®denepajibHOE TOCYyIaPpCTBEHHOE AaBTOHOMHOE 00pa3oBaTeibHOe

10 AMCIMILINHE:
10 HANPABJICHHUIO:
npo¢uib NOArOTOBKHU:

Kypc:
KBaJIU(PUKALMSA:

YupeikaeHnue BbICHIETo 06pa303a1mﬁ

«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
BBeneHue B TeopHI0 HEYNOPAJOUEHHBIX CUCTEM
IIpuknagHbie MaTeMaTHKa U (pU3MKa

OO6mas u npukiagHas Guznka

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kageapa npodiieM TeopeTHIecKor GU3NKN

1

MarucTp

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

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:

nekrnuu: 30 gac.

cemuHapsbl: 30 yac.

nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.

[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin:

A.C. MoceneBud, I-p ¢pu3.-MaT. HayK, JOICHT

[Iporpamma obcyxneHa Ha 3aceqanuu Kadenpsl npodieM Teoperuueckoi puznku 26.04.2021



AHHOTANMA

Kypc nexumii mocBsiiieH, B OCHOBHOM, JIEKTPOHHBIM CBOMCTBaM HEYNOPSAOYCHHBIX MarepuasioB. IlonpoOHo
paccMaTpuBalOTCS CBOWCTBA PA3IMYHBIX CHCTEM B JMAICKTPUUECKOH (pa3e (XBOCTHI IUIOTHOCTH COCTOSHHH,
MPBDKKOBAsi TPOBOJAMMOCTh, KyJIOHOBcKas 1Imenb). OOcyxknatorcss 3¢pdexTsl cnaboil okanu3anud B
MeTaiMueckor (¢asze (MarHMUTOCONpPOTHBICHHE, cO0il (a3bl, pasmepHbie >PQEKTb), a TaKkKe CBOHUCTBA
BOJTHOBBIX (YHKIMH BOJM3M JIOKAJIU3AIIMOHHOTO IEPEXO0/a; OMMCBHIBAIOTCS HEKOTOPhIE ME30CKOIMHUYECKHUE
¢ dexTel. s ycmemHoro ycBOGHHA Kypca OOYyYaroIIUMCs IPENojaraeTcss XOpollee 3HAKOMCTBO C
KBaHTOBOM MEXaHUKOW U (PU3UKOI TBEPIIOTO Tella, a TaKKe CBOOOHOE BIIaJICHHE CTaHIapTHOW MaTeMaTHKOM.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- U3y4EHUE IEKTPOHHBIX CBOICTB HEYIIOPAJOUYEHHBIX MaTepUAJIOB;

- IOAPOOHOE PACCMOTPEHHE CBOMCTB Pa3IMYHBIX CUCTEM B IUAJIEKTPUUECKOM (ha3e (XBOCTHI INIOTHOCTH
COCTOSIHHH, ITPBDKKOBAs MPOBOANMOCTD, KyJIOHOBCKAsI LIETIb);

- o0cyxaenne 3G GeKToB c1adoii JOKaIM3aIK B METaNTMYeckoi aze (MarHUTOCONPOTUBIICHUE, COOi
¢azpl, pasMepHble >PQEKTb), a TaKKe CBOWCTB BOJIHOBBIX (DYyHKIMHA BOJIHM3M JIOKAIM3ALMOHHOTO

nepexosa;

- OTNIMCaHNE HEKOTOPBIX ME30CKOIMMYECKUX dPPEKTOB.

3agauu AUCHUILIHHBI

- IO3HAKOMUTH CTYJICHTOB C OCHOBHBIMH HOHSATHSIMH M UAESIMHU B 3TOM 00JIACTH, C OCTAHOBKOM 33134
U IIOJXOJAaMHU K uXx peuieHusiM. Ilpeanonaraercs, 4To npociymas 3TOT Kype, CTyAEHTbl CMOI'YT YUTaTh
U TIOHUMATh TEKYIIYIO Hay4HYIO [IEPUOIUKY B 3TOH 00JacTu.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-2 CriocoGeH ynpaBisaTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VK-2.4 Ilpeacrapnsier myOIMYHO PE3yabTaThl MPOEKTa (UK
OTHENBHBIX €ro J3TamoB) B (¢OpMEe OTYETOB, CTaTeH,
BBICTYIJICHMH Ha HayYHO-NPAKTUYECKUX KOH(EPEHIHSIX,
CeMMHapax U T.II.

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCIIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQeccCHOHaTBEHOTO
B3aUMOJCHCTBUS

VK-4.2 Bmageer HaBbIKAMH, HEOOXOAUMBIMHM IS
HaIlMCaHUs, MHUCHMEHHOTO TIEPEBOAa W PEAAKTHPOBAHUS
pa3IMUYHBIX aKaJeMHYECKUX TEKCTOB (pedepaToB, 3cce,
0030poB, cTaTei u T.1.)

YK-4.3 Criocoben NPEACTaBIATh Pe3yNbTaTh
aKaJIeMUYEeCKON W TPO(EeCCHOHANBHON JEATENbHOCTH Ha
Pa3IUIHBIX Hay4YHBIX MEpOTIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M Po(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

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

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
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpoeCCHOHANBPHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acTH (U3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH




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

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

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTh cBoeil  Mpod)eCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEIOBATEILCKUE
METObl NP PEIICHUH HOBBIX 3ajad, NIPUMEHSs 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaAIUTUYECKUMU U BBIUYUCIHUTEIHLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBAET HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

OIIK-4 Crioco6eH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX ITPOILYKTOB

OIlK-4.2 CrnocoOeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1a4¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHIUS

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, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

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

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

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

[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC
UCCJICZIOBAHUSI CAMOCTOSITENIbHO MJIM B COCTaBE Hay4yHOIO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yibTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKalUuK HAYYHBIX CTATeH U y4acTusi B KOH()EPEHIUSIX

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU MTPEIMETHOM 00TIacTH

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)

B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HAThb!
- OCHOBHBIE MOHATHSA 10 TEME TUCLUTUTUHBI.

YMETb:
- TIOJIb30BaThCS PA3BUTHIMU B PaMKaxX JUCLUIUIMHBI METOAAMH MCCIIEAOBAHNUS, PEIIaTh 3aJa4M 110 TeMe
JUCHUTUIMHBI.

BJIaJICTh:
- MareMaTM4ecKMM M TOHATHUHHBIM anmaparoM M METOJaMH HCCIEJOBaHUH, COCTaBISIIOIIUMHU
coziepKaHNe TUCLUIUTUHBI.

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

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

becniopsnox B KpHCTaJIaXx.
HeszaumoneiicTByromue 3JIEKTPOHBI:
1 MOJIETh AHnepcoHa. [TnotHOCTH 6 6 9
COCTOSHUH B Momenu AHIEpcoHa -
IIPOZIOJIKEHHUE.

Koppensiumonnsie 3ddekrtel B cimabo
JIETUPOBAHHOM HOJTYTIPOBOTHHKE.
2 OddekTsl MOAOAPHEPHOTO paccesiHus B 6 6 9
MPBDKKOBON MIPOBOIUMOCTH.
Jlokanu3auroOHHBIN MTEPEXOL.

