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AHHOTANMA
Kypc «Pacmmpenns CranpaptHoit Mopenn» 3HAKOMHUT CTYAEHTOB C COBPEMEHHBIMH TEOPETHYECKUMU
MOZAEISIMA B 007acTH (PU3MKM BBICOKMX OSHEPIMH M DIEMEHTApHBIX YaCTHIl, BBIXOIAIIMMH 32 PaMKU
CranpaptHoit momenu (CM), TakuMu Kak: cymnepcummeTpus (B vactHocth, MSSM - MuHumanbHas
Cynepcummerpuunast CTaHzapTHas MOJENb), JONOJTHUTEIbHbIE U3MEPEHUS IPOCTPAHCTBA-BPEMEHH (TEOpUHU
tuna Kamynpsi-Knetina, monens Pannann-Cynuapym, monens ADD), teopun Benukoro O6weannenus (Grand
Unified Theory, GUT, Ha npumepe kanmubpoBouHoi rpymmbsl SU(5)), a Takke OOIMMH NPUHIMIIAMH TaK
Ha3bIBaeMbIX «3¢dexTuBHbIX Teopuid nois» ( effective field theory) u «ynpomennsix monenei» (simplified
models)
Ocoboe BHHUMaHHE B Kypce YIENAETCS CYyNepCUMMETPHM, KaKk OJHOMY H3 CaMblX HNEPCHEKTHUBHBIX
pacmupenuit  CM.  TlogpoOHO  paccMOTpeH  TEOPETHKO-TPYIIIOBOM  MareMaTW4ecKHil  ammapar
CYNEPCUMMETPUH, BBEICHBI IMOHSITHS CYHEpPIPOCTPAHCTBA, KHUPAJbHBIX, BEKTOPHBIX M BCIIOMOTATEIBHBIX
cyleprojeil, a Takke cylneprnoTeHuMana. PaccMOTpeHbl BO3MOXKHbIE MEXaHU3Mbl  HapyLIEHHUs
cynepcummeTpuu. Beimucan narpamkuan MCCM B TepMuHax (u3nyecKux creneHei cBobonsl. Taxke B
KOHTEKCTE CYNepCUMMETPUH pacCMOTpeHa Ipobiema nepapxuii 1 npobdiaeMa HaTypaJbHOCTH B (hOPMYIHPOBKE
T'Xoodra.
[MonpoOHO paccMaTpUBAIOTCS BO3MOXHOCTH — JKCIEPUMEHTANLHOW TpoBepku pacumpeanii CM B
skcniepuMenTax Ha coBpeMeHHbIX (LHC) m Oymymmx kosuiaiizepax, B acTpo(u3mKe, a TakKe B Pa3IMUHBIX
HEYCKOPHUTENbHBIX 3KcrepuMeHnTax. Ocoboe BHMMaHME YAEIEHO BOIPOCAM IOHCKA CYNEPCHUMMETPHM Ha
KoJutaiiepax, 0COOCHHOCTSIM MOUCKOB 0030HOB Xurrca B MCCM M COBpEMEHHBIM 3KCIEPHUMEHTAIbHBIM
orpannyeHusM. OTIETBHO PacCMOTPEHBI METONbI TOMCKOB MPOSBICHUI HOBOHW (M3MKH B CHUTyallUH, KOTAA
SHEprus CTOJIKHOBEHUI Ha KoJiaiiepax HeAoCTaTouHa JUIsl POKIIEHHUs HOBBIX yacTull, popmanusm SMEFT.

1. leau u 3apauu

esab AMCUUIIHHBI
JlaHHBIM KypcC 3HAKOMUT y4allMXCs C COBPEMEHHBIM COCTOSIHUEM M IYTSAMM AAJbHEHUINETo pa3BUTHS
(U3MKK 3IeMEHTapHBIX YacTUI] W BBICOKHUX JHEpPruil 3a pamkamu CTaHAapTHOM MOAENH, co3daBas
TEOpETHUECKYIO 0a3y, HEOOXOUMYIO Jiisi paboThl B JaHHOU obOnactu. [Ipu n3ydeHun Kypca CTYJACHTHI
MOJTyYaroT NPEACTaBICHUE O TOM, C KaKUM TEOPETHYECKUM M IKCIIEPUMEHTAIBbHBIM MaTepHajioM UM
MPEICTONT MMETh JIeJI0 B XOJe MpoBeaeHus uccienoanuii mo HUP B oOmactu GU3WKH BBICOKHX
SHEPIruii U 3JI€MEHTAPHBIX YACTHII.

