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MUHUCTEPCTBO OBPA3OBAHUSA 1 HAVKU POCCUUMCKOM OEJEPALINN
(DeJepaanoe FOC}’ﬂapCTBCHHOQ 6IOL[)KCTHO€ o6pa3013aTeanoe y‘{p@/KHCHHG
BBICITICTO O6paBOBaHI/IH

«TOMCKHWM rOCYIAPCTBEHHBINM YHUBEPCUTET CUCTEM VITPABJIEHUSA U
PAJTUOSJIEKTPOHUKM» (TYCVP)

YTBEPXKIAIO
IIpopexTopno y4ebHoit paboTe
I1. E. Tposin
wE oF 2016,

PABOYAS [TPOTPAMMA YYEBHOM JUCHHUIJIMHBI

Du3nyecKne OCHOBDI MUKPO- # HAHOBJCKTPDOHHKH

YpoBeHb 0CHOBHOIT 00pa3oBaTebHOI NPOrpaMMbI f6akanaBpuat

Hanpas.ienue(d) NoAroToBku (creunanbHocTs) 11.03.03.-KonceTpynposatue u TeXHOI0T U 31EKTDOHHBIX
cpescTs :

flpodunb(u) [IpoekTHpOBaHNE U TEXHOJIOTUSI 3JIEKTPOHHO-BLIYHCIUTETbHBIX CPEICTB

®opma o0yueHHst ouHas
®akynbTeT__be3onacHocTH
Kadeapa KomrniekcHoii nHGopMauroHHoii 6e30MACHOCTH  3J1€KTPOHHO-BbIYUCIHUTENbHBIX CHCTEM
(KUB3BC)

Kype 2 CemecTp 3

Yu4ebublit nnan Habopa _ 2013 roza.

Pacnpenenenue paGouero BpemMeHu:

" z
| Ne Buabi yueGHoili padoThl g o =
s 2 =
[5) =2 =
o =
1. | Jlexumnu 28 28 4acoB
| 2. | JlaGopaToprble paboThl 16 16 4acoB
3. | TpakTuyecwue 3aHATHS 28 28 4acoB ;
4. | Kypeosoii npoext/pabora (KPC) (ayauropras) He npeayemorpeno He npeaycmorpeno | yacosn
| 5. | Beero ayauTopHbIX 3aHATHI (Cymma 1-4) 72 72 4acoB
6. M3 Hux B MHTepaKkTHBHOU opme 16 16 4acoB
7. | CamocTosiTebHast padora cryaentos (CPC) 36 36 4acoB |
8. | Beero (6e3 yx3amena) (Cymma 5,7) 108 108 4acoB
| 6, | CamocT. paGora HA NOArOTOBKY, C1a4y 3K3aMeHa He npeayemorpeno He npeaycmoTpero 4acos
i 10, OGwas TpY10EMKOCTb (Cymma 8,9) 108 108 4acoB
I
| (B 334eTHBIX eAHHIIIAX) 3 3 43ET
3audeTr _3-uii cemecTp Jug. 3a4eT _He NPEAVCMOTDPEH
‘IKk3ameH _ He npeaycmoTpen

Tomcek 2016
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Paccmotpena n ogoOpena Ha 3aceqanuu Kadeapbl
npotokon Ne 185 0T «24 » 5 2016 T.

JlueTt cornacoBaumii

Pabouas nporpamma cocrasiena ¢ yuerom TpeboBanuit Genepansroro 'ocynapcTsenHoro
00pa30BaTeNbHOrO0 CTAHAAPTa BBICIIETO npodeccronanbaoro obpasosanus (OLOC BIIO)
TPETBETO HOKOJICHUS 10 HANpaBIeHHIO oAroToBkH 11.03.03. KoHcTpynpoBaHue U TeXHOTOIHs
JICKTPOHHBIX CPEICTB (KBanuuUKAMs (CTeleHs) «bakamaspy), yTBepaKaeHHOro [lpukasom

MunucTepeTsa o6pazoBanus u Hayku Poccuiickoii ®enepannn ot 12 HOs6pst 2015 r. Ne 1333,
(nara yreepiacenus GIOC BI1O)

pacCMOTpEHa U yTBEpikCHa Ha 3acenannn Kadeapet KYIIP « 24 » mas 2016 r., mpotokos Ne

_185.
Paspabotunku JoteHt kap. KV/JIP &&ﬂg __CnasunkoBa M.M.
(JI0IDKHOCTD, Kadeapa) (noanuce) (Dd.1.0)
|'. \
3aB. kadeapoii Jonent kap. KYJIP - _Jlommnos A",
(1omkHoCT, Kadeapa) - (moanuce) (D®.H1.0)

PaGovas nporpamma cornacoBana ¢ (paxyibTeToMm, IPOQUITUPYIONIEH U BBIILYCKAIOLIEH

]

KaepaMu HarpaBIIeHHUs [IOATOTOBKY (CHEUaTbHOCTH).

Jlexan @akyinbTera BesonacHocTH /E.M. JlaBBIm0OBa/

3aB. npodunupyromeit kapeapoit KUEIBC /A.A. llenynanos/

3aB. BeIIycKatomeit kadeapoit KUBOBC /A.A. lenynanos/
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1.Ilesu 1 321244 AUCHMUIIUHBI

Lenbto mpernoiaBaHus JUCUUIUIMHBL SBIISETCS MOArOTOBKA OakajaBpoB B 00JIACTH
(GU3NYECKUX OCHOB MUKPO- U HAHORJIEKTPOHHUKH, (PU3UKU TBEPJOTO Tela U obecreueHust
(YHKIMOHUPOBAHUSI KOMIIOHEHTOB 3JIEKTPOHHBIX CPEJCTB.

ITpu 5TOM OCHOBHBIMHM 33JJa4yaMH JTUCIMILIIMHBI SIBISIOTCS
- TIOJTy4eHHE HEOOXOIMMBIX 3HAHUN 1O (PU3UKO-XUMHUYECKHM U TEOPETUYECKUM OCHOBAM
MOJTyITPOBOIHUKOBOM AIIEKTPOHHKH;
- TI0JTy4eHHE HEOOXOIMMBIX 3HAHUN TI0 METO/1aM pacueTa OCHOBHBIX ITAPaMETPOB U
XapaKTEPUCTHUK MOIYIIPOBOJHUKOB M KOMIIOHEHTOB JICKTPOHHBIX CPECTB.
2. MecTo qucHMIIMHBI B cTpyKType OOII

Juctumuza «Du3nuecKkiue OCHOBBI MUKPO- M HAHOAJIEKTPOHUKUY» OTHOCUTCS K YUCITY
JIMCUUIUIAH 06a30Boii yacTu npodeccronansroro mukina OOII. «Dusznyeckre 0CHOBBI MUKPO- U
HAHOAJIEKTPOHUKN» KaK yuyeOHas IUCIUILINHA B CUCTEME MOArOTOBKU OaKajIaBpoB IO
nHanpasienuto 211.000.62Bs13ana ¢ AuCHUILTHHAME Y9eOHOTO TUaHa: «MaTemMaTHKa,
«Pu3uka», «<XuMUsL». 3HaHUS U HABBIKH, TIOJYYEHHBIEC TPU U3YYCHUN ATOM TUCIUILINHBI,
UCTOJIB3YIOTCS B TOCIEAYIOMINX TUCIUILTMHAX MPO(EeCcCHOHANBHOTO IUKIIa «MaTepuasl 1
KOMIIOHEHTHI 3JIEKTPOHHBIX CPEICTB», «CHOBBI KOHCTPYUPOBAHUS 3JICKTPOHHBIX CPE/ICTB,
«TeopeTnyeckre OCHOBBI IPOCKTHUPOBAHUS, IPOU3BOJICTBA U HAJZICKHOCTH SJICKTPOHHBIX
cpeacTB», «BBITyCKHAs KBaTU(pHUKAIIMOHHAs paboTa».
3. TpeboBaHus K pe3yJibTATAM OCBOEHUS THCHUIJIUHBI

[Iporiecc u3ydeHHs AMCUUIUIMHBI HamnpaBieH Ha (OPMHUPOBAHHE CIEAYIOMIUX
KOMIICTCHIIUH!

1.C1ocoOHOCTBIO BHIMONHATE PabOThI MO TEXHOJIOTUYECKON MOJIrOTOBKE NMPOU3BOJICTBA
(MIK-14);

2. CrnocoOGHOCTBIO MOJENUPOBAaTH OOBEKTHI W MPOLECCHI, HCMOJIb3YS CTaHIapTHBIC
MaKeThl aBTOMATU3UPOBAHHOTO MPOEKTUpoBanus u uccienoBanus ([1K-19).

B PE3yabTaTe U3y4CHUA JUCLHUIUINHBL CTYJACHT JOJIKCH:

3namyp: OcHOBBI (DM3MKM TBEPAOTO TENa, OCHOBBI KOHTAKTHBIX SIBICHUN B IMOJIYIPOBOJHUKAX U
MeTaJulaXx, METOJAbl HCCIICAOBAHUS CBOIMCTB MOJIYIPOBOJIHUKOB U MIPUOOPOB HA UX OCHOBE.

Ymems: mpumeHsATH METOABI U CpENCTBA HU3MEPEHHS (PHU3UUYECKUX BEIWYHMH. PannoHambHO
UCTOJb30BaTh MOJYIPOBOJHUKMA W TPUOOPHI Ha MX OCHOBE NpH pa3paboTke PDA c yderom
BIIMSIHUS OKPYXKAIOLIEH CPEeIbl U YCIOBUM IKCILTyaTalUu.

Bnaoems: wMeTonaMM OKCIEPUMEHTAIBHOTO HCCIEIOBAHUS CBOWCTB TOJIYNPOBOJHUKOB U
puOOPOB HA X OCHOBE.

