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AHHOTANMA
Kypc dopmupyer 0a3oBble 3HAHHMS TIO pa3lielly COBPEMEHHOW (U3WKH TBEPIOTO Tella, CBA3aHHOMY C
W3yYeHHEM TiepeHoca 3apsija (TOKOBBIX COCTOSIHUK) B ME30CKONMHUYECKUX CTPYKTypaxX, B YacTHOCTH, 00
AKTyaJIbHBIX 33J1ad (PU3UKKA ME30CKOITMYECKOT0 KBAaHTOBOTO TPAHCHOPTa, 00 OCHOBHBIX AKCIIEPUMEHTAIBHBIX
pe3ynbTarax B JaHHOW 00JIACTH, O TEOPETUYECKOM CIOCO0e ONMUCaHMs 3aj1ad, a Takke JaéT 0a30BbIc HABBIKH

pEIIeHHs TEOPETUISCKUX 3a7ad.
1. Hean u 3agaun

Meap AUCUMNIMHBI

Llenpro TUCHMIUIMHBI SIBIseTCS (OPMUpPOBAHUE 0Aa30BBIX 3HAHMH MO pa3feldy COBPEMEHHOW (H3UKH
TBEPJIOTO TeJa, CBI3aHHOMY C U3YUEHHEM IepeHoca 3apsia (TOKOBBIX COCTOSIHUN) B ME30CKOIMUYECKHX

CTPYKTYpax.

3agauu AU CHUILIHHBI

- (hopmupoBaHue 0a30BBIX 3HAHUH O PsAJe aKTyaJbHBIX 33/1a4 (PU3MKH ME30CKOIIMYECKOr0 KBAaHTOBOIO

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

VYK-1.1 Ananuzupyer npoOJIEeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TOMCK BapHaHTOB  pELICHUS
CHUCTEMHOTO TOJIX0/1a, BRIPA0ATHIBATH 4 N
o o MOCTaBJICHHONW  MPOOJEMHONW  CHUTyalud Ha  OCHOBE
CTpaTeTuto NCHCTBUIA
JOCTYIHBIX UICTOYHUKOB HH(pOpMaIu
OIIK-1 Brnaneer cucremoii ¢pynnamentanpabix |OIIK-1.1 3HaeTr W© CIOCOOEH  HMCHOJB30BaTrh B
HAyYHBIX 3HAHHI B O0NIACTH npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC

(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 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH 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 aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN




[MK-1 Criocoben craButh, hopmanuzoBbiBath 1 |[IK-1.1 CrnocoGer HaxomuTh, aHATU3UpOBaTh W 0000IIATH
pemars 3aa4u, B TOM YUCIIe pa3padaThiBaTh U |MHPOPMAIHIO 00 aKTyaJbHBIX pPe3yJbTarax MCCICIOBaHUHN B
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN paMKax TEeMaTH4ecKoi oOnacTu cBOei NpodeccHoHaIbHON
M3y4aeMBbIX SBIICHUH U MPOIECCOB, CHCTEMHO  |ACATEIBHOCTH

aHaJM3UPOBATh HAYy4YHbIE MPOOJIEMBbI, OITyYaTh

HOBBIE HAYYHBIE PE3yIbTaThI
[MK-2 CriocobeH caMOCTOsTENHHO WK B [MK-2.1 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO HCCJICAOBAHUS CaMOCTOSITEIbHO 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:

- Dddekr KBaHTOBaHUS MPOBOJUMOCTH (KOHIAKTaHCA) B KOHTAaKTaxX THIIA IUIABHOTO CyXeHHs. Ero
¢u3nYecKkoe MNPOUCXOXKICHUE, TEOPETHYECKOE ONUCAHUE B MNPOCTEHIIMX ciaydasx. MeToas
AKCIIEPUMEHTAIBHOTO H3yUCHHUS;

- 3(ppexT KyITOHOBCKOH ONOKAIBI B OHORIIEKTPOHHOM TpaH3ucTope. Ero ¢pusnveckoe mporcxoxaeHue,
TEOPETUYECKOE ONHMCAaHNE B MPOCTEHIHX CIyqasX. MeTOIbl AKCIIEPUMEHTAIBHOTO H3yUCHHUS;

