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JIUCT COI'JIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBUH C TPEBOBAHUSMU ®ENEPAJIBHOI'O
T'OCYJAPCTBEHHOI'O OBPA3OBATE/IBHOI'O CTAHJAPTA BBICIIIET'O OBPA3OBAHUA (®I'OC BO)

11.05.01 Papunos/1eKTpOHHBbIE CUCTEMBbI U KOMIIJIEKChI
rog, Habopa rpynrbl: 2024

IIporpamMmmMmy cocTaBuiI:

Kadenpa 14 PAIIMODJIEKTPOHHBIE CUCTEMEI YITPABJTEHUA
®népoB Anekcanap HukonaeBuu, cTapiiuii mperno/jaBaTesib

[Tporpamma paccMOTpeHa
Ha 3ace/jlaHUM Kadeapbl-pa3paboTurKa
paboueii nporpamMmel 14 PAIOI/TEKTPOHHBIE CUCTEMBI YIIPAB/TIEHUSA

3aBenytomumii kadenpoii Crpaxos C.1HO., A.T.H., ipod.

[Tporpamma paccMOTpeHa
Ha 3aceJJaHUM BBITyCKatolleit Kadeapsl

N4 PAINOISJIEKTPOHHBIE CUCTEMBI YITPAB/IEHUA

3aBepaytommii Kadeapoii Crpaxos C.1O., A.T.H., ipod.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
JJIEKTPOHHBIE 1 MUKPOJJIEKTPOHHBIE ITPUBOPBI

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

OIIK-1 — crmocoOHOCTb Mpe/CTaBUTh aleKBaTHYI0 COBPeMEHHOMY YPOBHIO 3HaHWM HayyHYIO KapTUHY MHpa
Ha OCHOBe 3HaHUs1 OCHOBHBIX TIOJIOXKEHHM, 3aKOHOB U METOZI0B eCTeCTBEHHBIX HayK U MaTeMaTUKU

OIIK-2 — CrmocoOHOCTb BBISBIATH €CTECTBEHHOHAYYHYIO CYIIHOCTb Ipo0sieM, BO3HHUKAIOIIUX B XOfe
rpo¢eCcCUOHaNbHON [1esITe/IbHOCTH, U MPUMEHATh COOTBETCTBYIOLMN (PH3MKO-MaTeMaTUyeCKuil anmnapar /s
vx (hopManv3alyy, aHaav3a U PUHATHS pelleHus

OIIK-4 — cnocoGHOCTb TIPOBOAUTEL JKCIIePUMEHTa/lbHble UCCAeJOBaHUsl U BaJileTb OCHOBHBIMU TpHeMaMy
00paboTKy ¥ MpeACTaB/eH s SKCIIepUMEeHTaTBHbBIX JaHHbBIX

OIIK-6 — crocoOHOCTh YUMTHIBATH CYIIECTBYIOI[HE W TIEPCIIEKTHBHBIE TEXHOJIOTHMU TPOW3BO/CTBA
PaJi0371eKTPOHHON anmaparyphl MPYU BBITIOJTHEHUM HAyYHO-UCC/1e[j0BaTe/IbCKOM M OIMBITHO-KOHCTPYKTOPCKUX
pabor

@dopmMHpoBaHHIO KOMIIETEHLIUI CTYKUT [JOCTIDKEeHHe CIIeAYIOIUX Pe3y/ibTaToB 00pa30oBaHMUsI:
OIIK-1

3HAHUA:

¢bur3nyeckre MpoLeCChl, KOHCTPYKLMHY, TPUHLIWT JelCTBUS, XapaKTePUCTUKH U TIapaMeTpbl pUO0OpoB
Pa3nMYHOro Ha3HaueHWsl U MUKPO3JIEKTPOHHBIX YCTPOMCTB;

YMeHus:

OCBOEHMe OCHOBHBIX XapaKTePHCTHK I10TyTIPOBOJHUKOBBIX 3/I€KTPOHHBIX ITPHUOOPOB;

HABbIKU:

WCCTIefloBaHKe Pa3/IMUHbIX CXeM BKJIFOUEHHs 3/IeKTPOHHBIX TPUOOPOB.

OIIK-2

3HAHUA:

MaTepHaJibl 3JIEKTPOHHOM TeXHUKU U UX 371eKTpo¢dr3nUecKre CBOMCTBA; XapaKTePUCTHKH P-N Mepexoja;
TIOJTyTIPOBOJHUKOBBIE MO[bI, OUIOMSPHBIE U TO/IeBble TPAH3UCTOPBI; (HOTO3/IEKTpUUECKUe U U3/IydaTe/ibHble
npubOPbI; XapaKTePUCTUKH, TIapaMeTphbl ¥ MOZIe/! TI0/IyTIPOBOAHUKOBBIX IPUOOPOB; 371€eMeHThI MHTer PaIbHBIX
cxeM; 0a30Bble JIOTMYECKHE 3/IeMeHThl Ha OCHOBe OWITOSIPHBIX M TOJIEBBIX TPAH3UCTOPOB; 3allOMHHAOLIEe
JIOTWYeCKye 371eMeHThl; OCHOBbI (DYHKI[MOHA/IBHOM 3/1eKTPOHUKY;

YMeHuA:

yMeHHe aHa/IM3UpoBaTh paboTy cxeM, cofiep>KalliyX TOMyTPOBOAHHUKOBbIE 37IeKTPOHHBIE TIPHOOPE;

HABbIKU:

orpe/ie/ieHre OCHOBHBIX XapaKTePUCTUK 37IeKTPOHHBIX ITPHOOpPOB;

- MCCTIe/i0BaHNe PA3/IMYHBIX CXeM BKJIFOUEeHHs 37IeKTPOHHBIX ITPHOOpPOB;

- paboTa C MakeTHbIMH YCTaHOBKaMH, BK/IFOUYAIOLIMU 3/1€KTPOHHBIE TPUO0DSI;

- MO/le/TUpOBaHKe PaboThI CXeM C 371eKTPOHHBIMU Tiprubopamu B CATIP.

OIIK-4

3HAHUA:

03HaTh MPUHLUI PabOoTHI MOTYTIPOBOJHUKOBBIX TIPUOOPOB;

YMEHUA:

yMeTb CHUMaTh XapaKTePUCTUK{ S/eKTPOHHBIX MPUOOPOB C TIOMOILIBIO — PaJH03eKTPOHHOM
arraparypal;

HABbIKU:

HaBBIKW OpTraHU3alvy U TIPOBeAeHUs 3MepeHHs TIapaMeTPOB U XapaKTePUCTUK, 00paboTKY JaHHBIX.
OIIK-6

3HAHUA:

3HaHWe COBPEMEHHBIX TEeXHOJIOTHI W3TOTOBJ/IEHUsS] 3/IeKTPOHHBIX IPUOOPOB M PaJH031eKTPOHHOM
anraparypal;

YMeHua:

yMeThb TIPOBOJUTb WCCIeAOBAHUS PA0OOTHI TOMYIPOBOJHUKOBLIX TPUOOPOB, CPaBHMBAaTb OCHOBHBIE
XapaKTepUCTUKY;

HABbIKU:

HaBbIK aHa/IM3a U BEIOOpA TEXHOIOTHI POM3BO/CTBA PAAM03/IeKTPOHHOM amraparyphbl.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Jucnynmaa JJIEKTPOHHBIE 1 MAKPOJ3J/IEKTPOHHBIE ITPUBOPBI sBnsercs
JVCLIUTUTMHOW 00s13aTe/IbHOM YacTH Gy10Ka 1 nporpamMMeI TIOATOTOBKHU TI0 HaripassieHuto 11.05.01
PaouosnekmpoHHble cucmembl U KOMIIEKChL.

CogepkaHue JUCLUIVIMHBI BJISeTCs JIOTUYeCKUM npopopkenrem aucuuruie: @U3NKA.

CopepkaHve AUCHUIVIMHBI sIB/IsSleTCS OCHOBOM misi ocBoeHus auctmiuinH: CXEMOTEXHUKA
AHAJIOT'OBBIX 3JIEKTPOHHBIX YCTPOVICTB.

