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

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: duzuka ,Z[e(l)eKTOB B TCXHOJIOTUHU MUKPO U HAHOIJICKTPOHUKHU
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC 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

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[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 (pU3HUECKUMU U (PU3UKO-XUMHUUECKUMHU MIPOLECCAMH Ha TOBEPXHOCTH 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;

- TPENOCTABIICHHE KAPTHUHBI B3aUMOCBS3HM IPOIECCOB B KPEMHHUU W INPUYMHHO-CIICACTBEHHBIX CBA3EH,
IPUBOIALIMX K LIE€JICHAIPaBICHHbIM M HEraTUBHBIM H3MEHEHMSIM CBOWCTB Marepuala U XapaKTepUCTHK
MPUOOPHBIX CTPYKTYD;

- TeOpeTHYecKasi MOATOTOBKA CyIIaTelell Kypca K CaMOCTOSTEIFHOMY PEUICHUIO BOIIPOCOB, BOSHUKAIOIINX
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 MOJTyYEHHbIE 3HAHUS NpPU pa3pabOTKe NPUHLIMIOB MOCTPOEHHS M KOHCTPYKIMHU Ipubopa
MHUKPOJIEKTPOHUKHU U/HITH K-JI TEXHOJIOTHMYECKOTO MpoLecca.

Bnaners:

- MCTOAaMH  pacdCTa IMMapaMCTPOB OCHOBHLIX TCXHOJIOTHMYCCKUX onepaunﬁ: TCPMHUYCCKOTO OKHUCIICHUA,
HOHHOM HUMIIIaHTallkuU, TEMIIEPATYPhI U AJTUTCIbHOCTU OTKHUI'OB,

- MCETOAaAMH TeOpeTH‘leCKOﬁ OIICHKN OXHWAACMBIX MapaMCTpPOB JJICMCHTOB HpI/I60pH0ﬁ CTPYKTYPBI:
MOBEPXHOCTHOI'O M YACJIBHOI'O COIPOTUBJIICHHUA JICTUPOBAHHBIX YYACTKOB, KOHUCHTpAllUW U NOABHXXHOCTHU
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.

O06001IeHHAs MOJIENb TeHepali cCOOCTBEHHBIX TOUEUHBIX JIe(DeKTOB B Ipoliecce TBepAOQa3HbIX peakinit

Ha MMOBCPXHOCTU KPEMHUA

17.
18.
19.
20.
21.
22.
23.
24.

[IpaBuno ¢popmupoBanus a3 B cucreMe ¢ noaudasHon AuarpaMMOn COCTOSHUS
O0pazoBaHue NepeCHICHHBIX BAKAHCHOHHBIX PACTBOPOB B Si IIPH POCTE CHIIUIMIOB HA €r0 MOBEPXHOCTH
Kunernka pocra cioeB SiO2. Monenu reHepaliii HEpaBHOBECHBIX MEXKI0Y3JIHH.

KomOunnpoBanHbie MexaHu3Mbl TG Gy3ur OCHOBHBIX IPUMECHBIX aTOMOB B KPEMHUHU
Paguanmonno-ctumynupoBaHHas Juddysus B KpeMHuH. Pacniag pagualioHHBIX KJIACTEPOB.
CrumynupoBaHHast quddysus B kpemHuu. uddysns yckopeHHas 110 BAKAHCUOHHOMY MEXaHU3MY.
CrumynupoBanHast quddysus B kpemHuu. {uddysus yckopeHHas 0 MEXI0y3€IbHOMY MEXaHU3MY.
BrnusiHre BCTpOEHHBIX AIIEKTPUUYECKUX U MEXaHMUYECKUX MoJieil Ha auddy3noHHOe nepepacpeesieHue.

25. luddy3us B moToKkax cOOCTBEHHBIX Ae(EKTOB.

26. ®orocTumynrpoBanHas 1 dys3ust B KpeMHUH

27. IoHHast UMIUTaHTALMs B COMIPOBOKICHUHU JTyUYUCTON paguauu

28. Inddysus npuMeceid B yCIOBUSAX TPABSIILIEIHCS TOBEPXHOCTH KPEMHUS

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

30. Pacna;[ COOCTBEHHBIX KIIaCTCPOB IMPU UMITYJIbCHOM OTXKHUI'C KPEMHUSA

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

- 3HAKOMCTBO CIyIIaTeJIed ¢ OCHOBHBIMU (PM3NYECKMMHU U (PU3MKO-XUMHYECKHMHU IPOIECCaMHU Ha
MOBEPXHOCTH U B 00bEME MOHOKPUCTAIUTMYECKOTO KPEMHHUSI.

33]13‘[1/[ JAUCHUIIINHBI

- U3JIOKCHHUC MAaTCpHalia Kypca 1o CJICAYIOUIUM HallpaBJICHUAM:

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

- ne(eKThl KPUCTAJUINIECKON CTPYKTYPBI B KPEMHUU;

- (pusuKa JerupoBaHUs KPEMHHUS;

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

- muddy3us NpUMECHBIX aTOMOB U COOCTBEHHBIX J1€(DEKTOB;

- Ipouecchl B Si Mpu KOMOMHUPOBAHHBIX BO3ACHCTBUSAX;

- (pusuka nedeKTHON HHKEHEPHH;

- CJIOUCTBIC U KPCMHHCBLIC HpI/I60pBI Ha UX OCHOBC;

