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0OCO0BeHHOCTN OPraln3aunmn NORPOBON CTPYKTYPDLI
KepaMNnuecKnx MGMOoPaHHbLIX MOAAOKEK

Beemenne

M HTEeHCMBHOCTD PA3BUTHUS HAYKHU U TEXHUKHY B HACTOSIIIEe BPeMs
B3aMOCBSI3aHA C PaspaboTKOM (PYHKIIMOHAJIBLHBIX MAaTEePUAIOB, KO-
TOPBIE ABJSIOTCA HOCUTEIAMU CIIern(GuuecKoro CBOCTBa U OIIpee-
JISIFOT Peain3yeMOCTh KOHKPETHBIX COBPEMEHHBIX TEeXHOJOTUIECKIX
mporteccoB. K rpymmne meMOpaHHBIX IPOIECCOB M COOTBETCTBYIOIIIUX
TEeXHOJOTMI OTHOCST MIPOIECChI PasiejieHusi Ha COCTABHBIE YACTHU
cMecell PasInYHON (PU3UKO-XMMUUYECKON IPUPOILI, IPHUUEM pPeasu-
3yeTcs CeJIeKTUBHASA 10 PA3MEPHBIM IIPU3HAKAM BBIOOPOUYHOCTD 9TUX
OTIeJIbHBIX YacTell B MUKDO-, VJIbTPa- U HaHOAMAanasoHax. Ilo cyru,
MeMOpaHHbIE IPOIECChI ABJIAIOTCA (PDUIbLTPAIENl CMeCU uYepes TOH-
KUI CJIOM MaTepuaja, XapakTep CTPYKTYPhI X Pa3MepPbI IIOP B KOTO-
POM CTPOro 3aaHbI.

IlepBble U3 MEMOPAHHBIX IIPOIECCOB 3aMMCTBOBAHLI YEJIOBEKOM
U3 IPUPOAbl. BuosiornuecKkre MeMOpPaHbl B IIpoIeccax MeTadboamusMa
JKUBBIX OPTaHM3MOB BBIIIOJHSIIOT MHOTHE clierudpruuecKue QyHKIIUN.
CUHTEeTUYECKUMH aHaJIOTaMU OMOJIOTUYECKUX MeMOpaH ABJIAIOTCS
crenuaabHO mepdOPUPOBAHHLIE IIOJHMEPHBIE ILIEHKHU. YIKecToue-
HUE 9KCILUIYATAIMOHHBIX IIaPAMETPOB MIPOBEIEHUS TEXHOJOTHUYe-
CKHUX IIPOIECCOB IOCIYIKIJIO CTUMYJIOM IJsI paspaboTKu MeMmOpam
HA OCHOBE METaJIJIOB 1 CIIaBoB. CTpeMJjeHNe YCTPAHUTD HEJJOCTATKHI
IMOJIMMEPHBIX M METAJJINYECKUX MeMOpaH — CYIIeCTBEHHBIE 9KC-
ILIyaTalmMOHHbIE OTPAHNYEHUS IIPU COBMECTHOM BO3IEACTBUY aBJjIe-
Husd (P), remuepatyps! (T) u XUMUYECKO# arpecCuBHOCTH (hUIbTPaTa
(pH), — morpeboBasio pa3dpaboTKu KepamMuueckux membpan. OgHa-
KO, XapaKTepPHOe CBOMCTBO KePAMUKN — XPYIIKOCTH — OIIPEIesIsieT
HEBO3MOJKHOCTb CYII[ECTBOBAHHUSA KepaMUYeCKHX MeMOpaH B Ka-
YyecTBe WHINBUIYAJILHOTO TOBAPHOTO IPOAYKTa. KepamMuueckyio
MeMOpaHy TpeOyeTca HAHOCHUTH M 3aKPeEILIATh Ha CIenuaJbHOI
MMOAJIOMKKE, SIBJIAIOIIENCS CIIOIMIHLIM KOHCTPYKTUBHBIM KapKacoM,
4TO 00YCJIOBJIMBAET HEPA3'HEMHBIN XapaKTep TAKOro (GUIbTPYIOIIEro
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u3neausa U COOTBETCTBYMOIuMe HemoctaTku (tabim. 1). ITommo:kka
ABJIAeTCA TONy(HaOPUKATOM [JIA U3JEJIUI ¢ MeMOPaHHBIM CJIOEM, HO
MOJKeT OBITh MHAMBUAYAJbHBIM TOBAPHBIM IPOAYKTOM B IpOIleccax
amcopOInI, HOCUTENS KaTaJu3aTOPOB, (PDUILTPOB I'Py0OH OUMCTKI
u ap. Hambosee BocTpeOOBAaHHBIMU B COBPEMEHHBIX TEeXHOJOTHYe-
CKHUX IIpOIleccax OKasajNWCh KepaMuuyecKue IIOIJIOKKU Ha OCHOBE
aM(OTEPHBIX WU CJIOMKHBIX OKCUAHBIX COeAWHEHUI (KOPYHIOBLIE,
KOpAUepUTCoAep Kalue, KOPyHAOMYJLJIUTOBbIE, IIITNHEJIbHbIE) 13-3a
WX MOBBINIEHHON YHUBEPCAJHLHOCTU B aTPECCUBHBIX CPelax C pasimu-
HbIM 3HaueHueM pH [1—5].