- addekr crnaboii NokanM3aNMA B HEYNOPSIOYCHHBIX CHCTEMax. YMPOIIEHHOE TEOPETHUYECKOE
OITMCAaHNE MHTEPPEPEHIINU HAa BO3BPATHBIX TPACKTOPHSIX M BBHIYMCICHHS IMOMPABOK K MPOBOIUMOCTH.
MeTop! 9KCIIEPUMEHTATBHOTO U3YYCHHUS;

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

- 3peKT BOZHUKHOBEHHS aHIpeeBCKUX ypoBHeH B SNS-koHTakTe. Ero ¢usndeckoe npoucxoxiaeHue,
TEOPETHUYECKOE ONMMCaHUE B MpocTeimux cinydasx. Dddexr [xo3edcona B 3TO crcTeMe;

- 3¢PeKT MHOTOKPATHOTO aHJPECBCKOTO OTpakeHHs B maeaidbHoM SNS-koHTakTe. Ero ¢usmueckoe
HPOUCXOXK/ICHUE, TEOPETUUECKOE ONMHMCAHHWE B MPOCTEHIINX CiydasX. MeTojbl SKCHEPHMEHTAIBHOTO
U3y4YCHUS;

- cranoHapHblid dpdexT xozedcona B SIS- u SINIS-kontakrax. Ero dusnueckoe npouncxoxaeHue,
TEOPETUYECKOE ONMCAHNE B IPOCTEHINX CIyJasiX.

- Ilpumenars mnoaxox Jlammayspa Ui ONHMCAaHUS TPAHCHOPTHBIX CBOMCTB HH3KOpPa3MEpHBIX
AIIEKTPOHHBIX CUCTEM;

- TIPUMEHATH OPTONOKCAIBHBIH METOJ AJsl ONHCAHUsS IIEPEeHOCa 3JIEKTPOHOB B OJHORIEKTPOHHOM
TPaH3UCTOPE C KYJIOHOBCKOHM ONOKaI0M;

- IPUMEHATh ypaBHeHus boromoboBa — ne JKena aist ommcaHus aHIPEEBCKOTO OTPaKCHHS Ha
NS-rpanure;

- npumeHATs noaxof bmonaepa-Tunkxama-KnanBaiika 1j1s1 omucaHus aHAPEEBCKOW MPOBOAMMOCTH
HeujieanbHONU NS-TpaHuIlsI;

- TpuMeHATh ypaBHeHuss [wmH3Oypra-Jlammay g onmcanust d¢ddekra Omuzoctm 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 9

2 Kynonosckas Onokana 6 6 9




3 KBanToBast unTEepdepeHIs. 6 6 9
AHJpEEeBCKOE OTPaKEHHE. 6 6 9
Cranuonapusiii  3¢dekr Jxo3edcona.

5 6 6 9
VYpaBuenus ['un30ypra-Jlanaay.

Hroro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

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

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

Cemectp: 1 (Ocennuii)

1. KBaHTOBEIE KOHTAKTHI.

KBantoBanue npoBoauMocTH (KOHAAKTaHCA) B KOHTAKTaxX THIMA IUIABHOTO CY)KEHHUSA. AHAJOTHA C
BoHOBonamu. lloaxon Jlammayspa: mpoBojsIme KaHANbl, Marpulla pacCesHus, transmission
eigenvalues. ®opmyna Illapeuna.

2. Kynonogsckas Gmokana

OMHOZJIEKTPOHHOE TYHHEIMpPOBaHUE uepe3 KoHjaeHcarop. OmHoanekrpoHHbd Tpanzuctop (SET),
yIpaBleHNE 3apsAIOM OCTPOBKA C TOMOINBIO 3aTBOpPA, TOYKH BHIPOXKICHHUs. KylOHOBCKHE anMa3sbl
(Coulomb diamonds) mpu HyneBoi Temreparype. Opronokcaibhblii metoy (orthodox theory) m
BBIYHCIICHUE JTMHEHHOTO KOH/IAaKTaHCa MPH MAJIBIX TEMIIEPaTypax BOJIHM3H TOUEK BHIPOIKICHHUS.

