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PABOYAS ITIPOT'PAMMA YYEBHOM JUCHUIIINHBI

TEXHOJIOTMYECKOE OBOPY IOBAHUE MUKPO- H HAHOTEXHOJIO-
'Yl (T'1Oo 4)

YpoBeHb NPo(deccHOHANTLHOT0 00pa30BaHusl: BhICIee 00pa3oBaHue - OakanaBpHaT

HanpaBjieHus1 MOAr0TOBKHU 28.03.01 «HaHOTEXHOIOIMU ¥ MUKPOCUCTEMHAS TEXHUKA

Hanpasaennocts (npoguin) HaHOTEXHOJOTMH B SJICKTPOHUKE M MUKPOCHCTEMHON TEXHHUKE

®opma 00yueHust ouHas

DaxyJIbTeT aneKkTpoHHOH TexHuku (POT)

Kadenpa dbusuueckoii aaekTporuku (D)

Kype 4 Cemectp 7

YueoHblii miian nadopa 2015, 2016 roga u mocjIexyOMIUX JeT.

Pacnpene.nelme paﬁoqero BpPEeMEHU:
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1. | Jlekuuu - - 4acoB
2. | JlabopaTopHbie padoThI - - 4acoB
3. | [IpakTHyeckune 3aHATUS 108 108 | 4acos
4. | Kypcosoii npoext/padora (KPC) (aynnTopHas) B _ 4acoB
5. | Beero ay1nTOpHBIX 3aHATHIA (Cymma 1-4) 108 108 | 4acos
6. U3 HuX B HHTEpaKTHBHOI (hopme 10 10 | 4acosm
7. | CamocrositenbHasi pabora cryaentos (CPC) 108 108 | 4acos
8. | Beero (6e3 3x3ameHa) (Cymma 5,7) 216 216 | 4acoB
9. | CamocT. paGoTa Ha MOATOTOBKY, cIa4y IK3aMeHa - R 4acoB
10| O6mas Tpya0eMKOCTh (Cymma 8,9) 216 216 | 4acoB
(B 3a4€THBIX eIMHUIAX) 6 6 3E
Ju. 3auer _7 cemectp
Tomck 2017
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
npotokost Ne 77 ot « 11 » 1 2017 1

Jlucer corsracoBanui

PaGouas mporpamMmMa coctaBiieHa ¢ yuyeToM TpeboBanuii deaepanbHOro rocyaapcTBEHHOro 00pas3o-
BaTeIbHOTO cTaHAapTa Beicmero oopazoanus (PI'OC BO) nanpasnenus 28.03.01 «HanorexHonoruu
U MHKDPOCHCTEMHAas TeXHHMKa» (YpOBEHb OakanaBpHaTa), YTBEPKICHHOTO MPHUKa30M MUHHCTEpPCTBA
obpa3zoBanus 1 Hayku Poccuiickoit @eneparmu ot 6 mapra 2015 r. No 177, paccMOTpeHa U yTBEpxkae-
Ha Ha 3acenanuu kadeapsl husndeckon eKTpoHukH oT «11» 01 2017 r., mpotokon Ne_77.

Pa3paborumk:
Accucrent kadeapsr O3 / B.B. Kapanckuit

3aBenyrommii kageapoi
[Tpodeccop kadenpsr I / [LE. Tposin

Pabouas mporpamma coriacoBana ¢ (hakyJIbTeTOM, IPOQHINPYIOIIEH U BbITycKaromel kaden-
pamu HarpaBJiIeHUsI TIOATOTOBKH.

Jekan OOT / A .. BopouuH
3aB. npoduiupyromiei

kadenpoit (O] / [LE. Tposu

3aB. BeIyCKaroIen

kadenpoii [OC) / [L.E. Tposia
JKCIepThI:

[Ipencenarenb METOAMYECKOM

komuccuu daxyiabrera DOT / H.A. Yucroenosa

[Ipencenarens METOAMYECKOU
Komuccun Kadenpbr GO / W.A. YucroenoBa
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1. HEJIU U 3AJJAYN JUCIHUTTJIMHBI

Lenpto ocBocHUs yueOHON muctMIuIuHbl « TeXHOIOTHIeCKoe 000py/IOBaHHEe MUKPO- U HAHOTEXHOJIOTHI
(I'TIO 4)» sBnsiercst OpMUPOBAHUE 3HAHWUN B 0OJACTH TEXHOJIOTUN CO3JIaHUS MUKPO- U HAHOCTPYKTYP U H3Y-
YeHHsI MX CBOMCTB, YCBOCHHE (PyHIAMEHTAJIHHBIX IPUHIIUIIOB, HA KOTOPBIX CTPOUTCS (PYHKIMOHUPOBAHUE TIPH-
00poB aMs WccienoBaHul, (popMupoBaHHe y oOydarommxcs o0menpohecCHOHANBHBIX M MPO(ECCHOHAITBHBIX
KOMIIETCHIIUH.

3amayeil u3ydeHus MUCHUILTUHBL «TeXHOIOTHYecKoe 00opyIoBaHHe MHUKPO- U HaHoTexHosoruii (['T1IO
4)y SBISAIOTCS PACIIUPEHNAE HAYIHOTO KPYyro3opa M 3pYIHIIUH CITyIIATeNICH IS TTOCIEAYIOIIETO NCTIOIb30BaHMUS
WX TIPHU CO3J]aHUH U UCCIICIOBAaHUM O0EKTOB B MHUKPO3JICKTPOHUKE.

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OOII

B coorserctBuu ¢ OIIOII gucuunnuna «TexHonornueckoe o00pynoBaHWE MUKPO- U HAHOTEXHOJOTHN
(I'TIO 4)» oTHOCHTCS K MUCUMIUIMHAM BapHaTHUBHOM 4YacTh 0Opa3oBaTeNbHON MporpaMmbl OakanaBpuaTa IO
manpasienno 28.03.01 «HanoTexHoMOrMH 1 MUKpocucTeMHast Texuuka» (b1.B.J]B.7.2).

Uzyuenne aucuuminHbl 0a3upyeTcsl Ha CIEAYIONIMX paHee W3ydaeMbIX AUCUUIUIMHAX: HHCTPYMEHTAb-
Hoe obecrieuenue B HaHOTexHOIoruu (I'TIO 1), HoHHO-TITa3MEHHbBIE TEXHOJIOTHMH U3TOTOBICHUS! MUKPO- M HAaHO-
ctpyktyp (I'TIO 2), TexHOMOTHS MaTeprUaIoB MUKPO- U HAHOAJIEKTPOHUKH, SIEKTPOPUINIECKHE METOJIBI HCCIIe-
noBaausg HaHOCTPYKTYP (I'TIO 3), 0CHOBBI TEXHOIOTHH 3NIEKTPOHHOM KOMIOHEHTHOH 0as3bl.

Ha marepuanax, u3y4aeMbIX B JaHHOW TUCIMILIMHE, 0a3MPYIOTCS CIEAYIOUINE AMCUIUIUIMHBI y4eOHOTrO
IJIaHa, W3ydaeMble IMO37Hee: y4eOHO-MCCIIeIoBaTeIbCcKas paboTa B CeMEeCTpe, METOAbl aHAIN3a W KOHTPOJA
HaHOCTPYKTYPHUPOBAaHHBIX MAaTEPUAIIOB U CUCTEM, TIPOIIECCHl MUKPO- H HAHOTEXHOJIOTHH, TEXHOJIOTHS KpEMHHE-
BOM HAHODJIEKTPOHHMKH, MOJETHPOBAHUE U NPOCKTUPOBAHHE MHKPO- W HAHOCHUCTEM, HpHOOpHO-
TEXHOJIOTHYECKOE MOJICITHPOBAHHE.

3. TPEBOBAHUS K PE3YJIBTATAM OCBOEHUSA JUCHUIIVIMHBI

3.1. U3yueHue TMCUHUIUIAHBI HAMIPABJIEHO HA (opMUpOBaHNe Y 0aKAJIaABPOB CIEAYIOUIUX 00uienpo-
deccuonanvnvix (OIIK) u npogheccuonansvnvix komnemenyuii (I1K):

- TOTOBHOCTBIO aHAJIM3UPOBATL U CUCTEMATU3UPOBATL PC3YJILTATHI HCCHGHOB&HHP'I, MmpeaACTaBJIATL MaTeC-
pHabl B BHIC HAYYHBIX OTYCTOB, MyOnuKkarmi, mpesenranuii (ITK-3);

- TOTOBHOCTBIO HCIIOJIb30BaTh 0a30BO€ KOHTPOJIbHO-U3MEPUTENbHOE 000pyIOBaHUE Ui METPOJIOTHYE-
CKOTO o0ecIieueHHs] UCCIICIOBAHNN M TPOMBIIUICHHOTO MPOU3BOJICTBA MAaTEPHAIOB MU KOMIIOHEHTOB HAaHO- M
mukpocucremuoi rexuuku (IMK-9);

- TOTOBHOCTBIO pabOTaTh Ha COBPEMEHHOM TEXHOJOIMYECKOM O0OPYIOBAHUH, UCHOJIb3YEMOM B IPOU3-
BOJICTBE MaTePHAJIOB U KOMIIOHEHTOB HaHO- U MuKpocucTeMHoit TexHuku (ITK-10).

3.2. B pe3yabTaTe u3yyeHUs AUCHUILUTHHBI 0aKaIaBP H0JKEH:

3HATh:

- (PU3UKO-XUMHUECKUE U TEXHOJIOTHIECKHE OCHOBBI IIPOIIECCOB M3MOTORJICHUS MUKPO- U HAHOCTPYKTYP,
THTIOBBIE TEXHOJIOTHIECKHE TIPOIIECCHI HX M3TOTOBIICHHUS,

- METO/IbI UCCIIEZIOBaHUSI HAHOCTPYKTYP C MOMOIIBIO CKAaHUPYIOIIEH 30HA0BOM MUKPOCKOTIHH, TEXHOJIO-
UM U 000pYJOBaHUE OINTHYCCKOH JinTorpaduu W JUTOrpaduu ¢ MOMOIIBIO CKAaHMPYIOIIUX 3JICKTPOHHBIX U
HMOHHBIX MTyYKOB, 000PY0BaHNE U TEXHOIOTHU (HOPMUPOBAHUS HAHOCTPYKTYD;

- TpeOOBaHMs, IPEIBIBIIEMbIE K (pOpMe U COIEepKaHHIO HAYYHBIX OTYETOB, ITyOTHKAINH, TPEe3eHTAIINH.

YMeTh:

- OCYIICCTBIISATh aHAJIU3 TEXHOJIOTHU U BBIOUPATH TpeOyeMoe 000pyA0BaHuE JIJIsl UCCIICA0BAHUN U H3TO-
TOBJICHUSI HAHOCTPYKTYP;

- BEIOWpaTh ONTHMAJIBHBIE TEXHOJOTHMYECKUE IIPOLECCHl, MX IIOCIEAOBATENBHOCTH U KOHTPOJIHHO-
M3MEPUTETHHBIC OTIEPAITHH JIJIS TIPOU3BOJICTBA U3ICTNI HAHO- I MEKPOCHCTEM;

- popMyIHpOBAaTh OCHOBHEIE PE3YJIBTATHI PA0OTHI U OIIEHUBATH UX 3HAYUMOCTH IS TIPEICTABICHUS Ma-
TEPHUAJIOB B BHJIE OTYECTOB U ITyOTHKAIIHIA.

