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1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

ensiMmu  OoCBOEHHSA AUCHUIUIMHBI (MOaynsi) «OCHOBBI TEXHOJIOTUU 3JIEKTPOHHOM
KOMIIOHEHTHOW 0a3bl» SBISETCS OBJAJEeHHE CTYACHTAaMH HEOOXOAMMBIM M JOCTaTOYHBIM
YpOBHEM MPOeCCHOHATBHBIX KOMIIETEHIIUHA B COOTBETCTBHH ¢ TpeboBanusmu @I'OC BO mo
HarpasieHuio moaArotoBku 11.03.04 «DnexkTpoHNKa U HAHOIIEKTPOHUKAY», TPO(HIIH TOATOTOBKH
«[IporpammupoBaHue M 3JIEKTPOHUKA HH(GOPMALMOHHBIX cHcTeM». Llenb AUCHUIUIMHBI —
O03HAKOMJICHHE C OCHOBHBIMU TEXHOJOTMYECKMMH IIpOllecca IMPOM3BOACTBA AJIEKTPOHHOU
KOMITOHEHTHO#1 0a3bl, a TAKXKe C OCHOBAMHU pa3pabOTKU CTPYKTYPHBIX M (PYHKIIMOHAIBHBIX CXEM
AJIEKTPOHHBIX CHCTEM U KOMIUIEKCOB, MPUHIMIMAIBHBIX CXEM YCTPOMCTB C MCIIOJIb30BAaHUEM
CPEICTB KOMIBIOTEPHOTO IPOEKTHUPOBAHUS, IMPOBEIECHUEM TMPOCKTHBIX pacueToB U
TEXHUKO-3KOHOMHUYECKUM 00O0CHOBAaHMUEM ITPUHUMAEMBbIX PELIECHU.

[ToctraBnenHas 11eJ1b JOCTUTAETCS C TIOMOIIIBIO PEIICHUSI CISAYIOUINX 3a/1a4:

- (QopmupoBaHuE y CTYJEHTOB 3HaHUI B 00JAaCTH NPOEKTUPOBAHUSI COBPEMEHHBIX
MOJYTIPOBOJHUKOBBIX ~HMHTETPAJbHBIX CXEM U TEXHOJOTMH H3TOTOBIICHUS OSJIEKTPOHHOM
KOMIIOHEHTHOM 0a3kbl;

— M3Y4YEHHE OCHOBHBIX TEXHOJOTHYECKHX MPOIIECCOB MPOU3BOICTBA HHTETPATIBHBIX CXEM;

— pa3pabOTKH 3CKU3HBIX MPOEKT HA AIEKTPOHHbIE KOMIIOHEHTHI;

— TPOBENCHHE TEXHUKO-DKOHOMHYECKOE O0OCHOBaHHE MPOEKTOB 3JIEKTPOHHOM
KOMIIOHEHTHO#1 0a3bl ¢ pacueTamMu ce0eCTOMMOCTH YCTPOICTBA M CTOMMOCTH €0 3KCIUTyaTalllu;

— IIOMCK M aHAJIU3 aHAJIOTrOB MPOEKTHPYEMOT0 YCTPOMCTBA MO TEXHUKO-DKOHOMUYECKIM
XapaKTepUCTHKAM.

2 MecTO TUCHUILTUHBI (MOIYJIs1) B CTPYKTYpe 00pa30oBaTe/ibHOI NPOrpaMMbl

Jucuunnuaa OCHOBBI TEXHOJIOTUU 3JIEKTPOHHOW KOMIIOHEHTHOM 0a3bl BXOJUT B 4acTb
y4eOHOro 1m1aHa GopMupyeMyro yyacTHUKaMU 00pa3oBaTebHBIX OTHOIIEHUI 00pa3oBaTeabHON
POrPaMMBI.

Jns  u3ydeHWs  JUCHUIUIMHBI ~ HEOOXOOUMBI  3HaHUS  (YMEHMs,  BIIAQJCHUsA),
c(OpMUPOBAHHBIE B PE3YJIbTaTE U3yUEHUS TUCIUIUINH/ IPAKTUK:

OCHOBBI NPOEKTUPOBAHUS HJIEKTPOHHONH KOMIOHEHTHOH 6a3bl

Matepuaisl ¥ 3J1IEMEHTHI 3JIEKTPOHHOU TEXHUKH

DuU3nYeCcKUe OCHOBBI AEKTPOHUKHU

3HaHus (YMEHMs, BIIaJIEHUs ), IOJyYSHHbIE NMPH M3YyYeHUU JaHHOM IUCIMITIMHBI OyxyT
HEOOXOUMBI 17151 U3Y4YEHUSI JUCIUILIINH/PAKTHUK:

ITonroroBka k cade u cjadya rocyapCTBEHHOTO HK3aMEHa

3 Komnerenuun odyyarouierocs, popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS) ¥ IIJIAHUPYeMble Pe3yJIbTAThl 00yUeHust

B pesynbrare ocBoeHMS MUCHUIUIMHBI (MOAYHs) «OCHOBBI TEXHOJIOTUU 3JEKTPOHHOM
KOMITOHEHTHOM 0a3b1» 00yUaronuiics 10HKeH 00J1a1aTh CIeYIOUMMUA KOMITETeHIIUAMU:

KO,Z[ HHJUKATOpa I/IH,I[I/IKaTOp JOCTHIXXCHHA KOMIICTCHIIMH

[TK-1 CniocobeH pa3pabaTbiBaTh CTPYKTYpPHBIE  (DYHKIIMOHAIBHBIE CXEMBI JIEKTPOHHBIX CUCTEM
Y KOMIUIEKCOB, TPUHIUIIAAIBHBIX CXEM YCTPOUCTB € UCIOJB30BAHUEM CPEJICTB KOMIIBIOTEPHOTO
NPOEKTUPOBAHUS, TPOBEIEHUEM  MPOEKTHBIX pPacyeToB U  TEXHUKO-3KOHOMHYECKHM
000CHOBaHMEM ITPUHUMAEMBbIX PEIIeHUI

