a maximum at about 1230 nm was detected upon excitation into the
region of 4f-5d transitions in samarium ions. By close analogy with the
optical spectra of red luminescence in LaFs-Eu?", the observed
luminescence is attributed to anomalous luminescence of Sm?* in LaFs.

In addition to the normal 5d-4f luminescence in most materials, Eu?*
and Yb?" in some crystals exhibit "anomalous" broadband luminescence
with a large Stokes shift [1]. For such lanthanides, the excited 5d level falls
into the conduction band. Luminescence arises after a transition from the
conduction band states, which have lower energy than the 5d level, to the
4f level of the lanthanide impurity ion. The broadband luminescence of Eu?*
in LaFz with a maximum at 600 nm also represents emission from relaxed
states of the conduction band to the ground level of Eu 4f (anomalous
luminescence) [2]. Red 5d-4f luminescence of divalent samarium in crystals
has been actively studied recently in connection with the search for new
scintillation and dosimetric materials. In this work, broadband anomalous
luminescence of Sm?* was detected in LaFs crystals.

The absorption spectrum of LaFs-Sm?* exhibited a broad,
structureless band peaking at approximately 600 nm and a number of
bands at wavelengths shorter than 500 nm. Optical transitions of electrons
from the 4f shell of samarium ions to the 1s level of the vacancy are
responsible for a long-wavelength absorption band peaking at
approximately 580-600 nm, while transitions to the 5d shell levels of
samarium are responsible for the short-wavelength absorption bands (200—
500 nm).

N, cm’
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. T T ; T T
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Fig. 1. Emission spectrum of LaF3-0.01% SmFs at 80K. Small dips

in the emission spectrum around 1240 and 1380 nm are due to the absorption
of water vapor (hydroxyl) in the air
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Upon excitation in the region of 4f-5d transitions of Sm?*, a line
emission spectrum of 560-960 nm was observed due to 4f-4f transitions in
Sm?* ions (°Do,1,2-’Fj). In addition, a broad structureless luminescence band
with a maximum near 1230 nm appears at low temperatures. The shape of
the infrared band in LaFs crystals with an admixture of 0.01, 0.1 and 0.3
mol.% SmFz: is the same. The infrared band was observed upon
illumination with lasers with wavelengths of 405, 450, 536 nm (the region of
4f-5d transitions in Sm?*). The infrared band was not excited by radiation
from longer-wavelength lasers (650, 808, 980 nm). The excitation spectra
of the broadband infrared emission and the linear 4f-4f emission of Sm?*
are similar. The intensity of the broadband emission at 1230 nm increases
up to temperatures of approximately 130 K. With further increases in
temperature, the intensity of the 1230 nm band begins to decrease, and the
emission is quenched above 240 K.

In terms of a number of properties, such as excitation in the region of
4f-5d transitions, a large Stokes shift (about 1.6 eV), a broad structureless
band, and decay in the microsecond range, the luminescence we observed
in LaFs-Sm?* is similar to the anomalous luminescence of Eu?* and Yb?* in
crystals. The infrared emission band at 1230 nm in LaFs-Sm?* crystals is
due to anomalous luminescence, transitions from local relaxed band states
of nearby lanthanum ions to the ground 4f state of samarium Sm?* ions.
Anomalous luminescence was first detected for the lanthanide Sm?*, for
which radiative f-f transitions and transitions from levels in the conduction
band to the 4f ground level of Sm?* are simultaneously observed.
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CsLaixCexAB4(x = 0-1; A=Si, Ge; B =S, Se) SOLID SOLUTIONS:
ELECTRONIC STRUCTURE, OPTICAL PROPERTIES

V.A. Pustovarov?, D.A. Tavrunov!, A.A. Sapov?, M.S. Tarasenko?®
1Ural Federal University, Ekaterinburg, Russia
2Novosibirsk State University, Novosibirsk, Russia
3Institute of Inorganic Chemistry SB RAS, Novosibirsk, Russia
E-mail: v.a.pustovarov@urfu.ru

Single-phase crystals of the solid solution CsLai.xCexAB4 (x = 0-1; A
= Si, Ge; B = S, Se) were obtained by high-temperature flux synthesis and
studied by absorption and low-temperature (from 5 K) luminescence
spectroscopy, DFT calculations of the band structure. According to
calculations and absorption spectroscopy data, the La—Ce, S—Se or
Si—Ge replasements in initial CsLaSiS4 leads to a decrease in the band
gap determined in the Tauc model: Eq= 3.76 (CsLaSiS4), 3.50 (CsLaGeSa,),
3.18 eV (CsLaSiSe.). The 4f5d excited states of Ce3* are located in the
band gap, therefore, in the photoluminescence (PL) spectra, at any value of
the parameter x, a non-elementary d Y band of Ce® emission is
observed in the 520-600 nm region. The Ce3" luminescence decay kinetics
upon excitation by a pulsed electron beam or X-ray synchrotron radiation is
characterized by a dominant ns-component. With an increase in the x
parameter, the decay time decreases. Concentration quenching of Ce3®*
emission is clearly evident at x = 1 [1].

At T = 5 K, new intense emission bands appear in the visible region
and at ~700-760 nm in the PL spectra of all pure or lightly doped Ce®*
matrices. They are due to the emission of self-trapped excitons (STEs) and
defects, respectively. With increasing of x parameter, the STE emission
band is reabsorbed due to absorption by Ce3" ions and is quenched due to
STE—Ce®" energy transfer. STE PL is excited exclusively in the region of
the long-wavelength fundamental absorption edge and interband
transitions. At low temperatures, Ce3" emission and defect emission are
effectively excited both by intracenter or recombination pathways and by
creating defect-bound excitons. The Stokes shift of the STE emission band,
the exciton binding energy, and the region of PL temperature quenching
depend on the matrix composition. At temperatures above ~25 K, the PL of
the STE is quenched according to the Mott law due to the autoionization of
excitons. CsLaSiB4, B=S, Se single crystals doped with Ce*® ions are
promising as effective converters of ionizing radiation.

The work was supported by the Ministry of Science and Higher
Education of Russian Federation (Projects No. FEUZ-2023-0013 and
121031700315-2).
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THE RADIATION REABSORPTION EFFECT ON THE PULSED
CATHODOLUMINESCENCE KINETICS OF THE YTTERBIUM ION
IN YTTRIA-BASED CERAMICS

A.S. Makarova?l, V.l. Solomonov?, V.A. Pustovarov?, V.V. Osipov!
nstitute of Electrophysics Ural Branch RAS, Ekaterinburg, Russia
2Ural Federal University, Ekaterinburg, Russia
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Pulsed cathodoluminescence of ytterbium ion in cubic yttria-based
ceramic samples, synthesized using zirconium oxide with content of
5 mol.% as a sintering additive (Yb:Y203 + ZrO.), was studied. The ytterbia
content was 5 mol.%. The samples were irradiated in air at room
temperature by 2-ns electron beams with an average electron energy of
170 keV and a current density of 130 A/cm?. To record kinetic curves, the
luminescence flux was transmitted to the MDR-41 monochromator, by
means of which a spectral region with a width of 5 nm was selected. The
FEU-62 photomultiplier tube was used as a receiver. The signal from the
photomultiplier tube was transmitted to the Keysight DSOX 2014A
oscilloscope.

The Yb3" ion luminescence was observed in a highly structured broad
band in the range of 900-1150 nm, corresponding to optical transitions
between the Stark components of the upper ?Fs, and lower 2F7. energy
levels [1]. In the time range of 0-19 ms, there is a significant difference in
the characteristic luminescence decay times (1) for individual pulsed
cathodoluminescence lines (Fig. 1a). This may be caused by radiation
reabsorption [2], particularly noticeable in the region of the
2Fs/2(Vo) <> 2F712(Vo) transition at 976.6 nm.
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Fig. 1. (a) — Optical transitions of the Yb3* ion in cubic yttria and luminescence
decay times measured at the corresponding wavelengths in Yb:Y203 + ZrO2 ceramics;
(b) — Luminescence spectra of Yb:Y203 + ZrO2 ceramics recorded immediately after
electron irradiation (1) and 1 min after the end of external exposure (2)
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In addition, the afterglow time of Yb3' ions increased, and the
phosphorescence completely decayed in ~ 20 min after the end of external
exposure. The afterglow spectra of irradiated ceramics were recorded
using a SOL Instruments MS3504i monochromator and a HLS 190IR digital
camera. The spectra showed the disappearance of the line at 976.6 nm
and the persistence of radiation at 1031.2 and 1074.5 nm (Fig. 1b). The
mechanisms underlying these phenomena are discussed.

The research was carried out at the expense of a grant from the
Russian Science Foundation No. 24-19-20074, https://rscf.ru/project/24-19-
20074/, with financial support from the Government of the Sverdlovsk
region.
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HYPERFINE AND DEFORMATION LINE SPLITTING
IN THE LUMINESCENCE SPECTRA OF A KY3F10:Ho** CRYSTAL
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Single crystals of complex fluorides KY3Fio (space group Fm3m) are
transparent in a wide range of the spectrum and thermally and chemically
stable. These crystals doped with rare earths are of interest as laser media,
emitters of white light, and materials for laser cooling.

This work is devoted to the study of KYsFi0:Ho®*" crystals. Ho*" ions
replace Y3* ions and occupy positions with point symmetry group Ca. The
first observation of a well-resolved hyperfine structure (HFS) in the
absorption spectra of a KYsFio:Ho®" crystal with a holmium ion
concentration of 0.4 and 1 at.% was reported in [1]. The observed hyperfine
patterns were well reproduced by calculations based on the crystal-field
theory [1]. The potential of HFS in KYsFi0:Ho®*" for quantum memory was
shown [2]. In quantum technologies, luminescence is usually used. In this
study, we recorded the high-resolution luminescence spectra of a
KY3Fi10:Ho*" (1 at.%) single crystal.

Luminescence spectra with resolution up to 0.02 cm™ were
measured in broad spectral (5800-11000 cm™) and temperature (5—300 K)
ranges using a Fourier spectrometer Bruker IFS 125HR and a closed-cycle
Sumitomo RP-082 cryostat. Monitoring and stabilization of the temperature
were achieved using a two-channel thermal controller Lake Shore Model
335. Photoluminescence was excited by a radiation of a diode laser with
the wavelength 635 nm.

In the luminescence spectra of KYsFi0:Ho%*, we observed hyperfine
and deformation splittings of lines for the first time. The lines of transitions
involving the crystal-field levels of the ground multiplet °Is have the same
structure in the luminescence and absorption spectra. It should be noted
that in Ref. [1] deformation splitting of lines in the absorption spectra was
not observed. For lines with HFS, the deformation splitting caused by the
interaction of degenerate electronic levels with random deformations of the
crystal lattice manifests itself in an increase in the central interval of the
HFS. In the luminescence spectra of KYsFio:Ho*", transitions between
excited multiplets are observed, which cannot be observed in the
absorption spectra. For some of the transition lines between the crystal-
field levels of excited multiplets °Is and °l; of the Ho*" ion, we found a
pronounced increase in the central interval of the HFS. Thus, high-
resolution luminescence spectra are more sensitive to deformations than
absorption spectra and can be used to control the quality of grown crystals.
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INTENSITY OF f-f TRANSITIONS OF Eu** IONS
IN ZrO2-Eu203 CRYSTALS
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Eu3* (4f°) ions have one of the simplest schemes of energy levels and
optical transitions, which attract researchers to use them as a
spectroscopic probe to study the features of the local crystal structure.
From the point of view of practical applications, materials doped with Eu3*
ions are of considerable interest for their use as phosphors emitting in the
red region of the spectrum.

The most important characteristic of luminescent materials is the
probability of radiative transitions between multiplets of rare earth (RE)
ions. The Judd — Ophelt method is widely used to determine it [1, 2]. The
Judd — Ophelt method is based on the results of measurements of
absorption spectrum parameters, namely, the integral absorption cross
section of optical transitions between the ground and excited multiplets of
the RE ion. At the same time, europium ions have properties that allow
calculating Judd — Ophelt parameters only using luminescence spectra.

