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AHHOTANMA

KBanToBass xpoMoguMHaMHKa B HAcTosIIee BpeMs SBISETCS (QyHAaMEHTAJIbHOW TEOpPHEH CHIIBHOTO
B3aUMOACUCTBUA. J[aHHBIA KypC COLEPKHUT H3JI0)KEHHE OCHOB KBAaHTOBOM XPOMOJIMHAMHUKHA M METOIOB
TEOPETHYECKOTO ONHCAHMSA Pa3IUYHBIX NpOLECcCOB aapoHHOH ¢usuku. Kypc sBusercs ymiyOneHHBIM U
MpeAHAa3Ha4YeH ISl CTYACHTOB, CIICIIMATN3UPYIOIIUXCS B 00JIaCTH TEOPETUIECKON (PU3UKH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- OCBOCHHME CTy/IeHTaMH (DyHIaMEHTAJbHBIX 3HAHUH B 00JacCTH COBPEMEHHOHN (DPHU3MKH 3IE€MEHTapHBIX
YacTHILl, U3yYEHHE OCHOB TEOPUU CWIBHBIX B3aUMOJCHCTBHUN M METOAOB TEOPETUUYECKOIO OMHCAHMS

pa3IMYHBIX TPOLECCOB  AAPOHHOMN

¢usnku, a

Takke MpuoOpeTeHre 0a30BBIX  HABBIKOB

CaMOCTOSTCIIbHOU Hay‘iHO-HCCHGI[OBaTCHLCKOﬁ pa6OTBI.

33]13‘[1/[ JAUCHUIIINHBI

¢dopmupoBanre 0a30BBIX 3HAHUN B O0JIACTH TEOPETUUECCKOIN (PU3HKH 3IEMEHTApHBIX YACTHII;

O6yLICHI/Ie CTYACHTOB COBPECMCHHBIM MCTOAAM TCOPCTUUCCKOI'0 OMHCAHHA PA3JIMYHBIX IIPOLCCCOB
CHJIBHOT'O B3aUMOACHUCTBHS U HaBbIKAM peuICHus CONNYTCTBYIOIIUX 3a4a4;

(dbopMupoBaHUE MOIXONOB K BBIMOJIHEHUIO CTyAEHTaMU HCCIEIOBaHUN B 00JAaCTH TEOPETHUECKOI
(U3MKH B paMKax BBIIYCKHBIX pa0OT Ha CTETIEHb MarucTpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.3 IlonnmMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku W (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHnn 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON 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
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocoOeH mTpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLICHKU ITOJIYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

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

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

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




JarpaHkuaH KBaHTOBOM XPOMOJMHAMUKH;
0COOEHHOCTH KBaHTOBaHUsI KaJTHOPOBOYHBIX TEOPHIi;
npaswia PellHMaHa 1J1s1 KBAaHTOBOW XPOMOJUHAMUKMY;
MEPEHOPMHUPOBKY B KBAHTOBOH XPOMOIMHAMHUKE;
YpaBHEHUS pEHOPMAIN3allMOHHON TPYTIIBL;
OIIpe/IeTICHNE U CBOMCTBAa HHBAPUAHTHOTO 3apsi/ia KBAHTOBOW XPOMOIMHAMUKHY;
aCHMITOTHUYECKYIO CBOOO/Y B KBAHTOBOM XPOMOJMHAMHUKE;
MapTOHHYIO MOJIEJIb, TAPTOHHBIC (PYHKIIMU pacrpeencHus 1 QyHKIH GparMeHTaluH;
0COOCHHOCTH OTIMCaHUSI TIPOIIECCOB CHIILHOTO B3aUMOJICHCTBHS BO BPEMEHUIIOI00HOM 001acTy;
OIIEPaTOPHOE PA3JIOKEHNE H BAKYyMHBIC KOHJICHCATHI,
0COOEHHOCTH OITMCAHUS ME30HOB M OAPHOHOB B paMKax MOTECHIMAIBLHOTO MOAX0/1a;
MOJIEJIb MEIIIKOB;
YPaBHEHUS CaMOAYalIbHOCTH, OTHOMHCTAHTOHHOE PELICHUE U €T0 CBOMCTRA.

