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
METO/JAbI HCCJIEJAOBAHUSA TIOBEPXHOCTH ITOJYIITPOBOJHUKOB

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.01.09

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

6 cemectp - 3;

Yacos (Bcero) no yueoHomy
IJIAHY:

108 yacoB

Jexknun

6 cemectp - 28 yaca;

HpaKTuquKne 3aHATHA

6 cemecTp - 14 yacos;

JlabopaTopHbie pa6oThI

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

KoncyabTanum

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

CamocrosiTesibHasi padoTa

6 cemecTp - 65,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYasi:
KontpoabsHnas padora
Pedepar

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEHKOM

6 cemectp - 0,3 yaca;

Mockgsa 2020




NPOI'PAMMY COCTABMUJI:

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnageneyu AHTOHOB B.A.
[IpenomaBaTelib NaerTbnratop RO081edee-AntonovVA-4b80b823 B.A. AHTOHOB
(OIKHOCTR) (moamuck) (pacummgpoBka
TIO/AITUCH)

COI'ZTACOBAHO:

MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»
PyKOBOI[HTeHL w CeesieHun o Bnagensue U3N M3aK
06Pa30BaTeHBH0PI Bhanenel, XonoaHbIA A.C. .
HpOFpaMMBI VaeHTuduraTop RObac9dac-KholodnyD5-6393810 J_IC, XO_]'[OHHLII/I
(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe (mozruch) (pacmudpoBKa MOIIHCH)
3BaHHE)

MognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3aU»

CeesieHun o Bnagensue U3N M3aK

3aBe/yoNHi BbITYCKaOIEH i i Brageney CNaBUHCKWRA A.3. .
Kadeapbl * Mol [T — RO9b3b9ab-5lavinskyAZ-c0815214 A.3. CnaBuHCKUI
(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe (mozmucs) (pacmudpoBKa MOIIHCH)

3BaHHE)



1. HEJIM U BAJAYU OCBOEHM S TUCIHUAIIJINHBI

Heanb ocBoeHust TUCHUNJIMHBI: [[ebI0 OCBOCHUS TUCIUTIIIMHBI SBJISETCS U3yUeHUE (PU3MUECKHUX
OCHOB METOJIOB MCCJICJOBAaHUS MOBEPXHOCTHBIX SIBJICHUM IMOJYIMPOBOJHUKOB, OCHOBHBIX MapamMeTpoOB U
XapaKTEPUCTUK MTOBEPXHOCTH IMOJTYIPOBOJIHUKOB, MPUHIIAITA JCHCTBUS METOIOB MCCIIEIOBaHMs, 00J1acTH
MPUMEHEHHUS 3TUX METOJIOB.

3agaun QU CHMILINHbBI

- OCBOCHHC (I)I/I?;I/I‘ICCKI/IX MCTOAOB UCCIICAOBAHUSA ITOBCPXHOCTH MOJYIIPOBOAHUKOB,
- U3YUCHUC ITPHUHIIUIIOB HeﬁCTBHH MECTOJO0B UCCIICAOBaHNA IMTOBEPXHOCTHU IMOJTYIIPOBOJHUKOB U

CIOCO0OB UX pean3alii;

- 06yquI/Ie METOJaM pacdye€Ta, MOACITIUPOBAHUA U UCCIICAOBAHUS IapaMETPOB U XapaKTECPUCTUK
MMOBCPXHOCTU KOMIIOHCHTORB 3JICKTPOHHBIX CXCM.

dopmupyembie y 00y4aronerocs KOMNeTeHIMH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCIUIIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIeTeHINIi

Koa n HaumMeHoBaHue
KOMIIETeHI{UH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTUKEHUSI
KOMIEeTeHINH

3amiaHNpOBaHHbIE Pe3yJbTAThI 00yUeHHus

[IK-3 Criocoben
y4acTBOBaTh B IIPOBEACHUH
TEXHOJIOTHYCCKUX
IIPOLIECCOB U3TOTOBJICHUS
MaTepHaJIOB JIEKTPOHHOU
TEXHUKHU, MUKPO- U
HaHOXJIEKTPOHUKHU

N/1-1nk-3 3HaeT 6a30BbIC
TEXHOJOTHYECKHE MPOLIECCHI
H3TOTOBJICHUS MaTCpUaAJIOB
SJIEKTPOHHON TEXHUKH, MUKPO-
Y HAaHODJICKTPOHUKHU

3HATh:
- (pU3UKO-TEXHOJIOTNYECKHE OCHOBBI
npo0sieM CTPYKTYp TBEPAOTEIbHON
AJICKTPOHUKH, CBI3aHHBIX C SIBJICHUSIMHU Ha
MOBEPXHOCTH;

- KJTacCU()UKALIMIO METOAOB MCCIIEIOBAHUS
MOBEPXHOCTHU MOTYIPOBOJHUKOBBIX
MaTepUasoB.

