degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: duzuka nmponccCoB B MOHOKPUCTAINIMYCCKOM KPEMHUU
0 HANIPaBJICHUIO: 3HeKTpOHI/IKa 1 HAaHOQJICKTPOHHUKA
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: MHKPO- 1 HAHOJJICKTPOHHKA

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: A.l. UranbsHues, kaua. pu3.-Mat. HayK, Ipodeccop

[Iporpamma obcyxneHa Ha 3acefjanny Kadenpbl MEKpO- U HaHodnekTporuku 03.03.2023



AHHOTANMA

Kypc "®usnka nporeccoB B MOHOKPUCTAITMUECKOM KpeMHHUH" TIpenycMaTpruBaeT 03HAKOMJIEHHE CTYJEHTOB C
OCHOBHBIMU (pr3MuecKUMU U (U3UKO-XMMHYECKUMH TMpOLecCaMH Ha TIOBEPXHOCTH U B o0beMe
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.

- IlpenocraBneHne KapTHHBI B3aHMOCBSA3M IPOLECCOB B KPEMHUM M TNPUUYMHHO-CIEICTBEHHBIX CBS3EH,
IPUBOIALIMX K LIE€JICHAIPaBICHHbIM M HEraTUBHBIM H3MEHEHUSIM CBOWCTB Marepuala U XapaKTepUCTHK
MpUOOPHBIX CTPYKTYP.

- TeopeTnyeckasi MOATOTOBKA CIyIIaTe]Ield Kypca K CaMOCTOSTEIILHOMY PEIICHHIO BOIPOCOB, BO3HHKAIOLIMX
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.

Hcnonp30BaTh MOMy4YEHHBIC 3HAHUS IPU Pa3pabOTKEe MPUHIMIIOB TOCTPOCHUS M KOHCTPYKIMH Npubopa
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 TeOpeTH‘leCKOﬁ OIICHKU OXHUAACMbIX IIApaMCTPOB 3JICMCHTOB HpHGOpHOﬁ CTPYKTYPBI:
MOBEPXHOCTHOI'O M YACJIBHOI'O COIPOTUBJICHHUA JICTUPOBAHHBIX YYACTKOB, KOHUCHTpAllUM W NOABHXXHOCTH
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. O6o0IeHHAs MOJIENIb TeHEpaIUi COOCTBEHHBIX TOYEUHBIX JIe()EKTOB B Tpoiiecce TBEPA0(]a3HbIX peaKIuii
Ha MMOBEPXHOCTH KPEMHHUSL.

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

18. OOpazoBaHuMe MNEPECHIIICHHBIX BAKAHCMOHHBIX pAacTBOPOB B Si IpU pOCTE€ CHIMIHMIOB 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
- O3HAaKOMJICHUE CTYACHTOB C OCHOBHBLIMU (I)I/IBI/I‘ICCKI/IMI/I " (bI/IBI/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;
- TIpel0CTaBJIeHNE KapTHHBI B3aUMOCBS3H MIPOLIECCOB B KPEMHUHU U NPUYMHHO-CIICICTBEHHBIX CBSI3€H,
NPUBOMALIMX K LEJICHANPABICHHBIM M HETaTHBHBIM W3MEHEHHUSIM CBOWCTB Marepuajia u
XapaKTEePUCTUK IPUOOPHBIX CTPYKTYD;
- TeopeTHuYecKas TIOJTrOTOBKA CIylIaTeled Kypca K CaMOCTOSTEIbHOMY PELICHHIO BOIPOCOB,
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH

[1K-1 CriocoGen craButh, GopMann30BbIBaTh U |MHOOPMAIMIO 00 aKTyasbHBIX PE3ybTaTax UCCIIEOBAHUN B
pelars 3a/1a41, B TOM YUCJIe pa3pabarTbiBath U |PAMKaX TEMAaTHYECKOH 00IacTH CBOEH NpodeccHoHanbHOM

HCCIICA0BATh MAaTEMATHYCCKUE MOICIIN JCATCIIBHOCTU

U3y4acMbIX SBJICHUH U MPONECCOB, CUCTeMHO  |[TK-1.3 CrocoGeH NPUMEHSATh TEOPETHYECKHE W (W)
AHAJIM3UPOBATh HAYYHBIC Hp06J'IeMI>I, noJIydarb OKCIICPUMCHTAJIbHBIC MCTOABI I/ICCJ'Ie):[OBaHI/Iﬁ K KOHKpCTHOf?I
HOBBIC HAYyYHBIC PE3YJIbTAThI HayIIHOP'I 3aJa4yec u HUHTCPIPETUPOBATH IMOJIYUCHHBIC
pe3ynbTaThl

