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AHHOTANMA

B kypce m3nmararoTcsi OCHOBHBIC METOIbI COBPEMEHHOH MHMKPOCKOIIMYECKOH TEOPHU CBEPXIPOBOAUMOCTH U
HEKOTOpBIE TIOTyYSHHBIC HAa X OCHOBE (PM3MUYECKHE pe3yNbTaThl. [ ycrenHoro ocBoeHus Kypca TpedyeTcs
3HAHWE OCHOBHBIX KaY€CTBEHHBIX NPEACTABICHUH O CBEPXIIPOBOJMMOCTH, XOPOIllee 3HAaHUE Kypca KBAHTOBOI
mexanuku Jlannay u JInpmmna. Kypc HaunHaeTcst ¢ pacCMOTPEHHUSI OCHOBHBIX BOIIPOCOB MHKPOCKOITUYECKOM
TEOPUH: TIPHPOIBI MPUTSHKEHHS MEXAY ODJICKTPOHAMH, HEYCTOHYMBOCTH HOPMAalbHOTO COCTOSIHUSI IIPH
HAJIMYUU TPUTSDKCHUS MEXKIY OJIEKTPOHAMH, OIMCAHUS OCHOBHOTO COCTOSHHS M 3JEMEHTapHBIX
BO30OY)K/ICHUH CBEpXIPOBOJHUKA, M3YyYCHUS] TEMIIEPATYpPHOTO MOBEACHUS CBEPXIPOBOAAIICH IIeNu.
Crenyromuii OJIOK JISKIMIA MTOCBAIICH METOAy ypaBHeHHi boroiroOoBa ne JKeHHa M ero nmpUMEHEHUSM JUIS
pelIeHHsT HEKOTOPBIX 3a]a4 CBEPXIPOBOASIICH ME30CKONMUKH, B YaCTHOCTH, OIMCAHHIO IPOLECCOB
AHJPEEBCKOTO OTPAKCHHs, IEKTPOHHOTO TPAHCIOPTA Yepe3 pa3lIndHbIe CBEPXIPOBOIAIINE HHTEpdEHCHI,
aHnpeeBcknx ypoBHeir B S/N/S cucremax W B IeHTpe aOpukocoBckoro Buxps. Jlamee B Kypce
paccMarpuBaeTCs MHUKPOCKOIMYECKas TEOpUs CBEPXIPOBOAMMOCTH B TEPMHUHAX TPUHOBCKUX (DyHKIHIL.
Jlaetcst oOuiee BBeACHHE B METOJ IPUHOBCKHUX (DYHKIIMH, BBIBOAATCS ypaBHEHHsI [ OpbKOBa JUIsi TPUHOBCKHX
(GyHKIMI B CBEPXIPOBOIHHMKE, KOTOPBIE B KAa4e€CTBE WILTIOCTPALIMU METO/A TPHUMEHSIOTCS IS PEIICHHS
HEKOTOPBIX KOHKPETHBIX 33/1ad, B YACTHOCTH K 3aJade O CBSA3aHHBIX COCTOSHHMSAX Ha MpPUMECH B
cBepxnpoBonHUKe. CTPOHUTCS KBAa3UKJIACCHYECKOE MPHOIIKCHNE YPaBHEHHI Il TPHHOBCKUX (QyHKImA. Ha
OCHOBE  KBa3WKJIACCHYECKOW  Teopum  paccMarpuBaercs  d(dexkr  OmM30cTH B CTPYKTypax
CBEPXIIPOBOIHUK/(peppoOMarHeTuk.  V3ydeHne AaHHOTO Kypca IMO3BOJSET CTYACHTY HadaTh MOJHOLICHHYIO
Hay4HYI0 paboTy B 00JaCTH CBEPXIPOBOISIICH ME30CKOTUKH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- TIO3HAKOMHTH CTYIEHTOB CTapIINX KypCOB C OCHOBHBIMU COBPEMEHHBIMH METOJIAMH PEIICHUS 3aja4
CBEPXIIPOBOSIICH ME30CKOIIMKU M PUMEPAMH MX NPUMEHEHHUS JUIS PEIICHUS aKTyaJlbHBIX Hay4YHBIX
npobieMm.

