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KOMITO3UITMOHHBIE MATEPHAJIBI C BUMOJAJIBHON CTPYKTYPOUI
HA OCHOBE MUKPO- 1 HAHOITIOPOILIKOB AJIMA3A

0-p mexH. Hayk, ooy. B.U. JKOPHUK
(Ooveounennvrit uncmumym mawunocmpoenus HAH Benapycu, Munck)

Paccmampusaemces nonyuenue becnopucmozo NOIUKPUCMATLIULECKO20 MAePUand Ha OCHO8E MUKPONO-
pouwika armasa. Ilokasano, umo 6edenue 8 cCOCMAas UCXOOHOU WUXMbL, COOepICcayell Yacmuybl MUKPONOPOUIKOE
anmasa, 006asKu 6 8ude HAaHONOPOUIKOS AIMA3A, d MAKIHCE MOOUPUYUPOBAHUE MUKDPO- U HAHONOPOWKOS AIMA3d
Kapbudoobpazyrowumu dnemenmamu (KpemHuil, 60p) no3goaM CHUUNMb YPOBEHb Pedcumos cnekanus (mem-
nepamypa, dasneHue) u chopmuposanv. GUMOOAILHYIO CIPYKIYPY NOIUKPUCIATIUYECKO20 KOMAOZUYUOHHO20
C6EPXMEEPA020 MAMEPUANA C NOBBIUCHHBIMU (DUSUKO-MexanuyecKumu xapakmepucmuxamu (niomnocmo, meep-
odocmub, mpewurnocmotikocmo). Coenan 6b1600, Unmo 00HOU U3 PAYUOHALLHBIX 00ACel NPUMEHEHUS AIMAZHBIX
KOMRO3UMOG ¢ OUMOOANLHOL CIMPYKMYPOTL A6NIeMcs npassuull armasuoitl uncmpymenm (kapanoawu, ueivl).

Knrwueswvie cnosa: KOMNO3UYUOHHblE Mamepuavl, MUKPDONOPOWKU AiMasa, Modudmuupoeaﬂue.

Beenenue. CtpykTypHO-(h)a30BO€ COCTOSIHHE JTIOO0OTO MaTepHanta B 3HAYUTEIHHOIN CTEIEHH OMpeIeiseT
ero coricTBa. CTpyKTypa MaTepHaia —3TO KaueCTBCHHAs XapaKTEPUCTHKA B3aUMOPACTIONIOKCHHS W B3aNMOCBS-
3ei eT0 OIpeeTCHHBIX COCTABHBIX YaCTeH — CTPYKTYPHBIX AIEMEHTOB. B 3aBHCHMOCTH OT IPUHSITOTO MaciTada
MOJKHO BBIIECIUTH B JIOOOM MaTepualie pasHble CTPYKTYpHBIE YPOBHH, 00pa3yiolIne HEKOTOPYIO IMOCIeI0Ba-
TEJNBHOCTH, WM UEPapXHi0. DTH CTPYKTYPHBIC YPOBHU HE SIBITIOTCS HE3aBHCHUMBIMH, KaXIas CTpyKTypa Ooiee
KPYITHOrO MaciuTada BKIOYAeT B ccOs B TOW WM MHOW CTCIICHU XapaKTCPHBIC YEPThI BCEX HIDKEIEKAIUX
ypoBHeii. Takum 00pa3oM, MaTepual IPeACTABISICTCS KaK CIOXHAs MHOTOYPOBHEBAsI HEPAPXUUECKasl CHCTEMA.
Ipu 3TOM BBIIETCHHBIN IS OJJHOTO CTPYKTYPHOTO YPOBHSI SJIEMEHT, YCJIOBHO PacCMATPUBAEMbII KaK SIHHOE IIENIOe,
BBICTYIIAET KaK MOZACHCTEMA CO CIIOHOW BHYTPEHHEH CTPYKTYpOil Juis Jpyroro, 6ojiee HU3KOTO YPOBHS, TOCTPO-
€HHasl U3 IPYrUX BhIJCIECHHBIX dJieMeHTOB [1]. B HacTosiiee Bpemsi Bce OoJiee MpUCTaabHOE BHUMAHKE B MaTepHa-
JIOBEJICHHUU yeNseTcs: (GOPMUPOBAHUIO MYJIBTUMOJAIBEHOTO CTPYKTYPHOTO CTpoeHus Matepuana. [Ipu stom mpen-
ToJIaraeTcs eJIeHANPaBICHHOe MEXaHNIEeCKOe, TePMUYECKOE, AIEKTPOPU3NIECKOe NITH XUMHUUECKOE BO3CHCTBIEC
Ha MaTepuai I yIpaBIsIeMOro H3MEHEHHS €T0 CTPYKTYPHO-(a30BOTO COCTOSHUS Ha PA3NUIHBIX Pa3MEPHBIX
YPOBHSX ¢ (OPMUPOBAHHEM MaTepHaja ¢ Pa3INndHBIMHU CTETICHAMH HAHO-, MHKPO-, M€30- M MaKpOTETEPOTEHHOCTH,
YTO MO3BOJISIET OBBIIIATH YPOBEHB MIMPOKOTO CTIEKTPa €ro SKCIUTYyaTallHOHHBIX XapaKTePHUCTHK.

Bonpmoit nHTEpEc, BO3HUKIINNA B TIOCIEIHNE NECATWICTHS K HAHOKOMITIO3UTHBIM CTPYKTypaM M HaHO-
CTPYKTYPUPOBAHHBIM MaTepHaIaM, CBsI3aH, MPEKIC BCEro, C OXKUIAHUEM Pa3IMYHBIX Pa3MEpPHBIX 3((HEKTOB
HA HAHOYACTHUIAX WM HAHOCTPYKTYpaX, pa3Mephbl KOTOPHIX COU3MEPHUMBI HIIK MEHBIIIC, YeM XapaKTePHBIA KOp-
PeIALMOHHBIA MacITad TOrO WM HHOTO (PU3UUECKOTO siBJicHUS. [Ipyr 3TOM MPHUHIUITAATBHO MEHSIOTCS (pU3UYe-
CKHUE SIBJICHUS, JICKAIIKUE B OCHOBE PabOTHI 3JIEMEHTOB, IPOUCXOJUT MEPEXO OT CTAIIMOHAPHBIX PABHOBECHBIX
COCTOSIHUH K CaMOOPTaHU3YIOLICHCS TUCCUTIATUBHOM CTPYKTYPE, OAYUHSIONICICS HEPAaBHOBECHON TEPMOIUHA-
MUKE 1 3aKOHaM CHHEPreTUKH [2].

