MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagsienne noaroroBku/cnenuaibHocth: 11.03.04 DiieKTPOHUKA H HAHOJIEKTPOHUKA
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YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - faKkajlaBpuaT

®opma o0yuenusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
OU3UKA U TEXHOJIOI'YSA HEYITIOPAJTOYEHHBIX
MMoJIYINIPOBO/IHUKOB

Baok: Baok 1 «/Iucuyuniaunbl (MoOxyJam)»

Yacrp 00pa3zoBaTebLHOM

Yacrb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBLIX OTHOIIEH Uil
NMPOrPaMMBblL:

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.01.12

7 cemectp - 3;

Tpya0eMKOCThb B 3a4€THBIX
Py 8 cemectp - 3;

eIMHUIAX:
AT BCero - 6
Yacos (Bcero) no yueoHoM
( ) noy y 216 yacoB
IUIAHY:
7 cemecTp - 32 yaca;
Jlekuuu 8 cemectp - 28 yaca;

Bcero - 60 yacos

HpaKTuqeume 3aHATHHA

He NMPeyCMOTPEHO YUeOHbIM MJIAHOM

JladopaTopHbie padoThI

8 cemecTp - 14 yacos;

Koncynbranumn

7 cemecTp - 2 yaca;
8 cemecTp - 2 yaca;
BCero - 4 yaca

CamocTrosiTesibHasi padoTa

7 cemecTp - 73,5 yaca;
8 cemecTp - 63,5 yaca;
Bcero - 137,0 yaca

B ToM unciae Ha KII/KP

He MPeAYCMOTPEHO Y4eOHBIM MJIAHOM

HNnas koHTakTHas padora

MPOBOAUTCS B PAMKAX YaCOB Ay/IMTOPHBIX 3aHATHI

BKJIIOYasi:
KontpoabsHas padora
JlabopaTopnasi pa6ora

HpomemyTquaﬂ aTTrecrauud:

IK3aMeH
IK3aMeH

7 cemectp - 0,5 uaca;
8 cemectp - 0,5 yaca;
Bcero - 1,0 yac
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NPOI'PAMMY COCTABMUJI:

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnageneyu MonoB A.WA.
[IpenomaBaTelib WaeHTaukatop Ra710b7a6-PopovAl-113a0edb AMN. Ilonos
(OIKHOCTR) (moamuck) (pacummgpoBka
TIO/AITUCH)

COI'ZTACOBAHO:

MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
PyKOBOI[HTeHL w Ceenennn o enagensue L3N M3K
00pa3oBaTelbHOMI T—— Eapnrios AL
POTrpaMMBI WaenTumratop Rag8e1318-BarinovAD-T138ecaf Al BapI/IHOB
(IOJDKHOCTD, ydeHas CTeHeHb, yUeHOe (moamucs) (pacmudpoBKa MOIIHCH)
3BaHHE)
MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
o Ceeaenun o Bnagensue L3N M3K I/I H
3aBCI[YIOIJ_II/II/I . L i Bhanenel, MWPOLIHWKOBa W.H. o
BBIITYCKAIOIIEH Ka(be,HpBI * Mal + Wpentupukatop  Rd1db27a5-MiroshnikovalN-70caf8 MI/IPOH_IHI/IKOBa
(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe (moamucs) (pacmudpoBKa MOIIHCH)

3BaHHE)



1. IEJIX U 3AJTIAYN OCBOEHUSA JUCHUIIJIMHBI

Leabp ocBoeHWs] IMCHMIVIMHBI. H3Y4YeHHE OCOOCHHOCTEH (HU3MKU MaTepuaioB, y KOTOPBIX
OTCYTCTBYET JajJbHUN TMOPSJAOK B  PACIOJIIONKEHUU
HAHOKPUCTANIMYECKUX MOJYIIPOBOIHUKOB), JIJISl MOCJIEIYIOIIEr0 MPUMEHEHUS MTOJIyYeHHBIX 3HaHUN MpU
KOHCTPYHUPOBAHHMHU U MCCIETOBAHUN MPUOOPOB HA OCHOBE STHUX MaTEpPHAaJIOB

3agauu AMCHMIIINHBI

aTOMOB  (aMOP(HBIX, CTEKIOOOpPa3HBIX U

- OCBOEHHE CIIOCOOHOCTH YUHUTHIBATH 0COOCHHOCTH (PU3MKH HEYOPSAOYESHHOTO
KOHJIEHCUPOBAHHOT'O COCTOSIHUS BEIIECTBA, ATOMHON U 3JIEKTPOHHOM CTPYKTYpbl HEYIOPSIOUEHHBIX

HOJIyTIPOBOTHUKOB;

- - OCBOCHHUEC MCTOA0B HUCCIICAOBAHUA U MOACTIUPOBaHUA CTPYKTYPEI U CBOMCTB Pa3JIMIHBIX
KJIaCCOB HCYNOPAAOYCHHBIX MOJTYIIPOBOJHHUKOB, d TAKKC MCTOAOB YIIPABJICHUSA CBOMCTBaAMHM ATHUX

MaTCpHraJIOB,

- pa3BuUTHE CIOCOOHOCTH Y(H(PEKTUBHO HCIIOJIL30BATH OCOOCHHOCTH CBOMCTB U 3P PEKTHI,
HaOJII0JAFOIIKECs B HEYIIOPSIOYCHHBIX MOJIYIPOBOIHUKAX, [IPU MOCISIYIONIMX pa3paboTkax u
UCCJIEJOBaHMSIX TPUOOPOB U YCTPOICTB HA OCHOBE 3TUX MaTEPUAJIOB.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3alJIaHUPOBAaHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUIIMHE, COOTHECEHHBIE C HHAMKATOPAMH HOCTUKEHUs] KOMIIETEeHIINI

KOI{ U HAMMCHOBAHHEC
KOMIICTCHIMNH

KO}I 1 HAMMCHOBAaHHEC
HHAUKATOPA TOCTUKCHUS
KOMIICTCHIIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

IIK-1 Cnocoben
y4acTBOBATh B
HpOGKTI/IpOBaHI/II/I
MOJTYTIPOBOTHUKOBBIX
npuOopoB

N-1nk-1 JlemoHCcTpUpYyeT
3HaHUEe PUHLUIIOB PaOOTHI,
bu3HYEeCKuX U
MaTeMaTHYeCKUX Mojienen
OCHOBHBIX
HOJIYIIPOBOTHUKOBBIX
npuOopoB

3HATh:
- pu3uky paboThI MPHUOOPOB U YCTPOUCTB
Ha OCHOBE HEYNOPSI0UEHHBIX
IIOJIYTIPOBOJIHUKOB;

- METObI MCCIIEIOBAHUS aTOMHON
CTPYKTYpPBbI U yIIpaBIEHUS CBOWCTBAMHU
HEYIOPSI0YEHHBIX MTOJIYIIPOBOJIHUKOB;

- 0COOEHHOCTH AIIEKTPOHHON CTPYKTYPHI,
ANEKTPUYECKUX, ONITUYECKUX U
(hOTOIEKTPUUECKUX CBONCTB
HEYIOPSI0YEHHBIX MTOJIYIIPOBOIHUKOB;

- KJ1accu(UKalKIo MPUOOPOB U YCTPOHCTB
Ha OCHOBE HEYNOPAIOYEHHBIX
MOJIYTIPOBOTHUKOB;

- KJTaccu(UKaLUIO TBEPBIX TN C TOUKH
3pEHHUsI AaTOMHOM CTPYKTYpPBI U 30HHOM
TEOPUHU.

