OT3bIB
OUUMATLHOTO OMIOHEHTA Ha JUCCEPTALMIO HA COMCKAHME YYE€HOMH cTeneHu
Kananjara XuMu4eckux Hayk Hacpupiunosa AGynkocuma Dupy3K0HOBHYA
Ha TeMy: «MaTepuab [j1s ra30BbIX CEHCOPOB Ha OCHOBE HaHOKPUCTAIIIUYECKHUX
SnO; u In;O3, MoaudULMpPOBaHHBIX oToceHcHOUIM3aTOpaMIY

no crnegquainbHocTu 1.4.15 — « XumMus TBEPAOTO TEJIa»

Huccepraumss  Hacpupnuuosa  A.O. MOCBSIIEHA  UCCIIEOBAHUIO
KOMIIOSHTHBIX CEHCOPHBIX MAaTEPHAJIOB HA OCHOBE HAHOKPUCTAITHYECKHX OKCHIIOB
SnO; u InO; m QoroceHcubummzatopos, B KauecTse KOTOPBIX BBIOPAHbI
KOMILIEKCHBIC KpaCHTENIH — KOOPIMHALMOHHbIE coeaHenns pyTenusi(1]) Ha ocHOBe
MPOU3BOIHBIX IH-umunaszo[4,5-f][1,10] (deHaHTpoIMHa, coaepKaIux
FETCPOLIMKITMYECKHE 3aMECTUTENH, a TaKkXkKe THOKCHI TuTana TiO, W HaHOYACTHIIB!
OnaropoHbix MeTanios Pt, Au, Ag.

AKTyanbHOCTB IIPOBEIEHHOTO MCClIe10BaAHMUSI 00ycoBieHa
HEOOXOJIMMOCTBIO pEIleHHs 3aaad  CO3JaHHs MaTepHualioB, 0OeCIeYrBaIOILINnX
(PYHKIIMOHHPOBAHHE MOJYIPOBOAHUKOBBIX FA30BbIX CEHCOPOB IpH TeMreparypax,
OM3KHX K KOMHATHO#. TpaguioHHo, TIOJTyIPOBO/IHUKOBbIE CEHCOPBI paboTalOT B
YCJIOBUSX HarpeBa 4y BCTBUTEILHOIO ¢l10s1 B Juanazone 250 — 500°C. o IIPUBOJIAT
K BBICOKOMY JHEPronoTpeOIeHHIO aTUMKOB, YTO 3aTPyAHSET HX WHTErparuio B
MOOHJIbHBIE M MOPTATUBHBIE YCTPOMCTBA. Kpome Toro, Beicokue Temmneparypbi
MPOBOLMPYIOT N€rpajlalliio YyBCTBUTENLHOIO MaTepHalia, a Takke (dopmupyror
PHCKH, CBA3AHHbIC C IETEKTUPOBAHUEM 308 B I103KAPOOIACHON U B3PBHIBOONACHOI]
atMocepe.  Mcmonb3oBanue — (OTOAKTHBALMM  SBISETCS NEPCIIEKTUBHOM
anbTepPHATHBOW HarpeBy. I1pu 5ToM 3ameHa Y M-u3nyueHns Ha MCTOYHUK BAIUMOrO
AUanasoHa MOXET NONONHUTENbHO YMEHBUIUTh JHEpronorpedieHue Onaronaps
MajioH Tpebyemo# sHepruu nutaHus. Jns GOTOAKTHBALIMM KOMIIO3MTA BUIUMBIM
CBETOM, TOCKOJIbKY IIMPOKO30OHHbBIE MOJIYHNPOBOAHUKOBBIE OKCHIbI METAIOB
ABIISIOTCS  ONTHYECKH [PO3PAYHBIMM B JTOM JIMANa3OHE CHEKTPa, B COCTAB
HYBCTBHTECJILHOI'O Marepualia aBTOPOM BBOJIMIIUCH JONOMHUTENbHbIE KOMIOHEHThI
— (oToceHcHOUMM3ATOPBI, 06ECTIeUNBAIOLIME NOTNOEHHE U3JTyY€HUs BUIUMOIO

Adala3oHa CrexKTpa.



