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1. TlepeuyeHb MIAHUPYEMBIX Pe3yabTATOB 00y4eHUsI 0 TUCIUIIUHE, COOTHECEHHBIX €
IJIAHUPYEMbIMH Pe3yJIbTaTAMHU 0CBOEHHS 00pa30BaTeJIbHON MPOrPaMMbI
(c opuenmayueu Ha Kapmovl KOMNEMeHYutl)

B pesynbrare ocBoeHus1 00pazoBaTeIbHON MPOrpaMMBbl 00 yJaAIOIIUNACS TOJKEH
OBJIAJIETh CIEAYIOIINMH Pe3yabTaTaMu 0Oy4eHHUs 110 JUCLMILINHE:

Kareropus (rpynna) ®opmupyemas komrereHuus | Ko v HauMeHOBaHUE UHAMKATOPA
KOMIIETEHIIHH (c ykazaHuem Koja) JOCTUKEHHS] KOMITETEHIIUU
[IK-1"Cnocoben IT1K-1.1. 3HaTh criocoObI OCYIIECTBICHUS
OCYIIIECTBIISATh MOHTAX, MOHTAa’Ka, HaJIaJK1, HACTPOUKH,
HaJaJKy, HACTPOUKY, PEryJIUPOBKH, ONBITHON MPOBEPKU
PEryJINPOBKY, ONBITHYIO paboTOCIIOCOOHOCTH, UCTIBITAHUS U CIauy
MIPOBEPKY B DKCIUTYaTaIMI0 COOPYKEHUI, CPEJICTB U
paboTOCTIOCOOHOCTH, o0opynoBaHus ceren”
UCIBITAHUSA U CIavyy B [IK-1.2. YMeTh OCylIeCTBISTh MOHTAX,
AKCIUTyaTalI0 COOPYKEHUM, | HalaJKy, HACTPOMKY, PEryJIupOBKY,
CPEICTB U 000PYI0BaHUS OTIBITHYIO MTPOBEPKY pabOTOCIIOCOOHOCTH,
cereil" VCIIBITAHUS U CAAYy B DKCILTyaTaLUIO
COOPYKEHH, CPEJICTB U 000OPYIOBAHUS
cereit”
T1IK-1.3. Binagers criocOOHOCTBEO
OCYILIECTBIISATh MOHTAX, HAJAJIKY,
HAaCTPOIKY, PETYJINPOBKY, OIIBITHYIO
MPOBEPKY pabOTOCIIOCOOHOCTH,
UCTIBITAHUSA U cJJauy B HKCIUTyaTaIUI0
COOPYKEHHI, CPEACTB U 000PYIOBaHUS
cereit”

2.1lesb 1 MeCTO TUCHMILIMHBI B CTPYKTYpe 00pa3oBaTe1bHOi NPOorpaMmbl

Jucnumnnrna «Pu3nuecKkue OCHOBBI 3JIEKTPOHUKIM» OTHOCUTCS K 4acTH, popMupyemoit
Y4aCTHHKaMH 00pa30BaTENbHBIX OTHOIICHUIA U TIPeHA3HAYEH /ISl TOJIrOTOBKH 0aKajIaBpoB 110
Hanpasiaenuto  11.03.02  «MH(pOKOMMYHHUKALIMOHHBIE TEXHOJOTHM W CHCTEMBI CBSI3U»,
TpoGHITb IOATOTOBKU «ONTHYECKUE CHCTEMBI U CETU CBSI3I.

JucuumnirHa u3yvaercst Ha 2 Kypcee B 3 ceMecTpe.

[lenpl0 M3y4eHUs] AMCUUIUIMHBI SBISICTCS O3HAKOMIICHHE CTYJICHTOB C (hPM3WYECKHMU
OCHOBAMHU 3JIEKTPOHUKH, 30HHOW TeOpHel MONYyNpPOBOJHUKOB, KOHTAaKTHBIMHU SIBICHUSAMH U
MPUHLIMIIAMU PA0OTHI 0A30BBIX AJIEMEHTOB 3JIEKTPOHUKH.

Kypc «®usnueckrne 0CHOBBI 3JEKTPOHUKI SIBISETCS OAHOM M3 OCHOBHBIX JUCIHITINH
npodwiIss W SBISAETCS BAKHBIM DIIEMEHTOM IIOATOTOBKH CIIEIHAIMCTOB MO JaHHOMY
HalpaBJIeHUIO. 3HAHMS, MOJyYEeHHbIE B pe3yjbTaTe OCBOCHUs Kypca «DU3MYECKHUEe OCHOBBI
DIIEKTPOHUKK»  TO3BOJAT  TPAMOTHO  JKCIUTyaTHpOBaTh Ha  0asze M3y4EHHBIX
MOJIYIIPOBOTHUKOBBIX CTPYKTYP COBPEMEHHBIE AJIEKTPOHHBIE YCTPOICTBA CUCTEM CBSI3H.

Jist 3ydeHnst AUCIUTUIMHBI HEOOXOIUMBI 3HAHHSI CITEYIONINX JUCITUTUINH U UX
pa3elios:

1Mo (GU3HMKE - JIEKTPUUECTBO U MarHeTU3M, KoJieOaHUsI U BOJTHOBOE JBIDKEHUE, (hU3UKa
TBEPJOTO Telna, PU3NUECKUE BETUUNHBI U €AUHULIBI UX U3MEPEHUS;

0 BbICIIEH MaTeMaTuke - AudQepeHIHaTbHOE W HUHTErPAIbHOE HCUUCIIECHUS,
muddepeHIaIbHbpe YpaBHEHUS U METO/BI UX PEIICHHs, OTIEPallMOHHOE UCUUCIICHUE, PSIbI,
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(YHKLINU KOMITJIEKCHOH NepeMeHHOM;

10 BBIYMCIUTEILHON TEXHHMKE - OCHOBBI MPOTrPaMMHUPOBAHUS W (DYHKIIMOHHPOBAHUS
OBM;

110 OCHOBaM METPOJIOTHH M CTaHIAapTHU3AIUU - MEXKIyHApOoaHYyI0 cucteMy eaunui (CH),
METO/ABl M CPEACTBA HM3MEPEHHUs JJIEKTPUUYECKUX W MAarHUTHBIX BEJIMYUH, YCJIOBHOE
rpadgudeckoe n300pakeHUE IICKTPUICCKUX, MATHUTHBIX M MOJYIIPOBOJHUKOBBIX JIEMEHTOB,
CXEMbI U UX BBIIOJIHCHHE.

Huctunmuaa «@®u3nyeckrue OCHOBBI 3JIEKTPOHUKHW» IIPU3BaHA IOMOYb CTYJEHTaM
OBJIAJICTh HABBIKAMH H  3HAaHUSMH, HEOOXOJWMBIMH IS  BBIIOJIHCHUS HAYYHO-
HCCJICIOBATENbCKOM pPabOThl, BKJIIOYAs BBHITIOJHEHHUE BBITYCKHON KJIacCCH(UIIUPOBAHHOMN
paboThl, @ TaK € M3YYCHHUIO TaKUX JUCUUIUIMH KaK «JEKTPOHHKa», «CXEeMOTEXHUKa» U

ap..

3. Coaep:xanue pado4eil mporpaMmmbl (00beM AUCHUIIMHBI, TUIIBI U BBl Y4eOHBIX
3aHATHH, Y4eOHO-MeTOANYeCcKoe oDecreyeHne CaMOCTOSITeILHOI PadoThI
00y4arIIHXCs)

Copepxanue paboueii mporpaMMmsl npeactasieHo B [Ipunoxennn Ne 1.

4, DoHJ 01LIEHOYHBIX CPEaACTB 10 JTUCHUIIJIUHE

4.1. [lepeuyeHb KOMIIETEHIIUI ¢ YKa3aHHEM 3TanoB UX (JOPMUPOBAHUS B Mpolecce
0CBOeHUs 00pa3oBaTeJbHON NporpaMmmbl. OnucaHue MoKa3aTeseid 1 KpuTepues
OlLIEHNBAHMSI KOMIIETEHI[UIT HA PA3JIMYHBIX 3Tanax ux GopMHUpPoOBaHKs, ONIUCAHHE

Koxn u popmynrpoBka KOMIETEHITHHN:
IIK-1"CnocobeH ocymiecTBIsATh MOHTAX, HANIAJKY, HACTPONKY, PETYJIUPOBKY, OMBITHYIO
MPOBEPKY pabOTOCTIOCOOHOCTH, UCIIBITAHUS U Cllady B HKCILTyaTaI[MI0 COOPYKEHUI, CPEICTB
u obopynoBaHus cereit"”

IIKaJ OCHUBAaHUA

OKk3aMeH
[Tnanupyembie Kputepun onieHnBanus pe3ynbTaToB 00yUEHHS
pe3yabTaThI
o0y4yeHus 2 (e
(noxasarem YIOBJIETBOPHUTE 3 4 5
JIOCTHIKEHHS («Y noBneTBopu
b- («Xoporoy) («OTuHOY)
3a/TAaHHOTO HOY) -TEIIBHOY)
YPOBHSI OCBOCHHUS
KOMIETEHIIH)

IIK-1.1. HNmeet TONBKO Nmeer Tonbko | Iloka3wsiBaeT IToxa3piBaeT
3HaThL CIOCOOBI (dbparMeHTapHbIE | OMpEeNeJCHHBIE | JOCTaTOYHBIC YBEpPEHHBIC
OCYUIECTBIICHUS 3HaHUSA 1O 3HAHHUS 110 3HAHUS 10 3HAHUS 10
MOHTaa, crnocoboam crocoboam crnocoboam crocoboam
HaJIagKH, OCYIIECTBIICHUS | OCYUIECTBJIEHUS | OCYIIECTBJIE- | OCYIIECTBICHUS
HACTPOUKH, MOHTAaXa, MOHTAaXa, HUSA MOHTAaXa,
PETYINPOBKH, HaJIaJKH, HaJIaJKH, MOHTAaXa, HaJTagKH,
ONBITHOU HaCTPOMKH, HACTPOWKH, HaJIaJIKH, HACTPOMKH,
MIPOBEPKU PETYINPOBKH, PETYIUPOBKH, HACTPOUKH, PETYIHPOBKH,
paboTocrnocoOHO OTIBITHOU OTIBITHOM pPEeryIupOBKHU OTIBITHOM
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CTH, UCIIBITAHUS MIPOBEPKHU MIPOBEPKHU , OIIBITHOM IPOBEPKHU
U cliavy B paboTtocmocoOHO | paboToCcOCOOH MPOBEPKH | pabOTOCTIOCOOHOC
JKCILTyaTaIuo CTH, UCTIBITAHUS OCTH, paboTtocno- | TH, UCTIBITAHUS U
COOPYKCHHI, U c/1auy B UCTIBITAHUS U coOHOCTH, caady B
CPEICTB U AKCILTyaTaIHIo caauy B WCHBITAHUSA U | OKCIUTyaTalHUIo
000pyI0BaHUS COOpYKEHUI, IKCILTyaTaIUIo caady B COOPYKCHHIA,
ceren" CpE/ICTB U COOPYXEHHH, | dKCIUTyaTalu CpEICTB U
00opyn0BaHUs CPEeZICTB U 10 obopynoBaHus
cere 000pyIOBaHUs | COOPY)KEHHH, | CETeH, OTBeUaeT
ceren CPEACTB U Ha
000py/IOBaHU | JOIMOJHUTEIbHbBIE
sI ceTeH, BOIIPOCHI
OJTHAKO
JIOITyCKaeT
HEKOTOpBIE
OIINOKH
[1IK-1.2. Ymetb He ymeer YMmeer YBepeHHO YBepeHHO
OCYILECTBIISITh OCYIIECTBIISTh OCYIIECTBIISATH | OCYIIECTB- OCYIIIECTBIISIET
MOHTaX, MOHTaX, MOHTaX, JSIeT MOHTAX, | MOHTaX,
HATAJIKY, HaIaJKY, HaTAJIKY, HaIAJIKY, HaIAJIKY,
HACTPOIIKY, HACTpPOHKY, HACTPOMKY, HACTPOIKY, HACTpPOUKY,
PETYIIHPOBKY, PETYIIUPOBKY, PETYIIMPOBKY, | PETYJIUPOBKY | PETYIUPOBKY,
OTIBITHYIO OTIBITHYIO OTIBITHYIO , OIIBITHYIO OTIBITHYIO
IPOBEPKY MIPOBEPKY MIPOBEPKY MIPOBEPKY MIPOBEPKY
paboTocrnoco6HO | paboTocmnocoOHO | paborocmocol- | paboTocmoco | paboToCIOcOOHOC
CTH, HCITBITAHHS CTH, UCITBITAHHS HOCTH, OHOCTH, TH, UCTIBITAHHS 1
U clavy B U c/1auy B WCIBITAHUS M | UCTIBITAHUS U | cllady B
IKCIUTyaTaIHIO OKCILTYaTaIHI0 ciaqy B ciaqy B HKCILTYaTaINIo
COOpY’KEHUI, COOPYKEHHIH, AKCIUTyaTalUIo | SKCITyaTal | COOpPY>KEHUH,
CpEeZICTB U CPEICTB U COOPYKCHHM, | IO CPEICTB H
000pyI0BaHUS o0opynoBaHus CPEICTB U COOPYXKEHHH, | 000pydOBaHUS
cereit" ceTeit. 0o0opyI0BaHUs | CPEACTB U ceTei, oTBeUaeT
ceTel, OJHaKO | 00Opy/OBaHU | Ha
JIONYCKAET sI CEeTEN, JIOIIOJIHUTEIILHEIE
Cepbe3HbIe MPAKTUYECKH | BOMPOCHI
OIIMOKHU HE JIONyCKaeT
01112 (03
[1K-1.3. Bnagets He cniocoben Cnocoben Bnaneer Bnaneer
CIOCOOHOCTBIO OCYIIECTBIISATh OCYIIECTBIISATh | CIIOCOOHOCTh | CIOCOOHOCTBIO
OCYIIECTBIISATh MOHTaX, MOHTaX, 10 OCYIIECTBIISTh
MOHTAX, HaJIaJIKY, HaJIAJIKY, OCYIIECTBIISAT MOHTAX,
HAIAJIKY, HACTpPOHKY, HACTpOIKY, b MOHTaX, HaAJIKY,
HACTpOHKY, PETYIINPOBKY, PETYIINPOBKY, HaJIaJIKYy, HACTpPOHKY,
PETYIHUPOBKY, OTIBITHYIO OTIBITHYIO HACTpOIKY, PETYIHUPOBKY,
OTIBITHYIO MIPOBEPKY MIPOBEPKY PETYIINPOBKY OIIBITHYIO
MIPOBEPKY paboTocnocoOHO | pabOTOCTIOCOOH | , OMBITHYIO MIPOBEPKY
paboTOCTIOCOOHO | CTH, HCTIBITAHUS OCTH, MPOBEPKY | pabOTOCTIOCOOHOC
CTH, UCTIBITAHUS U c/1auy B UCTIIBITAHUSA U | pabOTOCIIOCO | TH, UCIIBITAHUS U
U clavy B AKCILTyaTaIHIo caauy B O6HOCTH, caauy B
HKCILTyaTaIIIO COOPYKECHHI, IKCIUTYaTaIUI0 | MCIBITAHUS U | DKCIUTyaTaIlHIo
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COOPYXEHHI, CpEICTB U MPOCTEUIIINX clavy B COOpYKEHUM,
CpEeACTB U 00opyI0BaHUS CPEeZICTB U JKCILTyaTaIu CPEICTB U
000pyI0BaHUS cereit" o0opyoBaHUs 10 o0opyIoBaHUs
cereit" cereit" COOPYKEHHH, | ceTeild, yBEepeHHO
Cpe/ICTB U OTBEYaeT Ha
000py/IOBaHU | JOIMOJHUTEIBHBIE
s CeTeH, HO BOIIPOCHI
JIOITyCKaeT
HEKOTOpHIC
OIMOKU
[Tokazarenu chopMUPOBAHHOCTH KOMIIETCHIIUH:
Kputepusimu ~ OllcHMBaHHS ~ SIBISIIOTCS  Oajulbl,  KOTOPBIE  BBICTABISIOTCS

IpernojiaBaTesieM 3a BUIBl JCSITEIBHOCTH (OICHOYHBIE CPEICTBA) IO HWTOTaM H3YYCHUs
Moayiel (pa3/ienoB AMCLUUIUIMHBI), MEPEUUCIEHHBIX B PEUTHHI-IUIAHE JUCLUIUIMHBL (0714
9K3aMeHA: TeKYIIH KOHTPOIb — MakcuMyM 40 0aisioB; pyOeKHBIH KOHTPOJIb — MakcuMyM 30
06a/u10B, MOOLIpUTENbHbIE Oamabl — MakcumMyM 10; ora 3auema: TeKyIUMl KOHTPOJIb —
MakcuMyM 50 6aiioB; pyOe)HBIN KOHTPOJIb — MakcCUMyM S50 6ayuIoB, MOOUIPUTENLHBIC OAIUIBI
— makcumym 10).

[Ixana oleHUBAHUS 0715 IK3AMEHA.

oT 45 110 59 6a110B — «yJIOBJIETBOPUTEIBHO;

ot 60 10 79 6aI0B — «XOPOLIOY;

ot 80 6aI0B — «OTIUYHOY.

4.2. TunoBble KOHTPOJIbHbIE 32/IaHUSA UM HHbIE MATEePHAJIbl, HEOOXOAMMbIE J1JIA
OLICHKHU 3HAHUI, YMEHHH, HABBIKOB U ONBITA AeATEJbHOCTH, XaPAKTEPU3YIOIIHX
Tanbl GOPMUPOBAHNS KOMIIETEHIIHIi B Npollecce 0CBOEHUsI 00pa30BaTe/LHOI
nporpamMmmbl. MeToanyecKkue MaTepuaJibl, ONpeAeJaolme NPoue1ypsl OeHUBAHUSA
3HAHUI, YMEHH i, HABBIKOB U ONBITA IeATEJIbHOCTH, XaPAKTEePU3YIOIHUX ITANBI
(popMupoBaHus KOMIETEHIM I

KOMHGTCHHI/IH Pe3y.]'IBTaTBI O6y‘IeHI/IH OHGHO‘{HBIC cpeacTBa

(c ykazaHueM Kojia)

Hnouxamop oocmusicenus
Komnemenyuu (¢ Kooom)

[TK-1"Cnocoben
OCYIICCTBJIATE MOHTAX,
HaJlaJIKy, HACTPOIKY,
pETYIUPOBKY, OIBITHYIO
POBEPKY
paboTOCIIOCOOHOCTH,
UCTIBITAHUSA U cJlavy B
JKCILTyaTalI0 COOPYKEHUH,
CpeACTB U 000PYAOBaHUS
cerent"

[TK-1.1. 3HaTh ciocoObI
OCYIIIECTBIICHUS MOHTaXa,
HaJIJIKU, HACTPOUKH,
PEryJIMPOBKHU, ONTBITHON
MPOBEPKU PabOTOCTIOCOOHOCTH,
WCTIBITAHUS U C/Iavyy B
IKCILTYaTaII0 COOPYKESHHUIA,
CPEICTB U 000PYI0BaHUS
ceteil”

[TK-1.2. YMeTh oCymecTBISATh
MOHTaX, HaJaJIKy, HACTPOIKY,
PETYIHNPOBKY, OIBITHYIO
MIPOBEPKY pabOTOCTIOCOOHOCTH,
UCTIBITAaHHA U CAady B
JKCILTyaTalUI0 COOPYKEHUH,

KOHTpOJbHAs paboTa;
TECTHI, 3alllUTa OTUYECTOB
1o 1abopaTopHBIM
paboTam; dK3aMeH
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CPE/ICTB ¥ 000pYAOBaHUS
cereil"

[1K-1.3. Bianers
CIIOCOOHOCTBIO  OCYILECTBISATh
MOHTa), HaJjaJKy, HaCTPOUKY,
PETyJIHpPOBKY, OTIBITHYIO
MPOBEPKY PabOTOCIIOCOOHOCTH,
UCTIBITAHUA M cJady B
AKCIUTyaTallMl0  COOPY>KEHUH,
CpPEICTB M 00OpyIOBaHUS
cerent"

[1K-1.3. Bnagers
CIOCOOHOCTBIO OCYIIECTBIIATD
MOHTaX, HAJTAJKY, HACTPOUKY,
PEryIUPOBKY, OTMBITHYIO
POBEPKY paboTOCIOCOOHOCTH,
UCIBITAHUS U CIavyy B
JKCILTyaTalUI0 COOPYKEHUH,
CPEICTB U 000PYI0BaAHUS
cereil"

4.3. Petmunz-naan OuCUununbl
(npu neobxooumocmu)

PelTHHr—T171aH AMCHUIUIMHBL 711 OYHOM (OpMBI 00y4eHUs IPEACTaBIECH B MPUIOKEHUU
Ne2. Jlnst 3a04HOM (OpMBI MOAYIBHO-PEUTHHIOBASI CUCTEMA HE MTPETYyCMOTPEHA.

JK3aMeHallMOHHbIE OHIEThI
OG6pa3zerlr HK3aMeHaIMOHHOTO OMIieTa MPUBEIACH B IPHIIOKEHUU Ne3.
[TpumepHBbIe BOITPOCHI JTsI SK3aMeHa:

1 U neanbHble KpucTabl, KpUCTaJUIMUECKas pemeéTka, pemérku bpaBe. O6o03HaueHne
IIJIOCKOCTEN W HampaBlIeHUH B kpucTaia. Munexcsr Muiepa.

2 PeanbHbIE KPUCTAIITBI, CTPYKTYpa PEATbHBIX KPUCTAIIOB. Jle(heKThl KPHCTALTHIECKOM
pemi€Tku. I[IpumecHbIe aTOMBI.

3 Buapl XUMHUYECKOH CBSI3M MEXy aTOMaMH IMOJTyTIPOBOIHUKA.

4 Ypapuenue Illpenunrepa s Kpucramia. Aauabatuyeckoe npubIInKeHue.
OnnoonekTponHoe — mpuoOmmwkenue.  [IpuOmkeHwe  CHUIBHOCBSI3AHHBIX U
c1abOCBA3aHHBIX JEKTPOHOB. MoJ1e/Ib CBOOOTHBIX 3JIEKTPOHOB.

5 Mogaens Kponura-IlenHu. DHepreTudeckuii CrieKTp 3JeKTPOHOB U 30HHAS Auarpamma
IOJIYTIPOBOTHUKOB.

6 3oub1 bprutrosHa. D deKTHBHAS Macca AIIEKTPOHA. DIEKTPOHBI H JIBIPKH.

7 DHepreTHyecKue ypoBHH A€()EKTOB U MPUMECEH B MOTYIPOBOIHUKAX.

8 [IpuHIMIIBI  3aMTOJIHEHUS DJICKTPOHAMH pa3pelieHHbIX JHEPreTHYECKUX 30H.
OHepretudeckas  (30HHas)  AWarpaMma  COOCTBEHHOTO W MPUMECHOTO
MOJIYTIPOBOTHUKOB.

O9Tl'eHeparuss u pEKOMOWHAIUS HOCUTENCH TOKa. YCJIOBHE TEPMOJAUHAMUYECKOTO
paBHOBecHsl. THUIIBI CTATUCTUKH 3JIEKTPOHOB: cTaTUCTHKAa MakcBenna — bonbiimana
u ®epmu — [{upaka. Pusznueckuil cmeicit ypoBHa DepMmu.
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10 Pacuer KOHULEHTpAlMMU >JIEKTPOHOB M JBIPOK B MOJIYNpPOBOJHHUKAX. [LmoTHOCTB
KBAaHTOBBIX COCTOSIHUH 3JIEKTPOHOB IUIL  DIIEKTPOHOB. VYpaBHeHHE
JJIEKTPOHEUTPAIILHOCTH.

11 BeipokaeHHbIE NOIYIPOBOAHUKU. KpuTepuil BIpOXKICHMSL.

12 HepaBHOBeCHBIE HOCUTENIN TOKA B MONyNpoBoaHuKax. Ksasumyposuun ®epmu. Bpems
KHU3HU HEPAaBHOBECHBIX HOCUTEJIEH TOKA.

13 MexaHu3mMbl ~ PEeKOMOHMHAIIMM  JJIEKTPOHHO-IBIPOYHBIX  map.  Mex3oHHas,
CTyIeHYaTas U MOBEPXHOCTHAs peKOMOMHALUU. DPPEKTUBHOE BpEMs KU3HU.

14 NpeiipoBeie n auddy3unonnoe Toku. [ImotHOCTs AudPy3roHHOTO U ApeiidhoBoro
toka. Koapurnment quddy3nn u moaBuKHOCTh HOCUTEIIEH TOKA.

15 VpaBHeHue HenmpepbIBHOCTU. J[BIKEHHE M30BITOYHBIX OCHOBHBIX HOCHTENEW TOKa,
panuyc skpanupoBanus [lebas.

16 JIBwxeHune W30BITOUYHBIX HEOCHOBHBIX HOCHTENEW TOKa, SBICHHUS WHXEKIHH WU
HKCTPAKLIUH.

17 DnekTponpoBOIUMOCTb B €1a0bIX MOJIAX. TUIIBI U MEXAHU3MBI PACCESHUS TOKA..

18 DnexTponpoBOAHOCTh B CHJIBHBIX IEKTPHUUECKUX MOJAX. l'opsuMe 3JIeKTPOHBI.
D¢ dexr 'anna

19 T'asbBaHOMarHUTHBIE  SBIEHUS B  MOJYNpoBOAHHMKaX. Id3ddexr  Xouna.
Marnutope3uctuBHbI dQQexT. [IpakTnyeckre mMpUMEHEHHs rajbBaHOMArHUTHBIX
3¢ dexToB.

20 TepMmosiexkTpuveckue sBICHHS B MONynpoBoaHnkax Jddekrer 3eedeka, [lenpTre u
Tomcona. [IpakTuueckue NpuMeHEeHHsI TEPMOIIEKTPUUECKUX SBJICHHH.

26. Pabota Beixoaa s1exkTpoHOB. KOHTAKT MOMYIPOBOIHUKA C METAJUIOM. 30HHBIE
JAMarpaMMbl MeTajula U IOJYIIPOBOJHUKA JO U IOCJIE€ KOHTaKTa B COCTOSHUHU
paBHOBecus. bapeep IlloTTkn. BeinpsimiieHHe Ha KOHTaKTe MOJIYIPOBOJIHHUK-METAILI.
BonbramnepHast xapakTepUCTHKa KOHTaKTa.

27.  DIeKTpOHHO-ABIPOYHBIA TMEPEeX0J] B COCTOSIHMM paBHOBecHs. KoHTakTHas
pPa3sHOCTh MOTEHIMANOB, €€ 3aBUCHUMOCTh OT IIMPUHBI 3alpelIEHHOW 30HBI,
KOHIEHTpaluu npumeceii 1 reMmeparypsl. [llupruna odbeqnenHoi obnacru.

28. HepaBHoBecHoe cocTosiHMe P-N mepexoxaa. IlpsMoe u oOpaTHOE BKIIIOUEHHE.
Bonbt - amnepnas xapakrepuctuka (BAX) maeanusupoBaHHOro p-n nepexoaa u eé
ypaBHEHHE.

29.  Orimume peaNbHBIX AJIEKTPOHHO-IABIPOYHBIX IIEPEXOJI0B OT HICATU3UPOBAHHOTO

npu P-N nepexooB.

30. [TapameTpsl p-N-miepexona u ero eKTpudeckas Mojaenb. Juddepenunansuoe
conpoTuBieHue. bapsepHas u quddy3noHHas EMKOCTH

31. YacToTHBIC 1 WMITYJIbCHBIC CBOMCTBA P-N TIepexo/ia
32. 3oHHas 1uarpamMma rereporepexoa. JJocTonHCTBa U HEIOCTATKU T€TEPONEPEX0JI0B.

33. dwusznyueckue TMPOIECCHl B CTPYKTYpE C JBYMS B3aUMOJCHCTBYIOIIUMHU
NepexoaMu - TPAH3UCTOPHBIE CTPYKTYPHI

34.  CxeMbl BKIIOYCHHS U PEKUMBI paOOTHI OUTIOSPHBIX TPAH3UCTOPOB.

35.  IloneBble TPaH3UCTOPHI, KIACCUPHUKALMS, TPUHIUI PAaOOTHI.

36. TlomeBble TpaH3WCTOPHI C  YIPABISIONIAM  TEPEXOJOM, IapaMeTpbl |
XapaKTePUCTHUKH;

37.  MII- noneBble TPaH3UCTOPHI, TApAMETPHI U XapaKTEPUCTHKH.

IlepeBon ouenku u3 100-0amibHOW B YETHIPEXOAIBHYIO MPOU3BOAUTCS CIIETYIOIIUM
obpazom:
- otiimaHO — oT 80 10 110 6ammoB (BkiItouast 10 moompuTenbHbIX 0aIoB);
- xopoto — ot 60 10 79 6amioB;
- YIAOBJIETBOPUTEILHO — OT 45 10 59 6aios;
- HEY/IOBJICTBOPUTEIBHO — MEHee 45 6aioB.
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Kpumepuu rx3amenayuonnoii oyenku (6 oannax):

- 25-30 6annoe évicmasisemcs cmyoenmy, eciu cmyoenm Ol NOIHble, PA3GEPHYNIbLE
omeemvl HA 6ce MmeopemudecKue B0Npocvl Ouiema, NPOOEMOHCMPUPOBANL 3HAHUE 30HHOU
meopuu  NONYNPOBOOHUKOS U KUHemuueckue AGleHus u 9d¢@exmvl 6 HUX, XOPOuo
pazbupaemcsi 8 KOHMAKMHBIX AGNEHUAX U pabome OCHOBHBIX NOJYNPOBOOHUKOBLIX NPUOOPOS,
VMeHue NpUMeHAmb meopemuyecKue 3HAHUA NPU BbINOJHEHUU NPAKMUYECKUX 3a0aHUl.
Cmyoenm 6e3 3ampyOHeHUll Omeemui Ha 6ce OONOJHUMENbHbLE BONPOCHI.

