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OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. OIIK-1 CniocoGeH mpuMeHSTh €CTeCTBEHHOHAYYHBIC U OOIIEUHKEHEPHBIC 3HAHUS, METOIbI
MaTEeMaTUYeCKOro aHalin3a U MOJICITUPOBAHUS B MHKCHEPHOU JEATEIbHOCTH, CBSI3aHHOM C
pa3paboTKOii, MPOEKTUPOBAHUEM, KOHCTPYHPOBAHUEM, TEXHOJIOTUSIMU TIPOM3BOCTBA U
IKCIUTyaTaIllii OMOTEXHUYECKUX CUCTEM
N J1-2 IIpuMeHsieT 3HaHUSI €CTECTBEHHBIX HAyK U MaTeMaTHYECKHE METO/IbI AJISl PeLICHHS
3a/1a4 TEOPETUYECKOTO U MIPUKIIATHOTO XapaKTepa

2. OIIK-3 CniocobeH nMpoBOAUTH SKCIIEPUMEHTAIILHBIE UCCIIEIOBAHUS U U3MEPEHUS,
00pabaTbIBaTh U MPEACTABISATH MOTYyYCHHBIC JAHHBIE C YI€TOM CHEIM(PUKN OMOTEXHUIECKUX
CHCTEM UM T€XHOJIOTUH
NJ1-2 BeiOupaet criocoObl U CpeAcTBa U3MEPEHUHN U POBOJIUT 3KCIIEPUMEHTAJIbHbIE
UCCIIEI0BaHMS
NJI-3 O6pabaTeiBaeT 1 MPEACTABISET MOTyYSHHBIE SKCIIEPUMEHTAIbHBIC TAHHBIE JUTS
HOJIy4eHUs1 00OCHOBAHHBIX BHIBOJIOB

1 BKIIFOYACT:
AJIA TEKYIIEro KOHTPOJIA YCIIEBA€MOCTH:

®dopma peanmsaiuu: Jlomyck K 1abopaTopHoit padboTe
1. JIP Nel.1. Ctatnueckue XxapakTepUCTHKH 11/11 1uo10B (JlabopaTtopHas paboTa)
2. JIP Nel.2. Cratuueckue XxapaKTepUCTUKH OUTIONSIPHBIX TpaH3ucTopoB (JIaboparopHas
paborta)

®Dopma peanuszanuu: ITuceMenHas padora
1. KP Nel.1. ®usndeckoe OCHOBBI 2JI€KTpOIpoBoiHOCTH 1/11. (KoHTponbHas paboTta)

®opma peanuzaruu: Cmemansas Gopma
1. JIP Nel.3 + KP Nel.2. 3auer no pazaeny bT (Otuer)
2. JIP Nel.4 + KP Nel.3. 3auer no pazgeny IIT (Otuer)

BPC nucuuIInHbI

4 cemectp
Beca koHTpOIBHBIX MeponpHsITHii, Y0
Nunekc KM- | KM- | KM- | KM- | KM-
Pa3nen muciuIuinebl KM- 1 5 3 4 5

Cpox KM: 4 8 12 14 16

®u3nyecKkue OCHOBBI NOJIYIIPOBOJHUKOBOU 3JIEKTPOHUKHU

®u3nyecKue OCHOBBI NOJIYIIPOBOJHUKOBOW 3JIEKTPOHUKHU +




KonTakTHbIE SIBIEHUS. DNEKTPOHHO-BIPOYHBIN MTEPEXOI,
6apnep HloTTKH, reTeporepexosl

KonTakTHbI€ sIBIEHUS. DNEKTPOHHO-BIPOYHBIN MTEPEXOI,
Oapbep LlloTTkH, rereponepexobl

[TonynpOBOIHUKOBBIE TUObI HA OCHOBE 3JIEKTPOHHO-
JIBIPOYHOT0 MEPEXOIA.

[TonynpOBOIHUKOBBIE IO/ HA OCHOBE 3JIEKTPOHHO-
JIBIPOYHOI0 MEPEX0JIA.

bunonsipubie TpaH3UCTOPHI

bunonsipubie TpaH3UCTOPHI

IToneBple TPaH3UCTOPHI

IToneBpie TpaH3UCTOPBI

OnTOo3JIeKTPOHHBIE MTOJIYIIPOBOAHUKOBBIE JIEMEHTHI U
CTPYKTYPbI

OnTOo37€KTPOHHBIE MTOJIYIIPOBOIHUKOBBIE 3JIEMEHTHI U
CTPYKTYpPBI

Bec KM:

12

20

30

30

$O6m1as acts//1s1 MPOMEKYTOUHON arTecTanund




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMITETCHIIMHT pe3yiabTaThl OOyYEHHsS IO
JUCIUILINHE
OIIK-1 N-20rk-1 [Ipumensier | 3HaTh: JIP Nel.1. CraTudeckue XapaKTepUCTHKH 11/ 1nonoB (JIaboparoprast

3HAaHU CCTCCTBCHHBIX HAYK
N MaTeMaTH4YCCKHE MCTObI
JUIA PpECUICHUA 3aJa4d
TCOPCTUUCCKOTO )51
MMPUKIAAHOI0 XapaKTepa

OCHOBHBIE TUIIBI
OUIOJISIPHBIX TPAH3UCTOPOB,
UX MOJIEJIH U CIIOCOObI
KOJIMYECTBEHHOTO OTACAHHS
C NPUBJIEYCHUEM
COOTBETCTBYIOLIETO (PHU3HKO-
MaTeMaTHYeCKOro anmnapara
OCHOBHBIC THIIbI ITOJICBBIX
TPaH3UCTOPOB, UX MOJEIH U
CHOCOOBI KOJINYECTBEHHOTO
OIMCaHMs C MPUBJICYCHUEM
COOTBETCTBYIOLIETO (PU3HUKO-
MaTeMaTHYeCKOro anmnapara
OCHOBHBIC THUIIBI
MOJTYTIPOBOTHUKOBBIX
JUOJIOB, UX MOJCIIN U
CMOCOOBI KOJIMYECTBEHHOTO
OIMMCaHusA C IPUBJICYCHHUEM
COOTBETCTBYIOLIETO (PU3HKO-
MaTeMaTHYeCKOTO armapara
(bu3MUecKoe OCHOBBI
AJIEKTPOITPOBOTHOCTH
YMers:

IIPOBOAUTE pacdCT BOJIbT-

pabora)

KP Nel.1. ®uszndeckoe OCHOBBI AIeKTponpoBoaHOCTH 11/11. (KoHTpOmbHas
pabora)

JIP Nel.2. CtaTueckue XapakTepUCTUKU OUIIOJISIPHBIX TPAH3UCTOPOB
(JTaboparopnas paboTa)

JIP Nel.3 + KP Nel.2. 3auer no pazneny BT (Otuer)

JIP Nel.4 + KP Nel.3. 3auer no pa3aeny IIT (Otuer)




aMIIEPHBIX XapaKTEPUCTUK
OUIOJISIPHBIX TPAH3UCTOPOB
C IIOMOILIBIO
COOTBETCTBYIOLIETO (hU3HUKO-
MaTEMaTHYECKOro anmnapara
MIPOBOJUTH pacyeT BOJIbT-
aMIIEPHBIX XapaKTEPUCTUK
TIOJIEBBIX TPAH3UCTOPOB C
IIOMOLIBIO
COOTBETCTBYIOLIETO (hHU3HUKO-
MaTeMaTUYeCKOro anmnapara
MIPOBOJUTH pacyeT BOJIbT-
aMIEPHBIX XapaKTEPUCTUK
MOJIYIPOBOTHUKOBBIX
JTMOJIOB C [TOMOILBIO
COOTBETCTBYIOIIETO (hU3HKO-
MaTEeMaTHYECKOro anmnapara

OIIK-3

N-20rk-3 Bribupaert
CIoCo0bI U CpeacTBa
U3MEPeHUH W  TPOBOIUT
SKCIICPUMCHTAJIBHBIC
MCCIIeIOBAHHS

3HATh:

THUTIOBBIE PEKIMBI
HCIIOJI30BAHHUS
MIOJIYTIPOBOTHUKOBBIX
JUOJI0B

THUTIOBBIE PEKIMBI
HCIIOJI30BAHHUS
OUMOJISIPHBIX TPAH3UCTOPOB
THUIIOBBIE PEKUMBI
HCIIOJIb30BaHUS MOJIEBBIX
TPAH3UCTOPOB

YMers:
9KCIIEPUMEHTAIILHO
OTIpe/IeIIsATh OCHOBHBIE
XapaKTePUCTUKH U
rapaMeTpsl MOJENIeH

JIP Nel.1. Cratnueckue XxapakTepUCTHKH I1/11 110108 (JlabopaTropHas
pabora)

JIP Nel.3 + KP Nel.2. 3auer no pazneny BT (Otuer)

JIP Nel.4 + KP Nel.3. 3auer no pazgeny IIT (Otuer)




OUIIONIIPHBIX TPAH3UCTOPOB
9KCHEPUMEHTAIBHO
OIpEEIATh OCHOBHBIE
XapaKTePUCTUKH U
rapameTpsl MOZACIIEH
MIOJIEBBIX TPAH3UCTOPOB
9KCIIEPUMEHTAIIBLHO
OIIpEeNIeNIATh OCHOBHBIE
XapaKTepUCTUKU U
napameTpsl MoJenei
IIOJIYTIPOBOITHUKOBBIX
JIMOJIOB

OIIK-3

UI-3onk-3 O6pabaTeiBaeT u
NPECTaBISICT TOJIyYCHHbBIS
9KCIICPUMCHTAIbHBIC
JNaHHbIC JUIA  TIOJYYCHUs
000CHOBAHHBIX BBIBOIOB

3HAaTh:

METO/IbI MATEMATHYECKOTO
MOIIGJH/IpOBaHI/IH OCHOBHBIX
XapaKTEPUCTHK OMITOJISIPHBIX
TPAH3UCTOPOB U OIHCAHUS
MIPUHIIUIIOB UX PabOTHI C
HNCITIOJB30BAHUECM THUITOBBIX
MoJIeTIe U CTaHAAPTHBIX
HpI/IKJ'IaI[HI)IX nporpaMM
METOAbI MATEMATHYECKOTO
MO}IGJ’II/IpOBaHI/IH OCHOBHBIX
XapaKTePUCTHK TMOJIEBBIX
TPAH3UCTOPOB U OIMCAHUS
MIPUHIIUIIOB UX PabOTHI C
HCITIOJB30BAHUECM THUITOBBIX
MoOJIeTIe U CTaHAAPTHBIX
HpI/IKHa}IHBIX nporpaMM
METOIbI MATEMATHYECKOTO
MO}IGHI/IpOBaHI/Iﬂ OCHOBHBIX
XapaKTePUCTHK
MOJYIIPOBOAHUKOBBIX

JIP Nel.1. CraTnueckue XxapakTepucTHKH 11/11 1nonoB (JlaboparopHas
pabora)

JIP Nel.2. CtaTnueckue XapaKTepUCTUKU OUIIOJISIPHBIX TPAH3UCTOPOB
(JTaboparopnas paboTa)

JIP Nel.3 + KP Nel.2. 3auer no pazneny BT (Otuer)

JIP Nel.4 + KP Nel.3. 3auer no pazneny IIT (Otuer)




JIMOJ/IOB U ONTUCAHUS
MIPUHIIMIIOB UX PabOTHI €
KCIIO0Ib30BAHUEM TUITOBBIX
MOJEJIEW U CTaHIaPTHBIX
MIPUKJIATHBIX TPOTrpaMM




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. JIP Nel.1. CraTu4yeckue XapaKTePUCTHKH I/ THO/10B

®opmbl peasu3anun: J[omyck k maboparopHoii padbore
Tun KOHTPOILHOTO MeponpusiTus: JlaboparopHas padora
Bec konTpoabHoro meponpusitusi B bPC: 8

IIpouenypa npoBeeHnss KOHTPOJIbHOr0 MeponpuaTHs: [IpoBepka MOATOTOBKH K JIaOOpaTOPHOU
paboTe, onpoc 1Mo KOHTPOJILHBIM BOIIPOCaM

KpaTlcoe CoA€cpiKaHuE 3alaHUA:

I/I3MepeHHe CTaTUYCCKUX XapPaAKTCPUCTHUK ITOJIYIIPOBOJHUKOBBIX JHOJ0B

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HAaTh: OCHOBHBIE THUIIBI
IMMOJIYITPOBOJHUKOBBIX AWOAOB, HUX
MOJeNU u CIIOCOOBI
KOJINYECTBCHHOI'O OIIMCaHuA C
IPUBJICUYEHHEM COOTBETCTBYIOILETO
($u3UKO-MaTEMaTUYECKOT O

1.Kak usmeHuTcs npavas 6emeb CTaTHYECKOU
XapaKTEPUCTUKU, €CITU TEMIIEPATYPY KPEMHHUEBOTO
auoja yBenuuuTs Ha 50 K?

anrmapara
3HaTh: TUIIOBbIE PEKUMBI 1.ITosicHUTB, KaKUM 00Pa30M IMOTYYaeTCs U300paKCHHE
UCTIOJIb30BaHUS CTaTUYECKOM XapaKTEPUCTUKY JINO0JIa Ha DKpaHe

MMOJIYITPOBOJJHUKOBLIX JUOJI0B

ocmmutorpada. Kakyro posns urpaer popma uMIysibcoB
HanpsiHKEHUs?

2.Kak BausieT yBenuueHue U3MEPUTEIbLHOTO
COIIPOTHBIIEHUS Ha popMy HaOII01aeMOM
XapaKTepUCTUKU?

3.B uem CX0ACTBO M pa3Iuuue npamvlx 6emeeti
CTaTMYECKUX XapaKTEePUCTUK FePMaHUEBOTO U
KPEMHHUEBOT'O TNOI0B?

4.IlepeuncanTe OCHOBHbBIE THIIBI AHOJOB

3HaTh: METOJbl MAaTEMaTHYECKOIO
MOJIETTMPOBAaHUS OCHOBHBIX
XapaKTEePUCTUK
IIOJIyIIPOBOJIHUKOBBIX ~ JTMOJAOB U
OTKCaHMsI IPUHIIUIIOB UX PabOTHI €
HCITOJIb30BaHNEM THTIOBBIX
Mozeen 51 CTaHJAPTHBIX
MIPUKJIAJHBIX TPOrpaMm

1.Kaxk Ha3bIBaIOTCS IMOJIbl. KOTOpPBIE PA0OTAIOT Ha
0o0paTHOM BETBU BOJIbT-aMIIEPHOM XapaKTEpUCTUKU
auona?

2.Kaxk Ha3bIBaIOTCS AMObI, HCIIOIb3YEMbIE KaK
IIEpEMEHHBIE KOHACHCATOPBI B PaIUO3JIEKTPOHHBIX
ycTpoiicTBax?

YMeTh: MMpOBOAUTL PACUYCT BOJIBT-

1.Yyer u uckiroueHue npu o0paboTke n3MepeHuit

AMITICPHBIX XapPaKTCPUCTUK BJIIMAHHA U3MCPUTCIIBHOTO COIMMPOTHUBIICHUSA Ha (1)OpMy
MOJIYIPOBOJJHUKOBBIX ~ JAMOJOB C IIPSIMON BETBU CTaTMYECKON XapaKTEPUCTUKU JUOJA
HOMOILBIO COOTBETCTBYIOLIETO

($HU3UKO-MaTEMAaTHIYECKOTO

anmnapara

YMeTs: JKCIIEPUMEHTAIBHO 1.CocTaBUTh CXEMY JUUIS1 U3MEPEHUSI CTATUHYECKUX
OIpeneNnsTh OCHOBHBIE XapaKTEePUCTHK IHO/I0B

XapaKTEepUCTUKU W IapaMeTpbl

MoJeNen ITOJIYITPOBOTHUKOBBIX




‘ JINOJI0B ‘

Onucanue MKAJbI OICHUBAHUSA:

Ouenxa: 5
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 10
Onucanue xapakmepucmuku blnoanenus 3uanus.; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHUE
BBITIOJTHEHO B MOJIHOM 00'bEME WIIH BBITIOHEHO MMPEUMYIIIECTBEHHO BEPHO

Ouenka: 4
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapakmepucmuku ebtnoanenus 3nanus. OueHka "Xopomio" BbICTABISAETCS €CIIN
OOJIBIIMHCTBO BOIPOCOB PACKPHITO. BRIOPAHO BEPHOE HAMPABICHUE JUIsI PEIICHUS 3a/1a4

Ouenxa: 3
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OueHKa "yJ0BIeTBOPUTEIBHO" BBICTABIISAETCS
€CIIM 3aJJaHue MPEUMYIIECTBEHHO BBITIOTHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: OTNeHKa "HeyIOBICTBOPUTEIILHO" BEICTABIISCTCS
€CIM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM MPEUMYIIECTBEHHO HE BBIITOJIHEHO

KM-2. KP Nel.1. ®u3nveckoe 0CHOBBI 3JIeKTPONPOBOAHOCTH II/II.

