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OH3NKO-TEXHOJIOI'MYECKHUE ACIIEKTbBI CO3AHM
HU3KOBOJIBTHBIX OI' PAHUYUTEJIEW HATIPAKEHUA

HA OCHOBE KPEMHUMA

Hccnedosanvl npoyeccol 8blCOKOKOHYEHM-
PAyuonHOU Ou@@y3uu MblubsIKa 8 8aKyY-
MUPOBAHHBIX AMNYIAX, GAUSHUS HA NApa-
mMempvl OUDDY3UOHHBIX p—N-Nepexo0os
CBEPXMOHKUX C/LO€8 OKCUOAd HA KPEMHUL.
ObocHosan 6b1O0p PeAHCUMO8 U UCTOUHU-
Ka oughgyzuu 0ns co30aHusl HU3KOBONbN-
HbIX OcpaHuyumeneil HanpsaiCcenus.

Ha ocHOBaHNY pe3yIbTaToB NCCIEIOBAHHS HIEKTPO-
(hM3NYECKUX U TEXHOJIOTMYECKUX MPOIIECCOB MOTYUEHHS
HU3KOBOJIBTHBIX p—1-TIEPEXO0JI0B IyTeM AU (Hy3HOHHOTO
JIETUPOBAHUSI MBIIIBSIKOM CHIIbHOJIETHPOBAHHBIX KpEM-
HHUEBBIX TOAJIOXKEK OBUTH pa3pa0dOTaHBl U BHEIPCHEI B
cepuiinoe ipou3BoacTBo B OAO “Foton” nBa Trma Gec-
KOPITyCHBIX OTPpaHUYHTENCH HATPSHKSHUS, PACCYUTAHHBIX
Ha mouHocTh 0,5 u 1,5 kBT, ¢ HanpsikeHuem npoOos
MeHee 7 B. [lpuHiunuanbHOe OTIUYKE pa3padoTaHHbIX
OTpaHUYHTEINCH HANPSHKEHHS OT U3BECTHBIX 3aKITIOUaCT-
csl B MexaHHu3Me Mpo0osi. B nmerupoBanubIx muddys3ueii
Oopa u pocdopa OrpaHUUHUTENSIX MONTYyUEHBI 3HAYCHHS
pabouero HanpsbKkeHHs Bbie 7 B ¢ TaBUHHBIM TPO0O-
€M, a B JIETUPOBAHHBIX MBIIIBSKOM OTPAaHUYUTENAX 3HA-
YeHUs IPoOOWHOTO HapshKeHus MeHbIe 7 B. Kak otMe-
4eHo B [ 1], Iu1st MoJTydeH s CTAOMIMTPOHOB C JIABUHHBIM
po0oeM NpH HaTpsHKEHUH 6,5 B onTHMaibHBIM MaTepu-
aJioM TMOJIOKKH siBisieTcst kpemuuit tuna KJIb 0,003,
KOTOPBIN TpeOyeT CreHaIbHO OJ00paHHOTO TeMIIepa-
TYPHOTO pexxuMa JuQGQy3u.

KauectBennyio muddysuto mpumeceid B KpeMHHAN
MOYXHO OCYIIECTBHUTH B CPAaBHHUTEIHEHO OTPaHUUCHHOM
JFaria30He TeMIepaTyphl. B 4acTHOCTH, AT MBIIIBbSIKA
910 nuanasoH 1373—1523 K. Ecnu reMneparypa Huxe
1273 K, 3nHauenus ko3¢p¢unuentoB auddysun oueHs
MaJIbI ¥ TITyOrHA U Py3UH He3HATUTEITHHA, CCIIH BEIIIE
1573 K — kauecTBo Au((HYy3MOHHBIX CIOEB MONTYyYaeTCs
HEYJIOBIETBOPHUTEIbHBIM. Kpome Toro, pexxum orpene-
nsieTcs BeIOOpoM HcTouHuka (muddysanTa) u crocoda
T Py3Ur IPUMECH.

B crabunutpoHHO# TeXHUKE paboTa ¢ METKUMHU p—7i-
nepexogaMu TpeOyeT peleHus] HEMPOCTHIX MPoOIeM co-
371aHKS K HUM HaJICKHBIX OMUYECKUX KOHTAKTOB 1 00ec-
MICYCHIS 32ITAHHOT0 Pab0Uero HANPsDKEHNUS. DTH IIpodITe-
MBI MO’KHO PEIIATH BEIOOPOM ONITUMAJIBHBIX 110 TEMITE-
patype U JUIUTEIBbHOCTH PEXUMOB TN (Hy3UOHHOTO Jie-
THPOBAHHUS KPEMHHUEBBIX TTOJIOKEK.

B Bakyyme Temreparypa IUIaBICHHS KPEMHUS He-
CKOJIBKO CHIDKaeTcsl. [1o3ToMy mpu mpoBEICHUH TEXHO-
JIOTHYECKHX TIPOIECCOB B BAKYYMHPOBAHHOW KBAPIICBOM
aMmITyiie Temreparypa He JojbkHa npesbimars 1473 K. B
TO %€ BPeMsl YBEJIMUCHHUE TEMIEPATYPbI TU(P(PY3UH CBBI-
e 1373 K, kak U3BeCTHO, €1a00 BIUSET HA NpeJiellb-
HYIO PACTBOPUMOCTb MBIIIIbsIKA. B pesynbrare, 1i1s mpo-
BEJICHUSI DKCIIEPHUMEHTOB ObLTA BRIOpaHA TeMIIepaTypa
1423 K.

K Hacrosimemy BpeMeHH HamOOJBIIEe pacipocTpa-
HEHHE TOJTYYrJI rpouece 1udQy3un u3 TBEpIoH (pasbl
[2], korga mpumech U3 TBEPAOTO PAacTBOPa B OHOU 00-
JACTH MOTYIIPOBOAHNKA TUGDYHAUPYET B IPUMBIKAIO-
IIYIO K Hell IPyTyIo 00JIACTh ATOTO KE MOTYIPOBOIHH-
Ka, CBOOOHYIO OT IPHMECH TAHHOTO THIIA.

