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BJUSAHHUE NPUMECEH HA BEJNTHYHHY U KUHETHKY
HAKONJIEHHUYA 3ANACEHHON 2HEPITMH B KPHCTAJUJIAX
NaCl NOCJE OBJIYYEHHA MPOTOHAMH

E. K. 3ABAAOBCKAS, A. T1. APbSJHOB, A. B. KY3bMHHA, B. B. BOPHUCOBCKHUP

B crarbe NPpUBOASATCA PE3yJabTaThl HCCISAOBAHHA 3anaceHHoH 3HEPrHH B KPHC-

raianax NaCl, nernposannsix aHnoHosaMeimawmumMn npumecsmu (S~ —, OH™ ). Hai-
HAEHO, YTo B «uucTbix» Kpucraanax NaCl samacennaa sHeprusi Gonblue, 4eM B JIerH-
poBaHHEIX, BBemeHHe aHHOHO-3aMeEllEHHBIX TIPMMECed YMEHBLIAET CKOPOCTh TeHepa-
und  jnedextoB. Pasanuynas aHMOHO-3aMeulallas TPHMeCh OJMHAKOBO BIHSET Ha
npoliecc rerepaunn gedpexros B NaGl.

An this paper the results of investigation of storage energy in NaCl crys-

tals doped by anion — substituting impurities (S, OH 7 ) are described. At is

* determined that the storage energy is greater in «pure» crystals NaCl than in
the doped ones. The introduction of anion — substituting admixtures decreases
the rate of defects generating. Different anion — substituting impurities influence
on the process of defects generation in NaCl in the same manner.

st pagMalHOHHOIO MaTepHANOBEedeHHs NPEACTABJSeT MHTEpec uccie-
LOBaHHe CBOHCTB- MaTepHAJIOB, NMOABEPrHYTHIX AEHCTBHIO OOJBIIKHX 103 06-
ayyenusi. [lpuMenenne mist 9To#l UeaM ONTHUECKHX METONOB He BCETAA BO3-
MOKHO H3-3a GOJIbIIAX KOHLEHTpalHil JedeKToB, 06pa3soBaHHbIX B HHX H3-
aydenueM. OgHHM M3 HanboJee YZOGHBIX METOLOB HCC/AENOBAHHS CyMMap-
HOH KOHUEHTPaUHH PafiHalHOHHEIX He(eKTOB fABJSETCA H3MepeHue 3anaceH-
HOH 3Heprud. BesuuumHa 3anaceHHONl SHeprHU ONpefe/seTCs H3MEHEHHEM
CBOGOAHON 3HEPTrHH TBepPIOro Tesja NOA AEeHCTBUEM pAa3JHUHBIX BHEIIHHX
¢GaxTopoB: maacTHuecKoi AedopManHH, TEMIEpPATYpPHOH OOGPabOTKH, HOHH-
3UPYIOLIEr0 U3JYUYEHHs B MOXKeT CJAYXUTb Mepoil OOLIHX HapyluieHH#d B Be-
uiecTse.

Teopernueckn HauGoJiee paAHalHOHHC YCTOHYHBLIMH, T. €. HE H3MEHSIO-
IWIHMH CBOM CBOMCTBA ION HOEHCTBHEM H3JYYEHHs, SIBJIAIOTCA HAealbHBIE
KPHCTA/JIHYECKHE CTPYKTYDPhL. B Takux pemieTkax LeJOUHOTANOHAHBIX KPHC-
TaJJOB 3JIEKTPOH HE MOXKET JOKAaJH30BaThCsi, a AaBTOJOKAJH30BAHHAN
LbIpKa cyumecrsyer Tonbko npu temneparype 120+ 130°K {1]. Ilpu xomnar-
HOH TeMIlepaType B COPEPIUEHHBIX KPHUCTANIAaX He MOPYT 00pasoBaThCsl LIEHT-
PBl OKPACKHU.

