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AHHOTANMA
Kypc dopmupyer 0Oa3zoBble 3HaHWS IO pas3felly COBPEMEHHON (HM3MKM TBEPAOTO Teia, CBI3aHHOMY C
M3yYeHHEeM TiepeHoca 3apsia (TOKOBBIX COCTOSIHHH) B ME30CKONUYECKUX CTPYKTypax, B YacCTHOCTH, 00
AKTyalTbHBIX 33J1ad (PM3UKH ME30CKOMMUYSCKOTO KBAHTOBOTO TPAHCIIOPTa, 00 OCHOBHBIX 3KCIIEPUMEHTATBHBIX
pe3ynbTarax B JaHHOW 00JIACTH, O TEOPETUYECKOM CIOcOo0e OMUCcaHMs 3ajad, a Takke JaéT 0a30BbIc HABBIKH

pEIIeHHs TEOPETUISCKUX 3a7ad.
1. Hean u 3agaun

Meap AUCUMNIMHBI

Llenpro nucuuIUIMHBL ABIsieTcs (opMHupoBaHHE 0a30BBIX 3HAHMH MO pas3[ely COBPEMEHHOH (DM3MKU
TBEPJIOTO TeJNa, CBI3aHHOMY C M3YUYE€HHEM IepeHoca 3apsaa (TOKOBBIX COCTOSHUIT) B ME30CKOIIMYECKUX

CTPYKTYpax.

3agauu AU CHUILIHHBI

- (hopmupoBaHne 0a30BBIX 3HAHUH O pAJE aKTyadbHbBIX 3a/1a4 (PU3MKH ME30CKOMHUYECKOTO KBAaHTOBOTO

TPaHCIIOPTa;

- (I)OpMI/IpOBaHI/Ie 0a30BEIX 3HAHUI 00 OKCIICPUMCHTAJIbHBIX PE3YJIbTATaxX B ILaHHOﬁ 06J'IaCTI/I;

- (I)OpMI/IpOBaHI/IC 0a30BBIX 3HAHMI O TCOPCTUICCKOM croco0e OMMCaHHs 3a1a4 B ,E[aHHOfI 06J'IaCTI/I;

- (I)OpMI/IpOBaHI/IC 0a30BBLIX HABBIKOB peIICHUA TCOPCTUUCCKUX 3a1a4 B Z[aHHOﬁ o0acTu.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE

YK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
CHUCTEMHOTO TOJIX0/1a, BRIPA0ATHIBATH ) N
o o MOCTaBJICHHONW  MPOOJEMHONW  CHUTyalud Ha  OCHOBE
CTpaTeTuto NCHCTBUIA
JOCTYIHBIX UICTOYHUKOB HH(pOpMaIu
OIIK-1 Brnaneer cucremoii ¢pynnamentanpabix |OIIK-1.1 3HaeT W CHOcoOEH  MCIIOJIB30Barh B
HAyYHBIX 3HAHHI B O0NIACTH npoeCCUOHANBHON  JesTeNbHOCTH  (yHIAaMeHTallbHbIC

(bPISI/IKO-MaTeMaTI/I‘leCKI/IX HayK

HAay4YHbIC 3HAHUS B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

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

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMH YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUUCIUTEILHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN




[MK-1 Crocoben craButh, hopmanuzoBbiBath 1 |[IK-1.1 CriocoGeH HaxomuTh, aHATH3UPOBATH U 0000IIATH
pemars 3a/1a4u, B TOM YUCIie pa3padaTeBaTh U |MH(POPMAIHIO 00 aKTyaJbHBIX pe3yJbTarax HCCICIOBaHUI B
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN paMKax TEeMaTH4ecKoil 00JacTH CBOeW NMpogecCHOHATBHON
M3y4aeMBbIX SBIICHUH U MPOIECCOB, CHCTEMHO  |ACATEIBHOCTH

aHaJM3UPOBATh HAYy4YHbIE MPOOJIEMBbI, OITyYaTh

HOBBIE HAYYHBIE PE3yIbTaThI
[MK-2 CriocobeH caMOCTOsTENHHO WK B [IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTL HAYYHBIE
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO HCCJICAOBAHUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTHBA OPTaHU30BbIBATh U MPOBOIANTH KOJIJIEKTUBA