B kauecTBe OOBEKTOB HCCle0BaHMS BbIGPAHBI HAHOKPHCTALIMYECKHE
OKCH/JIbI SnO; 7 In,0;3, MOAU(PULIUPOBAHHBIE HEOpPraHUYECKUMHU
(oroceHcnOUIM3aTOpaMK U KOMIUIEKCHBIMH COESAMHEHUSIMH C a30TCO/AepKALLIUMHU
nvraiaami. B kadectBe (DOTOCEHCHOMIN3ATOPOB HMCIIONIB30BAHBI HaHOYaCTHIIbI
JIMOKCHZA THTaHa W OaaroposHbix metamios (Pt, Au, Ag), a Takke KOMIUIEKCHI
Ru(Il) nHa ocHOBe mpPOU3BOAHBIX IH-umunazo[4,5-f][1,10] ¢enanrponuna,
CONEPKAIMX reTepoLnKInyeckhe 3amectutend. OCHOBHOe BHUMaHue B paboTe
YACICHO HCCJIC/IOBAHUIO B3aUMOCBA3EH MEXKIY COCTABOM, ONTHYECKUMH WU
CEHCOPDHBIMM ~ CBOHMCTBAMHM, a  TaKKe  pEeaKUMOHHOM  CMOCOBHOCTHIO
CMHTE3UPOBAaHHBIX MaTepUajOoB BO B3aUMOAECHCTBUM C LENEBbIMU ra3aMu
Pa3IUYHON XMMHYECKOM TPUPOIBI.

Hayuynas HoBHM3Ha pabGoOThl COCTOMT B pa3paboTke METONOB MOJIyYeHHUS
FHOPHHBIX MAaTEPHaloB HA OCHOBE HAHOKPUCTAILTHYECKMX OKCHIOB SnO; u In,0;
¢ Kommiekcamu pyteHusi(Il) Ha ocHoBe npom3BogHBIX IH-umunaszo[4,5-f][1,10]
benanTponnHa;  BBIABIEHMM  3aBHCHMOCTEH MEXJIY  HMX  COCTaBOM,
MHUKPOCTPYKTYpPOii, (POTO3IEKTPUYUECKUMH H ra3o4yBCTBUTEbHBIMU
XapakTepUCTUKaMU. BaXHbIM JIOCTHXEHHEM SBISeTCS M MOJyYeHHas HOBas
MHOpMaUKMs O Tpoleccax, 01arogaps KOTOPHIM CTAHOBHTCS BO3MOKHBIM
HU3KOTEMMEPaTypHOE  JIETCKTHPOBAHME OKCHJOB  a30Ta [MpH  MMIYJICHOM
00JIy4eHNH CUHUM (DOTOLAUOIOM.

Briepseie nokasaHo, 4To CcOBMecTHas MomMbHKALMA JMOKCHAA OJIOBA
OKCH/IOM THTaHa M HaHOYAaCTHUAMH Au unu Pt NpUBOAUT K TOBBIIEHHIO
UYBCTBUTEILHOCTH K JICTYYUM OPraHMYeCKMM COEAMHEHMSIM (BIUIOTH 10
aecatkos ppb HCHO) u Bo3MOKHOCTH CHU3UTH pabouyro temneparypy. [Tonyuena
¢ nmpumeHenueM in-situ VIK-cnextpockonun uHdOpMauus o npoTekarommx Ha
MOBEPXHOCTH TMpoueccax (OKuCIeHHs (opManbleruaa), KOTopble MPUBOAAT K
YBEJIMYEHUIO CEHCOPHOIO OTKJIMKA.

