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HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
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AHHOTANMA

Kypc "®usnka mporeccoB B MOHOKPUCTAIITUIECKOM KpeMHUHU" TPeAyCMaTpUBAET 03HAKOMIIEHNE CTYIEHTOB C
OCHOBHBIMU (pu3MuYeCKUMU U  (PU3UKO-XMMHYECKUMHU MpOLEcCaMH Ha TOBEPXHOCTU U B 0o0ObeMe
MOHOKPHCTAJITHYECKOTO KPEMHHUSL.

3amaun Kypca:

- N3noxxenne Matepuana Kypca Mo CleIyroNniM HallpaBICHUSIM:

- AtomapHas cTpyKTypa noBepxHocTu Si. [Ipomeccs! TpaBieHHs ¥ STUTAKCHAIBHOTO POCTA;

- JledeKThl KPUCTATUIMIECKOM CTPYKTYPHI B KPEMHUU;

- ®u3MKa JIerupoBaHUs KPEMHHUS;

- TBepaoda3zHble peakuny Ha MOBEPXHOCTHU Si U COMPOBOXKAAIOIINE UX MIPOIIECCHl B 00beMe KpUCTAIlIa;
- Inddysus npuMecHBIX aTOMOB U COOCTBEHHBIX JIe(h)EKTOB;

- [Iponeccrt B Si ipy KOMOMHUPOBAHHBIX BO3JICHCTBHSIX;

- ®usznka neeKkTHOM HHKEHEPUH;

- CioucTele M KpEMHHUEBBIC TPUOOPHI HA UX OCHOBE.

- IlpenocraBieHne KapTHHBI B3aMMOCBSI3M IPOLECCOB B KPEMHHUHM W IPHYMHHO-CIEICTBEHHBIX CBA3EH,
IPUBOIALIMX K LIEJICHAIPABICHHBIM M HETaTUBHBIM H3MEHEHMSM CBOWCTB MaTepuala U XapaKTepUCTHK
MpUOOPHBIX CTPYKTYP.

- TeopeTnyeckasi MOATOTOBKA CIyIIAaTENIel Kypca K CAaMOCTOSATEILHOMY PEIICHHIO BOIPOCOB, BO3HHKAIOLIHX
MpH pa3pabOTKe HOBBIX MPHUOOPOB MUKPOIIEKTPOHUKH.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT JIOJDKEH:

3HaTh:
Teoputo puznIeCKUX U PUINKO-XUMHUECKHUX MPOILIECCOB B MOHOKPUCTAIUINIECKOM KPEMHHH.

YMeTs:
N3narare MaTepuansl Kypca.

Hcnionp30BaTh MOMy4YEHHBIC 3HAHMSA HpPU Pa3pabOTKe MPHHILUIIOB HMOCTPOCHHS M KOHCTPYKIHMM INpubopa
MHUKPOJIEKTPOHUKHU U/HITH K-JI TEXHOJIOTHYECKOTO MpoLecca.

Bnaners:

MeTO)IaMI/I pacucTa nmapaMeTpOB OCHOBHBIX TCXHOJIOTUYCCKUX onepauni/i: TCPMHUYCCKOTO OKHCJICHHA, HOHHOH
HUMIUIaHTAlluU, TEMIICPATYPbI U JJIUTCIIbHOCTU OTXKXUIOB.

MeTO):[aMI/I TCOpeTH‘leCKOﬁ OICHKU OXHAACMBIX TIApaMCTPOB 3IJICMCHTOB HpI/I60pH0ﬁ CTPYKTYPBI:
MOBEPXHOCTHOI'O M YACJIBHOI'O COINPOTUBJICHUA JICTUPOBAHHBIX YYACTKOB, KOHLCHTpalUW W NOABUXXHOCTHU
HOCHTCICH 3apsaa B JICTUPOBAHHBIX 1 UHAYIHUPOBAHHBIX CJIOAX, IIMPUHBI OH3, CMKOCTH p-n ICPEXOA0B U IIp.

OcHOBHOE coJlepiKaHre Kypca U3JIOKEHO B CIIEAYIONIUX pa3zeliax:

. Kpemnuii B kitacce TBEpIbIX TEIl.

. CTpyKTypHBIE U 3IEKTPOYHU3NIECKUE TTapaMeTpbl 00BEMHOTO KPEMHHUSI.

. Kimaccumkanus romcrcremM KpucTaiia HOHHBIE U (DAHOHHBIC TTOJICUCTEMBI.
. DNeKTpOHHEIE moicucTeMbl kpemauns. [lomcucremsr nedekToB KpucTaa.

. ATOMapHas CTpyKTypa MOBEPXHOCTH KPEMHHUS.

. ATomapHas (pru3rKa XUMAYECKOTO TPABJICHUS TOBEPXHOCTH KPEMHHSL.

. OCHOBBI TEOPUH AMUTAKCHAITBHOTO POCTA Ha IIOBEPXHOCTH KPEMHHUSL.

0NN N bW~

. Kimaccudmkanus neekroB B kpeMHUU.

9. OCHOBBI paiMalIMOHHON (PU3UKK KpeMHUS. MexaHu3M 00pa30BaHUs U BUJIHI PAJAHAIIMOHHBIX JTE(EKTOB.
10. Mexanu3mbl 3BONIOLMHY ToacucTeMsl aedexros (1).

11. MexaHU3MBI IBOJIONNN TIOJCUCTEMBI Ae(EKTOB (2).

12. ®usnueckre 0OCHOBBI METO/IOB JIETUPOBAHMSL.

13. JlerupoBaHue METOOM MOHHASI UMILTAHTALIMSL.

14. ludpdy3ust U3 orpaHUICHHBIX ¥ HEOTPAHUICHHBIX ITOBEPXHOCTHBIX HCTOUHUKOB.

15. Teoperndeckrue 0CHOBBI TBEPIO(A3HBIX PEaKIUii U COMMPOBOXKIAIOIINX UX TPOIECCOB.



16. O6o0mEeHHas MOJIENb TeHEepaIMi COOCTBEHHBIX TOUSUHBIX JIe(PEKTOB B Mpolecce TBepAO(Da3HbIX PEaKIIHii
Ha MMOBEPXHOCTH KPEMHHUSL.

