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1. | Jlekuuu 44 44 | yacoB
2. | JlabopaTopHbie paGoThI 4acoB
3. | llpakTHyeckue 3aHATHS 16 16 | gacom
4. | Kypcogoii npoext/paGora (KPC) (ayautopnas) 18 18 | gacos
5. | Becero ayquTOpHBIX 3aHATHH (Cymma 1-4) 60 18 78 | yacos
6. U3 Hux B HHTepaKTHBHOM dopme 10 10 | gacos
7. | CamocTosiTenbHas paboTa cryaeHTos (CPC) 48 90 138 | yacos
8. | Bcero (6e3 sx3amena) (Cymma 5,7) 108 108 216 | gyacos
9. | Camocrt. paGoTa Ha MOATOTOBKY, cAaYy 3K3aMeHa 36 36 | yacos
10{ Obwmas Tpy10eMKOCTE (Cymma 8,9) 144 | 108 252 | yacoB

(B 3a4YeTHBIX €AHHHIAX) 4 3 7 | 3ET

JK3ameH 6 cemecTp
Kypcosasi pabora____ 7 cemecTp
Tomck 2016
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
nporokon Ne 71 ot « 30 » 6 2016 1|

JIMCT coriacoBaHuii

Pabou4as nporpamMma cocTtapieHa ¢ yaeToM Tpebopanmii DenepanrsHoro I'ocynapcTBEHHOro 06paso-
BaTEJIBHOIO CTaHaapra Beicmero obpasosanus (®I'OC BO) mo mampasnenuro moxarorosku 11.03.04
«DJIEKTPOHUKA U HAHOAIEKTPOHHKaY (KBambukanus (bakanasp)), yIBEPKICHHbIA IpUKa3oM MuHw-
crepcTBa 06pasoBanus U Hayku Poccuiickoit ®enepanuu ot 12.03.2015r. Ne 218.

Paboyas mporpamMma y4eOHOH NUCIMIUIMHEL PACCMOTPEHa W YTBEPX/IEHA Ha 3acelaHuy Kadempsl
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1. HEJIA U 3AJAYN JUCTTAITJIMHBI

Ileabr0 U3y4eHUs TUCLUIUIMHBI SBJIIETCS U3y4YEHHE CTyISeHTaMHU OCHOBHBIX 3aKOHOB 3apPOXKIEHUS U POC-
Ta HAHOCTPYKTYP, & TAaKkKe CBOMCTB MAaTepPHANIOB B IUIEHOYHOM COCTOSHHM, GOPMHPOBaHHE HABLIKOB IIPOBEIC-
HUS pacyeToB YCJIOBHIM 3ap0oKICHUS U BIMSHUS UX Ha CBOHCTBA IUICHOK.

3aga9d JHCHAILUIAHBI — H3YYeHHEe OCHOB POCTA IUIEHOK M 3aBUCHUMOCTH UX CTPYKTYPHI OT TEXHOJIOTHYE-
CKHX (haKTOpOB;

- U3y4eHHE OCHOBHEIX CBOMCTB METAILTMYECKUX, PE3UCTUBHBIX U TUAIEKTPHUUECKUX IICHOK.

2. MECTO JUCIIUIIVIMHBI B CTPYKTYPE OOII

B cooTBeTCTBHM ¢ OCHOBHO# 00pa30BaTEIBHON IPOrpaMMOi TUCIHILTHHA « DHU3HKa IIEHOYHBIX
HaHOCTPYKTYp» OTHOCUTCS K BapuaTuBHOM yactu Oioka 1 (b1.B.0O/[.4).

Hucrunimiaa 6a3upyeTcsl Ha 3HaHUSX, MOMyUYeHHBIX 110 MaTeMaTuke, Gu3nke, XUMUH, MaTepua-
JlaM 3JIEKTPOHHOM TEXHUKH, QPU3MKE KOHACHCHPOBAHHOTO COCTOSHIUS, TBEPIOTEINBHOM IEKTPOHUKE.

OcHOBHBIE IIOJIOKEHUS TUCIUILTUHBI TODKHBI OBITH UCIOIB30BAHEI B NATbHEHIIEM IIPH H3yde-
Huu aucruiuiaH «IIporecchl MEKpO- U HaHOTEXHOJOTHIY, « TeXHOIOTHs KPEMHHEBOH HAHOIEKTPO-
HUKA»», «OCHOBBI TEXHOJIOTHM 3JIEKTPOHHOM KOMIIOHEHTHOHN 0a3bl»; W MPH BHIIOJHCHUN W HAITHCa-
HUU BBITYCKHOHM KBaJTU(UKAIMOHHON pabOTHL

3. TPEBOBAHMS K PE3YJIbTATAM OCBOEHMUS JUCIHUAIIJINHBI

3.1. zyyenne nHCOHIUIAHBI HANPABJIEHO HA (OPMHAPOBAHAE CJAENYIOIIHX KOMIETeHIHI:

Crnoco6HOCTh NIPEeNCTaBIITh aIeKBAaTHOMY COBPEMEHHOMY YPOBHIO 3HAHWH HAyUHYIO KapTHHY
MHpa Ha OCHOBE 3HaHUs OCHOBHBIX II0JIOXKEHUH, 3aKOHOB X METO/IOB €CTECTBEHHBIX HayK U MaTeMaTH-
ku (OIIK-1);

Croco6HOCTH BEIBIIATH €CTECTBEHHOHAYUHYIO CYIIHOCTE IPOOJIEM, BOSHUKAIOMMX B XOJI€ IIPO-
deccroBanbHON NEATENBHOCTH, IPHUBIEYs JUIS WX PEIIEHAS COOTBETCTBYIOIIMN  (DH3HKO-
MaTemarugeckuil anmapat (OITK-2);

CrocoGHOCTE apryMEeHTHPOBAaHO BEIOMPATh W PEaTH30BBIBATH HA MPAaKTHKE 3)GEKTHUBHYIO Me-
TOJUKY SKCIEPHMEHTAIBHOIO HCCIENOBaHMsS IAapaMeTPOB M XapaKTEepHUCTHK MPUOOPOB, CXeM, YCT-
POUCTB M yCTaHOBOK 3JIEKTPOHHMKH M HAHO3JIEKTPOHUKH Pa3IMIHOTO (GYHKIHOHAIBHOIO HA3HAYECHMS
(TIK-2).

3.2. B pesyabTaTe H3y4eHUs] TUCHUILIAHBI CTYAEHT NOJOKEH:

3Hamp - OCHOBHBIE 3aKOHBI 00pa30BaHys ILICHOYHbIX HAHOCTPYKTYD ¥ BIMSHHE yCIOBHH 3apo-
XKIICHUS Ha CBOMCTBA 3TUX CTPYKTYP, Pa3MepHEIA 3 heKT;

- OCHOBHBIE MEXaHU3MBI JJICKTPOIPOBOJHOCTH METAUINIECKUX U TUINIEKTPHUECKUX IJIEHOK;

- OCHOBHBIC IIPOIIECCHI, IPUBOIAINHE K IPOOOX0 TOHKOILUIEHOYHBIX MJIM-CTpyKTYD;

Ymems - paccUuTHIBATE OCHOBHBIE IIAPAMETPHI 3apPOXKIEHHS B POCTa INIEHOK;

- PaCCYMTHIBATh OCHOBHBIC IIapaMeTPhl IPOBOJAIINX, PE3UCTUBHBIX U TUAIEKTPUIECKUX IUIEHOK
C y4eTOM pasMepHOro 3¢ (eKTa i CTPYKTYPHI IJIEHOK;

Bnaoems:

- METOJaMM pacyeTa U YHCICHHOIO MOAENHPOBAHUS (HU3UKO-XHMHUYECKHUX IIPOIECCOB U SIBIE-
HH#, IPOTEKAIOIUX B HAHOCTPYKTYpaXx.

4. OLEM JJUCITUIIJINHBI U BUJLI YYEFHOM PABOTHI

OO61mas TpyX0eMKOCTh JHCUMIUIMHEL COCTABNIAET 7 3aueTHbIE eIMHHUIbL.

