degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: Mukpockonuueckasi TeOpHs CBEpXIPOBOIUMOCTH
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa yHaaMeHTAILHOW U MPUKIATHOW QU3NKH MUKPO- H HAHOCTPYKTYP

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3a4. ex.: 3
[IporpamMmy cocraBunu:

A.C. MebHUKOB, O-p QH3.-MaT. HAyK
W.B. boGkoBa, 1-p ¢pu3.-Mat. HayK

[Iporpamma obcyxneHa Ha 3aceqanuu kKadenpa GyHIaMeHTaIbHON U MIPUKIAAHON (QU3UKU MUKPO- U HAHOCTPYKTYP
18.02.2025



AHHOTANMA

B kypce m3nararoTcsi OCHOBHBIE METOIbI COBPEMEHHOH MHKPOCKONUYECKOW TEOPUH CBEPXIPOBOIUMOCTH U
HEKOTOpBIE TIOTyYSHHBIC HAa UX OCHOBE (PM3MYECKHE pe3yabrarhl. [ yCIenmHoro 0CBOCHUs Kypca Tpedyercs
3HaHUE OCHOBHBIX KaueCTBEHHBIX MPEICTABICHUI O CBEPXIPOBOAUMOCTH, XOpOlIee 3HaAHNE Kypca KBAHTOBOH
mexanuku Jlanpay u JIupmmna. Kypc HaunHaeTcs ¢ pacCMOTpEHHsI OCHOBHBIX BOIIPOCOB MHKPOCKOIINYECKON
TEOPUH: TIPHPOIBI IMPUTHKEHHS MEXAY ODJICKTPOHAMH, HEYyCTOHYMBOCTH HOPMAJIBHOTO COCTOSIHUSL TPH
HAJIMYUU TPUTSDKCHUS MEXKIY OJIEKTPOHAMH, OIMCAHUS OCHOBHOTO COCTOSIHUSL W DJIEMEHTapHBIX
BO30OY)K/ICHUH CBEPXIPOBOJAHUKA, M3Yy4YCHUs TEMIIEPATypHOTO IIOBEACHHS CBEPXIPOBOISIICH  IIEIH.
Crenyromuii OIIOK JISKIMI TOCBAIIEH MeToAy ypaBHeHHU boromo6oBa ne JKeHHa M ero IpUMEHEHHsIM s
pelIeHHsT HEKOTOPBIX 3aJad CBEPXIPOBOAAIICH ME30CKONHMKHM, B YAaCTHOCTH, OIMCAHUIO IIPOIECCOB
AHJPEEBCKOTO OTPaKCHHsI, AICKTPOHHOTO TPAHCIIOpTa Yepe3 Pas3iuuHbIe CBEPXIPOBOISIINE HHTEPEHCHI,
aHapeeBcknx ypoBHei B S/N/S cuctemax W B IEHTpe aOpHUKOCOBCKOro Buxps. Jlamee B Kypce
paccMarpuBaeTCs MHUKPOCKOIMYECKash TEOpUs CBEPXIPOBOIAMMOCTH B TEPMHHAX TPUHOBCKUX (YHKIIHA.
Jlaetcst oOmiee BBeEHHE B METOJ IPHHOBCKUX (DYHKIIMH, BBIBOISATCS ypaBHEHUsI [OpbKOBa JUIsi TPHHOBCKHX
(GyHKIMI B CBEPXIPOBOIHHMKE, KOTOPBIE B KAa4e€CTBE WILTIOCTPALIMU METO/A TPHUMEHSIOTCS IS PEIICHHS
HEKOTOPBIX KOHKPETHBIX 3a/1a4, B YAaCTHOCTH K 3aJade O CBS3aHHBIX COCTOSIHUSIX Ha IIPUMECH B
cBepXnpoBoxHUKE. CTPOUTCS KBa3UKJIACCHYECKOE MPUOIIKCHUE YpaBHEHHUHN sl TpUHOBCKUX (yHKumit. Ha
OCHOBE  KBa3WKJIACCHUECKOW  TeopuHM  paccmarpuBaercs  d(¢gexr  Onu3ocTH B CTPYKTypax
CBEpPXIIPOBOIHUK/(peppOMarHeTHk.  M3yueHHne JaHHOTO Kypca IO3BOJISICT CTYJACHTY Ha4aTh IMOJHOIICHHYIO
Hay4HYI0 paboTy B 00JaCTH CBEPXIPOBOISIICH ME30CKOTUKH.

