Ot3b1B
opHUUHATLHOTO ONIIOHeHTa Ha juccepraumio Mpanosoii Auaexcanapbl CepreeBHb
«BinsiHHe JIEFHPOBAHHSA H MOIH(HKALMH CTPYKTYPhI HA TEPMODIEKTPHYECKHE CBOHCTBA
CKYTTEPYANTOB M FAJOTeHHAHBIX ICPOBCKHTOBY, NPEACTABICHHYI0 HA COMCKAHHE Y4eHOf
CTeNeHH KAHJHZATa (PU3HKO-MATEMATHYECKHX HAYK mo cmenuanbuocth 1.3.11. ®uzuka

NOJYIIPOBOAHHKOB

Jluccepranus ViBanosoit A.C. 110CBSIIEHa UCCIETOBAHUIO TEPMOINEKTPHICCKUX CBOHCTB
JIByX KJIACCOB MaTepHasoB, NPeACTABIISIOUMX 3HAYMTENbHBIH HHTEPEC Kak ¢ PyHIaMEHTANbHON,
TaK ¥ ¢ NPUKIAJHON TOUCK 3PEHMs: 3arONHEHHBIX CKyTTepyAuToB IniCo4Sbi2+s U rUOPHIHEIX
nepoBckutoB CsSnl3—Csi1xMASnl3. OGe cucTeMbl OTHOCATCS K IPYIIIE MaTepUaIoB, B KOTOPBIX
peayu3yeTcs KOHUEHIHS «(pOHOHHOTO CTEeKIa — 3ICKTPOHHOTO KpHCTALIa», MO3BOJSIOLIAs
N0CTHYL GONBIINX 3HAYEHHH TepmodnekTpuyeckol sddexrusnoctr Z7. bonbluoi HHTEPEC K
HCCIIENOBAHMIO MOIOOHBIX MaTepHaoB 00yCIIOBICH MpodIeMaTHKOM pa3paboTKu SKOJOTUHECKH
Ge30IMacHBIX TEPMOZJIEKTPHUCCKUX TEHEpaTopOB 3JHEPrHH, KOTOPBIC IO3BOJAT — PCIIMTH
COBpEMEHHBIE 3a7a4d TOBbINEHHS 3DHEKTUBHOCTH npeodpasoBanus Tak Ha3bIBACMOIO
6pOCOBOTO TEILIa B IeKTPodHepryto. Takim 00pasom, AUccepTaldoHHAS pa6ora MBanoroit A.C.,
B KOTOPOH HCIOJB30BaH GOJNBLIOH KOMILIEKC METOOB Ul CHHTE33a MATepHaioB, BBIIOTHECHEI
NeTaNBHbIE HCCICHOBAHUS CTPYKTYPHBIX W TEPMODJIEKTPHYECKUX CBOWCTB U IPOBENCH aHAIN3
BIUSHHS MHKPOCTPYKTYpPbI Ha TEPMOINEKTPHUCCKUE CBOMCTBA 3alOTHEHHBIX CKYTTCPYAUTOB H
MEXAHM3MOB ZICTPAJallid CTPYKTYDHBIX W TEPMOJICKTPUYECKMX T[HODUIHBIX NEPOBCKHTOB,
SIBNISIETCS aKTyalbHOMH.

JluccepralMoRHas paboTa COCTOMT M3 BBEACHMs, MATH [IaB M 3aKiioueHHd. Padora
conepxuT 148 crpauui, BKmouas 61 pucyHOK, 12 Tabaull M CHHCOK JIMTCPATypbl W3 257
HAMMEHOBaHHH.

Bo BBemeHHH c(OpPMYIMPOBaHbI LEb H OCHOBHBIC 3a/a4H HCCIe10BaHMs, 000CHOBAHA
aKTyaAbHOCTh pabOTHl, BbITEKAIOMAs W3 HEOOXOAUMOCTH CO3aHHMS BbICOKOADHEKTHBHBIX
TEPMODIEKTPHYECKHX MATepPHAIOB JUIS HH3KO- M BBICOKOTEMIICPATYDHBIX —MPUIIOKCHHUIL.
[IpuBeJeHbl MOJIOKCHHS, BBIHOCHMBIE HA 3alUMTY, PACKPbIBAIOIIMC KIIO4YEBBIC Pe3yNbTaThbl,
CBA3AaHHBIE C BIMSHMEM METOJOB CHHTC3a, JIETHpOBaHMs H (a30BLIX TPEBPALICHUH Ha
TEPMO3JIEKTPUYCCKUE CBOHCTBA CKYTTEPYAMTOB H Sn-COAePXKALUMX FaTTOTEHUAHBIX EPOBCKUTOB,