Bun yae6H0#1 paboThl Beero 9acos (éeMeCTp;,I
AynuTopHBIE 3aHSATHSI (BCEro) 78 60 18
B toMm gmcie:
Jleximn 44 44
[MpaxTuueckue 3austus (113) 16 16
Kypcosas pabora (ayIuTOpHAs Harpy3Ka) 18 18
CamocrosiTesbHast paGoTa (Bcero) 138 48 90
B ToM gncie:
IIpopaGoTKa ek, TOAr0TOBKA K MPAKTHIECKHUM 3aHATHAM 20 l 20
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IToarotoBka K KOHTpOIbHEIM paboraM (KP): nse KP 8 8
BrimonseHne 1ByX HHIMBUIYaNbHBIX 3agaHuil: 1)O0pa3oBaHue U pOCT 3apOmIbl-
el IIeHoK; 2)2IeKTPOIIPOBOIHOCTh OCTPOBKOBBIX, PE3UCTUBHBIX U IUAJIEKTPU- 20 20
YECKUX IUIEHOK
Kypcosas pabora (camocTosTensHas padbora) 90 90
DK3ameH 36 36
OO1mas TpyXoeMKOCTh Jac 252 144 108
3a4yeTHbIe eTUHUIIBI TPYXOEMKOCTH
7 4 3
5. COOEP KAHUE NUCIIUITJINHBI
5.1. Pa3zpenpl AUCHUNIMHBI M BUABI 3aHATHIA
& ®
; g '€ é < @
E | EE = s E g @opMHpYeMbIe KoMIIe-
Ne = 2 = g < Q‘ E =
wa HanmeHoBaHHe pa3zena NUCHHILTHHBI g gz 3 & g X g OKT;EIQMgCK
= = & é % s E ( 9 9 )
=4 ]
1. | 3apoxzaeHue U poCT TOHKHX IIEHOK 13 6 6 36 60 OIIK-1, OIIK-2, [TK-2
2. | IIpoBomAmue MmIeHKU 6 4 34 36 OIIK-1, OIIK-2, TIK-2
3. | Pe3ucTHBHBIE IUIEHKH
10 | 4 4 34 42 OTIK-1, OTK-2, IIK-2
4. | JudneKTpudecKue IIEHKA i 1 i - 15 OITK-1, OTIK-2, TIK-2
S5.2. Conepsxanue pa3aeioB JHCIHHUILTAHBI (110 JEKIHSM)
®opmupye-
Ne HaumenoBanune Tpyno- VIbIe KoMIe-
o/ S— Coaep:xaHue pasjienos €MKOCTh TEHLHHU
(uac.) (OK, IIK,
IICK)
1 | 3apoxneHue u Ocaxnenne u3 mapoBoit dasel. KoHumeHcamus IUIGHKH Ha ITOX-
POCT TOHKHX Ilte- | joxke. OOpasosanue 3aponpimeii. Poct 3aponsimeit u 06pasosa- 18 OIIK-1, OIIK-
HOK HUC CIUIOIIHBIX IUIEHOK. BiusHWe yclIOBHMIA Ha IONIOXKKE Ha 2, [IK-2
IPOLIECC 3apOIBIIE00pa30BaHuUs M POCTA IUIEHOK.
2 | IIpoBopsmre IIpoBozsimye IIEHKH B MEKPO3IEKTPOHNKe. OCHOBHBIE XapaKTe- OIK-1. OTK-
IUIEHKH PHCTUKY NPOBOIAMIMX IUIEHOK. PasMepHEIl a¢ddekT B mieHxax. 6 5 1'fK-2
OCTpOBKOBBIE IUICHKH M MX CBOMCTBA. ’
3 | Pe3suctuBHbIe PesucTvBHbIE IUIEHKM IS TOHKOIUICHOYHBIX PE3UCTOPOB. Uc-
IUICHKU TI0JIB3y€eMbIe MaTepHalbl IS TOMydEHHI PE3HCTOPOB C pa3iiy-
HBIMH HOMMHAJIAMH CONPOTHBJIEHHS U TEMIIEPATypPHOTO K03 hH- 10 OIIK-1, OIIK-
uuenTa conporusienus (TKC). BiusHue cocrasa U CTpyKTYpHI 2, IIK-2
IUICHOK Ha XapaKTEPUCTUKU Pe3UCTOPOB. OCOOGEHHOCTH MpOBO-
mMocTd M TKC niieHoK pa3IugHoro cocrasa.
4 Husnextpuae- JuorexTprdecKue IIeHKH B MUAKDO- U HAHO3NEKTPOHHKe. CBOM-
CKHe IUTeHKH CTBa JMIJIEKTPUKOB B CHIBHBIX HONAX. TyHHEIbHAd 3MMCCHI, OTIK-1. OIIK-
smuccus llorrku u [Tyna-@perxens. Toky, OrpaHAYEHHBIE IPO- 10 5 H’K_2
CTPAaHCTBEHHBIM 3apsAnoM. IIpo0oi TOHKHX IUBIEKTPHYECKUX ’
IUIEHOK

5.3. Pa3menpl qUCHUILIAHBI T MEKIHCHUIUIMHAPHBIE CBS3H ¢ o0ecnednBaomumu (Ipeasl-
AYIIHMH) U 00ecIIeYHBaeMbIMU (oCIeqYIOIMHMH) MU CIATLIHHAME

Ne
n/n

HaumeHoBanue o6ecneynBaromux (nMpexsi-
AYWHX) U 06ecieYnBaeMbIX (OCTEAYIO-
IUHX) TUCUHIUIHH

Ne Ne pasnesios naHHOM QMcHMMUIHHLL M3 Ta6.1.5.1, Aast KOTOPBIX
He00X0AMMO H3yYeHHEe 00ecTIeTHBAIOIINX (mpenbiaymmx) u
oGecneynBaeMbIx (IOCIENYIOMIMX) JHCUHUILUIAH
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IpeninecTBYOIWMe THCHHILIHHBI
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2 | Qusuka + + + *+
3 | Xumus + +
4 | MeToapl MaTeMaTHIE€CKOH U3HKH ¥ + + +
5 | Duzuka KOHACHCHPOBAHHOI'O COCTOSHUS + + + +
6 | TeepmoTenbHas 3JEKTPOHUKA + + +
Iocaenyrwoumue AMCUUNIHHBI
1 | OCHOBBI TEXHOJIOTUH JJIEKTPOHHON KOMIIO- + + + +
HEHTHO} 6a3pl
ITpouecchl MUKPO- 1 HAHOTEXHOJIOTHH +
3 | TexHONOTHA KPEMHHUEBOU HAHOANIEKTPOHUKH + +
5.4. CooTBeTCcTBHE KOMHBTCHHHﬁ, tbopanyeMLIX IpH HU3YyYC€HHH NUCHUILINHBI, H BHI0B
3aHATUH
Ilepeuyens ®opMBI KOHTPOJIS
KOMIleTeHUH#A | 1 IIp. | CPC | KP/KII
OIIK-1 + + + + KonTtponeHele paboThl, KypcoBas paboTa
+ KonTponeHsble paboThl, HHANBUAYaIbHEIE 3aaHus, KypcoBas paboTa
OIIK-2 & n + Tp p HIUBULY yp P
TK-2 4 4 L + Kypcosas paboTa, HHIMBHLYaTbHbIE 38 1aHHUS, KOHTPOILHEIE PAbOTEI
6. METO/JbI 1 ®OPMBI OPT AHU3AIIUM OB YYEHU S
Texuoaoruu HHTEPAKTHBHOI'O oﬁyqe}mﬂ IIPpH PasHbIX d)opMax 3aHATHM B Yacax
IIpaktu- | CPC (4yac)
®opmer | Jlexkuuu yecKue Beero
MeTtoabi (4ac) 3aHATUSA
(4yac)
MUHU-IUCITY THI 4 4
OO6CysxneHre KOHTPOJIbHBIX paGoT 2 2
3ammuTa KypcoBOii paGoThI 4 f
HTOro MHTEPaKTUBHBIX 3aHATHIL 4 2 10
7. JABOPATOPHBIN IPAKTUKYM
(Y4€OHBIM NJIAHOM He NPeNyCMOTpPEH)
8. IPAKTUYECKHE 3AHATUS (CEMUHAPBI)
Ne pas- Tpyno- Komneren-
e AR TemaTuka NpaKTHYeCKHX 3aHATHI (CEMHHAPOB) EMKOCTE e
n/n JUCIMII- (4ac.) OK, IIK,
JINHBI TIICK
Ocaxnenue u3 napoBoit dhassl. KonaeHCaNMs IUIEHKH Ha TTOTOXKKE. OITK-1
1 1 Pocr 3apozprmeli u 06pasoBaHye CILIOIIHBIX TUIEHOK. Binsmue ye- 6 OIK-2 -H,K
) JIOBMH Ha MOUIOKKE Ha PONECC 3apO/IBIeo0pa3oBanus U POCTa -2’ )
IUTEHOK
OCHOBHBIE XapaKTEPUCTHKH MPOBOMIAIIHX ILICHOK. PasmepHbIii 3¢h- OIIK-1,
2. 2 ¢exT. OCTPOBKOBEIE IIEHKH. 2 OIIK-2, IIK-
2
Tonkomnenoynsie pesucropsl. Kepmetst. Cocras TKC. Biusrme OIIK-1,
3. 3 cocTasa U CTPYKTYPHI Ha XapakTEPUCTHKHU Pe3nCTOpoB. OcobeHHO- 4 OIIK-2, [IK-
CTH NPOBOJIUMOCTH PE3UCTHBHBIX IUICHOK. 2
HAMNeKTpEYECKHe IICHKH. DIIEKTPONPOBOXHOCTS, mpo6oii TOHKKX OIIK-1,
4. 4 JIUJIEKTPUYECKUX TUIEHOK 4 OIIK-2, TIK-
2
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9. CAMOCTOATEJIBHAS PABOTA

Ne TemMaTHka camMOCTOSTeIbHOH padoThl eTM[:c};T;; Komnerenuun | KoHTpoJb BbINosiHe-
n/n (Oemanuzayus) (aac) OK, IIK, IICK HUS pabdoThI
1 ITpopaboTka JeKIuii, TOAroTOBKa K Mpak- 20 OIIK-1, OIIK-2, | Ompoc Ha mpakTHKE,
| TMYEeCKHMM 3aHATHAM IK-2 MUHU-IACITY ThI
?STOTOBII?PK KORTPOILHEIM paboTaM g OIIK-1, OTK-2, | Onerka koHTpOIBHOMH

2 | (KP):mme IK-2 paboTsl
BeINoNHEHUE ABYX WHIWBULYATBHBIX 3a-

JaHUMI:

3 1)O6pazoBanue ¥ pocT 3apofbIIIeit [UIe- 20 OIIK-1, OIIK-2, | 3ammra MHAXBUOYaTb-
HOK; TIK-2 HBIX 3aJaHui
2)OneKTpONPOBOTHOCTH OCTPOBKOBBIX H
PE3VCTHBHBIX IIEHOK
Ok3aMeH: B Ouiiete 3 BOIpoca, IPUMEpEI 1. OIK-2

4 | Bompocos npencrasiaeHsl B 12.3.2, crp.7- 36 OHKI_IIi{OZ > | Ox3aMeH
27 )

10. IPUMEPHAS TEMATHKA KYPCOBBIX ITPOEKTOB (PAGOT)
1. OeKTpOIIPOBOAHOCTE TUINEKTPHIECKUX ILICHOK Si; N,

2. DJIEKTPONPOBOTHOCTh OCTPOBKOBLIX IJIEHOK Au.

3. Pe3aucTUBHBIE IJICHKH TYTOMJIABKHAX METAILIOB.

4. CpoiicTBa KepMeTHBIX ITeHOK Au-SiO, Re—Si,N, — Mo u 1.11.
5. Mexanmsm npo6ost M/IM-cucrem, Hampumep, Al-SiO-Al/

6. CBoMCTBa PE3UCTOPOB U3 YHUCTHIX METAILIOB.

7. PasmepHBI 3G PeKT B TOHKHX IIJIEHKAX.

10.1. Pacnpenesienne BpeMenH ay(HTOPHLIX 32HATHI HA KYPCOBOI MPOEKT (pabory)

CornacoeaHa Ha noprane Ne 7527

Ne Tema 3aHsaATHH Tpynoemkocts | Komnerenuuu
n/n (uac) OK, ITK
1. Brinaya saganus. O6bscHEHHE 0COGEHHOCTEH 10 BHINONHEHHIO KYpCO- 2 OIIK-1, OIIK-
BOT'0 IPOEKTa 2, [IK-2
2. Koncynsramms 1:06cyxnenre TUTepaTypHBIX TAHHBIX, YTOYHEHUE 3a- 4 OIIK-1, OIIK-
TaHu. 2, IIK-2
3. Koncynsranms 2: O6cyxaeHne 4epHOBOTO BapHAaHTa KYPCOBOLO IIPOEK- 4 OIIK-1, OINK-
Ta 2, I[IK-2
4. 3ammTa KypcoBOro mpoekta 8 OIIK-1, OIIK-
2, IIK-2
10.2. IlpamepHOe pachpeneeHne BpeMeHH CAMOCTOATEIbLHO paboThI Ha KYPCOBO# MPOEKT
No TemaTuka caMOCTOSITENILHOM PaGOTHI Tpynoem- Kommneren- KonTtpous
n/n KocTh (4ac) | mun OK, IIK | BbInoJHeHHs!
paboThI
1. 3HAKOMCTBO C JIUTEPATYPOI, COCTABIIEHHE MITaHa IPOEKTa 20 OIIK-1, OIIK- | O6cyxnenue
2, IIK-2 IUIaHa IPOEKTa
2 Hanvicanue vepHOBOro BapuanTa mpoekra 30 OIIK-1, OIIK- | Ilpoeepka uep-
2,IIK-2 HOBOTO BapHaH-
Ta
3. Hamucanne okoHuaTensHOro BapuaHTa, pacderTsl, rpadu- 40 OIIK-1, OIIK- | 3amura mpoex-
KH, 3aIuTa 2, IIK-2 Ta
6




11. PEUTHHIT'OBASI CHCTEMA JIJIA OIIEHKH YCIIEBAEMOCTH CTYJIEHTOB

Tabauna 11.1. baansHble ONEHKH AJIsI 371eMEHTOB KOHTPOJISI

Maxcrmans-
. 5 HBIN 6asI 3a
MaxkcumanbHbIH MakcuMaIbHBI} e —— Baemn i
OnemeHTs! yueOHOI nesrensHocTH | Oayut Ha 1-yro KT ¢ 6aiL 3a epuox KT ot ua SEniae
ny Tp
Havajla ceMecTpa Mexnxy 1KT u 2KT ROHEIT GENEs
cTpa
INocemenye 3aHATHH 3 3 3 9
KonrponsHas padora Ne 1 10 10
Kontponrgras pabora Ne 2 10 10
HnnuBunyansHoe 3anadue 1 15 15
HHnuBuIyanbsHOE 3a1aHue 2 15 15
KoMIOHEHT CBOEBPEMEHHOCTH 5 6 11
OK3aMeH 30
HToro makcumyM 3a nepuon: i3 33 5
Hapacraromum urorom
13 46 70 100

OK3aMeHalMOHHbIH OUIET CONEPKUT TPH TeOpeTHIeckux Bornpoca (1 Bompoc — 10 6amnos)

Tab6umuna 11.2. Ilepecder 6a110B B OIIEHKH 32 KOHTPOJIbHbIE TOYKH

BaJlibl Ha 1aTy KOHTPOJIBHOM TOYKH OueHka
> 90 % oT MakCHMaNbHON CyMMBI 6ayuToB Ha gaTy KT 5
Ot 70% 1o 89% oT MakCHMaITbHOM CyMMBI 6aiuioB Ha naty KT 4
Ot 60% 110 69% 0T MaKCHMaNbHON CyMMEI 6aJUIOB Ha aaty KT 3
< 60 % oT MakcUMaNbHOM CyMMEI Gaios Ha naty KT 2

Ta6auua 11.3. IlepecyeT cyMMBbI 62J1J10B B TPaAHIHOHHYIO H MEKTYHAPOIHYIO OIEHKY

Ouenka (FOC) Hroropasi cymma 6mn?3, YYHTBIBAET yCOeuHo Ouenka (ECTS)
CIaHHbIH 3K3aMeH
5 (ornm4HO) (3a4TEHO) 90 —100 A (oTnHaHO)
85-89 B
4 (sopaie) == 2 (ogens xoporo)
(3auTeHo) 5- (xopomo)
7074 D (yHOBIETBOPHUTEIHHO)
3 (YHOBIIETBOPUTEIILHO) 65 —69 Y »
(3auteHo) 60 - 64 E (nmocpexncreenHo)
2 (HeyIOBIIETBOPUTENLHO),
(s 3auteno) Huxe 60 6a108 F (HeymoBneTBOpHUTEIBLHO)

12. YYEBHO-METOJIUYECKOE U MH®OPMAIIMOHHOE OBECIIEYEHUE JHUC-

OUTTJINHBbI
12.1 OcnoBBas JaTEpaTypa

12.1.1. K.X.CmuprOBa. TOHKHE ILUIEHKH B MHKPO3IEKTPOHHKE. Y4uebHOe mocobue. Tomek: TY-

CYP, 2012.- 110 c. (50 3K3.) - [neKTpoHEEILA pecype] — http://miel.tusur.ru/
12.2 lonosauTeNLHAS JIATEpaTypa

12.2.1. Qusmka TomKEX mieHok. Tom 4. C6. crareii mox obmeit penakmueit I'. Xacca wu

P.3.Tyna, M.: «Mupy, 1970. — 440 c. (7 3x3.)

12.2.2. ®usuxa Torkux wienok. Tom 8. C6. crarei mo obmeit penakuueii I'. Xacca, M. ®pan-

komba u P.T'odpmana, M.: «Mup», 1978. —359 c. (5 9K3.)

12.2.3. TeXHOJIOrHS TOHKHX IIJIEHOK. CopaBognuk. Tom 1,2. —-M.: Cos. pammo, T.1, 1977.- 664 c.

(13 5k3.), T.2, 1977. -768 c. (14 3x3.)

12.2.4. T.ABopoGees, B.A Myxaues. IIpoGoit TOHKHX [JWDIEKTPHYECKHX IUIEHOK.
M.:«Cosetckoe pamuoy, 1977.- 70 c. (36 3K3.)
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12.2.5. DnexTponpoBOIHOCTh TOHKHX TUIJICKTPUICCKUX IUICHOK. — YueOHoe mocobue: JIeHHH-
TPaIICKUH MOMUTEXHUIEeCKUH HHCTUTYT M. M.M.Kamuuauna, 1981.- 55 c. (4 5k3.)

12.2.6. b.A.bo4kapes, B.A.boukapeBa. KepmerHbie mieHku.:« dHeprusy, JICHUHIpagCcKoe OT/.,
1975.- 152 c. (2 3k3.)