Peanucruueckast MOJIEIb! cinabo
JIETUPOBaHHBIN MOJTyTIPOBOJHUK.
[IpppxkoBas npoBoauMocTh. IIppxKOBOE
MarHuTOCOIPOTHBIICHHE.

XBOCTBl INIOTHOCTH COCTOSHHH  JUIS
ciydas rayccoBa CIIy4aiHOTO
MHOTEHIMAaIa. Merton ONTHUMAJILHOMN
duryKTYaym. XBOCTBI IUIOTHOCTH
COCTOSIHMM - MpojoJbKeHue. Mopenb
JIndpumna.

OddexTrr cimaboit JIOKaIu3alu.
5 [poneccrl, mpuBomsie K cO00 (asbl. 6 6 9
Me3ockonuka.

Htoro wacos 30 30 45

[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIIA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemectp: 1 (Ocennwii)




1. becnopsnok B kpuctamiax. HeBzanmonencTByroIye 3MeKTpOHbL: Monieldh AHaepcoHa. [lnoTHoCT
COCTOSTHUM B MOZENN AHAEPCOHA - TPOAOIDKEHUE.

BCCHOPHILOK B KpUCTaJljiax.

- JIMHAMUYECKHH W 3aMOPOXKEHHBIH OCCHOPSIIOK: YCPEAHEHHUE IO BPEMEHU M YCPEIHEHHE IO
aHcaMOJIIO.

- Kpucramisl, >KuIKOCTH, CTEKIIa, CIIJIaBbl, MATHUTHBIC CUCTEMBIL. J[ambHU 1 OMMKHWA TTOPSIOK.

HepzaumopeiicTByromue 3JeKTPOHbI: MOAETh AHAEPCOHA.

- Pa3nuuHble BapuaHThl MoJieiu AHJIEPCOHA

- [InotHOCTH cocTOSIHMIL: 00IIME CBOMCTBRA.

- [InoTHOCTE COCTOSIHUIA: CUITBHBIN OECTIOPSIIOK, IOKATN30BAHHBIE COCTOSHUSI.
-[InoTHOCTE cocTOSIHUE: cNabbIii OECTIOPSIIOK, MIIOCKKE BOIHBI U HX cllaboe paccesiHue.

[InoTHOCTE cocTOsIHUI B MOAeNTH AHAEPCOHA —IPOIOKEHUE.
- Mogens JInoiina: TO4HOE BBIpaKEHUE JIsL CPEAHEN IFIOTHOCTH COCTOSIHUM.

- DKCIOHEHIIMAILHO MaJlasi INIOTHOCTh COCTOSTHUI B Mojien AHIepcoHa BOJMU3U IPaHUIlbl CIIEKTpPa:
njesl ONTUMAaTbHOU (DIYKTyarium.

- Pa3Butue nacu OIITUMAIbHOMI (I)J'IYKTyaLII/II/I, OnpCACIICHUC YHCIICHHOI'O (baKTopa B IIOKa3arcjic
OKCIIOHCHTBI.

2. Koppensiinonnsie 3¢ ¢exTsl B ¢1a00 JETUPOBAHHOM MOTYMPOBOTHHUKE. D(PPEKTHI T0A0aphEPHOTO
paccesHUS B IPBIKKOBOI MTPOBOANMOCTH. JIOKaIM3alMOHHBIH MTEPEXOI.

Koppensiunonnsie 3¢ dexTsl B c1a00 JTerHpOBAaHHOM HMOIYTPOBOJHHKE.

- OddekTsl 3IEKTPOH-IEKTPOHHOTO B3aWMOJCHCTBUA: IOIIAroBas Mpoleaypa MUHUMH3ALHUN
KJIACCUYECKOM 3JIEKTPOCTaTUYECKON IHEPTUH.

- I[lepBoe npubnmxenue: GepMHEBCKOE 3aIOJTHEHNE OMHOUYACTUYHBIX COCTOSHUM.

- Bropoe npubmmxenue: napaple koppensnud. KymoHOBCKas 1Ienb B MJIOTHOCTH COCTOSHHN. Ponb
BBICIIUX NPUOIMKEHUI.

- Pa3nuunble crieHapuM MHOTOYaCTUYHBIX 3Q(EKTOB B MPOBOAUMOCTH.
- 3akoH D¢poca-1lIKknoBCKOro It MPOBOAUMOCTH C IIEPEMEHHON AITMHON MPBIKKA.

O ekt mogdapsepHOro paccesiHUsI B MPBHKKOBON MPOBOAUMOCTH.
- Biiusitnne nonGaprepHOTO paccesHus Ha AEKPEMEHT JOKaJIM30BaHHON BOJTHOBOU (DyHKIIHH.
- [lomaBnenue MoONOKUTETLHOTO MArHUTOCOIIPOTHBIICHHSI TOA0APHEPHBIM PACCESIHUEM.

- WnTepdhepenurnonnsle SIBJICHUS: addexr AaponoBa-boma, OTpHULIATEIEHOE
MarHUTOCOIPOTHUBIICHHUE.

Jloxanu3auvoHHBIN MTEPEXOL.

- AHJlepcOHOBCKas JIOKanu3anua B Monenu AHaepcoHa. Kpait moasmwxHOCTH. Jlokann3oBaHHBIE U
JIeJIOKAJIN30BaHHbIE COCTOSIHUA: YeM OHM OTIIMYAIOTCA APYT OT JIpyra?

- Crpykrypa BONHOBBIX (yHKIMI BOMM3M TIOpOra TONBMXKHOCTH. JITMHA JIOKaIM3aluu.
MynbrudpakTaibHOCTb.

3. PeanmucTtuyeckas moznens: ci1abo JIETUPOBAHHBIN MOTYNPOBOAHMK. [IpBIKKOBas NMPOBOAMMOCTB.
[IppIKKOBOE MAarHUTO CONPOTUBIICHHUE.

Peamucrrueckas MOACIb: ci1abo HeFHpOBaHHLIﬁ MOJIYyIIPpOBOJHUK.

- Jlonopsr m aknenTopsl. CiydallHBIM TOTEHIIMAN W IUIOTHOCTh COCTOSHHUH B Clydae Majod u
OOJIBILION CTEIEHN KOMIIEHCALNH.

- MexaHu3Mbl TiepeHoca 3apsijia B cllaboJIerHpOBaHHOM TOJTYTIPOBOJTHHKE.

- YMEpeHHO HH3KHE TEMIIEpaTyphl: KauyeCTBCHHOE OIUCAHHE MPBDKKOBOH MPOBOAMMOCTH IO
OJIMKANIIIIM COCEISIM.

- OueHb HHM3KHE TEMIIEpaTyphl: Kau€CTBEHHOE OIMMCAaHWUE MPOBOJUMOCTH C MEPEMEHHOW TMHOMN
MPBDKKA.



[IpppKKOBast IPOBOAUMMOCTS.

- IIpbDKKM 2JEKTPOHOB MEXIy IPUMECSIMH, COIPOBOXKIAEMblE IONIOLICHUEM WM U3JIy4YCHUEM
¢onoHoB. CeTka conporusieHnit Musuiepa-Adpaxamca.

- [Ipumenenue Teopuu NepKOISIIUU. 3aBUCUMOCTH IPOBOAMMOCTH OT TEMIEPaTypbl U KOHLIEHTPALUN
npuMecel B pexXrMe MPOBOAMMOCTH IO OJIMKAWIITNM COCEIISIM.