17. Ilpasuno popmupoBanus (a3 B cucreme ¢ nonupazHoi JUarpaMMOi COCTOSIHHUS.

18. OOpazoBaHMe TNEPECHILICHHBIX BAKAHCMOHHBIX pAacTBOPOB B Si IpHU POCTE CHIMIHUAOB Ha €ro
[IOBEPXHOCTH.

19. Kuneruka pocta cioe SiO2. Moenu reHepalui HepaBHOBECHBIX MEXKIO0Y3ITHHA.

20. KomOnHMpOBaHHbIE MEXaHU3MBI UG Y3UH OCHOBHBIX IIPUMECHBIX aTOMOB B KPEMHHH.

21. PagnanoHHO-cTUMYHpoBaHHas quddy3ust B KpeMHUU. Pacnan paanaloHHBIX KJIACTEPOB.

22. CrumynupoBanHas auddysus B kpemaun. Juddysus yckopeHHas 10 BAKAHCHOHHOMY MEXaHH3MY

1. lean u 3apa4n

].le.]'lb AUCHUIIINHBI
- O3HAaKOMJICHHUE CTYACHTOB C OCHOBHBLIMH q)HSI/I‘IeCKI/IMI/I n (i)I/ISI/IKO-XI/IMI/I‘IeCKI/IMI/I nponeccaMm Ha
MOBCPXHOCTHU U B o0BeMe MOHOKPHUCTAJUIMYCCKOI'O KPCMHMU.

3agaum AUCUMIIHHBI
- U3JI0KECHUE MaTepraia Kypca o CIECAYIOUINM HalpaBICHUSM;
- aTOMapHasi CTpyKTypa noBepxHocTtH Si. [Iporeccsl TpaBieHus 1 SITUTAKCHAIBLHOTO POCTa;
- ne(eKThl KPUCTAJUINIECKON CTPYKTYPBI B KPEMHUU;
- (pusuKa JerupoBaHU KPEMHHUS;
- TBepao(da3Hble peakuy Ha IOBEPXHOCTH Si M CONMPOBOXKIAIOIINE UX MPOLIECCH B 00beMe KpUCTaILIa;
- muddy3us IPUMECHBIX aTOMOB U COOCTBEHHBIX /1€(DEKTOB;
- Ipouecchl B Si Mpu KOMOMHUPOBAHHBIX BO3ACHCTBUSAX;
- (pusuka nedeKTHON HHKEHEPHH;
- CJIOMCTBIE U KPEMHHEBBIE TPHUOOPHI HA KX OCHOBE;

- IPEI0CTaBJIECHNE KapTHHBI B3aUMOCBS3HU MPOLECCOB B KPEMHHUH M MIPUYMHHO-CIIEICTBEHHBIX CBS3EH,
NPUBOAALIMX K [EJICHANPABICHHBIM W HETaTUBHBIM U3MCHEHHMSIM CBOWCTB Marepuaia |
XapaKTEePUCTUK IPUOOPHBIX CTPYKTYD;

- TeopeTHuYecKas IIOJArOTOBKAa CIylIareled Kypca K CaMOCTOSITEIbHOMY pPEIIEHUIO BOIIPOCOB,
BO3HHUKAIOMIKUX MPH pa3paboTKe HOBBIX MPUOOPOB MUKPOAJICKTPOHHUKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCCHOHATLHON

[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHUH M MTPOIIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMH
aHaJIM3UPOBaTh HAy4YHbIE TPOOIEMBI, [TOyYaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pE3yNbTaThI

3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI
3HaTh:
- TEOpHUI0 PU3MUECKUX U (PUZUKO-XMMUYECKHX ITPOIIECCOB B MOHOKPHCTAIIIMYECKOM KPEMHHH.
YMETb:




- U3JlaraTb MaTCpualibl Kypca,

- HCTOJIb30BaTh IOJTYy4EHHbIC 3HAHUS IPHU pa3pabOTKe MPHUHIMIIOB IMOCTPOEHHS U KOHCTPYKIHMU
npudopa MUKPOIIEKTPOHHUKH W/WIIN K-JI TEXHOJIOTMUYECKOTO MpoLecca.

BJIAJIETh:

- METOJlaMH pacyeTa 1apaMeTPOB OCHOBHBIX TEXHOJIOIMUYECKUX OIEpaluil: TEpPMUYECKOIO OKUCIIEHUS,
HMOHHOM MMIUTaHTAMH, TEMIIEPATYPhl U JUTUTEIBHOCTH OTKUTOB;

- METOJaMH TEOPETHYECKOH OLIEHKH OKHIAEMbIX IapaMeTPOB 3JIEMEHTOB HPUOOPHON CTPYKTYpBIL:
MOBEPXHOCTHOIO M  YIEIBHOTO COINPOTHBIICHUS JIETMPOBAaHHBIX YYacTKOB, KOHLEHTPAalUH H
MOJBY)KHOCTH HOCHUTENEH 3apsiia B JIETMPOBAaHHBIX M HMHIYLMPOBAaHHBIX CJIOsX, IupuHbl OII3,

CMKOCTH p-n NCPEXOa0B U IIp.

