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1. BBEJIEHHUE

MonekymnsipHo-nmydeBass  smutakcust (MJID) —  cnoco®  BeIpammBaHHS —~ TOHKHX
MOHOKPUCTAJUNIMYECKUX CJIOEB HA MOHOKPHUCTAINIMYECKUX IOJUIOKKAX IIyTEM KOHACHCAIUU
MOJIEKYJIIPHBIX ITYYKOB B BBICOKOM BakyyMme. [lomydeHne cioeB nponu3BOAUTCS HA MOUIOKKAX,
HAarpeThiX JI0 OIpPENEeICHHBIX CPAaBHUTEIBHO HHU3KUX Temreparyp. Meton oOnamaer psaoM
CYILIECTBEHHBIX IIPEUMYILIECTB nepen JIpYTUMHU METOIaMu BbIpalIBaHUs
MOHOKPHUCTAIJTIMYECKUX CJI0EB, TAaKMMM, KaK mapora3oBas M xuakodasHas snurakcud. K
MIPEUMYILECTBAM OTHOCSTCSA:

— HH3Kas TemIepaTypa Ipolecca;

— IMIUPOKUN MHTEPBAJI YPOBHEH JIETUPOBAHUS CIIOCB;

— BBICOKAsi TOYHOCTb YIIPABJIEHUSI YPOBHEM JIETUPOBAHUS CIIOEB;

— HU3KHUI YpOBEHb OCHOBHBIX (DOHOBBIX ITPHUMECEIA;

— BBICOKAsi TOYHOCTh BOCIIPOU3BECHUS TOJILMHBI CIOEB.

OTH NpeuMylIecTBa I03BOJSIOT IOJy4aTb C BBICOKOH BOCHPOU3BOJUMOCTBIO TOHKHUE
MHOTOCIIOMHBIE CTPYKTYPBl C MpeAeNbHO PEe3KUMHU mpoduismu JerupoBanus. Kpome Ttoro,
BO3MOXKHOCTh coderartb MJID ¢ snurakcueld TBEpAbIX pacTBOPOB T'€pMaHUM-KPEMHHA
CYILIECTBEHHO PACLIMPSAET BBIOOP I'€TEPOCTPYKTYpP, MOJy4aeMbIX 3TUM MeTojoM. Peanusarus
BO3MOXHOCTe MJID mpuBena K CO3IaHUIO0 NPUHIMINAAIGHO HOBBIX HPUOOPOB, a TaKkKe K
VIYUIIEHUIO XapaKTePUCTHK yXKe CylecTBymux. [Iporpecc B 3T0i 001acTu JaeT OCHOBaHUS
nojaratb, u4ro MJID mno3BosuT B Oyaymiem co3laTh HOBYIO 3JE€MEHTHYI 0Oaszy s
MHUKPO3JIEKTPOHUKH, B YACTHOCTH, C/I€JAeT PEAIbHBIM NEPEX0]l K TPEXMEPHBIM HHTETPAIbHBIM
cxemaM. Merogq MJID Si u ero TBepIbIX pACTBOPOB TMEPCHCKTHBEH U ISl CO3JaHUS
TBEPAOTENBHBIX HAHOCTPYKTYP C KBAHTOBBIMHU TOUKAMHU, JIMHUSAMU U T. 1.

K onurakcHanbHeIM  CIOSIM,  MCIOJNB3YEMBIM B TEXHOJOTMU  HM3TOTOBIEHUS
MOJIYTIPOBOJTHUKOBBIX MHUKPOCXEM M ONTOIEKTPOHHBIX MPUOOPOB, MPEIBSABISIOTCS BBICOKHE
TpeOoBaHUS B O0JIACTM COBEPIIEHCTBA HMX KPUCTAIMYECKOTO CTPOEHHUS. OTO CBSA3aHO C
BpPEIHBIM BIUSHUEM pa3IMYHbIX 1e(EeKTOB Ha JKCIUTyaTallMOHHBbIE CBoWcTBa mpubopos. s
TOT0 4TOOBI HAYYUTHCS MOJY4aThb CJIOU BBICOKOI'O CTPYKTYpPHOI'O COBEpIIEHCTBA, HEOOXOAUMO
U3YYUTh Je(PEeKThl KPHUCTAUIMYECKOTO CTPOEHHUS CJIOEB W MEXaHU3Mbl HX 00pa3oBaHUS.
OcHOBHbIMU JIeeKTaAMH B SIHUTAKCHATBHBIX CHOSX Si SABIAOTCS Je(DeKThl YMaKOBKH U
auciokanuu. IlepBble 4daiie Bcero BCTPEYAIOTCS B FOMOBNMTAKCHAIBHBIX CTpyKTypax. llpnm
MOJYYEHUU T€TEePOANUTAKCHATIBHBIX CJIOE€B C OTHOCUTENIBHO OOJBIINM KpHCTAIIOrpaduiuecKuM
HECOOTBEeTCTBHEM (Hampumep, Sii.xGey mpu OOoJbIIMX 3HAYCHHUSX X) HAOJIr0IaeTcsi 00pa3oBaHue

}IHCHOKaHHfI. B cBsa3u ¢ 3THM HGO6XO)II/IM KOHTPOJIb KOJHUYCCTBA zmcnoxaunﬁ N HaXO0XJICHUC



OIITUMAJIBHBIX }’CJ'IOBI/Iﬁ pocTa, Koraa ux 4ucCJIo 6yz[eT MUHUMAaJIbHEIM. OCHOBHBIMHU METOJaMH
HU3YUCHUA IIG(I)CKTOB B TOHKHX CJIOAX ABJIAKOTCA MCTOJ I/I36I/IpaTeJII>HOI‘0 TPaBJICHUA B COUCTAaHUU
C ONTHYCECKOMH MHKpOCKOHHeﬁ, PCHTICHOBCKHUEC M 3JICKTPOHHO-MUKPOCKOIMUYCCKHUE MCTOMIBI. B
HaHHOﬁ pa60Te HCITIOJIB3YETCA METO I/136I/IpaTeJ'IBHOFO TPaBJICHUA, OIITHYECKad W JJICKTPOHHAA

MHUKPOCKOIIUA.