3agaum AUCUMIIUHBI
-O3HaKOMJICHHE CTYIEHTOB C COBPEMEHHOH Hay4YHOW KapTUHOW MHpa B 00MacTu (pU3MKU BBICOKHX
SHEPIuil.
-TIOJIyYE€HHUE IMPEACTABICHHUS O CYIIECTBYIOIIMX HpoOiieMax W HepemEHHBIX Bompocax CTaHIapTHOM
MOJIENH.
-ozipoOHOe U3ydeHrne HanboJiee MOMyJsIPHBIX BAPUAHTOB BBIXO/A 32 paMKu CTaHJapTHOW MOAETH.

-03HAaKOMJICHHE CTYACHTOB C COBPEMEHHBIMH METOJAMH HCCIICIOBAHUH M  MOCIEAHHUMHU
OKCIIEPUMEHTAIBHBIMU JTaHHBIMH B 00JIacTH (pU3MKE SIIEMEHTApHBIX YacTHUI[ M BBICOKHX DHEPTHH 10
MOMCKY HOBBIX 3 dekToB 3a pamkamu CTaHAAPTHON MOJIEIH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

VYK-1.1 Ananu3upyet npoOIEMHYIO CUTYaINIO KaK CHCTEMY,

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHUCTEMHOTO TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.2 OcymecTBisier MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
JOCTYTHBIX KICTOYHUKOB HH(pOpMaH

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTabHBIC

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX
Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHuK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTH IPH
peleHun 3a1a4 NpoQeccCuOHaNBHON AEATENbHOCTH




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 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel mpodeccrnoHanbHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHoOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/BI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIILHOCTH, YYUTBIBAsI OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTy4YaeMbIX PeIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWsST B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auu, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
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-1.3 CrnocobeH mNpuUMEHATh TeopeTHYecKue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)

B PE3YIbTATC OCBOCHUSA JUCHUIIJINHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HAaTh:

cogepkanne Kypca «Pacmmpenuss CTaHmapTHOW MOJENN», COOTBETCTBYIOILYI0 TEPMHHOJIOTHIO U
MOHATUHHBIN ammapar, B 4aCTHOCTH OCHOBBI mojxoaa 3hdexkruBHbix Teopuid monst (SMEFT). Nmets
o0miee mnpeAcTaBiIeHHE OO0 MCTOTPUU PA3BUTUSL CYNEPCUMMETPUYHBIX TEOPUH U TEOpUH C
JOIOJIHUTEIbHBIMUA HM3MEPEHUSIMHA TPOCTPAHCTBA-BPEMEHHU, NMPUMEHSIEMBIX B COBpPEMEHHOH (usnke

BBICOKUX SHEPTHUH.
YMETB:

B IIPOCTEHIINX CIy4asX BEIYUCIATH aHATUTUICCKH CEUCHUS POXKICHUS M IIMPHHBI PACIIaI0B YaCTHII U3
0000miennit CTaHgapTHON MOJIETH, U3y4aeMbIX B Kypce.

BJIAJIETh:

H3JIOKCHHBIM B KYpCE€ MAaTEMAaTUYCCKUM alaparomM TCOpHHU I10Jid, HGO6XOZ[I/IMLIM JJIA Ka4€CTBCHHBIX
OICHOK M aHAJIMTHYCCKUX BBIYMCIICHUH B paMKax COBPCMCHHBIX O606H.IeHHI>i CTaH,E[apTHOﬁ MOACIIHN.

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

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUast
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Brenenue. CtangapTHas MOJIEINb. 4 5




2 CrioHTaHHOE HapylIeHHEe CHMMETPHH. 4 5
[Mpobnempr CM, «HOBas (u3uKa» W

3 «3(h(HeKTUBHBIC TEOPUU TIOJISD» 4 >

4 I'pynner Jlopenna u Ilyankape. 4 5

5 CynepcummeTpusi. 4 5

6 CynepcuMMeTpuyHast TEOPHS OIS 4 5
MunumanbHOe CYIIEPCUMMETPUIHOE

7 pacumpenue  CraHgapTHOW  MonenH 4 5
(MSSM).

] XWUITCOBCKMM CEKTOp M CIEKTp Macc 4 5
MSSM.

9 ITouck cynepcummeTpHH. 4 5

10 |Teopun Benuxoro O0venuHeHUs. 4 5

1 Teopun c JIOTIONTHUTEIbHBIMHU 5 10
HU3MEPEHUSIMU IPOCTPAHCTBA-BPEMEHHU.

Nroro yacos 45 60

ITonroToBka k 3K3aMeHy 30 gac.

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

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)
1. Beenenune. CtangapTHas MOZECIb.

