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1. Ilean ocBOeHUs AUCIUTLIHHBI

HGHSIMI/I OCBOCHUA AUCHUIIIINHBI «MI/IKpOE)JIeKTpOHI/IKa» ABJIICTCA U3YUYCHUC OCHOBHBIX
TCOPCTUUCCKUX, DKCICPUMCHTAJIBbHBIX W TCEXHOJIOTHYECKUX MCETOAOB IIOCTPOCHHA JJIECMCHTOB
9JICKTPOHHBIX CXCM B HUHTCTPAJIbHOM HCIOJIHCHHUU, (bHBHHGCKHX MNPUHIMIIOB CO3JaHUA Ha HX
OCHOBC€ HMHTCIpajibHbBIX MHKPOCXEM, H3YUYCHHUEC OCHOBHBLIX KOHCTPYKTHUBHBIX W J3JICKTPHYCCKHUX
XAapPaKTCPUCTHUK U MCTOJOB OLICHKU UX Ka4YC€CTBAa U HAICKHOCTH.

2. MecTo AMCHMILVIMHBI B CTPYKTYpe 00pa3oBaTeIbHOM MPOrpaMMbl

Jucuumimbaa «MHKpPORJIEKTPOHHUKA»  SIBISIETCS OJAHOM W3 OCHOBHBIX JUCLMIUIUH
npoecCHOHANFHOTO [HUKJIA. TeopeTHdeckoil OCHOBOM MHKPORJIEKTPOHHMKH, Hapsay C
byHIaMEHTANBHBIMHM TUCIUIUIMHAMHA (KBAHTOBAsST MEXaHWKA, CTaTUCTUYECKas (Pu3nka, Pu3HnKa
HOJYIIPOBOJHUKOB M  TOHKMX IUIEHOK M J1p.), SABIAIOTCS  (u3MKa IOBEPXHOCTU
MOJIYIPOBOJIHUKOB, (hM3MKa TPAHUYHBIX SBJIECHUI B MOJYNPOBOJHUKOBBIX CTPYKTypax, a TaKkkKe
panno- ¥ CXeMOTEXHUUYECKUE IUCIHUILTMHBI. DKCIEPUMEHTAIBHON OCHOBOW MHKPOAJIEKTPOHUKH
ABJISIETCS TUTaHAapHas (KpeMHHUEBasl) TEXHOJIOTHs, MO3BOJISAIONIas Ha 0a3e W3BECTHBIX METO/OB U
npuémoB (okucienue, goromurorpadus, 1udpdys3us U Ap.) B €IUHOM LHUKIEC PEaTU30BbIBATH
OospiIoe YuCIO TpUOOPOB M KOMIIOHEHTOB, T.€. HAa MPAKTUKE OCYIIECTBUTH MPHUHIIMII
UHTErpanuu. B pesynbrare OCBOEHHUS AUCHUIUTUHBI «MUKPOINIEKTPOHUKNY  CIyIIATENN
MOJTy4aloT IMpe/iCTaBlIeHre 00 OCHOBHBIX HAIPaBJICHUSX co3/JaHus uHTerpanbHbix cxem (UC) u
0COOEHHOCTSX UX MOCTPOCHHSI HAa OUTIOJISIPHBIX M MOJIEBBIX TPAH3UCTOPAX, a TAKKE 3HAKOMSTCS C
METOJaMH CO3JaHUsl CXEM pa3IMYHOro (PYHKIHMOHAIBHOTO HAa3HAYEHUS B HWHTErPalIbHOM
UCTIOJTHEHUH.

3. Ilnanupyemble pe3yjbTaThl OOy4YeHHMS] MO0 JMCHUILUIMHE, COOTHECEHHbIE C
IUVIAHUPYEMbIMU pe3yJIbTATAMHU 0CBOEHHS 00pa30BaTeIbHOM NPOTrPaMMBbl

ITponiecc u3yueHus AUCUUILIMHBI HAIIPABICH Ha (DOPMUPOBAHME CIEAYIOIIUX IEMEHTOB
komrereHmii B coorBerctBuu ¢ ®I'OC BO, OIl BO u npuobpeTeHus Cleaylouux 3HAHHM,
YMEHUH, HaBBIKOB U (UJIM) OIbITA AEATEIbHOCTH!

HNuaukarop
®opmupyemast
AOCTH/KEHHU S Ilepeyenb MIaHNUPYEMBbIX Pe3yJabTATOB
KOMIIeTeHIMsI (KO
KOMIIeTeHIIUH (KOoJ o0y4eHHs

U (GopMyTHPOBKA) & opMy.HPOBKa)

Ob6menpodeccnoHalbHbIe KOMIIETEHIIUN

I1K-5 NI TIK-5.1. 3naer | 3naTh:

Cnocoben pusnueckue ® OCHOBHBIC dTaIlbl Pa3BUTHS

BBITOJIHATH pa0bOTHl | XapaKTePUCTUKH MHUKPOIEKTPOHUKH U HAlpaBJIEHUS CO3JaHUs
o MaTepHaIoB U MHTETPAJIBHBIX MUKPOCXEM;
TEXHOJIOTHYECKOH U3 ICIHi ¢ (husnyecKue MPUHIMIILI PAOOTHI OCHOBHBIX
ITOATOTOBKE 3JIEKTPOHHOM GbyHKIIMOHATBHBIX 351eMeHToB UC:
IIPOU3BOJICTBA TEXHUKH. ounomsiproro, noxesoro u MIIT —
MaTcpHuajioB U TPaH3UCTOPOB, THPHUCTOPOB, MACCUBHBIX
U3JETUI 3JIEMEHTOB;

JIEKTPOHHOMU ® OCHOBHBIEC TEXHOJIOTMYECKUE ITAIIbI
TCXHUKHU n3rorosyieHuss UC paznuuHoro tuma,

0COOCHHOCTH MHTETPATHLHOTO UCIIOTHEHUS ISt
OMTOJIAPHBIX U YHUTIOJAPHBIX demeHToB 1C;
® XapakTepHbIE MacIITaObl BEIUYUH, BIAJETh




TEPMHUHOJIOTUEH, 3HATh OCHOBHBIE (PU3NYECKUE
(OpMyJIbI U KOHCTAHTBI OTHOCSIIIHECS K 3TOMY
pazneny QUMK U UX Pa3MEPHOCTD.
N/ IIK-5.2. 3Haer | YMeTh:
TEXHOJIOTHUECKHUE ® TPUMEHATH 3HAHUS, IOJTYyYEHHbIE TIPU
IIPOLIECCHl  CO3/IaHUS W3YUYEHUU JUCHUTUIUHBI ISl U3YYSHUS
MaTepHaJoB, BOIIPOCOB, CBSA3aHHBIX C TEOPETUUECKUMH,
npuOopoB " AKCMEPUMEHTAIbHBIMUA U TEXHOJIOTUUECKUMU
YCTPOMCTB acmeKkTaMu pa3paboTku u u3rotornenus UC,
INEKTPOHUKHU " WCIIOBb30BATh JJIs1 ITOTO METOJbI U 3HAHUS
HAHORJIEKTPOHUKH. MOJIy4YE€HHBIE NIPU U3YUEHUU JAPYTUX
(U3MYECKUX U MAaTEMATUIECKUX AUCIIUILTHH.
N/ TIK-5.3. Biaagerr HAaBBIKAMU:
OcyuecTBisier ® peUIeHUs TUIOBBIX 33]]a4 MUKPOIJIEKTPOHUKH,
HaCTPOMKY CBSI3aHHBIX C TOCTPOECHUEM U PACUETOM
npubopoB 51 OCHOBHBIX KOMIIOHEHTOB U djieMeHToB HC;
00opynoBaHus B CaMOCTOATENILHON PabOThI ¢ Pa3TUYHBIMHU
COOTBETCTBUHA c MCTOYHUKAMU MH(POPMALIUU 110 TEMATHKE
ImpaBujIaMu Kypca;
HaCTPOHKH u ITIOMCKA U UCTIOIb30BAHMS YaCTHON
SKCILTyaTaluu. CIpaBOYHON WH(MOpPMAITUU JJIs PEIICHUS
y4eOHBIX 3a7a4 ¥ IPUMEHEHHS B chepe
npoecCHOHATLHOM e TEHbHOCTH

4.

O0Bem, CTPYKTYpa U CcoJlepPKaHUe TUCIUIINHBI

OO0mast TpyI0eMKOCTh IUCIHIUIMHBI COCTaBiseT 3 3aueTHBIX enuHui, 108 akamemmdeckux

YacoB.
Buab! yueOHbIX 3aHATHIA,
BKJIIOYAsl CAMOCTOATENLHYIO
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3agaHus ais
[TpeameTt u ol i §
CaMOCTOSITEJILHOM
1 |TexHoJIOTHYECKHE OCHOBBI | 7 | & 1 1 2
MHUKPOSJIEKTPOHUKH padore!

