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AHHOTANMA

Kypc mocBsmen ¢usndeckuM NpUHIMIAM, TEXHOJOTHAM M MOJCIHPOBAHHUIO IOIYHPOBOIHHKOBBIX
HAHODJIEKTPOHHBIX YCTPOMCTB, B TOM YHCIIE Ha OCHOBE HOBBIX MAar€pHalOB — pa3IUYHBIX KBaHTOBBIX
MarepualioB, BKJIIO4Yas rpadeH, Apyrue IBYMEpHbIE MaTepuaibl U BaH-AEP-BaajlbCOBBI I'€TEPOCTPYKTYPHI.
Pemiennpie B paMKax JIEKIMOHHOTO Kypca W 3aJayd MOTYT OBITh B JajbHEWIIEM aJanTUPOBaHbl s
JaJIbHEHIIelN UcCiel0BaTeNIbCKON AesTeIbHOCTH cTyAeHToB. Kypce HallesneH Ha pa3BUTHE TBOPUECKUX HABBIKOB
MOCTAaHOBKHU MEPCIEKTUBHBIX HAYYHBIX 337a4d B 00JIACTH MOJIYIPOBOJHUKOBBIX HAHOIJIEKTPOHHBIX YCTPOMCTB
U KBaHTOBBIX MaTepUaIOB.

1. lean u 3apa4n

Henp AucoMnInHBI
MOJyYeHHE 3HaHUU O (UBMYECKUX MPHUHLUMIAX, TEXHOJIOTMH M MOJACIHPOBAHUU COBPEMEHHBIX
IOJIyIIPOBOJHUKOBBIX HAHOZJIEKTPOHHBIX YCTPOMCTB, B TOM YHCJIE HA OCHOBE HOBBIX MarepuajoB —
pa3IMyHBIX KBAaHTOBBIX Marepuaiax, BKJIouas rpadeH, [Apyrue AByMEpHbIE MaTepuanbl H
BaH-7IeP-BaaJIbCOBBI I€TEPOCTPYKTYphI. PenieHHbIe B paMKax JIEKIIMOHHOTO Kypca 1 3a/1a4udl MOTYT ObITh
B JaJbHEHIIEM alalTUPOBAHbI I JalbHEUIIEH MCCIEI0BAaTENbCKOW EATENBHOCTH CTyAeHTOB. Kypc

HaIlICJICH Ha pa3dBUTHUC TBOPUCCKUX HABBIKOB IMOCTAHOBKHU IICPCIICKTUBHBIX HAYYHBIX 3ada4 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 np06neM CO3AaHUs DJICKTPOHHBIX, OINTO3JICKTPOHHLBIX U (I)OTOHHBIX 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 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANFHOW ~ JIeATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
OIBIT M PEe3ylbTaThl HAYYHBIX HCCIEIOBAaHUH B 001aCTH
(oTOHMKH ¥ ONITOMH(POPMATHKI

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MareMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o06nactu (POTOHUKH U ONITOMH(OPMATUKH

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 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 Cnocoben aHanu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
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 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nH(pOpMaNKIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIIeJOBAaHHN

[IK-1.2 CnocoGeH  BbLABHraTb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIBl HCCIENOBaHUH B 00IacTu
($hoTOHHKH W ONTOWH(GOPMATUKKM K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3YIbTaThI

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

[IK-2.1 Cnoco0eH caMOCTOSTEILHO WIA B COCTaBE
Hay4YHOTO KOJUJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HccieoBaHus B 00acT (DOTOHUKU U OTITOMH(OPMATUKH

[MK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyOIMKaluK HAYYHBIX CTAaTeH U y4acTusi B KOH()EPEHIUSIX

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

3HAaThb:

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

YMETb:

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

MOJTYTIPOBOJHUKOBBIX CTPYKTypax
BIIAJIETh:

-METOJJaMH BbIUNCIJIEHUS XapaKTEPUCTUK IIOITYIIPOBOAHUKOBBIX HAHOMIEKTPOHHBIX YCTPOMCTB
-OCHOBHBIMH METOJaMH DEIICHUS YPaBHEHHWH OJIIEKTPOJWHAMHUKHA M DJIEKTPOHHOTO TPAHCIOpTa

(ypaBuenue  bomnbimana,

TG Py3noHHO-petihoBbie

U TUIPOIMHAMMYECKUE  YpPaBHEHHS)

