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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTYaJILHOCTb TeMbI HCCJIeN0BaHus. [l u31ennii MalllMHOCTPOUTENIBHON ITPOMBIIII-
JIEHHOCTH, U3TrOTABIIMBACMBIX U3 KapOMpPOYHbIX CcruiaBoB (tuma BXXMS5-BU wmn BKHA-1BP-
BN), umeromux cioxHyoo (GopMy ¢ BHYTPEHHUMH TOJIOCTAMU pa3HOOOpa3HON KOHpUrypa-
UM, TAaKUX KakK JONATKH TypOOPEAKTUBHOIO JIBUTATeEls, Harnbosee 3(pPEeKTUBHBIM METOJIOM
IPOM3BO/ICTBA, MO3BOJIIOLIMM CHU3UTh PacXoJl METallla, SIBJISIETCS JINThE B KEpAMHUYECKHE
00071049KH. DT 000JIOYKU JAOCTATOYHO YacTO (POPMUPYIOT U3 KOPYHJIOBBIX KEPaMHUYECKHX
HOPOILIKOB PA3JIMYHOIO JUCIEPCHOTO COCTaBa JIMOO HAa OCHOBE JIETKOYAJIIEMbIX MOJENEH,
m6o metonoM neuyaru Ha 3D-npunrepe. Kpome npobnem obmiero xapakrtepa, BbIIIEyKa-
3aHHBIA METO]I MPOU3BOJCTBA OTJIMBOK XapaKTEPU3yETCs] HATMYMEM CeUU(UIECKUX HENO0-
CTaTKOB, /ISl YCTpPaHEHUS KOTOpBIX TpeOyroTcs Oosee COBEpIIeHHblE TexHoJoruu. Bo-
HEPBbIX, CYIIECTBYIOIIME TexHoaorun 3D-neyatu He Beerja Mo3BOJISIIOT BBINOJIHUTE B OJI-
HOM 00BbEMe TpeOOBaHHUS K KepamMHyecKUM oOojioukaM. Bo-BTOphIX, /Ui co3gaHusi BHYT-
PEHHHUX IIOJIOCTEHN B JIETKOYAJIIEMbIE MOJENIN BBOJAT KOPYH/OBBIE 3aKJIAHBIE 3JIEMEHTHI,
KOTOPBIE 3aTEM HYKHO YIAJIUTh U3 TOTOBOW OTJIMBKH, 3Ta ONEpaLUs OYEHb TPYIOEMKas U3~
3a BBICOKOM MPOYHOCTH MU XMMHYECKOW MHEPTHOCTH 3J1€MEHTa. B-TpeThHX, NpH JIUThE THUTA-
HoBoro criaBa BTSJI B kepamuueckuie popMbl BO3HUKAIOT MIPo0OIeMbl ¢ 00pa30BaHUEM Ha
MOBEPXHOCTH OTJIMBOK J1€()€KTHOIO TaK HA3bIBAEMOT'0 0i-CJ0sl. B CBSA3M € 3TUM IpencTaBis-
IOT MHTEPEC CIOCOOBI MOTYUYEHUS] KEpaMUUECKUX U3/IENTUIl Ha OCHOBE KOPYH/JIA C 33JaHHBIMU
(U3HKO-MEXaHMUECKUMHU XapaKTEPUCTUKAaMH, TI03BOJIIOIIME pELIaTh BbIICYKAa3aHHbIE
npobaembl. KpoMe Toro, 3Tu cioco6bl MOTYT OBITH MCIIOJIB30BAHbI U ISl YIyUILEHHUS JKC-
IUTyaTallMOHHBIX CBOMCTB JPYIHX MPOMBILIUIEHHBIX KepaMUYeCKUX u3zenuid. OJHaKo U3ro-
TOBJICHUE U3ZEIUNA B OJIHY CTaJHUIO IPOM3BOACTBEHHOIO LIMKJIA HE MO3BOJISET pelllaTh yKa-
3aHHBIE 33/1a4M, TOATOMY B paboTe MpecTaBlIeHa TEXHOJIOTUS, OCHOBAaHHAs HA JIByXCTaIUil-
HOM cItoco0€e M3rOTOBJIEHHUS KepaMHuecKuX u3nenuil. Pabota BemonHsiaack no I'oc3akasy
Muno6pHayku Poccun o mpoexty FSNM-2023-0004.

Crenenb pa3padoTaHHOCTH. 3HAYUMBIN BKJIaJ B UCCIIEAOBAaHUE U pa3pabOTKy TEXHO-
JIOTMU JIUThS JIONATOK ra30TYpOMHHBIX JIBUTATENEH, pa3pabOTKy JIMTEHMHBIX KEPAMUYECKUX
(dopM U cOCTaBOB JJIsi U3TOTOBJICHUS JIETKOYTAJIIEMbIX 3aKJIaJHBIX JIEMEHTOB, a TaKXKe I10-
UCK TMyTeH pelieHus: UMEIOIIMXCS B TEXHOJOIWu mpodiem Obul BHecEH Bcepoccuiickum
HAy4YHO-UCCIIEIOBATEIILCKUM HHCTUTYTOM aBHalMOHHbIX MarepuanoB (HUL[ «Kypuaros-
ckuil uHCTUTYT» — BUAM), oTnensHO cTouT BhienuTh BkiIan Kabmnosa E. H., ®onomeiiku-
Ha O. 1., A6pamsona U. JI. u Jlemonuca 1. M. Tlpu paccMOTpeHUH JUTBS THUTaHOBBIX
CILJTABOB OJIHUM M3 OCHOBHBIX HAaIIPABJIEHHI, KOTOPHIE OCBELIAIOTCS B HAYYHBIX ITyOIHKAIU-
X, SIBJISETCS aHAINU3 IPUYMH U MEXaHU3MOB 00pa30BaHMUs Oi-CJIOS, BBIABHUHYTO OOJIBIIOE KO-
JIMYECTBO TMPEIoaraeMbIX MeXaHU3MOB. Psii paboT MOCBSIIEH TEXHOIOTHUYECKON IIeIeco-
00pa3HOCTH MPUMEHEHHUS aJIUTUBHBIX TEXHOJIOTHI JJISl M3TOTOBJIECHUSI KOPYHIIOBBIX Kepa-
MHUYECKHX (OpM, B HYACTHOCTM YIPABICHUIO CBOMCTBAMU TOJy4YaeMOW KEepaMHUKH.
BonbmHcTBO 3THX Mpo0IeM MOTYT ObITh B 3HAUUTEIBHOI CTETIEHU YCTpaHEHbI MpH Ooee
JIETaTbHOM H3yUYeHUH (PU3NKO-MEXaHWIECKUX CBOMCTB MaTepHrasa KepaMHKH.

Heab auccepranmonHoi padoThl. PazpaboTats cnocoObl MOMy4YeHHs KepaMUIECKUX
W3JIENTUI HAa OCHOBE KOPYH/IA C 3aJaHHBIMH (DU3UKO-MEXaHUYECKUMH XapaKTePUCTHKAMH.

JU1 TOCTUKEHUS TOCTABJIIEHHOM 1I€JI PEIAIUCh CIETYIOIIME 3a1a4u:

1. Pa3zpaboTaTh TEXHOJIOTMYECKHE OCHOBBI CIIOCO0A ABYXCTaAMMHON MPOMUTKHU KO-
PYHIIOBOM KEpaMMKH CBS3YIOIIMMHU PACTBOPAMU JJIsl aIUTUBHON TEXHOJOTHH BBIpAIIU-
BaHUSl KepaMHUECKUX (opM, 00ECIeUHBAIOMIETO 3a/laHHbIe MEXAHWYECKYI0 MPOYHOCTH
¢dbopM U TITyOMHY TPOHUKHOBEHHUS CBSI3YIOIIETO.

2. Pa3pa0boTtaTh CBA3YIOIIME PACTBOPHI JUI aJJIMTUBHON TEXHOJIOTWH, MTO3BOJISIOLIME
(bopMupoOBaTh KOPYHIOBBIE JINTEHHBIE (HOPMBI METOAOM ABYXCTaMIHON MPOIMHUTKH.

3. U3yunTh (PU3MKO-XMMHUECKHE 3aKOHOMEPHOCTH HPONMUTKH KOPYHAOBOM Kepa-
MUKH 30JI5IMU CBS3YIOLLETO.



4. YCTaHOBUTH BIIMSIHME TEXHOJOTMYECKUX IPOILECCOB JBYXCTAIUINHON MPOIUTKU
Ha XapaKTePUCTUKHU KOPYHIOBOI KEpaMUKH.

5. [IpoBecTH ONMBITHO-NIPOMBIIIEHHBIE UCIBITAHUSI TEXHOJIOTHMM CHUXKEHUS TIIyOH-
HBI 0-CJIOSl OTJIMBOK TUTAHOBBIX CIUIABOB C HMCIIOJIb30BAHUEM TEXHOJOIMH ABYXCTaIU-
HOM NMPONUTKU KOPYHAOBOM JIUTEHHON (OPMBI.

O0BbeKkTOM HMCCIeJOBAHMS SIBJIETCS CIIOCOO MOJIy4YEeHUsI KEPAMUUYECKUX U3JEeNNi
Ha ocHoBe KopyHja. IlpeaMerom mcciienoBaHus SBISIOTCA (QU3MKO-XUMUYECKUE IIPO-
IIeCChI, TIO3BOJISIONIHE TTOTyYaTh KOpyHI0BbIe (a-Al203), aoMo- U KpeMHE30JIbHBIE Ma-
TepHaJIbl C 3aJaHHBIMU (PU3UKO-MEXaHUYECKUMU XapaKTEPUCTUKAMU.

HayuyHasi HOBU3HA!

1. BriepBble yCTaHOBJIEHO 3HAUYUTEIBHOE BIIMSIHME COCTAaBa M YCJIOBHM MPONUTKU
KEepaMHMKH BTOPUYHBIM CBSA3YIOLIMM Ha MEXaHUYECKYIO IPOYHOCTh KOPYHIOBOM Kepamu-
KH; TOKA3aHO, YTO MPOYHOCTh KEPAMHUKHU YBEJIUUYHMBAETCS B HECKOJIBKO pa3 MpHU yBeIUYe-
HUH COJIep)KaHusl KpeMHE30J1s B cBs3yromeM Ha 10 %.