YMETb:

3¢ PEeKTUBHO NPUMEHSATH BbIIICyKa3aHHbIC 3HAHUS HA MPAKTHKE AT peleHns pyHIaMEeHTaIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B O0JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.
BIIAJICTh:

TEXHUKON BBIYMCIEHUS OCHOBHBIX XapaKTEPUCTHK MPOLECCOB CHIIBHOTO B3aUMOJIEHCTBUS;
OCHOBHBIMH METOJIaMU PETyJIsipU3allui UMITyIbCHBIX UHTEIPAJIOB;

OCHOBHBIMH CX€MaMU BBIYUTAHHS PACXOAUMOCTEN;

METO/IOM PEHOPMAIM3aLMOHHOM IPpyIIbl B KBAHTOBOM XPOMOAMHAMUKE;

METOJIOM JUCTIIEPCUOHHBIX COOTHOIIECHHU;

METO/IOM IIPaBUJI CYMM B KBAHTOBOI XpOMOIMHAMHUKE;

TEXHUKON ONHMCAHHS ME30HOB B paMKaXxX IOTEHIIMAJIBLHOTO MOIX0/a;

TEXHUKOH ONMCaHMs aJpOHOB B PaMKax MOJIEJIH MEILIKOB;

TEXHUKOW ONMCAHUS TOMOJIOTHYECKH HETPUBHAIIBHBIX MOJIEBBIX KOH(PUTYpALIHA.

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

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

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Bgenenne. 2 2 3
PacxogumocT B KBAaHTOBOW TEOPHUH OIS
2 u 1704 yCTpaHEHUe METOJIOM 3 3 3
MEPEHOPMHUPOBKH.
3 Meron pevHopManmam/IOHHoﬁ IPYyIIIBl B ) ’ 3
KBaHTOBOH XpPOMOAWHAMHUKE.
WHBapnaHTHBIN 3apsg u
4 acHUMNTOTHYECKasi cBOOOJa B KBAHTOBOM 2 2 4
XpOMOJIMHAMHUKE.
5 [TapTonHas Mozenb. 3 3 4
6 ONEKTPOH - IO3UTPOHHASI AHHUTUISILINSA B 3 3 4
aIPOHBI.
7 Wnknro3uBHBIA pacmaj Tay -JeNToHa B 3 3 4
a/IpOHBI.
] Bxnax CcWIBHOTO B3aUMOICHCTBHUSL B 3 3 4
3NIEKTPOCIadbie MPOLECCHI.
9 [IpaBuna CyMM B KBaHTOBOM 3 3 4
XpOMOJIMHAMUKE.
10 KoHdaliHMeHT KBapKOB: MOTEHIMAJIbHbIE ) ) 4
MOJIEIIH.




11 KoH(aiiHMeHT KBapKOB: MOJIEITh MEIITKOB. 2 2 4

12 Tomonornyeckass CTpyKTypa Bakyyma B ) ’ 4
KBaHTOBOH XpPOMOAWHAMHUKE.

Hroro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

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

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. Beenenue.

Brenenue (dacts I).

[Ipennoceuikn K co3gaHuio KBaHTOBOM xpomoanHamuku. SU(3) cuMmeTpus B (QU3UKE aIpOHOB U
KBapKoBasi Mozienb. KBantoBoe uncio “nger”’. HeabeneBbl kanmnOpoBouHbie moisl. KBapku U TIIIOOHBHI.
JlokanbHas kanuOpoBOYHAs MHBAPUAHTHOCTH TEOpUHU. JlarpamkmaH KBaHTOBOH XPOMOJMHAMUKH.
KoBapuaHTHBIE U aKCHaIbHBIE KATHOPOBKU.

Brenenue (vacts II).

Oco0eHHOCTH KBAaHTOBaHMS KalMOpPOBOUHBIX Teopwil. [IpencraBneHne B3auMOACHCTBUS U MaTpHLa
paccesiHUsI B KBAaHTOBOW XxpomoauHamuke. O0mme cBoiictBa S -marpuiibl. Teopemsl Buka. [IpaBuna
dellHMaHa 17151 KBAaHTOBOM XPOMOANHAMUKH.

2. PaCXO,I[I/IMOCTI/I B KBAaHTOBOU TCOPHUHU NOJIA U UX YCTPAHCHUC MCTOJOM ICPCHOPMUPOBKHU.

TexHMKa BBIYMCICHUS IETIEBBIX IONPaBOK. MeTonsl peryinspu3aluy UMITYJIbCHBIX HHTErPaJIOB.
Cxembl BeluMTaHus pacxonumocteid. Kontpunenst u nepenopmupoBku. IlpeoOpasosanus laticona.
[IpruuHbI pacxoguMOCTEN B KBAHTOBOU TEOPUU IOJIA.

