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HayqⅡ L【兹 pyKoBt,,IⅡ TeJII,: BaⅡΠeB压 aMⅡ p TaJraTOBⅡ △

KaH,I狃 aT ΦΠ3ⅡKo-MaTeMaTzⅡ coKIIX HayK,压oIIcHT

~1Ⅱ医a立JIOB MⅡ XaⅡJI WIII又a五ⅡoBⅡq

,IoKTop ΦⅡ3ⅡΚoˉMaTeMamⅡ ecKIIX HayK,Ⅱ poΦeccop,

ToMcKⅡ 兹  yHⅡ BcpcⅡ TcT  cⅡ CTCM  yΠ paBⅡcHn,I  II

p明 nooJIcKTponIIKII  (r  ToMcK,,  3aBC只 yIo口口Ⅱ立

JIa6opaTopIIc兹   pa日Ⅱa1xIIoHHoΓo  Ⅱ  ΚoCMIIqccKOro

MaTcpⅡ aJIOBc洱 cHⅡ奥

ICoJ1ecⅡⅡKOB【 IJ1I,Ⅱ EBΓ eⅡ【,eBm

/loKTop Φz31IKoˉMaTeMaTII△ ecKzX HayK,cⅡ e且ⅡanIIcT,

oΦⅡI1ⅡaⅡI,Ⅱ I,1e oⅡⅡoⅡ eⅡTb【 :

CaHKTˉ∏cTcp6ypΓ cKoΓo Γocy且apcTBcHHOro
yH迓BεpgⅡTcTa rr,caIlKTˉ Π gTgp鲰 pr), Hay哑 匝 立
napK, PccypcH△汪兹 ¤cHTp 巛OnTIIIecKIIc II JIaBCpHble

MCTo刀江 II00工C贝oBaHm BculecTBa,,

3a△lIITa cocTOIITC,I 《17》 anpcJ1I 2024 Γ B 15∶ 00 tIacOB Ha 3aCc且 aHⅡ⒘ 胛 cCepTa刂ⅡoHⅡoro

COBCTa 江 C TrIy o3 Ha1IIIoHaJII,HoΓ o IICCJIC压 0BaTcllbcKOro ToMcKOro noⅡ zTcXImtIccKoΓ o

yHIIBepcⅡ TcTa Ⅱo a黑 pccy∶ r ToMcK,Ⅱ p Π eHIIHa,2a.cTpocHIIC4,ay且 刃TopII,I245

C 压。匝cocpTaI1Π cIl MoⅫ o o3HaKOMIITI,C斑  B HaytiHo-TcXHΠ HCCKoⅡ

6Ⅱ6JIzoTcKC ToMCKoΓ o ΠoJInTcxHIILlCCKoΓo yH玖BepczTcTa z Ha CazTc

distpu ru npn nOMo山
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oBIIIAΠ XAPAKTEPⅡ CTⅡKA PABo⋯

A留aγ:△■△HOCTL pa6oTH.

B ΠocⅡc丌EⅡc ΓoIlI,I 60IbIc cBCTOAIIOnbI ΠpIIBIeKⅡⅡ K ce6e 3Ha· InTeⅡbHOe

BHⅡMaHⅡ c6J1arOAap,TaKkM xapaKTep'cTzKaM,KaK风 JIⅡTeⅡLHH兹  cpoK cⅡ yx6I,I,

H'孤 0C aHepronOTpe6JIeHⅡ e Ⅱo cpaBHeHmIO c TpaAⅡ 1IIIoHH咖 Π ⅡCTOqHⅡ KaMII

cBeTa CoΓ ⅡacHo ΠpoΓHo3y, Κ 2035 Γo江y Ha cBeTo洱 Ⅱo洱HOe ocBc四 eHⅡe 6y江eT

npIIxo江HTb呦 84%Bccx ocBCTⅡ TCⅡI^HI,IX ycTaHoBoK o6Ⅱ acTb ⅡpzMcHcHII炙 6CⅡbrx

CBCTo洱HOIlOB  pa3Hoo6pa3Ha,  oHΠ   唧 oKo  HcΠ oⅡIosyIoTC珏  B  Ⅱo洱CBeTKc,

aBTOMoOIIⅡ BHOM, 6b1TOBoM ' ceⅡ LCKOxo⒊￡五CTBeHHOM OCBe四 eHzz.  o江 HaKo

coBpeMeHHbIe 6eⅡ bIc cBeTo,】Ho,1bI, KoTopbIc, KaK ⅡpaB'Ⅱo, '3roTaBJIⅡBaIoTc9

nyTeM coHcTaHm CⅡ HeΓo cBeTOJIzOJIHOro qⅡ Ⅱa Ⅱ Xe丑 TOrO JIIoMⅡ HoΦopa YAG∶

Ce3九 :LIcTynanIIxero B Ka· IecTBe npeoΦ a3【,:aTeJ1X田 帅 叮eHz珏 ,zMeIoT H昭 Kz兹

ⅡH风eKc口 BeToⅡ epe风aIz fRa(80)Ⅱ  HeBI,1cOKze3HaHeHⅡ 奥 TepMOcTa6⒘ ⅡbHOCTH。 0To

cyηccTBeHHO cKa3HBaeTc:亏 【Ha ΠpaKTIIqecKOe Πp唰 eHeHⅡe风aHHBIX CHCTeM. 胁
pcⅢ eHn,1  ¤oBx,u11eHn,I  mJlcKca  口BcToΠcpC江aqⅡ  BcwTc珏   ⅡoⅡCKΠ   Ⅱo

ycOBepⅢ eHcTBOBaH⒛   Πpeo6pa3oBaTeⅡ cΠ   6o珏 0ro  CBeqeHΠ Π  Ha  ocHoBe

工⒑ MHHoΦ opo:,p钥 pa6aTLIBaK,T甥 HOBLIe Ⅱo酥 q阝 I Πo ⅡoⅡyⅡeHIID y3KoΠ oⅡocHI,rX

cBeTOII3Ⅱγ△aIo啷  MaTepⅡ aⅡoB B 3eⅡ eHo五  IIⅡ【I KpacHo立  o6ⅡacTH cΠ eKTpa c

Ⅲ ΠpoKo兹 ⅡBeTOBo立 r咖 o立。TaK6bLJ1npc口 ⅡoxCH yCOBcpⅢ cHcTBoB岫 Π0且xOIl

C IICⅡ oⅡL30BaHIIeM B KaqecTBe ⅡcTOIHIIKa Bo36胛 e咖  CBeTo讧
`叩
oro 咖 a

6ⅡΠxHeΓ o yⅡbTpaΦ IIoⅡCTa(360-420HM)Π  cMeⅢ aHHHx KpacHo-3e卫 eHo-CΠHIIx

ⅡIoMⅡHoΦopoB.o且 HaKo ΠpΠ TaKOM Πo江X0风e Πpo珏B丑丑eTC珏 He江ocTaTOK B cΠ eKVe

cBeqeH幺勇 cΠeKTpaII,Ho立 KoMΠ oHeHTb1B,I'aⅡ a3oΠc480-520HM,· 】TO CHzXaeT

o6叩 沩 ypoBcHI,Ⅱ BeToΠ epe且aqⅡ。0凰HⅡM z3Bo3MOXHbIX△ yTe兹 peⅢ eHⅡ,江 aHHo立

np确 △cMH9BⅢ CT嗍 pa3p弱 oTKa BH∞ Κ溯 pKHx y3KO△ c,JIOCHbX JIIOMⅡ HoΦopo:,

II3”ηaJo凹Πx  Γo△y6o兹  ¤BeT (480-520  HM), HTO  :  coBOKyΠ HOcTΠ  c

mpoKoⅡ oⅡocHI,1M yⅡ bTpaΦ IIoⅡeTo:BlM Bo36yX洱 eHΠcM ` 洱oΠoⅡHⅡTe丑I,HLIMⅡ

cΠeKTpa】BHBIMII   KoMΠ oHeHTaMⅡ ,   Mc,DKeT   cΠoco6CTBoBaTb   ⅡoBb1ⅡCH⒛

玎BeToΠepe江aHz6e△ bR cBCTo江 Π0且0B·

KaK ΠpaBIIⅡo, InMHHoΦ opbI ∞ cTo肛  II3 MaTpHqHOrO MaTepHaIa,

oΠpe且eIqIoⅡ ,qD KpzcTaJIΠ zⅡeC-”0 cTpyKTypy II aKTIIBaTopoB - Ⅱpm△IecHbrx

¤eHTpoB, oTBeTCTBeHHI,rx 3a cBeTOn3乃 叮εmIIIΠ e cBo汛 TBa IDMHHoΦ opa。

CoHeTaHHe cBo讶 CTB MaTpΠ uI/aKTIIBaTop Ha∏ p炙M”⒛ BⅡ I】9eT Ha JⅡoMHHec口 eHTHB1e

cBo立cma,BKlIIoⅡ 朗 θΦΦeKTz:HOc%△ pCo6pasOBaHIm zsⅡ yqeHz9,只 ⅡⅡHy BoⅡ H【sI

R3DtIeHH奥 ,TCpMnqcc9飞 冫cTa6HⅡI,HOcTL Ⅱ ΦopMy cΠ eKTpoB cBeqeHⅡ 丑

孔 BecTHH pa3Hoo6pa3HbIe TIIΠ BI MaTpzII IIoM妃 HoΦopa,TaKⅡ e KaK c忱ⅡmKahI,

BaHanaTH,rpaHaTbI,Φ TopⅡ江H,Φ ocΦaTLI Π TaK风a】ee.Or江 eⅡ;Ho MOxHo BI呕 eI'%

oKCIIΦTop羽 HI^1e nepoBcK'Ⅲ bIC CIICTeMH, 3a cqcT oⅢ oCIITeⅡ I,HO 1IpocTLD【

ycIOBⅡ 立 cⅡHre3a Ⅱ cTaCHJ1BHI^1X0Bo兹 CTB J⒛ MmoΦ opa.OTopco江 epxauIme

ΠcpoBoKnTo∏ o汛o6HbIe  ooe凰 ⅡHcH'殁   o6Ⅱ a凰aIoT  BI^I0oKoⅡ   0Ta6Ⅱ ⅡbHOcTLIo

日ⅡoIeKTpzIecKoⅡ  ⅡpoHHⅡ aeMOcTz,oTCyTcTBIIeM ToKcⅡ qHb1X θⅡeMeHTOB B cocTaBC

coeIlzHeHⅡ△, qTo o6ycⅡ oBⅡΠBaCT ΠepcⅡeKTkBI-1 ΠpzMeHeHm TaKIIx o`cTCM B

KaIecTBe  Ⅱa3cpHBIx,  aK,MⅡ HecIIeHTHb1x  MaTepⅡ aⅡoB,  KepaMΠ K  c  HⅡ 3KOn

TeMⅡepaTypo五   cΠ cKaHΠ勇,  aⅡeKTpooΠ TIrqecKⅡ x  Mo日 yⅡ丑TopoB。   C1pyKTypa



ΠepoBc扭 Ta ABo3 c 3aMe四 eHΠeM aHΠ oHa (0, HanpII⒈ 江ep, BascO2F co

cTexmoMcTpⅡ c兹 A⒉ B艹 [X2习2[Y习 ,MOxeT6I,ITL IIcⅡoⅡB30BaHa B Ka·IeoTBe MaTpΠ 口I,1

AⅡⅡ ⅡoⅡγ叮CH'珏 y3ΚoΠoⅡoCHBD【 CBCToⅡ3呷 a⒑IIIR MaTepzaⅡ oB.CTpyKTypa TaKo兹

MaTpIrIIBI cocTOIIT Ha yΓ ⅡoBBrx coc日 ⅡHeHⅡ兹 [sc(o/T)6], pacΠ oⅡoXcHHb1X B

QlcTaa凰pⅡⅡQ。‘Q迈 口oJooTIr 0 -0opIⅡ HauHO说  Ky6QQKTaamQo [Ba(o/F)1丬 , qTo

∏o3BoⅡ珏eT pcΓ yⅡIIpoBaTL Π Mo风 IIΦ II口IIpoBaTL oΠ TIIqCCKIIe CBo五 cTBa MaTepΠ aⅡoB

3a cqeT BⅡ zⅡHⅡ丑 KpHcTaⅡ ⅡmecKo兹  cTpyKTypⅡ 。 【犭cKa,KeHⅡc MIIKpocTpyKTypI,I,

BBI3BaHHOe  3aMeHo立   ΦTopa  Ha  KzCⅡ opoJl,  ⅡpⅡBo江zT  K 3HaqHTeⅡ I,HOMy

pac四 eΠⅡeHIIK,KpΠcTaⅡⅡHqecKoΓ o Ⅱo卫丑。

B Ka叮eCTBe aKTHBaTopa口 卫珏 JIIo咖 oΦopo:Ⅱ zpoKo HccⅡ evoT凹 IIoHH BF+

6Ⅱaro洱 ap,】 ⅡoⅡoCe B036yx殂 eHⅡ丑 B yo ~ 。6ⅡacTz cΠ eKTpa H ΠpaKTzHeGKII

oTcyTcTBIIm pea6cop6rIuⅡ  B BH且 IIMo兹 o6ⅡacTⅡ.JLoMΠ HecⅡeH口,,BF+汉 ocTaTOtIHo

Cz△I,Ho 3aBzcΠ T oT ⅡCXOAHOz MaTpⅡ 彐阝Ι Π Κoop日IIHau'oHHoΓ o oKpyxeHΠ 炙 z

MCH炙 CTG舟 B0Π eKTpaⅡBHoM,IΠ aΠa3oHe oT370江 o650HM,Π o,lo6HbIe Ⅱpo1IeccI,I

o6ycΠoBJIeHLI ΠoBbIIIIe⋯ o兹 Ⅱ,BcTBIITCⅡ I^HOCTLK)CBo6o且 HbD〈 6sH6p aIcKTpoHOB

BF K KpⅡ cTaJIJIRqCCKOMy ⅡoⅡ⒑ .

△ yTeM HanpaBJIeHHOrO II3MeHeHIIq MΠ KpooKpyxc皿 炙

peⅢ eTKe  Π  co-amIIBa以 IIeⅡ   ⅡpIIMecHBIMz  口eHTpakIⅡ

BΠcM,ta/eBponHJI)MOxHO:apbΠ poBa%cΠ eKTpa△bHI,IⅡ CoCTaB z ⅡoBⅢⅢ aTb

aΦΦCKTH:HOCTb CBCToⅡ3ⅡV叮aIOr口冫EK xapaKTepzcTIIK IIoMl【犭【HoΦopa. npz
Bo3CyxIeH娅  360 HM △IOMnHoΦ opI,I Ha ocHoBe BasCO2F, aKTHBIIpoBaHHI,1e

ⅡoHaMz Eu2+II Bi3+,MoΓ yT ⅡsJIyqaTI,男 pKΠ五 ΓoⅡy6o兹 H3eⅡ eHbI兹 cBeT B且ⅡaΠ沾 oHe

480-520HM.∏ oaTOMy ox哑 且aeTc舟,qTO CoBMCCTHo ⅡempoBaHHbIe ⅡoHaMΠ  Eu2+`

Bf+ ΠepoBcKIIⅢ b1e Π⒑ M'HoΦ opb1 (Ba,Ca)scO2F cTaHyT OIlHoKoMΠ oHeHTHbIM

ΦⅡyopCG⒒ eHTHLIM MaTep`aJ】 oM c3aBzGⅡ MOCTBIC,oT且 ⅡIIHLI BoⅡ HBI Bo36yxJ1cHⅡ 珏

o6ccΠcqHBaIoⅡ Hc   yΠ yqⅢ cHHHc   3HaIIcH狃 丑   ⅡH洱eKCa   ⒒BeToΠ epe洱aqII,

TepMOcTa6zⅡ BHOcTH Z Bo3MOXHOCTI^K, ΠⅡaBHo兹  ∏epeCTpo兹 ΚΠ cΠeKvaJbHoΓ o

cocTaBa H3丌冫叮 cHz丑·

TaKkM o6pa3oM,HcC卫 e且oBaHIIe Πpo1IcccoB H Π0且X0且0B Πo HaΠpaBⅡeHHo呷

'3MeHeHII⒑
  MIIKpooKpy刃 κcHII9  B  ΠCpoBCKHTHoM  ⅡIoMIIHoΦope,  oⅡ eHKe

cΠCKTpaJIbHoˉⅡIoM`HCC1IeHTHbrx ` cBeToTexHΙ I·IecKIIx XapaKTepHcTIIK II加 ΙeeT

cyⅢecTBeHHOe 3HaHeH'e 且JIq HX ΠpIIMcHeHz珏  B KaqccTBc cBcToⅡ 3玎y叮aKⅢ
`x

cTpyKTyp npⅡ Me⋯ e.MBrKJlM peⅢ eH囵 pa3HooⅡ a3HIix npaKT【 IHeCKIIx3颁 a·I

IIeJIb江 Ⅱccepta口 ⅡoHⅡo立 pa6oT△ Ⅱ:ycTaHOBIcHⅡ c3aKoHoMcpHOcTc兹 BIⅡ△HⅡ△

KaTHoHHOro3aMe四 eHII炙 ,ΠpⅡMecHI,Ix ⅡeHTpoB Ha cTp~py,Π po口eccI,I Ⅱepe江aqⅡ

aHepΓⅡΠ Bo36y猢 cHΠ△,cBeToΠ 3△vqaIo珥 Ⅱe Ⅱ cBeToTeⅫ HqecKIIe xapaKTepⅡ cTⅡKⅡ

ⅡcpoBcKⅡ THⅡX IlOM⋯ oΦopo:cocTaBa BascO2F

AJ【Ⅱ ⅡocTⅡ刀κeⅡⅡ】 yκa3aⅡⅡo犭 ⅡeJⅡ peⅡ aJⅡc△ cJ1eⅡ yK,Ⅱ口Ⅱe3a/IaⅡ Ⅱ :

1.C羽 Tc3upoBaTb HOBb1e cocTaBI,I ⅡepoBcΙσ THI,I【 BascO9F ⅡIoM殂 oΦopoB

彐q`TcM HanpaBJeHHoΓ o H3MeHCHm MIIKpooKpyxeHⅡ 豆 MaTpⅡ 1Ib1 Π ΠpzMeCHI,1x

日eHTpoB JⅡ oMl【 )【HeC1IeH口】【)【H.

2.HccIc江 oBaTB CTpyKTypy Π ΦH3HKo-XIIlInqeCKmc cBoⅡ cTBa Ⅱo砷叮eHHIiIx

△IOMΠHoΦopo:  MeTo洱 aMH  cKaHΠ pyIo]LI:【eⅡ   θⅡeKTpoHHoⅡ   MⅡ KpoCKOnIIΠ
,

B KpΠcTaⅡⅡIIIecKoΠ

cBeⅡeHΠ炙  (HoH:1

peHTreHoΦ a30:Ort,aHaIΠ 3a,aHeprOJlΠ cΠepcHoHHOro aHaJIΠ 3a.