YMETh:

- IPUMEHSTH METOJIBI PAcUETa U
MOJICIIMPOBAHMS AaTOMHOM CTPYKTYpPBI
HEYIOPSI0YEHHBIX TTOYIIPOBOAHUKOB;
- cobupath, 06pabaThIBaTh,
aHAJM3UPOBATh U CHCTEMATH3HPOBAThH
HAYYHO-TEXHUUYECKYIO0 HH(POPMAIIHIO 0
HEYNOPSI0YEHHBIM TTOTYIIPOBOTHIKAM;
- apryMEHTHPOBAHO BHIOMpATh U
peaTn30BhIBATh HA TIPAKTHKE

3P PEKTUBHYIO METOIUKY
IKCTIEPUMEHTAIBHBIX MCCIIeIOBAHUN
HEYNOPSII0YEHHBIX MOJIYTIPOBOAHUKOB;
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Kon u HaumMeHoBaHue Kon u HaumeHoBaHue 3anuIaHUPOBaHHbIE Pe3YJIbTATHI 00yYeHUsI
KOMIIETCHIINH HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA
- IPUMEHATh METOABI U CPECTBA
U3MepeHui (PU3MUECKUX CBOUCTB
HEYNOPsA0YEHHBIX NOTYIPOBOJIHUKOB.
[1K-1 Cnocoben N/I-21nik-1 lemoncTpupyer 3HATb.
y4acTBOBaTh B 3HaHUE COOTBETCTBUS - METO/IbI pacuéTa ¥ NPOCKTUPOBAHHUS
IIPOCKTUPOBAHUHI TEXHOJIOTUU IIPOU3BOJCTBA U npUOOPOB M yCTPOHCTB HA OCHOBE
IOJIyIIPOBOJHUKOBBIX pouecca NpOCKTUPOBaHU HEYNOPANOYCHHBIX ITOJIYIIPOBOIAHHUKOB,
prOOpoB HOJIYIIPOBOHUKOBBIX - MCTOJBI HCCIICAOBAHMS U
PUGOPOB U CTPYKTYP TEXHOJIOTNYECKUE METO/IbI U3TOTOBJICHHS
IpuOOPOB U YCTPOICTB HAa OCHOBE
HEYNOPsA04YEHHBIX NOTYIPOBOJIHUKOB.

2. MECTO JJUCHHUILIUHBI B CTPYKTYPE OBPA3OBATEJIbHOM NIPOT'PAMMBI BO

JucuunimHa OTHOCUTCS K OCHOBHOW mpod)ecCHOHaIbHOW 00pa3oBaTeNbHOM MporpaMme
MUuKpo3JeKTpOHUKAa U TBepAOTeNbHas ayekTpoHuka (nanee — OIIOII), HanpaBieHUs NOATOTOBKU
11.03.04 DrnekTpoHMKa W HAHOMJIEKTPOHHMKA, YpPOBEHb OOpa3oOBaHUA: BbICIIee OOpa3oBaHUE -
OaxanaBpuar.

baszupyercs Ha ypoBHE cpeHETO 0011ero 00pa3oBaHMUsL.

PesynbTarel 00y4ueHus, MOTYICHHBIE TIPU OCBOSHUH JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMTOJTHCHUN
BBIMYCKHOM KBaTU(UKALMOHHON PabOTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TPyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 6 3a4€THBIX eIUHMIL, 216 9acoB.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
m P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 ATOMHas CTpyKTypa 34 7 16 - - - - - - - 18 - Ilodz0mogKa K ayoumopHsim 3auamusam:
HEYTOPSIIOUCHHBIX W3yyeHnune marepuaia 1o teMe paszaena
MOJIYTIPOBOJTHUKOB Wzyuenne nutepatypsl: [1] c. 32-79 unm [2] c.
1.1 OnpeneneHue u 8 4 - - - - - - - 4 - 21-64
KJTacCHU(pUKAIIHSI H3yuenue mamepuanog iumepamypHsix
HEYTOPSIIOUCHHBIX UCIOYHUKOB:
MaTEepPHAJIOB. [1], 32-79
1.2 ATOMHasI CTPYKTypa 16 8 - - - - - - - 8 - [3], 13-38
HEKPHUCTAIUTHICCKHX
HOJIyIPOBOJIHUKOB
1.3 Pesynbratet 10 4 - - - - - - - 6 -
CTPYKTYPHBIX
HUCCIIEIOBAHUN
HEYIOPSIIOYCHHBIX
MOJTYTIPOBOTHHKOB.
2 DNeKTpOHHAs 24 12 - - - - - - - 12 - Ilo0z0mogKa K ayoumopHsim 3auamusm:
CTPYKTypa H CBOCTBa W3y4yenue marepuaina 1o TeMe paszena
HEYTNOPST0YSHHBIX Nzyuenne nutepatypsl: [1] ¢. 32-79 umm [2] c.
MOJIYTIPOBOJTHUKOB 21-64;[1] c. 80-99 wmmu [2] c. 71-86; [1] c. 99-
2.1 DJIeKTpOHHAs 8 4 - - - - - - - 4 - 112, 144-159 wunum [2] ¢. 85-96, 98-109
CTPYKTYpa U Ae(EKTHI B H3yuenue mamepuanos numepamyphuix
HEYIOPSII0YEHHBIX UCIOYHUKOB:
MIOJTYTIPOBOTHHUKAX. [1], 80-111
2.2 OnexkTpoduznveckue, 16 8 - - - - - - - 8 - [3], 41-68
ONTHYECKHE U
(boTodIeKTpHUYECKIEe
CBOMCTBa
HEYMOPsIJOYSHHBIX




TMOJYIIPOBOJHUKOB

3 Mertopl yrpaBieHUs 14 4 - 10 - Ilodz0mogKa K ayoumopHsim 3auamusam:
CBOWCTBaMH W3y4yenune marepuasna 1o TeMe pasziena
HEYINOPSA0YCHHBIX Wzyuenne nurepatypsl: [1] c. 113-143 unu [2]
MOJTYTIPOBOJHUKOB c. 111-153; [1] c. 160-171 wim [2] c. 214-228;
3.1 VYnpasnenue 6 2 - 4 - [2] c. 65-67, 84-85, 96-97
CBOHCTBaMHU H3yuenue mamepuanog 1umepamypHbix
HEYHOPAI09IECHHBIX UCIOYHUKOG:
TIOJTTIPOBOJTHUKOB [1], 113-142
3.2 | MOTOMHAYIHUPOBAHHEIE 4 1 - 3 - [3], 69-90
W3MEHEHHS CBOMCTB
HEYHOPSAI0YECHHBIX
MOJIYTIPOBOJJTHUKOB
3.3 MonekyJsipHble 4 1 - 3 -
OpraHu4ecKue
MOJIYTIPOBOJJHUKH
OKk3aMmeH 36.0 - 0.5 - 335
Bcero 3a cemecTp 108.0 32 0.5 40 335
Hroro 3a cemecTp 108.0 32 0.5 735
4 TexHonOrHYECKHE 26 14 - 8 - Ilodzomogka K ayoumopHlm 3aHAMUAM:
0COOCHHOCTH N3yyenne marepuasa 1o teMe paszaena
MOJIy4YEHHUS TUIEHOK Wzyuenue nurepatypsl: [1] c. 172-204 unu [2]
HEYTOPSTOYCHHBIX c. 155-185; [1] ¢. 206-231 wm [2] c. 187-213,
TIOJTYTIPOBOTHHKOB. 229-240
Hocwurenn ontnaeckoi H3yuenue mamepuanog 1umepamyprbix
nHPOPMALIUHU HA UCHOYHUKOG:

OCHOBE [1], 172-204
HEYHOPSI04YEHHBIX [3], 91-114
MOJIYIIPOBOTHUKOB, [4], 9-49

4.1 TexHosoruyeckne 8 6 - 2 -
0COOEHHOCTH
MOJTy4YEHHUS MIIEHOK
HEYHOPSI09YEHHBIX
MOJIYTIPOBOTHUKOB.
4.2 | Hocwurenu ontHyeckoit 18 8 - 6 -

nHpopmanuu Ha
OCHOBE
HEYHOPSI04YEHHBIX
MOJIYTIPOBOJHHKOB




5 ToHkoIuIEHOUHBIE 22 6 6 - - 10 - ITodzomogKa K ayOumopHusimM 3aHAMUAM:
(oroanexTpryecKre W3y4yeHnune marepuasa 1o TeMe pasziena
npeoOpa3oBaTesu Wzyuenne nurepatypsl: [1] c. 232-244 unu [2]
5.1 ®DOTOINEKTPHUCCKHUEC 22 6 6 - - 10 - 241-266
npeoOpa3oBaTeNu Ha H3yuenue mamepuanos numepamypHsix
OCHOBE UCHOYHUKOG:
HEYTOPSIIOUEHHBIX [1], 232-244
TIOJTTIPOBOJTHUKOB [2], 241-266
6 DIeKTpOHHBIE TPUOOPHI 24 8 4 - - 12 - Ilposedenue Ixkcnepumenma: VIzyaenne
Ha OCHOBE MartepHana 1o Teme pasnena Msydenne
HEYTOPSATOICHHBIX mtepatypsr: [1] ¢. 260-266 wmu [2] 292-300;
MOJYIIPOBOJHHUKOB. [17 c. 214-260 wnu [2] c. 267-292
6.1 TOHKOIJICHOYHBIE 4 2 - - - 2 - H3yuenue mamepuanoe 1umepamypHbix
TPaH3UCTOPHI HA UCIOYHUKOB:
HEYHOPSI04YEHHBIX [1], 244-265
MOJTYTTPOBOTHUKAX [2], 267-300
6.2 | DaeKkTpoHHBIE TPUOOPEI 6 2 - - - 4 -
Ha OCHOBE
HEYHOPSI04YEHHBIX
HOJIyIPOBOJHUKOB.
6.3 [TamsTh Ha Pa30BHIX 14 4 4 - - 6 -
nepexoax B
HEYIOPSIJOYCHHBIX
HOJIYIIPOBOJHUKAX.
OKk3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemecTp 108.0 28 14 - 0.5 30 335
Hroro 3a cemecTp 108.0 28 14 - 2 - 0.5 63.5
HUTOIro 216.0 - 60 14 - 4 - 1.0 137.0

IIpumeuanue: Jlex — nexuuu; JIab — nabopatopusie pabotsl; [1p — npaktuueckue 3ausatust; KIIP — ayautopHble KOHCYIbTAIMM 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauBHTyanbHbIe KOHCYIBTALUH 110 KypCOBBIM IpoekTaM/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK MO pa3/ienaM
mucturuael; CP — camoctosarensHas padorta cryaenta; MKP — nnas konraktHas padota; TK — Texymmiit KoHTposb; [TA — mpomexyTouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Amomnas cmpykmypa Heynopsao0o4eHHbiX HONYNPOBOOHUKOS

1.1. Onpenenenue u knaccupuKanus HEYMOPSTIOUSHHBIX MaTEpUaJIOB.

MecTo AMCHUIUIMHBL B TIOATOTOBKE OakalaBpOB IO HANpPaBICHUIO «OJEKTPOHUKA U
HAHOBJIEKTpOHUKa». OmnpenerneHrne HEYNOPSAIOYEHHOTO COCTOSIHMS BemlectBa. Kiaccudukanum
HEYIOPSI0UEHHBIX MaTepHuajoB. TepMOIUHAMHYECKHE YPOBHH CTaOMJIBHOCTH HEPaBHOBECHBIX
cucteM. CTeknooOpa3Hble MaTepualbl U CTEKJI000pa3oBaHUE, KPUTEPUU CTEKI000pa3oBaHUs
N3roroBieHne XaJlbKOT€HUIHBIX CTEKOIL..

1.2. ATOMHast cTpyKTypa HEKPUCTANINYECKUX [TOTYITPOBOJHUKOB

AtomHas cTpykTrypa MarepuanoB. [loHsTue ONM)KHEro, CpeJHEro M JalbHEro IOpsiiKa B
pacIoyo’)KeHUH aToMOB. ['eoMeTpuueckue M SHEPreTUYecKHe XapaKTEPUCTUKH YIOPAJOUYCHHUS.
Mogenu cpeaHero mopsika. MeToapl UCCIEIOBAaHHMS AaTOMHOW CTPYKTYpPbl HEYNOPSIOYSHHBIX
HOJYIPOBOIHUKOB. [IpsiMble MeTonbl (AM(PAKIMOHHBIE U METOJ TOHKOM CTPYKTYpBI Kpas
coOCTBeHHOTO peHTreHoBcKoro nornomenus — EXAFS). CoBpemennoe pa3sutie nupakIMOHHBIX
MeTo10B. DYHKIMS paguaIbHOIO paclpeesieHUs] aTOMOB. DJIEKTPOHHAsE MUKPOCKOMHMS BBICOKOIO
paspeuieHus. MeToasl KojeOaTeNbHOW CIEKTPOCKONHH (METOJI CIIEKTPOCKONHUU HH(paKpacHOTo
HOIJIOIIEHUS] U METOJ, KOMOMHAIIMOHHOTO paccesiHusl). KocBeHHbIe MeTObI HCCieI0BaHNs aTOMHON
CTPYKTYpPBl HEKPUCTAJUTMYECKUX IIOJYIIPOBOJHUKOB.. MOJEINpPOBAHNE aTOMHOW CTPYKTYPBHI.
MogenupoBaHie aTOMHON CTPYKTYpbl HEKPUCTAJUIMYECKHUX IOJIYIIPOBOAHUKOB. DU3NMUECKOe U
KOMIIBIOTEPHOE MOJENUupoBaHue. MeTo/lbl KOMIBIOTEPHOI'O MOJEJINPOBAHUS: TOMOJOTUUYECKHM
METO/, METO/ MOJIEKYJIIPHOIN TMHAMUKH, MeTo MoHnTe-Kapiio, rpaJueHTHbINH METO. .

1.3. Pe3ynbTaTsl CTpYKTYpPHBIX UCCIIEAOBAHUN HEYTIOPSIIOYEHHBIX OJIYIIPOBOIHUKOB.

Hexpucramnuueckuii ceneH. MoJeKyaspHble MOJENIU CTEKI000pa3HOro cejeHa. ATOMHas
CTPYKTypa HEKPHUCTAJUIMYECKOTO CEJE€Ha, OMHAPHBIX XaJbKOTEHUJHBIX  CTEKI000pa3HBbIX
HOJYIPOBOJHUKOB, aMOP(PHOrO KPEMHHUS M THIPOTEHU3UPOBAHHOIO aMOpP(HOro KpEeMHH,
MaTepuajoB Ha OCHOBE aMOP(HOTO YIJIepoJa..

2. aﬂeKmpOHHCl}l cmpykmypa u ceolicmea HeVnOD}ZOOIleHHblx l’lO]ZVI’lpO@OaHZ/lKOG

2.1. DnekTpoHHas CTPYKTYpa U AEPEKTHI B HEYNOPSTOYEHHBIX MOJIYIIPOBOIHUKAX.

ONEKTPOHHAsA CTPYKTYpa HEYNOPSAJIOUYEHHBIX MOIYIPOBOJAHUKOB. JIOKaIM30BaHHBIE COCTOSHUS
— omnpeneneHus u npupoga. Crpoenue sHepretTruueckux 30H. Mogenu I'yOanosa, Koysna-®puue-
OBmmHCKOro, Motra-/[pBuca. 3anpeménHas 30Ha NOABWKHOCTH. Pukcanus ypoBHsS PepMmu.
JlepexTbl B HEYNMOpSIOYEHHBIX MOJNYNpoBOAHMKax. ['mnore3a Annepcona. Mogens D+ - D-
LEeHTpOB. MoJienb nap ¢ nepeMeHHON BaJleHTHOCThI0. KBasumonekynsapHsle aedekTsl. JJedexTsl Ha
aTOMax XaJbKOTE€HOB M MHUKTUJIOB. JledhekTsl Ha aToMax KpeMHHUS U B THAPOT€HU3UPOBAHHOM
aMOp(pHOM KpPEMHUH..

