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Kpucramibl co cTpykTypoil cuiuieHUTa 00J1alal0T YHUKAJIbHBIM COYETaHUEM
ANEKTPOONTUUECKUX, (POTOMPOBOIAIINX U (POTOXPOMHBIX CBOMCTB, XapaKTEPU3YIOTCS
BBICOKMMH 3HAUCHMSIMU TOKa3aTesisl MPEeOMIICHUS, BHICOKOW CKOpPOCThIO doToped-
PAKTUBHOI'O OTKJIMKA, YTO ONPEAEIISIET MEePCIEKTUBHOCTh UX HCIOJIb30BAHUS B Pa3-
JUYHBIX YCTPOMCTBAX KBAHTOBOW M MHTETPAIbHON ONTHUKH.

OcHoBoronararomui BkjiajJ B U3y4eHue Npo0IeM CUHTE3a U CTPOEHUS CUJLIe-
HUTOB BHecIH paboThl, BemoiaHeHHble B NOHX PAH mon pykoBojacTBOM I.X.H.,
npod. B.M.Ckopuxoga. [llupoko n3BecTHbI UCCIIeI0BaHUS KOJJIEKTUBOB [leTepOypr-
ckoro 1 Kypckoro yHUBEpCUTETOB 1 psifa 3apyOeKHbBIX TaOOpaTOPHUH.

Pa3HooOpa3ue obnacTelt mMpUMEHEHUS! CUJUIEHUTOB TPEOYeT BO3MOXKHOCTH U3-
MEHEHHS B IIUPOKUX MPeesiaX UX Pa3IUUHbIX CTPYKTYPHO-3aBUCUMBIX CIIEKTPOCKO-
MUYECKUX XAPAKTEPUCTUK, TAKUX KaK MOMJIONIEHUE, (POTOXPOMHBIE CBOMCTBA, (HOTO-
IpOBOAUMOCTh U Jp. OfHAaKO, K Hayaldy HAlllero MCCielI0BaHUs HEe Obla BbISBIICHA
CBSI3b MEXKJly COCTaBOM, KPUCTAINIOXUMUYECKUMHU OCOOCHHOCTSIMU U CIEKTPOCKOMH-
YECKMMHU CBOMCTBAMU CHJUICHUTOB, HE UIACHTU(GUIIMPOBAHA MPUPOJIA IIEHTPOB, OIpe-
JEJSIIOUIMX BUJ CHEKTPOB MOTJIOIIECHUS, BOSHUKHOBEHHE (POTOXPOMHOIO 3dexra u
($OTONPOBOIMMOCTH, T.€. OTCYTCTBOBAJIa HaJEXKHAs MaTepHaloBeqdecKas Oasza s
pa3pabOTKH TEXHOJIOTUU MOHOKPUCTAIIOB CJIJIEHUTOB C 33JJaHHBIMU CBOMCTBaMHU.

HecmoTtpst Ha To, 4TO B CTPYKTYPHOM THIIE€ CHUJUICHUTA PEATU3YETCS 3HAYUTEIILHOE
YHCIIO UHMBUAYATBHBIX (a3, OCHOBHOE BHUMAaHHE MCCienoBaTeneil ObUIo cocpesoTo-
YeHO Ha u3ydeHuu KpuctaiioB BijpGeO,y, Bi11;S10,,. U3yuennto Bi;TiOy mocssi-
IIEHO TOpa3a0 MeHbIe padoT. CBONWCTBA CHIIJICHUTOB JPYTOr0 COCTaBa MPAKTUIECKU
U3y4eHbI HE OBLIH.

Takum o6pa30M, LECJIb HACTOAIICTO MCCIICA0OBAHUA - YCTAHOBJICHUC 3aKOHOMCEDP-

HOCTEH, ONPENEIAIOIMIMNX CIIEKTPOCKOIINYECKUE CBOMCTBA KPUCTAJUIOB CUJNICHUTOB, B
3aBUCUMOCTH OT UX COCTaBa, OCOOCHHOCTEH aTOMHOI'O CTPOEHHUS U YCJIOBHM CHHTE3a
JUISL CO3IaHUSI MAaTEPHUAJIOB C HAIPaBJICHHO M3MEHEHHBIMU CBOMCTBAMH, XapaKTEpH-
3YIOLIUXCSA ONTUMAIBHBIMU (DYHKIIMOHAIBHBIMU ITapaMeTpaMHu.

