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MIEE30KEPAMUYECKIX MATEpUaIOB C ITOMOIIBI0 PEaKIMOHHBIX MHOTOCJIOWHBIX (DONIBI, M MOXKET HaiTh
MPUMCHEHHE B TIPOU3BOJCTBE IbE30KEPAMHUCCKUX KOMITO3UTHBIX MATEPHUATIOB W MHOTOCIOWHOM
KepaMHKH, mpu MoHTaxe CBY-ycTpoiicTB, medyaTHBIX IIaT W 2JIEKTPOHHBIX KOMITOHEHTOB. Crocob
MbE30KEPAMUUECKIX MaTEPHAIOB BKJIIOUAET WCIOIL30BaHUE peakimoHHON (onbru tommuHon 30-100
MKM, CIIOM KOTOPOU BBIITOJHEHBI TOMMUHON 2-20 HM M3 METAIUIOB W/WIIM HEMETAJIOB, BEIOPAHHBIX W3
TpYIIBL HUKENb, AIIOMUHUHI, Me/lb, HUOOWH, KOOAJbT, TUTAH, MOJIHOJEH, TaHTaN, yIJIEpPOa, KPEeMHHH,
Oop, mepen HaHECEHHWEM NPHUMOS Ha (OIBry HAHOCAT aAre3MOHHOE MOKphHITHE TommmHoi oT 30 1o
120 HM, TOCJIE YEro HAHOCAT MPUIION TOMIIMHON 2-15 MKM, a MOBEPXHOCTH NPHKUMAIOT C JaBICHUEM
0,7-2,2 xr/cM’. B 4acTHBIX BapHaHTaX pEANM3AlMM M300pETEHHs Tepe]] MPUKUMOM MOBEPXHOCTEH
MIPEABAPUTEIHHO BBHIMOIHIIOT HATPEB COSNMHSICMBIX MOBEPXHOCTEH, B YaCTHOCTH JI0 TEMIIEPaTyphl, HE
BEIIIIE TeMITeparypsl Kropu mbe30KkepaMrIecKoro MaTepraiia U TeMIIEPaTyPhl IUIABICHUS IPUTIOST; IPHIIOH
HAHOCAT raJIbBAHUYECKUM CIIOCO0OM, XUMHYECKUM CIIOCOOOM MIJIM METOJIOM HATbUICHHUSI.
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MIIK: C04B37/026

Cnoco6 coequHEHHS THE30KEPAMUIECKHX MAaTEPHAJIOB ¢ Pa3IMYHBIMH MaTepHAJIAMH

N306peTeHre OTHOCHTCS K 00JIACTH MBbE303JIEKTPOHUKH, @ HIMEHHO K CIOc00aM COeTMHEHHS
IbE30KEPaAMHYECKUX MAaTEPHAIIOB C IIOMOIIBIO PEaKIHOHHBIX MHOTOCJIOWHBIX (OJIBT, U MOXKET HaHTH
IpPUMEHEHHE B IPOHM3BOACTBE NbE30KEPAMUUYECKUX KOMIIO3UTHBIX MAaTE€pPHAlIOB M MHOTOCJIOHHOM
KepaMukH, pu MoHTaxxe CBU-ycTpoiCTB, IeYaTHBIX IUIAT U 3IEKTPOHHBIX KOMIIOHEHTOB.

B ypoBHE TEXHUKH H3BECTHO NMPUMEHEHUE MBE30UIEKTPUIECKHX MATEPHAJIOB, B YaCTHOCTH
IBE30KEPaMHYECKHX, IPH IPOA3BOJICTBE Pa3IIMYHbIX JJIEMEHTOB, Y3JIOB H YCTPOKCTB: T€HEPATOPOB,
JaTYMKOB (CEHCOPOB), AKTIOATOPOB (IIBE30NPHBOAOB), Npeobpa3soBarened B KOMOHHHPOBaHHBIX
cucteM. Cpemu  IbE30KEpaMHYECKMX  MaTEpPHaOB  BBIJCIAIOT  HECKOIBKO  THIIOB,
XapaKTePH3YIOIIUXCS Pa3IMYHbIMU PU3HUECKHMH CBOHCTBaMH, ONPEICIAIONIMMH, B CBOIO OYEPE/b,
OCOOEHHOCTH HM3rOTOBIEHHS W3 HHX OJJEMEHTOB TEXHMKHM (OCOOEHHOCTH COEIHUHEHMS
[Ibe30KePaMHUECKUX MATEPHATIOB), a TaKXKe OCOOCHHOCTH UCIIOIB30BaHMs TAKUX 3JIEMECHTOB.

B Hacrosimee BpeMsl CYLIECTBYET HECKOJBKO CIOCOOOB COEIMHEHMS INBE30KEPAMUYECKHX
MaTEPHANIOB IS TONYYeHHUS KOHCTPYKTHBHBIX O3JEMEHTOB YCTPOMCTB: IaiKa ¥ COEAMHEHHE
MIOCPECTBOM 3JIEKTPOIpoBOAINeTro kKies. OqHako HU OIUH H3 3muenepetmcneﬂnm crioco0oB He
rapaHTHPYET OTCYTCTBHE MOBPEXKICHHUH YyBCTBHTEIBHOTO NHE303JIEMEHTA IIPU IOIyYEHHH TaKOTO
3JIeMEHTa YCTPOHCTBA.