3agauM AUCUMIIHHBI
- ¢opmupoBaHHE y OOYYAIOIIUXCS CHEHHMAIU3UPOBAHHBIX 3HAHUH O MHUKPOCKONHUYECKOH HpUpOAe
CBEPXIIPOBOJAIIETO COCTOSIHUSA, METOax ypaBHeHuil boromo6oBa-ne J)Kena u rpuHOBCKUX (YHKIMH B
TEOPHUH CBEPXIPOBOAUMOCTH, PA3BUTHE MPAKTHUECKUX HABBIKOB MX IMPUMEHEHUS AJI PEIICHUs 3a]ad
CBEPXIIPOBOAIIEH ME30CKOITMKH, 3HAKOMCTBO CTYJICHTOB ¢ 3(QeKTaMu OIN30CTH B CBEPXITPOBOASAIINX
FeTepOCTPYKTYpax MU UX MOCIEN0BATEIBHBIM OITMCAHUEM B PAMKaX MUKPOCKOITHYECKOW TEOPHUH.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananuzupyer npoOJIeMHYIO CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TIOMCK BapHaHTOB  pPELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh I11aroB,
NpEeNBHUIA PE3YIbTaT KaXIOr0 M3 HUX W OLIEHHWBAs HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyEeMOI
JEATENBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

VYK-2.1 ®opmynupyeT B pamKax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyalbHOCTb, 3HAUYUMOCTb (HAay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYIO B 3aBUCHMOCTH OT
TUIIA TIPOEKTa), OXHUIAEMbIE PpE3yJIbTaTbl U BO3MOXKHBIE
cdepbl UX IPUMEHEHUS




VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Crniocoben MIPOTHO3UPOBATH pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIIAroB
I JOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pceajin3ann IIPOCKTa B INCJIOM U IUIAH
KOHTPOJIA €ro BBIIIOJIHCHUSA

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMUHapax | T.II.

YK-3 CriocobGeH opraHn30BbIBaTh H PYKOBOJTUTH
paboToil KoMaHabI, BEIpadaTeIBas KOMaHIHYIO
CTpATEeruIo I JOCTHKEHUS ITOCTABIEHHOMN
3a1auu

VK-3.2 YuureiBaeT B cBOCH COIMaJIbHOH u
poeCCUOHANTBHON JeSTENbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auMOJICHCTBYET, B TOM YHUCIIE
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIMA

VYK-3.3 Cnocoben npeaBuieTb pe3yiabTarhl (MOCIEICTBHA)
KaK JIMYHBIX, TAK U KOJUIEKTUBHBIX JEHCTBUI

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHUBHBIC TEXHOJIOTHH, B TOM YHCIIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.1 CriocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MHCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori denepauuy M HE MEHEE 4YEM Ha OIHOM
WHOCTPAHHOM SI3BIKE

VK-42 Bnageer HaBBIKAMHU, HCOOXOAUMBIMH IS
HalMCaHus, MHUChMEHHOTO TIEpeBofla W PEAaKTHUPOBAHUS
PasIUYHBIX aKaJIeMHYECKHX TeKCToB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Crniocoben MIPEJICTABISATh pe3yABTATHI
aKaJeMU4YeCcKoll W Mpo(decCHOHATBHON IesITeTbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
MH(QOPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM NEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VYK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBHOIO  pPa3BUTHS,  ONPEACsITh U
peann30BbIBaTh HPUOPHUTETHI COBEPIIEHCTBOBAHUS
COOCTBEHHOM IESTEBHOCTH

VYK-6.2 OueHHuBacT CBOIO JIEATEILHOCTh, COOTHOCHT IIEJH,
CHOCOOBI M CPEJCTBAa BBITIONHEHUS JEATENBHOCTH C e€

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HAyK

pe3yabTaraMu
OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Cmocoben 00001maTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHT
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npoecCHOHaTBHON e TEBHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccMOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TpaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

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

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKIIaJHBIX TPOTrPAMMHBIX ITPOYKTOB

OIlK-4.2 CrocobeH TpuUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auk, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIIOCOO
MPOBEJCHUS HAYYHOTO MCCIIEA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (puKaIyy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUINS

OIIK-5.1 Crocoben paboraTh B KOJUIEKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COIIMAJIbHBIC, ITHUYECKUE,
KOH(ECCHOHAIBHBIE U KyJIBTYpPHbIE Pa3Inyust

OIIK-5.3 CrpeMurcss K TIOIYYECHUIO HOBBIX 3HAHHMH,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax HCCIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAETH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN

HaydyHOW 3ajjaye W MHTEPIPETHPOBATH  IOJTYYEHHBIC
PpE3YNBTaThI
[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
K3 C 5 5 00opyI0BaHUS (cenanu3upOBaHHBIX MaKeTOB
-3 Cniocob6en npodeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
WCCIIEIOBATEIHCKIUM U UCTIBITATEIbHBIM
IIK-3.2 Crocoben MIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (IpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

