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

Hanpagsienne noaroroBku/cnenuanbHocts: 14.04.01 SinepHas 3vepreruka u Temiopuznka
HaumeHnoBanue o6pa3oBaTejbHOI nporpaMMbl. HaHOTeXHO/I0THM M HAHOMATEPHAJIBI B JHEPreTHKe
YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MaruCTPaTypa

®opma o0yuenusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
MNPOBJIEMBI U TEIINTIO®U3NYECKHUE ITPOLLECCHI B

HAHO2HEPI'ETHUKE

BJok:

Baok 1 «/Iucuyuniaunbl (MoOxyJam)»

Yacrp 00pa3zoBaTebLHOM
NpPOrpaMMBblI:

Yacrb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBLIX OTHOIIEH Uil

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.04

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

3 cemectp - 4,

Yacos (Bcero) no yueoHomy
IIAHY:

144 yaca

Jexnun

3 cemectp - 32 yaca;

IIpakTnyeckue 3aHATHSA

3 cemecTp - 16 yacos;

JladopaTopHbie padoThI

He NMPeyCMOTPEHO YUeOHbIM MJIAHOM

Kouncynabranuu

3 cemecTp - 2 yaca;

CamocTrosiTesibHasi padoTa

3 cemectp - 93,5 yaca;

B ToM unciae Ha KIT/KP

He NMPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnas koHTaKkTHasi padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ayIUTOPHbIX 3aHSATHH

BKJIIOYas:
KosnokBuym
Pedepar

IIpome:kyTouHast aTTecTALUS:

IK3aMeH

3 cemectp - 0,5 yaca;

MockBa 2023




NPOI'PAMMY COCTABMUJI:

[IpenoaBarenn

MNognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

LT

Bnapeney

Muxawnnosa W.A.

TR

Waentuduratop

R6487a0ab-MikhailovalA-f37cba0

HN.A. Muxaiinosa

COI'ZTACOBAHO:

PykoBoguTens
00pa30BaTEIbHON IPOrpaMMBbI

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Sk,

Bnapeney

Omutpues A.C.

Ml

Waentuduratop

R8d0ce031-DmitriyevAS-aaaeae2

A.C. lmutpues

3aBeyIOIIMI BBITYCKAIOIICH
kadenpoi

MNopnucaHo 3NeKTPOHHO| noanuckio $TEOY BO «HUY «M3W»

CeeneHuna o enagensue L3N M3KU

Bnaaeney

My3uHa KO.10.

WaenTndukatop

Re86e9a56-Puzina-4d2acadl

10.10. Ily3uHna




1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Llesb ocBOCHMS JMCHUILUIMHBI. COCTOUT B CUCTEMATU3aLUHU MTOJyYEHHBIX NPH U3y4EHUH 0a30BBIX
JUCLHUIIINH CIELUAIbHOCTH 3HAHUN O COBPEMEHHBIX METOJAaX, IPUEMAaxX M TEXHOJIOTMYECKUX PELICHUAX
Ha OCHOBE HAHOTEXHOJIOIUH U (DYHKIIMOHAIBHBIX HAHOMATEPHAJIOB JIJIsl TEeHEpaLluy, Iepeiaul, XpaHEHUs
U TpeoOpa3oBaHUs SHEPrUM B TPAJUIMOHHOW M albTEpPHATHBHOM SHEPreTHKE, O3HAKOMJICHHE CO
CTpaTerueil pa3BUTHS TEXHOJOIMH B JHEPreTHYECKOM CEKTOpe IpH Iepexojie K HaHomaclTadam H
HOBEUIIIMMH UCCIIEIOBAaHUAMU B 00JIACTH HAHOAHEPTETUKU

33[{3‘11/1 AUCHHUITIMHbI

- U3y4YECHHUE COBPEMEHHBIX U NIEPCIEKTUBHBIX HAHOTEXHOJIOTHM JIUIsl SHEPIreTUYECKON OTPaCiIn
XO3SICTBOBAHHUS U PEIIECHUS SHEPreTUYECKUX NPo0dIIeM;

- U3y4eHue (PU3NKO-XUMHUYECKUX, MEXaHUYECKUX U TEXHOJIOIMYECKHX CBOMCTB HAHOMATEPUAIOB
JUI SHEPTETHKH, a TAK)KE UCCIIeI0BaHUN U pa3pabOTOK 10 BHIOPAaHHOMY HAalPaBJICHUIO JESTEIbHOCTH;

- IpuoOpeTeHNe HaBbIKOB TPUMEHEHHS 0a30BbIX 3HAHHI B 00JIACTH HAHOTEXHOJIOTHI U
HaHOMAaTEPHAJIOB K BHIMOJIHEHUIO KOHKPETHBIX Hay4HO-TEXHOJIOIMYECKHX paboT 1o npodeccuw;

- U3y4EHUE METO/I0B MOJICJIMPOBAHUS U PacueTa IPOLECCOB B CUCTEMAX MPeo0pa3oBaHUs SHEPrHU
C IPUMEHEHUEM HAHOTEXHOJIOTUH U HAHOMATEPHAJIOB.

CDOpMI/IpyeMLIC y o6yqafomeroc>1 KOMIICTCHIMHU U 3allJTAaHUPOBAHHLIC PE3yJibTaTbl Oﬁy‘IEHHﬂ 10
JUCHUIITIMHE, COOTHCCCHHBIC C HHANKATOPAMHU JOCTUKCHUA KOMIIeTEeHIIMIi:

Koa n HanmMeHoBaHue
KOMIIeTeHIINH

Koa u HamMeHOBaHHe
HHIMKATOPA T0CTHKEHHS
KOMIIETEeHIIUH

3amiaHNpPOBaHHbIE Pe3yJbTAThI 00yUeHHus

[1K-2 Criocob6eH npruMeHSTh
pacyeTHO-TEOPETUUECKHUE U
JKCIIEPUMEHTANIbHBIC
METO/Ibl UCCIIEI0OBAHUS
AIEKTPOMArHUTHBIX U
TeI0(QU3NUECKUX
IIPOLIECCOB B
HU3KOPa3MEepHbIX
YCTPOMCTBAX U MaTepHaliax

N/1-1nk-2 Bnageer ocHOBHBIMU

METOAaMU U I1OAXO0AaMu,

MMPUMCHACMBIMU ITPH aHAJIU3EC

paboThl HAHOPA3MEPHBIX
CHCTEM

3HATh!
- METO/IbI OIIPEeNICHUs TapaMeTPOB
paboThI SHEPreTUYECKOro 000PYAOBaHMS;
- TEXHOJIOTUH YIPABJIEHUS CBOMCTBAMHU
MaTepuajoB HallPaBJIEHHBIM U3MEHEHUEM
UX CTPYKTYpBI JUIsl pellieHus 3a/1a4
CO3aHMSI HOBBIX KOHCTPYKIIMOHHBIX
MaTEPUAJIOB JUIsl YCTPOMCTB,
000py/I0BaHUs U alnapaToB B SHEPTETUKE
Y DHEPreTUYECKOM MAIIMHOCTPOCHHUH.

YMETh:
- OHpeHeJ'IfITI) HepCHGKTI/IBHBIe
HAIPaBIIEHUs UCCIIEIOBAHUM U Pa3pabOTOK
B 0071aCTH HAHOTEXHOJIOTHI 1
HAHOMAaTEPHAaJIOB MPUMEHHUTENBHO K
SHEPreTHKE, pa3padaThIiBaTh MPAKTUICCKUE
PEKOMEH 1Al TI0 UCTIOIF30BaHUIO
pE3yJIbTAaTOB HAYYHBIX MCCIICTOBAHUH.

