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
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
HEeHTp oO0pa3zoBareibHbIX porpamm JIOU

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 obcyxieHa Ha 3aceflaHuu IIeHTp 00pa3zoBaresbHbIX mporpamm JIOU 20.02.2025



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 wactu kypca "KBanroBas Teopus nons" (BeceHHHI cemecTp 4 Kypca OakanaBpuara) HampaBjcHa Ha
yIIyOJIeHHOE M3yYeHHE OHOIETIICBON CTPYKTYPhl KBAHTOBOH JIEKTPOIUHAMUKY, Pa3MEPHOH peryispr3anuu
pacxoaMMOCTel U TEOPUH IEPEHOPMHUPOBKH, a TAKXKE YPAaBHEHUI pEHOPM-TPyMIIbl. B mporpaMMy BKIIIOYEHBI B
KauecTBe O00s3aTEIbHBIX CIEAYIOIIME pPAa3[elibl: ONEepaTOPHOE pPA3IOKEHHE M TpaBHiIa CyMM KBaHTOBOH
XPOMOAJMHAMUKY, MapTOHHAs HMHTEpHpeTanus ITyOOKOHEyNpyroro paccesiHus JICNTOHOB Ha aJpoHax,
POXICHUE apOHOB B KECTKUX IpOIeccax, CMEIIMBAHUE 3apSHKEHHBIX TOKOB B KBAPKOBOM M JICTITOHHOM
cekTopax, d(QdeKTUBHAS TEOPHUS THKEIBIX KBAPKOB Kak mpuMep dPGEKTUBHOH JUHAMHYECKOW TEOPUU C
IByMsT MaciuTabamMH IOPOTOBBIX OJHEPIHi, DJIEMEHTHI TEOPUH BEIHKOTO OOBEAMHEHHS KaTHOPOBOYHBIX
B3aUMOJCHCTBUM.

CrpykTypa 3aaHus AJsl CTYACHTOB CYIIECTBEHHO U3MEHEHA 110 CPAaBHEHMIO C MEPBON YaCTbIO TUCLMILIMHBIL:
3aJjaHue BKJIOYaeT B ce0s Kak CTaHAapTHBIE 3aJayd BpOJIE BBHIBOJAA AHOMAJIbHOTO MOMEHTAa MIOOHAa B
OJHOMNETICBOM TNPUOIIKEHUH KBAaHTOBOM JJCKTPOAMHAMMKHM, TaK W TEMaTHUYECKHE CEMHUHAaphl C
UCTIONIb30BaHMEM TeKylleld maureparypsl. Ilo kaxmoil Teme mpemnojgaBaTellb CaMOCTOSTENIBHO ONpEAENseT
pedepeHCHYI0 CTaThl0 M3 apXyBa 3JIEKTPOHHBIX MPENPUHTOB WM U3 JKypHaja, IO KOTOPOH Ha 3aHITHU
MPOBOIUTCS JINTEPATYPHbIH ceMuHap. MHUHUMAaIbHBIMN HA0Op TEMaTHYECKHX CEMHHApOB yKa3aH B 3aJaHUU
(mampumep, >¢dexTuBnbiii noreHnuan Koynmena-BaiinOepra, Tera-BakyyM KBaHTOBOM XPOMOJMHAMUKH,
1/N-paznoxenne, BPS-cocrosinus, neiictue UYepna-Caiimonca u 1mipod.). JlONMOJTHUTENBHEIE JUTEPaTypPHbBIE
CEMHHApBl MPOBOMAATCS MPENOAaBaTeNieM MPH HaJIMYMK ayIWTOPHBIX YacOB, HE 3aHATHIX 00s3aTeNIbHBIM
MHUHHUMAaJIHBIM HabopoM. JIutepaTypHblii ceMHHAp MO TEME MOXKET 3aHUMaTh 00Jiee OHOTO 3aHSTHUSI.

AKTHBHOE y4acTHE CTYJEHTOB B pabOTEe JTUTEPATypHOrO CEMUHApa YUUTHIBACTCS KaK HEOOXOJUMBIN JIEMEHT
crauu 3ananus. [Ipu cnade 3agaHus CTyIeHT OTBEYAeT Ha BOIPOCHI 110 BCEM IMPOBEICHHBIM B Y4eOHOI rpymie
CEMUHAPCKUM 3aHATHSM.