2. JlokazaHo, 9TO IPOHMKHOBEHHE MHIICIT KPEMHE30JIS B TIOPHI KEPAMUKH OTIpeIe-
asieTcs aaBeKuued (MeXaHM4YeCKMM JIBUKEHHEM) KOJUIOMJIHOTO pacTBOpa, MOCKOJIBKY
CMeIlleHNe MUIIEIUT 32 CUET OPOYHOBCKOTO JIBHKEHHSI HA JIBa MOPSIKA MEHbIIIE, YeM IIPO-
IBHMKEHIE 3a CUET aABEKIINU.

3. BriepBble BbISBIICHA 3HAYUTENIbHAS HEPABHOMEPHOCTh PAacHpeieeHUs] KPEMHUS 1O
rTyOuHe MpoABMKEHHUS (PPOHTA JUCTIEPCHON (ha3bl CBA3YIOUIETO B MOpax KEPaMHUKH: KOH-
LEHTpaIMs KpEMHHUS TP [TPOJIBMXKEHUHU BIUTyOb Ha Kakzple 10 MM magaeT Ha MOPSIIOK.

TeopeTnueckasi U NpaKTHYECKasi 3HAYUMOCTD

1. Pa3paGoran u TeopeTndecku OOOCHOBaH ABYXCTaJUMHBIA CIOCOO H3rOTOBIICHHS
U3 U3 KOPYHJIOBOM KepaMUKH C 3a/laHHBIMHU (PU3MKO-MEXaHUYECKHUMHU XapaKTEPUCTH-
KaMHU, 3aKJIH0YAOLIUICA B pa3e/IbHON MPOIUTKE U3/IENNS CBSI3YIOIMMH KOMIIOHEHTAMH.

2. Pa3paboTtaH cocTaB NEpPBUYHOIO OPraHUYECKOTO CBSI3YIOLIET0 Ha OCHOBE (PEHOJI-
(dopmanbaeruaHON CMOJIBI C PACTBOPUTEIEM — STHJIOBBIM CHUPTOM JUIS U3TOTOBIJICHUS
KepaMUYECKUX TPEXMEPHBIX U3JEIHM MO aJJUTUBHON TEXHOJOTHH, 00ECHeYHBaIOLIErO
BO3MO>KHOCTb IIOBTOPHOM IPOIUTKH € LEJIbIO MOTYUYEHUS U3AENINN C 3aJaHHBIMU Xapak-
tepuctukamu. Ha nszo0Operenue nonyye nareHnt PO Ne 2773973.

3. Pa3paborana u anpoOupoBaHa METOJMKA WU3MEPEHUS MEXaHUUYECKON MPOYHOCTH
KEpaMUYECKOT0 U3/IEHs B OTACIbHBIX TOUKAX MYTEM OINpeNeIeHUH TITyOUHbI TPOHUKHO-
BEHUS KaJIMOpOBAaHHOW WTJIBI MOJ BO3JACHCTBUEM ONPEIENEHHOIO YCUIUS BHYTPb Kepa-
MHUYECKOT0 U3JIeNnsl (METO TIEHETPAIINH ).

4. PazpaboTan cnoco0 co3/laHusi KepaMUUYECKHUX 3aKJIaJHBIX JIEMEHTOB, IPUMEHS-
eMBIX JUIsI 00pa30BaHuUs MOJIOCTEH B OTJIMBKAX B MPOLIECCE JINThS MO BBHIILJIABISIEMBIM MO-
nensiM, odecnieyrBaronas ObICTpoe yajieHrue KepaMuKu U3 roToBoi jeranu. Ha uzo6pe-
TeHue noiaydeH nateHT PO Ne 2792102.

5. Ha ocHoBe maremaTtuueckoi MOJENH MPEAsOKEeH METO]| MOBBIINICHHS] YyBCTBH-
TEIBHOCTU TEPMOKATATUTHUECKOIO KEPAMHUYECKOr0 Ia30BOro JaT4yrKa IyTEM HAaHECEHUS
CJI0s1 KepaMUYECKOM TEeTTOM30JIALMU U3 KOPYH/IA.

6. IlokazaHo, 4TO rIyOMHA O-CJIOSI B TATAHOBBIX OTJIMBKAX YMEHBILIACTCS MPAKTHUUE-
CKM B 2 pasa IpH yBEJIMYEHHH pa3Mepa YacTull IponuThiBatonieil cycnensuu ot 140 no
160 HM TIpU M3TOTOBJICHUH KOPYHIOBBIX JUTEHHBIX (popm. [IpoBeneHHbIe HCTIBITAHUS HA
npennpustun AO «IIpoton-1IM» nokaszanu cHUKeHHE TTyOUHBI (-CJIOSl HA OTJIMBKAxX Ha
61 %. Ha u3o0perenue nonyden natent PO No2775770.

IToJ102keHusl, BBIHOCHMBIE HA 3AIIUTY:

1. Cnoco® m3roToBIEeHUsT U3 U3 KOPYHIOBOW KEPAMHKH C 3aJaHHBIMU (U3HU-
KO-MEXaHMUYECKUMHU XapaKTePUCTUKAMH, 3aKJIIOYAIOLINICS B pa3JesIbHOM NPONUTKE U3-
JIeNUsl CBSI3YIOIIMMU KOMIIOHEHTAMHU.
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2. Pe3ynbTaThl HCCIEIOBAHUM COCTaBa U CBOMCTB OPraHMYECKOIrO CBSI3YIOILIErO Ha
ocHOBe (peHopopMaIbIETUIHON CMOJIBI C PACTBOPUTEIEM — STUIIOBBIM CIIMPTOM ISt
IIPOM3BO/ICTBA KEPAMUYECKUX TPEXMEPHBIX U3AETUN U3 KOPYH/A aITUTUBHBIM METOJIOM.

3. OU3UKO-XMMHUYECKHE 3aKOHOMEPHOCTH Ipoliecca MPOMUTKU KOPYHIOBOM Kepa-
MUKH aJIFOMO30JIEM U KPEMHE30JIeM, POTEKAOIIEH 3a CUeT aBEKIIMH MUIEIT KOJUTOHI-
HOT'O PacTBOpA B MOPHI KEPAMUKHU.

4. Pe3ynbTaThl HCCIEAOBAHUM MO MPUMEHEHHIO CIIOCO0a ABYXCTAIUIHON MPOMUTKU
MOHOJIMTHBIX U3JIETUH ISl MOJIyYeHHs] KepaMUYECKUX 3aKJIaJHbIX JIEMEHTOB U KepaMu-
YECKUX TMEJUTUCTOPOB ra30BbIX TEPMOKATAIIMTUYECKUX JTaTYMKOB C 3aJaHHBIMU IKCILITya-
TallMOHHBIMU CBOMCTBaMHU.

5. Pe3ynbpTaThl OMBITHO-TIPOMBIIUIEHHBIX UCIIBITAaHUHN croco0a CHUKEHUS TITyOUHBI
o0pa3ylonierocsi o-cjaosi Ha MOBEPXHOCTH TUTAHOBBIX OTJIMBOK 3a CUET AIIOMO30JIbHOM
MPOIUTKH KOPYHAOBBIX (POPM, TPUMEHSIEMBIX MPH JIUThe TUTAHOBBIX CIIJIABOB, B YCIOBU-
ax npeanpusatus AO «IIporon-IIM», r. [lepmsb.

MeTonosiorusi 1 MeTobl Mccjiea0BaHusl. [I[puMeHeHbl METOIBI TITAHUPOBAHUS IKC-
nepuMenTa, 00paboTKy pe3yabTaTOB MCCIIEAOBAHUNA OCYIIECTBISUIA C MTOMOIIBIO CTaHIapT-
HBIX TPOTpaMM CTaTHCTUYECKOro aHanu3a B cucteme Microsoft Excel u pazpaboraHHbIX
nporpammM B makere Mathcad. Anann3 o0pa3ioB KepaMHKH TMPOBEJEH C UCIOIb30BAHUEM
peHTtreno-hiyopeciieHTHOro Metosa (Ha criekrpomerpe ElvaX), ontudeckoit MUKpOCKOTTHH
(na mukpockorie ZEISS Axio Imager 2 MAT), Tensuomerpun (Ha pOIIECCOPHOM TEH3UO-
meTpe K100 KRUSS), TepMorpaBumMeTpuyieckoro ananmsa (Ha BecoBoM Biaromepe MS-70),
n3MepeHnst MEKpoTBepaoctd (Ha TBepaomepe Bukkepca MICROHARDNESS TESTER
FM-300), a Take pa3InIHbIX CIIOCOOOB U3MEPEHHS MEXaHUUECKOM IPOUYHOCTH.

JlocTOBepHOCTH U 000CHOBAHHOCTD MOJIYYeHHBIX Pe3yabTaToB. J[0CTOBEPHOCTH
MOJIYYEHHBIX PE3YJIbTaTOB 00€CIIEYMBACTCS aHAIM30M JIUTEPATYPHBIX UCTOUYHUKOB, MPH-
MEHEHUEM CTaHJAPTU3UPOBAHHOTO BHICOKOTOYHOT'O OOOPYNOBAaHUS M HCIIOIH30BAHUEM
METOJIOB CTaTUCTUYECKON 00paboTKM NaHHBIX. [loydeHHbIE SKCTIEpUMEHTAIbHBIC J1aH-
HBIC aJIEKBAaTHBI U COMTOCTABUMBI C pabOTaMu JIPYTUX HCCIIEI0BaTENeH.

CooTBeTCTBHE JHMCCEPTAIMM NMACMOPTY HAY4YHOI crnenuaiabHocTU. Juccepraiu-
OHHas paboTa cooTBeTcTBYET myHKTaMm Ne 8, 9 macmopTa Hay4HOU crieruanbHOCTH 2.6.7.