- 17-24 6annoe svicmasnsiemcs cmyoenmy, eciu CHYOEHM PACKPbLL 68 OCHOBHOM
meopemuyecKkue B0NpPOChl, O0OHAKO OONYUJeHbl HEeMOYHOCMU 6 ONnpedeseHul OCHOBHbIX
nonamui. Ilpu omeéeme na 0onoaHumenbHvle 60NPOCHl OONYUeHbl HeDOIbUIUE HEMOYHOCTIL.

- 10-16 bannos evicmasnsemcs cmyoewmy, eciu Npu omeeme HA MmeopemudecKue
80NPOCHL CMYOEHMOM OONYUJEHO HECKONLKO CYUIeCMBEHHBIX OUUOOK 8 MOIKOBAHUU OCHOBHBIX
NOHAMULL Meopuu NOIYNPOBOOHUK08. Jlocuka u noinoma omeema cmpaoaom 3aMemHbLMU
U3vLAHAMU. 3amemHbl npobenvl 8 3HAHUU OCHOBHBIX Memooos. Teopemuueckue 60npocHl 6
YenoM U3L0ACEHbL OOCMAMOYHO, HO ¢ NPONYCKAMu mamepuaia. Mmeiomes npuHyunuaivhvie
OWUOKU 8 102UKe NOCMPOEHUs OMEema Ha 80NPOC.

- 1-10 dannoe svicmasnsiemcs cmyOoeHmy, eciu omeen Ha mMeopemuiecKue 60npocyl
ceuoemenbcmeyem O HEeNOHUMAHUU U KpatHe HeNONHOM 3HAHUU OCHOBHBIX NOHAMUU U
Memo0oos. ObHapydcusaemcss OMcymcmeue HAbIKO8 NPUMEHEHUs. MeopemuidecKux 3HAHULl
npu  8bLINOAHEHUU npakmuyeckux 3adanuti. CmyoeHm He cmoe omeemumv HU HA OOUH
OONONHUMENbHBL B0NPOC.

Kpumepuu 3x3amenayuoHHOll OUEeHKU 0N 3A404UHOIL (hopMbl 00yUeHUA

- OMJIMYHO BbICMABNAEMCs CIMYOeHmy, eciu CmyOeHm Ol NOJHble, PA36epHymble
omeemvl HA 6ce MmeopemudecKue B0Npocvl Ouiema, NPOOEMOHCMPUPOBAT 3HAHUE 30HHOU
meopuu  NOIYNPOBOOHUKOE U KUHemuuecKue seleHuss U 9@@exmvl 6 HUX, XOpouo
pazbupaemcs 6 KOHMAKMHBIX AGNEHUAX U pabome OCHOBHIX NOJYNPOBOOHUKOBLIX NPUOOPOS,
VMeHUe NPUMEHSIMb MeopemuyecKue 3HAHUs NPU GbINOJHEHUU NPAKMUYEeCKUX 3a0aHUll.
Cmyodenm 6e3 3ampyOHeHUli omeemui Ha 6ce OONOJIHUMENbHblIE B0NPOCHI.

- XOpowio Gvicmasifiemcss CmyoeHmy, eciu CMmyOeHm pPAcKpbll 6 OCHOBHOM
meopemuyecKkue B0NpPOCHl, O0OHAKO OONYUJeHbl HEeMOYHOCMU 6 ONnpedeseHUul OCHOBHbIX
nousamuil. Ilpu omeeme na 0OnOIHUMENbHBLE BONPOCHL OONYUIEHbL HeDOIbUUUE HEMOYHOCTIL.

- V008/1emE8OPUMENbHOE  BbICINAGIACMCA  CMYOeHmy, eciu npu omeeme HA
meopemuyecKue 60NpoCul CMYOEHMOM OONYWEHO HECKOIbKO CYUeCMBEHHbIX OUUOOK 8
MOJKOBAHUU OCHOBHBIX NOHAMUL Meopuu NOIYNPOBOOHUK08. Jlocuka u noimoma omeema
Cmpaoaiom 3amMemHbiMU  U3bsHaMU. 3amemusvl npooOenvbl 6 3HAHUU OCHOBHLIX Memo008.
Teopemuueckue 80NPOCHL 8 YELOM U3LONCEHLL OOCMAMOYHO, HO C NPONYCKAMU Mamepuaid.
Hmeromcs npunyunuanivrvle ouubKY 6 102uKe NOCMpoeHusi omeema Ha 60npoc.

- HEYO081eMEOPUMEIbHO BbICINABIAECMCS CIYOEeHMY, eCi OMeem Ha meopemuyecKue
80NPOCHL CEUOEMENLCMEYEN 0 HENOHUMAHUU U KPAUHe HeNOIHOM 3HAHUU OCHOBHBIX NOHAMUL
u memooos. ObHapy’cusaemcs OMCymcmeue Haeblk08 NPUMEHEeHUs. MeoPemudecKux 3HaHuil
npu 8vinoaHenuu npakmudeckux 3zaoanuu. Cmyoewm He cMO2 Omeemumsv HU HA OOUH
OONONHUMENbHBLU B0NPOC.

KourpoJubsHnas padora
CtyaeHTsI 10 JAHHOMY KYPCY BBITIOHSIIOT JIB€ KOHTPOJIbHBIE paboThI. [Ipumep
BapHaHTa KOHTPOJIbHON pabOThI MpUBEEH B MpuioxkeHUN No4.
Kpurepum oueHku B 0aj1jiax BbINOJHEHUSI KOHTPOJIbHOM padoThI
- 10 6annos svicmasnsemcs cmMyOeHmy, eClu KOHMPOIbHAS paboma Xopouwo ogopmiena,

CB0E6PEMEHHO npeacmaeﬂeﬂa Ha noeepkKy, NnOJIHOCMbIO coomeemcmeyent mpe606aHllﬂM,
I’lpea'b}l&/l}leMbZM K CO@eprC(lHuIO uee Od)OpMﬂeHuIO, pacdemul 6C€ 6blNOJHEHbL NPABUTIBHO U npoee@eH
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AHATU3 NOTYYEHHBIX Pe3VIbmamos,

- 6 Oannos GviIcmMasNAemMcs CMYOeHm), eCaU KOHMPOIbHAs paboma Xopouio ogopmienda,
CBOEBPEMEHHO  NPeOCAGIeHd HA  NO6EpPKYy, HOIHOCMbIO  COOMGEemcmeyem  mpebosanusm,
NPEObABTAEMbIM K COOEPIICAHUIO U ee OQOPMIEHUIO, HO 8 PACYemax OONYUWeHbl HeKOMOopble OUUOKU U
He NPo6edeH AHAIU3 NOJLYYEHHbIX Pe3yIbmamos,

-4 panna 8vICMABIAEMCsL CIYOEHMY, eCllU KOHMPOLbHASL pADOMA C808PEMEHHO NPEeACMABIeHA
Ha No8epKy, 0OHAKO OQOpMIeHA He 8 COOmEemcmeue ¢ mpebOBaHUAMU, pPacyemvl 6bINOIHEHbL C
HEeKOMOPbIMU MEeXHUYECKUMU OUWUOKAMU U He NPOGeOeH aHAIU3 NOTYYEHHBIX Pe3VIbmamos;

- 2 Oanna 8vICMABNAEMCS CMYOeHmY, eClU KOHMpPOIbHAs paboma ogopmieHa He 8
coomeemcmeue ¢ mpebosanuaMU, NPeOCMAasieHa Ha NOBEPKY HEC80EBPEMEHHO, PACHembl GbINOIHEHbL
¢ MEXHUYeCKUMU OUWUOKAMU, He BbINOJIHEHbl 6CE NYHKMbL 3A0aHUS U He NPOBe0eH AHANU3 NOTYUEHHBIX
pe3yrmamos,

- 0 6annose vicmasnAemcs CmyoOeHmy, eCciu KOHMPOIbHAS paboma He Npeocmasiend Ha
NOBEPKY.

Kpurepun oueHKH BbINOJIHEHUS KOHTPOJIbHOM PadoThI AJ1s1 3204HO (popMbI 00yUeHUs

- CTYIOEHT JOMYyCKAaeTCsi K OJK3aMEeHy, €CIM KOHTPOJIbHBbIE pabOThl XOPOIIO
O0(OpPMIICHBI, CBOEBPEMEHHO TMPEACTABICHbl HAa TIOBEPKY, IOJHOCTHIO COOTBETCTBYIOT
TpeOOBAHUSIM, IPEIBSIBISICMBIM K COJIEPIKAHUIO H €€ 0O(DOPMIICHUIO, PACUEThI BCE BBIMIOJTHCHBI
IIPABWIBHO U IIPOBEJEH aHAJIN3 NIOJIYYEHHBIX PE3YJIbTAaTOB

KommiekT TecToB (TECTOBBIX 3aJaHUI1)
CTyI[GHTI)I 10 JaHHOMY KYPCY BLIIIOJHAIOT JABC TCCTOBBIC 3a/laHKA.
[Tpumep BapHaHTa TECTOBOTO 3aJaHUsI IPUBEACH B IPHIIOKEHUN Ne5.
Kpurepun onenkn B 0a11ax BbIIIOJIHEHUS TECTOBOIO 3a/IaHUS:
3a MPaBUJIbHBIN OTBET Ha KaXKbIH TECTOBBIM BOMPOC CTYACHTY BbICTaBisieTcs 1 Oamn
Kpurepun 3x3aMeHAllMOHHOM OLICHKH 1JIs1 3209HOM (popMbI 00yUeHHs:
CTYIEHT JIOMyCKaeTcs K BK3aMeHy, €ClM Jai NpaBuiibHbBIA OoTBeT Ha 50% TECTOBBIX
BOIIPOCOB

Ilepedyens 1abopaTopHbIX padoT
1. UccnenoBanue ¢ dexra Xoia B MOJTyIPOBOTHUKAX,
2. HccnenoBaHue MoaynpoBOJIHUKOBOTO AUO/A;
3. HccrenoBanue CTaTHYECKUX XapPaKTEPUCTHK OWIOISPHOTO TPAH3UCTOPA B CXEME C
00;
4. VccnenoBanue paboThl OUIOJIIPHBIX TPAH3UCTOPOB B YCHIIUTEIBHOM PEKUME;
5. HccnenoBaHue 4aCTOTHBIX CBOMCTB OUIOJISIPHOTO TPAH3UCTOPA;
6. XapaKkTepHCTHKH 1 TapaMeTpPhI TOJIEBBIX TPAH3UCTOPOB.

CTyaeHTsI 0 JaHHOMY KYPCY BBITOTHSIOT 3 1ab0paTopHbIe padoThI

JlaGopatopHble paboThl omucanbl B Mertoauuke: ['apudymnun, H.M. Dnekrponuka
[DnexTpoHHBIN pecypc] : yueOHO-MeTouYecKoe Tocodre K JabopaTopHbIM paboTam 1o
kypcy / HM. T'apudynnun ; bamkupckuil rocynapcTBeHHbIH yHUBEpCUTET .— Yda :
PUL]L bamI'VY, 2013

=-<URL:https://elib.bashedu.ru/dl/local/Garifullin_Elektronika_ump_ 2013.pdf>.

[Tpumep onmcanwms 1abopaTOpHOU padOTHI TPUBEACH B MPUIIOKEHUH Nob.
Kpurepun onenku (B 6a/1ax) 0T4eTOB 110 J1A00pAaTOPHBIM padoTam
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- 7 6annoe evicmagnaemcs cmyoeHmy, eciu 1abopamopHas paboma GblNOIHeHd, NPUEEOeH
NOJIHOCMbBIO NPABUTLHO ODOPMICHHBII Omuem, 6KIYAWUll NPAsUIbHble OMEemvl Ha
KOHMPOJIbHble BONPOCHl, NPABUNLHO peuleHHble 3a0anus U Ucuepnvliéaoujue 6epHvie
PACCYAHCOeHUsL C NPAMBIM YKA3AHUEM HAOII00AeMbIX AGNEeHUL U 3aKOHO8, NPOBEOeHA 3auuma
omuema,
- 5 6annoe evicmasnsiemcs cmyoeHmy, eciu 1abopamopHas paboma blnoJIHeHd, NPUBEOEH
NPABUILHO OOPMIEHHBLIL Omuem, GKIIYAIOWUL NPABULbHbBIE 0MEembl HA KOHMPOIbHbIE
B0NPOCHL, HO 6 peuleHUuU 3a0aHULl UMEIOMC OOUH UIU HECKOIbKO HeOOCMAMmKO8, HO He
npoeedena 3awuma omyema,
- 3 banna evicmasnsemcs cmyoeHmy, eciu 1aOopamopHas paboma 6blNOJHEHd, HO Hem
NPABUILHO OOPMIEHHO20 Omyema
- 0 6annos svlcmasnsaemcs CmyOeHmy, eciu 1abopamopHas paboma He 8bINOJHEHA.
Kputepuu oueHKH OTYETOB MO Ja0OPAaTOPHLIM padoTaM /Jisi 3a04HOH (OPMBI

00yyeHus:

CTYACHT JOIYCKaeTCsl K 2K3aMEHY, €CIM OH BBIIIOJHHJ HE MEHEe JBYX JIadOpaTOPHBIX
paboT, TMPEeAOCTaBUI MPABHILHO O(QOPMIICHHBI OTYET W Jajl OTBEThl Ha KOHTPOJIbHBIC
BOTIPOCHI

Yuactue B KoH(pepeHUHAX, MyOJMKALUS CTATel

1. HyO6auxauus crareii — 5 6annos

Kpurepun Onenka (B Oamax)
Tum paGoTer Pedeparunas pabora 0,1
PaboTa HOCHUT UCCIe1oBaTeIbCKUI XapakTep 0,3
Paborta siBIIsieTcs MCCIe0BaHUEM 0,6
Hcnonb3oBanue He ucnonb3yer HUKaKuX JaHHBIX 0
M3BCCTHBIX TAHHBIX U ABTOp HCIIONIB30BANl H3BECTHBIE JAHHBIE 0,4
Hay4HbIX (PaKTOB
Hcnonb30BaHbl yHUKAJIbHbIE HAYYHBIE TaHHBIE 0,6
[TonHOTa UTHPYEMOM Hcnonb30BaH yueOHbIN MaTepua 0,1
JITCPATYPBI, CChIIKA Ha Hcnonbs30Banbl crieluaain3upoBaHHbIE H3aHUS 0,3
YUEHBIX
Hcnonp30BaHbl HHTEPHET PECYPCHI 0,6
AKTyanbHOCTb pabOThI W3yuenne Bonpoca He ABIISETCS aKTyaJIbHBIM 0
IIpencraBnenHas paboTa NpUBJIEKAET HHTEPEC 0,4
CBOEH aKTyaJIbHOCTBIO
PaboTa coiep>KUT HayyHbIH XapakTep 0,6
CreneHb HOBU3HBI Pabota He comepkuT HUYEro HOBOTO 0
TOMYHCHHBIX PESYIIPTATOB | B nagore moka3aH yxke yCTAHOBIEHHBIH (akT 0,4
B paGore moxy4eHsl HOBbIE TaHHBIE 0,6

2. Yuacrue B KoH(pepeHUMHU- 5 6a1106

- TBopueckuii MoAXo1 K 0TOOPY U CTPYKTYPUPOBAHUIO MaTepHaa 1 6ann
- HoBH3Ha 1 caMOCTOSATENFHOCTh PH ITOCTAHOBKE MPOOJIEMBI 1 bann
- BeicTynuieHue He sIBJIeTCs MPOCTHIM YTEHUEM C dKpaHa 1 6ann
-B BBICTYIIJICHUU JOTIOJIHATOTCA U PACKPBIBAOTCA KIIFOUCBBIC MOMCHTHI,

MpEICTaBICHHBIE Ha ClIaniax 1 bann

- Bo Bpems BBICTYIIIICHUS [TOAACPKUBACTCS 3PUTEIIBHBINA KOHTAKT C ayAUTOPUEH, peUub
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oTJIM4aercs 0OraTCTBOM WHTOHALUMI 1 6ann

5. Yuye6HO-MeToau4YecKoe H HHPOPMALUOHHOE OGecreYeHrue JUCIMIIMHBI

5.1.1lepeyeHb OCHOBHOM ¥ JONOJHHUTEILHON Y4eOHOM JIUTEpPaTyPhl,
He00X0UMO¥ /151 0CBOEHUS TUCHMUILINHBI

OcHoBHasi IuTEpaTypa
1. Tapudymmun H.M. ®usnueckne 0CHOBBI 3JIEKTPOHUKH. Y ueOHOe mocodue. —Y da:
PUO baml'VY, 2005. - 164 c.[B 6ubmuoteke bamlV umeercs 34 k3]

2. OCHOBBI MHKPO3JIEKTPOHUKH : y4. mocooue st By30B / W. I1. Crenanenko .— 2-e
u3a. — M. : Jlaboparopus bazoBeix 3nanuit, 2001 .— 488 c. : uin. — (TexHuueckmit
yHUBepcuteT) .— bubnmorp.: ¢. 488 [B o6ubimoreke bamly umeercs 100 sk3]

3. Dnekrponuka : yue6. mocooue / H. M. INapudpymmun .— Yda : PUL] baml'Y, 2012 .—
164 c. : un. — bubmuorp.: c. 161. .[B 6ubimoreke bamly umeercs 22 3k3]

4. Tapudymmn, H.M. DnexkrpoHuka [DIeKTpOHHBIH pecypc] : yueb. mocobue / H.M.
[apudynnmun ; bamkupckuii rocyaapcTBeHHbll yHuBepcuter .— Yda : PUL] baml'V,
2012 — DnekTpoH. Bepcus Tmed. myonukanuu .— JlOCTynm BO3MOXKEH dYepes
OnexTpoHHy0 0ubanorexy bamly .—

<URL:https://elib.bashedu.ru/dl/local/Garifullin_Elektronika up 2012.pdf>.

JlomoJiHuTeIbHAS JIUTEpaTypa

5. dusuyeckre OCHOBBI JEKTPOHUKH : yueO. mocobue / FO. A. Cmupnos, C. B.
Coxkomnos, E. B. TutoB .— 2-¢ u3., ucnp. — Cankr-IlerepOypr : Jlans, 2013 .— 560
c. — bubmuorp.: c. 558-.[B 6ubnunoreke baml'V umeercs § sk3]

6. Tapudymnun, H.M. DnexTtpoHuka [DIeKTpOHHBIA pecypc] : yuyeOHO-METoaudecKoe
nocobue k snabopaTopHeiM padbotam mno kypcy / H.M. I'apudymnun ; Bamkupckuii
rocynapcTBeHHbli yHuBepcuteT .— Y ¢a : PUL baml'V, 2013 =-
<URL:https://elib.bashedu.ru/dl/local/Garifullin_Elektronika_ump_2013.pdf>.

5.2. Ilepedyens pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHHKANMOHHOMN
cetu "UnTepHeT" M MporpaMMHOro odecrneyeHusi, He0O0OXOAUMBIX /IJIsI OCBOECHHSI
AACHHUILINHBI
CoOcTBeHHas Perucrpanus
JJEKTPOHHAs B
O6ubnuoreka yueOHbIX ABTOpU30BaHHbIN brubimoreke
DJIEKTPOHHO-
Y HAYYHBIX JIOCTYII 110 baml'Vy,
OnbmuoreyHas M oy
9JIEKTPOHHBIX MapoJIto U3 nanpHenmmii hitps://elib.bashedu.ru/
cucreMa «Ob . .
BTV W3/1aHu#, KoTopas 000 TOUKH JOCTYT U3
BKJIIOYAET U37aHus cetu MHTepHeT mro6oit
IpenojaBaTesen TOYKH CETU
bamlVy WNHuTtepHer
DIIEKTPOHHO- ., Perucrpanus
ABTOPHU30BaHHBIN
OMOIMOTEYHAS ITonmHoTEKCTOBAst B/] W3 CETU
JIOCTYTI 110
CHCTEMA y4eOHBIX ¥ HAYIHBIX baml'Vy, . .
MapoJIio U3 o |ttp://www.biblioclub.ru/
«YHUBEPCUTETCKAsI PIIEKTPOHHBIX . TaTbHEU T
9 11000 TouKH
ounodImnorexa W3 0aHUI JOCTYII U3
. cetu uTepuer .
onliney 1000
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http://ecatalog.bashlib.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=1920&TERM=%D0%93%D0%B0%D1%80%D0%B8%D1%84%D1%83%D0%BB%D0%BB%D0%B8%D0%BD,%20%D0%9D.%D0%9C.%5B1,1004,4,101%5D&LANG=rus
https://elib.bashedu.ru/dl/local/Garifullin_Elektronika_ump_2013.pdf
https://elib.bashedu.ru/
http://bashedu.ru/go.php?to=www.biblioclub.ru/

TOYKH CCTHU

WNurtepHer
Peructpanus
DJEKTPOHHO ABTOPH30BaHHBIN M3 CeTH
P ITonmaoTekcroBas b/, p baml'V,
OonoMoTeyHas JOCTYII 110 o .
y4eOHBIX ¥ HAYYHBIX MaJIbHEHIITHH ]
crcrema MapoJIio U3 http://e.lanbook.com/
AIICKTPOHHBIX N JOCTYII U3
W3/1aTEILCTBA 9 JIF000H TOYKH .
A3IaHUN 000t
«JIaHb» cetu HTEpHET
TOYKH CETH
WNurtepHer

6. MaTepuajibHO-TEeXHHYECKas 0a3a, HEOOXOAMMAsA /I OCYLIEeCTBJIEHUA

06p33OBaTeJ'II)HOFO npouecca mo IMCHUMIJIMHE

J111s ipoBeIeHUs JIGKIIMOHHBIN 3aHITHI UCTIONB3YETCs Ay JUTOPHBIN (HoHA (HU3HKO-

TCXHUYCCKOTO MHCTUTYTA.

HaumenoBanue HaumenoBanue | OCHalIEHHOCTDH Ilepeuenn
AV CHHIITAHBI CHeNUATBHBIX® | CHENHATbHBIX MOMeIIeHUi JIMIEH3MOHHOT 0
(mopy.s), MOMEICHU U | U IOMelleHU /1A NMpoOrpaMMHOI0
NMPAKTHUK B ToMenleHu it CaMOCTOSITEJIbHOM PadoTHI odecrevyeHusl.
COOTBETCTBHH C aas PexBU3UTHI
Y4eOHBIM ILUIAHOM | CAMOCTOSITEJIbH NMOATBEP:KIAK0IIer
0ii padoThI 0 JOKYMEHTa
1 2 3 4

1. YueOnas Jlexuun Aymuropust 323. Jlocka 1. Moodle.
AyIUTOPUS IS ayJUTOpPHASs, TAPTHI JlnmeH3non
TIPOBE/ICHUS ydeHnveckue 3-x mectHeie 50 | <http://www.gnu.or
3aHATUI IIIT. g/licenses/gpl.htm|>
JIEKIIMOHHOT'O 2. Windows 8
THUIA: ayAUTOPHUS Russian; Windows
323 (¢pu3uko- Professional 8
MaTeMaTHYECKUI Russian Upgrade.
KopIyc y4eOHoe) Horosop Nel104 ot
2. JJaboparopust JlaGoparopubie | Ayautopus 321.VuebHas 17.06.2013 r.
AIIEKTPOHUKHU: paboThI Mmebenb, 6mok-nutanust HY Jlnuensus- OLP NL
aynuropus 321 3005 D-2, 6nok-nuranus HY | Academic Edition.
(pusuko- 3005 D-5, BomsT™metp ['3-118 | beccpounas.
TEeXHHYECKUN , BombT™eTp ['3-118, 3. Microsoft Office
KOPITyC - y4eOHOe) TeHepaTop CUTHAJIOB Standard 2013

3. YuebHas I'pymmoBbie u HU3KO4acTOTHBIN ['3-112, Russian. JloroBop
ayIUTOPUS AJIs uHauBHAyanbHbl | TeHepaTtop GFG8219A, Nell4 ot
MIPOBEICHUS € KOHCYIbTalluK | MIJUTHBOJIBTMETp JammoBeii | 12.11.2014 ..
IPYIIOBBIX U B3-13, monuTop 15 Jlnensus-OLP NL
WH/INBUIYaTbHBIX «Samsung 550S», MOHHUTOD Academic Edition.
KOHCYJIbTALIMI: 15 «Samsung 152Vy, beccpounas.
aynuropus 321 MoHuTop 15 «LG 575e,
(pusuko- TCO»99, octinorpad C1-
MaTeMaTU4eCKHUi 83, ocmnorpad C1-104,
KOpITyC — yaeOHOe) ocuuutiorpad GOS-620,
4.YV4aeOHas Texymuii ocuusuiorpad nudpoBoit

AyAUTOPHS JUISI

KOHTPOJIb U

GDS-806S, nepcoHanbHbII
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http://bashedu.ru/go.php?to=e.lanbook.com/

TEKYIIETOo MPOMEXYyTOuHasi | koMmrbioTep Lenovo

KOHTPOJIS U aTTecTamus ThinkCentre A70z Intel

MIPOMEKYTOUHOMN Pentium E 580, 320 Gb? 197,

aTTeCTaluu: npunrep HP Laser Jet 1010,

ayautopus 321 CUCTEMHBII OJIOK

(pusuxo- kommbroTepa Intel P4-2.26,

MaTeMaTUYeCKUi CUCTEMHBIH OJIOK

KOpILyC - yueOHOE) kommbioTepa Intel P4-2.26,
cregn OABT

5. Tlomemenue Camocrostenpd | . UnransHblii 3a1 Ne 2

ISt as pabora Hayunsrii u yaeOHbI# doH,

CaMOCTOSITENILHOM Hay4Has nepuoauka, Wi-Fi

paboTHI: JOCTYM JIJIsl MOOMJIBHBIX

yATaIBHBINA 3a71 No YCTPOMCTB, HEOrPaHUYEHHBIN

2 (pusuko- noctyn k ObC u B/1;

MaTeMaTHYCCKUU KOJIMYECTBO ITOCAA0YHBIX

KOpITyC - yueOHOe) mect -50

2 aTax

6. [Tomemienue [Ipodunaktu- Aynautopus Ne 605r. Cranok

JUISL XpPaHEHHUS U 4EeCcKoe tokapHbiii TB-16, Cranok

npodunakrudgecko | o0cmyxkusanue | cBepaunbubiii HC-I1I,

ro 00CIyKMBaHUs y4eOHOro Ocmmnorpad C1-67,

y4eOHOro obopynoBanusi | [lasnpHas anmapatypa, Becbl

000pyI0BaHUs ananutndeckue Labof, Becsl

aynuaropus Ne
605r. (pusmar
KOpIyc-y4eOHoe)

nabopatopusle, Hkag c
HabOpOM BCIIOMOTATEIHLHOTO
MaTepuaina (pe3sucTopos,
KOH/ICHCATOPOB,
MpEeJOXPaHUTENeH U T.1),
Habop uactpymeHToB nist
peMoHTa 000pyI0BaHHUS

[Ipunoxenne Ne 1.1

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJUKETHOE OBPA30OBATEJIBHOE

YYPEXJEHUE BBICIIET'O OBPA3OBAHUA

«BAIIIKUPCKUI T'OCYJAPCTBEHHBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEHN ITPOT'PAMMBI

JUCHUILTMHBI PU3UYECKHE OCHOBEI QJICKTPOHHUKHN

Ha 3 ceMecTpe - OUHas

Bun padorsl

IMCIMILIMHBI 1/0

O0BpeM

O6mas tpynoeMkocth nuctumuinabl (3ET / gacoB)

5/180

YyeOHBIX

JacoB Ha

KOHTAaKTHYIO paboty ¢

55,2
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MMpenoaaBaTCICM:

JIEKITUHA 18
MPAKTUYECKUX/ CEMUHAPCKUX -
1ab0PaTOPHBIX -36
Apyrux (TpyINIoBas, WHAWBUIYAIbHAS KOHCYJIbTAIIHSI 1,2
u WHBIC BU/IBI yueOHOU NeSTeNLHOCTH,
npeycMaTpUBAIOIINe paboty 00yYaroIuXCst c
npenoaasarenem) (PKP)
Y4eOHBIX YacoB Ha CaMOCTOATEIBbHYIO paboTy 63
obyuatoutuxcs (CP)
YueOHbBIX JacoB Ha MOATOTOBKY K 61,8
sK3aMeHy/3aueTy/aud pepeHInpoOBaHHOMY 3a4eTy
(Kontposn)
dopma(bl) KOHTPOJIS: 9K3aMeH 3 cemecTp
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No Tema u conepxanue dopma u3ydeHHs MaTepuala: JEKIUH, OcHOBHas U 3agaHus 1o dopma KOHTPOJIS
/1 MPAKTUYECKHE 3aHATHUS, CCMUHAPCKHUE 3aHATHUS, | JOMOIHUTENIb | CaMOCTOSATEIbHOM CaMOCTOSITENIbHON PabOTHI
nabopaTtopHbie pabOThI, CAMOCTOSITENIbHAS Hast paboTe CTyIeHTOB CTYICHTOB (KOJIJIOKBUYMBI,
paboTta u TpyJ0EMKOCTb B 4ac JauTepaTypa, C yKa3zaHUeM KOHTPOJIbHBIE pa0OTHI, TECTHI U
pEeKOMeH ye JUTEPaTypHl, T.II.)
Mast HOMEPOB 3aja4
CTYJCHTaM
JIK [TP/CEM JIP CP (HOMepa 13
CITHCKA)

1 2 3 4 S) 6 7 8 9

1 | Benenue 0,5 1

1 | Temal Kpucrammmueckoe 1.5 - - 2 1,2,3 JI.1-rmaBal, Tekymuit KOHTPOJIb: TECTOBBIC
CTPOEHHUE TBEP/BIX TEJ. JI.3-rnaBa 2.2 BOIIPOCHI,
NneanbHbie U peanbHbIC Pemerku bpasa.

