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AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
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[Iporpammy cocraBui: A.T". UranbsHiieB, kaua. Gu3.-MaT. HayK, podeccop

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpbl MEKpO- U HaHO3JeKTpoHukH 29.05.2020



AHHOTANMA

Kypc "®wuzmka nedexkToB B TEXHOJIOTMM MHUKPO M HAHOJJICKTPOHHUKH' TIPEIyCMaTPUBAET 3HAKOMCTBO
clIylaTesel ¢ OCHOBHBIMH (PU3MYECKUMU U (PU3UKO-XMMHUYECKUMH MPOLIECCAMHU Ha MOBEPXHOCTH U B 00beMe
MOHOKPHCTAJITHYECKOTO KPEMHHUSL.

3amaun Kypca:

- N3JIOKEHNE MaTepHaia Kypca Mo CIeIyIOUIMM HallPaBICHUSIM:

- aTOMapHasi CTpyKTypa rmosepxHocTH Si. [Iporiecchbl TpaBieHus 1 3MUTAKCHAIBHOTO POCTa;

- ne(eKThl KPUCTAIUINIECKON CTPYKTYPBI B KPEMHHH;

- (hm3MKa JETUPOBAHMS KPEMHUS,;

- TBepI0(a3HbIe PEAKIIUH Ha TOBEPXHOCTH Si M COMPOBOXKIAIOIIHE UX MPOLIECCH] B 00beMe KpHCTala;
- muddy3us IPUMECHBIX aTOMOB U COOCTBEHHBIX J1e(DEKTOB;

- TIpoIiecchl B Si Mpu KOMOWHUPOBAHHBIX BO3JCHCTBHSAX;

- pusuka nedeKTHON HHKCHEPHH;

- CIIOMCTBIE U KPEMHHEBbIE IPUOOPHI HA X OCHOBE;

- TIPENOCTaBJIIEHHE KapTUHBI B3aMMOCBS3M IPOLECCOB B KPEMHMH M NPUYMHHO-CIEICTBEHHBIX CBA3EH,
HIPUBOIALIMX K LIEJICHAIIPABICHHBIM M HETaTUBHBIM H3MEHEHMSM CBOWCTB Marepuana U XapaKTepUCTHK
MPUOOPHBIX CTPYKTYD;

- TeopeTHYecKasi MOATOTOBKA CIyIIaTe]eld Kypca K CaMOCTOSTEIBHOMY PEIICHHUIO BOIPOCOB, BO3HHKAIOIIMX
MpH pa3pabOTKe HOBBIX MPHUOOPOB MUKPOIIEKTPOHUKH.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT JI0JKEH:

3HaTh:
- TeOpUI0 PU3NIECKUX U (PU3UKO-XUMHUYECKUX MTPOIECCOB B MOHOKPHUCTANTNIECKOM KPEMHHH.

YMeTs:
- M3J1araTh MaTepUalbl Kypca;

- HCIIOJb30BaTh IOJIYYECHHBIC 3HAHWA NPH pa3pabOTKe MPHHLUIOB MOCTPOCHHMS M KOHCTPYKIMH IMpubopa
MHUKPOJIEKTPOHUKHU U/HITH K-JI TEXHOJIOTHMYECKOTO MpoLecca.

Bnaners:

- MCTOAaAMH pacucTa mnapamMeTpoOB OCHOBHBLIX TCXHOJOTHMYCCKHUX onepaunﬁ: TCPMHUYCCKOTO OKHCIICHUA,
HOHHOM HUMIIIaHTallkuU, TEMIIEPATYPhI U AJTUTCIbHOCTU OTKHUI'OB,

- MCTOAAMH TCOpeTH‘leCKOﬁ OLCHKHU OXHUIAACMbIX TIIApaMCTPOB JJICMCHTOB HpI/I60pH0ﬁ CTPYKTYPBI:
MOBEPXHOCTHOI'O M YACJIBHOI'O COIPOTUBJICHUA JICTUPOBAHHBIX YYACTKOB, KOHLCHTpalUW W HNOABUXXHOCTU
HOCHTCICH 3apsaa B JICTUPOBAHHBIX 1 UHAYIHUPOBAHHBIX CJIOAX, HIMPUHBI OH3, CMKOCTH p-n NCPEXOa0B U IIp.

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

. KpeMHuit B kimacce TBEpABIX Tel

. CTpyKTypHBIE U 3IEKTPOPU3NIECKIE [TaPaMETPbl 00BEMHOTO KPEMHUS

. Knaccudukanus noncucrem kpucrajuia HOHHBIE U (aHOHHBIE MTOJICUCTEMBI
. DneKTpoHHbIe ToAcucTeMbl KpeMHus. [loncuctemsl neekToB KpucTaia.
. ATOMapHas CTpyKTypa MOBEPXHOCTH KPEMHHS

. AtomapHas pU3NKa XUMHUYECKOTO TPABJICHUS TOBEPXHOCTH KPEMHHS.

. OCHOBBI TEOPUH SMUTAKCHATILHOTO POCTA HA MIOBEPXHOCTH KPEMHHUSI.

0 NN N bW~

. Kimaccudmkanus nedekroB B kKpeMHUT

9. OCHOBBI paiHalIMOHHON (PU3MKK KpeMHUS. MexaHu3M 00pa30oBaHUs U BUJIHI PAAHAIIMOHHBIX JIE(PEKTOB
10. MexaHu3mbl 3BOMIOLMHU HoacucTeMbl fedekro. YacTs 1

11. MexaHU3MBI BOJIONUN TOJCUCTEMBI 1eeKToB. YacTp 2

12. ®usndeckue 0OCHOBBI METOJIOB JIETUPOBAHUS

13. JlerupoBaHue METOAOM MOHHAS UMILIAHTAIUS

14. Tudpdy3ust u3 orpaHUICHHBIX ¥ HEOTPAHUYCHHBIX TOBEPXHOCTHBIX HCTOYHUKOB

15. Teopernyeckrne 0CHOBBI TBEPIOGA3HBIX PEaKIUi U COMMPOBOXKIAIOIINX HX TPOIECCOB



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

17. IlpaBunio popmupoBanus a3 B cucTeMe C mouQa3zHoi uarpaMMoil COCTOSTHHS

18. O6pa3oBaHue NEPEChILIEHHBIX BAKAHCHOHHBIX PACTBOPOB B Si IPH POCTE CHIITUIHMIOB Ha €T0 MOBEPXHOCTH
19. Kuneruka pocta cioes SiO2. Monenu reHepalui HepaBHOBECHBIX MEKI0Y3IIHM.

20. KomOnnnpoBanHbie MexaH3Mbl A1 (y31ur OCHOBHBIX IPUMECHBIX aTOMOB B KPEMHUU

21. PagnanuonHo-cTuMynauposanHas auddysust B kpemMHuu. Pacan pagualnoOHHbBIX KIacTEPOB.

22. CrumynupoBanHas auddysust B kpemaun. Anddysus yckopeHHas 1o BAKaHCHOHHOMY MEXaHHU3MY.

23. CrumynupoBanHas auddysust B kpemuaun. Auddysus yckopeHHas no Mexxa0y3eIbHOMY MEXaHU3MY.

24. BnusiHue BCTPOCHHBIX 3JIEKTPUUYECKUX U MEXaHUUECKHX Moyiel Ha JuQQy3n0oHHOE NepepacipeieicHue.
25. luddy3us B moToKkax cOOCTBEHHBIX Ae(EKTOB.