[IpuxiragHO#l MHTEpPEC K HaHOMAaTepHaiaM OO0YCIOBICH BO3MOXHOCTBIO 3HAUUTEIEHOTO MOIU(PHUIINPOBA-
HUS WIH Ja)Ke TPHHIANIHAIFHOTO M3MEHEHHS CBOMCTB M3BECTHBIX MAaTEPHANIOB, a TaK)KE€ HOBBHIMH BO3MOXKHO-
CTSIMH, KOTOPBIE OTKPBIBAET HAHOTEXHOJIOTHS B CO3IAHMH MAaTCPUAJIOB M M3JEIHN M3 CTPYKTYPHBIX AJIEMEHTOB
HAaHOMETPOBOTO NHama3oHa. PemreHne 3Tux 3amad TpeOyeT MPUHIMIHMAIHHO HOBBIX MOJXOIOB Kak B 00JacTH
MaTepHAIOBEICHHS, TAK M B 00JaCTH TEXHOJIOTHH CHHTe3a B (opMoobOpasoBanus. [lepexom Ha CyOMUKPOHHBIH
¥ HAaHOMETPOBEII JHAama30H pa3MepoB JIEMEHTOB TpeOyeT ydeTa (PakTOpoB MacIITaOMpPOBAHMS, OTPAKAFOIINX
BJIMSIHAC TEOMETPHUYCCKUX Pa3MEpOB Ha CBolicTBa MaTepuana. CTAaHOBUTCS BO3MOXKHBIM ITyTEM BapbHPOBAaHUS
CTPYKTYPHBIMHU M Pa3MEPHBIMHU MapaMeTpaMu (TOJIHHOM [IEHOK, pa3MepaMy BKJIFOUCHUH, CTPYKTYPOil TPAHHUII
pasjiena u mp.) B MIMPOKKX MPeJeaX MEHATh SHEPreTHIECKUE XaPAKTEPUCTUKH CO3/IaBaEMOM CUCTEMBI, a 3HAYHUT,
MOJTy4aTh HEOOXOMUMYI0 KOMOHMHAIIMIO PA3IMYHBIX CBOUCTB (MEXaHMYECKHX, IEKTPOPH3UUECKHUX, ONMTHISCKUX
u apyrux). [losBisieTcst peajbHasi BO3MOXXKHOCTh W3MEHSITh CBOMCTBA MaTepualia, MpUIaBas eMy XapaKTepPUCTHKH,
HEJIOCTHYKUMBIE [Tl 00BEMHBIX MATEPHUAJIOB C TPAIUIIMOHHON MUKPOpa3MepHOit CTpyKTypoii [3].

CoBpeMeHHbBIE TeHJICHIIUN B TEXHOJOTHH 00pa0O0TKH, HalpaBlieHHbIE HA NHTEHCU(PHUKALIUIO ee TpoIiecca
¥ TIOBBIIICHHE TOYHOCTH IOJTyYaeMbIX H3JENNH, TpeOYIOT IPUMEHEHNS HOBBIX HHCTPYMEHTAIBHBIX MaTepHajoB
JUTSL U3TOTOBJICHUS (POPMOOOPA3YIOIIETo, JIE3BUIHOTO W MIPABSIIET0 HHCTPYMEHTA, B YaCTHOCTH MOJIMKPUCTAIIIAYC-
CKHMX KOMIIO3HMIIMOHHBIX cBepXTBepabix MarepuanoB (IIKCTM) Ha ocHOBe ajiMasa W KyOMYeCKOro HHTpHia Oopa.
[Ipu 3TOM K MHCTPYMEHTAILHOMY MaTepuary TpeIbsBILIOTCS MOBHIIICHHBIE TPEOOBAHUS 110 MIHPOKOMY CIIEKTPY
CBOWCTB (TBEpAOCTH, TEILIONPOBOIHOCTh, TEPMOCTOHKOCTD, TPEIIHHOCTONHKOCTD). [TonyueHue 6eCOPHCTBIX MOJTH-
KPHUCTAJUIMYCCKUX MATEPUANIOB HAa OCHOBE MHKPOIIOPOIIKA ajMa3a BO3MOXHO IPU KCIOJIh30BAHUU BBICOKUX
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nasinenuii (cpimie 8 I'Tla) u temmeparyp (cebinre 2000 T), 4To 3KOHOMHYECKH HEOMPAaBOAHHO H3-32 HU3KOM
CTOMKOCTH AOPOTOCTOSIIUX amnmapaToB Beicokoro naeneHus (ABJ]). CHumkeHHe ypOBHS PEXKHMOB Tepmoba-
PHYECKOTO CIIeKaHUs 1 GOPMHUPOBAHHE MEIKOJUCIEPCHOH CTPYKTYpHI CHICYSHHBIX KOMIIO3UTOB — Ba)kHas Ha-
YYHO-TEXHHYECKas 3a1a4a. YIpaBiIeHHe IporeccaMu GOPMUPOBAHUS CTPYKTYPHI MOJMKPUCTAIUIOB ITO3BOJIAET
CO3[1aBaTh MaTEepHAaJbl C 3aJaHHBIM YPOBHEM IUCIICPCHOCTU CTPYKTYPHI U TpeOyeMbIM codYeTaHueM (hU3UKO-
MEXaHUYECKHUX CBOWCTB.

Henpro paboTs! BEICTymaeT pa3padorka Metona noxydenus [IKCTM ¢ 6mMomanpHO# CTPYKTYpOif Ha oc-
HOBE MOANU(DHIMPOBAHHEIX KapOnI000pa3yIoIMy JIEMEHTAMI MHKPO- M HAaHOIIOPOIIKOB ajMasa, MCCIIeoBa-
HUE ero CTPYKTYPHOT'O COCTOSIHUS M CBOMCTB, a TaKkXKe OlpeieeHre 00JIaCTH €ro palnoHaIbHOTO NPUMEHECHHS.

MarepuaJjibl 1 METOANKA HCCIeT0BaHUs. B xauecTBe HCXOIHBIX MAaTepUAIOB UCIIOJIB30BAINCH MUKPO-
MOPOIIOK aJMa3oB crarudeckoro cuHtesa ACM ¢ pasmepom anmasoB B quanasoHe 10...14MkMm u ynesnbHOM
MOBEPXHOCTBIO §; = 0,42m%r (np-Bo 3AU I10 «Kpucramm», r. Fomens. —TOCT 9206-80)u nopomok HaHoa-
Ma30B JCTOHAIIMOHHOTO cuHTe3a (ynbTpaaucnepcHsiii anmas (YA) ¢ pasmepom yactur 4...10HM 1 ynenbHOR
noBepxHoCTBIO Sy, = 350M%/r (p-Bo HIT 3A0 «Cunra», r. Munck. — TV PB 28619110.001-95).

MopuduiupoBaHue ITIOBEPXHOCTH aIMa3HBIX IIOPOIIKOB KapOHI000pa3yIOIIMH SIEMEHTaMH OCYIIECTB-
JATI0CH IIyTeM UX BBICOKOTEMIEPAaTYpHOTO OTXKHIaA B 3aIUTHOM atMocdepe ¢ OcaXIeHUEeM aKTUBHPYIOLIHUX JO-
0aBOK U3 Ta30BOM (ha3bl B XO/I€ Ta30TPAHCIIOPTHBIX PEAKIIHA.