1. lean u 3apa4un

Heap AucHUNIHHBI
[T03HaKOMHTB CTYICHTOB CTapIIMX KypPCOB C OCHOBHBIMH COBPEMEHHBIMH METOJAMH PEIICHHUS 3a1ad
CBEPXIIPOBOSILCH ME30CKOIIUKU U TPUMEPAMU MX ITPUMEHEHUS VISl PEIICHUS aKTyaJ bHBIX HAay4YHBIX
npobieMm.

3agaum AUCUUILUITHHBI
3agauamMu y4eOHOW JMCLMIUIMHBI SBISIOTCSA: (POPMUPOBAHKE Y OOYHYArOLIMXCS CICIMAIN3UPOBAHHBIX
3HAHUH O MHUKPOCKOIIMYECKOW TPHPOAE CBEPXIPOBOJAIIETO COCTOSIHUS, METOAAaX ypaBHEHUM
boromoboBa-ne Kena u rpuHOBCKUX (YHKIMH B TEOPUH CBEPXIIPOBOJMMOCTH, Pa3BUTHE
NPAaKTHYECKUX HABBIKOB MX NPUMEHEHHS Ui pPEHICHHs 3a1ad CBEPXIPOBOISIICH ME30CKOIHKH,
3HAKOMCTBO CTYJIEHTOB C 3(¢dekramMu ONM30CTH B CBEPXIPOBOJSININX TEeTEPOCTPYKTYpax M HX
MOCJIEI0BATEIbHBIM ONIMCAaHHEM B paMKaX MUKPOCKOITHYECKOH TEOPHUH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

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

YK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
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 CTpaTEeruo JOCTHKEHUS
[IOCTABJICHHON 1€l Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOMU
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

VYK-2.1 ®opmynupyet B pamkax 0003HaYCHHOU MPOOIEMBI,
Lenb, 3aJaud, AakTyaJlbHOCTb, 3HAYUMOCTb (HAayuHYIO,
MPaKTUYECKYI0, METOANYECKYIO U UHYIO B 3aBUCUMOCTH OT
TUIIA TPOEKTa), OXHUIAEMbIE pe3yJbTaTbl U BO3MOYKHBIE
cdepbl UX IPUMEHEHUS




VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeIbHOCTH U IUIAHUPOBATh IMOCIICAOBATEIbHOCTh 1IaroB
I JOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer

HJ'IaH—l"pa(l)I/IK pcain3anunu IMpPOCKTa B MLCJIOM W IIJIaH
KOHTPOJIA €ro BBIIIOJIHCHUSA

VK-2.4 Ilpeacrapnsier myOIMYHO PE3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMH Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

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

VK-3.2 YuuteiBaeT B cBOCH COITMATBbHOU u
poheCCUOHATBHON JESITEeNhHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUSI U MHEHHs (BKIIOYas KPUTHUYECKUE) JIIONEH, ¢
KOTOPBIMH ~ pabOTaeT/B3aMMOJICHCTBYET, B TOM YHCIC
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 CnocobeH BecTn OOMEH JIeJI0BOM WHGpopMaiyel B
YCTHOH M MHUCBMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyu M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BIKE

VK-42 Bnageer HaBBEIKAMHU, HEOOXOAUMBIMM  JUIS
HalMCaHus, IMHUChMEHHOTO TIEPEeBOJa W PEAaKTHPOBAHUS
Pa3TUYHBIX aKaJIeMUYECKHX TEKCTOB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Criocoben MIPENICTABIATh Pe3yABTATHI
aKaJIeMUYECKOM M MpOo(EeCCHOHANBHON AEATEIbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CrnocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
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

