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1. HCJII/I H 3a1a4Y1 OCBOCHHUSA JUCHUIIJINHBI

Lesab u3yyeHHus: AMCHUILUIMHBI — TIOATOTOBKA OaKanaBpoB B OOJIACTH M3JEIUN MHTETPATbHON
ANEKTPOHUKH, 3HAHUE KOTOPHIX HEOOXOIUMO MPH KOHCTPYUPOBAHUH, MPOU3BOACTBE U AKCIUTyaTallHH
MUKPO3JIEKTPOHHOM armnaparypsl.

3agayu AUCHMILINHBI:

- 03HaKOMJICHHE CTYJICHTOB C MPEICTaBICHUSIMH 00 YPOBHE COBPEMEHHOM MUKPOAJIEKTPOHUKH, €€ Me-
TOJIaX, CPEACTBAX, NpobIeMax U NepCeKTHBAX;

- O3HAKOMJICHHUE CTY/IEHTOB C OCHOBHBIMHU MPUHIUIIAMHU pa0OThl AKTUBHBIX U MACCUBHBIX

3JIEMEHTOB UHTETPAIbHBIX CXEM;

- U3y4eHHe OOIIMX MPUHIUIIOB pabOThl HU(GPOBBIX U AHAIOTOBBIX HHTETPAIbHBIX CXEM;

- IPUMEHATH METO/BI PACUETa 1APAMETPOB U XapPAKTEPUCTUK, MOJIETIUPOBAHUS U IPOEKTUPO-
BaHUs MPUOOPOB U YCTPOICTB MUKPOIIEKTPOHHUKH.

N3ydyeHne qUCHMILIMHBI HAIIPaBJIEHO HA MMOATOTOBKY CIEIHMAINCTOB, CIOCOOHBIX pemarh Mpo-
0JieMbl, BOSHUKAIOIIHE MPHU SKCIUTyaTalluy U3ICTIHI 3JIEKTPOHHOM TEXHUKHU C YYeTOM 00J1acTH, TUIIOB
¥ 337124 TPO(heCCHOHAILHON JEATEIBHOCTH B COOTBETCTBHHU C MPO(EeCCHOHANBHBIMU CTaHJapTaMH:

— 06.005 «CrneunanucT Mo 3KCIUTyaTallud PaAHOAIEKTPOHHBIX CPEICTB (MHKEHEP-2JIEKTPOHUK )Y,
YTBEPKJICHHBIA IpUKa30M MUHHCTEpCTBA TpyJda M COUMaNbHOM 3amuThl Poccuiickoin ®ene-
pauu ot 31 urons 2019 rona N 540H (3apeructpupoBan B Muntocte PO 28 asrycra 2019 ro-
na, peructpandoHubii N 55756).

— 40.058 «MHxkeHep - TEXHOJIOT MO NMPOU3BOJICTBY U3JIEINA MUKPOIIEKTPOHUKNY, YTBEPKIACHHBIN
npukazoM MuHuUCTEpCTBa TpyJa U coluaibHOM 3auThl Poccuiickoit ®enepanuu ot 03.07.2019
r. Ne 480H (3apeructpupoan Muntoctom Poccun 29.07.2019 r. Ne 55439).

2. Mecto gucuumiunsl B ctpykrype OIIOII BO

JucuumumHa « MUKpPOIJIEKTPOHUKay BKIIIOYEHA BapHaTUBHYIO YacTh 010ka b1.B.03 yuebnoro
IUIaHa MOATOTOBKHU OakanaBpoB o HampasieHnto BO 11.03.04 DnekTpoHuKa M HAHOIJIEKTPOHUKA 110
npoduto" CoBpeMeHHbIE UHPOPMAIIMOHHBIE TEXHOJIOTHH B JIEKTpOHHOM TexHuke ". [IpenonaBanue
JUCLUIUIMHBI 0a3upyeTcsl Ha 3HaHUSX, MOTYYEHHBIX ITPH U3YUYEeHUH JUCLUIUIMH (MOayeil):
"Matemaruka", "®u3uka (obmas)", "Xumus".

OcBoeHnne yuyeOHON TUCHMITIMHBI (MOIYJIS]) MUKPOAJIEKTPOHHKA, HEOOXOIUMO ISl TIOCIEIYIO0-
IIEr0 U3Yy4YeHUs: TUCIMIUIMH «HTerpaabHble yCTPOHCTBA 3JIEKTPOHHBIX CPENICTBY, «DIeMeHTHas 0aza
POC», BhinonHEHNS BBITYCKHON KBaTM(PUKAMOHHON pabOThl U MPUOOPETEHUs 3HAHUM, YMEHUM U Ha-
BBIKOB, KOTOpbIE MO3BOJAT 00y4aromeMycs 4aCTHYHO MPOAEMOHCTPUPOBATH ClEeAyrolue 0000MeH-
Hble TpyaoBble QyHKINHN (OTD):

— DKCIUIyaTalus paanodeKTPoHHoI annapatypsl (mpodeccuonanbublit crangapt 06.005
«CrenuanucT 1o KCIUTyaTallui paJrodJIEKTPOHHBIX CPENCTB (MHKEHEP-3JIEKTPOHUK)», Koa B,
YpOBEHb KBaNU(UKALINH -5);

— Pa3pa0oTka eIMHMYHBIX TEXHOJTOTHYECKHX MPOLECCOB M PEKOMEHAAIUI 110 YCTPAHEeHUIO U
NpeaynpexIeHuIo Opaka B NPOU3BOACTBE 17631 (S 1117 MHMKPO3JICKTPOHUKHI
(mpodeccuonanpubiii ctangapt 40.058 «mxeHep - TEXHOJOT 1O MPOW3BOJICTBY HW3ICTUN
MHUKPORJIEKTPOHUKI», KO B, ypoBeHb kBanmudukanuu -6).

3. TpeOoBaHus K pe3yJibTaTaM OCBOEHHSI IHCHUILTHHBI

[Ipouiecc u3yueHus: AUCUUIIIMHBI HaMpaBieH Ha (JOPMUPOBAHHUE AJIEMEHTOB CIEAYIOIIUX KOM-
nereHuuid B coorBerctBUU ¢ PI'OC BO u OITOII BO no nanHomMy HanpaBlieHUIO OJTOTOBKHU:
npogeccnonanbubix komnerenuuii (IIK):

v Crioco0eH MpoBOANTH TEXHHYECKOe 00CTy)KHBAHHE PAaAN03JIeKTpouHoii annapatypsl (ITK-1)
(mpodeccuonanpubrii cranaapt 06.005 CrienmanucT 1Mo SKCIUTyaTalluy paaruodJIeKTPOHHBIX CPEACTB
(VH)XE€HEp —INEeKTpOHMK), TpyaoBasi ¢yHkuus B/01.5 - Texnudeckoe o0cayKUBaHHE
Paano03JIeKTPOHHOM anmaparypbl).



KO[{ N HAUMCHOBAHMEC HHINKATOPA JOCTUKCHUA KOMIIETCHIUHA

v/ TIK-1.1. AHaauM3upyeT METOIbI TEXHHYECKOTO 00ECIIEUEHH s SKCILTyaTallui PagiodIeKTPOHHOM

anmnaparyphl.

v' TIK-1.2. IIpeaaraer cnocoObl MOHTaXa PaJd0dIeKTPOHHOMN aIlapaTyphl.
v' TIK-1.3. Ucnionb3yeT cpeacTBa H3MEPEHUS ISl KOHTPOJISI TEXHUYECKOTO COCTOSIHUSI PaIO3JIeK-

TPOHHOU aImaparypsl.

B PE3YIBTATE OCBOCHUA JUCHUIINIMHBI CTYACHT JOJIZKCH:

3HATh:

KJIaccu(pUKaluo, HOMEHKIIATYPY, OCHOBHBIE SKCILTyaTallMOHHbIE XapaKTEPUCTUKU U 00JacTh
IIPAaKTUYECKOr0 IPUMEHEHHSI COBPEMEHHBIX M3EINI HHTETPAIIbHON JIEKTPOHUKH;

0a30BbI€ IPUHLIUIIBI KOHCTPYUPOBAHUS U3/1€TIUI MUKPO3JIEKTPOHUKH;

HEPCHEKTUBBI M TEHAECHIUH Pa3BUTHSI JIEMEHTHOM 0a3bl MUKPO- M HAHOZJIEKTPOHUKH;
0a30BbI€ IPOLECCHI U TEXHOJIOTUU U3TOTOBJICHUS HHTETPAIbHBIX CXEM;

OCHOBBI MOJICTUPOBAHMS HJIEMEHTHOM 0a3bl MUKPOAJIEKTPOHUKH.

YMeTh:

JenaTh 00OCHOBAHHBIM BHIOOP M3CIHSI MHTETPAITBHOM 3JICKTPOHHUKH JIJIsl KOHKPETHOTO MPUMeE-
HEHUSI ¢ Y4ETOM CBOMCTB, DKCIUTYyaTAIl[MOHHBIX XapaKTEPUCTUK W BIMSHHS HA WX BHEITHHX
(hakTOpoB;

CaMOCTOSITENIFHO OCYILECTBIIATH TIOUCK, XpaHEHHe, 00pabOTKy M aHaiIu3 MH(OpMaIuu u3 pas-
JIMYHBIX UCTOYHUKOB M 0a3 IaHHBIX 110 XaPAKTEPUCTUKAM U TEXHOJIOTUSIM U3TOTOBIICHUS HM3]IC-
JUH MHTETPATLHOM 3JICKTPOHUKH , PEJICTABIIATE €€ B TpeOyemMoM (popmare ¢ HCIoIb30BaHHEM
MH(OPMAILIMOHHBIX, KOMIBIOTEPHBIX U CETEBBIX TEXHOIOTHIA.

Baagern:

uHpopManuei 0 COBpeMEHHBIX TEHACHIUS Pa3BUTUS MUKPO3JIEKTPOHUKH;

nH(popMalyen o MyTSIX NOBBIIIEHHS CTENIEHU UHTErPaliy U 00 UCIOIb30BaHUH HOBBIX (U3HU-
YECKUX IIPUHIUIIOB B MUKPOJJIEKTPOHUKE;

IIEPBUYHBIMU HaBBIKAMHU ITPOEKTUPOBAHUS U COCTABJICHUS TEXHOJIOTUYECKUX MApIIPYTOB U3-
TOTOBIICHUS U3/EIINA MUKPOIJIEKTPOHUKY;

— HaBbIKaMHU SKCIICPUMCHTAJIbHOI'O ONPEACTICHUSA OCHOBHEBIX ITApaMETPOB MAaTCPHUAJIOB SJICKTPOH -

HOW TEXHUKHU.

4. Conep:kanue ¥ CTPYKTYpa IMCHUNIHHBI
4.1. ConepxxaHue pa3iesioB IUCHUNLTHHBI

B Ta6J'II/ILIe 1 MMPUBOJUTCA ONIMCAHUC COACPKAHUA NUCHUIUINHBI, CTPYKTYPUPOBAHHOC 110 pa3-

Jienam, ¢ yKa3aHHueM 110 KaXI0MY pa3zeny (opMbl TEKYIIEro KOHTPOJIS: 3aIiuTa JabopaTopHOi pado-
oI (JIP), komnokBuym (K), Tectuposanue (T).



Tabmuma 1. Cooeporcanue pazoenos oucyuniuisi

HaunmenoBanue
pasaena

Copep:xanue pasaeja

Kon
KOHTPOJIHU-
pyemoii
KOMIIEeTeH-
nuu (1Jam ee
4acTH)

®opma
TeKyIle-
ro KOH-
TpoJIs

BBenenue
B IUCLIUIUIUHY

Ilenp u 3agaun U3ydeHUs] TUCLUUIUIMHBI, €€ B3aUMO-
CBSA3b C APYTMMHU JUCLUUIUVIMHAMHU, U3y4aeMbIMHU B BY-
3e. Poib MUKPO2JIEKTPOHUKHU B TEXHHUKE, B TOM YHUCIIE
IIPOMBILUICHHOW  3JIEKTPOHUKE,  BBIYMCIUTEIBLHON
TEXHUKE W paauo-dIeKTpoHHKe. TepmuHomorus Hu
KJaccu(uKanus U3enuil B MUKpOdJIeKTpoHHKe. [le-
peEXoA OT OTUCKPETHOM TEXHOJIOTMHM K MHTETPAJIbHOM.
OcHOBHbBIE HaIPaBJIEHUS MUKPORJIEKTPOHHON TEXHO-
noruu. dusnueckue OrpaHUYEHUs HA YMEHBLICHHE
pa3-MepOB DJIEMEHTOB HWHTEIPAIBHBIX MHUKPOCXEM.
MunuManbHbple paboune HamNpsKeHUs, OIpeernse-
MBbI€ TEIUIOBBIMHU (hiyKTyanusmMu. MUHHMaIbHBIE TO-
K (1poOOoBBIi (PdeKT). DaeKTpudecKas MPOYHOCTh
TOHKHUX CJIOEB U IUIEHOK. DJEKTPOMUIpALlUs B TOKO-
Beqylux IMHax. lIpenensHas moTHOCTH pazMenie-
HUSl TPaH3UCTOPOB B HHTETPAIbHBIX MUKPOCXEMaX.
TexHonoruueckue OrpaHUYEHHs] Ha YMEHBUICHHE
pa3MepoB ATEMEHTOB UHTETPAIbHBIX MUKPOCXEM.