Momuduuupyomuil OTXKAT aIMa3HBIX HNOPOILIKOB Pa3IMYHBIX THIIOB OCYIIECTBIISUICS B I'€PMETHYHOM
KOHTEHHepe 0[] IUIaBKUM 3aTBOPOM B BOCCTaHOBHTENILHOW atMocdepe NUCCOLMMPOBAHHOTO aMMHaKa, COzep-
JKallel XJIOpHUIbl COOTBETCTBYIOIINX COEAMHEHMH, B TemneparypHoM unrepsane 800...950 € npu uzorepmuue-
CKOH BbLAEpXkKe B TeueHue 1...4 gacoB. B ciyyae MoaupunupoBaHus MOPOLIKOB KPEMHHUEM B KOHTEHHEp MO-
MeIaJd HACHILIAKIINNA HCTOYHHUK B BUAE BbICOKomucnepcHoro kapouaa kpemuus (COCT 26327-84),mpu mo-
JubUIUpoBaHuE GOPOM HCIIONB30BANIC MUKpomopoiok 6opa (TY 2112-001-49534204-2003).

TexHonoruyeckue nporecchl MOIUGUIMPOBAHHS anMasa, 0a3upyloIrecs: Ha ra30()a3HOM OCAXKICHUH
U3 XJIOPCOJEPKALIMX cpell KapOumI000pas3yronux 3JIEMEHTOB, XapaKTepU3yIOTCsl BBICOKOH 3 (EeKTUBHOCTEIO.
Jnst peanuzanuu nponecca He TpeOyeTcs IPUMEHEHHE BaKyyMa, BO3MOXKHO IOJTyYEHHE BBICOKOKAUeCTBEHHBIX
MOKPBHITHH U3 IIMPOKOTO Kpyra KapOMmZooOpa3yloIIuX 3JEMEHTOB, OCHOBAaHHBIX Ha 00pa30BaHUM XMUMHYECKUX
COCIMHEHUH B CHCTEME <«anMa3 — MOKpHITHE». Mopdomorus MomupunupoBanus kapougooOpasyommMu die-
MEHTaMH aJIMa3HbBIX [TOPOIIKOB MPEACTABICHA HAa PUCYHKE 1, peHTreHOrpaMMa ajiMa3HOTro MOPOIIKa II0Ce OT-
JKHTa ¢ KapOUIOM KpeMHHs [I0Ka3aHa Ha PUCYHKE 2.

SEMHV:20.00kV  WD: 10.02 mm Lo 1010 [ MRAWTESCAN
View fleld: 1.736 ym  Det: SE 500 nm 7

SEMHV. 2000 kv WD: 12.00 mm T MIRAN TESCAN
pC: 11 SEM MAG: 100.00 kx Digtal Microscopy Imaging I

View fleld: 2893 um  Del: SE 5 um
PC. 11 SEM MAG. 6.00 kx Digiel Microscopy maging I

a 7]

Pucynok 1. —-Mopdo.orus nopouikos YJIA nociie mogudunuposBanusi 6opom (a)
u nopouikoB ACM 14/10nocie MmoauduuupoBanusi KpeMuuem ()
(Mes:xmy 3epHAMH ajiMa3a BUAHBI IeHAPUTHBIE arJIOMePaThl KPEeMHHS)

[MonukprcTanMyeckue CBepXTBEp/ble MaTepraibl Ha OCHOBE MOAN(HUIMPOBAHHBIX MUKPO- M HAHOIIOPOIIIKOB
ajMasa HOJy4aliCh METOAOM TepMOOapHUECKOTr0 CIIeKaHUs Ha THApaBIHIecKoM mpecce Monenu JJO-138b B anmapa-
Tax BBICOKOTO naBieHmsi (ABJI) B ciemyrolmeM Auamna3oHe TEXHOJOTHYSCKUX MmapameTpoB: nasienue — 5...8TTla,
temmnepatypa — 1500...2200 C, nponomkutenbuocts criekanus — 10...60c.

CrpykrypHo-¢aszoBoe cocrositne IIKCTM uccneoBanoch METOAaMH PEHTTEHOCTPYKTYPHOTO (mudpakTo-
metp D8 ADVANCE), perreHocekTpaisHoro (MEKpopeHTreHociekTpanbabIii anamsatop «INCA Energy 350»)
1 JFOpOMeTpHYecKoro (MukpoTeepaomep «Micromet-11»)ananisos, a Takxke METOIaMH aTOMHO-CHITOBO# (aTOMHO-
cutoBoii mukpockonn HAHOTOII-206), ckanupytomieit 3JeKTpOHHON (CKaHUPYIOIIUIA ICKTPOHHBIH MHUKPOCKOII
BBICOKOTO paspeureHus «Mira»)u ontuueckoit (Mukpockon MUKPO 200-01)mMukpocKomuy.
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Ormnpezenenne yaeiapHO MOBEPXHOCTH NpoBoamwin MetogoM BET Ha aHanm3aTtope miomany moBepXHO-
ctu u pas3mepa mop SA 3100pupmer «cBECKMANCOULTER» (CILIA). Ananu3 rpanyJoMEeTPHYECKOTO COCTaBa
IPOBOJIMIIM Ha aBTOMAaTUYECKOM aHaiu3aTope usobpaxkenus «Mini-Magiscan»pupmsr «Joyce Loebl» Axrms)
0 IporpaMMe «ABTOCKaH».
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Pucynok 2. —PeHTrenorpaMMa aaMa3sHOT0 MHKPONOPOIIKA IOCJIe OTKHIa ¢ KApOHI0M KPeMHHS

Ouenka kauectsa noiaydaembix [IKCTM ocymiecTBisiiach Ha OCHOBE PE3yJIbTaTOB ONPEAEIICHHUS 110 0011ie-
HOPUHSATEIM METOJMKAM KOMIUIEKCA WX CBOWCTB, BKJIIOYAs IUIOTHOCTb, MHKPOTBEPIOCTh, TPEIIUHOCTOUKOCTE.
Orerka paboTOCIOCOOHOCTH MPABSIIET0 AIMAa3HOI0 MHCTpyMeHTa (KapaHaaiiedl U Wri) OCYIIECTBISUIACH [0 Me-
topukam, usitoxxeHaslM B 'OCT 607-80u 'OCT 17564-85.

Pe3yabTaThl HCCIe0BAHMI U UX 00CYKIeHHE

Cmpykmypa u ceolicmea aamasHbix KOMNO3umos ¢ 6umooanvuvim cmpoenuem. B pabore [4] uznoxena me-
TOIMKA MOIU(PUIIMPOBAHUS TOpoIka Y /A mMyTeM ero OTXKHUra B 3allUTHON WJIM BOCCTAHOBHUTEIBHON atMocdepe
METOZIOM XHUMHKO-TEpMHUYIECKOH 00pabOoTKH, KOTOopas 3akimtodaercs B 1udy3nOHHOM HACHIIIEHUH ITOBEPXHOCTHO-
O CJIOS YACTHII TIOPOIIKA PA3INYHBIMHU 3JIEMEHTaMH M3 Ta30B0M (a3bl. [ u3MEHEeHust CTPYKTYpHO-(ha3oBoro co-
CTaBa MOBEPXHOCTU HAHOAIMA30B MPUMEHSLICS TAK)KE BHICOKOTEMITEPATYPHBIH OTXKHT B YCIIOBHSIX BaKyyMa.

