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OBIIAA XAPAKTEPUCTHUKA PABOTHI

AKTyaJIbHOCTH TeMbl AUCCEPTALMH. B HACTOsIIIIEe BpeMs
HUTPUJIOKPEMHHUEBBIC MAaTE€pUalIbl HAXOMIT IIMPOKOE MPUMEHEHHUE B Pa3IMYHBIX
OTpacisiX MPOMBINIJICHHOCTH. B CBs3W ¢ 3TUM u3ydeHUE (UBUKO-XUMUICCKUX
CBOMCTB KEpaMHUECKHUX MaT€pUaJiOB HA OCHOBE HUTPHUJA U KapOOHUTPUJIA KPEMHUS
SBIIIETCA aKTyaJlbHbIM. B HacTosiee BpeMsl cO37al0TCs HOBBIE IPOU3BOACTBA
KepaMUYECKUX MaTepHasioB, TpeOyrolIue H3y4eHHs IIeJIOr0 KOMILJIEKCa CBOWCTB,
TaKuX Kak (U3MKO-MEXaHUYeCKue, (PU3NKO-XMMHYECKUE U TEPMHUUYECKUE CBOMCTBA.
JlaHHBIE HUTPUIOKPEMHHUEBBIE MAaTEpUAIbl SBISIOTCS CaMBIMU TEPCIEKTHBHBIMH
Kepamokomno3unioHHeiMU MaTepuaiamu (KKM). B pabdorax a.¢-M.H., npodeccopa
KacmambiroBa H.K., n.¢-m.H., mpodeccopa Maxkapoa B.Il. mompoOHo ommcana
TEXHOJIOTHUS, CTPYKTYpa, TepMoMexaHndeckue ceorctsa KKM Ha 0cHOBE IITaMOBOTO
0TX0/1a KPEMHHEBOTO MPOU3BOJICTBA, HO HEAOCTATOYHO TIIYOOKO HM3y4€HO (U3HUKO-
XMMHUYECKHME CBOWCTBA M KHUHETHKA PEAKIIMOHHOTO CHUHTE3a HUTPUIOKPEMHHUEBBIX
MaTepHaJIOB.

B surepaTypHbIX HMCTOYHHMKAaX OTCYTCTBYIOT KakHe-TMOO JaHHbIE 00
WCCJICIOBAHUH TIOCBSIICHHBIX XUMHUYECKo ycTounBocTH KKM cHHTE3MpOBaHHBIX
HA OCHOBE MEJIKOAMCIEPCHBIX OTXOJOB MOJYNPOBOJAHUKOBOTO TPOU3BOJICTBA
KpemHus. Her Tak ke B HAy4YHBIX TPyJax NPEIINICCTBEHHUKOB TEOPETHUYECKUX U
MOJIETIbHO-MAaTEMaTUYECKUX UCCIIEIOBAHUIM pEaKUHOHHOT O CUHTE3a
HUTPUJIOKPEMHUEBBIX MaTEPUAJIOB B cpele a30Ta. AKTYaJbHOCTH PabOThI
HANpsIMyI0 CBsi3aHa C BO3MOXKHOCTBIO TPUMEHEHHUS TMOJTYYEHHBIX Hay4YHBIX
pE3yNbTAaTOB Ha MPAKTUKE, a TAKXKE CIIOCOOCTBYIOIIMKA PAa3BUTHIO (DU3UIECKOTO
MaTepUaJOBE/CHUS B HAIMPABICHUU CO3/aHUS HOBBIX KEPAMKOKOMIIO3UIIMOHHBIX
MaTepHalioB HA OCHOBE KapOOHUTPUIHBIX, OKCHHUTPUIHBIX U HUTPUIHBIX KEPAMUK.

CBsi3b TeMBbI THUCCEPTANNH ¢ KPYIMHBIMH HAYYHBIMHU MPOEKTAMHU H HAYYHO-
HccJe0BaTeJJbcKuMu  padoramu.  Hayynas — gucceprauvoHHas — pabora
BBINIOJIHSJIACH T10 JIMHUM TOCOIO/KETa B paMKaX Hay4YHO-HCCIIEAO0BATEIbCKUX padoT,
yrBepxaeHHbIX [Ipesunuymom HAH KP, cornacno mnanam HUP Uucturyra dusuku
uMm. akagemuka K. Keenbaeea HAH KP B mabGoparopun «IlopomikoBbix
MaTepuaIoBy.

O0beKT HcCIeI0BAHUS — KEPAMOKOMITO3UIIMOHHBIE HUTPHUIOKPEMHUEBBIC
MaTepualibl, IMOJYYEHHbIE METOAOM PpPEAKIMOHHOTO CHHTE€3a M3  OTXOJOB
IOJIYIPOBOJAHUKOBOM KPEMHHMEBOW IPOMBILIIJIEHHOCTH, B YAaCTHOCTU KBIPrbI3cKOro
XUMHUKO-METAJTypPrH4eCcKOro 3aBoja «Actpay m.r.1. OpjaoBka.

I[Ipeamer wuccienoBaHuss — (QU3UKO-XMMUYECKHE CBOMCTBA U IPOLIECCHI,
POTEKAIONINE MPU BO3IECUCTBUM arpecCUBHOM Cpelbl Ha KEPAMOKOMIIO3UIIMOHHbBIE
HUTPHUJIOKPEMHHUEBBIC MaTepHallbl M W3yYe€HHWE KWHETHUKH PEaKIIMOHHOTO CHUHTE3a
KPEMHHUS B CpeJie a30Ta MyTeM pa3padOTKH OJHOMEPHON MAaTEMaTUYECKOH MOJIEIH.



Heab u 3apaum ucciaeaoBanusi. llenpro quccepranoHHON pabOTHI SIBISETCS
n3ydeHue (PU3MKO-XMMUYECKUX CBOWCTB pEaKIMOHHO-CUHTEe3upoBaHHBIX KKM Ha
OCHOBE HHUTPHJIA KPEMHHUS B PA3JIUYHBIX arpeCCUBHBIX CpENax M ONPEIEIICHHE
ONTUMAJbHBIX YCIOBHI pPEAKIIMOHHOTO CHHTE3a 4Yepe3 IOCTPOEHUE OJHOMEPHOM
MaTeMaTH4YECKOU MOJIENH.

ITocTaBiieHHAs Wedb JOCTUTAIACh PEIICHUEM CIENYIOMINX 3a4a4:

1. TloayyuTh METOIOM pPEAKIIMOHHOTO CHHTE3a Ppa3JIMYHBbIE OMBITHbIE O0pa3Ilbl
KKM Ha OCHOBE yJIBTPAAUCIEPCHBIX OTXOJOB  IOJYNPOBOAHUKOBOIO
MpPOU3BOJICTBA KPEMHHMSI B Cpele a30Ta W MeTaHa NpU  Pa3IUYHBIX
TEMIIEPATYPHBIX PEKUMAX CIICKAHMUS.

2. HccnenoBaTh (bU3UKO-XUMUYECKYIO YCTOMYHUBOCTh B Pa3IMYHbBIX
KOHIICHTPUPOBAHHBIX KUCJIOTAX U ILIEI0YaX ONBITHBIX CUHTE3UPOBaHHBIX KKM.

3. Paccumtath METOIOM pPaBHOCTOPOHHEr0 KOHIIEHTPAIIMOHHOTO TPEYTOJIbHUKA
['n66ca-Po3eboma a3oBblil cocTaB MOMYYEHHBIX ONBITHBIX 00pa3oB KKM.

4. M3y4uTh KWHETUKY DPEAKIIMOHHOTO CHHTE3a HHUTPUIOKPEMHHUBBIX OOpPA3IOB H
OIPEJEIUTh ONTUMAIBHOE YCIOBUE UX MOJTYUYEHHS [IPU PEAKIIMOHHOM CHHTE3E C
ITOMOIIBIO OJHOMEPHON MAaTEMATUYECKON MOJEIH.

5.  Onpenenuthb 00JacTh IIPUMEHEHHS CUHTE3UPOBAHHBIX
KEpaMOKOMITO3UIIMOHHBIX MaTepuasoB B Pa3IMYHBIX o0JacTsx
npoMbITuIeHHOCTH KbIpreizckoii PecmyOnmku.

Hay4yHasi HOBU3HA MOJIyYeHHBIX Pe3yJibTATOB:

1. BmepBbie NONy4yeH U3 MOJHAMCIEPCHOTO OTXOjJa KPEMHHUS KOMITO3HUIIMOHHBIN
Kepamuueckuii Mmatepuai ¢ dasoit Si-SiC-C B cpeie MeraHa.

2.  OmnpeneneHsl mapaMmeTpbl HU3UKO-XUMHUYECKON CTOMKOCTH, TolydeHHbIXx KKM
yTEM PEaKLIMOHHOTO CUHTE3a OTXO/10B ITOJIYTIPOBOJHUKOBOM
IIPOMBIIIJIEHHOCTH B CPEJIE a30Ta.

3. Paccumran ¢ momompio Meroga I'mb66ca-Pozeboma (ha3oBbIE M XMUMHUYECKHIMA
COCTaB MOJIYYEHHBIX  KEPAaMOKOMITO3UIIMOHHBIX  HUTPHUIOKPEMHHUEBBIX
MaTepUaJIOB PEAKIIMOHHO-CUHTE3UPOBAHHBIX B CPEE a30Ta.

4. Pa3zpaboraHa ogHOMepHas MaTeMaTH4YeCKash MOJENb PEAKIIMOHHOTO CIEKaHMS
YIBTPAAUCIIEPCHOTO OPOIIKA KPEMHHUS B CPENIE a30Ta.

