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AHHOTANMA

Kypc mocBsimén u3y4eHHI0 COBPEMEHHBIX MOAXONOB K BBIYMCICHHIO aMIUIMTYH paccesHus (S-MaTpHubl) B
KaJIMOPOBOYHBIX TEOPHUSIX U Teopusax I paBuraruy, Takux kak N=4 MakCUMaJIbHO CyNIepCUMMETPUYHAS TEOPHS
Anra-Muinca, KXJ1 u N=8 cyneprpasutauus. Kypc Bkirouaer B cedst nznoxenue Gopmann3Ma CupaibHbIX
cnHOpoB (spinor helicity formalism) u “MoMeHTHBIX TBHCTOPOB” (momentum twistors), peKypCHOHHBIX
COOTHOILIEHUH JUIsI IPEBECHBIX aMIUIUTYI, a TAK)KE METOOB YHUTAPHBIX Pa3pe30B JAJIsl BBIYMCICHHS METIEBBIX
ammutyn. OTaensHO OyaeT oOCykIaTbesi NMPUMEHEHHE ATUX METOAOB K BBIYHMCICHUIO aMIUTUTYyn B N=4
MakCUMaJIbHO cynepcuMmMmerpuuHas Teopust SAnra-Mwica. Ilomumo »3toro, OymyT paccMarpuBarhCs
TeOMETPUYECKUE MOAXO/bI K MPEICTABICHUIO aMIUTUTY/ PACCESIHUS B KaTMOPOBOYHBIX TOPUSIX (MHTErpall Mo
I'paccmannany, nmomutonsl u “Amrummtysnp” (Amplituhedron)). Kpatko OymyT oOcyxknarbcs HeoaBHHE
pe3ynbTaThl s aMIUIUTY]] paccesiHus B Teopusix I paBuTaiuu, Takue Kak yajJbHOCTb MEX]y KHUHEMaTHKOHN U
usetoM (color kinematic duality) m npuMeHeHHe MeTO#a YHMTApHBIX Pa3pe30B K BBIYHMCICHHUIO TMETIEBBIX
amIuuTyq B N=8 cyneprpaBuTaluy.

1. lean u 3apa4n

Henp AucoMnInHBI
[To3HaKOMHUTH CTYAEHTOB C TIOCIEIAHHUMH IOCTIKCHHUSMH B OONAacCTH KBAHTOBOW TEOPUH TIOJS
CBSI3aHHBIMH C HOBBIMH AHAIMTHYECKMMHU TOIXOJAMH K BBIUYMCICHUIO 3JIEMEHTOB S-MaTpHUIIbI
(aMIuIMTYZ paccesHus) B KAJIMOPOBOYHBIX TEOPHUSIX U TeopHH [ paBUTALMK B Pa3INYHBIX Pa3MEPHOCTAX
MIPOCTPAHCTBA BPEMEHH.

33]13‘[1/[ JAUCHUIIINHBI

[T03HaKOMHTB CTYACHTOB C MOCICIHUMU JOCTHKCHUSIMU B OOJIACTH aHAIUTHYSCKUX BBIYHCIHTEIBEHBIX
METOIOB JUIsl aMIUIUTYA paccesHuss B KaJUOPOBOYHBIX TEOPUSIX W Teopu [ paBuTanum.
[Ipeamonaraercsi, 4To0, MPOCIYIIAB 3TOT KypC, CTYACHTHI CMOTYT HCIIOJB30BaTh METOABI U TOIXOIBI
9TOM 00NacTh B CBOEH HayYHO-UCCIIEIOBATENbCKOM padore.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEBHOCTH

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

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U

OIIK-3.1 Crocoben aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara 1 MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHSA B ob0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

[IK-1 CnocoGen ctaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOTyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
paMKax TeMaTW4eCKOW OONacTH CBOEH MPOQECCUOHATHLHOM
IEITENLHOCTH

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl HCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIBTaThl

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

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4alOIINecs JOIKHbI

3HATb.

- OCHOBHBIC ITIOHATHA 110 TEMC JUCHUIIIINHEI.

YMETb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaX AUCHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIaTh 3a1a4u 110 TEMEC

IHUCHHIUINHEL.
BJIAJIETh:

- MaTeMaTH4YCCKHMM W HOHSTHHHBIM arnmaparomMm v MCETOAaMH HCCHG,I[OBaHHﬁ, COCTaBJIAIOIINUMHA

coJiepKaHue AUCIUTITUHBL.

