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B cratbe mpuBeneHBI pe3yJIbTaThl UCCIEIOBaHWS HOBBIX KepaMUYECKUX MaTepUajioB
¢-BigPbs0 7, moayyeHHBEIX METOIOM NUPOIN3a ¢ Ucnonb3oBanueM ManuuTa CgH 4Og B
KavyecTBe TOIUIMBA-BOCCTAHOBUTESI. MeTOIOM aHalin3a CIeKTpPoB IU(dY3HOro oTpaxke-
HUS C UCITOJIb30BaHKMEM TOCTpoeHus Tayla onpenesieHbl 3HAYeHUST ITMPUHBI 3aIlpeleH-
HOI 30HBI OJIyYeHHBIX cOCTaBOB. OHU HAXOIITCS B nuara3oHe ot 2.57 go 2.67 3B, urto co-
OTBETCTBYET (hoTOKaTaiM3aropaM BUAMMOro cBeta. CTerneHb Aerpagallii METUJICHOBOTO
OpaHXEBOTO IMPU MCITOJIb30BAHUKM CUHTE3UPOBAHHBIX 00pa3LIoB cocTraBmia oT 95 10 99%
MpU OOJIyUeHUU B TeUEHUE 3 U JIIOMUHECILIEHTHOUN PTYTHOM JTAMITOM.

Kimouesbie cjioBa: BUCMyTaThl, MAHHUT-HUTPATHbBINM CUHTE3, (DOTOKATAIN3, METOI MTUPOJIN3a
DOI: 10.31857/S0132665123600437, EDN: ESTJOM

BBEJEHUE

B Hacrosiiee BpeMst U3BECTHO ceMb IoiuMopdHbIX Moaudukaiuit okcunaa sucmyta(lll).
W3 Hux Hanbosee cTabuiieH HU3KOTEMIIEpaTypHbIii MOHOKJIMHHEII 0-Bi,O3, TeTparoHans-
HBIA -, Kybuueckuil Y- u pombudeckuii €-Bi,O3 SIBIsIIOTCS MeTacTabMIIBHBIMU, KyOnye-
ckwii 8-Bi,05 IBIIsIETCST BBICOKOTEMIIEPATYPHBIM TTOTMMOpdoM, M-Bi,O TomydeH mpu BbI-
COKOM JIaBNIeHNH, a - Bi, O3 HabmogaeTcs TOJIBKO B BUAE TOHKO meHku [1-9]. CTpykTyp-
HO€ pa3HooOpa3ue XapakKTepHO U JUISI CIOKHBIX OKCUIOB BUCMYTA.

Crenyet OTMETUTD, YTO TNceBaoOUHapHas cucreMa Bi,O;—PbO BnepBbie Obl1a TOAPOOHO
n3ydyeHa u onucaHa budenpaom u Yaiitom [10]. ABTOpBI COOOIIMIIN O CYIIIECTBOBAHUM ClIe-
LyoLnX coeauHenuii: Bij,PbO g, BigPb,04;, BigPbsO; u Bi,Pb;Oq. lauesny u ap. ucciue-
noBasu 6oraryio Bi,O; yacTp 5T0ii cUCTEMBl M NPENIOXWIM MoauduKauuio ¢a3oBoil 1ua-
rpammel [11]. Ha ocHOBaHWM 3KCNEPUMEHTAIBHOTO UCCIIENOBAHUS, TEPMOIUHAMUYECKOTO
ONMCAHMS U pacuyeToB, mo3nHee Jvom u ap. [12] BHeCaIM n3MeHEHUS B AUarpaMMy 3TOI CU-
crembl. Ha ocHoBaHuu ha3oBoil nuarpaMmbl, MPUBEAEHHOW B NAaHHOM MCCJIEIOBaHUU,
Bi;,PbOg cymecTByer B Kyonueckoii ¢popme, Torna kak BigPbsO;; nMmeer nBe cTpyKTypHBIE
MOIU(UKAIIMKA: HU3KOTEMITEPATYPHYIO — @ W BBICOKOTEMIIEPATYPHYIO — [3, SBJISIOIINAECS
TPUKJINHHON U MOHOKJIMHHOM COOTBETCTBEHHO. [laHHbIE COeTMHEHMS CTAOUIBbHBI B IIIMPO-
KOM [Iuara3oHe Temreparyp, Bij,PbO,g no 715°C, a 3-BigPbs0,; mo 595°C cooTBeTCTBEHHO.
3a npenenamMuy JaHHBIX TEMIIEpaTyp 00a 3TUX COENMHEHUS TIIABSATCS KOHTPYSHTHO. B TO ke
Bpemst BigPb,04; 1 Bi,Pb;O¢ cTaOUIIBHBI TOABKO B Y3KOM UHTEpBaJle TEMIIEPATYp, @ UMEHHO
575—609°C u 580—603°C coorBeTcTBeHHO [13, 14].
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CoennHenus, Gopmupytowuecs B cucreme PbO—Bi; O3 1 B CMEXHBIX € HEIl TPOWHBIX CU-
cTeMax, UCClIeOBAIMCh B Ka4ecTBE (POTOMPOBOIASAIINX, POTOMOMUHECUEHTHBIX, SJIEKTPOH-
HBIX, ONTOJIEKTPOHHBIX, AKYCTUUECKUX U MbE303JIEKTPUUECKUX MaTEPHUAJIOB, a TaKXe TBep-
IIBIX 3JICKTPOJIUTOB, MPOSIBISIONIMX CMEIIAHHYIO MOHHO-3JIEKTPOHHYIO TTIPOBOAMMOCTD, KO-
TOopast MOXET OBITh TOJIE3HA B CEJIEKTUBHBIX IO KUCJIOpoay MeMOpaHax [15—19].

