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1.Mean 1 32724 OCBOEHUSI AUCHUILTHUHBI (MOTYJIs1)

HenboaucuMnInHbI ABJIAETC:

® [OJArOTOBKA BBIMYCKHHKA, BIAACIONICTO (DU3UUECCKUMHU OCHOBAMHU M MPHUHITUIIAMH JECHCTBUS
pHOOPOB TBEPAOTENBHOM IIEKTPOHUKH;

e 00yuYeHHE TEOPETHUYCCKMM OCHOBAM M METOAaM OSKCIEPUMEHTAILHOTO HCCIICIOBAHHS
MapaMeTpoB M XapakTePHCTHK MPUOOPOB, CXEM, YCTPOWCTB JIICKTPOHHKH Pa3IHIHOTO
(YHKIIMOHATBHOTO HA3HAYCHHUS ¥ UX IPUMEHEHHIO.

OcHOBHbIE 322491 AUCIHILIHHDI:

® U3yYCHHWE OCHOBHBIX THIIOB TOJYHMPOBOAHUKOBBEIX MPHOOPOB U (HU3UUECKUX MPOIECCOB MX
paborty;

e  OBIIAJIEHHE METOJAaMH HCCIIEIOBAHMS IIPUOOPOB TBEPIOTEIBHOM DIEKTPOHHUKH;

e MpHOOPETEHHE HABBIKOB MPAKTUYECKOTO MPUMEHEHHS TTOJyYCHHBIX 3HAHHWIT, CIIOCOOHOCTEH
JUTS CAMOCTOSITEIIBHOM PabOTHI.

2.Mecto ancuuniauasi(MoayJisi) B ctpykrype OIIOIT ACIIMPAHTYPbI
JducuuniuHa BKJIKYeHA B BapuaTuBHyl0 4actb b1.B.OJ.6 yuyeOHOro mjiaHa 0o HalpaBiICHUIO
noarotoBku 11.06.01 «DOneKTpoHUKA, PaTUOTEXHHUKA W CUCTEMbl CBSI3M» ,HANPABICHHOCTh MOATOTOBKHU
05.27.01 «TBepaooTenbHasi 3JICKTPOHUKA, PAJANO3IEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U HAHOJJIEKTPOHUKA,
npruOOPHI HAa KBAHTOBBIX dPQEKTaX»

AKTyanpbHOCTh Kypca o0OycIOBJI€Ha HEOOXOAMMOCTBIO CO3JaHMS HOBBIX M COBEPLICHCTBOBAHUS
CYLIECTBYIOIIMX TBEPAOTEIBHBIX 3JIEKTPOHHBIX NPHOOPOB, PaAMO3ICKTPOHHBIX KOMIIOHEHTOB, W3IENUI
MHUKPO- ¥ HAHODJIEKTPOHUKH, IPHOOPOB HA KBAaHTOBBIX d((eKTax, BKIFOUas mpoOIeMbl U 3a1a49H, CBSI3aHHbBIE
C pa3paboTKOH HAyYHBIX OCHOB, (PU3UUECKUX M TEXHHUECKUX MPUHIMIIOB CO3JaHUSI U COBEPIICHCTBOBAHUS
YKa3aHHBIX TPUOOPOB, KOMITOHEHTOB, u3aeinii. OCHOBHBIM COJIEpKaHHWEM Kypca SBISIOTCS HAy4YHBIE W
TEXHMYECKUE MCCICIOBAHUS U Pa3pa0dOTKH B 001acTH (DU3MKH, CXEMOTEXHUKHU, KOHCTPYKIIUU, TEXHOJIOTHH,
MOJICTTUPOBAHMSI, H3MEPEHUsI XapaKTEPUCTHK, UCIIBITAHUS, TPUMEHEHHS YKa3aHHBIX IPUOOPOB, KOMIIOHEHTOB,
W3eNNii. 3HaYeHNe PElICHUs] HAYyYHBIX U TEXHHUYECKHX MPoOJeM NaHHOH CIeNUaTbHOCTH ISl HAPOIAHOTO
XO34HCTBA COCTOUT B pa3pabOTKE HOBBIX W COBEPIICHCTBOBAHWHU CYIIECTBYIOIIUX IEPEUNCICHHBIX

npuOOpoB, KOMIIOHEHTOB, H3AEIHMHA, MOBBILEHUA HX (YHKUMOHAIBHBIX M  3KCIUTyaTallMOHHBIX
XapaKTePUCTHUK, a Takke 3)(HEKTUBHOCTH IPUMEHEHHUSL.

s sddextuBHOrO M3yueHHs JAWCLHUIUIMHBL  TpeOyeTcss HCHOJIb30BAaHHE JIOMOJIHUTEIBHOM
JUTEPATYpPhl, a TAKKE HEMOCPEICTBEHHOE Y4acTHE IPH MTOJATOTOBKE U MIPOBEACHUH YKCIIEPUMEHTOB.

3. Tpe6oBaHu K pe3yJIbTATAM O0CBOECHHS TUCHHUILIMHBI (MOTYJIs1)
[Mpomuecc u3y4yeHus: TUCIUTUIMHBI HAIIPABIICH Ha (JOPMHUPOBAHUE CIEAYIOUINX: 00UenpodecCuoHatbHbIX
KOMIIETEHIUH:
OITK-1-criocoOHOCTBIO  CaMOCTOSITENIBHO OCYIIECTBIIATh HAYYHO-HCCIICOBATEbCKYIO JESITECIBHOCTh B
COOTBETCTBYIOLIEH MPOPeCCHOHAIBHON 00JIACTH C HCIIOIb30BAaHUEM COBPEMEHHBIX METO/I0B MCCIICAOBAHUS U
MH(OPMAIOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHH;
OIIK-3-rOTOBHOCTBIO K INPENoAaBaTeIbCKON AEATEIHOCTH 110 OCHOBHBIM 00pa30BaTelbHBIM IpOrpaMMaM
BBICLIET0 00pa30BaHUs NPO(HECCHOHATBHBIX KOMITETSHIMN:
IIK-1-crtocobHOCTh HCCIeoBaTh HOBBIE MPOIECCH M SBJICHHUS B 00JACTH TBEPIOTEIHHOM 3JIEKTPOHHKH,
MO3BOJISIIONINE TIOBBICUTH 3(P(QEKTHBHOCTh PaMO3JICKTPOHHBIX KOMIIOHEHTOB, TPUOOPOB MHUKPO- H
HAHORJICKTPOHUKH, MPHOOPOB Ha KBAHTOBKIX 3 dexTax
B pe3synbrare ocCBOCHUS UCIUTUIMHBI 00YYaIONTUICS JOJIKEH:
3HATh: OCHOBHBIC UCTOUYHHKH HAYYHO-TEXHHUYECKONH MH(POPMAIIUH N0 (PHU3HKE TIOIYTPOBOJTHUKOBBIX
nmpuOOpOB W HMHTETPAJbHBIX CXEM, MPHHIWIBI JEWCTBUS M METOABl pacdeTa OCHOBHBIX
MOJTYTIPOBOJHUKOBBIX MPHOOPOB, METOABI pacyeTa M MPOSKTHPOBAHMS JIEKTPOHHBIX MPHOOPOB, CXEM U
YCTPOMCTB Pa3iIMYHOr0 (PYHKIHMOHAJIBHOIO Ha3HAYEHUS B COOTBETCTBUM C TEXHUYECKHM 3aJaHHUEM C
WCIIONIb30BAaHMEM CPEJICTB aBTOMATH3aI[MH MPOESKTHPOBAHMUS, OCHOBHBIE METOABI M CPEICTBA M3MEPEHHUS
MapaMeTpoOB M XapaKTEPUCTHK IOITYIMPOBOJHUKOBBIX MPUOOPOB M METOABI MX MOJEIHMPOBAHMUSA, METOMbI
caMOOpraHu3aluy U caMooOpa3oBaHus;



yMeTb: YYHTHIBATh COBPEMEHHBIE TEHACHIWU PAa3BUTHS DIIEKTPOHUKH, W3MEPUTEIBHOU U
BBIYHCIUTEIbHON TEXHUKH, WH()OPMAIMOHHBIX TEXHOJOTHH B CBOCH MPO(ECCHOHAIBHON IEATCIIbHOCTH,
peuiatek 3aga4u 00pabOTKU JaHHBIX C TIOMOIIBI0 COBPEMEHHBIX MHCTPYMEHTAIBHBIX CPEJCTB, MPUMCHSTh
METOJIbI M CPEJICTBA M3MEPCHUsI (PU3NYCCKUX MapaMEeTPOB MOJYINMPOBOJHUKOBBIX MPUOOPOB, MPUMEHSTH
METOJIBI pacyeTra IapaMeTpoB M XapaKTePUCTHK, MOJEIHMPOBAHUS ITONYIPOBOJHIKOBBIX MPHUOOPOB,
OCYIIECTBIIATH BHIOOP MOJIYMPOBOJHUKOBEIX MPHOOPOB B 3aBUCUMOCTH OT TPEOOBAHHUU K DIEKTPHYECKUM
XapaKTEpPUCTUKAM, MapaMeTpaM U YCIOBUM HKCILTyaTallud YCTPONCTB M DIEMEHTOB MHUKPOIJIECKTPOHHBIX
YCTPOMCTB, BBHINONHATH pacyeT M MPOSKTUPOBAHHE JJIEKTPOHHBIX MPHOOPOB, CXEM W YCTPOUCTB
pa3IYHOTO (PYHKIIHMOHAIFHOTO Ha3HAUEHUS B COOTBETCTBHU C TEXHHYECKUM 3aJaHUEM C UCIIOIF30BaHUEM
CPEICTB  aBTOMATH3allMM  MPOCKTHUPOBAHHS, HWCIOJIL30BaTh  PE3YNbTAaThl  CaMOOOpa30BaHUS B
po(eCcCUOHATBHON IEATEIIbHOCTH;