- IPEAOCTABJIICHUEC KaPTUHBI B3aUMOCBA3U MPOLUECCOB B KPEMHHUU U NPUINHHO-CJICICTBCHHBIX CBHBCﬁ,
OpUBOAAIIUX K HCJIICHAIIPABJIICHHBIM W HCTAaTUBHBIM H3MCHECHUSM CBOMCTB marcpuaiia H

XapaKTEePUCTUK IPUOOPHBIX CTPYKTYD;

- TeopeTHuYecKas IOJTrOTOBKA CIylIaTeled Kypca K CaMOCTOSTEIbHOMY PELICHHIO BOIPOCOB,
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 CnocoGen craBuTh, hOpMann30BEIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
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;
- WUCIIONIb30BaTh MOJYyYEHHbIC 3HAHHUS NpPU pa3padOTKe NPUHIMIOB TOCTPOCHUS M KOHCTPYKLUH
prubopa MUKPOIIEKTPOHUKH U/WIIN K-J1 TEXHOJIOTHYECKOT0 Ipoliecca.

BIIAJICTh!
- METO/IaMH pacyeTa MmapaMeTpOB OCHOBHBIX TEXHOJIOTUYECKUX OIEpaLUil: TEePMUIECKOTO OKHUCICHHS,
MOHHOHM MMIUIAHTAINH, TEMIIEPATYPhl U ATUTEIBHOCTH OTKUIOB;
- METOJaMH TECOPETHYECKOW OLIEHKH OKUIAEMBIX IapaMeTPOB JJIEMEHTOB MPUOOPHOW CTPYKTYpHIL:
MOBEPXHOCTHOTO ¥ YAENBHOTO CONPOTHBICHUS JICTUPOBAHHBIX YYAaCTKOB, KOHIEHTPALUH U
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  3JIEKTPOPHU3HUECKHE 1
napaMeTpsl 0ObEMHOTO KPEMHUS
3 Knaccudukanuss moxmcucrem Kpucrasia 1
MOHHBIC U ()aHOHHBIE TIOICUCTEMBI
4 DJIeKTPOHHBIE  TOJCUCTEMBI KPEMHHUSL. 1
[Toncucremsl AeeKTOB KpUCTasia.
5 AToMapHas ~ CTPYKTypa IIOBEPXHOCTH 1
KpPEeMHUS
6 ArtomapHast ¢duznka XUMHYECKOTO 1
TpaBJICHUS TIOBEPXHOCTH KPEMHHUSI.
7 OCHOBBI TEOPHH AIHUTAKCUAIBHOTO POCTA 1
Ha MTOBEPXHOCTH KPEMHHUSL.
8 Knaccuduxkanus nedekroB B KpeMHUH 1
OcHOBBI panuannoHHON bu3uKH
9 KpeMHHs. MexaHu3sM 00pa3oBaHHs H 1
BUJIbI PaIMALIMOHHBIX 1e()EKTOB
10 MexaHu3Mbl  3BOJIOLHMHM  TOICUCTEMBI 1
nedextos. Yacts 1
1 MexaHU3Mbl ~ 3BOJIOIMU  IOCHUCTEMBI 1
nedexron. Yacts 2
12 dusnueckue OCHOBBI METOJIOB 1
JIETUPOBAHUS
13 JlernpoBanue METOZIOM HOHHAs 1
MMILIaHTAIHS




Huddysuss w3 OrpaHHUYCHHBIX |

14  |HEorpaHMUYEHHBIX IIOBEPXHOCTHBIX 1
HUCTOYHUKOB
Teopernueckne OCHOBBI TBEpAO(Da3HBIX
15 |peakuuiti ¥  CONPOBOXKIAIOUNIUX  HX 1
IpPOLIECCOB
O06o0mennas MO/JIEITh reHepanun
16 COOCTBEHHBIX TOYEYHBIX JAe(eKToB 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 kpemHumn.  Pacnan 1 2
paZnaMOHHBIX KJIACTEPOB.
CtumynupoBaHHAs T dysus B
22 |kpemuuu. [duddysus yckopeHHas 110 1 2
BaKaHCHOHHOMY MEXaHU3MY.
CtumynupoBaHHas g dysus B
23 |kpemuuu. [uddysus yckopeHHas IO 1 2
MEXKJI0y3€IbHOMY MEXaHU3MY.
BnusiHue BCTpPOEHHBIX JIEKTPUYECKUX U
24 |mexaHndeckux mnojei Ha auddysuoHHOE 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 YCJIOBHSX 1
TpaBsIILEHCs TOBEPXHOCTH KPEMHUS
Mexanuszm reTTepUPOBAHUS
29  |coOcTBEeHHBIX ACPEKTOB W TMPUMECHBIX 1
aTOMOB
30 Pacmag COOCTBEHHBIX KJIACTEpOB IIPH 1
HUMITYJIbCHOM OTXHIe KPEMHUS
Kpemnwmii Ha u3omnsiTope M ¢uznveckue
31 OCOOEHHOCTH  TlepeHoca B HHX. 1
Kpemuuii-repmanueBbie CTPYKTYPHI.
3 HOTeHuHaHL?LIe AMbl M JBYXMEPHBIN 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 u ocobeHHocTH Kypca. Onpenenenus — moje u BeuiectBo. CTPyKTypa BHEIIHUX
SNEKTPOHHBIX 00O0JIOYEK AaTOMOB. OJEKTPOOTpUIATeNbHOCTh. KoBaleHTHass M HMOHHas CBA3b B
MoJIeKys1ax. Busbl cBsizell B TBEpABIX TENaX.