P P DYK B LMS Moodle
DJIEeMEHTBI UHTETPaTbHBIX Saganus Ui
cxem. UMC Ha CaMOCTOSTEIIbHOMN
OUTIOJISIPHBIX U paboTsl

2 7 12214 3 10
YHUITOJISIPHBIX OVYK B LMS Moodle
TPaH3UCTOPaX. DJIEMEHTBI KonTtposbHas padota
dpossix UMC Nel




KontponsHas pabora
Ne2

TI/IHBI I/IHTGI‘paJIBHBIX
cxeM. KauectBo 1

HaJIC)KHOCTD 3agaHus s
3 |[HHTCTPATLHBIX 714 9 1 4 CaMOCTOSTEILHON

MHKPOCXEM. paboTbI
DyHKIIMOHATBHAS OYK B LMS Moodle
MUKPOIJIEKTPOHUKA U
OTITOYJIEKTPOHHKA.

2 10,51 33,5 DK3aMeH
Bcero 34 |17 7 10,5 |49,5

Conepxxanue pa3aeioB UCHUNIHHBI

Ne
/i

HaunmenoBanue paznena
JOUCIHUITIINHBI

Conepxanue pazzaena

1.

[Ipenmer u
TEXHOJIOTHYCCKHE
OCHOBBI
MHUKPOIJIEKTPOHUKHU

1.1. IIpeomem muxpoanekmporuxu. OCHOBHbIE NOLONHCEHUS U

NPUHYUNBL MUKPOINEKMPOHUKU. |

MeTo0510THsE MUKPOIJIEKTPOHUKN: TEXHOJIOTHYECKas,
KOHCTPYKTUBHAS M (DYHKIIMOHAIbHAS MHTETPaLIUSL.
Knaccudukamus UMC, Tepmunsl, onpeneneHus. bazossie
TEXHOJIOTMYecKue nmpouecchl npoussoactaa MC.
Caepx0Ooblline MHTETPabHbIE MUKPOCXEMBI.

1.2. IIpeodenvt MukposieKmpoHuxu.

1.3.

@DakTOpbl OrPaHUYMBAIOIINE NTPEAECIbHBIE Pa3MEPhI
MUKPO3JIEKTPOHHBIX TPUOOpoB. DyHIaMEHTATHHBIE
bu3nUecKrue orpaHUYeHUs; 3aKOHBI CKEHITMHTA.
KBanTOBBIE U TYHHENBHBIE OrpaHueHUs. OTpaHUYEHUs
bynkuonuposanus. [Ipenensl MUHHATIOpU3ALIIH,
00yCJIOBJICHHBIE TEXHOJIOTHYECKUMH TPOLIECCAMHU.
OcHosnbvie nanpaesnenus cozoanusi UMC.
[Honynposoanukossie UMC. ®usnueckue n
TEXHOJOTMYECKHE OCHOBBI (POPMUPOBAHUS JTOKATBHBIX
obnacreii ¢ 3aJJaHHBIMU CBOMCTBAaMH B 00beMe U Ha
MOBEPXHOCTHU NONMynpoBogHuKa. [Ipobnema uzonsuuu
anemeHToB B IMC, conocraBneHne pa3IuvHbIX CIIOCOOOB
u3ossiuuy. [IpuHIune! paboTel 1 OCHOBHBIE
xapakTepucTuky ounossipasix 1 MU Tpan3ucropon
MHTErPAIBHBIX MUKPOCXEM.

DIIEeMEHTHI
WUHTETPATBHBIX CXEM.
HNMC Ha GUIONSPHBIX U
YHHITOJISIPHBIX
TpaH3UCTOpaXx.
DIIeMEHTHI ITU(POBBIX
NUMC

2.1.

Unmeepanvnvle  muxpocxemvl OUNONAPHBIX
MPAH3UCMopax.

ONUTaKCUATBHO -
M30JISIUEn  p-n Mepexo1amu. N3onnanapueie
TPaH3UCTOPBHI. MHorosmurepHsie TPAH3UCTOPBI.
Tpauszucropsl ¢ auomom IloTTku. TpaH3ucCTOpHl €
MOJIMKPEMHUEBBIMU IIUHAMH. [ OpU3OHTaIBHBIE p-n-p
TpaH3UCTOPbl. (CXEMBl OCHOBHBIX TEXHOJIOTHYECKUX
nporieccoB  usrorosineHuss HWMC Ha OUIONSpHBIX

TPaH3UCTOpaxX U NPOUIH CO3aBAEMBIX CTPYKTYP.

Ha

IUIAHApHBIE  TPAaH3UCTOPBI  C

2.2. Humeepanvuvie mukpocxemol ha MAI-mpanzucmopax.

KOHCTpYKTUBHO - TEXHOJOTHYECKHE Pa3HOBHUJIHOCTH




2.3.

24.

2.5.

2.6.

M/II TPaH3UCTOPOB. Tpanzucropsl c
CaMOCOBMENIECHHBIMU  3aTBOpaMH. KoMIiemeHTapHsble
MJII muxpocxeMsbl. IlapameTpsl M XapaKTepUCTUKHU
TPAH3UCTOPOB C KOPOTKUM KaHAJIOM. TEeXHOJOTMYecKue
MapupyTsl npousBoactsa UMC na M/III tpan3ucropax ¢
UCIIOJIb30BAHUEM  TOJUKPEMHHMEBBIX  3aTBOPOB W
MHOT'OYPOBHEBOM KOMMYTAILIMOHHON Pa3BOJKH.
Ilaccusnvie snemenmor 6 UMC na ounonapueix u M/
MPAH3UCMOPax.

NHTterpanbHble pe3UCTOPbl U KOHAEHCATOPHI. TeCcTOBbIE
aneMeHThl. OXpaHHbIE 3JIEMEHTHI. 3HAKU COBMEILECHUS U
KOHTAKTHBIE IJTOIIA/IKH.

Jlocuyeckue  snemenmvr  MUMC  na  6unonspHulx
MPAH3UCmMopax.

Knaccudpukanuss ¥ OCHOBHBIE TapaMeTPhl JOTHYECKUX
3JIEMEHTOB. DJIEMEHThI TPAH3UCTOPHO - TPAH3UCTOPHOMU
JIOTUKU. DJEMEHTbl 3MHUTTEPHO - CBA3aHHOM JIOTHKH.
DOJEMEHTbl HUHTErpajbHO - WMHXXEKIUOHHOW JIOTHKHU.
[TpuHIMIIBI PYHKIIMOHUPOBAHUS.

Jloauueckue 971eMeHMbl Humc Ha noJ1egblx
MPAH3UCMopax.

WNuBeprop Ha n-kananpHbix M KMJII Tpan3ucropax.
Jlornueckue snementsl M-HE nu MJIN-HE.

Onemenmur namamu UMC.

OJEMEHTBl MaMITH CTAaTUYECKOIO THUMA. JIEMEHTHI
naMaTH JUHAMUYECKOTO THUMA. OJIEMEHTHl IMaMsTH
IPOrpaMMUPYEMBIX MOCTOSIHHBIX 3alIOMHUHAOIIUX
ycTpoicTB. [10oaynpOBOAHUKOBBIE MUKPOCXEMBI ITAMSITH.

Tunel HHTETpabHBIX
cxem. KauectBo n
HaJEKHOCTh
WHTETPATbHBIX
MHUKPOCXEM.
DyHKIIMOHATIbHAS
MHUKPOIJICKTPOHHUKA U
ONTO3JIEKTPOHUKA.

3.1.

3.2.

3.3.

3.4.

Tunvl unmezpanbHvIX cxem

[udpoeie MMC. Tpurrepsl. MHUKPOIPOIECCOPHI.
CrpykTypa MHKpPOIpOLECCOPOB. MUKpPOIPOLIECCOPHbBIE
KOMILIEKTBHI. 3anoMUHAIOLINE YCTpOMCTBA.
OnepanmoHHble  ycUIuTedW. ba3oBble  MaTpUYHBIC
Kpuctamuisl. [Iporpammupyemslie TOrn4ecKre MaTpuLbl.
Kauecmeo u naoesicnocmo unmezpanoHbvix MUKDOCXEM.
OcHOBHbIE TOHATHS Teopuu KauecTBa. [lokazartenu
KAuecTBa M HAJEKHOCTU. BUIbl U MEXaHW3MBI OTKa30B
NMC. MexaHnu3Mbl OTKa30B MEKCOEINHEHUH MIJIaHAPHBIX
CTPYKTYp. MexaHu3Mbl OTKAa30B MpU  PaJHallMOHHBIX
BO3JCHCTBUSX.