BJIA/IETh:

- METOJIaMH aHajIM3a TEXHOJIOTHH U BbIOOpa 000PYI0BAHUS;

- HaBBIKAMH PabOTHI Ha TEXHOJOTHYECKOM O0OPYAOBaHUH, UCIIOIB3YEMOM B IIPOU3BOJICTBE JIIEMEHTOB
AJIEKTPOHHON KOMIIOHEHTHOH 0a3Hi;

- HaBBIKAMU aHAJIM3a U CUCTEMATH3aIlMH PEe3yJIbTaTOB UCCIICIOBAHUN 1 TIPEACTABICHUS UX B PA3IMIHOM
BUJIE.
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4. OFBEM JUCHUIJIMHBI U BUIbl YYUEBHOUN PABOTHI

O6I]_[a$1 TPYAOCMKOCTH JUCHUIIJIMHBI COCTABJISICT 6  3adyeTHBIX CAWMHUIIL.

Bua yueOHoii pa6oThl Bceero yacos CeM7e “p
AyauTopHsble 3aHATHS (BCEro) 108 108
B tom uucne:
Jlekuun - -
[TpakTHyeckue 3aHATHS 108 108
CamocrosiTejibHAasi padoTa (Bcero) 108 108
B ToMm uncne:
V3ydeHne n aHaIH3 JUTEPATyPHI 32 32
VuauBrayansHOE TBOPUECKOE 3a/1aHHe 68 68
IToaroroska otuera mo I'TIO 8 8
O0mas TPyA0EMKOCTh Yac 216 216
3auernsie Ennannel Tpynoemkocti 6 6
5. COAEP KAHUE JUCHUIIJIMHBI
5.1. Pa3esibl AMCUMIIMH M BUbI 3aHATHI
g £
£x|Ss| g
Ne E § = S E = dopmMmupyemble
. /;1 HanmenoBanne pa3gena QucUUNIHHBI Z = = g fi g KOMIIeTeHI[U !
= 23 s 6 R (OK, IIK, IICK)
=) ]
= O
1 TennaeHuUU pa3BUTHUS COBPEMEHHOM TEXHOJIOIMM MHUKPO- H ; 18 14 32 TTK-3: TTK-9: TTK-10
HAHOCTPYKTYp. TeXHOIOTHYECKHE Cpepl.
2 DHU3NKO-XUMHYECKHE MIPOLECCHl B TEXHOJIOTHH MHUKPO- U HaHO- ) 30 30 60 T1K-3; [TK-9; TIK-10
CTPYKTYP.
3. | KoHTpoms mapamMeTpoB MUKPO- U HAHOCTPYKTYP. - 30 30 60 IK-3; I1IK-9; T1K-10
4. | TexHonormaeckoe 000pyIOBaHNE MUKPO- U HAHOTCXHOJIOTHIA. - 30 34 64 IK-3; I1IK-9; T1K-10
HTOI'O - 108 | 108 | 216

5.2. Conep:xanue pa3ieoB IMCUUILIAHBI (110 JIEKIUSIM)

He npenycmotpeHo.

5.3. Pa3esibl AUCHUILIMHBI U MEKIUCIUIIJIMHAPHBbIE CBSI3H ¢ 00ecneYnBaAOIUMU (MpeabI-
AYUIUMU) ¥ 00ecneunBaeMbIMHU (MOCTENYIIHMHU) AU CHUIIMHAMH

Ne Ne pa3znesioB JaHHOM JUCHUILIMHBI, 1JIs KOTOPBIX HEO0XO0-
HaunmenoBanue o6ecneyuBaomux (nmpeabiay-
Ne JUMO u3y4yeHHe o0ecneuynBaONIUX (MPeabIylux) u odecmne-
1IIMX) U o0ecneynBaeMbIX (IIOCTEAYIOUIUX) AHUC-
n/n —— YHBaeMBbIX (NMOCJETYIOIINX) JUCHUIIIINH
1 | 2 3 | 4
IIpeauecTBYONINE THCHUIIHHBI
MHCTPpYMEHTAJIbHOE 00ecreueHne B HAaHOTEXHOJIO-
1. + + + +
ruu (I'TIO 1)
HOHHO-IIJIA3BMEHHBIC TCEXHOJIOTUU H3rOTOBJICHUSA
2. + + + +
MHUKpPO- ¥ HaHOCTpYKTYyp (I'TIO 2)
TEXHOJIOIUS MaTEpHaIOB MHUKPO- U HAHOJJICKTPO-
3. p p p + + + +
HHUKH
9MEeKTPOU3NIESCKAE  METOIBl  HMCCIIEIOBaHUS
4, + + + +
nanoctpykryp (I'TIO 3)
OCHOBBI TEXHOJIOTUM DJIEKTPOHHOM KOMIIOHEHT-
5. . p + + + +
HOM 0a3bl
IMocaenywonue TMCUMIINHBI
1. | yuebHO-UccnenoBaTeabCcKas paboTa B CEMECTpPe + + + +
2 METOJIbI aHAJIU3a U KOHTPOJIA HAHOCTPYKTYPUPO- + + + +
" | BamHBIX MaTepnanoB u cucrem
3. | mporecchl MUKPO- ¥ HAHOTEXHOJIOTHU + + + +
4, TEXHOJIOTUA erMHHCBOﬁ HAaHOJJICKTPOHUKH + + + +
MOICIUPOBAHUE M IIPOCKTHUPOBAHUEC MUKPO- H
5 AP p p p + + + +
HaHOCHCTEM
6. | mprOOPHO-TEXHOJIOrHIECKOE MOICIHPOBAHUE + + + +
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5.4. CooTBeTCcTBHE KOMIETEHIUH, ()OPMHUPYEMbIX NPH M3YYEeHHMH AUCHMIUIMHBI, © BHIOB

3aHATHH
Ilepeyenn Buapl 3anaTumii
. DopMbI KOHTPOJISI
KOMIIETEHIH I 3 CPC
Onpoc Ha IPaKTHYECKOM 3aHATHH; OTUET 110 MHIUBHUIY-
TIK-3 + AIIEHOMY TBOPYECKOMY 3aJ[aHHUIO; 3aIlINTa HHINBHUIYalIhb-
HOTO TBOPYECKOTO 3aJaHus; 3ammuTa oTdeToB 1o I'TIO
Onpoc Ha PaKTHYECKOM 3aHATHH; OTUET 110 MHINBHUIY-
I1K-9 + aTbHOMY TBOPUYECKOMY 3a/IaHUIO; 3al[UTa UHIUBUIYaIb-
HOTO TBOPYECKOTO 3aJaHusl; 3anura oryetoB no ['TIO0
Ornpoc Ha NPAKTUYECKOM 3aHITHH; OTYET MO0 UHIUBUAY-
I1K-10 + aJTbHOMY TBOPUYECKOMY 3a/IaHUIO; 3al[UTa UHIUBUIYaIb-
HOT'O TBOPUYECKOTO 3aaHusl; 3anura oryetoB no ['TIO0

6. METObI 1 ®OPMbI OPTAHU3ALIUA OBYYEHUSA
TexH0JIOrHH HHTEPAKTHBHOI0 00y4eHHs NPU Pa3HbIX hopMax 3aHATHII B yacax

DopMbl
P IIpakTuyeckue 3aHaTHA (Yac) Bcero
MeTtoabl
Mynvsmumeduiinvie npezenmayuu ¢ UOEOPOIUKAMU U
PA30amMoOUHbIM MAMEPUATOM C NOCTEOVIOWUM 0OCYIic- 4 4
OeHuem

Paboma 6 komanoe 6 6
HToro MHTEpaKTUBHBIX 3aHATUI 10 10

7. JABOPATOPHBIN IPAKTUKYM

He npenycmoTtpeHo.

8. NIPAKTUYECKHUE 3AHATUS (CEMUHAPBI)

Ne pazpena
JUCIHILIH-
HBI

Ne
n/n

TemaTuKa NPaKTHYECKUX 3aHATHI

Tpyno-
e€MKOCTh
(uac.)

Komnerennmuu OK,
K, IICK

IIOMCIICHMUA.

TenneHuMM pa3sBUTHA COBPEMEHHON TEXHOJOTUH MHUKpPO- M HAaHO-
cTpykTyp. TexHonorudeckue cpeisl. UucTele MpOU3BOJACTBEHHBIE
Kunkne xnmudeckne W ra3000pa3HbIE  CPEJBL.
Ounctka ra3oB. OuncTka Bojbl. ['a30Bble pa3psiael. MarHeTpoH-
HbIM pa3psan. Pa3psan B yClIOBHAX 3JEKTPOHHOIO LIMKJIOTPOHHOIO
pe3oHaHca. Pa3ps Ha reJITMKOHOBBIX BOJIHAX.

18 [K-2; TIK-3; T1K-10

OU3NKO-XUMHUECKHE TIPOLECCHl B TEXHOJOTHH MHKPO- M HAHO-
CTpYKTYyp. BakyymHbie 1 razodasHbie MeTobl snutakcuu. MoHHas
uMmIutaHTanus. Meroael sutorpadun. Potomutorpadus. Diek-
TpoHHas auTorpadus. Monnas aurorpadus.

30 TK-2; TIK-3; TTIK-10

MHUKPOCKOIIHS.

KoHTpons mapaMeTpoB MHUKPO- M HAHOCTPYKTYp. OJIEKTPOHHAS
IIpocBeunBaromas 3JIEKTPOHHAS MHUKPOCKOIIHS.
CkaHupylomasi TyHHElIbHass MHKPOCKONUS. DJIEKTPOHHAS MHKpPO- 30
CKOIIUSI TETEPOCTPYKTYP. ATOMHasI CHIOBasi MUKpockomnust. Crek-
Tpockonusl. PEHTTeHOBCKHI MUKpOaHAJIN3.

[K-2; TIK-3; T1K-10

TexHosornyeckoe 000pyIOBaHME MHUKPO- M HAHOTEXHOJIOTHH.
VYcTaHOBKA IIEKTPOHHO-TYYEBOrO HambuleHUs. BakyymHOe Hambl-
JUTEeNIbHOE 000pyaoBaHne. MarHeTpoHHasi BAKYYMHasl yCTaHOBKA.
Cucremaruzanus U oopMIICHHE PE3yJIbTAaTOB, IOATOTOBKA Mare- 30
pHanoB B BUAE HaydHOTO oT4era. [loAroToBKa M oopMIIeHHE Ma-
TEpHaIOB MCCIIEOBaHU B Bue myOnmkanuu. Ilogroroska ycTHo-
r'0 BBICTYIUICHHUS U Ipe3eHTanuu. [1ybnmanas 3amuTa oT4era.

TK-2; TIK-3; TTK-10
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9. CAMOCTOSATEJIbHASA PABOTA

. Tpyno-
Ne Ne paznena TemMaTHKa caMOCTOATEIBLHONH PadoTHI pya KomMmnerennuu KoHnTpoab BbINoJIHe-
€MKOCTh
n/n | AUCHUIJIMHBI (Oemanuzayusn) (uac.) OK, IIK, IICK HHSA padoThI
Omnpoc Ha IpaKkTHYe-
1. 1-4 W3ydenue n aHaau3 IUTEPATypEI 34 I1K-3,9,10 P paxry
CKUX 3aHSTHH
Brimonnenne u 3ammra HHAMBHAIYAJIBHOTO Or4er 1o uHAuBHAY-
2. 1-4 Hl JHBHIAY 60 [1K-3,9,10 aJIbHOMY TBOPYECKOMY
TBOPYECKOTO 3aIaHHUS
3aHATHUIO
3. 1-4 Brimonnenne u 3ammuTa otueta mo I'TIO 14 T1K-3,9,10 Ortuer no I'TIO

10. IPUMEPHASA TEMATHUKA KYPCOBBIX [IPOEKTOB (PABOT)

He npenycmoTtpeHo.