Crnemyer OTMETHTB, 4TO B OTJIMYHE OT Oopa u pocdo-
pa, IMUPOKO MPUMEHSIEMBIX B IPOU3BOJICTBE B KAUECTBE
JETHPYIOLIHX TPUMECEH, MBIIIBSK TPAKTUIECKH UCTIONb-
3yeTCs TONIBKO JJIS TIOJTyYeHHUS CKPBITHIX CIIOCB B IIPOU3-
BOJICTBE KPEMHHUEBBIX CTPYKTYpP MHTETPATBHBIX CXEM
(IprrueM B TIOCTIEIHEE BPEMST MBIIIBSIK 3aMCHSIIOT OJIH3-
KOH 110 3JIEKTPO(U3NUECKUM XapaKTePUCTUKAM, HO He-
TOKCUYHOM CYpbMOM) M, B OCHOBHOM, JUIsl HOJXYy4EHHUs
CTaOMIIUTPOHOB C HATIPSDKEHIEM CTaOIA3auH (TIpo0ost)
meHee 7 B. Jluddysuer mbibsika ynaercs GopMupo-
BaTh p—1-CTPYKTYPBI, CYIIECTBEHHO ITPEBOCXOSIIHUE TT0
KadecTBY (OTHOCUTENbHO HU3KHE 3HaUeHUs TuddepeH-
IIUATBHOTO CONPOTUBIIEHUS) CTPYKTYPBI, CHOPMUPOBAH-
HBIC C UCTIONB30BaHueM (ocdopa u Gopa.

B cBs131 ¢ 9THM, aKTya bHBIM SIBIISICTCST PAcCMOTpE-
HHE HEKOTOPBIX ACTIEKTOB IMPOBEICHUS ITPOIIECCOB AU-
(y3un MBIMIbSKA, BIUSIOMNX HA BOCHPOU3BOAUMOCTD
MapaMeTPOB MOTyYaeMbIX TAKUM CIIOCOOOM KPEMHHUEBBIX
P—N-CTPYKTYP, 3aBUCSIINX OT BEHIOPAHHOT'O MCTOYHUKA
T dy3Un MBIIBSIKA, U UX J16()EKTHOCTB.

B HacTosimieii pabote mpOBOIMIIMCH UCCIIETOBAHMS
Ipoliecca BHICOKOKOHIIEHTPAITHOHHOH TU((Y31UH MBIIIIb-
sIKa B BAKYYMHUPOBaHHBIX aMITyJiaxX, BIMSHHS Ha mapa-
MeTpBl AN(PPY3NOHHBIX p—n-TIEPEXOTAOB CBEPXTOHKHX
(OCTaTOYHBIX) CIIOEB «ECTECTBCHHOT'0» OKCH/Ia HA KPEM-
HUH.

[TomubIii KT U3roToBICHNS TU(G(Y3NOHHBIX p—n-TIe-
PEXO0JI0B BKJIIOUACT B ¢e0sl TUIIOBBIE IUTAHAPHBIE ITPOLIEC-
CBI: H3TOTOBJICHUE TOJIMPOBAHHBIX IIACTHH KPEMHUSI, UX
3aIIUTHOE OKHCIICHHE, POPMHUPOBAHUE IIPH TOMOIIH (O-
TOJHUTOTPa(HUU OKOH B CJIO€ OKCHA IS ITOCIISTYIOIETO
(opMUpPOBAHUS KOHTAKTOB K 0a3e MeTooM nudQy3um.

30

TexHOIOTHs 1 KOHCTPYHPOBAHHUE B 2JIEKTPOHHOI anmapatype, 2010, Ne 5-6




OYHKIUOHAJIBHAA MUKPO- U HAHODJIEKTPOHUKA

Jls ipoBenieHust T GY3HOHHOTO OTKHUTa UCTIONB30Ba-
JIY KBapLIEBbIC aMIYJIbl TUAMETPOM 75 MM ¢ HEOOXOIH-
MBIM BHYTpeHHHM o0beMoM. [Iporiecc 3arpy3ku u rep-
METH3AIIH AMITYIT IPOUCXOIUT CIICTYIONIIM 00pa3oM.

AMITyITy ¥ BCe TIpeHA3HAYCHHBIC JUIS 3arpy3KH B
Hee Jetanu oopadateiBanm kucioroit HF u nenonunso-
BaHHOU Bonoi. C Oy(epHBIX U IKPAHUPYIOMIUX TUIAC-
THH, UCTIOJIB3yEeMbIX MHOTOKpaTHO (10—15 mporeccos,
B 3aBHCHMOCTH OT MX COCTOSIHUSI), & TAK)KE C OTPaHNIH-
TENBHBIX MAH0 Iepe ] IPOBEICHUEM KaXKIOTO Iporecca
yaasuu OyhepHbIM pacTBopoM Ha ocHOBe HF «cTapbrin»
clon SiO2 U HapallliBaJId HOBBIN. /{7151 3TOTO BCe AeTalin
U caMy aMIyiy Tepes cOOPKOi OTKHUTalid B CHEIHalb-
HOI [1€YH B MMOTOKE CyXOT0 KUCIOPO/Ia IIPU TEMIIEPaType
1423 K B teuyenue 40 muH. [Ipu 3TOM BEDKUTATUCH a1~
COpOMPOBaHHBIC IIOBEPXHOCTHIO KBAPIIA PA3INIHBIC JTe-
MEHTBHI U OJIHOBPEMEHHO HapaluBajCs CIOU SiO2 Ha
BCIIOMOTaTeIIbHBIC KPEMHHEBBIE JIETAIH. DKCIICPUMEH-
TaJIbHBIC KPEMHHEBEIE INTACTHHBI HETIOCPEICTBEHHO ITepe]]
3arpy3Koi B aMITylly CIICIIHalIbHO 0OpalaThiBaju B pa-
crBope HF:H,O (1:10) B Teuenue 20 ¢ s ynanenus ocra-
TO4HOrO ¢11ost Si0,, 3aTeM noABEpraIy GUHHUIIHOK 0YHC-
TKE HA YCTAaHOBKE KUCTEBOM MOIKH U CYIIIKE B IICHTPUQY-
re, KOTopasi BpaIlaiach co CKOpocThio 10 3200 o0/MuH.
[Toce 3TOro HEMETICHHO, C LIENBI0 IPEIOTBPAIICHUS eC-
TECTBEHHOT0 pocTa Si0, Ha MOBEPXHOCTH Si 3a CUET aT-
Moc(hepHOT0 KUCTIOPO/1a, SKCTIEPUMEHTAIbHBIE KpEMHHe-
BbI€ IJIACTUHBI TIEpEaBalid B 9KCUKATOpaXx IS 3arpy3-
K{ B aMITyITy, TIOATOTOBICHHYIO TOYHO K 9TOMY BPEMCHH
BMECTE CO BCITIOMOTaTEIBHBIMH JICTAISIMU H HCTOYHUKOM
T py3un.

