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PE®EPAT

BrinmyckHas kBanudukanmonHas pabora maructpa cogepxut 130 crpanmii,
29 pucynkoB, 39 tabauil. Mcnonas3oBaHo 34 auTepaTypHBIX HCTOYHUKOB.

KiroueBbie cioBa: HAaHOMHACHTUPOBAHHE, MEXaHUYECKas aKTUBaLu,
aKTUBHPOBAHHOE CIIEKaHUE, OKCUKaApOOHUTPHU/I, HAHOTIOPOIIIOK.

Lenpto  maHHOM  paboOThl  SBISJIOCH  MCCIENOBAaHUE  MPOIECCOB
KOHCOJUAUPOBAHMS, (PU3UKO-MEXaHHUECKUX CBOMCTB U CTPYKTYPhl KEPaMHUKHU Ha
OCHOBE OKCHJIOB aJTIOMUHUS U LIUPKOHUS.

OOBEKTOM HCCIENOBAHUS SABISIIUCH TOPOIIKOBBIE CMECH CIEIYIOIINX
coctaBoB: Zr0;, ZrN, Al,Os;, Al, Ti, TiO,.

B pesynpTaTe ompeneneHbl TEXHOJOTMYECKHE U (U3NYECKUE CBONCTBA
MOPOIIKOBBIX CMECEH, WX MPecCyeMOCTh, IIOTHOCTh MPECCOBOK M CIEYECHHBIX
o0pa3loB, IMpPOBEIEH  KOMIUIEKC  MHUKPOMEXAHHYECKHMX  HUCHBITAHUH  C
ucrosib3oBaHueM HaHouHJeHTopa G 200 U MUKPOCTPYKTYpHBIE HCCIEIOBAHUS
CIIEYEHHOW KepaMHKH ¢ moMouibio cucreMbl SIAMS Photolab.

Crenenp peanuzalid - pe3yiabTaTbl MOTYT OBITh HMCIOJIB30BaHBI JIS
pa3pabOTKu HHCTPYMEHTAIBHBIX U KOHCTPYKIIMOHHBIX KEPAMUYECKIX MaTEPUaIOB.

Oxonomuueckass 3GHEKTUBHOCTh padoThl. [IpoekT sBISETCS TOMCKOBOM
HAay4YHOW pabOTOM, TOITOMY MHTETPAIbHBINA (DMHAHCOBBIN MMOKA3aTeNbh Pa3pabOTKU
HE MOKET OBITh paccunTaH. B 11e10M 1aHHBIi MPOEKT NEPCIIEKTUBEH C TOYKU 3PEHUS
pecypconoTpeOieH s, TaK KakK, B OTIUYNE OT CBOMX aHAJIOTOB, OH MPEyCMaTPUBAET
CHIDKEHHE 3aTpaT Ha ce0eCTOMMOCTh OyAyIIei MPOIyKIIUH 3a CUET UCTIOIh30BaAHHUS
HEJOPOrOr0 MECTHOTO CHIPbS M BO3MOXKHOTO JOCTIKEHHUSI TpeOyembIX (hHU3HKO-

MEXaHUYECKUX XapaKTePUCTUK Pa3padO0TaHHBIX KEPAMUYECKUX MATEPUAJIOB.



OITPEJAEJIEHUSA, OBO3ZHAYEHUSA, COKPAIIEHUA U
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Beenenue

Martepuansl Ha OCHOBE OKCHUKapOOHUTPUAHBIX (a3 C pPEryasipHbIM
pacupenesieHneM KOMIIOHEHTOB C Pa3JIMYHOM CTENEHBIO MOHHOCTH XHMHMYECKOU
CBSA3M XapaKTEPU3YIOTCS YHUKAJIBHBIM COYETAaHUEM HPOYHOCTHBIX, 3JEKTPO- U
TEII0(U3UUECKUX CBOMCTB; HU3KOM IJIOTHOCTHIO U BEICOKON TBEPAOCTHIO, BHICOKON
TEIUIONPOBOAHOCTBIO M HM3KOM  DJIEKTPOIPOBOJHOCTBIO,  ITOBBIIICHHOU
TEPMHUYECKON CTAOMIBHOCTHIO KAPOTPOYHOCTHIO U T.1.

HaubGonpmmii uHTEpeC BbI3bIBA€T Tpex(a3Hbli CHHTE3 BO BpeMs
KOMITAKTUPOBAHUSI cMecell B MHEpTHOM atMocdepe. [Ipu 3TOM MOpOIIKKM MOTYT
OBITH CIPECCOBaHbl B KOMITAKTHI, KaK /10 CIEKaHMs, TaK U B €ro mpoiecce. Bo
BTOPOM CJIy4ae MOTYT IPUMEHATHCS Pa3INuHbIE BAPUAHTHI TOPSIYETO IIPECCOBAHUS
U HCKPOBOTO IIa3MEHHOro cnekanus. lIpoOnemoil s TyromiaBKUX HOHHO-
KOBAJEHTHBIX  OKCUKAPOOHUTPUJOB  MEPEXOAHBIX  METAUIOB  CTAaHOBUTCSA
aKTUBHPOBAHHOE CIIEKAHUE U3 33 TOTO, YTO OHO MPOUCXOJIUT MO AUP(HY3UOHHOMY
MexaHu3My. UToObl pemuTh 3Ty npodieMy HeOOXOAMMO MCCIEI0BATh OCHOBHBIE
3aKOHOMEPHOCTH M MEXaHW3Mbl JIAHHBIX MaTEpPHAJIOB, IOUCK AKTHUBUPYIOIINUX
n00aBOK U METOAMK aKTMBHpoBaHuA. Mccnenys nurepaTypy Mo JaHHOW TEMaTHKE
CTAaHOBHUTCSI SICHO, YTO BapHaHTOB AKTUBUPOBAHHOTO CIIEKAHMS C NPHUMEHEHHEM
N00aBOK TaKMX KaK HAHOJUCIEPCHBIE IMOPOIIKM IPEICTaBICHO HEAOCTATOYHOE
KOJIMYECTBO.

BBenenue npumecei MIEI0YHO-3€MENBHBIX, PEIKO3EMENIBHBIX 3JIEMEHTOB B
COCTaB JIMOKCHJIAa IUPKOHUS C OOpa3oBaHUEM TBEPAbIX PACTBOPOB SBISIETCS
CTaHJAPTHBIM TPUEMOM CTAOMJIM3aLUKA BBICOKOTEMIEPATYPHBIX MOAN(PUKALIMMA
ZrO,, NOpOSBISAIOIIMX BBICOKYI0O HOHHYIO IPOBOJAMMOCTb M B PSIE CIy4yacs
MOBBIIIEHHBIE IPOYHOCTHHIE CBOMCTBA.

JlernpoBaHu€ KHUCIOPOJHON MOJAPEIIETKH JAHOKCHAA aTOMaMH HEMETAJIJIOB
3TO JIpyroil cnocob crabunuzanuu ¢uroopurononodbHoit (F) crpykryper ZrO2.
Haubomnbiiee BHUMaHuE Cpeiv HUX 3acilykKuBaeT A30T. 3ameiieHnrue noHoB O2 Ha
N3 naer BO3MOXHOCTb CTAaOMJIM3allMM BBICOKOTEMIIEPATYPHBIX KyOWYECKUX

JTMOKCHUIOB LIUpKOHUSA. OOpa3oBaHue CUIIbHBIX THOPUIHBIX CBsizel Zrdd — N2p
10



OPUBOJUT K cTabuiau3auuu (IIOOPUTONOAOOHBIX JTUOKCHHUTPUAOB IIUPKOHUS 32
cuet 3amenieHus O — N.

Ponp aHHMOHHBIX BakKaHCHUW 3aKIIOYAETCS B PErYJUPOBAHUM CTENEHU
3aMO0JIHEHUS BAJICHTHBIX 30H. ONTUMaNbHasl YCTOUUUBOCTh CTPYKTYPhI JJOCTUTAETCS
npu cojepkaHuu AedeKkToB (MPUMECHBIX aTOMOB a30Ta U AaHMOHHBIX BaKaHCUM) B
cootHomennu (2N*~ + Vo). Usyuenne ynopsamodenus 1eeKToB MOKa3hIBAET, YTO
ADHEPreTUYECKUN BBIUTPBINI JOCTUraeTcsli MNpu OO0pa3oBaHUU B  CTPYKTYpe
JUOKCUHUTPUAOB KOMIAKTHBIX AaCCOLMATOB aTOMOB Aa30Ta; JIOMOJHUTEIbHAs
cTabWIn3amus CUCTEMBbl MPOUCXOMUT TMPU PACIIOIOKEHUN AHUOHHOW BaKaHCHH
TaKuM 00pa3oM, UTO IS psAJla KaTUOHOB aTOMHAasi KOHPUrypauus X OJM>KHEro
OKPYXEHUSI COOTBETCTBYET YCIOBHIO UX «JIOKaIbHOU cTexuomeTpumn» (ZrOsN,> Vo).
VYkazaHHbie KJIacTephl 1IePEKTOB MOKHO PACCMATPUBATH KaK 3apOJIbIIITN HUTPUTHON
da3pl B 00beMe HOKCUHUTPHUIOB IUPKOHUS, KOT/Ia B pe3ysbTaTe oOpa3OBaHUS
CWIBbHBIX THOPUAHBIX d — p - B3aUMOJEUCTBUM Zr — N MPOUCXOAUT MEePeCcTpoiKa
KOOPAMHAIMOHHOTO Mojudapa MupKoHus oT ZrOg (ansa ZrO;) 1o ZrNe (s ZrN).

Ilenpto paboTHl  SBISJIOCH  HMCCIENOBAHUE CTPYKTYPhl H  (PU3HKO-
MEXaHUYECKHUX CBOMCTB KEpaMHKH Ha OCHOBE OKCHUKapOOHHUTPUJIOB THUTAaHa,
ATIOMUHUS U UUPKOHHUS, MOJTYYEHHBIX C MPUMEHEHHEM MEPEIOBbIX TEXHOJIOTHI

KOHCOJIMIUPOBAHMA.

11



1 JIutepatypHslii 0030p

1.1 KepaMnKa Ha OCHOBC OKCHUIAa AJIOMHHHUA

Okcujg amoMUHUS — TJIIMHO3E€M — SIBIISETCS TYTOIUIABKHUM XUMHUYECKUM
COEIMHEHNEM C HOHHO-KOBAJIEHTHBIM THIIOM CBSI3H KPUCTAILNTNYECKOU pemeTku. OH
UMEET HECKOJbKO KPUCTAUIMUECKUX MoAudUKaiuil. YCcTaHOBIEHBI d-, - U Y-
Moau(duKauKu rIauHO3eMa, mpuueM o- U Y-Al,Os mpencTaBisitoT coOOM YMCTHIN
OKCHUJ aIIOMUHUS, a (- MoauduKalus — COCIUHEHUE OKCHIA AIIOMUHUS CO
LIEJIOYHBIMHA U IIEJTOYHO-3EMEIIbHBIMA OKCUIAMU.

B npuponHbix ycioBusix BcTpedaeTcs Toiabko a-Al,O3 B BHIE MHUHEpasoOB
KOpyHJa, pyOuHa, camndupa, KOTOPHIA KPUCTAIM3YETCd B TPUTOHAIBHOMN
cunronuu. Kyouueckuii y- u rekcaroHainbHbiid B-Al,O3; SBISIOTCS HECTAOUIBLHBIMU
MoaudukanusmMu, Kotopele pu HarpeBe cBeime 1500°C mepexomst B a-AlOs.
KopyH10BO# TeXHHMYECKOM KepaMUKOW HA3bIBACTCSl KEpaMHKa, cojeprKkaiias 0oee
95% a-Al1,0;. B nureparype BCTpPEYalOTCA YACTHBIE HA3BaHUA KOPYHIOBOU
KEpAMUKH: QIIOMUHOOKCHUJ, KOPYHIW3, CHHOKCOJIb, MHHaIyHI, M-7, 22XC,
MUKPOJIUT, CaripupUT, MOJUKOP U JP.

Bce aTtr BUABI TEXHUYECKON KOPYHAOBOM KEPAMUKHU OTIMYAIOTCA COCTABOM U
coJlep)KaHMEM BBOJAMMBIX N100aBOK. CTpemiieHHWE pealnu30BaThb B KOPYHIOBOM
KepaMUKEe MAaKCUMaJIbHO BO3MOXHBIE 3HAUCHUS T€X WJIM UHBIX SKCIUTyaTal[MOHHBIX
XapaKTepUCTUK M BBI3BAJIO IMOSIBIICHHE MHOTOYMCIEHHBIX BHUAOB KOPYHJIOBOM
KepaMuKd. TEeXHOJOTUsl pPa3IUYHBIX BHJAOB KOPYHJIOBOM KEpPaMUKH MOXKET
CYWIECTBEHHO OTIMYaThCA. VCHONB3yIOTCS Kak JOCTaTOYHO TPAAULMOHHBIE
KepaMUYECKHE TEXHOJOTUHU C MPUMEHEHUEM MMPUPOJHOTO ChIPhS, TaK U MEePEIOBbIC
TEXHOJIOTUYECKHE METOJIbl, B OCOOEHHOCTH ISl TPOU3BOJACTBA BBICOKOIPOYHBIX
Kepamuk [1].

HcxogupiMu MaTepuanaMu B TEXHOJOTUH KOPYHIOBOM KEPAMUKU SIBIISFOTCS
MOPOUIKY OKCHJIA AIFOMUHUS, TIOJIy4aeMble Pa3IuYHbIMUA CIIOCOOAMHU.

Texaudyeckuii ramHO3eM (TEXHUYECKUH OKCHJ QIIOMUHHKS) TPaTUIIMOHHO

ABJIACTCA OJHHMM M3 OCHOBHBIX BHUIAOB CBIPbA JIsI IIPOM3BOJACTBA KOPYHHOBOﬁ
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kepamuku. Ero momydaroT < myTeM  paslioKeHHS ~— MHHEpalia  OOKCHTa,
MPEACTABIAIONIEIO0 CO00M CMeCh THAPOKCHIOB AJIIOMHHHUSI PAacCTBOPOM E€IKOMU
1iesioyr ¢ o0pa3oBaHUMEM AallFOMUHATA HATPHUs, KOTOPBIA MEPEXOAUT B PacTBOP.
PacTtBop anmtomMuHara OYMINAKOT OT MPHUMECEH, IMOCIE YEro BBIICISIIOT YUCTHIN
TUJPOKCHU AIFOMUHUSI, KOTOPBIN TpoKaIMBaroT ripu temieparype 1150-1200°C. B
pesynbrare o00pasyercs MOPOIIOK TEXHUYECKOro TiuHo3eMa. [loiydeHHbie
MOPOIIKY TPEACTABIAIOT CcOo00i Tmapoodpasnbie (cheponnuTHBIE) ariioMepaTsl
pazmepom 40-70 MKM, cocTosiiue U3 KpUCTALTUTOB Y-Al,O3, pasMep KOTOPHIX HE
npesbimaer 0,1 Mkm.

B TexHonorum kepamuku Ha ocHOBE AlOs MIMPOKO MPUMEHSIOT Oemblii
AIIEKTPOILIABICHBIN KOPYH. bemnblil 351eKTpoKOpYH (KOppaKC, alyH[) TOJydaroT
MyTEM IUJIABKM B DJEKTPUUECKUX AYTOBBIX MMeYaX TEXHUUYECKOTOo TIJIMHO3EMA.
Conepxanue a-A1,0; B 6e10M 37eKTpOKOpYH/IE cocTaBisieT 98% u Goitee.

[Topouiku okcuaa aaTtOMUHUSA MOJYYarOT TAKKE TEPMUUYECKAM PA3JI0KEHUEM
HEKOTOPBIX COJIEH aJIOMHUHUSA, HANPUMEDP A30THOKHUCIOro amoMuHus. CpenHui
pasMep ToJiydaeMblx uacTull cocTaBisieT 0,IMKM, BcieacTBuE 4ero o0OJanaer
OOJIBIIION XMMHUYECKOM aKTUBHOCTHIO [ 1-2].

Jist  monydeHuss — ynbTpagucnepcHsix  mopomkoB  Al,Os;,  koTopbie
WCIIOJIB3YIOTCSl B TEXHOJIOTUN KOHCTPYKIIMOHHOW M MHCTPYMEHTAJIbHON KEPAMUKH,
IIMPOKOE  PACTIPOCTPAHEHHE MOJYYHJI CIOCOO COBMECTHOTO  OCaXACHHS
ruapokcuioB (COIN) u mnazmoxumudeckoro cuntesa (IIXC). CymHocts MeTona
COI 3akmrouaercs B pacTBOpeHUH cojiel amomunus, Harpumep AlCls B pactBope
aMMMaKa U TOCIEIYIOUIEM BBIMAJACHUU OOpPa3yOUIUXCA TUIAPATOB B OCAJOK.
[Ipomiecc BemyT Mpu HU3KUX TeMIEparypax M OOJBIIUX CPOKaX BBIICPKKH.
[TonyueHHbIE THUIPOKCUIIBI CyIIaT W MPOKAJIMBAIOT, B pe3ysibTaTe 00pa3yeTcs
nopomok Al,O3; ¢ pasmepom dactun 10—-100aM. B texnonorum IIXC BomHBIH
pactBop Al(NOs3); mogaercs B COILIIO MIA3MOTPOHA. B KaIisx pacTBopa BO3HUKAIOT
Ype3BbIYafHO BBICOKHUE TEMIIEPATYPHBIE TPAIUEHTHI, POUCXOJAUT OYEHb OBICTPHIN
mporiecc cuHTe3a ©  Kpucraummsamuu  Al,Os;. YacTumpl mopomika HMEIOT

chepuueckyro hopmy u pazmep 0,1—1Mxm.
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[Topomku Al,O3;, He3aBUCMMO OT TEXHOJOTHMM HUX TNOJy4YEHUS, Mepen
dbopMoOBaHHEM TOABEPTraloT MpoKaTuBaHuio mpu Temieparype 1500°C ¢ menbro
00€3BOKMBAHUS U TIEPEBO/Ia B YCTOMUMBYIO U 00JIe€ MIIOTHYIO 0-MOAU(DUKALIMIO.

JIns oydeHus IJIOTHOM CIIEYEHHOW KOPYHIOBOW KE€PAMHUKH TEXHHYECKUU
TJIMHO3EM U 3JIEKTPOKOPYH/ TOJDKHBI ObITh M3MENBbYEHBI 10 YacTUll pa3MepoM 11—
2MKM, a B HEKOTOPBIX Cily4asix U Menbye. JlJis 3TOro MPUMEHSIIOT IIApOBbIE,
BUOpAIlMOHHBIE W CTpyHHble MeabHULBL. [llapoBble MeNbHHLBI  QYyTEPYIOT
ITYHJOBOM KJICTIKOW WJIM PE3UHOM. 3aCOpEHHUs TNIMHO3eMa B TaKUX MeEIbHUIAX
PaKTUYECKHU HE MTPOUCXOAMT [3].

@opMOBaHHE KOPYHJIOBBIX W3/EJIUN MPOU3BOAAT ITyTEM JHUThS U3 BOJHBIX
CYCIIEH3UH, JIMThS NOJ JABJIECHHEM, OJHOOCHOIO CTAaTHMYECKOrO IIPECCOBAHUS,
TUAPOCTATHYECKOT0 MPECCOBAHMUS, TOPSAYETO MTPECCOBAHUS.

B TeXHOJIOrMH IIJIMKEPHOTO JIUThS IEPBOM OINlEpalel BISETCS TOATOTOBKA
BOJIHOM CYCIEH3UH — LUIMKEPA ¢ TPEOyEeMbIMU JIUTEHHBIMU CBOMCTBAMH, KOTOPbIE
onpenenstorcsa ero pH. ' muHo3eMucThIe NUITMKEPHI Pa3KHKAOTCS KaK B KUCIIOM, TaK
U B IIEJIOYHOU Cpesie, IPUYEM UMEIOTCS ONpPEIEICHHbIE HHTEPBaIbI 3HaueHus pH,
KOTOPBIM ~ COOTBETCTBYET  HauOousbliee  pazxwxkeHue. llepen  auThem
MPUTOTOBJICHHBIM NIJIUKEP BaKyyMHUPYIOT MPU OCTATOYHOM JaBieHUU 15-20Mm
pT.cT. 3nenus OT/IMBAIOT B TUIICOBBIX (pOpMax Kak CIMBHBIM, TaK U HaJUBHBIM
crocoOoM. Ycaaka OTIIMTBIX U3/AeNui B (hOpME MO Mepe MX BBICBIXAaHUS COCTABISET
1-1,5%. Otnutele wu3nenus cymar Opd KOMHATHOM Temieparype. JluTbe
UCIIONIb3yeTCsl 11 (POPMOBaHUSA TOHKOCTEHHBIX KOPYHAOBBIX U3JIEIUH CIOXKHOM
(GopMbl, HE UCHBITHIBAIOUIMX B MPOLECCE AKCIUTyaTallMM 3HAYUTEIbHBIX
MEXAHUYECKUX BO3IAECHUCTBUM.

Jns mpousBoactBa wm3aenmit u3 AlLOs; mocrarouyHo mnpocTodt  ¢GopMmbl,
HanpuMep, BTYJIOK, PEXYIIMX BCTaBOK, (POPCYHOK, (UIbEp HCHOIB3YETCs
OJTHOOCHO€ CTaTMYECKOE MPECCOBAaHME B METAIIMYECKHX mpecc-popmax. B saTtom
cllydae B TMOpPOUIOK J00aBisieTcs IacTU(UKATOp, Yalle BCEro Kaydyk, B

konnyectBe 1-2% Mmac.
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Merox ~ TIUAPOCTATUYECKOTO  MPECCOBAHMS  IO3BOJIAET  IOJIy4aTh
KpYMHOTa0apUTHBIE KepaMUYECKUE 3aroTOBKU CIOXHON ¢opmbl. B ruapocrare
pPaBHOMEpPHBIE YIUIOTHSIOIINAE YCWINSA U, COOTBETCTBEHHO, PaBHOIUIOTHOCTH BCEX
YUacTKOB TPECCYyeMOro H3AeNusi OO0ecleuynuBaeTcsl Iepenayeil JaBieHUs OT
HarHeTaeMoM >KUJKOCTH K H3JIEIMI0 Yepe3 dJacTHUUHyr0 000s10uKy. PaBHOMepHOE
pacrpesielieHue IUIOTHOCTM B IPECCOBKE OJIAarONpPHUSTHO CKa3bIBa€TCA Ha
PaBHOMEPHOCTHU yCaJKU IIPH crieKaHuu [3-4].

Haubonee npounsie mznenuss uz Al,Os monydaroTcst METOJOM TOPSIUEro
npeccoBanus (I'Tl) B rpaduToBhIX mpecc-popmax ¢ mokpeiTuem u3 BN u ropsiaero
n3zocratuyeckoro npeccoanusa (I'MIT) B razocrarax. IIpu 3TOM OIHOBPEMEHHO
IIPOUCXOJIUT YIUIOTHEHUE MOPOIIKA B U3/EJIHNE U CIIEKaHKE. J[aBIeHNE TPECCOBAHUS
coctasisieT 20—40MlIa, remnieparypa ciekanus 1200—-1300°C. Meronst ['TI u I'UIT
SBJIAFOTCS. TEXHOJIOTMYECKH CJIOKHBIMU M DHEPrOEMKHMHM M IPUMEHSIOTCS IS
IOJIy4EHUS]  OTBETCTBEHHBIX  KEpPaMUYECKUX  JETaed  KOHCTPYKLUHMOHHOIO
Ha3HAYEHUs, padOTAIOIIKX B YCIOBUAX BBICOKUX TEMIIEPATYP U arpeCCUBHBIX CPE/I.