3.npo:ecTn aHaJIⅡ 3BJI囵 H【伢 CoCTaBa CΠ HTegⅡpoBaHHLrK JIIO△IIIHoΦopo:Ha

cΠCKTpaJ1bHoˉΚHHeTII·IecKze II cBeToTcXHIIHeCKHe Πapa△IeTpbI cBeTOII3I夕qaIo珥 zx

JlOMIIHoΦ opo:co c哪 ” po兹 ⅡepoBc娅 Ta。

4. 【犭3yHIITb BⅡ幺豆H'e Co-J1eΓⅡpoBaHΠ 丿 ⅡeHTpoB cBc· ICHz9 Ha HpoⅡ cccI-I

Πcp叨 aI'oHepⅢ Ⅱ Bo3gy猢 eHΠ△ B OKCIInHbrx△ IOM⋯ oΦopaX BascO2F co

c叨 qaγpoII ΠepoBcKIITa II ΠpoBecTII Ol【 ]【eHKy JⅡoMⅡHeG刂eHTHBFX ΠapaMeTpoB。

Ⅱay△Ⅱa△ ⅡoBⅡ 3Ⅱa ⅡcGⅡeⅡoBaⅡⅡⅡ

1. BΠ epBB1e  6BIⅡ z  cHHTc3zpoBaHBI  '  ⅡCCⅡ e日oBaHI,1  ⅡapaMeTpB1

KpⅡcTaⅡⅡI】qecKo兹 cTpyKTypb【 ,IIoM幺 HeCΙeHTHbIe cBo立 cTBa II TepMOcTa6Ⅱ ⅡbHOcTL

ΠepoBCICmTHO「o IIOMⅢHoΦopa BascO9F,Ⅱ erzpoBaHHo∏ D HoH狮 :F+· ΠbKa3aⅡ o,

IITO CⅡHTe3npoBaHHb1e 丑⒑ M⒘HoΦopL1 0THOc,ITC灭  K CTpyKType nepoBcKRTa

(Ky6羽 ecK朗,npocTpaHcTBeHHa炙 rpynΠa Pmˉ 3⑾ .VbHⅢ  Bi3+3aHIIMaIoT Πo3IIIzⅡ

B`+:△ IoMΠHoΦope BascO2F∶ Bi’ c Γα叮 6I,IM Ⅱ∞,叮eHΠeM c MaKcz哟 π oM Πpz

506 HM ΠpⅡ Bo36yxIleHⅡ H Ha415 【IIH360 HM. npII aT。 M 。6pa3yIoTc珏 江Ba

z3Ⅱy叮εro珥ΠX 以eHTpa Bi(1) Ⅱ Bi(2), ΚoTopLIc ⅡpHΠΠcHB钔 ⒑T 3aMc四 cHzIo

MeHI,mcΓ o pa且
'yGa 

ⅡoHa BF+,BI,13bIBaIo口 日cΓo ⅡoKaⅡI,HOe IIcKaxeH立c cTpyKTypb1,

Bh13BaHHOe OKTaa且 pII·】ecKzM HaKⅡ oHoM 「paHII¤I,I 30Hb1, qTo ΠpHBo风 ΠT K

Ⅱ3MeHeHⅡ K,z3Ⅱy·Ia⒑皿 ⅡX cBoΠCTB

2. BΠ cpBHe o6HapyxcHo BⅡ z丑HHC KOMΠ eHCa日
'Ⅱ
3ap珏且a KaT立 oHaMⅡ  Na+,K+

z  Rb+ Ha  ⅡIoMIIHecIIcHTHI,IC  CBOIICTBa  II  TcpMzⅡ cc9⒛   cTa6HJIbHOCTI,

ΠcpoBcKⅡ THI,IX Ⅱ⒑ MⅡHoΦopoB BascO2F∶ Bi3+。 BⅡ aΓo日 api BK△ IoHeHHIo N矿 ,K+'

Rb+'HTcHc'BHOCTI,以 ⅡaHoBoΓo H3乃 叮eHH△ (480-520HM)y:eⅡ IIHzBaeTc斑 Ha

27,3%,34,4%z10,8%cooTBcTcTBCHHo3a CqeT3Φ ΦeKTa KOMΠ eHcaIIzH3apwla.B

照 冫MⅡHoΦ opax,Ⅱ empoBa-】 x耐 ,K+Ⅱ  Rb+,碰 JIIo9aeTC珏 ΠoBLIⅢ eHHa,I

TepM⒘ qecKa,I cTa6zJII,HOc%。 【ΙHTeHcⅡ BHOcTL Π3Ⅱy叮cH'炙 oCTaCTC炙 Ha ypoBHc73o/。
,

87o/O II840/o ⅡpH423K oT Ⅱcxo江Ho兹
'HTcHCΠ

BHOCTII ΠpH KoMHaTHOII TeMΠ epaType,

3. C  'cⅡ oΠb30BaHΠqM  Πo且X0风a KaTzoHHoΓ o  3aMe珥 eHΠ豸   6咖 Ⅱ
c'HTe3zpoBaHIlI ⅡepoBcKzmI,1c羽 ⒑MⅡHoΦopL1cocTaBa Bal讴 CaxscO2F∶ 0,001Bpt

0,001K+(x=0-0,12MoⅡ I,%O Jvu pai,pa6oTKz cBcTo风 ΠoIloB ΠoJIHoΓo CΠeKTpa

'3刀
0尸
qeH姗 .【IoHbI Ca卩

+,3aMenIa△
oT ⅡoHH BaP+,HTo ⅡpΠBOIIHT K aΦΦeIσ「y cxaT朋

KpHcTaJ【ⅡΠ△ecKoH  ⅡonpeⅢ cTK【I  IJ  yBeΠ Ⅱ△ⅢBaeT  ypoBeHI,  pac四 eⅡⅡeHⅡ△

KpIIcTaJ1Ⅱ zIecKoΓ o ΠoⅡ丑 ⅡoHOB BP+,· ITo HanpI如ty△a cKa3HBaeTcJI Ha ⅡoBI,1ⅢeHΠe

ⅡHTeHcIIBHOCTII JIDMΠ HeC1IeH口ⅡII Ⅱ Tep岬 ccKyIO cTa6H△ BHOcTb ΠCpoBcKzTIIb1X

IK,MⅡHoΦopo: (Ba,Ca)scO2F∶  B卩
+; K+。

Kamo⋯ oe 3aMcv日 cHΠe mB△ 珏cTC舟

3Ha· IΠTeⅡBHB1M Π0江X0江0M K CΠ eKTpaJIbHoⅡ  Mo讧 yⅡ见ⅡΠH 0BCToΠ 3Jo卩吁aKl彐口IIX

xapaKTep'cTHK3a c· IcT yΠ paBΠcHⅡ丑 IIoHHbIM oKpyXcHⅡ cM B KpⅡ CTaⅡ丑ⅡHCCKo'

pe狃 CTKe.

4.BⅡ epBI,Ie Πo江po6HO IIccⅡe江oBaIIbI ΦaKTopLI,BJIn殂 0口″e Ha0TpmpH:Ie

Ⅱ3MeHeHⅡ 豆, JImMⅡ Hec以eHTHb1e CBo⒘ cTBa II TepMOcTOIIKOCTI, ⅡepoBcKIITHoΓ o

△IOMnHoΦ opa BascOaF, co-Ⅱ er叼刂poBa⋯ oro HoHaMH Eu⒉  II Bp+. :bL】 。

ycTaHOBⅡ eHo,·ITo HHTeHcIIBHOCTB且 Bo爻HoΓo II3丌冫qeHH△ 0哂aKc=479Ⅱ 509HM)

MOXeT peryJIIIpoBaTL嗍 nyTeM Ⅱ3MeHeHⅡ Ⅱ ΚoHIIeHTpanzⅡ  Ⅱe「IIpoBaHz冤 IIoHaMII

Bis+Ⅱ E`t
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HayqHasI3Ⅱ aqⅡ MOCTb pa6oTbI

1. Pe3yΠ I,TaTBI IIccⅡ c,IoBaHII立  pacⅢ Ⅱp炙BOT Πpe只 CTaB,】eHIIc o Πpo⒒cccax,

BⅡⅡnK,□日zX Ha CBeToⅡ 3Ⅱγ叮 aⅡa彐口ze Π cBcToTeXHHHecKIIe XapaKTcpⅡ cT'Κ
' 'oHoB

Bi3+ ΠpⅡ ΚoMΠcHcaIIⅡ
' 3apx风

a KaTⅡ oHaMⅡ  Na+, Κ
+ H Rb+ B 

ΠcpoBcKHTHoM

THΠ H KoⅡ zIecTBo ⅡempyIo砜 eΠ npHMecΠ ,IJ】,Ⅱ oBⅢⅢ eH⋯ aΦΦeKⅢ :HOcm

CBC△CHΠ炙, aKcΠⅡyaTa以zoHHBIX XapaKrepzcTnK oKczΦ TopⅡ江HLrx ⅡepoBcKΠ THbrX

ⅡIoMHHoΦopo:·
3. 丑crHpoBaHⅡe'oHaMⅡ  Ca2+,'c∏ oJ【 L3y,l ⅡoAX0黑 3aMe珥eHH￡ KaTlIoHoB B

IIOMnHoΦopax cocTaBa BascO2F∶ Bp+,K+,Π o3Bo瑚 eT ⅡoBb1CIITB CBeTooTIIaqy Π

TepMHtIecKy【o   cTa5Ⅱ ⅡI-HOcTb,   ΠoΠγ叮IITL  BI,ICOICHC  3HaHcH'灭   ⅡH且CKCa

¤BeToΠ epc四aqz BbI6paHHbrx JIoMIIHoΦ opo:Ha oCHoBe MaTpⅡ IIBI

4. ∏ oⅡyqcHHBIc pc3yⅡ bTaTBI yrIy6耶 Ⅱ 汀 ΠoHnMaIme MeXaHzaMOB BⅡ Ⅱ△HIn

Jlo6aBoK Bi∮

ⅡepoBcKnTHI,Ix

Ⅱ Eu2+ Ha cTpyKTypy MaTpz以 L1 Π ⅡCHηp JIK’MΠHCCⅡCHIIIz B

ⅡIoMzHoΦ opax, a TaK浓 e 且cMoHcTpIIpyIoT ⅡepcΠeKTIIBHOCTL

Ⅱm卩 eHIII oⅡeKIpa】LHo-ΠepeCTpazBaevⅡ IX J⒛ MRHoΦ opo:η teM Ⅱ3MeHeH朔

Ⅱ⒑MⅡHoΦope BascO2F.
2. ycTaHOBⅡ cHHbIC 3aKoHOMepHOcTΠ  Πo3BoⅡ炙IoT o6oCHoBaHHo ⅡoIl6IIpaTL

C0oTHoⅢ eHlIq KoHⅡ eHTpa口 IIII coˉaKTHBaTopoB。

ⅡpaFrⅡ△ecκa△ 3ⅡaⅡⅡMOcTL pa6oTbI
1. Pa3pa6oTaHH Πp'HⅡ HΠl^I ′ Π0洱X0且BI Πo Co3江 aHΠⅡ) oKC`Φ TopIIIlHbIx

ⅡepoBcKHⅢ I,rX ⅡK,MⅡHoΦopoB cocTaBa BascO2F∶ BP+;K+且 Ⅱ见 IICToHHΠΚoB6CΠ oΓo

cBeTa c yⅡ yqⅢ cHHo五 ⅡBCToⅡcpe且 aqe兹 (ItH,IeKc⒒BeTo∏ epe且 aqΠ 6oΠee96,Ⅱ BcTOBa珏

TeMΠepaTypa4434K)c ΠoTCH¤ⅡaJIoM ΠpΠMcHcHΠ △ 且Ⅱ炙 Ⅱo风CBeTKII且 ⅡcΠJICCB C

Ⅲ IIpoKo1∶ 7i[¤BcToBo五 raMMOji9i∶ ,

2.  Pa3pa6oTaHI,I  cΠ oco6I,I  ΠowqeHIIq,  cTa6'Ⅱ BHbIx JIOMⅡ HoΦopo:

(Ba,Ca)scO2F∶  Bi3+; K+ co-aKTⅡ BzpoBaHHbIX IIoHaMH Eu2+ B oΠ TIIMaJ】 bHBIX

KoH¤eHTpa口
`9X, o6eCΠ

eH幺B⒛ nIme Bo3MOxHOCTb pa3pa6oTKΠ  DΦ ΦCKTΠ:Hbrx

CBCTO【I3沔″ a⒑IIzx MapKepoB 刃 Ⅲ  3a叩 TbI oT Π0刀瑕 ⅡoK, ΠγteM z3MeHeHz炙

c∏eKTpaΠLHoΓo coCTaBa II3Ⅱ γηCHII9Π pΠ paaJIIIⅡ HI,IX aHeprH9x Bo36y猢 cHn夕 .

BΙeTo只tbJ10rⅡ Ⅱ Ⅱ MeTo且 H ⅡccⅡe且oBaⅡⅡ△ Π epoBcKⅡ Ⅲ I,Ie Ⅱ⒑ MⅡHoΦ opI,1

6LIΠII H3ΓoToBⅡ CHI^I MCTo丑0M1BCp且 oΦa3HoΓo cIIHTC3a IlI炙 aHaJIⅡ3a Φa30:Eκ  z

cTpyK,pHHX  xapaKTepΠ cTHK  ΠopoⅢ Ka  ΠIoMΠHoΦopa  `  MopΦ oΠ oΓΠz

ⅡGΠoⅡB30BaΠ zcI,  MeTo江 HK'  pcHTcHOCTpyKTypHoΓ o  aHaⅡ z3a  H  McTo洱 oB

cKaH叨 πxⅡC兹 ,  ⅡpocBc· IⅡBaIo四 c迸   θⅡeK∶ I∶ l;’oHHo兹   MIIKpocKoⅡ IIⅡ。  o¤ eHKa

θⅡCMCHTHOr0 GOcTaBa   m⒑ M'HoΦ opo:   ⅡpoBOIIzIaCb ⒈1eTo江oM

oi氵犭i   cⅡ eKTpocKoⅡ HII。   MeTOJIBI   ΦoTOmM】 o)【HecⅡeHTHo五θHepΓo江ⅡcΠepCⅡoHH

cΠCKTpoMeTpΠ 【I ⅡpIIMemⅡ ΠcB AJ△ q zCCⅡ e且oBaHm cⅡ eKTpa豇I^Ho-KzHCTIItIecKIIx

xapaKTepΠ cTIIK,     0Ⅱ HTe3Ⅱp°BaHHBIX    ΠepoBGKzTHbIX IIoMⅡHoΦopo:·

3ΦΦeKrII:HOGTB npco6pa3oBaHIIq H⒊ EyHeHH豆  工⒑ M⋯ oΦopo: Π3MepIⅡ acB c

noMoubIo ⅡHTerpmpyIo】t]tl1e五  CΦ epbI.Ⅱ ccⅡ e且oBaHIIc oⅡ eKTpoHH碰  Π

ΓeoMeTp狃 ecKo立 cTpyqpH ⅡpoBo江ⅡⅡocb B paMKax TeopΠ II OyHKuHoHa△ a

ΠⅡoTHOCTII(TΦ ID,peaJ1Ⅱ 3oBaHHOrc,B nporpaMMHOM ⅡaKeTe VAsP(Viema Ab-

iniJo si1nu1auon Packagc)。
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ⅡoⅡt,xeⅡⅡⅡ,Bb1ⅡoCⅡMⅡe Ⅱa3a四臼rΓy:

1.B∏ cpoBcKmTHBIXIIoMzHoΦ opaxBascO2F∶ Bp+,Ⅱ eⅢ poBaHHbrX ⅡoHaMⅡ  K+

Ha6△IORaeTca ⅡoBLI1neHⅡe ⅡHTeHcΠ BHOcTz z3Ⅱ γ叮eH幺丑 Ha34,4%Ⅱ  yⅡγ叮mcHH狙

TepM'HecKa舟  cTa6殂ⅡI-HOCT‘ , oC,’ CΠoBJ】eHHa珏 BⅡH玎HⅡCM KoMΠ CHCa口HH 3巳 p珏洱a,

Πo3BoⅡnK,IIIaq ΦopMnpoBaTb IIcT【 ,qHΠKII6CⅡoro cBeTa c ⅡoBHⅢ eHHHM ⅡH爪CICCoM

ⅡBCToΠCpeIlaqz。

2.y:eⅡ nqeHΠ e KoH¤ eHTpanΠ z ⅡoHoB C`+ (c O 洱o 0,06 MoⅡ B%) B

ΠepoBcKHTHo兹  MaTp口 n口e fBa,Ca)scO2F∶   BF+ ΠpHBOIlIIT K yBcⅡ nqcHIIIo

ZHTCHCΠ BHOCTII zsWeHz豆  B 2,5 paga, Πo cpaBHcHIID C HCⅡ CΓⅡpoBaHHbIMΠ

J1IOMIIHoΦ opaMII c聊 田 HoBOIHOBI,IM CMC皿 CHⅡCM GΠeKTpa II3刀叮eH囵 (9acHOe

cMcnIcHΠ e C504且 o510HM),o6ecΠ eIHBa见 TcpMH·】cc9⒛ CTa6mbHOcTb m CH凹

【【。ΦΦeKTa cxaTm》  εⅡeMeHTapHo立  x·.e立KH H yBeⅡ H·IeHII炙  paG田 eΠⅡcH搠

KpΠcTaⅡ丑ⅡIIeCKoΓo ΠoⅡ珏 Bi3+.

3. CoˉⅡerzpoBaHΠ c IIoH孙 Ⅲ  CBpoΠ H9 Eu2+ 0,02 MoⅡ I,% oKoⅡ ΦTopz,IHoΓo

ΠepoBcKmTHOrO△ IOMIIHoΦopa(Ba,Ca)scO2F∶ Bp+;K+Π pⅡBo风
'T K Bo3Ⅲ

oD【HOCTz

ΠepecTpaⅡ BaHⅡ贝 u3mCHm:cncKTpaJ1bHOM洱 Ⅱa∏a3oHe400-600HM3a cHeT

BQ3MOXCHOrO KaHaIa ⅡcpcAaqII aHeprIIz McXσ V ⅠoHaMz cBpQ△ m II BlIcMyTa,

加 cTt,:epⅡocTb     ⅡoJ,叮 eHⅡ bIx     pe3yJ‘ TaTOB     o6ecΠ eqIIBaeTσ

cΠcTeMaTmecKIIM XapaIcrepoM ⅡocⅡe风0BaHz豆 , Bo0△poII3BOAIIMOCTsm Πo旧γqcHHBx

pcsyJIbTaTOB,  cpaBHeHIIeM pesyJ】 bTaTOB  ΠcGⅡeJlOBaI-  c  Teope-ecKIIM  H

θKcnepⅡ MeIrraJ1LHI,IMn  IRaHHLIMn  Πpe江cTaBⅡeHRI,IMII  B  oTeIIccTBcHHo'  Ⅱ

3apy6exHoΠ  ⅡHTepaIype,IIcΠ oⅡb30BaHHeM coBpeMeHHI,△ K MeTo,IoB HccⅡ e江oBaIm

z cepTzΦmwpo:aImoΓ o mporpaMMHoΓ o o6eCΠeHeHII9.