[K-1.1 Pa3pabaTpiBaeT 3CKU3HBIN TPOEKT, BKIIOYAIOIIMNA: BBHIOOP CTPYKTYPHOMH
CXEMBI DJICKTPOHHOTO YCTPOWCTBA HWJIM CHUCTEMBI ITyTEM COIMOCTAaBJICHUS
pa3NMYHBIX BapHAHTOB M WX OICHKH C TOYKU 3PCHHS] TEXHHUYECKUX U
AKOHOMHUYECKHUX TPeOOBaHUI; paCCUUTHIBACT BCE HEOOXOMMBIC TTOKA3aTeNN
CTPYKTYPHOM CXEMBbI AJIEKTPOHHOI'O YCTPOUCTBA WJIK CUCTEMBI, B TOM YHCIIE
MOKAa3aTeNIn Ka4yecTBa; BBIOMpAET H 00OCHOBBIBAET CXEMBI
BCIIOMOTaTEIbLHBIX VCTPOKWCTB




I1K-1.2

[Tpou3BOIUT TEXHUKO-3KOHOMHYECKOE 00OCHOBAHUE MPUHSATOTO PEIICHUS C
pacueramMu ceOECTOMMOCTH YCTPOWCTBA M CTOMMOCTU €r0 SKCIUTyaTalluu;
CpaBHMBAET C aHAJIOTaMU M0 TEXHUKO-3KOHOMHUYECKUM XapaKTEePUCTUKAM




4. CTpyKTypa, 00bEéM U coep:KkaHue TUCHUIIMHBI (MOAYJIs)
OO0mas TpyI0eMKOCTh JUCIUIUIMHBI COCTAaBisieT 3 3a4eTHBIX enuuuil 108 akaa. yacos, B TOM

YUCJIC:

— KOHTaKTHas pabora — 56,2 akaj. 4acoB:
— ayJUuTOpHAs — 95 aKaJl. 4acos;
— BHeayuTopHas — 1,2 akaJ1. 4acoB

— caMocTosTeNnbHas padora — 51,8 akan. yacos;

®dopma aTTecTallum - 3a4eT C OLEHKOMN

AynuropHas s
o | xonraxrHas pabota E 3 ®dopma TeKyIero
= B
= o u KOHTPOJIS
Paszen/ Tema 3 (B axaz. acax) EB A y P Kon
J— g & O | caMOCTOATENLHOM | YONEBACMOCTHH | 0o o
3 2 & paGoTEI HPOMEKYTOUHOM
Tlex. mab. | mpaxr. zZ aTTecTalyy
3aH. 3aH. [ &
1.
11 Texnonorus
MIPOU3BOJCTBA 3
P 5 A Wzyuenue " I1K-1.1,
MHUKPO3JICKTPOHUKH. 8 321 1,8 YCTHBIN onpoc
OCHOBHBIE  TIOHATHUS H JHTCpaTypht MK-1.2
OIIpeeIeHHSI.
HWroro no pazaeny 321 1,8
2.
2.1 Koncrpykuuu Berinonxenne
3JIEMEHTOB nabopatopHoi
MOJTYTIPOBOTHUKOBBIX ab0TbI
YIPOBOX Nzyuenue b ;
MHKPOCXEM u odopmnenue
MHUKPOTIPOLIECCOPOB 8 6/21 10 MMTCEPATYPEL. oTYera, 3aluTa MK-1.1,
Komncr WU Ha 'OCHOBe Homrotosia nabo 3’.T0 HOU MK-1.2
6I/IH0J1£I)I})I§EIX AIOKIANOB p£6OTI£)I
TPaH3HCTOPOB. BeicTyruienue u
KoHCTpyKIIMM Ha OCHOBE OIICHKA JIOKJIa/ia
Hroro no pazaeny 6/21 10
3.
Brinmonuenne
nabopaTtopHoOH
3.1 HcxonmHble MaTepHaibl WavucHue paboTsl,
u  rnomyhabpukarsl I i odopmiieHue
MPOU3BOJICTBA 8 6/21 10 THTCPATYPEL. OT4YeTa, 3aluTa MK-1.1,
HgHprOBO}IHI/IKOBHX Hoarorosxa naGopa’lTopHoﬁ MK-1.2
OKITaJI0B
MHTETPATBHBIX MHKPOCXEM. A A paboTHL.
Brictynienue u
OLICHKA JIOKIIazia
Uroro no pazaeny 6/21 10

4.




Brinonnenue

4.1 Texnonorus 9
nabopaTopHO’
HPOM3BO/ICTBA 6
MOJYIPOBOIHUKOBBIX Uzyuenue PaboTeL, IK-1.1
4 6/211 10 odopmnenue )
MHKPOCXEM Ha JIUTEPATYPHI IK-1.2
OTYeTa, 3alUTa
OUITONSPHBIX .
nabopaTtopHO
TpaH3UCTOPAX.
paboThI
Hroro no pazgeny 4 6/211 10
5.
51 TexHonorus
Wzyuenne o
MIPOM3BOCTBA VYcTHbIi onpoc.
MOJIYIPOBOAHUKOBBIX 4 6/211 10 TITCPATYPHI. Brictynnenue n [IR-1.1,
[oaroroska IK-1.2
MHKPOCXEM Ha OKITAIOR OLICHKA JIOKJIazia
M/II-tpan3ucropax. A
Hroro no pazaeny 4 6/211 10
6.
Brimonnenne
1abopaTopHOi
6.1 MeToasl BBIOIHEHUS Visyuenie paboTsl, MK-1.1,
TEXHOJIOTHYECKHX 4 6/21 10 odopmiieHue
N JIUTEepPaTyphl IK-1.2
orepanuii. oT4YeTa, 3aIuTa
nabopaTopHOi
paboThI
Hroro no pazneny 4 6/21 10
Hroro 3a cemectp 22 |33/121 51,8 320
Hroro no aucuumnianxe 22 133/121 51,8 3a4eT ¢ OL[EHKOH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