In this work, the Judd-Ophelt intensity parameters Q: (t = 2, 4, 6) of
Eu®* ions in ZrO2 — xmol%Eu203 crystals (x = 15, 20) obtained by directed
crystallization of a melt in a cold crucible and nanopowders of similar
composition obtained by co-precipitation were calculated. It should be
noted that crystals and nanopowders of these compositions are
characterized by a cubic phase. The values of the intensity parameters Q (t
= 2, 4, 6) of Eu®* ions for crystals and nanopowders of ZrO, — Eu.O3 are
presented in Tables 1, 2.

Table 1. The values of Qi (t = 2,4,6) of Eu®* ions for ZrO, — Eu2Os crystals.

Crystal Q2 Q4 Qs
ZrO2 -15mon.%Eu203 2.81 1.57 212
ZrO2-20mon.%Eu203 3.36 1.77 2.21

Table 2. The values of Qi (t = 2, 4, 6) of Eu®* ions for ZrO, — Eu203
nanopowders.

Nanopowder Q2 Q4 Qs
ZrO2 -15mon.%Eu203 3.02 1.73 1.9
ZrO2-20mon.%Eu203 2.91 1.58 1.8

It can be seen from Tables 1,2 that the intensity parameters Q (t = 2,
4, 6) for crystals and nanopowders of ZrO> - xmol%Eu.0s are
characterized by similar values.
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ENHANCEMENT OF THERMOLUMINESCENT RESPONSE IN LiMgPOs,
LisMgs[PO4]aFs AND Li2MgPO4F BY DOPING WITH RE IONS
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Luminescence dosimetry methods (thermally and optically stimulated
luminescence) are effective and demanded tools for monitoring ionizing
radiation doses. The key role in dosimetric control devices is played by the
detector material, which should provide an intense optical response to the
effects of ionizing radiation. In this paper, the compounds LiIMgPOs,
LioMgs[POalsFs and Li2MgPO4F are considered as detector materials for
luminescence dosimetry. It is shown that due to a successful combination
of functional characteristics, such as low effective atomic number, linear
dose dependence, low fading, these matrices can be used for personal
dosimetry. It should be noted that fluorophosphates LisMgs[PQOa4]sFs and
Li2MgPO4F are considered as dosimetric materials for the first time.

Introduction of RE allows to increase the intensity of the TL signal of
each compound manifold, however, the mechanism of action for a specific
RE on the dosimetric characteristics of different compounds can be
strikingly different, which is clearly seen in Fig. 1 for the Er3* ion. In this
work, it was found for the first time that in LiIMgPOs, LisMgs[PO4]sFz and
LioMgPO4F doped with RE, two mechanisms of the thermoluminescence
intensity enhancement are possible. In the first case, the enhancement is
achieved due to the emission of the rare earth element itself; such
mechanism is observed for Dy, Th, Gd, Sm, Tm and Eu. In this case, the
main component of the spectra are the f-f lines associated with transitions
in RE. The second mechanism is characteristic of Ho, Nd, Ce, Pr, Yb and
Er. In this case, the spectrum does not contain emission bands, which are
characteristic of a given RE, and only strongly enhanced matrix signals are
emitted. For the first time, a scheme explaining the presence of two
emission mechanisms is proposed.

In this work, using a combination of theoretical and experimental
methods, an explanation is proposed for the difference in the efficiency of
each of the mechanisms for thermoluminescence enhancement depending
on the material of the optical matrix.
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Fig. 1. Thermoluminescence curves of LiIMgPOa (a), LisMgs[POa4]4F3 (b) and Li2MgPO4F
(c) doped with RE’s in comparison with the commercially produced dosimetric material

TLD-100 (LiF:Mg, Ti)
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SINGLE-PHOTON SOURCE AND SINGLE-ATOM OPTICAL GATE
BASED ON MAGNETO-OPTICAL EFFECTS IN A WAVEGUIDE
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Rapid progress in guantum information science requires compact and
effective sources of single photons, nanodetectors, and optical gates on the
single-photon level. For this purpose, extensive efforts are directed toward
the design of quantum systems with desired optical properties and the
control over these properties in real time [1, 2]. Waveguide QED provides
an excellent platform to handle this task, in particular, in terms of quantum
information protocols [3].

When coupled with a waveguide, the entanglement between different
atoms in an ensemble significantly increases owing to the guided modes.
This understanding gave rise to a number of experiments with laser-cooled
atoms prepared in a nanofiber trap [4—6]. Afterwards, it allowed one to
realize an efficient Bragg mirror using D10° atoms achieving a reflectance
of upto 75 % [7, 8.

We have studied magneto-optical effects which occur in an ensemble
of atoms inside the waveguide, as shown in Fig.
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Fig. 1. Sketch of the waveguide, the atomic ensemble inside it, and the permanent
magnetic field

Based on the calculation of the transmittance of an atomic ensemble
in a waveguide in the presence of an external magnetic field, we show that
it is possible to create an efficient and controllable Bragg mirror that allows
changing the reflectivity from O to 1. Moreover, a comparison of the results
obtained for an ensemble and for a single atom has shown that tuning of
the light transmission in the specified range can be achieved using only
one atom [9].

On this basis of the performed studies, we also suggest the new
scheme of a single photon source. As shown earlier, an atom can be
prepared inside the waveguide in a certain non-decaying excited dark state
[10]. We demonstrate that switching on the magnetic field destroys this
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dark state. Thus, we can induce the emission of a photon at the desired
moment of time.
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In a NaGd(WOsas)2 single crystal doped with erbium ions which has a
scheelite structure, the temperature dependencies of attenuation and
velocity of ultrasonic waves propagating along different crystallographic
axes were measured. The experiments were carried out at the frequencies
of 48-161 MHz in the temperature range of 4-200 K with the use of
longitudinal and share normal modes. An example of such dependencies is
shown in Fig. Variations of attenuation (AU) and phase velocity (Av) of
normal ultrasonic modes are associated with variations of the imaginary
and real components of the elastic moduli tensor (cg) as follows:
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Fig. 1. Temperature dependencies of the change relative to the values at To =4 K
in the phase velocity (a) and attenuation (b) of longitudinal ultrasonic waves propagating

along the tetragonal axis obtained at 161 MHz frequency

In the temperature region below 30 K, anomalies of relaxation
processes were observed. They are similar to those that occur in the Jahn-
Teller effect manifestation in the impurity crystals (see, e.g., [1]). The
temperature dependence of the configurational relaxation time was
determined. The values were obtained of the activation energy, 210 K, and
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the high-temperature limit of the relaxation frequency, 2.5x10% Hz. A
possible interpretation of the obtained anomalies is discussed in the report.

The work was partially financially supported by the Ministry of
Science and Higher Education of the Russian Federation (the basic part of
the state assignment, project no. FEUZ-2023-0013).
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SPECTROSCOPY OF PHASE TRANSITION IN MULTIFERROIC
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A.D. Molchanova?, S.A. Klimint, N.N. Kuzmin?, L.H. Yin?, M.N. Popova*
lnstitute of Spectroscopy RAS, Moscow, Troitsk, Russia
?Institute of Solid State Physics, CAS, Hefei, Anhui, P. R. China
E-mail: nastyamolchanova@list.ru

Hexagonal manganites REMnO3z (RE- rare-earth elements) attract
attention by their strong interplay of ferroelectricity, magnetism and
dielectric properties [1-4]. In h-YbMnOs spontaneous magnetic phase
transition is observed at Tn = 85 K, a 120-degree magnetic structure is
realized due to frustrations in the manganese sublattice [3]. Ordering in the
ytterbium sublattice is observed at lower temperatures. In the spectroscopic
work [5], the fact of splitting of spectral lines in the transmission spectra of
h-YbMnQOs in the region of the intermultiplet transition in the Yb3* ion was
stated, associated with the removal of the Kramers degeneracy in the
effective magnetic field of the ordered manganese subsystem.

/\/
h-YbMnO,

~ / 49K

N —— 305K
1b'

Temperature, K
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Wave number, cm’'

Fig. 1. Splitting of Kramers doublets. Transmission spectra
and intensity map.

In this paper, a systematic study of the splitting of the Kramers
doublets of the Yb3®* ion in the h-YbMnOs crystal is carried out. In particular,
the temperature dependence of the splitting Do(T) the ground Kramers
doublet of the ytterbium ion in the 4b position is obtained. It is used to
calculate the temperature behavior of the magnetic moment of the Yb3*(4b)
ion, as well as the Schottky anomaly in the heat capacity. The results are in
good agreement with the literature data. The value of the effective
magnetic field acting on the Yb3*(4b). ions is estimated. It is concluded that
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the magnetic moment of ytterbium in the 4b position is a result of
magnetization in the effective field created by the manganese subsystem.

The work was carried out within the framework of state assignments
of the Ministry of Education and Science of the Russian Federation for
ISAN No. FFUU-2024-0004.
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Recently, important problems of dosimetry have become those
related to the disposal and immobilization of nuclear waste, analysis of the
consequences of large-scale radiation accidents and environmental
disasters. Thermoluminescent dosimeters have become widely used for
these applications. One of the possible materials for creating radiation- and
chemically resistant dosimeters is ceramics based on ZrO;-HfO2-Y20s-
Eu20s.

In this work, HfO2-Y2>03-Eu20O3 ceramics with different yttrium content
were synthesized, and it was shown that the ceramics are stabilized in the
cubic phase. Photoluminescence spectra were obtained on a Horiba
Fluorolog 3 spectrofluorimeter (Jobin Yvon), equipped with a 450 W xenon
lamp and a characteristic signal-to-noise ratio of more than 20,000:1. When
zirconium oxide is stabilized by rare earth elements, heterovalent
substitution of the trivalent rare earth ion for the Hf*" ion occurs, forming an
oxygen vacancy Vo. In this case, the different arrangement of vacancies
relative to the rare earth elements in the nearby coordination spheres
determines the diversity of its environment and a change in its local
symmetry. With an increase in the concentration of yttrium, the
concentration of oxygen vacancies increases, which leads to the formation
of different types of local environment of Eu3*. When a vacancy appears in
the second coordination sphere, the local symmetry of the center
decreases to C; (type | centers). When a vacancy appears in the first
coordination sphere of Eu®*, the local position corresponds to Coy or lower
(type Il centers). At high concentrations of the stabilizing oxide, two
vacancies can be observed at once in the first coordination sphere of Eu®*,
in which case its local position will correspond to C: (type Il centers) [1, 2].
In the luminescence of the °Do-'Fo transition, two bands with maxima at
17283 cm™ (578.60 nm) and 17311 cm™ (577.67 nm) are observed, which
indicates the presence of two nonequivalent europium positions. It is shown
that the ratio of the band intensities depends on the excitation wavelength.
Since the position of the °Do-’Fo transition is related to the Eu-O bond
length, it can be assumed that the transition with a maximum at 17311 cm
is related to a less symmetric europium position. It is expected that upon
excitation in the "F>-°Do ED transition, Eu®* ions in less symmetric positions
will be excited. A peak with a maximum at 587.3 nm appears in the spectra.
According to the literature [1, 2], a similar band is observed in yttrium-
stabilized zirconium oxide, corresponding to the luminescence of Eu®* in
the type | position, which has an oxygen vacancy in its environment in the
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second coordination sphere. The relative intensity of this peak increases
with increasing yttrium content.
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BOLTZMANN-TYPE CRYOGENIC RATIOMETRIC THERMOMETRY
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Contactless luminescence temperature sensing has become a hot
topic for the scientific community due to the pressing need for reliable
thermometry for a variety of applications, where standard contact methods
are useless, for example, moving objects, harsh environments, nanosize
objects [1]. The principle of luminescence thermometry is monitoring of the
temperature induced change in the photoluminescence parameters that
include intensity (or intensity ratio between two bands), spectral line
position, bandwidth, rise and decay lifetime and polarization. The
ratiometric approach utilizing two different luminescence transitions is more
robust toward systematic errors caused by source intensity fluctuations,
probe quantity or spatial distribution of phosphors than single emission
intensity or spectral line position. Luminescence intensity ratio (LIR)
technique of a single active center is based on temperature-induced
electron redistribution between thermally coupled energy levels. The
energy difference (AE) between thermally coupled energy levels should be
in the range of 200—2000 cm™, to provide a Boltzmann-type distribution for
the temperature evolution of LIR [2].