4. O0beM JUCHUILVIMHBI U BU/IbI y4eOHOH padoThl

OGH_IaSI TPYAOCMKOCTb JUCHUIIIIMHBI COCTABJISICT 4 3a4CTHBIX CAUHUIIBI.
Bup yae6HOI paboTHI CemecTpsl
Bcero vacos 1 > 3 2
AynuTopHble 3aHsATHS (BCero) 70 70
B ToMm uncrne:
Jlexun 26 26
Jlaboparopusie pabotst (JIP) 16 16
IMpaxruaeckue 3anstus (I13) 28 28
Cemunapsi (C) - -
Komnoksuymst (K) - -
KypcoBoii npoekt/(pabota) (ayanTopHas Harpyska) - -
Jlpyeue 61wl ayoumopHou pabomaol
CamocTrosiTeJibHasi padoTa (Bcero) 38 38
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B Tom uncrne:
Kypcosoii mpoekr (pabora) (camocrositenbHas pabora) - -
Pacuerno-rpaduueckue pabots - -
Pedepar - -
Jpyaue 6udvi camocmosmenvHou pabomol
ITpopaboTKa JIEKIMOHHOTO MaTepHaia 13 13
IloaroroBka K MPaKTUYECKUM 3aHSATHAM 10 10
IToaroroBka K J1ab0paTOPHBIM 3aHATHSIM 8 8
CaMOCTOATENBHOE U3Y4EHHE TEM TEOPETUIECKOHN YacTu 7 7
IloaroroBka K HK3aMeHy 36 36
By npoMexxyTodHOM aTTecTanuu (3a4er, 9K3aMeH) - -
OO01mas TPyI0EeMKOCTh Yac 144 144
3auerHble Enunanne! TpynoeMkocTu 4 4
5. Conepsxkanue QM CHUUIITHHBI
5.1.Pa3geanl IMCOHUILIMHBI H BUALI 3aHATHH
o
U - S I 3
No E g E E E § g % S fg DopmMupyembIe
- HawnmenoBanue paszena qUCHUIUIMHBL 2 S B 8, = E: S § = 3 KOMIICTEHIIUU
= S8 |Fg|S&ag g & | (OK, IIK, IICK)
R
1. | BBognas gacth 1 - - 1 2 I1K-14
2. | DnemeHThl (HU3MKH TBEPOTO TeNa 3 - 8 3 14 IK-14
3. | Dusuka noiynpoBOJHUKOB 4 4 4 5 17 IMK-14 ITK-19
4. DJEKTPONPOBOTHOCTH TBEPBIX TEI 5 4 6 7 22 I1K-14;TIK-19
5. KonTakTHbIC SBICHUS 5 4 4 5 18 I1K-14 J1IK-19
6. | IToBepXHOCTHBIC SIBIICHUSI B MOJYITPOBOIHHKAX 3 - 2 3 8 IMK-14 ITK-19
7. | ®oTOPNEKTPUIECKHE SIBICHUS B IOTYIPOBOJHUKAX 2 - 2 1 5 ITK-14 ITK-19
8. | Dusmnyeckue OCHOBBI HAHOIICKTPOHHUKH 3 - - 5 8 ITK-14,11K-19
5.2.Conep:kaHue pa3aesioB AUCHUTIHHBI (110 JEKIUAM)
Tpymo-
Ne | HammeHoBaHue Ig\,/[- Popmupyemie
w pasnenos ConeprxaHue pa3zienos KOCTE KOMITETEHIINT
(OK, TIK, TICK)
(uac.)
1 2 3 4 5
1. | BBoxnas gacTh Hemm w  3agaum aucuumiueel. Hctopus — pa3sBUTHA 1 IK-14
TBEpPOTEIBHON 3JIEKTPOHUKHU. POJb COBETCKNX M 3apyOeKHBIX
YYEHBIX B Pa3BUTHH MUKPOIIEKTPOHUKH. Dusnueckue
OrpaHWYeHUs! OBICTPOICHCTBUS 1 MUHHATIOPU3AIIN
2. | DiemeHTHI TemnoBble konebanus B TBepAbIX Tenax. [ToHsTue o 3 MK-14]1K-19
1076370047 ¢oHoHax. CTaTUCTHIECKUI OAX O ISl ONIMCAHUS CBOMCTB
TBEPOTO Teja TBepAbIX Tenl. [lonaTre o GQyHKIMAX pacnpeneseHus 1
(YHKIMSAX TUIOTHOCTH COCTOSIHUM. DepMUOHBI 1 GO30HEI. .
Pacnpenenenns ®epmu-upaka u boze-OitHmrelina.
Oueprust @epMu. BeIpo:KIEHHOE U HEBBIPOXKJIEHHOE
COCTOSIHHSI. DJIEMEHTHI 30HHOW TEOpPHH TBEPJOTO TEJa.
DJEeKTPOH B NEPUOJMYECKOM ITOTSHIIAIBHOM MOJIE.
D¢ dexTrBHAS Macca HocuTeNeH 3apsaaa. 30HHAS CTPYKTypa
JIMJIEKTPUKOB, TTOJYIPOBOIHUKOB, METAILIOB.
3 | Dusuka CoOcTBeHHas ¥ IPUMECHAsT IPOBOIUMOCT ITOJTYIPOBOAHUKOB. 4 MK-14]1K-19
HOIYIIPOBOJHUKO PaBHOBECHast KOHIIEHTpalusi HOCUTENEW 3apsja, YPOBEHb
B @epMu. 3aBUCHMOCTH KOHIIGHTpPAIMM HOCHTENICH 3apsia
OT TeMIlepaTypsl. YpaBHeHHe OajlaHca HOCHUTeJed 3apsiia
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B NOJTYHNPOBOIHUKCE. TeMnepaTypHaﬂ 3aBUCUMOCTb
PpaBHOB €CHOMU KOHICHTpALNH HOCHTEIIEH 3apsaa. 3aKoH
ﬂeﬁCTByfomHX Macc. KOMHGHCI/IpOBaHHBIe

MONYNIPOBOJHUKHA. HepaBHOBeCHbIE HOCHTENIHM 3apsja.
[Monsitne o xBasmypoBHAX Depmu. PexomOunarms, ee
MexaHn3Mbl. CKOpOCTh_peKOMOWHALMM W BpeMs >KHU3HH
HOCHTENeH 3apsa. Wany4yarensHass pexoMOMHamus.
OcHoBHEIE MTOJTYIPOBOTHHKH, MIPUMEHSIEMbIE B
MHKPOJICKTPOHUKE  (KpeMHHiA, TepMaHuWii, apCeHHUI
rawmst), ux cBoiictBa. Juddysuonnas u apeiidopas
cocrasistrone Toka. Koaddument auddy3nu Hocurenei
3apsaga. CoorHomenue OHHIITEHHA. MoHOMNONSpHAs U
ounospHas muddyzus HOCUTENen 3apsaa B
MIOYTIPOBOJHHKAX. Y paBHEHHE HENPEPHIBHOCTH.

4 DJEKTPOIIPOBO
JTHOCTh
TBEPIBIX TET

Bimsane  snekTpuueckoro  mons  Ha  (DYHKIHMIO
pacripeseneHus Hocurenen 3apsana. JpeiidoBas cKOpocTs.
IogsmxHOCTE HOCUTENEH 3apsaa. YpaBHeHus JlankeBeHa.
MexaHu3MBl paccesHUs HOCHUTENEW 3apsana. OJIEKTPOH-
¢oHOHHOE  paccesHue. PaccesHnme Ha  nmedekrax
KpHUCTaJNINYECKON pemreTkd. TeMnepaTypHble 3aBUCIMOCTU
MOJBIDKHOCTH U KOHIIEHTPALlMM HOCUTENEH 3apsjga B
MeTamax. TemmepaTypHas  3aBHCUMOCTb  YJEIBHOU
IPOBOAUMOCTH ~ MeTauioB.  OCHOBHBIE  MEXaHH3MBbI
paccesHUs HOCHUTENEW 3apsfa B  MOIYNPOBOAHUKAX.
TemneparypHast 3aBHCUMOCTb IIOABMXXHOCTH HOCHUTENEN
3apsaa B MOMYNPOBOAHUKAX. TemnepaTypHas 3aBUCHMOCTb
YIEIBHOH IPOBOAMMOCTH MOIYHNPOBOTHHUKOB. DddeKrTs
CHWJIBHOrO MOJs. THIIBI BONBTAMIEPHBIX XapaKTEPUCTHK B
nomynpoBogaukax. BAX S u N rtuma. Dddexr T'anna.
[Monsitne o nomenax. CBY-reneparops! Ha s dekre ['anHa.

ITK-14 ITIK-19

5. KonrakTHbIE
SIBJICHUS

Pabora BBIXOJa 3JIEKTPOHOB U3 METAJUIOB U TOIYIPOBOJHHUKOB.
TepMooanexTpoHHas sMuccus. KoOHTakT IByX METaJlIOB.
KonraktHas pa3HocTs noTeHnuanos. KoHrakr merami-
MOJIYIMPOBOJHUK B PABHOBECHOM U HEPABHOBECHOM COCTOSIHHSAX.
[TpukoHTaKTHBIE CIIOM 00ETHEHUS, 00OTaIEHNS], HHBEPCHH.
Dddexr [Hortku. Tommmua 00STHEHHOTO CIIOS.
Pacnpenenenne norenuuana Juon orrku. BAX nuona
Horrku. P-nniepexoxn, ero sHepreTHyecKre TMarpaMmsl B
PaBHOBECHOM M HEPABHOBECHOM COCTOSIHUHM. OOeAHEHHBIN
CJIOH, JIEKTPUYECKHE TOJISl B 00eAHEHHOM citoe. Pe3kuii n
IUTaBHBIN P-Niepexoxbl. TonmumHa 00eJTHEHHOTO CITOsL.
Konraxtnas pasHocTs noreHnuanoB. OOpaTHBINA TOK P-N
nepexoaa, ero cocrasisromue. BAX p-nnepexona. 3apsaHas u
muddysnonnas emxoctr P-Nnepexoxna. IIpoboii p-n nepexona
U €ro MexaHu3Mbl (JIABUHHBIN, TYHHEIbHBIH, TCIUIOBOIA).
[MonmynpoBogHuKOBBIE TPUOOPHI HA OCHOBE P-N rIepexoa.
BoinpsimurenbHbie 110b1. TyHHENbHBIN AUO.
OHepreTrdyeckye AUarpaMMbl, IPUHIAI ACHCTBUS.

IK-14,TIK-19

6. | IloBepxHOCTHBI
€ SIBJICHUS B
TIOJTYTIPOBOJHA
Kax

IToBepxHOCTHBIE COCTOSIHUS B MOTYIPOBOJHUKE.
IToBepxHocTHass pexomOuHanus. IIpUIIOBEpXHOCTHBINA  CIOM
oobemHOro 3apszia. IloBepxHocTHast MpoBOAMMOCTH. DddexT
oJIsl.

M/I1-ctpykrypsl. Bonbr-hapanusie xapakrepucrukn MJTII-
cTpykTyp. IloneBele Tpan3ucTopsl. IloneBble TpaH3UCTOPHI C
YIpaBisiomuM  P-N - mepexogoM. BAX stmx  1pubopos.
MAI  (MOII)-tpausucropsl. WnaeansHass MJII-crpykrypa.
MUTII-TpaH3UCTOPEl CO BCTPOEHHBIM M HMHIYLUPOBAaHHBIM
kanagoM. BAX MJII-tpan3uctopa. Pexumbr oOeqHeHws,
oboramieHus, WHBEPCHU. PoIlb MOBEPXHOCTHBIX COCTOSHHH.
PasnoBunnoctu MII-Tpan3uctopoB

[K-14, TIK-18.

7. | ®oroanexTpuy

CHGKTPI)I HCITYCKAaHUW U MOIJIOMICHUAA. Tumsr LICHTPOB

I1K-14, TIK-19,
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€CKUE SBIICHUS TIOTJIONIEHUS B ITOMYIIPOBOTHUKAX. [ToHsATHE 00 3KCUTOHAX.
B ®dotonpoBoauMOcTh. CrieKTpaabHast 3aBHCHMOCTb
TIOTYTIPOBOTHH ¢oromnpoBoauMocTi. POTONPOBOIUMOCTH IPH UMITYITHCHOM
Kax ocBemnieHnr. Dorosnekrpudeckue 3QHEKTs. Y CTPOWUCTBO,

MPUHIUI JEUCTBHS, OCHOBHBIC XapPAKTEPUCTHKU
¢doropesuctopa, dporoaroaa, HoTodIeMeEHTa,

u

HAHODJICKTPOHHUK | nazvepHOCTH. HAHOCTPYKTYPHI M 3JIEMEHTHI HAHOAJIEKTPOHUKH.
Tpo6sIeMBI OTHODIIEKTPOHHUKH.

