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AHHOTANMA

Kpr INOCBAIICH BBCACHHWIO B OCHOBHBIC (1)I/ISI/I‘-IGCKI/I€ [IPpUHIUIIBI, JICXKAIIUEC B OCHOBC IIPOLCCCOB,

NPOTEKAIOIUX B MOJYNPOBOJHUKAX,
KJIACCHYECKUX  MOJYHIPOBOAHUKOBBIX
TPaH3UCTOP).

1. lean u 3apa4un

]_le.]'lb AUCHUIIINHBI

a TaKKe MaTeMaTHYecKoMy M YHCICHHOMY MOJEIMPOBAHHIO
CTpYKTYp (p-n Tepexox,

OWIIONSIPHBIM  TPAH3UCTOpP, IOJIEBOU

Jlatb cTyneHTaM 3HaHUS 00 OCHOBHBIX (DM3MYECKHMX NPUHLIUIAX ONUCAHUS IOIYHPOBOIHHKOBBIX
MaTepragoB, OCHOBAX MATEMaTHYECKOTO M YMCIEHHOTO MOJECIHPOBAHMS MPOLECCOB, MPOTEKAIOIINX B

[OJyIIPOBOJHUKAX U  IIOJYNPOBOJIHUKOBBIX CTPYKTYpax,

0030p cTaHAapTHHIX (KJIACCHUYECCKHUX)

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 cHocoOGH  WCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M pPE3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTh
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 NmeeT npeacTaBieHne O 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 CrocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIIOCOO
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl




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

[MK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ MPOBOJAWTH Hay4dHBIC
HCCJICAOBAHUS CaMOCTOSITENIbHO MM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH NpoOBOAWTH anpoOaIuio pe3yiIbTaToB
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

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

BJIAJIETh:

-METOZ[aMH BBIYHCIICHUS XaPAKTEPHCTHK MOJIYITPOBOJHUKOBBIX HAHOAICKTPOHHBIX YCTPOMCTB
-OCHOBHBIMH METOJAMH 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 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 CTATHCTHKa 3 3
HOCUTENEH 3apsi/ia B OJIyIIPOBOAHUKAX
2 OcHOBHBIE HU3KOPAa3MEPHBIE CHCTEMBI 2 2
3 Kunernueckass Teopust TpaHcrnopra 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 HocuTeneil 3apsga B 2 )
IOJIyITPOBOJHUKAX
] KonrakrtHele SIBJICHUSI 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 HOJYNPOBOJHUKOB, O3JEKTPOHBI M JbIpKH. O¢QeKkTuBHas Macca U ee
npoucxoxxjaeHue. IIpAMO30HHBIE M HENPSIMO30HHBIE IMOJYNPOBOJHUKA — Ha IMpUMEpPE KPEMHUS,
repMaHus U apceHuaa ramnus. CraTUCTHKa HOCUTENEH 3apsia M BblUMCIeHUE ypoBHs dDepmu.
JlernpoBaHHbIE TOIYTIPOBOJHUKH, OLIEHKA SHEPTUU JOHOPHOTO ypoBH:A. KOHIIEHTpaus HoCUTeNel B
JETUPOBAaHHOM  IOJYHNPOBOIHHMKE Kak  (yHKIusS Temmeparypbl. CHIBHO  JIerMpOBaHHBIE
MTOJTyTIPOBOJHUKH.

2. OCHOBHEIE HU3KOPA3MCPHBIC CUCTCMbI

IlonsiTue o rerepocTpykrypax. Pa3MepHOoe KBaHTOBaHME M KBaHTOBBIE sSIMBL. JIByMepHbIE
MOJTYIPOBOJHUKM HAa OCHOBE MOHO- M OH-CJIOEB: TrpadeH, NByXCIOWHBIN rpadeH, XaabKOTCHHIbI
MEPEXOJHBIX METAJIOB. 30HHAs CTPYKTypa OCHOBHBIX ABYMEpPHBIX MarepuanoB. [Ipumenenue
METO/A CWJIBHOM CBSI3U ULl pacyeTa 30HHOM CTPYKTYPBL.