12.3 Y4eOHO-MeTOAHYECKHEe MOCOOHS W IPOrPaMMHOE 00ecnedeHHe

12.3.1. K.11.CmupHOBa. TOHKHE IUIEHKH B MUKPOIJIEKTPOHHKE. YUeOHO-METOMYECKOE OCOOUE
TI0 BBIOJIHEHHMIO KYypCOBOM pabOTHI [UII CTYJEHTOB HAaIpaBJIEHHsS HOATOTOBKM «HaHOTEXHOIOTME U
MHKPOCHCTEMHasl TEXHUKA» U «OJNEKTPOHUKA U HaHOAIEeKTpoHuKay.-Tomck: TYCVYP, 2013.- 25 c. (30
3K3.) - [3IEeKTPOHHEIA pecypc] - http://miel.tusur.ru/

12.3.2. K.1.CmuprOBa. TOHKHE IIEHKH B MUKPO3JIEKTPOHHUKE. Y4eOHO-METOAUYECKOE II0COOHE
10 ayJUTOPHBIM IPAKTHYCCKUM 3aHATHAM M CaMOCTOSTENBHON paboTe I CTYAEHTOB HAaIpaBJICHUSL
IOATOTOBKY «HaHOTEXHONOTHMH W MHKPOCHCTEMHAsT TEXHHKa» M «DJEKTPOHHMKA ¥ HAHOIJEKTPOHH-
kay.-Tomcx: TYCVP, 2013.- 49 c. (50 3K3.) - [anexkTponnsi pecypc] - http://miel.tusur.ru/

12.4 ba3e1 naHHBIX, HH)OPMANHOHHO-CIPABOYHbIE H IOHCKOBbIE CHCTEMbI

13. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHHUE JUCIUILINHBI
J1st peau3aliu IEKIMOHHBIX U MIPAKTHYECKUX 3aHSTUH HEOGXOMMMBIL: KOMITBIOTED C YCTAHOBICHHBIM
NpOrpaMMHeIM obecneuenreM (11.12.3), mpoeKTop U SKpaH.
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MHUHUCTEPCTBO OBPA3OBAHMUSA 1 HAYKH POCCHUIICKOMN OEJEPAIINA
OenepanbHOE rOCYIapCTBEHHOE OIOKETHOE 00pa30BaTeIBHOE YUPEKIEHUE BEICIIET0 0OPa30BaHHs

«TOMCKMM TOCYJJAPCTBEHHBIN YHUBEPCUTET CUCTEM YITPABJIEHUS U
PAJTHODJIEKTPOHUK Uy (TYCVP)

YTBEPXIAIO
B
/Iﬁpopgxrop no y4yeOHoM padoTe
V) A3, IL. E. Tposin
&3 19
«J » cs 2016

®OH/I OHNEHOYHBIX CPEJICTB IIO YYEBHOU JTUCIMILJINHE

DH3HKA IVICHOYHBIX HAHOCTPYKTYVP
(monHoe HauMeHOBaHKe Y4eOHOM AUCLMILTMHEBL MM TPAKTHKH)

YpoBeHb OCHOBHOI 00pa30BaTe/IbHOM HPOrpaMMbl _0aKAIABPHAT
(6axanaBpuaT, MarucTpaTypa, CieLHaIHTET)

Hanpasiienne(s1) moaroToBkH (coequanbaoctsh)11.03.04 DiieKTPOHAKA B HAHOZIEKTPOHAKA
(noHOE HAMMEHOBaHHE HANPABNIEHHA IOATOTOBKH (CTIENHATBHOCTH))

ITpodnin (1) «<MHKDO3IEKTPOHAKA H TBEPAOTEILHAN JJIEKTPOHHKA
(monxoe HaMeHOBaHMe NPO(UITA HAIPAB/EH s IOATOTOBKH (CHIEIMANBHOCTI))

®opma o0yueHHs 09HAS
(ouHas, 04HO-3204Has (BeYepHss), 3204Has)

®aKyJbTeT 3JeKTPOHHOH Texankd (®IT)
(cokparmeHHOe U MoIHOE HaUMEeHOBaHKe (aKymbTeTa)

Kadenpa dun3ngeckoii 3nexTponnkn (PI)
(CoKpaLIeHHOE H M0JTHOE HAUMEHOBaHHE Kadempsr)

Kype_34 Cemectp__ 6.7

Y4e0nrrii njan HaGopa 2013, 2014 roaa.

3ager ceMecTp Kypcosas pa6ora __7 _cemectp

IK3ameH 6  cemecrtp

PazpaGoTunk: nonent kag. ®3 Myxages B.A.

Tomcexk 2016

CornacoeaHa Ha noprane Ne 7527

N



1 Bseneume

@oupn omenounsx cpeacts (OOC) smugercs mnpuioxkeHHeM K paboueit Iporpamme
OUCUUIUIAHEl «DH3KMKa IUIEHOYHBIX HAHOCTPYKTYP»» M TPEACTaBIIET CO000M COBOKYIIHOCTH
KOHTPOJIbHO-M3MEPUTENLHBIX MAaTepHalioB (TUIOBBIE 3amadd (3aJaHusi), KOHTPOJIBHBEIE pPabOTHL

TECTBI H I[p) H MCTOHNOB HX HCIIOJIB30BaHUSA, NPEHHA3HAYCHHBIX I M3MEPCHHSI YPOBHI

JOCTH)XEHMSI CTYAEHTOM yCTaHOBJIEHHBIX PE3yJIbTaTOB 00yUECHHS.

@OC no mucuumuHe «PU3KKa INIEHOYHBIX HAHOCTPYKTYP» HCIIOJIB3YETCs IIPH IIPOBENCHNH

TEKYIIETro KOHTPOJIA YCIIEBAEMOCTH U HpOMC)KyTOqHOﬁ aTTeCTalluu| CTYOCHTOB.

Ilepeyenn

3aKpCINICHHBIX 3a JUCIUILIMHOK

KOMIIETEHIIMH NIpUBENIEH B Ta0uIe 1.

«Du3pka IIEHOYHBIX HaHOCTPYKTYpP»

Tab6auma 1 — Ilepedens 3aKpenyieHHBIX 32 AHCHHILIAHON KOMIIETeHIIHIA

Kox D opMyIHPOBKA KOMITETECHIHH JTansl GoOpMHPOBAHHA KOMIIETEHIMH
3HaTh OCHOBHBIE 3aKOHBI (DU3UKH: MEXAHUKH,
MOJIEKYIIIPHO-KUHETHIE CKOM TEOpHH,
SNIEKTPOJMHAMUKY, (PU3UKH TBEPIOrO Teja,
Croco6HOCTE IIPENCTaBISTh AaIEKBATHYIO . .
N aTOMHOH (U3WKH ¥ KBAHTOBOU MEXAHUKH.
COBPEMEHHOM OBHIO 3HaHWM HaydH
P y yp Y | Ymers momssoBarses 3akoHaMu bu3uKy s
OIIK-1 | xapTHHY MHpa Ha OCHOBE 3HAHM OCHOBHBIX
B IMMOHMMaHUs  IIPOLECCOB  pOCTa  TOHKHX
IIOJIOKEHUH, 3aKOHOB u METOIOB
IUIEHOK, MEXaHU3MOB 3JIEKTPOIIPOBOIHOCTH U
€CTECTBEHHBIX HayK U MAaTEMaTHKH.
pobos.
Bianerr HaBBIKAMH  OLEHOK OCHOBHBIX
XapaKTEPUCTHK IIPOBOASIINUX, PE3UCTHBHBIX U
JTUIEKTPUIECKUX TUICHOK.
Crnoco6HOCTE BBISBIIATE 3HaTh OCHOBHEIE 3aKOHBI 3aPOXKICHHS 1
€CTECTBCHHOHAYYHYIO CYIMHOCTB IpoOIeM, | pocTa TOHKHMX IUIEHOK, MEXAHU3MEI
OIIK-2 | BO3HMKAIONIKX B XOJI€ MPpO(ECCHOHANBHOM SJIEKTPOIIPOBOIHOCTH U IPOOOS

JESITEIBHOCTH, IIPUBJIEYb IS UX PEIICHHS
COOTBETCTBYIOIMUN (HU3HKO-
MaTeMaTHYECKHH armnapar

TOHKOILIEHOYHBIX CTPYKTYD;
YMeTh BBIIBISITH OCHOBHBIE
TEXHOJIOTHYECKHE IIapaMeTPFhl, BIUSIOIIHE Ha
XapaKTEPHUCTHKH IUIEHOK, U YMETh JIeNIaTh
KOJIMYECTBEHHYIO OLIEHKY 3THUX IIapaMeTpPOB,
HCITOJIBE3YS COOTBETCTBYIOIMNH (HU3UKO-
MaTeMaTHYECKUHU anmnapar;

Buragers HaBBIKaMH pacdyeTa OCHOBHBIX
XapaKTECPUCTHK IIJIEHOK: CTPYKTYPHL,
SJICKTPONIPOBOIHOCTH U SIIEKTPHIECKOL
IIPOYHOCTH

CornacoeaHa Ha noprane Ne 7527




CrocoOHOCTh apryMeHTHPOBAHO BEIOHPATh
U pEalli30BbIBaTh Ha [IPAKTHKE

3 deKTUBHYIO METOAUKY

IIK-2 SKCIIEPUMEHTAIIEHOTO HCCIIEOBAHHIS
[IapaMeTPOB M XapaKTEPUCTHUK MPHOOPOB,
CXEM, YCTPOMCTB M YCTaHOBOK 3JIEKTPOHUKH
U HAaHOJJIEKTPOHUKH Pa3IMIHOIO
(GYHKIIMOHATIEHOTO Ha3HAYEHH

3HaTh METONUKY SKCIEPUMEHTATLHOTO
HCCIICIOBAaHMS METAJUIMYECKUX, PE3UCTUBHBIX
U JU3JIEKTPHYECKUX IUIEHOK

VYMeTh apryMeHTUPOBaHO BHIOUPATE HYXHYIO
METOIHUKY SKCIEPUMEHTAIHLHOTO
HCCJICIOBaHMS XapaKTEPUCTUK U CBOMCTB
TOHKHX IUIEHOK, ¥ HEOOXOIUMEIE JIJIS
HCCEN0BAaHUY TPHUOOPEI B YCTAaHOBKH
SIICKTPOHUKH ¥ HAaHOJIEKTPOHHKH

Bnagers meTomukoit paboThl ¢ ipuGopamMu 1
YCTPOHCTBAMH JIEKTPOHUKH IS IPOBENECHHUS
HEOOXOIUMBIX HCCIIEIOBAHHA.