Tax u3 ypOBHS TEXHHKH M3BECTEH CIOCO0 COSAMHEHMS IBE30KEPAMHUYECKUX MATEPHANOB C
pasIMUHBIMH MaTepHaliaMd IocpencTsoM maiiku (marteHT RU2041776 Ha m3o6perenne «Cmocob
naliky KepaMMKH ¢ METaUIoM», Aara mpuop. 27.04.1992, omy6m. 20.08.1995, B23K 1/00). s
COEJMHEHHS MATEepPHAIIOB IPHIOH paCIUIaBIAIOT; XXHUAKOE COCTOSHHE IIPHIIOS JOCTHIaeTCA
OTHOCHTEILHO TOJITHM H BBICOKOTEMIICPATYPHBIM BO3ICHCTBHEM Ha HETO (HAIpHMED, KaIloM
HasIbHEKA). DTO B CBOIO OYepeIb IPUBOJUT K HArpeBY COEIUHSIEMbIX MaTEPHAIIOB, IIOBPEXIACHHIO
KPHCTAJUIMYECKOM CTPYKTYPHI IIBE30KEPaAMHUYECKON HeTald M, Kak CIEICTBHE, YTpaTe e€e
31eKTpodH3AIECKAX CBOMCTB (IeMOspU3alis Mbe30KepaMudecKoro Marepuana). Ha npakruke Bo
n30exaHne HeXeNaTeIbHOrO HArpeBa COeIMHSAEMBIX MOBEPXHOCTEH B mpolecce Maiku o0nacTh
HaWKK¥ JOIOJHMUTENHLHO OXJIAXIAIOT MEXIy MOBTOPSIONIMMHCS 3TallaMU Harpesa IIPHIOS, YTO
3HAUATENILHO YBEJIMYHUBAET BpeMs COeIUHEHHs MarepHaltoB. Kpome Toro, mpo4HOCTE COENUHEHHS
MaTepHajioB M KadeCTBO IMOJyYeHHOro wuzzenus (paboTocmocoGHOCTE IhE30KEPAMHUYECKOTO
U3JleNUd) 3aBHCAT, B YACTHOCTH, OT KOJMYECTBA COCIMHIIOMETO HX MaTepuana (IpHIOo):
HEJIOCTATOK IIPHIIOS CHUXKAET MPOYHOCTh COSNMHEHHS, 8 H3UIIEK — KA4eCTBO COOPAHHOTO M3/IETIHS.
TIpOvHOCTh COCAUHEHUS MaTEPHANIOB OIPEeNAECTC TaKXKE CHJIOH HMX NPHIKAMA IPH COCAWHECHHH:

Majoe€ YCHIIHE IIPpHXXAMA CHHXXKACT IIPOYHOCTH COCAUHCHUS, a YPE3MEPHOC YCHIIHMC IIPHOKHMa



YBEIMUYHBAET PUCK pa3pyIlIeHHs COETUHSEMBIX AETalcH, PHCK HX CMEUIEHHS APYT OTHOCHTEIBHO
Jpyra " BhITeKaHue npunos. [Ipu TpaauLHOHHOM Najike OTMEpHBaHHE TOYHOTO KOJHYECTBA MIPHUIIONL
BECbMa 3aTPYyAHHUTEIBHO, a BapbHpPOBAaHWE YCHIIWS IPYKMMa IPH HEONTHMAIBHOM KOIHYECTBE
npunos HeagdekTHBHO. B omoiHeHKe K BRIIENEPEYUCICHHOMY K HEAOCTaTKaM OTHOCHTCS TaKke
HEOOXOIUMOCTh IPOBEJICHHST BCIIOMOTATENFHBIX OIlepalliii, TaKMX KaK MpeaBapUTeIbHAs OYMCTKA
COEMHHAEMBIX IOBEPXHOCTSAX OT IUICHKH, OOpa3yiomieiics BCHEICTBHE peakiuu cepebpa Ha
MOBEPXHOCTH [TbE€30KEPAMHUKH U CEPHI B aTMOCHEPHOM BO3AYXE, H IIOCT OYHMCTKA OT HCIIONb30BaHHBIX
($r0COB (3TO YBEIHMUHMBAET BPEMSI COCTHHEHUS MaTEpHAJIOB).

UsBecTeH cmoco0 COeOMHEHHS IThe30KePaMHUECKMX MAarTepualioB ¢  pPa3jIMYHBIMH
MaTepHalaMH ¢ IIOMOINBIO 3jiekTponpoBoasmeros kies (mareHT RU2491684 na m3o0percnue
«MHorocnoitHas kepaMH4ecKas reTepOCTPYKTypa C MarHUTO3NEKTpHIECKUM 3P PEKTOM U crtocod ee
HOJIy4eHus», Aata mpuop. 27.04.1992, ony6n. 20.08.1995, B23K 1/00).

OpHako yKasaHHBI crmoco0 He obecnedydBaeT JOCTATOYHOM 3IEKTPONPOBOAHOCTH
cobpagHoro mu3fenus B nenoM. Kpome Toro, pasHOCTh KO(Q(HIMEHTOB TEMIIEPATYPHOIO
PacIIMpeHHs] CaMOTr0O MBE303IEMEHTa, CKPEIUIIIOIEeH NPOCIONKH (KjIes) ¥ OTBETHOTO OCHOBaHHS
OPUBOJAMT K paspylIeHHIO (PAaCTPECKMBAHUIO) COOPaHHOTO H3AEIHS B IPOIECCe SKCILTYaTallMH, 9T0
OTpaHHUYHMBAET BO3MOXXHOCTH €0 HCIIOJIE30BaHHS B YACTHBIX CIy4asX.

