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BIIMAHUE NCXOAHBIX JIE®EKTOB .
HA PACIHIPEJEJIEHUE MEXAHWYECKUX HAIPSKEHNN
N JEOOPMAILINUN TP OKMUCJIEHMN KPEMHUA

Iloxazano, kakum obpazom degpexmol uc-
XOOH020 KpeMHUs 6IUSAIOM HA CMPYKMYp-
Hble  U3BMeHeHUs No8epXHOoCmu U
NPUNOBEepPXHOCMHOU 0baacmu 6 npoyecce
B8bICOKOMEMNEPAMYPHO20 OKUCTIEHUS.

[To MHEHUIO BEIyIIMX MPOU3BOAMUTENEH AIIEKTPOH-
HOW TEXHUKH, KPEMHUH OyIeT OCTaBaTHCSI OCHOBHBIM Ma-
TEPHAJIOM JIJISl TIPOM3BOCTBA JIEMEHTHOM 0a3bl COBpe-
MEHHOH 3JIEKTPOHUKH €elle KaKk MUHUMYM cTo JieT [1].
IIpu mepexome OT MUKPOHHBIX U CYOMHKpPOHHBIX dJie-
MEHTOB 3JIEKTPOHHON TEXHHUKH K HAHOPa3MEPHBIM 3Jie-
MEHTaM CYIIECTBEHHO MOBBIMIAIOTCS TPpeOOBaHUS K
CTPYKTYPHOMY COBEPIIICHCTBY HCXOIHOTO TTOIYTIPOBO/I-
HUKOBOTO Marepuaia U TeXHOJIOTUH U3TOTOBIICHHUS W3-
penuii. Eciu B ciiydae MUKPOHHBIX Pa3MEpPOB HIIEMEH-
TOB B 30HE IIPOCTPAHCTBEHHOTO 3apsifia OJTHOTO CTPYK-
TypHOTO JeeKTa pacmnojaaraioch J0 JECATKA 3JIEMEH-
TOB, TO B CITy4ae HAaHOPa3MEPHBIX JIEMEHTOB B 30HE IPO-
CTPaHCTBEHHOTO 3apsizia ie(heKTa pacronararTcs JecsT-
KH TBICSIY 3JIEMEHTOB, MMPOBOIMMOCTb pabOYnX 30H KO-
TOPBIX MOXET ObITh UHBEpTHpPOBaHa. [IpoLeHT BbIXoaa
TOAHBIX 3JIEMEHTOB IPU ITOM CYIIECTBEHHO CHUXKAeET-
cs. YCTaHOBIIEHO, YTO JIe()eKThI B UCXOAHOM TOTYIIPO-
BOJIHUKOBOM MaTepHuaJie BIUSIOT Ha mporece JedeKTo-
00pa3oBaHus B WU3JICIUU TIPU MPOBEACHUHN Pa3TUIHBIX
TEXHOJIOTHYECKUX OIlepalrfii, OTHaKO MEXAHU3M 3TOTO
BJIMSIHUA JIO KOHIIA U3Y4YeH He ObLI.

Lesnbto mpeacTaBieHHON paOOTHI BIAETCS U3YUEeHUE
C TIOMOTIIHIO COBPEMEHHBIX METOOB UCCIICIOBAHUS Me-
XaHM3Ma BITUSHUS UCXOIHBIX JIe(hEeKTOB Ha pacipesere-

HUE MEXaHUYCCKUX HANPsKCHUN U tehopMariyii B mpo-
necce eeKTooOpa3oBaHUs MPH OKUCIICHUU KPEMHHE-
BBIX ITACTHH.

O0beKTaMU H3yUYCHUS SBISUTUCH IIACTHHBI MOHOKPH-
crammnueckoro kpemuus Ko®d-4,5 (111) u KJb-10
(100), BeIpameHHbIe METOIOM YOXPaIbCKOTO, C pa3iiny-
HBIM yZIEJIEHBIM CONPOTUBICHUEM, OKHUCICHHBIE B aTMO-
cepe cyxoro kucnopoaa npu remmeparype 1150°C. Ton-
IMHA IJICHOK OKCHJIOB OMPEIEIIsIach 10 BPEMECHHU BbI-
panMBaHUs U SJUTUIICOMETPHIECKIM METOIOM U COCTaB-
msma oT 1 1o 1,5 MKM.

