MuHHCTEpPCTBO HAYKH U BbIcLIero oopa3osanusi PO
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagienne noaroroBku/cnenuaibHocTh: 14.04.01 AnepHas 3HepreTuka u TemjaioQpu3nka
HaumeHnoBanune o6pa3zoBaTejbHOI nporpaMMbl: HaHOTeXHOJI0TMH H HAHOMAaTepH AJIbI B JHEPreTUKe
YpoBeHnb 00pa3oBaHusi: Bbiciee 00pa3oBaHMe - MarucTpaTypa

®opma o0yuenusi: Ounas

Pabouass nporpaMma QM CHUILIHHBI
TEIIJIOBBIE ITPOLHECCBHI B HAHOCTPYKTYPAX

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»

YacTb 00pa3oBaTeIbHOM

Yacrsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEHUIA
MPOrPaMMBblL:

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.03

2 cemecTp - 4,
3 cemectp - 4,
BCero - 8

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

Yacos (Bcero) no yueoHomy
MJIAHY:

288 yaca

2 cemecTp - 32 yaca;
Jlekuuu 3 cemectp - 32 yaca;
Bcero - 64 yaca

2 cemecTp - 32 yaca;
IIpakTnyeckue 3aHATHSA 3 cemecTp - 16 yacos;
Bcero - 48 yaca

JlaGopaTopHble padoThI He Mpe1yCMOTPeHO Y4eOHbIM IJIaHOM

2 cemecTp - 2 yaca;
KoncyabTanuu 3 cemecTp - 2 yaca;
Bcero - 4 yaca

2 cemecTp - 77,5 yaca;
CamocrosiTesibHasi padoTa 3 cemectp - 93,5 yaca;
Bcero - 171,0 uac

B TOM uncJje Ha KII/KP He NMpeyCMOTPeHO0 YUeOHbIM IVIAHOM

HNnas koHTakTHas padora NPOBOJMTCS B PAMKAX YACOB Ay AMTOPHbIX 3aHATHI
BKJIIOYAS:

KonTposabHnas padora

KoaokBuym

HpomemyTquaﬂ aTTrecrauud:

JK3amMeH 2 cemectp - 0,5 yaca;
JK3amMeH 3 cemectp - 0,5 yaca;
Bcero - 1,0 yac

Mocksa 2025



NPOI'PAMMY COCTABMUJI:

[IpenoaBarenn

MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»

Ceenennn o enagensue L3N M3K

Bnageney,

MakapoB .T.

WaentnuraTtop

R9a51899%a-MakarovPG-4f257daf|

IL1.T". MakapoB

COI'ZTACOBAHO:

PykoBoguTens
00pa30BaTEIbHON IPOrpaMMBbI

MognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3aU»

CseneHva o snagensuye L3N M3K

Bnageney,

MaKapoB I1.T.

WpenTuduratop

R9a51899%a-MakarovPG-4f257daf]

IL.I". MakapoB

3aBeyIOIIMI BBITYCKAIOIICH
kadenpoi

Mol ¢

MoanucaHo 3NeKTPOHHO| noagnuckio $TEOY BO «HUY «M3W»

CeeneHuna o enagensue L3N M3KU

Bnapeney

My3uHa KO.10.

WpeHTudukatop

Re86e9a56-Puzina-4d2acadl

10.10. Ily3uHna




1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Leabp ocBoeHMS IHCHUIIHHBI
CHEeIUATBHOCTH
HAHOCTPYKTYPUPOBAHHBIX MaTepuaiax,

JUCIUITIINH

3HAHUU 0

CUCTEMAaTHU3alusd IIOJYUCHHBIX IIpW HU3YYCHHUU 0a30BBIX
TCIIJIOBBIX
ano6peTeHHe HaBBLIKOB BBIIIOJIHCHMS Ha OSTOH OCHOBE

mnmponeccax B HaHOCUCTEMAX )51

HWHKCHCPHBIX PACUCTOB JJI pCUHICHUA KOHKPCTHBIX MPUKJIIAJHBIX 3a/1a4.

3agauu AMCHMIIINHBI

- U3yY€HHUE TEIJIOBBIX MPOIIECCAX B HAHOCUCTEMAX U HAHOCTPYKTYPUPOBAHHBIX MaTepuaax,
0COOCHHOCTSIX pa3MepHbIX 3(PPeKTOB U TeIruIonepeHoca B OAHOMEPHBIX, IBYMEPHBIX U TPEXMEPHBIX

HAHOCTPYKTYpaXx;

- UI3YUCHHUEC TCIUIONCPEHOCA B HAHOKHUIKOCTAX 1 HAHOKOMITIO3UTAaX, B HAHOCTPYKTYPUPOBAHHBIX
TCPMOIJICKTPUICCKUX MaTCPpUAIIaAX;

- U3YUCHHUC 0COOEHHOCTEM paguaniiOHHOro N€PE€HOCAa B HAHOCUCTEMAX C YYCTOM PasSMEPHBIX U
KBaHTOBBIX 3(1)(1)6KTOB, O3HAKOMJICHUEC C COBPEMCHHBIM COCTOSTHUCM I/ICCHGILOBaHI/Iﬁ B COOTBCTCTBYHOIIIUX
O6J'IaCT5{X, ano6peTeHHe HaBBIKOB BBIITOJIHEHHS Ha ’TOM OCHOBE HH>XXCHCPHBIX PACUCTOB JJIA pCHICHUSA
KOHKPCTHBIX INPUKIIAAHBIX 3a1a4.

dopmupyembie y 00yJaronerocsi KOMNeTeHIMH U 3alJIaHUPOBAaHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCITUILIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIETeHIIUIi

KOI{ U HAMMCHOBAHHE
KOMIICTCHIMNH

KO}I 1 HAMMCHOBAaHHEC
HHAUKATOPA TOCTUKCHUS
KOMIICTCHIIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHH s

T1K-1 Criocoben

N/1-2nx-1 Bnageer HaBbIkaMu

3HATh:
- CIOCOOBI pacyera MPoIECcCOB IIePeHOCa

aHAIU3UPOBATH U pacuera
MOJICTTUPOBATh PUZNYCCKUE | TETUIOTHUIPABINICCKUX TCIUIa B HAHOMATCpHAJIaX U HAHOCUCTEMAaX
MIPOIIECCHI B DJIEMEHTaX MIPOIIECCOB B DJIEMEHTAX C ICJIbIO IPUMCHCHUA MX Ha IIPAKTUKE JJTA
OYHEPreTUYECKOro YHEPreTUYECKOro pa3pabOTKH HOBBIX (yHKIIHOHAIBHBIX
o0opynoBaHus 000py/I0BaHUsl, HABBIKH MaTepHaJIoB.

OCTOOPabOTKH PE3yIbTATOB

pacyeToB U KOMIIbIOTEPHOI'O YMCTE.