HpegBapHTeﬂbele KOMIIeTeHLIH, CCI)OPMI/IPOB&HHLIE y 06yqa}0Luer 0Csd A0 HadaJ/la U3ydyeHud JUCLHUIIIMHBIL

¢ OIIK-1 — CniocobeH mpe/iCTaBUTh aZIeKBaTHYH) COBPEMEHHOMY YPOBHIO 3HAHUH HAyUHYIO KapTUHY
MUpa Ha OCHOBe 3HaHWsI OCHOBHBIX TI0/I0’KE€HUI, 3aKOHOB U METO/[OB eCTeCTBEHHBIX HAayK U MaTeMaTHKU

¢ OIIK-2 — Crnioco6eH BBISIBISATE €CTECTBEHHOHAYYHYHO CYIIIHOCTB MPO0/ieM, BO3HUKAIOIIUX B XOfe
ripodecCcOHaNbHON JesITeTbHOCTH, U IPUMEHSTh COOTBETCTBYIOLIUN (PHM3MKO-MaTeMaTHueCKUi arrmapar
JJ1s1 MX (popMasn3aliyy, aHaausa U PUHATUS pelleHUs

¢ OIIK-3 — CrniocobeH K JIOTHUeCKOMY MBIIIIEHH0, 0000111eHHI0, IPOrHO3UPOBaHMIO, TIOCTAHOBKE
WCCIIe/I0BaTe/IbCKUX 3a/lau 1 BHIOOPY IMyTel UX JOCTHKeHHs], 0CBOEHHIO pabOThI HA COBPEMEHHOM
M3MepHUTeTbHOM, TUarHOCTUUECKOM U TeXHOJIOTMYeCKOM 000pY0BaHUH, UCTIO/IB3YEeMOM [JIs peLleHust
Pa3/IMUHBIX HAYYHO-TEXHUYEeCKUX 3aJa4 B 00/1aCTH PaJji03/1eKTPOHHOM TeXHUKU M MH(POPMALMOHHO-
KOMMYHHKaL[MOHHBIX TeXHOJIOTHH



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/sieT 3 3.e., 108 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI

Ay/MTOpHBIE 3aHATHS
B KOHTaKTHOIi ¢hopme

HaumeHoBaHuUe pasjie/ioB H AMAAKTHYECKHX eIHHHIY

KYPC
CEMECTP
BCEI'O

BCEI'O

JIeKuuu

JIabopaTopHbIit
TNPaKTHKYM

CamocrosTebHasA
pabora cTyaeHToB

®dopmupyemast
KOMIeTeHIus, %

OIIK-1

OIIK-2

OIIK-4
OIIK-6

Paspen 1. DnekTpodu3nyeckue CBoOHCTBa
No/IyNpOBOHUKOBBIX MaTepHasioB. P-n-nepexop, ero
cBovicTBa. [inoapl. Craduutponbl. Cob6CTBeHHbIE U
TIpUMeCHBIe MOJTYIPOBOAHUKH. DJ/IEKTPOHHO-ABIPOYHBIH p-n
riepexoi. JuddysronHas pasHoCTh noTeHLManos. BAX auoaa.
TTonsiTus 0 3apsiAHOMN U AUddY3HOHHOM eMKOCTSIX AUO0Aa.

2 4 DKBHBa/eHTHasi cxeMa jrozia. Oco6eHHOCTH JHO/0B 34 17
Pas3/IMYHOrO Ha3Ha4YeHHsI: BBINPSIMUTE/IBHOTO, CTAaOH/TUTPOHA,
BapHKara, BbICOKOYaCTOTHOTO, UMITY/IbCHOTO, TYHHE/IbHOTO,
muona [lortku. [Tpo6oii AMoja: TyHHE bHbBIN, JABUHHbIM,
TerIo0Boi npo6oii. CTaGUINTPOH, ero YCTPOWCTBO U MPUHLIUT
pabotbl. OCHOBHBIE XapaKTePHCTHKH U TTapaMeTphl
CTabUIUTPOHA.

17

25

25

25 25

Paszpen 2. ©0oT0IeKTPUYECKHE U U3/TydaTe/IbHbIe NPHOOPBI.
) 4 DOTOANO/, CBETOU3/TYYAIOLLMI IO/, BUrnosnsipHbIi 12 4
ororpansucTop. XapakTepUCTUKH, TapaMeTPbl 1 MOZEIN
TIO/Ty[IPOBOAHUKOBBIX MPUOOPOB.

Paspen 3. bunonapHeie Tpansucropsl (BT). YcummrenbHbie
KacKa/ibl IOCTOSIHHOT'0 U lepeMeHHoro Toka Ha BT.
YerpoiictBo U pabota GunonsipHoro Tpaunsuctopa (BT). Toku
nprbopa, napameTpbl. CxeMbl BK/IIOUEHHSIM UX CBOHCTBA.

P 4 Mogens BT peanbHble u njeanusupoBanHbie BAX. Pabora npu 8 14
MaJjioM CHrHasie. DKBHUBa/leHTHbIe CXeMbl. 3aBUCUMOCTH
rapaMeTpOB OT TeMITepaTyphbl, PeXXMMa, YaCTOThI CUTHa/a.
Pa6ota rpu 60JIbLIOM CHrHase. VIMITy/IbCHBIH PeXKUM, CII0COBbI
TOBBILIeHUs1 ObIcTpozelcTBYs. MorHble BT: ocobeHHOCTH
KOHCTPYKLIMH, paboThbl ¥ PUMEHEeHHSI.

10

14

30

30

30 30

Paspen 4. IToneseie Tpansucrops! (IIT). IIT ¢ ynpasnstowmm
p-n-niepexozioM. I1T ¢ M30/1MPOBaHHBIM 3aTBOPOM U
cobcTBeHHbIM KaHanoM. T1T ¢ 130/1MpOBAHHbIM 3aTBOPOM U
MH/YLMpyeMbIM KaHasioM. CoBpeMeHHbIe T10/IeBble
TpaH3ucTopsl. Momuasie MOSFET (SIPMOS. HEXFET)

2 4 T1oJieBble TPaH3UCTOPbI. CTPYKTYpa ¥ MPUHLIUIT AeHCTBYS. 20 10
Moutsle IGBT noneBble TpaH3UCTOPBI, CTPYKTYPa Y MPUHLUIT
neticreust HEMFET TpaH3sucrtopsl. PasHoBuaHOCTH
TPaH3UCTOPOB C BBICOKOM NMOABIKHOCTLIO HOcuTesei. M/ITT
TPaH3UCTOPBI C IBOMHHBIM 3aTBOPOM. MUKpo FET TpaH3ucTOpbI
MHTerpasbHbIX CXeM.

10

30

30

30 30

Paspien 5. IlepcneKTHBHBIE HaNpaB/IeHUs1 TPAH3UCTOPHOI
MHKP03/1eKTpoHUKH. [TpaBuno Mypa. Hanopa3smepHast
37eKTpoHrKa. KBaHTOBOMexaHnueckue s dextol. [ToHsiTHE O
Bdnnax ne BpOiins, adpdekr AapOHosa - BOMma, addekr
Ihko3sedcoHa, apdexr MeiicHepa. YiiepojiHble HAHOTPYOKH.
2 4 TToHsiTHE O KBAHTOBBIX TO'—I‘]’(HXA HQPCHEKTI/IBH]:IQ ijlHBl/ICTOpH};IE 14 6
CTPYKTYPBI: MOJIEKYJ/IIDHBIU TPaH3UCTOP; CITMHOBBIU
TPaH3UCTOP, IPadeHOBbII TPaH3UCTOP, KBAHTOBO-
MHTepGepeHLIMOHHBII TPaH3UCTOP, TPAH3UCTOP Ha KBAHTOBBIX
TOUKaX, TPAH3UCTOPHLI HA OCHOBE HaHOpr6OK;
¢heppoanekTprueckuii TpaH3ucTop. [1oHATHE 0 KpeMHHEBOM
¢oToHuKe.

10

10

10 10

Bcero 3a 4 cemecTp 108 51

34

17

57

100

100

100 100

Bcero no gucuuninHe 108 51

34

17

57

100

100

100 100

3.2. JIaGopaTopHbIii NPAaKTUKYM

HOMep U HAUME€HOBdHHE pa3jie/id AUCIUII/IUNHBI

Tema /1a00paTOPHOro
MpPaKTHKyMa

Oo0neMm,

ayp,.
4yacoB

Pazgen 1. DnekTpodusnyeckrie CBOMCTBA
1  |mosynpoBOJHUMKOBBIX MaTepuasnoB. P-n-nepexof, ero
cBotictBa. [Inogpl. CTabUIUTPOHBI.

