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['pynna 05(0) ITognuce Hara
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aHaJIU3 UCCIEAYEMOTO ChIPbs, pa3ael C SKOHOMHU-
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INIAHUPYEMMBIE PE3YJIbTATBI OBYUYEHUA
1O OOII 18.04.01 XUMHNYECKAS TEXHOJIOTI'Ws

pelzf;.lilb— Pe3yabTaT 00y4eHus TpedoBanusa ®I'OC, kpuTepueB U/ uiIn
Tata (BBINYCKHUK J0JI7KeH ObITH TOTOB) 3aHHTEPECOBAHHBIX CTOPOH
IIpogpeccuonanvuvle Komnemenyuu
[IprmMeHsTS 21y00KUe eCTECTBEHHO—HAYYHEIE, Tpe6osanus ®I'OC (ITK-2, 10, 12), Kputepmii 5

P1 MaTeMaTHYeCKUe U MHKeHEepHbIe sHanus it co3nanus | AVOP (1. 5.2.1), corimacoBaHHBIHN C

HOGbIX MAaTEPHATIOB. TpeOOBaHMSIMH MEXTyHApOJHBIX CTAaHJAPTOB
EUR-ACE u FEANI.

[MpumensTh enyboxue 3nanus B 061actu coppeMennbix | Tpebosanus ®I'OC (IIK-2, 4-7, OK-4),

TEXHOJIOTHH XMMHUYECKOT0 MPOU3BOACTBA AT Kpurepuit 5 AUOP (mm. 5.2.1, 5.2.2),

P2 PELICHUS MeNHCOUCYUNTUHAPHBIX THKESHEPHBIX 33/1a4. COTJIaCOBAaHHBIH C TPeOOBaHUIMHU

MexIyHapoaHbix cranaaproB EUR-ACE u
FEANI.

CTaBUTh U pelIaTh UHHOBAYUOHHbIE 3a]IaUN Tpebosanus ®I'OC (ITK-2), Kpurepuit 5 AUOP

UHIICEHEePHO20 AHANU3A, CBSI3aHHBIE C CO3AaHUEM (mm. 5.2.1), cornacoBaHHBIH ¢ TpeOOBaHUAMU

P3 MaTepHaJIOB U U3JIEINH, C UCTIOIE30BaHIEM MexayHapoaHsx crannaproB EUR-ACE u
CHCTEMHOTO aHaJIM3a U MOJCITUPOBAHUS OOBEKTOB H FEANI.

MPOLIECCOB XMMUUECKOH TEXHOIOTHH.
Pa3pabarsiBaTh XUMHKO—TeXHOJIOTHYecKue mporiecchl, | Tpedosanus GI'OC (ITK-1, 17),

P4 NpoeKmuposams 1 UCIONb30BaTh HOGOE Kpurepwuii 5 AUOP (1. 5.2.3), cormacoBaHHBIN C
000pyIoBaHHUE AJISI CO3/JaHUS MAaTEPHAIIOB, TpeOOBaHMSIMH MEXTyHapOJHBIX CTAaHJAPTOB
KOHKYPCHTOCIIOCOOHBIX Ha MUPOGOM PHIHKE. EUR-ACE u FEANI.

IIpoBouTH TEOpETHUECKHE U SIKCIIEPUMEHTAIBHBIE Tpe6osanus ®PI'OC (TTIK-14-16, OK-2-6),

P5 uccne008anuss B 006J1aCTU CO3TaHUS HOBbIX Kpurepuii 5 AUOP (1. 5.2.4), cornacoBaHHBIH C
MarepuagoB, COBPEMEHHBIX XUMUYECKUX TEXHOJIOTHH, | TpeOOBaHUSIMHU MEXIYHAPOIAHBIX CTAHAAPTOB
HaHOTEXHOJIOTHH. EUR-ACE u FEANI.

Buenpsrts, sxcniyamuposams COBpEMEHHBIE Tpe6osanus ®PI'OC (TIK-1, 10),
BBICOKOTEXHOJIOTMYHBIE JIMHUY aBTOMatu3upoBanHoro | Kpurepwuii 5 AMOP (1. 5.2.5), cornacoBaHHbIi ¢
MPOU3BOJICTBA, 00ECTICUNBATD UX 8bICOKVIO TpeOOBaHUIMHU MEXTyHapOIHbIX cTannapToB EUR—

P6 aghgpexmusrocms, COOTIONATH TIPABHIIA OXPAHEI ACE u FEANI.
3JI0POBBSI M O€30IIaCHOCTH TPY/la Ha XMMHUYECKOM
MPOU3BOJICTBE, BHINOJIHATH TPEOOBAHMS 10 3aIINUTE
OKpYXalolIe cpepl.

Yuusepcanvnvie komnemenyuu
Hcnonp30Bate enybokue 3HaHus IO NPOEKMHOMY Tpebosanus OPT'OC (T1K-3, 8, 13),

P7 MeHedxcMenmy ISl BeICHUS] UHHOBAYUOHHOU Kpurepwmit 5 AVOP (1. 5.3.1), cormacoBaHHBI C
WHXXEHEPHOH JIESITENEHOCTH C YUETOM IOPUANIECKUX TpeOOBaHMAMH MEXIYHAPOIHBIX CTAaHIAPTOB
ACTIeKTOB 3alllMThl HHTEIUICKTYabHOM coocTBenHocTH. | EUR—ACE n FEANI
AxmueHo BIaieTh UHOCMPAHHBIM A3bIKOM Ha ypoBHE, | Tpebosanus ®I'OC (ITIK-7, OK-3) Kputepwuii 5
MO3BOJIIONIEM paboTaTh B MHOSI3BIYHOM cpejie, AMNOP (1. 5.3.2), coriacoBaHHBIH C

P8 pa3pabaTbIBaTh JOKYMEHTAIHIO, TIPE3CHTOBATh U TpeOOBaHUSIMU MEXKIyHAPOIHBIX CTAaHAPTOB
3alUIIATh Pe3y/IbTaThl HHHOBaMOHHOM nikeHneproir | EUR-ACE u FEANI.

JICSITETIbHOCTH.

D¢ dexTrBHO paboTaTh HHIUBHIYAIBHO, B KAUECTBE Tpebosanus ®PI'OC (ITIK-9, OK—4, 5), Kpurepuit
YjleHa U pyKosooumelis 2pynnol, COCTOSIIEH 13 5 AUOP (1. 5.3.3), corntacoBaHHEI# ¢
CIEUAINCTOB Pa3JINYHBIX HANIPABICHUH U TpeOOBaHMSIMH MEXyHapOJHBIX CTaHJapTOB

P9 9
KBaTH(pUKAINN, TEMOHCTPUPOBATH OTBETCTBEHHOCTh EUR-ACE u FEANI.
3a pe3yJbTaThl PadOTHI ¥ TOTOBHOCTH C1€008AMb
KOPHOPAMUBHOU Kyibimype OpraHu3annm.

JIeMOHCTPHPOBATE 271)y00KUEe 3HAHUSL COYUATLHBIX, Tpebosanus OT'OC (TIK-5, 6, 10),
IMUYECKUX U KYIbINYPHLIX achekmog nHHoBamoHHoi | Kpurepuii 5 AUOP (1. 5.3.4,5.3.5),
P10 WH)KEHEPHOU 1eITeIbHOCTH, KOMIIETEHTHOCTD B COTJIACOBAHHBIN ¢ TPEOOBAHMSIMHU
BOTIPOCAX YCHOUYUBO20 PAZGUMUS. MexayHapoaHbix crannaptoB EUR-ACE u
FEANI.
CamocmosmenvHo y4umsbcsi 1 HEMPEPHIBHO Tpe6osanus ®I'OC (ITK-11, OK-1, 2, 6),
P11 nosviuiams Keéaiuguxkayuro B TedeHne scero nepuoga | Kpurepuit 5 AUOP (5.3.6), cornacoBaHHBIH C

npodeccnoHamTbHOM NeATENBHOCTH.

TpeOOBAHUAMH MEXTyHAPOIHBIX CTAHAAPTOB
EUR-ACE u FEANI, TIC per. 853 ot 19.09.2016.
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®opma npesacraBieHus padoThI:

‘ Marucrepckast qucceprauus

(6akanaBpckast paboTa, TUILIOMHBIN IPOEKT/paboTa, MarucTepeKast AUCCEepTALIHS)

KAJIEHIAPHBIA PEATHHT -IIAH
BbIINIOJTHEHHSI BBINTYCKHOM KBAJIM(PUKALMOHHON padoThI

‘ CpoK cauu CTY/IGHTOM BBITTOJTHEHHOM PabOTHI: ‘ 08.06.2020
Hara Hazsanwue pasnena (Moxysis) / BuI MakcHMaIbHbIN Gayut
KOHTPOJISI paboThI (MCCIEI0BaAHNS) pasnena (Moysis)
07.06.2020 |OcHOBHAs 4acThb 75
05.06.2020 |DwuHAHCOBBI MEHEIKMEHT, pecypcod(h(HEeKTHBHOCTD U 15
pecypcocoepekeHre
05.06.2020 |ComunanpHas OTBETCTBEHHOCTD 10
COCTABWJI:
PykoBogurens BKP
JlomKHOCTD dUO YueHas CTereHs, IToanuck Jara
3BaHHE
HoteHt Bakanosa T.B. I.T.H, podeccop
COI'JTACOBAHO:
Pykosogurenas OOIT
JlomKHOCTD dUO YHeHas CTerIeHS, IToanuck Jara

3BaHHC

ITpodeccop Kazpmuna O.B. JLT.H, Ipodeccop




PE®EPAT
BrimyckHas kBanudukanuonHas padora comepxxut 163 crpanunsl, 42
TaOauIbl, 23 PUCYHKOB, 48 HCTOYHUKOB JIUTEPATYPHI.
Llenpt0o  BBIMYCKHOW  pabOThl  sIBASETCA  pa3pabdoTKa  MYJUIMTO-
KOPJMEPUTOBOM KEpaMHUKH Ha OCHOBE ITPUPOTHOTO CHIPbS.
Bbutn mocTaBiieHbl ¥ peIIeHbI CIIEAYIONINE 3aauu:

e lccrnenoBanue NPUPOAHOTO CHIPhS HAa XUMHUYECKHH M (Da30BbIi
COCTaB,;

e yccieqoBaHue nporecca $pazoo0pazoBaHMs IPUPOJIHOTO CHIPBS NPU
00KHUre;

® CCJIEIOBAHUE UCIIOJIB30BAHUSA MYJUIUTO-KOPAUEPUTOBON KEPAMUKHU
B TEXHOJIOTMH ITOJIYYEHHS aJTFOMOCWIMKATHBIX IMPONAHTOB BBICOKOU
IIPOYHOCTH;

KitoueBbie crmoBa: Myiuiut, KOpIUEPUT, aTOMOCUIIMKATHBIC IMPOMAHTHI,
MarHe3uajbHble  MPOMAHThl, OTHEYNOPHbIE  TJWHBI, TJIMHUCTOE  CBIPBE,
CCPIICHTUHUT, auarpamma coctossHus cuctembl MgO-Al,O3-Si0,, nporeccs
bazo00pazoBaHus, ClIEKaHNE, TEXHOJIOTHUS MTOTYUYEHUS TIPOIIAHTOB.

B nepBoit wactu paboThl MPUBEACHO OMUCAHUE OOUIUX CBEICHUN O
MPOITAHTAX, MX MPUMEHEHUHN U CBOMCTBAX, a TaK K€ CHIPHE VISl €TO TIOTyICHHS.

Bropas gacth paboThl COCTOUT U3 METOJOB MCCIICIOBAHUS XapaKTEPUCTUK
CBIPbS U MOJYYEHHBIX 00Pa3IIoB.

B tpetneit yacTu conepkarcs 00paboTaHHBIC PE3YJIbTATHI UCCIIEIOBAHUS
(U3UKO-XUMUYECKUX U TEXHOJOTUYECKUX CBOMCTB TJIMHUCTOTO U CEPIICHTHHUTOTO
CBIPbS TIPH €TO CIICKAHWH.

B uyerBeprom paznene BKP mnpuBeneHsl aHamu3 U pacyér OCHOBHBIX
napaMeTpoB Uil peaau3allid KOHKYPEHTOCHOCOOHOIO MPOJyKTa M TpeOoBaHUs
pecypcoddHEeKTUBHOCTH U PEeCypCcoCOepesKeHHUS.

[IaTas rmaBa paccMaTpuUBaeT BOMPOCH! O BHIMOJIHEHUH TPEOOBAHUH K
0€30MacHOCTH ¥ TUTHEHE TPY/Ia, K MPOMBIIUICHHOW O€301TaCHOCTH, OXpaHe

OKpY’KaFOIIEeH CPeJIbl U PECYPCOCOCPEIKCHHIO.
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I'JIABA 1. JUTEPATYPHBIN OB30P
1.1 HazHaveHue U yCJI0BHUSA CJIYKObI IPONIAHTOB

HedrenobpiBaromas IIPOMBIIUICHHOCTh B COBPEMEHHBIX PpEAUAX
JIOCTATOYHO YaCTO UCHOJIb3YEeT TEXHOJIOTHIO TUAPOpa3phiBa IiacTa, CyTb KOTOPOM
3aKJIFOYAETCsl B MOBBILIEHUH 3(P(EKTUBHOCTH U3BJICUEHUs] HEPTH U raza B Ooiiee
riryOoKux Tonmax 3eMiad. OTHUM U3 KOMIIOHEHTOB JAHHON TEXHOJIOTHU SIBIISETCS
PACKJIMHUBAIOMIMI areHT W JKUJIKOCTh pa3pbiBa. J[aHHBIE pPACKIMHUBAIOIINE
areHTHI TaK )K€ Ha3bIBAIOT IIPOIIaHTaAMMU.

[IponanT — mpouYHBIM MaTrepuas B BUIE TPaHYJ, NPEIHA3HAYEHBIA IS
NPENOTBPAIIEHUS] CMBIKaHUS 3€MJITHOTO IUIacTa TMOCi€ TUApOpa3phiBa IO
NEHCTBUEM FOPHOTO JABJICHUS U 00€CIIEUEHHS UX MPOHUIIAEMOCTH.

I'mapaBanyecknii pas3peiB rjiacra IIPEACTABIACT co0oit
T'MIPOMEXAHUYECKOE BO3JEHCTBHE HA MPOAYKTHBHBIM IUIACT IyTEM CO3JAHUs
M30BITOYHOTO JaBJICHUS 3aKayKOM >KMIKOCTH pa3pbiBa. B xome sToro mpouecca
IJIacT pacueruisieTcsl MO0 BAOJb €CTECTBEHHBIX TPEIIMH, JHO0 MO IMIOCKOCTIM
HariactoBanus [1]. Ilociie paspblBa 1ox JAEMCTBUEM JKHIKOCTH TpEIIMHA
YBEIMYMBAETCS, B JaHHbIE TPEIIMHbI CaMOM JKUIKOCTHIO TPAHCHOPTUPYETCS
pPacKIMHMUBAIOIIMNA areHT, KOTOpbIi oOecrneunBaeT UX (PUKCAlMIO MOCHE CHATUSA
U30BITOYHOTO J1aBJICHUSI.

[To BHEmIHEMY BUAY MPOMAHTHI MPEACTABISIOT COOON ChIMYyYUi MaTepUal B
BUusie chepudeckux rpanyn aumamerpom ot 0.5 mo 1.2 MM (B 3aBUCHMOCTH OT
ycioBuM rusipopaspbiBa). OHM 00513aHBI BBIAEPKUBATH OOJIBIIIOE TOPHOE JaBJICHUE
(moxomsmee no 100 MIla), cOOTBETCTBEHHO UMETH OOJIBILIYIO MMPOYHOCTD, & TAKXKE
COIPOTHUBIISATHCS KOPPOIUPYIOLIEMY JAEHCTBUIO arpeccuBHOU cpenbl. Chepruueckue
rpa”yibl  oOnagaror Haubosiee 3¢dexTuBHOM QopMol TmpomaHTa, TaK Kak
o0ecrneurnBaoT MaKCUMAaJIbHYIO IIPOHMUIIAEMOCTD U COOTBETCTBEHHO
U3BJIEKAEMOCTh YIJIEPOAHOTO CHIPBSI.

B 3agauy npomnaHTOB BXOJIUT OOECHIEYEHHME BBICOKOW MPOHUIAEMOCTH U

MNOAACPKMBAHUC TOKA )KUJIKOCTH B TCUCHHUC JKU3HHU CKBA>KHWHBI.
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B kadyecTBE NPONAHTOB WCIOJB3YIOTCS pa3Hble OpraHUYECKUE U
HEOpPraHWYECKHE BEIIeCTBAa, a TaKkXke MX KOMOMHamus. YacTto HCMIOIb3yeMbIM
PACKIIMHUBAIONIMM areHTOM SIBJISIETCS. KBaplEBbIM MECOK C HE0OXOAUMbIM
rPaHyJIOMETPUYECKHM COCTaBOM. Ero mMoOJIOXKUTEIbHON CTOPOHOW SIBJISIETCS
JIOCTATOYHO HM3Kas LIEHA, HO C YMEHBIIEHUEM JIETKOJOCTYITHBIX MECTOPOKIACHUN
YTIEBOAOPOAOB BEAETCS pa3paboTKa TPYIHOMOCTYIMHBIX MECTOPOXKACHHUM, TIe
UCIIOJIb30BaHUE TEeCKa HEe 00ecleuuBaeT AODKHOTO yAEpKaHHUS TPEUIUH IuIacTa.
CymiectByeT HEOOXOAMMOCTh B KEPAMHYECKHMX IMPOMAHTAX C BBICOKUMU
MoKa3aTesIMU C(PEPUIHOCTH U MTPOYHOCTH.

[IpoGnemoit mipu pa3paboTKe cocTaBa [Jisi TMPOIMAHTOB  SBJSETCS
IPUCYTCTBHE KOHKYPHUPYIOIIMX MEXAY cOOOW mapaMeTpoB, TAKUX KaK BBICOKAs
IPOYHOCTh MPHU HHU3KUX 3HAYEHUAX HACBIMHOW U KaXyUIEHCs TIJIOTHOCTH
rpaHyaupoBaHHoro Marepuana [2]. I[Ipm >ToM HEOOXOAMMO YYMTHIBATH U
CIIOCOOHOCTH K hopMOBaHMIO AJi (popmMupoBaHus 60see OKpyroi Hopmbl rpaHyI.

VYcaoBus ciaykObl ONpeAesstoT cOOCTBEHHbIE (PYHKIIMOHAIbHBIE CBOWCTBA
nponaHToB. [IpomaHThl AOKHBI OOMPATHCS UHAUBUAYAIbHO B 3aBUCUMOCTH OT
HE(PTAHOTO MECTOPOXKICHHS, TpPH HTOM HEOOXOJMMO YYHUTHIBATh UIMPHUHY
TPELIMHBI U TIyOuHY, MOJIyYEHHYIO OT THIpopa3pbiBa iacta. [lopona npu stoMm,
T.€. TIOYBA TOXKE YUYUTHIBAETCA. BbICOKas NMPOYHOCTh U MUHHUMAJIBHBIE 3HAYEHUS
HACBIMTHOW SIBJISIFOTCSI OCHOBHBIM TPEOOBAHMEM IMPOMAaHTA. XUMUYECKasi CTOMKOCTh
TOE SIBJISIETCS OIpeNesIonie npu BeIOOpe, arpecCUBHAs Cpela U KUCIOTHOCTh
(baronga, MOTyT pa3pylIUTh IPOMAHT UM MPUBECTU K MOHMKEHUIO €r0 POYHOCTH
[2].

Crout choxycupoBaTh BHUMAaHHUE Ha MPOIAHTaX, UCMOJIb3YIOIINX B CBOEM
COCTaBE MarHUMCHIMKATHOE ChIphbe. JleleBru3Ha U JOCTYIHOCTh ChIPbsl, a TaK ke
XOpOIIME NPOYHOCTHBIE XapaKTEPUCTUKH, BBIBOAAT TaKW€ MPONAHTHI Ha

KOHKYPEHTOCTIOCOOHBIH PHIHOK.

12



1.2 CBoiicTBa U XapaKTepPUCTHKA NPONAHTOB

1.2.1 Knaccupukanus nponaHToB

B ocHOBHOM PACKINHUBAIONINC ar CHTBI KHaCCI/I(I)I/IHpr}OTCH Ha HCCKOJIBKO

TpyMI, B 3aBUCUMOCTH OT MaTepuajoB, MPUBEACHHBIX B Tab0m. 1.1.

Ta6nuna 1.1- Martepuansl, HCIIOJIb3yeMbIe B Ka4eCTBE MPONAHTOB [3]

MoJIy4aemble MpU
CIIEKAHUH IIHXTHI
OTIPEICTICHHOTO
COCTaBa,
MpeABapPUTEIILHO
MpOLIEIIeH CTaIuI0

TPAHYJISLUN.

YCTOMYUBOCTb K
BO3JCHUCTBHIO, KaK KHCIIOT,

TaK U LIEJIOYEH.

Marepuainst Onucanue IIpeumyiecrBa Henocrarku
Ksapuessiii | Ilecok paccesHHbIl Ha JoctynHoCTh 1 Manas OueHb HU3Kas
IIECOK HE00XOAUMBIH CTOUMOCTb, a TaK XK€ IIPOHULIAEMOCTB 32
IPaHyJIOMETPUYECKUI IIPUTOAHOCTBH JJISl BCEX CYeT HEeNPABWIBHON
COCTaB, J100bI4a THIIOB IIJIACTOB. (bopMBI 1 HEBBICOKAs
BEJIETCS Ha IIPOYHOCTb, YTO HE
pa3paboTaHHbIX II03BOJISIET JOOBIBATh
MECTOPOKIACHUSIX. HePTENPOIYKT IpU
OoJiee BBICOKHMX
JABJICHUSX.
Ilecok ¢ IIponanT co cmosnsHbiM | IloBbIIEHHAs MPOYHOCTH IToBepxHOCTB
IIOJIMMEPHBIM | TIOKPBITHEM, B Ka4E€CTBE Y IIPOHUIIAEMOCTb, 110 pacTBOpSIETCS IPH
ITOKPBITHEM KOTOpOIo Mpu- CPaBHEHHUIO C KBAPLEBBIM | KOHTAKTE C KMCIIOTAMHU.
MEHSIOTCS IIECKOM.
IIJIACTUKOBBIE
MIOKPBITHSL.
Kepamnueck CuHTeTnueckue OueHb BbICOKAs BeIcokas MmIIoTHOCTS,
Y€ IIPOIAHTHI MaTrepuaisl, IIPOYHOCTH IIPU CIKATUH, o0ecrnieuynBaeT Malyro

IMPOHUIIACMOCTD, a TaK
K€ BBICOKAaA

CTOHMMOCTB.
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Kepamuueckue nponaHTel MOTYT M3rOTaBIMBATHCA Ha OCHOBE Pa3JIMYHOIO
CBIpbsi, Hamboyiee pacHpOCTPaHEHBbl ATIOMOCHIMKATHBIE MPOMAHThl HAa OCHOBE
KaoJMHAa WM OOKCHUTa Y MAarHe3uajbHO-CWIMKATHBIE MpomaHThl. [lepBbie
OTJIMYAIOTCA BBICOKOM CTOMKOCTBIO K KHCJIOTaM, MPH 3TOM OHH HUMEIOT OJIM3KHE
IMOKa3aTenl WCTHHHON IOTHOCTH (2,7 T/cM°), MPOYHOCTHBIC XapaKTEPHCTHKH
Toke cx0Xku [4, 5]. OCHOBHBIM OTJIMYHMEM SIBJISIETCS TO, YTO AJIOMOCHJIMKATHBIC
IPOMAHTBl HMMEIOT BBICOKYKD CTOMMOCTh M3-3a JIOpOroro cbipbs. Jlus
MarHe3uajibHO-CHJIMKATHBIX MPOMAHTOB ChIpbeBas 0aza Oojee pacnpocTpaHEHHas

U femenas.

1.2.2 CBoiicTBa KepaMH4YeCKHX NIPONMAHTOB

Tak kKaKk ¢ KaKIbIM I0OJIOM JIETKHE MECTOpOXxaAeHUs HePTH nccekarot, ['PII
MPOBOJIAT HA O0Jee OONBINX TITyOUHAX, MOATOMY HUCIIOJIb30BAHUE KEPAMUYECKOTO
mecka B poJik mpormaHnToB HeadgdekTuBHO. TpedyeTcs Bce O6ojee u Oojiee MPOUHBIN
MaTepuall, KaKUMH U SIBJISIFOTCSL KEPAMUYECKHUE MPOIAHTHI.

OCHOBHBIMM XapaKTEPUCTUKAMU KEPAMUYECKHUX MMPOTIAHTOB SIBIISIFOTCS:

e [IpoyHOCTB;

® pa3Mep IpaHy’;

e c(epuyHOCTH U OKATAHHOCTH TPAHYIT,
® [UIOTHOCTB;

® [IOPUCTOCTb.

[IpouHocth oOecrneunBaeT JJIUTENIBHYIO MPOBOAUMOCTh TPEIIMHBI Ha
ryOMHe 3ajieraHvs IUlacTa, B CBS3M C OTUM U SIBJISIETCS OCHOBHOM
XapaKTEPUCTUKOU.

Or pa3mepa TpaHyJd 3aBUCUT OIpeAeiEHHbIE TOKa3aTenu Mpu
ruApopaspbeiBe 1acta. [lpu yBennueHun pasmepa TpaHys, YBEIWYHUBACTCS
MPOHUIIAEMOCTh YMAaKOBKM TMPOIMAaHTa B TpPEIIMHE, TEM CaMbIM IOBBIIIACTCS
3 PeKTUBHOCTh U3BJIEYEHUS HEPTENPOAYKTOB M3 CKBaXXWHBI. ClieyeT y4ecTb,
YTO TIPU UCIHOJIb30BaHUU OoJjiee KPYMHOW (PPaKIMU TMPOMAHTOB, MOSBUTCSA

npobiemMa €  JOCTaBKOM  pacKIMHUBAIOUIErO  areHTta K  TpeIluHe,
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COMPOBOK/IAIOMIASICA C SKOHOMUUYECKUMH pacTpaTamu. Vcnosib30BaHHe MponaHTa
C KpymHOU ¢pakimeid B CIa0ONEMUHTUPYEMBIX CKBOKHHAX, TJI€ MMEET MECTO
3aCOPEHHOCTh B BHUJE MEJKUX YaCTHUL, MPUBOJUT K 3aKyIIOPEHUIO YMAaKOBKHU
MPOIAHTOB. DTO CHMXAET €€ NMPOHUIAEMOCTh, B TaKMX MECTax IeJecoodpa3Hee
UCIIOJIb30BaTh OoJee Menkyro ¢pakuuto. [lpu yBenwueHun pasmepa 3epeH
npornanta magaeTr npodHocTh  [6].  Heobxomumo  moabupath  JaHHYIO
XapaKTepUCTUKY UCXOJIS U3 YCIOBUI U MECTa TUApOopa3pbiBa 1iacra.

CdepruHOCT, U OKATAaHHOCTh TPAHYJN ONPENENsoT OO0BEM MYyCTOT
YIAKOBKHM PACKJIMHMBAIOIIETO areHTa W camy YHakKoBKY rpaHysi. OKaTaHHOCTb
rpaHysl — 3TO Mepa OTHOCUTEJILHOW OCTPOTHI I'paHel MpomnaHTa, a cHepUIHOCTh
MPOIAaHTa OMpeneNsieTcs Kak Onu30CcTh (OPMBI TpaHyll K ujaeanbHol cdepe [6].
[ToBbillieHUe CHEPUYHOCTH U OKATAHHOCTU TpaHysl MNPUBOAUT K TMOBBIIICHUIO
MOPUCTOCTU TIAYKHU MpomaHTa. Beicokue nmokasarenu chepuyHOCTH U OKPYIIJIOCTH
rpaHyyn o00€cleunBalOT PAaBHOMEPHYIO Harpy3ky Ha I[ayKy TMpOIaHTa, 3TO
MOBBIIIAET CTOMKOCTH MPOIAHTA MO BBICOKMM JIaBJI€HUEM [6].

[Im10THOCTP MpOIaHTa BIWSET HA JOCTAaBKY MPONAHTa K TPEIIMHE U €ro
pacrionoxkenre TaM. [LIOTHOCTH MpomaHTa BIAUSET HA TUAPOAMHAMUYECKHUE
XapaKTEPUCTUKU KUAKOCTH, M B 3aBUCUMOCTH OT IUIOTHOCTH TOJOUPAIOTCA
KUJKOCTU WJIM BBICOKOW BSI3KOCTHU, JTMOO MEHSIFOTCSI YCIIOBUS 3aKAUKH >KUJIKOCTH.
Cnenyer Takke OpaThb BO BHMMaHUE TO, YTO MpU Oojiee TJIOTHBIX MPOMaHTax
YBEIIMYMBAETCS MPOYHOCTh YIMAKOBKE, HO 3TO NPUBOAUT K €€ YIUIOTHEHHIO, a
3HAYUT K TOHWKEHUIO TPOHUIIAEMOCTH [6].

[Topuctocts — posis o0bE€Ma MyCcTOT K 0O0ImEMy 00BEMY MaTepuana.
Nsmepsiercst B mporenTax wik B noisix (ot 0 mo 1). [Ipu Hu3KOM mopucTocTH
00JIBIIIE MPOYHOCTh YIIAKOBKHM HA pa3/iaBIMBaHUE U MEHbIIIE XPYIIKOCTH [6].