ANBTEPHATHBHBIM CHOCOOOM COCIHHEHHMS IbE30KEPAMHUYECKHX MAaTEpHAIOB SBIIICTCS
coco0 ¢ HCIOJIB30BAaHHEM PEAaKIHOHHBIX (OJNBrOBBIX MAaTEpPHATIOB, B KOTOPBIX BO3MOXHO
IpOTEKaHWe OBICTPOrO CaMOPACIPOCTPAHSIOIETOCsS BHICOKOTEMIIEPATYPHOIO CHHTE3a (maiee —
«CBC-peakiusa»), 4T0 MO3BOJIAET X MCIOIH30BaTh KaK HICTOUYHHK PETYIMPYEMOro TeIla.

Hawubosee GIH3KMM 0 TEXHHUYECKOM CYIHOCTH K 3asBJIEHHOMY PEIICHHIO SBISETCS CHOCO0
COCAMHEHHS Pa3IMYHBIX MaTEepUAJIOB, B TOM YHCIIE KOMIOHEHTOB MHKPOJJIEKTPOHHBIX YCTPOHCTB,
IpH KOTOPOM MCIIOJIE3YIOT MHOTOCTOHHYIO peakIMoHHYIO ¢oibry (3asBka US2002182436 nHa
u300peTeHHe «KABTOHOMHBIE peaKIMOHHBIE MHOTOCIOWHBIE (onbru», npuop. 18.04.2002, omy6a.
05.12.2002, C23C14/34). Cnioco6 BKIIOYaeT pa3MeNIeHHe MHOTOCIIOHHOM peaklMOHHOH (GoJbru
tommuHOoM or 50 MKkM 10 1 cM ¢ IpenBapHTENIbHO HAHECEHHBIM HAa HEE IPUIIOEM MEXIy
COEIHHAEMbIMH NIOBEPXHOCTSIMH, PHKUM YKa3aHHBIX IIOBEPXHOCTEH M MHUIMHUPOBAHUE PEAKLIUH B
¢onpre MoOCpenCTBOM IPHKJIAABIBAHASA K (HOJIbre KpaTKOBPEMEHHOIO 3HEPreTHYECKOTO MMITYIbCa.
ITpu 5TOM citor (HOIBTH BHITOJHEHB! H3 METALIOB WM CIUIABOB METAILIOB, BEIOPAHHBIX W3 IPYTIIBL
ATIOMHHUH, HUKEJIb, MEIb, TATAH, IIUPKOHUM, TadHUI.

OpHaKko H3BECTHOE TEXHHYECKOE pelIeHHe, BHIOpaHHOE B KadyecTBE INPOTOTHOA JUIA
3a8BJICHHOTO cItoco0a, He obecneunBaeT MONydeHHe NMPOYHOTO COSIMHEHHS MbEe30KEPaMHUYECKHUX
MaTepUaioB C Pa3NMYHBIMA MaTepHalaMd IPH COXPAHCHHH WX (YHKIMOHAIBHBIX CBOMCIB IO

CIIeAYIOIMM IIpHYHHAM. YKa3aHHas TOJIINHA M XUMHYECKHH COCTAaB HCIIONIB3YEMOM MHOTOCIIOMHOM
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peaknHOHHOH (oNbru 06yCIaBIHBAIOT HATHYHE 3HAYUTENEHOTO 00heMa 3aIlaceHHOM 3HEPruy B Hel
M, COOTBETCTBEHHO, BBIZICNIEHHs OOJIBIIOro KOIWYecTRa Teruia npyu uHunuuposannd CBC-peakiiuy B
Heil. IIponecc coeuHEeHNs NMBE30KEPaMUYECKAX MATEPHAIIOB, KOTOPHIE, KaK U3BECTHO, SBIIIOTCS
KpaiiHe YyBCTBHTEIBHBIMU K HarpeBy, C Pa3IMYHbBIMHA MaTepHalaMH TpeOyeT KOHTPOIHMPOBAHHSA
KOJIHYECTBA BBIIEIIIEMOrO TeIlIa ¢ Y4ETOM THIa bE30KSPAMUIECKOT0 MaTepHalia, €ro TONIIHHEL 1
HEOOXOMUMBIX IKCILTYaTallMOHHBIX XapaKTEPUCTHK TOTOBOTO H3JENHUS (COETMHEHHBIX MATEPHAIIOB).
OnHako Ka4eCTBEHHBIH COCTaB (PONIBIH B CIIOCOOE-IIPOTOTHIIE HE ITO3BOJISAET CHH3HTH KOJIHYECTBO
BBIIEJIIEMOrO TEIlIa 10 JOMyCTUMOro 3HayeHus. Hampumep, domnsra Tommunoit 80 MxM, cocrosimas
13 2000 yepeXyrOLUXCsl CIIOEB AMIOMUHUS U HUKENS, KX/IbIH U3 KOTOPHIX HMEET TONLIMHY 2 HM, C
nob6asnenueM 1% monubaena, 0,5% cepebpa, 1,5% unmus, naeT o4eHb GOJBIION BBIXOJ JHEPIHH,
YTO HENPHEMIIEMO JUIS COCAMHEHHUS TOHKUX Mbe30KepaMUUYECKIX MAaTEPHAJIOB (OHH Pa3pyINaloTCs).
C npyroi cTOpoHBI, IpUMEHEHHE (POJIBIY U3 MEHEe SHEPrOEMKHX MaTepHaIOB, HanpuMep (GOJIbrH,
cocrosmei u3 900 yepeayromuxcs cI0eB ATIOMUHUS U OKCHJIA JKeJle3a, I'ie TOMIIUHA KaKI0ro ClIos
QTIOMMHHUS COCTaBJIgeT 1,5 HM, a TONMIMHA KaXIOTO CJIOS OKCHJA Xele3a — 2,5 HM, ¢ Jo0aBlIeHueM
1% momubaeHa, 0,7% cepebpa, 1% unus, He o6ecreYnBaeT JOCTATOYHOTO PACILIABICHHUS TPUIION
H, CJIEAOBATENIBHO, IIOJyYEHHs IIPOYHOro coequHEeHUsA. KpoMe Toro, OTCyTCTBHE COTJIaCOBAaHHOCTH
YCHIHS TPHXKHUMA, XAPaKTEPUCTHK HCIONB3YyeMO# (PONBrH U IPHIIOS HE IMO3BOJISET IOIYYHTH
IIPOYHOE COEJUHEHHE, CIOocoOHOe K  pacmaiike (pasbelIWHEHHIO) Oe3  paspyineHus
Nbe30KepaMI4eCcKiX MaTepHalIoB (0e3 moTepu ux GyHKIHOHAIBHEIX CBOMCTB).