2. OIIMCAHME ITPOLECCA MOJIEKYJISAPHO-TYYEBOMU IIUTAKCUU
KPEMHUA

CyIHOCTh Tpoliiecca MoJyueHusl JETUPOBAHHBIX CJIOCB KPEMHHSI COCTOUT B MCIIApEHUU Sl U
OJIHOM WJIM HECKOJBKHX JIETHMPYIOLIUX IpUMeceill B BHICOKOM Bakyyme (puc. 1). Ucmapsemoe
BEIIECTBO C OTHOCUTEIHHO BBICOKOW CKOPOCTHIO MEPEHOCHUTCS B YCIOBHUSX BBICOKOTO BaKyyma
Ha noAnokkKy. O0bruHOo MJID KpeMHUS TPOBOAUTCS B BaKyyMe MPHU JaBICHUH 5*10%- 10 mm
pT. ct. [Ipn naBnenun 10° mm PT. CT. JUIMHA CBOOOJHOIO Mpo0era aTOMOB MOPSIAKA 5*10%wm, u
MOCKOJIBKY CTOJKHOBEHHS MEXAY aTOMamMd MAaJOBEPOSTHBI, TO CKOpPOCTh TIEpEeHOca
ompezensercss B OONbIIeH CTENeHU TEIUIOBOM 3Heprue, yem Iud(y3MOHHBIMU MPOLIECCAMHU.
BcnenctBue sToro mporeccoM HapauldBaHUS U €r0 OJHOPOJAHOCTHIO MOKHO YIPABIATH ITyTEM
WU3MEHCHUS IMapaMeTPOB UCTOYHUKOB. OTCYTCTBHE MPOMEKYTOUHBIX peakiuii u Tuh y3noHHBIX
IIPOLIECCOB HapsAIy C OTHOCUTEIIBHO BBICOKON TEIJIOBOM CKOPOCTBIO IO3BOJSET OBICTPO
M3MEHATH CBOMCTBA CIIOSI MTPH JIFOOBIX U3MEHEHUSX B HCTOUHUKAX.

TemnepatypHelii auanason s MJIO kpemuus nexutr B npenenax or 400 mo 900°C.
TexHUYeCKH BO3MOXHO MPUMEHEHHE W 00Jiee BBICOKHX TeMIIepaTyp, OJHAKO ITO MPHUBEIET K
YBEITUYCHHUIO aBTOJETHpOBaHUSA U JudPy3un npumecu u3 MNOomI0KKA. CKOpOCTh pocTa
AMUTAKCUAIBHOTO cIlosi cocTasisieT ot 0,6 10 3 Mkm/4ac.

[TpempnutakcuanbHas 00paboTKa MOIOKKH MPH UCIONIb30BaHUU MeTofa MJID mpoBoguTcs
OOBIYHO TyTEeM MPOrpeBa B BaKyyMe 10 TeMIlepaTyp, ONHM3KUX K TEeMIeparype TUIaBJICHHS
KPEMHHSI, TP KOTOPOM TPOUCXOINUT YAaJIEHHE €CTECTBEHHOTO OKHUCIa KpeMHus. BmecTe ¢ HUM
yaansieTcss U KapOuJ KpeMHUs, 00pa30BaBIIUIICS Ha MOBEPXHOCTH MpPU HArpeBe B BaKyyMe 3a
CYeT B3aMMOJCHCTBHUS YIJIIEBOJOPOJIOB C KpeMHHEM (B YCTaHOBKaxX ¢ MapOMAacCIsHBIMU
CpelCcTBaMHU OTKaukH). KapOWmaHbIC YacTHIIBI SBISIFOTCS IIEHTPAMU TOPMOXKEHHUS CTYIICHEH MPHU
pocte u crocoOcTByIOT oOpa3zoBanmio nedextoB. OTkur npoBoautcs npu Temmneparype 1000-

1250°C mmurenpHOCTHIO 10 10 MUH.
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Puc. 1. CxemaTndeckoe nzodpaxenune ycranoBku st MJIO:
1 - motoKKa. 2 - ICTOYHUK MTAPOB KPEMHHS, 3 - HICTOYHHK ITapOB IPUMECH, 4 — 3aCIIOHKA,

5 - okHO [t HaOMIoAeHUs. 6 - CHCTEMA OTKAYKHU

YroObl MOSYyYUTHh BBICOKYIO TemIieparypy, npesbimatomyro 1000°C, u  yMEHbIIUTH
KOJIMYECTBO PEUCIAPSEMBIX Ta30B, HCITYCKaeMbIX BCJIEICTBUE HArpeBa, MIPHUOEraloT K HarpeBy
KPEMHHMEBOW NOJMJIOKKHU ITyTEM IIPOIYCKaHUA 10 HEeW TokKa. 1103TOMy MOHOKpHCTaILIMYECKOU
MOJITIOKKE MPHUIAIOT YETHIPEXYTONIbHYIO (hopmy pazmepom 750110 MM, Temneparypy MOII0KKN
B obOmactu temmeparyp 600-900°C ompeneisitoT ¢ MOMOIIBIO ONTUYECKOTO MUPOMETPA,
pacmosox)eHHoro BHe KaMmepsl, a B obmactu 400-600°C — 1o ero yJelnbHOMY COMPOTHBICHUIO
JIBYX30HIOBBIM METOOM.

Jns monydeHuss MOJEKYJISpHOTO IOTOKA KPEMHHUS HCIONB3YIOT JHO0 HCIapeHue u3
pacmiaBa, 1n0o cyOIuMaIuio.

Jlnsg  JerupoBaHus ONUTAKCHAIbHBIX CJIOEB KPEMHHsS B IIPOLIECCE pOCTa  YCHEIIHO
HCIIOJIb3YIOTCS TPU CIIoco0a CO3JaHusI MOJIEKYJIIPHBIX TOTOKOB MPUMECHBIX 3JIEMEHTOB:

1) wucnapeHue MPUMECH U3 JIEMEHTAPHOTO COCTOSHHUS;

2) WCHapeHHe MPUMECH U3 CYOIMMHPYIOLIET0 HCTOYHHUKA JISTHPOBAHHOTO KPEMHHSL;

3) BBeeHHE B BaKyyMHBIl 00beM ra3000pa3HbIX COSTUHEHHI MPUMECHBIX JIEMEHTOB.

B nanHoli paboTe roMO3NMMTAaKCHAIBHBIE JIETUPOBAHHBIE IUIEHKU KPEMHHUS MOJIY4alroTCs C
UCIIOJIb30BAaHMEM B KauyeCcTBE MCTOYHHMKA MapoB KPEMHHS, JIETUPOBAHHOTO OJHOW W3
ANIEKTPUYECKH aKTUBHBIX mpumeceit (B, P, As umu Sb). I'ereposnurakcuanbHbie clion TBEPIOTO
pactBopa SiixGex momy4aroTcsi BBEACHHEM B KaMepy pocTa repMaHa — ras3a, MOJICKYJIbI

KOTOpOro cojepxar repmanuii (GeHy).



3. JAEDEKTDBI B I'OMO3IIMTAKCHAJIBHBIX CJIOAX Si n
TFETEPOSIUTAKCHAJIBHBIX CJIOSX Si;Gey

PeanbHasi CTpyKTypa SMUTAKCHAIBHBIX CIIOEB KPEeMHUs, MoiydeHHbIXx MJID, 3aBuCHT OT
OCHOBHBIX TEXHOJIOTHYECKUX I1apaMeTPOB:
1) kauecTBa MOJrOTOBKH IMOBEPXHOCTH MOJIOKKH;
2) TeMmIeparypbl MOII0XKKH;
3) cKopoCTH pocTa;
4) naBICHUS U COCTaBa OCTATOYHBIX ra30B.