Kowmrmieke Gpu3znko—MexaHU4eCKUX ¥ XUMHUYECKUX CBOMCTB KEPaAMUUYECKUX
MPOMAHTOB OKAa3bIBACT BBICOKOE BIMsSHUE Ha 3(PGEKTUBHOCTh TEXHOJIOTUHU

TUAPOPa3phiBa U BBIXOJ YTIIEBOOPOIOB.
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CocTaB HIUXTHI, U3 KOTOPOM MONYy4arOT MPOMAHTHI, (POPMUPYET U 3a/JaeT

CBOMCTBA KOHEYHOTO MNPOJYKTa MpPHU €ro mnpousBoacTBe. llomMumo TOro uro

CBOMCTBA BIUSIOT HA IMponccC rmapopaspriBa, OHU B3AUMOCBA3aHbI MCKIY cO0O01i.

1.2.3 TpeOoBaHUA K KepaMHUYeCKHUM MPONAHTAM

DU3UKO-MEXaHUYECKUE M XMMHYECKHE CBOMCTBA IIPOIIAaHTOB IOJIDKHBI

cooTtBeTcTBOBaTh TpeboBanusm o I'OCT P 51761-2013. TpeGoBanusi nmpuBeACHbI

tabmurte 1.2 .

Tabnuna 1.2 - TpeGoBaHus K KEpaMUYECKUM ITPOMAHTaM [6]

Haumenosaunue
oKa3aTesd

3HaueHuEe moKa3aTes JJI q)paKI_[I/II/I

10/14

12/18

12/20

16/20

16/30

20/40

30/50

40/70

1 MaccoBas nouns, %,
HE MEHee

50

2
['panynomerpuueckuii
cocTtaB, %, He OoJee -

MaccoBasi JOJIs
rpaHyJI:

OCTAaBIIMXCS HAa CUTE
HOMED:

7

0,1

8

12

16

20

30

MPOIIEIINX Yepe3
CUTO HOMED:

20

1,0

30

1,0

1,0

40

1,0

1,0
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IIpooonsicenue mabauyvt 1.2

50

1,0

70

1,0

100

1,0

3 Maccosas ons
rpaHyJl OCHOBHOU
bpaknun, %, He
MEHee

90,0

4 ChepuyHOCTb,
YCIIOBHBIE €TMHUIIBI,
HE MeHee

0,7

5 OKpyraocTs,
YCJIOBHBIE €UHULIBI,
HE MEHee

0,7

6 PactBopumMOCTE B
CMECH COJISTHOU U
(GTOPUCTOBOAOPOTHOM
KucIot, %, He Ooee

8,0

7 PacTBOpUMOCTH B
coJITHOM kuciote, %,
He Oosee

1,0

8 MytHoCcTh, EMO,
He OoJiee

200

9 Haceimaasg

IUIOTHOCTB, T/CM , HE
Ooiee

1,9

10 ConpoTuBiieHue
pa3aaBiIMBaHuIO, %o,
He Ooutee, mpu
napiaenun, Mlla:

51,7

25,0 (20,0/20,0{20,0{ 15,0

7,0

7,0

5,0

68,9

- 25,0125,0(25,0( 20,0

10,0

10,0

8,0

11 OTtHOCHTEIBHOE
W3MEHEHHE MACChI
IIPU IIPOKAJTMBAHUH,
%, He 0omee

5,0
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[Tokazarenu nasnenuit 51,7 u 68,9 Mlla npu onpeneneHu NPOYHOCTH HA
HAa C)KATHE YNAKOBKH AHANOTMYHBI TOKasaTensM gasmenus 7.5-10° u 1.0-10°
GbyHT/ Ir0MM.

[Io KOHTPAKTY MEXIy CTOPOHAMH Pa3pelIacTCsl U3rOTABIMBATH MPOMAHTHI

Ipyrux (ppakiui, T0 OroBapuBalOT B KOHTPAKTE HA MOCTaBKY [6].

1.3 CeipbeBbie MaTepHaibl 1S MOJYYECHUS ATIOMOCHIUKATHBIX PONAHTOB

B coBpeMEHHOM NOHMMaHWU KEpaMUKa A3TO KJIACC H3AEIUN, KOTOPbIN
oOnamaer oOHmIMMH CHEU(PUUHBIME CcBoicTBamH. Kepamuyeckoe wu3zaenue
IIPOU3BOAMTCS 00SI3aTENBHO MO KEPAMUYECKON TEXHOJIOTUU U3 MUHEPAJIBLHOTO WIIU
TEXHUYECKOTO ChIpbs. KepaMuueckasi TEXHOIOTUS BKJIIFOYAET HECKOJIBKO OCHOBHBIX
ATANoB, KaK MpPaBWiO, 3TO APOOJICHHE W U3MEIbUYEHUS ChIPbs, CYIIKA, U OOXKUT B
ne4ax ¢ ONpeJieIeHHbIMU ycloBusiMU [7]. B koHeuHOM 3Tane oOpa3yercs uszienue
C HEOOXOIUMOM CTPYKTYpOM M UHJIMBUYaJbHBIMU CBOMCTBAMH.

Kak ObUIO TpHBEAEHO BBINIE, COCTAB KEPAMHUYECKUX MacC BO MHOIOM
OIIpENENsIET KOHEYHBIE CBOMCTBA U CTPYKTYPY ITOJIyYEHHON KEPAMUKH.

HcxonHple Marepuanbl s  KEPaMUYECKOTO IMPOM3BOACTBA MOYKHO
pa3JeanuTh Ha OCHOBHOE M BcrmoMorareiibHoe. OCHOBHOE ChIPbE€ OIpeaessieT
¢da3oBbIli COCTaB M CBOMCTBA TMOJydyaeMOW KEpaMHUKU M OCHOBHBIC CBOMCTBA
KepaMHUYECKOM Macchl Mepes OOXUIOM, B TO BpEMs KaK BCIIOMOIaTelIbHOE
ONTHUMM3UPYET TEXHOJOTMYECKHE IPOLECCHI, IMO3BOJISIET CHU3UTH TEMIIEpaTypy
00Xura U CKOPpEKTHUPOBATh ONpeEIeTIEHHbIE CBOMCTBA KepaMUKH. OCHOBHOE ChIPbE
B KEpaMUUeCKoi Macce obJiajiaet 0oJbIlel 10Jel, 4eM BCIIOMOraTeIbHOE.

B03MOXHO OTCYTCTBHE BCIIOMOTATENIBHOTO CHIPBS, HAallpUMEp Kak TIJIMHA
IIPU IIPOU3BOJICTBE CTPOUTEIBHON KEPAMUKH [ 7].

B kepamuueckoil oTpaciu ChIpb€ MOXHO MPOKJIAacCU(UUIMPOBATH HA TPU
OTJIEJIbHBIE TPYIIIBI: IPUPOAHOE, UCKYCCTBEHHOE U TEXHOIE€HHOE.

[IpupogHoe cbipbe mocie A00BIUM, KaK MPaBUIIO, OTIPABISAIOT MPSMO Ha
IPOU3BOJCTBO, €CJIM CYHIECTBYET HEOOXOAMUMOCTh, TO €ro IpeaBapUTEIbHO

o0oramarT U COPTUPYIOT.
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N cKyCcCTBEHHOE ChIPbE OTIMYAETCS MOBBIIEHHBIMH KPUTEPUSMH KauecTBa
U 4uCTOTBl. Ero mnpou3BOJICTBO ONMUPAETCs Ha  XHUMHYECKYIO MepepaboTKy
IPUPOJTHOTO UM UCKYCCTBEHHOTO MaTepHUaa.

TexHOreHHOE CBhIpbE - OTXOAbl APYIMX HPOU3BOJCTB, KOTOPHIE MOYKHO
UCIOJIb30BaTh JUIsl TOJYYEHUS HOBBIX IMPOAYKTOB, YTO IMO3BOJSET YMEHBIIUTH

OTXOIbI U 3arpA3HCHUC orcpy;xaromeﬁ CpCIHbI.

1.3.1. XapakTepucTUKA INIMHACTOIO ChIPbSI

I'mira - 3TO TropHas  MOpOJa, OCHOBY  KOTOPOM  ClararoT
TUAPOATIOMOCUIIMKATHI — TUCIIEPCHAs YacTh M KBaplLeBbld necok. [Ipu 3atBopennn
BOJIOM IJIMHA CIIOCOOHA 00pPa30BBIBATH MIACTUYHYIO U JIETKO (OpMyEMYIO Maccy, a
NpU BBICBIXaHUM HE TepseT mnpuaaHHyo ¢dopmy. Ilocne obxura obOpazyercs
TBEPJO€ U NMPOYHOE KAMHEBUIHOE TEJO.

OOpa3oBaHue TJIUHUCTBIX MHUHEPAIOB MPOUCXOJAWIO B peE3yibTare
MEXaHUYECKOTO BBIBETPUBAHUSI TOPHBIX MOPOJ, a TAKXKE BIUSAHUS XUMHUYECKOTO
BO3JICUCTBUSI TOPSIYMX PACTBOPOB BYJIKAHUUYECKHX MOPOJ ((HTOPUIOB, XIOPUIIOB,
OOpUIIOB, CEPHUCTBIX U JIPYTUX COCIUHEHHN) M OMOXMMHYECKOTO Pa3jI0KECHHE
MOPOJ] «CWJIMKATHBIMU» OakTepusiMu. B pe3ynbTare Takux MPOIIECCOB TOJIEBHIE
HImaThl Mpeo0pa3yoTcs B KAOJUHUT [7]:

R20A120368102 + C02 + Hzo —> A1203281022H20 + 48102 + RzCO

Kaonuuut, ramrya3uT, MOHTMOPWIIOHHMT, THUIPOCIIONbI  SIBISIOTCS
OCHOBOM  MMHEpPAJIbHBIX  TJIMH, W  HCHOJIB3YIOTCS B  KEpaMUYECKOU
MIPOMBIIIEHHOCTH.

CtpoeHre MHUHEpPANOB TJWH, KaK MPAaBWIIO, CIOUCTOE WM, MO-IPYroMy,
auctoBoe. HeGombIoi rpynmoil Mo CTpOSHUIO SBISIOTCS MUHEPAJBI C JICHTOYHOU
CTPYKTYpOU (BCTpeudaroTcsi B OEHTOHUTOBBIX IJIMHAaX). B ramHax BcTpevaroTcs Kak
COBEPILEHHBIE KPUCTAJUIbI, Ae(EKTHbIEC, HEYNOPAIOUYECHHbIE (Pa3bl, CYIIECTBYIOT U
amop(HbIe, BCE 3aBUCUT OT COCTaBa M MPOUCXOKICHUS MUHEPAJIOB.

OrneynopHasi TiMHa o0OJsiagaer OelbIM WM Cepo-O€sIbIM IIBETOM, B

3aBHCHMOCTH OT COCTaBa, OCNBIA IBET NMPHUAACT TVIMHE YHCThIM KaoiauHUT. Ilo
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CTPYKTYpE TIUHUCTBIE MHUHEpajabl KIACCUPUIUPYIOT HA KaOJIHWHUTOBBIEC,
MOHTMOPHWJUIOHUTOBBIE Y TUAPOCITIOOBBIE (MIUIUTOBBIE) IPYIIIIHI.

B KaonuMHUTOBYIO Tpynmy BXOIAT TaKUE MUHEpajdbl KaK  KAaOJIMHMT,
JTUKKUT, TAJTya3uT. MOHTMOPUIUIOHUTOBAS TPYINa BMEIIAET MOHTMOPHWJIJIOHHUT,
HOHTPOHUT, TEKTOPUT, a rpylnna THAPOCIIO COCTOUT U3 THAPOCIIOAbI, WILINATA,
aineBapauta [9]. Ilo copepxaHuio TiMHO3eMa (B MPOKAJIEHHOM COCTOSTHUM)
pa3nensaor Ha BbICOKOOCHOBHBIC (Al,03>40%), ocHoBHBIE (30—40%) W
noaykucieie (15—30%).

OrheynopHsle  INIMHBI  O0JAJAIOT  ONPENEIEHHBIMH  IUIACTUYHBIMU
CBOMCTBaMHU IPU KOHTAKTE ¢ BOJ0i. CMecu ¢ BOJOM 00pa3yroT BA3KYIO CTPYKTYPY,
KOTOpasi MOXKET NPUHUMATh J00Yy0 (OopMy, U TEM CaMbIM HMEET IMpEeKpacHbIe
dbopmoBouHbIE cBoMcTBa. [locie ypaneHuss Biarn M MOCIEAYIONIErOo OOXKWra,
coXpaHsercs 3aJaHHas (opMa U BO3HHMKACT BBICOKAs IPOYHOCTb, KaK U
orueynopHocTs (1580— 1750°C) [10].

OCHOBOIl OTHEYNOPHBIX TJIMH SBJISIETCS KAOJIMHHUT, T.K. C HEro
CUHTE3UPYETCsl OJHA U3 BaXKHEWIIUX (Da3 B KEPaMHUECKON MPOMBIIUIEHHOCTH —
MyJuT.  KaonuHUT  sABIIA€TCS TJIIMHHUCTBIM MHHEpPAl M3 TPYIIBl BOJHBIX
CHJIMKATOB aJIOMHHUSA ¢ XUMHUYeCKMM cocTaBoM Aly[Si;O10](OH)g (mnmm oxcun
amomuaus (Al,O3) 39,5%, okcun kpemuus (Si0;) 46,5%, Boga (H,O) 14,0%).
JucnepcHOCTh ero HeBbICOKas. EMKOCTH mornomeHuss He mnpeBblmaer 20 wmr-
skB/Ha 100 r.

JIByxcnoiiHasi KpUCTaJUIMYECKash PEIIETKAa KAOJIWHUTA COCTOUT M3 CJIOS
KPEMHEKHUCIOPOJIHBIX TETPA3IPOB U CJOSA AITIOMO-KHUCIOPOAO-THAPOKCUIBHBIX
OKTa’ApoB. Takoe CTpOEHWE B CHUJIBHOM CTENEHU OKa3bIBAET BIIMSHHE HA €ro
cBoiicTBa. KaoqmHuUT He moriomaer BoAy B OONBIIOM KOJWYECTBE, TAK Kak €€
JOCTYIl B MEXIAKETHOE MPOCTPAHCTBO 3aTPYAHEH M3-3a CUJIIBHOM CBA3M MEXIY
naketamu. Paccrosnue mexay nakeramu noctosuHo (7,2A°) [11]. Ha pucynke 1

MPE/ICTAaBIICHA CXEMA CTPOEHHUS KPUCTAJUTMUECKON PEIIETKH KaOJIHMHUTA.
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Puc. 1.1. Cxema cTpoeHUs KPUCTAUIMYECKON PEIICTKH KaoauHuTa [11]

W3-3a cuiapbHOW CBS3M M OCOOCHHOCTHM CTPOCHHS, B MEXIAKETHOE
paccTosiHUE 3aTPYJHEHO IIONAJaHue, JPYTrux >SJIEMEHTOB M IpUMeEced. ITa
OCOOCHHOCTh OOBSICHSET YHUCTOTY KAOJIMHUTOBBIX TIMH M, KakK CJEICTBUE,
BBICOKYIO IIPOYHOCTh KEPAMUYECKUX U3IEIHM.

Ha puc.1.2 moxHO nipoHa01I0gaTh N300paXeHNE KAOJIMHUTOBBIX MIACTUHBI

noa 3JCKTPOHHBIM MUKPOCKOIIOM.

20KV 2Kx 5.0w»m 8603

Puc. 1.2. AyrureHHble KAaOJMHUTOBBIC IIJIACTHHBI, ITOKPBIBAIOIIUE
KBapIIeBbIE 3€pHA, 3apOCIIME ayTUTeHHYecKuM KBapiem. SEM-o6pa3 oOpasia

cepaeuyHuka [12].

B ocHOBe KpHCTAJUIMYECKON CTPYKTYphl KAOJUHHUTA JIEKHUT OOJBIIOE
KOJIMYECTBO CJIOEB U3 KPEMHEKHCIOPOAHBIX TETPA3IPOB, UMEIOLUIUX TPU OOLIMX

KHCJIOpOJa M CBA3AHHLIX IIOINIApPpHO YCPE3 CBO60,I[HBIC BCpIIMHBI AJIIOMUHHUEM H
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ruapokcuaoM. KaonuHut obnagaer BechbMa COBEPIIECHHOW CMAaWHOCTBIO 3a CUET
ciabbIx cBsizel Mexay ciosiMu. CTpyKTypa ompenensiercs pa3indHoil Bapuanuen
HAJOXKEHHUS CJIOEB, ATOT (AKTOp SBIAETCA BAXHEHIIMM TpHU KiIaccUUKAIUU
KaonuHuTa [13].

duznyueckre CBOWCTBA OMPEACISIOTCS CIOUCTOM CTPYKTYpOW KaoJMHUTA,
OHa mNpUIaET MHUHEpajlaM Ha €ero OCHOBe (IVIMHAM UM KaoJuHaMm) CBOMCTBO
IaCTUYHOCTU. KaonMHUT UMeeT TBEPAOCTh MO MUHEPAIOTHYECKO 1miKane 1 6am,
I0THOCTH 2540—2600 kr/mM> 1 *KupeH Ha omyb [ 13].

B mpouecce HarpeBa rimH ¢ KaOJIMHUTOBBIM cocTtaBoM a0 540—1100° C
oOpasyroTcs pyrue ¢asbl, TaKue Kak KBapll, OKCHUJ aJIIOMUHUS U MYJUTUT. Takoe
CBOMCTBO KakK OTHEYNOPHOCTh Bapbupyercs okoino 1750— 1800°C, norepu npu
IPOKaJMBaHUM  COCTaBIAOT  13-14%. 1lpm npom3BOACTBE  KAOJIMHOBBIX
OTHEYHOPHBIX M3JEIUI U3 MOIYCyXHUX Macc muxTa cocrasisiercs u3 70% mamora
U3 KaoJIMHOBOTO Opukera (KaojauH, OOOXOKEHHBIM 10 Temmeparypbl 1300—
1350°C), 15% coiporo xaonuHa u 15% mmactuyHO orHeynopHoi riauHsl. [lpu
ATOM MPOYHOCTH TipH cxkatuu 12,0-70,0 MIla; Temneparypa Hadana aegopmanuu
non Harpy3koit 0,2 MITa—1440-1480°C; kaxymiasicst nopuctocts He 6omee 30%

(06bruHO 13-17%); oGbemuas Mmacca 2-2,3 r/em” [13].

1.3.2 XapakrepucTHKa MarHe3MajabHOro ChIpbs

CeprieHTHH — MUHepa cliokHOoro coctaBa Mge[SizO10][OH]s, nmu 3MgO
* 25810, ¢ 2H,0. 3anumaet kpaiiHee MOJOKEHUE B U30MOP(PHOM psAly CEPHEHTHH
— peBauHCKUT. [lox oOmMM Ha3BaHUEM 37eCh OOBEAUHSETCS Pl MOJIUTUIIOB U
CTPYKTYPHBIX Pa3HOBHJIHOCTEH TJIaBHBIMU W3 KOTOPBIX SBJISIOTCS AHTHUTOPUT,
JU3apAUT U Xpu3oTwi. Ha3BaHue nu3apAuT OOBIYHO OTHOCST K MAaCCHUBHOMY
CEpIIEHTUHUTY. XPU30TWUJI M AHTUTOPUT OYEHb MOXOXKH, HO JUIsl aHTUTOpUTa
XapaKTepHO JIMCTOBATOE WJM IUIACTUHYATOE CIIOKEHUE, a JJs XpU30THia —
BOJIOKHUCTOE (acOectononoOHoe). IIpakTuueckn kaxaas U3 STUX MHHEPaTbHBIX

Pa3sHOBUIHOCTEW MOXKET Y4YacTBOBaTb B COCTAaBE PACIPOCTPAHEHHOW TOPHOU
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MOpOJiIe — CEPHNEHTHUHUTE (YacTO C MPUMECHIO JPYTUX MHUHEPAIOB), U3BECTHYIO
Takxe, Kak opuT (3meeBuK) [14].

XHWMHUYECKHI COCTaB MOHOKIMHHOM CHHTOHMM MOYKHO pa3JIOXKHTh Kak:
okcua maraus (MgO) 43,0%, oxkcun kpemuust (Si0;) 44,0% 1 MOJIEKYJBI BOJIBI B
Bujge MuHepanoB (H,O) 13,0 %. 3adacTyro BXOJAT OKCHJIBI JKejie3a U OKCH/IL
HUKeNs. [[BeT — 3eneHbl, TEMHBIM, YEPHO-3E€JIEHBbIM, JKEJIThIM, WHOIJA
KOPUYHEBBIN, KPaCHOBATO-OypbIil, MATHUCTBIA WM OIHOPOAHBIN. Bcrpedaercs B
IUIOTHBIX —arperatrax, BOJIOKHUCTBIX M JIMCTOBATBIX BBIIEJCHUSAX, OOBIYHO
CONPOBOXKJAIOIINECS 3€pKalaMU  CKOJBXEHUA. YIEIbHbIM BEC MUHEpasia
(memocTostHHBI) 2,5—2,7 r/em’. Nveet HETMOCTOSIHHYIO TBep0oCTh 2,0-3,5 Gamios
no Moocy (HEKOTOphIE aBTOPBI yKa3biBalOT 10 S5 OamwioB). CnalHOCTh
MAaKpOCKONIMYECKU HE ompenensaercsa. M31I0M pakoBUCTBIM, HEPOBHBIM, HHOTIA
3aHO3UCThIM. Yepra OecuBeTHas, OjecTsAmas. bieck CTEKISHHBIA, BOCKOBOH,
YKUPHBIN, IETKOBUCTHIN (/111 BOJIOKHUCTBIX pa3HOBUAHOCTEN). Makpockonuyecku
MUHEpAJIbl TPYNIbl CEPIEHTUHA CPABHUTEIBHO YBEPEHHO OIPEICIAIOTCS 10
XapaKTePHbIM TEMHO-3€PHUCTBIM OTTEHKaM, HEBBICOKOW TBEPAOCTH, >XUPHOMY
0JIECKy, YacTO pacHpOCTPAHCHHBIMH CpPEIU CEPIEHTUHOBBIX TOPOJA 3€pKaj
CKoNbkeHus. JlucroBarass pa3sHOBUAHOCTH MHUHEpajlia HMEET COOCTBEHHOE
Ha3BaHHE — AHTUTOPUT (OYEHb IMOX0Xa Ha XJIOPUT, OT KOTOPOTO OTIMYAETCS
MEHEE COBEPIIECHHON CMaifHOCThIO, XPYIMKOCTHIO JINCTOUKOB). JJIsi aHTUTOPUTOBBIX
CEPIICHTUHHUTOB XapaKTEPEeH Cephlii IBET, OoJibllias BA3KOCTh M UyTh OoJee
BBICOKAsl, CpPelIM JPYrMX CEpIEHTUHUTOB, TBepAOCTh (3,5 Oamia mo mikaie
Mooca). CeprieHTUH pa3iaraercsi B KUCI0Tax (CoystHOM u cepHoit) [14,15].

MecTopoxaeHus] CepIeHTUHUTA MHOTOYUCIICHHBI M OOBIYHO TPUYPOUYECHBI
W3MEHEHHBIM MacCHMBaM OCHOBHOTO M YJbTPAOCHOBHOro coctaBa. OcoOEHHO
HIMPOKO pacrpocTpaHeHbl Ha Ypaine, Anrae, Boctounom u 3anagHom CasHe,
Xamap-/labane u 1p. Mmecrax.

Tepmuueckuit pacman cepneHTuHHTa HaumHaercs npu 600-700°C, mpu
MOBBIIIEHUN TEMIEPaTypbl KpUCTAUIMUECKasl pelIeTKa NepecTpauBaeTcsl Tak, 4To

npu Temreparype 1150-1200°C naymHaeT KpUCTAUTM30BAThCA (OPCTEPUT U
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KIIMHODHCTATUT, HO (a3l ocTaroTcs emie cimabo auddepeHmupoBanapiMu [15].
[Ipu oOxure 1450-1500°C HaOmrogarOTCs  MEIKO3EPHHUCTBIE  arperarsbl
KIIMHOYHCTATUTOBOM TPYIIIBI U 3epHaMH (popcTepuTa B MX Macce.

3MgO + 2510, * 2H,0 — MgO - Si0; + 2MgO -« Si0, + 2H,0

Peakuust o6pasoBanus ¢opcreputa 3akaHuuBaetrcs yxe npu 1450°C, HO
POCT KpUCTAIOB (DOPCTEPUTA U CIICKAHUE M3JEIHNI Ha OCHOBE MPOUCXOJUT OUYCHB
3aMeJICHHO.

[Ipun pasnokeHUM CepreHTHHUTAa oOpasyercs Kpucramuimdeckas ¢aza
dopcTeputa, YTO HAMHOTO 3aTPYAHSICT WPOIECC CheKaHus wu3aenui. [
CHI)KCHHUSI TEMIIepaTyphl CIHEKaHWS B MacCy MOKHO BBECTH IIPOIEHTHOE
comepkanre KpemHesema (okoso 10%). Ilpu coenmunenun dopcrepura cC
KPEMHE3EMOM TMPOMCXOJUT IPOLECC Mepexoja B HHCTATUT, KOTOPBINA SIBISETCS
JIETKOCIIEKAIOIINMCS COCTUHEHUEM.

2MgO ® SIOQ + SIOZ —2 MgO ® SlOz

1.3.3. XapakTepucTHKA ININHO3EMUCTOI0 ChIPbS

B kauecTBe MCXOIHOTO CHIPBS JUIS POM3BOJACTBA U3JEIHUN U3 KOPYHIOBOU
KEpaMUKH BBICTYNAET MCKYCCTBEHHOE ChIpbe C BbICOKMM (Oonee 98 %)
COJIEp)KaHMEM OKCHJAa alIOMHHMS: HauOoJee paclpoCTPaHEHbI M  OCBOEHBI
MPOMBIIJICHHOCTbIO 3JIEKTPOIUIABIICHHBIM KOPYHI M TEXHUYECKHI TJIMHO3EM.
WNuorna s 0co00 OTBETCTBEHHBIX M3AECIUA HMCHOJB3YETCS OKCHJ aIFOMUHUS,
MOJIy4a€MbId TMPOKAIMBAHUEM HEKOTOPBIX COJIEH, XapaKTEPU3YEMbIM BBICOKOU
CTENIEHBIO YUCTOTHI, a TAKXKE BBICOKOW JUCIIEPCHOCTHIO.

Texnnueckuii riauHO3eM. B mnpou3BOACTBE KEpaMUKH NPUMEHSIOTCS
mapku rauHo3ema 1o 'OCT 6912.2-93, npu 3ToM Hanbosee mpearnoYTUTEIbHBIMU
spisitorcst Mmapku 'K u I'OB ¢ BbicokuM coneprkanuem ¢aszpl kopyHaa. OaHako
TEXHUYECKUH TJIMHO3eM B OCHOBHOM cioxeH Y-Al,Os, mpu 3TOM yacTuiel ero
UMEIOT CeIMPUIECKYI0 MOP(HOIOTHIO: YCTAHOBJICHO, YTO YaCTHUIIBI UMEIOT (OopMy
nopucthbix (10 50 %) chepoauToB, CIOKEHHBIX U3 METbYANIINX KPUCTAIIIOB (10

0,1 wmxm) v-Alb,O; [16]. D10 omnpeaenseT HEOOXOAUMOCTh IMPOBEIACHHUS
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NOJIFOTOBUTENBHBIX ~ ONEpaluid: O00XKura TEXHHYECKOTOo TJIMHO3eMa IpHu
temneparype 1400 — 1450 °C wm mocneayromiero TOHKOrO Momoja. JlaHHbie
orepalyy MpecieayroT IeNb Nepexoaa TIuHo3eMa B (popMy KOpYHJA, a TaKxke
OPUMEHSAIOTCS ISl pa3pylieHus CHEepOTUTHOW CTPYKTypbl Matepuana. ITo
OJIaronpuATHO BIUSET HA CBOMCTBA KOHEUHBIX HW3JENUNA, YTO BBIpaXKaeTcs, B
YaCTHOCTHU, B MEHbIIIEH ycaKe P 00KUTe U3JIeTUH.

TexHU4eCKHI TIIMHO3EM IOIY4YaroT 1Mo METOAy baiiepa, KOTOpbI OCHOBaH
Ha CBOMCTBE aJTIOMUHATHBIX PACTBOPOB HAXOAUTHCS B METACTAOMILHOM COCTOSTHUU
IpU TNOBBIILIEHHBIX TEMIEPATypaxX M KOHIEHTPALMIX M HAa CaMONPOU3BOJBHOM
pa3nokeHuu (TUIPOJIM3E) PACTBOPOB C BBIICIEHUEM B OCAJOK THUIAPOKCHIA
QIIOMUHUS C IOHW)KEHUEM TEMIIEpaTypbl M KOHUEHTpanuu menouu. [Ipomecc
OCYULIECTBJISIIOT B HECKOJIBKO cTaauii. CHayaia MpOBOAST PEAKIUIO Pa3IOKECHHS
UCXOJHOIO TNIMHO3EMHUCTOTO ChIPbsi PACTBOPOM €IKOW MLIEJIOYM ¢ 00pa3oBaHUEM
aJrOMHHATa HATpus 1o peakuu [17]:

Algog’nHonB + 2NaOHp_p + (3-n)H20p_p—> 2NaA1(OH)4p_p

PacTBop ouMIIAIOT OT NpHUMECEH, IOCIE YEro MNEPEeBOIAT B YHUCTHIN
TUAPOOKCU] amtoMuHMs. I yCKOopeHus mpouecca JIEeKOMIIO3HIMH BBOJST
CBEKECOCAXK/JCHHbIC KPUCTAJJIBI TUAPOKCUIA QIIOMHUHUSL —  3aTPaBOYHBIN
rugpokcual17]:

NaAl(OH),,., <> AlI(OH)s, + NaOH,,., .