KPUCTAILJIBL. DJIeMEH- Wunexcer
TapHas suerka. Pemerku Munnepa. JI.1,
bpasa. Tumsl nedexton cTp.6-9
KPUCTAJUIMYECKOU

pewetku. JledexTol

MIPUMECHBIX aTOMOB.

2 | Tema 2.DOmeMeHTHI 30H- 2 - - 4 1,2,3 JI.1-rnaBa2, Tekyuuit KOHTPOJIb: TECTOBBIE
HOM TEOpUM TBEPIOTO J1.2-rnmaBa 1, 1 BOIIPOCHI, KOHTPOJIbHAs paboTa
Tena. 30HHAs AUarpaMmMa Mopnens Kponura-

COOCTBEHHOT0 ¥ IIPUMeEC- _Ilennn. JI.1,
HOT'O MOJIYIIPOBOIHUKOB. cTp.26.
OHEpPreTU4ecKuii CIeKTp

anekTpoHoB.  [loHsaTue

JIBIPKH.

3 | Tema 3. KonueHntpamuu 1,5 - 4 2 1,2,3,4 JI.1-rnaBa3, Otuer no 1aboparopHoii paboTe.
PABHOBECHBIX HOCHUTEJIEH JI.2-rnmaBa 1,5 Kontponbnas padota
3apsga B TMOJYIPOBOJ- BrIpok1eHHBIH
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Hukax. [loHarue ypoBHs
®epmu. KoHuenTpauus
JJIEKTPOHOB U JBIPOK B
COOCTBEHHOM U IIPUMEC-
HOM IIOJIYIIPOBOJHHUKAX.
BrIpoxieHHBIE
IIOJIYIPOBOTHUKH.

MOJTYIIPOBOTHUK.
JL.1, cTp.47

Tema 4. HepaBHOBeCHBIE
HOCHUTEJM 3apsja, Bpems
JKU3HHU U CKOPOCTh
pekomOunanuu. Dusu-
YecKue MEXaHHU3MBbI
pexomOunanuu. Anddy-
3UOHHBIE M JIpeidoBbIe
TOKH. YpaBHEHHE Helpe-
peiBHOCTH.  [Iporueccsl
paccnpocTpaHeHusi  oc-
HOBHBIX U HEOCHOBHBIX
HOCHUTEJIEN TOKa, OHATHUS
WH)KEKIIUU U SKCTPAKIUU
HEOCHOBHBIX HOCHUTEINEN
TOKa.

1,5

JI.1-rmaBa4,
JI.2-rnmaBa 1,5

Otuet mo nabopaTopHOil padore,
TECTUPOBAHUE

Tema 5 Kunermueckme
ABJIEHUS B  IOJYIpPO-
BOJIHUKaX. OJIEKTPOIPO-
BOJHOCTh B CJA0OBIX H
CUJIBHBIX DJIEKTPUYECKHUX
MOJISIX, rajbBaHO-
MarHuTHblE H  TEPMO-
AIIEKTPUUECKUE SIBJICHUS.

10

1,371

JI.1-rimaBas,
JI.3[-rnaBa 1,5

Otyet mo nabopaTopHoii pabore,
PyGexxHbIif KOHTPOJIb

Monyns 2. Kon

TAKTHBIC ABJICHUSA B IMOJTYIIPOBOJHUKAX.

Tema 6. ®usnyeckue
MPOIIECCHl TTPU KOHTAKTE
METaJUI-MIOJYITPOBOJIHUK.

8

6

1-4

JI.1-rnaBa6,
JI.2-rmaBa 1,6
JI.3-rnaBa 3.

Otuer no naboparopHoii padore,
KOHTpOJIbHas pabora,
TECTUPOBAHUE
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Boabr-amnepHas xapak-
TEPUCTUKA BBIIPSIMIISIO-
IIEro KOHTAaKTa MeTasll-
MOJYypOBOJHUK. bapbep
[oTTKH. Omuueckue
KOHTAKTBHI.

Tema 7. ®usnyeckue
IpoLecchl MpU UACAIH-
3UpOBAaHHOM  KOHTAaKTe
MOJIYIIPOBOJITHUKOB ~ N-U
p- THIA C OJMHAKOBOH
HIMPUHON 3alpeleHHON
30HBI.  BosbrammnepHas
XapaKTEepUCTUKA WJIeaTH-
3UPOBAaHHOTO U peaib-
HOTO p-n TIEPEXO0B.

1-4

JI.1-rnmaBa7,
JI.2-rimaBa 1,6
JI.3-rnaBa 3.

Otuer no 1aboparopHoii padore,
TEKYIIUH KOHTPOJIb,
TECTHPOBAHHUE

Tema 8. PabGora p-n
nepexoja B JIMHAMHU-
YECKOM pexuMme.
OKBHBaJICHTHAs CXeMa p-
n nepexosia, YacToT
Hble U  MMIIYJbCHBIE
CBOMCTBA p-n nepexoza

1,3/

JI.1-rimaBa7,

JI.3/]-rnaBa 3.

Otuer 1o 1aboparopHoit padore,
TEKYIIUI KOHTPOJIb

Tema 9. ®usuyeckue
MIPOLIECCHI npu
KOHTaKTax MOIYyIPOBOJI-
HUKOB C  Pa3JIMYHOU
HIMPUHON 3alpeleHHON
30HBI (TeTepoIepexo/ibl)

0,5

1,211

JI.1-rnaBa7,
JI.2]I-rnaBa 4.
JI.4 —rnaBa 2

Texymui KOHTPOJIb,
TECTUPOBAHUE

10

Tema 10. Pusnueckue
MIPOIIECCHI B CTPYKTYypE C
JIBYMsI B3aMOJIEHCTBYIO-
OUMH ~ TIepexojamMu -
TPAH3UCTOPHBIE  CTPYK-

2,5

10

JI.1-rnaBa7,
JI.2-rmaBa 4
JI.3-rimaBa 5.
JI.4 —rmaBm1 3,6.

Otuer no naboparopHoii padore,
PyOEKHBIN KOHTPOJIb,
TECTUPOBAHUE
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Typbl. Cxembl BKJIIOYE-
HUS, PSKUMBI paboTBl U
bu3ndeckuit  MPUHLUI
NeHcTBUSL  OUITOJIIPHBIX
TPaH3UCTOPOB.

11 | Tema 11. MII- 2 8 10 JI.2-rnaBa 5 Otyet mo nabopaTopHOii pabore,
CTPYKTYpBHI, O ekt JI.3-rnaBa 4. TEKYIIUH KOHTPOJIb
OJIS. MJIII-rioneBwie JI1.4 —rnaBs1 8,9
TPAH3UCTOPBIL.
Hmozo 18 36 63 Bcero 180 uacoB
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[Tpunoxenue Ne 1.2

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJUKETHOE OBPA30OBATEJIBHOE
YUYPEXXJEHHUE BBICIIEI'O OBPASOBAHUA
«bAIIKUPCKUU T'OCYJAPCTBEHHbBIN YHUBEPCUTET»

COJEPXKAHUE PABOYEN ITPOI' PAMMBI

IUCHUITHHBI OU3NYecKne OCHOBBI AIEKTPOHUKH
Ha 2 u 3 ceMecTpax - 3a04Has

Oobem 2 3
Buna padorsl
U CHUTLTHHBI ceMecTp cemMecTp
OO0mass  TPYJOEMKOCTh  JTUCHUILIAHBI
(3BET / gacoB) 5/180
Y4eOHBIX YacOoB HAa KOHTaKTHYIO paboTy
C TIPeIoaBaTeseM: 17,7 8 9,7
JICKIIMA 8 4 4
NPAaKTUYCCKUX/ CEMUHAPCKUX - - -
71a00paTOPHBIX 8 4 4
Ipyrux (TpymnmoBas, WHAMBHAyalbHas 1,7 - 1,7
KOHCYJbTAllUs W WHBIC BHUABI Y4eOHOM
JesTeNbHOCTH, TIPelycCMaTpUBAIOIIe paboTy
oOyuatonuxcs ¢ npenogasarenem) (PKP)
Y4yeOHBIX YacOB Ha CaMOCTOSITEIHHYIO 155 28 121
paboty obyuatomuxcs (CP)
Y4eOHBIX YacoB Ha MOATOTOBKY K 9 9
sK3aMeHy/3auery/nuddepeHnpoBaHHOMY
3auety (KoHTpo:n)
®opma(bl) KOHTPOIIS: 9K3aMeH_3 ceMmecTp
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No Tema u conepxanue dopma u3ydeHHs MaTepuala: JEKIUH, OcHOBHas U 3agaHus 1o dopma KOHTPOJIS
/1 IIPaKTUYECKUE 3aHATUSI, CECMUHAPCKUE 3aHSTHS, | JOIOJIHUTENbL | CaMOCTOSTEIbHON CaMOCTOSITENIbHON PabOTHI
nabopaTtopHbie pabOThI, CAMOCTOSITEIIbHAS Hast paboTe CTyIeHTOB CTYICHTOB (KOJIJIOKBUYMBI,
paboTta u TpyJ0EMKOCTb B 4ac JauTepaTypa, C YKa3aHHEM KOHTPOJIbHBIE pabOThI, TECTHI U
pEeKOMeH ye JUTEPaTypHl, T.II.)
Mas HOMEPOB 3aja4
CTYJCHTaM
JIK [TP/CEM JIP CP (HoMepa 13
CITHCKA)

1 2 3 4 S) 6 7 8 9

1 2 cemecTp

1 | Temal.BBeneuune. 0.5 - - 4 1,2,3 JI.1-rmaBal, Texymuit onpoc
Kpucramnuaeckoe JI.3-rnaBa 2.2
CTPOEHHE TBEPABIX TEI. Pemerku bpasa.
NneanvHble U peanbHbIe MNunexcol
KpUCTAJIJIbI. DJIeMEH- Munnepa. JI.1,
TapHas s4yenka. Pemerku cTp.6-9
bpass. Tunsl nedexkron
KPUCTAJUIMYECKOU
pemetku. JedexTs
MIPUMECHBIX aTOMOB.

2 | Tema 2.DmeMeHTHI 30H- 1 - - 6 1,2,3 JI.1-rnaBa2, Tekymuit onpoc, KOHTPOIbHAS
HOW TEOpUM TBEPIOIO JI.2-rnaBa 1, 1 pabota
Tena. 30HHAs AUarpaMma Mopens Kponura-
COOCTBEHHOTO U IPUMeEC- _Iennn. JI.1,
HOTO MOJYIIPOBOJAHHUKOB. cTp.26.
OHEpPreTu4ecKuil CIeKTp
3NeKTpoHOB.  llonsATne
JIBIPKH.

3 | Tema 3. KonmeHTpamuu 0,5 - - 8 1,2,3,4 JI.1-rnaBa3, KonTponbHas padbota
PAaBHOBECHBIX HOCHUTEJIEU JI.2-rnaBa 1,5
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3apsiia B MOJYNPOBOA-
Hukax. [loHarue ypoBH:
®epmu. KoHneHTpanus
AJIEKTPOHOB U JBIPOK B
COOCTBEHHOM W TpUMeEC-
HOM TIOJIYIIPOBOJHUKAX.
BripoxaeHHbie
MOJIYITPOBOTHUKH.

BripoxaeHHbII

JL1, ctp.47

IIOJIYTIPOBOJIHUK.

Tema 4. HepaBHOBECHbBIE
HOCHUTENH 3apsiia, Bpems
JKU3HHW U CKOpOCTh
pexomOuHanuu. Dusn-
YecKue MEXaHU3MBbI
pexombunanuu. duddy-
3UOHHBIE U JpeiidoBbie
TOKH. YpaBHEHHUE HeElpe-
peiBHOCTH.  [Iponeccer
paccupocTpaHeHus — Oc-
HOBHBIX U HEOCHOBHBIX
HOCHUTEJICH TOKa, OHSITHS
WHKEKINHU U 3KCTPAKIUU
HEOCHOBHBIX HOCHUTEJIEH
TOKA.

JI.1-rnaBa4,
JI.2-rnmaBa 1,5

Tema 5 .Kunernueckue
SABJIEHUS B  MOJYyIpO-
BOJHUKAX. IJIEKTPOIPO-
BOAHOCTE B CJa0BIX H
CUJIBHBIX DJIEKTPUUYECKHUX
MOJIAX, rajlbBaHO-
MarHuTHblE H  TEPMO-
SJIEKTPUYECKUE SIBJICHUS.

JI.1-rmaBa$,
JI.3/I-rnaBa 1,5

UTOro

Tema 6. ®usnyeckue

o
[y

4 1-4
6 1,301
28

3 cemecTp
12 | 1-4

| J1.1-rnagas6,

\ Texynmi onpoc

23

Otuer no 1aboparopHoii padore,

Otuer no naboparopHoii padore,




MPOLECCHl ITPU KOHTAKTE
METAJII-TIOTYTIPOBOIHHUK.
Bonbr-amnepnas xapak-
TEPUCTUKA BBIIPSIMIISIO-
IIEr0 KOHTAaKTa MeTajli-
MOJYypOBOJHUK. bapbep
[loTTKMN. Omuueckue
KOHTAKTHI.

JI.2-rimaBa 1,6
JI.3-rnaBa 3.

Tema 7. ®usnyeckue
IpoLecchl MNpU UAcaIH-
3UpOBAaHHOM  KOHTAaKTe
MOJIyIIPOBOJITHUKOB ~ N-U
p- THIA C OJMHAKOBOHN
HIMPUHON 3aIpelICeHHON
30HBI.  BosbrammnepHas
XapaKkTEepUCTUKA WJIeaTH-
3UPOBAaHHOTO U peaib-
HOTO p-n TIEPEXOO0B.

0,5

18

JI.1-rmaBa7,
JI.2-rimaBa 1,6
JI.3-rnaBa 3.

TEKYILIUN KOHTPOJIb

Tema 8. PabGora p-n
nepexoja B JAMHAMU-
YECKOM pexuMe.
DKBUBaJCHTHAs CXeMa p-
N Tepexoja, YacTOTHBIC
U UMIyJIbCHBIE CBOMCTBA
p-n Tepexona

0,5

22

1,31

JI.1-rmaBsa7,

JI.3]I-rnaBa 3.

TEKYIUHA KOHTPOJIb

Tema 9. ®usuyeckue
MIPOLIECCHI npu
KOHTaKTax MOIYyIpPOBOJI-
HUKOB C  Pa3JIM4YHOU
HIMPUHON 3alpeleHHON
30HBI (TeTepoIepexo/ibl)

0,5

20

121

JI.1-rnaBa7,

JI.2]I-rnaBa 4.

JI.4 —TnaBeI 2

Texymui KOHTPOJIb,
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10 | Tema 10. ®usuyeckue 1 - 4 28 1-4 JI.1-rnaBa7, Otuer no 1aboparopHoii padore, ,
IIPOLIECCHI B CTPYKTYypE € JI.2-rnaBa 4 TECTUPOBAHUE
JIByMsI B3aUMOJICHCTBYIO- JI.3-rnaBa 5.
IIMMU  Tepexojamu - JI.4 —rnaBeI 3,6.
TPaH3UCTOPHBIE  CTPYK-
Typbl. CXembl BKJIIOYE-
HUS, PEKUMBI pabOThl U
Gu3MYECKUN  TPUHIUT
NeHCTBUS  OUIOJISIPHBIX
TPAH3UCTOPOB.
11 | Tema 11. MAII- 1 - - 27 JI.2-rnaBa 5 HtoroBoii KOHTPOJIb
CTPYKTYPHI, Dddexr J1.3-rnaga 4.
TOJISL. M/II-noneBsie J1.4 —rnaBst 7,8
TPaH3UCTOPBHIL.
Hmozo 3a 2 cemecmp 4 0 4 1271
Hmozo 8 0 8 149 Bcero 180 uacoB
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[Ipunoxenne Ne2
PeliTHHIr-IJIaH AUCHUILIIMHBI
«Du3nvecKkre OCHOBBI JIEKTPOHUKH

Hanpasnenune «HnghokommyHukayuonHvle mexnoio2uu u cucmemvl césazuy, mpoduin
«OnmuyecKkue cucmembvl U Cemu Ces3Uy.

Kypc 2, cemectp TpeTuii

Bunbl yueOHOM 1eITeTbHOCTH CTYICHTOB bann 3a Yucno banbl 3a Bpems
KOHKDET. 3aIaHAN | OCBOCHHS MOJTYJIS
3aJlaHue Munuwm. ‘ Maxkcum.

Moayasb 1. OcHoBbI GU3HKH MOJTYNPOBOHHKOB.

Tekyuuii KOHTPOJIb

1. Kourponbnas pabora ‘ 10 ‘ 1 ‘ 0 ‘ 10
Py0exHbIil KOHTPOJIb
1. TectupoBanue | 1 | 10 | 0 | 10

MO)IyJIb 2. KoHTaKTHbBIE ABJIEHUS B MOJIYIIPOBOAHUKAX. HOJIprOBO}]HI/IKOBI)Ie JAHOAbI

Tekyumii KOHTPOJIb

1. PaGota Ha 1abOpaTOPHBIX 3aHATHUAX 1 1 0 1

2. [IpencraBienue otueTa 1o Jabopar. padbore 2 1 0 2

3. 3amuTa 0T4eTOB 1O Jaboparop.padboTe 3 1 0 3

4. KontpoabsHas paboTa 8 1 0 10
Py0e:xHbIli KOHTPOJIb

1. TectupoBanue | 1 | 10 | 0 ‘ 10

Mopayas 3. ®u3znueckue npoueccobl U sisjieHusi B n-p-n 1 MOII cTpykrypax. Tpanzucropsl.

Tekyuuii KOHTPOJIb

1. PaGoTa Ha 1a6OPATOPHBIX 3AHATUSIX 2 2 0 4

2. Ilpencraienue otdeTa no gadopar. pabore 2 2 0 4

3. 3amura oT4eToB 10 JabopaTop.padoTte 3 2 0 6
Py0e:xHbIli KOHTPOJIb

1. TectupoBanue | 1 | 10 | 0 ‘ 10

IoompureabHble 6aJLIbI

1. YyacTue B pa3zpaboTke KOMIIbIOTEPHOTO 0 10
MOJIEIMPOBaHUs 1a00paTOpHON paboThI

ITocemaeMocTh (0aJsIbl BBIMUTAIOTCS M3 001IEi CyMMbI HAOpaHHBIX 0aJIIOB)

1. HemnocenieHue JIGKIIMOHHBIX 3aHSATHH 0 -6

2. Hemocemenune m1abopaTOpHEIX 3aHATHI 0 -10
HNToroBblii KOHTPOJIb

DK3aMeH 0 30

26




[Ipunoxenne Ne3
®opma IK3aMEeHALMOHHOT0 OuJIeTa
MMHUCTEPCTBO OBPA30BAHUS 1 HAYKU POCCUMCKOMN ®EJIEPALTAN

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJ’KETHOE
OBPA3OBATEJIbHOE YYPEXIEHWUE BBICIIEI'O OBPA3OBAHIA
«BAIIKUPCKUU I'OCYJAPCTBEHHbBIM YHUBEPCUTET»

PU3UKO-TEXHUYECKUM UHCTUTYT
Kagenpa nH)pOKOMMYHUKAIIMOHHBIX TEXHOJIOTHM U HAHOZJIEKTPOHUKH

AK3AMEHAILIMOHHBIM BUJIET Nel
10 IUCUUIUIMHE «DU3HUECKUE OCHOBBI JIEKTPOHUKH

Hanpaneane 11.0 3.0 2 «1M1HDOKOMMYHUKAIIMOHHBIC TEXHOJIOTHH U CUCTEMBI CBSI3H,
npomiib  «ONTUYECKHE CUCTEMBI U CETH CBSI3H.

1. neanbHble KpUCTAIUIBI, KpUCTAJUIMYECKas: peméTka, pemérku bpase. O6o3HaueHne

IJIOCKOCTEH U HampaBiieHud B Kpuctaiia. Muaexkcsl Musiepa.

2. DIEKTPOHHO-ABIPOYHBIN MEPEX0/ B COCTOSHHHM paBHOBecHs. KoHTakTHas pa3HOCTh
MOTEHIIMAJOB, €€ 3aBHUCUMOCTh OT UIMPUHBI 3alpeuiéHHOW 30HBI, KOHIEHTpPALUU
npuMeceii u remmepatypsl. [lnpuna obeqnenHoii o0macTy.

YTBepkIeHO Ha 3acefaHuM Kadeapbl HHMOKOMMYHHMKAIIMOHHBIX TEXHOJIOTHH U
HAHORJIEKTPOHUKHU: e

3aB.kadenpoit -:“- ... /P.b.Canuxos
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[Tpunoxenue No4
[IpuMep KOHTPOJIBLHOM PAOOTHI

NmeeTcss pe3kuil KpeMHUEBBIA p-n — MEPexo, HaXOuics npu Temmeparype 1’
=300K. P- obmacTh mepexoaa JerupoBaHa aromamu 6opa ¢ konuentpamueid Ny, a 061acTb
n — nepexoaa JjerupoBaHa aromamu ¢ocdopa c konuentpanuu Np. HMcnonb3ys
CIpPaBOYHBIC JIAHHBIE U YUCICHHBIC 3HAYCHUS /IS CBOErO BapUaHTa, NPHUBEIACHHBIC B
Tabulie, ONpeIeTuTh:

a) BBICOTY MOTEHIMANbLHOrO Oapbepa V , mmpuHy p-n mepexona | —mmpuny

obenHeHHoOW obmactedd |, u |p C KaXJ0W CTOPOHBI MEpexojia B OTCYTCTBUE BHEIIHEH

pasuoctu norermmanos (V =0);

0) BBICOTY MOTEHLMANBLHOTO 6apbepa W WIMPHHY oOenHeHHoH obmacreit |, u | ¢

np

B) BBICOTY MOTEHUMAILHOTO Oapbepa U MMPUHY obenHeHHoM obnacredt | u 1) ¢

Ka)KJ0M CTOPOHBI Ilepexo/ia pu NpsIMOM HanpskeHun V

o6p?

Ka)KJ0W CTOPOHBI Ilepexoia pu 0OpaTHOM HanpskeHun V

r) OapbepHyto emkocth C,,, NIpU 0OpaTHOM HampsikeHun V eCclM IUIoLAdb

0bp!
MMOIICPCUYHOI'0 CCUCHUA IICPEXO0/1a paBHA S,

1) HampsHKeHWE JIaBUHHOTO 1pobos V ecnu  1mpoOoit HACTyIlaeT IIpH

npo6?
HATPSDKCHHOCTH DJIeKTpHYecKkoro momsi & =310° B/

€) HapucOBaTh JHEpreTMdecKHe auarpammsl mepexona mpu pasHoBecun (V =0),
npu npsiMom V, ¥ 00paTHOM V, ;5 CMELICHHUSIX C YYETOM IONYYEHHBIX PACYETHBIX JaHHbIX

# cOOIIOIeHUEM MacITaa.

Tabmuia
Ne BapuanTa | Np, oM™ Na, oM Vip, B | Vogp, B S, oM’

15-10* | 2.10"" |03 5 2-10°°
2 3.10'* |1,5-10"* |04 |6 4.10°°
3 5.10* | 3.10® |05 10 2-107
4 6-10® |1.10® |045 |15 8-10°*
5 55.10" | 7-10* |06 12 6-107"
6 5.10 | 8.10 |[035 |8 1.10°°
7 15-10"® | 6-10" | 055 |20 9.10
8 5.10° | 3.10" |07 18 6-107°
9 6-10® |1.10® |[065 |14 2-107?
0 5.10* | 8-10" |[035 |16 5.107

CTyneHThI BBIMOJIHAIOT KOHTPOJIBHYIO pabOTy B COOTBETCTBHE CO CBOMM BapHUaHTOM.
Ha BbInonHeHne KOHTPOIBbHOM paboThl OTBOIUTCS 3 JHSL.
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[Ipunoxxenne Ne5

1. Kakoii mo;1iynpoBOIHUK HA3bIBAETCS COOCTBEHHBIM?
1. [TonynpoBOAHMK, UMEIOIINNA MOTUKPUCTAILNINYECKYIO CTPYKTYPY.
2. lonynpoBOAHUK, UMEIOIIUI MOHOKPUCTAINIMYECKYIO CTPYKTYPY.
3. IlonynpoBOAHUK, HE COIEPIKALIUMA TOHOPHBIX U aKLIENTOPHBIX TpUMeceii!
4. JIro60i1 moITyIpOBOIHUK.

2. Kak wu3MmeHsieTcsi YylejlbHOe JJIeKTPHYeCKOe CONMPOTHUBJIEHHE COOCTBEHHBIX
MOJIYIIPOBOIHMKOB C POCTOM TeMIepaTypbl?

1. C poctom TemnepaTypsl yAEIbHOE 3JIEKTPUIECKOE COMPOTUBIICHUE PACTET.

2. C pocToM TeMIiepatypbl yAeIbHOE JIEKTPUIECKOE COMPOTUBIICHUE YMEHBIIIACTCS.

3. YaenpHOE 3JIEKTPUYECKOE CONPOTHBICHHE COOCTBEHHBIX MOJIYIMPOBOJHUKOB OT
TEMIEPaTyphl HE 3aBUCHT.

3. I'me pacnoaaraercs yposeHb @epMu B COOCTBEHHOM IOJIYNIPOBOJIHUKE?
1. BOu3u BaeHTHOM 30HBI.
2. BOnu3u cepenHbl 3arpeieHHOi 30HbI.
3. B613u 30HBI IPOBOJIUMOCTH.

4. Kakoii no1ynpoBoHUK Ha3bIBaeTCs NPUMECHbIM?
1. CMech HECKOJIBKUX Pa3IMYHBIX MOJIYITPOBOJHUKOB.
2. CniaB KpeMHUS ¥ T€pMaHus.
3. TlonynpoBOOHHMK, coOAep)KallMid B HEOONbLIIOW KOHIEHTPALMU TNpPUMECh C
BaJICHTHOCTBIO, OTJIMYHOM OT BaJIEHTHOCTH OCHOBHOT'O BEIIECTBA.
4. Mexannueckas CMECh 4aCTHUIL METAJUIA U AUDJIEKTPHKA.

S. IlpuMecn Kakoil BAJCGHTHOCTH  00eCIeYMBAIOT IOJIyYCHHE MOJIYNPOBOAHUKOB N-
THnoA?

1. Tpexsanentusie (In, Ga).

2. YersipexBanentHbie (C, Sn).

3. C BaJICHTHOCTBIO OOJIBIIICH, YeM Y HCXOIHOTo MaTepuana (As, Sb).

4. C BaJIGHTHOCTHIO MEHBIIIEH, YEM Yy UCXOAHOIO MaTepHaa.

6. I'ne pacnosiaraercs yposeHb ®@epmMu y NpUMECHBIX IOJIYNPOBOJHUKOB N-THHA?
1. [Tocpennne 3anpenieHHON 30HBI.
2. B BaneHTHOM 30HeE.
3. B 30He npoBOAMMOCTH.
4. BOM3u BaJIeHTHOM 30HBI.
5. B6mu3u 30HBI TPOBOIUMOCTH.