I1K-1,

T, K,
JIP

WHurerpanbusie
MHUKPOCXEMBI.
OO0u1ue cBefeHuUS.

IIpunuun wHTerpanuu. lloHATHA: MHTErpanbHas
mukpocxema (MMC), snement u komnonent MMC.
Knaccupukanms MMC 1o  KOHCTPYKTHBHO-
TEXHOJIOTUYECKOMY U (PYHKUIHMOHAJIbHOMY NpHU3HA-
kaM. [TomynpoBoiHUKOBBIE U THOPHIHBIE, TUPPOBBIE
u a”anorosele UMC. OcHoBHble napamerpsl UMC.

IIK-1,

T, K,
JIP

JIEMEHTEI
MOJTYTIPOBOTHU-
koBeIX UMC.

OcHoBBI TUIaHAapHOW TeXHOJOrHU. CyIIHOCTH TpyII-
noBoro meroja. [Iporeccel anuTakcun, hopMupoBa-
HUS TUDJIEKTPUYECKUX TMOKPBITHH, JUTOrpaduu, mo-
Jy4€HHE JIETMPOBAHHBIX CJIOEB. MeTonbl M30I1Un
AJIEMEHTOB, CIOCOOBI MX KOMMYTALUU. OJIEMEHTHI
ounomsipubix UMC. OcoGeHHOCTH CTPYKTYpPBI U TO-
IIOJIOTUM TPAH3UCTOPOB B HMHTETPAIBHOM MCIIOJIHE-
HUHW: SIUTAKCUAIBHO-IIJIAHAPHBIA M W30IUIaHAPHBIN.
MHOrOSMHUTTEpPHBIM U MHOT'OKOJUIEKTOPHBIA TPaH3U-
CTOpHI. JIMOgHOE BKIOYEHUE TPAH3UCTOPHBIX CTPYK-
Typ. Pesuctopsl u koHneHcaropsl ounonsipabix UMC.
CoennHATENBHBIE METaJUIMYECKUE 3JIEMEHTHI,
muddy3uonnsle muHbL. Onementsl MJIT MMC.
Ocob6ennoctu uHTerpaibHbIx MJIIT TpaH3uCTOPOB.
TpaH3uCTOPBIC  CAMOCOBMEIIEHHBIMU  3aTBOPaMH.
M/II xonaeHCAaTOpBl U PE3UCTUBHBIC DIIEMEHTHI.
Onementst M/IIT CBUC: npunuun macumrabuposa-
HUS, KOMILJIEMEHTApHBIE CTPYKTYpPBI, BEPTUKAJIbHBIE
M/II TpaH3ucTOpBI, CTPYKTYPHI "KPEMHHI HA JU-

[IK-1,

T, K,
JIP

6




anektpuke". Dnementsl UMC Ha OCHOBe apceHHIa
rayisi. CpaBHUTEIbHAS XapaKTEPUCTUKA KPEMHUS U
apceHua rajiusl Kak MaTepuanoB MUKPOIJIEKTPOHU-
KH. Pa3HOBUHOCTH MHTErpajbHBIX TPAH3UCTOPOB HA
apcenune ramwiusa. OcoOEHHOCTH DSJIEMEHTOB CO
CTPYKTYpOH METaJUI-NIOIYIPOBOJAHUK U TeTepoIriepe-
X0JIOM. DjeMeHTHas 0a3a 1 0COOEHHOCTH CTPYKTYpPBI
mudpossix BUC u CBUC.

DJ1eMeHTHI THO-

OCHOBBI IUIEHOYHOU TEXHOJOTHU. MEeTOoIbl U3rOTOB-
puaasix UMC.

JICHUS IUICHOYHBIX dIeMeHTOB. Ilnenounsie pesucro-| HK-1, T, K,
pbl, KOHICHCATOPHI, WHAYKTHBHBIC 31eMeHThl. Cta- JIP
Ounm3anys U MoAroHKa mapameTpoB 3neMeHToB. Oc-
HOBHBIC THITBI HABECHBIX KOMIIOHEHTOB, TEXHUKa HX
MoHTaxa. OcobenHoctu tubpumanHsix BUC. Koncr-
PYKIIUSI MHOTOCJIOMHBIX KOMMYTAIIMOHHBIX TLIAT.

IMEMEHTH QYHK- 3ajauu ¥ OPUHLHUIBI (PYHKIHOHAIBHON MMKpPOAJIEK-

UHOHAIBHOM -\ by s ppnr. Dusmueckas materpanus. OcHoBubre Ha-| 1IK-1, T.K,
MHUKPO- o
po npaBieHUs (DPYHKIUMOHAIBHOM MHKPO3JIEKTPOHUKH. JIP
3JIEKTPOHUKHU

DNEMEHTBI ONTOJIEKTPOHUKH.

XapakTepucTuka U OCOOCHHOCTH ONTUYECKOW CBS3H.
Pa3HOBUAHOCTH ONTPOHOB, UX CTPYKTypa U OCHOB-
Hble cBoicTBa. OmntosnexkrponHele MUMC u uHTe-
rpajbHas ONTHKA. DJIEMEHThl MAarHUTOONTHKU. Mar-
HUTHBIE 9(PPEeKThl B TOHKUX MATrHUTHBIX TIJICHKAX.
[MunmuHapryecKre MarHUTHBIE TOMEHBI. Y IPaBIICHHE
newxenueM LIM/I. TIpuHOuMIbsl mocTpoeHust 3anomMu-
HAIOIUX M JOTHYECKHUX 3JieMeHTOB Ha [[MJI. Dne-
MEHTBl KpHO3JIEKTpoHUKH. [IpakThueckas 3Hauyu-
MOCTb SIBJICHHSI CBEPXIPOBOAMMOCTH. TyHHEIIbHBIE
sddextsr Jxo3edcoHa: MPUHIMIM IEHCTBUS, OCHOB-
HbIE CBOMCTBa, MpuMeHeHne. OCHOBBI aKyCTOIJIEKPO-
Hukd. [Ibe3oanextpudeckuit 3gpdexr. O0beM-Hble U
MMOBEPXHOCTHBIE AaKyCTUYECKHE BOJHBI. IIbe30ope3o-
HaTOpbl. YCTPOWCTBA HA MOBEPXHOCTHBIX AKYCTHUYE-
CKUX BOJIHaxX: MPUHUMII JICWCTBUSI, OCHOBHBIE CBOM-
CTBa, IPUMEHEHHUE.

HanexxaocTh n3-
JETIMA MUKPO-
AIIEKTPOHUKHU

OCHOBHBIE TTOJIOKEHUS U TIOHATHS TEOPUHU HAJEHKHO-
cTH. IHTEeHCUBHOCTh OTKa30B, BEPOSTHOCTH O€30T- HK-1, TK,
ka3Hou padotsl. [Tokazarenn Hanexunoctu. [locre- JIP
MIEHHBIC U KaTaCTPOPUIECKHE OTKA3bI. IPUYUHBI OT-
Ka30B MOJIYIPOBOAHUKOBBIX Tpudopos u UMC. Ha-
nexHocTh 35eMeHToB UMC B nienom. Mcnibitanust Ha
HAaJIe)KHOCTh. [IyTH MOBBIIIEHNS KayecTBa U HAJEXK-
Hoctu UMC.

4.2. CTpyKTYypa AUCUMILIUHBI

Tabmuma 2. Obwas mpyooemxkocmos oucyuniunsvl cocmasinsiem4 zauemuwix eounuy (144 uacos)



TpynoémkocTb, 4achl
Bun pa6otsl
2
Bcero
cemMecTp
OO6masi Tpy10eMKoCTh (B 4acax) 144 144
KonrakTHasi padora (B yacax): 51 51
Jlexmmm (JI) 34 34
Jlaboparopusie pabots (JIP) 17 17
CamocrosiTesbHas padora (B 4acax), B TOM 66 66
yHcile 1 KOHTAKTHAsA:
CamMocTosATeIbHOE U3YUYEHUE Pa3/IesioB
IloaroroBKa M MPOX0KIEHNE NPOMEKYTOY- 27 27
HOH aTTecTAllHHU
Buja npomexyTo4HO# aTTecTAlMH JK3aMeH
4.3. JleKIIHOHHBbIE 3AHATHS
Tabnuua 3. Ilepeuenv 1eKYuoOHHbIX 3aHAMUL
Ne Koz
KOHTPOJIU-
o Tema pyeMoi KomIie-
I TECHIMH (WU €€
4acTu)
1 2
1 (BBoanast). TepmuHoorus u Kiaccuukanus u3aeanii B MUKpodsiekTpoHuke. | TIK-1
Ponb MUKPORJIEKTPOHUKH B TEXHUKE.
o [K-1
2 | Ilpunuun uaterpanuu. OCHOBBI IJIAHAPHOU TEXHOJIOTHH.
3 OnemenTsl ounonsspabix UMC. Oco6eHHOCTH CTPYKTYphI U Tonojoruu Tpan- | [1K-1
3UCTOPOB B MHTErPAIbHOM HCIIOJIHEHUH
4 | Onementet MIT UMC. Ocobennoctu unterpanbubix M/IIT Tpan3uctopos. IIK-1
5 | DnemenTHas 6a3a u ocobeHHoCTH CTPYKTYphI IudpoBeix BUC u CBUC. IIK-1
6 | OCHOBBI IIJICHOYHOM TEXHOJIOTHH. TIK-1
7 ®uznyeckas uHTerpanus. OCHOBHbIE HapaBiIeHUs PyHKIMOHANbHON Mukpo- | TIK-1
DIIEKTPOHUKHU.
N OCHOBHBIE TIOJIO)KEHUS U TIOHATHS TEOPUU HaneKHOCTH. [IyTn noeimenns ka- | [1K-1
yecTBa U HagexHoctu UMC.
4.4. Ilpaktuueckue (CeMuHapcKue) 3aHATHS
[TpakTuueckue 3ansatus (CeMUHAPCKUE 3aHATHS) HE IPETYCMOTPEHBI IPOTPaMMOi
4.5. JlaGopaTopHblie padoThI
Ta6muma 4. Ilepeuenv nabopamopuwix pabom
No HaumenoBanme nmabopatopHbix paboT Kon
/T
KOHTPOJIN-
pyemoii
KOMIIeTEeH-
uum (Wi ee




4acTH)
1 | UccnenoBanue CTaTUUECKUX MTapaMETPOB UHTErPATIbHBIX MUKPOCXEM ITK-1
2 | UccnenoBaHue napamMeTpoB JIOTHYECKUX UHTEIPAIbHBIX CXEM [K-1
3 | HUccnenoBanue BIUMSAHUS BUIA HATPY3KW HA MapamMeTpbl HHTErPaIbHBIX ITK-1
MHUKPOCXEM
4 | Uzyuenue pabotsl D-Tpurrepa ITK-1
5 | UccnenoBanue TuHAMUYECKUX U CTATUYECKUX [1apaMETPOB [K-1
4.6. CamocTtosiTe/IbHOE H3y4YeHHEe Pa3/1es 0B AU CUUIIIMHBI

Tabmuna 5. CamocmosmenvHoe uzyuenue pazoenos OUCyuniuHbl

Kon
KOHTPOJIH-
Ne B pyemMoii

OIIPOCHI, BBIHOCHMBIE Ha CAMOCTOATEIbHOE N3YYECHHE
n/n KOMIIETEH-
UM (MJIU ee
YACTH)
@Pu3nyecKue OrpaHMYCHHsI HA YMEHBILIEHNE Pa3-MEpOB 3JIEMEHTOB HHTE- [IK-1
IpaJIbHBIX MUKpOCcXeM. MUHHUMaNbHbIE paboune HanpsHKeHUs, OllpeelisieMble
TEIUIOBBIMHU (QITYKTYalusiMi. MUHUMAaIIbHBIE TOKU (IpoOoBEIi A dexT). [1pe-

! J€JIbHAs IUIOTHOCTD Pa3MEIEHUs TPAH3UCTOPOB B HHTErPAIbHBIX MUKPOCXE-
Max. TeXHOIOrn4ecKkne OrpaHNyeHUsl Ha yMEHBUIEHUE PAa3MEPOB 3JIEMEHTOB
UHTETrPaJIbHBIX MUKPOCXEM.