Cucrema efuHUIl B (HU3HMKe BRICOKHX JHEPTUH. MaciTaObl BpeMeH B paccTOSHUH, n3ydaembie CM u
JOCTYTIHbIE Ha COBPEMEHHBIX KoJulaiiiepax. THIbI CUMMETPHi, JIe)KalluX B OCHOBE MOCTPOCHHUS
Cranpaptroit monenu (CM) M HEKOTOpHIX ee pacimmpeHui. [pynma kamuOpoBOYHOW CUMMETpPUHU
CM. Ilons u wactuupsl CM. Jlarpamkuan CM B mpefiesie HyJIeBbIX Macc.

2. CIOHTaHHOE HapylIEHUE CUMMETPUH.

[lonsATHe CIIOHTAaHHOIO HApYyILIEHUS CUMMETPUU. MEXaHU3M CIIOHTAaHHOIO HAPYLIEHUsS CUMMETPUU
BEH u 06030n Xurrca. XurrcoBckuii cekrop CrangaptHoii monenu. [lompaBku k macce ©030Ha
Xwurrca. [lupuna 6o3ona Xurrca CraHgapTHON Monenu kak (yHKIuUs ero Maccel. [IpoGrema
uepapxui, npodiema "Manbix uepapxuil". @opMyaHpoBKa HAaTYpaJbHOCTU T'X00(Ta. YHUTAPHOCTD
U 2neKTpocnabas TeopeMa SKBUBAJCHTHOCTH. lloBeneHHMe NpOMOIBHBIX KOMIIOHEHT MAacCCHBHBIX
KaJauOpOBOYHBIX OO030HOB B TMPOILECCAX PACCESHUS MPH BBICOKMX dHeprusix. OTkpbiTHE 0030HA
Xwurrca u "No-lose" Teopema.

3. llpo6nembr CM, «HOBast puzuka» u «3pPeKTUBHBIE TEOPHH OIS

OcHoBuble npoOiemsl CranmapTHON Monenu W (pyHAaMEHTaJIbHBIE BOIPOCH, HA KOTOpPHIE OHAa HE
JaeT OTBETa. ODKCIEPUMEHTANbHbIC (aKThl, KOTOPbIE HEBO3MOXKHO OOBACHUTH B pamkax CM.
OcHOBHBIEC TeOpEeTHYECKHE HalpaBlIeHus Bbixosa 3a pamku CM. Crnenuduka nposisinenus 3¢dekrosn
«HOBOW (M3MKM» Ha KOJUIalAepax B ClydasX, KOTJa SHEPrsl CTOJIKHOBEHHHM IOCTAaTOYHA WM
HEJI0CTAaTOYHA Ul POXKICHUS HOBBIX YaCTHII, a UX B3auMmopencTsus ¢ noiasiMu CM HenocTaTouyHO
cuibHBL. [lonmoporoseie 3QdexTsl. «IPPEKTUBHBIE TEOPUH TOJS» U «YHNPOIICHHBIC MOIEIN» IIPH
nzyueHun 3¢pdexToB «HOBOH Qu3ukuy. Dopmammsm SMEFT (Standard Model Effective Field
Theory) w  mapamerpu3anms  BO3MOXHBIX  OTKIOHEHMH  OT  mpenckazanuii  CM
KaJIMOpOBOYHO-UHBAPHUAHTHBIMH JIOKAJIbHBIMU OIIEPAaTOpaMM C BO3PACTAIOLIMMHU Pa3MEPHOCTSIMH,
npeBblIaloIMH YeTbipe. [Ipumepsl omepaTtopoB pasmepHoOcTH 6, coiepiKaliue Moy Xurrca u
Ton-kBapka. Ilpumepsl COBpPEMEHHBIX OrpaHHYEHMH HAa  aHOMAaJbHbIE IApaMeTPbl  BO
B3aMMOJEHCTBUAX  XWITca W  TON-KBapka C  JIpyruMud  nomsiMmu.  llpumepbl  moucka
MOJIeJIbHO-HEe3aBUCUMBIX nposiBienui Ha LHC.



4. I'pynimiet Jlopenta u [lyankape.

JlopennieBbl moBOpoTHl W Oycthl. Ipymma Jlopenna. AnreGpa reHeparopoB Tpyiisl JlopeHra.
VYHuBepcanbHas HakpbiBatomas rpynnsl Jlopenma - rpynma SL(2,C). ®DynaaMmeHTanbHOE H
npucoenuHenHoe npeacrapnenus rpynmnsl SL(2,C). Crnimaops! Beiins. T'enepartopst rpynmsr SL(2,C),
npeoOpa3oBaHusl CIIMHOPOB C KOBAapUAaHTHHIMH M KOHTPaBapHaHTHBIMH HHAeKcamu. CHUHOPBI
Hupaka u Maiiopansl. ['pynma [Tyankape. AnreOpa reHeparopoB rpynmsl [lyankape.

