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JIIOMVNHECHEHTHAA CIIEKTPOCKOIINA
MOHOB Mn?" B CaF,

B.JI. Ilepbaxos

AnaHOTa U

VI3ydeHbl CIEKTPBI BO30Y K AEHUS W JIIOMUHECIIEHIINN KOHIIEHTPAIIMOHHON CePUM KPUCTATIIIOB
CaF3 :Mn?" (Cuvn = 0.001 = 10%), a Takwke Bpemena u3mm. OBHAPYIKEHA MHOTOIEHTPO-
Bocth wouoB Mn2T B CaF,. Vonsl Maprasna o6pa3yioT [eHTPbl TPUTOHAIBHON CUMMETPUR
n 06MeHHO-CBsI3aHHble mapbl Mn—Mn, cBs3aHHBIE OCHIO BTOPOrO mopsiaka. Mozenb mjs Tpu-
FOHATHLHEIX [IEHTPOB MPEICTAB/IST BAKAHCHIO (hTopa B Giamkaiimen okpyskemnmu noma Mn?™T .
OCHOBHBIME IPHYHHAME MHOTOICHTPOBOCTH IIPH TOMOBageHTHOM 3amemennx Mn 2t — Ca?t
SIBJISTIOTCS CUJTbHAs TepopMaIis JTOKAIbHOM CTPYKTYPBl BOKPYT MPUMECH M3-3a OOJIBINON pas-
HAIB B HOHHBIX pagmycax Mn?T (0.80 A), Ca®" (1.10 A) u Bo3aeiicTeue Ha Hee CTPUKIAM
00MEHHO-CBA3aHHBIX Hap. [loKa3aHa Ba)XHOCTb KMCIIOJIH30BAaHUs IIPU Pacderax B CXeMe TeOPUH
KPHCTAJJIMIECKOTo 1moJist orpaBok Tpuca—Paka o u 3.

Kurodesble cjoBa: moMuHecmeHmms, dmooput, norkl Mn 2t | kpucrammmaeckas cTpyk-
Typa, aedexTo.

BBenenue

Kpncranmodocdop CaF 5 : Mn 2t Gomee 40 et octaercs 06HeKTOM Pa3HOCTOPOHHUX
uccaenoBanuii. O IHOM U3 OCHOBHBIX MPUYINUH TAKOTO TIOJIOYKEHUST SIBJISETCS] BAYKHOCTh Ma-
repuasa B repmosiioMmutecuentHoil qosumerpun (TJI). Jnurenproe u mmpokoe npax-
traeckoe mpuMenenne CaF o : Mn2t B sroif obmacTi 10 cux mop He COIPOBOKIAETCA,
OJTHAKO, SICHBIM TIOHUMAHUEM MEXAHU3MOB TEPMOJIIOMUHECIIEHITNH, 00pa3oBanus nedex-
TOB W WX CTaOWMIBHOCTH TIPW BBICOKOI Temmeparype [1, 2], 4To Memaer ycrpaHeHUO
wegocraTkoB TJL/I-no3nmverpor [3] n 00ycsioBaMBaeT Tak HA3bIBAEMYIO TPOOIEMY HY-
JIeBoii 10361 [2]. DU npobsieMbl CTUMYJIUPOBAJIM HOsABJIEHUE PABOT, MOCBAIIEHHDBIX OI-
tryeckoii cnekrpockomuu Mn?tT B CaFj, coracHo KOTOPLIM JIIOMUHECIICHIIHS UOHOB
Mapranma BeiBana mepexogom ‘17 (G) — Y4;(S) xybmueckoro meHTpa W HaXOTHTCH
B nmamazone 480+ 510 HM, mpUYeM BeJHYMHA KPHCTAIIYECKOTO o Dqg = 425 cm ™!

[1, 4, 5] aHOMaIbHO HU3KA JJIs MOHA B KYOHUECKOM OKpYKeHnH. JIpyrue aBTophl, nccie-
Jyst OJIOCHL TepeHoca 3apsa, Ham Dg = 810 em ™t [6], uro 1o cxeme Oprena wimm
Tanabe — Cyrano JIOJKHO COOTBETCTBOBATH M3JIYYEHUIO B KPACHOH 0OJACTH CHEKTPA.
Kpowme toro, mo muenmo Tapamana, senenas momuaecrennus CaF o : Mn?t o6ycaos-
nena mepexonoM ‘Tx(G) — ®A1(9), a me *T1(G) — Y41(S) [7]. Tlomumo mpemmona-
raemMoro KyOmn+Ieckoro MeHTpa, B KPUCTAJIaX OOHApYy KeHa TaKyKe JIIOMUHECIIEHITHS map
Mn 2+ -Mn?2* [8], koToprie Guimr panee ycranosyiens Lapudynnumoit u CTemanoBbM
meroaom DIIP [9]. Buumo, uro unrepnperalius ONTHYECKUX [IEPEXOJIOB JABY XBAJIEHTHOIO
HOHA MapraHia HeoMHO3Ha4YHA. [ ycTpaHeHus HEOnpeIeIeHHOCTH TPehyercs Jaib-
Hefilee M3ydueHne KPUCTAIIOB paaa (II0OpHTa, aKTUBUPOBAHHLIX Mn 2t | n ocoberno
CaF 5 : Mn?*t . IIpoTuBOpeuns B MHTEPIPETAIIMH ONTHIECKUX CIEKTPOB CHCTEMBI He MO-
ryT OBITH PA3pPEIIeHbl HA OCHOBE MAJIOYHCJIEHHBIX W PA3PO3HEHHBIX IKCIEPUMEHTA b=
HBIX JaHHBIX. HemocTarodnas W3ydeHHOCTL HeobayueHHLIX kpucrannos CaFo : Mn?t
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SABJISETCS TaKyKe TMPUINHON MpoOJeM, BO3ZHUKAIOIINX Y WMCCIEI0BATEIEH TepPMOJIIOMI-
wecrennyu. C 1eJIbI0 yCTPAHEHUS HEONPEIEeJEHHOCTU B MHTEPIPETAldd ONTHYECKUX
nepexonos Mn?t 6bLI0 HpeIIPUHATO CHCTEMATHYECKOE H3y<UeHHe JIOMHAHECICHIIHN I
CTIEKTPOB BO30Y KICHNA KOHIEHTpannonHoi cepun kpuctamaios CaFo :Mn?t (O, =
= 0.001+10%), a Takxke Bpemen kusuu npu 77 K. Ocuosnoii 3a1aueii nacrosmeit pabo-
THI ABJISAJIOCH ODHAPYYKEHUE B CIIEKTPaX (DOTOJIOMUHECIIEHIINN TIPOSBJICHUI MHOTOIEH-
rposoctn Mn 21, BbIsicHEHIE ee IPOMCXOKIEHNS, CDABHEHHE IOy YEHHBIX PE3YIbTATOB
¢ mspectupivu i CaF o : Mn2t u apyrux 4ieHoB roMoorndeckoro paaa (boopura.