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 10 JUCHHUIINHE (MOLYJII0)
B pesynbrare ocBoOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
- TeOpHI0 PU3NUECKUX U (PU3UKO-XMMHUYECKUX ITPOLECCOB B MOHOKPHUCTAIIINIECKOM KPEMHHH.
YMETB:
- U3J1araTh MaTepuallbl Kypea;
- WCIONB30BaTh TOJNYyYEHHBIC 3HAHUS NPH pa3pab0oTKe NPHUHIUIIOB MOCTPOCHUS W KOHCTPYKIHMH
pubopa MUKPOIIEKTPOHUKH U/WIIN K-J1 TEXHOJIOTHYECKOT0 Ipoliecca.
BJIaJIETh:




- MCTOAAMHU pacucTa IMapaMCTpPOB OCHOBHBIX TCXHOJIOTUYCCKUX onepaunﬁ: TCPMHUYCCKOTO OKHCJICHUS,
HOHHOM HUMIIIaHTallkuU, TEMIICPATYPhI U AJTUTCIbHOCTU OTXKHUI'OB,

- METOAAMH TeOpeTH‘leCKOﬁ OLCHKU OXHUAACMBIX MMapaMETpPOB 3JICMCHTOB HpI/I60pH0ﬁ CTPYKTYPBI:
MOBEPXHOCTHOIO UM  YACJIBHOTO CONPOTHUBJICHUA JICTUPOBAHHBIX YYAaCTKOB, KOHICHTpalMU H
INOABUXKHOCTH HOCHTEICH 3apsgaa B JICTUPOBAHHBIX W HWHAYHUPOBAHHBIX CJIOAX, MIHWPUHBI OH3,

€MKOCTH pP-N MIEPEXOJIO0B U IIp.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

Tema (pazmen) TUCITUTUTHHEL

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

Kpemnuii B kacce TBEpAbIX TEII.

CTpyKTypHBIE U  3JIEKTPOPHU3HUECKHE
napameTpbl 00beMHOTO KPEMHHUSI.

KﬂaCCI/I(l)I/IKaHI/IH MNOACHUCTEM KpHCTaJlJIa
HWOHHBIC U (baHOHHLIe IOACHUCTCMBI.

DNEeKTPOHHBIE TOACHCTEMBI  KPEMHUSI.
[Toncucremsr neekToB KpUCTaLIa.

AToMapHas  CTPyKTypa IOBEPXHOCTH
KpPEMHHS.

ArtomapHast ¢duznka XUMHYECKOTO
TPAaBJICHUS TOBEPXHOCTH KPEMHHUSI.

OCHOBBI TEOPHH AIHUTAKCUAIBHOTO POCTA
Ha [IOBEPXHOCTU KPEMHHUSI.

Knaccuduxanus neexkroB B KpeMHUH.

OCHOBEI paauaoHHON ¢buznkn
KpeMHUs. Mexanm3am o0pa3oBaHUS U
BUJIbI PATUAIIMOHHBIX ACQEKTOB.

10

MexaHU3Mbl ~ JBOJIOIMU  TIOJCUCTEMBI
e EeKTOB.

11

MexaHu3Mbl  JBOJIOLUHA  HOACHUCTEMBI
nedekToB. JlonoTHUTENBHBIC TIaBhI.

12

dusndeckue OCHOBBI METOAOB
JICTUPOBAHUA.

13

HCFI/IpOBaHI/Ie MCTOAOM HOHHas
HUMILIaHTaluA.

14

Huddy3uss U3  OrpaHHYEHHBIX |
HEOrpaHWYEHHBIX MOBEPXHOCTHBIX
HUCTOYHUKOB.

15

TeopeTnueckne OCHOBBI TBEpHO(A3HBIX
peakuuii W CONPOBOXKIAIOUIMX  HX
MPOLIECCOB.

16

O6o006menHas MOJEIIb reHepanun
COOCTBEHHBIX TOYCYHBIX Je(eKkToB B
nporecce TBepAO(pa3HBIX peakIuidi Ha
HOBEPXHOCTH KPEMHHUSL.

17

[IpaBuno ¢opmupoBanusi ha3 B cucreme
¢ monudaszHoii AuarpaMMoin COCTOSIHUSI.




Oo6pazoBanue MePEeChIEHHBIX
18  |BakaHCHMOHHBIX pacTBOPOoB B Si mpu 1 1 15
pocTe CHIIMIMIOB Ha €ro HOBEPXHOCTH.
Kunernka pocra crnoes SiO2. Mopenu
19  |renepamuu HEPaBHOBECHBIX 2 2
MEXKI0Y3JIUM.
KomOunnpoBaHHbIe MEXaHNU3MBbI
20 |muddy3unm  OCHOBHBIX  NPUMECHBIX 2 2
aTOMOB B KPEMHHMU.
PannannonHo-cTUMYIIMpOBaHHAS
21  |muddy3us B kpemHumn.  Pacnan 2 2
PaZnaMOHHBIX KJIACTEPOB.
CtumynupoBaHHas T dysus B
22 |kpemuuu. [duddysus yckopeHHas 110 2 2
BaKaHCHOHHOMY MEXaHH3MY.
Hroro yacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. KpeMHuii B kjacce TBEPIBIX TEIL.

