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OBIIASA XAPAKTEPUCTUKA PABOTHI

Axmyanstiocmb mestot
AKTyanbHOCTh pabOTBl CBS3aHA C HEOOXOAHMOCTBIO pa3paboTKH HOBBIX

9HEProcOeperalolMx TEXHOJOrHH CHHTE3a NPOCTBHIX M CIOKHEIX OKCHIHBIX
COCMIMHEHHI, NO3BONAIOUIMX TONYYATh HAHO- U CYOMHKPOHHBIE (yHKLMOHANBHEIE
MaTepuansl ¢ MHHUMAQJBHBIMH 3KOJOTHYECKH OMacHeIMH BeliOpocamu. Kommiekc
NIPUEMOB CHHTE33, B KOTOPOM MCIONB3YIOTCA OKHCINTENEHO-BOCCTAHOBUTEIILHEIE
peaKUMM  MeXAY  HEOPraHMYeCKMMH  OKHCIMTENSMH M OPraHHYECKHMH
BOCCTaHOBUTENAMU-KOMIUIEKCOHAMH OTBeuaeT 3THM TpeGomanusm. Ux Haubonee
pacnpocTpaHeHHblii BapHaHT ObUT BNEPBblE ONMCAH MHAWHACKUMH ydeHbIMH J. J.
Kingsley n K. C. Patil B 1988 rony u Bmocneactsun nomyuynn nassauue Solution
Combustion Synthesis (SCS) nu cunres B peakuusx ropenns. VIHOTAa 3TOT METOX
OTHOCAT K CaMOpacnpoCTPaHSIOIEMYCs BhICOKOTeMIepaTypHoMy cuntesy (CBC).
3HaunTENBHBIH BKJNAN B TEOPHIO M CHHTe3a B peakuusx ropenns BHec A.C.
MyxacosH.

B ocnoBe MeTOa NEKUT DKIOTEPMUMECKAT OKHCTHTEIBHO-BOCCTAHOBUTENbHAS
peaxuys B3aUMOIEHCTBUS KOMIOHEHTOB PEAKIHOHHONO PacTBOpA, COAEPIKAIIEro
HHTPAThl METAIOB H OPraHHYECKHUii BOCCTAaHOBUTEND (TIIMIMH, MOYEBHHA, TUMOHHAST
KHCJIOTA, MOJMBHHWIOBBIA cUpT M Apyrue). OCHOBHBIE MPEMMYINECTBA AAaHHOTO
METOIA — TOMOTEHHOCTH CMEINCHHS HCXOAHBIX KOMIOHEHTOB Ha MOJIEKYJISPHOM
YpoBHe H (opMHpOBAaHHE aKTHBHBIX MPEKYyPCOPOB PH TOPEHHM (OPMHPYIOLIHXCS
Kceporeneii.

Onnaxo, HECMOTPS HA ILHPOKOE NPHMEHEHHE AAHHOrO METOJa CHHTE3a IS
MOTYYEHHs. HOBBIX ()YHKUMOHAIBHBIX MATePHANOB, NPAKTUYECKH HE W3YYEHBI
(hakTOpel, oONpeneNAOUME TAaKHE BaKHbLIE TEXHONOTHYECKHE NApameTphl Kak
TEMIICPaTypa BO3rOpaHus peakuuoHHON cMecH (Tyy;.), MAKCHMANIBHAS TEMIIEPaTypa
ropeHust (T,a), 4 TaKkKe BpeMA TOpeHHs (f.p). Teopernueckuit aHamus B
nofasnsiolieM  OonplMHCTBE paboT OrpaHMYEH pacueToM aJHabaTUYECKHX
Temneparyp peakuuii. Ho pacuérheie 3nauennst aguabGaTHYeCKHX TeMIEpPATyp

FOPCHHUSA HHTPATOB METAIIOB C OPraHNYeCKUM TOIUTHBOM, 3HAYHTEJILHO NpPEeBHIIAIOT
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H3MepenHblc  3lauenus TEMIepatyp peakuuit. A moaMcna  MakCHMAanbHOI
TeMICpaTypsl FOpeHisl B PeakTope Ha aguMabarTHyeckylo TeMIeparypy HpHBOAHT
aBTOpOB  CTATeli K HENpPABMIBIOMY BBIBOAY O BO3MOXHOCTH HOMY4CHHS
KPUCTAUTHYCCKHX MOHOGMA3MBIX CIOKHBIX OKCHIOB B OMHOCTAAMiiHOM Hpouccce
CHHTC32 MCTOMOM TOpCHMs, XOTA INMTEILHOCTE TIOCAEAHEro He INpeBbILACT
HECKONbKHX JECATKOB CCKYH.

CunTesy NPOCTHIX M CHOXKHBIX OKCHIOB METOAOM TIOPEHHS IOCBSMICHDI
MHOTOYHCIICHHbIC My6HKAIMH, HO B HHX HE YCTaHOBJIEHBI (pJaKTOpSI, ONPEACNSIONHe
MHTCHCHBHOCTb (CKOPOCTH Topelins), (a3oBuiii cocTaB H MOp(HONOTHIO NOMYICHHBIX
NPORYKTOB. DKCHEPHMCHTAIBHBIH M TCOPCTHYECKHI aHAIM3 CHHTE3A OKCHAHBIX
HCOPraHHYECKHX MATCPHAIOB B PCAKLUAX TOPEHHs HCOOXOANM KaK JUIsS yNpaBiICHus
CBOIICTBAMH TMONYuEHHLIX MATCPHANOB, TAK M JUIS NOHHMANMS BO3MOXHOCTEH
MeTona.

B xauecTBe MOACIABLHEIX OOBLEKTOB JUIA HCCIENOBAHNS ObLIN B3ATH LMPKOHATE]
EOYHO3eMENTBHEIX MeTamnos, MZrO;, (M = Ca, Sr, Ba). Beneacrsue BricoKoit
TEMIEPATypH! TUIABNEHHS, XUMHYCCKOIT CTAOHNBHOCTH H OTHOCHTCIBHO HEGOMBLIOH
IJIOTHOCTH OTH COCAMHEHHS HCIOJB3YIOTCS Kak TepMoOapheplbie MaTepUAIBL.
Kepamnucckue Marepuansl na octose MZrO; (M = Ca, Sr, Ba) obnanaior
XOPOIUMMH JM3IEKTPHYCCKUMH CBOICTBAMH, NO3TOMY QKTHBHO MNPHMEHSIOTCA B
KAYeCTBE 3NICKTPOM3OJAUMONHEIX MATCPHATOB M B NPOH3BOACTBC KEPAMHUYCCKHX
KOHJeHCaTopoB. HalloxpHCTATTHYCCKIE IOPOILKH UHPKOHATOB KAJILLINS, CTPOHLIHS i
Gapus CIyXaT OCHOBOH s CO3faHMs HOBHIX KaTanusaropos. Kpome Toro Bce
TepeyHcIicHible Bbllie COCAMHCHHS HPOABIAIOT CBOHCTBA HOHIBIX NPOBOAHHKOB U
ABASIOTCA  OCHOBOi JUI  CO3ZalMs  TBEPABIX ONCKTPONMTOB €  MPOTOHHOM
TNIPOBOMMOCTBIO B YCTPOICTBAX BOAOPOANHOIf dicpreTikH. CHHTC3 NMCPOBCKHTOB
MZrO;, (M = Ca, Sr, Ba), paccMOTpeH B MHOTOUHCICHHLIX HCCICAOBAHUAX, OAHAKO
ONTHMATIbHBIC YCIOBHS HX MOJNYy4eHHUs B paMKax 3(QeKTHBHOro M JKONOTHYHOro
Mmetoga SCS ocraiores nepaspaGoramusiMu. Wurenicuuxauus mnpoueccos ux
MONy4cHHs B J1ab0paTopHBIX YCIOBHAX Heobxomuma Ans paspabOTKH TCXHOJOTHH

IIPOMBILIJICHHOT'O [TIPOU3BOACTBA.



AxTyaneHocTh paboThl AOATBEPKAAETCA €€ BHINONHEHHEM B COOTBETCTBHH C
nmanamu ®I'BYH MXTT YpO PAH no roczafanuio ¥ B pamKax CleyIOLIEX
IIPOEKTOB:

- NPOCKT OTACNCHUS XMMHHM M Hayk o MarepHamax PAH Ne 12-T-3-1003 «Hossie
NONMMQYHKUMOHANBHEIC KOMIO3HUHOHHEIE H HaHO- KEPaMHKH: CHHTe3, CBOICTBA,
Mojenuposatue» Ha 2012-2014 roaer;

- mpoekt no Hporpamme ®ynnamentansubix uccieposanuii YpO PAH Ne 0397-
2015-0012 «Pa3paGotka METOAOB NONY4YeHHS XHMHMYECKMX BEINECTB M CO3JaHHE
HOBBIX MaTepuanos» Ha 2015-2017 rogs.