3anadeii H300peTeHUS SABISAETCS CO3aHue Crioco0a, 00ecneYnBaromero OBICTPOe W IIPOYHOE
COCIMHEHHE NBE30KEPAMHICCKAX MATEPHAIOB C COXPaHEHHEM HMX (PYHKIMOHATIBHBIX CBOHCTB IpH
BO3MOXXHOCTH HX pacmaku B ciydae HeoOXOAUMOCTH Oe3 paspylieHHS IIhe30KEPaMHYECKHX
MaTEepHAJIOB.

3agaga JOCTHUTAeTCs TEM, YTO B CIoco0e COSHMHEHHS NMbE30KEPAMHUYECKHUX MaTepHajIoB C
pa3sIMYHBEIMHE MaTepHAIaMH, IIPH KOTOPOM MEX]Y COETHHIEMBIMH MOBEPXHOCTAMH 1 1 2 pa3MenaoT
MHOTOCJIOHHYIO DPEeakIMOHHYI0 ¢onbry 3 ¢ mpenBapUTebHO HAHECCHHHIM HA HeEE IMPHIIOEM,
OPUXHMMAIOT yKa3aHHBEIE ITIOBEPXHOCTH MW MPHKIAIBIBAIOT K (OJbre KpPaTKOBPEMEHHBIA
3HEPreTHYECKUM MMITYJIbC, COrIacHO H300PETEHUIO, HCHONB3YIOT (onbry Tonmmuol 30-100 MKM,
CIIOM KOTOPO# BBIIOJHEHHI TONINUHON 2-20 HM M3 METAUIOB W/MJIH HEMETAIUIOB, BHIOPAHHBIX M3
TPYIIEL: HUKETh, ATIOMUHHUA, MeIb, HHOOHUIA, KoOAIET, THTaH, MOJTUOJEH, TAHTA, YTIIEPOI, KPEMHHIA,
60p, mepes HaHECEHHWEM MPUIOS Ha (OJBry HAHOCAT aATe3MOHHOE MOKPHITHE TOJIIUHOMK oT 30 10
120 HM, nocIe Yero HaHOCAT NPHITOH TONIIMHOM 2-15 MKM, a MIOBEPXHOCTH NPHXUMAIOT C TaBIIEHHUEM
0,7-2,2 kr/cM2.

B dyacTHBIX BapWaHTax peanu3aldd W300PETCHHS NEepel NPHKAMOM IIPEIBAPHUTEIBHO

BBIIOJIHAIOT Harp€B COCAMHACMBIX HOBerHOCTCﬁ, B YaCTHOCTH MO0 TEMIICPATyphl, HE BBIIIC



temmepatypsl Kropu npe30kepaMiIuecKoro MaTepraia i TeMIepaTyphl IUIaBIeHus TPUos (OJIbrH;
IPUNO# HAHOCAT TaIbBAHUYECKAM CIIOCOO0M, XUMHYECKHM OCOKIACHHAEM HIIM METOJAOM HAIIbLUICHHUA.

ABTOpaMH 3KCIIEPUMEHTAIBHO YCTAHOBIIEHO, YTO 3asABJICHHBIE JHANA30HBI XapaKTEPHUCTHK
HCTIONIB3yeMOil (ONBIH H PEeXXHUMOB CIIOCO0a SBNSIOTCS ONTHMATBHBIMH U HOJXy4YeHHS IPOYHOIO
COEIWHECHHS IIhE30KEPAMHUYECKHX MATepHAIOB C pa3IMYHBIMH Marepuaiamu 0e3 [OTepH
(YHKIIMOHAJIBHBIX CBOMCTB NP BO3MOXHOCTH HMX pachaiku B ciydae HeoOxomumoctu Oe3
paspylIeHH: Tbe30KepaMHIECKHX MaTepHAaJIOB.

JlocTHXKEHHE TEXHHYECKOro pe3ylbTara, oOecreduBaeMOro IpH  OCYIICCTBICHHH
3asBJIEHHOTO c110c00a, 00YCIIOBJIEHO CIICAYIOIIHM.