Bimsgaue OpeABAPUTCIBHOTO OTXKHI'A ITOJJIOXKHW HAa CTPYKTYPY SIHMTAKCHAJIBHOI'O CJIOA. Kaxk

YKa3bIBAJIOCh BBIIIE, JJIs YJIYYLIEHMs KadyecTBa IIOATOTOBKM IIOBEPXHOCTH IOAJIOKKH €€
NIOJIBEPTaIOT MPEABAPUTEIBHOMY OTXKHUIY. C IOBBIIIEHHEM TEMIIEPATypbl OT)KUTA COKPAIAETCs
BpeMs, He0OXOAUMOe ISl MOJIyYeHHs] YUCTON MOBEPXHOCTH HOJUIOKKH. [ImoTHOCTE nedexToB
ynakoBkH (Njy) B cl0siX, BBIpAllleHHBIX IIPU IOCTOSIHHOM TeMmIepaType IOUIOKKH H
OPUEHTHPOBAHHBIX, HANpuMep, Mo IIOCKOcTU (111), pe3ko yMeHbIIaeTcs C TOBBIIIEHUEM
TeMIIepaTyphl IPEIBAPUTEILHOIO OT/KUIA U YBEJIIMYEHUEM €T0 MPOAOIIKUTEILHOCTH.

Bausnue temneparypsl pocta. I1o BHGKTpOHOFpa(bI/ILICCKI/IM JaHHBIM BCEC CJIOU, ITOJTYUCHHBIC

npu Temreparype oT 500°C u BbIlIe, SBIAIOTCS MOHOKpUCTaJuIMdeckuMu. Ha nudpaxmmonnoi
KapTUHE (Ha OTpakeHHE) MPUCYTCTBYIOT KUKyuM-TMHMM, UX HOJIYUIMPUHA MPU IOBBIILIEHUU
TEMIIepaTypbl YMEHBIIAETCSI, YTO CBHJETEIbCTBYET OO0 YIy4IIeHUU CTPYKTYypbl. IL1oTHOCTH
mucnokanuit (Ny) yMeHbIIaeTcs C MOBBILIEHUEM TeMIIEpaTyphl BbIpAIlUBaHMSL.

BiusHue npoumx yciaoBui  pocra. IlneHku ¢ JydmmMu - KpucTaiorpaduuecKuMu

CBOMCTBaMH MOYXHO BBIPAIIMBATh Ha MOJIOXKKAX, OPUEHTUPOBAHHBIX 1O MIOCKOCTH (100), uem
no miockoctu (111). Ilpaktuka mnoxka3piBaeT, u4To MeToJOoM MJID MOXXHO BBIPACTHTH
SMMUTAKCUAIBHBIE CIIOM KpPEeMHHMs, MOYTH HE cojepkamue auciaokauuu. [[ng storo mpouecc
pocTa ImpOU3BOAUTCS MPHU JOCTaTOYHO BbicOKOM TemmepaTrype (~800°C) um ckopocTH pocra,
paBHOI 1 MKM/4ac.

Bce nedexThl, KOTOpble BCTPEUAIOTCS B TOMOSIHUTAKCHAIBHBIX CIOAX KPEMHHS, MOXHO
pa3fenuTh Ha JUCIOKALWU, JeQeKThl YHNaKOBKM ©  OOJIACTM  YCKOPEHHOIOo  pPOCTa

(MaKpOCKOIMYECKHE BBICTYIIBI).

3.1. dedextnl ynakosku (1Y)

JedbexToM yMakoBKM HA3bIBAIOT HAPYIICHHE TOCICIOBATEIFHOCTH B PACIHOJ0XCHUH

IJIOTHOYMAKOBAaHHBIX ~ aTOMHBIX Iockoctel. Jlns T['IHK-pemetkn mnocnenoBaTenbHOCTh



MI0THOYMaKoBaHHBIX ockocter (111) 3amumercs ...ABCABCABC... [Ins cTpykTypsl anmasa
nocneaoBarenbHOCTh yrmakoBku cioeB (111) ...AA'BB'CC'AA'BB'CC'... Onmnako B AaHHOUN
pabore OyayT HCIOJIB30BaThCA MPOCTHIE OOO03HauYeHus, npumensemble B ['LIK cTpykType.
[IpaBOMOYHOCTH TaKoOW 3aMeHbl NPU PACCMOTPEHUU IePEKTOB B CTPYKType aiMasza Oblia
nokasana B [1].

JY sBasieTcss TOBEPXHOCTHBIM (JIBYMEPHBIM JIe()EKTOM) M BCETJa PACIONIOXEH B IIOCKOCTH
tuna {(111)} w orpanuueH uyacTW4YHBIMH [uciokamusiMu. OH 00JamaeT CpPaBHUTEIBHO

HEBbICOKOH »Heprueit — 50-90 3pr/CM2 (OlLIEHKH BBITIOJHEHBI Pa3IMYHBIMH aBTOPAMM; IS
2 2
cpaBHeHus Ycy= opr/cm” — Huskas u Ya = 200 spr/cM” — BBICOKast), HO3TOMY 0Opa3oBaHHE

JY B KpeMHHHU C SHEPTE€TUYECKOU TOYKHU 3PEHHUs BIIOJHE JOIYCTUMO.

AY ObiBatoT mpocThie ® cioxkHBbIe. [IpocThiM aedexkroM HaszwpiBaeTcs JIY, korma oH
pacrosoXeH B OJHON u3 ueThipex miockocteit (111), ecnu xe Y pa3BuBaercs B ABYX, TpeX H,
HAaKOHEIl, BO BCEX YETHIPEX IUIOCKOCTSX, €ro Ha3bIBAIOT CIOXKHBIM. llocnegHeMy ciydaro
COOTBETCTBYET TETPadAP ACPEKTOB YITAKOBKH.

B 3aBucuMOCTM OT XapakTepa HApYLICHHs IOCIEI0BATEIbHOCTH ATOMHBIX IUIOCKOCTEH

pasiin4yaroT:

— OV BeuuTaHusg, eMy cooTBeTcTBYeT mocienoBatenbHOcTh: ABCA|CABC — cioit B

OTCYTCTBYET (OrpaHuycH yacTuuHo# qucnokaruei Hlokmu b =a/6{[ 112]});

— Y cnoxenus (BHeapenus) - ABCABCTBABC — cnoit B BcraBnen (orpaHuueH

JacTHYHOM auciokarmeii @panka b =a/3{[111]}).

[To cBoemy mpoucxoxaerutro J[Y moryr ObITh AeQOpPMAIIMOHHBIMH W POCTOBBIMU. B

AMUTAKCHAIBHBIX TUICHKaX KpeMHus JY wu3yuanmuce MHOTMMHU aBTtopamu [1,2] pa3nudHbIMU
MeTOaMH. BOJBIIMHCTBO pabOT BBHIMOIHEHO METOIOM M30MPATETHLHOTO TPABJICHUS B COYETAaHUHU
C ONTHYECKOM MUKPOCKOMHUEHN U 3JIEKTPOHHO-MUKPOCKOTTUYECKUM METOA0M.