Mertanibl, AWAIEKTPUKH, IOIYHNPOBOIHHKH, CETHETORIEKTPUKH, (heppoMarHeTHKH. bmwxHuii n
JaJIbHUN  TOPSAOK. AMOp(GHOE COCTOSHUE, NONUKPUCTAIUIBI, KPUCTAJUIBL. OIJIEMEHTapHbBIE U
MOJIEKYJISIPHBIE TIOJIYIIPOBOAHUKH.

OcHoBHbIE MOHATUS (QU3UKU TBEPIOTO TeJIa U MOJTYHNPOBOTHHUKOB. 30HHAS CTPYKTypa B NPSIMOM H
oOpatHoM npoctpaHcTBe. 30Ha bpmiosna. [IpsMo30HHBIE U HEMTPSIMO30HHBIE MTOTYTIPOBOIHUKH.

DneMeHTapHas siueiika KPEeMHUS U €€ ITapaMeTphl.

«OKM3HEHHBIN IUKI» KPEMHHUS — MECOK, NOJIUKPEMHUH, MOHOKPHCTAILT, TUIACTUHA, SITUTAKCHAIIbHAS
CTPYKTYpa, YHIl, IPHOOP MUKPOITCKTPOHUKH.

2. CTpyKTypHBbIE U 2JIEKTPOPHU3NIECKHE TapaMeTpbl 00bEMHOT0 KPEMHUS

OCHOBHBIE HIEKTPHUUCCKIE U MEXaHMUYECKHE CBOHCTBA 0OBEMHOTO MOHOKPHUCTAJUTUYECKOTO KPEMHHS.
30HHAs CTPYKTypa KpeMHHs H ee mnapamerpbl. DyHIaMeHTalbHas B3aUMOCBS3b ITOIBH)KHOCTH
SNIEKTPOHOB M JIBIPOK € KPUBU3HOW 3HepreTHueckux 30H. DddexruBHas macca. TemmeparypHbie
3aBucuMocTd. [lpupoma »HepreTMdecKkWx YpOBHEW B 3alpeICHHOW 30HE. Menkue M IITyOOKHue
YPOBHHU JIETUPYIOIIUX TpuMecei. [my0okue ypoBHU ObICTpouGYHANPYIONINX MPUMECEH. YPOBHH,
CBsi3aHHBIE ¢ KoMmIuiekcamu aedekros. [Ipupona yposuerr Tamma. [Ipupona ypoBHe#l Ha rpaHHmax
pasnena. IloHsTHe o meEHTpax pekoMOWHAIMM W JOBymKax. YpoBeHb @Depmu. CrarucThka
Makcseia-bonbpiMana. DieKTpudecKkas MpoBOAUMOCTE KpeMHus. [peiidosas 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.

[Ipumepsl mporeccoB, B HOHHOW TOJCHUCTeMe. BO3HHMKHOBEHHE OO0JIacTel MPOCTPaHCTBEHHOTO
3apsiia B 00beMe, y TIOBEPXHOCTH, TpaHull pasaena. YpaBHenue [lyaccona. [loTeHInanbHbIie MBI, B
TOM 4YHCIIC JBYMEpHBIE. BHyTpeHHHE JiieKTpuueckue mois. Ympyrue mnons. [peitd Hocutenei
3apsia. Jlpeiid nedekToB U MPUMECHBIX aTOMOB.

[Tpumeps! mpoIECCOB B AIEKTPOHHOM IMOACHCTEME. DJIEKTpUdecKas MPOBOAMMOCTb. ONTHYECKOE
MOIVIOIIEHHE. 3apsI0BbIE COCTOSIHUS TPUMECEH U IE(PEKTOB.

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

[Tpumeps iporieccoB B GoHOHHOM noacucTeme. @OHOHHBIC CIIEKTPHI. PaccesiHue HocuTenel 3apsia
Ha aKyCTHYECKHX U ONTHYECKHX (oHOHaX. TemnonpoBOOHOCTh, TEIUIOEMKOCTh. Temmeparypa
Hebast. TermoBoe pacimupeHue.

[Ipumepsr mporeccoB B moacucteme nedextoB kpucramia. (OOpa3oBaHWe W KOHIICHTPAIUH
TEPMOJIMHAMHYECKH PaBHOBECHKIX Jie(ekToB. COCTOSIHUE MOJICUCTEMbI COOCTBEHHBIX JIE()EKTOB MPH
HEU30TEPMUYECKAX TepMOOOPaOOTKaX, BKIIFOYAS WMITYJIbCHBIN OTXKUT. |eHeparus HepaBHOBECHBIX
TOYEUHBIX Je(PEKTOB TpU paJMallMOHHOM BO3JCHCTBHM, TpPH TBEpAOQPA3HBIX pPEAKIHUIX Ha
MOBEPXHOCTU KpPHUCTAIIA, MPU PA3IUYHBIX BUJAX TPaBICHUS C KOMIIOHEHTAMH PaJHAIlMOHHOTO U
XUMHYECKOTO BoszzaekcTBusl. [loHsiTHs 00 00pa3oBaHWU JTUCIIOKAIMIA, KJIACTEPOB, KOMILICKCOB,
MIPUMECHBIX TpenunuTaToB. ONpeneieHus 1 BIUIHUE Ha dISKTPOGU3NIEeCKUE TapaMeTphl.