MPUMEHUTEIBHO K MOTYIPOBOIHHKOBBIM MTPUOOpamM
-METOZIaMH OLICHKU MapaMeTpOB HOCHTENeH 3apsiia (JHEPreTHYECKUH CIEKTpP, MOABMKHOCTB, IJIHHA
CBOOOJHOrO Mpodera) B HU3KOPa3MEPHBIX CHCTEMax

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

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 TyHHEBHBIE TPaH3UCTOPHI IS 3 3
HHU3KOBOJIBTHOM 3JIEKTPOHUKU
) [ToneBble  TpaH3HCTOPHI Ha  OCHOBE ) )
(ha30BBIX ITEpPEX00B




TpaH3uCTOPBl C BBICOKOM 3JIEKTPOHHOU

3 MOJBMXKHOCTBIO Ha OCHOBE JIBYMEPHBIX 4 4
3NEKTPOHOB B coeanHeHusIx A3B5

4 Pe30HaHCHO-TyHHENBHBIE CTPYKTYPBI 2 2

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

6 Monudukarnum rpadeHa u ux 3 3
MPUIIOKEHUS B DJICKTPOHUKE

7 DNEeKTPOHHBIA TPAHCHIOPT B OMHOMEPHBIX ) )
cucreMax

] [loneBple  TpaH3UCTOpPHI 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 cHyKeHMsI MOTPEeOISIEMO MOITHOCTH B TOJIEBBIX TpaH3UCTOpax. « TepMOIMUCCHOHHBIN
npenen» MoAnoporoBoi kpytusuel noneBoro M/II-tpansucropa. TyHHenupoBaHue B Oapbepax
[IToTTkM ®  yCTPOMCTBO IIOJNEBOrO TpaH3ucropa ¢ KoHTakramu [lortku. Mex3oHHOE
TYHHEJINPDOBAHME B  IOJYIPOBOAHHMKAX, BBIYMCICHHE TYHHEJBHOTO TOKa TIIpH  TPSAMOM
TYHHEJIMPOBAaHUH, TYHHEJIIMPOBAHUH C y4acTHeM (OHOHOB U mpumeceil. KoHCcTpyKIms TpaH3ucTopa ¢
TYHHEJIBHBIM  TEPEXOJIOM, YHPABISAEMBIM 3aTBOPOM, IpeAelibHasg KpyTH3HA IOAOPOrOBOM
XapaKTEPUCTUKU ISl JAHHOM KOHCTPYKIMU. MeK30HHOE TyHHEIMPOBAaHUE B I10JYNIPOBOHUKAX NIPH
HAMYUK (QIyKTyaluil 3JIEKTPUUYECKOro MOTeHLUaNa. BiusHue pa3MepHOCTH KaHajla TYHHEJIBHOTO
TPAH3UCTOpAa HAa TYHHEJIBHYIO XapaKTEPUCTHKY. D((PEKTh IIOTHOCTH COCTOSHUH B MEX30HHOM
TYHHEJINPOBAHHH.

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

Cernerodekrpuieckuii (a3oBblii Tepexoa: (EHOMEHOIOTHYECKOE OIMUCAaHWE B paMKaxX TEOPHH
Jlangay. OcobenHocTH miepexoaa B quokcue raduus. OrpunarenbHas AuddepeHnnans-Has eMKOCTh
W ec BIMsSHME Ha Hanpspkenue nepekiroueHust MOII-tpansuctopoB. CoBpeMEHHOE COCTOSHHE
MpuOOPOB Ha OCHOBE OTPHUIATENILHON eMKOoCTH. llepexonm MeTai-AMdNeKTPUK MpU W3MEHEHUHU
KOHIIEHTpaluu dIekTpoHOoB. llpupona ¢aszoBoro mnepexoja «MeTa-AUAICKTPUK» B JIMOKCUC
BaHagus.