YMETh:

- CaMOCTOSITEIBHO Pa30UpaThCs B METOAAX
UCCIJIEIOBaHMS U pacueTra napaMeTpoB
CBOICTB IIOBEPXHOCTH
MOJIYTIPOBOJTHUKOBBIX MaTepUajoB;

- OCYILIECTBJIATh METOJIUKY pacuéra
[apaMeTpoOB MMOBEPXHOCTH
MOJIYITPOBOJTHUKOBBIX MaT€pHaIOB.

ITK-3 Crocoben
y‘IaCTBOBaTI) B HpOBCI[eHI/II/I
TEXHOJOTHYECKUX
IPOIIECCOB U3TOTOBJICHUS
MaTepHaiOB AIEKTPOHHOU
TEXHHUKU, MI/IKPO' nu
HAHODJICKTPOHHUKH

NJI-2nk-3 3HaeT 00 Gu3uko-
XUMHYECKHX OCHOBaxX 9
TEXHOJIOTUYECKUX MPOIECCOB
U3rOTOBJICHHS MAaTEPHAJIOB
DJIEKTPOHHON TEXHUKH, MUKPO-
Y HAHODJICKTPOHHUKH

3HATh!
- OCHOBBI CTPOCHHSI IOBEPXHOCTH U
METO/]Ibl U3MEPEHUS COCTaBa MOBEPXHOCTU
U METOJMKY pacuéra napaMeTpoB
MOBEPXHOCTHU MOJYITPOBOJHUKOBBIX
MaTepHaoB.

YMETh:
- U3MEPATH CBOICTBA MMOBEPXHOCTH
II0JIYTIPOBOJHUKOBBIX MaTEPHAJIOB.

2. MECTO JUCIHUILIMHBI B CTPYKTYPE OBPA3OBATEJBHOM ITPOT'PAMMBI BO

JlucuuruiiHa OTHOCHTCS K OCHOBHOM IpodeccHOHaTbHOW —00pa3oBaTeNbHOM mporpamme
Hanotexnonorus B anexktponuke (panee — OIIOII), nanpaBnenust noarotoku 11.03.04 DnexTpoHuka u
HAHORJIEKTPOHHKA, YpOBEHb 00pa30BaHus: BhICIIee 00pa3oBaHKe - OaKanaBpHar.

bazupyercs Ha ypoBHE cpeaHero oomero oopa3oBaHusI.




P€3y.HBTaTI>I O6y‘ICHI/ISI, MOJIYYCHHBIC TPpHU OCBOCHUU JUCHUIIIINHBI, HGOGXOI[I/IMBI IIpU BbIIIOJITHCHHUN
BBITTYCKHOM KBJIM(PUKAIIMOHHON pabOTHI.



3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

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

Pacnipenenenue Tpy10eMKOCTH pa3zena (B 4acax) 1o BUJIaM y4eOHOI paboTh

Pasesb1/TeMbl § 5| e ™ S op
Ne JTUCIUTUTAHBL/ (D OPMBI g 2|8 OHTaKTHAA paboTa 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 dyHnaMeHTaJIbHbIE U 21 6 7 - 2 - - - - - 12 - IlodzomogKa K neKyuiemy KOHmpoio:
MPUKJIAIHBIE TPOOIEMBI IToBTOpEeHNE MaTepuana o pasiery
(U3MKH IOBEPXHOCTH "®yHaaMeHTaJIbHbIC U TIPUKIIaIHBIE TPOOIEMBI
TBEPJIOTO TeJa (U3UKK TTOBEPXHOCTH TBEPJIOTO Tesa"
1.1 dyHIaMeHTalbHbIC U 21 7 - 2 - - - - - 12 - Tloozomoexka K ayoumopHvim 3anamuam:

MPUKJIAIHBIE TPOOIEMBI
(U3MKH IOBEPXHOCTH
TBEPIOTO Tela

[IpopaboTKa JICKITUH, BBITOJHCHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Il0020mo6Ka K npaKmu4eckum 3auAmuam:
W3yyenne marepuana 1o pasaeny
"®yHgaMeHTaIbHBIC U TPUKIIaTHBIE TIPOOIEMBI
(M3UKH TTOBEPXHOCTH TBEPJOTO Tena"
TIOZITOTOBKA K BBITIOJIHEHUIO 3aJaHNi Ha
MIPAKTUYECKUX 3aHATUAX

Camocmoamenvroe usyuenue
meopemuyuecko20 mamepuana: Mzyuenue
JIOTIOJTHUTEIHHOTO MaTepraa o pasaery
"@yHaaMeHTaJIbHbIE U TIPUKIIaIHBIE TPOOIIEMBI
(M3UKH TTOBEPXHOCTH TBEPIOTO Tena"
Iloozomoeka pacuemmnvix 3a0anuii: 3aganus
OpPHEHTHPOBAHbI Ha PEIICHN MUHN3a/1a4 110
pasgeny "®yHIaMeHTalbHbIE U IPUKIIAJHbIE
poOieMbl PU3NKK TOBEPXHOCTH TBEPOTO
tena". CTyIeHThl He0OX0IMMO ITOBTOPHUTH
TEOPETHUIECKUIA MaTepHa, pa3o0opaTs MpUMEpPHI
peIIeHns aHAIOTHYHBIX 3a/1a9. IPOBECTH
pacueTsl 10 BapHaHTY 33aJaHMs U CIIENaTh
BBIBOJIBI. B KadecTBe 3a/1aHUs HCIIOIB3YIOTCS
CIIEYIONINE YIIPAKHEHHUS:

5




H3yuenue mamepuanog 1umepamypHsix
UCHOUYHUKO6:

[4], 6-22

Knaccuduxkarms
aHAIUTHYECKUX
METOJIOB MCCIIEIOBAHMUS
MOBEPXHOCTH

23

12

2.1

Knaccudukarus
aHAIMUTHYECKUX
METOJIOB MCCIIEA0OBAHMS
MOBEPXHOCTH

23

12

Iloozomoska K mekywiemy KOHMPOJIo:
[ToBTOpeHNe MaTepHaa 1mo pasaey
"Knaccugukanms aHaTuTHIECKAX METOH0B
HCCIICIOBAaHMS TOBEPXHOCTH"

Tloozomoska K ayoumopHviM 3aHAMUAM:
[IpopaboTka JIeKIINH, BEITOIHEHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Iloozomosxka K KOHmMpobHOU pabome:
W3yueHne maTepuaoB Mo pas3zaeiny
Knaccudukaiys aHaTUTHYCCKUX METOI0B
HCCIICIOBaHMS TOBEPXHOCTH U MOJTOTOBKA K
KOHTPOJIBHOII paboTte

IIoozomosKka K npaKkmuuecKum 3anamusam:
Wzyuenne maTepuana mo pa3ueny
"Knaccugukamus aHaIuTHIECKAX METOAO0B
HCCIICAOBaHMS MTOBEPXHOCTH" TOATOTOBKA K
BEITIOJTHEHUIO 3aJaHUH Ha MIPAKTHYECKIX
3aHATHAX

Camocmoamebnoe uzyuenue
meopemuyueckozo mamepuana: Vzyuenue
JIOTIOJTHUTEIFHOTO MaTepuana o pa3aeny
"Knaccuukarus aHaTuTHICCKUX METOI0B
HCCIIeIOBaHMS TOBEPXHOCTH"

Iloozomoska pacuemmnoix 3ad0anui: 3ananus
OpHEHTHUPOBAHBI Ha PEIICHUS MIUHU3a1a4 110
pasneny "Knaccudukanus aHaTHTHISCKAX
METOJIOB MCCJICIOBAHUS TIOBEPXHOCTH" .
CryneHTHl HeOOXOAMMO MTOBTOPHUTH
TEOPETHYCCKUIA MaTepHa, pa3o0paTh MPUMEPHI
PEIICHNS AHAIOTUYHBIX 3a/1a4. IPOBECTH
pacquH 110 BapI/IaHTy 3aJaHUA U COCIATh
BBIBOJIbI. B KadecTBe 3aaHus HCIOb3YIOTCS
CIIeYIONIHNE YIPAXKHEHMS:

H3yuenue mamepuanog 1umepamypHulx
UCHOUHUKOB:

[1], 6-12




MeTtopl UCClIeIOBaHUS
MOBEPXHOCTHU
TMOJYIIPOBOAHUKOB

25

12

3.1

MeToasl uccnenoBaHus
MTOBEPXHOCTH
MOTYTIPOBOJHUKOB

25

12

Iloozomoeska K mekywiemy KOHMPOJio:
[MoBTOpenue MaTepuana mo paszaeny "MeToabt
HCCIICIOBAHMS TOBEPXHOCTHU
TIOJTYTIPOBOTHIUKOB"

Tloozomoska K ayoumopHviM 3aHAMUAM:
[IpopaboTka JIeKIINH, BEITOIHEHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Iloozomoeéxa K KOHmMPOIbHOIUL pabome:
N3yuyenue MaTepuanos 1o pasneiay MeToasl
HCCIICIOBAHMS TOBEPXHOCTH MMOIYIPOBOTHUKOB
1 TIOATOTOBKA K KOHTPOJILHOU paboTe
Iloozomoska K npaKkmuueckum 3aHamusam:
Nzyyenne Matepuana no pazaeny "Metoabl
HCCIIeTIOBaHUSI TTOBEPXHOCTH
MOJIYIPOBOTHUKOB'" TIOJTOTOBKA K
BEITIOJTHEHUIO 3aJJaHUH Ha MIPAKTHYECKIX
3aHATHAX

Camocmoamesibnoe usyuenue
meopemuyeckozo mamepuana: VI3yienue
JIOTIOTHUTEIHHOTO MaTeprala Mo pa3Ieiry
"MeToibl HCCIEI0BaHUS IOBEPXHOCTH
MOJTYTIPOBOTHUKOB"