Tabnuya 1
JlocToMHCTBA U HEJOCTATKU MeMOpaH
IToxasarenu ITonumepsr Me crimaBbI Kepamura
1. OTHOIIEHNE K KOMILJIEKCHOMY Hecroiikue |OtHOcuTenbHOo| Croiikas
neiicrsuio pH, T, P CTOKIEe
2. KoHCTPYKTUBHASA CJIOKHOCTH Koucrpykuus | Koncrpyknus | Korcrpykius
HECJIO)KHAA HECJIOKHAA CJIOJKHAsA
3. PasHoob6pasue MmeToz0B KOHTPoJA | OueHb MHOTO Muoro OrpaHuueHHOE
OPraHMU3yeMoil HOPUCTOCTH KOJINYECTBO
4. KomnaxkTHOCTS arperara ajis meM- | Komnaktabiii |(OTHOCUTeIbHO| HexkommakT-
OpaHHOTrO IIpoIecca KOMIAaKTHBINA HbBIA
5. CriocoGHOCTH K pereHepaum:
00paTHBIM JaBJI€HUEM OrpanuueHHas Ha BosmosxHa
XUMHUYECKOH OrpanuueHHas| Bosmo)xkHA Ha
TEePMUYECKON Her BosmorkHa Ha
Abspo- niu rufgpaBInUEcKoe COIIPo- Huskoe Cpenuee Bricokoe
TUBJIEHUE

IITupokoe pacmpocTpaHeHNE ITOJYUUIN ITOAJT0KKY B (hOpMe TOH-
KHUX IIJOCKOIIapaJlJIeJbHBIX IIJIACTUH U U3AEJUN TPAHCTPOIHON CUM-
MeTpUM, KOTOPBIe B MHOCTPAHHON HAYYHO-TeXHUUECKOU JUTEpaAType
HA3bIBAIOT TOHUKOMOamMu. TpaHCTPOIHAS CHMMETPUS — BUI CUM-
MEeTPUU MaTepPUaIbHBIX (UTYDP, UMEIOINX OCh TPAHCIAIINN U IIEHTP
CUMMETPHUH B IJIOCKUX MEePIEHAUKYJIAPHBIX CEUEHNAX. dalle BCETO
BJIEMEHTHI CeUeHU TOHUKOMOOB IPEICTBABIEHBI HAO0OPOM KaHAJIOB
TPEYTroJbHON, KBaJPaTHOW, KPYIJIOW M IIECTUYTOJbHON (HOPMBI
C TOHKUMU IIePeToOPoOaKaMy MEXKAY HUMU, UTO OTBEUAeT TUITUUHOMY
MeTony ohOPMJIEHUA 3aTOTOBOK 9KcTpy3ueii. [[lectuyronbHble Aueii-
KU 00YCJIOBIMBAIOT TOHUKOMOAM CXOJCTBO C IMYEJUHBLIMH COTAMU,
U B OTEUYECTBEHHBIX MYyOJIUKANMAX TaKKWe MOAJOKKN HA3LIBAIOT M3-
IeJUSAMU C COTOBOM CTPYKTypoii. OrpaHUUYEHUSA TOJIUHBI Iepero-
POJIOK B TOHMKOMOAX MJIX TOJIIIUHBI IIJIOCKOIIapaJlIeIbHBIX IJIACTUH
00yCJIOBJIEHBI CTPEeMJEeHNEM MUHUMU3UPOBATDH AaBJeHUE IIPU IIPO-
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BeleH Y MeMOPaHHBIX poieccoB. [lockonapasiieabHbIe IaCTUHEI
Y TOHUKOMOBI ITO3BOJISAIOT YIIPOCTUTh KOHCTPYKITUIO (DUIBTPYIOIITUX
CcOOPOYHBIX €IUHUI] 1 CMEHHBIX HAOOPOB KapTPUKEIL.