CriekaHue KOPYHAOBOM KepaMUKH B OOJBIIMHCTBE CIy4yaeB SBISETCS
TBepAo(a3zHbIM. TemnepaTypa CIEeKaHHs 3aBUCUT OT JUCIIEPCHOCTH U aKTUBHOCTHU
UCXOJHBIX IOPOIIKOB, YCIOBUH CIEKaHWs, BHJAa M KOJUYECTBA JOOABOK.
JlucnepcHOCTh NOPOIIKOB KOPYHJa OKA3bIBAET pEUIAOLIEE BIMSHUE HE TOJBKO Ha
TEMIIepaTypy CIHEKaHHs, HO KW BOOOIIE HAa BO3MOXKHOCTb CIIEKaHUS KOPYHJA.
MakcuMainbHblid pazMep yacTull nopoiika Al,0O; He TOTKEH MPEBBIMIATE 3—SMKM.
Jns nopomkoB Al,O3 ¢ agucnepcHocTbio 1-2MkM 0e3 BBedeHUsA J00aBOK
TeMmIreparypa crnekanusa Haxoautcs B mpexenax 1700-1750°C. Ilpu 3Tom
JOCTUTraeTcsl INIOTHOCTh 3,7—3,85r/cM?, minu oTHOcuTeIbHAs WI0THOCTH 0,94—0,96.
Jns momoOHOro yIJIOTHEHUSI TpPU  JUCHEPCHOCTH 2MKM  Tpelyercs yxe
temneparypa 1750-1800°C, a npu gucniepcHOCTH 0KOJI0 SMKM gaxe npu 1850°C
IJIOTHOCTh cocTaBisieT Bcero 0,82-0,84 ot Teopernueckoil. YnpTpa- U
HaHoaucrepcHble TOpoku Al,Os3 BCaeACTBHE BBICOKOW MTOBEPXHOCTHOM 3HEPTUU
U J1e(pEeKTHOCTH KPUCTAIMYECKOIO CTPOCHMS SIBISIOTCS BEChbMa AaKTHBHBIMHU.

KopyHnoBele TpPECCOBKM M3 TaKHX IMOPOIIKOB MOTYT CHEKATbCA [0 BBICOKOU
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mwiotHocty (0,95) mpu temmeparype 1600°C 6e3 CymieCTBEHHOTO YBEIUYCHUS
pa3mepa 3epHa [5].

Bo mMHOrux ciy4asix B KOpyH/JIOBYIO IIUXTY BBOJSTCS pa3inyHbie J00aBKHU B
BUJICE OKCHJOB WJIM COJIEH. DTO Jenaercss C UENbl0 CHHKEHUS TEMIEPaTyphbl
CIIEKaHUS U U3MEHEHUS XapaKTepa KpUCTAJUTM3AIMHU [TPU CTIEKAHUU.

JHo6aska TiO, cHmkaeT Temiiepatypy criekanus kopyHaa g0 1500—-1550°C.
[Tpu aToM ob6pazyercs TBepabIit pacTBop TiOs B A1,03, 4TO BBI3BIBACT UCKAKEHUE
KPUCTAJUIMUECKOW pelIeTKHA KOPYyHAa U, KaK CJIe/ICTBHE, O0Jiee aKTUBHOE CIIEKaHUE
u pekpuctaumsanuio. Jlo6aBka TiO, BBI3BIBAET HHTEHCUBHBIM POCT 3€pHa
KOpyHA0BOM KepaMuku 10 200-350mkm.

Psn mo6aBok 3amepKMBaeT PoCT KPUCTAIIOB KopyHaa. HambGomnee cuibHO
3TOT 3 Pext npossusercs npu BeeaeHun MgO. IIpu BBenennn B muxty 0,5-1%
MgO pa3mep KpUCTAUIOB CIIEYEHHOM KEepaMuKH HE MpeBbimaer 2—10MkMm. DT0
OOBsICHAETCS 00pa3oBaHMEM Ha TOBEPXHOCTH KOPYHAAa MHUKPOHHBIX MPOCIOEK
MarHe3uajbHOM IIIUHEIH, 3aI€PKUBAIOIINX POCT KPUCTAJUIOB. MelKko3epHUCTas
CTPYKTypa KopyHJia ¢ fo6aBkoit MgO ynydiaer MexaHM4eCKUe CBOMCTBA KOPYH/IA.
CHmkeHue TeMIiepaTypbl CliekaHus KopyHjaa rnpu BeeaeHun MgO He HabmrogaeTcsl.

Kpome m106aBOK OKCHIIOB, 9acTO NMPUMEHSIOT JO0aBKH, JCHCTBUE KOTOPBIX
OCHOBAaHO Ha OOpPa30BaHUU CTEKJIOBHIHOTO BellecTBa. Takue HOOABKH CHIDKAIOT
TeMIlepaTypy 00KHra 1 OTHOBPEMEHHO BBI3BIBAIOT COKPAILEHUE POCTa KPUCTAIIIOB,
yMeHbleHue nopuctoctu. Ctexiioo0pasytomme 100aBKd B OOJIBIIMHCTBE CIIy4acB
MPEACTABIAIOT COOOM WIENOYHO-3EMEIBHOE AIFOMOCHIIMKATHOE CTEKJIO CaMOTo
pPa3IMYHOTO cocTana [6].

Cnenyer OTMETUTb, YTO MPOYHOCTHBIE XapPaKTEPUCTUKU KOPYHIIOBOM
KepaMUKH B pellatouiell Mepe OMNpeaesitoTCs CBOWCTBAMHM MCXOJHOTO MOPOIIKA
(uncToTa, MUCHEPCHOCTh, AKTUBHOCTH) M TEXHOJOTHMEW MOJy4eHUsI MaTepuana u
BapBUPYIOTCS B MIMPOKHUX TMpejenax. Tak, mpeaena MPOYHOCTH TPH U3THOe
KOPYHJOBOM KEpaMHUKH, TOJYYEHHON W3 TEXHUYECKOTO TJIMHO3eMa IyTeM
MpeccoBaHusl U crekaHus, He npesbiiaer 450MlIla. B 1o xe BpeMsi mpOYHOCTh

rOpAYEIIPECCOBAHHON KEPAMUKH M3  YJIBTPAJAUCHEPCHBIX MOpPOmKOB Al,0;
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nocruraer 650MIla. TpemMHOCTOMKOCTh KOPYHIOBOM KEPAMHKMA B MEHbILIEH
CTEIIEHHM 3aBUCHUT OT TEXHOJIOTMHU U3TOTOBJIEHH U He TpeBbiaeT 3MITa*m™,

B Tabn.1 npencraBiieHbl OCHOBHbIE (PU3UKO-MEXaHUYECKUE XaPAKTEPUCTUKU
CIICUCHHON KOPYHJIOBOW KEPAMUKH.

KopyHna oTinyaeTcss HCKIIOYUTEIBHO BBICOKOW XMMHUYECKOW CTOMKOCTBIO B
OTHOLIEHUM KHUCIOT W Ienodyed. llpm HopMmalbHOM TemmepaType Ha HEro
MIPAKTUYECKN HE JICMCTBYET IUIABUKOBask KUCI0Ta. KOpyHT yCTOWYHB K JIEVCTBHIO

OOJIBIIMHCTBA PACIIaBOB MIEJIOYHBIX METALIOB [4-6].

Tabmuua 1- CBoMCTBa KOPYHIOBOM KEPAMUKH

[TnoTHOCTS, T/cM? 3,96
Temneparypa mnasnenus, °C 2050
Koaddunment tertonpoBoanocty, | 30,14 (100°C)
Br/m*rpan 12,4 (400°C)

6,4 ( 1000°C)

VnenbHOE 2nekTpoconporusienue, Om*m | 3*10'2(100°C)

9*107 (1300°C)
JIKTP, 0*10° rpan’! 8 (20-1400°C)
Monyns ynpyroctu, I'Tla 374 (20°C)

315 (1000°C)

147 (1500°C)
IIpenen npounocty npu u3rude, Mlla 10 650 (20°C)

50 (1500°C)
Muxkpotsepaocts, ['Tla 10 26 (20°C)

KopyHnaoBas kepamuka MHUPOKO MPUMEHSETCS B CAMBIX Pa3IMUHBIX 00JIaCTsIX.
TpaguuuoHHble  cpepbl €€  NPUMEHEHMs:  OTHEyNopHas, XHUMHUYecKas
IIPOMBILUIEHHOCTD, 3JIEKTPO- U paguoTexHuKa. C MOSIBIEHUEM HOBBIX TEXHOJIOTUI
MOJyYEHHUSI MCXOIHBIX MOPOILIKOB, (OPMOBAHUS U CIHEKAaHUS HU3AENUNA 00JacCTh
MIPUMEHEHUSI KOPYHIOBOM KEpPAMHUKH CYILIECTBEHHO pacmupuiack. B Hacrosmee

BpeMsl BBICOKOINPOYHbIE KepaMHKM Ha ocHoBe Al,Os; wucnons3yroTcs s
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W3TOTOBJICHUSI M3JIENIMA  KOHCTPYKIIMOHHOTO HA3HAYEHUS, IPUMEHSIEMBIX B
MAIIMHOCTPOEHUH, ABUAITMOHHOW U KOCMUYECKON TEXHUKE.

Kopynn SIBIISICTCS OCHOBHBIM MaTepuaIoM B TEXHOJIOTUH
MUHEpAIOKepaMUKi. MuHepaloKepaMUYeCKUE HWHCTPYMEHTAJIbHBIE MAaTepHUAalIbl
00J1a71at0T BBICOKOM TBEPAOCTHIO, TETIO- U H3HOCOCTOMKOCTHIO. OHM UCITOIB3YIOTCS
JUIL  9UCTOBOM 0OpaOOTKM UYYT'yHOB M HEKOTOPBIX CTajieH. OcHoBoOH
MUHepaniokepaMuku siBiisiercs Al,O; wim ero cMech ¢ KapOuaamMu, HUTPUIAMHU U
nap. OCHOBHBIE XapaKTEpPUCTHKU M OO0JaCTH MPUMEHEHHUS Pa3IMYHBIX MapoK
MUHEPATIOKEPAMUKH MPUBEACHBI B Ta0J.2. KpoMe TpaJulIMOHHBIX MAPOK OKCUTHOM
KEpaMUKH M KEPMETOB IIMPOKO MPUMEHSETCS OKCUIHO-HUTPUIHAS KepamuKa,

HaIMpuMep, KepaMHuKa Mapku "KOPTUHUT" (CMECh KOPYHJa C HUTPUJOM TUTaHA) [7].

1.2 Kepamuka Ha OCHOBE OKCHM/Ia IIMPKOHUS

Kepamuka Ha OCHOBE THOKCHAA IUPKOHUS 3aHIMAET 0CO00€ MECTO B CIIHCKE
NEPCIEKTUBHBIX Il pa3BUTUS BUJAOB Kepamuku. OHa o0nazaeT BBICOKMMHU
MEXaHUYECKMMHU CBOMCTBaMH (MPOYHOCT, Ha u3rud no 2,5 I'Tla), xortopsele
COIOCTaBUMBI CO CBOMCTBaMHM CIIELMAIbHBIX JIETUPOBAHHBIX CTaJIeld. DTO CBA3aHO C
3h(deKToM Tak HaA3BIBAEMOTrO «TPaHC(HOPMAIMOHHOTO YIPOYHEHUS», KOTOPHIM
XapaKTepeH TOJIbKO JJIsi HECKOJBKUX MAaTepHalIOB, KOTOPHIM 00JagaeT 4acCTUIHO
ctabunu3upoBanubii nuokcun 1upkoHust (CSDS). Kpome Ttoro, xepamuka Ha
OCHOBE TUOKCHJIa IIMPKOHUS JOJATOBEYHA M OCOOCHHO TPEIIMHOCTONKAs, 00agaeT
BBICOKOW KHCJIOTOCTOMKOCTBIO U KOPPO3UOHHOM CTOMKOCTBIO, H3HOCOCTOMKOCTBIO
U TEPMOCTOMKOCTHIO, OMOCOBMECTUMOCTBIO. DTOT MaTepuai TaKKe OTIMYaeTCs
Ype3BBIYAHO HHU3KUM KOX()(UIIMEHTOM TPEeHHS IO MeTauiaM. Y HHKAJIbHBIM
CBOMCTBOM KEPaMUKH U3 TUOKCUIA IUPKOHHUS SBISIETCS TO, UTO MPHU TeMIepaType
or 9000 °C xepamMuKa CTaHOBHUTCS 3JIEKTPONPOBOAHOW, YTO MO3BOJISET
UCTIONB30BaTh €€ B KadecTBE TBEPJOTO dJeKTponuTa. HaHokepamuyeckue
MaTepuajgbl Ha OCHOBE JAHMOKCHIA IIMPKOHHUSA TAaKKe CIIOCOOHBI IOTJIOMIATh U

YACPKUBATh 3HAYUTCIIBHOC KOJHNYCCTBO aKTUBHOM KUAKOCTH B IOPOBOM
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npoctpancTBe. CliefyeT OTMETHTb, YTO CO3/1aHHME HOBBIX 00pa3lloB KEPaMUKH U3
UPKOHUSA C YJIYYIICHHBIMH OKCIUTyaTallMOHHBIMH CBOMCTBAMH CBSI3aHO C
UCIIOJIb30BAaHUEM HAHOAMCIIEPCHBIX MOPOIIKOB [5-7].

OCoOeHHOCTBIO TMOKCHIA LIUPKOHUS SBIAETCSA €ro noaumMophusM. YncTeit
ZrO, mpy KOMHATHOM TeMIlepaType HaXOAUTCSI B MOHOKJIMHHOM (pa3e u mpu Harpese
UCIIBIThIBAET (pazoBbie MpeBpaiieHus (puc.4).

[lepexon t-ZrOs>c-ZrO; umeet nudPy3uoHHYIO PUPOIY U UTPAET OUYCHB
BOXHYIO  POJb  NpU  MPOU3BOJCTBE  TaK  HA3bIBAEMOT0  YAaCTHYHO
CTaOMIM3UPOBAHHOTO JuOKcuaa uupkonus. [lpeBpamenne m-ZrO,e—t-ZrO,
IPOTEKAeT IO MApPTEHCUTHOMY MEXaHU3MY M COIIPOBOXKIAETCA OOBEMHBIMHU
u3MeHeHussMu  5-9%. Takoe 3HAYUTENBHOE pacIIMpeHHe MaTepuaia IMpu
OXJIQXKJIEHUH, COIMPOBOXKJIAIOIIEECS] PACTPECKUBAHUEM, HE TMO3BOJISIET MOJIYyYaTh
KOMIAaKTHBIE u3aenus u3 yuctoro ZrO,. [1o 3ol npuynHe NpakTU4eCKoe 3HaUCHHE
UMEIOT TOJIBKO TBEPJBIE PAaCTBOPHI Pa3IMUYHBIX OKCUJIOB Ha ocHOBe ZrO, ymbo
MEXaHUYECKME CMECH C JKECTKOM MaTpuuei, CcrnocoOHOM CTaOUIu3UpOBaTh
BbICOKOTEMIEpaTypHble Pa3bl ZrO, Mpu HU3KOM TeMIeparype.

Haubonee pacnpocrpanennas crabunuzanus Y03, HHOTJA B COUYETAHHUM C
CaO. IlpakTruyecku mojiHasi cTaOMIM3alvsl 3HAYEHMs TakXKe MpHU 3JeKTpodopese
ZrO, BMecTe CO CTaOWMIM3aTOPOM. ODTOT METOJ IIMPOKO HCIOJIb3YeTCs st
MOJIyYeHUs] CTAOMJIM3UPOBAHHOM TPaHYJIMPOBAHHOM CTPYKTypel ZrO, B BHJE
MOPOILIKA Pa3HbIX pa3MepoB [8].

Just  crabwimsanuu  ZrO, COOTBETCTBYET COYETAHHME TPEXBAJIECHTHOIO
XapakTepa € BBEJIECHHBIM KaTHOHOM M JIOCTaTOYHAs OJHM30CTh €ro paauyca K
pamuycy Zr* * (0,871&). Takas cutyarusi ompaBiaHa Ha MPUMEPE CTAOWIM3AIAN
ZrO, oxcupom urrpus (Y3 © 01.061&) n okcunamu P3M. Ilomumo noctukeHust
CTaOMIILHON CTPYKTYphI, (QurooputoBbie n00aBku Y03 m CeO, yCTOWUYMBHI K
UCHApEHUI0 U 00eCreunBalOT UIMPOKOE paclpeiesieHue OJHOPOAHOCTH TBEPIOTO
pacTBOpa TeTparoHagbHOT0 ZrO;, 4TO MO3BOJISIET MOTYYaTh CIIEYEHHYIO KEPAMHUKY,
conepxaryto 6onee 90% t-ZrO,, koTopas SABISIOTCS HaUOOJEe MEPCIEKTUBHBIMU

M3 BCEX NMPKOHOBLIX KHCJIOT KEPaMHUKa.
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Ha pucynke 1 npuBeneHa paBHOBECHAs uarpaMMa COCTOsIHUSA cucteMbl ZrO;

- Y20;.

20001

1500 4

1000 4

5001

0 T T
5 10 15 20
Zroz nac. %0 1,05,

Pucynok 1 - luarpamma cocrosinus cucteMbl ZrO;— Y,0s:

Ty — Temnieparypa nepexona m-2ZrO,«t-ZrO,

TemneparypHble quana3oHbl MPOU3BOJIBHBI U 3aBUCAT OT pa3MEPOB 3€pHA.
Jlunus Ty sBnsieTCss TEOMETPUYECKHMM MeCTaM TeMIeparyp, MNpU KOTOPBIX
cBoOoaHbIe dHeprun m-ZrO; u t-ZrO, onauHakoBbl. [IpuBeneHHbIE WHTEPBAIBI
TEMIIEpaTyp YCJIOBHBI M CHJIBHO 3aBUCAT OT TOTO YTO CKOPOCTU OXJIAKICHUS
TBEPIBIX PAaCTBOPOB U pa3MEPOB 3epHA[9].

[Ipu npon3BOACTBE BHICOKOIIPOYHOU KEPAMUKH UCITOJIB3YETCS IPYrO METO
crabunuzanuu. [locne cnekanust mexanumdeckot cmecu Al,O; -ZrO, (puc. 4) ¢
o0bemMHBIM cogepxkanueMm ZrO, menee 30% oOpasyeTcst xecTkash KOPYHIOBas

MaTpulia, KOTOpas COXpaHsET qUCIIepCHbIE BKiItoUeHus t-ZrO;.
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1.3 CoBpemMeHHbBIE TEXHOJOTHN OKCHAHBIX KEPAMHUK

1.3.1 IlonyyeHne MCXOAHBIX MOPOIIKOB

Paznuyaror crmemyromue METOABl TOMYYEHHUS TMOPOIIKOB:  (DU3HUKO-
XxuMudeckue u mexanuueckue. 1o GU3NKo-XMMUYECKUMU METOJAAMH MOTYyUYEHUs
MOPOILIKOB TOHUMAKOT TAaKHE€ TEXHOJOTHYECKHE MPOLECChl, IMPU KOTOPBIX
BCJICAICTBUE TIyOOKHX (DU3UKO-XMMHYECKUX TMPEBPAIICHUN METaT WA CILIaB
NEepexXoAuT B MOPOLIKOOOpa3sHoe cocTosiHue. [Ipu 3TOM MoOJydeHHBIH MOPOIIOK
MOKET OTJIMYATHCS MO XUMHYECKOMY COCTaBY OT HMCXOAHBIX NpOAyKTOB. [lon
MEXAHUYECKMMH  METOJAAMM  TOJYyYEHHsS  TMOPOIIKOB  MOHHUMAKT  TAaKHE
TEXHOJIOTUYECKUE IPOLECCHl, MPU KOTOPBIX B pe3yJibTaTe IACHUCTBUSI BHEIIHUX
MEXaHUYECKUX CUJI UCXOAHBIM METallI U3MEIbYaeTCsA B MOPOIIOK 0€3 U3MEHEHUS
€ro XMMHUYECKOT'0 COCTaBa.

OcCHOBOI MEXaHUYECKOTO U3MEJIBUYCHHUS SIBIIACTCS MEeXaHU4ecKas o0paboTka
MOPOIIKOB WMJIM WX CMECE B MeNbHUIAX. B pe3ynbTare MeXaHH4eCKOro
BO3JICUCTBUSI TPU KOHTAKTHBIX OOJACTSAX YACTUIl MPOUCXOAUT 3HAYUTEIIbHAS
rmactuyeckas aedopmanus. YMEHBIICHHE BO3HUKAIOIMIUX HAMPSKEHUU MOMXKET
MPOXOJUTHh IyTeM OO0pa30BaHHsS HOBOW TOBEPXHOCTH, BBIJICICHHS TEIUIa,
BO3HMKHOBEHUS Pa3IUYHBIX JePEKTOB B KpUCTAUIaX, HWHUIMUPOBAHUEM
TBepAOo(Da3HbIX XUMHUECKUX peakuuil. [IpenmyiiecTBeHHOE  HaIpaBlICHUE
peJlaKcalyu 3aBUCUT OT MOUIHOCTH MOJABEACHHOU YHEPIUU, COOTHOLICHUS MEXKIY
CIABUTOM U AaBlieHUeM, POopMbI U pa3MepoB vacTull [7-9].

B nmpouecce MexaHMYECKOTrO HW3MENIbYEHUSI TMOPOIIKOB PEaKIHMOHHAS
CIIOCOOHOCTh BEIIECTB M3MEHSIETCS M XMMHUYECKHE PEaKIIMU CTUMYIUPYIOTCS C
oOpa3oBaHHE€M  HOBBIX  COEAMHEHUH, TO O3TOT  TMPOIECC  Ha3bIBACTC
MEXAHOXUMHUYECKUM CHHTE30M MM MEXAHOCUHTE30M. Pe3ylbTaThl MOCIEIHUX
WCCJIEIOBAHUI B 00JIACTH MEXaHOCUHTE3a MOAPOOHO OMMCAHBI B CTATHE.

N3MmenpueHne B IIapOBBIX BUOPAIMOHHBIX MeEJbHHUIIAX. BuOpanuoHHbIE

apoOBbIC MCJIBHHIIBI 00eCIeYnBarOT 6I)ICTpO€ N TOHKOC H3MCJIBYCHHC PA3HBIX
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maTepuanoB. Cxema pabOThl IapOBOM BUOPALIMOHHOW MENbHUIIBI NMPUBEACHA Ha

pUCYHKeE 5.