1. DkcmepuMeHTaJbHas MPOIEAYPa

Bce 06pasiipl, ncmoi»30BaHEBIE B HACTOSINEH padboTe, moIyIeHbl MeTomoM Bpumax-
MeHa BO (dropupytoreit armocdepe ¢ mobakoit mapranma B Bume MnFo. Dkcnepu-
MEHTBI TPOBOJUINCH, HA YCTAHOBKE, COOpaHHO HaA 0a3ze monoxpomaropoB MJIP-2 u
M/P-23. Yupasjenue CIeKTPOMETPOM OCYIIECTBJISIOCH C TOMOIIBIO E€PCOHATHLHOIO
KoMIbiorepa. Mcrouanukom Bo30yKaeHus Caykuna kcenonoBas jgamma JIKCJI-1000,
a B KadecTBe (DOTONMPUEMHUKOB MPUMEHSINCH (hoToymuoKuTeIn PIV-106 u OIY-62.
Banuck CreKTpOB CTAIUOHAPHON 1 CTPOOOCKOINIECKU BO30Y K AaeMoil (BpeMs 3a1epKKH
1 mc) momubecnennuu npoussoauiack B obgactu 400 <+ 1000 um. Ipu perucrpaiuu
CIEKTPOB BO30YXK/I€HUs JIIOMUHECIIEHIIUU T0JI0CA M3JIy9€HUs BBIIEIAIach (DUIBTPOM
WU MOHOXPOMATOPOM. JKcnepuMeHTol nposoauiuch npu 1T = 300 u 77 K. Kunernye-
CKHUe M3MEPEeHUs BBIIOJIHEHbI MeTOJOM, IIPe/JIOKeHHbIM B pabore [10].

2. DKCHepuMeHTAJIbHbIE Pe3YJIbTAThI

CrieKTphl JIIOMHHECIIEHIINN KOHIIEHTPAIIMOHHON cepun  obpasnos CaFs : Mn 2t
(Cyn = 0.034 = 10%) upu cTpobocKOnMYECKOM HABIIOAEHUU [IPEICTABJIEHbI IUPOKOT
[I0JIOCOM, MakcuMyM Kotopoit ipu 77 K mensier mosoxkenue B mpemesrax 503 = 522 Hwm,
a mipu 300 K — or 500 mo 511 um. [Tomobroe cmerernne HAOTIOAAIOCH B CIIEKTPAX Kak
dboromomunectienuu 2], Tak u penrrenomomunectenun CaFo : Mn?t [4]. B ceasu
¢ 3TMM B mocaenareii pabore GbLUIO CIEIAHO TPEATIONOKEHNE O TOM, UTO yBEIWUCHHUE
KOHIIEHTPAIANA MaPTaHIia MPUBOINAT K W3MEHEHWIO ero JIOKAIBHOTO OKPYYKEHUs, TPOSB-
JIAIOIIErocsd B yBEIHICHUH ITapaMeTpa KPUCTAJIMIECKOro noad Dq u, CIeI0BATENILHO, B
JJIMHHOBOJTHOBOM CMEITEHHH IOJIOCHI U3y YeHnd. AHAIN3 N3MEeHEeHIH PA3HOCTH IOI0Ke-
Huit mostoc m3myvenus nipu 77 w 300 K B 3aBUCMMOCTH OT KOHIEHTPAIINA MPUMECH Map-
rafma Mmokas3aJj, 9To OCOGEHHO CHJIHBHOE CMEMIeHUE MOJOCH! JJIOMUHECIICHITAN TTPONCXOINT
B quanaszone Kounenrpanuit Cy, = 1-+10% (puc. 1), To ecTh B 06/1aCTH KOHIIEHTPAIHI
Mn 2+, ucnonbsyembix 8 TJIIL (CaF o : 3% Mn2T), u cBa3aH0 ¢ ee He3TeMEeHTaPHOCTLIO.

O6unapyzxeno, aro uznyuenne CaF o : Mn npu Cyp, = 0.03 + 1% npoucxoaur B no-
qmocax ¢ makcumymamu npumepro mpu 500 m 525 = 530 um, a npn Cyy, = 10% ono
nonosusgercd mojgocoir 550+ 560 um. [Ipn KoMHATHON TeMTiepaType OHI CMEeIIeHbl B KO-
POTKOBOJIHOBYIO 06acTh criekTpa (obmacth A Ha puc. 2).