BJIaJIeTh: METOJaMH pacdeTa W SKCIIEPHIMEHTAIBHOTO MCCIEA0BaHUS MTapaMeTPOB U XapaKTEPUCTUK
MOJIyIIPOBOJTHUKOBBIX ~ NMPUOOPOB,  OCHOBHBIMHU  TIpUeMaMd  OOpabOTKM W MPEICTaBJICHUS
AKCIIEPUMEHTAIBHBIX JaHHBIX, CIHOCOOHOCTBIO CTPOUTH (PU3UYECKHE W MATEMAaTUYECKHE MOICTH
MOJTyIPOBOTHUKOBBIX TPHOOPOB, a TaKkKe MCIONh30BaTh CTaHAAPTHBIE NPOTPAMMHBIE CPENCTBA WX
KOMITBIOTEPHOTO MOJIEIMPOBAHUS, CIIOCOOHOCTHIO apryMEHTHPOBAaHO BHIOMPATh M PEANM30BHIBATh Ha
MpakTUKe 3PPEKTUBHYIO METOJIUKY pacieTa ¥ MPOCKTHPOBAHUS JICKTPOHHBIX TPUOOPOB, CXEM, YCTPOUCTB
M YCTaHOBOK 3JIEKTPOHHWKHU PAa3IMYHOrO (YHKIIMOHAIFHOTO Ha3HAYEHHsS, TOTOBHOCTHIO aHAIM3UPOBATH U
CHUCTEMAaTHU3UPOBATh PE3YyJbTAThl HMCCIECIOBAHHUN, MPEACTABIATh MATEPHAIBl B BUIE HAYYHBIX OTYETOB,
Iy ONTMKAINi, Tpe3eHTaIUH.

4.Conep:kaHue U CTPYKTYPa JUCHUIJIMHBI (MOLYJI51)

B Tabmuue 1 npuBomUTCS ONMCaHNe COACPIKAHMS TUCIUILIMHBI, CTPYKTYpPHPOBAHHOE TI0 pa3iesiaM, C
yYKa3aHHEM T0 KaKJOMY pasfieny (HopMbI TeKyIiero KoHTpous: koutokBuyM (K), pyoexusbiit korTpons (PK),
tectuposanue (T).

Tabnuua 1

HaumeHnoBaHue pa3nena Conep:xkanue pa3aena/ TeMbl ®dopma
TEKYIIero
KOHTPOJIA

1 | dusuka ONEeKTPONPOBOIHOCTh nosrynpoBogaukos. | K, T
NMOJYNPOBOTHUKOB. B3aumoeiictBue ¢ QoHOHAMH, MPUMECHBIMH aTOMaMH,
neexkramu. [IoJBMKHOCTH IJEKTPOHOB U JIBIPOK.
VYcnosue anextponedTpansHocTH. duddysus u npeiid
Hocutenel 3apsaa. CooTHomeHne DiHIITeWHA. ['opsane
3J1eKTpOHbI. JIaBUHHOE YMHO)KEHHE B MOTYTPOBOJHHUKAX.
O¢ddexr  Tanna. VYpaBHeHue O  MIOTHOCTHU
3JIEKTPUYECKOTO TOKAa B NOJYHNPOBOAHUKAX. YpaBHEHHE
HelpepbIBHOCTH. YpaBHeHue Ilyaccona.
OJeKTPOHHO-IBIPOYHbIH nepexon (p-N). Wmwkekuus u
9KCTPaKUUsl HEOCHOBHBIX HOcHTeNned 3apsiza. Bomb-
amriepHass ¥ BONbT-(hapajgHas XapaKTEPUCTHKH P-TI
nepexona. Toku Hocurtenen 3apsaja B p-N mepexoe.
I'enepanust 1 pekOMOMHALMSL HOCUTENEH B P-II IIEPEX0e.
BaprepHas u muddysuonnas émxocts. IIpoboit p-n
rnepexo/ia: TEMJI0BOM, JIABUHHBIN, TYHHEIbHBIH.
I'ereponepexonsl. KonTtakt METAJI-IPOBOAHHUK.
Omuuecknii u  BeIIpAMISTtonid  nepexonasl  IllorTku.
CtpyKTypbI MeTaIJI-TUIIEKTPUK MOy TIPOBOHHUK
(MAIT). onesoit addext B8 MII-cTpykTypax.
TennonpoBogHOCT MIOJIyTIPOBOJHUKOB.
TepmoanekTpraeckue SIBIICHUSI. Tepmo- u
rajpBoMarauTHelie d3QdexTol. Dddext Xomia.

2 IIpudopsi [NonynpoBoguukossle auoasl. OcHoBHble mapamerpsl U | K, T
TBePAOTEJbHOM XapaKTepUCTUKH  JIHOAOB, HX  3aBHCUMOCTh  OT




3JIEKTPOHUKH H
MHUKPOIJICKTPOHUKHU

TEMIIEpaTypbl W pEXUMAa. OKBHUBAJICHTHBIE CXEMBI.
NMnynscHplE M 4acTOTHBIE  CBOMCTBAa  JTHOJOB.
BrinpsiMuTeIbHBIE K UMITYJIBCHBIC TUOJIBL.

buononsipusie  Tpansuctopel  CTpykTypa H
npuHIMn Jedcteus. PacnpeneneHwe HocuTened B
obmacTsax TpaH3ucTOpoB. ODddexr Opmu. OCHOBHBIE
mapaMeTpsl M XapaKTePUCTHUKU TPAH3UCTOPOB, HX
3aBUCUMOCTH oT TeMIIepaTyphl u pexuma.
OKBUBQJICHTHBIE CXEMBl W MaTeMaTHYECKHe MOMIETH
TpaH3ucTopa: Mozenn OOepca-Momna, JluHBMILIa,
3apsanoBas. VMmynabCHBIE U YaCTOTHBIE CBOMCTBA
TpaH3UCTOpOB. PaboTa TpaH3WCTOpa TIPH BBICOKOM
ypoBHe HHKeKnuu. [IpoOoii TpaH3WCTOpa M CMBIKaHHE

MIEPEX0JIOB.

Tupuctopsl,  OpUHIUI  HUX  JEUCTBUA U
KJTacCH(PUKAITHIA. OcCHOBHBIC rmapamMeTphl u
XapaKTePUCTUKH.

[Tonessie Tpanzuctopsl MII, ¢ p-n nepexonom u ¢
O0apeepom IllorTku. [lpmHnMn neiicTBus. Moy
[JTyOUHBI KaHaJja. OcCHOBHBIE MapaMeTpbl u
XapaKTEepUCTUKU  MOJEBBIX  TpaH3uctopoB.  MJIII
TPAH3UCTOPbl C HUHAYLUHUPOBAHHBIM M  BCTPOCHHBIM

KaHaJIaMH. MHOII-cTpyKTypBHl. WNurerpanbHbie
MUKpocxeMbl. OnemeHTbl WC: TpaH3UCTOPHI, IUOAIMI,
PE3UCTOPBHL, KOHJICHCATOPBI B cocTaBe uc.
Knaccuduxarms ucC o KOHCTPYKTHUBHO-

TEXHOJIOTHYECKOMY U (YHKIIMOHAIILHOMY PEIICHUIO.
Hudpossie u ananorossie MC. bunonspusie TTJI, DCJI
u N2 JI- cxempl, MJITT-UC: ¢ p- u n- kananamu, K/MOII.

TexHomornyeckne
MIPOIIECCHI B
MTPOU3BOICTBE
MTOJTYTIPOBOTHUKOBBIX
npuOOPOB U
I/IHTeraJ'H:HBIX
MHUKPOCXEM

Onnrakcus. [lpakTHdeckne MeETOABI SMUTaKCHAIBHOTO
BbIpaIiuBanus Si. MeTo/bl KOHTPOJIS SMHUTAKCHATIBHBIX
cioeB. Pacrpenenenne npuMeceil B 3MUTaKCHATBHBIX
ciosix. JledexTsl anuTakcHaibHbIX IUIeHOK. [lomydenue
SMUTAKCHAIBHBIX  TeTeporepexooB.  BrlpammBanue
smurakcuanbHeiX IeHOK A°B°. OGopynosanme s
SIHUTAKCHAILHOIO HapalluBaHWs IUIEHOK. CpaBHEHHE
ra3oTpaHCIOPTHOW, KHUIKO(DA3HOH ©  MOJIEKYJISIPHOU
SMUTAKCHUH.

IlonydyeHne  TOHKMX  IUIGHOK  TEPMHUYECKUM
HCTIApEHUEM B BaKyyMe. HonHo-1mu1a3MeHHOe
pacmbuieHHe. XUMHYECKOEe OCXKICHHE U3 Ta30BOH (ha3bl.
O6opynoBanue Jjisl  TOJNyYeHWS TOHKHX  ITUICHOK.
Marepuaibl TOHKOIUIEHOYHOM TEXHOJIOTHH.

®oronurorpadus. OCHOBHBIE THUIIBI 000PYJOBaAHUS
st porosmrorpaduun. [Ipoexunonnas Gporoautorpadus.
@doTtomrabionsl M UX  M3roToBiIeHHE.  JledeKTs
MHKPOCXEM, CBsi3aHHBIE C (DOTONUTOrpapuIecKUMu
MIPOIIECCaMH.