AⅡ po6aⅡ ⅡⅡ pa6oTH OcHOBHHe pe3yⅡ LTaTbI pa6oTb1 日oΚⅡaⅡb1BaⅡΠCb II

o69唧 aJIⅡob Ha CJIewoIIIR MexwIapoIlHBIX KoHΦ CpeH叩 双 n哎 E由 tioll of the

Intemationd Co11ference oil the Physics of0Vticd Mat葫 als and Devices-Asia,

(Chongqiog C"n△ 2020);The2nd Chongqhg Mateoals Conference,(Chongqhg
Ch血a,2020);ThC8th National Acade血c Conference on Lumnescence Properties
of Doped Na11omateⅡ als, (Ⅱ 1血 Chha,2021λ Acadenuc Fr觚cr fomm on
Lu血nescent MateⅡ als2022,(shangh缸,2022);ThC12th International s卿o蚯um
onPhosphorMateⅡ als tLanzhou C1丘na,2022);XX MeDKwapo洱Ha,IKoHΦ epeHⅡⅢ
cTy且eHTo△  acnIIpaHToB Ⅱ MOJIOJlLFX 严 eHbFx 巛△ epcneKTmBH pa3BII拥

ΦyHIaMeHTaJIBH引 Ⅸ HayK》 (PoccΠ男,ToMcK,2023)(oTMeqeH日 zΠ卫0M0M3a ycTHLI立

JlOIC,1钅 10￡【)
Ⅱ y6J1Ⅱκa珥ⅡⅡ OcHOBHb1e MaTepⅡ aJⅢ zGcⅡ e江oBaHⅡ立 ony6Ⅱ ⅡKOBaHH B 4

cTaTI,R, IIH且eKCIIpyeMI,rx Me觋 Hapo,IH眍  6田 ax 洱aHHB△X scopus II Web of

sc1cnce B,【,,HaⅡ ax,Bxo`I丿ΙnIm B ⅡepBLIz II BTopoⅡ  ΚBapTzⅡΠ .

J1ⅡⅡⅡH△  B【 △a且 aBTopa Π ocTaHOBKa 口C汀Ⅱ H3a且 a·I 【IccⅡe风oBaHΠ丿 OBmII

BLIⅡoⅡHeHI,I coBMeCTHO c HayqHI,IM pyKoBOJ【 ITeJ1eM.△ poBqⅡeHHe6oⅡ BIIImcTBa

ⅡGoⅡe,IoBaHΠ兹 (ⅡⅡaHHpoBaHIIc θKcΠepmMeHToB,Π o,IroToBKa ⅡoponIKoBHX cMeCe五

叩  CⅡ HTe3a ⅡepoBcKⅡ Ⅲ BIx 四⒑M⋯ oΦopoB, oTpa6oTKa pexIIMOB cIIHTe3a

ⅡopoⅢ ΚoB ⅡI|t〉Ml冫【HoΦopo:,Π ccⅡe洱oBaHl冫【CM1'【KpocTpyIcTypI,I,刀 ⒑ Ml冫IHec只eHTHblx,

cneKTpaJIBHo-Ⅻ IHeTIIqecKIrx,aHepreT四 ecKIIx xapaKTepHcTIIK Π3唧叮eH羽 )6HⅡ Π

BL1ΠoⅡHeHBI II-o aBTopoM.

CTpyqpaⅡ o6△eM pa6oTⅡ 。胁 cccpTa。 II又 cocTOzT¤ 3BBe爪 eHⅡ丑,rIqT【 I ΓⅡaB,
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3aKⅡIoHeHz珏  【I cΠHCKa ⅡHTepaTypLI. Pa6oTa H3Π oxcHa Ha 127 cTpaHⅡ Ⅱax

MaⅢ IIHoΠΠcHoΓo TeKCTa,co风epxⅡT62pΠ cyHKa Π 11Ta6ⅡⅡ以。CΠⅡcOK ⅡHTepaTypH

co江epxHT2136`6丑 ⅡorpaΦII·ICc-ccLIⅡ oK

oCⅡoBⅡoE COJTEP,KAIIⅡE PABoTH

Bo  B召 纟a纟H仍仍  风aHa  。6双狙   XapaKTepⅡ cTⅡKa  pa6oTⅢ ,  o6oCHOBaHa

aKTyaJ△bHOCTL 江ΠCCepTa口ΠoHHo兹  pa6oTbI, cΦ opMyIIIpoBaHbI IIe豇 H Π 3明 aqH

【ICCΠe且0BaHⅡ丑, Ⅱ3ⅡoXCHI,1 0CHoBHI,IC ΠoⅡoXCHm, BbIHOcHMI,IC Ha 3aⅡ ξHTy,

∏p'Be且eHH OCHOBHbIe pe3yⅡ LTaTI,I, oΠpc且eⅡ珏⒑ I口IIe ee H巳 y叮H,叹冫 HoBII3Hy II

ΠpaK叩 ccKyIo ⅡeHHOcTI,.

B  "叼 pBt,切   a△四召纟  Πpc且cTaB丑 eH  J1ⅡTcpaTypHI,1n  o63op  Πo  TeMc

`∶

ΠCCepTaIIⅡ oHHoΓo ΠCCΠ e`瓦oBaHz冤 , oTpaxa⒑ ェI玉ΠII CC aKTyaⅡ BHOcTb, KpaTKo

Ⅱ3ⅡaΓacTc珏 coCTo斑Hze⒘ ccⅡ e洱oBaHΠ立 ΠcpoBCKΠ THBIX Ⅱ⒑ MHHoΦ opoB Π p【I:c且cH

aHaⅡΠ3 pe3yⅡbTaTOB HccⅡ C且0BaH⋯  CTpyKTypHbIx ⒘ Ⅱx冫MⅡHCC刂eHTHLrx cBoⅡ cTB

ΠcpoBCKzⅠ Ⅱ LrX ⅡI<>M⋯ oΦopoB II:Ⅱ zqHn,I MHKpooKpyxcHII,I Ha CBeTOII引 γ叮aIo四
'e

xapaKTepⅡ cTIIm,  PaccMaTp玖 BaIOTc珏  McTo且 bI  CⅡ HTe3a ⅡⅡoMIIHoΦopo:  co

cTpyKTypo五 ΠepoBcKⅡ Ta.

B口 召〃 t,p@JJ z刀 伤召召Ⅱp'Be且eHo o6ocHoBaHIIc BbI6opa MaTep`a丑 oB且 JIq C'HTe3a

ⅡIoMHHoΦ opo:, CCpⅡ m 'ccⅡ e江yeMI,rX IK,MHHoΦ opo: ∏epeMeHHoΓ o coCTaBa

BascO2F∶ Bi3+;R+OⅪ 矿 ,Kt Rb→ ;Bal议caxscO2F∶ Bi舞;K+(x=0-0,12MoⅡ L%);

BaO,94x2yCaO,“ scO2F∶ xEu2+;yBi3+;yKJ nI。 MuHoΦ opo:Ⅱ CpoBcKⅡ Ta(X=0-0,025

MoⅡ B°/o;y=0_0,002MoⅡ LO/0)Π o乃△ eHBI TBep江 oΦa3HHM MeTo且 oM cΠHTe3a

npΠ :o且ΠTc炙  Π0风po6HOe oΠ IIcaHHe HcΠ oⅡb30BaHHLrx B pa6oTe McTo且 oB

IICCⅡ e江0BaHΠ△.  Φ aaoBH兹   cocTaB,  KpⅡ cTaⅡⅡⅡ·Iccq⒛   CTpyKTypy  o6p留 豇oB

aHaJII3'poBaIⅡ  c ΠoMo丛 bIo pcHTrcHOBcKOr0且
'Φ
paKT。McTpa lXRD,11D-3500,

丑 aHb耵 H, KzT婉 ) c Cu Kα -z3帅吼 HIICM (九  = 1阝 406 贞0.CneKTpH

ΦoTOJIK,M'HeC刂 eH豇HΠ  (Φ Π ) ' ΦoTO:o36yx且 eHΠ△  (Φ B) 刃3MCpqⅡ
' C

HCΠoⅡb30BaHⅡ eM ΦwopecⅡ eHⅢ oΓo cΠ cKTpoΦ 丑yopHMcTpa (F-7000, H⒒ achi,

丑 ΠoHΠ见)c Xe-Ⅱ aMΠ o汤 MOuHocTBIo150BT B KaqccTBe HCToHHHKa Bo36yxⅡ cHΠⅡ

ⅡK,MΠHCCⅡCHⅡ⒛ I·  ˇ【opΦ oⅡornD o6p臼 ¤oB o⒒ eHⅡB狃 幺  c IIcΠ oⅡb30BaHⅡ cM

cKaHHpyIo四 eΓo oⅡcKTpoHHoΓ o MΠKp°cKoΠa(CDM,HITACHI s-4800)c cΠ cTeMo兹

aHcprOIlⅡ cΠepcHoHHOro aⅡ eMcHTHOro aHaJII3a

B rmp纟 勿 J纟历 拥 四召纟 Πp'BcIeHbI OcHoBHI,IC pc3y丑 bTaTBI 'ccⅡ e口0BaHIIi Πo

BΠI伢HIIIo KOMΠ eHc殂 ⅡⅡ 3ap羽 a KaTIIoHaMII fNa+, K+,Rb+) Ha cTpyKTypHHc,

JIIoMIIHeC口cHTHLIC CBo兹 GTBa ΠepoBcKIITHI,IX JIKlMⅡHoΦopo:Ha ocHoBe BascO2F∶

Bpt R-(1(扩 ,K+,Rb+).

MeTo洱 oM pcHTΓ cHoΦ a30BOro aHa】 z3a6I,IⅡ ycTaHoBⅡ cH ΦaKT ΦopMzpoBaHΠ 冤

-pHcTaⅡ Ⅱz·IccKo兹    CTpyKT冫 vbI,   。ooTBeTCTByIO△ lc汤
   CTpyKTypHoMy   TzΠ y

ⅡcpoBcKHTa,JlJm ΠopoⅢΚoB coCTaBa Ba。 ,9哓 scO2F∶ 0,001Bis+;0,001R+(R=Na+,
K+,Rb→ oⅡcyHoK1Θ .o6HapweHo,· ITo BCC AzΦpaquoHHHe∏ HKn npⅡH钡 丑eXaT

cTaH洱apTHo逆 KapToⅡ Ke ICsD#150171∏ onTBep凶 日aKl△Ie立 HaJ】IIq'e ΦagI,I Bas叻 oF
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F

J
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2θ (rpa厶 yc)

P⒘cyπ oK 1 -(Θ 江 IrΦpaKTOrpaMMLI ⅡcpoBcKⅡ TH曰Ⅸ JIIoMnHoΦ opo: cocTaBa Bao,” 8scO2F∶

0,001BPt0,001R+(R=Na,K,Rb);(6)KpⅡ cTam丑⒘HCCK狙 Cηp,叹△ypa BascO2F∶ Bp+;cDM
II3o6pa,KcHIIc Ⅱop【 ,1【】Ka BaO,”8sCO2F∶ 0,001Bi3+;0,001K+Ⅱ p幺 pa3JIIIqEoM yBcJⅢ qCHnII(B),lr).

Π o,IaHHI,IM peHTreHOBcKo'且 zΦpaKⅡΠII paccHHTaHH Kp'CTa△ ⅡorpaΦ ⅡHccK⒘ C

(6)●

●

●
个
冖δ

〓
一
冖
ハ
ˇ
∞
〓
°
ハ
〓冖∞
’
:
δ

〓L
〓

ⅡapaMeTpⅢ  cepⅡⅡ Ⅱ⒑ MzHoΦ opoB Ba。,∞:scO2F∶ 0,001BPt0,001R+(R=Na,K,RbJ

(Ta6ⅡⅡ1Ia1),

T确 仰 IIa l yT。 ·IHcHIBIC
p∴ 0.001R+:0.001Bij+II ∶0.001Bij∴ 0.001R十 (R=Na,K,Rb

yTo叮 HCHHa夕

φopMyJla
BascO2F Bao,qo9scO2

F:0,001Bi3+
BaO99:Sc02F∶

0,001Bi3+;

0,001Na+

BaO,qq8scO2F:

0,001Bi3+;

o,001K+

Bao,99:scO2F

:0,001Bi3+;

0,001Rb+

即 II°TaJIⅡ Π△cCKa,I

cTpvκTypa

Ky6ΠⅡecKa,I Ky6II,coKan Ky6IIIcGKa,I Ky6IIqecKa,I κy6mHcoKa,I

KpkIcTaJIJIoΓ paφ IIq

eoKa鬼 r,VΠΠa

P屺m Plll3m Plm3m Pm3m Pm3m

ΠapaMeTp ΠqeItK'

a=b=c(A)
4,16560 4,16364 4,16265 4,16454 4,16568

o6△cM(A3 72,2825 72,1807 72,1288 72,2274 72,2868

IIⅡIIHa c:93II

(Ba o/F)
2,94552 2,94414 2,94344 2,94478 2,94558

Uls。 (Ba)(A2 o,01872 0、01288 0‘01425

Rl, 6.83% 6,47oo 6,64% 6,789汔 6.52冫。

R、~p 9,58% 9,24% 9,419‘ 9,54% 9,46冫乞

pc3yJIbTaTI,I Ⅱ CTpyKTVpHbIe ΠapaMcTpェ I oCHOBI,1 BascO2F

Bi3+
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Ha ocHoBaHⅡ II pacHcTOB yCTaHOBΠ eHo, ·】To ΠapH HoHOB Bi3+ - R+

noTeH邳 狃 ΠLHo paCΠ oΠaΓa⒑Tc兄 B Ⅱo3'Ⅱ【犭勇X Ba2+ peⅢ eTKH MaTpH豇 H. o65eM

J】
qe兹KH Ⅱ 肛 HHa CB珏 3Ⅱ Ba_o/T, yMeHbⅢ aeTσ  c ⅡeΠΨ oBaHzeM IIoHoB BF+

(Ta6Ⅱ IIⅡa l)HoHbI Bi3+3aHIIMaloT Πo3II豇 IIH B'+,Π ocKoⅡBKy ⅡoHHI,1兹 p钡 Ⅱyc B'+

6oⅡbⅢe, tIeM 'oHa Bi3+. JIeΓ ⅡpoBaHIIc KaTzoHaMⅡ  R+ nepoBcK'Ta BascO2F

Hco6xOAIIMo 且Ⅱ珏 KoMΠ CHCa¤娅 pa3HΠI【,I3ap炙且oB McⅦ  'oHaMH Bi3+H Ba2+.
KaTΠoHI-IR+3aMeH刈 ⒑T Ba2+3a cHeT6Π z3ΚHX3HaqeHH五 ΠoHHI,IX paIlΠ ycoB(r:a=

1,61A,rNa=1,39A,rK=1,64A,rRb=1,72A,Κ oop且ⅡHa1I'oHHOe qΠ cΠo=12)

CⅡe且oBaTeェBHo,Π o3z口HK’ A B KpzcTaJIⅡ z·】CCKo兹 pcⅢ cTKc BascO2F3aH【 IMaIoT

'oHI,1B铲
切 跃
⒊+怂
交【 \Rbt

KpΠ cTaJⅡzHccKa,】 cTpyKTypa cocToΠ T H3CoC且 ⅡHCHHBIX OKTaa,IpoB lscto/F)d

C ΠoⅡ IIθApaMⅡ [Ba(o/FJ12],KoTopLIe pacΠ oⅡ a「aKlTc炙 B oKTεκ9IlpzIICcKo兹 ΠoⅡocTz,

KaK ΠoKa3aHo Ha p'cyHKc16 AIIHoH coCToHT H3HeyΠ op炙IloHeHHoΓo K'CⅡopo且 a'

ΦTopa ΠpIIMcpHo B cooⅢ oⅢCHΠII 67°/o∶ 33%, BbIJ1o ycTaHOBⅡ cHo, △To ∏pⅡ

KaTΠoHHoM3aMC珥 CHIIII Bi3+6oⅡ cc KpynHHM Ba2+,Φ opMIIpycTc炙 且Ba ⅡCHTpa Bi(1)

Π BK2)Φ ΠcyHoK16).

B xo且 c pa6oTB1 6Ii1Ⅱ o o6HapyxcHo, ·ITO MopΦ oⅡoΓ区△ Ⅱ⒑ MzHoΦ opa

BaO,∞ :scO2F∶ 0,001BPt0,001K+o6pa3yeTc炙 B BⅡ洱e CΠ oIIcTHX ΠⅡaCTlIH(pⅡcyHoK

1 :-Γ ).MeTo风 oM aHepΓ o且IICΠepczoHHo立 peHTΓeHoBcKo兹 CⅡeKTpocKoΠ IIⅡ 6HΠo

ΠonTBCpxJleHo o只 Hopo江 HOc pacΠpe江 cΠeHze OIeMcHTOB Ba,sC,0,F,BiⅡ I《 BHyTpII

qacTⅡⅡbI BascO2F,玎 TO CBⅡ且eTeⅡbcTByeT o6ycΠ eⅢHoM BKIIoHCHzⅡ
'oHOB Bi3+z

K+B cocTaB nIoM'HoΦ opa。

B cΠeKTpax ΦoTO:o36yx厶 cHΙ狃 o6pa3IIOB BaO,9q8sCO2F∶ 0,001Bi艹 ;0,001R+(R
=Na+,Kt Rb→ Ha6Ⅱ⒑ 风aIOTc丑 qeTbIpe ΠoⅡocI,I C MaKcIIMaMΠ  oKoⅡo271,294,

360Ⅱ 415HM tpⅡ cyHOK2o)Bo36yx丑 acMa,I B cΠ cKTpaJ‘HoM且 ΠaΠa3oHc271z294

HM Ⅲ W'HeC¤ eH豇幺△ ΠpIIΠⅡcLIBaIoTc冤 CΠⅡH=pagpeⅢ eHHBIM Πepexo洱 aM 1sO-1P1

Bi0沪
+Π
 Bi(2沪
+:Ⅱ
oHe:⒘ cMyTa。 ,IBe BI,IcoKOzHTeHCⅡ BHBIe ΠoⅡocI,1Bo36yx殂 eHI忸

Ha360HM Ⅱ 415HM,Π pIIΠΠcLIBaK,Tc舟 CΠHH-pa3peⅢ eHHHM Πepexo洱aM1sO->3P1

Bi(1【
3+Ⅱ Bi(2)艹 B ΠoHC:IICMyTa[1].PCmcTpIIpyCMHC ⅡoⅡocI^I Bo36yXJleH⋯ c

∏【IKaMH Ha 360 II 415 HM xopoⅢ o cooTBeTCT叻 ⒛ T KOM卜 Ⅰep叮eGKⅡM 叮HΠaM

GBeTo且zo且oB 6Ⅱ zXHeΓ o y。  z3乃 叮 eH⋯  c 3叼3Jl = 365 HM, KoTopⅢ e MOxHo

HC∏ o∏LaoBaTb B KaqecTBc cTaH且 apTHoΓo ΠcTOIIHIIKa Bo36yx且 cHH灭

Ju,】 ⅡccⅡe江oBaHm BⅡ II,1HⅡ攵 ΚoMΠCHCa1IⅡⅡ 3apwa Ha JIIOMⅡ HeC以eHTHb1e

cBo五GTBa6btJI`Ⅱ 3MCpeHbI cⅡ CKTpⅡ Φ Π  Ⅱ⒑ MIIHc,Φ opoB Ba。 ,99:sCO2F∶ 0,001Bp+;

0,001 K+, KaK ΠoKa3aHo Ha p'cyHKe2 6, B cΠ eKTpe 辽)Π Ha6J1DJlaeTC珏 见pKOe

ΓoⅡy6oe II3Ⅱ y叮eHΠe B o6Ⅱ aoTII oT 430 江o 750 HM ΠpII Bo36yxqleHIIz 360 HM,

α讶 3aHHOc c pa3peⅢ eHHB1M oHepΓ eTΠ·IecKⅡM Πepexo江oM 3P1_)1s。 B ΠoHe BP+.