@ AGpa3suBHBbIC e [Iponykt < Hampasneuue

MCJIbHUYHBIC BPALLCHHS
1aphbl

3arpyska

— Brirpyska

MpOAyKTa

Pucynoxk 3 — Cxema paboThI 111apoBoif BUOPAIIMOHHOM MEIIbHUILIE

MenkoaucnepcHbll aTIOMUHUNA MOXXHO TOJIYYUTh IYyTEM BHOPAIMOHHOIO
W3MEIbUYCHUS, a U3METbYEHUE ATIOMUHUS CJIEAYET MPOBOJIUTH B KUJIKOU Cpelie BO
n30exanue B3pbiBa. OCHOBHBIE MOKa3aTeIN BUOPOIUTU(POBAIBHOTO PEXKUMA, TAKUE
Kak KoOd(UIMEeHT 3amojHeHUsT 00beMa MEJIBHUIBI MEIIOIMUMHU TeJlaMu U
M3MeIbYaeMbIM MAaTEpUAIOM, MAaCCOBOE COOTHOIIICHUE MEXIy HUMH, BUJ ITOMOJIA
(Cyxoif uiH BIIAXHBI), 0OBIYHO YCTAaHABIMBAIOTCS SMIIMPUIECKHU C yUETOM CBOWMCTB
n3MenbuaeMoro marepuaina [10].

N3menbueHne B BUXPEBBIX MeNbHUIAX (PUCYHOK 6). OCHOBHBIC yIapHBIE U
aOpa3vBHBIC CUJIbI BO3HUKAIOT TP CTOJKHOBEHHWU YaCTHUI[ H3MEJIbUYCHHOTO
Martepuasia B BUXpeBoi MenbHulle. [lojiydeHHbIe 4acTUIIBI MOTYT UMETh Pa3InYHYIO
dbopMy:  OCKOJOUHYIO, YelIyh4aTyro, cQepudecKyro, dameoopasHyw (cC
yriyOJieHueM Ha TOBEpXHOCTH). B pe3ynbTaTe BUXPEBOTO U3MENBYCHUS MOTYT

OBITH MMOJIYUYCHBI OYCHb MCJIKHUC U HHpO(bOpHLIG ITOPONIKH.
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ToHkuit
NOPOLLIOK

Pucynox 4 — Cxema paboThl BUXPEBOW METHHUIIBI

W3menpueHre B IUIAHETAPHBIX LEHTPOOEKHBIX W THPOCKOMUYECKHX
MenapHULAX (pucyHok 5). IlnaHeTapHble HEHTPOOEKHBIE MEIBHULBI MO3BOJISIIOT
OCYLIECTBJIATE TOHKOE HW3MEJIBUYCHHUE TPYIHOPA3MAJIbIBAEMbIX MAaTEpUaJIOB BO
MHOTO pa3 ObICTpee, YeM B OOBIYHBIX IIAPOBBIX, BUXPEBBIX U BUOPALIMOHHBIX
MenbHMIAx. Kaxapli u3 2 - 6 paclojioKEHHBIX BEpTUKaIbHO OapabaHOB C
U3MEJbYaeMbIM MaTEpHaJIOM BpalllaeTCsi KaK BOKPYI COOCTBEHHOM HpPOAOJIbHON
OCH, TaK M BOKpPYr OCH, OOmel s AMCcKa, Ha KOTOPOM OHH 3aKpeIlUICHBI.

Hanpasnenus BpaiieHuii npoTUBONOJIOKHBI [11].

6apabaHa BOKpyr

HanpasneHune -
~.]} cobcTBeHHOM ocn

BpalleHns
6apabaHos BOKpyr ke
UeHTpanbHoi ocn 'y

Pucynox 5 - Cxema paboThI my1aHETAPHON MEITLHUIIBI

N3menpbueHne ynbTpa3ByKOM (PUCYHOK 6). YIbTpa3ByKOBOW MEXaHU3M

OTKJIOHCHUA COCTOMT B 3aKJIMHHBaHHU I[CI‘/JICTBI/II/I YAapOB KaBUTAIIHU. B IICPBLIC
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MHHYTBI BO3JICUCTBUS yJIbTPA3BYKa AKTUBUPYIOTCS BCE CTBIKM MEXIY 3€pPHAMU, YTO
IPUBOJUT K MAaKCUMaJIbHOMY pa3pylieHUI0 Marepuana. OnpenesieHHbId BKJIAJ B
U3MEJIbYECHUE TBEPJBIX YACTHUL] BHOCUT UX CTOJIKHOBEHHUE JPYT C IPYTrOM U TPEHUE
0 KUJKOCTb, TaK KaK MOJl BO3JCHCTBHUEM YAapHOI BOJHBI OHU MPUOOPETAIOT OUYCHb
3HAYUTEIIBHOE YCKOpPEHHE, HauuHas JABUIATHCS B KUAKOCTH CO CBEPX3BYKOBOM

CKOpPOCTBIO.

(poayKT usMenbueria YNbLTpasByKOBaA BONHAE=  M3MenbueHHbIA NP oayKT
\ ! =
Lo X —J
X I

Mpouece xaruTal

Pucynok 6 — CxeMa u3Menb4eHusl yIbTPa3ByKOM

JlucrieprupoBaHue BEAYT B CIHPTE, BOJE, ALIETOHE M APYIUX KUIKOCTSX.
Ilony4yeHHBIE MOPOLIKK JOCTATOYHO XMMHUYECKH YMCTBIC, HO YACTHIBI COIEpXkKAT

0O0JIbIIIe MUKPOMCKXKCHHH, YeM TIOCIIC M3MEJIbUCHHS B IIapOBOM MebHUIIE [12].

1.3.2 Cnoco0nl (popMOBaAHUS OKCUIHBIX MOPOIIKOB

dopMoBaHKE MOPOIIKOBBIX METAJUIOB — 3TO OJHA U3 TPYAOEMKUX OIEpalui,
B pe3yJbTaTe€ KOTOPOM TMOJ JECUCTBUEM MPUIOXKEHHOW CHIIBI ITOJYy4YaeTCs
OTHOCHUTEJIbHO TBEpAo€ Telo u3 0ecPOpMEHHOTO CHIMYYEro MOpoIIKa -
MpeCcCoBaHMs, KOTOpoe Mo GopMe U pasMepaM aHAIOTHYHO (opMe W pazMepam
TOTOBOTO H3AENHS C YYETOM pa3MEpPHBbIX M3MEHEHUN B MPOIECCE CHEKAHUS U
nanbHeimer o0paborku. IlpeccoBaHre MOPONIKOBBIX MAaTE€pPHANOB COCTOUT U3
MPUTOTOBJICHUS cMecH MOPOIIKOB 3aIaHHOTO XUMHUYECKOTO u
IPaHyJOMETPUYECKOTO COCTaBa, JO3UPOBAHMS W 3aIlOJIHEHUSI CMECH B Ipecc-

(bOpMy, COOCTBEHHO IIpECCOBAHU, BEIAABJINMBAHMS 3aIrOTOBOK 1 KOHTPOJISL Ka4CCTBA.
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AKTyaJIbHBIX YCIIOBUM (J1aBJCHUS, LIETIH, XOJOJAHOE, TOPsiYee U T. J.) ONPEEIUTh
(GU3UKO-XMMUYECKHE U MEXaHWYECKHME CBOMCTBA TOTOBBIX WB3JCIHHA, UX
OIEPAaTUBHOIO Ha3HauYeHUs. B3auMOCBA3b MEXAY MABICHUEM IPECCOBAHUS U
IJIOTHOCTBIO YIUIOTHEHUM. Y BEIMYEHUE IUIOTHOCTU YIUIOTHEHHUH MPU YBEIUYECHUU
JABJICHUS IPOMCXOAUT HepaBHOMEpHO. Ha mnepBoMm 3rtame mnpeccoBaHus
HauOoJbllIee YBEIMYEHUE JABJICHMS YK€ BBI3BIBAET 3HAYUTEIIBHOE YBEIMYEHUE
IUIOTHOCTH YIJIOTHEHUH, a P JalbHEHIIIeM MPECCOBAaHUU, HA000POT, Jake OUYEHb
00JIbILIOE JaBJICHNE NMPUBOJIUT JIMIIb K HEOOIBIIOMY YBEIUYEHHUIO TUIOTHOCTH [10-
12].

['opsiuee mpeccoBaHue MPEACTaBISET COOOM COBMELIEHHBIM Ipolecc

MIPECCOBAHMS U CIIEKaHUs (PUCYHOK 7).

1 P98 &0 0 0 0 @

Pucynok 7 — Cxema yCTaHOBKH JJI1 TOPSIYETO MTPECCOBAHUS KEPAMUKU:
1 — rpaduToBBIi MyaHCOH; 2 — TpyOKa AJis TepMonapsel; 3 —
M30JISIUMOHHAs 3achllka; 4 — rpaduToBas MaTpula GopMel; 5 — mpeccyembli

MOPOILOK; 6 — HarpeBaTelb; 7 — KOHCTPYKIIMOHHBIE JIETAN

B 3aBuCHMOCTH OT CBOMCTB MOPOIIKOB M MHOTHX APYTHX (haKTOPOB, MPOIIECC
OOBIYHO TpOBOAAT mpu Temmeparype oT 0,5 go 0,8 oT Temmeparypsl IUTaBICHUS
(hOpPMOBOYHBIX MAaTEPUAJIOB U MPU OMPEACIICHHBIX AaBJICHUSX OT SIUHMUIL JI0 ICCITH

MIlIa.
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['opsiuee mpeccoBaHUE IMO3BOJIAET YBEJIWYUTh TEKY4ECTh MATE€pPUAIOB IPH
MOBBIIICHUH TEMIIEPaTypbl, @ B HEKOTOPBHIX CIy4asX MOJYYUTh MPAKTUUECKU
OecriopucTble M3AENUA. 3a CYET HU3KUX TEMIEPATyp M KOPOTKOTO BpEMEHH
00pabOTKH, 4YeM OOBIYHOE CIIEKaHWE, JOCTUTaeTCsl POCT KPUCTAIOB H
MEJKO3EPHUCTON CTPYKTYpbl MaTepuaia. ITOT METOJ MEPCHEKTUBEH Ja)XKe B TOM
ciIy4ae, eCjiu TOJTHOE CTICKaHue MaTepuaia He Tpedyercs [13].

TexHonorus ropsiuero NpeccoBaHus BKIIOYAET B €051 CIEAYIOIIUE OCHOBHBIC
IPOLIECCHI: IPUTOTOBJICHHUE MOPOILIKA, IIPUTOTOBJIEHHUE TIpecc-(hOPMBI, 3al0THEHHE
NOPOIIKAa W XOJIOAHOE MPEIBAPUTEIBHOE YIUIOTHEHHE; Topsiyee IMpPECCOBAHUE;
BO3MOYHAasl TepMUUECcKasi 00padOoTKa — OTXKHT.

Xo0JIoIHOE TpEecCcOBaHUE B 3aKpbIThIX Impecc-popmax (pucyHok 10).
[Ipumensiercs TpH  W3TOTOBIEHUM  KOHCTPYKIIMOHHBIX  jaerajei.  Jlerko
aBTOMATU3UPOBATh U OOECIEUNTh 3arOTOBKU B (pOpME U pa3mepe jisi TOTO YTOObI
COOTBETCTBOBATh 3aKOHYEHHOMY-NPOAYKTHI. B OONBIIMHCTBE ciydyaeB H3Aeus,
c(OpMHPOBAaHHBIE B 3aKPBITHIX (POpMax, HE MOABEPraroTCs AaJIbHENIEH 00paboTKe,
a Tocjie CHEKaHUsl BBOJATCSA B JKCIUIyaTallMIO WIM MOABEPraroTCs JalbHEWIIEH
00paboTKe ¢ LEJbI0 YJIYYIICHUS TJIOIIaJAN MOBEPXHOCTU, MOBBIIICHUS TOYHOCTH

pa3MepoB M JT00ABIICHHS CIICIIUAIbHBIX CBOWCTB.

a 6 8 2 £
r'f— ;i ,.-i ri 2. 7 ,'f N7
AT AT AR NN
.\‘ 1/." (-r";llf _E *, [
SENIIINEN NS /B a7 NEIN
% N R W NTTR NN
AN NN AT LS
:’E\ \? ‘\,\ -\\\Kj 1 %sx :\_;;’ g‘\_ N2 8
AN == NN % I 7\ N\N\7Z % i NV

R
_—

I

Pucynok 8 — TexHosnoruyeckas cxema X0JIOAHOTO TPECCOBAHMUSL:
a — 3aChITKa MOPOoIIIKa; O — yCTaHOBKA MyaHCOHA U TIPECCOBAHKE; B —

repeBopaynuBaHue mpecc-(HopMbl U YCTAHOBKA €€ Ha OMOpPE; T' — BBITAIKUBAHUE
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u3zenus u3 npecc-popmsr; 1- oboitma; 2,4 — myaHcoHbI; 3- MaTpuLa; S-

MpOCTaBKa; 6,9- onopskl; 7 — CTEPKEHb; 8 — U3/IENINE

I'unpocrarnueckoe npeccoBanue. lIponecc M30CTaTUUECKOTO MPECCOBAHUSA
OCYIIECTBIISICTCSl B PE3MHOBBIX UJTU APYTUX AIACTUYHBIX 000J0UKaX, HAXOIAIIUXCS
M0/ BCECTOPOHHHMM CKaTheM pabodeil cpejpl, epenaronie naBieHue (pUucyHoOK
11). D10 uCKITIOYAET MOTEPIO AABJICHUS M3-3a TPCHUS O METALTHIECKYIO hOpMy U
pas3nuyus B COOTBETCTBYIOIMUX KOA(h(UIIMEHTaX CKATUsSl B OMPEEICHHBIX YacTsIX
KOpIyca coria. ITOT crocod 0coO0eHHO d(DPEKTUBEH ISl TPOU3BOCTBA U3CIUM,
BBICOTa KOTOPBIX 3HAYMTEIIBHO TPEBBIMIAET MX IONEPEUHBIE pa3Mepbl (TO €CTh
TPYJAHOAC(POPMUPYEMBIX OOBIYHBIM MPECCOBAHUEM), TMOJIBIX U3JEIUN U W3IeTui
OOJBIIMX pa3MEpPOB, CKATHE KOTOPBIX OrPAHUYEHO OOBIYHBIM CIIOCOOOM MIpH
OTCYTCTBUU TIpEecCOBaHUS TpeOyeMbIX pa3MepoB M xapaktepucTtuk [12-13]. B
HEKOTOPBIX CIy4yasX M30CTAaTHUYECKOE IPECCOBAHUE TAaKXKE HCIONb3YeTCs IS
MOJTYYEHHUSI U3/ICJIUM C OTHOCUTEILHO MIPOCTOM M HETOPOTOM KOH(pUTYypaluei, Koria
HE00X0AMMO 00€CTIeUnTh YCTPAHEHHWE BHYTPEHHHUX HAIPSKEHUN M U30€KaTh WX
MaKCUMaJbHOW PaBHOMEPHOW IUIOTHOCTH, 4YTOOBI TIPEIOTBPATHTH  JIaXe
HE3HAUUTETHHYIO 1e(OpMAIIUIO PU 00KUTE, BHI3BAHHYIO M3MEHUHNBOCTHIO YCAIKU.
3a cueT pPaBHOMEPHOTO CXKAaTHs MaTepuaja MpH HU30CTATUYECKOM IMPECCOBAHHUU
oOmas MmIOTHOCTh Tosydadpukara Bbillle, 4YeM Yy 0OOpa3loB, MOJYyYEHHbIX
MpPECCOBaHMEM B MeTaumueckux ¢opmax. B cBsizu ¢ 3TUM [Js TOCTHUKEHUS
OJIMHAKOBOM CTETEHW YIUIOTHEHHS TPH HM30CTATUYECKOM CXKAaTUH Tpedyercs

MCHBIICC AAaBJICHUC.
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Pucynok 9 - [lpuHiunuanbsHas cxeMa U30CTaTUYECKOro mpeccoBanus: | —
COCY/l BBICOKOTO JIaBJICHUS; 2 — )KUJIKOCTh BBICOKOT'O JaBJIEHUS; 3 — BEpXHUH 3aTBOP;
4 — ynpyras ¢opma; 5 — mpeccyemblid MOpoIIok; 6 — nephoprupoBaHHasi KOp3UHa; 7

— HWD>KHUU 3aTBOP; 8 — MOJIBOJT BBICOKOTO AABICHUS; 9 — OTBOJ KUJIKOCTH

1.3.3 CnexaHue kepaMHKH Ha OCHOBE OKCH/IOB

Crekanue TMOPOIIKOBBIX MaTEpPHAIIOB — 3TO TepMUYeckas o0paboTka
CBOOOJIHO HACBHIIAHHOTO TOPOIIKAa WM MPECCOBaHHBIX 3aroroBok mpu 0,7...0,9
aOCOIOTHOM TeMrmepaTypbl TUIABJICHUS] METalla MOPOIIKa B OJHOKOMIIOHEHTHOM
CUCTEME WJIM HI)KE TEMIIEpaTypbl IUIABJICHUS OCHOBHOIO MeETala B
MHOTOKOMITOHEHTHOM CUCTEME MOPOIKOB. CIIEKaHWE COCTOUT U3 HarpeBa U3AeIui
JI0 3aJJaHHOU TeMIIEPaTypbl, U30TEPMUYECKOUN BBIICPKKHU IIPU ITOM TEMIIEpaType U
OXJIAKJICHUA 1O KOMHATHBIX TEMIIEpaTyp. B MOPHUCTHIX MOPOIIKOBBIX KOMIIAKTaX B
YaCTUIbl CONMPHUKACAIOTCA JIMIIb HA OTACJIBHBIX YYaCTKaX MEHBIIEro pa3mepa 1o
CPaBHEHHMIO C CEUCHUEM YaCTHUIbl. OCHOBHOU BOIPOC TEOPUH U TPAKTUKHU CIICKAHUS
MOPOIIKOBBIX TEJI — ONPEACICHUE KUHETUKHY criekanus [ 14].

B mopomkoBoll METaJUIypruu CHEKaHUE SBISIETCA OJHOM M3 OCHOBHBIX
TEXHOJOTUYECKUX OINEpalui MOPOIIKOBOM METAJUIYPIUU, B KOTOPOU B PE3yJbTaTe

b dy3un, NepeKpUCTAIM3alUd  YIUIOTHEHHBI MOPOIIKOBBIM KOHIJIOMEpaT
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oOpasyer enuHoe Teo, o0anaoiiee cnennGuIecKoi CTpyKTypoil U CBOMCTBaMHU.
C Touku 3peHus pu3nuecKoil XuMuM TBepA0(da3HOE CIIeKaHe MPeICTaBsIeT co0oit
CJIOHBIM MHOTO3TANHBIN MPOIECC CIIOHTAHHOTO KWHETUYECKOTO KOHIJIoMepaTa
YacTHll, K TEPMOAMHAMUYECKOMY MOAXO0/Iy K PAaBHOBECHIO.

[Ipu crekaHUM TPECCOBKU YBEIUYMBACTCS IUIONMIAb KOHTAKTA MEXKITY
yacTUIlaMU U COJIMKeHHEe MX IeHTpoB. OCHOBHOM BOMPOC TEOPUU M MPAKTUKH
CIEKaHUS TMOPOIIKOOOPA3HBIX TBEPABIX BEIIECTB - OINPEACICHUE KUHETUKU
criekaHusi. ABTOpaMu pa3paboTaH METO] onpenesieHus: KUHeTHKu cnekanus HY c
MCIIOJIb30BaHUEM CIICAYIOIINX YPABHEHHIA:

V./Vy=exp(-K1"), (1)
rae V, — HadalbHbIH 00beM mop, V; — 00beM 1op B MOMEHT BpemeHu 7. KoHcTanTta
K Moxer ObITh 3amucaHa BUJE:

K=Koexp(-nQi/RT), (2)
rae Ko — KoHCcTaHTa, OOBIYHO HE3aBHUCSIIas OT TeMIEpaTyphl; R — yHUBepcaibHas
ra3oBasi MOCTOsTHHAS, T — TemrepaTypa; (; — SHeprus akTuBaluu crekanus. [locie
JBOMHOTO JiorapudmupoBanus (3) u ¢ yuetoM (4) moIyduiu:

Inln(V,/V,)=nlnKy-nQ,/RT+nlinr, 3)

[Tocne auddepennrpoBanus MpU TOCTOSIHHOW TeMmIepaType mapaMmerp 7

MOYKHO OTIPEJICIUTH 10 (hopMyIie:
n=dInln(V,/V7)/dinz, 4)

CootBercTBeHHO Tm0cHe JudPepeHUrpoBaHUs MO BPEMEHU DSHEPIHIO

aKTHUBAIIMH CIIEKAHUS MOKHO ONIPENIETUTh 1o popmyIe:
Q:=-(R/n)dinin(V,/Vt)/dT", (5)

JIBMOKyIllE CUJIOM CHIEKaHUs SIBJISETCA CTPEMIIEHUE TEPMOAMHAMUYECKOMU
CHUCTEMbl MHUHHMH3UPOBATh IOBEPXHOCTHYIO SHEPruio. Ycaika B Ipolecce
CIIEKaHUS KUAKOH (Pa3wl MIPH yAOBICTBOPUTEIIBHOM CMAaYMBAaHUN TBEPJIBIX YACTHII
00yCIOBJICHA KaK YMEHBIIICHUEM, TaK U TIeperpyNImupOBKOI YaCTHI] TTOJT IeHCTBUEM

KAWL PHBIX CHJT )KUJIKOU (ha3bl ¥ IEPEHOCOM TBEPIBIX YaCTHUIL )KUAKOM (a3wi[ 15].
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1.3.4 AkTUBHpOBaHMe NPOLIECCa CIIEKAHUSA

OCHOBBI TEOPUH AKTUBUPOBAHHOTO CIIEKAaHUsI ObUIA YCTAHOBJICHBI aBTOPAMH.
['oBopst 00 akTUBAlMM MpOIECCa CIEKaHUs, MEPBOE, UYTO HYKHO MOMHUTH, YTO
CIICYCHHBIC TMOPOIIKA HAaxXOoAATCsl B OCOOOM, Tak Ha3biBaeMOM "aKTUBHOM"
cocTosiHUU. Takoe COCTOsIHME, BCerja XapakTepusyiolieecs HU30bITOYHBIMU
3aracaMu CBOOOJIHOM SHEPTUH, MOXKET OBITh BBI3BAHO JINOO UCTOPHUEH 00pa30BaHUs
YacTHI] TOpOIIKa B TMPOIECCE €ro BOCCTAHOBJIEHUS (BBICOKAasi IMOBEPXHOCTD,
Ne(hEeKTHOCTHIO KPUCTALTUICCKON CTPYKTYPHI M CTPOCHHSI - HATMYUE MAKpO - WIH
MUKPOJIEPEKTOB), TUOO TEMU H3MEHEHUSIMHU, KOTOPBIC MPOMU3OILIN B MpoOIEcce
oOxatusi  (Twtactuueckas — aepopManus) WM SBJICHUSIMHA  aKTHBAIUH,
MPOUCXOJAIIMMU B TMPOLIECCE CIHEKaHus (XMMHYECKHUE PpEeaKIUH, JIeUCTBUE
MarHUTHBIX, JIEKTPUUECKHUX Mosiei). OqHaKko, KaK yKe YIOMHUHAIOCh, aKTHBAIUs
BCErJa CBsI3aHa C IMOBBINICHHBIM JTUCOATAHCOM CHUCTEMBI, KOTOpasi MOJIBepraeTcs
CIIEKaHUI0, T. €. YBEJIMUYEHUEM CBOOOJHOU »Hepruu. Bo Bcex ciyyasx akTHUBaIus
CBOJUTCS K MOBBIIIEHNUIO AKTUBHOCTH MOPOIIIKA, HE3aBUCUMO OT TOTO, SIBJIAECTCS JIU
oHa "BpoxkaeHHOU" miau "mpuoOpereHHon". TepMuH "aKTUBHOCTB' ellle HE UMEET
YETKOTO OIPEACIICHUS, XOTS CYUTAETCS, YTO MOPOIIOK 00Jiee aKTUBEH, €CITU B TE€X
e YCIOBHUAX CIIEKaHMs 00pa3ell CrieKaeTcsi ¢ 00JIbIeld CKOPOCTHIO.