HCCe[loBaHUe
TO/TyTIPOBOTHUKOBBIX [TUO/IOB,
ucciaeoBaHye CTabuIMTpoHa

Paznen 3. Bunonsipusle TpaH3uctopsl (BT).
2 |YcunurenbHble KaCKaZbl TIOCTOSTHHOTO 1 TIepeMeHHOT0
ToKa Ha bT.

HCCIefloBaHUe OUITOJISIPHOTO

TpaH3KUCTOpa

3 |Pa3men 4. ITonepsie Tpan3uctopsl (I1T).

«HCC/IeJ0BaHMeE T10/IEBOI'O

TpaH3UCTOpa»

Bcero 3a 4 cemectp

17

6

21838




3.3. CamocTosnTenbpHas padora crygenta (CPC)

Ne CopepxaHue yueoHoro |O0bem,
Homep 1 HauMeHOBaHMe pasjeia JUCHHIIIMHBI
n/n 3a/laHUA 4acoB
Paspen 1. DnexTpodriznueckrie CBOMCTBA (r3MKa MOTyIPOBOJHUKOB.
1 |monynpoBOJHMKOBBLIX MarepuasoB. P-n-nepexos, ero BAX pguopos, BAX 17
cBoticTBa. [Inogpl. CTabUIUTPOHBI. CTabUIUTPOHA
2 |Pazgen 2. ®oTO3MEKTPUUECKHE U U3/TyUaTesibHbIe TPUOOPEL.  |poTo3nekTpudeckue 3ddexrs] 8
3 Pazpen 3. bunonsipubie TpaH3uctopsl (bT). YcunuresibHbie (hu13rKa OUITO/ISIPHOTO 14
KacKa/ibl [I0CTOSIHHOI'O U ITlepeMeHHOro Toka Ha bT. TpaH3UCTOpa
4  |Pasgen 4. I[ToneBsle TpaH3ucTopsl (I1T). (uswKa paGoThi nosesbIx 10
TPaH3UCTOPOB
Pasgen 5. [lepcrieKTHBHBIe HarpaB/ieHUs] TPAH3UCTOPHOU
5 MepCIeKTUBHBIE TPAaH3UCTOPbI| 8
MUKDPO3/IEKTPOHUKU.
Bcero 3a 4 cemectp 57
4. ®OPMbI KOHTPOJII OCBOEHUSA TNCLUIIJINHBI
CEMECTP HEJAEJ/IN CEMECTPA
1/2(3|4 5 6 |7/8/9 10 |11|12|13 14 15| 16 17
4 Bormp. 3au | 1P P Bormp. 3au OP| Bomp. 3ay, 3au.

YcoBHBIE 0003HAUEHUS:
e [IP — auarHOCTHUECKasi paboTa;
» Borp. 3au — BOITPOCHI K 3aUeTy;
e 3au. — 3aYeT.

Tekyluid KOHTPO/Ib YCIIeBAaeMOCTH CTY/JIEHTOB MPOBOJUTCS B IMCKPETHBIE BpEMEHHbIE NHTEPBAJIbI B
cnenyromumx dhopMax:

[TMarHoCTUYeCKasi pabora;
BOIIPOCHI K 3aUeTy.

HpOME)Ky'TO‘lHaH dTrTecTalus IIpOBOAUTCA B (l)OpMaXZ
3a4yert.

21838




5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. A. H. ®népos, C. FO. Crpaxos, A. A. ®népoBa. . JneKTPOHHbIE 1 MUKPO3/IeKTPOHHBIE TTPUOOPBHI.
CII6.FI'TY "BOEHMEX" um. [I. ®. YcruHoBa, 2021, 86 3K3.

5.2. JlononHUTebHASA TUTeparypa o JUCLUIUIVHE:
He TpeOyeTcsi.
5.3. Ilepuoguueckue U3gaHus:
1. Paguorexnuka — XXI Bek.

5.4. TlepeueHb peCcypcoB UH(POPMAI[MOHHO-TE/IEKOMMYHHUKAIIMOHHOMN ceTy "VIHTepHeT", He0OXOAUMBIX /1/1s1
OCBOEHUS! TUCLIATUIMHBI, 3/IeKTPOHHBIE OMO/THOTEUHbIE CUCTEMBI:

1. http://urait.ru — O6pa3oBatenbHas rartdopma «FOpaiiT». [ By30B U CCY30B.;
2. http://e.lanbook.com — DBC JlaHs;
3. http://library.voenmeh.ru — ®yngamenranbhas bubnioreka BI'TY « BOEHMEX» um. [1.®. YcTuHOBa.

CoBpeMeHHbIe MTpodeccHoHabHBIe 6a3bl JaHHBIX:

1. https://rusneb.ru — HaiioHaibHast 31eKTpoHHast oubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHas 3/ekTpoHHas 6ubmoreka « KubepieHHHKa»;
http://www.rfbr.ru/rffi/ru/library - TTonHoTekcTOBast 3/1eKTpoHHast buboTeka Poccutickoro douia
(byHIaMeHTa/TbHbIX UCC/IeA0BaHUH.

VHdopmaLiMoHHbIe CIIPaBOYHbIE CHCTEMBI:
1. TexakcriepT — MIHGOpMaIMOHHBIM MTOPTasl TeXHUUECKOTO peryivpoBanus: HopMbl, mpaBu/ia, CTaHAAPThI
Po;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - /] I'OCTos
cobcrBenHoi reHepauuu BI'TY "BOEHMEX" um. []. ®. YcTiHOBa;
3. http://www.consultant.ru/- KoncyneranTtIntoc- nH(OpMaljoHHbIH [TOpTaa IpaBoBOM MH(MOPMAaLUH.
5.5. TIporpamMMHOe obecrieueHue:
He TpeOyeTcsi.

5.6. 'Hpopmal[ioHHbIe TEXHOIOTHH:

B3auMoyielicTBre ¢ obyuaronumucs nocpenctBom SMOC Moodle BT TY «t BOEHMEX» um. [I.®. YcTHHORBA.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

CreLa/IM3UpOBaHHbIe TpeOOBaHus 110 000PYZAOBaHMIO OTCYTCTBYIOT; ayAUTOPHUS C TIOCAZOUHBIMU
MeCTaMHU I10 KOJIMYeCTBY CTYZIeHTOB; [OCKa.

6.2. J/TabopaTopHbIe 3aHATHA:

1. KomriiekT yue6HOro obopynoBanus "OCHOBBI 3/1eKTpoHUKH" OO-MP-01.1;
2. Ocuumnorpad AKUII-4115;
3. ITpoexTop.

6.3. IIpouee:

1. pabouee mMecTo TperofiaBare;isi, OCHaIlleHHOe KOMITBIOTEPOM C JJ0CTYTIOM B VIHTepHeT;
2. paboume MecTa CTy/IeHTOB, OCHAIl|eHHble KOMITBIOTEepaMH C JOCTYTIOM B VIHTepHeT, rpeiHa3HaueHHbIe
Ju1s1 paboThI B 37IeKTPOHHOM 00pa3oBaTe/lbHOM cpefie.



ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
SJIEKTPOHHBIE 1 MUKPOJJ/IEKTPOHHBIE ITPUBOPBI

AnHoTanusa paboueii nporpaMMsl

Oucuymivaa 3JIEKTPOHHBIE W MUKPOJJIEKTPOHHBIE IIPUBOPBI  gBnsercs
JUCHIUIIMHOK o00si3aTe/IbHOM uYacTH 0/ioka 1 mnporpaMMbl TMOATOTOBKM 0 HarpaeiaeHuto 11.05.01
PaduosnekmpoHHble cucmembl U KOMNieKchl. JJuclyrvHa peanu3syeTcs Ha dakynbreTe M MHbOpPMaIMOHHBIX
u ynpassoiux cuctem BI'TY "BOEHMEX" nm. [1.®. YcruHosa kKadeznpoit 14 PAJVOSTEKTPOHHBIE
CUCTEMBI YITPABJIEHUS.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
OTIK-1 crocoOHOCTh TIPe/ICTABUTEL a/IeKBAaTHYI0 COBPEMEHHOMY YPOBHIO 3HAHWM HAyuHYHO KapTWHY MHUpa Ha
OCHOBe 3HaHUSI OCHOBHBIX T0JIOXKEHU, 3aKOHOB U METOZIOB €CTeCTBEHHBIX HayK U MaTeMaTHKU;
OIIK-2 CrmocoOHOCTb BBISIB/ISTH €CTECTBEHHOHAYYHYIO CYLIHOCTh Mpo0sieM, BO3HUKAIOLIMX B  XOfe
npodecCcUOHaNbHON JieaTellbHOCTH, U TIPUMEHSITh COOTBETCTBYIOLIMI (M3MKO-MaTeMaTHUeCKU arrmapar /s
Yx (popManu3alyu, aHanu3a v IpUHSITUS pelleHus;
OIIK-4 criocoGHOCTh TIPOBOAWTH 3KCIIEPUMEHTa/lbHble WCC/IeIOBAaHUS W BJaJieTb OCHOBHBIMHM TIpHEMaMU
006pabOoTKU U MpeiCTaB/IeHNs SKCIIEPUMEHTATBHBIX JIaHHBIX;
OTIIK-6 CrocoOHOCTh YUMTBIBAaTh CYIIECTBYIOIIME W TIEPCIIEKTUBHBIE TEXHOJOTHMU  TIPOU3BO/ICTBA
PaZiM0371eKTPOHHON ammaparypsl MPHU BIMOJIHEHUM HayYHO-MCC/Iel0BaTelbCKOW M OMBITHO-KOHCTPYKTOPCKUX
pabor.

CoaeprkaHve [UCLIMIVIMHBI OXBaThblBaeT KPYr' BOIPOCOB, CBSI3aHHBIX C (DM3MUECKUMM TIpOLieCcCaMH B
TIO/TyTIPOBOJHUKOBBIX MaTepuasax v MPUHLUIAaMK PabOoThI 37IEKTPOHHBIX U MUKPO3/IEKTPOHHBIX TIPHOOPOB.

[TporpamMmoii JUCHUITIMHEI TTPelyCMOTPEHBI CJleIyIOIIYie BHABI KOHTPOJIA:

TeKyuil KOHTPO/Ib YCIIEBAEMOCTH CTY/[eHTOB TIPOBOJJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIBI B
cnenyromumx dhopMax:
e MArHOCTHYECKas paboTa;
¢ BOIMPOCHI K 3aYeTy.

HPOMe)KyTOIIHaH dTTeCcTalus ITPOBOAUTCA B (bopMax:
¢ 3adyeT.

OO01ast TPyZI0EMKOCTh OCBOEHHSI [AUCLUIUIMHBI cocTaBiasger 3 3.e., 108 u. TIporpamMmol AWUCIUTUTUHBI

TpeyCMOTPEHBI JIEKIIMOHHBIE 3aHsATHsA (34 4.), 1abopaTopHbIi npakTHKyM (17 4.), camocTosTenbHasi pabora
cryzaenra (57 4).
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IIpunoxenue 2
K paoueii mporpaMme AMCLUILIHHbI
AJIEKTPOHHBIE 1 MUKPOJJIEKTPOHHBIE ITPUBOPHI

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUA

PekoMeH/Jaliiy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMITIMHEI cocTaBageT 108 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATHM, U 57 4.,
OTBe/|eHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeHzIalIK  TI0  pacripe/ie/ieHHI0  yueOHOTO BpeMeHU M0 BHJ]AM CAMOCTOSITE/TbHOM paboThl M
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI IIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTPOJIe YCIIeBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcsl.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUs TIPYBe/ieHbl B TPUIOKeHHH 3 K Paboueii mporpamme.

TpyRoeMKOCTB,

HaumeHoBaHue padoThI PexomeHnyemas iuTeparypa uac

Pazpen 1. dnekTpoduznyeckue CBOMCTBa MOIyNPOBOJHUKOBBIX MaTeprasioB. P-n-nepexof, ero
cBoiicTBa. [Iuoabl. CTaOMIUTPOHBI.

S;I;;;{;OBOAHHKOB BAX A. H. ®népos, C. IO. Crpaxos, A. A. ®néposa. . JNeKTPOHHbIe U
) MHKPO3/1eKTpoHHbIe Tiprbopel: CI16.BI'TY "BOEHMEX" um. 1. 17
AMOfi0B, BAX ®. YeruHosa, 2021 (1,2,3)
CTaOMIMTPOHA
Wroro no pazzeny 1 17
Paspen 2. ®oTo1eKTPHYECKHE U U3/TydaTe/IbHbIe IPUOOPHI.
(bOTOSMEKTPIYECKHE A. H. ®népos, C. IO. Crpaxos, A. A. ®néposa. . JJeKTPOHHbIE U
e — MHKPO3/1eKTpoHHbIe Tiprbopel: CIT16.BI'TY "BOEHMEX" um. 1. 8
@. YcruHoBa, 2021 (2)
Wroro no pasgeny 2 8
Pazpen 3. bunosapubie Tpan3ucTopbl (BT). YcuiureibHbIe KACKa bl MOCTOSIHHOTO M IIEPeMeHHOT0
ToKa Ha BT.
durspKa GHIOIAPHOTO A. H. ®népos, C. FO. Ctpaxos, A. A. ®néposa. . DNeKTPOHHbIE U
TDAHSNCTODA MHKPO3/1eKTPOHHEIe npubopel: CI16.5T'TY "BOEHMEX" um. 1. 14
P p ®. YeruHosa, 2021 (4)
Wrtoro no pa3geny 3 14

Paspen 4. IToneBbie Tpan3ucropsl (I1T).
A. H. ®népos, C. I0. Crpaxos, A. A. ®néposa. . JJeKTPOHHbIE U

(br3rKa pabOThI MOIEBLIX

o AHECIODOE MUKpO3/eKTpoHHBIe nprbopsl: CIT6.BI'TY "BOEHMEX" uwm. /1. 10
P P ®. YcruHOBa, 2021 (4)
Wroro no pasgeny 4 10

Pa3pen 5. IlepcieKTHBHBIE HallpaB/I€HHs TPAH3UCTOPHOM MHKPOJIEKTPOHUKH.
A. H. ®népos, C. FO. Ctpaxos, A. A. ®néposa. . DNeKTPOHHbIE U

ieglil;;g:omtme MHKPO3/1eKTpOHHBIe npubopsel: CI16.5T'TY "BOEHMEX" um. [I. 8
P p ®. YeruHosa, 2021 (3, 4)
Wroro no pa3geny 5 8
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IIpunoxenue 3
K paoueii mporpaMme AMCLUILUIHHbI
AJIEKTPOHHBIE 1 MUKPOJJIEKTPOHHBIE ITPUBOPHI

®OH/J] OODEHOYHBIX CPECTB

®DoH/| O1[eHOYHBIX CPe/CTB, MO3BOJISIONIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUITINHE, BKIFOUYAIOT
B ce0s:

e UarHocTUYecKas paborta
* BOIPOCHI K 3a4eTy;
e 3ayeT.

Kputepuu onjeHuBaHus

JMuarnocruueckas: pabora
[uarHocTtrueckas pabora mpoBogutcs B popme Tecta B SNOC Moodle:

e TIpU MPaBUJILHOM OTBeTe MeHee ueM Ha 60% BOIPOCOB - He aTTeCcTalus;
e [IpU MPABHILHOM OTBeTe Ha 60% BOMpOCOB U OoJjiee - aTTecTalysl.