W3 siuTepaTypHbIX AaHHBIX H3BeCTHO [2, 3], uTO BBeeHHEeM TIpUMeEcH MOX-
HO peryJHpoBaTh 06pa3oBaHHe pajAHaLHOHHBIX Ae(deKToB B KpHucraauae. Tak.
BPeJieHHe JBYXRAJIEHTHOH KaTHOHHO 3aMellamelledl NDHUMecH YBeJHYHBAET
CKOPOCTb HaKOIJIeHHA F-ILeHTPOB 110 CPABHEHHIO C YHCTHIMH» -KPHCTAJIAMK
6marogapsi yBeJqHYEHHIO KOHLEHTPAlUUH KAaTHOHHBIX BaKaHcHH. KaTHOHHble
BakaHCHHU cnocoOCTBYIOT JIOKAJNHM3ALHH IOBIPOK, T. €. B KPHCTaJJe ¢ JaHHOH
APDHMECBIO 3aMEANSIETCsl NpOollece PafHAlHOHHOTO paspylleHHs HedeKTos.
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/1ByxBa/sieHTHasi aHHOHO3aMellaloulasi NPHMech NMOHHUAKACT CKOPOCTb HAKOM-
JdeHusi F-IeHTPOB W KOHIEHTPALHsi HX MeHblle, YyeM B «YUCTOM» KpDHCTaJ/ie
[4]. TIpu BBeseHHHM B KpPHCTa/J TAKOH OPUMECH YBEJIHUMBAETCs KOHIEHTpA-
UMl AHUOHHLIX BAKaHCHil, KOTOpble N0 3aKOHY dOHCTBYIOIIHX Macc YMeHb-
¢ 13T KOHUEHTPAUMIO KAaTHOHHHLIX BaKaHCHI., DTO NOJATBEpPXKAAeTCs 3KCIe-
PHMCHTAJBHBIMH pe3yJabTaTaMu Mo u3mepennwo aiexrponposoanoctH KCl
«guctoroy u KCI-S ~ . B xpucraniax ¢ NpUMeCbl Cepbl 3JEKTPONPOBOA-
HOCTb HHXKE, YeM.B «UHCTOM>. '

[lenb gaiHOi paGOTH — BBISICHHTH BJIHHHE aHMOHO3aMellaloIUX TNpH-
mecell Ha BeJIMUYHHY X KUHETHKY HAKOTJICHUSl 3alaceHHOH SHEPTHH B KPHC-
raanax NaCl nocie obnyuenus TIPOTOHAMH.

B xauectee HCTOUHHKA OOjyueHusi OGbl1 MCTOML30BAH UHMKJIOTPOH
HUM $I® npu ToMcKOM HOJHTEXHHYECKOM HHCTHTYTE C 3HEPTHEl MPOTOHOB
1,5 Mss. O6ayuerne o6pasnoB MpoBOAMJIOCH Ha Bo3ayxe. Ilas npeporspa-
UIE€HHS BBICBEUHBAHHS KPHUCTAIBl 3aBOPAUHBAJKCDL B aJIOMHHHEBYIO QoJbry
POILLHHON 7 MHUKpoH. Ja uccaenoBanusi npumensiuch kpucranast NaCi
«yuetolity, NaCl-S —, NaCl-OH~, soipamennbie MeTogoMm KupomyJaoca u3
colteil Mapku «XU».

ZamaceHHas 3HEPrUs U3MePAIACh METOIOM paCTBOPEHHH B J1Hpdepen-
.\HaJbHOM KaJopHMeTpe THna KasbBe, H3roTOBJEHHOM B TOMCKOM MOJUTEX-
HHUCCKOM MHCTHTYTe [5].

Ha puc. 1 npuBeseHb KNHETHUYECKHe KPHBble HAKOIIEHHS 3aMaceHHOH
sueprun B NaCl «uncrom», NaCl-S—~ (0,060M%) NaCl-OH - (0,6M%) —
xpuBble 1, 2, 3 — COOTBETCTBEHHO IpH UHTEHCHUBHOCTH H3JIyYeHHS 4510“
lpO’I‘OH/CM? B uac.