MOJIETTMPOBAHMS ATHX - IPOBOJIUTH TEIUIOBBIE PAacUeThl B

IPOLIECCOB HaHOMaTepHajiaX U HAHOTEXHOJIOTHSX.
[IK-3 T'oToB N/1-2nk-3 3HaeT OCHOBHBIC 3HaTh.
CaMOCTOSITEIIBHO HaIpaBJICHUS Pa3BUTHS U - METOJbI pacieTa IIPONECCOB IIEPCHOCA

ONPENENATh HAIIPaBICHUE U
XapaxkTep MpOBOIUMBIX
WCCIIEIOBAHUM, YUUTHIBATh
COBPEMEHHBIEC TEHICHLIUU
Pa3BUTHUS HAHOPA3MEPHBIX
CUCTEM U YCTPOMICTB

COBpPEMEHHBIE TCHJICHIINN TIPU
pacuere U aHanu3e

s dexTuBHOCTH
HaHOPa3MEPHBIX CUCTEM U
YCTPOMCTB

TeIula B CUCTEMaXx MPsIMOTO
npeoOpa30BaHus SHEPTUH C IPUMEHEHUEM
HaHOTEXHOJIOTHH U HAHOMAaTEPUAJIOB;

- BEIOOp TTapaMeTpoB TETUTIOBBIX MpOIeccax
B HaHOCHCTEMax U
HAHOCTPYKTYPUPOBAHHBIX MaTepHUailax,
0COOEHHOCTSX pa3MepHbIX 3((HEKTOB U
TETUTIOTIEPEHOCA B OJTHOMEPHBIX,
JBYMEPHBIX U TPEXMEPHBIX
HaHOCTPYKTYpax;

- MEXaHU3MBbI [IEPEeHOCa Teria B
HaHOXHNAKOCTAX U HAHOKOMIIO3UTAX, B
HaHOCTPYKTYPUPOBAHHBIX
TEPMOIJICKTPUICCKUX MaTCpHraIax.

YMETB:
- IPOBOJAMTH TEILIOBBIE PACYETHI B

HaHOXKXHAKOCTAX U HAHOKOMIIO3UTAX, B




Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

3amiaHupoBaHHbIE Pe3YabTATHI 00yYeHUsI

HAHOCTPYKTYPHPOBAHHBIX
TEPMOAICKTPUUICCKUX MaTepHaax;
- IPOBOJIUTH PacUEThI
9HEprodHPEeKTUBHOCTH THUIIOBBIX
HAHOTEXHOJIOTHYECKUX YCTPOICTB;
- OA0MPaTh HAHOKUKOCTH U
HAHOKOMITO3UTBI JJIsl TUITOBBIX
HAHOTEXHOJIOTUYECKUX YCTPOMCTB.

2. MECTO JUCIUILINHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JlucuumimHa OTHOCHUTCS K OCHOBHOW TpO(eCCHOHAIbHOW 00pa3oBaTeNbHOW —MporpaMMe
Hanotexnonoruu u Hanomarepuansl B 3Hepretuke (nanee — OIIOI), nanpasnenust moarotoku 14.04.01
SnepHas sHepreTvka u TernopusnKa, ypoBeHb 00pa3oBaHUs: BbICLIEe 00pa30BaHUE - MAarUCTPaTypa.

Tpe6OBaHI/IH K BXOHBIM 3HAHUAM U YMCHUAM:

- 3HaTh [Ipuknagnas pusznuka
- 3HaTh TepMoanHaMuka

- 3HaTh Teopus TerIo- 1 MaccooOMeHa
- 3HaTh PH3HKa KOHICHCUPOBAHHOTO COCTOSHUS
- 3HaTh KBaHTOBAS M ONITHUYECKAS OJICKTPOHHKA

Pe3ynbpTaThl 00y4eHus, MoJydeHHbIE TP OCBOCHUM JTUCLUIUIMHBI, HEOOXOIMMBI IIPU BBIITOJHEHUN
BBIIYCKHOM KBaJU(UKALMOHHON PabOTBHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHIUTUTMHBI COCTABIISIET 8 3a4eTHBIX euHMII, 288 Jaca.

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
R KIIP | I'K | UKKII | TK p /KOHTPOTS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Bgenenue B 12 2 4 - 4 - - - - - 4 - Camocmoamenvroe usyuenue
TerI0(U3UKY MUKPO- U meopemuueckozo mamepuana: Visyaenue
HAHOCUCTEM JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
11 Bgenenue B 12 4 - 4 - - - - - 4 - "Benenue B TeroGu3NKy MUKpO- U
TEIUIOPU3UKY MUKPO- U HaHocucTeM"
HAHOCUCTEM H3yuenue mamepuanog iumepamypnolx
UCHOYHUKOG:
[1], 5-19
[2], 59-87
[4], 59-87
2 MeTonp! OXTaKACHUSA 12 4 - 4 - - - - - 4 - CamocmosamensbHoe usyuenue
IEKTPOHHBIX meopemuueckozo mamepuana: Vzyuenue
YCTPOMCTB JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
2.1 MeTtoap! OXIaKIEHUS 12 4 - 4 - - - - - 4 - "MeTobl OXJIXKIEHHUS JIEKTPOHHBIX
9JIEKTPOHHBIX yCTpoHcTB"
YCTPOHCTB H3yuenue mamepuanog iumepamypHsix
UCHOYHUKOG:
[1], 19-28
3 [IpocrpaHcTBEHHBIE U 16 6 - 6 - - - - - 4 - Camocmosamenvnoe usyuenue
BPEMEHHBIC MaCIITA0bI meopemuueckozo mamepuana: Vzyuenue
IPY BHYTPEHHEM JIOTIOJTHUTENBHOTO MaTepHaia o pas3zierny
MepeHoce SHEPTUH U "[IpocTpaHCTBEHHBIC ¥ BPEMEHHBIE MACIITA0bI
TerIa IIPY BHYTPEHHEM IIepEeHOCE SHEPruH U Ternia”
3.1 IIpocTpaHcTBEHHBIE U 16 6 - 6 - - - - - 4 - H3yuenue mamepuanog 1umepamypHsix