1. leau u 3apauun
eap AUCUMNIMHBI

W3yuenne CcOBpEMEHHOr0 TEOPETHUYECKOTO ammapara HW3yYeHHUs (yHIaMEHTaIbHOW CTPYKTYPHI
MHUKpPOMHpA 1 ero (heHOMEHOIOTHH.

3agauu AUCHUILIHHBI

HpaKTI/I‘leCKI/IM HUTOI'OM YyCBOCHUA BTOpOﬁ JacTu Kypca JOJDKHO CTaTb YBCPCHHOC PCHICHUC 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 CnocobeH aHanM3upOBaTh MOCTABJICHHYIO 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 TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2 Cnocoben ucnonb3oBarh copemernsie |OITK-2.1 Crnocoben MPUMEHSTh COBPEMEHHEBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT 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 3HaeT oCHOBHBIC MpaBuiia OPOPMIICHHS HAYYHBIX
MyONMKAUi U HAy9HO-TEXHUYECKOH TOKYMEHTALUH, B TOM
YHUCIe C MCHONb30BAaHWEM NPUKIAJHOTO 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
MHTEJJIEKTYaJbHOTO aHajdM3a HMHGOPMAIMK TIpPU pEIIeHUU
3a1a4 npodeccuoHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT 0CHOBHBIE HCTOYHUKH HAYYHO-TEXHUYECKOM
u (W) TexHoJornyeckod wuHpopMauum B objacTu
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 CmocobeH pemath TIOCTaBICHHBIC 3a7a4dl B
obnactu TEOPETUUECKUX u IKCTIEPUMEHTAIBHBIX
HCCIICIOBAHMI 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 npuHNHUIEI pabOThl W AMANa30HBI PabOYMX
napamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000pYy/IOBaHUS

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

[1IK-4.1 3Haer yncieHHbIC TOPSIKA BEJINYHH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00nacTu

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

3HATb.

1. Teopuss Burnepa: mocrpoenune 0a3znca CBOOOIHBIX PENSTUBUCTCKHX IOJIEH B TPOCTPAHCTBE

MWUHKOBCKOTO.

2. Teopwus nipeacrasienuit rpynmst SL(2,C).
3. BropuuHOoe KBaHTOBaHUE CKAJSPHBIX, CIUHOPHBIX M BEKTOPHBIX IOJIEH B MPOCTPAHCTBE KBAHTOBBIX

cocrossHui DokKa.
4. KaimOpoBoUHEIE B3aUMOJICHCTBUSI.

5. PenieHue KyJIOHOBCKOHM 3aJa4yu JUlsl CKAJIIPHOIO U CHMHOPHOIO IIOJEN KaK TOYHO, TaK U B paMKax
MOCTPOCHHUS IPPEKTUBHOTO JEHCTBUS A0 BTOPOro MOPSAKA MAIOCTH 110 0OPaTHOM CKOPOCTH CBETA.

6. [locTtpoeHne auarpaMMHON TEXHUKHU

@elinMaHa Ha ocHoBe ypaBHeHui IlIBuHrepa—/lalicona B

MIPENCTAaBICHUN KOHTHHYAJIbHOTO HHTETpaa.
7. ®opmanu3M MOCTPOCHUS HAOMIOJAEMBIX BEPOSTHOCTHBIX BEJIMYMH JAJISI KBAHTOBBIX HEPEXOIOB B
PENSATUBUCTCKON TEOPUU: CEUEHUH pacCEedHHs U IIUPUH PACIIaI0B.

8. Tummunbie mpoueccel CraHgapTHOH Monenn KamuOpOBOYHBIX B3aUMOJCHCTBUI 3IEMEHTaPHBIX

JacTull B JpCBCCHOM HpI/I6J'II/I)KCHI/II/I.

9. Mexanu3m Xurrca HapylieHHs JIOKAJIbHOW AJIEKTpociIaboil CHMMETPHH, a TakKe CPaBHEHHE CO
Clly4aeM CIIOHTaHHOTO HapyleHHs] [o0albHOW KaduOpOBOYHONH CHMMETpPHH C OOpa3oBaHHEM

TOJIJICTOYHOBCKOTO 0030HA.