7. YKaKkuTe JHePreTHYecKy0 JAuarpaMMy NPHMMeECHOr0 MOJIYNPOBOAHUKA p-THIIA.

30Ha NPOBOAMMOCTH
Ec EC
E

E

Ec

3anpernieHHas 30Ha

s ez




BanenTHas 30Ha

1. 2. 3.
8. Uto Takoe 1udPy3us HocuTe el TOKA B MOJYNIPOBOAHUKE?
1. JIBr>KeHHE HOCUTEIEH 3a CUET AIEKTPUUECKOTO TOJIA.
2. Xa0TH4yecKoe TEII0BOE JBUKEHUE HOCUTENEH.
3. JIBM>keHUE HOCUTENEN 3a CUET Pa3HOCTU UX KOHLIEHTPALIUH.

9. Yto Takoe apeiip HocuTesIel TOKA B MOJYNIPOBOAHNKE?
1. /IBukeHre HOCUTENEH 3a CUET ANEKTPUUECKOTO TOJIA.
2. Xa0TUUYECKOE TEIJIOBOE ABUKEHHUE.
3. JIBI>KeHHUE 3a CUET Pa3HOCTU KOHLEHTpaLUil.

10.YTo Takoe MH:KeKIMsI HOCUTeJIell 3apsaaa?

1.5IBnenne oOenHEHUs HEOCHOBHBIMH HOCHTEISIMU TOKa OOJACTH MOIYNPOBOJHUKA
MO/ ICUCTBUEM DJICKTPUUECKOTO OIS,

2. SIBnenue oboraiieHuss HECOCHOBHBIMU HOCUTENISIMU TOKa OOJIACTH MOJYIPOBOIHUKA
MO/ IEUCTBUEM DJICKTPUUECKOTO OIS,

3. SIBnenue oOeHEHUsI OCHOBHBIMU HOCHTEIISIMU TOKa 00JacTH MOITYIPOBOAHHUKA IO
JIEUCTBUEM DJIEKTPUUYECKOTO TOJISL.

4. SIBnenue oOoraiieHuss OCHOBHBIMH HOCHUTEISIMH TOKa OOJIACTH MOJYIPOBOJIHUKA
MOJ1 IEUCTBUEM DJIEKTPUUECKOTO OIS,

11. HepaBHoBecHast pyHKIUsA pacnpene/IeHUs] IOKAa3bIBAeT
1. Pacnipenienenne HOCUTENEW TOKA MO YHEPTETUYECKUM COCTOSHUAM IIOJ I€HCTBUEM
TEIUIOBOW SHEPTHUH.
2. PacnipeniesieHre HOCUTENEN TOKA IO SHEPreTUYECKUM COCTOSHUSAM IOJ ACHCTBHEM
BHEIIIHHUX BO3JICHCTBHI, HAIIPUMEP, JIEKTPUUECKOIO MOJIS.
3. Het npaBuiabHOro OTBETA.

12. CuibHBIMH HA3BIBAKTCH 3JIEeKTPHYECKHE MOJS B MOJYNPOBOAHHKAX, KOIJa ero
NMPOBOAMMOCTD

1. 3aBUCUT OT BEIMYUHBI JJIEKTPUUECKOTO MOJIS.

2. He 3aBUCHT OT BEJIMYUHBI SJTIEKTPUIECKOTO MOJIA.

3. Her nmpaBunbHOrO OTBETA.

13. 3AC Xoana V, onpenesiercs (popmy.noii

1.V, =R%. 2. Vy = Bl_d 3.V =IR—Bd. 4. V, =R|d—B, rae R - nmocrosiHHas
Xomna, |- Tox B momynpoBomHMKe, B - mHmyknus MarmutHOro moms u d - pa3Mepsl
TIOJTYTIPOBOTHHKA.

14. Dpdexr 3eedexa COCTOUT B TOM, YTO

1. B snektpuueckoi 1eMU, COCTOANIEH W3 JIBYX MNPOBOJHUKOB, BBIIAEISIETCS HWIH
MOTJIONIAETCS IOMIOJTHUTEIBHOE TEIJI0, €CIU KOHTAKThl MPOBOJIHUKOB TOMICPKUBAIOTCS TIPH
pa3HBIX TEMIIEpATypax.

2. B anekTpuyeckoi 1enu, COCTOSIIEN U3 ABYX MPOBOJHUKOB, co3aaercs TepmMoI]IC,
€CJIM KOHTAKTEI IIPOBOAHUKOB IIOAAEPKUBAIOTCA IIPU Pa3HbIX TEMIIEpATypax.
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3. B nnekTpuyeckod I1enM, COCTOSALIEM M3 JBYX HPOBOAHMKOB, BBIACIAETCS WIN
NOTJIOLIACTCS JOTIOIHUTEIBHOE TEIUIO, €CIU B LM T€YET NIEKTPUYECKUH TOK.

15. 3¢ dexr IleabTHE COCTOUT B TOM, YTO

1. B snektpuueckod 1€MU, COCTOAIIECH W3 JIBYX MPOBOJHUKOB, BBIJCISICTCS HIH
MOTJIONIAETCS JIOMOJIHATEIbHOE TEIJI0, €CJIU KOHTAKThl MPOBOJIHUKOB TOIJICPKUBAIOTCS TIPH
pa3HBIX TeMIepaTrypax.

2. B anekTpuyeckoi 1enu, COCTOSEN U3 ABYX MPOBOJHUKOB, co3aaercs TepMoI/IC,
€CJIM KOHTAKThI MPOBOJHUKOB MOACPKUBAIOTCS IIPU Pa3HBIX TEMIIEpaTypax.

3. B snektpuueckod I1eMU, COCTOAIMIECH W3 JBYX MPOBOJAHUKOB, BBIJACISICTCS WIH
MOTJIOIIAETCS IOMOJHUTENBHOE TEIUIO, €CJIH B MU TEUET AIEKTPUUECKUN TOK.
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[Tpunoxenne Neb6

JIABOPATOPHAS PABOTA Ne3

I/ICCJ'IGI[OBaHI/IC CTaTUYCCKUX XapPaKTCPUCTUK 6I/IHOHHpHOFO TpaH3uCTOpPa B CXEME C (0)C)

Heas padorbl: O3HAKOMUTHCS C YCTPOHCTBOM M MPHUHIUIIOM JCHCTBUS OWIIOJISPHOTO
TpaH3ucropa. M3yunTh €ro BoJIbTaMIEpHbIE XapAKTEPUCTUKU B CXEME BKIFOYEHUS C OOLIUM
smutTepoM (OD) M 1O CTAaTMYECKUM BOJIBTAMIICPHBIM XapPAKTEPUCTHKAM OINpPeneauTh h-
napaMerTpsl TpaH3ucTopa. IIpoBecTH KyCOYHO-IMHEWHYIO aNNpOKCUMALUI0 CTaTHYECKHUX
XapaKTEPUCTHUK U OIPENEIUTh apaMeTphl alllIPOKCUMALIUH.

IMoaroroBka k padore.
U3yuums crnedyrowue 6onpocul Kypca:
YCTpONCTBO M MIPUHIIMIT ACHCTBHSI OUTIONIPHOTO TPAH3UCTOPA.
Pacnpenenenue norennuana u pusnueckue mporeccs B TpaH3ucTope B cxeme ¢ O0.
Crarnueckue XapakTepUCTUKHU TPAH3UCTOpa B cxemax BKJItoueHus ¢ O3.
[TpenenbHbIe pexXUMBI PaOOTHI OUIOISPHOTO TPAH3UCTOPA.

NS

Kparkas Teopus.

Teopust paboThl OUIONAPHOrO TpaH3UCTOpa TNpeicTaBieHa B pabore Ne2. 3xech
03HAKOMHUMCSI ¢ OCOOEHHOCTSIMU CTaTHUECKUX BOJIbTAMIIEPHBIX XapaKTEPUCTUK TPaH3HCTOpa
B cxeme ¢ O0.

CemeiicTBO BXOAHBIX XapakTepucTMk B cxeme c¢ OD mnpexacraBiaser coOoi
3aBucumoctu |, = f(V,,), npuuem mapamerpom siBisiercss HampspkeHue V.. dns n-p-n-

TpaH3ucTOpa HanpsbkeHue V,,> 0 cMemaer SMUTTEpHBIN NIEpexo B IPSIMOM HAIIPABICHUU U
npu V,,= 0 moxy4ynM XapaKTepUCTUKY HMPSIMOCMELIEHHOIo p-n-niepexona (puc.3.1, a). Ota
XapaKTepUCTHKA KaueCTBEHHO COBMAJaeT C aHAJOTMYHOM XapakTepucTukoil cxemsl ¢ OB,
OJIHAKO 3HAaU€HHEe BXOJHOTO ToKa 0a3bl B cxeme ¢ OO B (1—«a ) pa3 MeHbIIe BXOAHOTO TOKa
smurrepa B cxeme ¢ OBb. Orta XxapakTepucTuka OyAeT COOTBETCTBOBATh PEXKHUMY HACBIIICHUS
TpaH3ucropa. JleficTBuTtenbHo, A cxembl ¢ OO cnpaBennuBo paBeHCTBO V., =V, +V,,.
Ilpu V., = 0 umeem V,, =V, . Tak kak V,> 0 (mpAMoe CMELEHNE), TO OTCIOJA BBITEKAET,

4YTO IIpU OTUX YCIOBUAX U KOJ'IJ'IGKTOpHI)II\/II nepexoa CMCIICH B IIPSAMOM HaIIPAaBJICHUU. Tok
62[3]:1, IMO3TOMY, pPAaBCH CYMMC 0a30BBIX TOKOB H3-3a O,Z[HOBpGMCHHOﬁ HHXXCKIUU 3JICKTPOHOB
N3 DMUTTCpAa U KOJUICKTOpA. 9T1OoT TOK, C€CTCCTBCHHO, YBCIIMYUBACTCA C POCTOM IIPAMOIro
HAITPAKCHUA Vb"a’ TaK KakK OHO IPUBOJUT K YCUJIICHHUIO HWHIKCKIUU B obomx nepexonaax u,

COOTBCTCTBCHHO, BO3pAaCTaHHUIO ITPOLICCCa pCKOM6I/IHaLII/II/I, OHpe,Z[CHSIIOH_II/Iﬁ 0a30BbII TOK.
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d I =0 jr.rl.

11_ =f) AN -’J_f’
= ' - T -"': f e T .
0 ' !’:;'3 4 s !;(’.,},{KE

a) 6)

Puc.3.1. Bxoansle a) u BbIXO/HbIE 0) BOJIbTaMIIEPHBIE XapaKTEPUCTUKU OUIIOJIIPHOTO
TpaH3uCcTOpa n-p-n Tuna B cxeme ¢ O3.

Bropas kpuBas Ha pucyHke 3.1, a cOOTBETCTByeT OOpaTHOMY HANpsDKEHHMIO Ha
KOJUIEKTOPHOM nepexoze (s n-p-n-tpansucropa V,,> 0). Ilpu ycnoun [\/K3| > [\/53|
TPaH3MCTOP IIEPEXOJUT B AKTUBHBIA DEXKUM, M M3MEHEHHME TOKa 0a3bl OIMCHIBAETCS
dopmynon |, = (1—a)| 5 — | kgo - Ilpy m3me-neHnu V, 10 TOUKH 4 MHKEKIHA JIEKTPOHOB B
0a3y mana u (1— a)l 5 < lxp0» T-€. TOK Oa3bI OTPULIATENICH. Y BEINUCHHE IPSMOT0 HAIPSKEHHS
V, BBI3BIBAET POCT TOKA AIMUTTEPA U TOK 0a3bl CTAHOBUTCS MOJIOKUTENILHBIM U PACTET MIOUYTH
10 3KcroHeHTe. Kak BUJIHO U3 PUCYHKa, B aKTUBHOM PEXHMME TOK 0a3bl MEHBILE, YEM IpH
Vi»,= 0 M BXOo#Hasg XapaKTepUCTHKa CMellaeTcs, B oTiauuue oT cxembl ¢ OB, Bmpaso.

VYMmeHblIeHHEe TOKa ©0a3bl BbI3BaHO HPdexToM Opnu. JleHCTBUTENbHO, NPU OOpaTHOM
CMEIICHNH KOJUIGKTOPHOTO TIepexoja IMUpuHa O0a3bl YMEHBIIAeTCs, YMEHBIIAeTCS |
BEPOSTHOCTh PEKOMOMHALIMYU B 00J1aCTH 6a3bl, YTO YMEHBILAET TOK 0a3bl.

CeMelicTBO BBIXOJHBIX XapakTepucTUK cxeMbl ¢ OO mpexacraBiser coboit

3aBucumoctu |, = f(V,,) npu 3aganHom mapamerpe toke 6a3bl |, (puc.3.1,0). [IpoBenem
Ka4eCTBEHHBIN aHaIN3 3TUX XAPAKTEPUCTHUK.

IIpn Toxke |, = 0 B menu KOJUIEKTOpa NPOTEKAeT TEIIOBOW TOK |, , KOTOpBIH
Oonpire, yem B cxeme ¢ Ob, B (1+ f) pa3. O1oT TOK ompenenseT pexum otrceuku (PO)
Tpansucropa (Ha puc. 3.1, 6 oOmacTb oTceuku 3amTpuxosaHa). Ecimu Tok |,> 0, To Ha

XapaKTEpUCTHKE MOYKHO BBIJEIINTD JBa y4acTKa. KpyTele HadalbHbIE Y4aCTKH XapaKTEPUCTUK
OTHOCATCS K  pexumy Haceimenus (PH), ©Ha »ToM  ywacTke  crpaBeasiuBO

HepaBeHCTBO V| <V,
ToKe 6a3bl, M 00a MEepexo/ia CMelIeHbl, Kak ObUIO MOKA3aHO BHINIE, B IPAMOM HAIpPABIEHUN.

, rie Vy, - HanpshKeHue Mex1y 0a30i M DMHUTTEPOM IIPH 3aJaHHOM

Ilepexo OT mepBOro y4yacTka KO BTOPOMY IPOHUCXOAMUT IPHU 3HAUYECHHSX |V1<3| > |V53| . Bropon

YYaCTOK XapaKTCPU3YCTCA MaJlbIM HAKJIIOHOM MW COOTBCTCTBYECT HOPMaJIbHOMY AKTHUBHOMY

a
pexxumy. Jlis BTOpOro ydacTKa CIIPaBeAIMBO PaBEHCTBO |, zl—l 5 =pl;, T.e. TOK

KOJUIEKTOpA PAcTeT MPONOPLUHOHANBHO TOKy 0a3pl. Jlna ysemuyenus |, HeoOxommmo
yBeIH4YMBaTh V,,, CII€IOBATENBHO, 4TOOBI OOECHEUUTH YCIOBUE IEpexoa |VK3| Z[\/53|,

TpaHHIlAa MEXKAY PEKHMMOM HACHIIICHUS W HOPMAJIbHBIM aKTHBHBIM PEXKHMOM OyAeT
CIIBUTAThCS B CTOPOHY OOJIBIINX 3HAUeHUH V.

Kax BUJHO M3 BBIXOJHBIX XapPaKTCPHUCTHUK, B HOPMaJIbHOM AKTHBHOM PCKHUME TOK
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KOJUIEKTOpa PacTeT, MPUYeM B CXEMe C OOIIMM AMHUTTEPOM BO MHOTO pa3 OoIblle, 4YeM B
cxeme ¢ obmeit 6a3oit. OOBICHIETCS 3TO Pa3IMYHBIM MposiBiacHUEM dPdekra Ipiu. B cxeme
C 00IIMM 3MUTTEPOM yBeIH4YeHUe V,., CONPOBOXKIACTCS YMEHBIIEHHEM TOKa 0a3bl, a OH IO
OTIPE/ICIICHUIO BBIXOHON XapaKTEPUCTHKHU JOJDKCH ObITh HEM3MEHHBIM. [IJIT BOCCTaHOBIICHUS
TOKa 0a3bl IPUXOAUTCSA PETryIMPOBKON HAmpshKeHUs V,, yBEINYUBATh TOK 3MHUTTEPa, a 3TO
BBI3BIBAET POCT TOKA KOJUIEKTOPA B HOPMAIBHOM aKTHUBHOM PEKUME.

[IpoGoii KOJUIEKTOpHOTO TIepexoaa B cxemMe B cxeme ¢ OD MpoUCXOIUT TpU
HANPSOKCHUN Vi, - (LITPHXOBBIC YYaCTKH XapaKTePUCTUK HA puc.3.1,6), koTopoe 3aMeTHO

MeHbIe, ueM B cxeMme ¢ Ob: V = KBnpos roe C=2...6.
2 KOnpo6 Cl1+ﬂ ’

st cxembl BKIIFOUEHHS TpaH3ucTopa ¢ OD ypaBHEHHs YETHIPEXIIOIIOCHUKA B CUCTEME
h- mapaMeTpoB MOKHO 3amKcaTh B BHJIE:
du 59 :hlla dl 5t hlzadU K2

(3.1)
dIK = h213d|5 + hzzadUKa
Ha ocnoBe (3.1) mist h- mapameTpoB numeem:
du,, dl du,, dl
iy = dl, |40’ h1s = dl, | U0 M2 = au,, |40 hyps = ﬁ dl .=0" (3.2)

[lepexons OT MaJIbIX aMIUIMTYJ MEPEMEHHBIX TOKOB M HaIpsDKEHUH B (6.7) K KOHEYHBIM
[IPUPALLECHUSAM, ITIOTyYUM:

AU Al
Al U gy=const * 215 Al U x»=const

115 —

AU, Al

h123 - AU o |E:const! h223 = AU o IE:COHS'[' (33)

Taxkum 00pazom, ornpeaesnssi MPUPAIICHUs] TOKOB U HAMPsKEHUH OKOJIO 3aJaHHOM TOUKH Ha
COOTBETCTBYIOIIEH XapaKTEepUCTHKE TpaH3ucTopa Ha ocHoBe (3.3) MoxHO paccuntath h-
MapaMeTphl.

Ha pucynke 3.2 nmoka3ana metoauka onpenenenus h ,, u h,,,, ucnons3ys cemMeiicTBo

BXOJHBIX XapakTepucTUK B cxeme ¢ OD. J[lnsa ompemenenus h,,, BbeIOMpaeM B cemelicTBe
BXOJIHBIX XaPAKTEPUCTUK XaPaKTEPUCTUKY TPH TOCTOSHHOM V., =V, . Ha sToM rpaduke
OTMETUM 3aJaHHYI0 TOUKY O, COOTBETCTBYOUIMN TOKY 0a3bl | ;. OK0IIO 9TOI TOUKHU OTIOKUM

BI0OJIb

aly ooy
melﬂ Vo af

o

Al Ves

Puc.3.2. K onpenenenuto h,,, u h,,, napamerpo 6unonspHOro TpaH3uCcTOpA.
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rpaduka paBHble oTpe3ku OA u OB. IlpoekTupys Touku A U B Ha OCH KOOPIUHAT HAXOIUM
npupaunienus HanpspkeHus AU, u Toka Al, u paccuutsiBaem h,, mo mepsoii dopmyie

AU,

33): h.,, = )
(33): My Al , uw:v]';9

Jlns pacueta h,,, IPOBOIMM JIMHHUIO TIOCTOSIHHOTO TOKa 6a3bl |, M onpesenseM TOUKK

nepecedeHust O u O 3TOH JUHUM CO BXOJIHBIMU XapaKTEpUCTUKaMH. Pa3HOCTh HanpsKEHUN
Ha KOJUIEKTOPE B O3THUX TOYKaxX OINPEACIUTh HANPsIKEHUE MPUPALICHHUS KOJUIEKTOPHOIO

nanpsokerns: AU ., =V, —V,,. U3 Touek nepecedenust O u O ONyCKAaeM BEPTHKAIbHBIE

JVHAM HAa OCh HANpsDKEHUS M ONpejesseM MpupalleHue cooTBercTByomero AU,

Hanpsokenns 6assl AU, . 3atem paccuuthiBaeM hy,, Ha OCHOBe TpeTbei popmyist (3.3):
AUy,

h., =——5
120 "e
AU |1 _=I
b 5
[Mapamerps! h,,, u h,,, HaXOAAT 1O ceMelicTBY BBIXOIHBIX XapaKTepUCTHK (puc. 3.3).
Jnst pacuera h,,, Ha XapaKTepUCTHKE ITPH 3alaHHOM Toke 0a3bl |, = |, BeIOMpaem Touky O,

COOTBGTCTBYIOH_[I/Iﬁ TOMY K€ 3HAYCHHIO VKB’

xapakTepucTukamMu. OT 3TOM TOYKM OTJIOKHM BIOJNb rpaduka paBHble oTpe3ku OA u OB.
AHAJIOTUYHO TPOEKTHPYST TOYkM A W B Ha OCH KOOpAWMHAT HAXOAUM MPHUPALICHUS

HanpsbkeHuss AU, u Toka Al, u paccuuteiBaeM h,,, mo uerBeproii dopmyne (3.3):

Al

AU 1"
K5 IE IE

Jnst onpenenenus h,,, MpoBeaeM BEPTUKAIBHYIO JIMHHIO Yepe3 Touky O J10 mepecedeHus B

YTO M Ha FpaQ)I/IKe CO BXOJIHBIMH

h229

touke O c¢ rpapukoM npu |, =1,. JIna 3tux AByX Todek Ho Trpaduky paccuuTaeMm

npuparenust Toko Al, u Al, =1, — 1, u onpenenum u3

b e

Iy Ig=1g=Ip

Ve %

Puc.3.3. K onpenenennto h,,, u h,,, napamerpos OHIIOIIpHOrO TpaH3UCTOPA.

Al
Bropoit popmyisi (3.3) h,,,: hy,, =—% .
AL U

B npakTruecknx pacdérax 4acTo MCHOJIB3YeTCs KyCOYHO—JIMHEHHAs ammmpOKCHMAIIHs
CTaTUYECKUX  XapaKTepUCTUK  OumnoisipHoro  Tpansucropa (cMm. puc.3.4). s
aNMpOKCUMHUPOBAHHBIX BXOHBIX XapaKTEPUCTHK HMEEM:
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, mpu Vy, 2V, (3.4)

5D —

a AJIs1 BBIXOJHBIX -

L, npu V,, <V,,. . (ppexu HACHIIICHUS)
; :
I, = K*C (3.5)
Bl,+—= mpu V., >V, . (pexuM oTceuKn)
Py ‘
A
|5
0 Vo " 0 Viow ]

a 0

Puc.3.4. Annpokcumanus CTaTHYECKUX BXOHOM () U BBIXOAHOM (0) XapaKTepUCTHK.

B ¢dopmymax (3.4-3.5): V,, — moporoBoe HampspKeHHE SMHUTTEPHOTO Iepexona; I, —

YCPECAHECHHOE BXOJIHOC COIPOTUBIICHUEC TpPAH3UCTOpA, [, — BBIXOJHOC CONPOTHUBIICHUEC

AV
TPaH3MCTOpa B PEKUME HACHIIICHHA (B HayalabHOW oOiact): Iy, = AIKB npu lz=const u

K

* .. *
Vir<Vksuae; T —YCPEAHEHHOE BBIXOJHOE CONPOTUBJIEHHE TpaH3UCTOpa Ik B AKTUBHOM

AV,
pexume: r,, . = I’“ npu |5= const u Vi5>Vis e

K

3aganue k padore B JabopaTopun
1. Tlonb3ysch cipaBOYHUKOM
- yKa3aTb Ha3HAYeHHE U CTPYKTYpPY TPAH3HCTOpA, MPEAJIOKEHHOIO IpPErnojaBaTeleM s
UCCIIEIOBaHMS;
- IPUBECTU THUIIOBBIE 3HAUYEHMs TApaMETPOB TPAH3UCTOPA, 0COO0 OOPaTUTh BHUMAaHUE
Ha MAaKCHMaJlbHO-JOITyCTUMbIE TapaMeTpsl B | Vv u Py,. -
2. B pabouell TeTpagu NpPUBECTH THUIOBbIE BXOJAHBIE M BBIXOJHBIC XapaKTEPUCTHKH

TpaH3ucTOpa JUis cxeMmbl BKIoueHUss OD, oOpaTuTh BHHMaHHE Ha OCOOEHHOCTH
XapaKTEPUCTHK.

Kwmax? KOmax
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CoOpate cxemy sl CHATUS XapaKTEPUCTUK TPAH3UCTOpA MPU BKIFOYCHUH €r0 IO
cxeme OO, mzobOpakeHHOW Ha puc. 3.5, a uiau 3.5, 6 B 3aBUCUMOCTH OT CTPYKTYphI
tpansucropa. BHUMAHMUE! OOGmue TOYKHM BOJBTMETPOB COCIAHHSTH COTJIACHO
cxXeMme.

CHstb aBe BxojHbIe XapakTepuctuku |5=f(Vz5) npu Vis=0 u Vgr= 10B Hanpsokenue
Vg5 MEHATH 70 3HAYECHHH, NMPU KOTOPBIX JIEKTPUUECKHUE IMapaMeTphbl TPAH3UCTOpa HE
MPEBBIIIAIOT MAKCUMAJIbHO-OMYCTUMBIX 3HAYCHUH.

CHATh ceMelcTBO 13 3 BeIXOAHBIX XapakrepucTuk |x=f(V5) mpu Tokax 6assr I5=0,1;
0,3 u 0,5 MA. Hanpspxenne Vgy MEHSATH O 3HAUEHHH, MPU KOTOPBIX AJIEKTPUUECKUE
nmapamMeTpbl TPaH3WCTOpa HE MPEBBIIAIOT MaKCHMAaJIbHO-IOMYCTUMBIX 3HAYEHUH.
OO0patuTh 0c000€ BHUMAHKE HA YYACTOK XapaKTEPUCTUK, COOTBETCTBYIONIUX PEKUMY
HACBIIIEHHUS.

Paccuurtare h-mapamerpsr Tpansucropa B cxeme ¢ OD B akTHBHOH 00JacTd IO
CHSTBIM BOJIbTAMIICPHBIM XapPaKTEPUCTHKAM.

[Toctpouts BhIxOnHYI0 BAX-ky mpu Toke 0a3bl, paBHoM 100 mMkA. [IpoBectu ero
KYCOYHO-JTMHEHHYIO alllIPOKCUMALIUIO U onpeAenuTh Vi pac, Ik mac, T nacs Ve

Puc.3.5 a. Cxema BkroueHust p—N—p
ThauRUCTONA R oxeme c ) ng cagarug

Puc.3.5.6. Cxema BkitoueHust N—p-n

ThamRucTonha R exeme o (D noa cagarug

OT4eT 10/1KEH COIePKATD:
Tun uccnenyemMoro TpaH3uCTOpPa U €ro Ha3HAYECHHUE.
CrnipaBouHble 3HaU€HUS TApaMETPOB TPAH3UCTOPA.
CxeMmbl HcCiIeJOBaHUS M TaOIHUIIBI Pe3yIbTaTOB U3MEPEHHIA.
I'paguiky BXOOHBIX M BBIXOJHBIX XAPAKTEPUCTHUK, MOCTPOCHHbIE HA OCHOBAHUU
pe3yibTaToB M3MepeHud. Ha BBIXOIHBIX XapaKTEpUCTHKAX yKa3aTb 00JacTh
HACBIILEHNUS U aKTUBHYIO 00J1aCTh.

el N =
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o

Pacuernbie 3HaueHus h-mapamerpos B cxeme ¢ OD.

6. :‘)KCHCpI/IMCHTaHBHBIe 3HaA4YCHUA IMapaMETPOB KYCOQHO'HHHeﬁHOfI allIpoKCHuMalu

BBIXOJAHOU BOJIbTAMIIEPHOW XapaKTEPUCTUKH.

7. BBIBO,I[BI 110 pa60Te C aHaAJIM30M IIOJTYYCHHBIX BOJBTAMIICPHBIX XAPAKTCPUCTHK U

pacueTHBIX apaMeTPOB.

KouTpoJibHbIE BONPOCHI:
Paccka3atb 00 ycTpoiicTBe MII0OCKOCTHOTO TPAH3UCTOPA.
[TpuaIMI neiicTBUS OUTIONSIPHOTO Oe3apeiioBOro TPaH3UCTOPA.
HauepTuTh noTeHIMaANbHYIO 1UarpaMMy p-N-p u N-p-N TpaH3UCTOPOB.

NS

nepexonl?
W3 kakuX KOMIIOHEHTOB COCTOUT TOK 0a3bl OUTOJISIPHOTO TPAH3UCTOPA.?
Yrto Takoe KodDPUIUEHT MHKEKIHH U KO3PPuImeHT nepeHoca?

SRl

7. Kak Biamser Ha pabOTy TpaH3HCTOpa HeympaBisieMmsii Tok |, Kkomrexkroproro

nepexoaa? KakoBbl MpUYMHBI €70 BOSHUKHOBEHUS?
8. Hammcatp ypaBHEHHE KOJIEKTOPHOTO TOKa s cxembl OD.

9. HapI/ICOBaTL U OO0BICHUTH BXOJHBIC W BBIXOJHBIC XAPAKTCPHUCTHUKU TPAH3UCTOpPA

st cxemebl ¢ OD.