Ocanok mnpokanuBalOT BO Bpamaromuxca nedax npu 1150-1200°C,
MOJY4YalOT OJHOPOJHBIA CHIMYYUH O€iblii MOpPOIIOK, KOTOPBIM HAa3bIBAIOT
TEXHUYECKUM TJIMHO3EMOM, a B KEPAaMUYECKOHM TEXHOJOTMHM — CBIPbIM WIH

HEO000XKESHHBIM TJIMHO3eMOM [17].

1.4 TIpoueccol ¢pa3o00pa3oBaHNs B KEPAMHYECKHX MACCAX MarHe3HAJIbHO-
CIJIMKATHOIO CHIPbA
OcHOBO# I HMCCIIEIOBAHUS TEXHOJOTHU  MYJUIMT-KOPIACPUTOBBIX

IPOIAHTOB sBIIsLeTCsA TpéxkommonenTHas cucrema MgO-Al,03-SiO,.
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1.4.1 Xapakrtepucruka cuctreMbl MgO-Al,O5-SiO;
Huarpamma cuctembl MgO—Al,03-SiO, npeacrasnser O00ibIION HHTEpEC
B JJAaHHOM HCCIIeIOBaHMM, OHa jaeT uHdopManuio 00 o0pa3zoBaHuu ¢a3 Mpu
CTHICKaHUM TMOTYYCHHBIX KepaMHUYEeCKHMX Macc. bmaronmapst eifi MOXKHO OIpeneiIuTh
ONTUMAJIBHBIN NHANa30H CIICKaHMs PAaCUCTHBIM ITyTeM, a TaK K€ MPEINOJI0KUThH

Kakue (a3bl 00pazyroTCs MpU 00KUTE UCXOTHOTO CHIPBS.
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Puc. 1.3. lnarpamma coctosiius cuctembl MgO-Al203-Si02 [18]

B cucreme MgO-Al,03-SiO, wu300paxenHoit Ha pucyHke 1.3, Bcero
uMeeTcs 9 XUMHYECKUX COCAMHEHHM, TPH U3 KOTOPBIX SIBIISIOTCS OOBIYHBIMU
OKCHUJaMH, YeThIpe OWHAPHBIX COCIWHCHHS W JIBa CIOKHBIMH TpoWHBIMU. O0a
TPOMHBIX COEAMHEHUS SIBJISIOTCS HEYCTOWYMBBIMU M IUIABSITCS C PA3JI0KEHUEM,
nepBeiii  kopmueputr - 2MgO-2Al,05-5S810,, a apyroit  candupuH -

Kopauepur mnpencrasnser Hanbonbmmii uHTEpec. OH 00pazyeT cepuro
CTaOMJIBHBIX M METaCTaOMIIBHBIX TBEPJBIX PACTBOPOB, IOMUMO 3TOTO HUMEET P
MOJIUMOPGHBIX MOAU(PUKAIIHINA:

o—Kopauepur o0pasyercs Tpu BBICOKOW CKOPOCTH KPHUCTAILTU3AINH

CTCKJIa, B 30HC BBLICOKHUX TEMIICpATyp, CTCKIO PA3yMECTCA OOJDKHO HMCTDH
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KOPJIUMEPUTOBBIN cocTaB. 0—KopauepuT uMeeT TreKCaroHaIbHYI0 CHUMMETPHIO
MEXIy aToMaMH, HO 00JIajaeT HEYMOPSAOUYEHHON CTPYKTYPOH.

B—Kopauepur obpaszyercs mpu KpUCTAUIM3AIMM CTEKJIa B 30HE HU3KHX
TEMIEpaTyp, M HE BBICOKMX CKOPOCTSX Harpesa, o0Oiagaer poMOMYecKOon
CUMMETPU M YNOpSAOOYEHHOM CTpykTypoud. o — Kopauepur mpu 1400°C
NepexoIuT B poMOudeckuii, mocueauuit npu 1460°C mepexoaut oOpaTHO B o —
Moaudukammio [15].

TeMmneparypa MHKOHTPYEHTHOTO pa3iokeHusi kopauepurta 1465°C, npu
ATOM OH 00JIaaeT CPABHUTEIHHO HU3KOE 3HAYCHUE KOI(DPHUITMEHTA TEPMUIECKOTO
pacumpenusa — 1,5'10-6 rpa):['l. DTO CBOMCTBO MO3BOJISIET €r0 MCIOJIb30BATh B
KAueCTBE CBS3KM JUIsi HEKOTOPBIX OTHEYNOPOB C IEJIbI0 TMOBBIIIEHUA HX
TEPMOCTOMKOCTH.

Ha  gmarpamme  coctostHms — cucreMbl  MgO—Al,03-SiO,  mone
KPUCTAJUIM3AIlMU  KOpJMEpUTa HMEET TPaHUIly C TMOJISIMU JPYTUX IIEeCTU
COCIMHEHUN: MYJUJIUT, candUpuH, IINUHEIb, KIWHOSHCTATUT, (OPCTEPUT U
TPUAUMMUT.

CrpykrypHas ¢opmyna kopauepura Mg,Al,[Al,SisOgg], ecu yBeauauTes
cooTHomicHre okcuaoB MgO:Al,05:Si0, ot 2:2:5 mo 2:2:8, To 00pa3yroTCs
TBEPJbIE PACTBOPHI KOPJIUEPHUTA C KPUCTOOATIUTOM, COOTBETCTBEHHO CBOOOIHBIC
KaTUOHBI BHEAPSIIOTCS] B TPOCTPAHCTBO KPUCTAJIa KOPAUEPUTA U KPUCTOOAIHTA.

Kopauepur crocoden o0pa3oBbIBaTh MHOMKECTBO TBEPJIBIX PACTBOPOB IO
MEXaHU3My H30MOP(]HBIX 3aMeElIeHUN, KOTOPhI paboTaeT Mo JBYM cCXeMaM: IO
MEepBOM CXeMe KaTMOHbI MarHus W KPEMHHS 3aMEIIatoT ABa KaTHOHA allOMUHUS U
0 BTOPOM CXeMe JIBa KaTHOHA aJIOMUHMS W KATHOH MarHusl 3aMellaroT JBa
KaTuoHa KpemHUs. Kak pe3ynbTaT BO3HUKAIOT YETHIPE BHJA KOPAUEPUTOBBIX
TBEPJBIX PACTBOPOB: KOPIAUEPHUT C MU3OBITKOM MM HEAOCTATKOM KpEeMHE3eMa H
KOPJAMEPUT C M3OBITKOM WJIM HEAOCTATKOM IinHO3eMa. Kopaueput ¢ u30bITKOM
IJIMHO3€Ma OTHOCHUTCS YK€ K OTHEYNOPHBIM Matepuanam [14,15].

B cucreme MgO-Al,03-SiO, mpr COOTHOIICHUH OKCHJIOB, OTBEYAIOIIHX

Kopaueputy (2:2:5), HambOoJjiee HU3Kas TeMmIeparypa IUIaBJIEHUs paciljiaBa
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coctaBisier 1345°C. Takoli pacmiaB 3BTEKTHYECKOTO cocTaBa cojepxut 20,3 %
MgO; 18,3 % Al,O3 u 64,4 % Si0O,, XxapakTepu3yeTcss BeCbMa Majol BS3KOCTHIO.
[Tpu 3TOM €ro KoJIm4ecTBO OBICTPO HApacTaeT MpHU MOBBIIMICHUN TEMIIEPaTyphl 3a
CYET PacCTBOPCHHS B HEM NPHUMECEH OKCHIOB IIEJIOYHBIX W IICIOYHO3EMETHHBIX
DJIEMEHTOB, COJACPXKAIUXCS, KaK MPaBHIIO, B CHIPhEBBIX Marepuanax. [lo 3Toi
NPUYUHE KOHTAaKT B CIIYKO€ aTfOMOCHIMKATHBIX M MAarHE3WTOBBIX OTHEYIIOPOB

SBJISIETCSA COBEPILIEHHO HEJIOMYCTUMBIM [ 15].

1.4.2 XapakTepucTiKa CTPYKTYPbI M CBOMCTB MYJLJIUTA U KOPJAUEPUTA

MymuuT — 1EHHAas BBICOKOOTHEYNOpPHAas M XUMHUYECKH YCTONYMBas
MUHEPAJIIOTMYECKAsi COCTABIIAONIAS MHOTHX BHUIOB KEPaMUUYECKUX MAaTE€pUAJIOB,
BO3HMKAIOWIAs  TpHU o0xure OTHEYIIOPOB W3  KAOJMHOB,  IJIMH,
BBICOKOTJIMHO3EMUCTBIX H3Aenuil. Kpuctamiel mMyJuTa, MoidydaeMble U3 TJIMHBI,
00Ja1ar0T (KaK MPaBUJI0) UTOJILYATHIM BUIOM.

MEeXIITOCKOCTHBIE PACCTOSIHUSI KOPOTKOMPU3MATHYECKOTO M UT0JIbYATOTO
MYJIJIUTa BEChbMa OJM3KKM MEXIYy CO00M, MOITOMY KPHUCTALIMYECKYIO (opMy
3apOJIBIIICH MYJIJTUTAa PEHTTeHO()A30BbIM aHAJIM30M OMPEACIUTh HEBO3MOXKHO [19].
Xumudgecknii coctaB mymuta 3Al,03-2S510,. ®aza mymnuta oOpasyeTcs mpu
MOBBIIEHUN TEMIIEPATypbl KaoauHUTa MUHUMYM A0 950°C (mo onHOMYy M3 JBYX
MEXaHHU3MOB), MPU UCTOJIb30BAHUM OTHEYIOPHBIX TJIMH WM MEHEE Ka4eCTBEHHOTO
ChIpbsi HarpeBanuu B uHTepsaie 1300-1550°C.

3(A|203°28102°2H20) — 3A|203'2Si02+6H20+4Si02

[Ipu HarpeBe KaOJIMHUTA MPOUCXOJUT CEPUS PEAKIINI OT KaoJuHUTA (uepes
metakaomuHUT  (Al,032Si10;)) x  dase tuna mmueHeaH (2A1,0323S10,)
oOpazyromeiics mnpu  925—950°C. Ilpu TOBBINIEHUH TEMIIEPATYphl Jiajiee
CTPYKTypa TMEpeXoauT B MYyJUIMTONOA0OHYI0 ¢asy cocraBa mpu 1050°C c
cootHomenneM Al:Si = 2:3 («mepBUYHBIN» MYJUINT) U Ha 3TON CTaJINH MOSBIISCTCS
cB0OOHBIN kpucTtobanut. Teopus I'. B. bpunnnu u M. Hakaxupa npenmnosnaraer,
YTO MYJUIUT, IEPBOHAYAIBHO 0Opa3YIOMUNICS U3 MITTMHEIN WX Y-TIWHO3EeMa, TIPH

MPOJOKEHU HArpeBaHMsl pasjiaraeTcsi Ha KpUCTOOanuT W Oosiee Oorarbiid
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rnmuHo3eMoM MymutiT: Tipu 1200°C ¢ cootromenuem Al:Si=1:1, Beime 1400°C —
3:2, 1. e. 3A1,03°2S10, («BTOpWYHBIN» MYyJUUT). BeimeneHue kpucrodamura w3
CTPYKTYpbl KpeMHe3eMa cTaHoBUTCA 3aMeTHbIM npu 1100°C, nns yBennueHus
KOJIMYEeCTBa (pa3bl MYJTUTA MOKHO BBECTH JIOMOJHHUTEIHHO TJIMHO3EM, KOTOPBIN
pOpearupyeT co CBOOOIHBIM KPUCTOOATUTOM.

4Si02+6A|203 —>2(3A|203'28102)

N3-3a cBOell BOJOKHUCTOU CTPYKTYphI (OECHOpSIAOUHBIE TOHKUE UTOJIKH),
MYJJTUT TPOYEH Ha CXKATHE, Pa3pblB U CKAJIBIBAHUS, YTO MOJIOKUTEIHHO
CKa3bIBA€TCSl HA KA4y€CTBE OTHEYIIOPOB, NOMHUMO 3TOr0 MYJUIUT UMEET IUIOXYIO
pPacTBOPUMOCTb B KMCJIOTaX M LIEJI0YaX M YCTOMUYHMB K IJIAKAM, pacIljiaBaM.

XapaKTepuCTUKU MYJUTUTA 10 MuHepanoruu [21]:

o TBEpaoCTh MyJUIMTA 10 MUHEPATOTMYECKOM IIKasie paBHa 6 — 7 0aioB.
o IInotrocts 3030 kr/m’,

« Temneparypa miaBnenus coctasiset - oT 1810 go 1910°C.

o lIBer - GecuBeTHBIN, PUOJIETOBBIN, KENTHIN, OCIBIN, CBETIIO-PO30BBII.

HNcxonss W3 BceX XapaKTEPUCTUK Marepuaibl Ha OCHOBE MYJLIUTA
JIOCTATOYHO LIEHHBIE B KEPAMUYECKON TPOMBIIIIEHHOCTH.

Kopouepum - xepamuyeckuil maTepuain, oOpa30BaHHBIN mocie o0Xxwura
CEpIEHTUHUTOBBIX Tiopoa W TimH (2MgO-2Al1,03-5S10,). On o6namaer
OnpeIeIEHHBIMU CBOMCTBAMU, TAKUMHU KaK HU3KUU TeMIepaTypHbId KOdPOUITUEHT
JUHEWHOT0 pacHIMpEHUs], BHICOKAasi XUMHUUECKYIO CTOMKOCTBD, MOCIIeHEE OCOOEHHO
BAKHO JUISI TEXHOJIOTMU TuapopaspeiBa miacta. Kommeke nokaszarenenn TKIIP,
JOVRJIEKTPUYECKUX CBOMCTB, a TaKXe€ TEPMHUYECKOM CTOMKOCTH OTKpPBIBAIOT
HaIpaBJICHUM ISl U3JEIUN KOPJIUEPUTOBOIO COCTABA B KAYECTBE YKAPOCTOMKUX
AIEKTPOU30JIUPYIOIINX MATEPUAIIOB.

CBoiicTBa U HX MOKA3aTEIN KEPAMUKH HAa OCHOBE KOPAUEPUTA:

e IlnorHocts - 1,6 - 2,55 r/em®,
* TeMmepaTypHbIil Kod(pUIIeHT mHeHHoro pacimpenns - 1,97 10° - 3,56
10° rpa;l'l X

® TIPOYHOCTH Ipu u3rude - 55 - 100 Mlla ;
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e pBogomomnonienue - 4,5 - 15% ;
e mopuctocTs - 1,2 - 38% ;
® JMAJEKTpUUYECKas MPOHUIIAeMOCTh - 4,4 - 5,6 ;
e TtepMocToiikocTh - 80 -1000°C [22].
MonekynsapHas  ¢opMmyia  KOpJUEpPUTA  COOTBETCTBYET  (opmyJie
AIBMg2(Si15A1)018 [22].
CrtpykTypa Kpuctamia ¢aszbl KOpAUEpUTa COCTOUT U3 IIECTU TETPAdIPOB

(Si,Ai)O4, oOpasyronux KoJjblia, KOTOPbIE COCIHMHSIOTCS Yepe3 BEPIIMHY (pHC.

1.4.).

Al

Puc.1.4. Crpykrypa KopauepuTa B EpIEHIUKYJIIPHOM HanpaBieHuu [22].

Kompiia couneHsitorcss IByMs OOIMMMH aTOMaMU  KHCIIOPOa, MEXITy
KOTOpPBIMH oOpaszyercsi OOJbIION TONBIA KaHajd. Takhe KOJIOHHBI —KOJIell
COCIMHSAIOTCS aTOMaMH aJlFOMHHHS  (HAXOISIIUMHCS B  TETPadAPUUYECKHUX
MO3UIIMAX) U MarHus (B OKTadJIpUYeCKuX Mo3unusax). [Ipum uckakeHUM KoJely

cummetpust Mg,Al,SisO.g monmkaercs.

1.4.3 CriocoObI aKTHBALIMH CIIEKAHUSA AJJIOMOCHIHNKATHOH M MAarHEe3HAJILHO-
CHJIMKATHOH KepaMHMKH
CnekaHne — 3TO BBICOKOTEMIEPATypHbIA (PU3UKO-XUMHUUYECKUN MpOoIece

oOpa3oBaHUsS KPUCTALNIMYECKOTO MaTepuaja TMpU ydacTUU OMNPEACIIEHHBIX
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TEXHOJIOTUYECKUX onepanui. JlaHHbIM MPOLECC CONMPOBOXKAACTCS YMEHBIIECHUEM
MOPUCTOCTH ¥ CBOOOIHOW MOBEPXHOCTH, & 3HAYUT YINIOTHEHUEM M YIPOUYHEHUEM
obOxuraemMoro oodpasiia.

Cnekanue npeacTaBisieT coOOHM CaMONpPOW3BOJIBHBIM IpoOLlECC H3-3a
U30BITOYHON SHEPrUM TIOBEPXHOCTH YaCTHI[ W KANWUIAPHOTO JIaBJICHUSA B
nopuctoit cpene. CreKaHUIO MPEIIIECTBYET PSIi CIOXKHBIX (PU3MKO-XUMHYECKHX
IIPOLIECCOB B CHIPbEBBIX Maccax. OJHON U3 XapaKTEPUCTUK CIEKAEMOCTH SIBISIETCS
TEeMIIepaTypHbI WHTEPBad, MOJ KOTOPHIM IMOHUMAIOT MJisi JIETKOTUIABKUX TJIMH
pa3HUIly MEXAy TemIepaTypamu ¢ BojomnorjomeHusMu B 1% u 5%, a nns
OTHEYITOPHBIX IMIMH pazHuna mexnay 1% u 2% [23].

CriekaHue OCHOBBIBa€TCSI Ha M30BITOYHOW CBOOOJHON TOBEPXHOCTHOM
SHEpPruu cucteMbl. [Ipy yMEHBIIEHUU 3TOW HSHEPIMU BO3HUKACT KAMWJUIIPHOE
naBieHue (J1ariacoBCKUE CUIIbI), IO IEUCTBHEM KOTOPOTO 00pa3yrOTCsl KOHTAKThI
MEXy YacTUIlaMU, U YMEHBIIIAETCS MOPUCTOCTh. B 0011eM ciiydae KanuuisipHOe
JaBjeHue oOpaTHO MPONOPLUMOHANIBHO CPEAHEMY pa3Mepy YacTHIl MOpOIIKa,
MOATOMY XapaKTEPUCTHKA AUCIEPCHOCTU B 3HAYUTEIIBHOW CTEIEHH OIpPEHENSeT
€ro CIEeKaeMoCThb. AKTHUBAllMS 32 CYET YBEJIWYEHUS JUCHEPCHOCTU HA3bIBACTCS
Mexannueckoil [23]. Ilpu u3mMenb4eHurn UCXOJHOTO ChIPbSi TOMUMO YMEHBIICHUS
pa3mepa 4acTUIl M YBEJIMYEHUS IUIOIIAAM KOHTAaKTa MEXAY HUMH, MPOUCXOJUT
UCKAKEHHE KPUCTAUIMYECKON pEeIIeTKH BEIIeCTBA, TO €CTh IMOBBIIIAETCS
KOJIMYECTBO Je(HEKTOB. DTO TaK ke BIMICT HA CIEKAMOCTh B IMOJOKUTEIHHYIO
CTOpOHY.

AKTHUBAIMS CIIEKAHUSI MOXKET UATH MIPU MOMOIIM XUMUYECKUX PEaKIui, B
pe3ysbTaTe KOTOPHIX MOABUKHOCTH aTOMOB (Iuccomuarus, noaumopdusm das,
oOpazoBaHue HWOHOB M Je(eKTooOpa3oBaHMe U TMpodyee). Tak Ke MOXKHO
UCIIONIb30BaTh TOpSYUE IPECCOBaHME B IPOLIECCE, KOTOPOTO 4YacTHUIBI Ooliee
TJIOTHO MPUJIETAIOT U CTUMYJIUPYIOT TBepaodasHbie peakiuu u qudysuro.

B mepBoil cramuu crnexkaHuss U3MEHSETCS TMOPUCTOCTh CHOPMOBAHHOIO

oOpaslia 3a CYeT OTKPBITHIX MOP, IPU STOM 3aKPBITHIE TIOPHI Majio U3MEHsOTCs. B
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MOCJIEACTBUM 3aKpbIThIE TMOPBI TOXE 3apacTalT, 4YTO TOBOPUT O MOJHOM
YIUIOTHEHUH MaTepuasa 1 O KOHIIE CIIEKaHUsl KepaMHU4ecKoro o0pasia.

B o0miem, pacripocTpaHeHbl TpU OCHOBHBIC CTAJIUU CTICKaHus [24]:

1. «TPUTNIEKAHUE» - COMPUKOCHOBEHMM COCEIHHX 4YacTull, oOpa3oBaHHE
KOHTaKTa MEXJy HUMH;

2. OCHOBHAsl CTaJiNsl — CpAacTaHHWE YaCTHUIl, MPEUMYIIECTBEHHO IMOCPEICTBOM
muddysun, 6e3 00pa3zoBaHUs 3aMKHYTHIX TIOP;

3. (dbopMHpoBaHrE BHYTPEHHUX, 3aKPBITHIX MOP U UX JIMKBUJIAIIHUA.

IlepBasg crTagusi crnekaHus NOPOUCXOAUT NPH HUBKUX TEMIIEpaTypax H
COMPOBOXKIAE€TCA MOBEpXHOCTHOW auddysuei. [Ipn yBenuueHuM TeMiiepaTypsl
noBepxHocTHas UG dy3usi NOCTENEHHO YMEHBIIAETCS, HO MOSBISETCS 00BEMHAs
nuddyszus. Iuddy3nonHoe criekaHne XapakTepU3yeTcs pOCTOM 3€pEH B pazmepax
T.€. peKpucTaymm3anueil. boapuiol n OBICTPBIA POCT KPUCTAIIOB OTPULIATEIBHO
BIIUSAET HAa MEXAaHWYECKUE CBOMCTBA KEPAMUKH U BBI3BIBAECT YBEIUYCHUE
HaIpsDKEHUS Ha TPAHULAX MEXAY KpUCcTauiamu [24].

CrnekaHnue c ydacTueM JKUAKOM (a3pl win kuakoasHoe CIIeKaHHue
ABJIAETCSI OJHUM H3 CAaMbIX PACHPOCTPAHEHHBIX B TEXHOJOTMU KEPAMHUKH, OHO
CBOMCTBEHHO BcCeW INIMHOcoAepKamiell kepamuke. JXuakas (asa ydactByeT B
bopMHpPOBaHUN CTPYKTYpbl W HOBBIX KPUCTAUIMYECKUX (a3 TpU CHEKaHUH
3aroToBOK. Tak ke OKa3bIBaET BIUSHUE HA OPUCTOCTh, 00bEMHbBIE U3MEHEHUS.

Cnekanue C ydacTHeM >KHIKOW (a3pl uaeT ObICTpee, YeM YHCTO
TBepAO(a3HOE CIIEKaHUE 3a CUeT Oojee BBICOKOro kKoddduuuenta muddys3uu B
KuAkux Tenax. [loaToMy vacto st oOJerdyeHus CIeKaHusi B COCTaB IIUXT JJIs
oOpa3oBaHUs KUJIKOH (ha3bl BBOJAT JETKOIIABKUE

YcaoBuem i xkuIKO(Pa3HOTO CIIEKaHUsI KEPAMUKH SIBJIIETCA IOCTATOYHOE
conepkanue TBepaon daszwl (25-40%), cMaunBaeMoOCTh 0Opa3yeMbIM PaCIlJIaBOM
YacTHIl TBEPAOH (a3bl, a Tak kK€ pacTBOPEHHE TBEPAOH (a3bl B pacIuiaBe.

Kunkas gaza pacnpocTpaHsieTcss IO MOBEPXHOCTH YACTHUI] TBEPIOM (a3bl

JIBYMSI MEXaHM3MaMHU: TMOBEPXHOCTHON nuddys3ueit u pactekanuem. Tak Kak
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mud¢y3us TPOXOAUT MEMJIEHHO TO OOJbIIOE 3HAUYEHHWE HMMEET pacTeKaHue, a
COOTBETCTBEHHO U CMauMBaeMOCTh TBEpAOH (ha3bl pacruiasa.

CymiecTBYIOT TpU CTaJIUU YILUIOTHEHUS MIPH KUJIKO(Pa3HOM CIIEKAHUHU:

[lepBas cragust — mpoIEecc MEePEerpynmupoOBKY (MK KUIKOE TEUEHHUE, T.C.
nepeMenIeHre TBep/IbIX YacTHI] O] ACHCTBUEM KAMWIISIPHBIX CHII).

Bropas cTaaus YIUIOTHEHUS — MpOTEKaHUe MIPOLIECCOB
NEPEeKPUCTANTN3ANN  Yepe3 KHUIAKYI0 a3y U Ha3bIBaeTCs pacTBOpEHHE-
OCaXKJICHUE.

TpeThs cTamust yIUIOTHEHUS — MPOLIECC PEKPUCTAITU3AIMU TBEPAOH (a3bl,
COTPOBOKIAIOIIUICS POCTOM 3€pEeH TBEPI0H (ha3bl.

[Ipu nepBoit cranuu, MOSABUBIIASCS KUJIKas (pa3a 3aMOJHIET 3a30Pbl MEKIY
TBEPJBIMH YaCTHUIIAMHA W BBI3BIBACT MX B3aMMHOE TEPEMEIICHHE, MPUBOIAIICE K
VIUIOTHEHUIO TMOPOIIKOBOTO Tejia, OHAa UIpaeT pojib >KUJIKOW CMa3Ku U
OJTHOBPEMEHHO CO3/1a€T JaBJECHHE, OOYCJIOBJIEHHOE KPHUBH3HOW MOBEPXHOCTH
KUJIKOCTh — Ta3, oOpazyeMoil 00bEeMOM paciijiaBa, 3aKJIIOUYEHHOTO MEXIY
CMEXHBIMM dYacTHIaMu (mopomuHkamu). Eciu mnosiistomascs >kuakas (asza
pacmpezieieHa B 00bEME MOPOIIKOBOTO Tella PaBHOMEPHO, TO BO3HUKAIOIINE
KaMWUISIPHBIC CUJIBI 110 BIUSHUIO HAa MPOIECC MEPEerpyNImUpPOBKH IKBUBAJICHTHBI
JICHCTBUIO 1aBJICHUSI BCECTOPOHHETO CXKATHSL.

Ha BTopoii cTaguu cHavana pacTBOPSIOTCS 00Jiee MEJIKUE YACTHUIIb, KUIKas
daza mpu STOM CTAHOBHUTCS MEPECHIIIECHHOW IO OTHOLICHUID K HCXOIHOMY
BEIIECTBY U M3 HEE BBIMANal0T Oojiee KpyMmHbIE KpucTabl. JKuakas ¢a3a BHOBb
CTAaHOBUTCS HEHACHIIIEHHOW ¥ TPOIECC NEPEeKPUCTAITU3ANN TTOBTOPSETCS.
[Tpouecc pacTBOpeHHE-0CAKIACHUE MOXKET HE COMPOBOXKAATHCA YCAIKOM U Jaxe
BBI3BATh PA3PHIXJICHUE BCIEACTBUE KPUCTAILTU3AIMOHHOTO JaBICHHUS.

Ha 3akmrounTtensHOM 3Tame HWAET TPOILECC PEKPUCTATUTM3AIMU TBEPIOU
¢daspl, COMPOBOXKIAIOIINUNACS POCTOM 3€pEH TBEPAOH (pa3bl.

Crniekanne B TPUCYTCTBUM JKUAKOH (a3bl 3aBUCHT OT CTPOCHUS W
OTHOCHUTEJIFHOTO KOJHMYECTBa pacIljiaBa, KOTOPbIM oOpasyeTcssi mpu OOXKHre.

YBenuueHne KOJIMYECTBA JICTKOIUIABKUX KOMIIOHCHTOB M CTeKJ'IO(l)aSBI B
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MIPOCTPAHCTBE MEXKIY 3€PHAMU 3HAYUTEIIPHO CHMKACT MPOYHOCTh KEPAMUIECKOTO
matepuana [25]. Ecim mpomecc >kuako]aszHOTO CHEKaHHsI COMPOBOXKIAETCS
pekpucTaum3anueit $as yepe3 pacruiaB, TO CBOOOJHAs MOBEPXHOCTHAS dHEPTHUS
Ha TpaHUIE pasfena «TBEPAOE — IKUAKOCTH», HE SBISICTCS €r0 OCHOBHBIM
dbakTopoM. YMEHBIIIEHHE BS3KOCTH pacijlaBa W TMOBBIINIEHHE KPaeBOro yria
CMadMBaHUS IOBEPXHOCTH TBEPIOW (pa3bl YyCKOPSET PacTBOPEHUE HEPABHOBECHBIX
¢da3 1 METKUX KPHUCTAUIOB KOHEUHOH (hasbl.