ITpenmer, cTpykTypa n ocobeHHOCTH Kypca. OnperneneHus — nose 1 BemecTBo. CTpyKTypa BHEITHUX
JNIEKTPOHHBIX O00O0JIOYEK aTOMOB. OJIEKTPOOTpHULATeNbHOCTh. KoBajneHTHas ¥ HMOHHAas CBA3b B
MoJieKynax. Bunel cBsazell B TBepAbIX Tenax. Meramibl, IUINEKTPUKH, IOJYNPOBOIHUKHU,
CETHETOICKTPHUKH, (eppOMarHeTUKd. bIKHUI W nanbHUA TOPSIOK. AMOpHOE COCTOSHUE,
HOJMKPUCTAIIIBI, KPUCTAJUIBI. JIEMEHTapHble M MOJIEKYJSIpHbIE IOJIyNPOBOAHUKU. (OCHOBHBIE
MOHATUSL (PU3MKU TBEPAOIO TEla W MOIYHPOBOAHUKOB. 30HHAsI CTPYKTypa B MPSIMOM U OOpaTHOM
npocrpaHcTBe. 30Ha  bpuiuitosHa.  IIpsAMO30HHBIE U HENPSIMO30HHBIE  IOJIYIPOBOAHUKH.
OneMeHTapHasi siuelika KpeMHHUs U ee mnapameTpbl. <«OKuW3HEHHBIH LMKID)» KpPEeMHHS — IIECOK,
NOJIMKPEMHHUH, MOHOKpPHCTaNJ, IUIACTWHA, OJMUTAaKCHANbHAas  CTPYKTypa, 4Yum, Ipudbop
MHUKPOBJIEKTPOHHKH.

2. CTpyKTypHBIE H 3JIeKTPO(U3NIECKUE TapaMeTpbl 00bEMHOTO KPEMHHUSI.

OCHOBHBIE ANEKTPUUECKUE U MEXAaHNUECKHE CBOWCTBA 00BEMHOIO MOHOKPUCTAJUIMYECKOTO KPEMHHUSL.
30HHas CTpPyKTypa KpeMHHMs U ee mnapamerpbl. DyHIaMeHTalbHas B3aUMOCBS3b IOJBM)KHOCTU
3JIEKTPOHOB M ABIPOK C KPUBH3HOM dHepreTuueckux 30H. DddekruBHas Macca. TemmeparypHbie
3aBHCUMOCTH. [Ipuposa SHEpreTHHYecKMX YPOBHEH B 3ampelieHHOW 30HE. Menkue U TIyOoKHe
YPOBHHU JIETHUPYIOIUX IpuMeceil. [mybokue ypoBHU ObICTpoaudyHANPYIOMNX IPUMECEH. YPOBHH,
CBsi3aHHBIE ¢ KoMIUIekcamu JiedektoB. [Ipupona ypoBueidr Tamma. [Ipupona ypoBHel Ha rpaHuIax
paszena. Ilonsatme o wneHTpax pexkoMOMHANMKM M JOByImIKax. YpoBeHb @Depmu. Craructuka
Makcgenna-bonbimana. JnekTpuaeckas IpoOBOAUMOCTh KpeMHUs. [IpetidoBas ckopocTs. CpaBHEHHUE
C IpyTUMH NodaynpoBoaHuKamu. [IoHATHE 0 HEPAaBHOBECHBIX Mpoleccax. Bpems pemakcanuu.

