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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
(hOTOHMKH U ONITOMH(POPMATHKU

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku M (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
peleHun 3a1a4 B o0nactu (POTOHUKH U ONITOMH(OPMATUKU

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
HCCIICAOBaHMH B 00J1aCTH (POTOHUKHM U ONTOMH(OPMATUKU

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

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX pPe3yJIbTarax UCCIeJOBAaHHN

[IK-1.2 CnocoGeH  BbABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
OKCIIEPUMEHTAIBHBIE METOIbl HCCIIENOBaHUA B 00IacTu
($hoToOHHKH W ONTOMH(POPMATUKKA K KOHKPETHOW HAy4HOM
3aj1a4ye ¥ HHTEPIPETUPOBATH MOTYYCHHBIC PE3YIbTaThI

[1K-2 Crioco0OeH caMoCTOIATENLHO N B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO

[IK-2.1 Cnoco0eH caMOCTOSTEILHO WIA B COCTaBE
Hay4YHOTO KOJJIEKTHBA TUIAHUPOBATh M MPOBOAUTH Hay4HbIE
HCcCIeIoBaHus B 00acT (D)OTOHUKU U OTITOMH(POPMATUKH




KOJUICKTUBA OPraHU30BbIBATH U POBOJIUTh I1K-2.2 CnocobeH mNpoBOAWUTH ampoOaluio pe3ylbTaToB
HAy4YHbIC UCCIICAOBAHUA U UX aHp06aLII/IIO Hay‘lHO—HCCHeI[OBaTeHLCKOﬁ pa60TBI OCPECTBOM
MyOIMKAIUK HAYYHBIX CTATeH U y4yacTHs B KOH(EPEHIUIX

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBoOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATh:
-OCHOBHBIE PUHLIHUITEI OMIMUCAHUS 3apAI0BOTO TPAHCIIOPTA B MOTYTPOBOIHUKAX
-OCHOBHBIE NIPUHIUIIBI PA0OTHI CTAaHIAPTHBIX TOJIYTIPOBOAHUKOBBIX TPUOOPOB
YMETb:
-paccUnTHIBaTh BOJIETAMIIEPHBIE XapaKTEPUCTUKU PUOOPOB (IMOI0B, MOJIEBBIX TPAH3UCTOPOB)
BIIAJICTh!
-METOJJaMH BBIUMCIICHUS 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 (PHEPreTHUYECKHd CHEKTP, MOABHKHOCTH, JITMHA
CBOOOJTHOTO MpoOera) B HU3KOPa3MEPHBIX CHCTEMAax

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| 30HHas _CTpyKTypa M CTaTHCTHKa 3 3
HOCHTEJIEH 3apsiia B OIYIPOBOAHUKAX
2 OcHOBHBIE HU3KOPa3MEPHBIE CHCTEMBI 2 2
3 Kunernueckass Teopust TpaHcIopTa B 4 4
MOJTYIPOBOJHHUKAX: OOIINE CBEACHUS
4 DJEeKTPONPOBOAHOCTH TOTYTIPOBOAHUKOB 2 2
5 Tepmo- U MarHuTORJIEKTPUYECKUE ) )
SIBJICHUS
6 «IIpogBuHYTBIC»  METOIBI  PELICHUS 3 3
KMHETUYECKOTO YpaBHEHUS
7 PexomOmHanust Hocurenel 3apsga B ) )
MOJTYTIPOBOJHUKAX
] KonraktHsie SIBJICHHS B ) )
IIOJIyIIPOBOJHUKAX
9 [Iporekanue Toka B p-n nepexone 2 2
10 IIporexkanune  Toka B CTPYKType ) )
«METaJI-TIOTyIPOBOAHUK
[Tonessie TPaH3UCTOPHI
11 «MEeTaJlJI-IUAIEKTPUK-TIONY TIPOBOTHUK» 4 4
(MZTI)
12 Munuarropuzauuss  M/II-TpaH3ucTopos ) )
1 3aKOHBI MacIITaOMPOBAHUS
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.ex.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. 30HHasI CTPYKTYypa U CTAaTUCTUKA HOCUTENEH 3apsi/ia B IOJIyIIPOBOJAHUKAX