BrimonmHeHne BCeX TEXHOJIOTHIESCKUX Oleparuii 6e3
MIPOME/IJICHUS. ¥ B COIVIACOBAHHBIC CPOKHM WTPACT BaK-
HYIO pOJTb B 00€CTIEYCHNT BOCITPON3BOIUMOCTH IPOIIEC-
coB u(dy3Un MBIIIBIKA 32 CUET OTPAHUUCHHS TOJIIIN-
HBI «ECTECTBEHHOT'0» OKCHJIA, TIPEIICTABIISIONIET0 COOO0H
Oapbep U TPOHUKHOBEHHST aTOMOB MBIIIBSIKA B KPEM-
HUH, 0COOEHHO €CIM YIECTh, YTO MBIIIBSIK OTIHIACTCS
HaUMEHBIINM Kod(duIpeHToM TU(( Y3 IO CPaBHEHHUIO
C IPYTUMHU JICTUPYIONUMHU IPUMECSIMU, IPUMCHSIECMbI-
MU B MPOU3BOJCTBE MONYIPOBOJHUKOBBIX MPHOOPOB
(pochop, 6op u T. 1.).

Pabourie 1 KOHTPOIBHBIE TTACTHHEI KPEMHHSI TIOMe-
[IaJJM B aMIIyJly B BHJIE IUIOTHOTO ITAKeTa, B KOTOPOM

A ,.;": w-l_l 1,1 cm
2 ﬁ;

Puc. 1. Koncrpykuus ob6pasua ¢ nuddy3uoHHbIM p—n-
MIePEX0I0M:
| — CUITPHONIETUPOBAHHBIN KPEMHUIT; 2 — 3aIIUTHBIN CIION OKCHA;
3 — OMHYECKHE KOHTAKThI

TIOJTHBIM OCTATOYHBIH 3230p MEXK/Y TUIACTUHAMH HE TIpe-
BbIiman 10 MM, 1 4ero UCTOIb30BaIN OTPAaHUYUTEIb-
HbIC KPEMHHEBBIC MAHOBI TOJNIIMHON MOPSJIKA 5 MM.
AMITyiy, 3arpy’KEHHYI0 KPEMHHEBBIMU IUIACTUHAMHU B
CIeIMaIbHOM KBapIIEBOI KacceTe M KBapIEeBbIM CTaKaH-
YUKOM C HCTOUHHUKOM (D Dy3UH, 3aBapUBATIU CO CTOPO-
HBI IUTH(OBAHHOM KBaPIIEBOH MPOOKH, oTKUramu 20 MUH
ripu Temrieparype 623 K rpu HenpepbIBHOM BaKyyMHUPO-
BAHHH JI0 OCTATOYHOTO AaBIeHHs oKoio 5107 T1a, mo-
CJIE€ Yero OTCOEIMHSIIM OT CUCTEMbI OTKaYKH. 3aTeM aM-
y’Ty OBICTPO TTOMEINATH B TUPPy3nOHHYO 1edsb. [Tocie
T }y3HOHHOTO OT)KUTA aMITYJTy OXJIXKIaJd, MOJIHBAs
XOJIOTHOM BOJIOH CO CTOPOHBI NUTH(-TIPOOKH. DTUM 0bec-
MEYMBAIOCH KOHTPOJIMPYEMOE OCAKICHUE TAPOB MBIIIbS-
Ka He Ha KpeMHHEBbIE TUIACTHHBI, @ HA OCHOBAaHHUE OXJIaXkK-
JlaeMOH MPOOKH (T. €. MPEAOTBPAIIaIoch 00pa3oBaHKe
KPHUCTAJUTHUCCKUX IE(PEKTOB B BU/IC ACHIPHUTOB MBIIIIBSI-
Ka Ha MOBEPXHOCTH KPEMHHEBBIX 7'—p -CTpyKTYDp), a
Takke o0ecrnevyrnBaIach BOCIPOU3BOJUMOCTh CKOPOCTH
OXJIXKACHUS MTaKeTa KpeMHHUEBBIX I1acTuH. [locnenHee
CHOCOOCTBYET JOCTHKEHHIO BOCIIPOU3BOIUMOCTH Ipa-
JIFICHTa KOHIICHTPAIINX MBIIIBSIKA B 00IACTH p—H-TIepeXo-
Jla ¥, COOTBETCTBEHHO, BOCIIPOU3BOAMMOCTH HaIIpsIKe-
HUs po0Oost KpeMHMEBBIX n'—p'-cTpykryp. [Ipuunna
3TOTO B TOM, YTO MBIIIBSK B (D (Hy3HOHHOM CIIOE Ha-
XOJIUTCA B aKTUBHOM M HEaKTUBHOU (hopmax (kiacre-
pax), CIIOCOOHBIX IEPEXOAUThH OHA B IPYTYIO B 3aBH-
CUMOCTH OT CKOPOCTEH HarpeBa M OXJIAXKICHUS p—n-
cTpyKTypslI [2]. COOTBETCTBEHHO, MOKHO U3MEHSTH I'pa-
JIMEHT KOHILIEHTPAI1 aKTUBHOM COCTAaBIISIOIEH MbIIIIb-
sKa, a 3HAYHT, U HApsDKEHUe Mpo0ost p—n-CTPYKTYPHIL.
BonbIIMHCTBO 3KCIIEPUMEHTOB OBLITH IPOBEIEHBI Ha 00-
pasmax p'-n*-cTpykryp mpocTeiinieii KOHCTPYKIIHH
(puc. 1).
Hccnenosanue nuddy3nn MpImbsaka U3 pasind-

