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Oobwan xapakmepucmuxka padoomul

AKTYAJIbHOCTh _TeMbI: l3yueHne TBepAbIX TEJI OCHOBAHO, BO-IIEPBBIX, Ha
MOBPEXKACHUSIX, BBI3BAHHBIX M3JIyYCHUEM B HOHHBIX KpHUCTauiaX, TakK XKe, Kak
pacnagarorcs Ae(EKThl B SIIEPHBIX PEaKkTopax, 1, BO-BTOPbIX, HA MaMATH KOMIIBIOTEPA,
OCHOBAaHHOW Ha MHOXXECTBEHHBIX LIECHTPaxX OKPacKW B MOHHBIX KpucTtayuiax. M3ydenue
MOHHBIX KPHUCTAUIOB AaKTyaJ€H, MOTOMY YTO OHHU XpaHAT B JIECATKU pa3 OoJblle
uH(pOpMaIMK, UCTOIB3YIOTCS KaK MaMsATh KOMIIBIOTEpPA M IIUPOKO HCTOIB3YIOTCS B
TO3UMETPUYECKHUX MPUOOpax.

BONBIIMHCTBO CBOWCTB TBEPJBIX TEN OMNPEIEIAIOTCS B3aMMHBIMU MpOLIECCAMU
B3aUMOINIPEBPAICHUS U TTPeoOpa30BaHus paAHaIllMOHHBIX 1e(DEKTOB B ATHUX BEIIECTBAX.
OOpa3zoBaHus pacnajbpl pagualiOHHBIX Je()EKTOB B IIEJIOYHO-TAJOUIHBIX KPUCTAILIAX
mUpoko u3zydeHbl MHOTMMHU yueHbiMH ( U.b. Jlymuk, B.b. AntonoB-PomaHOBCKUIA,
B.M. Jlbicuninn, @.H. 3autos, FO.JI. Jlykaninesep, A. AnsibakoB, M.M. Kunubaes, b.
ApanoB, M.M. Taitupos, K. Ocmonanues, bl. Tammonoro, M.U. OckonbaeB u np.).
B3aumonpeBpaiienue ogHOPOIHBIX AePeKTOB B JAe(EeKThl APYroro poja B Ipolecce
pacnaza pagualMoOHHBIX Je(eKTOB, T.€. TPOMEKYTOUHBIC, KOPOTKOXKUBYIIHE
HAHOCTPYKTYpHBIE AedEKThI CO3/IaI0TCs, U OHU OMPENETAIOT OCOOEHHOCTH (PHU3UIECKUX
poLeccoB B TBepAbIX Tenax. [loaTomy, onpenenenue o6pa3oBaHusi KOPOTKOKUBYIIMX
MIPOMEXKYTOUYHBIX HAHOCTPYKTYPHBIX Je(PEKTOB W HMX POJM SBISETCS OJHUM U3
aKTyaJbHBIX BONPOCOB KPUCTALUIOQU3UKU W OJHUM U3 OCHOBHBIE 33/layd B MOUX
HCCIIETOBAHUSX.

Hapsimy c¢ ObicTpoit 00paGoTkoii wuHGOpMAIMM C TMOMOIIGI KBaHTOBOTO
KOMIIbIOTEpa, €ro Oe30MacHOCTH WM HaJAEKHOCTH SBISETCA OCOOEHHOCTHIO
KBAaHTOBOr0 KoMmIbtoTepa. [103TOMY HMCHONB30BaHHE LEHTPOB OKPACKA B KBAHTOBBIX
KOMITBIOTEPAX B KAYECTBE IMAMSATH BA)XKHO M AKTYaJbHO IS M3YyYEHUS] TBEPABIX TEI U
ONPENCIICHUSI COCTaBa U CTPYKTYpPbI LIEHTPOB OKPACKH, MEXAHWU3MOB, CBSI3aHHBIX C
MPOCTPAHCTBAMU, KWHETUKH, TPAHC(POPMALIMH LICHTPOB OKPACKH.

CBs3b TeMbl JUCCEPTALMH ¢ KPYNHBIMM HAay4YHbIMHM MPOrpamMMamMu
(mpoekTamMu) U OCHOBHBIMH HAYYHO-HCCJI€A0BATEbCKUMH padoTamu. Pabota 1o
TEeME JUCCEPTAllMd  BBINOJHSJIMCH B  COOTBETCTBHM C IUIAHAMH  HAy4YHO-
UCCIIEIOBATENbCKUX PA0OT OUICKOTO TOCYJapCTBEHHOI'O YHHUBEPCUTETa U MO TeMe
Hay4HO-uccaenoBaTenbckoro mpoekrta Ne OOI'H 031 2015-2020, dbunancupyeMbiM
I'AHUCoM npu npaBUTENBCTBE M JCMAPTAMEHTOM HAyKM W WHHOBAIMOHHOU
TexHoJIoruu MunucrepcTBa odpazoBanus u Hayku KP.

Hear m 3amaum ucciaenoBanms: Llenpro quccepranuu SIBISIETCS OINMpPENECIEHUE
COCTaBa M CTPYKTYpPhl HAHOCTPYKTYPHBIX JE€(PEKTOB, a TaKK€ H3y4Y€HHE MPOIIECCOB




oOpa3oBaHusi, B3aUMOIIPEBpaIEHUs, HOHHO-TU()PY3NOHHON KUHETUKH paAUaIllMOHHBIX
HaHOCTPYKTYpHBIX nedektoB B LIT'K.

3aoauu uccneoosanue.

- V3yuuTh CTPYKTYphl TPYyIIbl MPeoOpa3oBaHUN ILEHTPOB OKPACKU U IICHTPOB
CBEUYEHUH.

- C uCnonb30BaHMEM TEOPUU MATPULl U TPYINI MNPUMEHSS K KBa3n4yacTULAM
OMUCaHbl CTPYKTYpPbl JJICKTPOHHBIX IIEHTPOB OKPACKU U MX BO3MOXHBIX
npeoOpa3oBaHM U B3aUMOIIPEBPAICHUS IIEHTPOB APYT B JIpyTa.

- C nomomibto Merogamu JIIP u TeopeTnueckuM myTeM OMPENETUTh CTPYKTYpPhI
IPOMEKYTOUHBIX JE(EKTOB.

- IlosryueHre KMHETHYECKOTO YPABHEHUE U €T0 PELICHHUE NI MPOMEXYTOYHBIX U
NOABUAKHBIX U PY3MOHHBIX AE(PEKTOB B MOHHBIX KPUCTAIIIAX.

- OnpenenuTs CTPYKTYpa U CBOMCTBA paJualliOHHBIX HAHOCTPYKTYPHBIX 1€(EKTOB
B ILEJOYHO-TATIOUAHBIX KpHUCTAIIaX, U UX U3MEHEHUs B Mpolecce MpeoOpa3oBaHUU U
B3aUMOIIPEBPAILICHHUH.

HayuyHasi HOBH3HA OJIyYeHHBIX Pe3yJbTATOB:

- B npenenax Ommkaliivx Apyr K ApYry aHUOHHBIX BaKaHCUU MPECKA3bIBACTCA
CYILIECTBOBAaHUE HEKOTOPBIX TUIIOB 3JIEKTPOHHBIX LICHTPOB.

- W3ydyenue CTpyKTyphl Tpymmbl MpeoOpa3oBaHU IIEHTPOB OKPACKH U LIEHTPOB
CBEUEHUS MOXET I[I03BOJIUTh B JAJbHEHIIEM YCTAaHOBUTH II0KAa HEU3BECTHBIE
OCOOEHHOCTM Y 3aKOHOMEPHOCTH B3aMMOIIPEBPAIIEHUSI 3JIEKTPOHHBIX LIEHTPOB B
MOHHBIX KpUCTaJIaX.

- C NOMOIIBIO TEOPUU MATPHUIl U TPYII MNPUMEHSEMbIX K KBAa3U4YacCTUII[AM MOTYT
OBITb OMHUCAHBI CTPYKTYPHI AJICKTPOHHBIX IIEHTPOB OKPACKH M HX BO3MOXKHBIX
npeoOpa3oBaHUil M B3aMMOIIPEBPAILEHUS LEHTPOB APYr B Jpyra OOYCJIOBIIEHBI

IIOAXOA0M K HCHTPY WJIN OTXOAOM OT HCTO HOHHO-3JICKTPOHHBIX KBA3HUYACTHII.

- HeounIeHHbIX 0T o' kpuctamwiax KCl-Ag (0,50momb %) B X011e TEPMUIECKOMN
peslakcauMy B MHTepBase Temreparyp 290-350 K ¢ pagmammonnsivu A9: (Br) V;(Br)
V.

1 V2a(Br) _prentpamu B3amMOeHCTBYIOT MOIBMKHBIC BAKAHCHH '° , OTIICIUICHHBIC OT

AGq Ve nmpeBpaias ux B HECTaOWIIbHBIE MPOMEKYTOUHbIE NedekThl. OT HUX 3aTeM

OTIICIIAOTCA IMOABUIKHBIC ABIPOYHBIC VF(Br)

F.F. Ad., AD;

—LEHTPBI, KOTOPBIE NPUBOAAT K pacrany

AJIEKTPOHHBIX - LIEHTPOB.

- Kunernka TepMuueckoro pacmajga paaualldOHHBIX AEPEKTOB OMNpeaeseTcs
COOTHOIICHUSIMU MEX]ly HAYAJIbHBIMH KOHIIEHTPALMSAMHU DPAAUALMOHHBIX LIEHTPOB U
MOABMXKHBIX TU(DPY3nOHHBIX Je(EeKTOB B MOHHBIX KpucTaiax. Ha ocHoBe Takoro
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OPEANONIOKEHHUST TOJIYYEHO KHHETHYECKOE YPAaBHEHHE M €ro pEelIeHUE IS
U30TEPMHUYECKOTO CITyYasl.