,Z[J'IH BbISIBJICHUS ,Z[C(l)eKTOB Ha MOBCPXHOCTHU INTACTHUH
KPEMHUsI CHavaja Juisl YIaJICHHsT OKCUIa KPeMHHUS TIPO-
M3BOJIMIIACH 00Pa0OTKa MIOBEPXHOCTH IIJIABUKOBOW KHC-
noroii (HCI), nanee mpousBoaunack 00paboTka KpeMHHU-
€BBIX [UTACTHH XUMHICCKUMU N30MPATEIbHBIMU TPABHU-
tensivu Cuptis (moBepxHocTh 111) [2] 1 Cakko (roBep-
xHocTh 100) [3] (ckopocTh TpaBieHHs MOpsika 2—3
MKM/MHFH) C IpeIBApUTEIBHON 00pabOTKON B COCTaBaxX
Kapo n nepexncHoammuaanom pacteope [4]. Takas npen-
BapuTeIbHAA 00padOTKa MO3BOJISIIA 32 CUET MPOIIECCOB
JIOTIOJTHUATEIIFHOTO OKHMCIICHUS TOBBICUTH BBISIBIISTIOIIUC
cBolicTBa m30uparenbHbIX TpaButeneit (UT).

N3ydenue moBepXHOCTH KPEMHHUSI ITOCIIE XMMUYECKOM
00pabOTKH MPOBOAMIOCH PA3TMIHBIMI METOAAMH.

L7151 5eKTpOHHOM CKaHUPYIOILEH MUKPOCKOIUH PHU-
MEHSIH MUKpOCKom-aHanu3artop Cam Scan-4D c cucre-
MO JHEPreTHYEeCKOrO JUCIIEPCHOHHOTO aHAIHM3aTopa
«Link-860» u mporpammoii «Zaf». UyBCTBHTEIBHOCTD
npubopa coctasmsia 0,01% mo macce, TuaMeTp Mmydka
— o1 5107 10 1:10°° m [5].
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Jns OXKD-crekTpoCcKonuu MCIOIb30BaIl CIIEKT-
pometrp LAS-3000 ¢pupmsr «Riber» ¢ mpocTpaHncTBeH-
HOM pa3penraronieif cnocoOHOCTBIO 3 MKM U SHEPTreTH-
YecKuM pasperniennem ananuzaropa 0,3% [6].

J71s ONTHYIecKuX METOI0B MCCIIEIOBAHMS TIPUMEHSI-
M MeTaiutorpadudeckuii MUKpockorn MMP-2P.

JKcNepUMeHTAIbHbIE Pe3yJbTaThl

Ha puc. 1 npencrapiieHa THITHYHAS KaPTHHA PacIpe-
nenerust 60-TpaayCHBIX TUCIOKAIMA Ha TTOBEPXHOCTH
MOHOKPHCTAJUTHYECKOTO KPEMHHUS, MMOIyUICHHAs MOCIe
MPeIBAPUTEIIBHON 00pabOTKK MOBEPXHOCTH B CMECH
Kapo u nepekrcHOAMMHAUYHOM PACTBOPE C MOCIEAYIO-
niei 00paboTkol B m30MUpareibHOM TpaBuTeine CIKKO B
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Puc. 1. Pacnpenenenne 60-rpagyCHbIX TUCIOKAIMN KPEMHHS
Ha MOBEPXHOCTH

TeyeHue 2 MUHYT. I300paskeHue Mmory4eHo ¢ OMOIIBIO
3JIEKTPOHHOI'0 MUKPOCKOIA B PEXUME MPOBOAUMOCTH.
CBeTIIbIC IATHA COOTBETCTBYIOT 00JIACTSIM IIOHMKCHHOM
MIPOBOJIUMOCTH, TEMHBIE — O0JIACTSIM XOPOIIIEH MPOBO-
qumoctu. OTYETIMBO MPOCMATPUBAETCSI 0Opa3oBaHUE
JIBOMTHUKOBOM CTPYKTYpBI ArcIoKaluii. [ImoTHOCTS nrc-
JIOKaLMH yBEIMYUBAJIaCh OT CEPEANHBI IIJIACTUHBI K Kpa-
SIM, TJIe HAOJTIOATNCh JOTIOTHUTEIBHBIC CKOTIICHHS JHC-
JIOKAIMi, BOSHUKAIOIINX IIPH CKpalOHpOBaHUH IIACTH-
HBI. B paiioHe pacronoxeHus AUCIOKAIUIl HaOII0anach
MOBBILLIEHHAS, IO CPAaBHEHUIO C O€3MUCIOKALIMOHHOM
00JIaCTBIO, KOHIICHTPAIHS KHCIIOPO/ia, KOTOPBIN, HEUTpa-
TU3YS1 IUCTIOKAINH, CO31aeT 00IaCTH MOHKEHHOU IPO-
BOJIMMOCTH, HaOJTFOIaeMbIe B 9KcIiepuMeHTe (puc. 2). B
HEKOTOPBIX CIIydasiX HaOJOJaIoCh CKOIUICHHE aTOMOB