HBIX UICTOYHUKOB

s obecnieyeHnst BOCIIPOU3BOIUMOCTH dIICKTPHUE-
CKMX IIapaMeTpPOB U NMPEAOTBpAIlCHUs 00pa30BaHUS
CTPYKTYPHBIX Ie(DEKTOB ITPH U3TOTOBICHUH HU3KOBOJIBT-
HBIX JU(D(OY3MOHHBIX p—7-TIEPEXOT0B aMITYIEHBIM METO-
JIOM, NIOMHMO Ha3BaHHBIX IPUEMOB, IIPEJIOKEH TAKKe
CHoco0 MOJrOTOBKU MCTOYHUKA AN (Y3UN MBIIIbSIKA,
KOTOPBIN OTIIMYAETCS OT U3BECTHHIX [3].

Bbbutn uccnepoBansl mporiecchl U Ghy3un B HEOKHC-
JSIoLIel cpefie (BaKyyMme) ¢ HCTOUHUKOM JIETHUPYIOLIeit
MPUMECH, HAXOJISIIMMCSI KaK B 2JIEMEHTAapHOM BUJIE (KpU-
CTAJUTMYECKUI MBILIBSIK), TAK U B BUJIE JIUTATYPbl — I10-
pouika kpeMuus Mapku KJIB, reruposaHHoro 1o omnpe-
JIETIEHHOW KOHLIEHTPaLMK MBILIBSIKOM. JIurarypy roroBmim
OTXHIOM IOPOIIKA KPEMHHS B MPUCYTCTBUU KPHCTAll-
JIMYECKOTO MBIIIbsAKA B CIIELUAIbHBIX BaKyyMHPOBaH-
HBIX KBapLEBBIX amIyjax npu Temmeparype 1273 K B
tedeHue 48 4. [1opomiok JIernpoBaHHOTO TaKUM 00pa-
30M KPEMHUS U3METbUaIU B araTOBOM CTYIIKE U UCIONb-
30BaJIM B KauecTBe UCTOUHUKA nuddy3uu. Mcmonb3osa-
JIM TaK)Ke COCTABHOM MCTOYHUK IH(PY3UH B BUJE Ha-
BECKM KPUCTANINYECKOI0 MBIIIbSKA BMECTE C HABECKOM
nopoka kpemHust Mapku KJ1b 0,001.

[Inomanp noxy4eHHbIX HU3KOBOJIBTHBIX p—/-IIEPEXO0-

10B B 00Opasiax cocrapisina 4,5-1074 cm?.
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Jliis 06pa3ioB, NOMYyYEHHBIX B Tporiecce TudPy3un
TMPpUMECH U3 Pa3HbIX UCTOYHUKOB, U3MCPSIN HAITPSIKCHUC
npo6ost p—n-nepexona Uy , iyOuny 3aneranus quddy-
3UOHHOTO CIIOS X; ¥ YAENbHOE TOBEPXHOCTHOE CONPOTUB-
nenne P . Kak BUIHO U3 pHC. 2, PE3YILTAThI M3MEPEHHS
U, 5, AT 00pasIoB, MOTYYECHHBIX C HABeCKaMK AS MacCoi
150, 200 u 350 mr (kpuBsie 1, 2 1 5) U ¢ HaBeckoH Jura-
Typsl KJ1b 0,001 (xpuBas 4), Gausku Mexay coOOit.

UBr’ B

2 1 1 1 1 1 1 1
1 2 3 4 5 6 7p,1030mcem

Puc. 2. 3aBucumocts Uy p—n-nepexojioB, U3rOTOBICHHBIX
nuddysneit Terupyomnx npuMeceii U3 pa3HbIX HCTOYHH-
KOB, OT Y/ICJIBHOIO COMPOTHBIICHUSI O, KCXOJHOIO KPEMHHUS:
1 — As, 150 mr; 2 — As, 200 mr; 3 — As, 450 mr + Si, 51
4 — nurarypa; 5 — As, 350 mr; 6 — As, 250 Mr + Si, St

B obmacTty 3Ha4EHNMIT yIeTBHOTO COPOTURICHNS KPEM-
uust P, =0,001—0,002 Om-cm nucnepens 3nadennii Uy
P—N-TIEPEXOJIOB KaK Ha IUIACTHHAX M3 PA3JIMYHBIX TAPTHUH,
TaK ¥ Ha OT/JICTbHBIX IUTACTUHAX OJTHOM MapTHU TSI HaBe-
cok As 150, 200 u maxe 350 Mr ObUIa HEIOITYCTUMO
BBICOKA (CM. TAGJIHIY).

Jlnddy3noHHBIE CITON 3aj1eTalii B HCCIICAYEMBbIX TUIa-
CTHHAX Ha OTHOCHUTEJIBHO MaJIoH TiyOuHe (puc. 3).

B pesynbrare HerTyOOKOro MPOHUKHOBEHUS MBIIIIbSI-
Ka OTMEYEHO YMEHbLIEHUE CPEIHUX 3Hauenuii Uy p-—n-
IIEPEXOJIOB CTPYKTYP C 3a/IlaHHBIM 3HAYEHHEM P, (PHC. 2,
kpuBbie 1, 2). [Ipu u3amepeHusx HaOMoIaIach HEYCTOM-
YHBOCTH BO BPEMCHH HAPSHKEHHS IPOOOS M TaXKe CHHU-
sxenune U 5, BIUIOTB J10 0 (T. €. 10 KOPOTKOTO 3aMBIKAHUS
MIEPEXOJIOB).