Hannas npoOnema TpebOoBajia KOMIUIEKCHOTO MOAXO/a, BKIIIOYAOIIETO pellie-

HHUC JIBYX OCHOBHBIX 3a/1a4v:
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e OrmpezeneHre posid pa3aIudyHbIX (ParMeHTOB CTPYKTYpPbl B POPMHUPOBAHUU CIIEK-
TPOCKOIIUYECKUX CBOICTB CUIIJIEHUTOB:

e Pazpaborka merona ympaBieHus (YyHKIHOHATHHBIMH XapaKTEPUCTUKAMU KpPH-
ctauioB Bi;Ti0yy myTem JierupoBanusi.

b BEIOpaHbI cleAyromme METOIbl uccieaoBanus. PocT kpucTamioB mpoBo-
VI METoJaMUi HOoXpalIbCKOTO M U3 pacTBOpa B paciuiaBe. Mcrnoap30Banuch METO b
P®A, ITA, MUKpPOPEHTI€HOCIIEKTPAJIbHbII aHaIN3, MACCIIEKTPOMETPUUYECKUH, XU-
MHYECKHME METOAbl aHanuza, nukHomerpus, MK- m KP- cnekrpockomusi, MeToibl
AJIEKTPOHHOM crieKTpockonuu —moriomenus, K, orpaxkenus, GoTonpoBoAMMOCTH,
TEpMOOOECUBECUMBAHMS, TEPMOJTIOMUHECIEHIIUHU U JIp. Takol KOMILIEKCHBIN MOIXO0
JIOJIKEH ObLT 00ECIEYUTh BBICOKYIO JIOCTOBEPHOCTD MOJIYYEHHBIX PE3YJIbTATOB.

B cooTBeTcTBUMU ¢ MOCTaBIEHHBIMU 3aJa4aMu ObLIA OMPEACIICHbl ONTUMAIIb-
HbIE YCJIOBUSl BBIPAIIMBAHUS W CUHTE3UPOBAHBI MOHOKPUCTAIIbI CUJUIEHUTOB pas-
JUYHOTO cocTaBa (Tabi.l). YBaxaeMble KOJIJIETH, C ’TOTO MOMEHTA, B IEJISX IKOHO-
MUU BPEMEHH, pa3peliuTe Ha3blBaTh COCIUHEHHUS B COOTBETCTBUU C M-KaTHOHOM
(CWUIGHUT TepMaHMs, TUTaHa U T.1.). MoHOKpucTamibl coenuHeHud BiyGaPOy,
Bi,,FePOy, Bi11,S510,, Bi1;,GeO,y cunTe3upoBaHbl MeToA0M YOXpallbCKOTr0, OCTallb-
HbIE BBIPAILIEHBI METOJIOM U3 PacTBOPA B PACILIIABE.

®opma pocta u Mop(dosorus MOBEPXHOCTU (POHTA KPUCTATUIM3AIUU CBU/IE-
TEJIBCTBYET O TOM, UYTO BBITSTUBAHUE MOHOKPHUCTAJIOB OCYIIECTBISIIIOCH B YCIOBUAX
AHU3O0TPOITHOTO TOCIOMHOTO MEXaHW3Ma KPUCTAJUIM3AIMU, KOTOPBIN sABJISETCA Oolee
OJIaronpUSITHBIM JIJ1s1 TIOJTYYEHUS! PaIUaTbHO OJHOPOIHBIX MOHOKPHCTAIOB ONTUYECKOTO
KAa4yeCTBa.

B cBf3M ¢ HEOAHO3HAYHOCTHIO HMMEIOIIMXCS B JIMTEpAaType NAaHHBIX, HAMHU
yTOuHEHa Auarpamma (pa3oBbix paBHOBecuil B cucteMe Bi;03-B,0O3; B 0biactu KOH-
uentpauuii 0-20 mon.% B,0;. IlokazaHo, 4TO TeMnepaTypHbI UHTEpBaJ KPUCTAJIH-
3aruu BiyBOsg (622-628°C) cocraBiseT Bcero 6°C, a BETBb KPUCTAIUIU3ANH JICKHUT
B uHTepBasie 16.5-19.0 mon.% B,0;. [TogoOHble y3kue TemneparypHbleé U KOHIICH-
TpPalMOHHBIE WHTEPBAJIBI KPUCTALIM3AIMU XapaKTepHbl U s Bi33Zn0Osg, BiysFeOso,

Bi,5Ga039, 4TO CyIIECTBEHHO YCIOXKHSIIO 3a7a4y MOJYyYeHUS OObEMHBIX MOHOKPH-



CTaJlJIOB.