- IIpoBOAMMOCTE ¢ IEPEMEHHOM JUIMHOW IIPBLKKA, 3aK0H MoTTa.

- KauectBennblii BbBOA (MUisi pa3nuuHbIX pasmepHocteld  d). OddexrtuBHas d+1-mepHas
NEPKOJIIIUOHHAS MOJIENb ¥ KOJTMYECTBEHHBIH BBIBOJI 3aKOHa MoTTa.

HpBDKKOBOG MAaramToCOIIPOTHUBIICHUC.

- TyHnenupoBaHue B MarHMUTHOM THosne. KBasumkimaccuyeckuil XapakTep BOJHOBBIX (YHKUUU U
nedopmanus “IoBepXHOCTEH MOCTOSHHOTO JICHCTBHS” MAarHUTHBIM TTOJIEM.

- Monmudukanuss cerkn  Mmuiepa-AOpaxamMca B~ MarHMTHOM — 10Jie M BBIYMCIICHHE
MarHUTOCONPOTHUBICHUS C TOMOINBIO TeopuH mepkoisaiuu. [Ipeaens! c1aboro M CHIIBHOTO MOJEH.
AHM30TPONHS MarHUTOCONPOTUBIICHHUS.

- MaFHI/ITOCOHPOTI/IBHCHI/Ie B PCIKHUME IPOBOANUMOCTHU C nepeMeHHoﬁ HHHHOﬁ IMPpbDKKA.

4. XBOCTBl IUIOTHOCTH COCTOSHMM JJig clly4yasi rayccoBa CJIy4alHOro TmnoTeHuuana. Meron
ONTUMAIILHOW (MITYKTyalu. XBOCTHI IDIOTHOCTH COCTOSTHUM - mpojiokeHune. Mogens Jlndmmna.

XBOCTBI INIOTHOCTH COCTOSIHUM I Cilydasi TayCccoBa CIIy4alHOTO NIOTeHIMana. MeToa onTUMalIbHOU
¢duryKTYaum.

- TayccoB cmyualiHBI MOTEHUHMAN, KOppeisHuoHHass (YHKUMA M KOPPESLMOHHBIN panuyc,
OIIPELIETICHUE CPEAHEN INIOTHOCTH COCTOSIHUM.

- Meton ontumanbHOM (aykTyarnuu, GopMyIHpOBKa 00IIEH 3a/1aui Ha YCIOBHBIN KCTPEMYM, BBIBOJI
HeluHelHoro ypaBHeHus Llpennnrepa.

- Ciryuaii Gestoro nryma (“OiM>KHHUI XBOCT”), CBEIGHUE K YHUBEPCAIbHOM Oe3pa3MepHOl 3aaaye.
- Ciryuaii Geioro mryma: TOYHOE pEIIeHUE B OTHOMEPHOM Ciydae.

XBOCTBI TNIOTHOCTH COCTOSIHUN — IPOJIOJKEHHE.
- Ciryuaii minaBHOro noteHuuana (“IanbHui XBOCT) — TOUHOE PEILICHHE.

- IIpensKkCrOHEHIIMATBHBIN MHOXHUTENIb B CPEAHEW IUIOTHOCTH COCTOSHHUM: mocTpoeHue ['ayccosa
(YHKIIMOHATIBLHOTO MHTETpaIa.

- HOHHOCHMMeTquHa}I MOJa, HYJICBBIC MO/Ibl U UX BKJIAI B HpeZ[i}KCHOHeHL[I/IaHBHHﬁ MHOXHUTECIIb.

Moguens Jludmmna.
- ITocTtpoenue monenu. Metainueckui U JUAIEKTPUUECKUAN MTPEAEIbIL.
- CriexTp, cOOCTBEHHBIE COCTOSHUS U TNIOTHOCTh COCTOSHUN B METAJTMYECKOM CIydae.

- Cnektp W COOCTBEHHbIE COCTOSIHUS B JAWAJIEKTpUYecKoM ciydae. IlapHoe mnpubmmkenue,
PE30HaHCHBIE U HEPE30HAHCHBIE YPOBHH.

- IIMOTHOCTh COCTOSIHHMI B TUACKTpUYecKkoM mpezesnie. Ciaydai OONBIIOrO MAapHOTO PacIHICIICHHS
(“OmxHUE XBOCT”).

- “JlanbHUI XBOCT” M KOJUIGKTUBHBIC ONITUMANIbHBIC (DTYKTYaIlHH.
- LlenTpanbHeIi NpoBajl B INIOTHOCTH COCTOSTHUM.
- [InoTHOCTB COCTOSIHUIL ITPH OYEHb MAJIBIX SHEPIUAX: HEPUMEHHUMOCTb ITAPHOTO MPUOIHKEHUS.

5. Dddexrsl cmaboii nokanuzany. [Iporecchl, npuBosIKe K c6010 ha3bl. Me3ockomnuka.

Db dekTrl cnaboii ToKaTH3AIHH.

- Ilpemenbl TPUMEHUMOCTH KJIACCHYECKOH TEOPHM IPOBOAMMOCTH MeTayuioB. KBaHTOBas
UHTEPEPEHIMS aKTOB paccestHus (KauecTBEeHHOe paccMoTperne). Camonepecekaronuecs myTH U UxX
BKJIQJl B UHTEP(PEPCHIMOHHBIC YICHBI.

- Iucdy3noHHBIN Iponaratop u ero pu3ndecKast ”HTepIpeTaIHs.

- IlocnemoBaTenbHOCTD qHAarpamMM, OTBEUArOIIAs IEPBOM KBaHTOBOW morpaBke: KymepoH u ero
(dusndeckas HHTEPIIpeTaIunsI.



- PacxonMMOCTh KBAaHTOBOW IIONIPAaBKM K IPOBOAKMMOCTH B IPOCTPAHCTBE HU3KOW Pa3MEPHOCTH.
[Ipomeccrl c6os haspl U HHPpakpacHOE OOpe3aHueE.

- I'pannunsie ycnosus qis Kynepona u pasmepusie 3¢ ¢exTtsl. PazmepHsbiil Kpoccosep.

- OTpunarenbHOE MAarHUTOCOIPOTUBIICHHE: BBIBOA W (u3MuecKkas HHTeprperanus. OCHuuianun
MarHUTOCONPOTUBJICHUS. TOHKOTO METaJUIMYECKOro LWiIMHApa B AU((Y3HOHHOM pexHMe
(axciepument lapsuna u [llapBuna).

- KBanToBbie momnpaBku K KoHAakTaHcy auddyszuonHoro S-N-S koHrakra. Ponb anmpeeBckoro
OTpaKCHHUS.

[Ipoueccsl, npuBozsmue Kk cO0ro Qasbl.

- Heynpyrue mponeccsl 1 ux poib B cbOoe ¢aspl. Bpems cOos ¢a3el 3a cuer KBa3uylnpyrux
MPOLIECCOB.

- DNeKTPOH-DJICKTPOHHBIC CTOJNKHOBEHHS: OayucTHUecKuid W TUGQOY3HOHHBIH  PEXUMBI.
[MpumennmocTs Teopun OepMU-KUIKOCTH K TPSA3HBIM METalIaM.

