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AHHOTANMA

Kpr INOCBAIICH BBCIACHHIO B OCHOBHBIC (I)I/I3I/I‘ICCKI/IC MNPUHIMIIBI, JICKAIIMUEC B OCHOBC IIPOICCCOB,

[IPOTEKAIOIUX B IOJIYIPOBOJHUKAX,

TPaH3UCTOP).
1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

a TaKXe MaTeMaTHYeCKOMY M UHCIEHHOMY MOJEIMPOBAHUIO
KJIACCHYECKUX IIOJIYyIIPOBOAHUKOBBIX CTPYKTYp (p-n  mepexof,

OUIOJIIPHBIN  TPAaH3UCTOP, IOJIEBOU

Jlatb cTyneHTaM 3HaHUS OO0 OCHOBHBIX (PM3MYECKUX TNPHHIUIAX OMHCAHUS MOIYNPOBOJHUKOBBIX
MaTepHaIoB, OCHOBAaX MaTeMaTHYeCKOro W YHCIEHHOTO MOJAEIMPOBAaHUS MPOLECCOB, MPOTEKAIONINX B

[IOJyIIPOBOJHUKAX U IIOJYNPOBOJHUKOBBIX CTPYKTYpax,

0030p cTaHAApTHBIX (KJIACCHUYCCKUX)

MOJTYTIPOBOJHUKOBBIX CTPYKTYp M IPUOOPOB HA MX OCHOBE.

33]13‘[1/[ JAUCHUIIINHBI

-OBJIaICHUC H606XO,Z[I/IMI:IMI/I OCHOBaMu TCOPUU MOJTYIPOBOIHUKOB,

-U3y4CHHUC MCTOAOB OIMUCAHUA SJICKTPOHHOI'O TPAHCIIOPTA B NOJYIIPOBOJHUKAX,

-[IOJIYUYCHHUC 3HAHUH O CTaHAAPTHBIX MOJIYIPOBOAHUKOBBIX HpI/I60an.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMH

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATbLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT ©W  cOocoOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku M (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHnn 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1a4¥, (POPMYJIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylIbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul OIMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl




[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICJIOBAHMS U MX alpoOaIiyio

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO WMJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIfio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboTh MOCPEICTBOM
yONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HATb:

YMETB:

-OCHOBHBbIE IIPUHIIUIIBI OIIMUCAHUS 3apsAJ0BOI0 TPAHCIIOPTA B IIOJYIIPOBOJIHUKAX
-OCHOBHBIEC PUHLHUITEI PaOOThI CTAHAAPTHBIX TOIYIPOBOAHUKOBBIX MPHOOPOB

-pacCUHTHIBATh BOJIBTAMIICPHBIC XapAKTEPUCTHKH MPUOOPOB (JIMOJIOB, ITOJICBBIX TPAH3UCTOPOR)
BJIAJIETh:

-METOZ[aMH BBIYHCIICHUS XaPAKTEPHCTHK MOJIYITPOBOJHUKOBBIX HAHOAICKTPOHHBIX YCTPOMCTB
-OCHOBHBIMH METOJAMH PEIICHUS YPAaBHCHUH OICKTPOAMHAMHKH M DJICKTPOHHOTO TPAHCIIOPTa
(ypaBuenne  bombimana, auddy3smoHHO-ApeiidOBEIE W THAPOJAMHAMUYECKHE  YpaBHEHHUS)
MPUMEHUTEIBHO K MOTYIPOBOIHHKOBBIM MTPUOOpamM

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

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

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

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 3oHHas _CTpyKTypa M CTAaTHCTHKa 3 3
HOCUTENEH 3apsi/ia B OJIyIIPOBOAHUKAX
2 OcHOBHBIE HU3KOPAa3MEPHBIE CHCTEMBI 2 2
3 Kunernueckass Teopust TpaHcropra B 4 4
MOJTYTIPOBOJHHUKAX: OOIINE CBEACHHUS
4 DNEeKTPOIIPOBOIHOCTD HOITYIPOBOAHUKOB 2 2
5 Tepmo- u MarHUTORJIEKTPUUECKHE ) 2
SIBJICHUSI
6 «IIpoaBUHYTBIE»  METOIbl  PELICHUS 3 3
KMHETHUYECKOTO YPaBHEHUS
7 PexomOvHaiuss HocuTenedl 3apsga B 2 )
IOJIyITPOBOJHUKAX
] KonrakrtHele SBJICHUSI B ) )
MOJTYTIPOBOJHUKAX
9 IIporekanne Toka B p-n nepexone 2 2
10 [IpoTrekanne  Toka B  CTPYKType ) )
«METaJI-I10JIyIIPOBOAHUK
[Toneseie TPaH3UCTOPHI
11 «METaJUI-AUIIEKTPUK-TIOIYIIPOBOIHUK 4 4
(MZTT)
12 Munuartopuzauust MJII-Tpan3uctopon 2 2
Y 3aKOHBI MaCIITAOMPOBAHUS
Nroro gacos 30 30