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESTEBHOCTH

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBIMOJHEHUS JIESTEILHOCTH C €6
pe3yabTaraMu

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

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANFHOW ~ JIeATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HaHUS B 00JacT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3y/IbTaThl HAayYHBIX MCCIECJOBaHUI B 0O0JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jacTh cBoeill mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PELeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peneHuns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METObl NPH PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIYUCIUTEIBLHBIMA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
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 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1a4¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
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 COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIE U KyJIBTYpPHbIE Pa3Inyust

OIIK-5.3 CrpeMurcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTb THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIn)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HaydyHOW 3a7adye W HHTEPHPETUPOBATh  IIOJYYCHHBIE
PpE3YNBTaThI
[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
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

(MonenMpoBaHKUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

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

3HAThb:




- (huznveckne MeXaHU3MBbI MPUTSHKEHHUS MEKILY IEKTPOHAMH, KaK ¢ MUKPOCKOITUUECKOM TOYKH 3pSHUS
YCTPOCHO OCHOBHOE COCTOSIHUE CBEPXIIPOBOJHHMKA M CIEKTP €ro 3JIeMEHTapHbIX BO30YXICHUH,
TEMIIepPaTypHOE TIOBEICHHE CBEPXIIPOBOISIIICH LICIIH;

- BbIBOJ ypaBHeHHWi boromoboBa ne JKeHa, MX KBa3MKIIACCUUECKOE NPUONMKEHHE — ypaBHEHHUS
AmnzipeeBa, (U3MUECKUII MEXaHW3M W MHUKPOCKOIIMYECKOE OIMMCAHUE  IPOIECCOB aHIIPEEBCKOTO
OTpPaXCHUsI, TCOPHIO ICKTPOHHOTO TPAHCIIOPTA Yepe3 pas3iIMyHble CBEPXIIPOBOMSIINE UHTEPQEUCHI,
MEXaHU3Mbl BOSHUKHOBEHHS, (PM3MUSCKUE MPOSIBICHUS M METOIbl pacyeTa aHIPEeBCKHX YPOBHEH B
Pa3IMYHBIX CHCTEMAX;

- METOJ TPHHOBCKHX (DYHKIHI B TEOPUHU CBEPXIIPOBOANMOCTH, €TO KBa3HKIACCUIECKOE MPHOIIKEHNE
— ypaBHeHusi DineHOeprepa W VY3anens, YCIOBUS NMPUMEHHMOCTH ITUX YPaBHEHHH M TPaHHYHbIC
YCIIOBUS K HUM;

- OCHOBHbIE (M3MYECKUE CBOWCTBA M OKCIEPUMEHTaJbHBIC MposiBieHuss 3ddekroB  Omam3ocTH B
THOPUIHBIX CTPYKTYpax CBEPXIPOBOTHHUK/QeppOMarHeTuK.

YMETb:

- pemiath ypaBHEHHE CaMOCOIVIACOBAHUS U HAXOXKICHUS CBEPXIPOBOJSIIEIO Mapamerpa Mopsiaka B
pa3IMYHBIX CHUCTEMax, NPUMEHSATh MeTox ypaBHeHHH boromroGoBa ne JKenma um AHpapeeBa s
HaXOXKICHUS aHJPECBCKHX COCTOSHUH, omucaHus d(PQPEeKToB OIM30CTH M pacyera dICKTPOHHOTO B
Pa3IMYHBIX CBEPXIPOBOASALINX CHCTEMAX
- YMETb BBIBOAUTH ypaBHEHUs [ OpbKOBA /ISl Pa3IMYHBIX CBEPXIPOBOSIINX CUCTEM, YMETh BHIBOAHUTH
ypaBHeHUs1 Dinenoeprepa u Ysajens, a Takke MPUMEHSATh UX IS pacyeToB d3QQPEeKTOB OIU30CTH Ha
pa3nuuHBIX HHTEpdeicax.