IIK-3 T"'oToB
CaMOCTOSTEIbHO
ONPEAEIIATh HAPABJIEHUE U
XapakTep NPOBOIUMBIX
WCCIIEIOBAHUM, YUUTHIBATh
COBpPEMEHHBIE TEHCHIINU
pa3BUTHSI HAHOPA3MEPHBIX
CUCTEM U YCTPOMICTB

N I-3nk-3 Criocoben
MPOBOIUTH KOMILJICKCHBIN
aHaJIM3 HAaHOPa3MEPHBIX

CHUCTEM U YCTpOﬁCTB KakK 4aCTu

SHEPreTUYECKON CUCTEMBI

3HaThb.

- COBPEMCHHBIC TOCTUXXCHUS HAYKH U
TEXHHMKH B 00JIaCTH (1JYHKI_[I/IOH3.JIBHLIX
HAaHOMATCPUAJIOB JJIsI SOHEPICTUKU.

YMETB:
- IPOBOAUTH OLICHKY ITapaMeTPOB U pacyeT

3¢ (HEeKTUBHOCTH HAHOPA3MEPHBIX CUCTEM U
YCTPOMCTB KaK 4acTH IHEPreTHUECKON
CUCTEMBI.




2. MECTO JJUCHUILJIMHBI B CTPYKTYPE OBPA3OBATEJILHOM NPOT'PAMMBI BO

JucuumirHa OTHOCHTCS K OCHOBHOM Ipo(eCCHOHAIbHOW 00pa3oBaTeNbHONl Iporpamme
Hanorexnonorun u HanoMmatepuaisl B sHepretuke (ganee — OIIOIT), nanpasnenust moarorosku 14.04.01
SnepHas sHepreTHKa U Temio(u3rka, ypoBeHb 00pa3oBaHus: BbICIIEE 00pa30BaHKE - MarucTparypa.

TpeOGoBaHMsI K BXOAHBIM 3HAHUSM U YMEHUSIM:

- 3HaTh Pusnka (od1ras)

- 3HaTh TepMoauHaMuKa

- 3HaTh Teopus TEIUIO- U MacCOOOMEHa

- 3HaTh PU3KKA TBEPAOIO TENIA

- 3HaTh OU3HKO-XMMHUSI HAHOYACTHUL 1 HAHOMATEPUaIoB
- 3HaTh DJIEMEHTHI U TPUOOPHI HAHOTEXHOJIOTUU

Pe3ynbpTarsl 00y4eHus, MoJIy4yeHHbIE TP OCBOEHUH JUCLUIUIMHBL, HEOOXOIUMBI IIPU BBIIOJIHEHUU
BBIIYCKHOM KBaJU(UKALMOHHON PabOTBHI.



3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

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

Pasesb1/TeMbl § 5| e ™ S
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHAA paboTa cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip A cemectpe | ATTECTALMH
o KITP 'K HKKIT | TK p /KOHTPOIH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 DHeprus 1 YHepPreTuKa 4 3 2 - - - - - - - 2 - Camocmoamenvnoe uzyuenue
— OCHOBA COBPEMEHHOM meopemuueckozo mamepuana: N3ydenne
u Oynynei JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
LMBWIA3ALUU "DHeprus U YHEPreTHKa — OCHOBA COBPEMEHHOM
11 OHeprus u 3HepreTuka 4 2 - - - - - - - 2 - n Oynymei nuBuiIn3aniu'
— OCHOBA COBPEMEHHOM H3yuenue mamepuanog 1umepamypHsix
u Oynyueit UCIOYHUKOG:
[MBUITH3ALHN [1], 4-8
[2], 6-10
[3], 18-39
2 HayuHo-TexHIUuecKue 14 4 - 2 - - - - - 8 - CamocmosamensbHoe usyuenue
ACTICKTHI meopemuyueckozo mamepuana: Vzyaenne
TpaauIOHHON JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
SHEPreTUKU U "HayuHO-TeXHUUYECKHE aCNeKThl TPAJAUILMOHHON
OCHOBHBIE ITPOOJIEMBI. SHEPreTUKU U OCHOBHBIE NpoOiieMbl. TeruioBas
TeruioBast sHEpreTUKa. sHepreTuka. [ maposnepreTuxa. AToMHas
I'unposHepreTuxa. 9HepreTuka"
ATOMHas SHEpreTHkKa H3zyuenue mamepuanog 1umepamypHsix
2.1 Texnonorun 4 1 - 1 - - - - - 2 - UCHOYHUKOG:
TETUIOPHEPIETUKHU [1], 9-24
2.2 I'maposnepreTuka 6 2 - - - - - - - 4 - [2], 6-10
2.3 ATOMHas SHEpreTHKa. 4 1 - 1 - - - - - 2 - [7], 18-39, 54-88
Cxema paboTHI
o00opynoBaHue
ATOMHBIX
9JIEKTPOCTAHLIUN
3 TexHonoruu 18 8 - 2 - - - - - 8 - Camocmoamenvroe usyyenue
HETpaJIMOHHOMN meopemuueckozo mamepuana: Vsyaenue
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9HEPreTHKH. JIOTIOJTHUTEIBHOTO MaTepHaia o paszierny
Bo3zoOHoBnsIeMBIE "TexXHOIOT MU HETPAIUIIMOHHON SHEPTETHKH.
WCTOYHUKHU SHEPTUH. Bo300HOBNIsIEMbIE HICTOYHUKHY SHEPTUH.
ComHeuHast ConHedHas HepreTHKa. BeTposHepreTuka.
JHEpPreTHKa. ['eoTepmanbHast SDHEPTeTHKA.
Berposnepreruka. BuosnepreTndeckue ycraHOBKH'"
I'eoTepmainbHast H3yuenue mamepuanos numepamypHsix
JHEpPreTHKa. UCIMOYHUKOG:
BrosHepreTnueckme [1], 25-75
YCTaHOBKH [3], 22-49
3.1 | CoxnHeuHast DHepreTHUKa 3 1 1 [4], 72-82
3.2 BeTposHepreruka 2 1 1 [8], 37-79
3.3 I'eoTepmainbHas 2 1 1
SHEpreTuKa
34 buosnepreruueckue 2 1 1
YCTaHOBKH
3.5 TonIMBHBIE 2JIEMEHTHI 2 1 1
3.6 Bopoponnas 2 1 1
SHEpreTuKa
3.7 SnepHas ’HepreTHKa 3 1 1
3.8 AKKyMyJTHpOBaHHE 2 1 1
3IEKTPUUYECKOMH
JHEPTUH
4 OCHOBHI 10 2 8 CamocmosamenbHoe usyuenue
HAaHODHEPTETUKH. meopemuueckozo mamepuana: Vzyuenue
[TpocTpaHCTBEHHBIE U JOTIOJTHATEIEHOTO MaTepHalia 1o pasueiy
BPEMEHHBIC MaCIITA0bI "OcHOBBI HaHO9HEpreTHKH. [IpocTpaHCTBEHHBIC
SIBJICHHH U ITPOLIECCOB Y BpeMEHHBIE MacIITa0bl SIBJICHUN 1
4.1 OCHOBHI 5 1 4 npoueccos”
HaHODHEPTeTUKH H3yuenue mamepuanog 1umepamypHsix
4.2 [IpocTpaHcTBEeHHBIE U 5 1 4 UCHOYHUKOB:
BPEMEHHBIC MACIITA0bI [1], 76-97
SIBJIEHHI ¥ [IPOLIECCOB. [5], 76-97
5 Hanomatepuans! ais 10 4 4 Camocmoamensroe usyuenue

ATOMHOU 3HEPIeTUKHU:
JUISL DJIEMEHTOB
SICPHBIX PEaKTOPOB,
HAaHOJATYHKH,
HaHO(MIBTPBI

meopemuuecko20 mamepuana: zyuenue
JIOMOJTHUTENBHOTO MaTepHaia o paszieiny
"HanomaTepuaisl A1l aTOMHOM YHEPTETHKH:
JUTSA DJIEMEHTOB SIJIEPHBIX PEaKTOPOB,
HAHOJIATYMKH, HAHO(DHILTPHI"




