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Busueno ¢oto- 1 TepmocTumymboBaHi mpouecn B (oroxpomuux kpucramax CdBr,:Cu, CdBr,:Cu,Cl,
CdBr;,:Cu,l, Bupomenux merognom bpimxmena-Crokbaprepa. BeraHoBiieHo, mo Ha e(eKTUBHICTH (OTOXIMIYHHX
nepetsopens (OXIT) B CdBr,:Cu’ BrnmBac KOHIEHTpalis DOMIIIKM Mii, TeMIepaTypa, a TaKoX TFOMOJIOTidHA
aHiOHHA JIoMiliKa. 3po0JeHO MPUITYLICHHS, IO MosBa Oe3CTPYKTypHOrO NOAATKOBOTO (POHOBOTO IMOTJIMHAHHSI B
obyacTi MPO30pOCTi Micisi ONTHYHOTO OMPOMiHEHHsS 3pa3kiB ciabo jeroBanux kpuctaniB CdBr,:Cu 3ymoBneHa
doToposmanom cBiTIOUyTIHBAX HEeHTPiB {(VZcq— Vi )—Cd;"}. B kpucrTamax GPOMHCTOro KajaMilo i3 3HAYHOKO
KoHIeHTpauniero noMimkn Mini @XI1 B ocHOBHOMY MOB’s13aHi 31 3MiHOIO 3apsI0BOTO CTaHy aKTHBATOPHHUX LICHTPIB.
IIpn ompoMiHeHHI TakuX MarepiaiiB yIbTpagioNeTOBUM CBITIOM 3 oOJyiacTi ()OTOUYTIIMBOCTI BiOYBAETHCS po3Haj
xommekcHux nentpis {(Cu'cq) —Cu;'} 1 unnkHenns nentpis Cu’’cy Ta KomoimHUX Meramiumux uactuuok nCu’. B
CHJIBHO JIETOBAaHUX CHUCTEMaX KiHETHKa ()OTOCTHMYJIHOBAHOTO IPOLECY 3a0apBieHHs, KPIM 3MiHH 3apsJOBOTO CTaHy
AKTMBAaTOPHUX LIEHTPIB, BU3HAYAECTHCS TAKOXXK YMOBAMH OIPOMIHEHHS BHACHIOK 3MIHM ONTHYHHUX BIIACTUBOCTEHl i
TOBIIMHM OIPOMIHEHOro LIapy 3paskiB. 3BOpOTHiil mpouec Tepmidnoro 3He6apeients CdBry:Cu mpoxoauTs uepes

okuciaenns rentpis Cu’

iomamn Cu”’cq4 3a JONOMOTOI0 Mpolecy Mirpamii AipoK TepMOJENTOKami3oBaHHX 3

JIBOX3apSAHUX 10HIB MiJli 10 KOJIOIJHUX METATIYHUX YACTHHOK.

Kawuosi caosa: CdBr,:Cu,

(doToxpoMHi Martepiainm,

CHEKTPH TOTJIMHAHHA, (OTOIHAYKOBaHI CMYTH,

(hoTOXiMIUHI IEpEeTBOPEHHS, CBITIIOUYTJIMBI IIEHTPH, (POTOCNEKTPETHHI CTaH.

Cmamms nocmynuna 0o pedakyii 02.07.2007; npuiinama 0o opyxy 14.09.2007.

Beryn

Panime [1-3] BusiBIIeHO, 1m0 Iii yIpTpadioneToBOro
(Y®) cBiTIa 4YM BHCOKO EHEPreTUYHOI 10HI3YIOYOi
pamiarii MIPU3BOINUTH hi() 3MiH OTNITHYHUX,
JIOMIHECHEHTHHX Ta (OTOENEKTPUYHHUX BIIACTUBOCTEH
(OTOXpOMHHMX  KpHCTaJIiB OpOMHCTOrO0  KajaMilo 3
nomimkoro Mifi. [TokazaHo, 1110 OTpUMaHi CBITIOUYTIIHBI
CUCTEMHU Ha OCHOBI CdBr,:Cu MOXYTb
BUKOPHCTOBYBAaTHCh B SIKOCTI ONTHYHO PEECTPYIOUHX
CepellOBUIl 3  BHCOKHM  CTyIIEHEM  30epeXeHHs
iH(popMarii, a TAKOXK AK AETEKTOPH I Ho3uMeTpii Y D-
cBiTia. 3pobieno npumnymienns, mo OXII B miit cuctemi
B OCHOBHOMY IIOB’sI3aHI 31 3MIiHOIO 3apsIOBOTO CTaHY
AKTUBATOPHUX IEeHTPiB. OnpomiHEeHHS (POTOXPOMHHUX
KpPHUCTaTiB NpH KIMHATHIH Temmeparypi Y®-cBiTioMm 3
obusiacti GOTOUYTIMBOCTI NPU3BOJUTH 1O IOCITAOICHHS
MOTJIMHAHHA, 3YMOBJICHOT'O iOHaMI/I Cu+, Ta II0ABHU
doroinayKOBaHOrO TOrMMHAHHS, 1OB’s3aHOr0 3 Cu’'-
LEHTPAMH Ta KOJOIJIHUMU YTBOPEHHSIMHU nCu’. B naniit
po0OTi 3 METOW YTOYHEHHS BIPOTIIHUX MEXaHi3MiB
¢oTo- 1 TEPMOCTUMYNBOBAHUX XIMIYHHMX IEPETBOPEHbD,
y3arajJibHeHO paHime omyOmikoBani [1-4] Ta orpumani
HOB1 pPE3yNbTaTH MAOCIHIIKEHHS BIUIMBY KOHIICHTpALii
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JIOMIILIKH, PI3HUX THIIIB BUIIPOMIHIOBaHHS 1 TEMIIEpaTypH
Ha OINTHYHI Ta (OTOENEKTPUYHI BIACTUBOCTI KPHCTAJIB

CdBr,:Cu™.

I. ExcnepuMeHTaJIbHA YACTHHA

Jns  mociiIpKeHHS BHKOPHCTOBYBAJIHMCH KPUCTAIH
CdBr;:Cu, CdBr,:Cu,Cl, CdBr,:Cu,l, BuporieHi Mmeroaom
bpimxkmena-Crokbaprepa 13 coni kBamigikaumii “una”,
JIOIATKOBO ~ OYMILEHOI KOMIUIEKCHUM MeToaoM  [5].
Jlerysanns CdBr, npoBoxmiIock 3 po3IuiaBy Npu BBEICHI
B mmxty gomimok CuCl, CuBr i Cdl,. 3pasku
BUTOTOBJISUTUCH METOJOM CKOJIIOBaHHS IO IUIOIIMHAX
CHAfHOCTI Ta BHUPI3aNCh JIE30M OpWUTBH y BHUTIAAI
IacTHH po3MipoM ~15x15x1 mm’. CreKTpH ONTHYHOTO

MOTJIMHAHHSA ~ 3pa3KiB  OpW  KIMHATHIH — TemrepaTypi
(~295 K) JTOCTIIKYBAIHACH 3 JIOTIOMOT OO
cnektpodoromerpa “Specord M-40”. JlocmimKeHHS
ONTHYHUX cmekTpiB mnpu 85 K mpoBogwiocs B
MeTanigHOMy KpiocTati B yMoBax Bakyyma ~107 Topp Ha
YCTaHOBII 3MOHTOBaHii Ha 0a3i MOHOXpoMmaropa
cnekrpoporomerpa CD-4A. Sk jxepena  cBiTia

BUKOPHCTOBYBAJINCh BOJHEBO-IeHTepieBa ammna /1JIC-30
i rajoreHHa Jjamma pozxapeHus tuny KI'M 12-100.
Peectpamis iHTEHCHBHOCTI CBIiTJIA BimOyBajach 3a
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JOTIOMOTOI0 ($OTOENEKTPOHHOTO MIOMHOKyBa4a
DOVY-18A, curdain 3 SKOT0 HiACHIIOBABCS II1ICHIIOBAYEM
MOCTIMHOTO CTPyMy 1 MOJaBaBCs Ha IBOXKOOPAWHATHHN
peECTPUIOUHI TIpHIIaT ITJIA-1. JKuBnenns
(oToroMHOKyBaya 3IIHCHIOBAIIOCH BijJ BHIIPOCTYyBaua
crabinizoBaHoro BC-22.