To perform precise temperature detection in cryogenic range, which
is of crucial importance for the fields of superconducting magnets,
aerospace, and macromolecular crystallography, AE between thermally
coupled energy levels should be smaller to respond to minimal temperature
variations in low or ultralow temperature environments.

Herein, we exploit Nd3**-doped LuVO4 phosphor to provide cryogenic
luminescence thermometry (20-250 K) using thermally coupled Stark
sublevels. Ratiometric thermometry was successfully performed based on
excited “Fa(1)/*Fa2(2) and ground “le2(1)/*le2(2) Stark sublevels with
significantly different energy gaps, namely 30 and 131 cm™. An additional
temperature dependent luminescence parameter, bandwidth of the most
prominent 4Fsz2(1)-*lo2(1) transition, allows performing multimode thermal
sensing, which can enhance reliability and broaden working range.

This study has been funded by the Russian Science Foundation (No
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Single-phase (hexagonal structure) nanoparticles of Nd3¢ (0.1 mol%)
and Yb3¢ (0.5 mol%) co-doped CeFf were synthesized via co-precipitation.
These nanoparticles were annealed in air at 600 °C for 15, 30, 60, and 120
minutes to obtain two-phase Nd3¢, Yb3¢:CeFp/CeOF nanoparticles. After
120 minutes of annealing, single-phase Nd3¢, Yb3¢:CeOF (cubic phase) was
formed. The Nd3¢, Yb3¢:CeFf/CeOF particles (15, 30, and 60 minutes)
exhibited combinations of CeFf and CeOF phases. The physical size of the
samples gradually increased from 19 nm (Nd3¢, Yb3¢:CeFf) to ~409 nm
(Nd3¢, Yb3¢:CeFf/CeOF (120 min)). It was assumed that the two-phase
samples consisted of sintered doped nanopatrticles of CeFf and CeOF, with
an average coherent scattering domain (CSD) size of about 65 nm.

We performed spectral-kinetic characterization of the samples in the
temperature range of 80-320 K. The luminescence intensity ratio (LIR)
(LIR = Ind/lvp)) was used as the temperature-dependent parameter (Fig.
la). For single-phase doped CeFf nanopatrticles, the LIR was a decreasing
function over the entire 80—320 K range. In contrast, for single-phase Nd3¢,
Yb3¢:CeOF nanopatrticles (120 min), it was an increasing function. The LIR
behavior for two-phase samples was more complex and could be
considered a combination of the LIR trends observed in single-phase
samples.

EPR spectra of the composite Nd3¢, Yb3¢:CeFf/CeOF particles were
also obtained. The EPR spectra appeared identical for all three samples
and consisted of an intense line at g = 3.43, attributed to even isotopes of
Yb3¢ in the cubic crystal field of CeOF. The line at g = 3.07 was assigned to
trigonal sites formed by substituting one of the nearest oxygen ions around
Yb3¢ with a hydroxyl group. The line at g = 2.76 corresponded to a second
type of trigonal site associated with oxygen vacancies in the nearest
neighborhood of Yb3¢ ions, possibly including the formation of Yb3¢ dopant
clusters (Fig. 1b).
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Fig. 1. (a) Temperature dependence of the LIR function for single-phase (Nd3¢,
Ybi¢:CeFf and Nd3¢, Yb3¢:CeOFR) and two-phase Nd3¢, Yb3¢:CeFf/CeOF samples. (b)
Schematic representation of changes in the local environment of Yb3¢ions in Nd3¢,
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INFLUENCE OF THERMAL EXPANSION EFFECT ON THE
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YFs: Nd®" and YFs: Nd®*, Yb®" nanoparticles were synthesized via the
hydrothermal method followed by annealing at 400 °C for 4 hours in air.
The phase composition was determined by X-ray powder diffraction (XRD),
the average particle size of 55£2 nm was obtained by transmission electron
microscopy (TEM), and luminescent properties were studied using laser
absorption spectroscopy. According to XRD data, a Bragg peak shift
toward higher angles was observed at lower temperatures. Changes in
interplanar distances (0.0003-0.0005 nm) and lattice parameters at various
temperatures were calculated. Such variations may contribute to the
spectral-kinetic characterization of the samples. The samples were
examined at excitation wavelengths of 355 nm and 790 nm, corresponding
to the absorption bands of Nd®* ions. Initially, a series of YFs: Nd** (0.1,
0.5, 1.0, 2.0, and 5.0 mol.%) particles were synthesized to determine the
optimal doping concentration. The luminescence decay kinetics at 865 nm
exhibited similar behavior under both excitation wavelengths; the
dependence for 355 nm excitation is shown in Figure 1. Notably, the decay
times shorten with decreasing temperature, demonstrating atypical
behavior. A hypothesis was proposed [1, 2] that the increase in Nd®*
luminescence decay time with rising temperature is linked to lattice
contraction at low temperatures (as evidenced by XRD). At lower
temperatures, Nd®* ions approach each other, enhancing the probability of
cross-relaxation processes that deplete the “Fs. (Nd®*) level. These results
are reproducible in YFs:Nd® microparticles, indicating that the
phenomenon is independent of particle size and synthesis method.
Moreover, such decay kinetics are absent in LiYF4: Nd®* and BaY2Fs: Nd®*
samples, suggesting that the effect is intrinsic to the YFz matrix.
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Fig. 1. Luminescence decay kinetics of the YF3:Nd®* (0.5 mol.%) sample
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Luminescence thermometry is an actively developing method of
temperature recording by analyzing the luminescence parameters of a special
luminophore in contact with the object under study. This method allows one to
study temperature fields with submicron spatial resolution. It has been shown
in the literature that crystalline particles of fluorides activated by the Ce3*/Th3*
ion pair are promising as luminophores [1].

In this work, nanoparticles of various architectures, including
CeFs:Th3*(1%), CeFs, LaFs:Th3*(1%), CeFs: LaFs:Tbh®*(1%), LaFs:Ce3*(5%),
LaF3:Ce®*(5%): Th®*(1%), were synthesized by co-precipitation from aqueous
solutions at room temperature followed by hydrothermal treatment. Physical
characterization was carried out using transmission electron microscopy and
powder X-ray diffraction analysis. It was shown that mononuclear
nanoparticles have an average diameter of 60 nm. Nanoparticles of the core-
shell structure have a diameter of more than 250 nm. It is assumed that the
shell "grows" on the agglomerates of nanoparticles. According to the powder
X-ray phase analysis data, all nanoparticles have the desired hexagonal
phase characteristic of lanthanum fluoride and cerium fluoride compounds. No
peaks from impurity phases or an amorphous phase were detected. In the
course of laser spectroscopy experiments, based on such criteria as an
intense luminescence signal from two ions and the absence of broadband
emission, the composition LaFs:Ce3*(5%):Th3*(1%) was selected. For further
studies, nanoparticles with similar concentrations of activator ions but a
different architecture were synthesized, namely LaFs:Ce3*(5%):Tb3*(1%),
LaFs:Ce3*(5%), LaFs:Tbh®*(1%). It was shown that in compositions where
cerium and terbium ions are spatially separated ("core-shell" or a mechanical
mixture of two powders), the temperature sensitivity is higher. Thus, it was
shown that the efficiency of thermal quenching of cerium ions is higher than
the change in intensity due to energy transfer to terbium ions.

The general recommendation for creating nanothermometers based on
the Ce3*/Tbh3* ion pair is that it is necessary to create structures where these
ions do not interact with each other (core-shell, mechanical mixture of
powders, etc.). In this case, a ratiometric approach will be implemented,
where the ratio of the integral intensities of these ions will be taken as a
temperature-dependent parameter.
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BROADBAND PHOTOLUMINESCENCE OF IMPURITY CATIONS Cu?*
IN THE SPINEL LATTICE LiAlsOs
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Materials containing transition metal impurity cations exhibiting
broadband photoluminescence (PL) are in demand as an active medium for
tunable lasers. We have previously shown that divalent copper impurity
cations in the Al,Os (corundum) lattice are emitting centers of broadband
NIR PL on the optical transition 2T2g — ?Eg [1, 2]. Lithium-aluminum spinel
LiAlsOs, like corundum, is characterized by a strong ligand field and low
symmetry of the environment in cation sites, which should promote the
radiative transition in on Cu?* impurity ions.

Indeed, the prepared Cu?*:LiAlsOs samples demonstrate intense
broadband NIR PL both at room temperature and at 77K (Fig.).
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Fig. PL and PL excitation spectra for Cu?*:LiAlsOs, obtained at room temperature and at
liquid nitrogen temperature

The obtained PL spectra and PL excitation spectra are similar to
those for Cu?*:Al,Os. Apparently, both in corundum and in LiAlsOs spinel,
the broadband NIR PL is due to the manifestation of the Jahn — Teller
effect in the ground electronic state of the Cu?* impurity ion. An estimate of
the quantum vyield of the NIR PL at room temperature for Cu?*:LiAlsOs
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yields a value of ~25 %, which is of interest from the point of view of
implementing a solid-state laser.

This work was supported by the Russian Science Foundation (RSF,
grant No. 25-23-20099.
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Garnet crystals doped with rare-earth Ce3¢ ions are promising
phosphors and scintillators. In particular, GdfAIFGafOg Ee-based
scintillators are planned to be used in the calorimeter of the upgraded
Large Hadron Collider [1]. These crystals are also characterized by high
density and good energy resolution [2]. The luminescence in these garnets
is due to radiative 5d—4f transitions of Ce3¢ ions. The presence of slow
components in the decay kinetics of Ce** luminescence under high energy
excitation remains a drawback and is attributed to both charge carrier
trapping and energy transfer via the 4f subsystem of Gd3¢ ions. Changing
the cationic composition allows for a gradual change in the properties of
crystals and, in particular, to optimize the processes of energy transfer from
the host lattice to the activator ions. In addition, partial disordering of the
structure, characteristic of multicomponent garnets, also has a positive
effect on the processes of energy transfer to Ce3¢ions [3, 4]. In the present
study, the influence of cationic composition on the luminescent and optical
properties of a series of multicomponent garnets is considered. Particular
attention is paid to the effect of scandium on the properties of garnets.

Gd3A|2G3.3012:C€, Gd3A|zGasolzice,Ca, GdgAI1,5Scha2,5012:Ce,
GdsAl15Sc1Gaz5012:Ce,Ca, GdsGasO12:Ce single crystals were grown by
the Czochralski method in iridium crucibles in an Ar atmosphere and an
addition of 1-2 vol% O.. Gd2,888C1,89A|3,23012:Ce, YsSCA|4012:C6,
ThsSc2Al3012:Ce crystals were grown by the Bridgman method in a
reducing atmosphere. The absorption, reflection and refractive index
spectra were obtained using PerkinEImer Lambda 950 and Agilent
Technologies Cary-5000 spectrophotometers. The reflection spectra were
corrected taking into account the factor of multiple reflection of light from
the crystal surfaces using specialized software. The luminescence spectra,
luminescence excitation spectra and thermally stimulated luminescence
curves were also measured. The measurements were carried out using a
laboratory setup for luminescence spectroscopy in the energy range of 2.5—
6 eV and in the temperature range of 80-500 K.