3. TpaH3uCTOPBI C BHICOKOW 3JIEKTPOHHOHN ITOIBIKHOCTHIO HA OCHOBE JIByMEPHBEIX 3JIEKTPOHOB B
coequneHusx A3B5



MeTozb! TOKaIH3alHUY JIEKTPOHOB B IBYX U3MEPEHUX: KBAHTOBBIC SIMBI U JIOKAIHU3ALIUS JICKTPOHOB
Ha rerepo uHTepdelicax. MeToasl JIETHPOBaHUS JIBYMEPHBIX CHCTEM U «IUCTAaHLIMOHHOE
nerupoBaHue» (remote doping). Cxema u 30HHAasg JAMarpamMma TpPaH3HCTOpa C  BBICOKOM
noBWKHOCTRIO  3ekTpoHoB (HEMT). Pacuer 21exkTpoHHOW MOABMKHOCTH, OTPaHUYEHHOU
paccesiHIEM Ha OTHAJCHHBIX MpuMecax. J((eKTsl pacnpeneeHHOH eMKOCTH U MHIYKTHBHOCTH B
BBICOKOYACTOTHBIX TpaH3ucTopax. IlpexenbHas wacTtoTa yCWJIEHHMS TOKa M IpeNesbHAas 4acToTa
YCHJICHUS] MOIIIHOCTH.

4. Pe30HaHCHO-TYHHEJBHBIE CTPYKTYPBI

TyHHENBHBIN TPAHCHOPT B ABYXOAPHEPHBIX T€TEPOCTPYKTYPAX, pacueT TYHHEJIbHOW MPO3PayHOCTU U
BOJILTAMIIEPHOHN XapaKTePUCTUKU Pe30HAHCHO-TyHHenbHOoro auoaa (PTI). Pexum oTpunarenbHOro
T QepeHInaTbHOr0 CONPOTUBICHUS M €r0 HWCIOJNb30BAaHUE JIsi TeHEpalld BBICOKOUACTOTHBIX
konebanuil. MexaHu3Mbl H30BITOYHOTO TOKA B PE30HAHCHO-TYHHEJBHBIX JHOAX.

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

O heKkTuBHBINA TaMUJIBTOHUAH U SHEPIeTUYECKUI CIEKTP HOCUTENCH 3aps/] B OHO- U JBYXCIOHHOM
rpadeHe. BnusiHue XupanbHOCTH HOCHTENICH 3apsja Ha TPAHCIIOPTHBIE CBONCTBA: MOJAaBICHHE
00paTHOTO paccessHUs M MEX30HHOE TyHHenupoBaHus. [IpoGiema MHHMMAaNIbHON MPOBOOUMOCTH
rpadeHna, BausHuE (QIyKTyalnil MOTEHIMAa a Ha KOHIIEHTPAIHIO HOCUTENeH 3apsiia ¥ MPOBOANMOCTb.
@DaKTophl, OrPaHUYHMBAIOIIME DJICKTPOHHYIO MOABMKHOCTH B rpad)eHe: paccesHue Ha IPUMECHX,
ONTHYECKUX M aKyCTUYECKHUX (POHOHAX, IPAHMLAX 3€PEH U JIOKAIBHBIX HAMPSKEHUSIX PEIISTKH.
OcoOeHHOCTH paccesiHusT HOCUTeNleH 3apsiia B TOABELICHHOM M HHKAICYJIMPOBaHHOM rpadeHe.
D ekt mons B rpadeHe U XapaKTEPUCTUKU TpadeHOBOTO TPAH3UCTOPA, aMOUTIONSIPHBINA TPAHCIIOPT.
[IpenenbHas dYacToTa MNEPEKNIIOYEHUST W TMpoOieMa TOKAa 3aKphITOrO0 COCTOSHUS. MeXaHU3MBI
HACBIIIEHUS TOKa B TPa()eHOBBIX MOJIEBBIX TPAH3UCTOPAX.

6. Monudukanuu rpadeHa u ux MPUIOKEHUS B JICKTPOHUKE

CTpyKTypBhl Ha OCHOBE Tpad)eHa ¢ KOHEYHOM IUPUHOI 3aIpEIeHHON 30HbI: IBYXCIOHHBIA rpadeH u
HaHOJEHTHL. CBf3p IIMPUHBI 3alPEIICHHONW 30HBI C HAIPSHKEHHOCTBIO IIONEPEYHOro OIS
(IByXCIO¥HBIN Tpad)eH) U MUPHUHON HAHOJCHTHI. PemeHne mpoOieMbl TOKa 3aKPhITOTO COCTOSHUS B
TpaH3UCTOpax Ha ocHOBe Moaudukanuii rpadeHa. Kpaesbie 3¢ ¢ekThl B TpaH3UCTOpaX Ha OCHOBE
JBYXCIIOWHOTO TpadeHa W HAHOJCHT: NpPOTEKaHWE TOKAa II0 KpacBbIM KaHallaM M pPAacCesHHe
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 KaHalle TPH IMOJAEPKaHUN (UKCHPOBAHHOTO 3aIlOJIHCHHUS KOHTAKTOB.
O dekTrl ymmpeHus: ypoBHEH, BbI3BaHHBIC HATMYMEM KOHTakToB. BriBon ¢opmynsl Jlangayspa