Jnst mocmijpkeHHsT eNeKTpo(di3udHUX BJIACTUBOCTEN
OTPUMaHUX KPHUCTAJIIB BHUKOPHCTOBYBAJIACh METOJMKA,
ommcana B [2]. Ilpm [ocmiJpkeHHI eNEKTPETHHX
BJIACTMBOCTEH 3pa3Ky PO3MIIyBAIHCh MK 130JIFOI0UYMMHU
KOHTAaKTaMH BHUMIPHOTO KOHZIEHcaTopa. Eiextpuune
nose 3 Hampyxkenictio ~2:10° B/cM, sike TpHKIananoch
JI0 3pa3Kka mix vac ¢orormonspusanii, Oyiio mapaienbHe
IO HaIpsMKY HOIIMPEHHS CBITJA 1 MePIEeHIUKYISPHE 10
IUIONIMH ~ CHAaWHOCTI  KpucTtama.  DOTOMPOBITHICTH
BUMIpsUIaCh B3I0BXK IIOBEPXHI 3pa3ka. 3abapBicHHS
KpPHUCTaTiB TNPOBOAWIOCH mpu Temmeparypi 295 K
BUIPOMIHIOBaHHIM a30THOTO nazepa JIrn-21
(A=337,1 um) ab0 BUIPOMIHIOBaHHSAM KCCHOHOBOI JIAMITH
JKcDn-1000 3 BUKOPUCTAHHSIM OINTHYHOTO (IIBTPY 3
nponyckanHsaMm B o0iacti Bix 260 mo 400 uM. Crektpu
¢doronenonspuszanii  poroenekrperHoro crany (D]
®EC) (cnekTpanbHy YyTJIMBICTH) Ta (POTONPOBIJHOCTI B
niama3oHi 250—550 HM BHMIpIOBAJIUCH MPH MOCTIHHOMY
YHUCIIi KBAHTIB 30YIKYIOUOTO CBITIIA IS Pi3HUX JOBKHIH
XBHWJIb, LIO JIOCATANOCH IULIXOM 3MIiHM LIMPHUHH IIITHH
MoHOXpoMmaTopa crnekTpodoromerpa CD-4A. B OGinmbimn
JIOBrOXBHJIbOBIM 00JIACTI BHMIPIOBAHHS IPOBOIMINCH
[IPH MOCTIHHKX IIMPUHAX MIUTHH MOHOXpoMaropa ~0,02—
0,03 mm. Ctpymu doTozaenonspusaliii peecTpyBaiich B

Jiara3oHi 10%-10"A 3 JIOTIOMOT 010
€JIEKTPOMETPUYHOTO BOJIbTMETpPA BK2-16 i
3aMMCyBaJIUCh MOTEHIIIOMETPOM KCII-4. Jns

3MCHIIICHHS BIUIMBY HEKOHTPOJBOBAHMX IiJCBITOK B
obJiacti MakcuMaiibHOI (POTOUYTIIMBOCTI Ha pe3yNbTaTh
JOCTIKCHHS CIIEKTPH (POTOIETIONSAPH3alii 3HIMAaIHICh 3i
CTOPOHM  JIOBI'MX  XBHJIb. Temmeparypa  3pa3kiB
KOHTPOJIOBAJIACh IudepeHIiaTbHOI0 MiIb-
KOHCTaHTaHOBOIO TepMornaporw. Tepmo-e.p.c. TepMoriapu
BHUMIpIOBAJIaCh 3 JOMOMOT'00 BoJbTMeTpa B7-21A.

I1. Pe3yabTaTu Ta iX 00roBOpeHHs

PesymbraTi  nOCHiMKEHHS BIUIMBY KOHIIGHTpAIIil
JIOMIIIKY Ha criekTpu ontuaHoro nornuHanHsA CdBr,:Cu
npy KIMHaTHIA TeMmneparypi moaaHo Ha puc. 1 1 2. I3
puc. la BHOHO, IO CHEKTp IOIJMHAHHA KpHCTana 3
KOHIeHTpalito qoMiniku ~0,02 mac.% 10 3abapBieHHS B
MPUKPAEBI 001aCTi MICTUTH CIa0KY aKTHBATOPHY CMYTY
3 MakcumymoM 1nipu 302-305 M (kpuBa 1). OnrTuyne
3a0apBicHHS 3pa3ska mpoTsiroMm 10 ¢ TPU3BOIUTH [0
nocnabiaeHHst i€l CMyru 1 NOSBU B JIOBIOXBHJIBOBIH
00J1acTi JJOAaTKOBOTO CYLUIBHOTO TOTJIMHAHHS, Ha (OHI
SIKOTO TIPOSIBIIAIOTHCS /BI caOki cmyru (kpusa 2). Ilpu
30UIBIIEHHI  KOHIEHTpalii JOMIMKKH Ha MHOPSIOK
CIIOCTEPIraeTbCsl  3POCTaHHA  aKTHBAaTOPHOI  CMyTH
nornmuHaHHg 305 HM Ta (OTOIHAYKOBAaHMX CMyT 3
MakcumyMamu Onu3bko 395 i 605 HM npuOnu3HO B 3
pasu mo 1 micas 3abapBiieHHS 3pa3Ka, BIAMOBIIHO
(mop. xpusi 1 12 Ha puc. lai 10).
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Puc.1. a — CnoekTpu TIOTJIMHAHHA KpHUCTaIa

CdBr,:0,02 mac.% CuBr no 3abapsnenss (1) i micus
3abapaiieHHs npotsrom 10 ¢ (2).

6 CrexkTpu TOMIMHaHHA  KpHCTana
CdBr,:0,2 mac.% CuBr no 3abapsnenns (1) i micns
3abapsnenHs npotsrom 10 ¢ (2).

3 pe3ysbTaTiB, MOJAHUX HA PUC. 2a, BUIUIMBAE, LIO

CIIEKTp  TOTVIMHAHHSA  He3a0apBIEHOr0  KpHCTaia
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Puc.2. a — Choekrpu mNOIIMHAHHS —KpPUCTaa

CdBr,:2,0 mac.% CuBr go 3abapsienns (1) i micms
3abapeuerHs npoTsroM 5 ¢ (2), 10 ¢ (3) i 3 xB (4).

0 CrekTpu TOTJIMHAHHS — KpHCTala
CdBr;,:5,6 mac.% CuBr no 3abapsienss (1) 1 micns
3abapBiieHHs poTsiroM 5 ¢ (2), 10 ¢ (3) 1 3 xB (4).
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CdBr,:2,0 mac.% CuBr mae BiTHOCHO iHTEHCHBHY CMYTY
3 MakcUMyMoM Oim3pko 310 HM, 3yMOBJIEHY LIEHTpaMH
Cu’ (xpusa 1). Ilpu 36inblIeHHI uYacy ONTHYHOTO
3a0apBieHHS Bif 5 ¢ 10 3 XB 3HaYHE MMOCTA0ICHHS CMYTH
310 HM CyNpOBOIKYETHCS 3POCTAHHSAM INPHOJIM3HO 32
OJTHAKOBMM  HENIIHIHHUM  3aKOHOM  IHTEHCHBHOCTI
doroinaykoBanux cMmyr 395 i 625 HM, MOB’s3aHHX 3
LEHTpaMHU cu* i nCuO, BimNOBigHO (KpuBi 2-4).
Mornuuaunns ionie Cu’ B CdBr:5,6 mac.% CuBr go
3a0apBJICHHSI 3pa3Ka € HaJ3BHYaiiHO iHTEHCHUBHE, TOMY
PEECTPYETHCS TUTBKH JTOBTOXBHIBOBHH CIasl CMyTH (puc.
26, xpuBa 1). Ilicms ONTHYHOTO OMPOMIHEHHS LHOTO
kpuctana mporsirom 5 1 10 ¢ mosiea cmyr 395 i
650-670 HM HE CYHOpPOBOIKYETHCS MPOCBITICHHIM
3paska B obOmacti mornmHaHHS Cu'-meHTpiB (pmc. 26,
kpuBa 2 1 3), a mpuM 3acBiTUi NPOTIroM 3 XB
(oTOIHAYKOBaHI CMYIM B)K€ HACTLJIBKM IHTEHCHBHI, LIO
iX MakcUMyMH HE MOXHa 3apeectpyBatu (puc. 20,
KkpuBa 4). 3’5COBaHO, 10 MOJAJIbIIE 301IBIICHHS BMICTY
nmomimku g0 10,7 mMac.% MpakTHYHO HE MPHU3BOIUTH IO
HiBUILEHHS €()EeKTHBHOCTI NPOTIKAaHHA (QOTOXIMIYHHX
peakmiit  (®XP) 1 BiAmoBiZHO OO 3HAYHHUX 3MiH

CIIEKTPaJIbHUX XapaKTEPUCTUK ($hOTOXPOMHOTO
MaTepiaina.