(MonenupoBaHUe) C HCIOIb30BAaHHEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTh IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




- u3nuecKkre MeXaHU3Mbl IPUTSHDKEHUS MEKIY JIEKTPOHAMH, KaK ¢ MUKPOCKOIIMYECKON TOUKU 3PEHHUS
YCTPOEHO OCHOBHOE COCTOSIHHE CBEPXIPOBOIHHMKA M CIIEKTpP €ro 3JIEeMEHTapHBIX BO30yXKICHUH,
TEMIEpaTypHOE MOBEICHUE CBEPXIPOBOISAIICH IIENH; BbIBOX ypaBHeHMH boromobosa ne Kena, mx
KBa3UMKJIACCHUECKOE MpPUOMIKEHHe — ypaBHEHHs AHIpeeBa, (QHU3MYECKHH  MEXaHU3M U
MHKpPOCKOIIMYECKOE ONUCAaHUE  TMPOLECCOB aHIPEEBCKOTO OTPAXKEHHs, TEOPUIO DIEKTPOHHOIO
TPAaHCIIOpTa uYepe3 pas3IM4yHble CBEPXMPOBOINIME HHTEp(ENHCH, MeXaHU3Mbl BO3HMKHOBEHUS,
(¢u3nYecKue MPOSBICHUS M METOIbl pacdeTa aHIPEeBCKUX YPOBHEH B Pa3IMYHBIX CHCTEMax; METOI
TPUHOBCKUX (YHKIMH B TEOPUH CBEPXIPOBOIMMOCTH, €ro KBa3HMKIACCHUECKOE NPHOIMKEHHE —
ypaBHeHUs1 OiieHOeprepa u Y3anens, ycIOBHS NPUMEHUMOCTH STHX YpPaBHEHHMM M TpaHUYHBIC
yCIOBUSL K HHMM; OCHOBHBIE (PM3MYECKHE CBOWCTBAa M IKCIIEPUMEHTAJbHBIE IPOSBICHUS 3(PPEKTOB
OIM30CTH B TMOPUAHBIX CTPYKTYpax CBEPXIPOBOAHUK/(PeppPOMAarHEeTHK.
YMETh!

- peliaTh ypaBHEHHE CaMOCOINIACOBAHMS ISl HAXOXKACHHS CBEPXIIPOBOAIIEIO MapaMeTpa MopsaKa B
pa3MYHBIX CHCTEMax, NPUMEHSATh MeTox YypaBHeHHd boromroboa ne Xena u AmnnpeeBa mius
HAXOXJICHUSI aHJIPECBCKUX COCTOSIHMM, omucaHus 3PQeKToB OIM30CTH W pacyeTa IEKTPOHHOTO B
Pa3IMYHBIX CBEPXIPOBOAIINX CHCTEMaX; YMETh BBIBOJHWTH ypaBHEHHs [OpbKOBa sl pa3IMYHBIX
CBEPXIIPOBOMSIINX CHCTEM, YMETh BBIBOJMTH YpaBHEHHs OiuieHOeprepa W Y3ajeis, a Takxke
NPUMEHATH UX JUIS pacyeToB d(PEeKTOB OIM30CTH HAa Pa3IUUHBIX HHTEp(deiicax.

BIIAJICTh!

- HaBBIKAMHM PEIICHUs 33]1a4, OCHOBAaHHBIX Ha MOJyYSHHBIX B X0JIC OCBOCHHMSI UCIMIUIMHBI 3HAHUSX;

- HaBbIKAMH OCBOEHUS O0IBIIOT0 00beMa HHPOPMAIINY;

- HaBBIKAMH CaMOCTOSITEIEHOU paboTHI B laboparopun U MHTEpHETE;

- HaBBIKAMHU TEOPETHUUYECKOTO aHAJIN3a PeaibHBIX 3a/]a4, CBSI3aHHBIX CO CBOMCTBAMH CBEPXITPOBOISIIMX
CHCTEM.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 Muxkpockonnyeckoe OIHCaHue ) 5
CBEPXIIPOBOJIAIIETO COCTOSHHS
2 Merton ypaBHenuii boronrobosa ne YKena 2 5
3 AHIpeeBCKoe OTpa)XeHHE, aHAPEEBCKUE 4 10
YPOBHH
4 ®opmammzm BTK 4 10
5 OO0was Teopusi TPUHOBCKUX (DyHKIMN 4 10
Merox TPUHOBCKUX (YHKIHHA B TEOPUH
6 CBEPXIIPOBOANMOCTH. YpaBHeHUs 4 10
T'opproBa
7 KBasukiaccuueckoe npuOIMKEHUE. 4 10
VYpaBuenus DitnenOeprepa u Yzanens
] Mukpockonudeckas — Teopusi  cinadbIx ) 5
CBEPXIIPOBOSAIINX KOHTAKTOB
9 Oddexkr Ommszoctu B S/F wm  S/F/S 4 10
CTPYKTYpax
Hroro yacos 30 75
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.