4. Coep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCIMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 KpeMHuii B kimacce TBEpIBIX TEII. 1 1
) CTpykTypHBIE ¥  3JEKTpOPHU3NUECKHE 1 1 15
napameTpbl 00bEeMHOTO KPEMHHUSI.
3 Knaccuduxamuss mopcucreM KpucTaia | 1
WOHHBIC U ()aHOHHBIE TIOACUCTEMBI.
4 ONEeKTPOHHBIE MOACHCTEMBl KPEMHHUSI. 1 1
IToxcucremsl 1eheKTOB KpUCTaIa.
5 AtoMapHas  CTIpyKTypa IOBEPXHOCTH | 1
KPEMHHS.
6 AtomapHast ¢uznka XUMHAYECKOTO ) 5
TpaBJICHUs IOBEPXHOCTU KPEMHUSI.
7 OCHOBBI TEOPUH AMUTAKCUAIBHOIO POCTa ) )
Ha MOBEPXHOCTH KPEMHHUSI.
8 Knaccudukanus nedexroB B KpeMHHUH. 2 2
OcHOBBI paauanoHHON ¢buznkn
9 KpeMHHs. MexaHu3M oO0pa3oBaHUsl | 2 2
BUJbI PAJUALIMOHHBIX AC(QEKTOB.
10 MexaHu3Mbl ~ 3BOJIOLMM  IIOACUCTEMBI | 1
ne(heKToB.
1 MexaHu3Mbl  3BOJIOLUHM  TOACHUCTEMBI 1 1
nedexToB. J[omoIHUTENBHBIC IT1aBHI.
12 Pusnyeckue OCHOBBI METOJ0B | 1 15
JIETUPOBAHHUS.
13 JlerupoBanue METO/IOM HWOHHAs 1 1
HUMIUIaHTALYSL.
Huddysuss w3  OrpaHUUYEHHBIX U
14  |HEorpaHMUYEHHBIX IIOBEPXHOCTHBIX 1 1
HUCTOYHUKOB.
Teopernueckre OCHOBBI TBepAO(]a3HBIX
15 |peakumuiti ©  CONMPOBOXKIAIOIIUX  HX 1 1
IPOLIECCOB.
O06o0mennas MOJICITh reHepamuu
16 COOCTBEHHBIX TOYEYHBIX JC(PEKTOB B 1 1
npouecce TBepAoGha3HbIX peakuil Ha
MOBEPXHOCTH KPEMHHSL.




17 [IpaBuno dopmupoBanusi ha3 B cucreme 1 1
¢ nmonn(pazHON JUarpaMMOM COCTOSIHHUS.
Obpa3zoBanue MEPECHIEHHBIX
18  |BakaHCHOHHBIX pacTBOpoB B Si Tpu 1 1 15
pOCTE CHIIMIMIOB HA €T0 MMOBEPXHOCTH.
Kunernka pocra crmoes SiO2. Monenu
19  |renepanuun HEPaBHOBECHBIX 2 2
MEKI0Y3JIUM.
KomOuanpoBanusie MEXaHU3MBI
20 |muddy3um  OCHOBHBIX  TPUMECHBIX 2 2
aTOMOB B KPEMHUH.
PasnanimoHHO-CTUMYIHPOBaHHAS
21 mdpdysnus B KPEMHUU. Pacnag 2 2
paIualiOHHBIX KJIACTEPOB.
CtumynupoBaHHas g dysus B
22 |kpemuuu. Juddysus yckopeHHas IO 2 2
BaKaHCHOHHOMY MEXaHU3MY.
Nroro yacos 30 30 45
[TonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.
4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennuii)

1. KpeMHuit B kj1acce TBEp/BIX Tell.

[Ipenmer, cTpykTypa u ocodeHHoCcTH Kypca. OnpeaeneHus — noiie U BemecTBo. CTpyKTypa BHELITHHX
JNEKTPOHHBIX O000JIOYEK aTOMOB. ODJIEKTPOOTPHLATENbHOCTh. KOBaJleHTHas W MOHHas CBS3b B
MOJIEKyJIaX. Buasl cBA3€il B TBepAbIX Tenax. MeTamisl, IUAIEKTPUKH, MOIYyIPOBOJHUKH,
CETHETOAICKTPUKH, (eppoMarHeTuku. BmkHWUN u manpHUA TOpsAoK. AMopdHOEe cocTosHUE,
MOJMKPUCTAIUIBI, KPUCTAJUIBI. JJIEMEHTapHbIE M MOJEKYJSIPHbIE MOJXYHNPOBOAHUKHA. (OCHOBHBIE
HNOHATHA (U3UKH TBEPAOTO Teja W IOMYNPOBOAHUKOB. 30HHAS CTPYKTYpa B MPSIMOM U 0OpaTHOM
npoctpancTBe. 3oHa bpuumosHa.  IIpsMO30HHBIE M HENPSIMO30HHBIE  MOJXYHNPOBOIHHKH.
OneMeHTapHas suedka KpeMHuss M ee mnapaMmerpbl. «KU3HEHHBIM LUK KPEMHUS — IIECOK,
MOJMKPEMHUH, MOHOKPUCTA/UI, IUIACTMHA, DSIUTAKCHAJbHAasg  CTPYKTypa, YHI, HpuOOp
MUKPOJIEKTPOHUKH.

2. CTpyKTypHBIE U IEKTPOPHU3NIECKHE TTapaMeTpbl 00bEMHOTO KPEMHHUSL.

OCHOBHBIE HIEKTPHUECKUE U MEXAaHNUECKUE CBOWCTBA 0OBEMHOTO MOHOKPHCTAIIMYECKOTO KPEMHHSL.
30HHAs CTPYKTypa KpeMHHS U ee mapaMeTpbl. DyHIaMeHTaldbHAs B3aUMOCBS3b IOJBHKHOCTH
SNEKTPOHOB M JBIPOK C KPUBHU3HOM 3HEpreTMueckux 30H. DddexkTuBHas macca. TemmeparypHble
3aBucuMocCTd. [lpupoma sHepreTMdecKkux YpOBHEW B 3alpeIICHHOW 30HE. Menkue M TIITyOOKHue
YPOBHHU JIETUPYIOIIUX TpuMeceit. [ybokue ypoBHU ObIcTponndGyHIUPYIOMUX NpuMeceil. YpoBHH,
CBsi3aHHBIE ¢ KoMmIuiekcamu aedekros. [Ipupona yposueit Tamma. Ilpupona ypoBHEW Ha rpaHMIiax
pasnena. [loHATHE O MEHTpax peKOMOMHAIMK W JIOByIIKax. YpoBeHb Depmu. Crarucruka
MakcBeia-bonbpiMana. DieKTprudeckas MpoBOAUMOCTE KpeMHHus. [[pefidoBas ckopocTs. CpaBHEHHE
C IpYTHMH TOJyNIpoBoAHMKaMH. [ToHATHE 0 HepaBHOBECHBIX Ipoleccax. Bpems penakcanuu.