10. KBapkoBasi MoJi€Ib aAPOHOB U OCHOBBI KBAHTOBOM XPOMOJMHAMUKH.
11. Beenenue nyxos @anneeBa—Ilonosa B popmann3Me KOHTHHYIBHOTO HHTETpaa.

12. BriBon  cnemyromux U3
CnaBuoBa—Teitnopa—Yopna—Takaxarmm.

KaJrOpOBOYHON

HWHBApPUAHTHOCTHU ,Z[eI\/’ICTBI/ISI TOXICCTB




YMETh:
1. BbBogWT, aHOMaNbHBI MOMEHT MIOOHAa B OJIHOMETICBOM MPHOIMKEHUU KBAaHTOBOU
ANEKTPOJUHAMUKHU.

BIAJCTh:
1. Annapar KBaHTOBOUM T€OpHUU MOJIA B paMKaX TEOPUU BO3MYLICHUH.
2. Meto/ipl onicaHus HeabeleBhIX KATMOPOBOUHBIX TEOPUH, BKIIIOYast 0CHOBBI CTaHIapTHON MOJICIH.
3. Pa3mepHas peryiaspusarnus.
4. TlepeHOpMUPOBKA B OTHOM TIETIIE.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB U BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl IuctMIIMHbI (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| OnHonemieBble  BEpIIMHBI  KBAHTOBOM 4 4 ]
ANIEKTPOANHAMUKHI
2 Perynspuzanms pacxogumocten 4 4 10
3 IlepeHopMupoBKa 4 4 9
4 [lepeHOopMHUpOBKa 3apsAa, MACCHI U MOJIS 2 2 6
5 OmneparopHoe pa3ioKeHUE 2 2 6
6 I'myOokoHneynpyroe paccesHue JISNTOHOB ) 5 6
Ha aJpoHax
Poxxnenne aIpoHOB B JKECTKHUX
7 A AP 2 2 6
mporeccax
8 Onexrpocnabdas Teopus 4 4 6
9 O] dexTuBHBIE TUHAMUYECKHE TEOPUHU 2 2 6
Benunkoe ob0benuHeHHe KaJIMOPOBOYHBIX
10 Oope P 4 4 12
B3auMoJecTBUI
Nroro yacos 30 30 75
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 10 TeMaM (pa3zesiam)
Cemecrtp: 8 (Becennuit)
1. OnHonemIeBble BEPIINHBI KBAHTOBON 3JIEKTPOIUHAMUKHI

B3aumopeiicTBue amekTpoHa ¢ (OTOHOM M aHOMAJbHBI MAarHUTHBIH MOMEHT g-2, COOCTBEHHAas
sHeprust poToHa, cCOOCTBEHHAS YHEPTHSI AEKTPOHA, HOPMUPOBKA IOJIS, TOXKAECTBA Yopaa-Takaxarn.
CrerneHb pacXoAUMOCTH.

2. Perynsipuszanus pacxoauMocCTei

Pa3mepHas perynspusanusi: UHTETPUPOBaHUE B MPOCTpaHCTBe D m3MepeHunit, pasMepHOCTH TOJIeH 1
3apsifa, BBIYMTAHHE PACXOAMMOCTEH, 3aBUCHMOCTb OT MacuTaba peryispu3alud, pa3MepHas
TpaHcMmyTanusi. Perymspuzanms  [laynmu-Buwmmapca.  OOpe3anue  OONBIIMX — BUPTYaJbHOCTEH.
HNudpakpacHbie pacXoAUMOCTH U3-32 0€3MacCOBOCTH (POTOHA.




3. IlepeHopmMupoBKa

Penent mnepenopmupoBku. HesaBucumocTh  ¢u3mueckux — HaOIOgaeMbIX  OT — MacmTada
perynaspusauuu. [IoHATHE O IEPEHOPMHUPYEMON TEOPUU HA IPUMEPE KBAHTOBOM AIEKTPOAUHAMUKHU.
YpaBHEHUS pEHOPM-TPYTIIHIL.