B nepeoil [INaBe NpEACTaBlIEH pa3BEPHYTHIA 0630p NUTEpaTyphl, MOCBAWEHHBIH
COBPEMEHHOMY COCTOSHHIO HCCICOBAHUH B OONACTH TEPMOSICKTPUHECKNX MATCPHAIOB Ha
ocuoBe CoSbs u Sn-comepXamux TaTOrCHUIHBIX MEPOBCKHTOB. PaccMOTpeHBl CTPYKTYpHbIC

0cOBEHHOCTH ¥ 1eheKTHAS XUMHS CKYTTEPYIHTOR, BIMAHUE AaTOMOB-3AMO/IHUTENEH Ha MIPOLECCH!
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(hOHOHHOTO paccesHus U POCT TEPMOINEKTPUICCKOH 3hheKTUBHOCTH, a TaKKe TUTEPATypHbIE
JaHHble OO OSNEKTPOHHBIX H TEMNOBBIX CBOMCTBAX OE3CBMHIOBHIX neposckutoB CsSnls u
rubpuanbIX coenunenuit Cs)-MA,Snl;. Ocoboe BHUMaHHE yjielleHO BOIIPOcaM Jerpajanyy Sn-
IIEPOBCKUTOB, MEXaHU3MaM OKUCICHHA Sn*", 0coOeHHOCTIM (HhasoBEIX NpeBpamleHnii 1 hakropam,
OIpeIeNsIoNIHe CTabUIBHOCTh OpPraHO-HEOPraHWUeCKWX cucreM. Ha oCHOBaHUM aHanu3sa
nuTepaTtypel  cOPMYJIMPOBAHBI  OCHOBHBIE HPOGNEMBI, ONMPENESIOIME  AKTYaTbHOCTh
HCCIIEIOBaHH s, ¥ 337a4i JHCCECPTAIMOHHOM paboThl.

Bo BTOpO# mmase mpuBeneHO MOOPOOHOE OMMCAHWE METOIOB CHHTE3d HCCIEMYEMBIX
MaTepualioB,  BKIIKOYas  TOIYy4YeHHE  In-3amofmHEHHBIX — CKYTTEPYIMTOB  PA3HYHBIMH
TEXHOJIOTHYECKUMH MapUIpyTaMH, a Takxe 0COOCHHOCTH CUHTE3a FaJOTeHHIHBIX MEPOBCKUTOB
CsSnlz u rubpugueix coeauHenuin Csi MA,Snls. OnucaHbl 3KCIEpUMEHTANbHBIE METOMEL,
MCIIONB30BaHHBIC B JAMCCCPTAlMOHHON paboTe: pEeHTTeHOBCKas Au(pakims, CIHEKTPOCKOIHS
KOMOHHAIMOHHOTO PaCCESHUS, PEHTIEHOBCKAS JOTOANIEKTPOHHAS CIIEKTPOCKOTIHS, CKAHUPYIOIAst
5IEKTPOHHAS MUKPOCKOTIHS, H3MEPEHHUE DJIEKTPUIECKOH TpoBoqUMOCTH, KoahhuHeHTa 3eebeka,
TEIoNpOBOAHOCTH. OBOCHOBaH BBIGOP METOAHYESCKHX OAXOAOB JUTS AHATIH3a MUKPOCTPYKTYPhL,
(a30BBIX IpeBpaILEeHIH U AC(PEKTHBIX COCTOSHUN UCCIIENYEMBIX CUCTEM.