3. Knaccudukamus mojicucteM KprcTaia HOHHBIC ¥ (paHOHHBIE MTOJICHCTEMBI.



VYCiI0BHBIE TOJACUCTEMBI MOHOKpHUCTANIMYeckoro KpemHus. HonHas mnoxcuctema. DoOHOHHas
nozjcucTeMa. DJIeKTpoHHas noacucteMa. [loncucrema nedexroB kpucramia. [Ipumeps! nmpoueccos, B
WOHHOM moacucteme. Bo3HMKHOBeHHMEe o0OJacTeil NPOCTPAHCTBEHHOrO 3apsga B o0beme, Y
[IOBEPXHOCTH, TIpaHul] pazfena. YpaBHeHue Ilyaccona. lloTeHiuanbHble sIMBI, B TOM YMCIIE
nByMepHbIe. BHyTpeHHHE 3j1ekTpuueckue mois. Ynpyrue nois. peid nocuteneit 3apsina. Hpeitd
ne(eKToB U IPUMECHBIX aTOMOB. [IprMepbl MPOIeCCOB B 3IEKTPOHHOM MOJCUCTEME. DIEKTpHUECKast
MpoBOAUMOCTE. ONITHYECKOE MOMIONICHHE. 3apsII0BbIE COCTOSHUS IpUMeceil U 1eeKTOB.

4. 3HeKTpOHHLI€ NOACUCTCMbI KPCMHUS. HOI[CI/ICTGMBI )_Ie(i)eKTOB Kpucrauia.

[Mpumepsl mporieccoB B GoHOHHON noacucTeMe. DOHOHHBIE CIIEKTPHI. PaccessHue HocuTenel 3apsiia
Ha aKyCTHYECKHX M ONTHYECKUX (OHOHAX. TemIonpoBOJHOCTh, TEIII0EMKOCTh. Temneparypa Jlebast.
TerutoBoe pacumpenue. [Ipumeps! nporeccoB B moacucteme JedekroB kpucramia. OOpa3oBanue u
KOHLIEHTPAlMN TEPMOANHAMUYECKH PAaBHOBECHBIX Ae(eKTOB. COCTOSHUE MOACUCTEMBI COOCTBEHHBIX
NePEeKTOB TP HEU30TEPMHUECKUX TEPMOOOpPa0OTKaX, BKJIIOUYAs MMITYIbCHBIM OTXKUT. [eHeparius
HEPAaBHOBECHBIX TOUYEUHBIX JC(PEKTOB IPH PAAUALMOHHOM BO3ACHCTBHM, NpPHU TBEPLOQa3HBIX
peaknusAx Ha TOBEPXHOCTH KpHCTaIa, NMPH pa3IMYHbIX BHJAX TPABICHUS C KOMIIOHEHTaMH
PaaMaMOHHOTO U XMMHYECKOro Bo3nehcTBus. [loHsTHa 00 00pa3oBaHMM TUCIIOKALMNA, KIACTEPOB,
KOMILJICKCOB, HPUMECHBIX mpeuunuraroB. OmpeneneHus M BIMSHHE Ha JIEKTpodunveckue
napaMeTpsbl. [Ipumepsl mpoueccoB, yNpaBIIeMbIX KOMOWHAIMEW NOACHCTEM. ATOMAapHBIH
MmacconepeHoc.  Mexanusmbl  quddy3un  aToMOB B HMJCaNbHOM  peHIeTKe  KPEMHHUS.
Pagnaunonno-crumynupoBanHas nuddysus. Bocxomsmas auddysus. MacconepeHoc B yCIOBUSIX
mudy3un u apeiida B dekTpudecknx W ynpyrux nomsix. Juddysus u npeiid Hocureneit 3apsia.
[Toroxu B p-n nepexoae. ®oto-3/IC. TermnoBas u aBTOAIEKTPOHHAS] SMUCCHS.

5. AtomapHas CTpyKTypa NOBEPXHOCTH KPEMHUS.

ArtomapHble cryneHu. V3moMbl Ha aroMapHBIX CTyNeHsX. Tepaccbl. OHeprust cBA3M aTOMOB B
Pa3IMYHBIX MOJIOKECHUAX HA MOBEPXHOCTH. DHEPrusl cyOnuManuy. DHEPrusl akTUBAaLUU aIcopOoLru 1
necopb6unu. CHHTYJISIpHbIE, BULIMHAIBHBIC U HECUHTYJISIPHBIC IUIOCKOCTH B KPUCTAIUIAX KPEMHHUSL.

6. ATomapHas (pU3MKa XUMHYECKOTO TPaBICHHS TOBEPXHOCTH KPEMHHS.

[Ipsimoe TpaBnenue. Tpaenenue ¢ oOpa3oBaHWEM MPOMEKYTOYHBIX (a3. Buaer TpasneHwms.
TpaBnenue B razoBod (paze. J[BrKeHHE aTOMapHBIX CTyHneHed mnpu TpasieHuH. KuaxocTHoe
TpaBieHue. Ilna3mMoxumuueckoe U MOHHO-ILIa3MEHHOE TpasieHue. Ilonupyromiee TpasiieHHE.
CenexruBHOE TpaBieHue. Metoasl MeTayiorpapum.

7. OCHOBBI TCOPUH SNTUTAKCUATIBHOI'O pOCTAa HA IOBECPXHOCTHU KPCMHUA.

Buner snurakcun. CVD u  MOS-rugpugnas  snutakcus. OCHOBHBIE 3Tambl  IIpolecca
SMUTAKCUATIBHOTO pocTa. AICOpOLMs, XUMHUUECKHUE PEaKIiy, IOBEPXHOCTHAS MUTpanus. J(Buxenne
aTOMapHBIX CTYNEHEeH NPy SMUTAKCHATILHOM pocTe. OCHOBBI TEPMOANHAMUKH ITUTAKCHH.

8. Kimaccuguxkarust 1e)eKToB B KDEMHHUU.

Toueunsle nedexkTsl B KPEeMHUHM — COOCTBEHHbIE ME(EKTHl M IPUMECHBIE AaTOMbI. ODHEPrHs
00pa3oBaHUsl U DHEPIUs MUTPALMK TOYEYHBIX AedexToB. KoMiiekchl ToueuHbIX N1e(eKTOB U HX
JHEpreTudyeckue ypoBHH. A-meHTphl, E-mientpel. Tepmononopsl. Kmactepbl ToueuHbIX Ae(EKTOB.
[Ipumecnbie npeunnurarsl. Jedexrsl ynakoBku. CrepkHu. JJuciokanoHHbIE IETIIN.