Anpodanusi padorbl. OCHOBHBIE pe3yJbTaThl HCCIENOBAHUN OOCYXIaduCh Ha
Bcepoccuiickoil HayqHO-TIPAKTUYECKON KOH(MEPEHIIMH C MEXIyHApOJHBIM ydacTHEM
«Xumus. Dxonorus. YpoOanuctukay (2021, 2022, r. Ilepmp); XXIV Bcepoccuiickoii
HAyYHO-TEXHUYECKON KOH(DEpEeHITNN «AdPOKOCMUYECKasi TEXHUKA, BRICOKHE TEXHOJIOTUN
u waHOBaIu» (2023, r. Ilepmsb); | MexayHapoaHON HAayYHO-NPAKTUYCCKONH KOH(pEpeH-
IIMA MOJIOJIBIX YYEHBIX, aCIMPAHTOB W CTyACHTOB «llepemoBbie MHXKEHEPHBIE IIKOJIBI:
MaTepHaibl, TEXHOJIOTHH, KOHCTpYKImm» (2023, r. [Tepmp).

Iy6auxanuu. Ilo Teme nuccepranmonHoil padoTsl omy6nukoBaHo 10 mewaTHbIX pa-
00T, U3 HUX TPU CTAThU OITyOJIMKOBAHBI B U3JAHWH, BXOJISIIEM B MEXKTyHAPOAHYIO 0a3y I1H-
tupoBanus Web of Science. [Tonydenst Tpu narenrta Poccuiickoit deneparmm.

O0bem u cTpyKTYpa padoThl. Juccepraiys COCTOUT U3 BBEJICHUS, TIATH TJ1aB, 3aKITIO-
YEeHUs U BBIBOJIOB, CITHCKA JINTEPATYPhl M MPWIOKeHHH. TekcT u3nokeH Ha 113 cTpanunax,
conepxut 54 pucynka, 13 tabmuir, a Taoke 103 HaMMeHOBaHUS TUTEPATYPHBIX UCTOYHUKOB.

OCHOBHOE COJEPXXAHME PABOTbI

Bo BBegeHun 000CHOBaHA aKTyalbHOCTh UCCIIEAOBaHUS, C(HOPMYIUPOBAHA LEb JHC-
CEepTALIMOHHOM PabOoThI M ONpeIeTICHbI €€ OCHOBHBIE 331a4M, IPUBE/ICHA HayYHAasi HOBU3HA.

B nepBoii riiaBe npuBeacH TUTEPaTypHBIA 0030p MO CYIIECTBYIOMIEH TEXHOJIOTHH JIU-
Thsl TIO BBITUIABJIIEMBbIM MOJEISAM. PaccMOTpeHbl 00Iue CBOWMCTBAa KEpaMHMK U CBS3YIOIIMX



BEILIECTB, UCMOJIb3YEMBIX B TeXHOJIOTHU. Ha 0OCHOBE MPUBENEHHBIX JAHHBIX CHOPMYIUPOBAHBI

npo0JIeMbl, BO3HUKAIOIIHE B TIPOLIECCE JIUThS, U COOTBETCTBYIOIIME UM 337a4M UCCIIECIOBAHNSI.
Bo BTOpOIi ri1aBe MpeaCTaBICHbl OCHOBHBIE MaTEpHalbl, METOJAMKH M HAy4YHOE

00opya0BaHKe, KOTOPbIE ObUIH 3a/1€iCTBOBAHBI MPU BHITIOJIHEHUHU PaOOTHI.

B Tpertbeii riaBe mpejacTaBleHbl UCCIEIOBAaHUS 1O pa3pabOTKe COCTaBa CBS3YIO-
HIeTO JJI JIBYXCTaJIUWHON TexHonoruu 3D-meuaTtu KOPYHIIOBBIX KEpaMHUYECKHUX 00010-
YeK, a Tak)Ke HCCIIEOBaHUS BO3MOKHOCTH pa3/ieJbHOW MPOMUTKH KEPaMHUUYECKOTO TO-
pOIIIKa MEPBUYHBIM U BTOPUYHBIM CBSI3YIOLIUMHU.

JIByxcramuiinas TexHojorus 3D-medatd kepaMHYecKHX 00O0JIOYEK II0JIpa3yMeBacT,
YTO KOpPYHJIOBas (popMa Ha OCHOBE MEPBUYHOIO OPraHUYECKOI'O CBS3YIOUIETO JOJKHA
ObITh U3BNIeYeHa U3 3D-npuHTEpa, MpoNuTaHa BTOPUYHBIM HEOPTaHUYECKUM CBSA3YIOIIUM
U TOJIBEPrHyTa BBICOKOTEMIIEPATYPHOMY OOXKUTY JUIsl IPUIAHUS HEOOXOIUMOU MPOYHO-
cti. Ha ocHOBe 0030pa 1 aHa/IM3a Hay4YHOU U MaTEHTHOM JINTEPATYpPbl B KAYECTBE MPEIIO-
JlaraeMbIX TEPBUYHBIX OPTraHMYECKUX CBS3YIOIIUX HCCIEIOBAaHBl Pa3lIUYHbIE OpraHUYe-
ckue coctaBbl. OCHOBHBIM KpPHUTEpPHEM IMOAOOpa Ha MEPBOM dTale SBISIACH MPOYHOCTH
CTaHJAPTHBIX TECTOBBIX 00pPa3LI0B KEPaMHUK, MOJTYUYEHHBIX HA OCHOBE MCCIEyEMbIX COCTa-
BOB. KonnuecTBO BBEIEHHOIO CBS3YIOIIETO COOTBETCTBOBAJIO CBOOOJHOMY OOBEMY
VIUIOTHEHHOTO KEPaMHYECKOTO MOPOIIIKa, B CPEIHEM MACCOBOE COJIECPIKAHUE CBSI3YIOIIETO
B cMecu coctaBsuio 10-30 %. TlomyuuBiieiics Maccoil 3aIofTHSUTH CIIEIUAIbHBIE (HTOPO-
IUIACTOBBIE ()OPMBI U CyIIMIM 00pa3ibl 24 yaca npu Temiepatype 25 °C. 3ateM JI0MOTHU-
TENILHO yNAJSJIM BIAry B TeueHue | yaca B cymmibHOM Iikady npu Temreparype 180 °C.
[TomoGHBIN pekuM CYIIKH HEOOXOAUM ISl TIOJTHOTO YAAJCHUS BlIaru 0e3 MOoTepH MPOYHO-
cTi 00pasnoB. Haumydimmii pe3ynbTaT moka3aiu pacTBOPhl (GeHOI(POPMATbIETUIHON CMO-
a6l (ODC), MOCKONBbKY OHHM MO3BOJISIIOT TOOUTHCS BBICOKOW MPOYHOCTH, MPOSBISIFOILIEHCS
NPU U3BJICYCHUHU KepaMUUECKHX o0pa3noB u3 GpopMoBouHON MaTpuilbl. Kpome Toro, kepa-
MHKA C JIaHHBIM COCTaBOM 00JaJaeT XpyIKUM TUIIOM pa3pylLIeHus, YTo Oojiee MpeaArnouTH-
TEJIbHO, MOCKOJIBbKY Y KEPAMUKH C 1e(OpMaIIMOHHBIM THUIIOM pa3pylleHHs] Hen30eXKHbI CTHU-
ObI ¥ HapyIeHUs (POPMBI P TIEPEHOCE M3IeUs U3 TIpUHTEepa B nieub (Tabmuma 1).

Tabmuua 1 — Pe3ynbraTsl H3MepeHus: IPOUYHOCTH KEPAMUYECKUX TaOJIETOK, N3TOTOBJIECHHBIX
C HCIIOJIb30BAaHUEM DPAa3IMUYHbIX cBs3yrolmux Ha npubdope UIII-1M npu goseputenbHOU
BEepOsITHOCTH 95 %

Conepxanuie cBa3y- | CpenHsist Harpy3Ka
Csszyromee PactBopn- AeP 4 pea by Tun
IOIIIETO BEIIECTBa paspyueHus
BEIIIECTBO TeJNb o paspyIeHus
B pacTBope, Mac. % tabnetku, H
DeroNpopMaTBACTHIHASL 5 2749 XpyiiKoe
CMOJIa + yalT-CIUpUT Py
Kanudonp 60 26+ 7 Jedopmarmonnoe
DenonpopmanbaeruHas 16,7 18+4 Xpynkoe
CMoOJTa, TTOJINBHHIIIOY TH- 20 315 Xpymnkoe
ajb, JUOyTHIIpTanar, Ka-

p AHbyTing Cnupt 6,67 8=x1 Xpynkoe
CTOPOBOE Macjo, KaHu(OJIb
TToAMBUHUIOBBIN CIUPT 3 Her npounoctu | Jlepopmarmonnoe
. 1 Het npounoctu | lebopmanmonnoe

P 3 Her npounoctu | Jledopmaitmonnoe
MoauduuupoBaHHbIH
Kpaf(M(%il)ﬂu p 1 Her npounoctu | Iedhopmarmonnoe
MoauduuupoBaHHbIid
Kpa?(M(EJIH p Bona 5 7+2 Jedopmarmonnoe

H3EIbHOE

butym Kulll-104 IITOHHHBO 2 Her mpounoctu | ledhopmarmonnoe




BaxnbpIM 1okazareneM, onpeessiFouMM IPpOLece MPOIUTKU OPOIIKOB, SIBISIETCS UX
CMa4YMBaEMOCTh JIUCIIEPCUOHHON CPENON, KOTOpas OIMpPENeseTcsl KaK SHEPreTUYeCKUMU
napaMeTpaMu CUCTEM, TaK U KMHETUYECKUMHU, 3aBUCALIUMH OT Pa3MepOB U (POPMBI YACTHUIL
OKCHUJIOB, IUIOTHOCTU HMX YINAKOBKH, CTPYKTYpBI IIOp, @ TAK)K€ BS3KOCTH CMadyMBAIOLICH
KHUIKOCTH. YacTHIIBI OKCHIOB METAUIOB B HEOOOXKEHHOM KepaMUKe B 3HAYMTEIHHOU
CTETEeHU MOKPBITHI TUAPOGOOHON MICHKON MOJUMEPHOTO COSTUHEHMsI, 00pa30BaBIIETOCs
npu nonumepuzanun ODOC. 1o 06CTOSATENHCTBO MPENATCTBYET MTPOHUKHOBEHHIO BOJTHO-
KOJUIOMTHOTO CBA3YIOIIETO B MOPbI KEPAMUYECKOTO u3Aenus. i yinydiieHus cMadyuBae-
MOCTH B pacTBOpP BTOPHYHOTO CBsI3ytoIIero Heooxoaumo Beectu [TAB-cmauuBatens, cro-
COOHBI M3MEHUTH XapaKTep B3aUMOJEHCTBHUS BOJBI U MOBEPXHOCTH KEPAMUYECKHX 4a-
CTHII. DTO BO3MOXKHO IIPU CYIIECTBEHHOM CHIKEHUH YTJIa CMayMBaHUs MEXKIY 3TUMHU (a-
3amu. C 3TOH LENbI0 MCCIEAOBAHBI YIJIbI CMAaYMBAaHUS HA TPAHULE MOJMMEPHOHN IJICHKU
MIEPBUYHOrO CBA3YIOMIETO U BOABI, coAepxanieil 200 ppm HEKOTOPBIX YacTO MpPUMEHse-
MbIX cMauuBaTenel. [Ipu ucnonb30BaHNM CUHTAHOJIA MOJTYYE€Hbl MUHUMAJIbHBIE 3HAUYEHUS
yria cMauuBaHus: 35° MpyU NepBOM MOTPYKEHUU U 29° IpU NOBTOPHOM MOTPYKEHUH CTEK-
JISTHHOM IJIACTUHBI — YTO MO3BOJISIET PEKOMEHI0BATh CUHTAHOJ Kak Hanbosee 3 eKTUBHBIHI
cMmauuBareib i GDC (Tabmuia 2).