DneMeHTapHas suelika CUJUICHUTA TPECTaBIsIeT co00i KyO, B LIEHTpE U Bep-
HIMHAX KOTOPOTo pacnonoxenbl [MO], —teTpasapsl. Kapkac cTpyKTypbl COCTaBIISIIOT
[BiOs]-monusipel, cBsA3aHHBIE 0OIMM peOpoM B auMepbl. Kak rmokasanu mpoBeieH-
HbIE paHee HeHTpoHorpadHuuecKrue HCCIICAOBaHHUS, B 3aBUCUMOCTH OT KAaTHOHHOTO
COCTaBa B KPHUCTAUIMYECKUX PEHIETKAX CHJJICHUTOB BO3HUKAIOT Pa3HOOOpas3HbIC
CTPYKTYpPHBIE OCOOCHHOCTU. BIM3KYyI0 K «HIeaTbHOI» CTPYKTYpPY CHUIUICHUTAa UMEET
Bi1;,GeO,. B Bi;;,Ti0,y okoso 10% TeTparapoB nedextHsl. OHU coliepkKaT BaKaHCUIO
no Ti u aBe Bakancuu kucinoposa O(3). [BiOs]| nonusapel, Tepstomue Bepinny O(3),
NePECTPanuBaIOTCA B TpUroHaiIbHbIE Ounupamuasl [BiO4]. B snemenTapHoit siueiike
COeIUHEHUN Bi24Fe3+P5+040 CJIOKHOT'O COCTaBa Pa3jnyaroT JBa HEAKBUBAJICHTHBIX 110
mmmHaM cBsizelt [BiOs]-monuaapa, ceszanabix ¢ [FeO4] u [POg4]-rerpasapamu. Hau-
OOJIbIIICH CTEMEHbI0 PAa3yNOPSIOUEHUS XapPaKTEPU3YIOTCS KPUCTAIMYECKHUE PEIIeT-
KU COCAUHECHUH C TPEX- U JIBYXBAJICHTHBIMUA KaTHOHAMU (Bi25M3+O39, Bi38M2+058), B
KoTOphIX 1/2 wim 2/3 nmpaBmiibHBIX [MQO4] TeTpasapos 3ameniaercs [BiOsz] "30HTHY-
HBIMH" TpyIaMH, ¢ OAHOBPEMEHHBIM 00pa3oBaHMeM BakaHcuu kuciopoaa O(3), u,
KaK cieacTBue, nospieHus [BiO,4] momusapos.

Psin coenuHenunii Co CTPYKTYpOi CUIIJICHUTA HE U3YUYEH PEHTI€HOCTPYKTYPHBIMU

METOJaMHU.

Hamu paspaborana MeToanka MpUMEHEHHUs KOJeOaTelbHON CHEKTPOCKOIUU
JUISL ICCJIeIOBaHUsl OCOOCHHOCTE aTOMHOTO CTPOEHMSI CHJLIEHUTOB. {7151 3TOrO mpo-
BEJICHO OTHECEHUE JIMHUM B CIEKTPaxX U yCTAHOBJIECHBI JIMHEIHbIE 3aBUCUMOCTH Yac-
TOT XapaKTepUCTUUECKUX KoJjieObaHuit ot mmH cBs3er [BiOs]-nmonmmaapa. Onpenene-
Hbl XapaKTepUCTUYECKHE YAacTOThl KosneOanuil [BiO;]-monusapa, 3aHUMAIOLIEro
4acCTh TETPASIPUUECKUX MO3UIMN B AJIEMEHTAPHOU STYECUKE CUIUIEHUTOB C M* u M-
KaTUOHAMM.

Hamu BriepBbi€ YyCTaHOBJIEHO, UTO B OTJIMUKE OT JAPYTUX CUILUICHUTOB C TPEXBa-
JICHTHBIMUA KaTHOHaMH, B BiyB,039 TeTpasapudeckue no3uiuu 2a 3aHATH aTOMaMH
0opa, TpUroHaJIbHO KOOpAMHUpOoBaHHBIMU atoMamu O(3). BenencTtBue 3TOro 4ucio

[BiO4]-momms1poB B 3TOM COSAMHEHUH COCTaBIsACT ~ 1/4 4acTh OT OOIIEro Koimde-
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CTBa BHUCMYT-KHUCJIOPOJHBIX MOJUSIPOB. YCTAaHOBJIEHO TaKXKe MPUCYTCTBUE B
Bi,4B,039 B He3HaunTEIEHOM KOJIMuecTBe [BiOs]-30HTHUHBIX rpyni. [Tokasano, 4To
0COOEHHOCTH aTOMHOT0 cTpoeHus BiyAlPQy4, Bi,4GaPOy4 ananoruunsl Habrogae-
MbIM B KpucTtamuie BiyFePOy. Onenensl nounbl Bi-O cBs3eil B kpucramiax, HE H3Y-
YEHHBIX PEHTT€HOCTPYKTYPHBIMU METOJAMH.

Taxum 06pa3oM, CyliecTBOBaHHWE COSTUHEHHUHM CO CTPYKTYpOH CHIUICHHUTA MpHU
BapHalLlMM CTEIIEHU OKUCJICHUSA M"" kartmona +2< n < +5 00yCJIOBJIEHO BO3MOKHO-
CTBIO UCKAXEHUSI BUCMYT-KUCIOPOIHOrO Kapkaca. [IpuueM 0coOEHHOCTH CTPYKTYphI
ATUX COEAUHEHUN ONPENEIAIOTCA CTENEHbIO OKHCIEHUS M-KaTuoHa. Y CTaHOBJIEHUE
BIIMSIHUS 3TOTO UCKAKEHHS Ha CIIEKTPOCKOIMYECKHUE CBONCTBA CUIUICHUTOB SIBJISLIIOCH
Hamel ciaeayromiei 3ampaueid. [lomoOHOE HccnenoBaHue paHee He MPOBOIMIOCH.