ITpumeHenre MHOTOCIIOWHON peaKIIMOHHOW (OJIBIH 3asSBIEHHOIO COCTaBa U TONIIMHBI ¥ IIPU
€e aKTHBAllUd JHEPreTHYECKHMM HMITYJIbcOM obecneunBaeT OBICTpOE BBIIEIECHUE 3alaceHHOU
JHEPTrUH B 00BbEeMe, 00ECIeUNBAIOMEM JIOCTATOYHYIO CTEIIEHb PACILIABICHHUS IIPUIIOS Pa3IMYHON
TOJIMHBI B MAKCHMAJIBHO KOPOTKHH CPOK, YTO HCKIIIOYAET M3NMUIIHUKN HarpeB IIbe30KEPAMUIECKHX
MaTEepHAIOB. JTO B COYETAHHH C YCHIIMEM IPM)KAMA IO3BOJIAET MOJXYyYUTh Hanboliee npHeMieMble
IUIS COEMHEHMS NTbE30KEpaMUYeCKIX MaTepHalioB ITapaMeTphl Mpoliecca, BApbUPOBAHUE KOTOPBIX,
B CBOIO ouepenb, OOYCIOBIMBAaET MOJNydyeHHE OBICTPOTO MW  IPOYHOTO CoeTHHEHH
IIFE30KEPAMHYECKHX MATEPHATIOB pAa3IMYHOM TONIIHHBI C COXpAaHEHHEM HX (DYHKIIMOHAIHHBIX
cBoiicTB. HaneceHne Ha ()ONIBIY aQAre3MOHHOrO MOKPHITHS 33aJaHHOM TOJINHMHBI 00ECIICYMBAET
IPOYHOE CIEIUICHHE MPUIION PA3IMIHON TONIMMHEI ¢ (POJIBIOM, YTO UCKIIIOYAET €r0 OTIMIAHHE OT
(ONBrH M, CJIeNOBATENHHO, CIIOCOOCTBYET MOMYYEHHIO KAYECTBEHHOTO COEIMHEHHS MAaTEPHAIOB. A
3adBJ€HHAs TOJINWHA TNPHNOA oOecreunBaeT BO3MOXXHOCTh paclaiiki COCIHHEHHS B CIIydae
HEoOX0aMMOCTH €3 pa3pymeHHs Tbe30KePaMHUeCKIX MaTEpHAJIOB.

IpenBapuTEBLHEIN HATPEB COEUHAEMBIX TOBEPXHOCTEM, B YACTHOCTH, O TEMIIEPATYPEL, HE
BbIlIe TemrepaTypsl KiopH Mbe30KepaMHU4ecKOro MaTepHala M TeMIEepaTyphl IUIABICHHS HPHUION
dbonbru, Mo3BOJAET YMEHBIIUTH IPAIUCHT MEPeNa a TEMIIEPATyphl Ha TpaHuUIie pasaena «(doabra—
COEIMHSEMBIH BJIEMEHT», 9TO 3HAYMTEIBHO CHIDKAET KOIMYECTBO MEXaHWUECKHMX HANpSKEHHI B
COeIUHAEMBIX MaTEPHAJIOB H, CI€OBATENBHO, IPHBOANT C CYIIECTBEHHOMY IOBBIIICHHIO KAYeCTBa
HOJIy4aeMoro coeAuHeHus. HaHeceHWe MPHIOS TabBAHUYECKHM CHOCOOOM, XHMHYECKHM
OCaKJIEHUEM UJIH METOJIOM HallbUICHHS IO3BOJISIET IIOJIyIUTH TOHKU PaBHOMEPHEIH CIIOH, YTO Taloke
CIOCOOCTBYET TMOMYYEHHIO TPOYHOTO COEAHHEHHS MAaTepHAOB C COXPaHEHHEM  HX
(YHKIMOHAJIBHBIX CBOWCTB IIPH BO3MOXHOCTH HMX pachmaiiku B ciaydae HeoOxomumoctd 6e3
pa3pyIIeHHUS MhE30KEPaMUIECKHX MaTCPHAIIOB.

N306peTeHne NOACHIETCS YepTeXXaMH, Tae Ha ¢ur.] npeacTaBieHa NPHHIUNIHAIIGHAS CXeMa
COEAMHEHHUS ITHE30KEPAMUUECKIX MATEPHAIOB C METAUIMYECKMMH MaTepHalaMH IO 3asgBICHHOMY

cioco0y, Ha ¢ur. 2 — cxemMa CTPOSHHS OJHOTO W3 BApHAHTOB HCIOJB3YEMOH MHOIOCIOWHOIM
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peakmuoHHOH (GoNBrH, Ha ur. 3 — MUKpodOTOrpabHy IIACTHHIATEIX MHOTOCITIORHEIX PEAKIOHHBIX
¢GoMBT, NOTY4YEHHBIX pa3sIMIHbBIME criocobaMu: (a) u (b) - ocaxaeHue MarseTpoHa; (¢) - Ha4aabHbIH
cTex GOJBIH Iepel XONMOAHOH mpokatkoi#, (d)- mocie xononHOM npokatky; (€) u (f) - maposas
MEJIPHHUIA C BHICOKOM dHeprueil u xoJyoaHas npokarka; (a), (b), (f) — momyyeHsl Ha TyHHETHBHOM
anekTpoHHOM MuKpockore TEM (sierkas ¢aza Al, temuas ¢paza Ni); (¢) - (€) — noxydeHbI Ha aTOMHO-
CHJIOBOM 3JIEKTpOHHOM MHKpockone SEM (temuas daza Ni, nerxas ¢aza Al).

CymHOCTh M300peTeHN WILTFOCTPHPYETCS CIEAYIOIIHMH IIPUMEPaMH, [IPEJICTABIICHHBIMH B
Tabmumax 1, 2, B KOTOPBEIX COCOMHEHHE NBE30KCPAMHYECKHX MAaTepHaIOB C Ppa3IM4HBIMU
MaTepHallaMH OCYIIECTBIBIIOCH 110 ONMCAHHOH BHIIIE CXeMe (C y4€TOM MOJIIPHOCTH ITbE30KEPAMUKH)
Ha MEXAaHW4YECKOH YCTaHOBKE, BKIIIOYAIOMIEH OCHOBAaHHE C COOTBETCTBYIOINHMMH pa3sMETKOH H
OCHACTKOM [UIf TO3MIMOHHPOBAHHS ITHE30KEPAMHYECKUX OJJIEMEHTOB, INPHXHUMHBIM IPy30M H
cpeactBoMm 3anmycka CBC-peaxkiuu. [[nsg coeauHeHHs € NBE30KEPAMHUYECKMMH MaTepHajlaMH
HCIIONIB30BAMCHh METALUIMYECKHE MaTepuajibl (HalpuMep: aATIOMHHHEBOE OCHOBAaHHE, KOPIYC H3
HHUKENS, KOpIyC M3 JIATyHH, OCHOBAaHHE W3 MEIH, KOBapOBBIH KOPIYC) M HEMeTaJUIHYecKHe
Marepyaisl (HapuMep: Ibe30KepaMuKa, repMmaHuil, candup, HOIMMKOP, KPEMHHM, TEKCTOJHMT,
JaBcaH).

