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)

Mo JMCHUIJINHE: KsanToBas Teopus nosus. Yacts 2
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
Du3TeX-KIIACTEp aKaIeMUYECKOW U HAyYHOU Kapbephl

Kypc: 4
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

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

CamocrosrensHas padora: 75 4ac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: B.B. Kucenes, n-p ¢uz.-Mart. HayK, TOIEHT, Tpodeccop

[Iporpamma obcyxneHa Ha 3acefqannn Ou3Tex-Kiacrepa akageMHuecKol 1 HayqHo# kapeepbl 27.04.2021



AHHOTANMA

B ommume ot mopaBnstomiero OONBLIIMHCTBA CIIELMANBHBIX KypCOB MO "KBAaHTOBOW TEOPHM MO IS
TEOPETUKOB", 3TOT MPEACTABIISACT U3 ceOsl HayuHBIH B3IV HA KBAHTOBYIO TEOPHIO MOJIS IS BCeX (PU3UKOB.

Bropas gactu kypca "KBantoBas Teopust nona" (BeceHHUH cemecTp 4 Kypca OakanaBpuara) HalpapleHa Ha
yIIyOJIeHHOE M3yYeHHE OJJHOTECTIIEBON CTPYKTYPBl KBAHTOBOM AIICKTPOAMHAMUKH, PAa3MEPHOU PETYIIspU3aIliH
pacxoaMMOCTell ¥ TEOPUH EPEHOPMHUPOBKH, a TAKXK€ YPaBHEHUI pEHOPM-TPyMIIbl. B mporpaMmy BKIIIOYEHBI B
KauecTBe O0S3aTENbHBIX CICAYIONIME pa3/eNbl: ONEPaTOPHOE PpAa3IOKEHHWE W TpaBHIa CyMM KBaHTOBOM
XPOMOAMHAMUKY, MapTOHHAs HMHTEpIpeTanus NIyOOKOHEYNpPYroro paccesiHus JIENTOHOB Ha aJpOHaXx,
POXXICHUE aPpOHOB B JKECTKUX IPOIECCAX, CMEIIMBAHUE 3apsHKCHHBIX TOKOB B KBAapKOBOM U JICTITOHHOM
cekTopax, A((QEeKTUBHAS TEOpUSl THKEIBIX KBApKOB Kak mpumep 3(QdeKkTHBHOW TMHAMUYECKON TEOpUH C
IByMsT MaciuTabamMH IOPOTOBBIX OJHEPIHi, DJIEMEHTHI TEOPUH BEIHKOTO OOBEAMHEHHS KaTHOPOBOYHBIX
B3aUMOJCHCTBUM.

CrpykTypa 3agaHus IJis CTYACHTOB CYIIECTBEHHO M3MEHEHA 10 CPABHEHUIO C MEPBOM YACTbIO TUCLMILINHBL:
3aJjaHue BKJIIOYaeT B ce0sf Kak CTaHIApTHBIE 3aadd BPOJE BHIBOJA aHOMAJIbHOIO MOMEHTa MIOOHA B
OJHONETICBOM NPUOMIKEHUH KBAaHTOBOW JJIEKTPOAMHAMHUKM, TaK M TEMaTHUYECKUE CEMHUHAaphl C
UCTIONIb30BaHMEM TeKylleld maureparypsl. Ilo kaxmoil Teme mpemnojgaBaTellb CaMOCTOSTENIBHO ONpEAENseT
pedepeHCHYI0 CTaThi0 M3 apXHMBa 3JEKTPOHHBIX NPENPUHTOB WIM M3 XKypHaJla, 10 KOTOPOW Ha 3aHATUHU
MPOBOIUTCS JINTEPATYpHbIH ceMuHap. MUHHMAaNbHBI HA0Op TEMAaTHYECKUX CEMHUHAPOB YKa3aH B 3aJaHUH
(manmpumep, >¢dexTuBHbii noreHuuan Koynmena-BaiinOepra, tera-BakyyM KBaHTOBOH XpPOMOIWHAMHKH,
1/N-paznoxenne, BPS-cocrosinusi, neiicrue Yepna-CaiimoHca U mpod.). JlomomHUTENbHBIE JMTEpaTypHbIC
CEMHHApBl MPOBOMAATCS MPENOAaBaTeNieM MPH HaJIMYMK ayIWTOPHBIX YacOB, HE 3aHATHIX 00s3aTeNIbHBIM
MHUHHUMAaJIHBIM HabopoM. JIutepaTypHblii ceMHHAp MO TEME MOXKET 3aHUMaTh 00Jiee OHOTO 3aHSTHUSI.