(doroTpan3ucTopa.
8. | Ousuueckue KBanToBble pasmMepHbIe cTPYKTYpbl. OCoOEHHOCTH 3 [1K-14,11K-19
OCHOBBI SHEPreTUYECKOro CHEKTPa YaCTHI B CUCTEMAaX ITOHIKEHHON

5.3. Pazaenpl AMCHUIUINHBI ¥ MEKTHCHUIJIMHAPHBIE CBSI3HU € 00eceYnBAKIIHMHA
(mpeapiTymmMMu) U o6ecnedynBaeMbIMU (IOCIEAYHOIHMHA) THCIUTLIMHAMHA

Ne HaunmenoBanue Ne Ne paznenoB gaHHOW AMCHMIUTUHBI U3 Tabm.5.1, ;u1s KoTOpHIX
/i 00ecIIeunBarONIIX HE00XO0IMMO U3ydeHHEe 00eCIIeUNBAIOMINX (IPEABIIYIINX) 1
(opempiaymux) u obecrieunBaeMbIX (TOCIEAYIONINX) TUCIUILTHH
obecreunBaeMbIX 1 2 3 4 5 6 7 8...
(mocnemyronmx) AUCHUILIAH
IIpeamecTBy0OnMe AMCHUIINHBI
1. | MaremaTnka + + + + + + +
2. | Ousnka + + + + + + +
3. | Xumns + + +

Hocaexywnme 11MCUMIIMHBI

1. | OcHOBBI KOHCTPYHPOBAHHMS

KBaJTM(UKAIIMOHHAS paboTa

JJIEKTPOHHBIX CPEJCTB + + + + +
2. | Marepuasns! 1 KOMIOHEHTHI + + + + +
JIEKTPOHHBIX CPEJICTB
3. | Teopernueckue OCHOBBI + + + + +
MIPOEKTUPOBAHUS,
MIPOM3BOJICTBA W HAJEKHOCTH
JJIEKTPOHHBIX CPEJCTB
4. | Beimycknas + + + + + + +

5.4.CooTBeTcTBHE KOMIETeHIUI, GopMHpPYyeMBbIX IPH M3YYeHHH TUCHHUILINHBI, U BU10B

3aHATHH
Ilepeuens Bupp! 3ansTHi @DOpMBI KOHTPOJIS 110 BCEM BUAAM 3aHATHI
KOMIIETEHIIHH 1 TIa6 Tp. CPC (npumepur)
I1K-14 + + Omnpoc Ha JIEKI[UH, OTYET 10 ITPAKTHYECKOH paboTe
IK-1¢ + + + + VY CTHBIN OTBET HA JEKIHU, OIPOC HA MPAKTHKE,
BBINOJTHEHNE 33JaHIH HA MPAKTHKE
Otyer no 1abOpaTOpHOH padboTe, OTUET MO MPAKTHKE

JI — nexuwus, IIp —npakTudeckue U ceMUHapcKkue 3anarus, JIab —mabopatopusie padotsr, CPC —
caMOCTOsTeNbHAs paboTa CTyJeHTa
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6. MeToabl 1 GopMbI OPraHU3alUH 00yYeHUs

TexHoJ0rMM HHTEPAKTHBHOIO 00y4YeHMs IPH Pa3HbIX (popMax 3aHATHI B Yacax

npumep)
IMpakruaeckue/
®opmsl | Jlexuun JlaGopaTopHbie
CEMHHAPCKUE Bceero
Mertonsl (uac) 3aHsTHs (dac)
3aHsTHs (dac)
PaGora B KOMaHe 2 8 10
Perienne CUTyallMOHHBIX 33124 2 2
IMpecc-konpepeHiws 2 2
HWTOro UHTEPaKTUBHBIX 3AHATHIA 2 4 8 14
IIpumeuanue.

1. «Pabora B KOMaH/e» MPOUCXOTUT MPU KOJUIEKTUBHOM PEIICHUH 3aJaud Ha J1abOpaTOPHBIX
pabotax Ne 1 u Ne 4 u Ha mpakTHueckux 3aHATHAX Ne 71 Ne 9
2 . Pemienue cUTYaIlMOHHON 3a7]a4M» MPOUCXOIUT HA MPAKTUUIECKOM 3aHATHH Ne 6.

3.

« Ilpecc-koH(pepeHIus» HUCHONB3YyeTCs Ui OOCYKICHHS BOIPOCOB,

CBA3aHHBIX C

peanu3anuel OINPENEICHHBIX CBOWCTB [P-N MEPEXOOB Ul CO3JaHUs IOJYNPOBOJHUKOBBIX
IMOZOB M TpH peanu3auuu >PQeKra TMois JUis CO3JaHHUA TIOJIEBBIX TPAaH3UCTOPOB C
M30JIMPOBAHHBIM 3aTBOPOM.

7. JIaGopaTopHBIN NPAKTHKYM

Ne Ne paznena HanmenoBanue 1abopaTopHBIX paboT Tpyno- Kommne-
/i JMCIUTUINHBI 13 €MKOCTh teruun OK,
tabn. 5.1 (uac.) I1K, T[ICK
1. 3 N3yuenne TeMnepaTypHON 3aBUCUMOCTH COMPOTHBIICHHS 4 I1K-14,TIK-
TIOJIYTIPOBOJTHUKOB M OIPEJICIICHUE SHEPTUH aKTUBALINH 19
2. 8 W3zydenue HoTornpoBoANMOCTH HOIYIIPOBOIHUKOB U 4 IK-14 J1K-
OIIpeJIeIeHUE PENAaKCallMOHHOTO BpEMEHH KU3HU HOCUTEIEH 19
3apsiza
3. 4 HUccnenoBanue s dexra cuapHoro monst (3bdekr Fanna) u | 4 IK-14 K-
€ro UCIOJIb30BAHNE 19
B YCTPOHCTBAX MHUKPOIJICKTPOHHUKH
4, 6 N3yueHne CBOMCTB CTPYKTYp METaJLI-AUIIEKTPUK- 4 IK-14 K-
MOJTYIPOBOJHUK 19
Hroro 16
8. [IpakTnyeckue 3aHATHS (CEMUHAPHI)
Ne Ne paznena TemaTrKa IPAKTHYECKHUX 3aHATHIA (CEMUHAPOB) Tpyno- Kommne-
/i JVMCIUTUINHBI 13 emkocts | TeHium OK,
tabm. 5.1 (uac.) I1K, T[ICK
1. 2 OJIEMEHTBI 30HHOM TEOPUH TBEPABIX TEI 4 I1K-14
2. 3 CraTHCTHKA 2JEKTPOHOB U JBIPOK B MOIYNPOBOJHUKAX 4 I1K-14
3. 4 DJIEeKTPOIPOBOAHOCT TBEPABIX TEI 2 MK-14.T1K-
19
4 4 DIEeKTPONPOBOJHOCTH MOIYNPOBOIHUKOB B CHIIBHBIX 2 IK-14
JIEKTPUYECKUX MOJISIX
5. 3 I'enepanust n pexkoMOUHaIMs HOCUTENEH 3apsa 2 IK-14 J1K-
19
6. 3 Huddysns u apeiid HocuTenel 3apsaaa B HOIYIPOBOTHUKAX 2 I1K-14
7. 5 KoHTakT MeTamu-nonynpoBogHUK 2 I1K-14
8. 5 ®dusnueckue ABICHUS B P-N epexone 4 [1K-14,TIK-
19
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9. 6 IToBepXHOCTHBIE SIBJIEHUS B MOJIYIIPOBOAHUKAX 4 I1K-14
10 7 DOTORIEKTPUYECKHE SBICHUS B NOIYIPOBOIHUKAX 2 I1K-14,TIK-
19
Uroro 28
9. CamocTosiTe;1bHAs1 padoTa
Ne Ne paznena Bunpl camocTosTensHOM paboThI Tpyno- | Komme- KoHnTpomas
n/n | AMCHUIUTAH (0emanuzayus) €MKOCTh | TEHIIUU | BBIMIOJHECHUS
Bl U3 Ta0II. (uac.) |OK,IIK, paboThI
5.1 T[ICK (Ompoc, tecr,
JOM.3a/1aHue, U
T.J)
1. 1-8 [TpopaboTKa JIEKIIMOHHOTO 13 I1IK-14, | Onpoc Ha
Marepuana I1K-19 | 3anHATusx
2. 2-8 [ToaroroBka Kk MpakTUYECKUM 10 IIK-14, | Pemenue 3amay,
3aHATUSM I1K-19 | ompoc Ha
3aHATHUAX
3. 3,4,6,8 [ToaroToBka k 1abOpaTOPHBIM 8 [1K-14, | Onpoc-nonyck
3aHATUSAM IMIK-19 | no paboTsr.
Otuer no
na0.paboTe
4. 5 CaMOCTOATENBHOE N3YUYEHUE TEMBI 7 IIK-14 | IIpoBepka
TEOPETUYECKON YacTH IIK-19 | oTuera mo
«TepMO3IeKTPOHHAS IMHUCCHS. WHIUBUIYaIbH
KoHTakT AByX MeTasuioB. oMy 3aJaHHIO
KoHTakTHas pa3HOCTh OTEHIIUATIOB. (3amaum o
OS¢ dext HloTTRU» teme «llotepu
B
TDTIEKTPUKAX»
)
S. [ToaroroBka u cnaya 3K3amMeHa 36 Ouenka Ha
JK3aMEeHe
Hroro (0e3 moaroToBKH K c1adye dK3aMeHa) 38

10. ITpumepHasi TEMATHKA KYPCOBBIX NPOeKTOB (pador)
He MPeyCMOTPEHO

11. PeliTuHroBas cucreMa AJIA OECHKH YCIIEBACMOCTHU CTYACHTOB
OcymectBisercs B coorBeTcTBHH ¢ Ilos105keHHEM 0 MOpsAIKe UCTIOIb30BAHUSA
PefiTHHIOBON CHCTEMBI ISl OLIEHKH yCIieBaeMOCTH cTyAeHToB (mpuka3 pexropa 25.02.2010
Ne 1902)u ocHoBaHa Ha 0ayTBHO- PEUTHHIOBOM CHCTEME OIICHKU YCIIEBAeMOCTH,
nevictByromieit ¢ 2009r., koTopast BKIIOYAET TEKYUIMHA KOHTPOJIb BBIIIOJHEHHUS HJIEMEHTOB
o0beMa JUCIHMILUIMHBI MO 3JIEMEHTaM KOHTPOJIS ¢ IOJABEICHUEM TEKYIEero peiituara (pasnen 8)
U UTOTOBBIl KOHTPOIIb.

IIpaBuia popMupoBaHus NATUOALIBHBIX OLEHOK 3a KaK/yl0 KOHTPOJIBHYIO

touky (KT1, KT2) ocymuiecTBisieTcs myTeM OKPYIJICHHS BETMYMHBI, PACCYMTAHHOW IO hopMyie:
(Cymma _6annos, _nabpannas _x _KTX) *5

KTY =

x=12
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HNTOroBbiii KOHTPOJIb OCBOEHMS JYCLIMIUIMHBI OCYIIECTBIISIETCS HA YK3aMEHE 10
TPaAUIIMOHHON NATHOAIUTHHOU TKase. O0s3aTeIbHBIM YCIOBHEM TEpe]l CAaueii sKk3aMeHa
SIBJISICTCSL BBITIOJTHEHUE CTYJIEHTOM HEOOXOMMBIX TI0 pabodeil mporpaMMe JUist JUCITUILTHHBI
BH/JIOB 3aHSTHUI: BBIIIOJIHCHHE U 3aIIUTA PE3YIhTATOB TAOOPATOPHBIX paboT, crada
KOHTPOJIbHBIX paloT.

JK3aMeHANMOHHBIH OuiieT conepkut 10 TecToBhIX 3aaanuii. Kaxaoe mogHOCTEIO
MIPABWJIBHO BBITIOJTHEHHOE 3a/IaHuE OLIEHUBAETCs B 3 0aljia, YaCTHYHO MPABUITHHO
BBITIOJIHEHHOE 3aJJaHUE OLIEHUBaeTCs B 2 0allia, HEMPAaBWIILHO BBIIOJIHEHHOE 33/I1aHUE
ounennBaercs B 0,50amma. MakcuManbHas dK3aMeHaMoOHHast olieHka cocrasisteT 30 0aiuIoB.
DKk3amMeHaIMoHHas coctapiisiomas MmeHee 10 6annoB —HeCnaya sk3amMeHa, Tpedyer
MMOBTOPHOM Mepecavun SK3aMeHa B YCTAHOBIICHHOM TMOPSIJIKE.

Tabumua 11.1bannbHble OLIEHKH VI 3JIEMEHTOB KOHTPOJIS.