2 DnexTpuueckas MIPOYHOCTh TOHKHUX CJIOEB U IUIEHOK. DiieKkTpomurpanus B To- | [1K-1
KOBEIYIIUX HIMHAX.

3 Hanexnocts anementoB UMC B nenom. McnbiTanus Ha HagexHOCTb. [1yTn TIK-1
MOBBIIIEHUS KadyecTBa U HanexHoctu MMC.

4 Tynuenbuble 3QpexTsl JxKo3edcona: mpuHLUI AeicTBUSI, OCHOBHbIE cBOMCT- | [TK-1
Ba, IPUMEHEHHUE.

5 IIpe30pe3oHaTOpel. Y CTpoKCcTBa HA MOBEPXHOCTHBIX aKYCTUYECKUX BOJIHAX: [IK-1
MIPUHLIMII JEHCTBHS, OCHOBHBIE CBOMCTBA, IPUMEHEHUE.

4.7. KypcoBas pa6ora

KypcoBast paboTa He peycCMOTpEeHa ITPOrPaMMOH.

S. OneHo4YHbIe MaTepHAJIbI JJIsl TEKYLIero H py0e:KHOro KOHTPOJIS yCIIeBaeMOCTH
U NIPOMEKYTOYHOM aTTeCTALUMN

OreHOUHBIE MaTepHalIbl IS TEKYIIEro, pyOeKHOro KOHTPOJIS YCIIEBAEMOCTH M MPOMEKYTOU-
HOMW aTTecTaluy CTYACHTOB MO JUCIHILIMHE OMPEEISIOTCS yUeOHBIM TIIAaHOM 00pa3oBaTeIbHOI Mpo-
rpaMMbl U JEHCTBYIOIIMM MOJIO)KEHHEM O OallIbHO-PEHTHHIOBOM CHCTEME aTTeCTallMH CTYIEHTOB
oOyyaromuxcst Mo mporpaMMam Bbiciiero obOpaszoBanus KaGapauHo-bankapckoro yHuBepcuTeTa
(ITpukas Ne 159/0 ot 31 aBrycra 2017r.). Ilpu arrectanuu oOydaronuxcsi OLIEHUBAETCS KaueCcTBO pa-
00THl Ha 3aHATHAX (YMEHHE BECTU JAUCKYCCHIO, CIIOCOOHOCTh YETKO (OPMYJIMPOBATH CBOM MBICIH),
YpOBEHb MOJTOTOBKU K CaMOCTOSITEIbHON AESTeNbHOCTH, KaYECTBO BBINOJHEHUS 3aJjaHuil (KypcoBoOit
paboThl, 1aOOPaTOPHBIX PAOOT U 11p.). Tekymii 1 pyOeKHbII KOHTPOJIb YCIIEBAEMOCTH CTYJEHTOB I10
JTUCIUIUINHE TPOBOAUTHCA 1O TPEM KOHTPOJIbHBIM ToukaM. B konime 1/3 cemectpa 1-s1 KOHTposibHAs
TOYKa, BTOpasi KOHTPOJIbHAS TOYKA- KOHEIl 2/3 ceMecTpa, a TPeThsl KOHTPOJIbHAS TOUYKA ITOCIIEAHNE JIBE



Henenu cemectpa. Pacnipenenenue 60anioB B paMkax 0amibHO-PEUTHHIOBOM CUCTEMBI aTTECTALlUU

CTYACHTOB NPUBCACHO HUXKC!

Tabmuma 6. Pacnpedenenue 6annioe mexkywezo u pyoeicHo2o KOHmpoJis

Ne Oo6umas 1-51 TOuKAa 2-11 TOUKA 3 Touka
cymma
1. | Texymmii KOHTPOJIb
MOCeIIeHNe 3aHITHI 10 6ai- 3 3 4
JIOB Oaia Oaia Oata
BBIIIOJIHEHME 1 3aIKTa J1a0ho- 21 7 7 7
pPaTOpHBIX paboT Oan 0asu10B 0asioB 0aymioB
2. | PyOe:xHblii KOHTPOJIb
TECTUPOBAHUE 15 6an- 5 5 5
JIOB OajuIoB OaiIoB OajuIoB
KOJUIOKBUYM 24 8 8 8
Oaia 0aJIoB 0aoB 0aIoB
Hroro 70 23 23 24
0aJL10B 0aju1a oaju1a 0as1a

5.1. KosnoxkBuym

B cemectpe npoBosTcs 3 KOJIJIOKBUYMA, KaX/IbIil U3 KOTOPBIX OLIEHUBaeTCs B Ipenenax ot 0 1o
8 6ayioB. Takum 00pa3oM, MaKCUMaJIbHOE KOJIMUYECTBO OAJIJIOB, KOTOPbIE MOXKET MOJYYUTh CTY- JAECHT

IIPU YCJIOBUU YCIIEIIHOM C/1ayyl TpeX KOJUIOKBUYMOB PaBHO 24.

Ha xomnokBuymax KOHTpOJHpYyeTcss (GOPMHUPOBAHHE SIEMEHTOB MPO(ECCHOHATBLHONW KOMIIe-
teHuuu [1K-1, I1K-3. Huxe npuBeneH npuMepHbIi epedyeHb BOIPOCOB U 3aJaHUM, BBIHOCUMBIX Ha

KOJUIOKBUYMBI:

1-xonnoxeuym (Pazoen 1,2):

1. Posiib MUKPO3JIEKTPOHUKH B TEXHUKE, B TOM YK CJIE MPOMBIIIJIEHHON 3JIEKTPOHUKE, BBIUUCIUTEIHHON

TEXHUKE U PAAUOIJICKTPOHUKE.

IIpuHIMIT MHTErpaLKH.

Ocnosnble napamerpsl UMC.

S0 NO U AW

11. ba3oBsle MpoLECChl MUKPOIJIEKTPOHUKH:
12.  ba3oBble IpOLECCHl MUKPOIIEKTPOHUKH:
13.  ba3oBsle NpOLECCHl MUKPOIIEKTPOHUKH:
14.  ba3oBble IpOLECCHl MUKPOIIEKTPOHUKHU:
15. ba3oBsle po1ecChl MUKPOIJIEKTPOHUKH:
16.  ba3oBble IpOLECCHI MUKPOIIEKTPOHUKHU:
TPUYECKUX MOKPBITUH.

17. ba3oBble MPOLECCH MUKPOIJIEKTPOHUKH:
18.  ba3oBble MpOLECCHI MUKPOIJIEKTPOHUKH:
IJIEHOK.

TepMI/IHOHOFI/IH )51 KJ'IaCCI/I(bI/IKaLII/ISI WU3JIeTuN B MHKPO3JICKTPOHUKE.
OcCHOBHEBIC HaITpaBJICHUA pa3BUTUA MHKpOBHGKTpOHHOﬁ TCXHOJIOTHH.
TexHomoru4yeckrue OrpaHU4YCHUA Ha YMCHBIICHUC Pa3MEPOB DJICMCHTOB UHTCT PAJIbHBIX MUKPOCXCM.

[TonsTus: unrerpansHas mukpocxema (MMC), sanemenT u komnonent UMC.
Knaccudukanus UMC no KOHCTPYKTUBHO-TEXHOJIIOTUYECKOMY M (PYHKIIMOHATBHOMY ITPU3HAKAM.

[TonynpoBoiHUKOBBIE U THOpUIHBIE, IU(POBBIE U aHanorossie UIMC.

0. OcHOBHI HHaHapHOﬁ TCXHOJIOTHH. Cy]J_[HOCTB rpynmnoBoro Meroja.

ATUTAKCHSI.

OKHCIICHHE.

auTorpadus.

TepMuueckas 1uddy3us npumecen.

WOHHAsT UIMIUTAHTAIHS.

nporiecchl GOPMUPOBAHHS MACKUPYIOIINUX U JHIJIEK-

JIYYEBBIC U INIa3MCHHBIC ITPOLECCHI.
TEPMHUYICCKOC U MArHETPOHHOC HAHECCHUEC TOHKUX

19. TexHomorust N3roToBiIeHNUs nomioxexk UMC.

2-konnoxeuym (Paszoen 3,4):
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1. Metroast uzonsauuu 3nemeHtToB UMC.

2. Metonsl 1 criocoObl KommyTaruu 3nemeHToB UMC.

3. DnemenTtsl ounossipapix UMC.

4. OCcoOEHHOCTH CTPYKTYPHI U TOIIOJIOTUU TPAH3UCTOPOB B MHTETPAIIBHOM HCIIOJIHEHUH: SITUTAKCHU -
aJbHO-TJIAHAPHBIN U W30ILJIAHAPHBIMN.

5. MHOro3MHUTTEpHBIN 1 MHOTOKOJJIEKTOPHBII TPAH3UCTOPHI.

6. JlnoaHoe BKIIIOUEHHUE TPAH3UCTOPHBIX CTPYKTYP.

7. Pesuctopsl 1 KoHAeHcaTopbl Ounoasipasix UMC.

8. CoenuHUTENbHBIE METATMUECKHUE AJIEMEHTHI, JU((Y3UOHHBIE IIUHBI.

9. Bnementsl M/II1 UMC. Ocobennoctu uaTerpanbusix M/ Tpan3uctopos.

10.  TpaH3UCTOPBI C CAMOCOBMEILICHHBIMU 3aTBOPaMHU.

11.  MJII koHaeHCaTOPbl U PE3UCTUBHBIE SJIEMEHTHI.

12.  Daementst MJIIT CBUC: npuHiun MacmtabMpoBaHusl, KOMIUIEMEHTAPHBIE CTPYKTYPBI
13.  CrpykTypsl "KpeMHUH Ha TUAIEKTpUKe".

14.  Dnementslt UMC Ha 0CHOBE apceHuU/ 1a rajuiusl.

15. Pa3HOBHUJIHOCTU MHTETPAIbHBIX TPAH3UCTOPOB HA apCEHUE TraJlIus.

16. DnemenTHas 6a3a u ocobeHHOCTH CTPYKTYpHI U poBbix BUC u CBUC.

17.  OCHOBBI IJICHOYHON TEXHOJOTUU. METO/Ibl U3TOTOBJICHUSI TUICHOYHBIX 3JIEMEHTOB.

18.  IIneHouHbIE pEe3UCTOPBI, KOHIEHCATOPBI, UHIYKTUBHBIE 3JIEMEHTHI.

19. Crabunm3anus ¥ MOATOHKA MapaMeTPOB TNIEHOYHBIX HIIEMEHTOB .

20. Ocobennoctu rubpuanbix BUC. KoHCTpyKINsS MHOTOCIOWHBIX KOMMYTAllMOHHBIX IUIAT.

konnokeuym (Pazoen 5,6):

3agaun ¥ MPUHLUUIB! (YHKIMOHATBHON MUKPO3JIEKTPOHUKHU. [ToHsATHE hr3nyecKkoit HHTerpaluy.
OcCHOBHBIE HaNpaBJIeHUs pa3BUTHUS PYHKIIMOHAIBHOM MUKPOJIEKTPOHUKH.

DNEeMEHTHI ONTORJIEKTPOHUKH. XapaKTEPUCTUKN U OCOOEHHOCTH ONTHYECKOH CBSI3H.
Pa3HOBHIHOCTH ONITPOHOB, UX CTPYKTYpa U OCHOBHBIE CBOMCTBA.

OnToanexktponHsie UMC u uHTerpaibHas oNnTrKa.

OeMeHThl MarHUTOONTUKU. MarHuTHble 3 PEKThl B TOHKMX MarHUTHBIX IJICHKAX.

[IpuHIMIIBI TOCTPOEHMS 3aIIOMUHAOIINX U JIOTHYECKUX 3JIeMeHTOB Ha [IM/I.

[TpyHIMIIBI TOCTPOEHUS JIOTUYECKUX IJIEMEHTOB KPHOIIEKTPOHUKHU.