- BrnusiHUME SIIEKTPOH-DIEKTPOHHBIX CTOJKHOBEHHH Ha IUIOTHOCTh COCTOSHUM. AHOMaius Ha
noBepxHocTu @epmu (zero bias anomaly).

Me3ockonuka.
- Mezockonnueckunii Mmacmtad. OTCyTCTBHE CaMOYyCpETHEHHUS.

- Korepentnsiii Tpancmopr: ®opmyna Jlanmayepa Ui TPOBOAMMOCTH B JIByXKOHTAKTHOM
koH(urypauuu. Posp Heynpyrux mpoueccos.

UeTblpeXKOHTAKTHAS! KOHQUTYpaLHsL.

- bannucrudeckuii KOHJaKTaHC aAMa0aTHYECKOro cyxeHus. KBaHToBaHME KOHIAKTaHCa.
- KorepenTHbIi TpaHCIOPT: MOCIEN0BATEILHOE COEANHEHNE KOHIAKTAHCOB.

- HeanmuTHBHOCTB CONPOTUBIIEHNS M OHOMEPHAS JTOKAJINU3ALIHS.

- [TapamensHOE COEIMHEHNE KOHIAKTAHCOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYuebHas ayquTopusi, 10CKa, TP HEOOXOAUMOCTH MEHAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. Monenu 6ecniopsinka. TeopeTudeckast puznka OMHOPOIHO HEYNOPSOUEHHBIX cucTteM [Teker] =
Models of disorder.The theorical physics of homogeneously disordered systems//[x. 3aiiman , -M.,
Mup, 1982
2. DAeKTpoHbI B HeynopsaaoueHHbIX cpenax [Texct] / B. @. 'antmaxep - M.@usmariunt,2005

3. OcHoBsI Teopun MeTamioB [Tekct] : [yue0. mocodue it By30B] / A. A. AOpUKOCOB .— 2-€ W31,
not. u ucnp. — M. : @uszmatiut, 2009, 2010 .— 600 c.

4. MeTo/pI KBAaHTOBOW T€OpUH TTOJIS B cTatTrcTHYeckor pusuke [Tekct] : [yueod. mocodue jist By30B] /
A. A. Abpukocos, JI. I1. Toprkos, U. E. JI3smomuHckuii , UH-T Teopet. puzuku um. JI. J1. Jlanmay .—
2-e u3a., uctp. u gon. — M. : Jlobpocser, 1998 .— 514 c.

5. b.W.1lIknoBckuit, A.JI.Odpoc, IneKTpoHHBIE CBOWCTBA JIETMPOBAHHBIX MOTYTPOBOIHUKOB, M.
Hayxka, (1979).

6. U.M.JIudmmm, C.A.I'peneckya, JI.A.Ilactyp, Benenue B Teopuro HEymopsIOYCHHBIX CHCTEM,
Mocksa, ®usmariur, (1982).

7. B.I.Shklovskii, B.Z.Spivak, Scattering and Interference Effects in Variable Range Hopping
Conduction, in: Hopping transport in solids , eds. (M.Pollak and B.I.Shklovskii, pp. 271-348, Springer,
(1991).

JlomonHuTenpHAs IUTEpaTypa
1. B.L.Altshuler, A.G.Aronov, Electron-electron interactions in disordered Conductors, in:
Electron-electron interactions in disordered systems, eds. A.L.Efros, M.Pollak, North-Holland,
Amsterdam, (1985).
2. .Mimpu, BeesieHne B Me30CKOIIYECKyI0 hu3nky, Mockpa, ®usmariur, (2002).



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

chair.itp.ac.ru

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

[TpencraBnenue MaTepuaia Ha JOCKE W/WIIN TP MIOMOLIH MeuanpoekTopa. Bo3MokHO ncnonbp30BaHue
1O 11t CUMBOJIBHBIX /WM YUCIICHHBIX BBIYUCIICHHN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CTyneHT, M3y4arouMid TUCHUIUINHY, JOJDKEH C OJHOM CTOPOHBI, OBIAJETh OOIIUM TOHSITHHHBIM
anmaparoM, a ¢ Jpyroil CTOPOHbI, JOJKEH HayYUThCS IPUMEHSATh TEOPETUUECKUE 3HAHUS Ha IIPAKTHKE.
B pesynbrare n3ydeHus AUCIMIUIMHBI CTYCHT JOJDKEH 3HATh OCHOBHBIEC ONpPENCNCHUS IUCLUIIIMHBL,
YMETh IPUMEHSTh TTOJTy4YCHHBIC 3HAHUS JUIS PELICHUS Pa3IMUHbIX 3a/1ad.

VYenemHoe  OCBOeHHE Kypca TpeOyeT HampsHKEHHOW CaMOCTOSTENbHOW paboThl  CTyJeHTa B
COOTBETCTBHUU C JJAHHBIMH B pabodeii mporpamme. CamocTosTeNbHas padoTa BKIFOYAET B ceOsl:

— YTEHUE PEKOMEHI0OBAaHHO JIUTEPaTypHl,

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITEIIbHOTO H3yUCHHUS;

— peleHue 3a1a4, IpeiaraéMbIX CTYJICHTaM Ha JICKIUAX U TPAKTUICCKUX 3aHATHSX,

— IIPH HEOOXOANMOCTH MOATOTOBKY K MPAKTHYECKUM 3aHATHSAM, KOJUIOKBUYMaM, YK3aMEHY.
ITokazaTteneM BiaJeHUsI MaTepUaOM CIYXKHMT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
NPUMEHSATh TEOPETHYCCKHE 3HAHHUS Ha MPAKTHKE CTYJCHTY HEOOXOIMMO pelarh Kak MOXHO OOJbIle
3ajad.

BaxHO 10OWTHCS MOHMMAHUS W3y4aeMOro Marepuana, a He MEXaHHYECKOro ero 3armoMuHaHus. [Ipu
3aTPYHEHUU H3y4YEeHHS OTIENBbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTalUAMH K
JICKTOPY WJIH MPENOAaBaTeNI0, BEAyIIEeMy PAKTHUSCKUE 3aHATHS.

Bo3MOXeH MPOMEXYTOUHBIH KOHTPOJIb 3HAaHUH CTYICHTOB B BHJE PEIICHHS 33]a4 B COOTBETCTBHH C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

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

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

Pa3paborunk: A.C. Uocenesuy, 1-p ¢u3.-Mar. HayK, JOICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

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

YK-4 CriocoGeH mpuMeHITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VK-42 Bnageer HaBBHIKAMHU, HEOOXOAUMBIMM  JUIS
HalMCaHUs, MHChMEHHOTO TIEPeBOAa W PEAaKTHPOBAHUS
Pa3TUYHBIX aKaJIEMUYECKHX TEKCTOB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Criocoben MIPENICTABIATh Pe3yABTATHI
aKaJIeMUYEeCKOM M TpOo(eCCHOHANBHON AEATEIbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CrnocobeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(QOPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U PO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocobeH onpeiessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

VK-6.2 OueHuBaeT CBOIO JIESATEIHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBHITIONHEHUS JACATEIHHOCTH C e
pe3ynbTaraMu

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT ©W  CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT M PEe3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHnn 3a1a4 NpoQeccCuOHATBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCHOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

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

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

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

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, MpeiaraTb U KOMOWHUPOBATH CHOCOOBI
peleHus