OcHOBBI KOHCTPYHPOBAaHHSA CTPYKTYDBI
TIOJIYIIPOBOJHUKOBBIX nc. MeTtons! HA30JALUU
aneMeHToB. M3orutaHapHas TEXHOJIOTHS, SMUK-TIPOIECC,
TeXHONOorus "KpeMHUN Ha wm3onstope". CTpykTypa u
cBoiicTBa anemenToB UC.

COopka 1 MOHTaXX TOJTYTTPOBOAHUKOBEIX MTPHOOPOB
u WHTETPATEHBIX MHKPOCXEM. Kopmyca
MOJYIIPOBOJHUKOBEIX ~ NPUOOPOB M MHTETrpajibHbBIX
MUKpocxeM. Metonsl  repmerusanuu  beckopmycHble




npubopel. Meronsl  0TBOAAa TeIla B MOIIHBIX
MIOJTyTIPOBOTHUKOBBIX MMPHOOpax

TengeHust pa3BUTHUS TUIAHAPHOM TEXHOJIOTHHU
CyOMHKpPOHHASI TEXHOJIOTHSL.

4 | OcHOBHI TexHonorusa nosydeHus: Hu3kopasmepHbix IieHok | K, T
HaHORJICKTPOHUKH u  CTpyKTyp. O(ddexTsl pa3MepHOro KBaHTOBaHUS,
"nMBYMEepHBIH  3NeKTpoHHBIH  ra3".  OcoOeHHOCTH

MEXaHUYECKUX, JIEKTPOPU3IUUECKUX M  ONTHUYECKUX
CBOWCTB HAHOpPa3MEPHBIX IUIEHOK. [IoHATHE O KBAaHTOBBIX
sMax B CIOUCTBIX CTpPYyKTypax. I[lomynpoBOJHHKOBBIE
CBEPXpEIIETKH U UX NpuOOpHBIe MpuMeHeHus. [lonstue
O KBAaHTOBBIX HUTSIX UM KBaHTOBBIX TOYKaxX U
MEPCHEKTUBAX HMX MPAKTUYECKOI'0  HCIOJIb30BaHMA.
Croco0bl IOTyYeHUs] U CTPYKTYpa "MOpUCTHIX" ci1oeB Si
n GaAs. PentreHoBckasi M 3JEKTpOHHasi JUTOrpadus
HaHOPa3MEpHBIX 3JeMeHTOB. IIpuMmeHeHus aTroMHO-
CHJIOBOTO U CKaHUPYIOUIETO TYHHEIBHOTO MHUKPOCKOIIOB
Ul HaHONIHMTOrpaduu ¥ TPEIM3HOHHOTO KOHTPOJIS
HAaHOPa3MEPHBIX CTPYKTYP.

5 | Bompocsr obecrieuenus Opranuszamus KOHTPOJIA kaugectBa | K, T,PK
Ka4vecTBa ¥ HAJEKHOCTH MOJYTIPOBOJHUKOBEIX ~ NPUOOPOB M MHTETPaJIbHBIX
MMOJIYIIPOBOJHHUKOBBIX MHKPOCXEM. MGTOI[BI HU3MCPCHUA CTaTUYCCKHUX,
npubOpOB U JUHAMHYECKUX W HMIIYJbCHBIX MHapamMeTpoB. Meronsl
HWHTErPAIBHBIX kouTponst bBYC u CBUC.

MHKPOCXEM. BI/IZ[I)I MMPON3BOJACTBECHHLIX HUCHBITAaHUH.
KonuuectBennsie XapaKTEPUCTUKU HaJIe)KHOCTH.
OKCIUTyaTalMoHHAs Ha/IeKHOCTB. HanexxHoCTh

anementoB MC. Knaccudukanms u OCHOBHBIC BHUJIBI
OTKa30B. Mexanm3M o0Tka3oB. CTaTHCTHYECKHE |
(m3nyeckne METONbl aHaNMW3a W TPOTHO3UPOBAHUS
OTKa30B. MeTonanl IOBBIIICHHS HAaJIeKHOCTH
MOJIyTIPOBOHUKOBBIX ~ mpubopoB u  UWC. JlelicTBue
paawanMd  Ha  TOJYNPOBOJHWUKOBBIE TPUOOPHl U
MHKPOCXEMBIL.

Cmpyxkmypa oucyuniunsl (Mooyns)

Tabmuia 2.001mmast TpyA0eMKOCTh TUCIUILTHHBI COCTaBseT 3 3aueTHbIX eauauIl (108 qacoB).

Bun pa6otsl Tpya10eMKOCTh, 4YaChI
4 cemectp Bcero

Oo0mas Tpy10eMKOCTb (B Yacax) 108 108
KonTakTHas pa6oTa (B 4acax): 30 30
Jlexyuonnwvie 3ausmust (J1) 30 30
CamocrosiTeibHas padoTa (B yacax): 78 78
CaMOCTOSITEIPHOE H3YUCHHE PA3/ICIOB/TeM 51 51
IloaroToBKa M MPOXOXKIAEHHE TPOMEKYTOTHOM 27 27
aTTecTanuu

Buja npoMe:XKyTO4YHOM aTTeCcTAUMHU IK3aMeH JIK3aMeH

Tabnuna 3. JIeKIInOHHBIE 3aHATHS

Ne /it Tema
1. du3uka noJayInpoOBOIHHKOB.
2. [TpuOopkl TBEPAOTEILHOM MICKTPOHUKHA U MHUKPO3JICKTPOHUKH
3. TexHoMOTHYECKUE MTPOLIECCH B TIPOM3BOJICTBE TOIYITPOBOIHUKOBBIX IPUOOPOB U UHTETPATBHBIX
MHUKPOCXEM




4, OCHOBBEl HAHODJIEKTPOHUKN

5. Bonpock ofecrneueHMs KadyeCTBa M HaNEXHOCTU I[OJIYIIPOBOMNHUKOBBIX
NpuOOPOB UM MHTETPAJIbHEIX MUKPOCXEM.

Tabnuua 4. CaMocToATeNIbHOE HM3YYEHHE PA3esIOB TUCIUILTNHBI

Ne n/m Bonpochl, BHIHOCHMbIE HA CAMOCTOSITEIbHOE H3YUeHH e
1. bunonsipusiii Tpanzucrop (BT)
2. [TosieBbIC TPAH3UCTOPHI
3. [TpuGopsr Ha OCHOBE 0OBEMHBIX (P PEKTOB
4. OnTO3JeKTPOHHBIE MOJYTIPOBOTHIUKOBEIC MPUOOPEL.
5. [ToaroToBka K TECTHPOBAHHIO, KOJUIOKBUYMY, JK3aMEHY.

5.01eHOo4YHBIEe MaTePHAJIBI VISl TEKYLIEr0 H PYOeKHOI0 KOHTPOJISl YCIIeBAeMOCTH H
NMPOMEKYTOYHOM aTTecTalMn
Konnoxksuym
B cemectpe npoBoasTcs 3 KOTOKBHYMa,KOTOPBIE OLIGHUBAIOTCS 10 § 0AJIOB KasKABIH.

Bonpocui, ebinocumsle Ha KOIMOKGUYM
Ilepewiii Konnoxeuym

1.21eKTpOonpOBOJHOCTb MOITYIPOBOIHUKOB.
2.B3aumoeiicTBue ¢ oHOHAME, IPUMECHBIMU aTOMaMU, AcpeKTamMHu.
3.I1oaBUAKHOCTD 3JEKTPOHOB U ABIPOK.
4.YcrnoBue 3MeKTPOHEUTPATIEHOCTH.
5. duddy3us u apeiid HocuTenel 3apsaa. CooTHOIICHHUE DHHINTEHHA.
6.'opsiune 37eKTPOHBI.
7.JIaBUHHOE YMHOXEHUE B OTYHIPOBOJIHHUKAX.
8.0ddekT 'anna.
9.YpaBHeHHE 7151 IVIOTHOCTH 3JICKTPHUUECKOTO TOKA B MOIYITPOBOJHHKAX.
10.YpaBHEHUE HEMPEPHIBHOCTH.
11.YpaBHenue Ilyaccona.
12.271eKTpOHHO-IBIPOUHbIi iepexo (p-n).
13.MmxeKnns ¥ 3KCTPaKIUsl HEOCHOBHBIX HOCUTENEH 3aps/a.
14.BonbT-amnepHas ¥ BOJIbT-(apagHas XapaKTEpPUCTHKU P-TI IEPEX0Aa.
15.Toku HOCHTENEH 3apsiaa B p-N mepexoe.
16.I'enepanust u pekoMOMHAIIMST HOCUTEJIECH B P-II IIEpEXOJIe.
17.bapwepHas u muddy3uoHHasT EMKOCTB.
18.I1po6oii p-n mepexo/a: TEMIoBOH, JaBUHHBIHN, TyHHETHHBIH.
19.I'eteponiepexoabl.
20.KoHTaKT MeTaIUI-MMPOBOAHUK. OMUYECKHN U BBITPSIMIISIONTHIH, Tiepexo sl oTTkw.
21.CTpyKTypBl METAII-AU3JIEKTPHUK 1oynpoBogHuk (M/IT).
22 ITonesoii adpdext B MATI-cTpyKTypax.
23.TemnonpoBOTHOCTH OTYTIPOBOTHUKOB.
24 . TepMOAIEKTPUUECKUE SIBICHUSL.
Bmopoii konnokeuym
1.IlomynpoBogauKOBBIEe MHOAB. OCHOBHBIE MapaMeTphl M XapaKTEPUCTHUKU JTUOJIOB, UX 3aBUCUMOCTH OT
TEMIEPATyphl U peXKUMA.
2.OKBUBaJIEHTHBIE CXEMBI. MIMITyJIbCHBIE M YACTOTHBIE CBOMCTBA IMOJ0B. BEINMpAMUTENBHBIE M UMITYJILCHBIE
JTUOJTBI.
3.buononspuelie Tpan3ucTopbl CTpyKTypa U MPUHLUI IEHCTBUS.
4.PacnipeneneHue HOCHTENEH B 001aCTsIX TPaH3UCTOPOB. D dexT Dpiu.
5.0OCHOBHBIE MApaMeTPHI U XapaKTEPUCTHKH TPAH3UCTOPOB, UX 3aBUCHMOCTH OT TEMIIEPATYPhI U PEKUMa.
6.OKBUBAJICHTHBIE CXEMBI M MaTEMaTHYECKHE MOJENM TpaH3UCTOpa: Mojaenu Jbepca-Moimia, JImaBMILIA,
3apsAa0Bast.
7.Pabota TpaH3uCTOpa IIPH BEICOKOM YpOBHE HHXKeKIwH. [[po0oii TpaH3uCcTOpa U CMBIKaHHUE TIEPEXOI0B.
8. Tupucropsl, IPUHIUI WX ASUCTBUS U Kiaccudukaiys. OCHOBHbBIE MapaMeTPhl U XapaKTePUCTHUKH.
9.llomnerrle TpaH3mcTopel MIAIl, Cc p-n nepexomoM M C OapbepoM MoTTiku.
10.0CHOBHEIE HIapaMeTpPH M XaPaKTEPUCTUKM IIOJIEBEIX TPaH3MUCTOPOB. .