Ha mpoTpaBrieHHO# H30HpaTENbHBIM TPABUTEIEM OBEPXHOCTH AMHUTAKCHAIBHBIX TJIEHOK JY
BUJIHBI B BHJI€ OJWHOYHBIX JIMHUW WM MHOTOYTOJILHUKOB (PaBHOCTOPOHHUX  WJIU
PaBHOOEAPEHHBIX TPEYTOJbHUKOB, YETHIPEXYTOJbLHUKOB, Tpameuuit). Bce »atu  ¢uryps
cooTBeTcTBYIOT "ciemam" JIY Ha MOBEpXHOCTH TIEHKH ompeneneHHoil opuentauuu ((111);
(110); (100) u mp.). Popma u pa3Mepbl MHOTOYTOJIBHUKA 3aBHCSAT OT OPUCHTAIIUU M TOJIIIMHBI
IIeHKA. bonbmmHCTBO /Y BO3HMKAaeT Ha IOBEPXHOCTH pa3jiefla MEXIy NOII0XKKON u
AMUTAKCUAIBHOMN MieHKoi. OO0 3TOM CBUIETENHLCTBYET PAaBEHCTBO Pa3MepOB 3aMKHYTHIX (PUTyp
U COOTBETCTBUE MEXKIY pa3MepaMy M TOJIIMHON TUIEHKH (3TOT (DaKT MOKHO HCIIOJIb30BATh IS
omnpeneneHus: TONMMHbI eHkn). Ha puc. 2a npeacraBieHa cxema pacrnoiioxkeHus ciaenos Y

Ha IJIOCKOCTH MieHKu opueHtauuu (111), a Ha puc. 26 — Terpasrap 1V, BepiinHa KOTOPOro T.



O neXuT B MNIOCKOCTH pa3fieia «IUICHKa - MOAJIOKKa» U sABJsSeTcs "Toukon" 3apoxnenus Y.
JledexTsl ynakoBKH pa3BHBAIOTCS O Tpem rpassm terpadapa: AOB, BOC, COA. U3 storo

pUCYHKa BHJIHO, YTO B CEYEHHH TeTpadJpa TNoBepxHocThio IuieHkH (111) obpasyercs

paBHOCTOpOHHUH TpeyroabHuK ABC.

WA YA

/  nneHka /

’ NoANOXKa

Puc. 2,6. Cxema gedekra ynakoBku Ha miockoctd (111) B kpeMHuun

C. MennenscoH [2] paccMoTpen KpHucTauiorpaduio MHOTOTPAaHHUKOB JE€(PEKTOB YIaKOBKU
JUTSL CEMHM OpUEHTAIUU IUIEHKU U MOATBEPIUII €€ dKcrnepuMeHTaibHo. Ha puc. 3 mpuBenens! Tpu
u3 paccmotpeHHbIx opueHTanwmii: (100), (110), (111). Cnenpl AedeKTOB yMaKOBKH Ha MIOCKOCTH
MJICHOK YKa3aHHBIX OPUEHTAUMW BBIACIIECHBl >KHUPHBIMU JHHUSAMU (T. O COOTBETCTBYET TOMY

MECTY Ha MOJIIOKKE, Te 3apoxkaaercs V).



Puc. 3. Kpucrammorpadus MmEOrorpaHHUKOB J{Y 111 pa3IMuHbIX OPUEHTAIMH TOTIOKKH

bosuto nokazano, yto JIY MMEIOT TEHAEHLHUIO 3apOKIaThCsl HA TE€X Y4acTKax IOJUIOXKKH, TJe
HapyIICHbl HOpPMalbHbIE YCIOBHUS pocTa. TakuMU ydacTKaMu MOTYT OBbITh MEXaHHUYECKHE
MOBPEXACHUS TOUIOKKH (L[apanuHbl, JIMHUM CKOJBXKEHHUS), OKHCHbIE TISITHA, O0O0JIacTH
cerperalyy npuMeced, MOCTOPOHHHME YacTHULIbl Ha IIOBEPXHOCTU TOJUIOKKHM (Harpumep,
sapoasiii (B-SiC, BO3HHKaOLIME Ha MOUIOKKE 3a CYCT MOMagaHus yrieBoiopozaos). VY,
3apoKIaroIIrecs Ha MOJUI0KKE, MOXKHO Ha3BaTh "HACIEACTBEHHBIMU' B TOM CMBICIIE, YTO OHU
CBSI3aHBI C MOJIOKKOM.

O6pa3oBanue "HacneacTBeHHbIX" /1Y MeHnenbCcoH 00bICHIET BOSHUKHOBEHUEM 3apObILICH
neEeKTOB YIAKOBKH, KOTOPBIC TMPEICTABIAIOT CO00i HeOosbmue o0iacTh (OCTPOBKH) Ha
MOJJIOKKE, B Mpeleiax KOTOPHIX MPOUCXOAUT HEMPaBUIBHOE OCAaXJACHHUE MEPBBIX ATOMHBIX
cnoeB {111}, tak 4To BMecTO MmocleaoBareabHOCTH YKIaaku cioes ... ABCABC... momyuutcs
nocneaoBarenbHocTh, Hampumep, ..ABCA|CABC... (puc. 4). Korma Ttakoii "nedexTHbrit"
OCTPOBOK, pa3pacTasch, BCTPEUAETCsl C OCTPOBKAaMH, UMEIOIIUMHU MPaBUWIIbHYIO YKIIAJKY CIIOEB,
BJOJIb KQXJIOW M3 TPaHUYHBIX MIocKocTer {111} OCTpOBKM JOJKHBI pa3iensaThes aedeKTaMu
YIMAaKOBKU. DTU JIe(eKThl YIIaKOBKM OyIyT 3aTeM pa3BUBAThCS M MO MEpe YTOJILEHHs IUIEHKU
oOpa3yercs Tetpasap Y.

