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AHHOTANMA

Kypc mocesmieH ¢u3nyeckuM TPUHIUINAM, TEXHOJOTHSM W MOJEIUPOBAHUIO TOIYIPOBOJHUKOBBIX
HaHODJIEKTPOHHBIX YCTPOMCTB, B TOM YHKCJIE HA OCHOBE HOBBIX MAaT€pHUANIOB — pPAa3JIUYHBIX KBAaHTOBBIX
MarepHuaoB, BKIIo4as rpadeH, Apyrue IBYMEpHbIE MaTepHallbl M BaH-JIEP-BaalbCOBBI I'€TEPOCTPYKTYPHI.
Pemennsle B pamMkax JIEKIIMOHHOTO Kypca W 3aJladd MOTYT OBITh B JaJbHEUIIEM aJanTHpPOBAHBI IS
JanbHEHIeN NCCIe0BaTeIbCKON e TENbHOCTH CTYNeHTOB. Kypc HalleneH Ha pa3BUTHE TBOPUECKUX HABBIKOB
MTOCTAHOBKY MEPCIIEKTUBHBIX HAYYHBIX 3a7[ad B 00JIACTH TOTYTPOBOAHUKOBEIX HAHOXJIEKTPOHHBIX YCTPONCTB
Y KBAaHTOBBIX MarepHaoB.

1. lean u 3apa4n

Henp AucoMnInHBI
MOJyYeHHE 3HAaHUU O (U3WYECKUX TMPHUHLUIAX, TEXHOJIOTHMH W MOJCIMPOBAHUH COBPEMEHHBIX
[IOJIyIIPOBOJHUKOBBIX HAHOXJIEKTPOHHBIX YCTPOWCTB, B TOM 4YMCJE Ha OCHOBE HOBBIX MarepuajioB —
pa3IMyHBIX KBAaHTOBBIX Marepuajiax, BKJIouas rpadeH, Apyrue AByMEpHBIE Marepuaibl H
BaH-ZIeP-BaaJIbCOBBI I'€TEPOCTPYKTYphL. PenieHHbIe B paMKax JIEKIIMOHHOTO Kypca U 3a/1auil MOTYT OBbITh
B JaJbHEHIIEM alalTUPOBAHbI I JalbHEUIIEH MCCIEI0BAaTENbCKOW EATENBHOCTH CTyAeHTOB. Kypc

HalICJICH Ha pa3BUTHUEC TBOPUCCKUX HABBLIKOB IMOCTAHOBKHU IICPCIICKTUBHBIX HAYYHBIX 3aJa4 B obmactu
MOJIYIIPOBOJAHUKOBBIX HAHOJJICKTPOHHBIX YCTpOfICTB 1 KBAaHTOBBIX MAaTCpHaJIOB.

33]13‘[1/[ JAUCHUIIINHBI

-[IOJIYUCHHUC 3HAHUH O COBPCMCHHBIX IMOJYIIPOBOAHUKOBBIX HpI/I60an;

-[IOJIYUCHHUC 3HAHUH O HpI/I60an Ha OCHOBC HU3KOPA3MCPHBIX 3JICKTPOHHBIX CUCTCM;

-U3y4CHHUC np06neM CO31aHUs1 ONITODJICKTPOHHBIX HpI/I60pOB TCPparcpuoBOro Auara3oHa,

-[IOJIYUYCHHUC 3HAHUH O (1)I/I3I/IKC ABYMCPHBIX MAaTCPHUAJIOB;

-U3y4CHHUC HpOGJ’IGM CO3JaHuA DJICKTPOHHBIX, ONTOJJICKTPOHHLBIX U (bOTOHHLIX YCTpOﬁCTB Ha OCHOBC

JBYMEPHBIX MaTepUaoB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATEeNhbHOCTH  (PyHITaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON IeSTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Brnameer mnpodeccMOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH pemeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIHTEIHLHBIMHU
METOJJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
CPaHUIbl MPUMEHUMOCTH MOJYyYaeMbIX PEIICHUN




OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE IPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000NIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3paboTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (WIn)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBAaHMN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUYCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUio

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuio pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKaluK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

-OCHOBHBIC TPHUHIUIIbI pa6OTBI COBPCMCHHBIX IMOJYITPOBOAHHUKOBLIX HpI/I60pOB
-OCHOBHBIC ITOAXOAbI K CO3JaHNI0 COBPEMCHHBIX OIITO3JICKTPOHHBIX YCTPOI\/'ICTB

YMETb:

-paCCHUTBIBATL PACHPCACIICHUEC JJICKTPOCTATHYCCKOI'O MMOTCHI A4 U IINIOTHOCTHU HOCHUTEJICH 3apsza B

MOJTYTIPOBOJHUKOBBIX CTPYKTypax
BIIAJICTh:

