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METO/IbI 1 MEXAHM3MBbI
TETTEPUPOBAHIA KPEMHUEBBIX CTPYKTYP
B IMPOU3BO/JCTBE MHTEIPAJIbHBIX MUMUKPOCXEM

Veenuuenue cmenenu unmezpavyuu nemenmnoti 6asvl npeabﬂeﬂﬂem 6ce boJiee xecmrue mp€6080HUﬂ K YMEHb-
WEHUIO KOHUeHMpauuu 3azpA3Haouux npmecezi U OKUCIUME/ITbHBIX a€¢€7€m06‘ Ynaxkoeku 6 UCXOOHDLX KpeEMHUEBbLX
NAACMUHAX C ee COXPpAaAHerHuem 6 MeXHOJI02UUEeCKOM UUKIe U3Z20MO6IEHUS HUMC. 9mo O6nyld6’/lu€Cl€m 6blCO-
KY10 dKmydalbHOCMb NPUMEHEHUS ZeTNINePUpoedrus 6 CO()’peMeHHOLz MEXHOI0ZUU MUKPOIJEKMPOHUKU. B cma-
move paccmompervl cyuecmeyroujue MemoOovl zemmepupoeanusi KpeMHUuesblx niadcmun U MexaHu3movl ux npome-
KAHUA.

Knioueswie crosa: kpemmnuil, zemmep, aasep, 6uicmpooudpynoupyiowas npumecy, 4eHmp emmepuposanis,

ducaoxayus, degpexm ynaxosxu.

¥YBesmueHue MJIOTHOCTH Pa3MelleHust 2JIeMEHTOB
unTerpasbhbix MukpocxeM (MMC) npuBoauT K ysKe-
CTOUYEHUIO TPeOOBAHWI K YHCTOTE Oy TPOBOHUKO-
BBIX MAaTepPHAJIOB, TOCKOJbKY Hamuuune aedeKkToB
KPUCTAJLIITYECKON CTPYKTYPBI U METATIINYECKUX 3a-
IPSI3BHEHUN B HUX BJIUSIET HA paGOTOCTIOCOOGHOCTD 3JTe-
MeHTOB. [Ipeske Bcero, aTo OTHOCUTCSI K KPEMHUIO,
KOTOPBIii SIBJISIETCS OCHOBHBIM MaTE€PUAJIOM JIJIST U3-
rotoBJsieanss VIMC. Bosbiyto posb ipu 3TOM UTpa-
10T TOYeYHbIE /IeDEKThl U 3arps3HSIONINE TPUMECH,
TaKWe KaK MeJlb, JKeje30, HUKEJb, XPOM, HATpHii
U JIp., TPUBO/AIINE K CHUMKEHUIO BbIXOAA TOIHBIX
NMC u3-3a HEKOHTPOJUPYEMOTO Tpolecca Jedek-
T006pa30BaHUs B aKTUBHBIX obyacTax. TpeboBaHus
K YUCTOTE TIJIACTUH KPEMHUSI B 00bEME U 110 ITOBEPX-
HOCTU TIOCTOSSHHO Y’K€CTOYAaloTCS TapaJseJbHO
C YMeHBIIIEHHEM KPUTHUYECKOTO pa3Mepa dJIeMEHTOB,
JIOCTUTAS TIpefiesia OOHAPYKEHUS TIPU OTIpe/leIEHIH
[MOBEPXHOCTHOI KOHIIEHTPAIUU METAJLIOB U 00beM-
HOIl KoHlenTpauu >kenesa (cm. Ta6a. 1) [1]. Ila-
paMeTp IJIOTHOCTH OKUCJIUTETHHBIX J1eDEeKTOB yIia-
koBku (OLY) Takske sABJSETCS KPUTEPUEM YHUCTO-
TbI TIOBEPXHOCTH, U TPeGOBAHUSI K €r0 3HAYEHHIO

JIOCTATOYHO JKECTKHE. Y MeHbIIIeHIe Pa3MePOB dJie-
MEHTOB TpeGyeT MCIOJb30BAaHUS HOBBIX Marepua-
JIOB ¥ TEXHOJIOTUYECKHUX ITPOIECCOB UX M3TOTOBJIE-
HUSI, YTO TIPUBOJUT K PACIIUPEHUIO HOMEHKJIATY PBI
METAJIJIOB ¥ CHUKEHUIO KPUTUYECKOTO 3HAYEHUST X
MIOBEPXHOCTHON KOHIleHTpalnu. Tak, npu pasmepe
aseMeHToB 0,8 MKM KpUTHUYECKOe 3HayeHUe KOH-
LEHTpAUK JIJIS KaXKJ0ro U3 MeTaJjoB, o6pasy-
omux cuaumuasl (Cr, Fe, Ni, Cu), cocrasiser
1-10'" atom /cm?. IIpu nepexozie K pasMepaM MeHee
0,8 MM B aToT psax mob6asiasercsa Co, IeJOYHBIE
metasibl K, Na, HOHBI KOTOPBIX SIBJISIIOTCSI MOGUJIb-
HBIMH, a TaK)Ke IeJJOYHOo3eMebHbIN a1eMedT Ca u
TszKesbie Metasabl Pt, Ir, Ba. Kpurnueckoe 3Have-
HUe KOHIIEHTPAIU! JJIS KaKI0TO U3 9TUX dJIeMeH-
ToB coctasJser He 6osee 1-1010 atom /cm2 [1].
OCHOBHBIMH UCTOYHUKAMU 3aTPSI3HSIONINX TTPH-
Mecell SIBJISIIOTCSL OCHACTKA 1 000PYI0BAHKE, UCTIOJb-
3yeMble B Pa3JIMUHbIX TEXHOJOTHUECKUX MTPOIIECCcax
narotoBsenus VUMC [2]. B npusniiune, 3arpsisue-
HUe MaTepuajia HAuMHAETCS y3Ke B MPOIIeCcCe BbIpa-
NIMBAHUS MOHOKDPUCTAJJIOB KPEMHUS TI0 METOMIY
Yoxpaabckoro. McrounnkamMu npumeceil 371echb siB-

Ta6anma 1

Tp66060Huﬂ K ducmome nadcmun KpemHus pas3nozo auamempa, npeaH6l3HClH€HHbLJC 05l U320MOBACHUS
QUHAMUUECKO20 ONepPayUuonnozo 3anomunaow,ezo ycmpoﬁcmea

Xapaxrepuctuxa JluameTp IIacTUHbL, MM
150 200 200 200 | 300 300
MuHUMaIbHBIN pa3Mep DIIEMEHTa, MKM 0,8 0,35 0,18 0,13 0,09
OOBbeMHast KOHIICHTPAIHS XKele3a, atom/cm’ 5-10'° 2-10" <1-10" <1-10" <1-10"
[TOBEpXHOCTHAS KOHIIEHTPALUS METAIUIOB, aTOM/CM 1-10" 210" <1-10" <1-10" <1-10"°
IotHOCTs OJTY, oM <610' | <2-10' | <4410°| <2810 <1,6-10°
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JISTIOTCST UCXO/THBII TIOJIMKPUCTAILIMIECKII KPEMHUIA,
KBaplieBbIil Ture b u cama teub [3]. Oxnako mpu
3TOM BbIpAIlleHHbIE CJAUTKYU CUUTAIOTCS I0CTATOYHO
YUCTBIMHU, MTOCKOJBKY KOHIIEHTPAIIUS TIPUMecei He-
Besmka: Fe, Cu u apyrue MeTaJibl COJEPKATCS B
kosmdectBax MeHee 1014 em™3 [4].

OCHOBHBIMH 3arpsI3HSIONUME ONEPAIUSMHU [TPU
M3TOTOBJIEHUU TIO/IJIOJKEK SIBJISTIOTCSI MEXaHUYECKAsT
pe3ka u nosupoBka. Ha 310 yKasbiBaeT pacrpeje-
JIeHWe B TIJTACTUHAX METAIMYECKUX TpuUMeceil —
6OJIBIIIAS UX YACTh JIOKATU3YETCS B TPUIIOBEPXHOCT-
HOM CJIO€ TOJIIIUHON TTOPSIJIKA HECKOJTBKUX MUKPO-
MeTpoB [2].

3arpsi3HeHnne HEKOHTPOJIUPYEMBIMU [TPUMECSIMU
MPOMCXOJUT TAK)KE MPU MHOTOKPATHBIX TEPMOOG-
paborkax B Mudy3noHHbIX 1Meyax, KOTOPBIM ILJa-
CTWHA KPEMHUS TIOJIBEPTAETCS B MPOIECCE CO3/TAHUS
NMC [2]. IIpu BbICcOKOI TeMIlepaType KBapIieBble
PEAKTOPBI «IPOITYCKAIOT» ATOMBI METAJJIOB, UCITA-
PSIOIUECS ¢ BHYTPEHHEN MMOBEPXHOCTU METaJLIu-
yeckmx uacreit meun (o6prarao Fe, Ni, Cr, Cu),
Kotopble 3aTeM AupPYyHANPYIOT B 0O6bEM ILJIACTHU-
Hbl [4]. B ycranHoBKax aNMuTaKCUAJBHOTO HAPAIIH-
BaHUSI TLJIACTUH TTIOTEHITUATHHBIM UCTOUHUKOM MTPH-
Meceill sBJsieTcsl rpadUTOBBIN HAarpeBaresb, KOTO-
pbIil B IpoIiecce HarpeBaHUs UCIYCKAET TePexo/l-
Hble MeTaJbl, HanpuMep Fe, Ti.

BeposiTHOCTD 3arpsi3HeHMsT KpEMHUEBDBIX ILJIACTUH
METAJIIMYECKUMU TIPUMECSIMU UMEETCS TaKIKe IIPU
OYNCTKE, OTMBIBKE, TPAHCIIOPTUPOBKE TLIACTHH [J],
MOHHOU WMMILTaHTanuu [6] W M1a3MOXUMUYECKOM
o6paborke [7]. B pesysibrare, KOHIIEHTpAIUs Me-
TAJIINYECKUX TTPUMeceill B 06beMe KPEMHUEBOI T1J1a-
CTUHBI B IIPOIlECCE TEPMOOOPAGOTKU MOKET JIOCTHU-
ratb 10'® cm™3, a B mpunosepxHocTHOIl 06aacTu
OoHa Ha OaWH-ABa mopsaka Bbime [2, 7]. [lockosb-
Ky TIPM CHIKEHUW TEMIIEPATYPhI PACTBOPUMOCTD
MHOTUX METAJLJIOB B KPEMHUU YMEHDIIAETCS, WX
KOHIIEHTPAITHS DU OXJIKJAEHUY TLIACTUHBI CTAHO-
BUTCSI BBIIE TIEPe/iesia PACTBOPUMOCTU, U 3TO BbI-
3piBaeT uX AudPy3uio K MOBEPXHOCTHU TIJIACTHHBI,
MPENUIUTAINIO 1 00PA30BaHNE KOMILJIEKCOB METAJI-
JIOB ¢ Jierupyiomumu mpumecsimu [8]. O6pasosa-
HUE TIPENUITUTATOB METAJIJIOB OTPUIIATETHHO BJIHSI-
€T Ha TIapaMeTpbl Kak GUNoJspHbIX, Tak 1 MOII-
npu6opos. Hebosibiiine MeTasiniecKue TPerurm-
tatbl (0T 5 710 20 HM) SBJSIOTCS UCTOYHUKAMM TOKA
YTeYKU B GUIIOJSIPHBIX Tpausucropax [9] u ucrou-
HUKOM JIOKQJTM30BaHHOTO TTPOGOST B TOHKUX OKCH/I-
HbIxX 1ieHkax [10]. B kadecTBe 1eHTpPOB reTepo-
reHHOU HyKJealuu, HeOOXOUMbIX JIJIST TIPEIUIIH-
TAIlMU, MOTYT BBICTYNATh Je(eKTbl KpUcTainie-
CKOUM CTPYKTYPBI, TaKWe KaK AUCJOKAINH, Aedek-
ThI YIaKoBKH (IIPEMMyIIeCTBEHHO Ha YaCTHYHBIX
JIMCJIOKAIUAX ) U IPENUIHUTAThI Kucaopoaa. Jledek-
ThI YIAKOBKH, J[eKOPUPOBAHHbBIE METAIMIECKUMU
MPUMECSIMHU, TaKKe BBI3BIBAIOT MOBBINIEHNE TOKOB
yTeuKd 1 po6oit ToHkoro okcuzaa [10].

Brmstane nepexoiHbIX MeTasI0B, TaknX Kak Fe,
Ni, Cu, Cr, Ha BbIX0/ TOAHBIX U HajexXxHOCTH MIMC
npu ypoBHe TexHosgoruu 0,5 MKM CTAHOBUTCS 3a-

METHBIM TIPU KOHIIEHTPAINH, HanpuMmep, noHoB Fe
nopazaka 10" cm™3. K tomy ke, mpeamonaraercs,
4YTO TPU NPUGIMKEHUM €MKOCTH OIlePaTUBHBIX
3anoMuHaoNmX ycrpoiictB K 1 6 npu tosmune
MO/I3aTBOPHOTO OKCH/A 7,5 HM TPAaHUIA JOMYCTHU-
MOIl KOHIIEHTPAIU! >KeJie3a CHU3UTCS /10 YPOBHS
1010 cm™3 [4].

3HAYUTETbHO YMEHBIIUTh KOJMYECTBO HEKOHT-
POJIUPYEMBIX TIPUMeECE B KPEMHUEBDIX TLIACTUHAX,
BHOCHMBIX B TIPOIIECCE BCETO IMKJIA N3TOTOBJIEHUS
NMC, MO:xHO, TPUHUMAS COOTBETCTBYIOININE MEPHI.
ITO MOKeT ObITh YMeHbIIIEHUE TEMIIEPATYPhI B ITPO-
1ecce epuoInYeCKuX BbICOKOTEMIIEPATYPHBIX OUH-
cToK KBapieBbix Tpy6 B cpene HCI, ucnosp3oBa-
HUe Teyell yJIydiieHHbIX KOHCTPYKIUH, HalpuMep
JBOMHBIX TPyO, skpanoB [11]. Xumuueckas o6pa-
60TKa ILIACTUH Iepes TePMOOOPaGOTKON B CMeCsX
H,0,u HCI, HF u aTanosa 1o3BoJisieT yMEHbITATh
KOJINYECTBO METAJJINYECKUX 3arpsi3HEHW Ha WX
nosepxHocTu [12]. Kpome Toro, 3ameHa peraseii
YCTAaHOBOK MOHHOM UMILIAHTAIIMM, [L1a3MOXUMUYe-
CKOTO TpaBJICHUsI, C/IeIAHHBIX U3 HEPKaBeIOIeil cTa-
JIM, HA U3TOTOBJIEHHbIE U3 AJTIOMUHUS, KPEMHUS UJTH
yIJIepojia 3HAYMTETHHO CHUZKAET OOUUil YpOBeHb
3arpsisHenmii [2].