JI0CTOBEPHOCTH Pe3yJbTATOB O0ECIIEUCHO HCIOIb30BAHUEM COBPEMEHHBIX
IMPOBEPEHHBIX METOJla HCCIAEAOBAHUM B YAaCTHOCTH PEHTTEHOCTPYKTYPHOTO U
peHTrenodazoBoro aHaJU3bI, ANEKTPOHHAS MUKPOCKOMIUS c
MUKPOPEHTT€HOCTIEKTPAIbHBIM ~aHAJIN30M, ammpoKcuManuu audepeHInantbHbIX
YpaBHEHHM M WUTEPALIMOHHOTO METOJAa WX PEUICHHUs, a TaKXKe MOATBEpKAarouiencs
yIOBJICTBOPUTEIILHOM KOPPEJISIIIUEl C paHee U3BECTHBIMU U MOJIYYEHHBIMU JTaHHBIMU
DKCIEPUMEHTAa M C PE3yJbTaTaMH pPacyeTOB JpPyrux aBTOpoB. lIpm m3mepeHwmsax
buznuecknx BETUYMH OBUIM YYTEHBl PA3JIMYHBIE BO3HUKAMOIINE WCTOYHHUKU
MNOTPEIIHOCTA — WHCTPYMEHTAJIbHbIC, CTAaTHCTUYECKUE, ClydailHble, KOCBEHHBIE, a



TAK)K€ METOIMYECKHME M CYOBEKTUBHBIE IIPH  ONPENEIECHUU XUMHUYECKOU

YCTOMUYMBOCTM B arpecCHBHBIX Cpelax M XHUMHYECKOIO COCTaBa METOJIOM

KOHIIEHTPAIIMOHHOTI'0 TpeyroibHuka ['mboca-Po3zeboma, ompeneneHuss KUHETUKH U

pacdera peakuuoHHoro cuHte3a KKM ¢ momompo 0JJTHOMEpHON MaTeMaTH4ECKOU

MOJIEIIN.

IIpakTHYecKasi 3HAYMMOCTD IOJY4YEHHbIX Pe3yIbTaToB.

1. BriepBble MpoBe/IeH CUHTE3 B CpeJie METaHa KEPAMOKOMITO3UIIMOHHBIX MaTEPHUATIOB
¢ no0OaBieHUEM TIpaUTOBBIX BOJIOKOH Ha OCHOBE IPOM3BOACTBEHHBIX OTXOJIOB
MOJIYIIPOBOAHUKOBOM npoMbliiuieHHOCTH KXM3 «Actpay, Keipreizcras.

2. IlpoMbllieHHBIE TOMYIPOBOIHUKOBBIE OTXOJbI TMEPCHEKTUBHBI B TOIYYCHUU

KepaMHYECKUX MaTepuaioB nyréM cuHTe3a paszinudblix KKM Ha ocHoBe

HUTPUAOKPEMHUS, OKCUHUTPHUIA KPEMHUS U KapOOHUTPUIA KPEMHHUS.

3. PeakmumonHo-cunresupoBanHsie KKM  o00magaioT MOBBIIEHHOW — (U3HKO-

XAMHUYECKOU CTOUKOCTBIO K arPECCUBHBIM CPEIaM.

Ha ocHOBe pe3ynbTaToB MCCIIENOBAHUS IMOJY4EHO ABTOPCKOE CBHUIETEIIBCTBO
Ha H300peTeHHue KepaMOKOMITO3MIIMOHHOTO MaTepuala, 3aperucTpUpOBaHHOIO
Ksipreiznarentom  «Crnoco®  MojiyueHUsT  KEpaMUYECKOTrO  KOMIIO3UIIMOHHOTO
Marepuaia U3 0TX0J0B KpeMHueBoro npousBozicTeay (19) KG (11) 1766 (13) C1 (46)
28.08.2015

OcHOBHBIE 10JIO’KEHHS AUCCEPTALUM, BBIHOCUMbIE HA 3AIUTY:

1. Merox mnomy4yeHuss KOMITO3ULIMOHHBIX MaTEpHAIOB B Cpele MeTaHa C
noOapieHneM  rpadUTOBBIX  BOJIOKOH HAa  OCHOBE  IOJYHNPOBOAHUKOBBIX
YIBTPAAUCIEPCHBIX OTXOJ0B KPEMHHUSI.

2. Pesynbrathl uccnenoBaHuil (PU3UKO-XMMHUECKONW CTOMKOCTH PEaKIIMOHHO-
CHUHTE3UPOBAHHBIX KKM ¥Vl BO3/IEICTBUEM arpecCUBHBIX cpexn:
KOHLICHTPUPOBAHHBIX KUCJIOT U IIETOYEH.

3. Pe3ynbTaThl XUMHUYECKOTO COCTaBa peaKIMOHHO-CUHTe3upoBaHHbIX KKM Ha
OCHOBE KapOOHUTPHIA, OCKUHUTPUJIA U HUTPUJA KPEMHHMS, MOJY4YEHbl PACUETHBIM
metonoM ['nb6ca-Pozeboma.

4. MaremaTuyeckass OJHOMEpHass MOJENb  PEaKIMOHHOTO  CHHTE3a
MUKPOJUCIEPCHBIX IUIAMOBBIX TIOPOUIKOB KpEeMHHUS (OTXOIOB KPEMHHEBOI'O
MIPOM3BOICTBA) B CpeJie a30Ta.

Jlnunblii BKJIax couckartenas. B jauccepraunoHHOl paboTe pe3ysbTaThl
SBIISIIOTCS. UTOTOM OOIIMX M CAMOCTOSITEIBHBIX HCCIENOBaHMMA aBTopa. JIMYHBIM
BKJIJ] aBTOpa 3aKJIIOYaeTcs B cieayloleM: o0paboTka aHaiu3a, WHTEpIpeTalus,
HNoJdy4yeHHe U OOOOIIEHHE  MOJYYEHHBIX  OKCICPUMEHTAIBHBIX  JIaHHBIX.
JHucceprannonHas padora SBISIETCS Pe3yJIbTaTOM 3aKOHUYEHHOM paboThl aBTopa. Ha
pPa3NUYHBIX ATanmax TEXHOJIOTMYECKON pa3paboTKH OTHeNbHbIE BUABI padoOT
UCCIIEZIOBAHMUS, aBTOP BBIMOIHSII COBMECTHO C KOJIJIEraMu J1abOpaTOpuu, HO IIPU ATOM



JUYHBIN BKJIAJ] aBTOpA SIBJISIETCSI OCHOBHBIM B MPOBEICHUHM HKCHEPUMEHTAIbHBIX

WCCJIEIOBAHUI U BBIBOJIOB B 1LIETIOM.

ABTOp MPUHOCUT TIy0oUaiiyt0 0JarogapHOCTh 332 MOMOIIL B ONpPEAEICHUH
1enu paboThl M OOCYXKIEHHUS TMONYYEHHBIX PE3yJbTaTOB HAYYHOI'O PYKOBOJMTENS
n.b-m.H., mpodeccopa Hypbeka KeimbipmeimeBuya KacmambpiTOBa W HaydHOTO
KOHCYyJbTaHTa n.(p-M.H.A4.T.H. npodeccopa Bmanummupa IlerpoBuua MakapoBa u
JIPYTUX HAY4YHBIX COTPYIHUKOB JIA0OPATOPHH.

Anpobauust pe3yJbTaTOB HccaenoBaHuii. OCHOBHBIE TIOJIOKEHHS U
pe3yabTaThl JUCCEPTAMOHHOM paboOThl OOCYXJaMUCh U JOKJIaJAbIBAINCH Ha
MEXyHAPOIHBIX HAYYHO-TIPAKTUYECKUX KOH(PEPEHIIUSIX:

1. VIII International conference «Advanced technologies, equipment and analytical
systems for material sciences and nonmaterial’s», Almaty, Republic of
Kazakhstan, June 9 and 10, 2011 r.;

2. MexayHaponHo Hay4yHOU KoH(pepeHIMH «PaxmarynuHckue-OpMOHOEKOBCKUE
yreHus» r. bumkek, 27-29 urons, 2013 r.,;

3. MexxnyHaponHold — Hay4HO-TIpakThueckod  koHpepenmun  «HoBas  Hayka:
TEOPETUUECKUM M NPAKTHYECKUM B3msiA», . Hwxauii Hosropon, 14 anpens
2016r.;

4. XI Uccrhik-Kynbckolt MeXITyHApOAHOW IIKOJIE-KOH(EPEHIIMU TI0 paJaraIliiOHHON
¢usuke TBepaoro tena SCORPh-2015, r.bumkek-bapckoon, 2015 r.;

5. Pacummpennsiii HayuyHblii cemuHap Keipreizcko - Poccuiickoro  CrnaBsiHCKOro
yHuBepcutrera uM. b.H.Enepnuna, EcrecTBeHHO-TexHUYECKOro ¢akyabTeTa,
kadeapsl PU3NKKA 1 MUKPOIJIEKTPOHHUKH, 2018 T.;

6. CtaxxupoBka MOJOIBIX Y4eHBIX rocyaapcTB ydactHukoB CHI' r.JlyOHa,
OObenMHEHHBIH MHCTUTYT SJEpHBIX HccaeaoBaHuii, Poccus, MockoBckas
obnactp, r. Jlyona, 18 Mapt-17 anpens 2012r.;

7. CTaXMpoBKa MOJIOJBIX Yy4yeHbIX rocynapctB ydacTHukoB CHI' 1.JlyOHa,
OObenMHEHHBIH WHCTUTYT SACPHBIX ucciaenaoBanuii, Poccusi, MockoBckas
obnactp, r. JlyoHa, 15 mapt- 14 anpens 2019r.;

8. CTaxxupoBKa MOJIOABIX Yy4yeHbIX rocyaapctB ywactHukoB CHI' r1.JlyOHa,
OObenMHEHHBI MHCTUTYT SJAEpPHBIX ucciaenaoBanuii, Poccusi, MockoBckas
obnactp, r. Jlyona, Oxta0ps 2019r.;

9. 71-1 mexnyHaponHas Haydas, KoH(pepeHims «Eurasian scientific associationy,
Poccus, r. Mocksa, 28-29 ssuBapst 2021 r.

IlomHoTa oOTpakeHUss Ppe3yJbTaTOB [JUCCEPTANUM B NYyOJIMKALUSX.
Martepuaiibl HacTOSIIEH TUCCEePTAIlMU HAIUIM CBOe oTpaxkeHue B 30 myOmuKammsx:
HAy4YHBIX OJKypHaJaX M COOpHUKAX, Ha MEXIYHapOJIHBIX U PECIMyOJUKAHCKUX
KoH(epeHIusAX, Hay4dHbIX MIkojax, oTuérax HUP 3a 2009-2021rr. WucTuTyTa
®uzukn HAH Keipreizckoit pecriyOnuku u B 1 aBTOPCKOM MAaTEHTE.