3. Metox peHOpMaNHU3aIlMOHHOM TPYIIEI B KBAHTOBOM XPOMOIWHAMUKE.

IlepeHOpMHUpPOBKA B INIHOOAMHAMUKE. METOA peHOPMaIN3allMOHHON Ipynmbl. IHBapuaHTHBIA 3apsin
KBaHTOBOH XPOMOJMHAMUKHU. YpaBHEHUsI pEHOPMIPYNITBI B GYHKIIMOHATHHON U nuddepeHInanbHOM
dhopme.

PenopmrpynnoBas Oera - QyHKUMsA B paMKax TEOpUM BO3MYyILIeHHH. Brrumcnenue Oera -GyHKUUN
KBAaHTOBOM XPOMOJMHAMHKH B OJHOTIETICBOM MPUOIMKESHUH.

4. luBapuaHTHBIH 3apsj] 1 aCUMIITOTUYEcKast CB000/1a B KBAHTOBOW XPOMOJMHAMUKE.

Berymasi koHCTaHTa CBSI3M CHIJIBHOTO B3aMMOJICHCTBHUS Ha OJHONETICBOM YypOBHE. MacmiTaOHbBIN
napaMeTp Teopud. VHBapHaHTHBIA 3apsia B BBICHIMX METIEBBIX NpUOMMKEHUsX. V3BieueHue
Oerymeii KOHCTAHTBI CBSI3M KBAHTOBOW XPOMOIMHAMHMKHM M3 OKCIIEPUMEHTAIbHBIX JaHHBIX.
[ToporoBeie 3¢ dexThl. 3aBUCUMOCTD PE3yAbTaTOB TEOPUU BOSMYIICHUH OT CXEMBbI BEIUNTAHHUS.

5. IlapToHHas Mozeb.

Kunemaruka mpoueccoB JENTOH -agpoHHOro paccessHus. CeueHus YIpyroro paccesiHus 3JIEeKTPOHa
Ha TOYEYHOM WU pealbHOM IMpoTOHEe. [TyOoKOHeympyroe paccessHue JIENTOHOB HAa HYKJIOHAX.
CtpyKTypHBIE ¢$byHKUIUMY, ObEpKEHOBCKUIN CKEHJIVHL. HuddepenumnansHoe CEYeHne
[TyOOKOHEYHPYTOTo 3JIEKTPOH - IPOTOHHOTO PACCESIHUSA. DKCIIEPUMEHTANIbHBIC JAaHHBIE.

[lapronnsie ¢yHKUMH pacnpeneneHus, (YHKUUU (QparMeHTAlHH, CIOcOObl MX MapaMeTpU3aliu.
OmneparopHoe pa3IoKeHUE U MOMEHTBI CTPYKTYPHBIX (DYHKIMHA. YpaBHEHUE PEHOPMATU3AIMOHHON
TPYMIIBI JUI1 MOMEHTOB CTPYKTYPHBIX (DYHKIMI 1 €ro peieHre B paMKax TEOPUH BO3MYILICHHH.

6. SHGKTpOH - HO3UTPOHHAA aHHUTHUJISAWA B aIpDOHEL.




Kunemarrka u cedenue mnpouecca JIEKTPOH - MO3UTPOHHON aHHUTHWIIALUYU B aipoHbl. OcOOEHHOCTH
OIMCaHUS TPOIIECCOB CHMIIBHOTO B3aWMOJICHCTBUSI BO BPEMEHHUIIOJ00HON obmactu. JlucnepcruonHoe
COOTHOILIEHHUE JUIsI aApOHHON (YHKLUMHU MONSAPU3ALUH BakyyMa. J[MCIIepCMOHHOE COOTHOIICHUE IS
¢bynkmu Annepa. Bkiax cHiIbHOTO B3aMMOAEHCTBHS B aIPOHHYIO (DYHKIIMIO MOJISIPU3ALMU BaKyyMa.
Boruncnenne R -oTHoOmEHHsSI B paMKax TEOPHUH BO3MYLICHHH. DKCIIEPUMEHTAIbHBIE JaHHBIE U HX
TEOPETUYECKUI aHAIU3.