BnusHue cTpoeHHMs paciuiaBa B KUAKO(GA3HOM CIICKaHWH  SIBISICTCS
CJIEICTBUEM CIIEIYIOIINX 3aKOHOMEpHOCTEH [25]:

e (CrnekaHue YCKOPSIOT OIpPEICICHHbIE OKCUABI, 3HEPIrus CBs3eH
KAaTHOH-KHUCIIOPOJ KOTOPBIX JEXKAT B Y3KUX MpeiesiaX, OTIHYAIOMINUXCS U KAk 01
ornpeneneHHOW (a3zbl. DHEpPrusi 3TOW CBA3M XapaKTEpU3YeT CTPOEHUE HSTUX
pacIuIaBoB.

e IIHTCHCHMBHOCTb CIEKaHUs IIOBBIMIAECTCA, €CIM COCTaB paclulaBa
HAXOJUTCS B MOJI€ KPUCTAIM3ALMU CIieKarolencs (a3pl, HO HE Ha MOTPAHUYHON
KPHBOM.

e (CpHekaHul0 MOXET COACHCTBOBAaTh OJArONPHUSATHOE CTPOCHHE
paciuiaBa, JaXke NpU YCIOBUU H3MEHEHHUS CBOWCTB JKUAKOM (a3bl B XyJIUIYIO
CTOpPOHY, HampuMep, HU3MEHEHHE BSA3KOCTH, CMayMBaIOUIe CIOCOOHOCTH W
ITOBEPXHOCTHOMN YHEPTUH.

PacmyiaB moMuMo pacTBOpeHUs: TBEPABIX YACTHI] M KPUCTAILTU3ALMH U3 HUX
HOBBIX KpUCTANIMYEeCKMX (a3, Wurpaer pojib pacTBOPUTENS KBapla U
KAOJIMHUTOBOTO  OCTaTKA. DOT0  CHOCOOCTBYET  BHYTPUMOJIEKYJISIPHBIM
MPEBPAIICHUSIM UCXOJHBIX BEIIECTB, a Tak ke Au(GY3UOHHBIM mporeccam [25].
[lonHOTa mpOTEKAaHUs TaKUX  MPOLECCOB ONPENEISAETCS PaCTBOPUMOCTHIO
KpUCTAJUIMUECKOW (pa3pl B pacruiaBe, KOJMYECTBA pacijlaBa U CIOCOOHOCTH
CMa4yMBaTh TBEPJABIC YAaCTUUYKH, DPACTEKAsCh IO IIOBEPXHOCTH W TMPOHUKAS B
KanWJUISIpHbIC 1enu [25].

OxHuM U3 cOCOOOB MOBBIIICHUS KEPAMUYECKUX MACC SIBJIIETCS BBEACHHE

B HUX JOINOJHUTCIBHBIX KOMIIOHCHTOB B HEOOJILIIIOM KOJHWYECTBE. DTH BCIICCTBA

CIIOCOOCTBYIOT 00pa30BaHMIO TBEPABIX PACTBOPOB, a Takxke oOpa3oBaHue
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JIOTIOJTHATEIIBHBIX BAKAHCUW B KPUCTAUIMYECKOM pEIIETKE, 3a CYET Yero
yBenumauBaeTcs kodhdunreHt repmoauddysuu [26].

[TomMmuMo yBenMUYeHUS KOIMYECTBA A€PEKTOB B KPUCTATUIMUECKON pEIIeTKE,
MUHEPaIN3aTOPhI MEHSIOT HaIpaBJICHUE mporecca KUAKODA3HOTO
CTPYKTYpOOOpa3oBaHUsl,  aKTUBU3UPYsS  BS3KOE  TEUYEHHE  paciuiaBa |
TepMoudPpy3uOHHBIE TTPOIIECCHI [26].

Cpenn MUHEpaIM3aTOPOB, MOBBIMIAIONTUX AEPEKTHOCTh KPUCTAITMICCKOM
pemieTky, Hanbosee 3¢(HEeKTUBHOE IEUCTBHUE HA MPOIIECC CIIEKAHUSI OTHEYIIOPHOTO
TJIMHACTOTO CHIPhSl OKAa3bIBAIOT JO0ABKM OKCHAOB 3d-TIEPEXOAHBIX JJIEMEHTOB
(Fe;03; m MnO,), KOTOpbIe CHOCOOHBI OOpPa30BBHIBATH JAC(PEKTHBIC TBEPJbIC
pacTBOpPHI C MyJIITUTOM [27].

Brenenne no6aBku MnO, B coCTaB Macc ¢ BEICOKUM COJICP’KAHUEM OKCHA
ATIOMUHUS YCUJIMBAET KPUCTAJUIMYHOCTh CTPYKTYPhI CIIEUEHHOIO Marepuaia |
CIIOCOOCTBYET 00pa30oBaHuUIO 00Jiee MIIOTHOW MUKPOCTPYKTYpHI [28].

Oxkcunpl ZnO, TiO,, MgO u ¢ropun CaF, moBbIIAIOT peaKUOHHYIO
CIIOCOOHOCTh pacIuiaBa, YBEJIUYHMBAs €ro KOJIMYECTBO M M3MEHsS CTpoeHHue [26].
Kpome Toro, BBe/icHHE B aTFOMOCHIMKATHYIO KEPAMHUKY OKCHJIOB MarHus U IIMHKA
CHIKAET TeMIeparypy nosiBieHus xxusikon ¢azel Ha 50—100 °C [29]. ABTOpHI [26]
CBS3BIBAIOT JEHCTBUME J00aBOK OKCHAOB Tuma RO co caBurom Makcumyma
ak3oTepmuueckoro 3ddekxra (900920 °C) B Oosiee HU3KYIO TEMIEPATYPHYIO
obnmacte. OTOT d3¢dekt cBsizan ¢ cerperammeit okcunoB Al,O;3 u  SiO,,
nocieaywnmM obpazoBanueM kjactepoB mo cxeme n(yAl,O3)emSiO,—(1-
n)Al,03¢(2-m)SiO,, KOTOpbIC COy)KaT OCHOBOW I JaJIbHEHIIEro oOpa30BaHUs
MYJITUTA.

DddekTHBHOCT MHUHEpAIU3aTOpPa 3aBUCUT OT €r0 KOJIMYECTBA: OHA HE
JOJDKHA TIPEBBINIATh KOHIEHTPAIMH, TMPUBOJANIEH K CHHTE3y MOOOYHBIX
KpUCTALINYECKUX (a3, U JOJDKHA JISKATh B IIpejaenax pactBopumoctu [30].

Beibop  mMuHepanmzaTopa, aKTUBHUPYIOIIETO  CIICKAHUE,  SBISICTCS
JIOCTaTOYHO CJIOKHBIM TIPOIECCOM, HEOOXOIUMO OMUPaThCs Ha OCOOEHHOCTH

ChIpbs W TpennoiaraeMblii (ha3oBbId cocTaB MNpoAykTa oOxwura. [lpaBuibHBIM
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BBIOOpD MHUHEpAIU3YIOIUX JO00ABOK MOXKET CHH3UTh TEMIEpaTypy CHEKaHUs
KEpAMUKM M CKOPPEKTUPOBAaTH €€ KOHEYHBbIE CBOMCTBA IIPU OTOM HX

HCIIOJIB30BaHHC 6yz:eT OKOHOMHYCCKH OIIPpaBJAdHHO.

1.5 TexHonoru4eckue 0COOEHHOCTH MOJYYEHUSI KEPAMHYECKUX MPONINAHTOB

TexHOoJIOrusT M3rOTOBIECHUS KEPAMHUYECKOTO IMPONAHTa W3 MPUPOIHOTO
CBIPbs BKJIFOYAET PsiZi OCHOBHBIX IPOLECCOB:

® [IOJrOTOBKA  MEPBOHAYAIBHOTO  CBHIPbS, €r0  OYHUCTKA U
IPOKAaJIMBAHUE;

e po0JeHre U OMOJ Ha CIIEHUATIBHOM 000pYJOBaHUY;

® [IOJrOTOBKA KEPAMUYECKOU MACChl, CMELIEHUE U KOPPEKTUPOBKA;

e BBEJCHHE CBA3YIOLIEIO BEIIECTBA U IPaHyJIUPOBAHMUE;

e OOXWUT rpaHyJ 10 CIEKaHUs MIPU YCTAaHOBJIEHHOM TEXHOJIOTUYECKOM
pexume;

® KOHTpOJIb Opaka U pacceB Ha ONpeAesI€HHbIE (PPAKIINH;

® YIIAaKOBKA U CKJIAJUPOBAHUE:

Oco0EHHOCTBIO TEXHOJIOTHH SBJISIETCS HEOOXOAMMOCTh MPEABAPUTEIHHOTO
MPOKAIMBAHUSL UCXOJIHOTO CHIPbsl MIPU TEMIEpaTypax, 00eCneurBaIOIUX MOJHYIO
JETUIpaTalrio MOpo1000pa3yoIIuX MUHEPAJIOB.

[TpokasieHHast U TOHKOM3MEIbYEHHA [IMXTA CO CPEAHUM PA3MEPOM YACTHUII
3-5 MKM TOCTYIaeT B CMECHUTEIb-TPAHYJISITOP, TOCIE CMEIICHUs Ty/Aa MOCTYyIMaeT
CBA3YIOILLEE, KOTOPOE IMPUIAET OIPENEICHHYIO BIIAXKHOCTb, YCTAHOBJICHHYIO
TEXHOJIOTOM U NPHUJIAET IUXTE (POPMOBOUHBIE CBOMCTBA.

KomnuectBo  CBA3KM ~ ompenensseTrcss B MAacCOBOM  COOTHOUIEHUH
IIMXTa:CBsA3Ka, pexe B 00béMHOM. Heobxoaumo mpu TpaHyJIUPOBAHUU
PEryJIMpOBaTh CKOPOCTh BPAILLIECHHUS Bajla T'PAHYJIATOPA, C €ro MOMOIIBI0 MOXKHO
OINPENENATh pa3Mep rpaHyJl.

Korma cdopmupoBanuce rpaHysibl, CKOPOCTh MEIIAJIKA TMOHWKAIOT |
BBOJISIT CYXYIO IIUXTY JJI (PUKCUPOBAHUS pa3MEpPOB IpaHyJl.
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[Tocne rpanynupoBanus, c(HOpPMOBaAHHBIE TpPAHYJIBl OTIPABISIOTCS Ha
cymiky npu temneparype 120-310°C mo mortepu Biaru no 1 mac. % B nemsax
n30exaHus 1e(EKTOB MPU 0OXKHTE.

OO6>xur BenyT BO BpAIAIOIIEHCS 10 TIOJTHOTO CIIEKaHUs TpaHyJl.

@®pakiuu, Ha KOTOpbIe KIACCU(PUIUPYIOTCS MPOHAHTHI, PErYyIUPYIOTCS
['OCTamu u TY, unu 3aBUCAT OT 3aka3za norpedurtesss. OCHOBHBIMU SIBIISIOTCS:
12/20, 16/20, 16/30, 20/40. Ilocme pacceBa MpPONMAaHTOB Ha (Ppakuu W UX
MIPOBEPKH, OHU MPOXOIAT MPOLECC YINAKOBKH M OTIPABISIIOTCS HA CKJIAJ IS
XpaHEHUs.

Jlns  monydeHuss HEOOXOJUMOW TMPOYHOCTHM TMPOIMAHTa PEeryJupyroT
KOMITOHEHTHBIM COCTaB IIUXTHI, & TAK)KE BBOJAST HEOOXOIUMBIEC JTOMOJIHUTEIbHBIC
00aBKH, UTO IPUBOJUT K JIOMOJTHUTEILHBIM 9KOHOMUYECKUM 3aTpaTam.

Heob6xoaumMo CHU3WTH CTOMMOCTH JIaHHOM TEXHOJIOTMH, M0A00paTh
n00aBKM KOTOpPbIE HE TOJIBKO TOBBICAT MPOYHOCTh HU W YBEIMYAT HACHITHYIO
IJIOTHOCTh, YTO ObI MMOBBICUTH MPOHUIIAEMOCTh MPONAHTHON YIAKOBKH, 3TO MOKHO
BBICTPOUTh KOMIIOHEHTHBIM COCTABOM KEPAaMHYECKOM MAacChl WA HW3MEHUB

CBIPbEBYIO 0a3y.
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T'JIABA 2. METO/IbI HCCJIEJOBAHUSI CBIPBEBBIX MATEPHUAJIOB U
N3JIEJIUI

Jlnst  pemieHWsT TIOCTaBICHHBIX IEIe  HEOOXOIUMO  OCYIIECTBUTH
UCCIIEOBAHUE HCMOJb3yEMOTO IPUPOIHOIO CHIPhS, IMPOLIECCOB, MPOTEKAIOIINX
IIpU HArpeBaHUH, a TaKXkKe CBoOMCTBa moiydaOpukara U roToBbIX 00pasuos. [l
ATOTO MPUMEHSIJIUCh COBPEMEHHBIE METOJIbI UCCIEIOBaHUS, TaKHE KaK METO]
PEHTTEHOBCKOTO aHajin3a, XMMUYECKUN aHaIu3, a TAaKKE Pa3lIMYHbIE METOANKHU
JUISL  OMpENENICHUs CBOMCTB M XapaKTEPUCTUK IOJYYEHHBIX O00pa3llioB Ha

PAa3JIMYHBIX 3TallaX UCCIICIOBAHUS.

2.1 PeHTreHOBCKUI aHAJIN3

OnpeneneHre  MHUHEPAJIBHOTO  COCTaBa  HCCIEAYEMBIX  CBIPBEBBIX
MaTepUajIoB MPOBOAMUIOCH C IOMOULIbIO Kaue€CTBEHHOTO U KOJUYECTBEHHOTO
pPEHTreHo(ha30BOro aHaJIu3a.

B ocHOBE pEeHTreHOBCKOIo aHajln3a JICXKHUT 3JIEKTPOMAarHUTHOE U3TyYeHHE
¢ mmuHOM BOaHEI 0,005—100 HM. JlaHHEBIHA CITOCO0 cYUTAeTCS OJHUM M3 OCHOBHBIX
JUISL UCCIIEIOBAaHUsI KPUCTAJUIOB. PaccTossHue MeXIy aroMaMu KpUCTaJUIMYECKOU
pEIIeTKH JIEKUT B JUANa30HE UIMHBI PEHTT€HOBCKOM BOJHBI. DTO MO3BOJISET
KpUCTAJUy UMUTHUPOBATh AUPPAKLIUOHHYIO PEHIETKY, Ojarojaps KOTOPOl MOKHO
UCCJIEN0BATh KPUCTAIMYECKOE TEJIO.

JIyu oOpa3oBaHHBIM B pe3yipTaTe IU(paKIUM OJHOM M3 IMIOCKOCTEH
KpHUCTaJUIa, IOJy4YeH OH Onarogaps OTPaKE€HUI0. ITO SBJIIEHHUE ObLJI0O 00OCHOBAHO
U JI0Ka3aHO y4eHbIMU OparbsimMu bparramu u Bynbdom, Tem caMbiM OHU BHECIU
OTPOMHBIM BKJIaJ B H3YyUYEHWH  KPUCTAIUIMUECKUX TeJ. ATOMHas pelieTka
KPUCTAJUIMYECKOTO Tejla PpacHoJio’KeHa KaK OJHA M3 MHOXKECTBA MapaliesIbHbIX
IUIOCKOCTEN U3 aTOMOB. [laHHBIE MJIOCKOCTH HAXOAATCS Ha OJHOM PacCTOSHUU
Ipyr OT JApyra. OJEKTPOMAarHUTHOE W3JyYEHHE IPOXOJUT YEpe3 KPHUCTaLl,

YaCTHUYHO OTPAKACTCA OT BCC ATOMHBIX IUIOCKOCTEH JaHHOI'O KpUucCTajlia.
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OCHOBBIBasACh Ha 3TOM OBLJIO BBIBEIEHO ypaBHEHHE, KOTOPOE MOKa3bIBAET
3aBUCUMOCTb M MO3BOJIIET PACCUUTATH PACCTOSTHUE MEXKAY ITUMU IIIOCKOCTSMH.

VYpasuenue Bynbda — bparros Beipaxaercst GopMyioi:

2dsinf = n\ (2.1)

rae d — MeXIUIOCKOCTHOE PAacCTOSIHHUE, HM;

0 — yros mazieHus1 pEHTTEHOBCKOTO JTyda Ha MJIOCKOCTh 00pasiia, rpaj;

N — NOPSOK OTPAKECHHUS;

A — ITMHA PEHTI€HOBCKOTO Jiy4a, HM [31].

DTO ypaBHEHHE IMO3BOJSET OINPENCIUTh MEKIIOCKOCTHBIE PACCTOSHMS,
OHM SIBJIIIOTCS MHJIMBUIYATbHOM XapaKTEPUCTUKOW KPUCTATUIMYECKHUX PEUIETOK,
T.€. OCHOBa KAayeCTBEHHOI'O aHalIW3a. YPaBHEHUE SBISIETCS CBOEr0 pPOJAOM
ycioBueM. PesynpTaThl aHanmuza (UKCUPYIOTCS Ha Au@pakTorpammax, T
MTOKa3bIBAIOTCS MAaKCUMYMbl HHTEHCUBHOCTH. VIHTEHCHBHOCTD pediekca 3aBUCHUT
OT 3aCEJICHHOCTH aTOMHOM IUIOCKOCTH, 4Ye€M O0OJIbIlIE aTOMOB Ha IUIOCKOCTH, TEM
WHTEHCUBHEH Oy/eT OTpa’KeHHBIN JIyd.

JUst aHanM3a UCCIelyeMOro ajJlfOMOCUIIMKATHOTO ChIPhS U MOJYYEHHBIX Ha
€ro OCHOBE MPOIYKTOB 00Xkura, ucrnoyb3oBaics audpakromep JPOH-3M c
pentreHoBckuMu Tpyokamu bCB-24 umeromem CuK,-mznydenue paBHoe A =
0,154056 um. OcHOBHBIE MApAMETPBl CHEMKH: CKOPOCTh 4 Irpaji/MUH, HaNPSKEHUE
anjgo-karona 35kB, anoansbIi Tok 25MA [31].

PesynbraTom, BeITaBaeMbIM TU(HPAKTOMETPOM, SBJISIETCS PEHTIEHOTpamMMa,
e¢ pacmmdpoBka 3akioyaeTcs B - omnpeneneHud 3HadeHnit d/n (d) wm
OTHOCUTEJIHLHBIX UHTEHCUBHOCTEN PEQIICKCOB.

[lo nHaiineHHOMY 3HauyeHHUIO yria 20 OmpeaeNnsioT B COOTBETCTBUM CO
CIIpaBOYHBIMU TaOJMIIAMU, [Ji1 JaHHOTO aHOJAa HAaXOIAT MEXIIJIOCKOCTHOE
pacctositHue  d/n, COOTBETCTBYIOUIEE KAXAOMY AaHAIM3UPYEMOMY  IIHKY.
[Tomy4yeHHbIiI HAOOP OCHOBHBIX pedIEKCOB B HCCIEAyEeMOM OOpa3slie MOKa3bIBaeT

ero (a3oBbIii cOCTaB.
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2.2 PacTpoBasi 3JIeKTPOHHAsi MUKPOCKONMS

DNEeKTpOHHAsT MUKPOCKOIUS SIBJISIETCSI METOJIOM HCCJIEAO0BAHMS, KOTOPBIM
HO3BOJIIET OLIEHUTHh (POPMY M pa3Mep OTAEIbHBIX KPUCTAIJIOB CUHTE3UPOBAHHBIX
¢a3, a TakKe U3YUUTh MPOLIECCHI MPOTEKAIOIINE Ha TPAHMIIaX YaCTHUIl U 3epeH. Tak
K€ MOYKHO IPOU3BECTU OLEHKY IOPUCTOCTM KEPAaMUKHU, U Ha €€ OCHOBAHWUHU
OLIEHUTH CTETIEHb CIIEKAHUS U XapakTep.

OcHOBOW pacTpoBOM 3NEKTPOHHOU MuKpockonuu (POM) sBisieTcs
CKaHUPOBaHUE HEOOXOAMMOIO ydyacTka oOpa3ua 30HJIOM, HUCIYCKAIOUIUM Y3KHii
NOTOK 3JEKTpOHOB. IIpuHIMO ero paboTel OCHOBaH Ha 30HAMPOBAHUU
MOBEPXHOCTH M3y4aeMoro oOpasla 3JEKTPOHHBIM 30HJOM: 3JEKTPOHHBIEC JIUH3bI
(GOKYCUPYIOT AJEKTPOHHBIN MY4YOK B MATHO OYEHb MAJIBIX Pa3MEpOB. DTO MATHO
HEMPEPBIBHO 00E€raer HEKOTOPbIM Yy4YacTOK o0pa3la aHaJIOTMYHO JIydy,
o0erampImeMy HKpaH TEJIIEBU3HOHHOM  TpyOKH. OJEKTpUYECKUH  CUTHAJ,
BO3HUKAIOIUN MTpU OOMOApAMPOBKE 0OBEKTA JIEKTPOHAMHU IyUYKa, UCIOJIb3YETCs
Uil (pOpMUpPOBAHUSL M300pAKEHUST Ha SKpaHEe KOMIbIoTepa. B ckaHupyromem
JIEKTPOHHOM MHUKPOCKOIIE HUCIIONB3YETCS JETEKTUPOBAHUE PA3IMYHBIX CUTHAJIOB,
BKJIIOYAsl ~ BTOPUYHBIE  DJIEKTPOHBI, OOpaTHO  pacCesHHbIE  BJIEKTPOHBI,
PEHTTEHOBCKOE U3JTyuyeHHUE U TOK Yepe3 oOpaszel.

OnpeneneHne  MHUKPOCTPYKTYPHBIX — XapaKTEPUCTHK  HCCIELYEMBIX
OOBEKTOB  OCYILIECTBISJIOCH €  TMOMOIIBIO  CKaHUPYIOIIHUX  (pacTpOBBIX)
anekTpoHHbIX MuKpockonoB SEM «HITACHI S-570», POM JSM-840 dupmbi

«Jeoly.

2.3 KoMI1eKCHBII TePpMUYECKUI aHAIN3
KommiekcHpll TEpMUUECKUN aHAIU3 SIBJISETCS METOJOM OOBEIUHSIOIIUM
3aBUCHUMOCTH OMPEICIEHHOT0 (PU3NYECKOTO TTapaMeTpa CUCTEMBI OT TEMIIepaTypHl.
OU3NYECKUN TTapaMeTP U3MEPSIETCS B 3aBUCUMOCTH OT U3MEHEHUS TEMIIEPATYPhI

BO BPEMEHU.
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B KoMmIEeKCHBIN TepMUYECKUH aHaiu3 BXOIAT: IuddepeHInanbHbIi
tepmuueckuid ananu3 ([TA), tepmorpaBumerpus (TI), u nuddepennmanbuas
ckanupyromias kanopumerpus (ACK).

[Ipu nposenenun JITA TennoBele W3MEHEHUs, BO3HUKAIOIIUME B
HarpeBacMoOM BELIECTBE, PETUCTPUPYIOTCS B BHJIE KPUBOW B CUCTEME KOOPMHAT:
Pa3HOCTb TEMIIEPATyp MEXKAY 00pa3OM HCCIEAYEMOro BEIIECTBA U TEPMUUECKUM
sranoHoM (AT = T,, —T,,), ocb abcuce - TemnepaTtypa okpysxkaromieit cpenst (T,
°C). Eciu mpu HarpeBaHUM HCCIEAYEMOE BEIIECTBO HE HCIBITHIBAET HUKAKHUX
MpEeBpaIlEHU, TO pa3HOCTh Temmeparyp OyaeTr paBHa Hymo (AT = 0). B stom
cinyyae kpuBas JTA peructpupyercs B BHAE NPSAMOW JIMHUM, COBHAAAIOIIECH C
ocblo abcmucc. Ecnu uccnenyemoe BEIIECTBO OTIMYAETCS OT 3TAJOHA CBOMMHU
TEII0PU3NYECKUMH CBOWCTBAMH, TO KpuBas IU(PepeHIInanbHOW 3alUCH MOXKET
OTKJIOHATHCSI OT CBOETO HYJIEBOTO ITOJIOKEHUS, BBEPX WIIM BHU3, 4 B JaJbHEHUIIEM
kpuast ITA perucrpupyercs napajuieIbHO OCH WM I10J HEKOTOPBIM YIJIOM K
HEW.

Eciu B mpomecce HarpeBaHMs MNpU KakoW-mubo Temmeparype B
uccienyeMoM oOpasle Mnpou3ouaeT (ha30BOoe€ WM XUMHUYECKOE MpPEBpAIIEHUE,
CONPOBOXKJIAIOIIEECS IOMVIONIEHUEM WIA BBIJACICHHEM TEIUIa, TO BO3HHUKAET
pa3HOCTh TEMIIEpaTyp MEXIy 00paslioM M 3TajJOHOM. BenuuumHa 3TON pa3HULBI
IPONOPIMOHANIbHA  KOJMYECTBY IMOTJIOIIEHHOIO WM  BBIJIEJIECHHOTO Teria.
Bo3Hukaroiasi pa3HOCTh TEMIIEpaTyp pErUCTPUPYETC OTKIOHeHUEM KpuBoi [ITA
BBEPX WJIM BHU3 OT YCIIOBHOT'O HYJIEBOTO MOJIOKEHUS (0a30BOM JinHUM). JlaHHOE
OTKJIOHEHHE HA3bIBAECTCS TEPMUUYECKUM d(PPEeKToM.

B TepmorpaBUMeTpUM perucTpupyeTrcsi MU3MEHEHHE Macchl obOpaslia B
3aBUCUMOCTH OT Temmeparypbl. llomyuaemass B pe3yiabTaTe NpOBEICHUS
DKCIIEPUMEHTAa  KpUBas  3aBHCHUMOCTH  IIO3BOJISIET  JENaTh  BBIBOJABI O
TEPMOCTAOMIILHOCTH U COCTaBe oOpa3la B HAa4YaJIbHOM COCTOSHUM, a TaKXe O
TEPMOCTAOUIILHOCTH M COCTaBe BEIIECTB, OOpa3ylolIMXcsi B pe3yJbTare

HarpeBaHusi, 1 O COCTABE OCTATKA, TP €ro Hanuuuu [32].
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HuddepennmanbHas CKaHUPYIOMIAsS KAJTOPUMETPHUS OCHOBBIBAETCS Ha
W3MEPECHUH PAa3HOCTH TEIUIOBBIX TOTOKOB MEXIY HCCIAEAYEeMBIM 00pa3loM u
ATAJIOHOM, KOTOPBIE HATPEBAIOTCS WJIM OXJIAXKIAIOTCS C OJUHAKOBON CKOPOCTBIO,
npu 3TOM ux TeMnepaTypbl MOJACPKUBAIOTCS OJIMHAKOBBIMH.
OKCnepUMEHTAIIbHbIE KpPUBbBIE MPEACTABISIIOT COOOW 3aBUCHMOCThH TEIJIOBOTO
notoka dH/dt (mxan/c) or temneparypsl. Kpusbie ICK u JITA BHemiHe o4eHb
MOXO0KH, HO UMEIOT Pa3Hble €IMHUIIBI U3MEPEHHUSI IO ocu opAuHaT. Kak u B MeTojie
ATA, nnomane nuka, orpannuuBaemas kpusoil [JCK, mpsmo mponopunoHanbHa
M3MEHEHUIO SHTANIbINU [32].

Tepmuueckuil aHallu3 UCCIETyEMbIX MPOO BBIMOJHSIICS HA COBMEIIEHHOM
TrA/JACK/ATA ananuzatope SDT Q600 mpu cienyromux yclIOBUAX ChEMKH:
CKOPOCTh MOAHATHUS TeMmnepatypsl — 10 rpagycoB B MUHYTY, cpella — BO3/yIIHAs,

TUTJIM — KOPYHJI0BBIE, HaBecka — 20—40 wmr.

2.4 OnpeaeJieHue BeJIMYMHBI BOJAONOIIONICHUS KepaMHYeCKUX 00pa3loB

Bogonosaromenue - xapakTepUCTHKA ITIOPUCTOIO TeJa, PABHASI OTHOIICHHIO
MacChl BOJIbI, TOIJIONIEHHOW  MOJIHO-HACBIIIEHHBIM TEJIOM, K Macce CyXOro
oOpa3zua. Bogonornaienre BeIpaXkaeTcsi B MPOLEHTaX.

JUIsL OrHEYNOPHBIX MaTEpPUAJIOB METOAbl HACBHILICHUS, OIPEACISIIOLINE
OTKPBITYIO TOPUCTOCTH U BojonornamieHue, orpaxaer [[OCT 2409-84.

CyTb ucnpelTaHuil 3aKiatodaercs B cienyromeM. [loarotoneHHsle 00pasibl
(He MeHblIEe TpeX) B3BEUIMBAIOT Ha TeXHUYECKUX Becax (TouHocts Ao 0,001r). B
KAueCTBE HACBHIIIEHUS MOp OO0pa3loB XUAKOCTHIO HCIOJB3YIOT KUIISIYEHHE WITU
METO/]l BAKYyMHPOBaHUSI.