5.1 Hanomatepuans! ais 10 H3yuenue mamepuanog 1umepamypHsix
ATOMHOM SHEPTreTHKH UCIOYHUKOB:
[6], 398-411
[7], 398-411
6 Hanotexnonoruu ans 14 CamocmoamensHnoe usyuenue
CHCTEM XPaHCHHS meopemuyueckoz0 mamepuana: VIzyaeane
JIEKTPOIHEPTUH. JIOTOTHUTENBHOTO MaTepHaia o pa3zieiny
CymnepKoHICHCATOPEI U "HaHOTEXHOIOTUH AJISl CHCTEM XPaHEHHS
HaHOTPYOKH. anexTpo’aeprun. CynepKoHICHCATOPHI ’
DIEeKTPOXUMUIECKHE HaHOTPYOKH. DIEKTPOXUMUIECKHE
KOHACHCATOPhI 1 KOHACHCATOPbI U JIMTUHA-UOHHBIE GaTapeI/I Ha
JUTUA-UOHHBIE OaTapen OCHOBE HaHOIIPOBOJIOK"
Ha OCHOBE H3yuenue mamepuanog 1umepamypnolx
HAHOINPOBOJIOK UCIOYHUKOB:
6.1 HanotexHosoruu st 14 [1], 98-119
CHCTEM XpaHCHHUsI [3], 367-448
AJIEKTPOIHEPTHH.
CyTnepKoHICHCATOPHI U
HaHOTPYOKH.
DNeKTPOXMMHUYECKHE
KOHJICHCATOpHI 1
JIUTUH-NOHHEIE OaTapen
Ha OCHOBE
HAHOIIPOBOJIOK
7 HanoTtexHonoruu ais 12 Camocmoamenvroe usyueHue
BOJIOPO/IHOM meopemuyeckozo mamepuana: 1zyuenue
DHEPreTUKH JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
7.1 | Hanoxpuctamindeckue 6 "HaHOTeXHOJIOTHH AJIS BOJOPOIAHOM
WM HAHOMAacCIITaOHbIe SHEepPreTHKu"
METaJIOTUAPHIBI H3yuenue mamepuanog 1umepamypnbix
7.2 Hanomarepuassl [uist 6 UCIOYHUKOB:
XpaHeHHs BOJ0poia [1], 120-144
8 Hanomarepuans! amns 8 Camocmoamenvhnoe uzyuenue
COBEPIIEHCTBO-BAaHHMS meopemuueckozo mamepuana: Vsydaenue
TEXHOJIOTUH JIOTIOJTHUTENBHOTO MaTepHaia o pas3zierny
TOIUIUBHBIX U "Hanomarepuabl 1J1si COBEPILICHCTBO-BAHUS
KOHCTPYKIIMOHHBIX TEXHOJIOTUH TOIUIUBHBIX M KOHCTPYKIIMOHHBIX
2JIEMEHTOB 3J7€MEHTOB"
8.1 Hanomarepuaisl uist 8 H3yuenue mamepuanos numepamypHsix
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COBCPUICHCTBO-BaHUA

UCHOUYHUKO6:

TEXHOJIOTHH [1], 157-186
TOIUIUBHBIX U [5], 89-111
KOHCTPYKIMOHHBIX
JIEMEHTOB
9 Hanomatepuansr s 9 1 - 2 - 6 - CamocmoamensHoe usyuenue
COJIHEYHOU U BETPOBOIL meopemuueckozo mamepuana: zyuenue
9HEPIeTUKU JIOTIOTHUTENBHOTO MaTepHaia o pa3zieiny
9.1 HanomaTepuansr s 9 1 - 2 - 6 - "HanomaTepuansl AJ1sl COTHEYHON W BETPOBOH
COJIHEYHOU U BETPOBOIL SHEpreTUKu"
9HEPTETUKU H3yuenue mamepuanog iumepamypnolx
UCIOYHUKOB:
[1], 192-234
[3], 243-303
10 HanoTtexHomoruu s 9 1 - 2 - 6 - Iloozomosexa pedhepama: VzyucHue
cHCTEM JIOTIOJTHUTEJIBHOTO MaTepHaia o paszieny
TpaHcdopManuu u "HanotexHosoruu uisi cucteM TpaHcdopmanuu
niepeiady SHEPTUH. u niepepaqn 3uepruu. [Ipodremsr
[Ipob6memsr SHeprocOepexeHns 1 YHEProdPPeKTHBHOCTH".
9HEProcOEepeKEeHUS U B pamkax pedepaTHBHON YacTu CTYyJEHTY
9HEepProdPPeKTHBHOCTH HEOOXOIUM MPOBECTH 0030p JIUTEPATyPHBIX
10.1 Hanorexuomornu mis 9 1 - 2 - 6 - HCTOYHHKOB TI0 BRIOPAHHOH TeMe, KOMILICKCHO
cHCTeM OCBETHTb BOIIPOC B COOTBETCTBHH C TEMO
TpanchopMmaIu u pedepata, HOATOTOBUTH MPE3CHTALIUIO IS
repeiauu SHEPrUH. BBICTYIUICHHUS 110 pe3yJibTaTaM paboThl Ha
[Tpobemsr CEMHHAPCKOM 3aHITHU.
aHeprocOepexeHus 1 H3yuenue mamepuanog 1umepamypHbix
9HEPro3PPeKTUBHOCTH UCMOYHUKOB:
[1], 235-251
[4], 74-92
OKk3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemecTp 144.0 32 - 16 0.5 60 335
Hroro 3a cemecTp 144.0 32 - 16 2 - 0.5 93.5

IIpumeuanue: Jlex — nexiuu; JIab — nabopatopusie padotsl; [1p — npaktuyeckue 3ausatust; KIIP — ayautopHble KOHCYAbTAIMU 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauButyanbHble KOHCYIBTALUH 110 KypCOBBIM IpoekTam/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK O pa3ienaM
mucturuael; CP — camocrosarensHas padorta cryaenTa; MKP — nnas konraktHas padota; TK — Texymmii koHTpoib; [TA — mpomexyTouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Duepzus u snepeemuxa — 0cHoga coepementon u 6yoyuen yusuiuzayuy

1.1. DHeprus u 3HEpreTUKa — OCHOBA COBPEMEHHOM M OyayIel 1TUBHIIN3AIITN

OcnoBuble nonsatusi. Llenn suepreruku. I'moGanpHble TpoOieMbl yenoBeuecTBa B XXI Beke.
DIIEKTPOIHEPIreTUKA B COBPEMEHHOM YKOHOMHKE.. DHEPreTUKa U 3JEKTPOTCHEPUPYIOIINE CTAaHLIUU:
CTPYKTYpa ¥ BHJbl. DHEPreTUYECKHE TEXHOJIOTUH U AOCTIDKEHHs.. PecypcHas 0a3a SHEpreTHKH.
CoBpemMeHHbIE ~ JHepreTudyeckue  TexHoJgoruu.  OcoOEHHOCTH  DJIEKTPOIHEPIeTUKU U
AJIEKTPO3HEPTUU. . DNEKTPOIHEPrETUUECKUE CUCTEMBI. DNEeKTpOIHEPreTUKA Poccun.
DHEpProeMKOCTh BaJIOBOI'O BHYTPEHHETO MPOAYKTa U YPOBEHb KU3HHU. DKOJOTMYECKHE ACIIEKThI
OHEPrETUKM. .