®opmbl peasuzanun: [TuceMennas padora

Tun koHTpOIBLHOrO0 MeponpusaTus: KonrponsHas pabora

Bec kouTposabHoro meponpusitusi B bPC: 12

IIpouenypa mnpoBeleHUs] KOHTPOJbHOr0 Meponpusitusi: Kaxaelii CcTyaeHT mojiydaet
WHJIUBUlyaJIbHOE 3aJaHue U3 3-X BompocoB. B Teuenue 1 4. 30 MHH. CTYJEHT B ayJuTOpUHU
MACbMEHHO OTBEYAET Ha 3TH BOIPOCHI

Kparkoe conepxxanue 3agaHus:
3anano:
Tun maTepuana, TUI IPOBOAUMOCTH T1/11, KOHLIEHTPALUS IPUMECH, KOHLIEHTpaIHs
coOcTBEeHHBIX HocuTenen 3apsana. Temneparypa TO, uzmenenue remnepatypst DT

3anaua 1.

Onpenenuts TN IpUMecH. PaccunTaTh KOHLIEHTPALlMM OCHOBHBIX ¥ HEOCHOBHBIX TOJBUKHBIX
HocuTenei 3apana. Kak oHM n3MeHsTes npu nosbiieHuu temnepatypst Ha DT? Ecnu
U3MEHATCS, TO pACCYUTANTE BO CKOJIBKO pas.

3amaua 2.

N306pa3uTte u NOSICHUTE 3aBUCUMOCTh KOHLIEHTPALIMK OCHOBHBIX HOCUTENEH 3apsia B 30HE
IPOBOJUMOCTH (MJIM B BaJICHTHOH 30HE) I/ 33/1aHHOTO THIIA C 3aJaHHON KOHIIEHTpaIuen
npumecu ot TemrepaTrypsl B uHTepBase 0 < T < 600 K. Kak ona uzmenunres, eciau
KOHIIEHTpALUs IPUMECH CTaHET B 4 pa3a BbILIE U MIOYEMY?

3agauya 3

PaccuuTaiiTe ynenpHble TPOBOAUMOCTH YHCTOTO TI/TT M TI/TT C 3a7aHHON mpumMechio ipu T=T0

U 33/1aHHON KOHIIEHTpAIs COOCTBEHHBIX HOCUTENEH 3apsaa, €Clu MOABHKHOCTh 3JIEKTPOHOB

un= 3900 cM2/B ¢, noasuxHOCTh AbIPOK Up= 1900 cM2/B c. Kak usmensarcs stu

IIPOBOAMMOCTH C noBblIeHHeM TeMiieparypsl Ha DT K? Ecnu n3menstes, To paccuntainTe Bo

CKOJIBKO pas.

| I'pynma/Homep | Tun | Konuenrpanus | Tun | KoHnnenrpanus | TO | DT |

10




B )KypHaJe Martepuaga | COOCTBEHHBIX MPOBOJMMOCTH | TIPUMECH, CM -3

HOCHTEJICH 3apsaa, | m/m

cM -3
11/1 Si 1,5%1010 n- 1015 290 | 30
11/2 Ge 2,5*1013 p- 2*1015 300 | 30
11/3 Si 1,5*1010 n- 3*1015 310 | 30
11/4 Ge 2,5%1013 p- 4*1015 290 | 30
11/5 Si 1,5%1010 n- 5*1015 300 | 30
11/6 Ge 2,5*1013 p- 6*1015 310 | 30
11/7 Si 1,5%1010 n- 7*1015 290 | 30
11/8 Ge 2,5%1013 p- 8*1015 300 | 30
11/9 Si 1,5*1010 n- 9*1015 310 | 30

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3HAaTh: OCHOBHBIE THUIIBI
IMMOJIYITPOBOJHUKOBBIX AWOAOB, HUX
MOJeNU u CIIOCOOBI
KOJINYECTBCHHOI'O OIIMCaHuA C
HPUBJICUYEHHEM COOTBETCTBYIOILETO
($u3UKO-MaTEMaTUYECKOT O

1.ITosicHUTE MPOIIECCHI, TPOUCXOAAIINE B P-N MIEPEXOC
MIpH TI0J1a4ue Ha HETo IpsiMoro cMmerieHus. [lokaxure, kak
B 00CTHCHHOM CJIO€ HCKaXEHBI SHEPTC€THUCCKUE 30HBI
MOJTYTIPOBOJIHUKA TIPU HYJIEBOM M MOJOKUTEIHHOM
cMmenieHuu. M300pa3ute pacnpenencHiue KOHIEHTpaIui
HOCHTENIeH, 00bEMHOTO 3apsijia, BHYTPEHHETO MO |

anmapara KOHTaKTHOM pa3HOCTH MOTEHIIUAJIOB B PE3KOM
CTYIEHYATOM P-N TIEPeX0JIe MPHU HYICBOM U
MIOJIOKUTEIILHOM CMEIICHUU.

3HaTh: duznyeckoe OCHOBBI 1.B 4-x BajeHTHBIN 3JIEMEHT BBE/ICHA 5-TH BaJCHTHAs

3JIEKTPONPOBOJHOCTH npuMech. OnpeaenuTe TUIl MOIYITPOBOIHUKA

2.B 4-x BaJICHTHBIN AJIEMEHT BBEICHA 3-X BaJCHTHAs
npumMech. OnpeaenuTe TUI MOJYTIPOBOJAHUKA

3.Kaxue o6iactu BO3HUKAIOT IPU KOHTAKTE
MOJTYITPOBOJIHUKOB P-TUIIA U N-TUIIA

4.TlosicHHATE TIPOLIECCHI TIPOUCXOIAIINE B P-N TIEPEX0/Ie
IIpU NoJjaue Ha Hero oopaTtHoro cMeieHus. [losicaure
nporecc (opMUpOBaHHS TPOOOs mepexona. TUmsl 1
oco0eHHOCTH MTpoboeB. M300pa3uTe Moy
cratnueckyro BAX nmonynpoBogHUKOBOIO AHOJA €
Y4ETOM NPOOO4.

Onucanue MIKAJbI OLlEHUBAHUS

Ouyenka: 5

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90
Onucanue xapakxmepucmuxu bINOJIHeHUs: 3HaHUs: 3aJaHUE BBIITOJIHEHO MOJIHOCTHIO

Ouenka: 4

Huodicnuii nopoe sevinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku btnoanenust 3uanus. I3 3-x 3a1aHuil BBITTOIHEHO 2.