-METOZ[aMH BBIYHCIICHUS XaPAKTEPHCTHK MOJIYITPOBOJHUKOBBIX HAHOAIEKTPOHHBIX YCTPOHCTB
-OCHOBHBIMH METOJAMHU PEIICHUS YPAaBHCHUH OICKTPOAMHAMHKH M DJICKTPOHHOTO TPAHCIIOPTa
(ypaBuenne  bonbiimana, auddysmoHHO-ApeiidoBEle W THAPOAMHAMUYECKHE  YpaBHEHUS)
MPUMEHUTEIBHO K MOTYIPOBOIHHKOBBIM MTPUOOpamM

-METOZaMH OLICHKU NapaMeTPOB HOCHTENeH 3apsiia (JHEPreTUYECKUH CIEKTp, MOABMIKHOCTB, IJIHHA
CBOOOJHOrO Mpodera) B HU3KOPa3MEPHBIX CHCTEMax

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAst
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 TyHHenbHBIE TPaH3UCTOPHI JUTS 3 3
HHU3KOBOJIBTHOM 3JIEKTPOHUKU
) [loneBpie  TpaH3UCTOpPHI HAa  OCHOBE ) )
(ha30BBIX ITEpPEX00B




TpaH3uCTOPBl C BBICOKOW 3JIEKTPOHHOMI

3 MOJBM)KHOCTBIO HAa OCHOBE JIByMEPHBIX 4 4
3NEKTPOHOB B coeanHeHusIx A3B5

4 Pe30HaHCHO-TyHHENBHBIE CTPYKTYPBI 2 2

5 I'paden u ero npunoxeHus: B aHATOTOBON ) )
U IIUQPOBOH IEKTPOHHUKE

6 Monudukarnum rpadeHa " 174 3 3
MPUIIOKEHUS B DJICKTPOHUKE

7 DNEeKTPOHHBIA TPAHCHIOPT B OMHOMEPHBIX ) )
cucreMax

] [loneBple  TpaH3UCTOpPBI Ha  OCHOBE ) )
OJTHOMEPHBIX CHCTEM

9 MerTonpl pacuera ONTHYECKUX MEPEX00B ) )
B IIOJIYIIPOBOJHUKAX

10 |[TomynmpoBOTHUKOBBIE JIa3epPbl 2 2

11 [MonynpoBoHUKOBBIE (HOTOIETEKTOPHI 4 4

12 @DOTONETEKTOPbl Ha OCHOBE JIBYMEPHBIX ) )
MaTepHajoB

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2.

Coneprxanue JUCIUIUIMHBL (MOAYS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemecrtp: 2 (Becennuit)

1. TYHHCJ'ILHLIG TPaH3UCTOPLI AJIA HHU3KOBOJILTHOH QJICKTPOHUKHA

[Ipobnema cHybKEHMsI TOTPEOIIEMO MOIIHOCTH B TOJIEBBIX TPaH3UCTOpax. « TepMOIMUCCHOHHBIN
npenen» MoAnoporoBoi kpyTusHel noneBoro M/III-tpansucropa. TyHHenupoBanue B Oapbepax
[IToTTkM #  yCTPOMCTBO 1OJEBOro TpaH3ucropa ¢ KoHTaktamu Illortku. Mex3oHHOE
TYHHEJINPDOBAHWE B  TOJYNPOBOAHMKAX, BBIUMUCICHHE TYHHEIBHOTO TOKa TIPH  IPSIMOM
TYHHEJIMPOBAaHUH, TYHHEJINPOBAHUY ¢ yyacTHeM (OHOHOB U npumeceld. KoHcTpykuus TpaHsucropa ¢
TYHHEJIBHBIM  TEPEXOJIOM, YHPABISAEMBIM 3aTBOPOM, IpeAelibHasg KpyTH3HA IOAOPOrOBOM
XapaKTEPUCTUKU IJIs1 JAHHOM KOHCTPYKLMHU. MeX30HHOE TYHHEJIUPOBAHUE B IOIYIPOBOAHUKAX IIPU
HaMMYuK (PIyKTyanuil 3IeKTpUYecKoro noTeHnuasa. BiausHue pasMepHOCTH KaHalla TYHHEJIBHOTO
TPAH3UCTOpAa HAa TYHHENBHYIO XapaKTEePUCTHUKY. D((PEKThl NMIOTHOCTH COCTOSHUN B MEX30HHOM
TYHHEJINPOBAHHH.