Bce arto, omnako, He T0O3BOJISIET H36€XKATH 3a-
IPSI3HEHMS] KPEMHUEBBIX TIJIACTHH HEKOHTPOJIUPYe-
MBIMU HPUMECSIMU ¥ T'eHepPallMd B HUX TOYEUHBIX
JebeKTOB B TIPOIleCCe U3TOTOBJIEHUST MOJIYTIPOBO/I-
HUKOBBIX NPUGOPOB. B cBsA3u ¢ aTuM, B HACTOSsIIIIEE
BpeMsl GOJIbIIIOe 3HAYEHUE JIJIST OTHX ITlesiell Tpruos-
PETaIoT TEXHOJIOTUYECKUE METO/BI — METOJbI TeT-
tepupoBanus [2, 13]. Onu 1M0O3BOJSIOT CO3/aTh B
MJIACTUHE KPEMHUS YHCTYIO OT CTPYKTYPHBIX Jie-
(GeKTOB U 3arpsA3HSIONIUX METAIIUUYECKUX TTPUMe-
ceil TPUITOBEPXHOCTHYIO 06JIaCTh, B KOTOPOU (op-
MUPYIOTCSI aKTUBHbBIE U [TACCUBHBIE 3JIEMEHTBI 06.1a-
creit UMC. Coruacuo [1], rerrepupoBannie — 310
MIPOIIECC PACTBOPEHUS HEKeJIaTeTbHbIX TPUMECEH C
ux nocjaenywouieit guddysueit u npenunuTauen B
CTEINAaTbHO CO3/TAHHBIX 30HAX TIJIACTUHBI — TeTTe-
pax, rjie OHM He OKa3bIBAIOT BPEIHOTO BJIUSHUS HA
paboty npubopa. [errep obJsagaer crnoco6GHOCTHIO
3aXBaTbIBaTh M yAepP>KUBaTh ObicTpoaudOyHINPY-
I0Ie TTPUMECH U ToYeuHble Je)eKThI, a TAKXKe CO-
3/12€T yCJIOBUsS, 06ECTIeYMBAIOIINE UX BBICOKYIO MO/I-
BIDKHOCTD [ 14].

[Ipu 1pou3BO/CTBE COBPEMEHHBIX MHKPOIJIEKT-
POHHBIX YCTPONCTB npobJieMa YMCTOThI IIPeBpaiia-
eTcst B O/IHY M3 HanboJree TJI06AIbHBIX, TIPUYEM PEYb
UJIET O YMCTOTE HA BCEX CTAJUSAX OOIIETO KA X
u3rotoBsieHusi. 1103ToMy 10CTaTOUHO aKTyaJbHBIM
SIBJISIETCS TIOUCK PEKOMEH/AIUHN 1 TPABUIBHOTO
BBI6OPA METO/IA TETTEPUPOBAHUS B PA3JIUYHBIX CJIY-
yagx. [lyst aToro B HACTOSIIEN cTaThe KaaccuduIim-
POBaHbI CYTIECTBYIOIINE METO/[bI TETTEPUPOBAHUS U
MPOBEJIEH aHAJIN3 MEXAHU3MOB WX MPOTEKAHUS.

Cy11ecTBYIOT pa3JInyHble METO/IbI T€TTEPUPOBA-
HUS, KOTOPBIe oTandaioTcs [15]:

— MECTOM PacloJIOKEHUEM TeTTepa;

— reTrTepupyomei ¢aszoii;

— ¢rmoco60oM CO3/IaHus TeTTepa.
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B 3aBucuMOCTH OT pPacloJIOXKeHHs reTTepa pas-
JIMYAIOT BHyTpeHHee rerrepupoBanue (rerrep Ha-
XOJUTCS B 06beMe HJIaCTHHbS u BHelHee (rerrep
MOXeT ObITh pa3MellleH BHe IJIACTHHBI, Ha Hepa6o-
4yell CTOpOHE TLJIACTUHBI WM Ha pabodeil CTOpOHe
MESKJLy JIEMEHTaMI).

Jlnst nostyvyenus TBep/ioii reTTepupyioteil hasbl
UCIIOJIb3YIOT CJEAYIONINE METO/bI:

e-MeXaHNYeCKOe BBeJ/IeHNEe HAPYIIEeHWH TTOBEPX-
HOCTH

— abpas3uBHON 06pabOTKOI;
— TeCKOCTpyIiHOU 06paboTKOIL;
— ynaapuoit 06paboTKO;

e GopMupOBaHNe Ha TOBEPXHOCTH MJIACTHHBI

IJICHKU

— TIOPHUCTOTO KPEMHUS;

— TIPUMECHO-CUJIMKATHOTO CTEKJIA;

— IOJIMKPEMHHUS;

— TEepMHMYECKON W THUPOJUTHYECKON TIJIEHKN
SiO,;

e 06JIyUeHre TTOBEPXHOCTH

— HMOHHOE JIETHPOBAHUE;

— J1azepHOe 06JyUeHHE;

— WOHHAs MMILJIAHTAIINS WHEPTHBIX Ta30B;

o udPy3noHHOE JTETUPOBAHNE;

® OTKUT TIO 33JJaHHON TpOTpaMMe.

C moMoIbIO IEPEUNCIEHHBIX METOJI0B MOXKHO CO-
31arb BHeImHUH rerrep. s noaydenns addexra
BHYTPEHHETO TeTTePUPOBAHUS UCHOJb3yeTcs Hop-
MHUPOBaHNe KHUCJOPOJHBIX TPEIUMUTATOB 32 CUET
KHICJIOPO/Ia, UMEIOIErocsl B CJAUTKAX KPEMHHUSI.

I'eTtepupoBanme razoo6pasHoil $asoit NCIOIb-
3yETCA IIpU OTIKUTE IIJIACTUH B Pa3JIMYHbIX CpeJax:

® B BaKyyMe;

® B NHEPTHOII cpeJe;

e B XJIOpCOJIepsKalleil cpese.

lerTepupoBanue KUIKOO6Pa3HO ha3oit HCmonb-
3yeTcs TIpU TIPUMEHEHIH

e aMOpdU3NPOBAHHON KUKOTOT0OHOH (hasbl;

® JIETKOILTTAaBKOU 9BTEKTUKU.

Cpenn MeTOJIOB € PACIONIOXKEHUEM TeTTepa BHE
MJIACTUHBI MIUPOKOE PACIPOCTPAHEHUE ITOJTYUHITH
€Toco0bl, OCHOBAaHHBIE HA SKCTPAKITIN TOYEYHBIX Jl€-
(exroB B razoByio ¢dasy u B Bakyym. B [16] ycra-
HOBJIEHO, YTO OTKUT KDEMHHUEBBIX I1JIACTUH U CJIUT-
KOB TIepe]] OKUCJIeHNEeM BJIUSIET HA TEHEPAIIo [ie-
(exroB ynakoBku. IlpoBenenue nmpeaBapuTeIbHO-
ro oTKuTa Miactud pu Temiepatype 800 —1200°C
B arMocdepe aproHa 3aMeTHO CHIIKAET IJIOTHOCTD
nedeKTOB YIAKOBKU B HUX, NPUYEM pasMep [ie-
(bexToB He 3aBUCHUT OT BpeMeHU OTKUTa. B mpoiiec-
ce Takoit 06paGOTKN PACCAChIBAIOTCS POCTOBBIE [ie-
(bexTpl, cocraBisionIMe UX aTOMbl MUTPUPYIOT K
MTOBEPXHOCTH, SBJISIONIENCS /111 HIX CTOKOM, W JIa-
gee uddyHaupyIoT B ra3oByio cpeay. Takum 06-
Pa3oM, IPEJOKICIUTENbHBIN BBICOKOTEMIIEPATYPHBII
OT3KWT TI03BOJISIET CO3/IaBaTh B MPUTIOBEPXHOCTHOM
06J1aCTH CJIOH, TPAKTHYECKH CBOOOIHBIN OT Jedek-
TOB YMakoBKHU. ToJmuHa 3TOTO CJIOS 3aBUCHT OT
BpeMenn orxkura (t), a MHKYOAIMOHHBIA TIE€PUO/
(t,) — or nepBOHAYAJIbHOIl JHHbI T10BEPXHOCT-

HBIX /Ie(DEKTOB YIAKOBKH U TEMIEPATYPBI OT3KUTA.
Ilpu ¢ > ¢t rtonmuna o6nactu, cBOGOHON OT JaH-
Hbix gedextos (d), nusmensercs no 3akony d ~ t",
rae n = 0,63+0,06.

Db DEKTUBHBIM METO/IOM TeTTEPUPOBAHUS SIBJISI-
€Tcs BBeJleHne B 06PaTHYIO CTOPOHY IJIACTHHBI Me-
XaHUYEeCKUX TIOBPEK/ICHII, KOTOPbIE TPOU3BOISAT-
¢ mpeuMmyIiiecTBeHHO mudoskoit [17], mecko-
cTpyiiHo#l o6pa6oTkoil [18], anmasHOll MOTMPOB-
koii [19]. B aTom carydae rerrepupoBanme 06ycIoB-
JIUBAETCS MOBPEXKIEHUSIMU KPUCTALITNIECKON PellieT-
KU, KOTOPbIE CIIOCOOHBI YCTPAHSTH 3aPOJIBIIIN Jle-
(exroB 1 asicopbUpoBaTh NIpUMECH BO BPEMsI BbICO-
KoTeMnepaTypHoit o6pa6orku. Hanpumep, 1mindos-
Ka 06PaTHOI CTOPOHBI MOJIJIOXKKY TI€PE]] OKICIEHNU-
€M YMEHBIIAeT MJIOTHOCTD Je(heKTOB YIIAKOBKH HA
Tpu nopsiika. OHAKO, C JIPYTOil CTOPOHBI, CO3/1a-
HUE HApPYIIEHHOTO CJIOS TMPUBOJAUT K BO3HUKHOBE-
HUIO JUCJIOKAIMU B 3MUTAKCUATHHO HapaluBae-
MBIX CJIOSIX U TE€TTEPUPOBAHUIO UMHU ObICTPOUD-
byunupylomux npumeceii. Kpome Ttoro, rerrepu-
PYIOIIUI CJIO BbI3BIBAET 3HAUMTEJIbHBIN U3THO T10-
JIYITPOBOJTHUKOBBIX TJIACTHH, a IlepoxoBaras 06-
paTHast CTOPOHA 3aXBaTbIBAET NMPUMECH MPU XUMU-
YecKoil 06paboTKe M TeM CaMbIM 3arpsI3HsET I1Iac-
tuny. CJieflyer Takske OTMETUTD, YTO MEXAHUYECKAsT
06pa6oTKa OO6BIYHO TTPOM3BOJUTCS TIEPEJ IPOIEC-
COM HM3TOTOBJIEHUS MOJTYTIPOBOIHUKOBBIX TIPUOGOPOB,
CJIe/IOBATEJNbHO, BO BPEMSI BBICOKOTEMIIEPATYPHBIX
06paboTOK TPOUCXOJUT YACTUYHAS PEKPHUCTAJLIN-
3alust HAPYIIEHHOTO CJIOS, TPUBO/ISINAS K BBICBO-
60K /IeHNIO 3aXBayeHHOI uM npuMecu [20].

Jl1g McKJIoYeHns JaHHBbIX aBjeHuii B [21, ¢. 8]
MIPEJIIOKEH CJIEIYIONNI MEeTO T reTTepupoBanus. B
0o6paTHYI0 CTOPOHY IJIACTUHBI MyTeM NLIN(OBKY
BBO/ISITCS HApYIIEHUsS KPUCTAJIMYECKON PEIIeTKH
Ha Tay6uny 8 —25 MKM. 3areM IJIACTUHbBI TI0/[BEP-
raloT OT3KWTY B MHEPTHOW Cpejle TIPU TeMIIeparype
U JIJTUTEJIbHOCTU TIPOIIECCA, JOCTATOYHBIX JIJIST TeT-
TepupoBaHus O6bICTPOANMIYHAUPYIONUX TPUMeECEit
U CHATHSI MeXaHW4ecKuX Hanpsikenuit. [locre Tep-
MOOOPAOOTKY IMIPOBOAUTCS OBICTPOE OXJIAXK/IeHNE, 1
nasee 06e CTOPOHbBI TJIACTUHBI MOJUPYIOT 10 3ep-
KaJIbHOI MTOBEpPXHOCTH. B pesysbraTe, Ha CTOpOHE
IJIACTUHBI, B KOTOPYIO ObLIM BBEJIEHBI TIOBPEXK/IE-
HUs, TI0/] 3¢PKAJIbHON TOBEPXHOCTBIO OCTAETCS Ha-
PYIIEHHBI CJIOM, TETTEPUPYIONIHII TOUeUHbIE JedeK-
TBI TIPU TIOCJIETYIONIAX TEXHOJOTMYECKUX MTPOIECCcaX.

OJHUM W3 COBPEMEHHBIX METOJ/IOB I'eTTEPHPOBA-
HUS € MCMOJb30BaHUEM MEXaHMYECKH HAPYIIEHHOTO
CJI0S1 SIBJISIETCS TU/IPOabpasuBHOE reTreprpoBanue [1].
ITOT MEeTO/] IPUBJIEKATEIEH TEM, UTO JIETKO BCTPa-
MBAeTCs B TEXHOJIOTUIO0 XUMUKO-MEXaHUYECKOI T10-
JINPOBKM TIJTACTUH KPEMHWUSI, TTIOCKOJIBKY T'eTTEP CO-
3maercsd Ha 0oOpaTHON cTOpoHe TINQOBAHO-TPAB-
JIEHHOW TIJTACTUHBI, & 0OPAa30BaHNEe TeTTEPUPYIONTIX
IEHTPOB U COOGCTBEHHO TPOIECC TeTTEPUPOBAHUS
MIPOUCXOAT OJIHOBPEMEHHO C TIEPBBIM TEPMUUECKUM
okucyeHneM. OCHOBHBIMY IT€PEMEHHBIMU TTapaMeT-
paMu mporiecca SBJSIOTCS JaBJeHre THpoabpasnB-
HOW CTPYM Ha BBIXOJIE W3 COILJIA, KOTOPOE MOXKET
BapbupoBarbest B ipefiesiax 200 —500 klla, a rak-
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K€ PaccTOsTHUE OT COTLIA JI0 TIOBEPXHOCTHU TIIACTH-
Hbl. /[pyrue mapaMeTpsl Ipoliecca — yTJI0Bask CKO-
POCTD TIepeMEIeHNs CTOJIA ¢ MJIACTUHAME, 4acTOTa
OCIMJLISIUI COTLJIA, COCTaB MCIIOJb3yeMoro abpa-
3UBa — SBJSIOTCS MOCTOSIHHBIMU. /[aHHBIN METO.
JlocTaTouyHo 3P PEeKTUBEH — OH T03BOJSET Ha JBa
MOPS/IKA YMEHBITUTb TIJIOTHOCTb MHUKPOJe(eKTOB
(MenKnx AMOK TpaBJeHWs) U B [Ba-TPH pasa —
JeDeKTHOCTD MO/I3ATBOPHOTO JMAJIEKTPUKA.