- [IOroBOp O Hay4Ho-TeXHHYeckoM cotpyannuectse ¢ AO OKB Hopatop Nel25-
2016-HTC « PaspaGoTka cocTaBa M TEXHONOTMH H3TOTOBJEHHS TEPMOGAPhEPHEIX
KepaMHK».

- aorosop ¢ OAO «Pervonanbhblit HHXHHUPHHIOBBLA 1enTp» Ne 037-2017-HTC «
Pa3pa6oTka M M3roTOBNEHME TYTONIABKMX MHOFOCIOMHBIX KEPaMHK C MOMOILLBIO
aJUITHTHBHBIX TEXHOIOTHI1».

Lenw patomsi

Henslo HcenenoBanus ABIAETCA YCTAHOBJIEHHE 32KOHOMEPHOCTEH mMpouecca
CHHTE3a LIMPKOHATOB ILE/IOYHO3EMENbHBIX MeTamnoB, MZrO; (M = Ca, Sr, Ba), B
PEaKLUAX TOPEHHs C IPHMEHEHHEM IKCIICPUMEHTANBHBIX H TEOPETHYECKHX METOOB.

3adauu duccepmanuonnoii pabomsi

. YCTaHOBJICHHE 3aKOHOMEPHOCTEH BAHAHUA COOTHOIIEHHUS TOINIHUBO/OKUCIUTEND
(9) B nexonnbix pactBopax HyO — M(NO;), — ZrtO(NOs), — ¢NH,CH,COOH (M =
Ca, Sr, Ba) Ha TeMnepaTypsl Bosropaiius,T,,,, H MAKCHMAIBHEIE TeMnepaTypsl, Tyaxcs
B OTKPBITOM PEaKTOpe;

. M3yYEHHE COCTABA MCXOMALIMX Ta30B B PEAKUUAK CHUNTE3a FOPEHHEM IIPH
Pa3snaHYHbIX COMEPKAHUAX OPTAHHYECKOro BOCCTaHOBHTENS ([IHIMHA);

o TEOPETHYCCKUIT aHANH3 (aKTOPOB, ONPEAEISIONIHX TEIIOBbIE XAPAKTEPHCTHKY
peaxuuii ropenus Npy NOnyYeHH OKCHIOB;

. ONpELENCHUE YCNOBUH, MPH KOTOPLIX OCYLIECTBHMA CaMONIOANEPKUBAIOIIAAC

peakuus cunresa MZrO; (M = Ca, Sr, Ba) H3 HUTpaTHBIX pacTBOPOR ¢ TIUIIMHOM;



) HccneaoBalite PUIHKO-XUMHYECKHX CBOHCTB CHHTC3MPOBAHHBLIX IIPONYKTOB
MZrO; (M = Ca, Sr, Ba), noyueHHEIX B pCaklHiX rOpeHHs.

Hayunan nosuzna

) BricpBble CHCTCMATHYCCKH DKCIIEPHMEHTANBHO HCCICA0BAHDI YCIOBHS CHHTE3
MZrO; (M = Ca, Sr, Ba) B peakiuisix ropcus U3 HUTPaTHBIX paCTBOPOB ¢ TTHLMHOM
B ananasone 0,6 <p < 1,5;
) Bicmeno mnonatve Temmneparypuioro 3ddexra anuabaruueckoit peakuuu
ropeuns AT,, ¥ Makcumanshoro Temneparyptioro sddexra AT, ropenus
HHTPATHBIX PACTBOPOB C OPraHHYECKHM TOIIHBOM B peasbliioM PeakTope;
) Onpeneneitsl MHHMMANBHBIC 3HA4CHHA @, TP KOTOPHIX OCYLICCTBUMA
CaMONOUICPKUBAIOLKAACS PEAKLIs FOPeHHs NPH HAPEBAHHU HUTPATHBIX PacTBOPOB
wenoynosemensiblx Merannos (Ca, Sr, Ba) M UMpKOHHIA a30THOKHCIOTO €
PITHUHHOM;
. Hexons M3 TEOPETHYECKOTO aHanM3a OSKCNCPHMEHTANLHBIX NONYYCHHBIX
JaHHBIX OpeaIoXKEHbl YPABHEHHU:
— O0f BBIYHCNCHUA MaKCHMAILHOrO 3HaueHMs Temnepatyphoro 3ddexra
PEAKUMHU rOpelns B 3aBUCHMOCTH OT A (dp = ¢ — 1);
— 10 ONpeAciCHHA MNpedeibHOro 3HayeHHs TeMneparyproro soddexra
PEAKLHH rOPeHHsA B OTKPBITOM PCaKTOpC;
° BriepBbic YCTaHOB/CHB! NPHYHILE 32KOHOMEPHOTO MOABACHHA MAaKCHMyMa 112
sapucumoctt  AT,..(¢) B peakunsx SCS: cro BosuukHOBenHe 00ycioBacHO
M3TydelINeM C OTKPBITOM MOBEPXHOCTH PeakTopa B NPOLECCe FopeHHs.

Teopemuueckan 4 RPAKMUNECKAn 3HALUMOCIb Daontsl

IMpeacrasnennas pabora BHOCHT ONpeEACHCHHbI BKNAJ B TCOPHIO NPOLECCOB
cunresa metofoM SCS B ycnoeusax peanshoro peaktopa. [onyuennsic pesy/ibTaThl
MO3BONAIOT  JAaTh TEOPCTHYECKoe OOBACHCHHC —pPastoobpasHio  TMOMy4acMbiX
pe3yNbTaToOB, 3ABHCAUIMX OT COACP/KAHMSA TOIIMBA, XHMHYCCKOH IPHPOMBI
XMMHUCCKHX COcMHeHnii, ycnoBuil cunTtesa ¥ Ap. BeimonicHbl TEOpeTHUYECKHC

pacyeThl TCPMOAHHAMHUCCKUX XAPAKTCPUCTHK NIpoLIECCA TOPCHHA.



Pesynbraret uccnenoBanus yCnoBuit CHHTE3a MPKOHATOB KANbIIHA, CTPOHIHUS
u Oapus B peakuusx ropemus, Xapaxtepa (azoo6pazoBanns, MopdOJIOTHH H
JAUCTIEPCHOCTM  TIONIYY3€MBIX COEAMHEHMH MOryT OBTh HCHOIB30OBAHBL VIS
PEry/IUpOBaHHA MEXaHMYECKHX, 3MCKTPHYECKUX W IPYrUX CBOMCTB KEPAMHK M
KOMIIO3HTOB Ha NX OCHOBE.

[IpakTHuecKas 3HAYMMOCTb PaGOTHl COCTOMT B pPAasBUTMM M JETATH3ALUH
NpueMoB  Hcmonb3oBaHuA SCS g HanpaBNeHHOro  CHMHTE3a  OKCHOHBIX
(GyHKLHOHANBHEIX MaTepuanos. Jing storo:

. PaspaGorana MeTonuKa anpHopHOii OLIEHKH (pacyera) peanbHsIX TEMIEpaTyp,
Pa3BHBaEMBbIX B PEAKTOpPE NpPH CHHTE3Ee HEOPraHHYECKMX COEIMHEHMH METOHOM
TOPEHHs paCTBOPOB C Pa3NHYHBIMH BHIAMH BOCCTAHOBHTENS;

. HoBble TeopetHueckne cBeleHHS, NOMYYEHHBIE O TPONECCAX TOPEHHS
MoZenbHeIX cucteM MZrOs (M = Ca, Sr, Ba), mo3Bonwiu aBTOpY BEIICTHT
OCHOBHBIE (DaKTOPHI, ONpeAensomie pOPMUPOBAHHE OKCHIOB B PEAKIMAX TOPEHHUS.
K Takum MHCTPYMEHTaM OTHOCSTCS KONHYECTBO PEareHTOB B PEaKTOpe, ILIOIATb
M3]Iy4acMOoi NOBEPXHOCTH U NapameTp ¢.