2. IloneBele TPaH3UCTOPLI HAa OCHOBC (1).’:130BBIX nepexoa0B

Cerneroasekrpuieckuii (azoBeiii Tiepexoa: (EeHOMEHOJIOrHYecKoe ONMHCAaHUE B paMKax TEOpUHU
Jlangay. OcobernocTr niepexoja B nuokcuae radguus. OrpunarensHas nuddepeHiuanbHas eMKOCTb
W ee BIUsSHHE Ha HampsbkeHue mnepekmodeHuss MOII-TpansuctopoB. CoBpeMeHHOE COCTOSIHUE
MpuOOPOB HAa OCHOBE OTPHUIATENILHON eMKocTh. llepexom MeTamn-Au3JIeKTpPUK TpU WU3MEHEHUH
KOHIIEHTpalui dJIeKTpoHoB. [lpupoma ¢a3zoBoro mnepexona «METALI-TUIICKTPUK» B JIHOKCHJIC
BaHagus.

3. TpaH3uCTOpPBI C BBICOKOH AJIEKTPOHHOW TOABMXHOCTHIO HAa OCHOBE JBYMEPHBIX JJICKTPOHOB B
coequneHusx A3B5



MeTozbl JTOKaIU3alUK IIEKTPOHOB B ABYX U3MEPEHUSX: KBAHTOBBIE SIMBI M JIOKAJTU3ALHSl SJIEKTPOHOB
Ha rerepo uHTepdeiicax. MeTonsl JErMpOBaHMS JABYMEPHBIX CHUCTEM M («JIUCTAHIIMOHHOE
nerupoBaHue» (remote doping). Cxema u 30HHAasg JAMarpamMma TpPaH3HCTOpa C  BBICOKOM
MOJBWKHOCTBIO  dniekTpoHOB (HEMT). Pacuer »nekTpoHHOH MOJABWXHOCTH, OTpPaHHUYCHHOMN
paccesiHIEM Ha OTHAJCHHBIX mpuMecax. J(deKTsl pacnpeneseHHOH eMKOCTH M MHIYKTHBHOCTH B
BBICOKOYACTOTHBIX TpaH3ucTopax. IlpexenbHas wacTtoTa yCWJIEHHMS TOKa M IpeNesbHAas 4acToTa
YCHJICHUS] MOIIIHOCTH.

4. Pe30HaHCHO-TYHHEJBHBIE CTPYKTYPBI

TyHHENBHBIN TPAHCHIOPT B ABYXOapbEPHBIX FeTEPOCTPYKTYPax, pacieT TYHHEIbHON MPO3PaYHOCTH U
BOJILTAMIIEPHOHN XapaKTepUCTUKU pe30HAaHCHO-TyHHenbHoro nuoaa (PT/I). Pexxum orpumarensHOrO
I QepeHIMaTbHOrO CONPOTUBIICHUSI M €r0 HCHOJb30BaHUE U T€HEPalUd BBICOKOYACTOTHBIX
konebanuil. MexaHu3Mbl H30BITOYHOTO TOKA B PE30HAHCHO-TYHHEJBHBIX JHOAX.

5. I'padeH u ero MpuIIOKEHUST B aHAJIOTOBOH U IIUPPOBOH JIEKTPOHHUKE

D¢ eKkTuBHBIA raMUJIBTOHUAH U SHEPTETUYECKUI CIEKTP HOCUTENEH 3apsii B OJHO- U ABYXCIOHHOM
rpadeHe. BnusiHue XHpalbHOCTH HOCHUTENEH 3apsjia Ha TPaHCIOPTHBIE CBOWCTBA: IOJIABICHUE
00paTHOTO paccesiHus M MEX30HHOE TyHHenupoBaHHs. [Ipobiema MUHMMAaNIbHON MPOBOOUMOCTH
rpadeHna, BausHuE (QIyKTyalluii MOTEHIMAa a Ha KOHIIEHTPAIMIO HOCUTENeH 3apsiia U TPOBOAUMOCTb.
@DaKTophl, OrPaHUYHMBAIOIIME DJICKTPOHHYIO MOABMKHOCTH B rpad)eHe: paccesHue Ha IPUMECHX,
ONTHYECKUX M aKyCTHYEeCKMX ()OHOHAX, TPAHHUIAX 3€PEH M JIOKAJBbHBIX HANpPSDKCHHUAX PELIETKH.
OcobeHHOCTH paccesiHusl HOCUTENIeH 3apsaa B TOABEIICHHOM W HHKAICYJIUPOBAaHHOM TpadeHe.
Db ekt mons B rpadeHe U XapaKTEPUCTUKU IPpadEeHOBOTO TPAH3UCTOPA, aMOMITONSPHBIN TPAHCTIOPT.
[IpenenbHas YacToTa MEPEKIIOYEHUS M MpoOJieMa TOKa 3aKphITOr0 COCTOAHUS. MexaHHU3Mbl
HACBIIIEHUS TOKa B TPa()eHOBBIX MOJIEBBIX TPAH3UCTOPAX.