Eute onun crmoco6 — NpeaoKUCIUTENbHOE TeT-
tepupoBanue [16, 22] — 3ak/i04aeTcss B CO3/JaHUN
HATPSZKEHHOTO CJIOST Ty TeM HaHeCEeHWs OKCH/IA aJTio-
MUHHS WM HUTPU/A KPEMHHUS C TOCTEYIONUM OT-
JKUTOM, CIIOCOOCTBYIOMUM MU DY3UH K HEMY TO-
YeuHbIX /1edeKTOB. PPEKTUBHOCTD TETTEPUPOBA-
HUS 3aBUCHUT OT TOJIIIMHBI HANPSKEHHOTO CJIOM,
BPEMEHU W TEMIIEPATyPbl OT3KUTA, W YCUJIMBAETCH,
€CJI TIepe/l OCAK/IEHNEM TLIIEHKU B 06PaTHYIO CTO-
POHY TJIACTUHBI ¢ oMotbio auddysnn docdopa
BBECTU AMCJOKAIMKM HecooTBeTcTBus. [lyisi moctu-
JKEHUST MaKCUMaJbHOU 3(@PEKTUBHOCTH TOJIINHA
HAHOCHMOTO CJIOSI HUTPUJA KPEMHUS [I0JDKHA CO-
craBadatb 200—400 HM, a OTIKUT ILJIACTUHBI JOJI-
JKeH TIPOBOJUTLCS B WHEPTHOW cpe/le B TeyeHHe
1 —4 9 mpu tremneparype 1000 —1200°C. [Iucaoka-
1IN HECOOTBETCTBUS CO3ai0TCs myTeM auddysnn
docdopa mpu 1050 —1150°C B Teuenne 1—7 u.
HanpstkeHHDIN CI0M W IMCJIOKAIIMNA HECOOTBETCTBUS,
ccopMupoBaHHBIE B UCXO/THOM TITACTUHE, T€TTEPU-
PYIOT U Y3Ke UMEIOIINecs B Hell Toueunble 1eDeKThl,
1 BBOJIUMbIE TIPW MocyeAyiomux o6paborkax. Cie-
JIyeT OTMETUTH, YTO JJIS TETTEPUPOBAHUS IPUMEC-
HbIX jiedekToB ¢ nomoribio auddysun docdopa
€ro KOHIIEHTPAIUs He 06s13aTesIbHO JI0JKHA 06ec-
neynBaTh POPMUPOBAHUE AUCTOKAIUN HECOOTBET-
cTBUSA, T. K. AU@PY3NOHHBII cJ0it 6e3 auCc/I0Ka-
U HECOOTBETCTBUS TaKKe 00J1a/1aeT TETTEPUPYIO-
oMM cBoiictBoM [23], mpaBia, MeHbIIUM, YeM C
JIUCJIOKAITASIMH .

lerrepuposanue 6bicTpo g dyHAUPYIONTHUX TPU-
Meceil MOJKHO TIPOBO/IUTH TOHKHUM CJIOEM MTOPUCTOTO
KpeMHUSsI, cPOPMUPOBAHHBIM HA 06PATHOI CTOPOHE
MJIACTUHBI IyTEM AaHOJHON OOPAGOTKU B TLIABUKO-
Boil kucjyiore [24]. [lanubie naeHku o6/agaioT ad-
dexrom rerrepupoBans 6Jarosapst CBOel BbICOKOI
Y/IEJIbHOM MTOBEPXHOCTH U BBICOKUM MEXAaHUYECKUM
HaIlpsLKEHUSIM Ha TpaHWIle ¢ KpeMHueM [25, 26].
Takumu ke cBoiicTBaMU 00JJIAIOT TIJIEHKH TOJIU-
KpHCTAJLIMIeCKoro Kpemuus [27] u repmanus [28].

N3BecTen MeTO/I reTTEPUPOBAHUS C UCTIOJIb30BA-
HueM Jerupoanuoro docdopom aucddy3noHHOTO
cyios [29], koTopblii co3aercst Ha 06paTHON CTOPO-
He TLJIACTUHBI TTepejl MPOIeCCOM OKUCIeHUs. bbLio
YCTaHOBJIEHO, YTO 3(PPEKT TETTEPUPOBAHUS B 3TOM
cydae CymiecTByeT U 6e3 JHUCJIOKAIUil HECOOTBET-
CTBUS M 3aBUCUT OT KOHIleHTpaluu ¢docdopa [30].
b hEKTUBHOCTD MPOIIECCA CTAHOBUTCS 3HAUNTEIb-
HOM, ecsu KoHieHtpaius docdopa TpeBbIIIaeT
1020 cm 3. TIpu konnentpauuu dpocdopa 102! cm3,
KOHIIEHTPAIUS 30JI0Ta B 06'beMe TIJIACTUHBI YMEHb-
nraercst 10 1000 pas 3a cuetr 06pa3oBaHUs MOHHBIX

nmap Mexay 3os0toM u docdopom [23]. Caenyer
OTMETUTH, YTO BO3MOXKHO TaK)Ke TeTTePUPOBAHIE
b y3NOHHBIME CIOSIME, JIETHPOBAHHBIMU GOPOM,
oiHaKo 3¢ dEKTUBHOCTD MPU 3TOM MEHbIIE, YeM B
cayyae jlerupoBanus gocdopom [27].

lFerrepupymonmMu cBoiicTBaMu 06JIaJJAI0T TaK-
JKe CJIOM KPEeMHUsI, HApYIIeHHble HOHHBIM JIErHPO-
BanueM [31]. dPpPexkTuBHOCTD TAaKUX CJIOEB OIpe-
JIeJISIeTCsST TUTIOM UMILTAHTUPYEMOTO MOHA U yMEHb-
nraercs B psaay O, P, Si, As, B [32]. Tun noBpex-
JIEHWIT oTIpe/IesIsIeTCsl BUJIOM MOHOB, JI0301i, 9HEPTHU-
efl, CyIlecTBOBaHMEM WJIU OTCYTCTBUEM OKCH/IHOM
3AIUTHON TIJIEHKH, TEMIEPATYpOil MJACTHHBI BO
BpeMsI MOHHON MMILIAHTAIMN, OPUEHTAINeN IJIac-
TUHBI U peskxuMoM oTxkura [33]. Bo Bpemst orkura
HapYIIEHHOT0 €JI0si 06Pa3yIoTCs JUCTIOKAIIMOHHBIE
neTa, AeeKTbl YIIaKOBKHM, KOTOPBbIE AEWCTBYIOT
Kak IEeHTPBbI rerrepupoBanus. Tak, HapylieHus
KPUCTAJIMYECKON PENeTKH, CO3/[aHHble MOHHBIM
JIETUPOBAHUEM, WCIOJB3YIOT /IS TETTEPUPOBAHUS
3arps3HSIONUX MIpuUMecell U3 MUIIIeHeH KpeMHUKO-
HOB. /[y ymoBseTBOpUTENbHON PAGOTHl MUIIEHU
TOK YT€YKU OJIHOTO MO/ He JIOJIKEH MPEBbINIATH
5-107'* A npu manpskennn 30 B (auozpr ¢ mosbI-
[IEHHBIMU TOKAMH YTEYKHU JAIOT TeMHbIE IMSTHA HA
Bugeonso6paskennn). OCHOBHOI TPUYUHOMN, TIpH-
BOJAIEN K BOSHUKHOBEHHWIO TOKOB YTEUKH, SIBJIS-
JIOCh 06pa3oBaHne HEKOTEPEHTHBIX MPEIUITUTATOBR
3arpsa3HAONIX npuMeceit. [lyig rerrepupoBanus B
06paTHYI0 CTOPOHY TIJACTUHBI BBOJUJNCH MOHBI
docdopa, MblbsaKa, aprona c sHeprueit 50 kaB u
PA3JUYHBIMU JI03aMU C TIOCJEYIONIUM OT3KUTOM B
CyXoM a3oTe ¢ J06aBKOW O, B revenne 30 MumH.
CpaBuuresbiblii anaans apdexra reTTepupoBaHus
MoKasaJi, 4yTo BujeoedeKThl UCUe3aI0T MPHU 103aX
nerupoBanus pochopa — 106 cm™2, Mbrbaka —
10" cm2 m aprona — 3-10" cm2. BaxkHoit oco6en-
HOCTBIO TAKOTO BUJIA TETTEPUPOBAHUS SIBJISIETCS
TO, YTO OH TIPOTEKAeT ¢ GOJBINONW CKOPOCTHIO TTPU
CPaBHUTEJbHO HU3KUX TeMreparypax. Tak, TieH-
Ka 3oJiota toammuon 0,15 MKM, HaHeceHHas Ha
00paTHYIO CTOPOHY ILIACTHHBI, 32 16 4 oT:KUra 1Ipu
temneparype 500°C mosiHoCTbIO pacTBopsiercs, aud-
GyHaUpYyeT Yepe3 MJIACTHHY TOJIIMUHON 250 MKM 1
KPUCTAJLIU3YETCS B BUJIE OT/JEIbHBIX 3€PEH HA MM-
nianTupoBannoit apronom (10'6 cm™2, 250 ksB)
CTOPOHE TIJIACTUHBI.

WNonnoe JslerupoBanue Tak:ke MPUMEHSIETCS IS
CO3/IaHVSI BHYTPEHHETO IeTTEPUPYIONIETO CJIOST, PAC-
MOJIATAIONIErocsi HECKOJIBKO TIy6ske Gyaylieii npu-
6opHoii o6mactu (0k0.10 0,8 MKM /1711 TPOEKTUPYe-
MbIX B Hacrosiiee Bpems IMC). B rakom ciayuae
cTokaMu st GbICTpoAudyHANPYIONUX TIpUMe-
cell SABJSIOTCS CTPYKTYpPHbIE 1eeKTbl KPeMHUs,
co3nanHbie B o6beme 1o10kKu [34]. Ha adpdek-
TUBHOCTb BHYTPEHHETO TETTEPUPOBAHUS BJIUSIOT
caenytomnue gaxTopsl [35]:

— TIJIOTHOCTDH MaJbIX Je(PeKTOB B 00BbeMe TOJI-
JIO3KKHU, UTPAIONTUX POJIb CTOKOB /IS BDEJHBIX TIPU-
Meceii;
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— HaJMYKe TTPUMOBEPXHOCTHOTO CJI0sT, CBOOO/I-
HOTO OT KPUCTAJINYECKUX JeDEKTOB, yXYIIIAI0-
IIMX KAYeCTBO 3JIEKTPOHHBIX MPUOOPOB;

— COXpaHeHHue reTTePUPYIOIINX [IEHTPOB B 00be-
Me ILJIACTUHBI BO BceM mportecce cosnanust UMC.

OpnuM 13 HanboJiee PUEMJIEMBIX CIIOCOO0B CO-
3/IaHUSI TAKOTO TeTTEPUPYIOIIETO CJ0s1, 006Ja/a10-
Ero BHICOKOH addeKTuBHOCThIO (KaK CTOKOBOI
06/1aCTH 1711 TIPUMECHBIX ATOMOB), SABJISIETCS WM-
IJIaHTalus B pabouyyio MMOBEPXHOCTb KPEMHUEBOI
MJIACTUHBI BOJOPOJIa JUGO Teusl TP KOMHATHOM
TeMIlepaType C MOCJEAYIONUM OTXKUTOM TIPU TeM-
nepatype 800—900°C B TeueHWe OT HECKOJILKUX
JIECSITKOB MUHYT /10 ofiHOro 4aca [36]. Takas mpo-
1eJypa npuBoAuT K (DOPMUPOBAHUIO CJIOSI, COJEP-
JKaIleTo Ta30Bble My3bIpu Ha TJIyOWHE, OTBEvalo-
11ell TIPOEKTUBHOMY TTPO6Ery. JTO 0OBSICHIETCS HI3-
KOl PacTBOPUMOCTBLIO UMILJIAHTHPOBAHHBIX aTOMOB
B KPEMHUU, 4TO CIIOCOOCTBYET UX Cerperaiuu B He-
6oJIbIITIEe Ta30BAKAHCHMOHHBIE KOMILIEKCHI YK€ Ha
craauy umiLantauu. Ilocaeayomnmii oT:Kur npu-
BOJUT K PA3pacTaHUIO TAKUX KOMILJIEKCOB U op-
MUPOBAHUIO Ty3bIpeii. VIMILIaHTHpOBaHHbBIE B KPEM-
HUHN BOJOPOJ] UJIN TEJUN MOTYT IIPU OTKUTE TOKHU-
HYTb 06JIaCTH My3bIPel, MPONUTH Yepe3 TTOBEPXHOCT-
HbBI CJION KpeMHUS U UCHAPUTHCA C TTOBEPXHOCTU
yIKe TIpU TeMIlepaType, HAMHOTO MEHbIIell TOUKHU
maasJierud [37]. A 5To 3HAYUT, YTO B 3aBUCHUMOCTH
OT KOHIIEHTPAIINK Ta3a M yCJIOBUI OTKUTA, MOXKHO
MOJIYYUTh CJIOW, UMEIONTUH MyCTOTHI, (PaKTHUYECKH
He coziep:karue ra3oBoil daspl. [logobHble nedek-
ThI SABJSAIOTCS 04eHb 3 dexTuBHbIMEU cToKamMu (J10-
BYNIKaMu) I HeXKeJIaTeJbHbIX 1pumeceii. O60op-
BaHHbIE XMMHWYECKUE CBSI3U HA BHYTPEHHUX CTEH-
KaxX IMyCTOT 3aXBAaTBIBAIOT IIPUMECHBIE ATOMBI, YTO
MPUBOMT K BOBHUKHOBEHUIO I'DAJIMEHTA B pacIpe-
JleJICHUH WX KOHI[EHTPAIINH BO3Je CJIO0s, CO/epKa-
HIero MyCTOTbI. JTOT I'PAJAMEHT UTPAET POJib JIBU-
JKyIIel CuJibl, cTuMyaupymomleil nuddysuio npu-
Meceii u3 npu6GoOpHoii 061acTu Ha 6OJbIIYIO TJay6u-
HY, K 06J1acTu mycToT. J[Jisi HEKOTOPBIX TUTIOB MPU-
Mecell UX KOHIIEHTPAIUST MOKeT ObITh CHUMKEHA Ha
HeCKOJIbKO TIopsaakoB [37].