2.2. DnexkTpodusnyeckue, ONTHIECKHe U (POTOITEKTPUUECKUE CBOWCTBA HEYIOPSIOUEHHBIX
MOJIyTIPOBOTHUKOB

OnekTpodu3Mueckrue  CBOMCTBA  HEKPUCTAIIMYECKMX  MOJYNPOBOAHUKOB. MexaHM3MBI
IEKTPUYECKOW NpoBOAUMOCTH. IIpbDKKOBas mnpoBogumocTh. IIpoBomuMOCTE ¢ INEepeMEHHOMN
mmHol npebkka. TepMoOJIC u addexkr Xomna. [pelidoBas moaBHKHOCTE HOCUTENEH 3apsia.
OnTnueckue cpoiictBa CHeKTpalbHbIE 3aBUCUMOCTH ONTHYECKMX KOHCTAHT HEKPUCTAIIMYECKHUX
noynpoBogHukoB.  Kpaih  VYpbaxa. OmnpeneneHue  IMHUPUHBI  3alpelIeHHON  30HBI B
HEYIOPAIOYEHHBIX IOJYNPOBOJHUKAb DOTO3IEKTpUUECKHE CBoiicTBa. KBaHTOBBI BBIXOI.
3aBUCUMOCTh (DOTOMPOBOJUMOCTH OT TEMIIEPATYPHI, JJIUHBI BOJHBI U3TY4YeHHs,, HHTEHCUBHOCTHU
CBETOBOI'0 ITOTOKA U JIEKTPUYECKOTO IOJI.
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3. Memooul YAPABAEeHUS CEOUCMBAMU Hevnopﬂdoqennblx l’lO]lVl’lDOGOaHI/lKOG

3.1. YupaBiieHue CBOMCTBAMU HEYNOPSAI0YEHHBIX TTOJTYITPOBOJHUKOB

[Tpuynsbl  cabOH YYyBCTBUTEIBHOCTH CBOMCTB HEYHOPSIOYEHHBIX IOJYIPOBOAHUKOB K
JIOHOPHBIM M aKUENTOPHBIM IHpuMecsaM. JlernpoBaHue TI'MIPOr€HU3UPOBAHHOIO aMOpP(HOIro
kpemHuss. Ponp Bomopona. 3aBHCHMMOCTb CBOWMCTB OT YPOBHS JIETUPOBaHUA. MexaHU3M
JeTUpoBaHMsl. XUMHUYECKass MOIUGUKAIMS CBOMCTB IUIEHOK XaJbKOI'€HUIHBIX CTEKI000Pa3HbIX
NOJYIPOBOJHUKOB. MHBepcuss 3HakKa NOPOBOJUMOCTH B OOBEMHBIX  XaJIbKOT€HHUIHBIX
CTEKJIOOOpa3HbIX MONYNpPOBOAHMKAX. CTpyKTypHas MOIU(UKALMS CBOMCTB HEKPUCTAIIIMUECKUX
MOJIYIPOBOTHUKOB. YeThIpe YpOBHS CTPYKTYpHOH Moaupukanmu. Momudukanus CBOICTB Ha
YPOBHE OJIMKHETO MOpsAKa B PaCMOI0KEHUU aTOMOB. Moaudukanus cBOMCTB Ha YPOBHE CPEIHEr0
nopsiaka. Kpurepuii 3¢dGexkTHBHOCTH CTPYKTYypHOH Moaudukamuu. Moaudukanus Ha ypOBHSX
Mopdonoruu u noacuctemsl JedextoB. CTpykTypHas MoaupuKalus U CTaOMIBHOCTh CBOWCTB
HEYNOPSI0YEHHBIX  TOJIYMPOBOJHUKOB. XUMHYECKass MOIUGPHUKAIMS aTOMHOH CTPYKTYpBI
HEYINOPAIOYECHHBIX IOJYIIPOBOIHUKOB.

3.2. ®OTOMHIYIIMPOBAHHBIE N3MEHEHHS CBOMCTB HEYIOPSIIOUYECHHBIX MOTYITPOBOTHUKOB

@DOTOCTPYKTYpHBIE TPEBPAIIEHHST B XaJIbKOTCHUIHBIX CTEKIOOOPA3HBIX IOJYIMPOBOAHUKAX.
QOTOMHAYIIMPOBAHHBIE  M3MEHEHUS  ONTHYECKMX  KOHCTAHT W XUMHYECKMX  CBOWCTB
XaJbKOTCHUIHBIX ~ CTEKIOO0pa3HBIX  CTEKIOOOpasHBIX IOJNYPOBOAHUKOB. PeBepcuBHas
HEPEBEPCUBHAS COCTABJISIONINE HM3MEHEHHUS CBOKMCTB. 3aBUCHMOCTH JPQeKTa OT XUMHUYECKOTO
COCTaBa, JJIMHBI BOJHBI M3JIydeHUs W TemrepaTypbl. KoHdurypanmonHas monens 3¢¢exTa.
doTocTUMYIHpOBaHHOE yCcKopeHHe auddy3uu MeTayuioB B XaJbKOTEHHIHBIE CTEKIOOOpa3HbIC
HOJIYIIPOBOJIHUKH. MeXaHU3M U pa3peliarolas CriocoOHOCTh MpoIiecca. .

3.3. MonekymsipHble OpraHUYECKHUE MOTYIPOBOTHUKU

Omnpenenenus. CTpoeHHe MOJEKYJI OpraHMYecKuX MaTtepuaioB. CONMpsDKEHHbIE XUMHYECKHE
cBsi3u. [lomympoBOMHUKOBBIE CBOWCTBA OpraHWYecKHX MatepuaiioB. IlepeHoc 3apsma B
OpPTaHUYECKUX MOTYIMPOBOAHHUKAX..

4. Texnonozuueckue ocobenHocmuy noay4eHus nIEHOK Heynops004eHHblX NOIVNPOBOOHUKOB.
Hocumenu onmuueckoti ungpopmayuu na ocnoge Heynopsao0o4eHHbix HoaynpPO8oOHUKOS.

4.1. TexHonoru4eckre 0COOEHHOCTHU MONyYEHUS TUNIEHOK HEYNOPSAJOUEHHBIX
MOJIYTIPOBOTHUKOB.

TexHonornueckne OCOOEHHOCTH TIOMYYEHHS IUIEHOK XaJbKOI€HHMJHBIX CTEKI000pa3HbIX
nonynpoBogHUKOB (XCII). MeToasl AUCKPETHOTO HCHApeHHs, UCMAPEHUs M3 KBa3U3aMKHYTOTO
o0beMa, coucnapeHusi, HOHHO-TuTa3MeHHOTO pacnbuieHus. [lonmydenne mnenok XCII ¢ 3amanHbIMU
XUMHUYECKHM COCTaBOM M aTOMHOM cTpykTypoil. KoHcTpykuun ycranoBok. [lonyuenue miuéHok a —
Si:H MeToom pasnokeHus cujiaHa B IiazMme Tiierolero paspsaa. OcHOBHbIE MPOOIEMBbI U MTYTH UX
peuieHus. Buapl ¥ KOHCTPYKIIMM TEXHOJOTHYECKUX YCTAaHOBOK. [IIEHKHM HAHOKPHUCTAIIIMYECKOTO
THPOTEHE3UPOBAHHOTO KpeMHus. [lomydeHue Mi€HOK TBEPABIX PacTBOPOB HAa OCHOBe a — Si:H.
Hpyrue meronsl noiydenus miéHok a — Si:H (CVD-meron, karanuTuueckoe ocakaeHue, HOHHO-
IJIa3MEHHOE PACIIbUICHUE)..