B nocnenHee BpeMsi (hoKyc BHUMaHUS C TOMCKA HOBBIX TBEPIBIX SJIEKTPOJIUTOB MOCTE-
neHHo cMmenaercsd. CoenuHeHusl BUCMYyTa pacCMaTpUBAIOTCS B Pa3jIMUYHBIX 00JacTIX, HO
HanboJIee aKTUBHO KaK OCHOBA IIJISI TTOJTyYeHMsT HOBBIX (DoTOKaTaau3aToposn [20—22].

HauGonee nHTepeCHBIMU TSI CO3AAHUS TAKMX MaTepUaJIOB SIBJISIIOTCS (ha3bl, CUHTE3 KO-
TOPBIX BO3MOXEH HETIOCPEACTBEHHO M3 UCXOMHBIX KOMITOHEHTOB, U HE TpeOylollre TepMoodpa-
0OTKM BOJM3M TeMrepaTypbl IUIaBieHUs. Takoit (a3oii SIBJISIETCS HU3KOTeMIlepaTypHas —
¢-BigPbs0,;. PaHee Obla M3y4eHa TOJBKO CTPYKTYpa JAaHHOTO CIOXHOTO okcuna [23—26] u
ero repMmueckoe nopeaeHue [27]. B Hameli npenbinyieii padote [22] naHHOE COenTMHEHME
ObLIO YCMELIHO CUHTE3UPOBAHO C MPUMEHEHUEM TBepa0Gha3HOrO METOAa U NMUPOJIU3a LIUT-
paTHO-HUTpPATHBIX KoMno3ulvii. MccnenqoBanue poToKaTaIMTUYECKOM aerpagaliii MeTH-
JICHOBOTO OPaHXXEBOTO C MCIIOJb30BAHUEM IOJIyUYEHHBIX MOPOIIKOB MOKa3ajl0 CHUXEHUE
KOHLEHTpaluu Kpacuteist Ha 85—90% nociie 3 4 3KCITO3ULIUH.

B pamkax gaHHO# paGOThl HaUYaTOE UCCIeOBaHKE MTPOAOJKEHO MOCPENCTBOM HOBO Me-
TOOWKMU CUHTE3a C UCITOJb30BAHMEM B KauyeCTBE OPraHUYECKOTO TOIJIMBAa-BOCCTAHOBUTEIIS
MHoroaromMHoro cnupta — MmaHuuta C¢H 4O [28, 29].

Lleap paboTel — onpeneaeHne ONTUMAIBHBIX YCIOBUIA TTosrydeHust ¢asel ¢-BigPbsO; me-

TOOOM IIUPOJIM3a C MAHHUTOM, U U3YYCHUEC UX BIUAHUA HaA q)OTOKaTaJll/lTl/I‘{CCKle aKTHUB-
HOCTb MNOJIYYCHHBIX MaTCpHUaJIOB.

OKCITEPUMEHTAJIBHAA YACTb

CuHre3 06pasuoB dasbl Q-BigPbsO ; ocyl1eCTBIIsICS METONOM CXXUTaHUS C UCTIOJIb30Ba-
HUEM B KaueCTBE TOTUTMBAa-BOCCTAHOBUTENST — MAaHHUTA.