JlpyruM TOJAXOJOM K CO3[JaHUIO BHYTPEHHETO
reTTepa, XOPOIIO COBMECTUMbBIM C TEXHOJIOTHEN 13-
roroBaeauss UMC, aBisieTcs co3/ilanue IpernunmTa-
TOB KHCJOPOJAa C KPeMHUEM B 00beMe ILIaCTUHBI
KPEMHUS, SBJASIOMUXCA 3PPEKTUBHBIMU CTOKAMU
JUUIsI TIOCTOPOHHUX TIpUMecel, U cospanue Oe3je-
(hEKTHOIT MPUIOBEPXHOCTHON 30HBI (YMCTOI 30HbI)
g GOpMUPOBAHUSA aKTUBHBIX cTPyKTyp MMC.
Uucrast 30Ha U cJ0ii 06bEMHBIX J1e(PEKTOB — 3TO
JIBA BaXHEHIINUX TapaMeTpa, YIPaBJsoonmx 3d¢-
(bexTUBHOCTHIO BHYTPEHHETO TETTEPUPOBAHUS, KO-
TOpoe ObLIO TIPoJIeMOHCTPUpOBaHo eie B 1970 —
80-x romax [38, 39]. OO6uienpusnanHoil cxemoii
(bopMupoBanusi TaKOro reTTEpa SABJSETCS OIpE/e-
JIEHHAS TIOCJIEIOBATEIBHOCTD MTPOBE/IEHIS TEPMOO0G-
pa6otok miaactul kpemuus [40]. ITepBast repM006-
paGotka, BicokoTemiepatypaas (1100 —1200°C),
npenHazHaveHa /st GOPMUPOBAHUS B TIPUTIOBEPX-

HOCTHOU 00.J1aCTH TIJIACTUHBI 30HBI, 00€/[HEHHOH K1C-
JoposioM (3a cuer ero ucrnapenus). Bropas tepmo-
o6pa6orka, umskoremneparypuas (600—800°C),
npeHa3HaueHa JJs 3apoKeHus 1EeHTPOB IMpeIu-
nuTanuu Kucjaopoaa. Ha tpetbeit ctagnu, BbICOKO-
temnepatyproit (6osee 900°C), Ha 1eHTpax npe-
IUTUTAIIN KUCJIOPO/Ia TTPOUCXOUT Paclaj] TBEp-
JIOTO PAcTBOPa KHUCJOPOJA U POCT OKCHU/HBIX IIpe-
IUIUTATOB, CJYKAI[UX CTOKAMU JIJIsl HEXKeJaTe Ib-
HBIX TIpuMeceil u3 pabounx 06JacTell MIacTUHBI.

B nocniennee Bpems Haliesl pa3BUTHE METO]] CO-
3[aHUS TPEIUIUTATOB KUCJI0PO/1a B KDEMHUH, TaK
Ha3bIBAEMON Marmyeckoil 06eITHEHHOM 30HbI, OCHO-
BAHHBII HA YCKOPEHHOH NpeluIIUTAlUN KUCJIOPO-
Ja B o6mactax, oboramennbix Bakancusmu (ompe-
JIeJIEHHDIIT BaKAHCUOHHbBIN MPOMUIH CO3/1aeTCS C
HOMOIIbIO GBICTPOTO TEPMUUYECKOro oTxura [1]).
Ornnuust Mmexanuama GopMUPOBaHUS 06€HEHHO
MUKpoiepeKTaMil TIPUTIOBEPXHOCTHON 06JIACTH B
3TOM CJIydae OT TPAJUIIMOHHOTO METO/a 3aKJrova-
10TCsI B cJieftyionieM. B tpajuiimonnomM MeTozie BHYT-
PEHHEr0 TeTTEPUPOBAHUS KOHIIEHTPAIUS BAKAHCHIT
B 06beMe TIJTACTUHBI MaJjia ¥ MOCTOSTHHA TI0 TOJIIIHU-
HE TIJIACTUHBI, B TO BPEMS KaK KOHIIEHTPAIIIS MEXK-
JIOY3€eJIbHOTO KHCJIOPO/Ia BeJInKa B 00beMe T11acTH-
HBI 1 yOBIBaeT K MoBepxHOCTH. B MeTome dopmu-
POBAHUSI Maruueckoil 06e/[HEHHOW 30HbI CUTYaIUs
JIPYTasi: KOHIIEHTPAIHS MEXK/I0Y3€JbHOr0 KIUCJI0PO/Ia
MIOCTOSTHHA TI0 CEYEHUIO TIJIACTHHBI, a KOHIIEHTpa-
1S «3aKAJEHHBIX> BAaKAHCHI BEJIMKA U TIOCTOSHHA
B 00beMe TJIACTUHBI U YOBIBAeT K TTOBEPXHOCTH. B
TPAAMIIMOHHOM CITOCO6€e BHYTPEHHETO reTTEPUPOBa-
HUsI MOTYT ObITb MCIIOJIb30BAHBI TOJBKO T€ CJIUTKH
kpeMHus (MM €ro 4acTu), B KOTOPHIX KOHIIEHTPA-
11T MEXX/I0Y3€JbHOT0 KUCJI0PO/1a HAX0IUTCS B TIpe-
nenax (7,5—9,0)-10'7 atom /cM3, korma ycroitunso
UJET MPOIeCC MPEuuTanu, 1 o0beMHast IJIO0T-
HocTh npenunuratos gocturaer 10 em™3. Tlpu uc-
MOJIb30BAHUU BTOPOTO C1I0c06a KOHIIEHTPAIIUS KUC-
JIOpOJla, TEPMUYECKAs] MPEJbICTOPUS TIOJTYYEHUS
CJIUTKA U MECTOIOJIOKEHE BbIPE3aeMoil U3 HETOo
MJIACTUHBI HE UMEIOT 3HaueHus. Kpome Ttoro, ad-
(beKTHBHOCTD BTOPOTO CIIOCO6A TIPAKTHYECKHU HE 3a-
BUCHUT OT TEPMUYECKOTO IHKJIA MTOJTyYeHUsT TPHOOP-
HbIX CTPYKTYp. Ilpu cozmanuu BHyTpeHHErO reTre-
pa atum crioco6om dhopmupyetcst 6osiee TayboKas,
C pe3Koll Tpanuileii, o6elHeHHAs TTPUTIOBEPXHOCT-
Has o6sactb (50—60 MKM), IpHUroaHasi, B OTJIH-
ype OT TPAJUIIMOHHOTO METOJa, Js CO3JIaHus
CTPYKTYP €O IeJIeBOU usoJigiuei.

Wntepecubiii MeTO/| TeTTEPUPOBAHUS ObLI MIPEJI-
JgosxkeH B [41]. B orsimune ot MeTo10B, KOTr/a HEKe-
JlaTeJTbHble TTPUMECH XOTS M yAAJSIOTCS U3 pabo-
yuxX 06JacTell MoJTyITPOBOIHUKOBON TILIACTHHBI, HO
BCe JKe IPUCYTCTBYIOT B X OKPECTHOCTH, 3/IECh UC-
TI0JIb3Y€ETCsI CIIOCO0, TPUMEHSIEMBbIIT JIJIsI 30HHOU OUKC-
TKM CJUTKOB KPEMHHSI OT NPUMECHBIX BEIIECTB B
TBEPJIOM COCTOSTHUU: T10JI BO3/IEICTBUEM TPAIUEHTA
TEMIIepaTypbl MPUMECh BBIBOJUTCS HAa TOPIIEBYIO
MTOBEPXHOCTH CJIUTKA U 3aTeM cTpaBauBaercsi. Koc-
BEHHBIM TIOJTBEPIKIEHUEM ITPUTOHOCTH 3TOU UK
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JUUIS TETTEPUPOBAHIS TPUMECH B MTOJTYTIPOBOIHUKO-
BBIX TIJIACTUHAX SIBJISIETCS JIBVJKEHUE ATOMOB KHUC-
JIOpOJIa TIOJT BO3/IENCTBHEM TPAJMEHTA TeMIEePaTy-
pbl 11pu POPMUPOBAHMU CKPBITHIX c1oeB SiO, ¢
MTOMOIIbI0 HEU30TEPMUYECKOTO OTKUTA NOHHOJIETU-
POBAHHBIX KUCJIOPOIOM obractelt kpemuus. Moje-
JINPOBAHUE TAKOTO IPOIEcca TMOKA3aJ0, YTO He3a-
BUCUMO OT HAYAJIbHOTO paclpejieJieHus IPUMeCH B
MPUITOBEPXHOCTHON 0GJIACTH, TIOJ BJIUSHHUEM TI'pa-
JINEHTA TEMIIEPATYPbl OHA KOHIIEHTPUPYETCS Ha TI0-
BEPXHOCTHU TIJIACTUHBI ¥ MOJKET OBITDh Y/laJleHa TIPH
MOCJIEYIONIEM CTPABINBAHIY TIOBEPXHOCTHOTO CJIOSI.

OpUTHHAJIBHBINA TIOAXO/ IS OYMCTKH OObeMa
KPEMHUEBBIX TJIACTUH OT HEXKeJaTeJTbHBIX TPUMe-
ceii onmcad B [42]. OH ocHOBaH Ha UCIIOJIb30BAHUN
VJIbTPa3BYKOBOU 06PAGOTKY TIJIACTUH MPU KOMHAT-
HOIl Temneparype npu yacrore 0,4 —1 MI'u u au-
TeIbHOCTH /10 6,5 dacoB. [lockosbky Hanbosee cuiib-
HOE BJIMSIHUE YJIbTPA3BYK OKA3bIBAET HA IIPUIIOBEPX-
HOCTHYI0 06/1acTh maactubl (rayGuHONH OKOJIO
100 MKM), B pesyJsbTaTe Takoii 06paGOTKH MPOUC-
XO/IUT CTUMYJTMPOBAHHAS YIbTPAa3BYKOM MUTPAIUs
aToMOB mIeJ0YHbIX MeTa/ioB K, Na u3 o6bema k
MOBEPXHOCTH. ITO MO3BOJISIET TIOCJIE Y/IAJTEHUS TI0-
BEPXHOCTHOTO CJIOS 3HAUYUTENHbHO YMEHBITUTDh KOH-
[EHTPAINIO TEJOYHBIX METAJJIOB B KPeMHUEBOU
MJIACTUHE.

Crenyer oTMETUTD, OJTHAKO, YTO METOBI, KOTO-
pble CBS3aHbI C OYMCTKON 06beMa KPEMHHUEBBIX I1J1a-
CTHH OT HEXKEJIATeJIbHBIX IPUMECEN IyTeM UX Tiepe-
BO/Ia B TIOBEPXHOCTHBIH CJIOW C TIOCJEYIOMNAM €To
yAajeHneM, He MOTYT ObITh TIPUMEHEHDI Ha JII0O0M
u3 3TanoB npoiiecca nsroronaenus UMC. Ilo aToi
MPUYMHE OHU OCTAJIUCH MATOBOCTPEOOBAHHBIMU TIPU
cozgannn UMC, HO HaxoJgT MHUPOKOE TTpUMEHe-
HUe JIJIs1 U3yYEHUs TIPOIIECCOB yIIpaBJieHus JeeKTo-
06pa3oBaHNEM B TTOJYITPOBOJHIKOBOM MaTepUAJIe.

Ho u MeTo/1pl BHyTPEHHETO reTTEPUPOBAHS UMe-
10T CyIIeCTBEHHbIE OTPAHUYEHNS U HE BCET/Ia MOTYT
OBITb TTPUMEHEHDI UJIN JK€ HE BCEr/la OKA3bIBAIOTCS
apdexTuBHBIMU. ITO UMEET MECTO, HANPUMED, B
Caydasix Korja:

— HCHOJIL3YIOTCS MOHOKPHCTAJLIBI € COAEP3a-
HueM Kucjaopoza meree 5-10'7 cm™3 wm BoIcOKOME-
IMPOBaHHbBIE TLTACTUHBI KpeMHus n-tuna (erupo-
BaHHBIE MBIIIBAKOM WK CYPbMOii), KOrja He Tpo-
UCXOJIUT TIPOIECC TTPEIUTTUTAINY;

— - IPUMEHSIIOTCS] HU3KOTEMIIEPATY PHBIE ITPOIIEC-
cbl man ObICTpasi TepMuveckasi o6paboTKa, KOT/Ia
caaboaudOyHIUPYIONNE ATOMBI MEKI0Y3€JbHOTO
KHICJIOPO/Ia He MOTYT MPeoI0JIeThb GOJIbIITNE PACCTO-
SIHUST 32 BpeMsi 06pabOTKH;

— [ co3/laHus Mpu6GOPOB UCHOJb3YeTCs BCs
TOJIIMHA [LIACTUHBI (CHUI0BbIE TPUOOPHI).

B Takux ciayyasix HeOOXOAMMO TPUMEHSITH BHEIII-
Hee TETTEPUPOBAHNE WJU UCIOJb30BATh KOMOMHA-
IIUIO BHETHETO U BHYTPEHHETO IreTTEPUPOBAHUS.