11 .MOII TPaH3MCTOPH C MHIOYLMPOBAaHHEIM M BCTPOEHHBIM KkaHaJlaMM.
12 .MHOII-CTPYKTYPHL. .
13.%memMeHTH MC: TPaH3UCTOPH, IMOIEl, PE3UCTOPH, KOHIEHCATOPH B cocTaBe JC.
14 .Knaccupuxaumsa JVC 0O KOHCTPYKTMBHO-TEXHOJIOTMUECKOMY M OQYHKIMOHAJIbLHOMY
peleHuo.
15.1luppoBrle M aHajoroBele JVC.
16.Bunonapueie TTJI, 2CJ u W? JI- cxXeM:l,
17.MO0-NC: ¢ p- u n- KaHajamu, K/MOII
Tpemuii konnoxeuym
1.TexHOJIOTMS I[OJIYUEeHMS HMU3KOPA3MEPHEIX IIJIEHOK U CTPYKTYP.
2.2b0bexTE pPa3MEpPHOT'O KBAHTOBAHMUSA, "IBYMEPHHI B3JIEKTPOHHEIM Ta3".
3.0COBEeHHOCTHM MEXaHUYECKUX, DBIEKTPOodM3MUeCKMX M ONTUUEeCKMX CBOMCTB
HaHOpPAa3MEpPHLIX IIJIEHOK.
4 .TloHATMEe O KBAHTOBEIX sMaxX B CJIOMCTHX CTPYKTypax.
5.IIoNIyNPOBOIHMKOBEIE CBEPXPEUEeTKM M MX NPUOOPHHE NPUMEHEHMS .
6.[IoHATME O KBAHTOBLIX HUTSAX M KBAHTOBEIX TOUKaxX U IIE€PCIEeKTMBAX MX
NPaKTUYECKOTO MCIOJIb30OBAaHMA.
7.CHOCOBOEl NOJIyUYeHUS UM CTPYyKTypa "nopuctThelx" cjioeB Si m GaAs.
8.PeHTIeHOBCKAsA M BJIEKTPOHHAsA JIUTOTIpadmsa HaHOpPas3MEPHBIX SJIEMEHTOB.
9.llpMMeHeHMa aTOMHO-CMJIOBOTO M CKAaHMPYKRIETO TYHHEJIBHOTO MMUKPOCKOIIOB IJid
HaHONMMTOTPpadmmM M NPeLM3MOHHOTO KOHTPOJIS HaHOPas3MEPHBX CTPYKTYP.
10.Opranuzanus KOHTPOJISL Ka4ecTBa MOJIYIPOBOAHUKOBBIX PUOOPOB M UHTETPAITLHBIX MUKPOCXEM.
11.Metoabl U3MEpeHHs CTATUYECKUX, TMHAMUYECKUX U UMITYJIbCHBIX NapameTpoB. Meroasl koHTposs BUC
u CBUC.
12 .Bunsl NPOMB3BOIOCTBEHHEIX MCIBITAHUM .
13 .KonmnuecTBEeHHBE XapPaKTEPUCTUKM HaleXHOCTM. OKCIJIyaTalMOHHAas HaIeXHOCTh.
HanmexHocTbs »yemMeHTOB JIC.
14 .Knaccudmkalss M OCHOBHEIE BUIOEI OTKA30B.
15.MexaHu3M O0Tkas0B. CTaTUCTHUUECKME U OMU3MUECKMEe MEeTOHb aHalinza U
IIPOTHOBMPOBAHMSA OTKAB0B.
16.MeTomsl NOBBIIEHMS HAIESXHOCTM IIOJIYIIPOBOINHMKOBEIX Hpmbopos u VC.
17.JeMicTBMEe paIMaluM Ha [NOJYNPOBONHMKOBEE MNPUOOPHE M MUKPOCXEMEI
Pexomenoayuu npu no020moeKe K KOJ10Keuymy
e mpopaboTaTh KOHCIIEKTHI JIEKIIUH 110 BOPOCAaM KOJIOKBHYMa;

® [IPOYUTATb OCHOBHYIO U JOIOJHUTCIIbHYIO JIUTEPATYPY, PCKOMCHAOBAHHYIO 110 U3y4YaCMbIM
BOIIpOCaM;
® OTBCETUTH Ha BOIIPOCHI KOJUIOKBUYMA,

® [IpH 3aTPYyIHEHUIX, TPOKOHCYJIBTUPOBATHCS C MPETIOIaBATENEM.

O0pa3ubl TECTOBBIX 3aIaHU
1. Tlpu yBemuueHWM IUIOIAAM P-N Tepexojga Ha oOpaTHyro BeTBb BAX p-n mepexoma mnpu
MOCTOSIHHOM HAINpPSHKEHHN OOPATHBINA TOK
a) YMeHbIIaeTcs;
0) YBenmuuuBaercs;
B) He mmensercs;
r) Pasen nysmro.

2. Tn-s10
a) Tox gpetida p-n nepexona;
0) IlIpsiMoii Tok p-n mepexona;
B) [uddy3nonnslii Tok;
r) ToK HacCHIIEHNS WK TETUIOBOM TOK.

3. TIpsimoii Tok Ha BAX p-n nepexosa Bo3pacTaeT ¢ MOBBIIIEHHEM TEMIIEPATYPHI, T.K.
a) lloTeHnmanbHbIN 6apbep yBETHMUYMBAETCS PU MOCTOSHHOM HAIPSHKEHU

6) lloTeHumanbHEIIN 6apbep yMEHBIIACTCS MIPHU TIOCTOSIHHOM HAIPSKEHUH;
B) IloreHumanbHbIN Oapbep HE U3MEHSETCS P MOCTOSIHHOM HallpshKEHHU.



4. Tlpu naBUHHOM TIpoOOE C YBENWYEHUEM TeMIIepaTyphl MPOOMBHOE HANPSDKEHNE YBETUYHUBACTCS,
T.K.

a)

0)

B)

r)

JiimHa cBOOOAHOTO Tipo0era yBEIMYMBACTCS, 4, CIICAOBATCIBHO, YBEIIMYMBACTCS U DHEPTHS,
KOTOPYIO MOXET MPUOOPECTH HOCUTENb Ha AJIMHE CBOOOTHOTO Npo0era, yisl HOHU3AIK aToMa
MOJTYTIPOBOTHHUKA;
JmmHa cBOOOmHOTO TIpoOeTa HE M3MEHSETCs, a, CIIEOBATENbHO, HE M3MEHSETCS W JHEPIHs,
KOTOPYIO MOXET MPUOOPECTH HOCUTENb Ha AJIMHE CBOOOTHOr0 Npooera, Jyisl HOHU3AIK aToMa
MOJTYTIPOBO/THUKA;
JmmHa cBobomHOTO TIpoOera yMeHBIIAeTcs, a, CIeNOBAaTeNIbHO, YMEHBIIAETCS W JHEPTHA,
KOTOPYIO MOXET MPUOOPECTH HOCUTENb Ha AJIMHE CBOOOTHOr0 Npodera, Jisl HOHU3AIK aToMa
MOy IPOBO/IHUKA,
JmmHa cBoOomHOTO TpoOera yMeHBIAeTCsd, a, CJIENOBAaTENbHO, YBEIUYMBACTCS JHEPTHA,
KOTOPYIO MOXET MPUOOPECTH HOCUTENb Ha AJIMHE CBOOOTHOr0 Npodera, Jyisl HOHU3AIK aToMa
MOy IPOBOTHUKA.