26. ®orocTumynrpoBanHas 1 dys3ust B KpeMHUH

277. oHHAast UIMILJTAaHTALUS B CONTPOBOXKICHNH JTYYUCTON paguauu

28. Inddysus npuMeceid B yCIOBUSAX TPABSIILIEIHCS TOBEPXHOCTH KPEMHUS

29. MexaHu3M reTTepupOBaHusl COOCTBEHHBIX J€(EKTOB U MPUMECHBIX aTOMOB

30. Pacniaxg coOCTBEHHBIX KJIACTEPOB NPU UMITYJIECHOM OT)KUI€ KPEMHHUS

31. KpemHuii Ha wuzonsTope W (¢PU3NUECKHE OCOOCHHOCTH IepeHoca B HUX. KpemHHIi-repMaHueBbIC

CTPYKTYPBI.
32. IloreHnuanbHbIE MBI U IBYXMEPHBIHN 3JIEKTPOHHBIH ra3

33. KpeMHHI1-CEeTHETOANEKTPUIECKHIE TETEPOCTPYKTYPHI
34. O6o01IeHne MaTepuaia Kypca

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- 3HAaKOMCTBO CIyIIaTeJed C OCHOBHBIMH (PM3MYECKMMHU U (PHU3MKO-XHUMHUECKUMHM TPOLECCaMU Ha
MOBEPXHOCTH U B 00bEME MOHOKPUCTAIUTMYECKOTO KPEMHHUSI.

3agauM AUCUMIIHHBI
- U3JI0KECHUE MaTepraia Kypca o CICAYIOUINM HalpaBICHUM:
- aTOMapHasi CTpyKTypa noBepxHocTtH Si. [Iporeccsl TpaBieHus 1 SITUTAKCHATIBLHOTO POCTa;
- ne(eKThl KPUCTAJUINIECKON CTPYKTYPBI B KPEMHUU;
- (pusuKa JerupoBaHUs KPEMHHUS;
- TBepao(da3Hble peaKuy Ha IOBEPXHOCTH Si M CONPOBOXKIAIOIINE UX MPOLIECCH B 00bEMe KpUCTaILIa;
- muddy3us NpUMECHBIX aTOMOB U COOCTBEHHBIX J1€(DEKTOB;
- Ipouecchl B Si Mpu KOMOMHUPOBAHHBIX BO3ACHCTBUSAX;
- (pusuka nedeKTHON HHKEHEPHH;
- CJIOUCTBIE U KPEMHHEBBIE TPHOOPHI HA KX OCHOBE;

- IPeI0CTaBJIEHNE KapTHHBI B3aUMOCBS3U MPOLECCOB B KPEMHHUH M MIPUYMHHO-CIIEICTBEHHBIX CBS3EH,
NPUBOAALIMX K [EJICHANPABICHHBIM W HETaTUBHBIM U3MCHEHHMSIM CBOWCTB Marepuaia |
XapaKTEePUCTUK IPUOOPHBIX CTPYKTYD;

- TeopeTHuYecKas TIOATOTOBKA CIyIIaTeled Kypca K CaMOCTOSTEIbHOMY PELICHHIO BOIIPOCOB,
BO3HHKAIOIINX MPU pa3padoTKe HOBBIX MIPUOOPOB MUKPOAIIEKTPOHUKH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
uHpOpMaNNIO 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUMN B
pamMKax TemaTH4eckoi o0macTu cBoed mnpodeccruoHaTbHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padarsiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH MaTeMaTHYecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHUH M MPOIIECCOB, OLIEHNBATh KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4HbIE TPOOIEMBI, [TOJy4YaTh |MOJEIIN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

- TeOpHI0 PU3NIECKUX U (PU3UKO-XMMHUYECKUX ITPOLECCOB B MOHOKPHUCTANINIECKOM KPEMHHH.
YMETB:

- U3J1araTh MaTepHabl Kypca;
- WCTONIb30BaTh IOJTYYCHHBIC 3HAHUS IMpPH pPa3pabOTKe MPHUHIMIIOB IMOCTPOCHHUS W KOHCTPYKIHU
prubopa MUKPOIIEKTPOHUKH U/WIIN K-J1 TEXHOJIOTHYECKOT0 Ipoliecca.

BIIAJICTh!
- METOIaMH pacyeTa MapaMeTPOB OCHOBHBIX TEXHOJIOTHYECKUX OIEPALUil: TEPMUIECKOTO OKHUCIICHHS,
MOHHOHM MMIUIAHTAINH, TEMIIEPATYPhl U ATUTEIBHOCTH OTKUIOB;
- METOJaMH TECOPETHYECKOW OLIEHKH OKUIAEMBIX IapaMeTPOB JJIEMEHTOB MPUOOPHOW CTPYKTYpHIL:
MOBEPXHOCTHOTO ¥ YAEIBHOTO CONPOTHUBICHHS JIETHPOBAHHBIX YYacTKOB, KOHLEHTpPALMU H
TIOAIBIKHOCTH HOCHTENICH 3apsijia B JICTHPOBAHHBIX W HMHIYIMPOBAaHHBIX Ciosx, mupuHbl OI13,
€MKOCTH pP-N MIEPEXO/IOB U IIp.

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

4.1. Paznenbl nuctMIInHbl (MOYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Kpemuuii B kimacce TBepapIX Tel 1
) CTpyKTypHBIE U  3JIEKTPOPHU3NUECKHUE 1
napaMeTpsl 0ObEMHOTO KPEMHUS
3 Knaccudukanuss moxmcucrem Kpucrasia 1
MOHHBIC U ()aHOHHBIE TIOICUCTEMBI
4 DJIeKTPOHHBIE  TOJACHCTEMbI  KPEMHHUSL. 1
[Toncucremsl AeeKTOB KpUCTasia.
5 AToMapHas ~ CTPYKTypa IIOBEPXHOCTH 1
KpPEeMHUS
6 ArtomapHast ¢duznka XUMHAYECKOTO 1
TpaBJICHUS TIOBEPXHOCTH KPEMHHUSI.
7 OCHOBBI TEOPHH AMHUTAKCHATIBHOTO POCTa 1
Ha MTOBEPXHOCTH KPEMHHUSL.
8 Knaccuduxkanus nedekroB B KpeMHUH 1
OcHOBBI panuannoHHON bu3uKH
9 KpeMHHsL. MexaHusm oO0Opa3oBaHUs U 1
BUJIbI PaIMALIMOHHBIX 1e()EKTOB
10 MexaHu3Mbl ~ 3BOJIOLUHM  TOACUCTEMBI 1
nedextos. Yacts 1
1 MexaHu3Mbl ~ 3BOJIIOLMH  MOACUCTEMBI 1
nedexron. Yacts 2
12 dusnueckue OCHOBBI METOZIOB 1
JIETUPOBAHUS
13 JlernpoBanue METOZIOM HOHHAs 1
MMILIaHTAIHS