B nanHoif paboTe BOCHOJIb30BAJCA METOJ KUIsiueHUs. J[Jis HachleHus
cyxue o00paslpl, I[OClie NPEIBAPUTEIHLHOTO B3BEIIMBAHMS, IOMELIAIOT Ha
MOJICTABKY C OTBEPCTHUSIMHU B COCY/I, MIOCIIE YErO 3aMOJIHSAIOT €ro BOJOM 10 YPOBHS
BOJIbI, TIEPEKPBHIBAIOIICIO TMOBEPXHOCTh 0O0pa3ioB Ha 2 - 3 cm. OOpasipl
MOJIBEPraloTCs KUIsiueHuto 2 - 3 yaca. Heobxonumo cienuTs 3a ypOBHEM BOJBI U

HE JIOMyCKaThb €€ TNaJeHUusl HWKE YpOBHS TNOBEpXHOCTH oOpasuos. Ilocne
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KUTIAYEHUsT 00pas3lpl IMOABEPrarloTCS OXJKICHHIO BOJOHM /0 KOMHATHOM
TEMIEPATYyPHI.
OOpa31bl, HACBILICHHBIE KHUIKOCTHIO, B3BEUIMBAIOT HA TEXHUYECKHX BECax
Y ONPENENSIOT BETUYHHY BOJAOMOMIONIEHUS ¢ TOYHOCTHIO A0 0,1%.
Boponornomenne (B) paccuumThIBaeTCs, COTJIACHO OINPEAEICHUIO, TI0

cienytouieit hopmyse:

my —m;. (2.4)

rac m— mMacca Cyxoro 06pa3ua, I,

M; — Macca 00pasiia, HaChIIIIEHHOTO KUJKOCThIO, T [31].

2.5 OnpenesieHne BO3AYLIHON U OTHEBOM YCAAKHU

B xozme cymiku KepaMuyeCcKuX U3AEIUN, KOTOPBIE B CBOEM COCTABE UMEIOT
TEXHOJIOTUYECKYIO CBSI3KY, OOBIYHO MPOUCXOIUT YMEHBIICHHE OObheMa H3JCIuA.
JlanHOe yMeHbllleHHe oO0O0bEéMa Ha3bIBAIOT BO3AYIIHOW YCaJKOM. VYcanka
MPOUCXOJUT B Pe3yJbTare NEUCTBUS OCMOTHYECKOIO0 U KaNWJUISIPHOTO JaBJICHUS
HA YaCTUIIBl M3JENHsI, TAKKE B XOJI€ UX CONMKEHUS HAUMHAET BO3JICHCTBOBATH
MOJIEKYJISIPHOE TIPUTSIKEHUE.

HeoOGxomuMo yduTHIBaTH yMEHBIICHHE COOCTBEHHOTO OO0OBEMA YaCTHII
[NIMHUCTBIX MUHEPAJIOB, KOTOPBIE TEPSIIOT B XOE CYIIKH MEKILUIOCKOCTHYIO BOY.

Bricokue mokazatenu ycaaku mnoiydabpukaTta B CYIIKE SIBISIOTCS
MPUYMHAMH UX PACTPECKUBaHUs, U AedopMaiu GopMOBaHHOTO 00pasiia.

Bo3nymHyo IUHENHYI0 yCaaKy ONPENCTsiOT MO0 U3MEHEHUSIM JIMHEHHBIX
pa3MepoB 00pa3loB MpU CYIIKE, €€ 3HauYeHHe MNpSIMO MPONOPLUUOHAIBHO
MJIACTUYHOCTH ChIpbs. [0 BennMunHe ycagku CyAsiT O YyBCTBUTEJIBHOCTH TJIMHBI K
CYILKE.

OOblyHOE 3HAUYEHHWE BO3AYUIHOW Yycaakd aiasi TauH paBHo 6-10 %.
[ToHm>KaTh BO3AYIIHYIO YCAJAKy MOKHO MCIOJIb30BAHHEM OTOMIAIOIIMX BEIIECTB.

COOTBETCTBEHHO Ha YCAJIKy BJMSIET COCTaB TJIMH. YCIOBUS CYIIKH TaKXe
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OKa3bpIBAIOT BJMSHHE HAa €€ 3HaueHus. llpu MOBBIMIEHUH CKOPOCTH CYIIKH,
3Ha4YeHHE yCcaaKHu OyaeT MOHMKAThCS.

[Tpu onpeneneHny BO3AYIIHOW YCaKU TIMHUCTHIX MacC PyKOBOJCTBYIOTCS
I'OCT 19609.20-89. Ha cBexechopMoBaHHbIE IIUTKUA pasmepoMm 50x50 mm
HAHOCAT  HACEUYKH, pACIOJIOKEHHBIE BO  B3aWUMHO  MEPHEHIUKYJSPHBIX
HampaBieHusx. llocme  CymIKM  TUIMTOK — IITAHTEHIUPKYJIEM  H3MEpseTCs
PACCTOSIHHEM MEKIy HAHECCHHBIMH MeTKaMu. Bosmymmas ycagka of ., %,

paccuuThIBaeTCs Mo cieayromen hopmyre:

O(JEHHJII/IH = lol;ll x 100, (2.3)

0

rae lp — paccrosiHue Mex 1y MeTkaMu y c¢(hOpMOBAHHOTO o0pasiia, MM;
I, — paccTosiHUEe MeX Ty METKaMH Y BBICYIIEHHOTO 00pasiia, MM [26].
OrneBas ycaaka (o ;) — U3MEHEHHE JHHEWHBIX pa3MepOB 00Opaslia IpH

€ro O6)KI/IFC, BBIPAKaCTCA B IIPOLCHTAX!

Q°F JIMH = 111‘12 x 100, (2.4)
1

rjae l; — paccrosiHue MeXa1y METKaMH Y BBICYIIEHHOTO 00pa3ia, MM;

|, — paccTosiHUEe MeX Ty METKaMu Y 00030kEHHOTO 00pasiia, MM [31].

2.6 Onpenesienne npe/esia MPOYHOCTH MPH CKATUM 000KKEHHBIX 00pPa3L0B

MakcumanbHOE CKUMAIOIee HaNpsHKeHHE, KOTOpOoe CIOCOOEH BBIIEPKATh
oOpaser] [0 ero pa3pylIeHHs Ha3bIBACTCS MPOYHOCTh MPH CXKAaTUU. MeToamka
3aKTF0YaeTCs B (PUKCUPOBAHUHA MAKCUMAJIBLHOTO HAMPSKCHHUSI.

B »T0if paboTe ncnonp3oBaauch chOpMOBAHHBIE IIUITUHIPHI, 000KKEHHBIC
npu pa3HbBIX Temneparypax. I[IpoumsBoguTcs 3amep TmJom@aun oOpas3loB, C
UCITIOJIb30BAaHUEM IITAaHTCHIMPKYJIS. Jlanee 000 KEHHBIN 00pa3ell momMeniaeTcs Ha
OCHOBHYIO IUIUTY TIpecca U GUKCUPYETCs MPMXKUMHOM mmToi. Obpaser] 1omKkeH
OBITH XOPOIIO 3aKPEIUIEH M JOJKEH IUIOTHO COMPHKACATHCS C O0EUMHU TUTHTAMH
npecca. Ilocne gaercs Harpy3ka, KOTOpas YBEITUYMBACTCS PaBHOMEPHO.
Hampsokenue Qukcupyercss W CHHMAeTCsl € MPU  IOMOINM IMOTaHIIMOMETpa

CBSI3aHHOI'O C MaHoMeTpoM. Ilpenen MpPOYHOCTH TMPU CKATUU Oy, Mlla,
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paccuMThIBACTCA HCXOJs M3 CHATBHIX TOKazaTesneld mo Qopmyse MNpuBeaEHHON

HMXKC:

__ PxS$;

o =Tt (24)

2.

rae P — mokaszanusi MaHOMETpa, KI'c/cM”
2.

S; — oAk MOPIIHS, CM*,

S, — mwromaae obpasua, cm” [31].
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_ 3AIAHME JJISl PA3JIEJIA
«®UHAHCOBBIIf MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE»
Crygnenry:
I'pynna ouo
4I'M82 CepreeBy Huxkouato [lerpoBuuy
Ixoaa MIIHIIT Otnenenne mkoabl (HOL) HOILI H.M.Kmxnepa
YpoBeHb 00pazoBaHust MarucrTparypa HanpagJjenne/cnenuanbHOCTb 18.04.01 Xnmunueckas
TeXHOA0rnA

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBBIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

pecypcocOepekeHue»:

1. Cmoumocmos pecypcog Hayurozo ucciredosanus (HH):

mamepuarbHO-mexHu4YecKux, dHepeemudecKux,
d)MHaHCOGbl)C, MHd)OpMaL[UOHHbZX u 4eioeedecKux

brooocem npoexma - ne b6onee 150 meoic. pyb6., 6
m.u. 3ampamwl Ha onaamy mpyoa — 120 muic. py6.

2. Hopmbl u Hopmamuesl pacxo008anus pecypcos

Pacuemnvie genuuumnvl Mmamepuanos, cuipbsa U
0060pY008aHIUA HAYYHO-MEXHUYECKO20 NPOEKM.
3navenue noxasameins UHMeSPanbLHOT
pecypcoagppexmusnocmu - ne menee 3,6 6ann08 uz
5,0.

3nauenue noxasameinst CPABHUMETbHOL
aphexmusrHocmu  8APUAHMOB  UCHONHEHUA  He
menee 1 banna.

3. chwzbs*yemaﬂ cucmema Haﬂ02006fl03IC€H1/lﬂ, cmaeku
HAJlo2coe, om!mcvzeHm?, 0uc:<0Hmup06aHuﬂ u erdumoeanuﬂ

Tpemuanvusiii K03 Duyuenm, PAtiOHHbLI
Koappuyuenm,  kosgp@uyuenm  donnam U
Haobaeok, 3apabomuas niama nNO MAPUPHOU
cmagke

IlepeueHsb BONPOCOB, MO/JIEKANMX HCCTET0BAHNIO, TPOEKTHPOBAHMUIO U pa3padoTKe:

1. OL;EHKCZ KOMMepUeCKoco U UHHO8AYUOHHO20 nomernyuala

HTH

Jlocmynnocmob ucxo0H020 Coipbsi, IKOIOSUYHOCTD,
9HEP20IPPeKmusHOCMb, HPOYHOCHIb

2. Pa3pa60m1<a ycmaea HaydYHo-mexHu4ecKko2o npoexkma

Onpedenenvl 8 pamkax UHUYUAYUU UCCAEO08AHUS
usHauanvHvle yeau U QuHaHcogvie pecypcul,
3auHmepecogantvlie  CMOPOHbI  UCCAEO08AHUL,
Oeticmeus KOMOpuvIX HanpaeneHHvle Ha
docmudicenue  obweeo  pesyiemama.  Takoice
npoBedeH  AHAIU3  8CeX  OSPAHUYUMETbHBIX
daxmopos uccredosanus

3. IInanuposanue npoyecca ynpasnenus HTH: cmpykmypa u
epagux npogederus, OI00AHCeM, PUCKU U OP2AHUZAYUS

3aKynoK

Inanuposanue cmpyKkmypol pabom, ux
mpyooemKocmo, paspabomka epaguxa
npogederus UCCcied08anus, pacyem 0100xcema
uccnedosanus: 3ampamol Ha chipbe,

obopyoosanue, 3apabomHyio niamy, OMYUCLEHUS
60 6HebI00dcemHble POHObL U HAKIAOHBLE PACXOO0bL.

4. Onpeodenenue pecypcHoll, PUHAHCOBOU, IKOHOMUYECKOU

agpgexmusrocmu

Pacuem UHMESPATLHO20 nokasamest
sgppexmusnocmu:  onpeodeienue  GUHAHCOBOU
agppexmusnocmu  u  pecypcodp@exmusnocmu;
cpasHenue  dpdexmuenocmu  paspabomku ¢
ananozamu.

l'[epequb rpa([mquKoro MaATEPHUAJIA (c mounvim ykasanuem obazamenbhbix uepmedicetl):

. «llopmpem» nompebumens pesyromamos HTH
. Cecmenmuposanue puinka

. Huaepamma FAST
. Mampuya SWOT
I pagux nposedenus u brodxucem HTH

O~NOUTAWNE

HomeHuuaﬂbele PUCKu

. OMEHKQ KOHKyPEHWZOCI’ZOCO6H0(3mu MEXHMIIECKMXPEWEHMIJ

. Oyenxa pecypcHotl, punancoeou u skoHomuueckou sgppexmuenocmu HTH




\ JlaTa BpI1a4u 3aJaHus VI pa3jiesia 1o JuHeiHoMy rpaguky

33)131-[1/[6 BbI1AJ1 KOHCYJbTAHT:

Jlo/2KHOCTH [%(0] Yuenas cTeneHs, Moanucey JaTa
3BaHHE
Counpiga JIro00Bb
JlouieHT K.3.H.
IOpbeBHa
3ajiaHue NPUHSJ K MCIIOJTHEHUIO CTYEeHT:
I'pynna DPUO Hoanuck Jara
4I'M82 CepreeB Hukomait [lerpoBuy




TJIABA 4. DPAHAHCOBBIII MEHEJ[)KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXEHHUE

4.1 IloTeHuUAIbHBIE NOTPEOUTEIH Pe3yJIbTATOBHCCIEI0BAHUSA

[leneBbIM MPOAYKTOM HAYYHO-HUCCIEIOBATEIBCKON pPaOOThl  SBISETCS
Kepamuueckuii mpomnadHT. Ortpacib, B KOTOPOH €ro HCHOJNB3YIOT, 3TO
HedTera3oq00bIBaroIasi MPOMBIIIIICHHOCTh. [IpomaHT Hcmosb3yeTcss B KauecTBe
UHCTPYMEHTA,  CIIOCOOCTBYIOILEIO  IOBBIMIEHUIO  3((PEeKTUBHOCTH  JOOBIUU
HEe(TAHBIX MPOAYKTOB MpU TuapopaspbiBe. Bcemenctue passutus B Poccum
METOJla THUIpOpa3pblBa IJaCTa M YBEJIMUYEHHUS TJIYOMHBI CKBaXKUHBI, OOJBIIOE
BHUMAaHUE YEJIAIOT BICOKOIPOUYHBIM KEPaMUYECKUM IPOIIaHTaM.

HecMmoTps Ha TO, 4YTO TPOMAHTBI  HCHOJB3YIOTCA B  TAKOM
CHELMATU3UPOBAHHOM  HANpPaBJIEHUH, €XKETOJHOE TMOTpeOJIeHUe MPOINAaHTOB
cocraBisieT 2,2 — 2,4 MWUIMOHOB TOHH. KepaMuyeckue NmpomaHThl COCTaBISIOT
200 TeIcsiy TOHH B roxa (okojo 9,1% oT Bcex NpoONaHToB). DTO OOBACHAETCS
BBICOKOM CTOMMOCTBIO 110 CpaBHEHMIO ¢ ApyrumHu (650-750 nomnapoB 3a TOHHY),
HO HE OTMEHSAET TO (PAKT YTO KEPAMHUYECKHE IMPOIMAHTHI ropas3no 3(QexTuBHee
OCTAJIbHBIX U MEPCIEKTUBHEE.

Ha naHHbIil MOMEHT HE TaK MHOTO MPOU3BOACTB KEPAMUUYECKUX MPONAHTOB
Ha Tepputopuu Poccuu, a 3aKynka UX W3 APYrHMX CTPaH SIBISETCS JTOCTATOYHO
3aTpaTHBIM CIIOCOOOM TOBBIIIEHUST 3()PEKTUBHOCTH MPOU3BOJACTBA. Bce 31O
CTUMYJIUPYET pPa3BUTHE KOHKYPEHTOCIOCOOHOIO IMPOM3BOJCTBA MPOMAHTOB Ha
TeppuTopu Poccuu mo TEXHHUYECKUMM M SKOHOMUYECKUM XapakTepuctukam. Jlis
BbIOOpa HANpaBJIEHUS MAaKCUMAJIbHBIX YCUIMH U PECypcoB MNpeAnpUsTU
HEO0OXOIMMO MPOU3BECTU CErMEHTALINIO PHIHKA.

Komnanuu, KOTOpBIE UCTOJIBb3YIOT JAHHYIO IIPOIYKLHIO,
CHEIUATN3UPYIOTCS Ha J00brde HedTH U3 HEPTAHBIX CKBAXKUH. ODTO TaKHe
Poccuiickue xomnanuu, kak «['azmpom HedT1h», «CyprytHedreraz», THK-BP

Xommuar, «JIYKoiny. KomMmanum cBA3U € HCTOIEHHEM JIETKO HOOBIBAEMBIX
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MECTOPOXKICHUI HE(PTH aKTUBHO BEAYT pa3pabOTKy CKBaXKUH ISl AOOBIUM €€ Ha
0oJiee BHICOKHX TITyOHHaX.

[IpousBeneM CcerMeHTHpOBaHHME MO BHUIY NPUMEHEHHS MaTepuana B
He(Te00BIBAOIIEH TPOMBIIIJICHHOCTH, B 3aBUCUMOCTH OT TTyOMHBI CKBRXKUHBI U
HAIJSIIHO TIPHUBEJEM €€ Ha KapTe CEerMEHTHUPOBaHMS pPBIHKA H300paXCHHOH Ha
tabmurie 4.1.

Tabnuna 4.1 — Kapta cerMeHTHpOBaHUA PBHIHKA [0 BUAY PUMEHEHUS MaTepuaia.

['myOuHa CKBaKUHBI Bun usnenus
C U3BJIEKA€MbIM KBapuesslii [Iecok moxpeITHI Kepamunueckuit
HEe(PTENPOAYKTOM IIECOK ITOJIMMEPHBIM IIPOTIaHT
ITOKPBITHEM
TpyaHOOOCTYIIHBIE
riyookue

Cpenneit rmyOUHBI

MarnornyOouHHbIE

IMOBCPXHOCTHEIC

Kak BuUOHO W3 NpHUBEIECHHOW KapThl CETMEHTUPOBAHUS, KEPAMUYECKHIA
IIPOIIAHT UCIOJIb3YETCS KaK MpHU J00bIYe HEPTENPOIYKTOB HA CPEHUX IITyOMHAaX,
Tak M Ui J00BIYM HAa TPYAHOJOCTYITHBIX MECTOPOXKICHUSIX, TIPU YCIONKHEHUU
YCIIOBUM KEpPaMUYECKUU MPOMAHT SBISETCS HEOOXOJUMBIM WHCTPYMEHTOM JIJIst
s pexTrBHON PabOTHI KOMITAHUH.

4.2 AHaju3 KOHKYPEHTHBIX TeXHUYeCKHX peleHuii

AHanmM3  KOHKYPEHTHBIX  TEXHUYECKMX  pEeHIeHuH ¢ TO3UIHH
pecypcodhHEKTUBHOCTH U PECYpcoCcOEpPEeKeHUs] TO3BOJIIET MPOBECTU OLICHKY
CpaBHUTETHHON A((HEKTUBHOCTH HAYYHOU Pa3paOOTKH U OMPECIIUTh HApPaBICHUS
Ui ee Oyaymero mnosbilieHHs. LlenecooOpa3HO MpPOBOAWTH AAHHBIA aHAIU3 C
MTOMOIIBIO OTICHOYHOM KapThl PUBEICHHOM B TabnuIie 4.2.

OCHOBHBIMU TPOU3BOJUTEISIMU KOHKYpEHTaMu B c(epe H3roTOBICHHUS
AITFOMOCWJIMKATHBIX KEPAMUYECKUX MPONaHTOB SABISOTCH: “AO bopoBuueckuid
KOMOMHAT OTHEYMOPOB”, KOTOpPhIE WMEIOT Pa3HOOOPAa3HYI MPOAYKIIHI, U
MPOU3BOJICTBO IPOIAHTOB HE SIBJIACTCS UX OCHOBHBIM HaIlpaBICHUEM; KOMIIAHUS
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“@opac”, 3aHMMAaroNIasICs MPOU3BOJICTBOM MarHe3MaJIbHO-CHJIMKATHBIX IPONAHTOB,
no craructuke 3anumaer 60% pbiHka nponanToB B Poccun. CTOUT OTMETUTH, YTO
Ha PHIHOK BBIXOJUT €II€ OJIHA KOMIIaHUs, 10 3aKa3y KOTOPOH U MPOXOJUT JaHHOE
uccnenoanue 3to OO0 “NikaPetroTech”. Ono o6samaeT BRICOKAM MOTCHIIUATIOM
BCJIEJICTBHE HCIIOJIb30BAaHUS BBICOKOTEXHOJOTMYHOTO 00OpPYJIOBAHUSA U NEPEIOBBIX
IIPOU3BO/ICTBEHHBIX TEXHOJIOTUH 3aBOJIOB.

B nanHoM pasnerne Mbl mogo0pain psia KpUTEPHUEB MPOIYKTa, OCHOBBIBASICH
Ha €ro OCHOBHBIX MOJE3HBIX XapakTepucTukax. [IpomaHThl AOMKHBI 00Ja1aTh
BBICOKOH HACHIITHON IIOTHOCTBIO (I/CM°), TO €CTh MMETh AOCTATOYHO MOPUCTOCTH
B CaMO# YMaKOBKH IS TIPOXOXKACHUs HedTenpoaykTa. Tak ke MpoIaHT JAO0KEH
o0nanaTe OOJBIION MPOYHOCTHIO Ha ckatue (Mrma) moa ToJeld ropHbIX HOPO/I.
CdepruyHoCTh OMNpeAeNnseT BEIMYMHY 3a30pOB B yMakOBKe. J(aHHBIA TPOIYKT
JNOJDKEH OBITh XMMHMYECKH CTOMKMM 1O/ BJIMSHMEM BHEIIHUX Cpel H
U3HOCOCTOMKUM, aObl BBINOJHATH CBOIO POJib B JOOBIUE HEPTENPOIYKTOB U HE
paspymiaTcsi paHblIe MOJI0KEHHOTO Cpoka. CTOUT OTMETHTH CTOMMOCTh Ha JTAaHHBIN
OPOAYKT, CBSI3M C €ro OOJbIIMM NOTPEOJEHHUEM LE€HA CUJIBHO BIMSET Ha
KOHKYPEHTOCIIOCOOHOCTb.

Tabnuna 4.2 — OneHo4Hast KapTa JJIsi CPAaBHEHUSI KOHKYPEHTHBIX TEXHUUYECKHUX

peLICHUI
Kpurepun ouenku Bec bamer KoHkypeHToCcnocoOHO
KpUT CTh
epust | by b b Ky Ky Ko
1 2 3 4 5 6 7 8
TexHuyeckue KpuTepuu oleHKH pecypcodrhHeKTUBHOCTH
1. IIpoyHOCTH Ha CXKATHE 0,15 5 3) 4 0.75| 0.75 0.6
2. ChepuvHOCTD 0,13 4 4 5 0.52| 0.52| 0.65
3.Pa3zmep dpaxiun 0,10 5 3) S) 0.5 0.5 0.5
4. Y nenpHBIN BEC 0,07 4 5 5 0.28| 0.35| 0.35
5. I'panynomMerpudeckuit 0,09 5 4 5
COCTaB 045| 0.36| 0.45
6. Xumuueckas croiikocts | 0,12 S) 4 4 06! 048| 0.48
7. HacbimHasi I0THOCTh 0,08 ) 4 4 04| 032 0.32
8. I[IpoHuiiaeMocTh 0,12 5 4 4 0.6| 0.48| 0.48
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IIpooonsicenue mabauyvt 4.2

9. M3HOCOCTOMKOCTH 0,07 5 4 ) 0.35| 0.28| 0.35
JKOHOMMYECKME KPUTEPUN OLEHKM 3PPEKTUBHOCTH

10. Ilena 0,04 4 4 5 0,16 | 0,16 0,2
11. Ilpenmonaraemsrii cpok | 0,00 4 3 3 0032

HKCIUTyaTaluu 8 ! 0,024 | 0,024
12. Hannuue 0,03 4 4 4 012

cepTudUKaIUK pa3pabOTKu ’ 0,12 | 0,12
Hroro 1 67 65 64 4,45 | 4,04 | 4,18

Hcexonst u3 OLIEHOYHOM KapThl CPAaBHEHHsI KOHKYPEHTHBIX TEXHHYECKUX U

HPKOHOMUYECKUX pEIEHUM, JaHHasg pa3pa0d0TKa NPEBOCXOAMUT, IO CyMMapHON

OLICHKC TCXHUYCCKUX U SKOHOMHUYCCKUX HOKaBaTeJIeﬁ, CBOMX KOHKYPCHTOB.

b} — nmpoaykT npoBeeHHON HCCleI0BaTEIbCKON padOThI,

bkl — OO0 “®opac”,

bk2 - “AO bopoBuuckuii KOMOMHAT OTHEYTIOPOB ™.

Ananuz KOHKYPCHTHBIX TCXHHUYCCKHUX pGIHSHI/Iﬁ OIIpCACIIACTCA  IIO

dbopmyie:

K=ZBlBl

(4.3)

rae K — KoHKypeHTOCOCOOHOCTh HAYYHOU pa3pabOTKU WIIM KOHKYPEHTA;

Bi — Bec mokazarens (B 105X €AUHUILBI);

b;— Oa 1-ro mokasarelsi.

4.3 FAST anaau3s

Hensto HUP siBrsieTcst pa3paboTka COCTaBOB KEPAMHUUECKHUX Macc s

MOJIy4YECHUS MYJUTUTO-KOPAUEPUTOBOM

npousBojacTBoM mnponantoB it ['PII.  CmenmosarenbHo,

ABIIACTCS KCP aMUYCCKUM IIPOIIaHT.

KEepaMHKH, C

MOCJIE AYIOIIUM

00BEKTOM aHaJin3a
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Tabnuna 4.3 — Knaccudukanus pyHKINNA, BBIMTOIHIEMBIX 00bEKTOM

HCCIIEA0OBAHUA
HaumenoBanue Beinonusemas Panr ¢ynkium
JeTanu byHKIISA ['maBHas OcHoBHas BcnomorarenbHas
Obecrnieuenue
MIPOHULIAEMOM
X
YIaKOBKH JJIs
W3BJICUYCHHS HEPTH
Kepamuueckuii VY nep:xxuBanue
[POMIAHT JIaBJICHUS 36MHOI0 X
rjacra
N3HOCOCTONKOCTD X
Xumuyeckas
X
CTOMKOCTh

Jist  ompeneneHuss 3HAYMMOCTH  BBINMOJHSEMBIX (QYHKIMA OOBEKTOM
HEOOXOJMMO TOCTPOUTHh MATPHIy CMEKHOCTH, OTO JIGKUT B OCHOBE METOJIa
bimrom6eproma B.A. u I'nymienko B.D..

Tabnuua 4.4 — Martpuiia CMEXHOCTH

Oynkuwms 1 OyHKIUA 2 Oynkums 3 Oynkuus 4
Oyukuus 1 = > > >
OyHKIUS 2 < = > >
OyHK1MA 3 < < = >
Oynkua 4 < < < =

[Ipumeuanue: «=» — (YHKIUM OJUHAKOBBI MO 3HAYUMOCTH, «<» U <«>»

0003HavaroT 0oJiee U MEeHee 3HAUYNMbIe (YYHKIIUU.
Ha BTOpOoM sTame MaTpuila CMEXKHOCTH TMpPeoOpa3OBBIBACTCS B MAaTPHILY

KOJIMYECTBEHHBIX COOTHOIIEHUN (yHKIuMi (Tabn.5). s DTOTO 3adaJauMcs

CIEAYIOIMIMMU 3HAYEHUAMU: «=» — 1, «<» U «>» 110 0,5.
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Tabnuna 4.5 — Matpuiia KOTU4€CTBEHHBIX COOTHOLICHUHN (PyHKIIMIA

Oyukims 1 OyHKIUA 2 OyHKIUA 3 Oynkuus 4 Hroro
Oyukmus 1 1 15 15 15 55
OyHK1IUA 2 0,5 1 1,5 15 45
OyHk1us 3 0,5 0,5 15 3,5
Oyuknwms 4 0,5 0,5 0,5 1 2,5
16
Omnpenenenre 3HAYUMOCTH (QYHKIIUH:
Oyuknus 1 =5,5/16=0,34;
Oynakums 2 = 4,5/16=0,28;
Oynakmus 3 = 3,5/16=0,22;
Oynkuus 4 =2,5/16=0,16.
Tabnuna 4.6 — AHanu3 cTouMocTd QYHKIUH
Tpynoemk | Ctoumoc
HawnmenoBan | BeimonHsemast Hopma 0CTh Th 3apadorn Cebecronmoc
pacxoja, as mara,
ve JeTanu byHKIMS JeTal, | Marepual Tb, pyO
KT pyo
HOpMO-Y a, pyo
Obecrnieuenue
MPOHULIAEMOM
YITaKOBKH JJIsI 4,4 0.046 750 130 880
W3BIICUCHUS
HeTH
%
Kepamnueck ACPHRIBARHE
. JIaBJICHUS
Uil IPOTIaHT - - - - -
3eMHOTO
TracTa
N3HOCOCTOITKO i ) ) ) )
CTh
Xumuueckas
CTOMKOCTh
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Wudopmanus, noiaydeHHass B MPEAbIIYIIUX MYHKTAaX, BU3YaJU3UPYETCS B

BHUJC IUuarpaMMal.