11. PEUTUHT'OBASI CUCTEMA JJIsA ONEHKHU YCIIEBAEMOCTHU CTYJIEHTOB
Taoauna 11.1. bajuibHbIe OlIEHKH JJI51 3JIEeMEHTOB KOHTPOJIS

MaxkcuMaJibHbIIi . MaxkcuMaJibHbII
DJIeMeHTbI 6asu1 Ha 1-yro KT MaxcumaisHbii 0aJ1 3a mepuos Bcero 3a
y4eOHO¥ 1eTeJbHOCTH ¢ Ha4aJjla ceMecT- 0auL1 3a nepuon Mmesxay 2KT u na ceMecTp
mexny 1KT u 2KT
pa KOHeIl cemMecTpa
BrinonHeHNe TPOMEXYTOYHBIX 3Ta-
OB Pa3pabdOTKH NPOEKTa B COOTBET- 10 10 10 30
CTBHH C TEXHUYECKUM 33JTaHHEM U
KaJICHIAPHBIM IJTAHOM IIPOCKTA
[Tocemenune 3auaTHit 12 12 8 32
[Ty6nukanuy 1 JOKIaabsl YIaCTHUKOB
MIPOEKTHBIX TPYII Ha HAYIHO- 8 8
TEXHHYECKUX KOH(EPEHINIX pa3-
JIMYHOTO YPOBHS
HMTOro MakcuMyM 3a mepuosu: 22 22 26 70
OTtyeTHas COCTaBIAIONIAsA OaJUIBHON
OIICHKH YYaCTHUKOB IpOeKTa. BEI- 30
cTaBiiseTcs Ha 3rtane 3amutsl ['T10.
Hapacralomum utorom 22 44 70 100
Ta6auna 11.2. Ilepecyer 6a/1J10B B OLICHKH 32 KOHTPOJIbHbIC TOYKH
baJuibl Ha 1aTY KOHTPOJILHOM TOYKH Ouenka

> 90 % oT MakcuMaIbHOM cymMMBI OamyioB Ha gaty KT 5

Ot 70% 10 89% oT MakcumanbHOH cymMMBI OamioB Ha naty KT 4

Ot 60% 10 69% 0T MakcuManbHON cyMMBI OamioB Ha naty KT 3

< 60 % oT MakcHMaJIbHON CyMMBI 6asu1oB Ha aaty KT 2
Ta6anna 11.3. Ilepecuer cymmbl 62/1J10B B TPAAMIHOHHYIO M MEKIYHAPOAHYIO OLIEHKY

Ouenka (FOC) Hrorosasi cymma 6a/1j10B, YYUTbIBAET YCIELIHO Ouenka (ECTS)

CAAHHDII K3aMeH

5 (oTnm4HO) (324TEHO) 90 — 100 A (oTIUYHO)
85 -89 B (ouenp xopomo)
4 (xopomo) 75 -84 C (xopomo)
(3auTeHo)
074 D (ymoBneTBOpHUTEIHHO)
3 (YIOBJIETBOPUTEIHHO) 65 — 69 YA p
(3auTeHo) 60 — 64 E (nmocpezncTBeHHO)

2 (HEeyAOBIETBOPUTEIHLHO),
(He 3a4TeHO)

Hwuzxke 60 6a710B

F (reynoBneTBopuTENbHO)

BOHpOCI)I JJIS1 MOATOTOBKH K 3a4eTy.

B COOTBCTCTBUH C

TEXHUYCCKUM

https://gpo.tusur.ru/manage/chairs/18/projects.
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12. YHEBHO-METOJUWYECKOE U UH®OPMAIIMOHHOE OBECIIEYEHHUE JIUC-
HUITIMHBI

12.1 OcHoBHast IMTEpPaTYpa

1. Yucroenosa, 1. A. OGopynoBaHue Al CO3AaHUS U MCCIEAOBAHUS CBOWCTB 00BHEKTOB HAaHOAIEKTPO-
HUKHU: YuebHoe mocobue [Dnextponnslii pecypc] / Yucroenosa U. A., Hanmnmuna T. U. — Tomck: TYCYP,
2011. — 98 c. — Pesxxum mocryma: https://edu.tusur.ru/publications/547

2. CmuphoB, C.B. MeTozbl 1 000py/0BaHHEe KOHTPOJIS MapaMeTPOB TEXHOIOTHYECKUX MPOIIECCOB MpPO-
W3BOJICTBA HAHOTETEPOCTPYKTYP U HAHOTETEPOCTPYKTYPHBIX MOHOJIMTHBIX HHTETPATIBHBIX CXEM. [ DJIEKTPOHHBIH
pecypc] — Omektpon. pmaH. — M.: TYCYP, 2010. — 115 c¢. — Pexum gocryna:
http://e.lanbook.com/book/4968

12.2 lonmosHUTeJbHAS JIUTEPATYypa

1. Kupunosckwii, B.K. CoBpeMeHHbIC ONTHYECKHUE HCCIICTOBAHMS U U3MEPEHHUS. [ DIIEKTPOHHBIH pecypc]
— DnektpoH. aaH. — CII6. : Jlanb, 2010. — 304 c. — Pexxum nocryna: http://e.lanbook.com/book/555

2. HanortexHonoruu B 3nekrponuke: Monorpadus / H.U. Boprapar u ap. pea. FO.A. Yarmeirua. Moc-
KOBCKHI rOCY/IapCTBEHHbBIH HHCTHTYT JIEKTPOHHOM TexHUKH. — M.: Texnochepa, 2005. — 446 c. (20)

3. Bpangon /., Kampan Y. MHKpOCTpYKTypa MaTepuaioB. MeTo bl UCCIICIOBAHUS U KOHTPOJIS: yaeOHOe
mocooue Jyist By30B: mep. ¢ auri.; pea. [lep. C.JI. baxenos, non. K rin. 3 O.B. Eropos. — M.: Texnocdepa, 2004.
—377c.(8)

4. bpanpon /l., Kanpan Y. MukpoctpykTypa MatepraioB. MeTo b UCCIIEOBAHUS i KOHTPOJIS: Y4eOHoe
nmocobue i By30B: Ilep. ¢ anr.; pen. Ilep.: C.JI, baxenos; aBt. donomuenus: O.B. Eroposa. — M.: TexHo-
cdepa, 2006. — 377 c. (5)

12.3 YueOHO-MeTOAUYeCKHE TOCOONSI M IPOrPaMMHOe o0ecriedeHue

1. Metozp! HUcClenOBaHUA MAaTEPHUANIOB M CTPYKTYP 3JCKTPOHHUKH: Y4eOHO-METOAMYECKOE MocolOue Io
ayTUTOPHBIM MPAKTUYECKAM 3aHATHUSAM U CAMOCTOATEIHHON paboTe IUIsl CTyAeHTOB crennaibHocTH 210104.65
"MUKpO3JIEeKTPOHUKA U TBEpAOTeNbHas 3eKTpoHuKka", HampasiaeHus 210100.62 "DnexkTpoHHKa U MUKpPO3JIEK-
Tponuka", HanpaBieHus 222900.62 "HanotexHonoruu u MukpocucteMHas Texuuka'", 210100.62 "OnekTpoHuka
n HaHodnekTpoHuka", 210600.62 "Hanorexuomorus" / C. B. Cmupnos, U. A. Uuctoenosa: MuHHCTEPCTBO 00-
paszoBanus U Hayku Poccuiickoil @enepannn, TOMCKUN TOCYIapCTBEHHBIM YHUBEPCUTET CUCTEM YIPABICHUS U
pannosnexrpounku (Tomck), Kadenpa dusmueckoii anekrponuku. - Tomck: TYCVYP, 2012. - 52 c. (45)

2. Y4eOHO-METOAMYECKOe MOCOOHEe I CAaMOCTOATENBHON paboThl CTYACHTOB MO IucIUILTnHE «Du3nka
HU3KOPa3MEPHBIX CTPYKTYp»: K caMocTosTeNbHOM padore / M.M. CumyHuH. MUHUCTEPCTBO 00pa30BaHUs H
Hayku Poccuiickoit @enepannu, HanmonansHbIi nccneqoBarenbekuil yausepeurer «MUDT» (M.). — M.: MU-
9T, 2011.— 128 ¢c. (1)

12.4 ba3bl 1aHHBIX, HHPOPMAIHOHHO-CIIPABOYHbIE H MTOMCKOBbIE CHCTEMBbI
1. Hayuno-o6pa3oBarensHblii nopran TYCYP - https://edu.tusur.ru/
2. U3natenscTBo «Jlanby DieKTpoHHO-0MOMMOTeYHas cuctema - http://e.lanbook.com/

13. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE JUCHUIIJIMHBI

13.1 O6mue TpedOBaHUA K MATEPHAIbHO-TEXHMYECKOMY 00eCre4eHNI0 U CHMIIHHbI

I[J'IH peajin3anuu nmporpamMmbl y‘le6H0ﬁ JAUCHUINIMHBI UCHIOJB3YCTCA MATCPUAIIBHO-TCXHUYCCKOC obecrre-
yeHne Kadeapsl PU3NIEeCKOi FITEKTPOHHUKH.

13.1.1 MaTtepunajibHO-TeXHHYeCKOe o0ecniedeHue 1JIsl NPAKTHYECKUX 3aHATHH

J1a mpoBeieHNs MPAKTUIECKUX 3aHATHH MCIIONB3YIOTCS yueOHbIE ayJUTOPHH, PACIIOIIOKEHHBIE 10 ajipe-
cy 634034, Tomckas obnacts, r. ToMck, Bepiinnauna ynuna, a 74, 1 stax, aya. 116, 117, 119, 2 stax, aya. 216.

CocraB obopynoBanus aya. 116: ycranoBka BakyymHoro HanbuieHust Y BH2M-1 — 3 mir., mabopatopHoe
obopyznoBanue u npubopsl: Mukpockorn MBC-9 — 4 mir., mukpockon crepeo MC-1 — 5 mt., Mukpounrepdepo-
Metp MUU-4 — 1 wt., m3mepurens ummuranca E7-20 — 1 wt., mynstumerp EJIC-128 — 4 wir., MEKpockon
MMY-3V — 1 mrt., 1abopaTOpHBIi MakeT — 4-X 30HJIOBBII METOJ] U3MEPEHUSI YIEIEHOTO COMPOTHUBIICHUSI.

CocraB obopynoBanus aynd. 117: mocka MarHuto-mMapkepHas - 1mT., HOyTOyK - 11UT., yCTaHOBKa COBMe-
nieHus 1 dkcrionupoBanus [11A-310, yctanoBKa sl HaHECeHUsT POTOPE3NCTa, TUCTUILIISTOP BOJIBI, XUMHUYECKAsI
10CY 14, PEAKTUBBI.

CocraB obopynoBanus ayn. 119: gocka MmaruuTo-mapkepHast — | 1IT., J1abOpaTOpPHbIE MaKeThbl: TeMIIEpa-
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https://edu.tusur.ru/publications/547
http://e.lanbook.com/book/4968
http://e.lanbook.com/book/555
https://edu.tusur.ru/
http://e.lanbook.com/

TypHBIE CBOWCTBa ()EPPOMArHUTHBIX MAaTEPHAIOB, TEMIIEPATypHBIC CBOICTBA MPOBOJIIMX MaTEpHaIOB, 00b-
€MHO€ U IOBEPXHOCTHOE COIPOTUBIIEHUE U3OJISILMOHHBIX MaTepPHAaJIOB, IPOO0I TOHKOIIEHOUHBIX KOHAEHCATO-
poB (TIIK), TemneparypHasi 3aBUCHMOCTb MPOBOJAUMOCTH AUDIIEKTPUKOB, (POTOINEKTPUIECKUE CBOIMCTBA MOTY-
MPOBOJHUKOBBIX MaTEPUAIIOB.

JlaboparopHoe obopynoBanue U puOOpsl: uaMeputensb E7-8 — 2 wir., BonmbT™MeTp B7-22A — 2 mT., am-
nepmerp P-195, M-253 — 2 1IT., HICTOYHUK MOCTOSHHOIrO Toka b5-47 — 1 mr., anexkrtpomerp B73-42 — 1 mur.,
MynbTuMeTp B7-22A — 2 wT., m3mepurens ummuranca E7-20 — 1 wt., reppaomerp E6-13 — 1 mwt., neys nabo-
paTopHas — 2 MmT., Ipuodop It ucciemoBanus mpooos TIIK — 1 m.