AKTHBHOE y4acTHE CTYACHTOB B padoTe JINTEPaTypPHOTO CEMHHAPa YUYUTHIBAETCS KaK HEOOXOAMMBIH AJIEMEHT
crauu 3ananus. [Ipu cnade 3agaHus CTyIeHT OTBEYAeT Ha BOIPOCHI 110 BCEM IMPOBEICHHBIM B Y4eOHOI rpymie
CEMUHAPCKUM 3aHATHSM.

1. leau u 3apauun
eap AUCUMNIMHBI

W3yuenne CcOBpEMEHHOTO TEOPETHUYECKOrO armapara H3y4eHUs (QyHAaMEHTAJIbHOW CTPYKTYpbI
MHUKpPOMHpA 1 ero (heHOMEHOIOTHH.

3agauu AUCHUILIHHBI

HpaKTI/I‘leCKI/IM HUTOIOM YCBOCHUS BTOpOﬁ HacTH Kypca JOJIKHO CTaTh YBCPCHHOC PCIICHUC CTYACHTAMU
CTaHAApTHBIX 3ala4y BpOA€ BbIBOJa aHOMAJIBHOI'O0O MOMCHTA MIOOHAa B OJHOIICTIICBOM HpI/I6JII/I)KeHI/II/I
KBaHTOBOM QJICKTPOJANHAMUKMU.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

Ko 1 HaumMeHOBaHKE KOMIIETEHIINH WNnaukaTtopsl AOCTHKEHHUS] KOMIIETCHIIN
OIIK-1 Criocoben npuMeHsTh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh IMyTH €€ peleHUs

oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.3 CnocobeH ompenensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
MpOrpaMMHBIE CPEJICTBA MIPH PeLIeHUH 3a1ad  |obnactu (cdepe) mpodeccHoHaNbHOMN AesITeTbHOCTH

poeCCUOHATBHOM JIeTENLHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAITMOHHOW OE30TIaCHOCTH




OIIK-3 CriocobeH cocTaBisITh U 0QOpMIIST
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.1 3Haer ocHOBHBIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAi U HAYYHO-TEXHUYECKON TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHWEM MPUKIAJHOTO IPOrPAMMHOTO
o0ecrnieyeHHs

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOoTKy HayYHO-TEXHUYECKOHN U (HJIIH)
TEXHOJIOTMYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3349

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO IIOMCKA H
MHTEJUJICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOI
u (WwiM) TexXHOJOrmYeckod wuHpopMauud B OOJIACTH
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYeCKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON
HayYHO-HCCIICI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEIMETHOM 001acTH) U (MIIN) TEOPETUIECCKHUE
(aHaTMTHYECKIE M IMUTAIIUOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pU3nKN

IIOHATHUAMMU,

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JI€TIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[IK-2.1 Bnameer MeTrogaMu CTaTHCTHYECKOW 0OpabOTKH U
aHaJIM3a HayYHbIX JaHHBIX

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, HHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM [T peIlieHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[MK-3.1 3naer npuHIHMIILI PabOTHI M JHANa3oHbl pabounX
napamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000pYy/IOBaHUS

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTh UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1K-4.1 3Haer ynciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00nacTu

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI

3HATb.