. [Tonyuennele AanHble N0 B3aHMOCBA3H XapaKTEPHCTUK U CBOMCTB IIMPKOHATOB
KaNblKs, CTPOHUHA U 6apua ¢ YCIOBHAMH CHHTE32 MOTYT GBITh HCIIO/B30BAHEL IIPH
TNIOJIyYEHHH KepaMHKH 1 KOMIO3UTOB Ha HX OCHOBE,

Memeodorozus u memodst ucenedosanun

OOmwas METOXONOTUS IKCIEPUMEHTANBHBIX HCCICNOBAHMH COCTOMT B
HaXOMIEHHH B3aUMOCBA3H «coctaB MZrO; (M = Ca, Sr, Ba) ~ cooTHomeHue
TONNIHBO/OKMCIUTENE (@) ~— BpEeMs TCOPEHHMs, TEMIEpaTypa BO3TOPAHHA M
MaKCHManbHas] TEMIEPATypa rOpEHHst — CTPYKTypa M MOpQOJOrHs — CBOMCTBaY».
Mertozonorus  TEOpeTHUECKMX HCCNENOBAaHMI 3aKII0YAETCA B YCTAHOBJIEHHH
B3auMocBsa3u coctas MZrO; (M = Ca, Sr, Ba) — cootHOmENHE TONIHBO/OKUCINTE D
(9) — Temneparypubiii 3QdexT, B TEOPETHUECKOM aHAIH3E (AKTOPOB M3MEHEHHA
TEMIEPATypPHOro 3¢peKTa M TEOPETHYECKOM aHAIM3e YCIOBHil OCYINECTBICHHS
CaMOIOICPXKHBAIOUICIICA PCAKIHMH FOPCHHA H3 HHTPATHLIX PACTBOPOB C IIHMLAEOM

npu cnurese MZrO; (M = Ca, Sr, Ba). Cuntes nopoukos MZrO; nposeeH MeTOOM



SCS B amOMHHHEBOM pCAKTOPE EMKOCTbIO 2 . Teoperuyeckue pacyeTsl
BLIMONHCHBL ¢ MoMomplo nporpammsl Excel 2007, a rpaduxm nocrpoensl B
nporpamme Origin 7.

Honoxcenusn avinocunssie na auimy

1. Pesynbrathl 3KCHEPUMEHTANBHOrO HCCICAOBAHMA MPOLECCCOB  MONydeHHs
METAURPKOHATOB KANLUUS, CTPOHLMS 1t 6apHs B PCAKUMAX TOPEHUS C MIIMUKHOM;

2. Mecroa wusMcpelnus MAKCHMAIBIOrO 3HAYCHHS TeMIepaTypHoro 3ddekTa,
AT, PEAKUMM CHHTE33, KaK Mcpbl TemoBoro d(ekra DK30TEPMUUCCKOH
OKHCIIUTEIEHO-BOCCTAOBUTENBHOI peakLi ropeHHs B peanbiOM PEAKTOPC;

3. Tecoperuueckas oueHka (HakTOpOB, ONpEACNAIOMUX TCIJIOBLIE MPOLECCH! MPH
CHHTE3¢ OKCHIOB B PEaKLMAX TOPEHUS € OPraHHYeCKUM TOIUIMBOM (JHTAJIBIIHA H
TEMJIOEMKOCTh PEAreHTOB M NPOAYKTOB PCakUMH, MacCa TOMJIMBA H TONYYyaeMoro
COeHHEHHs, TIOLAAb OTKPBITOH MOBEPXHOCTH PCAaKTOPA, KOIUYCCTBO HCXOASIINX
rasoB).

4.  Peaynwrarsl (MIHKO-XUMHYECKHX HCCneposanuii Matepuanos MZrO; (M =
Ca, Sr, Ba), CHHTE3UPOBAHHBIX B PEAKIUAX TOPCHHS U3 PACTBOPOB.

Cmenenb docmogepriocm 1 anpobaiiis pe3yibinamoas

JloCTOBEPHOCTh ~ Pe3yasTaToB  paboTel  MOATBEPXNKAACTCA  KOMILIEKCHBIM
HOAXOAOM K MOJYYEIHIO U GHAU3Y Pe3yIbTaTOB, HCMOJIB30OBAHHEM COBPEMEHHOTO H
cneuuansioro  obopynoBanus, anpobaudeil paboTel HA MEXKIYHAPOAHBIX H
POCCHIiCKMX KOH(QEPEHUMAX, CCMHHApaX, NyONHKAUMAMH B CNCUMANTM3UPOBAHHLIX
OTEUECTBEHHLIX M 3apyOC:KHBIX HayuHuIX xypHanax. ITo Marepuanam aucceprauuu
nmeercs 17 ny6nukanuii: 5 crareii B sypuanax ns nepedns BAK, sxoasuux s 6aspl
pauuelx PUHL] n Web of Science, 1 ITareur Poccuiickoii ®enepaunn u 11
nyGnuKaudii Te3MCOB M JOKNAAOB B COOpHMKax KoudepeHuui, CEMHIIApOB H
HaY4HBIX CCCCMil.

Jluunstii ¢1ad agimopa

JInuneiit  BKIAQ aBTOpa 3aKJIIOHACTCA B CAMOCTOATC/BHOM TMNPOBCACHHH
IKCIIEPpUMEHTOB, uamepelmﬁ, TCOPETHUCCKUX HCCJ’ICILOB&HHFI, HHTECPNpCTALHN

HOJYYEeHHLIX PE3yAbTaTOB, 0)opMIeHUH HayunbIX Mybaukauuii. IlocTanoska 3anaum



AHCCEPTALHORHOTO HCCIEAOBANHS, ONpeleneHHe HeoOXQIUMOro KOMILIEKCa paboT
HO mpoleccaM TOPeHHA HHTPATHBIX pAcTBOPOB € TIMLMHOM IS MOZJETbHBIX
obvexktos MZrO; (M = Ca, Sr, Ba), a Tawxe obcyxnenus NpeIIoKEeHHBIX
KOHLICTILNA, METOAMK PEWIEHHs 3a1a4 M OOCY)KIAEHHE NOMyYeHHBIX pPe3yNbTaTOB
NPOXOAMIIH COBMECTHO C HAyYHBIM DYKOBOJMTENEM 3aBelyIOM(HM JiaGopaTopueit
Kk.X.H. Xypasnesbim B. [I. u unen-koppecnonaetroM PAH Bam6ypossm B. T'.

Cmpyxmypa u o6vem pabonsi

Huccepraunonnas pabota COCTONT M3 BBeneHHsA, 4 TIJaB, 3aKIIOYEHHS,
BBIBOROB H CIHCKa LMTHpyeMoH nurteparypbhl u3 209 Haumenosanuii. Pabota
H3J10KeHa Ha 178 cTpaHHLaX MaIMHOMHCHOTO TEKCTA H COAEPKHT 98 pHCyHKOB H 19

TabJIHL,

OCHOBHOE COIEPXXAHUE PABOTEI

Bo BBenennn 06ocHOBaHa aKTyanbHOCTb TEMbl AMCCEPTAMOHHON pabOTHI,
ONHCaHa CTereHb ee paspaboraHHOCTH ¢ 0003Ha4YeHHEM Npo6ieM, TPebyIomuUX
yriyOnenHoro uccnenoBaHus, TNpHBeAeHO O6OCHOBaHME BHIGOpa OOBEKTOB
UCCNENOBANMsA, TOKA3aHA HayyHas HOBH3HA, TEOPETHYECKOE M NPAKTHYECKOE
3Hayenne paboTel, chopMynHpoBaHbl ueNb M 3a7a4d  PaGoTH, IPHBENEHEI
TIOMIOKEHHA, BLIHOCHMbIE Ha 3aLIKTY, ONHCAHA CTENEHb JOCTOBEPHOCTH M anpoOaLHsa
pe3ynbTaTos paboTsl, yKa3aH JIHYHbI BKIAL aBTOpA.

IlepBan rnaBa npexacrasnser coGoil nuTeparypbiii 0630p, B KOTOPOM
paccMOTpensl (pH3HKO-XHMHYECKHE XapaKTePUCTHKH UpKoHaToB MZrO; (M = Ca,
Sr, Ba) u 061acTH NpaKkTHYECKOro NpPHMEHEHHUsS AaHHBLIX MaTepuanos. [loapo6Ho
NPOAHAIN3HPOBAHEl METOAbl NOMYYEHHA METALUMPKOHATOB KANBLMA, CTPOHUMS H
Oapus, NOAYEPKHYTHl NPCHMYIIECTBA M HENOCTATKH KAXKAOTO M3 METONOB CHHTE3A.
PaccMoTpensl npuHUMIBL CHHTE3a OKCHIOB rOPEHHEM M3 HMTPAaTHBIX PACTBOPOB C
oprann4ecknM TomuBoM. ITokasano, uto SCS sABnseTca IPOCTHIM, KOJOTHUHBIM U
O deKTHBHLIM MCTONOM I NONyueHHS HEOPraHHYECKMX MATEPHANOB C
TpeOyeMbIMH  XapakTepHCTHKaMH. Ha OCHOBe paccMOTpEHHBIX JIHTEPATYPHBIX
JalHBIX NpOH3BeeHa MOCTAHOBKA 3aauH,
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Bo BTopoii riaBe JaHa XapAaKTCPHCTHKA UCXOIHBIX — MATepHaioB,
HMCTIONB3yeMbIX VISt BHIMONHECHHUS HCCIICA0BAHHI U NPHBEACHA MCTOJMKA MOJTyH CHUA
LMPKOHATOB Ie104H03eMenbHbIX MeTamno MZrO; (M = Ca, Sr, Ba).