Oyenxka: 3

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 30
Onucanue xapakmepucmuxu eublnonneHus 3uanus: 3 3-x 3agqanuii ¢ He3HAYUTEIbHBIMU OLIMOKaMHU

BBIIIOJIHEHEBI BCE

Oyenka: 2

Onucanue XapakmepucmuKu 6blNOJIHEeHUSl 3HAHUA. He BrimmonHeHo HU OJJHO 3aJaHHEC UJIN BCE
3aJaHus BBIIIOJIHCHEI C T py'6BIMI/I OIIMOKAMH
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KM-3. JIP Nel.2. CtaTnyecKkue XapaKTePUCTHKH OUIOJISIPHBIX TPAH3UCTOPOB

®opmbl peaqu3anun: J[onyck K 1abopaTopHoii paboTe

Tun koHTpoaBLHOr0 Meponpusitus: Jlabopatopnas padora

Bec koHTpobHOr0 Meponpustusi B BPC: 20

IIpouenypa npoBeaeHnsi KOHTPOJIbHOI0 Meponpusitus: IIpoBepka NOArOTOBKU K JIaOOpaTOpHOH
paboTe, onpoc 1Mo KOHTPOJIbHBIM BOIIPOCaM

Kpartkoe cogep:xkanue 3aiaHusA:
M3mMepeHune cTaTHUECKUX XapaKTEePUCTUK OUIOJISIPHBIX MTAPaMETPOB

KoHTposibHbIe BONPOCHI/3aJaHUA:

3HaTh: METOJbl MAaTEMaTHYECKOIO 1.1300pa3uTh ceMelicTBa CTATUUECKUX XapaKTEPUCTUK
MOJIETIUPOBAHUS OCHOBHBIX TPAH3UCTOPA.
XapaKTePUCTUK OUITOJISIPHBIX 2.IlosicHuTs, Kak BiusAOT Ha BAX OumnonsipHoro
TPaH3UCTOPOB " OIUCaHUs TPAH3UCTOPA HANIPSDKEHUS IUTAHUs, TEMIIEpATypa.
OPUHLMIIOB  UX  paboTel ¢
MCII0JIb30BaHUEM TUITOBBIX
Mozeen 51 CTaHJAPTHBIX
IIPUKJIAIHBIX IPOTpaMM
YMeTh: MpoOBOJIUTH pacueT BOJbT- 1.0mnpeneneHne KOJIM4ECTBEH-HBIX MApaMETPOB
aMIIEPHBIX XapaKTEPUCTHUK CTaTUYECKUX XapaKTEPUCTHK OUTOJISPHBIX TPAaH3UCTOPOB
OMMOJSAPHBIX  TPAH3UCTOPOB  C 2.KonuyecTBeHHOE OIpesieIeHHe OMNOKU, KOTOPYIO
IIOMOUIBIO COOTBETCTBYIOLLETO BHOCHUT U3MEPUTEIIBHOE COIIPO-TUBJIEHUE Ry =
($u3UKO-MaTEMaTUYECKOT O 10&nbsp; OM B pacueT KpyTU3HBI TPOXOI-HON
annapara XapaKTEPUCTHUKHU.

3.ITosicauTh paboTy xapaktepuorpada.

Onucanue MKaJbI OlleHUBAHUS

Oyenka: 5
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90
Onucanue xapakmepucmuku 6binoIHeHus 3Hanus: TIpaBUIIbHBIC OTBETHI HA BCE KOHTPOJIbHBIE
BOIPOCHI, HATMYKE TIPABUIIBHOM MOJATOTOBKH. 3aJaHKE BBITOJHEHO MOJIHOCThIO. ECTh orevyarku B
odopMmIIeHHH OTUeTa

Ouenka: 4
Huodicnuii nopoe sévinonnenus 3adanus 6 npoyenmax: 15
Onucanue xapakmepucmuku vlnonnenus sHanus: He Bce OTBETHI Ha Bce KOHTPOJIBHBIE BOIIPOCHI
BEpHbIE, HATMUKE MPABUIIBHOM MOJTOTOBKH. 3aJJaHHE BBIIOJIHEHO MOJIHOCTHIO. EcTh ommoku B
pacuerax

Oyenka: 3
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 50
Onucanue xapakmepucmuxu 6binoaHeHus 3nanus: HeTouHble OTBETHI Ha BCE KOHTPOJIbHbBIC
BOIIPOCHI, HAIMYME MTPABUIBHON TIOATOTOBKHU. 3a/laHKE BBITIOJIHEHO MOJHOCTBI0. ECTh rpyObIe
OLIMOKHU B U3MEPEHUSIX U 0(hOPMIICHUH OTYETa

Oyenka: 2
Onucanue xapakmepucmuku 8vtnonanenus 3nanus. OUeHKa "He 3a4TeHO0" BBICTABISETCS €CIIN
3a/IaHKM€ HE BBIOJIHEHO B OTBEJICHHBIN CPOK HIIA PE3YJIHTAT HE COOTBETCTBYET 3aJJaHUIO

KM-4. JIP Ne1.3 + KP Nel.2. 3auer no pasgeny BT

®opmbl peanusanun: Cmenrannas Gopma
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Tun KOHTPOIBLHOr0 MeponpusaTusi: OTyeT

Bec konTpoabHoro meponpusitusi B BPC: 30

IIpouenypa mpoBeaeHusi KOHTPOJbHOro Meponpusitusi: JIP Nel.3: [Ipoepka moAroToBKu K
nabopaTopHOi paboTe, OMpoc Mo KOHTPOJIbHBIM BorpocaMm. KP Nel.2: kaxaplii CTyJeHT mojydaet
WHIUBUIyaJIbHOE 3aJaHue u3 4-x BompocoB. B Teuenue 1 4. 30 MUH. CTYJIEHT B ayJIuTOPUH

IMUCbMCHHO OTBE€YACT HA 3TU BOIIPOCHI.

KpaTlcoe CodcpKaHUuE 3alaHUA:

W3mepenne u pacyeT mapaMeTpoB MaJOCUTHAILHON SKBUBAJICHTHON CXEMbI OUITOJISIPHOTO
TPaAH3UCTOPA UMITYJIbCHBEIM MeTooM.Onpeiernieane obaacteid paboThl OUIOISIPHOTO
TPaH3UCTOPA U COOTBETCTBHE SKBUBAJICHTHON HEJIMHEHHON U JTMHEHHOM CXEeMBI 3TOH 00J1acTH

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3HaTh: OCHOBHBIE THIIBI
OWIOJSAPHBIX TPAH3UCTOPOB, HX
MOJCITH u CITOCOOBI
KOJIMYECTBEHHOI'0  OIMCAaHHS C
MIPHUBJICYCHUEM COOTBETCTBYIOIIETO
(HU3HKO-MaTEMATHYECKOTO
amnmapara

1.M300pa3ute ManocurHajibHyto BY sKBUBaJIEHTHYIO
cxemy BT nns aktuBHOM oOmactu (cxemy J[KuakonaeTTo).
[losicaute pusnueckuii cMpici ee 3aeMeHToB. Jlis
pexuMa, B KOTOPOM IOCTOSTHHBIN TOK KoJutekTopa IK0 =
10 MA, CO =8 n®, CKII = CKA =1 n®, 16 =100 Owm, 3
=100, fT =300 MTI'u, paccuutaiite Tu(Py3HOHHYIO
€MKOCTh, KPYTHU3HY 10 BXOY S Ha HU3KOW YacTOTE U
TPaHUYHYIO YacTOTY 1O KO (UIIMEHTY NIepeadu 1Mo
toky fP. [losicHUTE CMBICI ATOH YaCTOTHI.

3HaTh: OCHOBHBIE THUIIBI IOJIEBBIX
TPAH3UCTOPOB, HUX MOJEIU U

CIIOCOOBI KOJIMYCCTBCHHOI'O
OITMCaHuA C IMPUBJICYCHUCM
COOTBCTCTBYIOIIICTO (I)I/ISI/IKO'

MaTCMaTUYCCKOro ariapara

1 .Hanummre ypaBHeHus AJig pacyeTa BXOAHbIX,
IIPOXOAHBIX U BBIXOAHBIX XapakTepuCTUK BT,
BKIIIOUEHHOTO 110 cxeMe O0. M300pa3urte BXOJHBIC U
MIPOXOJTHBIC XapaKTEPUCTHKH JIJISi aKTUBHOUM 00JIACTH H
00J1aCcTH HACBILIEHUS XaPaKTEPUCTUKH.

2.1300pa3ute cxemy nepeaaToyHoN 3aps0BOi MOJIEIH
JUISL aKTUBHOM 00J1acTu pabOThl OUITOISIPHOTO
TpaH3UCTOpA.