JIuHeHbIC 1 BUHTOBBIC JUCJIOKallhH. JIMHUY CKOJIBKCHHUS. I[I/ICJ'IOKaLII/II/I HCCOOTBCTCTBUA.

9. OcHOBBI panuanMoOHHOW (HU3MKH KpeMHHUs. MexaHu3M o0pa3oBaHMS M BHIBI PaJUAIIMOHHBIX
e EeKTOB.

DNeKTPOHHBIH (HEYNpyruil) MeXaHH3M TOPMOKEHHS YCKOPCHHBIX YaCTHIl B PEIIETKE KPEeMHHS.
SAnepuslii (ynpyruil) MexaHHM3M TOPMOXEHHs. PacmpeneieHre HUMIUIAHTHPOBAHHBIX AaTrOMOB B
pemerke. [IpoenupoBannbiii mpoder. Ctparmuar. CKONIEHHOCTh pacrpeleneHus. [ enepanus nap
Openkens. Pacnipenenenne paanaliuOHHBIX BAKAHCUN H COOCTBEHHBIX aTOMOB B MEKIOY3JIHSIX.



Pasynopsimouennass obnactb. Paamanuonnsiii knactep. MexaHu3Mbl aMop(du3allid KpEeMHUS MPH
MMIUIaHTALMY JIETKUX U TSHKEIIBIX HOHOB.

10. MexaHU3MBI SBOJTIOIIMH TTOICUCTEMBI JIe(HEeKTOB.

PocroBeie pedextbl B kpeMHUHM. [eHepamnms COOCTBEHHBIX MEXIOY3JIMH TIPU TEPMHUECKOM
OKHCIICHHH KpeMHHA. POCT OKHMCIMTENbHBIX ACPEKTOB YNakoBKH. KBazuxuMmuyeckue peakuud B
KpeMHuH. Mozenb GopMHUPOBaHUS TEPMOJOHOPOB.

11. MexaHHU3MBI SBOIIOIUH TTOJICUCTEMBI Ie(eKTOB. JIOTOIHUTENLHBIC TIIABHI.

Mopnens (GopMupoBaHHs IEPECHILEHHBIX BaKaHCHOHHBIX PAcTBOPOB B OObEME KPEMHHUS INPHU
TBepAO(a3HbIX PEAKIUsIX Ha €ro MoBEpXHOCTH. Moaenb (popMUpPOBaHHS HEPAaBHOBECHBIX BaKaHCHUIM
[P CTUMYJIUPOBAHHOM OTOOpPE COOCTBEHHBIX aTOMOB.

Cemecrtp: 2 (Becennuit)
12. ®usnveckre 0OCHOBBI METO/IOB JIETUPOBAHMSL.

OCHOBBI ~ TEpMOJAMHAMUKHA TBEPABIX PAacTBOPOB. PeTporpaigHblii  xapakTep 3aBUCUMOCTH
pacTBOpUMOCTH IIpuMeceil oT Temiieparypsbl. Jlerarypsl. Ilapamerpsl sierupoBanus. JlerupoBanue
pacmiaBa mpu pocte KpucTtayuioB. JlermpoBanue mytem auddys3un ¢ moBepxHOCTU. JlernpoBaHue
METO/I0M HOHHOM MUMIUIAHTALMH.

13. JlerupoBanue METOOM HOHHAS UMIUIAHTALIMSL.

OcHOBHBIE IIapaMETphl IIpoliecca MOHHOIO JIETMPOBAHUA: THII MOHA, SHEPrus, 103a, TeMIEpaTrypa,
IUIOTHOCTH ToKa. [Ipodmnn pacmpenenenuss UMIUIaTUPOBaHHBIX aToMOB As, P, Sb, B. Ummnanranus
B OTKPBITYIO ITOBEPXHOCTh M Yepe3 Mackupymoue ciou. «KoHcTpynposanue» npoduis npuMecu.
(DEHOMEHONIOTUSI  pONM  paAMaluoHHBIX  aedekroB.  [locTMMIUIAHTAIMOHHBIE — OTXKHIH.
N3oTtepMuyeckuii OT>KUL. BBICTPBIA TepMUYECKUI OTKUL. VIMITySIbCHBII J1a3€pHBII OTKHUT.

14. Incdy3ns U3 orpaHUuEHHBIX 1 HEOIPAHNYEHHBIX TOBEPXHOCTHBIX HCTOUHHUKOB.

Mertozbl ETUPOBAaHUS KPEMHHS M3 CHIMKATHBIX cTekoid. Craanmu yiernpoBaHus. PacueT THHOBBIX
npo¢uneit neruposanusi. Gakropsl BIusHUSA Ha 3GPEKTUBHBIN KO3QPuuueHT nuddy3un npumMecH.

15. TeOpeTI/I‘leCKI/IC OCHOBBI TBep,I[O(baSHBIX peaKLII/Iﬁ " COMMPOBOXKJAAOMIUX UX TPOLCCCOB.

denomeHonoruueckas teopus. Jransl TBepaodaznoit peakunu (TDOP). duddysnonHas mocraBka
peareHToB B 30HY peakiuu. PocT mueHok ¢ TOP Ha rpanuie pasgena ¢ kpeMHueM (Ha BHYTpEeHHEH
CTOpPOHE pacTymieil IJIeHKH). POCT MJEHOK CO CTOpPOHBI OTKPBITOM MOBEpXHOCTH. (OCHOBBI
tepmonuHamuk  TOP. Tlpumepst TOP —oOpa3oBaHue CHIHMIKIOB, POCT HHUTPHUIOB M OKUCIIOB
KPEMHUS.

16. O6001eHHast MOAEb TeHEpalny COOCTBEHHBIX TOUEUHBIX Ae(EeKTOB B Ipoliecce TBEpAO(pa3HbIX
peaxuuii Ha MOBEpXHOCTH KPEMHUSI.