4.2. Hocurenu ontuveckoil nH(pOpMAIMKM Ha OCHOBE HEYNOPSIOUYEHHBIX MOTYIPOBOIHUKOB

[Tprbopbl Ha OCHOBE HEKPUCTAUIMYECKUX TMOTYIPOBOJAHUKOB. BUABI yCTPONCTB /Ui 3amKcH U
00pabOTKM ONTHYECKOH MH(POPMALUUM Ha OCHOBE HEYHOPSJIOYEHHBIX IOJIYIPOBOIHHUKOB.
OnekrpodoTtorpaduueckuii mpouecc. KonupoBanbHble anmapaThl M NpUHTEpbl. TpeboBanus u
OCHOBHBIE XapaKTEPUCTHKH 3JIeKTpodoTorpadpuueckux Hocurene uHdopmamuu. LiBeTHas nevars.
[Tytn YIIYULIeHUS XapaKTePUCTHK anekTpodoTorpadpuyecKkoro nporecca.
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OnexTpopeHTreHorpadus. Buaukonsl. Bo3MoXHOCTHM TOBBIMIEHUS  (HOTOUYBCTBUTEIBHOCTH.
CBepXBBICOKOUYBCTBUTENIbHBIE BUIUKOHBL: MPOOIEMbl U UX pelieHus. PoToTepMOoIIacTuYecKue
HocuTenu uHpopMmanuu. Hocutenu ontuyeckoil uHGOpMANMM Ha OCHOBE (DOTOCTPYKTYPHBIX
npespaimiennii B XCII u potoctumynupoanHoit nuddys3um meramio B XCII. ®@oTo-, 3neKTpoHO-
U peHTreHopesuctsl. Hocurenu ontmyeckoil mHopManuu Ha OcHOBE (Pa30BBIX HEepexoaoB l-ro
pona. YCTpoiCcTBO M KiaccH(PHUKAIUs ONTHYECKUX IUCKOB. JIMCKM ¢ MHOTOKpPaTHOM 3amuChiO
uHpopmanuu. [IyTu u npenens! yBenudeHus IIOTHOCTH 3anuck uHpopmarmu. [yt pa3BuTus..

5. Tonkonnénounwie QbOMOQﬂGKmpulteCKue npeo6pa306ameﬂu

5.1. ®oTOANEKTPHUECKUE ITPeoOpa3z0BaTeIN Ha OCHOBE HEYIOPSIOUECHHBIX MOTYITPOBOTHUKOB

Pa3zputne nuBmiM3anuu u norpedieHue 3Heprud. Herpaauumonsuele MeTOAbI IpeoOpa3oBaHUs
sHepruu. Mecto (otosnektpuk B mupe M B Poccun. ToHKoIuieHOUHBIE (DOTOIIEKTPUUECKHE
npeoOpazoBarenu (OOII). ®II1 Ha ocHoBe a — Si:H: 0coOOEHHOCTH KOHCTPYHPOBAHUS W IYTH
nopeimenust  KIIJ[,  tpumnersr.  Dddexkr  Crebnepa-Bponckoro.  HIT — texHomorus
doroanexTpuueckux npeodpasopareneil. PoTOIIEKTPUUECKHUE TPEOOPa30BATENN HA OPraHUYECKUX
nonynpoBogHukax. @Ol Ha OCHOBE METAIOPTaHUKH CO  CTPYKTYpOH  TEPOBCKHTA.
ToHkomIeHOYHasA coJHeYHast SHepreTuka B Poccun.

6. Dnekmponnvle npubopwvl HA OCHO8E HEYNOPAOOYEHHBIX NOAYIDPOBOOHUKOE.

6.1. TOHKOIIEHOUHBIE TPAH3UCTOPBI HA HEYNOPSAJOYEHHBIX OIYITPOBOAHUKAX

Wznyyaroue TBepaoTenbHble auciier. KoHcTpykuuum M cxembl ynpasieHus. Co3paHue
[[BETHOTO M300paxkeHus. TOHKOIUIEHOUHBbIE TPAH3UCTOPbl HAa OCHOBE TI'MIPOTr€HU3UPOBAHHOTO
amopduoro kpemHus. KOHCTpyKIHMH, OCHOBHBIE XapaKTEPUCTHKH. MaTpUIbl TOHKOIJIEHOYHBIX
HOJIEBBIX TPaH3UCTOPOB Ha ocHoBe a — Si:H. TexHomormueckuil mporecc MX H3rOTOBJICHHUS.
Kunkokpucramuueckue IUCIUIEH, AUCIJIEM HAa OPraHMYeCKUX CBETOAMOJAX, Apyrue o0sactu
npuMeHeHusd. Beprukanbusiii TIIT, BeicokoBonbTHBIN TIIT..

6.2. DneKTpoHHbIE MPUOOPHI HA OCHOBE HEYMOPSAI0UYEHHBIX MOIYITPOBOIHUKOB.

Wznyuaronme TBepaoTenbHble auciier. KoHcTpykuuum M cxembl ynpasieHus. Co3naHue
[BETHOr0 M300pakeHus. TOHKOIUIEHOYHBIE TPAH3UCTOPHI HAa OCHOBE T'MAPOT€HU3UPOBAHHOIO
amopHoro kpemHus. KOHCTpyKIMH, OCHOBHBIE XapaKTEPUCTHKH. MaTpuIlbl TOHKOIUIEHOYHBIX
MOJIEBBIX TpPaH3UCTOpPOB Ha ocHoBe a — Si:H. TexHonormueckuil mporecc MX H3rOTOBICHHUS.
Kunkokpucraminyeckue TUCIUIEH, AWUCIUIEM HAa OpPraHMYeCKHX CBETOIMOJaX, Jpyrue obiactu
npumeHenns. Beprukanbnsiii TIIT, BeicokoBonbTHBIN TIIT..

6.3. IlamaTh Ha (pa30BBIX Mepexo/1ax B HEYHOPSI0UEHHBIX MOJIYITPOBOIHUKAX.

O} dexTrl nepexstoueHus U NaMsITH B XaJbKOT€HUJHBIX CTEKIO000pa3HbBIX MOJIYMPOBOIHUKAX.
MexaHu3Mbl MOPOTOBOro M OucTabuibHOro mepekmoueHus. llepBoe M BTOpOe MOKOJIECHHUS
UHTETPAIIbHBIX ~CXEM DJHEProHe3aBUCHMOI mamMsATH Ha (a3oBbIX IepexoAax. AHalu3
KOHCTPYKTUBHBIX OCOOCHHOCTEH MEepBOTrO M BTOPOTO MOKOJCHUH M MX BIHSHUE HA HAAEKHOCTD
xpaHeHuss uH(popmauuu. JlOCTUTHYTbIE  XapakTEepUCTUKH. MHOTOYpOBHEBBIE  DJIEMEHTHI.
[TepcnekTHBBI ¥ TPOOIIEMBL..

3.3. TeMbl NIPaAKTHYECKUX 3aHATHI
HE [IPEAYCMOTPEHO

3.4. Tembl 1a60paTOPHBIX PadoT
1. TEMITIEPATYPHASA 3ABUCHUMOCTD DJIEKTPOITPOBOJHOCTU AMOP®HbIX
[TOJIYITIPOBOHMKOB;
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2. ONIPEAEJIEHUE XAPAKTEPUCTHUK OIITUYECKNX INMCKOB METOAMU
TYHHEJIBHOM I ATOMHO-CHUJIOBO MUKPOCKOIINH;

3. CIIEKTPAJIBHAA YYBCTBUTEJIBHOCTD U BOJIBT-AMIIEPHA A
XAPAKTEPUCTHUKA COJIHEHHOI'O OJIEMEHTA.

3.5 KoncyabTanum

NS

=

2.