O6mas kinaccudukalys METOI0B AKTUBUPOBAHHOTO CIIEKAHUS

Metoabl GpU3MIECKON aKTUBAIUH.

1. CnekaHue B ylIbTpPa3ByKOBOM, MAarHUTHOM U DJIEKTPUUECKOM TOJISIX.

2. CnekaHue 1oJ AEMCTBUEM MEXaHUUYECKUX HAIIPSKEHUN;

- CTIEKaHNE MEXaHUYECKHU 1e(OPMHUPOBAHHBIX 00PA3IIOB.

3. [luku4yeckoe CreKaHue.

4. Cnekanne 00JIy4eHHBIX 00pa3IoB.

XHUMUYECKHE METO/IbI aKTUBALINH.

1. AKTuBaIus aKTUBATOPaMHU, KOTOPBIE OCTAIOTCS B CIICYEHHBIX U3JCTUIX:

- PCAaKOUMOHHOC CIICKAHHUC,
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- CIIEKaHME ¢ J00aBKaMHU, KOTOpPblE XUMUYECKH HE PEarupyrT ¢ OCHOBHBIM
METAJIJIOM;

- BJIMSIHUE TIPEIBAPUTEIBLHOTO OKUCIIEHHS HA CIIEKAHUE.

2. AKTHBanUs aKTUBATOPAMH, KOTOPHIE HE OCTAOTCS B CIIEYEHHBIX U3JEIHIX:

- CIeKaHWe B Cpele, CoJepiKalled peakUMOHHO-aKTUBHBIE Ta3bl
(ucTI0Nb30BaHME JIETKO UCTIAPSEMBIX TaJIOTEHUOB);

- CIIEKaHWE METAJUIMYECKHUX MTOPOUIKOB C PEAKTUBHBIMU TOBEPXHOCTSIMU;

- IUKJINYECKOE OKUCIIEHUE — BOCCTAaHOBJICHUE;

- TuaApuaHass J1uCCouruanmsi.

1.4 KepaMnKn Ha OCHOBEC OKCHHUTPHUIAOB AJJIIOMUHUA, IUPKOHHUSA H

THTAHa

Marepuanibl Ha  OCHOBE OKCHUHUTPUAHBIX (a3 ¢  peryiasipHbIM
pacrpeneneHueM KOMIIOHEHTOB € Pa3jMYHOM CTENEHBIO MOHHOCTM XHMHUYECKOU
CBSI3U XApPAKTEPU3YIOTCS YHUKAJIBHBIM COYETAHUEM IPOYHOCTHBIX, JJIEKTPO- U
TEMI0(PU3NYECKUX CBOMCTB: HU3KOM TNIOTHOCTHIO U BRICOKOW TBEPIOCTHIO, BBICOKOM
TEIUIONPOBOJAHOCTBIO M HHU3KOM  DJIEKTPONPOBOJHOCTHIO,  IOBBIIIECHHON
TEPMUYECKOIN CTAOUITLHOCTBIO XKAPOIIPOUYHOCTHIO U Ap. [16].

HecMoTpst Ha MHOTO0OOpa3re METOI0B CUHTE3a OKCUHUTPHUIOB AIFOMUHUS U
UUPKOHWS M TUTaHA W KOHCOJMAUPOBAHUS KEPAaMHUKA Ha UX OCHOBE,
pa3pabaThiBaéMbIX B HACTOAIIEE BpEMs, HAY4YHBIM W TMPAKTUYECKUN HHTEpPEC
NpeAcTaBiIsgeT  TBepAO(pa3HbId CHHTE3 B  MpPOLECCEe  KOMIAKTUPOBAHMS
COOTBETCTBYIOIIUX CMecel B MHEepTHOU aTmocdepe. [Ipn 3TOM MOPOIIKH MOTYT
OBITh CIPECCOBaHbI B KOMITAKTHI, KaK JI0 CMEKaHHs, TaK U B €ro mporecce. Bo
BTOPOM CIIy4ae MOTYT IPUMEHATHCS Pa3IMYHbIE BAPUAHTHI FOPSYETO NMPECCOBAHUS
u  uckpooro miazmMenHoro  cnekanus  (CIIC). [Jna  TyromiaBkux
MOHHOKOBAJICHTHBIX OKCHUHUTPHUIOB TMEPEXOJHBIX METAVIOB aKTUBHUPOBAHHOE
CIIEKaHUE SIBJIAETCS aKTyaJbHON MpoOJEeMOM, TaK KaK OHO OCYIIECTBISIETCS IO

mup¢y3noHHOMY MexaHusMy. Jus pemeHuss 3ToH  mpoOsieMbl HEOOXOAMMO
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UCCIICIOBAHUE  3aKOHOMEPHOCTEH! M MEXaHM3MOB  KOHCOJMIAMPOBAHUS
OKCUHHUTPUJIHBIX KEPAMHUYECKHUX MaTEepUaJoB U TOUCK COOTBETCTBYIOUIUX
aKTUBHUPYIOIIUX J00ABOK M METOJOB AaKTUBUPOBAHMS. AHaIM3 HAy4HO-
TEXHUYECKOU JTIUTEepaTyphl NOKA3bIBAET, UTO BAPUAHTHI AKTUBUPOBAHHOTO CIICKAHUS
C MpUMEHEHHEeM J00aBOK, B TOM YHCIIe, HAHOIUCIIEPCHBIX MOPOIIKOB, pa3paboTaHbI
HeaocTaTouHo [12-16].

B Hacrosiee BpeMs 1MoaaBiisioniee OOJBIIMHCTBO MCCIEIOBAHUA 00J1acTH
OKCUHUTPHIA AIFOMUHUS CBSI3aHO C pa3pabOTKOM MpO3pavyHOM JIErKOH 3allUuTHON
KEpaMUKHU Ha €ro OCHOBE. B 3TOM kiiacce MaTepHalioB HauOoJee NepCIeKTUBHBIM
ABJIAETCS  Npo3payHas  MNOJMKPHUCTAJUIMYECKass  KepaMmHKa, oOO3Hayaemas
obmenpunsaToir abopeBuarypoii AION. DrtoT Marepuan obiagaeT yHUKaIbHBIM
KOMILIEKCOM CBOMCTB, HEOOXOUMBIM JIJI TPUMEHEHHUS B CPEACTBAX OPOHE3AIIUTHI.
[Ipu cpenueii mmotHoctu AION 005agaeT AOCTaTOYHO BBHICOKON MPOYHOCTHIO,
conmoctaBumMoi ¢ YAG  (aTlOMOUTTPHUEBBIM  TpaHaT) U (PUAHUTOM
(crabunuzupoBanHblil ZrO,), a Mo ypoBHI0 yaapHoi Bsizkoctd AION mpeBocxoauT
BCE€ MPO3PAYHBIE HEOTAaHUYECKUE MATEPUAJIBI.

B rpaxpanckux oo6Onactax AION yxe mnpuMmeHsieTcs Kak KepaMuKa,
po3payHas st UHPPaKpaCHOTO M3Ty4YeHUs B 00JIACTH BOJHBI MUJUIUMETPOBOTO
JIMara3oHa, /il OKOH cKaHepoB. KpoMe Toro, oHa paccMaTpuBaeTcs Kak KOHKYPEHT
MOJTYNPOBOJHUKOBBIM TOJJIOKKAM C BBICOKOW TEIJIOMPOBOJHOCTHIO U3 HUTPHUIA
ATFOMUHUSA JJIsl 2JIEKTPOHHBIX YCTPOMCTB OOJIBIION MOITHOCTH.

BBenenue npumeceit 1MeI0YHO-3€MENbHBIX, PEKO3EMETBHBIX 2JIEMEHTOB B
COCTaB JUOKCHJIA ILHMPKOHUS C OOpa3oBaHUEM TBEPABbIX PACTBOPOB SIBISCTCS
CTaHJAPTHBIM TMPUEMOM CTAOWJIU3AIUKA BBICOKOTEMIIEPATYPHBIX MOAUDUKAIIHIA
ZrO2, nposBISAIOMIMX BBICOKYIH0O HOHHYIO NPOBOJMMOCT M B PSAIE CIy4acB
MOBBIIIEHHBIE TPOYHOCTHBIE CBoMcTBa [17].

HNubiv ciocobom crabummsaiuu garoopuronogodHoit (F) ctpykrypst ZrO,
SBJIIETCSI T€TEPOBAJICHTHOE JIETMPOBAHUE KHUCIOPOJHON MOAPEIIETKH JIUOKCH]IA
aTOMaMH HEMETAJJIOB, CPEIM KOTOPBIX HAWOOJIbIlIee BHUMAHUE MPUBJICKAET a30T.

BbII0 MOKa3aHO, 4TO YacTU4YHOe 3amemieHne uoHoB O2 Ha N~ mosBomser
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CTaOMIIM3UPOBATH BHICOKOTEMIIEPATYPHBIH KyOMUECKU TUOKCH] LUPKOHUS TIPH
OOBIYHBIX YCIOBHSX.

[TokazaHo, uro crabunu3anus (QIIOOPUTONOJOOHBIX JUOKCUHUTPHUIOB
1upKoHUs mpu 3amenieHnd O — N IpOUCXOauT 3a cueT 00pa30BaHMs CHITBLHBIX
ruOpuaHbIX cBsize Zrdd — N2p. Ponp aHMOHHBIX BaKaHCHM 3aKJIIOYaeTCs B
pEryJIMpOBAaHUM  CTENEHW  3alOJHEHUS  BAJIEHTHBIX 30H. OnrumanbHas
YCTOMYUBOCTb CTPYKTYPbI JTOCTUTAETCS MPHU COJECpXKaHUU Je(EeKTOB (MPUMECHBIX
aTOMOB a30Ta W aHMOHHBIX BakaHCHi) B cooTtHomenuu (2N~ + Vo). Usydenue
yrnopsaodeHust Ae)EeKTOB MOKA3bIBACT, YTO DHEPTETUICCKUN BBIUTPHIII JOCTUTACTCS
npu 00pa30BaHUU B CTPYKTYpPE TUOKCUHUTPHUIOB KOMITAKTHBIX aCCOI[MAaTOB aTOMOB
a30Ta; JIOMOJIHUTENbHAS CTAOWIIM3AIUSl CUCTEMbI TPOUCXOIUT TIPU PACTIOIOKECHHUH
AHUOHHOM BaKaHCHUM TakKUM oO0pa3oM, 4YTO ISl psija KAaTUOHOB aTOMHas
KoH(pUrypaius ux OJIMKHETO OKPYKEHHUS COOTBETCTBYET YCIOBHUIO UX «JIOKAJIBHOMN
crexuoMetpun»  (ZrOsN,Vp). YkazanHble  KiIacTepbl J€PEKTOB  MOXKHO
paccMaTpuBaTh KakK 3apOJbIIIM HUTPUAHOW (a3bl B 00beMe JAUOKCHUHUTPUJIOB
UPKOHUS, KOTJa B pe3yJibTare 0Opa30BaHUSl CUJIBHBIX THOpUIHBIX d — p -
B3aUMOAECUCTBUN Z1 — N MPOUCXOIUT MEPECTPONKA KOOPIAUHAIMOHHOTO MOJIU3IPa

nupkonus ot ZrOg (mist ZrO;) no ZrNg (mst ZrN) [18].

1.5 MarepuaJjbl Ha OCHOBE CJIOKHBIX OKCMKAPOOHUTPH/I0B

CnoxxHble KapOOHUTPHUIBI MOTYT CTaTh OCHOBOM JIJIsl MOJYYEHHUs PA3TMUHON
N0 HA3HAYEHUI0 TEXHUYECKOM  kepamMuku. KapOoHUTpuabl  3aHHMArOT
IPOMEXYTOUHOE TMOJIOKEHHE MEXIy KapOuaaMu W HUTpUAAMU U 00JanaroT
BBICOKOU TYTOIUJIaBKOCTBIO, TBEPAOCTHIO U TEIIONPOBOJHOCTHIO. B HccnenoBanumn
pa3paboTaHbl CrIOCOObI CHHTE3a OOJIBIION Tpynmbl (a3 MepeMEHHOTO COCTaBa —
CIIOKHBIX KapOoHuTpuaoB Ti(Zr); «WyCiyNy, koTopble OyqyT mOJ€3HBI IpU
pa3pabOoTKe HOBBIX BUJOB TEXHUUYECKON KEPAMUKHU.

Astopamu (OKunseB B. A., [Tarpakos E. U..) uzydeno BiusiHre TerupoOBaHUS

kapoouutpuga tutaHa TiCosNos mnepexoanbiMu Metauiamu IV-VI rpynn Ha
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MEXaHU3M KOHTAKTHOI'O B3aUMOJICUCTBHS C PACINIABOM HUKEJSI. Y CTAHOBIIEHO, YTO
Jerupyromme Metamisl oka3piBatoT Ha TiCosNos CHIIbBHOE JecTa0MIM3UpYIOIee
BIIUSIHKE, OJTHOBPEMEHHO IMOBBIIIAS KAK CKOPOCTh €r0 PaCTBOPEHUSI B HUKEIIE, TaK U
CTENEHb MHKOHTPY3HTHOCTU Mpolecca (MPEeMMYIIECTBEHHbIM NEepexo ] B pacIuiaB
JETUPYIOUIETO0 MeTaula | yriepoaa). BinusHue nerupoBaHusi Ha (a3oByrO
crabunbHOCTh KapOboHuTpuaa TiCosNos B KOHTaKTE C HHUKEJIEBBIM paCIlJIaBOM
OpOSIBIISIETCST B €r0  pasrOMOTeHM3alMu Wik (a30BOM  PACCIOCHUU.
JHectabmmszupyromuii 3¢ deKT Jerupyomux 100aBoK yCUiIuBaeTcsa B psaay Mey—
Mey—Mey| napaniensHO ¢ YMEHBIIEHUEM UX CPOJICTBA K a30Ty [17-18].

B omnucanun u3o0peTeHuss K MNaTEHTY MPEACTaBIEH CHOCO0 MOJyYEHHUS
CIINTKOB Ha OCHOBE OKCHHUTPHAOB THTaHa cocTaBa TiNg3s5.07004.06, KOTOPBIT
BKJIFOYAET C)KUTaHUE TUTAHCOIepKAIIEH IIUXThI B peakrope
CaMOpacHpOCTPAHSIOLIETOCS BHICOKOTEMIIEPATYPHOI'O CUHTE3a B aTMoc(epe a3oTa
nox naieHueM 40-150 atMm. B kadectBe TUTaHCOAEpKAIIEH MIUXTHI UCIOIB3YIOT
OTXOJl TUTAHOBOTO IPOM3BOJCTBA B BUIE M3MEIHUYEHHOrO IIJaKa OTHEBOrO pe3a
TUTaHa W €ro cmiaBoB ¢pakuuu muHyc 0,5 MM, coiepiKaliero THTaH, a3orT,
KHCIIOPOJ, U MEXaHMYECKHe MpUMECH OKUCIOB TUTaHa. CrocoO olecrieyuBaer
MOJIy4YE€HHE TOMOT€HHBIX KAYE€CTBEHHBIX CJIMTKOB HA OCHOBE OKCUHUTPHUIOB TUTAHA.

AHanu3 Hay4YHO-TEXHMUYECKOW JIUTEpaTyphl MO MpobiieMe, 3asBICHHON B
MPOEKTE, /aeT OCHOBAaHUE CUMTATh JAHHOE HAIPaBJICHUE BEChbMa AKTYaJbHBIM.
BonbmHCTBO HCCIIEIOBAHUI CJIOKHBIX OKCUKapOOHUTPHUIHBIX dba3
OTpaHUYMBAETCS  TEOPETUUYECKUMU UM JaOOpaTOpHBIMU  pa3pabOTKaMHu.
3HAaYUTENbHBIA UHTEPEC UCCIEA0BATENIEN B HACTOSAIIEE BPEMS CBSI3aH C U3YUYCHUEM
KapOUJ0B U HUTPUIOB MHTEPMETAJUTHIOB, WHAYe Ha3zbiBaeMbiX MAX-dazamu [19].

HccnegoBanusi  CIIOKHBIX ~ TETPApPHBIX  OKCUKAPOOHUTPUIHBIX (a3
MepPEeXOaHBIX METAIOB TpoBojsATcs 3a pyoexom (CILA, Benukoobpuranus, KHP,
M3pauns u 1p.). HoBeie TeTpapHble MaTepuaidbl MNEPCHEKTUBHBI B CBS3U C

YHUKAJIbHBIM COYCTAHHUEM HX @HSHKO-MGX&HH‘ICCKI/IX CBOMCTB.
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1.6 AxrTuBupoBanue MmarepuanoB aeiictBuem CBU-uznydyenus wu

HOHU3UPYIOILIET0 U3JIYYCHUA BBICOKOH IIJIOTHOCTH MOIIHOCTH

B pabote uccnenosano Biusaue CBY-u3nydeHus ¢ IIIOTHOCTbIO MOUTHOCTH
notoka 80 W/cm2 u Hecymei yactoroit 9.4 GHz Ha Tepmudeckyro cTabUIbHOCTh
HAHOIIOPOIIKA aJIFOMUHUSA MOCIe O0Iy4eHHs B BO3yXe. Y CTAHOBJIEHO, YTO IOCIIE
00 Ty4eHHsI HAHOTIOPOIIIKa ATFIOMUHUS YBEIIMYUBACTCS €0 XUMUYECKasi aKTUBHOCTb,
a TaKKe YMEHbIIAETCS Temieparypa Hadana okucieHus Ha 40°C u cHumxaercs
TeroBoi 3pdexT okucnenus Ha 13.5 %.

[lepcrieKTHBHBIM SIBISIETCS AKTHBUPOBaHWE IOPOLIKOB aenictBuem CBY-
U3JIy4EHHUS] BBICOKOM IUIOTHOCTH MOIIHOCTH. METOoAOM 0Ke-3JEKTPOHHOU
CHEKTPOCKONMHM 1n situ MccieoBaHa HayalbHas CTaaus BOCCTAHOBIICHHUS OKCHIA
rpaduta (GO) nox AeicTBHEM MaJTOMHTEHCUBHOIO ITyYKa 3JIEKTPOHOB, KOTOPBII HE
OPUBOJUT K HarpeBy ooOigydaeMoil oOsactu. OOHapyXeHO, 4TO 3Ta CTaius
pPa3BUBAETCS CO CKOPOCTHIO, B JIECATKU pa3 OoJbIIEH CKOPOCTH IMOCIEAYIOLIEro
BoccTaHoBieHMs. [loka3aHo, uro ObIcTpas cTaaus CBsi3aHa C YAAJCHUEM
KHCIIOPOAHBIX rpymnn ¢ noBepxHocTH GO. OnpeneneHsl 3¢ (HEKTUBHBIE TONIEPEUHbIE
CEYEHMS HAYAJIbHOTO M MOCIEAYIOIIEro 3TanoB BoccTaHoBIeHUsI GO 31eKTpoHaMu

¢ saeprueii 1500 eV: 6;,~0,5-107'° cm? 1 6,y ~ 1,2-107!8 cm?, coorsercTBenno [20].
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_ 3AIAHME JJISl PA3JIEJIA
«@UHAHCOBBIIA MEHEJKMEHT, PECYPCOY®®EKTUBHOCTD U

PECYPCOCBEPEXEHME»
CryneHry:
'pynna DPUO
4bM8I1 Pora Hukure Cepreesuuy
Mlkosa WIIHIIT Otnenenne (HOI) oM
Yposennb 00pa3oBanus MaFI/ICTpaTypa Hanpasiienne/cniennanbnocts | 22 04.01 MaTepI/IaJ'IOBe TICHUE
1 TCXHOJIOTMHU MAaTCPUAJIOB

pecypcocOepe:keHne»:

Hcxoanblie 1anHble K pa3aenay « DHHAHCOBBIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

1. CTouMoCTh pecypcoB Hay4YHOTO
uccnenoBanus (HM): marepuansHo-
TEXHHUYECKUX, SHEPI€THYECKHUX,
(hMHAHCOBBIX, MHPOPMAITMOHHBIX U
YEJIOBEUECKHUX

—  Hnuyuamop npoexma HUTITY;

—  npumepnsitl 6100x0cem npoexma 10459 1muic.py6.;

—  uUcnomHumenu:  pyKogoOumenb — NpOeKma,
paspabomuux (Mazucmpanm)

UHICEHED

2. HopMBI 1 HOPMaTHBBI PacX0OBaHUS
pecypcoB

— Ilpoexm ewvinonnsemcsa 6 coomeemcmeuu ¢ I OCT 14.322-83

«Hopmuposanue pacxooa Mmamepuanosy,
—  pationHblil K03 duyuenm- 1,3;
- koaghduyuenm donaiam — 0,2;
—  Haxnaouwie pacxoovt — 16%;

3. Ucnonk3yemas cuctema
HaJI0r000JI0)KEHHS, CTABKH HAJIOTOB,
OTHHCHGHHﬁ, JUCKOHTHUPOBAHUA U
KPEIUTOBAHUS

Omuucnenust 80 snebiooicemuwle pondvt — 30,2 %

Hepeqeﬂb BOIIPOCOB, MOJJICKAIIIUX HCCIACTO0BAHUI0, IPOCKTUPOBAHUIO U paspaGOTKe:

1. Oyenka xommepueckozo u
uHHOBayuoHno2o nomenyuana HTH

- Texnuxo-sxonomuueckoe 0060CHOBAHUE Hay'-IHO-uCCJZQOOBGmQJZbCKOiZ

pabomol;
- Illomenyuanvnvle nompebumenu pe3yibmamos ucciedo8anus,
- Swot-ananuz HTU.

2. Paspabomka ycmaea nayuro-
MEeXHUUecKo20 npoexma

- Lenv u pezynomamel npoexma
- Opeanu3ayuonnas cmpykmypa npoexma

3. IInanuposanue npoyecca
ynpaenenuss HTH: cmpykmypa u
epagux nposedenus, 600K cem, pucKu
U OpeaHusayus 3aKynoK

- Inanuposanue xomniexca pabom no npogedenuto HTH,;
- Pacuem 610001cema sampam na HTH.

4. Onpeoenenue pecypcuol,
QPUHAHCOBOU, IKOHOMUYECKOU
aghpexmusnocmu uccied08anus

- Oyenka s¢ppexmuenocmu HTH;
- Onpedenenue HayuHO-MEXHULECKO20 YPOBHS NPOEKMA.