BpEMEHHbIE MacIITAObI
IPY BHYTPEHHEM
MepeHoce SHEPTUH U
TemIa

UCMOYHUKOE.
[1], 19-28
[2], 59-87
[4], 59-87




4 Mukpockonuyeckne 22 6 6 - 10 - Camocmosamenvhoe usyuenue
OCHOBBI TEPMOIIEpEeHOca meopemuuecko20 mamepuana: N3yuenue
4.1 MUKpPOCKOITUYECKUE 22 6 6 - 10 - JTOTIOJTHUTEIBHOTO MaTepraia o pa3aey
OCHOBBI TEPMOIIEPEHOCA "MHKpOCKOITIYECKHE OCHOBBI TepMoIIepeHoca”
H3yuenue mamepuanos numepamypHsix
UCHOYHUKOG:
[1], 39-56
[2], 115-173
[4], 115-173
5 Kunernka mepenoca 22 6 6 - 10 - CamocmoamensHnoe usyuenue
Teria B meopemuueckoz0 mamepuana: N3yuenue
HAHOCTPYKTypax JIOTIOJTHUTEJIBHOTO MaTepHaia o paszieny
5.1 Kuneruka nepenoca 22 6 6 - 10 - "KuHeTHka nepeHoca Temsia B HAHOCTpYKTypax'"
Teria B H3yuenue mamepuanog 1umepamypHsix
HaHOCTPYKTypax UCHMOYHUKOG:
[1], 39-56
[2], 115-173
[4], 115-173
6 TemnmonepeHoc B 24 6 6 - 12 - CamocmosamensbHoe usyuenue
HaHOTPYOKaxX M meopemuueckozo mamepuana: V3yuenue
rpadene JOTIOJTHATEIEHOTO MaTepHalia 1o pasueiy
6.1 TemnmonepeHoc B 12 3 3 - 6 - "TernonepeHoc B HAaHOTpyOKax U rpadene”
HaHOTPYOKax H3yuenue mamepuanog iumepamypHsix
6.2 TemnmonepeHoc B 12 3 3 - 6 - UCHOYHUKOB:
rpagene [1], 39-56
[2], 261-292
[3], 252-309
[4], 261-292
Ox3aMeH 36.0 - - 0.5 - 335
Bcero 3a cemecTp 144.0 32 32 0.5 44 335
Hroro 3a cemecTp 144.0 32 32 0.5 715
7 TemnonepeHoc B 12 4 2 - 6 - Camocmoamenvhoe usyuenue
HAHOKOMITO3UTAaX meopemuuecko20 mamepuana: N3yuenue
7.1 TennonepeHoc B 12 4 2 - 6 - JIOTIOJIHUTENBHOTO MaTepuaa o pasjaery
HaHOKOMIIO3UTAX "TemnnonepeHoc B HAHOKOMIO3UTax"

H3yuenue mamepuanog 1umepamypHslix
UCMOUYHUKO6.

[1], 86-109
[2], 453-485




[3], 102-120; 122-130
[4], 453-485

8 TemnonepeHoc B 15 6 Camocmoamenvhoe usyuenue
HaHOXKHMJIKOCTSIX meopemuueckozo mamepuana: Visyaenue
8.1 TemnonepeHoc B 15 6 JIOTIOTHUTENBHOTO MaTepHaia o pa3zieiny
HaHOKHIKOCTIX "TernonepeHoC B HAHOKHUIKOCTSIX "
H3yuenue mamepuanos numepamypHsix
UCHOYHUKOG:
[1], 179-186
[2], 495-527
[3], 131-139
[4], 495-527
9 Muxpo- u 15 6 CamocmoamensHoe usyuenue
HAHOTHJIPOJIMHAMHKA meopemuueckozo mamepuana: Visyaenue
9.1 Mukpo- u 15 6 JIONOJIHUTENILHOTO MaTepuaia o pas3ieny
HaHOTUJPOJMHAMHKA "MHUKpPO- ¥ HAHOTHAPOJMHAMUKA"
H3yuenue mamepuanog iumepamypnolx
UCHOYHUKOG:
[2], 377-426
[4], 377-426
10 OcobeHHocTi 26 14 CamocmosamensbHoe usyuenue
HaHOCTPYKTYPHPOBaHH meopemuueckozo mamepuana: VIzyuenue
BIX TIOBEPXHOCTEH JOTIOJTHATENEHOTO MaTepHalia 1o pasieiy
10.1 OcobeHnocTi 6 3 "OcoOeHHOCTH HAHOCTPYKTYPHUPOBAHHBIX
HaHOCTPYKTYpHUPOBaHH nmoBepxHocTel"
BIX [TOBEPXHOCTE H3yuenue mamepuanog 1umepamypHsix
10.2 | TeopeTuuecKe MOICIIN 6 3 UCHOYHUKOG:
CMayMBaHUs [1], 91-117
10.3 VYupasnenue 7 4 [2], 528-596
CMaYHUBaHUEM, [4], 528-596
pacTeKaHueM.
CynepruipohoOHOCTD.
104 IIporecchr Ha 7 4
HAaHOCTPYKTYPHPOBaHH
BIX TIOBEPXHOCTAX
11 TemnonepeHoc B 22 16 Camocmoamenvhoe usyuenue
TEPMOIJICKTPHICCKIX meopemuueckozo mamepuana: VIsyaenve
HaHOMaTepHaiax JOTIOJTHATENEHOTO MaTepHaa o pasueny
111 TennonepeHoc B 22 16 "TemnnonepeHoc B TEPMONIEKTPUIECKHX

7




TEPMODJICKTPUICCKUX HaHOMarepuaiax"
HaHOMaTepHaaax H3yuenue mamepuanos 1umepamypHsLx
UCMOYHUKOB:
[2], 653-737
[3], 252-309
[4], 653-737
12 OnykTyanun 18 4 - 2 - 12 - CamocmosamensHnoe usyuenue
9IEKTPOMArHUTHOTO meopemuyeckozo mamepuana: VI3yaenue
TOJIs1 KaK HCTOYHUK JIOTIONTHUTEIHHOTO MaTepraa o pasaerry
TEIUIOBOTO M3IYICHUS "@IyKTyaIiu 3JIeKTPOMarHUTHOTO TOJIS Kak
12.1 PannanmonHssrit 18 4 - 2 - 12 - HCTOYHUK TETUIOBOTO H3ITy4eHUs"
TEIUIOTIEPEHOC B H3yuenue mamepuanos 1umepamypHsLx
HAHOCTPYKTYpax UCMOYHUKOB:
[1], 236-274
[2], 600-652
[4], 600-652
DKk3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemecTp 144.0 32 - 16 0.5 60 335
Hroro 3a cemecTp 144.0 32 - 16 2 - 0.5 935
HUTOro 288.0 - 64 - 48 4 - 1.0 171.0

IIpumeuanue: Jlex — nexunu; JIab — naboparopHsie padboTsl; [Ip — npaktuueckue 3ansatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM
npoekram/padoram; MKKII — unanBuyanbHble KOHCYIbTAlMU M0 KYpCOBBIM MpoekTam/padoram; ['K- rpymnmnoBsie KOHCYIbTAlUU 110 pa3aenam
mucuuruinHel; CP — camocrostenbHas padorta crynenTa; UKP — unas konraktHas padota; TK — Texymmii kKoHTposb; [TA — npomexyrouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Beedenue 6 meniogusuxy Mukpo- u HaHocucmem

1.1. BBenenue B Temiopu3uKy MUKPO- B HAHOCUCTEM

TennoBbie mponecchl W UX 3BoJoMsA. HarpeB W yTunmzanusi Tersjaa B MUKPOIJIEKTPOHUKE..
TemnepaTypHble TpaJlu€HThl BHYTPH MHUKPO- U HAHOYCTPOWCTB. DBOJIOLHUS CKOPOCTU IEpeaayvu
JTAHHBIX..