Puc. 2 namocTpupyeT m3MeHeHne OTHOCUTEIHHON WHTEHCUBHOCTH TIOJIOC B 3aBHCH-
MOCTH OT KOHIIEHTpAIWK TpuMecu Maprania. Kpome 31oro, Bo30yK/IeHHE KPUCTAILIA
CaF, :Mn?t pasiumuupiMm YaCTAME CIEKTDA U3JIyYeHHs KCEHOHOBOIL JIAMIILI TOKA3bI-
BaeT, UTO ero JIOMHHECIEHIINs, TTOMIMO MePEYNCIeHHDBIX BBIIIE MOJIOC, TPEICTABIeHA
TakKe 1mosocoit 470 HM, HHTEHCHBHOCTH KOTOPOi OY€Hbh MaJja o CPABHEHWIO C OCTAJIh-
abivu (puc. 3). Mcxoaga u3 reMnepaTypHOro U KOHIIEHTPAIMOHHOTO CMEIIEHUs MaKCHMY -
MOB TIOJIOC, CBS3bIBAEM 3THU MOJIOCHI C JIIOMUHECHEHITHEH JeThIPeX OJUHOYHBIX IEHTPOB
Mn 2t cnekrper Bos6yxaerns (CB) n TIOMIHECTIEHITE KOTOPBIX, 38 HCKTIOYCHHEM TIeH-
Tpa, u3aydaiomero B mosoce 470 am, npezacrasienst HA puc. 4. Heobxonumo momggepk-
HyTh, 9T0 onu nonobus CB, npusegennbiv a1 CaFy : Mn2t [11] u StFo : Mn 2t [12],
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Puc. 2. O6nactp A — cuekrpsl momunecteniuu CaF o : Mn, crpobockonmaeckas perucrpanus:
1 - Cwun = 0.03%, 2 - Cyun = 1%, 3 — Cyvn = 10%. Obmacte B — ciekTpbl cTanmmoHapHOI
JTIOMUHECHIEHIINN TIpH BO30yx aeann B obmactr 380440 mm: 4 — Cvin = 0.03%, 5 — Cvn = 1%

cuextpy norsomiennss CaFo :3% Mn?t [1] u HaxXOAATCH ¢ HUMU B OJHOM CHEKTPAJIb-
HoM gumanazone. CpaBHeHUE CIIEKTPOB BO30YXK/IEHHs JIIOMUHECTeHIUE B momocax 500,
525 =+ 530 u 550 + 560 uMm ¢ coorBercrByionmM crekTpoM MnF o (kpusas 1 ma puc. 4)
TaksKe MO3BOJIsTeT naeHTuguImposarh Habmogaembie CB mosoc Kak mpuHaIIeKaIme
onmHOYHBIM TeHTpaM Mn2t -Mni, Mnsy, Mnj cooTsercTBenno. AHamm3 GpparMenToOB
cekTpoB Bo30Oyxkaerus B obsractu 420 + 500 HM mokas3biBaeT, 9TO /Jid 1meHTpoB Mno,
Mnj3 onwm mpezacrasasgior cyneprosunuio mojoc 440, 448, 460 nm, npuyuem mepBas u3
HUX, mpuBesienHad B pabote [1] kax mepexon Ty (G) — S4:(S) B CaFs:3% Mn?T,
SABJIAETCA eIuHCTBeHHoi B 910t yactu CB mentpa Mn; (puc. 5). 910 nossosser npu-
nucath nojocy 440 uMm mentpy Mn 1, a momocsr 448, 460 HM — COOTBETCTBEHHO ITEHTPAM
Mns, Mn 3. Kpucrammmgeckum mosmeM Hanboiee caado pacIiensiioTCsa WIH CMEeatoTCsT



24 B.JI. IIIEPBAKOB

5 77K
5 x8
4 4
4 x 50
3
3 x8
2 -
2 X 63
14
1 x1
0
T T T T T T 1
400 500 600 700
nm

Puc. 3. JTiomurecnennus kpucramna CaFo : 1% Mn?T upu Bo3GyKeHny pasindHbME Yac-
TSIMU CIIEKTpa M3y deHus kcenononoit ammel JJTKCDJI-1000: 1 — Bo30y K 1eHme BCeM CIIEKTPOM,
2-A=300 M, 3 — A =340 um, 4 - A =360 um, 5 — X\ =400 mM
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Puc. 4. Cuexrpsl Bo30yKaeHus (CIUIOMHBIE JUHUN), AOMHHecHeHnnn (myHkTupabie) MnF o

(1), CaMnF4 (2), PbFy (3) u CaFy (4 — A =506 mv, 5 — A =525 v, 6 — A = 550 mm)

yposrn *AFE (G) n %A, (S) moma Mn?T, mepexombr MeskIy KOTOPHIME JAIOT CAMYIO
Y3KyI0 MHTEHCHBHYIO JINHUIO B CIEKTPax Bo30y»KaeHwusi u morsomenus [13]. Ee cwme-
HIEHWE /I KPUCTAJIOR, OTJWYAIONINXCA JINTAHJIAMA W PACCTOSTHUEM MeTAaJII-JTUTaH/I,
HE [PEBBIIAeT HeCKOILKUX COTEH CM 1, a B KPHCTAJLIAX FOMOJIOIHYECKOro psaia (hrop-
neposckuTos 1 100 v ~1 [14]. C Apyroif cTOPOHBI, KPHCTAMLTHICCKOE TIOJe CHALHO BO3-
neiictByer Ha Tpumierabie coctogaus 1) (G), 4T, (G), BelencTBEE Yero cMemeHusa
MUPOKHX T0JI0C, 06ycosaennbie nepexogamu 4T, 4Ty (G) — 64;(S), cocrasnsior, Kak
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Puc. 5. ®parments crekTpos Bo3Gyxaenus CaFo : Mn na mepexome *T2(G) — %A41(S5): 1 -
A =506 am, 2 - A =525 um, 3 - A = 550 uMm