3HAaTh: TUIIOBBIE PEKHUMBI
HCITOJI30BaHUS OUIOISIPHBIX
TPaH3UCTOPOB

1. laiiTe onpezeneHre NOHATUS TPAHUYHAsS

yacToTa OUIOJIIPHOTO TPaH3UCTOpa

2.0npenenute B Kakoi obmactu padoraer Si n-p-n bT,
eciiu UB’D = 0,65 B, UB’K =-20 B. Hapucyiite
nepegarounyto Mozens bT, onuceiBatontyto pa6oty bT
110 MTOCTOSTHHOMY TOKY B 9TOH O0JIACTH.

3HaTh: METOABI MAaTCMATHYCCKOI'O

MOJIETTUPOBAHUS OCHOBHBIX
XapaKTepUCTHK OUITOJIPHBIX
TPaH3UCTOPOB u OINHCaHUA
OPUHIUIIOB  MX  paboTel ¢
HCIIOJIb30BaHUEM THUTIOBBIX
MoJieen " CTaHJAPTHBIX

MIPUKJIAJHBIX TPOrpamMm

1.Yto Takoe rpaHru4Has 4aCToTa 110 KPYTHU3HC.

YMeTh: MMpOBOAUTL PACUYCT BOJIBT-

1.0npenenenue obnacreil paboThl OUIOISAPHBIX

aMIEPHBIX XapaKTePUCTHUK TPaH3UCTOPOB U COOTBETCBYTIOMIMX SKBUBAJICHTHBIX
OMIOJIAPHBIX  TPAH3UCTOPOB  C CXEM

MOMOIIbIO COOTBETCTBYIOIIETO

(HU3UKO-MaTEMAaTHUYECKOTO

anmnapara

YMers: JKCIIEPUMEHTAIBHO 1.0npeneneHue 3JIeMEHTOB SKBUBaJICHTHOM cxembl BT,
ONpPEeINATh OCHOBHbIE T10JIb3YSCh OCIMJUIOrPaMMaMU MEePEXO0HBIX MPOIIECCOB.
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XapaKTepUCTHKH W [apameTpsl
Mozienen OUITOIPHBIX
TPaH3UCTOPOB

Onucanue MKAJbI OICHUBaAHUSA:

Ouenxa: 5
Huoicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuku 8btnoiHenus 3Hanus; OueHka "oTIMYHO" BBICTABIISIETCS €CIIU 3aJJaHue
BBITIOJTHEHO B MTOJIHOM 00'bEME WJIH BBITIOHEHO MMPEUMYIIIECTBEHHO BEPHO

Ouyenka: 4
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyenmax: 60
Onucanue xapakmepucmuku btnonanenus 3nanus. OueHka "Xoponio" BbICTaBISETCS €CIU
OOJIBIIMHCTBO BOIIPOCOB PACKPHITO. BEIOPAHO BEPHOE HAMPABIICHHE JISI PEIICHUS 3a]1a4

Oyenka: 3
Huoicnuti nopoe evinonnenus sadanus 6 npoyenmax.: 50
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OueHKa "yJ0oBIETBOPUTEIBHO" BBICTABIISAETCS
€CJIM 3aJJaHUE TIPEUMYIIIECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenus: snanus: ONeHKa "HeyIOBICTBOPUTEIIEHO" BEICTABIISICTCS
€CITM 3a/IaHUE BBITIOJTHEHO HEBEPHO MJIM MPEUMYIIECTBEHHO HE BBIITOIHEHO

KM-5. JIP Nel.4 + KP Nel.3. 3auer no pasaeay IIT

®opmbl peanusanun: Cmenrannas Gopma

Tun koHTpoBbHOrO MeponpusaTus: OTuer

Bec koutposabHoro meponpusitust B BPC: 30

IIpouenypa mnpoBeaeHusi KOHTPOJAbHOro Meponpusitusi: JIP Nel.4: mpoBepka MOATrOTOBKH K
nabopaTopHoil paboTte, onpoc 1Mo KOHTposubHBIM BompocaMm. KP Nel.3: kaxaplif cTyJeHT noiydaer
MHAMBHUAYalIbHOE 3a7aHue U3 4-Xx BompocoB. B Teuennme 1 4. 30 MHH. CTyIEHT B ayJIUTOpUU
MIMCBbMEHHO OTBEYAET HA 3TU BOIPOCHI.

Kparkoe cogepxxanue 3agaHus:
M3MepeHune craTHUECKUX XapaKTepUCTHK MOJIEBBIX TPaH3UCTOPOB. M300pa3uTh yciIoBHOE
rpaduueckoe o6o3naueHue MOII ¢ uHAYIIMPOBaHHBIM n-KaHaioM. 11300pa3uTh NpoXOoAHYIO U
BBIXOJIHYIO XapakTepucTuku 3agaHHoro I1T. M306pa3ute crpykrypsl 3agansoro 1T npu
pabote B KpyToi U mosioroit odsactu. Paccunrtats kpyTu3Hy npoxoaHoil xapakrepuctuku [T ,
€CJIM U3BECTHBIE NTapaMeTphl NapaboIMYECKON alMnmpOKCUMAIUH TPOXOAHON XapaKTEpPUCTHKH U
pabouas Touka. M300pa3uth sxkBUBaNIeHTHYIO cxeMy I1T, paGoTaroriero B mosoroit o6iactu Ha
YMEPEHHO BBICOKUX YacCTOTaX.

KoHTpoJibHbIE BONIPOCHI/3aJaHUA:

3HaTh: TUIIOBBIE PEXUMBI 1.YcnoBHble rpaduyeckre 0003HaAUYCHHS MOJIEBBIX
MCIIOJIb30BaHUs MOJIEBBIX TPAH3UCTOPOB Pa3HOrO THUIIA.
TPaH3UCTOPOB 2.06sact pabOTHI MOJIEBBIX TPAH3UCTOPOB.

3.OKBUBaJICHTHBIE MAJIOCUTHATIBHEIC CXEMBI ITOJICBRIX
TPAH3UCTOPOB HA CPCAHUX U YMCPCHHO-BBICOKHX

qacToTax.
3HaTh: METOABI MAaTCMATHYCCKOI'O I.HPOXO,I[HBIG " BBIXOHBIC XaPAKTCPUCTHUK ITOJICBBIX
MOACIINPOBAHUA OCHOBHBIX TPAaH3UCTOPOB PA3JIMYHBIX TUIIOB!:
XapaKTCPHUCTHUK ITOJICBBIX a) C U30JIMPOBAHHBIM 3aTBOPOM U BCTPOCHHBIM
TPAaH3UCTOPOB n OIIMCaHHuA KaHaJIOM N-TUIA;
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MPUHIIUIIOB nX
HCIIOJIb30BaHUEM THITOBBIX
MoeeH u CTaHIAPTHBIX
MPUKJIAHBIX TPOrPaMm

paboTtel ¢

0) ¢ M30JMPOBAHHBIM 3aTBOPOM U
HHAYOUPOBAHHBIM KaHAJIOM p-TI/IHa;

B) C YIIPABJISIONIUM P-N TIEPEXOIOM U KaHAIIOM -
TUIIA.
2.06sacT pabOTHI MOJICBBIX TPAH3HCTOPOB

YMeTh: MMPpOBOAUTL PACUCT BOJIBT-

1.YMmeTh pacCUUThIBATh MO MOACIIN BOJILT-aMIICPHLBIC

aMIIepHbIX XapaKTEPUCTUK XapaKTEPUCTUKH Pa3HbIX TUIIOB IOJEBBIX TPAH3UCTOPOB
II0JIEBBIX TPaH3UCTOPOB c 2.PacueT MaoCUrHaIbHBIX 1APAaMETPOB MOJIEBBIX
HOMOILBIO COOTBETCTBYIOLIETO TPaH3UCTOPOB MO CTATUYECKUM XAPaKTEPUCTUKAM B
($U3UKO-MaTEMaTHIECKOTO paboueii Touke.

anmnapara

YMmers: 9KCIIEPUMEHTAIBHO 1.IIpoBOauTh U3MEPEHNUE CTATUUECKUX XapaKTEPUCTUK
OIpeneNsTh OCHOBHbIE MIOJIEBBIX TPAH3UCTOPOB 110 CTPEIOYHBIM ITpUOOpaM U ¢