Memoowi konmpons kauecmsa, u ucnoeimanuii UMC.
TecToBBIll KOHTPOJIb W KOHTPOJIb (DYHKIIMOHUPOBAHUS.
Onrtnueckue, 3JIEKTPOHHOMUKPOCKONIMYECKHE M Macc-
CIIEKTPOMETPUUECKHUE METObI KOHTPOJIA.
Knaccudukamms UCHBITAaHUH. Knumatnueckue
ucnbitanuss MUMC. Mexannueckue wucnbiranus WMC.
OueHka v myTH NoBkIIeHUs HaaexxHoct UMC.
QYHKYUOHANbHASA MUKDOINEKMPOHUKA u
ONMOINEKMPOHUKA.

OO6paboTka, XpaHeHMEe U Tepenaya uHPOpMAIMKM Ha
OCHOBE  UHTerpanuu  (u3Mueckux  SBJICHUM B
TBEPJOTEJIbHBIX CTPYKTYpax. DNeMEHThI




AKyCTORJIEKTPOHHUKH. ONEeMEHTHI MOJIEKYJISIPHON
DJIEKTPOHUKHU.

5. Oﬁpa30BaTeJIbHI>Ie TE€XHOJOIrMM, B TOM YHUCJI€¢ TEXHOJOIHH I3JCKTPOHHOIO oﬁyqe}ma H
AUCTAHIIMOHHBIC 06pa3OBaTeJIbele TEXHOJOTHH, UCIIOJb3YEMbBIC ITPH OCYHIECCTBJICHUHA
06p330BaTeJIbHOF0 nmpoumecca nmo IMCumnJaInHe

B nporiecce o0ydeHust HCTIONB3YIOTCS CIEAYIONINE 00pa30BaTeIbHBIE TEXHOJIOTHU:

BBoaHas jeknus — AaeT MNepBOE LETOCTHOE MPEACTABICHNE O AUCIUIIIINHE U OPUEHTHPYET
CTYJICHTA B CHUCTEME M3yUEHHMs JAHHOW TUCHUIIIUHBI. CTYyIEHTHI 3HAKOMSTCS C Ha3HAYEHUEM U
3aJja4aMy Kypca, €ro pojbio U MECTOM B CUCTEME Y4eOHBIX AUCLHMILIMH U B CUCTEME MOJITOTOBKU
B 1eioM. Jlaercs kpaTkuii 0030p Kypca, UCTOpHUS Pa3BUTHUS HAYKU U MPAKTUKH, TOCTHKEHUS B
3TOM cdepe, HMEHAa M3BECTHBIX YYEHbIX, H3JAraloTcs MepCleKTUBHbIE HaIpaBJICHUS
uccinenoBanui. Ha 53ToMl JeKUMM BBICKA3bIBAIOTCS METOJMYECKHE M OPraHU3alMOHHBIE
0COOEHHOCTH pabOThl B paMKaX JaHHOM TUCHUIUIMHBI, a TAK)Ke JAeTCs aHallu3 PEKOMEHIyeMOn
y4e0HO-METOINYECKON TUTEPATYPHI.

AxkagemMuydeckasi Jekuus (WM JIEKIHS OOIIEro Kypca) — MOCIeI0BaTEIbHOE H3JI0KEHUE
Marepuana, OCYIIECTBIAEMOE NPEUMYIIECTBEHHO B BHJE€ MOHOJOTa IMPENnoaaBaTelis.
TpeOoBaHusi K aKaJeMHUYECKOW JICKIIMH: COBPEMEHHBINM HAy4HBIH YPOBEHb W HACBHIIICHHAS
UH(OPMATUBHOCTh, yOETUTENbHAs apryMEHTalus, JOCTYIHAas W TIOHSATHAs pedb, YeTKas
CTPYKTypa W JIOTMKa, HAJIWYUE SPKUX TMPUMEPOB, HAYUYHBIX JOKA3aTeNbCTB, OOOCHOBAHUM,
(axToB.

[IpakTHyeckoe 3aHsiTHEe — 3aHATHE, MOCBSIIEHHOE OCBOEHUIO KOHKPETHBIX YMEHUH U
HAaBBIKOB U 3aKPEIJICHUIO MOTYUYEHHBIX Ha JIEKIIUHA 3HAaHUH.

KoncyabTaumu — BuJ y4eOHBIX 3aHSATHH, SBISIOMMKCST OIHONH U3 (OpM KOHTPOJIS
CaMOCTOSITENIbHOM  paboThl  CTyAeHTOB. Ha KOHCynbTanusx 1O Mpockde CTYACHTOB
paccmarpuBaroTcs HauOosiee CIOKHBIE MOMEHTBHI MPU OCBOCHMM MarTepuallia TUCIUILIUHBI,
MpernojiaBaresib OTBEUAaeT Ha BOMPOCHI CTYAEHTOB, KOTOpPhIE BO3HUKAIOT Y HHUX B IIpolecce
CaMOCTOSITEIIbHOU PaOOTHI.

B nporecce o0yueHuUs: UCMONB3YIOTCS CIEAYIONINE TEXHOIOTHH JJIEKTPOHHOTO 00Yy4YCHHUS
U IUCTaHIIMOHHBIE 00pa30BaTEIbHbIC TEXHOIOTHHU:
DJIeKTPOHHBIH Yy4eOHbIH Kypc «®uU3MKa NOJYNPOBOAHHKOB W HH3KOPa3MePHBIX
cucrem» B LMS Juiektponnsblii yanusepcurer Moodle SApI'Y, B koTopom:
- TPEACTABJIEHbI TEKCTHl KOHCIIEKTOB JIEKIUHA B BUJE MPE3CHTAUMW II0 BCEM TEMaM
JUCIUILIIAHBI,
- TpEeACTaBIIEHbl 3aJaHusl s CAMOCTOATEIbHOW pPaldOThl OO0y4aromuxcs MO TeMaM
JUCIIUIIINHEIL,
- OCYILECTBJISIETCSI  MPOBEACHHUE  OTAEIbHBIX  MEPONPHUATUN  TEKYIIEro  KOHTPOJIS
YCIIEBAEMOCTH CTY/ICHTOB;
- TpEeICTaBIICHBI PaBUIa MPOXOKICHHS MPOMEKYTOUYHON aTTECTALUU MO TUCIUTUINHE;
- TpeICTaBl€H CIUCOK YYeOHOM JUTepaTypbl, PEKOMEHAYeMOH sl  OCBOCHUS
JUCIUIINHBI,
- mpenctaBieHa uH(popManus O ¢GopMe W BPEMEHH IPOBEICHHS KOHCYJIbTALUH I10
JTUCIUIIMHE B peXUME OHJIAlH;
- mocpenctBoM (opymMa  OCYIIECTBISICTCS CHHXpOHHOe U (WJIHM) AaCHHXPOHHOE
B3aMMOJICICTBHE MEXIy OOYy4aromIMMHCS M TpenojaBareleM B paMKax H3YYEHUS
JUCHUITIIUHBI.

6. IlepeyeHb JHIEH3HOHHOI0 M (WJIH) CBOOOJHO PACHPOCTPAHSAEMOr0 NPOrPAMMHOIO
o0ecrneyeHusi, UCMOJIb3YeMOI0 MPH OCYLIECTBJIEHUM 00pPa30BaTEJbHOI0 Mpoiecca Mo
AUCHUTLIIUHE



B mporiecce ocymiecTBiaeHusI 00pa3oBaTEIBHOTO MPOIEcca O AUCIUTUINHE HCIIOTB3YIOTCS:
Ui (OPMHUPOBAHUS MATEPUANIOB JJISi TEKYILEro KOHTPOJS YCIIEBa€MOCTH W IPOBEACHUS
NPOMEKYTOUYHOW —aTTeCTaluu, Uit (HOPMUPOBAHHS METOAMYECKHMX MAaTEpHUaoB II0
JTUCLUTUIMHE:

— mnporpammbl Microsoft Office;

— rpaduueckuii penakrop Inkscape (Freeware);

— rpaduuecknii penakrop GIMP (Freeware);

— Adobe Acrobat Reader;