BIIAJICTh!

- HaBBIKAMH PEIICHUs 33]1a4, OCHOBAaHHBIX Ha MOJyYCHHBIX B X0JIC OCBOCHHSI IUCIMIUIMHBI 3HAHUSX;

- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAIINY;

- HaBBIKAMH CaMOCTOSITEIbHOU paboTHI B 1aboparopun U MHTEpHETE;

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

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 Muxkpockonnyeckoe OIHCaHue ) 5 5
CBEPXIIPOBOJAIIETO COCTOSHHS
2 Merton ypaBHenuii boronro6osa ne YKena 2 2 5
3 AHIIpeeBCKOe OTpaXeHHE, AHAPEEBCKUE 4 4 5
YPOBHH
4 ®opmammzm BTK 4 4 5
5 OO0was Teopusi TPUHOBCKUX (DYyHKIIMN 4 4 5
Mertox TPUHOBCKUX (YHKIHHA B TEOPUH
6 CBEPXIIPOBOANMOCTH. YpaBHeHUs 4 4 5
T'opproBa
KBasukiaccuueckoe npuOIHKEHUE.
7 . 4 4 5
VYpaBuenus Ditienoeprepa u Yzanens
] Mukpockonnyeckas — Teopusi  cinadbIx ) ) 5
CBEPXIIPOBOSAIINX KOHTAKTOB
9 Oddexkr Ommzoctu B S/F u S/F/S 4 4 5
CTPYKTYpax
Hroro yacos 30 30 45




[TonroToBka K 3K3aMeHy 30 gac.

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

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeniam)

Cemectp: 1 (Ocennuii)

1. MI/IKpOCKOHI/I‘ICCKOe OIMMUMCAaHUC CBCPXIMPOBOAAIICTO COCTOAHUA

HeycroitunBoCcTh HOPMAIIEHOTO COCTOSHUS TIPY HATMYUY TMPUTHKEHUS MExXIy dactuiiamu. [Ipupona
nputskeHus. Ponb  KynoHoBckoro oTrankuBaHusS. OCHOBHOE COCTOSHHE U DJIEMECHTapHEIC
B0o30yxeHus. CIIMHOBAas CTPYKTypa BOJTHOBOW (DYHKIIMM Iapbhl MIPH CHHIJICTHOM H TPHUILUICTHOM
CrlapuBaHWM. BBIUUCIEHUS MPH KOHEYHBIX TemIieparypax. VI3MeHeHue cBEepXIIpOBOJSIICH eI C
TEMIEPATYPOH.

2. Meron ypaBuenuit boromo6oBa ne XKena

BriBon ypaBHeHuii boromo6oBa ne YKena. ['panuenTHas nHBapUaHTHOCTh. HeMarHUTHbBIE CIUIABHI H
Teopema AHjiepcoHa. DdexT MeiiccHepa B MeTalllax U CIUIaBax.

3. AHIpeeBcKoe OTpakeHre, aHAPEEBCKUE YPOBHU

KBasuknaccuueckoe npuOmmkeHue ypaBHeHuit boromroOoBa ne XKenma — ypaBHeHmst AHIpeeBa.
AHZIpeeBCKOe OTpakeHUe. AHJIPEEBCKHE COCTOSHHUS B JKO3¢(DCOHOBCKMX KOHTAKTaX M KOpax
Buxpeit. JI)k03e(hcOHOBCKUH TPaHCIIOPT.

4. ®opmanuzm BTK

Tpancnopr 3apsina. SIN rpanuna. @opmanusm brnonaepa-Tunkxama-Knansaiika. O630p akTyalbHBIX
nHTEepEHCHBIX 33724 CBEPXITPOBOIAIIEH ME30CKOIIMKH, KOTOpBIE pentatores B popmanuzme BTK.