7. IHKIIXO3UBHBIN pacnaj] Tay -JIEITOHA B a{POHBI.

Kunemaruka ¥ mupuHa ajpoHHOro pacmajga Tay - JjentoHa. CuibHble IONPAaBKU K aJpOHHOM
¢yHkuun monspuzauuu Bakyyma. 4 4 9 Crnenuduxa onucaHus MHKIIO3UBHOTO pacrafa Tay -
JIENTOHA B PAaMKax TEOPUU BO3MYILEHMH. OKCHEpUMEHTAJIbHbIE JAaHHBIE U MX TEOPETHUECKUMN
aHaJu3.

8. BKJ'Ia)I CHJIBHOI'O BSaHMOZ[ef/'ICTBHH B 3neKTpocna6He MMPpOLCCCHI.

AHOMaJbHBI MarHUTHBI MOMEHT MIOOHA. DKCIIEPHUMEHTAIbHbIE JaHHBIE M MX TEOPETHYECKUI
aHaJIu3.

OBomonust Oeryieil KOHCTaHThI CBSI3U AJIEKTPOMArHUTHOTO B3aWMOZICHCTBUS: BBHIYMCICHUE CABHUIra
MOCTOSTHHOM TOHKON CTPYKTYpbI Ha MacmTade Macchl Z -6030Ha. DKCIIEpUMEHTAJIbHBIC IaHHbBIE U UX
TEOPETUYECKUH aHAIN3.

9. IlpaBuia cyMM B KBaHTOBOI XpOMOJUHAMUKE.

[leprypOaTuBHBIA BKJIag B KOPPEISIHUOHHYIO (YHKLHIO KBapKOBBIX TOKOB. OrmepaTopHoe
pa3ioxeHue U BaKyyMHble KOoHJeHcarbl. KBapk -agpoHHas AyanbHOCTb. BbluMcieHHE KOHCTaHTbI
pacnaza po -Me30Ha B paMKax MeToza mpasBwil cyMM. [IpenmyinecTsa 1 HEAOCTaTKU METO/A MPABHI
CYMM.

10. KondaiiHMeHT KBapKOB: MOTEHIIMAIHLHBIC MOJICIIH.

3akon Kynona B cnuHOpHON snekTpoanHamuke. KBapk - aHTUKBApKOBBIA IOTEHIMAT B
MpUOJIMKEHUU OAHOTIIFOOHHOTO oOMeHa. Onrcanne Me30HOB M 0apHOHOB B paMKaX MOTEHIHAIBLHOTO
noaxona. Hekoropesle Mozennm CTaTMYECKOTO KBapK - AHTHUKBApKOBOTO IOTEHIMana. MeTomsl
peryssipuzauuu CUHrysIpHeIX Dyphe - npeoOpasoBanuil. Mccnenosanue koHpaiHMEHTa KBapKOB Ha
penIeTke.

11. KoH(haltHMEHT KBapKOB: MOJIETh MEIIKOB.

deHoMeHoOTHYeCcKoe omnucaHne BakyyMHOro 4 4 10 cocTosHuS B KBAaHTOBOW XpPOMOAMHAMMKE.
DopMyaMpOBKAa MOJEINM MEIIKOB, TPAHUYHBIC YCIOBHS MJIi KBAapKOBBIX W DIIOOHHBIX ITOJICH.
JlaBnieHrie BHYTpU MelIKa U ero ycronduBocTh. Mojens "MIT bag': mpeumyiiecTBa U HEAOCTATKH.
OcHOBHBIE Pe3yabTaThl U 00JaCTh NPUMEHUMOCTH MOJIEIH MEILKOB.

12. Tononornueckas CTpyKTypa BakyyMa B KBAHTOBON XpOMOJIMHAMUKE.

EBxknunoBsl koHGuUrypanun nojiessix cucteM. Muaekc [lonTpsruna. YpaBHEHUs] caMOIyalbHOCTH.
Wucrantonsl B Teopun SHra-Mmmica um ux ¢usuueckas uHTepnperanus. OJHOMHCTAaHTOHHOE
pemeHue s KanuOpoBouHoi rpynmel SU(2) u ero cpolicTBa. Bkiajg MHCTaHTOHOB B IPOLIECCHI
CUJIBHOTO B3auMoneWcTBus. McciieqoBaHue TOIOJOTHYECKOW CTPYKTYpbl BaKyyMa KBaHTOBOM
XPOMOJMHAMUKH Ha PEIIETKE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

KOMITBIOTEpP ¥ MYJBTUMENNHHOE 000pyIOBaHUE (TIPOCKTOP).
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JIOCTYT K OnbiroTeke 1 6a3zaM JIaHHBIX 110 KypHanaMm TeopeTndeckas U Mmaremarndeckas pusuka,
European Physical Journal C, Journal of High Energy Physics, Lecture Notes in Physics, Nuclear
Physics B, Physics Letters B, Physics Reports, Physical Review D, Reviews of Modern Physics.