JUIs MPUTOTOBNCHHS PCAKUMOHHBIX PACTBOPOB MEPBOHAYAIBHO LHPKOHMIH
YIJICKMCIIBI OCHOBHO# BOAHBIIf PACTBOPSIM B 230THOH KHCJIOTC H MOJTYHaH KHCIIBLI
pacTBop umpkonuaa asornoxucinoro, ZrO(NO;),. 3arem B nopuusx pacTsopa
ZrO(NOs); pacTBOpsUIH IKBHMOSAPHOC KOTHYCCTBO KapOOHATOB KalbLHs, CTPOHLMA
u Gapus cooTBETCTBeHHO. JIIsi MPCAOTBPALICHHS THAPOIM3A B HCXOAHBIA PacTBOP
pu HEOOXOMUMOCTH K00ABIIAIH a30THYIO KHCIIOTY. B sxcnepiMenTax Henons308anH
pacTBOpHI, COAEpKalMe B dkupanente 103,85 r/am’® CaZrO;, 118,24 r/am® SrZrO; u
77,88 r/mm® BaZrO;. AMuHOYKCycHyl0 KMCIOTY (DIHIMH) «4.].2)» BBOWIH B
pabounii pacTBOp HEMOCPEACTBEHHO NEpea IKcnepumetToM. KonuuecTso rimumia,
UCTIONB3YEMOTO B KAQuecTBC TOILIMBA, ONPENCNAAH B COOTBETCTBHM C YPaBHCHHEM
SCS (1):

M(NO3), + ZrO(NO3), + 2,22¢NH,CH,COOH + 5(¢9-1)0; -
MZ:0; + (2+1,119)N; + 4,44¢CO; + 5,569H,0, (1)

CHHTE3 LHPKOHATOB 1e04H03eMenbHbIX MeTamios MZrO; (M = Ca, Sr, Ba)
TPOBOAM/IM B OTKDHITOM LMJIHHAPHYECKOM ATIOMHHHCBOM PEAKTOpE AHAMETPOM 15
cM M BbICOTOH 12 cM. B 0auHOUHOM OMBITE HCIIONB30BATH PEAKUMOHHBIA PacTBOP,
sKBMBaIcHTHBIH 0,03 r-Mons wienouHo3eMenbHoro merania MZrOs, rae M = Ca, Sr,
Ba. 3nauchus ¢ papsupoBany ot 0,6 10 1,5.

PeaxTop ¢ pacTBOPOM CTaBHAM HAa HATPETYIO 3MCKTPHYCCKYIO mManelb,
mougoctsio 1 kBT, M Buimapusann Boay. Ilocne ¢opmuposanus B peakrTope
Kceporeas W JOCTIXKEHHS MM TCMIepaTypsl Bosropaius, To, B pe3ynbTaTe
OKUCIHTEILHO-BOCCTAHOBHTE/ILHON DEaKMH TFopeHus KCCporesib NpeBpaimancs B
TOHKOAMCNIEPCHBIT M XHMHUYCCKM  HCPABHOBCCHBIH  OKCHMANBI  NPCKypcop
TTonyueHHble TOPOLIKH NOCEA0BATEIBHO OTKUIAK B KamepHoit neyu npu 700, 900
1 1100 °C no 10 yacoB (2X5 4acoB) ¢ NPOMEKYTOYHBIMH NepeuuxToskamu. ITocne

OKOHYAHHA OTXKUIa 06pa3um OXJIAXKAANIH BMCCTEC C MEYLIO.



TemnepaTypHble XapakTepuCTUKW MPOLECCOB TOpeHus npu cuHTese MXrOs
(M = Ca, 8r, Ba) 6biim uccnefoBaHbl C MOMOLLbH W3MEPUTENbHON YCTAHOBKM

(PucyHok 1).

PucyHok 1- PerucTpatop Bugeorpagpuyeckuii LL932.9A 29.015/1 (neBblii CHUMOK)
1 npouecc ropeHus npu cuHtese MZrC3 (M = Ca, Sr, Ba) B antoMMHMEBOM peakTope
C BHECEHHbIMW Tepmonapamu T (npaBblii CHUMOK)

[ononHutensHo ¢ nomouwbto nupometpa Infrared thermometer testo 835-T2
N3MepANN MakcuMasbHble TemnepaTypbl naameHu npu cuHtese CaZrCh, kotopble
(hMKCUpPOBaNNCb Ha MOBEPXHOCTW O06beMA MOMYYEHHOrO B PeakTope MNOPOLUKa.
TemnepaTypbl BO3ropaHua 6GblM U3MeEpeHbl B peakTope N1abopaTopHbIli cTakaH B-1-
150 (FOCT 23932-90) Cc KOMMYECTBOM pPeakLUMOHHOro pacTBopa, 3KBUBAJIEHTHOM
0,012 r-mons KaXAoro umpkoHara ¢ rnyuMHoM, 4o6aBneHHbIM B COOTBETCTBUM C (.

MccnefoBaHne cocTaBa MCXOLALLMX ra3oB BbIMO/HEHO HAa NPUMEPE CUHTE3a
LMpPKOHaTa Ka/ibUus C MNOMOLLbLIO 3NEKTPOHHOro rasoaHanusatopa Testo 350XL.
CoctaB ucxogawmx rasos (CO, NO, NO2) B npouecce Harpesa, BO3ropaHus u
rOpeHns peakLMOHHOW CMecn B 3aBMCMMOCTYM OT (p (MKCMpoBanu ¢ MHTepBanom 5-15
CeKyHa.

PeHTreHota3oBbIli aHanM3 6bin NpoBefeH Ha audpaktometpe SHIMADZU
XRD-7000 B Cu Ka, - wusnyyeHum ¢ pnauvHoii BofiHbl  1,54056 A. Cbemky
npou3sogmnun no Touykam B uHtepsase 20 = 20-60 rpagycos ¢ warom cbemku 0,05°
20 n 3Kkcnosnumein 3 cekyHAbl Ha TouKy. O6paboTka MOSyYeHHbIX AudpakTorpamm
6bln1a NMpoBefeHa ¢ noMmowbio nporpaMmbl Peak Find v. 1.03. Ana ngeHTUdmKaymu
NPUMeCHbIX (a3 MCMnonb30Bann 6a3y faHHbIX 3TaNOHHbLIX peHTreHorpamm [ICDD
PDF2 (ICDD, USA, Release 2005).
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YnensHylo nopepxtocTs nopoirkos MZrO; (M = Ca, Sr, Ba) usmepsinu na
npubope  COPBU  4.1.  [lucnepcHoCts  MOPOLIKOB  MCTaLHPKOHATOB
[LIEIOUHO3EMEIBHBIX MCTALIOB M3Mcpsin ¢ momowsio npubopa Horiba Laser
Scattering Particle Size Distribution Analyzer LA-950. Mukpoctpykrypa
NONYYCHHLIX ~ MOPOLIKOB  MCTAUMPKOHATOB  WICJOYHO3CMCIBHBIX — MCTAIOB
MCCICAOBAlA HA CKAHHMPYIOIICM OJCKTpoHHoM Mukpockone (COM) JEOL JSM
6390LA.

Jlns npurotosienns kepamuueckux obpasuos MZrO; (M = Ca, Sr, Ba) 610
NPOBCACHO  M30CTATHHECKOE — MPECCOBAHME  HAa  pyqyHOM  JaBopaTopHom
ruapasiuycckoM npecce Emmevi. OGpasubl MMEIM UMIAHHIAPHYECKYIO dopMy ¢
muametpoM 12 MM M Tonumnoii 1-2 mM. CriekaHHe CHpCCCOBAHHBIX 00pasuoB
nposoaunu npu Temneparypax ot 1150 °C po 1500 °C B Teucnue 3—4 yacos B
kaMephoit meuyn Naberterm. Mamepennc NIOTHOCTH CriedeHubiX  00pasuoB p
TIPOBOJMMH TEOMETPUUCCKMM MCTOZIOM C TIOMOIIBIO MHKPOMETPA H JIaGopaTopHbIX
BECOB ¢ TOUHOCTHIO H3MepenHii 10 rpamma.