5. O6mas Teopusi TPHHOBCKUX (DYHKIIUN

Oynknuu [puna depmu cucreM npu HyneBod Temmeparype. @ynkuus [puna s (HOHOHOB.
Ananutnyeckue cBorictBa ¢yHkuuid ['puna. OnpeneneHue SHEPreTUYECKOTO CIEKTpa Mo (yHKUUH
I'puna. @ynknwms [puHa uaeansHOro Qepmu — raza. PacnpeneneHue yacTull B pepMu — JKUJTKOCTH 110
umnynbcaMm. [Ipocreiiiine mnpumepsl auarpaMMHONH TeXHUKH. (CoOOCTBEHHO-3HEpreTHyecKas
¢bynkua. @ynkunu [prHa Ipy KOHEYHBIX TEMIIEpaTypax.

6. Metoj rpuHOBCKUX (DYHKIIMH B TEOPHUHU CBEPXIIPOBOJUMOCTH. YpaBHEeHHUs [ opbkoBa

Mukpockonnueckuii  BBIBOZ, ypaBHeHHH loppkoBa. PemieHne ypaBHeHuii lopbkoBa Ui
IIPOCTPAHCTBEHHO-OIHOPOJHOIO CBEPXIIPOBOAHMKA. YPaBHEHUE caMocoriiacoBaHus. TemneparypHoe
[IOBEICHHE TapaMeTpa mopsnaka. llogaBieHne CHHIIETHOM CBEPXIPOBOAMMOCTH B MAarHUTHBIX
cBepxmpoBoannkax. Heonnoponnoe cepxmnpopopsiee JIODD-cocrosaue. [TapamarHuTHbIN npeaen
cBepXNnpoBoAUMOCTH. OIMHOYHAS TPUMECH B d-BOJIHOBOM CBEPXIIPOBOIHUKE, OMUHOYHAS MAarHUTHAS
IIPUMECH B S-BOJIHOBOM CBEPXIIPOBOJIHUKE.

7. KBaszuknaccuueckoe puoOImkeHue. YpaBHeHus DitneHOeprepa u Yzanens

KBazukiaccuueckoe npubnmkenne ypaBHeHUH [oppkoBa — ypaBHeHus OiineHOeprepa. YcioBue
HOpMHUpOBKH. ['pannunblie ycnosus. Auddy3Hsiil npeaen, ypaBHEHUs Y3aaeis.

8. MI/IKpOCKOHI/I‘ICCKaH TCOpHUA cla0BIX CBCPXIIPOBOAANINX KOHTAKTOB




OHeprus cBsizu B S-1-S KOHTaKTe M KpUTHYECKHH TOK. TeMIiepaTtypHas 3aBUCMOCTh TOKa, popMyra
Awmberaokapa-baparoBa mis cummerpuunoro S-I-S. AHIpeeBcKHe YpOBHH M CBEPXTOK B S-N-S
KoHTakTax. @opmyna bruHakkepa Jisi KOPOTKOTO KOHTaKTa. AHAIW3 PEACIbHBIX CydaeB OONbIION U
MaJIOH MPO3PavyHOCTH.

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

Oddexkr Ommzoctn Ha S/F rpanune. HaBeneHHas TpuIUIETHAsh CBEPXIPOBOAUMOCTh. KoHTakT
CBEPXITPOBOIHHUKOB 4epe3 deppomarneTuk (S-F-S) u uaBepcust gpasbl (m—koHTaKT). O630p OCHOBHBIX
KOHLEIIHNA CBEPXITPOBOISAILECH CIIMHTPOHUKH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

HeobxonumMoe ob6opynoBaHue JIst JICKIHN U MPAKTHUECKUX 3aHIATHN: KOMIBIOTED U MYJIBTUMETHIHOE
o0opynoBaHue (MPOEKTOP, 3BYKOBasi CUCTEMA).

