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 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,
NPUBOMALIMX K LEJICHANPABICHHBIM M HETaTHBHBIM W3MEHEHHSM CBOMCTB Marepuajia u
XapaKTEePUCTUK IPUOOPHBIX CTPYKTYD;
- TeopeTHuYecKas IOATOTOBKA CIyIIaTeJled Kypca K CaMOCTOSTEIbHOMY PEILICHHIO 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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIATH
[1K-1 CnocoGen craButh, GopManr30BbIBaTh U |MHOOPMAIMIO 00 aKTyasbHBIX PE3yJbTaTaX MCCIIEOBaHUM B
pelars 331241, B TOM YUCJIe pa3pabarTbiBath 1 |PAMKaX TEMAaTHYECKOH 00IacTH CBOEH IpOoQeccCHOHAIbHOM
WCCIIeIOBATh MaTEMAaTHYECKUE MOICTH NEeSTENbHOCTH

M3y4acMbIX SBJICHUH U MPOLECcCoB, CUcTeMHO  |[TK-1.3 CrocobeH NPUMEHSATh TEOPETHYECKHEe W (WIIH)
AHAIIM3MPOBATh HAYYHBIE IIPOOIEMBI, IIOIYYaTh |3KCIIEPUMEHTAIBHBIE METOBI UCCIEN0BAHUI K KOHKPETHOM
HOBBIE HAYYHbBIE PE3yIbTaThI HAy4YHOW 3a7a4e W HHTEPIPETUPOBATH  IOJyYCHHBIC
pe3yabTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- TEOPHIO (PU3NIECKUX U (PUINKO-XUMHUIECKUX MPOIIECCOB B MOHOKPHUCTAILTNIESCKOM KPEMHHUH.
YMETb:

- U3J1araTh MaTepHabl Kypca;
- WCTONIb30BaTh IOJYYCHHBIC 3HAHUS IMpPH pPa3pabOTKe MPHUHIMIIOB IMOCTPOCHHS W KOHCTPYKIHU
pubopa MUKPOIIEKTPOHUKH U/WIIN K-J1 TEXHOJIOTHYECKOT0 Ipoliecca.

BJIAJIETD:




- MCTOAaMU pacdyeTa n1apaMCeTpOB OCHOBHBIX TCXHOJIOTHYCCKUX onepaum‘/i: TCPMUYICCKOTIO0 OKHCJICHUS,
HOHHOM HUMIIIaHTallkuU, TEMIICPATYPhI U AJTUTCIbHOCTU OTXKHUI'OB,

- METOAAMH TeOpeTH‘leCKOﬁ OLCHKU OXHUAACMBIX MMapaMETpPOB 3JICMCHTOB HpI/I60pH0ﬁ CTPYKTYPBI:
MOBEPXHOCTHOIO M  YACJIBbHOI'O COIIPOTHUBJIICHUA JICTUPOBAHHBIX YYaCTKOB, KOHUCHTpAllUH U
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  3JIEKTPOPHU3NUECKHUE
napameTpbl 00beMHOTO KPEMHHUSI.

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

DNEeKTPOHHBIE TOACHCTEMBI  KPEMHHUSI.
[Toncucremsr neekToB KpUCTaLIa.

AToMapHas  CTPyKTypa IOBEPXHOCTH
KpPEMHHS.

ArtomapHast ¢duznka XUMHUYECKOTO
TPAaBJICHUS TOBEPXHOCTH KPEMHHUSI.

OCHOBBI TEOPHH AMHUTAKCHATIBHOTO POCTa
Ha [IOBEPXHOCTU KPEMHHUSI.

Knaccuduxanus neexkroB B KpeMHUH.

OCHOBEI paauaoHHON ¢buznkn
KpeMHUs. MexaHu3M 00pa3oBaHUS W
BUJIbI PATUAIIMOHHBIX ACQEKTOB.

10

MexaHu3Mbl ~ JBOJIOIMH  MOACUCTEMBI
e EeKTOB.

11

MexaHu3Mbl  J3BOJIOLUHM  ITOACUCTEMBI
nedekToB. JlonoTHUTENBHBIC TIaBhI.

12

dusndeckue OCHOBBI MCTOO0OB
JICTUPOBAHUA.

13

HCFI/IpOBaHI/Ie MCTOAOM HOHHas
HUMILIaHTaluA.

14

Huddysuss U3  OrpaHUYEHHBIX U
HEOrpaHWYEHHBIX MOBEPXHOCTHBIX
HUCTOYHUKOB.

15

TeopeTnueckne OCHOBBI TBEpHO(A3HBIX
peakuuidi M CONPOBOXKIAMOUIMX  HX
MPOLIECCOB.