B TpeTheii tiiaBe MpencTaBieHb! pe3yTbTaThl HCCAEA0BAHNS TEPMOIJIEKTPHIECKUX CBOHCTR
ckyTTepyanToB IniCos4Sbi+s ¥ BIHAHHS yCIOBUI X CHHTE3A HA CTPYKTYpPHBIE H TPAHCIIOPTHEIE
xapakrepuctuku. [lokasano, 9ro Mopdonorus u pacipesneneHne BKIIOUEHUH BTOPUUHON (hasbl
InSb cyliecTBEHHO 3aBHCAT OT BBIOPAaHHOTO TEXHOJOTHYECKOTO MApIupyTa M ONPEIesIdioT
mHoromacurabHoe (OHOHHOE paccesHHe, NpPUBOAS K CHUHKEHMIO TEIIOMPOBOJHOCTH U
MOBBINICHUIO  TEPMOJIEKTPHYECKOH S()PEKTUBHOCTH. VYCTAHOBIEHO, 4TO pasuyusd B
MHKPOCTPYKTYPE MOTYT H3MEHATH BSIMUMHY Z7 Gonee 4eM B JIBa pasa, a Jyisk ONTHMH3HPOBAHHBIX
o0pasnoB mocTurarores 3HadeHus ZI' ~ 1,3 mpu Temmeparypax nopsamka 700 K. Brimonmeno
CONOCTABICHUE TCMIIEPATYPHbBIX 3aBUCHMOCTEH 3JIEKTPUYSCKON MPOBOAMMOCTH, KO3(hUIMeHTA
3eeGeKa u TEIIONPOBOAHOCTH, 00CY I AECHBI MEXaHH3MBL JIEKTPOHHOTO ¥ TEMIOBOTO TPAHCHOPTA.

B 4erB€pTOil MaBe paccMOTPEHBI MPOLECCHI ASTpajaliiy Ge3CBUHIIOBOTO MEPOBCKUTA
CsSnls mox BospmeiicTBuem arMocdepHbIX ycmoBui. Ha OCHOBE [JAaHHBLIX PEHTTCHOBCKOH
Audpakiun, CIEKTPOCKOMHH KOMOMHAIMOHHOTO PACCEesAHUsl ¥ PEHTIEHOBCKOH (hOTOIEKTPOHHOM
CIIEKTPOCKONIMK YCTAHOB/EHA MOCIeJoBare/IbHas [eNouka (a3oBbIx MpeBpamienuii Pnam —
Pnma — Cs2Snls ¢ napasensHbivM obpaszosanneM Snly u ruipokcHaHBIX GOPM Sn IpH KOHTAKTE
¢ prnaroi. IlokasaHo, 4ro jerpaganis HauMHAETCS HA PAHHHX BPEMEHHBIX MacliTabax H
COTIPOBOKACTCS M3MEHEHMEM BAJCHTHOIO COCTOSHMS O0J0Ba, YTO BIMSET HA ONTHYECKHE H

SNEKTPUYCCKUE XapaKTepUCTUKM MaTepHana. [IpoBenéH aHanmnW3 BIMAHHS —CTPYKTYpPHBIX



M3MEHEHUI Ha TPAHCIIOPTHBIE CBOMCTBA U 00CYKACHBI MEXaHH3MBI ITOBEPXHOCTHEBIX IIPOLIECCOB,
OTIPEAENALUX KUHETUKY NIPEBPALIEHUH.

B mnsTo#f rnmaBe mnpeacTaBieHBl pe3yIbTaThl UCCIEJOBaHHS THOPUAHBIX IIEPOBCKHTOB
Cs1xMA,Snl3, cHHTE3MpOBaHHBIX NpPH HHU3KMX TeMreparypax. [lokazaHo, uTO BBEAEHHE
oprasnyeckoro karnoHa MA™ crabunu3upyeT NepoBCKUTHYIO CTPYKTY Py, IPeI0TBpalLas Iepexos
B BBICOKOTEMIICpaTypHyl0 KyOuueckyio ¢asy u obecreunBas coxpaHeHue Sn?". K3yueHbl
9IEKTPHYECKHEe W TEIJIOBBIC CBOMCTBA MOMYUCHHBIX 0Opa3IioB, yCTaHOBIEHbI OCOOEHHOCTH
TEMIIEPaTYpHOH 3aBHCHMOCTH Kod¢duuneHta 3eebeka M 2JIEKTPONPOBOJHOCTH, MPOBEACHO
CpaBHEHHe ¢ IUTepaTypHbIMH JaHHBIMH. 114 oOpaszua MASnI; nonyueno 3uavenue z7'= 0.10 npu
423 K, 4To SBJISETCSA OAHUM H3 JIyUIIHX pe3yJIbTaToB AT 0OBEMHBIX Sn-IIEPOBCKUTOR.

B zaxmoyenuu nuccepraiuoHHON pabOTh! IPUBEIEHB! OCHOBHBIE PE3YNIBTAThl U BBIBOABL.