Iloozomoska pacuemmnoix 3ad0anui: 3ananus
OPHEHTHUPOBAHBI HA PEIICHUS MUHU33a4 110
pazneny "MeToJbl “ccieI0OBaHUS TIOBEPXHOCTH
MOJTYTIPOBOTHUKOB" . CTyIeHTH HEOOXOANMO
MTOBTOPUTH TEOPETHUCCKIIA MaTepHal,
pa3o0paTk MPUMEPHI PEIICHUS aHATTOTUIHBIX
3a7ad. MPOBECTH PACUYETHI IT0 BAPHAHTY 3aJaHUs
M CJIeJIaTh BBIBOJBI. B KauecTBe 3amaHus
HCTIONB3YIOTCS CICIYIOIINE YIPAKHEHUS:
H3yuenue mamepuanos 1umepamypHslx
UCMOUHUKOB:

[1], 12-32
[2], 10-44
[3], 27-47

IlepcniekTuBHBIE
METOJIBI aHAIH3A.
CpaBHUTENBHBIN

21

12

Iloozomoexa kK meKkyuiemy KOHmMpOJI0:
IToBTOpEeHue MaTepuana no pasaeny
"[lepcrieKTHBHBIE METOBI AHAJIH3A.




aHaJIn3 MCTOO0B

4.1

IlepcriexTuBHEBIE
METOJIbl aHAIH3A.
CpaBHUTENBHBIN
aHaJIN3 METOJIOB

21

12

CpaBHUTENbHBIN aHAN3 METOI0B"
IIo0zomoeKa K ayoumopHsim 3aHAmMUAM:
[IpopaboTka JICKITUH, BHITOJHECHHE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
IloozomoeKka K npaKkmuueckum 3anamusam:
Wzydenne maTepuana 1mo pa3ueiny
"[lepcrieKTHBHBIE METOBI AHAIH3A.
CpaBHHUTEIBHBIN aHATTN3 METOIOB" TIOATOTOBKA
K BBITIOJTHEHHIO 3aJJaHUH Ha MIPAKTHICCKUX
3aHATHAX

CamocmoameibHoe uzyuenue
meopemuueckozo mamepuana: Vzyuenue
JIOTIOJTHUTEIFHOTO MaTepuana Mo pa3aeny
"IlepcrieKTUBHBIE METOBI AHAIH3A.
CpaBHUTENBHBIN aHAN3 METO/I0B"
Iloozomoeka pacuemmnvix 3ad0anuii: 3aganus
OpHEHTHUPOBAHBI Ha PEIICHNS MHUHN3a1a4 110
pazneny "[lepcieKTUBHBIE METO/IbI aHAIH3A.
CpaBHUTENBHBIN aHanu3 MeTo10B". CTyIE€HTHI
HE00XOIUMO TOBTOPUTH TCOPETUICCKHUN
MaTepHal, pa3o0paTh MPUMEPHI PEIICHUL
aHAJIOTHMYHBIX 33]1a4. IPOBECTH PacyeThl 10
BapUaHTY 3aJ[aHusI U CJIeNIaTh BBIBOJBL. B
KauecTBe 3aJaHMsI UCIIOJIb3YIOTCS CIIeAyIONIHe
YOpaKHEHUSI:

H3yuenue mamepuanog 1umepamypHulx
UCMOYUHUKOG:

[5], 4-24

3ayeT ¢ OLEHKO

18.0

0.3

17.7

Bcero 3a cemectp

108.0

28

14

0.3

48

17.7

Hroro 3a cemecTp

108.0

28

14

0.3

65.7

IIpumeuanue: Jlex — nexiuu; J1ab — nabopatopusie padotsl; [Ip — npaktnueckue 3ausatust; KIIP — ayautopHble KOHCYIbTAIMH 110 KYPCOBBIM
npoekTtam/padotam; MKKII — nnauButyanbHble KOHCYIBTALIUH 110 KypCOBBIM IpoekTaM/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK O pa3ienaM
muctumuael; CP — camoctosarensHas padorta cryaenta; MKP — nnas konraktHas padota; TK — Texymmiit KoHTposb; [TA — mpomexyTouHas
aTTecranus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. @ynoamenmanbHule u npuKkiadHbie NPooIeMbl QuUUKU NOBEPXHOCU MEEPO020 med

1.1. ®yHaMeHTalbHbBIE U IPUKJIaAHbIE TPOOIeMbl (PU3UKHU ITOBEPXHOCTH TBEPAOIO Tella

OyHpaMeHTaIbHbIE W TPUKIaIHBIE NpoOJIeMbl (U3UKKM MOBEPXHOCTH TBEPIOrO Tela.
[ToBepxHOCTh Kak pa3sHOBUIHOCTH JedeKkToB TBepaoro Ttena. [loBepxHocTh M Mexk(da3oBbIE
IPaHULbI pa3/iesia B TEXHOJIOTHH MTOJIYTIPOBOIHUKOBON MUKPOAJIEKTPOHUKH. .