KommbroTepasie maboparopusie paboTsl — 3 mT., [I9BM — 4 miT.

JlabopaTopHble MakeThl: ONpeAeTCHUE IIUPUHBI 3alPEIICHHON 30HBI MOJNyIIPOBOJHUKOB, ONpEACICHUE
tepMo-01C momynpoBogHUKOB, 3¢ dext Xomra, adgdexr IlenbToe.

JlaboparopHoe obopymoBaHue U iprOOpsI: adopaTopubrii creng CPII-5 — 2 mT., BompTmMeTp B7-22A — 5
WT., BONbTMETP B7-26 — 1 mT., BombT™MeTp mudposoit ®4214 — 1 mrT., BonbT™MeTp ©238 — 1 mT., ICTOUHUK TO-
cTostHHOTO TokKa b5-47 — 1 wT., u3ameputens ummuranca E7-20 — 1 mr.

CoctaB obopynoBanmst ayn. 216: Onruueckmii Y® cmekrpomerp USB2000 — 1 mr.,, UK Dypre-
cuekrpomerp Infralum FT-801 ¢ mpucraBkoii Ha oTpaxenue — 1 mT., MoHOXpoMaTop MJIP-23 — 1 mir., crek-
TpaJbHBIHN Ja3epHblil muncoMeTp Dmmnc-1891 CAI — 1 wT., pacTpoBbIii anekTpoHHbI MuKpockon Hitachi
TM-1000 ¢ mukpoanammzaropom Bruker Quantax S0EDX — 1 mT., pamaHoBCkuil cnekTpomeTp Avantes-
532TEC — 1 mwr., atomHO-crmoBoit Mukpockon Certus Optic U ¢ coBMeneHHBIM ONTUYECKIM MHUKPOCKOITOM — 1
IIT., U3MEPUTEIH TTAPAMETPOB MOTYIPOBOJHUKOBIX MPprOOopoB MetpoHoM-03 — 1 mit., MukpouHtepdepomerp
Jluanuka MUU-4M — 1 wr., mudposoit RLC-metp Protek 9216A — 1 mwir., n3amepurens ummuranca MHUITN
E7-20 — 1 mrt., xomnbioTep — 4 mT., HOyTOyK — 2 MIT.

13.1.2 MaTepuaJIbHO-TEXHHUYECKOE 00ecnevyeHHe JIA CAMOCTOSITe IbHOH padoThI

i camocTosITensHON pabOTHI UCTIONB3YeTCs yueOHast ay IMTOPHS, pacTooXKeHHas 1o aapecy 634034, r.
Tomck, yn. Bepmununa, 74, 2 stax, ayn. 217. CoctaB oOopymoBaHus: yueOHas MmeOenb;, JHOCKa MarHHTO-
MapKepHas.

13.2 MartepuajbHO-TEXHHUYECKOE OOecneyeHue TUCHUIIMHBI JJIS JIMI ¢ OrPaHUYeHHBIMH
BO3MO’KHOCTAMH 310POBLS

OcBoenue muciumuinHbl Juiamu ¢ OB3 ocyIecTBIsSeTCs ¢ CIOMB30BaHUEM CPEACTB 00yUeHHUs 00IIero
U CIIEUAIbHOTO Ha3HAYEHUS.

[Ipu 0O6y4eHNY CTYACHTOB ¢ HAPYIIEHUSAMH CJIyXa IPEIyCMOTPEHO UCTIONH30BAHNE 3BYKOYCHITHBAIOIIIEH
anmapaTtypsl, MyJIbTUMEIUIHBIX CPEICTB U APYTUX TEXHUUYECKUX CPENICTB MpueMa/mepenadn yueOHoi uapop-
MalliU B JIOCTYIHBIX ()opMax JUIsl CTYACHTOB C HAPYIICHUSIMHU CIyXa, MOOMJIBHOM CUCTEMbI O0yUYeHUS JJis CTY-
JICHTOB C MHBAJIUAHOCTBIO, IOPTATUBHON WHIYKIIMOHHOM CUCTEMBbI. YueOHas ayIuTOPHs, B KOTOPOi 00yJaroTcs
CTYICHTHI C HapyIIEeHHEeM CiIyXa, 00OpyJ0BaHa KOMIBIOTEPHOW TEXHUKOW, ayJUOTEXHUKOH, BUIECOTEXHHUKOH,
3JIEKTPOHHOM JJOCKOW, MYJIbTUMEIUUHOU CUCTEMOI.

[Ipu 00yueHUU CTYJICHTOB ¢ HAPYIIEHUSIMH 3PEHUSIMU TIPETyCMOTPEHO UCIIOJIF30BAHNE B JICKITMOHHBIX
1 y4eOHBIX ayJAUTOPUSX BO3MOXKHOCTH MPOCMOTpPa yNaJICHHBIX OOBEKTOB (HANpuUMep, TEKCTa Ha JIOCKE WIIN
cliaiijja Ha DKpaHe) P TIOMOIIU BUIEO YBEIMUUTENEH IS yAaIeHHOTO IPOCMOTA.

[Ipu 00y4YeHHH CTYJICHTOB ¢ HAPYMIEHUSIMH ONOPHO-IBHTaTeJLHOTO anmapara HCIOJIb3YIOTCS ajlb-
TEpHATHBHBIE YCTPOWCTBAa BBOJA WHGOpPMAINH W JPYTHe TEXHHUYECKHE CPEICTBa NpreMa/mepenadn y4eOHOM
nH(pOpPMAIUU B JOCTYMHBIX (opMax i CTYACHTOB C HApYIICHUSMH OMOPHO-ABUTATEIBHOTO aIapara, Mo-
OWIBLHOW CUCTEMbI O0YUCHUS JJIs1 JIFOJICH C MHBAJTUIHOCTBIO.

14. ®OH/I OHEHOYHBIX CPEACTB

14.1. OcHoBHble TpeOOBaHUA K (OHAY OIEHOYHBIX CPeICTB H MeTOAMYeCKHue
peKoMeHIaIuu

q)OHII OLCHOYHBIX Cpe)lCTB U TUIIOBBIC KOHTpOHBHBIe 3a1aHuA, I/ICHOJ'H)SyeMBIe IJIs1 OLICHKH C(i)OpMI/IpO-
BAHHOCTU U OCBOCHHA 3aKpPCIUICHHBIX 3a ,Z[I/ICL[I/IHJ'II/IHOfl KOMHGTCHL{I/Iﬁ IIpu MpoOBCACHUHN TeKyLueﬁ, IpOMCKY-
TOYHOU aTTECTAITUH TI0 JUCITUTUIMHE TPUBEJCH B IPWIOKESHUH K pabodei mporpaMme.

CornacoeaHa Ha noptane Ne 12887



14.2 TpeOoBanusi Kk (OHAY OLEHOYHBIX CPEACTB /JJsl JHI ¢ OrPaHNYEHHBIMH
BO3MOKHOCTSIMH 3710POBbSI

I[J'IH CTy,I[CHTOB C MHBAJIMIHOCTBIO HpeZ[yCMOTpeHLI JOIOJHUTEIIBHBIC OLHCHOYHBIC CPEIACTBA, IIEPCUCHD
KOTOPBIX y1<a3aH B Ta6J'H/ILIC.

Taoauna 14 — JlonoJiHUTEIbHBIE CPEACTBA OLIEHUBAHUS /IJISl CTY/I€HTOB ¢ HHBAJUIHOCTHIO

Buap! 10MOTHATEIRHBIX OIEHOYHBIX cI)OpMLI KOHTPOJIA 1 OLICHKH PE3YJIbTATOB

Kateropuu cTyaeHToB
CpEeNCTB o0yyeHus

TCCTLI, IMHUCBbMCHHBIC CaMOCTOATCIIBHBIC
C HapyloICHUSMU ClTyXa pa60TI)I, BOIIPOCHI K 3a4€Ty, KOHTPOJIbHBIC HpCI/IMYHleCTBCHHO NHMCbMCHHAs NPOBEpPKa

paboTHI
C HapymeHusIMH 3pe- CobecenoBanne o BompocaM K 3auety, = lIpenmMymiecTBeHHO ycTHas mpoBepka (MH-
HUS OIPOC 10 TePMUHAM JIUBHTYaJIbHO )

C napymeHusimu onop-  PerieHue qucTaHIIMOHHBIX TECTOB, KOH-
HO-JIBUTATEJILHOTO afl- = TPOJbHBIE pabOThI, MUCEMEHHBIE CAMOCTO-
napara SITENbHBIE Pa0OTHI, BOIPOCHI K 3a4eTy

[IpeumyiiecTBEHHO AUCTAHIIMOHHBIMU ME-
TOAAMH

C orpaHnuyeHUsIMHU 10 TecThl, TUCBMEHHBIEC CAMOCTOSITEIBHBIC [IpeumyiiecTBEHHO ITPOBEPKA METOAAMH,
00IIEME TMIIMHCKIM paboTHI, BOTIPOCHI K 3a4€Ty, KOHTPOIBHBIE =~ MCXOMS U3 COCTOSIHHS 00y9JaroIerocs Ha
MOKa3aHUsIM paboThI, YCTHBIE OTBETHI MOMEHT TIPOBEPKHU

14.3 MeroauyecKkue PpeKOMEHIAUMM 10 OLEHOYHBLIM CpeacTBaAaM JJIsl  JHI ¢
OrPAHMYCHHBIMHU BO3MOKHOCTAMU 310POBbS

s crynenror ¢ OB3 npeaycMaTpuBaeTcss JOCTyHHAs GopMa NpeJOCTaBICHUS 3aJlaHUui OIICHOYHBIX
CpEACTB, a8 UMCHHO:
. B TIe4aTHOH hopme;
. B TIeYaTHOH (popMe C YBETHUESHHBIM MIPUPTOM;
. B (hopMe IIEKTPOHHOTO JOKYMEHTA;
. METOJIOM YTEHUS ACCHCTCHTOM 3aJ[aHUs BCIYX;
. IPEJIOCTABJICHUE 3aJIaHUS C HCIIOJIh30BAHUEM CYPIOTIEPEBOIA.

CTy,Z[eHTaM C MHBAJIMAHOCTBIO YBCIMYMUBACTCA BPEM Ha NOATOTOBKY OTBETOB Ha KOHTPOJIBHBEIC BOIIPO-
col. JIJis Takux CTYJCHTOB IPEIyCMaTPHBACTCS JOCTyNHas (opMa MPeloCTaBIICHUS OTBETOB Ha 3aJaHUs, a
HUMEHHO:

OB WN P

. MIICBMEHHO Ha OyMare;
. HabOp OTBETOB HA KOMITBIOTEPE;
. HabOp OTBETOB C UCIOJIL30BAHUEM YCITYT aCCHCTCHTA,
. TIPEJICTABJIEHHE OTBETOB YCTHO.

Hpoue;[ypa OLICHMBAaHUWA PE3YJILTATOB O6y‘IeHI/I$I HWHBAJIMIOB IO JUCHUILIMHE MMPEAYyCMATPUBACT IIPEI0-
crapiieHre uHpoOpManuK B (HopMax, aaanTHPOBAHHBIX K OTPAaHMYECHHSIM X 370POBbS U BOCIPUATHS HH(OpMa-
IHH:

A WN P

JUJisi U1 ¢ HAPYIIEHUSIMH 3PEHUsI:

B (hopMe BIIEKTPOHHOTO JJIOKYMEHTA;

B [1€YaTHOI ()OpME YBETHMYCHHBIM HIPHPTOM.

JUJisi T ¢ HAPYIIEHHSIMH CJTyXa:

B (hopMe DIIEKTPOHHOTO JIOKYMEHTA;

B IIe4aTHOU hopme.