3anmaua Jlame. Pacuer nucOananca MOJIEKYISPHBIX O0ObEMOB pasMmelleHHs 1 00beMOB MOCAJKH Ha
uHTepdeiice CTPYKTYpbl MOMJIOKKAa — IUieHKa. [IpaBuiao mnporHo3a NpUpOAbl T€HEPHUPYEMBIX
coOcTBeHHBIX TodeuHbIX gAcedekToB (THD). Ouenka Ttemna renepanuu TJ[. OneHka creneHn
nepecoimeHus pactopa T/] B kpemHun nopn pactyummu B npouecce TOP mnenkamu. D¢ dexTs B
00beMe KPeMHHSI OT MEePECHIICHHBIX pacTBOpPoB TJI.

17. TIpauno popmuposanus a3 B cucreme ¢ monudazHoil JUarpaMMOi COCTOSTHUS.



OMIUprUYecKue MpaBuia ONpe/eicHus TepBoi (a3bl B cHcTeMax C MoiduQaszHOW Iuarpammoin
cocrosHus. [Ipumepsl B cucremMe KpeMHUi-MeTaml. BbIBOI mpaBmia TOCIEIOBATEIBHOCTH
oOpazoBanus (a3 Ha ocHOBe 00001IeHHON Mojienu. [Ipumenenus npaBwia a3 K Iernouke peakiui
npu 00pa30BaHUU CHIIMLIUIOB METAJUIOB HA IIOBEPXHOCTH KPEMHUSI.

18. OOpa3oBaHue MEPECHIICHHBIX BaKaHCHMOHHBIX PACTBOPOB B Si NpPU POCTE CHIUIMIOB Ha €ro
IIOBEPXHOCTH.

Pacuer BakaHCHOHHBIX MEPECHIIICHUH B KPEMHUH NIpU (HOPMHUPOBAHUU CHIIMIHIOB HA TIOBEPXHOCTH
KpeMHHsS. O(QeKTbl BaKaHCMOHHOTO TEpechIleHUs. Pa3mbITHEe NpUMECHBIX NpoQHIeH.
BriTsrrBaH#ue pruMecei U3 MOMJIOKKH B SITUTAKCHAIIBHBIE CIIOH.

19. Kuneruka pocra cioeB SiO2. Mopenu reHepanu HepaBHOBECHBIX MEXIOY3ITHH.

Kuneruka pocra TepMHUYECKHMX OKHCIOB Ha IOBEPXHOCTH KpeMHMs. JluMmuTupyromue cTraiuu.
Kunernka pocta Ha HauaJbHBIX M KOHEUHBIX dTanax. BiusHue napoB BoAbl HA KUHETHKY pocTa. Poip
aTOMOB XJIOpa TPH XJOPUIHOM OKHCICHHU. Mozaenu TeHepaluuu COOCTBEHHBIX MEXIOY3JIUH NpH
TEPMUYECKOM OKHCIeHHH KpeMHHus. CONMoCTaBlIeHHE pe3yJbTaTOB MOJENBHBIX IPEICTaBICHUI,
BKJIIO4Yast 0000IIEHHYI0 MOJeb. LIeHTphI HyK/Iealuy U ypaBHEHNE POCTa OKUCIUTEIbHBIX Ae(heKkToB
YIaKOBKH.

20. KomOnHnpoBanHbie MexaHU3Mbl A1) (y3UH OCHOBHBIX IPUMECHBIX aTOMOB B KDEMHHU.

Huddyszus nmo yznam. duddysus no mexaoysnusMm. Poib coOCTBEHHBIX aTOMOB M BAaKaHCUH B
TUPPy3un  JETHpYIONMX TpuMeceil B KpeMHHH. O¢QGeKTUBHBIA KodPPUIHMEHT Iudy3uH.
Mexannsmel nuddysun aromoB B, As, P, Sb. Ananus Beipakenust mus kodddunuenta nuddysun ¢
TOYKM 3pPEHUS TEPMOAMHAMMKM M KHHETHKHM. YCKOpEHHas M 3aTopMOXeHHas anpdysus B
MEPECHILEHHBIX TBEPABIX PACTBOPAX BAKAHCUN M COOCTBEHHBIX MEXIO0Y3JINH.

21. PagnanuonHo-cTuMynrposanHas auddys3ust B kpemHun. Pacan pagualnoOHHbBIX KIacTEPOB.

VYpaBHenuss muddy3un C HOepeMeHHbIM KodpuuueHToM uddy3urd, € TEHEPAaUUOHHBIM U
pexoMOuHaIoOHHBIM wieHoM. Juddy3us B npucyrerBun paauanuu. duddysus, ctumynnpoBaHHas

Mo  3amaceHHbIM  Jedexram. Pacnipeneneane  kommoHeHToB — map — @Dpenkens B
MOHHO-MMIUTAHTHPOBAHHBIX ClosX. CTpyKTypa pasynopsaoueHHOW 00JacTH M pagualliOHHOTO
KJIacTepa.

Krnacrep kak MCTOYHUK M CTOK AJisi COOCTBEHHBIX AedeKkToB. [loHATHE KMHETHMYECKH PaBHOBECHBIX
KOHIICHTPAIMH COOCTBEHHBIX JIe()EKTOB B PeaIbHBIX KpUCTaJIIaX.

22. CrumynupoBanHas auddysus B kpemHuu. Juddys3us yckopeHHass 1O BaKaHCHOHHOMY
MEXaHU3MY.

Huddysnonnsie 3¢pdekTsl B KPEeMHHH, INEPECHILICHHOM 10 BakaHcusiM. OlieHKa CTerneHn
BaKaHCHOHHOT'O MEPECHIIIEHHUS] KPEMHUS 110 ONbITaM ¢ Aupdy3neil.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMO¥ AJIl OCYlIeCTBJIECHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heo0xonnmoe ob6opynoBaHue 1is IEKIUK U IPAKTHUECKUX 3aHATUH: ydeOHas ayIuTOPHsI, OCHALICHHAS
KOMITBIOTEPOM M MYJIBTUMEIUHHBIM 000pyI0BaHNEM (IIPOEKTOP, 3BYKOBasi CUCTEMA).