且 aHHH五  H3丌yqaIo四 Ⅱ立 Ⅱo只xo,I Ⅱo3BoⅡ豆eT刀 0Π oⅡHⅡTI, 0ΠeKTp 6eⅡ oro cBeHeHⅡ 贝

HaJI'qHeM6zp⒑ 3oBo五 (480-520HM)cocTa:Mcl珥 e兹.口 bMepeHHa,I∏ oⅡooa

⒘3Ⅱγ叮eH⋯ BP+ oⅡ cyHoK 2 6) MOxeT 6bIT‘ pa3ⅡoxeHa Ha凰 Be ΓayccoBI,1c

cocTa⒒“mOI1I研e c MaKcΠ 唧 aMII II3DICHH豆  Ha 504 HM (2,46oB) H 534 HM

(2,32aB)oqe:Ⅱ 洱HOe ⅡepcKpbIT'e Mcx耶 且ByMx ΠHKaMⅡ  Ⅱ3ⅡyⅡcHΠ见 yKagI,IBaeT

Ha To,·ITo Koop且 IIHaI1IIoHHOe oKpyxeHze Bi3+Π o·ITⅡ o风zHaKOBo,Ho Bepo攵 THo

MOxeT ΠpoHcxo,IIITb【 I3pa3HBIx JIK,MⅡ HeCⅡeHTHHX口 eHTpoB.
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PΠcyⅡ oK2_(Θ  CⅡeK△pI,I Bo36,卿 cHni(oⅡ  Φ Π o6pa3丛oB BaO,9QssCO2F:0,001Bi艹 ;0,001R+

(R=N矿 ,K+,Rb+)(6)P田 JIOxeHH正磁 Ha ΓayccⅡaHI,lcⅡ CKTp Φ 卫 Ball,q98scO2F:0,001Bi3t0,001K+

ⅡpII298 K. Ha BcTaBKc ⅡoKa3aⅡ a3aBzCIIMOCTI,IIHTCⅡ C⒘BHOCTⅡ  JIIOMzⅡ CC且CHIIΠⅡ oT CoCTaBa

aKTΠ BaTopoB

ycTaH。 :.cHo,qTo BBC江 CHΠe KaTHoHa K+Haz6oⅡ ee θΦΦcKTΠ:HO CKa3BIBaeTc舟

Ha IIHTcHc'BHOCTI,CBCIICHz舟 C MaKcIIM9卩 呸0M Ha506HM,Ⅱ oBIiIIⅡ a炙 ee B1,3pa3a Πo

cpaBHcIIHIO C KaT'oHaMII Na+ Π Rb+. Bo3MOxHo兹  ΠpIIq'Ho兹  ΠoBb1IⅡ CHⅡ炙

nHTeHc幺 BHOCTH0BeIIeH1倪 B ⅡIoMⅡHoφopaX,Ⅱ CΓHpoBaHHoΓ o cOBMCCTHO C K+,

MOD【IIo o6狃cHzTL pa3Ⅱ n·IHI,IM'3HaIIeHΠ ,△ΙⅡ
'oHHBIK pv盱

γ COB Mex刀 ⅡoH孙 ΙⅡ K+

(1,8%)Π B′
+paaHHⅡ

a McHbⅢ e,△eM酊 Ⅲ Na+(13,6%)Ⅱ  Rb+(6,8%).且 o6a:ΠCHΠC

IIoHOB K+B CocTaB ΠcpoBcⅪ 狃△ LIX IIoMIIHoΦopoB:I^I3IiIBacT MeHbⅢ ee HcKa,KcHIIe

KpIIcTaⅡⅡzHccKo兹  pcmeTKΠ  Πo CpaBHcHIIIO C Na+ Ⅱ Rb+, B pc3yⅡ I,TaTe Hero

'HTeHcⅡ
BHOCTL CBeHCHH,】 IIoMⅡHoΦopa c KaTzoHaM'K+Ⅱ MeeT H孔 ⒗ oΠBⅢcc

3HaqcHⅡ e,

以 eHTp JIIoM'HeC日 eH口zⅡ lBio12]o6pa3yeTc舟 3ac刂eTBpt3aMe四 aIoⅢcro B'九

tITo HapyⅢ acT aIeKTpoH葫 TpaIbHOGTb CoC风 ΠHeHz,I tB铲
+—
sc艹 一 Ba9+).

3aMe四 cHIIc  ΠpⅡBo爪IIT  K  o6pa3oBaHΠ ⒑   z36bITo△ HI,X  BaKaHcⅡ 立  o⒉  IlΠ见

o6pa3oBaHIu ΦoToHH脉  Π°ByⅢ eK Π HHΓ
`6Ⅱ
poBaHzKl △IOMΠHeC豇eH玎ΠΠ Bi3+,

o江HaKo ΠpΠ BBe凰 eHⅡ
`皿
e丑0HHI,IX MCTaJIⅡoB R+fTaKΠ x KaK Na+,K+`Ⅱ

'Rb+)
Hcc6a】 aHcⅡpoBaHHaq 3Ⅱ eKTpHqccKat He蜘 a△I^HOCTB (Ba2+ - sc3+ - Bi3+)

ΠpcBpamaeTG炙 B saJ1aHc(R+_sc· -Bi∮ =B`+-sJ+-Baz→
'y风
aJ1qeT BaKaHcHⅡ

o2^,HTo ΠpzBOIlHT K ΠoBBI1ⅡCHkIo ΠHTCHC'BHOCTΠ  CBCHCHⅡ豆 Bi3+.

npHp。 只a 江:yx KpⅡ cTaJIⅡ o「paΦIIHC。KmX Πo3【IⅡ
'立
, Bo3MOXHo, CB买 I,aHa C

JIoKa△bHI,1M HCKaXeHIIcM CTpyKTypH,Bls13BaHHI,IM3aMCHo汤 Bi3+。 ΙI3-3a3aMcIueH朋

zoHa B'+ 6oJIbⅢ eΓo pa洱 呷 ca Ha MeHI,Ⅲ Π兹 Bp+, .IT。  MOXCT ΠpHBecTII K

oKTa9Ilp`△ eCKOMy HaKⅡ oHy B KpIIcTa丑 ΠIIIICCKoⅡ  peⅢ CTKc。  OKTao汛 pzqecKIIΠ

HaKJIoH MOXHo paCcMaTp⒘ BaTb KaK HaKnoH coeIlRHeHHoΓ o yΓJ1aMⅡ lB(X′ ˇ

`]oKTat,Ilpa,  ΚoTopLI兹  珏BⅡ贝eTc珏  Ha`6oJIee pacΠ poGTpaHeHHo立  江cΦopMaⅡ
`e兹

ΠcpoBCKⅡ Ta.CJIc江 oBaTcⅡbHo,Π oTep咀 ΠoKaJIBHo兹 CIIMMeTpΠ Π oT Pm-3n1风 oP21//m

Ⅱp'Bo肥 TK肥 yM KpΠ GTaIⅡorpaΦ四 eCKII He3aB'czMI,IM KaTIIoHaM B《 1)Ⅱ Bi(2)

0ooTBCTCTBCHHo。 TCopeTⅡ qecKmII aHaⅡ Π3Πpo'Gxo丬 qⅡcHⅡ灭且Byx ⅡⅡKoB H3ΠVηCHII见 ,

cBa3aHHLIH G玖 GKaxeHΠ eM ⅡoKaII,Ho立 CTpy唧 ,o6ycⅡ o:·CHHb1H3aMeHo说 B卩
+,

s
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ΠpoBo压ΠⅡc舟  C ΠoMo珥 bIO Mo且 eΠIIpoBaHⅡ见 B pa△ IKaX TeopH' ΦyHK口ⅡoHaJIa

ΠΠoTHOCTΠ (DFT)AHaJ1⒘ 3Ⅱ oKaJ】BHo立 CTpyKTypbI,onTII△ IⅡ3zpoBaHHo立 TeopΠe兹

ΦyIIK⒒ⅡoHa△aⅡ卫oⅢ oCTz BOKpyΓ BK1)Π  Bi(2),Π oKagb1BaeT He6oⅡ bnIzc pa3Ⅱ z·】ΞⅢ ;

BiG)IIMeeT MHoΓ o「paHHBI兹 o65cM64,5062A3 0风 HaKo Bi(2)IIMCCT MCH;Ⅲ Ⅱ兹

ΠoJIHa江pzIIccKΠ兹 o6I,cM60,1494A3,HeM BK1)ToHKΠ x pa3Ⅱ
'△
H立 B reOMeTpⅡ Ⅱ z

洱卫ΠHaX CB舟 3c汤 且Ⅱ舟 Koop且
'HauⅡ
oHHoΓo oKpyxcHII舟  Bi3+ AOcTaToHHo, tITρ 6BI

BI,13BaTB II3MeHeHⅡ 炙 B pac珥 c∏ⅡcHII⒕ KpzcTaⅡ ⅡⅡHecKoΓo ΠoⅡ豆 op6ΠTaΠ c兹 Bi3Pl,

CTOKCoB C风 BⅡΓ Π CIlBⅡΓ 口eHTpoHAa. I)a,KHO npoaHaJIΠ 3ΠpoBaTL aTΠ  aΦΦeKTH,

TaKzM o6pa3oM, ΠΠΚⅡ Ⅱ呷 eH幺丑 o6ycⅡ oBⅡeHBI He6oⅡ B△IIIMΠ  Π3MCHCHH,IMII

pacI」【IcΠⅡCHⅡ丑 KpIICTaⅡⅡHHecKoΓ o ΠoJ1∶,I,KoTopLIc MOxHo paCc· 】
'TaTb C 

ΠoMOuIbIo

ypaBHcH刃 Ι (1)⒓ ⒈

Dq〓
箐

(1)

氵F,D日 ˉ aHep「III pac口 enⅡcH1谫,Z-3ap,IA aHzoHa,召 -3ap灭 风 DⅡeKTpoHa,/-

cpc且Hec3Ha刂 eHIIe pa风Ha刀BHo五 Κoop江ΠHaTLI J-t,ΠeKTpoHa,R一 风JI'Ha CB珏3II.

Co「△acHo ypaBHeHzIo (1),pac口 CⅡⅡCHΠC KpⅡ cTa」IⅡIIHCCKoΓ o ΠoⅡ斑 Dg B

oCHoBHoM3aBHc'T oT且 Ⅱ
'Hs1CB舟

3'R。 Ma】 a,Ix.】 HHa CB斑 3'Ⅱ pΠBo江ΠT K6oⅡ BⅢe、γ
pacIj【IcΠⅡCHzK, Kp】冫ICTaⅡⅡIIqccKoΓ o ΠoJu, HTO cooTBeTCTByeT IlJIHHHOBoⅡ HOBOII

ΠoΠo0e Bo36yx且 eHz勇.Pe3yⅡ BTaTⅢ pacqeToB o泛 ‘Ⅱ玄Ⅱa2)Π oKa3BIBaIoT,△To且ⅡⅡHa

GB珏3'Me9ψ V洱 ByM ΠoΠIIo`VaMH BK1)H Bi(2):θ To兹 cTpyKType pa3JII·IHa。 KpoMe

ToΓo,ΠoJIRa卩pI,1BK1)'Bi(㈥ ⅡMCIoT pa3砷 ⒛ cpc且HIOIO IlIzHy CB珏 3玖 3,0004Λ z

2,9307A cooTBeTcTBeHHo.丑 cHo,qTo Bi(2)zMeeT6oⅡ ec cHⅡBqIo HaΠ p,IXcHHOcT‘

KpIIcTaⅡⅡzqecKoΓ o ΠoⅡJI Π 6oΠLⅢee pac四 eΠⅡeHΠe KpΠcTaⅡⅡΠHecKOro ΠoⅡ炙 Πo

cpaBHeHzIO c MHoΓ o「paHHⅡKOM BK1). TaKHM o6pa3oM, Bi(2) ⅡMCeT 6oⅡ ce

IIHTeHcHBHL1兹 ⅡHK Π引,叮 CHI犭JΙ,IICM Bi(1),HTo爪 0Ka3ⅢBaeT,HTo ΠⅡKz IIs。MeHΞ 犭j1

ΠpΠ 504Ⅱ 534HM ⅡpnHan且 CXaT BK1)⒒ Bi(2)cooT:CTCTBCHHo。

T 2 CB,I3CII IIJI珏 aTOMOB BiB cvⅡ c 4× 4×4
Bi(1) Bi(2)

AjIⅡHa cB刃 3Π 胁 IIHa。BI3Ⅱ

1 d(BⅡ -F1)=3,24277(0)A l d(Bi2— o9)=3,04816(0)A
0
乙 d(Bi1-F2)=3.24277(0)A 2 d fBi2-o10)=3,04816(0)A
3 d(Bi1-o1)=2,87915(0)A 3 d(Bi2-o12)=3,0481αΦA
4 d(Bi1-o2、 =⒉87915亻 0)A 4 d(Bi2— o13)=3,04816(0)A
一5 d(Bi1-o4)=2,87915(0)A 5 d(Bi2-F5)=2,69594(0)A
6 d(Bi1-o5)=⒉ 87915(0)A 6 d亻Bi2-F6)=2,69594(0)A
7 d(Bi1-F3)=3,24277(0)A 7 d(Bi2-F7、 =2、69594(0、 A
8 d fBi1-F4)=3,24277(0)A 8 d(Bi2-F8)=2,69594(0)A
9 d(Bi1-o9)=2,87915(0)A 9 d(Bi2-on=3,o4816(ω A
10 d(Bi1-o10)=⒉ 87915(0)A 10 d(Bi2-o2)=⒊ 04816(0)A
11 d(Bil-O12)=⒉ 87915(0)A 11 d(Bi2-o4)=3,04816(0)A
12 d(Bi1-o13)=2,8791bˉ ro)A 12 d(Bi2亠 o5)=3,04816(0)A

C,c凰 HII兹 d 3,0θ04A Cpe压ⅡII盂 d 2,9307A
o6△eM(A3) 64,5062A3 o6△eM(A→ 60,1494A3

CxeMaTHqecKa珏 洱ⅡarpaMMa ypoBHe觉 3HepΓⅡH洱 ΠⅡ IIoHoB Bi3+B MaTpH刂 拟

BascO2F Πpe风cTaBⅡ eHa Ha pⅡ cyHKe3a。 ,IBa aHepΓ eTII·IecKΠx ypoBH豆
3P1II1P1

CMe田 Ⅱ田 ⒃ TCI 3a CqeT cⅡ ⅡH-op6zTa丑 bHoⅡ  CBX3Ⅱ 。 CⅡ e且0BaTeⅡ;Ho, To工 bK0

Πepex颐 I-11sO-3Pl(360Ⅱ 415HM)II lso-lPl@71Ⅱ 294HM)IIMeIoT ⅡpⅡeMⅡoMyIo

czⅡy ΠoΓⅡo珥CHIIq. JLoMⅡ Hec以eH豇 IΙq Bp+ : MaTpII¤ e BascO2F cocToⅡ T n3



12

3aⅡpe珥 eHHI,IX3P。ˉ >IsO lI pa3peⅢ eHHbIx3P1ˉ )lsO(506HM)o∏ TmcCKzX ΠepeXOIloB.
qT。 e凹e6oⅡ cc BaxHo,BⅡ Ⅱ豆HHe pac四 cΠΠeH幺丑 KpzcTaⅡ ⅡⅡ·IccKoΓo nom o6H· IHo

γ叮zTBIBacTα珏且Π勇 IK’MⅡHeCⅡeHⅡH【IBP+· TaKzM o6pa3oM,只 Ba mⅠ Ka II3乃叮eHⅡ珏 0T

Bi (1) lI Bi (2) ΦρpMⅡpyIoTc攵 H3-aa ToΓ o,·ITo3aMcHa MeHBⅢ eΓo ΠoHa Bi⒒

BbI3bIBaCT ΠoKaⅡBHOc zCKaXeHIIc cTpyKTypb1, BbI3BaHHOC oKT⒛ 风pΠHCCKzM

Ha【c,IoHoM「paH`口Ⅲ 3oHbI·
(6)

Ilt)ˉ

^】

￠~′Ⅱ
^:d·

i’

t●<A``+A,tfylA阝 I+

λ。Ⅱ
ˉs的
"il t●
ˉ

o     铷      tO|l
Bpe△l】I(△ I,。ε9

●

⒈r罗1Ⅰ眶各
= 0 0°

%口13,
‘  0‘  0·
∵:

〓

⒍

⒍

⒍

⒋

⒍

一
签

●
唇

吕

d
‘

笤

B
寻

B
一

唇

日

:
一

〓筲

Ξ

〓

:

B

⌒
冒

〓
s
ˇ

∞
冖

PIIcyHoK3-(a)IlzarpaItIMa aHeprcmI可 ccKRX ypoBHc兹 IIoHOB Bls+(6)KIIHeⅡ ⅠKa3a9Ⅸ aHM

正k沁汀⒕HCC且 CⅡIWII BaO,9Q8scO2F∶  0,001Bi艹 ; 0,001K+ (B) TCMⅡ CpaT~vpⅡ a,I 3aBⅡ cⅡMOcTI,

ΠHTC「 pa」bno兹 IIHTeHcIIBHOcTⅡ 砑3胛△CHⅡ勇 J【K,MIIHoΦ opo:BaO.QQ8sc02F∶ 0,001Bi3+;0,001R+(R+

=N矿 ,K`Rbo B幺 HTCpBaJIc TeMⅡ cpaγ p298-523K

B Πo江TBcpxAeH`e c,η ecTBoBaHⅡ △ 江Byx 日cHTpoB CBcqcH'双  IIoHOB Bi3+

见BⅡ舟CTC见 HaΠⅡHΠc刀 B,叹 aKcΠ oHeH¤ ΠaⅡI,HI,rX KoMΠoHcHT B K'HCTHKe3at,勹 κaHⅡ男

JIDMIIHCCIICHnIIⅢ ,·】TO XapaKTepHo江 Ⅱ珏 CBCⅡCHz9IIoHOB Bi3+,Π poΠcxo肥 」口e五
'3

Kp`cTaJIΠorpaΦHHCcK'HC3aBHczMLrX Πo3H¤z兹 3孤 龟V日eH胚贝

KHHeTΠ Ka  3a△V讠κaH'奥   ⅡIOMIIHeC日 eH日IIH  oΠ【ICL1BaCTc丑   cγ、ΙMo'  IlBγ 叹

aKcⅡoHcHⅡ Ha△BHLrx Φ,勹EK日Π说:[3]

f(t) = ⒕1εxpC芽)+月 2eaF,C芒) (2)