10. IToxka3sath Ha BXOJOHBIX u BBIXOJHBIX XapaKTCPHUCTUKAX O6J'IaCTI/I,

COOTBETCTBYIOILIME PEKUMAM: aKTUBHOMY, OTCE€UKH, HACBHIIIECHUS.
11. Kakumu mpefenbHBIMH  TapaMeTpaMH OTrpaHuYHBaeTcs padoyas
BBIXO/IHBIX XapaKTEPUCTHUK TpaH3ucTopa?

12. Kak 3aBUCAT 3HAYCHHUS MIPEICIbHBIX TAPAMETPOB TPAH3UCTOPOB OT TEMIIEPATYPHI?

Cnucox AOKYMCHTOB H MaT€pUuajioB

M3 Kakux KOMIIOHEHTOB COCTOST TOKM 4Ye€pe3 SMUTTEPHBIM U KOJJIEKTOPHBIN

o0J1acTe

. Ilepeuenp nuaHUpyeMbIX pe3yabTaTOB OOYyUEHUS MO JUCLUIUIMHE, COOTHECEHHBIX C | 4
TUTAHUPYEMBIMH PE3YJIbTaTaMH OCBOSHHSI 00Pa30BaTEIbHON MTPOrpaMMbI

. Ilenmb ¥ MECTO TUCIUILIMHBI B CTPYKTYpe 00pa3oBaTeIbHOIN NporpaMmbl 5

. Conepxanue pabodeid mporpammbl (00bEM AMCLUUIUIMHBL, THIBI U BUABI YU4€OHBIX | 5
3aHATHH,  y4eOHO-METOAMYecKoe  OOecleueHUue  CaMOCTOSATENbHOW  paboThl
00y4aromuxcs)

@DOH/I OIICHOYHBIX CPEJICTB 10 AUCIUIUTIHE 5
4.1. IlepeueHb KOMIETEHIMH C yKa3aHHWEM ATalloOB UX (OPMHUPOBAHUS B Ipolecce | 5
OCBOCHHS 00pa3oBaTeNbHOW MporpaMmbl. OnucaHWe TOKa3aTeneld W KpUTEpUEB
OLICHUBAHMs KOMIIETEHIIMA Ha pa3jIMyYHBIX ATamax MX (OPMHUPOBAHUS, ONHCAHHE
IIKaJT OICHUBAHUS
4.2. TunoBble KOHTPOJIbHBIE 3a/laHUsI WM HMHBIE MaTepuajbl, HEOOXOoAUMBIEe JUI | 7
OLICHKW 3HaHWI, YMEHWH, HABBHIKOB M ONBITA JEATEIHHOCTH, XapaKTEPHU3YIOIIHX
aTanbl (OPMHUPOBAHUA KOMIIETEHIIMH B IPOLECCE OCBOCHHUS 00pazoBaTeIbHOMN
nporpaMMbl. MeTogndecKie MaTepHallbl, ONPENeISIOIINe MPOLEAYPhl OI[CHUBAHUS
3HaHUHM, YMEHUH, HAaBBIKOB W OIbITa JAEATEIbHOCTH, XapAKTEPU3YIOUIUX ATAIIbI
(bopMHpOBaHUST KOMITETEHITHIA
4.3. PeUTUHT-TUIaH TACIUTUIMHBI 8
Y4eOHO-MeToan4YecKoe U HH(POPMAIIMOHHOE 00ecTieueHIe TUCIIUIUTHHEI 12

5.1. IlepeueHb OCHOBHOM M IOMOJHUTEIHLHON y4eOHOUW JUTEepaTyphl, HEOOXOUMOH | 12

JJI1 OCBOCHHUS NUCIUILINHEI
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5.2. Tlepeuenp pecypcoB HHGOPMAITMOHHO-TEICKOMMYHHUKAIIMOHHON  CETH
«laTepHeTy» W MpOrpaMMHOrO OOECTeYeHHs, HEOOXOAWMBIX sl OCBOCHUS
JUCIUTIAHBI

13

12. MarepuanpHo-TeXHUYECKass  0a3a, HeoOXomumas Jid  ocymiecTBiaeHus | 13
00pa30BaTeNLHOTO MpoIiecca MO TUCITUTUTHHE

13. [Mpunoxenne Nel.l. Copmepkanme pabodeil mporpammbl JTHEBHOU ¢opMmel | 15
0o0y4eHus

14. [Tpunoxenue Nel.2. Conepkanme paboueil mporpammbl 3aouHor ¢dopmsl | 20
0o0y4deHus

15. [Tpunoxxenue Ne2. PEUTHHT 11aH AUCIIUTUTMHBI 25

16.  Ipunoxenne Ne3. @dopma sK3aMeHAIIMOHHOTO OnIeTa 26

17. [Tpunoxxenue Ne4. BapuaHT KOHTPOJIbHOI paObOTHI 27

18. [Ipunoxenue NeS. BapuaHT TecTOBBIX 3aaHUM. 28

19.  Tpunoxenne Ne6. [Ipumep onmcanus 1a60paTopHON pabOTHI 31
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2. IlepeyeHb MJIAHUPYEMBIX Pe3YJIbTATOB 00yY€eHHUS MO AUCHHUIJINHE, COOTHECEHHBIX €
IJIAHUPYEMbIMH Pe3yJIbTaTaAMHU 0CBOEHHS 00Pa30BaTeIbHOMN MPOrpaMMbI
(c opuenmayueu Ha Kapmovl KOMNEMeHYutl)

B pesynbrare ocBoeHus1 00pa3oBaTeIbHON MPOrpaMMbl 00yUJAIOIIUNACS TOJKEH
OBJIAJIETh CIEAYIOIINMH Pe3yabTaTaMu 0Oy4eHHUs 110 JUCLMILINHE:

[TIK-17-criocoOHOCTBIO IPUMEHATH COBPEMEHHBIE TEOPETUUECKUE U
9KCHEPUMEHTAIbHbIE METO/Ibl UCCIIEI0OBAHUS C LIEIbI0 CO3JaHUs HOBBIX IIEPCIEKTUBHBIX
CPEICTB IEKTPOCBSA3U U HHPOPMATHKHI

PesynbraThl 00y4eHus

dopmupyemas
KOMITETCHIIHSA (C
YKa3aHHUEM KOJa)

IIpumeyanue

3Hanug

1. 3HaTh OCHOBHBIC MPUOJIMIKESHUSI 30HHOU
TEOPHH, 0COOCHHOCTH SHEPTETUIECKOTO CIIEKTPa
AJIEKTPOHA B MOIYIPOBOAHHUKAX, (PU3UUECKUE
SIBJICHUSI M KUHETHUYECKHE YP(HEKTHI B
MOJIYIPOBOIHUKAX, 3HATH MPUHIUIIBI JCHCTBHUS,
XapaKTEPUCTUKU, TApaMETPhl U OCOOCHHOCTH
yCTPOICTBA TOTYNPOBOJIHUKOBBIX U
ONTORJIEKTPOHHBIX MPUOOPOB, UCIIOJIB3YEMBIX B
CUCTEMax CBS3U.

I1K-17

VYMmenus

1. YMeTp  HAaxXOIUTh  3HAYEHUS  DJIEK-
TpopHU3nIECKIX napameTpoB MOJIYIIPOBOJI-
HUKOBBIX MaTepuaoB (KpEMHUS, TepMaHus,
apceHuJia rauiMsg) B Y4eOHOW M CIpaBOYHOM
auTepaType JUIsl  OLIGHKM HUX BIUSHUS Ha
MapamMeTpel  CTPYKTYp; ~ YMETb  BBUSIBIIATH
CYUIHOCTh MpoOJeM, BO3HUKAIOIIUX B XOJ€
npoeCCHOHATILHON J1eATeIbHOCTH, MpPUB-JEeKaTh
JUIS WX pELIEHUs COOTBETCTBYIOIIMM (hU3HKO-
MaTEeMaTHYECKHUH anmnapar.

I1K-17

Brnagenns
(HaBbIKH /
OTIBIT
JeSITEIbH
OCTH)

1. Biiamets HaBbIKaM# paOOTHI C TUTIOBBIMHU
CpeICTBaMU U3MEPEHUM C LETbI0 U3MEPEHUS
OCHOBHBIX TTAPAMETPOB U XaAPAKTEPUCTHUK
MOJTYTIPOBOTHUKOBBIX MprOOpoB. Bianers
HaBBIKAMH SKCIIEPUMEHTATHLHOTO UCCIIEIOBAHUS
C LEJbIO CO3/ITaHUS HOBBIX MEPCIEKTUBHBIX
CPEJCTB CBSI3U U UHPOPMATHKHU.

IK-17
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2. llesb 1 MeCTO JUCHMILJIMHBI B CTPYKTYpe 00pa3oBaTeIbHOI MPOrpaMmbl

JuciumimHa «®u3nueckue OCHOBBI 3JEKTPOHUKHU» OTHOCUTCA K JUCUUIUIMHE I10
BBIOOpY mpodeccuonansHoro mukiaa b1.B.1.JIB.03.01 u npemHasHavyeH mis MOATOTOBKU
6akanaBpoB 1o Hanpasienuto 11.03.02 «HpOKOMMYHHKAIIMOHHBIE TEXHOJIOTHHA M CHCTEMBI
CBSI31», POQUITH MOATOTOBKH «OTNTUYECKUE CHCTEMBI U CETU CBSI3ID).

Hucuurnnuna uzydaercs Ha 2 Kypce B 3 cemecTpe.

[lenbto M3y4yeHUs NUCUUIUIMHBI SBISETCS O3HAKOMIICHHE CTYIEHTOB C (PU3MUECKHUMHU
OCHOBaMU JJIEKTPOHUKH, 30HHON TEOPHEW IOJIYIPOBOJHUKOB, KOHTAKTHBIMU SIBICHUSMHU U
MPUHILIUIIAMU PAOOTHI 0a30BBIX ATTEMEHTOB DJIEKTPOHUKH.

Kypc «®usnueckue 0CHOBBI 3JIEKTPOHUKHU» SBJISETCA OJHOW M3 OCHOBHBIX THUCLIUIUIMH
npoduns U SABISETCS BAXXKHBIM JJIEMEHTOM TOJTIOTOBKM CHEIUAIMCTOB IO JaHHOMY
HAIpaBJICHUIO. 3HaHUs, MOJIYYEHHbIE B pe3y/bTaTe OCBOEHUS Kypca «DPH3MUECKHE OCHOBBI
JJIEKTPOHUKK»  TO3BOJAT  TPaMOTHO  OJKCIUTyaTHpoOBaTh Ha  0aze M3YYEHHBIX
MOJIYTIPOBOJHUKOBBIX CTPYKTYP COBPEMEHHBIE AIEKTPOHHBIE YCTPONUCTBA CUCTEM CBS3H.

Jjig u3y4eHust TUCIUILUIMHBI HEOOXOIUMBI 3HAHUS CIEAYIOUINX TUCIUILINH U UX
pa3zenos:

1o Qu3uKe - SIESKTPUUECTBO U MAarHeTus3M, KojJebaHus U BOJHOBOE IBUXKEHHE, (PU3UKa
TBEPJOrO Tela, PU3NYECKUE BEIIUYUHBI U €AMHULIBI UX U3MEPEHUS;

o BbICHIEH MareMaTuke - AuddepeHuranbHoe W HHTErpajlibHOE MCYUCIICHUS,
g depeHIraIbHbe YpaBHEHUSI U METO/BI X PEIICHHs, OTIEPAlMOHHOE WCYUCIICHUE, PSJIbI,
(GYHKIIMY KOMILIEKCHOM epeMeHHOM;

M0 BBIYMCIUTEILHON TEXHHMKE - OCHOBBI MPOTPaMMUPOBAHUS W (DYHKIIMOHUPOBAHUS
9BM;

10 OCHOBaM METPOJIOTMH M CTaHJApTU3ALMU - MEKIYHapOoaHYt0 cucteMy eaunul (CU),
METOABl M CPEACTBA M3MEPEHUs DJIIEKTPUUYECKUX W MArHUTHBIX BEJIIMYMH, YCJIOBHOE
rpaduyueckoe n300paxeHne MEKTPUIECKUX, MATHUTHBIX U MOJYIIPOBOJHUKOBBIX 3JIEMEHTOB,
CXEMBI U UX BBITIOJIHEHHUE.

JuctumimHa «®u3nueckue OCHOBBI AJIEKTPOHUKH» IpPU3BaHA IOMOYb CTYJIEHTaM
OBJIAJIETh HaBBIKAMH W  3HAaHUSMH, HEOOXOJMMBIMH JJii  BBIIOJHEHUS HAY4YHO-
HCCJIEIOBATEIbCKOM pabOThl, BKJIOYAsl BBHIIOJHEHHE BBIMYCKHOM Kiaccu(pUIIMPOBAaHHON
paboThl, a Tak kK€ U3YYECHHUIO TaKUX TUCIHUIUIMH KakK «DIEKTPOHHKa», «CXEMOTEXHHUKa» U

ap..

3. Coaep:xanue padoyeii mporpaMmmbl (00beM AUCHUNIMHBI, TUNIBI U BUAbI Y4eOHBIX
3aHATHI, Y4eOHO-MeTOAMYeCKoe o0ecnedyeHre CaMOCTOATeIbHOI padoThl
00y4armmxcs)

Coneprxanne pabouelt mporpammel npeactasiieHo B [Ipmnoxenun Ne 1.

6. DoHJ OLIEHOYHBIX CpeaACTB MO AMCHUIIJIHHE

4.1. IlepeyeHp KOMIIETEHIMH ¢ YKa3aHHEM JTanoB UX (POPMHPOBaHHs B IpoLecce
0CBOCHUs 00pa3oBaTeJbHOM NporpaMmmbl. OnucaHue MoKas3areJieil U KpUTepHes
OLICHUBAHHUA KOMIIETEHIIUI HA PA3JIHYHBIX 3Tanax uX (OPMUPOBAHNS, ONITUCAHUE

IIKaJ OIlCHUBAHUA

Kox u popmynupoBka KOMIETEHIINH:

[MK-17-cniocoOHOCTBIO MPUMEHSTH COBpPEMEHHBIE TEOPETUYECKUE u
9KCIIEPUMEHTAIBHBIE METOJbl HCCIIEIOBAHUS C LENbI0 CO3JaHUS HOBBIX IEPCIEKTHUBHBIX
CPEJICTB IIEKTPOCBSI3U U HHPOPMATHKH.
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Ortan [Inanupyembie Kpurepuu ornieHuBanus pe3yabTaTOB O0yUCHHS
(YpoBeHb) pe3ybTaThl
OCBOEHUS o0Oy4deHus
KOMIIETEH MOKa3aTeNnun 2 («He
0707 i[OCTI/I}KeHI/ISI yzLOBJ(IeTBopH 3 («Wnosner- 4 >
BOpUTENBbHO») | («Xopoiioy) | («OTAUIHOY)
3aJaHHOTO TEJILHOY)
YPOBHSI OCBOCHUS
KOMITIETEHIIHI)
[TepBriii | 3HaTh OCHOBHBIE Nmeer Nmeer [TokasbiBaeT | YBEpeHHO
JTamn NPUOJIKEHUS (dparmMeHTap- | ONpeneNeHHbIe | JOCTaTOYHO 3HAeT
30HHOW TEOpUH, | HBIC 3HAHUS 3HaHUS 00 YBEpEHHbIE | 0COOEHHOCTHU
0COOEHHOCTH 110 30HHOM | OCOOEHHOCTSIX | 3HAHMSA MO | SHEPreTHyec
SHEPreTUYecKOro | TEOopuHu, He SHEpreTHye- | 30HHOM T€O- | KOTO CIeK-
CHeKTpa rOTOB K KOI'O CIIEKTpa | pHUHU MOTY- Tpa JJEKT-
AJIEKTPOHA B y4acTHIO B JJIEKTPOHA B IPOBOJHU- | POHA B MOTY-
MIOJIYTIPOBOJIHU - JUCKYCCUU MOJIYITPOBO/I- KOB, T10 MIPOBOJIHU-
Kax, QU3NYecKue | Ha TEMbI MO HUKAaX, HO He | GU3UYECKUM | Kax, pu3u-
SIBJICHUS U MPUHIIMIIAM | BCETJA TOTOB K | SIBIICHUSIM W | YECKHC SIBJIC-
KMHETUYECKHE NecTBYS, Yy4acTHIO B KUHETUYec- HUSM U
3¢ ekt B nmapaMerpaMm | JHUCKYCCUU MO | KuM dPdek- | KuHeTHIeC-
MOJIYIPOBOIHU - U XapakTe- NPUHLIMIIAM | TaM B MONY- | KuM 3dek-
Kax, 3HaTh PUCTHKAM NCHCTBYS, IPOBOJHH- | THI B TIOJY-
MIPUHIIMIIBI AJIEKTPOHHBIX | MapamMeTpaM M | Kax,3HaeT MPOBOJAHHU-
JCHCTBYSI, pubopoB, XapaKkTepuc- TIPUHITHAITBI Kax, 3HaeT
XapaKTePUCTHKHU, | HCIOIb3ye- TUKaM NecTBYS, MIPUHIIUIIBI
nmapameTpsl 1 MBIX B JIEKTPOHHBIX | TMapaMeTphl JCHCTBHSI,
0COOEHHOCTH CUCTEMAX puOOpOB. U oco0eH- | MapameTpsl
yCTpoOHCTBa CBSI3H; HOCTH YCT- U ocoOeH-
MOJIYITPOBOJTHUKO poiicTBa HOCTHU
BBIX MPUOOPOB, MOJYNPOBOJT | YCTPOMCTBA
UCIONIb3YEMBIX B HUKOBBIX MOJIYTIPOBO/T
CHUCTEMax CBS3H. npuOopoB, HUKOBBIX
nprOOpOB.
Bropoii | YMeTh BBIABIATH Ywmeer YBepeHHo YBepeHHo YBepeHHo
JTamn CYLTHOCTh ¢dbparmenTap- IPOBOJIUT MIPOBOJUT MPOBOAUT
npooiem, HO TIIPOBO- uH(popmannoH | uHpopManu | nHGOpMaLUO
BOZHUKAIOMIUX B | AUTH UH(OP- | HO-TIOMCKOBYIO OHHO- HHO-
xone mpodeccruo- | MalMoHHO- | paboTy, HO HE | TOWCKOBYIO | TIOMCKOBYIO
HaJTBHON JEATENb- | MOWCKOBYIO yMeeT paboty, HO paboty u
HOCTH, TIpHUBJE- pabory, aJICKBaTHO WCTIBITHIBACT BEIOOD
KaTb  JUIsl WX | OJHAKO HE oTOUpaTh HEOOJbIINE | JAHHBIX IS
pelieHus  cooT- yMmeeT JIAaHHBIE JIJIS TPYTHOCTH pelreHus
BETCTBYIOIIHIA BHUKATH B pelieHus mpu BBIOOpE | MPOodecCHoH
(huzmKo-MaTeMa- CYIIHOCTh npodeccuo- HE0OX0/H- AJbHBIX
TUYECKUI (u3MUECKUX | HATBHBIX 3a/1a4 MBIX 3aaq
ammapar. npo0Jem, JaHHBIX I
BO3HHUKAIO- pelieHus
[IUX B XOI€E npodeccuoH
npogeccuo- ATbHBIX
HaJILHOWU Jie- 3a71a4
TEJIBbHOCTH.

42




Tpernit Bimaners He criocoben Cnocoben Bmaneer Bmaneer
JTan HaBbIKaMU paboTats ¢ paboTarts C Croco0- HaBbIKaMU
IKCIEPUMEHTAIb- | PA3JIMYHBIMH | Pa3IAYHBIMU HOCTBIO paboThI ¢
HOTO  HCCIENO- | CPeACTBaMHU CpeAcTBaMu paboTark ¢ | pa3IMYHBIMHU
BaHUS C LENBIO | W3MEPEHUH U3MEpEHUI pa3M4HbI- | CPEICTBAMH
CO3JIaHMsI HOBBIX | TapamMeTpPOB napamMeTpoB MU CPEJICT- | H3MEpeHHH
MEPCIEKTUBHBIX MOJIYIIPOBOJI- | MOJYNIPOBOJ- | BaMH M3Me- | IapaMeTpoB
CPEICTB CBSI3U U HUKOBBIX HUKOBBIX peHwmi MOJTYIIPOBO/T
WHPOPMATHKH. npubOpOB; npuboOB; apamMeTpoB HUKOBBIX
MPAaKTUYECKH | BJIAJEeT HEKO- | MOJYNpPOBOJ | MpHOOpOB;
HE BJIQJICET | TOPBHIMH HaBbl- | HUKOBBIX BJIaJIeeT
HABBIKAMU KaMu pubOpoOB; HaBBIKAMU
IKCHEPUMEH- | OSKCIEPUMEH- | TpaKTU4ec- | IKCIEPUMEH
TaJIBHOTO TaJIBHOTO KU BJaJieeT TAJILHOTO
UCCIIC/IOBA- | WCCJICIOBAHUS | HABBIKAMU | KCCIIEIOBA-
HUS C LENBIO C LIETIBIO OKCIEPUMEH | HHS C IEITBIO
CO3JIaHus CO3J1aHuUs TaJIBHOTO CO3JIaHUs
HOBBIX HOBBIX UCCIIeIoBa- HOBBIX
MEPCIIEKTUBH | TIEPCIEKTUB- | HUS C IIETBI0 | IEPCIIEKTHBH
BIX CPEIICTB HBIX CPEJICTB CO3J1aHus BIX CPEJICTB
CBSI3M U UH- CBSI3U H HOBBIX CBSI3M U UH-
dbopmatuku | WHOOPMATUKH | MEPCHEKTUB | (OPMATHKHU
HBIX
Cpe/CTB
CBSI3M U WH-
dbopmaTuku
[Toxazarenu chopMUPOBAHHOCTH KOMIIETEHIIHH:
Kputepusimu  oueHuBaHUS ~ ABIAIOTCS ~ Oajuibl,  KOTOpPhIE  BBICTABISIOTCS

npernoiaBaTeNieM 3a BUIBl JESITEIBHOCTH (OICHOYHBIE CPENCTBA) IO HWTOTaM H3YYECHUs

Moayiel (pa3/ienoB AMCLUUIUIMHBI), TMEPEUUCIICHHBIX B PEHTHUHI-IIaHE JUCLUIUIMHBL (0714

9K3ameHa: TEKYIIUH KOHTPOJIb — MakcuMyM 40 0aiioB; pyOeKHbIM KOHTPOJIb — MakcuMyM 30

0ayuIoB, MOOIIPUTENbHBIE Oamiabl — MakcumMyM 10; oOna 3auema: TEKyIMHl KOHTpPOJIb —

MakcuMyM 50 6aioB; pyOeKHBIM KOHTPOJIL — MakcuMyM 50 0aioB, MOOMIPUTETHHBIE OaJLTbI

— makcumyMm 10).
[Ikana olleHuBaHUS 0151 IK3AMEHA.:
oT 45 510 59 6aNNoB — «yIOBIETBOPUTEIIBHOY;
oT 60 110 79 6a/I0B — «XOPOIIO»;
oT 80 6aI0B — «OTIUYHOY.

4.2. TunoBbIe KOHTPOJILHBIE 3a]JaHNsl U HHbIE MATEPUAJIbI, HEOOX0TUMBbIE LIS
OLICHKHU 3HaHP[ﬁ, yMeHPlﬁ, HABBIKOB M OIIbITA AC€ATC/IbHOCTH, XaPAKTEPU3YIOIIUX
Tanbl OpMUPOBAHNUSI KOMIIETEHIHI B IIPOIleCCe 0CBOEHHSI 00pa30BaTeIbLHOM
InporpamMmal. MeTozmquKne MaTepUaJibl, ONPEACTAIONIME ITPOLHECAYPHI OCHUBAHUSA
3HAHM, yMeHH i, HABHIKOB H ONbITA JIeSITEJIbHOCTH, XapAKTEPU3YHIIHNX ITAMNBI

(popMupoBanus KomneTeH M

Oransl PesynbraTsl 00y4yeHus Komnerennus | OneHouyHble CpeacTBa
OCBOEHHUS
1-i1 sran 3HaTh OCHOBHbIE [K-17 KOHTPOJIbHBIE pabOTHI;
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3Hauus

NpUOIKeHNS 30HHOH TEOpHH,
0COOEHHOCTH SHEPTETUYECKOTO
CIIEKTpa JIEKTPOHA B
MOJYIPOBOIHUKAX,
¢bu3nuecKue SBICHUS |
KUHeTHYeCKue 3 (HEeKThI B
MOJTYIIPOBOTHUKAX, 3HATH
NPUHIIMITBI ICHCTBUS,
XapaKTEPUCTHKH, TTapaMeTPhl
U OCOOCHHOCTHU yCTpPOMCTBa
MOJYPOBOTHUKOBBIX H
OIITORJIEKTPOHHBIX TPHOOPOB,
UCTIONIB3YEMBIX B CHCTEMax
CBSI3U.

TECTBI; 3aIlIUTa OTYETOB IO
n1abopaToOpHBIM paboTam;
9K3aMEH

2-1 aral

YMmenusa

YMeTh NpOBOIUTH aHAIIU3
Hay4HO- TEXHUYECKOU
uH(popMaln, OTEYECTBEHHOM
1 3apyOeKHOM JTUTEPaTypPHI 1O
3aJJaHHOI TeMaTHKe;
MIPOBOJIUTH MAaTEMAaTHIECKOE
MO/JICJINPOBAHUE FIEKTPOHHBIX
puOOPOB, CXEM H YCTPOHCTB
pa3IUYHOro
(GyHKIMOHATIBHOTO
Ha3zHaveHUs Ha 6aze
CTaHJApPTHBIX TAKETOB
aBTOMAaTU3HPOBAHHOTO
MIPOEKTUPOBAHHUS ;COCTABIIATH
Y TOTOBUTH OTUETHI, HAyYHbIE
yOJIMKAINK, TPE3EHTAINH.

[1K-17

KOHTPOJIbHBIE PAaOOTHI;
TECTBI; 3aIIUTa OTYCTOB IO
n1abopaTOpHBIM paboTam;
IK3aMeH

3-1 aran

Bnanets
HaBbLIKAMH

Brnaners HaBbIKamMu
BBITTOJIHEHUS SKCIIEPUMEHTOB
110 33JaHHOI METOUKE U
00paboTKe pe3yIbTaToB C
NPUMEHEHUEM COBPEMEHHBIX
MH(OPMALIMOHHBIX
TEXHOJIOTUH U TEXHUYECKUX
CPEJICTB.

I1K-17

KOHTPOJIbHBIE pabOTHI;
TECTBHI; 3aIUTa OTYETOB TIO
n1abopaTopHbBIM paboTawm;
IK3aMEH

4.3. Peitmunz-naan oucyuniutsl

(npu neooxooumocmu)

PelTuHr—11aH TUCHUIUIMHBEL JJ1s1 OYHON (OpMbI 00YUeHHsI TPEACTABIIEH B MPUIIOKEHUN
Ne2. JIns 3a0uHoii (hOpMBI MOTYILHO-PEHTHHIOBAs CHCTEMA HE TIPEAYCMOTpPEHA.

DK3aMEeHAIIHOHHBIE OMJIEeThI

ITprmepHBIe BONIPOCHI ISl 9K3aMEHa!
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21
22
23
24
25
26

27
28

29

30

31

32

33

34

35

36

37
38

39

40

38.