2. Knaccudukauus ananumuyeckux memooos ucciedo8anus NOSEPXHOCmU

2.1. Knaccu¢ukanusi aHaTUTHYECKUX METOJIOB HCCIICIOBAHUS MIOBEPXHOCTH

Knaccugukanus aHaaMTUYECKMX METOJOB HCCIIEAOBaHUS MOBepxXxHOCTH MXx  KpaTkas
XapakTepuCcTUKa. BO3MOXHOCTM METOJOB HCCIECAOBAHMSA IIOBEPXHOCTH IOJYNPOBOJAHUKOB.
OcHOBHBIE METO/BI UCCIIEOBAHMS [IOBEPXHOCTH ITOJIIYIIPOBOJIHUKOB U UX Ha3HAYECHHUE. .

3. Memooul ucciedosanus n08epxXHoCmU NOJYNPOEOOHUKOE

3.1. MeToibl Hccne10BaHus IOBEPXHOCTH IOITYIIPOBOJHHUKOB

MeTobl 3JIEKTPOHHON CHEKTPOCKONUHU. PeHTreHoBckas (OTO3JIEKTPOHHAS CIEKTPOCKOMMS
(PD®DIC). [Nornomenune HoTOHOB B TBEPABIX Tenax. BepoaTHocTh mepexonoB. DOTOANEKTpUIECKU
3¢ (deKkT B MPUOIMKEHUH TPSIMOYTOIbHOU sMbl.  DnekTpoHHas Oske-criekrpockorus (D0OC). He
U3lydaTellbHble  nepexoabl. KuHeTudeckas dSHeprus HSMUTHPOBAaHHBIX  (OKe-3JIEKTPOHOB.
DHepreTuyecKre YpoBHHU, XUMUYECKHE CABUTU U Gopma mukoB. BepostHocTs KLL-mepexonoB B
BOJIOPOJIONIO00HOM atome. Beixon Oske-3nekTpoHOB U (uiroopecueHus.  YibTpaduoseroBas
dotoanexkrponnas crekrpockonus (YDOIC). Ucrounuku uznydenus B YDPIC, ucnosib3oBaHue
CUHXPOTPOHHOIO  H3JIydeHHsA. Meronbpl HOHHOW  crnekTpockonuu. Kunetnka — ympyrux
cTonKHOBeHUH. CriekTpockonus paccesHuss MeieHHbIXx noHOB (PMU). CtpykTypHble 3 (deKTh B
PMU. Cnektpockomnusi oOpatHoro paccesHus Pesepdopaa (POP). IloBepxHocTHO-OaphepHbIE
JATYMKH 3apsKEHHBIX YacTull. [loTepu sHeprum jJerkux MOHOB BBICOKHMX SHEPIHil B TBEP/BIX TelaxX.
Macc-cniekrpockonusi BTopuuHblx HoHOB (MCBMU). MeTozpl A€TeKTUPOBAaHHUS BTOPUYHBIX HOHOB.
N30uparenpHoe paclbUIEHUE 3JIEMEHTOB U aHaM3 MX paclpeleieHusl 1Mo TiyOuHe. YIimpeHue
BHYTPEHHEHN I'paHUIlbl pa3/ielia U MOHHOE nepeMenBanie. CKaHUPYOLas 30H0Basi MUKPOCKOIIUS
MOBEPXHOCTHU MOJTYITPOBOJHUKOB. .

4. HepcnekmueHble Memoobl AHAIU3A. CpasHumeﬂbenZ AHATIU3 MEMO008

4.1. [lepcnekTUBHBIE METOIBI aHATM3a. CpaBHUTENHHBIN aHATU3 METOIOB
CpaBHUTENBHBIN aHATN3 JIEKTPOHHON OXe CIEKTPOCKONUU U METOJa MOHHOM CIIEKTPOCKOIHH.
O1ieHKa CTeNeHHU JOCTOBEPHOCTH MOTYyYaeMbIX SKCTIEPUMEHTAIBHBIX PE3yIbTATOB..

3.3. TeMbl NIpaKTHYECKUX 3aHATHI
1. CriekTpocKonusl paccestHHsI MEJICHHBIX HOHOB Ha TTOBEPXHOCTH MOIYIPOBOJAHUKA (2
qaca).;
2. IlpakTraeckue ocobeHHOCTH MeTo1a Oxe - CIIEKTPOCKONHH (2 Jaca).;
3. IlpakTriKa U3MEPEHUI ONTUYECKUX CBOWCTB NOBEPXHOCTHU MOJIYIPOBOJHUKOBBIX
MaTepuaioB. [IoAroToBka n3MepuTENbHBIX TPUOOPOB
(2 yaca).;
4. 3mepeHne CBOMCTB MMOBEPXHOCTH MOITYITPOBOIHUKOBBIX MaT€pPUAIOB METOIaMH
TEPMOCTUMYJIMPOBAHHOIO aHanu3 (2 4aca).;
5. UccnenoBanue MoBEpXHOCTH MOJYIIPOBOJHUKOB METOJIOM CKaHUPYIOIEH 30H10BOI
CIEKTpOCKONuH (4 Jaca).;



6. HccienoBanue cOCTOSHUS U XapaKTEPUCTUK [TOBEPXHOCTHU IOIYITPOBOJHUKOBBIX
nmoyIokeK (2 yvaca).;
7. OcoOeHHOCTH U3MEpeHUit B ybTpaduoieToBoi obiactu crekrpa (2 gaca)..