5. CynepcuMMeTpusi.

HcTopus pa3BuTHs CylepCUMMETPUYHBIX TEOPUH C CEMUIECSTHIX I'OIOB IIPOLUIOrO BEKa 10 HAIIMX
nueii. Teopema Koynmena-Mangynel. Pacmmpenue anre6psr Ilyankape aHTHKOMMYTHPYIOIIUMHU
reHeparopamu. Anredpa reneparopoB cynepcummerpun. Oneparopsl Kasumupa rpynmnst Ilyankape u
rpynmsl  cynepcumMerpud. CymneprpoctpanctBo. WHTerpupoBanue u  auddepeHIHpOBaHUE C
IpacCMaHOBBIMU 4nciaMu. CIIMHOPHbIE KOMIIOHEHTBI KaK I'PacCMaHOBbI YUCIIA.

6. CynepcuMMeTprUIHAsI TEOPHS TTOJISL.

[lonsartue cyneprons. SBHBIA BUA T'€HEPATOPOB CYNEPCHMMETPUHM Ha CYNEpPHOISIX. 3aKOH
npeoOpa3oBaHusl Cymeprojed Ioa JeicTBueM reHeparopoB cymnepcummerpuu. Cymma ¥
Mpou3BeAcHue cyneprnoyiell. PaznokeHue cymneprosisi Ha KOMIIOHEHTBI M 3aKOHBI MPEOOpa3oBaHUS
KOMIIOHEHT. KoBapuaHnTHbBIE IpOU3BOIHBIE Ha cynepupocTpaHcTBe. KupanbHoe cynepnoe.
Pa3MepHOCTP KOMIIOHEHT KHpalbHOIO cymnepnois. Pa3nokeHne KHpaJbHOTO CyNEpPNoNs Ha
KOMIIOHEHTBl M 3aKOHbI NpeoOpas3oBaHusi KomroHeHT. CymneprnoreHuuan, moxens Becca-3ymmuHo.
Bexrophoe cynepnose. Pa3noxeHne BEKTOPHOIO CYIEPIIONs HAa KOMIIOHEHTHI B KalMOpPOBKE
Becca-3ymuno.  HanpsbkeHHOCTh ~ BeKTOpHOTO — cymeprnons.  KannOpoBOYHO-MHBapHAaHTHBIN
JarpaHuaH Ha CYNEpPIpOCTPAHCTBE, MOCTPOEHHBIH M3 KHPAIbHOIO W BEKTOPHOIO CYHEPIIOJNIEH.
Bcenomorarensnslie nonst F u D.

7. MuHHMaNbHOE cynepcuMMeTpruHoe paciupenre Cranaaptaoit monenu (MSSM).

KupanbHble u BekTopHble cyneproiss B MSSM, ux KBaHTOBBIE 4YMCIa U KOMIIOHEHThI. R-4eTHOCTS.
Cynepnorenunan MSSM. Jlarpamxunan MSSM 0e3 Hapymienus: cynepcuMmmerpun. CMmemnBaHue
KOMITOHEHT cymeprioniei MSSM u ¢usuueckue crenenn cBoOoabl. CynepcuMMETpUYHAs TEMHas
Marepus. HeoOxonuMocTe W OCHOBHBIE CLEHAapUW HApYyIIEHUS CYNEPCUMMETPUHU. Msrkoe
HapylleHHe cynepcuMMeTpun. Jlarpankuan MsIrkoro HapyuieHus cynepcummerpun B MSSM.

8. XurrcoBckuii cektop u cuekTp macc MSSM.

CrioHTaHHOE HapylieHue eKkTpocnadoit cummerpun B MSSM u narpamxkuan moned Xwurrca.
OrpannueHuss Ha Maccbl 0030HOB XWITCa Ha JAPEBECHOM YpOBHE. Poilb TeETIeBBIX IMONPaBOK.
Bepmmnbl B3auMosieiictBus 6030HOB Xurrca ¢ JpyruMu nossiMd. OcoOeHHOCTH TIoMcKa 0030HOB
Xurrca MSSM Ha kommaiinepax. Pacmanmet u mpomeccel poxkaeHus 0o3oHoB Xwurrca Ha LHC.
CoBpeMeHHbIE OIpaHUYEHUS.

9. Ilouck cynepcUMMETPHUU.

Bo3MmoxHBIE IPOSABIEHUS CyIEPCUMMETPHH Ha KoJUIaiiepax U B HEYCKOPUTEIbHBIX SKCIIEPUMEHTAX.
Jlarpamxuan MSSM g cynepnaptHEpoB. PoxaeHne u pacnaja cyneprnapTHEpOB Ha YCKOPUTEISAX.
[Ipoueccsl poskaenus U pacnaja riionHO U Ton-ckBapkoB Ha LHC. CoBpeMeHHbBIE OrpaHHYEHHS.