3  OTpUMaHMX  CIEKTPIB  BHIUIMBAE, IO
CHIBBIHOIICHHS IHTEHCUBHOCTI KOPOTKOXBHJIBOBOI 1
JOBrOXBWJIbOBOT  (DOTOIHIYKOBaHMX  CMyr  cjabo

3aJeXHUTh BiJ 4acy omnpomiHeHHs kpucraniB CdBr,:Cu
Y®-cBitiom. [Ipote BiaMidaeThest 3MimeHHst Ha 5—10 HM
B JIOBFOXBWJILOBY  0O0JIaCTh ~ MakCUMyMa  CMYTH
nornuHasss, 3ymoBienoi nCu’-mentpamu. Pesynsrati
JOCIII/KEHHST BIUTMBY KoHIeHTpauii nomimku CuBr na
CIIEKTpabHE TIOJI0KEHHS Ta IHTEHCHBHICTh
aKTUBAaTOPHOI 1 (OTOIHAYKOBAHHX CMYT TMOTJIMHAHHS
CdBr,:Cu nmogani B Tab. 1.

Taoauna 1
BruinB koHIEHTpalii JOMILIKH Mijli Ha 3MiHY ONTHYHOT
ryctunu Cu'- (-AD)), Cu*'- (AD,) i nCu’-uentpis (AD;)
micist 3a0apeienns 3paskis CdBr,:Cu npotsirom 10 ¢
cBiTiioM KceHonoBoi aammu JJKcDm-1000

Kpucran —-AD; AD, AD;
CdBr,:0,02 0,15 0,11 0,07
Mac.% CuBr | (303 am) (395 5m) (600 HM)

CdBr,:0,2 —-0,45 0,35 0,23
Mac.% CuBr | (305 am) (395 5Mm) (605 u™m)

CdBr,:2,0 -2,15 1,22 0,97
Mac.% CuBr | (310 am) (395 5Mm) (625HM)

3 Tabmumi BHAHO, MO 30UTBIICHHS KOHICHTpAIil
JOMIIIKKM B IIMXTI HAa [Ba IOPSAKH MPU3BOJUTH [0
3pOCTaHHS ONTHYHOI TYCTHHH B (OTOIHIYKOBaHUX

cMyrax npuOIM3HO Ha Hopsmok. Ilpu  mpomy

. + .
crioctepiraeTbesi  nocnabneHHss cmyrd  Cu' -IeHTpiB
npubaum3no B 20 pa3. XapakTepHuUM € Te, UIO

KOHIICHTPAI[is AOMIIIKHA Miji MPAKTHYHO HE BIUIMBAE HA
CHeKTpalbHE MONOKEHHS CMyrH, 3ymoBieHoi Cu’'-
ueHtpamu. [IpoTe mpu 30UTBIICHHI YMCIA 1OHIB Mili B
(oToXpoMHOMY Marepialli BiAMIYA€TbCS  3MILIECHHS
MaKCUMyMiB aKTHBaTOPHOI (Ha 7 HM) i IOBTOXBHIJIbOBOI
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(otoinmykoBaHoi (Ha 25 HM) CMyT B O0JIaCTh MEHIITUX
EHepriu.

3anexxHocTi TogaTkoBoi ontudHOI ryctrHA AD (abo
ONITMYHOI T'YCTHHH IIOYOPHIHHS) B MaKCHUMyMax CMyT
nornuHaHHs 395 1 625 HM Bijg yacy 3abapBiieHHs 3pa3ka
CdBr:Cu  a3oruum mazepom JITM-21 HaranmyioTh
ananoriuni 3ayexnocti st CdBr,:Cu,Cl, npuseneHi B
pobori [1]. Ili 3amexxHOCTI IJii KOPOTKOXBHJIBOBOI Ta
JIOBFOXBMJIBOBOT CMYT TOMAIOHI 1 XapakTepH3YIThCs
IIBUJIKOIO Ta TOBUIBHOIO CTAIisIMH. 3 pHC. 3 BUIHO, IO
KIHETWYHI KpWBI ONTHYHOI TYCTHHM HOYOPHIHHS
CdBr,:Cu B xoopamaatax AD — Int maroTe S-momiOHUX
Burmsag.  Jdns  cepemHboi  cramii BoHM  Jro0Ope
ANPOKCUMYIOTBCSI ~ MpsMUMH  JiHisMH.  OTpuMasi
3aJIeXKHOCTI AD=f(In t) € NOAIOHUMH JI0
CEHCHUTOMETPUYHHAX XapaKTEPUCTHUK (oToMaTepialliB Ha

AD

0,37

ol o R
0,05 2,72 Int

Puc. 3. 3anexnocri nqogarkoBoi onTudHoi rycrunu AD
Bi uacy 3abapmienns mnpu 295 K kpucrana
CdBr:2 mac.% CuBr B MakcuMymax iHAYKOBaHHX
cBiTiIOM cMyT noryiHaHHA 395 (1) 1 625 M (2).

ocHoBi AgCl abo AgBr, siki BHKOPUCTOBYIOTHCS IS
JIO3UMETii i10HI3yIOUMX BUIIPOMIHIOBaHb [6].

Y choekrpax TOIJIMHAHHS  3a0apBICHUX  IIPH
OJTHAKOBMX YMOBax 3pa3KiB OpOMHCTOro KaaMmilo 3
momimkamu CuCl (1,0 mac.%) i CuBr (2,0 mac.%)
CIIOCTEPIraloThCsA OFHI 1 Ti K (POTOIHAYKOBaHI CMYTH

Maiibke 3 OJHAKOBOI IHTEHCHBHICTIO. HasgBHICTB
nomitku xyopy B CdBr,:Cu,Cl nmpakTHuHO He BILUIMBa€e
HAa  CHEKTPOCKOIYHI  XapaKTEPUCTHKH  IICHTPIB
akTuBaTOpHOi  mpupoau. CBITIIOUYTIHBI  CHCTEMH

CdBr;:Cu i CdBr,:Cu,Cl pocuth crTabinpHi B daci.
Honatkose uneryBanns CdBr,:CuBr gowmimkoro Cdl,
CHOHYKa€e JI0 3HAYHOTO 3POCTaHHS IHTEHCHBHOCTI
NOTJIMHAHHA B  TPHUKpaeBiii obnacTti, 3yMOBJIEHOTO
nmomimkorw #oxy [4]. Lle mpusBomuTh 10 TOrO, IO Ha
(hoHI TTOTIMHAHHSA, TIOB’S3aHOTO 3 aHIOHHOIO TOMIIITKO¥O,
cmyra Cu'-IeHTpiB CETeKTUBHO He MpOsBIAEThCA. Ilicns
OTPOMIHEHHS Marepiajla CBITIIOM a30THOTO Jlazepa
BiZIMIYa€ThCs 3MEHIICHHS aKTHBAaTOPHOIO MOTJIMHAHHS B
KOPOTKOXBHJIbOBIH 00JaCTi Ta BUHUKHEHHS JOJATKOBUX
cmyr nornuHanHs 395-400 1 620-625 um. Excnosutiiiini
XapaKTEePUCTUKH (3aJIe)KHOCTI 3MIHM ONTHUYHOI T'yCTHHHU
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AD Bin yacy 3abapsienns) matepiana CdBr,:Cu,l Takox
Jo0pe almpOKCHUMY€ETHCS 3alekHIcTIO AD ~ In t.