N3ydenne CeKTpoB OTpa)KEHHUs MOKa3ajo, UYTO DJIEKTPOHHAS CTPYKTypa CHJI-
JICHUTOB B 00JacTH SHEpruil 10 25 3B o0ycioBieHa nepexogaMu MEeXIy dJIEKTPOH-
HbIMU COCTOSIHMSIMA BHUCMYT-KUCIOPOAHBIX NOJHU3IPOB. C MOMOUIBIO COOTHOLIEHUI
Kpamepca-Kponura no crnexktpaM OTpaskeHHUsSI BHIYUCICHBI CIEKTPaIbHbIE 3aBUCUMO-
ctu nokazarener nornomenus k(E) u mpenomnenus n(E), neticrBurensaoit €(E) u
MHUMOH €,(E) yacTteil AudeKTpuyecKoi NpOHUIAeMOCTH, 3(PPEKTUBHOTO 3HAYEHUS
IHIIEKTPUYECKON MPOHULIAEMOCTH &,4¢(Eo), QyHKIIMU XapaKTepUCTHUYECKHX IOTEPh
—Im(e") u mIoTHOCTH COCTOSIHUIT p~e,E°.

CyliecTBOBaHME PA3JIMUHBIX BHCMYT-KUCIOPOJIHBIX MOJHU3JIPOB MPUBOIUT K
pacCIUIEIJICHUIO SJIEKTPOHHBIX COCTOSIHHMM, 00pa3ylolUX BaJCHTHYIO 30HY M 30HY
IpPOBOAMMOCTH. BceienacTBue 3Toro, MpOUCXOAMUT CYKEHUE IIMPHUHBI 3alpelleHHOMN
30HbI CHJJICHUTOB M COOTBETCTBYIOIIEE CMellleHne Kpasi GyHAaMEHTAIbHOIO IMOTJIO-
mieHusi. Benuunna casura gocturaetr ~ 0.4 3B s kpuctamia Bi;gZnOsg, KOHIIEH-
tparus [BiO4] u [BiO;3] monmusapoB B koTopoMm MakcumanbHa. [lokazano, uto dhopma
Kpas (YyHIAMEHTAJIBHOTO TMOIJIONIEHUS] CUJUJIEHUTOB OOYCJIOBJI€HAa OSKCUTOH-
(doHOHHBIM B3auMoieiicTBUEM. [IpoBeieHa OlleHKa IUPUHBI 3allPEIIeHHON 30HbI AJIs
Ka)KJI0r0 KpUcTasuia:

B 3aBucuMOCTH OT CTENEHHM UCKAXKEHUSI BUCMYT-KHCIOPOJHOTO Kapkaca mpo-

UCXOJIUT U CABUI KPUBOWM JUCTIEPCHUM MOKazarels npeaomieHus. CMenieHne KpuBoi
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JUCIIEPCUN TIOKa3aTelsl MPEIOMIICHUSI OOBACHSIET YBEIMYCHUE MOKa3aTessl MpesioM-
JeHus (BO BTOPOM 3HAKE MOCJIE 3aMsTOi) B BUAMMOM 00JIaCTH CIIEKTPA.

YcraHoBII€HO, YTO B Mpejeniax OIMIMOKU SKCIIEPUMEHTa BEJIUYHMHA DJIEKTPOOII-
TUYECKOTO KOI(PUIIMEHTA T4; HE 3aBUCUT OT JUIMHBI BOJHBI MPOXOJISAIIETO CBETA.
HanGobIUMMy 3HAYCHHUSIMH DJIEKTPOOITHYCCKON dhdekTiBHOCTH (n°'14=95 mM/B)
obnanarT kpuctamibl Bij;Ti0,p u Bi3¢ZnV,0¢. JlaHHas BennurHA MpeBbIIAET 3HA-
YeHUs, U3BECTHBIC JJIsA KpucTawioB Bi;,Si0,y u Bi;GeO,y, 4TO SBASETCA CyIIECT-
BEHHBIM TpeumyIiecTBoM Bi;TiOy mpu €ro Mcmnoiab30BaHUU B KadecTBe GoToped-
PAaKTUBHOI'O MaTepHaa.

B o6mactu nmpuMecHOTro MOTJIONICHUS! CHEKTPOCKOMMYECKUE XapaKTEPUCTUKU
CUJUICHUTOB OMPEACIISIIOTCS CTPYKTYPHO OOYCIOBJICHHBIMHU Je(EKTaMU KPUCTAJIJIOB.
B crexrpax nornomennst 1 KJ[ kpucramios ¢ M*" karronamu B o6mactu 2.4-3.1 5B
HA0JII0/1aeTCs M0JI0Ca, UHTEHCUBHOCTh KOTOPOM OIpeieNsieTcs KOHIIEHTpaluen «e-
(PEKTHBIX TETPAIAPOBY.

B crekTpax kpuctamioB ¢ M*', M*" karmonamu HaGIIOZAIOTCS ONOCHL B 00-
nactu 2.3-2.8 3B u npu E< 2 3B. BenuunHa norjiomeHust B 3TUX MOJ0cax KOPpeIu-
pyert ¢ koHueHrpauuen [BiOs]-rpynn, kaxaas U3 KOTOPbIX COIPOBOXKIACTCS BaKaH-
cuelt kuciopoaa O(3).