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl TNPH PEIICHUH HOBBIX 3ajad, NIPUMEHSAsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaAIUTUYECKUMU U BBIUYUCIHUTEIHLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
pelIeHHe TOCTAaBICHHON 3aJa4u, IPOBECTH

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HABBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX TPOTrPAMMHBIX IIPOITYKTOB




dHdJIN3 pCiSleb'l"d.'l"d n llpC,LlC'l"dBl/ll'b BblBO/lbl,
MIPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH
(hM3UKO-MaTeMaTHYEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHH

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHUIO

kB (puKaIyy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3THUIUS

OIIK-5.3 Crpemurcs K TOJYyYEHHUIO HOBBIX 3HAHUIA,

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

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

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

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BHIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYYHBIC
UCCJICZIOBAHUSI CAMOCTOSITENIbHO MJIM B COCTaBE€ HAay4yHOIO
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
MyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YyabTATC HU3YUCHUA AUCHUIIIINHBI «BBC,[[GHI/IC B TCOPUIO HCYNOPAAOYCHHBIX CHUCTCM» OGy‘iaIOH.IHﬁCSI

JOJIKCH:

3HATb:

- OCHOBHBIC ITIOHATHA 110 TEMC JUCHUIIIINHEI.

yMeThb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaX AUCHHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIATh 3a1a4u 110 TEMEC

JAUCIUITIIIMHBI.
BJIad€Th:

- MaTeMaTH4YCCKHMM W HOHSITHHHBIM arnmaparomMm v MCETOAaMH HCCHG,I[OBaHHﬁ, COCTaBJIAIOIINMHA

coJiepKaHue AUCHIUTITNHBL.

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

He npenycmorpeno.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /IJ1 IPOBeJAeHHs MPOME:KYTOYHOH aTTecTaluu

o0yuaruuxcst

[IpuBenens! B npukpeniéHHoM (aiiie.




Kpurepun onennBanus

OO0yuatomieMycsi CTaBUTCS OLICHKAa B COOTBETCTBUH C MPOJEMOHCTPUPOBAHHBIM YPOBHEM IOATOTOBKU;
OLICHMBAaHHE MPOM3BOAUTCS HA YCMOTPEHHMsS DJK3aMEHaTopa B COOTBETCTBHH C OCOOEHHOCTSIMHU
JUCUUTUTMHBI U CIICAYIOUIMMH KPUTEPHUSIMH:

Onenka "ommmuuo" (10 Gassos) BBICTABJISIETCS  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha MPAKTHUKE TPH PELICHNU KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0amioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH UX Ha MPAKTHKE MPU PEILICHMH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOHW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
peIeHui, ¢ HEKOTOPBIMH HEOYETAMH.

Onenka "xopomio" (7 0annoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
[0 CYIIECTBY H3JaraeT ero, yMeeT MPUMEHAThH IOJIyYeHHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka "xopomo" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPUMEHSTH MOJTy4YeHHbIE 3HAHHMS Ha MPAKTHUKE, HO JOIyCKAeT B
OTBETE WJIM B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Onenka "xopomo" (5 0annoB) BBICTABISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IrPaMOTHO M MO CYWIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHATh NOIYy4YEeHHBIC 3HAHUS Ha HPAKTHUKE, HO
JOIyCKaeT B OTBETE WM B PEIICHUH 3a/1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

Onenka "ymoBneTBopuTedbHO" (4 Oanna) BbhICTABISIETCS CTYICHTY, MMOKa3aBUIeMYy (QparMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPAaMMHOI0 Marepuaia, HO IPHU 3TOM
OH OCBOMJI OCHOBHBIE pazfiefibl y4eOHOH MpOrpaMMbl, HEOOXOAUMBIE Ul JaJIbHEHIIero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka "ynoBierBoputenbHO" (3 6amyia) BBICTABISIETCS CTYACHTY, IMOKa3aBlieMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOMycKaroulemy omHuOku B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLIEHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI TajbHEHUIIETO 00yUeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HaHUS JJa’Ke B CTAHAAPTHON CUTYallHH.

Omnenka "HEyJOBIETBOpUTENBbHO" (2 Oana) BBICTABISETCS CTYJCHTY, KOTOPBIA HE 3HAET OOINbIIeH
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOMYCKaeT rpyOble OmMOKH B
(bopMyIHPOBKaX OCHOBHBIX ITPUHIIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

Onenka "HeynosierBoputenbHo" (1 0aymi) BBICTaBISETCS CTYACHTY, KOTOPBIA HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHSTUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYECKHX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesole NpoueIypbl OlleHUBAHUS 3HAHWIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu mpoBeaeHrn oueHWBaHHS 3HAHUK OOydYaroIIEeMyCs MPEJOCTaBIseTCS BpeMsl Ha IMOITOTOBKY Ha
YCMOTpeHuUe 3K3aMeHaropa. OLeHUBaHUE 3HAHUN NIPOU3BOIUTCS B COOTBETCTBUU C BbIIIEYyKa3aHHBIMU
KPUTEPUSIMH B COOTBETCTBHUHM C CoAepXaHWeM IucuuiuinHbl. Ompoc oOydarouierocs mo OuieTy Ha
YCTHOM 3K3aMEHE He JOJDKEH IIPEBbIIIATh OJIHOTO aCTPOHOMMYECKOI'0 yaca.



Ilepeyenb THNOBBIX 3a/1a4 AJs NIPOBe/IEHUsI POMEKYTOUYHOI aTTecTalluH 00y4YalommXxcst

0.1 OxHOMEpHBIN YJIEKTPOH B CJAYYAHMHOM IOTEHIHAJIE.

OmHOMEPHEIH 2JIEKTPOH ¢ TaMUIBTOHHAHOM
— d?
H=—-——+U(x
2tV

HaxXoOJUTCiA B Cﬂy‘laﬁHOM INOTCHIOHAJIC, CO3JaBAa€MOM  OJHMHAKOBBIMH KOpOTKOI[efICTByIOHIHMH

OTTAJIKUBAIOIIMMU LIEHTPaMH, PACIIOJIOKEHHBIMU B CIIy4aiiHO BBIOPAaHHBIX TOUKAX X;.
Ux)=kY; 6(x —x;), k>0.
Toukwu x; pacupenenensl 1o Ilyaccony co cpeiHel oTHOCThIO N. III0THOCTE cunTalTe Majgon: n = k.

* Uccnenyiite criektp aekTpona E u ero BonHosbie hyHKumuu 1, (x) B obnactu suepruii 0 <

E = k2. B yacTHOCTH, ONpe/ie/uTe 3HAYEHHUS 1) ,(X;) B TOUKax, T/I€ PaCIONOKEHBI PACCEUBATENH.

* HaiiiuTe cpeHIo MIOTHOCTh cocTosiHMi npu sHeprusax 0 < E = k2 u uccnenyiite ee

acummrotuku ipu 0 < E = n? unpun? = E = .