Huddysuss w3  OorpaHUUYEHHBIX U

14  |HEorpaHMUYEHHBIX IIOBEPXHOCTHBIX 1
HUCTOYHUKOB
Teopernueckne OCHOBBI TBepaO(]a3HBIX
15 |peakumuiti ©  CONMPOBOXKIAIOIIUX  HX 1
IpPOLIECCOB
O06o0mennas MOJICITh reHepaiuu
16 COOCTBEHHBIX TOYEYHBIX JC(PEKTOB B 3
npouecce TBepAOo(a3HbBIX peakuil Ha
MOBEPXHOCTH KPEMHHUS
17 [IpaBuno ¢opmupoBanust a3 B cucreme 1
¢ monn(pazHOU JUArpaMMOU COCTOSIHUS
Oo6pazoBanue MePEeChIEHHBIX
18  |BakaHCHMOHHBIX pacTBOpOoB B Si mpu 1
pocTe CHIIMLMIOB Ha €0 IOBEPXHOCTH
Kunernka pocra crnoes SiO2. Mopenu
19  |renepamun HEPaBHOBECHBIX 1
MEXKI0Y3JIUM.
KomOunnpoBaHHbIE MEXaHU3MBbl
20 |muddy3unm  OCHOBHBIX  NPUMECHBIX 1 1
aTOMOB B KPEMHUU
PagnannonHo-cTUMYIIMpOBaHHAS
21  |muddy3us B kpemHun.  Pacman 1 2
paZnaMOHHBIX KJIACTEPOB.
CtumynupoBaHHAs T dysus B
22 |kpemuuu. duddysus yckopeHHas 110 1 2
BaKaHCHOHHOMY MEXaHU3MY.
CtumynupoBaHHas g dysus B
23 |kpemuun. Juddysus yckopeHHas 10 1 2
MEXKJI0y3€IbHOMY MEXaHU3MY.
BnusiHue BCTpPOEHHBIX JIEKTPUUECKUX U
24 |mexaHndeckux mnojei Ha auddysuonHoe 1 2
nepepacrpeeneHue.
25 Huddy3uss B 1NOTOKax COOCTBEHHBIX 1
e EeKTOB.
2% dortoctumynupoBaHHas  AUPPy3us B 1
KpEMHHHU
27 Honnas MMIUIAHTALHS B CONPOBOXKICHHH 1
JIy4UCTOM pasuanuu
28 I[H(b(by:wz;[ npuMeced B YCIOBHAX 1
TpaBsIILEHCs TOBEPXHOCTH KPEMHUS
Mexanuszm reTTepUPOBAHUS
29  |coOCTBEHHBIX JCPEKTOB M TPUMECHBIX 1
aTOMOB
30 Pacmag COOCTBEHHBIX KJIAcTEpOB IIPH 1
HUMITYJIbCHOM OTXHIe KPEMHUS
Kpemnwuii Ha wmzonsitope u ¢uznueckue
31 OCOOEHHOCTH  TlepeHoca B HUX. 1
Kpemuuii-repmanueBbie CTPYKTYPHI.
3 HOTeHuHaHL?LIe SIMbl W JIByXMEPHBIN 1
3IIEKTPOHHBIHN ra3
33 KpeMHnii-cerneToanekTpuaeckue 1
reTepOCTPYKTYpPbI
34 |O6o6uieHue MaTepuana Kypca 1
Nroro gacos 15 15 15
[loaroroska k sK3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 2 (Becennuit)

1. KpeMHuit B kj1acce TBEpBIX Tell

[Ipenmer, cTpykTypa 1 ocodeHHOCTH Kypca. OnpeaeneHus — noiie ¥ BemecTBo. CTpyKTypa BHELITHHX
JNEKTPOHHBIX O000JIOYEK aTOMOB. ODJIEKTPOOTPHLATENbHOCTh. KoOBaJleHTHas W MOHHas CBS3b B
MoJIeKys1ax. Busbl cBsizell B TBEpABIX TENaX.

Mertanmbl, AWAIEKTPUKH, IOIYHNPOBOIHUKH, CETHETOMICKTPHKH, (eppomarHeTuku. bivkHuili u
JaIbHUN TOPSAOK. AMOp(HOE COCTOSHHE, NOJIUKPUCTAIIIBI, KPUCTAJUIBL. JJIEMEHTapHbIE U
MOJIEKYJISIPHBIE TIOJIYIIPOBOAHUKH.

OcHoBHbIE MOHATUS (PU3NMKU TBEPAOTO TeJa M IOJYNPOBOAHUKOB. 30HHAS CTPYKTypa B MPSIMOM H
oOpatHoM npoctpaHcTBe. 30Ha bpmiosna. [IpsMo30HHBIE U HEMTPSIMO30HHBIE MTOTYTIPOBOIHUKH.

DneMeHTapHas siueiika KPEeMHUS U €€ ITapaMeTphl.

«OKM3HEHHBIN LUKI» KPEMHHUS — IIECOK, MOIMKPEMHHUI, MOHOKPHCTAIL, TUIACTHHA, JITUTaKCHAIIbHAS
CTPYKTYpa, YHIl, IPHOOP MUKPOITCKTPOHUKH.

2. CTpyKTypHBbIE U 2JIEKTPOPHU3NIECKHE TapaMeTpbl 00bEMHOT0 KPEMHUS

OCHOBHBIE HIEKTPHUUECKUE U MEXAaHNUECKUE CBOWCTBA 0OBEMHOTO MOHOKPHCTAIIMYECKOTO KPEMHHSL.
30HHAsT CTPYKTypa KpeMHHS U ee mapaMeTpbl. DyHIaMeHTaldbHas B3aUMOCBS3b IOJBHKHOCTH
SNIEKTPOHOB U JBIPOK C KPUBM3HOM IHEpreTHdeckux 30H. DddexTuBHas Macca. TemmeparypHble
3aBucuMocTd. [lpupoma »HepreTMdecKkWx YpOBHEW B 3alpeICHHOW 30HE. Menkue M IITyOOKHue
YPOBHHU JIETUPYIOIIUX TpuMeceit. [ybokue ypoBHU ObIcTponndGyHIUPYIOMUX NpuMeceil. YpoBHH,
CBsi3aHHBIE ¢ KoMmIuiekcamu aedekros. [Ipupona ypoueit Tamma. [lpupona ypoBHEW Ha rpaHHIax
pasnena. [loHATHE O MEHTpax peKOMOWHAIMK W JIOByIIKax. YpoBeHb Depmu. Craructuka
Makcseia-bonbpiMana. DieKTprudeckas MpoBOAUMOCTE KpeMHHs. [[pefidoBas ckopocts. CpaBHEHHE
C IpyTHMH TOJTyNIpoBoAHUKaMH. [ToHsATHE 0 HepaBHOBECHBIX Ipoleccax. Bpems penaxcanuu.

3. Knaccudukarus mojacucteM KprcTajuia HOHHBIC U (PaHOHHBIE MTOJICUCTEMBI

VYCHOBHBIE MOACUCTEMBI MOHOKpUCTAJIMYECKOro KpeMHus. HWoHHas mnoacucrema. DoOHOHHasA
rosicucTeMa. DIeKTpoHHas mojcucreMa. [logcucreMa aedekToB KprcTasia.