Kpome "HacnmenacTBeHHbIX" AeQEKTOB YHNAKOBKM CYIIECTBYIOT eme U pocroBbie J[VY.
[Tocneanue BO3HHMKAIOT B Ipolecce pocra IeHKH. OO0 3TOM CBUAETENBCTBYET pa3IUYHbIN
pasmep ¢uryp, oopazoBansbix ciegamu Y. B aTom ciiyuae ux o6pa3oBaHHe MOKHO OOBSICHUTH
BHE/IPEHMEM MPHUMECHBIX aTOMOB, MOMNAJAIONIMX HAa PacTyLIyl0 IOBEPXHOCTb M3 Ta30BOrO
noToka (TrazodaszHple METObI) WM W3 HCTOYHWKA mapoB kpemHusi (MJID), u kak cieactBue
3TOr0 — OCaXJIEHWE aTOMOB B HENPAaBWJIbHON MO3ULIMU U 00pa3zoBaHHE N€()EKTHOrO LEHTpa

3apOXKACHUS.
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Puc. 4. Hauanpnas cragus oOpazoBanus Y. Llentpsl 3apoxxaenus HoBoro ciosi P. Qu R ¢

NPaBUIBHON MMOCIIEI0BATEILHOCTHIO AaTOMHBIX CIIOEB U S — C HEMPABUIIBHOM

Jlpyrue aBTOpbI [3] OOBACHSAIOT BOSHUKHOBEHHE POCTOBBIX J[Y B Si MeXxaHHU3MOM, KOTOPBIi
OBLI TIPEIOKEH paHblie I TieHOK Ag u AU [4]. TlpenmnonaraeMpiii MexaHu3M 0Opa30BaHUS
Takux Je(EeKTOB COCTOWT B BO3HUKHOBEHWHW arperara BaKaHCHMA W TIOCICIYIONIEM €ro
paCIUIIOIIMBAHUN C OOpa30BaHMEM KOJIbLIEBOM cuasuedl nuciokauuu PpaHka, OKpyKarolien
nedeKT YIMaKoBKH, KOTOpas 3aTeM MPUHUMAeT TpeyroiabHyl ¢opmy. [lockonbky cuasdas
nuciokanus dpaHka UMeeT OTHOCUTENbHO O0bIoi BekTop broprepca, oHa pacuieruisiercss Ha
MMEIOIIYI0O HU3KYI0 DHEpPrui0 BEpPIIMHHYIO Juciokanuio a/6<101> u Ha YacTUYHYIO
nuciokarnuto Hokmu a/6<121>, nexamyro Ha conmpsbkeHHOM 1uiockoctu {111}, Pacmeruienue
BO3MOXXHO B KPHCTAJUIaX C HU3KOM 3Heprue 1eeKToB ynakOBKU M MPOUCXOAUT, KaK MOKa3aHO
CXEMaTUYECKHU Ha PUC. 5, IO peakusam

a/3[111]=a/6[101]+a/6[121],

a/3[111]=a/6[011]+a/6[211],

a/3[111]=a/6[110]+a/6[112].

3amTpuxoBaHHBIE 00IACTH HA PHC. 5 - ATO JexKalue B TockocTsax {111} monocku nedexron
YIAKOBKHM, BO3HUKAIOUIUMX IMpHU paclierieHuun auciokauuu @panka. Bo3nukimume mnpu
pacmieruiennn auciokanun dpanka gactuunble auciokanuu [1Iokau 3ateM COeTUHSAIOTCS Ha
nepecekaommxces  Twiockoctax {111} ¢ oOpa3oBaHWeM BEpIIMHHBIX JUCIOKAIMA B

COOTBCTCTBUH C pCAKIIUAMU
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a/6[211]-a/6[121]=a/6[110],
a/6[112]-a/6[211]=a/6[101],

a/6[121]-a/6[112]=a/6[011].

Puc. 5. Cxema oOpazoBanus terpasapa Y, orpaHH4eHHOT0 BEPIIMHHBIMU YaCTHYHBIMU
JTUCIIOKAIMSMHU U3 TUCIOKAMOHHOTO TpeyrojabHuka @panka (0TpUIaTEIbHbIC 3HAUCHUS

KpI/ICTaJ'IHOFpa(bI/I‘leCKI/IX HMHACKCOB OTMCYCHBbI HO,Z[‘lepKI/IBaHI/ICM)

KoHeuHBIM pe3ysibTaToM SBISIETCS O0pa3oBaHHWE TeTpadapa Je(eKTOB YINAaKOBKH U3
mockoctet {111}, orpannyeHHBIX BAOJb HampaBiieHud <110> BEpIIMHHBIMH JUCITOKAITUSIMU,

KOTOPBIC UMCIOT BEKTOPLI B}Oprepca, IMMOKa3aHHBIC HA pUC. 5.

3.2. Incirokanuu

B snuTakcuanbHBIX MUICHKaX AWCIOKAIMM SIBIAIOTCS HamOoJiee 4acTo BCTPEYAIOLIMMMCS
nedexramMu. MexaHu3Mbl X 00pa30BaHUs pa3HOOOpa3HbIe U BO MHOTOM OOIINE ¢ MEXaHU3MaMHU
BO3HHUKHOBEHUS AUCIOKAIUI MPU POCTE KPUCTAILIIOB.

OcCHOBHBIE U3 HUX CJIENYIOIIHE.

a) "HacnmenmctBeHuwii" — MexaHm3M.  JlucloKanmMu — TOMIOXKKH  "mpopacraror”’ B
AMUTAKCUAIBHYIO TUICHKY.

b) Tlpu BBICOKMX CKOPOCTSIX POCTa IUICHKH, & TAKXKE B pe3yJIbTaTe OBICTPOrO OXJIAXKICHHUS B
IUICHKE BO3HUKAET OOJIbIIOE KOJIWYECTBO BakaHCUM. IIpy KOHIeHTpauuy BakaHCHUM, OIM3KOM K

I(pHTH‘-ICCKOfI, MOTYT 06pa3OBBIBaTBC}I AUCIIOKAIITMOHHBIC IPU3MATHYCCKUC TICTIIN.
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c) OOpa3oBaHue MAMCIIOKAIMH B TNPOIECCE pPOCTa IUICHKA MOXET OBITh CBSI3aHO C
BO3HUKHOBEHHEM  JIOKQJIbHBIX  BHYTPEHHMX  HampspkeHud.  IIpuumHaMm  JIOKanbHBIX
KOHILICHTpAllUii BHYTPEHHUX HAINPSOKEHUHW B KPUCTAIUIE CIIY)KaT: TEPMHUYECKUM TIPaJUEHT,
KOTOPBII NPUBOJUT K TEPMHUECKUM HANpPsDKEHUSAM (pasHblii K03(ULUEHT TepMHUUYECKOro
pacuMpeHus IOUI0KKHM M MaTepHasa IUIEHKN); U3MEHEHUs B COCTaBe IUIEHKH, HalpuMep, U3-3a
HEPaBHOMEPHOTI'O paclpeieIeHUs IPUMECH B 00bEME IUIEHKH, €€ cerperalyy 1 JIp.

d) B cimydae ocTpOBKOBOrO MEXaHH3Ma POCTa IUICHKH OOJBIIOE KOIMYECTBO AWCIOKAIHMI
BO3HHMKAET B IUIEHKAX HA CTAJMHU 3all0JHEHUS IIOp U 00pa30BaHMsl CIUIOMIHON IJIEHKH.

e) /Jlucnokanuu, KOTOpBIE CONYTCTBYIOT jaedekram ymakoBku. JIY Bcerga orpaHudeH
YaCTUYHBIMU AUCIOKAUAMU. DTO yacTuuHble Auciaokanuu [lloxim u ®panka.

f) Ilpu rerepodnMUTaKCHATILHOM pPOCTE TOHKUX CJOEB OOpa3yroTCs  JIUCIOKAIHU
HecooTBETCTBHs. OHM BO3HUKAIOT B IUIOCKOCTH CpacTaHUs M3-3a KPUCTAJUIOTpapuuecKoro

HCCOOTBCTCTBUSA IIApaMCTPOB pCH_IéTOK IIOJJIOKKH U paCTymeﬁ IIJICHKH.

