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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
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Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: duzuka nmponccCoB B MOHOKPUCTAINIMYCCKOM KPEMHUU
0 HANIPaBJICHUIO: HpI/IKHaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

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 MMOBCPXHOCTU KPCMHHUH.

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

18. O6pa30BaHHe NCPCChIIICHHBIX BAKAHCUOHHBLIX PACTBOPOB B Si opu pocCTe CHUIIMIHUAOB Ha Cro

[IOBEPXHOCTH.

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

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

21. PaguanuonHo-ctuMynupoBaHHas quddysust B KpeMHUH. Pacnaj paauaioHHbIX KJIACTEPOB.
22. CrumynupoBanHas auddysus B kpemaun. Juddysus yckopeHHas 10 BAKAHCHOHHOMY MEXaHH3MY

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- O3HAaKOMJICHUE CTYACHTOB C OCHOBHBLIMU (pI/IBI/I‘IeCKI/IMI/I " (bI/IBI/IKO-XI/IMI/I‘-IeCKI/IMI/I nponeccaMm Ha
MOBCPXHOCTHU U B o0BeMe MOHOKPHUCTAJUIMYCCKOI'O KPCMHMU.

33]13‘[1/[ JAUCHUIIINHBI

- U3JIOKCHHUC MAaTCpHralia Kypca 1o CJICAYIOUIUM HallpPpaBJICHUAM,

- aTOMapHasi CTpyKTypa noBepxHocTtH Si. [Iporeccsl TpaBieHus 1 SITUTAKCHAIBLHOTO POCTa;

- ne(eKThl KPUCTAJUINIECKON CTPYKTYPBI B KPEMHUU;

- (pusuKa JerupoBaHU KPEMHHUS;

- TBep,I[O(i)aSHBIG pCaKu Ha TOBCPXHOCTHU Sim COPOBOXKAAIOIINEC UX MTPOICCCHI B o0BEME Kpucrajia,

- muddy3us IPUMECHBIX aTOMOB U COOCTBEHHBIX /1€(DEKTOB;

- Ipouecchl B Si Mpu KOMOMHUPOBAHHBIX BO3ACHCTBUSAX;

- (pusuka nedeKTHON HHKEHEPHH;

- CJIOUCTBIC U KPCMHHCBLIC HpI/I60pBI Ha UX OCHOBC;

- IPEAOCTABJIICHUEC KaPpTUHBI B3aUMOCBA3U MPOLUECCOB B KPEMHHUU U NPUINHHO-CJICICTBCHHBIX CBHBCﬁ,
OpUBOAAINIUX K HCJIICHAIIPABJIICHHBIM W HCTAaTUBHBIM H3MCHCHUSIM CBOMCTB marcpuaiia H

XapaKTEePUCTUK IPUOOPHBIX CTPYKTYD;

- TeopeTHuYecKas IOArOTOBKAa ciyllarened Kypca K CaMOCTOSTEIbHOMY pELISHUIO 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 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaINIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHI B
pamMKax TeMaTHUeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

- TEOpHUI0 PU3MUECKUX U (PUZUKO-XMMUYECKHX ITPOIIECCOB B MOHOKPHCTAIIIMYECKOM KPEMHHH.

YMETb:




- U3JlaraTb MaTCpualibl Kypca,

- HUCIIONIB30BaTh MOJTyYEHHbIE 3HAHHWS HpPU pa3pabOTKe NPUHIMIOB MOCTPOCHUS M KOHCTPYKLUH
npudopa MUKPOIIEKTPOHHUKH W/WIIN K-JI TEXHOJIOTMUYECKOTO MpoLecca.
BIIAJICTh:

- METOJaMH pacyera 1apaMeTpOB OCHOBHBIX TEXHOJOTMYECKUX ONEepalMi: TEPMUYECKOIO OKUCICHMUS,
HMOHHOM MMIUTaHTAMH, TEMIIEPATYPhl U JUTUTEIBHOCTH OTKUTOB;