4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. MUKpOCKOIIMYECKOE ONMCAHUE CBEPXIPOBOJISIIETO COCTOSHHS

HeycToitunBocTh HOPMAJILHOTO COCTOSIHUSI IIPY HAJIMUYUU HMPUTSDKEHUS Mexay dactuuamu. [lpupona
nputskeHusi. Poib  KyJdoHOBCkoro oTrankuBaHusl. OCHOBHOE COCTOSHHE U DIIEMEHTapHbBIE
B030yxaeHus. CIUHOBasi CTPYKTypa BOJIHOBOM (DyHKIMH Hapbl MPH CHUHIVIETHOM U TPHUILJIETHOM
CIIapMBAaHHWH. BBIYMCIEHUS NPU KOHEYHBIX TeMmmeparypax. VI3MeHeHHe CBEpXNpOBOIAIIECH LIENH C
TEMIIEPATYPOH.

2. Meton ypasaenuit boromo6oga ne XKena

BeiBoj ypaBuenuit boromo6osa ne XKena. ['paguenTHasi MHBapUaHTHOCTh. HeMarHuTHbBIE CIUIaBBI U
Teopema AHnepcoHa. Db ekt MeliccHepa B MeTauIax ¥ CIjIaBax.

3. AHIpeeBCcKoe OTpakeHNE, aHAPEEBCKHUE YPOBHU

KBazukiaccuueckoe npubnmmkeHue ypaBHeHuid boromroboBa ge JXena — ypaBHeHHS AHzapeesa.
AHJpeeBcKOe OTpa)keHHE. AHAPEEBCKHE COCTOSHUS B KO3€()COHOBCKMX KOHTAKTax W KOpax
Buxpel. /[)k03e()COHOBCKUIT TPAHCIIOPT.

4. ®opmanmzm BTK

Tpancnopr 3apsina. SIN rpanuna. ®opmanusm brnonnepa-Tuakxama-Kinansaiika. O030p akTyaabHBIX
nHTepEeHCHBIX 3aa4 CBEPXIIPOBOIIICH ME30CKOIUKH, KOTOpBIE pemratorces B popmanuzme BTK.

5. Obmast Teopusi TPUHOBCKUX (QDYHKIUN

Oynkunu [puna depmu cucreM npu HyneBod Temneparype. Dynkuus [puna ams (HOHOHOB.
Ananutudeckue cBoicTBa ¢yHkuui ['puna. OnpepencHue dHEPreTHYECKOTO CIEKTpa Mo (YHKIUU
I'puna. @ynknus [puna uneansHoro Gepmu — raza. Pacnpenenenue yactul B pepMu — XKUIKOCTH 110
umnynbcaM. [Ipocreiimme mnpumepsl auarpamMMHONW TexHHKH. (CoOOCTBEHHO-IHEpreTHUYECKas
¢yukups. Oynxnuu [prHa npu KOHEYHBIX TEMIIEpaTypax.

6. Merto rpuHOBCKUX (D)YHKLUH B TEOPUHU CBEPXIIPOBOAUMOCTH. YpaBHEeHUs | OppkoBa

MukpockonMuecKkud  BbIBOJA  ypaBHeHUW loppkoBa. Pemenne ypaBHeHuid loppkoBa s
[IPOCTPAHCTBEHHO-OTHOPOIHOTO CBEPXIIPOBOAHNKA. YPaBHEHHE CaMOCOITIacOBaHUA. TemneparypHoe
[OBEJCHUE IapaMmeTpa nopsaka. IlonaBieHne CHUHIIETHOH CBEPXIIPOBOJUMMOCTHM B MAarHUTHBIX
cBepxnpoBoanukax. HeomHopoanoe ceepxmnpoopsiuiee JIODD-cocrosnue. [lapamarHuTHbIN npenen
cBepxmpoBoauMocTH. OnuHOYHAs TPUMECH B d-BOTHOBOM CBEPXIIPOBOIHUKE, OAMHOYHAS MarHUTHAS
MIPUMECH B S-BOJIHOBOM CBEPXIIPOBOJHHKE.