XapaxkTep IOPUCTOCTU MaTepuaja MOAJOKKU CTPeMATCA obe-
CIeUYUTH JMOO0 C OAHOMOJAJLHBIM — Y3KHUM paclpeaeieHreM IIop
1o pasmepam, Jubo ¢ 6umogaabHbIM [1; 2]. Hanuuwme KpymHBIX IOD
mpu OMMOAATBHOM XapaKTepe IIOPUCTOCTHU IojaratT [2; 3] BasKHBIM
[JIsI OCYIIeCTBICHUSA NU(PPY3MOHHOTPAHCIOPTHBIX IIPOIIECCOB U IPU
HaHeCEHUM IIpeKypcopa mMeMOpaH, a TaKiKe I[IPU SKCIIyaTalluu.
Hanuune KpyMmHBIX IIOP B MaTepuaje MOAJ0MKKU UTPAeT TaKKe I10-
BUTUBHYIO POJb IJS aATe3WOHHO-MEXaHWYEeCKOTO 3aKpemeHUsd
mpekypcopa mem6paHHoro caosi. [lomarator [1] panmoHaIbHBIM BBI-
IepyKUBaTh COOTHOIIIEHUE MEXKIY CPeIHUM AUAaMEeTPOM IIOp CeJieK-
TUBHOTO CJIOS U TMOAJI0KKY B mHTepBaJie oT 1 1o 200, a cooTHOIITeHTE
MeXKIY MaKCHUMAaJbHBIM AUAMETPOM IIOP IOAJOMKKHW W TOJIUHOM
mMeM6panbl — oT 1 10 5.

B cBs3U ¢ oTrpaHUYEeHHBIM BBIOOPOM METO0B 3aKPEeIJIeHUS MeM-
OpaH Ha KepaMHUYeCKHUX IOJIOKKaX CIIeIMaJbHO IpeaycMaTpuBa-
IOTCSA TeXHOJIOTUUECKIEe OTePaIiy JJId MTOATOTOBKY UX ITOBEPXHOCTH
o HaHOCHUMBIN Ipekypcop. Hambosee pacmpocTpaHeHbl adpasmB-
HbIe METOIbI U METOJ BhIIesaunBaHus crekjgodassl [3]. Comepsxa-
HUe cTekJo(asbl B MaTepuaje MOAJ0MKEK CTPEeMATCS MaKCHUMAJIbHO
OrPpAaHUYUTH, 4 AJISA PEryJIUupPOBAHUA OTKPBLITON MHOPHUCTOCTU IIPU-
MEHSAIOT Te MEeTONbl KepaMWYeCKON TEeXHOJOTUM, KOTopoe obeciie-
YuBaIOT HAJeKHOe IIPOTHO3UpPOBaHUE d3P(PEeKTUBHOTO AUaMeTpa Iop
B TpeOyeMOM MHTepBaJie pasMepa.

ITesns paboThl — OIEHUTH BO3MOYKHOCTH OPraHMU3AI[UU TOPOBOIL
CTPYKTYPBI MaTePUAJOB MOMJIOKEK C MPUMeHEeHeM PeaKkIlmOHHOTO
CIIeKaHUA IIPU TeMIIepaTypax COUPAKeHUs TBepAo(a3HbIX PeaKI[uii
obmena B cuctemax MgO—Al;03—SiOy u ZrOy—Al,053—Si0,.