2. Memoovl oxnaxcoenus 31eKmpoHHbLX YCMPOUCE

2.1. Meronb! OXJ1aXAeHHS SIEKTPOHHBIX YCTPONCTB
MexaHn3Mbl IEpeHOCaA TeIlIa U OXJIAXKIEHUE MUKPOIEKTPOHHBIX YCTPOMCTB.

3. IlpocmpancmeerHble u 8peMeHHbLE Mmacumaobl npu 6HYMpEeHHeM neperoce suepzuu u menjia

3.1. [IpocTpaHCTBEHHBIE ¥ BpeMEHHBIE MACIITA0bI IPU BHYTPEHHEM MIEPEHOCE SHEPTUU U Terlia

XapakTepHOe paclpe/esieHne TeMIlepaTypbl B IEPCHEKTUBHOM TPaH3UCTOPHOM  Y3IIE..
KpemHueBass HaHOZJEKTPOHUKA — MPOOJIEMBbl OXJAXKIEHUS.. YTJIEpOJHAs HaHODIEKTPOHHUKA —
npoOJIeMbl  OXJIAKICHHA.. XapakTepHble OOBEKTHl HAHOTEIUIOGU3UKU: TIPOCTHIC, CIIOKHBIE,
KOHTaKkTHBIE. [[prMepsl XapakTepHbIX 00BEKTOB HAHOCTPYKTYP ISl U3yYEHUs MIepeHoca Tera..

4. Muxpockonuueckue ocogvl mepmonepenoca

4.1. Mukpockonuyeckre OCHOBbI TEpMOIIEpPEHOCA

[Tpoucxoxaenne Hocurener Ttemna.. Kpucramnmueckas pemerka u (poHoHbl. KoneGanus
KPUCTAJNINYECKOM PElIeTKU: OMH M JIBa aToMa B sueiike. AKYCTHYECKHE M ONTHYECKHE MOJbI B
Kpucralie. doHoHBI B KOHACHCUPOBAHHOM TCJIC W HX OCHOBHBLIC coiictBa. CraTucTHKa H
IUIOTHOCTh  COCTOAHUN (poHOHOB.. TemnoeMkocTh KpucCTauIMdecKod pemeTku. DOOHOHHas
TCIIJIOMPOBOJHOCTE JUIJICKTPHUKOB.

5. Kunemuxa neperHoca menjia 6 HAHocmpykmypax

5.1. KuHeTtuka nepeHoca Tersia B HAaHOCTPYKTypax

[TpoGnembl omucaHus MepeHoca Tela C yd4eToM pa3sMepHbIX 3¢ddekroB. Cxema pazaHMuHBIX
pPeXHMOB TNIEpeHOoca € Yy4yeToM pa3MepHbIX 3¢¢ekToB.. TerionepeHoC B HaHOMPOBOJIOKAX.
KuHeTnka onucanus nepeHoca Tersia B HAHOIPOBOJIIOKAaX. MeTo BBIYUCIIEHUS TEILIONPOBOIHOCTH
HAHOMPOBOJIOK. TerI0npoBOAHOCTS HAHOIIPOBOJIOK Si: SKCIIEPUMEHTHI M MOJEIIH.

6. TenﬂonepeHoc 6 HaHOmDV6KClX u epad)eHe

6.1. TerutonepeHoc B HAHOTPYOKax

TennonepeHoc B HaHOTPYOKaX.. OKCIEpUMEHTAlbHbIE JaHHBIE M MOJEIH MepeHoca.
bammuctuyeckuii mepenoc termia B OCYHT.. KBanToBaHMe TEMIONPOBOAMMOCTA HAHOTPYOOK.
KBazubammuctuueckuit  teronepeHoc B OCYHT..  OcoOeHHOCTH — TEIJIONPOBOAHOCTH
MeTaJmueckux HaHoTpyOok. Juddysuonnsiii nepenoc B OCYHT.. Kpymenue 3akona ®ypre B
HaHOTpyOKax. TepMuueckas IpoOBOJUMOCTh HAHOMATOB YIJIEPOJHBIX HAHOTPYOOK..

6.2. TerutonepeHoc B rpadene
[Tepenoc Temnna B rpagexe..



7. TennoneperHoc 8 HAaHOKOMNOZUMAX

7.1. TennmonepeHOC B HAHOKOMITO3UTaX

Tumnbl HAaHOKOMIIO3UTOB M OCOOCHHOCTH IIEpeHOoca TeIula B HUX. MUKPOKOMIIO3UTHI U
s¢dexTuBHAsS cpena: Monxenu M orpaHuyeHus. Mogenu 3¢(QexTUBHOro mnepeHoca Teria B
HAaHOKOMITIO3UTaX.. POJb TEpMHYECKOrO CONMPOTUBIICHHS Ha TIpaHULAX.. [E€IIOBbIE CBOWCTBA
HAHOKOMIIO3UTOB Ha OCHOBE YIJIEPOJHBIX HAHOTPYOOK M MOJUATHIIEHA BBICOKOH IUIOTHOCTH..
Meron  HEpaBHOBECHOM  MOJEKYISPHOM  JUHAMHUKM IIPM  pacyeTe  TEIUIONEpPeHoca B
HaHOKOMITIO3UTAX..

8. Tennonepenoc 6 HAHONCUOKOCMSX

8.1. TenonepeHOC B HAHOKHUAKOCTAX

OO0mue cBoiicTBa HaHOXKHUAKOCTEH.. TEerIonpoBOJAHOCT U KOHBEKTHMBHBIM NEPEHOC TEIUla B
HaHOXMJKOCTAX. Ilpomeccsl kumeHus HaHoXuAKocTe.. Mogenun 3¢¢dexkTuBHONW cpenbl A
HAHOKUJKOCTEN.. DKCIIEpUMEHTaJIbHbIE JaHHbIE 110 TEIIONEPEHOCY B HAHOKHUIKOCTSX. .

9. Muxkpo- u HaHo2uOPOJUHAMUKA

9.1. Mukpo- 1 HaHOTHIpOJMHAMUKA

OcoOeHHOCTH THAPOJMHAMUKA B MHMKpO- M HaHomacmrabax.. OOmme ypaBHEHUs
THIPOAMHAMUKH: BKJIAJ pa3MepHBIX AP PeKToB. ' paHnYHOE yCIOBHE MPOCKAIb3bIBaHMS.. TeueHns B
IUIOCKUX M KaHalax W KaHajax KpyroBoro ceueHus: teueHus Kystra u Ilyaseina ¢ sddexramu
IIPOCKaIb3bIBaHUA.. TeueHus: uepe3 MeMOpaHbl ¢ HaHOMOpaMH.. TeueHus BHYTpU HaHOTPYOOK U
HOJIBIX HAHONPOBIOK.. J[ByX(a3Hble MUKpO- U HaHOTeueHHs. CHUCTEMBI U YCTPOWCTBA C MUKPO- U
HAHOTEUYCHUSIMH. .