CpedHue K@adpamulmble OMKIJIOHEHUS 6elUHUHbL

X,, MKM
J
4t
3t 7
$
214
o3
1
0
1 2 3 4 5
(O 1073 Om-cm

Puc. 3. 3aBucumocTs cpeHUX 3HAYCHUN X; OT P, HCXOTTHOTO

KPEMHHSI JIISl Pa3HBIX MCTOYHHUKOB M PEKUMOB TUPPY3HU:

1 —As, 120 mr; 2— As, 180 mr; 3 — nurarypa; 4 — As, 200 mr + Si,

5r1;5—As, 300 mr; 6 — As, 400 Mmr + Si, 51, 2 4; 7— As, 400 mMr +
+8Si,5,44

[TonmyueHnHble pe3yabTaThl K3MEPEHHS YASIBHOTO T0-
BEPXHOCTHOIO CONPOTUBIEHUS P, (puc. 4) uist po-
I[ECCOB C HABECKAMH KPHUCTAILTHYECKOTO AS MaccCoi
m= 50—350 M1, TOCTaTOYHO XOPOIIO OMUCHIBAIOTCS 3a-
BHCHMOCTBIO BH/Ia
psl ~m'4 (1)
YTO COIIACYETCA C U3BECTHBIMHU ITPEACTABICHUSIMH O TOM,
yT0 As npu Temreparype Boie 1273 K naxoaurcs npe-
MMYIIECTBEHHO B BUEC YETHIPEXaTOMHBIX MOJICKYN [4].
3TO TaKkXKe MPEICTABISCT HHTEPEC MPH OIICHKE JTABICHUS
[IapoB MBIIIBSKA B aMITyJIe 0 M3BeCTHOH popmyne Kiraii-
nepoHa—MeHneneesa [5, c. 153].

Bwmecte ¢ Tem, nedeKTHOCTh pabounXx KPEeMHHUEBBIX
IacTHH (pa3HooOpasHbie Ae(eKThl YPO3NOHHOTO Xa-
paxTepa u AUCIOKAINOHHBIC TPEYTOIBHUKN HA TUPPY-
3MOHHOM TI0JI€, Pa3BETBJICHHBIC OCAXKJACHHUS TOHKHUX

1/p,, (Om/o)!
035 /
4
0301 1
2
025 -

3035 40 4m

Puc. 4. 3aBUCUMOCTD CPEIHUX 3HAYEHUH P, OT MACCHI /11 Ha-

2,5

BeCKM AS /U PasHbIX 3HaueHHd P, kpemuus (B Om-cm):
1 —0,002; 2 —0,005; 3 — 0,008; 4 — 0, 01

Uy, (6 B) 013 0bpasyos, nonyuennvix npu pasivix

ucmouHurkax ouggysuu

P, KpeMHUs, HUcrounuk muddy3uu
150 mr 200 mr 350 mr 250 mr As, | 450 mr As,
Ovlan As As As Jluratypa 5rSi 5rSi
0,001 1,23 0,67 0,54 0,25 0,10 0,08
0,002 1,17 0,50 0,83 0,37 0.15 0,18
0,003 0,81 0,28 0,35 0,30 0,18 0,16
0,005 0,30 0,23 0,37 0,32 0,23 0,18
0,008 0,54 0,40 0,41 0,47 0,33 0,24
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KPHUCTAJUIOB AS Ha OKCUJIE U T. T1.) U3TOTOBJIEHHBIX B IIPO-
neccax ¢ HaBeckamu 300 mr As, Oblia 3HAYUTEIHHO
BBIIIIE, YEM [UTACTHH, JUIS KOTOPBIX HCTOUYHUKOM AU Y-
3UHM cIyXuiia aurarypa. [lonydeHHsle pe3ynsTarsl aud-
(by3uu nprMeceil, HAXOAAIIUXCS B 2JICMEHTaPHOM BHJIC,
B CHITBHOJICTUPOBAHHBIH KPEMHUH MOJKHO OOBSICHHUTD TEM,
YTO B YCJIOBHUSX BaKyyYMHPOBAHHOMN aMITyJIbl CYLIIECTBEH-
HO BO3PAcTacT pojb MPOLECCOB BCTpeuHO nuddys3un
(ucnapeHus) 3IEeMEHTOB MONTYTIPOBOJHUKOBON ITO/I0K-
K1 — KPEMHHUS, AaBJICHHE NapOB KOTOPOIo MPH TeMIIe-
parype 1423 K nocruraer 5-1072 Ia [6], 1, 4To ocobeH-
HO B&)XHO, 0Opa — OCHOBHOM JIETHPYIONICH MpUMecH
JUIsL UCIIOJIb3YEMBIX B JaHHOM CJly4yae KpEMHHUEBBIX ILIa-
ctun Mapku KJIb (kpeMHMIt ABIPOYHOTO THIIA TPOBOAH-
MOCTH, JIETUPOBaHHBII Oopom) (pue. 5). B wactHOCTH,
00pa3oBaHHE CTPYKTYPHBIX Ae(EKTOB HAa IOBEPXHOCTH
JIETUPYEMBbIX MBILIIBSIKOM KPEMHHUEBBIX IUIACTHH CBA3aHO
C TIPOIIECCaMHU NCTIAPCHNS M OCAKACHHS COOCTBEHHO aTo-
MOB KPEMHHUSI ¥ aTOMOB Oopa M3 IJIACTHH IOJUIOKKH.
OmnpeneneHHOe y4acTHe B TOM IPUHUMAET TaKXKe ra3o-
00pa3HbIil MBILIBSIK.