B kauecTBe peakTUBOB MPUMEHSIJIUCh HUTPAThl UCIOIb3YEMbIX METAIOB (KBaiUduUKa-
MM “d. 1. a”), a Takxke MaHHUT CgH4,O4 (“4. A. a”) B KauecTBe OPraHUYECKOro TOIIMBaA-
BoccTaHoBUTEJSI. [Ipy HEOOXOOMMOCTH, CTAOMIM3allMI0 PAcTBOPOB BapbupoBaHueM pH
OCYILECTBJISUIM 1OOABJICHUEM a30THOM KMCJIOTHI MapKu “oc. 4”.

HcxomHoe COOTHOIIIEHNE HUTPATOB COOTBETCTBOBAJIO XKeJIaeMOil CTEXUOMETPH U, a KOJIU -
yectBO CgH 4,O¢ BbIOMpPasiOCh, MCXOAS1 U3 OKUCIMTEIbHO-BOCCTAHOBUTENBHOM peakLuu
MEKIY TOTTUBOM Y OKUCIIUTEIEM, COOTBETCTBYIOIIEH TTOJTHOMY BOCCTAHOBJICHUIO a30Ta:

xBi(NO;), +yPb(NOs), +nC¢H405 — Pb,Bi Oy 5., +[6nCO, + 4nH,0 + 1.5x + yN, [T\

B nmaHHOI peakiMy yCJIOBHOE COOTHOIIEHUE OKWUCIUTENS M BOCCTAHOBUTEJNSI COOTBET-
CTBYeT CHUTyaIlMM, KOTIa TOJTHOE BOCCTAHOBJIICHHWE a30Ta U 0Opa3oBaHWE KOMITO3WIIMU
Pb,Bi O 5 + , MOXET OBITH OCYILECTBICHO HETIOCPEACTBEHHO B PE3YJIBTATE OKUCIICHHMST/BOC-
CTAHOBJICHHUSI MUCXOTHBIX KOMITOHEHTOB, 0€3 HEOOXOOWMOCTU HAJUYUS JOTOJHUTEITHLHOTO
kuciopona. ComepxaHue MaHHUTA, paCCYMTAHHOE Ha OCHOBE MAHHOTO ypaBHEHUSI, ObUIO
TIpUHATO 32 @ = 1. JIJ1st U3y4eHUs BIUSHUS KOHIIEHTPALIMY TOTUIMBA B UCXOTHOU CMECH B XO-
Jie 9KCIIepUMeHTa (p BapbrpoBayioch ot 0.6 1o 1.4.

MeTtonuka CUHTE3a C MCIOJb30BAHUEM MCXOMAHBIX CMeceii Ha OCHOBE MHOTOATOMHBIX
CIIMPTOB paHee ObUIa MpenjioKeHa B MaTeHTe [28] miIs BUCMYyTaTOB IIEJIOYHBIX METAJUIOB.
Hcronb30BaHHBIN HAMU TTOPSIIOK OBLT clieayiomnM. B HEOOMbIIOM KOTMYECTBE TUCTUILTA-
POBAHHOI BOABI TMPU TMOCTOSSHHOM MEPEMEIIMBAHMU MArHUTHOM MEIIAJIKOW PacTBOPSIU
pacyeTHOE KOJUYECTBO MaHHUTA, IMOCJIe Yero B MOJYYEHHBIM pacTBOp 100aBJISIM HABECKU
HUTPATOB BUCMYTa U CBUHIIA. Jlo6aBiIeHUE CIEAYIONIEr0 pearecHTa MpPOU3BOAWIOCH TOIbKO
rocjie TMOJHOTO pacTBOpeHus mpenbiayuiero. I[ojsyyeHHYI0 TakuM 00pa3oM MpPO3pauyHyIo
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cMech pasauBaiu 1o ¢popmam 1 BeicymmBaiu npu 80°C no coctossHust Keceporenst. Cxxura-
HUE KCeporesei, MOJIydeHHbIX TaHHBIM CIIOCOOOM, U NaJIbHENIIasi TepMooOpaboTKa Mpo-
JIYKTOB TOPEHUSI MMPOM3BOIWINCHL IpU TeMiieparype 560°C ¢ mocnenyioiieii MHOroCTaanii-
HOM BBIOEPXKKOI, 00IIast IJIMTEIbHOCTh KOTOpOi cocTaBmiia 10 30 94, 9TO IMPUBOIMIIO K ITOJI-
HOMY yOaJeHUIO OpraHMYecKux ocTaTkoB. IlpeccoBaHusi Mexmy oOXuramu He
MPOU3BOIUIOCH, UTOOBI CHU3UTH POCT Pa3MepPOB YaCTHIIL.