8. IloneBrie TPaH3UCTOPLI HAa OCHOBC OAHOMCPHLIX CUCTCM

DJIEKTPOHHBIN CIIEKTP M TPAHCIIOPT HOCUTeNeH 3apana B rpad)eHOBBIX HAHOJIEHTAX W HAaHOTPyOKax.
CBs3b XMPaAJILHOCTH HAHOTPYOOK C 30HHOHM CTPYKTYpOH, MOJYHNPOBOAHUKOBHIE UM METAILIMUECKHE
HaHOTPYOkH. CBSA3b CTPYKTYPHI Kpas HAHOJICHT C DHEPreTHYECKHUM CIIEKTPOM HOCHTENeH 3apsja,
KpaeBble COCTOsIHUS. baucTuueckas mpoBOAUMOCTh OOHOMEPHBIX cucTeM, hopmyna Jlangayspa u
ee NpPUMEHEHHE /s pacuyeTa XapaKTepPUCTHK OaUIMCTUYECKOrO II0JIEBOTO TpaH3HCTOpa C
OJHOMEpPHBIM KaHaJoM. B3ammopeilicTBue HocuTeled 3apsiia B OIHOMEPHBIX CHUCTEMax M €ro
[IPOSIBJIEHUS B TPAHCIIOPTHBIX CBOMCTBaX.

9. Metozp! pacuera ONTHYECKUX [IEPEXOI0B B I10JIyIIPOBOIHUKAX



K-p ramunbsroHnan ansi oObEMHBIX TONYHNPOBOAHHUKOB. MAaTpUYHBIA DJIEMEHT B3aUMOACHUCTBUS
IEKTPOHA C BJIEKTPOMArHUTHON BONHON. MeX30HHBIE M BHYTPH3OHHBIE MTEPEXOABI, OIPAHUYCHMS,
HakJaJblBa€Mble Ha 3TU IE€PEXONbl 3aKOHAMHU COXPAaHEHMsI HMILYJIbCA-dHEPIrUM U CUMMETPUSIMU
Kpuctauia. DPQeKThl TUIOTHOCTH COCTOSHUHI B CIIEKTpax ONTHYEeCKOro mnoriomenus. [lormomienne
CBETa IByMEpHBIMH CHCTEMaMu. YHUBEpCaIbHAsl ONTUYECKask IPOBOJUMOCTD IpadeHa.

10. ITomynpoBOAHUKOBEIE JIa3€PhI

VYcnoBue na3epHON reHepalyy B NMOJTYNPOBOAHHMKAX B TEPMUHAX KBazu-ypoBHed depmu. Metombl
CO3/laHMsI MHBEPCHOW 3acelIeHHOCTU 30H. Jlazep Ha OCHOBE CUIIBHO JIETUPOBAaHHOI'O P-N-IIEpPEXojia.
Jlazep Ha OCHOBe TreTepOCTPYKTYph: 3(PQPEKTHl CBEPXUHKEKIUH, ONTUYECKOTO OTPaHHYCHHS U
OrpaHUYeHusl HocuTesed 3apsana. Jlaseppl Ha OCHOBE KBAHTOBBIX $IM, MX CIIEKTPbl YCUIJIEHUS,
CpaBHEHHE C Jla3epaMu Ha TeTepOCTPyKTypax. KBaHTOBbIe KacKaJHbIC Jla3epbl M MX NPUHIIMII
paboTsl. [Ipobiema 1OCTHKEHNS JIa3epPHON T'eHepalry B TepareplioBOM AUANa30He 4acToT.