0.2 ®duaykTyanu NpbEKKOBOTO CONPOTUBJIEHUS MEKIY IBYMS
00JILIIIUMH, HO KOHEYHBIMH KOHTAKTAMM

PaccmoTpum 1ByMEpHYIO NPBDKKOBYIO MPOBOAUMOCTE B pexkume NNH (mpebkku mo Gmmkaiimmnm

(net)
cocensiM). IlycTh Kk cucTemMe 1MoIBEACHBI /iBa KOHTAKTa B TOUKax a U b Ha paccrosuuu Lyp,? L.~ APYT OT
JIpyra. KOHTakTbl HMEIOT BHJ HJI€AJIBHO NTPOBOASIINX AUCKOB paguyca 1 = Lg,p,. IHTYUTHUBHO SCHO, 4TO

BCJIIMYMHA CONPOTUBJICHUA Rab MCXKAY OTUMH KOHTAKTaMH MOXET 3aBUCCTb OT KOHKPETHOI'O

o (hom)
pacrosiokeHus npumecel U (QIyKTyupoBaTh OT 0oOpasua K o0pasily, OTKJIOHSASCH OT 3HaueHus R,

KOTOpOE MOJIy4aeTcsi, €CIIM PacCMaTpUBaTh CUCTEMY, KaK HENpepsIBHYIO cperdy. Mcenenyiite iykryarmn

net )
BEeNUYUHBL R, mOpu LEW) =r = Lg,. Halinure dynkumro pacnpenenenust F,.(AR) BemmuumHbl AR =
R R(hom) I
ab — Ry, - Tlokaxure, 9To pacnpesielieHue B 3TOM CJlydae TayccoBo, a (IyKTyallin OTHOCHTENIBHO

Maiibl. Haliiure ux aucnepcuto.

0.3 KyJsoHoBCKad 1mejb B IJIEHKE

[lnenka TommmHON | BbIpesaHa wu3 ciaGoiernpoBaHHoro (npa® = 1) moTympoBOXHHKA.

Hccnenyiite TNIOTHOCTH COCTOSTHHN Vyy(€) (Ha eqUHUITY ee TUIONIa) B Pa3InYHbIX JHANa30HAX SHEPTUU



-1/3

3d
¥ TP Pa3IMYHBIX COOTHOIIGHUAX MEXIY Tp =np ' ,l n L8

corr+ JIMDIEKTPUYECKHE NPOHUIAEMOCTH

IUICHKU U OKPYKAIOIICT0 IVICHKY MMPOCTPAaHCTBA CUHTANTE OJUHAKOBBIMHU.

0.4 IToxOapbepHoe neliCTBHE B AHM30TPOIIHOM CJIy4ae.

JByMEpHBI AIEKTPOH CO CIIEKTPOM
e(k) = t[2 — cosak, — cosak,], t>0,

HaxXOJUTCS B MOJE€ KOPOTKOJAEHCTBYIOLIEH MPUTATUBAIOLIEH IPUMECH, PACIIOIOKEHHON B Touke 7 = 0, u
oOpa3yeT ¢ Heil cBsi3aHHOe coctosiHue ¢ dHeprueir Ey < 0 (E, oTcuuThIBaeTCS OT JHA 30HBI, T.C., OT
muauMyMa €(k)). Jokaxure, 4To BOTHOBas (QYHKIHUS CBA3aHHOTO COCTOSIHUSI Ha OOJBIINX PACCTOSHUSIIX
OT IIPUMECH UMEET BUT

Yo(r) x exp{~3(r,E0)}, S(r,Eo) = =s(p,1), v = |Eol/2t,

Tlie ¢ -- YroJl MEXIy HalpaBJIeHHEM BEKTOpa ' U OCBIO X, W OINpeaenuTe siBHbIN Bu GyHKIuu S(@,y).
[MoxpoOHO paccMOTpPUTE Cily4aii C1abOCBI3aHHOTO COCTOSIHUS, Koraay = 1.

0.5 Cocrosinus ¢ MAJBIMHU HeprusiMu B Moaesim Jingumua.

Onuimre yCTPOMCTBO HamOojiee BEPOATHBIX KOH(MUTYpalUid PAaCIONOXKCHHs pUMecei
(onrtuManbHBIX  (DIyKTyanwii) 00ecreYnBaUX BO3HUKHOBEHHE COCTOSIHUA C C CaMBIMH MaJbIMHU
sHeprusivu |E| = E i, B Monenn Jludmmmna.

0.6 {nuHa cBO0OAHOrO0 Mpodera 3JeKTPOHOB B Moaeau Jlupmmna npu
00J1bII0M MJIOTHOCTH NPUMecCei.

Kak MBI BBISICHWIH, 3JIEKTPOHHBIE COCTOSHUSI B Mojenu Jludmmna npu OOJBIION MIOTHOCTH
npumeceil (na3? 1) xopomo onMcHBaIOTCS MIOCKUMU BoMHamu. Haiimure aiuny cBoGoaHOro mpobera
[(E) omexTpoHa c »Heprueil E, BOZHHKAIOIIYIO 3a CYET PACCESIHUS HA OCTATOYHBIX (QIIYKTyalusx
wiotHocTH. [Tokaxkute, uTo BOIM3M Kpast 30HbI [(E) mepecTaer 3aBHCETh OT SHEPTHH.

0.7 PaccesiHue B Mo/e/iM AHIEPCOHA NMPHU cJ1a00M Oecriopsiike



PaccmoTpuTe d-MepHBI BapuaHT MOJeTH AHIEPCOHA C * IPSAMOYTOJIbHBIM" pacipeaesicHHueM &;,
npu ycaosuu W = t. Haiigure amuny cBoGoanoro npobera [ (k) Ass 4acTHIBI ¢ BOJTHOBBIM BEKTOPOM Kk,

HaﬁI[PITC IMMOJIOXKCHHUE MTOPOTOB MMOABUKHOCTH Em Hn3 yCJIOBUA l: /L rac A-- JJIMHA BOJIHBI YaCTHUIIbI.

KOHTpOJILHLIe BOIIPOCHI K 9K3aMEHY:

1. JluHaMu4eckuii ¥ 3aMOpOKEHHBIN OECIOpAIOK: yCpeIHEHHE MO BPEMEHH U YCPEIHEHHE II0
aHCcaMOJTIO.

2. Kpucranibl, KUAKOCTH, CTEKIIA, CIIJIaBbl, MATHUTHBIEC CUCTEMBI. [{anbHuil U OJIMKHUN MTOPSIIOK.
3. Pa3znuunble BapuaHThl MOJENH AHAEpCOHA

4, [110THOCTH COCTOSIHUIA: OOIIEe CBONCTBA.

5. [110THOCTH COCTOSIHUI: CHIIbHBIN O€CIOpSAI0K, JOKAIN30BaHHbIE COCTOSHUS.

6. [110THOCTB COCTOSTHU: CIIa0BIN OECIIOPSIIOK, TUIOCKHE BOJIHEI M UX cllaboe paccesHue.

7. Mopensb Jlnoiaa: TouHOE BbIpaKEHUE ISl CPEHEN IIJIOTHOCTU COCTOSIHUM.

8. OKCMOHEHIIMAIBHO Majasi IJIOTHOCTh COCTOSHUI B Mojenu AHAEpCOHAa BOIW3H TPaHUIIBI

CIICKTpa: uaes ONTHUMAIILHOMN q)HYKTyaI_[I/II/I.