Jns u3MepeHus BBICOKOTEMIICPaTYpHOIl 9JICKTPOIPOBOAHOCTH  KEPAMHKH
MZrO; (M = Ca, Sr, Ba) k octOBaHHSM LHIHIAPHYCCKHX 06pasuos okono 10 MM
GBUTH MPHIICUEHB TJIATHHOBBIC ICKTPOaL! NpH Temneparype 1100 °C B Teuenue 2
yacos. MaMepenust 1eKTPONPOBOAHOCTH MPOBOJHIH ¢ MOMOUILI0 HMMHTAHCMETPA
GM Instck LCR-819 B auanaszone temmepatyp 500-900 °C ua uacrore 1 kI'n
METOJOM JJIEKTPOXHMMYECKOro MMnejanca, 3HauCHHs aKTHBHOTO COMpPOTHBICHHA
0Gpas3IoB i HX EMKOCTH B 3aBHCHMOCTH OT TEMNICPaTypsl PHKCHPOBaNK Ha yacToTe 1
k.

Hccnenopanus  TEMIONPOBOXHOCTH KCPAMHKH MCTALMPKOHATOB  KAJILLHUA,
cTpouuus M Gapus MpOBOAMNM HA ABYX UMIMIpuucckux obpasuax CaZrO;
muamerpom 1,27 cM ¢ pasiioil IIOTHOCTBIO M MCNOJL3OBAIM 1O OAHOMY 0GpasLy
KQXIOro METAMPKOHATa B BHAE NapaulefeNuneaa KaKJAoro UHMPKOHATA,
NPUTOTOBNCHHBIX UUIMKCPHBIM JIMTBEM CO cToponoii ocnosamus 1,0x1,0 oM.
Tonumua Bcex obpasuos coctapmana  1,7-1,8 mm. Ilepen usMepennamu

TCIJIONPOBOAHOCTH HA OCHOBAHHA 06pa3uon HaHOCHJIH rpa(bmonoe TMOKPBITHE
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pacnsuieHueM cnenuansioro cnpes. M3Mepenns nposomunu na npubope Thermal
Properties Analyzer - Flashline 5000 from Anter.

B Tperbeii riaaBe npeacTaBiiens! Pe3ybTAThl HCCIIENOBaHUS YCI0BUI CHHTE3a
METALUPKOHATOB KANBLUH, CTPOHUMS U Oapus B peaKuusax ropeHus U3 HUTPATHBIX
pacTBOPOB ¢ DJIMLMHOM. XapakTepHbli BHI TeMNepaTypHBIX npoduneit g 2-x
TepMmomnap, npuBeicHuslii Ha Pucynke 2, nmokasbiBaer TeMmeparypy BO3rOpaHHs B
Kceporeje B HEMOCPEACTBEIHOI OMM30CcTH OT aHA peakTopa, (asy BHIMapHBaHHUS
BOZEI, ()POHTEH! FOPEHHS H OXJIAXACHHUS T10C/Ie OKOHYaHUS Npolecca.

DKCMepHMEHTANEHO YCTAHORBIEHO, 4To NpH cuHTese MZrO; (M = Ca, Sr, Ba)
HabII0MAIOTCS OTJIMYHS B 3aBUCHMOCTH OT KATHOHA IETOYHO3eMeNTFHOro MeTalla B
peakuMoHHoH cMecH. Bo-mepBEIX, MPOMEXYTOK BpeMEHH MexXAy NpeBpaiieHHeM
Kceporens B TBEpAYIO a3y U MOMEHTOM BO3rOpalHs YMEHBINACTCS NPH NEPEXOAE OT
KajbLUs K CTPOHUMIO. A PEaKIMOHHAA CMeCh C KaTHOHAMH GapHs BO3ropaercs M3
Bsi3koH monyxunkoH ¢assl. Bo-BTopsIX, TeMnepaTyphl BO3ropaHHs Ul KaXKAOro
THMa  PEaKLHMOHHBIX  PacTBOPOB  BONH3M  CTEXHOMETPHH,  OTHOWICHHSA
TonnmBo/oxucantens (¢ =1,0), UMEIOT TEHAEHLMIO K yMeHbIeHnio B pigy Ca’t —
Sr** — Ba®. B-Tpersux, BpeMs TrOpeHHs, ONPEENEHHOE W3 TEMIEPAaTypPHEIX

npoduneii Kak pasHOCTs MeXIY MOMEHTaMH JOCTHXEHUS T, ¥ Tyop, B pEXHME

9900 e Biucors Tepuonapu o A pesstone o8 un
= 8ot Tepaonapes o1 ans pesctope 40 v

-

Temneparypa "C
§
l : _
Tomrwpertype, '
g

Pucynoxk 2 — Temneparypiisie Pucynok 3 — MakcumansHsie
npoduIIH ropenns npH CHHTE3e TEMIIEPaTyphbl FOPEHHUS NIPU CHHTE3E
CaZiO;npu o =1,0 MZrO; (M = Ca, Sr, Ba)

00BEMHOr0 ropeHis nokaspiBaeT MHHHMAaNbHOE 3Hauenne npu cunrese CaZrOs, a
MaKCcUMAaNbHOE 3Havenue — npu cuntese BaZrO;.

3KCHCpHMCHT2UIbHO YCTaAHOBJIEHO, YTO:
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- TEMIEPATypbl FOPEHUSt OT COOTHOLICHHS TOIUIMBO/OKHCIINTENb, TPCACTABICHHBIC HA
Pucyuke 3, umeior BuA oOpatHelx mapabon € OTNHYAIOLIMMMCA TOYKaMH
3KCTPEMYMOB;

- OTK/IOHCHME OT CTCXMOMCTPHM MO TOIUIMBY NMPHUBOAMT K YBCIHYEHHIO BpCMEHH
ropetis;

- MAaKCHMAJIBHBIC TEMNEpaTypbl B pekUME OOBEMHOr0 rOpeHHS, H3MEPEHHBIC
nupoMeTpoM npumMepHo Ha 400 °C Bbilie, YeM H3MEPEHHBIC TCPMONAPaMH.

AHQIM30M COCTABa MCXOALIMX ra30B NOATBEPAKIEHO, 4YTO B 0OnacTH
OKHCJIMTEABHOrO ropenus, ¢ < 1, mpoucxoaut Beiaenchue razos NO u NO,. B
005acTH  BOCCTAHOBUTENBHOTO  ropeHus  3apukcupoBaio  Bbigeaende  CO,
00ycnoBNCHHOC HCMONHBIM OKMCACHMCM YIVICPOJA, NMPHCYTCTBYIOLICIO B [VIHLHHE
(Pucynok 4).

Uccnenosanue ¢azoporo cocraa MCTAUHPKOHATOB Kanlblis, CTPOHLMUSA H
Oapus  OT COOTHOMIEHMA TOMIMBO/OKHCIMTENb, IIOKaszado, uro HauboJec
ONTHMANBHBIM ABAAETCA CHHTE3 NpH @, Oau3koM k eaunuue. Ilpn 3HauuTENBLHOM
OTKJIOHEHHH OT CTEXHOMCTPHH MO TOMIMBY MOXCT MNOABJATbCA npuMecHadt asa
CTaGUIM3UPOBAHHOrO AHOKCH/A LIMPKOHHA.

B o6macti ¢ = | nopowk METaLMPKOHATOB HMEIOT HAUMEHBLIYIO YACNLHYIO
NoBepxHOCTh M HauGonplwmid pasmep kpuctauutoB. HanGonbiueii yaenbnoi
MOBEPXHOCTbIO O00NAARUOT MOPOLUKH, CHHTC3UPOBAHHBIC B BOCCTAHOBHTEIBIOM
pexuMe npu ¢ > 1,3. COM uccnegoBanus M CCAHMEHTAlMA CHHTC3UPOBAHHLIX
MOPOLUKOB METAUUPKOHATOB HA PAa3sHBIX CTAAUAX OTHKHIa IOKA3AIH, YTO CpeduHi
pasMmep araoMeparos cocTasiseT 2-10 MxM B ananasoue 0,6 < ¢ < 1,5. Arnomepatet
B CBOIO OYEpPeAb COCTOAT U3 KPHCTALINTOB A0 100 M.

Hamepenne 31eKTPONpoOBOAHOCTH KepamHueckHX obpasuos MZrO; (M = Ca,
Sr, Ba), uamepeunblc B Auamasonie Temneparyp 500-900 °C, nokasano, uTo
METALMPKOHATEl Kalblis, CTpoHUMs M Oapus 061aaloT CMCIUIAHHBIM HOHHO-
JEKTPOHHEIM THIIOM NpoBoaumoctH (Pucynok S). Ha ocHoBaHuM XapaKTepHCTHK

CHATBIX ronorpaq)on HMmneaalca JOMHHHPYIOUIHM B NOJHKPHUCTANIHYECCKHX
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Pucynox 4 — Cocrtas ucxoasumx razos PucyHox 5 — BeicoxoTeMnepatypHEeIe
ot ¢ npu cunrese CaZrO, anektponposoaHoct CaZrO;, SrZrO;
# BaZrO; na Bo3ayxe

obpasiax sBnseTCA 3ePHOrPaHUYHOE CONPOTHBIIEHHE, 3HAYEHHS TEMIONPOBOIHOCTH
KEPAMHKH, TPUTOTOBNEHHOIH U3 MOPOLIKOB METAUNUPKOHATOB KalbLHs, CTPOHIHA H
Oapusi CHHTE3HPOBAHHBIX TOPEHHEM, TTO3BOMAIOT CAENATH BHIBOJ O €€ MPHTOJHOCTH K
HCIIONB30BAHHIO B KAUECTBE TEPMOOAPBEPHBIX MOKPBITHIT (PHCYHOK 6).