5. TemmoBeM IpoOOEM Ha3BIBACTCS

a)

0)

B)

[Ipoxoxkaenue oOpaTHOrO TOKa B P-N Imepexojie, MPH KOTOPOM BBIAETSETCS OINpPEAeTIeHHOE
KOJIMYECTBO TEIlIa U €CJIM OHO MPEBOCXOIUT KOJIWYECTBO TeIjIa, OTBOJMMOE OT P-N mepexoa,
TO TEMITEpaTypa HaYHET MOBBIMIATHCS, YTO TPUBEET K POOOIO;

[Ipoxoxmenne obpaTHOTO TOKa B P-N TEepexojie, MPH KOTOPOM BBIAEISIETCS OIpPEAeTIeHHOS
KOJIMYECTBO TeIla U €CIM OHO HE IPEBOCXOIUT KOJIWYECTBO TeIla, OTBOAUMOE OT P-N
nepexo/1a, TO TeMIiepaTypa HauHeT MOBBIIIATHCS, YTO MPUBEET K MPOOOIo;

[Ipoxoxmenne obpaTHOTO TOKa B P-N TEpexojie, MPH KOTOPOM BBIAEISETCS OIpPEAeTIeHHOS
KOJIMYECTBO TEIIa U €CJIM OHO TIPEBOCXOUT KOJIMYECTBO TeIlIa, OTBOAUMOE OT P-N mepexosa,
TO TEMIIEpaTypa He U3MEHHTCS, YTO PUBEAET K IPOOOI0;

6. IIpu npsiMoM cMeleHuH B P-N Iepexoe NPOUCXOAUT

a)
0)
B)
r)

OKCTpaKIHS;

Nmxexuus;

OKCTpaKIUs U UHKEKIIUS;
Hpeticdh HOCHTETICH 3apsia.

7. Juddy3nonnas reopust — 3T0 TEOPHS TOJICTOTO MEPEX0a, Koraa

a)
0)
B)
r)

[uprua OI13 MEOro MeHbIne muddy3uonHOM mmHbr & K L
[uprua OI13 MEOrO GonbIe UM dy3H0HHOM bl & 3 L
[lupuna OI13 pasua mupdysuonsoit nmme & =L ;

[upuna OI13 MeHsIe 1u60 paBHa xuddysuonnoit mmue & = L.

8. IIpoOuBHOE HanpshKEHHE YMEHbIIAETCA, IPY TYHHEJIBbHOM IPo00e C YBEIMIEHUEM TEeMIIEpaTyphbl,
T.K.

a)
0)
B)
r)

[HupuHa 3amperieHHON 30HBI YMEHBIIAETCS, M YMEHBINAETCS TOJIIMHA ITOTEHINAIBHOTO
Oapbepa, 4To MO3BOJISIET TYHHEINPOBATb, IPY MEHBLINX HANPSDKEHUSX;
IuprHa 3amnpeneHHoN 30HBI YBEIMUYMBACTCSA, M YBEIMYMBACTCS TOJIIMHA MOTEHIUAIBHOIO
Oapnepa, UTO MO3BOJISIET TYHHEIMPOBATH, IPH MEHBIINX HAMPKEHUSX;
IuprHa 3ampereHHON 30HBI YBEIWYMBACTCA, M YMEHBINAETCS TOJIIMHA MOTEHIHUAIBHOTO
Oapbepa, U4TO MO3BOJISIET TYHHEINPOBATh, IPH OOJIBILINX HAPSHKEHHUSX;
[HupuHa 3amperieHHoN 30HBI YMEHBIIAETCS, W YBEJIMYMBACTCS TOJIIMHA ITOTEHIINAIBHOTO
Oappepa, U4TO MO3BOJISIET TYHHEIMPOBATH, IPU OOJBIITNX HAPSHKEHHUSX.

T; —»9r10

a)
0)

B)

Bpewmst )x13HN IBIPOK;
BpewMsi )xH3HH 3IIEKTPOHOB;
BpewMst )xn3HN MOHOB;

r) Bpewmst xxu3Hu HOcUTENEelH COOCTBEHHOTO TI/TI.
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Memoouueckue pexomenoauuu no nOO20MoOGKe K mecmupoeanuio

TecTbl — 3TO BOMPOCHI WK 3aJ]aHUs], TPEAYyCMaTPUBAIOIINE KOHKPETHBIM, KPAaTKUM, YETKUN
OTBET Ha HUMEIOIIMECS 3TAIOHBI OTBETOB. [IpM caMOCTOATENBbHON NMOATOTOBKE K TECTUPOBAHUIO
CTYJIEHTY HEOOXO0IUMO:

a) TOTOBSICH K TECTUPOBAHUIO, IPOpadOTaTh MHGOPMAIMOHHBIM MaTepraj 0 IUCIHAILINHE.
IIpoKOHCYTBETHPOBATHCS € TPEIOoIaBaTEIeM IO BOIPOCY BBIOOpa ydeOHOM JTUTEpaTyphI;

0) 4eTKO BBISICHUTE BCE YCIIOBHS TECTHPOBaHUs 3apaHee. 3HATh, CKOJIBKO TecToB Bam Oyzer
MPEI0KEHO, CKOJIFKO BPEMEHH OTBOJIMTCS HA TECTHPOBAaHUE, KAKOBA CUCTEMa OIEHKH Pe3yIbTaTOB
U T.0.

B) TpuCTymnas K paboTe ¢ TecTaMH, BHUMATEIbHO M [0 KOHIIA IMPOYTUTE BONPOC U
npesaraeMple  BapuaHTBl OTBETOB. BriOepuTe mpaBWibHBIE (MX MOXET OBITh HECKOJbKO). Ha
OTJIEIPHOM JIMCTKE OTBETOB BRIMHUINKTE MHU(PYy Bompoca u OYKBBI, COOTBETCTBYIOIINE TIPABUIHHBIM
OTBETaM;

T) B [IPOLIECCE PEIICHUS JKENATEIbHO MPUMEHSTh HECKOIBKO MOAXO0/I0B B PEIICHUHN 3aJaHUsl.
OTO MO3BONSIET MAaKCHMAaNIbHO THOKO ONEpHpOBaThH METOJAAMH DEIICHHUS, HaXOAs KaXKIbli pa3
ONTHUMAJIbHBIM BapUaHT.

n) ecnu Bl BeTpeTuiin upe3BbldaiiHO TPy IHBIN 11t Bac Bompoc, He TpaTbTe MHOTO BpEMEHU
Ha Hero. [lepexoqute k qpyrumM Tectam. BepHHUTECH K TPYTHOMY BOTIPOCY B KOHIIE.

€) 00s3aTeNTbHO OCTaBbTE BPEMs ISl TIPOBEPKH OTBETOB, YTOOBI M30€XKaTh MEXaHUIECKUX
ommOOoK.

Kpumepuu oyenusanus

Onenka
HEY/I0BJIETBOPUTEILHO YIOBJIETBOPUTEILHO XO0poIIo OTJIMYHO
0 6as10B 3 6as1a 4 6as1a 5 6aas0B
Menee 50 %  mpaBuibnO | 50-70% npaBwibHO | 71-85% mpaBmisHO | 86-100% mnpaBuUIbHO
BBIIOJHEHHBIX 3aJaHHUH. BBIIIOJTHEHHBIX BBIIOJTHEHHBIX BBIIIOJTHEHHBIX
3aJIaHM. 3aJIaHM. 3aJIaHMUI.

IIpome:kyTouHas aTTecTauus

Cnucok 0CHOBHBIX 60NPOCOG K YCIHOMY IK3AMEHY
1.251eKTpOnpPOBOIHOCTD MOTYTIPOBOJHUKOB.
2.B3aumoneiictBue ¢ hoHOHAMH, IPUMECHBIMU aTOMaMU, Ae(peKTamu.
3.I1oABM>KHOCTH 3JIEKTPOHOB U ABIPOK.
4.Y cnoBue AIIEKTPOHEHTPATBHOCTH.
5. Auddysus u nperid Hocurenel 3apsaaa. CooTHomenne DHHIITEHHA.
6.I'opsiune >1eKTPOHBI.
77.JJaBUHHOE YMHOEHUE B IIOJYIIPOBOAHUKAX.
8.0ddekT 'anna.
9.YpaBHeHHE A5 IVIOTHOCTH 3JIEKTPHUUECKOTO TOKA B MOJIYIIPOBOJHHUKAX.
10.YpaBHeHHE HEMIPEPHIBHOCTH.
11.YpaBuenue Ilyaccona.
12.25eKTpOHHO-IBIPOUHBI TIepexo (p-N).
13.MHKeKus ¥ SKCTPaKIUsl HEOCHOBHBIX HOCUTEINEH 3apsiaa.
14.BonpT-aMriepHast ¥ BOJIbT-(hapagHas XapaKTEPUCTHKH P-TI IEPexo/a.
15.Toku HOCHTENEH 3apsiaa B p-N mepexoe.
16.I'enepanus 1 pekoMOWHaLKsI HOCUTENIEH B p-T1 Iepexoie.
17.baprepHast u tuddy3rnoHHAST EMKOCTb.
18.ITpo6oii p-n mepexoa: TETUIOBOH, TABUHHBIN, TYHHETHHBIN.
19.I'ereponiepexoabl.
20.KoHTakT MeTamui-npoBoHUK. OMUYECKHUM U BRITPSAMILSIIOIINY, nepexos! LIloTTku.
21.CTpyKTYypBl METAII-TUIICKTPHUK oynpoBogHuk (M/IT).
22 ITonesoii a3dpdexr B MAII-cTpykTypax.
23.Tem1onpoBOIHOCTH NOTYTIPOBOIHUKOB.
24. TepMOdTIEKTPUIECKUE SBICHUS.