3. Kunernueckas Teopusi TpaHCIIOPTA B MOJIYIPOBOIHUKAX: OOIINE CBEICHUS

Kunernueckoe ypaBHeHue bomprMana 18 OJHOYACTHYHOW  (YHKIMH  pacIlpeneseHus.
CTONKHOBEHUS] HOCHUTENEH ¢ mpuMecsiMHu, (OHOHaMU W ApYr ¢ ApyroMm. KBaHToBO-mexaHHWdeckoe
BBIUMCIIEHUE BEPOATHOCTU paccesHus. VHTerpajl CTOJIKHOBEHUM B KMHETHMYECKOM YpPaBHEHHUU MJIS
Pa3IMYHBIX MEXaHU3MOB PACCESHUS.

4. SHGKTpOHpOBOHHOCTL MOJIYIIPOBOJAHUKOB

TpaHCHIOpTHOE BpeMs pellakCallid M €ro MHUKPOCKOIMYECKOE BBIYMCICHHE /ISl paccesHHs Ha
npumecsix U (oHOHaX. BprumcieHne NpoBOAMMOCTH B OXHOPOIHBIX MOJSIX M HCCIEIOBAaHHE €e
3aBUCHMOCTH  OT  TEMIIEpaTypbl JUii  TOJIYNPOBOJHHKOB M  MeTauioB.  McciemoBaHue
aNeKTponpoBoAHOCTH rpadena. Juddysus Hocutesner 3apsaa U dICKTPOXUMHUECKAN TOTCHIIAAI.
CBs13b MOABMXHOCTH U KO3 dunrenta auddysun.

5. TepMo— U MAarHvuTOSJICKTPUYCCKUC ABJICHUSA

Kunerndeckoe ypaBHEHHE NpU HAJIMYMHM TPATUCHTA TEMIEparypbl. BBIUUCICHHE 3JIEKTPOHHOM
TEIUIONPOBOAHOCTH 1 K03 PunnenTa 3eebeka (Ha mprmMe AEKTPOHOB B Tpadene). [IpuHimm paboThl
TEPMOAJICKTPUIECKOrO TeHeparopa u sieMeHTta Ilensrhe. KuHeTnueckoe ypaBHEHHE B MAarHUTHOM
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 (yHKUMU pacnpeaeiieHus. BbpluuciieHHe NpoBOIMMOCTU TpadeHa,
OIPaHUYEHHOM 3JIEKTPOH-IBIPOYHBIM pPACCESIHUEM, C IIOMOIIBIO BapUALMOHHOIO IPUHLHUIIA.
I'mpponvHaMuueckuil TMOAXOA K PpENIEHHI0 KHHETHYECKOIO YpPaBHEHHA. AHAIM3 JJIEKTpO- U
TEIUIONPOBOAHOCTHU BOJIM3U TOUKH HEUTPAILHOCTH B rpadeHe.

7. PexoMOWHaIust HOCUTENIEH 3apsijia B TIOIMYIPOBOAHUKAX



Merto/bl co31aHusl HEPAaBHOBECHBIX MJIEKTPOHOB U ABIPOK: (HOTOBO3OYKIEHUE W TOKOBASI MHKEKIIHS
Hocutened. [lonarne o kBa3u-ypoBHAX Depmu. MUKPOCKOIMYECKHE MEXAHU3MBI PEKOMOWHAIIHH
AIIEKTPOHOB M JIBIPOK: M3IydareibHas pekoMOuHarwsi, Oxe-mporiecc, peKoMOWHAIHS ¢ UCITyCKaHUEM
(hoHOHOB. BhIUnceHe CKOPOCTH U XapaKTEPHOTO BPEMEHHU U3TydaTelIbHON pEKOMOWHAIIH.