B mpomeci pentreniBcekoro 30ymkeHHs OXP B
cucremax CdBr,:Cu, CdBr,:Cu,Cl i CdBr,:Cu,I mpu 295
K npotikarots BigHOCHO citabo. [Ipu ekcrosuiidHii 1031
1,0-1,5 Kiw/kr 3HaueHHs AD B MaKCHMymax CMyT
MOTJIMHAHHSA, OB’ I3aHUX 3 Cu* i nCuO, B CdBr,:Cu,Cl
nocsirae  Bemumumbau - 0,05-0,15 [2]. 3 moHMKEHHSIM
Temmepatypu 3paskiB Bim 295 mo 85 K ¢oroximiumni
npouecu B CdBry:Cu’ mpu ONTHYHOMY, Jla3epHOMY i
PEHTIreHIBCbKOMY OIIPOMIHEHHSX 3HA4YHO
nocnaboTecst.  OcoOiMBO 1€ XapakTepHO IS
KPHUCTAJIB 3 MaJOI0 KOHICHTPAII€I0 JOMIMIKH Miji.
CnexTpy TOIIMHAHHS 3a0apBlIEHMX 3pas3KiB  ciabo
nerosanux kpuctanis CdBr:Cu’ mpu 85 K Takox
MicTaTh cMyTH, 1ToB’si3aHi 3 nentpamu Cu’, Cu®” i nCu’.

Crrextp (oTonpoBimHOCTI He3a0apBICHOTO
CdBr,:Cu,Cl pu KIMHATHIN TeMIeparypi
XapaKTePU3Y€EThCSl  HEEJIEMEHTApHOI0  CMYyrol 3

MakcumMyMamu Oym3pko 321 1 342 HM Ta CXOOMHKOIO
Oinst 285 M (puc. 4, kpuBa 1). 3abapBieHHsT KpucTaia
YO-cBiTIIOM TPU3BOAUTH JO TOCIA0JICHHS OCHOBHOL
cMyru (oTonpoBinHOCTI mpuOIM3HO B 7 pa3 Ta J0
BUHHMKHEHHSl cnabkux cmyr B obxacti 400-650 HM
(puc. 4, xkpusa 2). Y cnekrpi ®/] ®PEC nezabapsieHoro
3pazka CdBry:Cu,Cl, doTomonspuzoBanoro 3 obmacri
MakcumMyMa (otouyTauBocTi 352 HM, IpU TeMIepaTypi
295 K cmocrepirarotecs cnmabka cmyra 285 HM,
XapakTepHa JUIsi OCHOBU KpucTana [2], HeeleMeHTapHa
IHTEHCHBHA aKTHBAaTOPHA CMyTa 3 MaKCHMyMOM OJHM3bKO
352 um Ta cxoamHka B obmacti 330 M (puc. 5, kpusa 1).
Crextp @/ ®EC nezabapeineHoro 3paska CdBr,:Cu,l,
(hOTOTIOISIPHU30BAHOTO 3 o0macri MaKCUMyMa
¢dorouyrmuBocti 350 HM, mnpu 295 K  MicTHTH
HeeJeMEeHTapHy IHTEHCHBHY cmyry 350 HM Ta psfg
ciabKUX CMyr B JIOBFOXBWIIBOBIH oOxnacti (puc. 5,
KpHBa 2).

BusBneno [2], mo 3abapnenHs CdBr,:Cu,Cl,
npm3BoAuTh 0 mocnabnenns cmyru @J] OEC mpu 352
HM, TIpA IIbOMY  CIIOCTEPIra€Tbcs  30UTBIICHHS
inTeHcuBHOCTI cMyrd 330 HM Ta BHHHKHEHHS CMYT 3
MakcuMyMamu 6;m3bko 515 ta 610 aM. OcobnuBuM € Te,
o (QOTOYyTIMBICTh 3a0apBIEHOr0 3paska B 00JacTi
cmyru nornuHanEs Cu’ -IeHTpiB € BiZHOCHO CIaGKOIo.
KpuBa TtepmoctumysiboBanoi aenomspusanii  (TCJ)
He3abapeiieHoro 3paska CdBr,:Cu,Cl, momspuzoBaHoro
npu temneparypi 350 K 3 HacTynmHUM 0XOJI0KEHHSIM 110
temriepatypu 90 K xapakrepusyerbcs IHTCHCHBHHM
HEeNleMeHTApHUM TMKoM B obmacti 275-280K i
cmabmmM mikoM mpu 310-315 K [2]. 3mina HampsMKy
30BHIIIHBOTO TOJIIPU3YIOUOTO EJIEKTPUYHOTO MO Ha
NPOTWISKHUH  HE  BIUIMBAE Ha  TIOJIOKEHHS
Hm3bkoTemneparypHoro mika TCJ[. Temmnepartyphe
MOJIOKCHHSI IMKAa TAaKOX HE 3MIHIOEThCS MPU 3MiHi
TemmepaTypu nosspusanii B obmacti 280-360 K. Taki
ocobmmBocti noeninku nika TCJ npu 275-280 K
XapakTepHi I TUNOIBHOT perakcartii. [TomoxeHHs mika
3 MakcumymoM Osm3pko 310 K, HaBmakw, cyTTeBO
3aJIeKHUTh BiJl HanpsMy MHOJSPH3YI0UOro €JIEKTPUYHOTO
noias 1 Big Temmeparypu —Tossipu3amii  3paska.
[ligBuIneHHA TeMmmepaTypy MoJspHu3anii MPUBOJUTH 10
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1, BigH. ox.
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300

Puc.4. Cunexrtpu  QorompoBigHOCTI  KpucTaia
CdBr,:1 mac.% CuCl npu 295 K no 3abapsnenus (1) i
mics 3abapBiaeHHs (2).

3MIIIEHHS [BOTO TiKa B OOJACTh BHIIHMX TEMIEPaTYp.
Orxe, 3 IUX JaHUX BUIUIHABAE, 1m0 mkK npu 310 K moxe
OyTH 3yMOBIICHHH peJaKcamieio 00’ eMHOro 3apsna [2].

®otoxpomui kpuctamn CdBr,:Cu’ He MaroTh
ONTUYHOTO 3HEOAPBIICHHS. BIIHOBICHHS ONTUYHHX,
(oToenekTpuYHUX Ta (POTOETIEKTPETHUX BIIACTUBOCTEH
3pa3KiB BiIOYBAEThCS MICHIS MPOTPIiBY iX 0 TeMmepaTyp
280-300 °C. Tepmiune 3HeOapBICHHS 000x
(DOTOIHAYKOBAHUX CMYT CIIa00 JIETOBAaHMX KPHCTAIIB
CdBr,:Cu i CdBr,:Cu,Cl BinOyBaeThcsi OJHOYACHO B
OIHY CTalil0 3a OJHAKOBAM 3aKOHOM. 3OiTbIICHHS
KOHIICHTpALii OOMIIIKH y (OTOXPOMHOMY MaTepiai
CdBr,:Cu npuBOIuTh 10 MOSIBM HOBOI cTaiii B obOiacti
HIKunX Temmeparyp [2]. Ilporpis 3abapBieHNX 3pa3KiB
CdBry:Cu,] 1o Temmeparypu 280-300°C  Takox
MPU3BOJUTE 10 BIJHOBJICHHS iX BUXITHHX CICKTPATBHUX
XapaKTEPUCTHK.

V1,
1,0

~

B

A, HM

1 1
400 500

300

Puc. 5. Cnekrpu  ®JI  ®EC  xpucraiuis
CdBr;:1,0 mac.% CuCl (1) i CdBr,:0,5 mac.% CuBr,
0,5 mac.% CdI, mpu 295 K.
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OTtpuMaHi pe3yapTaTd JOCTIHKEHb MOTOHKYIOTHCS 3
JaHuMU poOotu [7], Je HAa OCHOBI aHANi3y CIEKTPiB
MOTJMHAHHA  mossipuzoBaHoro  cimia  CdBry:Cu
MOKa3aHo, 110 B TPaTIli MbOro (OTOXPOMHOIO MaTepiaia
€ JBa TOJIOKEHHs 10HIB gomimku mimi. [lepire — 1e
nonoxenns, B skomy ion Cu’ samimye iom Cd*" B
PEryJsipHOMY BY3Jli B OKTaeJAPHYHOMY OTOYCHI INECTH
ionis 6poMmy, a spyre — B sikomy ion Cu' 3HaX0aUTHCA B
MDKBY3JIi B OKTaeIpHYHUX ITyCTOTax, YTBOPEHHUX JIBOMA
IapamMH iOHIB Tajioimy, MiX SIKUMHU € 3B 530K Ban-zmep-
Baasbca.