[IpuBeneunsie B pabote [4] pe3ynbTaThl UCCIECIOBAHUI U JaHHBIE IPYTUX aBTOPOB, Hanpumep [5], mo-
Ka3bIBAIOT, YTO MOJU(UIMPOBaHKE mopoiika YA B psjie Ciiy4aeB MO3BOJISICT MOBBICUTH €0 MPECCYEMOCTbD,
YTO CIOCOOCTBYET MOBBIICHUIO CBOMCTB MOJMUKPHUCTAJUTUYCCKIX alIMa3HBIX MaTEPUAJIOB, TIOYYACMBIX CIICKAaHUEM
MOJ| IaBJICHUEM. B yacTHOCTH, IOKa3aHo, 4TO MoauduIrpoBanue nmopoinka YA 6opom Hanbonee 3hPeKTUBHO
C TOYKH 3PEHUs YIYYIICHHUS €ro MPecCyeMOCTH, MOBBINICHUS CTONKOCTH MPOTHB TPa(UTH3AIUK NP CIICKAHUU
B YCJIOBHUSX BBICOKHX JaBIIEHUH M TeMIepaTyp. XUMHUKO-TepMuUueckas obpadboTka nmopomrka Y /A mpoBoauiach
B arMoc(depe mapos Tpuxiopuaa 6opa npu temmeparype 870 °C.TpaHCIOPT 37€MEHTOB OCYIIECTBIILICS Yepe3
ra3oByio (pazy ¢ mocienyoonM pa3ioKeHHeM Ha MOBEPXHOCTH HaHOAIMa30B Tpuxiopuaa dopa. bop obiamgaer
CPOJICTBOM K YTIIEpOIY U aICOPOUPYET KUCIOPOJ, YTO CIIOCOOCTBYET JIyUllell YIUIOTHIEMOCTH B MpoLiecce Tep-
Mobapudeckoro cnekanust YJIA. B mporecce cnekaHus 1OJ JaBlIeHHEM OOp B3aWMOJEHCTBYET C YIiIepOJOM
¢ oOpazoBaHueM KapOuaa 60opa, KOTOPBIH SIBJISETCS BBICOKOTBEP/BIM TYTOIUIABKUM XUMHYECKUM COCIMHEHHUEM
U MOKET CITYXHTh CBA3YIOIIMM JIJIsl aIMa3HO# Kepamuku Ha ocHoBe Y JIA. Mcnions3oBaHue MOAUDUIIUPOBAHHBIX
nopokoB Y JIA 103BOJSET JOOUTHCS PABHOMEPHOIO paclpeieieHus 00pa30BaBIIMXCs TYTOIUIABKUX KapOUI0B
B CIICUCHHOM MaTepuaie. Kpome Toro, BCiaeCTBUE CBOMX KATATUTUYECKUX CBOWCTB OOp, TaK jK€ KaK M METaJUIbI-
KaTalu3aTopsl, cHuxkaeT P-, T-ycrmoBus (asoBoro mpeppaineHus «rpa@ut — aamas», HO IPU 3TOM TEPMOCTOM-
KOCTh TAKUX TOJMKPUCTAJIIOB CYIICCTBEHHO BHIIIIC.

B tabnuue 1 npencrapiens! naHHble 10 BausAHMIO KoHUEeHTpamud YA (B) (Cyjae) = 0...35macc. %)
u pexumoB criekanus (7, P, t) Ha CBOMCTBa KOMIIAKTa (TBEPIOCTH, TPEIIUHOCTOMKOCTD), aHaJIN3, KOTOPBIX HOKa-
3bIBAET, YTO HAMOOJIEe BBICOKHH YPOBEHb OLICHHBACMBIX XapaKTEPUCTHK OTMEUYeH y OOpaslioB, MOJYYEHHBIX
npu T = 1900 °C,P = 6,5TIIa, t = 15 ¢,npu kouuentpamnuu nopomka YA (B) 20 macc. % HV = 62,0IT]a,
Ky = 9,2MHa-M1/2). IIpu 3TOM, KaK BUAHO W3 rpad)uka, MPEeACTaBICHHOTO Ha PUCYHKE 3, MAaKCUMaJIbHasl TUIOT-
HocTh ITKCTM cocraBa 80% ACM (Si)+20% VYA (B) npu nasnenun 6,5 I'Tla U mpoaoKUTEIBHOCTH CIIEKa-
uust 15 ¢ momydena mpu temmeparype 1900 C u cocraBmna 3,44r/cv’. Bonee BHICOKHIT YPOBEHb TEMIIEpaTyphI
U TIPOJIOJDKUTENILHOCTH CIIEKAHHMS, BBI3BIBAET POCT 3epHA M rpaMTU3AIMIO aiMa3a, YTO HETATHBHO CKA3bIBACTCS
Ha (PU3UKO-MEXaHUUYECKHUX XapaKTEPUCTUKAX KOMIIO3UTA.
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Tabmuua 1. —KoahpuureHT TpenmHOCTORKOCTH M MUKPOTBEPAOCTh KOMITakTa Ha ocHoBe nmxThl ACM(Si)+Y IA(B)

Corn®) Pexum Tepmobapudeckoit 06paboTKH . ngg)g)ldﬁip;e;};; P Muxporsepocts HV,
Macc. % Temneparypa JlaBnenue, [TponomxuTensHOCTS | TPEIH 08 1C ITla
crekanus, °C I'Tla creKkaHus, C Mlla-m
0 1900 6,0 15 5,8 42,3
10 1650 5,5 15 6,5 46,2
15 1700 6,0 15 7,1 50,2
15 1800 6,5 20 7,3 55,6
20 1900 6,5 20 8,7 60
25 1950 7,0 30 5,6 47,2
25 1800 7,5 25 7,0 53,9
30 1800 6,0 30 6,7 51,5
35 1750 6,0 20 6,3 47,2
3,50
3,45
s
2
g
5 340
2
e
c
c
3,35 4
3,30 T T T T
1840 1860 1880 1800 1920 1940 1960

Temneparypa, °C

Pucynok 3. —3aBucumoctb niiotHoct IIKCTM cocraBa ACM(Si)+YIA(B)
OT TeMIEePaTyphI ClIeKaAHHUsI

[poBenenHsbIit ananmu3 MOphoIOruk MOIU(UIIMPOBAHHBIX aJIMAa3HBIX MUKPOIIOPOIIKOB IOKa3aJl, YTO KPEMHHN
ancopOHUpyeTcsi Ha MOBEPXHOCTH aJMa3HBIX 3ePEeH B BHIC YaCTHI] OKPYIUIOH (KAaIruIeBUIHON) (OPMBI, KOTOPBIE
B TIpoliecce POCTa OOBEINHSIIOTCS B CIUIONIHYIO TUIEHKY TOJIIMHOM nopsiaka 200 HM, 4acTHYHO MO0 TTOJHOCTBIO
MOKPBIBAIOIILYIO aJIMa3.