8. KoHTakTHEIC SIBICHUS B MOJIYIIPOBOAHUKAX

P-n-nepexon u ero 3oHHas nuarpamma. Pacder pacrpeneneHusi moiis B p-n-nepexoqe (ypaBHEHHE
[lyaccona). [llupuna obGeanenHoro cinosi. KoHTakT Merami-monynpoBoaHuK (koHTakT IlloTTkm),
o0CyXIleHHe M pacueT ero 30HHOH AuarpamMMmbl. OCOOEHHOCTH 3KpaHHPOBAHHS B JIBYMEPHBIX
cucTeMax, 0COOCHHOCTH JIBYMEPHBIX P-N-Mepexo 0B 1 KOHTAKToB LIIoTTKH, METOBI X pacyerTa.

9. IlpoTexkanue TOKa B p-n nepexoze

Makpockonuueckue ypaBHeHus aperida u auddy3nu s 3JIeKTPOHOB U JBIPOK, UX YNPOIIEHHE IS
JeTUpOBaHHOK U 0O0enHeHHOH oOmactu. Teopus Lok s ToKa, OrpaHUYEHHOTO PEKOMOMHAITUEH.
IToBenenne  p-n-mepexoga  npu  oOpatHOM  cMmemieHud.  [lpemensl  MPUMEHHUMOCTH
T Py3noHHO-IperiHOBON TEOPUH TSl CBEPXKOPOTKHUX p-n-miepexonoB. IIpumenenune p-n-nepexoaos
IS BBIIPSIMIICHUS (IETEKTUPOBAHUS) U3ITyUYCHHUS.

10. IIpoTexanue Toka B CTPYKTYpE «METAJUI-TIOTYIPOBOTHUK»

Huddysnonno-apericdoBast Teopusi Ui TPaHCIOPTa OCHOBHBIX HOCHTENeH. MHKpPOCKOMTUYECKHE
IpaHUYHBIC YCJIOBUSI Ha KOHTAKTE€ C METAJIOM (YCJIOBHS THIIA «IIOBEPXHOCTHON PEKOMOMHALINNY).
OrpannueHre TOKa WHXKeKIMeH Hocutened W nuddysueir B momynpoBogHuke. [IpuMeneHwMs
koHTakTOB LIIOTTKH.

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

Onexrpocratuka MJII1 — cTpyKTyphl, 3aBUCUMOCTh KOHIIEHTPAIIMA HOCHTENICH OT HaNpsDKCHHS Ha
3atBope. MuBepcuonHubli cnoi. [lpuHnmn pabGotel mosneBoro Tpanszucropa. Jnddys3noHHO -
npeiidoBas Monmenb TpaHCHOPTAa HOCHUTENCH B TIOJEBOM TpaH3UCTOpe. HennHeWHBIH pexum
BOJIETAMIIEPHON XapaKTEPUCTUKU U MEXaHM3MBbl HACBILIICHHS TOKA: HACBIIICHHE CKOPOCTH M OTCEYKa
KaHaJsa. XapakTepUCTHKH MOJIEBOTO TPAH3MCTOPa Ha OCHOBE TpadeHa.

12. Munnariopuzanus MII-TpaH3ucTopoB U 3aKOHBI MacIITaOUPOBAHUS

[IpenenbHas 4acTOTA MOJNEBBIX TPAH3UCTOPOB B PEXKUME JIOTHYECKOTO KITFOYA U B PEIKUME YCHIUTEILS
craboro curHana. CXeMOTEeXHHYECKHE M BHYTPEHHUE (DaKTOPBI, BIHSIONINE HA PEICIBbHYIO YacTOTY.
3aBUCHMOCTb NpEIeIbHOW YacTOTHl OT JUIMHBI KaHana NpH AUGQPY3HOHHOM M OaTTMCTHYECKOM
peKUMax TpaHCIOpTa. 3aKOHBI MacIITAOMPOBAHHS JUISi YacTOTHI W TOTPEOISIEMON MOIIHOCTH.
[Ipobnema cHIKEHHS TIOPOTOBOTO HaNpshKeHUS. DPPeKThl PIyKTyaruii KOHIEHTpAUK IpUMecei 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, M3y4arollMd IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOILMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare U3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHL,
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;

— mpopaboTKy yd4eOHOro MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 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 mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE 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 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 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-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

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 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PEIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJabTaTax MCCIIeOBaHUN B
paMKax TeMaTW4eCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHMA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