TyHHenbHbIE 3QdexThl J)o03edcoHa: MPUHIMI JEHCTBHS, OCHOBHbBIE CBOWCTBA, IPUMEHEHHUE.

. OCHOBBI aKyCTOJIEKTPOHUKH. [Ibe3035ekTpuueckuii 3¢ pexT.

. OObeMHBIE U TOBEPXHOCTHBIE aKyCTHUECKHE BOJIHBI. [Ibe30pe30oHaTopsl.

. YCTpolicTBa Ha IOBEPXHOCTHBIX aKyCTUYECKUX BOJIHAX: IPUHIIMI JEHCTBHSI, OCHOBHBIE CBOWCTBA,
IIPUMEHEHUE.

13. OCHOBHBIE MOJOXKEHUS U MOHATUS TEOPUH HATECKHOCTH.

14. IHTEeHCUBHOCTBH OTKA30B, BEPOSITHOCTh 0€30TKa3HON pabOTHI.

15. Iloka3aTenu HaEKHOCTH.

16. IlocrenenHsie U KaTacTpOPUUIECKUE OTKA3HI.

17. TIpuuuHBI 0TKA30B NOJIYIPOBOIHUKOBBIX TprbopoB u MMC.

18. Hanexxnocth 3imeMeHTOB MMC B 1ienom. McnpiTaHust Ha HaJE)KHOCTD.

ITytn noBeleHUs kauecTBa U HaaexxHoctu MMC.

e S SR

—_
—_ O

—
[\Y]

Memoouueckue pexomenoayuu

[Tpu moAroToBKE K KOJUIOKBUYMY CIIEAYET, MPEXKIE BCEro, MPOCMOTPETh KOHCHEKTHI JIEKUUN U
OTMETUTh B HUX UMEIOIINECS BOIPOCHI KOJJIOKBUYMa. Eciu kakue-To BOIPOCH! BEIHECEHBI MPEMNo/iaBa-
TEJIEM Ha CaMOCTOSITEJIbHOE U3Yy4eHHE, CIeAyeT OOpaTHUThCA K Y4eOHOH JHUTepaType, peKOMEHI0BaH-
HOH IpernojaBaresaeM B KauecTBe UCTOYHUKA. [Ipy MOATrOTOBKE K KOJFIOKBUYMY TAKXKE PEKOMEHAYET-
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Csl IOCEILEHNE KOHCYIbTALUM JJIsi CBOEBPEMEHHOIO CHSTUSI BO3HUKIIMX BOMPOCOB B MPOLIECCE TOATO-
TOBKU. KOJIJTOKBUYM ITPOBOJUTHCS B BHJIE YCTHOTO OMPOCA U COOECEIOBAHUS CO CTYICHTOM.

Kpumepuu oyenusanus

CreneHb IMOATOTOBJICHHOCTH CTYACHTA HAa KOJUIOKBUYME€ OLHCHHBACTCA 110 CICAYIOIIUM KPHUTC-
pUAM: - AICHOCmMb, 4e€MKOCmbv U 00KA3AMENIbHOCMb UBJIONCEHUS OMEEMO8 HA eonpocel, - enaoenue cne-
UUAIIBHbIMU MEPMUHAMU, CUCMEMHOCNb 3HAHUL NO meme KoJUloKeuyma. Hixe MMPpUBC/ICHA IIKaJla
OLICHUBaHUA.

Tabmuua 7. Kpumepuu oyenusanus cmyoenma Ha KOJLIOKEUYME

Onenka

2 faana 4 6anna 6 6an10B 8 6an10B
«HeynoBJ1IeTBOPUTEJIBHO» | «Y10BJIETBOPHUTEIbHO» «Xopowo» «OTan4HO»

Crynenr He 3Haer | CryaeHT mnoBepxHO- | CtyaeHT xopouio 3Haer Ma- | CTyleHT B MOJ-
3HAUUTEJIBHOM YacTH | CTHO 3HAET BOIPOCHI | TE€pUAJI, TPAMOTHO M IO Cy- | HOM o0beme
BOIIPOCOB, JIOIYCKAaeT | KOJUIOKBUYMa,  JO- | IIECTBY U3JIAraeT €ro, A0Iyc- | 3HaeT MaTrepual,
CYIIECTBEHHbIE OIINO- | MyCKaeT HETOYHOCTH | Kas HEKOTOPble HETOYHOCTH B | [PAMOTHO U IO
KM B OTBETax Ha BO- | B OTBETE HAa BOIPOC | OTBETE HA BOIIPOC CYLIECTBY H3Ja-
IIPOCHI raer ero, He J0-
myckasi CyIIecT-
BEHHBIX HETOY-
HOCTEHN B OTBETE
Ha BOIIPOC.

5.2. TecTnl

TectupoBaHue 1Mo U3y4aeMbIM pa3zesiaM MpoBoAMTCS 3 pa3a B cemecTp. Ha Tectax KoHTpompy-
eTcs (GopMHpoBaHUE 3JeMeHTOB npodeccnonanbHoi komnereniuun I1K-1, TTK-3. Huxe npuBeneHs
00pa3Ilbl TECTOBBIX 3a/IaHHI:

Obpas3ybl mecmoguix 3a0aHUlL:
1. Humeepanvnoii cxemou nasvigaiom:
+: JIEKTPOHHOE YCTPOMCTBO C BBICOKOM IIOTHOCTHIO YIIAKOBKH JIEMEHTOB, CO3/JaHHBIX B €IMHOM
TEXHOJIOTUIECKOM IIUKIIE

- MOHOJIUTHOE YCTPOMCTBO JIJIsl I€YaTHOTO MOHTAXa

- YCTPOWCTBO aKyCTOAIEKTPOHUKHU

-! YCTPOMCTBO OINTO3IEKTPOHUKU
2.: Mukpoanekmponuxa - smo:

+: 00J1aCTh STEKTPOHHUKH, OXBATHIBAIOIIEE MPOOIEMBI NCCIIEAOBAHMS, KOHCTPYHUPOBAHHSI, U3T0-

toByieHUs: IC 1 MUKPORJIEKTPOHHBIX U3/EIUI Ha X OCHOBE

-2 00J1aCTh MarHeTo3JeKTPOHUKH

-: 00J1aCTh ONTUKHU

-1 00acTh GM3UKU TBEPOTO Tela
3.: Ilo memooam uzeomosnenus UC kraccuguyupyromcs na:

+: IOIYIIPOBOTHUKOBBIE, THOPHUIHBIC, TNICHOYHEIE

- IJICHOYHBIE U TUOPHUIHBIE

-: TTOJTYTIPOBO/THUKOBBIC U TNICHOYHBIE

-: THOpHJIHBIE U 3aKa3HbIE
4: Ilonynpogoonuxosvie UC nazvisaromcesi:

+: UC, Bce ay1eMEHTHI U MEXIJIEMEHTHBIE COeTMHEHHUS KOTOPOH BBIIIOJIHEHBI B 00BEME U Ha TO-

BEPXHOCTH ITOJIYTIPOBOIHAKA

-: UC ¢ nyieHOYHBIMH 3JIeMEHTaMU

-: IC ¢ HaBeCHBIMU 3JIEMEHTaMU

-: UC ¢ quanexTpuueckoil u30simuen
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5: Ilnenounou UC nazviearom UC:
+: BCE DJIIEMEHTHI U COCTMHEHUS BHIIOJTHEHBI B BUJIC TUICHKU
-1 BCE AJIEMEHTbI HABECHbIE
-1 BCE AJIEMEHTHI Ha TOBEPXHOCTU KPUCTAILIa
-: BCE DJIEMEHTHI B BHJI€ TOJICTBIX TJIEHOK
6: Tuopuonou UC nazviearom UC:
+: KOTOpasi COJIEP’KUT IJICHOYHBIE TACCUBHBIC 3JIEMEHTHI M HABECHBIC AKTUBHBIE AJIEMEHTHI Ha
€MHOM 3JIEKTPUYECKOM MOJI0KKE
-1 ¢ IUVICHOYHBIMU 3JIEMEHTaMH TONIIUHOM Ooiee 1 MKkM
-: ¢ IUICHOYHBIMU 3JIEMEHTaMH TOJIIHUHON OoJiee 3 MKM
-: ¢ IUIOTHOCTBIO YTAKOBKH 31eMeHToB 500-1000 smem/Mm?
7: IInomnocmo ynaxoexu snemenmos ¢ UC - omo:
+: KOJIMYECTBO 3JIEMEHTOB Ha €IMHUILY IJIOLIa1 KpUCTaia
-2 KOJIMYECTBO 3JIEMEHTOB Ha EMHUITY 00beMa KpUCTaia
-2 KOJIMYECTBO TPAH3UCTOPOB Ha €AUHUILY 00beMa KpHUCTaslia
-1 Kon4uecTBo AieMeHToB B UC
8: B monxonnenounot UC monwuna nienxu d:
+:d <1 MM
-:d <0,5 MKM
-2 0,1 <d<0,5 Mkm
-:d <0,1 MKkM
9: Cmenensb unmezpayuu mukpocxemwvl K onpedensiemcs ghopmynou:
+: K=InN
- K=1gN
-: K=10IgN
- K=10InN
10: UC nazvieaemcsa 6orvwonu UC (BUC), ecru:
- K<=2
+:2<=K<=3
- K>=4
- K>=2

Memoouueckue pexomenoayuu

Tecmwbt — 3TO BOIIPOCHI WIIN 3aJaHUs, IPEAYCMAaTPUBAIOIINE KOHKPETHBIN, KPATKHI, YETKUI OT-
BET Ha UMEIOIIUECS ATAIIOHBI OTBETOB. [Ipy caMOCTOSATENbHOM MOATOTOBKE K TECTUPOBAHUIO CTYJIEHTY
HEOOXO0UMO:

a) TOTOBSCh K TECTUPOBAHUIO, IPOpadOTaTh MH(OPMALIMOHHBIN MaTepuall Mo TUCHUIUINHE.
[TpoKOHCYIBTHPOBATHCS C MPETOAABATENIEM 110 BOIIPOCY BbIOOpa YUeOHOH JINTEpaTypHhI;

0) 4eTKO BBIICHUTE BCE YCJIOBMSI TECTHMPOBAHHS 3apaHee. 3HaTh, CKOJBKO TecToB Bam Oyzaer
IIPEI0KEHO, CKOJIBKO BPEMEHH OTBOAMTCS HA TECTUPOBAHME, KAKOBA CUCTEMA OLIEHKH PE3YyJIbTaTOB U
T.I.

B) MpHCTyNas K paboTe ¢ TeCTaMU, BHUMATEIbHO M JI0 KOHIIA IPOYTUTE BOIPOC U Ipejyiarae-
MbI€ BapuaHThl OTBETOB. BriOepuTe npaBuiibHbIe (UX MOKET OBITh HECKOJIbKO). Ha oTaensHOM nHcTKe
OTBETOB BBHIMUIIUTE HU(PY BOIpOca U OYKBBI, COOTBETCTBYIOLINE TPABUIBLHBIM OTBETAM;

I') B IIpoLIecCe PELIeHMs KeJlaTeIbHO MPUMEHATh HECKOJIBKO MOJIX0/I0B B PELICHUH 3aJIJaHusl. JDTO
MO3BOJISIET MAaKCUMAJIbHO THOKO ONIEpUpPOBATh METOIAMH PEIICHUS, HaX0J1s KaXIbIi pa3 ONTH- MaJIbHbIH
BapHaHT.

1) eciau Bel BeTpeTuiin upe3BbIYaifHO TpyAHBIHN 1715 Bac Bomnpoc, He TpaTbTe MHOTO BpEMEHHU Ha
Hero. [lepexoaute k 1pyrum tectaM. BepHurech kK TpyAHOMY BOIIPOCY B KOHIIE.

€) 00s3aTeNbHO OCTaBbTE BpeMs Ui NMPOBEPKH OTBETOB, YTOOBI M30€KaTh MEXaHUYECKHX
OLIMOOK.
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Kpumepuu oyenusanus

Tabmuua 8. Kpumepuu oyenusanus pe3yiomamos mecmuposanus

Onenka
HCYOOBJICTBOPUTCIIBHO YAOBJICTBOPHUTCIBHO Xopomo OTIIMYHO
0 6amnoB 3 Gamna 4 Gamna 5 6amnos
Menee 50 % npaBunbHO Bbl- | 50-70%  npaBuibHO | 71-85% npaBunb- | 86-100% npaBuiib-
MOJTHEHHBIX 3a/IaHUH. BBINIOJTHEHHBIX 33/1a- | HO BBIIIOJHEHHBIX | HO  BBIIOJIHEHHBIX
HUH. 3aJIaHUMN. 3a1aHU.

