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AHHOTANMA

Kypc «Pacmmpenuss CranpaptHoii Mojenn» 3HAKOMHUT CTYJEHTOB C COBPEMEHHBIMU TEOPETHYECKUMU
MOAEIsIMA B 001acTM (PU3MKM BBICOKMX JHEPTUil M 3JIEMEHTApPHBIX YaCTHIl, BBIXOSIIMMU 33 PaMKH
CranpaptHoit momenu (CM), TakuMu Kak: cymnepcummeTpus (B vactHocth, MSSM - MuHumanbHas
Cynepcummerpuunast CTaHzapTHas MOJENb), JONOJTHUTEIbHbIE U3MEPEHUS IPOCTPAHCTBA-BPEMEHH (TEOpUHU
tuna Kanynpei-Knetina, monens Pannann-Cynnpym, monens ADD), Teopun Benukoro O6weannenus (Grand
Unified Theory, GUT, na mpumepe kxanuOpoBouHo#l rpymnmbel SU(S5)), a Takke OOIUMH NPUHIUIIAMH TaK
Ha3bIBaeMbIX «3(exTuBHbIX Teopuid noms» ( 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
CYNIEpCUMMETPHUH, BBEIEHBI MOHATHA CYNEPIPOCTPAHCTBA, KHPAIbHBIX, BEKTOPHBIX W BCIOMOIATEIbHBIX
cyleprojeil, a Takke CylneproTeHuuana. PaccMOTpeHbl BO3MOXKHBIE  MEXAaHU3Mbl — HapylIEHUs
cynepcummerpuu. Beimucan narpamkuan MCCM B TepMuHax (QHU3MYECKHX CTereHed cBoOoxbl. Takxke B
KOHTEKCTE CYNepCUMMETPUH paccMOTpeHa mpoliiema nepapxuii 1 npoOiieMa HaTypajabHOCTH B OPMYIINPOBKE
T'Xoodra.

[MonpoObHO paccMaTpuBaIOTCS BO3MOXHOCTH OKCIEPUMEHTANLHOW TpoBepkd pacmmpennidi CM B
skcniepuMenTax Ha coBpemeHHbIX (LHC) u Oymymunx komnaiinepax, B acTpodu3uKe, a TaKkKe B Pa3IMUHBIX
HEYCKOPHUTENbHBIX 3kcnepuMeHTax. Oco0oe BHHMaHHE YIEJNEHO BONpOCaM IIOMCKAa CyNEepPCUMMETPHUU Ha
KoJuIaiiepax, 0COOEHHOCTSIM MOUCKOB 0030HOB Xurrca B MCCM U COBpEMEHHBIM 3KCIEPUMEHTAIbHBIM
orpannyeHusM. OTIETbHO PacCMOTPEHBI METObI TOMCKOB HPOSBICHUI HOBOW (M3MKH B CHUTyalllH, KOTAa
SHEprus CTOJIKHOBEHUI Ha KoJiaiiepax HeAoCTaTouHa JUIsl POKIIEHHUs HOBBIX yacTull, popmanusm SMEFT.

1. leau u 3apauu

esab AMCUUIIHHBI
JlaHHBIM KypcC 3HAaKOMHUT yYalllUXCS C COBPEMEHHBIM COCTOSHUEM M IIyTSAMU JAJbHEHIIEro pa3BUTHS
(U3MKK SIEMEHTapHBIX YacTUI] M BBICOKMX JHEpruil 3a pamkamu CTaHIapTHOW MOJENH, CO3JaBast
TEOPETHUECKYIO 0a3y, HeoOXoAuMYO JUIsl paboThl B JaHHOW obnacTh. [Ipu M3y4eHUU Kypca CTYJACHTHI
MOJYyYaroT MPEACTABICHUE O TOM, C KAKMM TEOPETUYECKHUM M IKCIEPUMEHTAIBHBIM MaTepHaIOM MM
MPEICTONT MMETh JIEJI0 B XOJe MpoBejaeHus uccienoanuii mo HUP B obmactu (GU3WMKK BBICOKHMX
SHEPIruii U 3JI€MEHTAPHBIX YACTHII.

33]13‘[1/[ JAUCHUIIINHBI

-03HaKOMJICHUE CTYIEHTOB C COBPEMEHHOH HAay4HOW KapTHHOHW MHpa B 00JacTh (PU3UKH BBICOKHUX
SHEPIuil.