[IpumMepsl MpoOIECCOB, YMIpaBIsSeMbIX KOMOHMHAIMEH ToAcHCTEM. ATOMapHBIH MAacCOIEpeHOC.
Mexauu3mbl AudQy3uu aTOMOB B MACaJIHHON pelIeTKe KpeMHusl. PaanannoHHO-CTUMYIMpPOBaHHAS
mupdysus. Bocxonsmas muddysus. MacconepeHoc B ycioBusaX nuddysun u apeiida B
ANIEKTPUUYECKUX U ynpyrux noisix. Juddysus u apeitd Hocurenelt 3apsaa. [lotoku B p-n nepexone.
®oto-2/IC. TersioBas 1 aBTOIEKTPOHHAS SMHUCCHSI.

5. AroMapHas CTpYKTypa IIOBEPXHOCTU KPEMHUS

AtomapHble cTyneHu. M3moMbl Ha aToOMapHBIX CTyNeHsX. Tepaccel. DHeprus CBSI3M arOMOB 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. TpaBiaenue c oOpazoBaHMEM NPOMEXKYTOUHBIX (a3. Buasl TpaBieHHS.
TpaBnenue B razoBod (aze. J[BukeHHME aTOMapHBIX CTyINEHEW MNpH TpaBieHUU. JKUIAKOCTHOE
Tpasienue. llmasMoxuMmuueckoe M HMOHHO-IUIA3MEHHOE  TpasieHue. [lonmpyromee TpaBieHHeE.
CenextuBHOE TpapieHue. MeTosbl MeTauiorpaduu.

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

Buner  snuwrakcun. CVD u  MOS-ruapugnas  snutakcus. OCHOBHBIE dTambl  Iporiecca
AMUTAKCUATBHOTO pOocTa. ACOpOIHS, XUMHUUECKHUE PEaKIUK, TIOBEPXHOCTHAsT MUTpalusl. J[Buxenne
aTOMapHBIX CTYTICHEH MPH MUTAKCUATLHOM pocTe. OCHOBBI TEPMOIUHAMUKHY SITUTAKCHH.

8. Knmaccudukanus neekToB B KpeMHUN

Toueunsie nedexkTsl B KPEeMHHUH — COOCTBEHHBIC Ae(EKTHl W TPUMECHBIC aTrOMbl. DHEPrus
00pa30BaHMs U DHEPTHUSl MUTPALUU TOUYEUHBIX JIE(EKTOB.

Komrutekchl  TodedHbIX JIe)eKTOB M WX DHEPreTHYECKUE VYpPOBHHU. A-IIEHTpHI, E-IeHTpHI
TepMOTOHOPBL.

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

JIuHelHbIe ¥ BUHTOBBIC AUCIIOKAMU. JIMHUM CKOIbXeHUs. JIucIoKalMu HECOOTBETCTBHUSI.

9. OCHOBBI pagHalMOHHON (U3MKKM KpeMHHs. MexaHu3M 00pa30BaHHMsS W BHIbl PaJHAIIMOHHBIX
neheKkToB

DJeKTPOHHBIH (HEyNpyruil) MeXaHW3M TOPMOXKEHHS YCKOPEHHBIX YacTHUI[ B pEIIeTKEe KPEMHUS.
SAnepublii (ynpyruil) MexaHHU3M TOPMOXEHHs. PacmpeneieHre HUMIUIAHTHPOBAHHBIX AaTrOMOB B
pemetke. [IpoennpoBannslii nmpobder. CtparmuHr. CKOIEHHOCTh paclpeieeHus.

lenepanus nmap ®penkens. Pacnpenenenne paananoHHBIX BaKaHCHA M 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 nmedexrel B kpemMHHH. leHepalusi COOCTBEHHBIX MEXAOY3JIHH MpPHU TEPMHUUESCKOM
OKHCJIEHHMHM KpeMHHs. POCT OKHCIMTENBHBIX Ae(eKTOB ynakoBkH. KBasmxumuyeckue peakiuu B
KpeMHHH. Mozenb (OpMUPOBAaHHUS TEPMOZOHOPOB.

11. MexaHU3MBI BOJIONUN TOJACUCTEMBI eeKToB. YacTp 2

Mopnens (GopMupoBaHHs TMEPECHILEHHBIX BaKaHCHOHHBIX PAacTBOPOB B O0bEME KpEeMHHs IpH
TBepAO0Ga3HBIX PEAKIHMIX HA €0 ITOBEPXHOCTH.

Monens ¢GOpMUPOBaHUS HEPABHOBECHBIX BAaKAaHCHUH NMPH CTUMYJIMPOBAHHOM OTOOpE COOCTBEHHBIX
aTOMOB.



12. ®uzuveckrue OCHOBBI METO/IOB JIETUPOBAHUSA

OcCHOBBI TEpPMOIMHAMUKH TBEPABIX pacTBOpoB. PerporpanHplii  xapaktep 3aBUCHMOCTH
pPacTBOPUMOCTH MpUMeCEH 0T TeMrepatyphl. Jleratypsl. [lapameTprl terupoBaHus.

JlermpoBanue pacrutaBa mpu pocte KpuctamioB. JlerupoBanue nmytem mud@dy3un ¢ TOBEPXHOCTH.
JlerupoBanue METOIOM HOHHOW MMIUIAHTALIUH.