IIpakTHYeckasi 3HAYMMOCTD MOJIY4YeHHBIX Pe3yJabTaTOB:

-MoxeT HCHoJIb30BaThCAd KaK MCIOJIB3yEeMOE Marepuaja JJid CO3[JaHus MaMsTH
AJIEKTPOHHBIX BBIYMCIUTEIbHBIX MaluH. OmnpeleneHre KBAa3U4acTHll, BIMUSIONINX Ha
TEPMUYECKOE pacnaja LIEHTPOB OKpPaCKM B HAHOCTPYKTYpax, MOXKET ObITh
MCIIOJIb30BAHO JJIs yIpaBieHus: (pU3NYECKUMHU CBOMCTBAMH TBEPJIBIX TEJL.

JlanHoe nuccepTaluoHHOE paboTa HOCUT (PyHIAMEHTAIbHBIN XapakTep.

- N3yueHbl cocTaB U CTPYKTYphI MPUMECHBIX U COOCTBEHHBIX HAHOCTPYKTYPHBIX
ne(deKTOB B MOHHBIX KPUCTALUIOB. Pe3ynbTaThl OTpakeHbl B aBTOPCKOM CBUIETEIHCTBE
(Keiprenarent, Ne3645, 24.06.2019; Ne3618, 15.05.2019).

OcCHOBHBIC M0JI0KCHUS, BLIHOCMMbIE HA 3aIIIUTY:

1. Teopernuecko 00OOCHOBAaHO TEPMHUUYECKOTO pacnaja HaHOCTPYKTYPHBIX
nepexkroB B III'K ¢ yderoM CTpyKTypHOM M UYYyBCTBUTENBHOM XapaKTEPUCTUKHU
KpPUCTAJLIOB.

2. Pe3ynbTaThl UCCIEIOBAHUS IIEHTPOB OKPACKH U CTPYKTYPHI MPeooOpa3OBaHUH,
MO3BOJIMBIIIKE pa3paboTaTh 3aKOHBI B3aUMOJICHCTBUS JIEKTPOHHOTO LIEHTPA OKPACKH B
HII'K.

3. Kuneruku tymenusi ceeuenus neHtpoB B IIII'K moxxHO mpoBectu, ucxonas us
Pa3JIMYHBIX COOTHOIIECHUN MEXIY HadadbHBIMU KOHIIEHTpAIUsIMU (DOTOBO30YKICHHBIX
LEHTPOB M MOJBWXKHBIX JehekToB TymmuTenaeil Ha ocHOBe 3TON TMIOTE3bl ONPENEICHO
KMHETUYECKOE YPABHEHHE U €T0 PeIEHUE ISl U30TEPMUYECKOTO Cyyasl.

4. KuneTnka TEPMHUYECKOTO pacrmaja paJdallMOHHBIX Ne(PEeKTOB ompenemnsercs
COOTHOIIICHUSIMH MEXIY HaudallbHbIMM KOHLIEHTPAIUSMHU PAJAUAIMOHHBIX IIEHTPOB U
MOABMXKHBIX TU(PY3nOHHBIX Ie(EeKTOB B MOHHBIX KpucTtaiax. Ha ocHoBe Takoro
MPEANOIOKEHUSI TOJYyYeHO KHHETHYECKOE YpaBHEHHME W €ro pelieHue i
M30TEPMUYECKOTO CITydasl.

5.IlonyyeHHble SKCHEPUMEHTAIbHBIE PE3YJIbTAThl U TEOPETUUYECKUE PACYKIACHUE
MO3BOJISIET ONPEEIUTh CTPYKTYPhI U YIIPABIATh MPOLIECCHl 3aKOHOMEPHOCTEN HAHO- U
MUKPOCTPYKTYPHBIX JE€(PEKTOB B IIEIOYHO-TAIOUIHBIX KPHUCTAIaX, KOTOPhIE HMEET
BAXKHOE MPUKJIATHBIE TPUMEHEHUS

JIMuHBbIA BKJIAJA couckares. OnpeaeneHrue 00beKTa, METoAa CCIIeI0BAHMS B
JUCCEepTallMM W TIOCTAHOBKA II€JIEM  HKCCIENOBAHUS MOPUHAJICKUT HAYYHOMY
pykoBoguTento 1.¢.-M.H., podeccop b. ApamoBy. B coaBropckux (T.b. Apanos, b.
KanenoBa, Aman0Oaii k. A., I'. Kaiinazaposa, C. KakueB, A. CanbikOeckoBa U Jp.)
HAyYHBIX CTAThsIX, OCTAJIbHbIE HECYT OTBETCTBEHHOCTh 3a MOATOTOBKY M IMyOJHUKAIIUIO
MaTepHaJioB, @ OCHOBHBIE pe3yJibTaThl NpuHamiexaTt A.A. Opo3daeBy.
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AnpoGanuu pe3yJbTaTOB auccepTramuu. Pe3ynbrarbl ucciegoBaHui ObUIN

3aciyIiaHbl, OOCYXIEHbl ¥ OJOOpEHh Ha CICAYIMUX MEeXKIyHApOIHBIX U
PecnyOnukaHCKUX HayYHBIX KOH()EPEHITUIX

>

OmMVYHuyH VOHIYK KpucCTaJULIapAbIH (u3uKachl WIIAMUN
nabopaTopUsIChIHIArEl Kadeapanap apajblk ap KbUIbl OTYH Typyydy WIMMUN
cemuHapaapaapsiaga (2016-2021- xxpuigap, O maapsi);

XI Uccoik-Kynbckas MexayHapoHas MIKOJIa-KOH(PEPEHIUS 10 PaJualiiOHHOM
¢dusuke TBepaoro teina SCORPh-2015, ( Mccrik-Kynp-2015).

12-s1 PecnyOnukaHCKas Hay4dHO- TpakTH4ecKas KOH(MEpPEHIUs «AKTyaiabHas
npoOeMbl 00pa30BaTEIBLHOIO MPOIECcca B IIKOJIE U By3€», MOCBAIIEeHHAs 70-TIeTuto
npodeccopa D. MamberakyHoBa (burmikek-2015);

MexnayHapoaHass ~ KoH(epeHUHsT  «MHQOPMALMOHHBIE  TEXHOJOTHMH U
MaTeMaTU4eCcKoe MOJEIUPOBAHNE B HayKe, TEXHUKE U oOpa3zoBaHue» I[locBsieHHON
75-netuto akagemuka A. XaiinakoBa u 20-netuto kadenpsl «MHpopMalmoHHbIE
TEXHOJIOTMM M MAaTeMaTH4YEeCKOEe MOJIETMPOBaHUE UMEHHU akanemuka A. JKaliHakoBay
(bumkexk, 2016)

OmMVYuyn wmaructparypa xaHa PhD nokrtopantypa Oemymy TapaObiHaH
VIOIITYpyJiraH “MaructparypaHblH KeJIEUerd jKaHa ydypAarbl macenenep’ arTyy
WIMMUR-TIpakTUKaNbIK KoHpepenius (O, 2017-x.)

MexnayHapoaHast Hay4Hasi KoH(epeHUus nocBsueHHo 60-neTuto npodeccopa
P.Y. AnueBa, AHIMXKAHCKHI TrOCylapCTBEHHOW yHUBepcurter, PecmyOiuka
V36ekuctan. (Auauxkan, 2018-x.).

Om TexHONOTUSUIBIK YHUBEpCUTETUHAE M.A. ACAHOBIYH KapKbIH 3JIECHHE
xkaHa “Ousuka” kadenpachlHbIH 25 KbUIABIK IOOWICHUHE apHAJBIN YIOIITYPYJIraH
“bunmuMm Oepyy >kaHa wWIMMIETH (PU3MKaA-TEXHUKAJIBIK MpobieManap” arTyy
pecmyOIrKaNIbIK WIIMMHH-TIpaKTUKAIBIK KoHpeperus (Om, 2018-x.)

IV (2018 r.) u V (2020 r.) MexxayHapoaHbie KOHpepeHIuu 1o “OnTuueckum

U (QOTO’NEKTPUUYECKUM  SIBIICHUSAM B  MOJYINPOBOJHHMKOBBIX  MHUKpPO- H
HAHOCTPYKTypax”’, @epraHckuil  MOJUTEXHUYECKUH  HWHCTUTYT, PecnyOnnka
V36ekucran. (Oeprana).

I  MexnayHapoaHbli Hay4YHbId  KOHIPECC «KBIPrpI3CKO-TYpEeIKUX U

TIOPKOSI3BIYHBIX CTPAH MO €CTECTBEHHBIM M MEIUIIMHCKUM Haykam» (21-24 ampenb
2019r. r. Om).

MexayHapoaHOW HayYHO-TIPAKTUYECKH KOH(EPEeHIIMU MOCBsAmeHHon 70-
aetuto npodeccop K. Apsues, “Hayka m MHHOBALMOHHBIE TEXHOJOTHMH — OCHOBA
pa3zButus Koiproizckoit Pecnyonuku™ (11-12 oktsi6ps 2019 r., r. Om).