[PABHIIO, HECKOIBKO Thicsd cM | . Hampumep, u3 cpasrenus mepexonos B PbF o : Mn 2T
un MnF, caexmyer, uto omm pasuer 4200 n 2800 cM ~!, a paccTOSHNS MEKIy YPOBHAMH
YAFE (G) n 6nmxkaiimmv x wemy 75 (G) — 4760 u 2000 cm 1. Yposens *Ty (G) mpu
srom orctout or *AFE (G) ma 10000 u 6000 cM ! cOOTBETCTBEHHO, MPHYEM pPACCTO-
arne Mexay yposaamu *AFE (G) B PbFy :Mn?t uw MnF, coctasnger 60 < 70 cm !
[15]. C y4erom u3J102KeHHOro uaeHTudUKaIMs 1ePexoi0B EHTPOB MapraHia IPOBOIU-
jJack mytem cpasHerns nx CB ¢ mmpoko m3BecTHBIM cnekTpoM Bo30yxaeans MnF o n
criekTpoM Bo3Oyxaenus PbFo : Mn2t [15] — omHoro u3 4ieHOB roMOIOrHYecKoro psajia
dmoopura (kpusbie 1, 3 na puc. 4). CkanupoBanue ¢ BBICOKUM pa3perieHueM MoKa-
3biBaer (cMm. puc. 6), uro Kaxkzaas u3 qaunuii 401, 407 um B CB nonoc 500 M (mentp
Mn; ), 525+ 530 um (uentp Mns), 550 + 560 um (menrp Mns) (momedenbl crpesika-
mu BHU3) (puC. 7) mpeacTaBager HabOp U3 YeTHIPEX, PACCTOSTHUS MEKIy KOTOPBIME (B
CM_l) MOTUNHSAIOTCA cooTHOTMIeHN0 3.78:3.04:2.18 n 4.03:2.95:2.05, ouenn OJM3KO-
My K 4:3:2, BRITEKAIOIIEMY W3 aHaIn3a Mepexona s OOMEeHHO-CBA3AHHBIX TTap WOHOB
Mn?2*-Mn?2* B mozmenu Taitzen6epra— Iupaka—Ban ®aexa ([JAB®) [16]. 9to nozso-
g0 uaeHTuUIUPOBATH JIMHAK TIepexo/ia Kak ykazano Ha puc. 6. Hudpsr 1, 2, 3, 4
COOTBETCTBYIOT IEPEXOIAM MEXK/Iy KOMIIOHEHTAMN MYJIbTHILIETOB ¢ S, paBHbIMHA 1, 2, 3,
4. JIunns 407 um, orcrosmas Ha 750 cm ~! or mepexona *AE(G) — ©A4;(S) MnF, kak n
nunus 401 uum [8], (MoMedens cTpesikaMu BHIU3) MpUHAITERUT nepexory SA%A — 6AYE
0OMEHHO-CBSI3aHHBIX Tap. DTOMY K€ NMepexory npuHaanekuT u auans 398 am. Ocranb-
Hble, IOMEYEHHBIE BEPTHKAIBHBIMA JHHHSAME, IPHHALIexKAT nepexomam °A%4 — 6444
nap, IMOCKOJIbKY OHU CMEIIEHBI B CTOPOHY MEHBIINX JIJIMH BOJH OTHOCHTETHHO YPOBHS
YAE (G) omunounoro nona Mn?*+ [17]. W3 mabopa muuaunit 8 CB nonoc 500, 525 < 530,
550560 M ToabKo uHuE 396.5, 395, 393 M (IOMEYEHBI CTpEeIKAMU BBEPX Ha PUC. 7),
orcrosmue ra 30 +20 cm ! or mepexona *AE(G) — 541(S) B PbFa : Mn?T u MnFo,
NpUHAIIERKAT TeHTpaM Mnj_ 3, TOCKOMbKY APYTHE CHIBHEE CMEIIEHbl OTHOCHTETHHO
sroro nepexona (Ha 190 + 750 cm ~1). Pesyabrars! naenTudUKAINN CIEKTPOB BO30Y K-
IIeANst W JIIOMAHECHEHIINT TPUBEIEHBI B Tabm. 1, m3 KOTOpPOii clemyer, 9ro U3IydeHune
npoucxoanut ¢ yposus Ty (G).
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Tabn. 1
Ontuseckue ceoiictsa mertpos Mn?" B kpucrammax CaFo (77 K)
Mn1
Tepwm D, cm ! P, cm !
‘T (@) 17960 U3nyuenne
(@) 22730 22640
1AE(G) 25220 25220
‘T»2(D) 27720 27733
‘E(D) 29730 29730 Ty (G) — CAL(S)
Ty (P) 32720 32700 v = 19960 cm !
t A (F) 39950 40130
T(F) 41320 41310
Ty (F) 44720 44720
a=96cm ! B=-163 cu !
10Dg = 8430 cm~* B=837cu !
C =2984 v !
an
Tepwm 9, cmt P, cm !
‘T(@) 17432 U3znyuenue
(@) 22320 22310
YAE(G) 25330 25330
‘T»(D) 27800 27790
1E(D) 30040 30040 Ty (G) — CA1(9)
‘T (P) 33390 33290 v = 19050 cm !
*As(F) 40350 40380
Ty (F) 41730 41780
“Th(F) 45570 45520
a=94cm ! B=—-160 cu*
Dqg=9140 cm ! B =-160 cm*
C = 3004 cn*
Mns
Tepwm D, cmt P, cm !
(@) 16660 W3znyuenue
T (@) 21740 21760
1AE(G) 25440 25440
Ty (D) 27790 27780
1E(D) 30040 30040 “To(G) — ®A1(9)
Ty (P) 39950 33940 v =18180 cu !
YAy (F) 40490 40510
T (F) 42290 42310
Ty (F) 46540 46490
a=95cu ! B=—-161cu !
10Dg = 10090 cn~ ! | B =846 cm*
C = 3017 em™*
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Puc. 6. O6macts A — crekTpbl IByX OOMEHHO-CBsi3aHHBIX Tap B gmamnasorne 400 + 410 mwm;
obstacTh B — BrOpbIie mMpOU3BOIHBIE CIIEKTPOB
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Puc. 7. Cnexrpst Bo30yxaeansa movmaectenum CaF o : Mn B monocax 500 uwm (1), 525+530 am
(2), 550 =~ 560 um (3)

3BecTHBI aHAJOIMYHBIE IPUMEpPbL. B m30cTpykTypHOM KpucTaate PbF g :Mn?2t
J1s KyGIIecKOro eHTpa OHO MpoucxomuT ¢ yposasa *1 (G) (kpusas 3 Ha puc. 4), a a1a
ApyTEX HeHTpoB — ¢ yposasa T (G) [15]. C 91ux e ypoBHEi TPOHCXOIAT JTFOMIHECTICH-
st B BUJIJIEMUTE, aHTUIPHUTE U IPYIUX MuHepasiax [7]. BeIIo ycraHoBiIeHO, 9TO BpeMmst
JKM3HU JiioMuHectenin nipu 77 K B nosmoce 500 um ais obpasuna CaFs:1% Mn2t
paBHO T = 60 MC, TO ecTh OHO OiHOTO MopsaKa ¢ Bpemenem aaa CaF o : 3% Mn?t (7 =
= 48 MC), 1I0JIyYeHHBIM [IPU ero Ja3ePHOM BO30OYKICHUU U MUJITUCEKYHIHON 3a/1ePIKKe
perucTpanuu crekTpa [2], 4To TakxKe CJyXKUT OCHOBAHMEM CUYMUTATH W3JIy4eHHe B ITOM
o6acTh 00YCIOBIEHHBIM MATHUTHBIMI JUMOJIBLHBIME Tiepexomamu [18].
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Puc. 8. Cmextpsr movmmecrienmun CaFo :Mn: 1 — CaFy : 0.001% Mn2t, 2 - CaF,
0.01% Mn?", crpoGockormueckas perucrparmms; 3 — CaFa : 1%Mn?" | 4 — CaFy : 1% Mn?",
5~ CaFsy : 1% Mn?", 6 — CaFs : 1% Mn?" — cuekrpbl craimuoHapHOi TIOMUHECIEHITAN