Hepeqenb rpa(l)nlleucoro MAaTECPHUAJIA (c mounvim yrasanuem 06s3amenvHbIX uepmeniceti)’

CeeMeHmupoeaHue PObIHKA

Huaepamma FAST
Mampuya SWOT

NG A W~

11 MeHYualbHovle pucKu

«Ilopmpemy» nompebumens pesyromamog HTHU

OlleHK(l KaHKypeHmocnoco6Hocmu mexHuquKuxpemeHuﬁ

I pagux nposedenus u biooxcem HTH
. Oyenxa pecypcnoi, ¢unancosoii u s3xoHomuyeckol sgppexmusnocmu HTH

\ JlaTa BbI1a4M 3a1aHUsA JJIs pa3/iesia 1o JHHEeHHOMY rpauky \ 02.03.20
3agaHue Bb11aJ KOHCYJIbTAHT:
JokHocTh [7(0] Yuenas crenenb, MMoanucn Jara

3BaHHUC
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\ JloueHT \ Cnnnumna JLIO. \ K.J.H. | 02.03.20 |
3agaHue NPUHAJ K HCIIOJHEHUIO CTYIeHT:
I'pynna U0 Hoanuch Harta
4bM8U1 Pora Hukura Cepreesuu 02.03.20
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3 DUHAHCOBBII MEHEe’KMEHT, pecypcod(p(peKTUBHOCTH U
pecypcocoepexenne

Lenbp paznena «PUHAHCOBBI MEHEIKMEHT, pecypcod(pPEeKTUBHOCTh U
pecypcocOepexeHne» SBISETCS aHalu3 MEPCIEeKTHB M YCIEIHOCTH Hay4yHO-
UCCIIEIOBATENbCKOrO IpoeKkTa. Pa3paboTka MEXaHHW3MOB YHPABICHUS U JPYIHX
IIPOEKTHBIX PELICHUI dTana peajn3aly MPOoeKTa.

JlocTuKeHne MOCTaBICHHOM eI TPEOyeT pelieHns CAeAYIONINX 3aa4:

- J1aTh OLICHKY KOMMEPUYECKOMY ITOTEHIIMATy MPOEKTa U MEPCIEKTUBAM €ro
pa3palboTKy;

- 0003HAYUTH MOATAIHBIN IJIaH BBIITOJIHEHUS HCCIIEIOBAHUS;

- IPOU3BECTH pacuéT OrO/KeTa UCCIEA0BAHNUS;

- OLEHUTHh A(P(HEKTUBHOCTH MPOEKTA IO PECYPCHBIM M SKOHOMHUYECKHM
IIOKa3aTeJIsIM.

TexHuKO0-3KOHOMUYECKOE 000CHOBaHHE HAYYHO-UCCIIE0BATENBCKOM pPabOThI

HaydHoe wuccrnenoBaHue TOCBSIICHO MCCIEIOBAHUIO XUMHUYECKOTO H
¢dazoBoro COCTaBa, (pU3UKO-XUMHUECKUX CBOICTB UCXOJHBIX
OKCUKAPOOHUTPUIHBIX MOPOUIKOB, CHHTE3UPOBAHHBIX PA3JIMYHBIMHU CIOCOOaMU;
CUHTE3 OKCUKapOOHUTPHUAHBIX (Da3 allfOMMHMS, LMPKOHMUS U TUTaHA B YCJIOBHUAX
a30TOCOAEpKAIEH IIIa3Mbl TJICKOLIET0 paspsia, TOpSYero NPECCOBAHMS H
MCKPOBOTO IUJIA3MEHHOTO CIEKaHUs; HMCCIEIOBAHUIO XUMHUYECKOTO M (Ha3oBOro
COCTaBa, CTPYKTYpbl U (PU3UKO-MEXaHMUECKUX CBOMCTB MAaT€pUaJIOB HA OCHOBE
OKCUKApPOOHUTPUIOB  QJIIOMUHHMS,  LHUPKOHHS M  THUTaHa,  pa3paboTka
TEXHOJIOTUYECKNX PEKOMEHALMK JJIs TPOU3BOJICTBA KEPAMUUYECKUX MaTEPHAJIOB
HOBOT'O IIOKOJIEHHUS; pa3paboTKa 3HEPro- M pecypcocOeperarwmux MeTOA0B
MOJIYYeHHUS] MaTEPUAIOB HA OCHOBE OKCUKAPOOHUTPUIIOB ATIOMUHUS, LIMPKOHUS U
TUTaHA C HCIOJb30BAHMEM TIOPOIIKOB, AaKTUBHUPOBAHHBIX  BO3JEHCTBHEM
noHu3npyromux usinydeanii 1 CBU-uznyuenus u 3D-nevaru [26].

Pa3zpabotka HUP npousBoauTcs: rpymnmoi, coCTOSIIEN U3 JIBYX YEIOBEK —

PYKOBOJUTCIIAA U MATrCTPAHTA.
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B pe3ynbrare BbINONHEHUS TPOEKTa OyAYyT pa3paboTaHbl HOBbIE MaTEpUAIIbI
Ha OCHOBE TE€TPAPHBIX OKCUKAPOOHUTPUIHBIX (Da3 adrOMUHUS, IIUPKOHUS U TUTAaHA
C cynepajaIuTUBHBIMU MEXaHUYECKHUMH, ANEKTPOPU3NIECKUMHU u
TeII0(U3MIECKUMU CBOMCTBaMHU, 00YCIIOBICHHBIMU PETYJIAPHBIM pacIpe/ieICHHEM
KOMIIOHEHTOB C Pa3JIMYHON CTENEHbI0 HOHHOCTH XUMUYECKOW CBSI3H.

Pazpaborka H/P mpousBoauTcst Tpymmon, COCTOAIICH U3 ABYX YEJIOBEK —
PYKOBOJUTENS U CTYAEHTAa MATUCTPAHTA.

K wuzngenusiM, ucnoib3yeMblM B aBTOMOOUJIECTPOCHMU U MEJIUIIMHE,
OPEIBSIBISIOTCS BBICOKHE TpPEeOOBaHUS K MEXaHHYECKUM XapaKTEePUCTHUKAM.
CocTaBbl CBSI3YIOLLEr0, OMNHCAaHHbIE B JaHHOW padoTe, 00Jalar0T BBICOKUMH
MEXaHUYECKUMU XapaKTEPUCTUKAMU U MOTYT ObITh UCIIOJIb30BaHbI B 3TUX OTPACIIAX

IMPOMBIIIJICHHOCTH.

3.1 AHaJIN3 KOHKYPEHTHBIX TEXHUYECKUX pelleHui

JIjist TOro 4TOoOBI OLIEHUTH BO3MOKHOCTHU MPOTHUBOCTOATh KOHKYPEHIIUU CO
CTOPOHBI APYTHX MPOU3BOJUTENEH MOXOXKUX MPOAYKIIUN ObLT TPOU3BEICH aHAIN3
uH(OpMAIUU U KOHKYPEHTHBIX pa3padoTkax [27].

B kauecTBe OCHOBHBIX KOHKYPEHTOB OBLIM BBIOpaHBI CIIEIYIOLIUE
aHAJIOTUYHBIC MaTEePHAIIBI:

e Marepuan pazpabatsiBaembliii B pamkax BKP (B Tabmnuie «b1»);

e Poccuiickuii XUMHUKO-TEXHOJIOTHYECKUN YHUBEpCUTET, kKepamuka Al,O3-ZrO;
B TabimIe «b2y»);

e KazaHckuit HAIlMOHAJIBbHO HUCCIICI0OBATEIbCKUM TEXHOJOTHUYECCKHUM
yHUBEpCUTET, kKepamuka Al,O3-ZrO; (B Tabnuie «b3»);

o «Bupuan» r. Cankr-IlerepOypr, Kepamuka Ha OCHOBE TUOKCHIA IIUPKOHUS

(ZrO,) yacTu4HO CTAOMIM3UPOBAHHOTO OKCUAOM UTTpus (Y203) (B Tabnuie

«b4»).
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Tabnmuna 14 - OueHouyHast KapTa JUisl CpaBHEHUS KOHKYPEHTHBIX TEXHUYECKHX

pelLIeHUN

Kpurepum ouenkn Bec Bbanabl KonkypenrocnocodHoct

KpuTep b
usi
Bi | b | Bs | Bs| Ki | Ko | K3 | Ku
TexHnuyeckue KpUuTepum oueHKHU pecypcodpdexkTuBHOCTH
M3HO0COCTOMKOCTD 0.2 5 3 4 4 1 0.6 0.8 0.8
XKapornpouHoctb 0.25 5 3 3 3 [ 1.25]0.75 | 0.75 | 0.75
TBeproctsb 0.08 5 4 3 4 04 | 032 1] 0.24 | 0.32
[Ipounocts 0.07 5 4 4 4 1035 0.28 | 0.28 | 0.28
O YHKIIMOHAJIBHOCTD 0.04 5 3 4 4 02 | 0.12 ] 0.16 | 0.16
JKOHOMHYECKHE KPUTEPHH OLeHKH d(PPeKTHBHOCTH

KonkypeHTocnocoOHOCTh Ha 0.09 4 3 5 5 036|027 045|045
pBIHKE
YpoBeHb TPOHUKHOBEHUS Ha 0.03 5 3 5 3 10.15|0.09 | 0.15 | 0.09
PBIHOK
Ilena 0.08 4 5 4 4 1032 04 | 032 ] 0.32
[Ipennonaraemoit cpok 0.09 5 4 4 4 1045|036 | 0.36 | 0.36
JKCILTyaTalluu
[TocnenpopaxHoe 0.07 4 4 4 5 0.28 | 0.28 | 0.28 | 0.35
00CITy>)KUBaHHE
Hroro: 1 47 | 36 | 40 | 40 | 4.76 | 3.47 | 3.79 | 3.88

AHaJIN3 KOHKYPEHTHBIX TEXHUUYECKUX PEIICHUM onpeensercs no gopmyre:

KZZB*B (10)

rine K — KoHKypeHTOCIoCOOHOCTh HayqHOU pa3pabOTKH WM KOHKYPEHTA;
B — Bec mokazatens (B J0JISIX €UHULBI);

b — 6amn nmokasaress.

UtoramMmu pmaHHOrO aHaimu3a SBJSIETCA  BBIPAaOOTKA  KOHKYPEHTHBIX
IPEUMYIIECTB, KOTOPHIE IIOMOTYT HOBOMY MaT€pUally HAWTA BHHUMAaHUE
nokynatenei. [Ipu ctanmapTHOM HaOOpe ONPEAEIIIONINX CBOMCTB M MEXaHUYECKHUX
XapaKTepUCTUK, KOTOpbIE 3aWHTEpPEeCcOBAIM Obl TMOKymHaTess, TakKuX Kak
M3HOCOCTOMKOCTD, POYHOCTBIO, CTOMKOCTBIO K yAAPHBIM HAarpy3kam. Tak Kak Hail
MaTepuall SBJISICTCS HOBEHIIEeH pa3pabOoTKOM, TO OH IOJKEH UMETh CaMbI€ BHICOKHE

napameTpsl [26-27].
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3.2 lloTeHHAJBHBIE MOTPEOUTEIN PE3yJIbTATOB HCCJIEI0BAHUSA

Jlns  aHanmu3a TMOTpeOUTENEH pe3yabTaTOB MCCIAEAOBAaHUS HEO0OXOIUMO
PacCMOTPETH LIEJIEBOM PHIHOK U TPOBECTHU €I0 CErMEHTUPOBAHUE

N3 BBISBICGHHBIX KPUTEPHEB IIeJIecOO0pa3HO BBIOpaTh JiBa HaumboJlee
3HAYMMBIX [JI1 pblHKAa. Ha OCHOBaHMM JTHX KPUTEPUEB CTPOUTCS KapTa
CErMEHTUPOBAHUS PhIHKA.

B Hamem ciyyae 1eleBbIM PBIHKOM SIBJISIETCSI MAIIMHOCTPOMUTEJIbHAS
MIPOMBIIIJIEHHOCTHIO.

[IpoBeneM CErMEHTUPOBAHUE U MTOCTPOUM KapTy CErMEHTHUPOBAHUSA PBIHKA.
CerMeHTHUPOBaTh PHIHOK IO JaHHOHW TEXHOJOTUH (HOPMOBAHHMS MOIXKHO IO
CJICAYIOIINM KPUTEPUSM: YPOBEHb II€HbI, KOHKPETHbIC TpUMEHeHus (Tabmuna 15).
B kapre cermMeHTHMpoOBaHHS II0Ka3aHO, YTO JaHHAs TEXHOJIOTHS IPOU3BOJICTBA
KEPaMHUUYECKUX U3JICJINN UMEET HU3KUM YPOBEHb KOHKypeHUuH. Kak BUIHO, I
PBIHKAa MEIULIHMHCKUX WHCTPYMEHTOB W HAPYYHBIX YacOB, MPOAYKIHH C HU3KOU
IIECHOM MMEET HM3KYI0 CTENEHbIO KOHKYypeHIMU. CleaoBaTesibHO, MPOIYKIIUU
MOJyY€HHAs] ¢ MPUMEHEHUEM JTAHHOW TE€XHOJOTMU C HU3KOM LIEHOM, NMPHUBJIECKAIOT
NPEANPUATHS, 3aHAMAIOIIAE MEAUIMHCKAMUA WHCTPYMEHTAMHU W HapyYHBIMHU

yacamu B Oyaymiem [28].

Tabnuma 15 - Kapra cermenTupoBanust peiaka Textongorun UTTC

KoHkpeTHbIE TPpUMEHEHNUS
MenuuuHckue Hapyunbsle | bponesamura JuckoBon
UHCTPYMEHTBI 4acsl KOMITbIOTEPA
VYposens | Bricokas ook *ok * *
LIEHBI
CpCI[HHH k3k &k kk *
Hisxas * * ok sk *okok

*%%* _ oueHb BBICOKAS CTEIIEHB, ** - BRICOKAs CTCIEHb, * - HEBBICOKAS CTEIICHD.
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3.3 FAST-anaau3

FAST-ananmu3 BBICTymaeT Kak CHHOHUM (YHKIIHMOHATHLHO-CTOMMOCTHOTO
ananmm3a. CyTh 3TOro Meroja Oas3upyercs Ha TOM, YTO 3aTpaThl, CBSI3aHHBIC C
CO3JaHMEM U UCIOJb30BaHUEM JIOOOTO OOBEKTA, BBIMOIHSIONIETO 3a/IaHHbIE
GYHKIIUA, COCTOSIT W3 HEOOXOMMMBIX I €r0 M3TOTOBJICHUS U JKCIUTyaTalluu U
JOTIOJTHUTENBHBIX, (PYHKIIMOHAIBHO HEOMPABJAAHHBIX, U3JIMUIIHUX 3aTpaT, KOTOPbIE
BO3HHMKAIOT W3-3a BBEJCHUS HEHYXKHBIX (QYHKIWNA, HE HUMEIOMUX MPSIMOTO
OTHOIIEHUS K Ha3HAYCHUI0O OOBEKTa, WIM CBS3aHBI C HECOBEPIICHCTBOM
KOHCTPYKITUH, TEXHOJIOTHYECKUX MPOIECCOB, MPUMEHSIEMBIX MaTEPUAIIOB, METOJIOB
OpraHu3alyu TpyJa u T.1 [26-28].

Cramus 1. Beibop oobexkta FAST-ananu3a.

Oo6bexktom st FAST-ananusa siBiseTcs  TOJMydYeHHE OKCHHUTpPHIIA
amoMuHMsT AIOKN; .

Cramusa 2. OnucaHue TiIaBHOM, OCHOBHBIX M BCIIOMOTATENbHBIX (YHKIIUM,
BBITIOJTHSIEMBIX O0BEKTOM.

1. T'maBHas GyHKIMS — MOTYYCHUE OKCUHUTPHIA ATFOMUHHMSL.
2. OcHoBHas ¢yHKIMA — MpeoOpa3oBaHWe cMecHu HaHomopoiika Al u
ALOs.

3. BcrnomorarenpHast GyHKIMS — OTAECTUTEIbHAS.

Ta6nuna 16 - knaccudukanus GyHKINUMN, BBIMOIHIEMBIX 00HEKTOM UCCIICIOBAHUS

HaumenoBanu | Kommuect Beinonusemas Panr ¢pynkuun
e neranu (y3ina, BO byHKIUSA
nporecca) aeranen I'maBHas OcHoBHas | Bcomoraren
Ha y3ell bHas
VYcraHoBka - [Tonyuenue X
YI'J1-5 HaHOIMOPOIIKOB Al
u AlLO3
[leun - [Tonyuenue X
OKCHUHUTpUJA
AITFOMUHHUS
[InanerapHou - N3menbuenue X
MEJIbHULIE ITOPOLIKOB U UX
MEXAaHOAKTUBALIUS

69



«AKTHBATOp

SLy
CrangapTHoe - [Tonyuenue X
cuto Ne 004 KOHEUYHOT'0
MIPOJYKTa C
TpeOyeMbIMU
CBOMCTBaMH

Cranus 3. OnpeneneHue 3HAYUMOCTH BBITTOTHAEMBIX (DYHKITUNA 0OBEKTOM.

Tabnuna 17 - MaTpuiia CMEXXHOCTH

[Tonyuenue [Tonyuenue H3menbuenune [Tonyuenue
HAHOIIOPOIIK | OKCHHHUTpPHUJIA MOPOIIKOB U KOHEYHOTO
oB Al u AlLO3 ATFTOMUHUS 1504 IPOIYKTa C
MEXaHOAKTHBa TpeOyeMbIMU
A CBOMCTBaMU
ITomyyenue = > > >
HaHOIOPOIIKOB Al
u Al,Os3
ITonyuenue < = > >
OKCHHUTPHUJA
TIOMHUHHUS
N3menpuenne < < = >
MIOPOIIIKOB U UX
MEXaHOAKTUBALIMS
ITomyyenue < < < =
KOHEUYHOTI'O
MPOYKTa C
TpeOyeMbIMU
CBOMCTBaMH
[Ipumeuanme: «<» — MEHee 3HauyuMas; «=» — OJIMHAKOBBbIC (YHKIHH IO

3HAYUMOCTH; «>» — 00Jiee 3Haunmas
Bropoii stamn cBsizaH B nmpeoOpa3oBaHUEM MaTPUIIBI CMEKHOCTH B MATPHILY

KOJIMYECTBEHHBIX COOTHOIICHUHN (yHKIuM (Tads. 18).

Tabmuma 18 Marpuiia KOTM4eCTBEHHBIX COOTHOIICHUA (PYHKITHI

[Tonyuenue [Tonyuenune N3menbuenne | [lomyuenue Hroro
HAHOMOPOUIK | OKCMHHUTPHZA | OPOIIKOB M | KOHEYHOTO
oB Al u Al,O3 | anmromMuHus 150.4 NpPOAYKTa C
MEXaHOAaKTHUBa | TpeOyeMbIMU
us CBOMCTBaMH
[Toryuenue 1 1.5 1.5 1.5 5,5
HAHOIIOPOUIKOB
Al u ALOs
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[Tonyuenue

AJIFOMHNHUA

OKCUHUTpPHUIA

0.5

1.5

1.5

4,5

us

N3mennuenune
MOPOIIKOB U HX
MEXaHOaKTHBAL]

0.5

0.5

1.5

3,5

Iloyyenue
KOHEYHOT'O
MPOJIYKTa
TpeOyeMbIMU
CBOMCTBaMH

0.5

C

0.5

0.5

2,5

Ilpumeuanue: 0,5 npu «<»; 1,5 ipu «>»; 1 npu «=»

Cramua 4. AHaiu3 cTrouMocTH (YHKLHM,

Hroro
16

BBIITOJIHIEMBIX OOBEKTOM

HCCIICAOBAaHMUA.
Tabmuuma 19 - AHanu3 CTOMMOCTM (YHKIMH, BBIIOJHSAEMBIX OOBEKTOM
HCCIICAOBAaHUA
HaumenoBa | Komuuec | Bommonusemas | Tpynoemko | Ctoummo | 3apabor | CebecTtonmo
HUE TBO byHKIHSA CTh JICTAJIH, CTh Hasl CTb, ThIC.
JeTan JeTanei HOpPMO-4 | Marepua | IuIaTa, pyo.
(y3n1a, Ha y3el Ja, THIC. | THIC. pYO.
mpoiiecca) pyo.
VYcranoBka - [Tonyuenue 10 450 45 495
YI'I-5 HaHOIIOPOIIKO
B Al u A[LO3
[Teun - [Tonyuenue 6 300 50 350
OKCHHUTpPHUIA
ATFOMUHUS
[lmanerapn - H3MmenbueHue 4 98 24.5 122,5
ast MTOPOIIIKOB U
MeJTbHUIIA ux
«AKTHBATO MEXaHOAKTHBA
p SL» U
CranpgapTH - [Tonyuenue 1.2 5 4,2 9,2
oe cuto Ne KOHEUYHOT'O
004 MPOAYKTa C
TpeOyeMbIMU
CBOWCTBaMHU
Cranus 5. IlocTtpoenue GyHKIIMOHATBHO-CTOMMOCTHOM AUarpaMmbl 0ObEKTa

Hn €C aHaJIn3.
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0.5
OTHOCHTENbHAA 3HAYMMOCTE PYHKLMM

DyHKUMA 1

04
DYHKUMA 2
03
DYHKLMA 3

0,2
DyHKuMa 4

———————|

|

0,1

0,2

03

-0,5

OTHOCHMTENbHBIE 3aTPaThl HA GYHKUMWID

PucyHOk 27 - @yHKIMOHAIIBHO-CTOMMOCTHAS AUArpaMmma

[locTtpoeHHas  (yHKIMOHAIBbHO-CTOMMOCTHAs  JAWarpamMma  IO3BOJISIET
BBISIBUTH JUCIPOIOPLIMHA MEXAY BaXKHOCTHIO (ITOJIE3HOCTHIO) PYHKIMI U 3aTpaTaMu
Ha HuX. AHaim3 npuseneHHol Bbinie OCJI moka3piBaeT IMPONOPLUOHAIBHOCTh
bynkuuii [29].

Cranusa 6. Ontumu3zanus QyHKIIUI BBIMTOTHIEMBIX 00BEKTOM.

B  koneunom cuere  pesyapraroM  nposeneHus — FAST-ananusa
BBICOKOTEXHOJIOTHYECKON M pecypcor(hPexkTuBHOM pa3zpabOTKH JOJKHO OBITh
CHIDKEHHUE 3aTpaT Ha €IMHUILLY 10J1e3HOT0 3 (eKTa, JOCTUraeMOoe My TeM:

e CokpaieHusi 3atpaT Npu OOOCHOBAHHOM CHUKEHHM TEXHHUYECKUX
napameTpoB J10 UX (PYHKIIMOHAIBLHO HEOOXOJUMOTO YPOBHS;
e [loBbIIEHUS KayecTBa IPU HEKOTOPOM, IKOHOMHYECKHU OIPaBIaHHOM

YBCIIMYCHUU 3aTPAT.