Bonpocsl K 3auery
1.3MeKTpOHHBIN SHepreTUUe CKUM CIIeKTp KpUCTaslia.
2.JHepreTuuecKre 30Hbl B KpUCTa/LIax.
3. TynHenbHbIN 3 dexT.
4.06pa3oBaHre SHePreTUYeCKHX 30H.
5. CootHoruenue ['efizeHOepra /st SHePrUU U BpeMeHH.
6. 3oHHasa auarpamMMa. BasieHTHasi 30Ha 1 30Ha MPOBOAUMOCTH. [IpOBOJHMKY, MOTYTIPOBOJHUKH U U30JISITOPSI.
7. Ctatuctuka @epmu- [Jrpaka
8. TemnioBOe ZBW)KEHHE 3/IEKTPOHOB, JJIMHAa CBOOOAHOrO rpobera.
9. CoOCTBeHHBIN MOMYTPOBOAHUK. DJIEKTPOHBI U JBIPKH.
10. T'erepauust u pekoMOMHALHSL.
11. CBeToBas reHeparius U pekombyHanys. Vi3nyyaTtenbHasi peKOMOWHAIUA.
12. BpeMms »KM3HU HepaBHOBECHBIX HOCUTeNel 3aps/a.
13. IIpyMecHbIe TOMYTIPOBOAHKKY (P U N MOMYTIPOBOJHUKK). [lOHOPHBIE U aKL[eNTOPHbIe TIPUMeCH.
14. 30HHBIe uarpaMMbl IPUMECHBIX TOIYIIPOBOJAHUKOB.
15. D/IeKTPOHHO- ABIPOYHAST MPOBOAUMOCTb T1/T.
16. OCcHOBHBIE Y HEOCHOBHBIE HOCUTEJIU 3apsi/a.
17. MexaH13M 3/1eKTPOHHOM U ABIPOYHOM POBOAWMOCTH TOTYIIPOBOAHHKA.
18. KoH1eHTpalys HocuTenel 3aps/ja B IPUMeCHbIX TIOMyNPOBOAHMKAX.
19. DHeprus MOHU3ALIUY TIPUMeCei.
20.TemmneparypHasi 3aBUCUMOCTb KOHL|eHTpallu1 HocUTesel 3apsi/ja B IPUMeCHBIX TIOMyIPOBOAHMKAX.
21. IIponeccel nepeHoca 3apsijoB B IIOJIYIIDOBOJHUKE.
22. peiic HOCHuTenel 3apsifa. [peiidoBast ckopocTs HackieHus. [1oABKHOCTE HOCHUTe el 3apsizia.
[TnoTHOCTH ApeiidoBoro Toka.
23. Nuddy3us HocuTenelt 3apsifia. 3akoH Puka. Kosdduiuent guddysuu. [1notHoCTs AnddYy3MOHHOTO TOKa.
24.. OuddysronHas JvHa.
25. TTonyTIpOBOAHUKY B CUJIEHOM 37IeKTprUUecKoM TTojie. TpaHcdopmaiiyst 30HHOM JuarpaMMel. 26. YiapHasi
WOHM3aLYs. JIaBUHHBIH MPOOOH.
27.TynHenvpoBaHue. TyHHeNbHBIA TIPOOOHA.
28 DneKTPOHHO-JBIPOUHBIN nepexoy (p-n). Knaccudukauusi.
29. p-n —TIpexof, B paBHOBECHOM M HEPaBHOBECHOM COCTOSIHUSIX. DHepreTuyeckas iuarpaMmma p-n-rnepexoza.
[MToreHIMAaMBHBIN Oapbep.
30. TIpsamocMmerrieHHbIH p-n —Tiepexo/. UxeK1ius HocuTtesnel 3apsja, [1psaMoit ToK.
31. ObpaTHOCMEILeHHBIA p-N —TIepexo/], DKCTPAKLMs HocuTesek 3apsiaa. OOpaTHbIH TOK.
32. [llupuHa u eMKOCTb p-N —T1epexosia. baprepHas v quddy3roHHAs eMKOCTb.
33. BosibTamriepHasi XapakTepuCTHKa p-n —iepexoza. [Ipsimasi u obpaTHasi BeTBU.
34. DneKTpUUeCKU U TEMJIOBOUM ITpoboU p-n mepexoza.
35. JuddepenianbHoe COMPOTHBAEHUE P-Nl —TIepexo/a.
36. ITepexo/ 1O/TyTIPOBOJAHUK- MOTYTIPOBO/JHHK.
37. Ilepexo MeTas/I-MIOyTIPOBOAHUK. BHINPSIMIISIONINI KOHTaKT, OMUUECKHN KOHTAKT.
38. Ilepexon HloTTKH.
39. BempsamuTesnbHblli 110, BonbTamiepHble XapaKTepUCTUKH.
40. Ouop lorTku. BosibTamriepHblie XapaKTepUCTUKMU.
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41. TlapameTps! AMOLOB.

42. CtabunuTpoH. BonbramrepHble XapaKTepPUCTHKH.

43.TTapameTpsI CTaOUIUTPOHA.

44. bunonsipHble TPaH3UCTOPBI. YCTPOMCTBO U MPUHLIUI JeHCTBUS OUIOJISIPHOTO TPaH3UCTOPA.
45.KoaddurimeHTs MHXKEKIUH, TIepeHoca U yCUIeHUS TOKa.

46.CtaTruecKre XapakKTepUCTUKK OMITO/IPHOIO TPaH3UCTOpa.

47.I1apametpsl BT TpaH3ucTOpOB.

48. ManocurHaibHbIe TTapaMeTpbl OUTIO/ISIPHOTO TPAH3UCTOPA.

49. Dddext nons. Pexxumbl 00eHeHus1, oOoralieH!s1 1 THBEPCHH MPUIIOBEPXHOCTHOTO CJIOS MOJTYTIPOBOJHUKA.
50. CTpyKTypa MeTana-gusaeKTpUK- MonynpoBofHuK (M/TIT).

51. IoneBo# TpaH3UCTOP C U30IMPOBAHHBIM 3aTBOPOM. YCTPOMNCTBO U npuHLUI feiictBus MOII TpaH3ucTopa
C BCTPOEHHBIM ¥ MHYLIMDOBAaHHBIM KaHa/laMU.

52. Cratnueckue xapakrepuctuku MOIT (MOSFET) TpaH3ucTOpOB.

53. IlapameTpsl N0/IEBBIX TPAH3UCTOPOB

3auet

Ha 3auete cTygeHTy ripejsaraercsi 2 TeOpeTHUeCKUX BOIIPOCA, Ha KOTOPBIE CTYAEHT /JO/DKEeH pa3BepHYTO
OTBeTHUTb. [10CsIe 3TOro OH MosiyyaeT 3a4eT 10 AUCLUTIIHHE.
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[MacriopT doHa OLIEHOUHBIX CPeJICTB

AyauTopHbBIe ;;
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Pa3pen 1.
dnexkTpoduznueckue
CBoOliCTBa BOLDOCHL
2 4  |moJyNpOBOAHUKOBBIX 34 | 17 8 9 17 25 | 25 | 25 | 25 K3aze
MarepuasioB. P-n-nepexop, Ty
ero coiicTBa. /[uoabl.
CTa0uINTPOHBI.
Paspen 2. BoOHDOCHI
2 | 4 |@orosnextpuueckmen | 12 | 4 | 4 | 0 | 8 | 5| 5 | 5 |5 O
H3/Tyyare/ibHbie TPUOOPHIL. Ty
Pa3zpgen 3. bunonsipabie
Tpau3ucropsl (BT). BoONDOCk!
2 4 |YcunurenbHbIe KacKagbl | 28 14 | 10 4 14 30 | 30 | 30 | 30 X 3;’1 o
TMOCTOSTHHOTO U Ty
nepeMeHHOro Toxka Ha bT.
7 4 Paspen 4. ITonessie 20 | 10 6 4 10 30 | 30 | 30 | 30 Bormpocs!
TpaH3ucropsl (IIT). K 3a4eTy
Paspen 5.
IlepcneKkTHBHBIE BoOMDOCH!
2 4 |HampaeB/IeHUst 14 6 6 0 8 10 | 10 | 10 | 10 X 3a2e
TPaH3UCTOPHOMI Ty
MHUKPO3/IEKTPOHHKH.
Bcero 3a 4 cemecTp 108 | 51 | 34 17 57 | 100 | 100 | 100 | 100
Bcero no auciuminae 108 | 51 | 34 17 57 | 100 | 100 | 100 | 100
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OIIK-1

Kputepuu oneHuBaHus

Ne 1
Ne 2
Ne 3
Ne 4
Ne 5
Ne 6
Ne 7
Ne 8

Ne 9
Ne 10

Ne 2

Ne 3

No 4

Bonpocbl omkpbimozo muna:

KoHTakKT MeTasI-ToynpoBOAHYK ¢ 00eJHEHHBIM ClI0eM HOCHTe el 3apsa B
TIO/TYIIPOBOJHUKE SIBJISIETCS

TeopeTnueckoil 0CHOBOM Tiporiecca AuQdy3nu sSBseTcst
[ITypuHa 6a3bl TPAH3UCTOPA J0/DKHA ObITh

OTHollleHre TOKa (I)OTO,ELI/IO,Z[EI K BeJIMUYKMHE HEMOHOXPOMAaTHUUYeCKOI'0 CBETOBOI'O IMOTOKa
Ha3bIBAeTCs

Pe3koe Bo3pacTaHre 00pPaTHOrO TOKA JUOZA MPU OO/BIIIOM 0OpaTHOM HaMpsDKEHUH Ha p-
n repexozie 00yC/I0B/IEHO

[MonyTnpoBOAHYK, cofiep>Kaliyii B HeGObII0NH KOHLEHTPALIMKU MTPUMECh C BaJIeHTHOCTBIO,
OTJINYHOW OT BaJIEHTHOCTH OCHOBHOTO BeIlleCTBAa HA3bIBAETCS

ITapameTp h213 OUIOSIPHOTO TPAH3UCTOPA SIB/ISIETCS
IMC Hembepa 310

®doTrope3ucTuBHbIN IPPEKT 3T0_____

Teteporiepexog 3To Tiepexo,
Bonpocbl 3aKkpbimozo muna:
YcioBHO - rpaduueckoe o6o3Hauenune <i>IJBT </i>TpaH3ucropa?