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

Heo0xonumoe nporpammuoe odecnieduenne Adobe Acrobat Reader.

ObecrieueHue caMOCTOSTENBLHON pabOTHI: JOCTYH K OnbIuoTeKke 1 6a3aM JaHHBIX 10 )KypHajJaMm
Teopernueckas u matemarudeckas ¢usuka, European Physical Journal C, Journal of High Energy
Physics, Lecture Notes in Physics, Nuclear Physics B, Physics Letters B, Physics Reports, Physical
Review D, Reviews of Modern Physics.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0 0OCBOCHMIO JTHCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA NUCHUILIIINHBIL,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMYHbIX 3aa4v.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEIHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;



— peleHue 3aad, MpeAgaraéMbpIx CTyJIeHTaM Ha 3aHATHSX;

— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTalllu.

[Tokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 10 TEMaM
JHUCUUILIINHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMoOro mMarepuala, a He MEXaHHYeCcKOro ero 3amoMmuHaHus. [lpu
3aTPYINHEHWN W3yYCHUs OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoAaBaTesio.

Bo3moxkeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 337ad B COOTBETCTBUH C
TEMATUKON 3aHSATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa QyHIaMEHTATBHBIX U IPUKIAAHBIX Ipo0ieM GU3NKH MUKPOMHpPA
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: O.B. Tepsies, n-p ¢pus.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKu M (U3UKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOH JIeSTENLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKE (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEIHHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICAOBaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

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

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOJIY4YEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH BbIBHTaTb  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare n3ydeHus AUCIUTUIMHBI «KBaHTOBasI XpOMOJIMHAMHKAY» 00YyYaIONIUICS JOIDKEH:

3HATb:

JarpaHkKuaH KBaHTOBOM XPOMOJIMHAMUKH;

0COOEHHOCTH KBAaHTOBaHUSI KaJTHOPOBOYHBIX TEOPHIi;

npaswia PellHMaHa 111 KBAHTOBOW XPOMOJUHAMUKY;

MEPEHOPMHUPOBKY B KBAHTOBOH XPOMOIMHAMHUKE;

YpaBHEHUS pEHOPMAIN3allMOHHON TPYTIIEL;

OIIpe/IeTICHNE U CBOMCTBAa HHBAPUAHTHOTO 3apsi/ia KBAHTOBOW XPOMOIMHAMUKHY;
aCHMITOTHUYECKYIO CBOOO/Y B KBAHTOBOM XPOMOJMHAMHUKE;

MapTOHHYIO MOJIEJIb, TAPTOHHBIC (PYHKIIMU pacrpeeneHus 1 QyHKIH GparMeHTaluH;
0COOCHHOCTH OTIMCaHUS TIPOIIECCOB CHIILHOTO B3aUMOJICHCTBHS BO BPEMEHUIIOI00HOM 001acTy;
OIIEPaTOPHOE PA3JIOKEHNE U BAKYyMHBIC KOH/ICHCATHI,

0COOEHHOCTH OITMCAHUS ME30HOB M OAPHOHOB B paMKax MOTECHIMAIBLHOTO MOAX0/1a;

MOACTIb MCIIKOB,

YpaBHEHUS CaMOJlyaJlbHOCTH, OJIHOMHCTAHTOHHOE PEIIEHUE U €ro CBOICTBa.

yMeThb:

3¢ PEeKTUBHO NPUMEHATH BbIIICyKa3aHHbIC 3HAHUS HA MPAKTHKE AT peleHns GyHIaMEeHTaIbHBIX U
MPUKJIAAHBIX HAYYHBIX 33/1a4 B 00JIACTH COBPEMEHHON TEOPETHUECKON (PM3UKU DIIEMEHTAPHBIX YacTULL.