[ToaroroBka k sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. 3oHHas CTPYKTypa U CTaTUCTUKA HOCHTCICH 3apsaa B IOJYIPOBOJHUKAX

30HHas CTPYKTypa IIOJyIPOBOAHUKOB, 3JIEKTPOHBI W JbIpKH. Od¢dexkTuBHAs Macca U ee
npoucxoxaeHue. IIpAMO30HHBIE M HENPSIMO30HHBIE MOJNYNPOBOJHUKHA — Ha IMPUMEpPE KPEMHHUS,
repMaHus U apceHuaa ramnus. CraTUCTHKa HOCUTENEH 3apsia M BblUMCIeHUE ypoBHs dDepmu.
JlernpoBaHHbIE TOTYIPOBOJHUKH, OLICHKA SJHEPTHH JTOHOPHOTO ypoBHA. KOHIIEHTpaluss HOCUTENEN B
JIETUPOBAaHHOM  IOJYNPOBOJHMKE Kak  (QyHKuus Temneparypsl. CHIBHO  JIETHPOBAaHHBIC
MTOJTyTIPOBOJHUKH.

2. OCHOBHEIE HU3KOPA3MCPHBIC CUCTCMbI

IlonsiTHe o0 reTepocTpykTypax. Pa3MepHOoe KBaHTOBaHHE W KBaHTOBBIE SMBI. J[BymMepHBIE
MOJIYIPOBOJHUKM HAa OCHOBE MOHO- M OHM-CcIOeB: rpadeH, IBYXCIOHHBIA rpadeH, XaJlbKOTeHHUIbI
MEPEXOJHBIX METAJJIOB. 30HHAs CTPYKTypa OCHOBHBIX JBYMEPHBIX MarepuaioB. l[IpumeHnenue
METO/A CWJIBHOM CBSI3U ULl pacyeTa 30HHOM CTPYKTYPBL.

3. Kunernueckas Teopusi TpaHCIIOPTA B MOJIYIPOBOIHUKAX: OOIINE CBEICHUS

Kunernueckoe ypaBHenne bombiMana g ogHoyacTHYHOW — (PyHKIMH — pacHpesiesneHHs.
CTONKHOBEHHUSI HOCUTENIEH C MpuMecsiMH, (poHOHAMHU H Ipyr ¢ ApyroM. KBaHTOBO-MexaHHUYECKOE
BBIUMCIIEHUE BEPOATHOCTU paccesiHus. VIHTerpan CTOJKHOBEHUH B KMHETHYECKOM YPaBHEHUM VIS
Pa3IMYHBIX MEXaHU3MOB PACCESHUS.

4. SHGKTpOHpOBOHHOCTL MOJIYIIPOBOJAHUKOB

TpaHCHIOpTHOE BpeMsl pellakCalliil M €ro MHUKPOCKONMYECKOE BBIYHCICHUE JUIi PACCEesiHUS Ha
npumecsix ¥ (poHOHaX. BerumcieHne NpoBOAMMOCTH B OXHOPOIHBIX MOJNSAX M HCCIEJOBAaHHE ce
3aBUCHMOCTH  OT  TEMIIEpaTypbl JUii  TOJIYNPOBOJHHKOB M  MeTauioB.  McciemoBaHue
aneKTponpoBoAHOCTH rpadena. Juddysus HocuTenel 3apsyia ¥ AIEKTPOXUMUYESCKUHA MOTEHITHAIL.
CBs13b MOABMXHOCTH U KO3 dunrenta auddysun.