JUJIsi U1 ¢ HAPYIIEHUSIMH OTIOPHO-IBUTaTeILHOTO anmapara:

B (hopMe DIIEKTPOHHOTO JIOKYMEHTA;

B Ie4aTHoOM hopme.

[Tpu HEoOXomMMOCTH JUTs 00YYaIOUIMXCsl ¢ MHBAIMIHOCTBIO MPOIIEAypa OLCHUBAHUS PE3YJILTaTOB 00Y-
YCHHA MOXKET IIPOBOAUTHCA B HECKOJIBKO JTaIlOB.
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15. METOAUYECKHUE PEKOMEHJIALIUU 11O OPTAHU3ALIUU U3YUEHUSA JUC-
HUITIMHBI

JI71st BBITTOJTHEHUS IPOEKTA CO3/IaeTCsl IPYIIA CTYICHTOB, HA3HAYAECTCSl PYKOBOAUTENb U3 YUCIIA MTPEnoaa-
BaTeJel WINM HAyYHBIX COTPYJHHUKOB Kadeaphl, a U3 YHCIIA CTYACHTOB Ha3HAYAeTCs OTBETCTBEHHBINH MCIIOJHU-
TeNb MPOEKTa. B MPOEKTHYIO IPyIy MOTYT NPUBIEKATHCS CTYACHTHI APYrux Kadeap, GakyabTeToB U YHUBED-
CHUTETOB.

OcHOBOI MpOEKTa SABIAETCS WHINBHIyAIbHAs padoTa KayKJI0ro y4aCTHHKA Ipynnbl. Pe3ynpTaTsl paboThl
00Cy’KIal0TCs Ha COBELIAHMAX, KOTOPBIE TIPOBOIATCS OIMH pa3 B Henelmo. [IpencenareneM CoBeIaHus SBIISCT-
Csl pyKOBOJUTENb MTPOCKTA.

[TpoeKTHI BBIMONHAIOTCS IO TEXHUYECKUM 33/IaHHSAM, CTPYKTYPa U COZIEPKAHUE KOTOPBIX COOTBETCTBYIOT
I'OCT 2.114-95. Texundeckoe 3aJaHAe COCTABISIETCS CTYIEHTAMH W COTJIACOBBIBAETCS C PYKOBOAUTENIEM TIPO-
eKTa ¥ YTBEp)KIAeTCsl 3aBEYIOIINM BBINMycKaroei kadenpoil. TexHnueckoe 3a1aHie MOKET KOPPEKTUPOBATH-
Csl TIO pe3y/IbTaTaM BBIIIOJTHEHUS OTACIBHBIX 3TAllOB, 8 BCE M3MEHEHUS TOJDKHBI 0(DOPMIIATHCS TPOTOKOJIOM.

TexHn4eckoe 3aJaHue COCTABIIETCS IO ATAlaM (CeMecTpaM) C yKa3aHHEM COJep)KaHHs paboT KaIIoro
cryaeHTa. Pabota 3akaHuUMBaeTCs IpeAbSBICHUEM K 3alIUTe OTYETOB. [IpH 3TOM JOKHBI OBITH TPUIIOKEHBI BCE
HEOOXOIUMBIE JOKYMEHTBI, IPETyCMOTPEHHBIE TEXHUYECKUM 3aJaHHEM.

10
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MWHHUCTEPCTBO OBPA30OBAHUS U HAYKH POCCHICKOM ®EJEPAIIAN
denepanbpHOE OI0PKETHOE rOCYJapPCTBEHHOE 00pa30BaTEIbHOE YUPEKACHHE

BBICHICTO 06pa30BaH1/1>1

«TOMCKHMI TOCYJAPCTBEHHBIV YHUBEPCUTET CUCTEM YIIPABJIEHUS
U PAJUODJIEKTPOHUKMN» (TYCYP)

YTBEPXJAIO

JupekTop 1enapTaMeHTa 00pa30BaHus
(ITpopexTop no yuedHoii padore)

IL.E. Tposin
«__» 2017 r.

®OH/J] OLIEHOYHBIX CPEJICTB IO YYUEBHOM JUCIHUILINHE
TEXHOJIOI'NMYECKOE OBOPYAOBAHUE MUKPO- U HAHOTEXHOJIO-

I'U (I'1o 4)
YpoBeHns npogeccoHAILHOT0 00pa30BaHNs: BhIcIIee 00pa3oBaHue - OakagaBpuaT
HanpagjieHus1 IOAr0TOBKHU 28.03.01 «HaHOTEeXHOIOTMH U MUKPOCUCTEMHAS TEXHUKAY
HanpagaenHnocts (npouiib) HanoTexHOJI0rUY B 3JIEKTPOHUKE U MUKPOCUCTEMHOM TEXHUKE
®opma 00ydeHUst Oo4Has
DakyJbTeT anekTpoHHOH TexHuku (PIT)
Kadenpa dusnueckoit anexTponnku (OI)
Kype 4 Cemectp 7

Yueonbrii mian nagopa 2015, 2016 roga u mocjIeyIOUINX JIeT.

dud. 3auer _7 cemectp

Pa3zpaborumk:
Accuctent kadeaps PO / B.B. Kapanckuit

Tomck 2017
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1. BBEJJEHUE

®onx oueHounsx cpeacts (POC) sBuseTcs NPUIOKEHUEM K pabdouell mporpaMMe Y4eOHOH TUCLIUILIN-
Hbl «TexHonornyeckoe obopynoBanne MUKpo- u HaHotexHojyorui (I'TIO 4)» u npencrasnsier coboil COBOKYII-
HOCTb KOHTPOJIbHO-U3MEPUTENIbHBIX MaTepHajoB (TUIIOBBIE 3a1aud (3aJaHMs), HHAUBUAYAJIbHBIE TBOPUECKHUE
3aJjaHus U Ip.) ¥ METOJOB UX MCIOJIb30BaHUS, IPEIHA3HAYEHHbBIX I U3MEPEHHs YPOBHS JOCTHXEHHUS CTYACH-
TOM yCTaHOBJICHHBIX PE3YIbTATOB O0YUYEHHUSI.

@®OC no yuebnoit mucuurunHe «TexHonornueckoe o6opynoBanue MUKpo- 1 HanotexHoxorui (I'TIO 4)»
UCIOJIb3YETCs IIPU MIPOBEACHUH TEKYLIETO KOHTPOJIS YCIEBAEMOCTH M IPOMEXYTOYHOM aTTECTalluU CTYJCHTOB.
[lepeuens 3aKperuieHHBIX 3a AUCHMIUIMHONW «TexHoJormyeckoe 0OOpyIOBaHWE MHUKPO- U HAHOTEXHOJIOTHIl
(I'TIO 4)» xomneTeHnui npuBeaeH B Tadnuue 1.

Tabmmma 1 — Ilepedensb 3aKpeTUICHHBIX 32 THCIATIINHON KOMITCTCHITHIA

Kopn

DopMyJHPOBKA KOMIIETEHUMHU

Jrtansl GOPMHPOBAHHA KOMIIETEeHIUH

IK-3

TOTOBHOCTBIO aHAIM3UPOBAaTh M CHCTEMATU3H-
pOBaTh pe3yNbTaThl MCCIEIOBAaHUM, HpeacTaB-
JATh MaTepuanbl B BHJIE HAYYHBIX OTYETOB,
myOnuKanuil, npe3eHTanui.

3Haem TIpaBWIa O(QOPMIICHHS MAaTEpHATIOB, HAYYHBIX OTYeE-
TOB, MyOJIUKAIUI U pe3eHTanui.

yMeem TIPUMEHSATh METOJIbI aHaNN3a U 00pabOTKU SKCIEpH-
MEHTAJIbHBIX JAHHBIX;

énadeem CUCTEMHBIM TOAXOJOM K aHalM3y pe3yJbTaToB
HaY4HBIX HCCIIEIOBaHUH;

enadeem MeETOAaMH OO0pabOTKU pe3yNbTaToB H3MEPECHUS
MapaMeTPOB U XapaKTEPUCTUK MATEPUANIOB U KOMIIOHEHTOB
HAHO- U MUKPOCHCTEMHOMN TEXHHKH.

I1K-9

TOTOBHOCTBIO ~HCIOJIB30BAaTh 0a30BOE  KOH-
TPOJIHO-U3MEPHUTENBEHOE  000pYyIOBaHUE UIA
METPOJIOTHYECKOTO OOECIIEUEHHsI HCCIIeI0Ba-
HUH U POMBIIIIEHHOTO IIPOU3BOJCTBA MaTEpU-
aJI0B U KOMIIOHEHTOB HaHO- U MUKPOCUCTEMHOMN
TEXHUKHU

3Haem 0a30BO€ KOHTPOIBHO-U3MEPHUTEILHOE 000pyHoBa-
HUE;

YMeem WCIIONB30BaTh 0a30BO€ KOHTPOJIbHO-M3MEPUTEIHHOE
00OpyOBaHHE U WCCICJOBAHHWS MAaTEpPHAIIOB HAHO- U
MUKPOCHCTEMHON TEXHUKH;

umemsv  onvim  paboTEl ¢  0a30BBIM  KOHTPOJIBHO-
U3MEpPUTENIbHBIM 000pyIOBaHUEM JAJIS HCCIIeIOBaHUS MaTe-
pHaIOB HAHO- U MUKPOCUCTEMHON TEXHUKH.

I1K-10

TOTOBHOCTBIO pa6OTaTI> Ha COBPEMCHHOM TECX-
HOJIOTHYCCKOM 060py}IOBaHI/II/I, HCIIOJIb3YyEMOM
B IIPOU3BOACTBE MATCpPUAJIOB W KOMIIOHCHTOB
HaHO- U MHKpOCPICTeMHOﬁ TCXHHUKH

3Haem (UIUKO-XUMHUYECKUE W TEXHOJIOTHYECKHE OCHOBBI
HPOLIECCOB M3TOTOBJIEHHS MHUKPO- M HAHOCTPYKTYp, THIIO-
BbI€ TEXHOJOTUYECKHE MPOLECCHl X M3TOTOBJICHUS;

3H@em METOABl MCCICHOBAHHS HAHOCTPYKTYP C MOMOLIBIO
CKaHUpYIOLIeH 30HIOBOH MHKPOCKOINHH, TEXHOJIOTHH H
000opyaOBaHHE ONTHYECKOH JHTOrpaduu U JUTorpapuu c
MOMOILBE0 CKAHUPYIOLIMX 3JIEKTPOHHBIX M HOHHBIX My4KOB,
000pyZOBaHHE W TEXHOJOTHMH (POPMUPOBAHUS HAHOCTPYK-
TYp;

yMeem OCYLIECTBIISITh aHAJIN3 TEXHOJIOTUH M BBIOUPATH Tpe-
Oyemoe 000pyJOBaHUE AT UCCIENOBAHUI U M3TOTOBICHUS
HaHOCTPYKTYP;

yMeem BBIOMPATh ONTHMAaJIbHbIE TEXHOJIOTHYECKHE TPOIEC-
Chbl, X TIOCIIEIOBATELHOCTH M KOHTPOJIbHO-U3MEPHUTEIbHbIE
omnepauyuy I NPOU3BOACTBA W3JENHH HAaHO- M MHKPOCH-
cTeMm;

enadeem METOAaMH aHAJlM3a TEXHOJIOTHH U BbIOOpa 00opy-
JIOBaHUS;

én1adeem HABBIKAMH PabOTHI HA TEXHOJIOTMYECKOM 000pyI0-
BaHMM, HCIOJB3YeMOM B IIPOM3BOJCTBE 3JIEMEHTOB IJICK-
TPOHHOI KOMIOHEHTHOH 0as3Hl.

CornacoeaHa Ha noptane Ne 12887
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2. PEAJIN3AIIMA KOMIIETEHITAM

2.1 Komnerenuus IIK-3

NK-3

TOTOBHOCTBI0 AHAJIM3HUPOBATHL U CUCTEMATU3ZHUPOBATL PE3YJAbTATbI nccneuosa}mﬁ, npeacraBs-

JIITb MaTepuajbl B BU/Ie HAYYHBIX 0TYETOB, My0IUKANMIA, MPe3eHTaAIUIA.