CenextuBHo B036yxmaemas cranuonapuas ®JI CaFs : Mn?t casumyra B mymmnHO-
BOJTHOBYIO 9aCTh CIEKTPA OTHOCUTEIBLHO JIIOMUHECIIEHITHH, PETUCTPUPYEMOt CTPOOOCKO-
NUYECKH, U TIPEJICTABJICHA MUPOKOI MOJI0COoi ¢ MakcuMyMoM nipu 535 um (o61acts B Ha
puc. 2), UHTEHCUBHOCTb KOTOPOl yMEHBINAETCs NPUMEDPHO B 2.5 pa3a IpU yBeJUYeHUU
kouneaTpanun Mapranma ¢ 0.01% no 1%, npudem ee MHTEHCHBHOCTD HA NOPSAI0K GOJIb-
I1le UHTEHCUBHOCTHU JIIOMUHECIIEHIINY, BO30YKIaeMOit OEIbIM CBETOM U PErUCTPUPYEMOit
cTpobockommyeckn. Bpemena ku3nn crammonapnoii ®JI o6pasma CaFs :1% Mn2t B
toukax 500, 530 u 560 um criekTpa coctaBuan 234, 266 n 291 MKc cooTBeTcTBeHHO. [LTsT
CaF; :0.01% Mn?t B Tex e TouKax 9T BpeMeHa paBHBI 59, 47 u 22 MKC COOTBET-
crBeHHO. CHBUT CTAIMOHAPHON JIOMUHECIIEHIIUU B OOJACTH JJIMHHBIX BOJH paHee ObLI
obuapyzen B padore [2]. B Heil nomobhoe cmelenre MaKCUMyMa U3JydeHus obpasna
CaF5 :3% Mn?t, a takxe T0, 9yto 7 = 500 MKC Tpu 3ajepKKe B 10 HC perucTpalmn
crekTpa, obbacHaerca cymectsoanneM B cucteMe CaFo :Mn?t map Mn?t. Xapak-
repuctuku anajgusupyemoii ®JI (Bpemena >KU3HU HA TPU MOPSIKA KOPOUE U UHTEHCHB-
HOCTBH DOJIee 9eM Ha MOPsA/IOK BBIIIE [0 CPABHEHUIO C MATHUTHBIMU JUIMOJIHHBIMU IIepe-
XOJIlAMU) TUIUYHBI JJIsd 9JIEKTPUYECKUX JIUIOJNbHBIX repexonos [18]. Moxuo monarars,
9TO OHA JAEHCTBUTEHHO MPUHAIIEKUT OOMEHHO-CBA3AHHBIM MapaM, K BO3DYK/IEHHBIM
YPOBHSIM KOTODPBIX, B 9aCTHOCTH, OTHOCsTCs nuann 398, 401 u 407 um [8].

B xome skcmepuMeHTOB 0OHAPYKUIOCH, YTO B CIEKTPAX CTAIMOHAPHONH U CTPOOO-
cxommyaeckn Bo36yzxmpaemoit ®JI o6pasmos CaF, :0.001% Mn2t u CaF5 :0.01% Mn?2*
LIPUCYTCTBYIOT, IIOMUMO BbIIIENPUBEIEHHBIX, 1oa0chl 641, 645 u 910 um (puc. 8).
W3 cpaBHEHUS CIIEKTPOB BUHO, YTO MEPBBIE JIBE MOJIOCHI OHOrO mpoucxoxkaenus, a CB
nojocel 641 um npaktudecku umentuded CB mng MnFs (kpusbie 1, 2 ma puc. 4).
IIpu uccaenosannu BaF, :Mn?t BeigcHmMIOCH, 9TO B paAne ITHX KPHCTAIOB MpH-
CYTCTBYIOT MUKPOBKJIIOUeHUS TeTpadropmanranara BaMnF 4, mojoca movunecieHmmn
U CIIEKTP BO30YXK/I€HUsI KOTOPOIrO TaKKe OJIM3KHM COOTBETCTBYIONIUM XaPAKTEPUCTHKAM
MnF 5 [19]. Ha srom ocroBanun mosmocst 641 < 645 HM OTHeCEHBI HAMH K MHKDPOBKJIIO-
gennam CaMnF, B CaFy :Mn2t. ITomoca 910 HM IpUHAIIEKNT KyOHTECKOMY IEH-
Tpy Mn?T, MOCKOBKY €€ MOOMKEHHe ABIAETCH CAMBIM HH3KOIHEPIeTHIECKUM CPEeIm
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nosoc wHdpakpacHoii movuHecHennun B paxy BaFy :Mn2t (817 mum), PbF, : Mn2+
(825 um) [15], yro cormacyercsa ¢ ymenbliinenueM paccroguus Mn—F nna kybuueckux
1neHTpoB pgaia 1o ganabiv IIIP [20] u cBa3aHHBIM € HUM yBEJIUYEHUEM CHUJIbI KPUCTAJI-
amdeckoro o Dq. Bpemsa xu3um 7 < 1 Mc B 3TO# 1OJ0Ce COMOCTABUMO CO BpeMe-
HeM JKM3HW T10JI0C joMunectennnn 817 uM a1 BaF o : Mn 2+ (856 MKc) u 825 HM s
PbF, : Mn?* (1240 mke) [15]. Heo6xoammo otmeTnth, uTo nosoca 910 HM, B oTimane
or coorBercrByfommei momocsl BaF o : Mn?t, B cmekrpax 60siee KOHIEHTPHPOBAHHDBIX
obpazmos CaF g : Mn2t orcyrcrsyer.

