OT3bIB HAYYHOI'O KOHCYJIbTAHTA
o nuccepranun Yoaesa JKurepa Kaproaesnua
«IKCHTOHOMOI00HAs ToMHHecneHuust kpucraaios NaCl, KCIl, KI u Rbl B moJjie
JIerKoro KaTHOHA-roMoJI0ra U ynpyroii aegopmauumn, npeIcTaBJIeHHYI0 HA

concKaHue crenenu AokTopa ¢puiaocopuu (PhD) no cnenuanbHOCTH
6D060400 —Du3uka

AKTYaJbHOCTDH ¥ NOCTAHOBKA 3a1a4H AHCCePTALMH

U3 amand3a JMTepaTypHOro o030pa cleayer, 4YTO COBpeMEHHas TEXHHKa H
TEXHOJIOTHMH TpeOyIOT KOHCTPYKLIMOHHBIX MaTepualoB ¢ 3alaHHBIMH CBOMCTBaMH,
KOTOpBIE JOCTHraioTcst MojuduKanueii Gu3nyeckux CBOMCTB MaTEpHanoB PasiuiHbIMH
MeTonamMu. Bo MHOTOM Ha IIPaKTHKE BCe OHM CBOJATCS JTMOO K M3MEHEHHIO SJICMEHTHOIO
coctaBa MaTepHasiia [J00aBICHHEM pa3JIMYHBIX npumecedf, aM00 K 00pa30BaHHIO
pa3THUHBIX BAKAHCHOHHBIX 1e(EKTOB KPUCTAILTHYECKOH PEIIETKH.

JLiist IPOrHO3MPOBAHKs [IOBeJICHUS MaTepyasa B pealbHBIX yC/IOBUAX IKCILTyaTallu
WIH CO3JAaHMs HOBBIX, C 3apaHee 3a/aHHBIMHM CBOMCTBaMH, HEOOXOIHMO riaybokoe
TOHMMaHHE MTPOTEKAOLIUX GU3NIECKUX MPOLIECCOB.

B  macrosimee BpeMs  OOIIENPH3HAHO, 4YTO  NPUYHHOH paauanuoHHON
HEYCTOMYHBOCTH 1€ I09HOranonHbIX kpucTaios (LK) ssrsercs 6e3bI3Ty4aTe bHbIN
pacmnajl aBTOJIOKAJIM30BAaHHBIX OKCHTOHOB HAa CTPYKTYpHBIC nedeKTsl  pelIeTKH.
O4YeBH/IHO, YTO W3MEHEHHE CHMMETPHH OMKalIero OKpy»XeHHs aBTOJOKAIM30BAHHBIX
skcutonoB B II[I'K mosponut Gonee JeTanbHO HCCIENOBaTh M MOHATH PasjIMHHBIC
TpOIEeCChl, CBS3aHHBIE C pelaKcalued BKCHTOHOB M JBIPOK. Hcnonp30BaHKe
NOpaJMALMOHHON JIe()eKTHOCTH KPHCTA/UIOB (HAlpUMep, BAaKaHCHHM, JHCIIOKaIMH,
TOYEUHbIE TIPUMECH M T.J1.) TO3BOJIMIIO BBIBHTH psn dpdexron. Onnako, TaKOHW MOJXOJ
HeE T03BOJISET BBIJIEIUTE POJIb CTPYKTYPHOTO (akropa.

B 5TOM KOHTEKCTe OJHOOCHBIE YIPyrHe M IUIacTHYecKue aepopMaluy, a TaKKe
JIOKaJTbHbIE HAPYIIEHUS JIETKAMHM KaTHOHaMH-roMOJIOraMy (NaCl-Li, KCI-Li) umerot
3HAYMTENbHbIE NPEHMYINECTBa, TAK KaK OHHM IO3BOJISIOT ITPOBECTH CPaBHHTEILHBIC
Hec/IeJ0BaH|s 0COOSHHOCTH JTIOMUHECIIEHTHBIX CBOMCTB Ha O/IHOM M TOM K€ KpUCTAILIIC.

B 5TOM HampaBjleHMM KpaifHe HEeJOCTaTOYHbI HCCJIEIOBAHUS pellaKCaluH
nexTpoHHbIX Bo3Oyxnenuit ILI'K B ycnoBusax, MPUOIMKEHHBIX K SKCIUTyaTallHOHHBIM
pexuMaM MaTeprajioB Ha IIPAaKTHKE.

MceneoBanue W3TyqaTeIbHOM peakcalii SKCHTOHHOIOM00HOro obpasoBaHus B
matepuanax, B ToM umcie B UK, mnpu HEMoCpeaCTBEHHOM BO3/IeHCTBUH
HU3KOTEMIIEpaTypHOH  OJHOOCHOH  nedopmanuu  ABISETCS  NEPCIEKTHBHBIM
HalpapjleHdeM B 00NacTM 3KCHTOHHOrO —MaTEpHAOBEICHHUSA  IIPH pazpaboTke
CLMHTHUIALIMOHHBIX JIE€TEKTOPOB.

O6BeKTOM HCCieoBaHus crienuanbHo Boiopansr kpuctaist KCI (2a), NaCl (80a),
RblI (120a) u KI (235a), y xoropbix npu 80 K KOHTPacTHO OTJIMYAETCA CPEAHAA JUTHHA
cBOGO/IHOTO Tpobera 3KCHTOHOB [0 aBTOJIOKAIM3allMH, SABJOMaics —TJIABHBIM
[apaMeTpoM TIPH HCCIIEJOBAHHH JTEOMHHECLICHTHBIX CBOHCTB III'K (a — nmocrosHHAas
peLIeTKH).