[Mpu wucnons3oBannu 20%-voro Tabmia 2 — Bmusnue IIAB-cmauuBatens Ha
ciuproBoro pactBopa dDC oOpasyercs BEIMYMHY yITla CMAYUBAHUS IUIACTUHBI, TIOKPBHITOM
qpe3MEpHO XpyIIKasg KepaMHukKa, II03TOMY IUIEHKOM OPraHn4CCKOro 1moJammepa

SKCIIEPUMEHTHI 110 BTOPHYHOM IPOIMTKE , S
HEOPTaHMYECKUM CBSI3YIOIIUM TPOBEICHBI actsop eDBOG HTOPOG
o CMauuBaTe’s p p

¢ cocraBaMu, coaepxkaummu 16,7 % ODOC IOTPY’KEHHE | HOrPyKEHHe
(Tabmuma 3). MccneaoBanbl cOCTaBbl BTO- Boaa (uucras
PUYHOTO CBSI3YIOIIETO W YCIIOBHS MPOIUT- |  CTEKJIsHHAsA 30° 30°
KM U oOkura. M3 aHanm3a naHHbx TaOmm- N1aCTHHA)

o o o
bl 3 CIIEYeT, YTO MPH OOBIYHOM MPOIHT- Bozna 74 74
K€ BOJHO-KOJUIOMIHBIMU  CBSI3YIOIMMHU | AJKHICYIbdar 60° 55°
JIOCTUTAETCS] HU3Kask MPOYHOCTh KepaMukH, | CynbdosTokcunar 48° 42°
YTO MOYET OBITH MCIIOJIH30BAHO IS U3r0- Heonoun 9-9 50° 40°
TOBJICHHS JTUTEWHBIX KEPAMUK, COCTOSIIMX Heomnon 9-6 43° 38°
U3 TOPOIIKOB JUCTEHCHIUIMMAHUTA, KO- ABCK 46° 340
pyHzaa u kBapua. [Ipy UCIONL30BAHUK Ba- Po—— 350 290

KyyMa Ha CTaJUH IPONUTKHA IPOYHOCTH

TabeTok Bo3pacraeT. BeposTHOI MpUYMHO 3TOTO ABJSIETCS yalleHHe aTMOC(EpPHBIX Ta30B
C TIOBEPXHOCTH YACTHUIl MOPOIIKOB OKCHJOB U TOBBIIIEHUE CTENEHH MPOIUTKH, CIIOCO0-
CTBYIOILIEH YBETWYECHUIO ITPU O0KUTe YKCiIa 00pa3yIoUIMXCs XUMHUECKHUX CBSI3CH.

Tabnuua 3 — Pe3ynbTaThl H3MEpEeHUH TPOYHOCTH KEPAMUYECKUX TAOJIETOK, CONEPIKAIIIX
16,7 % DDC, nmocie BTOPUIHON MPOMUTKH M 00KUTa IPH JOBEPUTETBHOM BEpoATHOCTH 95 %

Cpenusist Harpy3Ka pa3pyLIeHus
BropudHoe cBs3yrolee U yCIOBHs POIUTKA -

AnoM03071b 8+£3

Kpemneszoinp 6+1
KpemHe3011b, 00XKHT B BAKYyMe 19+6
Kpemueszoanp, nponutka npu temnepatype 60°C 17+4
Kpemuesoinb, 006padoTka ynpTpa3BykoM npu nponuTke (30 c) 18+6
Kpemnuesoinb, 00paboTka yinpTpasBykom mpu nporutke (180 ¢) 33£8
AJtoM030716, 00paboTKa yiIeTpa3BykoM mpu nponutke (180 ¢) 163
KpeMmHe3011b, IpONHUTKA B BAKyyMe 105+ 20




C menblo yIydmieHusl KOHTaKTa BTOPUYHOTO CBSI3YIOIIETO C TIOBEPXHOCTBHIO MOPOIIIKOB
TIPOBEJICHBI HCcleoBaHUs A(P(PEKTUBHOCTH Pa3IMYHBIX METOJIOB BO3/ICHCTBHS HA 3TOT Iapa-
METp: TPOMHUTKA BTOPUYHBIM CBS3YIOIIMM IPU TIOBBIIICHHON TEMITEpaType; BO3ICHCTBUE HA
TIPOLIECC MPONUTKK yiIbTpa3Byka (dactora 22 kI'm, mateHcuBHOCTH 0,2 Br/cM®) mpu pasHoit
JUTUTEITLHOCTH; TIPOTTMTKA B BaKyyMme. [IponuTka mpy MOBBIIICHHONW TEMITepaType TO3BOJISIET
CHU3UTH BS3KOCTh CBSI3YIOIIETO M TEM CaMbIM YJIyUIIUTh €0 MPOHUKHOBCHUE B MOPHI Kepa-
MHKH, 00pabOTKa YJIBTPa3BYKOM TaKXKE TOBBIIIACT TEMIICPATypy U CHMKACT BS3KOCTH, JO-
TIOJIHUTEITLHO TIPOIIECC MPOMUTKH YITyUIIAeTCsI 33 CUET YJIBTPa3ByKOBOTO JIABJICHUS, YTO TIO-
MOTaeT BHEJPHUTh YACTHUIILI OKCHIOB B MATPHILy KEPAMUKH, COCTOSIITYIO TIPSUMYIIIECTBEHHO
u3 KopyHna. [Ipy OMMHAKOBBIX YCIOBUSIX YJIBTPa3BYKOBOW 00OpabOTKM KpeMHe30ib dddek-
THBHEE AJTFOMO30JIsI, 3TO MOXKET OBITh CBSA3aHO ¢ TeM, 4To BHeapenue SiO2 B MaTpHily Kepa-
MHKH CIIOCOOCTBYET 00pa30BaHMIO HOBBIX XUMHYECKHX CBSI3€H TIPU OOKHUTE, B TO BpEMs KaK
BHeapenue AloO3 He IPUBOIUT K 3TOMY.

Pe3ynbratel WCCiIeMOBaHUS BIHSTHUS
KOHIICHTPAIIMA TIEPBUYHOTO CBS3YIOIIETO
KpPEMHE30JIs Ha NPOYHOCTh IMOIy4yaeMoi
KepaMHKU TpeAcTaBieHbl Ha Pucynke 1.
[TockoabKy BBISBIEHO, YTO MPOYHOCTH Ke-
paMUKH 3HAYUTENBHO 3aBUCUT OT COEp-

NN
o o o

['myOuHa neHeTpanuu, MM
[ SN
o

5 KaHus CBA3YIOIICTO KOJUJIOMIHOI'O KPECMHC-

0 30714, OBLIIO MMPOBCACHO HCCICOOBAHUC
1,87 3,75 75 15 MaccoImepeHoca I[HCHCpCHOﬁ (1)8.3[;1 npu
ConeprxaHne KpeMHE30IIsI IIPOINHUTKEC KCPAMHUUCCKUX 06paSIJ;OB BOJHO-

B TIPOITUTKE, Mac. %o KOJUIOM/IHBIM CBSI3YIOLIMM KPEMHE30JIeM C

PucyHok 1 — 3aBucumocTs NiyOuHbl nenetpamun ~ MACCOBRIM. COICPIKAHUEM THOKCHIIA KPEM-
OT COAEPKAHUS KPEMHE3OJIS B CBA3YIOLIEM Hus 30 %. TeopeTnueckas OLeHKa III/I(b(by-

3UM YaCTHUIl B TIOPHI KEPaAaMUKH BKIIOYAET
JBa crioco0a nepeMelleHnsi MuLel: OpOyHOBCKOE JIBM)KEHHE W aJBeKuus. BennunHa
XapaKTEPHOTO CMEIIECHUS YacCTHUIIBI ¥, M, 32 CUeT OPOYHOBCKOTO JIBUKEHUS MOXKET OBITh

OLICHCHA KaK:
x=~D-1, (1)

rae D — koapdunuent nuddysuu yacTuiipl, T — AIUTETLHOCTH JBUKCHHUS.
Koaddurnment nuddysuu onpenensercs no ypaBHEHHUIO:

KT
= : (2)
6mnr

rJe T — JUTUTENILHOCTH Tpoliecca cMeleHus; K — nmocrosaHas bonmbimana; T — abGcosroTHas

TEeMIEpaTypa, 1 — AMHaMU4ecKasi BSI3KOCTb cpelibl, s Boasl ipu 293K n = 1, 002 mlla-c;
I — painyC YaCTHLIBI.

JIns1 KOJIOMOHBIX YacTULl paAuycoM S5 HM Ipu Temnepatype 293K:
B 1,38-10°-293
6-3,14-1,002-10°-5-10"°

D

=4,28-10™ m?/c.