30HHas CTPYKTypa TOJXYNPOBOAHUKOB, OJJIGKTPOHBI W AbIpKH. OddexruBHas macca HU ee
npoucxoxaeHue. IIpsMO30HHBIE U HENPSIMO30HHBIE IOJIYIPOBOJHUKM — Ha IIPUMEpE KpEeMHUs,
repMaHdss W apceHuaa ramius. CraTUCTHKa HOCHTENEH 3apsia W BbIUKCICHHE ypoBHA Depmu.
JlerupoBaHHbIE NOIYIPOBOAHUKH, OLIEHKA SHEPIUU JOHOPHOIrO YpoBHs. KoHlleHTpalus HocuTenel B
JIETUPOBAaHHOM  TIONYHNPOBOAHMKE Kak  (QyHKOUs  Temreparypbl. CHIBHO  JIETHPOBaHHBIC
1OJIyTIPOBOJIHUKHU.

2. OcHOBHbIE HU3KOpa3MepHbIE CUCTEMBI

[Tonatue o rerepocTpykTypax. PasmepHoe KBaHTOBaHME W KBAHTOBBIE sIMBL. J[ByMepHbIE
MOJYIIPOBOJHUKM Ha OCHOBE MOHO- M OH-CJOeB: TrpadeH, ABYXCIOWHBIN TrpadeH, XaJbKOTeHUIbI
[IEPEXOJHBIX METAJIJIOB. 30HHAs CTIPYKTypa OCHOBHBIX JBYMEpHBIX MarepuasoB. [IpumeHeHue
METOJa CWJIBHOM CBSI3U AJI pacyeTa 30HHOU CTPYKTYpHI.

3. Kunetuueckas TCOpUA TPAHCIIOPTA B NOJYIIPOBOJHUKAX! O6H_[I/Ie CBCACHUA

Kunernueckoe ypaBHenwe bombimana gt ogHOYacTMYHOW — (YHKUMH — pacmpeneseHus.
CTonkHOBEHUsI HOCHUTENE ¢ mpumecsMu, pOHOHAMU U Jpyr ¢ ApyroM. KBaHTOBO-MexaHHUECKOE
BBIYNCIICHUE BEPOSATHOCTH paccesHusA. MHTerpan CTOIKHOBEHWH B KMHETUYECKOM YpPaBHEHHHU IS
pa3IMYHBIX MEXaHU3MOB PacCesHUs.

4. DneKTponpOBOJHOCTh MOIYIPOBOIHUKOB

TpaHcriopTHOE BpeMsi penakcalMd W €ero MHUKPOCKOIMYECKOE BBIYMCICHUE MJIsi paccesHHs Ha
npuMecsix u (HOHOHaX. BrIumcIeHHE NMPOBOAMMOCTH B ONHOPOIHBIX MOJNSX M HCCICJOBAaHHE €€
3aBUCUMOCTH  OT  TEeMIleparypbl Uil  TOJYNPOBOAHMKOB W  MeTauioB. MccnenoBanue
aNeKTpoIpoBoaHOCTH rpadena. Juddysus HocuTenei 3apsga U MEKTPOXUMHUYCCKHN TTOTCHIHAI.
CBs13b MOABMIKHOCTH U Kod(durrieHTa nuddy3un.