B crnekTpax KpucCTajioB CIOXHOTO COCTaBa (M=A3+0,5B5+0,5) Kakue-I1moo Io-
Jockl He HaOmoarTcss. HanoMHuM, 4TO B 3TUX KpUCTAJIaX OTCYTCTBYIOT «JIe(eKT-
HbIe TeTpadapb» U [BiO;]-rpynisl.

HccnenoBanre KpUCTAILIOB ¢ HECTEXMOMETpUEH MO M-KaTHOHY U KUCIOPOIY
MOATBEPANIIO HAIIIKA BBIBOJIBI O IPUPO/IE HAOII0IaeMbIX B CIIEKTpaXx MOJIOC.

Jlist uccnenoBaHus BIUSHUS HECTEXHOMETPUU HA CBOMCTBA CUJUICHUTOB OBLITH
BbIpalieHbl MOHOKpUCTAIUIBI Bij;Ti0y U3 MIMXTHI, COCTaB KOTOPOH COOTBETCTBOBAJ
pa3IMYHBIM TOYKaM BeTBU kpucTtamumzauuu ot 5 10 10 mon.% TiO,. [lo ganHbM
UK cnekrpoB konuentpanus [ TiO4]-rpynn CHUXKAETCS ¢ YMEHBIIEHUEM COJEPKaHUs
TiO, B UCXOAHOM HIKUXTE, a MapameTp JIEMEHTaApHOM sIYeMKU KPHUCTAJIOB BO3pacTa-
€T, UTO YKa3bIBAET Ha POCT KOHIEHTPAINH 1e(PEKTOB.

I[aHHLIG HCCIICA0OBAaHN HOCUIIM HC TOJIBKO aKaHCMHHGCKHﬁ, HO U HpHKHaﬂHOﬁ
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XapakTep, MOCKOJIbKY IMOJYYEHHBIE KOPPEIALUOHHBIE 3aBUCUMOCTH ITO3BOJISIIOT BBI-
OpaTh ONTUMAIBHBIM COCTAB IIUXTHI JUIsS OJYyUYEHUS TUTAHATA BUCMYTA C 3aJIaHHBIMU
CBOMCTBaMHU.

Kak npaBuio, i Mojiy4eHus: HECTEXUOMETPUYHBIX MO KUCIOPOAY KPHUCTaJl-
JI0B 00pa3libl OTXKUTAIOT B BakyyMe. Ho OTKUT B BakyyMe U3MEHSIET COCTaB KpUCTaJl-
JIOB TI0 KUCJIOPOJIY W BUCMYTYy. HaMu BIiepBbIe HCIIONB30BaHA METOAMKA 00pabOTKH
o6pasioB CK®. [IpenmymiecTBO 3TOr0 METO/Ia COCTOUT B TOM, YTO OH MO3BOJISET U3-
OupaTeNbHO IKCTPArupoBaTh KUCIOPOa U3 00beMa KpucTasia.

Y CTaHOBIIEHO, YTO YBEJIWYECHHE KHUCIOPOAHOW HECTEXMOMETPHUHM KPHCTAILIOB
MPUBOJIUT K MOSIBICHHIO B CIIEKTPE MOJIOC, XapaKTEePHbIX [ CHILTeHnToB ¢ M>", M
KaTHOHaMH. [[aHHBIN pe3yJIbTaT yKa3bIBAE€T HA OMNPEIECIISIONIYIO POJIb KUCIOPOJIHBIX
BakaHCHi B (OpMHUPOBAHUU CIIEKTPOB Tmoriomenus u KJ[ 3Tux kpucTtaios.

B crniektpe hoTONMpOBOAMMOCTH KPUCTAJUIOB B 3aBUCMMOCTH OT CTEIIEHHU pasy-
MOPSAJOUYCHUS] MPOUCXOAUT CIABUT MAaKCUMyMa (POTONMPOBOJUMOCTH, MOJIOKEHUE KO-
TOPOr0 COBHAJACT C KpaeM (pyHmameHTanpHOTO ToriomieHus. B o6mactu 2.2-3.0 5B
BeJIMuMHa (OTOMPOBOJIUMOCTH KPUCTAIIJIOB CHJIJICHUTOB B 3aBUCUMOCTH OT COCTaBa
COEMHEHUS U3MEHSETCS B MPEeNIax MATH IMTOPSAIKOB. Y BEJIMUYMUBAETCS C POCTOM KOH-
HEHTpaKK «Ie(EKTHBIX TETPA3POB» U YMEHbIaeTcs ¢ poctoM [BiO;]-rpymnm.

[TokazaHo, 4TO B 3aBUCUMOCTH OT KOHIICHTPAIIMHA CTPYKTYPHO 00YCIOBICHHBIX
nedeKTOB BeIMYMHA TEMHOBOUW MPOBOJAUMOCTH CHUJUICHUTOB U3MEHSETCS B Tpejieax
ISTU MOPSIKOB

Hamu ycranoBiieno, yto 3a nosieneHne ®XO B KpUCTAIAX CUIUICHUTOB OT-
BETCTBEHHBI J[Ba ONITUYECKUX LIeHTpa. [IepBbIil OSABIIAETCS B pE3yJIbTATE MEKZOHHBIX
MEPEXOJ0B U CYIIECTBYET BO BCEX KPUCTAIIAX CUIUICHUTOB. BTOPOI1 - BOBHUKAET Npu
BO30YKJICHUU JIEKTPOHOB ¢ TyOokux ypoBHeit (E~2.5 5B) u cBs3an ¢ cymecTBoBa-
HHEM «Ie(EeKTHBIX» TETPadApOB, U CYIIECTBYeT TOIbKO B KpHcTamiax ¢ MY -
KaTHOHAMM.