7. IlepeyeHb OCHOBHOW ¥ [ONOJHHUTEJLHOH Y4eOHOH JIMTEPaTypbl, pecypcoB
HH(OPMANMOHHO-TEJIEKOMMYHUKANIMOHHON ceTH «HMHTepHeT», HEO00XOAUMBIX ISl
OCBOCHMS TMCIUIIIHHBI

a) OCHOBHasl JIUTEpaTypa

1. AsaeB H. A., HaymoB 10.E., ®ponkun B.T. — OCHOBBI MUKPO3JIEKTPOHUKH : YUEOHUK
1u1st By30B. M.: 1991
2. Cremanenko U. Il. OCHOBBI MHUKpPORJIEKTPOHUKHU: YueOHOE mocobue s By30B. - M-
CII6.: JIaGopaTopus 6a30BbIx 3HaHM, 2001.
0) 10MOJTHUTEJIbHAS JIUTEepaTypa

3. Koneno JI. A. Texuoioruss M KOHCTPYKIMHU MHKPOCXEM, MHUKPONPOLIECCOPOB U
MHUKpPOCOOpOK: Yuel. nist By30B. - M.:Pagno u cBs3p, 1989.
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8. MarepuajabHo-TexHUYeCKas1 0a3a, He00OXoAMMAasA ISl OCYIEeCTBICHUSA
00pa3oBaTeIbLHOIO NMpPoIecca Mo JUCUUILIHHE

MarepuanbHO-TeXHUYECKass 0a3a, HEOOXoauMas I OCYIIECTBIEHUsS 00pa30BaTEIbHOTO
mpoliecca 1o AUCIUIIINHE BKIIFOYAET B CBOM COCTAB CIIEUAIbHBIC TOMEIICHUS:
— yueOHbIe ayJUTOPUU AJISl IPOBEACHHUSI 3aHATHI JIEKIIMOHHOTO T4,
— y4eOHbIC ayTUTOPUU JJIsl IPOBEIACHHS MPAKTUYCCKUX 3aHATHI (CEMIUHAPOB);
— yudeOHble ayTUTOPUU AJIsl IPOBEACHHUS TPYIIIIOBBIX U UHIUBUYATbHBIX KOHCYJIbTALIUM;
— naboparopHoe obopynoBanue LleHTpa KOJIIEKTUBHOTO MOJIB30BaHUs «J{MarHOCTHKAa MUKPO
U HAaHOCTPYKTYP»
— y4eOHbIC ayTUTOPUU IJISl IPOBEACHHSI TEKYIIIETO KOHTPOJIS ¥ MPOMEKYTOYHON aTTeCTAIlNN;
— TMOMEIIEHUSs AJIsi CAMOCTOSITeNIbHOM paboThI;
— TOMEIIEHUS Uil XpaHCHHs] U MPO(UIAKTUIECKOTO OOCITYKMBAaHUS TEXHUYECKHX CPENICTB
00y4eHwusI.
CrieninaibHbIE TTOMEIIECHUS YKOMILJIEKTOBAHBI CPEICTBAMHU OOyUEHUS, CIYKAIUMHU IS
MIpPEACTABICHUS YueOHOW MH(pOpMAIHK OONBIION ay TUTOPHH.
[TomemeHust 1JiE CaMOCTOSATENBHON PAOOTHI O0YUYAIOUIUXCS OCHAIIEHBI KOMITHIOTEPHOM
TEXHUKOW C BO3MOXKHOCTHIO MOJAKIIOUEHUs: K ceTu «VHTepHeT» M obecrneueHueM AO0CTyma K
3IIEKTPOHHOHN MH(OpMaIoHHO-00pa3oBaTensHOU cpene SAplY.

ABTOp:
JoteHT 6a30Boi Kadeapbl HAHOTEXHOJIOTUHA B SJIEKTPOHUKE
B SI® OI'BYH ®TUAH uwm. K. A. Banuea PAH, k.¢.-M.H. A.b.Uypunos

(moamnucek)




IMpuaoxenne Nel k padoyeil nporpamMme I CHUTIIAHbBI
«MHKPO03J1eKTPOHHKA»

DoH/1 OLICHOYHBIX CPEACTB
JJISl IPOBEACHHUA TEKYIEro KOHTPOJIA yCIeBaeMOCTH
U IPOMEKYTOYHOM ATTECTALlUHM CTYACHTOB
10 JIMCUHUIIHHE

1. TunoBblie KOHTPOJIbHBIC 3aI1aHUA U UHBIC MaTE€pHUAJIbI,
HUCMOJb3YyEMbIC B MPOLECCEe TCKYINEIro KOHTPOJIA YCIIEBACMOCTH

1.1 KoHTpoJbHbBIE 321aHNS M HHBIe MaTepHaJbl, HCI0JIb3yeMble B Ipolecce TeKyuen
aTTecTalnu

IIpy 1npoBeneHMM MPAKTHYECKUX 3aHATUM M IOATOTOBKE MAaTEpPUAlIOB KOHTPOJIBHBIX
MEPOTIPUATHIA UCTIOIB3YIOTCS 3aJaHus U 33J1a4u U3 rocobuii [5, 1, 2]

IIpumepsl 32124 111 KOHTPOJIbLHOH PadoThI

HoaynpoBoaHuKu

1.1. B oOpasen; yucToro KpeMHusi BBEACHbI JIOHOPHBIE aTOMbI (ocdopa ¢ KOHLEHTpaIHen
10'6 e, TIpeamonoxum, 9To aToMsl (pocdopa pacipeielie sl B KPEMHHH PABHOMEPHO.
ATtomHas macca gocgopa paBHa 31.

a) Yemy paBHO yaenpHOE conpoTuBiIeHUe oopasma mpu 300 K?

0) Kakyro 1010 o Macce COCTaBISIIOT JOHOPHBIE TpuMech?

B) Ecmm B nmo6asnenme k ¢ocdopy Beemensl 10'7 cm™ aTomoB Gopa, pacrpeneneHHBIX
pPaBHOMEpPHO, TO KaKOBbl pE3yJIbTHUPYIOIIEE YJEIbHOE CONPOTHBICHHE M  THII
MPOBOAUMOCTH (OYyIEeT I MaTepraa UMETh TPOBOJIMMOCTD P-WJIX N-THTA)?

I) WM300pa3ute auarpaMMy SHEPreTHYECKHUX 30H IS Ciaydas B M YKa3aTh IOJIOKEHUE
ypoBHs Depmu.

1.2.  HaiiTu paBHOBECHBIE KOHIIEHTPALMHU 3JIEKTPOHOB U JIBIPOK U MOJ0KeHue ypoBHs Depmu
B kpemHun npu 27°C, ecium KpPEMHHH COJIEPKUT CIEAYIOMHNE KOHIEHTPALIMU
JIETUPYIOMIMX NPUMECEH, CO3/1aI0IINX MEJIKUE YPOBHHU:

a) 1-10' cm™ atomoB Gopa,

6) 3-10'6 cm™ aTromoB MbImbsKa 1 2,9-10'¢ cM™ aTomoB Gopa.

1.3.  OG6pasell KpeMHHUs N-THIA MMEET PaBHOMEPHYIO KoHueHTpamuio Ng=10'® cm™ atomos
MBIIIBSAKA, a 06pasen kpeMHus p-tuna umeeT N,=10'> cmM™ aTomoB Gopa. J[nst kaxmoro
MOJIYTIPOBOTHUKOBOTO MaTepHaja ONpeaeInTh:

a) Temmeparypy, mpH KOTOpOl HOHU3UPOBaHA IIOJIOBMHA TPHUMECHBIX aTOMOB.
[Ipenmonaraercs, 4To BCE MOJBHKHBIC JIEKTPOHBI M ABIPKU MOCTYMAIOT OT JICTHPYIOIITNX
MpUMECEH.

0) Temmeparypy, mNpu KOTOPOM COOCTBEHHass KOHLEHTpaUuss 7,  IPEBOCXOAMT
KOHLEHTpaluto npumecei B 10 pas.

B) PaBHOBecHy0 KOHIIEHTpaIuio HeocHOBHBIX Hocutened npu 300 K. IIpenmonaraercs, uto
MPUMECH MOJIHOCTHI0 HOHU3UPOBAHBI.



r) [Ilonoxxenue ypoBHsT DepMu OTHOCHTEIBHO Kpas BaJCHTHOW 30HBI Ey B KaxkaoM
matepuaie npu 300 K. [Tonoxxenue yposus @epmu, eciu 06a Tuna npuMeceil IMErTcs B
OJIHOM 00pas3Iie.

TexHoJiorus

2.1.  Kpucramn kpeMHUS JOJDKEH OBITh BBIpalieH 1Mo Metoxy Yoxpanbckoro. [lepen Havamom
BBIpanuBaHusl Kpuctama K 10 Kr paciiaBIeHHOTO0 KPEMHHUS, HAXOJSIIMUMCS B THTJIE,
nobasisroT 1 mr docdopa.

a) KakoBa HavanbpHass KOHLEHTpALMs JIETHPYIOLIEH MpUMecH B TBepAOH (a3ze B MEpBBIH
MOMEHT BBIpAlllMBaHUs KpUcTayia?