[Ipumepsr mporeccoB, B HOHHOHN moncucteMe. Bo3HHKHOBEHHE 007acTeil IpoCTpaHCTBEHHOTO
3apsiia B 00beMe, y TIOBEPXHOCTH, TpaHull pasaena. YpaBHenue [lyaccona. [loTeHInanbHbIie MBI, B
TOM 4YHCIIe JBYMEpHbIE. BHyTpeHHHE siekTpudeckue mois. Ympyrue mois. Jlpeiid Hocurenei
3apsia. Jlpeiid nedekToB U MPUMECHBIX aTOMOB.

[Tpumepsl mpoLECCOB B AMEKTPOHHON MOACHCTEME. DJEKTpHUYecKas HpOBOAUMOCTh. Onruueckoe
MOIVIOIIEHHE. 3apsI0BbIE COCTOSIHUS TPUMECEH U IE(PEKTOB.

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

[Tpumepsl iporieccoB B GoHOHHON noacucTemMe. POHOHHBIE CIIEKTPHI. PaccesiHue HocuTesei 3apsa
Ha aKyCTHYECKHX M ONTHYECKMX (OHOHaX. TermonpoBOAHOCTh, TEIIOEMKOCTh. Temmeparypa
Hebast. TermoBoe pacimupeHue.

[Ipumepsr TporieccoB B mmofcucTeMe jaedekToB kpuctamia. OOpa3oBaHWe ©  KOHICHTpPAIUU
TEPMOJIMHAMHYECKH PaBHOBECHBIX Jie(hekToB. COCTOSIHHE TOACUCTEMBI COOCTBEHHBIX JIe(DEKTOB MpH
HEU30TEPMUYECKUX TepMOOOpabOTKaX, BKIIFOYAs UMITYJIbCHBIA OTXKUT. [ eHeparus HepaBHOBECHBIX
TOYEUHBIX JCPEKTOB MpH pPaJUAllMOHHOM BO3ICHCTBUM, TPHU TBEpAO(Da3HBIX peaknusx Ha
MOBEPXHOCTU KpUCTAIIA, MPU PA3IUYHBIX BUJAX TPABICHUS C KOMIIOHEHTAMHU PaAUalMOHHOTO U
XUMHYECKOTO BoszzekcTBus. [loHsATHS 00 OOpa3oBaHWM AHMCIOKAIMH, KIACTEPOB, KOMILIEKCOB,
MIPUMECHBIX TpenunuTaToB. ONpeneieHus 1 BIUIHUE Ha dISKTPOGU3NIEeCKUE TapaMeTphl.



[IpumMepsl MpoOIECCOB, YHpaBIsIeMbIX KOMOWHANMEH TMoACHCTEM. ATOMapHBI MacCOIEPEeHOC.
Mexauu3mbl JuQQy3un aTOMOB B HWACAIBHON pelleTKe KpeMHHUs. PaguannoHHO-CTUMYIHPOBaHHAs
mupdysus. Bocxopsmas muddysus. Macconepenoc B ycioBusx auddysum u  gperidba B
ANIEKTPUUYECKUX U ynpyrux noisx. Auddysus u nperid Hocureneit 3apsaa. [lotoku B p-n nepexoze.
®oto-2/IC. TersioBas 1 aBTOIEKTPOHHAS SMHUCCHSI.

5. AroMapHas CTpYKTypa IIOBEPXHOCTU KPEMHUS

AtomapHble CTymeHu. M3/0Mbl Ha aTOMapHbBIX CTYHEHAX. lepacchl. DHEPrusi CBsI3U aTOMOB B
Pa3JINYHBIX MTOJIOKEHUAX HA TIOBEPXHOCTU. DHEPrHs CyOIMMaIuy. DHEepriusl akTUBALUH a7cOpOLNU U
necopOuuu. CHHTYJIIpHBIC, BULMHAIBHBIE U HECUHTYJISIPHBIE IIJIOCKOCTH B KPUCTAJUIAX KPEMHHUS.

6. ATOMapHaSI (1)I/I3I/IK3. XUMUYCCKOTO TPABJICHUA ITOBEPXHOCTU KPCMHMUS.

[Ipsimoe TpaBnenue. TpaBnenue c oOpa3oBaHMEM MPOMEKYTOYHBIX (pa3. Bumer TpasneHwHs.
TpaBnenue B razoBod (aze. J[BmkeHHWE aTOMapHBIX CTyNeHeW mnpu TpaeleHuH. JKUIAKOCTHOE
Tpasienue. llmasmMoxumuueckoe M HWOHHO-IUIA3MEHHOE  TpaBieHHe. llommpytomiee TpaBieHHe.
CenextuBHOE TpapieHue. MeTosbl MeTauiorpaduu.

7. OCHOBBI TEOPUH FMUTAKCHATIBHOI'O POCTA Ha MIOBEPXHOCTU KPEMHUS.

Buner  smurakcun. CVD  wm  MOS-rugpumgnas  snurtakcus. (OCHOBHBIE 3Tallbl  IIpolecca
AMUTAKCUATBHOTO pOocTa. ACOpOIHS, XUMHUUECKHUE PEaKIUK, TIOBEPXHOCTHAsT MUTpalusl. J[Buxenne
aTOMapHBIX CTYTICHEH MPH MUTAKCUATLHOM pocTe. OCHOBBI TEPMOIUHAMUKHY SITUTAKCHH.

8. Knmaccudukanus neekToB B KpeMHUN

Toueunple nedeKTBI B KpeMHUM — COOCTBEHHBIE Ae(EKTHI W MPUMECHBIC aTOMbl. DHEPrus
00pa30BaHMs U DHEPTHUSl MUTPALUU TOUYEUHBIX JIE(EKTOB.

Komrutiekchl TodewHbIX J1eDEKTOB W WX OHEPreTUYecKHe YPOBHU. A-TIeHTphl, E-1eHTpBhI.
TepMOTOHOPBL.

Kimacrepsr Toueunsix nedexrtoB. IlpumecHbie mnpenumnmurarsl. [edektsr ymakoBku. CTepKHU.
JlucIoKaMoOHHbIE METIIH.

JIuHelHbIe ¥ BUHTOBBIC AUCIIOKAMU. JIMHUM CKOIbXeHUs. JIucIoKalMu HECOOTBETCTBHUSI.

9. OCHOBBI paaualnMOHHOW (HU3MKH KpeMHHUs. MexaHu3M o0pa30BaHHsS M BHIbI PaJHAIIMOHHBIX
neheKkToB

DNeKTPOHHBIH (HEYNpyruil) MeXaHH3M TOPMOKEHHS YCKOPCHHBIX YaCTHIl B PEIIETKE KPEeMHHS.
SAnepublii (ynpyruil) MexaHHU3M TOPMOXEHHs. PacmpeneieHre HUMIUIAHTHPOBAHHBIX AaTrOMOB B
pemetke. [IpoennpoBannslii nmpobder. CtparmuHr. CKOIEHHOCTh paclpeieeHus.

lenepanms nmap @penkens. PacnpeneneHue paguallMOHHBIX BaKaHCHUH W COOCTBEHHBIX aTOMOB B
MEXA0Y3JIHAX.