Cpenu ucnoJsib3yeMbIX B HACTOSIIIIEE BPEMs Me-
TOJIOB BHEIITHETO TETTePUPOBAHUS HamboJiee MHTe-
PECHBIM SIBJISIETCSI XOPOIIO KOHTPOJUPYEMBIN CIIO-
co6 BBe/leHUSI HApYyIIeHUH B OOPATHYIO CTOPOHY
MJIACTHHBI BBICOKOIHEPTETHYECKUM JIA3€PHBIM U3JTY-
yeHneM [43 —46]. Ilpu aTOM IpOMCXOAUT HCIIape-

HUe KpeMHHS ¢ 06pa3oBaHUEM MeJKHUX yriy6Jie-
HUIl, pacnoJoKeHHbIX OJU3KO JIPYT K JAPYTy, YTO
MPUBOJUT K IeHepaliy HAPYIIeHUI KPUCTaJITye-
CKOHl pelIeTK U BO3HMKHOBEHHUIO MEXaHNYEeCKHUX
Hanpspkenuii. [locse o6yyeHust I1acTHHDBI TTO/IBEP-
TafoT OTKUTY, IOCTATOYHOMY 171 00PA30BaHUS JIUC-
JIOKAIMT BOKPYT HapyIIeHHbIX objacteil u aud-
¢ysun K HUM MOJBUKHBIX TOUYEYHBIX JeDEKTOB U
MeTAJINYECKUX TIpuMecell U3 o6beMa ITACTHHBI.
BaxxHOiII 0CO6EHHOCTDIO 3TOTO METO/1a SIBJISIETCS BO3-
MOXKHOCTb (DOPMHUPOBaHUS TeTTEpPa HA Pa3JMYHbIX
stanax co3ganusi UMC. Kpome toro, nipu dpopmu-
POBAHUU TeTTEPA HA MCXOAHBIX KPEMHUEBDIX I1JIAC-
THHAX €0 PaGoTOCIIOCOGHOCTD MOYKET COXPAHSATHCS
Ha TIPOTSKEHHM BCETO TEXHOJOTMYECKOro IIMKJIA
nsroroBaennsa UMC [47, 48].

Fny6una wapyieHuii, BbI3BAaHHBIX Ja3epHOU
06pabOTKO, TIPU TTOBBINIEHUHU TIIOTHOCTH SHEPTHU
10 7 u nocae 8 [l / cM? pacTeT MMHEHHO, B MHTEP-
Basie ke 7 —8 JIk/cM? IPOUCXOAUT pPe3Kuii cKa-
YOK, YTO CBSI3aHO C IIEPEX0JIOM OT paclljiaBa KpeM-
HUS K ero ucnapennio. llpn sazepHom obuyueHun
C 2HepTuell HUXKe 3TOr0 [Mana3oHa ITPOUCXOIHUT
MJIaBJIEHWE TOBEPXHOCTH U TMOCJEAYIONAst ee AMH-
TaKCUAJbHAS PEKPUCTAJTH3AINS, HE BbI3BIBAIONIAS
reHepaiuu Kpuctajanueckux nedekton. JlazepHas
06pa6GoTKa ¢ 9HEpTHUell BbIllle YKA3aHHON MPUBOUT
K HCIApPEHUI0 KPeMHUs, U JaJbHeHIas peKpuc-
TAJIIM3AIHS TIPOUCXOJUT Y3Ke ¢ 06Pa30BaHUEM I10-
JITKPUCTAJINIECKOTO KpeMHMs. Bo3HuKaromme npu
3TOM JIe(PeKTBI COCTOIT U3 IUCTOKAIUN IBYX THUTIOB
[45]. Ha mepudepun sazepHoro ngrHa HabJmo/a-
€TCs BBICOKAsT KOHIIEHTPAIUST CKOJIB3SIINX JIUCJIO-
Kallii, KOTOpble XOPOIIO aHHUTHUJIUPYIOT IIPU OT-
skure. OHE aHAJOTHYHDI JMCJIOKAIUSAM, BO3HUKA-
IOIUM TPU MEXaHWYECKUX Crocob6axX HapyIIeHUs
KPHUCTAINYECKOH CTPYKTYPBI TacTuHbl. OnHaKo
1o/ 06J1acTbIO, TIOJIBEPTHYTON JIA3€PHOMY BO3[I€li-
CTBUIO, C TOMOIIBIO 3JTEKTPOHHOU MHKPOCKOIUU
6bLT1 0OHAPY’KEHBI MUKPOTPENTHHDBI, KOTOPbIE OT-
JKUTAIOTCS B IIPOIIECCE TEIJIOBOM 06pabOTKM, U CBS-
3aHHbBIE C HUMU PS/Ibl 3aKPEIJIEHHBIX JANCIOKAIHI,

Ta6amma 2
Spghexmusnocmo o6pabomxu niacmun
npu Aa3epHoM 00aYyUeHUU PA3IUUHO MowHOCIU [46]

E, 3HayeHHs T JUIsl YACTH ITACTHHBI, MKC
Jhx/em? N
00TydeHHOI 0e3 oOmydeHust
9.9 280,3 —
190,0 100,8
8.2 277,4 103,3
606,7 32
35,0 8,6
6,5 11,7 40,7
94,5 211,7
7.4 9,4
53 423 70,9
79,6 9.4
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SIBJISIOIINXCsT TepMocTabuibibiMu [46]. Tlopor snep-
TMH, TP KOTOPOIl MPOUCXOIUT 0OPAa30BAHNE MUK-
POTpeINH Ha KpeMHHN opuentanuu |111|, cocras-
nager npubausuteabio 15 Ik /cM? Ipyu JanTeN b
noctu ummnyabca 100 He. TepMuvecku ctabuibHble
JiebeKThI PENIETKU BO BPEMSI TIOCTEYIONIUX TEPMO-
06paboTOK [EMCTBYIOT KAaK CTOKHW [T TOYEYHBIX
nedexros.

Penmeenosckue monozpammuvr Si-nadacmun nocie ux Jiasepnoi oopabomixu

Konuenrparust 1edeKToB B KDEMHUU XapaKTe-
puU3yeTcsi BpeMeHeM JKU3HU HEOCHOBHbBIX HOCHUTEJIEH
3apsanat. B TabJa. 2 NIPUBE/ICHDI 3HAYECHUA T, TIOJY-
YeHHBIE T10CJe OKHMCJIEHWS JIeCSTH ILJIACTUH, OJ(HA
IIOJIOBHHA KOTOPBIX ObLiia 06paboTana jasepoM. 3
ATUX JAHHBIX CJEAYeT, YTO JJIs TIoJydyeHus ad-
dexTa TeTTEPUPOBAHNA MUHWMAIbHAI HJIOTHOCTb
SHEpruu JoJKHA GbITh He MeHee 8 Ik /cM?, uemy

Tab6auma 3

Pexxumbl nazepHoit
06paboTKu

Tonorpammer Si-nmacTuH, 00pabOTaHHBIX ITPU Pa3HEIX PEXKUMax

H =200 Mmxm
Eyo=510° Br/eM?,
V=60 c™m/c,

H =400 mxMm

E,o=510° Br/cM?,
H =200 MM

V=60 cm/c,
H =200 mxm

E,0=4,510° Br/cm®

IIIHIIN

Penmeenoscrxue monozpammol Si-naacmun, npoweduux mepmoodpadomxy npu pasHoi memne-
pamype nocie 1Ad3eprozo 00AYUeHUs ¢ PAAUYHOU CKOPOCLIO U ULAZOM CKAHUPOBAHUS NPU
naomuocmu mowpocmu 5,5-10° Bm/cm?

Ta6auna 4

Pexumbl

Temmepatypa TepMOOOPaOOTKH

it 06pad
JazepHoi 06paboTKN 900°C

1150°C 1220°C

V=40 mm/c,
=200 MKM

r— o uw e

Y

V=60 cm/c,
H =200 Mkm

V=60 cm/c,
H =400 Mkm
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COOTBETCTBYeT IIy6uHa HapyiieHuit 2=5 mxm. [Ipu
yBeJTMYEHNUH TJIyOUHbBI HapyIeHnit 9pHeKTHBHOCTD
TeTTePUPOBAHNS TTOBBIITAETCS, OTHAKO 1TpH A=20 MKM
(E= 33,3 [’k /cM?) BpeMs KU3HU T 110CJe TepMO-
00paGOTKH YMEHbBIIAETCS. IDTO CBS3AHO CO CKOJIb-
JKEHHEM JUCJIOKAIui Yepe3 BCIO TOJIIUHY I1J1aCTH-
HBI K ee paboueii cropore. [Toaromy onruManbHOM
JUIST TETTEPUPOBAHUS CJIe[yeT CUNTATD TJIyOUHY Ha-
pymenuii 5—10 MKM, KOTOpasi JOCTUTAETCS IIPU
E=9—15 JI5x / cM2.

IIpu aTOM CieyeT OTMETUTD, YTO Jla3epHoe 00-
JlydeHHe HaHOCEKYH/HOH [JINTEJbHOCTH IPUBOUT
K BBIOPOCY KpeMHUST U3 00JIACTH BO3JIEUCTBUS U3-
JIydeHHs, YTO BBI3bIBAET 3arps3HeHue paboveil 1Mo-
BEPXHOCTH TJACTUHBI KPEMHUEBOH TTbLIbI0. [109TO-
MY [UUISI CO3/IaHUSI TeTTEePUPYIONIeil 06JacTH TIPe-
CTaBJIsIET MHTEPeC JladepHast 06paboTKa B peKuMe
TEIJIOBOr0 T0TOKA (HENpPEepbIBHBIM JIA3EPHBIM U3-
JydeHueM ), oGecriednBaionias MiaBjieHne KpeMHUs
6€e3 ero ucrapeHusl.

Takoit mogxo/ 6B peann30BaH I CO3TaHMIS
TeTTEPUPYIONIEro CJI0s ¢ Hepabouell CTOPOHDI KPEM-
HUEBOil IIacTUHBI IpU ucnoab3oBanun AVT:Nd™
Jazepa, paboTallero B HEIPEPLIBHOM PEXUMeE.
B arom cayuae B KpeMHHMEBOH TJIACTHHE MTOCJE Ta-
KOlf 06paGOTKM BO3HUKAIOT HANPSDKEHUS PacTsi-
JKEHUSI, BEJMUYNHA KOTOPBIX YMEHBIIAETCS C yBe-
JINUEHUEM CKODOCTU CKAaHUPOBAHUS V 1 yMeHblIle-
HHEM IJIOTHOCTH MomHocTu E ) 1asepHoro usimy-
yenus (raba. 3) [49, 50].

Bue rerrepa Hapn rerrepom

Puc. 1. Bun nexopupoBan-
HOHM TIOBEPXHOCTH 3MUTAK-
CHUAJIBHON TIJIEeHKU KPEMHUS
MocJie TeTTePUPOBAHUS

102 A

N, cM 2

101 -

B [51] na ocHoBanuu IPOBEEHHOTO pacyeTa TeM-
MePaTyPHBIX TOJIel 1 9KCIIEPUMEHTATBHBIX PE3YJTh-
TATOB OBLI ONpe/iesieH TpeOyeMbIil, C TOUKU 3PEHUS
[IPOU3BO/IUTENBHOCTH U TIEPEKPHITHS HANPSKEHHBIX
o6JiacTeii OT IByX COCETHUX JIMHWIT CKAaHUPOBAHMUS,
peKUM J1azepHOi 06paboTKu /st GOPMUPOBAHUS
rerrepupyioniero cuosi: H = 200—240 MM,
V=60cm/cunkE = 5,5-10° Bt /cM2. [ocaemyrommas
JUITUTEIbHAST TEPMOOOPabOTKa TIPU TeMIlepaType
1100 —1200°C B cpeie KuCIOPO/a TPUBOIUT K (-
dexkTUBHOMY 06Pa30BaHUI0 B 06JIACTH JIA3€PHOTO
BO3/IENICTBUS JUCTOKAIMOHHON CETKU M KUCJIOPO/I-
HBIX MPEIUIUTATOB, SIBJISIIOIUXCS IEHTPAMU TeTTe-
pupoBanus (Taéu. 4).

CoszfaHne TakoTo TeTTEPUPYIONIETO CJIOS Tepe/]
TEPMUYECKUM OKHMCJIEHUEM MIPU TEMIIEpaType, TIpe-
BBINIATOTIEN TEMIIEPATYPY TOCJIEAYIONNX JATUTEb-
HBIX BBICOKOTEMIIEPATYPHBIX MTPOIIECCOB, TIO3BOJIS-
et B 220 —440 pa3 CHU3WUTH IMJOTHOCTb Ae(EKTOB
ymakoBku u amciokanuii (pue. 1), B 2,9 pasa
YMEHBIIUTb KO3(MDMUIIMEHT 3al0JHEHUS JTUHUSAMI
CKOJIbKEHUS B 3TMUTAKCUATbHBIX TIJIeHKaX, B 12 pa3
YBEJUYUTh BPEMS KU3HM HEOCHOBHBIX HOCUTEJEH
3aps/ia ¥ peKOMOUHAIIMOHHOE BPEMSI JKU3HU B KPEM-
un (puc. 2), a Takxke B 1,8 pasa CHU3UTD TLJIOT-
HOCTb [TOBEPXHOCTHBIX COCTOSIHUIN Ha IPAHUIlE Pas-
Jlena «KpeMHUW — TepMUYECKUH JMOKCHI KpeM-
Hust» [52, 53]. TepMuvecku BbIpallleHHbIE Ha Ta-
KUX TIJJACTUHAX TIJIEHKU JUOKCHU/IA KPEMHUS UMEIOT
VJIYUIIEHHYIO CTPYKTYPY, 60Jiee BBICOKYIO CTaOUJIb-
HOCTb 3apsijla U BBICOKOKAYECTBEHHYIO TPAHUILY
paszena.

[Ipumenenue reTTepupoOBaHUS C UCIIOJIb30BAHN-
€M HEeINPEPBIBHOTO JIA3€PHOTr0 U3JIyYEHUS] B TEXHO-
Joruu cosfanus 6unonspubix UMC no3BossieT 3a
CYET YMEHBIIIEHUST PACTIPOCTPAHEHUST IUHWI CKOJTh-
JKEHUsI, CHUZKEHUS IJIOTHOCTH JIUCJIOKAIIUN B 3ITU-
TAKCHAJbHOU IJIEHKE U UCKJIOUEHUS BO3HUKHOBE-
HUS TTPOBOJSINIMX NIYHTOB B 06JIACTU AKTUBHBIX U
MACCUBHBIX 9JIEMEHTOB YCTPAHUTD JIETPAJIAIUIO TTPO-
OMBHBIX HAIPSIKEHUN <«KOJUJIEKTOD — 3OMUTTEPY U
TOKOB TOTpe6JieHnsI. JTO 06ecrevnBaeT yBeande-
HUE BBIXO/Ia TOAHBIX MTPUOOPOB HA TJIACTHHE B /1BA
pasa u Ha 11,6% BBIXO/1a TOAHBIX TIPUGOPOB TIOCIE

T 1
4,5 5,5
EMO~1O’5, Br,/cm?