13. JlerupoBaHue METOIOM MOHHASI UMIUTAHTALINAA

OcHOBHBIE IIapaMETphl IIpoliecca MOHHOIO JIETMPOBAHMA: THII MOHA, SHEPrus, 103a, TeMIEpaTrypa,
WIOTHOCTH ToKa. [Ipodunm pacnpeaeneHuss UMIIaTHpOBaHHBIX atoMOB As, P, Sb, B. Ummnanranus
B OTKPBITYIO [TOBEPXHOCTh M uepe3 Mackupymomme ciou. «KoHcTpynpoBanuey npopuis IpUMECH.
@DEHOMEHONIOTUST  pOJM  paauanuoHHBIX  gedekToB.  [locTUMIIaHTaLMOHHBIE — OTKHUTH.
N3oTtepMuyeckuii OT>KUL. BBICTPBIA TepMUYECKUI OTKUL. VIMITyJIbCHBII J1a3€pHBII OTKHUT.

14. Incdy3ns u3 orpaHUuEHHBIX 1 HEOTPAaHNYEHHBIX TTOBEPXHOCTHBIX HCTOUHHKOB

Mertozbl eTUpOBaHUs KPEMHHUS M3 CWIMKATHBIX cTekos. Cragum jerumpoBaHMs. Pacder THIOBBIX
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 pacTymeil IUIeHKH). POCT IIGHOK CO CTOPOHBI OTKPBHITOH MOBEpXHOCTH. (OCHOBHI
tepmonuHamuk  TOP. Tlpumeper TOP —oOpazoBaHue CHUIMIUIOB, POCT HUTPUAOB U OKHCIIOB
KPEMHHSA

16. O6001eHHas MOAETb TeHEPAaLMU COOCTBEHHBIX TOYEUHBIX AE(PEKTOB B Mpolecce TBeproQa3zHbIX
peaxnuuii Ha MOBEpXHOCTH KPEMHHUS

3anmaua Jlame. Pacuer nucOanmaHca MONEKYISpHBIX OOBEMOB pa3MeElICHUsS U OOBEMOB MOCAJKH Ha
uHTepdeiice CTPYKTYpbl MOUIOKKAa — IUIeHKa. lIpaBuino mnporHoza NpUpoOnbl T€HEPUPYEMBIX
coOcTBeHHBIX TodeuHbIX gAcedekToB (TI). Ouenka Ttemna renepanuu TJ[. OneHka cremneHn
nepecolimeHus pactopa T/] B kpemHuun nox pactymumu B npouecce TOP mienkamu. D¢ dexTs B
00beMe KPeMHHSI OT MEePECHIICHHBIX pacTBOpPoB TJI.

17. TIpauno popmuposanus a3 B cucreme ¢ monudazHoi JUarpaMMOi COCTOSTHUS

OMIuprUYecKue MpaBuia ONpeAeieHus TepBoi ¢a3pl B cucTeMax ¢ nonudasHoil auarpaMMoit
cocrosaus. [lpumepsl B cucTeMe KpeMHHH-METal. BBIBOA TpaBWia MOCIEIOBATEIbHOCTH
obpazoBanus (a3 Ha ocHOBe 00001IeHHON Mojenu. [IpuMmenenus npaBuia a3 K Ienouke peakiuit
npu 00pa30BaHUU CHIMILIUIOB METAJUIOB HA IIOBEPXHOCTH KPEMHUSI.

18. OOpa3oBaHHNE MEPECHIICHHBIX BAKAHCUOHHBIX PAaCTBOPOB B Si MpH POCTE CHIMLHUIOB Ha €ro
[IOBEPXHOCTH

Pacuer BakaHCHOHHBIX MEPECHIICHUH B KPEMHUH TIPU (HOPMHUPOBAHUU CHIIMIHIOB HA MIOBEPXHOCTH
kpemHus. OdQexThl BaKaHCHOHHOTO TepechiieHus. Pa3MbITHe TpPUMECHBIX  Mpoduiei.
BrITsrrBaHue pruMecei U3 MOAJIOKKH B SITUTAKCHAIIBHBIE CITOH.

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

Kuneruka pocra TepMHYECKMX OKHMCJIOB Ha IIOBEPXHOCTH KpeMHMs. JIMMUTHpyrOue CTaauu.
Kunernka pocra Ha HauaJbHBIX U KOHEUHBIX dTanax. BiusHue napoB BoAbl HA KUHETHKY pocTa. Poip
aTOMOB XJIOpa IIPU XJIOPUIHOM OKHUCIICHUMU.



Mopenu reHepauun COOCTBEHHBIX MEXKIOY3IMHA HpPU TEPMHUYECKOM OKHCICHUH KpPEMHHUSL.
CormocraBieHne pe3ynbTaToB MOJCIBHBIX IPEICTAaBICHUI, BKII0Yas 0000meHHy0 Mozielb. LleHTpbl
HYKJICallUW U ypaBHEHHE POCTA OKUCIIUTENBHBIX 1e(DEKTOB YIAKOBKH.

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

Huddysus nmo yznam. Juddysus mo mexnoysnusaMm. Pons coOCTBEHHBIX aTOMOB M BaKaHCHH B
TUPPy3un  JETHPYIONIMX TNpuMeceil B KpeMHHH. OQPQPEKTUBHBIA KOAIPPUIHEHT Tuddy3uu.
Mexannsmel muddysun aromoB B, As, P, Sb. Ananu3 Beipaxkenus s kodddunuenra quddys3un ¢
TOYKM 3pPEHUS TEPMOAMHAMMKM M KHHETHKH. YCKOpEHHas M 3aTOpMOKeHHas auddysus B
MEPECHILEHHBIX TBEPABIX PACTBOPAX BAKAHCUI M COOCTBEHHBIX MEXI0Y3INI

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

VYpaBaenust nuddy3un C NEepeMEeHHBIM KodppuIueHToM TudQdy3und, ¢ TEHEPalMOHHBIM U
peKoMOMHAIIMOHHBIM WwieHoM. ngysus B npucyTcTBuu paguanun. Juddysus, ctumymupoBaHHas
IO 3aMaCEHHBIM Jie(heKTaM.