5.3. 3apanus 1Jis1 J1IaOOPATOPHBIX 3aHATHI

(Koumponupyemas komnemenyus I[1K-1, I1K-3)

JlabopaTopHbIil MPAKTUKYM SIBJISICTCS] BAYKHBIM 3JIEMEHTOM O0y4YeHUSs, T.K. IPUBUBAET HABBIKU
CaMOCTOSITENIHOW PabOThI HA Pa3TMYHOM JIA0OPaTOPHOM 000pPYOBAHNH, YMEHHUE TOJIb30BATHCS pa3-
JUYHBIMH U3MEPUTEIHHBIMU TIPUOOPAMU M HHCTPYMEHTAMHU, MPAKTUYECKOTO OCBOCHHUSI Pa3INUYHBIMU
METOJIMKaMU U3MEpPEHUs MapaMeTpOB MaTepuaioB. B paMkax TUCHUIUIMHBI CTYAE€HTHI JOJIAKHBI BbI-
MOJHUTH 8 1a00paTOPHBIX PadOT, OXBATHIBAIOIIMX MPAKTHUECKU BCE pa3ielibl TEOPETHUECKOT0 Kypca.
J5st pyKOBOZACTBA 110 JTa00OPaTOPHOMY MPAKTHKYMY CTyJIeHTaM npeanaraercs yaeonoe mocooue(.C.
["aeB Matepuansl anekTpoHHoU TexHukH. Jlaboparopusriii npaktukym/ JI.C. I"aes, P.I11. Temes- Hanb-
guk: Kab. bank. YH-T, 2016- 99c., pesxxum nocryna: http://lib.kbsu.ru/ - bubnmmorexa KBI'Y), B koTo-
POM JIaHO MOJTHOE OMHCcaHue padoT.

Ilpumep munosoii nabopamopHoti pabomuol

«Hccneoosanue napamempog nocuveckux UC cepuu K155»
[lenbro paboOTHI SIBISIETCS O3HAKOMIICHHE C PA0OTOH JIOTHYECKUX HHTETPATBHBIX CXEM B C METOIUKAMU
W3MEpEHUs CTATUYECKUX U JUHAMHUYECKUX MTapaMETPOB»

IIpumepHvie KOHmMpPoOBLHBIE BONPOCHL U 3a0AHUSA OJIst OONYCKA U COAYU padbOmbl

1.Kakne napaMeTpbl Ha3bIBarOTCSl CTATUYECKUMU?

2. Kane napamerpst UC Ha3bIBatoTCS AMHAMUYECKUMU? .

3. Kakumu xapaxrepuctukamu onpezensercs osictpoaeiictsue UC?.

4. Yrto Takoe MoporoBblil ypoBeHb cpabatbiBanus UC?

5. [lpuBeaute cxemy U3MepeHHsl TMHAMU4YecKuX napamerpos jgorudeckoir MC.6.Yto Takoe Bpems
YKU3HU HOCHUTENeH 3apsaa?

Memoouueckue pexomenoayuu

[lepen Hawamom J1abopaTOPHOrO MPAaKTHKyMa MPOBOJAUTHLCS BBOAHOE 3aHATHE. B pamkax BBOA-
HOT'O 3aHATHUSl CTYJEHThI 3HAKOMSATCS ¢ Jaboparopueid, MPOXOoIAT BBOJHBIM MHCTPYKTaX MO TEXHHUKE
6e30macHOi paboThl ¢ U3MEPUTENBLHBIM 000PYJOBAHUEM U MOKapHOI 0€30MacHOCTH, 10 HUX JI0BOJAT-
Csl LIeTU U 33Ja4yu MpaKTUKyMa, OpraHu3alis U MOPsA0K BBINMOIHEHU pabot. [Ipu HeobxonumocTu
(opMHpYIOTCS KOMAH/IbI 7SI BBIIOJIHEHUS Pa0OT MaJIbIMU TPYIIIaMU.

BrinonHenune kax 10l 1ab0paTopHoit paboThI CKIIabIBAETCS U3 CIEAYIOIIMX ITAIOB.

1. CamocTosiTeJIbHAA NMOATOTOBKA CTY/IEHTOB K padote. [lepen Hauanom paboThl CTYAEHTHI
JOJIKHBI YETKO MPENICTaBIATh cede 1esb paboThl, 3HATh CXEMY, METOJl U3MEPEHUs, (PU3UUECKYIO CYIII-
HOCTh OKUIAE€MBIX pe3yJbTaToB. J(OMKEeH OBITH MOATOTOBIEH MPOTOKON M3MEPEHUH, COJep Kalui
TaOJIMLBI JJIs 3alMCH PE3yJIbTaTOB U3MEPEHUN U OCHOBHBIE pacueTHbIe popmynbl. CTyAEHTHI, HE TIO/-
TOTOBMBIIHECS K pabOTe B COOTBETCTBHM C ITUMH TPeOOBAaHUAMM, K BBHIIIOJIHEHUIO pabOThI HE JOMYyC-
KaloTCs.

2 TIpoBeaeHue IKCNEPUMEHTA. DTOT 3TAll OCYLIECTBIISAETCS B COOTBETCTBHH C METOIUUYECKUMHU
YKa3aHUSAMH, KOTOpbIE COJAEp)KATCA B OMHCAaHMM K Kaxaol pabore. JlabopaTopHble M3MEpeHMs] Ha
CTEHJIE CTYJEHT MOXET HadaTh TOJIbKO IOCie cobece1oBaHMsl ¢ MpernoaaBaTeIeM U MOJy4yeHHUs COOT-
BETCTBYIOIIETrO Jomnycka. JIroOble n3MEHEeHUs B CXeMe NMPOBOAATCS MPH OTKIIOUEHHH CXEMBbI OT UCTOY-
HUKa HanpspKeHus. Pe3ynbTaThl u3MepeHus npoBepsoTes npenogasarenem. [Ipu padore B maboparo-
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pUH HEOOXOUMO CTPOTO BBITIONHATH BCE TIPABHIIA TEXHUKHA O€30MAaCHOCTH U yKa3aHUs MperoaaBare-
T8l
3. CocraBiieHHe 0TYETA O MPoAeJaHHOI padoTe. OTUET JOJDKEH COMEPKATh UCUCPITHIBAIOIINE
JTaHHBIE, KaK O LeH PadoThl, TAK U O Pe3y/bTaTax B CIEAYIOIIEH OCIeI0BATEIbHOCTH
— 3aJaHue;
— CX€Ma YCTaHOBKH U OIMCAHNE METOJANKU U3MEPECHMUII;
— MEpPBUYHBIE IKCIIEPUMEHTAJIbHBIE PE3YyJIbTAThI 33 NOANKUCHIO PETIOJABATENS;
— pe3yJbTaThl KOMIIBIOTEPHOU 00pabOTKU IKCIEPUMEHTAIBHBIX JaHHBIX, BKIIIOYas Ipa-
buku, TaOIUIIBL;
— 001ue BBIBOJBI 0 paboTe U 3aKII0YEHHE, O KaUeCTBE UCCIEAOBAHHBIX MaTEPHAIIOB.
TekcT oTueTa AOKEH OBITH HAMMCaH aKKYPaTHO U Pa300pPUMUBO OT PYKHU WIIM MPEACTABIEH B BU-
JIe pacrevyarky, Mocie KOMIBIOTEPHOUN BEpCTKH. B 000MX CiTydasix TEKCT JOJHKECH MPEACTABIATh OO0
JIOTHYECKOe M3JIOKEHHE cyliecTBa Bonpoca. Hegomyctumo npusenenue popmysn, Tabmauil 6e3 pazbsc-
HEHHI BceX 0003HaUEHMI 1 COKpamieHuil. OT4eT T0JKEeH OBITh MOHATEH IS KaXKI0TO YUTAIOUIETo 0e3
KaKUX-1100 TOMOJHUTEIBHBIX BOIIPOCOB K COCTABUTENSIM OTYETA.

Kpumepuu oyenueanus

O1neHnBaOTCS CIEAYIOIINE ITAIBI TA00PATOPHOUN PabOTHI:
1. BolnosHeHue 3KCepUMEHTAIbHON YacTH padOTHI.
2. O6paboTKa pe3yabTaToOB U MOArOTOBKA OTYETA O BHIIOJIHEHHOU padoTe.
3. 3ammra pe3ynbTaThl JAOOPaTOPHOU PaOOTHI.

CryaeHT BBINOJHUBIIMN U 3aIIUTUBIIMN Bce JJabopaTopHble pabOThl MO AUCLUUILUIMHE MOJIYYaeT B
KoHIle cemecTpa 21 Oaym. Kaxxnas nmaboparopHas paboTra B 3aBUCMMOCTH OT CTEIEHHU CIOXHOCTH H
Ba)XHOCTH TE€MBI OlleHuBaeTcsl uHAnBUAyanbHbIM OamioM (K). Ikana ouenuBanus 1a00paTOpHbBIX pa-
00T ycTaHaBJIMBAETCS B HaYaJie CEMECTpa U JOBOJIUTCS JI0 CBEACHUS O0YJarOIIUXCS CTYACHTOB.

Tabnuma 9. Memoouka oyenusanue blNOIHEHUS SMAN08 1AOOPAMOPHOU padbomul

Ne PeliTHHTOBBII
Buj srana

n/n 0asL1

1. JIoITyCK ¥ BBITTOJIHEHUE YKCTIEPUMEHTAIBHON 9acTH pabOThI 03K

2. [TpencraBnenue otueta mo Tpedyemoit popMme B K caaue paboThl 02K

3. 3amura paboThl 05K

[Mpumeuanue: K — konuuecTBO OaJjIOB, OTBOJUMOE B PaMKax PEHTUHTOBOW CHCTEMbI Ha JTAHHYIO
paboTy, KOTOPOE OMpeeIAeTCs MpernoiaBaTeieM B Havaie JJabopaTOpHOTo Kypca.

54. IIpomexyTouHasi aTTecTalMsA

(Koumponupyemasn komnemenyus [1K-1)

N3yuenne AUCIUIUIMHBI 3aBEPIIAETCA YCTHRIM 3a4eToM. [IpuMepHBIil nepeueHb OCHOBHBIX BO-

IIPOCOB BBIHOCUMBIX Ha DK3aMEH IIPUBEIEH HUXKE:

1. TIpeameT MUKPOIIIEKTPOHUKH, OCHOBHBIE MOHATHS U onpeAenenus. Knaccudukamus UMC.

2. OG6mas k1accupuKaIys OCHOBHBIX TUIIOB JJIOTHYECKHUX 3JIeMeHTOB. CpaBHUTEIbHASA XapaKTepH-
cTuka. Peanuzanus 6a30BbIX JIOTHUECKUX QYHKINNA C TOMOIIBIO TMOIHBIX KITFOUEH.

3. Tlonsrtue Tpan3ucropHoro kmoya. McnonszoBanue MOII-TpaH3ucTOpoB U1 CO31aHUS JIOTHYE-
ckux 3nemenToB. KMOII unseprop.

4. TlpuHUMIT AEUCTBUS JOTHUECKUX HJIEMEHTOB C JOIMKON Ha Bxoje. O01as cTpyKTypa JOrHYeCKuX
anemeHnToB TTJI, ITJI u "HXEKUMOHHOW JIOTHKH.

5. OcoGenHoctH cTpykTypbl n-p-n BII Tpan3zuctopoB UMC ¢ uzosnsiueil Ha OCHOBE n-p nepexoaa.
Brustaue o61mieit moioKku Ha paboTy OunossapHbeIX Tpanzuctopos MMC.
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11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.
22.
23.
24.
25.
26.
27.

28.
29.

30.

31.

32.
33.

34.

35.

Jusnextpudeckas n3onsus anemeHToB ounosipubix UMC. UMC ¢ koMOMHUPOBaHHOMN M30JISIIH-
enl.

HuTerpanbHble TpaH3UCTOPHI TUIIA P-n-p. OCHOBHBIE MTapaMeTPhl U 0COOCHHOCTH CTPYKTYPHI.
Mmuorosmutrtepusie Tpanuctopsl UMC. [Tpunuun nericTBus.

NMC noBblIllIeHHOW CTENEHU UHTErpaliii. MHOTOKOJUIEKTOPHBIE TPAH3UCTOPBI.