Hnst hopMUpOBaHUS KOMIIETEHIIMH HEOOXO0IUMO OCYIIECTBHUTH psil 3TanoB. CopepkaHue 3TarnoB GOpMH-
pOBaHUs KOMIETEHIINHY, BUBI 3aHATUH U MCTIONb3yeMbIe CPE/ICTBA OLICHUBAHMS NPeACTaBIeHbI B Tadmuie 2.1.

Ta6n1/1ua 2.1 — Dranbl q)OpMI/IpOBaHI/I}I KOMIICTCHIIMU U UCIIOJIB3YCMbIC CPCACTBA OLICHUBAHUSA

TOB, MyONHMKANUN ¥ TPE3CHTa-
LIUH.
3Haem OCHOBHBIE YKCIICHHBIC
METOMBI, HCIOJb3yeMbIC B Ma-
TEMAaTHIeCKOM  MOJEIHPOBa-
HUU.

PUMCHTAJIbHBIX JaHHBIX.

CocraB 3HaTL YMmerb Baagern
Conep:xanue 3Haem TpaBwia OG(OPMICHHUS | ymeem TPUMEHATH METOJBI | 6ladeem CUCTEMHBIM TOJXO-
JTaNoB MaTepHalioB, HAYYHBIX OTYe- | aHalW3a M OOPabdOTKU SKCIe- | IOM K aHAlU3y pe3yabTaToB

HAYYHBIX UCCIICIOBAHUN;
é1adeem MeToaMu 00pabOTKH
PEe3y/IbTATOB M3MEpPEHHs Hapa-
METPOB M XapaKTEPUCTUK MHUK-
PO- ¥ HAHOCTPYKTYP.

Buaebl 3aHarui

IIpakTrdeckue 3aHATHS;
I'pynnoBslie KOHCYJIbTaLUU

IMpakTHYecKUe 3aHSITHS;
CamocrostensHas padbota

CaMocrTosTenpHas pa60Ta

Hcnoab3yembie
cpelacTBa OLEHM-
BaHUs

Ompoc Ha TPaKTUUECKOM 3aHsi-
TUH,

WuauBuayanbHOE TBOPUYECKOE
3a/1aHue (3aIIuTa);

3auer

WNupuBunyansHoe 3a7laHue
(BBITIOSTHEHHUE, OPOPMIICHHE);
Koncniekr  camocTosiTensHOM
paboTs!

Koncrexkr  caMoCTOSTEIBHOM
paboTsr;

3auer

OOmue XxapakTepUCTUKY ITOKa3aTeIel  KpUTEpUEB OLCHUBAHMUS KOMIIETEHIIMM Ha BCEX 3Tarax INpuBee-

HEI B Ta0muIe 2.2.

Tabnuma 2.2 — O0uMe XapakKTePUCTUKH MTOKA3aTeJIeH U KPUTEPUEB OIICHUBAHUS KOMIICTSHIIMH T10 Taram

puu

Iloka3aTenu u KpuTe-

3HaTh

Ymern

Baagern

Otian4yHo
(BBICOKMI YPOBEHB)

oOmamaer (QakTHYSCKUMH U
TEOPETHYECKUMH 3HAHUSIMU B
npejienax u3ydaemoi obma-
CTH C MOHHUMAaHHEM TPaHHI]
MPUMEHUMOCTH

obnajgaeT IHama3’oHOM IpaK-
THYECKUX YMEHHH, Tpelye-
MBIX IJIS pa3BHTHS TBOpYE-
CKHMX pelIeHHH, abcTparupo-
BaHUS MPOOIIEeM

KOHTPOJIMpYeT paboTy, mpo-
BOJUT OILIEHKY, COBEpIICH-
CTBYET JI€HCTBUS pabOTHI

Xopowo
(6a30Bblil ypoBeHb)

3HaeT (aKThl, NPHUHIHIIBL,
HPOLECChl, O0IINe TTOHATHS B
nmpenenax u3y4aeMou obua-
CTH

obnajgaeT IHama3oHOM IpakK-
THYECKUX YMEHHH, TpeOye-
MBIX JJId PEIICHUA OIpeac-
JICHHBIX TIpo0jeM B obiacTu
HCCIIeIOBaHUS

OeperT OTBETCTBEHHOCTh 3a
3aBepllIeHHe 3a/la4 B HCCIe-
JIOBaHUM, MpPHUCIOCAOIUBAET
CBOE IIOBEJEHUE K O0OCTOs-
TCJIBCTBAM B peIHeHI/II/I HpO-
OneM

YaoBaerBopuTe1bHO
(moporoBblii ypoBeHb)

o0OsamaeT 0a30BBIMU OOIIUMU
3HaHUAMHU

o0namaeT OCHOBHBIMH yMe-
HUSIMH, TpeOyeMbIMH IS
BBITIOJTHEHHS IPOCTHIX 3a1a4

paboraet
HaO0JII0IEHU N

npu IPSIMOM

@opMyanOBKa IoKa3aTejaeh u KPpUTCPHUCB OLICHUBAHUA ,E[aHHOfI KOMIICTCHLIMU ITPUBEACHA B Ta6HI/IL[6 2.3.
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Tabmwmma 2.3 — [loka3aTenn u KpUTEPUH OINICHUBAHMS KOMIICTCHITHH HA dTarax

IMoka3aTenn u KpuTe-
puu

3HaTh

Ymernb

Baagern

OT1iim4HO
(BBICOKMI YPOBEHb)

npeocmaeisiem CBOU MaTepH-
aNbl B BUJC HAyIHBIX CTaTeH;
3Haem MPUHINITAATHHEIC
OTIMYUs B MpaBmiax o(Gopm-
JICHUs MaTePHAJIOB, HAYYHBIX
OTYETOB, MyONHMKAMEI U TIpe-
3CHTaIU;

@opmynupyem TpeOOBaHUS K
0QOpPMIICHHIO  MAaTEpHAJIOB,
HAyYHBIX OTYETOB, MyOJIMKa-
LIUH U Ipe3eHTalui.

sviOuUpaem ONTUMANBHBIA
MeToZ 0O0pabOTKH SKCIepH-
MEHTAIBHBIX JAHHBIX, Y4YH-
TBIBAs YCJIOBUS IPH KOTOPBIX
NPOXOAMJI HAay4yHbBIH 3KcIe-
PHMEHT.

e1adeem MeTonaMu oopaboT-
KA JaHHBIX TPSMBIX M KOC-
BEHHBIX M3MEPEHHH mHapa-
METPOB U  XapaKTEPUCTHK
MaTepUaJioB ¥ KOMIIOHCHTOB
IUIsl M3TOTOBIICHUSA H3ICIIHI
HAHO- M MHUKPOCHCTEMHOMN
TEXHHUKH.

Xopowo
(06a30Bblil ypOBeHb)

npedcmagasien CBOH TPYIbI B
BUIEC MAaTCPHAJIOB JOKIAIO0B
KOoH(epeHInH;

3Haem OCHOBHBIE TPEOOBaHMUS
odopmiiennss  OGubaMOrpadu-
YECKHX CCBUIOK MPH Hamuca-

paccuumvléaem TOTPELIHO-
CTH DPE3yJIbTATOB MPSAMBIX U
KOCBEHHBIX HM3MEpPEHMH Ia-
paMeTpoB M XapaKTEPUCTHK
MaTe€pruajloB U KOMIIOHCHTOB
JJIA  U3rOTOBJICHHSA I/I3ILCJ'IPII>1

O0eMOoHCcmpupyem CUCTEMHBIN
MOAXOJ K aHaJIu3y pe3yJibTa-
TOB HAay4HBIX MCCIEIOBaHUN
MaTepHuajJoB U KOMIIOHEHTOB,
WCIIONb3YEMBIX NJIi U3TOTOB-
JIEHUS U37eJIMi HAaHO- U MHUK-

Ha3vléaem OCHOBHBIC IPaBU-
7a opOpPMIICHHS MaTEepPHAaJOB,
HAYYHBIX OTYETOB, IMyOJIMKa-
LMW U IPEe3eHTalHM.

HUM HAYYHOTO OTYEeTa M My0- | HaHO- M MHUKPOCHCTEMHOW | POCHCTEMHOMN TCXHUKH.
JIMKAIUH. TEXHMKHU.
YoBi1eTBOPUTEIBHO ogopmisiem CBOM TPYIOBl B | yMmeem  6blOupams  ONTH- | Kiaccuguyupyem METO/IBI
(moporoBbIii ypoBEHbD) BUJIC MAaTEPHAJIOB JOKJIAJOB | MajbHBI MeTON 00pabOTKH | 0OpabOTKU pe3yJbTaTOB W3-
KOHQEpeHIIMA ¢ HAYYHBIX | JKCICPUMEHTAIbHBIX JlaH- | MEpeHH.
CcTaTeél B COOTBETCTBUM C | HBIX, B COOTBETCTBUHU C pe-
TpeOOBaHUAMH KoHpepeH- | KOMCHIAIHSIMHU.
IUH;

2.2 Komnerennus ITK-9

IK-9 TOTOBHOCTBI0 HCIIOJIb30BATh 0a30B0€ KOHTPOJIbHO-U3MEPUTEIbLHOE 000PyI0BaHUE IJIsI METPO-

JIOTHYECKOro o0ecnevyeHust HCCJIEeIOBAHUH U NPOMBIIJICEHHOT0 NMPOU3BOACTBA MATCPUAJIOB U

KOMIIOHEHTOB HAHO- U MHKpOCHCTeMHOﬁ TEXHUKH.

Hist hopMUpOBaHUS KOMIIETEHIIMH HEOOX0AUMO OCYIIECTBHUTH PsiJl 3TanoB. Cojep:kaHue 3TarnoB GOpMH-
POBaHUs KOMIETEHIINHY, BUIBI 3aHATUI 1 HCIIONIb3yEeMbIE CPEICTBA OLICHUBAHMS PEACTaBICHBI B Tabnue 2.4.
Tabnuua 2.4 — Dransl GopMUPOBaHUS KOMIETEHIIMU M UCIIOJIb3YEMbIE CPEACTBA OLICHUBAHUS

BaHUA MaTCpUuaJioB HaHO- U
MHKpOCHCTeMHOﬁ TCXHUKHU,

Cocras 3Hathb Ymerh Baanern
Conep:xanue 3Haem ©0a30BO€ KOHTPOJBHO- | YMeem WCIONB30BaTh 0a30BOE | umemsv onvim pabOTHI ¢ 0a3o-
ITANoOB U3MEpHUTENIbHOE  000pYyJ0Ba- | KOHTPOJBbHO-U3MEPHUTEIILHOE BBIM KOHTPOJIbHO-
HHE; 00OpyJ0BaHUE IS HCCIENO- | HU3MEPHUTEIBHBIM  000pYyI0Ba-

HHEM TSI MCCIIEI0BAHNUS MaTe-
pHYaNoB HAHO- U MUKPOCHCTEM-
HOHM TEXHHUKHU.

Buapl 3anaTuii

[IpakTHueckue 3aHATHS;
I'pynmnoBsle KOHCYIbTALIMN

HpaKTI/ILIeCKI/IG 3aHATHA,
CaMmocTosTelbHas pa60Ta

CaMocTosTelbHas pa60Ta

CornacoeaHa Ha noptane Ne 12887
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OO011e XapaKTEePUCTUKHU TOKa3aTeIe M KpUTEPHEB OICHUBAHMS KOMIIETCHIIMM HA BCEX JTalax MpHUBEIe-
HEI B Ta0uie 2.2 B 1. 2.1.
dopmynupoBKa NOKa3aTese U KPUTSPUEB OIICHUBAHUS JAHHON KOMIICTEHITMH TTPUBE/IcHA B Ta0muIe 2.5.