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

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, TMEPECHIIIEHHOM 10 BakaHcHsM. OIeHKa CTEleHU
BaKaHCHOHHOT'O MEPECHIIIEHHUs] KPEMHUS 110 OTbITaM ¢ Aupdy3neil.

23. CrumynupoBanHas auddysuss B kpemHud. Jnddys3ust yckopeHHass TO MEXI0y3eIbHOMY
MEXaHU3MY.

Huddy3ust npuMeCcHBIX aTOMOB B KPEMHHH B IPOLIECCE TEPMUUECKOTO OKHUCICHHUS €r0 IOBEPXHOCTH.
OmeHka cTeneH! MEXI0Y3€IbHOTO MEPECHICHNS] KPEMHHUS 10 OIbITaM ¢ Tu(Qy3uei.

24. BnusHue BCTPOCHHBIX JJIEKTPUYECKUX W MEXaHHMYECKHMX Tnoseli Ha auddy3noHHOE
nepepacnpeecHue.

Ocob6ennoctu Aud@y3nOHHOrO TmepepacnperesieHusl MPUMECHBIX aTOMOB B YCJIOBHUSAX BCTPOEHHBIX
YIOPYTUX HANpsDKEHUM M BHYTPEHHHMX OJJIEKTPUYECKHX IIOJIEH. YPaBHEHHE MAacCOIIEpEeHoca ¢
T Py3nOHHBIM U ApeioBbIM ciaaraembiM. Hakomienne npumeceii 1 TOUEUHBIX A€(QEKTOB Y TPaHMLL
paznena. Koaddunumenr cerperanum.

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

I'umoresbl GorocTuMynupoBaHHOH aAu(pPy3un B KpeMHHU. CBS3BIBAIOIINE M AHTHCBSI3BIBAIOIINC
op6uranu. Poik cBeTa nnpu UMITyIIbCHOM OTXHre. POTOCTUMYIIMPOBAaHHAS CYOIMMAaLs KDEMHHUS U €€
3¢ deKThI.

27. loHHast UMIUTaHTALMs B COMIPOBOKICHUHU JTYUYUCTON pagnauu

OcoOeHHOCTH 00pa3oBaHUs W HAKOIUIGHHWS pPaJUAlMOHHBIX Ne(PEKTOB B KPEMHUU TPU €ro
WMIUTaHTAIMH C OJTHOBPEMEHHBIM 00nyueHrneM YO cBeToMm.

28. luddysus npuMeceli B yCIOBUSIX TPABSIIEHCS TOBEPXHOCTH KPEMHUSI



JuddysnonHoe BhITATHBaHUE Sb NMpPH WHXKEKIWW BAaKaHCHH C MOBEPXHOCTH B O0BEM KpHCTaIA.
O ekt ganpHOACHCTBUS.

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

lerrepupoBanue  ObicTpomuddyHmupyromux mnpumeceir B KpeMHHH. (OCHOBHBIE — OTarlbl
TeTTePUPOBAHHS KOMIUIEKCOB M KJIACTEPOB COOCTBEHHBIX Ie(PEKTOB. MeEToIbl IeTTepUpOBaHUS U
crocoObl popMUPOBaHUSI TETTEPOB Ha JIUIIEBOI U 00pPaTHON CTOPOHE KPEMHHUEBOH MOJIOKKH.

30. Pacniaxg cOOCTBEHHBIX KJIACTEPOB IPH UMITYJIBCHOM OT)KUTE KPEMHHUS

DHeprus CBSI3M YaCTHUIl B KJIACTEpe M €€ 3aBUCHMOCTb OT KPUBM3HBI MOBEPXHOCTH. DMHCCHS U
KOHJIGHCANUsl YacTull 3 (Ha) kimactepe. KWHETHYeCKH paBHOBECHBIC KOHIIEHTPAIMU TOYCYHBIX
nedextoB. Dddekr koamecueHIMH. Kpurudeckuwe 3apoibllid. YpaBHEHHE pacnaja W pocTa
KJIACTEpPOB B HM30TEPMHUYECKHX OTXKHrax. Pacmaj KiacTepoB IMpH HEU30TEPMUUECKUX OTHKUTAX.
OOpa3oBaHue pacmaj TBEPAbIX PACTBOPOB MPU KPUTHUECKUX CKOPOCTSIX HArpeBa U OXJIaXKICHHUSI.

31. Kpemuwnii Ha uzonsTope U Gu3NIecKrie 0COOCHHOCTH MepeHoca B HUX. KpeMHMii-repMaHueBbie
CTPYKTYPBI.

Onpenenenns u npumepsl KHU u Si-Ge ctpykryp. OcoGeHHOCTH TepeHoca HOCHUTENeH 3apsa.
Bomnpocs! painaiiuOHHON CTOMKOCTH.

32. IloreHnuanbHbIE IMBI U IBYXMEPHBIN 3JIEKTPOHHBIH ra3

[Tpumeps! CTPYKTYp € ABYXMEPHBIM 3JIEKTPOHHBIM ra3oM. KBaHTOBaHME HEPreTHUECKUX YPOBHEH B
JIBYXMEPHOM KaHasle mepeHoca. IIpocTpaHcTBeHHOE pa3aeiieHHe KaHala IEepeHoca W LEHTPOB
paccessHusA HocuTenel 3apsia. IlonBmwkHOCTE HOCUTENeH B IByXMepHOM raze. KBanToBble 3(eKThI
B AByxMepHOM raze. Ddexr LllyOnukosa — ne ['aaza.