XapaKTCPUCTHUKU n napameTphbl
MO,Z[GJIGI;'I ITOJICBBIX TPAH3UCTOPOB

MTOMOIIBIO XapakTepuorpada
2.YMeTb pacCUMThIBaTh apaMeTPbl MOJEIIH ITOJIEBOI0
TpaH3UCTOpA B 33JaHHOI paboyeil Touke

Onucanne MKAJbI OIIEHHBAHUS

Ouyenka: 5

Huorcnuii nopoe evinonnenus 3aoanus 6 npoyenmax: 10
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: O1neHKa "0TINYHO" BBICTABIISIETCS €CIIM 3aJaHIe
BBIIOJIHEHO B TIOJTHOM 00'bEME MJTH BBITIOJHEHO NMPEUMYIIECTBEHHO BEPHO

Ouyenka: 4

Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 60
Onucanue xapakmepucmuxu evlnoinerus 3Hanus: OeHKa "Xopoio" BEICTABISAETCS €CITU
OOJIBITMHCTBO BOIIPOCOB PACKPBITO. BEIOPAHO BEPHOE HAIIPABIICHHUE ISl PEIICHUS 3a/1a4

Oyenka: 3

Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHka "y10BIeTBOPUTENILHO" BHICTABIIAETCS
€CJIN 3aJJaHU€E NIPEUMYILIECTBEHHO BBITIOJIHEHO

Oyenka: 2

Onucanue xapaxmepucmuku 6vinoaneHus snanus: OLeHKa "Hey10BIETBOPUTEIIBHO" BBICTABIIAETCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO WUJIU MPEUMYIIECTBEHHO HE BBINOJIHEHO
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COJIEPKAHUE OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
4 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsera

1. KoHueHTpanus co0CTBEHHBIX HocuTenei Toka B Ge n; = 2.25 * 101°&nbsp; m~3
OJBHKHOCTB 3JIEKTPOHOB iy, = 0,4M?/Bc, MOABUKHOCTB ABIPOK U, = 0,2M2/Bc.
Onpeznenute NpOBOJIUMOCTH a) YUCTOTO repMaHusl, 0) repMaHus, JIETHPOBAHHOTO JIEMEHTOM 3
TPYIIIbI, €CIIM KOHLIEHTPAIH JETUPYIOIUX npumeceit pasHa 4,5*1011M-3 u Bce nmpumecu
MOHU3HUPOBAaHBI, B) FepMaHMsl, JIETUPOBAHHOT'O IEMEHTOM 5 TpYIIIbl, €CIM KOHIEHTpALUs
Jerupyromux npumeceit papua 4,5*1012 m-3 u Bce nmpumMecu HOHU3UPOBAHBI.

2. N300pa3ute MaJIOCUTHATIbHYIO BBICOKOYACTOTHYIO SKBUBAJIEHTHYIO CXEMY OMIIOJIIPHOTIO
TpaH3HuCTOpa JUI aKTUBHOU oOacTH (cxemy JlxuakoneTto). [loscHuTe husnyeckuii cMpict ee
37eMeHTOB. J{J1s1 pexxrma, B KOTOPOM NOCTOSHHBIN TOK KosuiekTopa [ k0 =5 MA, C 3 = 8 nd,
Cka =Ckn = 1ln®, r 6 = 100 Om, [J =100, f T = 800 MI'ny Haiigute nudPy3noHHYIO €eMKOCTD
CJl, xpyTH3HY IPOXO/IHOM XapaKTepPUCTUKH TPAH3UCTOPA HA HU3KOW 4acTOTE U IPaHUYHYIO
4acTOTY 10 KPYTH3HE.

IIpoueaypa nposenenus

[TpoBoauTCs B YCTHOH (hopMe 1o OusieraM B BUJE MOATOTOBKH M M3JIOKEHUS pa3BEPHYTOrO OTBETA.
Bpems Ha noarorosky orsera — 60 MUHYT.

L. Ilepeuenv Komnemenyuit/uHOUKAMOPO8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenuusi/Muankarop: NJ-2omnk-1 [Ipumenser 3HaHUS €CTECTBEHHBIX HAYK U
MaTEeMaTU4YeCKUe METObI I PEILICHU 3aa4 TEOPETUYECKOr0 U MPUKIAJHOIO Xapakrepa

Bonpocsl, 3aganus
1.Yto Takoe 3¢ deKTUBHAS IIIOTHOCTh COCTOSIHUN 3JIEKTPOHOB B 30HE IpoBoguMocTH? Kak oHa
3aBUCHUT OT TEMIIEpPATyphl U MO4YeMY?
2.1300pa3ute u cpaBHUTE MEXAY c000il BonbT(hapa Hble XapaKTePUCTUKN BapUKaIIOB C
IUTABHBIM, PE3KUM M CBEPXPE3KUM P - n epexoamu. [ Bapukamna ¢ pe3kuM CTyIeHYaThIM
nepexoa0M U300pa3uTh paclpeieeHus INIOTHOCTH MPOCTPAHCTBEHHOTO 3apsa,
HANPSDKEHHOCTH AJIEKTPUYECKOTO OISl ¥ MOTEHILIMANa BJIOJIb OCH, IEPIEHIUKYIIPHON
IUIOCKOCTH MEPEX0Aa, IPH JBYX 3HAYCHMSIX 3aKPbIBAIOLIETO HANIPSKEHHUS.
3.I'panuyHbIe U IpeAETbHBIE YACTOTHI OUMOISIPHOT0 TpaH3ucTopa. COOTHOLIEHUS MEXKTY
HUMHU. 3aBUCUMOCTH 3THX 4acTOT OT MapaMETPOB MAJIOCUTHAJIbHOW SKBUBAJIEHTHOUN CXEMBI
TpPaH3UCTOpa U OT paboYero Toka.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUN
1.B 4-x BaJeHTHBIN 2JIEMEHT BBEJICHA 5-TH BaJICHTHas IpuMech. OnpenenuTe TUI
IIOJIYIIPOBOIHUKA
OtBerTsI:
Cob6cTBennslit monynpooanuk [lomynpoBoanuk p-tuna [lomynpoBoaHUK n-Tuna
Bepnsiit orBet: [loynpoBogHUK n-TuIa
2.B 4-x BaneHTHBIN 3JIEMEHT BBEICHA 3-X BaJIeHTHas puMech. Onpenenure Tun
ITOJIyIIPOBOJTHHKA
OtBeThI:
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CobcTBennslit monynpooanuk [lomynpoBoanuk p-tuna [lomynpoBoaHuK n-Tumna
Bepnwsiit orBet: [lonynpoBogHUK p-THNa

3.KakoBo HanpskeHUE OTKphIBAHME KPEMHUEBOT'O MOIYIIPOBOAHUKOBOIO U0
OTtBeTsI:

0B0,2B0,6B
Bepnsiit oteet: 0,6 B

4.0mpenenute B Kakol 00s1acTH paboTaeT KpeMHHUEBBIN OUTIOISPHBINA TPAH3UCTOP, €CITU

BBITIOJIHSIETCS ciienyroiee yeaosue U6r=0,7 B Uok=-3 B
OTtBeThI:

AxtuBHas obnacte O6nacTs orceukn O0nacTh HackleHus: iHBepcHast 0611acTh
Bepuslii oTBeT: AKTHBHAs 0071aCTh