5. TepMo- 1 MarHUTORJIEKTPUUECKHUE SBJICHUS

Kunernueckoe ypaBHEHHME NpPH HAIWYMU TPagUEHTa TEMIIEpaTypbl. BbluncieHHe 3IeKTPOHHOMN
TEIUIONPOBOAHOCTH U K03(puumenTa 3eebeka (Ha mpumMe JEKTPOHOB B rpadene). [Ipunumm padoTe
TEPMOIIEKTPUYECKOro reHeparopa u anemenra llensthe. KuHeTnueckoe ypaBHEHHE B MarHUTHOM
nosne. Dddexr Xomna u ero Bbruucienue. OcobeHHoctu 3ddekra Xomna B AByMEPHOH CHCTEME.
Merton n3mMepeHusl MOJIBUKHOCTH HOCUTENeH 1Mo dddexTy Xoia.

6. «IIpoaBUHYTBIE» METO/IbI PELLICHUSI KHHETUUECKOTO YpaBHEHHUS

Bapuanuonsslii npuHuun it GyHKIMK pacrpeneincHus. Beruncienue mpoBoguMocTu Tpadena,
OTPaHUYEHHON DJIEKTPOH-IABIPOYHBIM pACCESHUEM, C IIOMOIIBI0 BAapHUALMOHHOIO MpHUHIMIMA.
I'mpponuHaMuyeckuil NMoaxoA K pPELICHUIO KUHETUYECKOIO YpaBHEHUs. AHalIU3 3JIEKTPo- U
TEIUIONPOBOAHOCTH BOJM3U TOUKHA HEUTPAIBHOCTH B TpadeHe.

7. PexoMOWHaIMs HOCUTENEH 3apsiia B TIOITYIPOBOAHUKAX



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)

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 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
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-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIeIOBaHMi B 00J1acTH (POTOHUKH M ONITOMH()OPMATHKU

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

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpopMaIrio 00 aKTyalbHbIX pe3yabTaTax UccleI0BaHUN

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIu)
9KCTIEPUMEHTAIbHBIE METOIbl HCCIEIOBaHMH B oOIacTu
¢oToHHKH W ONTOMH(POPMATUKKM K KOHKPETHOM HAy4HOM
3aj1a4ue ¥ HHTEPIPETUPOBATH MOTy4YEHHbIE PE3YIbTaThI

[IK-2 CnnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U IMTPOBO/IUTH
HAyYHbIC UCCIICIOBAHMS U MX alpoOaIiyio

[IK-2.1 CnocoGeH caMOCTOSATENEHO WJIA B COCTaBe
HAyYHOT'O KOJUIEKTHBA IIAHUPOBATH U MPOBOIUTH HAy4HBIC
HCCIIeIoBaHYsI B 001acT POTOHUKHU M ONTOMH(DOpMATHKH

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

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare msyuenus nucnuiuiuHbl «Basics of Semiconductor Electronics/OcHOBBI MOMyNPOBOIHUKOBOM

OJICKTPOHUKW O6y‘IaIOH.IPII>iCH JOJIKCH:

3HAThb:

-OCHOBHBIE PUHIUIIBI OUCAHUS 3aPsT0BOTO TPAHCIIOPTA B MOIYIPOBOAHHUKAX
-OCHOBHBIC NIPUHIUIIBI PA0OTHI CTAaHIAPTHBIX MOJIYTIPOBOAHUKOBBIX TPUOOPOB

yMeThb:

-paccUnTHIBaTh BOJIETAMIIEPHBIE XapaKTEPUCTUKU PHUOOPOB (IMOI0B, MOJIEBBIX TPAH3UCTOPOB)

BJIAA€Th:

-METO/IaMH BBIYMCIICHUS XapaKTEPUCTHK MOITYITPOBOJHUKOBBIX HAHOIJIEKTPOHHBIX YCTPOMCTB
-OCHOBHBIMM METOAAMU pELICHUS YpaBHEHUN 3JIEKTPOAMHAMUKHM M 3JIEKTPOHHOIO TpaHCIopTa

(ypaBuenune  bonbimana,

muddy3noHHo-nperdoBeie U

THAPOAMHAMUYECKHE  YpaBHEHHS)

HNPUMEHHTEIBHO K TOJIYIPOBOHUKOBBIM PHUOOpamM
-METOJIaMH OLICHKH MapaMeTPOB HOCHTENEH 3apsia (IHEPreTHYeCKHH CIEKTp, MOJBIKHOCTH, JJTHHA
CBOOOJTHOTO MpoOera) B HU3KOPa3MEPHBIX CHCTEMAax




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

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

HpI/IMepBI KOHTPOJIbHBIX TCOPCTHUYCCKUX BOIIPOCOB!