B xpucrannax KCl, NaCl, KI u Rbl cymectBenHo paznudaercs 3(G(eKTHBHOCT
MUTI'paIHH QJIEKTPOHHBIX BO30YKIeHHIA, 3 PEeKTHBHOCTH paHaluoOHHOIO
nepexroobpa3oBaHus, TEPMOYIPYTOCTh, IUIACTHYHOCTh, & TAKXK€ YYBCTBHUTEIBHOCTH K
BO3/ICHCTBHIO paJyalii ¥ 1eopMariy | T.JI.

B Takux kpucramnax, kak KCl (2a), roe 6e30apbepHO aBTOJIOKATH3YIOTCS SKCHTOHBI
C POXIAEHHWEM paJHALMOHHBIX Ne(EKTOB, TPYAHO OXKHAATh YCHJICHHS HWHTEHCHBHOCTH
cobcreenHoi momuHecernun npu 80 K (wmm 300 K), Tak Kak oHa yKe MOTyLIEHA MPH
40 K. Opnaxo, Takasi CHTyalus, MCKIIOYAIOLIAas SKCHTOHHBIH MEXAHH3M IPOSIBJIECHHS
JIOMHHECLEHIHH,  CO3[aeT  YHUKIbHYIO  BO3MOXHOCTh  JUIS  HCCIIENOBaHUs
AJIbTePHATHBHBIX MEXaHU3MOB (HOPMHPOBAHHS AJIEKTPOHHBIX Bo30OyxmeHuit B IIII'K nmpu
MNOHWXEHHH CHMMETPHH peleTKH IpuMecHbIMH Jierkumu KatuoHamu (KCl-Na).
CpaBHUTENbHBIA ~ aHaIW3  JUIMHBL  CBOOOZHOro  mpofera  HepelaKkCHPOBAHHBIX
3JICKTPOHHBIX BO30Y)KJE€HHH (DKCHTOHOB M IBIPOK) IOKA3bIBAET, YTO HEOOXOMMMO
YUYUTBIBaTh BKIIaJl HEPeIaKCUPOBaHHBIX ABIPOK B (JOPMHUPOBAHHE SKCHTOHOMOMIOOHBIX
JFOMHHECLICHIIM M.

B psamy NaCl, KI u Rbl yBenuumBaercs [yMHa cBOOOAHOro mpobera 3KCHTOHOB,
Onarojaps KOTOpOH  yBEIMYMBAETCA BEPOATHOCTh y4acTHS  JIFOMHHECLEHTHBIX
IPOLIECCOB, OCOOEHHO /715l BBIIEIEHUS COOCTBEHHBIX JTFOMUHECLIEHIIUI 00pa31oB.

O dexT aBTONIOKATM3ALUK SKCHTOHOB IO MAeHCTBHEM ynpyroi aedopmaimu
IIO3BOJISIET HE TOJIBKO YCTaHaBJIMBaTh cOOCTBeHHYIO mpupoay roMuHecueHuu 'K, a
TaKkKe OTKPBIBAETCSA BO3MOXHOCTh Ae(POPMALMOHHOTO BO3IEHCTBHS Ha KOH(HIYPAIHIO
IpeapaciagHoro COCTOSIHUA aBTOIOKAIM30BAHHOIO SKCHTOHA.

Takum obpasom, myreM nedOpManMOHHOrO BO3IAEHCTBHS, HANPABJIEHHONO Ha
NOHMKCHHE CHMMETPHUH PELIETKH, OTKPBHIBAIOTCSA 3KCIEPHUMEHTAIbHbIE BO3MOXHOCTH
NOBJIMATE Ha MHIPALIMIO M aBTOJOKATH3AI[UI0 SKCHTOHA, KOTOPBIE YYBCTBHTEIBHBI K
CHMMETPHYHOMY PACIIONIOKEHUIO KPUCTALIIO00pa3yIOMUX YaCTHIIL.

[lepen XK. V06aeBbimM Obuta 1mocTaBieHa TIJIABHAS 3243243 MOIEPHH3ALUH
CIEKTPaTbHOTO KOMIUIEKCA COBPEMEHHBIMH BBICOKOUYBCTBUTEJIBHBIMH JETEKTOpPaMH,
OCHOBaHHBIMH Ha IM(POBOH TEXHOJIOrHA CKAaHUPOBAHUS S-TH JIFOMHHECIEHTHBIX
XapaKTEePUCTHK KPHCTAJIOB B IIMPOKOoM HHTepBasie Temnepatyp (83 K+400 K) u cnextpa
(200850 HM) M mNpPOBENEHHH WCCIENOBAHMsS OCOOEHHOCTEH 3KCHTOHOMOAOOHOM
momuHecueHuu B III'’K npu Bo3nmeiicTBuM ympyroi, NaacTHYeCKOM H JIOKAIBHOM
nedopmMarii.