Ayoumopubie KoHcyibmauuu no Kypcogomy npoexkmy/pabome (KIIP)

KoHcynpTamus no MaTepuaiy pasjaeia
Koncynbranusa no marepuany pasaeia
KoHcynpTamus no MaTepuaiy pasjaeia
Koncynbranusa no marepuany pasjaeia
I'pynnosvie koncyromayuu no pazoenam oucyunaunst (I'K)

Koncynpranusa no marepuany pasaeia
Koncynpranus no matepuaiy pasjaena

3.6 TemaTuka KypcoBBIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJiOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

3arIaHupOBaHHBIC PE3YAbTAThI 00YUEHUS 110

Howmep paznena

OneHouHOE CpE€ACTBO

Koapl JTUCHUTLIUHEI (B (THI ¥ HAUMEHOBAaHUE)
JUCLUIUINHE
(B cooTBeTCTRIE ¢ pazmenom 1) WH/INKATOPOB | COOTBETCTBUH C 11.3.1)
1[2]3]4[5]6
3HaTh:
KJIACCU(UKALIUIO TBEPABIX TEJ C TOUKH 3PEHUS KonTponpHas pabota/Kontponbnas padora Ne 1.
aTOMHOM CTPYKTYpBI U 30HHOM T€OpHH Omnpenenenue, knaccupuKanys U aTOMHas CTPYKTypa
HEYIOPSII0YEHHBIX MTOJIYIIPOBOAHUKOB
W-1nk-1 + +
KonTponbnas padora/Kontponbnas pabota Ne 4.
MeToap! ynpaBieHHs CBOWCTBAMH HEYOPSI0YCHHBIX
HOJYIPOBOTHUKOB
KJ1accu(PUKALMIO TPUOOPOB M YCTPOHCTB HA KonTtponsnas pabora/Konrponsnas padora Ne 5.
OCHOBE HEYIOPSA0UYEHHBIX IOIYIIPOBOAHUKOB N-1nk-1 + TexHonmornuecknue 0COOEHHOCTH MOTY4YEHHUS TUIEHOK
HEYIOPSII0YEHHBIX MOJIYIPOBOAHUKOB
0COOEHHOCTH 3JIEKTPOHHOU CTPYKTYBI, KontponbHas pabora/KontponbHnas padora Ne 2.
AIIEKTPHUYECKUX, ONTHUECKUX U MeToab! 1 pe3ynbTaThl UCCIEIOBAHUS U
(OTO3IEKTPUUECKUX CBOMCTB HEYNOPSI0UEHHBIX MOJICTUPOBAHMSI aTOMHOM CTPYKTYPbI
TIOJTYTIPOBOTHUKOB HEYMOPST0YEHHBIX TTOJYIIPOBOIHUKOB
V-l w4 KoHnTponbHas pa60Ta/KOHTp0J1£>Ha;1 pabota Ne 3.
DJeKTpOHHAs CTPYKTYpa M CBOICTBA
HEYIOPSII0YEHHBIX MOJIYTIPOBOAHUKOB
KonTponbnas padora/KonTtponbHas padota Ne 4.
Mertoab! ynpaBieHHs CBOWCTBAMH HEYMOPSAA0YEHHBIX
TIOJTYITPOBOTHUKOB
METO/bI HCCIIEIOBAHNS aTOMHON CTPYKTYPHI U KontponsHas pabora/Konrponbsnas padora Ne 1.
VIIpaBJICHUS] CBOMCTBAMH HEYMOPSTOYEHHBIX NJT-1nk-1 + Omnpenenenne, KITacCHPUKAIMS U aTOMHAS CTPYKTYpa
MOJTYITPOBOTHUKOB HEYNOPST0YEHHBIX MOJYIPOBOIHUKOB
¢u3uky paboTbl MPHOOPOB U YCTPOICTB HA KonTtponsHas pabora/Kontponsnas padora Ne 6.
OCHOBE HEYNOPSIOYCHHBIX MTOJYIPOBOJAHUKOB WI-1ik-1 + | + Hocurtenu ontrueckoit nHGpopMarmu u GOTOPE3UCThI
Ha OCHOBE HEYNOPSII0UYEHHBIX MOJYITPOBOIHUKOB
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Kontponbnas padota/KonTposbnas padora Ne 7.
@DOTONEKTPUUECKUE TPEOOPA30BATEIH U
KHUJIKOKPHCTAITMUECKUE TUCTIICH

METO/Ibl UCCIICIOBAHUS U TEXHOJOTUYECKUE
METO/IbI U3TOTOBJICHUSI MPUOOPOB U YCTPOMCTB HA
OCHOBE HEYIOPSIIOYEHHBIX MOJTYITPOBOIHUKOB

NI-2nk-1

KontponsHas padora/Konrponsnas padora Ne 6.
Hocurenu ontrdeckoit nHpopmanuu 1 GOTOPE3UCTHI
Ha OCHOBC HCYIIOPAAOYCHHBIX IMOJTYIPOBOJHUKOB

Kontponbnas padota/Kontponbnas padora Ne 7.
@DOTOINEKTPUUECKUE TPEOOPA30BATEIH U
KHUJIKOKPHCTAITMUECKUE TUCTLICH

METOBI pacuéTa U NPOSKTHPOBAHUS IIPUOOPOB U
YCTPOUCTB HAa OCHOBE HEYIOPSAJOYEHHBIX
ITOJIyIIPOBOTHUKOB

NJI-2nk-1

Kontponsnas pabora/Konrponsaas padora Ne 6.
Hocurenu ontrueckoit nHpopMaryu 1 GoTope3nucTs
Ha OCHOBC HCYITOPAAOUYCHHBIX ITOJTYIIPOBOAHHUKOB

KonTponbnas padora/Kontponbnas padota Ne 7.
@DOTOINEKTPHUUECKUE TPEOOPA30BATEIH U
KHUJIKOKPHCTALTMUECKUE TUCTLICH

JlabopaTtopHas pabota/Jlaboparopnas padota Ne 1.
TemnepaTypHasi 3aBUCUMOCTb 3JIEKTPOITPOBOAHOCTH
aMOp(HBIX MOJYTIPOBOIHUKOB

JlaGoparopHas pabota/JlaboparopHas padora Ne 5.
Omnpenenenne XapakKTePUCTUK ONTUYECKHUX JTUCKOB
METO/1aMU TYHHEJIbHON ¥ aTOMHO-CUJIOBOM
MHUKPOCKOTIHU

JlaGoparophas pabota/JlaboparopHas padota Ne 7.
CriexTpanbHast 9yBCTBUTEILHOCTD M BOJIbT-aMITEpPHAS
XapaKTEPUCTHKA COTHEUHOTO JIEMEHTA

YMeTh:

IIPUMEHATHh METO/bI U CPEACTBA U3MEPEHUN
(bu3NYECKUX CBOWCTB HEYMOPSAI0UEHHBIX
IIOJIYIIPOBOXHUKOB

NI-1nk-1

KontponsHas pabora/KontponbsHas padora Ne 2.
MeToap! 1 pe3yinbTaThl UCCIEIOBAHHS U
MO/JICIMPOBAHUS ATOMHOM CTPYKTYpPHI
HEYMOPST0YCHHBIX TTOJYIIPOBOIHUKOB
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apryMEeHTHPOBAHO BBIOMPATH M PEAN30BBIBATH HA
MPaKTUKE YPPEKTUBHYIO METOAUKY
AKCTIEPUMEHTAIBHBIX UCCIIECJOBAHUN