KonnuectBo kap6uaa kpemuust SiC B [IKCTM u §a3oBbiii cOCTaB MOCIEIHEI0 MOKHO OMPEACIUTH C HC-
0JIb30BaHUEM METOINKH, [IPEICTAaBICHHOM B padote [6]. Eciu mpeanonoxuts, 9To B IpoLecce CIEKaHus 9acTh
ayMasa IpeTeprieBacT IpeBpalleHne B rpaguTonoA00HbINH YIIepos, a 3aTeM B KapOuJ KpeMHHUs, TO 00bEMHOE
COJIepKaHUE aIMa3a (P, B KOHEYHOM MaTepualie MOXHO ONPEAEIUTh CICIYIOINM 00pa3oM:

0, =r(l-g,)+(1-a)=0,23( 0,2 (+ 0,23} 0,8 80¢ 1)

re € — MOPHUCTOCTh CHOPMUPOBAHHON 3arOTOBKH M3 ajJMa3HOTO MOPOIIKA; I' — KOA(PQPUIMEHT, 3aBUCIIHN
oT pexxuma criekanust [IKCTM.
OO0BeMHOE cofiepxkaHue KapOuaa KpeMHUs ¢, OyAeT ONPeAesITECS KOJTMYSCTBOM yIIIepoa, BCTYMHUBIIE-
IO B PEAKIHUIO C KPEMHHUEM:
_0,23(1- 0,2)0,28140,11 3,5

=rl-g,)aM p, IM.p, = =0,154- 15,4% 2
¢K ( O) Kpd Cpk 12,010@3'21 0 ( )

rae M, u M, — COOTBETCTBEHHO MOJICKYJIIPHBIC MacChl KapOuIa KPEMHUS H YIIIEPOJIa; P, M P — INIOTHOCTH aiMas3a
1 KapOu1a KpEMHHS COOTBETCTBEHHO; 0, — CTENEHb IPEBPAICHHUS aMa3a B Kapou kpemuust SiC, koTopas 3aBH-
CHT OT 36PHUCTOCTH aJIMa3HOro moporika [6].

ConeprxaHue HETIPOPEarupoBaBIIET0 KPEMHHUS (g B OSCTIOPUCTOM MaTepuaie OyIeT paBHO

0y =1- (0 +¢, )=1-(0,154+ 0,8F 0,046, 4,69 ©)

W3 npuBEICHHBIX PACUCTOB CICAYET, YTO KOJHUYECTBO KPEMHHUsI, BCTYIIUBILETO B PEAKIIUU C TPauTOIO-
JIOOHBIM YTIIEPOJIOM C 00pa30BaHKEM B pe3yabTaTe KapOuma kpeMHuus, gocturaet 7 7%.

PeHTreHOCTPYKTYPHBIH aHaIH3 CIICUYCHHBIX 00pa3IoB MOKa3ajl, YTo MPH PEKUMAX TepMOOapuIecKoit 00-
paboTku B mpenenax temmeparypsl crekanus 1750...1950 €, npu nasnenuu B amanasone ot 5,5...7,5TTla
B Teuenne 15...25c¢ Ha peHTreHOrpaMMe OTMEUYEHO IOsBiIeHHE KapOuma kpemHus SiC, KoTopslid 0Gpasyercs
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B pe3yJIbTaTe YaCTUYHOM rpa)UTH3AIMK AIMa3a U IOCICAYIOLIel peakuuu rpadura ¢ KpeMHUEeM ¢ 00pa3oBaHu-
eM BeIcoKoauciepcHoro SiC (pucyHok 4).

Lin (Counts)

LA
Lal

1o}
(@]

¥ g 8 88 3

2

2-Theta - Scale

Pucynok 4. —Pentrenorpamma cniedennoro npu T = 1900 C, P = 6,5I'la, t = 15¢
koMmmno3uta cocrapa ACM(Si)+Y A (B) (m3nyuenune Cu-K,)

Ha peHTreHorpamMme mpucyTCTBYeT U HEOONBIIOE KOJIMYECTBO PedIIeKCOB, KOTOPHIE HE YOaJIoCh pacIind-
poBath B 0a3e AaHHbIX kKaproreku PDF-2.I1pu yBennueHHH MpoJ0KUTENBHOCTH TEPMOOapHIECKOTO CIICKaHUs
00pa3uoB cBeiie 25 ¢, a TakKe Npu YBEJIMYCHUH TeMIIEPaTyphbl TEPMOOAPHUYECKOTO CIIeKaHUsi 00pa3OB CBbI-
me 1950 T, B KoTopbIX 0TMEYaeTcst MPUCYTCTBUE IpaduTa BCIeACTBIE OOJbLIeH CTeNeH: IpadUTH3ALMH aMas3a.

Ha pucynke 5 npeacrapiena mopdonorus nosepxHocti [IKCTM Ha ocHoBe Mukpomnopouika ACM 14/10,
MOAUGHUIUPOBAHHOTO KpeMHUeM, i koMmmnakra coctaBa ACM(Si)+Y 1A (B) nocne tepmobapudeckoit 00paboTku
o pexxumy: T =1900 C; P = 6,5I'TIa; t = 15c.

W3 npuBeIeHHBIX WILTIOCTPAIUN MOXKHO 3aKIIOUUTh, uTo jobasnenue YJA(B) k MomuduiupoBaHHOMY
KPEMHHEM MMKPONOPOILIKY ajMa3a 3HAUYUTEIbHO BIMsCT Ha (POPMHUPOBaHNE MEX3EPEHHBIX NPUTPAHUYHBIX 00-
JacTeil CIIEYeHHOTO KOMITAaKTa, B TO BpeMs Kak JJIs Komrakra 0e3 mobasienus YJA(B) xapaktepHo Hamwdune
PE3KO OUepPUCHHBIX MEX3EPEHHBIX rpaHuL] (PHCYHOK 5, a). Mopdonorus moBepxXHOCTH KOMIIAKTa, MOIH(MHIIHPO-
BarHOro mopormkoM YIA(B), numeer Gosee OJHOPOAHYIO M IUIOTHYIO CTPYKTYPY C HAJMYHEM CIUIABICHHBIX
MEK3EPEHHBIX TpaHuIl (PUCYHOK 5, 6).