7. KBazuknaccuueckoe npuomkeHne. Ypasaenus DitnenOeprepa u Yzanens

KBasukmaccuueckoe npubimkeHne ypaBHeHUE l[opbkoBa — ypaBHeHHs JineHOeprepa. YcioBue
HOopMUpOBKH. ['pannunblie ycnoBus. Auddy3Hbiii npeaen, ypaBHEHUS Y3aes.

8. Mukpockonu4eckas TeOpHsl CI1a0bIX CBEPXIIPOBOASAIINX KOHTAKTOB

OHeprus cBsizu B S-I-S KOHTaKTe M KPUTHYECKUI TOK. TemrmeparypHasi 3aBUCUMOCTh TOKa, popMmylia
Amberaokapa-baparoBa s cummerpuunoro S-I-S. AHzapeeBckue ypoBHH M CBEpXTOK B S-N-S
koHTakTax. @opmyna buHakkepa 151 KOPOTKOTO KOHTaKTa. AHAJIHM3 MPENEIbHBIX CIIydaeB OONbIION U
MaJIOH MPO3PavyHOCTH.



9. 3ddexr 6mmzoctu B S/F u S/F/S cTpykTypax

Oddexkr Ommzoctu Ha S/F rpanune. HaBemeHHass TpuIUieTHas CBEPXIPOBOAUMOCTb. KOHTakT
CBEPXIPOBOJHUKOB uepe3 GeppomarHeTuk (S-F-S) u naBepcus dasbl (m—koHTaKT). O030p OCHOBHBIX
KOHLICIIIMI CBEPXIPOBOASIIICH CIMHTPOHHUKH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

Heo0xonnmoe ob6opynoBaHue 1Jist JIEKIUN: KOMIBIOTEP U MYJIBTUMEIUITHOE 000pyI0BaHuE (ITPOEKTOD,
3BYKOBasi CHCTEMA).

Heobxonmumoe nporpammuoe obecnieuenue: oducubiii maketsl Adobe Acrobat, Microsoft Office mm
aHasoru s pedepaToB U Mpe3eHTAINN, TAKEThI MPUKIAAHBIX IporpamM Matlab w/umu Python (mpu
HAJIMYUY TEXHUYECKOH BO3MOKHOCTH).

OOecnieueHne caMOCTOSTENbHON paboThl — JocTyn B VIHTEepHET, 6a3bl JaHHBIX 110 HAYYHOU MEPHOIHKE.

6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
1. Beeaenue B pusuky cepxnpoBoaaukos [ Tekct]/B. B. lImuar, -M., MITHMO, 2000
2. CepXIipoBoguMOcCTh MeTaiuioB U ciutaBoB [ Tekct]/I1. [e XKen , mep. ¢ anrn. A. U. Pycunosa , -M.,
Mup, 1968
3. Beenenue B Teoputo HeoObaHO cBepxnpoBonuMocTH [Texct] / B. I1. Munees, K. B. CamoxuH ;
Mock. ¢u3.-trexs. uH-T (roc. yH-T) - M.M®TU,1998

4. Dddexr I>xo3edcoHa B CBEpXIPOBOAIINX TYHHENBHBIX cTpykTypax [Texct]/U. O. Kynuk, U. K.
Sucon, -M., Hayka, 1970

5. MeTojipl KBAaHTOBOM TEOPHH TOJIS B cTaTucTudeckoi pusuke [Teker] : [yue6. mocodue asist By30B] /
A. A. Abpuxocos, JI. I1. T'opwskos, U. E. [I3snommnckuii , UH-T Teoper. dusuku um. JI. 1. Jlannay .—
2-e u3j., uctp. u gon. — M. : Jlobpocser, 1998 .— 514 c.

6. [IpocTpaHCTBEHHO-HEOJHOPOIHBIC 33]Ia4l TEOPUH cBepXiipoBoguMocTu [Tekcr]/A. B.
Ceum3uHckui, -M., Hayka, 1982

7. Beenenue B cBepxmpoBoaumocTh [Tekcr] = Introduction to superconductivity/M. Tunakxam , -M.,
Arommspaar, 1980

7. M.Tunkxam "Beenenue B cBepxmnpopoaumMocts”, Atommznar, 1980; second edition (in English),
1996.

8. E.M.JIudmmn, JI.IT.[Tutaesckuii "Craructuueckas ¢pusuka. Yacts 2", M., Hayka, 1978.

9. A.®.Annpees, KITD, 47, 2222 (1964).

10. G. E. Blonder, M. Tinkham, and T. M. Klapwijk, Transition from metallic to tunneling regimes in
superconducting microconstrictions: Excess current, charge imbalance, and supercurrent conversion,
Phys. Rev. B 25, 4515 (1982).