3.4. TeMbl 1a00paTOPHBIX padoT
HE MIPelyCMOTPEHO
3.5 Koncyabranumn

Texywui koumpoas (TK)

1. Koncynpranuu npoBoasircs no pasneny "®dyHaameHTaabHble U NPUKIATHBIE MTPOOIEMbI
(bu3uKN OBEPXHOCTH TBEPOro Tesna'

2. Koncynprammu mnpoBogdrcs 1o pasgeny "Knaccupukamus aHaTUTHYECKHX METOIOB
HCCIEA0BaHUS TOBEPXHOCTH"

3. Koucynprammmu mpoBomsaTcss 1o pasngeny  "MeToasl  MCCIENOBAaHUS ITOBEPXHOCTH
MOJIYITPOBOIHUKOB"

4. Koncynbrauuu npoBojsaTcs 1o pasneny  'llepcnekTuBHbIE  METOABI  aHAJIM3A.
CpaBHUTENBbHBIN aHATIN3 METOI0B"

3.6 TemaTnka KypcoBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IpeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

3ariaHupOBaHHbIE PE3YIbTAaThl 00YUYEHHUS 110

Howmep paznena
JUCHUTIIUHEI (B

O1eHOYHOE CPEIICTBO
(THI ¥ HAUMEHOBAHUE)

Konpr
JUCLUIIIINHE COOTBETCTBUU C
WHUKATOPOB
(B COOTBETCTBUH C pa3zieiioM 1) n.3.1)
1]12]3]4
3HaTh:
KJIACCU(PMKAIIMIO METOJIOB UCCIICIOBAHMS WT-Liics + Kontponbnas padota/KM-1Tect: «Knaccudukarus
MMOBEPXHOCTHU TMOJTYITPOBOIHUKOBBIX MAaTEPHAJIOB METOJIOB UCCIIEOBAHUS TIOBEPXHOCTHU MOIYITPOBOTHUKOBY
(U3UKO-TEXHOJIOTMYECKHE OCHOBBI IMTPOOIIEM KonTponbnas pabora/KM-2Tect: «®Puzuko-
CTPYKTYp TBEPAOTEIBHOMN JIEKTPOHUKH, CBSI3aHHBIX V-1 + TEXHOJOTHYECKHE OCHOBHI MPOOJIEM, CBSI3aHHBIX C
C SIBJICHUSIMH HA IOBEPXHOCTHU SIBJICHUSIMU Ha TIOBEPXHOCTH MPHU paboTe
MOJIYITPOBOTHUKOBBIX MaTEPHAIIOB)
OCHOBBI CTPOEHHUSI IOBEPXHOCTH U METO/IbI KonTpomnsnas pabora/KM-3 tect «OCHOBBI CTpOSHUS
U3MEPEHUA COCTABA OBEPXHOCTH U METOMIKY VT-21c3 + MOBEPXHOCTHU MOJIYIIPOBOHUKOB U MIOBEPXHOCTHHIE
pacuéra nmapaMeTpoB OBEPXHOCTHU IPOLIECCHI»
TIOJTYITPOBOJTHUKOBBIX MaTE€PUAJIOB
Ymern:
OCYUIECTBJISATh METOANKY pacuéTa napameTpoB KonTponsnas pabora/KM-4 KontponwsHas pabora:
TOBEPXHOCTH MTOTYIPOBOJHUKOBBIX MAaTEPHUATIOB N-1nk-3 + «MeToapbl Hccien0BaHus CBOMCTB MOBEPXHOCTH
MIOJTYTIPOBOJTHUKOB, MPU UX paboTe B DJEKTPOHHBIX CXEMaxX»
CaMOCTOSITENIHO pa30upaTbcs B METO1aX Pedepar/KM-5 BoinonHenue u 3amura pacdeTHOTO
HCCIIEI0BAHMS U pacyeTa NapaMeTpoB CBOWCTB WT-Lics + 3ananus: «Pacuét mapamMeTpoB TEXHOIOTHUYECKUX J1e(DEeKTOB
MMOBEPXHOCTHU TMOJTYITPOBOTHUKOBBIX MAaTEPHAIIOB MOBEPXHOCTU PA3TUYHBIX TTOJIYIPOBOJHUKOBBIX U
JIUDJIEKTPUUECKUX MAaTEPUATIOBY.
MU3MEPSITH CBOMCTBA TOBEPXHOCTH Kontponbnas padota/KM-4 KonTposnbHas padora:
MOJIYITPOBOJTHUKOBBIX MaTEPUAJIOB N-2mk-3 + | «MeTo/bI CClleI0BaHUs CBOMCTB MOBEPXHOCTH
TTOJTYITPOBOJTHUKOB, MIPU UX PaOOTE B DJIIEKTPOHHBIX CXEMaX)»
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUILIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
6 cemecTp