TCOpI/Ifl BHrHepa MNOCTPOCHUA Oasuca CB060)_IHLIX PCIITUBUCTCKUX Imojieii B MMpOCTPAHCTBE

MUHKOBCKOIrO, TEOpHUs MPEeACTaBICHUN

rpynnsl - SL(2,C), BTOopuYHOE KBAaHTOBaHHE CKaJSPHBIX,

CIMHOPHBIX W BEKTOPHBIX TOJEH B NPOCTPAHCTBE KBAaHTOBBIX COCTOSAHMH PDoka, KaauOpOBOUYHBIE
B3aMMOJCUCTBUS, PEILIEHUE KYJIOHOBCKOM 3aJ1a4uy JUIsl CKaJsIPHOTO M CIIMHOPHOIO IUIEM KaK TOYHO, TaKk
U B paMKax MocTpoeHHs 3(PQPEKTUBHOrO IEHCTBHS A0 BTOPOrO MOPAIKA MAaJOCTH IO OOpaTHOi

CKOpOCTU CB€TAa, IIOCTPOCHHUC

nuarpaMMHOM  TexHukn DellHMaHa Ha OCHOBE

YpPaBHEHUI

[lIBunrepa--Jlalicona B MNpenCTaBICHUH KOHTHHYaJbHOIO HHTerpaia.,(opManu3M MOCTPOCHUs
HaOJIIOaeMbIX BEpPOSTHOCTHBIX BEJIMYMH MAJISI KBAHTOBBIX IIE€PEXOAOB B PEISATUBUCTCKOW TEOPHUH:
CEUEHHH paccesiHuA U LIMPUH paclaioB, TUIIMYHbIE npouecchl CTangapTHOH Monenn KaauOpoBOYHBIX
B3aUMOJICHCTBUI AIIEMEHTApPHBIX YacTHUI] B JPEBECHOM NPHOIMKEHUH,MEXaHU3M XHITCA HapyLICHUSI
JIOKaJIbHOU BJIEKTPOCIa00i CHUMMETPUH, a TaKKE CPAaBHEHHE CO CIIydyaeM CIIOHTAHHOTO HapyIICHUS

100abHON KaNHOPOBOYHON CHMMETPUU C

00pa3oBaHHEM TOJJCTOYHOBCKOTO OO030H, KBapKoOBas

MOJZIeTb aJPOHOB M OCHOBBI KBaHTOBOM XpOMOJWHAMUKH, BBereHHe OyxoB Panneesa--llomosa B
¢dopManu3Me KOHTHHYaJIbHOTO HMHTErpaia, BBIBOA CIEAYIOIIMX M3 KaINOPOBOYHOM HMHBAPHAHTHOCTH
neiictBus ToxaectB CnaBHOBa--Teinopa--Yopaa--Takaxammu.

YMETb:
BrBOoguTE  aHOMANLHBIN
ANEKTPOIMHAMUKH.
BIIaJICTh:

MOMCHT

MIOOHAa B

OJHOIICTIICBOM HpI/I6J'II/I)KCHI/II/I KBAaHTOBOM




Anmapar KBaHTOBOW TEOpUH IOJS B paMKax TEOPHM BO3MYIICHMH, METOIbI ONHCAHUS HeabeIeBbIX
KaJMOpOBOYHBIX TEOpHH, BKJIIOYAas OCHOBbl CTaHOApTHOW MOIENH, pa3MepHas peryspu3anus,
[IEPEHOPMHUPOBKA B OJIHON IIETIIE.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 OnHomeTieBble  BEpIIMHBI  KBAHTOBOU 4 4 g
ANEKTPOANHAMUKI
2 Perynsipuzanus pacxogumocteit 4 4 10
3 [TepenopmupoBka 4 4 9
4 [TepenopmupoBKa 3apsa, Macchl U MO 2 2 6
5 OmneparopHoe pa3oKeHHe 2 2 6
6 I'my6GokoHeynpyroe paccesHue JIENTOHOB ) ’ 6
Ha aJpoHax
Poxnenne ~ agpoHOB B KECTKHUX
7 8 AP 2 2 6
npoueccax
8 Onekrpocnabas Teopus 4 4 6
9 Db dekTuBHBIC AMHAMUYECKHE TEOPUH 2 2 6
Benukoe oObenuHeHHe KaauOpOBOYHBIX
10 OOPER P 4 4 12
B3aUMOJICHCTBUI
Hroro yacos 30 30 75
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 8 (Becennuit)