DneMeHTHl yueOHOU Makcumanbn | MakcumansH | Makcumanse | Beero 3a
NEeATEIHLHOCTHU BIA 0OaJlI Ha B OaJlI Ha BIA OaJlI Ha CeMeCTp
1KT c nHavana | nepuon [IEpUOA
cemecTpa mexay 1KT u | mexay 2KT u
2KT Ha KOHeI|
ceMecTpa
TecToBbIil KOHTPOJIb I I 12 26
AKTUBHOCTH pabOTHI Ha 4 4 4 12
PAKTUYECKUX 3aHIATUAX
Brinosinenue u 3amura - 6 6 12
pe3yabTaTOB JIA0OPATOPHBIX
pabot
ITpopaboTka paznena, 8 8
BBIHOCMOTO Ha
CaMOCTOSITEIIbHOE U3YyUCHHE
KOMIIOHEHT CBOEBPEMEHHOCTH 2 2 2 6
Ilocemenue 3ausaTHil 2 2 2 6
HToro MakcumMyM 3a IEpUOA 11 31 28 70
Craava sk3amMeHa (MakCUMyM) 30
Hapacraromum ntorom 11 42 70 100

dopMHUpOBaHTE HTOTOBOI CYMMBI GAJJIOB OCYIIIECTBIIACTCS MyTEM CYMMHPOBAHUS
cemecTpoBoii (o 7006a/mioB) u 3k3amMeHaIoHHOU cocTtaBistonux (mo 30 6asioB).

Taoauna 11.2ITepecuet GayIOB B OLIEHKU 32 KOHTPOJIbHBIE TOUKH

bajuibl Ha 1aTy KOHTPOJbHON TOYKHU Onenka
> 90 %ot MakcumanbHOU cymMMbl 6asutoB Ha gaty KT 5
Ot 70% 10 89% o1 MakcuManbHOM cyMMbl OayioB Ha naty KT
Ot 60% no 69%o0T MakcuManbHOM cyMMbl OayioB Ha naty KT
< 60 %o0T MakcuMasIbHOM cymMMBbl 6ayutoB Ha gaty KT

Njw| A~
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Taoauna 11.3—I[lepecuer cymmbl 6aIsI0B B TPAJUIIMOHHYIO M MEXIYHAPOIHYIO OLICHKY

HTrorosasi cymma 6a/1J10B,

Onenka (I'OC) YUYHUTBIBaET Onenka (ECTS)
YCICIIHO CAAHHBIN JK3aMeH
5 (oTiuuHO) (3a4TeHO) 90 - 100 A (oTiM4HO)
85 -89 B (ouenpb xopoiiio)
4 (xopoo) 75— 84 C (xopomo)
(3auTeno)
70- 74 D (yaoBiaeTBOPHUTEIBHO)
3 (YI0BIETBOPHUTEIIHHO) 65 — 69 Y P
(3aureno) 60 - 64 E (mocpencTBeHHO)

2 (HeYy/IOBJICTBOPUTEIIBHO),

Huxe 60 0as10B F (zeymoBieTBOpPUTEIHLHO
(ue 3auTeHO) (Heyn p )

[TpeobpazoBanue CyMMBbl OAJIIOB B TPAIUIIMOHHYIO OLIEHKY U B MEXYHAPOIHYIO OYKBEHHYIO
OLIEHKY ITPOUCXOUT OJMH pa3 B KOHIIE CEMeCTpa MOCJie MOBEICHHUS UTOTOB N3YYCHUS
JMCLUIUIMHBI - YCTIEUTHON CIa4uM SK3aMeHa.

12. YueGHO-MeTOAUYECKOE U MH(POPMALHOHHOE 00ecTieYeHne TUCIHIINHBI:

12.1OcHoBHas 1uTEpaTypa
Hecmenos H. C., CnaBaukoa M. M., [llupokos A. A. "®usnueckre 0CHOBbI

MHUKPOJIEKTPOHUKHU (KOHCTEKT Jekiuii)": YueOHoe nocooue st By3oB — TYCYP, Tomck,
2007.- 276. (1893k3.)

I'yproB B.A. TBepmoTensHas 3IeKTpOHHUKA: yaeOHOE mocoOue s By30B. — 2-€ U31., J0I. —
M.: Texnocdepa, 2005. — 40@. (579k3.)

Enudanos I'. Y. ®usuka tBepAoro Tena: YueOHoe mocodue 11 By30B. - Cn6. Jlanp, 2011. -
288&. 9785-81141001-91SBN. DnekTpoHHbII y4eOHUK:
http://e.lanbook.com/books/element.php?pll_cid=2%&pl=2023

[Hanumosa K.B. ®usuka noixynpoBoJHUKOB: 4-€ u31., cTep., - Cnb. Jlanp, 2010. 384.

978-5-8114-092:BISBN. DnekTpoHHBIH y4eOHUK:
http://e.lanbook.com/books/element.php?pll cid=2%&i0=648

12.2 lonoHUTEIbHAA JIUTEPATYpPa
1.C.3u "®usuka moyynmpoBOAHUKOBBIX MPHOOPoB".- M., Mup, 1984, 1rom (450c¢.), 2TOM

(450c¢.). (145k3.)

2. lparynos BII., Heussectusiit N.I'., I'puaunn B.A. OcHOBBI HAaHORIEKTPOHUKH . ydeOHOE
noco6ue a1 By30B — M.:®@usmarknura, 2006. — 494.(303k3.)

3. boprapar H.1., I'aBpunoB C.A. ,I'epacumenko H.H. u ap. HaHOTE€XHOJIOTUY B 3I€KTPOHUKE. —
M.: Texnocdepa, 2005. -446. (203k3)

4. Epumos U. E., Kozeips U. S., T'opOynos 0. 1. "Mukpoanekrponuka. ®uznueckue u
TEXHOJIOTHYECKHE OCHOBBI, HAJICXKHOCT": YueOHoe mocodue st By3oB —M. BIII, 1986.
- 464c. (529k3.)

5. M. Xepman "TloxynpoBoaHUKOBEIE cBepxperieTku' .- M., Mup, 1989.- 238.(5 7k3.)

Jas1 obecnevyeHHus1 TMCUMILTHHBI HCNOJIB3YHOTCA caenyomue YMIL:_

12.3YuyeOHO-MeTOIMYECKHE MTOCOOHS ¥ MPOrpaMMHOe o0ecneyeHne
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1. Hecmenos H.C., CnaBuukoBa M.M. «lccrnenoBanue TemMneparypHOi 3aBUCUMOCTH
3IIEKTPONPOBOIHOCTH repMaHusi» PykoBoACTBO K 1abopaTopHOii padote 1o Kypcy «Pusndeckue

OCHOBBI MUKPODJICKTPOHHUKH» JUIsl CTyAeHTOB crienuansHocTeit 210201 210202.Tomck,
TYCVYP, 2007. - 10. (25k3.)

2. Hecmenos H.C., CnaBaukoBa M.M. UccnenoBanue GpoTomnpoBOoAMMOCTH MOIYIIPOBOIHUKOB U
OIIPENIETICHUE PEJIAKCALUOHHOIO BPEMEHH JKM3HU HEPAaBHOBECHBIX HOCUTEIIEH 3apsija.
PykoBoACTBO K J1abopaTtopHOi paboTe 1o Kypey «DPu3ndecKue 0CHOBbI MUKPOIJIEKTPOHUKI
s crynenToB creranbHocTeit 210201u 210202.Tomck, TYCYP, 2007. - 12. (25k3.)

3. Hecmenos H.C., Pomanosckuit M. H., CnaBaukoBa M.M. HccnenoBanue CTpyKTypbl METaILT
— JURIIEKTPUK — TOJYIIPOBOIHUK. PYyKOBOJICTBO K TabopaTopHOii paboTe 1Mo Kypcy
«Du3HYECKUe OCHOBBI MHUKPOAJICKTPOHUKUY IS CTYyAEHTOB criennanbHocTeit 210201 210202.-
Tomck, TYCYP, 2007. - 10. (25ks3.)

4. Hecmenos H.C., lllupokoB A.A. Uccnenosanue 3¢dexra CUILHOTO MO B MOJTYITPOBOIHUKE
(Oddexr 'anna). PykoBoacTBo Kk tabopaTopHoii pabote 1o Kypcy «Du3nueckre 0CHOBBI
MUKPOJIEKTPOHUKI» ISl CTyAeHTOB criermanbHocTerd 210201u 210202.Tomek, TYCYP, 2007.
- 11c. (2%k3.)

5. Hecmenos H.C., [lupokos A.A. COOpHUK 33724 U METOJUUECKUE YKa3aHHS 110 MPOBEICHUIO
MIPAKTUYECKUX 3aHATUHN N0 JUCHUILINHE « DU3NYECKHE OCHOBBI MUKPOIJIEKTPOHUKU. -

Tomck, TYCYP, 2007. -7Z. (1323k3.).

12.4Bba3pl 1aHHBIX, HHPOPMAIMOHHO-CIIPABOYHbIE U TOUCKOBBIE CHCTEMBI
HE TpeOyroTcs

13. MaTtepuajibHO-TeXHHYECKOE o0ecnevyeHne T CIUIIMHBI
Jns mpoBeneHuss Jekuuid no aucuuiimHe ucnosibdyercs IIK ¢ mpoexTopom.

JlaGopaTopHble  3aHATHS ~ OCYLIECTBISIIOTCS B Jabopatopun  «DHU3MUECKUX  OCHOB
MUKpO3JIeKTpoHUKN» Kadeapst KYJIP.
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MunnerepcTso ob6pasoBanus u Hayku Poccuiickoit ®eneparnu
DenepalibHOE roCyIapcTBEHHOE GIOKETHOE 00Pa30BaTeNbHOE YUpPexKICHHE
BEICIIEr0 00pa3oBaHUs
«TOMCKMIA TOCYIAPCTBEHHbIN YHUBEPCUTET CUCTEM VIIPABJIEHI
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YTBEPXJIAIO

ITpopexTop o yuebHoit pabote

ILE. Tposu
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©OH/J OHEHOYHBIX CPEJICTB I10 JUCLHHUIIINHE
PUBUYECKHUE OCHOBBI MUKPO 1 HAHODJIEKTPOHUKHA
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Popma obydenust Ounas
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1 Bsenenune

®onn oueHounsix cpeactB (POC) sBuseTcss NPUIIOKEHUEM K pabouei mporpaMMe TUCHUTLTAHEI
U TpeACTaBIsieT co0OW COBOKYMHOCTh KOHTPOJBHO-U3MEPUTEIBHBIX MaTEpUANIOB (THIIOBBIC 3a1a4d
(3amaHus), KOHTPOJIbHBIE PAOOTHI, TECTHI U JIP.) M METOJIOB MX MCIIOJIB30BAHUS, IPEAHA3HAYCHHBIX JIJISI
U3MEPEHHUsT YPOBHS JOCTIDKEHHSI CTYIEHTOM YCTAHOBJIEHHBIX pe3yabTatoB oOyuenus. ®OC mo
JUCLUIIIMHE HCIIOIB3YETCs MIPU NPOBEACHUHN TEKYILETO KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOUYHOU

aTTECTALMU CTYAEHTOB.
B tabnuue 1.1npuBeneH nepeveHsb 3aKpEIICHHBIX 32 JUCHUTITMHON KOMIIETCHIIUN.
Tabmuma 1.1 —Ilepedenp 3aKpenIeHHBIX 32 AUCHUTUTMHON KOMIICTCHIIUN

npodeccuoHanbHO M
NeATeNbHOCTH, IPUBJIEKATh
IUISL MIX PEeIICHUs
COOTBETCTBYIOLINH (pr3HKO-
MaTeMaTU4eCKUH amnmapar.