CTpykrypa u o0bem auccepranmu. [luccepranmonHas pabota COCTOUT U3
BBEJIeHUA, NATH 1aB, 141 crpanun Ttekcra, 28 pucyHKoB, 15 Ttabmunm m 161
UCITOJIb30BAHHBIX HCTOYHUKOB.

OCHOBHOE COIEPKAHUE JUCCEPTALIUN

Bo BBegeHnu packpeiBaeTcs nmpodieMa U akTyalTbHOCTh TEMBI, BEIOOP 00BEKTa
U IIpeIMeTa ucciaeaoBaHusi, GOpMYITUPYIOTCS LIENU U 3a/1a4d UCCIEA0BaHUs, Hay4Has
U MpPAKTUYECKAas 3HAYMMOCTb IIOJYYEHHBIX pE3YyJIbTATOB, OCHOBHBIE IOJIOKEHHUS
JTUCCEPTAIMOHHON pa0oThl, BHIHOCUMBIE Ha 3amuTy. KOpoTKO ommcaHbl OCHOBHBIE
pe3yabTaThl MCCIENOBAHUE, MOJNYYEHHBIE aBTOPOM, €r0 JIMYHBIM BKJIAJ B HAy4HO-
UCCJIeI0BATEIbCKYIO TUCCEPTALMOHHYIO padoTy.

B mepBoii rjaBe MNPUBOIUTCS KPATKUM JIMTEPATYpPHBIH 0030p IO TeMme
aucceprauuu. JlaHbl OCHOBHBIE TOHSATHS W UCIIOJIB30BAHUE  KJIACCHUYECKHUX
KEpAMUYECKUX HHUTPUJOKPEMHHUEBBIX MaTEpUAIOB B  PA3JIMYHBIX  OTPACIAX
IPOMBILIIJIEHHOCTA W HAyKH, BHJbl KIACCUUYECKHX KEPAMHYECKHX MAaTEpHUaJIOB,
TEXHOJIOTUYECKUE CTaAUN OOpaOOTKM MOHOKPEMHHS I TEeITHOIHEPreTUKH, TIEe U
00pa3yloTCsl pa3iuyHble OTXOJbl, KOTOPbIE€ M HCIOJB3YIOTCA B BHUAE HCXOIHOIO
CBIPbs JUISL M3TOTOBJICHUSA Pa3IMYHBIX HUTPUIOKPEMHUEBBIX
KepamokoMno3ulimoHHbix ~ Matepuaniop  (KKM). IlpoBenen ananu3  panee
NOJIYYEHHBIX OKCIEPUMEHTAJbHBIX JIaHHBIX [0 pPEAKUUOHHOMY CHHTE3Y H
dbopmupoBanuto cTpyktypsl U cBorictB KKM. IlpuBenensr pe3ynbTarhl pacdera o
BIIUSIHAN YIABTPAIUCTIEPCHBIX MTOPOIIIKOB KPEMHHS u MIOJTy4YEHHBIX
KEpaMOKOMIIO3UIIMOHHBIX MATEPUATIOB HAa MX OCHOBE HA OpPraHU3M YEJIOBEKA H
npupoay. Jlana uHpopmaius o npoueHtHoi gomyctumoin koHmnentparuu (ITJK) B
30HE€ PEAaKLHMOHHOI'0 CHUHTE3a M IOPOLIKOBBIX OTXOJOB KpeMHUA. B KOHIE nepBou
IJIABBI CAEIIaHbI 3aKJIFOUCHUE.

Bo BTOpoO#i riaaBe omnucaHbl 0Ovekm u npeomem HUCCIeNOBaHMSA. Tak ke
JIETAJIBHO OITMCAaHbl TEXHOJIOTH IOJIYYEHHUsI, CTPYKTypa U KOPPO3UOHHBIE CBOMCTBA
KKM wu wMeromel wuccienoBaHus B YAaCTHOCTH, PEHTITEHOCTPYKTYPHBIM U
peHTreHo(a30Bblii aHaIu3, JOKAIbHBI MHMKPOPEHTI€HOCHIEKTPAIbHbIA aHallu3 C
UCIIOJIb30BAHUEM  pACTPOBOM  DJIEKTPOHHOM  MHKPOCKOIIMH,  OINpPEIAEICHUS
TEIUIOEMKOCTHU Ha YCTAaHOBKE YHUBEPCAIIbHOM HU3KOTEMIIEPATYPHOU, a TAKXKE APYrue
METO/BI UCCIIETOBAHUM U CAEIAHBI COOTBETCTBYIOLIEE 3aKIIOUEHUE 110 BTOPOU IJIaBE.

B TpeTneii riaBe onucaHbl MUKPOCTPYKTYpPHbIE OCOOEHHOCTH (POPMUPOBAHUS
CTPYKTYP ONBITHBIX peakiuoHHO-cnieueHHbIX KKM Ha ocHoBe kapOoHUTpuia,
OKCHHUTpHUAA W HUTpuaa kpemuus, a tawke KKM apmupoBaHHBIX TpaduTOBBIM
BOJIOKHOM.

[Ipoananu3upoBaHbl PE3yJbTAThl MUKPOPEHTI€HOCTIEKTPAIIbHBIX UCCIEIOBAHNM,
KOTOpbIE OBLIU MPOBEACHBI B JTAOOPATOPUU AJIEKTPOHHON MUKpockonuu MHcTUTyTa
po0JieM CBEPXIIACTUYHOCTH MeTauioB Poccuiickoit akajeMuu Hayk, rjie UMEeTcCs



PacTpPOBBIN ANEKTPOHHBIM MUKPOCKOI C MPUCTABKOM MUKPOPEHTT€HOCTIEKTPAIBHOIO
aHaJIN3aTopa C BBICOKOM pa3pelIaroiield CioCOOHOCTRIO SITIOHCKOHM GupMbI «JOE».

Oco0oe BHHMMaHHME VYIEIECHO HW3YYEHUI0O MHUKPOCTPYKTYpPbl PpPEaKIIMOHHO-
cnedeHHbIX 00pa3noB KKM-Ne4 ¢ HUTpUIOKpEMHHEBOW  MaTpHIIEH, KOTOpHIE
JOTIOTHUTENIPHO ObUTH  apMHUpoOBaHbl rpaduToBbiM BookHOM (I'B). Cnemyer
orMetuth, yTo KKM apmupoBansbie ['B HE 3ydeHbI U B TUTEPATYPHBIX HCTOUHUKAX
OTCYTCTBYIOT KaKUe-TuOO JIaHHbIE O TEXHOJOTUU UX MOJIYYEHHUs, COCTaBE, CTPYKTYpE
U CBOWMCTBAaX 3TUX KEPaMOKOMIIO3WIMOHHBIX MarepuayioB. M3 pabor n.¢.-m.H.
H.K.KacmambiToBa u na.¢p.-m.H. B.Il.MakapoBa H3BECTHO, 4YTO pEAKLMOHHO-
cnedeHHble KKM 005a7al0T IIMPOKUM CHEKTPOM MOBBIIIEHHBIX (DYHKIIMOHAIbHBIX
CBOWCTB, HO MMEIOT OJWUH HEAOCTAaTOK 3TO BBICOKYIO) XPYNKOCTb, OTHOCHUTEIIHHO
HU3KYIO TPOYHOCTh HAa TPEX TOYEUHBIA M3rub. s Toro 4ytoObl yJIy4ylIUTh 3TH
ceoiictBa KKM, T.e. MOHM3UTHh XPYNKOCTh U YBEJIWYUTh MPOYHOCTh HA W3THUO, HE
yXyAlllas OCHOBHBIX (PYHKIMOHAJIBHBIX CBOMCTB HUTPHUIOKPEMHHUS, B paboTe ObLia
npeanpuHsaTa mnomnbiTka u3MeHuTh coctaB KKM-Ne4 nyrem gomoJIHUTENBHOTO
BBEJICHUS B HHUTPUIOKPEMHUEBYIO MATpPHUIly TrpadUTOBOrOo BOJOKHA. BaxHO
OoTMeTUTh, 4TO ['B Tak e, Kak W HUTPUJ KPEMHHUS XaAPAKTEPU3YETCS HU3KUM
YAEIbHBIM BECOM, HO BBICOKOW TEPMOCTOMKOCTBIO, KOPPO3HMOHHOW CTOMKOCTBIO,
HU3KUM  TEMIIepaTypHbIM  KO3(G(UIIMEHTOM  pacUIUpeHHs, ¢  XUMHYECKOU
MHEPTHOCTBIO K KHMCJIOTaM M IuenoyaM. Ha OCHOBE KOMIIIEKCHBIX HCCIIEOBAHUM
KKM apmupoBansbix I'B Obutn cienaso 3akiro4eHue.

B yeTBepTOii Iy1aBe IPUBEIECHBI PE3YJIbTATHI HcclieqoBaHus paznnuHbix KKM
OTBITHBIX OOpAa3IOB MO BIUSHUIO PA3MYHBIX ArpeCUBHBIX CPEl HAa XUMHUYECKYIO
CTOMKOCTh K KOHIIECHTPUPOBAHHBIM KHUCJIOTAM W IlleJioYaM, a TaK € MpeICTaBICHBI
pacuethl (a3oBOro - XMMHYECKOrO COCTaBa peakiuoHHO-criedeHHbIX KKM ¢
UCIIOJIb30BaHUEM METO]1a KOHLIEHPAllMOHHOTO TpeyronbHuka ['u66ca-Pozedoma.

Pentrenoda3oBblii aHaIu3 Mokas3ai, 4TO OCHOBHAS KPUCTAUIMYECKAsh MaTpuUIla
KKM-1, coctouT u3 HaHO- ¥ yJIBTPACTPYKTYPUPOBAHHBIX HUTEBUIHBIX KPUCTAJIOB
HUTpHUJIa U KapOOHMTpuAa KpeMHusa. MccrneaoBaHMSIMU YCTAHOBJIEHO, YTO MpHU
JUTUTENbHBIX Bo3edcTBUsIX Ha onbiTHbie KKM ¢ I'B (pucyHok 1. mpu BBIIEpIKKE B
teduenne 1800 dacoB) arpecCMBHBIMU peareHTaMu B  BHJE  Pa3IUYHBIX
CHJIBHOJICUCTBYIOIINX KOHLIEHTPUPOBAHHBIX KUCJIOT M IEJIO0YEH, OMBITHBIE 00pa3Ibl
KKM Ne4 He pacTBOPSIOTCS B HUX.