10. Ocobennocmu HAHOCMPYKMYDUDOBAHHBIX NOGEPXHOCIEl

10.1. OcoGeHHOCTH HAaHOCTPYKTYPHUPOBAHHBIX TOBEPXHOCTEN
OcCOOeHHOCTH MPHUPOJHBIX ME30- M HAHOCTPYKTYpPHBIX THOBepXHOcTeH.. McKyccTBeHHBIE
cynepruapodoOHbIe TOBEPXHOCTH..

10.2. TeopeTnueckue MOI€TN CMAaYMBAHUS

Mogens FOnra.. Monenu st mepoxoBaTbix ToBepxHocTed: Moaenu Bennens u Kaccu-
bakcrepa.. CoBpeMeHHbBIE MOJIEIM CMAaYMBAHUSI CYMEpIIEpPOXOBAThIX MOBepxHOCTE.. O000IIeHHAs
TEOpHs] KOHTAKTHBIX YIJIOB HAa CBEPXIIEPOXOBATHIX MOBEPXHOCTSX.. BBIUMCIECHHME KOHTAKTHBIX
YIJIOB Ha KOHKPETHBIX MOBEPXHOCTAX.. [Iporecchl Ha HAHOIIEPOXOBATHIX M CYHNEprUAPOPOOHBIX
MOBEPXHOCTSX..

10.3. YopaBnenue cMmaunBaHueM, pactekanueM. CynepruipooOHOCTb.

TexHonoruu Jyist MOAyYEHHs] TTOBEPXHOCTH C 33JaHHBIMU yIJIAMHU CMAayUBaHUS U PACTEKAHMSL..
VYnopaBiaeHue cMauMBaHUEM, pacTekaHueM u cynepruapodobHocTsio.. CyneprunpopoOHbie
IIOBEPXHOCTH  C  HaHOTpyOkamu..  HaHOmoBepXxHOCTM  Ha  OCHOBE  HAHOIPOBOJIOK..
CynepruapodoOHbie MOBEPXHOCTH C APYTUMH HAHOCTPYKTYpaMHu.. DJeKTpocMaunBanue. TemnoBoe
yIpaBieHHe peKUMaMi CMaulBaeMOCTHU. YTIPaBICHHUE FIEKTPOMArHUTHBIM U3JTy4YE€HUEM.

10.4. ITpouieccsl Ha HAHOCTPYKTYPUPOBAHHBIX TOBEPXHOCTAX
®u3nka KUIEHUS HAa HAHOCTPYKTYPUPOBAaHHBIX IIOBEPXHOCTAX.. KuWIleHHE B CTpyKType
HaHOIIPOBOJIOK.. HanocTpykTypupoBaHHBIE MUKPOIIOPUCTBIE IIOBEPXHOCTH...
HanoctpykryprupoBaHHble ()YHKIIMOHAIBEHBIE TOBEPXHOCTH. .
10



11. Tennonepenoc 6 mepmoIneKmpuyecKux HAaHOMAmepuaiax

11.1. TenmonepeHOC B TEPMOIIEKTPUUECKUX HAHOMATEpHaiax

OO6mue cBoiicTBa  TepMoldjeKTpuuecTBa.. HaHomaTtepuansl B TEPMOAIEKTPUUYECKOM
npeoOpa3oBaHWM  SHEPrUM M TEPMODJIEKTPHUYECKOM  OXJaXIeHUuH..  IP(PEeKTUBHOCTh
TEPMODJICKTPUYECKOTO  TpeoOpa3oBaHus.. Pacuer  mapamerpoB  mepeHoca  Temia B
TEPMOAJIEKTPUYECKUX HaHOMAaTEepHaJIax..

12. Daykmyayuu 21eKmMpoMaAcHUMHO20 NOJSL KAK UCMOYHUK MENi08020 U3NYVUEeHUS

12.1. PapuaiinoHHbIN TEIJIONEPEHOC B HAHOCTPYKTYpax

OnyKTyallud 3JEKTPOMArHUTHOTO TIOJISI KakK MCTOYHHUK TEIUIOBOTO M3NMydeHus.. Poib
MOBEPXHOCTHBIX MOJSPUTOHOB B (POPMHPOBAHUM OJMIKHErO pPaJMalMOHHOTO moJjs.. TeroBas
pamuanus B AadbHeM M OmmkHeMm mone.. OCOOCHHOCTH paauallMOHHOTO MepeHoca Temjia B
HAHOCTPYKTYpax.. BbruncieHne TerioBbIX paglalliOHHBIX TOTOKOB B KOHKPETHBIX HAHOCHCTEMAX:
MEXIy JABYMS IUIOCKOCTSMH, MEXKIYy HAaHOYACTHIIEH ¢ TIOBEPXHOCTBIO, MEXIY JIBYMS
HAHOYACTHUIIAMH..

3.3. TeMbl NIpaKTHYECKUX 3aHATHH

. YriepoiHasi HAHO3JIEKTPOHUKA — IPOOJIEMBI OXJIAXKICHHSL.

. Beluncnenue TeronpoBOIHOCTH HA OCHOBE pEelIEHUN ypaBHEHUS bosblmaHa.;
. Beruucnenue temionpoBogHOCTH rpadeHa.;

. Beluncnenue TemonpoBoHOCTH HAHOIIPOBOJIOK. ;

. Beluncnienue TemonpoBoiHOCTH HAHOTPYOOK.;

. TedeHune xuKoCTEN B HAHOTPYOKAX M MOJIBIX HAHOIIPOBOJIOKAX.;

. Beruncnenue KOHTakTHBIX yriaoB B Moaenu Kaccu-bakcrepa.;

. OLeHKH apaMeTpoB KUIEHUSI HAHOKUKOCTEM.