<figure class="image"><img src="https://lk.voenmeh.ru/rpd/media/ onk1-
1_1717697694.png"></figure>

- TIepBOE;
- BTOpOE;
- TpeThbe;

- YeTBepToe
ApceHu/ ranavsi BXOAWUT B TPYTIIY COeAWHEHUN TTOMYTIPOBOAHUKOB:

<i> - AIVBVI</i>;
- 3JIEMEHTAapPHBbIX;
<i> - AlIBVL</i>

<i> - AIlIBV</i>

Kak n3mMensieTcst CKauok IOTeHI[Maa Ha <i>p-n</i>-mepexoze ripu 0O6paTHOM
BKJIFOUEHUU Juofa?

- yMeHblIlIaeTcs;
- YBe/IMYMBaeTCs;
- He U3MEHseTCs;
- YBEJIMUMBAETCS WM YMEHBIIAeTCsl B 3aBUCUMOCTH OT

MaTepHaJia Io/JIyIIpOBOAHHKA

OT yero 3aBUCHT TIPOBOJUMOCTD TIPUMECHBIX MOYTIPOBOJHUKOB B UX paboueM
JMaria3oHe TeMIieparyp?

- OT HAJTMUMS UCTOYHUKA BHEIITHETO U3/TyUeHHUS;
- OT KOHI[eHTPAaLUU ITpUMecel;

- OT SHEPTUn q)OHOHOB;
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- OT TeMIlepaTypbl

Ne 5 ITpuMecu Kakoi BaJIeHTHOCTH 00eCTieunBaroT ToMyueHre OMyTPOBOAHUKA <i>Si p</i>-
Thna?

<strong> </strong>- C BaJleHTHOCTbIO MeHbllIel, YeM y UCXOAHOTO MaTepuasa;
- yeTbIpexBajieHTHbIe (<i>C, Sn</i>);
- IITUBAJIeHTHBIE (<i>As, Sb</i>);

- C BaJIBHTHOCTBIO DOJIbIIIeH, YeM Y MCXOZHOTO MaTepHaa
Ne 6 OT uero 3aBUCUT MPOBOJUMOCTb COOCTBEHHOTO TIOTYITPOBOAHUKA?

- OT TeMIIepaTyphI;
- OT KOHIL[eHTPALUU TIpUMecei;
- OT HarpaB/IeHUs MMPOTEKAIOIIETO TOKa;

- OT IOJIAPHOCTH TNPUJIOXKEHHOT'O HallPpS>KEHUA;

Ne 7 ITpuMecH Kakoi BaJIeHTHOCTH 00eCTIeurBatOT TOTyUeHHe MOTyIPOBOAHMKA <i>Si-</i>
<i>n</i>-tuna?

- TpexBasieHTHble (<i>In,. Ga</i>);
- yeTbIpexBasieHTHEIe (<i>C, Sn</i>);
- C BaJIeHTHOCTBIO OOJIbIIIeH, UeM y MCXOJHOTO MaTepHrara;

- c<i> </i>BaJIeHTHOCTHIO MeHbllleil, UeM y UCXOHOTO Marepuana

Ne 8 KakoBa BbICOTa TOTEHIMABHOTO Oapbepa <i>p-n</i> nepexofa B Kpemauu nipu 300K,
sB?

- 1,0’
-1,12;
-3,0;

- 0,67
Ne 9 YT0 Takoe JIaBUHHbIN TIpOOOH?

- YBeJ/IMU€HHE TOKa B ITI0JIYIIPOBOAHHWKE BC/IeACTBHE TYHHE/IbHOI'O Bd)CIJEKTa;

- YBe&JIMUEHNE TOKA B ITOJIYTIPOBOAHUKE BC/IEACTBUE MOHU3ALIMWM dTOMOB OCHOBHBIMU
HOCUTeJIAMU 3apAa;

- YBeJ/IMUeHKEe TOKa B I10JIYyIIPOBOAHHKE BC/IEACTBHUE; MOHU3AllMK aTOMOB OCHOBHBIMH
HOCHTEeJISAMU I10[, ,Z[ei/JICTBI/IEM 3JIEKTPHUUECKOTO MMOJId

- YBeJ/IMUeHHE TOKa B TIOJIYIIPOBOAHKKE BC/Ie4CTBHE NOHM3allMk aTOMOB
HEOCHOBHBIMH HOCHUTEIAMU I10/[, ,Z[EIZCTBHEM JIEKTPUYECKOIO I10JI

Ne 10 W3nyuatenbHasi peKOMOWHALIWS 3TO:
- oOpa3oBaHue 3/1eKTPOHHO-JbIPOYHOI Naph! Os1arofapst sHepruu (GoToHa;
- obpa3oBaHue 371eKTPOHHO-JBIPOYHOM Maphl Oy1arozapsi 3Hepruu GoHOHa;
- aHHUTWISILIUS 37IeKTPOHA U [IbIPKK ¢ obpa3oBaHreM (OHOHa;

- QHHUTUJISLINS /IEKTPOHA U ILIPDKA C 0O0pa3oBaHueM (POToOHa
OIIK-2
Bonpocbl omkpbimozo muna:

Ne 1 Pe3koe yBe/IMueHNEe TOKa B IMOJTYITPDOBOAHUKE BC/I€JCTBUE NOHU3ALIMH aTOMOB
MOTYyTIDOBOJHHWKA HEOCHOBHBIMK HOCUTE/IAIMU 3apsi/ia IO/ IAEI\/‘ICTBI/I(?M 3JIGKTpHUYECKOT'0
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Ne 2
Ne 3
No 4

Ne 5
Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 1

Ne 2

Ne 3

Ne 4

Ne 5

TI0/1s HA3bIBAETCS
Hpeiid 37eKTPOHOB uepe3 p-n-repexoz, MPOUCXOAUT B HallpaB/IeHUN
[MoABWXHOCTL HOCHUTEEH 3apsifia B TTOMYTIPOBOJHUKE 3TO
Mogens bunonsipHoro TpaH3ucTopa Dbepca-Mona siBnisieTcst 17151
pexuma
TeTeporiepexooM B MOJTYTIPOBOJHHUKE Ha3bIBAETCS MEpexo

KBaZIpaHT BOJIbTaMIIEPHOM XapaKTepPUCTUKK (OTOAUO0/A, COOTBETCTBYET
($hoTOAMOAHOMY PEXXUMY
[BwKeHue HocuTe el 3apsiJia B TIOMYTPOBOAHKUKE 33 CUET 3/IeKTPUUECKOTO TI0JIst
Ha3bIBaeTCst

[Nepexon MeXxly pa3MUUHbBIMU M10/TyTIPOBOJHUKAMU Pa3/IMYHbIX TI0 XUMUYECKOMY
COCTaBY U C NMOAO0OHON KPUCTA/INIECKON PeLlIeTKON SIB/ISIeTCS

OHepreTUyecKye YPOBHU Ba/leHTHBIX 3JIEKTPOHOB 30HHOM IUarpaMMbl COOCTBEHHOTO
TO/TYTIPOBOJHMKA Ha3bIBAIOTCS __

[Br>KeHMe HoCUTesell 3apsifia 3a CUeT Pa3HOCTH UX KOHLIEHTpaLMii B ITO/TyTIPOBOJHUKE

BOTlpOCbl 3dKpblmo2co munda:
Kakoro MMPUMEPHO HAlIps>KeHHE OTKPLIBAHWA KDEMHHWEBOTO ,Z[I/IO,Z[&?

