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
HaumeHnoBanue o6pa3oBaTteibHOI nporpaMmMbl. HaHoTexHO0I0THSI B 3JIEKTPOHHUKE
YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - faKkajlaBpuaT

®opma o0yuenusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
HAHODJIEKTPOHUKA

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.01.10

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

7 cemectp - 3;

Yacos (Bcero) no yueoHomy
IJIAHY:

108 yacoB

Jexknun

7 cemecTtp - 32 yaca;

HpaKTuquKne 3aHATHA

He NMPeyCMOTPEeHO YUeOHbIM IJIAHOM

JlabopaTopHbie pa6oThI

7 cemecTp - 16 yacos;

KoncyabTanum

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

CamocrosiTesibHasi padoTa

7 cemecTp - 59,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYasi:
KontpoabsHnas padora
JlaGopaTopnasi pabora
TecTtupoBanue

IIpomeskyTouHast aTTecTALUS:

3ayer ¢ OLEeHKOM

7 cemectp - 0,3 uaca;

MockgBa 2021




NPOI'PAMMY COCTABMUJI:

MNMognucaHo anekTpoHHoW nognuceio $rE0Y BO «HUY «M3U»

Ceeaenun o Bnagensue L3N M3K I/I H
: i Bnageney MWpoLIHWKOBa U.H. o
[IpenomaBaTelib * Mo - Naermbmrarop  Ad1db27a5-MiroshnikovalN-70cafg MupouHuKOBa
(OJDKHOCTB) (moamucs) (pacuupoBKa IOIIUCH)

COI'ZTACOBAHO:

PyKOBOI[I/ITe.]—H) MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»
o CeesieHun o Bnagensue U3N M3aK
06p330BaTeHBHOI/I Bnageney, XonogHbin [.C, o
MpOrpaMMbI Wpenmnpakatop ___|RObac9dac-KholodnyDS-6393810 J.C. XonoaHpli
(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe (mozruch) (pacmudpoBKa MOIIHCH)
3BaHUE)

3aBeyIOIIMI BBITYCKAIOIICH
KadeIphl

MoanucaHo 3NeKTPOHHON nognuckio $TEOY BO «HUY «M3U»

CeesieHun o Bnagensue U3N M3aK

Bnageney,

CnaBWHCKWA A.3.

WaentnuraTtop

R99b3b9%ab-SlavinskyAZ-c08f5214

A.3. CnaBuHCKUH

(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe
3BaHUE)

(mozmucs)

(pacmudpoBKa MOIIHCH)



1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Ilear ocBoeHusn

JUCHUNJINHBI.

N3yuenne

Hay4YHOU

OCHOBBI OJI4  OCO3HAHHOIo M

HCJICHAIIPABJICHHOTO HCIIOJb30BAHUA ITOJYUCHHBIX 3HAHUI npu CO3JaHUH 3JBJICMCHTOB, HpI/I60pOB n
YCTpOﬁCTB MHKPOIJICKTPOHUKHW U HAHO3JICKTPOHUKHN

33[[3‘11/[ AUCHHUIIIMHBI

- paclIMpeHre Hay4YHOro KPyro3opa U SpyAUIIMH CTYIEHTOB Ha 0a3e U3yuyeHUs 3aKOHOB (DU3UKHU
HU3KOPA3MEPHBIX MOJIYIPOBOJHUKOBBIX CTPYKTYP AJIsl TOCJIEIYIOLIEr0 NCIOIb30BAHUS UX MIPU CO3TaHUU
pruOOpPOB HAHOANEKTPOHUKH, TBEPIAOTEIHHON AIEKTPOHUKH U B TEXHOJIOTHH MUKPO- U

HAHOJ3JICKTPOHUKH.

dopmupyembie y 00yJaronierocs KOMNeTeHIMH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yUYeHHs TI0
JUCIUILIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIeTeHINIi

Koa n HaumMeHoBaHue
KOMIIeTeHIIUH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTUKEHUSI
KOMIIeTeHIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHUs

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

N-1nk-1 JlemoHCTpUpYeT
3HaHUe PUHLUIIOB PaOOTHI,
(bU3HYECKUX U
MaTeMaTHYeCKUX Mojienen
OCHOBHBIX
HOJIYIIPOBOTHUKOBBIX
pudopoB

3HATh:
- COBPEMECHHBIC TCHICHITNH Pa3BUTHUS
HAHOAJICKTPOHUKH;

- 3¢ peKTUBHBIC METOTUKH
IKCICPUMEHTAIBHOTO UCCIICIIOBAHUS
MapaMeTPOB U XapaKTEPUCTHK
HAHOCTPYKTYP Pa3JIUIHOTO
(YHKIIMOHATFHOTO HA3HAYCHHUS;

- uznyeckre OCHOBHI pabOTHI TPUOOPOB
HAHODJICKTPOHUKH.

YMETB:

- apr'yMEHTHPOBAHHO BHIOUPATh U
peaT30BBIBATh HA MPAKTHKE

3P HEKTUBHYIO METOAUKY
HKCIIEPUMEHTATBHOTO HCCIIEIOBAHUS
apaMeTPOB U XapaKTEPUCTUK CTPYKTYP
AIIEKTPOHUKHU M HAHOAJIEKTPOHUKH
Pa3IUYHOro (GYyHKIMOHAIBHOTO
Ha3HAYCHUSI.