4. HepeHOpMHpOBKa 3apsaa, MacChbl U 1OJIA

Oynkuust  lenn-Mana-Jloy B snekrpoamHamuke.  YnsrpaduoineToBele W MH(pPaKpacHbIE
(UKCUpOBaHHBIE TOYKH JUIsl 3apsiia B TEOpHUHM O0Omero Buia. ACHMIITOTHYECKas cB0OOJa B
HeabeJeBbIX KaluOpOBOUHBIX Teopusax. [lomocHas u Oerymas maccsl. AHOMallbHas pPa3MEpPHOCTh
OJIA.

5. OmnepaTtopHoe pa3ioKeHne

3arpaBouHoe neiicTBue U 3pdexTuBHOE AeHCTBHE KAaK IPUMEP ONEPATOPHOTO Pa3/IOKEHUS: TePexo]]
K BHEMHMM TNoisiM. Koppenarop BEKTOPHBIX TOKOB, MHHMAasi 4YacTb JUAarpaMMbl W TpaBUIIa
KyTkockoro, cedeHne HHKIIO3UBHOTO POXKACHUS aApOHOB M R-OTHOIIEHHE, SKCIEpUMEHTAJIbHbIE
JIOKa3aTeJIbCTBA CYLIECTBOBAHMUS KBAPKOB M UX CHJIBHOTO B3aMMOJCHCTBHSI, BAKYyMHbIE KOHICHCATHI
Ha MpuUMepe TIIIOOHHOTO KOHJIeHcara B KBaHTOBoW xpoMoauHamuke (KXJ1), mpasuna cymm KX/I.

6. I'myOoxoHeynpyroe paccesHue JISNTOHOB Ha aJJpOHax

[Napronnas monens. HemonsipusoBaHHOE paccesiHUE U CTPYKTYpHbIE (YHKUMHU. DBOMOLUS (PyHKIUHA
pacrmpeeneHus MapTOHOB B KBAHTOBOW TEOpUH Mouist: MeToa Anbrapeium-Ilapusu, padotsl [prubosa,
Jlunarona, Jlokmuiepa.

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

Marpuia cMemmBaHus AJ1s 3apsDKEHHBIX KBAPKOBBIX TOKOB, MaTPULIA CMEILIUBAHMS JUISI 3apsSKCHHBIX
JEeNTOHHBIX ~TOKOB M  OCUWULINMM  HEUTpUHO, wuWepapxus Macc, (asza  HapyleHHs
CP-unBapuantnocty, 3¢pdpext Muxeepa--CmupHoBa-BonbdeHmTeiina. Ocouusiuug HEUTpanbHbBIX
Me30HOB ¢ b-kBapkamu, Mmexanu3m [moy—UWnnonynuca—Maiianu.

9. 3ddexkTuBHBIC TUHAMUYECKHE TEOPHH

Hepapxusi SHEPreTHYECKHX IOPOTOB M PA3NIOKCHUE HAOIIONAEMBIX M COCTOSIHHH 1O MalloMy
JMHAMUYECKOMY IapaMeTpy, TSKEJblil KBapK M Macmrad KoH(pallHMEHTa, CKOpOCTh JJEKTpOHA B
aroMe Kak Majlbli TmapaMmeTp, TSDKEeNbId KBapK B aIpOHE C JICTKUMH BAJICHTHBIMH KBapKaMu U B
TsOKENOM KBapkoHuu: cpaBHeHHe mnponaratopoB NRQCD u pNRQCD, NRQED, crarnueckuii
noreHuuan dddexktuBHOil Teopum W newis Buibcona. CimuMBKa KOHCTAaHT — Pa3lIOKEHHUS
addexTruBHOTO 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 AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

.HCKI_II/IOHHaH ayanuTopud, 10CKa, MCJIL.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI



OcHoBHas nuTeparypa

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

JomnonHutenbpHas auTeparypa

1. KBanToBas anekrpoaunamuka [Texcr]| : yue0. mocoOue i cTy/ieHToB ¢u3. cren. yH-ToB / B. B.
Bbepecrenkwit, E. M. JIudum, JI. [1. [Turaesckuii .— 4-¢ u3a., ucnp. — M. : ®uszmariur, 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, BKIIIOYAS TECTHI, YCIIEBAEMOCTb, TEKCT JICKIIMHA, BUICO
CEeMUHAPOB, KOHTAKTHAs HH(OpMaIIns