N3ydeHne KMHETUYECKUX 3aBUCHUMOCTEW BO30YXKIEHUS U perakcaiuu (PpoTo-
VHIYLIHPOBAHHOIO TOTJIOMIEHUS] HA Pa3HBIX JUIMHAX BOJH M Pa3HOM TeMIleparype B

kpuctamiax BijpTiOy nmoarBepamno, Haauuve B KPHUCTAIJIE JABYX THIIOB IEHTPOB.
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Iloka3zaHO, 4TO Ka)XIAbIi LIEHTP XAPAKTEPU3YETCS CBOEU CUCTEMOW YPOBHEM, MEXKIY
KOTOPBIMU BO3MOXXHbl BHYTPULIEHTPOBBIE Tepexoibl. [lomobHas 3aBUCHMOCTH He
MOKET OBITh OOBSICHEHA B PAMKAaX MCIOJb3YyEMON paHee IBYXypOBHEBOW MOJEIIH.

[ToaTOMy Hamu TIpeIOKeHa JABYXIIEHTPOBAs MOJIEIh (POTOMHIYIIMPOBAHHOTO
NOTJIOUIEHUS CBETA, BKIIIOYAIOLIAsA B PACCMOTPEHHE BO3MOKHOCTh BHYTPULIEHTPOBBIX
nepexoa0B. XOopouee KayeCTBEHHOE COIVIache MPEJIOKEHHON MOJIENU C 3KCIEpH-
MEHTAJIbHBIMH JAHHBIMU MOJIYYE€HO PELICHUEM KMHETUYeCKuX ypaBHeHuu (1)-(6) mis
CJIEIYIOIIMX MAaTepUaIbHBIX apaMETPOB.

N3BeCTHO HECKOJBKO TUMOTE3 O MPUPOJI€ ONTUYECKUX IIEHTPOB B CUJIJICHUTAX.
B Hacrosiee BpeMsi IIMPOKO pacnpocTpaHeHa MOJIENb, COrJacHO KOTOpoil OTOMH-
TyIUPOBAHHOE TOTJIONICHUE B CUJIJICHUTOB cBsizaHo ¢ [BiO4] mentpom, mpeacras-
JstromM co6oii Bi* B TETPa’APUUECCKON MO3UIIMU M-KaTuoHa, aCCOMMPOBAHHBIN C
JBIPKOM, JTIOKATM30BAaHHON Ha P-OpOUTANISIX TETPAdAPUUYECKH KOOPIUHUPYIOIIUX €ro
aToMmoB kucioposa (mo anajoruu ¢ [AlO,] eaTpom B apiMuatom kBapiie). OmHaxo,
cymecTBoBaHHe Bi'® B TeTpasapHuYecKoM KHCIOPOIHOM OKPYKEHHH BBI3BIBACT CO-
MHEHHE C KPUCTALIIOXUMUYECKONU TOUKH 3peHust. JlaHHas Mojieib He 0OBSICHIET MHO-
T'Hie U3BECTHBIC JAHHbIE 110 ONTHYSCKHM CBOMCTBAM CHILTEHNTOB ¢ M* -KaTtHoHaMu 1
HE IPUMEHHMA K KPUCTAJJIaM C JIByX- U TPEXBAJIEHTHbBIMU KaTUOHAMMU.

[IpoBeieHHOE KOMILIEKCHOE MCCJIEAOBAaHUE CIEKTPOCKOMUYECKUX XapaKTepH-
CTUK KPHUCTAJVIOB CHJUIEHUTOB PA3JIMYHOrO COCTaBa, a TAKKE KPUCTAIIIOB HECTEXHUO-
METPUYECKOr0 COCTaBa MOKa3aj0, YTO ONTHUYECKUE LICHTPBI, ONPEEseTcs] 0COOeH-
HOCTSIMU MX aTOMHOTO cTpoeHus. [loka3aHo, 4To creKkTpalibHble OCOOEHHOCTH KpH-
CTaJUIOB C JIBYX-, TPEXBAJICHTHBIMM KaTHOHAMH CBSI3aHbI C «OJMHOYHBIMHU) BaKaH-
cussimu kuciopoaa O(3). CyiecTBOBaHHUE CIOKHOTO JA€PEKTHOTO IIEHTpa, COCTOsIIIE-
ro U3 BakaHCuu B M-no3uiliuu M AByX BakaHcuil kuciopoaa O(3), onpenenseT crek-
TPOCKOIIMYECKUE CBOMCTBA KPUCTAIIOB CHJIEHUTOB C YETHIPEXBAJIEHTHBIMU KaTHO-
HaMu. BakaHcuu KUCIIOpoJia B 3TUX KpHUCTAJUIAX UTPAIOT POJb JOBYIIEK HOCHUTENEH
3apsana npu GoToBO30YKICHHUH.