2. MECTO JUCIUILIVHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuurninuHa OTHOCHUTCA K OCHOBHOM TpodeccrmoHanmbHON  00pa3oBaTeNbHONW —Iporpamme
Hanorexnonorus B snexrponuke (nanee — OITOII), nanpasnenus noarotosku 11.03.04 DnexkTpoHuka u
HaHORJICKTPOHHUKA, YPOBEHb 00pa30BaHMs: BHICIIEE 00Opa3oBaHue - OaKaTaBpHar.

TpeboBaHMs K BXOJHBIM 3HAHUSIM U YMEHHSIM:
- 3HaTb OCHOBBI KBaHTOBOI (PU3UKH
- ymeTh Pemats nuddepeHiuanbabie ypaBHEHU BTOPOTO MOPsIKa

Pe3ynbrarel 00yueHUs, MOIy4SHHbIE IPU OCBOEHUH HUCHUIUIMHBI, HEOOXOAUMBI IPU BBIOJTHEHUN
BBIITYCKHON KBaTH(PUKALIMOHHOMN pabOoTBHI.




3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTh JUCIUIUTMHBI COCTABIISIET 3 3a4€THBIX euHMIIbI, 108 Jacos.

PacnpenencHue TpyoeMKoCTH paszena (B 4acax) 1Mo BHIaM y4eOHOH 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 OCHOBHBIC MTOHATHUSA 8 7 4 - - - - - - - 4 - Ilodzomogka K ayOumopHvlm 3aHAMUAM:
HaHOAJIEKTPOHUKHU Wzyuenne nutepatypsi: [1] C. 11-61 wu [2] C.
11 Beenenue 8 4 - - - - - - - 4 - 13-28; 109-120; 177-188; [5] C. 27-35
H3yuenue mamepuanog iumepamypnolx
UCIOYHUKOB:
[4], 46, 47, 50
[7], 7-29, 110-112, 178-189
2 HoarnaapBaem u 19 4 8 - - - - - - 7 - Ilo020mo6Ka K KOHMPOILHOU padome:
co3muaeM [ToBTOpeHe MaTepuaa mo MeToJam
2.1 XpOHOJOTHS Pa3BUTHS 5 2 - - - - - - - 3 - OIpeNIeNeHus dIEMEHTHOr0 cocTaBa: Oxe-
MHUKPOCKOITHH ANEKTPOHHOH CIIEKTPOCKOIIUH, PEHTT€HOBCKOU
2.2 MeToas!l uccilef0BaHus 14 2 8 - - - - - - 4 - U yIbTPadHOIEeTOBOH HOTOITEKTPOHHOM
HaHOCTPYKTYP CHEKTPOCKOIHHU
Ilo0zomogka K ayoumopHvlm 3aHAMUAM:
Wzyuenne murepatypsl: 1] C. 64-179; wmm [2]
C. 29-47; 59- 65; 69- 74; 83-88; [3] C. 7-110;
[5]C.59
Ilposedenue uccnedoganuii: OcBoeHne padOTHI
Ha CKaHUPYIOIIEM TYHHEITFHOM M aTOMHO-
CHIIOBOM MHKPOCKOTIE
H3yuenue mamepuanog 1umepamyprbix
UCIOYHUKOB:
[1], cTp. 15-30
[3], 13-15, 59-67, 81-89, 92-94, 101-110
[4], 58-68
[7], 70-89
3 HanoTtexHoaornu 20 2 8 - - - - - - 10 - ITodzomoexa K KOHmMPOALHOU padome:
3.1 MeTo1bI TOTyIEeHHUS 20 2 8 - - - - - - 10 - N3ydenne NeKIMOHHOTO MaTepraia
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HAHOCTPYKTYP ITodzomogKa K ayOumopHusimM 3aHAMUAM:
W3zyyenue nureparypsi: [2] C. 29-48; 88-96;
[5] C. 59-67
H3yuenue mamepuanos numepamypHsix
UCHMOYHUKOG:
[4], 51, 58, 68-122
[7], 30-70, 89-96, 106-109
4 MonexynsapHas 4 2 2 Ilo0zomoeka K ayoumopHvlm 3aHAMUAM:
aneMeHTHas Oaza Wzyuenne murepatypsl: [6] C. 8-19
HAaHOAJIEKTPOHUKH H3yuenue mamepuanos numepamypHnsix
4.1 KsanToBo- 4 2 2 UCIMOYHUKOG:
MEXaHUYECKUH B3IJIS [4], 122-128
Ha CTPOEHHE MOJIEKYIT [7], 125-128, 154-164, 200-206, 270-285, 285-
295
5 ®duznka HAHOCTPYKTYP 10.0 8 2.0 Ilodz0moska K KOHmMpPOAbLHOU padome:

5.1 | KsanroBas MexaHuKa — 25 2 0.5 IToBTOpeHNe MaTepHaa o OCHOBHBIM
OCHOBa (hM3MKHU CBOWCTBaM IOJYIPOBOIHUKOB,
HaHOPa3MEPHBIX reTepOCTPYKTYPaM, IBYMEPHBIM, OTHOMEPHBIM