6.3um x 6.3um x 1860.00nully [256 x 256]

T B EY

G.3um x 6.3um x 1860 .0(null) [256 = 256]
= foT W =] :

a — ACM(Si); 6 — ACM(Si)+V/IA(B)

Pucynok 5. —-Mopdoaorus nosepxnoctu IICTM
nociie Tepmodapuueckoii oopadorku (T = 1900 C; P = 6,5I'Ia; t = 15¢)

CrieueHHBI KOMIO3UIMOHHBINA MaTrepuan Ha ocHoBe muxTel ACM 14/10(Si)#®JIA(B) takxke xapakre-
pusyertcs 6oJiee BBICOKOM TPEIUHOCTOUKOCThIO (Tabuma 2).
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Taﬁnnua 2. —CpoiicTBa TNOJIMKPUCTAJUIMYCCKOI'0 CBEPXTBEPAOT'0 MaT€prajia Ha OCHOBC aJIMa3HbIX MUKPOIIOPOIIIKOB

IInotHoCTS P, Kospdumment
CocTaB IUXTHI e TpemuHoCTOMKOCTHK 5, MITam2 Teepnocts HV, I'Tla
Anmasnvii IKCTM 6e3 mooupuyuposanus u dobasku VIA(B)
ACM 14/10 | 3,23 | 6,5 | 37
Anmasnviii [IKCTM ¢ moduduyuposanuem u dobaskoi YJA(B)
ACM 14/10(Si)% IA(B) | 3,44 | 9,2 | 62

Moodenvnvie npedcmaenenus npoyecca opmuposanus dumMooansHoll cmpykmypul. PU3NKO-MeXaHUYECKUe
CBOWCTBa KOMITO3UIIMOHHBIX MATEPHAJIOB HA OCHOBE aJIMa3HBIX IOPOIIKOB CYIIECTBEHHBIM 00pPa30M 3aBHCAT
oT (ha30BOr0 COCTaBa, JUCIICPCHOCTH M B3aUMOJICHCTBUSI KOMIIOHCHTOB MIUXTH. Kak MpaBuiio, CriekaHUe TaKUX
MaTEPHAJIOB TPOBOJIAT MPU BHICOKHX JABJICHHUSAX B 00JACTH TEPMOIMHAMIYCCKON cTaOMIIbHOCTH anmMasa. Haminaue
B MATPHIIC ONPEACICHHBIX TYTOIUIABKUX COCIUHCHUMN IMO3BOJISIET MOBBICUTh IUNIACTUYHOCTh KOMIIO3HTA, YMCHb-
LIMTh MPOLIECCHl PEKPHUCTAIUIU3AIMU U 00paTHOTo (ha30BOro MpeBpalleHus «aimas — rpadur». Mcnosap3oBanne
nopoiikoB YJIA mo3BOJSET paccMaTpuBaTh BO3MOXKHOCTH HCIIOJb30BaHHS MX KaK aKTUBATOPOB CIICKAHMSI.
Hcnonp3oBanue kapOua000pasyromnx 3JEMEHTOB O3BOJSIET CHH3HUThH MapamMerpbl TEPMODAPHUUECKOro CIeKa-
Hust. Mexanusm ¢opmupoBanus 6umozanbHo cTpyktypbl [IKCTM otobpaxeH Ha pucyHke 6 Ha IpuUMepe KOM-
mo3uta coctaa ACM(Si)+YIA(B).

ACM 14/10 YOA ACM 14/10+Si YOA+B

WcxoaHble anMasHbie MoauduunposaHue XonopHoe npeccosatue Cnekatue MNCTM
MopOLLKN

Pucynok 6. —MopneasHble npeacTaBieHust npouecca ¢popmupoBanus crpykrypst [IKCTM
cocraBa ACM(Si)+YIA(B)

CBepXTBep/plii KOMIIO3UIMOHHBII MaTepHal Ha OCHOBE alMa3HbIX MUKPO- 1 HAHOTIOPOIIIKOB H3rOTOBIICH
METOJIOM TEPMOOAPUIECKOTO CIIEKaHHS C IPEIBAPUTEILHON 00pabOTKON aMa3HbIX MOPOIIKOB B BHIE MOAUDH-
[IUPOBAHUS KapOUI000pa3yomumMu diieMeHTaMu (KpeMHreM 1 60poM). B OCHOBY TEXHOJIOTHH MOAU(PHUITMPOBA-
HUSI MOJIOXKEH MPOLECcC XMMHKO-TEPMHUUYECKONH 0OpabOTKM C ydacTHEM XJIOPHPYIOIIEro peareHta. MexaHu3Mm
TPAHCHOPTHBIX PEAKIMIA MPU 3TOM BKJIIOYACT B ceOs CICAYIOIIEE CTAINK: XJIOPUPOBAHIEC MOAU(DHUIIUPYIOMIETO
anementa (Mol'); TpaHcnopT Mok TOBEPXHOCTH OCaXJCHUs; anacopOuuio Mo u H, Ha MOBEPXHOCTH; XUMHUE-
CKYIO PEaKIHI0 MEKTY aacopOrpoBaHHbIMU BetecTBamu (Mo+H,) ¢ ranorenunom (HI); muddysuro moaudunu-
PYIOILETO 3JI€MEHTa B AJIMA3HOE 3€PHO, YACTHUIIHL.

CraguiiHOCTh MPOTEKAHKS Fa30TPAHCIOPTHBIX PEAKIMIA MOKHO IPEACTABUTH CICIYIOLIUM 00pa3oM:

- XJIOPUPOBAHKE MOTUPHUIAPYIOLIETO AICMEHTA

M> + HI'A — MbIT + Hy;
- TpaHcmopT U ajgcopouust Mol u H, Ha IOBEPXHOCTh OCAXICHUS (amasa);
- peakuust pasoKCeHUsI MEXIY aIcOPOHPOBAHHBIMH BEIICCTBAMH
Mr+H, 0 - My +HT;
- mporece KapOou1000pa30BaHusl 0 PEAKIIUU TPUCOEAUHEHUS
My +[C] > MaC
e Ms —vomuduuupyromuii 3nement nokpeitust (Si, Bu ap.); HI —ranorenun; [C] — 3€pHa, yacTuIipl anMa-
3a (IOBEPXHOCTH OCaXkIeHHs); M5 — aToMapHbIl MOAM(DHIMPYIOMHUIA SIeMEHT, GOPMHUPYIOIIMH TTOKPBITHE
Ha MOBEPXHOCTH aJIMa3a.
Takum 00pa3oM, MPOBEICHHBIC UCCIIEAOBAHUS MO3BOJIUIN 000CHOBATh BHICOKYIO 3((PEKTUBHOCTh IMPO-

1CCCOB, OCHOBAHHKBIX Ha I‘a30(1)a3HOM OCAXKJICHUU U3 XJIOPCOACPIKALIUX CPE Kap6nz[006pa3y}omnx OJICMCHTOB.
I[J'Iﬂ peajim3alu MnpouecCoB A0CTATOYHO UCIOJIb30BATh JJICKTPOIICUb (663 HCO6XO,HI/IMOCTI/I OPUMCHCHHUA 1O0PO-
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rOCTOSIIIIET0 00OPYMOBaHUsI — BAKYYMHBIX Me4eii), ¢ 00eCIeYeHHEM MOTyYEHHs] BBICOKOKAUYECTBEHHBIX MOKPBI-
TUH W3 OIMPOKOTO Kpyra KapOumao00pa3yIoIUX JIEMEHTOB, OCHOBAHHBIX HAa O0PA30BAHUU XUMHUYCCKUX COCIH-
HEHHH B CHCTEME «aJIMa3 — MIOKPBITHE.