Γ且c, 莎 一 BpcM炙 , rrr, -ⅡHTeHcⅡ :HOGTI,mMHHcc豇 cHⅡΠII, A` HA2ˉ BeΠⅡHIIHI,I

aMⅡⅡΠTyAH cBcxIeHIn, t`  z 勿  一  BpCMeHa 3aT,叹 aHΠ丑  cooTBCTCTByIoⅡ ΠX

θKCΠoHeH口 ΠaⅡbHBIX cocTaBI9IoⅡ 羔犭X. 3HaHeH'e cpe且 HeΓo BpeMeH' XΠ 3HII 饣
艹

MOXCT6bITb BI,Ipa,IceHo KaK∶

t艹 〓  
⒕·t·
2+⒕
2t22

^.t.+⒕
2t2

jOl  i50  400  4s0  soO  sso
Tr“ ntρn1γp岔〈κ)

(3)

压 咀 noⅡocH Ⅱ3乃△ eHⅢ  Ha506HM Bp铋 湖 xⅡ3HII o日 eHHBaeTc丑 KaK13,8Mm

HopMHpoBaIIH狙 HIrrCrpaIBHa,I zHTeHCⅡ BHOcTI,Ⅱ 3Jq尸qcHΠ珏 ⅡIoM`HoΦ opo:

BaO,9兜 scO2F∶ 0,001Bi3+;0,001R+(R=Na,K,Rb)Ⅱ pΠ pa3Ⅱ zqHB1X TCMΠ epaTypax

Πpe,IcTaBⅡeHa  Ha  pIIcyHKe  3  B.  ycTaH。 :ⅡeHo,  ·ITO  IIHTeHCzBHOcTB

⒛ MⅡHC0Ⅱ CHⅡⅡⅡ 只Ⅱ勇 BCCX o6pa3Ⅱ oB ⅡMcCr T0H讯 eH⒒HIO K GHΠ XCHIIIo,yBcⅡ zqCHRIo

Π 3aTcM K yMeIxLⅢ eHm ΠpII ⅡoBB1IⅡeHHΠ TeMⅡ epaTypH。 B o6【 1IeM, Πo豆BⅡeHⅡe

TepMIIqccKOro 9VeHm B ooHOBHOM C瑚 3aHO C ΠoBBⅡⅡCH`eM Bepo珏 THOcTΠ

6e3L13刀γ△ aTeⅡBHoΓo ΠepeXo洱 a.

npΠ  Κ。MΠeHcauzΠ 3ap￡且a BBe只 eHme ⅡoHoB IηeJIOIIHL1K MeTaⅡⅡoB c6Π z3KⅡM

IIoHHL1M paⅡ ⅡycOM BH3HBaeT He6oⅡ LⅢoc ⅡcKa,KeHΠ e peⅢ eTKII, o6eoⅡeHzB朗

cTa6ⅡⅡBHOcTB  KpΠ cTa】ⅡII·IecKo兹  pcⅢ cTKΠ 。 npⅡ  423Κ  ⅡHTerpaILHaJI

HHTeHcHBHOCTI,II3JD尸 吁CHII,I3aMeV日 cHHB△X ⅡoHOB口 日eⅡ oⅡHI,lX Me⒎uⅡoB(Nat Kt

Rb→ GHDKaeTα 江o73%,87%∏ 84%oT TaKOBo立 npⅡ 298K cooTBeTCTBeHHo.

la)cu。钿)1mⅡ
",o"时
  um
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Π 唧 叮 cHHHe pe3yⅡ bTaTI,IcBH江 cTCⅡ bCTBV∞ T oTOM,HTO JIDMIIHoΦ opI,I BaO,99:scO2F∶

o,001Bi3+; 0,001R+ (R = Na, K, Rb) o6IaAaIoT BLICoKzMΠ  3HaIeHⅡ 男MII

TcpM【I·IecKo兹 cTa6HⅡBHOcTm JnoMHHecⅡ cHⅡⅡⅡ ,

7IⅡ,I   II3γ叮eHIIn   ΠoTeHII【 IaⅡBHOro   Πp【IMcHcHⅡ 舟   C【IHTe3IIpoBaHHBIx

JImMⅡHoΦopo:6:IJIH Π3roTOBJrcHb1/lBa paaIIbrx 6cⅡ I,IK GBeTo且Πo风a(wˉ LED),

CoCTo斑 nIke Π3Κ oM6zHaIaΠ II yo qΠ ΠoB(`咂 ax=360HM)c HaHeceHHI-IMΠ  Ha

ΠoBepxHOcTb △
'Π
a KOMΠ o3z刂Ⅱ豆MZ pa3Ⅱ

'·

IHI,IMH KoMMCptIeCK` IloCγ ΠHI,IM【 I

ⅡIOMzHoΦ opaM'(BAM∶ Eu2+,YAG∶ Ces+'C⒊ 处 siN3∶ Eu2+)Ⅱ  c ⅡCpoBcKHTHbIM

η
△0
0
一

一田
日
纟
δ
△
〓一‘

,rB-+
¤∽灬mJ:m·± F:Bi]·∶x·■●

刀 0MΠ HoΦ opoM,paspa6oTaHHI,wB洱 aHHo兹 pa6oTe Φ ⅡcyHoK4a-6)。

K。

--·
·q】。n-oop

BAif:εu1·
+
Y^C;CcIˉ
+

睁Ⅲ△Iep·Iec“茵aIf|m田Ho00p w-I'EDI

+

ˉ

450  sOo
刀ⅡⅡ
"a BOJⅡ

bI("Ⅱ )w-LED2

CBet【ll"α l

C"""Ⅱ  il""+、 ’

C"Ⅱ
"Ⅱ """+△

ulΛ I!书 sI￠ :0】 ,:Cel、 Mn=.

BAM:Eu⒈ +V^C:Cel +CaΛ lsiNl:Eu:.
CCⅡ A:Ce△ .+BAM:E":+Bss:Eu⒈ +CaΛIsiNrEu⒉
BnstO=F;BP、 κ‘+B^M:Eu⒈ +、;`C:Ce;+CaAlsiN〗∶Eu=

咖岬几Bο
叨”%
~

J"Teρa丁Vρa

J 1umin 2019,207,98-104~
J~Matei Chem.C2020,鼠 14sO7
ImorR Chcm 2021`60,1s519 I55,B
△IatO“ TOday EⅡ ergⅡ 2020,1,,10① 447

~        冫丁a9asoFa

P犭cyHOK 4 _ CΠ c图叩I,I a卫 CKTpc,JI⒑ MⅡHeC¤ eHⅡzII w-LED 1 (Ⅱ HΠ 360 HM + B卢ω硕:
Eu2++YAG:Ce3++CaA1siN3∶ Eu^)Ⅱ (6)w-LED2(qIIΠ 360HM+Bao,908sCO2F:0,001Bi3+;
0,001K+ + BAM: Eu2++YAG∶  CeR++ CaAlsiN3∶  Eu2+); (:) 3Ha·lcH砌  IIH且CKCa
ⅡBCTOncpeI【atIⅡ R△ pa3ⅡH·IHI,IX CoCTaBOB Π⒑MHHoΦ0po:,ony6Jl⒓ KOBaHH‘Ⅸ B ΠΠTCpaγpc

Κ oHcTpyKⅡ Π△ w-LED c· IΠΠoM B cotIeTaHΠ z co cMccBK,pa3pa6oTaHHoΓ o B

HacTo见珥 c硗  pa6oTc ΠepoBcKHTHbIX IK,MHHoΦ opoB BaO,90:scO2F∶  0,001BPt

o,001K+B coqeTaHIIⅡ  c KoMMepHccK羽 mΙ

'o6pai,口
aMz BAM∶ Eu2+,YAG∶ Cd+H

CaAlsiN3∶ Eu2+且 eMoHcTpzpyeT BbIcOBJΙ e cBeToTexHIIqccKzC XapaKTepIIcTΠ KII,B

ToM HlICⅡ e BbIcOKIIe ⅡWleKc ⒒BcToΠCpeJlaHII Ra = 96,4 ΠpΠ  cBcTooTJlaqc

41,2JIM Bf1, Κoop/l'HaTI,I CIE (0,36; 0,37)Ⅱ  cooT:CTCTBy【 o四ⅡM3HaIIcH'eM

¤BCToBo沩 TCMΠepaγ pbI CCT=4434K ΠpΠ Ⅱp旺MoM ToKe CMe四 eHz￡ 350MA.

Π oⅡ,ηeHHI,I五  pc3yⅡLTaT ΠpcBOcxo江 HT ΠoKa3aTCJIB wˉ LED 1 6c3 江o6aBJIcHz,I

ⅡcpoBcKHⅢ oro ⅡIOM'HoΦ opa Ba。 ,”:scO2F∶ 0,001Bi⒒ ;0,001K+

B 饣纟扭 召C卩″ 口切 刁7四召召 ΠpHBeIleHI,I pe3yⅡ I,TaTI,I【ICCⅡ e且0BaHm ΠocB见四 eHHI,Ie

pcaJIz3a1I`Ⅱ  Mo江
'Φ'Ka日

zz MⅡKpoo玎 ”叹 cHⅡ灭Πo帅呵 CHHI^rX Ha ΠpeABI耵 砜 eM aTaΠ e

IKlMzHoΦ opo: η ″ eM KaTIIoHHoΓ o 3aMcIIIcHIIq 'oHaMH Ca⒉  BΠ ⒑ MⅡHoΦ opaX

cocTaBa Ba⒈ xCaxscO2F∶  BF+; K+ z 0豇 cHKC 3aMe砜 eHΠ豆 Ha oBcToTCXHHIICCKΠ e

xapaKTep⒘ cT'Kz.

0



14

AⅡΦpaKⅡHoHHHC ΠzKⅡ Xopomo∞ Ⅲ aq⒛ Tσ c BascO2F lcTaH风 apⅢ 溯 KapTa

ICsD#150171),· ITO c:`且 CTCⅡ BCTByeT o6o6pasoBaHzH· IHcTo立 Φa3:I(pIIcyHoK5

a).CⅡ e江0:aTeⅡBHo,c珥 ”叹Typa ocHoBHo五 Φa3LI He H3MeⅢ eTc见 ΠpⅡ coBMecTHOM

ⅡerIIpoBaHHⅡ  I9i3+,K+II Ca2+,B pe3yⅡ ‘TaTe·】eΓo yc∏ cⅢHo Π0刀¤尸吁aI【lTc,Io刀《H/lacMI,Ie

Ⅱ⒑ MⅡHoΦ opH.Cy:CⅡ n·IcHIIcM KoHⅡ CHTpaIIΠ II ⅡoHOB Ca2+BGc/l'Φ paⅫ弘 0HHI-Ic

ΠIIKII CMCⅡ玉aIoTc斑 B cTopoHy6oⅡ LⅢΠx yΓⅡoB⒘ 3-3a MeHbⅢ ero HoHHoΓ o paA'yca

C驴
+(1,34A),3aMc△

IaIO△leΓo B驴
+(1,61A)Ⅱ

oHH Baz+3aMe珥 幽 Ⅱ cⅡ ΠoHaMⅡ  C矿
+

MeHLⅢ eΓo pa/lIγ ca,  ⅡTo  ⅡpzBo丿 [【zT K CXaTIIn aΠ eMeHTapHoⅡ  1￡[HezKΠ  lI

yMcHbⅢ cHIIIo paCcTo灭HΠ又 MCX邳 ΠoHaMⅡ ·Pacc玎zTaHHBIc KpⅡ cTaJ1ⅡorpaΦ zqccKzC

ΠapaMcTpBI MeTo,IoM P`tBc△‘且a风m JIoMIIHoΦ opo:Bal~xCaxscO2F∶ Bi3+;K+(x=
0;0,03;0,06;0,09;0,12MoⅡ bo/0)∏ pC江cTaB卫 CHBI B Ta6丑 z日C3。

Ta6JIlI⒒ a3-CTp夕 叹γ pⅡI,IC napaMcTpLI Ba1忄CaxscO2F∶ BIs`K+(x=0;0,03;0,06;0,09;0,12

%)
yT。 qⅡcHHa,f φopMyJ1a X=0 x=003 x=0,06 x=0,09 x=0,12

ΠapalvicV,Iq漱″a=b=CrA) 4,1678(8) 4,1675(4) 4,1671(6) 4,160⒋ (l) 4,1655(7)

o6I-eM(A3) 72,441(6) 72,421(4) 72,401(3) 72,386(5) 72,364(7)

,RJIInⅠ a cB,I3Ⅱ (Ba/Ca/Bl【 o/Fl 2,9490(4) 2,9481(3) 2,9469(3) 2,9457(2) 2,9440(5)

U蚰 (Bω (Ah 0,0130(7) 0,0104(2)

Rp 63700 6,48% 6,54% 6,62% 6,73o/o

Rup 9,229吃 9,31% 9,47% 9,52o/。 9,61%

Π apaMeTpI,1,I·IC兹 Kl冫IHo6I,eM炙 qei冫t娅 Ⅱl`【Hel`1Ho,咂eH;Ⅲ aeTc见 c yBcⅡ HⅡcHnCM

ΚoH口eHTpauz'Ⅱ eΓHpoBaHⅡ 见 Ca艹 .BoΠce ToΓo,洱ⅡⅡHbI CBI3e兹 d(B〃 Ca/Bi/K-o″ )

9咂eHbⅢ aIoTc斑 c2,949∝ ⑶ A且 o2,944o(5)Acy:CⅡ zqeHHeM刃 ,KaK ΠoKa3aHO B

Ta6ⅡzⅡc  3.  Π oKa3aHo,  qTo  卫e「zpoBaH`e  ⅡoHaMⅡ   Ca2+  ΠcpoBcKHTHLIX

JIoMIIHoΦ opo:OKa3I,IBacT OqeBz江 HOe BⅡ Π豆HIIe Ha∏ o丑z3风p (Ba/Ca/BVη o12,

KoTopbIⅡ  日eMoHcTp`pyeT  cxaTnc aΠ cMcHTapHo诙  羽 cⅡKⅡ  c yBCⅡ ⒘ⅡcHⅡcM

ΚoH¤CHTpa¤IIII Ca2+, ·】To ΠpⅡBo厶HT K 6oⅡ ee KopoTKHM A△ ⅡHaM c溯 3e兹

d(Ba/CⅣ ⅠⅡ/〕K-o)CΠ e且0BaTeⅡ bHo,`3MCHeH'e,IⅡ
'HbI CB炙

3II(Bi— o):H3LI:acT

zcKa,KcHΠ c ⅡoⅡ幺a讧pa [Bio12] Ⅱ  '3MeⅢ eT ΠoKaJIB砷峋  Hanp斑 xcHHOcTB

KpIIcTa】Ⅱn·IecKoΓo ΠoⅡ丑 Bi3+.Hc6oΠ I-ⅢoC CMC四 CHHC ΠoΠII0ApoB MOxeT6I,ITB B

ΦopMe acⅡ MMeTpz· IHoΓo CXaT姗 ,cKp卩 zBaHⅡ勇 zH3「 II6a,HTo Ⅱp」TBo江
'TKp留

Ho立

cTeΠeHII 'cKa,KCHⅡ 炙  ⅡoⅡΠ0风poB. ΙIcKaxcHΠ c ΠoⅡΠa风pa Bio12 cB炙 3aHO C

aczMMcTpII·IHBIM CXaTHeM c刖 Be立  (Bi - o) CⅡ eJlO:aTeJIBHo, IIH江 eKC

ΠoΠ么0ApmqecKoΓ o ⒕CKa,KcmⅠ 努 (D) MOxHo pacc叼 Ta% Πo cΠ e刀⒛ 四 eMy

ypaBHcHzIo∶

D=石∑廴. d色
v

(4)

「IIe, 刁: Πpe且cTaBⅡ况cT co6o兹  paccTo珏 Hze oT IIeHTpaⅡ IlHoΓo aTOMa Jlo j-Γ o

Koop且ⅡH缸胚 oHHoΓo aToMa, a 洗 v Πpe江cTaH甥 eT co6o兹  cp印 臼 ⒛ ⒑  AⅡIIHy BceX

CB珏3e兹.Pe3yJIBTaTbI ΠoKa3BIB⒛ T,qTo ⅡwIeKo ⅡoⅡHaApRqccKOrO IIcKaXeHΠ 丑 u9)
ⅡΠHc兹Ho yBeⅡIIqⅡBaeTC,Io0,0009且 o0,0049c yBeJIz· IeHⅡeM KoH口 eHTpa刂 zz Ca2+。

VBeⅡ z·IeH【Ie ⅡoⅡ勿o风pmqecKOro HcKaxeHⅡ 豆 BiC)12MOxeT yBeⅡ ⅡHzTL paCIIeⅡ ⅡeHIIe

KpⅡcTaⅡ丑zIeCKO「 o  Π【,」1q  Bi3+,  △TO  npzBo江 ⅡT  K  MeHBⅢ eMy  cMe照 eHzK,

aHepreTn·IecKOro ypoBm1s。 ˉ◇3P1.
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Ha p'cyHKe5a∏ pc^CTaBJIeHa Kp'CTaJ△ ⅡHecK拟 cη”η pa(Ba,cΘ scO2F∶

o,001Bi3+; 0,001K+, Π3 KoTopo立  BΠ洱Ho, △To θⅡeMeHTapHa勇  攵HeHKa cocToⅡ T II3

yrj1oBⅡx coeIlIIHcHz兹  [s《 o/F)6] c KaTzoHOM Ba/Ca/BL'B1 Haxo刀 1旺△IIICC’ B

∏oⅡoCTH    C    Ky6ooKT∞ 江pⅡHecKoH    Koop洱 ⅡHa1IⅡ eIIoKTaaApΠ·IccKo幺

[Ba/Ca/BVt《 (o/F)1丬 .AHⅡ oHHaJI ⅡoAl,cⅢCTKa CocToⅡ T Ⅱ3 Heynq″ 砜 o·】eHHLIX

aToMoB K'cIopo江 a Ⅱ ΦTopa:cooⅢ oⅢcHIm npzMepHo67%∶ 33%。

(a|

● h″ m/k

● Ⅲ

● ⒌

● o
0  F

·J
PΠc,IIOK5_ra)KpⅡ oTa.J△z△ecK狙 cTpyKTypaIioMⅡ ⅡoΦopo:BalⅨ CaxscO2F∶ 0,001BI3t0,001K+

kx=0-0,I2MoⅡ L%);(6)BJIIIIHⅡ C丑eⅢpoBaHIn IIoⅡ aMIl Ca2+Ha丑 oKaJBⅡ oc Koop肝 IH狈ⅡoHHOC

oKpy× eH⒘c BOKpyT(B〃 CalO12:BaO,“ Cao,ObscO2F:0,001Bla`0,001K+

且泗旺 且oKa3aTeⅡ ‘cTBa B⒊ 旺 MOcB又 3⒘ 3aMe彐日eHⅡ反 C'+B MaTpⅡ 口e,且 owcTⅡ Ma舟

∏po⒒eHTHa,1pa3HIIⅡ a B HoHHOM pa凰 Ⅱyce Mex洱 y Ⅱc「IIpoBaHHLIMII II3aMC珥 cHHI,IMII

HoHaMH He洱 oⅡXHa ΠpeBLIⅢ aTB25叨 ⒍ Ha ocHoBC X⒕ MkIIeCKoΓ o coCTaBa且 cΦcKTo:.