Dopma peanuzauuu: ITucbmenHas padora
1. KM-1Tecr: «Knaccudukanus METO10B HCCIEIOBAHUS TTOBEPXHOCTH MOTYITPOBOTHUKOBY
(KonTpoawsHas pabora)
2. KM-2Tect: «PHU3UKO-TEXHOJIOTUIECKHAE OCHOBHI MMPOOJIEM, CBA3aHHBIX C SBICHUSAMHU Ha
IIOBEPXHOCTH MpH paboTe MOJIYIIPOBOIHUKOBBIX MaTepuasoBy (KoHnTposbHas paboTa)
3. KM-3 tect «OCHOBBI CTPOEHUS IOBEPXHOCTH MOIYIIPOBOAHUKOB U TIOBEPXHOCTHBIE
nporecco» (KoHnTponsHas padota)
4. KM-4 KontponbHas padoTa: «MeTobl UCClIeIOBaHUS CBOWCTB MMOBEPXHOCTH
HOJIYIPOBOIHUKOB, IPU UX paboTe B 37eKTPOHHBIX cxemax» (KoHnTposbHas paboTa)
5. KM-5 BeltosiHeHHE U 3a1MTa pacyeTHOro 3a1anus: «Pacyér mapaMeTpoB TEXHOJIOTUYECKHUX
Je(EeKTOB NOBEPXHOCTHU PA3IMYHBIX MTOJYIIPOBOJAHUKOBBIX U AUIIEKTPUUECKUX MAaTEPUATIOBY.

(Pedepar)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 Ilpome:xyTOYHAs aTTeCTALMUS 110 TUCHUILJIMHE
3auem ¢ ouenxou (Cemecmp No6)
[TpubaBneHne O0ATOB MPOMEKYTOYHOM aTTECTALUU IS TTOJIYUYECHUSI UTOTOBOW OIICHKH 10 KYpCYy

B numnnoM BeICTaBIsETCS OICHKA 3a 6 CEMCCTD.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOH/IE€ OLICHOYHBIX
matepuanos OIIOIL

5. YYEBHO-METOANYECKOE OBECIHHEYHEHUE JUCLHUIIJINHbI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. AatoHoB, B. A. MeToibl UCClieI0BaHUSI TIOBEPXHOCTH MOJTYNPOBOHUKOBBIX MaTEPHAJIOB :
yuebHoe rocodue 1o kypcy "MeTo/bl uccae10BaHus TOBEPXHOCTHU MOITYIPOBOJHUKOB" 110
HanpasiieHUIo "DNeKTpoHNKa U HaHoAIekTpoHuka" / B. A. Anronos, Han. uccnen. yu-t "MOU" . —
M. : U31-80 MO, 2017 . —40 c. - ISBN 978-5-7046-1778-5 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=8935;

2. AaTOHOB, B. A. MeTopl uccie10BaHUs IIOBEPXHOCTH MOTYIPOBOJTHUKOB : yueOHOE TOCOOHE TT0
Kypcy "MeTo/ibl Hecie10BaHus IOBEPXHOCTH MOITYIPOBOAHUKOB" 110 HampasiieHuto 11.03.04
"OnexkTpoHrKa U HaHOAJIekTpoHuKa" / B. A. Antonos, Hau. uccnen. yu-t "MON" (HUY"MBU") .
—M. : I3n-80 MOU, 2018 . — 47 c. - ISBN 978-5-7046-1921-5 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=10220;

3. AuTOHOB, B. A. DKcniepuMeHTaNbHbIE METOABI UCCIIEOBAHNS MOBEPXHOCTH MOJIYIIPOBOIHUKOB :
yuebHoe rocodue 1o Kypcy "MeTo bl uccie10BaHusl MOBEPXHOCTH MOIYIPOBOIHUKOB" 110
HarnpasieHuto 11.03.04 "DnexTponuka n HaHodIekTpoHUKA" / B. A. AnTonoB, Haml. nccnen. ya-t
"MOU" (HUY"MBU") . — M. : U3x-Bo MOU, 2019 . — 52 c. - ISBN 978-5-7046-2106-5 .
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http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=10757;

4. Beenenue B pusuky nosepxunoctu / K. Oypa, u np., Poc.akan. Hayk, JlansHEBOCT. OT/I-HUE, HH-T
aBTOMAaTHKH M MPOIECCOB yrpasieHus . — M. : Hayka, 2006 . — 490 c. - ISBN 5-02-034355-2 .;

5. Mokpoycos I'. M., 3apyouna O. H., beke3una T. I1.- "Mexda3uble npeBpamieHus u
dbopMUpOBaHHE TOBEPXHOCTU MHOTOKOMIIOHEHTHBIX MOJYIPOBOJIHUKOB B XKUAKUX cpenax’,
W3znarensctBo: "Jlans", Cankr-IlerepOypr, 2015 - (112 ¢.)
http://e.lanbook.com/books/element.php?pll_id=65046.