CTPYKTYP U HYJIBMEPHBIM CTPYKTYpaM.
5.2 OcCHOBHBIE CBOMCTBa 25 2 0.5 Ilodzomoexa K ayOumopuvim 3aHAMUAM:
MOy IIPOBOTHAKOB W3zydenune murepartypsl: [2] C. 120-144.
5.3 I'erepocTpykTypa 25 2 0.5 H3yuenue mamepuanoe 1umepamyproix
5.4 VYraepox — 25 2 0.5 UCHOUHUKOB:
YHHKAIBHBII [4], 9-11, 2--25, 13-14, 31-33, 38-46
XUMHYECKHH SIEMEHT [7], 112-120-144
6 JlnHamuKa 3JIEKTPOHOB 4 2 2 Ilo020moeKka K KOHmMPOILHOU padome:
B JICKTPOMarHUTHOM [ToBTOpEHNE JISKIMOHHOTO MaTepuaa 1o
noJse saddekry Xoma

6.1 Dddexr Xomma 4 2 2 Ilo02omoeka K ayOumopHvim 3aHAMUAM:

Wzyuenne murepatypsl: [1] C. 198-210; [5] C.
36-37
H3yuenue mamepuanos numepamypHuix
UCHMOYHUKOG:
[2], 24-68

[4], 139-145

[5], 164 - 167

[6], 164-167

7 IIpumenenue 13 4 9 Ilod20mo6Ka Kk KOHmMPOILHOU padome:

KBAaHTOBO-Pa3sMEPHBIX

HOBTOpeHI/Ie MaTepurajia 1o NIpUMEHCHUIO
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CTPYKTYp B IpHOOpax KBaHTOBO-pPa3MEPHBIX CTPYKTYp B pudopax
MHKPO- H OIITORJICKTPOHHKH, 110 TPUOOPaM Ha OCHOBE
HAHOYJIEKTPOHUKHU 0aJITHCTHYECKOTO TPAaHCIIOpTa
7.1 OnTuyeckue CBOUCTBA 7 1 Ilo020mo6Ka K ayOumopHovim 3aHAmusAM:
KBaHTOBOPa3MEPHBIX W3zyuyenune mureparypst: [1] C. 216-267, 278-
CTPYKTYP 318 mmm [2] C. 148-152; 184, 188-198; 209-
7.2 Bammuctuyeckast 2 1 233; 243-248; [5] C. 40-58; 68-76
POBOJMMOCTh H3yuenue mamepuanos numepamypHsix
7.3 Pe3onancHOe 2 1 UCMOUHUKOG:
TYHHEJIUPOBAHUE [4], 15-20, 47, 48, 149-178, 178-189
7.4 YV HUIOJISIPHEIE 2 1 [71, 190-196, 210-213, 214-226, 316-320
TPAH3UCTOPHI Ha
«TOPSYUX» NEKTPOHAX
8 MonexynsapHas 6 4 Ilo020mo6Ka K KOHMPOILHOU padome:
JJIEKTPOHUKA [ToBTOpEHHe MaTepuana no npuodopam Ha
8.1 CrtpoeHne MOJIeKy I 6 4 OCHOBE CIUTOIIHBIX IJICHOK rpadeHa,
OpraHUYeCcKuX (bynepeHoB, yriepoHbIX HAHOTPYOOK 1
MaTepHalioB OpraHMYeCcKUX MaTepuaioB
Ilodz0mogKa K ayoumopHsim 3auamusm:
W3zyyenue nuteparypsr: [2] C. 198-205
H3yuenue mamepuanos numepamypHsix
UCHOYHUKOG:
[7], 125-128, 200-206, 270-285, 285-295
9 OCHOBBI CHUHTPOHUKHI 1.5 0.5 Ilo020mo6Ka K KOHMPOILHOU padome:
9.1 | OcHOBBI CIHHTPOHUKH. 15 0.5 [ToBTOpeHune MaTepuana 1o pasaensy no
CIUHOBBIM 3()(eKTaM, THFAHTCKOMY
MarHUTOCONPOTHUBIICHHIO, CITNH-
KOHTPOJUPYEMOMY TYHHEIIUPOBAHHIO U
MarHuTHOH onepaTuBHOM mamsaTe MRAM
Ilo020mogKa K ayoumopHsM 3aHAMUAM:
U3zyuenue aureparypsi: [2] C. 205-209; 233-
240; 243-270; [5] C. 76-78
H3yuenue mamepuanog 1umepamyprbix
UCIOYHUKOB:
[4], 25-28, 189-211, 216-223
[7], 150-153, 206-210, 233-240, 241-249
10 KBanroBsle 4.5 15 Ilod20mo6Ka K KOHmMPOILHOU padome:
KOMITBIOTEPEI IToBTOpEHNE MaTepuaa Mo MOHITHIO
10.1 KBanToBBIE 1.5 0.5 KBaHTOBOT'0 OKMTa, BpEMEHH JICKOT€PEHU3ALINH,
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BO3MOXHBIM KOHCTPYKIIUAM KBAHTOBOT'O 6I/ITa,

KOMITBIOTEPHI
10.2 | Dddekr Ixo3edcona 15 0.5 - - - 1 - o 3¢ dekty Jxo3edcoHa U KBAHTOBBIM
10.3 CoBpeMeHHbIE 15 0.5 - - - 1 - KOMITBIOTEpaM
KBaHTOBBIC Ilo0z0mogKa K ayoumopHsim 3aHAmusm:
KOMIIBIOTEPHI W3zyuenne mureparypsr:  [2] C. 205-209; 233-
240; 243-270; [5] C. 76-78
H3yuenue mamepuanos 1umepamypnolx
UCHOYHUKOB:
[7], 250-268
3adeT ¢ OLIEHKOH 18.0 - - - 0.3 - 17.7
Bcero 3a cemectp 108.0 32.0 16 - 0.3 42.0 17.7
Hroro 3a cemecTp 108.0 32.0 16 - - - 0.3 59.7