Pasynopsinouennas obnactb. Pagmanmonnsiii knactep. MexaHu3mbl amMop(du3aluy KpPEeMHHUS MPH
UMIUIAHTALUU JIETKUX U TSXKEJIIX NOHOB.

10. MexaHu3Mbl 3BOJIONNHU TOACUCTEMBI 1ehekToB. YacTs 1

PocroBeie pedextel B kpemMHuH. [eHepanus COOCTBEHHBIX MEXKIOY3NIUH NpPU TEPMHUECKOM
OKHCJIEHMHM KpeMHHs. PoCT okuciauTenpHbIX AedekToB ynakoBkH. KBasmxumudeckue peakiuu B
KpeMHHH. Mozenb (OpMUPOBAaHHUS TEPMOZOHOPOB.

11. MexaHU3MBI BOJIONUN TOJACUCTEMBI eeKToB. YacTp 2

Mopnens (GopMupoBaHHs IEPECHILEHHBIX BaKaHCHOHHBIX PAacTBOPOB B O0bEME KPEMHHUS NpPHU
TBepAO0Ga3HBIX PEAKIHMIX HA €0 ITOBEPXHOCTH.

Monens ¢GOopMUPOBaHUS HEPABHOBECHBIX BAKAHCHH HMPU CTUMYJIUPOBAHHOM OTOOpE COOCTBEHHBIX
aTOMOB.



12. ®uzuveckrue OCHOBBI METO/IOB JIETUPOBAHUSA

OCHOBBI  TEPMOAMHAMUKH TBEPABIX pAcTBOPOB. PeTporpaanblii  XapakTep 3aBHCHUMOCTH
pPacTBOPUMOCTH MpUMeCEH 0T TeMrepatyphl. Jleratypsl. [lapameTprl terupoBaHus.

JlermpoBanue pacruiaBa mpu pocte KpuctauioB. JlernpoBanue mytem audQy3un ¢ MOBEPXHOCTH.
JlerupoBanue METOIOM HOHHOW MMIUIAHTALIUH.

13. JlerupoBaHue METOIOM MOHHASI UMIUTAHTALINAA

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

14. Incdy3ns u3 orpaHUuEHHBIX 1 HEOTPAaHNYEHHBIX TTOBEPXHOCTHBIX HCTOUHHKOB

Mertozbl ETUPOBAaHUS KPEMHHS M3 CHIMKATHBIX cTekoi. Craanmu yiernpoBaHus. PacueT THHOBBIX
npo¢uneit neruposanusi. Gakropsl BIusHUSA Ha 3GGEKTUBHBIN KO3QPuureHT nuddy3un npumMecH.

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

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

16. O6001eHHast MOAEb TeHEpaluu COOCTBEHHBIX TOUEUHBIX Ae(EeKTOB B IMpoliecce TBEpAO(pa3HBIX
peaxnuuii Ha MOBEpXHOCTH KPEMHHUS

3anmaua Jlame. Pacuer nucOananca MOJIEKYISPHBIX O0ObEMOB pasMelleHHs 1 00beMOB MOCAJKU Ha
uHTepdeiice CTPYKTYpbl MOMJIOKKAa — IUieHKa. [IpaBuiao mnporHo3a NpUpOAbl T€HEPUPYEMBIX
coOcTBeHHBIX TodeuHbIX gAcedekToB (TI). Ouenka Ttemna renepanuu TJ[. OneHka cremneHn
nepecoieHus 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 ¢ monudazHoi JUarpaMMOi COCTOSTHUS

OMIUprUYecKue MpaBuia ONpejeicHus TepBoi (a3zbl B cHcTeMax C MoMuQaszHOW Iuarpammoin
cocrosHus. [Ipumepsl B cucremMe KpeMHUi-MeTamul. BbIBOm mpaBmia TOCIEIOBATEIBHOCTH
obpazoBanus (a3 Ha ocHOBe 00001IeHHON Mosienu. [Ipumenenus npaBwia a3 K Iernouke peakiui
npu 00pa30BaHUU CHIMILIUIOB METAJUIOB HA IIOBEPXHOCTH KPEMHUSI.

18. OOpa3oBaHue MEPECHIICHHBIX BaKaHCHMOHHBIX PACTBOPOB B Si IpPU POCTE CHIUIMIOB HA €ro
[IOBEPXHOCTH

Pacuer BakaHCHOHHBIX MEPECHIIICHUH B KDEMHUH NpU (HOPMHUPOBAHUU CHIIMIHIOB HA TIOBEPXHOCTH
KpeMHHsS. O(QeKThl BaKaHCMOHHOTO TEpechIeHUs. Pa3mbITHEe NpUMECHBIX NpoQHIeH.
BrITsrrBaHue pruMecei U3 MOAJIOKKH B SITUTAKCHAIIBHBIE CITOH.

19. Kuneruka pocra cioes SiO2. Monenu reHepalui HepaBHOBECHBIX MEKI0Y3IIHM.

Kuneruka pocra TepMHUYECKMX OKHUCIOB Ha IOBEPXHOCTH KpeMHMs. JluMmuTupyromue cTraauu.
Kunernka pocta Ha HauaJbHBIX U KOHEUHBIX dTanax. BiusHue napoB BoAbl HA KUHETHKY pocTa. Poib
aTOMOB XJIOpa IIPU XJIOPUIHOM OKHUCIICHUMU.



Mopnenu reHepaudd COOCTBEHHBIX MEXAOY3JIMH MpPH TEPMHUUYECKOM OKHCICHHHM KPEMHUS.
CormocraBieHue pe3yIbTaToB MOJEJIBHBIX IPEICTaBICHNH, BKII0Yas 00001IeHHy0 Mozienb. LleHTpsl
HYKJICallUW U ypaBHEHHE POCTA OKUCIIUTENBHBIX 1e(DEKTOB YIAKOBKH.

20. KomOnnnpoBanHbie MexaHU3Mbl A1 (y3ur OCHOBHBIX IPUMECHBIX aTOMOB B KPEMHUU

Huddysus nmo yznam. duddysus no mexaoysnusMm. Poib coOCTBEHHBIX aTOMOB M BAaKaHCUH B
TUQPy3un  JErHpyomMX TnpuMeceil B KpeMHHH. O¢QGeKkTUBHBIA KodpPUIHMEeHT auddy3um.
Mexanusmel nuddysun aromoB B, As, P, Sb. Ananus Beipaxkenust mius kodddunuenta nuddysun ¢
TOYKH 3pPEHUS TEPMOAMHAMMKM U KHHETHKHM. YCKOpEHHas M 3aTopMOXeHHas anpdysus B
MEPECHILEHHBIX TBEPABIX PACTBOPAX BAKAHCUI M COOCTBEHHBIX MEXI0Y3INI

21. PagnanuonHo-ctuMynauposanHas auddys3ust B kpemHuH. Pacian pagualinoHHBIX KIacTEPOB.

VYpaBHenus: muddy3un C MOEepeMEeHHBIM KodPPuIueHToM TudQPy3un, ¢ TEHEPalMOHHBIM U
pexoMOMHAIIMOHHBIM WwieHoM. [uddy3us B nmpucyrcrBun pamuanuu. Andysus, cTUMyTHpoBaHHAS
IO 3aMaCEHHBIM Jie(heKTaM.