B kauectBe cpenctsa 3anycka CBC-peakniuu HCIONIb30BaHbL:

—  HCKpa, CréHEpHPOBAaHHASA HCTOYHMKOM IIOCTOSHHOTO TOKA M MPOIYINEHHAs Yepe3 MaJIbIi
yudacTok ¢oseru (Hanpspkenue 6-12 B);

—  JKaJI0 NasIbHUKa, O0ecleqMBaIoOIye KpaTKOBPEMEHHOE TOYCYHOE KacaHHE Majioro
KOH4YHKa ¢onsru (TeMueparypa xkana 350-600°C);

—  Iasep, KpaTKOBPEMEHHO ¥ TOUEYHO BO3ACHCTBYIONIHI Ha y9acTOK (OIbry (AIMHA BOJTHEI
0,3-10 mxm, MomHOCTS 1-100 BT/MHEH).

B  KkauecTBe  COGAMHSEMBIX  IHE30KEPAMHYECCKMX  MATEPUATIOB  HCIOJIb30BAIH
IIbE30KEpaMHUYECKHE 3JIEMEHTHI, Ipou3BeaeHHble pupmamu Morgan Matroc Ltd (Electro Ceramic
Division, CIIIA) u ABpopa-Onma (P®, r. Boirorpan) cleaylomux THIIOPa3MEpOB:

- DACK, TonmuHa 0,2 MM, TuaMeTp 4 MM;

- muck, TommmHa 0,5 MM, Tuametp 7 MM;

- HWJIHHAP, BEICOTA 5 MM, AuaMeTp 8 MM;

- IMJIAHAD, BBICOTa 15 MM, quameTp 25 Mm.

[lpuBeneHHBIE B IpHUMEpax THUIOpPAa3MEphl IBE30KCPAMHUYECKHX MAaTepHajloB = He
OTPaHHYMBAIOT BO3MOXXHOCTh IPHMEHEHHS 3ajiBIIEHHOTO crocoba M8 MaTepHaloB MHBIX

THIIOPa3MEpPOB.
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O6pa3ubl (oMM  TNOKPHIBAA  aATe3WOHHBIM  IIOKPHITHEM, HMEIOIMIMM  BBICOKHE
(YHKIIMOHATIBHBIE XapaKTEPUCTHKH (XOPOIIO aAre3Wpylomeecs B MPOIECCEe HAHECCHHS H
nocnenyomen natike), rommunoi ot 30 o 120 HM Ha OcHOBe cepebpa, 30JI0Ta ¥ MEJTH.

IToBepx anre3aMOHHOr0 MOKPHITHS TATHBAHHYECKHM CIIOCOOOM, XUMHYECKHM OCaXKACHHEM
WM METOJOM HaIlbUICHUSI HAHOCUJICS IIPHIIOi HAa OCHOBE OJIOBA U BUCMYTA.

IIpu ucnonn3oBanuu oOpasuoB ¢onasru NeNe 4, 6 mepen NPHKXKEMOM COCTUHAEMBIX
NOBEPXHOCTEH OCYIIECTBIUIA MX HarpeB A0 TEMIIEpaTyphl, He BEINE Temreparypsl Kropu
COOTBETCTBYIOINMX MbE30KEPaMUUECKUX MATEPHAJIOB U HE BBIIIE TEMIIEPATypPHI IUTABICHUS IPUIION
¢ LIETIbI0 YMEHbIIEHUS rpaaueHTa Temneparypsl npu CBC-peakiun, U, Kak ClIeICTBHE, CMATICHHS
TepMoyaapa, compoBoxnaiomero CBC-peaknmio. Tak mns obpasma Ne 4  TteMmmeparypa
IpeIBapUTEILHOTO Harpepa cocTanisna 100 °C, a s o6pasua Ne 6 — 124 °C.,

IIpuxum coeauHIEMBIX TOBEPXHOCTEN OCYIIECTBISLUTH IIOCPEICTBOM YCTAHOBKH IPHKUMHBIX
Ipy30B COOTBETCTBYIOIIECH Macchl Ha MaKeT COCAUHSACMBIX JJIEMEHTOB (IIMTEIBHOCTH He Oonee 1
MHH).

[TapameTpbl HCHONB3YEMBIX MaTEPHATIOB U PEXUMOB crioco0a MpeacTaBieHsl B Tabnuie 1.
TonmuHa cnoeB Kaxaoro Merajuia WM HeMeTallla B OHOM obpasue (oibru BapbHpOBAIACH B
IUana3oHax, yKa3aHHBIX B Tabmuie. Tak o6pasue Nel ciou Ni i Al uMenun tommuny ot 7 HM 10 20
HM KaXXJbIi, P OJJMHAKOBOM KOJIMYECTBE CJIOEB 00MIast TomuHa (Goyibru ObLIa pa3IndHON, ¥ KaK
CIIEICTBHE, KOJMYECTBO BhIIeHAeMoi mpu 3amycke CBC-peakiuu SHeprum ObUIO pa3snuyHbeM. B
3aBUCHMOCTH OT KOJIMYECTBA BBIJENIEHHOW 3JHEPrUd OIPENEIIOCh JaBJICHHE MPUXKHMA,

HCO6XOI[PIMOC AT TIOJIYYCHHUS ONITHMAJIBHBIX ITApaAaMETPOB COCTUHCHUA.