Based on the analysis of absorption spectra, the relationship between
the cationic composition of garnets and the strength of the crystal field
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determining the splitting value of the 5d: and 5d- levels of Ce®** is shown.
The change in the width of the band gap value depending on the
composition of garnets is demonstrated. For a number of crystals, the
position of the exciton peak is determined based on the reflection spectra.
The features of the luminescent properties associated with the partial
substitution of aluminum and gallium cations by scandium are also
discussed in the work.
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LUMINESCENT SPECTROSCOPY, ENERGY TRANSFER AND
RADIATION RESISTANCE OF Gd203:RE®** SINGLE CRYSTALS

D.A. Tavrunov!, N.G. Naumov?, R.E. NikolaeVv?, V.A. Trifonov?,
V.A. Pustovarov?
lUral Federal University, Ekaterinburg, Russia
?Institute of Inorganic Chemistry SB RAS, Novosibirsk, Russia
E-mail: d.a.tavrunov@urfu.ru

Interest in the synthesis and study of the gadolinium oxide Gd.Os3
properties is due to the prospect of its use in medicine, for example, as
contrast agents for ultrasound and magnetic resonance imaging, computed
tomography, radiation therapy, as well as in biomedicine, spintronics. At the
same time, almost all known experimental research and practical
developments are carried out on micro- or nanopowders. In this work, we
studied high-optical-quality Gd203 bulk single crystals with a cubic bixbyite
structure doped with rare-earth ions (Th, Eu, Pr, Ce) grown using an
original technique by the Czochralski method [1]. Absorption, low-
temperature photo- and X-ray luminescence spectra were studied. Based
on the obtained data from the P. Dorenbos model, the energy position of
the ground state of all bivalent and trivalent lanthanide ions, and the energy
of f-f and f-d electronic transitions in gadolinium oxide crystals with a cubic
structure were calculated [2]. An energy diagram of impurity ions is
proposed to analyze the efficiency of energy transfer between lanthanide
ions.

To study the radiation resistance, the crystals were irradiated with
fast electrons (E = 10 MeV) at the UELR-10-10S linear accelerator (UrFU)
or protons (E = 18 MeV) at the research channel of the TR-24 cyclotron
(UrFU). The radiation effects were investigated by absorption and low-
temperature luminescence spectroscopy. Parameterization of the
experimental curves, analysis of the results of spectroscopic studies in
combination with the literature data allowed us to provide reasonable
conclusions about the luminescent properties, energy transfer efficiency,
and radiation resistance of Gd.03:RE?" single crystals.

The work was supported by the Ministry of Science and Higher
Education of the Russian Federation (projects No. FEUZ-2023-0013 and
121031700315-2).
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CHARGE TRANSFER STATES IN LANTHANIDE ORGANOMETALLIC
COMPOUNDS

L.N. Puntus®?
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In our research on the lanthanide chlorides with heterocyclic ligands a
few years ago, we have showed that weak noncovalent interactions such
as p-p* stacking and hydrogen bonds introduce intra- and inter-ligand
charge transfer (CT) states which can have a remarkably affect the
efficiency of the luminescence sensitization of the Ln®* ions [1]. Depending
on the energy of such states, their influence can range from the improving
of the energy transfer to the extending the excitation band into the visible
region.

However, the optical properties of organometallic compounds have
been poorly studied. The Ln compounds containing different numbers of
the arylsubstituted cyclopentadienyl (Cp) ligands (from one to three) and
different numbers of phenyl groups (1-4) have been designed and studied
using Xray, quantum chemical calculation and optical spectroscopy
methods (Fig.) [2]. Several types of CT states were found in these
compounds including the ligand-ligand charge transfer (LLCT) state which
was deciphered for the first time for Ln complexes [3]. Furthermore, an
estimation was carried out for both the radiative rate kraq of the terbium ion,
which varies in the range of 0.23—-0.69 ms and the intrinsic quantum yield,
which reaches 100 % in some cases. Some promising application-related
were also obtained, including a high photoluminescence quantum vyield (up
to 75 %) and magnetic susceptibility [4].

Therefore, the influence of the charge transfer states on the energy
transfer process in the Ln-containing compounds should not be
underestimated.
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Fig. Excitation spectra, photoluminescence quantum yield and structure of the Ln
complexes

This work was supported by the Russian Science Foundation (grant
- 2-13-00312-1 ) .
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THE ELECTRIC DIPOLE RADIATIVE DECAY RATE
OF A LUMINESCENT CENTER IN CONFINED TWO-DIMENSIONAL
CRYSTALLINE HOMOGENEOUS DIELECTRIC THIN FILMS

K.K. Pukhov!, P.A. Tanner?
IMoscow Pedagogical State University, Moscow, Russia
Hong Kong Baptist University, Hong Kong SAR, P. R. China
E-mail: k_pukhov@mail.ru

The electric dipole radiative decay rate of luminescent centers in
confined two-dimensional crystalline homogeneous dielectric thin films is
investigated. The considered luminescent centers are quantum objects
(atoms, molecules, ions, such as rare-earth ions and transition- metal ions),
in which the radiative decay rate of the excited state is much greater than
nonradiative decay rate.
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EFFICIENT PUMPING OF ATOMIC MOMENTS UNDER SPIN
EXCHANGE CONDITIONS IN BELL — BLOOM QUANTUM OPTICAL
MAGNETOMETER

K.A. Barantsev, A.N. Litvinov
Peter the Great Saint Petersburg Polytechnic University, Saint Petersburg,
Russia
E-mail: kostmann@yandex.ru

One of the key tasks of quantum sensorics is to increase the
sensitivity of magnetic field sensors [1, 2], reduce their size and influence
on each other. Such sensors are used in biology, medicine, gyroscopy,
navigation, geology and space exploration. In this paper, consistent
theoretical approach is developed to describe the operation of the quantum
optical magnetometer using the phenomenon of magnetic resonance in a
gas cell with alkaline atoms and buffer gas.

The physical sensitivity limit of a magnetometer is determined by the
ratio of the amplitude to the width of the excited magnetic resonance. The
main factor reducing this ratio is the spin exchange of the outer electrons of
alkali atoms during collisions [3]. At present, there are several methods for
suppressing spin exchange. One of them is the use of the so-called
"stretched" state of atoms [4]. This state is realized by increasing the
intensity of laser pumping, when it is possible to orient the spins of
electrons in one direction. In this case, the process of spin exchange stops.
This leads to significant narrowing of the magnetic resonance line, which
has been repeatedly demonstrated experimentally [5]. However, a
consistent dynamic quantum theory based on finding the atomic density
matrix and taking into account the nonlinear nature of the spin exchange,
as well as the conservation of nuclear spin during collisions, has not been
developed. Due to the complexity of the processes occurring, scientific
papers generally use simplified approaches to theoretical description based
on rate equations for the populations of atomic levels, or on the classical
description of the dynamics of atomic spin.

Of particular interest is not the "classical® magnetic resonance
excitation scheme, in which the atoms are directly exposed to a radio-
frequency magnetic field, but the so-called Bell-Bloom scheme [6], in which
parametric resonance is excited by modulating the intensity or polarization
of the pumping laser radiation. This scheme is the most compact and
eliminates the influence of magnetic sensors on each other. It is much
more difficult to achieve the "stretched" state in such a scheme than in the
“classical" one, due to the specific orientation of the atomic moments.

In this paper, theoretical model of the physical unit of the optical
guantum magnetometer is constructed, based on finding the full atomic
density matrix. The model takes into account the nonlinear nature of spin
exchange and collisions of alkali atoms with a buffer gas, in which the
nuclear spin is preserved. Methods for forming the "stretched" state are
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investigated both in the "classical" magnetic resonance excitation scheme
and in the Bell-Bloom scheme. Methods are proposed that use an
additional component of the laser field to pump out the population from the
nonresonant hyperfine sublevel.
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SPECTRAL AND LUMINESCENT CHARACTERISTICS
OF YzOgZTm, YzOgZHO, Y203:Tm,Ho CERAMICS

A.O. Ariskint, E.M. Buzaeva?, P.A. Ryabochkina?, R.N. Maksimov?,
V.V. Osipov?, V.A. Shitov?
10garev Mordovian State University, Saransk, Russia
?Institute of Electrophysics Ural Branch RAS, Ekaterinburg, Russia
E-mail: alehandro.ariskin@yandex.ru

Single crystals of oxides (YFOFf, LUFOf, ScFOf) doped with rare earth
(re) ions are characterized by high values of peak absorption cross-section,
high conductivity and mechanical strength, which makes them promising
active media of solid-state lasers. Due to the high melting point (~2400 °C),
the melt growth of large single crystals is difficult, therefore, technologies
for producing laser ceramics based on these materials are actively
developing [1-5].

The report presents the results of a study of spectroscopic
characteristics (oscillator forces, intensity parameters) of Tm3*, Ho%*, ions
in Y203:Tm and Y203:Ho ceramics. These characteristics were determined
and compared with those for Y3AlsO12:Ho and Y3AlsO12:Tm. It was found
that the oscillator strengths of the *ls—°Gg transition of Ho** ions in Y20s:Ho
ceramics and the 3He—3H. and 3Hs—°Fs transitions of Tm3' ions in
Y203:Tm ceramics as well as the Q intensity parameters in these ceramics
are significantly higher than the corresponding values in Y3AlsO12:Ho and
Y3AlsO12:Tm. This difference is attributed to the specific features of the
local crystal environment of RE ions in these hosts.

In Y2O3:Tm,Ho ceramics, non-radiative energy transfer from the 3F4
level of Tm3" ions to the °I; level of Ho*" ions was observed under
excitation into the 3Ha level of Tm3*.

The reported study was carried out with the use of grant of the
Russian Science B30046@ attpsi/isal.ru/én/pr@iett/24-
23-00460/.
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WIDEBAND EPR-SPECTROSCOPY OF NON-KRAMERS RARE-EARTH
IONS IN GARNET AND YAIOs CRYSTALS

G.R. Asatryan'#, G.S. Shakurov?, B.Z. Malkin®, A.G. Petrosyan*
IA.F. loffe Physical-Technical Institute RAS, Saint Petersburg, Russia
2Kazan Physical-Technical Institute FIC KazNC RAS, Kazan, Russia
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Rare-earth (RE) ion activated crystals of lutetium and yttrium aluminum
garnets Y3AlsO12 (YAG), LusAlsO12 (LUAG), and yttrium orthoaluminate
YAIOs (YAP) are widely applied in quantum electronics. The study of the
magnetic properties of non-Kramers RE ions, which replace Y3 and Lu®
ions in these compounds, by the EPR method was not possible for a long
time due to the lack of signals on standard equipment. We have carried out
a number of studies of such crystals using subterahertz frequency
technique. The samples were grown using the Bridgman method at the
Institute of Physical Research NAS of Republic of Armenia (Ashtarak).
Crystals of YAG:Tb3, Ho®", LUAG:Tb%, YAP:Ho®*', Tb® and Tm?3* were
studied, the parameters of the spin Hamiltonian of ions, splitting in zero
field and hyperfine interaction constants were determined. In yttrium-
aluminum garnet crystals with terbium impurity, the effect of anti-site
defects (Y3 in place of APP* and AI** in place of Y3*) on the EPR spectra of
Tb®* ions was detected and studied using the high-frequency EPR method
in a wide frequency range (70-200 GHz). Along with Tbh*" ions located in
the yttrium position in a regular environment, a number of terbium centers
with a lower concentration and altered values of the initial splitting of the
non-Kramers quasi-doublet levels were observed. This change is due to
the presence of anti-site defects in the terbium environment. The detected
terbium centers with a smaller initial splitting than for the main Th3* position
are attributed to terbium ions near which there are Aly antisite defects
(aluminum ions in dodecahedral yttrium positions). Ho®** and Tb®" ions
localized in octahedral positions of yttrium aluminum garnet were also
detected. Spectroscopic parameters in this compound were determined
based on the effective spin Hamiltonian.

In the YAP:Ho®" crystal, in addition to a single center, the spectrum of
the Ho** — Ho*" dimer was recorded. For this crystal, calculations were
performed using the crystal field theory (CF). Within the framework of the
charge exchange model, the parameters of the CF were obtained.
Theoretical frequency-field dependences for the dimer and the isolated
center are constructed, which are consistent with experimental data. In
calculating the spectrum of the dimer, in addition to the energies of isolated
ions, magnetic dipole-dipole and isotropic antiferromagnetic exchange
interactions were taken into account. The obtained value of the exchange
integral in dimers can be used in construction of a theory of the
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antiferromagnetic electron-nuclear ordering discovered at a temperature of
TN = 0.16 K in the concentrated compound HoAIOs. The validity of the
theoretical model was tested on a YAP:Tm crystal, for which the EPR data
are consistent with the CF calculations.