YerBepTast r1aBa IOCBsLIEHA aHAM3Y TEMIIEpaTyp B peakuMsiX FOPEHHS C
PIMLMHOM npH nonyyennn MZrO; (M = Ca, Sr, Ba).

B cBasm c TeMm, 4TO TeMmepaTypa BO3TOPaHHs, KOTOpas SBIAETCH
XapaKTepUCTHKOI CaMoil CHCTEMbI, 3aBHCHT OT OTHOIIEHHUS TOILUTHBO/OKHCIIHTEND H
OT KaTMOHA MIENOYHO3EMENBHOr0 METalla, NPHCYTCTBYIOUIEr0 B PEAKIMOHHOM
pacTBope, BBEAEHO MOHATHE MaKCHMalbHOro TemmepatypHoro adoekra, AT,
Bemnunna 47T, XapaktepusyeT Ternosoii 3¢dexT peakunH B peanbHOM
(u3MUecKOM peakTope, MAOCTHFAEMBIif MPH ONPENENeHHBIX 3HAYEHHAX ( U MaCCHl
nonydaemMoro coeauHenus. 3Hauenus AT, NS METAUUPKOHATOB KaJbLHY,
CTPOHLMA W Oapus BBHIYMCIEHBI KaK Pa3sHOCTh MEXIY JKCIEePUMEHTAIBHOM
MaKCHMaibHOil TemIlepaTypoH, H TeMIeparypoil BO3ropaHHMs [ KOHKPETHBIX
3Hayenuit ¢ B ananasone 0,6 < ¢ < 1,5 ¢ wrarom 0,1. OxcneprMeHTanbHbIe 3HAYCHUS
MakCHManbHOTO TeMmneparypHoro s¢dexra ne npessuuaior 700 K: ans CaZrO,
AT o =674 K npu ¢ = 1,3; ans SrZrO; — 378 K nput ¢ = 0,9 u g BaZrO; - 518 K
npH ¢ = 1,0 (Pucynok 7). XapaktepHoii uepToii nmapaboNHYECKUX 3aBUCHMOCTEH

AT ac(9) ABNSICTCA HATHYHE MAKCHMYMa B JHanasoHe ¢ = 0,9-1,3.
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Pucynok 6 — 3aBuciMocThb Pucynok 7 — Uamepeniibie 31aueHus
tennonposogtoctH CaZrO; Temneparyproro 3¢ dekra peakuuid SCS
OT TCMIIEpaTyphl MZrO; (M =Ca, Sr, Ba) 4T, OT ¢

Anann3 GakTopoB, OnpelensiolMX HIMEHEHHE MAKCHMAABHBIX TEMIIEPATyp
pEaKLMil ropeHus OT CoACpXKalui TOMIMBA B PEAKUHOHHOM PACTBOPE NPH CHHTE3C
METAUMPKOHATOB KalbllHd, CTPOHLMSA U 6apus MOXeT ObITh BBINOJHEH B paMKax
IIEPBOro 3aKoHA TepMOAMHAMHKHM, 3akona I'ecca M cneActbus W3 Hero. Jlia
BBIYHCIICHUI TEPMOANHAMHYECKUX XapaKTEePUCTHK OKHCIIMTEIBHO-
BOCCTAHOBHTEIBHBIX PEaKUMil B COOTBeTCTBHM ¢ ypashenueM (1) Owino BBeaena
nepemennast dg = ¢ — 1. Toraa ang nocneAyIOUIUX PACUCTOB B CHIlY QAHTHBHOCTH
SHTANBNMK ypaBienue (1) MOXHO yCI0BHO NPEJCTABHTD B BHIC CyMMbl YPaBHEHHI
ABYX peakuMii: cTexuoMmeTpuueckoit mpu ¢ = 1,0 wm d¢ = 0 (2) u ypasneunii (3)

win (3') npu 4g, OTNIHYHOM OT HYJA.

M(NO3); + ZrO(NO3); +2,22NH;CH,COOH —

MZtO; + 3,11N; +4,44CO; + 5,56H;0 V)
2,22ApNH,CH;COOH + 5A¢0; —
1,1149N, + 4,44A¢CO; + 5,56A¢H,0 3)
2,22 ApNH,CH;COOH —
1,1 149N, + 4,44A¢CO; + 5,56A¢H,0 + 5/A¢|O; 3"

B pesynsTaTe NOAHOE YpaBHEHMC MepBOro 3akoHa TepMoaunamuku SCS
nporecca npy nojydyenun m r-mMoiust MZrO; (M = Ca, Sr, Ba) B npeanonoxenuu
JIOKQBHOTO TEPMOANHAMHYECKOTO PaBHOBECHs, OBICTPO HACTYMAIOWIECTO B JaHHOM

CHCTEME, MOXKHO 3amucaTh B Buae (4):



3 S L) = 1 BH (T ) = 22 HRAT, o, =T St
M M @
b

m (Cumr_'_C -:uu) AT " e
rne M- monsapHas Macca, 4H — antansnns, R — yHuBepcansHas ra3oBast OCTOAHHAL,

{f — HHCIIO Moeif ra3000pa3HEIX TPOAYKTOB peakiiH, ¢ — mocrosnnas Credana-

Bonbumana, S - nnowans u3nyuaeMoit MOBEPXHOCTH, f,,, — BpeMs ropeus, C," u
C . — cpenuye n3obapHble TEIIOEMKOCTH NPOAYKTOB CTEXHOMETPHUYECKOH peaKIHy

(2) n peaxunn (3) wmm (3') npu 3uavenuu 4¢ = 1. JIna BeIYMCICHHS TEMIOEMKOCTE !
6bul0  McnonB30BaHO ypaBHeHne Maifepa-Kemnu (5) ¢ yd4eroM TNpeRembHEX
TEMI0EMKOCTE.

C,(T)=a+b-10>-T~c-10°-772 | )
Jng MOHMMaHMA NPHYHH OTHOCHTENBHO HH3KMX 3HadeHWH AT, ¥ BHIABICHHASL
(bakTopoB, ONpeNeNdOMMX MApaGoNaHYECKHH BHA  3aBHCUMOCTH  ATqo(0),
BLINONHEHHl pacyeThl AT,; U AT, B pasnUuHeX TpHOMMXeHHsx: 1) B
211abaTHYeCKOM NIPH CTAHAAPTHBIX 3HAYEHHAX TEMIOEMKOCTEH H BHTANLNHM, 2) B
aguabaTHYeckoM C y4eTOM TeMIEpaTypHbIX 3aBHCHMOCTEH TEIUIOEMKOCTEH u
SHTANBNNH; 3) ¢ YYETOM TEMICPATYypHBIX 3aBHCHMOCTeH TemIoeMKocTell i
OHTAJBNHHM M YYETOM TMOTEPh TEMIOTHl Ha pacllipeHHe rasoB; 4) ¢ ydeToM
TEMIEPATYPHBIX 3aBUCHUMOCTEH TEIUIOEMKOCTell M SHTANBNNM, ¢ YYETOM MOTEPH
TEMUIOTBl Ha pacuiupenue ra3zoB U uinydeHue Credana-Bonbumana. Pemrenne
ypasHenns (4) 6e3 yuera usnydenus Credana-BonsuMana u ¢ ero y4eToMm MMEOT

Bz (6) u (7):

Ccmzx Carmq A
ATMﬂx: emex Tn()l‘mex ¢ AT::OMW (6)
Cm*+C™ Ap+ R ™ c‘”"+cz""" Ap+pRT ™
Ct‘m 2Ty A
AT»«m‘ T:m omex C ¢ 7:10 2wy
Ccmrx +C Al Aq)"'}lR X C‘(‘mx +C ] A¢+/IR .2y
oT,. S 1., > ™

% (CE™ + T Ag 4 iR)



rie AT,y cmexr M AT,y — TEMICpaTypuble 3 dexThl aguabaruueckix peakuuii (2) u

Gy Q) u (3, u=13,11 +6,11-dp mnsa dp <0 m e = 13,11 + 11,1 1-do nna 4¢p >

0. ns pacucTtoB % =0,03.