2 Peanu3zanusi KOMIETeHIHIA

i Komnerennmus OIK-1

OIIK-1: CrnocoGHOCTb TPENCTABIATh aIEKBATHYIO COBPEMEHHOMY YPOBHIO 3HAHH HAYYHYIO

KapTHHY MHpPa Ha OCHOBEC 3HAHHS OCHOBHEIX HOHO)KCHHﬁ, 3aKOHOB 1 METONOB €CTECTBCHHBIX HAyK 1

MaTCMaTHuKH.

JIJI}I (bOpMI/IpOBaHI/I}I KOMIICTCHITNH HCO6XOI[I/IMO OCYIIECTBUTL pAd ITallOB. OTansl

(opMupoBaHUs KOMIIETEHIIUH, IPHMEHSIEMBIE [UIS 9TOTO BU/bI 3aHATHH, U UCIIONb3yeMble CPEICTBA

OLICHUBAHUS IIPEACTABIICHEI B TabuIle 2.

Tabauma 2.~ Otanbl dopmupoBanus KommereHmumd OIIK-1 u ucmoan3yemble cpeacTBa

OLleHHBAHHUSA
1. CocraB 3uarhe YMeTh Buaaners
3HaTh OCHOBHEIE
e€Th BBIOpaTh 3aKOHEI
3aKOHBI MEXaHUKH, Ym p » | Braners
MOJIEKYISIpHON GU3UKH, | HEOOXOTHUMBIS TS | haKTHIECKAMHE
QJICKTPOJUHAMHUKH, 00BSICHEHHS HU3y4a€MOI'0 | gaBpRIKAMH AaHajIul3a
Conep:xaHne 3TAaNOB (GU3UKY TBEPAOTO TENa, | SBICHWS HW  CAeNaTh | Ha OCHOBE 3HAHHS
KBaHTOBOM MEXaHMKH, HEOOXOIMMBIE OCHOBHBIX 3aKOHOB
a
MaTeMaTH4eCcKOro BBIUHCIICHHS CUTECIBCHUBLX. HE/K
1 MaTeMaTHKH
aHanu3a
Jlexnyy; [IpaxTUyueckue 3aHITHS;
[IpakTiueckue 3anstus; | Kypcosas padora; [IpaxTrueckue
Bunpl 3anaTuit Kypcosas pabora; CamocrogTenbHas 3aHATHS;
CamocTosTeTbHAS paborta. Kypcosas pabota.
pabora
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HNcenonn3yembie
CpelcTBAa OLleHUBAHUS

TecThl, KOHTPONBHEIE
paboTHl,
UHVBUTyaTbHEIC
3aaHusg

KonTponsHbIE paboTHI,
HH/IMBUyaIbHbIE
3aJaHus, KypcoBas
pabota

WuanuBnayaabHBS
3alaHus, KypcoBas
paborta.

2 Komnerennug OHK-2

OIIK-2: CrocoGHOCTb BBIIBIATH €CTECTBEHHOHAYYHYIO CYIIHOCTH HpOOGNEM, BOSHHKAIOIIHX B
XOzie IPO(ECCHOHATBHOM AeATeNFHOCTH, IPUBNIEYb I UX PEIIEHHS COOTBETCTBYIONIMH (DHU3UKO-

MaTeMaTHYeCKUH anmnapar.

JUist  GopMHpoBaHHA KOMIETCHIHH HEOOXOMMMO OCYIIECTBHTH DS ITAaloB. TAIb

@OpMHpOBaHI/IH KOMIIETCHIINH, IPUMCHICMBIC IS 3TOTO BUIBI SaHXTHfI, H HCIIOJIB3YEMEBIC CpEACTBA

OLIEHUBAHUS IIPEACTABIICHRI B TaOIHIE 3.

Tabmana 3 — Jrtanel dpopmupoBanns xomnerenmuu OITK-2 u mcmosb3yemble cpeacTsBa

OLlCHUBAHUSA
2. CocraB 3HaThL YMmerhb Baaners
3HaTEL OCHOBHEBIE
3aKOHBI U Baagers
XapaKTCPUCTHKHU TEXHOJIOTHYECKUMU
YMeTh BLISBIATH
OCaXIECHUS U pocTa METONAMH BIIUSHUS
€CTECTBEHHOHAYYHYIO Ha yTyurmenye

TOHKUX IINIEHOK,

MIPUYHUHY OTKJIIOHEHUH OT

T —— CTPYKTYPHI IUICHOK,
3aKOHOB pOCTa IUIEHOK, HUX CBOMCTB U
Conep:xaHue >Tanos JJIEKTPOIPOBOIHOCTH
MEXaHHU3MOB IIPUBJICKATD IS
METaJUTHYe CKUX
J— . 3NEKTPOIPOBOAHOCTH U SI0r0
JIEKTPUIECKHX 2
npobos MIM-cucrem COOTECTCTBYFOIIH
IUIEHOK. 3HaTh buznko-
MEXaHHU3MBI IPOOOs MaTeMaTH4eCKUI
MJIM-cucrem. anmnapar
Jlexmum; Jlexruw; IIpakTtuueckue
ITpaxtuaeckue 3ansatust; | [IpakTudgeckue 3aHATHS; 3aHATHUL;

Buarpl 3anstai

Kypcosas pa6ora

Kypcosas pabora

Kypcosas pabora

Hcnosn3yemele
CpeacTBA ONEeHHBAHMS

TecTr! Ha TeKIUsIX,
Omnpoc Ba
NPaKTHYECKUX
3aHATHIX

KonTpomsHbIe paGoTsL,
HHIUBUyaTbHEIE
3a/laHus, KypcoBas
pabota

WunuBuyanbHEIE
3a[faHus, KypcoBas
pabora
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3  Kommerenmus [TK-2

IIK- 2 - Cri0cOGHOCTE apryMeHTHPOBAHO BEIOUPATh ¥ Pealn30BbBATH HA IpaKkTuKe 3G (HEKTUBHYIO
METONMKY IKCIICPHMEHTAILHOTO HCCIEIOBAHNUs [ApaMeTpPOB ¥ XapaKTEPHCTHK HPHOOPOB, CXEM,
YCTPOHCTB M YCTAHOBOK 3JEKTPOHMKH H HAHOIIEKTPOHHKH pPasIAIHOTO GYHKITHOHAIBEHOTO
Ha3HaYCHUS

Jngs  bopMHpOBaHHS KOMIETEHIHH HEOOXOIHMO OCYWIECTBUTh psX I3TalOB. Tambl
(hOpMUPOBAHST KOMITETEHIIHI, IIPUMEHAEMBIE IS STOIO BHIbL 3AHATHH, 1 HCIOJIb3yeMBIE CPEACTBa

OLCHMBaHMS IIPECTABIICHEI B TA0IHIE 4.

Tabmuma 4— Drtanel ¢opmupoBanus kommerenumun ITK-2

OLICHHBAaHU A

H HCIOJIB3yeMble CcpeacTrBa

3. Cocras

3HaTeL

Ymern

Bnagern

3HAaTh IPUHIUIEI
paboTEI OCHOBHBIX

Ymers BEIOpaTH

s dexTHBHYIO METOMUKY

U3MEPEHUN U

Buaagers Ha
IIPaKTHKE METOIUKON

COOTBETCTBYIOIIIHE
pu6OPOB U3MEPEHIUS g HecnenoBaHns
IpuOOPEI U yCTpoicTBa TOHKOIIJIEHOYHBIX
Conep:xanue 3Tanos XapaKTEPUCTUK IUICHOK,
UL BCCIIEIOBAHMUS CTPYKTYP, HCIIONIB3Ys
IIPAMEHSIEMBIX B MHKPO-
P B XapaKTEPUCTHUK 1IDH 5TOM
U HAHOBJICKTPOHHKE COOTBETCTR
F TOHKOIIJICHOUHBIX g YIOIIYIO
anmaparypy
CTPYKTYp
Jlexmuwy; [IpaxTuueckue
Jlexnum; . )
I IIpakTHdeckue 3aHATHS; 3aHATHS;
AKTUYECKUE 3aHATHS;
B . I/Ip " | UaouBugyansase WHnusuyansHbIe
H/IBI 3aHATHIA WBUyaIbHEIE .
g BRI 3aJaHuS; 3aJlaHus;
3aganus (13)

Kypcosas pabora

Kypcosas pabora

TecTh HA TEKIHIK;

KonTponsabie paboTEI;
Ornpoc na P p ’ VnnuBuayansHbIe
Henonb3yemsbie NIPaKTHIECKUX WunuBunyanbabie 3aaHus;
; 3ananus (M13); ’
CPeICTBA OUEHUBAHHSA | 3aHITHIX, an H3); Kypcosas paGota
AHIABUIyAJIbHBIE Kypcogas pabdora
3aaHusg
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1. Komnerenuus OIIK-1 - ciocoOHOCTH IPEACTABIATh aeKBATHYIO COBPEMEHHOMY YPOBHIO
3HaHUM Hay4yHYIO KapTHHY MHpa Ha OCHOBE 3HAHW OCHOBHBIX IIOJIOXKECHHH, 3aKOHOB H METOIOB
€CTECTBEHHBIX HayK U MaTeMaTHKH

OOmue XapaKTepHUCTHKH IIOKa3aTeled M KPHUTEPHUEB OICHWBAHUSA KOMIETCHIMH II0 IJTaram