B npouecce mnpenomaBaHus AucUMIUIMHBI «OCHOBBI TEXHOJOIMM 3JIEKTPOHHOMN
KOMIIOHEHTHOW  0a3bl» NPUMEHSIOTCS TPAJWIUMOHHAs ¥  MOAYJIbHO-KOMIIETEHTHOCTHAs
TEXHOJIOTUHM. Jlekumu npoxomar Kak B TpaauLUoHHOW ¢opme, Tak U B (dopme
JeKIM-KOHCYNIbTAIMA, T/Ie CTYACHTaM 3apaHee MpeaaraeTcsi 03HaKOMHUThCA ¢ WH(popManuei
[0 TeM€ JIEKLMOHHOI'O 3aHATHs Ul MOATOTOBKU BOIPOCOB JIEKTOPY, TAKUM O0pa3oM JIEKIMs
IPOXOJUT IO THITY «BOIPOCHI—OTBETHI—IUCKycCUsi». Ha BCeX JEKIMOHHBIX 3aHATHIX TaKKe
IPUMEHSIOTCS 3JIEMEHTHI JIEKIMU-BU3YyaJIN3alliH, 32 CUET MPEJICTABICHHUS YaCTH JIEKIIMOHHOTO
MaTtepuaja C TIOMOIIBIO0 3apaHee IMOJrOTOBJICHHBIX IPE3CHTAIM, CIalJ0OB C IOMOUIBIO
MYJIbTUMEAUHHOT0 000py10BAHUS.

JIeKIIMOHHBI MaTepHuan 3akpervisieTcs Ha Ja0OpaTOpHBIX 3aHATUSAX, HA KOTOPBIX
BBINOJIHAIOTCS MHAUBUAYaJIbHbIE U IPYIIOBBIE 334aHUs 10 IpoiieHHoH TeMe. [[is rirybokoro u
MOJTHOTO yCBOGHHMS JIGKIIMOHHOTO Marepuaja Ha J1a0OpaTOpHBIX 3aHATHAX CTyAEHTaM
OpeUlaraeTcsl BBIIOJHATH 3aJaHus Ha CHENMaIM3UPOBAHHBIX Y4eOHBIX cTeHzpax. Ha
7a00paTOPHBIX 3aHATHUAX TAKXKE MPUMEHSIOTCS METOJl KOHTEKCTHOro OOydeHHs, paboThl B
KOMaHJe ¥ MeToj Case-study, mo3Boisronire yCBOUTh y4eOHBIH MarepHan IMyTEM BBISBICHUS
CBSI3eH MEXIYy KOHKDETHBIM 3HAHHEM M €ro NMPHMEHEHHEM, a TaKXKe aHallM3a KOHKPETHBIX
CUTyallui U MOMCKA PEUICHUH B IPYyIIe CTYyIEHTOB. 3allluTa pe3yJbTaToB Ja00paTOpPHbIX paboT
IPOXOJUT B BUJIE JUAJIOTa MIPETIOIaBaTeNsl U CTYIEHTA, PENoaBaTeIeM 3a/1al0TCsl KOHTPOJIbHBIE
BOIPOCHI C II€JIbI0 BBISICHEHUS INIyOUMHBI 3HAaHUHM CTYAEHTa IO JAHHOMY pas3feny, MpH 3TOM
npoOensl B 3HAHUSAX ~ CTYJEHTAa  BOCIIOJNHSAIOTCS — JOMOJHHUTEIBHBIMH  IOSICHEHUSIMH,
KOMMEHTapUsMU MPENOAaBaTes.

B xone camocTosTenbHON pabOThI CTYAEHTHI M0JIydaroT Oosiee Iiy0OKHe IPaKTHUECKHe
HaBBIKM MO JUCLUIUIMHE NPU MOATOTOBKE K BBIINOJIHEHUIO M 3alIUTe JaOOpaTOpPHBIX paldoT H
WUTOTOBOM aTTECTALUH.

B kauecTBe OLIEHOUHBIX CPEJACTB Ha MPOTSHKEHUM CEMECTPa HCIOJIb3YIOTCS: YCTHBIN
ornpoc (cobecenoBaHHe), BBINOJIHEHWE pabOT Ha CHEHUAIU3UPOBAHHOM J1abOpaTOPHOM
000pYyIOBaHWH H 3aLIUTA TOJTYYEHHBIX PE3yIbTATOB, MOATOTOBKA TOKIJIAZOB HA 33JaHHBIC TEMBI.

6 YueGHO-MeTOAMYeCcKOe o0ecriedyeHUe CAMOCTOSITeJIbHOI PadoThI 00y4aKoIHXCs
[Ipencrasneno B mpuioxxeHuu 1.

7 OneHoYHbIe CpeICTBA A5 IPOBeJeHUsI IPOMEKYTOYHOM aTTecTAluu
[IpencraBieHsl B NpUIOKEHNH 2.

8 YueOHO-MeTOANYECKOE M HHPOPMALIMOHHOE 00ecTieYeHre TUCIHIJIHHBI (MOIYJIsT)
a) OcHoBHas IMTEpaTypa:

1. TIlpoekTupoBaHME W  TEXHOJOTHS  HJIEKTPOHHOM  KOMIIOHEHTHON  0a3bl:
MOJYIIPOBOHUKOBBIE NMPHUEMHUKH H3IydeHHi : yyeOHoe mocobue / C. A. Jlerotun, A. A.
Kpacuos, I. C. EnpamkoB [m ap.]. — Mocksa : MUCHUC, 2018. — 188 c¢. — ISBN

978-5-906953-50-6. — Tekcr : anekTpoHHbIH // JIaHb : 2IeKTpOHHO-OMOINOTEHas cUcTeMa. —
URL.: https://e.lanbook.com/book/115280 (nara obpamenus: 09.10.2020). — Pexxum gocryma:
JUIS aBTOPH3. MOJIb30BATENCH.

2. PabunoBuu, O. M. OCHOBBI TEXHOJIOTUHU D3JIEKTPOHHON KOMIIOHEHTHOM 0a3bl
yuebHo-MeToauueckoe nocodue / O. U. PabunoBuu. — Mocksa : MUCUC, 2015. — 59 c. —
Texcr: onextponnsid / Jlaue : dneKTpoHHO-OMOMMoTeyHass cucrema. —  URL:
https://e.lanbook.com/book/116686 (mata obpamienusi: 09.10.2020). — Pexxum gocrtyma: yis
aBTOpU3. MOJIb30BATEIICH.