2. Hayuno-mexnuueckue acnexmol mpaduuuormoﬁ JHepzemuKu U OCHO6Hble npoéfzesz.
Tennosas snepeemuKxa. FMODOSH@DZ@WIMKCI. Amomnas suepeemuxa

2.1. TexHOIOTUM TEIJI0IHEPTEeTUKHU

Tunbl TErOBBIX 3yeKTpocTaHuuid. OOIee MpeACTaBICHHE O TEIUIOBOM 3JIEKTPOCTAHIIHH..
TexHonoruss mpeoOpazoBaHUS XUMHUYECKOH HHEPrHUH MPUPOTHBIX TOIUIUB B 3JIEKTPOIHEPTHIO.
OHepreTuyeckoe TOIUIMBO (BUABI) U ero cxuranue.. CoBpeMeHHOEe 000pylOoBaHUE
TeruiosHepreTHku. [nannpoBanue TerocHabKeHus: TopoJoB. TeXHUUECKUH YPOBEHb, COCTOSHUE U
NEPCIEKTHBHI TEII0PHEepreTuku Poccum..

2.2. I'maposHepreTrka

Tumnbel THAPOIHEPrEeTUYECKUX YCTAaHOBOK. (CXEMBbl UCIOJNB30BAHUS BOJHOW  SHEPTHH..
Oueprerudeckoe obopyaosanue ['9C. Momnocts 'DC 1 BbIpaboTKa HEPTUU. DHEPTUs MOPCKUX
BOJIH Y MIPUJTUBOB..

2.3. AtomHas sHepreTtuka. Cxema paboThl U 000pyT0BaHHE ATOMHBIX 3JIEKTPOCTAHINHA

Cxema paboTel U 000py/lOBaHME ATOMHBIX ANMEKTpOCTaHUUN. CTpaTernyeckue MpPOTHO3bI IO
HAHOTEXHOJIOTUSM M HaHONpPOAYKTaM. HalmoHanbHbIE NpOrpamMmbl pa3BUTHs HAaHOUHIYCTPHH..
Ponp HaHOTEXHONOTMI B COBEPUICHCTBOBAHWHM BOCHHOW W T'PaXKJIaHCKOW IPOMBIIIJICHHOCTH.
[Tepeuens kputHueckux TexHosoruit Poccuiickoit denepaunu. KmtoueBble nmpoOneMbl pa3BUTHS
HaHOTEXHOJOrui B Poccun.. MI3MeHeHHe CTPYKTyphl BaJOBOTO BHYTPEHHETO IIPOJIYKTAa B CTOPOHY
YBEJIMUEHUSI HAyKOEMKOW mpoayKuuu. ['ocynapcTBEeHHblE W YacTHBIE WHBECTHLMM B
HaHOTEXHOJIOTHH..

3. Texnonocuu Hempaduuuonnod IHepzemuKu. Boszobrosnsemvle ucmouynuxu JHep2UU.
Conneunas SHepeemuKa. Bempoauepeemuica. FeomepMaﬂbHaﬂ JHepeemuKa. EMOSHQDZ@WIUU@CKMQ

YCMAaHO6KU

3.1. ConneuHas sHEpreTHKa

CostHeuHbIe KOJUIEKTOPHI U CHCTEMBI TerlocHa0xeHus. KOHIeHTpaTopbl CONMHEYHON SHEPTHH. .
@DOTORIEKTPUUECKHE CHUCTEMBl W YCTaHOBKU. MaTepuanbl Al COMHEYHBIX (POTOIIEKTPHUUECKUX
YCTaHOBOK..

3.2. BerpoaHepreTuka
Berpoanepreruka. [Ipunuun aeiictsus. Pa3nnuHble THUIIBI BETPOIHEPTETUUECKNUX YCTAHOBOK. .

3.3. 'eoTepmasibHas SJHEPrETUKA



Onenka pecypcoB. Cxema reotepMaibHOro pesepyapa. [IpuHIun neiicTBusi reorepMalibHbBIX
YCTQHOBOK..

3.4. buosHepreTuecKUe yCTaHOBKU
buosneprernyeckne ycraHoBkU. Buasl Onororumsa. [Tonydenune 6nonusens u 6nostaHona. .

3.5. TOIUTMBHBIE DIIEMEHTHI
TommuBHbIe 37eMeHTB. (Cxema yCTpoWcTBa H  Iporecchl npeoOpasoBanus. OOnactu
MPUMEHEHUS TOTUTUBHBIX 3JIEMEHTOB..

3.6. BonopoaHas sHepreTuka
[Tonydyenue BOopoJa. XpaHEHHE M TPAHCHOPTUPOBKA BOJAOPOJa.. BomopomHas 3KOHOMHKA.
Opranuzanus uHGPacTpyKTYPHL..

3.7. SlnepHas 3HepreTuka
SAnepnas osHepretuka. OCHOBHbIE HOHATHUS.. TepMOSAECpPHBIH CHUHTE3: TEXHOJOTHH,
0COOEHHOCTH, MTPEUMYIIECTBA, IIPOOIEMBI U TIEPCIICKTHBHI..

3.8. AKKyMyJIMpOBaHHE 3JIEKTPUUECKON SHEPTUU

I'mppoakkymynupoBaHHe. AKKyMyJIHpOBaHUE c IIOMOIIBIO CXKaToro BO3/yXa..
DNEKTPOXUMHUYECKHE aKKyMYJsTOpHbIe OaTtapeu. llepcriekThBa — WHTEIIEKTyallbHBIE CETH IJIA
SHEPreTUKU.. AJbTepHaTUBHasl HSHeEpreTHka. HexkoTopple HOBbIE SHEPreTHHECKHE TEXHOJIOTHU.
CBepXmIpoBOASIINE HHIYKIIMOHHBIE HAKOIIUTEIHN SHEPTUU B CTPYKTYpe OyayIiei SHEpreTHKHY. .

4. Ocnosuvl Hanoduepeemukxu. IIpocmparncmeerHble U 8PEMEHHbLE MmacuimaObl A6AEHUN U
npoyeccos

4.1. OCHOBBI HAHOPHEPTETUKHU
bazoBsle npeacraBienns. HanomacmraOsl 1718 cienyroeii SHepreTHyeckon peBOIIOLIUHY. .

4.2. IlpocTpaHCTBEHHBIE U BPEMEHHbIE MACIITAObI IBJIEHUH U IPOLIECCOB.
TexHonMOrMuecKkue 0COOEH-HOCTH HAHOCTPYKTYPHUPOBAaHHBIX MAaTepHajoB. DHEPreTHuecKue
HAaHOTEXHOJIOTUH: 001U 0030p..

5. Hanomamepuansl 015 amomHOU 3Hep2emuKy.: 0Jis 31eMeHmo8 10ePHbLX DeaKimopos,
HAHOO0AmMYuUKU, HAHOPUILMPLL

5.1. Hanomarepuassl 17151 aTOMHOM dHEPreTUKN

IIppuMeHeHre HaHOMATEPHAJIOB B TEIUIOBBIACISIIOIINX W HEUTPOHONOIJIOUIAOIINX 3JIEMEHTaX
AJIEPHBIX PEAKTOPOB: TEXHOJIOIMYECKHUE BO3MOKHOCTH. HaHOIaTymku JUisi OXpaHbl OKPY>KAIOILLEH
cpelbl.. MOHUTOPUHI TEXHOJIOTMYECKUX MpOLEAYyp UIs YIpaBICHHUS KaueCTBOM COOpPKH U
HKCIUTyaTallH AAepHBIX cucTeM. HaHohmibTpbl 1 MeMOpaHbl U1 pa3ieaeHus Cpe/..

6. Hanomexnonoauu s cucmem XPAHEHUA 3JIEKMPOoIHepsUuu. Cynepkom)eHcamopbz u
HCZHOI’}’ZDV6KM. Anexmpoxumuieckue KOHaeHCClmODbl U TUMUL-UOHHbBLE 6amapeu HA OCHoese

HAHONPOBOJIOK
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6.1. HanoTtexHosoruu A1l CUCTEM XpaHEHUs MIEKTpo3Heprun. CynepKoHAEHCATOPhI U
HaHOTPYOKH. DIEKTPOXUMHUYECKHE KOHIEHCATOPBI U JINTUI-MOHHBIE OaTapen Ha OCHOBE

HaHOIIPOBOJIOK
CucreMbl  XpaHeHMsI ~ OJJEKTpUUECKOM  sHepruu  (koHaeHcatopbl).  OObIUHBIE U
AIIEKTPOJINTUYECKHE KOHJICHCATOPBI.. DIEKTPOXUMHUYECKUE CYNEPKOH/IEHCATOPBI.