Pacnpenenenue xomioHeHToB mnap @dpeHkenss B HOHHO-UMIUIAHTUPOBAaHHBIX cilodx. CTpykrypa
pasynopsao4eHHON 00JIACTH U PaJUAaLMOHHOTO KIlacTepa.

Krnacrep kak MCTOYHMK M CTOK AJisi COOCTBEHHBIX HedeKkToB. [loHATHE KMHETHYECKH PaBHOBECHBIX
KOHIICHTPAIMH COOCTBEHHBIX JIE()EKTOB B PeaIbHBIX KpUCTAJIIaX.

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

Huddysnonnsie 3¢pdexkTsl B KPEeMHHH, INEPECHILICHHOM 110 BakaHcusiM. OlieHKa CTerneHn
BaKaHCHOHHOT'O MEPECHIIIEHHUs] KPEMHUS 110 OTbITaM ¢ Aupdy3neil.

23. CrumynupoBanHas muddys3us B KpemMHUH. [uddysus yckopeHHas MO MEXI0y3elbHOMY
MEXaHU3MY.

Huddy3ust mpuMecHBIX aTOMOB B KPEMHHUH B IIPOLIECCE TEPMHUUYECKOTO OKHCICHHS €TO MOBEPXHOCTH.
OmeHka cTeneH! MEXI0Y3€IbHOTO MEPECHICHNS] KPEMHHUS 10 OIbITaM ¢ Tu(Qy3uei.

24. BausHHe BCTPOEHHBIX OSJEKTPUYECKMX M MEXaHWYECKMX Mojed Ha audQy3noHHOE
nepepacnpeecHue.

Ocob6ennoctu AuQQy3nOHHOTO NepepacipenesieHus] MIPUMECHBIX aTOMOB B YCIOBHSIX BCTPOCHHBIX
YIOPYIUX HaNpsDKEHUM W BHYTPEHHUX JJIEKTPUYECKUX IIOJIEH. YpaBHEHHE MaccollepeHoca C
T Py3nOHHBIM U ApeidoBbIM craraeMbiM. Hakoruienue npuMeceil 1 TOYEUHBIX A€(PEKTOB Y TpaHHII
paznena. Koaddunumenr cerperanum.

25. lnuddysus B moToKax cOOCTBEHHBIX JEPEKTOB.
[Tpumepsr pacyera npoduiieil npuMecH B HOHHOJICTHPOBAHHBIX CIIOSIX KPEMHHSI.
26. ®oroctTumynupoBanHas 1uddy3ust B KpeMHUH

I'umoresbl GorocTumynupoBanHOH aAnu(pGy3un B KpeMHHH. CBS3BIBAIOIINE M aHTHCBS3BIBAIOIINE
op6uranu. Posk cBeTa npu UMITyJIbCHOM OTXHIe. POTOCTUMYIIMPOBAaHHAS CYyOIMMAaLUs KDEMHHUS H €€
3¢ deKThI.

27. loHHast UMIUTaHTALMs B COMIPOBOKICHUHU JTYUYUCTON pagnauu

Oco0OeHHOCTH 00pa30BaHWsA W HAKOIUICHUS paJUAIlMOHHBIX Je(EKTOB B KPEeMHHH TPU €ro
WMIUTaHTAIMH C OJTHOBPEMEHHBIM 00nyueHrneM YO cBeToMm.

28. luddysus npuMeceli B yCIOBUSIX TPABSIIEHCS TOBEPXHOCTH KPEMHUSI



JuddysnonHoe BhITATHBaHUE Sb NMpPH WHXKEKIIMM BAaKAHCHH C MOBEPXHOCTH B O0BEM KpHCTAaIA.
O ekt ganpHOACHCTBUS.

29. Mexanu3m TCTTCPpHUPOBAHUSA COOCTBEHHBIX ,I[e(i)eKTOB " IPUMCCHBIX aTOMOB

lerrepupoBanue  ObicTpomuddyHmupyromux mnpumeceir B KpeMHHH. (OCHOBHBIE — OTarlbl
TeTTePUPOBAHHS KOMIUIEKCOB M KIIACTEPOB COOCTBEHHBIX Ie(EKTOB. MeETOAbl TeTTepHPOBAHHS H
crocoObl popMUPOBaHUSI TETTEPOB Ha JIUIIEBOI U 00pPaTHON CTOPOHE KPEMHHUEBOH MOJIOKKH.

30. Pacniaxg cOOCTBEHHBIX KJIACTEPOB IPH UMITYJIBCHOM OT)KUTE KPEMHHUS

DHeprus CBS3M YaCTHUIl B KJIacTepe U €€ 3aBUCHMOCTb OT KPUBHM3HBI ITOBEPXHOCTH. DMHUCCHUS H
KOHJIeHcanusi 4actun u3 (Ha) kiactepe. KMHETHUECKH pPaBHOBECHBIC KOHIICHTPALMH TOYEYHBIX
nedexToB. DPQekT koajecueHIuu. Kputhdeckue 3apoipllid. YpaBHEHHE pacmaja W pocTta
KJIACTEpPOB B HM30TEPMHUYECKHX OTXKHrax. Pacmaj KiacTepoB IMpH HEU30TEPMUUECKUX OTHKUTAX.
OOpa3oBaHue pacmaj TBEPAbIX PACTBOPOB MPU KPUTHUECKUX CKOPOCTSIX HArpeBa U OXJIaXKICHHUSI.

31. Kpemuuii Ha uzonstope U ¢puzndeckue 0COOCHHOCTH MepeHoca B HUX. KpeMHuii-repmManueBbie
CTPYKTYPBI.

Onpenenenns u npumepsl KHU u Si-Ge crpykryp. OcobeHHOCTH TMepeHoca HOCHTENed 3apsia.
Bomnpocs! painaiiuOHHON CTOMKOCTH.

32. IloreHnuanbHbIE IMBI U IBYXMEPHBIN 3JIEKTPOHHBIH ra3

[Tpumeps! CTPYKTYp € ABYXMEpPHBIM JJIEKTPOHHBIM r'a3oM. KBaHTOBaHME SHEPreTUYECKUX YPOBHEH B
JIBYXMEPHOM KaHasle mepeHoca. IIpocTpaHCTBeHHOE pa3aelieHHe KaHaja IEepeHoca W LEHTPOB
paccessHusa HocuTenel 3apsina. I[logBmkHOCT HOCHTENEH B IByXMepHOM rase. KBanrosbie 3(pdexTs
B AByxMepHOM raze. Ddexr LllyOnukosa — ne ['aaza.

33. KpeMHHiI-CETHETOINEKTPUUECKHE TETEPOCTPYKTYPHI

IlepciekTUBEl ~ NPUKIAAHOTO  HCIONB30BaHMS  HOBOTO  Kjacca  MOMIOKEK  KPEMHHEBOM
MUKPOIEKTPOHKH JJIsl CO3/IaHus ceHCOPHBIX MEMS 1 stueek deppoaniekTpruueckor aMsITH.