[MIK-2.1 Cnoco0eH TuUIaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIJICAOBAHUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mNpOBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEILCKON paboThI MOCPEICTBOM
TyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare mzydenus: mucruminsabl «Basics of Semiconductor Electronics/OcHOBBI MOTYITPOBOTHUKOBOM

OJICKTPOHUKW O6y‘IaIOH.IPII>iCH JOJIKCH:

3HAThb:

-OCHOBHBIE MPUHIIUIIBI OMUCAHUS 3aPsT0BOTO TPAHCIIOPTA B MOIYIIPOBOAHHUKAX
-OCHOBHBIC NIPUHIUIIBI PA0OTHI CTAaHIAPTHBIX MOIYTIPOBOAHUKOBBIX TPUOOPOB

yMeThb:

-paccUnTHIBaTh BOJIETAMIIEPHBIE XapaKTEPUCTUKU PHUOOPOB (IMOI0B, MOJIEBBIX TPAH3UCTOPOB)

BJA€Th:




-METOJJaMH BBIUYMCIICHUS XapaKTEPUCTUK MOTYIPOBOAHUKOBBIX HAHOAIEKTPOHHBIX YCTPOMCTB
-OCHOBHBIMH METOJAMU PEILICHUS YPAaBHEHUH OJIEKTPOAMHAMMKM M 3JIEKTPOHHOTO TPAHCIIOPTa
(ypaBuenune  bonbimana, auddysmoHHO-ApeiidoBble M THAPOAMHAMUYECKHE  YpaBHEHUS)
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 KaueCTBEHHO JJIEKTPOHHBIA CHEKTP HOCHUTENEH 3apsga B KPEeMHHH, T'€PMaHUU U
apCeHUJIC TN ¢ YKa3aHHEM XapaKTepPHbBIX SHEPTHH.

2. Hcxoms W3 3aKOHOB COXPAaHEHHS MMITYJIbCA W DHEPrHH, INPOAHAIM3HPOBATH BO3MOXKHOCTD
CIIEAYIOUIMX MPOLECCOB B NPSAMO30OHHBIX M HEMPSIMO30HHBIX IOJYNPOBOJHUKAX (a) MEX30HHOE U
BHYTPU30HHOE TomomeHne GoToHa (0) MeK30HHAS PEKOMOMHAIIUS C Y4aCTHEM ONTUYECKOTO (POHOHA
(B) oke-peKOMOMHAIIHS

3. Ilpm Kakux YCIOBUSIX NPHUMEHHUMO TNPUOIIKEHHE BPEMEHHM pelakcaluu [Uis HWHTerpaja
CTOJIKHOBEHWI (a) Ha nmpuMecsix (0) Ha aKyCTHYEeCKHX (POHOHAX

4. CxnanplBatOTCs WM BBIYMTAIOTCS BKIIAJBI DIIEKTPOHOB M JILIPOK B (@) mpoBoauMocTh (0) addekT
Xomna (B) Tepmo-2J1C?

5. H3o00pa3ure 30HHYIO AMarpaMMy W TIOJIOXKEHHs KBa3u-ypoBHed Pepmu B p-n-nepexoze (a) B
COCTOSIHUM paBHOBecHs (0) Ipu MpsiMOM CMeIeHHH (B) TTpH 00paTHOM CMEICHHH.

6. M300pa3uTe BOIBTaMIEPHYIO XapaKTEepUCTUKY p-n-niepexosa. Kak oHa u3MeHseTcs nmpyu N3MEHEHHH
TeMIepaTypbl? A Tpu OCBELICHUU P-N-Tiepexoaa

7. MW3o0pa3ute cxeMaTHYeCKH 3aBUCUMOCTh KOHLEHTpALMM HOCHUTEJCH 3apsia OT HalpsDKEHHs Ha
3arBope B M/III - cTtpykrype.

8. JuodnexTpuueckas MPOHULIAEMOCTh Mon3aTBopHoro auanekrtpuka MJII - Tpansucropa Obuia
yBeJNMYCHA B JiBa pa3a. Kak mpu 3TOM M3MEHWIOCH: (2) MOpOroBoe HampsikeHue (0) TOK OTKPBITOTO
COCTOSIHUS (B) PHEPIUSA MO NEPEKITIOUCHUIO U3 3aKPBITOrO B OTKPHITOE COCTOSTHHE