1. HM300pa3uTh KauyecCTBEHHO O3JIEKTPOHHBIM CIIEKTp HOCUTENICH 3apsiia B KPEMHHM, T€pPMAaHUU U
apCeHUJIE TaJUIUs ¢ YKa3aHHEM XapaKTepHbBIX SHEPTHH.

2. Hcxoms W3 3aKOHOB COXpPaHEHHUS HMITyJbCa M OSHEPIUH, NPOAHAIN3UPOBATH BO3MOKHOCTh
CIIEAYIOUIMX TPOLIECCOB B MPSMO30HHBIX M HENPSMO3OHHBIX IOJIYIPOBOAHUKAX (a) MEXK30HHOE U
BHYTPU30HHOE ToronieHne GoToHa (0) MeK30HHAS PEKOMOWHAIHS C yYaCTHEM ONTHYECKOTO (hOHOHA
(B) oke-peKOMOMHAIIHS

3. Ilpym Kakux YyCJIOBUSIX NPUMEHHUMO MNPHUOMMKEHHE BPEMEHH pellakcaluy MJisi HHTerpania
CTOJIKHOBEHWIA () Ha nmpuMecsix (0) Ha aKyCTHYEeCKHX (POHOHAX

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

5. H3o00pa3ure 30HHYIO AMarpaMMy U TIOJIOKEHHs KBa3U-ypoBHe Pepmu B p-n-mepexozne (a) B
COCTOSIHUM paBHOBecHs (0) pu 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 MPOHUIAEMOCTb MOA3aTBOpHOro audnekrpuka 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.  H3o0Opasure 3aBUCHUMOCTh HANpPSDKECHHST HA BBIXOJE JIOTHYECKOTO HWHBEPTOpPa HA OCHOBE
KMOII-naps1 ot HampsbkeHUi Ha 3arBopax. Kak M3MeHHTCS 3Ta 3aBUCHUMOCTD, €CJIM TPaH3UCTOPHI HE
HUMEIOT YETKO BBIPAXKEHHOT'O HACBHIILEHHS TOKA (T.€. TOK MPOAOJIKACT MEAJICHHO PACTH IIPH MOBBILICHUN
HaIpsHKEHUS Ha CTOKE).

10. M300pa3ute 3aBUCUMOCTb IIPOBOJMMOCTH KaHaja MOJIEBOT0 TPAH3UCTOPA OT CTETIEHH JIETHPOBAHMS,
npennonaras, 4YTo BCE NPUMECH HOHHM30BaHBL. M300pasuTe Takke 3aBUCHMOCTH IOABMKHOCTH OT
KOHLEHTpalUuu Jerupyomux npumeceil. [Ipy Kakod KOHUEHTpalUW{ JETHMPYIOLIUX IpUMECEH B
KPEMHHMH YacTOTa PacCesHUs Ha MPHUMECAX CTaHET CpaBHUMAa C YacTOTOW paccesHUs Ha (HOHOHaX?
Temmnepatypa T=300 K.

11. M300pa3ute cxeMaTHYeCKH BOJIET - 3aTBOpHbBIE Xapaktepuctuku MJII TpaH3ucropa u moieBoro
TPaH3UCTOPA C YIPABISEMbIM TyHHEIBHBIM P-N-TIEPEXONOM. YKAKUTE AMANA30HbI HANPSIKCHUH, MPH
paboTe B KOTOPBIX SHEPronorpedieHne TYHHEIBHOTO TPAH3UCTOpa B PEKHUME JIOTUYECKOIro KIIoda
MeHbl1ue 3aepronorpednenns M/II - Tpanszucropa.