3. Knaccmbm(aum[ MOACHUCTCM KpHUCTAJlJIa MOHHBIC U (baHOHHBIe IIOACHUCTCMBI.



VYCiI0BHBIE TOJACUCTEMBI MOHOKpHUCTANIMYeckoro KpemHus. HonHas mnoxcuctema. DoOHOHHas
nozacucTeMa. DieKTpoHHas noacucreMa. [logcucrema nedextoB kpucrainia. [lpumeps! npoueccos, B
HOHHOM moacucteme. Bo3HMKHOBeHHE o0nacTeld NPOCTPAaHCTBEHHOrO 3apsaa B o0beMe, y
[IOBEPXHOCTH, TIpaHul] pazfena. YpaBHeHue Ilyaccona. IloreHuMalbHBIE SIMBI, B TOM 4YHUCIE
IByMepHbIe. BHyTpeHHue anekTpuueckue mnois. Ynpyrue nons. Hdpeid Hocurenert 3apsaa. dpeiid
ne(eKToB U MPUMECHBIX aTOMOB. [IprMephl MPOIIeCCOB B AMEKTPOHHOM MOACHCTEME. DIEKTpHUYECKast
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 (poHOHaX. TermionpoBogHOCTh, TEIIOeMKOCTh. Temmeparypa Jebast.
TerutoBoe pacumpenue. Ilpumeps! nporecco B noacucreme aedexroB kpuctamuia. O6pa3oBaHue U
KOHLIEHTPAlMN TEPMOANHAMUYECKH PaBHOBECHBIX Je(eKToB. COCTOSHHUE MOJICUCTEMBI COOCTBEHHBIX
NePEeKTOB TP HEU30TCPMHUUECKUX TEPMOOOpa0OTKaxX, BKJIFOYAs HMITYIbCHBIM OTXKHT. [eHeparms
HEPAaBHOBECHBIX TOUYEUHBIX JC(PEKTOB IPH PAAUALMOHHOM BO3ACHCTBHM, NpPHU TBEPLOQa3HBIX
peaknusAx Ha IOBEPXHOCTH KPHUCTAJUIa, MpPU pPa3IMYHBIX BHUAAX TPABICHHS C KOMIOHEHTaMH
PaZMaMOHHOTO U XMMHYECKOTOo Bo3nercTBus. [loHsATH 00 00pa3oBaHMM TUCIIOKAMNA, KIACTEPOB,
KOMIIJICKCOB, HPUMECHBIX mpeuunuraroB. OrmpeneneHns M BIUSHUE Ha 3JIEKTPOPHU3HMUECKHUE
napaMeTpsbl. [Ipumepsl mpoueccoB, yNpaBIIeMbIX KOMOWHAIMEW NOACHCTEM. ATOMAapHBIH
MmacconepeHoc.  Mexanusmbl  aud¢dy3um  aToOMOB B HACAIBHONW  pemieTke  KPeMHHUS.
Paguannonno-crumynupoBanHas nuddysua. Bocxomsmas nuddysus. MacconepeHoc B yCIOBHIX
muddysun u apeiida B anmekrpuueckux u ynpyrux nonsx. Jduddysus u npeiid nHocurenei 3apsaa.
[Toroxu B p-n nepexoae. ®oto-3/IC. TermnoBas u aBTOAIEKTPOHHAS] SMUCCHS.

5. AtomapHas CTpyKTypa NOBEPXHOCTH KPEMHUS.

Artomapsble cTyneHd. M3inombl Ha aToMmapHbIX CTyHeHsX. Tepacchl. DHEprus CBSI3U 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. TpaBiaeHue c oOpazoBaHMEM NPOMEKYTOUHBIX (a3. Buasl TpaBneHwHS.
TpaBnenue B raszoBod (aze. J[BukeHHMe aTOMapHBIX CTyHeHeW mNpHu TpaBieHHU. JKUAKOCTHOE
TpaBieHue. IliasmMoxumuueckoe M HOHHO-IIa3MEHHOe TpasiieHue. llonupytoiee TpasieHUE.
CenexruBHOE TpaBieHue. Metoasl MeTayiorpapum.

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

Buner snuwrakcun. CVD  u  MOS-ruapugnas osnutakcus. OCHOBHBIE dTambl  Ipoliecca
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 KpeMHHUM — COOCTBEHHBbIE Ae(EeKTh M TPUMECHBIE aTOMbl. DHEPrus
00pa30BaHMsl U DJHEPrusi MUTPALUU TOUEUHBIX JedekToB. KoMmIuiekchl TOYeuHbIX Ae(eKTOB U uX
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 paguanMOHHON (U3MKKM KpeMHHS. MexaHu3M 00pa3oBaHHMS W BHIbl PaJUAIIMOHHBIX
e EeKTOB.

DJeKTpOHHBIH (HEYNpyruil) MeXaHW3M TOPMOXKCHHS YCKOPEHHBIX YacTHUI[ B pEIIETKEe KPEMHUS.
SAnepuslii (ynpyruil) MexaHHM3M TOPMOXEHHs. PacmpeneieHre HUMIUIAHTHPOBAHHBIX AaTrOMOB B
pemterke. [IpoenupoBannblii mpoder. Crparmivar. CKOIIEHHOCTh pacipeneneHus. [enepanus mnap
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.

PoctroBeie nmedextbl B kpemHHH. [eHepallusi COOCTBEHHBIX MEXIOY3JIHH TPH TEPMHUUIECCKOM
OKHCIICHHMH KpeMHHA. POcT okuciauTenbHbIX Ae(eKTOB ynakoBKH. KBazmxuMudeckue peaxkiuu B
KpeMHuH. Mozenb GopMHUPOBaHUS TEPMOJOHOPOB.

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

Mopnens (GopMupoBaHHsI TMEPECHILEHHBIX BaKaHCHOHHBIX PAacTBOPOB B 0O0bEME KpEeMHHs IpH
TBepAO(a3HbIX PEAKIUsIX Ha €ro MoBEpXHOCTH. Moaenb (popMUpPOBaHHS HEPAaBHOBECHBIX BaKaHCHUIM
[P CTUMYJIUPOBAHHOM OTOOpPE COOCTBEHHBIX aTOMOB.