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

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 dopmanusM  CHOHpaIbHBIX  CIIMHOPOB 3 9 9
(spinor helicity formalism).
PexypcuonHsle  cooTHOWIEHHS — AJIs
2 aMIUTMTYJ, paccessHUs Ha MaccOBO 2 6 6
MOBEPXHOCTH.
CynepcummeTpust Ha MacCOBOM
3 nosepxHoct, N=4 SYM wu N=8§ 2 6 6
SUGRA.
CuMMeTpUH JPEBECTHBIX aMIUTUTYI B
4 N=4 SYM. [lyanbHas KoHpOpPMHAs ) 6 6
CHMMETpUSI U ‘“MOMEHTHBIC TBUCTOPHI’
(momentum twistors).




Bbruncienne TETNEBBIX  aMIUIUTYI B
KaJIMOPOBOYHBIX  TEOPUAX U  METOH
5 VHUTApHBIX ~ pa3pe3oB.  AMIUIUTYIIBI ) 6 6
paccessHus B KaJIMOPOBOYHBIX TEOPUSX B
Pa3IMYHBIX Pa3MEPHOCTSX MPOCTPAHCTBA
BpEMEHU.
Jlupupyronye CHHTYISPHOCTH TIETIEBBIX
6 aMIUTATY]I, I'paccmannanbt u ) 6 6
“amarpaMMbl MaccOBOW ITOBEPXHOCTH
(on-shell diagrams).
7 [TetneBsie AMIUTUTY/IBI B ) 6 6
CyTeprpaBUTAIVH.
Hroro wacos 15 45 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.
4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. ®opmanu3m criupanbHbIX CTUHOPOB (spinor helicity formalism).

Ilonsarue o I.[BeTOBOﬁ JACKOMITIO3UIIMKM W CIIUPAJIbHBIX CIHHOPOB KakK HauOojiee ONTHMAaILHBIX
NEPEMCHHBIX JIs1 OIUCAHHUA aMIUIUTYH PAaCCCAHUA 0e3MacCcoOBBIX qacTulIl. HpI/IMCpBI BBIYUCIICHUA
APCBCCHBIX JUarpamMmm B KaHI/I6pOBO‘lHBIX TCOPHUAX B OTUX NNCPCMCHHBIX.

2. PeKprI/IOHHBIe COOTHOHMICHUSA JJISI aMIUTUTY paCCCAHNA Ha MacCOBOH IMOBCPXHOCTHU.

IlocTpoeHne peKypCHOHHBIX COOTHOIIEHUH Ha MacCOBOM ITOBEPXHOCTH Ui IPEBECHBIX aMILIUTY[
paccesiHHas B KanuOpoBouHbIX Teopusix. BCFW pekypcust u e€ 0600menus. [Ipumeps! BerancieHus
cepurt MHV n-uactuunbix amrmuryy paccesaud 1 NMHYV 6-Tu ToueqHON aMIUTUTYIBI.

3. CynepcummeTpust Ha MaccoBoil moBepxHoctd, N=4 SYM u N=8 SUGRA.

Kparkoe BBemenue B cynepcummerpuio. CyneprnpocTpaHCTBO MaccOoBOW moBepxHOcTH (on-shell
momentum superspace). @opmynupoka N=4 u N=8 cynepMyATHIIJICTOB HA MACCOBOU IMOBEPXHOCTH.
Cynepammutyas! B N=4 SYM u N=8 SUGRA. MHV npeBecnas cynepamiuintyna B N=4 SYM.

4. Cummerpuun npeBecTHbIX amiuiutyn B N=4 SYM. JlyanpHas koHQOpMHasi cHUMMETpUs H
“MOMEHTHBIE TBUCTOPBI” (momentum twistors).

Cummerpun apeBecHbIX cynepammiutyy B N=4 SYM. JlyanpHast KoH(pOpPMHAs CUMMETpUS U
nepeMeHHble MOMEHTHBIX TBUCTOpOB. Cymnepcummerpuynoe o0o6menne BCFW  pekypcuu.
Brruncnenne cepun NMHYV n-To4edHBIX CynepaMIUIATYA,.