Crnenyer 3aMeTuTh, YTO XUMUYECKHE PEAreHTHI BO3JAEHCTBYIOT ONPEIEIECHHBIM
o0pa3oM Ha puMecHbIe OKCUAHBIC (a3bl, nMmeromuecs B cTpykrype KKM. B mienom,
NOPOBEJACHHBIE  HUCCIIEIOBAHMSI  TMO3BOJSIOT  0000IUTH  (PU3UKO-XUMHYECKHE
UCCJIEIOBaHUA B BHJE OOIIEH CXEMbl, MPOTEKAIOIUX XWMHYECKUX peakluuid ¢
kucyiotamu (1) u menouamu (2).

MeXOy+HX(A1)y = MeX(Al)y +H,0O (1)
Me,O,+NaOH =Na,[Me,(OH),] + H,O (2)



rine, Mey,- NpuMECHBI METaJT B KOMIIO3UITUOHHOM MaTepHUale;
(A1)y- anmoH kuca0Thl; Hy- KaTHOH KUCIOTHI.
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Pucynok 1 - Xumnueckas ycroiiunBoctb KKM I'B B KOHIIEHTpUPOBaHHBIX
KHUCJIOTax M 1Iero4ax

O6o0mennbie  pusuko-xumudeckue Gopmynsr (1) wuw  (2) mnoO3BOISIOT

oxapakTtepu3oBarh n3meHenne maccsl KKM mpu B3anMmonencTBun ¢ arpeCCUBHBIMU
cpenamMu. BBegenwe rpauTOBOrO  BOJIOKHA  TOJOXKUTEIBHO  BIMSET  Ha
dbopmupoBanue MukpocTykTypel KKM. B mpornecce cuntesa KKM dopmupyrores
HAHO- W  YJBTPAHUTEBUIHBIC KPUCTAJUIBI HUTPHUAA U KApOOHUTpPUIA KPEMHUS
pa3IMuyHOM KOH(UTrypaluH, YTO B IIEJIOM MPUBOJUT K YIYUYIICHUIO (PU3UKO-
xumnyeckux cBoucTB KKM Ne4 u npyrux KKM.
Meton I'm606ca-Po3edboMa 103BOJIMII B allpUOPU MIPOAHATIMZUPOBATH (DOPMUPOBAHKE
BEpOATHBIX (Da3 B mpoliecce peakimoHHOro cuHTe3a. Pacdersl cuaTesa KKM Obum
MPOBEACHBI IS KEPAMHUYECKOW CMECH COCTOAILIAS W3 TBEPABIX KPUCTATUITMYECKUX
MUKpOYACTUI]  KpeMHHUs W  KapOuja
KPEMHHUsI, Haxondlluecs B Ta3000pa3HOii
cpene as3ora B IPOLECCE PEAKIUOHHOTO
cunresa npu T=1220-1320°C.

Ha pucynke 2  mnpencraBieHa
pacueTHas auarpamma ¢dazoBoro
paBHOBECUS (ADP), MTO3BOJIMBIIAs
paccuutatb  (opMupoBaHue  (Ha30BbIX
Pucymor 2 - Pacencrisd pasesnd Gumpasana coctapos  KKM. I[HH OCYINCCTBICHMA

Tnodca-Possooma 03 CpeJHILX  SHASICHINT pacucra (1)330B01“0 coCTaBa PCAKIMOHHO-
KOHLeHTpAMP T orbitHoro EEM. cneverrsni
wpn T=1 22070

cneueHHBIX KKM 3a kommonenTsl A, Bu C
COTJJaCHO PHUCYHKY 2. COOTBETCTBEHHO



Oobutu mpuHATEI aToMbl Si, N, C u O, rae 3a komnoHeHT C HCIIONB30BAIUCh Kak
atrombl yriepoga-C, Tak u kuciaopoga - O. AHamM3 KOHIIEHTPALMOHHOTO
TpeyroibHuka ['m66ca-Po3zebomMa mokasai, 4Tro B MPOIECCE PEAKIIMOHHOIO CHUHTE3a
KKM B cTpykType MOCIACIHUX MOTYT (OPMHUPOBATHCS KaK JIBYXKOMIIOHCHTHBIC (
Hanpumep, SiO,, SIC, Si3N; ) Tak W TPEXKOMIIOHCHTHBIC COCAMHCHHSI B BUJIC
Sio(CxNy)s , SioN,O. Huke mpuBesnensl pacy€rsl 1t ucciepyemoil touku K mo
OTPECICHUIO KOHIIGHTPALMA HEM3BECTHBIX (OPMHUPYIOIIUXCS COEAMHEHUN B
nporecce peakuuonHoro cuateza KKM. C momornisio maremaruueckux gopmyin (1-
4) ompezeneH KOHIICHTPAIMOHHBIH KOJWYECTBEHHBIH COCTaB (HOPMHUPYIOMIETOCs
TPEXKOMIIOHEHTHOTI'O COeIMHEHUS B npouecce cuaTeza KKM.

Paccuurannsie no popmynam (1-4) 3HaueHUs MOCIENOBATENBLHO MOJICTABIISIN

B hopmymy (5):
— — (1)
— — (2)
— — 3)
— — (4)

Jlanee omnpenersuid KoJm4ecTBeHHOe (Mace. %) comepikaHue I KaXaoro atoma Si,

N, C u O BxoasIiiee B HEU3BECTHOE COEINHEHHE.

Ar(X)*n

Mr

w%(X) = *100% (5)

Cocrapiisisi MPOMOPIIMOHATIBHYIO 3aBUCUMOCTh KOJUYECTBEHHOTO COJEPHKAHUS
MaccoBOM Jonu s cootBercTByrommx aromoB Si, N, C m O, Bxomdmux B
HCM3BECTHOC TPEXKOMIIOHEHTHOE COCIUHEHHE TI0 COOTHOolIeHuto (6) Obutn
OTIpesIeNICHhl BO3MOKHBIE TPEXKOMIIOHEHTHBIE (ha3bl, (hopmupyromuecs: B mpoiecce
cunre3za KKM.

a:b:c=N(A):N(B):N(C) (6)

Pacuersl mokaszanu, yto B mponecce peakuuoHHoro cuHre3a KKM mpum
T=1220°C ¢opMupyeTcsi MHOrOKOMIIOHEHTHBINH COCTaB, COCTOSIINM U3 CIETYIOLIUX
da3: marputa KKM B OCHOBHOM COCTOMT M3 OKCHHUTPUIHOTO COCAMHEHHUS THUIIA
Si,N,O u psga nByxkommoHeHTHbIX (a3 SisNg u SiO,; u SIC, npuuem mociennee
HaOmomaroTcss B Manblx KommuectBax 0,1%, Hapsamy ¢ 3TUM uMeeTCS OKCHJ
QTIOMUHUSL KaK MpUMecCh. BaXHO OTMETUTh, YTO PACUETHBIE JAHHBIE MO METOIY
['n606ca-PozebomMa OAHO3HAYHO MOATBEPAMIUCH MPSIMBIMU SKCIEPUMEHTAIbHBIMU
METOJIaMHi PEHTTEHOCTPYKTYpPHOTO M peHTreHodazoBoro anammza KKM, rae takxke
OBLIO YCTAHOBJICHO, YTO peaknuoHHO-criedeHHble KMM cocrost u3: Si;N,O; cmech
¢a3 SizN4 u SiO,; u SiC (0,1%).

Taxxe anamoruusHele pe3yabTaThl 10 Gopmupyrommumcs ¢azam  ObLUIH
nonydeHsl st KKM u KKM ¢ apmupoBanauem ['B peakMOHHO-CIIEYEHHBIX NPH
temneparypax 1220 - 1320°C, ¢ HeOOJBMIMMU OTIMYUSAMH 110 KOJIMYECTBEHHOMY

10



COAECPKAHUIOD  TPEXKOMIOHEHTHOM  OKCHUHUTPUAHOW H  JBYXKOMIIOHEHTHOM
HUTPUIOKPEMHUEBON (Pa3 M HE3HAUUTEIBLHBIM IO KOJUYECTBEHHOMY COJEPKaHUIO
MOSIBICHUEM TPEXKOMITIOHEHTHONW HECTEXHMOMETPUUECKON KapOOHUTPUIHON (a3l

Sizg(CxNy)s;.  BaxkHO  OTMETHTH,  YTO  MHKPOPEHTI'CHOCIEKTPAJbHBIC |
peHTreno(da3oBbie MCCIEMOBAaHUA OMBITHBIX 00pa3ioB KKM apmupoBaHHBIX
rpauTOBBIM BOJIOKHOM BBISIBAJI HE3HAYUTEIbHOE oOpa3oBaHue

TPEXKOMITOHEHTHOr0 kapOoHuTpuaa kpemHus Sis(CiN,)s B Buzae ysennuenue ¢as
autpuaa kpemuus SigNg n mMoHokapOuma kpemuus SiC. IlpakTHuecku 3amMeTHOE
ydacThe rpauTOBOrO BOJIOKHA B oOpasoBanuu cTpykrypbl KKM naumnaercs mpu
temreparype 1300 °C.