Jns uccnenoBanus BiussHUS OH-rpynmn Ha CHEKTPOCKONMYECKHE CBOWCTBA

CUJUUVICHUTOB HAMH HU3Y4YCHBbI KPHUCTAJUIbI, ITIOJIYUYCHHBIC B TUAPOTCPMAJIbHBIX YCIIOBH-
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ax. Kak BugHo n3 MK-cnekrpos, nosunnn OH-rpynn B KpUCTaAJUIMYECKON PEIIETKE
pa3IMuHbl AJI CUJUIEHUTOB C JIBYX-, TPEX- U YETBIPEX-, [SITU- BAJICHTHBIMU KaTHOHA-
MU, T.€. ONPEIEISIIOTCI OCOOEHHOCTSIMM aTOMHOIO CTPOCHMSI 3THX KpHUCTaIOB. B
cnekrpax noryomieHuss U KJ[ KpUCTaIOB ¢ JBYX-, TPEX- BAJICHTHBIMH KaTHOHAMHU
HaOmroaeTcs nosnoca B obnactu 2.2-2.8 5B, ucuesaromas mocie «IUruIpoTanun
kpuctaia. CeKkTpbl KPUCTAIIOB € YETBIPEX-, IISITH- BAJICHTHBIMU KaTUOHAMU HE CO-
JepKaT JOMOIHUTENBHBIX I10JIOC.

N3 3TOr0 MOKHO c/iefaTh BBIBOJA, YTO POCT B THMAPOTEPMAIIbHBIX YCIOBHUSIX HE
YXYALIAET CIEKTPOCKOINYECKHE XapaKTEPUCTUKU KPUCTAIJIOB C YEThIPEXBAJICHTHBI-
MU KaTUOHAMU U MOET OBbITh UCII0JIB30BAH IS UX MOITYYEHHUS.

Takum oOpa3oM, yCTaHOBJIEHA B3aUMOCBSI3b MEXKIY COCTABOM, CTPYKTYpPOH U
CHEKTPOCKOIIMYECKUMHU CBOWCTBAMH CUJUIEHHTOB WM BBISBJIEHA MPUPOJA ONTHYECKUX
LICHTPOB.

3amaya pa3pabOTKH METOoAa YNpaBieHHUS (YHKIIMOHATHHBIMU XapaKTEPUCTH-
KaMM CWJIJIEHUTOB ITyTEM JIETMPOBAaHUS pellalach HAMU Ha MPHUMEpPE TUTAHATa BHC-
MyTa, KaK HanboJiee NePCHeKTUBHOIO ISl MPUMEHEHUs coeluHeHusa. OTMETUM, 4TO
K Hadally HCCIEJOBaHUS CBOMCTBA JIETMPOBAaHHBIX KPUCTAUIOB THUTaHaTa BHCMYTa
ObUIM MaJIO N3Y4YEHbI U UMEIOIMECS JAHHBIE HOCUIJIM ITPOTUBOPEUYUBBIN XapaKTep.

Hamu onpezeneHsl onTUMaabHbIE YCIOBUS M BBIPAILIEHBI U JIETUPOBAHHBIE MO-
HOKpHUCTALIBI Bi;Ti0,). DxcniepumenTanbHO ycTaHOBIEHBI 3 dekTuBHBIE KOd(h]u-
LUEHTHI pacupee’eHus JErupyolei NpUMecH U NpeeibHble KOHUEHTPAIUHU JIETH-
pYIOIIMX J100aBOK B pacIljiaBe, MO3BOJSIOIINE MOTYYUTh MOHOKPUCTAJUIBI ONTHYE-
CKOT'0 KauecTBa.

Panee nernpoBaHue KpHUCTAJJIOB CHJUIEHUTOB PacCMaTpUBAJIOCh KaK 3aMellle-
Hue atoMa Bi mnaum M katmoHa atoMoM IpHUMeECH, WM Kak 3allO0JIHEHHUE aTOMaMHU
npuMecu BakaHcuil B M-no3unusix. OHaKo HE OJIMH U3 THUX MOAXO0JI0B HE MOT 00b-
SCHUTh U3MEHEHUS CIIEKTPOCKOIIMYECKUX CBOMCTB CUJUICHUTOB IIPH JIETUPOBAHUHU.

Hamy ycTaHOBJIEHO, YTO JIESTUPOBAHME THTAHATA BUCMYTA MPOUCXOIUT IIyTEM
o0pa3oBaHUsI TBEPJOr0 pacTBOpa MEXKIYy TUTAHATOM BUCMYTa U COOTBETCTBYIOIIEH

JETUPYIOUIEMY 3JIEMEHTY (Pa3oi CO CTPYKTYpPOU CHUILIEHHUTA.