Ta6n1/1ua 2.5 —Iloka3arenu u KpUTCPHUU OLICHMBAHWA KOMIICTCHIIMN HA 3TAaIlax

Iloka3aTenu u Kpurte-
puu

3HaTh

YMmern

Baagern

OTtiimyHO
(BBICOKMIi YPOBEHb)

3Haem COBpeMEHHOe 0a30Boe
KOHTPOJIbHO-N3MEPHUTEIEHOE
00opynoOBaHWE ISl MCCIIENO-
BaHUU MaTepUAJIOB HAaHO- U
MHUKPOCUCTEMHOW TEXHUKH;
3Haem COBpEMEHHOe 0a3oBoOe
KOHTPOJIbHO-U3MEPHUTEIHEHOE
000pyIoBaHUE AJIsI IPOMBIII-
JICHHOTO IIPOM3BOJCTBA Ma-
TEpUaJOB HaHO- U MHKPOCH-
CTEMHON TEXHMKH.

yMeem UCNONb308aMb COBpPE-
MeHHOe 0a30Bo€ KOHTPOIIb-
HO-U3MEpUTENIFHOE 000pYI0-
BaHHWE Ui HUCCIENOBaHUI
MaTepualioB HaHO- U MHUKpO-
CHUCTEMHOM TEeXHMKHU,

yMmeem n0020maABIUEAMb
6a3oBoe KOHTPOJIBHO-
HU3MEPUTEIILHOE 000pyI0Ba-
HHE JUI WCCJIEJOBaHMN Ma-
TEepPHUAIOB HAHO- U MHUKPOCH-
CTEeMHOH TEXHUKH.

umems onvim pabOTBL C CO-
BPEMEHHBIM 0a30BbIM KOH-
TPOJIbHO-U3MEPHUTETBEHBIM
o0opynoBaHUE IS HCCIIENO-
BaHU MaTepHaioB HAHO- U
MHUKPOCHUCTEMHON TEXHUKH.

Xopowo
(06a30Bblil ypOBeHb)

3Haem COBpEeMEHHOE 0a3oBoOE
KOHTPOJIBbHO-U3MEPHUTENBHOE
000pyoBaHUE IJIST MCCIIENIO-
BaHUI MaTepHanoB HAHO- U
MUKPOCHCTEMHOU TEXHUKHU.

yMeem ucnoavzoeams 0azo-
BOE KOHTPOJIBHO-
U3MEpUTENbHOE 000pyIoBa-
HUE Ui WCCIEHOBaHUN Ma-
TepUalOB HAHO- U MUKPOCH-
CTEMHOU TEXHUKHU;

ymeem nood2omaesiueams
6a3oBoe KOHTPOJIBHO-
M3MEpUTENbHOE 000pyI0oBa-
HUE JJIs WCCIeJOBaHUM Ma-
TEpUAJIOB HAHO- U MHUKPOCH-
CTEMHOU TEXHUKH.

umems onvim paboOTHl ¢ Oa-
30BBIM KOHTPOJIHHO-
N3MEPHUTENBHBIM 000pyHOBa-
HHE JUIl WCCIECIOBaHWN Ma-
TEpUaJoB HaHO- U MHKPOCH-
CTEMHOU TEXHUKHU.

YaoBaerBopureabHO
(moporoBblii ypoBeHb)

3Haem 0a30BOE KOHTPOJILHO-
U3MepHUTeNbHOE  000pyHoBa-
HHE U WCCIEJOBaHHWH Ma-
TEpUaJIOB HaHO- U MHKPOCH-
CTEMHOH TEXHHKH.

noozomasausaem 0a3oBoe
KOHTPOJIbHO-U3MEPUTEIHLHOE
000pyIOBaHUE ISl HCCIIE/I0-
BaHW{ MarepualioB HAHO- U
MHUKPOCHUCTEMHOW  TEXHHKHU
MOJ] PYKOBOJICTBOM PYKOBO-
JIATEIS.

umems onvim pabOTEl C C
06a30BEIM KOHTPOJIBHO-
U3MEPUTEIFHBIM 000pyIOBa-
HUE JUIsl WCCIEeOBaHUM Ma-
TEpUAJIOB HAHO- U MUKPOCH-
CTEMHOW TEXHMKHU MOJl pyKO-
BOJICTBOM PYKOBOJIUTEIIS.

2.3 Komnerenuus ITK-10

MK-10

TOTOBHOCTBIO paﬁOTaTb Ha COBPEMECHHOM TEXHOJIOTHYECCKOM oﬁopyszamm, HCIOJIbB3YEMOM B

NMPOMU3BOJACTBEC MATCPUAJIOB U KOMIIOHCHTOB HAHO- M MHKpOCHCTeMHOﬁ TEXHHUKH.

Hist hopMHUpOBaHUS KOMIIETEHIIH HEOOX0ANMO OCYIIECTBHUTH psil ATanoB. CopepikaHue dTarnoB GopMH-
POBaHUs KOMIETEHIINHU, BUBI 3aHATUI U HCIIONb3yEeMbIE CPEICTBA OLICHUBAHMS PEACTaBICHBI B Tadmuie 2.6.
Tabnuua 2.6 — Dranel GopMUPOBaHUS KOMIETEHIIMU M UCIIOJIb3YEMbIE CPEACTBA OLICHUBAHUSI

CocraB 3HaTh Ymerb Baapers
Conepxanue 3Haem (GU3UKO-XHUMHUYECKHE W | yMeem OCYUIECTBIISITH aHAU3 | 6ladeem METOJAMH aHAllU3a
3TanoB TEXHOJIOTHYECKUE OCHOBBI | TEXHOJOTWH W BBIOMpATh Tpe- | TEXHOJOTWHA W BeIOOpa 000py-
MPOIIECCOB M3rOTOBNICHHUA | Oyemoe oOopymoBaHuWe [UIs | JOBaHUS,
MHKPO- W HAaHOCTPYKTYp, TH- | WCCIEIOBAaHWN W W3TOTOBIICHHS | 61adeem HaBBIKAMU paOOTHI Ha
MOBbIE TEXHOJIOTHYECKHE MPO- | HAHOCTPYKTYP; TEXHOJIOTHYECKOM 000py10Ba-

LIECCHI MX M3TOTOBJICHMS;
3Haem METOJIbl HCCIEIOBaHMS
HAaHOCTPYKTYp C  IMOMOIIBIO
CKaHUPYIOLEH 30HA0BOI MHK-

ymeem BI)I6I/IpaTI) OIITUMAJIb-

HbI€ TEXHOJIOTUYCCKUE IIPO-
OECChI, HUX IIOCICAOBATCIBHO-
CTH n KOHTPOJIbHO-

HUH, WCIOJB3yeMOM B TIPOM3-
BOJICTBE DJIEMEHTOB 3JIEKTPOH-
HOM KOMIIOHEHTHOM 0a3bl.
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POCKOITMH, TEXHOJIOTHH U 000-
PYIOBaHHE OINTHYECKOH JUTO-
rpa¢puu M JuTOrpadUu C IO-
MOIIBIO CKAHMPYIOLIMX 3JIEK-
TPOHHBIX M HOHHBIX IIyYKOB,
000pyZOBaHHE W TEXHOJIOTHU
(opMUpOBaHY HAHOCTPYKTYP.

HU3MEpUTENbHbIE ONEpaluu st
TPOU3BOJICTBA M3/CJIUA HaHO-
1 MAKPOCHCTEM.

Buael 3aHarui

IIpakTuueckue 3aHATHUS;
I'pynmnoBsie KOHCYIbTALUN

[IpakTuueckue 3aHATHS;
CamocrostensHas paborta

CamocrosrenpHas padboTa

Hcnonb3yembie
CPEeACTBA OLCHU-
BaHHUs

Omnpoc Ha NPaKTHYECKOM 3aHs-
THH,

WunuBuayansHoe TBOpUYECKOE
3ajaHue (3aIura);

3auer

WNupuBunyansHoe 3a7aHue
(BBITIOTTHEHUE, OPOPMIICHHE);
Koncnekr  camocTtosiTensHON
paboTsI

Koncnekr  camocrosiTenbHOM
paboTsl;

3auer

OO01ue XapakTePUCTUKU TIOKa3aTeIeH U KPUTEPUEB OI[CHUBAHMS KOMIICTCHIIMH Ha BCEX 3Tanax MpUBEJIe-
HEI B Ta0auIe 2.2 B 1. 2.1.
DopMyIEpoBKa TIOKa3aTeIe 1 KPUTEPHEB OICHINBAHMS JAHHOIN KOMIIETEHITNH TTpUBEeHa B TadmuIe 2.5.

Tabnuma 2.5 — [Noka3aTenu ¥ KpUTEPUN OLICHUBAHUS KOMITETCHIIMH Ha 3Tanax

Iloka3aTenu n KpuTe-
pun

3HaTh

Ymern

Baagern

OTtin4yHO
(BBICOKMI YPOBEHb)

3Haem  (PU3UKO-XUMUIECKHUC
U TEXHOJOTHYECKHUE OCHOBBI
MPOLIECCOB M3TOTOBJICHHS
MHKpO- M HAHOCTPYKTYP;
3Haem THIIOBbIE TEXHOJOTHU-
YEeCKUE MPOLECCHl UX W3ro-
TOBJICHUSI ~ MaTepuajoB U
KOMITOHEHTOB HAaHO- M MHK-
POCUCTEMHOM TEXHUKH,
3Haem METOABI HCCIENO0Ba-
HHUSL HAaHOCTPYKTYP C IIOMO-
IIBI0 CKAaHHWPYIOIIEH 30HMI0-
BOW MHKPOCKOITHH;

3Haem TEXHOJIOTMH U 000pY-
JIOBAaHWE ONTHYECKOW JIMTO-
rpaduu U nuTorpaduu ¢ mMo-
MOIIBIO CKaHUPYIOIIUX 3JIEK-
TPOHHBIX U WOHHBIX ITYYKOB,
UCIIONIb3yeMOEe B TIPOM3BOJI-
CTBE MaTepHajoOB U KOMIIO-
HEHTOB HAHO- W MHKPOCH-
CTEeMHOU TEXHUKHU;

3Haem 0OOpYHOBaHUE U TEX-
HOJIOTHH ¢dbopmupoBaHus
HAHOCTPYKTYp,  HCIOJb3Yye-
MBIX B HaHO- M MHKPOCH-
CTEMHOH TEXHHKH.

yMeem OCYIIECTBIITh aHAIIN3
TEXHOJIOTHH U TIPOU3BOJ-
CTBa KOMIIOHCHTOB WM Mare-
pHaOB HAaHO- W MHUKPOCH-
CTEeMHOW TEeXHUKH;

yMmeem evibupams TpedyemMoe
obopynoBaHue ISl HCCIeN0-
BaHUM U U3TOTOBJICHUS HAHO-
CTPYKTYp, IPUMEHSEMBIX B
MPOU3BOJICTBE HAHO- U MHK-
POCUCTEMHOM TEXHUKH;
yMeem BBIOMPATh ONTHMAb-
HBIE TEXHOJOTHYECKHE IIPO-
[ECChl, HCIONb3yeMble B
MIPOU3BOJICTBE HAHO- U MHK-
POCHUCTEMHON TEXHHUKH.

61adeem METONAMHU aHalU3a
TEXHOJIOTHH u BEIOOpa 000-
pyIOOBaHUS M TIPOU3BOA-
CTBa MaTEepHaliOB M KOMIIO-
HEHTOB HAHO- M MHKpPOCH-
CTEMHOM TEXHHUKHU;

671a0eem HaBbIKaMu pabOTHI
Ha OO0OpYZOBaHHM, NpECAHA-
3HAYCHHOM JJIs HCCIIe0Ba-
HUU HAHOCTPYKTYp C IO-
MOUIBI0 CKaHUPYIOIIEH 30H-
JTIOBOI MUKPOCKOTIHH;
61adeem HaBBIKAMHU paOOTHI
Ha TEXHOJOTHYECKOM 000py-
JIOBaHWH, WCIIONB3YEMOM B
MIPOU3BOJICTBE 2JIEMEHTOB
3JIEKTPOHHOW KOMITOHEHTHOM
6as3bl.