25.IlonynpoBogHUKOBBIE 10bl. OCHOBHBIE MapaMeTpsl M XapaKTEPUCTHKH JHOJO0B, WX 3aBHCHMOCTH OT

TEMIIEPATyphl U peXKUMA.



26.OKBHBAJICHTHBIE CXEeMBI. VIMITyIbCHBIC M YaCTOTHBIC CBOMCTBA THO0B. BRIIPAMUTEIBHBIC U UMITYJTHCHBIC
JIAO/TBI.

277 .buononspueie TpaH3UCTOPBl CTPYKTYpa U MIPUHIIMIT JEHCTBUSL.

28.Pacmpenenenne Hocutenel B 001aCTsIX TpaH3UCTOPOB. D eKT Dpiu.

29.0CcHOBHBIE TTapaMeTPhI ¥ XapaKTEPUCTUKHA TPAH3UCTOPOB, X 3aBICHMOCTH OT TEMIIEPATyPhI U PeXKIMA.
30.OKBHBAJICHTHBIE CXEMBI W MaTeMaTHYEeCKHE MOICIH TpaH3WUCTOpa: Momenu Dbepca-Moimra, JluaBumia,
3apsaa0Bas.

31.Paborta TpaH3UCTOpa MU BEICOKOM YpOBHE MHKeKInH. [[po0oii TpaH3nCTOpa M CMBIKaHHE ITEPEXOJI0B.
32.TupUCTOPEI, TPUHITUI UX ACHCTBUSA U Kiaaccuukanus. OCHOBHBIC TApaMETPhI U XapaKTePUCTHKH.
33.llojyeBrle TpaH3UCTOPH MIIl, C p-n nepexoimoM M Cc BapbepoMm MOTTKU.

34 .0CHOBHBEIE MaPaAMETPH ¥ XapPaKTEePUCTUKM IIOJIEBEIX TPAaH3UCTOPOB. .

35.MIII TPaH3UCTOPH C MHAOYLUMPOBAHHEIM M BCTPOEHHEIM KaHaJlaMM.

36 .MHOII-CTPYKTYPH . .

37.9nemeHTH JIC: TPaH3UCTOPB, IOMOINbL, PEe3UCTOPH, KOHIEHCATOPH B cocTase JC.
38.Kmaccubukaumusa VC 100 KOHCTPYKTMBHO-TEXHOJIOTMUYECKOMY U OQYHKLUMOHAJIBEHOMY
PEeleHNo.

39.0udporrle M aHajorToBREE JC.

40 .Bunosaapuee TTJ, 3CJI u W? JI- cXeMH,

41 .MOMN-UC: ¢ p- u n— kaHajsamu, K/MOII

42 . TexXHOJIOTHSA MOJIyUeHMs HMBKOPA3MEPHEIX IIJIEHOK UM CTPYKTYP.

43.350beKTE pa3MEepHOT'O KBaAaHTOBAaHMA, "IBYMEPHB BJIEKTPOHHBM Ta3".

44 .0COBEHHOCTU MEXAaHUUECKUX, DJIEKTPOOMBUUECKUX U OINTHUUECKMX CBOMCTB
HaAaHOPA3MEPHHX IIJIEHOK.

45.TloHATME O KBAHTOBEIX fAMax B CJOMCTHX CTPYKTYpPax.

46 .TlOJTyNPOBOOHMKOBEHE CBEPXPEUETKM M UX NPUOOPHBE NPUMEHEHUS .

47 .TIoOHATMEe O KBAHTOBEIX HUTHAX M KBAHTOBHX TOUKAX U IIEepCIeKTMBaAX UuX
NPAKTUUYECKOTO MCIIOJIL30BAHMUSA .

48 .CnocoBrl MOJIydyeHMs M CTPpykTypa "nopmctex" cioer Si m GaAs.

49 .PeHTTeHOBCKAas UM DBJIEKTPOHHAaA nuTorpadms HaHOPABMEPHHX 3JIEMEHTOB.

50. HpMMeHeHVIH ATOMHO—-CMJIOBOI'O M CKAHMPYKIEI'O TYHHEJIBHOI'O MMKPOCKOIIOB IOJIA
HaHOIUTOTpadmm M NPELUMBMOHHOTO KOHTPOJIS HAHOPASBMEPHEIX CTPYKTYP.
51.0Opraamn3anus KOHTPOIIS Ka4eCcTBa MOTYTPOBOJHIUKOBEIX TPHOOPOB M MHTETPAITBHBIX MHUKPOCXEM.
52.Metonbl U3MEPEHUs CTAaTUYECKHX, JMHAMUYECKIX U UMITYJIbCHBIX IMapameTpoB. Meronsl koHTpois BUC
u CBUC.

53.BuOs NPOMBBONCTBEHHEIX MCIIBITAHUN.

54 .KosmuecTBeHHBE XApPaKTEPUCTMKY HaAaOEeXHOCTU. 3KCHJ’[yaTaLU/IOHHaFI HaIOeXHOCThb .
HamexHocTbs syemMeHTOB JIC.

55.Knaccudmukanumss M OCHOBHEIE BUIE OTKA30B.

56 .MexaHu3M OTkKa30B. CTaTUCTUUeCKkMEe U Ou3MUecKMe MeTOIs aHaliu3a U
[IPOTHOBUPOBAHMA OTKAaB0B.

57.MeTOonbl MOBHIIEHMS HAIEXHOCTM IOJIYIIPOBOIHMKOBEIX IpmbopoB u JC.
58.lericTBMEe palyaluy Ha [IOJIYHNIPOBOOHMKOBHE IPUOOPH M MUKPOCXEME

Memoouueckue pexomenoayuu npu no020moeKe K IK3aAMeHy

[ToaroToBKa acmuUpaHTOB K DK3aMEHY BKIIOYAET MPOpabOTKY JIEKIWi, B TEUCHUH CEeMecTpa M
HETIOCPEACTBEHHYIO MOATOTOBKY B JIHM, NPEALICCTBYIOLIME JK3aMEHY, BKIIIOYAs, KOHEUHO, MOATOTOBKY K
KOJJIOKBUYMaM, TECTUPOBAHHUIO.

J1st TOTOTOBKYM K OTBETaM Ha JK3aMEHAIMOHHBIC BOMPOCH! (OHHM BBIJAIOTCS B KOHIIE CEMECTpa)
aCIUPaHT JOJIKEH KCIIONb30BaTh HE TOJIBKO KYpC JIEKIMM, HO U OCHOBHYIO U JIOMOJHUTEIBHYIO JTUTEPATYPY
JUTSL BRIPAOOTKH YMEHHUS JaBaTh Pa3BEPHYThIC OTBETHI HA MIOCTABICHHBIC BOIPOCHI.

B xozme MoAroToBKM K 3K3aMEHY aclUPaHTy HEOO0X0IMMO oOpaiiaTh BHUMAaHHUE HE TOJBKO Ha
YPOBEHb 3aIIOMUHAHUS, HO U HA CTEIIEHb MMOHUMAaHMS U3yIaeMBIX BOTIPOCOB. A 3TO JOCTUTAETCS HE MPOCTHIM
3ayYMBaHUEM, a YCBOCHHUEM IIPOYHBIX CHUCTEMATU3UPOBAHHBIX 3HAHUNA AHATUTUYECKUM MBIIUICHUEM.
CrnenoBaTeNnbHO, HEIOCPEACTBEHHAS IOATOTOBKA K 3K3aMEHY JOJDKHA B Pa3yMHBIX MPOMOPLUSIX COUETATh U
3allOMHUHAHUE, U TOHUMaHKE POTPaMMHOTO MaTepurara.

Kpumepuu oyenusanus
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OneHka

HEY/T0BJIETBOPUTEIbHO
0 0a10B

YI0BJIETBOPUTEIbHO
3 0aJ1a

XO0poIIo
4 0ajL1a

OTJIMYHO
5 0asL10B

ITocemenne menee 50 %
JIEKITUOHHBIX U
MTPAKTHYECKUX 3aHITHIA.

ITocemenue He MeHee
60% NEeKIMOHHBIX U
MPAKTHUYECKUX 3aHITHH.

ITocelienne He MeHee
70 % JEKIUOHHBIX U
MIPAKTHUYCCKUX 3aHSITHH.

ITocemenue He MeHee
85% NEKIMOHHBIX U
MPAKTHYECKUX 3aHITH.

ACIUPAHT HE 3HACT
3HAYUTEIHLHON YacTH
MaTepuaia, J0MyCcKaeT
CYIIIECTBCHHBIC OIIMOKH

ACTMHPAHT MOBEPXHOCTHO
3HAeT MaTepHal
OCHOBHBIX Pa3/eoB 1
TeM y4eOHOU

aCIHUPAHT XOPOILIO 3HAET
MaTepHai, FpaMOTHO U
10 CYILIECTBY M3/1araer
€ro, JIoImycKas

ACIHPAHT B ITOJIHOM
00bEMe 3HACT MaTepHual,
TPaMOTHO | TIO

CYLIECTBY M3J1araet ero,

BOTBCTAx Ha BOIIPOCHI. JAUCIHUIIIINHBI, HEKOTOPBIC HCTOYHOCTHU HC JOITyCKas
JOITYyCKacT BOTBETC Ha BOIIPOC. CYIIECTBCHHBIX
HCTOYHOCTH B OTBCTC Ha HETOYHOCTECH B OTBETE
BOIPOC. Ha BOIIpOC.