IMostHOTa OTpa)keHUsi pPe3yJbTATOB AWccepTauuu B myOaukanusax: OCHOBHbIE
Hay4yHbIC pE3yJbTaThl JHUCCEPTALMM OTPAXKEHbI B 18 cTaThdX M 2 aBTOPCKHUX
cBugeTenbcTBax. OCHOBa auccepTalii OMyOiauKoBaHa B 16 HaydHBIX JKypHalax,
3apeructpupoBaHHbix BAK KP, u 2 crareu B XypHaie «MeXIyHApOIHBIM KypHal
NPUKIATHBIX U (pyHIaMEHTAIBHBIX HcclenoBaHui» (nmmnakr-pakrop PUHIL (2016) -
0,764, (2020) — 0, 564, MockBa, Poccus ). OOmme HaOpaHHBIC OAJIBI COCTABJISACT
oonee 220 6aioB.

CtpykTrypa m o00beM auccepraunmu. [luccepramusi COCTOMT M3 TpeX TJaB,
3aKJIFOYEHUS U CIKMCKa JuTepatypsl. O0mmii o0beM aucceptaruu 151 ctpanuil.

OCHOBHOE COAEPKAHUE JUCCEPTAIIUU

Bo BBeneHUH MpENCTaBICHBI AKTYAJIbHOCTh JUCCEPTAIMOHHOTO HCCIECAOBAHUS,
€ro 1eJb, Hay4yHas HOBHU3HA pPa0OTHI, MNpPAKTUYECKAs 3HAYMMOCTH TMOJYYEHHBIX
PE3YJbTaTOB U OCHOBHBIE MTOJIOKEHUS, KOTOPBIE MPUBOISAT K 3aIIUTE PAOOTHI.

ITepas rnaBa auccepraumu “‘PAJIIMAIIMOHHBIE NE®EKTHI B HIEJIOYHO-
F'AJIOUHBIX KPUCTAJIJIAX” cocrouT u3 ABYyX maparpadoB, MpUYEM MEPBHIN
naparpad cocTouT u3 2-X yacTei, a BTOpor-u3 1-X dacTen.

B ocHOBHOM, miepBas TyiaBa MoOCBsIIeHAa COOCTBEHHBIM M MPUMECHBIM Je(heKTaM B
LIEJTIOYHO-TATOUIHBIX KPUCTAJUIaX, WX BHUJAM M IIpoleccaM B HHUX Ha OCHOBE
JUTEPATYPHBIX UCCIEIOBAHUN.

Bropas riaBa «OBBEKTBI NCCIIEJOBAHUA n METO/bI
NCCJEJJOBAHUI» coctout m3 aByx mnaparpados: «OOBEKT HCCIEHOBAHUS» H
«MeToapl MCCIeAOBAHUS», KaXKIbI U3 KOTOPBIX COCTOMT M3 OTAEIbLHOIO naparpada. B
TOW TJaBe TPEACTABICHBI B IIEJIOM OOBEKTH HCCICIOBAHUSA, IOJTyYCHHBIE
ONTUYECKUMU U JIIOMUHECLICHTHBIMU METOJAAMHU.

PaccMOTpeHBl CHEKTPBI MOTJIOMICHUS W WM3JIYYEHUS] LIEHTPOB OKPACKA MOHHBIX
KPUCTAJJIOB, METOJ ONPEIECICHUS MPOIIECCa TEPMUUYECKOT0 pacraia HEHTPOB OKPACKH
B IEJIOYHO-TAJIOUHBIX KPUCTAIIJIOB, U TOAPOOHO OMUCAHBI METO/I UCCIICIOBAHUSI HAHO-
1 MUKPOAE(HEKTOB, METOIbI UCCIIEAOBAHUS TEPMOOOECBEUNBAHUE IIEHTPOB OKPACKH.

OCHOBHBIE HAay4YHbIC PE3yJIbTaThl JUCCEPTALMM MPEACTABJIECHBI B TPETHEU TJIaBe
«OKCIIEPUMEHTAJIbHBIE OCHOBBI PACITAZIA  PAAMAIMOHHBIX
JEO®EKTOB B MEJOYHO-TAJIOMJHBIX KPUCTAJUIAX». Tperbs rnaBa
coctouT u3 7 maparpadoB, mepBbie 4 maparpade paccMaTpuUBaIOTCS TEPMHYECKUE
pacnajbl IIEHTPOB OKPACKW U JIFOMUHECIEHIINN, BIUSHUE TIACTHYECKON Aehopmariuu
KpUcTajjla u T.1., a mocieaaue 3 maparpadbl MOKa3bIBalOT U OOBIACHSIIOT OCHOBHBIE
pE3yJIbTATHI.



B menouno-ranouanbix kpuctamiax (II{I'K), perupoannsix moHamu AQ®, mpu
OOJly4eHUH PEHTICHOBCKUMH JydaMH OOpa3yeTcsl psll DJIEKTPOHHBIX W JBIPOYHBIX
LHEHTPOB OKpacku. B Omickom rocyaapCTBEHHOM YHHUBEPCUTETE IMOJ PYKOBOJCTBOM
npodeccop b. ApanoBbiM, NPUMEHSIS PA3IUUYHbIE METOJIbI MCCIIEAOBAHUS, JETaTIbHO
M3YUYCHbl CTPYKTYPhl M MEXaHHM3Mbl OOpa30BaHUsl ATHUX PaJUANMOHHO-HABEJICHHBIX
nedeKToB.

Hcnonb3ysl MIOMUHECUECHTHBIE, ONTHYECKUE M BJCKTPUUECKHUE METOJIbl HaMH
ObUIM M3YYEHbl MEXAHW3MbI TEPMHUYECKOrO pacraja AbIPOYHBIX (Ag!*\V,\V,,) U

ANEKTPOHHBIX  (F,F,,Agl,Ag;) IIEHTPOB M BO3HUKHOBEHHUS PEKOMOMHAIIMOHHOMN

JFOMHUHECIICHIIMM B OOJYYCHHBIX pPEHTreHOBCKMMHU Jydamu kpuctammiax KCI-Ag.
Tepmuueckui pacmnajn AbBIPOYHBIX M DJIEKTPOHHBIX ILIEHTPOB OKPACKA B ITUX
KPUCTAJUIaX MPOUCXOAUT B Tpex uHTepBaibl Temnepatyp (mus KCI-Ag:1-300-350K, 11-
350+410K, 111-410+550K).

Y CTaHOBIIEHO, YTO B pPE3yJbTAaTe B3aUMOJCUCTBUSA V, C IBIPOYHBIMH Ag ", V, -
LHEHTpaMU B Hayajle oOOpa3yloTCs NPOMEKYTOUHbIE JAePEeKTbl. 3aTeéM U3 3THX
MPOMEXKYTOUHBIX J€(EKTOB OTIIEIUISIIOTCS MOABMXKHBIE V, M H —IIEHTpBI, OKpacKu.
OO0pa3yromumMcs: MPOMEKYTOUHBIE MPOAYKTHI B3aUMOJECHCTBUS HEYCTOMYUBBI U BXOJE
TEPMUYECKON penakcaluu ObIcTpo pacnagaroTcsa. [loaTomy 10 cuX mop HE BBISICHEH
NETaJbHbIA MEXAaHU3M B3aUMOJCHUCTBUA TMOABMKHBIX V. € OTHUM JBIPOYHBIMU

AepeKTaMu U He OMpeIeseHbl CTPYKTYPhI TPOMEKYTOUHBIX 1€(DEKTOB.

s pemenus ator 3agaun Mmerogom DIIP HaMu U3ydeHbl CTPYKTYpbl IEPBUYHBIX
napaMarHUTHBIX paJIuallMOHHBIX Je(eKTOoB U mpoMexkyTouHbix B kpuctamiax KCI-Ag,
a Tak)Ke paccUUTaHbl BO3MOXHBIE TEOPETUUYECKUE 3HAUCHUSIM MPOEKLIMH MarHUTHBIX
MOMEHTOB B pa3ianuHbIXx codeTanms spep AQP®, K¥, CI¥ " Brl, comepxamuxcs B
kpuctamie KCI-Ag.

Ha puc.l mpuBenens! crektpsl OIIP mepBuyHBIX nePEKTOB M WX MPOIYKTHI
B3aumoericteust V. B kpucrtauie KCI-Ag. B 00ay4eHHBIX PEHTTEHOBCKUM JIydaMu

npu 290 K u nporpetbix B nepBoM uHTepBasie Temmepatyp A0 350 K u 3arem OwicTpo,
oxnaxaeHHbIXx A0 125 K kpucrtamnax obuapyxen cnektp OIIP, cocrosmuii u3z 28
SKBUAUCTAHTHBIX JTuHUM ¢ H=9,5I'c npu uzmepennu no nanpasnenuro Hll <110> ocnu
kpuctamia (cM., puc. 1). IlpenBaputenbHO HE MPOTPETHIX, HO OxJIaXAeHHBIX A0 120 K
peHTrennsupoBanHbix kpucramiax KCl- Ag HaOmromaroTcss aBa BHIa CHEKTpoB. B
cnektpe DIIP usmepennom npu Hil <100> npossiisieTcs mecTh JMHUN, 00beIUHEHHBIX
B JIBE€ TPYMIIbI IO TPU JIMHUHU U BOCEMb 1yOJIETOB.



Pe3ynbTaThl pacyeTa paclieIIeHUs] COEKTPAIbHBIX JUHUN OIIP mis oTaenpHbIX
MOHOB Ag/, (CIBr),, ¥ UX COBOKYIHOCTH MNpuBeaeHbl Ha puc.2. Cnekrpsl IIIP mid

COBOKYITHOCTH YKa3aHHBIX 1€()EKTOB COCTOST U3 28 SKBUAUCTAHTHBIX JUHUH (a).