3.4 SWOT-anaaus

SWOT- (Strengths — cunbabIe cTOpoHBI, Weaknesses — craOble CTOPOHBI,

Opportunities — Bo3MokHOCTH U Threats — yrpospl) - KOMIUIEKCHBIA aHaIu3
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HCCIIEIOBAHUS BHEIIHEM M BHYTPEHHEHM CpEIbl Hay4HO-UCCIEA0BATEIBCKOTO
npoekta. SWOT-aHnanu3 nccneayer BHyTPEHHIOI U BHEIIHIOK CPEIbl IPOEKTA.
SWOT - ananu3z HUP mnozBonsier oneHUTh (HAKTOpbl M SBICHUA,
CHOCOOCTBYIOIINE WM TPEMATCTBYIONINE TMPOJBHKEHUIO METO/a Ha pPHIHOK. B
tabuie 20 nmpoBeieH aHaim3 Metoja [26-29].
N3HavanbHO ONMUCHIBAEM CUJIbHBIE W CJIa0bIe CTOPOHBI MCCIIEIOBAHUS, IS
IIOHMMAHMS IEPCIEKTUB U yrpo3 peanusanuu HUP, kotopeie yke mposBUINCE,

0o MOT'YT IIPOABUTLCA B CT'O BHECIIHEH cpeac.

Taomuna 20 — SWOT—-ananuz HUP

CuiibHBIE CTOPOHBI Bo3MO)HOCTH BO BHELIHEW Cpeie
C1. IloBbrmienue 3heKTUBHOCTH B1. [losiBneHne qONOIHUTENBHOTO
IIPOU3BOJICTBEHHBIX MPOIIECCOB; CIpoca Ha KOHEUHBIN IPOAYKT;
C2. YMeHblIeHHE TOPUCTOCTH, YBEIUUYECHHE B2. BO3M0OHOCTb UCIIOJIB30BaHUS Ha
TBEPAOCTH MHUPOBOM YPOBHE;
C3. Hanuune HeoOXOUMBIX YCTAaHOBOK JIISI B3. Ucnonb3oBaHne BO MHOTHX
IIPOBEJICHUS UCIIBITAaHUM; OTpaciisix;
C4. Menbluue 3aTpaThl Ha BBITYCK U3/EIHS. B4. [losiBneHre JONOIHUTEIBHOTO
CIIPOCA HAa HOBBIM IIPOJYKT.
Crnalble CTOpPOHBI VYTrpo3bl BHELIHEHN Cpefibl
Canl. Manoe KoJIM4ecTBO MPEANPUATHI 110 V¥1. OrcyrcTBHE ClIpoca HA HOBBIE
pacrnpoCTpaHEHUIO U MPOU3BOACTBY TEXHOJIOTMH ITPOU3BOJICTBA
TEXHUYECKON KEPAMUKHU. V2. IloBblllIEHUE CTOMMOCTH
Cn2. OtcyrcTBHE KBaTU(DUIIMPOBAHHBIX o0opynoBaHue
paOOTHUKOB JJIs1 IPUMEHEHUS KOHLIEIIINU B
Pa3IUYHbIX OTPACIISIX.

JlanbHENIIINM 3TaroM SIBJISIETCS BBISIBIICHUE COOTBETCTBUSI CHUIBHBIX U CITA0BIX
CTOPOH MPOEKTA YCIOBUSM BHEIIHEHW cpenbl. JlaHHBIN aHalW3 COOTBETCTBUM (WU
HECOOTBETCTBUM) HEOOXOAUM IS OIEGHKH HEOOXOJMMOCTH  KaKHX-JTHO0O
cTpaTermyeckux m3MeHeHuid. B Tabm. 21 mpenacTaBiaeHBI KOPPEISIIUHM CHIIBHBIX

CTOPOH. ITPOCKTA U BO3MOXKHOCTEH. €ro pcajiM3anuu.
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Ta6nuna 21 — CuiibHBIE CTOPOHBI MPOEKTA U BO3MOXKHOCTH

C1 C2 C3 C4
BosmoskHocTH Bl N + + +
NPOEKTA B2 n n N "
B3 + + + +
B4 + + + +

N3 Tabnuiel 21 cnemyer, 4YTO CHIIbHBIE CTOPOHBI MPOEKTa COOTBETCTBYIOT
BO3MOXHOCTSAM peanmm3aunn 1o napamerpam: B1CI1C2C3C4; B2C1C2C3C4;
B3CI1C2C3CA4.

Tabnuma 22 — Cnabble CTOPOHBI MPOEKTA U BOZMOXHOCTH

Cal Ca2
Bo3moxkHOCTH IPOEKTA B1 + +
B2 + -
B3 0 -
B4 - 0

N3 tabmunel 22 ciaeayer, 4To cilabble CTOPOHBL MPOEKTa KOPPETUPYIOT C

BO3MOXKHOCTSIMH peanu3anuu no napamerpam: B1Cnl; B2Cn2

Tabnuua 23 - CuiibHbIE CTOPOHBI TPOEKTA U YTPO3bI

Yrpo3sl C1 C2 C3 C4
Vi + + 0 +
Y2 0 + - -

W3 tabmuupl 14 cnenyer, 4TO CUIIbHBIE CTOPOHBI MPOEKTa COOTBETCTBYIOT
yrpo3am peanuzanuu no napamerpam: Y1Cl; V1C2; V1C4; V2C2.

[Ipoananu3upoBaB NoJyyeHHbIE JaHHBIE, MOKHO CKa3aTh, YTO HAMOOJIBIITYIO
YTpo3y MPOEKTY NMPEAOCTABISICT yBEIUUEHUE LIEHBI HA 000pYI0BAaHUE U OTCYTCTBHE

CIIpOoCa Ha HOBLIC TCXHOJIOT'HMH.
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3.5 Inarpamma UcukaBa

Huarpamma nupuuusbl-cienctsust Wcukasbl (Cause-and-Effect-Diagram)
9TO TpapUYEeCKH METOJ] aHauu3a W (HOPMHUPOBAHHS IPHUYUHHO-CIICICTBEHHBIX
CBSI3€H, HHCTPYMEHTAIBHOE CPEJICTBO JIJISl CHCTEMATHIECKOTO OTIPEICIICHUS PUIUH
IPOOJIEMBI ¥ TIOCIIEAYIONMIEro rpaduueckoro npejacrapicHus. JlaHHas auarpaMmma
UCIIOJIBL3YETCSl JUIS BBISABICHUS IIPUYUH BO3HUKHOBEHHUS IpoOJeM, aHalu3a M
CTPYKTYpUPOBAaHHUS TPOEKTa, a TaKXkKe JUIs OICHKH MPUYUHHO- CIIEJICTBEHHBIX
cesa3eii[30]. [IpoGiemHOl 00NacThIO aHadW3a SBISAETCS CHUHTE3 OKCHHHUTPHUIA
amomuaus. K pakTopam, BIUSIOMNM Ha 0OBEKT aHAIN3a, MOXXHO OTHECTH:

— TIepCcoHa;

— 000pyI0BaHNUE;

— TEXHOJIOTHIO TIPOBEACHHSI paboT.

[IpuunHHO-CNIEACTBEHHAS JUarpamMMa MpeACTaBIeHa Ha pPUCYHKE 28.

YENOBEK

HepocraTouyHan

OBOPYAOBAHUE KBanudmkauna pabounx

WHTPYMEHT

HepoctatouHaa mMoTuBaluuMa

Pas6anaHcmposka pa6oumnx

obopyaoBaHwA

HepgocTaTouHan COCPEAOTOHEHHOCTE U

BHMMaHMe paboumx
HuzKoe Ka4yecTBO MHCTPYMEHTa
HepocTaTouHoe 3A0poBLE Y

oTAeNbHbIX paéounx
YcTapeBLuee obopyaoBaHme
Bonbioii ypoBeHb cTpecca n

HaKonMeHHanA ycTanocTe abounx

Bbicokas cKkopocTb Hwu3koe KauecTso
o6paboTkn geTanei CbipbA M MAaTEPHMANos

HepocraTtouyHoe

OCBELLEHWE B LIEXAX

HapyweHwe TemnepaTypHo
BNaXXHOCTHOIO peXxuma B
uexax

CTapeBLUMe TEXHONOTMKA 1 ecBoeBpeMeHHOe
MeTof bl 06paboTKn o6ecneveHne
aetanei CbIpBEEM WU MaTepuanom

HegocTaToK HMCTOThI
B uexax

YyCTaHOBKMW geTane
HepocTaTouyHasa cuna
CPEAA KpenneHws petaneii

TEXHONOrAa
M METOAbI

HapyweHwne nopagka

Mnoxoe xpaHeHne
CbIpbA M MaTepranos

CbIPBE M
MATEPWANDbI

Pucynok 28 /Inarpamma Mcukasa
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3.6 Uanumanusi npoexkTa

['pynna mnpoleccoB UWHUIMALIMA COCTOUT U3 MPOIECCOB, KOTOPBIC
BBIIIOJIHAKOTCS  JUISl  ONpPENENICHUST HOBOIO IMPOEKTa WIA HOBOW  (pa3bl
CyllecTByIolero. B paMkax npoieccoB MHUIMAIIMN ONPEACIISIIOTCS W3HAYAIbHBIE
HeaM W CoJAepKaHue U (PUKCUPYIOTCS H3HAYAJIbHbIE (DUHAHCOBBIE PECYPCHI.
OnpenensroTcs BHYTPEHHUE U BHEIIHHE 3aUHTEPECOBAHHBIE CTOPOHBI MPOEKTA,
KOTOpble OyIyT B3aUMOJCHCTBOBAaTh, W BIUATH Ha OOIIMIA pPE3yJIbTAT HAYYHOTO
npoekTa. [lanHas uHbopMalus 3aKperuiieTcs B Y cTaBe MpoeKTa. Y CcTaB HayqYHOTro
MPOEKTa MarucTepcKoi paboThl UMEET CIAEAYIOIIYIO CTPYKTYpPY:

[enu u pe3yapTar NpoeKkTa

Nudopmanus no 3auHTEPECOBaHHBIM CTOPOHAM MPOEKTa MPEICTaBIEHA B

tabmnuiie 24.

Tabnuua 24 — 3anHTepecOBaHHbBIE CTOPOHBI TPOEKTA

3auHTEPECOBAHHbBIE CTOPOHBI IPOEKTA Oxujanue  3aMHTEPECOBAHHBIX  CTOPOH
IIPOEKTA

JlaGoparopus KOMIO3UIIMOHHBIX MaTepuanoB | MccienoBanue (bU3HKO-MEXaHUUYECKUX

OM UIIHIIT HUTITY. CBOWCTB KEPAMHYECKHX MATEPHAIOB HOBOTO

IMIOKOJICHHA Ha OCHOBC MHOT'OKOMIIOHCHTHBIX
(1)&3 AIIOMHWHUA, HHUPKOHUA W TUTAHA JIA
;[aaneI?Imero HCIIOJIb30BaHUA B
MﬂIHI/IHOCTPOI/ITGJ'ILHOfI IMPOMBIIIJICHHOCTH

B Tabnune 25 npencraieHa uHdopmaiusi 00 uepapxuu 1esield MpoeKTa U

KPUTEPHUSIX TOCTUKEHUS LICIIEH.

Ta6nuna 25 — [enu u pe3ynabTaT IPOEKTa

Henwn mpoekra: Pa3paboTka yHHKaIbHOTO METOJa MOIY4YEeHUS
BBICOKOIIDOYHOM  KEpaMHUKH Ha  OCHOBE
OKCHMHUTPUI0B aJIIOMUHUA 1 HUPKOHUS

O>xuzaeMble pe3yabTaThl IPOEKTA: [Tonyyenue BBICOKOIIPOYHON OKCUHUTPUIHOU
KEpaMHMKH Ha OCHOBE MOPOIIKOB aJTIOMUHUS U
LUPKOHUS

TpeboBaHust K pe3ynbTaTy NpoeKTa: Bricokue MEXaHUYECKUE CBONCTBA

MOJTyYeHHBIX 00pa3IoB.
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Opranm3anmoHHasl CTpykTypa mnpoekta. HMuapopmamms 00 ydacTHHKax
MIPOEKTA MpeJCcTaBIeHa B TaOMM4HOU Popme (Tabmuria 26).
Tabnuna 26 — Paboyas rpymmna npoekra
Ne ®UO, 10mKHOCTD, MECTO Ponb B mpoekTe OyHKIMU
paboThI
1 | Crapuuii npenojaBaTenb K.T.H. PykoBoauTens nmpoekta OtBeuaer 3a
Matpenun C.B. peanu3anuio,
KOOPJMHHUPYET
NS TEIbHOCTD
Y4aCTHUKOB ITPOEKTA.
2 | Crynent rp. 4bM8U Pora H.C. HcnonauTens 1o npoexTy Brimonnenue
AKCIIEPUMEHTAIbHON
YacTHU HAyYHOTO
MIPOEKTA.
3 | Houenr k.3.H. Cnunpina JLLIO. Koncynprant no pazneny | KoncyiabtupoBanue u
«DPUHAHCOBBIN OIleHKa
MEHEIKMEHT» IPAaBUJIBHOCTH
BBITMIOJTHEHUS 3a/1aHUS
4 | Houent kx.1.H. Pomanmos 1.U. KoncynbranT no pazaeny 1o paszieny
«ComnuanbHas
OTBETCTBEHHOCTb)
5 | Houenr k.¢.H. [Tanamapéna KoncynbranT no pazaeny
A.H. «IHOCTpaHHBIN SA3BIK)»
OrpannueHus W AOMylIeHUS NpoekTa. OrpaHWYEeHUs MPOEKTa — 3TO BCE
(baKToOphl, KOTOPHIE MOTYT IIOCIY)XHUTh OTIPAaHUYCHUEM CTEIICHHU CBOOO/IBI

Y4aCTHUKOB KOMAaH/JbI IIPOCKTA.

Tabnuna 27 - OrpaHuyueHus U JOMyIIEHUSI TPOEKTa

®dakTop

OrpaHnydeHus/ IonyeHNs

bromxer npoekra

VcTounuk puHaHcupoBaHus ’ HU TITY
Cpoku npoekTa
Jlata yTBEepxkAcHHUS IIJ1aHa 01.10.2019
YIIPaBJICHUS TIPOCKTOM
JlaTa 3aBepuieHMs IPOEKTa 01.06.2020
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3.7 llnanupoBanue u rpagpux HAP

Tpynoemkocts BbimonHeHuss HUP onenuBaeTcs SKCnepTHBIM IyTeM. B
YEJIOBEKO-HAX M HOCHUT BEPOATHOCTHBIM XapakTep, T.K. 3aBUCUT OT MHOXECTBA
TPYJHO YYUTHIBa€MbIX (akTopoB. PasznenuMm uccinepoBaHWe Ha  ATallbl,

npejCTaBJICHHbIC B TabuIe 28

Tabnuna 28 - [lepeueHs 3TanoB, paboT U pacnpeeieHre UCTTOTHUTENEH

OCHOBHBIE 3Tallbl Ne Coneprxanue padot JIOJKHOCTB
pab WCTIOJTHUATEIIS
Pa3pabotka 1 CocraBiieHue u
TEXHUYECKOTO YTBEPKJIEHHE TEXHUYECKOTO PyI;?BOHHTeHB’
3a/aHus 3a/laHus HDEHED
2 N3yuenue nuteparypsl 1o
& TeEME HII/)IP P Hiwienep
Bri6op 3 Cocrasnenue miana padbot Wrkenep
HaIpaBJICHUS
ICCIIeTOBAHMIL 4 Br160op HanpaBieHust PykoBonurens,
HCCIIENOBAHUN Nnxenep
5 Br160p mopomikos,
Teopurnueckue u [IPOBEIEHUE CUTOBOIO WNuxenep
JKCIIEPUMEHTAJIbHbIE aHanM3a
HCCJICIOBAHUS 6 N3MepeHne HachImHON PykoBoautens,
IJIOTHOCTH MOPOIIKOB Wuxenep
7 N3roroBnenne HaBeCcOK Wnkerep
8 ITomon noponikos B
IapOBOY IJIAHETAaPHOU PyI;?BOHHTeHB’
MEJbHUIIE TUKRCHEp
9 Jlo6aBneHue K MOMOJIOTHIM PykoBonurens,
nopomkam KMI] Nuxenep
10 XO0JI0AHOE OTHOCTOPOHHE
MPECCOBAHUE NPH JABIICHUH Nuxenep
200-600 MITA
11 Crnekanue 00pa3LoB B IieUn
BBICOKOI'O CONIPOTHUBIIEHHUS Vikenep
pu 1600°C ¢ BbIAEpKKOU
1 4.
12 Onpenenenre TBEPAOCTH TTO Hikenep
Poksemry
13 [Toctpoenue rpadukos, Virokenep
Jarpamm, TaOJIuil
14 CpaBHUTENBHBIA aHATIN3 Hikenep
MOJIYYEHHBIX 00pa3loB
15 Hayunoe o6ocHOBaHme PykoBoauTens,
pE3yJIbTaTOB Wuxenep
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16 AHaJIN3 MOTYyYECHHBIX PykoBoautens,
O6o0061enne u pe3yJIbTaToB Wuxenep
OIIEHKA PEe3YyJIbTaTOB 17 Onenka 3¢ heKTUBHOCTH PykoBoautens,
MOJIYYCHHBIX PE3YJIbTATOB WNnxenep
Odopmnenue 18 Cpnauva otuera no BKP
oTtuera, mo BKP
HNnxenep
(KoMIUTeKTa
JIOKYMEHTAI1H )

3.8 Omnpenesienne TPYIA0EeMKOCTH PAadOThI BHINOJHEHHUS BbI3BAHHBIM

paodor

Jist  ompeneneHuss TPYyNOEMKOCTH  pabOT  HUCIOJIB3YETCSl  OMBITHO-
CTATUCTUYECKUN METOJI pacyéTa OXXHJAAEMOTO BpPEMEHHU BBINIOJTHEHUS paldOT B

YEJIOBEKO-THAX 110 hopMmyJie:

o= 3-tminit2-tmaxi (11)
oorci 5 ’

rae  t,,. - OKUIaeMas TPYJOEMKOCTh BBITIOJIHEHUS 1-0M pabOThI, Yell.-IH.;

timin i-MUHUMAJIBHO BO3MO>KHAs TPYJAOEMKOCTh BBIMIOJHEHUS 3aIaHHON 1-0M
paboTHI (ONITUMHUCTUYECKAS OIIEHKA: B IIPEAIOJI0KEHNN HanboJiee 01aronpusiTHOTO
CTEUCHHS 00CTOSTEIBCTB), YEIL-1H. ;

tmax i-MAKCUMaIbHO BO3MOXHAs TPYAOCMKOCTh BBITOTHCHHUS 3aJaHHOU
paboTel  (IeccUMHMCTHYECKash ~ OIEHKA: B TPEANOJOKEeHWH  Haubolee
HEOJIAronpuUsITHOrO CTEYEHUsI 00CTOATENBCTB), YEIl.-/IH.

JUist  yCTaHOBJEHUS IPOJOJDKUTEIBHOCTH pabOThl B pabouMXx JHAX
UCIIOJIB3YeM (hOopMyITy:

Loonci
Tpi = Ti’ (12)

rae  Tp;-NPOAOIKUTENBHOCTL OJHON paboThl, pad.aH. ;
t,ci-OKHIaEMast TPYTOEMKOCTD BBITTOJTHEHHS OJTHOW paOOThI, YeII.-/TH.;

qi-‘-II/ICJIeHHOCTL. HCHOHHHTeHeﬁ, BBIITOJIHAIOMIUX OJJHOBPCMCHHO. OJTHY U TY

e paboTy Ha JaHHOM 3Tarle, YelIOBeK
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g ynoOcTBa MOCTPOEHUS KaJICHIAPHOTO. IUIaH-TpaduKa, JIUTEIbHOCTD
ATanoB B pabouyuX THSAX MEPEBOAMUTCA B KaJICHIAPHBIC THU U PACCUYUTHIBACTCS IO
caenyrouieilt popmyie:

Ty = Tpi -k, (13)

rae  Ty;-TIPOJAOJIKUTEILHOCTD BBIMIOJHEHHS OJTHOM PaOOThI, KAJICHI. JTH.;

T, -TIPOJIOJKUTENILHOCTL OJJHON pabOThI, pad.aH.;

k— xoaddunmenT kaleHIapHOCTH, MpEeAHA3HAYEH JJis TepeBojia paboyero
BPEMEHU B KaJECHIAPHOE.
KoaddurmenT xaneHaapHOCTH pacCUnTHIBAETCS 1O (OpMYyIIe:

T,
k = KL (14)
Tkr—Tey=Tiy
rae Ty — KOJUYECTBO KAJICHIAPHBIX JTHEH B TOJY;

Tp;; — KOIMYIECTBO BBIXOJTHBIX JTHEH B TOIY;
Tz — KONMUYECTBO NPA3AHUYHBIX JHEH B TOLTY.

OnpenenuM JJIMTEIBHOCTh A3TAaloOB B padboyux JHAX U KOA(P(UIHMEHT
KAJICHJAPHOCTHU:

Tur 365

k = =

= 1,48

JnutenbHOCTh 3TanoB B pabouux AHsIX. Clieayer y4ecTb, YTO PaCUETHYIO

BCIIMYMHY IIPOJOJLKUTCIBHOCTI pa60T TKHY)KHO OKPYTJIUTBb A0 OCJIbIX YHUCCII.

3.9 Texunueckas rorosHocr HUP

TexHuueckass TOTOBHOCTh MCCJIEAOBAHUSA OTPAXKA€T TO, HACKOJBKO
BHITIOJIHCHBI 3allJITAHUPOBAHHBIC JTambl WM padota. YMCIEHHO TOKa3aTelb
TEXHUYECKOM TOTOBHOCTH BBIPAXKAETCS KaK OTHOLICHHWE MPOJOHKUTEIBHOCTH
paboT, BBIMOJTHEHHBIX HAa MOMEHT HCYHCICHHS OTOTO IOKa3aTens, K oOmen
3aIUTAHUPOBAHHOW TMPOJIOKUTEILHOCTH PabOT, TMPH TOM CIIEAYEeT y4eCTh, YTO
MEPUOJT UCCIEIOBAHUS COCTABJISIET MPUMEPHO O MECAIEB, CTYACHT-IUILIOMHUK

BBICTYIIA€T B KAYECTBE OCHOBHOTO ucnoiHuTens [28-30].
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JIist  BBIZENCHUS YACIBHOTO 3HAYEHUS OTACIBbHONW paboThl W3 0O0IIeH

POJAODKHTEILHOCTH PabOT UCIOJIb3YyeTCs (hopMyJia:
Y, = 2.100%, (15)

Ty
rae  V; — yaeiabHOe 3HauCHHE KaXk 10 pa0doThl BY0,

T~ NPOJIOIKATENBHOCTD OTHOU paboThI, pad.JIH.;
T,— cyMMapHas IpOI0JDKUTENBHOCTh paboT, pad. aH.

TCXHI/I‘IGCKYI-O I'OTOBHOCTD HH,ZII/IBH,Z[yaJIBHOﬁ pa6OTLI. onpcacinuMm 110

bopmye:

_ 2i=1Tpi

I = - 100%, (16)

T,
p
rac Zi:1 Tpi — HapacTaromasa IIpoaAO0JDKUTCIIBHOCT, HA MOMCHT. BBITIOJIHCHUA 1-TOH

paboTsl. [17]

PesynbraThl pacueToB npuBeeHbL B TabuIe 29.