W3 puc, 1 BunHo, uTo 3amacennas 3Heprds B NaCl «uucrom» 60JIle_le
2M B JIeI‘HpOBaHHbIX [lpu uccaefoBaHHMM pSIOB 11EJOYHOTaJOUAHBIX KPHC-
TaJJ0B OBWIO 00HaPYKEHO 3aK0-
HOMepiOe COOTHOLIEHHE MeXIy
¢ 3anacaeMo JHeprHed KpHCTal-

A JIOB H #X 3HEPrHIMH PeIieToK {61,
— a YMeHHO, ueM O0oJbllle 3HEpTIif
penieTKH, TeM Bblllie 3anaceHHas
sueprus. [1pu BBejiennn npumecu
pPA3pBIXJsAETCA peuleTka KpHcTad-
na {7] u 3Heprus peLUETKH MNOHK-
Kaercd. Orcioga ciaeayer, 4To 3a-
naceHHasi SHeprusi B JerHPOBaH-
HBIX KpHcTaanax OyaeT MeHblie,
HyeM B «YHCTDBIX>», L
ITpn  obaywenuu KpHcTajnana
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: ' g npouedc paapyuenusi AedexToB.
* Puc. 1, 3anacenunas sueprusi B KpHucTasnax B HauanbHbIi nepuon cOaydeHHUs
NaCl «uucrom» (xpmeam [), N'aCI .S npollecc reHepaliHu HBJIHETCH
(005 M%) xpusas 2 u NaCl.OH~ npeobaanaloluM Haf IPOLECCOM

(0.5M%) — xpupas 3 paspyLuenus. Q06 sTom cBHfe-
TeNbCTBYT  yYaCTOK — KHHETHYECKOA  KPHBOH  HAKOIJICHHs 3anaces-
Hoii sHeprun B NaCl «umuctom» jmo morsomeHHoi poswm 4.10%8 mx/r. I'[pn
yBeJHYEHHH IOIJIOUIEHHOH SHEepTHH MpolLecc pas3pylleHHs AehbeKTOB CTAHO-
BUTCs GoJsiee CyLIECTBEHHBIM H 3aMETHO BJIHSIET Ha HaKOmJeHHe HedeKTOB H
npu norjowleHHoH 3Hepruu 24.10% dsc/e ycraHaBAMBaeTCs AHHAMHYECKOe
' paBHOBeCHe MCXKIY reHepaumeil u OTKuUroM nedexToB. Hachienne xapax-
_TEPHO JJIf.BCeX HCCJIEAOBAHHBIX KPHCTJJIOB.
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'Haxorinense sHeprun B NaCl-S ~ (kpuBas 2) A0 NOIVIOLIEHHOH J03bi
20.108 gorc/e umeer nuHeHHBIH XapakTep. [Ipu BBeAeHUH NBYXBa/JEHTHONH aHHO-
Ho3aMellaiouleii lpuMecH (S~ ) yMeHbllaeTcss KOHIEHTPaUMs KaTHOHHDIX
BAKaHCHH, T. e. yMEHbIIAeTCs YHUCJAQ MeCT JOKa/JH3alluH AbIPoK. B. cBaA3su
c 3THM OyneT obJerueH npouecc paspylleHHs fedeKToB 3a cUeT peKoMOHHA-
LMK JABIPOK H 3JIeKTPOHOB F-LeHTPOB M, KakK CJAeACTBHe 3TOr0, MeHbIas
YYBCTBHTEJNBHOCTL K PagMalHOHHOMY OKpauuBaHuio kpucramios KCI-S —-
no cpasHenno ¢ KCI «urcteim» {8]. AHanoryunblii pesy/bTar INOJYYeH HamH
ans kpucramios NaCl 1 NaCl-S -—. Ilpu oxuoii u TO# Ke IOTJIOIIECHHOH
snepruun (8.10% dac/e) xonnenrpanus nedekros B NaCl-S ~~ menbiue, yeM B
«guctoM» NaCl, 06 3ToM CBHIETeILCTBYET BEJHUMHA 3aNaCeHHOH 3JHEPrHH:
2 Oxcje u b Ox/e — COOTBETCTBEHHO.,