IMocie npoBeaeHHO# onepayyn MOAUDUIIMPOBAHUS HA YACTHUIAX aJIMa3HOIO MOPOIIKa 0OpPa30BbIBACTCS
IUIeHKa W3 KapOmmooOpasyromiero smemenTta. llpm TepmoOapudeckoM CIeKaHHHM (DOPMHpPYETCs OXHOPOIHAS
MHKPOCTPYKTYpa MOJMKPHCTAIUIMYECKOTO KOMITO3UIIMOHHOTO CBEPXTBEPJOr0 MaTepHalia, COJACpPIKAIIEro MHUK-
pOYACTHIIBI ajMasa, MPOYHO COSAMHEHHBIE MEXIy co00H KapOUIHON CEeTKOH M3 KapOWIOB KpeMHUS U Oopa,
YIPOYHEHHOW HAHOYACTHIIAMH aliMasa.

[pensnoxeHHBIC MOJICTBEHBIC MPEACTABICHHUS TIPOIIECCa TOMYYCHHS KOMIO3UIIMOHHBIX aIMa3HBIX MAaTCPUATIOB
C TOBBIIICHHBIMU (DU3UKO-MEXAHUYECKAM CBOMCTBAMH Ha OCHOBE TEPMOOAPHUYCCKOTO CIICKAHUS KOMITO3UIIHH,
coJieprKallel MpeABapUTEIFHO MOIU(DUIIMPOBAHHBIC KapOUI000pa3yIOIIUMH IIEMEHTAMH MHUKPO- ¥ HAHOTIOPOIIKH
anMasa, OTpaXkaroT (popMHpOBaHHE B MPOIECCE CIEKAHUS OMMOIAIBHON CTPYKTYpPBHI KOMIIO3WTA, BKIIOYAOIICH
MPOCTPAHCTBEHHBIN KapKac U3 MUKPOPA3MEPHBIX YaCTHUI] aJIMa3a, 00CCICYHBAIOIINX MPOYHOCTHBIC XaPaKTECPUCTHU-
K U (YHKIIMOHAJBHBIC CBOMCTBA KOMITO3HIIIOHHOTO MaTepHaia Ha MaKpOYPOBHE, M YIPOYHCHHYIO HaHOAJIMAa3-
HBIMH YaCTHI[AMHU KapOUJHYIO CETKY C BHICOKON MPOYHOCTHIO COSIMHEHMUS HA TPAHHIE MHKPOaIMa3 — Kapoum»,
00YCIIOBITUBAIOIILYIO KOT€3HOHHYIO MPOYHOCTh CIIEYSHHOTO KOMIIO3MTa HA MHUKPOYPOBHE.

IIpu TepMobapuUecKoM CIIEKaHWW B anamnasone temneparyp 1875...1925 €, mamenun 6,2...6,71TIa
py KOHLEHTpaluu no0aBku mopomka YJIA(B) 17,6...22,4macc.% npoucxoauT o0pa3oBaHHe MEK3EPEHHBIX
CBsi3eii B aJiMa3e 3a CHET IUIACTHYECKO AedopMaliiu Marepuala, 4To MposBIISETCs, B YACTHOCTH, B MOBBILICHUH
MEXaHUYECKHUX XapaKTEPHUCTUK MOJUKPUCTAIUIOB. JJaHHBIN MEXaHHU3M SIBISCTCS MPEHMYIIECCTBCHHBIM IMPH CIic-
KaHUU UCCIIEAYEMOro KOMIIO3UIIMOHHOTO MaTepualia, TaKk KaK B TAKOM PEXHME TepMoOaprueckor 00paboTKu
(ukcupyercs nopbimenue Gpusnko-mexanuueckux xapakrepuctuk (HV u Kj.) monyv4aeMbIx KOMIIAKTOB.

PesynbraThl MCcIeOBaHMS CBUICTEIBCTBYIOT, 4TO B3anmozelcrsue ACM c kpemuuem u Y/IA ¢ 6opom
HOCHUT TU(PY3HOHHBIH XapaKTep, U MPH CIIEKAHUH O] BEICOKUM JABICHUEM MEXIY HCXOIHBIMH (ha3aMHu KOM-
MO3UTa ¥ MOAMDUIUPYIOIIETO IJIEMEHTa MPOUCXOIUT MPOIECC PEaKIHOHHON nuddy3uu ¢ oOpa3oBaHHEM CO-
€/IMHEeHUI B 30HE KOHTAKTOB 4YacTHIl. BO3HUKAMONIME XUMHUYECKHE COCIUHEHHS 00ECIeUnBAIOT MPOYHOE CIICTI-
nenue 3€peH anMasza ¢ YJIA ¢ JacTHUIIaMH HAIIOJTHUTENS M YaCTHI] HATIOJHUTENST MeXay coboii. Bmecte ¢ Tem
CJIE/lyeT OTMETHTh, YTO XUMHYECKOE B3aHMMOJICHCTBHE 3EPEH aiMa3a M HAMOJHUTENS MPOTEKaeT B OYCHb Y3KUX
MPUKOHTAKTHBIX CJIOSX, HE 3aTparuBasi OCHOBHOI'O 00beMa MHUKPO3EpeH anmasza. DTo 00ecHeYrBacT BBICOKHE
(U3MKO-MEXaHMYECKHE XapaKTEPUCTUKN KOMITO3UTA.

Onrumusanus nporecca noiaydenus IIKCTM cocraBa ACM(Si)+YIA(B) mo xpurepusiM panidoHaIbHOTO
COYETAHUSI TBEPJOCTH U TPEIMHOCTORKOCTH crieueHHoro kommosuta (HV = 58...60I'TIa, K;c = 8,5.. .9,OMHa-Ml/2)
MOKa3aja, 9YT0 TEXHOJOTMYECKUE MapaMeTPhl MPOoIecca TepMOOAPHUYECKOTO CIICKAHHS JOJDKHBI COOTBETCTBOBATh
CIICAYIONIUM JTUana3oHaM: Temreparypa crekanus 1 = 190025 €; nasnenue P = 6,5+0,25[Tla npu npoaoimku-
tenpHocTH cnekanus t = 10...20c u xonnenTpanuu nodasku nopomka Y A Cyyy = 20+2,5macc. %.

Obnacmy npumeHeHUs. AIMA3HBIX KOMIO3UMO8 ¢ bumooanvHou cmpykmypoti. Ha ocHoBe MoauduIipoBaH-
HBIX aJIMa3HBIX MUKPO- U HAHOMOPOIIKOB ITyTEM CIICKAHHUS B YCIIOBHSAX BHICOKHX NABICHHN U TEMIICPATYP MOTyYe-
HBI MTOJUKPUCTAIUTHYECKAE OIOKH (KOMIIAKTBI) [UTSl M3TOTOBJICHHS TIPABAIICTO HHCTPYMEHTa (KapaH/IaliH, UriTbl),
KOTOPBI MOKET UCTIONB30BATHCS MPH MTPABKe MUTH(POBATBHBIX KPYTOB (PHCYHOK 7).