6,5

420 ="

3 2 <

2

410 2
1
} t } t
50 250 450 40 80
H, MKM V,cem/c

Puc. 2. 3aBucumoctu 2/eKTpOPU3NUECKUX TTAPAMETPOB Si-IJIACTHH TIOCJE TeTTEPUPOBAHUS OT IJIOTHOCTU MOIII-
HOCTH HeNpepbIBHOTO JasepHoro usaydenus (a), mara (6) u ckopoctu (6) cKaHMpOBaHUS:
1 — ILJIOTHOCTH lIereKTOB YIIaKOBKH N”; 2 — IJIOTHOCTDH JIHC]IOKaIIHﬁ; 3 — BpEM JXKU3HU HEOCHOBHDBIX HOCUTEJIeH 3apdajia T,
4 — PeKOMOMHAIMOHHOE BPEMS XKU3HI T,
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X COOPKHU M U3MEPEHUsI BJEKTPUIECKUX TTapaMerT-
poB [54]. IIpu cosganuu MOII UMC Takoii me-
TOJl TETTEPUPOBAHUS TTO3BOJIAET 32 CYET YMEHbIIe-
HUS TIOPOTOBOTO HATIPSIKEHUSI, 00YCJIOBJIEHHOTO CHU-
JKeHHeM 3apsijia Ha rpaHuie pasjena «Si — SiO,»,
HCKJIIOUUTDH €ro Jerpajaluio W, CJIeI0BaTesbHO,
yBesmunth (B 1,5 pasa) BbIXO/ TOAHBIX TPUGOPOB.

Jlnst ouncTky paGoueil CTOPOHbI MJIACTHH KpeM-
HUSI OT IPUMECHBIX 3arpsI3HEHUI IPEICTABJISIET UH-
Tepec pekuM 0O6pabOTKU JIA3€PHLIM U3JyYEeHUEM
HaHOCEeKyH/HOI amurenbHoctr (20 —30 He), Kor-
Jla IPOUCXO/TUT TIJIaBJIeHIEe TTOBEPXHOCTHOTO CJIOS U
MOCJIENYIONIAST €T0 PEeKPUCTAIN3AIs 6e3 BHece-
HUST KaKUX-T00 HAPYIIEHUH B KPHUCTAITHYECKYTO
PeIIeTKy 3Toro cJaos [55 —57]. Ananus noBepxHoc-
TH TaKUX IJIACTUH ITOCJIe TEPMUYECKOT0 OKICIEHUSI
IIOKa3bIBAET, UTO IIOCJE CHSATHS OKCHUIHON ILIEHKA
¥ TpaBJIEHUs MOBEPXHOCTH B CEJEKTUBHOM TpaBU-
TeJsie CTPYKTYpHbIE AeeKThl, XapaKTepHbIE JJIS Tep-
MUYECKOr0 OKUCJIEeHUST HeOOPaGOTAHHBIX TLIACTUH,
OTCYTCTBYIOT. JTO CBSI3aHO C T€M, UTO TIPU ILJIaBJIe-
HUU TOHKOI'O TIOBEPXHOCTHOTO CJIOSI IPOUCXO/IUT €T0
OUYHMCTKA OT NOHOB METAJIJIOB U YTJepo/ia 3a CUYeT MX
quddy3nn 1o KUAKOMY PacliaBy K TTOBEPXHOCTH
1 TIOCJIEyTOTETO UCTIAapEeH s, a TaKXKe yCTpaHeHne
HapyIeHHOTO XNMUKO-MEeXaHNIeCKOH TTOJTMPOBKOH

nosepxHoCTHOTO ¢J104 (Tabda. 3) [56, 57]. dTto nox-
TBEPIK/IAETCS Pe3yJIbTaTaM¥ CPABHUTEIHHOTO aHa-
JIN3a CTPYKTYPBbI AUJIEKTPUUECKUX TLIEHOK, cdop-
MUPOBAHHBIX MyTEM TEPMUYECKOTO OKHUCJIEHUS B
cpejie CyXOro KUCJIOPO/Ia TJIACTUH KPEMHUS R-TUTIA
MPOBOIUMOCTH, JI0 U TIOCJE JiazepHOU 00paboTKU
MTOBEPXHOCTH.

CTpyKTypa IOBEPXHOCTH KPEMHHEBBIX TLIACTUH
nocJie 06pabOTKY JTa3ePHBIMU UMITYJIbCAMU SIBJISIET-
cs1 60J1e€ OTHOPOHOI, TIOCKOIBKY HA TTOBEPXHOCTH
MJIACTUHBI OTCYTCTBYIOT HAPYIIEHHBIN CJIOW W HOH-
HbIe TIPUMECH, KOTOPBIE TIPUBOJIST K MTOBBIIIEHHOMY
MOpo0OPA30BAHUIO U HAPYIIEHHIO CILJIOITHOCTH (hop-
MUPYEMOTO CJIOS, & TaKXKe CO3/Al0T KPUCTAJLIINYe-
ckre daspl. O6 0YMCTKE TOBEPXHOCTHOTO CJIOST OT
MOHHBIX 3arpsI3HEHUI TI0CJIe JIa3epHOi 06paboOTKH
yKa3bIBaeT CHIDKeHune GoJsiee yeM B /1Ba pasa (Puk-
CUPOBAHHOTO 3apsjia Ha TPAHUIlE pasfiesia «KpeM-
HUU — TepMUUYECKUH JUOKCUJ] KDEMHUS», a TaK¥kKe
CIIEKTPBI OBICTPHIX TOBEPXHOCTHBIX COCTOSTHUI,
IJIOTHOCTb KOTOPBIX B CEPE/IUHE 3ANPEIEHHOI 30HbI
Ha Yy4yacTKe C JiazepHoWl o6paboTKO#l B JBa pasa
MeHbllle, 4YeM Ha HeoO6paboTanHoM [53].

O/HAKO TIPUMEHSIETCS TaKash OYUCTKA OTPAHHU-
YEeHHO, TIOCKOJIbKY OHA He MOXXET MCTOJb30BaThCS
Ha pasJNYHbIX aTanax co3ganusg UMC — ee MOx-

Ta6auma 5

Cmpyrxmypa noeepxHocmu KpemMHuesvix naAdcmun, nodsepenymox xumuxo-mexanuuecxor (XMII)
u mexanuuecxoti (MII) noauposke, do u nocie aasepnoti 06pPAGOMKU HAHOCEKYHOHIMU UMNYTbCAMU

IIpoBenennsle
00paboTku

Muxkpopensedsr

Kaprtuns
mudpaku

10
Jla3epHoOi
00paboTKH

XMII

MIOBEPXHOCTEH

nocie
Jla3epHON
00paboTku

bits)
JIa3epHOI
00paboTKu

MIIT

nocie
JIa3epHON
00paboTKH
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HO TIPOBOJWTH TOJBKO HA MCXOJHBIX KPEMHUEBBIX
MJACTUHAX, JI0 TOTO KaK Ha TOBEPXHOCTU OYyIyT
chopmupoBanbl Kakue-au6o (GpyHKIIMOHATbHbBIE
CJIOU.

Takum o6pasoM, MpUMEHEHNE JIA3EPHOTO M3JTY-
YeHUS HAHOCEKYHJHOW JJTUTENTBbHOCTH TTO3BOJSET
MPOBOJIUTH OUUCTKY PaGOyeil MOBEPXHOCTH UCXOJI-
HOM TJIACTUHBI OT MOHHBIX TipuMeceil. /s addexk-
TUBHO JK€e OUUCTKY MIOBEPXHOCTHBIX CJIOEB ¢ pabo-
4yeil CTOPOHbBI IJIACTHHBI OT HEKOHTPOJIUPYEMbIX
npuMeceil reTrepupoBaHueM Hanbosiee epCreKTHB-
HBIM SIBJISETCS TIPUMEHEHVE HEMPEPBIBHOTO Ja3ep-
HOTO W3JIy4eHUs /I YIpaBisieMoro (opMHPOBa-
HUSI TETTEPUPYIONINX IIEHTPOB ¢ Hepabouelt cTOpo-
HBI TITACTUHBI. Ba)XHBIM MpPEenMyIecTBOM TaKOTO
METO/Ia SIBJISIETCSI BOBMOYKHOCTD €r0 MCIIOJTb30BAHUS
Ha pas3anuHbIX 3Ttanax coszmanug MUMC, a orcyt-
CTBUE KAKUX-TM60 TPeOOBAHWU IO CHEUaJbHON
MO/ITOTOBKE TIJIACTUH YKAa3bIBAaeT HA €r0 IePCIIeK-
TUBHOCTD TTpuMeHenus B TexuHosgornn CBUC.

BobIIMHCTBO METO/IOB TeTTePUPOBaHUS ObLIO
HalJICHO SMIIMPUYECKUM TIYyTEM U UCIOJb30BAJIOCH
B TexHoJsiorun uarotopyenuss UMC 6e3 ycranos.ie-
HUS MeXaHW3Ma uX nporekanus. [lyig paccMoTpen-
HBIX BBINIIE METO/IOB TeTTEPUPOBAHUS OTIPEIeTIM
BO3MOJKHBIE MEXAHU3MBI B3aUMO/IEHCTBUS TTPUMEC-
HBIX JIe(PEKTOB C TOUEUHBIMU, SIBJISIIONIUXCS JIJIST HUX
CTOKaMU B TIPOIECCE TeTTEPUPOBAHUS.

[Tockonbky mpuMecHbIe AedeKTh BBOASAT B
OKPY:KAIONIYI0 UX MATPUILy YIPYTUe HaNPsLKEeHns,
X B3aMMO/JIENICTBHE C BHEINTHUMU HAPSLKEHUSMU
BBI3BIBAET JBIIKEHNE U CKOILJIEHE TTPUMECHBIX Jie-
¢exToB B 06J1ACTSIX TOUECUHDIX /1€(DEKTOB.

BHerinve HampsiKeHUss MOTYT UMETh MaKpO- U
MUKDPOHEOTHOPO/IHBIN XapakTep. IlepBbie, Tak Ha-
3bIBaeMble MaKPOHEOHOPO/HbIE BHENTHUE CHUJIBI,
JIeHICTBYIOT Ha BECh CJINTOK WJIW TJIACTUHY. B ciy-
yae KPEeMHWEBOHW TMJIACTWHBI OHU BO3HUKAIOT TIPH
HaHEeCEeHMM Ha ee 0OpaTHYyI0 CTOPOHY IIeHOK Si N,
u Al,O,. Tax, nanpumep, B maenke Si;N, BHyT-
pennue Hanpskenus gocrturaiot 10° H /M2 u ypas-
HOBENIUBAIOTCS YIIPYTUMU HATIPSKEHUSIMU B KPEM-
HHUEBON IJIACTHHE, KOTOPbIE B CBOIO OYepPENb BBI-
3bIBAIOT HAIIPaBJIEHHOE JIBIKEHIE TPUMECHDBIX Jie-
dexToB.

Hamnpsixenust MUKPOHEOHOPO/IHOTO XapaKTepa
B KPEMHUY BbI3BIBAIOTCS JUHEHHBIMU, TIJIOCKUMU W
o6beMHbIME JleperTaMu. Baaumo/ieiicTBre aTuX Jie-
(eKTOB ¢ TPUMECHBIMI MOXKHO TIO/APA3/JETUTh HA
YeThIpe BU/A: BBI3BAHHBIE Pa3HUIEN B pas3Mepax
[PUMECHBIX J1ePEKTOB U aTOMOB MAaTPHIIbI; BbI3-
BaHHbBIE PA3HUIEH B MOMAYJSAX YIIPYTOCTH; XUMU-
yecKue; aJeKTpuueckue. Bee oHM TIPUBOJAAT K He-
PaBHOMEPHOMY pacIipe/leJIeHII0 U KOHIEHTPUPOBa-
HUIO TIPUMECHBIX Je(EeKTOB OKOJIO IUCJIOKAINM,
rpaHull 3epeH u T. /1. Boigesenne u3GbITOUHBIX MIPU-
MECHBIX JIe(DeKTOB HAUMHAETCS HA KPAEBbIX, a IPU
6OJIBIIIOM UX TIPECBHIINEHUN — Ha BCEX JUCJOKAIIU-
SIX, a 9TO 03HAYAET, YTO TP MAJIBIX MPECHIIIEHUSIX
3apO/IBIIN HA KPAEBBIX AUCTOKAIUSAX OMPEAEISIIOT
BCIO KTHETUKY BbBIJCTECHNUS.

Bpicokas MIOTHOCTD UCTOKAIUI TOCTUTAETCS C
IIOMOIIIBIO BbICOKOTeMIlepaTypHOll auddysuu doc-
dopa [58], uonnoii ummranramuu [59, 60], mexa-
Hu4eckoit o6pabotku [61 —63], nazeproro obiryue-
nus [47, 48]. Ilpu aToM sHeprust U [03a MOHHOM
UMTIJIAHTAINH, 2 TAKXKe TJIOTHOCTb SHEPTHUH JIa3ep-
HOTO M3JIyYeHUS JOJKHBI OBIT I0CTATOUHBIMU [IJIST
nx (opMupoBaHus.

UccnenoBanue reTTepupoBaHust MeId HOHHO-JIe-
rupoBaHHbIM cjoeM [61] mokasaso, 4ro aucjaoKa-
nuu ¢ BektopoM bBroprepca b=a,/2<110> o6rama-
10T 60JIbIIEl CITOCOGHOCTBIO K TETTEPUPOBAHUIO
MeJM, YeM 4YacTHU4Hble aucjokamun DpaHka c
b=a,/3<111>, uro o6bsicHsIeTCsT UX OOJIbIIEH FHEP-
rueit ynpyroro noJisi. B [61] 6b10 ycranoBseHo,
4TO 1IPU J103€ HOHHOI uMIIanTaimn 10 6-1013 ecm2
MOSIBJISIOTCS IePEKThI YITAKOBKU, OKPY KEHHbIE Yac-
THYHON aucsokamnmeir Mpanka, a AedexThl yma-
KOBKH C JIMCJIOKAIIMOHHBIMU TIETJISIMU IIPEBpaliia-
I0TCS B IIOJTHBIE AucjaoKaruu ¢ b=a,/2<110>, koro-
pbie pu 60Jiee BBICOKON J[03€ UMILJIAHTAIUU 06pa-
3YIOT IUCJOKAIIMOHHYIO CETKY. 3HAUUTEIbHOE YBe-
Jnvyenve 3Q@PEKTUBHOCTY TeTTEPUPOBAHUS MTPOUC-
xomut mpu gose 3-10' cm?, korma mmeer Mecto
60J1bIIIas IIIOTHOCTD JucaoKanuii. IHEPeKTHBHOCTD
TaKOTo TeTTepupoBanus B [61] omenuBaach 1o Toky
yTeuKH peJsakcanun HepaBHoBecHo MOII-emko-
cru. [ToBbleHye TOKOB yTeukn mpu go3ax 3-10'° u
6-101> cm2 1o cpasrenuio ¢ 1030it 3-104 cm2 06bsac-
HSIETCS TIPEIUNUTAIIMEN UMILTAHTUPYEMOI TPUMECH
Ha aucjokaiusax. To ecTb HEOOXOAMMBIM KOMIIO-
HEHTOM MUKPOCTPYKTYPbI T€TTEPUPYIOIIETO HOHHO-
JIETUPOBAHHOTO CJIOSI SIBJISIETCSI HAJIMYKE JIUCJIOKA-
uuit ¢ b=a,/2<110>. I1JI0THOCTD 3TUX AMCIOKALMIL
C BBICOKOI CBOOOHOI aHEpTruel, o6ecIieunBaioniast
3 deKTUBHOE TETTEPUPOBAHNE, OIIEHUBAETCS KaK
2108 em2.