Pabora u3noxena Ha 162 cTpanunax, BKIIOYaeT B ceds BBeJIeHHe, 0030p
JIATEPATYPBl, SKCIEPUMEHTAIbHYI0 4YacTh C OINMCAHMEM METOAHK CHHTE3a W
METOJOB HCCICN0BAHUSA, OOCYKIEHHE pe3yJIbTaTOB, 3aKIIOYEHHE M BbIBOIbL.
Crnicok nuTHpyemoii TuTepatypsl coaepxut 326 HauMeHoBaHuii. B JIATEPATYPHOM
0030pe JaHo OnKMcaHHe CTPYKTYPHBIX H 9J1eKTpodHu3nYecKuX cBoiicTs SnO, 1 In,0;,

ITPpOLECCOB (IJOTOEIKTHBHLIHH H Q)OTOHpOBO,E[HMOCTH HIUMPOKO30HHBIX
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MOJIyIIPOBOIHMKOBBIX OKCHIOB, MEXaHU3MOB (JOPMHUPOBAHUSA CEHCOPHOIO CHIHANA
MOJYIIPOBOJHUKOBBIX OKCH/IOB IPH B3aUMOJEHCTBUU C ra3aMH-OKHUCIHUTEISIMU U
BOCCTAHOBHUTEC/IIMM, B TOM YHMCJIC B YCIOBHAX (OTOAKTHBALMH, PACCMOTPEHBI
OCHOBHbBI€ MyTH YIy4YLI€HHs CEJIEKTHBHOCTH M YMEHbLICHHs YHEPronorpebieHus
MOJIyIPOBOJIHMKOBBIX I'a30BbIX CEHCOPOB C HMCIOJb30BaHHeM (oToakTUBaLUK. B
3aKJIFOYUTELHOM pasziene chopMyIHpOBaHbl BBIBO/IbI [0 JIATEPATYPHOMY 0630py
M ONWCaHbl [OCTAaBJEHHbIE B paboTe 3anayd. DKCIEPUMEHTAllbHAas 4YacTb
MOCBSIILIEHA OINMCAHUIO METOJMK W3rOTOBJIEHHS M HCCIEJOBaHUS CEHCOPHBIX
marepuaiios. Jlanee npUBOAATCS pe3y/IbTaThl UCCIICIOBAHUS U UX 00CYKIEHHUE.

JlutepaTypHbiii 0030p CBHJETENBCTBYET O XOpOIIEM 3HAHUU paboT B
HCClielyeMOi 00JIaCTH M BHICOKOM YPOBHE MOATOTOBKM aBTOpa. [Ipy BhInmonHeHuu
paboThl  UCMOJIb30BAH  KOMIUIEKC COBPEMEHHBIX METOJOB  MCCIICOBAHMS:
PEeHTreHOBCKas  audpakuus,  HU3KOTeMIepaTrypHas  ajacopouus  asora,
peHTreHodyopecuenTHbi ananus, MK-Oypbe cnekTpocKonus, CneKTpOCKOMus
KOMOMHALIMOHHOI'O paccesiHusl, PEHTIeHOBCKasi POTOIIEKTPOHHAs CIIEKTPOCKOITHS,
IIPOCBEYUBAIOIIAS 3 CKaHUpYHoLIast 3JIEKTPOHHAs MHUKPOCKOTIHSI,
TEPMOTPaBUMETPHsl C MAacCC-CIIEKTPAIbHBIM aHAJIM30M Ta3000pasHbIX MPOIYKTOB,
CIEKTpOCKONUs romoweHuss B Y®- u BUAMMON 00J1aCTH, HUCCIIe10BaHNE
CIIEKTPAIIbHOM 3aBHCUMOCTH (DPOTOITPOBOJAMMOCTH, CIIEKTPOCKOIHUS 3JIEKTPOHHOI'O
napaMarHuTHOro pesoHarca, in situ UK cnektpockonust nuddy3Horo orpaxenus
(DRIFTS).