3. KBanToBas uarepdepeHuus.

Cnabast J5okanm3alusi B HEYHNOPSAIOYEHHBIX cucTeMmax. MHTepdepeHuuss Ha BO3BPaTHBIX
TPAeKTOPHUSX, YABOEHHE BEPOSTHOCTH Bo3Bpara. [lonmpaBku K IPOBOAMMOCTH B TPEXMEPHOM,
JBYMEpPHOM M OIHOMEpHOM ciyudasx. [logaBnenue cnaloii JOKanM3alUW MAarHUTHBIM IIOJIEM,
OTPULIATENIbHOE MarHETOCOIPOTUBIIEHUE. DKCIIEPUMEHTAIbHbIE PE3YIIbTAThl U1 TOHKUX IIJIEHOK.

4. AHJIpeeBCKOE OTpaXKeHHE.

OcHoBHBIE (hakThl TIpo cBepXxIpoBoguMocTh U Teoputo BKIII. Ypasuenust boromo6osa — e XKena.
AHpapeeBckoe oTpaxeHne OT wuieanbHo NS rpanunsl. Te3ncHo: mnepekpécTHOE aHAPEEBCKOE
OTpaXeHHE, HeJOKallbHasi MPOBOJUMOCTh, point-contact Andreev reflection spectroscopy u
HU3MEpEHUE CIUHOBOH NOJspu3aluu. AHIpEeBCKas NPOBOAMMOCTb HeHJeanbHOH NS-rpaHuisl,
nogxonx BTK (Blonder, Tinkham, Klapwijk). AnnpeeBckne ypoBHH B KOpOTKOM SNS-KOHTakTe
(meTon Matpuibl paccesHus). Jko3edconoBckuii Tok B 310 cucteme. OOmue ¢gaktel 00 3pdexre
JIxozepcona. MAR (MHOrokparHoe aHApPEEBCKOE OTpakeHWe) B HjaeadbHOM SNS-KOHTakTe.
HuccunaruBhbiii Tok 1 BAX.

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

I'pannunbie ycnoBusa. TynuenbHblid SIS-konTakT. Dddext Onuzoctu B SINIS-konTakTte. Dddekr
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”.
[3] B.®. 'anTMaxep, «NEeKTPOHBI B HEYHOPSAOUEHHBIX Cpeaaxy.

JlononHuTeNbHAS TUTEPATypa
[1] S. Datta, “Electronic transport in mesoscopic systems”. (ZOCTyITHO B SJIGKTPOHHOM BHUJIE)
[2] “Single charge tunneling: Coulomb blockade phenomena in nanostructures”, moj penakmueit H.
Grabert, M.H. Devoret.
[3] M. Tinkham, “Introduction to superconductivity” (2nd edition).

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

http://mipt.ru/education/chair/theoretical physics/biblio/metodichki.php
- METOAMYECKHE OcoOus 0 TeMe Kypca

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He ucnonesyrorces.
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO M CHUILTHHBI (MOXYJIs)

CryneHT, U3y4arIui AUCUUIUIMHY "TpaHCIOPT B ME30CKONMYECKUX cHcTeMax', NOMKEH C OIHOM
CTOpPOHBI, OBIAJETh OOIIUM IOHATUHHBIM amapaToM, a C JPyrod CTOPOHBI, JODKEH HAYYHTHCS
MPUMEHATh TEOPETHUECKUE 3HAHUS HA TPAKTUKE.

B pesynerare M3ydeHUs IUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, IPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PabOoThI CTy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAgaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHHYeCKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNIBHBIX TEM, BOINPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpEeNoAaBaTelio.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHWUHM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



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 nmpobiem TeopeTndeckon HU3NKU

Kypc: 1

kBaTuuKkanus: MarucTp

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

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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh . .
. o MOCTaBJICHHOM  MpoOJIeMHON  cUTyalud Ha  OCHOBE
CTpPAaTETHIO ICHCTBUH
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
OIIK-1 Brnaneer cucremoit pynnamenransabix |OINK-1.1  3Haer w®  cnocobeH  HWCMONB30Barh B
Hay4HBIX 3HAHUN B O0JIACTH npoeCcCHOHANBHON  JESTENbHOCTH  (yHAaMEHTaJIbHBIC

(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 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TENBHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHONW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CrocobeHn aHanu3upoBaTh 3ajady, IJIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001aCTAX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHTEIHHBIMHU
METOJJaMH pelIeHMs], TOHUMAeT U YYUTHIBAET HA MPaKTHUKE
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