IIpumeuanue: Jlex — nexuuu; JIab — naboparopHsle padboTsl; [Ip — npaktuueckue 3ansatust; KIIP — aynuTopHble KOHCYIbTALUU IO KYPCOBBIM
npoektam/padoram; UKKII — nnauBHIyanbHbIe KOHCYIBTAIIUH 110 KypCOBBIM IIpoekTam/padotam; ['K- rpynmoBsie KOHCYIbTallMK IO pa3ienaM
mucuuiuiniel; CP — camocrostenbHas padora crynenta; UKP — unas konraktHas padota; TK — Texymumii KoHTposb; [TA — npomexxyrouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. OchosHble noHAmMUA HAHOINEKMPOHUKY

1.1. BBenenue

Oransl 60onbmoro mytd. OCHOBHBIE IyTH Pa3BUTH KPEMHHEBOW 3JIeMEHTHOW 0a3bl. Pa3zButHe
anekTpoHukd.  [IpoGmembr  macmTabupoBanus. CoOBpeMEHHBIE  TEHICHIIMHM  KPEMHHEBOM
TEXHOJIOTHH. .

2. Hooznsaovieaem u cozuoaem

2.1. XpoHoorus pa3BUTHSI MUKPOCKOITHH

OnekTpoHHas Mukpockomnusa. [IpocBeumBaromasi 53JeKTpoHHas MuUKpockonus. PacrpoBas
UIEKTpOHHAsT MHKpockonus. CkaHMpyollass TyHHENIbHAas M aTOMHO-CHJIOBAs MHUKPOCKOIMSL.
CKaHUPYIOIMIMI ONTUYECKHUH MUKPOCKOT OJIMKHETO TOJIA. .

2.2. Meronpb! Hccae0BaHNs HAaHOCTPYKTYP
Osxe-3NeKTpOHHAsA CIIeKTpocKonus. PeHTreHoBckass M ynbTpaduoseroBas (HOTONIEKTpOHHAsS
CHEKTPOCKOITHSI.

3. Hanomexnonoauu

3.1. MeTo/1bl IOJTy4€HNS HAHOCTPYKTYP

MonekynspHo-tydeBass snuTakcus. ['a3odaszHas sOUTakcHs U3 METAIOOPIaHUYECKHUX
coenquHenuil. Hanorexnonoruu. CamoopraHuzanus KBaHTOBBIX TOueK M HUTEH. DynepeHsl,
HaHOTpYOku M rpadeH. OcHOBBl nuTorpaduueckux mnpoueccoB. PoTope3ucTsl. DIEKTPOHHAsS
murorpadust. IdexTsr OIU30CTH. .

4. MOﬂeKVﬂﬂDHGﬂ oNlemenmuas baza HAHOJJIEKMPOHUKU

4.1. KBaHTOBO-MEXaHUUECKHI B3TJIS] HA CTPOCHUE MOJIEKYJT
ATtomHble opOuTamu. MonekynspHbele opOuTanu. MonekynspHas dneMeHTHas — 06aza
HaHODRJIEKTPOHHKH.

3. Qusuxa Hanocmpykmyp

5.1. KBaHTOBast MexaHHKa — OCHOBA (PM3UKU HAHOPA3MEPHBIX CTPYKTYP
[IpsamoyronbHass KkBaHTOBas siMa. [IpsMOyrojpHas KBaHTOBass sMa KOHEYHOW TIJIyOMHBI.
TynuenbHble 3pdexThl. KBaHTOBBIN OCHUIIIATOP. .

5.2. OcHOBHBIE CBOICTBA MOITYIIPOBOJAHHUKOB

Coemunenna  AllIBV. 3oHHas CTpykTypa MOJYNPOBOJHMKOB. 30HBI  bpuiumtosHa.
OHepreTUYecKHii CHEeKTp KBAaHTOBO-PA3MEPHBIX CTPYKTYp. DHepreTuueckas auarpamMma B Kk(p)
npoctpanctBe. O0bemM mepBoit 30HBI bpummosna. [lonstue sddextuBHON Maccel. Teepibie
pacTBOpsI Ha ocHOBE coequHennit AIIIBV..

5.3. I'erepocTpykTypa

I'ereponiepexonpl. IIIOTHOCTE KBAaHTOBBIX COCTOSHUM. TpexMmepHblii ciydaid. [IBymepHBbIN
cayyai. OpHOMEpHBIM cinydaid. Tunbel HH3KOpa3MepHBIX cucTeM. lIHBEpCHOHHBIE CIOM B
KPEMHUEBBIX CTpyKTypax. KBantoBble HUTH. KBaHTOBBIE TOUKH. CBEPXPELIETKH. .



5.4. Yrnepon — yHUKaJIbHBIN XUMHUYECKUI 2JIEMEHT
I'padut — rpadpen — rpadar. @ynepensl, HAHOTPYOKHU U TpadeH..

6. JHunamuxa 31eKmpoHo8 8 INeKMPOMASHUMHOM NOJIE

6.1. Dddext Xomna

Knaccuueckuii s¢ddexr Xomnma. Ilemouncnennpiii kBaHTOBbIM 3ddexr Xomra. J[mHamuka
JIBYMEPHBIX 3JEKTPOHOB B CWJIBHOM MAarHUTHOM mosie. D(QEKThl JIOKaIM3aluu U UX poiib B
kBaHTOBOM 3(dekre Xomna. IpoOuerii kKBaHTOBEIH 3P ekt Xomna..