- (0,01-0,05) B;
- (0,05-0,1) B;
B (0’5_0’7) B;

-(1,8-2) B
30HHbIe SHepreTHYeCcKre JuarpaMMbl KpUCTaslia 3To:

- SHepreTUYeCKUH CIIEKTP MOHOB IPUMeCH B KPUCTaJlle MOTyIPOBOHMKS;
- JHEpreTHYeCKU CIIeKTP BaJIeHTHBIX 1eKTPOHOB COOCTBEHHOTO ITO/TYTIPOBOZIHHKA;
- SHepreTUYeCKUM CIeKTp 3/IeKTPOHOB B KPUCTasljie IO/TyTPOBOJHUKA;

- JHEpreTUYeCKUN CIEKTP 3/1eKTPOHOB NPOBOANMOCTH B KPUCTajIe
T10JIyTIPOBOJHUKA
Kak usmensieTcs mvpuna <i>p-n</i>-nepexoza rpu npsAMOM BK/IFOU€HUU Auoza?

- YBeJIMUMBAETCA I1PU O0/IBIINX 3HAYEHUSAX BHEIITHET0 KCTOUHHKA Harlps>KeHHsd;
- YBE€/IMUMUBAETCH;
- He U3MeHAeTCH,

- YMEHbIIAETCA

KakoBa BbICOTa IOTeHIMAIBHOrO Oapbepa <i>p-n</i> nepexoja B repmanuu npu 300K,
3B?

1,12;
3,0;
1,0;

0,67
Ecyii sMuTTEpHBIN ¥ KO/UIEKTOPHBIN ITepPexo/[bl OUIOJIIPHOTO TPAH3KUCTOPA 3aKPhITHI, TO
3TO PEeXXUM

- YCUJIUTEJIbHBIN;
- OTCeUKH TPaH3UCTOPa;

- HACbILLI€HNS;
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- KJ/TIOUeBOH
Ne 6 KakoBo, ipuMepHO, HalpsKeHHe OTKPLIBAHMS TepMaHHeBOTO JHO/a?

-(0,8-1)B
-(0,5-0,7)B
-(0,2-0,3) B

- (0,05-0,1)B
No 7 SHEKTPOHLI nu ,Z[LIPKI/I B HOJIyr[pOBOAHI/IKE MOAUYNHAIOTCA CTaTI/ICTI/IKe?

- I'aycca;
- bo3e-DiiHiTeliHa;
- ®epmu-/rpaka;

- [lyaccona
Ne 8 [IpumecHble BajleHTHBIE aTOMBI SIB/SIFOTCS JOHOpaMy

Aasi<i> Si</i> noyynpoBOSHUKA
- Tpex;
- TPeX U MeHee;
- 9T U OoJiee;

- UeThIpex

Ne 9 YKa)KUTe 3HepreTUUeCcKyro JuarpaMmmy NpUMeCHOTO MOJyIPOBOAHUKA<I> n</i>-
THTIA

<figure class="image"><img src="https://Ik.voenmeh.ru/rpd/media/ ork22-
8_1717697797.png"></figure>

- TiepBasi;
- BTOpAsi;
- TPeThs;

- yeTBepTas

Ne 10 YKa)KUTe 3HepreTUUeCcKyro JuarpaMmmy MpUMeCcHOr0 MOayNpPOBOAHUKaA<i> p </i>-
THTA:

<figure class="image"><img src="https://Ik.voenmeh.ru/rpd/media/ ork22-
10_1717697845.png"></figure>

- TepBasi;
- BTOpAs;
- TPeThS;

- yeTBepTas
OIIK-4
Bonpocbl omkpbimoz2o muna:
Nel YpoBeHnb @epmu (3Heprusi ypoBHs Depmu)
Ne 2 HeorpegenenHocts I'efisenbepra //1s1 SHEPrUM U BpeMeHH B KBAHTOBOM MeXaHHUKe:

Ne 3 W3MeHeHUe KOHLIEHTpaLMM HOCHTe el 3apsi/ja B TIOIYTIPOBOAHUKE U, C/1e[0BaTelbHO,
€r0 3JIeKTPOTIPOBOJHOCTH TPY 0O/TyU€HUU CBETOBLIM TTOTOKOM Ha3bIBAETCS
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s¢dexTom

Ne 4 JJeKTPOHBI N-MOJIYNIPOBOSHUKA U IBIPKU p- TIOYIIPOBOAHYKA Ha3bIBAIOTCS

Ne 5 Paboueti BeTBbi0 BA X M0/1yPpOBOJHUKOBOTO CTAOUIUTPOHA SIBJIIETCS

Ne 6 TyHHenbHBIN PO0OOI p-n Tiepexo/ja pa3BUBAETCS TIPU

Ne 7 BpemeHeM >X13HH HepaBHOBECHBIX HOCHTe/el 3apsja SAB/sSeTCs

Ne 8 OnTpoH (ONTO3/1eKTPOHHAs Mapa, WX OITomnapa) — HoTyIpOBOAHUKOBBIN
ripubop

Ne 9 CTpyKTypa KpUCTa//TNYeCKOW pelieTK! KpeMHHUsI MpeACTaB/isieT coOoit

Ne 10 Iepexop dxo3edcoHa 310
Bonpocbl 3akpbimozo muna:

Ne 1 Kakue HocuTen (3/1eKTPOHbBI WK AbIPKU) HHXKEKTUPYIOTCS B 6a3y TpaH3uCTOpa p-n-p?
- IbIPKY;
- 37IeKTPOHBI;

- ILIPDKH U 3/1IeKTPOHBI;

- UOHBI [IPUMeECH
Ne 2 Uro Takoe pe)KuM HacCbIleHUs! TpaH3uCcTopa?

- SMUTTEPHBIN 1 KOJJIEKTOPHBIN Mepexo/ibl 3aKPhIThI;

<strong> </strong>- SMUTTEPHBIN U KOJIJIEKTOPHbBIN Mlepexo/ibl OTKPBIThI<Strong>;

</strong>

<strong> -</strong> 5MUTTEPHBIN TIepexof, OTKPBIT KOJJIEKTOPHBIN NTepexof,
3aKpBbIT;

- SMHTTeprIﬁ rnepexos 3akKpbIT KOHHEKTOprIﬁ rnepexos

OTKpBIT
Ne 3 CooTHomeHre HeoorpeZiesieHHOCTH [efi3eHOepra /st SHePTUU U BpeMeHH?

(Dt, DE - Heormpe/ie/IeHHOCTH BpeMeHU 1 SHEPIyx )
- DE Dt>> h/2p;

- DtDE < h/2p;

- DtDE = h/2p;

- DtDE = ¢/2p;
Ne 4 KakoBa BesimuriHa BX0ZHOT0 conpoTtusiaeHus rnonesoro M/II1 tpan3ucropa no
[IOCTOSIHHOMY TOKY?

- cotHU OwMm;
- eIMHULIBI KWUjio OwM;
- eIMHUIIBI U JiecITKH Mera OM;

- eAuHULBI OM;
Ne 5 WuTerpanbHasi 4yBCTBUTENBLHOCTD doToAMOAa?

(<i>I</i>¢ - BenmmumHa GOTOTOKa, <i>D</i> -BeMUMHA CBETOBOIO MOTOKA, <i>U</i>un
- BeJIMUMHA [PU/I0)KEHHOTO HarpsDKeHUsT)

<i>- S= Id/Uun<strong> </strong>;</i>
<i>- S=Ip/D;</i>
<i>- S= Uun/®;</i>
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OIIK-6

Ne 7

Ne 8

Ne 10

Ne 1
Ne 2
Ne 3
No 4
Ne 5
Ne 6

<i>- S= Unr/Ip</i>
Kax cBsi3aH TOK 6a3bl C TOKOM SMUTTEpA U KOJUIEKTOpa B OMITOISIPHOM TPaH3UCTOpe?