'y
OTHOCHUTeNBHA

CTOMMOCTE QYHKLIMH

OTHOCHUTeNBHBIE 3aTPATH] HA
byHEIIIIO

Pucynok 4.1 — ®yHKIMOHAaTBEHO-CTOUMOCTHAS AUarpaMmma
B kauecTBe Mep 110 ONTUMHU3AIUH 3aTPAT MOKHO MPEAJIOKUTE CIIETYIOIIUE:
- ylIydlIeHUE JEeHCTBYIOIINUX TEXHOJIOTUN POU3BOCTBA;
- HCTI0JIb30BaHUE 00Jiee JEIIEBOr0 ChIphsl 0€3 MOTEPU CBOMCTB U3/EIIN;
- aBTOMaTHU3alMs POLIECCOB IPOU3BO/ICTBA.

JIist npoayKTa HEOOXOIMMBI BCIOMOTaTeNbHbIE (PYHKIMH, TaK KaK IPOTYKT
JIOCTATOYHO Y3KOHAIMPABJIEHHBIN, TO B 3aBUCUMOCTH OT MCHOJb30BAHMS MPONAHTa
HEOOXOJMMO HCIOJIb30BaTh Bce (YHKUUHU, I OOECHeueHuss MaKCHMajlbHOU
BBITO/Ibl B U3BJICUEHUU HEPTH.

4.4 Jlmarpamma UcukaBbl

JUist  BBISIBJICHHSI PA3JIMYHBIX MPUYUHHO-CICACTBEHHBIX CBsI3€H  ObLI
WCITOJIB30BaH METOI quarpamMm VcukaBebl.

Huarpamma HMcukaBbl — 3TO croco0 mo3BOIsIeT rpaduyecku M300paxkarhb
UCCJICIOBAHUSI ¥ OINPEJEICHHUS, C TOMOIIBI0 KOTOPHIX MOXHO BBIpaXKaTh
B3aMMOCBSI3CH MEXTy (hakTopaMH W TOCJICACTBUSIMU KaKOTO-HHUOYIh TMPOEKTA,
cuTyanuu, mpodiaembl. C MOMOIIBIO JAaHHOW JUarpaMMbl ObUTH PACCMOTPEHBI BCE

(dbakTopbl JaHHOU PabOTHI.
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HE BCETTa HMEeTCA
E HAIMHE

obopyoramme
TEpCoHan HECOOTEETICTEHE
0bopyIoEaHIA
Berop i3 cTpod

6
obopy

HIHOIIEHHDE
obopymoEame

OVITIECHAT TOCYOa

PYEOBOOHTEIH \

CIIOFHOE

HE OPHEHTHPOEAHEl  MATHCTPAHTH TEXHHMeCKHE
Ha pellleHne obopyooEarme
TAHHEIX Ipo0mIeM HEXEATHA

obopymoEa I

Mano oneira B
pelern saad

[TpouHbIi KepaMHYeCKHA
" IpomaHT

Bombinas crlpeesan basa,
FHenoCTaToK MiTepaTypel npobnenma ¢ momcKoM

FOTPAHIHEHEBIE HETOMHIEH TpyOHOCTE 06paboTin

pasHEle PEIVIBTATOE
J— [IOCTABIEH
JHCIEPHMEHTA
OTCYTCTEYEOT NOMXOMALME

HCXOOHEIE TPOTVETEL

I‘peﬁ}mc.ﬁ CIIOMHEIS
w
YCTaHOEREH OhrcTia 1 MOATOTOEK:
CEIPBA

METOIE MATEPHATEL

METONE U 000pyIoEaHe

Pucynox 4.2 —IlpuunHa—ciencTBeHHas AMarpamma

4.5 SWOT-ananu3
SWOT - (Strengths — cuteHbie cToponbl, Weaknesses — ciiabble CTOPOHBI,

Opportunities — Bo3moxHOCTH W Threats — yrpo3sl) — SBISETCS KOMIUIEKCHBIM
AHAIM30M  HAYYHO-HCCIICAOBATEIILCKOTO  MPOEKTa. OJTOT METOJA  aHalu3a
UCIIONIb3YETCS JUIS MCCIICOBAHMS BHEUIHEH W BHYTPCHHEH CpEibl, YCTAHOBJICHUS

CWJIbHBIX U CJIA0BIX CTOPOH MPOEKTA.
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JUst mpoBeieHMs aHaIM3a COCTABIIETCS MaTpuua. Pe3ynpTaTel IpUBEICHBI

HKe B Taoimie 4.7.1-4.7.2

Ta6muma 4.7.1 — Iepsoiit atann SWOT — ananuza.

CuiibHBIE CTOPOHBI
HAy4HO-
HCCJIEA0BATEIbCKOI0
NMpoeKTa:
C1.Beicokas mpoyHOCTh
C2. bonee au3kas
CTOMMOCTb 10 CPABHEHHUIO C
aHaJoraMu H3-3a JIEIIEBOI0
CBIPbsI
C3.Bricokas xuMuJeckast
CTONKOCTb U
HM3HOCOCTOHKOCT.
C4.Hanuuue
(MHAHCUPOBAHUS.
C5.Hcnonb30BaHue BHICOKAS
MIPOHUIIAEMOCTh YITaKOBKH M3
MIPOIIaHTA.

Caabbie

CTOPOHBI HAYYHO-
HCCJIe0BATEILCKOTO
NpoeKTa:

Cnl.Beicokue TpeOoBaHUSA K
MPOIYKTY

Cn2.He 3aBepiieHHOCTD
UCCIIETOBaHMUSI.
Cn3.Cn0XHOCTh TOUCKA
MECTOPOKICHUS
HE00X0IMMOTO IPUPOAHOTO
CBIPBAL.

Cn4. HeoGxo1umocThb
MCCJIEIOBAHMSI KaXKIOTO
HOBOT'O MECTOPOXK/ICHUS HA
COCTaB U PEaKINIo Ha
JI0OABKH.

Cn5. O6s3aTenbHOC HATMINE
CIEIHAJIbHOTO 000py10BaHUS
IIPY POU3BOJICTBE.

Bo3Mo:KHOCTH:
B1.IloBsimienue crpoca Ha
MPOAYKT BCIEICTBUE
YCIIOKHEHUS TOOBIYN
HEPTH.
B2.1lHHOBaninoHHbIE
JIOCTYOKEHHMS B 00J1acTH
MPOU3BOACTBA KEPAMUKHU
B3.Pa3paboTka HOBBIX
MECTOPOXKACHUMN, IS
JIOOBIYH CHIPBSI.

Yrposbi:
V1.0t1cyTcTBHE clipoca Ha
Ka4eCTBEHHBIN MPOJYKT U
HOBBIE TEXHOJIOTUH.
V2.PazBututue
KOHKYPEHIIMH Ha JaHHOM
CErMEHTE pPBhIHKA
V3.Manblii ppIHOK CObITa, B
CJIEJICTBUU C KOHKYPEHIIHEH ¢
bupMamu U3 Ipyrux CTpaH
V4 .He cBoeBpeMEHHOE
(buHaHCUpPOBAaHUE HAYYHOTO
MICCJIEJOBAHMSI
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Tabmuua 4.7.2 — Wrorosas marpuiia SWOT-ananusa.

CujibHbIE CTOPOHBI

HAY4HO-

HCCJIEN0BATEIbLCKOT0

NMpoeKTa:

C1.Bbicokasi pOYHOCTH

C2. bonee Hu3Kas

CTOMMOCTD 110 CPABHEHHIO C

aHaJIoraMu HU3-3a JCIICBOI0

CBIPbS

C3.BbIcoKas XuMH4ecKas

CTOMKOCTh U

H3HOCOCTOHKOCTb.

C4 Hanuuwme
(bUHAHCUPOBAHMSL.

C5.Mcnonp30BaHne BhICOKAs

MIPOHUIIAEMOCTh YITaKOBKU U3

MpoTaHTa.

Caalble

CTOPOHBI HAYYHO-
HCCJIEN0BATEIbCKOI0
NMPoeKTa

Cnl.Beicokue TpeGoBaHMs K
MPOAYKTY

Cin2.He 3aBepiieHHOCTh
HCCIICOBAHUS.
Cn3.Ca0KHOCTh ITOHMCKa
MECTOPOKICHUS
HEO0OXOAMMOTO TIPUPOTHOTO
CBIPBAL.

Ci4. HeobxomumocThb
HCCICIOBAHUS KaXKI0TO
HOBOTO MECTOPOXKJICHHS Ha
COCTaB M PEAKIMIO HA
100aBKHU.

Cn5. O6sa3aTenpbHOe HAaInuue
CHEIHAILHOTO 000y I0BaHUS
IpU TIPOU3BOJICTBE.

Bo3moxHocTH:
B1.IloBeiienue crpoca
Ha MPOAYKT BCIIEICTBUE
YCIIOXKHEHUS TOOBIYN
He(TH.
B2.MuHoBaliiOHHEIE
JTOCTIKEHUS B 00J1aCTH
MIPOU3BOJICTBA
KepaMUKHU
B3.Pa3paboTka HOBBIX
MECTOPOXKACHUMN, IS
JOOBIYM CBIPbSL.

1.Pa3paboTka nponaHToB U3
IIPUPOJHOTO ChIPbs MO3BOJISIET
CHHU3HUTH CTOUMOCTH MPOJYKTA.
2.Poct nonu pbiHKa Ha
JTAHHYIO MPOIYKIINIO
3.IloBbllIeHUE
KOHKYPEHTOCIIOCOOHOCTH
IIyTE€M YBEIMUYCHUS
XapaKTEPUCTHK C TIOMOIIBIO
BBO/1a 100ABOK B IPUPOJHOE
CBIpbE.

1. Beibop ompeneneHHOro
CBIPHEBOI'O COCTaBa M
pUMecei IS IO IIepIKAHUS
TpeOOBaHUH K MPOYKTY.
2.Pa3ButwHe ucciienoBanuii B
JTAaHHOM HaIPaBJICHUH, YTO
MIO3BOJIUT JCPXKATh
KOHKYPEHTOCIIOCOOHOCTh

Yrposbi:
V¥V1.0t1cyrcTBHE
cmpoca Ha
Ka4eCTBEHHBIN
MIPOJIYKT U HOBBIE
TEXHOJIOTHH.
V2.PazBututne
KOHKYpPEHIIMH Ha
JTAHHOM CETrMEHTE
pBIHKA
V3.Masblii ppIHOK COBITA,
B CJIEJICTBUU C
KOHKYpEHIIUEH ¢
bupmamMu U3 Ipyrux
cTpaH
V4. He cBoeBpeMeHHOE
buHaHCUpOBaHUE
HAy4YHOTO UCCJIeI0BaHUs

1.Pa3BuTHE TEXHOIOTUH
MIPOM3BOJICTBA IIPONAHTOB
MIO3BOJIMT IPOAYKTY BBIMTH Ha
HOBBIN YPOBEHb KOHKYPEHIIUU
U COXPAHUTH CBOKO
MOTPEeOHOCTh Ha PhIHKE.

1. CoBepiieHCTBOBaHHE
TEXHOJIOTHH B COOTBETCTBUH C
KOHKYPEHTHBIMHU
MPEUMYIIICCTBAMH U
TpeOOBaHUSIMHU.

2.Pa3paboTka HOBBIX
MECTOPOXKACHUMN CBIPBS.
3.060CHOBOHMS 17151
(uHAHCUPOBAHUS TSI
WCCJICTOBAHUS TIOBBITIICHUS
XapaKTEPUCTHK MPOIYKTa TIPU
TTOMOIITH JIETKOIOCTYITHBIX
N00aBOK.
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Hcxons w3 Tabnuibl, MOXHO CHENaTh OINpPEAEJICHHBIE BBIBOIBI.
B0O3MOXHOCTH M CWIBHBIE CTOPOHBI ITO3BOJIAIIOT PAa3BUTh PBIHOYHBIM CIIPOC HA
paccMaTpuBaeMblid TOBAp, UCXOSA M3 pOCTa KayecTBa TOBApa, IPU IAJECHUU €ro
LEeHbl. B03MOXHBIE yrpo3bl Uil NPOU3BOACTBA, B BHUJAE OTCYTCTBHS CIPOCA,
pa3BUTast KOHKYPEHILUs, MOT'YT IOLIATHYTh IEPCIEKTUBBI PA3BUTUS IIPOAYKTA, HO
COBMECTHO C CWJIBHBIMU CTOPOHAMHU OHO CO3JA€T CIIPOC HAa HOBYIO IIPOAYKLUIO U
OTKPBIBAET BO3MOXKHOCTb JUIA IIOBBIICHMS KadyeCTBAa XAPAKTEPUCTUK W

3aKpPCIINICHUC CBOUX HO3I/IHHﬁ Ha PBIHKC.

4.6 Naumumanus npoekTa

4.6.1 Lenu u pe3ynbTaT MPOEKTa
Nudopmanus no 3auHTEpECOBAHHBIM CTOPOHAM IMPOEKTa MPEACTaBIICHA B

tabnuie 4.8. Llenu u pe3ynpTaThl MpoeKTa MpeAcTaBieHbl B Tabuuie 4.9.

Tabnuua 4.8 — 3auHTepecoBaHHbIE CTOPOHBI IPOEKTA

3anHTEPECOBAHHBIE CTOPOHBI MPOEKTA Oxunanusi 3aMHTEPECOBAHHBIX CTOPOH
Hay4HbIi pyKOBOIMTEIb Pa3zpaboTka Hanbonee MpoYHBIX KEPAMUUYECKUX
MarucTpasT MIPOIAHTOB C HU3KOM HACBIITHOM IIIOTHOCTIO

Tabnuma 4.9 — Llenu u pe3ynbTaT npoeKTa

Pa3zpaboTka kepaMUueCKrX TPOIMAHTOB MYJIITUT-
enu npoekra: KOPAMEPUTOBOTO COCTABa HA OCHOBE MPUPOTHOTO
CBIPbs

Pa3paboTka nporotuna marepuaia
OxugaeMble pe3yabTaThl
KEpaMHUYECKOI0 MPOIaHTa C UCTI0JIb30BAHUEM

MIPOCKTA:
0oJiee JIEeMIeBOro ChIpbs

K CooTBeTCTBHE CBOMCTB MPOTOTHUIA MaTepUaa

WUTEPUU TPUEMKH

puTep P yKa3aHHBIM TPEOOBAHMAM K MaTepraiam Jjis
€3yJIbTaTa MPOEKTA:

pesy P IIPOIIAHTOB

Temmneparypa o6xura 1350 — 1450 °C
TpebGoBanus k IIpouHocts Ha cxxatue He MeHee 75 MIla
pe3yJbTary: CpeHsist IIOTHOCTB He Goiee 2,5 r/cm’

Bononornonienue e 6onee 0,5 %
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4.6.2 OpranuzanroHHas CTPYKTypa MPOeKTa
B »TOM pasnmene HEoOXOaUMO paccMOTpeTh PabOUyI0 TPYIY JAaHHOTO

IMPOCKTA, POJIb KaXIAOro Yy4daCTHHMKa B JaHHOM IIPOCKTC, a TaKXC CI)YHKI_II/II/I,
BBITIOJIHACMBIC KAXKIABIM N3 YHYACTHHUKOB W HX TPpyAO3aTpaTbl B JAdHHOM HAYYHO-
HCCIJICTOBATCIILCKOM ITPOCKTC.

Tabnuna 4.10 — Pabouas rpymnmna npoekra

dUO Tpynoza
Ne i Posb B Py
MECTO paboThl, OyHKINU TpaThl,
/1 MIPOCKTE
JOJIKHOCTh qac.
Koopaunupyer
NEATEeIbHOCTh YYACTHUKOB
MIPOEKTA;
Baxkanosa T.B., p P ’ .
KOBOJIMTEJNIb | TOCTAHOBKA LEJIEH U
1. | mpodeccop HOIL]L 4 76
MIPOEKTA 3aj1ad;
H.M. Kmxnepa
KOHTPOJIb CPOKOB
BBITIOJTHEHUS HAYYHBIX
padoT Mo MPOEKTY
5 Ceprees H.IL., Hcnonnurens | BelnojiHEHME HAYYHOTO 618
' MarucTpaHT MIPOEKTA MIPOEKTa

Tpyno3zaTparbl ObUIM pacCUUTaHbl HA OCHOBAaHUM CJEAYIOIIMX JIaHHBIX:
IIPOEKT BBINOJHAETCA 3 MecAla, PyKOBOAUTENb MPOEKTa NMPUHUMAET ydacTue 2
pa3za B HEJAENIO0 Ha MPOTSHKEHUH 3 4acoB, MCHOJIHUTETN pabOTalOT B CpeJHEM 5

JTHEH B HEJEIIO 0 6 4acoB.

4.6.3 OrpaHuveHus 1 TONYIIEHUS MPOEKTa
OrpanudeHus MpPOeKTa — 3TO BCE€ (PaKTOPbI, KOTOPbIE MOTYT IMOCIYKUThb

OTPAHUYECHHEM CTETNEHU CBOOOJBI YYACTHHUKOB KOMAHJbl TPOEKTa, a TaKxke
«TpaHUIlBI TPOCKTA» - MapaMeTpPhl MPOEKTa WK €ro MPOJyKTa, KOTOPbIe HE OyIyT
peann30BaHHBIX B paMKaX MPOEKTa.

Orpannuenus u (HakToOpbl MOXKHO paccMOTpeTh B Tabmune 4.11
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Tabnuna 4.11 — Orpanndenus nNpoeKTa

daxTop Orpanuuenus/ TOMyIIEHUS

Bromxer npoekra 150 000 p

Wcrounnk ¢punancupoBanus HU TITY HU TIIY
Cpoku npoekTa 20.09.2019 — 5.06.2020

JlaTa yTBepKaeHus IJIaHa YIIPaBICHHS TPOCKTOM 05.09.2019

JlaTa 3aBepiieHus: MPOEKTa 7.06.2020
[Ipouure orpaHnyeHUs U AOMYIICHUS * Bpews nenosb3obanus

000py1OBaHUSI.

4.7 HnaanOBaHne yYupaBJjJdcHUA HAYYHO-TEXHUIECCKUM IPOCKTOM

4.7.1 Onpenesnienne TPYA0EMKOCTH BbINIOJIHEHUsI padoT
TpynoemkocTs paboT onpeaensercs, KaK CyMMa TPYIOEMKOCTH 3TaIlloOB U

BU 0B pa60T, OLCHHUBACMBIX SKCIICPUMCHTAJIbHBIM ITYTCM B YCJIOBCKO-IHAX. Hocut
BGpOHTHOCTHBIﬁ XapaKTCP, TaK KaK 3aBUCUT OT MHOKCCTBA TPYAHO YUUTBIBACMBIX

(hakTOpOB, MOATOMY OKHJIAEMOE BPEMEHS BHITIOJIHEHUS paboT i, paccuuThiBacTCs

o dopmyiie:
3tmin + tmax ] (4.4)
tom - 5 )
rne t,,. — TPYIJOEMKOCTh BBINOJHEHHS OTIEIbHBIX BHUAOB padoT,

YeJI0BEKO-/IHU;

tin — MAHUMAaJIbHO BO3MOXKHAsI TPYAOEMKOCTh BBIIOJIHEHHS OTACIBHBIX
BHJIOB paboT, JIHH;

tax — MakCHMalbHO BO3MOXHAs! TPYAOEMKOCTh BBIOJHEHUS OTACIBHBIX
BHJIOB paboT, JTHHU.

ITpomomKNTENBPHOCTE JTH000H paboTHl B padounx nHsaX T, onpenensercs u3

OKUJIAeMON  TPYMOEMKOCTH paboT, TaK K€ YYHUTHIBACTCS MapauIeIbHOCTh

BBITTOJIHCHU S pa60T HCKOTOPBbIMU UCITIOJTHUTCIIAAMU:

_ lox . .
T3 - N-P A (45)

rae [, — OpOJOIDKUTENFHOCTD PabOThI B pab0oUrX JIHSIX;
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t . — OKumaeMas TpyI0€MKOCTb BBIIOJTHEHUS paOOTHI;

N — kommuectBo ucnomauteneit; (N = 2)
P —gucmo cmen; (P =1)
K, — Kko3p}HUIHEHT, YYUTHIBAIOWINI JOTMOJHUTEIBHOE BpEeMS JUIs

koucympramuid u T. . (K, =1.2 +1.25).

4.7.2 PazpaboTka rpaguka npoBeJeHUs HAYYHOI'0 HCCJIeI0BAHUSA
[Ipy BBINOJHEHUM AMIUIOMHBIX PabOT CTYJIEHThl B OCHOBHOM CTaHOBATCS

YY4aCTHUKAMU CPaBHUTENIBHO HEOONBIINX MO 00beMy HaydHbIX TeM. Mcxons us
3TOr0, MOJKHO CHENaTh BBIBOJ, 4YTO Oojee ynoOHBIM OyneT HOCTPOEHue
JIEHTOYHOTO Tpaduka B popme nuarpammsl ['aHTa.

Jlist mepeBojia JUIMTETLHOCTH Ka)XAO0ro 3Tana U3 pabouyux B KaJeHIapHbIE
JTHU, HE0OXO0IMMO BOCIIOJIb30BaThCs (POPMYJION:

Tyi=Tpi* k; (4.6)

rae, Tk i— NPOJIOIKUTEIbHOCTh BBIIOIHEHUS 1 — i pabOThI B KaJIEHJAPHBIX
TTHSIX;

Ti — IPOJOIKUTENBHOCTD BBIIIOJIHEHHS 1 — 1 paOOTHI B Pa00YHX JHAX;

k «an — K0OOPDUITUEHT KaleHJAPHOCTH.

— TKaJI (4. 7)

KKaH TKaJI_TBbIS_THp

1€ T oy — KOJTMYECTBO KAJICHAAPHBIX JIHEW B TONY;

Tpapx— KOJIIMYECTBO BBIXOHBIX THEW B TONY;

T, — KOJIMYECTBO MPA3IHNYHBIX JHEH B TOLY.

Jist ynoOcTBa MOCTPOEHMS JIMHEMHOro rpaduka BBINOJHEHUS pador,

JIUTCIBHOCTD O5TAIlOB B pa60q1/1x JHAX IICPCBCACM B KAJICHAAPHBIC JTHH:

_ Proa,
K = Pous (4.8)

rie K— nmomnpaBounsiii koddpdumument (1,48 ¢ yderoMm JaHHBIX
MPUBEACHHBIX HUXKE);

P.,, — komn4yecTBo AHeH B roay (Pro,= 365);

20
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P ., — xomnuectBo pabounx gHel (Pye= 247).

pab

=1 K, (4.9)
rae T, — OPOJOKUTENBHOCTE PAOOTHI B KAJICHAAPHBIX JHAX;
T, — IPOJIOJKUTENBHOCTE PAOOTHI B pA00OUHX THAX;

K — nmonpaBo4YHbIN KOAPHHUITUECHT.

Ta6nuna 4.12 — BpeMeHHbIe MTOKa3aTeNy MPOBEICHUS HAyYHOTO UCCIIEI0BAHUS

Ha3zBanue TpynoeMKocTs paboT Hcniomaun
pabot tmin, 4€T- | tmax gen- | toy yen- | Tenu T,, paG.nH. Ty, KaJ.IH.
JH. JH. JH.
CocraBienue
TEXHOJIOrMYe 0.5 2 1 PykoBonn 1 15
CKOTO TEIb
3aJIaHUs
[Ton6op u
U3yYCHUE 20 30 25 Wmxenep 25 37
MaTepuaoB
Buidop PykoBonn
HaIlpaBJICHUS 2 6 5 oL 2 3
UCCIIEIOBAHU
i Nuxenep
Kanenngapuoe PykoBoH
TJIAHUPOBAHU 2 3 2 Teh 2 3
e pabort o
Nnxenep
TeMe
[IpoBeneHue
TEOPETUYECK
HX PacueToB 6 12 8,4 Nuxenep 8,4 13
U
000CHOBaHUH
[IpoBeneHue
AKCIIEPUMEHT 22 40 28 Wnxenep 28 41
OB
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IIpooonscenue madauyol 4.12

CornocraBiieH
ue
pE3yIbTATOB
PyxoBoau
c
4 6 48 TEb 1,8 3
TEOPETUUECK
Nnxenep
UMH
UCCIIEIOBAHU
AMU
Onenka PykoBonn
TTOJTYICHHBIX 2 5 3,5 TENb 2 45
pE3yIbTaTOB Nuxenep
ﬁgCTaB“eH“e 10 15 12 | Vmxenep 12 18
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Ta6nuna 4.13 — Kanennapusiii mian-rpaduk nposenenuss HUOKP no teme

Bun pabotsl Ucnomauremn | Ty; | IIpomOIKUTEIBHOCTD BBIIOJIHEHHS pa0OT
JaHeun
deBp Maprt Anpenb Maii
2 3 2 |3 1 2 3 2

CocraBieHue
TEXHUYECKOTO PykoBonutens | 1,5
3a/1aHus
[TonGop u
U3YyUYEHHE CryneHr 37
MaTepHaJoB
Bri6op
HaIlpaBJICHUS Pyrosourens 3

. Crynent
UCCJICIOBAHUIM
Kanenngapuoe
TJTAHUPOBAHHE Pykosomurens | 4
paboT 1o Teme Nmxenep
[IpoBeneHue
TEOPETUYECKUX Virskerep 13
pacyeToB U
000CHOBaHUH
[posenee HNuxenep 41
HKCIIEPUMEHTOB
ConocraBiieHue
pE3YIBTATOB C PykoBoguTens 3
TEOPETUUYECKUMHU Nuxenep
WCCJICIOBAHUSIMU
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[Iponomxkenne Tabnuusl 4.13

OneHka N
! PykoBoaurenn N

MOJTYYEHHBIX 45

CryneHr
pEe3yJIbTaTOB
CocraBiienue

Nmxene 18
otueta no HUP p

PykoBonurens Nuxunep

AMARMMMMIIIIRINNRRNNNNGS
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4.8 BroJaeT HAYYHOr0 MCCJIeI0BAHUS

JUist BeinonHeHus: nanHoid BKP tpeOyroTcst MmaTepuanbHble 3aTpaThl Ha:

- npuoOpeTaeMble CO CTOPOHBI ChIPE M MaTepHalibl, HEOOXOAUMBIE IS
CO3/IaHUsI HAYYHO-TEXHUYECKOM MPOIYKIIUY;

- TIOKYIIHblE€ MaTepuaibl, UCIOJIb3yEMbIE B IPOLIECCE CO3/1aHUsl HAYYHO-
TEXHUYECKON MPOIYKUUHU ISl 0OECIeUeHUs] HOPMAJIBHOIO TEXHOJIOIMYECKOIO
mporecca 1 Juisi yHakOBKU MPOIYKITHH,

- TOKYNHbIE  KOMIUIEKTYIOIIME  W3Jenuss U noidypaOpukarsl,
noABepraroirecs B JalbHEHIIIEM MOHTAXKY WU JOTOJHUTEIbHOU 00paboTKe;

- CBIpbE W MaTepHalibl, TOKYIHbIE KOMIUICKTYIOIUE W TOTypabpuKaThl,
UCIOJIb3yEMblE B KadyecTBE OOBEKTOB MCCIENOBAaHUM M JJIs HKCIUTyaTalllH,
TEXHUYECKOT0 OOCTYKUBAHUS U PEMOHTA U3JIETUN — 00BEKTOB (MCCIIETOBAHUN).

Pacyet MatepuanbHBIX 3aTpaT OCYILIECTBIISIETCS MO Cienytomen Gopmye:

3u=(1+kr) 27111 L; - Npacxil (4.10)

r1l€ M — KOJIMYECTBO BUJOB MAaTEPUAIIbHBIX PECYPCOB, NOTPEOIAEMBIX MTPU
BBIIIOJTHEHUN HAYYHOT'O UCCIIEIOBAHMS;
Npacxi — KOJMYECTBO MAaTEPHAIBHBIX PECYPCOB 1-TOBHUJA, IUNIAHUPYEMBIX K
2
MCITOJIb30BAHUIO MIPU BBINOJHEHUU HAYYHOTO UCCIAEA0OBaHMS (IUT., KT, M, M” U T.11.);

I; — wuena mnpuoOpeTeHuss €IMHMIBI 1-T0 BHJAA HOTPEOIISIEMBIX
MaTepHAIBHBIX pecypcoB (py6./wT., pyo./kr, py6./M, py6./mM” 1 T.4.);

Kr — xo3d¢uimenT, y4YUTHIBAIOUIMNA TPAHCIIOPTHO-3arOTOBUTEIIBHBIC
pacxompl.

Marepuanbabie 3atpathl f1annoro HTU npencrasiens: B Tabnuiie 4.14

Tabnuna 4.14 — MarepuanbHbie 3aTpaThl

HanmMmenosanune Ennaura KomunuecTBo Ilena Ha en., | 3aTpaThl Ha
U3MEPEHUS pyo MaTepUAJIbI
3 PYO
['munaa KT 2.4 11 31,68
CeprneHTUHUT KT 1,8 14 30,24
Texanueckuit r 0.6 30 28
TJIMHO3EM
MeTtunnemnonosa KT 0,2 180 36
Hroro: 125,92
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4.8.1 Pacuer 3aTpaT Ha 000pyAOBaHMeE JIsl IKCIIEPUMEHTAJIBHBIX padoT
Pacuet cBOAMTCS K ONPEIEICHUIO AMOPTU3ALIMOHHBIX OTYMCIIEHUH, TaK KaK

o0opyaoBaHue OBIJIO MPUOOPETEHO /IO Havasia BBITIOJIHCHHSI TAaHHON paOOThI 1

AKCILTYaTUPOBAJIOCh paHee, 03TOMY MPHU pacueTe 3aTpaTt Ha 000pyJoBaHUE

YUYHUTBIBAEM TOJIBKO pabOYHe JHU IO JAHHOM TEME.