33. KpeMHHiI-CETHETOINEKTPUUECKHE TETEPOCTPYKTYPHI

IlepciekTUBEl  MPUKIAZHOTO  HCIIOJNB30BAaHHWA  HOBOTO  Kjacca  MOMJIOKEK  KPEMHHEBOM
MUKPOIEKTPOHKH JJIsl CO3/IaHus ceHCOPHBIX MEMS 1 stueek deppoaniekTpruueckor aMsITH.

34. O6o01IeHue MaTepuaia Kypca

[IpoBoguTcst kpaTtkuii 0030p MO TeMe BCeX JIEKIMOHHBIX 3aHATUH, MAlOTCS MPUMEPHl 3aJlaHUi JIIIs
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) mocemieHust Bcex JIGKUUNA U CEMHHAPOB, IPEAYCMOTPEHHBIX YYEOHBIM IIJIAHOM; BeJICHHE KOHCIIEKTOB
3aHATHUH; aKTUBHOE Y4acCTHE B 00CYXKICHUH JIEKIIUH U CEMUHAPOB,;

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro MaTepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYHEHUH W3Y4YCHUS OTAENbHBIX TEM, BOINPOCOB, CJIEAyeT oOpamarbCsi 3a KOHCYJbTalMeH K
MPEToaBaTeN0 Ha JICKIUU WK TOKJIa YUKy Ha CEMUHAape.



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

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

Pa3paborunk: A.T. UtanbsHNEB, KaHA. (QH3.-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

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENHM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbl MCCICAOBAHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydeHust aucuiuiiHbl «@u3nka NeQEKTOB B TEXHOJOTHM MHKPO M HAHOIJICKTPOHHKH)
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

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):
*  CHUCTEMaTU3UpPOBaHHbBIC, IIYOOKHE M TIOJIHBIC 3HAHHS 110 BCEM paszeiaM Y4eOHOH MpOorpamMMel, a
TAKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOJSIIUM 32 €€ MPEICIIbI;
. TOYHOE MCIOJIb30BAaHUE HAyYHOH TEPMHHOIOTMM (B TOM YHCIE HAa HHOCTPAHHOM S3BIKE),
CTHJIMCTHYECKH I'PAaMOTHOE, JIOTUYECKH MPABHIBHOE N3JIOKEHHE OTBETA Ha BOIPOCHI;




*  OesympeuHoe BIAJICHUE HHCTPYMEHTapHeM Y4eOHOW JUCIMIUIMHBI, yMeHHe ero 3(QeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP@XEHHAs! CIIOCOOHOCTh CaMOCTOSITEIbHO M TBOPUYECKU peEIIaTh CIOXKHBIE NPOOJIEMBI B
HECTaHJAPTHOW CUTYyalUu;

*  MOJIHOE W TIIyOOKOE YCBOGHWE OCHOBHOH M JONOJHHUTENBHOM JUTEpaTyphl, PEKOMEHIIOBAHHOM
y4eOHOI mpoTrpaMMOi TUCITUTUINHEI;

* yMEHHE OPUEHTUPOBATHCS B TEOPUAX, KOHIENIMIX M HAPABICHUAX 110 U3y4aeMOW TUCLIHIIIIMHE U
JlaBaTh UM KPUTUUYECKYIO OLICHKY, UCIIOJIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHSX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbl HCIIOTHEHHS 3aJaHHMH.

9 6amnoB — (OTJIMYHO):

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

. TOYHOE HCIOJb30BAHUE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BIIaJICHUE MHCTPYMEHTapueM y4eOHOW IMCLUIUIMHBL, yMEHHE ero 3(p(EeKTHBHO HCIIOIb30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(ECCHOHANBHBIX 3a1a4;

*  CIIOCOOHOCTH CaMOCTOSITEIbHO M TBOPYECKM pEILIaTh CIOXKHBIE MPOOIEeMBbl B HECTaHIApTHOM
CUTyalluh B paMKax yd4eOHOH NpOorpaMMbl, MOJHOE YCBOCHHE OCHOBHOW U JIOTOJIHU "TEJIbHOU
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHOW POTrpaMMO TUCIIUITITHBEI;

*  YMEHHME OPUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMNLIMAX M HAIpaBICHUIX 0 U3ydaeMoOi
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMocCTOsTElIbHAas paboTa Ha MPAKTHUYECKHUX, JaOOpaTOPHBIX 3aHATHSAX, TBOPUECKOE ydacTue B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYpBl HCIIOJTHEHHS 3aJaHuUil.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTH3HpOBaHHbIE, INIyOOKHE U TOJHBIC 3HAHHS MO BCEM IOCTABJICHHBIM BOIPOCAM B 0ObeMe
y4eOHON MpOrpaMMel;

*  HCIOJIb30BAHHE HAYyYHOW TEPMHMHOJIOTMH, CTUIMCTHYECKH TPaMOTHOE, JIOTMYECKH IMPaBUIIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BJaJICHUEC UHCTPYMEHTApHeM yueOHOW MUCLUIUIMHBI (METOIaMH KOMIUIEKCHOTO aHA/IN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJb30BaTh B MOCTAHOBKE M PELICHUM HAyYHBIX U
npoQecCHOHAIBHBIX 33/1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO peIllaTh CIOKHBIE NMPOOIEMBI B paMKax
y4eOHON MpOrpaMMel;