A Taroke arXiv.org nekiuu u3 mukna TASI

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Onucanre MHPOPMATMOHHBIX PECYPCOB: arxiv.org cratby pasaenos hep-ph, hep-th
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMi IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HATb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHSATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaMPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAjaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JHUCUUILIINHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amoMmuHaHus. [lpu
3aTPYINHEHWH W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpamiarhCs 3a KOHCYJIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 33a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
HEeHTp o0pa3zoBareibHbIX porpamm JIOU

Kypc: 4

KBaJIH(UKALUS: OakanaBp
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 aHamM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.3 CnocobeH ompenensTs TpaHULbl TPUMEHUMOCTH
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 Crnocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTh VIHTepHeT B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

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

OIIK-3.1 3HaeT oCHOBHBIC MpaBuiia OQOPMIICHHS HAYYHBIX
MyONMKAUi U HAy9HO-TEXHUYECKOH NTOKYMEHTALUH, B TOM
YHUCIE€ C MCHONb30BAaHWEM NPUKIAJHOTO IPOrPaMMHOIO
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
MHTEJIEKTYaJbHOTO aHajdu3a HMHGOPMAIMU TIPU pEIIeHUU
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIIK-4.2 3HaeT 0CHOBHBIE HCTOYHUKH HAYYHO-TEXHUYECKOM
u (W) TexHoJIornyeckod wuHpopMauum B objacTu
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 CmocobeH pemath TIOCTaBICHHBIC 3a7a4dl B
obnactu TEOPETUUECKUX u IKCTIEPUMEHTAIbHBIX
HCCIICIOBaHMI 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 mpuHNUILI pabOThl W AMANa30HbI PabOYMX
apamMeTpoB HCIOIB3YEMOT0 HayYHOTO 000py/IOBaHUS

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

[1K-4.1 3Haer yncieHHbIC TOPSIKA BEJINYHMH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

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

3HATb:




1. Teopuss Burnepa: mocrpoenue 0aznca CBOOOIHBIX PENSTUBUCTCKHX IOJIEH B TPOCTPAHCTBE
MUHKOBCKOTO.

2. Teopwus nipeacrasienuit rpynmst SL(2,C).

3. Bropn4HO€ KBaHTOBAHME CKAJISPHBIX, CIMHOPHBIX U BEKTOPHBIX IOJIEH B MMPOCTPAHCTBE KBAHTOBBIX
cocrosiHui Doka.

4. KaimOpoBoUHEIE B3aUMOJISHCTBUSI.

5. PenieHue KyJIOHOBCKOHM 3alayu JUlsl CKAJIIPHOIO U CHMHOPHOIO IIOJEN KaK TOYHO, TaK U B paMKax
MOCTPOCHHUS IPPEKTUBHOTO JEHCTBUS A0 BTOPOTO MOPSAKA MAIOCTH 110 0OPaTHOM CKOPOCTHU CBETA.

6. [locTtpoenne muarpammHoil TexHuku DeitHmMaHa Ha ocHOBe ypaBHeHui IlIBunrepa—Jlaiicona B
MIPENCTAaBICHUN KOHTHHYAJIbHOTO HHTETpaia.

7. ®opmanu3M MOCTPOCHUS HAOMIOJAEMbIX BEPOSTHOCTHBIX BEJIMYMH JAJISI KBAaHTOBBIX HEPEXOIOB B
PENSATUBUCTCKON TEOPUU: CEUEHUH pacCEedHHs U IIUPUH PACIIaI0B.

8. Tummunbie mpoueccel CraHgapTHOH Monenn KamuOpOBOYHBIX B3aUMOJCHCTBUI 3IEMEHTaPHBIX
YacTHUI B JPEBECHOM MPHOJINKESHUH.

9. Mexanu3m Xurrca HapylleHHs JIOKaJbHOW AJIEKTpociIaboil CHMMETPHH, a TakKe CpaBHEHHE CO
Clly4aeM CIIOHTaHHOTO HapyleHHs] [o0albHOW KaduOpOBOYHONH CHMMETpPHH C OOpa3oBaHHEM
TOJIJICTOYHOBCKOTO 0030Ha.