3010 3110
]

3210 H, Ic

Hyq [110]

Pucynox 1 — Cnekrpsr DIIP kpucrama KCI-Ag (0,5 mone %); Kpucramn mocne
pentrenu3anun Harpeth 10 350 K, 3atem ObicTpo oxnaxzaeH ao 125 K u uzmepen mo
HarnpasieHuto <1 10>

Pacmienienust mmauit ciektpoB JIIP mpu HIl <110> Ha ceMb nuHUNA B Kaxaou
rpymIe 1 NOCTOSIHHOW cBepXTOHKON cTpykTypbl (CTP) paBuoit 38I'c, 00ycioBieHO
cucteMoit saep (CIBr),, (a). Pacmieruienus muauii cnektpoB DIIP mpu HIl <110> Ha

CEMb JIMHUW B KaXJIOW TPYII pacuIenssioTcsa Ha aABe JuHUU ¢ noctossuHo CTC 9,51°c
anpoM Ag. (r) u Ha detbipe JuHuM ¢ noctoasHHo CTC takxke paBHo#t 9,5 I'c-sapom

Ag; (1) u Ha yeTbipe JuHuM ¢ octosiHHOM CTC Takxke paBHoi 9,5 I'c —simpom K. (0).
Kpome Toro pacuiemiennsie 14 nunuu s aedekra |[Ag! (BrCl),V, | copmamator ¢ 14
muHEAMM 1715 K (BrCl),,V, | (cpaBHuTe, 6 1 T puc.2).

[ToaTOMY B AKCIIEpUMEHTE MOSBIISIIOTCS TOJBKO 28 NMuHUM (cMm.puc.1).

B Xoje Harpesa KpUCTajia, eci V, HOAXOAUT K AedekTy THna |[(Br, Ag;"Cl.K!)] ¢
«KaTMEBBIMU» KOHIIAMH (a), K MyCTOMY Y3JIy MEpEeXOAST UOHBI K! u 00pasyroTcs
napaMarHUTHbIE POMEKYTOUHbIE AedekThl THA [Br; Ag;'CLV, |. Tak Kak 5JIeKTpOHHbIE
CpeICcTBO Br, MeHbIIEe 4eM Cl_, TO3TOMY B X0JI¢ TEPMHUSCKOU peIaKCaIiK dJICKTPOHBI
OT MOHA Br, IMEPEeXBaTbLIBACTCSI HOHOM Ag, " .

I[Ipu 5TOM 06pasyeTcs MPOMEXKYTOuHbIH nedekT Tuma [Ag;(BrCl).V, | (B). Dtu

AePEeKThl TEPMHUUYECKA HE CTAOWIBHBI W OBICTPO pacmajaroTcsi, oOpa3ys IOJBHKHBIC
V. (Br) -tieHTpsl.
Peakiuio 3THX MPOIECCOB MOXKHO 3aMUCATh B CIEIYIOIIEM BUJIC:
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[Ag B CI K, |+V, — [Ag BrClLV, |- [Ag: (Brel),V, |- Ag: +(BrehLv., 1)

Ll | |
2.0 1.0

ARE
it

—_—
—_
[y
o

_

Pucynok 2 — Cnekrtper JI1P TeopeTI/Iqecm/I paccuuTaHHbIe Il 1€(EKTOB CISAYIOIIETO
THna: a) Ag; +(BrCl),.V, u K/ +(BrCl)..V,, 0) K} (BrCl),,, B) (BrCl),,; T) Ag;(BrCl),,;

aa‘c aa‘'c ! aa? aa?’ aa’

Ecnu BakaHcHMsl MOAXOAMT K JeeKTy Tuma [Br,K/ClAg!|c «KanmeBbIMH» W
«cepeOpAHBIMU» KOHIAMH, TOrjaa obpasyiorcs nedekThl THHa [K!Br,CLV.,| 3a Tem
[AggBr;CI;/g]. OTU NPOMEKYTOYHBIE JE(EKThl TaK)KE€ TEPMUUYECKH HE CTaOWIbHBI. B

X0Jle€ HarpeBa KpHUCTala OHU pacnajaroTcs, Takke o0pa3ys MOABUKHBIE NE€PEKThI
tuna V. (CIBr),,. B memomM mno Kpucramly BEpOATHOCTb IIPOTEKAHUS OTUX JBYX

mpolieccoB  oauHakoBa. [losToMy B XOJe HarpeBa KpucTauia OIHOBPEMEHHO
TOSBIAIOTCA 00a 3TH MPoMeKyTouHble AedeKThl: [Ag; (BrCl),V, | u [K: (BrCl),V, ].

Teoperuueckne pacuerbl crnekTpoB OIIP mokas3piBaeT, 4TO TakWe CIEKTPHI Jar0T
LEHTpPBI THUIIA B/jCI;Ag;*Bra‘Ag;]], KOTOpBIC COACPKAaTh B CBOEM COCTaBC OJHOBPEMEHHO

JIBa MOHOB cepedpa. DTOT KOMIUIEKC SIBJISIETCS aHAJIOIOM Ag’- IIEHTpaX B KpUCTaJIax
KCI-Ag He ouninieHHOTO OT HOHOB Br, . JIeHCTBUTENBHO, ISl TAKUX JNEPEKTOB CIIEKTP
OIIP cocTouT U3 1IeCTH TMHUNA 00bEAMHEHHBIX B JIBE rpynnbl. UHTEpBal MEXy ABYMs
rpynnamMu guaui (0,5211) B 1BO€ mpeBbIIAET MHTEpBa Mexay JuHusmu OIIP B
kaxxaoil rpynmne (0,26p).

W3 mony4eHHBbIX pe3ysbTaTOB CIEAYET, YTO HEOYMUIEHHBIX OT Br, KpHCTaJLIax
KCI-Ag (0,50momp %) B X0l1¢ TEPMHUYECKOM pellakcallid B HMHTEPBAJIC TEMIIEpaTyp
290-350 K ¢ pagnarmoHHbIMH Ag;*(Br), V,(Br) u V,,(Br)—IIEHTpaMH B3aUMOJICHCTBYIOT

INOABMXKHBIC BAKAHCHUH V, , OTHICIIJICHHBIC OT Ag,....V, , IpEBpalias ux B HEeCTaOMJIIbHBIE
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MPOMEXKYTOUHBIE JIePeKThl. OT HUX 3aTE€M OTIIEIUISIOTCS MOIBUXKHBIE ABIPOYHBIE V. (Br)
—LIEHTPbI, KOTOPBIE IPUBOAT K pacnady dIEKTPOHHBIX F,F,,Ag’, Ag; - LIEHTPOB.

Ha puc. 3 npusenensl kpusbic TO F , V, - nenrpoB (kp. 1-2), TCJI (kp. 3) u
OTHOCUTEIBHOM KOHIEHTpauuu V. (Kp. 4) U OTHOCHUTEJIBHBIX KOHIECHTPAIIMU
HEUTpaJIbHBIX KoMIuiekcoB (kp. 5) B kpuctamiax NaCl XY. Yka3aHHBIC MPOIECCHI

npoTeKaroT B Tpex TemneparypHbix craauax: B NaCl XY I- 550- 590 K, 11-390- 460 K,
111 -460- 550 K.

B kpuctamiax NaCl XY Buauane g0 330 K npoucxoaut pocT KOHIIEHTpaLUKUY,
3areM B uHTepBasie Temneparyp 330-390 K ymenbinenue v, , a BO BTOPOM HUHTEpBaJie
POCT ¥ YMEHBIIICHUE KOHLICHTpAuu V, . B TpeTbeM NpOuCXOAUT POCT KOHILICHTpauuu
V. . B atux xe unrepBanax remneparyp B NaCl XY npoucxoauT TepMUYEcKHil pacnan

F u V2- nentpoB u Boznukaer TCJI kpucramia, COEKTpaJbHBII COCTaB KOTOPOTO
coBnagaet co cnektpom TCJI B TemmepaTypHoi 06yacTu NpHIIKOBON quddy3uu Ve-
neHTpoB (3.0 3B) (cM. kp, 6. puc. 3). ITOT pe3y/bTaT MOKA3bIBACT, YTO B KpHUCTAJLIAX
NaCl XY umerorcst HEKOHTPOJIUPYEMbI€ OJTHO M JIByXBaJICHTHBIC MPUMECH TUIA Ag U
Ca.

AHaJIOTUYHBIE UCCIE0OBaHMS OBLUIN BBIMOJHEHBI JJ1s1 KpucTauioB KCl.

d
iﬂ. 6 ad

Supa 1 ‘,‘nz
— Y Y.

35 3.0 2.5 canbi.
hv(aB) Gupa.

< 01

gz
tgd, 5
/ =
U.O-
-0,2-
=
06 4 \/
0,34

6z ]
! —_—
95, ]

300 350 400 450 500 TK

&

Pucynok 3 — Heusorepmuueckue pesiakcaimoHbie nporeccsl B NaCl XU: V2 (1),
F(2), TCJI kpucranna (3), TemneparypHas 3aBUCUMOCTb OoTHOcuTenbHOU UII (4),
otHOocuTeNnbHbIX 11, m3mepennbix Ha yactore 1.0 kI'n u cnextp TCJI B Makcumyme

JT
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Ornpenenenre coctaBa HAHOCTPYKTYPHBIX LIEHTPOB OKPACKHU U LIEHTPOB CBEUECHUS
B KpHUCTalax IMPEACTABISIIOT BAXXHYIO 337a4yy B TEOPETUYECKOM U MPAKTUYECKOM
OTHOUICHHH.