10. Teopun Benukoro O0beuHeHMS.



berymue kanmuOpoBouHbie KOHCTAHTHI CBs3 B CM u MSSM u unes ux oObeIUHEHUS B paMKax
npocrtoii kanuopoBouHo# rpynmsl. [Ipocretimas TBO Ha npumepe kamubpoBounoit rpynmsl SU(S).
Bnoxenne xanmmOpoBounoit rpynmel CM B rpynmy SU(S). IlpuBogumoe mnpexacraBnenue S5+10
rpymnel - SU(5) u  ¢epmuonst CM. Ilpucoeaunennoe mupezacraeienne rtpynnsl SU(S) wu
KaJIMOpOBOYHBIE OO30HBI MOAENH: KanmuOpoBouHble 0030HKI CM wu nentokBapku. OTCyTCTBHE
aHomaimii. Pacnmag TpoTOHA, COBpPEMEHHBIC OJKCIIEPUMEHTANbHBIC OTPAHWYCHUS, HapylICHHE
OapuonHOTO urcna u 6apuorenesuc. Jlocronncrsa u npoomemsr SU(S)-monenu TBO.

11. TCOpI/II/I C JOMOJHUTCIIbHBIMU U3MCPCHUAMUA NPOCTPAHCTBA-BPCMCHU.

Hcrtopuueckoe BBEACHUE: TEOPUU C JOMOJHUTECIBHBIMU H3MEPEHHSIMH IMPOCTPAHCTBA-BPEMEHH C
Hayaja TMpouuioro Beka Jo Hamwmx gHedl. Teopum Tuna Kamynsi-Kneitna. Ilonsitus
KOMIAKTU(PHUKAIMKA U pa3MepHOW penyKuuu. «bombiune) IOmoNHUTENbHBIE H3MepeHus. Moxenb
ADD. Monens mupa Ha O6pane — mofienib Pargann-Cynapym (RS model). [TatumepHsiii narpamkuan
momenu RS, ypaBHeHusi awkeHus W ux pemenue. OObsicHeHHE cIabOCTH YeThIPEXMEPHOR
rpaBuTany Ha ocHoBe mozenu RS. JloctomncrBa u Hemocrarku moaenu RS. CraGunusupoBaHHas
mozenb RS. Tlone paguona. CoBpeMEHHBIE SKCIEPUMEHTAIbHBIC OTPAHWYCHUS IJII TEOPHH C
JIOIIOJIHUTEIbHBIMU U3MEPEHUSMU IIPOCTPAHCTBA-BPEMEHHU.

5. Onucanue MaTepuaJbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaATEJIHLHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. Cynepcummetpus u cyneprpasutanus [ Texct]/HO. Becc, k. berrep , -M., Mup, 1986
2. Beenenwne B cynepcummerpuio u cyneprpasuranuto [Texct]/I1. ¥Yact , -M., Mup, 1989
3. C. Baiin6epr, «KBanrtoBas Teopus nomnsi». T. 3, Cynepcummetpust, M. ®A3UC, 2002

JomnonHurensHas aureparypa

1. H.Baer and X.Tata, "Weak Scale Supersymmetry", Cambridge University Press, 2006.

2. E. E. Boos, "Quantum Field Theory and the Electroweak Standard Model", Lectures at the
European School of High-Energy Physics, arXiv:1609.01988 ; 10.5170/CERN-2015-004.

3. D. I. Kazakov, "Beyond the Standard Model (In search of supersymmetry)", Lectures at the
European school on high energy physics, 10.5170/CERN-2001-003.125, arXiv:hep-ph/0012288
4. E.Boos, "'Quantum field theory and the electroweak standard model", KamxHblii tom YHUBEpCUTET,
Mockea, 2018 r., 158 ctp., [ISBN: 978-5-91304-871-4, doi: 10.31453/kdu.ru.91304.0019 .

5. B.9.booc, " ®wu3nka Ton-KBapKa, XUITCOBCKOTO 0030HA U cynepcuMmeTpun’, ¢.156-281, B kH.:
Jletnss mkoma @onpna J[. 3umuna ' J{unactus": Gusnka SIEMEHTAPHBIX YaCTHUIL B TIPEIIIBEPHH
bonbpmoro agporHoro komwiaiaepa. @u3uka 1€ "MEH TapHbIX YACTUIL] B IPEA"ABEPUHU bobIIOro
anponHoro koyaiaepa. M3a-so JEHAH/I, rMocksa, 2011, ¢.400.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

L.http://pdg.Ibl.gov/ The Review of Particle Physics

2.https://zoom.us/ru-ru/education.html mporpamMmmuoe obecrieueHre «Zoomy Jisi OpraHUu3aIuH
BUICOKOH(DepeHIHi

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

https://zoom.us/ru-ru/education.html nporpammHoe obecrniederne «Zoomy sl OpraHu3aIiH
BUICOKOH(DEPEHIIHH.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_IyJ'lﬂ)

CryneHT, M3y4arollui JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pE3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT NOJUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI PCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuala, TOATOTOBKY OTBETOB Ha BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3yUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSIX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JJaHUM TPOMEKYTOUHON aTTeCTallUU.