6) KaxoBa KOHILEHTpaIys JETHUPYIOIEH NMPUMECH Ha TOBEPXHOCTH KpHUCTasIa KpEeMHHUS,
MOCJIe TOr0 Kak 5 Kr paciuiaBa mepenuio B TBepayio (azy? (Koaddumment cerperamum
Cs/Ci nnst pocopa B kpemuuu pases 0,3.)

2.2. IlmactuHa W3 KpEMHUS, BBIPAIIEHHOTO MO METOAy YoXpalbCKOro, HarpeBaercs B
aTMocdepe a3oTa 10 BBICOKOW TeMIEpaTyphl C IENbI0 HUCIAPEHHs KHUCIOpojaa W3
Y4aCTKOB IUIACTHUHBI, PACIOJIOKEHHBIX BOJU3M MOBEPXHOCTU. 3aT€M OHa MPOTpeBaeTCs
IpU HU3KOH Temrmeparype, C TeM 4YTOOBl OCTAJIbHOH KHCIOPOJA BBIACTHICS U3
KPUCTAJIMYECKON pEIIeTKH B BHUIE «KIacTepoB». OOBICHUTH, KaK U IOYEMY OTOT
IpoIlecC YIy4IIaeT IEKTPHUECKUE CBOMCTBA MPUOOPOB, BIIOCIEACTBUN M3TOTOBIISIEMbIX
Ha TUIaCTUHE.

2.3.  KpemHueBas mjiacTUHa OKHCISETCS HECKOJBKO pa3 B nporecce uzrorosienus MC. Haiitu
PE3YNBTUPYIONLYIO TOJIIMHY JBYOKHCH KpPEMHHUS IIOCNIe KaXIOW U3 CIEAYIONIUX
orepanui, MPOBOJAUMBIX ITOCIIEAOBATENBHO:

a) 60 mun mpu 1100°C B cyxom Oz m HCI (mo6aBnsiercss nocrarounoe koiumuectso HCI,
YTOObI YBEIMYUTh CKOPOCTh OKucieHus Ha 10% 1o CpaBHEHUIO CO CKOPOCTBIO
okucaeHus B uuctom O»);

6) 2 umnpu 1000°C B muporeHHOM BOASHOM mape (mpu 1 atm);

B) 6 umpu 1000°C B cyxom Oo.

KoHTakTHBIE SIBJIeHHUS

4.1. Pe3kuii KpeMHHEBBIH P-N-Tlepexojl NMeeT PUMeCHBIe KOHIeHTpanun N, = 1-10'° ecm™ n
Ng=2-10'7 em™3,

a) Paccunrars BCTpOEHHBINM NOTEHIUAN ¢, TIPU KOMHATHOM TeMIIepaType.

6) C nomomuibio NpUOIIKEHHUST 00CTHEHNS PACCUUTATh IIUPUHY €0 00BEMHOTO 3apsia U
MAaKCHUMAaJIbHOE AJIEKTPUUYECKOE TOJIE 11 HanpshKeHUu Ha nepexoqe V.=0 u -10 B.

4.2. PaccMOTpUM pE3KHE KPEMHHUEBBIE P-N-NIEPEXOJBI C OUEHb CHIIBHBIM OJHOCTOPOHHUM

JETMPOBAHMEM M TIPUMecHBIMH KoHieHtparmsamu 10, 10, 107 u 10" oM™ co
ciabonerupoBaHHON CTOpOHBL. Ompenenuth Kak (QYHKIUIO KOHICHTPAIUU ITUHY
o0nactd, O0OEIHEHHOW TMOJBUKHBIMU HOCHUTEISIMH, MJIi KOTOpPOH MaKCcHMaibHOE
ANEKTPUYECKOE TIOJIE €Ille HE MPEBHIMAeT Ioyie mpobosi, moKazaHHOe Ha pucyHke 4.2.1.
Kakue HanpsixeHus Ha Epexo/iax COOTBETCTBYIOT ATUM JITMHAM?
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Puc. 4.2.1 3aBUCHMOCTb KPUTHUECKHUX AIEKTPUUECKUX MOJIEH JJABUHHOTO U TYHHEJIBHOTO

po0osi B KPEMHHUH OT MIPUMECHON KOHIIEHTPAIIH.



4.3.  PaccuuTaTh BETUYMHY BCTPOSCHHOT'O 3JIEKTPUYECKOT0 MO B KBA3UHEUTPaIbHON 00JIaCTH
C OKCIOHEHIHMAJIbHBIM  pacrpeaereHueM mnpumecu N =N, exp(—x/ %) . Ilycts

TIOBEPXHOCTHAs MpUMeCHasi KoHleHTpauus pasHa 10'® cm™, a A = 0,4 mMxm. CpaBHUTSH
3TO MOJIE C MaKCUMAaJbHBIM IIOJIEM B OOEJHEHHOM 00JAacTH PE3KOro p-n-nepexoga ¢
KOHIIGHTPAIlUsAMH aKLENTOPOB U JOHOPOB C pa3HBIX cTopoH mepexona 10'® u 10" cm
COOTBETCTBEHHO.

1.2 Crincok BONpoCoB U (/M) 3aaHUMH 1JIs1 IPOBEACHUS NIPOMEKYTOYHOM aTTeCTaluu
IIpuMepsbI TeCTOBBIX 3aJaHU I

[InotHocTs ynakoBku UMC st0 —

1. OTHOIIEHUE Yncia 3EMEHTOB K 00beMy MUKPOCXEMBI 0€3 yueTa BbIBOJOB

2. YHCJO DJIIEMEHTOB HIIM TMPOCTHIX KOMIIOHEHTOB Ha KPUCTAJIIIE MUKPOCXEMBI

3. 4ucno GpyHKIHUOHATBHBIX slYE€EK B KpUCTAILIE

4. OTHONICHHE YHCIA JIEMEHTOB K YUCITY (QYHKIIMOHATHHBIX STUEEK B KPUCTAILIE
B kaxoif u3 nepeurciaeHHbIX MUKPOCXEM BCE AJIEMEHTHI BBITIOJHEHBI B 00beMe KpHCTaslia
MOy TIPOBOTHUKA

l. TOHKOIUIEHOYHOU

2. rubpugHOU

3. TOJyNpOBOJHUKOBOM
B otnuune ot ananorossix, nugpossie UMC

1. o00pabaThIBatOT CUTHAJIBI, OTIMCHIBAEMBIC HEMTPEPHIBHBIMH (PYHKITUSIMH

2. TpeaHa3Ha4YeHBI 7151 TpeoOpa3oBaHus K 00PaOOTKU CUTHAIOB, U3MEHSIOIINXCS 110

3aKOHY JJUCKPETHON (PYHKLIUU

3. BBINOJHEHBI IO TOHKOIJIEHOYHON TEXHOJIOTUH
Hanwdare nmapa3suTHOTO p-n-p TPaH3UCTOPA MIPUBOIUT K

1. yBenmueHuro koddduireHTa nepegadr Mo TOKy OCHOBHOT'O TPaH3UCTOPa

2. yMEHBIICHHIO 6a30BOr0 TOKa OCHOBHOTO TPAH3UCTOPA

3. yBenuueHUIo KodhGUIMEHTa HHKEKITUH AYMUTTEPA
Kaxkoe cBoiicTBO apceHn1a rajuivs He MO3BOJIAET co3/aBaTh Ha ero ocHoBe M/IIT Tpan3ucropsi?