7. Ilpumenenue k6aHmoB80-pa3smepHvix CMpyKmyp 6 npu60pax MUKDO- U HAHOJJIEKMPOHUKU

7.1. OnTuyeckue cBOWCTBAa KBAHTOBOPA3MEPHBIX CTPYKTYP
Jlazepsl ¢ KBaHTOBBIMH SIMaMU M TOukaMu. KBaHTOBBIN KackaiHblid nazep. Doropesucropsl Ha
KBAaHTOBBIX siMax. JlaBuHHBIE POTOAMOABI. DOTOUYBCTBUTEIBHBIE NipPi-CTPYKTYPHI.

7.2. bainuctudeckasi IpoOBOAMMOCTh
[Tpubopsr Ha  OCHOBE 0aJNINCTUYECKOTrO TPaHCHOPTA. Kynonosckas Onokaza.
OIHORJIEKTPOHHBIN TPAH3UCTOP..

7.3. Pe3oHaHCHOE TYHHEITUPOBAaHUE
Pe3oHaHCHO-TYHHENBHBIE IUOABI M TpaH3UCTOpHL. lloneBoil TpaH3HCTOpP C PE30HAHCHBIM
TYHHEITUPOBAHUEM.

7.4. YHUNOJIIpHBIE TPAH3UCTOPBI HA «TOPAYUX» JIEKTPOHAX
Tpan3ucropsl Ha ropsiunx ekrpoHax (HEMT-tpan3ucropsr)..

8. Moaexyaapuas a1ekmponuKad

8.1. CTpoeHue MOJIEKyJl OPraHMuYeCKIX MaTepruasoB

[TepeHoc 3apsiia B opraHMyecKux moaynpoBoaHukax. ['paden. CTpykTypa sHEpreTH4ecKUx 30H
rpadena. IloneBbie TpaH3UCTOPHI Ha OCHOBE CIUIOLIHBIX IUIEHOK TpadeHa. [ledexTsl B rpadene.
I'papan. @ymnepensl. IIpumenenue ¢ynepeHoB. YTIepoJHble HAHOTPYOKH. XHPaIbHOCTb.
Texnomorun usrorosinenus YHT. Mexanunueckue u "kourterinepusie" cpoiictBa YHT. IloneBsie
Tpansuctopsl Ha ocHoBe YHT. Amamorm KM/III tpan3ucropoB Ha ocHoBe YHT. VYcrpoiictBa
namatu Ha ocHoBe YHT. Hanoanektpomexanuueckue ycrpoiictBa Ha ocHoBe YHT.. Opranudeckue
ceeroaunobsl (OLED)..

9. OcHoebl cRUHMPOHUKU

9.1. OCHOBBI CHUHTPOHUKH.
Cnun. CrnuHoBble >@¢ekTsl. ['Mrantckoe marautocornportuieHre. CHUH-KOHTPOJIUpYEMOe
TyHHEJIUpOBaHue. MarauTHas oneparruBHas naMate MRAM..

10. Keanmoesvie komnvromepuol

10.1. KBaHTOBBIE KOMIIBIOTEPHI
[TonsiTue xkBanToBOro Outa. Bpems aexorepenuszanuu. Bo3mMokHbIe KOHCTPYKIIMM KBaHTOBOTO
oura.



10.2. Dddext Ixo3edcona
Dddext Jxo3edcona.

10.3. CoBpeMeHHbIE KBAHTOBBIE KOMIIBIOTEPHI
CoBpeMeHHbIE KBAHTOBBIE KOMIIBIOTEPHI.

3.3. TeMbl NPaAKTHYECKUX 3aHATHH

HE MPEyCMOTPEHO

3.4. TeMbl 1a00paTOPHBIX padoT

1. 3rotoBieHue 30HA0B ISl CKAHUPYIOIIMX 30HI0BBIX MUKPOCKOIIOB;
2. V3y4yenue npuHUMIIA paOOThl CKAHUPYIOLIETO TYHHEIBHOIO MUKPOCKOIIA;
3. VI3yyeHue npuHIMNIA pabOThl CKAHUPYIOLIET0 aTOMHO-CUIIOBOTO MUKPOCKOIIA.

3.5 KoncyabTanuu

NN E

NS

Ipynnoevie koncyremayuu no paszoeiam oucyuniunol (1°'K)

ITosicHenus HanOoJIee CIOKHBIX TEM.

[ToaroroBka K KOHTPOJILHOU PabOTe, MOSICHEHUSI HAN0OJIEE CIIOKHBIX TEM.
[ToaroroBka Kk KOHTPOJILHOU paboTe, MOSICHEHUS HANOOJIee CIOKHBIX TEM.
[ToaroroBka K KOHTPOJILHOU paboTe, MOSICHEHUSI HAN0OJIEE CIIOKHBIX TEM.
[ToaroroBka Kk KOHTPOJIBHOMN paboTe, MOSICHEHUSI HAUOOJIEe CIOKHBIX TEM.
[ToaroTroBka K KOHTPOJILHOU PabOTe, MOSICHEHUSI HAN0OJIEE CIIOKHBIX TEM.
[ToaroroBka Kk KOHTPOJILHOU paboTe, MOSICHEHUS HAUOOJIee CIOKHBIX TEM.
[ToaroToBKa K KOHTPOJILHOU paboTe, MOSCHEHHSI HAN0OJIEE CIIOKHBIX TEM.