0) lonotHuTeE/ILHAS JIUTEpPaTypa:


https://e.lanbook.com/book/115280
https://e.lanbook.com/book/116686

1. OOecrnieueHre HaNEKHOCTH CIIOXKHBIX TEXHHYECKMX cucTeM : y4deOHuk / A. H.
Hopoxos, B. A. Kepuoxunkuii, A. H. Muponos, O. JI. lllecronaioBa. — 3-¢ u31., cTep. —
Cankr-IlerepOypr : Jlamp, 2017. — 352 c¢. — ISBN 978-5-8114-1108-5. — TekcT :
AJICKTPOHHBIN // Jlanb : 3JICKTPOHHO-OMOIMOTEYHAS cucrema. — URL:
https://e.lanbook.com/book/93594 (mata obOparmienus: 09.10.2020). — Pexum moctyma: s
aBTOPU3. MOJIb30BATENCH.

2. Konenos, JI. A. TexHomnoruss ¥ KOHCTPYKLHS MHKPOCXEM, MHUKPOIIPOIIECCOPOB U

MHUKpOCcOOpok : yueOHoe mocooue / JI. A. Konenos. — 3-e uza., crep. — Cankr-IlerepOypr :
Jlanp, 2009. — 400 c. — ISBN 978-5-8114-0766-8. — Texkct : snexkrponnsiii // Jlaup :
9JIeKTpoHHO-OMOMnoTeunas cucrema. — URL:  https://e.lanbook.com/book/192  (nmara

obparmienusi: 09.10.2020). — Pexum goctyna: AJist aBTOPU3. MOJIb30BATENCH.

B) MeToauyeckue ykasaHus:

1. boapos, E.D. OCHOBBI TEXHOJIOTUU AJIEKTPOHHONH KOMIIOHEHTHO 0a3bl: yueb. mocodue
| E.3. boapos. — Maruutoropck: W3a-so Maraurtoropck. roc. Tex. yu-ta um. .. Hocoga,
2016. - 179 c.

2. Acraxos, B. I1. OCHOBBI TEXHOJIOTUH AJIEKTPOHHONH KOMIIOHEHTHOH 0a3bl : MPaKTHKYM
: yue6HOe mocobue / B. I1. Acraxos, C. A. Jlerotun, K. A. Ky3smuna. — Mocksa : MUCHUC,
2016. — 53 c¢. — ISBN 978-5-87623-964-8. — Tekcr: oanekrpoHHsli // JlaHb
3JIeKTpoHHO-OMOMnoreynas cucrema. — URL:  https://e.lanbook.com/book/93644 (nata
oopamienusi: 09.10.2020). — Pexum goctyna: AJis aBTOPU3. MOJIb30BATENCH.

r) [Iporpammuoe o6ecneuenue u UnTepuer-pecypceni:

IIporpamMmmHoe oGecnieueHue

Haumenosanue 110 Ne norosopa Cpoxk neiicTBHS TUIEH3UH

Windows 7 J-1227 ot 8.10.2018 11.10.2021
J1-757-17 ot 27.06.2017 27.07.2018

7 Zip CB00OOHO pacrpocTpaHsIeMoe 06eccpodHo

FAR Manager cB0OOHO pactpoctpansemoe [10 0eccpouHo

MS Office 2007 |\, 135 11 17.09.2007 GeccpoTHO

Professional

IIpodeccuonanbHbIe 6a3bl JAHHBIX H HH(POPMAIHOHHBIE CIPABOYHbIE CHCTEMbI
HasBanue xypca Cchlnka
Harmnonanbuast nH(popmannoHHo-aHanuTuaeckas|URL:
cucreMa — Poccmiickuii mHneKc HaydHoro rmruposanus|https://elibrary.ru/project risc.asp

[Touckoras cucrema Axanemus Google (Google Scholar) JURL: https://scholar.google.ru/

Nudopmanmonnas cucrema - EnquHoe okHO gocTyna K

WH()OPMAIMOHHBIM pecypcam

®denepanbHOE roCyAapCTBEHHOE 010/ DKETHOE

yupexaenue «DeaepanbHbI HHCTUTYT MPOMBIILICHHOMN
9 MaTepHaJbHO-TEXHHYECKOE 00ecTedeHne TUCIUTLITHHBI (MOILYJIs1)

URL: http://window.edu.ru/

URL: http://www1.fips.ru/

MaTepI/Ia.HBHO-TeXHI/I‘-IeCKOG obecrneucHUe JUCIUIIIIMHBI BKJIIFOYACT:


https://e.lanbook.com/book/93594
https://e.lanbook.com/book/192
https://e.lanbook.com/book/93644
https://elibrary.ru/project_risc.asp
https://scholar.google.ru/
http://window.edu.ru/
http://www1.fips.ru/

JIeKIIMOHHAS ay[UTOpUsS: MYJIBTHUMEIUNUHBIC CPEICTBA XpaHEHUWs, Tepeaadyu |
npeCcTaBICHNs HHPOPMALIUH.

JIaGoparopusi (U3NYECKUX OCHOB DIICKTPOHHKH: aBTOMATU3MPOBAHHOE padodyee MECTO
JUIE pOCTa YTJIEPOJHBIX HAHOTPYOOK, TOIYYEHHUS HAHOPAa3MEPHOTO IMOPUCTOTO AIFOMUHHUSL.
ABTOMaTH3UPOBAaHHAS CUCTEMA Pa3pabOTKU U TECTUPOBAHUS ICKTPOHHBIX M3ICTUH.

AyIUTOpPHH ISl TPYIIIOBBIX U MHIUBUAYAJIbHBIX KOHCYJIBTAIMHA, TEKYIIETO KOHTPOJIS U
MPOMEKYTOUHOUW aTTECTAIMK: AyAUTOpPUH Kadeaphl AIEKTPOHUKU M MUKPODJIEKTPOHUKH (ay/l.
457,458,459,460).

KommnbroTepHblil Kiace: nmepcoHaibHbie KoMIbIOTepsI ¢ makerom MS Office, Beixomom B
WHTepHeT W ¢ JIOCTYyIIOM B DIEKTPOHHYI HH()OPMAIMOHHO-00Pa30BaTEIBHYIO  CPEILy
YHHBEPCUTETA.

Aynuatopuu sl CaMOCTOSTEIHHONW pa0OThl: KOMITBIOTEPHBIC KJIACCHI, YUTAIBHBIC 3aJIbI
OHMOIMOTEKH: MEPCOHAIbHBIE KOMIbIOTEpHI ¢ makerom MS Office, Beixogom B MHTepHET 1 ¢
JIOCTYIIOM B DJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTEIbHYIO CPEly YHHBEPCHUTETA.