1. O,E[HOHCTJ'IGBBIC BCPHINHBI KBaHTOBOM QJICKTPOANHAMUKHA

BiaumoneiicTBre snekTpoHa ¢ (OTOHOM M aHOMaJbHBIM MAarHUTHBI MOMEHT g-2, cCOOCTBEHHas
sHeprus (oToHa, COOCTBEHHAs YHEPTHUS AIEKTPOHA, HOPMHUPOBKA ITOJIS, TOXKAECTBA Yopaa-Takaxaiiu.
CremneHpb pacxoauMOCTH.

2. Perymspuzanust pacxoquMocCTei

Pa3mepnas peryisipuszanusi: MHTETPUPOBAHUE B MIPOCTpPaHCTBE D M3MepeHuid, pa3MepHOCTH OJIEN U
3apsiia, BBIUMTAHHE PACXOAMMOCTEH, 3aBHCHMOCTh OT MaciuTaba peryisipu3aluy, pa3MepHas
TpancmyTanus.  Perymspuzanus [laynu-Bummapca. OOpesanue  OoOJbIIMX — BUPTYadbHOCTEH.
HndpakpacHbie pacXoaAUMOCTH 13-32 0€3MacCOBOCTH (OTOHA.

3. IlepeHOpMHUpPOBKA




Penent mnepenopmupoBku. HeszaBucumocTs  ¢u3MuecKMX ~ HaOMIOmAaeMbIX  OT  Maciurada
perynspusauuu. [IoHATHE O IEPEHOPMUPYEMOIM TEOPUHM HA MPUMEPE KBAHTOBOM JIEKTPOAUHAMUKH.
YpaBHEHUS pEHOPM-TPYTIIHIL.

4. HepeHOpMHpOBKa 3apsaa, MacChbl U 11OJIA

Oynkuust  lemn-Mana-Jloy B anexkrpogunaMuke.  YnbrpaduoneToBele W HH(ppakpacHbIC
(UKCUpOBaHHBIE TOYKU JJIS 3apsjga B TEOpUH OOIIero BUaa. ACHMITOTHYECKas CBOOOJa B
HeabeJeBbIX KalMOpOBOUHBIX Teopusx. llomrocHas m Oerymiasi Maccbl. AHOMajbHAas Pa3MEPHOCTD
OJIA.

5. OmnepaTtopHoe pa3ioKeHne

3arpaBouHOe feiicTBUE U APPEKTUBHOE AEHCTBHE KaK MPUMEpP ONEPATOPHOTO PA3IOKEHHUS: MEPEXo
K BHEMHMM NOJISIM. KoppemsiTop BEKTOPHBIX TOKOB, MHHMas 4YacTh JAMarpaMmbl M IpaBHiIa
KyTkockoro, cedeHne HMHKIIIO3UBHOIO POXKACHUS aApPOHOB M R-OTHOIIEHME, KCIEpHUMEHTAJIbHbIE
JI0Ka3aTeJIbCTBA CYLIECTBOBAHMUS KBAPKOB M MX CHJIBHOIO B3aMMOJACHCTBHS, BAKyyMHbBIE KOHJEHCATHI
Ha MpuUMepe TIIIOOHHOTO KOHJIeHcara B KBaHTOBoM xpoMoauHamuke (KXJ1), mpasuna cymm KX/I.

6. I'myOoxoHeynpyroe paccesHue JISNTOHOB Ha aJJpOHax

[lapronnas monens. HemonsipusoBaHHOE paccesiHUE U CTPYKTypHBIE (DYyHKUIMHU. DBOMOLUS (DyHKIHIA
pacmpeieneHrs MapTOHOB B KBAHTOBOM Teopuu moisi: Metof, Anbrapennu-Ilapusu, pabotsl [pubona,
Jlunarona, Jlokmuiepa.