6.MeToau4ecKkue MaTepHuaJibl, ONpeAe/siiolye Npoue1ypbl OLeHUBAHUS 3HAHUI, yMEeHMH,

Tabmuia 5. Pe3yspTaThl OCBOCHHUS YUSOHOM TUCIUILTUHBI, MOJICKAIIUE POBEPKE.

HABBbIKOB M OIIbITA J€ATCJIbHOCTH

Pe3yabTaThl 00yueHus OcHOBHBIE I0KA3aTeJIU OLEHKH Pe3y/1bTATOB Buj oueHo4Horo
(KOMIEeTEeHIUM) 00y4eHus1 Marepuaja

OIIK-1-ciocoOHOCTBIO 3name:  METONBI  OICHUBAHUS  pa3M4HbIX | Komtoksuym
CaMOCTOSTENbHO BAPUAHTOB  TexXHUYeckux  pemenuii  npu | Cobecenosanue
OCYLIECTBIATH  HAy4YHO- | OCYLIECTBICHUM HAYYHO-HCCIIC/IOBATENILCKOM | 1 CCTHPOBAHHE
HICCIIC/IOBATEIIBCKYIO JIESTEIHHOCTH, OCHOBHBLIC IIPABOBBIE W STUYCCKHE
JCSTETHHOCTD p | HOPMbl  MpH  OLEHKE — MOCIHEACTBUH  CBOCH
COOTBETCTRYIOIEH npodecCHOHANBHON AEATENLHOCTH.
npoeccHoHaTBHO Yuems: caMOCTOSTENBHO OMPENEISATh LEIA U
oGIACTH ¢ | BPIOIHATE  IIOCTAHOBKY 3ajad, OCYIECTBIATH

TIOUCK, XpaHeHHe, 00pabOTKy U aHaIu3 HHPOPMALIUH
WCTIOJIh30BaHUEM

W3 Pa3NAYHBIX WCTOYHUKOB W 0a3 JaHHBIX 110
COBPCMCHHBIX — METOMOB | cpojicTpam, TEXHOJIOTHH W3TOTOBJICHUS u
MCCIIC/IOBAHMS | npumenenus npuGOPOB  SJNEKTPOHHONW TEXHUKH,
MH(pOPMAIIMOHHO- WCTIONB30BaTh  JUISl  HAYYHO-WCCIIEAOBATEILCKOM
KOMMYHUKAITMOHHBIX IICATECIIbHOCTH B npO(beCCHOHanLHOﬁ IEATEIIbHOCTH.
TEXHOJIOT'HH, Braoemy: HaBbIKAMU CaMOCTOSITEIIbHO

OCYIIECTBIIATh HAYYHO-HMCCIIEIOBATEIBCKYIO

JesITeTIbHOCTh, COOp M aHAJIU3 UCXOAHBIX JaHHBIX

JUIsL pacdyeTa H TMPOEKTUPOBAHUS MPHUOOPOB

,YyCTPOWCTB, METOJIaMH M CIIOCOOAMH HCIIOJIB30BATh

B TIPAKTHYECKON JCSATEIBHOCTH HOBBIE 3HAHHS U

yMEHHsI, B TOM YHCJI€ B HOBBIX OO0JACTSAX 3HAHUM,

CBSI3aHHBIX C COBPEMEHHBIX METOJIOB HCCIICIOBAHUS

CTPYKTYP JIEKTPOHHOM TEXHUKH.
OIIK-3-roToBHOCTBIO K | 3Hamb: 3HAHWE IPUEMOB JIO-TUYECKH BEPHOTO, Kosnoksuym
MPETIoIaBaTENbCKON ap-TYMEHTUPOBAHHOI'O U SICHOTO OCTPOEHUS Cobecenopanue
JeSITEeIbHOCTU 10 | YCTHOM PEYM 1O OCHOBHBIM 00pa30BaTEIbHBIM Tecrupopanue
OCHOBHBIM IporpamMMamM BBICIIIETO 00pa30BaHMsI JIJIST BEIACHUS
00pa3oBaTeIbHBIM MIPETNOIaBaTEILCKON ACSITEILHOCTH,
mporpaMmaM  BBICIIETO | OCHOBHEIE HMCTOYHUKH Hay9IHO-TEXHUIECKON
06pazoBaHus uHpopMamd 1Mo (U3MKE MOJYIPOBOIHUKOBBIX

npuOOpOB W HWHTETPABHBIX CXeM, (U3HKO -

TEXHOJIOTHUECKHE OCHOBBI MIPOIIECCOB

MTOJTYTIPOBOJTHUKOBEIX TMPUOOPOB M HWHTETPATBHBIX

MHUKPOCXEM.

Ymemy: YMEHHE JIOTUYECKHU BEPHO,
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apryMEHTUPOBAHHO U SICHO CTPOUTH YCTHYIO
pe€Ub 10 OCHOBHBIM 00pa30BaTeIbHBIM IIPOrpaMMam
BBICIIIEr0 00Pa30BaHus ISl BEJICHUS
MIPENOIaBaTEILCKON ACSITEIbHOCTH,

YYUTHIBATb COBPEMEHHBIC TCHACHIIMM pPa3BUTHUS
SJEKTPOHUKH, U3MEPUTEIBHOM U BBIYUCIUTEIHHON
TEXHUKH, WHPOPMAIIMOHHBIX TEXHOJOTHH B CBOEH
pohecCHOHATBHOMN NEATENbHOCTH,

Bradems: crioCOOHOCTBIO IOTUYECKH BEPHO,
apryMEHTUPOBAHHO U SICHO CTPOUTH YCTHYIO
pe€Ub 10 OCHOBHBIM 00pa30BaTEeIbHBIM IIPOrpaMMam
BBICIIIEr0 00Pa30BaHus ISl BEJICHUS
MIPETI0AaBaTEIbCKON A TETHbHOCTH;

CTaHIaPTHBIMHU MIPOTPaMMHBIMH cpeacTBaMHu

KOMIIBIOTECPHOT'O MOACINPOBAHUA HpI/I60pOB

3HeKTpOHHOI\/'I TCXHHUKH, HOBBIMU

I/IH(I)OpMaL[I/IOHHI)IMI/I TCXHOJOTIUAMM.
CrocoOHOCTBD MIPOBOJUTH 3HATDb: wMetomuku anaimusa COBPEMEHHBIX KOJ‘[J‘[OKBI/IyM
vccenoBanus B obiacty | PU3UKO-TEXHHYECKHX — CIHOCOOBI M METOZBI CobecenoBanue
TBEPIOTENBHBIX PEUICHUA 3KCHepI/IMCHTaHLHEIX " TCOPETHYCCKUX TCCTHpOBaHHe
IIEKTPOHHBIX HpI/I60pOB, 3aaa4 TBECEPOOTCIBbHOHU OJICKTPOHUKH,

PagruO3JIEKTPOHHBIX KOMITIOHCHT MHKPO- )51
PanrodIEeKTPOHHBIX

_ | HAHOPJIEKTPOHUKH, TPHUOOPOB HA KBAHTOBBIX
KOMIIOHEHTOB,  W3/IETHH | 5 dekrax.

MHKpPO- H1 YMEThb: KPUTUYECKM aHaNM3MpoBaTh
HaH%SHeKTPOHHKm coBpeMeHHble (U3NKO-TEXHUYECKME Npobaembl,
pHOOPOB. Ha KBAHTOBBIX | rapyry, 33gaum M paspabaTbisaTb nporpammy
sddekrax, BKJTFOUAs

nccnegoBaHua, BbI6MpaTb aJEeKBaATHbIE cnocobbl 1
MeToabl peweHnAa IKCNEPUMEHTA/IbHbIX n
TeopeTUYeCKnX 3adav, MHTEPNPETNPOBATDH,

mpoOJleMbl W 337auH,
CBsI3aHHBIE C pa3paboTKON

HaYYHBIX OCHOB,
(busmaecKux 4 | TMPEACTABAATL M MPUMEHATb  MOANYYEHHbIE
TeXHWHECKHX TPUHIMIOB | PE3Y/bTaThl,  MCXOAA U3 TeHAeHUM M passvA
CO31aHHS u | TBEpOOTeNbHOM 3N1eKTPOHMKKM, PafMO3/NEKTPOHHbIX
COBEPIICHCTBOBAHHS KOMMOHEHT  MWKPO- M HAHO3JIEKTPOHUKMY,

yKa3aHHBIX npu6opos, | NPUBOPOB Ha KBaHTOBbIX I deKTax.

KOMITOHEHTOB, U3JICJINI
(TIK-1). BNALETD: npuemamm 7 TEXHONIOTUAMMU

uenenonaraHua, LUenepeanmnsaumm U OLEHKM
pe3ynbTaToB  AeATeNbHOCTU Mo peLleHno
Hay4YHbIX 3a4ay pa3BuTUA TBEPAOTEeNIbHOM
3NEKTPOHUKM,  PALANOINEKTPOHHbBIX  KOMMOHEHT
MUKpPO- M HaHO3NEKTPOHWMKKM, NpMbOpoB Ha
KBaHTOBbIX 3¢ deKTax

7.Y4ebHO-MeTOAUYECKOe O0ecTieueHUue TUCITUILTUHBI (MOTYJIs1)
7.1.0cnosenasn r1umepamypa
1. M.A. KaBoponkos, A.B.Ky3uH. DnekTpoTexHuka u 31eKTpoHMKa: yd.noc. - M.-JI: Akagemus,

2005. - 49 5k3.
2. JlebeneB AWM. ®usuka MOJIYNPOBOJHUKOBBIX TPHOOPOB. [DJICKTPOHHBIH pecypc] —
Onektpon.gan. M.: O®mmanmr, 2008. -488 cC. - Pexum  nmoctyma:

http://www.studentlibrary.ru/book/ISBN9785922109956.html

7.2./lonoanumenvnasn 1umepamypa
3. Illamumosa, K.B. ®u3nka momynpoBOHUKOB. [DIEKTpOHHEIH pecypc] — Onekrpon.gan. — CII6.:
Jlanb, 2010. — 384 c. — Pexxum noctyna: http://e.lanbook.com/book/648 — 3ari. ¢ skpana.
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4. Tposnu, ILE. TBepmorenpHas SICKTPOHHMKA. [DIEKTPOHHBIA pecypc] — DmekTpoH.maH. — M.:
TYCVYP, 2008. — 330 c¢. — Pexum nmoctyna: http://e.lanbook.com/book/4966 — 3ari. ¢ axpaHa.