Kontponbnas padota/KonTposbnas padora Ne 1.
Onpenenenue, Kaaccuukaus ¥ aTOMHasi CTPYKTypa
HEYIOPSIIOYEHHBIX MTOJIYIIPOBOIHUKOB

HEYTOPAOHCHHBIX TOJYIIPOBOAHHUKOB W e KonTponbHas padota/KonTposbnas padora Ne 4.
MeTob! ynpaBieHUs CBOWCTBAMH HEYOPSI0YCHHBIX
MOJIYIIPOBOTHUKOB
cobupath, 00pabaThIBaTh, AHATU3UPOBATH U Kontponbnas padota/Kontponbhas padora No 2.
CHUCTEMAaTHU3UPOBATh HAYYHO-TEXHUICCKYIO MeTobl U pe3yIbTaThl UCCICIOBAHUS U
WHGPOPMAIIHIO TT0 HEYHOPSI0YCHHBIM MOJICITUPOBAHMSI ATOMHOM CTPYKTYPBI
MOJTYIIPOBOTHUKAM U111 HEYIOPSIOYCHHBIX TOTYIPOBOTHUKOB
KonTponbnas pabora/Kontponbnas padota Ne 4.
MeTo/1b1 yIpaBIeHUSI CBOMCTBAMHU HEYITOPSTIOYCHHBIX
TIOJTYIIPOBOTHUKOB
MIPUMEHATh METOJIbI pacy€Ta U MOJCTUPOBAHMS KonTpomnbHas padora/KonTposbras padora Ne 2.
aTOMHOM CTPYKTYPBI HEYITOPSAIOYCHHBIX Wl-1rca MeTobl 1 pe3yJIbTaThl UCCICIOBAHUS U

MIOJTYITPOBOTHUKOB

MOJICJINPOBAHUS AaTOMHOM CTPYKTYPBI
HEYNOPSAAOYECHHBIX IOJYIIPOBOJHUKOB
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
7 cemecTp

®dopma peanuzanuu: buneTsl (MUCEMEHHBIN OTIPOC)
1. KonTponbaas paborta Ne 1. Onpenenenue, kKaacCupUKaIus U aTOMHasi CTPYKTypa
HEYIOPSI0UYEHHBIX MoNynpoBoaHUKOB (KoHTposbHas padoTta)
2. Konrtponbnas padora Ne 2. MeTopl M pe3yabTaThl UCCIEAOBAHUSI U MOJICIIMPOBAHUS
ATOMHOM CTPYKTYpPBI HEYNOPSIOUEHHBIX MOIyNpoBoHUKOB (KoHTponbHas paboTta)
3. KonrponbHas pabdota Ne 3. DnekTpoHHast CTPYKTypa U CBOMCTBA HEYMOPSAJOYCHHBIX
nonynpoBogHUKOB (KoHTponbsHas pabora)
4. KontponbHast pabota Ne 4. MeTobl yrpaBieHUs] CBOMCTBAMU HEYHOPSI0YEHHBIX
nonynpoBogHUKOB (KoHTponsHas pabora)

8 cemecTp

®dopma peanuzanuu: buieTsl (MUCEMEHHBIN OTIPOC)
1. Konrponbnas padora Ne 5. TexHonorndeckne 0cOOCHHOCTH MOTyYSHHS TUIEHOK
HEYIOPSI0YEHHBIX MoNynpoBoaHUKOB (KoHTponbHas padoTta)

2. KonTponbnast padota Ne 6. Hocurenu ontudeckoir nH(GOpManuy U GOTOPE3UCTH HA OCHOBE

HEYIOPSI0UYCHHBIX MONynpoBoaHUKOB (KoHTponbHas padoTta)
3. KonTponbnas padota Ne 7. @0oT03IEKTpHUIECKHE TPEOOPa30BATEIH U
xuakokpucramnyeckue aucivien (Kontponbnas padota)

dopma pean3aluu: 3anmra 3agaHus

1. JJaboparopHas pabota Ne 1. TemneparypHasi 3aBUCUMOCTb 3JIEKTPOIIPOBOJHOCTH aMOP(HBIX

MOJIyITpOBOTHUKOB (JIabopaTopnast paboTa)

2. JlaboparopHas padota Ne 5. Onpenenenue XxapakTepUCTUK ONTHUECKUX AUCKOB METOJIaMU
TYHHEJIBHOM U aTOMHO-CHIIOBOM MuKpockomnuu (JlaboparopHas pabota)

3. JTabopatopHas padota Ne 7. CrnekTpaiibHas 4YyBCTBUTEIHHOCTH U BOJIBT-aMIIepHAas
XapaKTEePUCTUKA COTHEUHOTO AemMeHTa (JIabopaTopHas padoTta)

bannpHO-pedTHHrOBast CTPYKTYpa AMCLUUIUIMHBI SBJISETCS MPUIIOKEHUEM A.

4.2 IIpoMe:KyTOYHasI ATTECTALUSA 10 M CIHIIJIMHE
Oxsamen (Cemecmp Ne7)

OI_IGHKa OIPEACIIACTCA B COOTBCTCTBHU C ITonoxenuem o 6aHHLHO'peﬁTHHFOBOﬁ CHUCTEMC 1A

cryaentoB H1Y «M3OW» Ha OCHOBaHUM CEMECTPOBOM U IK3aAMEHAIIMOHHOM COCTABJISIOMINX.

Oxzamen (Cemecmp Ne8)

Onenka ompenensieTcsi B COOTBETCTBUU ¢ [lomokeHneM o OalTbHO-PEUTHHTOBOM CHUCTEME IS

crtynentoB HUY «MOW» Ha 0CHOBaHMM CEMECTPOBOM M dK3aMEHAILIMOHHOM COCTABIISIOIINX.
B numioMm BeICTaBIIAETCS OIIEHKA 32 8 CEMECTP.

Ipumeyanue: OnieHOYHBIE MAaTEPUAIBI 110 TUCIUITIIMHE IPUBECHBI B (DOH/IE OLIEHOYHBIX
marepuanos OIIOII.
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5. YYEBHO-METOANMYECKOE OBECIIEYHEHHUE JUCHUIIJINHbI

5.1 IleyaTHbIe M JIEKTPOHHbIE U3TAHUSA:

1. ITonos, A. 1. YuebHoe nocobue no kypey "TexHOnorus noynpoBOIHUKOBBIX 3JIEMEHTOB":
Kpemuwuii u repmaHuii B oJrynpoBoIHUKOBOM npubopoctpoenuu / A. U. ITonos, H. 1. Muxasnes ;
Pen. B. A. ®wimukoB ; Mock. suepr. ud-t (MOU) . — 1989 . — 120 c.;

2. Popov, A. Disordered Semiconductors. Physics and Application / A. Popov . —2-nd ed . —
Singapore : Pan Stanford Publishing, 2018 . — 328 p. - ISBN 978-981-4774-37-6 .,

3. Popov, A. Disordered Semiconductors. Physics and Application / A. Popov . — Singapore : Pan
Stanford Publishing, 2011 . — 201 p. - ISBN 978-981-4241-76-2 .;

4. A. A. Jlenemes- "[lnazmMeHHOe HanblIeHHE aMOP(PHBIX ¥ HAHOKPUCTALTUICCKUX MaTEPHAIIOB",
WznatenberBo: "Cubupckuii penepanpabiii yaupepcuteT (CDY)", KpacHospek, 2013 - (224 ¢.)
https://biblioclub.ru/index.php?page=book&id=364031.