[maBHBIM ycrniexoM JHUCCepTaHTa H ero BKJIaJ B MCCIeI0BaHHE (yHIaMEHTATLHBIX
BOTIPOCOB JIOMUHECLEHIMH MIEIOYHOTAJIOMIHBIX KPUCTAIIOB SBJISIETCSA TO, YTO UM OBLI
MOIEPHUZUPOBAH YHUKQJIbHbBIN CIIEKTPaAJIbHBIN KOMILIEKC, YIIpaBJISIEMBIH
KOMIIBIOTEPHBIMH ~ IIporpamMmamu  SpectraScan u  ThermoScan, mno3BoNSIOUIAMHU
CKaHHpPOBAaTh CIIEKTPhl PEHTIeHOJIOMHUHECLUEHIUH, TYHHEJIbHOW JIOMHHECLICHLIUH,
TEPMOCTUMYJIMPOBAHHON JIFIOMHHECLEHIIMH, BpPEMEHHYIO pa3BEpPTKY HWHTErpalbHOM
TYHHEJIbHOM JIIOMHHECLIEHIIUH H UHTErPATBHOM TEPMOCTUMYJIMPOBAHHOMN
momuHecueHuH HHI'K npy noHuKeHHH CHMMETPHH PEIIETKH YIIPYTOM, TIACTHYECKOH 1
JIOKaJIbHOM nedopmaliuy.



Brarojaps YHUKAIBHOH ammapaTypHOH BO3MOXHOCTH JUIA  MCCICAOBAHHA
JOCTHTHYTa UeJib AHCCePTAllMH — YCTAaHOBJICHHE MPAMOro BO3JEHCTBHUA JIETKOI'O
KaTHOHA-roMoJiora W ympyroil nedopManuu Ha MpeapacnajHble H3Ty4aTelbHbIC
COCTOSIHMSL SKCHTOHOIMOMOOHBIX IEKTPOHHBIX BO30YXKIEHUN B KpHCTaLIaxX NaCl, KCl,
KI u Rbl.

Hay4yHasi HOBH3HA.

e Ha oCHOBe 3KCIIEPHMEHTAILHOTO METOJa JIOMHHECICHTHOH U TEpMOAKTHBAIIMOHHOM
cnektpockormu B kpucramiax NaCl, KCl, KI wu Rbl ycTaHOBIEHO TMPsAMOE
BO3JEHCTBME JIOKAIGHOM M OJHOOCHOW YNpyrod JedopMaldd Ha YCHIICHHE
WHTEHCHBHOCTH M3JIydeHHs aBTOJIOKAJIM30BAaHHBIX OKCHTOHOB  CO CTPYKTYpOi
aCHMMETPHYHON KOH(PUIypalHy 3a CUET yBeIUYeHHs BEPOATHOCTH aBTONOKATH3AIHH
AHHOHHBIX YKCUTOHOB.

e PaspaboraHa yHHKaIbHAs SKCIEPHMEHTAIbHAA METOHKA Pa3ACICHUA COOCTBEHHOM H
IIPUMECHON JIOMHHECLEHIMH C NPHMEHEHHeM OJHOOCHOH ynpyro# nepopmaruu,
OCHOBAHHAS HA JUTMHE CBOBOIHOrO mpobera 3KCHTOHOB. B ynmpyroneopMUpOBaHHbBIX
KpucTaiax Rbl Ha OCHOBaHMHM JIMHEHHOrO poCTa HMHTCHCHBHOCTH E, -
momuHecieHuH (3,1 3B) CHHXPOHHO ¢ COOCTBEHHOH —mromuHectennueit (3,89 3B)
BIIEPBBIE MPETIONAraeTcs coocTBeHHas npupoa £y — MOMUHECICHIHH.

e B kpucramie KCIl-Na oGHapyxeH 3(QQexT yCHICHHS WHTEHCHBHOCTH H3IydCHHUA
3J1eKTPOHHBIX BO30YXICHHH B MMOJIe HATPUSA C MAaKCHMyMaMHU IpH 2,85B u 3,1 2B B
ormaune ot yucroro Kpucrawia KCl, B KOTOpOM OTCYTCTBYET nogo0HOe H3NTyuYeHHE
npu KomHarHOM TemmepaType. I[lo pesynpraram HCCICIOBAHUA TeMIiepaTypHOH
3aBHCHUMOCTH  CIIEKTPOB  PEHTIeHOJIOMHHECHCHIMH  KpUCTALIOB KCI-Na
npeanosaraercs, YTo M3My4YeHHs ¢ MaKCHMyMaMH IIpH 2.8 3B u 3,1 3B aBisoTcA
pe3yJbTaTOM — M3JTydaTelbHOM  peraKcaluu 5KCHTOHOIIOJ0OHBIX ~ 00pa3oBaHHH,
bopMupyromumxcs MmyTeM peKoMOWHAIMH HEPENaKCHPOBAaHHBIX  ABIPOK €
3JIEKTPOHAMH B T10JI€ OAMHOYHBIX M NapHbIX HOHOB HATPHsl COOTBETCTBEHHO.

TlonyueHHbIe OPMTHHAIBHBIE PE3yJbTaThl MPEACTaBIIAKOTCS HOBBIMH, W OHH
JI€EMOHCTPHPYIOT, YTO CTPYKTYDHBIH (akTOp OKa3biBaeT CYLIECTBEHHOE BIMAHAC HA
pas/MYHbIe THHAMUKHI I1apaMeTPOB SKCHTOHOB.