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

1. Tlomyuuts cooTHOIIEHHE MEXIy 3(P(PEKTUBHBIMH MacCaMH 3JIEKTPOHA U JBIPKH B JBYX30HHOH M
Tpex30HHON Mozenu Kelina. [IpoBepuTh ero BbINMONHEHUE (MM HEBBINOJHEHHUE) B MOIYPOBOIHUKAX
GaAs, InSb, InP.

2. OueHHUTE MpeleNbHYI0 CKOPOCTh HOCUTENICH 3apsiia B KPEMHHH B CHJIBHOM 3JIEKTPUYECKOM IIOJIE,
CUMTasi, YTO OHA OIpaHUYCHA OBICTPHIM HCITyCKaHHEM ONTHYECKHX (POHOHOB. CpaBHUTE MOTYyUEHHYIO
BEJIMYUHY C SKCIIEPUMEHTAIFHO U3MEPEHHBIM 3HAUYCHHEM.

3. Ilpoananu3upyiTe U3MEHEHUE CYMMapHOIO TOKA IIPU 3JIEKTPOH - JIEKTPOHHBIX CTOJIKHOBEHUAX U
c/eJaiTe BBIBOA O TOM, IIPU KAaKUX YCJIOBHUSX DJIEKTPOH - JEKTPOHHOE PACCESIHHE MOXET BIHMATH Ha
IIPOBOJUMOCTBD IOJIYIIPOBOAHUKOB

4. PaccuunraiiTe mmpuHy 00€THEHHOTO CJIOS B KPEMHHEBOM P-N TIEpEXojie ¢ KOHIIEHTpAIUel JOHOPOB
u akuentopoB 1018 cMm-3 npu kOMHATHOM TeMmeparype.

5. OueHure cTeneHb JETHPOBAaHUS p-N-lepexoja Ha OCHOBE apCeHHMJa Tajulus, IpPU KOTOPOM
BEpPOATHOCTH MEX30HHOTO TYHHEIMPOBAHUS 3JIEKTpOHA cTaHeT nopsiaka 10-3.



6. PaccuuTaiite BonbTaMIIEPHYIO XapaKTEPUCTUKY II0JEBOI0 TPaH3UCTOpa, IPUHUMAsL, YTO JIOKAJIbHAS
UIEKTPOHHAs IUIOTHOCTh B KaHAJIE IMPONOPIMOHAIbHA JOKAJIBHOM PAa3sHOCTH MOTEHIUATIOB MEXTY
KaHaJIOM M 3aTBOpOM (TpHOMMKEHHE IUIABHOTO KaHaja), a JUIi JIOKAJIbHOW IUIOTHOCTH TOKa BEpeH
3akoH Oma. Kakue rpaHu4Hble yCI0BUS HA MOTEHUHMAN U AIEKTPOHHYIO TNIOTHOCTh Ha CTOKE M UCTOKE
ClIelyeT UCIOIb30BaTh B JAHHOW MOJIENN, YTOOBI KOPPEKTHO OIMUCATh PEKUM HACHIILICHHS TOKa?

7. OueHuTe NpeNeNbHYI0 YacTOTY IEPEKIIOYEHUs] KPEMHHUEBOIO II0JIEBOTO TpaH3HCTOpa C AJMHON
kaHana 90 HM, eciu Hcnoib3yemoe HanpsokeHue nuranuss Vdd=0.5 Bonsr. JlermpoBanue kanamna
orcyTcTBYeT. CpaBHUTE B 9THX YCJIOBHUSX JUIMHY CBOOOTHOro mpoOera 3JeKTpoHa ¢ 3Heprueit 25 MaB
(orcumrannoi ot gHA 30HKL, Tpu T=300 K) u qyuHy kKaHama TpaH3UCTOpA.