[Tokazarenem BrnajeHHUss MaTepraIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaMm
JUCIUTLINHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAEIbHBIX TEM, BOMPOCOB, CIEAYyeT OOpamiaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUNM CTYACHTOB B BUJIC PELICHHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 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

®dusrex-KiIacTep akaJIeMUUeCKOl 1 HayqHOU Kapbepbl (DyHIamMeHTanbHbIe
B3aUMOJICHCTBHS U (PU3UKA IIEMEHTAPHBIX YACTHIIL)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpadoTunk: 3.9. booc, n-p ¢us.-mart. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh . .
. o MOCTaBJICHHOM  MpoOJIeMHON  cUTyalud Ha  OCHOBE
CTpPAaTETHIO ICHCTBUH
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
OIIK-1.1  3Haer wu  cmnocoOeH  HUCNONB30BaTh B
npoeCcCHOHANBHON  JESTENbHOCTH  (yHAaMEHTaJIbHBIC

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B o0sacTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

Hay4HbIe 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.3 [TonnMaeT MeXAUCIUILIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHny 3a/1a4 NpoQecCHOHaNBHON AEATENbHOCTH

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

OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBaHN B obnmactu cBoel  mpodeccroHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, 00J1aaeT HaBBIKAMHM YCTHOTO M HMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cniocoben BbIOUpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATeIIbHOCTH, YYUTBIBAsI OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJbTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWsST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuinibl «Pacmmpenus CrangaptHoit Mogenny 00y4aromuics T0KeH:

3HAThb:

cogepkanne Kypca «Pacmmpenuss CTaHmapTHOW MOJENN», COOTBETCTBYIOILYI0 TEPMHHOJIOTHIO U
MOHATUHHBIN ammapar, B 4aCTHOCTH OCHOBBI mojxoaa dhdexkruBHbix Teopuid monst (SMEFT). Nmets
o0miee mnpeAcTaBiIeHHE OO0 MCTOTPUU PA3BUTUSL CYNEPCUMMETPUYHBIX TEOPUH U TEOpUH C
JONOJIHUTEIbHBIMUA M3MEPEHUSIMUA TPOCTPAHCTBA-BPEMEHHU, NMPUMEHSIEMBIX B COBpPEMEHHOH (usnke

BBICOKUX SHEPTHUH.
yMeTh:

B IIPOCTEHIINX CITyYasX BEIYUCIATh AHATUTUICCKH CEUCHUS POXKICHUS M IIMPHHBI PACIIaI0B YaCTHII U3
0000miennit CTaHgapTHON MOJIETH, U3y4aeMbIX B Kypce.

BJA€Th:




H3JIO)KCHHBIM B KYpCE€ MAaTEMAaTUYCCKUM alrmaparomM TCOpHU I10Jid, HGO6XOZ[I/IMLIM JJIA Ka4€CTBCHHBIX
OIICHOK M aHAJIMTHYCCKUX BBIYMCIICHUH B paMKax COBPCMCHHBIX O606H.IeHHﬁ CTaH,E[apTHOﬁ MOACIIHN.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0
He nmpexycmorpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

ITepeueHb KOHTPOIBHBIX BOIIPOCOB:

1. HapucoBars muarpammbl DeifiHMaHa OCHOBHBIX IMPOIECCOB pPOXIACHHUS 0030Ha Xurrca Ha
kosutaiipepe LHC.

2. HapucoBars auarpammbel deliHMaHa AOMHHHUPYIOLIMX pacmagoB 0030Ha XHUITca Ha KoJulaiaepe
LHC.

3. IIpuBecTu mprUMepsI MPOLIECCOB POXKACHUA U pacnaja rmonHo Ha LHC
4. IlpuBecTu IpUMeEpHI MPOIIECCOB POXKACHUS U pacrnaia Ton-ckBapkoB Ha LHC