7. PoxxieHre aipoHOB B JKECTKHX IpOIIeccax
Teopust BO3MYILEHHH /TSI )KECTKUX APTOHHBIX MTPOIIECCOB.
8. Dnekrpocnabas Teopus

Marpuina cMemmBaHus 1J1s 3apsDKEHHBIX KBAPKOBBIX TOKOB, MaTpHIIa CMEIIMBAHUS TS 3aPsKEHHBIX
JEeNTOHHBIX ~TOKOB M  OCUWULINMM  HEHUTPUHO, uepapxus Macc, (aza  HapymeHHs
CP-unBapuantnocty, 3¢pdpext Muxeepa--CmupHoBa-BonbdeHmTeiina. Ocouusiuug HEUTpanbHbBIX
Me30HOB ¢ b-kBapkamu, Mmexanu3m [moy—UWnnonynuca—Maiianu.

9. 3ddexkTuBHBIC TUHAMUYECKHE TEOPHH

Hepapxusi SHEPreTHYECKHX MOPOTOB M PA3IOKCHUE HAOIIONAEMBIX M COCTOSIHHH IO MAalloMy
JMHAMHYECKOMY IapaMeTpy, TSKeJblil KBapK M MacmrTad KoH(pailHMEHTa, CKOpOCTh JEKTpOHA B
aroMe Kak MaJibli IapameTp, TSDKENbId KBapK B aJpoOHE C JITKUMH BaJCHTHBIMH KBapKaMd U B
TsOKeNnoM KBapkoHuu: cpaBHeHue mpomnaratopoB NRQCD u pNRQCD, NRQED, craruueckuit
noreHuuan dddexktuBHoil Teopuum W newis Buibcona. CmMBKAa KOHCTAHT — Pas3sIOKECHUS
s dexTruBHOTO NeiicTBrs. JIDMOOBCKHUE CIBUT B aTOME BOJIOPO/IA.

10. Benukoe oObeMHEHUE KATMOPOBOUHBIX B3aUMOICHCTBHIMA
Berymue koncranTsl v sHeprus yaudukanuu. Moaens SU(5). Pacian nporona.

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

JlexmoHHas aynuTopus, A0CKa, Medl.
6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. KeanToBas mexanuka [Tekct] : Kypc neknuii : [yue6. mocobue ans By3oB] / B. B. Kucener .— M. :
MITHMO, 2009 .— 560 c.

JomnonHutenbsHas auTeparypa

1. KBanToBas anekrpoaunamuka [Texcr] : yue0. mocoOue i cTy/ieHToB ¢u3. cren. yH-ToB / B. B.
Bbepecrenkuit, E. M. JIudum, JI. [1. [Turaesckuii .— 4-¢ u3a., ucnp. — M. : ®usmariur, 1989, 2001,
2002, 2006 .— 720 c.

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

https://sites.google.com/view/ktp-fopf/
Texkyrias nHGpOpMAaNUs O AUCIUIUINHE, BKITIOYAs TECThHI, YCIEBAEMOCTb, TEKCT JICKIIMHA, BUICO
CEeMUHAPOB, KOHTAKTHAs HH(OpMaIIns

A Taroke arXiv.org nekinun u3 mukna TASI

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLECTBJICHUU 00pAa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Onucanre MHPOPMATMOHHBIX PECYPCOB: arxiv.org cratby paszaenos hep-ph, hep-th
9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

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

B pe3ynbpTare HU3y4YCHUSA 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;

— BeJIeHUS KOHCIICKTA 3aHSITHUH;

— HaNPsDKEHHOW CaMOCTOATEILHOU PabOTHI CTYIEHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

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

— peleHue 3aad, MpeaaraéMpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHUI MPOMEKYyTOUHOM aTTeCTallru.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCITUILIUHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIHEHUN W3yYCHUS OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMU K
MIpenoAaBaTesio.