Tabmuna 1 — Vcnonb3yeMble MaTepHalibl H PEXXHUMBI criocoba

JunanazoHsi ‘
' TOJIIMH JAnanasons Temneparypa| CxopocTs Y RenbHoe JlnanazoH
KagectBen- 4EDEIVIO- obmei N —. TeMneparypa dponTa caxumony | KOTAHIECTEO VY nenbHas HEMITEMBIX

Ne Hblii coctaB | Konuuectso pulzﬂ TONLIMHEL | HmHO}I IUIaBJICHHUS gB C- P I:)L;o BBIIENISIEMOH | TEIUIOEMKOCTD P ABTCHH
o6pa3lia [peakLIMOHHOM | CJI0EB, T cngleB min ¢onbry, pMKM > | BEpXHEro —— dponTa, SHEPTHH NpH mBa C, g OKHMA
¢donbru ’ min — max cnost Ty, °C P KLE, > A P ’ peaxiuu, Ibx/(xr*K) P 5

— max C M/c Kr/cm

M MKM Jhx/rp

1 Nit+Al 4000 7-20 28-80 10 182 1450 12 1050 - 1250 670 1,1-4,0
2 Cu+Al 4500 4-15 18-68 10 170 1340 9 1000 - 1240 564 1,2-3,2
3 Nb+C 6000 5-12 30-72 10 180 1015 15 970 - 1000 720 1.0-3,8
4 Co+Al 5000 3-10 15-50 8 170 1350 24 975 - 1245 685 1,5-4.2
5 Ti+Si 3000 9-18 27-54 3 185 1820 26 - 980- 1540 540 1,9-3,2
6 Ti+Al 3000 8-20 24-60 5 179 1780 18 - 990 - 1400 613 1,8-29
7 Mo+2Si 2500 10-20 25-50 5 182 1610 13 950 - 1450 640 1,7-3,5

8 Mo+B 6000 4-10 24-60 12 171 1220 20 980 - 1230 532 1,4-5
9 Ti+C 5000 5-8 25-40 8 170 1310 21 1010 - 1200 751 1,2-49
10 2Tat+C 1500 12-20 18-30 5 186 1112 19 800 - 1100 650 1,0-1,4




Onenka coxpaHeHHs (YHKIHOHAIGHBIX CBOKMCTB, COCAMHEHHBIX C  IIOMOIIBIO
HpeACTaBICHHBIX 00pa3noB GoIbIH Nbe30KEPaAMHIECKHIX MATEPHAIIOB C Pa3IMYHBIMH MaTepHalaMH,
IPON3BOIUIACE HA annapafype JUIS KOHTPOJIS IIapaMeTpOB MBE303JIEMEHTOB U Ipeobpa3oBaTesneii
«lleH3ypxa-M» IyTeM H3MEpPEHHUS MapaMeTPOB 3JIEKTPOMEXaHMYECKOH KOneOaTeIbHOM CHCTEMBI
TAHreHCa YIUIA JUINIEKTPUUECKHX MOTeps 180, %, pe30oHaHCHOl 4acToThl fp, KI'1I, aHTHpe3oHaHCHON
4acTOTHI fa, KI'11, pe30HaHCHOTO mpoMexyTka Af, xI'L.

O11eHKa MPOYHOCTHRIX XapaKTepHCTHK 00pa3LioB COCINHECHUH IPOU3BOAMIACH HA Pa3PHIBHON
maruae WPM Masch 2168, Tunm ®M-250, myTeM u3MepeHUs HECKOJIBKUX KIIFOUEBBIX IIPOYHOCTHBIX
IIOKa3aTenell: BPEMEHHOTO CONPOTHBJIEHHS Pa3phIBy Gs, KTC/MM’ (MCIBITaHUsS B TedeHHH 50 w);
npejena NpOYHOCTH MasHOTO IIBa Ha pacTspkeHue op, MIla; moxyns ymnpyroctu E, I'Tla; npenena
IPOYHOCTH TAsSHOTO COENMHEHHS Ha cpe3 Tcp, Mna, Momyms casura G (I'Tla), xospdunrenra
[Tyaccona p.

ITapameTpsl XapaKTEPUCTUK MTOTyYEHHBIX TOTOBBIX H3JENMI IIPE/ICTaBIEHE] B Tabuuile 2.

Tabnuna 2 — XapakTepUCTHKY HOJYYEHHBIX COCIMHEHHH

IIpenen IIpenen
NPOYHOC APOYHOC Pe3oHaHc Pe3oHaHc
No ™ Mol;uyn TH Mj?fy Kos¢pduuu | Tanrenc yrna| Had Pegg:ﬂaﬂc HBIA
" | masHOTO MAssHOTO eHT JHDNIEKTpUYE | 4acToTa IPOMEXYT
obpas ynpyro COBHT yacrora
IIBa HA coeuHe [lyaccoHa | CKUX MOTEPh fo . OK
ua ctu E, agG, o fa min|Y],
pacTsike HUA Ha n tgd, % max|Y]|, fa-fa,
ITla ITla k[
HHE Oy, cpes Tep, k' k[ 1.
MIla MIla
1 48 18 45 4,6 0,32 0,0075 17,27 18,15 0,87
2 42 10,2 38 2,6 0,34 0,008 17,23 18,10 0,87
3 55 3,6 56 1,4 0,25 0,0065 17,27 18,15 0,88
4 70 7,4 .65 2,2 0,35 0,0075 17,30 18,17 0,88
5 62 10,6 68 4,1 0,32 0,005 17,26 18,15 0,87
6 65 10,2 69 3,9 0,31 0,005 17,20 18,10 0,87
7 41 11,3 39 3.8 0,29 0,0065 17,24 18,15 0,88
8 30 11,1 32 3,91 0,29 0,004 17,30 18,17 0,88
9 24 10,3 21 4,3 0,32 0,009 17,24 18,15 0,88
10 30 10,8 23 2,1 0,35 0,0085 17,19 18,17 0,88