10. KBapkoBasi MoJi€Ib aAPOHOB U OCHOBBI KBAHTOBOM XPOMOJMHAMUKH.

11. Beenenue nyxos @anneeBa—Ilonosa B popmann3Me KOHTHHYaIBHOTO HHTETpaa.

12.  BwBog criemyrommx W3 KaaMOPOBOYHOW  WHBAPUAHTHOCTH  JECHCTBUS  TOXIECTB
CnaBHoBa—Teitnopa—Yopna—Takaxarm.

yMeTh:
1. BbBoguTh aHOMaNBHBI MOMEHT MIOOHAa B OJIHOMETICBOM MPHOIMKEHUU KBAaHTOBOU
ANEKTPOTMHAMUKH.

BJIAJIETh:

1. Annapar KBaHTOBOUM TE€OPUU MOJIA B paMKaX TEOPUU BO3MYLICHUH.

2. Meto/ipl onMcaHus HeabeleBhIX KATMOPOBOYHBIX TEOPUH, BKIIIOYast 0CHOBBI CTaHIapTHON MOJICIH.
3. Pa3mepHas peryiaspusarnus.

4. TlepeHOpMUPOBKA B OTHOM TIETIIE.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

C 1menpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOTo Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.



3. [lepeyeHb THUMOBBIX KOHTPOJBHBIX 3aaHUIl, MCHOJb3YeMBIX /Jsl OLEHKH 3HAHMIi,
YMeHUii, HABbIKOB

Atrectanus no mucuuiuinae «KBanToBas teopust mons. Yacte 2» ocymiecTBisieTcss B Gpopme
¢ GepeHIIMPOBAHHOTO 3a4eTa MOCIEe BECEHHETO CEMECTPA.

YMeHHs U HAaBBIKH CTYJEHTOB OMPEAEISIOTCS MO UTOraM CadyM JOMAIIHEro 3aJaHus. 3agaHue
COJICP’KUT TUIIOBBIC 33/1a4, KOTOpbIE pa30UpPaIOTCA Ha CEMUHAPCKUX (MPAKTUYECKUX ) 3aHATHSIX.
JlomanHue 3a/1aHus OIICHEHBI B ONPESIIEHHYIO CYMMY OaJIOB, YTO TTO3BOJISIET OLIEHUTH YPOBEHB
YMEHHUSI U HaBBIKOB CTY/ICHTOB.

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. BeiBectu ypaBHenus llIBunrepa--/laiicona u rpaduyeckoe npeacraBieHue JUisl JByXTOUEYHON
BEPIIMHHON (PYHKIIUH ISl CKAIAPHOHN JIEKTPOINHAMUKH

4. D¢ dextuBHpii noreHnuan Koynmena--BaitnOepra

5. [eticrBue Uepna—CaiimoHca

6. OCHOBHBIE IPOLIECCHI, XaPAKTEPU3YIOIUE B3aUMOICHCTBUS YIEMEHTAPHBIX YACTUL] B
koHTekcTe CtanmapTHoi Mojienu, paccMaTpyBaeMble B APEBECHOM MPUOIIMKEHUH.

7. Mexanu3Mm Xurrca, KOTOpbIil IPUBOIUT K HAPYILIEHUIO JIOKATbHOMN 3JIEKTPOCIad0i CUMMETpUH,
a TaKXXe CONOCTaBJIEHHE C CUTYyallMeil CIIOHTAHHOIO HApYIIEHUs TI00aJbHONW KanuOpOBOYHOM
CUMMETPUH, IPUBOJIAIIEH K BOSHUKHOBEHHIO TOJIICTOYHOBCKOTO 0030HA.

8. Mozenb KBapKOB JUIsl aJpOHOB U 0a30BbI€ MPUHIIMITBI KBAHTOBOW XPOMOIMHAMHUKHU.

9. Beenenue B xoHuenuuto nyxos dangneesa—Ilonosa B pamkax gopmain3mMa KOHTUHYaJIbHOTO
UHTErpaa.

10. Ilomyuenne toxnects CnaBHoBa—Teiniopa—Yopaa—Takaxamy, BBITEKAlOUMX U3

KaJIMOpOBOYHOM MHBAPUAHTHOCTH JIEHCTBUS.