Basyrounch ~ Ha  pe3ynbTatax  JIOCHIiPKCHHS
cnektpanbHux xapaktepuctuk Cdl:Cu [8], CdS:Cu i
CdS:Ag [9,10], MOXXHA MPUITYCTHUTH, LIO MPU AKTHBAILT
CdBr, 3 posmmaBy Cu’ B mpomeci samimenns Cd*
OJTHO3APSHAM  JIOMILIKOBMM  10HOM  KOMITCHCAIis
HETaTUBHOTO 3apsay YTBOPEHMX aKLENTOPHUX LEHTPIB
(Cu'cq) MoxknmBa Mixksy3noBuHHMMH ionamu Cd;" i Cu;’
ab0 aHiOHHMMH BakaHcisiMH V. Mik 6au3bKO
PO3MIIIIEHUMH aKIENTOPOM 1 JOHOPOM [ifOTh CHJIH
KyJIOHIBCHKOrO  mputsiraHas. Lle mpus3BoauTh 0
YTBOPEHHSI HEUTPAIbHUX CBITJIOYYTJIMBUX KOMILICKCIB
(acomiifioBaHMX  JOHOPHO-aKIENTOPHUX TIap) THILY
{(Cu'cd) —Vi'}, {(Cu'ca) =Cdi"} i {(Cu’cq) —Cu;'}.

KomneHcaris 3apsiay akuentopaux uestpis (Cu'cq)”
nonopamu Cu;' B GpOMHCTOMY KaaMii eHepreTmyHo
BUTiHA, OCKinbkn Cu’  XapakTepu3yeThCs MEHIIMM
IOHHUM paJiiycoM, HiX cd* [5,11]. 3 npunombHUMH
nentpamu {(Cu'cq) —Cu;'} nop’ssyerses mik npu 280 K,
BusiBJIeHNH Ha KpuBHX TCJl TEpMOENEKTPETHOTO CTaHy
He3abapaiieHoro Gporoxpomuoro mMarepiana CdBry:Cu’.

BpaxoByroun pe3yibTaTH JOCHIIPKEHHS BILUIUBY
OTNITHYHOTO OTIPOMiHEHHS Ha CIIEKTPaJIbHI
xapakTepuctuku kpuctaiis CdBr, i CdBry:Ag’ [12-14]
MOXKHa BBa)KaTH, L0 B KpUCTaJlaX OPOMHCTOro KajaMiro
KkaTioHHI BakaHcii V2 ¢q pa3oM 3 aHIOHHMMH BaKaHCIIMU
Vi" i wMikBysnoBuHHMME ioHamu ka;mito Cd;’
YTBOPIOIOTH  CBiTOuyTIMBi acomiatu  {(V> cq— Vi)-
Cd;"}. Tlin yac ONTHYHOTO ONPOMIiHEHHS MPOTIKAHHS
OXII B CdBr, ta B c1abo neroBaHoMy (GOTOXPOMHOMY
MaTepiaii CdBr,:Cu OYEBUIHO CIIPUYHHEHO
(hOTOCTHMYITFOBAaHUM  PO3MAAOM IIMX AacCOLiaTiB B
pe3ynbpTaTi 3axXOIUICHHS HEPIBHOBAXKHUX EJEKTPOHIB
uentpamu Cd;” mpu ¢poroionizauii ionis Br. B mpoueci
acomianii aromn Cd;’ yTBOPIOIOTH MeTaNiuHi 4ACTHHKH

nCd’, sKki 3yMOBNIOIOTH MOSBY  OE3CTPYKTYPHOTO
JIOJJATKOBOTO  (DOHOBOTO ~ TOTVIMHAHHA B 00JAcTi
mpo3opocti. ['eHepoBaHi  ONTHYHUM  30yIKCHHIM

dortoxipkn Br’ zaxommoorhest V¥ g, fKi pasom 3 V|
(hopMyIOTH HOBI KOMITJICKCHI IEHTPH {(V* cq— Br)-V,'}.

B kpucramax OpOMHCTOrO KaaMmilo 31 3HAYHOIO
KoHUeHTpauieto jpoMmimku Migi OXII B ocHOBHOMY
NOB’s13aHi 31 3MIHOIO 3apsSJOBOIO CTaHy aKTHBAaTOPHHX
uentpiB. IIpu ompominenni kpuctanis CdBr,:Cu’ Y-
CBITJIOM, sIK€ €(EeKTHBHO MOTJIMHAETHCS B IIPHUKPA€EBii
obnacti nentpamu Cu’, B pesyabTaTi (HOTOTEpMiuHOI
JICNIOKAITI3aIlii  eNeKTPOHIB  Bif Cu'ey 1m0 Cu
yrBOprofothcss  neHTpn  Cu’'cq. Ile mpmsBommTh 110
3HUKHEHHS CWJIM KYJOHIBCBKOIO NPUTSATAHHSA MIDK
KOMIIOHEHTaMH  JOHOpHO-akmentopHux  (HA) map
{(Cu'cq) —Cu;'} i BimmoBinHo 10 ix posnamy. Ha kopucts
JAHOTO NPHUIYLIEHHS CBIAYHUTH TOH (BaKT, IO KPUCTAIH
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CdBr,:Cu’ cabo 3a6apBIIOIOTHCA Mijl 4aC OMPOMiHEHHS
PEHTIEHIBCBKUMH ~ KBAaHTaMH, OCKIIBKM B JaHOMY
BUMAJKYy €JEeKTPOHHI 30yIKEHHS pPEJaKCyloTh B
OCHOBHOMY Ha BJIacHHX Jiepextax kpucraina [15].

AxtuBaropHa cmyra 303-310 HM, IO CENEeKTHBHO
CHOCTepiFaCTLCH B CIIEKTpax IIOI'JIMHAHHA
He3a0apBiIeHUX KPHUCTaliB OpOMHCTOrO KajMilo 3
nomimkoro mini 0,02-2,0 mac.%, Moke OyTH mpunHcaHa
BHYTpimHBOiIOHHOMY mepexomy 3d'°—3d’4s, 3abopona
Ha SIKMA YaCTKOBO 3HIMAETHCS 3a PaXyHOK 3MIIIEHHS
iona Cu’ BiHOCHO LieHTpa Jlirany, yTBOPEHOTO 3 iOHiB
Br, abo moB’s3aHa 3 [O3BOJICHUMH II€PEXOJAMH
3d10—>3d94p B akTUBaTOpHUX LeHTpax [4,16]. 3Haune
3pOCTaHHS IHTEHCHBHOCTI IIi€l CMyTH mpH 30iIbIICHHI
KOHIICHTpAIlil JOMIIIKA B (OTOXPOMHOMY Martepiaii Ta
HE3HAYyHEe IMIOCJIa0JIeHHs 1i 1HTEHCHBHOCTI B CIEKTpi
normuadas CdBr,:0,05 M01.% CuBr mpu migBHIICHHI
temnepatypu Big 77 go 280 K [7] cBigunTh Ha KOPUCTH
Jpyroi rinoresu.