AMopTH3a1Ki0 000PYI0BaHUS PACCUNTHIBACM:
Cn'Hg

K0J1.pab.AH.B rof ‘100

rae C,— nepBoHavyanbHasi CTOUMOCTh 000pyI0BaHUs, pyo;

H, — Hopma amoptuszauuu, %;

Tp

(4.11)

Uucno mpopaboTaHHBIX MecsieB N OepeMm U3 pacuera Toro, yto Ha HTU

WHXKEHEPOM ObLIIO 3aTpadeHo 1248 u = 1,73 mecsa.

Tabnuna 4.15 — 3aTparsl Ha crierUaIbHOE 000PYI0BAaHUE SISl IPOBEICHUS

I/ICCJ'IGI[OBaTCJIBCKOﬁ pa6OTBI.

HanmenoBanue o00py0BaHus Cn, py6
Beco ananutnueckue Becta B153 15000
[Tpecc runpaBamueckuii 15000
[leur kamepHas, 1abopaTopHas 70000
[Ipecc manorabaputHsiii [IM-MI'4 280000
Uroro: 380000

Paccuntaem aMmopTH3aIiuio caMoro 10pororo 000py10BaHus.

Tabnuna 4.16 — Pacuer amoptuzaiuu o00pya0BaHUs

HanmMmenosanune T,, oH.
000pyaOBaHUS Cn, pyo Ha, % " A, pyd
IIpecc
MajiorabapuTHBIN 280000 4 120 3682,2
I[IM-MT4
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3arpaThl Ha 3JEKTpodHEpruto (Tadmuma 4.16) y4UTBIBAIOTCS TOJBKO Ha
TEXHOJIOTMYECKHE TIeJIM, TaK KaK 3aTPaThl HA OCBEIICHUE U APYTHUE TN CBI3aHBI C
OOIIIEyCTAHOBIIEHHBIMU PACXO/IAMH.
3aTpaThbl Ha 3JEKTPOIHEPTHIO PACCUUTHIBAIOTCA IO (PopMmyTie:
3,=N-T-C
rae N — notpebinsiemasi MOIITHOCTh YCTaHOBKH, KBT;
T — Bpems paboThl 000pyIOBaHUA, U;
C — croumocTth 1kBT-9ac anexkrposnepruwu (5,8 pyo.).

Tabmuia 4.17 — Pacuer 3aTpaT Ha 3JIEKTPOIHEPTHIO.

3aTparsl,
HanmenoBanue 000py10BaHHUs N, kB1/4 T,u
pyo.
Becsr ananmntnyeckue Becta B153 0,40 24 56
[Ipecc ruapaBIUdeCcKuit 3,50 14 284,2
ITeub KamepHas 3,00 12 1252.8
[Ipecc manorabaputhsiii [IM-MI'4 3,50 14 284,2
Htoro 1876,2

4.8.2 OcHoBHas1 3apadoTHAS MJIATA UCHIOJHUTEEH TeMbI
Bxurodaercst oCHOBHAsI ¥ IOTIOTHUTENIbHAsI 3apaboTHas tiara. Tyna Taxke
BXOJST TpPEeMHs, KOTOpas BBIIIAYMBAETCS €XEMECSYHO M3 (oHAa 3apadOTHOM

IUIATBI B pasMCpeC OT ABAaAaTH 40 TPpUALATHU IIPOLCHTOB OT TapH(ba HJIN OKJIada.

3sn = 3ocn T 3,£L01'I (412)

rae 3o — OCHOBHAs 3apaboTHas IJI1aTa;

3,0n — JOTOTHUTENbHAs 3apadoTHast miata (12 — 20 % oT 3Bocy).

OcHoBHass 3apaboTHas TIATa  3,PYKOBOAUTENS OT MPEANPUITHS
pPacCUUTHIBACTCS:
30c1—1 = 3;{1—1 ’ Tp (413)
rae 3o — OCHOBHAS 3apa0oTHAas IJlaTa OJHOTO PaOOTHHKA;

3, — CpeaHeIHEBHAs 3apa0oTHAas T1aTa paboTHUKA, PYO;
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Tp — IIPOAOJIKUTCIIbBHOCTD pa60T, BBIIIOJIHACMBIX HAYYHO — TCXHHWYCCKHM

paboTHUKOM, pab. JTH.

CpennenHeBHas 3apa0oOTHAS IJ1aTa;

3y M (4.14)

rae 3, — MECSIYHBIN JOJKHOCTHOM OKJIaa paOOTHHKA, pYyO.;

M — konr4ecTBO MecsIeB paboThl 0€3 OTITyCKa B TEUEHHUE TO/1a;

Fq — neilcTBuUTENnbHBIH TOMOBOM (DOHI pabouero BpEeMEHH HAYyYHO —
TEXHUYECKOTO MepcoHania, pad.iH.

Mecsaunblil okiag paOOTHUKA PACCUUTHIBAETCS 110 (hOPMYJIE .
3w = 3ok " kp (4.15)
rae 3. 3apaboTHas TuaTa 1o okjaja CTaBke, pyo.;
K, — paifonnslii koapdurment (a1 Tomcka — 1,3).
B tabnuiie npuBeneH 6ananc padbouyero BpeMeHu kaxjaoro padotuuka HTU

Tabnuna 4.18 — bananc pabouero BpeMeHu

[Tokazarenu pabouero

PykoBoaurens CryneHr
BpEMCHHU
KaJ'I?HI[apHOC KOJINYECTBO 365 365
JTHEN
KonuuectBo Hepabounx
JTHEU
BBIXOJHBIE THU: 64 111
pa3IHUYHBIC JHHU: 8 8
[ToTepu pabouero
BpEMCHU
OTIYCK: 48 24
HEBBIXOJIBI 110 OOJIE3HU: 0 2
JlenCcTBUTENbHBIN
roJIoBoi o paboyero 245 268
BpEMEHU
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Pacuer ocHOBHO# 3apaOOTHOM TIATH IPUBEACH B TAOJIUIIC

Tabnuna 4.19— Pacuet ocHOBHOM 3apabOTHOM TIaThI

30}0 - Tp,
Kateropus 3., PYO. 31> PYO. 3ocur PYO.
pyoO. pab.H.
Pykooautens | 36800 47840 2080, 5 10400
Wnxenep 9489 12335,7 577,8 77,3 44663,9

O6mras 3apaboTHas UCTIOTHUTENIEH paOOTHI pecTaBiacHa B Tabuie 4.16

Ta6numa 4.20 — O61as 3apaboTHas I1aTa UCIIOTHUTENeH

Ucnonuurens 3ocu» PYO. 3 jon» PYO. 3., PYO.
PykoBoauTenb 10400 1248 11648
Wnkenep 44663,9 5359,7 50023,6

4.8.3 OTuncIeHUus1 BO BHeOK/IKeTHbIE (GOHIbI

B nanHO# cTaThe OTpa)karOTCs OTUYHUCICHUS MO YCTAHOBIEHHBIM HOpPMaM
opraHam roCyJapCTBEHHOIO COIMAJIbHOIO CTPAXOBaHUsS, MEHCHOHHOIO (OHIa H
MEJUITMHCKOTO CTpaxoBaHus. Bennunna oTuuciennii onpenensercs mno Gopmyiie .

Benes = Kenes * (3oc1-1 + 3;[,011)' (4.16)

e Kgypeg — KOOPOUIIMESHT OTUNCIICHUN BO BHEOIOKETHBIC (DOH/IBI.

Y CTaHOBJIEHO, YTO OTYHUCIEHUS Ui YUPEKICHUM, OCYIIECTBISIONINX
00pa3oBaTEIbHYI0O U HAYYHYIO JACSATEILHOCTh UMEIOT KOI(PMUIIMEHT OTUYUCICHUN
27,1%.

OTtunciiennst BO BHEOIOIKETHBIE (POHIBI IIPEICTaBIEHbI B Tabnuue 4.21

Ta6numa 4.21 — OTurcieHus: BO BHEOIOKETHBIE (DOH/IBI

OcHoBHast 3apaboTHast JlononaurenpHas
Ucnonuurens
riaTa, pyo. 3apaboTHas 1u1arta, pyo.
PykxoBoauTens nmpoexta 10400 1248
Wmxenep 44663,9 5359,7
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IIpooonsicenue mabnuyst 4.21

KoadduimeHT otuncnenuii Bo
0,271
BHEOIOKETHBIC (DOH/IBI
Hroro: 16713

4.8.4 HakyaaHble pacxoabl

Benuunna HakIaHBIX PacX0/10B ONpeAesnseTcs no Gopmye

Buaxn = kup * (cyMMa cTaTel 1 + 4),

rae ka — K03 (DHUIMEHT, YIUTHIBAIOIINA HAKJIATHBIE PACXOIBI.

(4.17)

Benmunny xo3¢dunuenTa HakIagHBIX pacxonoB K, TOIycKaeTcs B3STh B

pazmepe 16%. Takum o6pa3zoM, HakIaaHble pacxoabl Ha qanubelie HTU coctaBsrt:

Buan = 0,16 - (108 + 3682,2 + 10400 + 44663,9 + 1248 + 5359,7 + 16713) = 13148

4.8.5 ®opmupoBaHue 0I0/1KeTa 3aTPAT HAYYHO-UCCIEI0BATEILCKOT0 MPOEKTA

Onpez[eneHHe 6IOI[)KeTa 3aTpaT Ha Hay‘IHO-I/ICCJIeI[OBaTeJIBCKI/Iﬁ IIPOCKT

IIPUBCACH B Ta6HI/I]_I€

Tabnuna 4.22 — Pacuer 6romkera 3arpatr HTU.

bromxker 3arpar HTU

Cymma, pyo.
Ne HanmenoBanue craten — a
5 5
~ ~
1 Marepuanesnsie 3atparsl HTU 126
o | 3aTpaThl Ha CHeLHUAlbHOE o0opynoBaHuE IS 3682,2
HAy4YHBIX (IKCTIEPUMEHTANILHBIX) PaboT
3 |3arpathl 1O  OCHOBHOH 3apabOTHOM  1UIaTe 10400 | 446639
WCTIOJTHUTEIIEN TEMBI
4 |3aTpaThl IO JIONOIHUTENBHOU 3apabOTHOM TIaTe 1248 5359,7
WCTIOJTHUTEIIEN TEMBI
5 | Orumcienns Bo BHEOIOKETHBIC QOHIBI 16713
6 | Hakmambie pacxoms! 13148
7 95340,8
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JlanHast TabaMIa OTpaskaeT BCe OCHOBHBIE 3aTPaThl HA MPOBEICHUE HAYYHO
TEXHUYECKOT0 HMCCieoBaHnud. MOXHO clenaTh BbIBOJ, YTO OCHOBHBIM ITYHKTOM

3atpat HTU sBnsroTcs 3aTpaThl MO OCHOBHOM 3apabOTHOM IIJIaTe UCIIOTHUTENIEH.

4.9 Onpenesienue pecypcHoii 3p(PeKTUBHOCTH TPOEKTA

Jnsa onpenenenus 3pPeKTUBHOCTH HEOOXOIUMO CPABHUTH TEKYIIHI MPOEKT
C pa3nu4HbIMU e€ro ucnojgHeHusMu. Mcn. 2, Mcn. 3 — TEXHOJIOTHH U3TOTOBJICHUSA
ATIOMOCHJIMKATHBIX MPOMAHTOB M MAarHe3WajbHbIX IMPONAHTOB COOTBETCTBEHHO.
Pa3nnuHoe HMCHOMHEHWE HIET C HMCIHOJb30BAHUEM PA3IUYHOIO CBHIPbs, M YXKE
U3roTaBIMBacTcd Ha bopoBuueckom mnpennpuaruu u  3aBoae  «DOPEC»
COOTBETCTBEHHO. TEeKyHmIMi IPOEKT OPHUEHTUPOBAH HA JBYXKOMIIOHEHTHYIO
MYJTUTO-KOPJUEPUTOBYIO KEPAMUKY C UCIIOIB30BAHUEM JOCTYITHOTO MPUPOTHOTO
CBIPbS JUIsl IPOU3BOJICTBA KEPAMUYECKHUX ITPOIAHTOB.

Onpenenenue  3PEGEKTUBHOCTH  MPOUCXOAUT HAa  OCHOBE  pacyeTa
MHTErpajIbHOTO NoKa3aTens 3 (PEeKTUBHOCTH HAYYHOTO UCCIIEIOBAHUS.

Ero Haxo)JaeHue CBA3aHO C ONPEIEICHUEM JBYX CPEIHEB3BEILICHHBIX
BEJIMYMH: (PUHAHCOBOUN 3PPEKTUBHOCTH U PECYPCOIPPHEKTUBHOCTH.

Hnumeepanvuwiii hunarncoswiii nokazamesv pa3pabOTKU OMPEEISIETCS Kak:

Dpi
| = p

‘Dmax

(4.18)

rjae [- uarerpanbHblid GUHAHCOBBIN MTOKa3aTelb pa3padoTKy;
®pi— CTOMMOCTB I-T0 BapUaHTa UCIIOTHCHUS;
@Dmax—MaKCUMaJIbHas CTOUMOCTD UCTIOJTHEHHSI HAyYHO- MCCIIE0BATEIHCKOTO
MPOEKTa (B T.Y. AHAJIOTH).
Jlist pacueTa MHTErpaIbHOTrO (PMHAHCOBOTO MOKA3aTelNs pa3padoTKu 0003HAYNM

MNpCAINOJIOXKUTCIbHYIO CTOUMMOCTDL UCCIICAOBAHUSA aHAJIOTOB.

e 95322,8 _ 0867
¢ 110000 ~
[renz — 105000 = 0,954
¢ 110000
vens 110000
1 110000
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Benuunna uHTErpambHOro (PMHAHCOBOTO IMOKa3aTeNs pa3pabOTKH OTpa)kaer
COOTBETCTBYIOIIEE YUCICHHOE YBEIMYCHHE OIOJKETa 3aTpar pa3paboTKU B paszax
(3HaueHue OOJbIIe €IUHUIIBI), TUOO COOTBETCTBYIOIIEE YMCIEHHOE YCIIEBICHUE
CTOMMOCTH pa3paboTKu B pa3ax (3HAUYCHUE MEHbINE €AUHMIIBI, HO OOJIbIIE HYJIIA).
Hcxons u3 3TOro MOYKHO CKa3aTh YTO IIEHA pa3pabOTKU HAILIEro MPOAYKTAa HHKE
IPEIO0JIaraéMbIX UCCIIEI0OBaHUI aHAJIOTOB.

Humeepanvuwiti  noxazamenv — pecypcodgpgexmusnocmuy  BapUAHTOB
UCIIOJTHEHUS 00BEKTA UCCIIEI0BAHUS MOYKHO ONPEIENINUTD CIEIYIOIINUM 00pa3oM:

Ipi = Z(ai ) bi)! (419)

I'ne Ii—uHTErpanbHbli OKa3aTelb pecypcodPPHEKTHBHOCTY;

a; — BecoBol kK03(uimeHT I-ro BapuaHTa UCTIOJTHEHUS pa3pabOTKH;

bj — OanpHas omeHka I-r0 BapWaHTa WCIHOJHEHUS pa3pabOTKH,
YCTaHaBJIMBAETCS HKCIEPTHBIM IyTEM 110 BEIOpaHHOM IlIKaJIe OLICHUBAHMS;

N — YKCIIO TApaMEeTPOB CPABHEHU.

CpaBHuUTENIbHAS OLIEHKA XapaKTEpUCTUK BapUAHTOB OOBEKTA MPEACTABIICHA
B Tabnune 4.23.

Tabnuna 4.23 — CpaBHUTENbHAS OIICHKA XapaKTEPUCTUK BAPUAHTOB MCIIOTHEHUS

MIPOCKTA.
BecoBoii T .
CKYITUH
OOTeKT HeCHeNOBaHN ko3 puLeHT Hcn. 2 | Ucn. 3
Kpurepnii IIPOEKT
napamMerpa
1. [TpouHOCTH Ha CKaTHE 0,16 5 4 3
2. IIpoHuitaeMocTh 0,14 5 4 5
3.I'panynomerpudeckuii cocTaB 0,13 4 3 4
4. HacplmHas INIOTHOCTD 0,1 4 4 5
5. XumMnueckass CTOMKOCTD 0,14 5 4 4
6 KoHKypeHTOCTIOCOOHOCTh 0,09 4 3 3
MPOyKTa
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lMpodonxneHue mabauysl 4.23

7. llena 0,07 5 5 5
8. [Ipeamnonaraemslii Cpok 0,02 3 3 4
AKCILTyaTaI|u

Hroro: 1 471 3,98 441

Paccuntannas cpaBHUTENbHas pecypcodPPexTUBHOCTL  pa3paboTKu

npejcTaBiieHa B Tabnuie 4.24

lp-ern = (0,16°5+0,14-5+0,13°4+0,1-4+0,14:5+0,09-4+0,07-5+0,02-3) = 4,71
lp-sen2= (0,16°4+0,14-4+0,13-3+0,1-4+0,14-4+0,09-3+0,07-5+0,02-3) = 3,98
|p-ens= (0,16-3+0,14-5+0,13-4+0,1-5+0,14-4+0,09-3+0,07-5+0,02-4) = 4,41

Humezpaﬂbnbtﬁ nokasame.iib aqbd)ekmueuocmu eapuarnmoé UCnoJiHenun
paspaﬁomku OIIPCACIIACTCA Ha OCHOBAaHHUH HHTCI'PAJIbHOI'O IIOKa3aTCJIAd

pecypcoddp(HEeKTUBHOCTH U MHTETPAIIBHOTO (PMHAHCOBOTO MOKa3aTes o (popmyie:

_ Ip—ch.i (420)

Lyeni = Ii

Tabnuna 4.24 — CpaBHuTtenbHast 23PGHEeKTUBHOCTH Pa3padOTKH

Ne [Tokazarenu Hcem.1 Hcn.2 Hcn.3
n/m
WuTerpanbHblil GuHAHCOBBIM
1 0.867 0,954 1
nokasareib pa3paboTKu
WHTerpanpHbIN OKa3aTeNb
2 pecypcodhHEKTUBHOCTH 4,71 3,98 4,41
pazpaboTku
3 HNHuTerpanbHbIi TOKa3aTeIb 543 417 4,41
3 PeKTUBHOCTH
4 CpaBHurenbHas 3pPeKTUBHOCTD 115 105 1
BApUAHTOB UCIIOJIHEHUS
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N3 pacyeTroB BBISBICHO, YTO TEKYIIMW IPOEKT IO HWHTErPAIBHOMY
MoKa3aTeno  pecypcodPPEeKTUBHOCTH BApUAHTOB  SIBISETCS BBITOJHBIM U
IPEBOCXOJUT aHajlord. B menoMm mo mnokasarensiM pecypconoTpeOeHHsl OH
SBIISIETCS OoJiee TEpPCIEeKTUBHBIM, TaK Kak Ha JaHHOE MHCCIEIOBaHUE UAYT
MEHBIIINE 3aTpaThl OIOJKETa, 3a CUET MCIIOJIB30BaHMS MPUPOAHOIO CHIPbS MpPHU

BBICOKOM Ka4YCCTBC II0JIYHaCMOT' O ITIPOJAYKTaA.
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3akJir0ueHue 1Mo pasaeiy

B pesymprate pabGoTel mo pasmeny «QDUHAHCOBBI MEHEIKMEHT,
pecypcoddHEeKTUBHOCTh U pecypcocOepexeHne MIPOCIICKUBACTCS
MEPCIEKTUBHOCTD | IE€JI€CO00Pa3HOCTh MPOBEACHHOTO MCCIENOBaHUsA. B maHHOM
paszzene ObLIM MPOAHATN3UPOBAIN BCE CTOPOHBI JAHHOW pabOThI, C TOYKU 3PCHHS
SKOHOMHUYECKOMN YaCTH.

OCHOBHBIM TIPEUMYIIECTBOM IPOEKTa, KOTOPOE HEOOXOAMMO pa3BUBATH,
SBJIICTCSI WCIIOJIb30BAaHUE TMPHUPOTHOTO Ooyiee JEmEBOTO CHIPhS, XOPOIIHE
MOKa3aTeJId CBOMCTB pa3padaThIBAEMOTO MPOIAHTA.

O6mmit Oromxer HTU cocraBun 95340,8 pyOseit, 4To HE MpEBBINIACT
orpannuenus B 150000 pyOnei.

Hcxons u3 moJiy4eHHBIX JIaHHBIX, MOKHO CKa3aTh, YTO pa3pabaTbiBaeMbIi

IMPpOAYKT KOHKypeHTOCHOCO6€H I10 CBOHMM ITIOKAa3aTCIIAAM.
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Cnuco

K Hay4yHbIX Ny6ankauum

Ne Konunuecr
= PykonucH |HasBaHue usgaHusa xxypHana (Ne,
BO damunumn
/ HaumeHoBaHue ble unu roa WA aBToOpPCKoe
n neyaTHbIX COaBTOpPOB
neuyatHble CBMAETeNbCTBO)
n nucros
HayuyHble ny6aukauumn
Tpyap! XXIl MexayHapoaHoro
CMMNO3MYyMa UMEHWN aKaZeMMKa
MccneposaHune npoueccos M.A. YcoBa CTyAeHTOB 1
MoBbIWEHNA MPOYHOCTU MONOAbIX YY4EHbIX, NOCBALLEHHOIO Ceprees H.I1.,
aIlOMOCUNNKATHOM MeyaTtHbI| 120-neTunio co AHA POXKAEHUA 2 Crapukosa l0.A.,

KepamMMKM Ha OCHOBe
NPUPOAHOIO CbiPbA

akapgemuka K.U. Catnaesa, 120-
JIETUIO CO AHA POXKAEHMUA
npodeccopa K.B. PagyruHa. Tom
2. Top nspganua: 2019. C403-404

MaweHKo H.B.

138




IIpuiioxxenue A

®DopMa TUTYJIBHOIO JIUCTA NPUI0KeHHs i pasaeaa BKP,

BBIINIOJTHCHHOT0 HA MHOCTPAHHOM A3BIKE

IIpuioxenne (0603HaueHNE TPUITOKEHNS)

Pasnen 1

JluteparypHblli 0030D

Pa3pa60TKa MYJUIMTO-KOPJIMEPUTOBOM KEPAMUKH HA OCHOBE IIPHUPOIHOTO CHIPhS

CrygneHr:
I'pynna ()% (8) Moamucs Jata
4I'M82 Ceprees Hukomnaii [lerpoBuu
KoucynbranT xadenps (a66peBuarypa kadenpbi)
J0/KHOCTH [(%(0] Yuenas crenens, Moanucey JlaTa
3BaHHe
KOHCYNIbTaHT — IMHTBUCT Kadepbl (ab6peBuaTypa Kapenpel)
JokHocTH [5(0] Yu4eHnas crenenb, Moanuch Hara
3BaHHe
Houent OUA Tokmawes .M. K.d.H.
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A1 LITERATURE REVIEW

1.1 Purpose and service conditions of proppants

The oil industry in modern realities often uses hydraulic fracturing
technology, which is to increase the efficiency of oil and gas production in deeper
layers of the earth. One of the components of this technology is a proppant and a
fracturing fluid.

Proppant - a durable material in the form of granules, designed to prevent
the closure of the earth formation after hydraulic fracturing under the influence of
rock pressure and to ensure their permeability.

Hydraulic fracturing is a hydromechanical effect on the reservoir by
creating excess pressure by injection of fracturing fluid. During this process, the
formation splits either along natural cracks or along the bedding planes [1]. After a
rupture under the action of a liquid, the crack grows, a proppant is transported to
these cracks by the liquid, which ensures their fixation after relieving the
overpressure.

Material in the form of spherical granules has sizes from 0.5 to 1.2 mm
(depending on hydraulic fracturing conditions). They are able to withstand high
rock pressure (to 100 MPa), respectively, have greater strength, and also resist the
corrosive effect of an aggressive environment. Spherical granules have the most
effective shape and provide maximum permeability. Provides excellent pumping of
carbon raw materials.

The task of proppants is to ensure high permeability and maintaining fluid
flow throughout the life of the well.

As proppants, various organic and inorganic substances are used, as well as
their combination. A frequently used proppant is quartz sand with the required
particle size distribution. Its positive side is its rather low price, but with the
reduction of easily accessible hydrocarbon deposits, development of hard-to-reach
fields is underway, where the use of sand does not provide adequate retention of
formation cracks. There is a need for ceramic proppants with high rates of

sphericity and strength.
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The problem in developing a composition for proppants is the presence of
competing parameters, such as high strength at low bulk and apparent density of
granular material [2]. In this case, it is necessary to take into account the molding
ability to form a more rounded granule shape.
Service conditions determine the proppants functional properties of its own.
Proppants must be selected individually depending on the oil field, and it is
necessary to take into account the width of the crack and the depth obtained from
hydraulic fracturing. High strength and minimum bulk values are the main
requirement of proppant. Chemical resistance is also decisive when choosing,
aggressive environment and fluid acidity can destroy proppant or lead to a decrease
in its strength [2].

It is worth focusing on proppants that use magnesium silicate in their
composition. The low cost and availability of raw materials, as well as good
strength characteristics, bring such proppants to a competitive market.

1.2 Properties and characteristics of proppants

Table 1.1- Materials used as proppants [3]

Materials Description Advantages Disadvantages

Quartz sand Sand dispersed to the | Awvailability and low cost, | Very low permeability

required particle size | as well as suitability for all | due to irregular shape

distribution, production types of formations. and low strength,

is carried out at which does not allow to

developed deposits. produce oil at higher

pressures.
Polymer Resin coated proppant. Increased strength and The surface dissolves
coated sand Plastic is used as a permeability compared to | in contact with acids.
coating. quartz sand.

Ceramic Synthetic materials Very high compressive High density, sufficient

proppants obtained by sintering a | strength, resistance to both low permeability, as
mixture of a certain acid and alkali. well as high cost.

composition, previously
past the granulation

stage.
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Ceramic proppants can be produced on the basis of various raw materials,
the most common are aluminosilicate proppants based on kaolin or bauxite and
magnesia-silicate . The initial values of high density and acidity, while they have
close indicators of true density (2.7 g / cm®), strength characteristics are also
similar [4, 5]. The main difference is that aluminosilicate proppants have a high
cost due to expensive raw materials. For magnesia-silicate proppants, raw
materials are more common and cheaper.

1.2.2 Properties of ceramic proppants

As light oil deposits decrease every year, hydraulic fracturing is carried out
at great depths, so the use of ceramic sand as proppant is inefficient. More and
more durable materials, such as ceramic proppants, are required.

The main characteristics of ceramic proppants are:

* Strength;

* granule size;

* sphericity and roundness of granules;

* density;

* porosity.

Strength provides long-term conductivity of the fracture at the depth of the
reservoir, and this is the main characteristic.

With increasing granule size, the proppant permeability in the fracture
increases, which increases the efficiency of oil recovery from the well. It should be
noted that when using a larger proportion of proppant, there will be a problem with
the delivery of proppant to the crack, accompanied by economic costs. The use of a
proppant of a large fraction in weakly cemented wells, where clogging in the form
of fine particles occurs, leads to clogging of the proppant pack. This reduces its
permeability, in such places it is more advisable to use a finer fraction. With
increasing proppant grain size, strength decreases [6]. You must select this feature
based on the conditions and location of the fracturing.

The sphericity and roundness of the granules determine the void volume of

the proppant packaging and the granule packaging itself. The roundness of the
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granules is a measure of the relative sharpness of the faces of the proppant, and the
sphericity of the proppant is defined as the proximity of the shape of the granules
to the ideal sphere [6]. An increase in the sphericity and roundness of the granules
leads to an increase in the porosity of the proppant pack. High sphericity and
roundness of the granules provide a uniform load on a pack of proppant, this
increases the resistance of proppant under high pressure [6].

The density of the proppant affects the delivery of proppant to the fracture
and its location there. The density of the proppant affects the hydrodynamic
characteristics of the liquid, and depending on the density, liquids of high viscosity
are selected, or the conditions for pumping the liquid change. It should also be
taken into account that with denser proppants, the strength of the package
increases, but this leads to its compaction, and hence to a decrease in permeability
[6].

Porosity is the fraction of the volume of voids to the total volume of
material. It is measured in percent or in fractions (from 0 to 1). At low porosity, the
crush strength of the package is greater and the fragility is less [6].

The complex of physico-mechanical and chemical properties of ceramic
proppants has a high impact on the effectiveness of fracturing technology and
hydrocarbon yield.

The composition of the mixture from which the proppants are obtained
forms and sets the properties of the final product in its production. In addition to
the fact that properties affect the fracturing process, they are interconnected.