OXYGEN VACANCIES IN Yb:YAG CERAMICS

V.A. Boronin!?, M.G. Ivanov?!, M.V. Gavrilyak!?, A.M. Gavrilyak?,
N.D. Kundikoval?, K.V. Lopukhin3, F.V. Podgornov?
Institute of Electrophysics of Ural Branch RAS, Ekaterinburg, Russia
2South Ural State University, Chelyabinsk, Russia
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(Fryazino Branch), Russian Academy of Sciences, Fryazino, Russia

E-mail: tafun74@gmail.com

Yb:YAG ceramics is one of the most important materials for solid
state lasers because it allows significantly increasing concentration of Yb
as well as fabrication of active lase media with desired shape and size.
However, during fabrication process the structural defect of ceramics such
as F-centers can appear can be appeared which will affect the ceramics
optical properties.

The aim of this report is estimation of the influence of the F centers
on the spectral properties of Yb:YAG ceramics in visible wavelength range.

In visible spectral range (A = 200 — 900 Hm), the absorption spectrum
of prepared Yb:YAG ceramic does not contain the narrow bandwidth line
associated with 4f-4f transitions (Fig. 1a) [1]. However, inducing the oxygen
vacancies (F — color centers) results in significant modification of the
absorption spectrum in the visible range, where one can see (Fig. 1b) three
wideband absorption lines (with bandwidths AA = 50-100 HM) centered at A
= 230 nm, A = 270 HM, A = 390 HM and A = 660 HMm). These absorption lines
appear because of the transitions of electron localized in the color centers.

Vacuum sintering promotes the formation of oxygen vacancies
(F— color centers) in Yb:YAG (Fig. 1b) [2].
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Figure 1. a) Absorption spectra of Yb: YAG for different temperatures.
b) Absorption spectra of Yb: YAG with F-color centers as function of temperature

Specific feature of this ceramics is thermal behavior of the absorption
spectrum which can be explained with the light scattering by crystallites of
the ceramics. Upon increasing of temperature from T = 153 K till T = 203 K,
the absorption is growing probably due to elastic light scattering by


mailto:tafun74@gmail.com

crystallites. In temperature range from T = 233 K to T = 323 K, the
background level of absorption is decreasing probably due to change the
structure and thickness of intercrystallite interfaces.
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THERMAL DEPENDENCE OF JUDD-OFELT PARAMETERS
IN Nd:YAG CERAMICS
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Nd:YAG ceramics has a lot of advantages over its single crystal
counterparts, such as, advanced mechanical and thermal stability as well
as possibility for development of the samples with application demanded
size and shape [1].

The aim of this report is investigation of Judd-Ofelt parameters
(LI A A1) [2] temperature dependence for Nd:YAG ceramics (1% at.
Nd3*).

The thermal investigation were implemented it temperature range
from T = 153 Kto T = 323 K with step 10 K. The oscillatory force "Q , as

function of temperature were evaluated from the absorption spectra of the
sample as 0 B sl JY (0 - experimentally measured
oscillatory force of “@h 4f-4f transition, 'Y —matrices of transitions [3]).

Using the retrieved data, temperature dependences of LI AJ A
parameters were obtained (Fig.).
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Fig. Temperature dependence of the Judd-Ofelt parameters

As follow from Fig. L1 is growing with temperature what could be
explained by the electron phonon interaction. Oppositely, LI AT A
decrease with increase of temperature, which could be the result of the
ceramics thermal expansion leading to the modification of the local electric
field.
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SUPERFLUORESCENCE EMISSION AND SUPERRADIANCE LASER
GENERATION IN YPO4: Er** SINGLE CRYSTAL
AT A TELECOMMUNICATION WAVELENGTH

K.l. Gerasimov!, M.M. Minnegaliev?, S.A. MoiseeV?, |.V. Brekotkin?,
M.N. Popova?
lKazan Quantum Center, Kazan, Russia
2Institute of Spectroscopy RAS, Moscow, Troitsk, Russia
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Superradiance (Sl) Dicke [1] is a well-known effect of cooperative
and coherent spontaneous radiation, which is of interest in such fields of
research as, for example, laser physics and quantum optics [2].
Cooperative spontaneous emission in a macroscopic ensemble (volume >>
A%) is usually called superfluorescence (SF) [3]. In this work, SF was
studied in a single crystal YPO4: Er** at a temperature from 3.5 to 18 K. We
observed powerful SF radiation at telecommunication wavelengths (1.5
microns) and the generation of a Sl laser with various pumping schemes
and wavelengths. Under pulsed excitation, SF demonstrated a classical
ringing form. We investigated the dependences of the time delay, peak
power, total SF energy, pulse duration and their fluctuations on the
pumping pulse energy. In addition, we have achieved the operation of a
narrow-line (= 48 kHz) single-frequency and single-mode Sl laser with high
quantum slope efficiency (= 84 %) with continuous wave pumping.

The work was supported by the Kazan National Research Technical
University named after A. N. Tupolev Strategic Academic Leadership
Program («PRIORITETi 2030»).
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STRUCTURE AND SPECTRAL-LUMINESCENT PROPERTIES
OF NANO-SIZED PARTICLES ZrO2-Y203-Eu20s3
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Ceramic materials based on ZrO>, due to their unique combination of
properties and the ability to precisely control their structure, have enormous
potential for practical application [1]. It should be noted that the structure,
properties and quality of the resulting ceramics are determined by the
characteristics of the powders used as precursors and depend significantly
on the method of their production.

The results of complex studies of the structure, phase composition
and spectral-luminescent properties of crystals of the concentration series
Zr02-Y203-Eu203 were presented earlier in works [2-5], in which it was
shown that Eu®* ions in low concentrations can be effectively used as a
spectroscopic probe for studying the structure.

In this work, we study the morphology, phase composition and
spectral-luminescent properties of nanopowders of the concentration series
ZrO2-(4-27 mol.%)Y203-(0.1 mol.%)Eu-0Os obtained by the method of
chemical coprecipitation. A comparative analysis of the results of studying
nanopowders ZrOz-(4—27 mol.%)Y203-(0.1 mol.%)Eu>03 and macroscopic
crystals of similar composition obtained by the method of directional
crystallization using direct induction heating in a cold container is
performed.

This work was financially supported by the Ministry of Science and
Higher Education of the Russian Federation, grant number FZRS-2025-
0001.
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A NEW CLASS OF PHOSPHORS BASED
ON STRONTIUM VANADATES SrsMgR(VOa)7
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Among the substances that meet the high requirements for new-
generation luminophores, compounds with a structure of the B-Caz(POa)
type stand out. With high isomorphic capacity, such compounds are a very
promising matrix for obtaining luminescent materials. For example, by
introducing rare earth elements (REE — R) into the structure, it is possible
to achieve luminescence in various spectral regions. It is worth noting that
in this structural family, it is possible to have luminophores not only based
on B-Caz(PQ.)., for example CasMgEu(POa4); [1], but also isostructural
calcium vanadates, Caosln(VO.)7:Eu®" [2], as well as their phosphate
analogs built on the basis of strontium — SrsMR(PQas)7 [3]. In the series of
strontium phosphates isostructural with strontiowhitlockite or SroFe1.5(POa)7
[4], the processes of phase formation remain poorly studied, in contrast to
their calcium analogues (for example, Cays-xM?*xR(PQ.)7), where the
formation of continuous series of solid solutions has been recorded for both
cationic [5] and anionic substitutions, which was shown, for example, in the
series CagY(POa4)7—x(VOa)x [6]. Isostructural B-Casz(POs)2 strontium
vanadates are currently represented only by individual compounds
SreIn(VOa4)7 [7], SreR(VO4)7 (R = Tm, Yb and Lu) [8], SreLa(VOa)7: XxEu®* [9].

We have studied the possibility of anionic substitutions in the series
of phosphates SrsZnEu(PO4)7-x(VOa4)x [10], and demonstrated the
possibility of obtaining a continuous series of solid solutions in the region 0
< X £ 6. In the present work, in addition to obtaining a similar series
containing Mg?" ions with the general formula SrsMgEU(PO4)7-x(VOa)x,
strontium vanadates for the entire series of REEs — SrsMgR(VOa4); were
synthesized and studied. The samples were obtained by solid-phase
synthesis from stoichiometric amounts of the initial reagents MgO, SrCOs,
NHsH2PO4, NH4VO3 and R20s. The synthesis was carried out in several
successive stages with a gradual increase in the synthesis temperature
from 400 to 1100 °C, the holding time at the final temperature was 100 h.
Then the samples were slowly cooled together with the furnace to room
temperature.

The PXRD patterns of the series of mixed phosphate-vanadates are
shown in Fig. 1la. All reflections of the synthesized substances correspond
to the strontiowhitlockite phase (Sro.ssMgo.14)3(PO4)2 [11], including the
vanadate SrsMgEuU(VOa4)7, in contrast to SrsZnEu(PO4)7-x(VOa4)x [10], where
the vanadate SrsZnR(VOa4)7 demonstrated an admixture of a phase with the
eulytine structure SrsEu(VOa4)s. As the substitution proceeds P5+ — V5+,
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the unit cell parameters demonstrate monotonic growth (Fig. 1b), which
corresponds to Vegard's rule.
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Fig. 1. PXRD patterns for SrsMgEu(PO4)7-x(VOa4)x and bars
for (Sro.ssMgo.14)3(POa4)2 (PDF-2 Ne 47-1895)

The photoluminescence (PL) emission spectra for the phosphate-
vanadates SrsMgEuU(POa4)7-x(VOa4)x are shown in Fig. 2. The observed
bands in the spectra correspond to the electronic transitions of the Eu®*
cation from the lower excited state °Do to the ground state terms ’F;. The
analysis of the integrated intensities at excitation wavelengths of 395 and
465 nm is shown in the inset. One can see a monotonic increase with
increasing content of the VO.* group in the structure. However, upon
passing to pure vanadate SrsMgEu(VOas);, some decrease in the PL
intensity is observed; however, compared to phosphates SrsMgEu(POa),
the integrated luminescence intensity of the Eu®* ions is more than 2 times
higher. The mixed anionic environment of the luminescence centers affects
the coordination polyhedra occupied by Eu®* ions and, ultimately, leads to
an increase in the luminescence efficiency. The paper discusses the
crystallographic aspects of the luminescence of REE ions in the
SrsMgR(VO4)7 matrix and mixed phosphate-vanadates.
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The work was carried out with financial support from the RSF, project
23-73-10007.
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STRUCTURAL AND PHYSICO-CHEMICAL CHARACTERISTICS
OF ALUMOMAGNESIUM SPINEL OPTICAL CERAMICS

E.V. Yezhikoval, I.A. Telegin?, N.A. Khokhlov?, A.V. Kulebyakin?,
E.E. Lomonoval, V.A. Myzinal, A.A. Rey?!, N.Yu. Tabachkova'?,
M.K. Tapero!?3
!Prokhorov General Physics Institute RAS, Moscow, Russia
2Crystals of Siberia LTD, Novosibirsk, Russia
3National University of Science and Technology (MISIS), Moscow, Russia
E-mail: yuzhik@list.ru

Aluminum magnesium spinel with a cubic crystal structure has
excellent chemical, thermal, dielectric, mechanical, and optical properties.
These properties make this material promising for optically transparent
windows, domes, and armor, night vision systems, as well as a basis for
scintillation and laser materials. However, the process of obtaining
alumomagnesium spinel for use in various optical products is quite
complex. The synthesis of high-quality alumomagnesium spinel requires
both high-purity starting powders with the necessary degree of dispersion
and high-tech synthesis methods with the determination of optimal
conditions at each stage. This approach makes it possible to obtain high-
density optical materials with minimal scattering losses.