WneanbHble KpUCTAILIBI, KpUCTAIIMUECKas pelérka, pemérku bpase. O0o3HaueHue
IUIOCKOCTEN M HaIlpaBlIeHU# B kpucTtauia. Munexkcsl Muiuiepa.
PeanbHble  KpuCTaJUIbl,  CTPYKTYpa  pealbHbIX  KpUCTALIOB.  JledekTsl
KPUCTAIUIMYECKOUN peETKU. [IpuMecHbIe aTOMBI.
Buasl XuMu4eckoi cBA3u MexIy aTOMaMM HOJYIIPOBOJIHUKA.
VYpaaenne Ilpenunrepa s Kpuctauia. AnuabaTuueckoe — MPUOIMKCHHE.
OnHosnexkTpoHHOe  mpuOmmxkenue.  [IpuOmmkeHMe  CHIBHOCBA3AHHBIX U
c1ab0CBSA3aHHBIX JEKTPOHOB. MoJ1e/Ib CBOOOTHBIX 3JIEKTPOHOB.
Mogaens Kponura-IlenHu. DHepreTHyecKuid CHEKTp OHJIEKTPOHOB M 30HHAs
Juarpamma roJylpoBOJIHHUKOB.
3onbl bpumtrosna. DddexTrBHas Macca 3JEKTpOHA. DJIESKTPOHBI U JBIPKH.
DOHepreTuyeckre ypoBHU N1e(EKTOB U MPUMECEH B MOITYIPOBOJHHUKAX.
[IpyHUMOBI 3allOTHEHUS 3JIEKTPOHAMHM  pPa3pElEHHBIX SHEPreTUYECKUX 30H.
OHepreruyeckass  (30HHas)  AuarpaMma  COOCTBEHHOTO M NPUMECHOIO
MIOJTYIIPOBOIHUKOB.
I'enepanuss U pekoMOMHaLMsI HOCUTENIEH TOKa. YCIOBHE TEPMOJIMHAMUYECKOIO
paBHOBecHsl. THUIBI CTATUCTUKU 3JIEKTPOHOB: CTaTUCTUKAa MakcBeiia — boibiimana
u ®epmu — [Iupaka. Pu3n4eCcKuil CMbICH YPOBHS Depmu.
Pacuer KOHLIEHTpalMM 3JIEKTPOHOB U JBIPOK B IOJYNPOBOAHUKAX. IInoTHOCTH
KBaHTOBBIX COCTOSIHUI AJIEKTPOHOB s AIIEKTPOHOB. VYpaBHeHue
JIEKTPOHENTPAIBHOCTH.
BeIposieHHbIE TONynpOBOAHUKH. KpHuTepuii BEIPOKICHUS.
HepaBHoBecHbIe HOCUTENN TOKA B IOJyNpoBoaHUKaX. KBasuyposuu ®epmu. Bpems
KU3HU HEPaBHOBECHBIX HOCUTEJIEH TOKa.
MexaHu3Mbl ~ PEeKOMOMHALMM  DJIEKTPOHHO-ABIPOYHBIX  Map.  MexX30HHa,
CTyIl€HYaTas U NOBEPXHOCTHAs peKOMOMHAINK. DPPEKTUBHOE BPEMS KU3HU.
Hpeiiposbie u nuddy3nonHoe Toku. [lnotHocts muddy3noHHoro u apeidosoro
toka. Koapdumuent nudpdys3un 1 noABMKHOCTb HOCUTENEH TOKA.
VYpaBHeHHE HENPEephIBHOCTU. JIBUKEHHE M30BITOUHBIX OCHOBHBIX HOCHTENEH TOKa,
paauyc skpanupoBanus Jlebast.
JIBr>keHHe M30bITOUYHBIX HEOCHOBHBIX HOCUTENEH TOKa, SIBICHUS HHXEKIUH U
AKCTPaKIUH.
DEeKTPONPOBOAUMOCTD B CIA0bIX MOJSX. THIIBI M1 MEXaHU3MbI pacCcesHUS TOKA..
DNEeKTPONpPOBOAHOCT B CHJIBHBIX AJIEKTPUYECKUX MOJIAX. [opsuue >3JIeKTPOHBI.
D¢ ekt 'anna
'anpBaHOMAarHWTHBIE  SBJICHUS B  MOJYNPOBOAHMKAX. Odddekr  Xosia.
Marunutope3uctuBHbI 3QdexT. [IpakTuyeckre mMpUMeHEHHs raJbBaHOMATrHUTHBIX
s dexTos.
TepmonnekTpuueckue sBJICHUS B MOIynpoBoHUKaX D¢ dekTsl 3eedeka, [lenbThe u
TomcoHa. [IpakTHnueckre NpUMEHEHUS TEPMOITIEKTPUIECKUX SBJICHUM.

Pabora BbIxona 31eKTpoHOB. KOHTAKT MOTYNPOBOJHHUKA C METAJUIOM. 30HHBIE

auarpaMmbl MeTajlla U TMOJYIPOBOAHMKA JO M TOCJ€ KOHTaKkTa B COCTOSIHUU
paBHOBecus. bapeep IlloTTku. BeimpsMieHre Ha KOHTaKTe MOIYINPOBOAHUK-METAILI.
BonbramnepHas xapakTepucTUKa KOHTaKTa.

39.

40.

ONEKTPOHHO-IBIPOYHBII NEPEX0] B COCTOSHUU paBHOBecHs. KoHTakTHas

Pa3HOCTh NOTEHLIMAIOB, €€ 3aBUCUMOCTb OT IIHPUHBI 3alpellEHHON 30HBI,

KOHIIGHTpalu# npuMeceii u tremneparypsl. Lllupuna o6eHeHHOM 061acTH.
HepaBHoBecHoe cocTosHue P-N nepexoxa. IlpsMoe m oOpaTHOE BKIIIOUEHHE.

Bonbt - amnepnas xapakrepuctuka (BAX) maeanusupoBaHHOro p-n nepexoaa U eé
yYpaBHEHHUE.
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41.  Oriauune peasbHBIX 3JIEKTPOHHO-IBIPOYHBIX IEPEXOJ0B OT UACATU3UPOBAHHOIO
pu P-N Iepexo/I0B.
42. [TapameTtpsl p-N-miepexona U ero 3eKTpudeckas monenb. AuddepenuansHoe
conpotuieHue. bapbepHas u quddy3rnonnas EMKOCTH
43. YacTOTHBIC U WMITYJIbCHBIE CBOMCTBA P-N TIepexo/ia
44. 3onHas nuarpamma rereporepexonaa. JJocTOMHCTBA M HETOCTaTKU FeTepOIepeXx0/I0B.
45. ®usnyeckue MpoLECcChl B CTPYKType C JBYMS B3aUMMOJCHCTBYIOLIUMU
Mepexo0/IaMu - TPAaH3UCTOPHBIE CTPYKTYPHI
46.  CxeMbl BKJIIOYCHHS U PEKUMBI paOOTHI OUTIONISPHBIX TPAH3UCTOPOB.
47.  TloneBble TPAaH3UCTOPHI, KJIACCU(DHUKAIINS, TPUHITUT PAOOTHI.
48. llomeBble TPaH3WCTOPHI C  YHOPABISAIOUIMM  [EPEXOJOM, IapaMmeTpsl |
XapaKTePUCTUKU;
49.  M/II- noneBble TPaH3UCTOPHI, TAPAMETPHI  XapaKTEPUCTHKH.

ITepeBon omenkn w3 100-0aIbHONM B YETHIPEXOALIHHYIO MPOU3BOIUTCS CIICTYIOIIAM
obOpazoM:
- oiingHO — oT 80 1o 110 6amnoB (Bkir0o4as 10 moompuTensHBIX 0AJUIOB);
- xoportio — ot 60 1o 79 6anIoB;
- YIOBJIETBOPUTEIIBHO — OT 45 110 59 6aiios;
- HEYJIOBJIETBOPUTEIHHO — MeHee 45 6alioB.

Kpumepuu rx3amenayuonnoii oyenku (6 oannax):

- 25-30 6annoeé evicmasisemcsi cmyoenmy, eciu cmyoenm Ol NOIHble, PA3GEPHYNIbLE
omeemvl HA 6Ce meopemuyecKue 80npocvl Ouiema, NPoOOeMOHCMPUPOBAL 3HAHUE 30HHOU
meopuu  NOIYNPOBOOHUKOE U KUuHemuueckue sGNeHUus U 9@@exmvl 6 HUX, XOPOuio
pazdoupaemcs 8 KOHMAKMHBIX SGNEHUAX U padome OCHOBHLIX NOJYNPOBOOHUKOBbIX NPUOOPOS,
VMeHUe NpUMeHsmb meopemuyecKue 3HAHUS NPU BbINOJHEHUU NPAKMUYEeCKUX 3a0aHUl.
Cmyoenm be3 3ampyoneHuil omeemui Ha 6ce OONOTHUMEbHbIE BONPOCHI.

- 17-24 o6annoe svicmasnsiemcs cmyoewmy, eciu CMYOEHM PACKPbIL 68 OCHOBHOM
meopemuyecKue GONpocvl, OOHAKO OONYWEHbl HEeMOYHOCMU 8 OonpeodeleHUu OCHOBHbLIX
nousmui. Ilpu omeeme na dononnumenvusvie 80NPOCHl OONYUeHbl HeOOIbULUE HeMOYHOCTIU.

- 10-16 6annoe evicmasnsemcs cmyoeHmy, eciu Npu omeeme HA MeopemuyecKue
80NPOCHL CMYOEHMOM OONYUJEHO HECKONLKO CYUIeCMBEHHBIX OUUOOK 8 MOIKOBAHUU OCHOBHBIX
HOHAMUL meopuu noIynposooOHUuKos. Jloeuka u noiHoma omeema Cmpaoarom 3amemHblMu
U3BLAHAMU. 3amemHbl npobOensbl 8 3HAHUU OCHOBHBIX Memooos. Teopemuueckue 80npocel 8
Yenom u3noxcenvl 00CMAmMo4HO, HO ¢ Nponyckamu mamepuana. Mmeromesa npunyunuaivbHovle
OWUOKU 8 102UKe NOCMPOEHUs OMBema Ha 60NPOC.

- 1-10 fannoe svicmasnsemcsa cmyoeHmy, eciu omeem HA meopemudecKue 80npocnvl
ceudemenbcmeyenm O HEeNOHUMAHUU U KpauHe HeNnOoIHOM 3HAHUU OCHOBHBIX NOHAMUL U
Memo0os. Ob6Hapyscueaemcs omcymcmeue HABbIKO8 NPUMEHeHUs MeopemudeckKux 3HAHU
npu 6biNoJHeHuu npakmudeckux 3aoanuu. Cmyoewm He cMO2 OmMeemumsv HU HA OOUH
OONONHUMENbHBIU B0NPOC.

KonTtpoabnas padora
CTyneHThI 10 TaHHOMY KYpCY BBINOJIHSAIOT JABE KOHTPOJIbHBIE paboThl. [Ipumep

BapHaHTa KOHTPOJILHOW pabOThl MPUBE/ICH B IPUIOKeHUU No4.

Kpurepun onenkn B 0a1/1axX BHIOJHEHH KOHTPOJIBHOH padoThI
- KOHTpOJ'II:HaSI pa60Ta XOopouIo O(bOpMJ'IeHa, CBOCBPCMCHHO TIPCACTABJICHA Ha IIOBCPKY,
MTOJTHOCTBIO COOTBETCTBYET TPECOOBAHUSAM, MPEABABIIEMBIM K COICPKAaHHIO U €€ O(OPMIICHHUIO,
PAaCUCThI BCC BBIMNOJHCHBI IIPABUJIBHO U TPOBCACH aHAJINU3 IMMOJTYUYCHHBIX PC3YyJIbTATOB 10 6ammoB
- KOHTpOJ'II:HaSI pa60Ta XOopouro O(bOpMJ'IeHa, CBOCBPCMCHHO TNPCACTABJICHA Ha IIOBCPKY,
MTOJTHOCTHIO COOTBETCTBYET TPEOOBAHMAM, TPEIBIBISIEMBIM K COACPKAHUIO U ¢¢ 0(OpPMIICHHIO, HO B
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pacuerax JOMYIIEHbI HEKOTOPBIE OIUOKY W HE TIPOBEJICH aHAJIN3 IMOyYSHHBIX Pe3yJIbTaTOB 6 0aioB

- KontponbHast paGoTa CBOEBPEMEHHO MpEJACTaBIE€HA Ha IOBEPKY, OJHAKO O(GOpMIIEHa HE B
COOTBETCTBHE C TPEOOBAHUSIMHU, PACUETHI BHIIIOIHEHBI C HEKOTOPHIMU TEXHUYECKUMH OIIMOKaMU U HE
MIPOBEJIEH aHAJINU3 MTOJIyYEHHBIX PE3yJIbTaTOB 4 6anna

- Kontponpnas pabGota odopmiieHa He B COOTBETCTBHE C TpeOOBaHMSMH, MpEACTaBICHA Ha
IIOBEPKY HECBOCBPEMEHHO, PAaCUeThl BBIIIOJHEHBI C TEXHHYECKMMH OIIMOKaMH, HE BBIIIOJHEHBI BCE
IYHKTHI 331aHUS U HE [IPOBEJICH aHAJIN3 IOIy4YEHHbIX Pe3yIbTaTOB 2 Gamna

- - KourTponphas paboTa He mpeacTaBiIeHa Ha IOBEPKY 0 6amtoB

KoMiuiekT TecToB (TECTOBBIX 3aJaHMIA)
CryzaeHTsl 10 JAHHOMY KYPCY BBIIIOJIHSIOT JBE€ TECTOBBIC 3aJaHUSI.
IIpumep BapraHTa TECTOBOIO 3aJaHUS IIPUBEACH B IIPUIIOKEHUHU Ne5.
3a npaBUIIbHBIN OTBET Ha KaXKAbIi TECTOBBIM BONPOC CTYACHTY BbIcTaBisiercs 1 Oan

Ilepeyenn JabopaTopHbIX padboT
1. Uccnenosanue s3¢pdexra Xomnna B HOTYyNPOBOJHUKAX;
2. HccnenoBaHue MoayrnpoBOJIHUKOBOTO AHO/A;
3. HMccnenoBanue CTaTUYECKUX XapaKTEPUCTUK OUIIOISIPHOTO TPAH3UCTOpPA B CXEME C
0D;
4. VccnenoBanue paboThl OUMONISPHBIX TPAH3UCTOPOB B YCHIIUTEIHLHOM PEKUME;
5. HccrnenoBanue 4aCTOTHBIX CBOMCTB OMIOJIIPHOTO TPAH3UCTOPA;
6. XapakTepuUCTUKHU U TTapaMeTPhI TIOJIEBBIX TPAH3UCTOPOB.

CTyaeHThI 110 TaHHOMY KypCY BBINOIHAIOT 3 1a00opaTopHble paboTh

Jlaboparopuble paboThl onucanbl B Meronuuke: [apudymnnun, H.M, Dnexktponuka
[DneKkTpoHHBIN pecypc] : yueOHO-MeToAnYecKoe mocodre K 1adopaTOpHBIM paboTaM Mo
kypcy / H.M. Tapudynnun ; bamkupckuii rocynapcTBeHHbIH yHUBepcuTeT .— Yda :
PUILI baml'V, 2013

=-<URL:https://elib.bashedu.ru/dl/local/Garifullin_Elektronika_ump_2013.pdf>.

[Tpumep onucanus 1a00paTOpHOM pabOTHl TpUBEEH B MPUI0KEeHUN No6.
Kputepumn onenku (B 6a;1;1ax) 0T4ETOB 10 J1a00PaATOPHBLIM padoTam

- JJaboparopHnasi paboTa BBIOJTHEHA, TIPUBEACH MOTHOCTHIO TPABUIIHLHO 7 6annos
O(OPMIICHHBII OTYET, BKIIOYAIOIIHMI MPaBUIbHBIE OTBETHI HA KOHTPOJILHBIE

BOITPOCHKHI, ITPAaBUJIBHO PECIICHHBIC 3aJaHU U NCUCPIILIBAIOIINUE BEPHEIC

paccyXIeHUS C IPSIMBIM YKa3aHUEM HAOIIOJaeMbIX SIBICHUN U 3aKOHOB,

MPOBE/ICHA 3aIUTa OTYEeTa

- JlaboparopHas paboTa BBITIOJIHEHA, POBEICH MPABHILHO 0()OPMIECHHBIN S bannos
OTYCT, BKJ'II-O'—IaIOH_[I/II\/'I MMpaBHIIBHBIC OTBETHI HA KOHTPOJIBHBIC BOIIPOCKHI, HO B

peIIeHrH 3aJaHIi UMEIOTCS OJIMH WJIH HECKOJIBKO HEJJOCTATKOB, HO HE

MPOBE/ICHA 3aIUTa OTYEeTa

- JlTaboparopHas paboTa BBIIIOJIHEHA, HO HET MPaBUIHLHO 0POPMIIEHHOTO OTYETa 3 banna.
- JlaGopaTopHast paboTa He BBITIOJIHEHA. 0 6annos

YuacTre B KOH(pepeHIHAX, MyOJMKANMA cTaTel
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3. Hybonauxauus crareii — 5 6annos

Kpurepuu Ornenka (B Oamnax)
Tum paboTer Pedeparunas pabora 0,1
PaboTa HOCHT HCCIIeIOBATEILCKUN XapaKTeP 0,3
Pabora sBisieTcs ucciefoBaHueM 0,6
Hcnonp3oBanue He ucrnonp3yer HUKaKUX JaHHBIX 0
M3BECTHBIX AaHHBIX U ABTOp HCITOJIb30BAJI U3BECTHBIC JTAHHBIC 0,4
HAYYHBIX ()aKTOB
Hcnonb30BaHbl yHUKAJIbHbIE HAYYHbIE JaHHbBIE 0,6
[TosnHOTA LUTHPYEMOI Hcnonp3oBaH yueOHBINH MaTeprai 0,1
JIUTEPATYPBI, CChLIKA Ha Hcnonbs30Banbl crieluaain3upoBaHHbIC U3JaHUS 0,3
YUYEHBIX
Hcnonp30BaHbl HHTEPHET PECYPCHI 0,6
AKTyanbHOCTH pabOTHI W3yuenne Bonpoca He SBIISETCS aKTyaJIbHBIM 0
[IpencraBneHHas paboTa IPUBJICKAET HHTEPEC 0,4
CBOEH aKTyaJIbHOCTBIO
Pabota coepxuT Hay4HBIN XapakTep 0,6
CreneHb HOBH3HBI PaboTa He cogep>KUT HIYETO HOBOTO 0
TIOTYHCHHDIX PESYILTATOB | B paGoTe mokasaH yxke yCTaHOBIEHHBIH (GakT 0,4
B paGore noxy4eHsl HOBbIE TaHHBIE 0,6

4. Yuactue B KoH(pepeHUMU- 5 dannoe

- TBopueckuii moaxo K 0TOOPY M CTPYKTYPUPOBAHUIO MaTepuaia

- HoBu3Ha 1 caMoCTOSTENbHOCTD P MOCTAHOBKE MPOOIEMBI

- BeicTynieHne He SIBISETCS TPOCTHIM UTEHUEM C dKpaHa

- B BBICTYIUIEHUH AONOJHAKOTCS U PACKPBIBAIOTCS KIIFOUEBbIE MOMEHTHI,

MMpEACTAaBJICHHBIC HA claiimax

- Bo Bpems BBICTYIIIIEHUS TOAIEPKUBAETCA 3PUTENIbHBIA KOHTAKT C ayAUTOPUEH, peUb
OTJINYaeTcd 0OraTCTBOM MHTOHAIWH

7. YdeGHO-MeTOAUYECKOEe U MFHPOPMALMOHHOE O6ecriedyeHre JUCHUNIUHbI

5.1.11epeyeHb OCHOBHOW U JONOJHUTEIbHON Y4eOHOM JINTEpPaTyphl,
Heo0XO0AMMOii 17151 OCBOEHMSI THCIMILTHHBI

OcHoBHas1 iuTEeparypa:
7. Tapudynnua H.M. ®usnueckue 0OCHOBBI AJIEKTPOHUKHU. Y4yeOHoe ocodue. —Y da:
PUO baml'V, 2005. - 164 c.[B 6ubnuoreke baml'y umeercs 34 sk3]

8. Ilerpos K.C. Pagnomarepuainbl, palMOKOMIIOHEHTHI U 3JIEKTPOHUKA: Y4eOHOe

noco6ue — Cni6.: [Tutep, 2006. — 522¢. [ UnTepHer pecype
https://www.google.ru/search?newwindow=1&safe=strict&source=hp&ei=IpViXO-
SO6LMrgTIplG4Bw&q]

9. Crenanenko U.I1. OCHOBBI MHKPORJIEKTPOHHKH. 2-¢ u3aanue. — M.: JlabopaTopust

1 6ann
1 bann
1 6ann

1 6ann

1 6ann

0a3oBbIx 3HaHwMiA, 2003, - 488c. [MuTepHeT pecype https://www.twirpx.com/file/2688/]
10. Dnektponuka : yueb. mocobue / H. M. l'apudymmu .— Ya : PULl baml'V, 2012 .—

164 c. : un. — bubnuorp.: c. 161. .[B oubnuoreke baml'y umeercs 22 sk3]

11. Tapudynaun, H.M. Dnektponuka [DnekTpoHHBIA pecypc] : yued. mocodume / H.M.
lapudymnnun ; bamkupckuii rocynapcTBeHHbI yHuBepeuter .— Y da : PUL[ baml'V,
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2012 .— DmnexkTpoH. Bepcus med. nyonukanuu .— JlOCTynm BO3MOXKEH dYepes
DneKkTpoHHyI0 0nbauoTexy baml'y .—
<URL:https://elib.bashedu.ru/dl/local/Garifullin_Elektronika_up_2012.pdf>.

JlonosHUTeILHAS JUTEpPaTypa

1. ®wusnyeckue OCHOBBI JJICKTPOHUKH : yueO. mocodome / FHO. A. CwmupnoB, C. B.
Coxkomnos, E. B. TutoB .— 2-e u3a., ucnp. — Cankr-IlerepOypr : Jlanp, 2013 .— 560
c. — bubmmorp.: c. 558-.[B 6ubnuoreke baml'y umeercs 8 sx3]

2. Pocano JI. ®usnueckasi 3JeKTPOHUKA ¥ MHUKPO3JIEKTpoHUKAa. —M.: Beicmias mikora,
1991, - 351c .[Muarepuer pecypc http://www.studmed.ru/rosado-l-rosado-I-
fizicheskaya-elektronika-i-mikroelektronika_Ob8bcele483.html]

3. Tapudymmn, H.M. Dnektponuka [DneKTpOHHBIH pecypc] : yudeOHO-METOIUYECKOE

nocobue Kk jabopatopHbiM pabotam mo kypcy / H.M. I'apudymnmun ; bamkupckuit
rocynapcTBeHHbIl yHuBepcuteT .— Y da : PUL baml'VY, 2013 =-
<URL:https://elib.bashedu.ru/dl/local/Garifullin_Elektronika_ump_2013.pdf>.

5.3. Ilepeyens pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHHUKAIMOHHOM
cetu "UHTepHeT' M mMporpaMMHOro ooecrnedyeHusi, HeOOXOAMMBbIX /IJIsl OCBOEHUS
AUCHMILINHBI
CobcTBeHHast Peructpanus
3JEKTPOHHAS B
O6ubanorexa yueOHbIX ABTOpHU30BaHHbIN brubanoreke
DJIEKTPOHHO-
Y HAYYHBIX JIOCTYII 110 baml'V,
OouboTeyHas M -
AJIEKTPOHHBIX apoJIio U3 nanpHewmmii hitps://elib.bashedu.ru/
cucreMa «Ob . .
BawT Vs W3JIaHu#, KOTOpas 000 TOUKH JOCTYT U3
BKJIIOYaeT u3fganus cetu MHTepuer  moOoii
rpenoaaBaTesen TOYKHU CETH
bamlVy WNutepHer
Perucrpanus
DIIEKTPOHHO- ApTopmsopannsii > CTH
OMOIMOTEYHAS [TonnoTtekcToBas b/] HOCT}EI o baml'Vy,
cuctema €0HBIX U HAYYHBIX ATbHEHIIHIA -
1 i MapoJIto U3 8 http://www.biblioclub.ru/
«Y HUBEPCUTETCKAS PIIEKTPOHHBIX . JOCTYII U3
. 110001 TOUKU .
O6ubauorexa W3/1aHui o060
. cetu uTepuer
online» TOYKHU CETH
WNutepHer
Perucrpanus
DIJIEKTPOHHO ABTOPH30BAHHBII >« or
p ITonmHoTEKCTOBAst B/] p baml'y,
OnbmuoreyHas JTOCTYII 110 VI
Y4EOHBIX M HAYUHBIX JanbHEHTITII .
cucreMa apoJIio U3 http://e.lanbook.com/
AIEKTPOHHBIX . JOCTYII U3
M3/1aTeIbCTBA . 11000 TOuKH .
V3 TaHUI Tro60M
«JIaHB» cetu laTepuer
TOYKHU CETH
WNuTtepHer

6. MaTepuajnbHO-TeXHHYeCKas 0a3a, HeOOX0AMMAsI IVIsI OCYIIEeCTBJIEHUSI
00pa3oBaTeILHOIO MPoIEecca MO0 IUCHUILINHE

Jlnst mpoBeieHHsI JICKIIMOHHBIN 3aHATUN HCIIONB3YeTCsl ayAUTOPHBINA (HOH PHU3HKO-
TEXHUYECKOrO UHCTHUTYTA.
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HauMenoBanue Bun 3ansaruin HaumeHoBaHue 000py10BaHus,
CHennATU3NPOBAHHBIX MPOrpaMMHOIo odecrnev4eHust
ayAMTOpUid,
KAa0HHETOB,
Jadoparopuid
1 2 3

1. YueOnas aynuropus | Jlekiuu Jocka aynutopHasi, napThl Y4EHUUECKHUE 3-

JUTS IPOBEICHUS X MecTHbIE 50 mIT.

3aHATUHN JIEKIIHOHHOTO

Tuna: aynuropus 323

(pu3HKO-TEXHUYECKHMA

KopITyc yuyeOHoe)

2. YueOnas aynutopusi | JlabopaTopHsbie YueOunast mebensb, O1ok-nutanus HY 3005

JUISL IPOBEJICHUS paboThI D-2, 6mok-mutanus HY 3005 D-5,

3aHATHUH JJa0OPaTOPHOTO BostbT™METp ['3-118 , BombT™MeTp ['3-118,

tuna: ayauropus Ne321 reHepaTop CUTHAJIOB HU3KOYACTOTHBIN ['3-

(pu3HKO-TEeXHUYECKHMA 11211, reneparop GFG8219A,

KOpITyc yueOHoe ). MUJUTABOJIBTMETP JIaMIoBbIN B3-13,
MoHuTOp 15 «Samsung 550S», monutop 15
«Samsung 152V», monutop 15 «LG 575e,
TCO»99, octmmnorpad C1-83,
ocmmwuiorpad C1-104, ocimmiorpad GOS-
620, ocunmiorpad uudposoit GDS-806S,
IIEPCOHANIBHBIN KOMITbIOTEP Lenovo
ThinkCentre A70z Intel Pentium E 580, 320
Gb? 197, mpuntep HP Laser Jet 1010,
cUCTeMHBbIN 070K KomnbroTepa Intel P4-
2.26, cuctemHbIit 010Kk KOMIIBIOTEpa Intel
P4-2.26, ctenn OABT

3. [lomewenus ans CamocTosTenbHas YuransHeiii 321 Ne 2 HayuHblil v yueOHbIN

CaMOCTOSITENIbHOM pabota ¢donp, HayyHas nepuoauka, Wi-Fi noctyn

pabotsl: YnTanbHbIN
3a Ne2 (kopmyc
¢dusmara, 2 aTax)

JUTSI MOOMJIBHBIX YCTPOWCTB,
HeorpannueHHsli goctyn kK ObC u B/I;
KOJIMYECTBO MOCATOYHBIX MecT -50.
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[Ipunoxenne Ne 1.1

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJPKETHOE OBPA30BATEJIBHOE
YYPEX/IEHME BbICIIEI'O OBPA3SOBAHUA
«BAIIKUPCKUU I'OCYAAPCTBEHHbBI YHUBEPCUTET»

COJIEP)KAHUE PABOYEM ITPOI' PAMMBI

JUCIUATUTHHBI OU3UYECKUe OCHOBBI AJIEKTPOHUKHU
Ha 3 cemecTpe - ouHas

Oo0bem
Bun padorsl
IMCHMILIMHBI 1/0
O6mas Tpynoemkocts nucuuruinisl (3ET / gacoB) 5/180
VY4yeOHBIX YacoB Ha KOHTAKTHYIO paboTy C
MIPETO0IaBaTEIICM: 55,2
JIEKITUHA 18
MIPAKTUICCKUX/ CEMUHAPCKHUX -
71a00paTOPHBIX -36
npyrux (TpymnmoBasi, WHAUBUAYyAIbHAS KOHCYJIBTAIUS 1,2
u UHbBIC BU/IBI yueOHOI JeSITeNbHOCTH,
pelycMaTpUBAIOLINE paboty oOy4aromuxcs c
npenogasarenem) (OKP)
Y4eOHBIX YacoB Ha CaMOCTOSATEIbHYIO pPaboTy 63
oOyuatomuxcst (CP)
VueOHBIX 4acoB Ha MOATOTOBKY K 61,8
sK3aMeny/3aueTy/nuddepeHIIpOBaHHOMY 3a4ery
(Kontposn)
®opma(bl) KOHTPOJIS: 9K3aMeH_3 ceMecTp
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No Tema u conepxanue dopma u3ydeHHs MaTepuala: JEKIUH, OcHOBHas U 3agaHus 1o dopma KOHTPOJIS
/1 MPAKTUYECKHE 3aHATHS, CCMUHAPCKHE 3aHATHUS, | JOMOIHUTENb | CaMOCTOSATEIBHOM CaMOCTOSITENIbHON PabOTHI
nabopaTtopHbie pabOThI, CAMOCTOSITENIbHAS Hast paboTe CTyIeHTOB CTYICHTOB (KOJIJIOKBUYMBI,
paboTta u TpyJ0EMKOCTb B 4ac JauTepaTypa, C yKa3zaHUeM KOHTPOJIbHBIE pa0OTHI, TECTHI U
pEeKOMeH ye JUTEPaTypHl, T.II.)
Mast HOMEPOB 3aja4
CTYJCHTaM
JIK [TP/CEM JIP CP (HOMepa 13
CITHCKA)

1 2 3 4 S) 6 7 8 9

1 | Benenue 0,5 1

1 | Temal Kpucrammmueckoe 1.5 - - 2 1,2,3 JI.1-rmaBal, Tekymuit KOHTPOJIb: TECTOBBIC
CTPOEHHUE TBEP/BIX TEJ. JI.3-rnaBa 2.2 BOIIPOCHI,
NneanbHbie U peanbHbIC Pemerku bpasa.