MaTepl/IaJILI 1 MEeTOabI I/ICCJIe,ZI,'OBaHI/Iﬁ

B pabore mpuMeHAIN OorHEYHIOPHBIE TJIMHBI YacoB-fIpckoro me-
cropokaennd mapku -1 (TY 14-162-75) u Hoso-Paiickoro mecto-
poxxkgenus mapku [[H-0 (TVY 14-8-183-75). B kauecTBe Maruuiicoaep-
JKaIlero cuIpbsA mcmoab3oBaau Taabk TMEK-28 (I'OCT 21234—75).
Taunnosem mpumensanu mapok I'-00 (I'OCT 6912—94) u T'K (I'OCT
6912—87). Ncoonb3oBain TaKk:kKe KOHIIEHTPATHI: ITNPKOHOBLINA Map-
ku KIIII (TOCT 42-82—81) u qucrencuinmMmanuTobbii Mapku KI[CII
(TY 48-4-307-74). B kauecTBe miIacTu(QUINPYIONIell 1 TOPoodpasyro-
mieir mobaBku mpumeHAsu nuineBod Kpaxmaua (JCTY 3976-2000).
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TexHoJOTA 00PA3IOB MaTepuajia IOIJIOMKEK BKJIOUAET CTa-
IUU: MOKPOTO IIOMOJIa ChIPHEBBIX KOMIIOHEHTOB JI0 ITOJTHOTO IIPOX0aa
yepe3 cuto Ne 0063; cymKy nuimkepa mo BiaaxkHoctu 20—24 % ;
dopmMoBaHMEe 0OpPas3IlOB B METAJINYECKUX (opMax TpU JaBIEeHUU
15 MIIa; cymky o0pasioB B cymuiabHOM mikady mpu 60 °C B Teue-
HUe 3 4 1 00KUT B IaOOpATOPHON Meun ¢ KapOuaKpPeMHUEeBBIMY Ha-
rpeBaressiMu. KOHTPOJIb TeMIIePaTyPhI OCYINECTBIISJICS TePMOIAaPOoi
tuna «TIITIP».

Kaxymiyoca MJIOTHOCTE M OTKPBITYIO IIOPHUCTOCTH 00PasIioB
onpenensanan B coorBerctsuu ¢ 'OCT 10181.3—81, mpemen mpodHo-
ctu ipu cxxkatum — 1mo 'OCT 10180—90. daszoBrblii cocTaB U3yUaTIU
Ha peHTreHoBcKoM audparxtomerpe HPOH-3M, cTpyKTypHBIE OCO-
GeHHOCTH wmcciaenmoBanu Ha pactpoBom EM-106M1 (BAT «Selmi»,
r. Cymsr) u mpocBeunBatoiiem OMB-100 JIM sjeKTPOHHBIX MUKPO-
CKoIlaX. XapaKTepPUCTUKY ITIOPOBOI CTPYKTYPHI U3yYaIUd HA PTYTHOM
nopomepe «CARLO ERBA» (Uranus).