Texywui koumpoas (TK)

[ToaroroBka k 1a00paTopHBIM paboTaM, KOHTPOJILHOU padboTe
KoncynpTamuu no nabopaTopHbiM paboTam

[ToaroroBka Kk KOHTPOJILHOM paboTe, MOSCHEHUSI HAMOO0JIEE CIIOKHBIX TEM.

[TosicHeH1e TUIOBBIX OLIHOOK

3.6 TemaTnka KypcoBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJiOB IHCHHMILIMHBI U opMu

DYEMbBIX B HUX KOMIIeTeHI Uil

3araHupOBaHHBIE PE3yabTaThl 00yUEHUs MO

Howmep pasznena auciuruiiHs (B

O1eHOYHOE CPEACTBO

Konrl
NUCHUIIIINHE HHIMKATODOB COOTBETCTBHUU C 11.3.1) (T ¥ HAUMEHOBAHUE)
(B COOTBETCTBUH C pazfesoM 1) P 1/2]3]4]5]6]7]8]9]10
3HaTh:
U3UYECKUE OCHOBBI pabOTHI MPUOOPOB TectupoBanue/ltorosoe
b p probop V-1 NI (T (RIS NI (R (N P
HAHOAJIEKTPOHUKHU TECTHUPOBAHUE
3¢ PeKTUBHBIC METOMKHU YKCIIEPUMEHTAILHOTO JlabopaTtopHnast pabota/ATOMHO-
MCCIICIOBAHMS TTAPAMETPOB M XapaKTEPUCTHK CHJIOBOM MHKPOCKOIT
HAHOCTPYKTYP Pa3IU4YHOTO KIIMOHAIBHOTO
PYKTYp p (byHku Jlaboparopnas pabota/3aTouka
HAsHATCHHIA 30H/IOB JUJIsl CKAHUPYIOIIHAX
WJI-1nk-1 +
30HIOBBIX MUKPOCKOIIOB
JlaGopatopHas
pabota/CxkaHupyrOMIHiA
TYHHEIbHBI MUKPOCKOTI
COBpEMEHHBIE TEH/ICHIIUN PA3BUTHUS -1 KonTponbnas pabota/OcHOBHbBIE
-1kt
HAHOAJIEKTPOHUKHU MIOHATHUS] HAHODJICKTPOHUKH
YMersn:
apryMEHTHPOBAHHO BBIOMPATh U PEATU30BLIBATH HA JlaGopatopHnast pabota/ATOMHO-
pakTUKe 3PPEKTUBHYIO METOIUKY CHUJIOBOW MHKPOCKOII
AKCIIEPUMEHTATLHOTO UCCIIEI0OBAaHUS TapaMeTPOB U
p . P p JlaGopatopHas pabora/3aTouka
XapaKTEPUCTHK CTPYKTYP ICKTPOHUKH U
30H/IOB JIJISl CKAHUPYIOIIHAX
HAHOZJIEKTPOHUKH PA3IMYHOT0 (PYHKIIMOHAIBHOTO W-1nk-1 +

Ha3Ha4YCHUA

30HJOBBIX MUKPOCKOIIOB

JlaboparopHnas
pabota/CkaHUpYIOLIHIA
TYHHEJIbHBIH MUKPOCKOT
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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 peanmszanuu: KommnbsrorepHoe 3aganue
1. Urorosoe TectupoBanue (TectupoBanue)

dopma peanuszanuu: [TuceMeHnHas padbota
1. OcHoBHbIe IOHATHS HaHOAJIEKTpoHUKHU (KoHTpONMBHAS paboTa)

®dopma peanmszanuu: Y cTHas Gpopma
1. AtoMHO-cmii0BO#M Mukpockort (JlaboparopHast pabota)
2. 3aTo4ka 30H/I0B JJIsi CKaHUPYIOLIUX 30HI0BBIX MUKpockonoB (JlabopaTopHas padora)
3. Cxanupyromuii TyHHEIbHBIH MUKpockot (JlabopaTopHast pabota)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 Ilpome:KyTOYHAS aTTeCTALMS 110 JUCHUIIMHE

3auem c oyenxou (Cemecmp Ne7)
Ouenka ompenensieTcss B cOOTBETCTBUU ¢ [lonoxkeHneM o OaIbHO-PEUTHHTOBOM CHUCTEME ISt
crynentoB HUY «MOW» Ha 0oCHOBaHMHU CEMECTPOBOM M aTTECTALIMOHHON COCTABIISFOIIUX.

B auniom BeICTaBIISIETCS OLIEHKA 32 7 CEMECTD.