B xoze BeinosnHeHus paboThbl MOKa3aHO, YTO MOAMMHUKALMS MMOBEPXHOCTH
NOJIyTPOBOAHMKOBBIX OKcHI0B SnO; 1 InyO3 komrutiekcamu pyrenusi(Il) Ha ocHoBe
npousBoaHbiX 1H-umupazo[4,5-f][1,10] denanTponuna, no3BoasieT CMECTHTH
JIMANa30H ONTHYECKOH 4YyBCTBUTEIBHOCTH IIUPOKO3OHHBIX MOJYNPOBOAHUKOBBIX
OKCHIOB B BHIMMYIO 00JacTh CIEKTpa, TMPUBOJUT K BO3HUKHOBEHMHIO
(GoTOUYBCTBUTENLHOCTH M YBEIMYEHHIO BOCIIPOM3BOIAMMOIO CEHCOPHOTO OTKIIHKA
npu JIeTeKTUpoBaHUM OKcu10B azota NO> u NO npu KoMHATHO#W TemiepaType B
YCIIOBHSIX MEPUOANYECKON MOJCBETKH CHHMM cBeToM. Mccrenosanue mporeccos,
MPOTEKAIOLINX HA MOBEPXHOCTH MOJY4YEeHHBIX MarepuaioB B atmochepe NO u NO,
in-situ  MetogoM HWK-CrieKTpOCKONMK  MO3BOJIMIO  ONpPEJeNUTh  IPOLECCHI,
OTBeYarolIKe 32 JOPMHUPOBAHUE CEHCOPHOTO OTKJINKA THOPHIHBIX MATEPHATIOB TIPH

nerektupoBanuu NO, u NO. YcraHOBIEHO, 4TO TMpH JETEKTUPOBAHUH OKCHJIOB
3



a30Ta CEHCOPHbIH CUIHAJl HEMOAM(DUIMPOBAHHOIO OKCHIA MHIMS KOppelupyer ¢
€ro yJAeNbHOH IUIOWAAbIO TMOBEPXHOCTH, TOTAA KaK JUlsi KOMIO3HLHOHHBIX
marepuanos InyO3;-RuTT cencopublii curnan pacrer ¢ yBenuuenuem TEMIIEPATYPbl
NpoKanuBaHus HUcxoaHoro InO; Onarogaps CHUKEHHIO B 3TOM ciyuae
KOHUEHTpaLMK JIe(peKTOB B KPUCTANIHYECKOH CTpyKType NOJIyIPOBOHHKA,
KOTOpBIC UIPatOT POJTb JIOBYIIEK JUIsl (JOTOreHePUPOBAHHBIX TEKTPOHOB.

HccenenoBaHusi CEHCOPHBIX CBONCTB HAHOKOMIIO3UTOR SnOy/TiO@M (M =
Pt, Au, Ag) nokaszaim, urto monudukamus SnO, OKCHAOM THTAHA TO3BOJSIET
CHU3MTL TeMNepaTypy JAeTeKTHpoBauus (opmanbaeruaa o 100°C, a BeeneHue
HaHouyacTHl Pt o6ecmeunBaer mosBAeHMe curHana  naxe npu  paboumx
Temnepatypax 25°C u 50°C. IlokasaHo, 4TO mMOJy4eHHble HAHOKOMIIO3MTEI
NMPOABJIAIOT  BBICOKYIO CENIEKTHBHYIO 4YYBCTBMTENLHOCTh IPH JIETEKTHPOBAHHMH
Gopmanbaernia B inanasoxe KoHUEHTpaLuii <| ppm.

CornacoBaHHOCTh ~ N@HHBIX, MOTyYEHHBIX pasjiiYHbIMH  METOJaMH,
MOATBEPXIACT NOCTOBEPHOCTD IMOJIyYEHHBIX Pe3yJbTaToOB. BBIBOIABI 060CHOBAHELI
pe3yIbTaTaMH SKCIIEPUMEHTOB M OTBEYAIOT LIEJIM M 331a49aM HCCIIE0BAHMS.

OnennBas nuccepraunontyio pabory Hacpumumnosa A.®. s LIEJIOM, CIIelyeT
OTMETHTb, YTO paboTa NPOM3BOJUT XOpOLlIee BedaTieHue. BhInoaHeH GobLIoi
00beM 3KCIIEepUMEHTAIbHBIX MCCICAOBAHMIA HAa BBICOKOM HayYHOM YpOBHE.
HoBu3Ha 1 mpakTuyeckas 3Ha4MMOCTb MPOBEAEHHBIX UCCIENOBAHMI He BLI3IBAIOT
COMHEHMH. Pe3ynbraThl Hcce10BaHuil MOTHOCTBIO NIPUBE/IEHBI B ONYOJHKOBAHHBIX
CTAaThAX U T€3HUCaX B COOPHUKAX HAYYHbIX KOH(EPEHIIHIA.