3.3. HanpsizkeHUs1 M TUCJIOKAIIMH B TeTepocTpyKTypax Ge,Siy,/Si

CylecTBEHHbBIM HCTOYHMKOM JE(EKTOB B Te€TEPOIMUTAKCHAIBHBIX CTPYKTYPax SBIAIOTCA
HaIpsDKEHUS, BO3HUKAOIIME B HUX B Ipouecce Kpucraumszanuuu. OCHOBHas IpUYMHA
BO3HUKHOBEHUSI HANPSHKEHUH - pa3ivuue MEepuoioB "pelieTKU" COIpSramolluxcs MaTepualoB
(Aa), Bb3BIBaMOIIEe MOSBICHUEC  HANPSDKEHUH  HECOOTBETCTBUS  GA,.  Hampsokenus
HECOOTBETCTBHSI  OINpPENENAIOTCA  KPUCTAUIOrpaMuecKuM  HECOOTBETCTBHEM  IEPHOOB
"pemretox"” (f):

oAR=E*fI(1-V)

rae f=Aa/ac.

3necb E — monyns ynpyroctu, V.— koaddumment [lyaccona, Aa — pa3HuUIla TIEPUOJIOB
IJIEHKA W TIOJIOXKKH (A8=asige-dsi), acp — CpPEJHEEC 3HAUCHHE IEPHOAA COMPSTAIONINXCS
MaTepHaIoB.

[TockonbKy HampspKEHHsT HECOOTBETCTBHS BO3HUKAIOT HEMOCPEICTBEHHO B Ipolecce
Hapall¥BaHUs SMUTAKCHAIBHOIO CJIOS NPU TEMIIEpaType KpUCTAUIM3allid, TO JOCTaTOYHO
BEJIMKA BEPOSTHOCTb HUX pEJaKcallud B CaMOM IIpOLIECCe OCaXJAEHUs ¢ 0oOpa3oBaHHEM
JTUCIIOKAlli HECOOTBETCTBUSI U JPYTUX 1€(DEKTOB.

TepMoanHaMHUYECKOE PpACCMOTPEHHE C TMO3MLIMKA obOecredeHus: MHHMMyMa CBOOOJHOMN
HHEPIUU B CHCTEME MOJIOKKAa — HapallMBaeMbli SIMTAKCUANBHBIA CIION MMOKa3bIBAET, YTO MpHU
MaJIbIX BEJIMYMHAX HECOOTBETCTBUS KPHUCTAIMUECKUX PEIIETOK SMHUTAKCHAIbHBIE IUIEHKU
pacTyT Ha TMOJJIOKKAX HCe80OMOp@HO, WCIBIThIBasS yrpyryto aedopmamnmio. I[lo wmepe

YBEJIMYEHUSI HECOOTBETCTBUS BEJIMUMHA YIPYroi aedopmanuu (a COOTBETCTBEHHO U CBOOOIHAS
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SHEPrusl CUCTEMbI) BO3PACTAET, YTO JAENaeT CUCTEMY TePMOJMHAMUYECKH HepaBHOBeCHOM. [lpu
JOCTHXEHUU HEKOTOPOH KPUTHUYECKOH BETMYMHBI HECOOTBETCTBHS f, MponcxoanT muacTuueckas
negopmanusi ¢ 0Opa3oBaHMEM CETKH JTUCIOKAIlMi HECOOTBETCTBHSI Ha TpaHMIE pasena
MOJJIOKKA-AIUTaKCHANIbHBIN cnoil. Kak mpu (ukcupoBaHHOW TOJIIMHE IUJICHKU CYIIECTBYET
IpeenbHOe HECOOTBETCTBHE f,, Tak M MpH (UKCHPOBAHHOM 3HAUYCHUM HECOOTBETCTBHS ILUICHKA
MOYET TOMOTEHHO YIPYTO 1e(hOpMUPOBATHCS TOIBKO 10 OMPEAETICHHON KPUTHUECKOW TOIIIUHBI
Nep, TpeBbIIIEHHE KOTOPOH HPHBOJUT K BO3HUKHOBEHHIO [MCIOKALMH HECOOTBETCTBUSL
Kputnueckass TonmMHA TUIEHKH  SIBJIAETCA  OJHOW M3  BAXKHEHUIIUMX  XapaKTEPUCTHK

reTepoanHTaKcnaanoﬁ KOMITIO3UIIMH.

InNUTakCHanbHbIi caok

i

2

/i

7

% noanoOxxa ////;

Puc. 6. OcHOBHBIE MEXaHU3MBI T€HEpALMK JUCIOKAlMi HECOOTBETCTBUS: a — 3a cUeT u3ruda

JUCIIOKaLUH, "MpopacTaomuX U3 MOUI0KKHU"; 0 — 3a cUeT paclIMpPEeHus JUCIOKAIMOHHBIX

MOJIYIICTCIIb, 3apOXKAAONIUXCA Ha ITOBECPXHOCTH PACTYHICTO CJI0s

OCHOBHI)IMI/I MEXaHU3MaMu reHepam/m zmcnoxaunﬁ HCECOOTBCTCTBUSA B 06”I)GM€ IINICHKN B
peaNbHBIX YCIOBUSX SINUTAKCHAIBHOIO pOCTa  SBJISIOTCS: CKOJBXEHUE JAMCIIOKAILHM,
HacJeAyEeMbIX PACTYUIUM CIIOEM U3 MOMJIOXKKHU, U PACIIMPEHUE TUCIOKAIMOHHBIX IMOIYIETENb,
3apOXKIAIONIUXCS HAa TIOBEPXHOCTH pacTymed TuieHKd. Cxema o00pa3oBaHUs JAUCIOKAIMMA
HECOOTBETCTBUSI IO TEPBOMY MEXaHHW3MYy IMpeJCcTaBlieHa Ha puc. 6a. B manHoM ciydae
HMCTOYHUKOM CJIBUTOBBIX HANPSHKEHUH B MIIOCKOCTH CKONbeHHS (111) SBISIOTCS HanpsbKEeHUs
HECOOTBETCTBUS, I0OJ BIUSHUEM KOTOpBHIX 'mpopacTaromias’" u3 TMOAJOXKKH JUCIOKaIus
n3rubaeTcss TakuM 00pa3oM, YTO YacTh TUCIOKAIMOHHOW JIMHWUU PACIIONAraeTcs B IJIOCKOCTH

TpaHULbI pa3/iena, urpas posib JUCIOKAlUU HECOOTBETCTBHSI.
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Mexanu3m 006pa3oBaHus AUCIOKAIIUIl HECOOTBETCTBUSA MTyTEM PACIIMPEHUS] TUCIOKAIIMOHHBIX
MOJIYNIETENb, 3aPOXKIAIOIINXCS Ha TIOBEPXHOCTH PACTYIIEH IJICHKH, IEMOHCTPUPYETCS Ha PHC.
66. DTOT MeXaHM3M peaJu3yeTcsl MPH OTHOCUTEIHHO OOJBIIOM HECOOTBETCTBHU MapaMETPOB
pEIIETOK DSMHUTAKCHAIBHOTO CJ0A U MOIOKKU. OH, NO-BUIUMOMY, TMPOSBISIETCS MPH
OTCYTCTBHUHM HCTOYHHKOB (POPMHUPOBAHHUS TUCIOKALUUNA HECOOTBETCTBUS MO PACCMOTPEHHOMY
BBIIIIC MEXAHU3MY.