9

Pacuer peHTreHOBCKOW TUIOTHOCTH JIETUPOBAHHBIX KpucTamwioB Bij;TiO,p nan
HaWJIy4lllee COTJIACHE C DKCIEPUMEHTAIBHO MOJYYEHHBIMU 3HAYECHUSIMU NUKHOMET-
PHYECKOH [UIOTHOCTH IS Clydasi 3aMemieHus mpuMechio Ti'' ¢ yueToM BO3MOXKHO-
CTU BXOXKJICHHSI B 3TU NO3UILIMM BUCMYTa B COOTHOIIEHUH, MPETYyCMOTPEHHOM KpH-
CTANTIOXUMHYECKUMU (HOpMYyIaMu COOTBETCTBYIOIIUX MHANBUIYAIbHBIX (as3.

JInneliHass 3aBUCUMOCTBH ITapaMeTpa AJIEMEHTAPHOM SYEHMKH OT BEJIMYHMHBI X
TaK)Ke MOATBEpKIaeT PakT oOpa3oBaHUE TBEPAOrO pacTBOpa MPH JIETUPOBAHUU TH-
TaHaTa BUCMYyTa IIUHKOM U BaHAJIHEM

Takum 0Opa3oM, aTOMBI JIETUPYIOMIETO MJIEMEHTA 3aHUMAIOT TETPadPUICCKUC
NO3ULINY TUTAHA, & MIPU TETEPOBAICHTHOM 3aMELIEHUH TU MO3ULHUHA YaCTUYHO 3aHU-
MaroTcsi aromamu Bi. TloaToMy jerupoBaHue COMPOBOXKIAECTCS BOSHUKHOBEHUEM B
KPUCTaJJIe CTPYKTYPHBIX OCOOCHHOCTEH, XapaKTepHBIX JUIsl BTOpOH ¢asbl, U, CIeI0-
BaTEJIbHO, MOSBJICHUEM COOTBETCTBYIOIIUX €11 ONTUYECKUX LIEHTPOB.

YcraHOBIIEHBI KOPPEJSIIIUOHHBIE 3aBUCUMOCTH U3MeHEHHUs: cBOUCTB Bi;;T10;
OT COCTaBa M KOHIEHTpalUHU Jerupyroluieil npumecu. [lokazano, 4To BEJIMYUHBI I10-
rIoieHust, GOTOMPOBOIUMOCTH U (POTOUHIYIIUPOBAHHOTO MOTJIONIEHUS U3MEHSIOTCS
B IIpEeIaX HECKOJIbKUX MOPSAKOB MPU HEU3MEHHO BBICOKOM 3HAYEHUH BJIEKTPOOII-
trueckort rpdexktuBHocTH (95 TM/B). DTO MOXKET OBITH MPOMIUIFOCTPUPOBAHO ClIe-
JTYIOUMAMH 3aBUCUMOCTSIMH.

Borpoc 00 ux cTeneHsx OKUCICHHS U KOOPIMHAIIMOHHOM OKPY>KEHUU UOHOB C
4acTUYHO 3anojiHeHHbIMU d-opOutansimu (Mn, Cr, Fe, Co, Ni, Cu) npoaomxuTeb-
HOE BpeMsl SIBJISUICS NUCKYCCUOHHBIM. HamMu yCTaHOBIIEHO, YTO 3T 3JIEMEHTHI BXOIST
B TETpad’ApUUECKUE NO3ULIMH B CIEAYIOLINUX CTENEHAX okucieHus. [IpoBenen pacyer
SHEPIruil NEPEX0I0B B KPUCTAIMYECKOM M0JIe cOOTBEeTCTBYOIMX [MO4]-TeTpasapos
¥ JaHA MHTEPIPETAL s MojIoc B crekTpax. Crextpsl morioutenns 1 KJI [MnO4]* B
KPUCTAJJIMYECKOW MaTPULIE BIIEPBBIE IMOJTYYEHBI HAMMU.

N3MeHeHne KucaopoJHON HECTEXMOMETPUU KPUCTAIIIOB, COJEpKAIIMX Mapra-
HEIl, XpPOM WJIH MEJb, COMPOBOXKIAECTCS OOpPATUMBIM U3MEHEHHEM CTEIEHU OKHUCIIe-
HUS TIPU COXPAHEHHM TETPadIPUUYECKON KOOpAMHAIMU KuciopoaoMm. Hukens u xo-

0aJabT HE U3MEHSIIOT CBOM CTEIIEHU OKHCJICHHS.
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MOXHO BUAETH, UTO NPOBEACHHOE KOMIIJIEKCHOE HMCCIIEOBAHUE IPEICTABIISIET
co00i1 KaYeCTBEHHO HOBBII ATal B U3yuyeHUU CUUIeHUTOB. Ha ero ocHoBe ¢ ucnosb-
30BaHueM TpaauuuoHHoro ming MOHXa moaxona mo yCTaHOBIEHHIO KOPPEJSIUU
«COCTaB-CTPYKTYpa-CBOMCTBO» IOJyY€HBbl BaXKHbI€ Hay4yHbI€ pPE3yJbTaTbl, HEOOXO-

JAUMBIC TJIs1 CO3daHUsA 3(1)(1)CKTI/IBHOﬁ TCXHOJIOTUH JAHHOTI'O KJIaCCa MaTCPHUAJIOB.