3. Obcyxnaenune

Pacuer sHepreTHUecKoil cxeMBl ypoBHeil enTpos Mn 2t mpoBoamica Ha ocHOBE TeO-
pun kpucraamudeckoro nojsa (TKIT). Marpunbl suepruu ObLIn COCTABICHBI paHee B
patote [8]. Pesynbrarsl npuBesenst B Tadba. 1. ABropsl pador [1, 5|, anamusupys om-
THYECKOe IOIVIONEHNe U CIeKTPhI Bo30yzxaenus moMunecnennnn CaFo :Mn?T, opu-
nucanu Habmiogaemoe mmydenne nepexomy 211 (G) — %A1(S), nomyuns npu 3TOM Be-
JAWYMHY KpUCTaJandeckoro moas Dq = 420 + 425 cu~'. B mpoTHBOMOIOKHOCTE MM,
Baran u Yoppuep, paccMaTpuBasi MEPEXObl C to,-OpOHTANN JUTAHTA HA fog- U €g-
opbutann Mn?t | mammu Dq = 810 cv ! [6], nannoe 3nadenue na 4% MeHbIIe 3TOI
BemdauHEBL A1 nerTpa Mnj (tabm. 1), mpeobmagatomero 8 CaFg :Mn2t mpn C =
= 0.1% Mn (puc. 2). Iockonbky Barau u Yoppuep usyuasnu norsoinenue obpasia,
comepxkamero okosmo 0.1% Mn, me npm 77 K, a npm KOMHATHOH TeMmmeparype, Ta-
KOE PaCcXOXKIEHNEe B ONEHKAX eCTeCTBEHHO W CTMEKTpP TIOTJIOMICHWS TMPUHAIIEKNAT IEeH-
Tpy Mn . Beneacteue ykazamHOrO pacxoxKIeHUS MOYKHO 3aKIIOUNATh, 9TO AHOMAJILHBIE
sHadenus Dq = 420 + 425 cv !, momydennsie B pabotax [1, 5|, 06ycioBIeHbI ABY-
Mf OPHYAHAME: OTHECeHHeM JjioMuHectenman K mepexony 2Ti(G) — 6A41(S), a me k
4Ty(G) — ®A1(S), m mraopuposanuem muoronentpopoctn CaFo : Mn2t. OrcyTcrsue
nepexona 471 (G) — %A1(S) B u3ayuenun neHTPOB MBI pacCMaTpHBaeM KaK TPOSBICHHE
sddekra Xoma [21].

CroiicTBa m30Mopd HOI TPUMECH B MOHHOM KPUCTAJLIE OMPEIENSIOTC, B 9ACTHOCTH,
WUCTHHHBIM 3HAYEHUEM PacCTOsHAs R Mexkay Hell m murangamu, KOTOPOe OTJIHYAeTCs
or paccrostaus Ry maeanprOil pemerkn. TeopeTnyeckn u 3KCIEPHUMEHTATBHO MTOKA3AHO
[22-24], uTto Bemunna 10Dq cBs3ama ¢ R 3aBHCHMOCTBIO