IIpakTH4yeckas 3HAYHMOCTb. ITpakTryeckas 3HAYMMOCTb paboTHI
TIOATBEPIKAAETCS HAITMYMEM aBTOPCKOIO CBHIETENbCTBA W TNATEHTOB. TexHHUYECKHE
XapaKTepHCTHKH annaparypsl, aHanoros kotopoi et B Kasaxcrane, 10IpoOHO OIKCAHbI
B pasjesne 2 [HCCEPTAlUM, MOJMYy4YEHO aBTOPCKOE CBHACTENIBCTBO (AB. CBHIETEJIBCTBO:
«LludppoBas TEXHOIOrHsI CKAHMPOBAHUS MHTEIrPalbHOM TYHHEJIbHOH JTIOMMHECLEHLHH H
TePMOCTHMY/IHPOBAHHOM JTIOMUHECIEHIUH [IENOYHOrAIOHIHBIX KPUCTAILIOB) Ne12980.
Ony6mmkosaso 03. 11. 2020 r.) u 2 narenrta PecryOnuku Kazaxcran ([Tarent PK Ha
H300peTeHHe: «Crmocob perucTpaluy CIIEKTPOB TEPMOCTHMYTMPOBAHHOH
TIOMUHECIIEHIHH IeTOYHOTATOMIHBIX KpucTaoy Ne34978 ot 02. 04. 2021. [TaTenT
PK Ha nonesnyno Mopeib: «Croco® BO3ieHCTBHS Ha JUIMHY cBobogHoro mpobera
3KCHTOHOB B IIIE€JIOYHOrAIONAHBIX KpHcTamiax» Ne5978 PK ot 09.04.2021).

B xoze INpOBeleHHs CEPUM OKCIEPUMEHTAIbHBIX U3MepeHHi HaWJIeHa W
anpoOMpoBaHa CIelUalbHas METOIHKa pPa3JICiICHU YIpyro ¥ IUIACTHYECKOH



nedopMalii KpPHCTALUIOB IPH PErHCTPAllMH CIHEKTPOB PEHTTeHOJIOMUHECHEHIIHH B
3aBUCMMOCTH OT CTENEHH OTHOCUTENBHOH ONHOOCHOW nedopMmaluy, KOTOpas
OCYLIECTBIIsIaCh MpH HU3KUX Temneparypax (83 K) B cmeumanbHOM KpHOCTare,
CKOHCTPYMPOBAaHHOM W 3alaTeHTOBaHHBIM B PecrnyOnuke KaszaxcraH KOJIJIEKTHBOM
nabopaTopuHu.

B npornecce MHOMOKpaTHBIX dKCIIEPHMEHTAIBHBIX U3MEPEHUH Hai/leH YHUKaJIbHbIH
CIIoco0 perucTpalui TEMIEPATYPHOH 3aBUCUMOCTH CHIEKTPOB PEHTI€HOIIOMUHECIIEHLIUH
B OXJI&X/IAIOLIEM PEeXHUME KPUCTAILIA, T.€. OT KOMHATHOH TeMIiepaTypsl 10 TeMIIepaTypbl
xuakoro aszora (300 K — 83 K) Ge3 momexu co CTOPOHBI TEPMOCTUMYJIHPOBAHHBIX
IIPOLIECCOB.

OcHOBHOE conepaHHe JUCCepTALUH OMyOIIMKOBAHO B MEXIYHApOIHBIX HAyYHBIX
xypHanax (Nuclear Instruments and Methods in Physics Research, Section B: Beam
Interactions with Materials and Atoms — 2020, Low Temperature Physics — 2019.) u
BecTHukax HanuoHanbHBIX yHHBepcuTeToB PecmyOmuku Kazaxcran (Bectnuk KasHY
uM. Anp-Dapabu. Cepus duznveckast — 2019, Bectuux EHY wum. JLH. I'ymunesa, cepus
— «®usuka. AcrponoMus» — 2020, Bectauk KasHUTY umenu K. Carnaesa — 2021).

Marepunanel  auMcceprauud  anpoOUpoBaHBl B MEXKIYHAapOOHBIX  HAy4YHBIX
KOH(QEpEHIHAX, IOCBAIIEHHbIX MpoOJeMaM JIIOMUHECLHEHIHH M  PaJHallMOHHOIO
nepexroobpasoBanus B (QYHKIMOHAIBHBIX  MaTepHanax  (12-MexmyHapoaHas
koH(pepenuus «SnepHas u paguarmonHas ¢uzkkay WSI®, Anmartsr, 2019; The 20
anniversary conference on radiation effects in insulators, Nur-Sultan, 2019; B
International conference Functional Materials & Nanotechnologies, Vilnius, 2020).
Ocof0 X04uy OTMETHUTB, 4YTO IIOJIyYeHHbIE HOBBIE SKCIEPUMEHTAIbHBIE pE3YJIbTaThl
JMCCepTalMi BXOAAT B YUCJIO BaXKHBIX HAyYHBIX JOCTHXKEHHH 110 HAyYHOMY IIPOEKTY
MOH PK AP08855672 «HanpapneHHoe BO3HeHCTHE Ha H3Ty4aTeNbHYIO pellaKCalHIO
3JIEKTPOHHBIX BO30YXIECHUI C LENbI0 yIy4IleHHs JIOMMHECLIEHTHBIX XapaKTepHCTHK
(GYHKIIMOHATBHBIX MaTepHalOB Ha 0a3e IHEJOYHOraIOMAHBIX KpucTtamuoB» (2020-
2022r.r.).