Teopeanecmne npeanoCbLIKHA

OCHOBHBIM CIIOCOOOM DPEryJIUpPOBAaHUA IIOPUCTOCTU MaTepuaa
BBIOpAH CIIOCO0 PEaKIIMOHHOTO CIIeKaHUA, IPU KOTOPOM Dpeainm3y-
I0TCA CTPYKTYPHO-(a30Bble 0COOEHHOCTU MAaTEPUAJIOB IIPU IPOTEKAa-
HUY B HUX B Ipoliecce 00:Kura TBepaodasHbIX OOMEHHBIX PeaKIInii,
CHOCOOHBIX COMPATATHCA WU JOCTUTATDH CTAIIMOHAPHOTO COCTOAHUA
mpu ompenesieHHbIX TeMueparypax [6—9]. IIpu BosMOMKHOCTH CO-
OPSAKEeHUA NapajljIeJIbHO IIPOTEKAIONIUX TBEPAO(GABHBIX PeaKIIuit
IOCTUTAeTCA TeMIIepaTypa, OTBEUaloIasd PaBEHCTBY TEPMOJUHA-
MUYECKOU BEPOATHOCTM WX DPa3BUTHUA, CIEACTBHEM UYEro ABJIAETCA
CKauKooOpasHas CMeHa MeXaHH3Ma B3aNMOIENCTBUSA C JOMUHAHT-
HBIM Pa3BUTHEM HOBOI'O, CyMMAaPHOI'O II0 OTHOIIEHUIO K MCXOIHBIM
peaknuaM MexXaHu3Ma. BOAM3W TeMIlepaTypbl COMPSIKEHUS MaTe-
puan mpeacrasiaseT coboil KOHTJIoMepaT (a3 HaHOPasMepPHOU Ouc-
IIEePCHOCTH, TAK KAaK yCTAHABJIMBAETCA AUHAMUYECKOE DPaBHOBECHE
WJIN CTAIlMOHAPHOE COCTOSAHNE MEKAY BCeMU CTPYKTYPHO-(hasoBbIMU
sJIeMEeHTaMM, KOT/la ONHU U3 HUX MCUe3alioT, a APyrue CUHTEe3UPYIOT-
cs ¢ paBHOU BeposaTHOCThIO. IIpu Takux TemiiepaTypax oO0beMHBIE
3(deKTh OT IPOTEeKaHUS TBePAO(Ma3HBIX pPeaKIUil MPOABIAIOTCS
MeHee 3HAYMMO, TaK KaK MaTepuasl CTPEeMHUTCA COXPAHUTH CBOIO
IEJIOCTHOCTD 3a CUeT caMoOopranusanuu Gas u aganTanuu CTPYKTYP-
HBIX 3JIEMEHTOB K M3MEHEHUAM IIapaMeTpOB BHeIIHeH cpersl [6; 9].
B uactrocTH, B cucteMe Z—A—S (31ech U fajiee UCIOJIb3YIOTC CJIe-
nyiomrue cokparnenus: Z — ZrOy, A — Aly,05, S — SiOy) BO3MOKHBI
B3aMMO/IeICTBUA IO PeaKIIUAM:
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1342°C

BA+27ZS = A;S,+ 2%, (1)
+11,8%
1087°C

AS+A = Agsg. (2)

ITpu Temmeparype 1175°C TepMogmHaMHUYeCKNe BEPOSATHOCTU
pasBuTusa peaxiuii (1) u (2) paBHBI 1 OHM MOTYT COIPATATHCS B HO-
BBIIi, JOMIHAHTHBIA MeXaHN3M B3aIMOIeiCTBUA:

2A+AS+ZS = A3S,+7Z. 3)
+10,4 %

W3 peaxknum (3) BUOHO, UTO peaKIUd SABJISIETCA CYMMAapPHON
II0 OTHOWIEHWIO K MCcXOZHBIM (1) u (2) ¢ BABOE MEHBIINMU CTE€XUO-
MeTpuuecKuMUu Kosdhduruenramu. B Mexauusme peaxiiuu (3) mpu
1175°C maxoguTcs B AUHAMUYECKOM PABHOBECUU IIATH (pas, a MyJI-
JIUTOAVOKCUAITMPKOHNEBAS KOMIIO3UIIUAA MOKET ObITh ITOJIyUeHa IIPU
Temiepatrype Ha 255°C HMKe 1 ¢ MeHbIIUM 3(h(eKToM 00beMHBIX
M3MeHeHUH 1Mo cpaBHEeHMUIO ¢ peakmueii (1).