9. Pa3zButne maen onTUMaIbHOM (PIyKTyaluu, ompeseieHrne YUCIECHHOro (akTopa B IMOKa3aTelne
JKCIIOHEHTHI.
10. TayccoB cnyuaiiHbIi NOTEHIMAN, KOPPEIALMOHHAS (QYHKIUS W KOPPENSLUOHHBIH paauyc,

OTIpEJICIICHUE CPETHEH MIIOTHOCTH COCTOSHHIA.

11. Meron ontumanbHOM QuykTyauuu, GopMyIupoBKa OOIIEH 3alaydl Ha YCJIOBHBIM 3KCTpEMyM,
BBIBOJI HEJIMHENHOTO ypaBHeHus LlIpenunrepa.

12. Crny4aii 6emnoro mryma (“OJM>KHUN XBOCT ), CBEICHHE K YHUBEPCAILHON Oe3pa3MepHOM 3a1aye.
13. Cry4aii 6esoro mryma: TO4YHOE PEIICHHE B OJJTHOMEPHOM CIIydae.

14, Crnyuait maBHOTO noTeHIMana (“1anbHUi XBOCT ') — TOYHOE PElICHHE.

15.  TIpemdKcHOHEHIMANbHBII MHOXKHUTENh B CPEIHEN TUIOTHOCTH COCTOSIHMIA: TocTpoeHue ['ayccoBa

(byHKI_[I/IOHaJIBHOFO HUHTCrpaja.

16.  IloaHocuMMeTpUYHAas MOJIa, HYJEBbIE MOJIbI M UX BKJIAJ] B IPEIIKCIOHEHIIUATbHbBIN MHOKHUTEb.
17. [TocTpoenne mosienu. MeTalnmMuecKui U TUAJIEKTPUYECKAN MPEIeIbl.

18. CriexTp, COOCTBEHHBIE COCTOSIHUS U IJIOTHOCTh COCTOSIHUN B METAJIIMYECKOM Cllydae.

19. Cpektp ¥ coOCTBEHHbIE COCTOSIHUS B JHMIJIEKTpUUeckoM ciydae. [lapHoe mnpuOnmxeHue,

PE30HAHCHBIC U HEPEC3OHAHCHLBIC YPOBHH.



20. [TnoTHOCTH COCTOSIHUIA B qUANEKTpUIecKoM mipeaesnie. Cirydaid 601bII0r0 MapHOTO pacIeIeHUs
(“OnmmxHUM XBOCT”)

21. “JlaibHU# XBOCT” M KOJUICKTHBHBIC ONTUMAIbHBIC (DIIYKTYyaInu.

22. [{eHTpasibHBIN TPOBaJ B IJIOTHOCTH COCTOSTHUM.

23.  IInOTHOCTH COCTOSIHMI MPU OYESHb MAJIBIX SHEPTUSIX: HEMPUMEHUMOCTh TAPHOTO MPUOTMKEHUS.
24.  JloHopsl u akuenTopbl. CirydailHBI MOTEHIMAT M IUIOTHOCTb COCTOSHHM B Cllyyae Majlod U

0OJIBLION CTENIEHU KOMIICHCALUH.
25. MexaHu3MbI IIepeHOca 3apsi/ia B CI1a00JeTUPOBAHHOM MOTYIIPOBOIHHKE.

26. YMepeHHO HH3KHE TEeMIIepaTyphbl: KauyeCTBEHHOE ONKMCAHHME IPBDKKOBOW IPOBOAMMOCTH II0
OJIMKANIIIMM COCEISM.

27. OuyeHb HHU3KHE TEMIICPATYPhbI: KAYCCTBCHHOC OIMMCAHUC IMPOBOAUMOCTHU C HepeMCHHOﬁ JUTHHOM
IIPbIKKA.
28. Hpr)KKI/I QJICKTPOHOB MCXKAY IMPUMECAMU, COIPOBOKAACMBIC IMOITIOMICHUEM WM HU3JTYYCHUCM

¢dononos. CeTka conporuieHuit Musiepa-Aopaxamca.

29.  llpuMeHeHue TEOpPUH MEPKOJSAIUH. 3aBUCUMOCTh MPOBOAMMOCTH OT TEMIEPaTypbl H
KOHIIEHTPAILMU IpUMecel B peKUME MPOBOJIUMOCTH IO OJMKAUIITIM COCEISIM.

30.  IIpoBOIMMOCTbH C IEPEMEHHON NTMHON MPBIKKA, 3aKOH MoTTa.

31. KauectBenHslii BbIBOJ (A7 pa3nuuHbIX pasmepHocte d). DddexrtuBnas d+1-mepHas
MEPKOJIILIMOHHAS. MOJIENb Y KOJIMYECTBEHHBII BBIBOJ 3aKOHa MoTTa.

32. TyHHenupoBaHHe B MarHUTHOM mose. KBasukiaccHuyecKuil XapakTep BOJIHOBBIX (YHKIMH U
nedopmarus “nmoBEPXHOCTEN MOCTOSTHHOTO IEUCTBHUS MAarHUTHBIM ITOJIEM.

33. Momundukamms cetkn Mmuiepa-AOpaxaMca B MarHMTHOM TOJie M BBIYHCIICHHE
MarHMTOCONIPOTHUBIIEHUSI C MOMOUIbIO Teopuu mepkosuuu. Ilpenensr cnaboro M CUIBHOIO TOJIEH.
AHU30TpONUS MarHUTOCONPOTUBIIEHHUS.

34, MarHuToCconpoTUBIIEHUE B PEKUME IIPOBOAMMOCTH C IEPEMEHHON JJIMHON IIPBIKKA.

35. DOd¢ddexTpl 37eKTPOH-AIEKTPOHHOTO B3aUMOJEHWCTBUS: TOIIAroBas Mpoleaypa MUHUMH3AIUU
KJIACCUYECKOH JIEKTPOCTaTHYECKON SHEPIHUH.

36.  IlepBoe mpuGnmxkeHue: GpepMHUEBCKOE 3aMIOJHEHHE OJHOYACTUYHBIX COCTOSHUH.

37.  Bropoe npubnmxenue: napHsie koppeasiuuu. KynoHoBckas 1mienb B INIOTHOCTU cOCTOHUM. Poub
BBICHINX TMPUOIMKEHUH.

38.  PaznuuHble ClieHapUU MHOTOYAaCTHYHBIX 3()()EKTOB B IPOBOIUMOCTH.
39.  3akon D¢dpoca-lIKIOBCKOTO I TPOBOAMMOCTH C TIEPEMEHHOH JUTMHOM TTPBDKKA.

40. Bnusinue nondaprepHOro paccesHus Ha IEKPEMEHT JIOKATM30BaHHON BOJHOBOW (DYHKIUU.



41.  TlonmaBieHHE MOJOKUTEILHOTO MATHUTOCOIPOTUBIICHUS T0A0aPHEPHBIM PACCESTHUEM.

42. HNHuTepdepeHnoHHbIC SIBJICHHSL: ahdexr AaponoBa-boma, OTpHUIIATEIILHOE
MarHUTOCONPOTUBJICHHUE.

43. AHJIIepCOHOBCKas JIOKau3aius B Moaenn Aunaepcona. Kpait moasmxuocTr. JIokann3oBaHHBIE U
JIEIOKATM30BAaHHBIE COCTOSHUS: Y€M OHHM OTIUYAIOTCS APYT OT Apyra?