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

OCHOBBl ~ TEpMOAMHAMUKMA TBEPABIX pacTBOpoB. Perporpannelii  Xapakrep 3aBUCUMOCTH
pacTBOpUMOCTH IIpuMeceil oT Temiieparypsbl. Jlerarypsl. Ilapamerpsl sierupoBanus. JlerupoBanue
pacmiaBa mpu pocte KpUCTaiuioB. JlernpoBanue myrem Aud@y3uu ¢ moBepxHOCTH. JlerupoBanue
METO/I0M HOHHOM MUMIUIAHTALMH.

13. JlerupoBanue METOOM HOHHAS UMIUIAHTALIMSL.

OcHOBHBIE IIapaMETphl IIpoliecca MOHHOIO JIETMPOBAHUA: THII MOHA, SHEPrus, 103a, TeMIEpaTrypa,
WIOTHOCTH ToKa. [Ipoduinm pacnpeaeneHuss UMIIAaTHPOBaHHBIX atoMOB As, P, Sb, B. Ummnnanranus
B OTKPBITYIO MTOBEPXHOCTh M uepe3 Mackupyromme ciou. «KoHcTpynpoBanue» npopuis NpUMECH.
@DEHOMEHONIOTUST  POJM  paauanuoHHBIX  JaedekToB.  [locTUMIIaHTALIMOHHBIE — OTKHUTH.
N3oTtepMuyeckuii OT>KUL. BBICTPBIA TepMUYECKUI OTKUL. VIMITySIbCHBII J1a3€pHBII OTKHUT.

14. Incdy3ns U3 orpaHUuEHHBIX 1 HEOIPAHNYEHHBIX TOBEPXHOCTHBIX HCTOUHHUKOB.

Mertozbl eTUpOBaHUs KPEMHHUS M3 CWIMKATHBIX cTekos. Cragum jerupoBaHus. Pacder THIOBBIX
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 IUIeHKH). POCT IIGHOK CO CTOPOHBI OTKPBHITOH MOBEpXHOCTH. (OCHOBBHI
tepmonuHamuk  TOP. TIpumeper TOP —oOpazoBaHue CHIMIUIOB, POCT HUTPUAOB U OKHCIIOB
KPEMHUS.

16. O6001eHHas MOAETb TeHEPaLuu COOCTBEHHBIX TOYEUHBIX AE(PEKTOB B Mpolecce TBepIoQazHbIX
peaxuuii Ha MOBEpXHOCTH KPEMHUSI.

3amaua Jlame. Pacuer nucOanmaHca MONEKYISpHBIX O00BEMOB pa3MENICHUS U OOBEMOB MOCAJKH Ha
uHTepdeiice CTPYKTYpbl MOUIOKKAa — IUIeHKa. lIpaBuio mporHoza Npuponbl T€HEPUPYEMBIX
coOcTBeHHBIX TodeuHbIX gAcedekToB (THD). Ouenka Ttemna renepanuu TJ[. OneHka creneHn
nepecolieHus pactopa T/] B kpemuun nox pactymumu B npouecce TOP mienkamu. D¢ dekTs B
00beMe KPeMHHSI OT MEePECHIICHHBIX pacTBOpPoB TJI.

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



OMIuprUYecKue MpaBuia ONpeAeieHus TepBoi ¢a3pl B cucTeMax ¢ nonudasHoi auarpaMMoit
cocrosaus. [lpumepsl B cHucTeMe KpeMHHH-MeTal. BBIBOA TpaBWia MOCIEIOBATEIbHOCTH
oOpazoBanus (a3 Ha ocHOBe 00001IeHHON Mojenu. [IpuMmenenus npaBwia a3 K IenouKe peakiuit
npu 00pa30BaHUU CHIIMLIUIOB METAJUIOB HA IIOBEPXHOCTH KPEMHUSI.

18. OOpa3oBaHHNE MEPECHIICHHBIX BAKAHCUOHHBIX PAacTBOPOB B Si MpH POCTE CHIMLHUIOB Ha €ro
IIOBEPXHOCTH.

Pacuer BakaHCHOHHBIX MEPECHIICHUH B KPEMHUH TIPU (HOPMHUPOBAHUU CHITMIMIOB HA MIOBEPXHOCTH
kpemHus. OddekThl BaKaHCMOHHOTO TepechlieHus. Pa3MbITHe TpHUMECHBIX mpoduiei.
BriTsrrBaH#ue pruMecei U3 MOMJIOKKH B SITUTAKCHAIIBHBIE CIIOH.