5. TepMo— U MAarHvuTOSJICKTPUYCCKUC ABJICHUSA

Kunernueckoe ypaBHEHHE NpH HAIWYMU TPATUCHTA TEMIIEPaTypbl. BBIYHCIEHHE SIEKTPOHHON
TEIUIONPOBOAHOCTH 1 K03 unmenTa 3eebeka (Ha mpumMe dIeKTpoHOB B rpadene). [IpuHmmi paboTe
TEPMOAIIEKTPUIECKOr0 TeHeparopa u dneMeHTta [lensrhe. KuHeTHUECKOE ypaBHEHHE B MarHUTHOM
none. Ddexr Xomna u ero Beraucienue. OcobenHocty 3dekra Xomna B JAByMEPHOH CHCTEME.
Mertox u3MepeHust MOIBMKHOCTH HOcHTeNeH 1Mo addekry Xomna.

6. «HpOI[BI/IHYTLIC» MCTO/JbI PCHICHUA KUHCTHUYCCKOT'O YPABHCHUSA

Bapuaunonssiii npuHuun ans ¢$yHKUMM pacrnpeaeiceHus. BrluuciieHne MpoBOOUMOCTH TpadeHa,
OIPaHUYEHHOM 3JIEKTPOH-IBIPOYHBIM pPACCESIHUEM, C IIOMOIIBIO BapUALMOHHOIO IPUHLHUIIA.
I'mopponHaMHuYecKUil MOAXOA K PEIMICHHIO KUHETHYECKOTO YpaBHEHUSA. AHAIN3 JJEKTpO- H
TEIUIONPOBOAHOCTHU BOJIM3U TOUKH HEUTPAILHOCTH B rpadeHe.

7. PexoMOWHaIust HOCUTENIEH 3apsijia B TIOIMYIPOBOAHUKAX



MerTo/bl cO31aHUSI HEPABHOBECHBIX 3JICKTPOHOB M JILIPOK: (POTOBO30YKICHUE W TOKOBAsI MHKEKIIHS
Hocutener. [lonarne o kBazu-ypoBHAX Depmu. MHUKPOCKONHMYECKHE MEXaHW3MBI PEKOMOWHAIIUN
AIIEKTPOHOB U JIBIPOK: W3NyvarenbHas pekoMOuHanus, Oxke-mnpoiiecc, peKOMOMHAITUS C HCITyCKAHUEM
(hoHOHOB. BhIUnceHe CKOPOCTH U XapaKTEPHOTO BPEMEHHU U3TydaTelIbHON pEKOMOWHAIIH.

8. KoHTakTHEIC SIBICHUS B MOJIYIIPOBOAHUKAX

P-n-miepexon m ero 3oHHas amarpaMma. Pacder pacmpeneneHus moiis B p-n-riepexone (ypaBHEHHUE
[lyaccona). llupuna obGemanenHoro cinosi. KoHTakT Merami-monynpoBoaHuK (koHTakT [lloTTkm),
OOCY)KIEHHE W pacyeT ero 30HHOH auarpamMmbl. OCOOCHHOCTH SKPaHUPOBAaHUS B JBYMEPHBIX
CHCTEMax, 0COOCHHOCTH JIBYMEPHBIX P-N-TIEePexXo 0B 1 KOHTaKToB LII0TTKM, MeTO/IBI MX pacueTa.

9. IlpoTexkanue TOKa B p-n nepexoze

Makpockonuueckue ypaBHeHUs apeiida u 1udQy3un Ut IeKTPOHOB U ABIPOK, UX YHPOILICHUE IS
JETUpOBaHHOM U 00egHeHHOH oOnactu. Teopust Loknu ajst ToKa, OrpaHUYEHHOTO PEKOMOMHALIMEH.
IToBenenne  p-n-mepexoga  npu  oOpatHOM  cMemieHud.  [Ipenensl  NPUMEHHMMOCTH
T Py3noHHO-IperHOBON TEOPHH ISl CBEPXKOPOTKHX p-n-mepexonos. [IpuMenenue p-n-nepexoaos
IS BBIIPSIMIICHUS (IETEKTUPOBAHUS) U3ITyUYCHHUS.

10. IIpoTexanue Toka B CTPYKTYpE «METAJUI-TIOTYIPOBOTHUK»

Huddysnonno-apericdoBast Teopusi Ui TPaHCIOPTa OCHOBHBIX HOCHTEJEeH. MHKpPOCKOIMYECKHE
IpaHUYHBIC YCJIOBUSI HAa KOHTAKTE€ C METAJUIOM (YCIOBHUSI THIA «IIOBEPXHOCTHOW PEKOMOWHAIIUI).
OrpannueHre TOKa WHXKEKIWEH HocuTenedl u auddysuedt B momynpoonHuke. [IpumeHneHus
koHTakTOB LIIOTTKH.