Taxum oOpaszom, 3a epuo nponuTky 20 MUHYT BeTHYUHA 9UCTO AU(PYy3nOHHOTO
CMEILEHHS YaCTHI] COCTABHT:

% =+/4,28-10.1200 = 2,26-10“ m.



B T0 >xe Bpems 3a mepuoj MPOMUTKU PACTBOP MPOJIBUTAETCS B CTEPKHE B PEKUME
ansekiuu Ha 0,05 M, uto B 221 pa3 Gosbiire, yeM 3a cueT quddy3uu.

DKCIepUMEHTAIBHOE MCCIICIOBAaHNE MAacCOTEPEHOCa TMPOBEICHO PEHTTEHO-(IIyopec-
IICHTHBIM MeTosIoM (PucyHok 2). BaskHBIM pe3ysbTaToM SKCIEPUMEHTa, YKa3bIBAIOIMM Ha
BO3MOXKHOCTh HM3TOTOBJICHHSI KEPAMHUYECKUX H3JCIUN C TPAJUEHTOM IMPOYHOCTH TPU HC-
TIOJIE30BaHUH BOJJHO-KOJUTOMTHBIX CBS3YIOIIUX, SIBIISICTCS BHISIBJICHUE 3HAUYMTEILHON HEpaB-
HOMEPHOCTH PacIpeesieHHsI KPEMHUS 110 BBICOTE TIPOIBIKEHUS (PPOHTA AUCTICPCHOM (ha3bl
csytomiero. [lo cytu, HabmogaeTcs GunpTparys AucnepcHo ¢as3pl B IOPUCTOM MaTepua-
JIe C TOCTETICHHBIM CHIKCHUEM €€ KOHIICHTPAIIUH 110 Mepe TIPOIBIDKCHHUS B TIOPUCTON Cpe-
ne. OTMEYEHO TIOJIOKUTEIBHOE BIUSIHAE THPABINYCCKOTO JTABICHUS CTOJI0a KHIKOCTH Ha
TTyOWHY POHUKHOBEHHS YaCTHI] KPEMHE30JIs, Ha YTO YKa3bIBaeT 0ojee paBHOMEPHOE pac-
TIpeIeTICHIe KPEMHUS TIPH BMKEHUH (DPOHTA CBSA3YIOIIECTO CBEPXY BHU3.
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Pucynok 2 — Pacnipenenenue kpeMHuUs Mo BeIcoTe 00pasiia u3 KopyHaa
MOCJIe MMPOTUTKU KpeMHe30sieM: a — obopazert «F280»; 6 — ob6pazerr «F1000»

B 4eTBepTOi Iy1aBe OMKMCAHBI BO3SMOYXHOCTY TPUMEHEHUS ABYXCTAIMMHON TEXHOIOTHH
W3TOTOBJICHUS MOHOJIUTHBIX M3/IEUN U3 KOPYHI0BOM Kepamuku. [lepBoe Hampasienue pado-
Thl — pa3pabOTKa crocoda Co3aHus JIETKOYAAIIEMOro KepaMUYeCKOro CTEpKHsI. 3a/1a4a Cro-
coba — co3aHue 3aKIaHOrO JIEMEHTa, JIOCTATOYHO MPOYHOrO CHAPYKH, YTOOBI MOIYyYUTh
TMOJIOCTh C YCTAHOBJIEHHBIMU JOITYCKaMH TI0 pa3Mepy, U BMECTE C TEM MO3BOJISIOLLIETO B Pa3bl
CHIMBHUTH TPYAOEMKOCTh yJaJCHUsI OTPa0OTaHHOTO MaTepHhalia 3a CUeT Ca0oW Cep/IIIeBHUHBI.
Crioco6 0CHOBaH Ha KaNWUIAPHON MPOMUTKE BTOPHUUHBIM CBSI3YIOIIMM C Pa3HOW BSI3KOCTBHIO,
YTO TO3BOJISIET PEryJIMPOBaTh IPATUEHT MPOUYHOCTU MYTEM YIpPaBJICHUs aJBEKIMEH BTOPHUY-
HOTO CBSI3YIOIIETO B MOPBI KEPAMUKH 3 CUET KAIMJUIIPHBIX CUJI TIPU Pa3HOM BS3KOCTU CBS3Y-
toiero. OCHOBHBIMH TTapaMeTPaMU, BIUSIOIIMMHU Ha CKOPOCTh MPOMUTKY MTOPUCTON KepaMu-
KU, SIBJISIIOTCSI KallWUIIPHBIC CUJIBI M BSA3KOCTh pacTBopa. [Ipum 3TOM OYEBHUIHO, YTO YeM
MEHBIIIEe THaMETP Kanmusipa, TeM OOJbIIe KaTWDIAPHBIE CUITBI, OTHAKO CKOPOCTh JIBHKEHHS
KHUJIKOCTHA BHYTPH KaNMWJLISIpa CBSI3aHa C BA3KOCTHIO, U B Y3KUX KalWILISIpaX CKOPOCTh CHUXKA-
€TCsl, 4YTO KOMIIEHCUPYET dPPEKT NeHCTBUS KaNWUIIPHBIX CHJI. Ta 0COOEHHOCTh TO3BOJISIET
MIPAKTUYECKHU BBIPOBHATH CKOPOCTh JIBUKEHHUs (DPOHTA PacTBOpa CBSI3YIOIIETO BHYTPH Kepa-
Mukd. Takum 00pa3oM, TiTyOMHA MPOMUTKU OYAET OMPENesAThCA BS3KOCTHIO M JUTUTEIBHO-
CTbIO Mpoliecca NponuTKy. CyIIeCTBEHHOE BIUSHHUSI IPU 3TOM OKa3bIBAET Mepernaj] TuapocTa-
TUYECKOTO JABJICHHUS IO BBICOTE CTEPXKHS, SIBIBIFOIIECTOCA ABMXKYLIEH CHIOW aaBeKUuu. Bss-
KOCTb PETyJIMPOBAIIM 34 CUET YBEJIMUYECHUS! KOHIEHTPAIMH MOJUPHUIIMPOBAHHOTO KpaxMaia BO
BTOPUYHOM CBS3YIOLIEM; 3a/laHHAsl BA3KOCTh CBSI3YIOILETO OIPENEISieT aJBEKLMI0 pacTBOpa
BINIyOb TOP KEPAMHUKH, B PE3YJIbTATE€ YETO BO BHEIIHUU CIIOM CTEPXHS BHOCUTCS JIOTIOJIHU-
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TEJIbHOE KOJIMYECTBO CBA3YIOLIEro kKpeMmHe3ous. [locne obkura gaHHas 30Ha JeTau JOMHOJI-
HUTEJILHO YIPOYHSETCS, YEM U JIOCTUTAeTCsl TOCTABIICHHAS LIEIb.

Jlns n3ydeHus mporecca MpONUTKU KepaMU4ecKuX 00pas3loB JaHHBIM METOJIOM Ipo-
BE/IEH MOJHBIN (DaKTOPHBINA HKCIIEPUMEHT, B KOTOPOM B KauecTBE (PYHKIMU OTKJIMKA Oblia
BbIOpaHa 3aBUCUMOCTb KOHIIEHTpALMU KPEMHHsI B MOJEIBHOM 00pa3slie OT ITyOMHBI Mpo-
HUKHOBEHUS CBA3YIOUIETO, a B KaueCTBE (DaKTOPOB, BIUSIOUIMX HAa (PYHKIMIO OTKIIMKA, —
JUTATENBHOCTH ponuTkH (15 u 120 ¢), Bsi3kocTh cBsi3ytomiero (2,62 u 0,18 Ila:-c) u rimyouna
HETOJIHOTO MOTPyXeHHs 00pa3ia B EMKOCTb CO CBSI3YIOIMM, OINpEeIstonas nepenaj aaB-
nenust uist anBekmu (1/3 u 2/3 ot BeIcoTH 00pasna L). [Tocne mponuTKe mpoBeny OIEHKY
[TyOMHBI IPOHUKHOBEHMS MUIIEIUT KPEMHE30JI B HOPbl KEPAMUKU MPU KOJIMYECTBEHHOM
U3MEPEHHH COJICPKaHUS KPEMHHUST PEHTTEHO-(PITyOpecieHTHBIM MeToioM (PrcyHOK 3).

14 1/2R
o B
£
2 10 y = 0,001x4 - 0,04x3 + 0,81x2 - 6,32x + 20,8
§ 8 R2 = 1
g 7
1
S 4
Z 3 O o
< 2

1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
I'y0OnHa NpPOHNKHOBEHMS CBA3YHOLIEr0, MM
Pucynok 3 — YcpennenHas 3aBUCHUMOCTb KOHLIEHTpALUU Pucynok 4 — Kepamuueckuii
KpEeMHHUsI B 00pasLie OT ITyOHHBI IPOHUKHOBEHHUS CBSI3YIOLIETO obpazern

Ha nonydeHHOl 3aBUCHUMOCTH MPOCIEKUBACTCI CHIXKEHUE KOHLIEHTPALUU KPEMHUS
B ri1yOuHe 00pasiia, NOoATBEPKAar0Iee BO3MOKHOCTh CO3/IaHUs I'paJueHTa MPOYHOCTH B
KepamMudeckoM uzzenuu. OqHaKko MposBUBIIMECS B MPOLECCE SKCIIEPUMEHTa BTOPUYHbIE
3¢ deKThl He TMO3BOJIIM COCTABUTh €IUHOE YpaBHEHHE 3aBUCHUMOCTH KOHIICHTPAIlUU
KPEMHHUSI OT PACCMOTPEHHBIX (AKTOPOB, MOATOMY IS OMUCAHUS OBLIO MCIOJIB30BAHO
YaCTHOE SMIIMPUYECKOE YPABHEHHE.