Puc. 2. O6nacTh MOHMKEHHONH IMPOBOJUMOCTH OTAENbHOM
JMCIIOKAUU

HaTpHs, Kallusl ¥ XJIOpa, KOTOPbIE ITPHU BBICOKOTEMITEpa-
TYpHOM OKCHUIMPOBAHUY MONAJAIOT B BIPAIIEHHBIN OK-
CHUJl U U3MEHSIOT €r0 3apsiIoBOE COCTOSIHUE.

[IpoBeneHHbIC MCCIICIOBAHMS TTO3BOJIMIIM CHENATh
BBIBO/J] O TOM, YTO IIPU BBIPALMBAHUY KPEMHUS HATPUH,
KaJM{ U XJIOp MOMAIAl0T B HETO M3 3aTPaBKU /WM W3
OKpY’KaroIei ocHacTKU. B Oe3auciokaiimonHbIX o0a-
CTSIX aTOMBI HaTpUs, KaJIUs U XJI0pa, COEAUHSAACH C KUC-
JIOPOJIOM, 00Pa3yIOT CIIOKHBIE COSIMHEHUS, CPOPMHUPO-
BaHHBIE B BUIC ACHIPUTHBIX 00pa30BaHUA, KOTOPBIE MOXK-
HO 0OHAPY>KUTH TOJIBKO C IOMOUIBIO 3JIEKTPOHHOTO MUK-
pockoma rmocie 00pabOTKH B MPEIBAPUTEIHHBIX COCTA-
Bax M M30MpaTeNbHBIX TpaBuTesix. [Ipu HarpeBanuy neH-
JPUTHBIX IIaCTUH 10 Temneparypsl 300°C u nocine yna-
JIEHUsT OKUCHOH IMJICHKH HAOIIOAaIUCh MPOLECCHl IUC-
COLIMALIMK ¢ 00pa30BaHUEM KIIACTEPHBIX CKOTUIEHUH. [Tpu
JanpHeimem HarpeBanuu (10 400°C) kiiacTepHble CKOII-
JICHUST pacmanaioTcs Ha Ae(eKTH B BHIAC MPUMECHBIX
00JTaKOB, COCTOSAIINX M3 TOYCUHBIX Ne(PEKTOB IpUMEC-
HOTO THIIA.

Habnronaembie MakponeeKTsl B BUE JBOHHUKOBBIX
JaMerei, COCTOSMIINE N3 N30BITOYHBIX aTOMOB KPEMHUS,
OKa3aJIMCh 00Jiee CTOWKAMU K TeMIICpaTypHBIM BO3JICH-
CTBUSIM U HE IIpeTepIieay BUAUMbIX U3MEHEHUH Ipu Ha-
rpesanuu 10 400°C. B HEKOTOPBIX Cllydasix PeHTI€HOB-
CKH aHaM3 TO0Ka3ajl HaJu4ue o0JacTeld CHIIbHO pas-
YIOPSIOUYCHHOTO KPEMHISI, IPUYEM, STH 00JIaCTH HMe-
mu pasmepst 10 1000 Mxm.