11. [ToneBble TPAaH3UCTOPBI «METAIUII-AUIECKTPUK-TIOTYIpoBoAHUK» (MIT)

Onexrpocratuka MJII1 — cTpyKTyphl, 3aBUCUMOCTh KOHIIEHTPAIIMA HOCHTENICH OT HaNpsDKCHHS Ha
3atBope. MuBepcuonHbI cioi. [lpuHnun paGoTel moneBoro Tpansucropa. Juddysmonno -
npeiidoBas MoneNb TpAaHCIOpTAa HOCUTENCH B TOJEBOM TpaH3UCTOpe. HenmHeHHbId pexum
BOJIETAMIIEPHON XapaKTePUCTUKU M MEXaHNU3MbI HACBIIICHUS TOKA: HACBHIIICHUE CKOPOCTH M OTCEYKa
KaHaJsa. XapakTepUCTHKH MOJIEBOTO TPAH3MCTOPa Ha OCHOBE TpadeHa.

12. Munnariopuzanus MII-TpaH3ucTopoB U 3aKOHBI MacIITaOUPOBAHUS

[IpenenbHas yacTOTa MOJICBBIX TPAH3UCTOPOB B PEIKMME JIOTHYECKOTO KIII0YA M B PEXKUME YCHITHTEIS
craboro curHana. CXeMOTEeXHHYECKHE M BHYTPEHHUE (DaKTOPBI, BIHSIONINE HA PEICIBbHYIO YacTOTY.
3aBUCHMOCTb NpEIeIbHOW YacTOTHl OT JUIMHBI KaHana NpH AUGQPY3HOHHOM M OaTTMCTHYECKOM
peKUMax TPaHCIOpTa. 3aKOHBI MacIITAOMPOBAHHS IJIi YacCTOTHI M TOTPEOJIIEMON MOIIHOCTH.
[Ipobnema cHIKEHHS TOPOTOBOTO HampsikeHus. DPdexTsl qurykTyaruii KOHIIEHTPAIUK IPUMecel 1
CTPYKTYPHBIX ITapaMETPOB B HAHOPA3MEPHBIX MOJIEBBIX TPAH3HCTOPAX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

KoMIIIeKT 1eKTpOHHBIX PE3EHTALINI/CIaliIoB; ayTUTOPHs, OCHAIIEHHAS IPE3EHTAMOHHON TeXHUKOM
(poekTop, 3KpaH, KOMITLIOTEP/HOYTOYK); TP HEOOXOTUMOCTH CIICIIUAIbHBIC TEXHUIECKHE CPEJICTBA
JUTsE 00y JaroIuXxcst HHBAM 0B 1 ul] ¢ OB3.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. ®usuka nomynpoBonHUKOBEIX pubopoB [Teker]/C. M. 3u , -M., Dueprus, 1973

2. ®usuka nmonynpoBoaHUKoB [ Tekct] : yaed. mocobue mis By3oB / B. JI. bonu-bpyesuy, C. I.
KanamankoB .— M. : Hayka, 1990 .— 688 c.



Literature fund of the basic departament:
3. C. larra «KBaHTOBBII TpaHCIIOPT: OT aToMa K TpaH3ucTopy», Mocksa, HULL «Perymnsipnas u
XaoTHYeCKas guHamMukay, 2009

JomnonHurenbsHas auTeparypa

Literature fund of the basic departament:

1. L. Venema “Silicon electronics and beyond” Nature 479 ctp. 309 (2011) — xonnekuus crarei,
HOCBSIIEHHAs IPOOIeMaM MUHHATIOPU3AlUK B KPEMHUEBOMH 2JIEKTPOHUKE M AJIbTEPHATHBHBIM
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).