IIpumeuyanue: OLeHOYHBIE MaTEpUAIbI 110 TUCIMITIIMHE IPUBECHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. 3ebpes, I'. U. duznyeckre 0CHOBBI KPEMHUEBOW HAHOAIEKTPOHUKH : yueObHoe nmocodue / I'. 1.
3ebpeB . — M. : BUHOM. JlaGopatopus 3uanuii, 2011 . — 240 c. — (Hanotexuonorun) . - ISBN 978-
5-9963-0181-2 ;

2. KBanroBsiii 3¢ dexr Xomna : nep. ¢ anrt. / M. Keik, [u ap.] ; pen. P. Ilpenmxk, C. 'upBun . —
M. : Mup, 1989 . -404 c.;

3. Muponos, B. JI. OcHOBBI ckaHUpYIOIIEH 30HA0BON MUKPOCKOIINH : y4eOHOE Imocooue s
cTapimux KypcoB By30B / B. JI. MuponoB, MH-T ¢pusuku mukpoctpyktyp Poc. akan. Hayk . — M. :
Texuocdepa, 2004 . — 144 c. — (Mup ¢usuku u Texuukn) . - ISBN 5-948360-34-2 ;

4. HaHORJIEKTpOHUKA: TEOpUs U MPaKTHKa : yueOHOe mocodue A By30B 10 CIEHUATBHOCTIM
"MuKpo- ¥ HaHOAJIEKTPOHHbBIE TEXHOJIOTHUHU U cucTeMbl" U "KBaHTOBbIE HHPOPMAIIIOHHBIE
cucrems!" / B. E. bopucenko, [u ap.] . — 2-e u3a. nepepad. u gomn . — M. : BUHOM. JlabopaTtopust
3HaHui, 2013 . — 366 c. — (YueOHuK s BeIcmie mkosl) . - ISBN 978-5-9963-1015-9 .;

5. llanumosa K. B.- "®usuka noxynpoBoaHukoB", (4-e uz., crep.), U3narensctBo: "Jlans",
Cankr-IlerepOypr, 2010 - (384 c.)
https://e.lanbook.com/books/element.php?pll_cid=25&pl1_id=648;

6. llanumosa, K. B. ®usuka nomynpoBoguukos : yueOnuk / K. B. [llanumosa . — 4-e uzna., crep . —
M. : Jlanb-IIpecc, 2010 . — 400 c. — (YueOnuku ams By30B. CrienuanbHas iutepatypa) . - ISBN
978-5-8114-0922-8 ;
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7. llyka, A. A. HanoanekTpoHuKa : y4eOHUK /7151 0aKanaBprara ¥ MarucTparypbl By30B I10
WH)KEHEPHO-TeXHUYeCKUM HamnpasiieHusM / A. A. Illyka ; oomr. pea. A. C. Curos . — M. : FOpaiir,
2017 . —297 c. — (bakanaBp u maructp. Akagemuyeckuii kypce) . - ISBN 978-5-9916-8280-0 ..

5.2 JIuueH3MoHHOEe U CBOOOIHO pacnpocTpaHsieMoe MPOrpaMMHoe odecneyeHue:
1. Office / Poccuiickuii maket o(hUCHBIX IPOrpam;
2. Windows / OnepanrionHas cucrema cemeiictsa Linux;

3. Gwyddion.

5.3 UHTepHeT-pecypchl, BKIOYas NMpodeccuoHaTbHbIe 0a3bl JAHHBIX 1 HHPOPMAIIMOHHO-
CIPAaBOYHbIE CHCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/

2. 3BC "YHuBepcuTeTcKasi 0u0JMOTEKAa OHJIAlNH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3;iekTpoHHasi Gub.moreka - https://elibrary.ru/

4. baza nanapix BUHUTMH online - http://www.viniti.ru/

5. ba3za nanHbIX ;)KypHasioB m3nateabcrsa Elsevier - https://www.sciencedirect.com/

6. DiekTpOHHBIE pecypchl U3AaTeabcTBa Springer - https://link.springer.com/

7. Ba3za nannbix Web of Science - http://webofscience.com/

8. ba3za mannbix Scopus - http://www.scopus.com

9. HanmoHabHast 3JIEKTPOHHAs1 OudmoTeKa - https://rusneb.ru/

10. 9BC "KoncyabsTaHnt ctyaenta' - http://www.studentlibrary.ru/

11. ba3a nannbix IEL u3nareascrBa IEEE (Institute of Electrical and Electronics Engineers,
Inc.) - https://ieeexplore.ieee.org/Xplore/home.jsp?reload=true

12. DnexTponnas 6udosmoreka MIU (3B MDIH) - http://elib.mpei.ru/login.php

13. IopTaa oTKpHITHIX JaHHBIX Poccuiickoii denepanuu - https://data.gov.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHHUE JUCHUITJIMHBI