N3 HaHOCTPYKTYPHBIX SJECKTPOHHBIX IIEHTPOB OKpacku B OECIPUMECHBIX
menouHo-raonanbeix kKpuctammax (III'K) B goctaToyHoil cTeneHU JAOCTOBEPHO
OMPEICJICHBI AIEKTPOHHBIN COCTaB, YCTAHOBJIEH TOJBKO y OoJiee mpocThiX F -, M -,
R- ueHTpos.

[IpsiMoe  sKCIepUMEHTAIbHOE  OMpEACICHHEe CcOoCcTaBa 0oJjiee  CIOMXKHBIX
HAHOCTPYKTYpHBIX 1eHTpoB okpacku (LIO) u uentpoB cBeuenus (LIC) sBnsercs
BECbMAa TPYJIHOM 3aJ1a4ei.

[IoaTOMy npu H3y4YEHHH CTPYKTYpbl M COCTaBa LEHTPOB OKPACKUM Havalu
IIPUMEHATh Pa3jMYHbIE KOCBEHHbIE METOAbl. PaccMorpeHa wuaen wmerona
KBAa3UYaCTULl, COIJIACHO KOTOPOrO0 DJJEKTPOHHBIE LIEHTPbl OKPACKU MOTYT
paccMaTpUBaThCA KAK JJIEKTPOHHO-UOHHbBIE KBa3UYACTHULBI.

B naHHOl paboTe MNpennpuHATa, MOIbITKA MPUMEHHUTh TPYNIOBOM MOAXOA K
VCCIICAOBAHUIO COCTaBa CJIOKHBIX HAHOCTPYKTYPHBIX  JJIEKTPOHHO-UOHHBIX
kBasuuacTuil B kpuctamiax NaCl. B kauecTBe XapakTepUCTHKH IIEHTPOB OKPACKH
U ILIEHTPOB CBEYCHHUS BBIOPAHO CIEKTPAIBbHOE IMOJOKEHHE MaKCUMyMa IOJO0CHI
ONTUYECKOTO TMOTJIOIMICHUSI COOTBETCTBYHOIIUX IEHTpoB E_%. Takoit BbeIOOp

OCHOBBIBAETCSl TEM, YTO DHEPIUsl U3y4aEMbIX CUCTEM HEMOCPEACTBEHHO CBA3aHA C
X HAHO- U MHUKPOCTPYKTYPOM M CHUMMETPHUEH, NPUYEM COCTOSIHUEN C MEHbIICH

SHEpruel NMeEroIe 00J1ee MPOCTYIO CTPYKTYPY M CUMMETPHIO.

B Tabn1. 1 mpuBeeHbl 3HAYEHHS C"mae I HEKOTOPHIX LEHTPOB OKPACKH H

ceueHust B NaCl, Bo30yX/I€HHbIX PEHTTEHOBCKUMHU Jy4yaMH. 37€Ch MPUBEICHBI
Takke€ HEKOTOphie 3HaueHus AEma , ykaspiBarommue u3MeHeHuss AEma npu
IIEpEX0/€e OT OJHOTO THIA LICHTPOB K IPYTUM.

Bo MHOTMX SBICHHSX JTIOMUHECIICHIIMH TOYCUHBIC NE(PEKTHI U MEHTPHI OKPACKH
NEPEMEIIAOTCA U MEHSIOT CBOE IMOJOKEHUE BIIOJb KPUCTAUIMYECKOM PELIETKH.
Opnako Bompoc mnepexona AedeKTOB OT OJHOr0 ILIEHTpa K JAPYrOMY OCTaeTcs
OTKpPBITBIM. M3yueHo B3auMOJEHCTBUE LICHTPOB OKPACKU U MPUMECHBIX Je()EKTOB B
kpuctaie NaCl-Ag B OT/AEIbHBIX MYJbTUILIICTAX.

B Tabn. 2. mpuBeneHsl 3HaueHUs Ej mns HEKOTOPHIX IIEHTPOB OKPACKH H
ceeuenus B NaCl-Ag, B030yX/I€HHBIM PEHTI€HOBCKUMH JIydaMu. 371€Ch TPUBEICHBI
TaK)K€ HEKOTOpble 3HaueHus Eg cooTBeTcTByrolue wu3MeHeHUusM AER, npu
NEepPEXO0JIE OT OAHOTO TUIA K APYTHUM.
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B pe3ynbrare SKCIEPUMEHTAIBHBIX HCCIIEI0BAHWMN, MPOBEIACHHBIX B HAYYHOU
naboparopun  Oml'Y, yCTaHOBIEHO, 4YTO TMPOIECCH TEPMHUYECKOTO OTKHUTa
paguanoHHBIX JedeKTOB B MIeaovHO-raouaubix kpuctawiax (ILLI'K) umeroT
MHOT'OCTaIUMHBIN XapaKTep.

Tabmuna 1. — 3nauenust E5; 11 HEKOTOPHIX IIEHTPOB OKpacku 1 cBeueHus B NaCl,
BO30Y>KJICHHBIX PEHTI€HOBCKUMH JIydaMu

O0o3HaueHus ®
BO30YKIEHHBIX A, En AE_®(®B)
LICHTPOB (Em) (oB) )
F- 465 2,65 Jozs
R- 600 | 2,05 fo.e0 0.90
M- 725 1,70 }0735
N- 850 | 145 | loss }0’60 050
O- 1150 | 1,10 090
P- 1450 | 0,85
Q- 2500 | 0,50

Tabnuua 2. — 3HaueHus1 E,_* 1711 HEKOTOPBIX IICHTPOB OKpacku u cBeueHus B NaCl,

HCB036Y)KI[€HHI)IX PCHTII'CHOBCKUMM JIy4aMHU

O0o3HaueHUs -
HEBO30YkKICHHBIX Am’, En AE_®(®B)
' (1v) | (3B) "
LICHTPOB

Ag*- 210 | 5,90
A - 245 | 5,00 } 0.90
B- 275 | 445 0.90
Cs - 315 | 390 0.3
Tli- 345 | 3,55 } 055
E- 365 | 3,55
K- 410 | 3,00
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OpHako KMHETHKA U XapaKTep MPOIIECCOB, MPUBOASIIMX K MHOTOCTaIUHHOMY
pacnajay 3TUxX Ae(PeKTOB, TEOPETUUECKH 0OOCHOBAHBI HEJOCTATOYHO.

Jlnst MoAenupoBaHHMs MHOTOCTAJIMMHOTO XapakTepa TEPMUYECKOrO OTXKHra
ne(eKTOB B TBEPIBIX TeJaX HEOOXOJHMMO CIIEpBa OCTAHOBHUTH MPOLIECC OTXKHUTA Ha
ONpENIETICHHON CTaguu Ipolecca, 3a TeM HaJ0 NPHUBOJUTH K OTXKUTY Je(EeKTOB B
CJIEIYIOLLEN CTaAuU IpoLEecca.

[Ipu wucnonb3zoBanun JU(PY3MOHHOM TEOPUU PEKOMOMHAIMH, TOJYyYEHBI
muddepeHnaIbHbIE  YpAaBHEHUS JUIS OTXKHIa pajJualMioOHHBIX JedEeKTOB IS
KOPPEIMPOBAHHOM Mapbl YaCTHII.

OaHako HEKOPPEIMPOBAHHBIE MEXKIY COOOM pajHallMOHHO-HABEACHHBIE IIEHTPbI
U TIOJIBUXKHBIE 1e(DeKThl HA OCHOBE BBIILIE YKA3aHHON TEOPUH HE PACCMOTPEHBI.

[Ipu 3TOM OBUIO HCTONB30BaHO AU EepeHInaTbHOE ypaBHEHUE AJI ONUCAHUS
pPEKOMOMHAIIMKY TE€HETUYECKHM HE CBA3AHHBIX MEXAYy CcO00il map B CIEIYIOIIEM BUJE
(ueHTpbl OKpacku N M MOABUXKHBIE NeeKThl n). [ HEKOPPEIUPOBAHHBIX MEXKIY
co00Oll PEKOMOMHALMOHHBIX YaCTULl KaXJbld THUIl YacCTHUIl XapaKTEepU3yeTcs CBOEH
KOoHIeHTpanuen N(t) u n(t).

KoOHLIEHTpalun HEKOpPPENMPOBAHHBIX YAacTULl MOXHO TEIepb HU3MEHSTh
pa3IM4yHO, YBEJIWYMBAas OJHM M yMEHbLIasg japyrue. Torga 3aKOHOMEPHOCTH HX
peKOMOMHAIMK OYyIyT OMpPEAeNaTcs OT PEKOMOMHAIMA HEKOPPETUPOBAHHBIX MEXIY
coOoit yactun N u n.

Ucxons wu3 mnpexncrabieHnit Aud@y3MOHHOW TEOpUH pPEKOMOMHAIUU IS
TeHEeTUYECKH HECBSI3aHHBIX MEXIYy COOOW LEHTPOB U Je(eKTOB-pa3pylIUTENeH,
MHOTOCTaJuiiHble KpuBble TepMmuueckoro omkura (TO), mpoucxonsmme mno peakuu
IIEPBOTO MOPSIIKA, OJYYUTh HE YIATI0Ch.

Jlia  pemieHue 3TOro BOmpoca B 3TOM  Clly4ae ObUIM  MCHOJIb30BaHBI
npencraBiaeHuss  AUGQGYy3MOHHOW TEOpUM PEKOMOMHAIMHM, KOTJa KOPPEJUISAIus
MOJABUXHBIX J1(PEKTOB ¢ KOHUEHTpAIMEH LIEHTPOB OKPACKH JAHHOTO TUIA MPOUCXOUT
YaCTUYHOU B3aMMOJICUCTBYET TaK K€, KAaK FT€HETUYECKH CBSI3aHHbIE, KOPPEIUPOBAHHbIE
napshl.