JlanbHeiee MOAECIMPOBAHUE TEXHOJIOTUM ITOJYYEHUS! CTEPKHEN, UMEIOIIUX TIpaju-
€HT MIPOYHOCTH, B JIAOOPATOPHBIX YCIOBUSIX MOATBEPANIO pabOTOCIOCOOHOCTh MPEITIOKEH-
HOro Meroja. B wuccnenoBaHMM HCIIONIB30BaHA METOAMKA OIPEICIICHUS MEXaHWYEeCKOU
MPOYHOCTH, 3aKITFOYAOIIAsICS B U3MEPEHUH ITyOMHBI POHUKHOBEHUSI METATITUYECKOM UTJIIbI
nererpomerpa [TH-1M B oOpaszent B nieHTpe (Touka O Ha Pucynke 4) u Ha paccrosauu 1/2
paauyca ot 1ieHTpa. st momydyeHus: JaHHBIX MO BceMy 00BEMY 00pasiia Tocie KaXIoro u3-
MEpEHHs yIasUTH €r0 BEPXHIO YacTh JI0 ONpeIeEHHON OTMETKH (TTOKa3aHo Ha Pucynke 4).
dopma KOHyca y KepaMHYeCKHX 00pa3IoB BhIOpaHa JjIsi BOSMOXKHOCTH Tepexojia K Oosee
TOHKHM 00pa3iiaM MpHu U3MEPEHUH, a TaKXKe JIJIS )KECTKOU (PUKcaIuu B CIeMaIbHOM KOHU-
4ecKOM TrHeszie. OnpeneneHo, 4To COYETAaHNE HaUMEHbIIIEH KOHIIEHTPAIMK IEPBUYHOTO CBS-
3YIOIIET0 U HauOOMbIIEH BSI3KOCTH BTOPUYHOI'O CBSI3YIOLIETO MO3BOJISIET TOOUTHCS MaKCH-
MaJIbHOW pa3HOCTH MPOYHOCTH MOITY4aEMOr0 KEPaAMUUECKOrO CTEPIKHSI.

JInisi IOBBIIICHHUS BA3KOCTH MCIIONB30BATIN CTPYKTYpooOpa3oBaTeNlb — BOJOPACTBO-
pUMBIH KJIel Ha OCHOBe MoaupuupoBaHHoro kpaxmana. B Ta6nuue 4 npuseneHa rioyou-
Ha NEHeTpaluu o0pa3loB U €€ COOTHOIIEHUE NPH UCHOJIb30BAHUM IEPBUYHOIO CBS3YIO-
IIET0 KPEMHE30JIs1 ¢ KOHIeHTpanuend 8 % M BTOPHUYHOTO CBSI3YIOIIETO CIEAYIOIIEro CO-
craBa: kpemHe3onb (40 mac. % SiO2) — 50 mac. %, cTpykTypooOpasoBatenb (Kien) —
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1,75 mac. %, Boma — ocranpHOe. Takum 00pa3oM, UCTIOIB30BAHKE JOTIOJIHUTEIBHOM MPO-
IIUTKHU CTeP)KHEH CBS3YIOIIUM C IMOBBIIICHHOM BI3KOCTHIO 00SCIICUNBACT BO3MOXKHOCTD H3-
TOTOBJICHUS JIETKOYAAIAEMBIX KEPAMUYCCKUX CTEPXKHEH C TPaJIMEHTOM MTPOYHOCTH.

Tabnuna 4 — Pe3ynbrarhl U3MEpEHUsI ITyOUHBI IEHETPALIMK CTEPKHEN

M3mepsemas ['yOMHa EHETPAIUH, MM CooTHoIIeHne TITyOHHBI IEHETPAIInT
MOBEPXHOCTh HEHTP %2R B IICHTPE U HA IOJIOBHHE PaJInyca CTECPIKHSI
Bepmmna o0Opasia 0,1 0,1 1:1
Cpe3 0,75 oT BBICOTHI 3,1 0,1 31:1
Cpe3 0,6 OT BBICOTHI 1,9 0,1 19:1
Cpes 0,4 oT BBICOTHI 0,1 0,1 1:1

B nsiToii ri1aBe onucaHbl pe3yJIbTaThl ONBITHO-IIPOMBIIIUIEHHOTO MCIIBITAHUS METOA
YMEHBIIIEHUS 0-CJIOS1 HA TUTAHOBBIX OTVIMBKaX. [1o HameMy NpearoioKeHuto, o-CJION IIpe-
CTaBJISIET COOOI TOHKUI MOBEPXHOCTHBIN CJIOW METallla C HApyILIEHHONH MUKPOCTPYKTYPOIi,
00pa30BaBIINICS U3-3a CHIIBHBIX TU(PPY3MOHHBIX TOTOKOB QJIFOMUHMS M TUTAHA B paciliaBe,
BO3HUKAIOIINX U3-3a KUIIEHUS U OTBO/IA I1apOB paciulaBa BHYTPb 00beMa IOp KEPaMHKH.

Ha Pucynke 5 npusenena pac-

YCTHasT 3aBUCUMOCTL [OABJICHUA I1a- . 1,2 1 === J[aBIICHUC HAJ :
DOB OT Temmeparypsl Ml clUlaBa S 1 - pacriiasom I
BTSJI. IIpu 3TOM mpakTHYeCKH M0- [53- 08 !
CTUTaeMO€ [aBIEHUE B BaKyyMHOH & Jlaienue rasa
LEHTPOOEKHOM IIeYM MOKa3aHo To- & 0.6 - B Hetn !
PY30OHTAIBHOM CIUIOIIHOM JIMHUEH. q:.» 04 - :
N3 nansbix Pucynka 7 ciemyert, 4To E( — — —Temmeparypa :
npu temneparypax Beie 1250 °C 02 3aIHBKH '
JIaBJICHWE TapoB pacIulaBa 3HAYH- 0 -
TEJIHO MPEBOCXOIUT JABJICHHUE B TIE- 720 1220 1720
Y, TIPH STOM 3JTMBKA COTJIACHO JTHa- Temneparypa, °C

rpamme Al-Ti mpoBoauTCs IpH TEM-
neparypax Beime 1670 °C  (cm.
Pucynok 5, BepTUKaibHAs JIMHUS).
CrnenoBarenbHO, METAJUTMUECKHM paciyiaB OyleT KUMNEeTh ¢ 00pa3oBaHUEM MApOB CPABHU-
TEJBHO JIETKOJIETYYEro aTIOMHHUA. YUUTHIBAs, YTO MPHU LEHTPOOEHKHOM JIUThE TOCTUTA-
eTCs 3HAaUMTEIbHOE JaBJICHUE B paclljlaBe, IPUBOASIIEE K YACTUUHOMY 3aTEKaHUIO €ro B
Mopbl ¢ 00pa30BaHUEM BBIMYKIIBIX MEHHUCKOB, JIaBJIEHUE MapoB MeTajljia HajJ MEHUCKOM
JOTIOTHUTENFHO YBEJIMYMBACTCS HAa BEIMYUHY AP, KOTOPOE MOXKET OBITh OIICHEHO MO
ypaBHeHH10 Jlaruiaca:

Pucynok 5 — JlaBnenue napos
HaJ pacriasoMm BTSJI

ap=21, ©
r
TJIe Y — MOBEPXHOCTHOE HATSDKECHHUE; I — pagnyc KPUBU3HBI C(HEPUIECKON TTOBEPXHOCTH
KHUJKOCTH.

O10T 3PHEeKT NPUBOAUT K 3HAYUTEIBHBIM TU(PGY3MOHHBIM WM JaKe MapOBHIM
MOTOKAM B MOBEPXHOCTHOM CJIO€ OTJMBKHU, HAPYIIAIOIIUX €T0 CTPYKTYpPY, YTO U CIHO-
coOcTByeT OBICTPOMY 3aCTBIBAaHUIO paciuiaBa (3aKaike) K (UKCAIUU 3TOH HAPYIICHHOU
CTPYKTYphI B BHJI€ TaK Ha3bIBa€MOro o-cjos. J[Jis ycTpaHeHUs 3TOr0 OTPUIATEIHLHOTO
apdexra HEOOXOTUMO TEPEKPHITh (TEPMETU3HPOBATH) MOPHI KEPAMHUECKON (OPMBEI,
9TOOBI CHU3UTH MOTOK MAPOB paciuiaBa B 00beM nop. Panee ObLIM IPOBEICHBI HCCIIEO-
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BaHMsI, B X0JI€ KOTOPBIX KEPAaMUYECKHE OOOJOUYKHU JINTCHHBIX (JOPM MPOMUTHIBAIIA BOJ-
HOIl cycmneH3ueil nupoyriepoaa («AkBagary). OIHaKO MUPOYTIEPOJHOE MOKPHITHE HE
MO3BOJISIET MPOBECTH MPOKAJIKy (OpPMBI Ha Bo3ayxe mpHu Temmeparypax Beime 400 °C,
JUUISL yCTPaHEHHUs 3TOr0 HEJIOCTaTKa Ha OCHOBE JIUTEPATYPHBIX JAHHBIX B HAIIUX HCCIE-
JIOBAaHUSIX BMECTO MUPOYTJIEpoaa ObLI BEIOpaH aatoMo030/b. BaXKHO OTMETUTh, YTO BHI-
00p KpeMHe30Js Il MPONUTKUA (OpMBbI HelleliecooOpas3eH, MOCKOIbKY B 3TOM Clydae
MPOTEKAECT HEXeJaTeIbHasi XUMUYECKash peakius ¢ MapaMu aJlOMUHUS, IPUBOISIIAS K
MOMAaJaHUI0 KPEMHUSI B OTJIMBKY:

3Si0; + 2Al(g) = 3SiO(g) + Al;Os. 4)