[ToMemienne Ui XpaHeHHS W NPO(HIAKTHYECKOrOo OOCIY)XKHMBaHUS — Y4eOHOTO
obopynoBanusi: Crerunaxu, ceidbl uisi XpaHeHHus: ydeOHOro 000opyaoBaHus. MIHCTpYMEHTBI JIst

peMoHTa 000pyI0BaHUA.



IMpuioxenue 1
Y4eOHO-MeTONMYECKOE 00ecTieYeHHe CAMOCTONATEIbHOI padoThI 00y4aroIUXCH

Ilepeuens mem 0151 NOO20MOBKU K CEMUHAPCKUM 3AHAMUAM.

Tema 1. TexHonoruss NPOU3BOIACTBA M3AEIMH MUKPOIEKTPOHUKH. OCHOBHBIE MOHATUS U
OTIpEACIICHYS.

1. Pa3BuTHE TEXHOIOTUU MPOU3BOJCTBA U3IETUH ANEKTPOHHON TEXHUKH.

2. Kimaccudukanus n3nennit MUKPO3JISKTPOHUKH.

Tema 2. KOHCTpYKIMU 371EMEHTOB IOJIyTIPOBOIHUKOBBIX MUKPOCXEM ¥ MUKPOIIPOLIECCOPOB.

1. KoHCTpYyKIIMK Ha OCHOBE OMITOJISIPHBIX TPAH3UCTOPOB.

2. KoHCTpyKIIMK Ha OCHOBE MOJIEBBIX TPAH3UCTOPOB.

Tema 3. Hcxomsble Marepuansl U monyQaOpuKaThl ISl MPOM3BOACTBA IIOJIYNPOBOIHUKOBBIX
MHTETPAIbHBIX MUKPOCXEM.

1. MOHOKpHCTAIUINYECKUI KpEMHUIA.

2. DnuTakcuagbHbIE CTPYKTYPBL.

Tema 4. TexuHomorusi NPOU3BOACTBA IOJYNPOBOJHUKOBBIX MHKPOCXEM Ha OHIOJSIPHBIX
TpaH3UCTOPAX.

1. U3roroBieHHe MHKPOCXEM Ha OMIONSPHBIX TPAaH3UCTOpaX C H30JALUCH 3JIEMEHTOB p-7
MepPEeXoJaMH.

2. WUsrotoBieHWe MHKpPOCXEM Ha OWMONSPHBIX TPAaH3UCTOpaX C TOJNHOM JUIICKTPHUUECKON
U30JISIUEN DIIEMEHTOB.

Tema 5. TexHONOTUs MPOU3BOACTBA MOIYIIPOBOJHUKOBBIX MUKpocxeM Ha M/III-Tpan3ucropax.

1. Wsroromnenme wmukpocxem Ha MJII-TpaH3ucTopax ¢ HCIOJB30BAHUEM AJUTFOMHUHUEBBIX
3aTBOPOB.

2. Wsroronenne mukpocxeM Ha M/II-TpaH3ucTopax ¢ HCHOJIB30BAHUEM IOJHUKPEMHHEBBIX
3aTBOPOB.

Tema 6. MeTobI BBIMTOTHEHHUS TEXHOJIOTHIECKUX OTICPaIIUi.

1. Omneparuu pa3aeneHus IUIACTHH Ha KPUCTAJUTBI U TTOJIOKEK Ha TUTATHI.

2. Onepauunu nutorpaduu.

3. Onepanuu GOpMUPOBAHUS p-# TIEPEXOJIOB B TIOTYIPOBOJTHUKAX.

4. Onepanyy COeMHEHNS MaTepHAIIOB.

[lepedyeHb MPUMEPHBIX TEM JTOKIAI0B:

1. HanoumnpuHTHas jqutorpadus.

2. OcobeHHOCTH POTOIMTOrpaUH B 00JIACTH IKCTPEMATBHOTOYIIETpaHOIIeTA.

3. OCoOEHHOCTH TPaH3UCTOPOB, BBHIMOTHEHHBIX MO TEXHOJOTHH «CIaboierupoOBaHHBIHN
3arBop» (LightlyDopedDrain(LDD)).

4. FINFET—rexHomorus.

5. DnuTakcuaabHOE HapalllMBAHKUE MOJTYIPOBOJIHUKOB.

6. MESFET-TexHoorus.

7. TexHonoruueckue npoodIeMbl, KOTOPBIE HY>KHO MPEOI0JIeTh HAHOIJIEKTPOHUKE.

8. BICMOS-texHomorus.

9. 3 dexTrl, BHI3BaHHBIE YMEHBIIIEHUEM Pa3MepPOB OUTIONIIPHBIX U TIOJIEBBIX TPAH3UCTOPOB.

10. Crioco6s1 hopmMupoBaHUS TOHKUX TUICHOK Ha KPEMHHUEBOH TOJIJIOKKE.

11. ITpouecc nonyyeHus MOITYNPOBOIHUKOBOM IJIACTUHBI U3 KPEMHHUSI U apCEHUA TaJUIHs.

12. IIpoGaembl, BOZHHKAIOIMNUE TTPH MPUMEHEHHH TPOIlecca MOHHOW MMIUIAHTAIUA U UX
YCTpaHEHHE.

13. doTope3ucThl, IpUMEHsEMBbIE B Ipoliecce JIUTOTpaduu.