3MeHIIEHHS ‘lyTﬂl/lBOCTi pa(e] OIITHUYHOI'O
OINPOMIHEHHS TIPH JIeryBaHHI ()OTOXPOMHOTO Marepiaia
CdBr,:Cu pomimkorw Cdl, MOXHA HOSICHUTH THM, IO
iorn I B CdBr, € KOHKypyIOUMMH LIEHTPaMH 3aXOIUICHHS
JUPOK, OCKUIBKM BOHH XapaKTEpU3YIOTbCS MEHIIOI0
eJIeKTpOHEeTaTHBHICTIO HiXK i0HU Br [15]. B pesymbrati
11LOTO IMOBIpHICTH 3aXomIeHHs Aipok neatpamu (Cu’cq)
3MeHmyerscs. lle  mpu3BomuTth g0 TOrO, IO
cBitnouyTuBi kommiekcHi nentpu {(Cu'cq) —Cu;’} B
CdBr,:Cu,l Oinpmr cTifiki 10 Ail (hOTOAKTHBHOrO CBITJIA.
Ockinbku npu JieryBandi CdBr,:Cu nomiikor Xjopy,
sIKa XapaKTePU3YEThCsI OUIBIION EICKTPOHEIaTUBHICTIO
HDK 10HM Br, IMOBIpHICTh 3aXOIUICHHS JipOK LIEHTPAMHU
(Cu'cq), HaBMakH, 3pocTae, TO PO3MAJ CBITIOUYTIMBUX
LEHTPIB {(Cu+Cd)’—Cui+} 1 BIAMOBIAHO (POTOINI3 Mij MTi€r0
ontuyHoro ompomineHHs B CdBr,:Cu,Cl mpoxomuts 3
OLITBIIO0 €PEKTUBHICTIO.

S-momiOHMIA BUIIAN KiHETHKH OINTHYHOI TyCTHHH
MIOYOPHIHHS € XapaKTepHUH ISl TBEPAOTUIFHOI peaKiii.
Bin Bximoyae B cebe IOYaTKOBMM, TaK 3BaHMil
iHAyKOidHmA nepion, xomm mBuakicte OXII 3poctae,
MOTIM TIPOIIEC  CIOBUIBHIOETHCS 1 BHUXOAWTH  Ha
HaCHYEHHS. Hacuuenns (OTOCTHMYJILOBAaHUX
MEPETBOPEHD 3YMOBJICHE THM, IO B MPOIECI SKCIO3MIIT
KOHLIGHTpAIisl YTBOPEHHX TNPOAYKTIB QoTomzy B
CBITJIOUYTJIMBHX Marepiajax JIMITYETbCS KIJIBbKICTIO
BuxigHux nentpis Cu’. B CUJIBHO JIErOBaHMX KpHCTajax
CdBr,:Cu npu ontuuyHOMY ONpPOMiHEHHI (OTOXiMiuHI
MPOIleCH B OCHOBHOMY IIPOTIKAIOTh B TIPHIIOBEPXHEBIN

gacTWHI 3pa3ka. B Takmx cumcreMax — KiHETHKa
(hOTOCTHMYITEOBAHOTO  TIPOLIECY 3a0apBJICHHSA, KpiM
3MiHM 3apsJOBOIO CTaHy aKTUBATOPHUX LEHTPIB,

BU3HAYAETHCS TAKOXK YMOBAaMH ONPOMIHEHHS BHACIIJOK
3MiHU OITUYHUX BJIACTUBOCTEN i TOBIMHA
OMPOMIHEHOTO Iapy 3pa3ka.

Pe3ynbpraTi nOCHiPKEHb BKa3ylOThb Ha HasBHICTh
KOJIOITHOTO MEXaHi3My 3a0apBICHHS B CdBr,:Cu™.
Bigomo [17], mo eHepris axruBauii GopmyBaHHS
KOJIOITHUX IIEHTPIB BKJIIOYAE B ceOe eHeprii akTWBaIii
mudysii pyxmmBoro nedekra Ta YTBOPEHHS acoIliara.
To6T0 eHepris €JIEKTPOHHOTO 30y KEeHHS
MIEPETBOPIOETECS B TOTCHI[IAIBHY EHEpril0 CHCTEMH
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{kpucran+“mudy3ant’}, MmO 3MIHIOE TOTCHIIaTbHUN
Oap’ep mnst mirpaunii. AtepmiuHa audy3is IPOXOAUTH,
SIKILIO 30y/pKeHU I CTaH LEHTpa BifmoBinae
aHTU3B’s13yto4iil  opOitami abo audy3idHuN cTpPUOOK
NPOXOAMTh B pe3yibTaTli mepexoqy 3 MiHIMymy
MOTEHLIAJIbHOT eHepril aToMa 3 OCHOBHOTO B 30y PKEHUH
craH [17].

Ha ocHOBI pO3riIsiHyTMX  MarepialiB  MOXKHA
MPUITYCTUTH, [0 MEXaHI3M acomiallii MiIKUX JOHOPIB B
CdBr,:Cu’, ananoriuno sk B CdS:Cu’ [17], nonsrae B
HacTymHOMYy. B mpomeci potonisy yreopeni gonopu Cu;’
TP TeMIIepaTypi 3aCBITKH MITPYIOTh IO KPUCTAMI 1 IpH
3aXOIUICHH] e/IeKTPOHa JBOMA po3Mimennumu nopyd Cu;’
YTBOPIOETHCS acorriar, SKAN cTabimi3yeThes
KOBJICHTHHM 3B’SI3KOM MDK 1uMH aedexkramu. [lpu
HACTYyMHOMY 3axomieHHi ioma Cu;’ TakuMm acoriaTom
YTBOPIOETbCS KOJIOIJHA YacTUHKA nCu’. IIpn uvomy
YTBOPEHHMH acolliaT CHPUYMHIOE OUIbII  TIIMOOKHA
€HEepreTUYHUH piBeHb B 3a00pOHEHIH 30Hi.

3cyB MOJIOKEHHS i 3MiHa AMILTITY U
JIOBrOXBWIIbOBOI (poToiHaykoBaHOi cmyru B CdBr,:Cu
mpu  30UTBIICHHI KOHIEHTpAIil MOMIMIKA 1 dacy
3a0apBIeHAS 3yMOBJCHI 3MIHOIO pO3MIpiB 1 Gopmu
xonoimaux uactunok nCu’. Onrwumi  BiacTHBOCTI
KOJIOIIHMX YTBOPEHb BH3HAUYAIOTHCA THM, IO Majaiya
€JICKTPOMAarHiTHa XBWJIS PO3CIIOETbCA Ha METaiqHUX
YaCTHHKAX 1 IOTJIMHAETHCS PEYOBHUHOIO IIMX YACTHHOK
[18]. KoedimienTn poscisHHA o, i HOCnabIeHHA O
CKYITYEHHS METaliYHUX YaCTHMHOK BH3HAUAIOTHCS IX
TeOMETPUYHUMHU  IT1apaMeTpaMH, KOHIEHTpali€lo Ta
ONTHYHMMHU  IOCTIHHUMH  PEYOBMHM  YACTUHOK 1
CepeJIOBHINA, B IKOMY BOHHU 3HAXOISITHCS.

Crnabxkwuii BrumB ®XI1 Ha criekTp piBHIB 3aXOIUICHHS
Ta CEJNCKTPOHHI CTaHW JIFOMIHECIICHTHUX IICHTPIB B
CdBr,:Cu* [1,4] Bxa3ye Ha Te, OI0 KOJOIAHI LEHTPH Mifi,
AKi BHHUKAlOTH T dYac eKCIO3WIii Marepiaiis,
PO3TIOAIISAIOTECS HEPIBHOMIPHO 1 KOHIIGHTPYIOTBCS B
OKpEeMHX MICIISX, CKOpille 3a BCE Ha IWCIOKAIisIX Ta
IHINMX MPOTSHKHHX JedexTax cTpykTypu. B mapysatux
CUCTEeMaxX KpaeBi AMCIOKAIll € THIIOBUMH CTPYKTYPHUMH
nedexramu [5,18]. TloBepxHEBUi 3apsil, JOKATiI30BAHHIA
B MiCUX BHXOAYy KpaeBUX JHCIOKalid, MOXe
MOHIDKYBAaTH TepMOAWHAMIYHUM Oap’ep NMpu yTBOpEHHI
3apoAKy METaJliYHUX KJacTepiB Ha moBepxHi. Micus
0OpUBY IOBEpPXHI, CXOJMHKU CKOJIy CIYXaTbh MICIISIMU