Jlns yTouHEeHUs BIUSHUS Pa3MEpPOB YACTHUIL aJIFOMO30Js Ha 3(pPEeKTUBHOCTH IO-
KPBITUS IIPOBEJEHBI CPAaBHUTEJIBHBIE OIBITHO-IIPOMBIIUICHHBIE MCIBITAHUS Ha IIpEJ-
npustiun AO «IIpoton-1IM». B Xone mcnplTaHu NMPOBENM NPOMUTKY I'OTOBOM K 3a-
JUBKE pacljlaBa IPOKaJICHHOW KepaMHU4YecKoW (OpMBI alroMO30JIEM C pa3MepoM 4ya-
ctury 140 HM mpu HU30BITOYHOM JaBiIEHUU | aTM, YTO IO3BOJIMJIO MaKCHUMAaJIbHO
repMEeTU3UpOBaTh HOPbl HAa MOBEPXHOCTH (opMbl. [l MPONUTKU KepaMUUYECKOU
(GopMBI, U3rOTOBJIIEHHONH HAa OCHOBE OTEYECTBEHHOI'O CBS3YIOLIEr0 KPEMHE30 s MapKu
«ApMoOCHIT» MCHOJIB30BAIM AJIFOMO30JIb, CPAaBHUTENbHAS KepaMuueckas gopma, KOTo-
pyI0 HE MPOMHUTHIBAIN aATIOMO30JeM, OblIa H3TOTOBJIEHAa HAa OCHOBE CBS3YIOIIETO
KkpemHe3oJia Mapku «Cuanuty». [locne 3anonHeHus nop kepamMuyeckoil 000JI0YKHU U3-
OBITOYHBIN aNOMO30Jb CIWUIIU, IPOCYIIMIIA HAa BO3JyXe KepamMu4ecKyro (popmy, o0o0-
xriau npu temneparype 600°C u mpoBenu 3anuBKy TUTaHOBoro cruiaBa BTSJI nHa
INPOMBIIIJIEHHONW IIeHTpoOexHOH ycTtaHOBKe. [ myOuHy anbga-cios Ha OTIUBKE OIpe-
nemmmm Ha nipubope MICROHARDNESS TESTER FM-300 metomoM u3MepeHUs
MHKpPOTBEpAOCTH 10 Bukkepcy mpu Harpyske HV 0,05 krc/MM2, nonydeHHble pe3yiib-
TaThl CPAaBHWIM C pe3yJibTaTaMHM aHalIW3a CTAHAAPTHOM JIUTEHHON (OpMBI, U3rOTOB-
JICHHOW MO CEpUMHOMY TEXHOJIOTMYECKOMY mpolueccy. Pe3ynpraTel uccnenoBanus Be-
JUYUHBI anbda-cios npeacTaBieHbl Ha PucyHnke 6.

CornacHO HOpPMAaTUBHBIM JOKYMEHTAM JOIYCKAaeTCs HAJINYUE IOBEPXHOCTHOIO
a-ciost ¢ TBepaocThio HV, mpeBbimaronieil TBEPIOCTh CEpILIEBUHBI HE 0oJjiee YeM Ha
100 krc/Mm?. 3HaYeHUs MMKPOTBEPIOCTH CEpALEBUHBI 00pa3LoB IOKa3aHbl Ha PucyHke 6
TOPU30HTAJIBHOM IMYHKTHUPHOW JINHKEN, IPaHULbI MUKPOTBEPJOCTH JIOIyCTUMOTIO O-CJIOS
MOKAa3aHbl TOPU30HTAIBLHOM TOUEYHOW JIMHHEH, BEpTUKAIbHBIMU JUHUSIMU MMOKAa3aHbl Be-
JUYHUHBI HEAOMYCTUMOIrO 0-ClIosi B MKM. BennuuHa o-ciiosi coctaBiser 156 MM npu
NPUMEHEHHH aJIFOMO30JI BMECTE CO CBSI3YIOIIUM «ApMocui» U 151 MKM IpH UCHOJB30-
BaHUM CBsA3YyIOIEero « CHaauT», IpU 3TOM Yy CTAaHAAPTHOTO 00pa3iia BEIUYHHA 0-CI0S CO-
crapisieT 216 mxM. Takum 00pa3oM, MPeAsIOKEHHbINH CIOCO0 MOKa3bIBAET MPAKTUUYECKU
TaKOM e pe3yJIbTaT, 4To U cBA3yroliee «CHamuT, U MO3BOJISET JOOUTHCS CHUKEHUS Be-
JIMYUHBI 0-c10s1 Ha 29 % 110 CpaBHEHMIO C CEpUIMHBIM TEXHOJIOTMUECKHUM IPOLIECCOM.

Takxe ObUIO MPOBEAEHO HCIBITAHHE C MCIOJB30BAHMEM aJTIOMO30JISI C pa3MepoM
gactur, 160 am. Kepamuueckass ¢opma uis ucnbiTaHusl Obljla M3TOTOBJIEHA Ha OCHOBE
CBs3ytolIero «Apmocuiy. Bennunna o-ciost coctaBuna 140 MkM, py 3TOM BEJIMYMHA O
closi cTaHmapTHou netanu coctaBmwia 360 mMxm. Takum 00pa3oM, yoanoch JTOOUTHCS
CHW)KEHMSI BEJIMUUHBI 0-c105 Ha 61 %.

CpoK KUBYYECTH CBS3YIOILIET0 «APMOCHID) COCTAaBISAET OJMH IOJ, B TO BpeMs
Kak y cBssywouero Cuaiaut 3TOT cpok coctasisieT nuiib 7—10 gueit. Ha npeanpusTtu-
AX CBA3YIOIllee OOBIYHO TOTOBAT B OOibIIMX KonuuecTBax (3—4 T) B BUAE pacTBOpa,
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coaepxkaiero 20 % Bsbkyuniero BemecTBa. TakuM o0pa3oMm, KakJasl MapTus CBS3YIO-
HIeTOo coAepKUT B cpeaHeM 0,7 TOHHBI HETOCPEICTBEHHO CBA3YIolIero Bemiectsa. [1o-
CJIe UCTEYEHUS CPOKA JKUBYUYECTH BECH PACTBOP HEOOXOMMO YTUIM3UPOBATh, IOCKOJIBKY
CBsI3YIOILlEE BEIEeCTBO ocenaeT B Buae xisomnbeB. llena nHa «Cuanut-20C» cocraBisier
npumepHo 212 pyOneit 3a 1 kr, TakuMm 00pazoM, IpU UCHOJIb30BaHUM «CHallnTa» HEO0O-
XOJIUMO 3aTPaTUTh Ha MOKYIIKY CBs3ytomero MUHUMyM 5 342 400 pyOneit B roa. Ceszy-
fo1ee «ApMOCHID) CTOUT MPUMEPHO CTOJIBKO K€, CKOJIbKO « CHAIUT, IPU 3TOM 3a CUET
OOJIBILIOr0 CPOKA KMBYUECTH €ro HY>KHO MOIMOJHATH TOJIBKO MO MEPE PACXOI0BaHUS.
B cpeanem nmotpelyercsa 6—8 TOHH pacTBOpa CO CBA3YIOIIUM APMOCHUI B IO, TAKUM
0o0pa3oM, MpH Mepexo/ie Ha CBA3yollee « ApMOCHII» Ha €ro MOKYIKY NOTpedyeTcs 3a-
Tpatuth 296 800 pyodieil.

575 ~ =@ CTangapT —— Apmocun
550 - Cnanut — < — CepaueBnHa
oo [Ipenen a-cnost ----®--— a-CIIOIl CTaH#apT

325 ----®---- a-cJ10if ApMocHI a-cioi Cuanur
500 - ¢ L4

475 -
450 +
425
400
375
350
325
300
275 A

250 T T T T T T E T T T T T T 1
0 25 50 75 100 125 150 175 200 225 250 275 300 325
['1yomHa H3MepeHHs1, MKM

Mukporsepaocts, HV 0,05 kre/mm?

Pucynok 6 — 3aBHCHMOCTh MHUKPOTBEPIOCTH 00PA3IIOB OT TITyOHHBI H3MEPEHUS

brnok-cxema nmpou3BOACTBA KEPAMHUYECKUX HU3AECIUUA MO METOAY ABYXCTAAUHMHOTO
W3TOTOBJIEHUS NIpeAcTaBieHa Ha Pucynke 7. B cxeme Takyke IMpeaCcTaBiIEH JTOMOJHUTEIb-
HBIH TIpUMEP HMCIIOJb30BaHUS JIBYXCTaJAUHHOTO CIOco0a /s TIOBBIMICHHS B JIBa pas3a
YyBCTBUTEIBHOCTH TEPMOKATAIUTUYECKOTO Ta30BOr0 JAaTUYUKA MyTEM IMOKPBITHUS AKTHB-
HOT'0 MEJUIMCTOPA JTOMOJHUTEIBHBIM CJI0EM KEPAMHUYECKON TEIUIOU30JISILIUH.

OCHOBHBIM HampaBJICHUEM AAJbHEUIIUX HMCCIECIOBAHUM SBJISACTCS aJanTaius U
BHEJpEeHUE pa3pabOTaHHOW TEXHOJOTHHU TMOITYUYCHHUS KEPaMUUYECKUX CTEpKHEH ¢ He-
PaBHOMEPHOM MNPOYHOCTBKO B PEAJbHBIA CEKTOP AKOHOMHKH. EIE ONHUM BaXKHBIM
HAIIPpAaBJICHUEM SBISETCA NPOJOJHKEHUE HCCIEIOBAHUM BIMSHUA pa3Mepa YaCTHI]
aJTIOMO30JISI TIPYU MPOMUTKE KEepaMHUYECKHUX O000JO0YEK Ha CHUIKCHHE O-CJIOS TOTOBOM
OTJIMBKH, TTOCKOJIBKY TIPEJICTaBICHHBIE B pa00OTE OMBITHO-TIPOMBIIIICHHBIC UCTIBITAHUS
MOKa3ajdu 3aMETHOE CHUXXEHHUE TIIyOuHbl anbda-cios. [IpencraBndaior uHTepec Aajib-
HeWIlMe UCCIeIOBaHus [l TPUMEHEHHS pa3pab0oTaHHOTO OPTraHUYECKOT0 CB3YIOIIe-
ro B 3D-npuHTepe.
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PucyHok 7 — briok-cxeMa pou3BOJACTBAa KEPAMUUYECKUX U3IEIIUN




SAKIIIOYEHUE

1. Pa3pabGoTaHbl OCHOBBI TEXHOJIOTHH JBYXCTAJIUHHON MPOIUTKH KOPYHIOBOH Kepa-
MUKH CBSI3YIOLMMH PacTBOPaMH, 3aKJIFOUAOLIAsICS B CO3/IaHUH NIEPBUYHOTIO KEPAMHUUECKOTO
W3JICUSA-ChIPIA U BO3JICUCTBUM HA €0 TOHKUM JIMIIEBOM CIIOM. DTO MO3BOJISIET pelliaTh pas-
JIMYHBIE 33/1a4d YTIPABJICHUS MEXaHUYECKUMHU CBOMCTBAMM KEPAaMUKH: I€YaThb KEPAMUKH C
3aJjaHHBIMUA cBoiicTBamMu Ha 3D-mpunHTepe; peryiMpoBaHHE NPOYHOCTH KEPaMUYECKUX
CTEp’KHEH; MOBBIIIEHUE YYBCTBUTEIBHOCTH KEPAMUYECKOI0 I'a30BOr0 JATYMKA; CHUKEHHE
TITyOMHBI 0-CJIOS HA TUTAHOBBIX OTIMBKAX MPU JIMThE TUTAHOBBIX CIJIABOB.