Tun nomenmeHus Homep aynuropumn, OcHamenune
HaAaMMCEHOBaHHeE
Y4eOHble ayAUTOpUU IS K-102a, YucOnas napra, CTyJ, J0CKa MeJoBasi, HOyTOYK,
MPOBEACHUS JIEKIIMOHHBIX ayJIUTOPUS KOHJIUIIUOHED, TEIIEBU30D
3aHATUH U TEKYILETO A-400, Yuebnas napTa, CTyJ, JOCKa MeJIoBasi, KpaH
KOHTPOJIS aynutopus "A" UHTEPAKTUBHBIN, KOJJOHKH 3BYKOBBIE,
MYJIbTUMEIUNHBIN IPOEKTOP, TOCKA
MapKepHasi, KOMIIbIOTEP NMEePCOHATbHBIN
Bb-305, Yuebuas rapTa co CKaMbeH, CTyJI, JOCKa MEJIOBas,
ayIUTOpUs MYJIbTUMEAUINHBIN IPOEKTOD,
KOHJIUITHOHED
VYueOusie aynuropuu g | K-112, IleHTp 30HAOBBIX | CTOJ, CTOJ KOMITBIOTEPHBIN, CTYI, CTOJ
MIPOBEICHUS 1 ONITHYECKUX MMUCHbMEHHBIN, 000PyTIOBAHUE TS
1ab0paTOPHBIX 3aHATUN HCCIeI0BAHUM IKCIIEPEMEHTOB, 000pYyI0BaHUE YueOHOE,
KOMITBIOTEP MEPCOHATBHBIN,
KOHJIULIUOHEP
VYyeOubie aynuropuu uig | K-112, LleHTp 30HIOBBIX | CTOJ, CTOJI KOMIIBIOTEPHBIN, CTYI, CTOJ
MIPOBEICHUS 1 ONTHYECKUX MMCEMEHHBIN, 000pyIOBAaHUE IS
MIPOMEKYTOUHON HCCTIETIOBAHUI IKCTIEPEMEHTOB, 000pyI0BaHNE yaeOHOE,
aTTeCTalluu KOMITBIOTEP MEePCOHATBHBIM,
KOHJIUITHOHED
Ilomemenus mis HTB-302, YUnTanbHbIi CTYJ1, CTOJI IUCbMEHHBIA, KOMIIBIOTEPHAS
CaMOCTOSITEIbHOU PabOThI 3aJ1 OT/IeIIa CEeTh C BBIXOJI0M B MHTEpHET, KOMIIBIOTEP
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oOcmy>)kuBaHUs yaeOHOM
JIUTEPaTypou

MEepCOHAIbHBIN

TTomerenust misa
KOHCYJIbTUPOBAHUS

K-109/2, Kabuner
COTPY/AHHUKOB Kag.
HBI/IH"

CTOJI, CTYJI, mKad sl JOKYMEHTOB, IKad
JUTSL XpPAaHEHUS MHBEHTAPSI, CTOJ
MCHbMEHHBIN, TIUTUIOMHBIC U KypCOBBIC
paboThI CTYICHTOB
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HaHO3HCKTpOHI/IKa

(Ha3BaHME AUCIMILIMHBI)

7 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4
KM-5

OcHoBHble OHATHA HaHOJIeKTpoHUKHU (KoHTponbHas paboTta)

Ckanupyromumii TyHHeNnbHBIH MUKpockor (JIabopaTopHas pabora)

ATtoMHO-cmitoBOoi Mukpockortl (JlaboparopHast pabota)
3arouka 30HI0B /ISl CKAHUPYIOIIUX 30H0BBIX MUKpOCKoToB (JlabopaTopHas paboTta)

Hrorosoe TectupoBanue (TectupoBaHue)

Buja npoMexyTouHOi aTTecTanMu — 3a4€T C OLICHKOM.

Nunexc KM- | KM- | KM- | KM- | KM-
Howep Pa3nen nucuuninHb KM: L 2 3 4 >
pasjena Henens 4 8 12 15 16
KM:
1 OcCHOBHBIE IOHATHS HAHO3JIEKTPOHUKH
1.1 Baenenue +
2 [TonrnaneiBaeM U co3uaacM
2.1 XPpOHOJIOTHS pa3BUTUS MUKPOCKOIIUH + + +
2.2 Meronsl uccie10BaHNs HAHOCTPYKTYP + + +
3 HanorexHonoruun
3.1 MeTopl OJTy4eHUsT HAHOCTPYKTYP +
4 MonexyinsipHas dJieMeHTHas 0a3a HAHORJIEKTPOHHUKHU
41 KBaHTOBO-MEXaHUUYECKH B3IJISI] HA CTPOCHHE +
] MOJIEKYJI
5 ®u3nKa HAaHOCTPYKTYP
51 KBaHTOBas MEXaHUKa — OCHOBA (PU3UKH +
' HAaHOPA3MEPHBIX CTPYKTYP
5.2 OCHOBHBIE CBOICTBA NOJIYIIPOBOTHUKOB +
5.3 ['etepocTpykTypa +
5.4 Yrieposn — yHUKaIbHBIA XUMUYECKUH DJIIEMEHT +
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I[I/IHaMI/IKa 9JICKTPOHOB B 3JICKTPOMArHUTHOM I10JIC

6.1 Dddext Xomra +
7 [TpruMeHeHHe KBaHTOBO-pa3MEPHBIX CTPYKTYP B
nprbopax MUKpPO- U HAHOIJIEKTPOHUKH
71 OnTuueckue cBOMCTBa KBAaHTOBOPA3MEPHBIX +
CTPYKTYD
7.2 banmmuctuyeckas mpoBoIUMOCTb +
7.3 Pe3onancHoOe TyHHETMpPOBaHHE +
74 YHUNONAPHBIE TPAH3UCTOPBI HA «TOPSTIHX N
' 3JICKTPOHAX
8 MosnekynsipHast 3J1eKTpPOHUKA
8.1 CtpoeHue MoJIeKyJl OpraHM4eCKUX MaTepUaioB +
9 OCHOBBI CHUHTPOHUKHU
9.1 OCHOBBI CHUHTPOHUKH. +
10 KBaHTOBBIE KOMIIBIOTEPHI
10.1 | KBaHTOBBIE KOMITBIOTEPHI +
10.2 | Ddodexr xozedcona +
10.3 | CoBpemMeHHbIE KBAHTOBBIE KOMIIBIOTEPHI +
Bec KM, %: 15 15 15 50
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