Takum o0pa3om, wmetomoM ['nbG6ca-Po3zeboma mpoBedeHbI pacyeThl IO
3aJIaHHBIM TTapaMeTpaM MCXOIHBIX BEUIECTB, UX JUCIIEPCHOCTH, YCIOBUNA U PEKUMOB
PEaKIIMOHHOTO CUHTE3a, MO3BOJUBIINE B aNpPUOPHU OMPEAEITUTH MCKOMBIE (ha30BbIC
coctabbl KKM c¢ TpeOyeMbiMu (PUBHKO-XMMUYECKUMHU CBOMCTBaMH. PacueTHbie
JTAHHBIE XOPOIIIO COIIACYIOTCS C MPSMBIMU MUKPOCTPYKTYPHBIMH HCCIICOBAHUSIMHU.
Kpucrannmmueckass wmatpuma omnbITHRIX o0pasnmoB KKM  monydeHHbIX myTem
PEaKIIMOHHOTO CHHTE3a IIJIAaMOBOT'O TOPOIIKAa KPEMHHs B CpeJe a30Ta B OCHOBHOM
COCTOSIT M3 HUTPHUIA U OKCUHUTPHUIA KPEMHHUS, a TaKKe HEOOJBIIOTO KOIMYECTBA B
BUJEe KapOooHutpuaa kpemuus. Hapsny ¢ atum B Mukpoctpykrype KKM umerorcs
CJIeNIbl TIPUMECEH B BUJE CIOXKHBIX OKCHJIHBIX BKIFOUCHUN, OKCHUIOB ATIOMHUHHS H
MOHOKapOua kpemHus. OcHoBHOM MatpuuHou (azoit KKM ¢opmupyromieiics npu
BBICOKOTEMIIEPATypHO (U3MKO-XMMHUECKOH peaklMd B TMPOIECCe CIeKaHus
KPEMHHUS B Cpefie a30Ta SBJISETCS HUTPUL KPEMHUS.

B naToii rnaBe ommMcaHbl TEOPETUYECKHE HKCCICNOBAHUS MpoIecca
PEaKIIMOHHOTO CHHTE3a HUTPHIA KPEMHHUS IYyTEM MOJEIbHBIX HCCISIOBAHUM.
Pa3paGoranHasi omHOMepHasi HecTallMOHapHasi (U3MKO-MaTeMaTHdecKass MOJelb B
BUJE cucTeMbl Tud(epeHIManbHbIX YpPaBHEHHM, KOTOpas OIMKMCHIBAET KUHETUKY
¢usuko-xumuyeckon  peakmuum  (7),  TpoTeKaromas B mporiecce
BBICOKOTEMIIEPATYPHOTO CTIIEKAaHUSI KPEMHHUEBOTO 00pasla MIIUHAPUIECKON (OpMBI
B arMmocdepe uymucrtoro azora. IIpuBereHbl HauagbHblE M TPAHUYHBIE YCIOBUSA
PEaKIIMOHHOTO CIIEKaHHUs TTOPOIIKOBOTO KPEMHHsI CIIPECCOBAHHOTO B BUJIE IIMIIMH]IPA
3aJlaHHBIX pa3MepoB B aTmocdepe azora. B pacuerax UCHONIB30BAIUCH
SKCIIEpUMEHTAIbHBIC JaHHBIC HArpeB, TEeMIepaTypa, JAaBieHue, GopmMa u pa3Mepsl
oOpaslia, u Apyrue 3KCepuMeHTAIbHbIE TapaMETPHI.

3Si + 2N2: Si3N4 +Q (7)

dusuko-MareMaTuueckass ~ OJHOMEpHash  MOJeNnb  BKJIIOYaeT B cels
COBOKYITHOCTb Tpex (gopmyn: nuddepeHunanbHOe YpaBHEHUE TEIUIONPOBOIHOCTH
(8); muddepeHnmarpbHOE ypaBHEHHUE HENPEPHIBHOCTH Ta3a B MOPUCTOM
MTHHApHYECKOM obpasne kpemuus (9); wu muddepernuansHoro ypaaenus (10),
MOKa3bIBaIONIee pagralbHOC M3MEHEHHE KOHIICHTPAIMU a30Ta B LUJIUHAPUYECKOM
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o0pa3lie KpeMHusi B pe3yJbTare KPUCTAITIOXMMUYECKOW pEaKIUMU a30TUPOBAHUS
KPEMHHUSL:

oT 1 o oT
C < =" |ra,=—|+0Q-n
2C o ot r or eff "S- j Q : (8)
N A o <N -
= rbo_,, = o 9)
ot r or o
dng,
g~ KNsi (10)

JIns npoBeAeHHs] YHCIEHHBIX PAacyeTOB KUHETUKU PEAKIMOHHOIO CHUHTE3a
yIBTPAIUCIIEPCHOTO KPUCTAUIMYECKOTO0 KpeMHUA C JIuQPyHIUpYIONUM B HeEe
a30TOM OBUIM 33JaHbl CJIEYIOIINE, HAYaJIbHbIC U TPAHUYHBIC YCIIOBUS:

1-17 p.
t=0: T(r)=T,=900°C, n,(r)=-L ~10* », p, ~10° fla, ng, = ——L5N, ;
KT, Hsi
or on
r=0: —=0, —=0; r=R: T(R) =T, (t), n(R) =n.(t) .
0, 2 (R)=To(®). n(R)=n, (0

3nech t— Bpems, I— paguanbHas KoopJuHaTa, 1— Temmeparypa, N, Ng —
COOTBETCTBEHHO KOHIIEHTPALlMM MOJIEKYJl a30Ta U KPEMHHS, P, Cy, Ayr D —

COOTBETCTBCHHO ¢ dexkTuBHAS TUTIOTHOCT, yIelnbHas TETUIOEMKOCTb,
TEIUIONPOBOIHOCTh, KO3 dunmeHntT nuddy3un a3ora B MOPUCTHIA KPEMHUH, I —
CKOPOCTh ~ yMEHBIIEHHS  KOHIEHTpAallMd  MOJEKyJl  a30Ta  3a  CYeT
KPUCTAIUIOXUMHYECKON peakiun, Q u K, — TerioTa 1 KOHCTaHTa CKOPOCTH PEAKIIHUH,
II- TOpHCTOCTh M3JACHUS, pg, fg— TUIOTHOCTh M MOJIApHAs Macca KpeMHHS, K—
nocrosinHas boneiiMana, Ny— moctosiHHAss ABOTaapo.
KoadduiimeHT KOHCTaHTBI CKOPOCTH peakiiuu onpeaessuiu mo popmyde (11):
k. =C-pe ™", (11)

rae p=nkT — mapiuanbHOE AaBieHUEe a3oTa, £, — sHeprus aktuanuu, C—
MIOCTOSTHHASI, 3aBUCSIIIAsl OT ApaMETPOB MOPOIIKA, KOTOpasi ONpeAesieTcss Ha OCHOBE
AKCIIEPUMEHTA.

TemmonpoBOgHOCTH M TNIOTHOCTH TBEPIOH (Pa3bl BEIUUCISUTUCH 10 (hopmyaM

(12) u (13):
A = Xg Asi + Xsiana Asiana » (12)
Ps = X! Psi+ Xsiana ! Psiana 711 (13)
I'JIC MacCOBBIE JIOJIM KPEMHUS M HUTPHUA KPEMHHS B TBEPI0H (ha3e BBIYUCIISUIUCH T10
dopmyie (14), (15) (mpeodbpazoBanHoro u3 Gopmyisr (5)):

X = Ng Mg ’ (14)
nSi MSi + nSi3N4 MSi3N4
Ne. M.
XSi3N4: Si3N 4 Si3N4 . (15)

Ng Mg + Ngians Mgian,
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OddexTrBHBIE  3HAYECHHUS TEIUIOMPOBOIHOCTH, IUIOTHOCTH W YyJEIHHOU
TEIUIOEMKOCTH TOPUCTOI0 KPEMHUEBOTO U3EIUS PACCUUTHIBAIIM COOTBETCTBEHHO MO

dopmynam (16)-(18):

A = Ay %+ 2, 1-1T7° (16)
Pt =pgn+ps 1-11 | (17)
Cett = Xsi Csi + Xsizna Csiana X5 Cp g - (18)

IIopuCTOCTP HUIMKEPHBIX W3ACIHM KPEMHMS COCTaBIsLIa W3 pacuera [7=
30+1 %. MaccoBble 101M KpEMHMS, HUTPUAA KPEMHHUS U a30Ta B U3JIEJIMHA BBIYNCIIN
1o cieayromumM cootHomenusm (19)-(21):

%= T : (19
Ng; MSi + Nsizng MSi3N4 +ng Mg
¥5i3N4 — r]Si3N4 MSi3N4 , (20)
Ng; MSi +Nsigng MSi3N4 +ng Mg
n, M
v 9 9
% (21)

Ng; MSi * Ngigng MSi3N4 +N, Mg .
OddextuBHblli  KO3DPUIMEHT  aUPPY3UM W DHEPruuM  aKTHUBALMH
KPUCTAJUIOXMMHUYECKON peakIMu TMPSMOr0 a30THPOBAaHUS TMOPOIIKA KPEMHUS
INPUHUMAJH B pacy€Tax COOTBETCTBEHHO CIIEAYIOLIEE 3HAUCHHUS:
D,, =10° M*/c; E, =141,3 KJ[K/MOJb.
Yucnennoe pemenue ypaBHeHuid (8,9)  oCylIecTBISIIOCH  METOIOM
KOHTPOJILHOTO 00beMa COBMECTHO, ITyTEM NMpeoOpa3oBaHMs UX B 00OOIIEHHOM BHJIE

— -— — , (@-HempepbiBHas (QyHkuus. IlepBeie MpOU3BOAHBIE,

BXOJISIIIIME B TPAaHUYHbBIE YCIIOBUS, alllIPOKCUMUPYIOTCSI Pa3HOCTHIO BTOPOTO MOPsIKa
TouyHOCcTU. [lomyueHHass cHUCTEMa TPEXTOUYEUHBIX anreOpanyecKux YypaBHEHHIA
peliaeTcss UTEepaTMBHO  METOAOM MPOroHKW. Jlii  YCKOpPEHHsS  CXOAMMOCTH
UTEPAIOHHOIO TIpolLecca UCHOJb3YeTCsl HWXKHsSA —penakcauus. JlaHHele auis
HapaMeTpoB PEAKIMOHHOTO CIEKaHUs HUTpUIa KpPEeMHHs B a30oTe OepyTcs U3
TEXHUYECKOTO PeryiaMeHTa COOCTBEHHBIX SKCIIEPUMEHTOB. Paqnyc n3nenust R=2 cwm.
JIist oueHKW 3HayeHus: NMOCTOAHHOM KoHueHTpauuu C B ¢dopmyrne (10) Obuim
IPOBEACHBl YUCIIEHHbIE HKCIIEPUMEHTHI BO3pPACTaHMUs OTHOCUTEIBHOIO KOJIMYECTBA
aTOMOB KPEMHHMs BCTYNAIOMIMX B PEAKIMIO C aTOMaMU a30Ta B M3JEIHH MPH TPEX
paznuunbix 3HaueHusix C. Ha pucyHke 3. mpeacraBieHa KpUBas YHCICHHOTO
pacdera Tpu oxHOM 3HaueHHH Kod(¢uumenta C= 10° ¢ Ila™, koropas Hambomnee
XOPOUIO COTJIaCyeTcsi ¢ SKCIEPUMEHTOM I03TOMY 3TO 3HaueHue KoHueHrpauuu C
UCTOJIH30BAIM BO BCEX JAIBHEUIITNX MaTEMaTHUYECKUX pacueTax.
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g™ Peaknuonnoe CIIeKaHue npu
N NMOCTOSIHHOM TeMIlepaTrype M JaBJECHHHU. C
HOMOIIBIO(PU3UKO-MAaTEMATHYECKOM

0 ' OJHOMEpPHOM Mojenu Obul MPOBEIEH pacyer
/ PEaKLIMOHHOTO  CHEKAaHWs  M3AENHs  [pHU
MOCTOSHHOM (10 BPEMEHM) TeMIlepaType u

JaBleHUu a3ora B mneud. Ha pucynke 4.