8. OueHurte, MOXET JIM MPSMOE TYHHEIMPOBAHHE MEXIY CTOKOM M HCTOKOM OIPaHHMYMUBATh TOK
3aKPBITOTO COCTOSIHUSI KPEMHHEBOTO IOJIEBOTO TpaH3ucTopa? Jlisi OLEHOK MpUMHTE BHICOTY Oapbepa
pasHoii 0.25 3B, mummHy kanana 10 aM, Temneparypa T=300 K. Yposenp depmu B KOHTAKTax JIEKUT Y
Kpasi 30HbI IPOBOJUMOCTH.

9. KaHasl HEKOTOPBIX THIIOB COBPEMEHHBIX KPEMHHEBBIX TPAH3UCTOPOB MIPECTABISET COO0H «OpyCcOoK»
¢ xapaktepHbiMu paszmepamu 10 x 10 x 30 M. [Ipm kakoéi KOHIIEHTpAIUKM JOHOPOB (IYKTyaIus
KOJIMUECTBA MPUMECEH B TAKMX TpaH3UCTOpax cTaHeT nopsaka 10% ot ux obuiero yncna?

10. 3anumuTe KIACCHYECKHUE ypaBHEHMS IBM)KCHUS l'aMHIbTOHA Uis 0e3MacCcOBOrO 3JIEKTPOHA B
[IEPEMEHHOM 3JIEKTPUYECKOM I10J1€. YKaKUTE B3aUMHbBIC OPUEHTALIMM HAYaJIbHOTO UMILYJIbCa JIEKTPOHA
U TOJISL , IPY KOTOPOM JIaXKe IMPH MaJIOM HAmpsKEHHOCTH BO3MOYKHA T'EHEpals BBICIINX FapMOHUK
[IEPEMEHHOI0 3JIEKTpUUECcKOro Toka. OLleHUTe aMIUIUTYbI BHICIIUX FAPMOHUK.

11. B ycrnoBusx npeaplIyen 3a1a4i BBIYUCINTE MOJHY0 ONTHYECKYIO IPOBOAMMOCTD, BKIIFOUAIOIY IO
BHYTPHU30HHBIA BKJaJ, KOTOPBIA MOXET OBITh PacCYMTaH C IOMOINBI0 KHHETHYECKOTO YpaBHEHUS
Bonbumana. PaccmarpuBas B KauecTBE OCHOBHOI'O MEXaHM3Ma PACCESHUS aKyCTHUecKHe (DOHOHBI C
ne(pOpPMAIMOHHBIM TTOTEHIIUAIOM 3B U CKOpOCTBIO M/C, TIOCTPOHTE 3aBUCHUMOCTH TOJIHOHN
MPOBOJMUMOCTH OT YacTOTHI (2) B pABHOBECHOM COCTOSIHMHM (0) B YCJIOBHUSIX MHBEPCHOM 3aCEJICHHOCTH
MeXly 30HaMu. Bo BTopoM ciydae ykakxure Auana3oHbl 4acTOT, I1€ MEXK30HHOE YCUIIEHUE U3JIy4EeHUs
MOJKET IPEBBIIATE BHYTPU30HHOE MOIVIOIIEHHE.

[IpumMepsl 3K3aMEeHALMOHHBIX OUJIETOB:

burer 1.

1. HM300pa3uTh KayecCTBEHHO O3JIEKTPOHHBIM CIIEKTP HOCUTENICH 3apsiia B KPEMHHM, T€pPMAaHUU U
apceHuie rajulis ¢ YKa3aHUEM XapaKTepHbIX 3HEPTuil.