Crenenb 000CHOBAHHOCTH ¥ [IOCTOBEPHOCTH BBIBOJAOB /[HCCePTALHH
HOATBEPXkKAaeTcss OONBIIMM  00BEMOM  3KCIIEPUMEHTATBHBIX pe3yabTaTOB M HX
COIIaCOBAHHOCTBIO ¢ (DyHIaMEHTAJIbHBIMH TIOJIOKEHHSIMA aHHHTHIISLHME 3JIEKTPOHHBIX
BO30Y)K/IeHUH B IEIOYHOTAJIOM/IHBIX KPUCTA/UIAX, a TAKXKe IPHMEHEHHEM COBPEMEHHBIX
BBICOKOYYBCTBHTEIBHBIX  3KCIIEPUMEHTAJIbHBIX ~ METOHOB  JIIOMHHECLEHTHOH M
TEPMOAKTHBAIIMOHHON CIIEKTPOCKONMM B aBTOMATHYECKOM pEeXHME CKaHUPOBaHUS
HCCIIelyeMBbIX CIIEKTpoB. CpaBHUTENbHbIE aHAIM3bl IOJYUYEHHBIX pe3yJbTaTOB C
YUCTBIMH KPUCTAJJIaMU MM CO CIIEKTpPaMH B OTCYTCTBHM BHEIIHErO0 BO3CHCTBHS
(JToxanpHOM, ynpyrod M IUacTHUeckodl nedopMaiii) crocoOCTBYIOT BHYTpPeHHEMY
€IMHCTBY JHCCEPTALMH U 00eCeYrBaeT HeJJOCTHOCTh H 3aKOHYEHHOCTh padoThl.

Yo6aes K.K. 3akonumn ¢uszuko-mareMaTHieckuii (akynbTeT AKTIOOMHCKOIO
rocymapcreeHHoro yHuBepcutera umenn K. JXybGanoBa mo cmenmanbHoctH «0104-
@usuka» B 2000 rogy. o moctyruieHus B nokTopantypy ¢ 2004 rona (14 ner) paborain
IperoiaBaTesieM, CTapIIuM IpernoaaBareiieM Ha Kadenpe GU3NKK U BMeI cTax paboThl ¢
H3MEPUTE/IbHBIMUA TNIpUOOpaMH M 00OpynOBaHMSAMH B OOJAaCTH INPOrpaMUpPOBAHHUA H



ynekTpoHukd. B 2018 rogy moctynun B JJOKTOPaHTypy AKTIOOHHCKOIO
rocyJapCTBEHHOTO YHHMBEPCHTETa HM. K.Ky6anosa o o0pa3oBaTelbHOH NPOrpamMme
«6D060400 —usrka». OTrpOMHBIA OIBIT, LEJICYCTPEMICHHOCTD, HACTOMYHUBOCTH H,
[OPO, TEPIUMOCTh [IPUTOIMINCH €My, OCOOCHHO, MpH IIPOBEICHHH 9KCIIEPUMEHTOB B
Uncturyte Gusvku TapTyCcKOro yHHBEpCHTETA (DcToHMS) O ONTHYECKOMY CO3JaHHMIO B
BAaKYyMHO-yJIbTpauoneToBoii  00nacTi  CHEKTpa CBOOOJHBIX OJKCHTOHOB KaKk B
PETyIApHBIX y37aX PElIeTKH, Tak W B IONe JIErKOro KaTHOHA-romMoinora B KpHCTaLIax
KCl-Na ¢ ucnons3oBanusM BYD-CrieKTpOCKONHH NPH HU3KKX TEMIICpaTypax (4,2 K).

CooTBeTCTBHE AMCCEPTAIMH  MpeIbsiBIsieMbIM  TPeOOBAHHUAM «[IpaBua
NPHUCYKIAEHHS CTeNeHen».

B cBsi3M C BbIIEH3I0KEHHBIM JHCCEPTAlMOHHAs paboTa V6aesa JKurepa
KaprbaeBuua «DKCHUTOHOIIONOOHAs JTFIOMHHECIEHIIMS KPUCTAJIOB NaCl, KCI, KI u Rbl B
mone JIErKOro KaTMOHA-rOMOJora M yIpyroi  aepopmaimu»  COOTBETCTBYCT
TpeGOBaHMAM, NPENBSBIAEMBIM K [MCCEPTalMAM HA COMCKAHHE CTCNCHH JIOKTOpa
¢unocobun (PhD) mo crnennanbHOCTH 6D060400 — duzuka MO0 TAKKM OCHOBHBIM
MpU3HAKAM, KaK akKTyalbHOCTh pellaeMoi npobJieMbl, HOBHM3HA  IOJYYEHHBIX
pe3yibTaToB, HMX OOOCHOBAHHOCTH M JIOCTOBCPHOCTD, 00bEM HCCIIEIOBAaHUH H
TpaKkTUYecKas 3HAYUMOCTb, SBJSETCS 3aBEPIICHHBIM Hay4HBIM TPYIOM, HMeIOLIUM
BIOJIHE OINpEeIeHHOE 3Ha4YeHHe [UIi pPa3sBUTHA GM3MKE HMOHHBIX KPHCTAJLIOB.
Jluccepramsi 10 CTPYKType M COJEpXKaHHIO COOTBETCTBYET BCEM IpeIbABIEMBIM
tpeGoBanmaM  «[IpaBui NpHCYXKIeHMs —CTeneHei», a ee  aBTop 3aCIy>KHBaeT
IPHCYIKIEHHUS] €My CTelleHH T0KTopa Gpunocoduu (PhD).