5.Bribepute npaBuibHOE 0003HAYEHHE N-P-N OUIOISPHOTO TPAH3UCTOPA, BBEIS HOMED

pucyska | unu 2

TTTR=—"?
UGK? T
> D’K’?
Yes ¢I6‘rs 2
Lo

Figure 1 O603HaueHUs 6MNONAPHOrO TPaH3UCTOPA

OTBeTHI:
12
Bepnsiit otBeT: 1

2. Komnerennusi/Ungukarop: NJI-2onk-3 BeiOupaer ciocoObl 1 cpeicTBa U3MEpEHU 1 MPOBOIUT
AKCIIEPUMEHTAIbHBIE UCCIEA0BAHUS

Bonpocsl, 3aganus
1.ITonw3ysick Monenbio D6epca-Mosuia, HOCTPONTE U MOSCHUTE MPOXO/IHBIE XapaKTEPUCTUKU
OUIIOJIIPHOTO TPAH3UCTOPA, BKIIFOUYEHHOTO 110 CXeMe C OOLIUM SMUTTEPOM, U €ro
MaJIOCUTHAJIbHYIO SKBUBAJICHTHYIO CXEMY JUIsl HU3KHUX 4acToT. Kakue sBiieHus B peaabHOM
CTPYKTYp€ TPaH3UCTOPA, 3aMETHO BJIMAIOLINE HA BUJ] 3TOM SKBUBAJIEHTHON cXeMbl U (popMy
MPOXOJHBIX XapaKTEPUCTUK, HE YUUTHIBAIOTCS B ATONW MOJIETH?
2.300pa3uTe U CpaBHUTE IKBUBAJIEHTHBIE CXEMBI MOJTYIPOBOAHUKOBBIX P - N IMOJIOB,
UCIIOJIb3YEMBIE JJISl PACUETOB CTATUYECKUX PEKUMOB JAMOAOB U AMHAMUYECKUX MPOLIECCOB B
Hux. [locTpoiite cTaTMuecKyro XapakTepucTuKy aunoaa, nMeromero npu T = 300 K ok
HaceinieHus 10-13 A u conportuBnenne mareprana 6as3sl 12 OM npu U3BMEHEHUHU NPSIMOTo ToKa
1o 30 MA.
3.Kak 3aBUCHT OT HaNpsHKEHUS MEXKy 3aTBOPOM U NCTOKOM ITOJIEBOTO TPAH3UCTOpa C
YIPABISAIOLUUM P-N IEPEXOA0M IPOBOJAUMOCTb KaHaJIa IPU MaJIbIX HAMIPSLDKEHUAX MEXITY
CTOKOM U UCTOKOM. [IpH KakuX ycIoBHSX MOJIEBOM TPAH3UCTOP MOKHO MCIIOIb30BaTh KaK
JMHENHOE 3JIEKTPUUECKH PETYINPYEMOE COIIPOTUBIIEHHE?
4.0Onpenenute B Kakoit odnactu padotaet n-p-n bT, ecmtm Ub’D = 0,65 B, UKD = 10 B.
Hapucyiite nmxexuonnyto mojaens bT, onuceiBatomyto padoty BT 1o nocrosHHOMY TOKY B
sTOM oOnacTu. Hanmumure ypaBHEHUS 1715 pacdeTa BXOIHbIX, IPOXOIHBIX U BBIXOAHBIX
xapaktepucTtuk bT, BkimrouenHoro no cxeme Ob.
5.0npenenute B Kakoi obnactu Haxoautes N-p-n bT, ecmu UB’D = 0,7 B, UB’K =1 B.
Hapucyiite nepenatounyto moaens J6epca-Moiuta BT, onuceiBaromyto padoty BT mo
MOCTOSTHHOMY TOKY B 3TOM oOnactu. Hanumure ypaBHEeHUS 1715 pacdeTa BXOIHBIX, POXOAHBIX
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U BBIXOAHBIX XapakTepuctuk BT, Bkimouennoro no cxeme O3. M3o0pa3ute Bce 3TH
XapaKTEPUCTHUKH.

6.1300pa3ute MaJlOCUTHATIBHYIO BBICOKOYACTOTHYIO SKBUBAJICHTHYIO CXEMY OUTIOJISIPHOTO
TpaH3MUcTOpa JUlsl aKTUBHOU obunacTtH (cxemy Jlxuakonetto). [loscuute huznueckuii cmpicn ee
a51eMeHTOB. [[11s1 pexxuMa, B KOTOPOM MOCTOSIHHBIN TOK kKosuiekropa [ kO =5 MA, C 3 =8 nd,
Cka =Ckn = 1n®, r 6 = 100 Om, [ =100, f T = 800 MI'1 HaiinuTe TUh)Y3HOHHYIO EMKOCTh
C/I, xpyTH3HY IPOXOJHOMN XapaKTEPUCTUKU TPAH3UCTOPA HA HU3KOW YaCTOTE U IPAHUYHYIO
YacTOTY 110 KPYTHU3HE.

MaTepI/IaJ'[bI AJIA MIPOBEPKU OCTATOYHBIX 3HAHHUI

1.Bo1GepuTe npaBUIbHOE OMpE/EIIEHNE BXOJHOW XapaKTePUCTUKHU OUIIOJIIPHOTO TPAH3UCTOPA,
BKJIIOYEHHOTO 10 CXEME C OOLINM SYMHUTTEPOM
OTtBeTsI:
3asucumocts 16(U63) mpu nocrossaHOM Hanpsikennn Ukd 3aBucumocts [k(UG23) mipu
nocTostHHOM HanpspbkeHun Ukd 3aBucumocTth [k(Uk?) npu mocTostHHOM HanpspkeHud U2
Bepnpiii otBet: 3aBucumocts 16(U63) npu noctostHHOM HanpsikeHun Uk
2.BriGepuTe npaBUIIbHOE ONPEICICHNE TPOXOJHON XapaKTePUCTUKHI OUTIOISPHOTO
TPaH3UCTOPA, BKJIFOUEHHOTO 110 CXEME C OOIIUM AIMUTTEPOM
OTtBeTsI:
3asucumocts [6(U63) mpu nocrossaHOM Hamnpsbkennn Uka 3aBucumocts Ik(U63) mpu
noctosiHHoM HanpsbkeHun Uks 3aBucumocTs [k(Uk?) mpu nmoctossHHOM Hamnpsbkenun U6
Bepnpiii otBet: 3aBucumocts [k(U63) npu nocrossHHOM HarpsikeHun UK?
3.BriGepuTe npaBUiIbHOE OMpeIesieHne BRIXOIHOM XapaKTepUCTUKU OUIIOISIPHOTO
TPaH3UCTOPA, BKJIFOUEHHOTO 110 CXEME C OOIIUM SMUTTEPOM
OTtBeTsI:
3aBucumocts 16(U62) mpu noctossHHOM HanpspkeHur Uk 3aBucumocts [k(U63) mpu
noctosiHHoM HanpsbkeHun Uks 3aBucumocts [k(Uk?) mpu moctossHHOM Hamnpsibkenun U6
Bepnpiii otBet: 3aBucumocts [k(Uk3) npu nocrossHHOM Hanpsbkenun U6
4.]111 Kakol cxeMbl BKIIOUEHHSI OUMOJISIPHOTO TPAH3UCTOPA IPUMEHSIETCS MHKEKIIUOHHAs
MoJieIb TPAH3UCTOpPA, MIOKAa3aHHAasl Ha PUCYHKE
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Figure 2 MH}XeKUMOHHasA mogenb 6UnonsapHoro TpaHMcTopa

OTBeThI:
Cxema c obureit 6a3o0it Cxema ¢ o6mum sMuTTepoM Cxema ¢ 00IUM KOJUIEKTOPOM
Bepnplii otBeT: Cxema ¢ o0ieit 6a3zoit
5.J11s1 KaKoii CXeMbI BKIIFOYEHUS OMITOJISIPHOTO TPAH3UCTOPA IPHUMEHSIETCS TTepeaaTOqHast
MOJIeJIb TPaH3UCTOpa, OKAa3aHHAsl Ha PUCYHKE
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Figure 3 MNepeaaTouyHaa moaenb 6UNONAPHOrO TPAH3UCTOPA
OTBETHI:
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Cxema c obmreit 6a30ii Cxema ¢ 00mum sMuTTepoM Cxema ¢ 00LIIM KOJIEKTOPOM
Bepnsriii otBeT: Cxema ¢ 00IIUM SMUTTEPOM

3. Komnerenmus/Muankarop: NJ1-3onk-3 OOpabaTeiBacT U NpeaCTaBIAET I10IyICHHbIE
9KCIIEPUMEHTAIIbHBIC JAHHBIC TS IOTy4YeHHsT 000CHOBAHHBIX BBIBOJIOB