ObecrieueHue caMOCTOSTENBLHON pabOTHL: JOCTYM B ceTh IHTEpHET, AOCTYI K PEKOMEHIOBaHHON
JuTeparype.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa



1. K. Ty, k. Maiiep. O6pazoBanue cunuuaoB. B ku. Tonkue rienku. Bzanmuas nuddysusa u
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2. Utanbsnues A.I. T'enepanus BakaHCHUH, CTUMYJIMPOBAaHHAS] XUMHUUECKUM TPABICHUEM IIOBEPXHOCTH
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nonynpoBoguukax. M3n. Hayka. ®usmarnmut, Mocksa, 1997, ¢.352.

JomnonHurensHas auTeparypa
1. Uranpsanes A.I.  DddexTsl B KpeMHUH, 00YCIOBICHHBIE XHMUYECKUMH PEAKLISIMH Ha €TO
noBepxHocTH. B c6.: «Kpemuwuii — 2008», Ueproronoska, 2008, c.159.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOJIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryaeHT, W3ydalIuid AWCIHILIAHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM IMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OIpeNeTeHUs AUCIUILINHBI,
YMETh IPUMEHSATH TOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIUILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMAaHUS M3yd4aeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

Pa3paborunk: A.T. UtanpsH1EB, KaHA. (QU3.-MaT. HAyK, Mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemiars 3ajadu, B ToM uncie paspadareBarh u  [[IK-1.2  CmocoOGeH  BbIABUTATH  THIOTE3BI, CTPOUTH
KCCJIeIOBAaTh MaTEMAaTHYECKUE MOICTH MareMaTH4ecKue MOJAETH JUISl  OMUCAHHWS H3y4aeMBIX
M3y4YaeMbIX SIBIICHUN U TIPOIIECCOB, CHCTEMHO  |SIBJICHHI W TIPOIECCOB, OIICHUBATH KAYECTBO pa3pabOTaHHOMN
aHAIIM3UPOBATh HAYYHbIC TPOOJIEMBI, TONyYaTh |MOJEIH

HOBBIC HAayYHBIC PE3YJIbTaThI [MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
AKCIIEPUMEHTAIIHBIE METOABI UCCIIENOBAHUN K KOHKPETHOU
HAy4YHOW 3aJa4e W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesymprate wu3ydeHus aucUMIUIMHBI «®DH3MKa MPOIECCOB B  MOHOKPUCTAJUIMYECKOM KPEMHUID»
00yJaromuiicst JOmKeH:

3HATh:
- TEOpHUI0 PU3MUECKUX U (PUZUKO-XUMUYECKHX MTPOIIECCOB B MOHOKPHCTAIIIMYECKOM KPEMHHH.
YMeThb:
- M37IaraTh MaTepualibl Kypca;
- HCTOJIb30BaTh IOJTYy4EHHbIC 3HAHUS IPHU pa3pabOTKe MPHUHIMIIOB IMOCTPOEHHS U KOHCTPYKIHMU
npudopa MUKPOIIEKTPOHUKH W/WIIN K-JI TEXHOJIOTMUYECKOTO MpoLecca.
BJa/IeTh:

- METOJlaMH pacyeTa 1apaMeTPOB OCHOBHBIX TEXHOJIOIMUYECKUX OlEpaluii: TEpMUYECKOIO OKUCIIEHUS,
HMOHHOM MMIUTaHTAIMH, TEMIIEPATYPhl U JUTUTEIBHOCTH OTKUTOB;

- METOJaMH TEOPETHYECKOM OLIEHKH OKHIAEMbIX IapaMeTPOB 3JIEMEHTOB HPUOOPHON CTPYKTYpBI:
MOBEPXHOCTHOI'O M  YIEIBHOTO COINPOTHBIICHUS JIETMPOBAaHHBIX YYacTKOB, KOHLEHTPAalUH H
MOJBY)KHOCTH HOCHUTENEH 3apsiia B JIETMPOBAaHHBIX M HMHIYLMPOBAaHHBIX CIOsX, IupuHbl OII3,
E€MKOCTH p-Nl IEPEXOAOB U TIP.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbr0 KOHTPOJS OCBOSHHUS O0ydYaromMMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JICKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

Bormpocs! k quddepeHIpoBaHHOMY 3a4eTy:
Kpemuuii B kitacce TBEpAbIX TEIL.
CTpyKTypHBIE U IEKTPO(HU3NISCKUE TapaMeTphl 00bEMHOTO KPEMHHUS.
Kitaccuukanmst mopcrucreM KpucTalia MOHHEBIE B (PaHOHHBIE ITOICUCTEMBI.
DNEeKTPOHHKIE MOICUCTEMBI KpeMHUs. [loncuctemsr nedekToB KprcTaia.

1
2
3
4
5 ATtomapHas CTpyKTypa MOBEPXHOCTH KPEMHHUSI.
6 AtomapHas QuU3MKa XUMHUYECKOTO TPABJICHUS TOBEPXHOCTH KPEMHUSI.
7 OCHOBBI TEOPHUH AMHUTAKCHAIBHOTO POCTA Ha TOBEPXHOCTH KPEMHHS.
8 Kiaccudukauus 1eekToB B KpEMHHUH.

9

OCHOBBI paJIMAIIMOHHON (U3UKU KpeMHHs. MexaHu3M 00pa3oBaHHS W BHIBI PaIHallIOHHBIX
e EeKTOB.




Bomnpocs! k 3k3aMeHy:
Kpemnuii B k1acce TBEpAbIX TeIL.
CTpyKTypHBIE U 2NEKTPOPHU3NIECKHE TapaMeTpbl 00bEMHOTO0 KPEMHHUSL.
Knaccuduxarus moacucteM KpucTauia HOHHbIE M (paHOHHBIE MTOACHCTEMBI.
DnexTpoHHbIE MojicucTeMbl kpeMHus. [logcucteMsl nedexkToB KpucTamia.