9.  H3o00pa3ure 3aBUCUMOCTh HANpsDKEHUS HA BBIXOAE JIOTMYECKOTO HMHBEPTOpAa Ha OCHOBE
KMOII-naps1 ot HampspkeHud Ha 3aTBopax. Kak m3MeHuTCs 3Ta 3aBUCUMOCTH, €CIIM TPAH3UCTOPHI HE
HUMEIOT YETKO BBIPAXKEHHOTO HACKIILIEHHS TOKA (T.€. TOK MPOAOIKACT MEAJICHHO PACTH MPH MOBILLICHUH
HaIpsHKEHUS Ha CTOKE).

10. M300pa3ute 3aBUCUMOCTb IIPOBOJMMOCTH KaHaja MOJIEBOT0 TPAH3UCTOPA OT CTETEHH JIETHPOBAHMUS,
npennonaras, 4yTo BCE NPUMECH HOHU30BaHbl. M300pasuTe Takke 3aBUCUMOCTH MOABMKHOCTH OT
KOHLEHTpAlUU{ JIErUpyroux npuMeced. IIpu kakoil KOHLEHTpaluu JIETHPYIOLIUMX IPUMECEH B
KPEMHHMH 4acTOTa PacCesHUs] Ha MPUMECSIX CTaHEeT CpaBHMMA C 4YacTOTOM paccesHus Ha (OHOHAX?
Temmnepatypa T=300 K.

11. M300pa3ure cxeMaTHYeCKH BOJBT - 3aTBOpHBbIC xapakrepucTuku MJIIT TpaH3ucTopa M MOJIEBOTO
TPaH3UCTOPA C YIPABISEMbIM TyHHEIBHBIM P-N-TIEPEXONOM. YKAKUTE AMANA30HbI HANPSIKCHUH, MpH
paboTe B KOTOPBIX 3HEPromnoTpediieHHe TYHHEJIBHOTO TPAaH3UCTOpa B PEKUME JIOTHUECKOTO KIIIoYa
MeHbl1ue 3aepronorpednenns M/II - Tpanszucropa.

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

1. Tlomyuuth cooTHOIICHHE MEKAY dPPEKTUBHBIME MaccaMy SJICKTPOHA U JBIPKH B JIByX30HHOH U
Tpex30HHOM Monenu Ketina. TIpoBepuTh €ro BBIMIONHEHUE (MM HEBBITIOIHEHUE) B TONYHPOBOIHUKAX
GaAs, InSb, InP.

2. OueHHUTE MPEIeNbHYI0 CKOPOCTh HOCHUTENICH 3apsijia B KPEMHHUH B CHJIBHOM JJICKTPUYCCKOM MOJIC,
CUMTasi, YTO OHA OTPaHMYCHA OBICTPBIM HCITyCKAHHUEM ONTHUYECKUX (OHOHOB. CpaBHHUTE MONYYCHHYIO
BEJIMUUHY C SKCTICPUMEHTAIILHO U3MEPEHHBIM 3HAUCHHUEM.



3. Ilpoananu3upyiiTe H3MEHEHUE CyMMAapHOI'O TOKa IPH AJIEKTPOH - AJIEKTPOHHBIX CTOIKHOBEHUSIX U
c/ienaiiTe BBIBOA O TOM, IIPH KaKUX YCJIOBHSX JIEKTPOH - JIEKTPOHHOE PACCESIHUE MOXET BIUATH Ha
MPOBOJUMOCTH TOIYIPOBOAHUKOB

4. PaccuunTaiiTe mmpuHy 00€AHEHHOTO CJIOS B KPEMHHEBOM P-N MEPEXoJie ¢ KOHLEHTPaLUeil JOHOPOB
u akuentopoB 1018 cm-3 mpu KOMHATHOM TeMIieparype.