MEPeBAXKHOTO  CKYMYEHHS BEIMKHX 32  PO3MIpOM
MeTanigHuX 9acTuHOK (~300—400 M) [18].
I3 cmekrpiB ¢oromposimHocTi Ta D[ DEC

kpucramie CdBr,:Cu,Cl i CdBr,:Cu,l Bummsae, mo
MaKCHMYMH iX CHEKTPaIbHOI YyTIMBOCTI 3HAXOMATHCS B
o0y1acTi  JTOBFOXBMJIBOBOTO CINajy CMYT IOTJIMHAHHSA,
nop’szanux 3 ioHamu Cu'. Pamime [1] amamoriumy
0COOIHMBICTE OyJO BHUSIBICHO IPHU JOCTIIKEHHI CIEKTPiB
30ymxenHs  Qoromtominectiernii  CdBr,:Cu,Cl. Taka
3aKOHOMIPHICTh MOXKE OYyTH IOSCHEHAa THUM, IIO IpH
36ymKkeHHi B obnacti normmHaHHA — Cu'-LEHTpiB
¢oroHocii nepeBaxkHo mnpuiimMarotTe ydacth B OXII, a
MaKCHMYM CHEKTPaJbHOI 4y TiHBOCTI B obiacTi 350-352
HM OYEBHIHO 3YMOBICHHH ()OTOTEPMIUHOIO iOHI3aIli€ro
01yl aKTHBATOPHUX IIEHTPIB MaTpuIi [5].
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3anosuenHs nentpiB Cu;' (OTOENEKTPOHAMH IIPH
3abapBiieHHI  (DOTOXPOMHHX  MarepiayiiB  30UIblIye
KOHIICHTPALII0 HOCIiB IPOTHIIEKHOTO 3HAKY, 3aXOIUICHUX
Ha 1eHTpax pekoMmbGinamii (Cu'cq). 3  pocTom
KOHLIGHTpaLil JIerylo4oi JIOMIIIKM 3pOCTa€  BKJIAl
po3CisiHHS Ha mpoaykTax Qotomizy. lle mpu3BoauTs 110
3MEHIIIeHHs CTanioHapHoro gotoctpymy. Ilpu aii cBiTia
3 o6macti mormuuanns Cu’’cq QoToTepMiuHa ioHi3ais
UX LEHTPIB nyxe crnabka. DoroiHIyKOBaHA CMyTa
nornuHaHHA 395 HM  IHTEpIIPETYEThCS SIK  CMyTa
nepenocy 3apsaay B kommiekci (Cu®'Bre)* [2]. Tosy
cnabkoi immykoBanoi ortomposignocti CdBry:Cu’ B
obmacti 450-700 HM MOXHa TIOB’sI3aTH 31 30YIKEHHIM
enexTpoHa 3 piBHs goHopa Cu’, IO BXOIHMTH B CKIAi
kojoimaux meHtpiB [17]. IIpoctopoBe po3mineHHS
NpOXYKTIB  (OTONI3Yy  OYEBHUAHO  IPU3BOIUTH  JIO
ytBopenHst B CdBry:Cu’ BHyTpPIlIHBOTO €NEKTPHYHOTO
OJIsL, SIKe TaKOX BIUTMBAE HA TPOLECU MIEPEHOCY 3apsfa.
I[To Tii TOpPUYMHI  CIIOCTEPIraeTbcsi  3POCTaHHS
cnekrpainbHoi yyrinuBocTi PEC micns  3abapBieHHS
dotoxpomHoro marepiama [2]. IMOBipHO B cHcTeMax
CdBr,:Cu', ananoriuso sk B MaTtepianax Ha ocHoBi Cdl,
[19], B mpoueci 3abapBieHHS HOpMYEThCI POTOXPOMHUI
€JIEKTPETHUH CTaH.

HaiimpocrimmM MexaHI3MOM TEpMI4HOTO BiAmary
€JIeKTPOHHUX 1 JIPKOBHX IIEHTPiB 3a0apBieHHS € ix
npsiMa TepMivyHa 10Hi3allis 1 BUBUTLHEHHS €JIEKTPOHIB 200
JIIPOK 3 BIAMOBIAHUX IIEHTPIB 3aXOIICHHS 3 HACTYITHUMH
NpoLIeCaMH eJIEKTPOHHOI 4YM JipKOBOi pexomOiHamii Ta
ioHHMMH Tiporiecamu [20,21]. YV 3B’53Ky 3 IIMM MOJKJIUBI
HACTYIHI pEeakilii: a) TePMOCTHMYJIhOBAaHE 3BLILHCHHS
nipok 3 mactok i ix pexomGimanis 3 Cu’-uentpamu; 6)
TepPMOCTUMYJIbOBAHE 3BiTbHEHHS enexkTpoHis 3 Cu’-
ueHTpiB i ix pexomGimamis 3 Cu’’-mentpamm; B)
TepMOCTUMYITboBaHa Mirpamis Cu’-reHTpiB, ix miaxix 10
Je(eKTiB, IO 3aXOIIIH TIPKY.

B [20] mokazaHo, 1m0 TepMiYHHMHA BiAman AiPKOBHUX
Ag*- i Vy-mentpiB B kpucramax KCl:Ag moxe Oyt
3yMOBJICHMH 3aXOIUIEHHAM JIipOK 3 LHUX IIEHTPIB
OIMHOYHMMHU DPYXJIMBUMH KaTiOHHHMH BakKaHCiSIMH, 3
YTBOPEHHSIM MPH LbOMY pPYXJIHMBUX MIPKOBUX V-
LEHTPIB, 5IKI PEKOMOIHYIOTh 3 €JIEKTPOHHUMH LIEHTPaMu
B KpHCTall, 110 NMPHUBOJIUTH JI0 TEPMIYHOTO po3Many B
OJTHOMY 1 TOMY >K IHTEpBalli TEMIIEpaTyp PI3HOIO BHIY
eNEeKTPOHHUX LeHTpiB 3abapenenus (F, Ag., Ag,). B
[22] BusBneHo, mo pyiinyBanns uentpis Cu’’ B CaS
BinOyBaeTbcs B obmacti Temmepatyp 325400 K B omHy
cranito. B miif ke obmacti Temmeparyp Ha kpuiii TCJI
dochopa crmocrepiraerbes mik npu 370 K. IIi mporecu
aBTOPH TIOB’SI3YIOTh 31 3BUIBHEHHAM JipOK 3 10HA Cu®' i
X pexoMOiHaIli€0 HA SJICKTPOHHUX IICHTPaX.

Jnst  BiOHOBIIGHHS  CBITJIOUYTJIMBHX  LIEHTPIB
{(Cu'cg) —Cu;"} B KpucTamax OGpPOMHCTOTO KaaMil0 3
JIOMIIITIKOK0 MiJ[i MOTPIOHO TaKOX 3aTPATHTH TEIUIOBY
eneprito, ockineku nentpu Cu’’cq i nCu’ mpocroposo
po3nineHi. BiTHOBIEHHS BHXIZHOTO CTaHy IOTEPEIHBO
OTPOMIHEHHNX KPHCTANIiB B TEMIIEPAaTypHOMY IHTepBai
290-300 K wmoxImBe NUIAXOM TEepMIYHOI aKTHBAIii
CIEKTPOHA, SKWH 3OIHCHIOE KOBAJICHTHUH 3B S30K
JIOHOPIB B acolfiaTax, IUIIXoM 30yIKEHHS HOTO B 30HY
npoBigHocTi. Ile MoXe NpUBOOWTH 10 poO3Haigy LUX
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acomiaTie Ta au¢ysii MITKAX JOHOPIB Cu;" mo 06’emi
kpucrana 10 ueHtpis (Cu®'cq) .