- METOJaMH TEOPETHYECKOH OLIEHKH OKHIAEMbIX IapaMeTPOB 3JIEMEHTOB HPUOOPHON CTPYKTYpBIL:
MOBEPXHOCTHOTO M  YACIBHOTO CONPOTHBICHHS JITUPOBAHHBIX YYACTKOB, KOHLEHTpPALUU |
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
) CrpykTypHble ©  3neKTpoduznueckue 1 1 15
napameTpbl 00bEeMHOTO KPEMHHUSI.
3 Knaccuduxamuss mopcucreM KpucTaia | 1
WOHHBIC U ()aHOHHBIE TIOACUCTEMBI.
4 DNEeKTPOHHBIE TOACHUCTEMBI KPEMHHUSI. 1 1
IToxcucremsl 1eheKTOB KpUCTaIa.
5 AtoMapHas  CTIpyKTypa IOBEPXHOCTH | 1
KPEMHHS.
6 AtomapHast ¢uznka XUMHYECKOTO ) 5
TpaBJICHUs IOBEPXHOCTU KPEMHUSI.
7 OCHOBBI TEOPUM AIUTAKCUAIBHOIO POCTa ) )
Ha MOBEPXHOCTH KPEMHHUSI.
8 Knaccudukanus nedexroB B KpeMHHUH. 2 2
OcHOBBI paauanoHHON ¢buznkn
9 KpeMHHs. MexaHu3M o00pa3oBaHHsS W 2 2
BUJbI PAJUALIMOHHBIX AC(QEKTOB.
10 MexaHu3Mbl  3BOJIOLMHU  I1OJCUCTEMBI | 1
ne(heKToB.
1 MexaHu3Mbl ~ 3BOJIOLHMHM  TOICUCTEMBI 1 1
nedexToB. J[omoIHUTENBHBIC IT1aBHI.
12 Pusnyeckue OCHOBBI METOJI0B | 1 15
JIETUPOBAHHUS.
13 JlerupoBanue METO/IOM HWOHHAs 1 1
HUMIUIaHTALYSL.
Huddysuss w3 OrpaHMUYCHHBIX |
14  |HEorpaHMUYEHHBIX IIOBEPXHOCTHBIX 1 1
HUCTOYHUKOB.
Teopernueckne OCHOBBI TBEpAO(Da3HBIX
15 |peakuuit ¥  CONPOBOXKIAIOUNIMX  HX 1 1
IPOLIECCOB.
O06o0mennas MO/JIEITh reHepanun
16 COOCTBEHHBIX TOYEYHBIX JAe(eKTOB 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 mpdysus B KpEMHUHU. Pacnan 2 2
paIualiOHHBIX KJIACTEPOB.
CtumynupoBaHHas g dysus B
22 |kpemuuu. [uddysus 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 ocobeHHocTH Kypca. Onpenenenus — moje u BeuiectBo. CTPyKTypa BHEIIHUX
SNEKTPOHHBIX 00O0JIOYEK AaTOMOB. OJEKTPOOTpUIATeNbHOCTh. KoBaleHTHass M HMOHHas CBA3b B
MOJIEKyJIaX. Buzapl cBA3eil B TBepApIX Tenax. MeTamasl, IUAIEKTPUKH, MOIYTPOBOAHHKH,
CETHETODNICKTPUKH, (eppOMarHeTUKU. bBIKHUN W JajdbHUNA TOPSIOK. AMOp(GHOE COCTOSHUE,
MOJIMKPUCTAIUIBI, KPUCTAJUIBI. JJIEMEHTapHbIE M MOJICKYJSIPHBIE IOJYNPOBOAHUKUA. (OCHOBHBIC
HNOHATHA (U3UKH TBEPAOTO Teja U IMOIYHNPOBOAHUKOB. 30HHAS CTPYKTypa B IPSIMOM M OOpaTHOM
npoctpancTBe. 3oHa  bpumosHa.  IIpsMO30HHBIE W HENPSIMO30HHBIE  MOJYHPOBOAHUKH.
OneMeHTapHas siuelika KpeMHUs U ee napameTpbl. <«OKu3HEHHBIH LMK KpPEMHHUS — IIECOK,
MOJMKPEMHUH, MOHOKDUCTAJUI, IUIACTWHA, ONHUTAaKCHaJbHAas  CTPYKTypa, 4YHIM, [OpuOOp
MUKPOJIEKTPOHUKH.