Cpenu pe3ynsTaToB, MOJTYUEHHBIX aBTOPOM B XOJC BBIMOJHEHUS AUCCEPTALUMOHHON
paboThl, MOKHO OTMETHTh CIIEAYOLIHE:

1. VeranoBieHO BIMSHUE METOJIOB CHHTe3a Ha (OpMOOOpa3OBaHHE M paclpejcieHHe
BKJIFOUCHHM BrOopruHOM (a3el InSb B marpuue In-3anonuenusix ckyrrepyauToB InjCosSbia+s.
[TokazaHo cyHIecTBEHHOE BIHSHHE OCOOCHHOCTEH MHKPOCTPYKTYPBI Ha TEIUIOBhIE H
TPAHCIOPTHLIE CBOHCTBA 00pa3LOB, YTO NPHUBOJMT K 3HAYMTEIBHOMY (Oonee deM B JBa pasa)
H3MEHEHHUIO TePMONIEKTpHIECKol 100poTHOCTH Z7 B 00pasnax 0JHOTO U TOTO K€ HOMHHAIBHOIO
cocraBa. JlocTurHyToe 3HadeHue Z7 = 1.3 gBiIgeTcs OQHUM U3 JIyHIOHX AT OJHO3allOJHEHHBIX
CKyTTEPYAUTOB.

2. BBIIOTHEHO KOMIUIEKCHOE HCCIEAOBaHME JAerpajalliid Oe3CBHHIIOBOTO MEPOBCKUTA
CsSnl;, BxiItOwalee PpeHTIEHOBCKYIO AU(PAKIHIO, CHEKTPOCKOMHI0 KOMOHHALMOHHOIO
paccesHHS M DPEHITCHOBCKYIO (OTOINMEKTPOHHYIO CHeKTpockomuioo. [lokazano, 4ro mnpu
BO3JCHCTBUY BO3/lyXa pealu3yeTcs nocjienoBareibhas uemnoyka Gpasopbix npespatienuidi Pnam —
Pnma — Cs2Snl¢ + Snls + Sn(OH)s, conposoxaatouasics okucnenem Sn?' 1o Sn*.

3. PaspaGotan HuskoremneparypHbli cuHTe3 rubpuasbix nepoBckutoB CsiMASnls,
NO3BOJIAIOLMHA COXPAHUThH BaJIEHTHOE COCTOSHME Sn?' U MpPeOTBPATUTH MEPEXOA B KyOUUECKY1O
MozubUKaLHMIO PH TeMIepaTypax 10 ~443 K.

4. BriepBble OXapakTepu30Balbl TEPMOIIEKTPUUYECKUE CBOMCTBA MOJIHKPHCTAITHYECKOIO
MASnI;, ans xoroporo pocturayto z7° = 0,10 mpu 423 K, yto sBiseTcs OgHUM M3 Haubosee
BBICOKMX 3HAYEeHUH 1 Sn-copepkaliux 00bEMHBIX EPOBCKUTOB.

B kasectBe 3ameuaHuii mo qucceprannoHHoi padore A.C. MIBaHOBOI MOXHO OTMETHTb

cleyIoue:

L






Comnckarens MBanoBa Anekcanzpa CepreeBHa 3aciy’)kKHBaeT IPHCYKACHHS YYEHOM
CTENeHH Kauaujaara (U3UKO-MareMaTHUeCKnX Hayk mno crendaitpHocTH 1.3.11. ®usuka

TTOJTyIPOBOIHHUKOB.

OduumanbHbIA ONIOHEHT:
[Ipodeccop xadenpsl (Gu3MKM HHU3KUX TEMIEPaTyp M CBEPXIPOBOAMMOCTH (PU3UYECKOTO
¢akynsrera MI'Y umenn M.B. Jlomonocosa,

JOKTOp (HU3HKO-MAaTEMaTHUECKUX HAyK Kyns6aunnckuit Bnagumup AHatonbeBUY

5.12.2025

KoHTakTHBIE JaHHBIE:

CneuHanbHOCTh, 10 KOTOpOﬁ OQ)HHHaJ‘IbHBIM ONITOHECHTOM

samuuiena guccepranus: 01.04.07 — @usuka TBEpAOro Teia

Anpec opHIHATBEHOTO OMMOHEHTAa!

119991, r. Mocksa, JleHuHcKue ropsl, 4. 1, crpoenue 8

[Moamucek B.A. Kynp0a4HHCKOTO y10CTOBEPSIIO
1.0. fiekaHa ¢usuueckoro paxynpretra MI'Y umenu M.B. JloMmoHocoBa,
npogeccop,
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