padmueckue 3asucuMoctd (Pucynok 8), momydcHHbIC MyTEM BLIMHCICHHA
TeMnepatyptoro a¢dexra ana kaxaoro ¢ no dpopmyne (6) uncaelno-rpagHYCCKHM
MCTOZIOM He [OKa3bIBAIOT NapalonHyecKUX 3aBUCHMOCTEl M MAaKCHMYMOB B
HCCIIEAyeMOM  JIHANa3oHe COOTHOWICHHIT TonuBo/okucanTens. Hccneaosanne
peuicHuit ypashenus (6) METOAaMH MaTEMaTHUYCCKOro aHaH3a CBHACTCIBCTBYET O
MOHOTOHHOM Bo3pactauun ¢yHkunn AT,..(p) (Pucynok 8). bes yuera noreps
TEIUIOTH Lia pacLikpeHue ra3os sMecto 47, Heo0XxoauMo Henons3obatb 475,

Ananus pewenust ypasueuust (7), KOTOpOe 3arucano s Clyyas ¢ Y4€TOM
noreps  Temwiorsl Ha  u3nydenue  Credana-Boneumana,  noarsepiaaet
3akoHoMepHocTs  napabonnyeckoil  3aBUCHMOCTH  AT,a(@p) (Pucynok 9) c
MaKCHMyMOM B BOCCTAHOBHTCNBHOM oOnacTu. 3HaucHHs MAaKCHMYMOB Ha
skcnepuMeHTanslbix (Pucynok 7) u teopernyeckux (PHCyHOk 9) 3aBHCHMMOCTAX
AT, ac{@) HEMIOXO KOppenupyioT Mexay coboif. Jas peakropon 6e3 H3ny4aiomcii
NOBCPXHOCTH mpH ¢ >> [ 3uauenne AT, orpaunycuo npeneaom (8),

BBIYHCIIEHHEBIM 13 (HopMyb (6):

G AT
AT, = =Lt g
lim C;.w‘l +1 l‘ll R ( )’

st peakuuil ¢ rauumHOM ero 3uadcHHe coctasiaser ATy, = 1600 K. Takum
00pa3oM, maxe mpud ONTHMAIBHOM cOCpe:KEHMH TCILUIOBOH SHEPTHH B PEAKTOpC,
TeMInepaTypHbtii a¢g ek ne 6yaer npessimars 1600 K.

Ewe onnoii saxuoii xapaktepuctikoil SCS peakumii spnseTcs MHHUMAIBLHOC
3HaycHHe ¢, NpH KOTOPOM BO3MOXHA camornoinepxupaiolmaicsa peakuus. Ero
3HQUEHHE HAXOAMIN YHCICHHBIM peweHHeM ypaBHeHus (7) npH yeaoBuu AT > 0.
Pe3ynpTaThl pacyeToB MokasblBaioT, yto peakuus SCS CaZrO;, SrZrO; u BaZrO;

OCYLIECTBHMA, HaunHag ¢ ¢ > 0,4; 0,3; 0,4 cooTBETCTBCHHO.
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Pucynok 8 — 3aBucumocts 4T, 11 AT 0 Pucynox 9 — Paccunranusie
c
ansa SCS MZrOs (M = Ca, Sr, Ba) ot ¢: 3aBHCHMOCTH TEMITEPATypHOTO
1 — pacuer u3 cranAapTHLIX 3HAYEHHUIT adpexta AT,z OT 9

TEIIOEMKOCTEH H SHTANBITHH, 2 — pacyeT
€ Y4€TOM TeMIEPaTYPHBIX 3aBHCHMOCTEH
TETIOEMKOCTEH M IHTANBINH, 3 — pacter
C JONONHHUTENLHBIM YUETOM IOTEPD
TEIUIOTHI Ha pacllipeHne ra3on

OKCEpUMEHTANLHOE H3YdeHNE Peakuuii CHHTE3a MeTauupkonatoB MZrOs; (M
= Ca, Sr, Ba) B peaxnuax ropenust u3 pactBopos H,O — M(NOs), — ZrO(NO;), -
oNH,CH,COOH BbIsBUIO 3aBHCHMOCTb TEMIEPATYPHl BO3TOpaHMA KCeporeei,
T2, OT COOTHOLIEHNS TOIUTUBO/OKHCINTEND (). B uccnenosannom auanasoue 0,6 <
¢ < 1,5 3nauenns T, pacnionaraloTcs B Tpex AHaNasoHax, COOTBETCTBYIOLMX TPEM
PEeXUMaM TOPEHHS: TIEIOWEro ropeHns, 06bEMHOrO TOPEHHA H TOPEHHS IO THITY
CBC. TemnepaTypsl BO3ropanms H3MEHSIOTCA M 3aBHCAT OT  IPHPOJISI
METaUUPKOHATOB. JKCMEPUMEHTANBHO YCTAHOBJICHO ITOSIBIEHHE MaKCMMyMa Ha
3aBHCHMOCTH  AT,ac(p), xortoputit ana  CaZtO; wu  BaZrO; casunyr B
BOCCTaHOBHTENbHYI0 001acTh. MakCHMAaNBHEIC TEMIEPATYPH! B peaklUaX CHHTE3a
YMEHBUIAIOTCA B PANY METAUMPKOHATOB KalbIHs, 6apys ¥ CTPOHLHA, BPEMS FOPEHHS
OT @ XOpOWO annpoKCHMHpYeTCA mnapabomoii ¢  MHHHMYMOM  BOIM3M
CTEXHOMETPHUYECKOTO OTHOIUEHHs! TOTIHBO/OKHCANTEND, @ = 1,0,

Cunres 13 peakuMonybX pacTBopoB ¢ ¢ = 1,0 onTHManen A1s MONyYeHHS
MaKCHUMallbHO MOHO(A3HBIX METaUuHpKkoHatoB., JIIA MNOMYYEHHS MAaKCHMATBHO
TIOTHOI KEPAMHUKH C MOHHKEHHEIMH TEMIEPATYPaMH CIIEKAHHS M [ YMEHBIICHHS

3CPHHCTOCTH MAaTCPHUANOB DPEKOMEHAYETCS] BECTH CHHTE3 B BOCCTAHOBHTEJIBLHOM
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pexxume. Cunres nmpu ¢ = 1,3-1,5 no3ponseT Noay4uTh BHICOKOAMCIICPCHBIC H
XUMHYCCKH AKTHBHEIC MOPOLIKH NPEKYPCOPOB CIOXKHBIX OkcHA0B. OAHA M3 NPHYHH
JTOrO ABJCHHA — HCMOJHOE CropaHuc yriiepoja MNpH AECTPYKLUHH OPraHHYeCKOro
tonnua. MccnemoBanue cOCTaBa MCXOASLIMX Ta30B NPH TOpEeHHH kceporens (Ha
npumepe cuntesa CaZrO;) oGHAPY HIT0, YTO BLIAENCHHE 3HAUHTENLHOTO KOJIHYECTBA
NO, npu ¢ < 1,0 npakrudecky npekpautaercst npu ¢ = 1,0. Ananus oTXoAsiluX
ra3oB B BOCCTAHOBHTENbHOM oOmact ykaseiBaer Ha npucyrcteue CO,
00ycnoBcHIoe HEAOCTATKOM KHCIOPOAA B OTKPBHITOM PCaKTope.

Teopernueckue pacuceTsl TeMncparypuoro osddekra peaxuuii  ropetus
pactsopos M(NO;); - ZrO(NOs), — ¢NH,CH,COOH (M = Ca, Sr, Ba),
BLIMOMHCHHbBIC O pa3paboTanHoil aBTOPOM MCTOAMKC, MOKA3aNH, YTO B CICAYIOUHX
npubmmxennax: 1)  apuabaruueckoMm; 2) € [OMNOMHUTENBHBIM — YHETOM
TEMIICPATYPHBIX 3ABUCHMOCTCH SITAILINN M TEIOCMKOCTEiT; 3) a Tak e ¢ yucToM
M0Teph TCMIA Ha paciluupenue rasos, 3uayeHus AT.o(@) M AT,uc(p) MOHOTOHHO
BO3pACcTAIOT MpH  YBCIMMECHHM ¢ M HC HMEIOT MaKCHMyMa, Kak 1a
OKCNIEPUMCHTAILHOM ~ 3QBHCHMOCTH.  YYeT  TEMOEPATypHBIX  3aBHCHMOCTCH
TCIUIOCMKOCTE M JHTAILIMH, @ TAKKe MOTEPh TEIUIOTHl Ha pPaCIIHPCHHC Ta30B
NPHBOAAT K 33aMETHOMY COMDKCHHIO JKCICPHMEHTAILHOTO M PACyCTHOrO
temneparypuoro 3¢dekra B obmacth ¢ < 1. Hccneposanuem Ha IKCTpEMyM
NoKasaHa HEBO3MOKHOCTD  MOABICHHS  MakCUMyMa Ha  (yHKUHOHAJIBHBIX
3aBUCHUMOCTAX AT, 4(®) Ge3 yucTa usnyyeHus ¢ OTKPLITON NOBCPXHOCTH PeaKTopa u
ATad(‘/’)'

JlOnoMIHTENBHEI yYeT NOTeph TCMIOBOK SHCPrUH HA M3JyuyeHie BbI3LIBACT
NosiBNCHHE TOYKH MAKCHMYMa HQ TEOPETHYECKUX 3aBUCUMOCTAX AT a(@) ANs
OTKPEITOrO peakTopa. Jlis pacucTHBIX W OKCHCPUMCHTAILHEIX 3HAUCHHUI 4T, (@) U
TOYCK IKCTPEMYMOB HabMI0AA€TCS YAOBNCTBOPUTCILHAT CXOAUMOCTD.