. Beruncnenne KOHTakTHBIX yriioB B Moaensax FOnra u Bennens.;

10. PacueT pexuMOB 371€KTpOCMauMBaHKsI HAHOCTPYKTYPHBIX TTOBEPXHOCTEIL. ;
11. Pacuer nepeHoca Temnia B HAHOKOMIIO3UTAX M HAHOKUJIKOCTSIX..;

12. HarpeB u yTunu3anus Teruia B MUKpO3JIeKTpoHUKe. OLEHKH MTPOLIECCOB.;
13. Brruncnenne teuennii [lyaseitsisa ¢ npockanb3bIBaHUEM.;

14. AHanu3 MeTO/10B BBIYUCIICHHUS [IEPEHOCa TETIA. .

O 00O\ U1 h W —

3.4. Tembl 1a60paTOPHBIX PadoT
HE MPETyCMOTPEHO

3.5 KoncyabTauuu

I pynnosvie Koucyabmayuu no Da3()€]laﬂ/l Oucuunﬂquz (FK)

1. OGcyxnenue marepuanoB Mo Keiicam paszzaena "BBeneHue B TEIIOPU3UKY MUKpPO- U
HaHocucreM"

2. OOcyxkIeHHe MaTepualoB MO Kekdcam pazgena "MeToabl OXJIaXICHUS SJICKTPOHHBIX
yCTpoucTB"

3. OOcyxneHne wMarepwajoB 1O Keiicam paznena "l[IpocTpaHCTBEHHBIE W BpPEMEHHBIC
MaciuTaObl IPU BHYTPEHHEM IIepEeHOCe SHEPTHH U Teria”

4. OOcyxaeHne MarepuajioB 1Mo Keiicam pazaena "MHKPOCKOMUYECKHE OCHOBBI
TepmoriepeHoca”

5. OOcyxnenue wMarepuagoB 10 Keiicam pasngena "KuHeTrwka TmiepeHoca Temuia B
HAaHOCTPYKTypax"
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OO0cyxIeHre MaTepHaiIoB 110 keicam paszeia "TemmnonepeHoc B HaHOTPyOKax u rpadene”

y Y

OO6cyxaeHre MaTepualioB 1Mo Keiicam paszaena "TerionepeHoc B HAHOKOMIO3UTaxX"

OO6cyxneHre MaTepuaioB o keiicam pasaena "TemnonepeHoc B HAHOKUIKOCTSX "

OO6cyxaenrne MaTepuaoB o Keiicam pasjaena "Mukpo- 1 HAaHOTHAPOIMHAMUKA"

10. Ob6cyxnenue marepuanoB Ho kKeicam pazznena "OcoOeHHOCTH HaHOCTPYKTYPHPOBAHHBIX
MoBepxHoCcTe"

11. OGcyxneHne maTepuanoB Mo Keiicam pasnena "TermornepeHOC B TEPMOIICKTPHUECKUX
HaHoMmaTepuanax"

12. OGcyxneHne MarepualioB Mo Keicam pazgena "dIyKTyallud 3IEKTPOMArHUTHOTO TIOJIS

KaK UCTOYHHK TEIJIOBOTO U3TydyeHus"

©oN>

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

3amaHupPOBaHHbIE PE3YJIbTATHI

HOMep pasaciia IMCHUITIINHBL (B COOTBCTCTBUHU C

O1eHOYHOE CPEACTBO

Konant
00y4eHHs 10 JUCLIUTUINHE n.3.1) (TUII ¥ HAUMEHOBAHUE)
(B COOTBETCTBUHU C pazfesoM 1) MHARKATOPOB 7y 12[3]4|5|6|7]8]9]10]11]12
3HaTh:
CIIOCOOBI pacyeTa MpOoIeccoB IepeHoca KontponsHas padora/Pacuer
TEIIa B HAHOMaTepHaIax u OXJIQXK/ICHUS] YCTPOWCTB MUKPO- U
HAHOCHCTEMax C LeJblo mpuMeHeHus ux | MJ1-2ni-1 + |+ HAHOBJIEKTPOHHUKH
Ha MPaKTHKE I Pa3paOdOTKN HOBBIX
(YHKIIMOHAJIbHBIX MaTepHAJIOB
MEXaHHU3MBbI IEPEHOCA TEIlIa B KonrponpHas pabota/MexaHU3MBI
HAHOKHMIIKOCTSX U HAHOKOMIIO3HTAX, B | 1r T-2mmcs + 1 4 IepeHoca TeIlla B HAHOKHIKOCTSIX
HAHOCTPYKTYPHPOBAHHBIX
TEPMOAIEKTPUIECKUX MaTepuaiax
BBIOOp MTapaMeTPOB TETUIOBBIX Konrtponsnas padora/PazmepHbie
IPOIIECCax B HAHOCHCTEMAX U 3¢ deKTH U TerIonepeHoca B
HAaHOCTPYKTYPHUPOBAHHBIX MaTepUaax, OJTHOMEPHBIX, JIBYMEPHBIX U
0COOEHHOCTSX pa3MepHbIX dpdekroB u | U/-2nk-3 + |+ TPEXMEPHBIX HAHOCTPYKTYypax
TEIIONEPEHOCa B OHOMEPHBIX,
JIBYMEPHBIX U TPEXMEPHBIX
HAHOCTPYKTYpPax
METO/Ibl PacueTa MPOLECCOB NepeHoca Konrtponsnas pabora/VYpaBHeHHe
TeIIa B CUCTEMaX MPSMOTo bonbsrmana 11t poHOHOB. MexaHU3MBI
npeoOpa3oBaHus SHEPTUH C N-2nx-3 + |+ paccessHUSL JOHOHOB
MPUMEHEHHEM HAaHOTEXHOJIOTUHN U
HaHOMaTepHaJloB
YMerb:
MIPOBOJIUTH TEIUIOBBIC PACUETHI B KontponsHas pabora/Kunerndeckne
HaHOMaTepHajiaX U HAaHOTEXHOJIOTUSIX N-2rx-1 + METO/bI B IEPEHOCE TeIjia B
HAHOCTPYKTYpPax
noI0MpaTh HAHOKHUJIKOCTH U VJT-21c3 + KonrtponbHast

HAHOKOMIIO3HUTHI JJIA TUIIOBBIX

pabora/HaHoCTpyKTYpHpOBaHHbBIE
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HaAHOTCXHOJIOTHYECCKHUX YCTpOﬁCTB

TEPMODJICKTPUICCKUC MAaTCPpHAJIbI

IMPOBOAUTL PACYCThI

KomnnokBuym/TermnoBasi cTabuIbHOCTh

3HeProdh(PEKTUBHOCTH TUITOBBIX N-2nk-3 paboThl HAHOMATEPUAJIOB,
HAaHOTEXHOJOTHYECKUX YCTPONCTB HAaHOTEXHOJIOTUH U HAHOYCTPOUCTB
MIPOBOAUTH TEIJIOBHIE PACUETHI B KonnokBuym/PazpaboTka HOBBIX
HaHOXKH/IKOCTSX U HAHOKOMIIO3UTAX, B | b 23 TEXHOJIOTUI Ha OCHOBE HAHOXHUIKOCTEH

HAHOCTPYKTYPUPOBAHHBIX
TEPMODRJIEKTPUUECKUX MaTepuaiax

1 HAHOKOMIIO3UTOB
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, TIPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
2 cemecTp