B TambkoramHO3eMHCTBIX cocTaBax M—A—S (3mech u majee
M — MgO) no 1000°C MOryT CHHTE3UPOBATHLCS IIPOMEIKYTOUHBIE
OPOAYKTHI B3aMMOJENCTBUSA, B T. Y. TPOMHOE OKCHUIHOE COeJuHe-
Hue — canupus (M4A4S; niu MyAyS), KOTOphIe CIIOCOOHBI BCTY-
IIaTh B MeJJIEHHO PA3BUBAIOIINECS PEAKIINY ¢ 00pa30BaHUEM KOpIUe-
pura (MyA,S5):

16MS + M,A,S; = 8M,S + 2MA,Ss, (4)

AsSy + MyA,S, = 12A + 2M,A,Ss. (5)

C moBbIIIIeHWEM TeMmmepaTypsl oosxura o 1087°C B Takux co-
cTaBaxX aKTUBHO pa3BUBAaeTCs TBepaodasHoe B3ammomeiicTBue ¢ 006-
pasoBaHNeM KOPAUEPUTA U YCTAHOBJIEHHEM CTAIIIOHAPHOTO COCTOS-
HUS B MexaHu3Me peaxiuu [9]:

2MA + 10MS = 5M,S + MyA,S;. (6)

ITpu Takux TeMmMIepaTypax HapAAy c peakiueit (6) mporeraer
emre pAj MOGOYHBIX peakIuil [7; 9] ¢ BOBMOKHOCTBIO MOAYJINPOBA-
HUSI CTPYKTYPHBIX 9JIEMEHTOB, a o0beMubIe 3 (eKThl B TBepmodas-
HBIX PeakIlusX CYIIeCTBEHHO HIKe, ueM B cucTeMe Z—A—S, uTo
00ycI0BIUBaEeT HEOOXOAMMOCTE IPUMEHEHUA IT0PO0OPA3YIOIINX BhI-
roparIux 100aBOK B HEKOTOPHIX COCTABaX MOJO0HBIX MAaTEPUAJIOB.

CrexuomeTrpus peaxiiuii (1)—(6) cocTaBiisia OCHOBY AJISA pacue-
Ta KOJIMYECTBA MCXOJHBIX MHTPEAUEHTOB JJIs CUHTE3a MaTepPUasoB.
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Pe3yasTaThl 1 MX 00CysKIeHUE

O6pasibl MaTepuasioB MeMOPAHHBIX MOAJ0MKEK CHCTEeMbI
Z—A—S mocye o6:kura Ipu pasJIUYHBIX TeMIepaTrypax (130TepMu-
yecKasd BbIJEPIKKA 1 U) 1 OXJIAKEeHUS BMECTe C IIeUbi0 XapaKTepu-
30BaJINCh (QPUBUKO-MEeXaHUUYECKUMU CBOMCTBAMU, IIPEICTABICHHBIMU
B TabxI. 2.

Tabnuya 2
CBoiicTBa 00pa31i0oB MmaTepuajaoB Z—A—S
Wunexc | Temmeparypa Kaxkymascs OTKpBITast IIpenen npounocTu
coctaBa | o0:kura, °C  |IJIOTHOCTb, T/CM3| MOPHCTOCTD, % | mpu cxatun, MIIa
1r 1250 2,38 44,7 23
2r 1300 2,563 42,2 43
3r 1380 2,64 37,3 64

W3 manHbIX TabsI. 2 BUAHO, YTO 00PA3Ibl MMEIOT CPABHUTEJIBHO
BBICOKUH Ipeesl MPOYHOCTU IPU CIKATUU U OTKPBITYIO IOPUCTOCTH
IpU PasJIUYHBIX TeMIepaTypax ob:kura. PesysbTaThl peHTreHoda-
30BOTO aHaJAM3a MOATBEPKAAIOT TEOPETHUYECKHUe IIOJIOKEHUS O CO-
npsskeHnu TBepaodasHbIx peakiuit upu 1175°C B egqunbIil Mexa-
HU3M B3amMojeiicTBusd (3), Tak Kak B o0pasiax, 000KKeHHBIX IPU
1250 °C, uneHTUUINPYIOTCA 1 AUOKCU IIUPKOHUA 1 MyJLIUT (puc. 1).
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Puc. 1. YuacTok nudpakTorpaMMbl CpefiHEN TpoOsl MaTepuaia 1t cucremMsl Z—A—S:
® — ZrSiOy, m — 0-Aly,03, A — AlgSis0q3, % — ZrO, TeTparoHanbHEII,
¢ — ZrOy MOHOKJIMHHBIH
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B MuxpocTpyKTy-
pe o0pasIoB MaTepuaja
cucrembsl Z—A—S, 000-
KikeHHBIX mpu 1200 °C
(nuzoTepMuUYecKas BBI-
Iep:kKa 1 u) m 3aKajieH-
HBIX IIPU OXJAaXKIEHUU
Ha BO3Iyxe KOMHATHOM
TeMOepaTrypbl, 3adUK-
cupoBaHa MOIYJIUPOBAH-
Had MHUKPOCTPYKTypa
(puc. 2) — pesyabTar 10-
CTUKEHUSA CTallIOHAPHO-
I'0 COCTOSTHUS B PeaKIluu
(3) u pasBuTuUS caMoO-
OPraHUBYIOIMIUXCA IIPO-
IIECCOB CO CTPYKTYPHO-
¢dasoBOll amanrTamuen
BCEX BJIEMEHTOB peak-
IIMOHHOM CUCTEMBI K M3-
MeHEeHHI0 MeXaHu3Ma
B3auMOJelicTBUSI Ha 00-
gee s(PHeKTUBHBINA AJIA . _
COXPaHeHHus IeJJOCTHO- = YBennuenue 3000