ITI0Ka3aHbI 3aBUCHUMOCTHU BpECMCHHA
ﬂ[ — : . = ” 2 a3OTI/IpOBaHI/I$I n3acing OT TeMHepaTypH u
(] : JaBJICHUA. BI/II[HO, qTo C YBCJ'H/I‘-IeHI/ICM

PHCYHOK 3.- IBOJIOLIA KO/IHIEeCTBA
MOJIERYT A30TA, BCTYIAIMNLX B PeAKIHEO ¢ TCMIICPATYPhbI CIICKAHUA BPEMS aA30THPOBAHUS
ATOMAMI KPEMHI Opit C=10-3 ¢ 1Ha- 1 CTPEMHUTCSI K CBOEMY aCHUMITOTHYECKOMY

3HAYEHHUIO, T.€. MEPECTAHET 3aBUCETh OT TEMIEpaTypbl (HAapuMmep, JJIs JaBJICHUN
P=1,2 u 1,4 at™M. 3TUM 3HAYEHUSAM COOTBETCTBYET CIEAYIOIINE BPEMEHHBIE 3HAUCHUS
10 9. u 8 4.).

20 ‘ - ‘ : 20

151 15}

T=1200 °C

10 10F ]

1400 °C

150 1200 1250 1300 1350 1400 2 12 14 16 18 2

T,°C p, atm
a 0
PucyHok 4 - 3aBUCUMOCTh BPEMEHH a30TUPOBAHUSI KPEMHUEBOT'O U3JIENHUS OT
TeMIepaTypsl (a) u 1aBiieHue a3ora (0) B IMe4Yu, MPOBEICHHOTO MPH MOCTOSHHBIX
3HAYCHUSX

OT0 00BSACHAETCS CIEIYIOUUM 00pa3oM. B JAHHBIX pacyerax Kod()@uimeHT
mubdy3un cuuTaeTCs TMOCTOSHHBIM, HE 3aBUCAIIAM OT TeMmiepaTypbl. [lostomy
CKOPOCTh a30THPOBAHUSl OrPAHUYMBAETCS CKOPOCTHIO NU(PPY3NOHHOrO NEepeHoca
MOJIEKYJl a30Ta BHYTPb M3JENHs, a MOCJIEAHSIS HE M3MEHSETCS C YyBEJIMYEHUEM
TeMreparypsl (T.K. JaBJICHUE TOCTOSHHOE). 3aBUCHUMOCTHb t(p) TIPU BBICOKHX
JABJICHUSAX TaKyl0 TEHJCHLUHUIO TepseT M NpeodsialaeT TOJIbKO CKOPOCTh
U y3MOHHOrO MepeHoca aToMOB a30Ta BIUIYOb K aToMaM KPEMHHUS HUIMKEPHOIrO
u3zienusi. ITo 00YCIOBICHO MOBEPXHOCTHBIM O0Opa30BaHUEM HUTPHUIOKPEMHHEBON
¢a3pl, TPU KOTOPOM TMPOUCXOIUT MEPBOHAYATIEHOE a30THPOBAHUE aTOMOB KPEMHUS,
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M UWHULUUPOBATh JAJBHEWINMN MpollecC NPOTEKaHHE TIa3000pa3HOro as3ora K
pPEaKIMOHHOMY CHUHTE3Y B INyOMHY oOpa3ua mpu JjAaBieHuH paBHbIM 1,25-1,4 atm.
CTAHOBUTCS 3aTPyJHUTEIbHBIX.

3aKOHOMEPHOCTH MPOTEKaHHE ra3000pa3HOro a30Ta BHYTPh ONBITHOrO 00pasia
T.€. B 30HY KPHUCTaNIOXUMUYECKOM pEaKIMH M 00pa30BaHHE HUTPHUIOKPEMHHUEBON
(a3bl HY’)KHO YYUTBIBaTh TaK K€ U cleAyomne GakTophbl, BIUSIIONIME HA IPOTEKaHUE
npolecca a3oTHPOBaHMs, OMNBITHONO oOpa3la 3TO IUIOTHOCTh OIBITHOIO 00pasla
IIMXTHI, JaBJI€HUE Ta3000pa3HOT0 a30Ta B KaMepe PeakMOHHOIO CHUHTE3a, IhaMeTp
obOpasua, a Tak K€ JHUCIEPCHOCTb HCXOJHOIO IOpPOIIKA IIPH IIIUKEPHOM
(OpMOBaHMH HUTPUAOKPEMHHUEBOTO OMBITHOTO U3IETHSI.

3AKJIIOYEHUE
OCHOBHBIE PE3YJIBTATHl JTUCCEPTALMOHHONW pPaOOTBI MOXKHO C(POPMYIHPOBATH
CIEAYIOIIMM 00pa3oMm.

1. Pa3zpaboraHa  TEXHOJIOTMS  TOJYYEHUS  KEPaMOKOMIIO3MIIMOHHBIX
HUTPUJOKPEMHUEBBIX MAaTEpUANIOB C HAHO- M YJIbTPACTPYKTYPHBIMU KpHCTaJUIaMU
HUTpHUJIa U KapOOHUTPUJA KPEMHHMsI C BBICOKOTEMIIEpATypHbIMHU (a3aMu, MPU HE
BBICOKMX TeMmIiiepaTypax. Ilpu monydeHMHM HUTPUAOKPEMHHUEBBIX MaTEpHUAIOB
TpeOyeTcs yUUThIBaTh HECKOJIBKO (PAaKTOPOB — XUMUYECKUI COCTAB UCXOAHOTO ChIPbs
NOJYIPOBOAHUKOBOIO  YJIBTPAJUCIIEPCHOTO  OTXOAAa KpeMHus (IIOpOIIKa) U
COIYTCTBYIOLIMX J00aBOK B MPOLIECCE BCEHl TEXHOJIOTMYECKOH Olepauuu Chipbe -
TEXHOJIOTMYECKHEe ONepanud — roroBoe u3aenue (Marepuat). PazpaboraHHbIi
METOJ] MOJYyYEHUH KEpaMUYECKUX MaTepuajioB BBITO/IEH, KaK CO CTOpPOHbI
SKOHOMHMKHM, TaK MW €O CTOPOHBI pecypca, a IIOJy4YEHHbIE MaTepuabl
KOHKYPEHTOCIIOCOOHBI, KaK CO CTOPOHBI CTOMMOCTH — JIEIIEBJIE MOYTH B 3 pasa, Tak
U CO CTOPOHBI (PU3MKO-XUMHUYECKHUX, (PU3UKO-MEXaHUUYECKUX U IKCIUTYyaTal[MOHHBIX
CBOMCTB HE ycTynasi M3BECTHBIM KJIACCUUECKUX MaTepUalIaM.

2. MertogoM  JIOKaJbHOTO  MHUKPOPEHTTEHOCTIEKTPAIbHOIO  aHAIW3a
YCTAHOBJIEHO, YTO NepepacnpeeieHne OCHOBHOM (ha3bl U MPUMECHBIX 3JIEMEHTOB B
CTPYKTYpHOM MaTpHlle KEPAMOKOMIIO3UILIMOHHBIX MAaTEpUajIOB, KOPPEIUPYIOTCS C
AKCIIEPUMEHTAJIbHBIMU JaHHBIMU PEHTTEHOCTPYKTYPHOTO aHau3a.
MuKpOpeHTTeHOCTPYKTYPHBI ~ aHaAJIW3 TOKa3al, 4To s (OPMUPOBAHUS HAHO-U
yIBTPAaCTPYKTYpPHI TpeOyeTcsa Temneparypa Boiiie 1250 C, B nporiecce peakiuOHHOTO
CHUHTE3a  IIpM  3aJaHHBIX  TEMIeEpaTrypax  IPOUCXOJUT  HEPaBHOMEPHOE
nepepaclpeiesieHuss MMPUMECTHBIX  3JIEMEHTOB Ha BCEX CTPYKTYPHBIX YPOBHSX
HUTPUAOKPEMHHUEBOTO u3aenus. Takke Mpu 100aBlIeHUH TpauTOBOrO BOJOKHA B
OTBITHBIE 00pa3lbl B MPOLUEHTHOM COOTHOIIEHUH (3-5-10%) MOJIOKUTEIBHO BIIUSET
Ha OCHOBHYIO CTPYKTYpPHYIO MaTpully, KOTOpas B CBOIO OYEpEeIb IOJOKUTEIBHO
BAMsIeT Ha  (U3MKO-XUMUYECKHE, (PU3MKO-MEXaHUYECKHe, OSKCIUTyaTallMOHHbIE
CBOMCTBa KEPAMOKOMITO3ULIMOHHOI O MaTEpHaJIa B LIETIOM.
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3. Ilpu »SKcepUMEHTATBLHOM  HCCICOBAaHUU  HUTPUIOKPEMHHUEBBIX
0o0pa3IoB Ha XHUMHYECKYI0 YCTOMUMBOCTh B KOHIIEHTPUPOBAHHBIX KHUCJIOTAX H
miesodyax ObUIO OOHAPYXKEHO, YTO IOJYYEHHBIE OMNbITHBIE W3/AeNus 00JafaroT
BBICOKMM TIOKa3aTelieM XUMHUYECKOW ycToWuumBOocTH paBHbIM 1800 wacoB Oec
IIPEPHIBHOIO KOHTAKTA C arpeCCUBHON cpenoil. lIpm peakuMOHHOM CHMHTE3€ MOYKHO
MoJIy4yaTh HUTPUIOKPEMHHUEBBIE MaTE€pPUalbl C PA3JIMUHBIM XUMHUUYECKHUM COCTaBOM,
COCTOSIIIUM M3 HUTpUAA KpPEMHHUA, KapOOHUTpHAA, KapOuaa W OKCHHUTpHIIA
KPEMHHUS B 3aBUCUMOCTHUT OT HCXOAHOT'O ChIPbs, U TEXHOJIOTMYECKOTO pEeKUMA.