Kon dopMyHpoBKa Otanbl OPMHUPOBAHUS KOMIIETCHIIMN
KOMIIETEHIIUHI
Croco6HOCTH BBISBIISITH 3uath: OCHOBBI (U3MKH TBEPAOTO Tela, OCHOBBI
OIIK-2 €CTECTBEHHOHAYHYIO KOHTAKTHBIX SBICHUH U IPOLECCOB, MPOTEKAIOLIUX O]
NeCTBUEM JIEKTPOMarHUTHBIX T0JIEH, B
CYLIHOCTB IpoOIIeM, MIOJIYIPOBOJHUKAX,  METAUIaX M TIeTepOCTPYKTYpaXx;
BO3ZHUKAIOIIHX B XOJ€E METO/bl  HCCIIEIOBAHUS CBOMCTB IOJIYIPOBOJHUKOBBIX

CTPYKTYp ¥ IPUOOPOB HA UX OCHOBE.

YMeTh: BBIABIATH €CTECTBEHHOHAYYHbIE 3aKOHOMEPHOCTH,
OPUMEHATh  (PU3MKO-MAaTeMaTHYECKHUE  METO]IbI pu
UCCIIEJOBAaHUU IOJIyTIPOBOTHUKOBBIX CTPYKTYP.
ParonanbHO MCMONIB30BATh MOJYIPOBOJAHUKUA M TIPUOOPEI
Ha WX OCHOBE IpH pa3paboTke DA ¢ y4eTOM BIHUSHHA
OKpYXKAIOLIEH Cpebl U YCIIOBUM DKCIUTyaTallUu.

Baagers: (bU3MKO-MaTEeMaTHIECKUMHU METOAaMHU
MCCIIEIOBAaHUS CBOMCTB IMOJIYITPOBOJHUKOB U NMPHOOPOB Ha
UX OCHOBE.

2 PEAJIM3ALIMSI KOMIETEHIINIA

KOMIIETEHIIHMS OIIK-2: cioCOOHOCTH BBISBIISITh €CTECTBEHHOHAYYHYIO CYIIIHOCTh TTPOOIIeM,
BO3HHKAIOIINX B X0JI€ MPO(eCcCHOHANBHOMN NeATeIbHOCTH, IPUBJICKATH IJIS UX PEIICHUS
COOTBETCTBYIOLINI (PU3HKO-MaTeMaTHUECKUI armapaT

Jl1st hopMUpOBaHUS KOMIETEHIIMH HEOOXOJMMO OCYLIECTBHUTD PsiJI TAIOB. DTanbl GOpMHPOBAHUS
KOMIIETEHIIUH Y CTYICHTOB, IIPHMEHSEMBIE JJIsl TOTO BUJIbI 3aHATHIA M UCTIOIb3YEMbIE CPEICTBA OLICHHBAHHS
MPeCTaBJICHKI B Ta0mmIe 2.1

Ta6m/1ua 2.1-Ortamsl (bOpMHpOBaHI/IH KOMIICTCHIIMH U UCIIOJIB3yCMBIC CPEACTBA OLICHUBAHUSA

CocrtaB 3HAaTL YMeThb Bnanets
Conepxanue | OCHOBbI (M3UKU TBEpAOro | BhIABIATH ¢dusuko-
3TarnoB T€Ja, OCHOBbI KOHTAKTHBIX | €CTECTBEHHOHAyUYHBIE MaTeMaTH4YEeCKUMHU
SABJIEHUH U  TPOIECCOB, | 3aKOHOMEPHOCTH, METOAaMHU
IIPOTEKAIOIINX 101 | IPUMEHSATH ¢u3uKo- | UCCNE0OBaHUS CBOIMCTB
NEeMCTBUEM MaTeMaTUYECKUE METOJbI | OJIYIPOBOJHUKOB U
JIEKTPOMArHUTHOTO I0JIs, B | IIPH UCCIICIOBAaHUM | IPUOOPOB  Ha  UX
MIOJIYTIPOBOIHUKAX, IIOJIYTIPOBOJHUKOBBIX OCHOBE.
MeTaiax U | cTpykTyp.  PamumonansHO
reTepOCTPYKTYpaX; METOABI | UCIOJIb30BATh
UCCIIEI0OBAaHUs CBOMCTB | MOJIYIPOBOJHUKHU u
IIOJIYTIPOBOJHUKOBBIX npuOOpsl Ha HX OCHOBE
CTPYKTYp ¥ MpUOOPOB Ha UX | IpU  pa3paboTke DA ¢
OCHOBE. y4ETOM BIIUSIHUSA
OKpy)Kalolleld cpeapl U
YCJIIOBUU 3KCILTyaTallUH.
Buper sansmuit | Jlekiumy, JlaboparopHble pabOTHL.
IIpakTHueckue 3aHATUS BLIOJIHEHHE JOMALIHETO JlaGopaTopHblie
['pynnoBble KOHCYJIbTALUU paboThI,
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3aJJaHuUS.
CamocrostenbHas pabora
CTY/ICHTOB.

KOHCYJIbTallun

Ucnonb3yemsie
CpeacTBa

OLieHKA KOHCIIEKTOB
JIEKLIUH, TECT, BBIIIOJIHEHUE
JIOMAILHErO 3aJaHUS.

OdopmieHne 0TYETHOCTH
¥ 3aIuTa J1ab0paTOPHBIX
paboT.

Odopmienue u 3amura

JIOMAIITHETO 3aJIaHUsl.
O1leHKa KOHCIIEKTA
CaMOCTOSITEIIbHON PaOOTHL.

3amuTa 1a00paTOPHBIX
paborT; 3awuTa
CaMOCTOATEIbHOTO
3aaHuA

O6u.|,v1e XapaKTepUCTUKn noKasatenemn wu Kputepmnes ouLeHMBaAHMA KOMNEeTeHUUMWN Ha BCeEX 3Tanax

npueeaeHbl B Tabanue 2.2

Ta6m/1ua 22—06]1{1/16 XapaKTCPUCTHUKU IoKa3aTeleH 1 KPUTCPUCB OLICHUBAHUS KOMIICTCHIIUHU I10 3TallaM

ITokazaTenu u 3HaThH VMmern Bnaners
KpUTCPUH
Omnuno (Beicokuit | OOmamaer Teopernueckumu | OOmamaeT Bnazneer HaBbIKamu
YPOBEHD) 3HAaHUAMU B 00JIaCTU NPaKTHYCCKUMHU HU3MCPCHU:, aHATIN3a
HCCIICAOBAHUSA YMCHUSMU, HCCIICAYCMbBIX
MOJYIPOBOJHHUKOBBIX HEOOXOIUMBIMHU JUTsl | XaPaKTEPUCTUK U
CTPYKTYp C IIOHHMMaHHEM CaMOCTOSITEIbHOI'O MOJCIIMPOBAHUA
Ir'paHul IPpUMCHUMOCTH. penieHus 3aga4 pu3HUECKHX POILIECCOB
IOBBIIIIECHHOH IOJIYIIPOBOJHUKOBBIX
CJIOKHOCTH. CTPYKTYD.
Xoporio (6a30BbIit 3HaeT NPUHIUIIBI, Oouagaer Buasieer TepmuHOIIOrHEi,
ypo]geH],) IMPpOLECCCHhI, 06H_II/IC HOP‘IJSITI/IH MPaKTUICCKUMHU OCHOBaMH M3MEPEHHS,
B IIpeJeaax u3y4aeMonu YMEHUSIMU,
oOmactu HEOOXOIMMBIMH IS aHainsa u
peILICHUS TUIIOBBIX MOJCIMPOBAHUA
3a7a4 B 00JIaCTH IIPOLIECCOB B
HCCIIEIOBAHUA. MOJIYIIPOBOJHUKOBBIX
CTPYKTYypax.
YV I0BJIETBOPUTEIBHO O6nanaer 6a30BBIMHU Ob6nanaer Moxet 3¢ heKTHBHO
(ToporoBBIit 0O0IIMMH 3HAHUSAMHA OCHOBHBLIMH paboTaTh Mo
YPOBCHB) YMEHUSIMU, HaOJII0IEHHEM
TpeOyeMbIMHU IS mpenoaaBaTens.
peleHus IpoCThIX
3a1a4

dopmynnpoBKa NokasaTenen U KPUTEPUEB OLLEHMBAHMUA AAHHOW KOMMNETEHUMN NpUBELEHA B

Tabnuue 2.3.

Tabnuua 2.3—-Iloka3zaTenu 1 KpUTEPUH OLICHUBAHUS KOMIIETCHIIMH Y CTY/ICHTOB Ha 3Tarax OCBOCHUS

IToxa3aTtenu u 3HaTh VYMeTb Bmagers
KPUTEPUHU
OTnuyHo (BHICOKMUIA Moxker aHaIu3upOBaTh YmMeeT pemaTe 3a1a4u CaMOCTOSITEIIBHO

HOBBIIIEHHON

yYpOBEHB) CBSI3U MEX/Y Pa3TUYHBIMU oI0MpaeT U TOTOBUT
(GU3NUECKUMU TIOHATHSMH | CIIO’KHOCTH, KOPPEKTHO | JUISI SKCIIEPUMEHTA
U MOJICTISIMH, BBIpaXaTb U Heo0XoaAuMoe
MPEJCTaBISET CIOCOObI U | QpIyMEHTHUPOBAHHO o0opyJoBaHue.
pe3yiIbTaThl 000CHOBBIBATh Brnaneer pazasiMu
MCIIOJIb30BaHUS pe3yabTaTHI. criocobamu
pa3nuYHbIX (PU3UKO- IPEJCTABICHUS
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MaTEMATUYECKUX MOJENIEN
MOJTYIIPOBOTHUKOBBIX
CTPYKTYP.

O0ocHOBBIBaeT BBIOOP
METO/Ia U TUIaH PeIIeHUs
3a/1a4m.

pE3yIbTaTOB B
rpaduuecKoi,
MaTeMaTU4EeCKON
iopMe, B (hopme

U3NUECKUX MOJIEJIEH.

OOBSICHUTh  PE3YJIbTaThI
CBOEH pabOTHI.

Xopomo (6azospiii | [IOHUMaET CBsI3U MEXKITY VYmeer pemars Tunossle | CaMOCTOSITENBHO

YpOBEHD) pa3IM4HBIMU 3aJauyd MaTeMaTHYeCKH | paboTaeT Ha
(U3NYECKUMU TIOHATHAMH, | BBIPAXKaTh U C HCCIIEN0BATEIIbCKUX
HMeEET IIPEACTaBICHUE O ¢bu3nvecKoit TouKH ycTaHoBKax. Moxer
bU3NKO-MaTEMaTUYECKUX | 3PEHUs UHTEPIPETUPOBATH U
MOJIENISIX B TaHHOMU apryMeHTUPOBATh UJUTFOCTPUPOBATH
o0acTi 3HaHUH, pe3ynbTaThl aHAJIA3a IIOJTy4CHHBIE
apryMeHTUpyeT BBIOOD | PKCIIEPUMEHTAIBHBIX U | SKCIIEPUMEHTAIIbHBIEC U
METOJa DEIICHUs 3aJadd, | TCOPETUUYECKUX TEOPETUYECKUE
COCTAaBJISIET IIJIaH PELICHUS | UCCIIEIOBAHUM pE3YJIbTaTHI.
u rpaduuecKy | MOJYIPOBOIHUKOBBIX
WJUIKOCTPUPYET 3aJauy. CTPYKTYP.

Y nosnerBoputensHo | HaeT onpeneneHus Pacnosnaer pasimunsbie | IIpaBuinbHO HCnonb3yeT

(11OpOroBBIit OCHOBHBIX ITOHATUH, THIIBI npubOpHl, yKa3aHHBIE B
BOCIIPOM3BOJIUT OCHOBHBIE | IIOJIYIIPOBOJHHUKOBBIX ONMCAHUU

YPOBEHB) , N
¢usnveckue GaxThl, HIEH; | TPUOOPOB. VYmeer | nabopatopHOii paboTH,
3HACT OCHOBHBIE paboTtath CO | IOHUMAET
QITOPUTMBI pELICHUS CIIPaBOYHOU TEPMHUHOJIOTHUIO U
TUIIOBBIX 3a/Ja4. JIUTEPaTypoi. YMeerT | CyIHOCTb POLIECCOB.