5.2 JIunieH3MOHHOE ¥ CBOOOHO pacnpocTpaHsaeMoe MPOrpaMMHoOe odecrnedeHue:
1. Windows / OniepanimonHas cuctema cemeiictpa Linux;

2. Finereader;

3. Maiinn Buneokondepenuuu;

4. Windows Server / CepBepHas ornepaioHHasi CHCTeMa ceMeiicTBa Linux;

5. Kali Linux;

6. Koyo Ethernet OPC Server;

7. AutoCAD/ T Flex CAD (Bepcus A o0Oydaromuxcs 1 npernojaBaTeneit).

5.3 UnTepHeT-pecypchl, BKIKYasA NpodeccuoHaJIbHble 0a3bl JAHHBIX H HH(POPMAIMOHHO-
CIIpaBOYHbIE CHCTEMBI:

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

2. 9BC "YHuBepcuTeTckas 6u0J1M0TEeKA OHIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

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

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

5. DiekTpoHHBIE pecypchl U3AaTeabcTBa Springer - https://link.springer.com/

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

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

8. HaumonasbHasi 3J1eKTpoHHasi 6ubanoTeka - https://rusneb.ru/

9. Kypnaasl u3nareibcrsa Cambridge University Press - https://www.cambridge.org/core
10. ba3a nanubix aucceprauuii ProQuest Dissertations and Theses Global -
https://search.proquest.com/pqdtglobal/index

11. XKypuaua Science - https://www.sciencemag.org/

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

13. ba3a oTKpbITHIX JaHHBIX MUHHCTEPCTBA TPY/A U COLUATBbHOM 3alUTHI PD -
https://rosmintrud.ru/opendata

14. ba3a oTKPBITHIX JaHHBIX NPO(ecCHOHAIBHBIX CTAHAAPTOB MUHNCTEPCTBA TPYAA U
conuaabHoi 3aumthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

15. DnexkTpoHHas oTkpbITas 6a3a naHHbIX ''Polpred.com O630p CMHU" -
https://www.polpred.com

6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHUE JUCHUIIJIMHBI

Tun nomeneHus Homep aynuropun, OcHamenue
HAMMEHOBaHHE

OTCYTCTBYCT
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

MGTOI[BI HCCIICOO0BAHN:A ITIOBCPXHOCTH ITOJIYIIPOBOIHHUKOB

(Ha3BaHME AUCIMILIMHBI)

6 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4

KM-5

KM-1Tect: «Knaccudukarus METO10B UCCIEAOBAHUS TOBEPXHOCTHU MOIYITPOBOTHUKOB)
(KontpomnwsHas pabota)

KM-2Tect: «®PU3HKO-TEXHOJIOTHUYECKHE OCHOBBI MPOOJIEM, CBSI3aHHBIX C SIBJICHUSMHU Ha
MOBEPXHOCTHU TIpU PabOTe MOIYIPOBOIHUKOBBIX MaTepuanosy (KoHTponbHas paboTa)

KM-3 tect «OCHOBBI CTPOEHUS TOBEPXHOCTH MOIYIPOBOAHUKOB U MOBEPXHOCTHBIE MTPOLIECCHD
(KontponpHnas pabota)

KM-4 KontpomnbHas padora: «MeTobl HcCIe0BaHUs CBOMCTB MOBEPXHOCTH MOTYIPOBOJIHUKOB,
Ipu UX pabore B ANIEKTPOHHBIX cxemax» (KoHTposbHas padoTa)

KM-5 BerlnonHenue u 3amura pacyeTHoro 3aganus: «Pacyér napamMeTpoB TEXHOIOTHYECKUX
ne(EKTOB TIOBEPXHOCTH PA3IUIHBIX ITOYIIPOBOJIHUKOBBIX U AUAICKTPHUSCKUX MATCPUAIOBY.

(Pedepar)

Bujx npome:xyTo4HOI aTTecTanmu — 3a4eT C OLIEHKOM.

Nunekc KM- | KM- | KM- | KM- | KM-
Homep Pasgen nucuuIuimHe! KM: L 2 3 4 >
pasjena Henens 4 6 8 12 14
KM:
1 OyHIaMEeHTaNbHbIE U TPUKIIATHBIE TPOOIEMbI
(U3KKY TOBEPXHOCTH TBEPJIOTO Tela
11 OyHIaMEeHTaNbHbIE U TPUKIIATHBIE TPOOIEMbI + +
' (U3KKY TOBEPXHOCTH TBEPJIOTO Tela
2 Knaccudukanus aHamuTHIECKUX METOI0B
WCCIIETOBAHMS TIOBEPXHOCTH
21 Knaccudukanus aHanuTHIECKUX METOI0B + +
WCCIIETOBAHMS IOBEPXHOCTH
3 MeTo1bl McCIeTOBAHUS TOBEPXHOCTH
MIOJYTIPOBOTHUKOB
31 MeToibl ucCIeTOBAHUS TOBEPXHOCTH +
MIOJYTIPOBOTHUKOB
4 [TepcniekTuBHBIE METOBI aHATU3a. CpaBHUTEIBHBIN
aHaJu3 METOJIOB
41 [TepcniekTuBHBIE METOBI aHATU3a. CpaBHUTEIBHBIN +
aHaJu3 METOJIOB
Bec KM, %: | 20 20 20 20 20
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