[IpoTe 3 OTpUMaHHX pe3yJbTATIB Ta PO3IISIHYTHUX
JTepaTypHUX NAaHUX BUIUIMBAE, IO 3BOPOTHIN IpoIiec
3HeOapBiICHHA B (OTOXPOMHHMX Marepiajax Ha OCHOBI
CdBr,:Cu ckopie 3a Bce MPOXOIUTh Yepe3 OKUCIEHHS
nentpis Cu’ iomamm Cu’’cy 3a momomoror mporecy
Mirparii IipoK, TePMOICIOKATI30BaHUX 3 TBOX3aPSTHUX
10HIB MiJii, IO KOJIOIMHUX METAIIYHUX YaCTHHOK. 3HAYHA
IMOBIPHICTh JIeJIOKaITi3amii JIpOK 3 ILEHTPIB Cu2+cd Ha
aHIOHHE OTOYEHHS i TEPMOCTHMYJHOBaHA PEKOMOIHAIIS
iX 3 KONOIGHMMH YTBOPEHHSIMH MiJi TIpH BHCOKIH
TeMrepaTypi IpU3BOAUTH 0 yTBOpeHHs neHtpis Cu;' Ta
BIJIOKpeMJIEHHS 1X BiJ] KOJOITHHUX YacCTHHOK nCuO, j11(0)
cripuurHIOe nUQy3iHHUA po3Maj acoliariB JOHOPIB i
Buxig iomis Cu;" 3i cTokiB B 06’eM kpucrana. I{pomy
MPOIIECY CIPHUSIOTH CTATHUYHI MOJISI BITHOBJICHUX IICHTPIB
(Cu'cq) . Mudysis i nokamizamis Cu;' 6ins akuenTopHux
UEHTPIB TOMIIIKH MPHU3BOJAUTH O YTBOPEHHS BUXIITHUX
ceitnouyTuBux aunonis {(Cu’cq) —Cu;’}. Ha xopucts
TAaKOrO MEXaHi3My CBIMYMTH TOH (akT, IO KiHIEeBa
cTajis TepMiuHOro Bimmamy mpoaykTiB dortomizy Cu®'eg i
nCu’ B doroxpomuux matepianax Ha ocHosi CdBr,:Cu’
BiOyBa€THCS 32 OJHAKOBUM 3aKOHOM B OOJIACTi OJHUX
TEMIIEPaTyp.

II1. BucnoBkn

BuBueHo ¢(oTo- 1 TepMOCTHMYNBOBaHI TPOLECH B
tdoroxpomunx kpuctamax CdBry:Cu, CdBr,:Cu,Cl,
CdBr,:Cu,l. Beranorineno, mo Ha edexruBHicts OXII B
(hoToxpoMHOMY Marepiaini CdBr,:Cu BILTNBAE
KOHIIGHTpAIlisl JOMIIIKA Midi, TeMmIeparypa, a TaKOX
rOMOJIOTIYHA aHIOHHA JIOMIIIIKA.

[losiBa Ge3CTPyKTYpHOrO JOAATKOBOTO (HOHOBOTO
MOTJIMHAHHA B OOJIACTI TPO30POCTI TMiCIs ONTHUYHOTO
orpomiHeHHs1 cnabo neroBanux kpucraniB CdBr,:Cu
MoXxe OyTH 3yMoBieHa ()OTOPO3MaJOM CBITJIIOUYTIIMBHX
nentpis {(V> ca— Vi )—Cd;"}, xapakTepHux mis MaTpHMIIi.

B neonpomineHomy CdBr:Cu wmine € XiMigHO
amporepHoro  momimkor. Ilpum  BmpoBamKeHHI B
MDKBY3JIOBUHH KPHCTAIIYHOI TPAaTKH BOHA CTBOPIOE
nomimkoBi mnentpu Cu; JOHOPHOTO THIy, a MpH
3aMillleHHI aTOMIB B BY3Jlax KaJMI€BOi MiArpaTku

(1]
/| YOI, 40(9), C. 1001-1005 (1995).

KpUCTaia € opHo3apamHuM  akuentopoM  (Cu'cg) .
KommeHcariiss ~ HeraTuBHOro  3apsily  YTBOPEHHX
aKmenTopHuX HeHTpiB (Cu'cq) MOXIHMBA SK LEHTPAMH
Cu;’, Tak i wMixBy3nmoBuHHMMH ionamu Cd;' aGo
aHioHHHMH Bakaucismu V" Mix 61u3bK0 PO3MILIICHUMU
aKIENTOPOM 1 JIOHOPOM [IOTh CHJIM KYJIOHIBCHKOTO
NPUTSTaHHS, 10 MPU3BOIUTE 10 yTBopeHHs B CdBr,:Cu
HEHTpaTbHUX CBITIOYYTIMBUX KoMruiekciB {(Cu'cq) —
Vi), {(Cu'cg) —Cdi'} i {(Cu'cq) —Cuy'}.

B kpucramax OpOMHCTOrO KaaMil0 31 3HAYHOIO
KoHIeHTpamiero moMimku Migi DXII B ocHOBHOMY
MOB’s13aHI 31 3MIHOIO 3apSAOBOTO CTaHy aKTHBATOPHUX
neHTpiB. OnpomiHeHHs 3pa3KiB Y D-CBITIOM MPU3BOIUTH
10 posmamy citmouyTiueux ueHtpis {(Cu'cg) —Cu;'}.
[pu 1uboMy BHHHKHeHHS weHTpiB Cu’'cq, Tak i
cTBopenHst  acomiatis  nCu’, CYIIPOBOJIKYETHCS
3MCHIICHHSM KOHIICHTpAIlii I[EHTPIB, IIOB’S3aHUX 3
OJTHO3aPSTHUMU 10HAMH MiJi.

B cumipHO neroBaHmx (OTOXpOMHHX cCHCTEMax
KiHeTHKa (POTOCTHUMYIBOBAHOTO IPOLeCy 3abapBIICHHS,
KpiM 3MIHH 3apsIoBOTO CTaHy MIiJHHUX IICHTPIB,
BH3HAYAETHCS TAaKOXK yMOBaMH OIIPOMIHEHHS 3pa3KiB
BHACNIJOK 3MIiHM ONTHYHHUX BJIACTHBOCTEH 1 TOBIIUHH
OTIPOMIHEHOTO IIapy.

3BOPOTHIA MpomeC TEPMIYHOTO 3HEOAPBIICHHS
¢doroxpomuoro marepiana CdBr,:Cu mpoxoaurs uepes
OKHUCJICHHS LICHTPIB Cu’ ionamu Cu2+Cd 3a JIOIIOMOT OO
mporiecy Mirparfii JipoK, TEepMOJCIIOKai30BaHUX 3
JIBOX3apsITHUX 1OHIB MiJi, JO KOJOITHUX METaiYHUX
4acTHHOK. TepMOCTHMyJbOBaHa PEKOMOIHaMis AIpOK 3
nCu’ mpu BuCOKiii TemmepaTypi NpPHU3BOAMTH IO
ytBopennst nueHtpis Cu;” i Bimokpemmenms ix Bix
KOJIOITHUX YacTHHOK, IO CIPHYUHIOE Au(y3idHMA
po3Maj acomiaTiB TOHOPIB 1 BUXiJ 10HIB Cu;" 3i cTokiB B
00’em kpuctama. llpoMy mporecy CHpHSIOTh CTaTHYHI
€JICKTPUYHI TIOJISI BiTHOBJICHUX AaKIENTOPHUX IEHTPIB
(Cu'cq) . duodysis i noxanizanis Cu;” 6is aKIENTOPHUX
HEHTPIB TOMIIIKH MPHU3BOJUTH JO YTBOPEHHS BUXIITHUX
cBitnouyTmuBux gunomis {(Cu’cq) —Cu;'}.
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The photo- and thermostimulated processes in photochromic CdBr,:Cu, CdBr,:Cu,Cl, CdBr,:Cu,], crystals grown
by the Bridgman-Stockbarger method have been studied. It was established, that the concentration of copper impurity,
the temperature and also the homology anion impurity are influenced on the efficiency of photochemical
transformations (PCT) in CdBr,:Cu" crystal. It was supposed, that appearance of unstructured additional background
absorption in the region of transparency after the optical irradiation of samples of weakly alloyed CdBr,:Cu crystals is
conditioned by photodecomposition of lightsensitive {(V* ¢4 — V" )~Cd;'} centers. The PCT in cadmium bromide with
considerable concentration of copper impurity are caused by change of charge state of activated centers. The complex
{(Cu’cq) —Cu;"} centers are decayed and Cu®’c4-centers and nCu’ colloids are created in such crystals under irradiation
of UV-light from the region of photosensitive. In strong alloyed systems the kinetic of photostimulated process of
coloring besides the change of charge state of activated centers also are determined by the conditions of irradiation as a
results of the change of optical properties and the thickness of irradiation layer of CdBr,:Cu. The reverse process of
thermal uncoloring of crystal are taken place through oxidation of Cu’-centers by Cu*’ ¢4 ions with the help of migration
process of holes thermodelocalizated from divalent copper ions through anion sublattice to colloid metal parts.
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