. Pabota Tpan3ucTopa B ki1toueBoM pexume. [IpoxoxaeHne npsMoyrojabHbIX UMITYJIbCOB YEPE3

KacKajl Ha OCHOBE OMIIOJIIPHOTO TpaH3MCTOpa

IIpuMeHeHne oNEeBBIX TPAH3UCTOPOB B MUKPORJIEKTpOHUKE. Bapuants! koHcTpykiuun M/III-
tpanzucropo UMC.

Hcrionb30BaHue BHIIPSAMIISIIOIIETO KOHTAKTa METAILI-TIOJIYIIPOBOAHUK JUI YBEITUUEHUS OBICTPO-
JelcTBUs OUITONAPHBIX TpaH3UucTOpoB Tpan3ucropsl ¢ quogoM HlorTku.

JlnoHbIe CTPYKTYpPBl B MUKPOUIEKTPOHUKE. CpaBHUTEIbHAS XapaKTEPUCTHKA.

Baustaue nouoxxku MMC Ha napameTpsl M XapaKTepPUCTUKU MHTETPaJIbHBIX TUOJI0B U CTaOMIIH-
TPOHOB.

KoHcTpykTHBHBIE 0COO€HHOCTH aKTUBHBIX 3JIEMEHTOB MOJYIIPOBOIHUKOBBIX MUKPOCXEM Ha OCHO-
Be 10JIeBbIX TpaH3ucTopoB. KMOII cTpyKTypsl.

CymHocTs 3¢ dextoB kopoTkoro kaHana B MII ctpykTypax. MexaHu3M BIHSHUS KOPOTKOKa-
HaJIBHBIX 3()()EKTOB Ha IOPOTOBOE HANPSKEHNE TPAH3UCTOPOB.

BAX xapakrepuctuku M/III TpaH3UCTOPOB € KOPOTKUM M AJIMHHBIM KaHaioM. CpaBHUTEIbHBIN
aHaJIu3.

OcnoBHble npo0aeMbl MunuaTiopuzanuun MIIT tpan3uctopoB. Beibopa Matepuana noa3aTBOpHO-
ro JIU3JIEKTPUKA.

KoHcTpykTUBHBIE 0COOEHHOCTH CYOMUKPOHHBIX TpaH3UuCTOpoB LDD CTpyKTYyphI M UX BIUSHHUE HA
3 PEeKTH KOPOTKOTO KaHaja.

Cospemennsie M/II1 TpaH3UCTOPBI HA OCHOBE TEXHOJIOTUH «HAIPSHKEHHOT0» KpeMHus. [IpuHnmn
neiicrBus. Kpurepuu BbiOopa marepuaina Juist GopMUPOBaHUS 00JIaCTH KaHaja TaKUX TPaH3UCTO-
pOB.

Crpykrypa coBpeMeHHbIXx M/IIT TpaH3UCTOPOB, BHIMOJHEHHBIX HA OCHOBE TEXHOJIOTUU «KPEMHUMN
Ha u3ousaTope». [lepcrnekTuBsl nanbHelero ymenbuenus pasmepos M/III tpansuctopos.
PesucrtuBHbIe aemMeHTHI TOTypoBoiHUKOBEIX UMC. Tlnenounsie u qudy3rnoHHbBIE pE3UCTOPHI.
KoHnzaeHcaTopbl 1 HHIYKTUBHBIE JIEMEHTBI B MUKPOIJIEKTPOHUKE.

[Tpubops! ¢ 3aps10BOH CBA3BIO, CPepa MPUMEHEHUS U IPUHIUI JEHCTBUS.

@u3nyecKkue OrpaHNnYeHNs] B MUKPORJIEKTpOHUKE. DnekTpomurpanns B UMC. Binusinue mexoane-
MEHTHBIX coenHeHuil Ha paboty UMC. [lonsTHe 3aepKKu UMITyJIbCa.

CpaBHuTENbHASA XapaKTEPUCTHKA IOUI0KEK HA OCHOBE KpEMHUS U apceHuaa rajums. CTpykTypa
IIOJIEBBIX TPAH3UCTOPOB € YINPABIIFOLIUM IEPEXOAOM METAJUI-ITOITYITPOBOIHHUK.

[TpyHIMI NEHCTBYS TPAH3UCTOPOB C YIPABISAIOLIUM MEPEX0JOM METAJI-NIOJYITPOBOJHUK. AHAIIN3
CTOKOBBIX U CTOK-3aTBOPHBIX XapaKTEPUCTHK.

I'eTepoCTpyKTypBl Ha OCHOBE apCEHM1A raJUIn. SIBICHUSA CBEPXUHIKEKLIMU B FETEPOIIEPEXO1aX.
[TonsiTHE IBYMEPHOIO 3JEKTPOHHOTO Ta3a. [lepcrekTuBBI NCNIOJIB30BaHUST HUTPUAA TN IS
(bopMHpOBaHUS TETEPOCTPYKTYP.

Bosmoxxnoctu OounonsipHoii Texnonoruu B CBY nuanazone. ['erepornepexonnbie OUMOspHbIE
TPaH3UCTOPBL.

Hcnonp3oBanue reTepornepexo/ia mpyu co3aanu mojiaeBbix mpuoopos. HEMT tpan3ucTop Ha ocHO-
BE€ apCeHU/Ia rajulusl.

OTnuuuTenbHble 0COOEHHOCTH CTPYKTYp niceBaoMopdubIx U MetamophHbix HEMT Tpan3ucropos.
[Tpumenenue npe303¢ppexra B paanodaeKTpoHuke. [[puHImn 1eiicTBUS OCHOBHBIX MPUOOPOB Ibe-
309J1€KTPOHHUKHU

Axycroanektpudeckuii 3¢ dext. [Ipndopsl Ha OCHOBE MOBEPXHOCTHO-aKyCTUYECKUX BOJH. AKY-
CTODJIEKTPUYECKHUE YCUITUTENH.

OneMeHTh! (YHKIMOHATBLHON 3JIEKTPOHUKH HAa OCHOBE CBEPXIPOBOASIIINX MaTepuaioB. Cramuo-
HapHBIN 1 HecTannoHapHbIH AP dexTh J[ko3edcona..
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Memoouyeckue pexomenoayuu

IToaroToBka CTyJI€HTOB K 3K3aMEHY BKJIIOYAET IPOPabOTKY JIEKIUI, B TEUCHUE ceMecTpa U He-
IIOCPEACTBEHHYIO IIOJATOTOBKY B JIHU, NPEAIIECTBYIOIINE YK3aMEHY, BKIKOYasi, HOATOTOBKY K KOJIJIOK-
BUyMaM, TECTHPOBAHUIO, BBIITOJHEHHIO Ta0OPATOPHBIX PadOT U UX 3aIUTY.

JU11 NOArOTOBKM K OTBETAM Ha 3K3aMEHAL[MOHHBIE BOIIPOCHI (OHU BBIIAIOTCS B KOHLIE CEMECT-
pa) CTYAEHT JI0JKEH UCIIOJIb30BaTh HE TOJBKO KYypC JIEKIUI, HO 1 OCHOBHYIO U JIOIIOJHUTENIBHYIO JIU-
TepaTypy AJs BbIpAOOTKM yMEHUS J1aBaTh pa3BEPHYTHIE OTBETHI HAa IOCTaBJIEHHBIE BOIIPOCHI.

B Xome moAroToBKM K 9K3aMEHY CTYACHTY HEoOXOIMMO oOpaiiath BHUMaHHE HE TOJBKO Ha
YPOBEHb 3allOMMHAHHUs, HO U Ha CTECIICHb NOHMMAHUS U3Y4aeMbIX BOIPOCOB. MeXaHN4YecKoe 3a1oMu-
HAHUE YHUCIIOBBIX 3HAYCHUMN XAPAKTEPUCTUK MATEPUAIOB HE PEKOMEHYETCs, HO CTYIEHT JIOJIKEH OT-
YETJIMBO MPEACTaBIATh cebe MOPSAA0K 3TUX BelIW4YMH. HemocpencTBeHHas MOArOTOBKA CTYIEHTA K JK-
3aMEHy JOJDKHA B Pa3yMHBIX IPONOPLUAX COYETaTh M 3allOMUHAHUE, U IIOHMMAaHHE NPOTPaMMHOIO
MaTepuaa.

Kpumepuu oyenusanus

[To uroram sK3amMeHa CTyJIEHTY, U3 MAaKCHMaJIbHOTO KOJIHYECTBa 06ayioB, KoTopoe cocraiuseT 30,

BBICTABJISETCS:

1)ot 27 no 30 GannoB, eciu BiaaeeT MPOrpaMMHBIM MaTepUaIoM MO JUCIUILIMHE B TIOJTHOM
0o0BeMe; 10CTaTOYHO TTTyOOKO OCMBICIMBAET IUCHUIUIMHY, HCUEPIIBIBAIOIIE OTBEYAET HA BCE BOIPOCHI;
yMeeT aHaIM3UPOBaTh, CPABHUBATH, KIACCU(PUIIMPOBATH, 0000111aTh, KOHKPETU3UPOBATH U CUCTEMATH-
3MpOBAThH U3yYCHHBI MaTepHall, yCTaHABIMBATh IPUIHMHHO-CIICICTBEHHBIE CBSA3H; YETKO (POPMHUPYET
OTBETHI;

2)ot 24 10 26 6ayIoB, €ciH BIaeeT MPOrPaMMHBIM MaTEPUAIOM ITOYTH B TIOJTHOM 00beMe
(uMeroTCst MPoOeIIbl TOJIBKO B HEKOTOPHIX OCOOCHHO CIIOKHBIX pa3fieliax); CaMOCTOSTEIBHO U OTYACTH
IIPY HAaBOJSIIMX BOIPOCAX J1aeT MOJHOLIEHHBIE OTBETHI Ha BOIIPOCHI; HE BCET/A BbIAEIAET Hanboiee
CYIIECTBEHHbIE, HE JIOMYCKAET BMECTE C TEM CEPbE3HbIX OLIMOOK B OTBETAX;

3)ot 15 o 23 6amioB, ecinu BialeeT OCHOBHBIM 00bEMOM ITPOrpaMMHOTO MaTepHaia Mno JUCLHU-
TUTAHE; TIPOSIBIISIET 3aTPYAHEHUSI B CAMOCTOSITEIIbHBIX OTBETAX, ONMEPUPYET HETOUHBIMU (POPMYITUPOB-
KaMU; B IIPOLIECCE OTBETOB JIOMYCKAET OLIMOKH MO CYIIECTBY BOIPOCOB.

B cnydasx, korjga oOydaromnuiicss He 0CBOMII 00s13aTEIbHBIM MUHIMYM IPOTPAMMHOI'0O MaTepHua-
Ja 1o JUCLMIUIMHE, HE CIIOCOOEH OTBETUTH Ha BONPOCHI JaXKe MPH JTOTIOJIHUTENbHBIX HAaBOIAIINX BO-
npocax, BeicTaBisiercst 0 6amioB. CTyneHT, HegoOpaBiuil 36 6aJTOB B X0/1€ TEKYIIIETO U pyOSKHOTO
KOHTPOJIS, K 9K3aMeHy He Jonyckaercs. Huxke nmpuBeeHsl KpUTEpPUU U ITOKA3aTeNIN OLEHUBAHUS MPO-
MEXYTOYHOM aTTECTALNH.