N

B’

1020

1010

1,0 1,5 2,0 2,5 X, MKM

Puc. 5. Tlpodunu pacnpenencHuss KOHIEHTpauu 00pa B

KkpeMmHHeBbIX nooxkax Tuna Kb 0,001 (1) u Kb 0,01 (2),
oTOXOKeHHBIX Ipu 1423 K B Bakyyme

Crnemyer OTMETHTb, 4TO Ae(heKTHOCTh pabouuX Iiac-
THUH B CJIy4ac MPUMCHCHUA UCTOYHNKA KaK B BUJIC KPUC-
TaJUTMYECKOTO AS, TaK M B BUJIC JIUTATyPbI IIPHU IIPOBEJIC-
HUH UG PY3UU B CHIIBHOICTUPOBAHHBIN KPEMHUHA THIIA
KJIb 0,001 u Kb 0,002 0pl1a HETOMYCTHUMO BBICOKOH,
HECMOTPS Ha IPEAIPUHSTHIC MEPHI 110 3aKITI0OYATEIEHO-
MY OXJIQK/ICHHIO aMITyJl C ITACTHHAMH.

Jlist petieHust 3Toi mpo0eMbl ObLTH TPOBEICHBI K-
CIICPHMEHTHI, B KOTOPBIX BMECTE C HABECKOM KPHCTA-
JIIYECKOTO AS B aMITyITy TOTTOTHATEIHHO IIOMEIIIAIH MO~
pomok KJIb 0,001 ¢ mucnepcaocThio nopsinka 200 Mxm.
Tako# MOPOIIOK CITY’KIJI HCTOYHUKOM ITApoB O0pa U ObLT
NpeHa3Ha4eH JUTs CO3/aHNs HE0OX0AMMOT0 YPOBHS ITPO-
TUBOJIABIICHNS, TIPEIATCTBYIOIIETO UCIIApeHHI0 Oopa 13
MO/ITIOKKH.

YroObl HCKITFOYUTH UCTIApEeHUE OOpa W3 MOJJIOKKH,
€ro HOHOJ’IHI/ITGHBHLII\/‘I HCTOYHUK JOJIXKCH 06eCHe‘lI/IBaTI)
B CBOOOJHOM 00beMe ammyJibl (V) KOHIEHTpPAIHIO Tia-
poB 6opa (N, g), ONM3KYIO K €r0 KOHIICHTPAIMH B TIOJTIOXK-
Ke (Ng), T. €. IOJDKHO BBIIOJHATECS YCIOBUE NgzNB, a3a

t

Sof 1(0,t) dt
N =—0°0

2
9 VF

3nech S, — I0IIa1b TOBEPXHOCTH YACTHI] KPEMHHS
tuna K/1b (L‘(OHOJ‘IHI/ITGJ‘ILHOFO HCTOYHUKA B BUJIE TOPOIII-
ka); /(0,f) — moTOK aTOMOB OOpa M3 YaCTHUI] NCTOYHHKA.
OTcrofa BUIHO, YTO MPOLECC BCTPEYHOTO UCTIAPEHHUSI
0azoBoii mpumMecu (60pa) MOKHO KOHTPOIHUPOBATH,
YIPaBIISIsA TEXHOJIOTHYCCKUMH (haKTOpamu (Sp, V). Tpo-
[IECCHI B BAKYYMHUPOBAHHOW KBAapIIEBOW aMIIyIie, B KOTO-
PBIX HUCTIOJIH30BAIIM COCTaBHOW UCTOUYHUK auddy3uu B
BUJI€ HABECKU KPHCTAIIIMYECKOTO MBIIIbSIKA 1 HABECKH
MOPOIIKA JISTHPOBAHHOTO KPEMHUSI C KOHIICHTPAIUCH
60pa He MeHee ero KOHIICHTPAIK B pabodnX KpeMHHe-
BBIX TUIACTHUHAX, JaJIH ITOJIOKATEIHHBIC PE3yIIbTaThl KaK
TI0 HIIEKTPHUYECKUM ITapaMeTpaM p—i-CTPYKTYP, TaK H IO
UX Ae(EKTHOCTH.

[ 00bsICHEHHS 3aBUCUMOCTH HATIPSKCHHUS ITPOOO0ST
HHU3KOBOJIBTHBIX p—H-CTPYKTYP OT CKOPOCTHU OXJIAXKICHHS
KPEMHHEBBIX IUTACTHH (AMITYITBI C TIIACTHHAMM) TT0 OKOH-
JaHUH nporiecca An(y3un MBIIIBIKA CIIETYET UCTIOINb-
30BaTh JIaHHEIE [6, 7], B COOTBETCTBUU C KOTOPHIMH MEI-
HIbsIK IIpU TeMueparype Huxke 1473 K MoxkeT HaXonuTh-
¢ B IBYX (hopMax — DIIEKTPUUYECKU aKTUBHOM (MOHBI) U
HNIEKTPHUCCKH ITACCHBHOMN B BHE KIACTEPOB C KOMIICH-
CHPOBAHHBIM 3apsiIoM. [Ipy OXJIasKICHUH aMITYJIbI C KPeM-
HHUEBBIMHU IUTACTHHAMHE KOJMUECTBEHHOE COOTHOIICHHUE
9THX (POPM MBIIIBIKA MOKET MEHATBCS, UTO OTPAKALTCA
Ha BETMYMHE HANPSHKEHHS TIPO00ST p—n-TIepexomoB. [t
OTIPEICTICHHSI STOTO COOTHOIICHHS HCTIOIB3YIOT H3Mepe-
HUE pacrpenencHus As B KpEMHHHU JBYMS METOIAMH —
T PepeHITnAITEHON TPOBOIUMOCTH (OTIpeIe/icHHEe KOH-
LEHTPALMHU JIEKTPUIECKU aKTUBHOM COCTABIIAIOLIEH aTo-
MOB AS) ¥ aKTUBAIIMOHHBIM (OITpe/IeJIeHUE TIOTHOM KOH-
neHTpanuu atoMoB As). Ilpoduns pacnipenenenns As B
cuipHONernpoBanHoM kpemuuu mapku KJIb 0,001, mo-
JyYEHHBIH MEPBBIM METOJIOM (M3MEpPEHHE YEeThIPEX30H-
JIOBBIM METOJIOM TOBEPXHOCTHOT'O COIPOTUBIICHUS KPEM-
HUEBBIX IUTACTHH Mocie TUPPy3uu As C IOCIIEI0BATENb-
HBIM «XUMHYICCKAMY YIAICHAEM CIIOCB) TIPECTABIICH HA
puc. 6. DKCTIepIMEHTaIbHBIE Pe3yJIbTaThl CPABHUBAIOTCS