3 TUITIOBBIE KOHTPOJIBHBIE 3AIAHUSA
Jlnst peanu3annu BIIIETIEPEYUCICHHBIX 33ja4 00yUeHUS UCTIOIB3YIOTCS CIIeIyIOIIUe

MaTepuasbl:

- membl 011 MeCmogozo onpocd,
- memul 1aO0PAMoOpPHLIX pabom,
- membvl meopemuyeckoll Yacmu Kypcd, 8bIHeCEHHble Ha CAMOCIOSAMENbHOe U3YUeHUe

cmyoenmamu,

- membl 3a0aHULL HA CAMOCMOAMENbHYIO pabomy,
- 8ONPOCHI 0151 CAMOKOHMPOIA K NPAKMUYECKUM 3AHAMUAM

- OK3AMEHRAYUOHHblIE 80NPOCHL,

TeMBI 1)1 TECTOBOIO ompoca

1. SIBiIeHMS MepeHOCca, BO3HUKAIOIIKME B CPEAE IPU HATUYUU IIEKTPUUECKUX, TEMIOBBIX U
MAarHUTHBIX ITOJIEH.

2. 30HHBIE AMArpaMMBbl AUAJIEKTPUKOB, MOJIYIPOBOJAHUKOB M METAJIOB. YTOYHEHUE 30HHOU
MO/JIENH, SHEpPreTHUEeCKasi 30HHas CTPYKTYpa repMaHust U KpeMHus. DpPeKTHBHAsS Macca.
3. KoHTakTHas pasHOCTh NOTEHLMANOB. Pacnpenenenne noTeHnuana B p-N—iepexoe.

a s

npo6osi.

©oN oOu

p-N —1epexoa0M B Ka4eCTBE 3aTBOPA.
9. DOKBUBaJIEHTHAs CXeMa U yacToTHbIE cBoiicTBa M/III-Tpan3ucropa.
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O YHKIMOHAIbHBIE BO3MOKHOCTH ITOJIYIIPOBOIHUKOBBIX JUOI0B
CTpyKTypa TpaH3UCTOPOB U BHIMOJIHAEMbIE MU (DYHKLIUH.

[Hupuna obnactu 06beMHOTO 3apsaa. bapbepHast eMKOCTb p-N-1epexoaa.
[Tporeccsl, mpoTekaromue B 00paTHO-CMEIIEHHOM P-N-1epexojie. Buabsl u MexaHu3Mbl

BripaskeHus /Ui NEPEMEHHBIX TOKOB B TPAH3UCTOpE. DKBUBAJIEHTHAS CXEMa TPaH3UCTOPA.
[IpuHUMI JENCTBUS U CTATUYECKUE XapaKTEPUCTUKHU II0JIEBOTO TPAH3UCTOPA C




10. HanorerepoCTpyKTyphl, PyHKIIHMOHATHHBIE BO3MOXXHOCTH YCTPOMCTB C KBAHTOBBIMHU SIMAMH,
KBaHTOBBIMU MTPOBOJIOKAMH, TOUKAMHU.

TeMbl 1a00paTOPHBIX PAdOT:

1. HM3yyenue TemmepaTypHOH  3aBUCHMOCTH  CONPOTHUBIICHHUS  IOJYNPOBOJHUKOB U
OTIpeIeIEHUE SHEPTUH aKTUBALH

2. MWzyuyenne (HOTONPOBOJMMOCTH TOJNYIPOBOJHUKOB M OIpPEICICHHE pPelaKCalMOHHOTO
BPEMEHU JKU3HU HOCUTENEH 3apsiaa

3. HUccnenoBanue s¢dekra cuiapHOoro mnons (dddexr ['aHHA) W €ro WUCIOJIB30BAHUE B
YCTPOHCTBAX MUKPOIJICKTPOHUKH

4. H3y4yeHue CBOWCTB CTPYKTYp METAILI-IUNIEKTPUK-TIOIYIPOBOJHHUK

TeMbl TCOpeTH‘leCKOﬁ YaCTH KypcCa, BLIHECEHHBLIC HA CAMOCTOSITECJIbHOE
M3Y4YCHHE CTYICHTAMH:

1. TexHonoruu co3aHusi 3JIEKTPUUYECKUX KOHTAKTOB.

2. DyHKIMOHATBHBIE BO3MOKHOCTH TIOJTYIIPOBOTHUKOBBIX AUOIOB.

3. TexHonoruyeckue MpoIecchl, UCIOIb3yeMbIe IIPU MPOU3BOCTBE AIEKTPOHHO-ABIPOYHBIX
IIEPEXOI0B.

BOHpOCLI AJIA CAMOKOHTPOJISA K IPAKTHYC€CKUM 3aHATUAM

1. KakoBa npupo/a 3JIeKTpONPOBOIHOCTH TBEPBIX BEIIECTB?
2. Yewm o0yciioBieHa 3IEKTPOIPOBOTHOCTH COOCTBEHHOTO TMOIYIIPOBOHUKA?
3. C Kako# 1eINbI0 B MOIYIPOBOIHUK BBOJAT MIPHUMECH ?
4. Kak BIUSIOT Ha 3JIEKTPOIPOBOJHOCTH MOJIYIIPOBOJAHUKA JOHOPHBIE U aKIIEITOPHBIE
npuMecu?
5. OObscHUTE, YTO Takoe IbIpKU? KakoBo MX IBHKEHHE B TIOIYIPOBOJHHUKE ITPH OTCYTCTBUHU
U TI0J] ISHICTBUEM Pa3HOCTH MOTEHIIUAIOB?
6. OOBscHHUTE OTIAMYME COOCTBEHHOTO M MPUMECHOTO TOJIYIPOBOIHHUKOB?
7. Kaxkue HOCHTENH 3apsiia SBISIOTCS OCHOBHBIMU M HEOCHOBHBIMU B MOJYIPOBOJIHUKAX N- U
p-tunoB? [Touemy? Kakum cooTHOIIEHHEM CBSI3aHBI UX PABHOBECHBIE KOHIICHTPALIUHU ?
8. OObscHUTE MPUYUHBI BOSHUKHOBEHHS TU(PPY3MOHHOTO U Jpeii(hOBOTO TOKOB B
MIOJTyIIPOBOIHHUKE.
9. Yro Takoe p-nnepexon? Kak on popmupyercs?
10. OObsicHuTe ¢ PrU3NIECKON TOUKH 3pEHHs BEHTHJIBHBIE CBOWCTBA P-NHIepexoa.
11. M300pa3ute u MOsICHUTE 30HHBIE AUAarpaMMbl P-NIepexo1a B paBHOBECHOM COCTOSIHUU U
IPU MPUII0KEHUU TPSIMOTO U OOPAaTHOTO HAIPSKEHHS.
12. [okaxkute OTIMYMS MEXKIY BOJIbT-aMIEpHBIMU XapakTeprctukamu (BAX) kpeMHHEBOTO
Y TE€PMAHUEBOTO JHO/IOB.
13. IlpuBeanTe TUNOBBIE 3HAYECHHUS IS IPSMOTO U OOPATHOTO COMPOTHUBIICHUS STHX JIUOJIOB.
Kak onpenenuts nannsie napameTpsl mo BAX?
14.Ilepeuncnure napameTpsl, onpeaensieMble no BAX peansHoro nuona. Kak oHu
OTIPEICIISIOTCS ?
15. N300pasure BAX naeanusupoBaHHOTO P-N-iepexoa. CpaBHUTE UACATBHYIO U PEATbHYIO
BOJIbT-aMIIEPHbIE XapaKTEePUCTUKH THOA.
16. ITpuBeaure BAX nuona i pa3HbIX pabouux TeMieparyp?
17.Yem oOycnoBiieH 0OpaTHBIN TOK B IMOJIE M KaK OH 3aBHCUT OT TEMIEpaTypbl U 0OpaTHOTO
HanpsHKeHUs ?
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18. OxapakrepusyiiTe BUIbI IpoOOs P-N-iepexoa.

19. IlpuBeauTe CXEMBI 3aMELICHUS AUOI0B U UX alIIPOKCUMUPOBAHHBIE BOJIbT-aMIIEpHbIE
XapaKTEPUCTUKH.

20Kak onpenenstoTcs mapaMeTphl JIEMEHTOB B cxeMax 3ameltenus? [laiire
PEKOMEHIALIUU 110 IPUMEHEHHUIO CXEM.

21. KaxoBa 00nacTh NpUMEHEHUS BBIIPAMUTENBHBIX 11010B? [lepedncnure u nosicHuTe
OCHOBHBIE ITapaMEeTPbl U UX 3HAYECHUS JJIS BBITPSIMUTEIBHBIX THOIOB.

22. B kakux cinydasx 1eaecooopa3zHo IpUMEHEHNEe UMITYJIbCHBIX 110a0B? [Touemy?

23.TlosicHuTE C MOMOIIBIO BPEMEHHBIX TUarpaMM MpoIece 3aupaHus T10a B UMITYIbCHBIX
cxemax. [lepeuncnure OCHOBHbIE TApaMETPhl UMITYJIbCHBIX THOJIOB.

23. Hapucyiite BAX crabunutpona. [louemy Takue 1101 Ha3bIBAIOT CTAOMIUTPOHAMEU ?
[lepeuncnnTte U MOSICHUTE OCHOBHBIE MTapaMeTPhl CTAOMIUTPOHOB U MX THIIOBBIE 3HaueHus. [IpuBectn
CXeMY IPOCTEHIIEero MapaMeTpUIecKOT0 CTaOUIN3aTOPa CO CTAOMINTPOHOM.

[TosicHUTh pUHIMTI JEHCTBUS.
24. Kaxo¥i oJaynpoBOIHUKOBBIHM M0 Ha3bIBalOT ctabuctopoM? [louemy? Kak crabuctop
BKJIIOYAETCS B DJICKTPUUECKYIO 1IETIh?
25Kakue noaynpoBOIHUKOBBIE IMOJIbI Ha3bIBAIOTCS Bapukanamu? [Ipusenute cxemy
BKJIIOYCHHUS BapHKara, MOsSICHUTE IPUHIINIT ACHCTBHS.
26.Kaxkue noiynpoBOJHHUKOBbIE TPUOOPH! Ha3biBalOT Anoaamu HloTTku. Ykaxute 001acTb UX
MPUMEHEHHs], JOCTOMHCTBA U HEJJOCTATKH.
27.YxaxuTe 00J1acTh MPUMEHEHHS, TOCTOMHCTBA U HEJIOCTATKH,
BAX tynHensHOTO 1Moaa.

28.Tlo xakuM napaMeTpaM BBIOUPAIOTCS TUOIbI Ha TPAKTUKE?
29. Onumure cucteMy 0003Ha4eHUH TOTYITPOBOTHUKOBBIX TUOIOB.

CTyneHT NOJDKEH ymemb OOBSICHATH YCTPOMCTBO M NPHUHLUMIT PAOOTHI IOJYNPOBOIHUKOBBIX
puOOPOB, OMPENENIATh TapaMeTPhl MOJIYIPOBOTHUKOBBIX IPUOOPOB MO UX XapPAKTEPUCTUKAM.

Bomnpocs! k 3k3amMeny

DNEeKTPONPOBOAHOCT COOCTBEHHBIX M MMPUMECHBIX MOJIYIPOBOIHUKOB.

PexomOunamus Hocurenei 3apaaa. Buasl pekoMOnHaIHH.

I'enepauus Hocutenen 3apsana. Bunsl renepanun.

3aKoH JEHCTBYIOIIUX MaccC.