-TIOJIyYEeHHUE IMPEACTABICHHUS O CYIIECTBYIOIIMX MpobieMax M HepeméHHbIX Bompocax CraHmapTHOM
MOJIENH.

—HO,[[pO6HO€ HU3YyUCHUC HauOojee MOITYJIAPHBIX BAPUAHTOB BbIXOAA 3a PaMKHU CTaHZ[apTHOfI MOACIIHN.

-03HAKOMJICHHE CTYACHTOB C COBPEMEHHBIMH METOJaMH HCCICJOBAaHUH U  TOCICIHUMH
OKCIIEPUMEHTAIBHBIMU JTaHHBIMU B 00JIaCTH (PU3MKE SIIEMEHTApHBIX YacTUI] M BBICOKHX DHEPTHH I10
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 Ananuzupyet npoOIeMHYI0 CUTYaIIHIO KaK CUCTEMY,

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 MOHCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
JOCTYTHBIX KICTOYHUKOB HH(pOpMaH

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpo)eCCHOHANFHOW ~ JIEATENhHOCTH  (DyHIaMEHTAILHBIC

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

Hay4YHBIX 3HAHUH B 00JacTu
(hu3HMKO-MaTEeMaTHIECKUX HAyK

OIIK-1.3 [lonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku ¥ (U3UKH M CHOCOOCH WX TPUMEHSTh MpPH
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 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

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

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

OIIK-3 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 Binazeer aHaIUTUYECKUMUA U BBIUUCIUTEIBLHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
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 CrocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU 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-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue | (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH MOJIYUYCHHBIC
pe3yabTaThl

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

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

3HAaTh:

cogepxkanne kKypca «Pacmmpenus CraHgapTHOH MOAENIH», COOTBETCTBYIOLIYIO TEPMUHOJOTHIO H
MOHATUHHBIN ammapar, B YaCTHOCTH OCHOBBI Noaxona 3¢ dexTuBHbIX Teopuit nons (SMEFT). mets
olmiee mpeAcTaBiIeHHE OO0 KMCTO™PUM PA3BUTUSL CYNEPCUMMETPUYHBIX TEOPHUH UM TEOpUH C
JONOJIHUTEIbHBIMUA HM3MEPEHUSIMUA TPOCTPAHCTBA-BPEMEHH, NMPUMEHIEMBIX B COBPEMEHHOH (hu3mKe

BBICOKUX SHEPTHUH.
YMETB:

B IIPOCTEHIINX CIyYasX BEIYUCIATh aHATMTUICCKU CEUCHUS POXKICHUS M IMPHUHBI PACIIaJiOB YaCTHIL U3
0000miennit CTaHgapTHON MOJIETH, U3y4aeMbIX B Kypce.

BJIAJIETh:

H3JIO)KCHHBIM B KYpCE€ MAaTEMAaTUYCCKUM almaparomM TCOpHU I10Jid, HGO6XO,I[I/IMI>IM I Ka4YC€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 pacmmpenue  CraHgapTHOM — Mojenu 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 JOTIOJTHUTEILHBIMHU 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 equHuUI B (PU3KMKE BHICOKUX dHEPTUil. MaciiTaObl BpeMeH U paccTosHHA, nzydaembie CM u
JOCTYTIHbIE Ha COBPEMEHHBIX KoJulaiaepax. THIbI CUMMETPHi, Jie)KalluX B OCHOBE MOCTPOCHUS
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.