Ilpu oOwell nonoxuTensbHONl OLEHKE y ONMOHEHTa BOZHUKIM Mo
auccepranun A.@. HacpuuinHosa crietyroniye 3aMeyanus u BOIIPOCHI:

L., KomriexcHbie  coemvHenuss pyrenus ¢ npou3BoaHbIMH |1 H-
umuaaso[4,5-f][1,10]  ¢denantponna He  BhomHe KOPPEKTHO  Ha3bIBaTh
OpPraHM4eCKMMHM  CeHcHOMnm3aTopamu. Yem  Bbi3BaH  BBIGOp  MMEHHO
KOOpAMHALMOHHOrO coenunenus pytenusi(ll)? Kakum o6pasom konTponuposanacs
PaBHOMEPHOCTb pacnpeleNeHust JaHHOro (hOoToCeHCHOUIM3aTOpa BO BceM 0GbeMe
npoObl OKCUIOB 0JI0BA U MHIMS, HanmpuMep, no riybuHe cnos? M3syuanace au
JIOITOBPEMEHHAst  CTabMIBHOCTh  JIATYMKOB HA OCHOBE  KOMIO3MLHOHHBIX
MaTepUanoB, MOAUGUIMPOBAHHBIX KOOPAMHALMOHHBIMH COEIHHEHHSIMHI pyTeHwus,

0COOEHHO 10/ BO3/IEHCTBUEM Ira30B-OKUCIUTETe?
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2. Hackonbko KOppeKTHBIM SIBIISIETCS MepeHoc TPaKTOBKH JaHHbIX I IP-
crieKTpoB obpasua SnO;, MOIUPULIMPOBAHHOIO AlETHIALETOHATOM pyrenusi(111),
Ha [OJTy4€HHBIE aBTOPOM 00paslibl, €CIM U CTPYKTYPA, ¥ CBOHCTBA UCITIOJIb30BAHHBIX
B JIUCCEPTALINM KOMILIEKCHBIX MOAU(PUKATOPOB — reTEPOIIENITUYECKHUX KOMITTIEKCORB
pyrenus(ll) Ha ocHOBe MPOMU3BOAHBIX IH-umunazo[4,5-f][1,10] denanTpommna —
OY€Hb 3HAYUTESILHO OTIIHYAIOTCS?

3. KakiM 00pa3oM BBINIONHANIOCH HAaHECEHHWe IUIEHOK HA  YUMb?
[To3BosisieT 1u naHHasi MeTOAMKA 0OeceynTs BOCIIPOM3BOAMMOCTD XapaKTePUCTUK
— TOJILIKHY, CIUIOIIHOCT U CEHCOPHBIE OTKJIMKK MaTtepuana?

4. Yem  ofycnosneH  BbIGOP  COOTHOLIEHMH  KOMIIOHEHTOB B
KOMIO3ULMOHHBIX MaTepuanax SnO,/TiO,@M (M = Pt, Au, Ag)?

B pabGore npucytctByeT HeGOJBIIOE KOJIMUYECTBO OIeYaTOK, HEeyJauyHbIX
BBIDOKEHHWH, — MOrpemiHocTedl B OQOPMICHHH  PHCYHKOB (Hanpumep,
FEbEPONIEPEXO/A, TMEPEHOC 3apsila BHYTPU MeTalia, TreTepOLMKIHYECHKMH,
CEHCOPHOTKJIMKA | T.I1.), YTO, B OOLLEM, CBOMCTBEHHO Il 0OBEMHBIX TEKCTOR U He
NOPTHT OOLIETO MOJIOKHUTENBHOTO BIIEYATIEHHUS O PEeCTABICHHOM maTepuale.

BeickaszanHble 3amevaHus He MMEIOT NPUHUMIHAIBHOIO 3HAYCHHUS, HOCST
PEKOMEHJIATE/IbHBIA XapaKTep M He CTaBAT MO COMHEHHE JIOCTOBEPHOCTh
[OJTyHCHHbIX SKCIICPUMEHTANBHBIX JIAHHBIX, HAYYHYIO 3HAYUMOCTb H KOPPEKTHOCTH
C/IEJIAHHBIX BBIBOJIOB.