[To manHbIM TaOAUIBI 29 BUIAHO, YTO B MCCIICOBAHUU JUISl TaHHON pabOTHI
3aJICICTBOBAHO JIBa 4YeJOBeKa (PYKOBOAUTEIhL U HMHXKEHEP), a Ha OTHACJIbHBIX

BoinosineHue HUP tpebyercs 119 kaneHnapHbIX THEH.
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Tabnuna 29 — Bpemennslie nokazatenu nposenaeHus HAP

[TpomomxUTETLHOCTD padoT
Ne
PaGoThI Hcnonnurenu tmin, tmax, o, T,, T,
YeJ1-JH. YeJ1-JH. YeJ-JH. pab. AH. | Kau. JIH.
1 PykoBoautens, 1 3 > 1 >
Hnxenep
2 WNuxenep 20 30 24 24 35
Hnxenep 1 3 2 2 3
4 PykoBoautens, ’ 5 3 7 3
Hnxenep
5 Hnxenep. 2 8 4 4 6
6 PykoBonurens, 3 ] 5 3 5
HNuxenep
7 Hnxenep 1 15 7 7 10
] PykoBoautens, 2 10 5 3 4
HNuxenep
9 PykoBoautens, 3 7 5 3 5
HNuxenep
10 WNuxenep 2 4 3 3 4
11 WNuxenep 1 2 1 1 2
12 WNuxenep 1 5 3 3 5
13 WNuxenep 2 7 4 4 6
14 Nuxenep 3 4 3 3 5
15 PykoBoautens, 1 3 ’ 1 2
HNuxenep
16 PykoBoautens, 5 14 7 4 6
HNuxenep
17 PykoBoaurens, 5 6 4 ) 3
HNuxenep
18 Nnxenep 2 6 4 4 6
PykoBonurens 19 30
WNuxenep 74 112
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3.10 ITocTpoenue rpaguka 6es0ro pador

B kawectBe rpaduka MOXHO HCHOJB30BAaTh Auarpammy [anta —
TOPU3OHTAIBHBIA  JIGHTOYHBIA Tpaduk, HA KOTOPOM pabOThl TIO TeMe
MPEJCTABISAIOTCS. MPOTSHKEHHBIMUA BO BPEMEHHU OTPE3KaMU, XapaKTePU3YIOIIUMHUCS
JaTaMu HavaJla 1 OKOHYAHMSI BRITIOJTHEHUS JaHHBIX pa0oT.

I'paduk cTpoutcs B pamkax tabnuiibl 30 ¢ pa30dUBKOI MO MECSIIIaM U HEACIIM
(7 nme#t) 3a mepuoja BpeMeHH Bcex pabor. Ilpum sToM pabGoThl Ha rpaduke
BBIJICIISIOTCS.  PA3JIMYHOM INTPUXOBKOM B 3aBUCUMOCTH OT MCIIOJHHUTENEH,

OTBETCTBEHHBIX 3a TOT WJIM MHOM ATaIl pa6OTBI.

Ta6muna 30 - luarpamma ["anTa

Ota Bun pabotst ecnonuuren | 1k | Pespan | Mapr Anpenb | Mait | Uiosb
TTBI " b
1 CocrapieHnue u
YTBEPKJICHUE
TEXHHYECKOTO Houenr, 1
3aJaHus Nuxenep
2 Nsyuenne
JIUTEpaTyphl 110 WNuxenep 28
teme HUP
3 CocraBnenus
Nnxenep 3
r1aHa padoT
4 Bri6op
HarpaBJICHUs
HCCIIETOBAHUNI HomeHt, 1 I
Nuxenep
5 Bri6op
MOPOIIKOB,
MIPOBEACHUE WNuxenep 6
CUTOBOTO
aHaimsa
6 N3mepenue
HACBIITHOMN
TUIOTHOCTH Jlonenr, 3
ITOPOLIKOB Hrxenep
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Hsrorosienue
HaBECOK

Nuxenep

10

[Tomon
IIOPOILIKOB B
apoBOM
IJIaHETapHOU
MEJIbHULIE

Jouent,
Nuxenep

JloGaBneHue K
MIOMOJIOTHIM
nopomkam KMI]

Jouent,
Nuxenep

10

XonoxHoe
OJIHOCTOPOHHEE
MIPECCOBaHUE

IIpU JaBJICHUH
200-600 MITA

Nuxenep

11

Crexanue
00pas3IoB B 1e4n
BBICOKOT'O
COTPOTHUBIICHUS
npu 1600°C ¢
BBIJICPKKOM
1 4.

Nuxenep

12

Omnpenenenne
TBEPAOCTH 1O
Poksemry

Nuxenep

13

ITocTpoenue
rpauKoB,
Jarpamm,

TabJInI

Nuxenep

14

CpaBHUTENBHBIN
aHaIN3
MOJIy4YEHHBIX
00pasioB

Nuxenep

15

Hayunoe
000CHOBaHUE
pE3yNbTaTOB

Jouent,
Nuxenep

16

Anamms
MOJIYYEHHBIX
pe3yIbTaTOB

Jouent,
Nuxenep

84




17 OneHKa

3¢ (HEeKTHBHOCTH
MOJYyYEHHBIX Honenr, 1
pe3yabTaTOB Wmxenep

18 Cpada oTyeTa I10
BKP Nnxenep 6 !

— PYKOBOJHTEIb, _ — UHKEHED

3.11 Pacuer O0romxera oopasyrorcs 3arpatr Ha HUP

Paccuntannas BenMuMHA 3aTpaT HAy4YHO-HCCIENOBATEIbCKONH pabOThI
BIIMSIHUSI MEXaHUYECKONH 00pabOTKU MOPOIIKOB IIIMHO3EMA U AJIEKTPOKOPYHJA Ha
MX CBOMCTBA W CIIEKAEMOCTbh KOPYHIAOBOW KEpPAMHUKH, SIBJISIETCSI OCHOBOW JIJIA
dbopmupoBaHus Or0/KETa 3aTpaT MPOEKTA.

JUJ1s1 BBITIOTHEHUS TaHHOW pabOThL TpeOyeTCs 2 UCIOTHUTENS: PYKOBOIUTENb
(k.T.H.) U wumKeHep. McXoaHbIMU HOpMaTUBaMH 3apaOOTHOM IJIAThl JAHHBIX
KaTeropuii, paboTaronmMX SIBISIETCS OKJIaJA, ONMPENCISIONNUA YPOBEHb MECSIYHOMN
3apa0OTHOM TJIaThl B 3aBUCMMOCTH OT 00beMa U OTBETCTBEHHOCTH padoT [31].

[Ipu pacu€re cMeThl pPacxoJ0B YYHUTHIBAIOTCS 3aTpaThl HA MPHOOPETEHHE
HEO0OXO0IMMOro 000PYI0BaHUS U TEKYIIHNE PACXO/bL.

CebectonmMocTh paboThI OPMUPYETCS U3 3aTpaT, KOTOPHIE, B CBOIO OYEPE/Ib,
IPYIIHPYIOTCS MO CIEAYIOINM YdKOHOMUYECKUM 3JIEMEHTAM:

Kl‘lpoeKTa=I/IMaT+I/IaT.TeXH+I/I3H+I/ICOH.0T‘l.+I/IHaKJ’I.paCX.+I/Iﬂp0‘ll/Ie ( 1 7)

3nech H,,,,— MaTepualibHbIE 3aTPaThl, BKJIIOYAIOIINE CTOUMOCTh MaTepHaioB.
U CBIPhsI, HEOOXOIMMOTO. TIPU U3TOTOBJICHUH PO TYKITHH.

OTpakaeT CTOMMOCTb MaTEpUAJIOB C YYETOM TPAaHCIOPTHO-3arOTOBUTEIBHBIX
pacxonoB (1% OT CTOMMOCTH MaTepuanoB), HUCIOJb3YEMBIX MpU pa3paboOTKe
IporpaMMHOT0 obecrieueHus. JlaHHbIe MO0 pacXOJHBIM MaTepuaiaM MPeaCcTaBICHBI

B Ta0ure 31.
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Tabnuna 31 — MarepuaibHble 3aTpaThl

HaunmenoBanue MaTtepuanioB Llena exn. (py0.) Konuaectso Cymma, (py0.)
[Topomok Al, Al,O3, YIII TiO2 1800 0,5 xr 900
®neni-kapra 32GB 350 1 mr. 350
Bymara ¢opmara A4 250 1 yn. 250
Kaprpux 115 npunTepa 500 1 wr. 500
Kanurosapsl 100 1 mrT. 100

Terpanb 20 1 wr. 20

Wroro 2120

CormacHo  Tabmume 31  pacxompl Ha  MaTepuaigbl  COCTaBISIOT

Crar=900+350+250+500+100+20 =2120 py6rieii.

3.12 Pacyer 3arpar Ha cHoeHuajJbHoe O00OpyAOBaHUE  [JIA

HAYYHBIX XaPAKTEPHOH (IKCIMEPUMEHTAIbHBIX) PadoT.

JIs mpoBeeHUsT HayYHO-KUCCIIEIOBATENILCKON pabOThl MPOEKTa TPEOYIOTCA
cienytonue Buabl ooopyaoanusi: [llaposas menbauia « MII-2», rugpaBiandeckuit
npecc, MydenbHas neub, TBepaomep Poksemna. OGopynoBaHHe HMEETCS B
Haymmuun HUTITY WUIITHIIT.

3aTparhl HA aMOPTU3AIUIO0 000PYIOBAHUS PACCUUTHIBAIOTCS MO (hOpMYyJIE:

3o = (Il * F(l))/(FH * Fee), (18)
rae L — nena obopynosanus, p.; Fy, — HoMuHanbHbIN GOHI BpeMeHU (pabodee Bpems
B rony), 4; Fec — cpok ciyxObl oOopynoBanus, rog; Fg — ¢akrtudueckoe Bpems
3aHsTOCcTU 000pynoBanus B HUP, .

Boruucnennas amopTtuzanus 000pyIOBaHUS TpejacTaBieHa B Tabmuie 14.
JlaHHBIE B3SITHI HA OCHOBE OT4YeTa JlabopaTopuu [29-31].

PesynbraThl pacueToB TpencTaBieHbl B Tabimie 22 AMopTu3aims
paccuuTaHa Ha o0opy/ioBaHUE CTOMMOCThIO Ooisiee 100 Tricsu pyOeit. iToroesie

3aTpaThl HA aMOPTHU3AIMIO 000PYI0BaHUS cocTaBWIA 8392 pyOIiei.
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Tabnuna 32 — Pacuet BeIMUKMHBI aMOPTU3ALIMOHHBIX OTYHCICHUIN

Cpox Bpems 3arpartsl, 306,
Hanmenosanne Hena, I, | cnyx6sl, Foe, | 9KcIumyaTanuy, pyo.
obopynoBaHus pyo. o Fo, IH.
Hanounnentop 100000 15 10 183
I'mpapaBnuueckuit mpecc 120000 15 6 132
BricokoTeMmieparypHas rneyb
CONPOTHBICHMS 4000000 10 3 3288
TBepioMep pokBeIlia 100000 15 4 73
Uroro 3676

3.13 Pacuer 3apa0oTHOM CPOK IJIATHI KOHYC

J1J1s1 BBITIOTHEHUS TAHHOU PabOThI TpeOyeTcs 2 UCTIOIHUTENS: PYKOBOIUTEND
(mou.) u nwxkenep (Mux). UcxogHpIMU HOpMATUBAMU 3apaOO0THOM TJIaThl TaHHBIX
KaTeropui, paboTarouux SBJISIETCS OKJIAJ, ONPEACISIONNN YPOBEHb MECSYHOU
3apa0OTHOM TUIaThl B 3aBUCUMOCTH OT 00bEeMa M OTBETCTBEHHOCTH paldoT.
Mecsiunblil oknaa pykoBoauTens coctasiseT 33664 pyo.,

Cpennsisi 3apaboTHasI MJIaTa PaCCUUTHIBACTCA CIASAYIOIMUM 00pa3oM:

JneBHas 3/mata = MecsuHbIii oknan/ 21 neHb.

COOTBETCTBEHHO JHEBHOW OKJIaJl pyKoOBoauTeNnss paBeH 1294 py6., a
HHXXEeHepa-TexHojora —452 pyo.

PacueTsl 3aTpatr Ha OCHOBHYIO 3apa0OTHYIO IJIaTy IpHUBEACHBI B Ta0uie 19.
[Ipu pacdere yuyuThIBaiIOCh, 4TO B Toay 250 paboumx mHEH U, CIEAOBATEIHHO, B
Mmecsiie 21 paGounii 1eHb, a 3aTpaThl BPEMEHU Ha BHITIOJHEHNE Pa0OTHI IO KaXKIOMY.
UCTIONIHUTENMO0  Opanmuch w3 Tabmunbl  19. KoadduuueHnt, ydyuThIBaromun
ko3 dunuent no npemusm K;,=50%, paitonnsiit koagduiment Ky,=30% (K = K,

* Kpe = (1 +0,5) *(1+0,3) = 1,95);
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Tab6nuua 33 — Pacyet ocHOBHO# 3apaO0OTHOM TIATHI

Hauwmeno- Ucnomuutenmn | Tpymoem | 3apaboTHas miaTta 3apaboTHas Hroro
BaHUC 10 KaTeropusiM | KOCTb, 1o Tapudy Tiata, sas
JTaIoB YeJ1.-JTH. (oxmamam) ¢ MPUXOJAIIASCS HA

yuétom PK, py0. OJIMH YeJ.-JH., 3/m
pyo.
1-18 Wunxenep 74 9489 9489/21=452 33448
1,4,6,8,9,15, | PykoBoaurensb 19 33664 33664/26=1294 | 24586
16,17
Hroro 58034

Tabnuna 34 — Pacuet Oroxera 3arpar

Haumenoanue Cgl;dg 2, [Topsinok pacuera
MarepuaiibHbI€ 3aTpaThl 2120 Tab6nuia 9
3aTpathl Ha CHEIUATBHOE
00opynoBaHue I
pI}{]ayT-IHI)IX 3676 Tabmana 10
(3KCTIEpUMEHTATBHBIX )
pabor
3aTpatbl IO OCHOBHOM
3apabOTHOM IIJIaTe 58034 Ta6muma 12
WCIIOJIHUTEJIEH TEMBI
3arpaTsl 11O
JIONIOJIHUTEIBHON 6964 (ocuH.3.11.) - 0,12
3apaboOTHOM maTe 58034%*0,12
WCTIOJIHUTEJIEN TEMBI
Otuucnenus Ha 19629 (ocH.3.1. +pom. 3.11. ) - 0,302
COLIMAJIbHBIE HYXKIbI (58034+6964)*0,302
3arpaThl Ha HAy4YHbIE U
MIPOU3BOICTBEHHBIE - -
KOMAaHJIUPOBKHU
KonTpareHTckue pacxozsl - -
Haxnagaeie pacxobl (cymma mynkToB 1-7)*0,16
14168 (2120 + 3676 + 58034 + 6964 + 19629 + 0
+0) * 0,16
bromxer 3atpatr HUP CyMMa BCEX 3arpar
104591 2120+3676+124303+14916+42044+0+0+
+26852

*JIJ1st pacdeTa OTYHMCIICHUN Ha COIMAIbHBIC HYXKIbI UCIIOH30BaH MTPOIICHT

s TITY 30,2% (0,302)
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3.14 UnTerpanbHblidi NOKa3aTeab (PMHAHCOBOM 3¢ PeKTHBHOCTH

WNurerpanbHbiii  mokazatenb (puHAHCOBOW  3(PGEKTUBHOCTH  HAYYHOTO
MCCIICIOBAHUS TOJIY4YalOoT B XOJI€ OIIEHKHM OloJKeTa 3arpar Tpex (wid Oosee)
BApUAHTOB HCIIOJIHEHHUsSI HAY4YHOTO wuccieaoBanus. [l 3Toro HauOONbIIAN
WHTErPaJIbHBIN MMOKa3aTeNb pean3allii TEXHUYECKOH 3a1a4i IPUHUMAETCs 3a 0azy
pacdera (Kak 3HaMEHATEelb), ¢ KOTOPHIM COOTHOCUTCS (PMHAHCOBBIC 3HAYCHUS TIO
BCEM BapuaHTaM ucnojHeHus [31].

WNuTerpanbHbiii PMHAHCOBBIN TIOKa3aTeh pa3pabOTKH ONpenesaeTCs Kak:

of (19)

i —
Iy =

cDmax

rae I({) - UHTErpaJIbHBIM (PUHAHCOBBIN MMOKAa3aTeNb pa3paboOTKy;

®; - cTOMMOCTH 1-TO BapuaHTa UCTIOJIHEHUS;

D,,, - MAKCUMAJIbHASI CTOMMOCTh UCIIOJTHEHHUS HAYYHO HCCIIEI0BATEIbCKOTO
IIPOEKTA.

JlomycTuM, 4YTO CYIIECTBYIOT JBa AHAJIOra-UCIOIHUTENS IO JIaHHOMY
MPOEKTY T/IE:

Texymmit npoext @;= 104 591 py0

Amnanor-ucnonautens 2 @;,= 120 219 py6

Amnanor-ucnonaurens 3 @;;= 114 208 pyo

Ucnions3ys mannbie Tabnuiibl - Pacuer Gromxkera 3atpat HTU nomyuaewm:

e = 0.87
Iz = 1
1413 = 0,95

WNuTterpanbHbiii TIOKazareib pecypcoddHEKTUBHOCTH MOXKHO OIPEICITHUTh

I; = Z a;b; (20)

rae l;- UHTerpalibHBIN MOKa3aTenab pecypcodDPEeKTUBHOCTU IS 1-TO BapH-aHTa

CJIEAYIOIIUM 00pa3oMm:

pa3paboTKH,
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a;- BecoBOM KOA(P(PUIIUEHT 1-TO BapuaHTa pa3paboOTKH,

b;- OanmbHas oOIEHKAa 1-TO BapuaHTa MCIOJHEHHUS  Pa3pabOTKH,

YCTaHaBJIMBACMas SKCIICPTHBIM IIYTCM II0 BBI6paHHOI‘;1 IMKaJC OLCHUBAHUAI,

n - YUCJIO ImapaMeTpPOB CPABHCHUA.

Pacuer wuHTerpasibHOro mokazarens pecypcodddexkTuBHOCTH B (dopme

TaOJIULIBI.

Tabmuua 35 CpaBHuUTENbHAas OIEHKA XapaKTEPUCTUK BAPUAHTOB HCIIOTHEHUS

IPOEKTa
Kpurepun Becosoii koadpdurment | Texkymmit | Ucn.l | Mcn.2
rnapaMmeTpa MPOCKT

M3HOCOCTONKOCTH 0,45 5 3 4

JKaporpodHocTh 0,38 5 4 4

TBepaocThb 0,05 5 3 4

[IpoyHOCTH 0,04 5 3 5

OYHKIIMOHAIIBHOC 0,2 4 3 3

Th

Bsi3kocTh 0,06 4 4 4

Uroro: 1 28 20 24
I; 5,64 4,08 4,56

WNurterpanbubiii  mokazarenb A(PQGEKTUBHOCTH BApUAHTOB  UCIIOJHECHHUS

pa3paboTku (I,cni) Onipeaensercs no Gopmynam:

I _ Ip—ch.i
uenl —  rpend
¢unp

CpaBautenbHas 3¢ GeKTUBHOCTH MpoekTa (Icp):

_ Ich.l

3Cp—1

WcIm.2

CpaBuaurenbHas 3QPeKTHBHOCTD pa3pabOTOK MpUBEIEHA B TAOIHUIIE:
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Tab6muma 36 - CpaBauTenbHas 3QPEKTUBHOCTD Pa3pabOTOK

[lokazarenn Texymui | Uen.1 | Hcn.2
MPOEKT
HNHuTterpansHblil GUHAHCOBBIN MTOKA3aTeb 0.87 1 0.95
pa3pabOTKH lyyump
HNHTerpanbHbli MOKa3aTesb 5.64 4.08 4.56
pecypcoddheKTUBHOCTH pa3paboTku I,
WHTterpanpHbIil mokazaTenab 3 pexruBHoCTH | 6.48 4.08 4.8
CpaBHutenbHas 3)PEeKTUBHOCTH BAPUAHTOB 1.56 0.85 1.17
WCIIOJTHEHUS

Haumenbiimii 010/ k€T MUHUMAIBHBIX PAcXOJ0B JJIsl peaau3aiuu padoThl
MIPOXOIUTCS HA TEKYIIUH MPOEKT, pazpadboTka uzaenus cocrapmia 104591 pyo.

Tak >xe W3 JaHHBIX MPOBEJAECHHOIO aHain3a 3(OPEKTUBHOCTH, MOXKHO
3aKJII0YUTh, YTO BAPUAHT TEKYIETO MPOEKTa sABJsieTCs Haubosee 3PPEeKTUBHBIM C
MO3UINHU pecypcorDPEKTUBHOCTH.

OCHOBHBIMM 3aTpaTaMd B XOJi€ pPa3pabOTKH SBJISIIOTCS MaTepUaJIbHbIC
3aTparbl U aMOPTHU3allMs, a TAaK JK€ HAKJIAJIHbIE pacxoJbl Ha HCCIEIOBAHHE U
pa3palboTKy, MOATOMY JJIsl BBITIOJTHEHUS PacCMaTPUBAEMOTr0 MPOEKTa CIKOHOMMUTH

Ha 3TOM BHUJIe pecypca Henb3s [30-31].

3.15 Ouenka pecypcodpdexkTuBHOCTH

[Tockonbky nannas HUP oTHOCHTCS K MOMCKOBBIM paboTam, TO OIIEHUBATH €€
3G (HEKTUBHOCTh MPEXKAECBPEMEHHO. DP(HEKTUBHOCTH MOXKET OBITH OIpenesieHa
TOJIBKO TIOCJIE IMPOBEACHMS IPUKIAIHBIX HCCIENOBAHMUM, PE3YJIBTaTOM KOTOPBIX
OyZeT moyiydeHHMEe KOHEYHOTO MPOJYKTa, MO3TOMY pa3fles OLIEHKHM U CPaBHEHMS
3¢ (HEKTUBHOCTH pe3yiIbTaTa HAYYHOTO UCCIEIOBAHUS IJIsl HAIIeH paboThl HE UMEET
3HAYCHHUE.

OcHoBHass 4acTh pabOThl BBINOJHSAIACH C TNPUMEHEHHUEM CJEAYIOLIEro
000pyI0BaHUS; TIPECC MAIIIMHBI, TIFIAHETAPHON METBHUITH «AKTHUBaTOp 2XL), neun
BBICOKOT'O CONPOTUBIIEHUS, TAKXKE B X0JIe¢ padOThI ObLJI MPOBENECH 3KCIEPUMEHT C
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IIPUMEHEHUEM IIOJIYYECHHBIX B XOJI€ CMEIIMBAHUSA, IPECCOBAHUS M CIEKAHUSA
nopomikoB. IlosmydyeHHble BO BpeMsl MPOBEACHHS 3KCIEpPHUMEHTa 0O0pas3lbl HE
IIPECTABIIAETCS. BO3MOXKHBIM HCIIOJIB30BaTh IIOBTOPHO B JPYrUX LEISIX T. K.
oOpaszer] TMOABEprajici MEXaHHMYECKUM BO3JCHCTBHEM U HE  COXPaHMI

IepBOHAYAJIBLHBIX CBOMCTB [32].
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1.1 Alumina Ceramics

Alumina is a refractory chemical compound with an ion-covalent type of
crystal lattice bond. It has several crystalline modifications. The a-, B-, and y-
modifications of alumina have been established, with a- and y-Al,O; being pure
aluminum oxide, and the B-modification being a compound of aluminum oxide with
alkaline and alkaline-earth oxides.