DJIEKTPOXUMUYECKHE KOHJIEHCATOPbl HAa OCHOBE HAaHOTEeXHOJIOrMi. CynepKOHAEHCATOPhl H
HAaHOTPYOKH.. DIJIEKTPOXMMUYECKHE KOHJIEHCATOPhl W JIMTHH-MOHHBIE Oarapen Ha OCHOBE
HAHOMPOBOJOK.  MynbTU(YHKIMOHANbHAS ~ apXUTEKTypa  JHUTHUH-UOHHBIX  OaTapeit u
KOHJIEHCATOPOB..

7. Hanomexuonoz2uu 015 6000p0OHOU DHEep2emuKy

7.1. HanOKpHCTaIIINYECKUE U HAaHOMACIITaOHbIE METAJUIOTUAPHUIBI

Mexanu3msbl rTuapupoBanus. TepMoJuMHAMUKA peakLuy, TOBEPXHOCTHAS 3HEPTHsl, XMMHUYECKast
necrabunu3anys. BiusHue MOBEpXHOCTH Ha TEIUIOTY (OpMHUpOBaHMA.. M30BITOK SHTANBIUH U
HanpsDKeHUE Ha TpaHuLax 3epeH. BiusHue npoueccoB pekpucramnzanuy. KuneTnka npoueccos B
HaHOCTpYyKTypax/. [loBepxHOCTHAs nucconmanus, JuQy3us U 3apobIIIi HOBOH ¢a3bel. EMKoCTh
xpaHeHus. TeroBoe yrpasiieHUe PU MMIPUPOBAHUY U JETHAPHUPOBAHUM. .

7.2. Hanomatepuansl 111 XpaHSHHs BOJOPOIa
VYriiepoaHble HAHOCTPYKTYphL. MeTaymuiooprannyeckue Kapkachl.. CI0KHbIE METAIUIOTHAPUIBL U
JIpYTUe CTPYKTYPbI. DJIEKTPOJIbI C Pa3BUTOM MOBEPXHOCTHIO HA OCHOBE TPEKOBBIX MEMOPAH..

8. Haﬂomamepuaﬂbl ons COBEPULEHCNIBO-BARUA MEXHOI02UU MONJTIUBHbIX U KOHCIMPYKUUOHHbLIX
ANeMERMOB

8.1. Hanomarepuassbl Jis1 COBEPILIEHCTBO-BAHUS TEXHOJIOTUHU TOIUIMBHBIX M KOHCTPYKLIMOHHBIX
AJIEMEHTOB

OcHoBHbIE TPOOIEMBI COBEPILIEHCTBOBAHUS TOIUIMBHBIX 3lieMeHTOB. [lapameTpsl MeMOpaHHOTO
MEepeHoca B TOIUIMBHBIX JJIEMEHTax.. KaTaluTuyeckue peakuud ¢ HAaHOKOMIIOHEHTHI.
HanokaTtanu3zatopsl ¥ HaHOMaTepuaibl JJs JJIEKTpoAoB. VoHompoBoaspe MeMOpaHBI..
Ontummzanusa mapamMeTpoB TO ¢ MOMOIIBI0 HAHOTEXHOJIOTHH. MUHHATIOpU3alus TOITUBHBIX
AJIEMEHTOB JUIS CHELUAIIBHBIX ITPUIIOKEHUM. .

9. Hanomamepuainol O/ COJIHEYHOU U 8emMpOoBOlU IHEP2eMUKU

9.1. HanomarepuaJbl 17151 COJTHEYHOM M BETPOBOM YHEPIETUKHU

[ToBbimeHne >QQPEKTUBHOCTH NPeoOpa3oBaHUs BHIMMOIO CHEKTpa B 3JIEKTPOIHEPIHIO..
Hanomarepuans! 111 (oToBOIBTaMYECKUX 37eMeHTOB. KackaiHble (OTO37IEMEHTHI.. Y BEINYEHNE
(b (PEKTUBHOCTH COJIHEUHBIX OaTrapell Ha OCHOBE IPOIIECCOB HAKOIUICHHMsS] M JHEPromnepeHoca B
HEOpPraHMYECKUX U OpraHMYecKMX MaTepuajaX C HaHOCJIOEBOM U KiacTepHO-(ppakTaabHON
CTPYKTypoil.. ~HOBBIE  MOKpBITMS 11 JIONMACTEH  BETPODIEKTPOCTAHUMU.  YIIyYIICHHE
a’POAMHAMUYECKUX XaPAKTEPUCTHK. .

10. Hanomexnono2uu 0as cucmem mpchcbopMauuu u nepe()aqu JHepzUuU. HD06/Z€Mbl
oHepeochbepedicerus u 3H€D203d)¢€7<m1467—100m14

10.1. HanorexHomnoruu ajs cucteM Tpanchopmanuu u nepenauu sHepruu. [Ipodiaemsl
sHeprocOepexeHns u 3HeprodhHeKTHBHOCTH

[lepenoc u pacmpeneneHue SHepruu. BrolcokompoBonslIMe HAHOCTPYKTYPHUPOBAHHBIE
CBEpXIIDOYHBIE  MaTepualbl U1 JIMHUM  3JeKTponepenad.. MexaHMYecKHe  CBOWCTBA
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HAaHOMATEpHAJIOB JUIsl AJIEKTPO3HEpreTuku. HaHokpucTanamueckue MarHUTOTBEP/bIE MaTepHalIbl
JUISL DJIEKTPOMArHUTHBIX cucTeM.. HaHOCTpykTypHblE Marepuansl M CIjiaBbl. Marepuansl IS

MarucTpaibHbIX  TpyOompoBoaoB..  Hanorepmosnekrpuueckne  marepuansl.  [IpoGiemsl
sHeprocOepexkeHusi..  CBETOAMOABI  HA  OCHOBE  HaHOTexHojorui.  HaHocTpykTypHbIE
CBEPXIPOBOHUKH Ui MOBBILLIEHUS SHEProdPpPeK-TUBHOCTH. Hanocencopsl IS

HHTEJUICKTYaJIbHOT'O U THOKOI0 YIIPpABJICHUA OHEPIOCETAMU..

3.3. TeMbl NPaKTHYECKUX 3aHATHH
1. Hanomarepuansl 1y1st potodnemenToB. Kackamaapie (hOTO3IEMEHTHI. Y BETHYCHHE
3¢ (HEKTUBHOCTH COTHEUHBIX OaTapeil Ha OCHOBE MPOIECCOB HAKOIUICHHS U DHEPTONIePeHOca B
HEOPraHMYeCKUX U OpraHMYeCKUX MaTepHuajax ¢ HAaHOCJIOEBOM U KacTepHO-(hpakTanbHON
CTPYKTYpPOH.;
2. KatanuTnueckue peakiuy 1 HAHOKOMITOHEHTBI TOIUIMBHBIX 371eMeHTOB (TD).
Hanokaranuszatropsl 1 HAaHOMaTepUabl sl AIEKTpo10B. MoHompoBoAsiue MeMOpaHsbl.
OnTtumuszanus napaMerpoB TO ¢ MOMOIIBIO HAHOTEXHOJIOTHH.
3. HaHOKpHCTAIIIMUECKUE UM HAaHOMACIITaOHbIE METAJUIOTUAPHUIBL.
4. DJIEKTPOXUMUYECKUE KOHJIEHCATOPBI HA OCHOBE HAHOTEXHOJIOTMH. CylIepKOHAEHCATOPbI U
HAHOTPYOKH. DIEKTPOXUMUYECKHE KOHICHCATOPHI U JINTUI-HOHHBIE OaTapen Ha OCHOBE
HaHOIIPOBOJIOK.;
5. HoBble maTepuaiibl 1 HaHOMATEepHUabl JJIs1 aTOMHOW SHEPIEeTHKHU. ;
6. AKKyMyJINpOBaHHE MIEKTPUUECKOU d3HEpruu. CBEpXIIPOBOAAIIAE HHAYKIIMOHHBIE
HAKOIUTEN SHEPTUH B CTPYKTYpe Oyylel SIHEPIeTUKM.;
7. TexHONIOrUK HETPaIULIMOHHON HEepreTUKH. Bo300HOBIIsIEMbIE HCTOUHUKHU 3HEPTHH.
Conneunas sHepretuka. Berposnepreruka. I'eorepmanbHast sHepreTiuka. buosneprernyeckue
ycTaHOBKH. HOBBIE DHEpreTUUECKHNE TEXHOJIOTHH.;
8. [Ipumenenue GpyHKIIMOHAIBHBIX HAHOMATEPHUAIOB B TPAIMIIMOHHOM YHepreTuke. Pemenne
HEKOTOPBIX MPpo0JIeM MaTepHaIOBEICHHUS C IOMOIIbIO HAHOTEXHOJIOTUI B THIPOIHEPIETHKE.
IIpuMepsl HOBBIX TEXHOJIOTHM IS TEIIIOBOW SHEPIE€THKM. .