6. Monudukanuu rpadeHa u ux MPUIOKEHUS B JICKTPOHUKE

CTpyKTypBbl Ha OCHOBE rpad)eHa ¢ KOHCYHOI IUPUHON 3alpeIIeHHON 30HbI: ABYXCIOHHBIN TpadeH 1
HaHOJNEHThl. CBf3p IIMPUHBI 3aNpPEIICHHOW 30HBI C HANPSHKEHHOCTHIO MONEPEYHOIo IO
(IByXCIO¥HBIN Tpad)eH) U MUPUHON HAHOJCHTHI. PereHne nmpoOieMsl TOKa 3aKPhITOTO COCTOSIHUS B
TpaH3ucTOpax Ha ocHoBe Moaudukanuii rpadena. Kpaesrsie addektsl B TpaH3UCTOpax HAa OCHOBE
JIBYXCIIOWHOTO Tpad)eHa M HAHOJCHT: IMPOTEKaHHE TOKa MO KPaeBbIM KaHAJIaM M pacCEsHUE
9JIEKTPOHOB Ha Kpasix. OCOOEHHOCTH TYHHEJIBFHOTO TPAHCIIOPTA B IBYXCJIOMHOM rpadeHe.

7. DNEeKTPOHHBIN TPAHCIIOPT B OJHOMEPHBIX CHCTEMaxX

PacyeTr KOrepeHTHOro 3NEKTPOHHOTO TPAHCIOPTa B OJHOMEPHOM CHCTEME: BBIYMCIEHHE MAaTpPHILIbI
IUIOTHOCTH 3JIEKTPOHOB B KaHaJle NPH TMOIAEPKaHUH (DUKCHPOBAHHOTO 3aIllOJIHEHHMS KOHTAKTOB.
O dekTrl ymmpeHus: ypoBHEH, BbI3BaHHBIC HATMYMEM KOHTakToB. BriBon ¢opmynsl Jlangayspa

8. IloneBrie TPaH3UCTOPLI HAa OCHOBC OAHOMCPHLIX CUCTCM

DJIEKTPOHHBIN CIIEKTP M TPAHCIOPT HOCHUTENEH 3apsiia B rpa)eHOBBIX HAHOJEHTaX M HAHOTPYOKax.
CBs3b XMPaAJIBHOCTH HAHOTPYOOK C 30HHOH CTPYKTYPOH, MOIYNPOBOJHHMKOBBIE M METaJUIMYECKHUE
HaHOTPYOkH. CBS3b CTPYKTYPHI Kpas HAHOJCHT C PHEPreTUYECKUM CIIEKTPOM HOCHTENeH 3apsna,
KpaeBble COCTOAHMUS. bammucrudyeckas mpoBOAMMOCTh OMHOMEPHBIX cHcTeM, Gopmyna Jlanmayspa u
ee NpPUMEHEHHE M pacdyera XapaKTepUCTHK OaJUIMCTHYECKOTO TIIOJIEBOTO TPaH3UCTOpa C
OJHOMEpPHBIM KaHajoM. B3ammopeiicTBue HocuTened 3apsiaa B OAHOMEPHBIX CHCTEMax U €ro
[IPOSIBJIEHUS B TPAHCIIOPTHBIX CBOMCTBaX.

9. Metozp! pacuera ONTHYECKUX [IEPEXOI0B B I10JIyIIPOBOIHUKAX



K-p ramunbsroHunan ansi oObEMHBIX TONYHPOBOJAHUKOB. MAaTpUYHBIA DJIEMEHT B3aUMOJCHCTBUS
IEKTPOHA € JIEKTPOMAarHUTHOM BOJHOW. MEX30HHBIE W BHYTPU3OHHBIE NMEPEXOMBI, OTPAaHUYCHHS,
HakjaJblBaeMble Ha 3TU IE€PEXONbl 3aKOHAMHU COXPAaHEHMsI HMILYJIbCA-3HEPIUM U CUMMETPUSIMU
Kpuctauia. DPQeKThl TUIOTHOCTH COCTOSHUHI B CIIEKTpax ONTHYEeCKOro mnoriomenus. [lormomienne
CBETa IByMEpHBIMH CHCTEMaMu. YHUBEpCaIbHAsl ONTUYECKask IPOBOJUMOCTD IpadeHa.