5. BpluncieHne NeTaeBbIX aMIUIMTYJ B KaJIMOPOBOYHBIX TEOPHSIX M METOX YHUTAPHBIX Pa3pe30B.
AMIUIMTYABI paccesiHusl B KaJMOPOBOUHBIX TEOPHUAX B PA3IUYHBIX Pa3MEPHOCTIX MPOCTPAHCTBA
BpPEMEHH.

[lonsatue 00 yHHTapHBIX pa3pe3ax M HHTErpaH/AE METIEBBIX aMIUINTYI U Pa3lOKEHUH IMETIEBBIX
aMIUTATYJ TI0 MacTep HHTerpanaM. [Ipumep BbIYHMCIEHUS Pa3lOKEeHUs 10 MacTep WHTerpajgam 4-x
TOYeYHBIX aMITTUTYZ B N=4 SYM B 0fHOH, IBYX U TPEX METIAX 110 METOAY YHUTAPHBIX Pa3pe30B.
AMIUIMTYABI paccestHus B BBICIIMX Pa3MEPHOCTAX, OOOOWIEHHAS YHHUTApHOCTH M TMPUMEP
BBIYHCIIEHUS OJHOTIETIIeBON 4-€x ToueuHoi amummtyasl B KX/I co cnimpanbaocTamu (++++).




6. Jlupupyromue CHHTYIIPHOCTH METIEBBIX aMIUIMTYH, I paccMaHuaHbl M “AMarpaMMbl MacCOBOM
nosepxHocT” (on-shell diagrams).

OO000méHHas YHUTAPHOCTh U JHUIUPYIOLINE CHHTYJISPHOCTH INMETIEBbIX aMIuTyA. [IpencrasneHue
JPEBECHBIX aMIUIUTYI W JUAUPYIOLUIMX CHHTYJSIpHOCTEH meTieBblx amumTyn B N=4 SYM B Buze
UHTErpaja 1o rpaccManuany. [lonarue o nuarpamMmmax MaccoBOM IIOBEPXHOCTH.

7. IleTnneBble aMILTUTY/bl B CYIIEPIPABUTALIAH.

CoBpeMeHHBIE MOAXOABl K MEepTYpOAaTHBHBIM BBIYUCIEHHSIM B TEOPHUSIX IpaBUTalWH. JyalbHOCTbH
MEXIy KHHEMaTHKOW u 1BeToM. llpuMep BBIYMCIIEHHA OJHOIIETEIEBOM aMIUUTYAsl B N=8
CyIeprpaBUTALIUH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopusi, 10CKa, TP HEOOXOAUMOCTH MEHAIIPOEKTOP, IKPaH.
6.IlepeyeHnb pekoMeHyeMOii TUTEPaTyPbI

OcHoBHas 1uTEparypa
1. “Scattering Amplitudes”, Henriette Elvang and Yu-tin Huang, Cambridge University Press
(https://arxiv.org/abs/1308.1697);
2. “Scattering Amplitudes in Gauge Theories”, Henn Johannes and M., Pletka, Jan C, Cambridge
University Press (ISBN 978-3-642-54022-6);
3. “Calculating Scattering Amplitudes Efficiently”, Lance Dixon
(https://arxiv.org/abs/hep-ph/9601359).

JomnonHurensHas aureparypa

1. BBesicHHEe B KBAHTOBYIO TEOPHIO KamuOpoBouHbIx moinel [Tekcr]/A. A. CnaBHos, JI. /1. ®anees, -M.,
Hayka, 1988
2. Beenenue B cynepcummerputio u cyneprpasurauuto [Texct]/I1. Yact, -M., Mup, 1989

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

He ucnonesyrores

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[Ipencrapnenre Mmarepualia Ha JOCKE U/WITU MPHU MOMOIIA MEIUATIPOECKTOpa. Bo3MOXKHO HCIOIh30BaHNE
[1O st CHMBOJBHBIX W/HITH YUCIICHHBIX BRIYUCIICHHM, a TaKke Zoom, SKkype Jisl TUCTaHITMOHHBIX
3aHATHH.

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

CryneHT, M3y4arollui JUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbIL, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUYECKUE 3HAHUS HA TIPAKTHUKE.