5. OueHure creneHb JEIMPOBAaHUS p-h-IIEpexoja Ha OCHOBE apCeHMJA TIajulus, IPU KOTOPOM
BEPOSTHOCTh MEK30HHOTO TYHHEJIMPOBAHUS 3JIEKTPOHA cTaHeT nopsiaka 10-3.

6. PaccuuTaiite BONbTaMIEPHYIO XapaKTEPUCTUKY MOJEBOIO TPAH3UCTOPA, MPUHUMAS, UTO JIOKAIbHAS
JIEKTPOHHAsl IUIOTHOCTh B KaHajle IPOIOPLUOHAIbHA JIOKAJBHONW Pa3HOCTU IOTEHIHUAJIOB MEXIY
KaHaJIOM M 3aTBOpPOM (TpUOIIMKEHHE IUJIAaBHOTO KaHaia), a JJisl JIOKaJbHOW 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. OueHuUTe MpenenbHYI0 YacTOTy MEPEKIIOYCHUs KPEMHHEBOTO IOJIEBOTO TPAH3UCTOPA C JTMHOU
kaHanma 90 HM, ecnu ucnonb3yemoe Hampspkenwe nutanus Vdd=0.5 Bonwr. JlermpoBanue kanana
orcyTcTByeT. CpaBHUTE B 3TUX YCIOBHSX JUIMHY CBOOOIHOTO Mpolera 3JIeKTpoHa ¢ dHepruen 25 m3B
(orcunranHoit ot aHa 30HBL, pu T=300 K) u qnuny xaHama TpaH3ucTopa.

8. OueHute, MOXET JIMU IPAMOE TYHHEIMPOBAHUE MEXKIY CTOKOM M HCTOKOM OIPaHUYUBATh TOK
3aKpBITOTO0 COCTOSTHUSI KPEMHHMEBOTO MOJIEBOTO TpaH3ucTopa? [[ins oueHOK NmpuMHUTE BBICOTY Oapbepa
paBHoit 0.25 3B, nnmuny kanana 10 am, Temneparypa T=300 K. YpoBenp ®epMu B KOHTAKTax JIEKHUT Y
Kpasi 30HbI IPOBOJUMOCTH.

9. Kanan HEKOTOpBIX THIIOB COBPEMEHHBIX KPEMHUEBBIX TPAH3UCTOPOB MPEACTABISET COOOH «OpyCOK»
¢ xapakrtepHbiMu pasmepamu 10 x 10 x 30 mm. [Ipu xakoi KOHLEHTpaUWU IOHOPOB (UIYKTyalus
KOJIMYeCTBa ITPUMECEH B TAKMX TPAH3UCTOpax cTaHeT nmopsaka 10% ot ux obmero yucna?

10. 3anumuTe KJIacCMUECKHE ypaBHEHHs JIBMXKEHUs [aMuibToHa JUIsi 0€3MaccoBOro AJIEKTPOHA B
MEPEMEHHOM 2JICKTPUYECKOM ToJie. YKaXKUTE B3aUMHBIE OPHEHTALIMH HA4YaJIbHOTO UMITYJIbCA HIIEKTPOHA
U [0S, IIPU KOTOPOM Ja)Ke IPU MaJIoi HalpspDKEHHOCTH BO3MOXKHA IeHEpalysl BBICIIMX I'APMOHUK
MEPEMEHHOT0 3JIEKTPUIECKOro Toka. OLeHNTe aMIUIUTYAbI BHICIINX TAPMOHUK.