Tabnuua 10. Kpumepuu u nokasamenu oyeHu8aHus npOMedHCymoyHou ammecmayuu

[kana o TpaAUIMOHHOHN MATHOAIIIBHON CHCTEME

ba3oBblil ypoBEeHb [IponBuHyTHIA Beicokuii
HeynosnerBopu- YIIOBIIETBOPHUTENLHO /MH(. YpOBEHb YpOBEHb
TeJIBLHO 3aueT xopouio/ Aud. 3a4eT oTiau4Ho/ 1u. 3a4eT

[Ikana mo 6amIbHO-PEUTUHTOBOM cHUCTEME
36 - 60 61 — 80 | 8190 | 91 - 100

7. MeTtoau4eckrue MaTepHaJIbl, ONpele/siolue Npouelypbl OLCeHUBAHUS 3HAHU,
YMEHHUi, HABBIKOB U ONbITA AeATE1bHOCTH

Tabmuma 11. Pezynomamoi oceoenus yuebHoU OuCyuniuHwl, nooiexcaujue nposepke

Pe3yabTaThl 00yuyeHus OcHOBHBIE OKA3aTeJIN OLEHKH
(koMIIeTeHIIUM) pe3yJbTaToB 00y4YeHust

17



Cnoco0eH mNpoBOAMTHL TEXHM-
yeckoe 00CTy:KUBAHHE PaTUHO-
3JIEKTPOHHOI anmaparypbl
(ITK-1):
v' TIK-1.1. Ananusupyer me-
TOJIBI TEXHUYECKOTo obecre-
YEeHHsI SKCIUTyaTalluu Paguo-
AJIEKTPOHHOM anmaparypsl.
v' IIK-1.2. IIpennaraer cro-
coObl MOHTa)Ka PaIN03JIEK-

TPOHHOM amnmaparypsl.
v

3HaTh:

- OCHOBHBIE THUIIBI KOMIIOHEHTOB 3JIEKTPOHHBIX CPEACTB, UX
Ha3HA4Y€HHE, KOHCTPYKIIUU, OCHOBBI TEXHOJIOTMH U3TOTOBJIE-
HUS, SKCIUTyaTallMOHHbIC XapakTepucTuku(31);
—TMPUHLUIBI, METOJIBI M CPEJICTBA BHITIOJIHEHUS PaCUeTOB U
BBIYMCIIUTENBHBIX paboT(32);

YMeTh:

- MPUMEHSTH TOJyYCHHBIE 3HAHUS O CBOMCTBaX MaTepUasIOB
MIPU PEILICHUH 3a/1a4 TPOSKTUPOBAHUSI, TEXHOJIOTHH U IKC-
TJTyaTaluy U3ACIIUA U YCTPOUCTB PAIUOTEXHUYECKHUX CHUC-
teM(Y1);

Baanern:

- METOJIaMH DKCIIEPUMEHTAIILHOTO UCCIICI0BAHMS OCHOBHBIX
cBoiicTB marepuasioB(B1);

- METOJJaMH AKCIIEPUMEHTAJIbHBIX MCCIICIOBAHUN TTapaMeTPOB
Y XapaKTEPUCTHK IMACCUBHBIX KOMIIOHCHTOB 3JIEKTPOHHBIX
cpencte(B2);

Tabnuna 12. Smanwvl popmuposanus komnemenyuu u UCHOIb3YEMbLE CPEOCNEA OYEHUBAHUS

Cocras DJieMeHTbI KOMIeTeHIHH
Conepwanue 31, 32, 33, 34 Y1,V2,¥3 B1, B2, B3, B4
ITanoB
Buabi 1. Jlexuuu 1.JIaboparopubie paboTsl | 1.JJaGopaTopHbIe paOOTHI
3aHATHH 2.Koncynpranuu 2.CamocrostensHas pa- | 2. CamocrosiTenbHas pa-
3. CamocrosTenbHas pa- | 6ora 6oTa
6ota
CpencrBa 1. Iocewenue sauamuii | 1. Jonyck u evinonnenue | 1.3awuma pe3yiomamos
ouenuBanusi | (cm., paszn.5, Ta6m. 6). nabopamopHou pabomwl | 1a60pamopHou pado-
2.Konnoxeuym (cMm., paza.5, Tabn.9) mui(cM., pasn.S, Tab6mn.9)
(cMm., pa3a.5, Tabin.7) 2. Obpabomka pe3ynb- 2. Tecmuposanue(cM.,
3. Tecmuposanue mamoe u no020moeKda pa3n.5, Ta6n.8)
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(cm., pasn.5, Ta6m1.8)
4.9k3amen
(cm., pasn.5, Ta6m1.10)

omuema 0 6bINOJIHEHHOU
pabome. (cM., pas3a.s,
Ta611.9)

3. Tecmuposanue(cM.,
pasn.5, Ta6:1.8)

4. Konnokeuym(cm.,
pasn.5, Ta6:n.7)

3. Konoxksuym(cMm.,
pazn.S, Tab6n.7)

4. Dxzamen(cM., pasn.s,
Ta6:m1.10)

5. 3auem(cm., pasn.s,
Ta611.10)

YpoBeHb c(HOPMUPOBAHHOCTHU DIIEMEHTOB KOMITETCHIIMI B paMKaX U3yUYCHHsI JAHHOMN TUCIIUILIH-
HBI BKITIOYAET YETHIPE YPOBHS:
® HU3KULL YPOBEHb(0YEHKA «HEYO081emE8OPUMENbHOY) XapaKTEPU3yeTCs THO0 OTCYCTBHEM,
1100 YaCTUIHOHN c(POPMUPOBAHHOCTHIO FTIEMEHTOB KOMITCTEHIIHIA;

® 0a3086blll YPOBeHb (OYeHKA «VYO08IeMBOPUMENILHO») ABISIETCS 003aTEIBHBIM JIJIST BCEX
00yJaromuXcsl 1Mo 3aBEPIICHUN OCBOCHUS JUCIUTUINHBI, B IIEJIOM JICMEHTHI KOMITCTCHITU I

c(hOpMUPOBAHBI;

® POOBUHY MBI YPOBEHb (OYEHKA «XOPOUL0») XapaKTEPU3yeTCs IPEBBIILIEHUEM MUHUMAIIb-
HBIX XapaKTEPUCTUK CPOPMHUPOBAHHOCTH KOMIICTCHIIMH 110 3aBEPIICHUN OCBOCHHSI TUCITUTI-

JINHBI,

® 8bICOKULL YPOBEHb (OYEHKA «OMAUYHOY) XapAKTEPU3YETCs MAaKCUMAJIbHO BO3MOKHOM BBbI-
PaKEHHOCTbIO KOMITETEHIIMH U SBJISETCS] BaXKHBIM Kaue€CTBEHHBIM OPHUEHTUPOM JIJISl CaMo-
COBEPILIECHCTBOBAHMUS.

Hwxe B Tabnune 13 npuBeneHs! 00IIMe XapaKTePUCTUKU U KPUTEPUH OLICHUBAHUS YPOBHS OC-
BOEHUS 3JIEMEHTOB KOMIIETEHUUN 3aKPEIICHHBIMU 32 JUCLUIUIMHOM.

Tabnuua 13. Obwue xapakmepucmuxu nokazameinei u Kpumepues oYeHU8aAHUs.
KOMRemeHyuu no 3manam

IToxa3zaTen 3HaTh YmMmeTh Baagern
U KPUTEPUH
«OTInyHO» O6mamaer  (daxtuye- | YMeeT npuMeHsTh 10- | Biageer TexHomorus-

(BBICOKHI YPOBEHbD)

CKUMU H TeopeTHhue-
CKUMU 3HAHUIMHU B
mpenenaax U3ydaeMoid
00JacTH C TOHMMAaHU-
€M TpaHUIl TPUMEHH-
MOCTH.

Jy4eHHbIC 3HAHHS IS
pelIeHUsT TIPOU3BOICT-
BEHHBIX U HCCIIEIOBA-
TENbCKU 3a7a4 B H3Y-
yaeMoii obacTu

MU B U3y4aeMoOM Ipen-
MEeTHOW ol0mactu H
UMEET HAaBBIKU HX CO-
BCPIICHCTBOBAHMA.

«Xopomro»
(MpOABMHYTHIN
YPOBEHB)

3Haet (aKTbl, MPUH-
IIUIIBI, TPOIECCHI, 00-
IITME TOHATHS U KaTe-
TOPHUH B TIpeIesiax
n3y4aeMoit obnactu

OO0OagaeT auama3oHoOM
MPAKTUYECKHX  yMe-
HUN, TpeOyeMmbIX s
petienus npodeccuo-
HaJIbHBIX 337124

Anantupyer cBoe Io-
BEJICHUE K 00CTOs-
TCJIbBCTBAM B peH_IeHI/II/I
3a7a4 B U3y4aeMou
obmactu

«Y IOBJIETBOPUTEIILHOY
(TIOporoBblii ypOBEHBb)

OO6magaer 0a30BBEIMU
0OLIIMMU 3HAHUSAMU B
n3y4aeMoi obnactu

O0agaeT OCHOBHBIMH
yYMEHUSIMH, TpeOye-
MBIMHU JI51 BBITIOJIHEC-
HUS HECJIOXKHBIX 33/1a4
B U3y4aeMoM 00JIacTH

Crioco0€H BHITTOJIHATE
paboThI B 3y4aeMoit

o0acTu Mo KOHTPO-
JIEM .

«HeynoBneTBOpUTEIILHO»
(Hu3kuii ypoBeHb)

OTpbIBOUHBIC 3HAHMS,
ITyTaeT OCHOBHBIEC T10-
HATHUA U KaTCTOPUU B
n3y4aeMoil 00IacTH.

YMeHus He MOo3BOJISAI0T
BBITIOJTHUT HECIIOKHBIE
3a/1a4d B U3y4aeMoi
00J1acTH, COBEpIIaeT

VcnpIThIBaET TPYAHO-
CTH IIpU PELIECHUH 3a-
Jad B U3y4aeMoi 00-
JIACTH JTaXe MOJT PYKO-
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\ | o6k BOJICTBOM

8. YueOHO-MeTOAMUYECKOE 00eceueHue TUCIUIINHbI

Ocnoenasa numepamypa
1.Cremanenko U. I1. OcHoBBI MuKpo3JIeKTpoHUKH. - M. : CoBerckoe panuo, 1980. - 424c¢.(163k3, mo-
nounbiit uaaeke 6@2.13(075.3)).
2.I'yproB B.A. TBepaoTenbHas 3IeKTpOHHKA : yueO. mocodue ms By30B. — M.: Texnocdepa, 2005. —
407 c.(15 7x3., monounsiit Homep 531.91(075.3))
3. Marepuaisl 2JIGKTPOHHBIX CPEICTB [ DIEKTPOHHBINA pecypc] : yuedHoe mocodue / FO. A. I'atuun, B.
JI. Tkanuy, I1. A. Kamaes [u ap.]. — DnekTpoH. TekctoBble fanubie. — CII6. : Yuusepcurer U'TMO,
2010. — 112 ¢. — 2227-8397. — Pexum noctyna: http://www.iprbookshop.ru/67263.html
4. Epumos WN.E., Kozeips U.4., ['opOynos FO.M. Mukpoanekrponuka.- M.: Beicmast mkona. 1987.-
416 c.

Jononnumenvnasn numepamypa

1. KosenoB JI.A. TexHOJIOTUS U KOHCTPYUPOBAHHE MUKPOCXEM, MUKPOIIPOLIECCOPOB M MUKPOCOOPOK. -
M.: Paauo u cBsizb. 1989.- 421

2.Xoposuu I1., Xunn V. UckyccTBo cxemorexHuku: B 3 - x tomax: T.1,2,3. [lep. c anurn. — M.: 5
Mup,1983. - 367 c.

3.UrymuoB, B.H. ®usnueckre 0CHOBBI MUKPOAJIEKTPOHUKH : yueOHoe rmocobue / B.H. UrymHuosB. - M. ;
bepmun : lupext-Menua, 2014. - 358 c. : wi., Tab:1. - bubmmorp.: ¢. 345-346. - ISBN 978-5-4475-
3300-7 ; Toxe [Dnexkrponsslii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=271708
(05.10.2016).

Hnumepnem - pecypcul

1. http://lib.kbsu.ru/ - bu6bmmorexka KbI'Y.

2. http://www.garant.ru/ - CripaBouHas npaBoBasi cuctema «I'apanT».

3. http://www.consultant.ru/ -CripaBounas npaBoBas cucrema «Koncymnprantlnrocy.

4. http://www.studmedlib.ru - 95C «KoHcynbTaHT cTynEHTa»

5. DneKTpOHHbIE BEpCUU KypHaioB: “@usnka tBepaoro tena”, “KypHai TexHuueckoil pu3nuku’,
“ITnucbMa B sKypHaAJI TEXHUYECKOH pu3uku”, “Dusnka u TeXHUKA MMOTYITPOBOIHUKOB”
http://journals.ioffe.ru.

6. www.nano-info.ru - CaiiT 0 COBpeMEeHHBIX JOCTHKEHHSX B 00JIaCTH MUKPO- U HAHOTEXHOJIOTHA.

9. [IporpamMmmMHoOe o0ecrieyeHne COBpeMEHHBIX
HH(OPMANMOHHO-KOMMYHUKANMOHHBIX TE€XHOJIOTHI

1. CTyaeHTbI UMEIOT IOCTYI K €AMHOMY 00pa30BaTeIbHOMY MOPTaly, IJI€ MOTYT B OTKPBITOM JIOCTYIIE
MOJIb30BATHCS PECypcaMy yueOHO-METOJMUECKON JIUTEPATYpPHl, SBISIONMMHCS pa3paboTKaMH Bey-
mux BY30B Poccumn.