B pe3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MJOJIKCH 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 CaMOCTOSATENILHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:



— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HA BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 3aJJaHUM ITPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJicHUs MaTepUaIoOM CITYy>KAT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TeMaM
JUCIUTLIAHEL

BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrOo ero 3amoMuHaHus. [lpwm
3aTPYJHCHUU W3Y4YCHHs OTJENBHBIX TEeM, BOIPOCOB CcJEAyeT oOpamarbcsi 3a KOHCYJNBTAMSIMU K
MPEIoIaBaTeIio.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



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 Teopuu QyHIaMEHTAIBHBIX B3aUMOACHCTBUI 1 KBaHTOBOH I'paBUTALIMH
Kypc: 1

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

PaszpatGoTunk: M.A. Bacunbes, a-p pus.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
nmpoeCCHOHANBHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJIbTaThl HAayYHBIX MCCIEJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKu M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

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

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIIUN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 Crocoben aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHss 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHaIUTUYECKMMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

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

I[IK-1.2 CnocobeH BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pE3YJIbTATC H3YUCHUA JUCHHUIIIINHBI «MHoOroyacTU4YHbBIC AMIUIATYABlI pacCCIHUd WU TCOpUA TBUCTOPOB»

00yJaromuiics JOKeH:

3HATb:




- OCHOBHBIE MOHATHSA 10 TEME JTUCLUTITHBIL.
yMeThb:

- IIOJIb30BAaTbLCs Pa3BUTBIMU B paMKaX AUCHUINIMHBI METOAAMH UCCIICAOBAHUA, pCIIATh 3a1a4u 110 TEMEC
JUCIUITIIIMHBI.

BJIaJeTh:

- MaTeMaTWYeCKUM U TOHSATHUHHBIM alimapaTtoM W METOJaMH HCCIICOBAHUN, COCTaBISIONUMHU
coJiepKaHue AUCIUTITUHBL.

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

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

Hepequb KOHTPOJILHBIX BOIIPOCOB:

1. LIBeToBas 1EKOMIO3HULIKS B KATHOPOBOYHBIX TEOPHUIX U CIUPATILHBIC CIIMHOPHIL.
2. BCFW u CSW pekypcus Ui ApEBECHBIX aMILUIUTY]I.

3. Cynepmyntumietsl N=4 SYM u N=8 SUGRA na maccoBoii noBepxHoctu. Cynepammiutyga B N=4
SYM.

4. CumMeTpuu ApeBecHbIX aMIiuiuTya B N=4 SYM. JlyanbHas KoHQOpPMHAsi CHMMETPHS U ““MOMEHTHBIC
TBUCTOPHI .

5. BeruuciieHue neTiaeBhIX AMIUIITYO B Ka.]'II/IGpOBO‘IHLIX TCOPHUAX U MCTO YHUTAPHBIX Pa3pC30B.

6. Omucanue apeBecHbIx amumuTynl B N=4 SYM B TepMmMuHax uHTerpaiga mo IpaccmaHuany.
Jlunupyromnye CUHTYIISIpHOCTH

HETIEBBIX aMIUIMTY/ U AUarpaMMbl MacCOBOM IIOBEPXHOCTH.
7. CoBpeMeHHbIE NOAXO/bI K MepTypOaTHBHBIM BBIUMCICHUAM B [ paBuTaniny.

18 Berunciaenne apeBecHOW 4-8X TOYEUHOM YIOOPAJOYEHHOW TIO 1BETYy aMIUIUTYOBl CO
CHHUPATBHOCTSIMU TIIIOOHOB (- -++) B popMan3Me CupagbHbIX CIHHOPOB.

9. BepluncieHHe nN-TOYEYHOH YHOPSAOYEHHOM Mo 1Bery  apeBecHol MHV  aMmmutyner co
CHOUPATBHOCTAMH (- - +...+) meronom BCFW pekypcun.

10. Beruucnenue npeecHoit n-toueunoit MHV cynepammnutynst B N=4 SYM.

11.Beiuncnenne gpesecHor n-toueunoii NMHV  cymepammmutyast B N=4 SYM wmeromom
CYNEPCUMMETPUIHOTO

0000menusst BCFW pexypcun.
12. Beraucnenue ogHoneTieBoit (++++) ammumryasl B KX/ mo meromy 0000MEHHONH YHUTAPHOCTH.