IIPUBENIEHEI B TabnuIe 5

Tabmuma S — O0mue XapaKTePHCTHKH NOKa3aTeslell H KpUTEPHEB OIEHUBAHHUS KOMIIETEHIIHH

Imo 3TanamM

IToxka3zarenu u

3HaTh Y™mernb Baaners
KPUTepHH
Ob6namaet
bakxTHIeCKUMHA u | Obnamaer puanaszonom | Komtpommpyer
. | TeopeTHYeCKUMH IIPaKTHYECKUX YMEHHH abor IIPOBOUT
OtrnugaHo  (BBICOKMIA P p ™ | P Y, P
oBeHE) 3HaHUSAMH B IIpefenax | TpeOyeMbIx IUISL | OLIEHKY,
yp U3y9aeMOH OOIacTH C | Pa3sBUTHUS  TBOPYECKHUX | COBEPIIEHCTBYET
IIOHMMaHUEM  TIpaHHIl | permeHui METOIUKY PabOTEI
IIPUMEHUMOCTH
Beper
Ob6namaer nuama3zoHOM p
. | OTBETCTBEHHOCTH 3a
3HaeT GhaxThl, | IPaKTHYECKUX YMEHHIH,
3aBeplICHUe 3a/1a4 B
., | IPHUHOUIEL, TIPOUECcCH, | TpeGyeMBIX JULS
Xopomo (6a30BbIIt HCCIIEJOBaHNH,
obmpe  MOHATHS B | pemmeHus
YPOBe€HB) " IIpHCIOcabiuBaeT
Opefenax — u3ydaeMmMod | OmpeleieHHBIX
CBOE TIOBEIEHHE K
obmactu npobireM B oOmactu
o0CTOSTENBCTBAM B
HCCIIETOBAHHUS
peresuyu nmpodiemM
Ob6namaer OCHOBHBIMHU
Pa6oraer pH
YnoBJieTBOpPUTEILHO Obmamaer  0a30BBIMH | yMEHMAMH, Tpebye- DSMOM
(MOporoBHIi ypoBeHb) | OOIIMMH 3HAHUAMMU MBIMHA JUDT BEIIONHEHHS |
HaOroNeHIH

IIPOCTHIX 3aaa4

DopmymapoBKa nokasaTeneli 1 KpuTepues ouenupanus Komuerenuud OIK-1 npuasenena s

i

Ta6muua 6 — XapakTepHCTHKH NHOKa3aTeljedl H KPHTEPHEB ONEHHBAHUS KOMIIETEHIHH II0

JTamnmam

IToka3zarenu u

3HaTh Ymerb Ba
KpHTepuHu 4ASLE
3HaeT OCHOBHEIE YMmeer ucmons3oBark
3aKOHBI pOCTa ¥ 3aKOHBI (PH3UKH U Baageer
} dbopmupoBaHus MATEMATHKE I Pa3IMYHBIMHA
OtnuanHo (BhICOKMIT CTPYKTYPHI ILUICHOK, METOJaMH OLICHKH
OLICHKH XapaKTePHUCTHUK
YPOBEHb) JNIEKTPODUBHUECKHE ~ XapaKTEPUCTHUK
CBOMCTBA IJICHOK, HX H CEROECTE TORKHX TOHKOIUIEHOYHBIX
3aBHCHMOCTB OT INIEHOK CIPYKTYD

CTPYKTYPBI
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Xopomo (6a3oBbIii

3Haer dakThi,
OCHOBHEIE IIPUHITAIIBI
BIIHUSHUS TEXHOJIOTHH Ha
CBOMCTBA IIPOBOISIIHUX,

Obnanaer nuamazoHoM
NPaKTHICCKUX YMEHHUH
pacdera cCBOMCTB

Baaneer
CIIOCOOHOCTEIO
3aBEPIINTH pabOTy U
CIIeNIaTh BBIBOMBI HA

ypoBeHE) OCHOBE OCHOBHBIX
PE3UCTHUBHEBIX U TOHKOILIEHOYHBIX IIOJIOXKEHHH M
JHUIIEKTPUICCKHX CTPYKTYD 3aKOHOB
ILJIEHOK €CTECTBEHHBIX HAyK
U MaTeMaTHKH
O6namaer 0CHOBHBIMU Bnapeer
3HaeT B3aUMOCBA3b YMEHMAMHU IS OLEHKH CIIOCOOHOCTBIO
YoosaerBopurennHO MEXY TEXHOJIOTHEH 1 XapaKTEPHUCTHK, BBEIIIOJIHATE paboTy
(moporoBeIii ypoBeHb) CBOMCTBaMHU TOHKHX II0JIy4YaeMBbIX (pacueTsl) mox
IIJICHOK TOHKOILTEHOYHBIX HaboneHneM
CTPYKTYP CIenuanucTa

2. Komnerenmus OIIK-2 - CiocoGHOCT BBISBISATE €CTECTBEHHOHAYYHYIO CYIIHOCTE

npo6neM, BO3HHUKAIOIIUX B XOJI€ HpO(bCCCPIOHaJIBHOﬁ ACATECIILHOCTH, IIPUBJICYD I UX PCIICHHUA

COOTBETCTBYIOIINH (PHU3MKO-MATEMaTHICCKHH alIapar.

O6I]II/IC XapaKTCPUCTHKHA TIOKa3areled u KPUTEPUEB OLCHHMBAHWSA KOMIIETCHIIMM IIO JTaram

IIPHUBENICHE] B Ta0aame 7.

TaﬁJmua 7 - Oﬁmne XapaKTepPHCTHKH MoKa3aTejed i KpUTEpHUEB OIICHUBAHUA KOMIIETECHIIMH

II0o 3Tanam

Iloxkazarenu u

3HaTsh Ymers Baagers
KpUTepuu
Ob6nagaer Obnamaer mHanazoHOM
baKkTHIeCKUMU U | mpakTH4decKkuX ymeHmH, | KomTpommpyer
. | TeopeTnueckuMu TpeOyeMBbIX UL | paboTy,  HPOBOIMT
OtiauyHo  (BBICOKHIA
) 3HAQHWSMH B IpeleNnax | Pa3BUTHS  TBOPYECKHX | OLEHKY,
OBEHb . o
yp M3y4aeMOH o00lacTu ¢ | pelneHwit, COBEpIIEHCTBYET
IOHMMaHHEM  TIpaHUIl | abCcTparupoBaHHS IEeHCTBUS pabOThI
IIPEUMEHUMOCTH npoOiemM
Beper
Obmamaer aHana3oHOM P
3 ccxx vaemmi, | OTBETCTBEHHOCTD 33
aKThl, | MpaKTHYEeCKH
Haer ¢ ’ P 6 ™ 11115; 3aBEpIIEHUE 3a7ad B
. | IpHHUIMIEL, mpomecchH, | TpeOyeMBIX
Xopomo (6azoBbIit p > TP > | TPEDY HCCIIEIOBaHUH,
o0Imupe  MOHATHUS B | peIIeHHus
YPOBEHB) . . IPHUCIIOCA0IUBACT
aeMoO¥ | OIpeNeNeHHBIX
nge,uenax 3y P 611 o6macry | CBOS TOBEIEHHE K
mpobileM B
ORJIacTH po 00CTOSITETECTBAM B
HCCIIEIOBaHUS
H permenny npobieM
06 6 . Ob6namaer ocHoBHBIME | PaGotaer 0)7¢
JagaeT a30BBIM
Y OBICTBOPNT LN 6 ax YMCHHSIMH, Tpebye- | mpsmom
i aHUSIMHU
(HOpOTOBKIR YPOBEEs) | DOTIHN SHAH MBIMH JJI BBIIOJNHEHHUS | HaAONMIOMEHUH

CornacoeaHa Ha noprane Ne 7527




IIPOCTHIX 3aJa49

PopmMyIHpOBKA OKa3aTeMell ¥ kpuTepues oueHupanna komnerennuy OIIK-2 npuseneda B

rabanne 8.

Taomuma 8 -
3Tanax

XapaKTepI/ICTI/IKH noxkazarejied u KpUTEepHEB OUCHUBAHUS KOMIIETCEHIMH Ha

Iloxa3zarenu u

3HaTh YMmern Baangers
KpUTepUH
Baaneer
CIIOCOOHOCTBIO
VaMeeT BEISIBISTS BBIABIISITE CYIITHOCTH
OCHOBHEIE EpOGURNIEL,
3maer BO3HUKINEH B XOI€
TEXHOJIOTHIECKHE TEXHOTOTHEGCHIS uccrnenosanus TIIC,
. rapaMeTpsl, BIASIOIINE daxTopsl, BIMsIONINE HA U cIenarh
O1amaHo (BBICOKHUIA
POBERE) Ha CTp}:KTypy " XapaKTePUCTUKU TIpeIBapUTEIBHYIO
CBOUCTBa IUIEHOK, IPOBECTHU OIICHKY BO3MOXHOTO
TOHKOILJICHOYHBIX THCTIEHHYIO OIEHKY H3MEHEHHS CBOMCTB
ctpykryp (TIIC) — - IJICHOK IIpH
H3MCHEHUHU
TEXHOJIOTHH HIIH
XapakTepa
HCCIIEIOBAHUS.
Ymeer npenBuieTh, Kak Baapeer
S HAET BOHCERED U3MEHEHHE KaKuX-JIu00 CIOCOOHOCTBEO
. HpOGJIGMBI, TEXHOJIOTHYCCKHUX KOITHICCTECHROM
Xopomo (6a30BbIi OIICHKU BIIMSIHUS
BO3HHUKAOIIHE IIPU (haKTOpOB MOXKET
YPOBEHb) ATOTORITCHA B HEKOTOPBIX
. MOBJIMATE Ha CBOMCTBA T ———
cootBercTByromeit TTIC TIIC
. dakTopoB Ha
cpoiictBa TIIC
ITouuMaeT BIHAHHIE
HEKOTODEIX O06iagaeT OCHOBHEIMH Coocoben aenars
YIoB1€TBOPHTEILHO YMEHUSIMU JIJIS mpocTenime
2 TEXHOJOTHIECKUX
(OporoBEIii ypoBeHD) N MPEIBAPUTEITLHOTO KOJIMYEeCTBEHHEIE
($haKTOpOB Ha CBOHCTBA y o
TIIC ananuza ceoiicts TIIC OIIEHKH CBOMCTB
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3. Kommerenuus ITK-2 - Crnoco6rocTs apryMEHTHPOBAHO BBIOMpAaTh M PEaIM30BHIBATH HA