34. O6o01IeHue MaTepuaia Kypca

[IpoBoguTcst kKpaTkuii 00630p MO TeMe BCEX JEKIMOHHBIX 3aHSATHM, NAIOTCS MPUMEPHI 3aJlaHui JIJIs
MPOMEKYTOYHON arTecTallu, 00CY>KIal0TCsl OTBETHI HA 3aJaHHBIE IO TEMATUKE Kypca BOIPOCHI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEJILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Heob6xoaumoe o0opynoBaHue JUIs JIEKLIUI U MPaKTUYECKUX 3aHATHH: ydeOHas ayAuTOpus, OCHAIIICHHAS
KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000PYIOBaHKEM (IIPOEKTOP, 3BYKOBasi CHCTEMA).

Obecrieuenue caMOCTOSTENTLHON paOOTHI: IOCTYI B ceTh IHTEpHET, J0CTYIT K PeKOMEHI0BAaHHOH
JIUTEpPATypE.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. BBenenue B npouecchl HHTErpabHBIX MUKPO- M HaHOTeXHONorui [Teket] : B 2 T. : [yued. mocobue
1t By3oB] / [moa o6m. pen. FO. H. Kopkumko] .— M. : BUHOM. JIa6. 3nanuii, 2010 .—
(Hanorexnomorun) .— T. 1 : OU3NKO-XUMUYECKHUE OCHOBHI TEXHOJIOTUH MUKpo3iekTponuku / [FO. JI.
Yuctskos, 0. I1. PaitroBa]. - 2010. - 392 c.



2. Uranpsnues A.I.  T'eHepanus BakaHCUM, CTUMYJIMPOBAaHHAS XUMUYECKUM TPaBICHUEM
MOBEPXHOCTH Kpuctaimia. [loBepxHocts, 1991, B.10, ¢.122-127.

3. C.B. bynspckuii, B.1. @ucryins. TepmonnHaMuKa 1 KHHETHKA B3aMMOJICHCTBYIOIINX Je(EKTOB B
nonynpoBoguukax. M3n. Hayka. ®usmarnut, Mocksa, 1997, ¢.352.

4. Baswmnos B. C, Kexkemumze H. I1., Cmupnos JI. C. [leficTBrue nsnmydeHus Ha TOITYIPOBOAHUKH. M.,
1988. 192 c.

JomonanTtenyHas IuTeparypa
1. OcHoBBI MuKpOAIIEKTPOHUKY [ TekcT] : [yueb.mocobue mist By30B] / U. I1. Crenanenko .— 2-e u3.,
niepepad. u gor. — M. : Jlaboparopus bazossix 3Hanuii, 2004 .— 488c.
2. Uranpsuues A.l., Mopakosuu B.H. DMuccuonHnas Moieah aHHATHIISITNY aryIOMEPATOB TOYSUHBIX
NeEeKTOB B YCIOBHUSAX OBICTPOTO Harpesa kpuctamia. JKypHan rexandeckoit pusuku, 1983, 1.53, B.5,
¢.937-939.
3. Uranesuanes A.L., Ky3nenos A.1O., [TanteneeB B.A. Dx30311€KTpOHHAS SMUCCHS C TIOBEPXHOCTH
KpEMHUs, CTUMYJIMPOBAHHASI 00pa30BaHNEM CHIIMIUJIOB METAIIOB. DPdeKT manpHoneicTeus. [lucrma
B XypHan rexunueckoit puzukw, T.15, Beim.11, 1989, ¢.27-30.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

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

Ha JICKIIMOHHBIX U CEMUHAPCKUX 3aHATHIX UCIIONB3YIOTCS MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITFOYast
JIEMOHCTPALUIO MPE3CHTALIUM.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

VYenenrHoe ocBoeHue Kypca Tpedyer:

1) mocemeHus Bcex JIEKIUNA U CEMUHAPOB, NPEIYyCMOTPEHHBIX YU€OHBIM IUIAHOM; BEACHUE KOHCIIEKTOB
3aHATHUH; aKTUBHOE Y4acCTHE B 00CYXKICHUH JIEKIIUH U CEMUHAPOB,;

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro MaTepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYIHEHUU W3Y4YEeHUS OTAEIBbHBIX TEM, BOIPOCOB, CIlexyeT oOpamarbcsi 3a KOHCYNbTalMeH K
MPEToaBaTeN0 Ha JICKIUU WK TOKJIa YUKy Ha CEMUHAape.
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Pa3paborunk: A.T. UtanbsHNEB, KaHA. (QH3.-MaT. HAyK, Mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynprare usydeHuss auciMIUIMHBL «®Du3nka NepEeKTOB B TEXHOIOTMM MHKPO M HAHOIJICKTPOHHUKID
00yJaromuiicst JOmKeH:

3HATh:
- TEOpHUI0 PU3MUECKUX U (PUZUKO-XUMUYECKHX MTPOIIECCOB B MOHOKPHCTAIIIMYECKOM KPEMHHH.

YMeThb:
- M37IaraTh MaTepualibl Kypca;
- HCTOJIb30BaTh IOJTYy4EHHbIC 3HAHUS IPHU pa3pabOTKe MPHUHIMIIOB IMOCTPOEHHS U KOHCTPYKIHMU
npudopa MUKPOIIEKTPOHUKH W/WIIN K-JI TEXHOJIOTMUYECKOTO MpoLecca.

BJa/IeTh:
- METOJlaMH pacyeTa 1apaMeTPOB OCHOBHBIX TEXHOJIOIMUYECKUX OlEpaluii: TEpMUYECKOIO OKUCIIEHUS,
HMOHHOM MMIUTaHTAIMH, TEMIIEPATYPhl U JUTUTEIBHOCTH OTKUTOB;
- METOJaMH TEOPETHYECKOM OLIEHKH OKHIAEMbIX IapaMeTPOB 3JIEMEHTOB HPUOOPHON CTPYKTYpBI:
MOBEPXHOCTHOI'O M  YIEIBHOTO COINPOTHBIICHUS JIETMPOBAaHHBIX YYacTKOB, KOHLEHTPAalUH H
MOJBY)KHOCTH HOCHUTENEH 3apsiia B JIETMPOBAaHHBIX M HMHIYLMPOBAaHHBIX CIOsX, IupuHbl OII3,
E€MKOCTH p-Nl IEPEXOAOB U TIP.