1. BbICOKas MOJABUKHOCTH AJIEKTPOHOB

2. Mayas KpUTHYECKasi HAaPsHKEHHOCTD JIEKTPUYECKOTO MO

3. BBICOKOE 3HAYEHHE MJIOTHOCTU MOBEPXHOCTHBIX COCTOSTHUI
OGnactu p' Tma, GOpMHUPYEMBIE T10,] H30JIUPYIOIIMMH 00JIACTSMH B TPAH3UCTOPE C
KOMOWHUPOBAHHOMN M30JISIITUEH, HEOOXOIUMBI IS

1. yIydiieHus 9aCTOTHBIX CBOMCTB TPaH3UCTOPA

2. mpenoTBpalleHUs BOSHUKHOBEHUS MPOBOAIIETO KaHAIA MEXKIY OTIACIIbHBIMU

sanemernTamu UMC

3. yBenu4eHHs HaNpsKeHHs Mpo0osi SMUTTEPHOTO MEPEX0/1a TPAaH3UCTOPa
l'opu3oHTANBHBINA P-n-p TPAH3UCTOP B OTIIMYUE OT BEPTUKAILHOTO TPAH3UCTOPA CTPYKTYPHI N-p-
n:

1. obnamaer BHyTPEHHUM 3JIEKTPUYECKHUM I10JIEM B 0a30BOI 00IacTH

2. obOnamaer 6oyiee BHICOKMM 3HaYeHUEM Kod(PHIueHTa nepenadu mo ToKy

3. sBusercs 6e3apeiioBbIM
[1—o6pa3nas ¢popma kanaa M/II1 Tpansuctopos npu npoektupoBanuu MMC ucnomns3yercs ¢
LEbI0

1. >KOHOMMHH IUIOIIATH

2. yBenuueHUs OBICTPOACHCTBHUS

3. yBenMYeHUs MOABUKHOCTH HOCHUTEJEH B KaHAIIE
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bazogsrii anement (maBepTOp) MMC Ha OCHOBE KOMILIEMEHTAPHOM Maphl TPAH3UCTOPOB
BBITIOJIHEH U3
1. MJII tpan3ucTopa ¢ MHAYUHPOBAaHHBIM KaHaioM p-tuna u MJIII Tpansucropa co
BCTPOEHHBIM KaHAJIOM N-THUIA
2. nByx MJII TpaH3ucTOpPOB ¢ MHAYUHPOBAHHBIMU KaHAJIaMU N- U p- TUMA
3. nByx MII TpaH3ucTOpPOB C MHAYLIMPOBAHHBIM KaHAJIOM N-TUIA
Ha cToxoBeix BAX MJIIT TpaH3ucTOpOB ¢ KOPOTKUM KaHAJIOM, IO cpaBHEHHIO ¢ BAX 0OBIYHBIX
M/II Tpan3ucTopos:
1. MeHblIE 3HAYEHHUS HANPSYKEHUS HACBICHUS
2. Ha yYacTKe HacChIIeHUs HabmogaeTcs 0oniee pe3Kuil poCT TOKa CTOKa
3. HampspKEHUs CTOK-UCTOK, MPU KOTOPBIX €I11€ COXPAHSIETCsl y4acTOK HachleHus BAX,
CYLLECTBEHHO BBIILIE

Cnucox BONPOCOB K IK3aMEHY:

1. Ilpenmer MHUKpORJIEKTPOHMKH. VIcTOpHsS N OCHOBHBIE 3Tallbl Pa3BUTUS MUKPOIIEKTPOHUKH.
CoOBpEeMEHHOE COCTOSIHUE W HANpPABJICHUS Pa3BUTHS MUKPOIEKTPOHHUKU. MexayHapoaHoe
pazzeneHue TpyAa B 3J1€KTPOHHON MTPOMBIIIIJIEHHOCTH.

2. Ilpeamer MHKpO371€KTPOHUKH. OCHOBHBIE TEPMHUHBI U ONPEIEICHUS MHUKPOIJIECKTPOHUKH.
Knaccudukanus u ocHoBHBIE TUTIBI HHTErpanbHBIX cxeM (MC). Uepapxus UC.

3. bazoBeie TexHOMOrMueckue Tpormecchl mpousBojacTBa MC. OOmas XapakTepHuCTHKa
TEXHOJIOTMYECKOI0 LMKJIAa U ouneHka croumoctd npousoactBa MC. IloaroroBurenbHast
craaus npousBojacTsa UC.

4. TexHONOrHYeCKHEe OCHOBBI MHKPOAJIEKTPOHUKH. ODNHUTAKCHUSA: >KUIKOCTHAs, razodaszHas,
MOJIEKYJISIPHO - TyukoBas. JlerupoBaHue NoaynpoBOJHUKOB: AUPY3US U UMITJIAaHTALIHS.

5. TexHOIOrM4Yeckue OCHOBBI MHMKPODJIEKTPOHUKH. TepMudeckoe OKHUCIeHHE. TpasieHue.
HaHeceHne TOHKUX IUIEHOK. MeTOIbI OJIy4eHHUs] CTPYKTYpP HAa OCHOBE MOJIYNPOBOAHUKOB,
METAJIJIOB U JUAJIEKTPUKOB.

6. Ilpenenbl MHUKpPOANEKTPOHUKU. 3akoH Mypa. DakTopbl OrpaHMYMBAIONIME MPEACIIbHBIC
pa3Mepbl MUKPORJIEKTPOHHBIX MprOopoB. DyHnaMeHTanbHbIe (U3NUYECKUE OTPAHUYCHUS U
3aKoHbI ckeinunra. [Ipenesnsl, 00ycnoBiIeHHbIE TEXHOIOTHYECKIUMHU MPOLIECCAMHU.

7.  Muxkponurorpadus. Texnomorus u marepuansl aurorpaguu. KontakTHas neyaTts U rnevarb
¢ 3a3opoM. [Ipoekmmonnas nevats. B3peiBHas mutorpadusi.

8. Cospemennas nurorpadus ans KMOII texnonoru. YO nutorpadus, 31eKTpOHHO-ITydeBast
autorpadus. MoHHO-TIyuKoBas IpOeKUUOHHAs TUTOrpadus.

9. Ocnosuble HampasieHus cos3nanusg MMC. IlonynpoBoauukoBsie UMC. ®usnueckue u
TEXHOJOTMYECKHE OCHOBBI ()OPMUPOBAHMUS JIOKATBHBIX 00JIaCTeH ¢ 3alaHHBIMH CBOMCTBAMHU
B 0o0beMe M Ha MOBEPXHOCTH MONYyHNpOBOAHMKA. llnmaHapHas M oObEeMHash TEXHOJIOTUHU
npousBoacTea MC.

10. Ipobnema nzomnsuuu snemenToB B UMC, conocTaBiieHHe pa3IuyHbIX CIOCOOO0B U30JISLINY.

11. Ilpuntuner  pabOTBI W OCHOBHBIE  XAPAaKTEPUCTUKU  OUIOJISIPHBIX — TPAaH3UCTOPOB.
bunonsapHelii  TpaH3UCTOp B MHTErpajJbHOM  HCHOJIHEHMH. CuUMMETpUYHBIE U
aCUMMETpUYHbIE KOHPUTYPALIUU TPAH3UCTOPOB.

12. OcHOBHBIE MMapaMeTpPhI CJII0EB HHTEIPAIBHBIX N-P-N TPAH3UCTOPOB U UX ANEKTPO(HU3NYECKHE
napameTpsl. [lapazutHbie TpaH3ucTopsl B oumnosspasix VC.

13. UnTerpanbHble MUKPOCXEMbI Ha OMIIOJIAPHBIX TPAH3UCTOPAX. DMUTAKCUAIBHO - TUIAHAPHBIE
TPAH3UCTOPHI C M3OJIAIMEH p-n mepexomamu. PacmpeneneHue mpumeceid B OUITOISPHOM
Tpansuctope 1C.

14. TpaH3uUCTOPHI CO CBEPXTOHKOW 0a3zoi. M3ormmaHapHbie TpaH3UCTOPBL. MHOTOAMUTTEPHBIE U
MHOT'OKOJIJIEKTOPHBIE TPAH3UCTOPBHI.

15. Tpansuctopsl ¢ OapbepoM IlloTTknu. TpaH3UCTOPHI € TMOJUKPEMHHEBBIMH ITHHAMHU.
I'opuzoHTanpHbIE p-n-p TPaH3UCTOPHI.
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16. MnTerpanbabie MmukpocxeMbl Ha M/II1-Tpan3ucropax. I[IpenmymectBa u Henocrarku M/
UC nepen 6unonspHoit TexHonorue. OcHoBHbIe Hampasienus npumenenuss M/IIT B UC.
Pa3HOBUIHOCTH YHUIIOJISIPHBIX TPAH3HCTOPOB.

17. Crpykrypa n npunuun aeicrsus nonesoro (MII) tpanzucropa.

18. Emxocte MJII cTpyktypsl. McTounuku 3apsoB B okucie. OCHOBHBIE Pa3HOBUIHOCTH,
CTPYKTYpBI U ycloBHbIe 0003HaueHus: MIII-Tpan3ucTopos.

19. Tlapamerpel u xapaktepuctuku MJIII Ttpan3ucropoB. Bapuantsl Brmrouenuss M/
Tpan3uctopos B 1C.

20. MJIT Tpan3uctop kak snemeHT UC. MuBepTop.

21. KOHCTPYKTHBHO TexHoJoruueckue pasHoBuaHoctu M/II Tpansucropos. Auddy3nonnsiii n
BepTuKkanbHbld M/IIT Tpan3ucTopsl. TpaH3UCTOPHI C CAMOCOBMENIEHHBIMU 3aTBOPAMH.