[loHsiTHe CIIOHTAHHOIO HApyIIEHUS CUMMETpUU. MeXaHHU3M CIIOHTAaHHOIO HapyLIeHHsS CUMMETPUU
BEH u 6030n Xurrca. Xurrcockuil cekrop CrangaptHod momenu. IlompaBku k macce ©030Ha
Xwurrca. llupuna 6o3oHa Xwurrca CraHmapTHOW Mojaenu Kak (yHKIUs ero macchl. [IpoGnema
uepapxui, npodiema "Manbix uepapxuit". @opMyiarpoBKa HaTypajdbHOCTH T'XoodTa. YHUTApHOCTD
U aneKTpocnabas TeopeMa SKBHBAJICHTHOCTH. [loBeneHHe HpOJONBHBIX KOMIIOHEHT MAaCCHBHBIX
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 npoOnembl CTaHaapTHONH Monenu M (yHAaMEeHTalbHbIE BOIPOCHI, HA KOTOpBIE OHA HE
JaeT OTBETa. ODKCIIEPUMEHTAJIbHbIE (aKThl, KOTOPble HEBO3MOXKHO OOBSICHHUTH B pamkax CM.
OcHOBHBIEC TeOpETHYECKHE HalpaBiIeHus Bbixo/a 3a pamkn CM. Crnenuduka nposisienus 3hdexron
«HOBOW (M3UKW» Ha KoOJUIalaepax B Cilydasx, KOTJa JSHEpPrus CTOJIKHOBEHHHM AOCTAaTOYHA WIIH
HEJI0CTAaTO4YHA Ul POXKICHUS HOBBIX YaCTHIl, @ MX B3auMopaelcTBus ¢ noiasiMu CM HenocTaTodHo
cuibHBL. [lonmoporoseie 3QdexTsl. «IPPEKTUBHBIE TEOPUH TOJS» U «YHNPOIICHHBIC MOIEIN» IIPH
nzydeHun >PPexToB «HOBOH ¢usukm». Dopmanuzm SMEFT (Standard Model Effective Field
Theory) w  mapaMmerpu3auus  BO3MOXHBIX  OTKJIOHEHMH  OT  mpenckazanmii  CM
KaJIMOpOBOYHO-MHBAPUAHTHBIMH JIOKAJIbHBIMU OIEpaToOpaMy C BO3PACTAIOIIMMHU Pa3MEPHOCTIMH,
npeBbIIaloIMH YeTbipe. [IpuMepsl omepaTtopoB pa3sMepHOCTH 6, coiepXaimiue mojsi Xurrca u
Tomn-KBapka. Ilpumepsl COBpEMEHHBIX OrpaHHMYCHMH Ha aHOMAJbHBIE IapaMeTpel  BO
B3aMMOJEHCTBUAX XWITCa MW  TON-KBapka ¢ JApyrumu  mnoisiMu.  [lpumepsl  moucka
MOJIeJIbHO-HEe3aBUCUMBIX nposiBienui Ha LHC.



4. I'pynimiet Jlopenta u [lyankape.

JlopenuieBbl moBOpoTHI W Oycthl. Ipynma Jlopenna. AnreOpa reneparopoB Tpyiisl Jloperia.
VYHuBepcanbHas HakpbiBatomas rpynnsl Jlopenma - rpynma SL(2,C). ®DynaaMmeHTanbHOE H
npucoeauHeHHoe npezactasinenud rpymmsl SL(2,C). Cnunopst Beitns. I'eneparopsr rpynmst SL(2,C),
npeobpa3oBaHusl CIMHOPOB C KOBAapUAHTHBIMH W KOHTpPaBapUaHTHBIMH HWHAEKCaMHU. CHIHUHOPHI
Hupaka u Maiiopansl. ['pynma [Tyankape. AnreOpa reHeparopoB rpynmsl [lyankape.

5. CynepcuMMeTpusi.

HcTopus pa3BuTHs CylepcUMMETPUYHBIX TEOPUH C CEMUIECITHIX T'O0B IIPOLLIOro BeKa 10 HAIIUX
nueir. Teopema Koynmena-Manaynel. Pacmupenue anreOpsr [lyankape aHTHKOMMYTHPYIOLIUMH
reHeparopamu. Anredpa reneparopoB cynepcummerpun. Oneparopsl Kasumupa rpynmnst Ilyankape u
rpynmel  cynepcumMerpun. CyneprpocrpanctBo. HHterpupoBanue u auddepenurpoBanue ¢
IpacCMaHOBBIMU 4nciaMu. CIIMHOPHbIE KOMIIOHEHTBI KaK I'PacCMaHOBbI YUCIIA.