3.4. Tembl 1a60paTOPHBIX PadoT
HE MPETyCMOTPEHO
3.5 KoncyabTauuu

FDVI’ZI’ZOSble KOHCYyIbmauuu no DCZS’OQJZCZM ducuunﬂuﬂbl (FR)

1. OO6cyxnaeHue MarepuajoB IO Keiicam pa3aena "DHeprus M HSHEPreTuka — OCHOBA
COBpPEMEHHOM u Oynymeil nuBuin3anuu"

2. OOcyxneHne MarepwajoB Mo Kelicam pazzmena "HaydHo-TeXHWYECKHE acCIeKTHI
TPaJULMOHHOM JHEPreTMKM M  OCHOBHble mpobOiembl. TeroBas  »HepreTuka.
I'unposnepreTuka. AToMHasi JHepreTuxa"

3. OOcyxneHue MaTepuaJioB MO Kedcam pasgena "TexXHOJOTMM  HETPaAUIIMOHHOM
OHCPICTUKU. Bo3o6HoBIsIEMBIE HCTOYHHUKU OHCPTIHUH. CosHeunas OHEPICTHUKA.
Berposnepretuka. ['eotrepmanbHas sHepreTuka. buosneprernyeckue yctaHOBKH"

4. OOcyxneHue MarepuaqoB 1o  Keiicam pazgena  "OCHOBBI ~ HaHOPHEPIETHUKH.
IIpocTpaHcTBEHHBIE M BpEMEHHBIE MacIITaObl SIBJICHUN U NTPOLIECCOB"

5. OOcyxnenue wMarepuajoB 10 KeWicam pasnena "Hanomartepuanbl mjis aTOMHOH
SHEPreTUKU: /IS 3JIEMEHTOB SJIEPHBIX PEaKTOPOB, HAHOJATUYUKH, HAHOPHIBTPHI"

6. OOcyxkIeHHe MaTepHajaoB IO Keiicam paszzgena "HaHOTEXHOJIOTHH ISl CUCTEM XpaHCHUS
anekTposHepruu.  CymepKoHJIEHCATOppl M HAHOTPYOKH.  DJIEKTPOXMMHYECKHE
KOHJICHCATOPbI U TUTHI-HOHHBIE OaTaper Ha OCHOBE HAHOMIPOBOJIOK"
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7. OOcyxneHHe MaTepualioB IO KeiicamM pas3aena "HaHOTEXHONOTHUU MAJisi BOAOPOTHOM
SHEepreTuku”

8. OOcyxneHue MaTepuajaoB IO Keiicam pazaena "HaHomarepwanbl Ui COBEPIICHCTBO-
BaHUS TEXHOJIOTUHU TOTUIMBHBIX U KOHCTPYKIIMOHHBIX 3JIEMEHTOB"

9. OO6cyxneHne marepuaioB Mo Kekcam pasznena "HanomaTtepuansl A CONHEYHOW H
BETPOBOM YHEPTETUKH"

10. OGcyxnenne wMaTtepuanoB IO Kedcam pasfena "HaHoTexHONOTMH UISL  CHUCTEM
TpaHchopMmalmu W Tepenadn  dHepruu.  lIpoOGieMbl  3HEpProcOepexeHus |
sHeprodddextuBHOCTH"

3.6 TemaTnka KypcoBbIX IPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ paboTa HE IPEayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB THCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

3arIaHUpPOBaHHBIC PE3YJbTAThl 00YUYCHUS
0 TUCIUTUINHE
(B COOTBETCTBHH C pazjaesioM 1)

Koarnl
WHJIUKAaTOPOB

Howmep paznena quciumiuas (B

COOTBETCTBUHM C 11.3.1)

1]2]

3/4[5]6]7]8]9]10

O1eHOYHOE CPEICTBO
(TN ¥ HAUMEHOBAaHUE)

3HATh:

TEXHOJIOTUH YIIPABIIEHUSI CBOMCTBAMHU
MaTepuaioB HAMPABICHHBIM U3MEHEHUEM
WX CTPYKTYpBI AJIsl pelieHus 3a1a4
CO3/1aHUsI HOBBIX KOHCTPYKIITMOHHBIX
MaTEepUajoB sl YCTPONCTB, 000y 10BaHUS
Y arapaToB B YHEPTeTUKE U
HHEPreTHYECKOM MAIIMHOCTPOCHHUH

W-1nk-2

KOJ'IJ'IOKBI/IYM/HaHOTCXHOJ'IOFI/II/I B HOBBIX
OHCPICTUUCCKHUX CUCTCMAax

METO/Ibl OIIPEICIICHNS [TapaMETPOB PadOTHI
HHEPreTUYECKOro 000pyA0BaHMS

N-1nk-2

Komnoksuym/Hanomarepuainst u
HAHOTEXHOJIOTUH JUISI CUCTEM M
obopymoBaHus TpaHchOpMAIMK U TIEpeadn
DJIEKTPHUYECKON YHEPTUU

COBPCMCHHBIC JOCTUKCHHUA HAYKH U
TEXHHKH B 00JIaCTH (I)YHKHI/IOHB.JIBHBIX
HAaHOMATCPHAJIOB JJIs1 SOHCPTCTUKU

N/1-3nk-3

Komnoksuym/MatepuanoBeaueckue
poOJIeMbI SHEPTeTUKH

YmMmeTh:

OTIpEIETISATH MEPCIEKTUBHBIE HAIPABICHUS
HCcCce0BaHui U pa3paboTOK B 00JaCTH
HAHOTEXHOJIOTUH U HAHOMATEPUAJIOB
MMPUMEHUTCIIBHO K OHCPI'CTUKCE,
pa3pabaThiBaTh MPAKTUYECKUE
PEKOMEH/IAINH TI0 UCITOJIE30BAHUIO
pE3yNbTaTOB HAYYHBIX UCCIIEIOBAHUN

NI-1nk-2

Pedepar/Hanosneprerrka

MPOBOJUTH OLICHKY MapaMeTPOB U pacyer
3¢ (HEeKTHBHOCTH HAHOPA3MEPHBIX CUCTEM U
YCTPOMCTB KaK 4aCTH YHEPTETUUECKOU
CHUCTEMBI

NI-3mx-3

KonnokBuym/OCHOBBI HAHOHEPTeTUKU
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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
3 cemecTp

®dopma peanuzanuu: buneTsl (MUCEMEHHBIN OTIPOC)
1. Hanomarepualibl 1 HAHOTEXHOJIOTHH JIJIsl CUCTEM U 000pyI0BaHUS TpaHChOpMaIluu U
nepenaun ekTpudeckoit snepruu (Komnoksuym)

Dopma peanuzanuu: [TucemenHas padora
1. Hanosnepreruka (Pedepar)

Dopma peanuzanuu: YcrHas popma
1. MarepuanoBeaueckue rnpobdsems! 3HepreTiku (Kommoksuym)
2. HanorexHosoruu B HOBbIX 3HepreTuueckux cucremax (Kosmnoksuym)
3. OcHoBbl HaHORHEpreTHKHU (KomiokBrym)

bamibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SBISETCS NPUIOKEHUEM A.