22. IMC mna M/II-Tpan3ucropax ¢ MCHOJIb30BAaHUEM IOJIMKPEMHHUEBBIX 3aTBOPOB U
MHOTOYPOBHEBOM KOMMYTAallHOHHOM pa3BOJIKH.

23. Kommuiementapubsie M/II1 Mukpocxempl. OCHOBHBIE TEXHOJIOITMYECKHE 3TAIbl IPOU3BOICTBA
KMJII.

24. IlapamMeTpsl U XapaKTEPUCTUKHU TPAH3UCTOPOB € KOPOTKUM KaHAJIOM.

25. DneMeHTsl mamsATu Ha ocHOoBe M/III TpaH3uCTOPOB C MJIaBAIOIIUM 3aTBOPOM.

26. IlaccuBnbie 3nementsl B UMC nHa Ounomspusix u M/III-tpan3ucropax. MHTerpanbHbie
pe3ucCTOphl U KOHJAEHCATOpbl. TecToBble 3yeMeHThl. OXpaHHBIE SJIEMEHTHI. 3HAKH
COBMEILIEHUS U KOHTAKTHBIE TUIOIIAKH.

27. Metoasl KoOHTpoisi kadecTBa, M ucnbiTaHuid MMC. TecToBblid KOHTPOJIb M KOHTPOJb
(YHKIIMOHUPOBAHUSI. OnTuueckue, AJIEKTPOHHO-MUKPOCKOIINYECKUE U Macc-
CIIEKTPOMETPUYECKUE METO/IBI KOHTPOJIS.

28. ®DyHKIMOHANBHAsT MHUKPOAIEKTpOHUKA. OOIas XapaKTepUCTHUKAa OCHOBHBIX (PU3MUECKUX
SBJICHUN ¥ MaTepPHaJIOB UCTOIb3YEMbBIX B (YHKIIMOHATHHON MUKPOIJIEKTPOHUKE.

29. CxeMOTeXHHUYECKas U TOMOJOTHYECKas pealn3alui OCHOBHBIX Jlorndeckux ¢pyHkuud UMC
(Ha mpuMepe JTF000To THMA JIOTHKH U THUIIA aKTUBHBIX JJIEMEHTOB).

HpaBnna BBICTABJICHHA OLCHKH HA 3K3aMCHE.

B sx3aMeHanmoHHble OMIIET BKIIIOYAETCS 1Ba TEOpETUUYECKUX Borpoca. Ha moarotosky k
OTBETY JlaeTcsl He MeHee 1yaca.

[lo wroram »5K3aMeHa BBICTABISETCS OJHAa M3 OLEHOK: «OTJIIMYHO», «XOPOIIO»,
«YJIOBJIETBOPUTEIILHO» WIIA «HEYIOBIECTBOPUTEIHHOY.

Onenka «OTJIMYHO» BBICTABISICTCS CTYACHTY, KOTOPBIA JEMOHCTPUPYET TIIyOOKOe U
MOJIHOE  BJAJCHUE COJEpP)KAaHWEM MaTepualia W  TOHATUHHBIM  anmapatoM  (GU3UKA
HOJIYHpOBO,Z[HI/IKOB; OCyH_IeCTB.H}IGT MC)KHpeI[MeTHBIe CBA3H, YMeeT CBA3bIBATH TGOpI/IIO C
npakTukoil. CTyIeHT [aeT pa3BEepHYThIC, TMOJHBIE W YETKHE OTBETHl Ha BOIPOCHI
3K3aMCHAIIUOHHOI'O 6I/IJIeTa n JOITOJIHUTCIBbHBIC BOHpOCBI, CO6JIIO,Z[a€T JIOFI/I‘-IGCKyIO
MOCJICIOBATEILHOCTh TIPH H3JIOKEHUW Marepuaia. [ paMOTHO HCIONB3YET TEPMHUHOJIOTHIO
(U3HKY TOTYITPOBOHUKOB U (DU3WKU KOHICHCUPOBAHHOTO COCTOSTHHUS

Ouenka «Xo0pouio» BBICTABISAETCS CTYICHTY, OTBET KOTOPOTO Ha dK3aMEHE B II€JIOM
COOTBGTCTBYIOT yKaBaHHBIM BBIIIC KpI/ITepI/IHM, HO OTJIMYACTCIA MGHBHIGﬁ O6CTO$ITCJII>HOCTI>IO,
rTyOnMHO#M, 000CHOBAaHHOCTHIO W TIOJHOTOW. B OTBeTe MMEIOT MECTO OTACIbHBIE HETOYHOCTH
(HecyllecTBEHHbIE  OIMIMOKH), KOTOpble  HUCHPABIAIOTCS  CaMHUM  CTYJIEHTOM  IOCie
JOTIOJTHUTEIBHBIX U (MJIH) yTOYHSIOIIMX BOITPOCOB AK3aMEHATOPA.

Ouenka «Y10BJ1eTBOPUTEIbHO» BBICTABIISIETCS CTYJIEHTY, KOTOPBII JaeT HEIOCTATOUYHO
MOJIHBIE W TOCJEAOBAaTEIIbHBIE OTBETHI HA BOIPOCH JK3aMEHAIIMOHHOTO Owiera U
JOITOJIHUTCIIBbHBIC BOHpOCBI, HO HpI/I 3TOM I[GMOHCTpI/IpyeT YMCHI/IC BBIACIUTH CyH_IeCTBeHHBIe 148
HECYIIECTBEHHBIC TIPU3HAKN U YCTAHOBUTH MMPUIMHHO-CIIEACTBEHHBIC CBA3U. OTBETHI M3JIaraeTcs
B TepMI/IHaX (1)I/ISI/IKI/I HOHprOBOI[HI/IKOB, HO HpI/I 3TOM I[OHyCKaIOTCH OI_HI/I6KI/I B onpeneneHHH nu
PaCKpPBITUH HEKOTOPBIX OCHOBHBIX TMOHATHHA, (POPMYIHPOBKE IOJIOKEHUN, KOTOPHIE CTYACHT
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3aTpyJOHSETCS MCIPaBUTh caMmocTosTenbHOo. Ilpu aprymeHranuu oOTBeTa CTYIEHT He
00OCHOBBIBACT CBOM CYXAeHHUs. Ha yacTb JOMOJHHUTENBHBIX BOIPOCOB CTYACHT 3aTpyIHSETCS
JaTh OTBET WJIN Ja€T HEBEPHbBIE OTBETHI.

Onenka «HeynoB/1eTBOPUTEIBHO» BBICTABISAETCS CTYACHTY, KOTOPBIH AEMOHCTPUPYET
pa3po3HEHHbIE, 0ECCUCTEMHbIE 3HAHUS; OECIOPSIA0YHO U HEYBEPEHHO H3JlaraeT maTepuai; He
YMEET BBIIEIATH INIABHOE U BTOPOCTENIEHHOE, HE YMEET COCUHATh TEOPETUUECKUE MTOJIOKEHHUS C
MPAKTUKOM, HE YCTaHABIMBAET MEXKIIPEJAMETHbIE CBA3HM; JOMyCKaeT TIpyOble OIMMOKH mpu
ONpEACIICHUN CYLIHOCTH PACKPbIBAEMBIX IOHSTHUM, SIBJICHWM, BCJIEICTBUE HEMOHUMAHUS MX
CYILLIECTBEHHBIX M HECYIIECTBEHHBIX NPU3HAKOB U CBSI3€H; JaeT HEIOJIHbIE OTBETHI, JIOTUKA U
IIOCJIEI0BATENbHOCTD H3JI0)KEHHUS KOTOPBIX MMEIOT CYLIECTBEHHbIE U IPUHLIMIHAIbHBIC
HapylLIeHUs, B OTBETaX OTCYTCTBYIOT BbIBOJBI. JIOMONHUTENbHBIE W YTOYHSIOUIUE BOIPOCHI
JK3aMEHATOpa HE NPUBOAAT K KOPpPEKLMHM OTBETOB cTyaeHTa. Ha OCHOBHyI dacTh
JOTIOTHUTEJIBHBIX BOIIPOCOB CTYICHT 3aTPYyAHAETCS AaTh OTBET UJIU 1aeT HEBEPHbIE OTBETHI.

Onenka «HeynoBIeTBOPUTENBHO» BBICTABISIETCS TAKXKE CTYAEHTY, KOTOPBIA B3slI
9K3aMEHAIlMOHHBIN OMJIET, HO OTBEYaTh OTKA3aJICA.