6. CynepcuMMeTprUIHAsI TEOPHS TTOJISL.

[lonsartue cyneprions. SIBHBIA BHA TEHEPATOPOB CYNEPCHUMMETPUM Ha CYNEPHONAX. 3aKoH
npeoOpa3oBaHusl  Cymeprojed Imox JeicTBHeM TreHeparopoB cynepcumMerpun. CyMmma
Mpou3BeACHUE cyreproyiel. Pa3noxxkeHue cyneprioisi Ha KOMIOHEHTBI M 3aKOHBI IpeoOpa3oBaHUs
KOMIIOHEHT. KoBapuaHTHBIE IIpOM3BOIHBIE Ha cynepnpocTpaHcTBe. KupanbHoe cymneproie.
Pa3MepHOCTP KOMIOHEHT KHpalbHOTO cyneprnois. Pas3nokeHue KUpaTBHOTO CyHeproyis Ha
KOMIIOHEHTBl M 3aKOHBI IpeoOpa3zoBaHust koMHoHeHT. CyneprnoTeHiuan, mozpeib Becca-3ymuHo.
BexropHoe cynepnone. PasznokeHne BEKTOPHOTO CyNEpHOis Ha KOMIIOHEHTHI B KaJMOpPOBKE
Becca-3ymuno.  HanpspkeHHOCTh ~ BEKTOpHOTO — cymeprnons.  KannOpoBOYHO-MHBapHAHTHBIN
JIarpaHuaH Ha CYIEpPHpOCTPaHCTBE, MOCTPOEHHBIM W3 KHPAJIBHOTO M BEKTOPHOIO CYIEpHOJEH.
Bcenomorarensnslie nonst F u D.

7. MuHHMaNbHOE cynepcuMMeTpruHoe paciupenre Cranaaptaoit monenu (MSSM).

KupanbHble u BexTopHble cynepnois B MSSM, ux KBaHTOBbIE YMCIIa U KOMIIOHEHTHI. R-ueTHOCTS.
Cynepnorenunan MSSM. Jlarpamxuan MSSM 6e3 HapyiieHus: cynepcummerpuu. CMmemrBaHue
KOMITOHEHT cymeprioniei MSSM u ¢usuueckue crenenn cBoOoabl. CynepcuMMETpUYHAs TEMHas
Marepus. HeoOxoguMocTh W OCHOBHBIE CLEHapuMU HapyLICHWs CyHepCUMMETpHH. Msrkoe
HapylleHHe cynepcuMMeTpun. Jlarpankuan MsIrkoro HapyuieHus cynepcummerpun B MSSM.

8. XurrcoBckuii cektop u cuekTp macc MSSM.

CrioHTaHHOE HapylleHue JJekTpociaboit cumMerpun B MSSM u nmarpamkuman moneit Xwurrca.
OrpannueHuss Ha Maccbl 0030HOB XWITCa Ha JAPEBECHOM YpOBHE. Poilb TeETIeBBIX IMONPaBOK.
Bepmmabl B3anMoseiicTBuss 0030HOB Xurrca ¢ Apyrumu mnoisMu. OcCOOCHHOCTH TMOHWCKa 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 ansa cynepnaptépoB. Poxxnenue u pacmaj cyneprnapTHEpOB Ha YCKOPUTEISIX.
[Ipoueccsl poskaenus U pacnaja riionHO U Ton-ckBapkoB Ha LHC. CoBpeMeHHbBIE OrpaHHYEHHS.

10. Teopun Benukoro O0beuHeHMS.



Berymue kamuOpoBouHbIe KOHCTAHTHI CBsi3u B CM m MSSM u ujes ux oObeNMHEHUS B pamMKax
npocrtoii kanuOpoBouHoi rpynmsl. [Ipocreiitmas TBO Ha npumMepe kanmubpoBouHoii rpymisl SU(S).
Bnoxenne xanmuOpoBounoit rpymmel CM B rpynmy SU(S). IlpuBogumoe mnpexncraBienue 5+10
rpymiel - SU(S) u  ¢epmuonsr CM. Ilpucoenunennoe mpencraBienue rpymmel  SU(S) u
KaJIMOpOBOYHBIE OO30HBI MOJETH: KaIuOpoBouHble 0030HBI CM wm nenrokBapku. OTCyTCTBHE
aHomaynmid. Pacnmag TpoTOHA, COBpPEMEHHBIC OJKCIIEPUMEHTANbHBIC OTPaHWYCHHUsS, HapylICHUE
OapuonHOTO urcna u 6apuorenesuc. Jlocronncrsa u npoomemsr SU(S)-monenu TBO.