HAY4YHBbIC UCCIICAOBAHUA U UX anp06auI/Ho

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

3HAaTh:

YMETB:

- Dddexr xkBaHTOBaHUS NMPOBOAMMOCTH (KOHIAKTaHCAa) B KOHTAKTaX THUIA IUIABHOTO CyXeHHs. Ero
¢u3nYecKkoe MPOUCXOXKICHUE, TEOPETHYECKOE OIMCAHWE B MNPOCTEHIIMX Cciaydasx. MeTomsl
AKCIIEPUMEHTAIBHOTO H3yUCHHUS;

- appext KynoHOBCKOH OJI0KaBI B OTHOIIEKTPOHHOM TpaH3ucTope. Ero pusznyeckoe mpoucxoxaeHue,
TEOPETUYECKOE ONHMCAaHNE B MPOCTEHIHX CIyqasX. MeTOIbl AKCIIEPUMEHTAIBHOTO H3yUCHHUS;

- addekr cnaboii nokanM3anUM B HEYNOPSJIOYCHHBIX CHCTEMax. YIPOIIEHHOE TEOPETUIECKOE
OITMCaHNE MHTEPPEPEHIINU Ha BO3BPATHBIX TPACKTOPHAX M BBHIYUCICHUS MOMPABOK K IMPOBOIMMOCTH.
MeTop! 9KCIIEPUMEHTATBHOTO U3YYCHHUS;

- 90h¢eKThl aHIPEeBCKOTO OTPAXKECHUS W aHJPECBCKOW MpoBOAMMOCTH. WX  Qusmyeckoe
HPOUCXOXKJICHUE, TEOPETHYECKOE OIIMCAHUE B IIPOCTEHILNX CITydasiX;

- apeKT BOZHUKHOBEHHS aHJpeeBCKUX ypoBHEH B SNS-koHTakTe. Ero ¢msndeckoe nmpoucxoxkaeHue,
TEOPETHUYECKOE ONMMCaHUE B MpocTeimux cinydasx. Dddexr [xo3edcona B 3TO crcTeMe;

- 3¢PeKT MHOTOKPATHOTO aHJPECBCKOTO OTpakeHHs B maeaidbHoM SNS-koHTakTe. Ero ¢usmueckoe
HPOUCXOXKJICHUE, TEOPETUUECKOE ONMHMCAHHWE B MPOCTEHIINX CiydasX. MeTombl 3KCIEepUMEHTAIbHOTO
U3y4YCHUS;

- cranoHapHseiid d3pdext Ixozedcona B SIS- u SINIS-konTakTax. Ero ¢pusnveckoe mpoucxoxicHue,
TEOPETUYECKOE ONMCAHNE B IPOCTEHINX CIyJasiX.

- Ilpumensars mnoaxon Jlammayspa anst ommcaHMs TPAHCHIOPTHBIX CBOWCTB HHU3KOPa3MEpPHBIX
AIIEKTPOHHBIX CUCTEM;

- NPUMEHATH OPTOAOKCANBHBIH METOJ JUIS OMMCAHHS IEPEeHOCa SJIEKTPOHOB B OIHOIEKTPOHHOM
TPaH3UCTOPE C KYJIOHOBCKOHM ONOKaI0M;

- IpUMEHATh ypaBHeHus boromoOoBa — ne JKena [u1g omucaHusl aHAPEEBCKOTO OTPAXKEHUS Ha
NS-rpanure;

- npumeHATh noxaxoA brmonnepa-Tunkxama-KnanBaiika st omucaHusl aHIPEeBCKOW MPOBOIUMOCTH
HeujieanbHONU NS-TpaHuIlsI;

- TpuMeHAITh ypaBHeHusi [wH3Oypra-Jlammay ans ommcanusi dddekra Omm3octn u  dddekra
Jlxo3edcona B SINIS-koHTaKTE.