CTH MaTepuaja B YCJIO-  Pyc. 2. MopyiupoBaHHAS MUKPOCTPYKTypa MaTe-
BUAX U3MEHEHUS TeMIIe- puanta ZAS, 3aKaJeHHOr0 OT TeMIIepaTyphl 06:KuUra
pPaTypBl OKPY’KaIoIIei 1200°C, xax pesyuabrar conpa:xerua TOP
cpenbl.

OueBUAHO, UTO CHOPMUPOBABIIASICT MOAYJINPOBAHHAA CTPYKTY-
pa 6yzmer obecrieunBATh XapaKTEePHBIN TUII IPOHUIAEMOCTH, OIIpe/Ie-
JsIeMO¥l OTKJIOHEHUSAMHU OT CPEJHET0 pasMepa MeXKIy <«CTeHKaMu
JabUPUHTA» U CTEIeHBIO IIPOCTPAHCTBEHHON W3BUJIUCTOCTHU «JIabuM-
puUHTa». ATA CUTYyAIlUA OTIOCPETOBAHHO 0TOOpaKaeTcs pe3yIbTaTaMu
pTyTHOI mopoMeTpuu (puc. 3), Tak Kak B mopomepe « CARLO ERBA »
HWCIOJIb3yeTCs aBTOMaThuYecKas IporpaMMa pacueTa IpUMeHUTEeILHO
K MOJIeJIM IJIOTHOYJIOMKEHHBIX MUJINHIPUUYECKUX KaNOWJJISAPOB. Xa-
paKTep paciupeesieHus IOp II0 pazMepaM — OGUMOJaNbHEBIH (puc. 3);
HamboJjiee IpeAcTaBUTEJbHA II0 00beMYy MIOPOBOTO IIPOCTPAHCTBA
(cymMapHBIH 06beM mop 0,246 cm3/T) Moja ¢ yepefHEeHHEIM KoJIude-
CTBOM IIOpP B MHTepBaJje sHaueHuii paguyca 0,5—5,0 MKM; KpyIIHBIE
IIOPBI COCTABJISAIOT OK0JI0 14 % 00111ero o0'beMa 1 HUMEIOT MOJAJIbHBII
paguyc 50 MKM.
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CuHnres 06pasioB marepuasoB cucreMbl M—A—S mpu 1100 °C
(c 130TepPMUUECKOI BBIAEPIKKOI 1 U U OXJaKAeHUEM BMECTE C ITeUBI0)
obecrieunBas (popMUpPOBaHIE TeTEPO(Aa3HOTO COCTaBA CO 3BHAUUTE -
HBIM COJlep:KaHueM Kopamepura (puc. 4), UTo CBUAETEILCTBYET O Pas-
BuTuu peariuu (6). O6pasipr 6e3 mopoobpasyroreit nob6aBKu (Ne 0)
u ¢ 2% xpaxmasia (Ne 2) XxapaKTepu30BAJINCH IIPEIEJIOM IIPOUYHOCTH
npu cxxatun 75 u 30 MIla, oTKkpsITOit mopucrocTeio 39,9 1 43,2 %,
Kaxyieiica miotraocTsio 1,91 u 2,01 r/cMm? cooTBeTCTBEHHO.