10Dg = K/R",

rie K W n — KOHCTAHTBI, MPUYEM 71 TOPA3/I0 OOJIBbINE EIUHUIBI W HEODS3aTETHHO
paBuO ngru [25]. BesuuuHbl KPUCTAIMYECKOrO [OJIs JJId TPEX OJUHOYHBIX LEHTPOB
(rabur. 1) mOKa3bIBAIOT, YTO HU OJMH U3 HUX HEJIb3sd PACCMATPUBATH KakK KyOMUeCcKwuii,
tak Kak ouu Mmempie 10Dg = 12080 cm ! miaa ky6mueckoro menrpa CaFo :Mn2t.
Ywmectno n06aBnuTh, uTO OHM Menbime W 10Dgyys ana PbF, :Mn?2t, onpenenennoro
U3 MPSIMBIX ONTHKO-CIIEKTPOCKONHYECKNX n3mepenwuit [15]. s onpenesnennst 10Dq wc-
nomp30Bamch 3Haderua K = 2.113-10°, n = 3,5 [8] w R = 2.265 A, mocmemnee
HOJIy9€HO M3 KOHCTAHTbI M30TPOIHOIO CYIEePCBEPXTOHKOrO B3aumogueiictsus As [20].
Ussectro [26], 910 Dgoxr : Dgxys : Dgrerp = 1 : 8/9 : 4/9. 3natenns napamer-
pa Dgnn, 5, naxopamuecs B pany Dqwys > Dgvin, 5 > D@rerp, JAIOT BO3MOXKHOCTH
[OJIAraTh,9TO CHMMETDPHS AHAJU3UPYEMBIX IEHTPOB TpPUTOHAJIbHAs. [Ipyrue aprymen-
THI B TIOJIb3Y 3TOTO TPEIIOJIOKEHUs TPUBOIATCS HUXKe. [Ipu m3ydeHnn MmorJIomeHust u
dboromomunectan MeF 5 : Cr3t (Me = Cd, Ca, Sr, Ba) yctanossieno, 9to 3aMernenue
KATHOHOB IM€JI0YHO3EMETbHBIX (DTOPUIOB MOHAMH XPOMA MPUBOIUT K MIECTHKPATHOMY
OKPY?KEHUI0 N30MOPMHON TPUMECH ¢ BLITATKUBAHUEM IBYX HOHOB (pTOpa 1 00pa30BaAHU-
eM TIpH 9TOM KOODAMHAIMN, GIIM3KOI K OKTasapryeckoii [27]. Pacuersr B Moesx »KecT-
kux cdep, aHAJTOTUIHBIE TPOBEIEHHBIM B YKA3aHHBIX PA0OTaX, MOKA3BIBAIOT TOI00HYIO
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BO3MOkHOCTE 1t mona Mn?t B CaF o, xoropsrit kak u Cr3t, o6mamaer moHHBIM pa-
maycom (R = 0.80 A), ropasmo mempmum pagmyca Ca?t (R = 1.10 A). U3 pacyeros
cnenyer, uro 3amemenne Mn?t — Ca?" rtakike npuBomMT K MCKaXKeHMIO KyGa HOHOB
¢dTopa BOKpYT MpUMeCcH, BHI3BAHHOMY yMeHbIenuem paccrosuns Mn-F| yeenndennem
yraa mexkay ceszamu F-Mn-F (6 = 109.30°) u cmerennem noHOB (bTOpA, PaCIONIOKEH-
HBIX HA OCH TPETHETO MOPSIKA, B TPOTHBOTIO/IOXKHBIE HAIPABJIEHUST OT UX PABHOBECHOTO
nonoxenns na Ap = 0.79 A. B cucreme CaF 5 : Mn?t yaxe npu C < 0.001% o6pasy-
10TCs OOMEHHO-CBSI3aHHbBIE MAaPbl, KyOUYECKHUiT IIEHTD U [EHTPBI, KOTOPBIE Mbl OTHOCHM K
TpuroHaabHbIM. Poct kormenTpanuu uzomopduoii npuvecun C' > 0.01% Bemer k omepe-
JKAIOMIEMY POCTy KOHTeHTparuu map Mn 2T -Mn2t, orpaskaiomemMcs B OTHOCHTETLHOM
YCUJIEHWH WHTEHCUBHOCTH MOJOCKH 535 HM (puc. 8). VI3BecTHO [28], 9TO Maphbl BHI3HIBAIOT
OOMEHHYIO CTPUKITHIO. B Hammem ciydae MOIeab OOMEHHO-CBSI3AHHON Maphl MPeICcTaB-
JISIIOT MOHBI Maprafiia, CBA3aHHBIE OCbI0O BTOPOro mopsjka. [lapa BbI3bIBaeT cxkarue,
nedopMEUPYIOIIee KPUCTAILI, TeM CAMBIM YCHJIUBAasg HEYCTOWIUBOCTH KyOMYECKOTO 1EH-
Tpa. PocT KOHIIEHTpAaInu ap BI3BIBAET yBeandenne aedopmarsi, KOTOpas 3aCTaBIseT
MUTPHPOBATH aKCHAJLHLIH HOH (PTOpa m3 Kybmdeckoro okpyxerms Mn2t B cocemmee
MEKIyy3JIne, MPUBO/IA K OTHOCUTEIHLHOMY YBEIMYEHUIO KOHIEHTparuu oanoro (Mng)
U HOSBJIEHUIO HOBOTO TPUTOHAJILHOTO meHrpa (Mns), a TakKe K yMEHbIIEHUIO KOHIIEH-
Tpanuyu KyOUYIecKoro MeHTpa, BILUIOTh J0 €ro UCYe3HOBEHHUsI B ONTUYECKUX CIIEKTPAX
(puc. 8), mo mabmomaemoro P [9]. Omucannbiit mporece ana BaF o :Mn?T B umrep-
Baste kKornenaTpanmii 0.1 + 0.5 % 3akanumpaeTcs MpeBpaIieHneM TPUTOHATBHOTO IEHTPA,
co 3uadenneM Dg = 983 cm !, pazmmuatommmcs Ha +7% 1 —3% OT COOTBETCTBYIOMINX
pesmauH A1a Mno, Mns CaFy : Mn?t (taba. 1), B okrasapuaeckmit [15].

Kak Bumuo m3 puc. 2, B cmektpax CaFg:Mn2t (Cy, = 0.03 = 10%) stor
MPOIECC COMPOBOXKIAIOT YMEHBIIEHHE OTHOCHTETHHONW KOHIeHTparmu Mni, 3Ha4m-
TeJILHOE yBeJauUeHne copepxKanusg Mno u mossienne Mng. Orinune QUHAMUKH T0-
BEJICHUSI M TMEPECTPONKM MPUMECHBIX IIEHTPOB B KpalHWX uYjeHax psga (ioopura
00bSCHSACTCS JBYMSI MPUYUHAME. BO-MEPBBIX, IMIUPUUECKOE NPABUIO [OJIbIIITMUI-
ta [29], corsacHO KOTOpOMY 3HAYEHUs PA3HOCTEHl MOHHBIX PAJMyCOB KATHOHOB MAT-
PHUIBI ¥ MOHHBIX PAJNYCOB 3aMEINAONINX WX HOHOB, B3ATbIE OTHOCHTETHLHO MEHBIIe-
ro, He JOJKHBI MpeBbimath 15%, cniapHo orparmyanBaeT n3oMopdHyio eMkocTh BaF o
(Rpa2+ — Ryinz+/Rynz+ = 0.69), B To Bpems kak B ciyuae CaF o oHO zmeficTByer HaMHO-
ro cinabee (Regy2+ — Ryp2+ / Ryinz+ = 0.38). Bo-Bropbix, 61arofapsi MEHBINEMY, MO CPaB-
wenuio ¢ BaF o, mexkaruonnomy paccrosiuuio ( Rpa-pa = 4.38 A, Rcaca = 3.85 A)
1 Gosiee BHICOKOH BepositrocTH 3amertenns Mn®T — Ca?t | B CaF,:Mn?t, no gan-
aeiM DIIP [9], obpasyeTcs mecTh MarHETHO-HeSKBHBaseHTHLIX map Mn2t —Mn2* | mo
HAIUM — IATh CTPYKTYPHO HE3KBUBAJEHTHLIX, a B BaF g : Mn?T — Tonnko ase [15]. B
HocsIeTHeM CiIyvae CTPHKINA 3THX Map, XapaKTepu3yeMbIx mepexomamu SA%4 — 6AYE,
BBI3BIBAET MOSBJICHUE TPUTOHAIBHOTO MEHTPA, MPEBPAIIAIOIIErocss B OKTAdIPUIeCKuii
[pPU YyBEJIWYEHUH KOHIEHTPAIMKA OJHOM U3 map, OOyCIOBIEHHON MOBBIMIEHHEM KOHIEH-
rparmu npumecu. [lepecrpoiiku cuexkrpos uznydenus CaF o :Mn (puc. 2) u Bo3GyxK e~
aus (puc. 6) JeMOHCTPUPYIOT, YTO yCUJICHUE MHTEHCUBHOCTH IIEHTPa Mno U TOsSBJICHTE
Mn 3 COMpPOBOXKIAIOTCS CHHXPOHHBIM 1 00j1€e OBICTPHIM YCUJIEHUEM WHTEHCHBHOCTHU TIe-
PEXO0/IOB Tap TOi ¥Ke NpUpobl (MOKA3AHbI CTPEJIKAME BHU3) OTHOCHUTENHHO TEPEXOI0B
6464 — SA*A npyrux map (mokazamsr muEuaMnE). Ograro gaxke mpa Cy, = 10% ortHo-
cuTesbHble nHTeHCHBHOCTH mepexonos A% A — 6 A*E tpex map ocrarorcs mpakruaeckn
O/IMHAKOBBIMHU, YTO O3HAYAET OTCYTCTBHUE MPe00IATAI0IIero Hapasaenus nedopMaIun
B KPUCTAJIJIE, U, CJIEIOBATEIFHO, HEBO3MOKHOCTH TPEOOPA30BAHNS TPUTOHAJIHHOTO IIEH-
Tpa B OKTA3JAPUYECKUIL.