16

O6o006menHas MOJEJIb reHepamnun
COOCTBCHHBIX TOYEYHBIX JCPEKTOB 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 kpemHun.  Pacman 2 2
PaZnaMOHHBIX KJIACTEPOB.
CtumynupoBaHHas T dysus B
22 |kpemuun. Huddysus 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.

ITpenmert, cTpykTypa u 0cobeHHOCTH Kypca. Onpernenenus — rnoje 1 BemecTBo. CTpyKTypa BHELITHUX
AIIEKTPOHHBIX 000JI0YEK aTOMOB. OJIEKTPOOTPHULATEIBHOCTh. KOBaneHTHass W HWOHHAs CBSI3b B
MoJieKynax. Bunel cBsizell B TBepAbIX Tenax. MeTaibl, JIUAIEKTPUKH, IOIYIPOBOAHUKH,
CETHETONICKTPHUKH, (eppoMarHeTuku. bmkHuil u manpHU mOpsSAoK. AMopdHOEe cocTOsHHE,
HOJMKPUCTAIIIBI, KPUCTAJUIBI. OJIEMEHTapHble M MOJIEKYJSIPHbIE IOJYIPOBOAHUKH. (OCHOBHBIE
MOHATUSL (U3UKM TBEPAOTO Teja U MOJIYNPOBOAHHMKOB. 30HHAS CTPYKTypa B MPSIMOM M OOpaTHOM
npocrpaHcTBe. 30Ha  bpuiuntosHa.  IIpsMO30HHBIE M HENPSIMO30HHBIE  IIOJIYIPOBOIHMKH.
OneMeHTapHasi siYeika KpeMHHUS M ee mnapaMeTpbl. «KHU3HEHHBIM LUKI» KPEMHHUS — TIECOK,
MNOJIMKPEMHUH, MOHOKpHCTaJ, IUIACTHHA, OJMHTaKCHAlbHAas  CTPYKTypa, 4YMI, I[puOOp
MHUKPOBJIEKTPOHHKH.

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

OCHOBHBIE ANIEKTPUUYECKUE U MEXaHUYECKHE CBOMCTBA 0ObEMHOIO MOHOKPUCTAIIINYECKOTO KPEMHUSL.
30HHas CTpPYKTypa KpeMHusi M ee napameTpbl. DyHIaMeHTalbHas B3aUMOCBS3b IOABMIKHOCTU
3JIEKTPOHOB M ABIPOK C KPUBH3HOM 3HepreTmueckux 30H. DddexruBnas macca. TemmneparypHsie
3aBHCUMOCTH. [Ipuposa SHEpreTHHYecKMX YPOBHEH B 3ampelieHHOW 30HE. Menkue U TIyOoKHe
YPOBHHU JIETUPYIOIUX NpuMeceil. [mybokue ypoBHU ObicTponndGyHINpyOMuUX npuMeceil. YpoBHH,
cBsizaHHBIE ¢ KomIiekcamu nedekros. [Ipupona yposHeit Tamma. [Ipupona ypoBHe# Ha TpaHHIIaxX
paszena. Ilonatme o wneHTpax pekoMOMHAMK W JIOByIIKax. YpoBeHb Pepmu. Craructuka
Makcgemna-bonbiMana. Dnekrpruueckas IpOBOAUMOCTH kpeMHHUsI. [pefidoBas ckopocTs. CpaBHEHHE
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
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
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)

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: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

KBAJM(PUKAIMA: 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
[TK-1 CriocoGeH cTaBuTh, GopMaIM30BbIBaTh H |MHGOPMALMIO 00 AKTya bHBIX PE3yIbTaTaX MCCIIENOBAHUMN B
pelnarh 3a1a41, B TOM YUCJIe pa3pabarThiBaTh U |PaMKaxX TEMaTHYECKOM 001acTh cBoeH mpodeccuoHanbHOH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN NesITeTbHOCTH

U3y4aeMbIX ABJICHUN U TIPOLECCOB, CUCTEMHO  |[TK-1.3 CmocoOeH NpPHMEHSATh TeopeTHueckue u  (WIIH)
aHAIIM3UPOBATh HAYYHbIC TPOOIEMBI, TOy4YaTh SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HOBBIC HAYYHBIC PE3yJIbTaThI HayyHOH 3ajade © HWHTEPIPETUPOBATH  IOIYYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrate wusydeHus AUCHMIUIMHBI «®DHU3MKAa MPOIECCOB B MOHOKPUCTAJUIMYECKOM KPEMHHUI»
00yJarouiCs JTOIDKEH:

3HATh:
- TEOPHUIO (PU3MUYECKUX U (PUZUKO-XMMUYECKHX MTPOIIECCOB B MOHOKPHCTAILTMYECKOM KPEMHHH.
yMeThb:
- U3J1araTh MaTepHabl Kypca;
- WCTONIb30BaTh IOJYYCHHBIC 3HAHUS IMPH pPa3pabOTKe MPHUHIMIIOB IMOCTPOCHHS W KOHCTPYKIHU
pubopa MUKPOIIEKTPOHUKH U/WIIN K-J1 TEXHOJIOTHYECKOT0 Ipoliecca.
BJIA/IeTh:

- METOIaMH pacyeTa MapaMeTpOB OCHOBHBIX TEXHOJIOTHYECKUX OIEPALUii: TEPMUIECKOTO OKHUCIICHHS,
MOHHOHM MMIUIAHTAIH, TEMIIEPATYPhl U ATUTEIBHOCTH OTKUIOB;

- METOJaMH TECOPETHYECKOW OLIEHKH OKUIAEMBIX IapaMeTPOB JJIEMEHTOB MPUOOPHOW CTPYKTYpHIL:
MOBEPXHOCTHOTO ¥ YAEIBHOTO CONPOTHUBICHHS JIETHPOBAHHBIX YYacTKOB, KOHLEHTpPAlMU H
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 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAUTCS YCTHBIH ONpoC 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 OO6oO6weHHas MOAENs TeHEpaLUn COOCTBEHHBIX TOYEYHBIX I€(EKTOB B IMpouecce TBepAO(pa3HBIX
peaxuuii Ha MOBEpXHOCTH KPEMHUSI.

17 Tlpasuno dhopmupoBanus a3 B cucTeMe ¢ moaudazHol AuarpaMMoil COCTOSHUSI.

18 OO0pa3oBaHue MepeCHIIEHHBIX BaKaHCHOHHBIX PAcTBOPOB B Si NMPU pOCTE CHIMIMIOB Ha €ro
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 auddysuss B kpemHuu. [Juddys3us 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. O6oOuieHHas MOJENb TeHepaluy COOCTBEHHBIX TOUEUHBIX JIe(EKTOB B Ipolecce TBepaoda3HbIX
peaknuii Ha IIOBEPXHOCTH KPEMHUSI.

Kpurepun oneHuBaHus
Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.
Onenka omM4YHO 9 Oa/uioB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U MPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHual, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 33/1a49 HEKOTOPBIE HETOYHOCTH.



OreHka XOpoIIo 5 6ayuIoB - BHICTABIISCTCS CTY/ICHTY, €CJIH OH B OCHOBHOM 3HAEeT MarepHal, rPaMOTHO
U 110 CYLIECTBY M3JIaraeT €ro, yMeeT IPHMEHSTh MOJyYCHHBIC 3HAHHS Ha MPAKTHKE, HO JIOIyCKaeT B
OTBETE WJIHM B PEIICHUH 3334 JOCTATOYHO OOJIBIIOE KOIMYECTBO HETOYHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaiia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTMYECKOU MOCIIEOBATEILHOCTH B U3JIOKEHHU TIPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3/eibl y4eOHON HPOrpaMMbl, HEOOXOAUMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B W3JIOKECHUH IPOrPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3/iejaMH y4eOHOM MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus 1
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISACTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUs Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THIIOBBIX 33]1a4.

OreHKa HEYJIOBIETBOPUTENILHO | 0ajul - BBICTABIISIETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (GpopMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

*  YMCHHE OPHEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEHIMAX M HANPABICHHAX 110 H3y4aeMOM
JAMCUMIUIMHE U 1aBaTh UM OLICHKY;

. paboTa TMox PYKOBOJACTBOM IIpENOAaBarelisi Ha HPAKTUYECKUX, JIAOOPATOPHBIX 3aHSATHSX,
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 Haquoﬁ TCPMUHOJIOTUH, H3JIOKCHUC OTBCTA HAa BOIIPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMHU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

¢  ciaboe BIAJIEHHNE HMHCTPYMEHTapueM Y4YeOHOH AMCIMIUIMHBI, HEKOMIETEHTHOCTh B PEIICHHU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

. HEYMEHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHLECHIUSAX U HANpaBICHUSX H3ydaeMoul
JIMCIIMILINHBI,

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

2 6amra — (HEYIOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAEIBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHJIOBAaHHBIX YUEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH0 TEPMHUHOJIOTHIO JUCIMILIMHBI, HAllMYUe B OTBETE TIPyObIX
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. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Tpu npoBenenny audPepeHIMPOBAHHOTO 3aUeTa WK dK3aMeHa oOydJaromemycs npeaocrasisercs 30
MHUHYT Ha ToArotoBky. Ompoc oOywaromerocs 1o OwWiery He JODKEH IPEeBBIIATh IBYX
ACTPOHOMHYECKHX YacOB B YCTHOH W (MJIM) MMCbMEHHOHN Qopme.