Ecau npumechbie edeKTbl CO3/a10T 3apsiKeH-
Hble IIEHTPBI, T. €. SIBJISIIOTCS JJOHOPAMM WJIM aK-
LENTOPaMu, TO Ha UX paclpe/iejieHue BJIUsIeT KOH-
HEHTPAINS 3JEKTPOHOB WK JIbIPOK. Cile10BaTe s b-
HO, cO03/laBasi HEPaBHOMEPHOE paclipejieieHue 1o
IJIACTUHE JOHOPHON WJIM aKLENTOPHON IpUMeCH B
JIOCTATOYHO GOJIBIITMX KOHIIEHTPAIIUSIX, MOKHO OJKH-
JlaTh HEPABHOMEPHOTO pacIpe/iesieHus 10 IJIaCTH-
HE U JPYrUX 3apsiKEHHBbIX MPUMECHBIX J1eDeKTOoB,
HarpuMep ObICTPOAN(PYHAMPYIONUX METAJIOB.
Taxum 06pa3oM MOKHO TETTEPUPOBATDH HEXKENATE b
HbIe TIpUMecHble JeeKThl U3 aKTUBHBIX 06JacTeil
NMC B crnenmaibHO JeTHPOBAHHBIE HEAKTHUBHBIC
o6actu. [lo fanHOMYy MEXaHU3MY IPOUCXOJUT TeT-
TepupoBanue 30J0ta Gocdopom. 30J10TO 3aHUMAET
B OCHOBHOM 3aMeliaroliee 1MoJI0KeHne, 1 BAKaHCHH
B3anMOJIENCTBYIOT ¢ aToMamu (ocdopa ¢ o6pa3o-
BanueM E-1ieHTpoB [64]. PactBOopenme 30Ji0Ta B
KpeMHUU COOCTBEHHON MTPOBOAUMOCTH ITPOUCXOUT
[IPU B3aUMO/IEHICTBUY aTOMOB 30J10Ta CO CBOOOTHbI-
MU BaKaHCUSMU, YTO GBLTIO 9KCIEPUMEHTAIBHO O/
TBEP3K/IEHO MTPY KOHTPOJIE TOKA YTEYKH JIMO/IOB 1TOC-
Jie TIOCJIEIOBATENbHBIX ONEPAIiii TepMO0OPabOTKY
miactuf [58]. PaccMoTpeHHbI MEXAHI3M TeTTepHU-
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POBaHUSA CIPaBEINB HE TOJbKO /IS 30JI0Ta, HO U
JUIST IPYTUX TSDKeJNbIX MeTasmoB Toxe [65]. Hus-
koremneparypuoe (800°C) rerrepuposanue (ocdo-
poM 3 (DEKTUBHO B TOM CJiyuae, €CAu KPEMHUIT He
COJIEP>KUT TIPEIUTTUTATOB TSXKEIBIX MeTasIoB. Ecm
TaKyWe TPENUITUTATLI UMEIOTCS, TO /I MX PacTBO-
peHus HeoOXO/ MM OTKUT TIPU BBICOKO# TeMIlepary-
pe (1000°C). Takum o6paszom, auddysuoHuas 06-
JIACTD TeTTepupyeT 6bicTpoaudPyHIUpYIOIITe MPH-
MeCH KaK IIyTeM MOHHOTO B3aUMOJIEHCTBUS, TaK U
33 CYET MEeXaHWYECKUX HANPSIKeHu! BOJIU3U JTUC-
JIOKAIINI.

JlpyrumM MexaHu3MOM reTTePUPOBAHUS SBJISETCS
MOTJIONIEHIE TPUMECHBIX e(DEKTOB KUIKOU WK
JKuJIKo10106H0i#1 (hasoii. V3BectHo, yTO paBHOBEC-
HbIi Koo PuUMEenT pacupeeseHus R, B KpeMHUN
JUIsT GOJIBIIIMHCTBA TIPUMeCei MeHbllle eMHUIIbI [66].
Hampumep, nns menn xoaddunueHT pacmupeseie-
HUSL B KPEMHUM COCTABJISIET 41074, png 3om0Ta —
1071, nas xemeza — 1071, Ecam B Kakoii-1160
YaCcTW TJIACTUHBI CO3/IaTh JKUAKYIO dasy, TO oc-
TAJIbHYIO €€ YaCTh MOKHO OUYHCTUTH OT IIPUMECE C
k0<1. BBenenne B KpeMHUI 6OJIBIIIOTO KOJNYECTBA
HapyIIeHUH KPHUCTAJIMYECKON PEIIeTKH MCKYCCT-
BEHHO MMUTHPYET KUAKONoM00HyI0 ¢dady [67], u
[IpU TEPMUUYECKOI 06paboTKe 3Ta (haza rerrepupyer
npumecu ¢ R <1 u3 ocranbHoOii, HeHapylIeHHOIT ya-
ct KpemHUs. Takas HapylleHHas >XUIKOINOJ006-
Has asa co3gaercs Ha 06paTHON CTOPOHE TLJIACTHU-
HbI TIPW BBEJEHNN B Hee HapPYIIEHWH KPUCTAJLIN-
YeCKOH pemeTkn MeXaHn4ecKuM croco6om (Hampu-
Mep, 1LdOBKON), HOHHON MMILIaHTaIMeld apro-
Ha, BbICOKOTeMIepaTypHoii auddysueit pocdopa,
Jla3epHBbIM O6JTyYeHUEM U T. JI.

lerrepupoBanue MOXKeT TaKKe UMETb MECTO 3a
CYET BbIJIeJIEHUS] IPUMECHBIX /1ePEeKTOB B BAKyyM
nau rasoByio ¢asy. [Ipu BbicOKOTEMIEpaTypHOM
oT>kuTe Si-TIACTHH B HEUTPATbHOM aTtMocdepe nin
B BaKyyMe IIPOUCXOJIUT HUCIIAPDEHUE ATOMOB KpPEM-
HUS U TIpUMecH ¢ TioBepxHocTu. lloBbilieHre KOH-
HeHTpalun BakaHcuii (IIOHMKEeHHe KOHIEHTPaIuK
MEXK/I0y3€eJIbHBIX aTOMOB) Ha IIOBEPXHOCTH TI0 OT-
HOTIIEHWIO K PaBHOBECHOW B 06beMe TMPUBOIUT K
muddy3n MesK/I0y3eJbHbIX aTOMOB K TTOBEPXHO-
CTH, COKpAIeHUIO /1e(DEKTOB yIAaKOBKU U 06Pa3o-
BAHWIO B TIOBEPXHOCTHOM cJioe 6Ge3nedekTHoii 06-
gactu. [Ipu ucnapenun cucremMa «KpeMHUN — TMpu-
MeCb» TepsieT JIeTyunii KOMIOHEHT, OCBOGOXKIAs
KPEeMHHUII OT JierKoucrapsitonieiicst npumecu. /lo6as-
senne HCl 1 TpuxtopaTiieHa B maporasoByio cMech
[PU OKHUCJEHUU MPUBOAUT K AHAJOTUYHOMY 3(-
(exry. Ilpu BbICOKOI TeMIleparype aToMbl KpeM-
Hust BeiTATHBalOTCS MoJiekyaamu HCI, mocruraio-
IMMU TTIOBEPXHOCTH pasjiena «Si — SiO,», B ol
okcuja u TaMm okucasioress [68]. Ilpu sTtom KoH-
LEHTPAIKS BAKAHCUI HA TIOBEPXHOCTH MOBBIIIAETCS
[0 CPAaBHEHUIO C PaBHOBeCcHON. YWCJIO BbIBE/IEH-
HBIX aTOMOB KPEMHHUS C TIOBEPXHOCTU KPEMHUS B
OKCHUJ] ¥, COOTBETCTBEHHO, TIOBEPXHOCTHAS KOHIIEH-
TpaIus BaKaHCHIT BO3PACTAiOT € TIOBBIIIIEHUEM KOH-
nentpanun HCl u remneparyper okucsenus [69].

MexaHM3MOM TE€TTEPUPOBAHUS MOJKET TAKKe SB-
JIATBCS aicopOIMs TPUMECHBIX /1eheKTOB Ha pas-
BUTOHI MOBEPXHOCTU. B aTOM cirydae OBEPXHOCTD
TBEPJOrO Tesa aJIcOpOUPYET MX, YMEHBbIIAs CBOIO
CBOGOJIHYIO 9HEPIHI0. YBeJUYMBAs IJIONA/b T10-
BEPXHOCTH B HEAKTUBHBIX 00JIACTSX TIJTACTUHBI, MOXK-
HO 3KCTParnpoBaTh Ty/la npuMecHbie gedekTol. [1o
TAaKOMY MEXaHU3MYy TPONCXOIUT TeTTePHPOBAHUE
npuMecel MOPUCTBIM KpeMuneM, c(hOPMUPOBAHHBIM
Ha 06paTHOI CTOPOHE ILIacTUHbBI [24].

BaxkHbIM MeXaHM3MOM TETTEPUPOBAHUSI, KOTO-
PBIH Beer/la IPUCYTCTBYET TIPH JIa3epHON U ObI-
CTPOil TepMHUYeCKOU 06PaGOTKe, SIBJSIETCS BBIXOJ
TIpUMeCH, paclpeieseHHON B MPUIIOBEPXHOCTHOM
o6JyiacT¥ MOJIyIPOBOJHUKOBOW IJIACTUHBI, Ha e€e
[MOBEPXHOCTh MPHU HaJUYMK GOJIBIIOTO TPaUEHTa
TEMIIePaTyPbl, MEPIHEHAUKYJISPHOTO 1actuHe. Ha
OCHOBAaHUM PACCMOTPEHUSI OJTHOMEPHOTO MOTOKA aTo-
MOB TIPUMECH, CBSI3aHHOTO C TPAJUEHTOM TeMIIepa-
Typbl, B [41] nOKa3aHo, YTO NpU 3a/[aHHOM TPAJU-
€HTe 3HA4YeHWe TETJIOThI TIEPEHOCA OTIPe/IeIseT Be-
JUYMHY W HallpaBJeHne TOTOKa TPUMECH B HEO/I-
HOPOTHOM TeMIIEPATYPHOM MOJIe. JTO O3HAYAET, UTO
Ha BCe aTOMbI IPUMeCH JIeficTByeT cuia, 06yCaI0B-
JIeHHAas TPAJINEeHTOM TeMIepaTypbl W HaIlpaBJeH-
Has K MOBEPXHOCTH ILJIACTUHBI. Tak Kak 1oBepx-
HOCTD SIBJISIETCSI OTpakarolieil, B61M31 Hee Tpouc-
XOOUT HAKOILJIeHWe TPUMeCH, KOTopas TPH OIpe-
JIEJIEHHBIX YCJAOBUSIX MOKET UCHAPSATHCS C TOBEPX-
HOCTH, TE€M CaMbIM OYWINAs MMOBEPXHOCTH OT IPHU-
MECHBIX Je(DeKTOB.

MexaHu3MoM, CIIOCOGCTBYIONIUM MIEPEHOCY TIPU-
MECHBIX /Ie(DEeKTOB K TIOBEPXHOCTU U UX TIOCJIEYIO-
IeMy MCIIapennio, aBagercs KuaKodasnas peKpu-
crajnusanus paboveii TOBEPXHOCTU KPEMHUS, TIO]T
BO3/IENICTBUEM JIA3€PHOTO U3JIyYeHUS] HAHOCEKYH/I-
Ho¥t puutenpuocTu. [Ipu Takoit o6paboTke B Teve-
Hue nepsbix 10 —20 HC Ja3epHOTO UMITyJIbCA TIPO-
MCXO/IUT TIJIaBJIEHNE KPEMHUS, U TeMIIepaTypa B pac-
TJIaBe JOCTUTAeT 3HAUYEHNUH, CUJIBHO TIPEBBIMIAIONIIX
TeMIeparypy IJIaBaeHuss 06Jy4aeMoro MaTepuaa.
B TakoM cocTOsTHUU TOBEPXHOCTHBIHN CJI0U MTPOI0JI-
JKAeT 0CTaBaThCsl B TeueHue pubm3uTesibHo 250 He,
YTO 3HAYUTEJIBHO TIPEBBIIIAET JAJUTETBHOCTD JIa3ep-
HOTO WMITyJbca. (DPoOHT mJaBieHus OBICTPO pac-
MPOCTPAHSETCS B KPUCTAJ Ha TIyOUHY TOPSIKA
1 MKM 3a BpeMmsd, JIUBIITb HEHAMHOTO TIPEBBIMIAIO-
1iee JJTMTEJbHOCTh UMIyJbca. 3areM (DpOHT pac-
IJaBa JBUIKETCS B OOPAaTHOM HallpaBJeHUH K
MMOBEPXHOCTH, PEKPUCTAJIUZYSCh TI0 MEPE CBOETO
JBUKeHus. 1Ipu 3TOM MPOMCXO0UT 3aXBaT PACILIaB-
JIEHHBIM CJIOEM MTPUMECHBIX JieDeKTOB, 00yCIOBIEH-
HBIX TaKUMU TpuUMecsiMu Kak, Hampumep, Fe, Ni,
Cr, Cu, Na, K, C, a Ttakke Tou€4HBIX J1eDEKTOB.
B pesyaprare nx auddysun mo KUIKOMY paciia-
BY U OTTeCHeHUsT (GPOHTOM PEKPUCTATIUIATTIN OHN
BBIXO/ISIT HA TIOBEPXHOCTD IJIACTUHBI U UCHAPSIOT-
cs, TeM caMbiM (hopMupyst Tonkuii (0kos10 1 MKM)
ITOBEPXHOCTHBIH C€JI0#, CBOGOMHBIN OT IPUMECHBIX
nedexTos.
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Basknayio poJib IpU TeTTepUPOBAHUN UTPAET Ta-
KOWl MeXaHW3M, KaK 3aXBaT MPUMECHBIX AedeKTOB
KUCJIOPOJIHBIMU TPEIUNUTATAMEI, KOTOPbIE MOTYT
dopMUPOBATHCS KAK C UCIIOJb30BAHUEM CIIEI[UAJIb-
HBIX TepMoo6paborok [39, 40], tak u ¢ mpumene-
HUEeM JazepHoro uamaydenus [70].