14. OcoGeHHOCTH MTPOU3BOJICTBA MACOK JUISI TUTOTpadUH.

15. TexHOMOTHS TPOU3BOJICTBA OMTOICKTPOHHBIX YCTPOMCTB.

15. Texnonmoruss MEMS.

16. Ilomy4yeHre MOHOKPUCTAINIMYECKOTO KPEMHHS METOJIOM O€CTUTEIbHON 30HHOU TITaBKH.

17. DnexTpoHHO-TTy4YeBasi TUTOrpagusi.

18. Crioco6sI ipenoTBpanieHus «3ddekrta 3amenkuanus» B KMOII-rexHnonoruu.

19. TexHonorust NpoM3BOACTBA MUKPOCXEM MAMSTH.

20. Pa3nuuus B TEXHOJIOTMHU IIPOU3BOICTBA MUKPOCXEM MTAMATH U JIOTHKHU.



IMpuioxenue 2

OueHouHbIe CpeCTBA IJIS1 MPOBeIeHUsI MPOMEKYTOUYHO aTTecTaluu

a) Ilnanupyemblie pe3yabTaThl

NPOMEKYTOYHOM aTTecTallum:

Oﬁy‘leHHﬂ H OULECHOYHBbIC CpeACTBa /A IPOBEACHUA

Kon
WHIUKaTOpa

Nupukarop noctrxkeHus
KOMIIETEHITUNH

O1eHOYHEIE Cpe€acTBa

[1K-1 Cnioco6en pa3zpabaTbIBaTh CTPYKTYpHBIE U (DYHKIIMOHABHBIE CXEMBI 3JICKTPOHHBIX CUCTEM U
KOMILJIEKCOB, IPUHIMITHAIBHBIX CXEM YCTPOUCTB € UCIOJIb30BAHUEM CPEJICTB KOMIIbIOTEPHOIO

POCKTHUPOBAHUS, IPOBEICHUEM MPOCKTHBIX PACYETOB U TEXHUKO-IKOHOMHUYECKUM 000CHOBAHNUEM
IPUHUMAEMBIX peIeHHUH

IK-1.1

Pa3pabatpiBaeT SCKU3HBIN
MIPOEKT, BKIFOUAOLIHIA:
BBIOOp CTPYKTYPHOI
CXEMBbI 3JIEKTPOHHOT'O
YCTPOMCTBA NI CUCTEMBI
IIyTeM COIOCTaBJIECHHUS
pa3IMYHBIX BAPUAHTOB U
UX OLEHKH C TOUKU
3pEHHS TEXHHUECKUX U
HKOHOMHYECKUX
TpeOOBaHUH;
paccuMThIBAaET BCE
HE00X0IMMBbIE
MOKa3aTe CTPYKTYPHOM
CXEMBI 2JICKTPOHHOTO
YCTPOMCTBA WIH
CHCTEMBI, B TOM YHCJIE
MoKa3aTeu KayecTBa,;
BBIOMpAET u
00OCHOBBIBAET CXEMBI
BCIIOMOTATENbHBIX
YCTPOMCTB

Ilepeuensb TeOpeTHYECKHX BOMPOCOB K 3a4eTy:

1. DnextpoBakyyMmHble mpubopsl. Kraccudukanus.

Chepa mnpumenenus. OCHOBHBIE TPOU3BOJUTEIH.
TexXHOJIOTHS U3TOTOBJICHHSI.

2. OmnrosnextponHsle npubopsl. Knaccuduxarusi.
Chepa mnpumenenus. OCHOBHBIE TMPOU3BOJUTEIH.

TexHOomoTHs U3TOTOBICHHUS.
3. DnexTpoakyctuueckue npubdopsl. Knaccudukanms.

Chepa mnpumenenus. OCHOBHBIE TPOU3BOJUTEIH.
TexXHOJIOTHS U3TOTOBJICHHSI.
4. CoBpeMeHHOE TPOU3BOJACTBO  HMHTETPATHHBIX

MuKpocxeM. Kitaccudukanus nHTErpanbHbIX CXEM.

5. OcHOBHBIE TEXHOJOTHYECKHE Olepaluu Ipu
IIPOU3BOJICTBE UHTETPAIBHBIX MUKPOCXEM.

6. [Ipomnecc nurorpadumu.

7. Ipouecc nuddy3un npumeceii B MOIYIPOBOIHUK.
8. IIponecc HOHHOWM MMILIAHTALINN.

9. Tlpomuecc TpaBieHus.

10. ITocnenoBareabHOCTH TEXHOJIOTHYECKHUX
oreparuii, HeOOXOIUMBIX JJIsl TIOJTYYEHUS] CTPYKTYpPbI
OUIIOJIIPHOTO TPAH3UCTOPA.

11. ITocaenoBaTeIbHOCTE TEXHOJIOTNYECKUX
orepanui, He0OXOAUMBIX JUIS MOTYYEHUSI CTPYKTYPHI
MI0JIEBOTO TPAH3HUCTOPA.

12. 3rotoBieHue MUKPOCXEM Ha OUIOISPHBIX
TPAH3UCTOPAx C U3O0JSALUEN JIEMEHTOB p-n
IIepEeX01aMHu.

13. M3roroBieHre MUKPOCXEM Ha OUIIOJISPHBIX
TPAH3UCTOPAxX C IOJHOMN TUIIEKTPUIECKON N30IISILIUEN
3JIEMEHTOB.

14. Usrotosnenune mukpocxem Ha M/III-Tpan3ucropax
C MCIOJIb30BaHUEM aJUTFOMUHHEBBIX 3aTBOPOB.

15. Usrorosnenune mukpocxem Ha M/III-Tpan3ucropax
C MCIIOJIb30BaHUEM ITOJIMKPEMHHUEBBIX 3aTBOPOB.

16. Mcxoanple MaTepualibl ¥ OTy(haObprKaTh 71
IIPOU3BOJICTBA MOJIYITPOBOJHUKOBBIX HHTETPAIBHBIX
MHKpPOCXeM. MOHOKPUCTAIUIMYECKUN KPEMHHUM.

17. UcxonHple MaTepraibl U IOTy(haOpUKATHI IS
IIPOU3BO/ICTBA MOJYIIPOBOJHUKOBBIX MHTETPAJIbHBIX
MHUKPOCXEM. JINUTAKCUAIBHBIE CTPYKTYPBI.