CooTHoⅢ eHⅡe3aMcⅡ qcH殂努 MOxHo paCCHΠ TaTB Πo cⅡ C驷 刃区CMy ypaBHcHHK冫 :

Dr=100· 竺鱼
睾寄⒊苜嵩竿

尘王 (5)

Γ凰e, Dr Πpc且cTaBΠ玎cT co6o兹  pa3HOcTB pa江 呷 cOB B npoIIeHTax, RJ,I H Rd

ΠpcJlcTaBⅡ胴 T co6o兹  pa且 ⅡycI,I KaTzoHa-Xo3灭 ⅡHa II ⅡerIIpoBaHHoΓ o  zoHa

CooTBeTCTBcHHo,a CⅣ  Πpe且cTaBJ1qeT co6o兹 Koop,IⅡHa玎ΠoHHOe qⅡ cⅡo.VI3BccTHo,

ⅡTo 'oHHLI立  pa乃 Vc ⅡerzpyIo四 c兹  ΠpⅡMeCH C铲
+ (rca2+ = 1,34 A,

Κoop且 IIHaⅡΠoHHOC HIIC丑 o(K·I)=12)6Ⅱ Ⅱ30Κ Πo BeⅡΠH【IHC K Ba2+(rBa2+=1,61A,

Kq=12),a3HaqeHⅢ  Πpo日eHTHoΓo HeCooTBcTCTBm p颁 Ⅱyca Mex刀 yB`+z Ca2+

cocTaBΠ勇eT 16,6%, qTo McHI,Ⅲ C Πpc且eⅡbHoΓo3Ha·】eHΠ贝. CⅡ c且oBaTeⅡ I,Ho, ⅡoHⅢ

Ca2+MOryT6:ITb:Be只 eHI,I B MaTpⅡ IW BasCO2F洱 Ⅱ勇 3aMcHBI Ⅱo3Ⅱ聊 B沪
+,KaK

ⅡoKaaaHo Ha pHcyHKe56,

胁 又 ΠccΠ e沮o:aH⒒ ￡ BⅡ昭 H朋 C'+,3aMc四 aIoⅦeΓo Ba2+,Ha Ⅱ⒑ MΠHccⅡCHTHHC

cBo兹CTBa B MaTpzHe,6HⅡ H Ⅱ3McpCHBI C∏eKTpbI Bo36yx压 eHH丑 HΦ 卫 IIoMⅡHoΦopo:

Ba1xCaxscO2F∶ Bi△,K+lx=0;0,03;0,06;0,09;0,12MoⅡ B%),KaK ΠoKa3aHo Ha

pIIGyHKe6a-6.CⅡ cKTpI,I Bo36yx且eH昭 Φ Π  yK狙HB剐⑩T Ha H钔哆IH幺e/RByx见 BHLIX

Π0ⅡoC ΠorⅡo四cHn9 c MaKcⅡ 凹 pl狐 皿  Πp⒘ 360 ` 415 HM, Ha6Ⅱ ⒑ 风aeMbrX ΠpH

cKaHnpoBaH'II Ha510HM Π oⅡocI,I c MaKCⅡ M,waMH np胚 360H415HM cB珏 3aHBI C

Πcpcxo凡 aM` Biα 沪
+Π
 B《 2'+II3 oCHOBHoΓ o CoCTo炙 H'炙 lsO B Bo36yx且 eHHHc

CoCTo珏 HⅡ舟 3P1 CooTBcTcTBCHHo。  B CneKTpax Ⅱ3玎冫叮 eHΠ男 Ha6JI【o/IacTc珏  ,IpKOc

ΓoⅡy6oe cBeqeHIIe oT430凰 o750HM,Tax KaK o6pa3cⅡ  Bo36yⅫ aeTσ  ⅡpⅡ 415HM,

(BⅡ .(")′ cO· r:l;i⒊ ,K

C不 a△
"O

且cφ op"aIlⅡ臼

(,tˉ Il1"O pe0pa o0ρ a⒑ Ba1】 I】 1,le

BOCC"blt,oKra yIρ a、】
"sc()6

C臼Ol,

HTO CB珏3HB⒛ T C Ⅱepexo,IOM Bi3+oT3Pl K1sO.
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3sO  a7s  日00  425  “50  ",s
且:i"∶a卩 o∶I"b]("△】)

450   500

ΠoHa△I⒘ CaP+
oT504且o510

490    500    s10    s20    530
且:l"lIa Bm"uⅡ ∶Ⅱ)

ⅡoⅡoCbI Π3Πy△eH忉五

HM,KaK ⅡoKa3aHo Ha

o6△cMa见He汤Kz(ⅡΠII

PzcyHoK6_(a)CⅡ CKTpbI Bo36yヵ飒cⅡIIX o6pa3ⅡoB Ba⒈ xCaxscO2F∶ 0,001Bi3+;0,001K+(x=0_

0,12Mc,】 I,%)∶ (6— :)CⅡ eKTpI,I ΦΠ BaIⅨCaxso02F∶ 0,001Bi3+:0,001K+(x=0-0,12Moπ ‘%)

ⅡpII Bo36yPKAcH娅 415HM

C yBeⅡΠHcHIICM C0且CpxaHH△ HoHoB Ca2÷
'HTeHCIIBHOcTI,Π

oΠoCI,IoΠ  Πp`510

HM cHaqaⅡ a pacTcT,a3aTeM Ha6JID且 acTc,I CΠ a江·Ⅸ犭aKcΠMa】 I,Ha炙 ⅡHTcHcIIBHOCTb

Ⅱ3Ⅱ冫叮 CHΠ舟 yBcⅡ
'q'BaeTc见

 B 2,5 pa3a npⅡ 艿 = 0,06 MoⅡ B⒐。 Πo cpaBHeHⅡ ⒑  o

cocTaBOM ⅡIOMHHoΦ opa ΠpΠ 艿 =0Mo勇 B%.Bo3MOxHo,aTo o6ycΠ oB~】eHo3a cHeT

MaJIoΓ o pa3McpaIIoHoB C′
+,KoTopI,Ie3aMc四

a⒛T'oHI,IB矿
+c6oⅡ
LⅢ
'M pa且

ΠycoM.

0ΦΦCKT`:Ho0TB JIK,MⅡ HCCⅡCHⅡH′  刀⒑MⅡHoΦopo: Ba⒈ xCaxscO2F∶  Bf+; K+

ΠoBbIⅢaeTC见 3a cqcT 3Φ ΦCKTa yc即 阝
' pcⅢ
c巛 Π, ,q沂 cHbⅢ aIO1IIero Πpo¤ecc

6e3bI3刀γHaTC∏bHo讶 peⅡaKca刂z', Π ΠoBI,IIⅡaCTC炙 XeoTKOcTb KapKaCoB CTpyKTyp

BascO2F.0且 HaKo ΠpII3a sIcHe6oⅡ BⅢoΓo KoⅡΠIICCTBa Ba2+Ha Ca2+Ⅱ HTcHcIIBHOCTb

ΦoTOJIIclMIIHeC刂eH以II⒕ cHIIXaeTc珏 Π3-3ao6p臼 oBaHz珏 且cΦCKTHHX aHCpreT`△ ecKmX

ypoBHe立 .⒕ MepcHH狙 BI1|厂TpcH瑚 舟 KBaHToB狙 aΦΦCKTz:HOCTB Ba1~xCax⒏ o2F∶

Bi3tK+fx=0;0,06MoⅡ b%)cocTa:JⅢ eT54,3%fx=0MoΠ L%)z77,4%← =0,06

MoⅡB%)cooT:eTcTBeHHo Πpz Bo36y【 且cHIIII洱ⅡIIHo五 BoⅡHbI415HM Ⅱp'Κ oMHaTHo立

TcMΠepaType.

C yBeⅡ ΠHeHIIcM 3aMc四 cH口L陲  Ba9+

且eMoHcTpzpyIoT又 BHOc KpaCHOe cMe四 eHHe

pΠcyHKc6B. KpaGHOe oMe四 eHHe cB舟3aHO C yMeHBⅢ eHHeM

ΠapaMeTpoB peⅢ cTKH)Π  yct】讠[IKo立 KpIIcTaJIⅡΠHccKo立 peⅢ eTKk,Ⅱ To o⒍ 皿 Ho

BH3I^1BaCT c【IⅡbHOe pacIIIeⅡ ⅡeHⅡe KpⅡ cTaⅡⅡvp叮ccKOro ΠoI,】 . KaK II3BecTHo,

He3Ha· IIITCⅡbHOe IIgMeHeHΠ e且JIzHH cB炙3Ⅱ ⅡⅡ炙 Koop,IⅡHaIIHoHHOro oKpyxcHIIq Bi3+

c yBeⅡ I「叮cHIIeM Co只 ep丬κaHⅢ  Ca?+MOxeT npΠ BecTⅡ K ⅡsMeHeHzK,pac11IeImcHI狻

op6ⅡTaⅡe立 Bi 3Pb cToKcoBy c江 Bzry H c江 BⅡΓy 日eHTpo哑λa. △ ooTOMy Ba,KHo

o6cy且吣 Π3MeHeHHe KpΠ cTaI-ecKoΓ o Π洲 ,KoTopoe MOxHo ⅡpoaHaⅡ Ⅱ3zpoBaTB

C ΠoMoⅡ羔bIo ypaBHeHΠ△3
ypa:HeHⅡ c3Ⅱ oKa3BIBacT,HTo paCV口 eΠJIeH【Ic Kp【ICTaJIⅡ zIcGKoΓ o ⅡoⅡ丑 D日 B

oCHoBHoM3aB【 ICIIT oT IlⅡⅡHⅢ C¤Ι3Ⅱ R KorIla ΠoHI,IBa9+3aMemIoTc见 ⅡoHaMⅡ  Ca?+,

cpc江m,】 AJ】zHa CB珏3z R yMeHBⅡ aeTσ ,·ITo ⅡpΠBo江ⅡT K6oⅡ BⅢeMy pac凹 eⅡ丑eHzK,

KpⅡcTaⅡⅡⅡqecKoΓo∏ c,J1a.CⅡ e江oBaTeⅡbHo,KpacHOe cMe珥 eHⅡ e ΠoⅡocH Ⅱη 叮 eH幺炙

cB珏3aHO c ycΠ J1eIIucM KpΠ cTaJIImqccKOro paCuIeΠ ⅡeH幺互 P-op6zTaJIe五 ⅡoHoB Bi3+,

KpoMe TOro, c咖 eTpΠ丑 cH眯 aeT0珏 ⅡpⅡ BBcAcHⅡ Π ⅡCmpyIOIIwx ⅡoHOB, ⅡTo

BⅡⅡ豆eT Ha ΠpeH~ecTBeH驷  opzcHTaEIIIo Bi3+ P op6Ⅱ TaⅡ e立, 3a cqeT ·IeΓo

Ha6Ⅱ Io江acTo9 CMe四 eHⅡc ⅡoⅡocbI '⒊丌yHeHⅡ豆 Bi3+ B 6oⅡ ee 江ⅡHHHoBoⅡ HOByIo

o6ⅡacTI,cⅡ eKTpa。

s∝ ll△,→⒌0Ⅱ"=:二揣

550   600
讧J"“ an⒋

"l ht〈 "")

一
一
一
一
一
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BpeMt 3aTyxaHH炙 IK,M`HeCⅡ eHⅡzk J1mM′ HoΦopa3a:'c'T oT Ⅱ3JVICHΠ 珏

aKTIIBaTopa ' 6e3I,I3Ⅱ yⅡaTCⅡ LHbIX ΠepexOAOB·  I△a pⅡ cγπ KC 7 a ΠpeIlcTaBΠ cHI,I

KpHBBIc3aTyxaHⅢ  cBc·ICH【狃 o6pas⒒ oB Bal呕 C‰ sCO2F∶ Bis+;K+(x=0;0,03;0,06;

0,09;0,12MOJIL叨 O,Ⅱ3MepeHHI,Ie Ha510HM∏ p【IKoMHaⅢ o立 TeMΠepaTypc KpHBbIe

3aηⅨ aHII珏  MOXHO  aⅡ ⅡpoKcⅡwizpoBaTI-  cyvhⅠ o五  日Byx  aKcΠ oHeH1IⅡaJ1bHI^IK

ΦyHK】 [〗【】【)【Π.
( 〈B):(6)

”【̀
“
|ˉ 、Ⅱ)`、 ··Ⅱ·|)

Bi1,Ci、stO,li;B炉 ,κ

· 、̄ O  t· l̄a;M闸
·9ˉ 90jtˉ I‘ J",0

`ˉ
0闷自 t ˉ∶】iJM∞

△。Oj9 ;· 1̄ss” i.,

^
亠
●

 
〓
一ハ
一
一
头
〓

舌o7
反

≡o‘
3I,l  3sO  40l  日谷0  500

npt"” ("Kt)                                              ∵t”△cpo卩 P8(κ〉

PⅡ cl△IoK7_(o KⅡ HCTΠKa3aTyxaHIIm J1DMⅡHCC且CⅡIIm Ba⒈ xCaxscO2F:0,001Bi3+;0,001K+,〔 ‰ altc

=5【 0IM)(o丌 ⒘arpaMMa aHcpΓ cTIIqccKIIX ypoBHc兹 IIoHOB Bp+:cTpy《 γ pe(Ba,cΘ scO2F.(B)

TcMncpaγ pHa,13aBⅡcIIMOCTb幺HTerpalrsHo宓 IIHTcⅡ cIIBHOCTn II3呷 cHII’】 JIo-oΦ opo:Ba⒈

xCaxscO2F∶ 0,001Bl3+;0,001K+(x=0;0,06;0,12MOJIL%)B lIHTepBaJIe TeMΠ cpaγp298-523K

Pe3yⅡ BTaTI,I  ΠoK出 LIB⒛ T,  qTO  CpcIlHcc  BpeⅣ 田   xz:Hz  :艹   CHa△ aⅡa

yBeⅡ HH'BacTc炙  c 13,8 MKc ^o 16,0 MKc II3-3a yBe丑
'IIeHΠ

攵 pa且 HaIⅡ oHHoΓ o

Πcpcxo风 aBp+c yBeⅡ
'HeHIIeM3aMc田

cH⋯ C′
+,a3aTeM cHⅡ

xacTc炙 C16,0MKc且 o

15,5 MKG3a cHeT yBeⅡ z·IeHⅡ舟 6c3b13丌y叮aTeⅡBHoΓo Πcpcxo且 a Ha6o丑 ee BLIcoKOc

3aMeIneHze Ca2+.

CxeMaTII· ICCKa,I  ,l'a「paMMa aHepΓ eTⅡⅡccKHX ypoBHc汤   IIoHOB Bi3+  B

KpΠcTaJIⅡ II·IecKo立 cTpyKType(Ba,CΘ scO2F∏ oK出 aHa Ha pΠ cyHKc76.XopoⅢ o

Π3BC0THo, HTo oCHoBHbIM CoCTo炙 HHCM Bi3+, ΠpoⅡcxoI,IⅡ邛⒛M Ⅱ3 0ⅡeKTpoHHo兹

ΚoHΦΠ「ypa口

'II6s2,珏
B昭 eTC丑 CocTo殂 HC lsO,Bo36,以 ェeHHBIC coCTo,IHⅡ 珏 Bi3+c

KoHφ HΓypaⅡⅡc五  6s6p Πpe江cTaBΠ舟⒑ T co6o员  CocTo珏 Hz攵  3PO, 3Pb 3P2 ' lpl

CooTBCTCTBeHHo.∏ epexo肺 ,1oT lsO K3PO Ⅱ 3P2Ⅱ oⅡHOcTBK,3aΠ pc田 eHu Ⅱo cΠzHy.

且 Ba aHepreTHqecKIIX ypoBH￡
3P1`lPI cMeⅢ zBaKlTc,I3a CHCT CⅡ IIHˉop6IITa】 LHo兹

CB炙3z Π oaTo呷 ToΠbKo Πepexo,IⅢ  lsOˉ→
3Pl 
Ⅱ
】sOˉ>1P1IIMeK,T ΠpzeMⅡ cM9⒛ c⒘Πy

ΠoⅢ o皿CHm。 JIlOMHHec豇 eHIIm Bi3+cⅡ ⅡbHo3aBⅡ GⅡT oT KpHcTaJⅡ orpaΦzIecKOro

oKp氵xcH'舟 B MaTpII1Ie peⅢ eTKe[1],CⅡ e洱0BaTe丑 BHo,刀 Ba Π立Ka Ⅱ3ΠV叮eHⅡ舟 oT Bi(1)

Ⅱ Bi(⑷ 江CMoHCTpnpy【 oT rpaCHOe cMc珥 cHHc,Π oTOMy qTO3aMc△ IcHⅡc MCHbⅢ Cro

Caz+BLI3I,IBaeT ycIIⅡ cH'e pac口日eΠⅡeHH攵 KpⅡ cTaIⅡa.

Ha pⅡ cyHKc7B ΠpzBe且 eHI,I HopM'poBaHHⅢ e'HTerpaII,HBIe ⅡHTeHcΠ BHOGTII

H3乃 叮 CHI狙 晌 MHHoΦ 0po:Ba1双 CaxscO2F∶ Bi3+;K+(x=0;0,06;0,12MoⅡ ‘%)oT

298Κ 四o523Κ  ΠpH Bo36y涨 汛eHⅡⅡ Ha四 丑HHe BOJIHBI415HM, o6HapyxeHo,HTo

TepMz·IecKa,I cTa6'Ⅱ bHOcTb ΠepoBcKⅡ THOro mMmHoΦ opa y:eⅡ 四 ΠBacTc珏  c

ⅡcΓⅡpoBaH'eM `oHaMⅡ  Ca2+, B pe3yΠ I,TaTc HcΓ o BBeIleH⒘c HoHOB Ca2+ AcⅡ aeT

cTpyKIypy 6oⅡ cc cTa6`Ⅱ BHo兹 ' yBeⅡ ⅡqⅡBaeT cTpyKTypHBIc zcKaXeH么 男 Πo

cpaBHeHⅡ K, c TaKoBo兹  6c3 ⅡeΓHpoBaH乃 Ⅰ C′
+. 
∏ oBHⅢ cH⒘c TepM邛 ￡ cKo立

cTa6k△I-HOCTH MOXeT6LITL cB珏 3aHO c yⅡ y叮Ⅲ cHHoH CTpyKTypHo兹 cTa6ΠⅡbHOcTm

II yc'JIcHH9M o6pa3oBaHⅡ eM ypoBHe兹  且cΦcKTO: : MaTpH豇 e. JLoMHHoΦ opbI

(Ba,CΘ scO2F∶ Bi3+;K+且 eMoHcTpIIpy【oT IIm3KOe TepMzqecKOe TyⅢ eHⅡc ΠpⅡ 423K.