13. BeiOop KOHTypa MHTETpUPOBAHMS B MHTErpaje IO IPACCMaHUAHY M BBIYHMCICHHUE 6-TH TOUECUHOMN
NMHYV ppesecHoit

aAMIUTUTYBI CO CIUPANBHOCTAMU (-+-+-+).
14. BerurcneHne ogHONETIEBOH 4-EX ToueuHO aMImuTynbl B N=8 cyneprpaBUTaluy.

[Mpumeps! OUIETOB:

buner 1.
1.1]BeToBast JEKOMITO3UIIHS JJIsI aMILTUTY]] B KATMOPOBOUHBIX TEOPHUSIX.

2. IlpencraBnenue npeBecHbIXx aMmuTynl B N=4 SYM B Buge unHterpama mno Ipaccmanuany B
MEePEMEHHBIX CITUPAJIBHBIX CTHHOPOB.

buier 2.

1.®opManu3M CHUpaAIBHBIX CIHHOPOB. [IpuMep BBIUMCIEHHS IPEBECHOM 4-€X TOUYEUHOM ITFOOHHOMU
amMruTys! (- - ++) B KX B aTom popmanmsme.

2. IlpencraBnenue npeBecHbIXx aMmuTynl B N=4 SYM B Buge unHterpamna mo Ipaccmanuany B
MepeMEeHHBIX “MOMEHTHBIX TBUCTOPOB™ (momentum twistors).

buer 3.



1.CynepnpocTpancTBO MaccoBoii moBepxHOCTH (on-shell momentum superspace) Uiss aMILTUTYJ
paccestaus B N=4 SYM.

2.BCFW pekypceust anst npeBecHbIX aMIuTya B N=4 SYM.

buier 4.

1.Meton 0600ménnoit yautaproctu. llpumep Bbrumcnenus MHV 5-Tu TouedHON OmHONETIEBOI
amrmuntyasl B N=4 SYM.

2.CSW pexypeus muist ipeBecHbIX aMIuiutyd B N=4 SYM.

buner 5.
1.Camerpun ammuutyn B N=4 SYM. JlyanbHast KOHPOPMHAST CHMMETPHSL.

2.JlyalbHOCTh MEXIy KHHEMAaTHKON M IIBETOM B aMIUIMTyHaxX B Teopusax ['pasurarnuu. Ilpumep 4-€x
TOYEYHON aMIUTUTYIbl PACCESTHUSI TPABUTOHOB CO CIIUPATBHOCTAMM (- - + +).

Kputepun onennBanus

OOyuatomieMycsi CTaBUTCS 3a4eT B COOTBETCTBHU C IPOAEMOHCTPUPOBAHHBIM YPOBHEM IOATOTOBKHU;
OLICHUBaHHE NPOM3BOAMTCA Ha YCMOTpPEHHE NpENoJaBaresii B COOTBETCTBHH C OCOOCHHOCTSIMH
JUCLUIUIMHBL U CICLYIOIIUMU KPUTEPUIMU:

Onenka "ommuno" (10 Ganmos) BBICTABIISIETCSI  CTY/IEHTY, II0Ka3aBIIEeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEOHOHM MNpOrpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpPOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNN KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormnmumuno" (8 0ayioB) BBICTABJISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pEeLIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0anioB) BBICTAaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIE PE3YIIBTATHI.

Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA IPAKTHUKE, 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 NOJy4YEeHHbIC 3HAHUs Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynosneTBopuTedbHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpaMMbl, HEOOXOJUMBbIE IS JalbHEHIero ooyueHus, 1
MOYKET IPUMEHSTH MOJTy4YeHHbIC 3HAHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.

Onenka "ynoBnerBoputensHO" (3 Oajuia) BBICTABISETCS CTYACHTY, ITOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IMporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00ydeHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynoBierBoputenbHO" (1 6aymn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.



5. MeTonuyeckne MaTepuaJbl, onpeaeasiioe NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH IpOBOASTCA B yCTHOM (hopme 1o Ouieram.

B kaxmom Guiiete npeacTaBieHO ABa TECOPETUYECKUX BOMPOCaA.

[Ipu nmpoBeneHnu sk3amMeHa obyuaroemMycs npeaoctasisiercss 30 MUHYT Ha MOATOTOBKY.
Omnpoc obyuaronierocs He TO/HKEH NPEBBIIATh OJHOTO aCTPOHOMHYECKOTO Yaca.