Kon
WHJIUKATOpa

Nuaukarop nocTrxeHus
KOMIICTCHIINN

OneHouyHble CpeaCcTBa

18. KoHCTpyKIIMH 3JIEMEHTOB MOJYIPOBOIHUKOBBIX
MHUKPOCXEM M MUKPOIIPOIIECCOPOB Ha OCHOBE
OUIMOJISIPHBIX TPAH3UCTOPOB.

19. KoHCTpYyKIMH 3JIEMEHTOB MOJIYIIPOBOJHUKOBBIX
MHUKPOCXEM M MUKPOMPOIIECCOPOB HA OCHOBE MOJIEBBIX
TPaH3UCTOPOB.

18. Pa3zpaboTka 3CKU3HOTO MTPOEKTA JICKTPOHHOTO
YCTPOMCTBA.

[1K-1.2

[IpousBogut
TEXHUKO-I)KOHOMHYECKOE
000CHOBaHUE MIPUHATOTO
pEIICeHHUS C pacyeTaMH
ce0eCTOMMOCTH
YCTPONCTBA M CTOUMOCTH
€ro DKCIUTyaTaIl|H;
CPaBHMBAET C aHAJIOTaMHU
10
TEXHUKO-IKOHOMHYECKHM
XapaKTePUCTHKAM

CryaeHT u3ydaer npouenypy
TEXHHKO-3KOHOMHYECKOTO 00OOCHOBAHHUS MPOCKTA 110
pa3paboTKe AICKTPOHHOTO MMOJIYIPOBOIHUKOBOTO
YCTPOWCTBA U MPUMEHSIET IMOJTyYCHHBIC 3HAHUS MTPU
BBITIOJTHEHUH PACUYETHO-TPAPUICCKUX PadoT.

IIpumepHble NpakTHYECKHE 32JaHUS [IJISl 3a4eTa:

1. PaccuuraTh CONpOTHUBICHHUE MOJIYIPOBOHUKOBOIO
pesucropa. /JlaHa 1uIacTMHa KpeMHHs pP-THOA C

KOHLIEHTpauuel akuentopHoit npumecu N, = 2*10%°
cM®. JloGaBmsiem B 0GmacTh Oyayiero pesucropa
npumMech N-tuna ¢ N, = 1*10"® cm. Pasmepsr L = 2
MKM, W = 0,25 mxm, t = 0,12 MKM.

]

—>
w

2. Bo ckoJIpKO pa3 yBeIHUUTCS MIUPHHA P-N-TIepexoa,
CO3JaHHOTO HAa KPEMHUEBOM IIOJUIOKKE P-TUIA C

KOoHIeHTpauuedl npumecn N, = 2%10" oM™ npm

BE/ICHUH JIOHOPHOH IpuMecH B KoHIeHTpamu N, =
1 -

1*10" oM®, ecim MPWIOKUTh K HEMy oOpaTHOE

HanpsbkeHue BenuuuHoil 0,8 B (mo cpaBHeHHio ¢

p-N-mepexosoM K  KOTOPOMY HE  TPHIIOKEHO
HaIpsHKEHUE).

3. HaiiTu 3HaueHWEe COMPOTUBIEHUS MPHUBEICHHBIX
JIBYX PEe3UCTOpPOB, BBITTOJTHCHHBIX METOJIOM
nerupoBanus, ecni W = 10 MKM, a MOBEpXHOCTHOE
conpoTuBiieHre pasHo 1 kOm/O.




Kon
HHIAKATOpa

Nuaukarop nocTrxeHus
KOMIICTCHIINN

OneHouHBbIE CpesicTBA
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4. HailtTu BenuuuMHy 3amaceHHOro 3apsijia U

KOJIMYEeCTBO 3JIEKTpoHOB Ha MOII-koHaeHcaTOpe C
womanso 4 MKM? I JIBYX CIIy4aeB: a) €cClH
WCTIONBb3YEMBIM AUAIEKTPUK — JHOKCHJ KPEMHUs
tommuHoM 10 EHM, 0) Ta;Os TommuHOW 5 HM.
[IpunoskeHHOE HaMpsKEHUE 7151 000UX CITy4aeB pPaBHO
5B.

5. Kakoit pamumyc uHTErpanpHOM cHHMpanibHON
WHIYKTUBHOCTU HeoOxoaum i monydenus L = 10
Hl'H, ecnu yncno BUTKOB paBHo 207

6. Kakoe mMakcuManbHOE HampsHKEHHE 3aTBOP-HCTOK
MokeT Bblaepkate MOII-Tpan3ucTop ¢ TONIMHON
MIOA3aTBOPHOIO OKCHJIA S5 HM, €CIIH HalpshKeHUe
npo6osi AHOKCUAa KpeMHHs coctaBisier 8 MB/cm u
HaIpsDKEHUE MTOAJIOKKH PAaBHO HYJIIO.

7. Kakoe KOJIN4ECTBO [IEPEYUCIICHHBIX
TE€XHOJOTHYECKUX IPOLIECCOB OBLJIO HCIOIb30BAHO
IIPU CO3/IaHUM JJAHHOTO TPAH3UCTOPA (J10 BBHIIOIHEHUS
METaJUTH3AIIIN )

SiO,

P noanoxka

n
3NUTaKCUaNbHbIM CNoi
P 6asa

ESMHTESD n" konnexktop

n* cKpbITbI cnoit
HaHeCCHI/Ie/Oca)KI[eHHe IJICHKW MaTcpurajia
OnuTaKkCHAIILHOE BbIpallluBaHUEC CJI0A KPEMHUA

pas.

pas.




Kon
WHJIUKATOpa

Nuaukarop nocTrxeHus
KOMIICTCHIINN

OneHouyHble CpeaCcTBa

Okucnenue pas.
dotonurorpadus pas.
TpaBnenue pas.
JlerupoBanue pas.

8. [IpuBenuTe MOCIEIOBATEIIEHOCTh TEXHOIOTHIECKHIX
maroB (C  pUCYHKOM JUIsl  KaXJOro Iiara),
UCIOJIB3YEMBIX  NpPU  CO3/JaHUU  CIEIYIOLIEro
YCTPOMCTBA.

[vokcua, MonuKpucTanIMyeckuit
KpemHus p-glass HuTpMA kpemhna KpeMHwit Al

—/ . —
/}_/ —_— o \—Q\l"

n* p-KapmaH n-KapmaH

9. HaiiTu AmTenbHOCTH Mpolecca MOTYYeHUS ICHKU
SiO, TommuHON tex = 0,4 MKM Ha KpPEMHHEBOM
macTuHe tuna 111 mpu okuciaeHMM BO BIIAXHOM U
cyxoM (O/IHa YeTBEpPTh OOIIETO0 BPEMEHHU) KHUCIOPOJIe
npu temneparype 7= 1100 °C, nonarasi, 4To IIEHKa
pacTeT 1o napaboJIu4ecKoMy 3aKOHY

tox2 = Bt u HayanbHAs TOJIIMHA OKCHUIHON IUICHKA Ha
iactuHe tox = 0. Hackonbko u3mMeHuTcs oduiee BpeMs
OKHCJIEHUS, €ClIi TemnepaTypy nosicuTh Ha 100 °C?