1.2.3 Requirements for ceramic proppants

Physico-mechanical and chemical properties of proppants must comply
with the requirements of GOST R 51761-2013. The requirements are given in table
1.2.
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Table 1.2 - Requirements for ceramic proppants [6]

Name of Indicator value
indicator

10/14)12/18|12/20|16/20| 16/30 | 20/40 30/50 40/70

1 Mass 50
fraction,%,
no less

2 Granulometric
composition,%,
not more than -
mass fraction of
granules:
remaining on the
sieve number:

7 joxf| - | - | -1-1-1 - |-

8 - lor|o1] - | - - i ]

12 - - - 01| 01 - - -

16 - - -] -] - ]o1 : :

20 - -] -] - - 0,1 i

30 - -] -] - - i 0,1

Passed through a
sieve number:

20 10 |[-| - i i - - i

30 - 10] 1,0 | - - - - i

40 - - - 10| 10 - - i

50 - - i i 10 | - i

70 - - . . - | 10 | -

100 - |- i i - - ] 1,0

3 Mass fraction 90,0
of granules of the
main fraction,%,

not less than

4 Sphericity, 0,7
conventional
units, not less

5 Roundness, 0,7
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conventional
units, not less

6 Solubility in a 8,0
mixture of
hydrochloric and
hydrofluoric
acids,%, not
more than

7 Solubility in 1,0
hydrochloric
acid,%, not more
than

8 Turbidity, 200
EMF, no more

9 Bulk density, g 1,9
/ cm, not more
than

10 Crush
resistance,%, no
more, at
pressure, MPa:

51,7 25,0 20,0 ]20,0| 20,0 |15,0{7,0(7,0| 5,0
68,9 - 25,0 [25,0| 25,0 |20,0{10,0{10,0| 8,0

11 Relative mass 5,0
change during
calcination,%, no
more

The pressure indicators 51.7 and 68.9 MPa in determining the compressive
strength of the package are similar to pressure indicators 7.5-10% and 1.0-10° psi.

Under the contract between the parties it is allowed to produce proppants of
other fractions, this is stipulated in the supply contract [6].

1.3 Raw materials for the production of aluminosilicate proppants

In the modern sense, ceramics is a class of products that has common
specific properties. A ceramic product is necessarily produced using ceramic
technology from mineral or technical raw materials. Ceramic technology includes
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several main stages, as a rule, this is crushing and grinding of raw materials,
drying, and firing in furnaces with certain conditions [7]. At the final stage, a
product is formed with the necessary structure and individual properties.

As was shown above, the composition of ceramic masses largely
determines the final properties and structure of the obtained ceramics.

The starting materials for ceramic production can be divided into primary
and secondary. The main raw material determines the phase composition and
properties of the obtained ceramics and the basic properties of the ceramic mass
before firing, while the auxiliary optimizes the technological processes, allows to
reduce the firing temperature and adjust certain properties of the ceramic. The
main raw material in the ceramic mass has a greater share than the auxiliary.

Perhaps the absence of auxiliary raw materials, such as clay in the
production of building ceramics [7].

In the ceramic industry, raw materials can be classified into three separate
groups: natural, artificial and technogenic.

After extraction, natural raw materials are usually sent directly to
production; if there is a need, they are pre-enriched and sorted.

Artificial raw materials are characterized by high criteria of quality and
purity. Its production is based on the chemical processing of natural or artificial
material.

Technogenic raw materials - waste from other industries that can be used to
produce new products, which can reduce waste and environmental pollution.

1.3.1. Characteristics of clay raw materials

Clay is a rock, the basis of which is composed of hydroaluminosilicates -
the dispersed part and quartz sand. When mixed with water, clay is able to form a
plastic and easily moldable mass, and when dried does not lose its attached shape.
After firing, a solid and strong stone-like body is formed.

The formation of clay minerals occurred as a result of mechanical
weathering of rocks, as well as the influence of the chemical effects of hot

solutions of volcanic rocks (fluorides, chlorides, borides, sulfur and other
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compounds) and the biochemical decomposition of rocks by "silicate" bacteria. As
a result of such processes, feldspars are converted to kaolinite [7]:
R,0-Al,05:6Si0, + CO, + H,O — A1,03:2Si0,-2H,0 + 4Si0; + R,CO

Kaolinite, halloysite, montmorillonite, hydromica are the basis of mineral
clays, and are used in the ceramic industry.

The structure of clay minerals is usually layered or, in another way, sheet.
Minerals with a ribbon structure (found in bentonite clays) are a small group in
structure. Clays are found as perfect crystals, defective, disordered phases, and
there are amorphous ones, it all depends on the composition and origin of the
minerals.

Refractory clay has a white or gray-white color, depending on the
composition, white color gives the clay pure kaolinite. Clay minerals are classified
by structure into kaolinite, montmorillonite and hydromica (illite) groups.

The kaolinite group includes such minerals as kaolinite, dickite, halloysite.
The montmorillonite group contains montmorillonite, nontronite, hectorite, and the
hydromica group consists of hydromica, illite, and allevardite [9]. According to the
alumina content (in the calcined state) they are divided into highly basic (Al,O3>
40%), basic (30-40%) and semi-acidic (15-30%).

Refractory clay has certain plastic properties in contact with water.
Mixtures with water form a viscous structure that can take any form, and thus has
excellent molding properties. After moisture removal and subsequent firing, the
desired shape is retained and high strength arises, like refractoriness (1580-
1750°C) [10].

The basis of refractory clays is kaolinite, as one of the most important
phases in the ceramic industry, mullite, is synthesized from it. Kaolinite is a clay
mineral from the group of aqueous aluminum silicates with the chemical
composition Al4 [Si4O10] (OH) 8 (or alumina (Al,O3) 39.5%, silicon oxide (SiO2)
46.5%, water (H20) 14.0%) Dispersion is low. The absorption capacity does not
exceed 20 mEq /100g.
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The two-layer crystal lattice of kaolinite consists of a layer of silicon-
oxygen tetrahedrons and a layer of aluminum-oxygen-hydroxyl octahedra. Such a
structure strongly affects its properties. Kaolinite does not absorb water in large
quantities, since its access to the inter-packet space is difficult due to the strong
connection between the packets. The distance between the packets is constant

(7.2A°) [11]. Figure 1 shows the structural structure of the kaolinite crystal lattice.
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Fig. 1.1. The structure of the crystal lattice of kaolinite [11]
Due to the strong connection and structural features, other elements and
impurities are difficult to interpacket distance. This feature explains the purity of
kaolinite clays and the high strength of ceramic products.

In Fig.1.2, you can observe the image of kaolinite plates under an electron

microscope.
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Fig. 1.2. Autigenic kaolinite plates covering quartz grains overgrown with

autigenic quartz. SEM image of a core sample [12].
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The crystal structure of kaolinite is based on a large number of layers of
silicon-oxygen tetrahedra having three common oxygen and connected in pairs
through free vertices with aluminum and hydroxide. Kaolinite has a very perfect
cleavage due to weak bonds between the layers. The structure is determined by
different variations in the superposition of layers; this factor is most important in
the classification of kaolinite [13].

Physical properties are determined by the layered structure of kaolinite, it
gives minerals based on it (clays and kaolins) the plasticity property. Kaolinite has
a hardness on a mineralogical scale of 1 point, a density of 2540-2600 kg / m* and
IS greasy to the touch [13].

During the heating of clays with kaolinite composition up to 540-1100 °C,
other phases are formed, such as quartz, alumina, and mullite. Such a property as
refractoriness varies around 1750-1800 °C; losses on ignition are 13-14%. In the
manufacture of kaolin refractory products from semi-dry masses, the mixture is
composed of 70% chamotte from kaolin briquette (kaolin calcined to a temperature
of 1300-1350°C), 15% crude kaolin and 15% plastic refractory clay. Moreover,
the compressive strength of 12.0-70.0 MPa; the temperature of the onset of
deformation under a load of 0.2 MPa — 1440-1480 °C; apparent porosity of not
more than 30% (usually 13-17%); bulk density of 2-2.3 g /cm® [13].

1.3.2 Characterization of magnesian raw materials

Serpentine is a mineral of complex composition Mgg[Si;O.0][OH]s, or
3MgO - 2Si0; * 2H,0. It occupies an extreme position in the isomorphic series of
serpentine - revdinskite. Under the common name, a number of polytypes and
structural varieties are combined here, the main of which are antigorite, lizardite
and chrysotile. The name lysarditis is usually referred to as massive serpentinite.
Chrysotile and antigorite are very similar, but antigorite is characterized by a leafy
or lamellar structure, and chrysotile is fibrous (asbestos-like). Almost each of these
mineral varieties can participate in the composition of a common rock -
serpentinite (often mixed with other minerals), also known as ophite (serpentine)
[14].
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The chemical composition of monoclinic syngony can be decomposed as:
magnesium oxide (MgO) 43.0%, silicon oxide (SiO,) 44.0% and water molecules
in the form of minerals (H,O) 13.0%. Often iron oxides and nickel oxide are
included. Color - green, dark, black-green, yellow, sometimes brown, reddish-
brown, spotty or uniform. It occurs in dense aggregates, fibrous and leafy
secretions, usually accompanied by sliding mirrors. The specific gravity of the
mineral (variable) is 2.5-2.7 g / cm®. Has an unstable hardness of 2.0-3.5 points
according to Mohs (some authors indicate up to 5 points). Cleavage is not
macroscopically determined. The fracture is conchoid, uneven, sometimes
splintery. The line is colorless, brilliant. Gloss is glass, waxy, oily, silky (for
fibrous varieties). Macroscopically, the minerals of the serpentine group are
relatively confidently determined by the characteristic dark-grained shades, low
hardness, and oily sheen, which are often common among serpentine rocks of
sliding mirrors. The leafy variety of the mineral has its own name - antigorite (very
similar to chlorite, from which it differs by less perfect cleavage, fragility of
leaves). Antigorite serpentinites are characterized by gray color, high viscosity and
slightly higher, among other serpentinite, hardness (3.5 points on the Mohs scale).
Serpentine decomposes in acids (hydrochloric and sulfuric) [14,15].

Deposits of serpentinite are numerous and are usually confined to altered
massifs of basic and ultrabasic composition. Especially widespread in the Urals,
Altai, East and West Sayan, Khamar-Daban and other places.

The thermal decomposition of serpentinite begins at 600-700 °C, with
increasing temperature, the crystal lattice is rearranged so that at a temperature of
1150-1200 °C, forsterite and clinoenstatite begin to crystallize, but the phases still
remain slightly differentiated [15]. When firing at 1450-1500 °C , fine-grained
aggregates of the wedge-enstatite group and forsterite grains in their mass are
observed.

3MgO ¢ 2Si0; * 2H,0 — MgO * SiO, + 2MgO - SiO, + 2H,0
The reaction of the formation of forsterite ends already at 1450 °C, but the

growth of forsterite crystals and sintering of products based on is very slow.
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Upon decomposition of serpentinite, a crystalline phase of forsterite forms,
which greatly complicates the sintering of products. To reduce the sintering
temperature, a percentage of silica (about 10%) can be added to the mass. When
forsterite is combined with silica, the process of transition to enstatite occurs,
which is an easily sintering compound.

2MgO « SiO, + SiO, — 2MgO - SiO;
1.3.3. Characterization of Alumina Raw Materials

Artificial raw materials with a high (more than 98%) content of aluminum
oxide are the initial raw materials for the production of corundum ceramics:
electrofused corundum and technical alumina are the most common and developed
by industry. Sometimes, aluminum oxide obtained by calcining certain salts,
characterized by a high degree of purity and also high dispersion, is used for
especially critical products.

Technical alumina. In the production of ceramics, grades of alumina are
used according to GOST 6912.2-93, with the most preferred brands are GK and
HEV with a high content of corundum phase. However, technical alumina is
mainly composed of y-Al203, and its particles have a specific morphology: it has
been established that the particles are in the form of porous (up to 50%) spherulites
composed of tiny crystals (up to 0.1 um) of y-Al203 [16]. This determines the
need for preparatory operations: firing of technical alumina at a temperature of
1400 - 1450 ° C and subsequent fine grinding. These operations are intended to
transfer alumina to corundum, and are also used to destroy the spherulite structure
of the material. This favorably affects the properties of the final products, which is
expressed, in particular, in less shrinkage during the firing of products.

Industrial alumina is obtained by the Bayer method, which is based on the
property of aluminate solutions to be in a metastable state at elevated temperatures
and concentrations and on the spontaneous decomposition (hydrolysis) of solutions
with precipitation of aluminum hydroxide with a decrease in temperature and alkali
concentration. The process is carried out in several stages. First, the decomposition

reaction of the initial aluminous raw material is carried out with a solution of
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caustic alkali with the formation of sodium aluminate according to the reaction
[17]:
Al,03-nH,0 + 2NaOH + (3-n)H,O— 2NaAl(OH),

The solution is purified from impurities, and then transferred to pure
aluminum hydroxide. To accelerate the decomposition process, freshly precipitated
aluminum hydroxide crystals are introduced — seed hydroxide [17]:

NaAl(OH),< Al(OH); + NaOH .

The precipitate is calcined in rotary kilns at 1150-1200 ° C, a
homogeneous free-flowing white powder is obtained, which is called technical
alumina, and in ceramic technology, raw or unbaked alumina [17].

1.4 Phase formation processes in ceramic masses of magnesia-silicate raw
materials

The basis for the study of the technology of mullite-cordierite proppants is
a three-component system MgO-Al,03-SiO,.

1.4.1 Characterization of the MgO—Al,0Os-SiO,system

The diagram of the MgO-Al,O5-SiO, system is of great interest in this
paper; it provides information on the formation of phases during sintering of the
resulting ceramic masses. Due to this, it is possible to calculate the optimal
sintering range by calculation, as well as to assume which phases are formed

during the firing of raw materials.
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Fig. 1.3. The state diagram of the MgO—AIl,03-SiO, system [18]

In the MgO-Al,05-SiO, system shown in Figure 1.3, there are a total of 9
chemical compounds, three of which are ordinary oxides, four binary compounds
and two complex triple ones. Both ternary compounds are unstable and melt with
decomposition, the first cordierite is 2MgO-2Al,0;3-5Si0, and another sapphirin is
4MgO- Al,05-2Si0,

Cordierite is of the greatest interest. It forms a series of stable and
metastable solid solutions; in addition, it has a number of polymorphic
modifications:

a — Cordierite is formed at a high crystallization rate of the glass, in the
high temperature zone, the glass of course should have a cordierite composition. o
— Cordierite has hexagonal symmetry between atoms, but has a disordered
structure.

B — Cordierite is formed during crystallization of glass in the zone of low
temperatures, and not high heating rates, has rhombic symmetries and an ordered
structure. a - Cordierite at 1400 ° C goes into rhombic, the latter at 1460 ° C goes
back to the o - modification [15].
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The incongruent decomposition temperature of cordierite is 1465 ° C, while
it has a relatively low value of thermal expansion coefficients - 1.5-10-6 deg™. This
allows you to increase their heat resistance.

In the state diagram of the MgO-Al,0s-SiO, system, the field of
crystallization of cordierite has a boundary with the fields of other compounds:
mullite, sapphirin, spinel, clinoenstatite, forsterite, and tridimite.

The structural formula of Mg,Al,[Al,SisO.g] cordierite, if the ratio of
MgO:Al,O3:SiO, oxides increases from 2: 2: 5 to 2: 2: 8, that is, solid solutions of
cordierite with cristobalite are formed that do not contain free cations that
penetrate into the space of cordierite crystals and cristobalite.

Cordierite is able to form many solutions by mechanical isomorphic
substitutes, which operate according to two schemes: along the first loop of the
aluminum cation and along the second loop, two aluminum cations and a
magnesium cation replace two nitrogen cations. As a result, there are four types of
cordierite solutions: cordierite with an excess or deficiency of glycem and
cordierite with an excess or deficiency of alumina. Cordierite with an excess of
alumina is already a refractory material [14,15].

In the MgO-Al,05-SiO, system, with a ratio of oxides corresponding to
cordierite (2: 2: 5), the lowest melt melting point is 1345 © C. Such a melt of
eutectic composition contains 20.3% MgO; 18.3% Al,O; and 64.4% SiO,,
characterized by a very low viscosity. Moreover, its amount rapidly increases with
increasing temperature due to the dissolution of impurities of oxides of alkaline
and alkaline-earth elements contained in it, as a rule, contained in raw materials.
For this reason, contact in the service of aluminosilicate and magnesite refractories
is completely unacceptable [15].

1.4.2 Characterization of the structure and properties of mullite and
cordierite

Mullite is a valuable highly refractory and chemically stable mineralogical

component of many types of ceramic materials that occurs when firing refractories
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from kaolins, clays, and high-alumina products. Mullite crystals obtained from clay
have a (usually) needle-like appearance.

The interplanar spacings of short-prismatic and needle-shaped mullite are
very close to each other; therefore, it is impossible to determine the crystalline
shape of mullite nuclei by X-ray phase analysis [19]. The chemical composition of
mullite 3Al,05-2Si0,. The mullite phase is formed when the temperature of
kaolinite is increased to a minimum of 950 °© C (one of two mechanisms), when
using refractory clays or less quality raw materials, heating in the range of 1300-
1550 ° C.

3(Al,03°2S810,°2H20) — 3Al,05+2Si0,+6H,0+4Si0,

When kaolinite is heated, a series of reactions occurs from kaolinite (via
metakaolinite (Al,0322Si0,)) to a phase like spinel (2Al,053S10,) formed at 925—
950 ° C. With increasing temperature, the structure then passes into the mullite-like
phase of the composition at 1050 ° C with the ratio Al: Si = 2: 3 (“primary”
mullite), and free cristobalite appears at this stage. The theory of G.V. Brindley
and M. Nakahir suggests that mullite, which is initially formed from spinel or vy-
alumina, decomposes into cristobalite and a more alumina-rich mullite with further
heating: at 1200 °© C with the ratio Al: Si = 1: 1, above 1400 ° C - 3: 2,
3Al,032S10, (“secondary” mullite). The separation of cristobalite from the
structure of silica becomes noticeable at 1100 © C; to increase the amount of the
mullite phase, additional alumina can be added, which will react with free
cristobalite.

4Si0,+6Al,03 —2(3A1,05°2S10,)

Due to its fibrous structure (thin needles), mullite is strong in compression,
tearing and chipping, which positively affects the quality of refractories, in
addition, mullite has poor solubility in acids and alkalis and is resistant to slag and
melts.

Characteristics of mullite by mineralogy [21]:

* The mullite hardness according to the mineralogical scale is 6—7 points.

« Density 3030 kg / m®.
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* The melting point is - from 1810 to 1910 ° C.

* Color - colorless, violet, yellow, white, light pink.

Based on all characteristics, mullite-based materials are quite valuable in
the ceramic industry.

Cordierite is a ceramic material formed after firing of serpentinite rocks
and clays (2MgO-2Al1,03-5Si0,). It has certain properties, such as low temperature
coefficient of linear expansion, high chemical resistance, the latter is especially
important for hydraulic fracturing technology. A set of indicators of thermal
expansion coefficient, dielectric properties, and also thermal resistance open the
direction for cordierite composition products as heat-resistant electrically
insulating materials.

Properties and their characteristics of ceramics based on cordierite:

* Density - 1.6 - 2.55 g/ cm3,

» temperature coefficient of linear expansion - 1.97 10-6 - 3.56 106 deg-1;

* bending strength - 55 - 100 MPa;

» water absorption - 4.5 - 15%;

* porosity - 1.2 - 38%;

* dielectric constant - 4.4 - 5.6;

* heat resistance - 80 -1000 ° C [22].

The molecular formula of cordierite corresponds to the formula
AlsMg,(SisAl)O4g [22].

The crystal structure of the cordierite phase consists of six (Si,Ai)O,

tetrahedra, forming rings that connect through the top (Fig. 1.4.).

g

Fig. 1.4. The structure of cordierite in the perpendicular direction [22].
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The rings are joined by two common oxygen atoms, between which a large
hollow channel is formed. Such columns of rings are joined by aluminum atoms
(located in tetrahedral positions) and magnesium (in octahedral positions). With
distortion of the rings, the symmetry of Mg,Al;SisO,g decreases.

1.4.3 Methods of sintering activation of aluminosilicate and magnesia-
silicate ceramics

Sintering is a high-temperature physicochemical process of the formation
of crystalline material with the participation of certain technological operations.
This process is accompanied by a decrease in porosity and free surface, which
means compaction and hardening of the fired sample.

Sintering is a spontaneous process due to excess particle surface energy and
capillary pressure in a porous medium. Sintering is preceded by a number of
complex physical and chemical processes in the raw materials. One of the
characteristics of sintering is the temperature range, which is understood for low-
melting clays, the difference between temperatures with water absorption of 1%
and 5%, and for refractory clays, the difference between 1% and 2% [23].

Sintering is based on the excess free surface energy of the system. With a
decrease in this energy, capillary pressure (Laplace forces) arises, under the
influence of which contacts between particles are formed, and porosity decreases.
In the general case, capillary pressure is inversely proportional to the average
particle size of the powder; therefore, the dispersion characteristic largely
determines its sintering ability. Activation by increasing dispersion is called
mechanical [23]. When grinding the feedstock, in addition to reducing the particle
size and increasing the contact area between them, the crystal lattice of the
substance is distorted, that is, the number of defects increases. It also affects caking
in a positive way.

Sintering can be activated by chemical reactions, as a result of which the
mobility of atoms (dissociation, phase polymorphism, ion formation and defect
formation, etc.). Hot pressing can also be used in a process in which particles

adhere more closely and stimulate solid-state reactions and diffusion.
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In the first stage of sintering, the porosity of the formed sample changes
due to open pores, while the closed pores change little. Subsequently, the closed
pores also overgrow, which indicates a complete compaction of the material and
the end of sintering of the ceramic sample.

Three main sintering stages are common [24]:

1. "baking" - the contact of neighboring particles, the formation of contact
between them;

2. the main stage is the coalescence of particles, mainly through diffusion,
without the formation of closed pores;

3. the formation of internal, closed pores and their elimination.

The first stage of sintering occurs at low temperatures and is accompanied
by surface diffusion. With increasing temperature, surface diffusion gradually
decreases, but volume diffusion appears. Diffusion sintering is characterized by
grain size growth i.e. recrystallization. Large and rapid crystal growth adversely
affects the mechanical properties of ceramics and causes an increase in stress at the
boundaries between the crystals [24].

Sintering with the participation of the liquid phase or liquid phase sintering
is one of the most common in ceramic technology, it is characteristic of all clay-
containing ceramics. The liquid phase is involved in the formation of the structure
and new crystalline phases during sintering of the workpieces. It also affects
porosity, volumetric changes.

Sintering with the participation of the liquid phase is faster than pure solid-
phase sintering due to a higher diffusion coefficient in liquid bodies. Therefore,
often to facilitate sintering, fusible materials are introduced into the mixture to
form a liquid phase

A prerequisite for liquid-phase sintering of ceramics is a sufficient solid
phase content (25-40%), wettability of the solid phase particles formed by the melt,

as well as dissolution of the solid phase in the melt.
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The liquid phase spreads over the surface of solid particles by two
mechanisms: surface diffusion and spreading. Since diffusion is slow, spreading
and, accordingly, wettability of the solid phase of the melt are of great importance.

There are three stages of compaction during liquid phase sintering:

The first stage is the process of rearrangement (or liquid flow, i.e. the
movement of solid particles under the action of capillary forces).

The second stage of compaction - the course of recrystallization through
the liquid phase is called dissolution-precipitation.

The third stage of compaction is the process of recrystallization of the solid
phase, accompanied by the growth of grains of the solid phase.

In the first stage, the emerging liquid phase fills the gaps between the solid
particles and causes their mutual displacement, leading to the compaction of the
powder body, it plays the role of a liquid lubricant and at the same time creates
pressure due to the curvature of the liquid - gas surface formed by the volume of
the melt enclosed between adjacent particles ( powders). If the emerging liquid
phase is uniformly distributed in the bulk of the powder body, then the arising
capillary forces are equivalent to the action of the pressure of all-round
compression by the influence on the rearrangement process.

In the second stage, smaller particles are dissolved first, the liquid phase in
this case becomes supersaturated with respect to the starting material and larger
crystals precipitate from it. The liquid phase again becomes unsaturated and the
recrystallization process is repeated. The dissolution-precipitation process may not
be accompanied by shrinkage and even cause loosening due to crystallization
pressure.

At the final stage, there is a process of recrystallization of the solid phase,
accompanied by the growth of grains of the solid phase.

Sintering in the presence of a liquid phase depends on the structure and the
relative amount of melt that is formed during firing. An increase in the number of
fusible components and glass phase in the space between grains significantly

reduces the strength of the ceramic material [25]. If the process of liquid-phase
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sintering is accompanied by recrystallization of the phases through the melt, then
the free surface energy at the solid — liquid interface is not its main factor. A
decrease in the melt viscosity and an increase in the contact angle of the solid
phase surface accelerates the dissolution of nonequilibrium phases and small
crystals of the final phase.

The influence of the melt structure in liquid-phase sintering is a
consequence of the following laws [25]:

+ Sintering is accelerated by certain oxides whose cation-oxygen bond
energies lie within narrow limits that differ for each specific phase. The energy of
this bond characterizes the structure of these melts.

* The sintering intensity increases if the melt composition is in the
crystallization field of the sintering phase, but not on the boundary curve.

 Sintering can be facilitated by a favorable melt structure, even if the
properties of the liquid phase change for the worse, for example, changes in
viscosity, wetting ability, and surface energy.

In addition to dissolving solid particles and crystallizing new crystalline
phases from them, the melt plays the role of a solvent of quartz and a kaolinite
residue. This contributes to the intramolecular transformations of the starting
materials, as well as diffusion processes [25]. The completeness of these processes
is determined by the solubility of the crystalline phase in the melt, the amount of
melt, and the ability to wet solid particles, spreading over the surface and
penetrating into capillary gaps [25].

One of the ways to increase ceramic masses is to introduce additional
components in them in a small amount. These substances contribute to the
formation of solid solutions, as well as the formation of additional vacancies in the
crystal lattice, thereby increasing the thermal diffusion coefficient [26].

In addition to an increase in the number of defects in the crystal lattice,
mineralizers change the direction of the liquid-phase structure formation process,

activating the viscous melt flow and thermal diffusion processes [26].
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Among the mineralizers that increase the defectiveness of the crystal
lattice, additives of 3d transition elements (Fe,O; and MnQO,), which are capable of
forming defective solid solutions with mullite, have the most effective effect on the
sintering process of refractory clay raw materials [27].

The introduction of MnO, additive in the composition of masses with high
alumina content enhances the crystallinity of the structure of the sintered material
and promotes the formation of a denser microstructure [28].

The oxides ZnO, TiO,, MgO, and CaF, fluoride increase the reactivity of
the melt, increasing its amount and changing its structure [26]. In addition, the
introduction of magnesium and zinc oxides into aluminosilicate ceramics reduces
the temperature of the appearance of the liquid phase by 50-100 °C [29]. The
authors of [26] attribute the effect of additives of oxides of the RO type to a shift in
the maximum of the exothermic effect (900-920 °C) to a lower temperature
region. This effect is associated with the segregation of Al,O; and SiO, oxides,
followed by cluster formation according to the n(yAl,O3)*mSiO,—(1-n)Al,O3¢(2-
m)SiO, scheme, which serve as the basis for further mullite formation.

The effectiveness of the mineralizer depends on its quantity: it should not
exceed the concentration leading to the synthesis of secondary crystalline phases,
and should lie within the limits of solubility [30].

The choice of a sinter activating mineralizer is a rather complicated
process; it is necessary to rely on the peculiarity of the raw material and the
expected phase composition of the firing product. The correct choice of
mineralizing additives can reduce the sintering temperature of ceramics and adjust
its final properties, while their use will be economically justified.

1.5 Technological features of ceramic proppants

The manufacturing technology of ceramic proppant from natural raw
materials includes a number of basic processes:

* preparation of initial raw materials, their cleaning and calcination;

* crushing and grinding on special equipment;

* preparation of ceramic mass, mixing and adjustment;
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* the introduction of a binder and granulation;

« firing of granules before sintering under the established technological
regime;

* control of marriage and sieving in certain fractions;

* packaging and storage

A feature of the technology is the need for preliminary calcination of the
feedstock at temperatures that ensure complete dehydration of the rock-forming
minerals.

Anneal and finely ground charge with an average particle size of 3-5 um
enters the mixer-granulator, after mixing, a binder enters there, which imparts a
certain moisture set by the technologist and gives the charge molding properties.

The number of ligaments is determined in the mass ratio of the mixture:
ligament, less often in volume. When granulating, it is necessary to regulate the
rotation speed of the granulator shaft, with its help it is possible to determine the
size of the granules.

When granules are formed, the speed of the mixer is reduced and a dry
ceramic mass for fixing the size of the granules.

After granulation, the formed granules are sent for drying at a temperature
of 120-310 ° C until moisture loss of up to 1 wt. % in order to avoid defects during
firing.

Firing is carried out in granules rotating until complete sintering.

The fractions into which the proppants are classified are regulated by
GOSTs and TU, or depend on the customer’s order. The main ones are: 12/20,
16/20, 16/30, 20/40. After sifting proppants into fractions and checking them, they
go through the packaging process and are sent to a warehouse for storage.

To obtain the necessary strength of the proppant, the component
composition of the charge is regulated, and the necessary additional additives are
introduced, which leads to additional economic costs.

It is necessary to reduce the cost of this technology, to select additives that

will not only increase strength and increase bulk density in order to increase the
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permeability of proppant packaging, this can be built by the composition of the

ceramic mass or by changing the raw material base.
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