2. Pa3paboTaH cocTaB OpPraHMYECKOro CBS3YIOIICTO JUIS aJUTHBHON TEXHOJIOTHUH
Ha OCHOBE (eHO0JI(HOpMaJIbIETHIHON CMOJIBI ¢ J00aBKaMH (TIOJMBUHUI-OyTUpalb, 1UOY-
TUJI-PTanaT, KaCTOPOBOE Macio, KaHU(OJIb) U 3TUIOBOrO CIUPTA, MO3BOJISIONIUN (op-
MHPOBATh KOPYH/IOBbIE JINTEHHBIE (POPMBI IO TEXHOJIOTUU JBYXCTATUHHON MPOMUTKH.

3. YcTaHOBJICHBl (U3UKO-XMMUYECKUE 3aKOHOMEPHOCTH MPOMUTKH KOPYHIOBOMN
KEpaMUKH 30J5IMU CBA3YIOIIETO, COCTOAIIME B TOM, 4YTO IPOHUKHOBEHHE MULEII
KPEMHE30J1s1 B MOPbl KEPAMHUKHU ONpEeNsieTcs] aABEeKIUed KOJJIOUTHOTO pacTBOpa, a He
OpOYHOBCKHM JIBIDKEHHEM, U XapaKTepU3yeTcs 3HAYUTEIbHOM HEPAaBHOMEPHOCTHIO pac-
MpenesaeHus] KpEMHHMS 110 TTyOMHe MPOJBHKEHUS (DPOHTA AUCTIEPCHOM (pa3bl CBA3YIOIIE-
ro B IIOpax KEPAMHUKHU. DTU OCOOCHHOCTH MO3BOJISIOT BHIOUPATh MMapaMeTpbl TEXHOJIOTUU
pa3nenbHON MPOMUTKU KEPAMUYECKOTO U3JIEIHs CBA3YIOIIMMHU KOMIIOHEHTaMH, obecrie-
yuBas 3aJaHHbIE XapaKTEePUCTHUKHU.

4, I ONCHKW KayecTBa M3CIU, MOTYYCHHBIX 110 CITOCO0Y IBYXCTaAMIHON TpO-
MUTKH, TPEAJIOKEHa METOJMKA M3MEPEHHUs] MEXaHMYECKOW MPOYHOCTH KEPaMUYECKOTO
U3JIeNNS IyTEM ONpeAeSeHIH TTyOuHbl MPOHUKHOBEHUS KAINOPOBAaHHON MIJIBI MOJ BO3-
JEICTBUEM OIPEAEIEHHOTO YCUIIUS BHYTPb KEPAMUUYECKOTO U3/ENUs B OTACIBHBIX TOY-
Kax (Meron meHeTpanuu). MeToauka yCleurHo MCHOIb30BaHa Il U3MEPEHUs] TPOYHO-
CTH KEepaMHUYECKUX 3aKJIaHBIX CTEpP)KHEH MpU 0TpabOTKe TEXHOJIOTMH UX N3TOTOBJICHUS.

5. JlokazaHo, 4TO CIOCOO JBYXCTaAUHHON MPOMMTKHU MO3BOJSET CO3/1aBaTh Kepa-
MUYECKHE 3aKJIagHbIe CTEP’KHU C TPAJUEHTOM MIPOYHOCTHU IyTEM YIpaBJIEHUS aBEKIIH-
ell BTOPUYHOTO CBS3YIOIIETO B MOPHI KEPAMHUKH 32 CUET KaMWUIIPHBIX CHJI IPU pa3HOU
BSI3KOCTH CBsI3YIOIIEro. MakcumanbHbiil 3 (PexT (cooTHOIIEHUE TTyOUHBI TIEHETpaIuu
B ILIEHTPE W Ha MOJIOBHHE panuyca ctepxkHs 19-31:1) mocturaercss mpu codyeTaHUU
HaWMEHbIIIEH KOHILIEHTPAlUU MEPBUYHOTO CBA3YIOIIEr0 U HauOoJblIeH BS3KOCTH BTO-
PUYHOTO CBSA3YIOLIETO.

6. [IpoBeeHBI OMBITHO-IPOMBIIIICHHBIC UCTBITAHKUS CIHOCO0A CHHXXCHUS TITyOUHBI
o0Opa3yrouierocsi o-cjaosi Mpu JIMThE€ THUTAHOBBIX CIUIABOB 3a CUET MPOMHUTKU Kepamuue-
CKOM JuTelHHON (opMbl amoMo30i1eM ¢ pa3mepoMm yacTull 160 HM Ha HpeAnpuUsTHd
AO «IIporon-IIM», KOTOpBIE TOKa3adl CHWKEHHE TIIyOMHBI O-CJIOS HAa OTJIMBKAaX Ha
61%, a Takxe BO3MOYKHOCTHb IEpPEX0Ja Ha CBA3YIOIIEE Ha OCHOBE KPEMHE30Js MapKu
«ApMocHIT», UMEIOIIEee CPOK KUBYUECTH OJIMH Toj, uTo B 50 pa3 Oosbllie, 4eM CPOK KU-
BYYECTHU CBSI3YIOIIET0 Ha OCHOBE KpeMHe30J11 Mapku «CuaauT.

CIIMCOK PABOT, ONIYBJIMKOBAHHbBIX ABTOPOM

OcHoBHbIE MYOJIMKALMHA B BeAYLIIUX PelleH3UPYeMbIX HAYYHbIX U3IAHUAX:
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€MBIX MEeTOJIoM ajyuTuBHOM TexHonoruu / B. 3. Tloinos, B. B. Ilynbkaes, K. E. Kany-

ruHa, M. B. Uepenanona, H. I1. YrneB. — Tekcr : HenocpeacTBeHHsbIH / CTEKIIO U Kepa-
muka. — 2020. — Ne 7. — C. 3—7 (Web of Science).
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2. llyubkaes, B. B. VccinenoBanue 0JHOPOIHOCTH COCTaBa KEPAMHYECKOTO H3JIe-
nus nipu npornutke cesisytonmM / B. B. Ilynbkaes, H. I1. Vries. — Tekcr : Hemocpen-
ctBeHHbIH // Ctekito u kepamuka. — 2022, — Ne 4, — C. 39-44 (Web of Science).
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teHTtoobnanarenr ®I'AOY BO «llepMmckuii HallMOHAIBHBINA HCCIIEIOBATEIILCKUN TTOJIH-
TexHudeckuii yauBepcure». — Ne 2021135942 ; 3aasn. 07.12.2021 ; onmy6ma. 14.06.2022,
bron. Ne 17. — Tekcr : HemOCpeACTBEHHBI.

2. ITar. 2792102 Poccuiickas ®enepanuss, C1 MITK B22C 9/10. Crioco® u3roros-
JICHUS JIETKOYAQISIEMBIX KEPaMUYECKUX CTEP)KHEU, HUCTOIb3YyEeMBbIX NIl CO3/IaHUSI BHYT-
PEHHUX TMOJOCTEN B METAUNIMUECKUX OTJIMBKAX MPHU JIUTHE MO BBHIILIABISIEMBIM MOJACIISAM /
VYrnes H. I1., [IynskaeB B. B. ; 3asBurens u marenroodnanarenis ®I'AOY BO «llepmckmii
HAIMOHAJIBHBINA HCCIIEA0BATEILCKUM MOJUTEXHUUECKUM YHUBepcuTe». — No 2022133859 ;
3asB11. 22.12.2022 ; omry6:1. 16.03.2023, bron. Ne 8. — Tekcr : HenocpecTBEHHBIH.

3. Mar. 2775770 Poccuiickas ®Deneparms, C1 MITK B22C 9/04. Crioco6 HaHeceHust
MIOKPBITHS HA JINTECHHBIC KepaMuueckre (hOpMBI JJIs TUThSI TATAHOBBIX crutaBoB / YrieB H. I,
ITo#inoB B. 3., Caynun /1. B., llynbkae B. B., Kommnasnern; T. H., Kapumogs P. A. ; 3asBu-
tens U mareHTooOnanarens GI'AOY BO «llepMckuii HallMOHAIBHBIM HCCIIEI0BATEIb-
CKMI monuTexHudeckuid yHuBepcurer». — Ne 2021139591 ; 3aasn. 29.12.2021 ; omy6u.
08.07.2022, bron. Ne 19. — TekcT : HEMOCPEICTBEHHBIMN.

IIpouune padoThI 1O TeMe AUCCEPTALUN

IIynbkaes, B. B. YBenuueHne 4yBCTBUTENBHOCTA TEPMOKATAIUTHYECKUX aTUU-
KOB YTJICBOJIOPOJHBIX Ta30B 3a CUET MOBBIMICHUS aAnabaTHOCTH Tpoliecca ropeHus /
B. B. Ilynbkaes, H. I1. Yrnes. — Tekct : HenocpenctBenHsiit / BectHuk I[lepmckoro
HAllMOHAJIBHOTO HCCIEI0BATEIbCKOTO MOJUTEXHUUYECKOTO YHMBEPCUTETA. XHUMHUUECKas
TexHojorusi u ouorexnonorus. — 2022. — No 1. — C. 24-35.

[Toamucano B meuats 26.06.2025. dopmar 60x90/16.
VYen. med. 1. 1,0. Tupax 100 ax3. 3aka3 Ne 096.

Otneyarano B TUnorpadpuu n3aareascrsa [lepMcKkoro HalMOHANBHOTO
MCCIIEIOBATEIBCKOTO MOJUTEXHUIECKOTO YHUBEPCHUTETA.
Anpec: 614000, r. Ilepms, yn. Komcomonsckuii npocnekt, 29, k. 113.