BJaJeTh:




TEXHUKOW BBIUMCIIEHHS] OCHOBHBIX XapaKTEPUCTUK IIPOLECCOB CHIIBHOIO B3aUMOJEHCTBHUS;
OCHOBHBIMH METOJIaMH PETYJISIPU3ALNU UMITYJIbCHBIX HHTETPAJIOB;

OCHOBHBIMH CXEMaMHU BbIUUTAHUS PACXOJUMOCTEN;

METOJIOM PEHOPMAJIN3ALMOHHON rPyIIbl B KBAHTOBOM XPOMOJNHAMUKE;

METO/IOM JUCIIEPCUOHHBIX COOTHOILIECHU;

METOJIOM ITPaBWJI CyMM B KBAHTOBOM XPOMOJIMHAMUKE;

TEXHUKOW OIMCAHMs ME30HOB B PaMKax IOTEHLUAIBHOIO [IOX0A3;

TEXHUKOHN OMHCAHHS aJpOHOB B paMKaxX MOJEIH MEIIKOB;

TEXHHUKOW OIUCAHUS TOMOJOTMYECKH HETPHUBHAJIBHBIX MOJIEBBIX KOHPUTYPALIUiA.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TEeKyllleMy KOHTPOJIIO
He npenycmorpeno.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

IlepeueHp KOHTPOIBHBIX BOIPOCOB JJIS CAA4YM dK3ameHa Bo 10-oM ceMectpe:

. JlarpaH>kMaH KBaHTOBOM XpOMOJUHAMUKH.

. OcoOEHHOCTH KBaHTOBaHUS KAJIMOPOBOYHBIX TEOPUH.

. IlpaBuna ®@eliHMaHa 111 KBAHTOBOW XPOMOANHAMUKH.

. MeToasl perynspu3ay AMITYJIbCHBIX HHTETPAJIOB.

. CXeMbl BBIYUTAHUS PACXOAUMOCTEH.

. YpaBHEHUs peHOPMaJIM3aMOHHON TpyNIbl B (PYyHKIMOHAIBHOHN 1 AuddepeHumnaab-Hoi Gopme.
. IHBapuaHTHBIN 3apsii KBAHTOBOM XPOMOJINHAMUKH.
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. PenopmrpynmoBas Oeta-hyHKIMS KBAaHTOBOI XpOMOAWHAMHKY B paMKaxX TEOPHH BO3MYIICHUH.
9. beryias KOHCTaHTa CBA3M CHJIBHOTO B3aUMOJICHCTBUS HA OJHOIIETIIEBOM YPOBHE.

10. MacmtabHblil mapaMeTp KBAaHTOBOH XPOMOAMHAMUKH.

11. lHBapuaHTHBIN 3apsig KBAHTOBOH XPOMOAWHAMHKY B BBICIINX METIEBBIX MPUOIMKCHUAX.

12. W3pnedeHne Oerylieli KOHCTAHTHI CBSI3M KBAaHTOBOM XPOMOJWHAMUKH W3 JIKCIEPUMEHTAIbHBIX
MaHHBIX.

13. KunemMaTHKa nmpoIieccoB JENTOH-aAPOHHOTO PACCESTHHUSL.

14. Tmy6okoHeynpyroe paccesHue JENTOHOB Ha HyKJIOHAX.

15. CrpykrypHbIe QYHKINHN, ObEPKEHOBCKHI CKEHIINHT.

16. TuddepennuansHoe ceueHNE IITyOOKOHEYTPYTOTO IEKTPOH-TPOTOHHOTO PACCESIHHUS.

17. Tapronnslie GyHKIMM pactpeneneHus u GyHKIUN GparMeHTaIIH.

18. KunemaTuka v cedeHue rnpoiiecca 31eKTPOH-TO3UTPOHHON aHHUTHIIALUY B aJPOHBI.

19. OcobeHHOCTH OMUCAHUS MTPOIECCOB CHIILHOTO B3aUMOJICHCTBUSI BO BPEMEHUITOJOOHON 00JIaCTH.
20. lucnepcuOHHOE COOTHOLICHUE [UIsl a[pOHHON (QYHKIMH HOJISIPU3ALIUH BaKyyMa.