<i>- 16 = Is+Ik;</i>
<i>- 16 = Ik -Is<strong> ;</strong></i>
<i>- 16 = I>-Ik;</i>

<i>-16 = - (Io+IK)</i>
KPYTI/IBHa MOJIEBOT'0 TPAH3UCTOPA IMPU MOCTOAHHOM HalIPS>KEHWU Ha 3dTBOPE:

<figure class="image"><img
src="https://lk.voenmeh.ru/rpd/media/4_2_1717844787.jpg"></figure>

<figure class="image"><img
src="https://Ik.voenmeh.ru/rpd/media/4_1_1717844751.jpg"></figure>

HanGonbiiyro mMpUHy 3amnpeiieHHoN SHepreTHUeCKO 30HbI UMErT?
<strong>- </strong>MeTasibl;

- IpUMeCHBIe [TOJIYTIPOBOSHUKU<Strong> ;</strong>

- IM3JIEKTPUKY;

- cOOCTBEHHBIN TIOMYTIPOBOJHUK
Kakoe Bk/toueHue <i>p-n</i> nepexoja Ha3bIBaeTCs MPSIMbIM?

- CMIOCOOCTBYIOIIIEe YXOAY MOABMKHBIX HOCUTeNeH oT <i>p-n</i> nepexoya;
- YBeJIMUMBaroljee CKa4yoK IOTeHIMana Ha <i>p-n</i> repexope;
- TIJTIOC BHEIITHeT0 NCTOYHMKA MUATaHKS K <i>p</i>-o6mactu, MUHYC K <i>n</i>-obmacty;

- TUTFOC BHEIIHero NCTOYHMKA NIUTaHuUs K <i>n</i>-o06actu, MUHYC K <i>p</i>-00mactu
Yro Takoe ¢hoHOH?

- peasibHasi YacCTHUIA, XapaKTepU3yrolljasi SHepreThyeckuii 00OMeH 3/1eKTPOHa C Y3710M
KpPHCTa/UTAYeCKOU PelleTKH;

<strong>- </strong>KBa3WuacTHIla, XapaKTepu3yolljasi SHepreTnyeckiii 0omMeH
3/IeKTPOHA C Y3/I0M KPUCTa/UITNUeCKOH peLleTKY;

- (hoToH c HosBILION SHEPrHeH;

- IIPO UOHA KPUCTA/TMYECKOM peleTKH

Bonpocbl omkpbimoz2o muna:
Tok 6a3bl B OUIOISPHOM TPAaH3UCTOPE 3TO TOKa SMUTTEPA U TOKA KOJIeKTopa?
Ter10Bo# MPo0OOI MOTYyPOBOAHUKOBOTO JM0/Ia PA3BUBAETCS TIPU
CBeTo1Oo7 - TIOMYTIPOBOAHHUKOBBIN MTPUOOD

doToanos - OMyTPOBOAHUKOBEIN TPUOOP____
JneKTpuUeCKUM TIepeXofioM Ha3bIBaeTCs

EMKoCTb, 00yc/ioBieHHast 005eMHBIMU 3apsilaMi MH)KEKTUPOBAHHBIX 37IEKTPOHOB U
JBIPOK 110 00e CTOPOHBI OT p-n-Tiepexo/ia, T/e X KOHL[eHTpalys B pe3ysbrare quddysum
yepes p-n-repexof, Be/luKa
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Ne 2

Ne 3

Ne 5

EMKOCTB, CBSI3aHHasi C U3MeHeHHeM ITOTeHIaIbHOTO Oapbepa Ha p-n repexoze,
BO3HHKAIOIIasi TP 00paTHOM CMeIlleHUH Ha3bIBAeTCs

Bapukart - 3/1eKTpOHHBIH MPUOOp, paboTa KOTOPOTO OCHOBAaHA Ha

Koaddurment auddysun B mosyrnpoBogHUKe 3TO

Ouddy3us Hocutesieit 3apsiia B TTOJYIPOBOAHUKAX 3TO

Bonpocbl 3akpbimozo muna:

KaxkoBa TeopeTrueckasi 3aBUCUMOCTb TOKA yepe3 <i>p-n-</i>Tepexof OT BeNYHHbI
TIPUJIO}KEHHOTO BHEIITHEr0 HaTpsDKeHUST?

<i>lo</i> - 0OpaTHBIN TOK HaCKIIIeHUs P-n repexoa; <i>U </i>— HarpsbkeHue
TIPUJIO’KEHHOe K Tiepexofy; <i>T</i> — abcomoTHas Temmeparypa; <i>k</i>—
NOCTOsIHHAs bosbliMaHa

<figure class="image"><img

src="https://lk.voenmeh.ru/rpd/media/1_1_1717845290.jpg"></figure>
YKa)KuTe BO/LTaMITePHYI0 XapaKTePUCTUKY KPEMHHEBOTO JU0/a

<figure class="image"><img
src="https://Ik.voenmeh.ru/rpd/media/2_1717845452.png"></figure>

- TepBas;
- BTOpas;
- TPeThs;

- yeTBepTas
YKaKuTe BOJIBT - aMIIepHYIO XapaKTePHUCTHKY TYHHeIbHOTO JUoAa:

<figure class="image"><img
src="https://Ik.voenmeh.ru/rpd/media/3_1717845632.jpg"></figure>

- TiepBasi;
- BTOpAs;
- TPeThs;

- yeTBepTas

YKakuTe BBIXOAHYI0 XapaKTePUCTHUKY OUTOISIPHOTO TPAaH3UCTOpA THMa rnpu <i>I</i>6 =

const

<figure class="image"><img
src="https://lk.voenmeh.ru/rpd/media/4_1717845734.png"></figure>

nepBas;
BTOpas;
TPeThs;

yeTBepTas
Tpan3ucrop <i>MOSFET</i> (<i>metal — oxide-semiconductor field- effect
transistor</i>) sro:

- OUIOJISIPHBIN TPAaH3UCTOD;

- MII TpaHsuctop;
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Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

- TPaH3UCTOP C nepexoznoM HoTTky;

- TPaH3UCTOP C YIIPaB/ISIOLIMM P-11 [1ePeX0fi0M
KpyTr3H0ii TI0/1€BOTO TPaH3MCTOPA Ha3bIBAETCS

- 3HaUeHre HarpsKeHWsI OTCeUKH TPAH3KUCTOPa;
- 3HaUeHHWEe MAaKCUMAJIbHOTO TOKA TPAaH3UCTOPA B YCUIMTEILHOM pesKUMe paboThr;

-<strong> </strong>3HaueHue BTOPOI MPOM3BO/IHOI CTOKO - 3aTBOPHOM XapaKTepPUCTHUKU
TIPY TTOCTOSIHHOM HarpsbKeHUH Ha 3aTBOpe

- 3HaueHue nepBoﬁ HpOHBBOAHOﬁ CTOKO - BHTBOPHOﬁ XdpPdKTE€PUCTHUKU TIPU MMOCTOAHHOM
Haripsi>kKeHWr Ha 3aTBOpe

YKa)knTe CTOKO - 3aTBOPHYI0 XapakTepucTuKy M/IIT TpaH3ucTopa ¢ BCTPOEHHBIM
KaHaJIoM:

<figure class="image"><img
src="https://Ik.voenmeh.ru/rpd/media/7_1717845948.png"></figure>

- repBasi;
- BTOpas ;
- TPeThs;

- yeTBepTas

YKa)kKHTe CTOKO-3aTBOPHYIO XapaKTepUCTHKY I10JIeBOT0 TPaH3UCTOPA C YIIPAB/ISIOIIAM
<i>p-n</i> nepexosom

<figure class="image"><img
src="https://Ik.voenmeh.ru/rpd/media/8_1717846017.png"></figure>

- TiepBasi;
- BTOpAs;
- TPeThs];

- yeTBepTad

YcnoBHo- rpadmueckoe 0603Hauenre M/ITI-TpaH3ucTOpa C UHAYIIMPOBAaHHBIM KaHA/IOM
p- TUMa:

<figure class="image"><img
src="https://Ik.voenmeh.ru/rpd/media/9_10_1717846138.png"></figure>

1 2 3 4
- TepBbIN;
- BTOPOW;
- TpeTui;

- UeTBepThIU

YcnoBHO- rpadguueckoe o6o3Hauerre M/ITI-TpaH3uCcTOpa C UH/YIUPOBAaHHBIM KaHA/IOM
N- TUMaA:
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<figure class="image"><img
src="https://lk.voenmeh.ru/rpd/media/9_10_1717846185.png"></figure>

1 2 3 4
- TepBbIif;
- BTOPOW;

- TpeTHi;

YeTBepThIi
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