N, cm3

1020

1019

os o,
0 1 2

X, MKM

Puc. 6. IIpodunu pacnpeneneHust As B MOAJIOKKAX THITA
K15 0,001:
1, 2 — teopernueckue u3 [9] u [10], cooTBeTCTBEHHO; 3 —
SKCHEPUMEHTATIbHBIN
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C TEOPETHYECKUMH, TIOTyYCHHBIMA Ha OCHOBAaHHUH 3HAYC-
HU KodpduimenToB nuddy3un As npu Temmeparype
1423 K B xpemawnit KJIb 0,001, mpuBenenusix B [8, 9].

B cootBercTBHH € [9], TOTHYIO XapaKTEPUCTHKY K-
CTIIEPUMEHTAIIBHBIX TU(P(PY3HOHHBIX CIIOEB MOXKHO MOJTY-
YHUTb C MOMOILBIO MOJieNu Tuddy3un IpuMeceid #-TUma
(As) B KpeMHUH:

ac_ogyocy
ot ox OXE G)
D=0, i +(o*C*+1) Hrac(a’c+ ) " E @)
a =Ny /(2n); )
n =6,7701G" exp —1,55 @ |) . (6)

e D; — cobcTBenHblit kodpduuuent qupdysuu;
C — KOHIIEHTpauus MPUMECH, HOPMHUPOBAHHAS K I10-
BEPXHOCTHOH KOHLCHTpaluK mpuMecu N,

[t ypOBHS BEICOKMX KOHIICHTPAIIHIA, TA€ BBITTOTHS-
ercst ycnopue N >>n,, COOTHOIIEHHUE (4) MOXKHO YIIpO-
cruth: D = D40 (C.

B srom cnyqae OCHOBHOE ypaBHeHHE (3) ¢ TOYHO-
CTBI0 110 25% oTHOCHTENHLHO D IPUHUMAET BH/T

ot “SoxH axH 7

D, =40D; = 2N_D; /'n,, (8)
e D, — koo punment mudysuu, COOTBETCTBY IO
KOHLICHTpAuu N.

AHaTMTHYECKOE YPaBHEHUE MOKHO JOTIOTHUTD COOT-
HOILIEHUSIMHU, CBS3BIBAIOIIMMU OCHOBHBIE M3MEpsEMbIe
napameTpbl 1uppy3nn — P u X;— C IapamMeTpamu pac-
TpeIeICHUS MBIIIBIKA N(x) ’

Hcnonw3ys nonyyeHnsle B [9] npuOinKeHHbIE BbI-
paxkeHwHs
C=1-0,87Y —0,45Y 2, 9)

(10)

X X
2/Dt  4faDt’
B 00J1aCTH 3aJIeTaHus p—n-Tepexoa, T. €. MpH N(x) 0,

s¢dextuBHbIi Kodpdurment quppysuu D MOKHS Haii-
TH U3 HOpMYJIBI X‘N:O =X :1,616( Dst) 2w

(2N, D, [

X; =1, 61613—tD (11)

YIICJ'IBHOC TOBEPXHOCTHOC COITPOTUBIICHUEC JICTUPOBAH-
HOT'O CJI0A OPEACTIACTCA KIIACCHUYCCKUM BbIPAXKCHUEM

-1

O_%i 0
= éﬂuj’ N (12)
0
e ﬁ — oObeMHas >QPeKTUBHAS TOJBUKHOCTh HOCUTE-

neit s N26-10%em3 p =75 em?/(B-c);
g — 3apaj ANEKTPOHA.

Hcnone3ys npubnmkeHHOe BhIpakeHue (3) ¥ y9uThI-
Bast ycnosue N >>n, unrerpan B (12) paccuuteiBaercs
JIOCTaTOYHO IPOCTO:

Xj

IN(x)dxzo,Ssl\ng. (13)
0

Taxum o0pazom, moydaeMm
N = b 56-16'

*ToX, (14)

OreHka x; u N 1o dopmyiam (11) u (14) xoporto
COIIIacyeTcs C HKCIIEPUMEHTATBHBIMHI 3HAUCHHUSIMH, TI0-
JTY9IEeHHBIMH 115 TP PY3HOHHBIX CIIOEB B KPEMHUEBBIX
noutokkax KJIb 0,001 (cMm. puc. 6).

Hannyumiee cooTBETCTBHE HIKCIEPUMEHTAIBHOTO
pacrnpeiesieHus TEOPETUYECKUM, PACCUYUTAHHBIM B [7,
8], momy4eHo AJisl SKCIEPUMEHTAJIbHOTO 3HAYCHHUS
N=4-10 cm> u D,=6:10""* cm? (D =4,8-107"2 cm?).
IIpodunu pacnpenenenus As B MOATOXKKE, paCCUUTAH-
HbIE C UCIONB30BaHueM Kodddunmenta auddysuu As
npu Temneparype 1423 K 8 K/Ib 0,001 o ganusu [8],
CYLIECTBEHHO PACXOAATCS C IKCIIEPUMEHTAIbHBIMU pe-
3ynbratamu (puc. 6).