7. llepedyenn pecypcoB HH(POPMAMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o JMCuMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[Tpu moArOTOBKE M MPOBEACHHUH JICKIIMOHHBIX 3aHSATHI UCIIONB3YeTCsl ceTh MHTEepHET. Kpome Toro,
ucnons3yercs Libre Office.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3y4arollMi IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHSATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

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

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[Mokazarenem BiajeHUsS MaTEpUAIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JHUCUUILINHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3ydyaeMOro mMarepualna, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYJbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 33a7ad 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

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

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
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHYeCKOW 00JacTH cBoel mpodeccrnoHambHON
IEITEILHOCTH

I[IK-1.2 CnocobeH BbIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WiIn)
SKCIIEPUMEHTAIBHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

[IK-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U ITPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCIJICAOBAHMUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEILCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3yueHus AUCHMIUIAHBI « OCHOBBI TOIYTTPOBOAHUKOBOMN IEKTPOHUKMY 00YHaIOIUNCS JOIKEH:

3HATb:

-OCHOBHBbIE IIPUHLIMIIBI OIIMCAHUS 3apsAJ0BOI0 TPAHCIIOPTA B IIOJYIIPOBOJIHUKAX
-OCHOBHBIE PUHLHUITEI PaOOThI CTAHAAPTHBIX TOIYIPOBOAHUKOBBIX TPHOOPOB

yMeTh:

-paCCUUTBIBATb BOJIBTAMIICPHBIC XaPAKTCPUCTUKHU HpI/I60pOB (,I[I/IOI[OB, ITIOJICBBIX TpaHSHCTOpOB)

BJIaJd€Th:




-METOJJaMH BBIUYMCIICHUS XapaKTEPUCTUK MOTYIPOBOAHUKOBBIX HAHOAIEKTPOHHBIX YCTPOMCTB
-OCHOBHBIMH METOJAMU PEILICHUS YPAaBHEHUH OJIEKTPOAMHAMMKM M 3JIEKTPOHHOTO TPAHCIIOPTa
(ypaBuenune  bonbimana, auddysmoHHO-ApeiidoBble M THAPOAMHAMUYECKHE  YpaBHEHHS)
MPUMEHUTEIBHO K MOIYIPOBOIHUKOBBIM IIPUOOpamM

-METOJaMH OLICHKH MapaMeTpoB HOCUTeNleH 3apsna (IHEPreTHUYECKHd CHEKTP, MOABHKHOCTH, JIMHA
CBOOOJTHOTO MpoOera) B HU3KOPa3MEPHBIX CHCTEMAax

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

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

HpI/IMepBI KOHTPOJIbHBIX TCOPCTUUCCKUX BOIIPOCOB!

1. HM300pa3uTh KayecCTBEHHO O3JIEKTPOHHBIM CIIEKTp HOCUTENICH 3apsiia B KPEMHHM, T'€pPMAaHUU U
apCeHUJIC TN ¢ YKa3aHHEM XapaKTepPHbBIX SHEPTHH.

2. Hcxoms W3 3aKOHOB COXpPaHEHHWS HMITyJbCa W SHEPIUH, NPOAHAIN3UPOBATH BO3MOKHOCTh
CIIEAYIOUIMX TPOLIECCOB B MPSMO30HHBIX M HENPSMO3OHHBIX IOJIYNIPOBOAHUKAX (2) MEXK30HHOE U
BHYTPU30HHOE Toryonieane GoToHa (0) MeK30HHAS PEKOMOWHAIMS C yYaCTHEM ONTHYECKOTO (hOHOHA
(B) oke-peKOMOMHAIIHS

3. Ilpym Kakux YCJIOBUSIX NPUMEHHUMO MNPHUOMMKEHHE BPEMEHH pellakcaluy MJisi HHTerpania
CTOJIKHOBEHWI (a) Ha nmpuMecsix (0) Ha aKyCTHYEeCKHX (POHOHAX

4. CxnaJpIBalOTCSl WK BBIYMTAIOTCS BKJIAJbI JIEKTPOHOB M JIBIPOK B (@) MpoBoguMocTh (0) addexr
Xomna (B) Tepmo-2J1C?

5. H3o00pa3ure 30HHYIO AMarpaMMy U TOJIOKEHHs KBa3U-ypoBHe Pepmu B p-n-mepexozne (a) B
COCTOSIHUM paBHOBecHs (0) Ipu MpsiMOM CMeIeHHH (B) TTpH 00paTHOM CMEICHHH.