Aluminum-magnesium spinel nanopowders were obtained by
processing a mixture of commercial starting powders in a stoichiometric
composition in a serial synthesis unit “ATLAS” manufactured by IK-TTE
LLC. The structure and phase composition of the powders were studied
using X-ray diffraction and transmission electron microscopy. The work
shows that the synthesized alumomagnesium spinel material is a weakly
agglomerated white powder with low bulk density. The powder was single-
phase; only reflections corresponding to the MgAI204 phase were
observed on the diffractogram. The powder particles were spherical in
shape, with particle sizes ranging from 20 to 30 nanometers. The average
specific surface area of the synthesized material was 75 m?/g. The optical
properties of transparent ceramics made from synthesized powders by hot
uniaxial pressing followed by hot isostatic pressing were comparable to
those of currently available analogues. The light transmittance of the
samples reached 75 % in the wavelength range from 0.4 to 6 um. The
paper discusses the features of the technological process of powder
synthesis using the ATLAS installation, as well as the features of
compaction and heat treatment. It is shown that the quality of the obtained
samples depended on the conditions of the compaction process. Studies
were conducted on the characteristics of alumina-magnesium spinel
samples obtained at each stage of the technological process using other
types of starting powders.
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STRUCTURE AND LUMINESCENCE OF DIMERIC LANTHANIDE
PIVALATES WITH DERIVATIVES OF 1,10-PHENANTHROLINE

K.P. Zhuravlev?, V.D. Savchenko?!, A.V. Vologzhanina?, V.I. Tsaryuk?!
1v.A. Kotelnikov Institute of Radioengineering and Electronics RAS,
Fryazino, Russia
2A.N. Nesmeyanov Institute of Organoelement Compounds RAS,
Moscow, Russia
E-mail: kpz225@mail.ru

The relationship between spectroscopic and structural features of the
dimers of lanthanide pivalates Ln(Piv)s(Phn) (where Ln = Eu, Gd, Tbh; Piv =
(CH3)3C-COO; Phn = 1,10-phenanthroline (Phen) and its 4-methyl-, 4,7-
dimethyl-, 3,4,7,8-tetramethyl-, 5-amino- (APhen), and 5-nitro-derivatives)
was studied using the luminescence spectroscopy, X-ray diffraction, and
computational methods.

This work is a development of studies of dimeric aliphatic and
aromatic lanthanide carboxylates with heterocyclic N-donor ligands [1].
Pivalates have high luminescence quantum yield, as well as good thermal
and photo stability. The compounds dissolve well in organic solvents and
are capable of sublimation in a vacuum. These features make them
attractive for study and potential applications in various fields of science
and technology.

The Iluminescence spectra of Eu and Tb compounds, the
phosphorescence spectra of Gd compounds, the lifetimes of the °Do (Eu*)
and °Da (Tb®*) electronic states, and the luminescence intensity at 77 and
295 K were measured. The crystal structures of seven compounds were
determined. Using the LUMPAC software [2], the experimental and
theoretical Judd-Ofelt intensity parameters Q) (A = 2, 4, 6) of europium
pivalates, the rates of radiative and nonradiative processes, the quantum
efficiency, and the quantum yield of luminescence were calculated. It was
shown that the dynamic coupling (DC) mechanism is dominant in
controlling the intensity of f-f transitions in Eu®* pivalates compared to the
forced electric dipole (FED) mechanism.

The efficiency of excitation energy transfer to Eu®* and Tbh3* ions was
analyzed depending on the relative position of the resonance levels of the
Ln3* ions and the lowest excited singlet S: and triplet T1 associated with the
Phn ligand. Multiphonon relaxation is the only nonradiative process in
europium pivalates, and the rate of this process is low because of the
distant location of the —CHs quenchers from the Eu®** ion. This factor
provides a fairly high quantum efficiency of Eu®* luminescence: in the range
of 55-62 % at 77K. The quantum yield also varies within these ranges,
indicating a high efficiency of excitation energy transfer from ligands to the
Eu®* ion. However, in the case of Eu(Piv)s(APhen) at 295 K these
parameters are reduced by half, that is caused by the location of the T:
state between the °D: and °Do levels of the Eu®** ion. The calculated
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nonradiative rates of forward and back energy transfer T1<>°D1 and T1<>°Do
are consistent with the triplet position for different compounds.

In terbium pivalates, in addition to multiphonon relaxation, the back
energy transfer °D4-T1 is also active, which leads to a reduction in the
lifetime of the °Da state at 295 K, as well as a decrease in the luminescence
intensity up to its complete quenching. Upon excitation into the So-S: band
of Phn ligand only Tb(Piv)3(Phen) has the high luminescence intensity. The
reduced lifetime of the °Ds state in this pivalate at 77 K and the absence of
back energy transfer at 295 K, as well as the greater Stark splitting of Tb3*
electronic transitions, are explained by the influence of stronger Tb-ligands
binding.

The work was carried out within the framework of the State
Assignment of the Ministry of Science and Higher Education of the Russian
Federation.
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SPECTROSCOPIC STUDY AND VISIBLE LUMINESCENCE
OF Th® IONS IN Tb/Yb:SrF>, CRYSTALS

P.G. Zverev, A.V. Nekhoroshikh, V.A. Konyushkin
Prokhorov General Physics Institute RAS, Moscow, Russia
E-mail: zverev@lIst.gpi.ru

Crystals activated by terbium ions are of interest for the creation of
lasers operating in the visible spectral range. The crystals Sro.9sTho.02 F2.02,
SrogThoiF21 and SrogsxTho.osYbx Fzos«x (X =0, 0.05, 0.10) grown by the
Bridgman-Stockbarger method in a multichannel graphite crucible were
studied. Yb®** ions were used as sensitizers to excite Tb3' ions. The
absorption spectra of crystals were measured at room temperature in the
wavelength range from 300 to 3200 nm. From the absorption spectra line
strengths were determined. Using the Judd-Offelt theory we calculated
transition probabilities, luminescence branching coefficients, and the
radiation lifetime of the °D.4 level of the Th3* ion, which was found to have
similar values in all crystals and was 1, = 6.6 ms. The luminescence spectra
of Tb3* ions in crystals were measured when excited by the third harmonic
of Nd:YAG laser (355 nm) at the transition ‘FeA °Ls. The calculated
luminescence cross sections at the transitions °DsA “Fs and °DsA "Fa (544
nm and 586 nm wavelengths) were 7.0x10%2 cm? and 2.2x10%2 cm?. The
lifetime of luminescence at the °Da level in Tb3* ions was measured when
excited by the third harmonic of pulsed Nd:YAG laser with a pulse duration
of 22 ns. In crystals activated only by Tb3 ions (SrixTbxFa:x,
x =0, 0.05, 0.10), the lifetime has close values of about 5.9 ms, which
indicates the absence of the concentration quenching in terbium ions. In
crystals co-activated with  ytterbium ions  (Sro.esxTbo.0sYbxF2.05+x,
x =0, 0.05, 0.10), the luminescence decay curves were well described by a
single exponential dependence with lifetimes of 5.9, 5.3, and 4.1 ms. The
decrease in the experimental lifetime with an increase in the concentration
of Yb®" ions is due to the cooperative process of down-conversion, which
was observed earlier in [1].

The luminescence of Tb®" ions in Tb/Yb:SrF. crystals was studied
under excitation of Yb®" ions by radiation from a continuous diode laser
with a wavelength of 955 nm. In this case, the luminescence spectrum of
Tb3* ions was identical to the spectrum obtained by direct excitation. A
quadratic dependence of the luminescence intensity of Tb3* ions on the
intensity of exciting radiation was observed, which indicated that the
excitation of the Tb3" ion occured due to a cooperative up-conversion
process with the transfer of excitation from two Yb3* ions to one Th3* ion.
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PHOTODYNAMIC PROCESSES IN BaY2Fs CRYSTALS WITH
COACTIVATION BY Tb®**-Yb3* IONS

A.M. Zubareva, A.A. Shavelev, A.A. Shakirov, T.M. Minnebaev,
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Solar panels remain one of the key directions in the development of
renewable energy sources. Current research focuses on enhancing their
efficiency and durability by optimizing materials and designs. One
promising approach is the use of fluoride crystals doped with rare-earth
ions as additional substrates or functional layers, which improves the
optical and thermal characteristics of solar panels [1]. An example is the
use of CaF2:Ce®*-Yb3®" to increase the absorption efficiency of the silicon
substrate. In this compound, for a pair of Ce3* and Yb3" ions, excitation
transfer from Ce®* ions to Yb®* ions can be observed, followed by near-IR
illumination with a quantum efficiency of more than unity. The development
of such nanophosphores allows the development of new highly efficient
solar panels [2]. Other effective ion pairs are known for such energy
conversion. Studies of 50P20s-20Ca0-25Na>0-5A,03-0.5Th3*"-xYb3*
glasses (in mol.%, x = 0, 0.5, 1.5 and 3) with a pair of doped Tb-Yb ions
showed an increase in the total energy conversion by a solar panel by
0.34% [3].

This work investigated photodynamic processes in BaYHR-Wcrystals
under dual activation with Th3¢ and Yb3¢ ions. Luminescence spectra were
recorded and analyzed for both upconversion and downconversion cases;
low-temperature studies of Yb3¢ ion luminescence were also conducted
within the 77-300 K temperature range. Additionally, the lifetime
dependence on the luminescent ion concentration was obtained for the
downconversion case. Lattice parameters were calculated based on X-ray
phase analysis data in the presence of impurity ions, yielding: a = 6.94 A; b
=10.48 A; c =4.24 A and B = 99.8 °. An estimate of the number of photons
involved in the energy transfer processes for the upconversion case was
made, yielding values of 2.27 and 2 for the °Duhand °DF levels, respectively.
Quantum yield measurements were performed for both upconversion and
downconversion, resulting in values of 0.004%, 0.03%, and 0.014% for 2
at.%, 5 at.%, and 10 at.% Yb3¢ ions, respectively (upconversion); and
70.3%, 49.3%, and 55.05% for 2 at.%, 5 at.%, and 10 at.% YDb3¢ ions
(downconversion), respectively. The presence of back-energy transfer
processes to Yb3¢ ions was suggested for the upconversion case. It was
concluded that cross-relaxation processes affect the populations of the
terbium ion's °Df and °DM levels; energy transfer in the Tb-Yb ion pair
occurs not via cooperative processes, but likely through single-photon
mechanisms.
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LUMINESCENCE, DEFECT ENGINEERING, AND THERMAL STABILITY
OF Mn*-DOPED RED-EMITTING PHOSPHORS FOR LIGHTING
AND OPTICAL THERMOMETRY
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Mn#*-doped phosphors have become highly attractive due to their
efficient red and far-red emissions, tunable Iuminescence, and
environmentally friendly synthesis, making them promising for advanced
lighting and sensing technologies. In this report we present results of
synthesis and systematic study of a series of novel Mn*-activated oxide
and oxyfluoride phosphors, targeting enhancements in Iluminescence
intensity, thermal stability, and suppression of defect-related non-radiative
losses.

The LisMg2TaOsF:Mn** oxyfluoride phosphors were synthesized
using an environmentally benign solid-state reaction. Using NaF (Na*) as a
charge compensator effectively suppressed cation vacancies caused by
Mn#* replacing Ta>" sites, significantly enhancing luminescence. Optimized
compositions (25 mol% NaF) showed a 112 % increase in emission
intensity at 672 nm and a two-fold improvement in quantum efficiency (from
17 to 34 %). Their broad far-red emission (625-830 nm) ideally matches
absorption bands of plant phytochromes, suggesting potential applications
in precision agricultural lighting. Prototype LED devices using these
phosphors with a blue LED chip (450 nm) exhibited stable emissions under
various operating currents (30—300 mA) [1].

Mn#*-activated double perovskite far-red emitting phosphors of
BalLa(Na/Li)WOe and BalaLi(W/Te)Os were synthesized and studied to get
insight into the effects of Na* to W°" and Li* to Te®* substitutions. The latter
result in a blue shift of Mn*" 4T,y excitation band, that, in turn, greatly
improves luminescence thermal stability of the specific samples. The
potential mechanism responsible for this optimization was proposed based
on configurational coordinate diagram, which suggests increasing the
energy gap between Mn* 2Eq4 and “Tog levels with substitutions of Na* and
We by Li* and Te®", respectively, leading to the higher quenching
temperature [2].

Finally, Ba;LaTaOs:Bi**, Mn*" phosphors were investigated for dual-
mode optical thermometry. Emissions from Bi** (~400 nm, blue) and Mn*
(~680 nm, red) showed distinctly different thermal behaviors, allowing high-
sensitivity fluorescence intensity ratio (FIR) thermometry. Maximum
absolute and relative sensitivities reached 0.029 K?' and 3.81% K,
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respectively, in the 80-470 K range (which is also readily detected by eye).
Energy transfer between Bi¥* and Mn* via quadrupole-quadrupole
interactions was shown to enhance thermometric performance [3].