IIpoBeaeHHBIN MOCIONHBINA aHAIU3 IIACTUH KPEMHHUS
METOJIOM N30MPaTEeNHLHOIO TPABICHHS ITOCIIE IPOLIECCOB
BBICOKOTEMITEPATypHOTO OKHCIICHHS ITOKa3al, 9YTO MpH-
TIOBEPXHOCTHAS 00JIaCTh KPEMHHS IMEET CIIOKHYIO CTPYK-
TYpy C aHOMaJbHO OONBIIMMHU TIIyOWHAMH 3aJIeTaHHS
Pa3ynopag0ueHHOTO CJI0S U 00JIACTH TUCIOKAIIMOHHBIX
cetok. Ha pme. 3 npezcrasiena THIMYHAs KapTHUHA T10-
BEPXHOCTHU KPEMHU, [10JIy4EHHAs 110CJI€ CTPAaBIMBaHUs
OKCHJIa TOJIIMHOW 1 MKM M 00pabOTKH TTOBEPXHOCTH
kpemuusa UT B Teuenue 3 MmuH. He 3amMedeHsbI sSIMKu TpaB-
JICHUs], TUITUYHBIE T KPUCTAJUTNYECKON CTPYKTYPBI, Ha-
JIYUE KOTOPBIX OOBIYHO CBSI3BIBAIOT CO CTPYKTYPHBIMU
nedexTaMu THITa AUCITOKAIHH FITH OKHCITUTEIEHBIMU JIe-
(dexramu ynakoBku. [losiBiieHme ke HaOIIOTaEMBIX SIMOK
HEeNpaBWIbHON (POPMBI, OYEBUIHO, BBI3BAHO OKCHJIOM,
KOTOPBII 00pa30BaJICs MPH MOBIIICHHON U Py3UH KHC-
JI0pO/ia BJOJIb CTPYKTYPHBIX TE(PEKTOB.

Puc. 3. [ToBepXHOCTh KpeMHHUS MOCIIE CTPABIMBAHUS
OoKcHIa

TexHOI0rHs 1 KOHCTPYMPOBAHHE B YJIEKTPOHHOM anmaparype, 2008, Ne 5

63



MATEPHAJIBI QJIEKTPOHUKH

ITonbITKM paccMOTPETh NOBEPXHOCTH KPEMHMUSI C 110-
MOIIIBIO TEKTPOHHOTO MUKPOCKOIA OKa3aliCh Oe3pe-
3yJABTaTHBIMH, T. K. TOBEPXHOCTb CUJIBHO 3apsiKaliach, U
3TO HE MO3BOJISIIO MOJIYYaTh 40K OTPAXKEHHBIX HJIEKT-
POHOB.

Bce BbIIEN3I0KEHHOE TIO3BOJISET MPEAIIONIONKUTD,
YTO KPEMHHUIA 107 OKCHJIOM UMEET CHIIBHO Pa3yIopsio-
YEHHYI0 CTPYKTYpPY, OJU3KYIO K MEJIKOIIOIUKPHUCTAIIIHU-
4eckod mim gaxke amopdHon. CremnoBareiabHO, €CIu
YUYeCTb, YTO MEXaHUIECKUE HATPSDKEHHUS 00paTHO IIPO-
MOPIIMOHABHEI TITyOUHE 3aJIeraHus CJI0si, TO Hanbomee
pa3ynopsiIOUEHHBIN CJI0N MPUMBIKAET HETIOCPEICTBEH-
HO K OKCH/Iy KPeMHHs1. 3HAU€HUsI TOJIIUHBI 3TOTO CJIOS
MIPONOPLMOHATILHBI 3HAYEHUSAM TOIIIUHBI BEIPAILIEHHBIX
OKCHJIOB, UTO OOBSCHICTCS BO3pACTAHUEM MEXaHUYe-
CKHUX HalpsDKEHUH Ha rpaHULIe pa3ziesia 1P yBeJIMYEHUH
TOJNIIMHBI OKCUJ0B. [Ipu manpHeIeM TpaBiIeHUH T0-
BepxHocTH KpemHusi UT B Teuenue emie 4 MuH HaOJIr0-
JIANIOCH TOSIBIICHHUE IE(EKTOB B BHJIC JUCIOKAIIMOHHBIX
ceTok (puc. 4). CeTkn AUCIOKaNNil OBLUIH JEKOPHPOBa-
Hel okuciamu SiO . OTOT (haKT MOATBEPHKIAETCA TEM,
YTO NPHU MOSIBICHUU CETOK TUCIIOKALUUH JajbHenIee
TpaBJIEHHE MOKHO TTPOU3BOINUTE O3 OKHCIHTEINS, T. €.
ToibKo B pactBope HF.