4.2 TIpoMe:KyTOYHASI ATTECTAIUSA MO AUCHUIJINHE

Oxzamen (Cemecmp Ne3)
HToroBasi olieHKa MO KypCy BBICTABJISICTCS Ha OCHOBE OIICHKH 32 IMPOMEXKYTOYHYIO aTTECTAIHIO.
Bo3moxeH cirydaii, Korga B CHIY 3HAYMTEIHHO OTIMYAIOMICHCS TEKyIIeH OIEHKA MOXET OBITh
IPUMEHEH MOBBIIIAOIIMA WM MTOHMKAOIINN KOAPPUITUSHT

B numiom BeICTaBIsIETCS OIICHKA 32 3 CEMECTP.

IIpumeuyanue: OLeHOYHBIE MAaTEpUAIbI 110 TUCIUITIIMHE IPUBECHBI B (DOH/IE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOJUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. Imutpues, A. C. BBenenue B HAaHOHEPIeTUKY : yueOHoe nmocobue no kypcam "IIpobiaems! u
NepCreKTUBbl HaHOAHEpreTuKu", "MU3nKoXrMUsa HaHOYACTHIl U HaHOMaTepHranoB", "TernnoBbie
npoliecchl B HAHOCTPYKTYpax ', Mo HarpaBieHHIo "SnepHas sHepreTuka u rerogpusuka',
npodumo "HanorexHnonoruu u Hanomatepuaisl 1y sHepretuku” / A. C. Imutpues, U. A.
MuxaitnoBa, Hau. uccnea. yu-t "MOHM" . — M. : Uznatensckuit tom MOU, 2011 . —320 c. - ISBN
978-5-383-00654-2 ;

2. bapanos, H. H. HerpanuiimonHble HCTOUHUKN M METOIbI IPE0OPa30BaHMs SHEPTHH : yueOHOe
nocoOue JyTsi By30B 110 HAMPaBICHUIO "DIIEKTpoIHEpreTuKa” criennaibHOCTH "HeTpaaunnoHHeie u
B0300HOBIsIeMble ncTouHukH sHeprun" / H. H. bapanos . — M. : U3narensckuit nom MOU, 2012 . —
384 c. - ISBN 978-5-383-00651-1 .

http://elib.mpei.ru/elib/view.php?id=4246;

3. ®opros, B. E. Duepreruka B coBpemennom mupe / B. E. ®opros, O. C. [Tonens . —
Honronpyausiii : Untennekt, 2011 . — 168 c. - ISBN 978-5-91559-095-2 ;

4. PpIHOK HaHO: OT HAHOTEXHOJIOTHH - K HaHompoaykTam / I'. JI. Azoes, u np. ; Pexn. I'. JI. AzoeB . —
M. : BUHOM. Jlabopartopust 3Hanwmii, 2011 . — 319 c¢. + CD-ROM . — (HanorexHnomnorumn) . - ISBN
978-5-9963-0421-9 ;
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5. I'yces, A. . Hanomatepuansl. Hanoctpykrypsl. Hanorexnonoruu / A. 1. I'yceB . — 2-e u3n.,
uctp . — M. : ®usmariut, 2009 . — 416 c. - ISBN 978-5-9221-0582-8 .;

6. Emcees, A. A. @yHKIMOHAIBHBIE HAHOMATEPUAIBI | yueOHOE MOCOOUe IS CTYACHTOB CTapIINX
KypcoB no crienuanbHocTd 020101 (011000) - Xumus / A. A. Enmucees, A. B. Jlykamun ; Pen. O.
. TperbsikoB . — M. : @usmatiurt, 2010 . — 456 c. - ISBN 978-5-9221-1120-1 ;

7. OCHOBBI COBPEMEHHOM SHEPIE€TUKU : B 2 T. : yU€OHMK JUIsl BY30B 10 HAaIIPABICHHIM
"TermmosHepreruka, "Dnexkrpornepreruka’, "Iuepromammuoctpoenue” / O6m. pex. E. B.
AmetncToB . — 5-e u3g., crep . — M. : U3marensckuit jom MOU, 2010 . - ISBN 978-5-383-00501-9

8. ®oproB B.E.- "Bo3o0OHoBIsIeMas sHepreTrka B coBpeMmeHHoM mupe"', Mznarenscto: "MOU",
Mocksa, 2019
https://www.studentlibrary.ru/book/ISBN9785383012710.html.

5.2 JIunieH3MO0HHOE ¥ CBOOOHO pacnpocTpaHsaeMoe MPOrpaMMHoOe odecrnedeHue:
1. Office / Poccutickuii makeT o(pUCHBIX MIPOTpamMM;
2. Windows / OnieparionHasl cuctema cemeicTna Linux.

5.3 NuTepHeT-pecypcsl, BKIOYaAs NpodeccuoHanbHbIe 0a3bl JAHHBIX H HHGOPMAIMOHHO-
CIIpaBOYHbIE CHCTEMbI:

1. 9BC Jlaus - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 0u0J1M0TeKa OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3JiekTpoHHasi Gubamoreka - https://elibrary.ru/

4. ba3a nannbix Web of Science - http://webofscience.com/

5. ba3za naunbix Scopus - http://www.scopus.com

6. HanmoHanbHas dj1eKTpOoHHas OudmoTeka - https://rusneb.ru/

7. dnexkrponnas 6udmorexka MOU (36 MIOMU) - http://elib.mpei.ru/login.php

8. ITopTan oTKpBITHIX AaHHBIX Poccuiickoii ®exepanuu - https://data.gov.ru

9. ba3a oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMAILHOI 3a1uThI PD -
https://rosmintrud.ru/opendata

10. Ba3a OTKPBITHIX JaHHBIX NPO(ecCHOHAIBHBIX CTAHAAPTOB MUHMCTEPCTBA TPYAA H
conuaabHoi 3aumThl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

11. ba3a oTKpBITHIX JaHHBIX MHHHCTEPCTBA IKOHOMUYECKOro pa3Butust P@ -
http://www.economy.gov.ru

12. Ba3a oTKpbITHIX 1aHHBIX PocuamonuTopunra - http://www.fedsfm.ru/opendata

13. DuexTpoHHast oTkpbITast 6a3a naHHbIX '"'Polpred.com O630p CMHU" -
https://www.polpred.com

14. HauuoHaILHBII NOPTAJ OHJIAIH 00y4ueHns «OTKpbITOE 06pa3oBanue» - https://openedu.ru
15. O¢puunanbHblii caiiT @egepajbHOrO areHTCTBA N0 TEXHUYECKOMY PeryJIMpoOBaHUIO U
MeTpoJiornu - http://protect.gost.ru/

16. OTkpbITas yHuBepcuTerckas nngpopmannonHas cucrema «POCCHUSI -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE JUCHUIIJIMHBI

Tun nomeneHus Homep ayauropun, OcHamenue
HAaUMCHOBAHHC
VY4eOHble ayAUTOpUH IS M-409/2, Ayautopust CTOJI ITPENOAABATEIIS, CTOJ, TOCKA
IIPOBEICHUS JICKIIUOHHBIX kag. "HT" MeJI0Basi, MyJIbTUMEIUIHBINA IPOEKTOP
3aHATHN U TEKYIIETO K-120, MammHHbIN 321 cepBep, KOHAULNOHED
KOHTPOJIA NBI{
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YueOHbIC ayAUTOPUH IS
MPOBEACHUS TPAKTUUYECKUX
saastuii, KP u KII