Collectively, these findings provide valuable approaches for
designing high-performance, environmentally friendly = Mn**-doped
phosphors suitable for next-generation red-emitting lighting and
thermometry applications. Through targeted defect engineering and
systematic structural optimization, our studies offer robust pathways for
overcoming intrinsic limitations associated with thermal quenching and
luminescence efficiency.
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Rare-earth (RE) crystals with a pyrochlore structure have been
among the most actively studied frustrated magnets over the past three
decades. Nevertheless, a microscopic model describing the unusual
properties of these crystals remains incomplete. One of the debated issues
is the possibility of a phase characterized by a long-range ordering of
electric quadrupole moments of 4f-electrons localized on the RE ions.

The energy of electrostatic interactions between electric multipoles
can almost always be neglected. However, virtual electron transfer
processes between spin-orbitals of ions with unfilled electron shells through
intermediate ligand states induce an indirect interaction between multipole
moments. The energy of this interaction can reach values on the order of
1 K[1].

Quadrupole degrees of freedom were first mentioned in relation to
rare-earth pyrochlores in work [2], where the quadrupole interactions
Hamiltonian was written in terms of the wave functions of the ground-state
doublet of the Pr3* ion in a crystal field of Ds¢ symmetry (using the Pauli
matrices). In the general case, when modeling the properties of RE
pyrochlores under conditions where the population of excited electronic
states cannot be neglected, the quadrupole interaction operator must be
written in terms of the components of the electric quadrupole moment
operator (proportional to second-rank spherical tensor).

In this work, we obtained the quadrupole interactions operator in a
tetrahedral cluster containing four neighboring RE ions in magnetically non-
equivalent positions of the crystal lattice of RE pyrochlores. The structure of
the obtained operator agrees with a recently published work [3].

Quadrupole interactions compete with magnetic interactions. Taking
guadrupole interactions into account leads to a renormalization of the
exchange interaction parameters. In this work, calculations of the field
dependencies of the magnetization for the PrRZrFO? crystal was performed.
It was shown that accounting for quadrupole interactions leads to a
decrease of the effective magnetic moment of the RE ion at low
temperatures.
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SYNTHESIS AND STUDY OF CATHODOLUMINESCENCE IN YTTRIUM
AND LUTETIUM ORTHOPHOSPHATES. CHARGE CARRIER TRAPS
AND ENERGY TRANSFER
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Within the scope of this work, yttrium and lutetium orthophosphates
with xenotime structure — both non-activated and activated with trivalent
erbium ions — were synthesized using the flux method. The luminescent
properties of the synthesized single crystals were investigated.

The primary research technique was cathodoluminescence (CL).
Luminescent properties associated with point defects may vary across
different crystal growth directions. Therefore, two crystal growth directions
(along and across the optical axis) were selected for the study. Non-
activated single crystals of yttrium and lutetium orthophosphates were
oriented in these directions to study their CL properties.

CL spectra in the visible range were obtained for the synthesized
single crystals of yttrium and lutetium orthophosphates. In the spectra of
non-activated yttrium orthophosphate single crystals, a shift was observed
in the CL bands of oxygen deficiency defects compared to those in lutetium
orthophosphate single crystals. This shift is attributed to the differing
bandgap widths of the materials. The luminescence of oxygen deficiency
defects, responsible for the 2.7 eV band in lutetium orthophosphates (2.5
eV in yttrium orthophosphates), contributes more significantly and exhibits
higher intensity in spectra recorded across the optical axis. In the spectra of
erbium-activated single crystals, bands corresponding to trivalent erbium
ions as well as intrinsic defect bands were observed. The erbium CL bands
did not shift with variations in the materials' bandgap widths.

A concentration series of lutetium orthophosphates activated with
erbium ions at varying concentrations was investigated. Energy transfer
from intrinsic defects to erbium ions was observed in the crystals, which
complicated the establishment of clear intensity concentration dependence
of erbium CL bands.

To study the influence of charge carrier traps on luminescent
properties, an original technique was employed. This involved measuring
the dynamics of CL band intensity upon continuous electron beam
irradiation over time, while simultaneously recording changes in the
absorbed current. In general, the dependence of the absorbed current on
irradiation time for a sample containing one type of electron traps and one
type of hole traps can be described as follows:

L U 0 Q o Q 1)
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where & 'Q ~ describes the contribution of electron traps, and 6 'Q - the
contribution of hole traps. The coefficients 6 and 0 are proportional to

the trap concentration in the sample, while — and — represent the

probabilities of electron and hole capture by the traps, respectively. The
types of traps and the probability of charge localization were determined for
various samples of yttrium and lutetium orthophosphates. The potential
application of these materials as a basis for thermoluminescent dosimeters
is discussed.

This research was supported by the Russian Science Foundation
gr ant -72-00212, https://rscf.ru/project/24-72-00112/.
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STUDY OF THE INFLUENCE OF a-NaRF4:Yb/Er/Cel/(Zn,Mg)
(R=Y, Yb, Lu) NANOCRYSTALS COMPOSITION ON THEIR
LUMINESCENT PROPERTIES ON THE NEAR-INFRARED RANGE
FOR BIOMEDICINE AND OPTICAL TECHNOLOGIES

A.V. Koshelev, N.A. Arkharova, D.N. Karimov
Shubnikov Institute of Crystallography, Kurchatov Complex Crystallography
and Photonics, National Research Centre
«Kurchatov institute», Moscow, Russia
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Fluoride nanocrystals (NCs) doped with Er®* ions represent a
promising platform for developing near-infrared (NIR) luminescent materials
(1400-1700 nm) and composite materials for the invasive imaging and
therapy applications, as well as optical communications. However, the low
intensity of NIR luminescence upon reducing the crystal size to the
nanoscale significantly limits their potential for practical application.
Therefore, the development of a methodology to enhance the spectral-
luminescent properties of fluoride NCs in the NIR region remains a relevant
task.

This work proposes an approach for creating multi-doped core-shell
structured a-NaRF4: Yb/Er/Ce/(Zn,Mg) (R =Y, Yb, Lu) NCs synthesized via
the thermal decomposition of precursors. A comparison of cubic a-NaRF4
(R =Y, Yb, Lu) and hexagonal B-NaYF4 hosts co-doped with Yb3*/Er®* ions
showed that a-NaYbF4Er NCs exhibit the highest NIR luminescence
intensity under IR excitation (A = 975 nm) among the cubic counterparts
and possess comparable characteristics to B-NaYF4Yb/Er NCs. The
introduction of up to 2 mol.% Ce** ions into the a-NaYbF4:Er matrix leads to
a twofold increase in NIR luminescence intensity while simultaneously
guenching visible-range  luminescence. Isomorphic  heterovalent
substitution of Yb*" ions with Zn?* or Mg?* ions up to 10 mol.% in a-
NaYbF4:Er/Ce NCs comprehensively enhances the luminescence intensity
by a factor of 2 in the red region (A = 620—-700 nm) and by a factor of 1.7 in
the NIR spectral region. The a-NaYbF4:Er/Ce/(Zn, Mg) NCs show promise
for applications in bioimaging within the second biological tissue
transparency window and as signal-enhancing components in optical
communications.
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Fig. TEM image with a size distribution histogram and luminescence spectra
of a-NaYbF4:Er/Ce/(Zn, Mg) and B-NaYFa4:Yb/Er NCs under IR excitation (A = 975 nm)

This study was carried out using the equipment of Shared Research
Center "Structural diagnostics of materials" of the Kurchatov Complex
Crystallography and Photonics NRC "Kurchatov institute" under support of
Ministry of science and higher education of the Russian Federation within
the state assignment of NRC "Kurchatov Institute”.



SPECTRAL-LUMINESCENT CHARACTERISTICS OF ZrO2-Sc203-Eu20s3
CRYSTALS AND NANOPARTICLES
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E.E. Lomonova?, P.A. Ryabochkina!, N.Yu. Tabachkova??3
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2Prokhorov General Physics Institute RAS, Moscow, Russia
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Zirconia-based materials possess unique physicochemical properties
and are widely used as solid electrolytes in solid oxide fuel cells (SOFCs).
Particular attention is drawn to zirconia ceramics stabilized with scandium
oxide due to their enhanced ionic conductivity compared to other stabilized
zirconia systems [1, 2].

The electrophysical and thermomechanical properties of such
materials are strongly influenced by the synthesis technology and the
characteristics of the starting powders, which may lead to variations in
structure and impurity content [3].

One of the most effective experimental methods for probing the local
crystal structure of zirconia-based solid solutions — especially in terms of
oxygen vacancy distribution — is optical spectroscopy using Eu3¢ ions as
spectroscopic probes [4, 5]. The high sensitivity and non-destructive nature
of this technique also make it well-suited for analyzing the impurity
composition of the material [6, 7].

In this study, a comparative analysis was performed on the structure,
impurity content, and spectral-luminescent properties of ZrO>-Sc.03-Eu203
nanopowders synthesized via co-precipitation and hydrothermal methods,
as well as ZrO,-Sc.03-Eu>03 single crystals grown by directional melt
crystallization in a cold crucible.

Funding: This work was financially supported by the Ministry of
Science and Higher Education of the Russian Federation, grant number
FZRS-2025-0001.
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IR PHOSPHORS BASED ON NaYGeOsy,
ACTIVATED BY Tm3*, Tm*/Ho®**, Tm**/Dy** IONS
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Materials with emission in the infrared (IR) wavelength range are of
great interest. The IR radiation range is of great importance for a wide
range of applications such as medicine, biology, astrophysics, and military
sphere. NaYGeOs olivines doped with Tm3*, Tm3**/Ho®*" ions transform
radiation with wavelength 808 nm into the IR range 1.6—-2.2 um. Co-doping
with Tm3*/Dy3* ions lead to emission in a longer-wavelength range of 2.7—
3 um.

In the course of the work, the NaY1.xTmxGeOs , x = 0.0-0.2, NaYo.ss-
x Mo 1sH0xGeOs, X =0.0-0.055, NaYosgsxTMo.15DyxGeO4, x =0.002-0.1
series were obtained by the citrate-nitrate method. Comprehensive studies
of concentration dependences were carried out for all systems. The
NaYo.s5TmMo.15Ge0s, NaYo.gisTMo.1sH00.035Ge04, NaYo.sas TMo.15DY0.00sGEO4
samples has demonstrated the highest luminescence intensity. The decay
kinetics of the Tm3" luminescence was studied. The lifetimes of 3Has, 3F4
levels of Tm3" ions were calculated, and the rate of Wrm3+—Tm3+ energy
transfer in NaYixTmGeOs as a function of Tm3" concentration was
analyzed in detail. It is shown that Tm3* ions can act as both a donor and
an acceptor; energy transfer between neighboring ions is caused by the
accelerated migration due to dipole-dipole interaction. Based on the
obtained data, a mechanism for the formation of two groups of luminescent
lines at 1.3-1.6 yum and 1.6-2.1 ym in the spectra of NaYi1xTmxGeOa
(Aex = 808 HM) is proposed.