IpuBeneHHbIe B Tabnuuax 1, 2 gaHHbie MOATBEPXKAAIOT, YTO 3asBJICHHBIN CIIOCO0 MO3BOIAET
HOJIYYHTh IIPOYHOE COSAMHEHHE NTbE30KEPAMUIECKHX MaTEPHAJIOB 32 MAKCUMAIIBHO KOPOTKOE BPEMS
(1-2 Mc) Ge3 moTepd (PYHKIIMOHAIBHBIX CBOMCTB TaKHX MaTepHAIOB (M3MEPEHHEIC MapamMeTpsl
3IEKTPOMEXaHWIECKOM KosebaTenbHol cucteMbl cootBeTcTBYIOT 'OCT 12370-80, TOCT P 57438-
2017 u TOCT P 8.945-2018, a Takxe HOpMAaTHBHOMN JOKYMEHTAIMH OONBIIMHCTBA IOTpeOUTENEH).

Bce 00pasipl coefHHEHUH HCIBITHBAMCE HA BOSMOXKHOCTD MX pacnaiki 6e3 paspylieHHs
bE30KepaMAYECKHX MaTepHaioB. [l 3TOro Kaxaoe NasHoe COSMHEHHE IIOABEPraoch HarpeBy 10

TEMIEPATYphl, BBHIIIC TEMIIEpATyphl Hadajla INUIABJICHHA ITPHIIOS. PasnenuHeHHBIE TakuM o6pa30M



IBE30KEPAMHYECKHE MaTEPHATBI HE IOBPEKIAIOTCS, HE TEPSIOT CBOMX (YHKIHOHAIBHEIX CBONCTB U
MOTr'YT OBITH HCIIOJIE30BaHEI IOBTOPHO.

Takum oOpa3soM, 3adBICHHBIH CHOCOO COEAYMHEHHS MBE30KEPAMHYECKHX MATEPHAIIOB
obecnieurBacT OBICTpOE IIONYYEHHE MPOYHOTO COSIWHEHHS C COXPAHEHHEM (YHKIMOHAIBHBIX

CBOMCTB Ibe30KEPAMHUKH IIPH BO3MOXHOCTH paclaifki COSAWHEHHS B CIIydae HeoOXomuMocTH Ge3

pa3pyIIeHus Mbe30KEPaMHUKH.




®opmyJia n3obpereHus

1. Criocob coemuHeHNS TEE30KEPAaMHYECKUX MATEPHUAIIOB C Pa3jIMYHEIME MAaTEPHATIAMH,
IIpH KOTOPOM MEXAY COCIMHAEMBIMU IIOBEPXHOCTSIMHU Pa3sMeENAIOT MHOTOCIONHYIO PEaKIIHOHHYIO
¢onbry ¢ npesBapHTEIEHO HAHECEHHBIM Ha Hee IPUIIOEM, IPHXKUAMAIOT YKa3aHHBIE IIOBEPXHOCTH H
HPHUKIAAEIBAIOT K (OIbIe KPaTKOBPEMEHHBIH SHEPTre THUECKHIM HMITYJIEC, OTIMYAIOIIHICS TeM, 4T0
HCHONBL3YIOT (onery Tommmuaoil 30-100 MKM, CIIOH KOTOPOH BBINOJHEHBI TONIIHHON 2-20 HM H3
METAILIOB H/MJIH HEMETAIUIOB, BRIOPAaHHKIX U3 IPYIIIEL: HUKE/b, ATIOMHHKN, MEIb, HUOOHI, KOGATBT,
THTaH, MOJIMOIEH, TaHTal, YIIEpoA, KpeMHHUH, 60p, epel HAHECEHHEM IIPHIOS Ha (GOJIBTY HAHOCAT
aAre3MOHHOE MOKpEITHE ToMmMHOM 0T 30 1o 120 HM, mocie Yero HaHOCAT MPHUIIOH TOMIMHOM 2-15
MKM, & TIOBEPXHOCTH IIPHXUMAIOT ¢ AaBierueM 0,7-2,2 Kr/cM>.

2. Crioco6 mo m.l, oTimuaromuiics TeM, YTO MNepe] MPHXKMOM IOBEPXHOCTEH
IIPEIBAPUTENILHO BBIIOIHAIOT HATPEB COSMHSEMBIX TOBEPXHOCTEH.

3. Croco6 1o 1.2, OTINYaroMiicCs TeM, lII'ro, HarpeB OCYMIECTBIAIOT A0 TEMIEPATYPHl,
He BBILIE TeMIepaTypsl Kiopy mbe3okepaMHdeckoro MaTepraia i TeMIIEpaTyphl [UIaBJIEHHs IIPUIIOs
donbra.

4. Cnoco6 no mn.l, oTNMYAIOMHICS TeM, YTO IPHUIOH HAHOCAT TIaILBAHWYECKHUM

CHOCOGOM, XAMHYCCKAM OCAXIACHHACM HIIHM MECTOAOM HAIIbIJICHUA.
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