Heobxonumoe nporpammuoe obecnedenue: oducHbii maketbl Adobe Acrobat, Microsoft Office nim
aHasioru s pedepaToB U Mpe3eHTalNH, TaKeThl MPUKIAAHBIX porpaMM Matlab u/unu Python (mpu
HAJIMYUHU TEXHUYECKOH BO3MOKHOCTH). ObecieueHne caMoCToATeNIbHOM paboThl — 1ocTyn B MIHTepHeT,
0a3bl JAaHHBIX 110 HAYYHOH MEPUOINKE.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Benenue B ¢pusuky cepxnpoBogaukos [Tekct]/B. B. muar, -M., MITHMO, 2000
2. CeepxmpoBoauMocTh MeTamuioB U ciuiaBoB [ Texct)/I1. [le XKen , mep. ¢ aarn. A. U. Pycunosa , -M.,
Mup, 1968
3. BBezieHue B Teoputo HeoObIYHOH cBepxipoBogumoctu [Teker] / B. I1. Munees, K. B. CamoxuH ;
Mock. ¢u3.-trexs. ua-T (roc. yH-1) - M.M®TU,1998

4. Beenenne B cBepxmpoBoaumMocTh [ Texct] = Introduction to superconductivity/M. Turkxam , -M.,
Arommspaar, 1980

5. 3ddexr Jxo3zedcona B cBEpXIPOBOASIIUX TYHHENbHBIX cTpykTypax [Tekct]/U. O. Kynuk, U. K.
Sucon, -M., Hayka, 1970

6. MeTo/ipl KBAHTOBOM TEOpHH MOJIS B cTarucTudeckoi pusuke [Teker] : [yue6. mocodue asist By30B] /
A. A. Abpuxocos, JI. I1. I'opskos, U. E. J[3snomunckuit , Ue-T Teopet. puzuku um. JI. 1. Jlangay .—
2-e u3j., uctp. u gon. — M. : Jlobpocser, 1998 .— 514 c.

7. llpocTpaHCTBEHHO-HEOJHOPOIHBIC 33]Ia4l TEOPUH cBepXiipoBogumocTu [Tekcr]/A. B.
Ceum3uHckui, -M., Hayka, 1982

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

JomnonHurensHas aureparypa



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

https://www.openmx-square.org/
https://www.vasp.at/
http://www.gaussian.com/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasl lepeYeHb He00X0AUMOro NPpOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

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

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAACTh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CropoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCIICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUIAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— TpopaboTKy y4ueOHOro Marepuaia, MOATOTOBKY OTBETOB Ha BOIPOCHI, NPEIHA3HAYEHHBIX JUIS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelieHue 3a/1a4, IpeaIaracMblx CTyIEHTaM Ha 3aHATUSX;

— IIOATOTOBKY K BBIIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCcTaluu.

ITokazaTeneM BiIaJeHUs MaTEPHAIOM CIIy)KHUT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOIPOCHI 110 TEMaM
JUCIUTUINHEI.

BaxHo 100UTHCA NMOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [lpu
3aTPyJHEHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CiIEAyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
[IPENoJaBaTeo.

Bo3MoxeH npoMeKyTOUHbIM KOHTPOJIb 3HAHUM CTyAEHTOB B BUJE PELICHUS 3aJad B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



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, 11-p ¢pu3.-MaT. 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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.1 ®opmynupyer B pamkax 0003HaYCHHOUW MPOOIEMBI,
Henb, 3aJadd, aKTyaJbHOCTh, 3HAYUMOCTh (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0 U MHYIO B 3aBUCUMOCTU OT
TUMA TPOEKTa), OXHIAEMBbIC PE3yIbTaThl M BO3MOXKHBIE
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITebHOCTH U IUIAHUPOBATh MOCIICAOBATEIbHOCTh 1IaroB
I JOCTWXKEHUS  JaHHOro  pesynerara. @Dopmupyer

HJ'IaH—l"pa(l)I/IK pcain3ann IMpPOCKTa B LCJIOM W IIJIaH
KOHTPOJIA €0 BBIIIOJIHCHUSA

VK-2.4 Ilpeacrapnsier myOIUYHO Pe3yabTaThl MPOEKTa (MK
OTHENBHBIX €ro JTamoB) B (OpME OTYETOB, CTaTeH,
BBICTYIUICHMI Ha HAyYHO-NPAKTUYECKUX KOH(EpeHIUsIX,
ceMUHapax | T.II.