5. JlpsxonoB, B.II. CsepxckopocTHas TBepaoTeiabHas »diekTpoHuka. T. 1: Ilpubopsl obmiero
Ha3zHa4yeHHd. [DAeKTpoHHbIN pecypc] — Onektpon.nan. — M. : JIMK IIpecc, 2013. — 600 c. —
Pexxum mocryna: http://e.lanbook.com/book/9121 — 3aru. ¢ 3kpaHa.

6. esxonos, B.II. CeepxckopocTHas TBEpAOTENIbHas 3acKkTpoHHKa. T. 2: ITpuOOpHI CrelUalIbHOTO
Ha3zHa4yeHHd. [DAeKTpoHHbIN pecypc] — Onextpon.nan. — M. : JIMK IlIpecc, 2013. — 576 c. —
Pexxum mocryna: http://e.lanbook.com/book/9122 — 3ari. ¢ 3kpaHa.

7. O.B.Mwunorzopos, W.I'IlankoB. DnekTpoHunka. Y4eOHUK mis By30B 4-¢ m3d., crep. - M.: BIIL

2008.(DnextponHsIit yueoHuk Bonbmmoreke KBI'Y, pexxum nocryma http:/lib.kbsu.ru).
Ilepuoouueckue uzoanus

[epeuens mepronuyueckux M3AaHU, moiaydaeMbix Oubmumorekoit KBI'Y, B KOTOPBIX CTyAEHT MOMKET
03HAKOMHTBCS C COBPEMEHHBIMHU JOCTYDKEHUSAMHU B 00JIACTH 3JIEKTPOHUKH, MUKPO U HAHOJICKTPOHUKU:

e @usuka. (Pu3MKa NOIYNPOBOJHUKOBBIX MPOBOJHUKOB M JUAIEKTPUKOB, KBAHTOBAS 3JIEKTPOHHKA).
N3zsectnst BY30B.
DNIEKTPOHHKA.
®Du3rKa U TEXHOJIOTHS TOTYIPOBOIHUKOB.
MUKpO31EKTPOHHUKA.
KBanTtoBas 3neKTpoHuKa.

Humepnem-pecypcoi
http://www.Russianelectronics.ru -mmopran «BpeMst 371eKTpOHUKH»
http://www.platan.ru— kaTaior 3JeKTpOHHBIX KOMIOHEHTOB
http://metodist.Ibz.ru/iumk/nano/lections.php- BumeopoinuKy Mo HAHOTEXHOJIOTHU
http://nano.fcior.edu.ru— xaramor Hay4HO- 00pa30BaTEIbHBIX PECYPCOB U1l HAHOMH/TYCTPHUH.
5.Poccuiickan rocygapcteeHHan 6ubamoteka http://www/rsl.ru
6.Poccuitckan HaumoHanbHasa 6ubanoteka http://www/nsl.ru
7.Bcepoccuiickaa rocygapcTeeHHas 6MbBAMOTeKaMHOCTPaHHOW auTepaTypbl MM M.U. PyaomuHo
http://www/libfl.ru
8.bubnnoteka Akagemuun Hayk http://www/rasl.ru.
9.6nbnunoteka PAH no ectectBeHHbIM HayKam http://www/benran.ru.
10.lfocypgapcTBeHHan nybanyHan HaydHo-TexHuyeckas 6ubnunoteka http://www/gpntb.ru
11.N'ocypapcTBeHHaa nyb6iMyHana HayyHo-TexHW4Yeckaa bubanoteka Cubupckoro otgeneHuns PAH
http://www/spsl.nsc.ru/
12.LleHTpanbHan HayyHaa 6ubanoteka JanbHeBocTtouHoro otaenenusa PAH http://lib.febras.ru
13.LleHTpanbHan HayyHaa 6ubanoTeka Ypanbckoro otaenernums PAH http://www.uran.ru
14.6ubnunoteka KoHrpecca http://www.los.gov/index.html
15.bpuTtaHcKan HaumoHasnbHan 6ubnanoteka http://www.bl.uk
16.®paHuy3cKas HaumoHanbHaa 6ubanoteka http://www.bnf.fr.
17.Hemeuxan HaumoHanbHan 6ubnnoteka http://www.ddb.de

poODNDE

18.6ubnmnoteuyHas ceTb yupexaeHuin HayKun 7 o0bpasoBaHuA RUSLANet
http://www.ruslan.ru:800/rus/rcls/resources
19.LleHTpanbHasn ropogackas yHUBEpcaabHaA 6ubnmoteka um. B. MasAkoBcKoro

http://www.pl.spb.ru

20.HayuHaa 6ubnmoteka um. M. TopbKoro CaHKT-lMeTepbyprckoro locyAapCTBEHHOroO
yHuBepcuteta (CN6IY) http://www.lib.pu.ru

21.dyHpameHTanbHas 6ubanoteka CaHkT-MeTepbyprckoro FocysapcTtBeHHOro MoanTeXHUYECKOro
yHusepcuteta (CN6IMMY) http://www.unilib.neva.ru/rus/lib/
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http://www.lib.pu.ru/

. IIporpamMHoe oGecnieueHne COBpeMEeHHbIX HH(OPMAIHOHHO-KOMMYHHKAIHOHHBIX
TEXHOJIOT U

1. AcnupaHTBl UMEIOT JOCTYN K €IHHOMY 00pa30BaTelIbHOMY MOPTAly, IZIE MOTYT B OTKPBITOM
JOCTYIIE TOJB30BATECS PECypcaMH  y4eOHO-METOAMYECKON JINTEPATYpPhl, SBISIONIMMHCA Pa3padOTKaMu
Benynmx BY30B Poccum.

2. lnst peWTHHTOBOTO KOHTPOJISI HUCIONB3YETCsl CHCTEMa KOMITBIOTEPHOTO TECTHPOBAaHHsS Ha Gase
porpaMMmHuoro obecreuenns Moodle.

4. B pamkax obOecriedeHus MPUMEHEHHsI KOMITBIOTEPHBIX TEXHOJIOTHI B 00pa30BaTeIbHOM IPOIIECCe
UMEIOTCSI CIICIIHATN3HPOBAHHBIE KOMITBIOTEPHBIX KJIacCa ¢ COBPEMEHHBIM MPOTPAMMHBIM OOECIICUCHHEM H
UMEIOIIMM BbIX0 B IHTEpHET.

8.MaTepuanbHO-TeXHUYECKOe 00ecniedeHre TUCHUILINHBI

Crnenmanu3upoBaHHas ayIUTOPHs, UCIIOJIb3yeMas HpPH MPOBEACHUHM 3aHATHH JIEKLMOHHOIO THIIA
OCHalllcHa MYHBTHMCHHﬁHBIM IIPOCKTOPOM M KOMIUJICKTOM alllapaTyphnl, HOSBOHﬂIOIHGﬁ ACMOHCTPUPOBATH
TEKCTOBBIC U rpauuecKue MaTepHabl.

AcnupaHTel UMeEOT 4depe3 VHTepHET AOoCcTynm K eAMHOMY 00pa3oBaTelbHOMY IOpTaly, I B
OTKPBITOM JIOCTYIIE UMEIOTCSl Pecypchl yU4eOHO-METOAMYECKOH JUTepaTyphl, SIBISIOMIKECS pa3paboTkaMu
Benyumx BY3oB Poccun.
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9.JIucT N3MeHeHuii (I0NoJTHeHn)
B padoueii mporpaMme AUCHUTILTAHBI (MOTYJIs)

«TBepaoTeNbHas 3IEKTPOHUKANIIO HATIPABJICHUIO TOJITOTOBKH
11.06.01 «DyeKTpOHMKA, PAAUOTEXHUKA Y CUCTEMBI CBIA3H»

HaHpaBHCHHOCTB IIOATOTOBKH

HAHOAJICKTPOHMKA, MPUOOPBI HA KBAHTOBBIX d(heKTax»
Ha 2019 — 2020 y4ye6HblIii roa

05.27.01 «TBepaorenbHas JIEKTPOHUKA, PAIHO3IEKTPOHHBIE KOMIIOHEHTBI, MUKPO- U

Ne n/m JuemeHT (myHKT) PIT/] Ilepeyens BHOCUMBIX | Ilpumeuyanue
HW3MEHEeHHu i

Obcyorcoena u pekoMeH008aHa Ha 3acedanuu Kagpeopol

DIICKTPOHHUKH ¥ NH)OPMAIMOHHBIX TEXHOJIOTHH,

npoTokoia Ne OT « » 2018 1.

3aBenywuuii kadeapoii / P.I11. Temen /

IIOIIACH

pacmmppoBKa IMOANKCH JaTa
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