[Ipu BbIpamIMBaHUM MHOTOCIOMHBIX KOMIIO3UIUH, TOJIIMHBI OTAEIBHBIX CIOEB KOTOPBIX
HPEBBIIAOT Ny, ONMCAaHHBIC MEXaHU3MBI TEHEPAIMN JUCIOKANH HECOOTBETCTBUS IIPUBOAAT K
MOSIBJICHUIO PSIOB  JMCIOKAIlMil HECOOTBETCTBUS, paCIOJaralmluxcs B NapauleIbHBIX
IJIOCKOCTSIX, a TakXke K oOpa3oBaHuio '"cmapeHHbIX" auciokauuid. Ecnmu ke MHorocnoitHas
KOMIIO3MIMSL COCTOUT M3 AOCTaToOuHO TOHKMX cnoeB (h<<h,), To nmaxe mpm ngocrarodno
OOJIBIIMX HECOOTBETCTBUSX MapaMETPOB PEHIETOK KOHTAKTHPYIOIIMX MaTepHalioB T'eHepaluu
TUCIIOKAallM HECOOTBETCTBUS Ha TeTeporpaHuIlaXx He TMPOUCXOAUT, a BCS CTPYKTypa
OKAa3bIBACTCSI YIPYTOHANPSKEHHOM.

Bosnukatone — HampspKEHHsT  TPUBOMAT K CYIIECTBEHHOMY  HM3MEHEHHUIO  TaKOTO
dbyHIaMEHTaIbHOTO CBOMCTBAa Marepuala, Kak ero 30HHas CTpyKTypa. B cTpykTypax co
CBEPXTOHKUMHU CIIOSIMH K d3ToMy d3(deKTy [100aBiIsioTcs OOBIYHBIE KBAaHTOBOPa3MEPHbIE
apdexTsl. Takoro poma MHOTOCIIOWHBIE TOHKOIUIGHOYHBIE CTPYKTYpHI IPEICTABIISIOT COOOM
HOBBI KJIaCC TOJYIPOBOJHUKOBBIX MATEPHAIIOB — CePXPEUemKU HA OCHOBE HANDANCEHHbIX
clloes, CBOWMCTBA KOTOPBIX MOTYT H3MEHSTHCS B JIOCTAaTOYHO IIMPOKUX TMpeaenax IMpHu
IeJIEHANPaBIEHHOM M3MEHEHHH COCTaBa M TOJIIMHBI COCTABIAIOMIMX MX cioeB. OTCyTCTBUE B
TaKUX CTPYKTypax IUCIOKAIMKA HECOOTBETCTBHSI IMO3BOJISIET PACCUMTHIBATH HA CO3JAHHE HA MX
OCHOBE BBHICOKOKAa4YECTBEHHBIX MTPUOOPOB.

bonpive 3HaueHUs HamNpsHKEHUH HECOOTBETCTBUS SBIAIOTCS MPUYMHOM TIeHepanuu
O0JBIIOrO KOJIMYECTBAa JUCIOKAlMi B obsacTu rereponepexona. CTemneHb penakcaluu
HaNpsHKCHUH HECOOTBETCTBHUSI OKa3hIBACTCS BECbMa UYBCTBUTENBHOW (DYHKIMEH TeMmepaTypbl
KpUCTaUTU3aIK. B pe3ynbrare penakcaiy HalpsoKeHHH HECOOTBETCTBHUS B TETEPOCTPYKTYPax
oOpa3yeTcs TpexMepHas JUCIOKAallMOHHas CeTKa, COCTOosAas M3 JAMCIOKalui, Kak
napajjieNbHbIX, TaK U HAaKJIOHHBIX K IUIOCKOCTH reteporepexosia. Kak mpaBuiio, B MIOCKOCTH
TpaHUIIBI pa3/ienia yaaeTcss HabIroaaTh CETKY AUCIOKAINil HECOOTBETCTBUS TIPH BBISIBIICHHH UX B
MIPOCBEYUBAIOIIEM JIEKTPOHHOM MHKPOCKOIIE.

HccnenoBanue 3aKOHOMEPHOCTEN nedexTooOpa3oBaHus B AMUTAKCUAITBHBIX
rerepokoMmo3uiusax Siy.xGey/Si (100), momyueHHbx Meromom MJID, mokasano ciexyroliee.
OOHapy)XeHbl TpH JWana3oHa COCTAaBOB CO CBOMMH XapaKTEPHBIMH OCOOCHHOCTSIMU

nehexTooOpa3zoBaHus.
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1) x = 0,02. BenuuuHbI HECOOTBETCTBUS MEPUOJIOB "PEIIETOK" OTHOCUTEILHO HEBEIUKH,
9TO O00ECHeYrBaeT CIOEBOW POCT TICCBAOMOPGHBIX ClIOeB M (opMHpOBaHHE PE3KOMH
reTepOrpaHHIIBL.

2) 0,02 < x < 0,20. B at0it obnactu cocraos f Bo3pacraer 10 1%. [To mepe Bo3pactanus f
IPOMCXOTUT 00pa30BaHUE CETOK U PE3KOE YBEIMUYEHHE TUIOTHOCTH JUCIOKANN HECOOTBETCTBUS
U TIOCTETIEHHOE pa3MbITHE TreTeporpaHuibl. [locTeneHHOe pa3BUTHE TPEXMEPHOM CETKU
JMCIOKAIMH HECOOTBETCTBHS HAa TeTEPOTPAHUIIE CBUAETEIBCTBYET O IEPEXOJE OT CIIOEBOTO K
OCTPOBKOBOMY MEXaHH3MY POCTA.