YK-3 CriocobGeH opraHu30BbIBaTh H PYKOBOJIUTH

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

VK-3.2 YuuteiBaeT B cBOCH COITMATBLHON u
poheCCUOHATBHON JESITEeNbHOCTH HHTEPECH], 0COOCHHOCTH
MOBEACHUSI U MHEHHs (BKJIOYas KPUTHUYECKUE) JIIONEH, C
KOTOPBIMH ~ pabOTaeT/B3aMMOJICHCTBYET, B TOM YHCIC
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 CnocobeH BecTn OOMEH JieJI0BOM WHGpopMaiuel B
YCTHOH M MUCHhMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuu M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BIKE

VK-42 Bnageer HaBBEIKAMHU, HEOOXOAUMBIMM  JUIS
HalMCaHus, MHChMEHHOTO TIEPeBOAa W PEAaKTHPOBAHUS
Pa3IUYHBIX aKaJIeMUYECKHX TEKCTOB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Criocoben MIPENICTABIATh PEe3yABTATHI
aKaJIeMUYEeCKOM M Mpo(eCcCHOHANBHON AEATEIbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEXKIyHapOAHbIC

VYK-4.4 CrnocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
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

YK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPENENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESTENLHOCTH

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBIMOJHEHUS JIESTEILHOCTH C €6
pe3yabTaraMu




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

OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jacth cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o0JacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
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 COILMAJIBbHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO 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 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

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

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl




IMK-3.1 TloHuMmaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
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 HMCIOIb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHHA

B PE3IYIbTATC U3YUYCHHUA JUCHHUIIINHBI «MI/IKpOCKOHI/I"IeCKaFI TCOpHA CBCPXIIPOBOAUMOCTU» 06y‘laf0H.[HﬁCi[
JOJIKCH:

3HATH:
- (huznveckne MeXaHU3MBbI MIPUTSHKEHHUS MEKITY IEKTPOHAMH, KaK ¢ MUKPOCKOITUUECKOM TOYKH 3pSHUS
YCTPOCHO OCHOBHOE COCTOSIHUE CBEPXIIPOBOJHHMKA M CIEKTP €ro 3JIEMEHTapHbIX BO30YXICHUH,
TEMIIepPaTypHOE TIOBEICHHE CBEPXIIPOBOISIIICH LICIIH;
- BbIBOJ ypaBHeHHWi boromoOoBa ne JKeHa, MX KBa3MKIIACCHUECKOE MPUONMKEHHE — ypPaBHEHHUS
AmnzipeeBa, (U3NMUECKUII MEXaHM3M W MHUKPOCKOIIMYECKOE OIMMCAHWE  IPOIECCOB aHIIPEEBCKOTO
OTPaXCHUSI, TCOPHIO ICKTPOHHOTO TPAHCIIOPTA Yepe3 pas3iIMyHble CBEPXIIPOBOMISIINE UHTEPQEUCHI,
MEXaHU3Mbl BOSHUKHOBEHHS, (PM3MUSCKUE MPOSIBICHUS M METOIbl pacyeTa aHIPEeBCKHX YPOBHEH B
Pa3IMYHBIX CHCTEMAX;
- METOJ TPHHOBCKHX (DYHKIHI B TEOPUU CBEPXIIPOBOANMOCTH, €TO KBa3HKIACCUIECKOE MPHOIIKEHNE
— ypaBHeHusi DineHOeprepa W Y3alens, YCIOBHS NMPUMEHHMOCTH ITHUX YPaBHEHHH M TpaHUYHbIC
YCIIOBUS K HUM;
- OCHOBHBbIE (M3WYECCKUE CBOWCTBA M OKCIIEpPUMEHTaJbHBIC MposiBieHus 3¢dekroB  Oam3octH B
THOPUIHBIX CTPYKTYpax CBEPXIPOBOTHHUK/GeppOMarHeTuK.