Kamnmﬁ BOIIPOC 3alaHUs OLICHEH B OHpC[[CHéHHy}O CyYMMY 0aJIOB B 3aBUCUMOCTH OT CJIOKHOCTH

U YPOBHS (3HAHUS, YMEHUS U HABBIKN).

VYcnoBus Habopa 6aioB 3a paboTy B CEMECTPE MOTYT ONPELISTHCS JIGKTOPOM B Ha4alle KaX0ro
CEMEeCTpa, HO yJOBIECTBOPSIIOT OOIIeMY MpaBUily, IPUHATOMY Ha 3aceanuu kadenpsl. B Teuenue
ceMecTpa CTyIeHT HabupaeT cymMMy OajUIOB 1O pe3ysbTaTaM CIadd JOMAIIHEro 3aJaHUs, YTo



COOTBETCTBYET OIICHKE BHUJOB paboThl. Ilo pe3yiapTaraM HTOTOBOrO pEHTHHIra CTYAECHT MOXKET
Ha0paTh HEKOTOPYIO CYMMY, KOTOpasl OLIEHUBAETCsI B % OTHOCUTENIBHO MOJHOTO Oasa.

HtoroBas ouenka nuddepeHIupoBaHHOTO 3a4€Ta BBICTABISIETCS B COOTBETCTBHUHU CO CXEMOM,
MIPUBEACHHOM B CIEAYIOLIEM pa3fee.

4a. Kputepun onenuBanus (1ugpepeHuMpoBaHHbIN 324€T)

OreHka HaGpannsie 6amibl

otinyHo (10) 6oiiee 90%

OoTIN4HO (9) ot 80% 10 90% BKIIFOUUTETBLHO

xopomio (8) ot 70% 1o 80% BKIIIOUUTETHLHO

xopoio (7) ot 60% 10 70% BKIIFOUUTETBLHO

xopomio (6) ot 50% 10 60% BKIIIOUUTETHEHO

YJIOBJIETBOPUTEINILHO (5) ot 40% 10 50% BKIIIOUUTETHEHO

yJIOBJIETBOPUTENHHO (4) ot 30% 10 40% BKIIIOUUTETBLHO

YAOBJIETBOPUTENHHO (3) TpeOyeT NOMOJHUTEIBHOTO TECTUPOBAHUS 10
poOJIEMHBIM BOIIpOCaM (TeMaM)

HEey0BIeTBOPUTENHHO (2) | He monyuena ynoBneTBOpUTEIbHAS OLICHKA B TIEPUO]T
3a4€THOMN CECCUU.

5. MeToauyeckue MaTepuaJbl, onpeaesiiomue Npoueaypbl oleHMBAHUA 3HAHUH, YMEHUIA,
HABBIKOB M (MJIM) ONbITA JeATEJIbHOCTH

Pabora ¢ y4eOHO M HaydyHOW JHTEpaTypod SIBISETCS TJIaBHOH (OPMOH CaMOCTOSTEIBHOM
paboTel. OHa BKJIIOYAET MPOPadOTKY JIEKIMOHHOTO MaTrepuala — H3y4€HHE JMUTEepaTypbl IO
TeMaTHKe JeKuuid. THIoBbIe 3aJau pa3OuparoTCsi HA CEMHHAPCKUX (TPAKTHYECKUX) 3aHSTHSIX.
AHanoruynsie 3aa4u U YIIPaAKHCHUA CTYACHTBI OJOJDKHBI PCIIHUTL CaMOCTOATCIBHO, NCIIOJIb3YA
pPEKOMEHI0BaHHYIO JIuTepatypy. PaboTa ¢ aureparypoii He TOJIBKO MoJIe3Ha KaK CpeJCTBO Oojee
[IyOOKOTO M3y4YeHUs] JI00OM JAWCIUIUIMHBI, HO U SBISETCA HEOTHEMJIEMOM YacThIO
npodeccOHAIBHOM NesTeIbHOCTH Oy1yILIero BelTycKHUKA. [TokazaTenem BiaieHUs MaTepraIoM
CIIYKUT YMCHUC 0€e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaM AW CHHUILIINHBI.