Ha Bcex cTtanusix TepMooOpaboTKu IJIsT KOHTPOJISI POPMUPOBAHUS MCKOMBIX (ha3 IIPOBO-
nuJics peHTreHoga3oBbIl aHanu3 oopasioB Ha nudpakromeTpe APOH-3M c ucnonb3oBa-
HueM CuK -usnydyeHus. MismepeHue NpoBOAWIOCH B HENPEPBIBHOM PEXMME MPU yIjIax Au-
dpakuum 20 ot 10° o 70° ¢ TpaHCIIOPTHOI CKOPOCThIO 4°/MuH ¢ 11arom 1o yriy 0.02°. Tlo-
JIydeHHbIe B pesyjbTaTe aHajau3a audpakTorpaMMbl ObUIM 0OpaboTaHbl B IIporpaMme
Difwin, ¢ momoibio 6a3 nanHeix PDF2 u COD.

71 ToATBEPXKAEHUS XUMUYECKO OMHOPOIHOCTU M COOTBETCTBUSI COCTaBa MOJYYEHHBIX
00pa3oB 3aJaHHOMY ObLIO MPOBEACHO UCCIENOBAHUE MUKPOCTPYKTYPHI IUIMMOB KepaMU-
YyecKux 00pasIoB, [JIs Yero u3 MoJyYeHHbBIX MOPOIIKOB MOCye TocjeAHeil cTanuu ooxura
TpeccoBajIv TabJeTKU, KOTOPbIE CIIeKaJIM B TeUEHHWE Yaca IpU TOM Xe TeMIlepaType, mocie
yero nummdoBaau. AHaIU3 MPOBOAWIM HAa CKAaHUPYIOIIEM 3JIEKTPOHHOM MUKpockore Tes-
can MIRA 3 u conpoBoxXmanyu MUKPO30HIOBBIM MCCIIETOBAaHEM OTAEIbHBIX TOUEK 1 y4acT-
KoB ¢ romolpio nerekropa UltimMax100 (Oxford Instruments).

DoToKaTATUTUYECKYI0 aKTUBHOCTDH TOJIYYEHHBIX MaTepUaJOB OILIEHUBAJIU MO PeaKIuu
pa3aoXeHUsI OPraHMUYECKOTo KpacuTesl: MeTuieHoBoro opaHxxesoro (MO). Beibop naHHO-
ro KpacuTesisi 00yCIOBJIeH U3yYeHHBIM paHee MeXaHU3MOM (hOTOKATATMTUYECKOM aerpana-
M Ha BUCMYTaTax Kajablus o Bo3aeiictBueM Y®-u3nyuenus [30]. B Hameit pabote Bom-
HbIi pactBOp MO ¢ KoHIleHTpatueit 20 Mr/i1 CMEMBAJIM C TECTUPYEMBIM (pOTOKATaIN3aTO-
poMm ucxons u3 pacuera 0.01 r/Mi1, mociie 4ero oOIydaar JIOMUHECHEHTHBIMU PTYTHBIMU
nmamnamu Huskoro gapieHust (UVB — 1%; UVA — 3.8 Br), moiiHocThio 20 BT, B TeueHue
3 4. ComepxXaHUe KpacUTEsI B paCTBOPE ONPENEIISIIN C TOMOIILIO criekTpodoromerpa ITdD-
5400 rocJie oT60pa U LIEeHTPU(YTMPOBAHUS aTUKBOTHI.

DbPeKTUBHBINA TUaMeTp U pacnpenesieHe 4acTHUI] 10 pa3MepaM OLIEHMBAJIM B BOJHOM
CYCIIEH3MHM C TTIOMOIIbI0 MEeTOo/Ia JMHaMU4YecKoro ceeropaccessHust (NanoBrook 90 Plus Ze-
ta), iepes M3MepeHueM MOPOIIKU AMCTIEPTMPOBAIU B BOJIE YILTPa3ByKOM B TeueHre 30 MUH.

C niomounpio YD-criekrpomerpa ¢ uHTeErpupyloliei cpepoit Shimadzu UV2600 B uHTEp-
BaJie JUIMH BOH 220—850 HM, OBUIM ITOJIy4eHBI CIIEKTPHI UM (y3HOro OTpaxkeHUS IS BCEX
CHHTE3WPOBAHHBIX MaTepuayioB. [l Tiepecuera CIieKTpoB TM(PdOY3HOTO OTpaskeHUS B CIIEK-
TPHI TIOIJIOIIEHUST MCITONIb3oBaiach pyHknusa Kybenkun—MyHKa, 4MCIIEHHO paBHasl KO3(g-
(buIMeHTy OonTHYEeCKOro MOMIOIEHUs MaTepuraa:

2
F(R)=(1-R)"/2R,
rme R — xKoapdunueHT nuddy3HOro oTpaxkeHUsI MaTepuaia, U3MEPEHHBI OTHOCUTEIBHO
abCoJII0OTHO 6esIoro Tena.
JIJ1s1 OleHKM IMMPUHBI 3alIpellIeHHOM 30HBI NCIOIb30BaJIOCh MocTpoeHue Tayna [31]:

(hF(R)" = A(hv - E,),

rae AV — sHeprust GoToHOB, 3B; n — KOHCTaHTa, 3aBUCSIIAsl OT TUIIA BJIEKTPOHHOTO TIepeXo-
na B marepuaie; A — K03(pOUIMEHT MPONOPUNOHANBHOCTH; £, — IIMPHUHA 3aNpELIeHHO
30HBI.

ATIIPOKCUMAIINS JIMHEMHBIX YIaCTKOB Kpasi ONITUYECKOTO TTOTJIOIIEHUST JUTSI MOJEU TIPsI-
MbBIX pa3pelieHHbIX nepexonoB (n = 1/2) no nepecedyeHust ¢ ocbio 3Hepruu ¢poroHa Av, 3B
TIO3BOJIMJIA OTIPENETUTD INMPUHY 3aTPEIIEHHON 30HbI £, MONYYEHHBIX MaTEPUATIOB.
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Puc. 1. ludpakrorpammbl 06pasuos @-BigPbsO 7, CMHTE3MPOBaHHBIX MUPOJIM30M MaHHUT-HUTPATHBIX KOMITO3M-
LKA, C Pa3IMYHBIM COOTHOIIEHUEM OKHMCTUTeNsT U BocctaHoButesist @ = 0.6; 0.8; 1 moce 30 u mpu 560°C (cruton-

Has IMHUA) U pacueTHas audpakrorpamma @-BigPbsO 7 o xaprouxe COD Ne 96-152-6076 (myHKTUpHAast TUHUS).

OBCYXIEHMUE PE3VJIBTATOB

Pesynbratel peHTreHO(Ma30Boro ananu3a oopasuos ¢assl @-BigPbsO;, monyueHHoil me-
TOJOM CXXWIAaHMS, C UCIIOIb30BAHUEM B KaYECTBE TOILIMBA-BOCCTAHOBUTEI MHOTOATOMHO-
ro ciupra — maHHUTa CgH,O¢ mpencrapiieHsl Ha puc. 1.

CormnacHo JaHHBIM U3 JTUTEPATYPHBIX UCTOYHUKOB, daza @-BigPbsO;; (COD Ne 96-152-
6076) [26] Obula CUHTE3UpOBaHA paHee TBepAO(da3HbIM METOJOM CUHTE3a C IJIUTEILHON
TepMHUUYeCcKoii 00paboTKOIt cocTaBa B TeueHMe 72 4 [ 14, 32] 1 ¢ UCITOIb30BaHUEM METOIA X -
pOJM3a IMTPATHO-HUTPATHBIX KOMIO3UIINI, JIMTEbHOCTh O0KNUTa B KOTOPOM COCTaBMWIa
24 4 nipu Toit ke TemnepaTtype 560°C [22]. Pa30BbIii cOCTaB UCCIIEAYEMBIX 00pa3IOB KOH-
TPOJIMpPOBAJICS Kaxable 5 4 MmetogoM PMA u mpu MaJibIX U30TEPMUUECKUX BBIIEPKKAX UMEET
3HAYUTEJBbHOE KOJUYECTBO MpUMeEceil U ToJbKO Mpu Habope 30 4 BBIIEPKKU CTAHOBUTCS
MaKCUMaJIbHO OJIM3KMM K omHoda3HOMY. JJalbHeWIIMii 0OKUT He TIPUBOIUT K U3MEHEHUIO
dazoBoro cocraba.

Takum o6pa3oM, UCTIONIB30BAaHUE METOIA MTUPOJIN3a C MAHHUTOM, KakK 1 B CJIyyae C IIUT-
paTHO-HUTPATHBIM METOJIOM HE MO3BOJISIET IOHU3UTh TEMIIEPATYPY TEPMOOOPaOOTKH, KOTO-
past octaeTcs paBHa 560°C, ogHAKO TTO3BOJISIET TOJYIUTh OMHOGAa3HBINH 00pasel] coenuHe-
Hus Q-BigPbsO4; npu TepmoobpaboTke B TeueHue 30 4, YTO 3HAUUTEIBHO MEHBIIIE, YeM TIPU
HCTOIb30BaHUY TBEPA0(hA3HOTO CUHTE3a U MAKCUMAJIBHO MPUOJIMKEHO K BpEMEHU 00XKura,
HEOOXOJMMOro MPU UCTIOIb30BAHUU LIMTPATHO-HUTPATHOTO METO/A.