Dopma peanuzauuu: ITucbmenHas padora
1. Kunernueckue MeTo/bl B IIEpEHOCE TeIUIa B HAHOCTPYKTypax (KoHTposbHas padoTa)
2. Pacuet oxJaxJieHHusl yCTPONCTB MUKPO- 1 HaHOUIeKTpoHUKHU (KoHTposbHast paboTa)
3. YpaBuenue bonbimana s pononoB. Mexanusmsl paccesiuust GoHoHoB (KoHTponbHas
pabora)

Dopma peanuzanuu: YcrHas popma
1. TernoBas cTabMIBHOCTH paOOTHl HAHOMATEPHUAIOB, HAHOTEXHOJIOIMH U HAHOYCTPOUCTB
(Komnoksuym)

3 cemecTp

Dopma peanuzanun: [Tucbmennas padora
1. MexaHu3Mbl iepeHoca Teria B Hanokuakoctsax (KontponbHas padora)
2. HanoctpykTypupoBaHHbIe TepMOdIeKTpudeckue marepuaiibl (KonTponbHas padbora)
3. Pa3mepHbIe 3(h(hexThI U TEIIONEpEeHOCca B OAHOMEPHBIX, IBYMEPHBIX M TPEXMEPHBIX
HaHOCTpYKTypax (KoHtponpHas pabora)

®dopma peanmsanuu: Y cTHas popma
1. Pa3zpaboTka HOBBIX TEXHOJIOTUI HA OCHOBE HAHOXKHUIKOCTEH M HAHOKOMIIO3UTOB
(KonmnokBuym)

bannbHO-pedTHHTOBas CTPYKTYpa AMCLMUILIUHBI SBISETCS NPUIOKEHUEM A.

4.2 TIpoMe:KyTOYHAsI ATTECTAIUS MO AUCHUIJINHE
Oxzamen (Cemecmp No2)

Oxzamen (Cemecmp Ne3)

B numnioMm BBICTaBIsE€TCA OIIEHKA 3a 3 CEMECTD.

Ipumeyanue: OneHOYHBIE MAaTEPUAIBI 110 TUCIUILIMHE IPUBECHBI B (DOHIE OIEHOYHBIX
matepuanos OITOII.

5. YYHEBHO-METOANYECKOE OBECIHEYHEHUE JUCHUIIJINHBI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNUS

1. Imutpues, A. C. TernoBsle mpoleccsl B HAHOCTPYKTYpax : yueOHoe mocodue 71t By30B 110
kypcam "TemoBsle porieccsl B HaHOCTpYKTypax", "[IpobiaemMbl 1 nepcrneKTuBbl HAHOPHEPTreTHKN ",
"®U3NKO-XUMHsI HAHOYACTHUI] M1 HAHOMATEpUaJIoB", 110 HANpaBJIeHUIO " iepHas SJHEpreTuka u
termmodusuka" / A. C. [Imurpues, Ham. uccnen. ya-t "MOU". — M. : U3gatensckuii tom MOU,
2012. — 303 c. — ISBN 978-5-383-00708-2.

http://elib.mpei.ru/elib/view.php?id=4263;
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2. Amutpues, A. C. Beenenue B Hanoreropusuky / A. C. Imutpues. — M. : BUHOM.
Jlab6opatopus 3nanui, 2015. — 790 c. — (Hanorexuonorun). — ISBN 978-5-9963-0843-9.;

3. Amutpues, A. C. BBenenue B HaHOPHEPreTuKy : yuebHnoe rmocodue no kypcam "l[Ipobiemsr u
MEePCIEKTUBBI HAHOAHEPTeTUKH", "DU3NKOXUMHUSI HAHOYACTHUIl U HaHOMaTepuaioB", "TemioBsie
IpoIlecChl B HAHOCTPYKTYpax ', o HarpaBieHuo "SnepHas sHepreTuka u reropusnka',
npoduro "HanorexHosnoruu u HaHoMarepuaisl Juist sHepretuku” / A. C. Jimutpues, U. A.

MuxaiinoBa, Ha. uccnen. yu-t "MOU". — M. : U3parensckuit jom MOU, 2011. — 320 c. — ISBN

978-5-383-00654-2.;

4. qmutpues A. C.- "Beenenue B HaHoTeruiopusuky", (3. usn.), UsnarensctBo: "Jlaboparopus
3HaHuit", Mocksa, 2015 - (793 c.)

http://e.lanbook.com/books/element.php?pl1_id=66201.

5.2 JIuueH3MoHHOE U CBOOOIHO pacnpocTpaHsieMoe MPOrpaMMHoe odecnedyeHue:
1. Office / Poccuiickuii makeT o(hUCHBIX IPOrpamm;
2. Windows / OniepanrionHas cucrema cemeictra Linux.

5.3 UnTepHeT-pecypchl, BKIKYas NpodeccuoHaIbHble 0a3bl JAHHBIX H HH(POPMALMOHHO-
CIIpaBOYHbIE CHCTEMbI:

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

2. 9BC "YHuBepcurTerckas 6u0JM0TEKA OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3siekTpoHHasi oubauoreka - https://elibrary.ru/

4. ba3za nannbix Web of Science - http://webofscience.com/

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

6. HanpoHanbHast 3JIeKTPOHHAs 0udamoTeKa - https://rusneb.ru/

7. Dnexrponnas oudmoreka MOU (36 MOMH) - http://elib.mpei.ru/login.php

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

9. ba3za oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPY/AA U CONMAIBLHOI 3amuThl PO -
https://rosmintrud.ru/opendata

10. Ba3a OTKPBITHIX IaHHBIX MPO(ecCHOHAIBLHBIX CTAHAAPTOB MUHHMCTEPCTBA TPYAA U
couuaabHoii 3aumthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

11. Ba3a oTKpBITHIX JaHHBIX MHHHCTEPCTBA 3IKOHOMHYECKOro pa3putus P® -
http://www.economy.gov.ru

12. bBa3a oTKpBITHIX JaHHBIX PochmamonnTopunra - http://www.fedsfm.ru/opendata
13. DnexkTpoHHasi oTKpbITast 6a3a naHHbIX '""Polpred.com O630p CMHU" -
https://www.polpred.com

14. HauMoHaIbHBII MOpTAaJI OHJIAKH 00yueHusi «OTKpbITOE 00pa3zoBanue» - https://openedu.ru

15. OpunnanbHbii caiit @e1epaibHOI0 AreHTCTBA 110 TEXHUYECKOMY Pery/JIMpoBaAHHI0
MeTpoJioruu - http://protect.gost.ru/

16. OTkpbITas ynuBepcuterckas nupopmanuonnas cucrema «POCCHS» -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUITJIMHBI

Tun nomemennst Homep aynutopun, Ocnamenne
HauMEHOBaHUue
Y4eOHble ayAUTOpHUH IS M-422/4, YueOnas CTOJI, CTYJI, MYJIbTUMEIUIHBII
MIPOBEICHUS JICKITMOHHBIX nabopaTopus MPOEKTOP
3aHATUN U TEKYILETO KOHTPOJIS KpUOPU3UKH
K-120, MammHHbIH cepBep, KOHAUIMOHED
3an MBI]
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YueOHbIC ayAUTOPUH IS