OTteyecTBeHHbIH
HAY4YHbIH KOHCYJ/IbTAHT:
JlupexTop HAY4YHOTo HeHTpa «PagnannonHast
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um. K. Kybanosa, 10kTOp PU3HKO-
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K.¢.H., acc. mpodeccop M.P. bantsiMoBa




OT3bIB HAYYHOTI'O KOHCYJIbTAHTA
0 auccepranun Y6aeBa JKurepa Kapr6aeBnua «IKCHTOHONOA00HASN
JiomuHecuenuusi kpucraaioB NaCl, KCl, KI u Rbl B noJie 1erkoro karuona-
roMoJiora M ynpyroi aegpopmanumn», npeacraBjieHHOH HAa CONCKaHHE CTENeHH
npokropa puiocopuu (PhD) nmo cneunansnoctu 6D060400 — Pusuka

AKTYaJIbHOCTH TeMbl IpPEACTAaBI€HAa TEM, YTO B HACTOsIIEe BpeMs B
menoyHoranonanbix Kpucrauiax (II'’K) Hage)kHO yCTaHOBJIEHBI OCHOBHBIE
3aKOHOMEPHOCTH D3JIeKTPOHHBIX BO30YyXIeHHH, (Qu3nueckas CyTb KOTOPBIX
3aK/I04aeTcs B TOM, 49TO 3a KOpoTkoe Bpems (okonmo 10 Hc)
BBICOKODHEPIeTUYECKUE DJIEKTPOHHBIE BO30YKIEHHUS, CO3aHHbIEC TOJ AEHCTBHEM
MOHU3UPYIOILEH pajualid, IepexoAsT B HHU3KOIHEPreTHYECKOe JKCHUTOHHOE
cocrossHue.  Bo30yxaeHHbI  HU3KODHEPreTHYeCKUH  aHUOHHBIM  JKCUTOH
MCIIBITEIBAET MHIPALMIO I10 KPHUCTANIMYECKOW peleTKe H, AaBTOJOKAIU3YSCh,
AHHUTUJIMPYET 110 OJHOMY M3 TpeX BO3MOXKHBIX KaHaJIOB: H3JIy4aTelbHo,
Oe3bI3iIyyaTesbHO ¢ 00pa30BaHUEM paJHallMOHHBIX Je(eKTOB, Oe3bI3TyYaTeIbHO C
obpazoBanueM nakera GOHOHOB B pemeTke. OTCYTCTBHE METOJIOB BO3IEHCTBHS Ha
OCHOBOITOJIAraloNIye MPOLECChl pellakcallid aHHOHHBIX 3KCUTOHOB B HEKOTOPOM
cTemeHd crnocobcTBoBano yracanuio HayyHoro wuHtepeca K III'’K. Onum
HCCJIEIOBAJIMCh B KauecTBE MOJIEIBHBIX OOBEKTOB TOJBKO I H3Y4YeHHUs
pPaaHalHOHHO-CTOMKMX M  PaJdal[MOHHO-4YBCTBHTEJIbHBIX CBOMCTB MHOI'MX
MaTepHUaoB.

Onnaxo, mnocne Toro, kak mnpodeccopom K.II. IllynkeeBbiM ObllI0
oOHapyXeHO BIMSHME OJHOOCHOM ympyro nedopmMauuy npH  HU3KHX
temnepatypax (80 K) Ha usmydarenbHyl0 aHHUTHIISILUIO 9KCUTOHOB, B pPe3yJIbTaTe
KOTOPOT0 MOJAB/ISUIMCh IIPUMECHBIE CBEYEeHHUS, U OJJHOBPEMEHHO IIPOMCXOIHIIO B
10-15 pa3 nmpeoGnagaHHe MHTEHCHMBHOCTH COOCTBEHHOIO CBEYEHMs KpUCTala B
BH /1€ JIFOMUHECLICHIIH aBTOJIOKAJIM30BaHHOI'0 9KCUTOHA, (buU3HKH-
9KCIIEPUMEHTATOPbl Ha4alld AaKTUBHO IIPUMEHATH 3TOT 3KCIEPUMEHTAIbHBIN
METOJl, MMOHWXKAIOIMKA cuMMeTpuro pemietrkd He Tonbko mias LK, Ho u nis
MHOI'MX JPYTHX COeIUHEHUH.

IIpy BO3meWCTBMM  HHU3KOTEMIEpaTypHOH ynpyroi jaedopmauuum Ha
IIeJIOYHOTAIIOWIHBIE KPUCTAJIJIbI IIPOUCXOJMUIN KOJOCCAIbHbIE U3MEHEHHs MEXIY
H3JTyYaTe]bHbIM H Oe3bI3TydarebHbIM KaHaJIaMH AHHUTHIIALIA
ABTOJIOKAJIM30BAHHBIX 3KCHUTOHOB. DKCIIEPHUMEHTAIBHO OOHApYXXEHO YBEIHYeHUe
MHTEHCUBHOCTH JIIOMHUHECLEHLIUM KaK IIPU PEHTIEHOBCKOM, TaK H 3KCHTOHOM
BO30ykneHuH. OpHaKo, WU3NyyaTelbHas pelakCallud 3KCHTOHHONOJOOHOrO
00pa3oBaHMs B IIENOYHOTAJOHJHBIX KpPUCTAIUIAX [PU HEIOCPEACTBEHHOM
BO3JICHCTBUH HU3KOTEMIIEPAaTYpPHOH OJHOOCHOM JedopManuu Moka He Oblia
OKa3aHa NpsMbIMU dKCIIEPUMEHTATbHBIMHU pe3yJIbTaTaMHu.