Eciu N- xoHueHTpauus Bcex pacmagaroniuxcsi AeEeKTOB JAHHOTO THUIMA, a
(N-AN,) — KOHIEHTpaMK IEHTPOB  KOPPEUIMPOBAaHHLIX ¢  JedeKramu-

pPa3pyHIMTEIIMH, TO TIOCIIC PEKOMOWHAITMN KOHIICHTPAIIMS OCTABIIUXCS IIEHTPOB — AN, .

AN
Ecimn HCHCPIIACTCA KOHLCHTpAIUs HCHTPOB No Ha KOHIOCHTpAIHu N—Ol, TO IIOCJIC
0

MEPBOM CTAAMK TEPMHUYECKOrO0 OTKHUTa MPOIECC JOKEH OCTAHOBUTHCS MOCIE NMEPBOU
CTaaHN.
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Ha ocHoBe nuddy3noHHON TeOpUr peKOMOMHAIIMN HaMH TIPEAJIONKEH YpaBHEHUE

dN o
JUISI CKOPOCTH PEKOMOMHAIIMK KOPPEJIUPOBAHHBIX Iap ¢ UOA NICHCTBHEM TaCTHIHO

KOPPEIUPOBAHHBIX Je(DEKTOB-pa3pylIUTENeH.

_¥ = 47211D1(N _AN01) ] (2)
4T £

Jst M30TepMHYECKHX yCIOBUH ¢ ydetoM £ = u D =Dy =, Torma 3TOT
ypaBHEHUE OyIeT UMEET BUI:
dN(T)  4ar,

ar B
Pemenne 3Toro quddepeHnnaibHOTO ypaBHEHHS OYI€T B CIACAYIONIUM BUJIE:

Dy 7 (N - AN, 3)

- (-2 (e )] (22) z

Ny Ny

Toraa npouecc, onpeaenaOIIniNCcS 3TUM BbIPAXKCHUEM, IPUBOJINUT K pacraay Ha
MEPBOM CTaAUU TEPMUUYECKOTO OTKUTA U YMEHBIICHUIO OTHOCUTEILHOW KOHIEHTPAIIUN

AN,

HCHTPOB A0 ( N j, T.K. BTOpOfI COMHOZKHUTCJIb IICPBOro CjaracMoro yMCHbIIACTCS

0
AKCIIOHCHIIUAJIBHO C POCTOM TEMIIEpaTypbl U CTpeMUTCS K HyJ10. KuHeTuka 3TOro
rpolecca nmpuBeJicHa Ha puc.4.

2|z

I nopsiarca
&, 0, Do
(I- A Nys )
/\III

Pucynok 4 — TemneparypHas 3aBUCUMOCTb OTHOCHUTEIBHOW KOHIICHTPALIMU LICHTPOB
OKPACKH B MOHHBIX KPUCTAILIAX

Jnsi nanbpHEWIero pacnajga ILEHTPOB OKPACKU, OCTAaBIIMXCS IMOCJIE TEPBOU
ctaguu TO, HEOOX0AMMO AabHENIee IEUCTBUE MOBMXHBIX Te(PEKTOB.
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Xapaktep JaJbHEHIIero pacrajaa EHTPOB 3aBUCUT OT TakuX (haKTOpOB, KaKue
3HAQYEHUSI UMEIOT BEJIMYUHBI AN, T.€. OT KOHIECHTPAIMN LHEHTPOB, OCTABIINXCS MOCIIE

NEPBOM CTaJANMN TEPMHUECKOT0 OTKUTA AE(PEKTOB.
PaccmoTpuM OTAEIBHBIE CIIy4Yan:
1) Ecim AN,,— KOppelrpoBaHHas Mapa UEHTPOB M MOJABUKHBIX J1€(PEKTOB, TOTIa

BTOpAsl CTaJIMsl KUHETHUKH MPOLECCa TEPMHUUYECKOTO OTHKHWTra MPOUCXOJUT IO PEaKIUU
MEpBOTO MOpsAKa. B 3TOM ciyyae g KOPPENUMPOBAHHBIX Map LEHTPOB OKPACKHU
BO3MO>KHBI JIBa CJIy4asl.

la) Koppenupyemble C IIEHTpaMH OKPACKU TMOABUKHOE J€(DEKThl BBHI3BIBAIOT
OT)KUT IIEHTPOB OKpacku Ha BTOpou craauu TO TOro ke Tuma, 4yto U y JAe(deKToB
paspylIMTEeNe, BBI3BABIIMX pAaclaJg LEHTPOB OKpPAaCKU Ha mepBou craauu. Ho
nedeKThI-pa3pyIINTEIN, BbI3BIBAIOIINE paclaj IIEHTPOB OKPACKU Ha BTOPOU CTaguw,
oOpa3yloTcsi B XoJAe penakcauud. B 3ToM cilyyae Ha OCTaBIIMECS KOHLIEHTPALMH

AN o
LIEHTPOB OKPacCKu N—Olz{eI/ICTBy}OT KOppeIUpOBaHHbIE Je(EKThl TOTO K€ THIA, HO
0

OCTaBIIIHECS U3 KOMIUIEMEHTAPHBIX MUKpoJiepekToB. OHU TOBEAYT 3Ty KOPPEIUIAIUIO

0 HYJIsl, © TEPMUYECKUN OTKUT JTIOXOJIUT 10 KOHIA. Torjga mMeeM JBYXCTaJIUHHBIE

kpuBble TO, 06e cTagruu KOTOPOTO MPOUCXOIAT MO PEAKIIUKA TIEPBOTO MOPSIKA.
KuHeTnueckoe ypaBHEHUE B 3TOM CIIy4a€ UMEET CICAYIOIINN BU/I:

N_ [1—%jexp Aty DOl_T[ekgTdT +[%J | exp| — oz DojeGdT
N N, B N, B , (5)

B mpouecce TepMuueckoil penakcanuu BTopas ctaausa TO uaeT mo peakuuu
NEPBOro MOpsiiKa 10 KOHIA, HEKOPPEIMPOBAHHBIMHU Je(eKTaMHU TOrO K€ THUMa, HO
oOpa3yronieiicsi U3 KoppeaupoBaHHBIX 1e(EKTOB 00pa3yroUIMXcs B XOE pellaKcaluu
(cm., puc.5. la-ciyuaif).

16) Koppenupyembie ¢ IIeHTpaMu JAHHOTO THUIIA MOJBHXKHbBIE J1€(PEKTHI APYyroro
TUIIA, YeM T€, KOTOpPbIC BBI3BIBATIM pacmaj] IIEHTPOB OKpacku Ha mepBoi cranuu TO, u
UMEIOT XapaKTEPUCTUKH &,,T,, Dy,. B 3TOM ciydyae BTOpast cTafus TOKe MPOUCXOAUT T10
KUHETHUKE MEPBOro mopsjka. Ha ocTraBiuvecs KOHIEHTPAIMK IIEHTPOB OKpacku “No

0

JNEUCTBYIOT KOPPEJIUPOBAHHBIE MOABUXHBIE AEPEKThl JPYroro THUMA:&,,f,, Dy,. Torma

TaK)Ke UMEEeM JBYX CTaJAMHHYIO KPHBYIO, B KOTOPOH 00€ CTaJMM IPOMCXOISAT II0
KMHETHUKE TIepBOro nopsaka (cM., puc.5. 10.).
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T _&a T _%
N (1—%]@@ —4’;01 Dy [ ¥dT J{%j x| exp —4’;” Dy, e 7T ||, (6)

N 0 To 0 To

la-cnyuaii:
1-cTagus 1-cmaous: |-nopsoka, ¢,r,,Dy,,
P . .
RO\ 2-cmaousi: |-nopsioka; &1, Dy,

sy 2-crapma 16-cayuai:
B 1-cmaous: |-nopsioka, &1y, Dy,

2-cmaous: 1-nopsox; &,,r,,Dy,,

Pucynok 5 — TemneparypHas 3aBUCUMOCTb OTHOCHUTEJIbHOM KOHIIEHTPALlMU LIEHTPOB
OKpacKu JUIsi HEKOPPEIUPOBAHHBIX (Cydail «a») U KOPPETUPOBAHHBIX (CIaydail «0»)
ne(deKTOoB.

2) Ecnmu AN, — HeKOppeaupOBaHHAs IMapa IEHTPOB M Je(PEKTOB-pa3pyIIUTEICH.

Torma Bropast craguss TO mpoTekaer mo peakiuu BTOpOro mopsiaka. B ciydae s
HEKOPPEJIMPOBAHHBIX Map LEHTPOB U AePEKTOB-Pa3PYLUIUTEICH BOZMOKHBI TPU CIyYasl.

2a) HexoppenupoBanubiMu JepexTamu gBisieTcst AeEKThl TOTO Ke TUMA, YTO U
BBI3BAIM pachaj I[EHTPOB Ha TIEPBOM CTaAMU TEPMHYECKOTO OTXKHIra, HO
pasneTeBlIMecs OT LIEHTpa JaHHOTO THUMAa Ha OoJjiee JaJeKue pacCTOSHUS, YeM
nedeKThI-pa3pyIINTEIN, BEI3BABIITHE TIEPBYIO CTAIHIO.