1
2
3
4
5 AromapHas CTPyKTypa HOBEpXHOCTH KPEMHHUSL.
6 AromapHas (pU3HMKa XMMHUUYECKOTO TPABJICHUS TIOBEPXHOCTH KPEMHHSI.
7 OCHOBBI TEOPHHU SIMUTAKCHAIBHOTO POCTA HA OBEPXHOCTH KPEMHHUSL.
8 Kaccudukanus n1eeKToB B KpEMHUH.

9

OCHOBBI paJMAIIMOHHON (U3UKU KpeMHHs. MexaHu3M 00pa30BaHHMsS W BHIbI PaHAIlHOHHBIX
ne(heKToB.

10 DBomronust nedexTos.

11 MexaHU3MBI IBOJIOIUHN TOACUCTEMBI IE(EKTOB.

12 ®usuueckue 0CHOBBI METOJIOB JIETUPOBAHHSL.

13 JlerupoBaHuEe METOIOM MOHHASI UMILIAHTALIMSL.

14 JIuddysust u3 orpaHUICHHBIX ¥ HEOTPAHUYCHHBIX ITOBEPXHOCTHBIX HCTOUHUKOB.

15 Teoperndeckue 0CHOBBI TBEPIOGA3HBIX PEaKIUil U COMMPOBOXKIAIONINX UX TPOIECCOB.

16 OO6oOueHHas MOAENb TeHEpaluu COOCTBEHHBIX TOYEYHBIX I€(EKTOB B IMpouecce TBepAO(ha3HBIX
peaxuuii Ha MOBEPXHOCTH KPEMHUSI.

17 Tlpasuno dhopmupoBanus a3 B cucTeMe ¢ moaudazHol AuarpaMMoil COCTOSHUSI.

18 OO0pa3oBaHue MEPeCHIIEHHBIX BaKaHCHOHHBIX PAcTBOPOB B Si NMPU pPOCTE CHIMIMIOB Ha €ro
MOBEPXHOCTH.

19 Kuneruka pocra cioes SiO2. Monenu reHepalui HepaBHOBECHBIX MEKI0Y3IIHM.
20 KomOuHMpoBaHHbIE MeXaHU3MBbI AU()(y31UH OCHOBHBIX IPUMECHBIX aTOMOB B KDEMHHUU.
21 PapmanuoHHO-cTHMYAHpoBaHHas auddys3us B kpeMHuH. Pacan pagualnoOHHBIX KIacTEPOB.

22 CrumynupoBannas auddysuss B kpemHuu. [Juddys3us yckopeHHas MO BaKaHCHOHHOMY
MEXaHU3MY.

ITpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. OCHOBBI TEOPUH FMUTAKCHATIBHOTO POCTA HA IOBEPXHOCTH KPEMHHS.
2. Knaccudukanus n1ehekToB B KpEMHHH.

[Ipumep 2.
1. TeopeTndeckue OCHOBBI TBEPAO(A3HBIX PEAKIHH U COMPOBOXKIAIOIINX MX MPOLECCOB.

2. OO6oOuieHHas MOJENIb TeHepaluy COOCTBEHHBIX TOUEUHBIX JIe(EKTOB B Ipolecce TBepaoda3HbIX
peaknuii Ha IIOBEPXHOCTU KPEMHUSI.

Kputepun onennBanus

Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka omMYHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.

Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh MOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.



OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka xopo1o 5 6ajuIoB - BBICTABISACTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamiga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILCHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOI0O MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NalbHEHWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTeIbHOCTH B M3JIOKCHHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaxX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

*  yMCHHE OPUCHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMLMSIX M HANpPABICHHUSAX MO W3y4aeMOu
JTMCUUILIMHE U 1aBaTh UM OILICHKY;

. paboTa mOA pPYKOBOJACTBOM IMIPEMOJaBaTesi Ha TPAKTUYECKHUX, JaOOpaTOPHBIX 3aHSATHSAX,
JOITyCTUMBIH YPOBEHb KYJIBTYPbI HCIIOJHEHHUS 3aJaHUMH.

3 6anna — (HEYZAOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHUI B paMKax 00pa30BaTeIbHOIO CTaHIAPTA;
* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOM MPOTrpaMMOi TUCIUILTHHB;

® HCII0JIb30BaHUC HaquOﬁ TCPMHHOJIOTUH, H3JIOKCHHUE OTBETA Ha BOIPOCHI C CYIICCTBCHHBIMU
JIMHTBUCTHYCCKUMU U JIOTHYCCKHUMHU OIJ_II/I6KaMI/I;

. cnaboe BIaJieHUE WHCTPYMEHTapueM Yy4eOHOW NHUCUIUIUIMHBI, HEKOMIIETCHTHOCTh B PEIICHUU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

® HEYMCHUC OPUCHTUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLUCHLHUAX W HAIPABICHUAX H3yqaeM01‘i
JUCIHMITIIMHBI;

* IMacCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHIA YPOBEHb KYJIbTYPhl UCIIOTHEHUS
3aJIaHUM.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOTO CTaHapTa;

. 3HAaHUSl OTHENBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHIOBAaHHBIX YYEeOHOH mporpaMmmoi
JIHCIHILINHDI,

. HEYMEHHE WCIIONh30BaTh HAYYHYI0 TEPMHUHOJIOTHIO JTUCIUIUIMHEI, HAJIWMYUE B OTBETE TI'PYyOBIX
CTUIHUCTUYECKUX U JIOTHYECKUX OIINOOK;

* TACCHBHOCTh Ha MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIONTHEHUS
3aIaHUH.

1 6amr — (HEYIOBJIETBOPUTEJIBHO):

¢ OTCYTCTBHUC 3HAHUM U KOMHGTGHL[I/Iﬁ B paMKax 06pa3OBaTeJ'ILHOFO CTaHAapTa UK OTKa3 OT OTBCTA.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBenenun nudQepeHIMPOBaHHOTO 3a4eTa WK dK3aMeHa oOydaromemycs npeaocrasusercs 30
MHHYT Ha mnoaroroBky. Ompoc oOyuwaromerocs 1o Oujery He JODKEH IpeBbIaTh ABYX
ACTPOHOMHMYECKHX YacOB B YCTHOH M (MJIM) MUCBMEHHOHN Qopme.