Paznuune 3HaueHuit N, B HAIIMX SKCIIEPUMEHTAX U B
AKCIIEPUMEHTAX aBTOPOB [9] MOKHO OOBSICHUTH Pa3HOM
BEJIMYMHON TaBIICHUS AS B aMITyJIe: MAKCUMAJILHOE JIaB-
nenue P, B [9] He npesblinao 5,3-10% IMa, a B HAmMUX
HKCTICPUMEHTAX JaBJICHUE OBUIO B IIATH pa3 OouibIne. 1o
JIOCTAaTOYHO XOPOILIO coriacyeTcs (€C/IM yUYUThIBATh TaK-
K€ MOTPEIHOCTH TIPH U3MepeHUsIX N, MeTooM qude-
PEeHLAILHON IPOBOIMMOCTH ) C Pe3yJIbTaTaMu UCCIIE0-
BaHMS 3aBUCHMOCTH TIOBEPXHOCTHOTO COIPOTUBIICHHS
JIETUPOBAHHOIO CIIOS P OT YAEIBHOIO CONPOTUBICHHUS
MCTOYHMKA KpeMHHUA P, (puc. 7). B kadecTBe nonosHu-
TEJBHOTO UCTOYHUKA KPEMHHUS HCITOJIb30BAIN MAaTEPH-
an tuna KJIb ¢ pasupivu 3nauenusmu P, (ot 0,001 1o
0,08 Om-cm).

p,, OM/O
1400 /
1200 .
1000 A

800 A e
600 7 ns
400 1 v

2004 F

0

0,04 0,08 p,Omcm
Puc. 7. 3aBHCMMOCTbL MOBEPXHOCTHOTO CONPOTHUBJIEHUS P
1(hy3HOHHOTO CIIOSt B KpeMHHEBO# moiiokke Tuna KO 4,5

oT pv JOIIOJTHUTCIBHOTO UCTOYHUKA KPEMHHUA
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Taknum 06pa3om, IpH epexosie K APYTUM YCIOBUAM
nupysun As (npyrum snauenusm T, m, , V,,) neodxo-
JIMO TIPH OLIEHKE N(x) yUHThIBaTh 3aBUCUMOCTH N (P, ),
DT, n(1) [8, 9].

OTMETHM TaKXke, 9TO Ha MPOQIIIC PACTIPEICICHHS
As, TIOTy9eHHOM aKTHBAaIlMOHHBIM METOIIOM, BOIH3H
iockoctd X=0 (TIOBEPXHOCTH MOJIOKKH) HaOII01aeT-
Csl HEKOTOPOE HAKOIIJIEHUE MBIIIIbsIKA. DTOT Pe3yJIbTar Hoj-
TBEPIKIACTCS U3MEPESHUSIMU PO HA TPEX 00pasnax,
MOJTYYEHHBIX B pa3HbIX U} (Y3HOHHBIX IPOLECCax IMPH
UICHTHYHBIX YCIOBISX Auddy3nn. B coydae 3amensr
MBIIIbsIKa POcHOPOM TaKOro HAKOTUICHHsI He HaOmrona-
. Hakormrenue As, BO3MOXKHO, CBSI3aHO C M3BECTHBIM
SIBJICHUEM HaKOTUICHHS IOHOPHBIX IPHMecei, o0aiaro-
IIUX BBICOKUM KO3 (GHUIIMSHTOM Cerperaiuu, B oBepx-
HOCTHOM cJ10€ Si pu Hanm4uu Ha HeM cios Si0,. Kpewm-
HHUEBBIC 00pa3Ilbl, IIOTOTOBICHHEBIC K aMITyJIbHOU au-
(by3un, COXpaHIIOT Ha TOBEPXHOCTH CIIOH €CTECTBEHHO-
ro oxcuza Tosusoi 10—20 A TIpu muddysnn B oxuc-
nstroeit armocgepe dpochopa KpeMHHI KOHTAKTHPYET
He ¢ ectecTBeHHBIM Si0,, a ¢ BA3KUM cioeM pocdopo-
CHJINKAaTHOTO CTEKJIa, KOTOPOE, KOHEYHO, UTPACT yiKE
HHYIO POJIb C TOUKH 3peHHS IepeHoca 1upyHIupyo-
et npumecn. Hakorienne As CBUAETETBCTBYET O TOM,
YTO IEPEHOC AS Yepe3 MOBEPXHOCTHBIN Oapbep €CTECTBECH-
Horo SiO, He qUMHUTHPYET npouecc ero nuddysuu B
kpeMmHuil. Orpanndenue nuddy3un As CBSI3aHO C Mexa-
HU3MaMHU, ONPEICIIONIMMU CKOpocTh nuddy3un As B
Si-nmomToKKy. 3HAYUTETBHYIO KPYTH3HY IIPO(UILI pactipe-
nenenus As B 061acTy KoHLeHTparuii okono 102 em 3, co-
OTBETCTBYIOIIEH 001acTH 00pa30BaHUS HU3KOBOJIETHOTO
p—n-niepexozaa (puc. 6), MOKHO OOBSICHUTH U3BECTHBIM
s dexroM yckoperus udPy3un JTerHpyOIIUX IPUMe-
ceil, B JaHHOM citydae As, B 30HE BRICOKOI KOHIICHTpa-
mun. Ha 3ToM OCHOBaHWU CIIEIyeT OKUIATh TOPMOXKE-
Hus pojBrkeHus quddy3rnorHoTro PpoHTa AS 110 Cpas-
HeHuIo ¢ AU dy3neii aToMoB AS, HAXOIIIIUXCSI B 30HE C
OoJiee BBICOKOW KOHIIEHTpAIMEeH, 4TO CIIOCOOCTBYET yBe-
JTHMYCHUIO TPaANCHTa KOHIEHTpauu As B 001IacT p—n-
mepexojia M, COOTBETCTBEHHO, MOIYUCHUIO, B OTIHIHUE
ot muddysun pocdopa, kKauecTBEHHBIX HU3KOBOJIBTHBIX

P—N-CTPYKTYp (C OTHOCHTEJIFHO HU3KUMH 3HAYCHUAMH
nmuddepeHnrantsHOro CONPOTUBICHUS) .
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