IIpaKTHUKE

3QQEKTHBHYIO METOOMKY

SKCIIEPUMEHTAIBHOI'O  HCCIICNIOBaHUSA IIapaM€TpoB H

XapaKTEePUCTHK IPHOOPOB, CXEM, YCTPOHCTB M yCTAHOBOK 3IEKTPOHHKH H HaHOJIEKTPOHUKH
Pa3IUIHOro QyHKIIMOHAILHOIO Ha3HAYCHSI

O6H.II/IC XapaKTePUCTUKHU [OKa3aTelae u KPHUTEPHEB OLCHUBAHUS KOMIIETEHIMH 10 3Taram IPHUBEICHB] B

Tabaue 9.

Tabmuma 9 — O6mue XapaKTePHCTHKE MOKa3aTe el H KPUTEPHER ONeHHBAHMS KOMIIeTeHI[UH

II0 3TanamMm

Ilokazareau u

3HaTh Ymersn Bnaners
KPHUTEePHH A
Ob6mnanaer
baxTHUeCKUME u | Obmamaer numamasosHom | Komrpommpyer
. | TeopermueckuMuU IPaKTUYEeCKUX YMEHMM abor IIPOBOJHT
Orimmuao  (BBICOKMIA p P M > | P Y FOBCHL
— 3HaHUSIMH B Ipefenax | TpeOyeMbIx JUIL | OIICHKY,
yp U3y9aeMOil 00IacTé ¢ | pasBUTHS  TBOPYECKUX | COBEPIICHCTBYET
IIOHMMAHWEM  TPaHWUI[ | pPElleHUH METOIUKY pabOTEI
IIPEMEHUMOCTH
Beper
Ob6namaer auamazoHOM p
. | OTBETCTBEHHOCTH 3a
3Haer (haKTHl, | IPaKTHYECKHX YMEHHH,
3aBepIIeHe 3a1a4 B
. | IpHBIMIEL, IpoIEcCH], | TpeOyeMBIX JULS
Xopomo (0a3oBbIi HCCIIENOBAHHH,
obIye  NOHATHS B | pElIeHHS
YPOB€HB) . IIpUCIIOCa0IHBaET
Ipefenax  HM3y4aeMo# | ompeneneHHBIX
CBOE€ IIOBEIEHHE K
o0nactu mpobieM B objactu
OOCTOSTENECTBAM B
HCCIIEIOBAHHUS
pemeHuu npodiaem
Obnamaer OCHOBHBEIMH
o Paboraer pu
YnoBieTBOpHUTEILHO Ob6namaer  6a30BBIMH | YMEHHSIMH, Tpebye- S
i b O0IIMMU 3HAHHUSIMHA MBIMHU JUISI BBITOJTHECHHUS
(moporoBbIii ypoBeHB) 11 I I —

IIPOCTRIX 3a1a4

TaGuune 10.

Tabnuoma 10 — XapakTepucTHKH MOKa3aTesleil 1 KPUTEPHEB OLEHHBAHMA KOMIIETEHIHH IO

Tanam
Hossmanems u 3Harthb Ymvmersn Buaapers
KpUTepUH
3HaeT OCHOBHEIE YMeer Baangeer na
METOIMKH apryMEeHTHPOBAHO MpaKTHKE
g HUCCIICAOBAHUK CBOHCTB METOTUKAMU
O1au4gHo (BHICOKHUI BBIOpATh HYXHYIO LIX
TOHKHUX IIPOBOJIAIINX, — SKCIIEPUMEHTAIBH
Y5 Ex) PE3UCTUBHEIX U Y . HCCIENOBaHUH 1
W1 CBOMCTB .
JIABICKTPHYECKUX HcCIenoBal COOTBETCTBYIOIIEH
IJICHOK TIIC HU3MEPUTELHON
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anmaparypou

Bnapeer
CIIOCOOHOCTHIO
3Haert (aKThI,
CaMOCTOSITEIEHO
IIPUHIIAIIBI Obnamaer quamazoHaMu
o . PEIIUTH HEKOTOPBIE
Xopomo (0a30BbIii SKCIEPHUMEHTAIBHOTO IIPAaKTHYECKUX YMEHHAN IpOGIEMBI
YPOBEHb) UCCIIEIOBAaHUS 9KCIIEPUMEHTAIHHOIO ’
BO3HMKAIOIIKE B
[IapaMeTPOB 3JIEMEHTOB uccnenoBarus T11C xome
TIIC
SKCIIEPUMEHTAIBHBIX
HCCIIEIOBAHUMI
Baaneer
CIIOCOOHOCTHIO
Ob6nanaer 6a30BEIMU
IIPOBOJUTH
O0IKUMU 3HAHUSIMA YMmeeT npoBOIUTH
YnoBneTBopuTEILHO HCCIIEIOBAHUS
o METOJIOB IIPOCTBIE HCCIIEOBAHUS .
(moporoBkIil ypoBeHS) HEKOTOPBIX CBOMCTB
SKCIEPHUMEHTAIBHBIX TIIC
. TIIC mmox
uccnenosanmit TIIC
HaOIIFOeHIEM
CIenHaIncTa

OCBOEHH: 00pa30BaTeIbHOM MPOrPaMMEL, B COCTABE:

3 TunoBble KOHTPOJILHBIE 3aIAHUS

J7s peanw3anyy BBIIENECPEUUCICHHBIX 3a7ad OOYYeHHUsS HCIOJL3YIOTCS, HEOOXOMMMEIE I
OLICHKH 3HAHWH, YMEHHMH, HAaBBIKOB, XapaKTEPH3YIOIUX 3Tambl (HOPMHPOBAHUS KOMIIETEHI[UN B
IIPOIECCE OCBOEHHUS 00pa3oBaTENIbHOM IPOTpaMMBbI, B COCTaBE: TECTHI, JOKJIAAEl U COOOINCHHI,
IIpaKTHYECKUE 3aJaHus, JabopaTopHbIe pabOThI, SK3aMeH.

Tunossle 3a1anus uaM HHEIE MaTepHANbl, HEOOXOMUMBIE JUIA OLEHKH 3HAHMM, YMEHHH, HABBIKOB
U ONbITa NEATEIBHOCTH, XapaKTEPHU3YIOIIUX 3Tanbl (OPMHUPOBAHHS KOMIIETEHIUN B IpoIEcce

3.1. KonTpoabsHble padoThI:

Tema xonTpoabHOH paGorel Ne 1 — BimsHHe TEXHOJOTHYECKHX IapaMeTPOB (TeMIeparypa
ITOJTIOXKKH, CKOPOCTh OCAKICHHS U T.II.) Ha POCT U CTPYKTYPY TOHKHX ILJIEHOK.

Tema xonTpoabHOM paborel Ne 2 — CpoiicTBa TOHKHX MPOBOISINMX, PE3UCTUBHBIX M
JTUBIICKTPUYECKUX IIJIEHOK B 3aBUCHMOCTH OT TOJIIUHEI U CTPYKTYPHI 3THX IUICHOK.

3.2. MlaauBuayaIbHbIE 32 JaHULA:

NuapusuayanbHoe 3agapue Ne 1 — Pacuer HEOOXOOMMBIX TEXHOJOTHYECKHMX IApaMETPOB i

II0JIyYEHHUS IIJIEHOK 3aJaHHOTO COCTaBa U CTPYKTYPHI.
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HWugueugyanbHoe 3amamme Ne 2 — Pacyer BOJNIBTAMIIEPHBIX ~ XapakTepucTuk (BAX),
TEMIEpaTypHOro Kos(pgurmenta comporusierus (TIIC), amekTpHueckoit npouysoctd MJIM-
CTPYKTYP, VL1 IPOBOISAINMX, PE3UCTHBHBIX, TUIIEKTPHYCCKUX [UIEHOK PA3THIHOM TONIIUHEL

Ilonupii mepedeHb KOHTPONBHEIX PaboT © HHIUBUNYAIbHBIX 3aJaHUd IpencTaBied B YMII:
CmuproBa K. Tomkwe mieHKH B MHKPO3JICKTPOHUKE. Y4YeOHO-METOAUYECKOE IOCOOHE II0
dy[TOPHBIM NMPAKTHYCCKUM 3aHATHAM M CaMOCTOSTENbHON paboTe ML CTYHEHTOB HAIPaBICHUS
«DIIEKTPOHUKA ¥ HAHOJIEKTPOHHKAY (6axamaBpuar).-Tomck: TYCVYP, 2013.-49 c. - [anexTpoHHEBIH
pecypc] — http://miel.tusur.ru/

3.3.KypcoBas paGora:

IIpumepHEIE TeMBI KypcoBBIX paGoT IpencTaBieHbl B YMII: CmuproBa K.M.ToHKME IUIEeHKH B
MUKPOSJIEKTPOHMKE. Y4eOHO-METONMIECKOE MOCOOKE 10 BBIIOIHEHHIO KYpCOBOH paGOTHI i
CTYI€HTOB HANPAaBICHHUI «OIEKTPOHHKA H HaHOIEKTpoHHKa».-TomMck: TYCVP, 2013.-25 c. -
[snekTpoHHEI! pecypc] — http:/miel.tusur.ru/

3.4. TecTnl Ha JIEKIUAX W NPAKTHYECKHX 3aHATHSX 110 CIEAYIOIMUM pa3ieiam:

1) BiusHme TeXHOIOrHYeCKHX (AKTOPOB HA pOCT U CTPYKTYpy: a) MEeTaJUIMYecKux; O)
PE3UCTUBHBIX; B) IUINIEKTPUUECKUX IUICHOK.