30HHas SHEpreTUyecKas JuarpaMMa 3auparoliero KOHTakTa MeTall- MOJYIPOBOJIHUK P-

THUIA IPOBOIUMOCTU B PaBHOBECHOM COCTOSIHUH.

Juddysnonnas amuHa U MOABIKHOCTh HOCUTENEH 3apsija.

Kak Bnusier mupuna 3amnpenieHHoi 30861 Ha BuJ BAX p-nnepexona.

Mexanu3m o00pa3zoBaHust 00IaCTH MPOCTPAHCTBEHHOTO 3apsia AIEKTPOHHO-BIPOYHOTO

nepexoa.

9. MaremaTHuecKoe BBIPAXXEHUE IS TIOJIHOTO JIBIPOYHOTO TOKA B MOJYIPOBOIHHUKE.

10. Ha HecumMeTpuuHBIi N'-P mepexo 1 MojaHo o6paTHOe HanpskeHue . OObACHUTH, KaKas
COCTaBJIAIONIAs TOKa OyJaeT HaubOoIbIIEeH B 3THX YCIOBHSIX.

11.TIpeacraBbTe U MOSICHUTE 30HHYIO AUArpaMMy KOMIIEHCHPOBAHHOTO JBIPOYHOTO
MOJTYITPOBOHHUKA.

12. O0BsACHUTH 3aBUCUMOCTH JIEKTPOIIPOBOJIHOCTHU JABIPOYHOTO TOJIYIPOBOIHUKA OT
TeMIepaTyphl.

13. Oxapakrepu30oBaTh TEMJIOBOM MpoOoii P-Nmepexoa.

14.3¢¢ext 'anna. B yem 3akiodaeTcst 1 B KAKUX MMOJTYIIPOBOAHUKAX HAOMIOAAETCS.

15.1300pa3uTh U MOSICHUTH 30HHYIO THarpaMMy BBIPOKIEHHOTO MOJIYIIPOBOTHHKA.

16. Kinaccudukanus p-nmnepexooB. [jis 4ero ucrnonb3yroTcs P-N1epexoibl B IEKTPOHUKE.

17. ®yHxiun pacnpeneneHuss MUKPOYaCTHII IO SHEPTETHUECKUM COCTOSIHUSIM.

18. KoHTakTHas pa3HOCTh MOTEHIIMATIOB P-NIIEpexoaa.

agrONE

©oNo
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19. Pacnipenenenue @epmu-upaka u boze-Diinirelina.

20.OcHOBHbIE U HEOCHOBHBIE HOCUTENH 3apsaa. KakuM cOOTHOIIEHHEM CBS3aHBI UX PABHOBECHBIE
KOHIICHTPALUH.

21.2¢deKTbl CUIBHOTO MO,

22.BAX muona B nudy3snoHHOM MpHOIHKEHUH.

23. TemneparypHasi 3aBUCUMOCTb YpOBHsI DepMU B aKIIETITOPHBIX MOJYITPOBOIHUKAX.

24.YcnoBue 31eKTPOHEHTPATBHOCTH BBIPOXKACHHOTO TIOJYIPOBOIHUKA N-THUIIA TIPOBOJUMOCTH.

25.IpumMecHbIe YPOBHU B MOJIYIIPOBOTHHKE.

26.BAX p-nmnepexoaa B JUOJHOM MPUOTMKECHHH.

27.YpaBHEHUE HETIPEPHIBHOCTH.

28.TIpupona oOpaTHOTO TOKa B P-NTIepexoe.

29.2¢dext Openkens.

30. MexaHU3MBI paccessHUsI HOCUTENEeH 3apsa.

31. BoIpokICHHBIE M HEBBIPOXKICHHBIE COCTOSHUSL.

32.30HHas tuarpamMma pP-nmepexoza npu 0OpaTHOM HaNpsKEHUU.

33.T'enepauus HocuTenei 3apsaa. Buabl reneparium.

34.BAX p-nmepexosa ¢ y4eToM reHepaliy 1 peKOMOMHAIIMK HOCUTENeH 3apsaa.

35.3apsnHas eMKoCTh P-Niepexoa.

36. [lonsTue o hoHOHAX.

37.30HHas 1uarpaMMma KOHTaKTa MEeTaJUI-TI0JIyIIPOBOTHUK.

38. [IoBepXHOCTHBIE COCTOSIHHUS.

39. TemmnepaTypHast 3aBUCIMOCTD IOIBIDKHOCTH HOCHTEJICH 3apsia.

40.KaxoBa mpupoa 06paTHOro Toka pP-nmepexosa.

41. Tnddy3noHHbIi 1 apeiidoBbIil TOK B P-NTiepexoe.

42.JlaBuHHBIN TpoOo# P-NTepexoa.

43.CooTHomeHne DWHIITEHHA.

44 . BAX pguopga HloTTku.

45. ®OTOANEKTPUUECKUE SBIEHUS B IIOJYITPOBOIHUKAX.

46. bunonsipubie TpaH3uCcTOphI. [TocTOSIHHBIE TOKH.

47 . bunonspHsle TpaH3UCTOPbI. CyITHOCTD YCUIIEHUS.

48.KosdppuiueHT nepeaadn 1mo ToKy OUMOJIIPHOTO TPAH3UCTOPA.

49. CxeMbl BKIIIOYECHHUSI OUIIOJIIPHOTO TPAH3UCTOPA.

50. DxBUBaJNIEHTHAsI cXeMa OUTIONIIPHOTO TPAH3UCTOPA.

51.Ilonessie Tpan3uctopsl. IIpunHnun gercraus.

52. CraTuecKue XapakTepUCTHKH TOJEBOTO TPAH3UCTOpa C P-NTEPEX0J0M B Ka4eCTBE 3aTBOPA.

53. CraTueckue XapakTepUCTHKH TOJIEBOTO TPAH3UCTOPA C HU30JIMPOBAHHBIM 3aTBOPOM.

54.1IpeumyiecTBa U HEAOCTATKH MOJIEBBIX TPAH3UCTOPOB.

55. HanoretepocTpyKTypbl, (pyHKIIHOHAIBHBIE BOZMOXHOCTH YCTPONUCTB C KBAHTOBBIMH SIMAMHU,
KBaHTOBBIMH IPOBOJIOKAMH, TOUYKAMH.

4 Metonuueckne marepuajbl K ®OC, onpenensonme Nporeaypbl
OLICHUBAHUS

1. Ha camocTosiTenbHOE U3ydEHHE IEPEHOCATCS Pa3zeiibl, KACAIOIUEC TEXHOJIOTUH AIEKTPUIECKUX
KOHTAKTOB, (PYHKIIMOHAIbHbIE BOZMOKHOCTH MOJIYIIPOBOJHUKOBBIX JAUOJIOB, TEXHOJIOTHYECKUE
IIPOLIECCHI, UCIIOJIb3YEMBIE IIPU ITPOU3BOACTBE MIEKTPOHHO-ABIPOYHBIX I1IEPEX0I0B.

Hamnpumep, npu nu3y4eHun CTyIEHT JOJIKEH TO3HAKOMUTBCSA € CYLIECTBYIOIUMU TEXHOJIOTNYECKUMHU
[IPUEMaMH, UCIIOJIb3YEMBIMU JIS CO3/IaHUsI KOHTAKTOB MEXIY METAJIOM U IOJIYIIPOBOJHUKOM, MEKTY
JBYMS ITOIYIIPOBOJHUKAMU OJHOIO THIIA 3JIEKTPOIPOBOAHOCTH, MEXIY IOJIYIIPOBOJHUKAMU C Pa3HBIM
THIIOM JIEKTPOIPOBOJHOCTH C OAVMHAKOBOM IIMPUHOM 3aIIPEIICHHON 30HbI U C PA3JIMYHBIMU
3HAYEHHSIMU ITUPUHBI 3aIIPEIICHHOM 30HbI (reTepornepexo/ibl). 3HAKOMSCh C TEXHOJIOTUEH, CTYICHTY
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HYXHO OyZIeT y3HaTh, IJic B TEXHUKE HAXOJST MPUMEHEHHE T€ UM WHBIE KOHTAKThI, KAaKOH U3
TEXHOJIOTUYECKUX ITPHUEMOB CIIEYET UCIOIb30BATh JJIS PEIICHHUs TOCTABICHHOH 3a/1auH.

2. B xadecTBe cpe/icTBA OLIEHKH YCBOCHUS MaTe€pHaia — BHICTYIUICHHE HA PAKTHYECKOM 3aHATUU UIIH
pedepar.

3. Jlns mydiiero yCBOGHuUsl MaTeprala Ha IPaKTUYECKUX 3aHATHAX IpesiaraeTcs pemaTh 3a1a41 Mo
pa3nuyHBIM pasaenam Kypca. Hanpumep, 3anada u3 pasznena «l eneparnus 1 peKoMOMHAIKs HOCUTeNeH
3apsina». [Ipeqnaraercs Berancauthb npu T= 10K KoHIIEHTpaLKIO JIEKTPOHOB CIIydae UxX
MOHOTIOJISIPHOW TeHepaluy B TePMaHUH C IPUMECHIO CYPbMBI (laHa KOHIIEHTPALUS TPUMECHBIX
aTOMOB ¥ dHeprus nonusanuu). [IpuBenena apdexTHBHAS TIIOTHOCTD COCTOSHHUN B 30HE
IIPOBOJAMMOCTH IIPH 3aJJaHHOM Temneparype. s pelenns 3Toi 3aja4u Hy»KHO 3HaTh MaTepual
HECKOJIBKUX MPEBIAYIINX pa3aeiaoB. UTo Takoe «TeHepaluus», YTO 3HAUUT «MOHOTIOJIIpHAsI»
reHepanus, B KakoM CIIydyae OHa MOXKET HaOII0aThCsl B MOJYIIPOBOAHMKAX. BBISICHUB Bee 3T0,
HE00X0AMMO OTPEEIUTD THII TPOBOIUMOCTH IOJIYITPOBOAHUKA U B KAKOM TEMIIEPaTypHOM
MHTEpBaJie OH HaxoAuTcs (00nacTh caboii HOHM3ALUY IPUMECH, 00JIaCTh HCTOIIEHUS U T. 11.). [Tocie
BBISICHEHUS BCETO MEPEYUCICHHOTO MOKHO OyZeT MPUCTYIUTh HETTOCPEACTBEHHO K PEIICHHUIO 3a1a4H.
4. B xauecTBe CpeCTBA OLIEHKU HCIIOJIb3YIOTCS KOHTPOJIbHBIE paboThl. KOHTpOIbHBIE paboThI
MIPOBOJIATCS HAa KaXJIOM TPEThEM NMPAKTHUECKOM 3aHATHH. [109TOMY B KOHTPOJIBHYIO paboTy
BKJTIOYAIOTCSL OOBIYHO 33J]a4 M3 HECKOJIBKUX pa3zenoB. [locie mpoBepky Ha 3aHATUU BBISCHSETCS,
peleHre Kakux 3a/1a4 BbI3BAJIO 3aTPyIHEHHE, YTO OBUIO HE MOHSATHO.

5. B xoHI1e cemecTpa, KOrja MpoYuTaHbl OCHOBHBIE Pa3/ieNibl Kypca, CTYICHTaM MpeiaraoTcs
WH/IMBUyaJIbHBIE CAMOCTOSATENbHbIC 3aJaHu. J{JIs BHITOTHEHUS 331aHUS HY)KHO 3HATh MEXaHU3MBbI
3IIEKTPOIPOBOIHOCTH TMOJIYIIPOBOJHUKOB, TEOPHUIO AIIEKTPOHHO-IBIPOYHBIX NIEPEX0/I0B, 3aBUCUMOCTb
TOKa P-NTepexo/ia OT MPUIIOKEHHOTO HANPSHKEHUS, BIUSHIE BHEIIHUX (PaKTOPOB HA BOJIBTAMIIEPHYIO
XapaKTepUCTUKY, TpoOoii P-nmepexona. [TocTpoeHne sHepreTHUecKoi JuarpaMmMsel P-NIepexosa ¢
YUETOM CTETICHU JISTUPOBAHUS 3JICKTPOHHOM U IBIPOYHON 00JIacTel PU PAa3ITUYHBIX MPHIIOKEHHBIX
HaNPsHKEHUAX YacTO BBI3BIBACT 3aTPYIHEHHUE Y CTYJCHTOB.