BJIAJIETh:

- bazoBeIMu MCTOAaMHU TCOPCTUUCCKOTO OMMCAHUA MC30CKOITMYCCKOIO KBAHTOBOTO TPAHCIIOPTA.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), 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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs

pabora

1 KBaHTOBbIE KOHTAKTHI. 6 6 15

2 Kynonosckas Onokana 6 6 15




3 KBanToBast unTEepdepeHIs. 6 6 15

AHJpEEeBCKOE OTPaKEHHE. 6 6 15
Cramonapuseiii  3¢dexr [xozedcona.

5 6 6 15
VYpaBuenus ['un30ypra-Jlanaay.

Hroro yacos 30 30 75

IToaroTroBka K sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. KBaHTOBBIE KOHTAKTHI.

KBaHTOBaHME MPOBOAMMOCTH (KOHJAKTAaHCa) B KOHTAKTaX THIA IUIABHOTO CY)XCHHS. AHAJOTUs C
BonHOBO#amu. [lomxox Jlammayspa: mpoOBOISIIME KaHANBI, MaTpUIlA paccesHUs, transmission
eigenvalues. ®opmyna Illapeuna.

2. Kynonogsckas Gmokana

OfHOANEeKTPOHHOE TYHHENUpOBaHUE depe3 KoHaeHcatop. OmHoanekTpoHHbIM TpaHizuctop (SET),
yIpaBleHUE 3apsAIOM OCTPOBKA C TOMOIIBIO 3aTBOpA, TOYKH BHIPOXKICHUS. KyllOHOBCKHE anMasbl
(Coulomb diamonds) npu HyneBoit temneparype. OptomokcanbHbiii MeTon (orthodox theory) u
BBIYHCIICHUE JTMHEHHOTO KOH/IAaKTaHCa MPH MAJIBIX TEMIIEPaTypax BOJIHM3H TOUEK BHIPOIKICHHUS.

3. KBanToBas uarepdepeHuus.

Cnabast nokanu3alusi B HEYNOPSAOYEHHBIX cucTemax. HHTepdepeHIUss Ha BO3BpPaTHBIX
TPAeKTOpUsX, YIBOEHHE BEPOSATHOCTH Bo3Bpara. llompaBku K NPOBOIUMOCTH B TPEXMEPHOM,
IBYMEpPHOM M OJHOMEpHOM ciiydasix. llomaBnenune cnaboil JOKanM3alMM MarHUTHBIM IIOJIEM,
OTPULIATENIbHOE MarHETOCOIPOTUBIIEHUE. DKCIIEPUMEHTAIbHbIE PE3YIIbTAThl U1 TOHKUX IIJIEHOK.

4. AHJIpeeBCKOE OTpaXKeHHE.

OcHoBHBIE (hakThl TIPo cBepxipoBoauMocTh 1 Teoprio BKII. Ypasuenus boronrobosa — ne YKena.
AHpnpeeBckoe oTpaxeHue OT wuueanbHoil NS rpanunsl. Te3ucHo: mepekpEécTHOE aHAPEEBCKOE
OTpaXeHHE, HeJOKallbHasi MPOBOJUMOCTh, point-contact Andreev reflection spectroscopy u
HU3MEpEeHUE CIUHOBOM MOspu3anui. AHIpEEBCKas MPOBOIMMOCTb HeuJealbHOW NS-rpaHullbl,
nogxonx BTK (Blonder, Tinkham, Klapwijk). AuapeeBckiie ypoBHH B KOpPOTKOM SNS-KOHTaKTe
(meTon Matpuibl paccesaus). Jxo3edcoHOBCKUil TOK B 3Toi cucreMe. Ob0mue daktel 00 3ddexTe
Jxozepcona. MAR (MHOTOKparHOEe aHAPECBCKOE OTpakeHWe) B wuacalbHOM SNS-KoHTaKTe.
HuccunaruBhbiii Tok 1 BAX.