∶::匡 :絮      |I
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B·IacTHOcTz,Π pH x=0,06MoΠ B%np'423K zHTeHcIIBHOcTI^oCTaCTC,I Ha ypoBHc

95,6o/o oT zHTcHczBHOCTII ΠpII298Κ

jI]lJ]L9I  IlaⅡ I,Hci犭[I]1Ie立  o]L【 eHKⅢ  ΠoTeH】L【HaⅡa  ΠpzMcHcHⅡ 贝  IIoMⅡ HoΦopo:

BaO,94CaO,06ScO2F∶ Bi3+;K+且 丑勇 风IICΠⅡC兹Ho兹 Ⅱo江cBeTKH,6I,IⅡ co6paH6eⅡ I-1兹 -

cBeTo凰IIo洱 ,CoCToⅡ四 Π兹 II3415HM KoMMcpHccKoΓ o IIΠ Πa,KoMMcp· IccKOro KpacHOro

ⅡIoM'HoΦ opa CaAls讣 黾 :Eu2+'c幺 HTe3IIpoBaHHoΓ o B江aHHo兹 pa6oTcJIDMzHoΦ opa

BaO,94CaO,“ scO2F∶ Bi3tK+

B aToM BLIpa,KeH'Π 伽 ,y丿 Πpe洱cTaBⅢ eT Koop江⋯ aaI CIE BaO,94CaO,06scO2F∶

Bi3tK+3cⅡ eHoΓo ⅡBoMΠHoΦopa,‘ 而丿 y丿 Πpc风cTa:Ⅱ斑eT Koop且 ⅡHaTBI豇 BeTHOcTII

zCTOI】 HHKa6eⅡ oΓo cBcTa paBHLIc aHcprmM Co3HaHeHz丑 MII(0,3333;0,3333),ar/d丿

yd, — Koop,IHHaTBI CIE cooTBcTCTBylome兹  且oMⅡHnpyIo珥 c兹  /lⅡⅡHI,I BOJIHI,I

IICToⅡHΠKa cBcTa.PacqcTHa珏 ⅡⅡcToTa口 BeTa ⅡK,MⅡHoΦ opa BaO,94CaO,06scO2F∶ Bpt

K+ cocTaBΠ 炙cT oKoⅡ o 68,4o/o, HTo o6ycⅡ aBΠHBacT Xopo△ Izc ⅡCpcΠcKTΠBH

ⅡpⅡMeHeHH,IBo6Ⅱ acTII四
'cΠ
ⅡeeB C3a风 He兹 ΠoAcBeTKo兹 .KpoMc ToΓ o,口BeTOBo兹

oXBaT`3roTOBⅡ eHHoΓo6eⅡ oΓo cBeTo风 zo洱a MOXcT洱 0CTII「aTb110,3o/o oT3HaⅡ cHⅡ舟

Me邓 yHapo且 HOrO KoMIITeTa Πo TeⅡ eBII3ⅡoHH‘n汇 cTaH且 apTaM cⅪ TsC),

B  Ta6Ⅱ ⅡIIe  4  ΠepeHⅡcⅡeHBI  HeKoTopBIe  3a,】 BⅡeHHBIe  wˉ LED  洱Ⅱ见

cBeTo庄Ⅱo风Ho立 Π0且cBeTKz.Ha ocHOBaHⅡ H aTzX Φ oTOaⅡeKTpzqecⅫ Ⅸ  ΠapaMcTpoB

c丑eΠaH BBIBo,I, △TO mMzHoΦ op Ba。
,q。
CaO,“ scO2F∶  Bi3i; K+ 炙BJ19eTG炙

aΦΦCIcrz:HBIM3cⅡ CHbIM KOMⅡ CHCaTopoM.CBcTOnIIo且 c TaKo立 Ⅲ IIpoKo立 ェBeToBo立

ΓaMMoΠ  H oTⅡIIqHHM KaHCcTBoM ⅡBCToⅡCpc且 aq⒘ 风gMoHcTp妞 pycT ⅡoTeHn'a丑 江卫丑

ⅡpHMeHeHz丑 B压zcΠⅡe舟X

Ta6△ IIⅡa 4  0cHoBHI,IC  CBCToTCXHIIIICCKIIC 【【apaMCTpI,1 HcKOTopI,△ x Ⅱ3BcCTHI,X  6CJII-R-
CBCTo压Π0且oB
3eJIeⅡ曲 II3Vl团 o口η盯五

__迥 坚迎塑IoDo,_ˉ

KpacBbli Π⒛γηaI【 l皿Π汤

J△KlMⅡ H0Φ op
ccT rKl

IL【BeTOBa,J尼MMa
r%NTsc、

CcbulK泫

YAG∶ Cd+ CAsN:E`_ 10260 80 [Wang,L 2018]

s” sior Eu’
+ CAsN∶ Eu2ˉ 8000 74,7 [oh,JH20I51

卜 sialon∶ Eu2+ CAsN:Eu2_ 8620 821 [Tang,z B 2022]

Sr(1aos矿 Eu’
+ CASN:Erˉ 12723 83,8 [oh,JH20151

Rb3Na(L0sio4)4:Eu° + l∈2siF6:1/L口
4· 8743 103,5 [LIao,M2∞ 刂

RbLi(Li3sio4)2∶ Euz丬 l【2siF6:△In4+ 6221 107 【zhao,M2018]

BaO9。CaO抑哂sco9F:B卩;K+ CAsN:Eu⒉ 4369 11θ阝 【0Ta pa6oTa]

B 刀刀″“9历  a,FB纟  ⅡpzBe口cHBI pe3yⅡ ‘TaTⅡ  ⅡccⅡc风0BaHⅡ攵 ctpyKTypBI Ⅱ

JIIoMHHeC¤eHTIIBIX  cBOIICTB  ID-oΦ opo:  Ha  ocHoBc  ΠcpoBCKⅡ Ta  coˉ

ⅡcΓΠpoBaHHoΓ o ⅡoH孙 Ⅲ  BHCMyTa-cBpoIIIIq△ K,M犭 1oΦopa Ba。 ,qzI女zyCao,狁 sc0尸 :

xEu2t yBPt yK+。 ZoHH K+6BIIz BbI6paHbI B KaHeGTBe ⅡeΠ9yIo珥 zx θⅡeMeHTOB

/lⅡ炙 ΚoMⅡeHcaTopoB3ap珏 Aa B cB炙 3Π c3aMeHo兹 Bi3+Ha B铲
+. 
⒕ oHB1 Ca2+6bIJIⅢ

:ⅢΦ aHH:Ka· IecTBe ⅡeⅢ pyIOnzx aIeMeHToB3aMeⅡ 日cH⋯ KaTIIOHOB。 △ pII

MeHBⅢ zX pa3Mepax IIoHoB C′
+,3aM唧

0螂 :a2+,yMcHBⅢ cHⅡe CTp~pIiI

npzBOAzT K yBeJIRqeHIIn ypoBH, pao刂 cΠェcHⅡ炙  KpⅡ CTa珏珏ΠHeCKoro Ⅱo王,】 .

CⅡe风oBaTeJIBHo,Ⅱ HTeHcⅡ BHOGTb IIOMⅡ HecⅡeHIIzz Ⅱ TepMzqecKaa cTa6IIⅡ I,HOC%

MoΓyT6BITI,aΦ ΦeKTⅡ:Ho ΠoBI,IⅢ eHBI
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BaOQ.CaO OtiscO2F:Eu2+,Bp+,Κ +

Ba/Ca/K

Eu/Bi

sc

o

F

【9

PⅡoynOK8-KpncTaIIIIqCCKa,】 cηr卩σγpa

BaO94CaO⒑6scO2F:Eu’
+;Bis+;K+

∏ o3I砜z攵  B'+  3aH珏 Ta  HoHaMⅡ

Ca2勹℃ u2+/Bi艹刀Κ∫ H3ˉ3a zX6Ⅱ Π3Κ冗κ
`oHIIbrX

p印Ψ吖 coB rrBa=1,61A,rCa=1,34A,rK=

1,64 A, Κoop,IⅡH殂 ⅡoHHOe IIzCJIo oCη  =
12).HoH:IK+Κ oMΠeHC,,y【oT KIIcⅡopo讧HBIe

BaKaHcⅡ
', BLI3BaHHI-IC 

ⅡC「【IpoBaHΠeM Bi3+.

Ha    pΠcyHKc    8
KpⅡcTaⅡⅡIIIccKaq

Ⅱpe丑cTaBⅡeHa
cTpyKTypa

Bal,,咖 CaO,“ scO2F∶ Eu2t Bpt K+,'3KoTopo兹 B叩 o,qTO aⅡ cMeHTapH钳 吁炙·Ic兹Ka

CoCToⅡT 彡r3 yⅢ oBHx coc洱 ImcHIIn [sCfo/T)d c Ba/Ca/ELl/BL'B1 KaTzoH,

HaXo洱舟珥 II五c珏 B oKT⒛ 风pIIqeCKo五 ΠoJIOcTz C Ky6ooKT⒛ ,Ip`HecKo立 Κoop且HHaIIΠ c兹

[B〃Ca/Ev/Bi/K(o/F)1州 .KpoMc ToΓ o,Ⅱ CHTpBI Bi(1)/Bi(2)z Eu(1)/Eu(2)

o6yCΠ0斑 eHbI OKTaamH· IecⅫ M HaKΠoHoM rpaH晒 I,I3oHI^IΠ⒊ 3a刻 眈 珥 cH羽 6o丑ee

KpyΠ HOro Ba2+Bi3+Ⅱ  Eu2+ AHIIoHHa,IΠ o且peⅢ eTKa cocToⅡ T Π3HCyⅡ op叹江oHeHHBrK

ΦTopa z:冱 cJIopo且a B CooⅢ omeHⅡ H Πp'McpHo33o/0∶ 67%。

胁 丑  IICC豇 e且0BaHⅡ攵  BⅡΠ冤HⅡ免  KoHⅡ CHTpa玎 HⅡ  且eΓlIpoBaHH珏  Eu2+  Ha

ⅡIoMΠHeC以eHTHLIC  CBo兹 cTBa  ΠcpoBcK⒕ ToB  BaO,94Cao,06scO2F∶   xEu2+  6bIⅡ ⒙

'3MepeHbI cΠ
cKIpb1Bo36yX江 cHn,1Φ Ⅱ H Φ Π o6pa3¤ oB BaO,qoCaO,“scO2F∶ xEu⒉ (x

=0,01;0,015;0,02;0,025;0,03MoⅡ B%),Κ 冰 ΠoKa3aHo Ha pHcyHKe9a-6.CΠ cKTpI,1

Bo36yx且 cHⅡ珏 Φ Ⅱ  ΠepoBcKzToB Ba。 ,94Ca。 ,“ScO2F∶ xE`+(x=0,01;0,015;0,02;

o,025Π 0,03MoⅡ b%)cKaHnpyIoT嗍 Ha479HM.Pe3yⅡ bTaTI,I ΠoKa3I,IBaIOT,·ITo B

cΠeKTpax Bo36yx且 eHH炙 (DΠ Ha6J△ K,,IaeTC炙 ΠoⅡoCa B且IIaΠa3oHe oT240且 o450HM c

MaKcI叫 woM Ha 345 HM, o6ycΠ oBⅡeHH溯  ΠcpcXo,IaMⅡ  4f-4f5d IIoHoB Eu2+

CncKTpBI tDJI ΠpII Bo36y猢 cHIIH 360 HM 江eMoHcTpkpyIoT 舟pKyIo ΓoⅡy6yIo

aM'CoIIK,B且 HaΠa3oHe oT400洱 o650HM c MaKc~oM ΠpⅡ 479HM,qTo豆 BⅡ冤eTC珏

pe3yⅡI,TaTOM T⒘ nIJHHoΓo CΠHH-pagpemeHHoΓ o ΠepeX0江a4f5d-→ 4±
’
ⅡoHoB Eu2+ C

yBcⅡⅡHeHIIeM co风 epxaHz丑 Eu2+Ⅱ HTcHCHBHOCT【
^Ⅱ
ⅡΚoB Ha479HM ⅡocTCΠCHHo

yBcⅡ
`qIIBaeTo叮

 江o 江ocTIIXeHII珏 MaKcⅡ MVMa ΠpII x = 0,02 MoΠ Bo/o, a 3aTcM

ΠooTeΠeHHo yMcHI-Ⅲ acTc见, ·ITo o6b炙 oH炙eTc,I 3Φ ΦCKToM KoH1ICHTpaⅡ ⅡoHHoΓo

TyⅢ eHH冤 , KoTop咖  B OCHOBHOM Bo3⋯ KaeT B pc3yⅡ I,TaTe 6e3LI3刃γηaTeⅡ LHoΓo

ΠepeHOca aHepΓ ⅡΠ Mex江 y aKTΠ BaTopaMH(KaK ΠoKaIIaHo Ha pΠ cyHKc9B)。

驷  ΠccⅡCJIO:aHm BⅡ Ⅱ况HⅡ男 KoH1IeHTpa1InII CoBMecTHoΓ o ⅡerzpoBaHIIq

ⅡoHaMΠ   Eu2+  H  Bp+  Ha  Ⅱ⒑ MⅡHcc口eHTHbIe  CBo兹 cTBa  JK,MHHoΦ opoB

BaO,gzICa。 ,“scO2F∶  Eu⒉ , Bi3+, K+, 6I,IⅡ II H3MepeHI-I c∏ cKTp玎 Bo36yxc风 eHⅢ豆 '

ΦoToⅡ⒑ MⅡHCC口CHⅡΠΠ o6p留 豇oB BaO,叻 ~幻Ca。 ,⒃scO2F∶ 0,02Eu9+;叨 BF+;严 C(y=0;

0,0002;0,0006;0,001H0,002MoⅡ B%),KaK noK留 aHo Ha pHcyHKc9Γ -且
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2sO    300    350    400    ·Iso
加 ⅡⅡ△ⅡoJljFI·l("△ i)

o0】 0  0015  0020  0025  0030
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""n 
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(∶ ii】 )                        【o"∶ leⅡ ∶ρall"Il Bil

PΠcvIoK9-CⅡ em” B】 Bo36ywlcⅡ z丑 (o II cⅡ CKTpI-IΦ∏ (6)o6pa31IOB BaO,9。 .CaO,06scO2F∶ xE`+
(x=0,01;0,015;0,02;0,025;0,03MOJ1I,%);3a:IIcIIIvIOCTI,IIⅡ TeHcIIBHOCTII BaO9⒋ xCaO,06scO2F:
xEu2+(x=0,01;0,015;0,02;0,025:0,03Mo∏ I⒚‘)oT KoHIICⅡTpa【mII ΠoⅡoB Eu2+(B);cⅡ唧 I,I

BO36y猢 e盅立反 (o玄 cⅡ CKTpI,I Φ JI(功 o6paI,日oB Bal,,92幻 CaO,∞ scO2R0,02E俨 九 yBi3九 yK+ty=0;

0,0002; 0,0006; 0,001 Ⅱ 0,002 MO△ so/o); CoolHO11【 CHIIC IIrrCH0ⅡBHOcTz CBeqeHz丑  BaO,9⒉

匆CaO,∝ scO2F∶ 0,02Eu2t yBi3+;yK+(λ MaII。 =479z509HRI)Ⅱ pⅡ pa3I【IⅡHI,X KoH刂eHTpaII【I庥 ⅡoHa
BIICMyTa(C)

CΠeKTpI,I Bo36yx洱 eHz舟 Φ Π  ΠI【,MIIHoΦ opo:BaO,09~2yCaO,“ scO2F∶ 0,02Eu2+;

yBi3+;yK∫ (y=0;0,0002;0,0006;0,001Ⅱ 0,002MoⅡ B°/o)cKaHⅡ py【oTc珏 Ha509HM

Ha p'cyHKe 9 Γ Bz洱Ho, HTO B CΠ CKTpaX Bo36yxJlcHI砑  0卫  Πp⒕9tcTByIoT Tp【 I

ΠoΠoCH B且 Ⅱa∏a3oHc oT260风 o450HM c MaKczMyMaMⅡ  oKoⅡ o345,360'415HM:

cⅡa6a攵 Ⅲ ⅡpoKaq ΠoΠoca c MaKcHM叩 MoM Ha345HM,o6ycⅡ oBΠcHH狙 ΠepeXo丑 aMz

4f-→ 4f5d IIoHOB Eu2+幺 JlBe oqeHb ⅡHTeHcIIBHHe Ⅲ HpoKze ⅡoΠocH Bo36yx且 eHΠ丑

c ΠΠKaMII Ha360 Π 415 HM, ΠpΠHa耻 exa珥 He cΠzH亠pa3pcⅢ eHHow ΠcpCx0日y
1sO一垆 P1Bi(I'+Ⅱ  Bi(2'+,BoΠ ec ToΓo,CΠ eKTp Φ JI ΠpⅡ Bo3蚋 x,IeH'z360HM

且CMoHCTpHpyeT攵 pKOc巛 ΓoⅡy6oBaTo∷ 3cΠcHOe》 Π3Ⅱy△eHⅡe C MaKcIIMyMaMH Ha479

Ⅱ 509 HM, KoTopⅢ c MOxHo oTHeCTⅡ  K pa3pcⅢ cHHOMy Πo cnzHy ΠepexoⅡy

4f5d→ 4`HoHO:Bu2+胚 pa3pcⅢ cHHF,IM oHCprH炙M ⅡcpCX0洱 a3Pr→ 1sO H°HOB Eu2+,

Bi3+,cooTBeTCTBeHHo“ aK ΠoKa3aHo Ha pⅡ cyHKc9⑷ .

BΠ江Ho,·】TO C yBeⅡ HqcHΙIeM COIlepxaH`舟 ⅡcmpyIo彐 哑eΓo Bi3+Π HTeHczBHOCTB

ΠⅡΚoB Ha509HM ΠocTeΠeHHo yBeⅡ II·】HBaCTc灭 且o MaKCzMyMa Πp`x=0,001MOJ1bo/0,

a3aTcM ΠocTeΠeHHO cHⅡ xaCTC灭 3ac·IcT KOHuCHTpanIIoHHoΓ o TVtⅡCH昭 CPzcyHoK9
C).CⅡ e冈四 T oTMCTIITB,IITO C,BCⅡ Π·IeHHeM KoH双 eHTpa¤ IIΠ Bp+B cΠ eKTpax Φ 丑

ⅡocTeⅡeHHo Ⅱpeo6Ⅱ a江aeT 3eΠ eHOe Ⅱ3Ⅱγ叮eHΠe HoHOB Bi3+, a HHTeHcΠ BHOcTB

Π3JIy△eH勿夕 c MaKcII猁 9πoM Ha479HM ΠoGTcΠCHHo yMeHI,Ⅲ acTc珏 Πo cpaBHeHzIO c

y=0MoⅡ L%,HTO cB灭 3aHO C ΠepcΠo「」Io且eHⅡeM aHcp「nH犯 HoHOB Eu2+B Bp+(KaK

ⅡoKa3aHo Ha pⅡ cyHKc9c).