2. CTpyKTypHBIE U IEKTPOPHU3NIECKHE TTapaMeTpbl 00bEMHOTO KPEMHHUSL.

OCHOBHBIE HIIEKTPHUUCCKUE U MEXaHMUYECKHE CBONCTBA 0OBEMHOTO MOHOKPHUCTAJUTNYECKOTO KPEMHHS.
30HHAs CTPYKTypa KpeMHHs H ee¢ mnapamerpbl. DyHIaMeHTalbHas B3aUMOCBS3b ITOIBH)KHOCTH
SNIEKTPOHOB M JIBIPOK C KPUBHU3HOH 3HEpreTMueckux 30H. DddexkTuBHas Mmacca. TemmneparypHble
3aBucuMocCTd. [lpupoma sHepreTMdecKkux YpOBHEW B 3alpeIICHHOW 30HE. Menkue M TIITyOOKHue
YPOBHHU JIETHPYIOIIUX TpuMeceii. [my0okue ypoBHU ObICTpoudGYHANPYIONNX MPUMECEH. YPOBHH,
CBsI3aHHBIC ¢ KoMmIuiekcamu aedekros. [lpupona yposuerr Tamma. [Ipupona ypoBHeE#l Ha rpaHHmax
pasnena. IloHaTHe o meEHTpax pekoMOWHANMM W JOBymKax. YpoBeHb @Depmu. CrarucThka
MakcBeia-bonpiMana. DieKTpudecKkas MpoBOAUMOCTE KpeMHus. [peiidosas 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
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: [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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesympratre wu3ydeHus aucuMIUIMHBI «DU3MKa TPOLECCOB B MOHOKPHCTAJUIMYECKOM KPEMHHUI
00yJaromuiicst JOmKeH:

3HATh:
- TEOpHUI0 PU3MUECKUX U (PUZUKO-XUMUYECKHX MTPOIIECCOB B MOHOKPHCTAIIIMYECKOM KPEMHHH.
YMeThb:
- M37IaraTh MaTepualibl Kypca;
- HUCIIONIB30BaTh MOJTyYEHHbIE 3HAHHWS HpPU pa3pabOTKe NPUHIUIOB MOCTPOCHUS M KOHCTPYKLUH
npudopa MUKPOIIEKTPOHUKH W/WIIN K-JI TEXHOJIOTMUYECKOTO MpoLecca.
BJa/IeTh:

- METOJaMH pacyera 1apaMeTpOB OCHOBHBIX TEXHOJOTMYECKUX ONEepalMi: TEPMUYECKOIO OKUCICHMUS,
HMOHHOM MMIUTaHTAIMH, TEMIIEPATYPhl U JUTUTEIBHOCTH OTKUTOB;

- METOJaMH TEOPETHYECKOM OLIEHKH OKHIAEMbIX IapaMeTPOB 3JIEMEHTOB HPUOOPHON CTPYKTYpBI:
MOBEPXHOCTHOTO M  YACIBHOTO CONPOTHBICHHS JIETUPOBAHHBIX YYACTKOB, KOHLEHTpAaLUU |
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 1enpl0 KOHTPOJS OCBOCHHS OOYYaIONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHBHIM OMpPOC 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 OO6o6meHHass MOAETh TeHEpalul COOCTBEHHBIX TOUYEUHBIX Ae(EKTOB B mpouecce TBepaoda3HbIX
peaxuuii Ha MOBEPXHOCTH KPEMHUSI.