11. B ycnoBusix npeplayliei 3azaun BbIYUCINTE OJIHYHO ONTHYECKYIO IPOBOAUMOCTD, BKIIFOUAIOILY IO
BHYTPU30HHBIM BKJIaJ, KOTOPBIM MOXET OBITh pPacCYUTaH C MOMOIIBI0 KHHETHYECKOTO ypaBHEHHS
bonbimana. PaccmarpuBasi B KauecTBE OCHOBHOTO MEXaHHM3Ma pPAacCesHUsl aKyCTHUecKue (OHOHBI C
ne(OpPMALMOHHBIM TTOTCHLUAIOM 3B u ckopocTthio M/C, TIOCTPOWTE 3aBUCHUMOCTbH IOJHOU
MPOBOIMMOCTH OT YacCTOTHI () B PAaBHOBECHOM COCTOSIHUH (0) B YCIOBHSX MHBEPCHOM 3aCEICHHOCTH
MeXly 30HaMu. Bo BTOpoM ciydae ykakuTe Juara3oHbl YacToT, A€ MEX30HHOE YCUIICHUE U3ITyUCHHS
MOJKET IIPEBBIIIATh BHYTPU30HHOE IIOIVIOIIEHUE.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. WM30o0pa3uTh KauecTBEHHO JIIEKTPOHHBIA CHEKTp HOCHUTEJeH 3apsja B KPEMHHH, T€PMaHUU U
apCeHMJIE TAIUINS C YKa3aHUEM XapaKTEPHBIX SHEPI .

2. B ycnoBusix npenslayiei 3aady BEIYMCIIUTE MOJHYIO ONTHYECKYIO IPOBOAMMOCTD, BKIIIOUAIOLIYIO
BHYTPU30HHBIM BKJIaJ, KOTOPBIM MOXET OBITH PacCYUTaH C MOMOIIBI0 KHHETHYECKOTO ypaBHEHHS
bonbimana. PaccmarpuBasi B KauecTBE OCHOBHOTO MEXaHHM3Ma pPAacCesHUsl aKyCTHUecKue (OHOHBI C
ne(pOpPMALMOHHBIM TTOTCHLUAIOM 3B u cKopocCThIO M/C, TIOCTPOWTE 3aBUCHUMOCTH IOJHOU
MPOBOIMMOCTH OT YacCTOTHI (@) B PAaBHOBECHOM COCTOSIHUM (0) B YCJIOBHSX MHBEPCHOH 3aCEICHHOCTH
MeXAy 30HaMH. Bo BTOpoM cilydae yKaKUTE JUaNa3oHbl 4acTOT, TI€ MEK30HHOE YCHIICHUE U3ITy4YEeHUA
MOJKET IIPEBbIIIATh BHYTPU30HHOE IIOIVIOIIEHUE.

buner 2.

1. Hcxoms w3 3aKOHOB COXpaHEHHMsS HMIYIbCa M JHEPrHM, IPOAHAIM3HPOBATh BO3MOXKHOCTH
CIIEYIOIIMX TIPOLECCOB B IMPSIMO30OHHBIX M HEMPSIMO30HHBIX ITONYIIPOBOAHMKAX (a) MEXK30HHOE H
BHYTPU30HHOE TomoeHne GoToHa (0) MeK30HHAS PEKOMOMHAIIUS C Y4aCTHEM ONTUYECKOTO (POHOHA
(B) oke-peKOMOMHAIIHS

2. N300pa3ure 3aBUCHMOCTB NMPOBOAMMOCTH KaHalla MOJIEBOTO TPAH3UCTOpa OT CTEIICHH JISTUPOBAHUS,
npearnosaras, 4ro BCe NPHMECH HOHM30BaHBL I300pasure Tarkke 3aBHCUMOCTH TMOJBMKHOCTH OT
KOHIICHTPAllH JICTUPYIOIIUX mpuMeced. [Ipm Kakod KOHIEHTpAaLUUH JITHPYIOIIUX TpUMeced B
KPEeMHHUH 4acTOTa paccesHHs Ha MPHUMECSX CTaHeT CPaBHUMA C YacTOTOH paccesHus Ha (oHOHaX?
Temmneparypa T=300 K.

Kputepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka ymOBIETBOPUTEIbHO 4 Oaiia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBICTBOPUTEIbHO 3 Oamia - BBICTABISETCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

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

OK3aMeH MpOBOOUTCS B ycTHOW Qopme mo Owusneram. B kaxgom Ouiere mnpencTaBieHO [Ba
TeopeTuueckux Bompoca. IIpu nmpoBeneHnu sk3amena obydaronemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIaTh OIHOTO ACTPOHOMHYECKOTO Yaca.