CTOUT OTMETUTD, YTO Ha TUdpATKTOrpaMMax He 3aMeTeH CHJIBHBIN 3(pdeKT OT n3MeHe-
HUSI COOTHOUICHUS] OKUCIIATENSI M BOCCTAHOBUTEJS (9, TAaK KaK NMIPUBEICHHBIE COOTHOIICHUS
COOTBETCTBYIOT pexXXUMaM aMophu3aiuu 1 00beMHOTO TOPEeHUsI, KOTOPBIE JIETKO KOHTPOJIU-
poBaTh U BCTpauBaTh B cxeMy cuHTe3a. [Ipu 3ToM B JaHHOI paboTe TakKe MPOBOAUICS IKC-
MEPUMEHT C COOTHOLLIEHUSIMU (P paBHBIMU 1.2 1 1.4, KOTOpBIE COOTBETCTBYIOT PEXUMY CAMO-
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DyeMeHT
Bec. %
(6] 8.52 0.13 54.79
Pb 36.68 0.29 18.22
Bi 54.80 0.29 26.99
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Puc. 2. Mukpodororpaduu o6pasion @-BigPb50 7, CMHTE3MPOBAHHBIX MMPOJM30M MAaHHUT-HUTPATHBIX KOMITO-
3ULIMIA, C Pa3TMYHBIM COOTHOLIEHUEM OKUCIUTEIIST ¥ BoccTaHoBUTe s @ = 0.6; 0.8; 1 B pexxume “(a3oBoro KoHTpa-
cra” ¥ IpruMep MUKPO30HI0BOTrO aHAJIM3a y4acTKa KEPAaMUKHU C TTOTPELTHOCTHIO XUMUUECKOTO COCTaBa, OMPeae/ieH-
HOI1 MO0 U3MEPEHUSIM B Pa3HbIX TOUKAX.

pacIpoCTpaHSIOIErocs: BhICOKOTeMIIepaTypHoro cuaTe3a [33]. [Ipu JaHHBIX COOTHOIIIEHU -
SIX TOPEHUE HEe TIONIAIOTCS KOHTPOJIIO, TaK KaK M3-3a OOJBIIOro KOJMYECTBA TOILJIMBA
TIPOMCXOAUT CAMOBOCIUIAMEHEHME BO BpEMSI CYIIIKK KCEePOTeJisi, COIPOBOXIAEMOe HapyIIIe-
HHUEM CTEXMOMETPUM.

PesynbraThl CKaHUPYIOLIEH 3JIEKTPOHHON MUKPOCKOITMH TTOJy4EHHBIX 00Pa3IoB IIPUBE-
JIEHBI Ha pUC. 2.

Ha Mukpodororpadusax nummdoB mpeaBapuTeIbHO 3aPEeCCOBAHHBIX U CMIEYEHHBIX 00-
pPa31l0B MOXHO OTMETUTh, YTO UCTIOJIb30BAHHBIN METO MUPOJIN3a MAHHUT-HUTPATHBIX KOM-
MO3ULIMI MpUBEN K MOJYYEHUIO 00pa3loB OJHOPOIHOIO COCTaBa, COOTHOLIEHUE KOMIIO-
HEHTOB B KOTOPBIX HA OCHOBaHMM MUKPOAHaIM3a COOTBETCTBYET 3aKJIaIbIBAEMOMY IO IIIUX-
T€ U NMOATBepKAaeT hopmupoBaHue coennHeHns BigPbsOq;.

Ilepen uccienqoBaHeM (HOTOKATATUTUYECKONM aKTUBHOCTH MOJYYEHHBIX 00pa3loB, Me-
TOIOM TWHAMMYECKOTO CBETOpPACCEesTHUsI ObLT onpeaesieH 3(heKTUBHBIN TUaMeTp 1 pacripe-
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(hvF(R))?, oTH. ex.
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Puc. 3. AnnpokcuManus CrieKTpoB ONTUYECKOTO MOMIOIIEHUS B MPEAIOIOXEHUY MOIEIN TPSIMBIX pa3pelleHHbIX
nepexooB JUlst 06pasios @-BigPbsO 7, CMHTE3MPOBAHHBIX TMPOJIM30M MAHHUT-HUTPATHBIX KOMIO3ULINIA, € pa3-

JINYHBIM COOTHOIICHUEM OKHCIHUTENSI U BoccTaHoBUTe s ¢ = 0.6; 0.8; 1.