2. B ycnoBuax npeaplayme 3a1a4i BBIYUCINTE MONTHYI0 ONTHYECKYIO TPOBOAUMOCTD, BKIHOYAOILYIO
BHYTPHU30HHBIA BKJaJ, KOTOPHIA MOXET OBITh PacCYMTaH C IOMOIIBI0 KHHETHYECKOTO YpaBHEHUS
Bonbumana. PaccmarpuBas B KauecTBE OCHOBHOI'O MEXaHM3Ma PACCESHUS aKyCTHUecKHe (DOHOHBI C
ne(pOpPMAIMOHHBIM TTOTCHIIUAIOM 3B U CKOpOCTBIO M/C, TIOCTPOHTE 3aBUCHUMOCTH TOJIHOU
MPOBOJMMOCTH OT YacTOTHI (2) B pABHOBECHOM COCTOSIHMHM (0) B YCJIOBHUSIX MHBEPCHOM 3aCEJICHHOCTH
MeXly 30HaMu. Bo BTopoM cilydae ykakxure Auana3oHbl 4acTOT, II€ MEXK30HHOE YCUIIEHUE U3J1y4eHUs
MOJKET IPEBBIIATE BHYTPU30HHOE MOIVIOIIEHHE.

burer 2.

1. Hcxoms W3 3aKOHOB COXpaHEHHs HMIYJIbCa M JHEPrHH, NPOAHAIM3UPOBATH BO3MOKHOCTH
CIIEYIOLINX TPOIECCOB B MPSIMO30HHBIX M HENPSIMO30HHBIX MOIYNPOBOJHHMKAX (@) MEX30HHOE M
BHYTPHU30HHOE TorouieHne GpoTtoHa (0) MeK30HHAS PEKOMOMHAIMS C yYaCTHEM ONTHYECKOro (JOHOHA
(B) oxke-pexoMOnHAITHSI

2. N300pa3ure 3aBUCUMOCTB ITPOBOANMOCTH KaHaja IOJIEBOTO TPAH3UCTOPa OT CTENEHHU JIETHPOBAHMUS,
npennonaras, 4YTo BCE NPUMECH HOHHM30BaHBL. M300pasuTe Takke 3aBUCHUMOCTH IOABMKHOCTH OT
KOHLEHTpalUuu Jerupyomux npumeceil. [Ipy Kakod KOHUEHTpalUW{ JETHPYIOLIUX IpUMECEH B
KPEMHHMH YacTOTa PacCesHUs Ha MPHUMECAX CTaHET CpaBHUMAa C YacTOTOW paccesHUs Ha (HOHOHaX?
Temmnepatypa T=300 K.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, MPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.



Ouenka omM4HO 9 0auloOB -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MIPAKTHUKE [PU PEIICHUH KOHKPETHBIX 3/1a4, CBOOOIHOE U MPaBUILHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Ouenka oOmIMYHO 8§ Oa/IOB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HAHMs y4eOHOH NpOrpaMMbl JUCLHUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHHH, C HEKOTOPBIMU HEIOUYETaMHU.

OtmeHka Xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHBIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISICTCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OtreHka XOpoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 33734 JOCTATOYHO OOJIBIIOE KOJIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKkTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIBbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMH y4eOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIETBOPUTEIHHO 2 0ajia - BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUs Y4eOHOW NporpaMMbl JHUCHMIUIMHBI, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33]1a4.

OneHKa HEYIOBIETBOPUTENBHO | Oaiia - BBICTABISETCS CTYICHTY, KOTOPHIH HE 3HA€T OCHOBHOIO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMMyCcKaeT rpyOeiinie ommoku B (GOPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

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

OK3aMeH MpOBOOUTCS B YyCTHOW Qopme mo Owieram. B kaxgom OuieTe npencTaBiIeHO [Ba
TeopeTuueckux Bompoca. [Ipu nposeaenun sx3ameHa oOydaroremycs npegocrasisercd 30 MUHYT Ha
noaroroBky. Onpoc 00ydaromerocs: He JOJKEeH MPEBbIIaTh OHOTO ACTPOHOMHYECKOTO yaca.