yMeThb:
- pemiath ypaBHEHHE CaMOCOIVIACOBAHUS JUII HAXOXKICHUS CBEPXIPOBOJISIIEIO Mapamerpa Mopsijaka B
pa3IMYHBIX CHUCTEMax, NPUMEHSATh MeTox ypaBHeHHH boromro6oBa ne JKena um AHnpapeeBa s
HAXOXKICHUS aHJPECBCKUX COCTOSHUH, omucaHus (PQPEeKToB OIM30CTH M pacyera dISKTPOHHOTO B
Pa3IMYHBIX CBEPXIPOBOASALINX CHCTEMAX
- YMETb BBIBOAUTH ypaBHEHUs [ OpbKOBA /ISl Pa3IMYHBIX CBEPXIPOBOSIINX CUCTEM, YMETh BHIBOAHUTH
ypaBHeHUs1 DinenOeprepa u Y3ajens, a TaKkke MPUMEHSATh UX IS pacyeToB d3PQPEeKTOB OIU30CTH Ha
pa3nuuHBIX HHTEpdeicax.

BJIA/IETh:
- HaBBIKAMHM PEIICHUs 33]1a4, OCHOBAaHHBIX Ha MOJyYSHHBIX B XOJIC OCBOCHHMSI JAUCIMIUIMHBI 3HAHUSX;
- HaBbIKAMH OCBOEHUS 00IBIIOT0 00beMa HHPOPMAITNY;
- HaBBIKAMH CaMOCTOSITEIEHOU paboTHI B laboparopun U MHTEpHETE;
- HaBBIKAMHU TEOPETHUYECKOTO aHAJIN3a PealibHBIX 3a]a4, CBSI3aHHBIX CO CBOMCTBAMH CBEPXITPOBOISIIMX
CHCTEM.

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

[ToydeHHbIE 3HAHUWS OIICHUBAIOTCS IO pE3yJibTaraM peIIeHHs 3a7ad, BBIJAHHBIX CTYICHTY JUIS
CaMOCTOSTEJIFHOTO PEIIeHUS] U KOHTPOJIBHBIX BOIPOCOB 10 COAEPIKAHUIO Kypca.

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

1. CirHOBas CTPYKTypa BOJIHOBOU (PYHKIIMM TPl IPU CUHTJIIETHOM M TPUIUIETHOM CITAPUBAHUMY.
2. YpaBHeHus AHapeeBa. AHAPEEBCKOE OTPAKEHUE.

3. Haiitu cnektp kBazuyactull B 1D aHapeeBckoil sime.

4. Haiitu cnekTp kBazuyacTuiB 2DaHapeeBckol sime.

5. Berauciuts BAX NIS koHTakTa.

6. Beruuciute BAX FIS koHTakTa .




7.Teopema AnnepcoHa.

8. dopmyna Amberaokapa-baparosa.

9. YpaBHeHHE CaMOCOITIaCOBAaHMS.

10. TemmneparypHO€E IOBEEHUE TapaMeTpa MopsiaKa.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.
1. CriuHOBAsI CTPYKTYpa BOJTHOBOW (DYHKIIMU TAphl TPH CUHIIIETHOM M TPUIIETHOM CHIApUBAHHH.
2. Beraucinuts BAX FIS xonrakra .

buner 2.
1. ®opmyna Amberaokapa-baparosa.
2. Beruucnuts BAX NIS konTakra.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOHOE U NMPaBUIbHOE 000CHOBAHUE
NPUHATHIX PEIICHUH.
Onenka OTIMYHO § ©OauioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPAaBWIbHOE 00OCHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka yIOBIETBOPUTENbHO 4 Oayyia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH MOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oajuia - BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl IUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIMIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 Oaiim - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUN IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.



5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

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