10. ITomynpoBOAHUKOBEIE JIa3€PhI

VYcnoBue na3epHON TeHepaluy B MOJYMPOBOJHHKAX B TEPMUHAX KBasu-ypoBHerd Depmu. Meroms
CO3/laHMsI MHBEPCHOM 3aCeIeHHOCTH 30H. Jla3zep Ha OCHOBE CHJIBHO JIETMPOBAHHOIO pP-N-IIEpEXoja.
Jlazep Ha oOCHOBE TreTepOCTPYKTYphl: 3((EKThl CBEPXUHKEKLUUH, ONTHYECKOTO OrPAaHUYCHUS U
OrpaHu4eHuss HocurTesed 3apsa. Jlazepbl Ha OCHOBE KBAaHTOBBIX $IM, HUX CIEKTPbl YCUIJIEHUS,
CpaBHEHHE C Jla3epaMy Ha TeTEpOCTPyKTypax. KBaHTOBbIE KacKaJHbIC Ja3epbl U WX MPUHLUI
paboTsl. [Ipobiema 1OCTHKEHNS JIa3epPHON T'eHepalry B TepareplioBOM AUANa30He 4acToT.

11. TTomympoBOJHUKOBBIE (POTOACTEKTOPHI

OCHOBHBIE XapaKTEePUCTHKH (OTOACTEKTOPOB: UyBCTBUTEIBHOCTD, SKBUBAJICHTHASI MOILIHOCTD IIyMa.
«Knaccuueckuit» QOTOAETEKTOP HAa OCHOBE p-n-miepexona. [IpuHIMN JeicTBUS ©  pacyer
BOJIBT-BATTHOW M aMIep-BaTTHON UyBCTBUTEIHHOCTH. BinsHue pekomMOMHAIIMKN Ha XapaKTEPUCTUKH
JeTeKTopa Ha p-n-nepexone. dakropel, OrpaHUYMBAIOLIUE YYBCTBUTEIbHOCTh: TEMHOBOM TOK U
myMbl B p-n-niepexone. JKOHCOHOBCKHI M T'€HEpalMOHHO-PEKOMOMHAIMOHHBIN 1IyM. [IpoOnemsr
JETeKTUPOBAHMS U3IIyUCHHS AaJIbHEr0 MHPPAKpacHOIo AUana3oHa.

12. ®oToaeTeKTOpsl Ha OCHOBE ABYMEPHBIX MaTEPUATIOB

Mexanm3mbl ~ (oTtooTkIMKa B rpadeHe:  (POTOBONBTaMYECKHH,  TEPMODIIEKTPHUYECKUH,
OOJIOMETPUUYECKUI, PE3UCTHBHOE CMEIIMBAHME. 3aBHCUMOCTH TOKA, T€HEPHPYEMOTO IO JaHHBIM
MeXaHH3MaM, OT KOHLICHTPAIIMK HOCHUTENeH 3aps/a, TeMIepaTyphl, MOJSIPU3ALIK U3TydeHus. Bpems
oTKIHMKa (poTOZEeTEKTOpOB Ha OCHOBE rpadeHa u (aKTOphl, €ro orpaHumyuBaronme. Pacyer
TEPMOIJIEKTPUUECKOr0 (POTOJETEKTOpa Ha OCHOBE rpad)eHa ¢ MHIYLIUPOBAHHBIMH P-N-NEPEXOAAMH.
dororpan3ucTopHbli  3pGEeKT B ABYMEPHBIX ~ CHUCT€MaX, [PHYMHBI  BO3HHUKHOBEHUS
(OTOMH/TYIUPOBAHHOTO 3apsiaa M (aKTOphI, BIMSIOIINE HAa BpeMs ero ¢popmupoBanus. dusnueckue
NPUYMHBl aHOMAJIBHO OOJIBIION TOKOBOW YyBCTBUTEIBHOCTH JETEKTOPOB HAa OCHOBE JBYMEPHBIX
XaJIbKOT€HU/I0B [IEPEXOAHBIX METAILIOB.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

KoMIuIeKT a1eKTpOHHBIX MTPe3eHTalln/ClIaliIoB; ayAUTOPHS, OCHAIIICHHAS TPE3CHTAIIMOHHON TeXHUKON
(mpoexTop, 3KpaH, KOMITBIOTEP/HOYTOYK); TP HEOOXOAUMOCTH CIIEHUAIbHBIE TEXHUUYECKHE CPEACTBA
T 00yJaroIuxcst MHBanuaoB u aui ¢ OB3.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa
1. ®uznka nmomynpoBoIHUKOBEIX prubopoB [Teker]/C. M. 3u , -M., Dueprus, 1973
2. ®usuka nonynpoBoaHukoB [Tekct] : yue0. mocobue st By3oB / B. JI. Bonu-bpyesuy, C. T.
KanamnukoB .— M. : Hayxka, 1990 .— 688 c.
Literature fund of the basic departament:
3. C. larra «KBaHTOBBII TpaHCIIOPT: OT aToMa K TpaH3ucTtopy», Mocksa, HULL «Perynsipnas u
XaoTHU4ecKas JuHaMukay, 2009
4. Enoki T., Ando T. (eds.). Physics and chemistry of graphene: graphene to nanographene. — Pan
Stanford Publishing, 2013.