2) BrusiHue TexHONMOTHYECKHX (HAKTOPOB Ha CBOMCTBA: &) 3IEKTPOIPOBOIHOCT; 0) TEeMIIepaTypHBII
K09()HUIHEHT CONPOTUBICHUS; B) MEKTPUIECKYIO IIPOYHOCT TOHKHX ILIEHOK.

3.5. TeMpl DPpAKTHYECKAX 3AHATHIA:

1) Pacuer HeOOXOOMMBIX TEMIEPaTyphl IIOMIOKKH M CKOPOCTH OCQKICHHS AarOMOB JUIS
KOHJICHCAIIUH ILICHOK;

2) PacyeT HEOOXOMMMOR KPHTHYECKOM KOHIIEHTPALMH 3apObIeit A1 Hadala pOCTa IICHOK;

3) Pacuer AABJICHHS Ta3a B KaMEpe A MOJYYCHHS AUIJICKTPHYECKHUX INIEHOK IIpA pC€aKTHBHOM
HUCIIapCHUHU UJIN PACIIbLIICHHH,

4) PacdeT: a) >IEKTPONPOBOTHOCTH TOHKHX OCTPOBKOBBIX IUIEHOK, 0) BAX mmaneKTpuuecKux
IUTEHOK IIPY Pa3IMYHBIX MEXaHU3MaX IPOBOJMMOCTH: TyHHENBHOM, 3¢ dexTe [[lorTku u Openkes,
TOII3.

5) Biusgaue TommMHE IUICHOK (pa3sMepHBIA 3G deKT) Ha 3eKTpornpoBoaaocTs, TKC mpoBoadmux u

PE3UCTUBHEIX IUICHOK;

6) Pacuer ynensnoro conporusnenus u TKC mi1s mIeHOK-KEPMETOB.
3.6. Dx3ameH

3.6.1. IlpumephI 3K3aMeHAIMOHHBIX BOIIPOCOB

1. Kputryeckas IIIOTHOCTH IIOTOKA I1apa;

CornacoeaHa Ha noprane Ne 7527



2. Biusaue TeMIeparypsl HOIUIOKKK Ha MEXaHu3M KoHneHcamun: Mexarusmsl IDKK u IDK (A),
IIK;

3. Kputuyeckuii 3apobIi, KpUTHIECKOe 3HaYCHHE KOHIIEHTPALMH 3aPOJIBIIIEH Ha MOIIOXKKE;

4. BeIBOZ BEIPaXXEHHUS I KOHIICHTPAITHY aJCOPOUPOBAHHEIX ATOMOB Yepe3 JaBlIeHHe 0CTATOYHOIO
rasa;

5. Temneparypa 3HTaKCHH

6. BiusHUE TONIIUHEI IUIEHKY Ha YIEIBHOE CONPOTHBIICHHE;

7. TyrHenpHBIA 50 GEKT B OCTPOBKOBEIX IIEHKAX;

8. Pe3uCTHBHEIE IIIEHKH METAIIOB, CIUIABOB, COEINHEHMUI;

9. KoMIosumnuy Ha OCHOBE METAJLIOB ¥ JUIJIEKTPUKOB. KepMeTsr;

10. I[I/IBJICKTPH‘-ICCK&SI IIPOHULIAEMOCTE H [g 1) AUIIEKTPUICCKUX IIJICHOK: 3aBUCUMOCTE OT TOJIIIIUHBL

U 9aCTOTHI;
11. Toxu B IU3NEKTPHUKAX, OTPaHIICHHBIE IPOCTPAHCTBEHHEM 3apsiaoM (TOII3);

12. Han6aprepras smuccnst [II0OTTKY B MUINEKTPHYECKUX IICHKAX,

13. S1eKTPONpPOBOAHOCTE TUANEKTPHYECKHX IICHOK, 00ycnoBnenHas sddexroM OpeHKes;
14. 3aBUCHMOCTBD 3NEKTPHIECKOM IPOIHOCTH JUINEKTPHYECKUX TICHOK OT TOJIIAHEL,

15. 3aBucumocTs anexTpudeckoit mpoanocTs M/IM-CHCTeM OT BpeMEHHU BO3NEHCTBHS HAPSIKEHIA.

4 MeToan4yecKkne MaTepPUAJIbI

Jst obecniedenns nponecca 00ydYeHHs ¥ PELICHNs 3a1a9 00ydeHHs HCIIOMB3yIOTCS CIeIyIOLIye
MaTepHaIbl: '

4.1 OcHOBHas JuTEpaTypa

4.1.1. KW.CmuproBa. ToHKHE IUICHKM B MHKPO3JIEKTPOHHKE. YdeGHOe mocobme. ToMck:
TYCVYP, 2012.- 110 c. (50 3k3.) - [anexTponHbiit pecypc] — http://miel.tusur.ru/

4.2 JlonoaHUTeNbHAS IATEPATYPA

4.2.1. Qusuxa Tomkmx mueHoK. Tom 4. C6. crareit mom obmeit pemaxmuedi I. Xacca u
P.5.Tyna, M.: «<Mup», 1970. — 440 c. (7 3x3.)

4.2.2. Ousuxa Tonkux mreHoK. Tom 8. C6. crareit mom obmeil pemaxrmeit I. Xacca, M.
®pankomba u PTodmana, M.: «Mup», 1978. — 359 c. (5 3x3.)

4.2.3. Texnonorus ToHKuX mieHoK. CrpaBounuk. Tom 1,2. —M.: Cos. panuo, T.1, 1977.- 664
c. (13 2x3.), T.2, 1977. -768 c. (14 3k3.)
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4.24. T.A.BopobseB, B.A.Myxaues. IIpo6oit TOHKHX MUBNICKTPUYECKAX IUIEHOK. —
M.:«Coserckoe pagmo», 1977.- 70 c. (36 3x3.)

4.2.5. DIeKTPONpPOBOJHOCTh TOHKHX IHANEKTPHYECKHX IUIEHOK. — YdeGHoe mocobue:
JlenuHrpanckuii nomurexardeckuit uacTATYT HM. M. Kamurwna, 1981 .- 55 c. (4 3x3.)

4.2.6. b.A.boukapes, B.A.Boukapesa. KepmeTHsie IUICHKH. .« DHEPrus», JIeHMHIpagcKoe OTI.,
1975.- 152 c. (2 3k3.)

4.3 Y9e0H0-MeTOqMYIeCKHE IOCOOHS H MPOrpaMMHoOe oGecIedeHme

43.1. KM.CvuproBa. ToHKHE IUICHKA B MHKDOJIEKTPOHHKE. Y UeOHO-METOMHUECCKOS
mocodue IO  BBIIONHEHHIO KypCOBOM pabOTHI I CTYNEHTOB HAIDABIEHHS IOJTOTOBKH
«HaHOTCXHONOTMM W MMKPOCHCTEMHas TEXHHKa» H «DIeKTPOHHKA | HaHOJIEKTPOHHKA ).~
Tomexk: TYCVYP, 2013.- 25 ¢. (30 3k3.) - [aneKTpoHHEIf pecypc] - http://miel.tusur.ru/

4.3.2. K.M.CmupHoBa. ToHKHE IUICHKH B MAKPO3IEKTPOHHKE. Y UeOHO-METONIIECKOE I0COOHE
II0 ayAUTOPHBIM NPAKTHIECKUM 3aHATUAM U CAMOCTOATENBHOM paboTe UL CTYAEHTOB HAIPaBICHES
NOATOTOBKH ~ «HaHOTEXHONOIMM W  MHKDOCHCTEMHAs TeXHHKa» H  «ONEeKTPOHHKA X
HaHO3NMeKTporKKay.-ToMck: TYCYP,  2013.- 49 c. (50 9x3.) - [s;meKkTpomHBIH pecypc] -
bttp://miel.tusur.ru/

12.4 ba3bl JaHHBIX, HH()OPMAIMOHHO-CIPABOYHbIEC H OUCKOBLIE CHCTEMBI

13. MATEPHAJIBHO-TEXHUYECKOE OBECIHEYEHUE TV CIIAILIAHBI

H1s peanuzaiiu IEKIMOHHEIX M PAKTHYECKUX 3aHATUN HEOOXOMMMBL: KOMITBIOTED C YCTAHOBIICHHBIM
IpOrpaMMHBIM obecnieyenueM (11.12.3), mpoekTop U SKpaH.
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