* YCBOCHHME OCHOBHOW W JIOTOJIHUTEIBLHOW JIUTEPATypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

* yYMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX MO H3y4acMOU
JUCLMIUIMHE U JaBaThb UM KPUTHUYECKYH OLIEHKY C IO3ULMH TroCylapCTBEHHOW wuieosnoruu (1o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

* AaKTHBHAs CaMOCTOSTENbHasi paboTa Ha MPAKTUYECKUX, TaOOPAaTOPHBIX 3aHITUSAX, CHCTEMaTHIECKOE
ydJacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

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

* HCIIOJIb30BaHHE HAyYHON TEPMUHOJIOTUH (B TOM YHCJIE HA HHOCTPAHHOM SI3bIKE), TMHIBUCTHUYECKH U
JIOTUYECKH MTPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;

* BJQJICHUE MHCTPYMEHTapueM y4eOHOW AHMCUUIUIMHBI, YMEHUE €r0 HCIIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAyYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHE OCHOBHOW W JIOTOJIHUTEIHLHOW JINTEPATYphl, PEKOMEHIOBAHHOW y4eOHOM Mporpammon
JVCLUUTUTHHBL,

* yMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX MO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMmocToATeNlbHas paboTa Ha NMPAKTUYECKUX, JJAOOPAaTOPHBIX 3aHATHSX, y4acTHE B TPYMIIOBBIX
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;

*  BJAQJCHUE HHCTPYMEHTapHUeM Y4YeOHOW IWMCUUIUTMHBI, YMEHHE €ro HCIOJIb30BaTh B DPELICHUU
y4eOHBIX U NMPOGECCHOHANBHBIX 33]1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO MPUMEHSTh TUIIOBBIC PEIICHHS
B paMKax y4eOHOH MporpaMMel;



* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTLTHHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIENIUSAX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCUMIUIMHE W JaBaThb HM CPaBHHUTEIBbHYIO OLICHKY; AaKTHBHAas CaMOCTOATENbHas palboTra Ha
NPAaKTHYECKUX, J1a0OPAaTOPHBIX 3aHATHAX, NEPHUOANYECKOE ydacTHe B TPYMIOBBIX OOCYXICHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUN.

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

° HCIIOJIBb30BaHHEC Hay‘lHOﬁ TCPMUHOJIOTUH, CTUIHUCTUYCCKU TI'PAMOTHOC, JIOTHUYCCKU IIPABUIIBHOC
H3JIOKCHUC OTBETA Ha BOIIPOCHI, YMCHUC 1€J1aTh BbIBOADI,

*  BIIQJICHUE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BAaTh B PEIICHUH
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 OPHUCHTHUPOBATLCA B 0a30BBIX TCOPUAX, KOHLCIINHUAX W HAIPABJICHHUAX I10 H3y‘laeMOI>i
AUCHUIUIMHE U JaBaTb UM CPABHUTECJIIbHYIO OLICHKY;,

*  caMmocTofATeNlbHas paboTa Ha NMPAKTUYECKUX, JJAOOPAaTOPHBIX 3aHATHSX, y4acTHE B TPYMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:

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

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  HCINOJIb30BAHME HAyYHOW TEPMHHOJIOIMH, CTUIMCTHYECKOE M JIOTHYECKOE W3JIOKEHHE OTBETa Ha
BOIIPOCHI, YMEHHE JIeTIaTh BHIBOABI O€3 CYIIECTBEHHBIX OIINOOK;

*  BIQJICHHE MHCTPYMEHTapueM Y4eOHOH NMCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEIICHUH
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

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

* yYMEHHE OPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX MO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM OLICHKY;

. paboTa mOA pPYKOBOJCTBOM IIPENOAABaTeNs Ha MPAKTHUECKUX, J1a0OPAaTOPHBIX 3aHATHIX,
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,

*  HCIHOJIb30BAHUE HAYyYHOH TEPMHUHOJIOIMH, U3JIOKEHHWE OTBETa HAa BOMNPOCHI C CYIICCTBEHHBIMU
JIMHTBUCTHYECKUMHM M JIOTHYECKUMH OLITHOKAMH;

. ciaboe BIaJICHUE WHCTPYMEHTapueM Yy4eOHOHM JHUCIUIUIMHBI, HEKOMIIETEHTHOCTh B PEIICHUU
CTaHAAPTHBIX (TUITOBBIX) 3a/1a4;

*  HEYMCHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHLECHIUSAX W HANPABICHUSIX H3y4aeMOu
JUCIUTIINHEL,

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

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIbHOTO CTaH/IaPTa;

. 3HaHWS OTACIBHBIX JINTEPATYPHBIX WCTOYHHMKOB, PEKOMEHIIOBAHHBIX Y4YeOHOH mporpamMmoin
JUCIUTIINHEL,

. HEYMEHHE HCIIOJh30BaTh HAyYHYH) TEPMHUHOJIOTHIO JTUCIHMIUIMHBI, HAaJUYWE B OTBETE TPyOBIX
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. MeTonuyeckne MaTepuaJbl, onpeaesole NpoueIypbl OlleHUBAHUS 3HAHWIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

ITpu mpoenennn auddepeHIMpoBaHHOTO 3ayeTa olyuaromemycs: mpenocrasinsercd 30 MUHYT Ha
noaroroBky. Onpoc obyuaromierocs Mo OMIETy HE JODKEH MPEBBILATh ABYX aCTPOHOMHUYECKHX YacOB
B YCTHOW W (MJIM) TUCBMEHHOMU (hopMme.