6. 3amura 3a1aHUI TPOBOAUTCS B HEOONbIINX rpynmnax. OCHOBHOHM TOKJIAIUUK PACCKa3bIBaeT O CBOCH
paboTe, moguepKUBaeT 0COOEHHOCTH PACCYMTAHHON CTPYKTYpHI, OTBEYAaeT Ha BONpockl. [Ipu 3ToM
Cpa3y MOXHO CIeJIaTh BBIBOJI, KTO CAMOCTOSITENILHO BBINOJIHII PaboTy, U OLIEHUTh YCBOCHUE
MaTepuana. Bo30Oyxnenue nHTepeca nposiBIISIETCS TOT/A, KOTAA y CTYACHTA IMOJTY4atoTCs 3a1aHusl.
BrinonHenue 3a1aHuil yYUTHIBAET BOSMOKHOCTH M HAKJIOHHOCTH CTYJICHTA U TO3BOJISIET MPEATIOKHUTD
TBOPYECKOE pPa3BUTHE JIOO0OTO (pparMeHTa 3alaHuii. IT0 CoCOOCTBYET pa3BUTHIO OOIIEKYIbTYPHBIX U
npoeccHOHATBHBIX KOMIIETEHINI U BRIPAaOaTHIBACT HABBIK TPAMOTHOTO M3JIOKEHHS PE3YIIbTAaTOB
paloTHI M UX 3aLIUTHI ITEpe]] KOMUCCHEH.

OreHKa yCBOEHUS MPOBOAUTCS M HA 3amuTe Ja00opaTopHbIX paboT. Bo BpeMs BbINOJIHEHHS
1a00paTOPHBIX PA0OT CTYAEHTHI ydaTcsi padOTaTh B KOJIEKTHUBE, COBEPIICHCTBYIOT CBOU JIMJCPCKUE
Ka4yecTBa.

Bo30yxenuto nuTepeca Ha 1a00paTOPHOM MPAKTUKYME CITIOCOOCTBYET HArJIsIIHOCTD
nporiecca, BO3MOKHOCTb MTO3HAKOMHUTHCS ¢ 000py10BaHMEM, CBOOOIHBII TOCTYI K METOJHYECKUM
marepuanam. O6cyxnenue (3amura) paboT B BUJIe MUHU-KOH(PEPEHIIUI peain3yeT mearornueckui
npueM «aedatb». Y cTyJIeHTa HOSBIISETCS CMENIOCTh AEPIKAThCS Mepell ayAUTOPUEH, MPOUCXOTUT
NIEPEOCMBICIICHHE PAOOTHI.

HpI/IMepLI TECTOBBIX BOIIPOCOB

[IpenycMOTpeHbI TpU YPOBHS CIOKHOCTH 3aIaHUM.
Ilepevtit_yposens croxcnocmu (ouenugaemcsa Ha Ky0081emMeoPUNEIbHO)

A) Kakoii mipo0oit omaceH juist P-n- nepexoaa?

a) meniogot, 8) mom u Opyeou,

0) anexmpuueckul, 2) npobou 1106020 6UOa HEONACEH.
b) Ipuniun geficTBus Bapukarna, pusndeckoe ormicaHue.
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Bmopoii_yposenv cnodcnocmu (oueuueaemc;l Ha (OCODOI«MO»)

A) Kakue 11o/1p1 HCHIOJIB3YIOTCS JUIsl TeHEPAIUH DIICKTPUUSCKUX KOJIeOaHU !
@) myHHeNbHbLE,
0) umnynvchole;
8) cmMadUIUMpPOHbL.
2) 051 2enepayuu INeKMpPUYECKUX KOAeOAHUIl OUOObL He UCTONb3YIOMCAL.

b) Ilo Ha3BaHWIO MOJYPOBOJAHUKOBBIX AUOJOB B cxeMe «Kiaccudukamus moyrynpoBOHHKOBBIX
JIMOZIOB» B OTBENEHHBIX  KBajpaTax  HApPUCYHTEe  yCIOBHO-rpaduyeckoe  00O3HAYCHHE
COOTBETCTBYIOIIUX AU00B (cM. puc. 1).

l IOJIYVIIPOBOJHMKOBBIE JHOObI

, BBITPAMMTEIBHBIE JOb1 l S |<——

| CTABMJIMTPOHBI

TYHHEJBHBIE NUOASLI I |<—-
BAPUKAIIBI I 4'4—

I CBETOIMOXBI

DOTOAUOABI

CBY — Aokl

Puc. 1. Knaccuguyurxayusa nonynpo8ooHuKkovix npudopos

Tpemuii_ypogenv cioycHocmu (oueuueaemc;z Ha «omelmo»)

A) Y Kakoro TpaH3UCTOPa BXOJIHOE COMPOTHBICHUE MAKCHMAJIBHOE:
a) y bunonapHoeo;,
0) y nonesoeo ¢ 3ameopom 6 gude p-N—-nepexooa,
8) y M{l[I-mpan3zucmopa,
2) y mpauzucmopa muna p-n-p.

b) [lo BojbTaMIIEpHOW XapaKTEPHCTHKE BBHINPSIMUTEIBHOTO JAMOJA, M300paKEHHOW Ha puC. 2,
ONPEIEINTE CONPOTUBICHHE IMOJA IO IOCTOSIHHOMY TOKY IpPH BKIIOYEHMM TOKa B IPSMOM H
00paTHOM HalpaBJICHUH, €CIIU K oAy npuioxeHo HanpspkeHue Uy, = 0,5B u Ugs, = — 50B.

Inmp, A

0,4

Puc. 2 Borsm-amneprnas xapakmepucmuxa ouooa

HpuMep 6I/I.HCT3, npeajiaracMoro Ha 3K3aMcecHe
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1.9nexTpuueckue nepexosl.

2. DNeKTPOHHO-IBIPOYHBIN MEPEX0.

3. Ilo WCXOMHBIM JaHHBIM PacCUUTaTh, MOCTPOUTH U OOBSICHUTH 3aBUCUMOCTH IIHPUHBI 00JIACTH
MIPOCTPAHCTBEHHOTO 3apsijia, EMKOCTH U TOKa OT HampsbkeHus. HampspkeHne u3MeHsITh B AHAMa30He OT
wioc 0,3 B o npobost. st paccauteiBaeMoro P-N mnepexona MmoCTPOUTh SHEPreTUYECKYI0 30HHYIO
qrarpaMmy B paBHOBECHOM COCTOSTHUH.

IlepBblil BOIPOC pacCUMTaH Ha MOPOTOBBIM YpOBEHb ycBOeHM. [Ipeamnonaraercs, 4To CTyIEHT
JOJDKEH paccKa3aTh, YTO TAKOE <OJIEKTPUYECKUN NEPEXOM», KAKHE THUIIbI DJICKTPUYECKUX IIEPEXOJ0B
CYLIECTBYIOT, IJ€ HMX MOYHO HCIIOJIb30BAThb B JJIEKTPOHMKE, KAKHE TEXHOJOTMYECKHE IIPUEMBI
UCIIOJIBb3YIOTCS U CO3aHUs TAKUX IIEPEXO0B.

Bropoii Bompoc siBisercst 60jee CIOKHBIM M PACCUMTaH Ha MPOABHHYTHIH YPOBEHb YCBOCHHSI.
CTyaeHT HOJDKEH OOBSICHUTH KiacCU(UKALUIO P-N TepexoJoB (pe3Kue, IUIaBHBIE, CHMMETPHYHBIC,
HECUMMETpPHYHbIE M T.I.). Pacckazath, Kak oOpa3yercsi 3JEeKTPOHHO-ABIPOYHBIN MEpexoJ, KaKuMU
cBoiicTBaMH 00agaeT, KaKk Ha CBOMCTBA BIHSIECT TEMIEpaTypa OKpPYKAIOIIEW Cpeibl, KOHIICHTpaLus
npUMecH B N- U P- 00JacTax, HIMpUHA 3alpelieHHON 30HbI MOJIYIPOBOJHHUKOB. [l M3rOTOBIECHUS
KaKMX MOJTYIPOBOJHUKOBBIX IPUOOPOB MOXKHO HCIIOJIb30BATh TAKOM MEPEXO.

Tperuii Bompoc paccunuTaH Ha BBICOKUN YPOBEHb YCBOCHHS. UTOOBI BRIMIOJIHUTH 3TO 3aJaHHE,
CTYIAECHT JIOJDKEH XOpOIIO 3HAaTh IPAKTUYECKU BCE pa3zeibl JEKIUMOHHOIO Kypca. Ilo 3amaHHBIM
3HAYECHUSIM YZEJNBbHOTO COTPOTUBJICHUS HEOOXOAWMO OINPENENIUTh KOHIEHTPAIMIO OCHOBHBIX
HOCHUTENEH 3aps/ia, a 3aTéM — KOHILIEHTPAIMI0 HEOCHOBHBIX HOCHUTENEH, T.€. HYXHO 3HAaTb CBS3b
YAEIBHOTO CONPOTUBIEHUS C KOHIEHTpAalUel INpHUMecH, YMETb ONPENENATh KOHIIEHTPALHIO
HEOCHOBHBIX HOCHUTENEH 3apsja. B 3amaHuM  cka3aHo, YTO 3aBUCUMOCTH HYKHO pacCUMTHIBATh,
M3MEHSSl HampspkeHue 10 mpobost P-n mepexoxa. CienoBaTenbHO, MPUICTCA BBISACHUTH, YTO TAaKOE
«@IpoOOH AEKTPOHHO-ABIPOYHOTO MEPEX0a», KaKue BUIbI IPo0OO0s MepeXoI0B CYIIECTBYIOT, KaKOH U3
BUJOB Tpo0osi Oyner HaOmomaThCsi B pacCUMThIBaéMOM Imepexoze. Jlng pacdera 3aBHCHMOCTH
IIMPUHBI 00JIACTH MPOCTPAHCTBEHHOTO 3apsiia 1 eMKOCTH P-NTiepexo/ia MpUIeTCs HalTH KOHTaKTHYIO
Pa3HOCTh MOTEHUIUAIOB. TOJBKO MOCIE BBIICHEHHS BCETrO MEPEYUCICHHOTO MOKHO OY/eT paccuuTaTth
HY)KHBIE 3aBUCUMOCTH.

[TocTpoeHune 3HEPreTHYeCKOM 30HHOM JuarpaMMbl BO3MOXKHO IIOCIIE OTIPENENICHUS! TITyOUHBI
3ajeranusi ypoBHeit @epmMu B P-u  N- obnactsax. Heo6Xo1uMo BBICHUTD, KaK BIHUSET MPUIIOKEHHOE
HaIpsDKEHWE Ha BUJ SHEPreTHMUECKOM JuarpaMMbl, KaK BIUSET MU3MEHEHHE IIMPUHBI 3alpElIeHHON
30HBl M KOHIEHTpAllMd INPUMECH Ha BHJ DHEPreTHYecKol nuarpammel. HyxHO Takke yMmeTb
OOBSICHATH 1O 30HOW JauarpaMme, Kak H3MEHSIOTCS Au((y3HOHHBIM M JpeidoBBIT TOKH NpH
M3MEHEHUH BEJTMYMHBI U MOJIIPHOCTH IIPUKIIABIBAEMOT0 K IEPEXOTY HAIIPSHKEHHUS.
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