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

[MK-2.1 CnocoOeH TulaHUpOBaTh ¥ MPOBOJAWTH HaydHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:




- DddekT KBaHTOBaHUSI MPOBOAMMOCTH (KOHJIAKTAaHCA) B KOHTAKTaX TUMA IUIABHOTO cyxeHus. Ero
(GU3MUECKOe TMPOMCXOXKJICHHE, TEOPETUYECKOE OMMCAaHWE B TNPOCTEHIIMX Cciaydasx. MeTomsl
HKCTIEPUMEHTAIBHOTO U3yUCHHUS;
- 3(ppexT KyTOHOBCKOHM OJIOKaIBl B OAHORIEKTPOHHOM TpaH3ucTtope. Ero ¢pusnueckoe nporcxoxaeHue,
TEOPETUYECKOE OMHMCAHNE B MPOCTEHIINX CIydasx. MeToIbl SKCIIEPUMEHTAIBHOTO H3yUCHHUS;
- o¢pdexr cnabol JOKAIM3AIMM B HEYNOPSIOYCHHBIX CHUCTEMax. YIPOIIEHHOE TEOPETHYECKOEe
OIMCaHue MHTep(HEPEHINH HAa BO3BPATHBIX TPACKTOPHSX M BBHIYMCICHHS IMOINPABOK K MPOBOIUMOCTH.
MeTo/bI SKCTIEPUMEHTATBHOTO H3yUeHHS;
- OQQeKThl aHAPECBCKOrO OTPAKEHWs] W aHApPEeBCKOH mpoBogumoctu. WX  ¢usudeckoe
MPOHUCXOXKICHHE, TECOPETHUECKOE OMMCAHKUE B MPOCTEHIIINX CITydasx;
- 3¢ deKT BOZHUKHOBEHHSI aHApPEeBCKUX ypoBHel B SNS-koHTakTe. Ero gusndeckoe mpoucxoxacHue,
TEOPETHUYECKOE ONKCAHUE B MpocTeimux cinydasx. Dddexr Ixo3edcoHa B 3TOH cucTeMe;
- 3¢ ¢peKT MHOTOKPaTHOTO aHJPEEBCKOrO OTpaxkeHHs B uaeadbHoM SNS-konTtakTe. Ero ¢usmueckoe
MPOHUCXOXKICHHE, TEOPETUIECKOE OMMCAHUE B MPOCTEHIIMX Cirydasx. MeToasl dKCIEPUMEHTAILHOTO
U3y4CHUS;
- craguoHapHblid 3¢ dext xozedcona B SIS- u SINIS-kontakrax. Ero dusnueckoe npoucxoxaenue,
TEOPETUYECKOE OMHMCAHUE B IPOCTEHIINX CIydasX.

yMeThb:
- Ilpumensars mnomxox Jlammayspa [Uis ONMCAHUS TPAHCHOPTHBIX CBOMCTB HHU3KOPa3MEpPHBIX
ANEKTPOHHBIX CHCTEM;
- NPUMEHATH OPTONOKCAIBHBIH METOJ JJIsi ONHCAHUsS IIEPEHOCA JJIEKTPOHOB B OJHOXJICKTPOHHOM
TPaH3UCTOPE C KYJIOHOBCKOH OJOKaI0¥;
- TpUMEHATh ypaBHeHUs boromoOoBa — nme JKena aist ommcaHHs aHIPECBCKOTO OTpPaKCHHS Ha
NS-rpanuie;
- npuMeHATh noaxon bionpepa-Tunkxama-KianBaiika Ui ONMCaHUs aHIPEEBCKOH MPOBOIUMOCTH
HeujeanbHOU NS-TpaHuIlsl;
- npuMmeHsATh ypaBHeHusi [uH3Oypra-Jlammay mnis onmcanus s¢ddexra Omuzoctn u  3ddekra
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 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoOC B
HayaJe 3aHATUS WIH B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

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

1. Oddexr kBaHTOBaHUS MPOBOAUMOCTH (KOHIAKTaHCA) B KOHTAKTAaX THUIA IUIABHOTO cyxkeHHs. Ero
¢u3nuecKoe MPOMCXOXKIEHHE, TEOPETUYECKOe OMHCAaHWEe B NPOCTEHIIMX ciaydasx. MeTonsl
9KCIIEPUMEHTAIILHOTO HU3YyUCHHUSI.