21. JlucniepcronHoe cooTHOIIEHUE Ui GyHKIMU Anjepa.

22. Boruncnenue R-oTHOIIEHNS 3IEKTPOH-TTI03UTPOHHON aHHUTUIISIIIAY B aJIPOHBI.

23. Cneun¢uka omnuvcaHds WHKIIO3MBHOTO paclaja Tay-JenToOHa B aJpOHBI B paMKax TEOPHH
BO3MYILCHUMN.

24. Onucanue aIpOHHOTO BKJIa/1a B aHOMAaJIbHBI MarHUTHEIA MOMEHT MIOOHA.

25. BelumclieHHe aJpOHHOTO BKJAQJa B CJABHI MOCTOSHHOW TOHKON CTPYKTYphI Ha MacIiTade Macchl
Z-0030Ha.

26. [IpaBmiia cyMM B KBAHTOBOM XpOMOJIMHAMUKE.

27. OneparopHoe pa3ioKeHUE U BaKyyMHbIEe KOHIeHCaThl. KBapKk-aapoHHas 1yabHOCTb.
28. KBapk-aHTHKBapKOBBIH IMOTEHIIMA B IPUOIMKEHUH OJTHOTITFOOHHOTO OOMEHA.

29. MeToapl peryasipu3aiiu CUHTYISpHBIX Dypbe-ipeodpa3zoBaHuii.

30. Mozenb MEILIKOB, TPaHUYHBIE YCJIOBUS JUIsl KBAPKOBBIX U [NIIOOHHBIX IIOJIEH.

31. YpaBuenus camonyanbHocTu. Manexc [lonTpsruna.

32. UHcTanToHBI B Teopuu SHra-Musica u ux gu3nueckas HHTEPIPETAIIHS.

[TpumMepbl 3K3aMEHAIIMOHHBIX OUJIETOB:
buner 1.



1. JlarpamXuiaH KBaHTOBOI XPOMOJIMHAMUKH.

2.ITapronnbie QyHKIMH pacnpeneneHus u GyHKIUN GparMeHTaIUH.

buner 2.

1.0co0eHHOCTH KBAaHTOBAHHUS KATHOPOBOYHBIX TCOPHI.

2.KuHemaTHKa 1 ceueHHe Mpolecca MEKTPOH-TIO3UTPOHHON aHHUTHIISIIMN B aJPOHBI.

buner 3.

1.ITpaBuna delinMaHa A1 KBAHTOBOM XPOMOJUHAMUKHY.

2.0co0eHHOCTH OMTUCAHUS TIPOIIECCOB CHIILHOTO B3aUMOJICHCTBHUSI BO BPEMEHUTIOA00HOH 00NacTy.
buner 4.

1.CxeMbl BBIYUTaHUS PACXOTUMOCTEH.

2.JlucniepCHOHHOE COOTHOLICHHUE IS aJpOHHON (DYHKIMHU TOJIIPU3ALH BaKyyMa.

buner 5.

1.YpaBHeHUs1 peHOPMAITU3AIMOHHON TPYIIIBI B QYHKIIMOHATHLHON U quddepeHansHol hopme.
2. JlucriepcoHHOE COOTHOIIEHHE T (PYHKIIUU AJijiepa.

Kpurepun onennBanus
Onenka "ommuno" (10 Gamos) BBICTABIISIETCSI  CTY/IEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PELICHNH KOHKPETHBIX 3aj]1a4, CBOOOHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka "ormnmumuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0anoB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, rPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTH MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepuad,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh MOJy4YECHHbIC 3HAHUs Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3a7a4 JOCTATOYHO OOJIBbILIOE KOJTUYECTBO HETOUHOCTEH.
Onenka "ynosneTBopuTedbHO" (4 Oanna) BBICTABISIETCA CTYIEHTY, IIOKa3aBIIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl y4eOHOW MporpaMMbl, HEOOXOJUMBIE IS JalbHEHIIero ooyueHus, 1
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH MOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YacTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIMIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIA HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUN IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.



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

[Ipu mpoBeneHUH OLIEHWBAHUS 3HAHUI OOyYaromeMycs MpPEIOCTABISIETCS BpeMsl Ha TOATOTOBKY Ha
ycMOTpeHue 3k3aMmeHaropa. Ompoc oOyuaromerocs mo OWiIeTy Ha YCTHOM JK3aMEHEe He JIO0JDKEH
MPEBBIIIATH OJHOTO ACTPOHOMHUYECKOTO 4aca. OICHUBAHWE 3HAHWH MPOHM3BOIUTCS B COOTBETCTBUH C
BBILIIEYKAa3aHHBIMH KPUTEPUSMH B COOTBETCTBUH C COEPKAHUEM AUCIUITIHHBL.