[Mpormeccnr 3amernennsi OTPAKAIOTCA W HA MAKPOCKOMMYECKHX XAPAKTEPUCTUKAX
¢moopura. [lokazano, 910 mOCTOSIHHAS PEIIETKH (DIIOOPUTA YMEHDIIAETCS MEIICHHO 1
CHUCTEMATHYECKH ¢ POCTOM KOHIIEHTPAIIMY MAPraHiia, a ero CTeXUOMETPUIECKUH COCTAB
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ucnbiThiBaer geduimt no dgropy [30]. Takum o6pa3om, NMPOBEIEHHOE COMOCTABJIECHUE
onTuKo-crnekrpockonuyeckux csoiicrs CaF o :Mn?t u BaF, : Mn 2t , ux koppensanus c
MaKPOCKONUYECKUMU Xapakrepucrukamu [30] gaBjigrOTCs IOMOTHUTEIbHBIMU APryMEeH-
TAMH B TIOJB3y OTHeceHHd TeHTpoB Mni_3 B CaF, : Mn?t K TpuronaabHBIM.

B 3aBepmienne 06cyKaeHUsS HEOOXOINMO MOTIEPKHYTh, YTO PACYETHI, MPOBEICHHBIE
B cxeme TKII ¢ mpuBaedennem ompeaeasieMbix onmpasok Tpuca—Paka o m 3, mokasaan
HEOOXOIMMOCTh WX MPUMEHEHHU ], IOCKOJIbKY 0DECIednBaIOT XOPOIIee COTJIACHE PACIETA C
skcepuMenTom. Pacder crekrpa mormomenns CaFo :3% Mn2t [1] ¢ ucnons3osannem
uaenTHUKAIIN SKCIepUMeHTaIbHbIX yposreil Mn?t, nposenennblii apropamm yka-
3aHHON pabOTHI, JaJI, HAPSIAY C CYIIECTBEHHBIM DACXOYKICHUEM BBIYMC/IEHHBIX YDPOBHEN
¢ sxermepumenTambaBMT (250 < 2000 oM ~1), caemyiomue 3Hadenus monpasok Tpmuca —
Paka: @ = 23 =36 cm~ ', = —89 =~ —102 cm . Onu ropaszo MeHbIIE MOMPABOK
a1 cBoboAHOrO moHa a, = 65 cm !, B. = —131 em~! [31], B To Bpema Kak s
KpPUCTAJLIa, COrJIACHO JanHbiM pabor [31, 32] u Hamum pesyiabraTaM, yJO0BIETBOPAIOT
COOTHOIIEHUSIM ¢ > O, 3> .

4. BriBoanl

JIIOMUHECTIEHTHBIMEU MeTOIaMu 00HAPYKEHA MHOTOIIEHTPOBOCTH KOHIIEHTPAITHOHHOM
cepun CaF, :Mn?t. Hapsaay ¢ KyGuYecKuM IEHTPOM 3aperHCTPHPOBAHBI OOMEHHO-
cBsa3anibie napbl Mn—-Mn u tpuronanbubie 1eHTpbl. CyIecTBOBAHHE TPUTOHATBHBIX
neaTpoB B cucreme CaFo : Mn 06yc/ioBI€HO MEHBIITUM HOHHBIM PAJIAYCOM H30MOPQHOM
MPUMECH 0 CPABHEHUIO C PAJNyCOM KATHOHA perterku. HeycTodanBoCTh JIOKAILHOTO
oKpysKeHnsa noua Mn?t | BLI3BaEHAA 3THM, CHEMAETCA MHTpAIell OJHOTO W3 BOCHMH
HOHOB (TOpa B PEIIeTKY MO/ BO3AEHCTBUEM CTPUKIINN, WHIYIUPYEMOH 0OpazoBaHueM
06MeHHO-CBI3aHHbIX nap noHos Mn 2t —Mn2t,

Amrop BeIpazkaer GsaromapuocTh npodeccopy M.B. Epemuny 3a obcykaenue pa-
O0THI ¥ BHUMAaHNE K Heil.

Summary

V.D. Shcherbakov. Luminescent Spectroscopy of Mn?" Ions in CaF .

Excitation and emission spectra as well as the lifetimes of a concentration series of
CaF, :Mn?" crystals have been studied. The multiple centers of Mn?" ions in CaF»
are discovered. The manganese ions are eightfold coordinated and form centres of trigonal
symmetry and exchange-coupled pairs consisting of two ions coupled by C5 axis. The trigonal
center is a vacancy of the fluorine at the immediate surrounding of CaFs : Mn?'. The main
causes of the existence of multiple centers at the homovalent substitution Mn?* — Ca?*
are the deformation of local structure around the activator ion due to the large difference in
ionic radius between Mn?T (0.80 A) and Ca?' (1.10 A) and the influence of the striction of
exchange-coupled pairs. The importance of using the Trees—Racah and Seniority corrections
in the scheme of crystal field theory calculations is demonstrated.

Key words: luminescence, fluorite, Mn?* ions, crystal structure, defects.
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