B 5TOM cilydae Ha OCTaBIIMECS KOHLEHTpAUMU LEHTPOB ANo

JNEUCTBYIOT

0
HEKOppeIMpOBaHHbIC JEHEKThl TOTO K€ THUIA, YTO U BBI3BABIIUE MEPBYIO CTAJIUIO, HO
pasneTeBIIuecs Ipyr OT aApyra 0osiee Jajekue paccTosiHus. Torna nuMeem:

T & T _&a
N _ [[1_ ANOl]eXp{— 47;;01 Do1_[e kT dTJ + (Al:lmﬂ X l:1+ 47;;02 DMANlj.e KT |» (7)
To To

NO NO 0

Kunerunka Takoro mpoiiecca rpuBejieHa Ha puc.6 (2a-ciydait).

20) HekoppenupoBaHHBIMH Je(DEKTaMu SIBISIOTCS A€(PEKThI TOrO e THUIa, YTO U
T€, KOTOpBIC BBI3BAJIM pacmajJ LEHTPOB JAHHOrO TUna Ha mnepBou craguu TO, HO
KOTOpbIe 00pa3zyloTcsi OT MHUKPOACPEKTOB, HEKOPPEIMPOBAHHBIX C IIEHTPAMH,
MMCIONTMMHM  OYeHbh OOJBINyI0 KOHIEHTpanuro. Torma Btopas cragms TO,
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oOpa3yromiascs 0T HEKOPPEIUPOBAHHBIX JePEKTOB OOJBIION KOHIICHTPAIUHU, UACT 10
peaKIMy BTOPOTo mopsika (CM., puc. 6. 20-ciydaii).

2a-cnyuai:
1-cmaous: |-nopsoka, ¢,v,,D,,,

- 2-cmaous: |1-nopsoxka; &,1,,Dy,
. 1-cTaons <.
(- %r_){ \ 20-cnyuaii:
——————————— 1-cmaous: |-nopsaoka, ¢,r,,D

1 01 =011

N
A,

2-CTanunA

A% 2-cmaous:l-nopsaoxa, &,r,,D,,

» 26-cayuaii:
1-cmaous:1-nopsaoxa e, r,, Dy,

2-cmaous: |l-nopsoxka, &,,r,, Dy,

Pucynok 6 — TemmneparypHas 3aBUCUMOCTb OTHOCHUTEIBHOW KOHUEHTpAMHA IS
HEKOPPEJIMPOBAHHBIX  (Ciiy4all  «a»), KOppEIUMpOBaHHBIX (ciaydaid «O») W
HEKOPPEIMPOBAHHBIX, UMEIOLIUE JPYTUE XaPAKTEPUCTUKU (CITyUdaid «B»)

B sToM ciyyae Ha oOCTaBIIMECS KOHIIEHTPAUUU LIEHTPOB OKPACKH JEUCTBYIOT
HEKOppENMpPOBaHHbIE AC(EKTHI TOrO K€ THUIla, 00pa3yroluecs B XOJAE pelakcailu,
OTHICTUICHHBIE OT HEKOPPEIUPOBAHHBIX MHUKPOJASHEKTOB, KOHIIEHTPAIUU KOTOPHIX
I0CTaTO4YHO Oosbinue. Torna umeeM

T e T e
N_ (1—%]exp _ Ay Dm.[e T +(%J X eXp _ Aty Dozje KT |, (8)
N, N, B T, N, B T

2B) HexopennmupoBanupiMu AedeKkTamMu SIBISIOTCS Ae(EKThl APYroro TUIA, YeM
T€, KOTOpbIE MpPUBEIU K mepBou ctaauu TO M MMEIT XapaKTEPUCTUKU &,,K,,Dy,. B

ATOM CJIy4ae Ha OCTABIIMECS KOHUEHTPALMU LIEHTPOB ACUCTBYIOT HEKOPPEIUPOBAHHBIC
napsl 1eexToB Apyroro copra. Toraa nmeem:

N _ [1_ ANOljeXp 4,
No No s

-1
T _&a T _%

o jotar) (2]l oo b fbr |,

TO

0 01T,

B sTom cnydae Bropas ctagus TO mpoucxXoauT MO KUHETHKE BTOPOTO MOPsIKa
70 KOHIIA, HEKOPPEIUPOBAHHBIMU Je(peKTaMu Jpyroro TUIA, YeM Ha CTaJWH MEPBOM
CTaJNH TEPMHYECKOTO OTKHTa (CM., prcC.6. 2B-CITydaii).

Takum o00pa3oMm, U3 BBINICU3TI0KEHHBIX JAHHBIX CIEIYyET, 4YTO KHUHETHKA
TEPMUYECKOTO pacmaja pagualioOHHBIX Je(EKTOB OMNPEACNISIeTCS COOTHOIICHUSIMU
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MEXIy HAYaJbHBIMH KOHIEHTPAIMSIMH pPATUAIMOHHBIX IIEHTPOB U TOIBUKHBIX
mudy3uoHHBIX 1edEeKTOB B HOHHBIX KpucTayuiax. Ha oCHOBE Takoro mpeanoyioKeHus
MOJTyYE€HO KHHETUYECKOE YPABHEHHE U €r0 PEIICHUE I N30TEPMHUYECKOTO0 Cydasl.

SAKJIIOYEHHUE

Ha ocHOBe  NpOBENECHHBIX HCCICAOBAHUN CHAENIaHbl CIIEAYIOLIUE OCHOBHBIE
BBIBO/IBI:

1. Tloka3zaHo, 4To B mpenaeiax OMMKaWIIMUX APYr K APYTy aHUOHHBIX BaKaHCUU
MPEACKA3BIBAECTCS CYNIECTBOBAHNE HEKOTOPBIX TUIIOB 3JIEKTPOHHBIX LIEHTPOB.

2. OmpeneneHo, 4TO M3YyYEHHE CTPYKTYpbl TPYHIbl MPeoOpa3oBaHHUM ILIEHTPOB
OKpPacKd M LIEHTPOB CBEYEHUS MOKET IO3BOJUTH B JAJbHEHIIEM YCTaHOBHUTH IIOKa
HEU3BECTHbIE OCOOEHHOCTHM W 3aKOHOMEPHOCTH B3aMMONPEBPAIICHUS SJIEKTPOHHBIX
LEHTPOB B HOHHBIX KPUCTAJIIAX.

3. JoxazaHo, 4YTO C MOMOUIBIO TEOPUU MATPUL U TPyNI HPUMEHAEMBIX K
KBa3U4YaCTULIaM MOTYT OBITh ONMKCHIBAETCS CTPYKTYPBI AJEKTPOHHBIX LIEHTPOB OKPACKH
U UX BO3MOXHBIX IPEOOpa3OBaHMM M B3aMMOIPEBPAILCHUS ILIEHTPOB JAPYr B Apyra
O0yCIIOBJISIETCSl MOAXOAOM K LEHTPY WM OTXOJOM OT HEro HOHHO-3JIEKTPOHHBIX
KBa3U4acCTHII.

4. JlokazaHo, YTO KMHETUKH TylieHus cBeueHus neHTpoB B LII'K MoxHO npoBecTy,
UCXOJlsl W3 PA3IMYHBIX COOTHOIICHHM MEXAy HayaJbHbIMU KOHIICHTPALUSIMU
(OTOBO30YKJIEHHBIX LIECHTPOB U MOABMKHBIX JedexkToB Tymureneid Ha ocHoBe 3Toit
TUIOTE3bl OJIyYeHbl KHHETUUECKOE YPAaBHEHUE U €0 pelIeHUe ISl U30TEPMHUUYECKOTO
ciryyqasi.

5. KuneTnmka TepMHUYECKOTO pacmnaja paguallMOHHBIX JAEPEKTOB OMpeessieTcs
COOTHOILIICHUSIMH MEXIY HaudallbHbIMM KOHLIEHTPAUUAMHU PAJAHAIMOHHBIX IIEHTPOB U
NOABMXKHBIX NHU(PPY3NOHHBIX NePEKTOB B HMOHHBIX KpHUcTaiax. Ha ocHoBe s3ToM
TUIOTE3bl OJIyYeHbl KHHETUUECKOE YPABHEHHUE U €T0 PEIIeHHUE UIsl M30TEPMHUUYECKOTO
ciyvas.

6. IlonydyeHHbIE SKCHEPUMEHTANbHBIE PE3YNbTaThl U TEOPETUUECKUE PACYKICHUE
MO3BOJISIET OMPEACIUTh CTPYKTYPbl U YIPABIATh MPOLECCH 3aKOHOMEPHOCTEN HaHO- U
MUKPOCTPYKTYPHBIX J€(PEKTOB B IIETOYHO-TAJOUJIHBIX KPHUCTAJIaX, KOTOPbIE HMEET
BAXKHOE MPUKJIAHBIE TPUMEHEHUS.
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A.A. OposdaeBanbiH  “/Kerm4-rajJlonIuK KPUCTALIAAPAATHI PATHANUSAIBIK
HAHO TY3YJaywrery jaedeKTTepAuMH aXKbIPOOCYHYH HOHAYK-THUPPYy3usAIbIK
KHHeTHKACHIH M3M1100” gered temaaa 01.04.07— “konaeHcalusJIaHIaH a0 AbIH
¢uzukacs” agucTUru 001HYa PU3NKA- MATEMATHKA WIMM/IEPUHUH KAHIUAATHI
OKYMYIITYYJYK JapaKacblH U3€HHUII AJIYY YUYH KA3bLITaH ANUCCEPTAUMSCHIHBIH
PE3IOMECH

Herusru ce3mep: Kerud- rajiouiuk KpucCTaUlap, paaualusuibik gedexrrep,
MUKpPO- JKaHa HAHOTY3YJAymTery nedexrrep, HOHAYK Aud@y3usuIblK KUHETHKA,
TYCTOHYY OOpOOpYy, TEPMOCTUMYJISLUSIIBIK JIOMUHECICHIUS, HMOHIYK-3JIEKTPOHIYK
KBa3uOOJIYK4e,  MYJIbTUIUIET, KOHUEHTPAUMSIBIK  J1e(OpMalUsIIbIK-KbUTYYITYK
TYPYKCY3IIYK.