5. Cranuonapusiii 3¢ dexr Ixozedcona. Ypasuenus [ un3dypra-Jlangay.

I'pannunbie ycnoBusa. TynuenbHbiid SIS-konTakT. Oddext onuzoctun B SINIS-konTakre. Dddext
Jxxozedcona B SINIS-kontakre. Teopust AciiamazoBa-JIapkuHa Jiisi KOHTAKTa C Cy)KCHHEM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHas aymuTopusi, OCHAIIEHHAs! KIIACCHOM JOCKOH, PU HEOOXOIUMOCTH - MEIUANIPOSKTOP C
9KPaHOM.

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI



OcHoBHas nuTeparypa
1. DnektpoHsl B HeynopsaodeHHBIX cpenax [Tekct]/B. @. l'anTmaxep , -M., @uzmatnut, 2005
[2] Yu.V. Nazarov, Ya.M. Blanter. “Quantum transport”

JlononHuTenbHAs TUTEpaTypa
[1] S. Datta. “Electronic transport in mesoscopic systems” (JIOCTYITHO B 3JIEKTPOHHOM BH/IE)
[2] “Single charge tunneling: Coulomb blockade phenomena in nanostructures” / mox pegaxkuueid H.
Grabert, M. H. Devoret.
[3] M. Tinkham. “Introduction to superconductivity”. - 2nd edition

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

http://mipt.ru/education/chair/theoretical physics/biblio/metodichki.php
- METOIMYECKHE TTI0COOUS 110 TeMe Kypca

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX IPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO
npouecca o JMCHUIIMHe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

He ucnonszyrorcs.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

Crynent, uzyvarouuii quctumuinay "TpaHcmopT B ME30CKOMUYECKHUX cuUcTeMax', JOKEH C OAHOU
CTOPOHBI, OBJAJIETh OOINMMM TOHATHWHBIM alllaparoM, a ¢ JPYTrod CTOPOHBI, JOIKEH HAYyYHUTHCS
MIPUMEHSTh TEOPETHUUECKIE 3HAHUS Ha MPAKTUKE.

B pesynbrate u3yueHus TUCHUIUIMHBI CTYACHT OJKEH 3HAaTh OCHOBHBIEC OMpPENETICHUS AMCIUIIUHBL,
YMETh IPUMEHSATH TTOyYCHHBIC 3HAHUS JIJISl PEIICHUS pa3InIHbIX 3a/1ad.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAgaraéMpIx CTyJAeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHUI MPOMEKYyTOUHOM aTTeCTallru.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS MMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3armomuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CJIEIyeT OOpamiarhCs 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)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kageapa npobiem TeopeTrnueckor pu3nku (Teoprpymnma l'oppkoBa)
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

Pa3paborunk: $1.B. ®omuHOB, 1-p (pu3.-MaT. HAyK, TOIIEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh . .
. o MOCTaBJICHHOM  MpoOJIeMHON  cUTyalud Ha  OCHOBE
CTpPAaTETHIO ICHCTBUH
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
OIIK-1 Bnaneer cuctemoit pynnamentransubix |OINK-1.1  3Haer w  cmocobeH  HWCIONB30BaTh B
Hay4HBIX 3HAHUN B O0JIACTH npoeCcCHOHANBHON  JEesTENbHOCTH  (yHIaMEHTalbHBIC

(hu3HMKO-MaTEeMaTHIECKUX HAYyK

Hay4HbIe 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHON JIeTENLHOCTHU, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBaHUH B o0jactu cBoeil mpodecCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHONW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CriocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAy4YHBIE IPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000INATH
nHpOpMANHIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
HCCJICAOBAHUS CaMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIbTATC N3YUYCHUA JUCIIUITIINHBL «TpchnopT B MC30CKOIIMYCCKHUX CUCTEMAX)» 06y‘lalOH.IHI>iCH JOJIKCH:

3HAThb:




- DddexT KBaHTOBaHUS TPOBOAMMOCTH (KOHJAKTaHca) B KOHTAaKTaX THIIA TUIABHOTO cykeHHs. Ero
(GU3MUECKOe TMPOMCXOXKICHHE, TEOPETUYECKOE ONMCAaHHEe B TNPOCTEHINIMX Ciaydasx. MeTomsl
HKCTIEPUMEHTAIBHOTO U3yUCHHUS;
- 9¢peKT KyJOHOBCKOH OJIOKaIbI B OMHOMICKTPOHHOM TpaH3ucTope. Ero ¢pusnueckoe mpoucxoxiaeHue,
TEOPETUYECKOE OMHMCAHNE B MPOCTEHIINX CIydasx. MeToIbl SKCIIEPUMEHTAIBHOTO H3yUCHHUS;
- o¢hdexr cnabol JOKaIM3alMA B HEYHNOPSIOYCHHBIX CHUCTEMax. YIPOIIEHHOE TEOPETUYECKOe
OIMCaHue MHTep(HEPEHINN HAa BO3BPATHBIX TPACKTOPHUAX M BBIUYMCICHUS MOMPABOK K MPOBOIMMOCTH.
MeTo/bI SKCTIEPUMEHTATBHOTO H3yUeHHS;
- OQQeKThl aHAPECBCKOrO OTPAKEHWs] W aHApPEeBCKOH mpoBogumoctu. WX  ¢usudeckoe
MPOHUCXOXKICHHE, TECOPETHUECKOE OMMCAHKUE B MPOCTEHIIINX CITydasx;
- 3¢ deKT BOBHUKHOBEHHS aHApeeBCKUX ypoBHel B SNS-konrakre. Ero ¢gusnueckoe mporcxoxiaeHue,
TEOPETUYECKOE ONHMCaHKEe B MPOCTEHINX ciaydasx. Dpdexr Jxo3edcona B 3ToM cucreme;
- 3¢ ¢peKT MHOTOKPaTHOTO aHJPEEBCKOrO OTpaxkeHHs B uaeadbHoM SNS-konTtakTe. Ero ¢usmueckoe
MPOHUCXOXKICHUE, TEOPETUUECKOE OMHCAHUE B MPOCTEHIIMX ciydasx. MeTombl SKCIepHMEHTaIbHOTO
U3y4CHUS;
- craguoHapHelid dQdexr Ixozedcona B SIS- u SINIS-konTakTax. Ero ¢usndeckoe mpoucxoxacHue,
TEOPETUYECKOE OMHMCAHUE B IPOCTEHIINX CIydasX.

yMeThb:
- Ilpumensars mnoaxon Jlammayspa s oOmMCaHHsS TPAHCIOPTHBIX CBOWCTB HU3KOPa3MEpPHBIX
ANEKTPOHHBIX CHCTEM;
- NPUMEHITH OPTOJOKCAIBHBIA METOA U ONMCAaHHS IMEPEeHOCa DJICKTPOHOB B OTHOAICKTPOHHOM
TPaH3UCTOPE C KYJIOHOBCKOH OJOKaI0¥;
- TpUMEHATh ypaBHeHUs boromroOoBa — nge JKena [uis omumcaHusi aHAPEEBCKOTO OTPAKCHUS Ha
NS-rpanuie;
- npuMeHaTh noaxon bronnepa-Tunkxama-KianBaiika Ui ONMHMCaHHUS aHIPECBCKOW MPOBOJMMOCTHU
HeujeanbHOU NS-TpaHuIlsl;
- npuMmeHsTh ypaBHeHusi [uH3Oypra-Jlanmay ans ommcanusi 3ddexra Ommzoctn U dddekra
Hxozedcona B SINIS-koHTaKTE.