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

Hcrtopuueckoe BBeieHHE: TEOPUH C AOMOJIHHUTEIBHBIMH W3MEPEHUSIMH MPOCTPAHCTBA-BPEMEHHU C
Hayaja TMpouuioro Beka Jo Hammx gHed. Teopum Tuna Kanynsi-Kneitna. Ilonsitus
KOMIAKTU(PHUKAIMA U pa3MEepHOH penykumu. «bonbpiime» aomomHUTENbHBIE H3MepeHus. Mozaenb
ADD. Monens mupa Ha O6pane — mofienib Pargann-Cynapym (RS model). [TatumepHsiii narpamkuan
momenn RS, ypaBHeHusi nBmxeHus U ux pemeHue. OObsicHeHHE CIa0OCTH YETBIPEXMEPHON
rpaBUTanMM Ha ocHoBe Monenu RS. JloctomncrBa n Henocrarku mozenu RS. CrabunmsupoBaHHas
mozenb RS. Ilone paguona. CoBpeMEHHBIE SKCIEPUMEHTAJIbHBIE OIPAaHUYEHUS Ml TEOpPHU 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 JUCHUIUIMHY, JIOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIIIMHBI CTYACHT HOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
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;

— NpopaboTKy y4yeOHOro Marepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOHN aTTeCTalnu.

[lokazarenem BiajeHHUs MaTEpUaIoOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTalUAMH K
MIpENoAaBaTelio.

Bo3MoxeH nMpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHUS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

kadeapa QpyHnaMeHTAIBHBIX B3aUMOACHCTBUHN U (U3NKU IIEMEHTAPHBIX YaCTHUI]
Kypc: 1

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

Pa3zpaGoTunk: 92.9. booc, n-p puz.-mar. 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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh . .
. o MOCTaBJICHHOM  MpoOJIeMHON  cUTyalud Ha  OCHOBE
CTpPAaTETHIO ICHCTBUH
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH
OIIK-1.1  3maer u cnoco0eH  HCIOIb30BaTh B
npoeCcCHOHANBHON  JEesTENbHOCTH  (yHIaMEHTalbHBIC

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

Hay4HbIe 3HAaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.3 IlonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuku M (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
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 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBAaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

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

OIIK-3 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 Binazeer aHaIUTUYECKUMUA U BBIUYUCIUTEILHBIMUA
METOJIaMU pEIICHHs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
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 CrocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
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 NpUMEHATh TeopeTHdecKue | (WJiIu)
SKCIIEPUMEHTAIBHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

cogepkanne kKypca «Pacmmpenns CraHgapTHOH MOAENIH», COOTBETCTBYIOLIYIO TEPMUHOJOTHIO H
MOHATUHHBIN ammapar, B YaCTHOCTH OCHOBBI Toaxona 3¢ dexTuBHbIX Teopuit nons (SMEFT). Mmerts
olmiee mpeAcTaBiIeHHE OO0 KMCTO™PUM PA3BUTUSL CYNEPCUMMETPUYHBIX TEOPHUA U TEOpUH C
JONOJIHUTEIbHBIMUA HM3MEPEHUSIMUA TPOCTPAHCTBA-BPEMEHH, NMPUMEHIEMBIX B COBPEMEHHOH (hu3mKe

BBICOKUX SHEPTHUH.
yMeTh:

B IIPOCTEHIINX CIyYasX BEIYUCIATh aHATMTUICCKU CEYCHUS POKICHUS M IMPHUHBI PACIIaJiOB YACTHIL U3
0000miennit CTaHgapTHON MOJIETH, U3y4aeMbIX B Kypce.

BJA€Th:




H3JIO)KCHHBIM B KYpCE€ MAaTEMAaTU4YCCKUM almaparomM TCOpHU I10Jid, HCO6XO,I[I/IMI>IM 1 Ka4YC€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. HapucoBarh auarpamMMbl @DeifHMaHa OCHOBHBIX TIPOIIECCOB poOXjeHUss Oo3oHa Xwurrca Ha
kosutaiipepe LHC.

2. HapucoBars auarpammbel @eliHMaHa AOMHHHUPYIOLIMX pacmnagoB 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 MMEHHO (u3myeckue moiisi Xurrca octaroTcss B MSSM mocie CHoHTaHHOTO
HapyLeHHs 3IeKTpocaadoil cummeTpun?