JomnonHurenbsHas auTeparypa

1. G. Sarma, Journal of Physics and Chemistry of Solids, 24, 1029 (1963).

2. A. Millis, D. Rainer, and J. A. Sauls, Phys. Rev. B 38, 4504 (1988).

3. M. Eschrig, Phys. Rev. B 61, 9061 (2000).

4. N. Kopnin, Theory of Nonequilibrium Superconductivity Oxford University Press (2009)
5.J. W. Serene and D. Rainer, Phys. Rep. 101, 221 (1983), The quasiclassical approach to
superfluid 3He

6. E. A. Demler, G. B. Arnold, and M. R. Beasley, Phys. Rev. B 55, 15174 (1997),
Superconducting proximity effects in magnetic metals

7. E.S. Bergeret, A.F. Volkov, and K.B. Efetov, Rev. Mod. Phys. 77, 1321 (2005), Odd triplet
superconductivity and related phenomena in superconductor-ferromagnet structures

8. A. 1. Buzdin, Rev. Mod. Phys. 77, (2005), Proximity effects in superconductor-ferromagnet
Heterostructures

9. A. A. Golubov, M. Yu. Kupriyanov, and E. II’ichev, Rev. Mod. Phys. 76, 411 (2004), The
current-phase relation in Josephson junctions

10. A. V. Balatsky, 1. Vekhter, and Jian-Xin Zhu, Rev. Mod. Phys. 78, 373 (2006), Impurity-induced
states in conventional and unconventional superconductors



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

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

CranpaptHoe 000pynOBaHHE Ui MYJIBTUMEIUHHBIX MPE3CHTALUHN 1 POBeIeHHs BUICOKOH(PEPEHLINH,
KOMIIbIOTEPHOE 000pyA0BaHUE IS TIOMCKA HH(OPMALIMHU U YUCIICHHOTO MOJEINPOBAHUSI.
bubnuoreunsiii pong MOTU.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOILIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHL,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHNS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro MarepHuayia, IOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYINHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKON 3aHSITHIA.



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 QyHIaMEeHTAIbHONW U PUKIaTHONW QU3UKA MUKPO- U HAHOCTPYKTYP
Kypc: 1
kBaTuuKkanus: MarucTp

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

PaspaGorunkm:

A.C. MeJbHHKOB, J-p Qu3.-MaT. HAyK
N.B. bo6koBa, kaHj. puz.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyeT B pamKkax 0003HAYEHHON MPOOIIEMBI,
1eNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJUYECKYIO U UHYIO B 3aBUCHMOCTH OT
TUNA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Crniocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBATh MOCIEJ0BAaTEIbHOCTD IIAroB
I JOCTWXKEHUS  JaHHOro  pesynerara. @Dopmupyer

HJ'IaH—l"pa(l)I/IK pceajin3anun IIPOCKTa B ICJIOM U IUIAH
KOHTPOJIA €0 BBIIIOJIHCHUSA

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTew,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EpeHIusX,
ceMUHapax | T.II.

YK-3 CriocobGeH opraHu30BbIBaTh H PYKOBOJIUTH

paboToii KOMaH/ kI, BEIpaOaThIBast KOMaHTHYIO
CTpATEeryio AJs JOCTHKEHHS MTOCTaBIEHHON
3aJa4u

VK-3.2 YuureiBaeT B cBOCH COIIMaJIbHOM u
poeCCUOHANTBHON JeSTENbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUS M MHEHHs (BKJIIOYAas KPUTHUYECKHE) JIIOAEH, C
KOTOPBIMH ~ PabOTaeT/B3auUMOICHCTBYET, B TOM YHUCIIE
MOCPEACTBOM KOPPEKTUPOBKH CBOUX JCHCTBUIA

VYK-3.3 Cnocoben npeaBuieTb pe3yiabTarsl (MOCIEICTBHA)
KaK JIMYHBIX, TAK U KOJUIEKTUBHBIX JEHCTBUI

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCIIC
HA UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQeccCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.1 CrocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MHCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuy M HE MEHEE 4YEM Ha OIHOM
WHOCTPAHHOM SI3BIKE

VK-42 Bnageer HaBBIKAMHU, HCOOXOAUMBIMH IS
HalMCaHus, MHUChMEHHOTO TEpeBofla W PEeAaKTHUPOBAHUS
PasIUYHBIX aKaJIeMHYECKHX TeKCToB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Crniocoben MIPEJICTABISATh Pe3yABTATHI
aKaJIeMUYeCcKoOll W Mpo(decCHOHATBHON IesITeTbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEXKIyHapOAHbIC

VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
MH(POPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U PO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VYK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBHOTO  pa3BUTHS,  ONpEAEsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESTENLHOCTH

VYK-6.2 OueHHuBacT CBOIO JIEATEILHOCTh, COOTHOCHT IIEJH,
CHOCOOBI M CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€
pe3yabTaraMu




OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CHOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKd ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEIHHOCTH

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

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BiameeT aHaIUTHYECKMMHM U BBIYHUCIMTEIHLHBIMHU
METOJJaMH pElIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI TPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B c(hepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJICKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COIIMAJIBHEIE, ITHHYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThdueckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl




[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHaNbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

WCCIIEIOBATEIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00TIacTH

IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIlleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHHA

B pE3YyJbTAaTC MU3YUYCHUA AUCHUIIINHBI <<MHKpOCKOHI/I‘leCKa$I TCOpHUA CBCPXIPOBOAUMOCTHU» 06y‘laIOH.IPIﬁC5[
JOJIKCH:

3HATb:

- (pusnveckre MeXaHU3MBI IPUTSHKEHHUST MEXKY dJICKTPOHAMH, KaK ¢ MUKPOCKOITMYECKOM TOUKH 3PSHUS
YCTPOCHO OCHOBHOE COCTOSIHUE CBEPXIIPOBOIHHMKA W CIIEKTP €ro JJIEMEHTapHBIX BO30YXKICHH,
TEMIIepaTypHOE MOBEICHHE CBEPXIIPOBOAALICH IIENW; BBIBOJ ypaBHeHHH boromoOoBa ne XKena, mx
KBa3WKJIACCUYECKOE IPUONMKEHWe — ypaBHEHHMs AHIpeeBa, (HU3MYECKUH  MEXaHU3M |
MHUKPOCKOIIMYECKOE OIHMCAaHHE  IPOIECCOB aHJPECBCKOTO OTPAXKCHUS, TEOPHIO IJIEKTPOHHOTO
TpaHCIIOpTa 4Yepe3 pas3iIM4Hble CBEPXIPOBOISNIME HHTEpdeiichl, MeXaHW3Mbl BO3HUKHOBCHUS,
(u3MUeCKue NPOSBICHUS U METONBI pacueTa aHJPEeBCKHX YPOBHEH B Pas3IMYHBIX CHCTEMaX; METOJ
I'PHHOBCKUX (YHKIHMH B TEOPHU CBEPXIIPOBOIMMOCTH, €ro KBAa3HKIACCHYECKOE NPHOIMKEHHE —
ypaBHeHus: OitnenOeprepa W Y3ajens, yclIOBUS NPUMEHUMOCTH ITHX YPaBHCHHH M TpaHHYHbIC
YCJIOBHS K HUM; OCHOBHBIE (DU3MYECKHE CBOWCTBA M JKCIIEPUMEHTAJbHBIC MPOSBICHHS 3((PEeKTOB
OM30CTH B THOPHIHBIX CTPYKTYpPaxX CBEPXIIPOBOAHUK/(hEppOMarHeTHK.

yMeThb:
- peliaTh ypaBHEHHE CaMOCOINIACOBAHMS ISl HAXOXKACHHS CBEPXIPOBOAIIEIO MapaMeTpa MopsaKa B
pa3IMYHBIX CHCTEMax, NPUMEHSATh MeTox YypaBHeHHd boromroboa ne Xena u Amnnpeesa mis
HAXOXJICHUSI aHJIPECBCKUX COCTOSIHMM, omucaHus 3PQeKToB OIM30CTH M pacyeTa IEKTPOHHOTO B
Pa3IMYHBIX CBEPXIPOBOAIINX CHCTEMaX; YMETh BBIBOJHTH ypaBHEHHs [OpbKOBa Ml pa3IMYHBIX
CBEPXIIPOBOMSIINX CHCTEM, YMETh BBIBOJMTH YpaBHEHHs OiuieHOeprepa W Y3ajemns, a Takxke
NPUMEHSATH UX JUIS pacyeToB d(PPEKTOB OIM30CTH HAa Pa3IUUHBIX HHTEp(deiicax.