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

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

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

Bonpocs! k auddepenunpoBanomy 3adery:

1. MexaHn3MBbI 3BOJIIOLIUH MTOJICUCTEMBI JIe(heKTOB.

2. OCHOBBI TEOPUH SMUTAKCHATILHOTO POCTA HA MIOBEPXHOCTH KPEMHHUSI.
3. ®u3nyecKre OCHOBBI B METOJaX JTUTHPOBAHMSL.

4. KpeMmHHii B KJ1acce TBEPJBIX TEIN.

Kpurepuu onieHuBanus
10 6amnos — (IIPEBOCXO/JHO):
*  CHUCTEMaTU3UpPOBAaHHbBIC, TIYOOKHE W TOJHBIC 3HAHUS IO BCEM pasjeiiaM y4eOHOI mporpamMMmebl, a
TAKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOJSIIUM 32 €€ MPEICIIbI;
. TOYHOE MCIOJIB30BAaHUE HAYYHOH TEPMHHOJOTUM (B TOM 4YHCJIE HAa WHOCTPAHHOM SI3bIKE),
CTHJIMCTHYECKH I'PAaMOTHOE, JIOTUYECKH MPABHIBHOE N3JIOKEHHE OTBETA Ha BOIPOCHI;



*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWUCIUILTUHBI, yMEHHE ero 3(pQPEeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CJIOKHBIE HpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;

*  TIOJHOE W IIIyOOKOE yCBOEHHE OCHOBHOW M JOTMOJHHUTENBHON IUTEparypbl, PEKOMEHJIOBAaHHOMN
y4eOHOI mpoTrpaMMOi TUCITUTUINHEI;

* yYMEHHE OPHEHTHPOBATHCSA B TEOPHSX, KOHLEHMIUAX U HANPABICHUAX MO N3y4aeMON NHCLHUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLICHKY, UCIIOJIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPATOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbl HCIIOTHEHHS 3aJaHHMH.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCJIE Ha HHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIIOIL30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(ECCHOHANBHBIX 3a1a4;

*  CHOCOOHOCTH CAMOCTOSATEIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIApTHOM
CUTyallud B paMKax Y4eOHOW MporpamMmbl, IIOJIHOE YCBOCHHE OCHOBHOW U JIOMNOJHU "TEIbHOU
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHOW POTrpaMMO TUCIIUITITHBEI;

*  yMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMOCTOsTENbHass padoTa Ha MPAaKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYpBl HCIIOJTHEHHS 3aJaHuUil.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTHU3UPOBAaHHbIC, NNIyOOKHE M IOJIHBIC 3HAHUS 10 BCEM IMOCTABJIEHHBIM BOIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJNb30BAaHHME HAYYHOM TEPMHUHOJOTHH, CTHJIMCTHYECKHM TI'PaMOTHOE, JIOTMYECKH MpPaBHIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHAIBHBIX 33/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIlaTh CIIOXKHBIE HMPOOJIeMbI B paMKax
y4eOHON MpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJIBHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOH
JUCLMIUIMHE W JaBaTh UM KPUTHYECKYIO OLIEHKY C IO3ULUI rocydapCTBEHHOH wuieoioruu (1o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

* aKTHBHAs CaMOCTOsTENIbHAs paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydJacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

* CHUCTEMaTHU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHMUS 110 BCEM pa3zieiaM yueOHOM MporpaMmel;

* HCII0JIb30BAaHUE HAyYHOU TEPMUHOJIOIMH (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MTPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;

* BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCLMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAyYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTIOJIHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUTHHBL,

*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  camocTosTenbHas padoTa Ha MPAKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYIMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPbl HCIIOJTHEHUS 3adaHUH.

6 6aoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CUCTEMAaTU3UPOBaHHBIC 3HAHUSI B 00beMe yueOHOH porpaMmbl;

*  HCIOJIb30BaHHE HEOOXOAMMOHN HAayYHOW TEPMHUHOJIOIHWH, CTHIMCTUYECKH TI'PAaMOTHOE, JOTUYECKH
MPaBUWIILHOE M3JI0KEHUE OTBETA Ha BONIPOCHI, YMEHHUE JieNlaTh 000CHOBaHHBIE BHIBOIBI;

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCUOHAIBHBIX 33Ja4; CIOCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH MporpaMMel;



* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTLTHHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIbHYIO OLICHKY; AaKTHBHAas CaMOCTOsTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPAaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUN.

5 6amnoB — (IIOYTHU XOPOILO):
* JIOCTaTOYHBIC 3HAHHA B 00beMe Y4EOHOH MPOTrpaMMBL;

° HUCIIOJIB30BaHHEC Hay‘IHOI\/’I TCPMUHOJIOTUH, CTUWIUCTUUYCCKU TI'PaMOTHOC, JIOTUYCCKH IIPABUIIBHOC
H3JIOKCHUC OTBETA Ha BOIIPOCHI, YMCHUC 1€J1aTh BbIBOADI,

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJIb30BaTh B PEIICHUU
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

* CHOCOOHOCTh CAMOCTOSTCIIHLHO IMPUMCHATH TUIIOBLIC PCHICHHUA B paMKax yqe6H0171 nporpamMmmai;
®* YCBOCHHUC OCHOBHOH JINTCPATypBhl, pCKOMeHI[OBaHHOﬁ y‘le6H0ﬁ HpOl”paMMOfI JUCIHUITIIINHBI,

° YMCHHUC OPpHUCHTHUPOBATLCA B 0a30BBIX TCOpUAX, KOHLCIIIUAX W HAIPABJICHHUAX I10 I/IBY‘IaeMOﬁ
AUCHUIUIMHE U JaBaTb UM CPABHUTECJIIbHYIO OLICHKY;,

*  camocTosTenbHas padoTa Ha MPAKTUUECKUX, Ja0OPAaTOPHBIX 3aHATHAX, y4acTHE B TPYIMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTO4YHBIN 00BEM 3HAHUU B paMKax 00pa30BaTeIbHOIO CTAHAAPTA;

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  HCHOJNB30BAHME HAYYHOW TEPMHUHOJIOTHH, CTHIMCTHYECKOE M JIOTMYECKOE M3JIOKEHHE OTBETa Ha
BOIIPOCHI, YMEHHE JIeTIaTh BHIBOABI O€3 CYIIECTBEHHBIX OIINOOK;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

* YMEHHE 0] pyKOBOACTBOM IpENoJaBaTelis peuarb CTaHJapTHbIE (TUIIOBBIE) 3aa4H;

*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM OLICHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAABaTelsl HAa IPAKTUYECKHUX, JaOOpaTOPHBIX 3aHATHAX,
JOITyCTUMBIA YPOBEHB KYJIBTYPbI HCTIOIHEHHS 3aJaHHH.

3 6amra — (HEYIOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEJO0CTAaTOYHO MOJHBIA 00BEM 3HAHUH B paMKax 00pa30BaTeILHOTO CTaHIAPTa;

* 3HaHWE YaCTH OCHOBHOW JIUTEPaTyphl, PCKOMEHIOBAHHOW y4eOHOM MPOTrpaMMOi JUCIIUILTAHEL,

*  HCHOJb30BAHWE HAyYHOU TEPMUHOJOTHHU, HU3JIOXKEHUE OTBETA HA BOMNPOCHl C CYUICCTBEHHBIMU
JIMHTBUCTHYECKUMHM M JIOTHYECKUMH OLITHOKAMH;

. cnaboe BIIAJICHUE WHCTPYMEHTapueM YYeOHOW IUCIUIUTMHBI, HEKOMIIETEHTHOCTh B PEIICHUH
CTaHAAPTHBIX (TUITOBBIX) 3a/1a4;

*  HEYMCHHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUAX, KOHIEMUMUSAX W HAMpPaBICHUSAX H3ydaeMoOul
JUCIUTIINHEL,

* TACCHBHOCTh HA MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhlI 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, HAlMYME B OTBETE TIPyObIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIBTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

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

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu nposenennn uddepenupoBaHHOro 3adera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yyaromerocs mo OWIETy He JOJKEH MPEBBILIATh JIBYX aCTPOHOMHUYECKHUX YacoOB
B YCTHOW W (MJIM) TUCBMEHHOMU (hopMme.