Under natural conditions, only a-Al,O; occurs in the form of minerals of
corundum, ruby, sapphire, which crystallizes in trigonal crystal system. Cubic y- and
hexagonal B-Al,Os are unstable modifications, which, when heated above 1500 ° C,
transform into a-Al,O3. Corundum technical ceramics refers to ceramics containing
more than 95% a-A1,0s. In scientific works, there are private names for corundum
ceramics: alumina, corundum, synoxol, minalund, M-7, 22XC, microlite, sapphire,
polycor, etc.

All these types of technical corundum ceramics differ in the composition and
content of the added additives. The technology of various types of corundum
ceramics can vary significantly. Both traditional ceramic technologies using natural
raw materials and advanced technological methods are used, especially for the
production of high-strength ceramics.

The starting materials in the technology of corundum ceramics are alumina
powders obtained in various ways.

Technical clay (technical alumina) is traditionally one of the main types of
raw materials for the production of corundum ceramics. It is obtained by
decomposition of the bauxite mineral, which is a mixture of aluminum hydroxides
with a solution of caustic alkali to form sodium aluminate, which passes into the
solution. The aluminate solution is cleaned of impurities, after which pure aluminum
hydroxide is isolated, which is roasted at a temperature of 1150-1200 ° C. As a
result, technical clay powder is formed. The obtained powders are spherical
(spherulitic) agglomerates 40-70 um in size, consisting of y-Al,O; crystallites, the

size of which does not exceed 0.1 um.
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Alumina powders are also obtained by thermal decomposition of certain
aluminum salts, for example, aluminum nitrate. The average size of the resulting
particles is 0.1 um, as a result of which it has high chemical activity.

To obtain ultrafine powders of Al,O;, which are used in the technology of
structural and instrumental ceramics, the method of co-precipitation of hydroxides
(SOG) and plasma chemical synthesis (PCS) is widely used. The essence of the SOG
method is the dissolution of aluminum salts, for example, AICl; in an ammonia
solution and the subsequent precipitation of the resulting hydrates. The process is
carried out at low temperatures and long exposure times. The resulting hydroxides
are dried and calcined; as a result, Al,O3; powder with a particle size of 10-100 nm
is formed. In PCS technology, an aqueous solution of Al (NO3)s is served into the
plasma torch nozzle. Extremely high temperature gradients appear in solution
droplets; a very fast process of synthesis and crystallization of Al,O3 occurs. Powder
particles have a spherical shape and a size of 0.1-1 pm.

ALOs powders, irrespective of the technology of their preparation, are
subjected to calcination at 1500 ° C before molding for the purpose of dehydration
and transfer to a stable and denser a-modification.

To obtain dense sintered corundum ceramics, industrial alumina and
electrocorundum should be crushed to particles with a size of 1-2 microns, and in
some cases even finer. For this, ball, vibration and jet mills are used. Ball mills lined
with alundum riveting or rubber. Alumina clogging in such mills practically does
not occur.

Corundum products are formed by casting from aqueous suspensions,
injection molding, uniaxial static pressing, hydrostatic pressing, hot pressing.

In slip casting technology, the first step is to prepare an aqueous suspension -
slip with the desired casting properties, which are determined by its pH. Alumina
slips are liquefied both in acidic and alkaline environments, and there are certain
ranges of pH values, which correspond to the greatest dilution. Before casting, the
prepared slip is evacuated at a residual pressure of 15-20 mm Hg. Products are cast

in plaster molds in both a drain and a bulk way. The shrinkage of molded products
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in the mold as they dry is 1-1.5%. Cast products are dried at room temperature.
Casting is used to form thin-walled corundum products of complex shape that do not
experience significant mechanical stresses during operation.

For the production of Al,O; products, a simple enough shape, for example,
bushings, cutting inserts, nozzles, dies, uses uniaxial static pressing in metal molds.
In this case, a plasticizer is added to the powder, most often rubber, in an amount of
1-2% wt.

The most durable Al,O; products are obtained by hot pressing (GP) in graphite
molds coated with BN and hot isostatic pressing (GUI) in gas baths. At the same
time, the powder is densified into the product and sintered. The used pressure is 20—
40 MPa, and the sintering temperature is 1200—-1300 ° C. GP and GUI methods are
technologically sophisticated and energy-intensive and are used to obtain critical
ceramic parts for structural purposes, operating in high temperature and aggressive
environments

Sintering of corundum ceramics in most cases is solid phase. Sintering
temperature depends on the dispersion and activity of the starting powders, sintering
conditions, type and amount of additives. The dispersion of corundum powders has
a decisive influence not only on the sintering temperature, but generally on the
possibility of sintering of corundum. The maximum particle size of A1,0; powder
should not exceed 3-5 microns. For A1,0; powders with a dispersion of 1-2 pm
without additives, the sintering temperature is in the range of 1700—1750 ° C. In this
case, a density of 3.7-3.85 g / cm3, or a relative density of 0.94-0.96, is achieved.
For such a compaction, with a dispersion of 2 um, a temperature of 1750-1800 ° C
is already required, and with a dispersion of about 5 pm, even at 1850 ° C, the density
is only 0.82-0.84 of the theoretical. Ultra- and nanodispersed A1,0; powders are
very active due to the high surface energy and crystal structure imperfection.
Corundum compacts from such powders can be sintered to a high density (0.95) at

a temperature of 1600 ° C without a significant increase in grain size.
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In many cases, various additives in the form of oxides or salts are introduced
into the corundum mixture. This is done in order to reduce sintering temperature and
change the nature of crystallization during sintering.

The addition of TiO, reduces the sintering temperature of corundum to 1500—
1550 © C. In this case, a TiO; solid solution in A1,0; i1s formed, which causes
distortion of the corundum crystal lattice and, as a result, more active sintering and
recrystallization. The TiO; additive causes an intensive grain growth of corundum
ceramics up to 200-350 um.

A number of additives inhibit the growth of corundum crystals. This effect is
most pronounced with the introduction of MgO. When 0.5-1% MgO is introduced
into the charge, the size of the crystals of sintered ceramics does not exceed 2—10
um. This is explained by the formation on the surface of corundum of micron
interlayers of magnesia spinel, which inhibit crystal growth. The fine-grained
structure of corundum with the addition of MgO improves the mechanical properties
of corundum. A decrease in the sintering temperature of corundum with the
introduction of MgO is not observed.

In addition to oxide additives, additives are often used, the action of which is
based on the formation of a vitreous substance. Such additives reduce the firing
temperature and at the same time cause a decrease in crystal growth, a decrease in
porosity. Glass-forming additives in most cases are alkaline-earth aluminosilicate
glass of various compositions.

It should be noted that the strength characteristics of corundum ceramics are
to a decisive extent determined by the properties of the initial powder (purity,
dispersion, activity) and the technology for producing the material and vary widely.
Thus, the bending strength of corundum ceramics obtained from industrial alumina
by pressing and sintering does not exceed 450 MPa. At the same time, the strength
of hot-pressed ceramics from ultrafine powders A1,0; reaches 650MPa. The crack
resistance of corundum ceramics to a lesser extent depends on the manufacturing

technology and does not exceed 3MPa*m0.5.
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Table 1 presents the main physicomechanical characteristics of sintered
corundum ceramics.

Corundum has an extremely high chemical resistance to acids and alkalis. At
normal temperature, hydrofluoric acid practically does not act on it. Corundum is

resistant to most alkali metal melts.

Table 1 - Properties of corundum ceramics

Density, g / cm3 3,96
Melting point, ° C 2050
Thermal conductivity, W / m deg 30,14 (100°C)
12,4 (400°C)
6,4 ( 1000°C)
Electrical resistivity, Ohm m 3*10'2(100°C)
9*1072 (1300°C)
LKTR, a 106 deg-1 8 (20-1400°C)
Modulus of elasticity, GPa 374 (20°C)
315 (1000°C)
147 (1500°C)
Bending Strength, MPa 10 650 (20°C)
50 (1500°C)
Microhardness, GPa 10 26 (20°C)

Corundum ceramics is widely used in various fields. Traditional areas of its
application: refractory, chemical industry, electrical and radio engineering. With the
development of new technologies for the preparation of initial powders, molding and
sintering of products, the field of application of corundum ceramics has significantly
expanded. Currently, high-strength ceramics based on A1,0; are used for the
manufacture of structural products used in mechanical engineering, aviation and
space technology.

Corundum i1s the main material in the technology of mineral ceramics.
Mineraloceramic tool materials have high hardness, heat and wear resistance. They
are used for the finishing of cast irons and some steels. The basis of mineral ceramics
1s A1,0;5 or its mixture with carbides, nitrides, etc. The main characteristics and

applications of various grades of mineral ceramics are given in Table 2. In addition
120



to traditional brands of oxide ceramics and cermets, oxide-nitride ceramics are
widely used, for example, «cortinite» ceramics (a mixture of corundum and titanium

nitride).

1.2 Zirconia Ceramics

Ceramics based on zirconium dioxide occupies a special place in the list of
promising types of ceramics for the development. It has high mechanical properties
(bending strength up to 2.5 GPa), which are comparable to the properties of special
alloy steels. This is due to the effect of the so-called “transformation hardening”,
which is characteristic of only a few materials possessed by partially stabilized
zirconia (CSDS). In addition, zirconia-based ceramics are durable and especially
crack resistant, have high acid resistance and corrosion resistance, wear resistance
and heat resistance, biocompatibility. This material also has an extremely low metal
friction coefficient. A unique property of zirconia ceramics is that at temperatures
from 9000 ° C the ceramic becomes electrically conductive, which makes it possible
to use it as a solid electrolyte. Zirconia-based nanoceramic materials are also capable
of absorbing and retaining a significant amount of active fluid in the pore space. It
should be noted that the creation of new samples of zirconium ceramics with
improved performance properties is associated with the use of nanodispersed
powders.

A feature of zirconium dioxide is its polymorphism. Pure ZrO, at room
temperature is in the monoclinic phase and undergoes phase transformations upon
heating (Fig. 4).

The t-ZrO,«>c-ZrO, transition has a diffusion nature and plays a very
important role in the production of the so-called partially stabilized zirconia. The
transformation of m-ZrO, -t-ZrO, proceeds according to the martensitic mechanism
and 1s accompanied by volume changes of 5-9%. Such a significant expansion of
the material upon cooling, accompanied by cracking, does not make it possible to

obtain compact products from pure ZrO,. For this reason, only solid solutions of
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various oxides based on ZrO; or mechanical mixtures with a rigid matrix capable of
stabilizing the high-temperature phases of ZrO, at low temperature are of practical

importance [3].

Figure 3 shows the equilibrium state diagram of the ZrO,-Y»0Os system.

2000

15004

10004

5001

Figure 3 - ZrO; - Y,0; system state diagram: TO - m-ZrO,<>t-ZrO,

transition temperature

The temperature ranges are arbitrary and depend on the size of the grain. The
TO line is the geometrical places of temperatures at which the free energies of m-
ZrO; and t-ZrO, are the same. The given temperature ranges are arbitrary and
strongly depend on the cooling rate of solid solutions and grain size.

In the production of high-strength ceramics, a different stabilization method
is used. After sintering a mixture of Al,O; -ZrO; (Fig. 4) with a SiO, content of less

than 30%, a corundum matrix is formed, which preserves t-ZrO..
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Figure 4 - State diagram of the Al,O3; —ZrO, system
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conductivity, increased thermal stability, heat resistance, etc. [16].

1.3 Ceramics based on aluminum, zirconium and titanium oxynitrides

Materials based on oxynitride phases with a regular distribution of
components with different degrees of chemical bond ionization are characterized by
a unique combination of strength, electro - and thermophysical properties: low

density and high hardness, high thermal conductivity and low electrical

Despite the variety of methods for the synthesis of aluminum and zirconium

oxynitrides and titanium and the consolidation of ceramics based on them that are



currently being developed, solid-phase synthesis in the process of compacting the
corresponding mixtures in an inert atmosphere is of scientific and practical interest.
In this case, powders can be compressed into compacts, both before sintering and
during its process. In the second case, various variants of hot pressing and spark
plasma sintering (SPS) can be used. For refractory ionic-covalent oxynitrides of
transition metals, activated sintering is an urgent problem, since it is carried out by
a diffusion mechanism. To solve this problem, it is necessary to study the regularities
and mechanisms of consolidation of oxynitride ceramic materials and search for
appropriate activating additives and activation methods. The analysis of scientific
and technical works shows that the variants of activated sintering with additives,
including nanodisperse powders, are insufficiently developed [12-16].

Currently, the vast majority of research in the field of aluminum oxynitride
is related to the development of transparent light protective ceramics based on it. In
this class of materials, the most promising is transparent polycrystalline ceramics,
designated by the common abbreviation AION. This material has a unique set of
properties necessary for use in means of armor protection. At an average density,
AION has a fairly high strength, comparable to YAG (alumoittrium garnet) and
fianite (stabilized ZrO;), and in terms of impact strength, AION surpasses all
transparent neoganic materials.

In civilian areas, AION is already used as a ceramic transparent to infrared
radiation in the millimeter wave range, for scanner Windows. In addition, it is
considered a competitor to high-thermal conductivity aluminum nitride
semiconductor substrates for high-power electronic devices.

The introduction of impurities of alkaline-earth, rare-earth elements into the
composition of zirconium dioxide with the formation of solid solutions is a standard
technique for stabilizing high-temperature modifications of ZrO,, which exhibit high
ionic conductivity and in some cases increased strength properties [17].

Another way to stabilize the fluorite-like (F) structure of ZrO, is the
heterovalent doping of the oxygen sublattice of the dioxide with nonmetal atoms,

among which nitrogen attracts the most attention. Partial substitution of O~ for N*-
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ions makes it possible to stabilize high-temperature cubic zirconium dioxide under
normal conditions.

The stabilization of fluorite-like zirconium dioxinitrides with O — N
substitution occurs due to the formation of strong Zr4d — N2p hybrid bonds. The role
of anion vacancies is to regulate the degree of filling of the valence bands. Optimal
stability of the structure is achieved with the content of defects (impurity nitrogen
atoms and anion vacancies) in the ratio (2N*~ + Vo). The study of the ordering of
defects shows that the energy gain is achieved when compact nitrogen atom
associates are formed in the structure of dioxinitrides; additional stabilization of the
system occurs when the anion vacancy is located in such a way that for a number of
cations, the atomic configuration of their near environment corresponds to the
condition of their "local stoichiometry" (ZrOsN,Vo). These defect clusters can be
considered as nuclei of the nitride phase in the volume of zirconium dioxinitrides,
when as a result of the formation of strong hybrid d — p interactions Zr - N, the
coordination polyhedron of zirconium is rearranged from ZrOg (for ZrO,) to ZrNs

(for ZrN) [18].

1.4 Materials based on complex oxycarbonitrides

Complex carbonitrides can become the basis for obtaining various technical
ceramics. Carbonitrides occupy an intermediate position between carbides and
nitrides and have high refractoriness, hardness and thermal conductivity. The study
developed methods for the synthesis of a large group of phases of variable
composition-complex carbonitrides Ti (Zr);_«\WxCi_yNy, which will be useful in the
development of new types of technical ceramics.

The authors (Zhilyaev V. A., Patrakov E. I.) studied the effect of titanium
carbonitride doping With TiCysNos transition metals of groups IV-VI on the
mechanism of contact interaction with a Nickel melt. It was found that alloying
metals have a strong destabilizing effect on TiCysNys, simultaneously increasing

both the rate of its dissolution in Nickel and the degree of incongruence of the
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process (preferential transition to the melt of the alloying metal and carbon). The
effect of doping on the phase stability of TiCysNos carbonitride in contact with a
Nickel melt is manifested in its homogenization or phase separation. The
destabilizing effect of alloying additives increases in the Meryv—Mey—Mey; series in
parallel with a decrease in their affinity for nitrogen [17-18].

The description of the invention for the patent presents a method for producing
ingots based on titanium oxynitrides of the composition TiNg3s5.07004-06, Which
involves burning a titanium-containing charge in a self-propagating high-
temperature synthesis reactor in a nitrogen atmosphere at a pressure of 40-15 atm.
As a titanium-containing charge, waste from titanium production is used in the form
of crushed slag of a fire cut of titanium and its alloys of a fraction of minus 0.5 mm,
containing titanium, nitrogen, oxygen and mechanical impurities of titanium oxides.
The method provides the production of homogeneous high-quality ingots based on
titanium oxynitrides.

The analysis of scientific and technical literature on the problem stated in the
project gives reason to consider this direction very relevant. Most studies of complex
oxycarbonitride phases are limited to theoretical and laboratory developments. A
significant interest of researchers is currently associated with the study of carbides
and nitrides of intermetallides, otherwise called MAX-phases [19].

Studies of complex tetrar oxycarbonitride phases of transition metals are
conducted abroad (USA, Great Britain, China, Israel, etc.). New tetrar materials are

promising due to their unique combination of physical and mechanical properties.

1.5 Activation of materials by microwave and high-density ionizing

radiation

The effect of microwave radiation with a flux power density of 80 W/cm? and
a carrier frequency of 9.4 GHz on the thermal stability of aluminum nanopowder

after irradiation in air is studied. After irradiation of aluminum nanopowder, its
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chemical activity increases, as well as the temperature of the beginning of oxidation
decreases by 40°C and the thermal effect of oxidation decreases by 13.5 %.

The activation of powders by high-density microwave radiation is promising.
The initial stage of reduction of graphite oxide (GO) under the action of a low-
intensity electron beam, which does not lead to heating of the irradiated area, was
studied using auger electron spectroscopy in situ. This stage develops at a rate ten
times higher than the rate of subsequent recovery. The rapid stage is associated with
the removal of oxygen groups from the GO surface. The effective cross sections of
the initial and subsequent stages of reduction of GO by electrons with an energy of
1500 eV were determined: 6;,~0.5°1071% cm? and o,y ~ 1.2¢10718 cm?, respectively

[20].

2 Experimental part
2.1 Research materials and methods

2.1.1 Method of microwave irradiation of powders

To study the effect of microwave radiation on the stability of metal powders,
an experimental stand was developed (Fig. 1) which includes a microwave radiation
source based on a magnetron generator (1), an anechoic chamber (6), an antenna-
feeder system including a ferrite valve (2), a directional coupler (3), a waveguide
path (5), and a horn antenna (7). Irradiated powder (8) is placed as a thin layer (2
mm thick) on a dielectric substrate made of aluminum oxide (9), which is "optically
transparent" for microwave radiation at these frequencies. An oscilloscope DS
091204 A (4) was used for monitoring and measuring the parameters of radiation
pulses. Anechoic chamber had an electromagnetic radiation absorption coefficient
of 26-27 dB. The object of research was located in the working area of the camera
at a distance of up to 0.5 m from the radiating antenna. A waveguide horn used as
the antenna. In the experiment, the power flow density measured on the object using
a PO-01 meter. The pulse duration and repetition rate measured using an

oscilloscope [21]. The following radiation parameters were provided in the sample

127



placement area: a stream with a power density of 80 W / cm?, a pulse duration of 3
MS, a pulse repetition frequency of 400 Hz, and a carrier frequency of 9.4 GHz. In
addition, for more intensive energy input, a radiation generator with a power density
of 8 kW/cm?, which had a carrier frequency of 2.85 GHz, and a pulse duration of 25

NS, was used.

Figure 10 - Diagram of an experimental stand for studying the effect of

microwave radiation on metal powders

2.1.2 Production of zirconium oxide and nitride

To obtain a powder mixture of zirconium oxide and nitride in the ratio of 50%
71r0; — 50% ZrN, we used industrial nanocrystalline oxide powder ZrO; -3 mol. %
Y,0; of the UDPO VTU 25-90 »- 4 brand, obtained under the conditions of plasma
chemical synthesis of PCs and ZrN powder of the "CH" TU 6 - 9-4050-75 = 0 brand.
We also used industrial zirconium carbide powder, which is a chemical compound
of zirconium and carbon with the formula ZrC. It is an implementation phase with a
wide area of homogeneity that ranges from 38.4 to 50 at. % carbon, what
corresponds to the formulae ZrC ¢, and ZrC, o, respectively [19-21]. The experiment

was conducted in a planetary mill Activator 2SL at the speed of 20 Hz of the grinding

128



vessels. The mixing time was 10 minutes, the ratio of the mass of the powder and
grinding media-1:4. Powder mixtures were pressed by uniaxial static pressing at
pressures of 100, 200, 300, 400 MPa. Sintering was carried out in an electric furnace

SNVE-1.3.1/16, the sintering mode is shown in figure 11.
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Figure 11 - Mode of sintering
The powder mixtures processed in a planetary mill were consolidated by hot
pressing (GP) in a graphite mold in an argon atmosphere at the Institute of strength

physics and materials science SB RAS. GP modes are shown in table 2.

Table 2-hot pressing Modes in argon atmosphere

Mixture composition The pressure of Isothermal exposure Sintering
pressing, MPa time, min temperature, °C
33% ZrOs -33% ZrN- 40 20 2000
34% ZrC
50% ZrO2 — 50% 40 20 1700
ZrN

2.1.3 Materials and methods for obtaining titanium, aluminum, and

zirconium oxycarbonitrides

For the synthesis of aluminum oxynitride, a nanocrystalline aluminum powder
obtained by an electric explosion of conductors was used. The explosion process

was carried out in the laboratory installation UDG-5 in the argon atmosphere and
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was studied in detail in the works. To produce aluminum oxynitride, a mixture of al
and y-Al,O3; nanopowders was burned in the air atmosphere. The regularities and
mechanisms of Gorenje of metal powders are studied in detail in a number of
previous works of the project participants [22].

Aloxny specks were obtained by burning Al nanopowder in air processed in
the planetary mill "Activator SL" for 20 minutes, the rotation speed of the grinding
glasses was 20°!. Mechanical processing was performed for the purpose of grinding
powders and their mechanical activation. With grinding media was Zirconia balls.
As a result of mechanical action, significant plastic deformation occurred in the
contact areas of the particles. Relaxation of the resulting stresses can occur by the
release of heat, the formation of a new surface, the appearance of various defects in
the crystals, and the initiation of solid-phase chemical reactions. As the power of the
mechanical impulse and the time of exposure increased, there was a gradual
transition from relaxation by heat release to relaxation associated with the
destruction, dispersion and plastic deformation of the material and the appearance
of amorphous structures of various nature. The stress field relaxation channel can
also be a chemical reaction initiated by various mechanisms, such as direct excitation
and bond breaking, which can be implemented at the crack vertex. Processed aloxny

powders sifted through a standard sieve No. 004 [22].
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