JomnonHutensHas auTeparypa



Literature fund of the basic departament:

1. L. Venema “Silicon electronics and beyond” Nature 479 ctp. 309 (2011) — xonnekuus crare,
MOCBSAIIEHHAs po0ieMaM MUHHUATIOPU3AIMK B KPEMHUEBOH 3JIEKTPOHHKE U aTbTEPHATHBHBIM
NPUHIIMIIAM TPAH3UCTOPOB

2. H. Lu, A. Seabaugh. "Tunnel field-effect transistors: State-of-the-art" IEEE Journal of the Electron
Devices Society vol. 2 iss. 4 p. 44-49 (2014); S. Cristoloveanu, J. Wan, A. Zaslavsky “A review of
sharp-switching devices for ultra-low power applications” IEEE Journal of the Electron Devices
Society,vol. 4 iss. 5, 215-226 (2016).

3. S. Salahuddin, S. Datta “Use of negative capacitance to provide voltage amplification for low power
nanoscale devices” Nano letters,vol. 8 iss. 2, 405-410 (2008); W. Cao and K. Banerjee “Is negative
capacitance FET a steep-slope logic switch?” Nat. Commun. vol. 11, p. 196 (2020).

4. F. Schwierz “Graphene transistors: status, prospects, and problems” Proceedings of the IEEE vol.
101 iss. 7, p. 1567-1584 (2013).

5. M. Asada, S. Suzuki, and N. Kishimoto “Resonant tunneling diodes for sub-terahertz and terahertz
oscillators” Jpn. J. Appl. Phys. vol. 47, p. 4375 (2008).

6. F. Koppens, T. Mueller, P. Avouris, A. Ferrari, M. Vitiello, M. Polini. “Photodetectors based on
graphene, other two-dimensional materials and hybrid systems” Nature nanotechnology,vol. 9 iss. 10,
780-793 (2014); A. Rogalski, M. Kopytko, P. Martyniuk “Two-dimensional infrared and terahertz
detectors: Outlook and status” Applied Physics Reviews,vol. 6 iss. 2, 021316 (2019).

7. M. S. Vitiello, G. Scalari, B. Williams, P. De Natale “Quantum cascade lasers: 20 years of
challenges” Optics express vol. 23 iss. 4, p. 5167-5182 (2015).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

I[Tpu moAroTOBKE M NMPOBEACHHUH JICKIIMOHHBIX 3aHSATUI UCIIONB3YeTCsl ceTh HHTEepHET. Kpome Toro,
ucnons3yercs Libre Office.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollUi IOUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOILMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUsA AUCHUIUIMHBI CTYACHT NOJIDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHAL,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAaraéMpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTalru.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JUCITUILIUHEL

BaxHO 10OWTHCS MOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMU K
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BHJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QU3NKU U TEXHOJIOTHH HAHOCTPYKTYP
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3padorunk: J.A. CBuHIOB, KaHA. (U3.-MaT. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyaabHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CriocoOeH BRIOMPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeyiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTrara v [IpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrniocobeH TpUMEHSTh 3HaHWS B  0O0JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYITHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAENM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKalUK HAYYHBIX CTAaTeH U y4acTusi B KOHOEPEHIIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynmprate wusydenums aumcumiuimHbl «Semiconductor Nanoelectronic Devices/IlomymnpoBogHuKoBbIe
HAHOIEKTPOHHBIC YCTPOUCTBA» 00YUAIONIHIACS JOJKCH:

3HATb:




-OCHOBHBIE NIPUHIUIIEI PA0OTH COBPEMEHHBIX MOIYIPOBOJTHUKOBBIX TPHOOPOB
-OCHOBHBIE TOJIXO/IbI K CO3JaHUIO COBPEMEHHBIX ONTORJIEKTPOHHBIX YCTPOUCTB

yMeThb:
-paccuuTHIBaTh paclpeesieHue 3IEKTPOCTaTHUYECKOrO MOTEHIIMAla U IJIOTHOCTH HOCUTENIEH 3apsiia B
MOJTYIPOBOJHUKOBBIX CTPYKTypax