11. TTomympoBOJHUKOBBIE (POTOACTEKTOPHI

OCHOBHBIE XapaKTEePUCTHKH (OTOACTEKTOPOB: UyBCTBUTEIBHOCTD, SKBUBAJICHTHAsI MOIHOCTD IIyMa.
«Knaccuueckuit» QoOTOLETEKTOP Ha OCHOBE p-n-niepexona. [IpuHIMN AEWCTBUS W pacueT
BOJIBT-BATTHOW M aMIep-BaTTHON UyBCTBUTEIHHOCTH. BinsHue pekomMOMHAIIMKN Ha XapaKTEPUCTUKH
JeTeKTopa Ha p-n-nepexone. dakropsl, OrpaHUYMBAIOLIME YYyBCTBUTEIBHOCTh: TEMHOBOW TOK U
myMbl B p-n-niepexofe. J[’KOHCOHOBCKHMI M TeHepalMOHHO-PEKOMOMHAUMOHHBINA 1myM. [Ipobraembl
JETeKTUPOBAHMS U3IIyUCHHS AaJIbHEr0 MHPPAKpacHOIo AUana3oHa.

12. ®oToaeTeKTOpsl Ha OCHOBE ABYMEPHBIX MaTEPUATIOB

Mexanm3mbl  (QoTOOTKIMKa B rpadeHe:  (OTOBOJIBTAMYECKHHA,  TEPMODIICKTPUUYCCKUM,
OOJIOMETPHUYECKUI, PE3UCTHBHOE CMEIIMBAHUE. 3aBHCUMOCTH TOKa, T€HEPHPYEMOTO MO JTaHHBIM
MeXaHH3MaM, OT KOHLICHTPAIIMK HOCHUTENeH 3aps/a, TeMIepaTyphl, MOJSIPU3ALIK U3TydeHus. Bpems
OTKJIMKa (DOTOAETEKTOPOB Ha OCHOBE rpadeHa H (aKTOpbl, €ro OorpaHuYMBaroImue. Pacuer
TEPMOIJIEKTPUUECKOr0 (HOTOJETEKTOPa HA OCHOBE Tpad)eHa ¢ MHIYLMPOBAHHBIMU P-N-TIEPEXOaMHU.
dororpan3ucTopHbli  3pGEeKT B ABYMEPHBIX ~ CHUCT€MaX, [PHYMHBI  BO3HHUKHOBEHUS
(OoTOMHTyIUPOBAHHOTO 3apsijia U (GakTopsl, BIUSIOLIME Ha BpeMs ero ¢hopmupoBanus. Ousnueckue
NPUYMHBl AaHOMAJIBHO OOJIBIION TOKOBOW YyBCTBUTEIBHOCTH JIETEKTOPOB 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
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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, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OTHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
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;

- npopa60TKy yqe6Horo Marcpuajia, MmOArOTOBKY OTBCTOB Ha BOIIPOCHI, MNPCAHA3HAYCHHBIX JJI
CaMOCTOATEJIIbHOI'O U3YUCHUS

— peleHue 3aad, MpeAaraéMpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTalru.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI 110 TEMaM
JHUCUUILINHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydyaeMOro mMarepualna, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYINHEHWH W3yYCHUsS OTIEIBHBIX TEM, BOIPOCOB, CJIEMyeT OOpaIiarhCs 3a KOHCYJIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa QU3NKU U TEXHOJIOTHH HAHOCTPYKTYP

Kypc: 1

KBaJIH(UKALUS: 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 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
OIBIT M PEe3yNbTaThl HAYYHBIX HCCIEIOBAaHUH B 001aCTH
(oTOHMKH ¥ ONITOMH(POPMATHKI

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTreMaTHKH W (HU3UKH H CIOCOOCH HMX HPUMEHATh HpPHU
peleHun 3a/1ad B o06nactu (POTOHUKH U ONITOMH(OPMATUKN

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 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 CnocobeHn ananmu3upoBarh 3ajady, [JIaHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOy4YaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIIeJOBAaHHN

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIbHBIE METOIBl HCCIIENOBaHUH B 00JacTh
($oTOHMKH W ONTOWH(GOPMATUKKA K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3Y/IbTaThI

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

[IK-2.1 Cnoco0eH caMOCTOSTEIILHO WIA B COCTaBE
Hay4YHOTO KOJJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HccieoBaHus B 00acT (DOTOHUKU U OTITOMH(OPMATUKH

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKalUK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynprate wusydenums aumcumiuimHbl «Semiconductor Nanoelectronic Devices/IlomynpoBogHuKoBbIe
HAHOIEKTPOHHBIC YCTPOUCTBA» 00yUAIONIHIACS JOJKCH:

3HATb:

-OCHOBHBIE NIPUHIHUIIEI PA0OTH COBPEMEHHBIX MOTYIPOBOTHUKOBBIX TPHOOPOB
-OCHOBHBIE MOAXOABI K CO3JAHHI0 COBPEMEHHBIX ONTOXJIEKTPOHHBIX YCTPOICTB




yMeThb:
-paccYMTHIBATh pacHpeeNICHUE MIEKTPOCTATHYECKOTO MOTEHIIMANA U IIOTHOCTH HOCHUTEINEH 3apsaa B
MOJTYIPOBOJTHUKOBBIX CTPYKTypax

BJIA/IETh:
-METOZ[aMH BBIYHCIICHUS XapAKTEPUCTHK MOJIYITPOBOJHUKOBBIX HAHOAICKTPOHHBIX YCTPOHCTB
-OCHOBHBIMH METOJAMU PEIICHUS YPAaBHCHUH OICKTPOAMHAMHKH M DJICKTPOHHOTO TPAHCIIOPTa
(ypaBuenne  bonbimana, auddysmoHHO-ApeiidoOBElE W THAPOAMHAMUYECKHE  YPaBHEHUS)
MPUMEHUTEIBHO K MOTYIPOBOIHHKOBBIM MTPUOOpamM
-METOZaMH OLCHKU NapaMeTPOB HOCHTENeH 3apsiia (JHEPreTUYECKUH CIEKTpP, MOABMIKHOCTB, IJIHHA
CBOOOJHOrO Mpobera) B HU3KOPa3MEPHBIX CHCTEMax

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0
He npexycmotpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

IIpuMeps! KOHTPOJIBHBIX TEOPETUUECKUX BOIIPOCOB:

1. Ilepeuncnure OCHOBHbIE MEXaHU3Mbl BOSHUKHOBEHHUS TOKOB YTEUKU B TYHHEJBbHBIX TPAH3UCTOPOB C
YIPaBJIsIEeMbIM 3aTBOPOM P-N-TIEPEXOIOM.

2. Hzobpasute cxeMaTW4ecKd 3aBUCHUMOCTb IUIOTHOCTH COCTOSSHUH OT 3HEPrUU B CHIBHO
JIETUPOBAaHHOM MOJIYIPOBOJHHUKE B Jorapudmuueckom macmrabe. PaccunTaiite Takxke 3aBUCHMOCTh
CPEAHEKBAIPATUUHOW (PIYKTyallMd SJCKTPUUYECKOTO IOTEHLHANIa OT KOHLIEHTPAaLUWd AOHOPHBIX H
aKIENTOPHBIX puMecel (pasMepHOCTh 00bekTa d=3). JlaliTe YucIieHHYI0 OIEHKY TON BEJIWYHMHBI JIJIs
KpEMHUS, JIETUPOBaHHOTO JIoHOpamu ¢ Nd=1019 cm-3.

3. Ilepeuucinure OCHOBHBIC MPUYMHBI BO3HUKHOBEHHS IMOBEPXHOCTHBIX COCTOSIHUH Ha TpaHUIC
«METaJJI-TIOTYTPOBOAHUK» ?

4. Bpmumute o0lee BBIpaXXEHUE IS BBICOTHI Oaphepa M KOHTAKTHOTO COINPOTHBICHHS B CHCTEME
«METaJUI-TIOJIyTIPOBOAHUKY», KOTOPOE YUHTHIBACT KaK pasziauyue padoT BBIXOAA MaTepualioB, TaK H
HaJIM4YHMe MOBEPXHOCTHBIX COCTOSIHUHN B 3alPEIIEHHON 30HE.

5. H3o0pasure 3onHyl0 auarpammy HEMT-Tpan3ucTopa B HampaBieHHH OT MCTOKa K CTOKY U OT
3aTBOpa K KaHaimy. OObsCHUTE IPUHLIUI JeIbTa - JISTHPOBAHUS.

6. Ykaxure KpUTepuil NPUMEHUMOCTH THIPOANHAMHYECKOTO ONUCAHUS 3JIEKTPOHHOTO TPAHCIIOPTA B
[OJYIIpOBOJHMKAaX. PaccMoTpuTe oOrpaHudeHuss Ha XapakTEpHYIO MJUMHY WM3MEHEHHsl BHEILHEIO
MOTEHIMAaa ¥ HA YAaCTOTY €ro H3MEHEHHSI.