B pabore ynauyHo BbIOpaHO peHTreHOBCKOe OOJIy4YeHHe, CO37aBaeMoe
anmapatoM PVYII-120, xoropsiii mo3Bomisier oO0aydaTh KpUCTAI IO BCEH €ro
TOJIIMHE B IPOTHUBOIOJOKHOCTh CTPYKTYPHBIM PEHTI€HOBCKMM  alllaparam,
KOTOpBIE MOI'YT OKpAllIMBaTh TOJIbKO TOHKHH CIION KpUCTaslIa.



IIpakTHYeCKasi 3HAYHMOCTD BBINOIHEHHBIX B JIMCCEPTAIIMM HMCCIIe0BaHMIA
COMHEHMH He BbI3bIBAET, TNOCKOIbKY OHH HAlpaBleHbl HA pelIeHHe OIHOH W3
aKTyaldbHBIX  3a/Ja4 —  HCCIIEJJOBAHHUIO  TPOIECCOB  DKCHTOHONOJ0OHOI
momuHectuennud B LK npu Bo3meHcTBHM Takux BHEIIHHX (akTopoB, Kak
Temneparypa W jaedopmanus. McciepoBaHue HM3MydaTeNbHONH AHHUTHIISLMH
aBTOJIOKQJIM30BAHHBIX ~ 3KCHTOHOB IIPU  HEMOCPEACTBEHHOM  BO3JEHCTBHH
HU3KOTEMIIEPaTyPHOH OJHOOCHOH nedopMaluy ABISeTCs aKTyalbHOM MpobaeMoit
B 00/macTu (U3UKH KOHJEHCHPOBAHHOTO COCTOSIHMS H MATEpHANOBEICHHS Jisl
M3MEHCHHUS MPOLIECCOB aBTOJOKAIU3ALMH SKCHTOHOB B 3aJaHHOM HAaNpaBJIeHHH.
Kak  wm3BecTHO, 9TM  KpHMCTaIbl HAXOJAT IIMPOKOE NPHUMEHEHHE B
CHMHTHIUIAUMOHHOK —TexHuKe. [lodTOMy npHKIagHas 3HAaYMMOCTh paboThI
I0CTaTOYHa BBICOKA. DTO TaKKe NMOATBEPIKAAETCS HAMYMEM Y aBTOpa MAaTeHTa Ha
u3odpererne (Ne 34978 PK or 02.04.2021) u marenTta Ha [OJIE3HYKD MOJENb
(Ne 5978 PK ot 09.04.2021).

Yoaesbim XK.K. mosydeHs! HOBbIe H 10CTOBepHbIe HAYYHbIE pe3yJIbTaThl,
KOTOpbIE B KpATKOM BH/IE MOXKHO C()OPMYIHPOBATh CIEAYIOLIAM 06Pa3oM:

— Ilpsmoe  BospmelictBe  omHoOCHOW  ympyroit  jgedopmanum  Ha
ACUMMETPHYHYIO KOH(QHUIYPalMIO S9KCHTOHOMOLOGHBIX 06pa30oBaHuii B KpHCTaIIIaX
NaCl, koropoe 3aperncrpupoBaso ycuneHHeM HHTEHCHBHOCTH B 00/1aCTH CIIeKTpa
T —JIIOMHHECUCHIMH C MakCMMyMoM mipd 3,5 5B ¢ momymmpunoit 0,75 3B npu
85K.

— Ilpumenenne  HuskoTeMmepaTypHOW — ynmpyrodt  nedopmanmm s
YCTaHOBJICHHS NPHPOABI E; — JIOMMHECHEHIMH ¢ MakcumymoMm npu 3,1 5B B
kpuctajuiax Rbl 1o perncrpaudu CHeKTpPOB pPEHTIEHOMIOMHHECUEHIMHM B
3aBUCHMOCTH OT CTeTIeHH CIKATHS.

— OKCrepuMeHTabHasi JEMOHCTPALMs MeXaHH3Ma pasfielleH s 7(3,33B) u
E, (3,0 2B) — JIIOMHMHECLEHLIMH aBTOJIOKAIH30BAHHBIX 3KCHUTOHOB B JUTATEILHO
XpaHUBIIMXCs Kpuctaiax KI 1o cnekTtpaM peHTreHOJIOMUHECHEHIMH B
3aBUCHMOCTH OT CTEINEeHHU AedOpMallHH.

— Omnruyeckoe co3nanue npu potoBo3byxaeHnu B BY® o6nactu CIIEKTpa U
pekoMOMHAIMOHHOE  (HOPMUPOBaHHWE  OKOIOHATPHMEBBIX  3KCHTOHOMOIOOHOI
TFOMHHECHEHIIMH ¢ MaKCUMyMOM 1ipH 2,8 5B B kpucramnax KCI-Na.