BJIA/IETh:
- HaBBIKAMHM PEIICHUs 33]1a4, OCHOBAaHHBIX Ha MOJyYSHHBIX B XOJI€ OCBOCHHSI AUCIMIUIMHBI 3HAHUSX;
- HaBbIKAMH OCBOEHUS O0IBIIOT0 00beMa HHPOPMAIINY;
- HaBBIKAMH CaMOCTOSITEIEHOU paboTHI B laboparopun u MHTEpHETE;
- HaBBIKAMHU TEOPETHUYECKOTO aHAJIN3a PeaibHBIX 3a/]1a4, CBSI3aHHBIX CO CBOMCTBAMH CBEPXITPOBOSIIMX
CHCTEM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcepurajia InpoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHsATUA 10 TCMC ITPOULJIOTO 3aHATUA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

HOJIy‘IeHHI)Ie 3HaHUA OLCHUBAIOTCA II0 pPE3yjibTaTaM pPCEIICHUA 3aAda4d, BbIAAHHBIX CTYACHTY JIA
CaMOCTOATCIIbHOTO PCHICHUA U KOHTPOJIBHBIX BOIIPOCOB IO COACPIKAHUIO KypCa. HpHMepr BOIIPOCOB U
3aJa4 CM. HHUXKC.

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB

1. CiuHOBasi CTPYKTypa BOJIHOBOM (DYHKIIMH Hapbl IPU CHHIJICTHOM M TPUILUIETHOM CIIAPHBAHHH.
2. YpaBHeHus: AuapeeBa. AHApPEEBCKOe OTPaKEHUE.

3. Teopema AHaepcoHa.

4. ®dopmyna Amberaokapa-baparosa.

5. YpaBHeHue caMmocoriacoBanusl. TeMneparypHoe IOBEIECHNE [TapaMeTpa MopsaKa.



6. Oddexr MeliccHepa B MeTaIaX U CIIJIaBax.

7. AHApeeBCKHEe COCTOSIHUS B JPKO3€(DCOHOBCKMX KOHTAKTaX U KOpaxX BUXpPEH.
8. JIx03e(hCOHOBCKUH TPAHCIIOPT.

9. SIN rpanuna.

10. ®opmanusm bronnepa-Tunkxama-Knanaiika.

[IprMepbl KOHTPOJIBHBIX 33JaHUN
. Haiitu cnextp xBaznuactui B 1D anapeeBckoii ame
. Haiitu cnextp xBaznyactuns 2DanapeeBckoit sime
. Beruncnure BAX NIS konrtakra
. Beruncnute BAX FIS xonrakra

. BeiBectn ypaBuenwuii boromo6osa e JKena.
. BeiBecTu ypaBHeHUe AHzpeeBa.
. BeiBectu ypaBuenue bnonnepa-Tunkxama-Kiansaiika.

1
2
3
4
5. BriBectu ypaBHeHUs [ OpbKOBa 11 CBEPXIIPOBOAHUKA B 36EMaHOBCKOM I10JI€
6
7
8
9. BeiBecTu MUKpockonuyecku ypaBHeHue [ oppkoBa.

1

0. BeiBectn ypaBHeHHe DiineHOeprepa
[Tpumep 3K3aMeHaIMOHHOTO OMieTa:

buner 1:
1. Teopema AHzepcoHa.
2. Haiitu cnekTp kBazuyacTuiB 2DaHapeeBckoit sime.

buner 2:
1. YpaBHenus AunpeeBa. AHIPEEBCKOE OTPaKEHHE
2. Beruucnute BAX FIS xonTakra

Kpurepun onennBanus

Onenka ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHNH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.

Onenka oOmIMYHO § Oa/uIOB -  BBICTABISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xoporio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeeT IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHa, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U IO CYILECTBY MU3JIaraeT €ro, yMeeT IIPUMEHATh IOJIYUYEHHbIE 3HaHMUs Ha IIPAKTHKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.

OneHka ymoBIETBOPUTENbHO 4 Oaiya - BBICTABISIETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.



OueHka ymOBIETBOPUTEIbHO 3 Oaiia - BBICTAaBISAETCS CTYICHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JieliaMy y4eOHOW MpOrpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OueHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCSl CTYACHTY, KOTOPBIA HE 3HAET OOJbIICH YacTH
OCHOBHOTO COJepKaHUsl y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKka HEYNOBIETBOPUTEIBHO | 0amn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCIUILTUHBI, JOMycKaeT rpyOeiiinne omuOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

DK3aMeH IpoBOAUTCS B (OpMeE YCTHOTO OMpoca M0 KOHTPOJIBHBIM BompocaM. Onpoc o0ydaromerocs He
JIOJKEH MPEBBIIIATH OIHOTO aCTPOHOMMUYECKOI0 yaca.