2. Oddexr kynoHOBcKoW OMOKagsl B OJHORIEKTPOHHOM TpaH3ucrope. Ero dusmueckoe
MPOHUCXOXKICHHE, TEOPETUIECKOE OMMCAHUE B MPOCTEHIINX Cirydasx. MeToasl dKCIePUMEHTAILHOTO
U3YYCHHUSI.

3. Doddexr cnaboii JOKaIH3alUM B HEYMOPSIOYCHHBIX CHCTEMaX. YIPOIIEHHOE TEOPETHYECKOE
OIMCaHue MHTeP(HEPEHINH HAa BO3BPATHBIX TPACKTOPHSX M BBIYMCICHHS IMOINPABOK K MPOBOIUMOCTH.
MeTozbl SKCTIEPUMEHTATBHOTO H3YUCHHS.

4. O heKxThl  aHIPEeBCKOTO OTPaXKEHUs H  aHAPEeBCKOM mpoBoguMocTH. UXx (¢usmueckoe
MPOHUCXOXKICHHUE, TCOPETUUECKOE ONMCAHKE B IPOCTEHIINX CIydasX.

5. O¢ddexkr BO3HMKHOBEHHs aHApeeBCKUX YypoBHeH B SNS-kontakre. FEro ¢usuueckoe
MPOUCXOXKJICHHUE, TEOPETHUECKOe OMUCAaHWe B MpocTeimux ciaydasx. Jddekr [xosedcona B 3Toit
CHCTEME.

6. DddexT MHOTOKPAaTHOTO aHJPEEBCKOTO OTpa)keHus B uaeaibHoM SNS-koHTakre. Ero ¢usmueckoe
MPOHUCXOXKICHHE, TEOPETUIECKOE OMMCAHUE B MPOCTEHIIMX Cilydasx. MeToasl 3KCIEePUMEHTAILHOTO
U3yYeHUsl.

7. Craumonapusiii apdexr Ixozedcona B SIS- u SINIS-konTakrax. Ero ¢pusnueckoe nporncxoxaeHue,
TEOPETUYECKOE ONMCAHNE B IIPOCTEHIIX CIyJasiX.



[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

buer 1.

OddexT kBaHTOBaHUS MPOBOAMMOCTH (KOHJAKTaHCA) B KOHTAKTaX THIA IUIABHOTO CcyxkeHus. Ero
(u3MYecCKoe TIPOUCXOXKIACHUE, TEOPETHUECKOE OMHCAaHWE B MPOCTEHIIMX clydasx. MeTossl
AKCIIEPUMEHTAIILHOTO H3Y4YCHUS.

buier 2.

O ekt KynoHOBCKOW OJI0Kagbl B OAHOIEKTPOHHOM Tpan3ucTope. Ero gusnueckoe nmponcxoxiaeHue,
TEOPETUUYECKOE ONUCAHUE B IPOCTEHIINX Citydasx. MeTobl SKCIIEpUMEHTAIbHOI0 U3yUEHUS.

Kpurepun onennBanus
Onenka "ommuno" (10 OGaiios) BBICTABIISIETCSI  CTYACHTY, I[IOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U IPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CyIIECTBY M3JIaraeT e€ro, yMeeT NPHUMEHSTH MOJy4YCHHbIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.
Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHWS HAa NPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHTh IOJyYCHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbILIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IMOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKON MOCIIeI0BATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO MarepHaia, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero oO0y4deHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, cialo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIero o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEPXKaHMS Y4e€OHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
Omnenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

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



[Ipu mpoBeneHUM olleHWBaHMS 3HaHWK OOydYaroIIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
YCMOTpeHHe 3K3aMeHaropa. Ompoc oOyuaromierocs 1mo OuiIeTy Ha YCTHOM 3K3aMEHE HE JIOJDKEH
MIPEBBINIATH OAHOTO acTpoHOMUYECKoro yaca. OIlleHMBaHME 3HAHHM MPOU3BOIUTCSA B COOTBETCTBUHU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COACPHKAHUEM TUCLUIUIMHEI.