Puc. 4. lucnokaumonnsie cetku (1x1500)

Ileprion IUCIOKAMOHHBIX CETOK D omnpenensercs
YPOBHEM MEXaHUYECKUX HANPSHKCHUH U e opMaruii B
JTAHHOHM 00NacTH, 3aBUCSIIMX OT MapaMeTPOB BBICOKO-
TemIepaTypHoil auddy3un KUcIopoaa, oT eKTpodu-
3UYECKUX M YIPYTHUX IapaMeTpoB OKCHIa KPEeMHHUS U
KPEMHHS, U paccuuThiBaeTcs 10 hopmyse [7, ¢. 163]

b
D =—k, (1)
€
riae b — mpoekius BeKTopa cMmenieHus (Bekropa broprepca) Ha rpa-
HHILY TIEPEeX0/1a;
k — xosdduriment, £<0,5;
€ — 3HAYCHHE OTHOCHUTEIBHOU AehopMaryu.

W3 popmynsl ciieayeT, 4TO BOSHUKAIOIINE B JAHHON
00J1acTH AUCIOKALMOHHBIE CTPYKTYPBI (CETKH) JOTKHBI

UMETh OJIMHAKOBBIH Niepro. Ha nmpakTuke sxe HabIrona-
€TCs KapTHUHA MOSIBJIICHUS IUCIOKAIIMOHHBIX CETOK C I1e-
peMeHHbIM TiepuoaoM (puc. 4). s yeTbipex pa3inuy-
HBIX 00JacTell OMHON IUIOCKOCTH IO IKCIICPUMEHTAITb-
HO OTIpE/ICIICHHBIM TIEPHOIaM JAHUCIOKAIINOHHBIX CETOK
OBUTH TIOJTyYCHBI CIECAYIOIINE 3HAYCHHSI OTHOCUTEIIHHOM
nedopmaru:

£,=3,3107%; £,=7,4105; £,=1,1-10°%; £,=8,7-104.

Kak BugHO u3 (1), B 001acTAX ¢ MajbIM MEPUOAOM
JICITOKAIIMOHHOM CETKU INIOTHOCTH TUCIIOKAIIHI B CETKE
W BeJnuuHa JedopManuii 0oblne, 4eM B 001acTAX C
OonpmmM nepruoaoM ceTkd. Eciu yuecTs pacmpenerne-
HUE MMOBEPXHOCTHOM TNIOTHOCTH MCXOJHBIX AUCIOKAIMN
IUTACTUHBI KPEMHHUS 10 OKUCIICHHSI, MOYKHO CJICJIATh BbI-
BOJI, YTO JHMCJIOKAIIMOHHAS CETKa C MaJlbIM IIePHOIOM
o0pasyeTcs B MecTaxX JIOKaJIH3alui MaKCHMYMOB TIIOT-
HOCTH UCXOJHBIX JUCIOKalnii. BeposiTHO, 3TO cBsSI3aHO
C TIporieccaMu YCKOpeHHOH mn¢dy3un KUciIopoa BIOb
UCXOIHBIX NE(PEKTOB, IPUBOASIIINX K MOSBICHUIO J0-
TIOJTHUTETBHBIX MEXaHHYCCKUX HaNpsDKeHHH u aedop-
MaIui, KOTOpBIE SBISTIOTCS TIPUYNHON BOSHUKHOBEHIIS
JOUCITOKAIMOHHBIX CETOK C TMEPEMEHHBIM IICPHUOIOM.
JlomomHUTEbHBIE HANIPSDKEHHUS U JieOpMalliu CBsI3a-
HBI ¢ 1e()eKTaMu, UMEIOIIUMHUCS B KPEMHHUH W3HAYAIb-
HO, 2 HE C HaJMYHeM IPUMeCcei WU KHCIOpOo/a.

TakuM 00pa3oM, MPOBEICHHBIC HCCIICIOBAHUS TO-
Ka3aJd, 9TO Takue Ae(heKThl B UCXOMHOM KPEMHHU KaK
JIICITOKAITNH, Te(EKTHI CIIONCTOW HEOTHOPOTHOCTH, KTa-
CTEpHBIC CKOIUICHHUS KHCIIOPO/IA MM N30BITOYHOTO KPEeM-
HUA, ICHAPUTHI MCTAJIJIOB U ,Z[BOI71HI/IKOBI:I€ JJaM€EJIu BJIU-
SIFOT Ha (QOPMHUPOBAHUE CTPYKTYPhI TPUITOBEPXHOCTHBIX
CJIOCB KPEMHHS B MIPOIIECCE OKHCIICHHUSL.
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