MexanusM 06pa3oBaHus KUCJOPOIHBIX MPeEIH-
OUTAaTOB TpeGyeT JJIs CBOEH peayu3anuu HaJTadus
B KPEMHUEBBIX TIACTHHAX KOHIEHTPAIMH KHUCJO-
pO/1a BbIIllE KPUTUYECKOI U IIPOBEJEHUS UX TEPMU-
yecKoii 06paboTKHU B TPHU CTA/IH. Bo Bpems nepsoit
craauu 1pu Bbicokoil Temneparype (7,=1100—
1200°C) pomunupyer obegHeHne HpI/IHOBerHOCT-
HOH 30HBI KICJOPO/OM, TPOIIECC KOTOPOTO OTHCHI-
BaeTcs ypaBHeHUeM Auddy3un MpuMecH U3 orpa-
HUYEHHOTO MCTOYHUKA CO CBS3bIBAIOIIMMU TPAHU-
namu. B pesysbrare 3a cyer ucrapeHnusi KUCJI0pOaa
13 MIacTUHBI GopMuUpyeTcs: 06eJHEHHAS KICIOPO-
JIOM HPHIIOBEPXHOCTHAS o6sacth. Bo Bpemst BTopo-
ro omkura npm Huskoit temmeparype (7,=600—
800°C) 1pPOUCXOAUT TOMOreHHas HyK]IeaHI/IH (3a-
PO’K/IEHKE [IEHTPOB MPEIUIUTAIMN) Kucaopoaa. Bo
BPeMs TpeTbeii cragnu npu remieparype 75>900 °C
O/THOBPEMEHHO TTPOUCXO/IUT UCTIapEHNEe KUCI0POIa
C MOBEPXHOCTHU ILJIACTUHBI U POCT OKCUIHBIX TIpe-
munutatos. Yncras 30Ha o6pasyeTcs u3-3a TOTO,
YTO T€ 3aPO/IbIIIU, KOTOPbIE BbIPOCJU IMPU TEMIIe-
parype T, u uMe/IM paJiuyC MEHbIIEe KPUTUYECKOTO
npu TeMnepaType T, pacTBOPAIOTCS BO BPEMS Tpe-
THEro OTXKUTA, & 3aPOJIbIIIN, UMEBIINE PAANYC 60JIb-
1re KPUTHYECKOTO, HA0G0POT, BHIPACTAIOT B TIPEITH-
MUTATBl KUCJOPOA, KOTOPbIE M BBITOJHSIIOT POJIb
rerrepupytonux imeuTpos. Ilpu atom mpoduss pac-
npejieleHnst KUCJIOPOJHBIX MPEIUITUTATOB TI0 TOJI-
NIMHE KPEMHUEBON TITACTUHBI MMEET TaKOH Xapak-
Tep, YTO TIPUITOBEPXHOCTHAS 30HA KPEMHIEBOII T11a-
CTWHBI OKa3bIBAETCS YNCTOHN OT HUX, a CJIe[0BATEb-
HO, YICTOH W OT MPUMECHBIX Ae(eKTOB, KOTOPBIE
3aXBaThIBAIOTCS KUCJIOPOJAHBIMU IIPEIUITUTATAMU,
JIeKANUMK HIUKE YUCTOi 30HBI [71, 72]. B onu-
CaHHOIT Mojiesin (hOPMUPOBAHUS BHYTPEHHETO TeT-
Tepa XapakTep MPEeIUNUTAINN KUCJIOPOoa TOUYTH
MTOJTHOCTBIO OTIPEIeNISIETCS UCXO/THOM KOHIEHTPAIIN-
ell Kucaopo/ia, MHKyOAIIMOHHBIM BPeMEHEM 3aPOiK-
JIeHNS [eHTPOB NPEIUIUTAIINHT, TIOCTIe/J0BATETHHO-
CTBIO U PEXUMaMU TEPMHUUECKUX 06PaBOTOK.

[Ipu ucrob30BaHUM HETTPEPBIBHOTO JIA3EPHOTO
M3JIYYEHUS MPOIECC TeTTEPUPOBAHUS MTPOTEKAET 32
cueT JlelcTBHS JABYX (PAKTOPOB — MpOruba Kpem-
HUEBBIX IJIACTHH W BO3HMKAIOIIMX IPU 3TOM Ha-
NPSDKEHNN PACTSKEHUsI, KOTOPbIE CIIOCOOCTBYIOT
06pa30BaHUIO TPEIUNUTATOB B TETTEPUPYIONIEM
cJjioe, 06ecTIeynBaOIINX BBICOKYIO 3(D(DEKTUBHOCTD
MPOIECCa OUUCTKU paGoyeil CTOPOHbBI TLIACTHHBI OT
MPUMECHBIX 3arpsi3HEHUN M TOYeUHBIX J1e(eKTOB.
OcHOBHOI TPUYNHON OTCYTCTBUS AuQPPy3MOHHOTO
MOTOKA TIPUMeCeit 13 TeTTEPUPYIOIIETO CJI0S B 00 beM
MJIACTUHBI TIPU TTOCJEIYIONIUX BBICOKOTEMIIEPATYP-
HBIX 06paboTKax SBJSETCS WX 3aXBaT KUCJIOPOJI-
HBIMH TIPEIUTIUTATAMU, BO3HUKHOBEHUIO KOTOPBIX
croco6cTByeT o6pa3oBaHue KUAKOW (hasbl KpeM-

HUS TP Ja3epHoil 06paboTKe ¥ MOCJeAYIONas
JUIITEJbHAST BBICOKOTEMIIEpaTypHasi o6paboTka B
cpene kucaopoaa [70].

Ha ocHoBaHWH paccMOTPEHHBIX TPOIIECCOB, TIPO-
TEKAOIINX B KPEMHUEBDIX IJIACTHHAX IIPU UX OYH-
CTKE OT MPUMECHBIX /1e(PEKTOB PA3TUIHBIMI METO-
JlaM#, MOKHO BBIICJIUTD CJEAYIOINEe MEXaHU3Mbl
B3aUMOJIENCTBHST TOUEUHDIX 1e(PEKTOB U 3arpsI3Hs-
IOIUX PUMecei, 32 CYeT KOTOPBIX ITPOUCXONT TeT-
TepUPOBAHUE:

— B3aMMO/IENiCTBUE TIPUMECHBIX /1e(DEKTOB C I0-
JieM YIPYTUX HalpsiKeHU;

— 3JIEKTPUUYECKOE B3aNMO/ICHCTBHE IIPHUMECHDIX
nedexkToB MeXTy coO0M;

— -TIOTJIONI[EHNE TIPUMECHBIX Je()eKTOB SKUIKOMN
WY SKUIKOTIO06HO# (hasoi;

— BbIJIeJIeHNEe TIPUMECHBIX JIe(heKTOB B BAKYyM
nin razoByio ¢asy;

— a/1copOIHst IPUMECHBIX /1e(DeKTOB HA PA3BU-
TO} IIOBEPXHOCTU TBEPJOIO TeJa;

— muddysust IpuMecHbIX 1eEKTOB K MOBEPX-
HOCTH 10/l eliCTBUEM TeMIepaTypHOTO I'paJieHTa
MO TOJINIUHE TIJTACTUHBI;

— IIepeHOC TPUMECHBIX [eeKTOB (PPOHTOM
KUAKO(DAZHON PEKPUCTAIIN3AINM K 00JIydaeMoit
MOBEPXHOCTH;

— TIOTJIONIEHUE TIPUMECHBIX Je(eKTOB KHCJIO-
POJIHBIMU TIPEIUITUTATAMU.

OTaeNbHBIM METOJaM TeTTePUPOBAHUS MOTYT
COOTBETCTBOBATH KaK O/INH, TaK U HECKOJIbKO MeXa-
HU3MOB, IIpHYeM, 4eM UX OOJIbIlIe JJIs1 JAaHHOTO Me-
Toz1a, TeM 6oJiee apekTUBHO GyIET TIPOTEKATD TTPO-
[[ECC OUMCTKU KPEMHUS OT TOYEUHBIX Je(dEeKTOB U
3arpsA3HSAONINX IIPUMeECeH.

LR X ]

Takum 06pa3zoM, MOKHO 3aKJIOUUTH, YTO TIPU
BBIGOPE METO/IA TETTEPUPOBAHNS KPEMHUEBBIX TITA-
CTHH HEOOXO/IUMO YUUTHIBATD CJIeYIOIIee:

— -HAJTMYIe MAKCUMAJIbHO BO3MOXKHOTO KOJINYe-
CTBAa MEXAHU3MOB B3aMMOJIENCTBUSI TOYEYHBIX Jie-
(heKTOB ¥ 3arpSA3HAIONNX TTPUMECEH, 32 CUET KOTO-
PBIX HJIET IPOIECC TETTEPUPOBAHMS;

— “BO3MOKHOCTD UCTIOTH30BAHMS METOIA KaK Ha
PA3JIMYHBIX ATANAX CO3/IaHusI, TAK U HA TPOTSKe-
HUH BCETO TEXHOJOTHYECKOTO KA U3TOTOBJIEHUS
nMC;

— -TUOGKOCTDb ¥ MPOCTOTY (POPMUPOBAHUS TETTE-
PUPYIOIIUX TIEHTPOB B KPEMHWU;

— COBMECTHMOCTbD TPOIIECCA TETTEPUPOBAHUS C
TEXHOJIOTHYECKUM TIpotieccoM cozianus UMC.
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Methods and mechanisms of gettering of silicon
structures in the production of integrated circuits.
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impurity, gettering center, dislocation, stacking fault.

Increasing the degree of integration of hardware
components imposes more stringent requirements for
the reduction of the concentration of contaminants
and oxidation stacking faults in the original silicon
wafers with its preservation in the IC manufacturing
process cycle. This causes high relevance of the
application of gettering in modern microelectronic
technology. The existing methods of silicon wafers
gettering and the mechanisms of their occurrence are
considered.
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[Tonapsanos B. B., Typuesnu A. C., IIsemos C. B.
MerTtou Ta MeXaHi3MH reTepyBaHHsI KPEMHi€BUX CTPYK-
TYp Y BUPOOHMIITBI iHTErPaJbHUX MiKPOCXEM.

Knmouoei caosa: kpemmuii, zemep, aasep, weudxoou-
Gynoyrwua domiwka, uenmp zemepysanns, OUCIOKA-
uist, deghexm ynaxosxu.

306iJbIeHHs CTYTIEHs iHTerpailii e1eMeHTHOI 6a3u Tpej'-
SIBJIsSIE BCE OIJIBII JKOPCTKI BUMOTH [0 3MEHIIEHHS KOH-
meHTpaiii 3a6pyaHIOI0YNX [JOMIIIOK Ta OKHCJIOBAJb-
HUX J1eDeKTiB YIIAKOBKU Yy BUXiJHUX KPEMHI€BUX ILIaC-
THHAX 3a 11 36epe’keHHs y TeXHOJIOTi{YHOMY IIMKJi BHU-
rotoBJyieHHsT IMC. Ile 06yMOBITIOE BICOKY aKTyaJbHiCTh
3aCTOCYBAHHSA IeTePYBAHHSA B Cy4acHiil TeXHoJI0Tii MiKpo-
€JIEKTPOHiKU. PO3TJAHYyTO icHyloui MeToau rerepyBaH-
HS KPEMHI€BUX IIJIACTUH Ta PO3TJIAHYTO MeXaHi3MM iX
nepeobiry.
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beaoyc A. U., EmeabsinoB B. A.; TypueBuu A. C. OCHOBbI CXEMOTEXHUKH
MHUKPO3JEKTPOHHBbIX ycTpoiicTB.— MockBa: TexHocdepa, 2012.

B KHure mpejacraBieH aHa/au3 0COOeHHOCTel paboTbl, METOAbl MPOEKTHPOBAHHUS H
OCHOBbl MPAKTHYECKOrO MPHMEHeHUS LU(MPOBbIX MHUKPOCXEM B COCTABE COBPEMEH-
HbIX MHUKPO3JEKTPOHHbIX YCTPOHCTB, MpeanoxKeH 00sblIod Habop 3()PheKTUBHBIX
CXEMOTEXHHUYECKUX pelleHUi 0as3oBblX 2/M€MEHTOB AJ5 peanusallud TpeOoBaHUM,
NpeabsBASeMbIX K MUKPO3/JIEKTPOHHbIM YCTPOHUCTBAM, MPUBEACHO AETAJbHOE OMU-
CaHMe MPUHUUNOB pabOTbl M MPaBUJI NPUMEHEHHs COBPEMEHHbIX 0a30BbIX JE€MEH-
TOB B COCTaBE MUKPO3JEKTPOHHBIX YCTPOICTB.

M3nanue OpUEHTHPOBAHO HA LIMPOKHH KPYI HHKEHEPHO-TEXHHUECKHX pabOTHHU-
KOB, YU€HbIX, CTYJ€HTOB M aCMHUPaAHTOB, CMeLUaIU3UPYIOLIUXCS B 001aCTH paspa-
O0TKH, OpraHM3al WK NMPOHU3BOJACTBA U IKCMAYaTalUK PaAHO3IEKTPOHHOH OBITOBOH,
NPOMBILINIEHHON M CHelHaJbHOH TeXHUKH, WHGPOPMALLMOHHO-KOMMYHUKALMOHHDIX,
TeJeKOMMYHHKALHOHHbIX U HABUIALLMOHHBIX MPUMEHEHUI, MCMOAb3YIOLIUX COBpe-
MEHHbIe MUKPO3JEKTPOHHbIE YCTPOHCTBA.
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