Jlomyckaercsi BO3MOXKHOCTb OJMH pPa3 IMOMEHATh 3K3aMEHALMOHHBIM OHJIET, HO TNpPH 3TOM
UTOTOBasl OLEHKAa aBTOMAaTUYECKU CHI)KAETCS Ha OJUH OaJl.
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IMpuioxenne Ne2 k padoyeil mporpamMMme JvCIHUIIIAHbBI
«MHKPO03J1eKTPOHHKA»

MeToandyecKue YKazaHud 1J1d CTYACHTOB 10 OCBOCHHIO TUCHUITIJIMHBI

B xone nmekmuii mpenonaBaTeNb M3JaracT U pa3bsACHSICT OCHOBHBIC, HAMOOIIEE CII0KHBIE
MOHSTHUSI TEMbI, a TaK)Ke CBA3aHHBIE C HEHl TEOpeTHYECKHWE U MpPaKTHUeCKHe MpoOJIeMbl, JaeT
PEKOMEH/IAlMA Ha BBIIOJIHEHHWE CAMOCTOSITENbHON paboTel. B Xome nekuwii oOydarorumcs
pEKOMEHIyeTCs:

® BECTH KOHCIIEKTHpPOBaHHE yueOHOr0 MaTepHana;

e oOpamaTh BHUMAHUE Ha OMpEACIeHUs TMOHATUN, (OPMYJIUPOBKU 3aKOHOB H UX
MaTeMaTUYeCKOE BBIPAXKEHHE, MOJIOKEHHSI, PACKPBIBAIOIINE COJIEPKaHUE TEX WU WHBIX
SIBIICHUA W TPOLIECCOB, HAy4YHBIC BBIBOJBI M MPAKTHYECKHE PEKOMEHAAHUU IO WX
MPUMEHEHUIO;

e 3a7aBaTh MPENOJABATENI0 YTOUHSIOIIME BOMPOCHI C LENbI0 YSCHEHUS TEOPETHUECKUX
MOJI0KEHUH.

Jly1s ycnemHoro oBiajeHusi KypcoM HeoOXO0JUMO MOCeIaTh Bee JEKIUHU, TaK KaK TeMaTHYeCKui
MaTepuai B3aMMOCBSI3aH MEXAy coOoi. B cimyuasx mporycka 3aHSTHS CTYIEHTY HEOOXOIMMO
CaMOCTOSITENIbHO M3YYUTh MaTepual U OTBETUTh HA KOHTPOJIbHBIE BOIMPOCHI MO MPOMYIIEHHON
TEME BO BpeMs WHAMBHIyalbHBIX KOHCyNbTamuid. Cleayer TOMHHUTh, YTO JIEKIIMOHHBIN
KOHCIEKT SIBJISIETCSl HE MaTepualioM MJis IMOATOTOBKH, a CKOpEe pa3BepHYTHIM IUJIAHOM IS
JanpHeHmeil caMocTosTeNbHON NpopaboTKH MaTepraa

[TpakTHyeckue 3aHATHS — 3TO OJHA M3 AaKTUBHBIX (popMm yuyeOHOro mporecca. bompras
4acTh TeM AMCHUIUIMHBI HOCUT MPAKTHUECKUW XapakTep, T.e. MPEATojaracT pelieHUue 3ajad,
aHaJIU3 MpaKTUYECKUX cuTyauui. [Ipu moAroroBke K MpakTUYECKUM 3aHATHSAM O0ydarouiemycs
HEOOXO0JIUMO OCBOUTH TEOPETHUYECKYIO OCHOBY TIO TEME MPAKTUYECKOTO 3aHATHS, ObITh TOTOBBIM
K TUCKYCCHOHHOMY 0OCY>KJICHUIO.

NunuBuayansHOE JOMAIIHEe 3a/laHue WIM KOHTPOJbHas paboTa MpPEeCTaBISIOT cOOO0M
U3JI0’)KEHUE B TUCHbMEHHOM BHJIE PE3YJIbTATOB TEOPETUYECKOTO aHAIN3a WM PEIICHHE 3a/Ia4H 110
onpezaeneHHoi Teme. [Ipy He0OXOAMMOCTH TPOBOASTCS KOHCYJIBTALIUMU 10 pa30opy 3alaHuil s
CaMOCTOSITeNIbHOM pabOThl, KOTOPBIE BHI3BAIIU 3aTPYAHEHHUS.

Jliss mpoBEepKM M KOHTPOJS YCBOCHHS TEOPETUYECKOro MaTrepuala, MPUOOPETEHHBIX
MPAKTUUYECKUX HABBIKOB pabOTHI W MPOBEACHUS PACUETOB, B T€UEHHE OOyUEHHUs MPOBOAATCS
MEPONPHSTHS TEKyIIeld aTTecTalid B BHJE MPOBEPKHU BBITIONHEHUS 3aJaHUN s
BHEAYIUTOPHOTO PEUICHUsI U KOHTPOJIbHON pabOThI.

s caMocTOsATeNhbHOW pPabOThl OCOOCHHO PEKOMEHAYETCS HCIOIb30BaTh YUYEOHYIO
JUTEpaTypy, ¢ MOAPOOHO Pa30OpaHHBIMU PEIICHUSMHU 3aJad 10 BCEM M3y4YaeMbIM pa3JieiiaM.
[ToMuMO pEeKOMEHIyEeMbIX B CHUCKE OCHOBHOM U JOIOJHUTENHHOW JIUTEPATYphl K TAKOBBIM
MO>KHO OTHECTH:

1. 3ebpes I'.H. Coopuuk 3agau no Kypcy OCHOBBI MUKpO3IeKTpoHuKY / MockBa: MUODU,

2003. —45c.

2. Typros B.A., UBamenkoB O.H. Co0opHUK 3a1a4 o MUKpoonTodjiekTponuke / [lerpo3aBoack:

N3p-so Iletpl'V, 2005. - 37 c.

Jlnst caMOCTOSATENIbHOrO 1oadopa nuTepaTypbl B OubOinoteke Spl'Y pexomenmyetcs
UCIIOJIb30BATh:!

1. JInunbiii kadOuHer (http:/lib.uniyar.ac.ru/opac/bk login.php) maeTr BO3MOXKXHOCTb
noJjrydyeHus: on-line qoctyna K CUCKY BbIIaHHOM B aBTOMaTU3MPOBAaHHOM pPEXHUME JIUTEPATYPHI,
MIPOCMOTpPA ¥ KOTIMPOBAHHUSI SJICKTPOHHBIX BEPCHUI U3IaHUN COTPYTHUKOB YHUBEpcUTeTa (yuebd. u
METO/1. TOCOOMS, TEKCTHI KUK u T.1.) i paboThl B «JInuHOM KaOnWHETE» HEOOXOAMMO 3alUTH
Ha caift Hayunoit 6ubmuorexku Spl'Y c mo6oif Touku, uMmeromei goctyn B Internet, B mMyHKT
MEHIO «ODJIEKTPOHHBI KaTallor»; MPOUTH NpPOLEAYpY aBTOpPU3aLMU, BBIOPAB BKIAJIKY
«ABTOpU3aIUs», U 3aMOJHUTE PECTABICHHBIC OIS HH()OPMAIIHH.
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2. DyleKTpOHHAsA OM0JMoTEeKa y4yeOHbIX MaTepuasioB SApl'Y
(http://www.lib.uniyar.ac.ru/opac/bk_cat find.php) coxepxut 6onee 2500 MONHBIX TEKCTOB
y4eOHBIX U y4eOHO-METOJWYECKUX MAaTepUaloB IO OCHOBHBIM H3y4aeMbIM JAHMCLUILIHHAM,
U3JIaHHBIX B YHUBEpcUTeTe. JOCTYII B CETH YHUBEPCHUTETA, JINOO IO JIOTUHY/TApOITIO.

3. DaekTpoHHas kapToTeka «KHUro00ecne4yeHHOCTh
(http://www.lib.uniyar.ac.ru/opac/bk_bookreq find.php) packpeiBaet y4eOHbIH (oHa HaydHOI
oubmmorexkn  Spl’Y, mpemocraBiser — omepaTUBHYIO — MHPOPMAUIO O  COCTOSHUU
KHUT0OOECTIEYeHHOCTH TUCIIUTUIMH OCHOBHOW ¥ JIOTIOJIHUTEIBHON TUTEPATYPOH, a TaKKe ITUKIIA
JUCIUIUIMH U CIIeHUalbHOCTEH. DieKTpoHHas kapToTeka «KHUroo0ecne4eHHOCThY AOCTYIHA B
CEeTH yHHBepcUTeTa U uepe3 JInuHblii KaOuHeT.
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