2. JIns peiTUHIOBOTO KOHTPOJISI UCIIOJIB3YETCS CUCTEMA KOMITBIOTEPHOTO TECTUPOBAHUs Ha Oa3e Mmpo-
rpaMMHoro obecrnieuenus Moodle.

3. Ilpu BBIMOJITHEHUH JIAOOPATOPHOTO MPAKTUKYMa CTYACHTHI B 0053aTEIbHOM MOPSAKE TPOBOJAAT 00-
paboTKy dKCIIEpUMEHTANIBHBIX JaHHBIX C IPUMEHEHHWEM IporpaMMHBIX nakeToB Microsoft Exell,
MathCad..

4. B pamkax obecrnieueHus: IPUMEHEHUS KOMIIBIOTEPHBIX TEXHOJIOTUH B 00pa30BaTeIbHOM IIpoliecce
UMEIOTCS CHEeMATU3UPOBAHHBIE KOMITBIOTEPHBIX KJIacca C COBPEMEHHBIM IPOrPaMMHBIM 00€CIIeUeHN -
€M M UMEIOIIUM BbIxoj B IHTepHeT.

10. MaTepuaabHO-TeXHHYeCKOe o0ecnedeHne padoTbl

MarepuanbHO-TEXHHUECKYIO 0a3y IS POBEISHUS 3aHITHH 110 TUCIUTUTHHE COCTABIISIOT:
®  CIHEIMATM3UPOBAHHAS AyAUTOPHS, UCTIOIb3yeMast IPU MPOBEICHUH 3aHATHH JICKIIHOHHOTO
tuna Ne238, pacnionoxenHas 1o ajapecy: 360004, Kabapmino-bankapckas peciryonuka, T.
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Hanpuuk, yn. Yepnsinesckoro, 175, yueOnblii kopyc yHuBepcurera Ne4 (OMD), ocHa-
LIEHHAs! MYJbTUMEAMIHBIM IPOEKTOPOM U KOMIUIEKTOM araparypsbl, IO3BOJISIOIIEH JEMOH-
CTPUPOBATH TEKCTOBBIE U TpauuecKre MaTepuaibl;

e pabouee MECTO MPEIOIaBATENS;

e paboune MecTa CTyJICHTOB;

e MeJoBas A0CKA.

MynpTrMeauiHAs Ipe3eHTAaLls], COIIPOBOXKIAOIIAS JIEKIINIO, IO3BOJISET MPENOIaBATENIO aKLIEHTH-
pOBaTh BHUMAaHHE CTYJCHUECKOHN ayIMTOPUM Ha KIIFOUEBBIX BOIPOCAX JIEKLIMH.

JucuumiuHa obecrieueHa:

® TECTOBBIM MaTepHajiaMHy B 3JICKTPOHHOM oOy4atorel cucreme «Moodle» (OTKphIThIN YHU-
BEpCHTET),

®  KHIDKHBIM ()OHIOM OMOJIMOTEKH;

®  3JIeKTPOHHBIMU BEPCUSIMH JIEKLIUH 1 y4eOHUKOB.

JucuuiuinHa obecnedeHa:

® TECTOBBIM MaTepUallaMH B 3JIEKTPOHHOU oOyuatomie cucreme «Moodley» (OTKpbITHIiA
YHUBEPCUTET);

® KHWXHBIM (POHIOM OMOINOTEKH;

® 3JIEKTPOHHBIMH BEPCUSMH JIEKIUI U Y4eOHUKOB.

JIaGopaTopHble 3aHATUS MO AUCLUIUIMHE MPOBOAATCA B jJabopaTopuu «Martepuanbl 1 KOMIO-
HEHTBl TBEPJOTEIbHOU 3JIEKTPOHUKN» U «TeXxHOJOorus (QPyHKIHMOHAIBHBIX MAaTEpUANOB U CTPYKTYP
3JIEKTPOHUKN», OCHAILIEHHON CIIEAYIOIINM 000PYO0BaHUEM U U3MEPUTEIIbHON TEXHUKOMN:

1. JTaGopaTopHbIii CTEH] IO U3YYEHUIO TEPMOICKTPHUUECKUX SIBJICHHIA.

2. YcTraHOBKa MarHeTpOHHOI'O PaclbUIEHUS] MaTEpPUajIoB

3. YcTaHoBKa BaKyyM-TEpPMUYECKOTO HAIIbUIEHUS] TOHKUX IJIEHOK

3. YcraHOoBKa JUI U3MEPEHUs YAEIbHOIO CONPOTUBICHHS TOHKHX IIJICHOK.

4. JJabopaTopHbBIN CTEH]] U3YYCHHSI MAaTHUTHBIX CBOMCTB.

5. JJabopaTopHBbIii CTEH 110 U3MEPEHUIO YIEIBHOTO COPOTUBIIEHUS METOIOM 4-X 30H/10B.

6. JIabopaTopHBIi CTEH 10 U3MEPEHUIO BOJIBTAMIIEPHBIX XapaKTEPUCTUK MOITYIPOBOJIHUKO-
BBIX DJIEMEHTOB.

7. JlTaBopaTopHBIil CTEH] O JIEKTPOXUMUYECKOMY aHOAUPOBAHUIO.

8. JIabopaTopHBbIii CTEH]] U3MEPEHUS TapaMEeTPOB MOJIYTIPOBOAHUKOBBIX MaTEPUAIIOB 1O PeaK-
caruu (poTOmpPOBOIUMOCTH.

9. 3mepuTenpb XapakTepUCTUK MOIYIPOBOIHUKOBBIX TpubopoB JI2-56;

10. Ontrueckuii Mukpockor Boicokoro paspemenus LATIMET-20.

11. YcTaHOBKa KOHTaKTHOM CBapKHU.

12. JlaGopatopuslii crenn uzmepenus 2/1C Xoma.

13. LludpoBsle BOIBTMETPBI, aMIIEPMETPBI, MOCTHI IIOCTOSTHHOT'O U IEPEMEHHOI0 TOKa, TeHepa-
TOPBI, OCIMIIIOrpadbl, HCTOYHUKH ITUTAHUS, MYTbTHMETPHI U JIP.

14. IIK-4 .

15. HoytOyk- 1 mir.

16. Ontnueckuii Mukpockon MBC-1.

17. Crenn 1uist U13MEpEeHUsl CTAaTUYECKHUX TaPAMETPOB NHTETPAIBHBIX CXEM.

18. Ctrenp U1t M3MEpeHus: AMHAMHUYECKUX apaMeTPOB HHTETPATIBHBIX CXEM.

CryneHTbl UMEIOT JOCTYM yepe3 VIHTepHeT JoCTyIl K 3eKTpoHHOU oOyyatoreii cucreme «Moodle»
(OTKpBITHI YHUBEPCUTET), KOTOpast MO3BOJISET Pa3MelaTh AEKTPOHHBIE YUeOHbIE KYpChl B CBOOOIHOM JI0-
CTYIIE JUIS CTY/ICHTOB YHUBEPCHUTETA.

[Ipu npoBeneHnM 3aHATUHN JIEKIMOHHOTO TUIA, CEMUHAPCKUX 3aHATUN UCIIOJIb3YOTCS:
JUUEH3UOHHOE NPOZPAMMHOE 0Decneuenue u c60000H0 PACHPOCMPAHAEMbLE RPOZPAMMDbL:

e  Microsoft Office mumensust: JloroBop Nel35 ot 22.05.2018, morosop Ne 51-21100 ot 20.09.2017,
ceprudukar ot 29.11.2017, noroBop Ne 28/2017-31705322460 ot 29.08.2017, noroBop Ne
18/2016-31603884322 ot 12.08.2016, norosop Ne 4/14-08 ot 14.08.2015, noro- Bop Ne 1/01-
12 ot 01.12.2014, norosop Ne0331100002314000061-0003152-01 ot
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25.11.2014, noroBop Ne0331100002314000077-0003152-01 ot 29.12.2014, noroBop
Ne0331100002314000038-0003152-01 ot 10.09.2014, ceprudukar ot 20.04.2009, ceprudu-
kat ot 18.06.2008, cepruduxar ot 12.10.2007, ceprudukar ot 14.03.2007,
e apxuBarop 7z, Adobe Acrobat Reader nuiieH3us: npemnocTaBisieTcst 0eCIUIaTHO HA YCIOBUSIX IO
anpecy https://www.adobe.com/ru/legal/terms.html;
e Morzilla Firefox muensus: GPL/LGPL/MPL, Google Chrome nuiieH3usi: NpeaocTaBisercs
OeCIIaTHO Ha YCIIOBHUSIX JIMIICH3MOHHBIX COTVIAIICHH Ha MPOTrPaMMHOE O00ECIIEUeHUE C OT-
KPBITBIM HCXOJTHBIM KOZIOM TIO ajipecy https://code.google.com/intl/ru/chromium/terms.html.
JI1s1 CTYJIEHTOB ¢ OrpaHUYEHHBIMU BO3MOXKHOCTSIMU 3/I0POBbSI CO3JIaHbI CIICIMAIbHBIC YCIOBHS IS
noy4deHust oOpasoBanus. CrielMaIM3UpOBaHHOE TMOMEIICHUE Ul WHBAIUIOB PACHOJIOKEHO MO aJipecy:
360004, Kabapmuno-bankapckas pecryomika, r. Hampumk, yn. UepHbimeBckoro, 173, riaBHbIA ydeOHBIH
KOpITyC YHUBEpcUTeTa, ayauropus Nel4S.
B nemnsix 10CTymHOCTH MOTy4YeHUsl BBICIIEro 00pa3oBaHus MO 00pa3oBaTeIbHBIM MpOrpaMMaM MHBA-
JUIAMU ¥ JIUIIAMH C OTPAHUYEHHBIMU BO3MOYKHOCTSIMH 37I0POBbSI YHUBEPCUTETOM 00ECTICUUBACTCSI:
® aJbTepHATUBHOM Bepcuel oulmanbHOro caiita B cet «HTepHeT 1 ciaboBUAAIINX;
® [IPUCYTCTBUE ACCHCTEHTA, OKa3bIBAIOILIETO 00yYaroIeMycs: HEOOXOIMMYIO TIOMOILIb;
® TSI MTHBATUJIOB ¥ JIUII C OTPAHIMYCHHBIMU BO3MOYKHOCTSIMH 37I0POBBSI TT0 CITyXY — JyOJIMPOBAaHUE BCITYX
CrpaBoYHOM MHGOPMAIIMK O PACIUCAHUM YUEOHBIX 3aHSTHI, 00eCredeHNe HAJISKAIIMMU 3BYKOBBI-
MU CpeJICTBAMU BOCIIPOU3BEACHHS MH(DOPMAIIUH
® TS MHBAJIHOB ¥ JIUI] C OTPAaHUYCHHBIMHA BO3MOYKHOCTSIMH 3/IOPOBBSI, UMEIOIINX HAPYIIICHUS] OIIOPHO-
JIBUTATEJILHOTO arlrapara, CO3/1aHbl MaTePUATbHO-TEXHUYECKUE YCIIOBUSI 00ECTIEUUBAIOIINE BO3MOXK-
HOCTb O€CIIPENATCTBEHHOr0 JOCTYIa 00yJarouXCs B y4eOHbIE MOMEILIEHHS, OOBEKTY TUTaHUs, Tya-
JICTHBIC U JIPYTHe TTOMEIICHNS YHUBEPCHUTETA,  TAKKe NMPEOBIBAHKS B YKa3aHHBIX TIOMEIICHUSX (Ha-
JIMYHE PacIIMPEHHBIX JBEPHBIX IPOEMOB, TOPYUHEHN U APYTHX MPUCIOCOOICHUIA).
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JIuct n3MeHeHu# (IOMOTHEHUN )
B pa0Oouell nporpaMMe AUCHUILIINHBI (MOYJIs)
b1.B.01.03 « MUKpO3IEKTPOHUKAY

11.03.04 — DjieKTPOHMKA U HAHOYJIEeKTPOHUKA HA 202__ -202__ y4eOHbBIH roa

n/a

OnemeHT (myHkT)P 111

[lepeyeHb BHOCUMBIX
W3MEHEHUH (JIOMTOJTHEHHIA )

[Ipumeuanue

Obcyaicoena u pekomenoosana Ha 3acedanuu Kageopul
QJICKTPOHUKHU ¥ HH)OPMAIIMOHHBIX TEXHOJIOTUH,

poTOKOI No 0T « »202

3aBenyrommii kageapou

[/ P.II. Temes /

MOJIHUCH pacmudpoBKa HOAITHCH Jara
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