5.2 JIunieH3MOHHOE ¥ CBOOOHO pacnpocTpaHsaeMoe MPOrpaMMHOe odecrnedeHue:
1. Windows / OniepanimonHas cuctema ceMmeicTpa Linux;

2. Gwyddion;

3. Libre Office.

5.3 UnTepHeT-pecypcsl, BKJIIOYas nNpogeccuoHATIbHbIE 0a3bl TAaHHBIX U HH()POPMAIIHOHHO-
CIPABOYHbIE CUCTEMBI:

1. Hayunas 3J1ekTpoHHasi 6udamoreka - https://elibrary.ru/

2. ba3za nannbix Scopus - http://www.scopus.com

3. DaexkTponHasi 6udmoreka MIU (3B MIM) - http://elib.mpei.ru/login.php

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomemeHus Homep aynuropun, OcHamenue
HAMMEHOBAaHHE

OTCYTCTBYET
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

du3rKa U TEXHOJIOTUS HCYIIOPATOYCHHBIX ITOJYIIPOBOIHHUKOB

(Ha3BaHME AUCIMILIMHBI)

7 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4

Kontponbnas paborta Ne 1. Onpenenenue, kaaccuukanus 1 aToOMHasi CTPYKTypa
HEYNOPSI0YEHHBIX MMOIypoBOAHUKOB (KoHTponsHast paboTa)

Kontposbnas padota Ne 2. MeTobl U pe3y/IbTaThl HCCACAOBAHUS U MOJICTUPOBAHUS aTOMHOM
CTPYKTYpbl HEYHOPSAA0YEHHBIX MOIYIpoBoAHUKOB (KoHTpoabHast paboTa)

Kontponbnas padota Ne 3. DieKTpOHHAsI CTPYKTYpa U CBOMCTBA HEYIOPSI0YCHHBIX
nosrynpoBoiHUKOB (KoHTponbHas padoTa)

Kontponbnas padota Ne 4. MeTo/1p1 ynpaBieHUs CBOWCTBAMHU HEYIOPSIOUEHHBIX
nosrynpoBoiHUKOB (KoHTponbHas padoTa)

Bujx npome:xyTo4HOI aTTecTalmu — JK3aMeH.

Nunexc KM- | KM- | KM- | KM-
Howep Paznen pucuumimHbl KM: L 2 3 4
paznena Henens 4 8 12 16
KM:
1 ATOMHasI CTPYKTYypa HEYIOPSAAOYEHHBIX ITOJYIIPOBOJIHUKOB
11 Omnpenenenne M KIacCH(PHUKAIMS HEYIOPSIT0ICHHBIX 4 4 +
MaTepHUaJIOB.
1.2 ATOMHas CTpYKTYpa HEKPUCTAIIINYECKUX MOJYIPOBOJHUKOB | +
13 Pe3ynbrarhl CTpYKTYPHBIX MCCIIEIOBAHUM +
HEYNOPSAAOYECHHBIX MOJYIIPOBOJHUKOB.
2 DNEKTPOHHAs CTPYKTypa U CBOWCTBA HEYNOPSIOYEHHBIX
ITOJIyIIPOBOJTHUKOB
21 DJEeKTpOHHAs CTPYKTypa U JePEKThl B HEYNOPAJOYEHHBIX + + +
ITOJIyIIPOBOJTHUKAX.
29 3neE<Tpoq)H3quCKHe, onTHUYecKue 1 (HoTorIeKTpUUYEeCKHe + +
CBOMCTBA HEYNOPSAIOYEHHBIX OJIYIIPOBOJHUKOB
3 Merons! ynpaBiIeHHs] CBOMCTBAMU HEYIIOPSALOUYEHHBIX
ITOJIyITPOBOJTHUKOB
31 VYipasieHue CBOMCTBAMU HEYIIOPSTOYEHHBIX +
ITOJIyITPOBOJTHUKOB
392 DOTOMHYLIUPOBAHHBIE U3MEHEHUS CBONCTB + + + +
HEYNOPSJOYECHHBIX OJYIPOBOJHUKOB
3.3 MonekyispHble OpraHU4eCKUE MOITYIIPOBOIHUKU + + +

Bec KM, %: | 25 25 25 25

17



8 cemectp

IlepeyeHb KOHTPOJIbHBIX MEPONPUITHI TEKYIIEr0 KOHTPOJISl yCII€eBAEMOCTH 0 JHCIUILIHHE:

KM-5

KM-6

KM-7

KM-8

KM-9

KM-
10

KonTponbaas padota Ne 5. TexHomornueckne 0COOCHHOCTH MOTYICHUS TIIEHOK
HEYIOPSI0UYEHHBIX NMONynpoBoAHUKOB (KoHTponbHas padoTta)

KonTponbras padora Ne 6. Hocurenu ontudeckoii nHGopMauu u GoTOpe3ncThl HA OCHOBE
HEYIOPSAI0UYEeHHBIX oNynpoBoHUKOB (KoHTponsHas paborta)

Konrtpomnsnas padora Ne 7. DoTosnekTpuyeckie mpeodpa3zoBaTeNn U )KUAKOKPUCTATUINIECKHE
nuctien (KontponbsHas padoTa)

Jlaboparopuas padota Ne 1. TemmepaTypHasi 3aBUCUMOCTb 3JICKTPOIPOBOTHOCTH aMOP(PHBIX
MOJTyITpOBOTHUKOB (JIabopaTopnas paboTa)

JlabopaTtopnast pabota Ne 5. OnpeneneHue XapakTepUCTUK ONTUYECKUX JUCKOB METOAaMHU
TYHHEJIBHOM M aTOMHO-CHIIOBOM MUKpockonuu (JlaboparopHas padota)

JlabopaTtopHnast pabota Ne 7. CniekTpanbHasi YyBCTBUTEIHLHOCTD U BOJbT-aMIIEpHAas
XapaKTEePUCTUKA COTHEUHOTO AieMeHTa (JIaboparopHas padoTa)

Buja npoMexyToOUHOI aTTecTANMU — DK3aMEH.

WNnnexc KM- | KM- | KM- | KM- | KM- | KM-
Howep Paszpen nucnurnimHbl KM: > 6 / 8 J 10
paznena Henens 4 8 12 13 13 13
KM:
TexHonornyeckue 0COOEHHOCTH MOITYYEHHUS
1 IUIEHOK HEYNOPSAI0YEHHBIX MOJIYIIPOBOJHUKOB.
Hocurenu ontuyeckoii nugpopmanuu Ha
OCHOBE HEYIOPSAI0YEHHBIX NOJYIIPOBOJHUKOB.
11 Te??HOJIOFI/ItIeCKI/IC 0COOEHHOCTH MOITY4YECHHUS + +
IJIEHOK HEYNOPSIOYEHHBIX MOJYIIPOBOIHUKOB.
12 Hocurenu ontuyeckoii nupopmanuu Ha + + + + + +
OCHOBE HEYIOPSI0YEHHBIX MOJIYIIPOBOIHUKOB
2 TonkonnéHouHble (OTONIEKTPUUECKUE
npeoOpazoBarenu
21 @DoTo3IEeKTpUUECKHE TPeoOpa3oBaTean Ha + + + + +
OCHOBE HEYIOPSI0YEHHBIX MOJIYIIPOBOIHUKOB
3 DJeKTpOHHbIE TPUOOPHI HA OCHOBE
HEYIOPSI0YEHHBIX NOJYIPOBOIHUKOB.
31 TOHKOIJIEHOYHBIE TPAH3UCTOPHI HA + + + + +
HEYNOPSI0YEHHBIX NOJYTPOBOIHUKAX
39 DJeKTpOHHbIE TPUOOPHI HA OCHOBE + + + + +
HEYIOPSI0YEHHBIX NOJYIPOBOIHUKOB.
33 [TamsTh Ha Pa30BBIX Eepexoaax B + + + + +
HEYIOPSI0YEHHBIX MOJYIPOBOJIHUKAX.

Bec KM, %: | 25 25 25 7 9 9
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