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

7. Tlowemy cymnepcuMMeTpusi AOJDKHA OBbITh HapylieHHOW? KakoB CMBICT TepMHHA «MSITKOE
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. Harmcatb 3¢ (eKTUBHBIN JTarpaHKuaH B3aMMOJCHUCTBHS CKAJSPHBIX JICNITOKBAPKOB C TIIIOOHAMHU U
HapucoBaTh AuarpaMmsl DeifHMana, Jaromire BKiIaa B Mpolecchl ux napHoro poxaexus Ha LHC.

2. Hanmcarp kannOpoBOYHO-MHBAPUAHTHBIN 0 OTHOLIEHUIO K rpynne CTaHAapTHON MOJENIH OmepaTrop
B3aMMOJICHCTBUS t-KBapKa, c-KBapka U IItooHa. Kakyro pazMepHOCTh MMEET 3TOT ONeparop U K KakoMy
TOKY OH IPUBOIUT?

3. IlpeacraBuM, 4YTO t-KBapK HMEET BHYTPEHHIOIO CTPYKTypy. K KakuM (heHOMEHOIOrHndecKuM
CJICACTBUSM NMPUBOIUT Takoe mpenmnoioxenue? Hamucars Bo3MOXKHBIE KaluOPOBOUYHO-WHBApUAHTHEIC
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 B3aUMOICHCTBUH, HapHcoBaTh NpuMepbl auarpamm @DellHMaHa, ONUCHIBAIOLINE BO3MOXKHBIC
NPOSIBJICHUS] TEMHOM Marepuu B TakOM clieHapuu B croikHoBeHHMsAX Ha LHC, B skcmepumeHTax 1o
MPSIMOMY ¥ HEMIPSIMOMY JE€TEKTUPOBAHHUIO TEMHON MaTepuu.

5. Ckonbko 0o30HOB Xwurrca mpenckaspiBaercs B MCCM? Ilomyunts ¢Gopmynbl Uii OCHOBHBIX
MapIHaIbHBIX IIUPUH PACHAI0B ITUX O030HOB.

6. B onmHOI M3 BO3MOXKHBIX CHUTHATyp pacmaj poxpaaromerocs ckBapka MCCM mpoucxonut yepes
poXKIeHNE

CIIENITOHA B MPOMEXYTOYHOM COCTOSHMH. BbiBecTn ¢GopMmyily Uii KHHEMAaTH4YE€CKOW TIpaHHILbI
(end-point)

B pacHpeieIeHNH 110 HHBAPHMAHTHOM Macce IBYX 3apsDKEHHBIX JICTITOHOB, KOTOPBIE MOIYYalOTCs B 9TOM
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. IlocTpouTh U3 KHPATBHOTO W BEKTOPHOTO CYIIEPIIONieH KaluOpOBOYHO-WHBAPUAHTHEIN JarpaHKuaH
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. [Harp omnpeneneHne BEKTOPHOTO CYINEPHONsl M HANpPsDKEHHOCTH BEKTOPHOIO — CyNEPIIONS.
[TponeMoOHCTpUPOBAaTh pa3JIOKEHUE BEKTOPHOTO CYyNEpHois Ha KOMIIOHEHTH B KaJuOpOBKE
Becca-3ymuno. [loka3arb, 4TO HamNpsHKEHHOCTh BEKTOPHOTO CYMEPHOJs SBISETCS KHPAIbHBIM
CYIIEpIIOJIEM.

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

Kpurepun onennBanus
Onenka ommuuHo 10 OamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEeOHOHM MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOHW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOIy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MTOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPble HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBieTBOpuTeNnbHO 4 Oaiia - BBICTABISIETCS CTYACHTY, MOKa3aBIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIEero oOydeHHs, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaoBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYIACHTY, MOKa3aBIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeJ0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHON CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBLHO 2 Oajuia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbLICH YacTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMPOBKaX OCHOBHBIX IPUHIIMIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oanm - BBICTABISAETCS CTYIEHTY, KOTOPHI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUpPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH MpPOBOAUTCS IO HK3aMEHAIMOHHBIM OmieramM. B kaxigom Ounere mpencTaBiIeHO [Ba
TeopeTHuecKux Bompoca. llpu mpoBeneHnn ycTHOro sk3aMeHa oOywaromemycs npepocrasisercs 30
MHHYT Ha MOAroToBKY. Omnpoc oOydaromerocss He JOJDKEH NPEeBHIAaTh OAHOTO aCTPOHOMHYECKOTO
yaca.