The introduction of Ho®*" ions into the system allows the emission
band to be expanded to 2.25 um due to the °l7 — °Ig transition. Due to the
intense emission band in the range of 1.6-2.25pum, the
NaYo.s15 TMo.15sH00.035Ge0O4 composition can be used as a material emitting
in the third and fourth spectral windows for imaging biological tissues. The
lifetimes of 3F4 (Tm3") levels in the presence of Ho®*" and Dy3*" ions are
analyzed in detail. It is shown that energy transfer from thulium ions to Ho3*
or Dy®* ions occurs due to dipole-dipole interaction. The rate of energy
migration between 3F., (Tm®*), in the presence of Ho*" or Dy** ions was
calculated. Due to the greater overlap of the electron sublevels of Tm3* and
Dy3*, the observed decrease in the migration rate is more significant than in
the case of Ho®" ions presence.
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ANALYSIS OF THE LOCAL ENVIRONMENT OF CE(IIl) IONS
IN HYDROXYAPATITE BY EPR SPECTROSCOPY

M.A. Sadovnikova!, D.V. Shurtakoval, G.V. Mamin?, N.V. Petrakova?,
M.R. Gafurov!
lKazan (Volga Region) Federal University, Kazan, Russia
2A.A. Baikov Institute of Metallurgy and Materials Science RAS,
Moscow, Russia
E-mail: margaritaasadov@gmail.com

Hydroxyapatite (HAp) has attracted considerable attention due to its
unique combination of biocompatibility, bioactivity, non-toxicity, tunable
properties and wide range of applications [1]. To expand the range of
applications and improve functionality, various ions, including rare earth
elements (REE), are introduced into the HAp crystal lattice. Cerium ions
(Ce) are promising imaging agents for the diagnosis and treatment of
damaged organs and tissues due to their ability to luminesce in a wide
range of electromagnetic radiation. The incorporation of Ce into HAp is
expected to improve its properties, thereby increasing the attractiveness of
these composites for implantology applications. Our study demonstrates
the successful fabrication of luminescent cerium-doped hydroxyapatite (Ce-
HAp).

The aim of this study is to establish the influence of synthesis and
processing methods on the impurity content, magnetic properties and
structural modifications in Ce-HAp powders using different electron
paramagnetic resonance (EPR) methods. Ce-HAp powders were
synthesized by chemical precipitation method using calcium nitrate, cerium
nitrate and ammonium hydrogen phosphate. It is known that oxidation
processes of Ce(lll) to Ce(lV) can be prevented under reducing or
protective conditions. Heat treatment and hot pressing methods were used
to create a reducing atmosphere. The dried powders were subjected to
heat treatment under different conditions: (1) heat treatment at 1300 °C in
air atmosphere; (2) hot pressing in carbon form in argon atmosphere at a
pressure of 30 MPa and a temperature of 1100 °C. X-ray diffraction
analysis showed that hydroxyapatite is the main phase in all synthesized
samples.

EPR measurements were performed in continuous (CW) and pulsed
modes in the X-band (vmw = 9.6 GHz) on a Bruker Elexsys E580
spectrometer. Electron-nuclear interactions were analyzed using a three-
pulse Electron Spin Echo Envelope Modulation (ESEEM) sequence.

The EPR results show that for the samples after heat treatment by
hot pressing at 1100 °C, Ce enters the HAp structure in the trivalent state.
For the powders subjected to heat treatment in air at 1300 °C, Ce
undergoes a partial transformation to the tetravalent state. In Ce-HAp
(without heat treatment), cerium is oxidized to the tetravalent state. Using
the ESEEM experiment, the location of cerium in the HAp crystal lattice
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was determined and the distance between calcium and cerium was
estimated (approximately 3.5 A).

This work was supported by the Russian Science Foundation (project
no. 24-72-00161).
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ELECTRO-OPTICAL AND MAGNETO-ELECTRO-OPTICAL EFFECTS
IN THE CRYSTAL HoFe3(BOs)s IN THE REGION
OF THE TRANSITION °®Ig— °S;

V.V. Sokolov, A.V. Malakhovskii, I.A. Gudim
Kirensky Institute of Physics, Krasnoyarsk, Russia
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The report presents the spectra of electro-optical (EO) and magneto-
electro-optical (MEO) effects in the HoFe3(BO3)4 crystal in the region of the
f-f electron transition °ls —°S, and the dependence of the effects on
temperature in the range of 4 — 30 K.

The HoFes3(BO3)s crystal is an easy-plane antiferromagnet with the
Neel temperature of 38 K and trigonal symmetry P3:21. The sample for
measurements was cut in the bc plane. Light, electric field (3200 V/cm, 8
kHz) and magnetic field (0-2.5 kOe) were directed along the a-axis. The
measurements were carried out at Tr-polarization (||c) and o-polarization
(*c). As follows from the theory of the linear EO effect (Pockels effect), it
turned out to be significantly weaker at Tr-polarization. Figure 1 shows
spectra of the o-polarized absorption, EO effect and MEO effect in a field of
2.2 kOe at a temperature of 10 K. The magnetic field not only increases the
effect, but also changes its spectrum. The magnitude and sign of the effect
depend on the excited state.
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Fig. 1. Absorption spectra (D) Fig. 2. Dependence of the MEO effect
and the MEI effect at 10 K. on the magnetic field at 10 K. The inset
The symmetries of the excited shows the dependence of the MEO
states are indicated in brackets effect on temperature in a field
of 2.2 kOe

The MEO effect was investigated as a function of the magnetic field
and temperature (Fig. 2). The temperature dependence qualitatively
repeats the temperature dependence of spontaneous electric polarization
in the same crystal [1]. The dependence on the magnetic field is close to
linear, but does not depend on the sign of the field. This can be explained if
we take into account that the MEO effect is caused not directly by the
magnetic field, but by the antiferromagnetism vector.
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NIOBIUM-CONTAINING PHOSPHORS

V.V. Titkov, B.l. Lazoryak
Lomonosov Moscow State University, Moscow, Russia
E-mail: vlatitkov@yandex.ru

Calcium vanadates with a whitlockite-like structure are good model
structures for investigating the influence of cationic and anionic
substitutions on luminescent properties. Structural characteristic allows
substitution of calcium by rare earth cations without charge compensation.
Also, concentration quenching is not observed due to large distances
between the luminescent centers in the cation sublattice.

Vanadates are considered as promising matrices for Eu®*-based red
phosphors. Both UV and blue radiation can be used as excitation sources.
As shown earlier [1], even small substitutions in the anion sublattice of V>*
for Nb>* and Ge** of the order of ~1-2% can lead to a significant increase in
the luminescence intensity of Eu3*.

In this study, new calcium vanadate-niobates CasErPb(VOa)7-
x(NbOs)x:Eu®* and CasErPbZn(VO4)7—x(NbOas)x:Eu®** are considered. The
substitution limit of V°* for Nb>* was determined, and the positive effect of
introducing Nb®* cations into the structure on the luminescent properties
was shown.

The work was carried out with the financial support of the Russian
Science Foundation, project 24-13-00148.
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LUMINESCENCE THERMOMETRY BASED ON KY3F10:Er** CRYSTAL
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2Moscow Institute of Physics and Technology (National Research
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KYsF10:Er¥* single crystals have proven themselves as promising
laser compounds with competitive characteristics for generating laser
radiation in the near infrared (*l132 — *l1s12) and visible (?Hi1r2, *Sap2 — isp)
spectral regions. The possibility of luminescence thermometry based on
transitions between the crystal-field levels of the Er®* ion in the KY3Fi0:Er¥*
crystal host, to the best of our knowledge, has not been discussed
previously. The aim of this work is to construct a Iluminescence
thermometer operating at low temperatures. The frequency range
corresponding to the %z — “lis2 transition and getting into the
transparency window of optical fibers (about 1.5 pm) is considered.

To solve this problem, the luminescence spectra of a KYsFi0:Er3* (2
at.%) single crystal were recorded using Fourier-transform spectroscopy in
the spectral region from 6000 to 7000 cm™ in the temperature range from 3
to 300 K. The Iuminescence of the sample was excited by cw
semiconductor laser with a radiation wavelength of 808 nm.

Figure 1 shows the luminescence spectra in the regions of 6425—
6445 cm™ (a) and 6510-6558 cm™ (b) at temperatures of 25, 40, and 70 K.
The crystal-field levels of the ground “lis» (excited “l132) multiplet are
designated by Arabic numerals (capital Latin letters), and the transitions
between the two states are marked with a set of designations of the
corresponding states. As the temperature increases, the populations of the
levels are redistributed in accordance with the Boltzmann distribution,
which means that the intensities of the corresponding lines change.
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Fig. 1. Luminescence spectra of a KY3F10:Er3* (2 at.%) crystal
in the wavenumber regions 6425-6445 cm™ (a) and 6510-6558 cm™ (b)
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Temperature dependences of relative integral intensities of spectral
regions shown in Fig. 1 were compared with the Boltzmann population
ratios. The working temperature range of the thermometer (40-90 K) is
estimated and the temperature Tm = 63 K is determined, at which the
maximum absolute sensitivity of the proposed thermometer is achieved.
The relative sensitivity at this temperature is 2.9 % K,

The possibility of using the temperature dependence of the half-width
of the A3 line to measure temperature is also discussed.

The work was carried out with financial support from the Russian
Science Foundation (grant No. 23-12-00047).



MANIFESTATION OF MEMORY AND BUTTERFLY
IN THE PHOTON ECHO
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In Y(Lu)LiFs crystals with erbium ions of different concentrations a
strong hysteresis-butterfly in the photon echo (PE) intensity was detected
at the change of polarity and direction of scanning of the external magnetic
field H. The reversed PE was observed at the transition *l15, — *Fg, at the
delay between laser pulses ti> = 33 + 60 ns. The butterfly in the PE
intensity occurs when the conditions of parallelism (D # 0) or orthogonality
(D ~ # 0) of the C axis of the crystal and the H field are violated. These
conditions are critical and the butterfly occurs already at D) (D) < 1°.
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Fig. 1. Behavior of PE intensity in B LuLi F4:Er®* (0.025%) in magnetic field
at D=+ 2° The arrows show the direction of magnetic field change
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When the sign of the deflection D (D~) changes, the upper and
lower branches of the "butterfly wings" change places. The hysteresis
branches obtained when changing H from = Hmaxto H = O are "stable" and
do not change when changing the direction of scanning H, if the polarity of
the magnetic field does not change. When the polarity is changed and H
increases in absolute value up to some critical value of H*, the "memory" of
staying in the field of opposite polarity is preserved in the sample.

The occurrence of butterfly hysteresis is explained by the interference
of electric and magnetic dipole transitions associated with the manifestation
of magnetoelectric properties in the samples [1]. In [2], the interference of
electric and magnetic dipole transitions also explains the effect of
magnetoelectric nonreciprocity in submillimeter EPR spectroscopy of YLiF4
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doped with 166Er3+ ions, when the intensity of electron paramagnetic
resonance signals changed when the direction of the magnetic field was
switched to the opposite direction.
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Synthetic hydroxyapatite (HAp) has garnered significant interest
among researchers and technologists owing to its chemical and structural
resemblance to mammalian bones and teeth. HAp-based materials are
widely employed in medical applications due to their exceptional
biocompatibility, bioactivity, and non-toxic nature. The incorporation of
various ions through doping enables precise tailoring of the final product’'s
properties for diverse applications. [1].

This study investigated samples of Ce3¢-doped hydroxyapatite (HAp)
micropowder synthesized at the A.A. Baikov Institute of Metallurgy and
Materials Science using electron paramagnetic resonance (EPR). The
samples were analyzed as follows: EPR spectra were observed after X-ray
irradiation (URS-55 unit, U = 50 kV, | = 15 mA, W anticathode, T = 297 K,
exposure time 1 h, estimated dose 15 kGy). EPR measurements were
performed in pulse mode using a Bruker Elexsys E580 spectrometer (X-
band).

The observed EPR spectrum is most likely attributed to Ce3¢ ions
occupying two nonequivalent calcium lattice sites. To interpret the EPR
spectrum, g-factors for both possible positions were calculated. A Python
program was developed to compute crystal field parameters, incorporating
contributions from lattice ions, exchange interactions, and orbital overlap
between cerium ions and the outer shells of neighboring oxygen ions,
following the methodology described in [2]. After matrix diagonalization, the
wave functions of the lower doublet were derived, and the g-tensor was
calculated using the formula:

80:=28, W [, [ w2, =20 Rewr [ T, [ w'Dog == 20 jimlw | 1, [w),

where ¢, — Lande factor for ion Ce**. The result of the description is
presented in Figure.
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Fig. EPR spectrum of cerium ions in hydroapatite, experiment (black line)
and approximation

Analysis of the spectrum presented in Figure indicates that the
experimental absorption spectrum can be attributed to Ce3¢ions occupying
two nonequivalent crystallographic positions. The observed discrepancies
between the theoretically calculated g-tensor values and those derived
from the approximation of experimental data are likely caused by a stronger
distortion of the local symmetry within the crystal lattice.

This work was supported by the Russian Science Foundation (project
No. 24-72-00161).
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