M-409/2, Aynutopus
kag. "HT"

CTOJI TIPENIOAABATEN, CTOJI, JOCKA
MeJI0Basi, MyJIbTUMEAUIHBIA IPOEKTOP

Y4eOHbIe ayAUTOPHH IS

M-425/1, YueOnas

CTOJ, Ta0OPATOPHBIN CTCHT

MPOBEJCHUS J1a0OPATOPHBIX naboparopust
3aHATUN TETUTO(PU3UKHI
HAHOCTPYKTYP
Y4eOHbIe ayAUTOPHH IS M-409/2, Ayauropust CTOJI MPEenoaaBaTeisi, CTOJ, JOCKa
MIPOBEJICHUS TPOMEKYTOUHOU kad. "HT" MeJI0Basl, MYJbTUMEIUUHBIA POECKTOP
aTTecTaluu 2K-120, MamuHHsIi 3a1 cepBep, KOHAULUOHED
NBI
ITomemenus s M-411/1, CTOJ, CTYJI, JOCKa MEJIOBasl,

CaMOCTOSITEILHOM pa6OTBI

KomnproTepHslii Kitacce

MYJIbTUMEIUNHBINA TPOEKTOP,
KOMITIBIOTEP NEPCOHAIBHBIN

ITomenienus mis
KOHCYJIbTUPOBAHUS

M-423/1, Ayautopust
kad. "HT"

CTYyJI, CTOJ MHUCHMEHHBIN

[Tomenienus st XpaHEHUs
o0opynoBaHus U y4eOHOTO
WHBEHTAps

M-407/1, Knamosas

CTCJUIAXK I XpaHCHUA WHBCHTAPA,
CTCJIJIAX IJI XpaHCHUA KHUT,
HHBCHTAPb CHGHI/IaHI/ISPIpOBaHHLIﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HpO6J'ICMI>I )41 TGHJ’IO(bI/ISI/I‘ICCKI/IG IMPOLCCChI B HAHOOHCPI'CTUKEC

(Ha3BaHME AUCIMILIMHBI)
3 cemecTp

IlepeyeHb KOHTPOJIbHBIX MEPONPUATHII TEKYIIIEr0 KOHTPOJS YCIIeBAeMOCTH 10 JTHCIUILIMHE:

KM-1 Marepuanoegueckue mpodiaemsl sHepreTrku (Kommoksuym)

KM-2 OcnoBbl HaHO9HepreTuku (Kommoksuym)

KM-3 HanHoTexHOJO0rHHM B HOBBIX SHepreTrueckux cucreMax (Komioksuym)

KM-4 Hanomatepuaibl 1 HAHOTEXHOJIOTHUH JJISl CUCTEM U 000pYAOBaHUs TpaHchopMaIiy 1 epeiadn
anexTpuyeckoit suepruu (Komioksuym)

KM-5 Hanosnepreruka (Pedepar)

Bujx npome:xyTo4HOI aTTecTanmu — JK3aMeH.

HNunexc KM- | KM- | KM- | KM- | KM-
Howep Paznen qucuumimHbl KM: L 2 3 4 >
paznena Henens 4 7 10 13 16
KM:
1 DHeprusi U YHEPreTuka — OCHOBA COBPEMEHHOMU U
Oynyiei HMBIIN3aINN
11 DHeprusi U YHEpreTuka — OCHOBa COBPEMEHHOMU U + +
) Oynyiei HMBIIN3aINN
HayuyHo-TexHHUY€eCKrE acTIeKThl TPAAULMOHHON
2 SHEPreTHKHU M OCHOBHBIE MpobemMbl. TemnoBas
sHepreTuka. [ maposHepretuka. ATOMHasi SHEPreTHKA
2.1 TexHOIOrnM TEeII0IHEPreTUKU +
2.2 I'mpposnepreTrka +
23 AtomHas sHepreTuka. Cxema paboThl U +
' 000py/I0BaHNE aTOMHBIX AJIEKTPOCTAHIIUN
TexHonOornM HETPAAUIMOHHON YHEPTETUKH.
3 Bozo6HoBnsieMble UCTOYHUKHY dHEprun. CoTHeuHas
sHepreTHka. Berposnepreruka. ['eorepmanbHas
SHEpreTrka. buosHepreTuueckue yCTaHOBKU
3.1 CoitHedHast SJHEPreTHKA + + + +
3.2 Berposuepreruka + + + +
3.3 ['eoTepmanbHast SHEpreTUKa + + + +
3.4 brosHepreTnueckne yCTaHOBKU + + + +
3.5 TomMBHBIEC P7IEMEHTHI + + + +
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3.6 Bonoponnas snepreruka + + + + +
3.7 SnepHas sHepreTuka + + + +
3.8 AKKYyMYJIUPOBAHUE AJIEKTPUUECKON IHEPTUN + + + +
4 OcHoBbl HaHOPHEpreTuku. [IpocTpancTBeHHBIE U
BpPEMEHHBIEC MACHITA0BI SIBJICHUH U IPOIIECCOB
4.1 OCHOBBI HAHOYHEPTCTUKHU +
492 [IpocTpaHcTBEHHBIE M BpEMEHHBIE MacIITa0bI +
' SIBJICHUU U MPOIIECCOB.
Hanomarepuains! [u1s1 aTOMHOM SHEPIreTUKU: JJIs
5 3JIEMEHTOB SIICPHBIX PEaKTOPOB, HAHOJATUYHKH,
HaHO(WIBTPHI
5.1 Hanomarepuains! [1u1s1 aTOMHOM SHEPTrEeTUKHU + + +
HanotexHonoruu ajsi cucteM XpaHEHUs
6 anekTpo3Hepruu. CynepKoHIEHCATOPhI U
HAHOTPYOKU. DICKTPOXUMHUECKHUE KOHICHCATOPHI U
JUTHH-NOHHBIE OaTaper Ha OCHOBE HAHOIPOBOJIOK
HanotexHonmoruu ajsi cucTeM XpaHEHUs
6.1 anekTpo3Heprun. CynepKoHIEHCATOPhI U + +
' HAHOTPYOKU. DICKTPOXUMHUECKHE KOHICHCATOPHI U
JUTHH-HMOHHBIE OaTaper Ha OCHOBE HAHOIPOBOJIOK
7 HanotexHonoruu ajst BOJIOPOAHON SHEPTETUKH
71 Hanokpucrannnyeckrue WiId HAaHOMAcCIITaOHbIe +
' METaJUIOTUAPHU BT
7.2 Hanomarepuansl A5 XpaHeHus: BOJOpoJa +
Hanomarepuaibl 17151 COBEpIIEHCTBO-BaHUS
8 TEXHOJIOTUH TOIIUBHBIX U KOHCTPYKIIMOHHBIX
HJIEMEHTOB
Hanomarepuaisl 1uisi COBEPILIEHCTBO-BAHMUS
8.1 TEXHOJIOTUH TOTUTUBHBIX U KOHCTPYKITMOHHBIX + +
DJIEMEHTOB
9 Hanomarepuans! 1uist COTHEYHOUM U BETPOBOM
DHEPreTHKU
91 Hanomarepuans! 1uist COTHEYHOUM U BETPOBOM + +
' DHEPTETHKHU
Hanorexnonoruu asns cucreM Tpanchopmanuu u
10 nepenaun sHeprun. [podiaemsl sHeprocoepexeHus u
9HEepProdHPeKTUBHOCTH
Hanorexnonoruu i cucteM TpaHchopMauu u
10.1 | mepemauu sueprun. [IpodireMsl SHEprocOepeIKeHUS U + +
sHeprodhGekTUBHOCTH
Bec KM, %: | 15 15 15 15 | 40
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