5. CkonbKO M Kakue WMEHHO (u3MYeckwe Mois Xurrca ocrtarorcs B MSSM mocie CHOHTaHHOTO
HapyLeHHs 3IeKTpocaadoil cummeTpun?

6. Kakue xommnonenTs! cyneprnoneid MSSM cMemmBatorcsi 1 o0pasyror ¢usuueckue nomns? Kak stu
I10J1s1 Ha3bIBAOTCS?

7. Tlowemy cymepcuMMeTpusi JODKHA ObITh HapylieHHoW? KakoB CMBICT TepMHHA «MSTKOE
HapylIEHUE» CYyNepCUMMETPUH?

8. KakoBa ponb BciomorarensHbix nosieit F u D npu paznoxxeHun cyneproneid Ha KOMIIOHEHTBI?
9. IlokaxwuTe, 4TO HANPSKEHHOCTh BEKTOPHOIO CYIIEPIOJS SABISIETCS KUPAJIBHBIM CYIEPIIOIEM
10. ITokaxkute, 4TO CymMMa M MIPOU3BEAECHUE ABYX CYIEPIIOIEH TAK)KE SIBISIFOTCS CYNEPIOIIMHU.

[IpuMepsl KOHTPOJIBHBIX 3alaHUIH:

1. Hartucarb 3¢ (eKTUBHBIN JarpaHKuaH B3aMMOJCHCTBHS CKAJSPHBIX JIENTOKBAPKOB C IIFOOHAMHU U
HapucoBaTh AuarpaMmsl DeifHMana, Jaromire BKiIaa B Mpolecchl ux napHoro poxaexus Ha LHC.

2. Hanmcarp kannOpoBOYHO-MHBAPHAHTHBINA MO OTHOIIEHUIO K rpymniie CTaHAapTHOW MOJIENH OIepaTop
B3aUMOJICHCTBUS t-KBapKa, c-KBapka U IItooHa. Kakyio pasMepHOCTh MMEET 3TOT OIepaTop U K KaKoMy
TOKY OH IPUBOIUT?

3. IlpeacraBuM, 4YTO t-KBapK HMEET BHYTPEHHIOIO CTPYyKTypy. K KakuMm QeHOMEHOIOrHIecKum
CJICACTBUSAM MPUBOIUT Takoe mpenmnoioxenue? Hamucarb BO3MOXHBIE KaJIMOPOBOYHO-UHBAPHUAHTHBIE
3¢ eKTUBHBIE JIarpaHKUaHbl B3aUMOICHCTBUS BO30YKIEHHOTO t-KBapKa.

4. Ilycth TeMHast MaTepus MpecTaBsieT co0oi (hepMHUOHBI, KOTOPbIE B3aUMOJICHCTBYIOT Yepes
Xwurre-nopran ¢ nonamu CrangaprHoi monenu. Hamucare Bo3MokHbIE 3(h(heKTHBHBIE JarpaHKUaHbI
TaKMX B3aUMOJICHCTBUH, HApUCOBaTh MpuMepbl AuarpamMm @DeliHMaHa, ONMHMCHIBAIOIIME BO3MOXKHBIC
NPOSIBJICHUSI TEMHOM Marepuu B TakOM clieHapuH B croiakHoBeHHAX Ha LHC, B skcmepumeHTax 1o
MPSIMOMY ¥ HEMIPSIMOMY JE€TEKTUPOBAHHUIO TEMHON MaTepuu.

5. Ckonpko 0o030HOB Xwurrca npexackasbiBaetcs B MCCM? IlomyunTs ¢oOpMyasl Aisi OCHOBHBIX
MapIHaIbHBIX IIUPUH PACHAI0B ITUX O030HOB.

6. B onmHOI M3 BO3MOXKHBIX CHUTHaTyp pacman poxkaarorierocsi ckBapka MCCM mnpoucxoaut uepes
poXKIeHNE

CIIENITOHA B TPOMEXYTOUHOM COCTOSHMHU. BbiBecTH (opMyiny A KHHEMaTHYECKOW T'PaHMLBI
(end-point)

B pacHpeieIeHNH 110 HHBAPHUAHTHOM Macce ABYX 3apsDKEHHBIX JICTITOHOB, KOTOPBIE MOTYYalOTCS B 3TOM
pacmaje, yepe3 Macchl CIENTOHA, TSHKEJIOTO HEHTPAIMHO U CaMOT0 JIETKOTO HEHTPaInHO

7. JlokazaTb, 4TO B JHOOOM CyNnepMyJbTUILIETE Yncio 0030HOB Nb paBHO uncny hepmuonoB Nf .

HpI/IMepBI OK3aMCHAIIMOHHBIX OuIeToB

burer 1.



1. ITocTpouTh U3 KHPAJIBHOTO M BEKTOPHOTO CYMEPIOJe KannOpOBOUYHO-MHBAPUAHTHBIN JlarpaHXKuaH
Ha cynepnpocTtpancTBe. OOBSICHUTD POJIb BcrioMorareibHbIX nojiei F u D.