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



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
Du3Tex-KIIacTep aKaJAeMUIECKON U HayuYHO! Kapbephl
Kypc: 4
kBaTuuKkanus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: B.B. Kucenes, n-p ¢uz.-Mart. HayK, TOIEHT, Tpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHNUS, MOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.3 CnocoOeH omnpenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYCHHBIX PEe3YJIBTaTOB

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
MH(OPMAIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-3 CriocobeH cocTaBisITh U 0QOpMIIST
Hay4HbIC U (UJIM) TEXHUYECKHE
(TEeXHOIOTHYECKUE, MHHOBAITMOHHBIC) OTICTHI
(my6nuKauym, MpOeKThI)

OIIK-3.1 3Haer ocHOBHEIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHUEM MPUKIAJHOTO IPOrPAaMMHOTO
o0ecrnieyeHHs

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIH ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJIHBIX 3349

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKA H
MHTEJJIKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHHYECKOI
u (wiM) TexXHOoJOrHmYeckod wuHpopManmud B OOJIACTH
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON
Hay4YHO-HCCIICI0BATEIBCKOM,
M3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH amnmaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTATBHBIX
UCCIIeJOBAaHUN U pa3paboToK

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (M) TEOPETUIECKHUE
(aHATMTHYECKIE M IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (PpHU3nKH

IIOHATHUSAMMU,

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIE B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JI€TIaTh HayYHbIE BHIBOJIBI
(3aKTrOueHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW 0OpabOTKH U
aHaJIM3a HayYHbIX JaHHBIX

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM JUIs peIleHHs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IMacTi

[MK-3.1 3naer npuHIOHMIILI PabOTHI M JHANa3oHbl pabounx
apamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000py/IOBaHUS

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare nzyuenus aucuuiuinHbl «KBaHToBas Teopus noist. YacTe 2) 00ydaromuics JOIKEH:

3HATb:




Teopuss Buraepa mnoctpoeHust 0Oa3uca CBOOOAHBIX PEISTHBHUCTCKUX TIOJIEH B MPOCTPAHCTBE
MuHKOBCKOTO, Teopusi mpenctaBieHuii rpynmsl SL(2,C), BTOpUYHOE KBAaHTOBAaHHME CKAJSPHBIX,
CIIMHOPHBIX M BEKTOPHBIX TOJEH B NPOCTPAHCTBE KBAaHTOBBIX COCTOSAHMH Doka, KaauOpOBOUYHBIE
B3aMMOJCUCTBUS, PEILICHUE KYJIOHOBCKOM 3aJ1a4uy JUIsl CKaJIsIPHOTO M CIIMHOPHOIO IUIEM KaK TOYHO, TaKk
U B paMKax MocTpoeHHus 3(PQPEKTUBHOrO IEHCTBHS A0 BTOPOrO MOPAIKA MAaJOCTH IO 0OparHOi
CKOpPOCTH CBETa, IOCTPOCHUE JAUArpaMMHOM TexHUKM @DeliHMaHa Ha OCHOBE YPaBHEHUU
[lIBunrepa--Jlalicona B MNpenCTaBICHUH KOHTHHYaJbHOIO HHTErpaia.,opManusM MNOCTPOCHUs
HaOJIIOaeMbIX BEpPOSTHOCTHBIX BEIMYMH MJISI KBAHTOBBIX IIE€PEXOAOB B PEISTUBUCTCKOW TEOPHUH:
CEUEHHH paccesiHuA U LIMPUH paclaioB, TUIIMYHbIE npouecchl CtangapTHONH Monenn KaauOpoBOUYHBIX
B3aUMOJICHCTBUI AIIEMEHTApPHBIX YacTHUI[ B JPEBECHOM NPHOIMKEHUH,MEXaHU3M XHITCA HapyLICHUS
JIOKAJIbHOU AJIEKTPOCIa00i CUMMETpPUH, a TaKKE CPAaBHEHHE CO CIIydyaeM CIIOHTAHHOTO HapyIICHUS
100abHON KaNMMOPOBOYHON CHMMETPUU C  OOpa30BaHHMEM TOJJICTOYHOBCKOTO 0O030H, KBapKOBas
MOJEJIb aJIpOHOB M OCHOBBI KBaHTOBOW XPOMOAMHAMHUKH, BBeleHue nyxoB dDanneeBa--Ilomosa B
¢dopManu3Me KOHTHHYaJIbHOTO HMHTErpaia, BBIBOA CIEAYIOIIMX W3 KaIMOPOBOYHOM HMHBAPHAHTHOCTH
neiictBus ToxaectB CnaBHOBa--Teinopa--Yopaa--Takaxammu.