4.  OmnpeneneHo XUMUYECKUI COCTaB pPEaKIMOHHO-CIIEYEHHBIX
KEpaMOKOMIIO3UIIMOHHBIX MaTepuaioB MerofgoMm ['nb0ca-Po3zeboma U BBISIBICHBI
CJIEJIYIONIUE 3aKOHOMEPHOCTH: BO-TIEPBBIX, COCTAaB X =a;3, HE3aBHUCHUMO OT TOT'O Kak
Obl HE H3MEHSJIOCh COOTHOIIEHHE BXOASAMHUX (a3 Mo BceMy 00beMy H3JIENHs,
KOHLEHTpAIMsl aTOMOB KPEMHHsI BO Bcex (pa3ax B cyMMe OyleT OJMHAKOBa, BO-
BTOPBIX, 0OpazoBaHue (a3oBOro cocraBa u CTpyKTyphl uccienyembix KKM 3aBucut
OT BHEUIHUX NapaMeTpPOB M YCJIOBUM PEAKIIMOHHOTO CHUHTE3a U TEXHOJOIMYECKOIO
IpOLIECCa B LIETIOM.

5. KommnbsrorepHas peanusanus MaTEeMaTH4YECKOU OJTHOMEPHOU
HECTAlMOHAPHOM MOJENHU PEAKIUOHHOIO CIEKaHHsI MOPOIIKOB KPEMHHUS B Cpelie
a3oTa  MO3BOJIWIO  BBISIBUTH  ClENyIOLIee: MakcuMaibHas  d(PQPEeKTUBHOCTD
a30TUPOBaHMS TMPOUCXOJUT 4Yepe3 CBOM BpeMeHHOM MmuHuMyMm (12 dvacoB), 3TO
COOTBETCTBYET IU(PPY3MM M CKOPOCTU MPOTEKAHUS IMPOLIECCOB A30THUPOBAHMS IO
BCeMy 0O0BEMY  M3JENHs, YTO COOTBETCTBYET IIOJIHOMY  PEAKIMOHHOMY
B3aMMOJICUCTBHIO aTOMOB a30Ta C KPEMHHEM, pAacHpeleleHUe TeMIepaTyphl MO
BCEMY CEYEHMI0 KpPEMHHMEBOr0 o0pa3la OJHOPOJHOE U €ro a3oTHPOBaHUE
orpaHuuuBaercss AUPOY3MOHHBIM MACCONEPEHOCOM a30Ta B KPUCTAITUYECKUMA
kpemHuii; I[lepBoHauasbHO a30TUPOBAHME KPEMHUEBBIX OOpA3IOB OCYLIECTBISETCS
Ha niepudepun (y mTOBEpXHOCTH) 00pasiia U a30TUPOBAHNE MAKCUMAJIBHO, a B IICHTPE
o0Opa3sla a30TUPOBaHUE MUHUMAJIBHO, JUIsl TOrO, YTOOBI 3TO M30€XaTh PEryJupyercs
nojaya ra3oo0pa3HOro a3zoTa B 30HY pPEAKIHMOHHOIO CHHTE3a B medd. Takxke
omnpezeneH 3PGEeKTUBHBIN pEaKIMOHHBIA CUHTE3 HAHO- U YIbTPacCTPYKTYpUPOBAHHE
HUTPHUJIA KPEMHUS BBICOKOTEMIIEpATypHbIMU (a3zamMu KapOOHUTpHUAA KpPEMHUS,
IPOUCXOIUT IIPU TEMIIEPATYPHOM peskuMe Bhimie ~1250 °C.
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71-1 Mexnynapon Has HayuHas koHpepenius EHO, Poccus, r. Mocksa, 28-29
siHBaph, 2021r., c. 45-47.

Jlacanxy Kepum ApcaeBuutu « KpeMHUIAUH 3H Mali1a KaJAbIKTapPbIHbIH
HErM3UHAer KePaMHUKAJIBIK-KOMIO3UUMSJIBIK MATEPUAIIAPABIH (PU3HKAIBIK-
XUMUSUIBIK KacueTTepm» JAered teMaaarbl 01.04.07 — koHAeHCAUMSIJIAHTAH
a0ajabIiH PU3NKACHI ATUCTUTH 00KOHYA (PU3NKA-MATEMATHKA WIHM/ICPUHUH
KAHIUAATHI OKYMYIITYYJYK JapaachblH U3I€HUII aJ1yy YUYH Ka3blLITraH
JAUCCEPTANMACHIHBIH
PE3IOMECH

TyityHayy ce310p: KOMIO3UIUSIIBIK KepamMuKa, (pa3anbik Kypam, GU3nKaIbIK-
XUMUSJIBIK ~ KaCHETTEp, KBIUKbUIIAp MEHEH JKeruurepJuH Ttaacupu, [ubdoc-
PozebomayH ycyiy, MaTeMaTHKaIbIK MOACI00, OUp OTYOMAYY CTAllMOHAPIBIK IMEC
MOJIETIb.

M3uiaaeeHyH 00bEKTHCH: a30TTYH UYOWPOCYHIO JKapbIM OTKOPTYYTYK
KPEMHHUI 6©HOp >KaWbIHbIH KaJJBIKTApPbIHAH pPEAKLUMUIBIK CHHTE3 YCYJIy MEHEH
aJbIHIaH KEPAMUKAJIBIK-KOMITIO3UIUSIIBIK HUTPUI-KPEMHUN MaTepuaiap.

N3naneeHyH mnpeaMeTH — arpeccUBAYy UYOUWPOHYH  KEpaMUKaJbIK-
KOMITO3UIUSJIBIK HUTPUJI-KPEMHUN MaTepualijiapra Taacupu acThiHAa O0IyN eTyydy
(GU3UKANBIK-XUMUSIIBIK ~ KACHETTEp MEHEH TpoleccTep JKaHa Oup eJ4eMayy
MAaTEMATUKAJIBIK MOZENAN HINTEN YbITYy OJIY MEHEH a30TTYH 4YeupecyHIe
KPEMHUIANH pEaKIMsUIbIK CHHTE3MHUH KUHETUKACHIH U3UJII00.

NmTuH MakcaThl: peakIUsUIBIK-KAThITaH —KEePaMHUKAJIbIK-KOMIIO3UIIUSIIBIK
HUTPUI-KPEMHUM MaTepHalIIapAblH ap KbUI arpeccuBiayy ueipenepaery (da3aibik
KypamblH,  (U3MKAIBIK-XUMUSIIBIK ~ KAaCHETTePUH  M3WIIO0. OuU3HNKaIbIK-
MaTeMaTUKAJIBIK MOJENAN uiTen 4biryy skaHa KKMasiH peakiusiablk CUHTE3WHUH
KUHETUKACHIH U3UJIT00.

N3unpeenyn ycyjaaapsl skana anmapartypacel: CI'B 2.4.2/15 Bakyymayk
AJEKTP MEIIW, MHUKPOPEHTTEHANK-CIIEKTPAIAbIK aHAIU3, PEHTIEeHIUK-TY3YMIYK
aHanu3, (QUUKATBIK-XUMUSJIBIK aHAJIW3, PACTPABIK DJIEKTPOHIYK MHMKPOCKOII,
MaTeMaTHKaJIbIK Mojienaee, [ u6oc-PozebomayH ycymy.

AJIBIHI'aH HATHIMKAJIAP KAHA AJAPABIH KAHBIYBLIABITBI. BUPUHYN KOy
METAaHJBIH YOHPOCYHI® KPEMHHUIWH IOJMIUCIEPCTYY KamaeirbiHan Si-SiC-C
dazacel 6ap KOMIIO3UIUSIIBIK KepAMHUKAIbIK MaTepuan aiablHabl. Hutpum-kpeMHuii
MaTepHaAIIapAblH XUMUSUIBIK TYPYKTYYJIYK IMapaMeTpiepy aHbIKTa abl xaHa [ 'nboc-
PozebomayH ycyny MeHeH ¢azalblK jKaHa XUMUSIIBIK KypaMbl 3CenTeaan. A30TTyH
YeUpeCcyH® KPEMHUIAUH YIbTPAAUCIEPCTYY KYKYMYHYH PEaKIHUSIIBIK KaTyyCyHYH
Oup ea4eMIYy MaTeMaTUKAJIBIK MOJIETTA UIITEIUI YbIKTHI.

Koanonyy 4eiipecy: KoHTakTTap, AUANEKTPUKTEP YUYH BICBIKKA YbIIAMAYY
KaHa DJIEKTPAUK TETHKTEP KaTapbl dJIUK ailbll 4apOachIHBIH KEHUPU CHEKTPUHIE,
paguoOTEXHUKaa KaHa ap KbUI XUMHS ©OHep >KailbiHjna. Du3uka, XUMUs KaHa
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MaTreMaTHKa NPEAMETTEPUHIC, CTAUMOHAPABIK SMEC TYTYMIAPJBIH MOIECIIACPUH
MOJENA06, ICENTOeOUY SKCIEPUMEHT YYYH MATEMATHUKAJIBIK MOAECIAU Kypyy, Kell
KOMIIOHEHTTYY  (a3zalblk TYTyMAaplbl Kypyy, ap KbUl KOHCTPYKIHUSIIBIK
MaTepuasgapAblH XUMHUSUIBIK TYPYKTYYJIYTY ’KaHa aHbIH KOPPO3USIIBIK TYPYKTYYIYyTy
k.0.y.c. OareiTTap O0IOHYA aTallbIH OKYY MUCIHUILTHHATIAPHIH OKYTYY/a.