44.  Crpykrypa BOJHOBBIX (YHKUUN BOJM3M TMOpora MOABMXKHOCTH. JlIMHA JIOKaJM3allUu.
MynbTuhpakTanbHOCTb.
45.  Ilpenmenbl NPUMEHHMMOCTH KIACCHYECKONM TEOpUU MPOBOAMMOCTH MeTaioB. KBaHTOBas

uHTepQepeHIus aKTOB paccesHus (KauyecTBeHHOe paccMoTpeHue). CaMmonepecekaromuecs IyTd U UX
BKJIaJ] B UHTEP(EPEHIIMOHHBIE YIICHBI.

46.  JIuddy3noHHbI mpomaraTop u ero pusndeckast UHTEpPIpeTaIus.

47. [TocnenoBarenbHOCTh AUArpamMM, OTBEYarOlas MEPBOM KBAHTOBOW mompaBke: KymepoH u ero
¢dusnueckass MHTEpIpeTanus. PacXoaMMOCTh KBAaHTOBOW TIONMPABKH K MPOBOJAMMOCTH B IPOCTPAHCTBE
HU3KoM pazmepHocTH. [Ipotieccrr c6os dha3bl u nHGpakpacHoe oOpe3aHue.

48. ['parnunsie ycnoswust i Kymnepona u pasmepHsie 23gdexTsl. PasmepHslii kpoccosep.

49.  OrpuuaTenbHOE€ MarHUTOCONPOTHUBIICHHE: BBHIBOJ M (Qu3MuecKas nHTepnperanus. OCHunIsIu
MarHUTOCOTIPOTUBIICHUSI TOHKOTO METAITMYECKOTO HMIMHAPA B 1) ()Yy3HOHHOM pesknMe (IKCIIEPUMEHT
[[TapBuna u IllapBuna).

50. KBanToBbIe onpaBku K KoHAAKTaHCY AU Py3nonHoro S-N-S koHTakTa.
51.  Poub aHJIpeeBCKOT0O OTPaXKEHUS.

52.  Heymnpyrue mpoueccsl U UX poib B cboe (as3bl. Bpems cbos ¢asbl 3a cueT KBa3uynpyrux
IIPOLIECCOB.

53.  DNeKTpOH-’JIEKTPOHHBIE CTOJKHOBEHMSA: OauIMCTHUeCKUl U U Y3HOHHBIH  PEKUMBIL.
[TpumennuMocTb Teopu PepMU-KUAKOCTH K TPSI3HBIM METaJlIaM.

54.  BnwusHHE 5JEKTPOH-IIEKTPOHHBIX CTOJKHOBEHHWH HA IUIOTHOCTH COCTOSHUN. AHOManus Ha
noBepxHocTH Pepmu (zero bias anomaly).

55.  Mesockonuyeckuit Mmacmtad. OTCyTCTBUE CaMOYCPEIHEHUSI.

56. Korepentnsiii tpancnopt: ®opmyna Jlangayepa miisi OpOBOAMMOCTH B JBYXKOHTaKTHOM
KoH(puryparuu. Posib Heynmpyrux mporeccos.

57.  YeTblpeXKOHTaKTHasi KOHPUTYpALIUSL.
58.  bamnuctuueckuil KOHAAKTaHC aguadaTHUECcKoro cyxeHus. KBaHToBaHME KOHJaKTaHCA.
59.  KorepeHTHBI! TpaHCIIOPT: MOCIEI0BATENIEHOE COSMHEHNE KOHIAKTAHCOB.

60. HeanmuTuBHOCTH COMPOTUBIICHUS U OJHOMEPHAs JIOKATU3ALIHSL.



61.

[TapamiensHOE COCTMHEHNE KOHIaKTaHCOB.

IIpumepsbl 3K3aMeHANMOHHBIX OWJIETOB
Buuer 1.

JluHamMudeckuii ¥ 3aMOPOKEHHBIN OeCropsIoK: YCpEeIHEHUE 1O BPEMEHH W YCPEIHEHHUE IO
aHcaMOJTIO.

IIpoBOAMMOCTE € IEPEMEHHOM JIIMHOM MPBIKKA, 3aKOH MoTTa.

OmHOMEPHEIH 2JIEKTPOH ¢ TaMUIBTOHHAHOM

—~

a2
H = _E-l_ U(X)

HAaXOAWTCA B CIIy9alHOM TIOTEHIMAlle, CO3/aBaéMOM OJMHAKOBBIMH KOPOTKOJCHUCTBYIOIINMHU

OTTAJIKUBAIOIINMH [IEHTPaMH, PACTIOJIOKEHHBIMU B CITy4aliHO BBIOPaHHBIX TOYKAX X;:
Ux)=xY; 6(x—x;), x>0.
Touku x; pacnpenenensl no [lyaccony co cpenneil moTHOCThIO 1. [IIOTHOCTE cunTaiiTe Majon: n = k.
* Uccnenyiite criektp aekTpona E u ero BonHosbie hyHkumuu i, (x) B obnactu suepruii 0 < E = K2,
B wactHoCTH, ONIpenenuTe 3na4enus Y, (X;) B TOUKAX, TI€ PACIIONOKEHBI PACCEUBATENN.

» HaiituTe cpeaHIon MIOTHOCTh COCTOSHMI mpu sHeprusax 0 < E = k2

mpu 0 < E = n? unpun? = E = .

n HCCHeHyﬁTe €€ ACUMIITOTHKH

Buaer 2.

Kpucranmisl, KUAKOCTH, CTEKIIA, CTIJIaBbl, MATHUTHBIE CUCTEMBI. [lanbHui U OJIMKHUN TTOPSIIOK.
Heynpyrue mpoueccsl u ux ponb B cboe (a3el. Bpemst cOost (a3l 3a cueT KBa3sHyINpyrux
MPOLECCOB.

PaccMoTpuM JIByMEpHYIO TPBDKKOBYIO TPOBOAMMOCTH B pexkume NNH (mpbbkku 1o Onmvkaiimmm

net
cocensiM). IlycTs k cucTemMe 1MoBEACHBI 1Ba KOHTAKTa B TOUYKax a U b Ha paccrosHud L,,? Lﬁm) IpyT OT

napyra. KoHTakTel MMEIOT BUA MI€AJIbHO MPOBOJSIINX AUCKOB paguyca 1 = Lgp,. IHTYUTHBHO ICHO, YTO

BCJIIMYMHA CONPOTUBJICHUA Rab MCXKAY OTUMH KOHTAKTaMH MOXET 3aBUCCTb OT KOHKPETHOI'O

o (hom)
pacrosiokeHus npumecel U (QIyKTyupoBaTh OT 0oOpasua K o0pasily, OTKJIOHSASACH OT 3HaueHus R,

KOTOpOE MOJIy4aeTcsi, €CIIM PacCMaTpUBATh CUCTEMY, KaK HEpephIBHYIO cpeny. Vccnenyiite Gpuykryannu

BEIWYUHBI R, TIpH LEZ;’? =71 = L,,. Haiinure ¢ynkuuto pacnpenenenus F,.(AR) Bemnmumnsl AR =

hom
Rap — Rc(lb ). [TokaxkuTte, YTO pacIpele/ieHde B 3TOM CjIydae rayccoBo, a (pIyKTyalldd OTHOCHUTEIBHO

Maiibl. Haliiure ux aucnepcuto.