yMeTh:
BoiBoguTh  aHOMaNbHBI ~ MOMEHT MIOOHAa B OJHONETIEBOM  NPUOMMKEHWH  KBAaHTOBOU
JIEKTPOANHAMUKHU.

BJIaJeTh:

Anmapar KBaHTOBOW TEOpUH IOJS B paMKax TEOPHM BO3MYILICHMH, METOIbI ONHCAHUS HeaOelIeBbIX
KaJMOpOBOYHBIX TEOpHUH, BKJIIOYAas OCHOBbl CTaHIApTHOW MOIENH, pa3MepHas peryispu3anus,
[IEPEHOPMHUPOBKA B OJITHON IIETIIE.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs WIN B KOHLE 3aHATUS 110 IPOUIEHHON TEME.



3. [lepeyeHb THUNOBBIX KOHTPOJIBLHBIX 3aJaHUIl, HMCHOJb3YeMbIX /AJfl OLEHKHM 3HAHMI,
YMEHHIi, HABbIKOB

Atrectanmst mo guctumuinHe «KBanToBast Teopust mons. Yacte 2» ocymiecTBisieTcst B (opme
b depeHIIMPOBAHHOTO 3a4eTa MOCJIe BECEHHEr0 CEMECTpa.

YMeHHUS ¥ HaBBIKM CTYACHTOB OMNPEIENIAIOTCS 0 UTOraM CAayd JAOMAIIHEro 3afaHus. 3aJaHue
COJICP’KUT TUIIOBBIC 33/1a4, KOTOPBIC pa30UPAIOTCS HA CEMHHAPCKUX (TIPAKTUUYECKUX ) 3aHATHSIX.
JlomamiHue 3afaHusl OLIGHEHBI B ONpEAENEHHYI0 CyMMY OajlIoB, YTO IO3BOJISIET OLICHUTH
YPOBEHb YMEHHUSI 1 HABBIKOB CTYJICHTOB.

Ilpumep munoswvix 3a0anuil:

1. IlpaBuna ®eliHMaHa B TEOPHH FOKABCKOTO B3aMMOJICUCTBHS CIHMHOPHOTO mojisa Jlupaka c
BEILECTBEHHBIM CKAJIIPHBIM I10JIEM

2. Jloka3aTh, 4TO pa3ioXEHUE CBS3HBIX JHArpaMM IO METJISIM COBIAJAET C Pa30KEHUEM 10
nocrosiHHOM [limanka

3. BeBectn ypaBHenus IlIBunrepa--llaiicona u rpaduyeckoe NpEACTaBICHUE IS
JIBYXTOUEYHON BEPIIMHHON (PYHKLINHU U1 CKAJIIPHOM 3JIEKTPOIMHAMUKI

4. D¢ dextuBHpii noreHnuan Koynmena--BaitnOepra

5. [etictBue Yepna--CaiimoHca

Kaxnprit Bompoc 3amaHusi OIEHEH B OINPEACIIEHHYI0O CyMMY OauioB B 3aBUCUMOCTH OT

CJI0KHOCTH M YPOBHS (3HaHUS, YMEHUS U HaBBIKH).