17 Tlpasuno dhopmupoBanus a3 B cucTeMe ¢ moaudazHol AuarpaMMoil COCTOSHUSI.

18 O06pa3oBaHue TEPECHINEHHBIX BAKAHCHOHHBIX PAcTBOPOB B Si MpH pOCTe CWIMIUIOB Ha €r0
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 nupdys3us B kpemHuu. [Juddysus 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. O0o0meHHast MOJIETTh TeHEpaIui COOCTBEHHBIX TOYEYHBIX Je(EKTOB B IMpolecce TBEPAO(a3HbIX
peaknuii Ha IIOBEPXHOCTU KPEMHUSI.

Kputepun onennBanus

Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM MpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUECKH
MPUMEHATh UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh X Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka ommyHO 8§ 06amios - BBICTaBJIETCS CTYAEHTY, II0Ka3aBLIEMY BCECTOPOHHMUE,
CHUCTEMaTH3UpPOBaHHbIC, 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, €CIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyUYCHHBIC 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.



OtmeHka Xopoto 6 0ajIoB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka Xxopomo 5 6auioB - BEICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepuall, IpaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NOJTyYeHHbIC 3HAaHHs HAa MPAKTHKE, HO JIOIyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIoOBIETBOPHUTENbHO 4 Oajula - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (OPMYIUPOBKH 0a30BBIX TOHSITHH,
HapYILECHUS JIOTHYECKON MOCIIEI0BATEIbHOCTH B U3JI0KEHHU MIPOrPAaMMHOIO Marepuaia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTEIBHO 3 0Oajiia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAOUIEeMy OIMMOKM B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU pasziesiaMu y4eOHOH IporpaMMbl, HEOOXOUMBIMU IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajia - BHICTABISICTCS CTY/ICHTY, KOTOPBIH HE 3HAeT OOJIbIIEH YyacTH
OCHOBHOTO CcOJep)XaHUsl y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OrneHka HEYIOBIETBOPUTENHHO | 0ajm - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoKd B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCHUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

*  YMCHHE OPHEHTHUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHIEIIMAX W HANPABICHUSX 110 HU3y4aeMOi
JTMCUUILIMHE U 1aBaTh UM OILICHKY;

. paboTa TOA PYKOBOJCTBOM IMIPENOAABATeNsl Ha MPAKTHUECKUX, JTA0OPATOPHBIX 3aHATHSIX,
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;

® HCIIOJIB30BaHUC HaquOﬁ TCPMHHOJIOIUHU, H3JIOKCHHUC OTBETAa Ha BOIIPOCHI C CYIIECTBCHHBIMU
JIMHTBUCTHYCCKUMU U JIOTHYCCKHUMHU OIJ_II/I6KaMI/I;

. cmaboe BIaJCHHE WHCTPYMEHTapUeM Y4YeOHOU IUCIUILUIMHBI, HEKOMIIETEHTHOCTh B PEHICHUH
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

® HCYMCHUEC OPUCHTUPOBATHCA B OCHOBHBIX TCOPHAX, KOHLCIIHUAX W HAIIPABICHUAX I/ISy‘IaeMOﬁ
JUCIHMITIIMHBI;

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

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOTO CTaHapTa;

. 3HAaHUSl OTJCNBHBIX JIUTEPATypHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX Y4YeOHOW MpOrpaMMoii
JIHCIHILINHDI,

. HEYMEHHE WCIIOJIb30BaTh HAYYHYH) TEPMHUHOJIOTHIO IUCIUILIMHBI, HAJIMYUE B OTBETE TPyObIX
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 MaTepuaJIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBenennn audQepeHIMPOBaHHOTO 3a4eTa WK 3K3aMeHa olydarouiemMycs npeaoctasisercs 30
MHHYT Ha ToAroroBky. Ompoc oOywaromerocs mno OwujeTy He JOJDKEH MPEBbINIATh JBYX
ACTPOHOMHMYECKHX YacOB B YCTHOH M (MJIM) MUCBMEHHOHN Qopme.