3) x > 0,25. IedexTooOpazoBaHue MPOUCXOINUT MPH HATUYUKM OOJBIIMX HECOOTBETCTBUIA
nepuo1oB perretok (f=1-4%). XapakTepHbl OTCYTCTBHE IIACTUYECKOM ehopMaliiy MOIOKKH,
JOKAIM3alys MpOIeccoB Ae(peKTOO0pa3oBaHUs B IpeJesiax OSMUTAKCHAIBHOTO CJIOS C
oOpa3zoBaHueM ci1a00 pPa30pPUEHTUPOBAHHBIX OJIOKOB CYOMHKpPOHHBIX pa3MepoB, HalMuue
CTPYKTYpHO pe3koii rereporpanutibl. [Ipu f > 1% pocT rieHKH MpOMCXOAUT MO OCTPOBKOBOMY
MEXaHU3My C 00pa30BaHHEM TPEXMEPHBIX PAa30PHEHTHPOBAHHBIX OTHOCHUTEIHHO TMOJUIOKKH U
JpyT apyra 3apoAbIIIei.

Takum 00pa3oM, OCHOBHOE BIMSHHE Ha Iporecchl Ae(ekTooOpa3oBaHus B MCCICIOBAHHBIX
TeTePOCTPYKTYPaX OKAa3bIBAIOT COOTHOWICHHS IUIACTUYHOCTH MATEpPHAJIOB TEeTEepPOIapbl H
0COOEHHOCTH AJIEMEHTAPHBIX IPOIECCOB POCTAa HA CTATUAX (POPMHPOBAHUS SMUTAKCHAIHLHOTO

CJIOA.

KOHTPOJIBHBIE BOITPOCBHI

1) Kakue npenmyniectsa numeer metoq MJID kpeMHus nepen ApyrumMu METOAaMH
MIOJIy4YEHUSI MOHOKPUCTAJIINYECKUX CIIOEB?

2) Kakue nmapameTpsl TEXHOJIOTHYECKOIO MIPOLIECCa BRIPAIIMBAHUS CJI0EB METO/I0M
MJID kpeMHUs BIUSIOT HAa CTPYKTYPHOE COBEPILIEHCTBO CI0EB?

3) Kakoe BrnusiHMe Ha 1e()eKTHOCTh CJIOEB OKa3bIBAET MPEAdNUTAKCHATbHAS
TepMuYeckas 00paboTKa MOUI0KKH?

4) Kaxkue ycrnoBust HE00X0IMMO COOI0IATh TIPH BEIOOPE PEKUMOB
SMUTAKCUATBHOIO HAapalMBaHUS BBICOKOCOBEPIICHHBIX CJI0EB KpeMHUs?

5) HazoBure MeTOBI HCCIIET0BaHUS PEANbHON CTPYKTYPBI SIUTAKCHAIBHBIX CIIOEB.
B uem 3akimrouaeTcst NpUHIUI KaXX10T0 U3 HUX?

6) KaxoBbl 0OCHOBHBIE J€(EKThI KPUCTATUNINYECKOTO CTPOEHHUS B AIIUTAKCHAIIBHBIX
IJIEHKAX KPEMHHUS?

7) Jaiite knaccupukanuio 1eQpeKToB yIakoBKH.
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8) Kakune mexann3mbl 00pa3oBanus AeGEKTOB yrakoBKH BaMm n3BecTHBI?

9) Kakne mexaHu3mbl 00pa3oBaHUS TUCIOKAIMA B SMHUTAKCHAIBHBIX CIOAX BbI
3HaeTe?
3AJJAHHUE
1. [To3HAaKOMUTBCS C YCTPOWCTBOM M TMpaBWiamMu paboTel ycraHoBkH MJID

(uHCTpYKIMS K ycTaHoBKe MJID). O3HaKOMUTBCS ¢ COOTBETCTBYIOIMMU MHCTPYKIUSAMU T10
TeXHUKe Oe3omacHOCTU. MHCTpyKTa)k M AONYCK K paboTe NOJDKHBI OBbITh O(OpPMIIEHBI B
XKypHaJe [0 TeXHUKe Oe30I1aCHOCTH.

2. Metonom MJID nonyuuts JerupoBaHHbIE TOMO3INUTAKCUATIBHBIE CIIOM KPEMHUS U

cllon TBepIoro pactBopa SiixGey npu pasnuunbix 3HaueHusx "X". s aToro:

2.1. [ToaroToBUTH KPEeMHHUEBBIC TOJUIOKKH (00€3KHPUBAHHE W XUMHUYECKOE
TpaBJICHUE).
2.2. 3arpy3uTh MOJUIOKKH B KAMEPY POCTa YCTAaHOBKH, BKIIOYUTH YCTAHOBKY U

MOJIyYUTh BBICOKUN BaKyyM.

2.3. [IpousBecT npeadNUTaKCUaIbHYI0 TEPMHUECKYI0 00pabOTKY MOUIONKKHU
(BBIOOD pekMMa COTIacoBaTh C MPEIOaBaATEIIEM ).

2.4. BriOpaTh pexxuM pocTa CI0€B B COOTBETCTBUHU C IOCTaBJICHHOM 3a/ayeit
(ycTaHOBIIEHUS 3aBUCHMOCTH COBEPILIEHCTBA CJIOEB OT TEXHOJOTMYECKUX [1apaMETPOB) U
BBIPACTUTH CIIOH.

3. BBINOTHUTE CTPYKTYPHBIE UCCIIEA0BAHNS [TOJIyYEHHBIX CIIOEB!

3.1. MetonoM W30MpaTEeNbHOTO TPABJIEHUS BBIABUTH JEPEKThl KpPUCTAI-
JMYECKOTO0 CTPOCHHUS B SIUTAKCHAIBHBIX CIIOSX Si M TBepaoro pactBopa SiixGex
(cocTaB TpaBUTENS U BpeMs TPaBJIEHUs COTIacoBaTh C IPENnojaBaTeseMm).

3.2. [Tonp3ysack onTuueckuM MukpockonoM (MUM-8 cM. HHCTPYKIHIO),
IPOCMOTPETh ~ MHUKPOCTPYKTYpY  TNOBEPXHOCTH  TpaBieHbIX cijoeB. IIposectu
cornocTaBiieHue (uUryp TpaBieHuss ¢ TUNOM JedekToB. llomyueHHble pe3yabTaThl

0(pOpPMHUTH PUCYHKAMU MJIU clieNaTh GoTorpaduu.

3.3. OneHUTh MIOTHOCTh JE(PEKTOB YHAKOBKH U JUCIOKAIMA B MOJyYEHHBIX
CIIOSIX.
3.4. MeTooM  XMMMKO-JMHAMHYECKOTO YTOHEHHUS IMOJY4YUTh OO0paslibl,

YAOBJICTBOPAOIIUC TpeGOBaHI/I}IM IJId U3YUYCHUS UX B IMPOCBCUUBANOIICM 3JICKTPOHHOM

MHUKPOCKOIIE.
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3.5. MertogoM nu(pPaKIIMOHHOTO KOHTpacTa (CBETJIOE W TEMHOE II0JIE)
NOJY4YUTh M300pakeHue JAe)eKToB B  IJIEKTPOHHOM MHKpockore. [lomydnTs

AIIEKTPOHHBIE MUKpO]oTOrpaduu 1epeKToB.
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