VYcnoBuss Habopa OaiyioB 3a pabOTy B CEMECTpE MOTYT OMPEAENATHCS JEKTOPOM B Hayaie
Ka)KIOr0 CEMECTPA, HO YJOBIETBOPSAIOT 00IIEMY MPaBUILY, IPUHATOMY Ha 3aceJaHuH Ka(eaphl.
B Teuenme cemectpa cTymeHT HaOupaeT cymMMmy OasioB MO pe3ylbTaTaM CIa4d JIOMAITHETo
3a/laHus, 4TO COOTBETCTBYET OLIEHKE BHJIOB paboThl. [lo pe3ympTaTaM HMTOrOBOTO pPEUTHHTA
CTYJICHT MOXKET HaOpaTh HEKOTOPYIO CYMMY, KOTOpasi OIICHUBACTCS B % OTHOCHUTEIHHO ITOJIHOTO
Oarnna.

HtoroBas oueHka nuddepeHIupoBaHHOTO 3a4€Ta BBICTABISETCS B COOTBETCTBHUHU CO CXEMOM,
MIPUBEACHHOM B CIEIYIOIIEM pa3fee.

4a. Kpurepun ouennBanus (1udppepeHupoBaHHbIN 324€T)

Orenka HaGpannsie 6amib

otnuaHo (10) 6o1ee 90%

oTnyHO (9) ot 80% 10 90% BKIIOUYUTETHHO
xopoto (8) ot 70% no 80% BKIIOUUTEITHLHO
xopotio (7) ot 60% 10 70% BKIIOUUTETHHO
xopoto (6) ot 50% 1o 60% BKIIOYUTEITHLHO
yJIOBJIETBOPHUTENHHO (5) ot 40% 1o 50% BKJIIOUUTETHLHO




YJIOBJIETBOPUTENBHO (4) ot 30% 1o 40% BKIIOUUTETHLHO

YAOBJIETBOPUTENHHO (3) TpeOyeT NOMOHUTEIBHOTO TECTUPOBAHUS 10
MPOOJIEMHBIM BOMPOCaM (TeEMaMm)
HeynoBieTBOpUTeNbHO (2) | He monydyeHa yaoBiIeTBOpUTENbHAS OIICHKA B IIEPUO]L
3a4€THOMU CECCHUMU.

5. MeToauyeckue MaTepuaJibl, onpeaesiioiue npoueaypbl oueHMBaHUA 3HAHUH, YMEHUId,
HABBIKOB M (MJIM) ONBITA JeSITeJILHOCTH

PabGora ¢ y4eOHOIl W HaydyHOW JHMTEpaTypod SIBIISETCS TJIaBHOW (POpMON CcaMOCTOSATEIHHOU
pabotel. OHa BKJIIOYAeT MPOPAOOTKY JICKIMOHHOIO MaTepuaja — H3yueHHe JMTepaTyphl IO
TeMaTHKe Jekiuil. Tunossle 3aaun pa3ouparoTCsl HA CEMUHAPCKUX (IIPAKTUYECKUX) 3aHATHSIX.
AHaJIOTMYHbIE 3a]1a4l U YIPaXHEHUS CTYAEHTHI JOJDKHBI PEIIUTh CAMOCTOSITEIbHO, UCIOIb3Ys
PEKOMEHI0BaHHYIO JIUTepaTypy. PaboTa ¢ nureparypoii He TOIBKO IMoJie3Ha KaK CpeAcTBO Ooee
rJyOOKOro HM3ydeHHs JII0OOW JMCUUIUIMHBI, HO M SIBJIAETCS HEOThEMJIEMOH 4YacCThIO
npoeCCHOHATBPHON  JEATENILHOCTH  Oyayllero BhIMyCKHHKa. [lokaszarenem — BiajgeHHA
MaTepHaJIoM CIIy’)KUT YMEHHE 03 KOHCIIEKTa OTBeYaTh Ha BOIIPOCHI IO TEMaM JUCHUIIIUHBI.