Takum oOpa3zom, B pamkax JUCCEpTALMM MOCTABICHA U pelieHa BaxkHasi W
aKTyajlbHas HayqHas 3a/a4a, MoJNyYeHbl HayYHble Pe3yJbTaThl, ClIOCOOCTBYIOLIHE
PasBUTHIO ~ XMMHH  TBEPAOro Tena: pa3paboTaHbl METOAbl  MOJNyYeHHs
[IEPCIICKTUBHBIX CEHCOPHBIX MaTEPHAIOB Ha OCHOBE HAHOKpUCTaLInYeckux SnOs u
In;O3, nonupoBaHHBIX  (OTOCEHCHOMIM3YIOMMMH  KOMIOHEHTAMH paziIM4yHOM
TIPHUPOJIBI, KOTOPbIE COCOOCTBYIOT MOTY4EHHIO XeMOPE3UCTHBHBIX OTKIHKOB [IPH
Oosee MSIKHMX YCIOBHSX — NMPU MEHBIUMX TEMIEPATypax WM 110j] BO3ACHCTBHEM
U3My4eHHs C OOJIbLICH JJIMHOW BOJIHBI, YTO TMO3BOJISET B NepCcrneKTUuBe CHU3UTH
3HEpronoTpedieHue ra30BbIX AATYUKOB HA PA3NTUYHBIC AHATHTHI.

Jucceprauns orpewaer TpeGOBaHMAM, YCTAHOBIEHHBIM MOCKOBCKHM
FOCYNAPCTBCHHLIM ~ yHUBEepcUTeTOM uMeHn M.B.JlomoHocoBa k paGoram
nopobroro poma. CozxepxaHue auccepTamum COOTBETCTBYET  MAacHopTy

creunanbHocT 1.4.15 — «Xumust TBepaoro Tenay (Mo XUMUYECKUM HaykaMm), a
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TAKKE  KPUTEPUSM, ONpejesneHHbM . 2.1-2.5 TlonoxeHus 0 npucyxmeHuu
YYEHBIX creneHed B MOCKOBCKOM rocyaapcTBEHHOM YHUBEPCUTETE HMEHHU
M.B.JlomonocoBa, a Takke O(OPMIEHA, COMIACHO NpUIoKeHusmM Ne 5. 6
[lonoxxenus o jucceprauMoHHOM coBere MOCKOBCKOIO roCy1apCTBEHHOI'O
yHHuBepcuTera uMeHu M.B.JlomoHocOBa.

[lo moemy  MHeHHIO, coMCKaTelb Hacpunauno  A6ynkocum
OHUPY3KOHOBUY  3aCITy)KUBAET MPUCYIKICHHUS YYEHOH CTeNeHW KaHAMZaTa

XMMHMECKUX HayK M0 crienuanbHocTH 1.4.15 — «Xumus TBepaoro Temnay.

OduuuanbHbIi ONMOHEHT:
JOKTOp XMMHYECKUX HayK,
TJIABHBIHM HAYYHbIH COTPYAHUK 1a00PATOPUM XHMHHM JIEFKHX 31€MEHTOB 1

KactepoB DenepanbHOro rocy1apCcTBEHHOr0 O10HKETHOTO YUPEXKIAECHUS HAYKH

UHCTuTyT 0611Ieii 1 Heopranuueckoit xumun umenu H.C. KypnakoBa PAH

Cumonenko Enunzasera [letpoBHa T
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KoHTakTHbIE naHHbIe:

Ten.: +7(495)954-41-16, e-mail: ep_simonenko@mail.ru

CrieunanbHOCTB, 10 KOTOPO#H OGUIMATBHBIM ONNOHEHTOM

3amuieHa gucceprauus: 02.00.01 — veopranuueckas Xumus

Anpec mecta paboThi:

119991, r. Mockaa, Jlenunckuii npocnexr, 1. 31,

®I'bYH HUnctutyT 0o61ueil 1 Heopranudeckoil xumun umenu H.C. Kypnakosa
Poccuiickoii akagemuu Hayk

Ten.: +7(495)952-07-87, e-mail: info@jigic.ras.ru