Vs, em’ /T V. / Ve, %

0,500- "90
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0,250 3 T | =10
1 10 100 1000 10000 R m=m

Puc. 3. PeaynpTaThl pTYTHOI IOPOMETPUU
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JJoCTUTHYTOE CTAI[MOHAPHOE COCTOAHUE TPU PEaKIIMOHHOM (Pop-
MUPOBAHUY (pa30BOTO COCTABA U MUKPOCTPYKTYPBI 9TUX MaTEPUAJIOB
MPOABIAETCS, KAK M B CJydYae ¢ MaTepuajaMHu CUCTEeMbl Z—A—S,
B aHAJOTMM XapaKTepa pacipefeseHusa mMop mo pasmepam (puc. 5).
ITopoobOpasymiasa qo6aBKa yBeJINUNBAET XapaKTePHBIH AJI oIIpee-
JAIe MOABI pasdMep IOP M pacIINpsSeT WHTePBaJl 3HaYeHHUI pa-
JIMYCOB IIOP dTO¥ MOJHI (pHUC. 5).

V., eM® /1 V., / Vs, %
0,500 - a =20

40,236 -

\ ]
0,250 3 [h%;ﬁ[“ 10

1 10 100 1000 10000 R, am

V;, em® /1 V. / Ve, %
0,500~ 6 -20
V, Ve % e

30,266 3
0,250 10
1 10 100 1000 10000 R, =M

Puc. 5. PesysbTaThl PTYTHOUM IOPOMETPUU:
a — obpaaers 6e3 nobaBku, 0 — obpaserr ¢ 2 % mob0aBKU
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MukpocTpyKTypa 00pasmoB marepuaiaoB cucreMbl M—A—S
IPENMYIIECTBEHHO IIPEICTABJIeHA KOHTAKTHBIMU CPOCTKAMU KOPOT-
KOIPM3MATUUECKUX KPUCTAJIOB MYJIJINTA ¢ KPUCTAJJIaMU KOPYHIa
B COCTaBe KOPAMEePUTOBOM MaTPUIIhI, CAATAIOIINX «CTeHKU JaOUpPUH-
Ta» (puc. 6).

WD=13.2mm 20.00kV__ x5.00k 10pm

Puc. 6. XapaxTep MOPUCTOCTH MUKPODUIBTPYIOIIEH IIaCTUHBI (U3I0M)

MogenbHBIE IIPEACTABICHUSA O MPOHUIIAEMOCTH CTPYKTY-
pPBI MaTepuaJioB, MOJOOHBIX IOJYUYEeHHBIM B cucremMax Z—A—S
u M—A—S, 1103BOJISIET [aTh TeOPUA MEPKOJIAINN, B YACTHOCTH, MO-
nenb [[lunoBckoro—ae dKena [10].

3aKIoueHne

ITonyueHnHble U HCCAEIOBAHHBIE MaTePUAJbl JOKA3bIBAIOT BO3-
MOJKHOCTh OPraHM3alUU CIenu(PUUEecKoro xapakTepa IIOPOBOIO
MIPOCTPAHCTBA 3a CUET PEaKIIMOHHOTO TBePAOo(ha3HOTO CIeKAHU IIPHU
TeMIlepaTypax, OTBEYAIOIUX YCJOBUIO CTAI[MOHAPHOTO COCTOSHUS
MeKIy peareHTaMHU ¥ MPOAYKTaMH BaauMomeiicTBus. Pu3UKO-
MeXaHUYeCcKHe CBOMCTBA U KOJMUYECTBEHHBbIE XaPaKTEePUCTUKU II0-
PHUCTOIl CTPYKTYPHI IIO3BOJISIOT PacCMaTPUBATh CUHTE3UPOBAHHBIE
MaTepuaJIbl IePCIeKTUBHBIMHY [JIs PellleHus 3aJa4 MUKPOMUIbTPA-
MY ¥ B KAUecTBe IIOJJIOKEK CeJIeKTUBHBIX MeMOpaH pPasIUudyHOTO
HasHAYeHUSd.
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