CorJ1acHo TeopⅡ
'且
cKcTepa,JlJ△ 灭 Bo3HΠKHoBeH幺 珏 pca6cop6日 mI θHeprzH oT

aKTΠBaTopa A K aKTⅡ BaTopy B Heo6xo^Π MO cΠ eKTpaⅡbHOe ΠepeKpb1TIIc Mcx耶

C∏CKTpoM Bo36yx风 cHIIq OJI aKTzBaTopa B Ⅱ cⅡcKTpoM Φ JI饣水 TzBaTopa A[刽 .
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Eu:-→ B” =p:     ”l’ r"o△"1鬈l;i】 m刂ttx"°
l9,

,loB,op"oc sρ
°

〓瀑

II CΠ CKIpa Φ Π  JIK,MIIIIoΦ opa BaO,%CaO⒑ 6scO2F∶ Eu2+;/lIIarpaIlnfa aHcpΓcT【 I·ICCKIIX,poBHC兹

IIoHOB EV′
+Ⅱ
BP+B Ba。 94CaO‘⒗sc02F∶ E矿

+;Bl3+;K+,且
c`IoⅡ cTpⅡ pyIo且 aⅡ Ⅱpo讧ccc pca6cop6IIIIz

oHcprIIII Eu2+→ Bp+z MexanⅡ 3M JIKlMlIHec且 cHⅡ IIⅡ (6) CⅡ CKTpH Φ 卫 BaO,9I:CaO,06scO2F∶

002Eu2+; 0001BIa+; 0001K+ ⅡpII pal,Ⅱ 眍  JmIIⅡax BoⅡ H Bo36γ 咖诅 eHII’I (B). Κ oop且IInaBI

豇BCTHOCTlI BaO,9I8CaO,06scO2F∶ 0,02Eu2+; 0,001Bi3+; 0,001K+ ⅡpⅡ  paiIHbIK /lJmHaX BOJIE
Bo36J熬 cHII9l【 ).ΦoTorpa,Ⅱ ⒕ CBCTOII3Ⅱ V△aKlnIIIX MapKcpoB B

Ha 3D-Ⅱ pIIⅡtcpc c nnKaⅡ cyJ口⒕                           :Π

贝C cⅡ CXIIⅡoK,Ⅱ aⅡCqaTaHII,H

p【,IlamLIM B KaIIaBKII ckI】 Tetj叩 C’BaEmI△ i△IOMznoΦ opoM△ pz

pa3HI,△x洱 JIΠHaX BoⅡⅡ o6ⅡyHcHII贝 (且)

r'△eoKIIx ypoBHe五 ⅡoHOB Eu2+H BF+BCxcMaTⅡ HccKa舟 AZaΓpaMMa aHcpΓ cη

MaTpⅡ ⒒e BaO,94CaO,06scO2FH3o6paxeHa Ha pⅡ cyHKc 106,「 Ilc Πo四po6Ho oΠ HcaH

Πpo玎ecc pca6cop6Ⅱ IIz t’ HeprIm oT zoHOB Eu2+Κ  Bi3+.OcHoBHbIM CoCTo珏 H迎CM Bi艹

c oJIeKTpoHHo诉  ΚoHΦⅡrypa¤He说 6s2 炙BⅡ见eTc贝 cocTo珏 HⅡe lsO。 Bo36yx洱 eHHBIe

CoCTo豆HⅡ△ Bi艹 c KoHΦⅡryp颁 Ⅱe立 6s6p Ⅱpe风cTaBMK,T co6o立 cocTOmH盥 3PO,3PI,

3P2 II 1P1 cooTBcT0TBeHHo, CToⅡ T oTMeTIITI,, ·ITo Πepcxo江BI oT lSO K3PO H 3P2

ΠoⅡHOC¨ 3aΠpc彐日cHI-I Πo CΠIIHy.KpoMc ToΓ o,江Ba aHcpΓ cTzqCCKzX ypoBH△
3Pl'

:I(“ Ⅱ 川 忄
""C‘
9刂 I)I"女

(:

亻玉s卜
一■仁

Π o3To呷 ,qTo6H ⅡccJIc江oBaTb ΠpzqzHy Bo3HⅡ KHOBCHⅡ 9pea6cop6日 ⅡH aHcpΓⅡ
'oT

'oHoB Eu^K Bi3+B BaO,qoCaO⒑
6SCO2F∶ Eu2+;BPt K+,cΠ eKTp Bo36yx殂 eH殂 ΦΠ

o6pa3IIa BaO,9。 CaO,“ scO2F∶Bpt K+6bIⅡ coΠocTaBIeH co cΠeKTpoM ΦΠ o6pa3珥 a

BaO,94CaO,06scO2F∶ Eu2t KaK ⅡoKa3aHo Ha pHcyHKe 10a。 Ha6JIIOAaeTc,I-poKOe

cΠeKTpaΠLHOc ΠcpcKpI,1TΠc MC哪 oTI犭[lˇΙ】冫I江B9刎阴 CΠCKTpaM′ B风 ⅡaΠa30He/lJI】冫【】:I

BoⅡH oT400只 o475HM,cBⅡ 凰eTeΠ LcTByIo珥 cc o Bo3MOXHOCT'aΦ ΦeKTm:HoΓ o

Eu2+ Κ ⅡoHaM Bp+ : JII。 MIIHoΦopCⅡepcⅡ oΓⅡo珥eHzⅡ  0HepΓⅡH oT ⒘oHoB
Ba。94CaO⒑6scO2F∶ Eu9+;Bi3+;K+

300     400     sO0     600
且:】
"""80∶
m"(l】
")
(r)

4sO   qIO  ssO  ‘oo  【^so

lPlcMeⅢ
ⅡB⒛ TG￡ 3a cqeT cⅡⅡHˉop6IITaⅡI,Ho兹 cB攵3Ⅱ .CJIe风 oBaTeⅡI,Ho,MOrJIII HMeTI,
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MCCTo ToΠ BKo Πepex呕 I,I】 sO^aP1尸 sO-1P⒈ npⅡ  o6砷 叮eHⅡⅡ 360HM θJ】eKTpoHI-I

Ha ocHOBHoM aHepΓ eTzⅡccKoM ypoBHe Eu2+Π cpeXOI,IT B Bo36yx且 cHHOe CoCTo丑 HIIC

4f5d。 Bo36y猢 eHI△Ic aⅡcKTpoHLI Bo3BpamaoTc丑  B OCHOBHOC COGTo炙 HzC 4f C

o6paaOBaH'eM ΠoJIocbI CBeIIeHΠ攵 c MaKcIIMyMOM Ha479HM.npII θToM aΠcKIpoHI-I

区0HoB Bi3+ ∏oΓⅡoⅡlaKlT Π3丌y叮eH'e C AIIIHo汤  Bo丑HH 360 HM H Πepexo风见T Π3

oCHOBHOro CocTo珏 HⅡ珏 1sO B Bo36yx洱 eHHOc coCTo珏 HⅡe3PⅡ  B且 aⅡbHc`Ⅲ eM HaCTb

Bo36yx江 eHHbrX 3Π eKTpoHoB ΠoHOB Bi3+ 6e3I,I3Ⅱ y△aTeⅡ BHo peⅡ aKcⅡpycT B

HΠxaⅡⅢ ee  aHcpΓ cT'HcCKOe  CoCTo狂 Hze  3P1.  Bo36yxIlcHHbIe  aⅡ eKTpoHb1

Bo3BpaⅡIaoTc斑  B OCHoBHOC CoCTo珏 HⅡe lsO, co3风 aBa,1 巛ΓoⅡy6oBaToˉ 3cJ1CHOC》

z3ⅡyHcH'e c ΠHKoM Ha509HM. o且 HaKO· IacT‘ cBc·IeHz△ ⅡoHOB Eu2+nOBTopHo

ΠoΓⅡo珥aeTC珏 HoHaMⅡ  Bi3+.B pc3yΠ I,TaTe Ha6Π ⒑ 且aloTC珏 Πcpcxo,IbI B ⅡoHC Bi3+H3

oCHoBHoΓ o CoCTo珏 Hz豆  1sO B Bo36y猢 eHHOc coCTo斑 Hze 3Pb a 3aTcM II

Bo36yxAeHHLIc aⅡ eKTp°Hb1ⅡoHoB Bi3+B cocT。 玎HIIΠ
3Pb Bo3BpaⅡ

IaKlTc炙 B OCHOBHOe

CoCTo珏 HⅡe1sO,HTo ⅡpIIBo且ⅡT K Ⅱ3ⅡyqcHⅡxD c MaKcII加9`ⅥoM Ha509HM。

KaK ΠoKa3aHo Ha pⅡ cyHKe10B,o6pa3Ⅱ H,丑 eΓnpoBaHHI-Ie Eu9+II Bi艹 ,HMeIoT

II3珂yqaTcⅡ△HL】e cBo五 cTBa,3aBⅡ c炙叩 e oT且丑IIHbI BoⅡHL1Bo36yx且 eH'炙.B cΠeKTpax

Φ JI o6p狙 Ⅱa BaO,qdCaO,“ scO2F∶ Eu2t Bi艹 ;K+Π pz且 ⅡzHe BoΠ HBI Bo36γⅨ 四cH昭 B

江ⅡaⅡa3oHc oT 320 洱o 415 HM Ha6IIOIlaeTc舟  ΠepccTpaΠ BaeMOe 【I3Ⅱγ叮eH'e c

MaKG'MyMaMII Ha 479 II 509 HM  BaxHo oTMcTnTb, qTO CooTHoⅢ CHHC

'HTeHcⅡ
BHOCTC兹 aTIIx MaKCIIMD刀 呸oB Ha479H509HM'3MeH豆 eTc珏 c只ⅡΠHo兹 BoⅡHbI

Bo36yxIlcHH丑 ,ΠpⅡ 3TOM以 BeTOBI,Ie Koop且 ΠHaTI,I MemIoTc斑 C(0,1617;0,2614)Ha

(0,2117;0,6144)(PIIcyHoK10Γ )

胁 又 JleMoHcTpa日 IIR Bo3MOXHOCTⅡ  ΠepecTpaIIBacMOro Πo cΠeKTpy Ⅱ3Ⅱγ叮 eHⅡ丑

6咖 Π ΠpHroTOBⅡ cHb1 ⅡIOMIIHeC口 eHTHLIc MapKcpb1 B BⅡ 且e y3ρpoB cHcXΠ HOK,

江eMoHcTpΠ pyIOnIlIc∏oTeH日 IIaⅡ ΠpIIMcHCHIIq IlⅡ 斑 3四
'TbI oT 

Π0洱用CⅡoK(PzCyHoK

10/I).ΠbKa3aHo,p留 Ⅱz·IΠe CΠcKTpoB II3η洱 CH'灭 ('3MeHeHze oT6zp⒑ 3oBoΓ0江 o

3eⅡeHOro豇 BeTa)Πpz o6Ⅱy△cHII'cBeTOM c p出 HBIMH江 ⅡIIHaMz BoⅡH(320,360Π 415

HM) Π oⅡyHeHHI,】 c pC3yⅡ ‘TaTbI风 eMoHcTpIrpyIoT,Π epcΠeKTHBL1∏ pzMeHeHⅡ 攵 四卫勇

3a豇ΠTBI oT Π0且丑eⅡoK czHTe3IIpoBaHHLIx ⅡCpoBcKⅡ THHX J】D、n区HoΦopo:coCTaBa

(Ba,Ca)scO2F∶ Eu2+;Bi3+;K+

oCHOBHHE PE3VJILTATH Ⅱ BHBo江山I

1. BbIⅡH ycΠ cⅢHo ΠpⅡΓoToB丑CHbI CepⅡ Π ΠcpoBcK'THb1X J1IOM【 IHoΦopoB

cocTaBa BascO2F, ⅡcΓ
'poBaHHbIx Na+, K+, Rb+ H Bi3+ c 

ΠoMo¤日【
^K,

BI,ICoKoTeM∏ cpaTypHoΓ o  TBcp且 oΦa3HoΓo  MCTo,la  C⒘ HTe3a.  Π oⅡyⅡeHHI,Ic

IIoMIIHoΦ op:10THo叨 Tc丑 K CTpyKType ΠepoBcmTa.【 IoHBI Bp→ 3aHΠMaIoT Πo3'刂zz

Ba⒉ BJ1nM'HoΦ opc BascO2F∶ Bf+c Γo△y6I,IM II引,叮CHHCM C MaKcII呷 π oM npⅡ

506HM ΠpΠ Bo3Cyx,IeHIIz Ha415⒒ △Ⅱ 360HM。

2.BⅡaro洱apq BKJIIoⅡ eHIIIo Na+,K+H Rb+HHTeHcΠ BHOc%'3Ⅱ ,叮eH⒘丑 o6pa3IIOB

MOXeT6I,ITL yJIyqmeHa ⅡpⅡMepHo Ha27,3o/o, 34,4%Ⅱ  10,8% cooTBeTcTBeHHo

6ⅡaΓoIlap珏 oΦΦcKTy KoMⅡ cHca1IIIⅢ 3apwa.Co「 」IacHo paCxIeTaM Ha ocHoBe TeopΠ Π

ΦyHKEHoHaJa ⅡⅡoTHOcTⅡ ,o6pa3yIoTc丑 洱Ba aMⅡccHoHHI|IX日 eHTpa,BK1)Π  Bi(2),

ΚoTopBIe ΠpⅡΠⅡcBIBaK,T3aMeⅡ 瓯eHIIIo MeHbⅢ eΓo Bp+, :bI3LIBa⒑ IIeΓo ⅡoKaIBHOc
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ⅡcKaXeH'c cTpyKTypbI, BBI3BaHHOC oKT∞ 且pz·IecK刃 D岖 HaKⅡoHOM rpaHH口 BI 3oHBI,

HTo ΠpIIBOIlⅢ T K H3MeHeHIIKl CBCTo`3J9尸 qalo彐uIIx cBo兹 cTIl ⅡIOM`HoΦ opo:

3.B ⅡⅡOMⅡHoΦopaX,ΠCrmpoBaHHLIx Na+,K+H Rbt Ha⒍ ∞ 风aeTc舟 y刀D尸
qⅢeHHa珏

TepMHⅡ ecK朗 cTa6HⅡI,HOCTb,KoTop拟 ΠoKa3LIBaeT,tlTo∏ pz423K IIHTcHcHBHOCTI,

II3ⅡV叮eHΠⅡ MOxcT OCTaBaTI,c见  Ha ypoBHe 730/o, 87o/o ` 84o/0 oT IICX0江 Ho兹

`HTCHC11]【
BHOCTII Πpz KOMHaTHOII TCMΠ epa∶】∶∶o``pe cooTBcTcTBCHHo.

4.ycTpo五 cTBO C、 V‘ BeTo且Ⅱo且oM ΠoⅡHoΓo CⅡeKTpa c Ra=96H CCT=4434K

Ⅱo唧叮aCTcⅡ r,tcM,△ IaKOBKΠ BaO,”:scO2F∶ 0,001Bi狃 ;0,001K+H KoMMepqccKoΓ o

BAM∶  Eu2+, YAG∶  Cc3+ z CaAlSN3∶  Eu2+ Ha KpzcTaIⅡ e 360 HM. 3To

cB'风eTeⅡLcTByeT o BaxHoM BΠ 泖 IIII mlOMHHoΦ opa BascO2F∶  BP+; K+ Ha

3aKpI,1THe ΓoⅡy6oΓo ΠpoMe毖 γTKa, ' 3ToT ⅡK,MΠHoΦ op 炙:Π斑CTC斑  BeCbMa

MHoΓoo6e四 aIoⅡⅡM.

5   CΠ HTc3IIpoBaHa  cep`丑   TepbmHecKΠ   cTa6Π ⅡI-HbrX  ΠepoBcK【rTHbIX

丑【oMHHoΦ opo:cocTaBa Ba1沤 CaxScO2F∶ 0,001Bft0,001K+(x=0-0,12MoⅡ b%)

【饣3McHcHII炙  XapaKTep'cT`Κ   ⅡK,M'HeCIICHr卩吁Ⅱ  ocHoBaBI  Ha  Bap'au'Π

MHKpooKpyxeHⅡ 豆 o6ycⅡ oB丑eHHo说  3a△Ic刂eHz,I ⒘oHOB Ba2+6oⅡ bmeΓo ⅡoHHoΓo

p颁 IE`Ca'oHaMlI C铲 +c MeHbⅢ ⅡM HoHHⅢ M p颁 【r/coM,HTo ΠpⅡBOIlⅡT K巛aΦΦeKTy

cxaTm》  cTpyKTypbI Π KaK cⅡ e且cTBHc K yBCⅡ Π叮eH/Io ypoBH舟  pac四 eΠΠeHII舟

KpⅡcTaΠⅡz·IccKoΓo ΠoΠJI. 【I3McHcHIIC MHKpooKpyxeHz丑  Πo3BOJIⅡ Ⅱa ΠoBI,IczTb

⒕HTCHCIIBHOCT‘ JIIoMHHCCⅡCHⅡIIII II TepMzqcc-,qo cTa6Π 丑bHOCTb(Ba,CΘ scO2F∶

Bi3+,K⒈

6.BLIcoKoTeMnep唧 pHI,IM TBep且 oΦal3HHM MCTo且 oM 6bIJ1a ycΠ eⅢHo

cⅡHTe3IIpoBaHa ccpIIq ΠcpoBcKΠ THBrX oKcHΦ Top'IlHbⅨ  Ⅱ
"OMⅡ
HoΦopo: cocTaBa

(Ba,Ca)scO2F∶ Eu2t BPt K+.ycTaHOBIeHo,qTo oTHOCIITCⅡ bHa吁 HHTeHcΠ BHOcTB

且Bo沩HOrO II3ⅡyHeHz攵 , 且0CTzΓaIo四eΓo MaKcHMyMa Ha 479 H 509HM, MOXCT

peΓyⅡHpoBaTBc珏 Π)tCM Ⅱ3MCHCHΠ 珏 KoH⒒CHTpa豇 zⅡ aKTzBaTopoB zoHOB Bi3+Ⅱ  Eu2+

B oΠ T'MaIbHI,IX coqeTaHΠ 攵X. BoⅡ Ce ToΓo, MaKCHMyM cΠ eKTpa ∏3砷叮eH圈

ΠepoBcKΠ THoΓo ⅡIOM'HoΦ opa Bao,91:CaO,“ scO2F∶ 0,02Eu2t0,001Bi艹 ;0,001K+

MOXHo θΦΦeKTII:Ho ΠepecTpaIIBaTL, MeI眵 Lq 江Ⅲ IHy BoⅡ HI-1 Bo3Cyx,IcH珈  B

cΠeKηρaJILHoM洱 HaΠa3oHc450-600HM,且 aHHHC pc3yⅡ bTaTs1江 eMoHcTpIIpy⒑ T

ΠoTCH口ΠaⅡ  Ⅱp'MeHcHm  cΠ HTc3'poBaHHbIx  Ⅱ⒑ MzHoΦ opoB  :  KaqecTBe

Ⅱ⒑ MⅡHCC日eHTHI,IX MapKepoB刀 Ⅲ 3a珥IITLI oT Πo″FⅡoK·

CⅡⅡcOK刂 ⅡTⅡpyeMo五 J【ⅡTepaTypH
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