KPUCTAILJIBL. DJIeMEH- Wunexcer
TapHas suerka. Pemerku Munnepa. JI.1,
bpasa. Tumsl nedexton cTp.6-9
KPUCTAJUIMYECKOU

pewetku. JledexTol

MIPUMECHBIX aTOMOB.

2 | Tema 2.DOmeMeHTHI 30H- 2 - - 4 1,2,3 JI.1-rnaBa2, Tekyuuit KOHTPOJIb: TECTOBBIE
HOM TEOpUM TBEPIOTO JI.2-rmaBa 1, 1 BOIIPOCHI, KOHTPOJIbHAs paboTa
Tena. 30HHAs AUarpaMmMa Mopnens Kponura-

COOCTBEHHOT0 ¥ IIPUMeEC- _Ilennn. JI.1,
HOT'O MOJIYIIPOBOIHUKOB. cTp.26.
OHEpPreTU4ecKuii CIeKTp

anekTpoHoB.  [loHsaTue

JIBIPKH.

3 | Tema 3. KonmeHtpamuu 1,5 - 4 2 1,2,3,4 JI.1-rnaBa3, Otuer no 1aboparopHoii paboTe.
PABHOBECHBIX HOCHUTEJIEH JI.2-rnmaBa 1,5 Kontponbnas padota
3apsga B TMOJYIPOBOJ- BrIpok1eHHBIH
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Hukax. [loHarue ypoBHs
®epmu. KoHuenTpauus
JJIEKTPOHOB U JBIPOK B
COOCTBEHHOM U IIPUMEC-
HOM IIOJIYIIPOBOJHHUKAX.
BrIpoxieHHBIE
IIOJIYIPOBOTHUKH.

MOJTYIIPOBOTHHK.
JL.1, cTp.47

Tema 4. HepaBHOBeCHBIE
HOCHUTEJM 3apsja, Bpems
JKU3HHU U CKOPOCTh
pekomOunanuu. Dusu-
YecKue MEXaHHU3MBbI
pexomOunanuu. Anddy-
3UOHHBIE M JIpeidoBbIe
TOKH. YpaBHEHHE Helpe-
peiBHOCTH.  [Iporueccsl
paccnpocTpaHeHusi  oc-
HOBHBIX U HEOCHOBHBIX
HOCHUTEJIEN TOKa, OHATHUS
WH)KEKIIUU U SKCTPAKIUU
HEOCHOBHBIX HOCHUTEINEN
TOKa.

1,5

JI.1-rmaBa4,
JI.2-rnmaBa 1,5

Otyet mo nabopaTopHoit pabore,
TECTUPOBAHUE

Tema 5 Kunermueckme
ABJIEHUS B  IOJYIpPO-
BOJIHUKaX. OJIEKTPOIPO-
BOJHOCTh B CJA0OBIX H
CUJIBHBIX DJIEKTPUYECKHUX
MOJISIX, rajbBaHO-
MarHuTHblE H  TEPMO-
AIIEKTPUUECKUE SIBJICHUS.

10

1,371

JI.1-rimaBas,
JI.3[-rnaBa 1,5

Otyer no nabopaTopHoil padore,
PyGexxHbIif KOHTPOJIb

Monyns 2. Kon

TAKTHBIC ABJICHUSA B IMOJTYIIPOBOJHUKAX.

Tema 6. ®usnyeckue
MPOIIECCHl TTPU KOHTAKTE
METaJUI-MIOJYITPOBOJIHUK.

8

6

1-4

JI.1-rnaBa6,
JI.2-rmaBa 1,6
JI.3-rnaBa 3.

Otuer no naboparopHoii padore,
KOHTpOJIbHas padoTa,
TECTUPOBAHUE
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Boabr-amnepHas xapak-
TEPUCTUKA BBIIPSIMIISIO-
IIEro KOHTAaKTa MeTasll-
MOJYypOBOJHUK. bapbep
[oTTKH. Omuueckue
KOHTAKTBHI.

Tema 7. ®usnyeckue
IpoLecchl MpU UACAIH-
3UpOBAaHHOM  KOHTAaKTe
MOJIYIIPOBOJITHUKOB ~ N-U
p- THIA C OJMHAKOBOH
HIMPUHON 3alpeleHHON
30HBI. BosbrammnepHas
XapaKTEepUCTUKA WJIeaTH-
3UPOBAaHHOTO U peaib-
HOTO p-n TIEPEXO0B.

1-4

JI.1-rnmaBa7,
JI.2-rimaBa 1,6
JI.3-rnaBa 3.

Otuer no 1aboparopHoii padore,
TEKYIIUH KOHTPOJIb,
TECTHPOBAHHUE

Tema 8. PabGora p-n
nepexoja B JIMHAMHU-
YECKOM pexuMme.
OKBHUBaJICHTHAsl CXeMa p-
n nepexosia, YacToT
Hble U  MMIIYJbCHBIE
CBOMCTBA p-n nepexoza

1,3/

JI.1-rimaBa7,

JI.3/]-rnaBa 3.

Otuer 1o 1aboparopHoit padore,
TEKYIIUI KOHTPOJIb

Tema 9. ®usuyeckue
MIPOLIECCHI npu
KOHTaKTax MOIYyIPOBOJI-
HUKOB C  Pa3JIMYHOU
HIMPUHON  3alpeIeHHON
30HBI (TeTepoIepexo/ibl)

0,5

1,211

JI.1-rnaBa7,
JI.2]I-rnaBa 4.
JI.4 —rnaBa 2

Texymui KOHTPOJIb,
TECTUPOBAHUE

10

Tema 10. Pusnueckue
MIPOIIECCHI B CTPYKTYypE C
JIBYMsI B3aMOJIEHCTBYIO-
OUMH ~ TIepexojamMu -
TPAH3UCTOPHBIE  CTPYK-

2,5

10

JI.1-rnaBa7,
JI.2-rmaBa 4
JI.3-rimaBa 5.
JI.4 —rmaBm1 3,6.

Otuer no naboparopHoii padore,
PyOEKHBIN KOHTPOJIb,
TECTUPOBAHUE
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Typbl. Cxembl BKJIIOYE-
HUS, PEKUMBI pabOThl U
bu3ndeckuit  MPUHLUI
NeHcTBUSL  OUITOJIIPHBIX
TPaH3UCTOPOB.

11 | Tema 11. MII- 2 8 10 JI.2-rnaBa 5 Otyet mo nabopaTopHOii pabore,
CTPYKTYpBHI, O ekt JI.3-rnaBa 4. TEKYIIUH KOHTPOJIb
OJIS. MJIII-rioneBwie JI1.4 —rnaBs1 8,9
TPAH3UCTOPBIL.
Hmozo 18 36 63 Bcero 180 uacoB
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[Tpunoxenue Ne 1.2

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJUKETHOE OBPA30OBATEJIBHOE
YUYPEXXJEHUE BBICIIEI'O OBPASOBAHUA
«bBAIIKUPCKUU I'OCY JAPCTBEHHbBIN YHUBEPCUTET»

COJEPXKAHUE PABOYEN ITPOI' PAMMBI

IUCHUITHHBI OU3NYecKne OCHOBBI AIEKTPOHUKH
Ha 2 u 3 ceMecTpax - 3a04Has

Oobem 2 3
Buna padorsl
U CHUTLTHHBI ceMecTp cemMecTp
OO0mass  TPYJOEMKOCTh  JTUCHUILIAHBI
(3BET / gacoB) 5/180
Y4eOHBIX YacOoB HAa KOHTAaKTHYIO paboTy
C TIPeIoaBaTeseM: 17,7 8 9,7
JICKIIMA 8 4 4
NPAaKTUYCCKUX/ CEMUHAPCKUX - - -
71a00paTOPHBIX 8 4 4
Ipyrux (TpymnmoBas, WHAMBHAyalbHas 1,7 - 1,7
KOHCYJbTAllUs W WHBIC BHUABI Y4eOHOM
JesTeNbHOCTH, TIPelycCMaTpUBAIOIIe paboTy
oOyuatomuxcs ¢ npenogasarenem) (OKP)
Y4yeOHBIX YacOB Ha CaMOCTOSITEIHHYIO 155 28 121
paboty obyuatomuxcs (CP)
Y4eOHBIX YacoB Ha MOATOTOBKY K 9 9
sK3aMeHy/3auery/nuddepeHnpoBaHHOMY
3auety (KoHTpo:n)
®opma(bl) KOHTPOIIS: 9K3aMeH_3 ceMmecTp
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No Tema u conepxanne dopma u3ydeHHs MaTepuala: JEKIUH, OcHOBHas U 3agaHus 1o dopma KOHTPOJIS
/1 MPAKTUYECKUE 3aHATUS, CEMUHAPCKUE 3aHATUS, | JIOMOJHUTENb | CaMOCTOSITEIbHOM CaMOCTOSITENIbHON PabOTHI
nabopaTtopHbie pabOThI, CAMOCTOSITENIbHAS Hast paboTe CTyIeHTOB CTYICHTOB (KOJIJIOKBUYMBI,
paboTta u TpyJ0EMKOCTb B 4ac auTeparypa, C yKa3aHHEeM KOHTPOJIbHBIE pa0OTHI, TECTHI U
pEeKOMeH ye JUTEPaTypHl, T.II.)
Mas HOMEPOB 3aja4
CTYJCHTaM
JIK [TP/CEM JIP CP (HoMepa 13
CITHCKA)

1 2 3 4 S) 6 7 8 9

1 2 cemecTp

1 | Temal.BBeneuune. 0.5 - - 4 1,2,3 JI.1-rmaBal, Texymuit onpoc
Kpucramnuaeckoe JI.3-rnaBa 2.2
CTPOEHHE TBEPABIX TEI. Pemerku bpasa.
NneanvHble U peanbHbIe MNunexcol
KpUCTAJIJIbI. DJIeMEH- Munnepa. JI.1,
TapHas s4yenka. Pemerku cTp.6-9
bpass. Tunsl nedexkron
KPUCTAJUIMYECKOU
pemetku. JedexTs
MIPUMECHBIX aTOMOB.

2 | Tema 2.DmeMeHTHI 30H- 1 - - 6 1,2,3 JI.1-rnaBa2, Tekymuit onpoc, KOHTPOIbHAS
HOW TEOpUM TBEPIOIO JI.2-rnaBa 1, 1 pabota
Tena. 30HHAs AUarpaMma Mopens Kponura-
COOCTBEHHOTO U IPUMeEC- _Iennn. JI.1,
HOTO MOJYIIPOBOJAHHUKOB. cTp.26.
DHEpPreTUYeCcKuil CIeKkTp
3NeKTpoHOB.  llonsATne
JIBIPKU.

3 | Tema 3. KonmeHTpamuu 0,5 - - 8 1,2,3,4 JI.1-rnaBa3, KonTponbHas padbota
PaBHOBECHBIX HOCHUTEJEH JI.2-rimasa 1,5
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3apsiia B MOJYNPOBOA-
Hukax. [loHarue ypoBH:
®epmu. KoHneHTpanus
AJIEKTPOHOB U JBIPOK B
COOCTBEHHOM W TpUMeEC-
HOM TIOJIYIIPOBOJHUKAX.
BripoxaeHHbie
MOJIYITPOBOTHUKH.

BripoxaeHHbII

JL1, ctp.47

IIOJIYTIPOBOJIHUK.

Tema 4. HepaBHOBECHbBIE
HOCHUTENH 3apsiia, Bpems
JKU3HHW U CKOpOCTh
pexomOuHanuu. Dusn-
YecKue MEXaHU3MBbI
pexombunanuu. duddy-
3UOHHBIE U JpeiidoBbie
TOKH. YpaBHEHHUE HeElpe-
peiBHOCTH.  [Iponeccer
paccupocTpaHeHus — Oc-
HOBHBIX U HEOCHOBHBIX
HOCHUTEJICH TOKa, OHSITHS
WHKEKINHU U 3KCTPAKIUU
HEOCHOBHBIX HOCHUTEJIEH
TOKA.

JI.1-rnaBa4,
JI.2-rnmaBa 1,5

Tema 5 .Kunernueckue
SABJIEHUS B  MOJYyIpO-
BOJHUKAX. IJIEKTPOIPO-
BOAHOCTE B CJa0BIX H
CUJIBHBIX DJIEKTPUUYECKHUX
MOJIAX, rajlbBaHO-
MarHuTHblE H  TEPMO-
SJIEKTPUYECKUE SIBJICHUS.

JI.1-rmaBa$,
JI.3/I-rnaBa 1,5

UTOro

Tema 6. ®usnyeckue

o
[y

4 1-4
6 1,301
28

3 cemecTp
12 | 1-4

| J1.1-rnagas6,

\ Texynmi onpoc
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MPOLECCHl ITPU KOHTAKTE
METAJII-TIOTYTIPOBOIHHUK.
BonbT-amnepnas xapak-
TEPUCTUKA BBIIPSIMIISIO-
IIEr0 KOHTAaKTa MeTajli-
MOJYypOBOJHUK. bapbep
[loTTKMN. Omuueckue
KOHTAKTHI.

JI.2-rimaBa 1,6
JI.3-rnaBa 3.

Tema 7. ®usnyeckue
IpoLecchl MNpU UAcaIH-
3UpOBAaHHOM  KOHTAaKTe
MOJIyIIPOBOJITHUKOB ~ N-U
p- THIA C OJMHAKOBOH
HIMPUHON 3aIpelICeHHON
30HBI.  BosbrammnepHas
XapaKkTEepUCTUKA WJIeaTH-
3UPOBAaHHOTO U peaib-
HOTO p-n TIEPEXOO0B.

0,5

18

JI.1-rmaBa7,
JI.2-rimaBa 1,6
JI.3-rnaBa 3.

TEKYILIUN KOHTPOJIb

Tema 8. PabGora p-n
nepexoja B JAMHAMU-
YECKOM pexuMe.
DOKBUBaJICHTHAs CXeMa p-
N Tepexoja, YacTOTHBIC
U UMIyJIbCHBIE CBOMCTBA
p-n Tepexona

0,5

22

1,31

JI.1-rmaBsa7,

JI.3]I-rnaBa 3.

TEKYIUHA KOHTPOJIb

Tema 9. ®usuyeckue
MIPOLIECCHI npu
KOHTaKTax MOIYyIpPOBOJI-
HUKOB C  Pa3JIM4YHOU
HIMPUHON 3alpeleHHON
30HBI (TeTepoIepexo/ibl)

0,5

20

121

JI.1-rnaBa7,

JI.2]I-rnaBa 4.

JI.4 —TnaBeI 2

Texymui KOHTPOJIb,
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10 | Tema 10. ®usuyeckue 1 - 4 28 1-4 JI.1-rnaBa7, Otuer o maboparopHoit padore, ,
IIPOLIECCHI B CTPYKTYpeE C JI.2-rnaBa 4 TECTUPOBAHUE
JIByMsI B3aUMOJICHCTBYIO- JI.3-rnaBa 5
IIMMU  Tepexojamu - J1.4 —rnaBwi 3,6..
TPaH3UCTOPHBIE  CTPYK-
Typbl. CXembl BKJIIOYE-
HUS, PEKUMBI pabOThl U
Gu3MYECKUN  TPUHIUT
NeHCTBUS  OUIOJISIPHBIX
TPAH3UCTOPOB.
11 | Tema 11. MAII- 1 - - 27 JI.2-rnaBa 5 HtoroBoii KOHTPOJIb
CTPYKTYPHI, Dddexr J1.3-rnaga 4.
TOJISL. M/II-noneBsie J1.4 —rnaBst 7,8
TPaH3UCTOPBHIL.
Hmozo 3a 2 cemecmp 4 0 4 1271
Hmozo 8 0 8 149 Bcero 180 uacoB
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PeliTHHIr-IJIaH AUCHUILIIMHBI

«Pu3ndecKrue OCHOBEI SJICKTPOHUKU

Hanpanenue «Hngorxommynuxayuonnsie mexrnonrocuu u cucmemul csasuy, npodunb «Onmuveckue
CUCIEMbL U CEMU CEA3UY.

Kypc 2, cemectp TpeTmii

[Ipunoxenne Ne2

Bunpl yaeOHON A€ATENBHOCTH CTY/ICHTOB bain 3a Yucno bainer 3a Bpems
KOHKpET. 3aJaHUi | OCBOCHUS MOZYIIS
3a/laHue Munum. | Makcum.

Moayasb 1. OcHoBBI GU3NKH NOJYIPOBOJHHUKOB.
Tekyumii KOHTPOJIb
1. KonTposbHas paboTa ‘ 10 ‘ 1 ’ 0 | 10
Py0e:xxHbIii KOHTPOJIb
1. Tectuposanue | 1 | 10 | 0 | 10

Mopay.ib 2. KoHTakTHBIE sIBJIeHHS B NOJIYNPOBOAHUKAX. [101ynpoBOAHUKOBBIE THObI

Tekyummii KOHTPOJIb

1. Pa6oTa Ha 1abOPATOPHBIX 3AHATHSIX 1 1 0 1

2. TIpesicTaBienye otyera mo abopar. pabore 2 1 0 2

3. 3ammTa oT4eTOB MO JabopaTop.padbore 3 1 0 3

4. KonTponbHas pabora 8 1 0 10
Py0e:kHbII KOHTPOJIb

1. TectupoBanue | 1 | 10 | 0 | 10

Mopnyas 3. ®uznyeckue npoueccobl u sisjeHusi B n-p-n 1 MOII crpykrypax. Tpan3ucropsl.

Tekyumii KOHTPOJIb

1. PaGora Ha 1a00paTOPHBIX 3aHATUAX 2 2 0 4

2. IlpencraBienue oryera no jabopar. pabore 2 2 0 4

3. 3ammTa 0T4eTOB 1O JabopaTop.pabore 3 2 0 6
Py0e:kHbII KOHTPOJIb

1. TectupoBanue | 1 | 10 ’ 0 | 10

IoompuresbHble 6ANTBI
1. YuacTue B pa3paboTke KOMIBIOTEPHOTO 0 10
MOJIETUPOBAHMS J1a0OPaTOPHOU pabOTHI
ITocemaemocTsb (6a/1bl BEIYUTAIOTCS M3 001IeH cyMMBbl HAOpaHHBIX OAJIIOB)

3. Hemocemnienne JTeKIIMOHHBIX 3aHATHI 0 -6

4. Henocenienue 1a00paTOpHBIX 3aHATUH 0 -10
HUTOroBbIii KOHTPOJIb

DK3aMeH 0 30
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[Ipunoxenne Ne3
®opma IK3aMEeHALMOHHOT0 OnJIeTa
MHHUCTEPCTBO OBPA3OBAHUS 1 HAYKU POCCUMCKON ®EJIEPAITN

OEJIEPAJIBHOE I'OCY JAPCTBEHHOE BIOJ’KETHOE
OBPA30OBATEJIbHOE YYPEX/IEHWUE BBICIIEI'O OBPA3OBAHIA
«BAIIKMPCKUU TTOCYJAPCTBEHHbBIN YHUBEPCUTET»

PU3UKO-TEXHUYECKU HHCTUTYT
Kagenpa nH)poOKOMMYHUKAIIMOHHBIX TEXHOJIOTHH U HAHORJIEKTPOHUKH

DK3AMEHAIIMOHHBIN BUJIET Nel
10 TUCIMIUINHE «DU3NYECKHE OCHOBBI JIEKTPOHUKH

Hampasnenne 11.0 3. 02 «MMH)OKOMMYHUKAIIMOHHBIE TEXHOJIOTUU M CUCTEMBI CBSI3H,
npopmib «ONTHYECKUE CUCTEMBI U CETH CBS3M.

1. WneanmbHble KpHCTAUIBI, KpUCTAUTMYEeCcKas pemérka, pemérku bpase. OOo3HaueHUe

TUIOCKOCTEN M HampaBlieHUH B kpuctaina. Muaekcel Muiuiepa.

2. DIJIEeKTPOHHO-ABIPOYHBINM TMEpPEeX0]l B COCTOSHUM paBHOBecusa. KoOHTakTHas pa3HOCTh
MOTEHIMAJIOB, €€ 3aBUCUMOCTh OT IIMPHUHBI 3alpEIIEHHON 30HBI, KOHUECHTPALMU MPUMECEN U
temneparypsl. [llupruna o6eaHeHHOM obnacTu.

V1B CPpKIACHO Ha 3acCaaHun Ka(I)C,Z[pBI I/IH(I)OKOMMyHI/IKaLII/IOHHBIX TEXHOJIOTUI u

HAHOAJIEKTPOHHUKH: TIPOTOKOJI Ne 7 ot 5 mrons 2018 r.
3aB.kadenpoii /P.b.CanuxoB
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[Tpunoxenue No4
[Tpumep KOHTPOIBHON PabOTHI

Nwmeetcss pe3kuil KpEMHUEBBIN p-n — nepexo], Haxonduwmiics npu temneparype 7 =300K.
P- obmnactp nmepexoja JerupoBaHa aToMaMu 0opa ¢ KoHueHtpanueit Ny, a obmacts n — mepexona
nerupoBana aromamu (Gocdopa ¢ konueHtpauuu Np. Vcrmonb3ys crnpaBoYHBIE MAaHHBIE U
YHCIIEHHBIC 3HAaYEHUS JUI1 CBOETO BapUaHTa, IPUBEICHHBIC B TAOJUIIE, ONIPE/ICIINTh!

a) BBICOTY MOTEHIMANbHOro 6apbepa V , mmpuHy p-n nepexoxa | mupuny obennennoi

obmacreit |, u |

(V=0);

o C K&KION CTOPOHBI [IEPEX0/ia B OTCYTCTBHE BHEIIHEH Pa3HOCTH MOTCHIHATIOB

0) BBICOTY MOTEHIMAIBHOTO Oapbepa M MIMPUHY 00eAHEHHOH obiacteii |, u |, ¢ xaxnoi
CTOPOHBI IIEPEX0/1a IPH NPSIMOM HanpspkeHuu V,
B) BBICOTY NOTEHIMAILHOTO Oapbepa U MMpUHY o0eqHeHHOM obnacteit |, u | ¢ xaxsoi

CTOPOHBI IIEpexoaa IIpHu O6paTHOM HaIIpsAXKCHUKU Voﬁp;

r) 6apbepHyto eMKocTh C,,, IIpU 0OPaTHOM HanpsKEHUH V ; , €CIM IUIOILAAb HONEPEUHOr0

o6p !
CCUCHUA IICPEXO0/a paBHA S,

1) HamnpspKeHWe JIaBUHHOro mnpodos V ecnu npoOoil  HAacTymaeT NpU HaNpsHKEHHOCTH

npo6?
E - 7
ANIEKTPHUYECKOTO OIS =3¢10' B/m.
€) HapuCcOBaTh JHEpreTMdeckue auarpammbl mepexomga npu pasuosecuu (V =0), mpu
npsamom V, u obpatHom V,, CMEIIEHHSX C yY4€TOM IONYYEHHBIX PACYETHBIX [AHHBIX M

coOIroIeHreM Macurraoa.

Tabnuua
No BapuanTa | Np, Y Na Y Vip, B | Vogp, B |S, oM’
1 15-10"% | 2.10" |03 S 2-107°
2 3.10 |1,5.10™ |04 6 4.10°°
3 5.10* | 3.10®* |05 10 2-10*
4 6-10° |1.10® 045 |15 8-10°3
S5 55-10"% | 7-10® | 0,6 12 6-10
6 5.10 | 8.10* |035 |8 1.10°
7 15-10"® | 6-10 | 0,55 |20 9.10™
8 5.10% | 3.10** |0,7 18 6-107°
9 6-10*° |1.10® |065 |14 2-1072
0 5.10* | 8.10" |035 |16 5.10°°

CTyneHThbl BBINOJHAIOT KOHTPOJBHYIO pabOTy B COOTBETCTBHE CO CBOMM BapuaHToM. Ha
BBITIOJTHEHNE KOHTPOJIbHON pabOThl OTBOAUTCS 3 JTHS.
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ITpunoxxenue Ne5

1. Kakoii mo,iynnpoBOJIHUK HA3BIBAETCH COOCTBEHHBIM?
1. ITonynpoBOAHUK, UMEIOILIHM MOTUKPUCTATIIMYECKYIO CTPYKTYPY.
2. TlonynpoBOAHUK, UMEIOIINI MOHOKPUCTAJUIMYECKYIO CTPYKTYPY.
3. IlonynpoBOAHUK, HE COACPIKAIIUM TOHOPHBIX U AKLIIENTOPHBIX TpUMeECeii!
4. JIro60¥ noIyNpOBOJHUK.

2. Kak u3MeHsieTcs yaeJibHOe 3JIeKTPHYECKOe COMPOTUBJIEHUE COOCTBEHHBIX MOJIYNPOBOIHUKOB
€ POCTOM TeMIepaTypbi?

1. C pocrom TemMIiepaTypsl yAEIbHOE 3JEKTPUUECKOE COITPOTHUBIIEHUE PACTET.

2. C pocToM TeMIiepaTypsl yaelIbHOE 3JIEKTPUIECKOE COMPOTUBIICHUE YMEHBIIACTCS.

3. VYnaenbHOE DIIEKTPUYECKOE CONPOTHBICHHWE COOCTBEHHBIX  MOJIYINPOBOAHUKOB  OT
TEeMIIepaTypbl HE 3aBUCHT.

3. I'ne pacnosaraercs yposeHb ®epMu B cOOCTBEHHOM IOJIyIIPOBOIHUKE?
1. BOm3u BajleHTHOH 30HEI.
2. BOnu3u cepeuHbl 3anpenieHHoi 30HbI.
3. BOnu3u 30HBI IPOBOAUMOCTH.

4. Kakoii noJiynmpoOBOAHNK HA3bIBAETCH IPUMECHbIM?
1. CMech HECKOJBKUX PA3IMYHBIX MOJIYITPOBOIHUKOB.
2. CruiaB KpeMHHUS ¥ TepMaHusl.
3. TonynpoBOJHUK, COAEpX AIINii B HEOOJBIION KOHIICHTPAIIMH MPUMECH C BaJE€HTHOCTHIO,
OTJIMYHOM OT BaJIECHTHOCTH OCHOBHOTI'O BEILIECTBA.
4. MexaHnueckasi CMECh YaCTHIl METAJIJIa M TUDJIEKTPUKA.

5. lIpuMecHu KaKoif BaJIECHTHOCTH 00ecreYuBaIOT MOJy4YeHHe MOJYNPOBOAHUKOB N-TUNa?
1. Tpexsanentusie (In, Ga).
2. YUersipexBanentusie (C, Sn).
3. C BaJICHTHOCTBIO OOJIBILICH, YeM Y HCXOIHOTO MaTepuaia (As, Sb).
4. C BaJIGHTHOCTBIO MEHBUIEH, YEM Y UCXOJHOI0 MaTepuaa.

6. I'ne pacnosiaraercs ypopenb ®@epmMu y NpuMeCHbIX MOJIYNIPOBOAHUKOB N-THNA?
1. Ilocpenune 3anpenieHHON 30HBbI.
2. B BaneHTHOM 30HeE.
3. B 30He IpOBOIUMOCTH.
4. BOnu3u BaJeHTHOH 30HBI.
5. B6su3u 30HBI IPOBOAUMOCTH.

7. YKaKuTe dJHePreTHYecKy JAuarpaMmy NpHMMeCHOr0 NMOJIyNPOBOJHUKA p-THIIA.

30Ha NPOBOAUMOCTH
Ec EC
E

F

Ec

Er

3anpenieHHas 30Ha
Er
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Banenrtnas 3oHa

1. 2. 3.
8. Uto Takoe nu¢dy3ust HocuTesIel TOKa B OJYIPOBOAHUKE?
1. JIBueHne HOCUTENEH 3a CUET AJEKTPUIECKOTO MOJIA.
2. Xa0THYeCKOE TCILUIOBOE JBUKCHUES HOCHTEICH.
3. JIBMKeHHUe HOCHUTEJNEH 3a CUET PA3HOCTH UX KOHIICHTPALIUH.

9. Yto Takoe apeiidg HocuTesIeli TOKA B MOJYIIPOBOJAHUKE?
1. JIBu>xeHne HOCUTENEH 3a CUET ICKTPUUECKOTO TOJIS.
2. Xa0TUYEeCKOE TETJIOBOE JIBUYKEHHUE.
3. JIBu>KeHHUE 3a CUET Pa3HOCTH KOHIEHTPALIHi.

10.Y10 Takoe MHKEeKUMSI HOCUTe el 3apsiga?

1.5IBnennie oOeqHEHUST HEOCHOBHBIMH HOCHUTENSIMH TOKa OOJACTH MOJYHNPOBOIHHUKA TIOX
JEUCTBUEM DJICKTPUYECKOTO MOJIA.