Juccepraumonnas  pabota  HOCHT — SKCIIEPHMEHTAIbHBIN Xapakrep.
[lomy4ennble  comckatenmeM — pesysibTaThl — XapaKTepH3YIOTCS BHYTPEHHHM
C¢AHHCTBOM, T.K. OHH CBS3aHBI MEXAY COOOH M SBIIAIOTCS CJIEJICTBUEM HAYaIBHOMN
MOCTAaHOBKY HAYYHOM 3a1a4H.

/locToBepHOCTE M 0GOCHOBAHHOCTH  Pe3yJILTATOB  JHCCEPTALEOHHOM
paboThl ompeseneHa GONBUIAM OGBEMOM M TPYLOEMKOCTBIO MOy YEeHHS
NIPUBENICHHBIX ~ DKCICPUMEHTAIbHBIX  JaHHBIX, YPOBHEM M  KOJHYECTBOM
OIMyOJIMKOBaHHBIX PabOT IO TeMe [MCCepPTALMM CBHETENHCTBYIOT O JOCTATOYHO
OonbIOM BKITage aBTOpa B HayKy. ODKCIEPHMEHTHl IPOBOJMIMCH Ha 0Oase
HayqHOro neHTtpa «PajguanmoHHas ¢u3nka MaTepuanoB» AKTIOOUHCKOrO
pernonanbHoro yHusepcuteta uM. K. JKybGanoBa u naGopaTopvu HOHHBIX
KpuctamnoB  Muctutyta  ¢usuku  TapTyckoro  yHMBEpCHMTETa  DCTOHHHL.
[Ipeanoxkennbie aBTOPOM Hay4Hble Pe3yJbTAThl H MPAKTHYECKHE PEKOMEH 1Al K



CTPOrO apryMeHTHUPOBaHbl U KPUTHYECKH OLEHEHBI 10 CPABHEHUIO C WU3BECTHBIMU
JAHHBIMH.

JlMccepTallMOHHOE HUCCIIeI0BAHHE BBINOIHANOCH B COOTBETCTBUH € IJTAHOM
HAYYHO-MCCIIE0BATEIbCKMX PaboT MO TPaHTOBOMY  TIPOEKTY MPUKIAIHBIX
ucenenosannii MOH PK: «HanpasineHHOe BO3JEHCTBHE Ha H3IydaTe/IbHYIO
peNaKcalyio 3JIeKTPOHHBIX BO30YKACHUH € LEIb0 Iy IICHH s JIFOMHUHECLIEHTHBIX
XapakTepUCTUK (PYHKLIMOHATIBHBIX MaTepHaloB Ha faze IIENIOYHOTAJIOWAHBIX
kpuctamiosy (MPH AP08855672, 2020-2022 rr).

BriGop HampaBieHHs Ul HAydYHOIO HCC/ICIOBaHHMA V6aesa XX.K. Obu1 He
ciiydaeH, Tak Kak 06a30Boe ero o0pa3OBaHHE «(pusuKa», a MarkucTp OH IO
HAIPABIEHUIO «UH(DOPMALMOHHBIE CHCTEMbI», TO NEPEN HUM Oblja MOCTaBJI€HA
3a/a4a MPOBECTH MOJIEPHU3ALMIO JIOMHHECLEHTHOH YCTAHOBKM C TOMOIIBIO
nE(pOoBbIX TeXHONOTHH SpectraScan 1 ThermoScan.

Xouy orMeTHTh, 4TO pabora Y6aesa XK. BbiIOnHEHa HA BBICOKOM
COBPEMEHHOM YpOBHE, @ Ppe3ynbTaTbl M BBIBOABI JOCTATOTHO XOpOLLIO
anpoOuposanbl. Beero mo teme AuccepTalid MMECTCS 10 myGnukauui, B TOM
gpene: 3 — B HM3JAHMAX, BXOMSIIMX B MeXIAyHapoaHyio 6asy Scopus, 2 - B
W3NAHKSIX, PEKOMEHIOBaHHBIX KoMMTETOM 10 00ecreveHHio KauecTsa B chepe
obpaszosanust u Hayku MOH PK, nateHT Ha u3o0peTeHue, NaTeHT Ha MOJIE3HYIO
MOJIENb, ABTOPCKOE CBHIETENIBCTBO, 2 — B APYTHX HAYYHBIX M3JIAHUAX PK.

CooTBeTCTBHE [JHCCEPTALHH NpeAbSBIAAEMbIM TpeboBanuam «IlpaBui
NPHCYKACHHS CTeneHei».

Bce BBIIEH3IOKEHHOE MO3BOJISET CHAeNaTh BBIBOJ, YTO JAWUCCEPTANMOHHAA
pabota «DxcuToHonon00HAas JIIOMUHECLIEHIIMA KPUCTAIOB NaCl, KCI, KI u Rbl B
Hode JIerKOro KaTHOHA-roMosiora M yIpyroi aedopmanuu» COOTBETCTBYCT
TpeGOBaHHMAM, NPEABABISIEMBIM K JUCCEPTALMAM HAa COMCKAHHE CTCNCHH JIOKTOpa
¢unocoduu (PhD) mo creunanbHOCTH 6D060400 — du3smka, a ee aBTop Y0aes
urep KaprOaeBud 3acimyXKMBaeT NPHUCYKACHUA €My  CTCICHHU JOKTOpa
¢unocoduu (PhD) o creruanbHOCTH 6D060400 — dusuka.
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