BJIA/I€Th:
-METOJJaMH BBIUYMCIICHUS XapaKTEPUCTUK MOTYIPOBOAHUKOBBIX HAHOAIEKTPOHHBIX YCTPOMCTB
-OCHOBHBIMH METOJAMU PEILICHUS YPaBHEHUH OJIEKTPOAMHAMMKM M 3JIEKTPOHHOTO TPAHCIIOPTa
(ypaBuenune  bonbimana, auddysmoHHO-ApeiidoBEle M THAPOAMHAMUYECKHE  YpaBHEHUS)
MPUMEHUTEIBHO K MOIYIPOBOIHUKOBBIM IIPHOOpamM
-METOJaMH OLICHKH MapaMeTpoOB HOCUTeNleH 3apsna (PHEPreTHUYECKHd CHEKTP, MOABHKHOCTH, JIMHA
CBOOOJTHOTO Mpodera) B HU3KOPa3MEPHBIX CHCTEMax

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllleMy KOHTPOJIIO
He npenycmorpeno.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

HpI/IMepBI KOHTPOJIbHBIX TCOPCTUYCCKUX BOIIPOCOB!

1. TlepeuncnuTe OCHOBHBIE MEXaHW3Mbl BOSHUKHOBEHHS TOKOB YTE€UKH B TYHHEJIBHBIX TPAH3UCTOPOB C
YIPaBJISIEMbIM 3aTBOPOM P-N-IIEPEXOIOM.

2.  HM3oOpa3ure cxeMaTHYeCKH 3aBHCUMOCTb IUIOTHOCTH COCTOSIHUH OT SHEPrUM B CHJIIBHO
JIETUPOBAaHHOM TOJIyIPOBOIHUKE B JiorapupmMuueckoM Mmaciutade. Paccunraiite Takke 3aBUCHMOCTh
CPeIHEeKBaIPaTUYHON (IyKTyalnu 3JI€KTPUYECKOTO MOTEHIMaga OT KOHLEHTpAauud JOHOPHBIX M
aKUENTOPHBIX MpuMecel (pasMepHOcTh 00bekTa d=3). JlaiiTe YUCICHHYIO OLICHKY 3TON BEIMYUHBI IJIs
KpEeMHHSL, JIeTHpOoBaHHOTO JoHopamu ¢ Nd=1019 cm-3.

3. IlepeuuciuTe OCHOBHbIE INPUYMHBI BO3HUKHOBEHMsI IIOBEPXHOCTHBIX COCTOSIHUH Ha IpaHUIE
«METaJII-TIOTyIPOBOAHUKY ?

4. Bemumure odliee BbIpaKEHHE JUIS BBICOTHI Oapbepa M KOHTAKTHOTO COIIPOTHBIIEHHS B CHUCTEME
«METaJUI-TIOIYyIPOBOAHUKY», KOTOPOE YUYMTBHIBACT Kak pa3yindyve paboT BBIXOJAa MarepuajoB, Tak H
HaJINYUe NTOBEPXHOCTHBIX COCTOSIHUM B 3aIPELIEHHOM 30HE.

5. H3o6pazure 3oHHYI0 Auarpammy HEMT-Tpan3uctopa B HampaBiICHHH OT MCTOKa K CTOKY W OT
3aTBopa K KaHaiy. OObSICHUTE IPUHLIUII AEJIbTA - JIETHPOBAHUS.

6. YKaxure KpUTEpUH IPUMEHUMOCTH TMAPOAMHAMUYECKOIO ONUCAHUsI IEKTPOHHOIO TPaHCIopTa B
MOJIyIIPOBOJHMKAX. PaccMOTpuUTE OrpaHWYeHMs Ha XapakTEpHYH [UIMHY HW3MEHEHHUS BHEIIHErO
[IOTEHIIMaJla U Ha YaCTOTy €ro H3MEHEHHU.

7. HW300pa3zuTe 3aBHCHMOCTh YacTOTHI OT BOJHOBOTO BEKTOpa /sl IJIa3MOHOB B JBYMEpPHOU
ANIEKTPOHHOU CHCTEME, €CITH 3aTBOP HaXOAUTCH (a) Ha paCCTOSTHUH, MHOTO OOJIBIIIEM JITUHBI BOJHBI (0)
MHOTO MEHbILIEM JJIMHBI BOJHBL. CUHMTalTe, YTO TPAHCHOPT 3JIEKTPOHOB NOAUYUHSETCS YPAaBHEHUSAM
rupoarHaMuKu. Kak n3MeHUTCs BU] CIIEKTPa, €CIH JIEKTPOHBI ObUTH OBl O€CCTONKHOBUTEILHBIMU ?