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

Kuneruka pocra TepMHYECKMX OKHMCJIOB Ha IIOBEPXHOCTH KpeMHMs. JIMMUTHpyrOuEe CTaauu.
Kunernka pocra Ha HauaJbHBIX U KOHEUHBIX dTanax. BiusHue napoB BoAbl HA KUHETHKY pocTa. Poip
aTOMOB XJIOpa TPH XJIOPUAHOM OKHCIECHUH. Monenn reHepanuu COOCTBEHHBIX MEXKAOY3IHH IpU
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.

Huddysus nmo yznam. Juddysus mo mexnoysnmusaMm. Pons coOCTBEHHBIX aTOMOB M BaKaHCHH B
TUQPy3un  JIETHPYIONIMX TpuMeceil B KpeMHHH. OQQPEKTUBHBIA KOAIPPUIHEHT Tuddy3Hu.
Mexannsmel muddysun aromoB B, As, P, Sb. Ananu3 Beipakenus s kodddunuenra quddys3um ¢
TOYKM 3pPEHUS TEPMOAMHAMMKM M KHHETHKH. YCKOpEHHass M 3aTOpMOKeHHas auddysus B
MEPECHILEHHBIX TBEPABIX PACTBOPAX BAKAHCUN M COOCTBEHHBIX MEXIO0Y3JINH.

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

VYpaBuenusi nuddy3un c nepeMeHHbIM KodpduuueHToM audy3ud, C TEHEPAUUOHHBIM U
pexoMOMHAIMOHHBIM WwieHOM. Jnddy3ust B npucyTcTBun pamuanuu. Juddysus, ctuMmyinnpoBaHHas

mo  3amaceHHeM  nedekram.  Pacmpenenenne — koMmoHeHToB — map — DpeHkens B
MOHHO-MMIUIAHTUPOBAHHBIX Cy0gX. CTpyKTypa pasynopsiiodeHHONH o0nacT W paauaIiiOHHOTO
KJIacTepa.

Krnactep xak MCTOYHUK U CTOK JUIsi cOOCTBEHHBIX AedekToB. [IoHsITHE KMHETHYECKH PaBHOBECHBIX
KOHIICHTPAIMH COOCTBEHHBIX JIe()EKTOB B PeaIbHBIX KpUCTaJIIaX.

22. CrumynupoBanHas auddysus B kpemHuu. Juddys3us yckopeHHas IO BaKaHCHOHHOMY
MEXaHU3MY.

Huddysuonnsie >ppexTsl B KPEMHHH, TMEPECHIIEHHOM 10 BakaHcHsM. OIeHKa CTEeleHU
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
peakuuu. Uza. Mup, Mocksa, 1982, 576 c.

2. Utanbsnues A.I. T'enepanus BakaHCHUH, CTUMYJIMPOBAaHHAS] XUMHUUECKUM TPABICHUEM IIOBEPXHOCTH
kpucrama. [loBepxnocts, 1991, B.10, ¢.122-127.

3. C.B. bynspckuii, B.W. ®uctyns. TepMoarHaMuKa 1 KHHETHKA B3aUMOIEHCTBYIOIINX 1e()EKTOB B
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)

CryneHT, W3ydalIUui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAJETh OONIUM TMOHSTHHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, JOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate u3yueHus TUCHUIUIMHBI CTYAEHT OJKEH 3HAaTh OCHOBHBIEC OMpPEIEICHUS AMCIUIIUHBL,
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 Marepwalia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydyaeMoOro mMarepualna, a He MEXaHHYeCKOro ero 3armomuHaHus. [lpu
3aTPYINHEHWH W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
[1K-1 CriocoGeH cTaButh, GOpMaIM30BbIBaTL U |MHOOPMALMIO 00 AKTya bHBIX PE3ybTaTax UCCIICIOBAHUN B
pelnars 3a1a41, B TOM YUCJIe pa3padaTbiBaTh U |PaMKax TEMaTHYeCcKoH 001acTu cBoeil npodeccnoHanbHOM
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN NesITeTbHOCTH

U3y4aeMBbIX ABJICHUI U TIPOLECCOB, CUCTEMHO  |[TK-1.3 Croco0eH NpUMEHATh TeopeTudeckue u (WIIH)
aHAJM3MPOBaTh HAy4YHBIE IIPOOJIEMBI, OIYYaTh |3KCIIEPUMMEHTAIBHBIE METOIBI MCCIIENOBAHUN K KOHKPETHOM
HOBBIC HAYYHBIC PE3yJIbTaThI HayyHOM 3amadye W WHTEPIPETHPOBATh  MOTYyYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrate wu3yueHus JUCHMIUIMHBI «®DU3UKA TPOLECCOB B MOHOKPHCTAUIMYECKOM KPEMHHUI»
00yJarouiCs JTOIDKEH:

3HATh:
- TEOPHUIO (PU3MUYECKUX U (PUZUKO-XMMUYECKHX MTPOIIECCOB B MOHOKPHCTAILTMYECKOM KPEMHHH.
yMeThb:
- U3J1araTh MaTepHabl Kypca;
- WUCIIONIb30BaTh MOJYyYEHHBIC 3HAHHUS NpPU pa3padOTKe NPUHIMIOB TOCTPOCHUS M KOHCTPYKLHUH
pubopa MUKPOIIEKTPOHUKH U/WIIN K-J1 TEXHOJIOTHYECKOT0 Ipoliecca.
BJIA/IeTh:

- METO/IaMH pacyeTa MmapaMeTpOB OCHOBHBIX TEXHOJIOTUYECKUX OTEpalril: TEePMUYECKOTO OKHUCICHHS,
MOHHOHM MMIUIAHTAIH, TEMIIEPATYPhl U ATUTEIBHOCTH OTKUIOB;

- METOJaMH TECOPETHYECKOW OLIEHKH OKUIAEMBIX IapaMeTPOB JJIEMEHTOB MPUOOPHOW CTPYKTYpHIL:
MOBEPXHOCTHOTO ¥ YAEIbHOTO CONPOTHBICHUS JICTUPOBAHHBIX YYAaCTKOB, KOHIEHTPALUH U
TIOZIBIKHOCTH HOCHTENICH 3apsijia B JICTHPOBAHHBIX W HMHIYIMPOBAaHHBIX Ciosx, mupuHbl OI13,
€MKOCTH pP-N MIEPEXOJIO0B U IIp.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

C 1menbplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bonpocs k quddepeHnmpoBaHHOMY 3a4eTy:
KpemHuii B kiacce TBEpABIX TEIL.
CTpyKTypHBIE ¥ IIEKTPOPHU3NIECKUE TapaMeTPbl 00bEMHOTO KPEMHHSI.
Kitaccuguxarys noacucTeM KprcTauia HOHHbIC U (DaHOHHBIC MTOICUCTEMBI.
DIIeKTPOHHBIE MOACUCTEMbI KpeMHus. [TofcrcTeMsl 1eeKToB KpucTaia.

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 Knaccuduxkanus n1eeKToB B KpEMHUH.

9

OCHOBBI paJMAIIMOHHON (U3UKU KpeMHHs. MexaHu3M 00pa3oBaHHMsS W BHIbI PaHAIlHOHHBIX
ne(heKToB.

Bormpocs! k sx3ameny:
1 KpemHuii B k1acce TBEpABIX TEI.
2 CTpyKTypHBIE U 3NEKTPOPU3NIECKHIE TapaMeTPbl 0ObEMHOTO KPEMHHUSL.



Knaccuduxarus moacucteM KpucTauia HOHHbIE M (paHOHHBIE MTOACHCTEMBI.
DnexTpoHHbIE MojicucTeMbl kpeMHus. [logcuctemsl nedexkToB KpucTamia.
AtoMapHas CTPYKTypa IOBEPXHOCTH KPEMHHUS.

3
4
5
6 AromapHas (pU3HMKa XMMHUUYECKOTO TPABJICHUS TIOBEPXHOCTH KPEMHHSI.
7 OCHOBBI TEOPHH SIMUTAKCHAIBHOTO POCTAa HA OBEPXHOCTH KPEMHHUSL.
8 Knaccuduxkanus n1eeKToB B KpEMHUH.

9

OCHOBBI paJMallMOHHOW (PH3MKH KpeMHUs. MexaHu3M o0pa3oBaHWsI W BHUJBl PaUAIIMOHHBIX
ne(heKToB.
10 DBomronust nedexTos.
11 MexaHHU3MBI BOJIOIUHN TOACUCTEMBI Te(EKTOB.
12 ®usnueckue 0CHOBBI METOJIOB JIETUPOBAHHSL.
13 JlerupoBaHue METOIOM MOHHASI UMILIAHTALIMSL.
14 JIuddysust u3 orpaHUICHHBIX ¥ HEOTPAHUICHHBIX ITOBEPXHOCTHBIX HCTOUHUKOB.
15 Teoperndeckrue 0CHOBBI TBEPIO(A3HBIX PEaKIUii U COMMPOBOXKIAIOIINX UX TPOIECCOB.

16 OO6o6meHHass MOAETIs TeHEpalul COOCTBEHHBIX TOUYEUHBIX Ae(EKTOB B Mpolecce TBepAo]a3HbIX
peaxuuii Ha MOBEpXHOCTH KPEMHUSI.

17 Tlpasuno dhopmupoBanus a3 B cucTeMe ¢ moaudazHol AuarpaMMoil COCTOSHUSI.

18 O0Opa3oBaHue MEPECHIIEHHBIX BAKAHCHOHHBIX PAcTBOPOB B Si MpH pOCTE CWIMIUIOB Ha €r0
MOBEPXHOCTH.

19 Kuneruka pocta cioes SiO2. Monenu reHepalui HepaBHOBECHBIX MEKI0Y3IIHM.
20 KomOuHMpoBaHHbIE MeXaHU3MBbI A1) (y31UH OCHOBHBIX IPUMECHBIX aTOMOB B KDEMHHU.
21 PapmanuoHHO-cTHMYAHpoBaHHas auddys3us B kpemHuH. Pacan pagualimOHHBIX KIacTEPOB.