7. HW300pa3uTe 3aBHCHMOCTb 4YaCTOThl OT BOJIHOBOIO BEKTOpa JUIsl IUIa3MOHOB B JIByMEPHOH
AIIEKTPOHHOW CHUCTEME, ECIIH 3aTBOP HAXOJUTCA (2) Ha PACCTOSTHUW, MHOTO OOJIBIIIEM JITMHBI BOJHEI (0)
MHOTO MEHbBILEM AJUHBI BOJMHBL. CUMTaiTe, YTO TPAHCHOPT IEKTPOHOB MOMYMHACTCS ypaBHEHHIM
ruapoauHaMHUKH. Kak H3MEHHUTCS BUJ| CIIEKTPa, €CJIN MIEKTPOHbI ObLIN ObI 6€CCTOIKHOBUTEILHBIMU?

8. HM3o0pa3ure cxeMaTMUHO 3aBUCHMOCTB IUIOTHOCTH COCTOSIHHM OT HEPrHHM B MHBEPCHOHHOM CIIOE
KPEMHHEBOTO II0JIEBOTO TPAH3UCTOPA MIPU OOJIBIIOM IOJIOKUTEILHOM HANPsDKEHUH Ha 3aTBOPE.

9. M300pa3uTe cxeMaTu4ecku 3aBUCHMOCTD ITPO3PAYHOCTH CTYNEHYATOro MOTEHIMAIBLHOTrO Oapbepa B
rpadeHe OT HalpaBJICHUS UMIIyJbCa HaJeTaroIero ekrpona (mapanoke Kneitna). Kak xauecTBeHHO
MU3MEHUTCS OTBET IIPU yUeTe KOHEUHON BEJIMYMHbI HANPSDKCHHOCTH T0JIs B Oaphrepe?

10. U300pa3ute cxemMaTHYeCKHd BOJIBT - aMIEPHYIO M BOJIBT - 3aTBOPHYIO XapaKTEPHUCTHKHU IOJIEBOTO
TpaH3uCTOpa Ha oOcHOBe rpadeHa. I[IpokoMMeHTHpYyiiTeé OCHOBHBIC KaueCTBEHHbIE OTIMYUS OT
XapaKTEPUCTHK KPEMHHUEBBIX MTOJIEBBIX TPAH3UCTOPOB, OOBSICHUTE IPUYUHBI OTIIMYHH.

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:
burer 1.

1. TlepeunciauTte OCHOBHBIE MEXaHU3MbI BOSHUKHOBEHUS TOKOB YTEUKH B TYHHENIBHBIX TPAH3HCTOPOB C
YIPaBJISIEMbIM 3aTBOPOM P-N-IIEPEXOIOM.



2. WM3oOpa3ure cxeMaTHUECKH 3aBHUCUMOCTb IUIOTHOCTH COCTOSHHUII OT DJHEPrHM B CHJIBHO
JIETUPOBAaHHOM IOJIyIPOBOIHUKE B JiorapupmMuueckoM Mmaciutade. Paccunraiite Takke 3aBUCHMOCTh
CPeIHEeKBaIPaTUYHON (IyKTyalnu 3IeKTPUYECKOTO MOTEHIMaja OT KOHLEHTpAaluil IOHOPHBIX W
aKUENTOPHBIX puMecel (pasMepHOCTh o0bekTa d=3). JlaliTe YuCIIEeHHYI0 OLIEHKY 3TON BEJIUYUHBI AJIS
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 NpUHLOUNHAIBHYIO CXeMy TeHeparopa TeparepluoBOr0 HU3IY4YEHHs Ha OCHOBE
PE30HAHCHO-TYHHENIbHOrO auofa. CuMras M3BECTHBIMM UMIIEJAHC aHTEHHBI, €MKOCTh AMOJA U €ro
i depeHIHanbHy0  (OTPULATENFHYI0) MPOBOJUMOCTh, 3alMLIMTE YCIOBHE CaMOBO30YKICHHUS
AIIEKTPHUYECKUX KoJieOaHUi B JAaHHOM cxeMe.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOH MpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHUAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOIy4YEHHbIC 3HAHUS HA IMPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Ouenka xopo1o 6 6ajIoB - BBICTABISAECTCS CTYACHTY, €CIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaraeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka xopomio 5 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, F[paMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapylIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH porpaMMbl, HEOOXOIUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oajuia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl IUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 Oajim - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAaeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUN IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaJIbl, ONpeIeJsONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH



OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxxgom OwiieTe mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaroremycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