10. OcymectBnsiercst nuddysus 6opa (B) B kpeMHUM B
teyeHue | gaca npu temneparype 1000 °C, npu sTom
KOHIICHTPALlHs Ha TIOBEPXHOCTH paBHA 10" em 2. Jinst
Cllydasi «IIOCTOSIHHOTO HcTO4HHUKa» Haith Qr(t) u
rpaauenT KoHrenTparuu dC/dX y moBepxuoctH (x = 0)
U B TOM MecTe, I/Ie KOHIEHTpalus JIOCTUTHET
Bemmumnbl 10™° om >, Koadpdunment auddy3un 6opa
npu Temneparype 1000 °C cocrasmser 2-10 - cm?/cex.

11. Onpenenuth BpeMsi BO3JACHCTBUS MydyKa MOHOB C
mioTHocTeio Toka 0,1 MA/em? s IIOJIy4YEHHUs
nerupoBaHHoro cios tommuHoi d = 100 HM co
CpedHel KOHLIEHTpauuen 102 om®. Kparnocts

HWOHM3alUM paBHa 1.

12. MoxHO 11 00padaThIBaTh IJIACTHHBI JTHAMETPOM
200 mm 1 300 MM B YCTaHOBKE /1711 HAHECEHHUS CII0s
MaTepuasa BaKyyMHbIM TEPMUYECKUM HaIbUICHUEM,
€CJIM PACCTOSIHUE OT IOBEPXHOCTHOI'O NCTOYHUKA
(pacriaBa) 710 MJIACTUHBI COCTABISAET | M M HY)KHO

MIOJIYYNUTh OJJHOPOIHOCTH TOJIIIHUHBI [IJIEHKU Ha YPOBHE
0,5%7?




0) Ilopsmoxk TmpoBeeHHMsI MPOMEKYTOUHON aTTecTalUM, TOKAa3aTeld M KPUTEPUHU
OlIeHUBAHMA:

[TpomexyTouHas aTTecTanys no gucuuiuinie «OCHOBBI TEXHOJIOTHHU AJIEKTPOHHOW KOMIIOHEHTHON
0a3pD» BKITIOYAET TEOPETUYECKHE BOMPOCHI, TIO3BOJISIONIAE OIIEHUTh YPOBEHb YCBOSHHS O0YJarOIINMUCS
3HAHWW, W TIPAKTUYECKHWE 3aJaHWS, BBISBIIONINE OLEHUTh CTENeHb C(OPMHUPOBAHHOCTH YMEHWH W
BJIaJICHUH, MPOBOIUTCA B (GOpMe 3auera C OLEHKOW. 3aueT Mo JaHHOW AMCUUIIMHE MPOBOAUTCS B
MMICEMEHHOH (hopMme.

IToka3areiu M KPUTEPHHU OLIECHMBAHMS 324€Ta C OLEHKOIi:

— Ha OLEHKY «OTau4HO» (5 OajuioB) — 0OydyaromMiCs AEMOHCTPUPYET BBICOKHI YPOBEHb
c(OpMHUPOBAHHOCTH KOMIIETEHIM, BCECTOPOHHEE, CHCTEMAaTH4ecKoe M TIyO0OKoe 3HaHHWE Y4eOHOTo
MaTepurana, CBOOOIHO BBITIONHIET MPAKTHYECKHE 3aJaHrs, CBOOOIHO ONMEpUPYeT 3HAHUSIMH, YMEHUSIMH,
NPUMEHSET X B CUTYalHsIX MOBBIILICHHOH CI0KHOCTH.

— Ha OIEHKY «xopomo» (4 Oamia) — oOydaloOlmIUiACS AEMOHCTPUPYET CPEOHHH YPOBEHb
c(hOpMHUPOBAaHHOCTH KOMIETCHIIMH: OCHOBHBIE 3HAHHWSA, YMEHHS OCBOCHBI, HO JIOIYCKAIOTCS
HE3HAYHUTEIHHBIE OIMTUOKHN, HETOYHOCTH, 3aTPYAHEHUS TP aHATUTHIECKUX OTIepaIHsX, IepeHoCce 3HAHNH
u YMGHI/Iﬁ Ha HOBBIC, HCCTAHAAPTHBIC CUTYyalluU.

— Ha OICHKY «YA0BJETBOPHUTENBHO» (3 Oamna) — oOydaromuiics JEeMOHCTPUPYET MOPOTOBBIN
YpOBEeHb C(HOPMHUPOBAHHOCTH KOMIIETECHITNI: B X0JIe KOHTPOJIBHBIX MEPONPHUATHI AOMYCKAIOTCS OIIHOKH,
MMPOABJIACTCA OTCYTCTBUEC OTACJIBHBIX 3HaHHI>'I, YMCHHﬁ, HaBBIKOB, O6y‘laIOHlHI7[Cﬂ HUCIIBITHIBACT
SHAYUTCIIbHBIC 3aTPYAHCHHA IIPU ONCPUPOBAHUHK 3HAHUAMU U YMCHUSAMU IIPpHU UX NEPEHOCEC Ha HOBLIC
CUTYaIUH.

— Ha OLICHKY «HeYI0BJIETBOPUTEIbHO» (2 Oaiuia) — oOydaromuics: JeMOHCTPUPYET 3HAHHS HE
bonee 20% TEOpEeTUUECKOrO MaTepualia, JOIMYCKaeT CYIICCTBCHHBIC OIIMOKH, HE MOXET IOKa3aTh
WHTEIUICKTYaIbHbIE HABBIKM PEIICHHS MPOCTHIX 3a/1a4.

— Ha OILIEHKY «HEYI0BJIeTBOpPUTEJbHO» (1 0amr) — obydaromuiicss He MOXKET TOKa3aTh 3HAHUS Ha
YPOBHE BOCIIPOU3BECACHUSA U 00BSICHEHHS I/IH(bOpMaHI/II/I, HE MOXCET IIOKa3aTh MHTCIIJICKTYAJIbHBIC HAaBbIKN
peleHus IPOCThIX 3a1a4.