8. M300pa3ure cxeMaTnyHO 3aBUCUMOCTH IUIOTHOCTH COCTOSHHM OT SHEPrMH B MHBEPCHOHHOM CIIO€
KPEMHHUEBOTO MOJIEBOTO TPAH3UCTOPA TP OOIBIIOM MOJIOKUTEIHHOM HAIIPSYKEHUH Ha 3aTBOPE.

9. H300pa3ure cxeMaTHu4ecKy 3aBUCUMOCTD MPO3PAauHOCTH CTYNEHYATOr0 MOTEHIHAIBLHOTO Oapbepa B
rpadeHe OT HampaBlICHHS MMITyJIbCa HaJeTaloIero aekTpona (mapagokc Kieitna). Kak xauecTBeHHO
W3MEHUTCS OTBET NP yUeTe KOHEUHOW BEIMYMHBI HAIIPSKEHHOCTH 1101151 B Oapbepe?

10. M300pa3ute cxeMaTHYECKH BOJBT - aMIIEPHYIO M BOJBT - 3aTBOPHYIO XapaKTEPUCTHKH IIOJICBOTO
TpaH3UCTOpa Ha OcHOBe TrpadeHa. IIpoKOMMEHTHUpPYHTE OCHOBHBIC KaueCTBEHHBIC OTIMYUS OT
XapaKTEePUCTUK KPEMHHUEBBIX IOJIEBBIX TPAH3UCTOPOB, OOBSICHUTE NPUYNHBI OTIHYHH.

[TpumMepbl 3K3aMEHAITMOHHBIX OUJIETOB:
buner 1.

1. Ilepeuyncinure OCHOBHbIE MEXAHNU3Mbl BOSHUKHOBEHMSI TOKOB YTE€UKH B TYHHEJIbHBIX TPAH3UCTOPOB C
YIPABIIAEMBIM 3aTBOPOM P-N-TIEPEXOIOM.



2.  HM3oOpa3ure cxeMaTHUeCKH 3aBHCUMOCTh IUIOTHOCTH COCTOSIHUH OT JHEPrUM B CHJIIBHO
JIETUPOBAaHHOM IOJIyIPOBOIHUKE B JiorapupmMuueckoM Mmaciutade. Paccunraiite Takke 3aBUCHMOCTh
CpeIHEeKBaIPaTUYHON (IyKTyalnu 3JI€KTPUYECKOTO MOTEHIMajga OT KOHLEHTpAalud JOHOPHBIX MU
aKUENTOPHBIX MpuMecel (pasMepHOCTh 00bekTa d=3). laiiTe YHUCICHHYIO OLICHKY 3TON BEIMYUHBI IJIs
KpEeMHHSL, JIeTHpOBaHHOTO JjoHOopamu ¢ Nd=1019 cm-3.

buner 2.

1. U3o6pa3ute cxemMaTu4ecKd BOJBT - aMIIEPHYIO M BOJIBT - 3aTBOPHYIO XapaKTEPHCTUKU IIOJIEBOTO
TpaH3uCTOpa Ha oOcHOBe rpadeHa. I[IpokoMMeHTHpYyiiTeé OCHOBHBIC KauyeCTBEHHbIE OTIMYUS OT
XapaKTEPUCTHK KPEMHHUEBBIX MTOJIEBBIX TPAH3UCTOPOB, OOBSICHUTE IPUYUHBI OTIIMYHH.

2. MH3zo0pasute NpUHOUNHAIBHYIO CXEMy Te€Heparopa TeparepluoBOro H3JIyYeHUS] Ha OCHOBE
PE30HAHCHO-TYHHENIbHOro auoja. Cuuras M3BECTHBIMM HMIIEAHC AHTEHHBI, €MKOCTb IHOAa U €ro
muQQepeHIanbHy0  (OTPULATENFHYI0) MPOBOJUMOCTD, 3alHIIUTE YCIOBHE CaMOBO30YXICHUS
AIIEKTPHUYECKUX KoJieOaHUi B JAaHHOM cxeMe.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHUAMN.
Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka OmIMYHO § Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS HAa NPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOTY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT INPUMEHATH MOJydYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oanya - BBICTABISETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHHUs JIOTHYECKON MOCIIeI0BATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka ymoOBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HAHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTEIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaabo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIero o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COJEp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmUOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPHU PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIycKaeT rpyOeiimne ommOKy B (HOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



OK3aMeH MpOBOOUTCS B ycTHOW Qopme mo Owuineram. B kaxxgom Ouiere mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. IIpu nmpoBeneHnu sxk3amena obydaronemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