BJIA/IeTh:
- bazoBbIMH MeTOJaMU TEOPETUYECKOTO OMMCAHHS ME30CKOITNYECKOr0 KBAaHTOBOT'O TPAHCIIOPTA.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIH B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

1. BOddexr kBaHTOBaHUS MPOBOJUMOCTH (KOHAAKTaHCA) B KOHTAaKTaxX THIIA IJIABHOTO CykeHus. Ero
¢u3nuecKoe IMPOMCXOXKIEHHE, TEOPETUYECKOe ONHMCAaHHEe B TNPOCTEHIIMX ciaydasx. MeTosl
9KCIIEPUMEHTAIILHOTO HU3YyUCHHUSI.

2. Oddekr KymoHOBckoW OJOKajgbl B OIHOIIEKTPOHHOM TpaH3uctope. Ero ¢usndeckoe
MPOHUCXOXKICHHE, TEOPETUUECKOE OMHMCAHUE B MPOCTEHIIMX ciydasx. MeToabl SKCIepHMEHTaIbHOTO
U3YYCHHUSI.

3. DOddexr crnaboit nokamu3auMH B HEYMOPAJOUYCHHBIX CHCTEMax. YIPOILIEHHOE TEOPETUUECKOEe
OIMCaHue MHTep(HEPEHINN Ha BO3BPATHBIX TPACKTOPHUAX M BBIUYMCICHUS HMOMPABOK K MPOBOIMMOCTH.
MeToasl SKCIEPUMEHTAIBHOTO H3YUECHHUS.

4. O dekTl aHOPEeBCKOrO OTpaKEHUs] W aHApEeeBCKOM mpoBoxuMmocTd. HX  Qusmueckoe
MPOHUCXOXKICHHUE, TCOPETUUECKOE ONMCAHKE B IPOCTEHIINX CIydasX.

5. O¢ddexkr BO3HMKHOBEHHs aHApeeBCKUX YypoBHeH B SNS-konrakre. FEro ¢usuueckoe
MPOUCXOXKJICHHE, TEOPETHUECKOE ONMHMCAaHUE B MpocTedimmx ciaydasx. Dpdekr Jxozedcona B 3Toit
CHCTEME.

6. DddexT MHOTOKPATHOTO aHAPEEBCKOTO OTpakeHUs B uicanbHoM SNS-koHTakte. Ero gusudeckoe
MPOHUCXOXKICHHE, TEOPETUUECKOE OMHMCAHUE B MPOCTEHIIMX ciydasx. MeToabl SKCIepHMEHTaIbHOTO
U3YYCHHUSI.

7. Craumonapusiii apdexr JIxozedcona B SIS- u SINIS-konTakTax. Ero ¢pmsndeckoe nmponcxoxacHue,
TEOPETUYECKOE ONMCAHNE B IIPOCTEHIIX CIyJasiX.



Kpurepun onennBanus
Onenka "ommuno" (10 Gammos) BBICTABIISIETCSI  CTYJIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.
Onenka "ormnmumuno" (8 0ayioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, rPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WM B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 OammoB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JaraeT €ro, yMeeT HMPUMEHATh MOJY4YECHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynosneTBopuTedabHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HMporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka "ynoBnerBoputensHO" (3 Oajuia) BBICTABISETCS CTYACHTY, [TOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynmpoBKax 0a30BBIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUpPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNINe MPoueIyPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

ITpu mpoBexeHNM OLIEHMBAHUS 3HAHUI O0OydarolmeMycs MpPEIOCTABISIETCS BpeMsl HA IOATOTOBKY Ha
ycMoTpeHue 3k3amenaropa. Ompoc oOyyaromierocss mo OwiIeTy Ha yCTHOM JuQQepeHIMpOBaHHOM
3auéTe He JOJDKEH MPEBBIATh OAHOTO aCTpOHOMUYECKoro yaca. OlLeHHBaHUE 3HAHWH IPOU3BOAUTCS B
COOTBETCTBHUHU C BbINICYKAa3aHHBIMU KPUTEPUSIMU B COOTBETCTBUH C COACPKAHUEM TUCLUILINHEI.