Bomnpocel, 3axaHus
1.M300pa3uTte u MOsSCHUTE MPOXOAHBIC U BBIXOJIHBIC cTaTHUecKue Xapakrepuctuku MOIT
TPaH3KUCTOPA CO BCTPOCHHBIM N KaHAJIOM. Kak M3MEHSTCS 3TH XapaKTePUCTUKH MPU U3MEHEHUU
TEMIEPATYpHI.
2.CpaBHHTE MEXIY COOOH KPYTH3HBI IPOXOTHBIX XapaKTEPUCTHK OUTIOISPHOTO U TIOJIEBOTO
TPaH3UCTOPOB, MIPU MapabOIUUYECKOM annmpoKCUMaluK, padOTaIOIIUX MPU OJUHAKOBBIX
nocTostHHBIX Tokax 10 = 10 MA, eciiu B IOJIEBOM TPaH3UCTOPE 3TOT TOK COOTBETCTBYET
HYJIEBOMY HAIPSDKEHUIO 3aTBOP-UCTOK MPU HAMPSKEHUU OTCEeUKU - 4 B, a OunosnspHbiit
TpaH3UCTOP UMeeT conpoTuBiaeHue 6a3pl 100 Om u f = 100.
3.M300pa3ute npoxoansie xapakrepuctuku MOII moneBoro TpaH3ucTopa ¢ HHIyHUPOBAHHBIM
n-xananoM. Kak U3MeHsITCS 3TH XapaKTEPUCTUKU IIPU YBEIUYEHUE TEMIIEPATypPhl U o4YeMy?
N300pa3ute BHIXOIHBIE XapAaKTEPUCTUKHU TAKOTO TpaH3ucTopa. Kak u3mMeHsTCS BEIXOTHBIE
XapaKTEPUCTUKH, €CITU HAMPSIKEHHE 3aTBOP-HUCTOK MEHBIIIE HAMIPSHKEHUS B TEPMOCTAOUITBLHOM
TOouKe?
4. 300pa3ute U CpaBHUTE MEXY COOON IPOXOHBIC U BBIXOIHBIE XapaKTEPUCTUKHU MOJIEBBIX
TPaH3UCTOPOB C YIPABJISIOUINM I1EPEXO0OM U N KAHAJIOM U C HABEIEHHBIM N KaHAJIOM.
CpaBHUTE TaKxke
MaJIOCUTHAJIbHBIE BEICOKOYACTOTHBIC SKBUBAJICHTHBIE CXEMBI 3 THX TPAH3UCTOPOB.
5.Iosicaute pusmueckuii MexaHU3M BIHMSHHS KOJUIEKTOPHOTO HAMPSDKEHUS B OUIIOISIPHOM
TPaH3UCTOPE HA TOK KOJIeKTopa. CpaBHUTE MO CTENIEHHU 3TOT0 BIUSHUS CXEMBI C 331aHHBIM
HanpsDKeHUeM 0a3a-3>MUTTED U C 33JaHHBIM TOKOM 0a3bl. Kakue 31eMeHThl B MaJOCUTHAIBHOM
HU3KOYaCTOTHOM SKBUBAJIEHTHOM CXEMe TPaH3UCTOpa OTPAXKAIOT ATO BIUSHUE?

Matepuainbl 1/151 IPOBEPKH OCTATOYHBIX 3HAHUM

1.Kakoi 3aBUCMMOCTBIO ONHCHIBAETCS MPOXOIHAS XapaKTEPUCTHKA OUIOISIPHOTO TPAH3UCTOpa
OTBeThI:

JAUHeNHas napabojnyecKkast SKCIOHeHIIUaNbHas
BepHbIi1 OTBET: 3KCITOHEHIIMAIbHAS

2.Kaxkoii 3aBUCMMOCTBIO OIMCBIBAETCS MPOXOAHASI XapaKTEPUCTHKA IIOJIEBOTO TPaH3UCTOpa
OTBeThI:

JAUHeNHas napaboanyecKkasi SKCIOHeHIIMaNbHas
BepHnblii oTBeT: napabonuueckas

3. 45151 Kakoit ob6macTu paboOTHI CripaBeIMBa JMHEHHAS MaJOCUTHAIbHAS SKBUBAJIIEHTHAS CXeMa

JKrakoneTTo, moKa3aHHas Ha puUC.
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Figure 4 ManocurHanbHasa 3KBUBaNEHTHaA cxema 6UNoONAPHOro TpaH3McTopa

OtBeThI:
AxTuBHas o6macte Ob6sacTs Hackimenus: MTaBepcHas 061acThb
Bepublii oTBeT: AKTHBHAs 00J1aCcTh
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II. Onucanue wKanvl oueHUBAHUA

Ouenxa: 5
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 90
Onucanue xapakmepucmuku evtnonanenus 3nanus. Ouenka «OTIIMYHO» BoicTaBiIsS€TCS CTYICHTY,
MPaBUJILHO BBIMOJHUBILIEMY MPAKTUYECKOE 3aJ]aHue, KOTOPBIN MOKa3aJl IPU OTBETE HA BOIPOCHI
9K3aMEHAIIMOHHOTO OMJIeTa U Ha JOMOJIHUTEIbHbIC BOMPOCHI, UTO BIIAZICET MaTePUAIOM U3y4ECHHON
JUCITUTIMHBI, CBOOOIHO IPUMEHSICT CBOM 3HAHHUS JTSI OOBSICHECHHS Pa3IMYHBIX SBJICHUH U PEIICHUS
3azad.

Ouyenka: 4
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 10
Onucanue xapakxmepucmuxu evinoanenus snanus: Onenka «XOPOILIO» BbicTaBiseTcs CTYAEHTY,
MPaBUWJIFHO BBIOJIHUBIIEMY NPAKTUYECKOE 33JaHUE U B OCHOBHOM IIPAaBMIILHO OTBETHBIIEMY Ha
BOIPOCHI SK3aMEHAIIOHHOTO OUJIeTa ¥ Ha JIOTIOJHUTENIBHBIE BOTIPOCHL, HO IOMYCTHBILEMY TIPU
ATOM HETIPHHLUIHAAIBHBIC OIIUOKH.

Oyenka: 3
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu gvtnoanerus 3nanus: Ouenka «Y JOBJIETBOPUTEJIBHO»

BBICTABIICTCS CTYJEHTY, KOTOPBIN B OTBETaX Ha BOIPOCHI 9K3aMEHAIIMOHHOTO OUJIeTa JOMYCTHII

CYILIECTBEHHBIC U Jake rpyOble OMMOKH, HO 3aT€M HMCIIPABUII UX CaM, a TAK)KE HE BBITTOJTHIII
MIPAKTUYECKOE 3aJJaHe U3 9K3aMEHAIIMOHHOT0 OnieTa, HO JM00 HAaMETUI IPAaBUIIBHBIN MYTh €ro

BBITIIOJTHEHU S, TMOO 0 YKA3aHUIO SK3aMEHATOpa PeIlni IPYryko 3a/1ady U3 TOTo K€ pas3zena

JUCIUTIAHBI.

Oyenka: 2
Onucanue xapakmepucmuxu evinonnenus 3nanus: Ouenka «HEYJJOBJIETBOPUTEJIBHO»
BBICTABIISIETCA CTYACHTY, KOTOPBIN: a) HE OTBETHJI Ha BOIIPOCHI IK3aMEHAIIMOHHOTO OMJIeTa U He
CMOT pPelINTh, TMO0 HAMETUTDH MPABMIIBHBIN MMyTh PEHICHUS 3a/1a4l U3 OuseTa; 0) He CMOT PelInTh,
700 HAMETUTDH MPABWIBHBIN MTYTh PEUICHUS 3a/1a4d U3 9K3aMEHAIIMOHHOTO OMJIeTa U IPYTrou
3a/1a4¥ Ha TOT K€ pa3JieN TUCIUILIMHBI, BEIIAHHOM B3aMeH Hee; B) IPU OTBETE Ha JOTOTHUTEIbHBIC
BOIIPOCHI OOHAPYKHIT HE3HAHUE OOJBIIIOTO pa3jielia dK3aMeHAIMOHHOM MPOrpaMMBl.

II1. IIpaguna évicmaenenusn umo2o60i OUEeHKU no Kypcy

Ouenka ompenensieTcss B COOTBETCTBUU ¢ [lonokeHneM o OaTbHO-PEUTHHTOBOM CHUCTEME ISt
crynenroB HUY «MOW» Ha 0CHOBaHMHU CEMECTPOBOM M aTTECTALIMOHHON COCTaBIISIOIIMNX.
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