Xopowo
(0a30BbIii ypOBEHB)

3naem 0a30Boe 00OpyHOBa-
HHE M TEXHOJOTUH (HOPMHUPO-
BaHHMs HAHOCTPYKTYp, HC-
MOJIb3YEMbIX B HAHO- U MHK-
POCUCTEMHOM TEXHHUKHU.
3Haem  (UBHKO-XMMHUYECKUE
U TEXHOJOTMYECKHUE OCHOBBI
MPOLIECCOB W3rOTOBJICHUS
MHKPO- M HAHOCTPYKTYP;
3Haem THIIOBbIE TEXHOJOTHU-
YecKHe IPOLECcChl HX H3ro-

yMmeem 8vibupams Tpedyemoe
000pyIOBaHUE ISl HCCIEIO-
BaHUM W U3TOTOBJICHUS HAHO-
CTPYKTYp, TPHUMEHSIEMBIX B
MPOW3BOJICTBE HAHO- W MUK-
POCUCTEMHOM TEXHUKH;

yMeem BBIOMPATh ONTHMAJIb-
HbIE TEXHOJOTHYECKUE MpO-
LECChl, HCMOJb3yeMble B
NPOU3BOJACTBE HAHO- U MUK-
POCHCTEMHOM TEXHUKH.

61a0eem HaBBIKAMH paOOTHI
Ha OO0OpyAOBaHWH, NpEIAHA-
3HAYEHHOM [IJIs1 HKCCJIENOBa-
HUN HAHOCTPYKTYp € 1O-
MOUIBI0 CKaHUPYIOIIEH 30H-
JI0BOM MUKPOCKOIINY;

umeem onvim pabOTBI Ha
TEXHOJIOTHIECKOM 000pyI0-
BaHHUU, UCIHOJb3YEMOM B
MIPOU3BOJICTBE 3JIEMEHTOB

JNEKTPOHHOH KOMITOHEHTHOM
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TOBJICHMSI ~ MaTepUaloB U
KOMITOHCHTOB HAHO- M MHK-
POCHCTEMHON TEXHUKH,
3Haem 0a30BBIC METOIBI HC-
CJICIOBAHUSI HAHOCTPYKTYD C
MIOMOLIBIO CKaHUpYIOILLEH
30HI0BOH MUKPOCKOIHH.

0asbl.

YaoBaerBopureabHO
(OpOroBLIil ypOBEHB)

3Haem 0a30Boe 00OpymOBa-
HHME M TEXHOJOTUH (HOPMHUPO-
BaHUsI HAHOCTPYKTYp, HC-
MOJb3yEMBIX B HAHO- U MUK-
POCUCTEMHOM TEXHHKHU.

3Haem 0a30Bble TEXHOJIOTHU-
4ecKHe MpOLECChl UX HU3ro-

evibupaem Tpedyemoe 000-
pyZoBaHME JUIs HCCIIEAOBa-
HUH M M3TrOTOBJICHUS HaHO-
CTPYKTYp, TPHUMEHIEMBIX B
MPOU3BOJICTBE HAHO- U MHK-
POCHCTEMHON TEXHHKH, IIO0X
PYKOBOJICTBOM pPYKOBOAMTE-

umeem onvsim pa6OTBI Ha

000pyIOBaHWH, TNpEIAHA3HA-
YEHHOM JUIS HKCCJIEIOBAHHIA
HAHOCTPYKTYp € MOMOIIBIO

CKaHUPYOILEH 30H0BOU
MUKPOCKOIIHH, MOJ PYKOBOI-
CTBOM PYKOBOAMTEJIS.

TOBJIEHMsSI ~ MaTepUaloB W | JIA.
KOMIIOHEHTOB HAHO- M MHUK-
POCHCTEMHOM TEXHUKU;
3Haem 0a30BBIC METOIBI HC-
CIIEZIOBaHUSI HAHOCTPYKTYpP C
MOMOILBIO CKaHUpyoIEel
30HJI0BOM MUKPOCKOIIHMH.

3. THITIOBBIE KOHTPOJIbHBIE 3AJJAHUS

JUist peann3alyy BEIIIENICPEUHCICHHbIX 3a/1a4 00yUYeHUs UCTIOIB3YIOTCS CIIEIYIOMINEe MaTepUaIbL:

— THUIOBBIC KOHTPOJIbHBIC 3aJaHHsl WM MHbIC MaTepHajbl, HEOOXOAUMBIE JIJIsl OLICHKU 3HAHWH, YMEHHUH,
HaBBIKOB, XapaKTEPU3YIOLINX 3Talbl (HOPMUPOBAHUS KOMIIETCHLMI B IpoLecce OCBOCHHS 00pa3oBaTeIbHOM
MPOTPaMMBl, B COCTaBE: MHANBUIAYAJIbHBIE TBOPUYECKHE 3a1aHMs, CAMOCTOSTEIbHAS paboTa, 3a4eT.

3.1 UuanBuAyaiabHbIe TBOPYECKHE 3aJaHUS
B COOTBETCTBUU C TCXHUYCCKUM 3aJaHUuEM
https://gpo.tusur.ru/manage/chairs/18/projects.

IPYIIIOBOTO IIPOEKTHOTO o0yueHus

3.2 TeMbl VIl CAaMOCTOSITEJILHOH PadoThI
1. TexHOMOTUYECKUE CPEIBI.

2. BakyymHble METO/BI SIUTAKCUU.

3. 'azoazHpIe METOMBI SIMTUTAKCHH.

4. NonHasg UMIIIaHTALUS.

5. Meroapl uTorpaduu.

6. ®oronmTorpadus.

7. DNeKTpoHHAS JIUTOTpadHSL.

8. Monnas nmutorpadus.

9. OnTrueckre METOAbl TUAarHOCTHKH MUKPO- U HAHOCTPYKTYP.

10. AHanTUTHYECKHE METO/IBI HCCIIEIOBAHUS MUKPO- 1 HAHOCTPYKTYD.

3.3 3auer

B COOTBETCTBUU C TECXHUYCCKUM
https://gpo.tusur.ru/manage/chairs/18/projects.

3aJJaHWeM  TPYIIOBOTO  TPOEKTHOIO  OOy4YeHHs

4. METOAUYECKHUE MATEPUAJIbBI

Hnst obecrieyenus mpoiecca oOy4eHUs U pelIeHus 3a1ad 00y4eHHsl UCIOIb3YIOTCS CIEAYIOIUEe MaTepH-
aJbl:

4.1 OcHoBHasl TUTEepaTypa

1. Yucroenosa, 1. A. OOopynoBaHue Al CO3AaHUS U MCCIECIOBAHMUS CBOUCTB OOBEKTOB HAaHOJIEKTPO-
HUKHU: YueOHoe mocobue [Dnektponnsiii pecypc] / Yucroenosa U. A., danwmmnHa T. U. — Tomck: TYCYP,
2011. — 98 c. — Pexum goctymna: https://edu.tusur.ru/publications/547

2. CmupHoB, C.B. Metozap! 1 000pyaoBaHHE KOHTPOJA MapaMeTPOB TEXHOIOTUYECKUX IMPOIECCOB MpPO-
M3BOJICTBA HAHOTETEPOCTPYKTYP U HAHOTETEPOCTPYKTYPHBIX MOHOJIMTHBIX HHTETPAIBHBIX CXEM. [ DIIEKTPOHHBIN
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pecype] — Omekrtpod. man. — M.:. TYCVYP, 2010. — 115 ¢. — Pexum pgocryna:
http://e.lanbook.com/book/4968

4.2 lonoJHUTEJIbHAS JIUTEpaTypa

1. Kupmmnosckuii, B.K. CoBpeMeHHBIE ONTHYECKUE HCCIeTOBAHMS U N3MEPEHHs. [ DIEKTPOHHEII pecypc]
— DnektpoH. aaH. — CII6. : Jlanb, 2010. — 304 c. — Pexum nocryna: http://e.lanbook.com/book/555

2. HanortexHonoruu B 3nekrponuke: Monorpadus / H.U. Boprapar u ap. pea. FO.A. Yarmeirua. Moc-
KOBCKHI rOCY/IapCTBEHHbBIH HHCTUTYT JIEKTPOHHOM TexHUKU. — M.: Texnochepa, 2005. — 446 c. (20)

3. Bpangon /., Kampan Y. MHKpOCTpYKTYypa MaTepraioB. MeTo bl UCCIICIOBAHUS U KOHTPOJIS: yaeOHOe
rmocoowue Juist By30B: niep. ¢ anri.; pea. [lep. C.JL. baxenos, gon. K rin. 3 O.B. Eropos. — M.: Texnocdepa, 2004.
—377 ¢c. (8)

4. bpanpon /l., Kanpan Y. MukpoctpykTypa marepraioB. MeTo s HCCIIEIOBAaHUS H KOHTPOJIST: Y4eOHoe
nmocobue s By30B: Ilep. ¢ anrn.; pen. Ilep.: C.JI, baxenos; at. donmomuenus: O.B. Eroposa. — M.: TexHo-
chepa, 2006. — 377 c. (5)

4.3 YueGHOo-MeToHYeCKHe M0CcO0HsI U MPOrpaMMHoe odecreyeHne

1. Metozp! uccienoBaHUA MAaTEPUATIOB M CTPYKTYP 3JCKTPOHHUKHU: Y4eOHO-METOAMYECKOE 1ocolOue Io
AyTUTOPHBIM MPAKTUYECKAM 3aHATHSAM U CAMOCTOATEIHHON paboTe Il CTyAeHTOB crennaibHocTH 210104.65
"MUKpO3IEKTPOHUKA U TBEpAOTENbHas 3eKTpoHuKa", HanpasiaeHus 210100.62 "DnexkTpoHNKa U MUKPOIJIEK-
Tponuka", HanpaBieHus 222900.62 "HanotexHonoruu u MukpocucteMHas Texuuka'", 210100.62 "OnekTpoHuka
n HaHodnekTpoHuka", 210600.62 "Hanorexuomorus" / C. B. Cmupnos, U. A. Uuctoenosa: MuHHCTEPCTBO 00-
paszoBanus U Hayku Poccuiickoit @enepannn, TOMCKAN TOCYy1apCTBEHHBIN YHUBEPCUTET CUCTEM YIPABICHUS U
pannosnexrpounku (Tomck), Kadenpa dusmueckoii anekrponuku. - Tomck: TYCVYP, 2012. - 52 c. (45)

2. Y4eOHO-METOINYECKOE MTOCO0HEe I CaMOCTOATEIBHON PaObOThI CTYACHTOB IO TUCIUILTHHE «DH3MKa
HU3KOPa3MEPHBIX CTPYKTYp»: K caMocTosTeNbHOM padore / M.M. CumyHnH. MUHUCTEPCTBO 00pa30BaHUs H
Hayku Poccuiickoit @enepaunu, HanmonansHeli nccnenoBarenbekuil yausepeurer «MUDT» (M.). — M.: MU-
9T, 2011. - 128 c. (1)

4.4 Ba3bl JaHHBIX, THGOPMALMOHHO-CIIPABOYHbIE U MOUCKOBbIE CHCTEMbI
1. Hayuno-o6pasoBarensHbiii mopran TYCYP - https://edu.tusur.ru/
2. U3narenbctBo «Jlanby DiekTpoHHO-0MOMMOTeYHas cuctema - http://e.lanbook.com/

18
CornacoeaHa Ha noptane Ne 12887


http://e.lanbook.com/book/4968
http://e.lanbook.com/book/555
https://edu.tusur.ru/
http://e.lanbook.com/