6. M300pa3ute BOMbTaMIIEPHYIO XapaKTePUCTHKY p-n-niepexona. Kak oHa n3MeHsieTcst mpu U3MEHEHU!
TeMIepaTypbl? A Tpu OCBELICHUU P-N-Tiepexoaa

7. MH3zobpa3ute cxeMaTHYeCKH 3aBUCUMOCTh KOHIEHTpALMM HOCHUTEJCH 3apsia OT HalpsDKECHHsS Ha
3arBope B M/III - cTtpykrype.

8. Juwodnexrpuueckas MPOHULIAEMOCTb MoA3aTBOpHOro audnexrpuka MJII - Tpansucropa Oblia
yBeJNMYCHA B JiBa paza. Kak mpu 3TOM M3MEHHIIOCH: (a) MOpOroBoe HampshkeHue (0) TOK OTKPBITOTO
COCTOSIHUS (B) PHEPIUSA MO NEPEKITIOUCHUIO U3 3aKPBITOrO B OTKPHITOE COCTOSTHHE

9.  HM3o0Opasure 3aBUCHUMOCTb HANpPSDKECHHSI HA BBIXOJE JIOTHYECKOTO HWHBEPTOpPa HA OCHOBE
KMOII-naps1 ot HampsbkeHUi Ha 3arBopax. Kak M3MeHHTCS 3Ta 3aBUCHUMOCTD, €CJIM TPaH3UCTOPHI HE
HUMEIOT YETKO BBIPAXKEHHOT'O HACKHIIEHHS TOKA (T.€. TOK MPOAOJIKACT MEAJICHHO PACTH IIPH MOBBILICHUN
HaIpsHKEHUS Ha CTOKE).

10. M300pa3ute 3aBUCUMOCTb IIPOBOJMMOCTH KaHaja MOJIEBOT0 TPAH3UCTOPA OT CTETIEHH JIETHPOBAHMS,
mpennonaras, 4YTo BCE NPUMECH HOHHM30BaHBL. M300pasuTe Takke 3aBUCHUMOCTH IOABMKHOCTH OT
KOHLEHTpalUuu Jerupyromux npumeceil. IIpy Kakod KOHUEHTpalUW{ JETHPYIOIIUX IOpUMECEH B
KPEMHHMH YacTOTa PacCesHUs Ha MPHUMECAX CTaHET CpaBHUMAa C YacTOTOW paccesHUs Ha (HOHOHaX?
Temmnepatypa T=300 K.

11. M300pa3ure cxeMaTHYeCKH BOJIET - 3aTBOpHbBIE Xapaktepuctuku MJIIT Tpan3ucropa u moieBoro
TPaH3UCTOPA C YIPABISEMbIM TyHHEIBHBIM P-N-TIEPEXONOM. YKAKUTE AMANA30HbI HANPSIKCHUH, MpH
paboTe B KOTOPBIX SHEPronorpediieHne TYHHEIbHOTO TPAH3UCTOpAa B PEKHUME JIOTUYECKOIro KIIoda
MeHbl1ue 3aepronorpednenns M/II - Tpanszucropa.

Hepequb KOHTPOJIbHBIX 3a,I[aHI/II\/’IZ

1. Tlomyuutsh cooTHOIIeHHE MEXIy dDGEKTUBHBIMU MacCaMH JIEKTPOHA U JBIPKH B JIBYX30HHOH M
Tpex30HHO Monenu Kelina. [IpoBepuTh €ro BBIMONHEHUE (MM HEBBIMOJIHEHUE) B MOJYPOBOJIHUKAX
GaAs, InSb, InP.

2. OueHHUTE MPEIeNbHYI0 CKOPOCTh HOCHUTENICH 3apsijia B KPEMHHUH B CHJIBHOM JJICKTPUYCCKOM MOJIC,
CUMTas, YTO OHA OrpaHUYCHA OBICTPHIM HCITyCKaHHEM ONTHYeCKUX (HPOHOHOB. CpaBHUTE MOTYyUCHHYIO
BEJIMUUHY C SKCTICPUMEHTAIILHO U3MEPEHHBIM 3HAUCHHUEM.



3. Ilpoananu3upyiTe U3MEHEHHE CYMMAapHOTO TOKa MPHU 3JEKTPOH - NEKTPOHHBIX CTOJIKHOBEHUSX U
cziernaiTe BbIBOA O TOM, IIPU KAaKUX YCJIOBUAX IEKTPOH - JIEKTPOHHOE PACCESIHUE MOXKET BIMSATH Ha
MPOBOJUMOCTH TOIYIPOBOAHUKOB

4. PaccuunTaiiTe mmpuHy 00€IHEHHOIO CJI0S B KPEMHHEBOM P-N IIEPEXofie ¢ KOHLIEHTPaLUeil JOHOPOB
u akuentopoB 1018 cm-3 mpu KOMHATHOM TeMIieparype.