PucyHok 7. —ITomkpucTauIHYecKUe GJIOKH (@) U PaBSALINil HHCTPYMEHT (6 — KapaHJIaLl;, ¢ — MIJIa),
n3roropiieHHbie Ha ocHoBe IIKCTM 3 MoandHIMpPOBaHHBIX MUKPO- U HAHOMOPOLIKOB ajIMa3a

a 0 8

Pe3ynbTaThl MCTIBITAHUH TOKAa3alId, YTO 3KCHEPUMEHTAIbHbIE 00pa3Lbl KaXI0ro W3 BHIOB IPABSIIEro a-
Ma3HOTO MHCTPYMEHTa, U3roToBICHHOTo ¢ uctnons3oBanneM [IKCTM ¢ 6umonanbsHON CTPYKTYpOH, 110 9KCILTyaTa-
LIMOHHBIM NOKa3aTeJsIM MPEBBIILIAIOT TPeOOBAHMS COOTBETCTBYIOIINX CTaHIApPTOB. TaK, JUIsl MpaBsIMX ajJMa3HbIX
KapaHaieil yCpeIHeHHOe 3HAUCHNE YENbHOI NPOM3BOIUTENBHOCTH coctaBuio 38,5cv’/mr (mo TOCT 607-80
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JIOJDKHO OBITH HE MEHEE 34,OCM3/MF), a JUIsl IPaBSIIMX aJMa3HBIX MTJ YCPEAHCHHBIH pacxon anmasza Ha 1000mpa-
BOK IpH JutiHe npaBku 16 MM coctaBui 41,0mr (mo TOCT 17564-85 -#e Gonee 43,6Mmr).

3akirouenue. [TonydeHne 6eCOPUCTOrO MOJUKPHCTAUINIECKOTO MaTepraa Ha OCHOBE MUKPOIIOPOIIKA
ayMasa BO3MOXKHO IIPH HCIIOJIb30BAHMU BBICOKMX maBienuii (coime 8 I'Tla) u temmeparyp (cbime 2000 T),
YTO SKOHOMHYECKH HEOMPABJIAHHO U3-32 HU3KOHW CTOHKOCTH aoporocrosmux ABJI. MoguduimpoBanue MUKpO-
Y HaHOTIOPOIIKOB ajiMa3za KapOumo00pa3yIouMK dJIeMEHTaMH U (QOPMHUPOBAHUE CTPYKTYPHI KOMIIO3UTa C OU-
MOJANbHBIM CTPOCHHEM IO3BOJIAET MOBBICUTH (DHU3HKO-MEXaHHUYECKHE XapakTepucTuku credeHHbx [TKCTM
(MIOTHOCTB, TBEPAOCTD, TPELUMHOCTOMKOCTD) IIPH CHHYKEHUH IIAPAMETPOB CIIeKaHus (IaBlIeHUE U TEMIIEPATYPA).

[peumyiecTBa MOIY4aeMOro MOTUKPUCTAIUIMYCCKOrO aIMa3HOr0 MaTepraya ¢ OMMOJAIEHON CTPYKTYpPOH
HA OCHOBE MOJU(PHUIIMPOBAHHBIX MUKPO- X HAHOMIOPOIIIKOB aJIMa3a PCATU3YIOTCS Yepe3 CICAYIOIINES MEXaHU3MBbI:

- nosbiieHue wioTHocTU [TIKCTM 3a cuer yBenuueHHs HACBITHON TJIOTHOCTH KOMIIO3ULIMU B Pe3yJibTa-
TE 3aTOJIHCHUS MEXK3EPEHHBIX MTyCTOT MUKPOIIOPOIIIKA YACTUIIAMU HAHOAIMAa3a U UX arjoMepaTamu;

- YIy4YIICHHE MPECCYEMOCTH aJIMa3HbIX MUKPO- M HAHOMIOPOIIKOB 3a CYeT JOPMHUPOBAHUS HA UX TTOBEPX-
HOCTH IUICHOK, CHU)KAIOLIUX TPEHHE, MPU MOAU(DUIIMPOBAHNN XUMHUKO-TEPMHUYCCKON 00pabOTKOI;

- MOBBILICHHE TEPMOCTOMKOCTH U 3aMeJIeHHE npolecca rpauTr3anuy ajaMasa npu CreKaHuH 3a CHeT Io-
SIBJICHHSI HA TIOBEPXHOCTH MHUKPO- M HAHOIIOPOILIKOB aJiMa3a KapOHMIHOM IUIEHKHU B Pe3yiibTaTe X MOAU(UIIMPOBAHHS;

- (opMupoOBaHHEe NPOYHON KAPOUITHON CETKH 32 CUET PEaKIMOHHOIO CIIEKAHHsI KOMITO3HIUK U3 MOIU(H-
UPOBAHHBIX KapOUI000pa3yIOIMMHU 3JIEMEHTAMH MHKPO- U HAHOTIOPOILIKOB aJIMa3a;

- MCHOJIb30BaHNE HAHOAIMA30B [IETOHAIL[MOHHOTO CHHTE3a, XapaKTePU3YIOIIMXCS BHICOKON yeNbHO# 1o-
BEPXHOCTHIO M TMOBBIIICHHBIM KOJIMYECTBOM Je(PEKTOB, CIIOCOOCTBYET YNIYUIICHUIO CIEKAEMOCTH KOMITO3HMIIHH
3a CYeT YCKOpeHUs TU(PY3HOHHBIX IPOILIECCOB.

Onrumizanus npouecca noaydenus [IIKCTM cocrasa ACM(Si)+Y/IA(B) no kputepusiM palMOHAIBHOTO CO-
YeTaHWs TBEPJOCTH M TPEUIMHOCTOUKOCTH crieueHHoro kommosura (HV = 58...60ITla, Kjc = 8,5...9,OMHa-Ml/2)
MoKasaja, 4YTO TeXHOJOTHYCCKHE MapaMeTphl MpoIecca TePMOOAPUIECKOTO CIICKAHUsI TOJDKHBI BXOJUTh B CJe-
JYIOIIME THUana3oHbl: TeMieparypa ciuekanus 1 = 1900 +25 €; naBnenue P = 6,5 + 0,25 Tla npu npomomku-
tenpHOCTH criekanus t = 10...20cexyHn u KoHIeHTpanmu no6asku mopomka YA Cyy,= 20 * 2,5macc. %.

OpHa U3 palMOHANBHBIX 00IacTell MPUMEHEHHUS! AIMa3HBIX KOMIIO3UTOB C OMMOAJIbHOW CTPYKTYpOil —
TIPaBSIIAI aTMa3HbIM HHCTPYMEHT (KapaH/IaliH, Uribl).
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COMPOSITE MATERIALS WITH BIMODAL STRUCTURE
BASED ON MICRO- AND NANOPOWDERS OF DIAMOND

V. ZHORNIK

It is shown that the introduction of the diamond nanopowders into the initial mixture containing
of diamond micropowders, as well as maodification of micro- and diamond nanopowders by the carbide-forming
elements (silicon, boron), allows to reduce the level of sintering modes (temperature, pressure) and to form
the bimodal structure of a polycrystalline composite superhard material with enhanced physico-mechanical
characteristics (density, hardness, crack resistance). One of the rational areas of application of diamond
composites with a bimodal structure is the adjustmenting diamond tools (pencils, needles).

Keywords: composite materials, diamond micro powders, modification, bimodal structure.
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