22 CrumynupoBannas nupdys3uss B kpemHuu. [Juddysus yckopeHHas MO BaKaHCHOHHOMY
MEXaHU3MY.

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. OCHOBBI TEOPUH SMUTAKCHATIBHOTO POCTA HA IOBEPXHOCTHU KPEMHHS.
2. Knaccudukanus nehekToB B KpEMHHH.

[Ipumep 2.
1. TeopeTndeckue OCHOBBI TBEPAOGA3HBIX PEAKIHH U COMPOBOXKIAIOIINX MX IPOLECCOB.

2. O0o001eHHast MOJIENTh TeHEepalui COOCTBEHHBIX TOYEYHBIX Je(EKTOB B IMpolecce TBEPAO(a3HbIX
peaknuii Ha IIOBEPXHOCTH KPEMHUSI.

Kpurepun oneHuBaHus
Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MpOorpamMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ 06amios - BBICTaBJIETCS CTYAEHTY, II0Ka3aBLIEMY BCECTOPOHHMUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, FpaMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyUYCHHBIC 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYLIECTBY U3J1araeT ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.



OteHka XOpoIo 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIyCKaeT B
OTBETE WJIHM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka yHOBIETBOPUTEIHHO 4 Oayuia - BBICTABISCTCS CTYACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIC (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MMOCIIENOBATEIBbHOCTH B U3JIOKCHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IpOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIEero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 Oajia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMY (pparMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciado
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYHOBICTBOPUTEIHHO 2 Oajia - BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZIEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

OueHKa HEYJOBICTBOPUTENBHO | Oaiia - BBICTAaBISAETCS CTYICHTY, KOTOPBI HE 3HA€T OCHOBHOTO
coziepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT TrpyOeiiniie ommoku B (GOpPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HAaBBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

*  yYMEHHE OPUCHTHUPOBATHCS B OCHOBHBIX TEOPHSX, KOHICTIMSIX W HANPABICHHUAX 110 M3y4aeMOM
JAMCUMIUIMHE U 1aBaTh UM OLICHKY;

. paboTa MOA pPYKOBOJACTBOM IIPENOAABATEIsl HA INPAKTUUECKHX, J1a0OPaTOPHBIX 3aHATHSX,
JTOIYCTHMBIN YPOBEHb KYJIBTYpbI UCTIOTHEHUS 3aJaHUH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEJOCTAaTOYHO IMOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTa;
* 3HAHHME YaCTH OCHOBHOH JINTEPATypbl, PEKOMEHIOBAaHHON y4eOHOM MPOrpaMMOi TUCIUILINHE;

° HCIIOJIB30BaHHEC Hay‘lHOﬁ TCPMUHOJIOTUHN, H3JIOKCHUC OTBCTAa Ha BONPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMHU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

* cnaboe BiajeHHE WHCTPYMEHTapueM Y4eOHOHW IUCHUIUIMHBI, HEKOMIIETCHTHOCTh B PELICHUH
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

. HEYMEHUE OPUECHTUPOBATHCA B OCHOBHBIX TEOPUSX, KOHLECMLMSIX M HAMPABICHUSIX HU3Yy4aeMOMU
JIMCIIMILINHBI,

* TACCHBHOCTh HA MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOTHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHbIC 3HAHUS B paMKax 00pa30BaTEIBHOTO CTaH/IaPTa;

. 3HaHWS OTAETBHBIX JIMTEPATYPHBIX HWCTOYHHMKOB, PEKOMEHIOBAHHBIX Y4YeOHOH mporpamMmoi
JUCIUTIINHEL,

. HEYMEHHE HCIIOJh30BaTh HAyYHYH) TEPMHUHOJIOTHIO JUCIMIUIMHBI, HAaJUYWE B OTBETE TPyOBIX
CTHJIMCTHYCCKUX U JOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPhl UCIIOTHEHUS
3aJIaHUM.

1 6amr — (HEYIOBJIETBOPUTEJIBHO):

* OTCYTCTBHE 3HAaHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHUH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Tpu npoBenenny audQepeHIMPOBaHHOTO 3aUeTa WM dK3aMeHa o0ydJaromiemMycst npeaocTasisiercs 30
MHUHYT Ha ToAroroBky. Ompoc oOywaromerocs 1o OWjeTy He JO/DKEH TMPEBBIATh JABYX
ACTPOHOMHYECKHX YacOB B YCTHOH W (MJIM) MMCbMEHHOHN Qopme.