N3unnee oobektmiepu: NaCl, KCI, NaCl-Ag xana KCI-AQ »erud-rajouaiuK
KpUCTAJUIIAPbIHAATBl PAAUAIASIIBIK KO MEHEH KUPTU3WITEH JJIEKTPOHIAYK TYCTOHYY
O6opOopIiopy.

M3naneenyn makcarbl: JK['Knarel  pagdanusiiblk  HaHOTY3YJIYIITOTY
nedeKkTTepIuH naiaa 0onyy, Oupu-OupuHe aiaaHyy, ©3 apa aKbIPOOCYHYH HOHIYK-
muby3usabIK  KUHETUKAChIH — U3WIJO©® MEHEH Oupre HaHO  Ty3YJYLITery
nedeKTTepIMH KypaMbIH j)kKaHa TY3YJIYIITOPYH aHBIKTOO

N3unpeenyH METOI0PY KaHa anmaparbl: Kernu-ranonnauk
KpUCTaJUIIapJarkl TYCTOHYY OOpOOPJIOPYHYH TEPMHUKAIBIK *KOK 00JIyy MpPOLIECCUH
AHBIKTOO METOJly, MOHJYK KpUCTAJUIAapAarbl 3apsijajiral >kaHa HEUTPaJJbIK HAHO-
KaHa MHUKPOACHEKTTEpAN H3WIA06 METOJY, >KeTMU-TaJOUIUK KpUCTaIaapaarbl
paauaIusIIbIK TYCTOHYY OOpOOPIOPYHYH HYp/IaHYyCYHYH ©4YYCYH H3UJI06 METOMY

AJBIHTaH HaTbI2KaJIap JKaHa ajlap/JAbIH JKAHBLJIBITDI . Nonnyx
KpUCTAJUIAAPJArhl HAHOTY3YJYIITOTY KOIIYyJIMallyy JkKaHa ©3ayK JedexrrepanH
KypaMmbl >KaHa TY3YJYLI CTPYKTYypachl M3WIJCHHUIN, aHBIKTAIAbL. DIEKTPOHIYK
ACENTOOUY MAallIMHANIAPIBIH ACUH TY3YY YUYH KOJJOHYyra MYMKYH OOJITOH, aHBIK OUD
bUBUKaIBIK MYHO3AYY >KaHbl MaTepUaJIIapibl WINTEN YbITYYy KaHa H3WIJIee YYYH
KaTyy TeJOJOPJOTY DSHEPrUusHbIH KYTYJdyy TpaHchOopMalMsUIapbIHBIH  >KaHa
paguanusUIbIK HypAaHYYHYH JO3UMETPIICPUHUH KPUTEPHUIICPU CYHYIITAJIbI.

Koamonyy pmapamxacel Ke KOJJIOHYY OowH4Ya cyHywrap: Kymym
dbyHIaMEHTAIIBIK MaaHu[e OOJNTOHY MEHEH, AajblHTaH WINMHUN >KBIHBIHTBIKTAP
TEXHUKAJa, OHAYPYIITOPI6 KOJJOHYIYITY MYMKYH.

Koamonyy xkaatbl: MpIiHIa macelnenep WIMMIAWH KEHUPU TapMAKTAPBIHIA,
©3reue TeXHUKaJa Ke3/elIeT.
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PE3IOME
Juccepramuu A.A. Opo3daeBoii Ha Temy “UcciaenoBanne MOHHO-TUPPY3MOHHOM
KHHETHKH pacnajga pajualMOHHBIX HAHOCTPYKTYpHBIX AedexToB B III'K” Ha
COMCKAHHME YYeHOH cTenmeHM KaHauaaTta (U3MKO-MATEMATHYECKHUX HAYK IO
cnenuaabHOCTH 01.04.07-“Pu3nka KOHACHCUPOBAHHOTO COCTOSIHUA”

Kurouesnbie cioBa: Il{enouHo-ranonaHble KpUCTALIbI, pagualuOHHbIE A€(EKTHI,
MUKPO-U HAHOCTPYKTYPHBIX Je(heKTOB, HOHHO-AUG(PY3MOHHAST KHHETHKA, IIEHTP

OKpacKH, TEPMOCTHMYJIHMPYIOIIAs  JIIOMHHECIEHIIUS, HWOHHO -  DJIGKTPOHHAs
KBa3U4acTHUIIA, MYJIBTHUIUICT, KOHIICHTPAIMOHHAS nepopMalmoHHasi-
TEPMOCTaOMIIBHOCTb.

O0bexkTHl MccenoBaHuA: PagualluOHHO HABEICHHBIX IIEHTPbl OKPAacku B
mienouno-ranouubix kpucramiax NaCl, KCI, NaCl-Ag u KCI -Ag.

Heas wuccaenoBanusi: OrnpeneneHne coctaBa M CTPYKTYpbl  J1e(EeKTOB
HAaHOCTPYKTYp Hapsly C U3y4ye€HHEM HMOHHO Au(DPy3MOHHOU KUHETHKU OOpa3OBaHU,
B3aMMOTIPEBPAILICHUS], pacmana 1ePeKTOB paaualliOHHbIX HAHOCTPYKTYPHBIX 1e(HEKTOB
B LIEJIOYHO-TAJJOMAHBIX KpUCTAJIaX.

Metoabl M anmapar uccaeI0oBaHUsA: MeTon onpeneneHus —Iporecca
TEPMHYECKOTO pPa3pylICHUsI LEHTPOB OKPACKH B IIECIOYHO-TAJIOHUIHBIX KpHUCTaLIaX,
Meton uccnenoBaHusl 3apsDKEHHBIX M HEWTpadbHBIX HAHO - U MHUKPOJAC(PEKTOB B
MOHHBIX KpUCTaJIax, MeToJ UCCIeOBaHUs 3aTyXaHWs U3JIYyYEHUs] IIEHTPOB
paguallMOHHON IIEHTPOB OKPACKH B IIETOYHO-TATIOU/IHBIX KPUCTAILIIAX

IHonyyeHHble pe3yJbTAaThl W HX HOBH3HA: M3ydeHbl cocTaB M CTPYKTypa
HAaHOPA3MEPHBIX TMPUMECHBIX U COOCTBEHHBIX Je(EKTOB B HMOHHBIX KpHUCTaJIIAX.
[IpennoxxeHbl KpPUTEPUH JTO3UMETPOB TMOIJIOMICHUS HSHEPIrUUM W PaJUALMOHHOTO
W3IIy4CHUSI B TBEPJBIX TeNax ISl pa3paOOTKH U HUCCIEIOBAHUS HOBBIX MATEPHAIIOB C
ONPEACIICHHBIMU  (PU3MYECKUMHU  XapaKTEPUCTUKAMHU, KOTOpbIE  MOTYyT  OBITh
WCIIOJb30BaHbI 151 (hOPMUPOBAHUS TTAMSITH JIEKTPOHHBIX BHIYUCIUTEIBLHBIX MAIUH.

CreneHb NpuUMeHeHUs] WIH PEKOMEHIAUNM MO NpUMeHeHUI0: XoTs padoTa
uMeeT (GyHIaMEHTAIbHOE COJIepKAHUE, TOJIyYEHHbIC HAy4dHbIC PE3yJIbTaThl MOTYT
OBITH MPUMEHEHBI B TEXHUKE, TPONU3BO/ICTBE.

OobsaacTe npumeHenusi: Takue mpoOJieMbl BCTPEUYAIOTCS BO MHOTMX OOJACTsIX
HayKH, OCOOCHHO B TEXHUKE.



SUMMARY
Dissertations of A.A. Orozbaeva on the topic “Research of ion-diffusion
kinetics of the decay of radiation nanostructured defects in alkali-halide crystals ”
for the degree of Candidate of Physical and Mathematical Sciences in the specialty
01.04.07 - " Condensed matter Physics”

Keywords: Alkali-halide crystals, radiation defects, micro-and nanoscale defects,
ion-diffusion Kinetics, color center, thermostimulating luminescence, ion-electron
quasiparticle, multiplet, concentration deformation-thermal stability, generating
deformation-thermal stability.

Objects of research: Radiation guided color centers in alkali-halide crystals of
NaCl, KCI, NaCIl-Ag and KCI-Ag.

Purpose of work: Determination of the composition and structure of
nanostructure defects along with the study of the ion-diffusion Kkinetics of formation,
mutual transformation, and mutual decay of radiation nanostructure defects in alkali-
halide crystals

Methods and apparatus of the study: A method for determining the process of
thermal destruction of color centers in alkaline-halide crystals, a method for studying
charged and neutral nano - and microdefects in ionic crystals, a method for studying the
attenuation of radiation centers of radiation color centers in alkaline-halide crystals

The results obtained and their novelty: The composition and structure of
nanoscale impurity and intrinsic defects in ionic crystals are studied. The criteria of
dosimeters of energy absorption and radiation radiation in solids are proposed for the
development and research of new materials with certain physical characteristics that
can be used to form the memory of electronic computers.

Degree of application or recommendations for use: Although the work has a
theoretical content, the obtained scientific results can be applied in engineering,
production.

Scope of application: Such problems are found in many fields of science,
especially in technology
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