JieJIeHWe YacTULL TIo pa3MepaM: CpeIHMIl pa3Mep 4acTUILL B TOJyYeHHBIX ITpu @ = 0.8 mopor-
kax coctaBui 600—700 HM, a 1t 06pa3nos, rae @ = 0.6; 1.0 — 1000—1200 =M.

AHaM3 CIeKTPOB ONTHUYECKOTO TMOMIOIIEHUs ¢ UCMOJIb30BaHUEM TTocTpoeHus Taylia B
MPENNOJIOXEHUN MPSIMBIX pa3pellieHHbIX JIEKTPOHHBIX MepexonoB (n = 1/2) npencrasieH
Ha puc. 3

I'paduaeckuM MeTOIOM OBLIU OTpeeIeHBl Kpas MOoJIOC MOMIOIIEHUsI, KOTOPbIe MOXHO
MIPUHSTH OJTM3KUMU K SHEPTUM TIepexo/1a 3JIEKTPOHOB M3 BaJICHTHO# 30HBI B 30HY TTPOBOIU-
MOCTH, TO €CTb K IIIUPUHE 3aMpenieHHON 30HbI (E,).
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Puc. 4. ®DorokaraiuTuueckass gerpagauus kpacurenss MO r1on BosmeiicTBMeM OOJIydeHUsI Ha obpasiuax
¢-BigPb50 7, CHHTE3UPOBAHHEIX MUPOJIU3OM MAHHUT-HUTPATHBIX KOMMO3UILMIA, C Pa3IUYHBIM COOTHOIUEHHEM

OKHCIIUTENSI U BoccTaHoBUTeNs @ = 0.6; 0.8; 1.

3HauyeHUs IIMPUHBI 3alpelieHHON 30HbI TSI 00pa3loB C Pa3IMYHBIM COOTHOIIEHUEM
okucuTens U BocctaHosurens @ = 0.6, 0.8 u 1 cocraunm E, = 2.57, 2.67 u 2.67 3B coor-
BeTCTBeHHO. [ToydeHHBIE pe3yIbTaThl COTIACYIOTCS M MPEBOCXOAAT 3HAYSHMS I aHAJIO-
TUYHBIX COCNMHEHUH, NONyYeHHBIX TBepaoGasHbIM (£, = 2.79 5B) U LIMTpaTHO-HUTPATHBIM
meronamu (E, = 2.76 3B) [22]. IIpu 3TOM aMaIa3oH MOJyYEHHBIX 3HAYEHUN IIMPUHBI 3a-
MpeleHHo#i 30HbI oT 2.57 10 2.67 3B cOOTBETCTBYET BUAMMOMY AMAIA30HY IJIWH BOJH OT
464 no 482 HM, 4TO SIBIISICTCSI OAHUM M3 HEOOXOIUMBIX YCIIOBUI BO3MOXHOTO MCIOJIb30Ba-
HUS MaTepHraJioB B KauecTBe (hOTOKATAIM3aTOPOB, aKTUBUPYEMBIX BUIVMBIM CBETOM.

IToMuMoO ocHOBHOTO TIepexoa, AJIsi BCeX M3yYeHHbBIX 00pa3lloB XapaKTepHO HAJIMYUE Tie-
pexona mpu 2.2 3B, 4TO MOXeT OBITH CBSI3aHO C (POPMUPOBAHMEM MPUMECHBIX (a3 MiIoxo
pa3IMYMMBIX IpYTMMU MeTogaMmu. B yacTHocTu B pabote [34] aBTOpbI YKa3bIBalOT Ha Ghop-
MHPOBaHUE B TOM XK€ KOHLIEHTPALIMOHHOM auamna3oHe da3bl BisPb;O,, s 6113Koii 1o ctpoe-
HUIO C (P-Bingso”.

PesynbraThl vccaenoBaHus (POTOKATATMTUIECKON aKTUBHOCTH TMPENCTABICHBI Ha puc. 4.
I1pu obGrydyeHM pacTBOpa KpacuTelIs METUJICHOBOTO OPaHXKeBOIro 0e3 MPUCYTCTBUS (hOTOKaTa-
JIU3aTopa, ypoBeHb CBETOMPOITYCKAHUSI HE MEHSIJICS B TEYeHUE BCETO BpEMEHU OOTyYeHHs.