5. OueHure creneHb JETMPOBAaHUS p-h-IiEpexoja Ha OCHOBE apceHMJa TIajulus, IpU KOTOPOM
BEPOSTHOCTh MEK30HHOTO TYHHEJIMPOBAHUS 3JIEKTPOHA cTaHeT nopsiaka 10-3.

6. PaccuuTaiiTe BONbTaMIIEPHYIO XapaKTEPUCTUKY MOJEBOIO TPAH3UCTOPA, IPUHUMAs, YTO JIOKAIbHAsS
JIEKTPOHHAsl IUIOTHOCTh B KaHaJle IPONOPLMOHAIbHA JIOKAIbHON pPa3HOCTH IOTEHLUAIOB MEXIY
KaHaJIOM M 3aTBOPOM (NpUOIMKEHHE IJIAaBHOTO KaHaia), a JJS JOKaJIbHOH IUIOTHOCTH TOKa BEPEH
3akoH Oma. Kakue rpaHnyHble yCiI0BUS Ha MTOTEHLMA U JIEKTPOHHYIO IUNIOTHOCTh Ha CTOKE M HUCTOKE
CJIEAYET UCIOIb30BaTh B JAHHON MOJIENH, YTOOBI KOPPEKTHO OMUCATh PEKUM HACBIILIEHHUS TOKa?

7. OueHHUTE NpENENbHYI0 YacTOTY IMEPEKIIOYEHUS] KPEMHHEBOTO IIOJIEBOTO TPAH3UCTOpA C AJUHON
kaHanma 90 HM, eciu Hcmolb3yemMoe Hampspkenne nutanuss Vdd=0.5 Bomwr. JlermpoBanue kanana
orcyTcTByeT. CpaBHUTE B 3TUX YCJIOBUAX JUIMHY CBOOOJHOTO Ipo0Oera 3JeKTpoHa ¢ 3Hepruei 25 m3B
(orcunranHoit ot aHa 30HBL, pu T=300 K) u qnuny xaHama TpaH3ucTopa.

8. OueHure, MOXET JIU NPSIMOE TYHHEJIUPOBAaHUE MEXIY CTOKOM M HCTOKOM OIpaHMYUBAaTh TOK
3aKpBITOTO COCTOSTHUSI KPEMHHUEBOTO IOJIEBOTO TpaH3ucTtopa? [ljis OleHOK NMpUMHTE BBICOTY Oapbepa
paBHoit 0.25 3B, muny kanana 10 am, Temneparypa T=300 K. YpoBenp depmu B KOHTaKTax JIEKHUT Y
Kpasi 30HbI IPOBOJUMOCTH.

9. Kanay HEKOTOPBIX THIIOB COBPEMEHHBIX KPEMHHUEBBIX TPAH3UCTOPOB IPEACTABISIET CO00IT «OpyCcOK»
¢ xapakrtepHbiMu pazmepamu 10 x 10 x 30 um. [lpu xakoll KOHLEHTpaUUH AOHOPOB (IyKTyauus
KOJIMYeCTBa ITPUMECEH B TAKMX TPAH3UCTOpax cTaHeT nmopsaka 10% ot ux obmero yucna?

10. 3anumuTe KIacCMYECKHUE ypaBHEHHS JBWO)KCHUS [aMHIbTOHA Ui 0e3MaccOBOIO JJIEKTPOHA B
MEPEMEHHOM 3JIEKTPUYECKOM M0JIe. YKKUTE B3aUMHBIC OPUEHTAIIMH HAYaJIbHOTO UMITYJIECA 3JIEKTPOHA
U IO , IPU KOTOPOM J@Xe IIPU Majlod HAIPsSKEHHOCTH BO3MOYKHA I'€HEepalysl BbICIIMX FapMOHUK
MEPEMEHHOT0 3JIEKTPUIECKOro Toka. OLeHNTe aMIUIUTYAbI BHICIINX TAPMOHUK.