M-422/4, YuebHas

CTOJI, CTYJI, MYJIbTUMETUIHBII

MPOBEACHUS TPAKTUUYECKUX naboparopus MIPOEKTOP
3anatuii, KP u KII KpUODU3UKH
K-120, MammHHbIMA cepBep, KOHAUIMOHED
3a;1 MBI
Y4eOHble ayIUTOPUH IS M-422/4, Yuebnas CTOJI, CTYJI, MyJIbTUMEIUHHBIN
MIPOBEJICHUS MPOMEKYTOUHON naboparopus IPOEKTOP
aTTecTaluu Kpuo(u3uku
2K-120, MamuHHbIH cepBep, KOHAUIMOHEP
3an UBI]
[Nomewmenus mist M-411/1, CTOJI, CTYJI, JOCKa MEJIOoBas,

CaMOCTOSITENIbHOW PabOTHI

KommnbsrorepHslii kinace

MYJIbTUMEAUNHBIN IPOEKTOD,
KOMIIBIOTEP NEPCOHATIbHBIN

ITomentenus s
KOHCYJIbTUPOBAHMS

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

CTYJI, CTOJI IUCbMEHHBIN

[TomerieHus 1JIst XpaHESHHSI
o0opynoBaHus U y4eOHOTO
WHBEHTAPs

M-407/1, KnagoBas

CTCIIaXK JId XpaHCHUA WHBCHTApPA,
CTCJIIAXK IJIA XPAaHCHUS KHUT,
HHBCHTApPb CH@HI/IaHI/I?»I/IpOBaHHBIﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

TemuoBble poliecCchl B HAHOCTPYKTYpax

(Ha3BaHME AUCIMILIMHBI)

2 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

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

PacueT oxnaxxieHusl yCcTpOHCTB MUKPO- U HaHO3J1eKTpoHuKHU (KoHTposibHas paboTa)
VYpasuenue bonbumana s GponoHoB. Mexanu3mel paccesnusi ponoHoB (KontponsHas pabota)
Kunernueckue MeToipl B iepeHoce Teruia B HaHocTpykTypax (KonrponbHas pabora)

TennoBast cTabMIIBHOCTH PabOTHl HAHOMATEPHATIOB, HAHOTEXHOJIOIMI M HAHOYCTPOHCTB
(KommokBuym)

Buja npoMexyToUHOI aTTecTANMU — DK3aMEH.

Nunexc KM- | KM- | KM- | KM-
Howep Pa3znen nucuuninHb RM: L 2 3 4
pasjena Henens 4 8 11 15
KM:
1 Beenenue B Temnopu3nKy MUKPO- 1 HAHOCHCTEM
11 BBenenue B Temnopu3nKy MUKPO- M HAHOCUCTEM +
2 MeTop1 OXJTaKIeHUS DIIEKTPOHHBIX YCTPOWCTB
2.1 MeTonbl OXJaKIEHUS IIEKTPOHHBIX YCTPOICTB +
3 [TpocTpaHcTBEHHBIE I BpEMEHHBIE MACIITa0BI IPU
BHYTPEHHEM IIEPEHOCE YHEPTHH U TeIlIa
31 [TpocTpaHcTBEHHBIE  BpEMEHHBIE MACIITa0BI IPU +
' BHYTPEHHEM IEPEHOCE YHEPTHH U TeIlIa
4 Mukpockonuyeckue OCHOBBI TEPMOIIEPEHOCa
4.1 MUKpPOCKONIMYECKHE OCHOBBI TEPMOIIEPEHOCA +
5 KuneTnka nepenoca Tersa B HAHOCTPYKTYPax
5.1 KuneTnka nepeHoca Ternia B HAaHOCTPYKTypax +
6 TemonepeHoc B HaHOTpyOKax U rpadeHe
6.1 TennomnepeHoc B HAHOTPyOKax +
6.2 Tennonepenoc B rpadene +

Bec KM, %: | 10 25 30 35
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3 cemecTp

IlepeyeHb KOHTPOJIbHBIX MEPONPUITHI TEKYIIEr0 KOHTPOJISl yCII€eBAEMOCTH 0 JHCIUILIHHE:

KM-5

KM-6
KM-7
KM-8

Pazmephbie 3 (pexTsl U TermonepeHoca B 0THOMEPHBIX, IBYMEPHBIX U TPEXMEPHBIX
HaHocTpykTypax (KoHTponbHas pabora)

MexaHu3MBbI TIepeHoca Teria B HaHOKuAKOCTAX (KoHnTponbHas pabota)
HanoctpykrypupoBaHHbie TepModiekTpuiecke Mmarepraisl (KontponbHuas padota)
Pa3paboTka HOBBIX TEXHOJIOTUN HA OCHOBE HAHOXKUIAKOCTEH U HAaHOKOMNO3UTOB (KoymokBrym)

Bujx npome:xyTO4HOI aTTecTaluu — JK3aMeEH.

Nunekc KM- | KM- | KM- | KM-
Howmep Pa3gen nucuuIInHbL KM: > 6 ! 8
paszaena Henens 4 8 11 15
KM:
1 TemuroniepeHOC B HAHOKOMITO3UTAX
1.1 TennonepeHoc B HAHOKOMITO3UTAX +
2 TenonepeHoc B HAHOKHUIKOCTSX
2.1 TemnonepeHoc B HAHOKHUIKOCTSX +
3 MUuKpo- 1 HAaHOTUIPOIUHAMHUKA
3.1 MUuKpo- 1 HAaHOTUPOIUHAMHUKA +
4 Oco0eHHOCTH HAHOCTPYKTYPUPOBAHHBIX MTOBEPXHOCTEM
4.1 Oco0eHHOCTH HAaHOCTPYKTYPUPOBAHHBIX MTOBEPXHOCTEN +
4.2 TeopeTrueckne MOICITN CMAaYUBAHUS +
43 YrpaBiieHre CMaulBaHUEM, PACTEKAHUEM. +
' CynepruapodoOHOCTb.
4.4 IIpoueccsl Ha HAHOCTPYKTYPUPOBAHHBIX ITOBEPXHOCTSIX +
5 TemuroniepeHOC B TEPMOIICKTPUUECKUX HAHOMATEpUAIaX
5.1 TemionepeHoc B TEPMOIIEKTPUUECKUX HaHOMATEepHaIax +
5 QIyKTyaluu MeKTPOMArHUTHOTO OIS KaK UCTOYHHK
TEIIOBOTO U3TyUCHHS
6.1 PanuanoHHBbI TEMI0NepeHoC B HAHOCTPYKTYpax +

Bec KM, %: | 15 25 35 25
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