BrInoJIHEHEBIC MCCICAOBAHHS CUHTE3a B PCAKUMAX TOpEHHs JOKA3BIBAIOT TO,
4YTO OCHOBHLIMH  (aKTOpaMH, KOHTPOJHPYIOIMMH 3HEPreTHKY MPOLECCOB,

JAUCHEPCHOCTD H XHMHYECKYIO AKTHBHOCTB IOJTy4acMbIX COCllPIllCHPIi"l,
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MoHOGbA3NOCTb, ABISETCA H3MeEHEHHe NapameTpa ¢ M HW3Ny4alolleil moBepXHOCTH
peakTopa.

Mamepenus mucnepcHOCTH, YRENBHOH IOBEPXHOCTH M Mccaegopanus COM
MIOKa3a/M, YTo CHHTe3upoBaHubie MeToftoM SCS mopowku MZrO; (M = Ca, Sr, Ba)
COCTOAT M3 MPOYHBIX aryiOMEPaTOB HENPaBHIBbHONM (OPMBI MHKPOHHOTO pasmepa c
pasmepamMn kpHCTamuTOB 50-100 HM. KpHCTANNNTEL MUHMMANBHOTO pasMmepa
NOJNY4aIoTCss NPH CHHTE3e B BOCCTAHOBMTENBHOM oOnactw mpu ¢ = 1,3, a
MaKCHMIBHOTO — BOJH3H TOYKH CTEXHOMeTpHH, ¢ = 1,0.

ONeKTpoNpoBONHOCTH KepaMuueckux obpasuos BaZrQ;, CaZrO; u StZrO;,
n3mepenrnsie npu 900 °C pasipt 4,010%;2,5-10° 1 4,3-10°¢ CwM/cM, COOTBETCTBEHHO.
M3 ananmsa roporpadoB onpemenen XOMHHHPYIOMIMH BKJIZ[ 3€pHOrPAHHYHOTO
COMpPOTHBIICHHA B IIOJIHOE CONPOTHBIEHHE 00pa3uoB. TemIonpoBoAHOCTE KEPaMUKH
MZrO; (M = Ca, Sr) ¢ npeobnanannmem (oHOHHOH cocTapnaomell paBHA
~1,8-2,5 Br/m-K.
3axniouenue
1. BrimonHens! TepMOXHMHUYECKHE HCCIEAOBAHUS TIPOLECCOB, IPOTEKAOLIMX TIPH
CHHTE3¢ METAUMPKOHATOB KanbUMs, CTpoHLMA M3 pactBopo H,O — M(NO;), —
ZrO(NOs), — NH,CH,COOH (M=Ca, Sr, Ba) B nuanasone ¢ = 0,6-1,5. Ha ocHoge
NONYYEHHBIX DKCIIEPHMEHTAILHBIX JAHHBIX YCTAHOBJIEHB! 3aKOHOMEPHOCTH BIUSHHSA
COOTHOILIEHUS TOMIMBO/OKUCIHTEND HA TEMIEPATYPhl BO3TOPAaHHA M MAKCHMAJIbHEIE
TEMIIEPATYpPBI B PEAKLHSX FOPEHHS B OTKPBITOM PEaKTope.

2.  HanMensliee KOJNMYECTBO BPEIHLIX Tra30B BBHUENSETCS MpPH  CHHTE3E
uupkonaros MZrQO; (M = Ca) B peaknusx ropeHns ¢ nuuu#oM npu ¢ = 1,0,

3. Ilpomeneno wuccnemoBanHue 3aBHCHMOCTH (DA30BOTO  COCTaBa, YAENBHOlM
MOBEPXHOCTH M JMCHEPCHOCTH  METallMPKOHATOB  OT  COOTHOILIEHHs
TOMIHBO/OKHCITHTEND H M3ydena Mopdonorus nopoukos, [Tokaszano, 4YTo monydyeHue
MOHODA3HBIX CcOeaMHEHHH B peakuusax Tropenus TpebyeT AONONHHTEIBHOM
TepMoobpabotku.  JlMcepcHOCTh  NMOJyYaeMBIX — MATEPHANOB  BO3PAcTaeT cC
yBCIHYEHHEM  OTHOCHTENBHOTO  COACPNKAHHS  OpPraHHYECKOro TOIUIMBA B

PCaKIIHOHHOM pacTBOpE.
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4, VeTaHoBlieHo, YTO 3KCMEPUMEHTANbHBIE 3aBUCHMOCTH  MAaKCHMAIbHOIO
3HayeHus temueparypuoro a¢dexra, AT, 4, OT MapaMeTpa ¢ B PpeAIbHOM OTKPLITOM
¢u3MYecKOM pcakTope HMeloT BHI oOpaTHoif mnapaboisl € MakCUMyMOM B
BOCCTAHOBHTE/IbHON 001acTH.

5. Tlpepnoxena METOAMKA TEOPETHUCCKOrO pacyeTa 3aBHCHMOCTH AT, = fldp)
B OTKPLITOM PEaKTOpe, B KOTOPOii YUTEHBI TCMIICPATYPHBIC 3aBUCHMOCTH JHTIBITHH
H TEIUIOEMKOCTEN ¢ y4eTOM HX MpelesbHbIX 3HauUeH i, TOTEPH TEIIOBOH HEPTHH B
peakTope Ha pafoTy Mo paciiMpeHHio rasos, HinydenHe Credana-bonsumana u
yBeNMUeH e BUYTpeHHEH SQHEPrUK IPOAYKTOD PEaKLnH,

6. Pacueramu noka3ano, 4TO MNOABJEHHE MAaKCHMyMa B BOCCTAHOBHTCIBLHOM
obmactu 11a 3aBUCHMOCTH AT, ..(@) 00ycnosneno uamyucineM Credana-boasumana
C OTKpBITOIl IIOBEPXHOCTH DEAKTOpa, 4 B PCANBHBIX YCIOBHAX MAaKCHMAIbHBIH
TeMICpaTypHblil aQQgexT peakuyu ropeHus NPH CHHTE3C UMPKOHATOB KajlbUui,
CTpOHLMSA M GapHs ¢ rIHLHMHOM He OyaeT npesbimaTs 1600 K.

7.  TeopeTHuccKM BBIYHCIICHIBIE MHHMUMAQIBHBIC 3HAYCHHA ¢, TNPH KOTOPBIX
BO3MOXKHA  CAMOMNOAACPXKUBAIOWIAACA  peakuus  FopeHus  NpH  CHHTE3e
METAUMPKOHATOB Kanplus, cTpounus M Gapus cocrasnamior ¢ = 0,4; 0,3; 04
COOTBETCTBCHHO.

8. IMoxa3ano, YTO OCHOBHBIMH HHCTPYMEHTAMH YOpaBicHUSA MNpPOLECCAMH
ropeus NpH HCHOJB30BAaHHH MCTOAA FOPCHHS PacTBOPOB s CHHTC3a OKCHIHBIX
coeMIcHuUil SIBNMIOTCA TUI TOMIMBA, OTHOIICHHE TOIIMBO/OKHCIIUTEND, H3MEHCHHE
OTKPLITOH  MOBepxHOCTH  peakTopa.  [loaydennble  AaHHBIC  I103BOJISIOT
c)OpMYNHpPOBATL OCHOBHBIC TEXHOJOTHYCCKMC MPHCMBI MONYYCHHS KCPAMMKH
CIIOXHBIX OKCHAOB C MOHIKEHHOIH TeMIeparypoil CeKaHus, BEICOKOi MIIOTHOCTH H

cyOMHKPOHHBIM pa3sMepoM 3epHa.

Pesyavmamst ouccepmayuonnoii pabonsl u3nosiceiisl 6 cAeoylouiiix nydaukayuax
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