11. B ycnoBusix nmpeapiayliei 3a1auu BEIYUCIUTE MOJIHYI0 ONTHUYECKYH0 IIPOBOAUMOCTb, BKIIFOYAOLIYIO
BHYTPU30HHBIM BKIJIAJ, KOTOPHI MOXET OBITh PACCUUTAH C IMOMOIIBbIO KHHETUYECKOTO YpaBHEHHS
bonbimana. PaccmarpuBasi B KauecTBE OCHOBHOTO MEXaHHM3Ma pacCesHHs aKyCTHUeCKue (DOHOHBI ¢
ne(OpPMALMOHHBIM TTOTEHLUAIOM 5B u CcKOpoCThIO M/C, TIOCTPOHTE 3aBUCHUMOCTH MOJIHOHN
MPOBOIMMOCTH OT YacTOTHI (a) B paBHOBECHOM COCTOSHHHM (0) B yCIOBHUSIX MHBEPCHOW 3aCEICHHOCTH
MeXIy 30HaMu. Bo BTOpoM ciydae ykakure Auana3oHbl 4acTOT, II€ MEXK30HHOE YCUIICHUE U3TyUCHUS
MOJKET IIPEBBIIIATh BHYTPU30HHOE IIOIVIOIIEHUE.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. HM300pa3uTh KaueCTBEHHO 3JIEKTPOHHBIM CIEKTp HOCHUTENICH 3apsiia B KPEMHHH, T€pPMaHUU U
apCeHMJIE TAIUINS C YKa3aHUEM XapaKTEPHBIX SHEPI .

2. B ycnoBusix npenslayniei 3afady BbIYMCIUTE MOJHYO ONTHYECKYIO IPOBOAUMOCTb, BKIIFOUAIOIIYIO
BHYTPU30HHBIM BKIJAJ, KOTOPHI MOXET OBITh PACCUUTAH C IMOMOIIBIO KHHETUYECKOTO YpaBHEHHS
bonbimana. PaccmarpuBasi B KauecTBE OCHOBHOIO MEXaHHM3Ma pacCesHHs aKyCTHUeCKue (DOHOHBI C
ne(pOpPMALMOHHBIM TTOTEHLUAIOM 3B u ckopocTero M/C, TIOCTPOHTE 3aBUCHUMOCTH MOJIHOH
MPOBOIMMOCTH OT YacTOTHI (a) B paBHOBECHOM COCTOSHMHU (0) B yCIOBHUSIX MHBEPCHON 3aCEICHHOCTH
MeXAy 30HaMH. Bo BTOpoM cilydae yKaKUTE AUAla30Hbl 4acTOT, I[71€ MEK30HHOE YCHIICHUE U3ITyUYEHUs
MOJKET IIPEBbIIIATh BHYTPU30HHOE IIOIVIOIIEHUE.

buner 2.

1. Hcxoms W3 3aKOHOB COXpaHEHHS MMIYJIbCa W DHEPrUH, NPOAHATU3UPOBATh BO3MOXKHOCTH
CIIEIYIOIINX TPOIECCOB B MPSIMO30HHBIX M HENPSIMO30HHBIX MOIYIPOBOJHHKAX () MEXK30HHOE M
BHYTPU30HHOE ToryonieHne GoToHa (0) MeK30HHAS PEKOMOWHAIMS C yYaCTHEM ONTHYECKOTO (hOHOHA
(B) oke-peKOMOMHAIIHS

2. N300pa3ute 3aBUCHMOCTB MTPOBOANMOCTH KaHaja IOJIEBOTO TPAH3UCTOPA OT CTENECHU JIETHPOBAHHMS,
npearnosaras, 4ro BCe NPUMECH HOHM30BaHBL l300pasure Tarxke 3aBHCUMOCTH IMOJBMIKHOCTH OT
KOHIICHTPAlMK JICTUPYIOIUX mpuMeceil. [Ipy kakoil KOHIIEHTpalMy JIETUPYIOUIMX MpUMeced B
KPEeMHHUH 4acTOTa pacCesiHUsA Ha MPUMECSX CTaHeT CpaBHMMA C 4acTOTOH paccessHus Ha (hoHOHAX?
Temmneparypa T=300 K.

Kputepun onennBanus



Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka OTIMYHO § OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIN,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYIOBIETBOPUTENbHO 1 Oajnm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxxgom OwiieTe npencTaBieHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaromemycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OIHOTO ACTPOHOMHYECKOTO Yaca.