Bce cuHTe3npoBaHHbIe 006pa3ibl Ha ocHOBe da3bl ¢-BigPbsO4; nposiBunu otnnyHyto do-
TOKATAJIMTUYECKYIO aKTUBHOCTh C MOKa3aTeJsIMU pasjioxkeHus: kpacuresst MO > 95%. Mu-
HUMAaJIbHBIN YPOBEHb KOHIIEHTPAILIMW KpacuTessi, KOTOPBIH TToKa3aa oopa3el] ¢ COOTHOIIIe-
HMEM OKHUCIUTENs] U BoccTaHoBUTest @ = 0.8, mocie obyydyeHUs1 B TeYeHHUe 3 4 COCTaBUI
C/Cy = 0.01, 4T0, BEpOSITHO, CBSI3aHO C MEHBIIUM Pa3MEepPOM YACTHUI] U, COOTBETCTBEHHO,
OoJIblIIeit TUIOIANbIO MOBEPXHOCTU HA KOTOPO# MPOMCXOIUT peakiusl doToaerpagalmu.

7151 npoBepKY CTAOUIBHOCTU MOJIyYEHHbIX KATAIU3aTOPOB U UX CITIOCOOHOCTU K MOBTOP-
HOMY UCIOJIb30BaHWI0, 00pa3iibl ObUIU OT(GUIBTPOBAHBI U BBICYLIEHBI ITOCJIE UCCIETOBAHMUS
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¢oToKaTATUTUYECKHUX CBOMCTB C MOCJIEIYIOLIUM ITPOBEAEHUEM PEHTIeHO(a30BOro aHaIu3a.
[To pesynbratam PMA B HUX MPOUCXOAUIIO YACTUUYHOE Pa3JIOKEHUE COSAMHEHWI Ha OCHOBE
¢-BigPbsO,; c obpazoBaHMeM MPUMECHOI da3bl MOHOKIIMHHOTO O-Bi,03, 13 4ero MoxHo
caecjaThb BbIBOA, YTO YaCTbh CBUHLA MEPEXOIUT B paCTBOP, U HCCMOTPS Ha BBICOKU A YPOBCHb
(hoToKaTAIUTUYECKOI AKTUBHOCTU MOJyYEHHbIE MaTepUaIbl HE MOTYT ObITh PEKOMEHIOBA-
HbI JUTSI OYMCTKU BOIHBIX PACTBOPOB.

SAKJIIOYEHUE

B pesynbrare uccienoBaHuil BepBble MIPOBENEH CUHTE3 00pa3LoB ¢-BigPbsO; MmeTogom
nuposu3a ¢ ucnonab3oBaHreMm ManHuTa CgH 4,O¢ B KauecTBe TomMBa-BoccTaHoBuTeNs. He-

obOxommmast ISt TIOJIydeHUST JaHHOM (ha3bl JJIUTEIbHOCTh TEPMUUECKOM 00pabOTKM COCTaBU-
sa 30 4 ipu 560°C.

Hpu IMOMOIIIU ITOCTPOCHMUA TayLLa B ITPEATTOJIOKECHUU TTPSAMBIX pa3pClICHHBIX MEPEXOI0B
onpejieieHa IMPUHA 3aMPELIEHHOM 30HbI £, = 2.57, 2.67 1 2.67 5B 111 06pasiios ¢ pasiny-
HBIM COOTHOIIEHUEM OKUCIUTENS U BoccTaHoBuTeNs O = 0.6, 0.8 u 1 cooTBeTcTBEeHHO. [JaH-
HbI€ 3HAYEHUST COOTBETCTBYET BUIMMOMY AMAIMA30HY JUTUH BOJIH OT 464 10 482 HM, 4TO 1O~
TBEPIUIJIO BO3MOXHOCTb UCTIOJb30BAHUSI MTOTYYEHHBIX CIOXKHBIX OKCUIOB B KauecTBe (hoTo-
KaTaau3aTopoB, aKTUBUPYEMbIX BUIUMbBIM CBETOM.

Bce mosrydeHHBIE COCTaBBI MPOSIBUIIN BBHICOKYIO (hOTOKATATUTUIECKYIO aKTUBHOCTH MO
BO3IEMCTBHEM BUIMMOTO CBETA: MIOKa3aTelb pa3yioxkeHus kpacutesss MO mist obpasia ¢ co-
OTHOIICHMEM OKHCIIUTENS M BoccTaHOBUTENS O = 0.8 coctaBmi 299% mocie 3 4 00IydeHus.

Pa6ora BeinosiHeHa B paMKkax rocygapcrBeHHoro 3agaHust UXC PAH (Ne 0081-2022-0008).
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