2. HBJIGHI/IC 060FaHICHI/I$I HCOCHOBHBIMU HOCHUTCIIEIMU TOKaA O6JIaCTI/I HOJIprOBOI[HI/IKa 1o1q
JIEUCTBUEM DJICKTPUYECKOTO MOJIA.

3. SlBnenue oOeqHEHHS OCHOBHBIMH HOCHUTEISIMH TOKa OOJIACTH MOJIYIPOBOJHUKA TIOJ
JIEACTBUEM DJIEKTPUYECKOTO MOJIA.

4. SIBnenue oOoraiieHHss OCHOBHBIMH HOCHUTEISIMH TOKa OO0JIACTH TOJYHIPOBOJHMKA O]
JIEACTBUEM DJIEKTPUYECKOTO MOJIA.

11. HepaBHoBecHasi pyHKIUS pacnpeae/eHUs IOKAa3bIBaeT
1. Pacnpenenenue HoOcuTeNneld TOKAa IO JHEPreTUYECKMM COCTOSIHMSIM IOJ JAECHCTBHEM
TEIJIOBOM HEPTUH.
2. Pacnpenenenue HOcUTENEW TOKAa IO JHEPreTUYECKMM COCTOSIHMSIM T0J JAEHCTBHEM
BHEUIHUX BO3JICHCTBHI, HATPUMEP, HIEKTPUUECKOTO TTOJIS.
3. Het npaBuiabHOro OTBETA.

12. CuabHBIMH HAa3BIBAIOTCH IJEKTPUICCKHE MOJsd B MNOJYINPOBOAHHKAX, KOraga €ro
NMpoOBOAMMOCTH

1. 3aBHCHUT OT BEIUYHHBI QJICKTPHUYICCKOTI'O ITOJIA.

2. He 3aBuCHT OT BETMUHHEI SJICKTPHUYCCKOI'O ITOJIA.

3. Her IMMPpaBUJIbBHOT'O OTBCTA.

13. 9J1C Xoana V, onpenesiercs popmy.ioii
1.V, = R%. 2.V, = RBI—d. 3.V, =1 R_Bd 4.V, = RId—B, riae R - nocrosannas Xomna, | -
TOK B TIOJIYTIPOBOHHKE, B - MHIyKIMs MarHUTHOTO NoJist ¥ O - pa3Mepsl MOTyPOBOJHUKA.

14. D dexr 3eedexa cocTOUT B TOM, YTO

1. B anekTpryeckor 1Eenu, COCTOAIICH U3 IByX MPOBOJHUKOB, BBIJEISETCS WIIM MOTJIONIAETCS
JONIOJIHUTEIBHOE  TEIUIO, €CIM KOHTAKThl IPOBOJHHMKOB IOJIJICPKUBAIOTCS TPU  Pa3HbIX
TeMmmnepaTrypax.

2. B anexkTpuyueckoil 1enu, cocTosuie u3 AByX MPOBOJHUKOB, co3gaercs TepmMoIC, ecnu
KOHTAKTbI MPOBOTHUKOB MOAEP>KUBAIOTCA MMPU Pa3HBIX TEMIEpaTypax.

3. B anekTpuueckoi 1eMnu, COCTOAIIEH U3 IBYX TPOBOIHUKOB, BBIIESETCS WU MOTJIOMIAETCS
JIOTIOJTHUTEIBHOE TEIJIO, €CJIM B LEMH TEUET JICKTPUIECKHUI TOK.

15. ¢ dexr IleabThE COCTOUT B TOM, YTO
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1. B anexTpuueckoil Lenu, COCTOSIEN U3 ABYX MPOBOJIHUKOB, BBIIEISAETCS WU MOIVIOIIAETCS
JIOMOJIHUTEIBHOE  TEIUIO, €CJIM KOHTaKThl MPOBOJHHUKOB MOJJIEPKUBAIOTCS TP Pa3HBIX
TeMIlepaTypax.

2. B snekTpuyeckoi 1enu, COCTOSIENH U3 ABYX MPOBOJHUKOB, co3naerca TepmMoI/C, eciu
KOHTAKThI MPOBOIHUKOB MOIJIEP>KUBAIOTCS MPU Pa3HBIX TEMIIEpATypax.

3. B snekTpuueckoi 1Enu, COCTOAIICH U3 IBYX TPOBOAHUKOB, BBIJICISETCS WIIM MOTJIONIAETCSA
JOTIOJTHUTEIBHOE TEILIO, €CIIU B LEMU TEYET JIEKTPUUECKUM TOK.
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[Tpunoxenne Neb6

JIABOPATOPHAS PABOTA Ne3

I/ICCJ'Ie,I[OBaHI/IC CTaTUYCCKUX XapPaKTCPUCTUK 6I/IHOJ'IHpHOFO TPAaH3UCTOpPa B CXEMCE C Q6]

Henap pa6orpl: O3HAKOMUTBCA C YCTPOWCTBOM U NPUHLUIIOM JEUCTBHUSL OHUIOJISPHOIO
TpaH3ucropa. M3yuuTb €ro BOJbTAMIEpHbIE XapaKTEPUCTUKU B CXEME BKJIIOYEHMsI C OOLIMM
smutTepoM (OD) M 1O CTATUYECKUM BOJIBTAMIICPHBIM XapaKTEPUCTHKAM OMPENSUTh N-mapamerpsbl
TpaH3ucropa. IIpoBecTH KyCOUHO-TMHEHHYIO aIlllpPOKCUMALMI0 CTATHUECKUX XapaKTEPUCTHK U
OIIpEAEIUTh apaMETPhI alNPOKCUMALIIH.

IMoaroroBka k padore.
U3zyuums crnedyrowue 6onpocel Kypca:
VYCTpoiCTBO U MPUHIIUIT ACHCTBUS OUIIOJISIPHOTO TPaH3UCTOPA.
Pacrnipenenenuie notennuana u pusnveckue mpoueccsl B Tpanucrope B cxeme ¢ O9.
Cratnueckue XapakTepUCTUKHU TPAH3UCTOpa B cxemax BiJItoueHus ¢ O3.
[IpenenpHbie peKUMBI PaOOTHI OUIOISIPHOTO TPAH3UCTOPA.

ONo O

Kparkas Teopus.
Teopus paboThl OUTIOJISIPHOTO TPAaH3UCTOPA IpeIcTaBiieHa B paboTe Ne2. 31ech 03HAKOMHMCS
C OCOOCHHOCTSIMU CTATUYECKUX BOJIbTAMIIEPHBIX XapaKTEPUCTUK TpaH3ucTopa B cxeme ¢ O3.
CeMeiCcTBO BXOJHBIX XapaKTepUCTUK B cxeme ¢ OD mpeacTaBiser co0OMl 3aBUCHUMOCTH

I, =f(V,,), npuuem mapamerpom siBisiercst HanpspkeHue V, ., . st n-p-n-TpaH3ncropa HarpsHKeHUe
V,,> 0 cMmemaer SMHUTTEpHBIM IepexoJ B MNpsAMOM HampasiaeHMH U npu V,,= 0 nomxydum

XapaKTepUCTUKY MPSIMOCMEIIEHHOTO p-n-niepexoja (puc.3.1, a). Jta xapakTepuCTUKa KaueCTBEHHO
COBIIAJIAET C AHATOIMYHOM XapakTepucThkoi cxembl ¢ OB, oHako 3HauUeHHe BXOAHOTO TOKa 0asbl B
cxeme ¢ OD B (-« ) pa3 MeHbIle BXOAHOTO TOKa aMHTTepa B cxeme ¢ Ob. Dra xapakTepucruka
OylleT COOTBETCTBOBAaTh PEXHMMY HACBINIEHHUs TpaH3ucropa. [lelicTBurenbHO, Mt cxemsl ¢ OO
CIpaBeNIuBO paBeHCTBO V., =V, +V,,. IIpu V,,= 0 nmeem V,,; = -V, . Tak kak V,> 0 (mpsmoe
CMEIIIEHNE), TO OTCIO/Ia BBITEKAET, YTO MPH ATUX YCIOBHUSX M KOJUIEKTOPHBIM MEpexo] CMEIICH B

MpsIMOM HaIIpAaBJICHUH. Tok 6a31>1, MMO3TOMY, pPABCH CYMMC 0a30BBIX TOKOB H3-3a OZ[HOBpCMCHHOﬁ
HHXXCKIOWHN DJBJICKTPOHOB H3 OMUTTCpAa MW KOJIJICKTOpA. OTO0T TOK, C€CTCCTBCHHO, YBCIWYHUBACTCA C

POCTOM NIPAMOTI'0 HAITPAKCHUA V53 , TAK KaK OHO IMPUBOJUT K YCUJICHUIO MHKCKIINU B obonx nepexo-
Aax v, COOTBETCTBCHHO, BO3paCTaHUIO IIpo1ecca pCKOM6I/IHaLII/II/I, OHpe,Z[CJ'IHIOH_II/Iﬁ 0a30BbIH TOK.

I . 4
: =011~ AR S Y.
hites =
a2 g
LA
=0 | \_~
S - T e T _
A 0 [
0 l’g':; 'lrﬁ":"} !.'( Snprad Vr‘('}
a) 6)

Puc.3.1. Bxoansle a) 1 BBIXOJHBIE 0) BOJIbTaMIIEPHBIE XapAKTEPUCTUKN OUTIONISIPHOTO
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TpaH3uCTOpa n-p-n Tumna B cxeme ¢ O0.

Bropas kpuBas Ha pucyHke 3.1, a COOTBETCTBYET 0OpaTHOMY HAIIPSHKEHUIO Ha KOJUIEKTOPHOM
nepexone (s n-p-n-tpansucropa V,,> 0). IIpu ycioun [\/K9|>[\/53| TPAaH3UCTOP NEPEXOAUT B
aKTUBHBIA PEXHMM, U M3MEHEHUE TOoKa 0a3bl onuchiBaeTcss (opmynoi |, =(1—0{)I9 — | ygo - Ilpm
u3Me-HeHun Vy, 110 TOUKH A MHKEKIHs IeKTPOHOB B 6asy Mama n (L—a)l, < 1,,,, T.e. TOK Ga3bI
OTpULATENIEH. YBEIUYEHHE MPSIMOro HanpsKeHUs V,, BBI3BIBAET POCT TOKA dMUTTEPA U TOK Oa3bl
CTaHOBHTCS IOJOXHUTEIbHBIM U PAacTeT IOYTH IO HKCHOHeHTe. Kak BUAHO U3 pUCYHKA, B aKTUBHOM
pexuMe TOoK 6a3bl MeHblle, yeM npHu V., = 0 u BXoJHas XapaKTEpUCTUKA CMEILIAETCs, B OTIMYHE OT
cxembl ¢ Ob, BrpaBo. YMmeHblieHHe TOKa 0a3bl BbI3BaHO 3(dexTtoM Dpnu. JlelcTBUTENBHO, NpU
00paTHOM CMEILICHUM KOJJIEKTOPHOI'O Iepexoja IIMpHHA O0a3bl YMEHbIIAETCS, YMEHBIIAETCS U
BEPOSITHOCTh PEKOMOMHALINY B 00J1aCTH 0a3bl, YTO YMEHBINAET TOK 0a3bl.

CeMeiCTBO BBIXOJHBIX XapaKTEpPUCTHK cxeMmbl ¢ OD mpeacraBisieT coOOW 3aBUCHMMOCTH
I, = f(V,,) mpu 3amanHOM napamerpe Toke 6assl |, (puc.3.1,0). I[IpoBenem KadeCcTBEHHBIN aHAIN3
3TUX XapaKTEPUCTHK.

ITpu Toke |, = 0 B enu KoJUIEKTOpa MPOTEKAET TEMIOBOH TOK | .., , KOTOPBIi OoJIbIIE, YEM B
cxeme ¢ Ob, B (1+ f) pas. 1ot Tok ompenenser pexxum orceuku (PO) Tpansucropa (na puc. 3.1, 6
obnacTe oTceuku 3amTpuxosaHa). Ecou tok |,> 0, To Ha XapakTepUCTUKE MOXHO BBIIACIHUTH JBA
yuacTka. KpyTble HauanpHBIE YUaCTKH XapaKTEPUCTHK OTHOCATCS K pexumy Hacwimenus (PH), Ha

3TOM Y4YacTKE CIPaBEAJMBO HEPABEHCTBO [\/K3|<[\/53, rae V,,- HampsbkeHue Mexay Oasoil u

SMUTTEPOM TIPH 3aJ]aHHOM TOKe 0a3bl, U 00a Mepexojaa CMEMICHBI, KaKk ObUIO MOKa3aHO BHINIE, B
npsIMOM HampasieHuu. llepexon OT mepBOro ydacrka KO BTOPOMY HPOUCXOAMT IMPU 3HAUYECHUSX
|VK9| > [\/53|. BTopoil ydacTok xapakTepHu3yeTcsi MajblM HAaKIIOHOM U COOTBETCTBYET HOPMAaJIbHOMY

o
aKTUBHOMY pexuMmy. [l BTOporo ydacrka cnpaBeyIuBO paBeHCTBO |, =——1, = fl., T.e. Tok

KOJUICKTOpA pacTCT NPONOPUHUOHAIIBHO TOKY 0a3kbl. I[J'IH YBCIINYCHUA IE HeO6XOZ[I/IMO YBCJINYNBATDH

V,, ClIe0BaTeNbHO, YTOOBI 00ECIIEYUTh YCIOBUE Iepexoa |V1<9| > |V59 , TPaHUIIa MEXKIY PEKHMMOM

HAaChIIICHHA U HOPMAaJIbHBIM aKTUBHBIM PCKUMOM 6y21€T CABUTATbBCA B CTOPOHY 0OJIBIINX 3HAYEHUI

V.

Kak BHIIHO W3 BBIXOJHBIX XapaKTEPUCTHK, B HOPMAIBHOM aKTHBHOM PEKHME TOK KOJICKTOPA
pacTeT, Ipu4YeM B cXeMe ¢ OOILIMM AMHUTTEPOM BO MHOTO pa3 OoJjble, YeM B cxeme ¢ oluiei 6a3oil.
OObscHseTCs 3TO pa3jMYHbIM IposBieHHeM 3(ddexta Dpan. B cxeme ¢ olmuM >MUTTEpOM

yBenuueHue V., CONpOBOXKIACTCS yMEHBIICHHEM TOKa 0a3bl, a OH MO ONPEJCICHUIO BBIXOJIHOM
XapaKTePUCTUKH JOJDKEH ObITh HEM3MEHHBIM. J[J1s1 BOCCTaHOBJIEHHUS TOKA 0a3bl MPUXOAUTCS PETyIIu-
pPOBKOH HampsbkeHus V,, yBeIMYMBaTh TOK SMHUTTEPA, a 3TO BBI3BIBAET POCT TOKAa KOJUIEKTOpa B

HOPMaJbHOM aKTHUBHOM pEXKUME.
[Tpo6oii komuekTopHOrO mepexoaa B cxeme B cxeme ¢ OD mMpoucXOoAuT NpU HaANpsSIKEHUU
anpo ; (LITPUXOBBIE y4aCTKU XapaKTEPUCTUK HA pHc.3.1,0), KOTOPOE 3aMETHO MEHBIIIE, YEM B CXEME

Vv
¢ Ob: VK3np06: KEnp06m,FI[e C=2...6.

Jlns cxeMbl BKITIOYCHHs TpaH3ucTopa ¢ OD ypaBHEHHS YETHIPEXITOIIOCHUKA B cucreme h-
rapaMeTpoOB MOXHO 3aIlUcaTh B BUE:

dU53 :h113d|5 + h123dU1<3
d|1< = h213d|5 + hzzaduka
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Ha ocnoge (3.1) mis h- mapameTpoB umeem:

_du,, dl du,, dl

= Y = N3 = N S — _N- 3.2
115 dlE dUK3_0 215 dlE dUK3_0 125 dUK9 d|5—0 229 dUKa dIE_O ( )

[lepexonss OT ManblX aMmIUIMTYJ IEPEMEHHBIX TOKOB M HampsbkeHUd B (6.7) K KOHEYHBIM
IPUPALLEHUSIM, TIOTYYHUM:
AU ., Al

119 — Al U ,=const* 21> — Al U x»=const

AU ., ho_ Al

| =const' ''220 —° | .=const *
AU, | B AU, |5
Taxum 06pa30M, ompezeNsas MNpUpALICHUS TOKOB W HANPsHDKEHUHM OKOJO 3aJaHHOM TOYKM Ha

COOTBETCTBYIOIICH XapaKTePUCTUKE TPAH3UCTOPA Ha OCHOBE (3.3) MOXKHO paccuuTaTh N-mapameTpel.
Ha pucynke 3.2 mokaszaHa meroamka ompeneneHus h,, u h,,, HCHOIB3ys CEMEUCTBO

(3.3)

h123 =

BXOJIHBIX XapaKTepUCTUK B cxeme ¢ OD. [lns onpenenenus h,, BeiOMpaeM B ceMeHCTBE BXOJHBIX
XapaKTEPUCTHK XapaKTEPUCTHUKY MPH NOCTOSIHHOM V., =V, ., . Ha 3TOM rpaduke oTMeTum 3ajaHHYIO

TouKy O, COOTBETCTBYIOLIMI TOKY 0a3bl | . OKOJIO 3TOM TOYKU OTJIOKUM BOJIb

4 ls st e T

L
K3 ok J1’-‘.’._'=l af

Puc.3.2. K onpenenenuto h,,, u h,,, mapamerpoB OUIONAPHOTO TPAH3UCTOPA.

rpadpuka pasHble oTpesku OA u OB. Ilpoextupys Touku A U B Ha ocu KOOpJAMHAT HAXOJUM
npupaiienust Hanpspkenuss AU, u Toka Al, u paccuuteiBaem h,,, mo mnepsoii dopmyre (3.3):
AU,

hy, = .
Al |Ua"

I[J'IH pacucra h123 NpoBOAVWM JIMHUKO IIOCTOAHHOTO TOKa 0a3bl IE u onpeaciiieM TOYKHU

NEpCCCUCHU A O u O >TOH JUHHH CO BXOAHBIMHU XapPaKTCPUCTUKAMU. Paznocth Hal'[pﬂ)KCHI/Iﬁ Ha
KOJUICKTOPE B 3THUX TOYKaX OMNPCACIIMTb HAIPSXKCHUC IMPUPAINCHHUA KOJUICKTOPHOTO HAIIPSIKCHUA:

" '

AU, =V, —V,,. U3 touek nepeceuennss O u O OIyCKacM BEPTUKAIbHBIC JHHHUU HA OCb

HaNpsKEHUs W ONpeseNsieM Mpupailenue cooTseTcTBytomero AU, Hampsikenust 6assl AU, .

AU,
3arem paccuntsiBaeM h,,, Ha ocHOBe TpeTbeit popmyisi (3.3): hy,, = AU—EQ "
1L BZI 5
[Tapamerpsr h,,, u h,,, HaXOIAT MO CEMEWCTBY BBIXOAHBIX XapakTepucTHK (puc. 3.3). s
pacuera h,,, Ha XapakTepHCTHKE INpH 3agaHHOM Toke 0Oa3bl |, =1, BeIOMpaeM TOuKy O,

COOTBETCTBYIOIIUI TOMY e 3HAYEHHIO V.., 9TO U Ha rpadHKe CO BXOIHBIMH XapakTepucTukamu. Ot
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3TOM TOYKH OTJIOKUM BIOJb rpaduka paBHble oTpe3kn OA u OB. AHaIOTUYHO MPOEKTUPYS TOUKH A
U B Ha ocu KOOpAMHAT HAXOJUM NpUpatieHus HanpspkeHuss AU, ., u toka Al u paccuutsiBaem h,,,
Al

o yeTBepToil popmyie (3.3): h,,, = IR
I
K3

E=IE

Jlns onpesienienns h,,, MpoBeneM BePTHKATBHYIO JIMHHIO Yepe3 TouKy O J10 nepecedenus B Touke O
c rpadukom mpu |, = | ,.. Jlns1 9TUX AByX TOYEK Mo rpaduKy paccuuTaeM IpupameHus Tokos Al u
Al =1, — 1, uonpenenum us

Ip=lo=1 "
s I g~y /

W

/—EH Al

e I

Puc.3.3. K onpenenenuto h,,, u h,,, mapamerpoB OUIOISIPHOTrO TPaH3UCTOPA.

P

BTOpO# opmyisl (3.3) h,,,: h,,, = AL
2

Uy
K=Y o
B npaktudeckumx pacdy€rax 4YacTO HCIHOJNB3YETCS KYCOYHO—JIMHEWHAs amnmnpoKCHUMalus

CTaTUYECKUX XapaKTEPUCTUK OUMOJISPHOrO TpaH3ucTopa (cM. puc.3.4). Jis annpoKCMMHUPOBaHHBIX
BXOJIHBIX XapaKTEPUCTUK UMEEM:

0, mpu V., <V

nop

Il; == \/lﬂ9 < \/ngp I]I)I{ \/lla > \/ (:3.‘1)
—_ ' = Ynop

rBX
a 1J1d BBIXOOHBIX -

L, npu V,., <V,,.. (ppeKHu HACHIIICHNS)
. :
I, = K’f; (3.5)
Bl +—2 mpu V., >V, . (pekuM OTCEYKH)
- ,

K
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0 Vnop g 0 VKBHac
a 0

Puc.3.4. AnnpokcuManus CTaTHYeCKUX BXOTHOM (a) M BBIXOAHOM (0) XapaKTepUCTHK.

B ¢opmymnax (3.4-3.5): V,,,, — IOPOroBOE HANpPSHKCHUE SMHTTEPHOTO IEpexona; I, — YCPEIHEHHOE

BXOJHOC COIIPOTHUBJICHUEC TPAH3UCTOPA, I'KHM— BBIXOJHOC COIIPOTHUBJIICHHUEC TPAH3UCTOPA B PCIKUMC

" AV “* )
HACBIIEHUs (B HadalbHOU oOnacTH): Iy, = npu ly=const u Vir<Vg3uae, g —ycpenHEHHOE
Al
* AV,
BBIXOJIHOE CONPOTHUBIEHUE TPAH3UCTOPA g B AKTUBHOM peXHME: [, = A npu lz= const u
K

Vo>V uae-

3aganue k padore B JabopaTopumn
8. Ilonp3ysch ClIpaBOYHUKOM
- yKa3aTh Ha3Hau€HHE M CTPYKTYypy TPAH3UCTOpa, NPEATIOKEHHOTO IpernogaBaresieM [yis
HCCIIEI0BaHMS;
- TPHUBECTH THUIIOBBIE 3HAUEHHS ITapaMETPOB TPAH3UCTOPa, 0c000 OOpaTHTh BHUMaHHE Ha

MaKCHUMaJIbHO-/10ITyCTHUMBbIE ITapaMeTpsl B | Vv u P

9. B paboueii TeTpaau MpUBECTH TUIIOBBIE BXOHBIE M BBIXOJHBIE XapAKTEPUCTUKU TPAH3UCTOPA
Ui cxembl BKItoueHust O3, 00paTuTh BHUMaHHE Ha OCOOCHHOCTH XapaKTePUCTHK.

10. Cobpatb cxemy JUisl CHATHUS XapaKTepUCTUK TPAH3UCTOPA MPH BKIOUYEHUH ero mo cxeme O3,
n3o0pakeHHOW Ha puc. 3.5, a wmu 3.5, 6 B 3aBUCHUMOCTH OT CTPYKTYPBI TPaH3UCTOpA.
BHUMAHMUE! O61uue Touky BOJIBTMETPOB COEMHATH COTTIACHO CXEME.

11. Cusares aBe Bxoaubie xapakrepuctuku |z=f(Vz3) npu Viy=0 u Vgr= 10B Hanpsokenne Vs
MEHSATH 10 3HAYEHUH, ITPU KOTOPBIX AIEKTPUUYECKHE MapaMETPhI TPAH3UCTOPA HE MPEBBIILIAIOT
MaKCHMaJIbHO-JOMYCTUMbIX 3HAUEHUH.

12. CHATh ceMeiicTBO U3 3 BbIXOMHBIX xapakTepuctk |x=f(Vg») npu tokax 6a3el 1= 0,1; 0,3 u
0,5 MA. Hanpsixenue Vg, MEHATb A0 3HAUYEHUH, NMPU KOTOPBIX AIEKTPUUECKHE MapaMeTpbl
TpaH3MCTOpa HE MPEBBILAIOT MAaKCHUMaJIbHO-IOMYCTUMBIX 3HaueHui. OOpaTuTh ocoboe
BHHUMaHHE Ha YYaCTOK XapaKTEPUCTHUK, COOTBETCTBYIOIINX PEXKUMY HACHIIICHHUS.

13. Paccunrare h-mapamerpsl TpaHzuctopa B cxeme ¢ OD B aKTUBHOW OOJAaCTH MO CHSATBHIM
BOJIbTAMIIEPHBIM XapaKTEPUCTUKAM.

14. TToctpouts Bbixonuyo BAX-ky npu Toke 6a3bl, paBHoM 100 MKA. IIpoBecTH ero Kyco4Ho-
JWHEHWHYIO alPOKCUMAIIMIO ¥ ONIPeAeuTh Vo pac, ke mac, Nk nacr Vi

Kwmax? K39max Kwmax *

71



2

10.
11.

12.
13.

14.

13.
14.
15.
16.
17.
18.

19.

20.

Puc.3.5 a. Cxema BkiroueHus: p—N—p
TNAHRUICTONA R COXeMe ¢ nq TTga CHITUA

Puc.3.5.6. Cxema BkimtoueHHusS N—p—N

ThaurRucTona R exeme ¢ (A nma cogaruga

OTyer 10/12KeH CoAepPKaTh:
Tun uccnenyeMoro TpaH3uCTOpa U €ro Ha3Ha4eHUe.
CripaBouHbIe 3HaU€HUS TApaMETPOB TPAH3UCTOPA.
CxeMmbl HccieJoBaHUS M TaOJIHIIBI Pe3yabTaTOB U3MEPEHH.
I'padvkr BXOOHBIX M BBIXOJHBIX XapaKTEPUCTHK, IIOCTPOCHHbIE Ha OCHOBaHHUH
pe3yabTaToB u3MepeHnid. Ha BBIXOAHBIX XapakTepUCTHKAX yKa3aTh 00JAaCTh HACHIICHUS
1 aKTUBHYIO 00JIacTh.
PacuerHsbie 3HaueHus h-mapamerpos B cxeme ¢ OD.
OKCIEPUMEHTAIbHBIE 3HAYEHUS I[1apaMETPOB KYCOYHO-JTMHEHHON aIlIpOKCUMAILNA
BBIXOJIHOH! BOJIbTAMIIEPHON XapaKTEPUCTUKHU.
BoeiBonbl 1o paboTe € aHAJIMW30M MOJTYYEHHBIX BOJIBTAMIEPHBIX XapaKTEPUCTHUK H
pPacYETHBIX IIAaPAMETPOB.

KoHTpoJsibHbIE BONIPOCHI:
Pacckazath 00 ycTpoiCTBE TUIOCKOCTHOTO TPAH3UCTOPA.
[Tpunun neiictBus 6unonsipHoro 6e3apeiioBoro TpaH3UCTOpA.
HauepTuTh MOTEeHIMANBHYIO TUarpaMMy p-N-p 1 N-p-N TPaH3UCTOPOB.
N3 kakuX KOMIIOHEHTOB COCTOSAT TOKH Y€PE3 SIMUTTEPHBIN U KOJUIEKTOPHBIN MEPEXOIbI?
N3 kakuX KOMIIOHEHTOB COCTOUT TOK 0a3bl OUMOISPHOTO TPAH3UCTOPA.?
Urto Takoe kod(pPuImeHT HHKEKIUHA U KodpduimeHt neperHoca?
Kak Biusier Ha paGoTy TpaH3HCTOpa HeymnpasisieMblil Tok |,y KomrekTopHOro mepexoma?

KaxoBbI IpUYMHBI €r0 BOZHUKHOBEHU?
HanucaTs ypaBHEHHE KOJUIEKTOPHOIO TOKa Ji1st cxeMbl 0.

72



21. HapucoBath ¥ OOBACHUTH BXOJHBIC M BBIXOJHBIC XaPAKTEPHUCTUKU TPAH3UCTOpA IS
cxeMsl ¢ O0.

22. Tloka3aTb Ha BXOJHBIX M BBIXOJHBIX XapaKTEPUCTHUKAX OOJACTH, COOTBETCTBYIOIIUE
peKuMaM: aKTUBHOMY, OTCEUKH, HACBIIICHUS.

23. KakuMu mpenenbHbBIMH TapaMeTpaMy OTrpaHHuYMBaeTcs paboyas 007acTh BBIXOAHBIX
XapaKTepUCTHUK TpaH3ucTopa?

24. Kak 3aBHUCAT 3HaUCHHs MPEJIEIbHBIX IAPaMETPOB TPAH3UCTOPOB OT TEMIIEPATYPHI?
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