IIpsiMOIMHEAHDbIA YUAaCTOK HAKOIJIEHHS 3HEPTHH CBHAETENbCTBYET O TOM,
YTO Npollecc reHepaHuH Ae(EKTOB MOXKeT GbiTh CBfi3aH C ACHCTBHEM OJHOTO
' MexaHu3ma — Mexauu3ma Bapau [9], cormacno XoTopoMy HOHH30BaHHBIR
TAJION]I, BLITECHSIETCSI U3 PETYJASAPHBIX V3J0B pelieTKH B MexayysaHe. Tak Kak
B KpHCTaJJe, JerMpOBAaHHOM AHMOHO3aMEIIAKIUMMH NIpHMecaMH, obJeryex
MpoLecC pa3pylLleRHs pagHalHOHHLIX dedekToB, TO OHH OYAYT 006pasoBbi-
BATLCS TOJBKO B TOM CJyuae, e€CAd CO3ZaHHble U3JyieHHeM ABbIPKH yIAJATh
OT MecT X oOpa3oBaHus.

HononuutenbHass nedeKTHOCTb aHHOHHOM cy6pemeTKM MOXKET Crnocos-
CTBOBaTh AHGY3HM X10pa B IepeKTHLIE MeCcTa KpUCTaa.

Srueab [10] Habaonan B KPHCTaMIaX ¢ INPHMECHIO THAPOKCHJbHBIX
MOHOB KeJTyi0 (JIIOPEeCLEeHIHI0, KOTOpas MPHIUCHIBAETCS MOHAM KHCJI0PO-
1a, a Takxke pocr U-monocer mog MeHCTBHEM PEHTTeHOBCKOTO H3JIYyUeHHS.
IT0 CBUAETENBCTBYET O TOM, YTO B KPHUCTAJAIaX ¢ NPUMEChIO THAPOKCHJbHEIX
HOHOB MMEIOTCA NHCCOUMHPOBAHHBIE MOHBI KHcjaopoda u Bojaopoiaa. Honm
BOJOpORa, o0/Jajnas 3MeKTPOHOAKIENTOPHBIMH CBOHCTBAMH, JIOKAJIH3YIOT
3/IeKTPOHBL, MOSIBUBILIKECST B TPoHecce B3aHMOAEHCTBHS H3JYUEHHS C BEIIECT-
BOM, ¢ 0Opa3oBaHWMeM aTOMapHOTO BOJAOPOAA, KOTODBH, NO-BHAHMOMY,
B JaJibHeHIlleM He OKa3blBAeT CYLUECTBEHHOIO BJHUSHHA HA TeHepaluio je-
¢ekros. CuenoBaTesbHO, HA npouecc redepaudu Aedekros B NaCl- OH—-
npeobaaaaroliee BIUsSHAE OKa3bIBAIOT HOHBI KMCJIOPOJAA, MeXaHH3M AeHCTBHS
KOTOPBLIX aHaJ/oruueH JAeHCTBMIO HOHOB cepbl. O6 3TOM CBHUETENBCTBYIOT
KMBETHYECKHe KpHBBle HaKOIVIEHHsd 3anaceHHoil sueprun B NaCl.-S—-
i1 NaCl-OH— (xpuBbie 2, 8 — COOTBETCTBEHHO).

BoiBoanbl

I. AHHOHO3aMellaloUlas HPHMECb YMEHblLIAeT 3alaceHHYK SHepruio.
B «unctomM» NaCl 3anmaceHHasi Heprusi JOCTHTaet 66 Oxc/e, B MerHpoBaH-
HBix 5,8 dsc/e B ccnenyeMoM MHTepBaJse 103.

2. BBelense npUMeCH HM3MeHsSeT KHHETHKY HAKONJeHHs 3anaceHHOo#H
3HEPTHH.

3. Pasanunasn auuoHo3zamewawmasi npumecsk (S-—,OH~) oxunakoso
BJIHsIeT Ha npouecc redepaunn gedexros B NaCl.

4. TpsiMonuHelHbi y4YaCTOK Ha KHHETHYECKOH KpPHBOH HaKOIIeHus
SHEPTHH CBHJETENBCTBYET O TOM, UTO HMeercsd JIHHeHHasl 3aBHCHMOCTb MEX-
Ay 3aNlaceHHOH U NOTJIOMEHHON SHEPTHAMH, T. €. M0 H3MEDPeHHOH BeJHUHHE
3anaceHHoil 3HEPTHH MOXKHO CYAHTb O TOIJIOUIEHHOfl 3HEPTHH B HCCaedye-
MOM HHTEpBaJe /103.

»
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