2. IIpuBectr npuMepskI MPOLECCOB POXKIACHUS U paciaia DIIOUHO U Ton-ckBapkoB Ha LHC.

burer 2.

1. Jlate omnpeaeneHHe BEKTOPHOTO CYMEPHOJA W HANPSKEHHOCTH BEKTOPHOIO  CYHEpIOJI.
[TponeMoOHCTpUPOBAaTh pa3JIOKEHUE BEKTOPHOTO CYyNEpHois Ha KOMIIOHEHTH B KaJuOpOBKE
Becca-3ymuno. IlokazaTb, 4TO HampspKEHHOCTh BEKTOPHOTO CYMEPHONA  SIBISIETCS  KUPAJIbHBIM
CYIIEpIIOJIEM.

2. Hapucosars nuarpammsl @elinMana mpoIrieccoB poxkaeHHs U pacnanoB 603on0B Xurrca Ha LHC.
buner 3.

1. Jlatb omnpenenenue cynepross. Bblnucare sBHBIH BUJA TI'€HEPAaTOpPOB CYNEPCUMMETPUU Ha
cymepronsix. BpIBecT 3akoH mpeoOpa3oBaHMs CyNepHoield mof —JIeHCTBHEM T'€HEpaTopOB
cynepcummerpuu. Ilokazarb, 4yTO CymMMa M IIpPOM3BEIEHHE [BYX CYIEpIIOJEH Taike SBIsIeTcs
CymeprioyieM. 3amucaTh pa3jioKeHUE CYNeproisi Ha KOMIIOHEHTBI U BBIBECTH 3aKOHBI MPEOOPa30BaHUS
KOMIIOHEHT.

2. IlpuBectn mpuMepbl BO3MOXHOTO MposiBieHUSA 3dekToB "HOBOH ¢u3mku" Ha Koyaingepax (B
gactHocTH Ha LHC) B ciryuae, korna 3Heprus CTOJKHOBEHHMH HEIOCTAaTOYHA AJISl POXKICHUS HOBBIX
4acTul.

burner 4.

1. OnpenenuTh KOBapUaHTHBIE IIPOM3BOJHBIE Ha CYNEPIPOCTPAaHCTBE. BBecTu NOHATHE KUPaIbHOIO
cymnepronsi. 3amucarh pPas3lIoKEHHE KHPAJIbHOTO CYIEPIONii HAa KOMIIOHEHTHI M BBIBECTH 3aKOHBI
npeoOpa3zoBaHust KOMIOHEHT. OOBACHUTH, TOYEMY KOMIIOHEHTa F sABIIsieTCa BCIIOMOraTeIbHbBIM TOJIEM.
2. Beimmmcars narpamxuan noneid Xurrca B MSSM. Ckonbko W Kakue (uznyeckue moisi Xurrca
ocratorcs B MSSM mocne CHOHTAaHHOTO HapymieHHs JJeKTpociabold cummeTpuu? Beimucarth
BEPILMHBI B3aUMOJEHCTBUSI 6030HOB XUrrca ¢ ApyruMu noiasimu MSSM.

burer 5.

1. MuHnMmanbHOE cynepcuMMeTpuyHoe paciupenne CrannaprHoi mogenu (MSSM). Kommonentsr u
KBaHTOBbIE YHCJa KUPAJIbHBIX U BEKTOpHBIX moieit MSSM. R-uernocts. Cynepnoreniiman MSSM.
Kakue xomnonentsl cyneprnoneir MSSM cmemuBatotcst, o0pasyst ¢uszuyeckue nons? Kak satu mosns
Ha3bIBaroTCA?

2. B uem cocrout moxxon "DddekruBHbIx Teopuit mons" B uzydeHuH 3PQPeKToB "HOBOU puzmKu"?
[IpuBecTr npuMepbl OIIEpaTOPOB Pa3MEPHOCTH 6, coAepKalye MoJisi XUrrca u TOn-KBapka.

Kpurepun oneHuBaHus
Onenka ommuno 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpamMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
INPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PELIEHUM.
Onenka oOmMYHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBAaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHual, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U 0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJIyYEHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.



OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKa HEYIOBIETBOPUTEIBHO 1 0aml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMEeH MPOBOAUTCS IO HK3aMECHAIIMOHHBIM Omieram. B kaxmoMm Owmiere mpeiacTaBiIeHO IBa
TeopeTuUecKux Bompoca. IIpu mpoBeaeHUH yCTHOTO 3K3aMeHa oOydaromemycst npemoctasisercs 30
MHUHYT Ha TOAroTOBKY. Omnpoc oOyd4aromierocsi He JOJDKEH INPEBHIATh OAHOTO aCTPOHOMHYECKOTO
Jaca.