PE3IOME
auccepranuu Jlacanxy Kepum ApcaeBnua Ha Temy: «PU3HKO-XUMHYECKHUE
CBOIICTBa KEPAMOKOMIIO3MIIMOHHBIX MaTEPHAJIOB HA OCHOBE IVIAMOBBIX
OTXO0J0B KPEMHHS» HA COMCKAHHe YYEHOM CTeneHn KaHauaaTa Gu3snko-
MaTeMaTHYeCKHUX HAayK 1o cnenraabHocTu 01.04.07 — pusuxa
KOH/I€HCHPOBAHHOI'0 COCTOSTHUS

KuoueBble ci10Ba: KOMIO3UIIMOHHAS KepaMmuka, (a30BbI cocTaB, (U3UKO-
XAMHAYECKHE CBOMCTBA, BO3JICHCTBHE KHUCIIOT M mieiaoueii, meTon I'mo6ca-Po3eboma,
MaTEMaTUYECKOE MOJIETIMPOBAHNE, OJHOMEPHAsI HECTALlMOHAPHASI MOJIEIb.

O0beKkT mcCCIeI0BAHMA: KEPaMOKOMIIO3ULMOHHBIE HHUTPUIOKPEMHUEBBIE
MaTepHalibl, I[OJYYEHHbIE METOJAOM PpPEAKIMOHHOINO CHHTE3a M3  OTXOJ0B
IIOJIYIIPOBOAHUKOBOM KPEMHUEBOW IPOMBILIIEHHOCTH B CpEZE a30Ta.

IIpeamer wuccienoBanuss — QU3UKO-XMMUYECKHE CBOMCTBA U IPOIIECCHI,
NPOTEKAIOIINE MPU BO3JIECUCTBUM arpeCCUBHOM Cpelbl HAa KEPAMOKOMIIO3UI[MOHHbIE
HUTPHUJIOKPEMHHUEBbIE MaTEpHAIbl U HW3yYE€HUWE KUHETUKU PEaKIMOHHOIO CUHTE3a
KPEMHHUS B Cpefie a30Ta IyTeM pa3paboTKU OJHOMEPHOM MaTeMaTH4eCKOW MOCIIH.

Heab padoTbi: u3yuyeHue (PazoBOro cocraBa, (HU3MKO-XUMHUYECKHX CBOMCTB
pEaKIIMOHHO-CIIEYEHHBIX KEpaMOKOMITO3ULIMOHHBIX HUTPHUIOKPEMHHEBBIX
MaTEpHAIOB B  pPA3JMYHBIX arpeccUBHBIX  cpenax. Pa3pabotka  (u3uko-
MaTEMATUYECKON MOJENHN U U3YyYEHNE KUHETUKHU peakiMOHHOro cuHTe3a KKM.

Metoabl ucciaenoBaHue W anmaparypa: Bakyymuas snektponeus CI'B
2.4.2/15, MHKpPOPEHTI€HOCHEKTPAIbHBIM aHajdN3, PEHTTCHOCTPYKTYPHBIN aHaiu3,
(PU3HKO-XUMUYECKH aHanus, pacTpoBbIf AIIEKTPOHHBIN MHUKPOCKOII,
MaTeMaTH4YecKoe MojieTupoBanue, meros [ 'uboca-Pozedoma.

ITosrydyeHHble pe3yabTaTbl M HMX HOBHM3Ha: Brepeble mnonydeH us3
NOJUIUCIEPCHOrO OTXO0Jla KPEMHHUSI KOMIIO3UIIMOHHBIA KEpaMHUYECKHI MaTepHall ¢
¢azoit Si-SiC-C B cpene Mmerana. OnpeziesieHbl MapaMeTpbl XAMUYECKOM CTOMKOCTH U
paccuMTaH ¢ nmoMouibio mMeroga I'mboca-Po3zedboma (ha3oBbld 1 XUMUYECKUNA COCTAaB
HUTPUJOKPEMHUEBbIX MaTepuanoB. PaspaboraHa opHOMepHas MaTeMaTHyecKas
MOJIENIb PEAKLMOHHOIO CIIEKaHUs YJIbTPAIUCIIEPCHOIO MOPOIIKAa KPEMHHUS B Cpele
azora.

Obaact, mnpuMeHeHue: B I1IHMPOKOM CHEKTpEe HAPOJHOIO CEJIBCKOTO
XO35IMCTBA, B KAay€CTBE APOIPOYHBIX M JJEKTPUUYECKUX JETAICH ISl KOHTAKTOB,
JURJIEKTPUKOB, B PAJUOTEXHUKE U B PA3MYHON XMMUYECKON MPOMBINUIEHHOCTU. B
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npeaMeTax (PU3MKW, XUMUH U MaTEeMaTUKH B TIPOIIECCE MPEIMOaBaHUH CIISIIAATbHBIX
y4eOHBIX JUCIUILINH, IO HAMPABJIECHUIO MOJICIUPOBAHUE MOJIENIeH HEeCTAI[MOHAPHBIX
CUCTEM, TIOCTPOCHUIO  MATEMATHYECKOM  MOJENH  JJISi  BBIYMCIUTEIBHOTO
AKCIIEPUMEHTA, IMOCTPOSHUE MHOTOKOMIIOHEHTHBIX (Da30BBIX CHCTEM, XHMHUYECKas
YCTOMYMBOCTh PAa3JIMYHBIX KOHCTPYKUIHMOHHBIX MAaTEPHAIIOB U €€ KOPPO3UOHHAs
CTOMKOCTbD U T.II.

ABSTRACT
of the dissertation written by Lasanhu Kerim Arsaevich on the topic: "Physico-
Chemical Properties of Silicon Sludge Waste-Based Ceramic Composite
Materials " for the degree of Candidate of Physical and Mathematical Sciences
in specialty 01.04.07 - Condensed Matter Physics

Key words: composite ceramics, phase composition, physic-chemical
properties, acid and alkaline attack, Gibbs- Roseboom method, mathematical
simulation, one-dimensional non-stationary model.

Object of the Research: ceramic composite silicon nitride materials generated
by the reaction synthesis method from wastes of semiconductor silicon industry in the
nitrogen atmosphere.

Subject of the Research - physico-chemical properties and processes
occurring under the aggressive environment influence on ceramic-composite silicon
nitride materials and the study of silicon reaction synthesis kinetics in the nitrogen
environment by developing a one-dimensional mathematical model.

Goal of the research work: study of phase composition, physic-chemical
properties of reaction-sintered ceramic-composite silicon nitride materials in various
aggressive media. Development of the physical and mathematical model and study of
the critical micelle concentration reaction synthesis Kinetics.

Research methods and apparatus: Vacuum electric furnace SGV 2.4.2 / 15,
X-ray microanalysis, X-ray structural analysis, physic-chemical analysis, scanning
electron microscope, mathematical simulation, Gibbs-Roseboom method.

Obtained results and heir novelty: For the first time, the composite ceramic
material with a Si-SiC-C phase in the methane environment has been obtained from
polydisperse silicon waste. The chemical resistance parameters have been determined
and the phase and chemical composition of silicon nitride materials has been
calculated using the Gibbs-Roseboom method. The one-dimensional mathematical
model of reaction sintering of ultrafine silicon powder in nitrogen atmosphere has
been developed.

Scope of application: In a wide range of national agriculture, as heat-resistant
and electrical parts for contacts, dielectrics, in radio engineering and in various
chemical industries. In physics, chemistry and mathematics in the course of teaching
special academic disciplines, in the direction of non-stationary system model
simulation, mathematical model building for computational experiment,
multicomponent phase system building, chemical stability of various structural
materials and its corrosion resistance, etc.
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NEPEYEHb COKPAILIEHUI 1 OBO3HAYEHUN
I'B - I'paduroBOC BOTOKHO.
KKM - KepaMOKOMIIO3MLIMOHHBIA MaTepuail, CUHTE3UPOBAHHBIA B CpeEle
azora
KM - KOoMIO3UIIMOHHBII MaTepuaj, CHHTE3UPOBAHHBIN B CPEAE METaHa
KXM3 - KbIpreI3cKuil XMMHUKO-METALTYPTUMYECKUIN 3aBOJT «ACTpay
MA - MUKpOpEHTT€HOCTIEKTPAJIbHBIN aHAJIN3
MCK - MOHOKPHUCTAIIIMYECKHUM CIIMTOK KPEMHMUS
HAH KP - HannonanbHas akagemus Hayk Ksiproizkoil PeciyOiauku.
ITAB - [1I0oBEpXHOCTHO aKTUBHBIE BEILIECTBA.
Inactudukarop - TepmormacTuyHbie BemecTBa (mapaduH, BOCK, KUPHI,

cMoJTbI THNa GeHoNHOpPMaNTbIETHIHBIE).

. ITYOK - ITonynpoBOAHUKOBBIE YIBTPAIUCIIEPCHBIE OTXOAbI KPEMHUS
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21,
22,
23.
24,
25.
26.

P - [laBnenue , Bakyym (MM.pT.CT., [1a),

PCHK - PeakiinOHHO-CBSI3aHHBIN HUTPUJ] KPEMHHUSI.

POM - PacTpoBblii 371€EKTPOHHBIA MUKPOCKOIT

Cp - Termnoemkoctb Jx/T*K.

T - Temneparypa K.

TKJIP - TemnepaTypHblil K03 (PULUHUEHT TUHEHHOTO paCIIUPEHHMS.
YYHT - YcranoBka yHuBepcallbHAasl HU3KOTEMIIEPATYPHASI.

AG - Dueprus ['n60ca.

AH - DHTanbnus.

AS - DHTpomnus.

BSE - JlerekTop orpakeHHbIX dsekTpoHOB (backscattered electrons)
Q - Temota (JIx.).

SE - JleTekTop BTOPUYHBIX JIEKTPOHOB (Secondary electrons)

A- TennonpoBOAHOCTb.

Pk~ IImoTHOCTB.

6 — DJEKTPOIPOBOIHOCTb.
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