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AHHOTANMA

Kypc mocBsiméH u3ydeHHio COBPEMEHHBIX MOJAXOAOB K BBIUMCIICHUIO aMIUTUTYJ paccesHus (S-MaTpuibsl) B
KaJIMOPOBOYHBIX TEOPHUX U Teopusx ['paBuranun, Takux kak N=4 MakCHUMaJIbHO CylIepCUMMETPHYHAS TEOPUS
Anra-Mumnca, KX u N=8 cyneprpasutanus. Kypc Bkiodaer B ce0s uzioxeHnue popmMaliniMa CIupaibHBIX
cnrHOpoB (spinor helicity formalism) ¥ “MOMEHTHBIX TBUCTOPOB” (momentum twistors), peKypCHOHHBIX
COOTHOILIEHUH JIJIs IPEBECHBIX aMIUIUTY, a TAK)Ke METOAOB YHUTAPHBIX Pa3pe30B Ul BHIYMCICHUS METIACBBIX
ammutyn. OtnensHO Oyaer oOcyKaaTbes NMPUMEHEHHE STHX METOIOB K BBIYMCICHHIO aMIUIMTYRl B N=4
MakCUMaJIbHO cynepcuMmMmerpuuHas Teopust Snra-Mwwica. Ilomumo »3toro, OyayT paccmarpuBarhes
reOMEeTPUYECKUE MOJXObl K MPEICTABICHUIO aMIUINTY/] paccesHUs B KaJTMOPOBOYHBIX TOPHUAX (MHTETpai 1o
I'paccmannany, nomutonsl u “Ammiauty3ap” (Amplituhedron)). Kparko Oymyt obOcyxnarbcsi HemaBHUE
pe3ynbTaThl AJs aMIUIMTY]L paccesHus B Teopusix I'paBuranuy, Takue Kak JyalbHOCTh MEXIY KUHEMAaTUKOU U
usetoM (color kinematic duality) u mpuMeHeHMEe MeToJa YHUTAPHBIX Pa3pe30B K BBIUMCICHHUIO METIEBBIX
amIuuTyq B N=8 cyneprpaBuTaluy.

1. lean u 3apa4n

Henp AucoMnInHBI
[To3HaKOMHUTH CTYAEHTOB C TIOCIEAHUMM JOCTIDKCHHSAMH B O0JAacCTH KBAaHTOBOW TEOpPHUM OIS
CBSI3aHHBIMH C HOBBIMH aHAJIMTHYECKUMM IIOAXOJAMH K BBIYMCICHHIO 3JIEMEHTOB S-MaTPHLBI
(aMIuIUTYZ paccesHHs) B KAJIMOPOBOYHBIX TEOPHUSIX U TeopuH [ paBUTALMK B Pa3JINYHBIX Pa3MEPHOCTAX
MIPOCTPAHCTBA BPEMEHH.

33]13‘[1/[ JAUCHUIIINHBI

[T03HaKOMHTB CTYJCHTOB C MOCIEIHIUMHU JOCTIKCHUSIMH B 00JIACTH aHATUTHYCCKUX BBIYHCIUTEIBHBIX
METOIOB ISl aMIUIMTYJ paccesHHs B KaJIMOPOBOYHBIX TEOPUSX M TEOpHM | paBUTAIMU.
[Ipexamonaraercsi, 4To, MPOCIYIIaB TOT KypC, CTYACHTHI CMOTYT HWCIIOIB30BaTh METOIBI M ITOIXOJIBI
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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEBHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobeHn aHanm3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT 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 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB M OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITENLHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (WIn)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIBTaThl

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAENM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh 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:

- MAaTEeMaTHYCCKHMM H IOHITUNHBIM afraparoMm M MCETOHdaMUu HCCHGILOB&HHﬁ, COCTaBJIAOIIINMH

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
| dopManusM  CHUPAJIbHBIX  CIIMHOPOB 3 9 9
(spinor helicity formalism).
PexypcuonHsle  coOTHOWIEHHS — Jis
2 aMIUTMTYJ, paccessHUs Ha MaccOBO 2 6 6
MOBEPXHOCTH.
CynepcummeTpust Ha MaccoBOHU
3 nosepxHoctd, N=4 SYM wu N=8 2 6 6
SUGRA.
CuMMeTpUM JPEBECTHBIX aMIUIUTYH B
4 N=4 SYM. [lyanbHas KoHpOpMHAsS ) 6 6
CUMMETPHUsI U “‘MOMEHTHBIE TBUCTOPHI~
(momentum twistors).




Bbruncienne TETNEBBIX  aMIUTUTYI B
KaJIMOPOBOYHBIX  TEOPUAX U  METOH
5 VHUTAPHBIX ~ pa3pe3oB.  AMIUIUTYIBI ) 6 6
paccesHus B KaJIMOPOBOYHBIX TEOPUSIX B
Pa3IMYHBIX Pa3MEPHOCTSAX MPOCTPAHCTBA
BpEMEHU.
Jlupupyronye CHHTYISPHOCTH TIETIEBBIX
6 aMIUTATY]I, I'paccmannanbt " ) 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 UIA ONHCAHUA aMIUNIUTYHd pacCesHUus 0e3MacCcoBBIX YacTHII. HpI/IMepI)I BBIYHCIICHUA
APCBCCHBIX JUarpamMmm B KaHI/I6pOBO‘lHBIX TCOPHUAX B OTUX NNCPCMCHHBIX.

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

IlocTpoeHue peKkypCHOHHBIX COOTHOLIEHHWN Ha MAacCOBOW IOBEPXHOCTU ISl JPEBECHBIX aMILIMTYI
paccesiHHas B KanmuOpoBouHbIX Teopusix. BCFW pekypcus u eé o0o0menus. [lpumepsl BeIYHCICHUS
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 cynepcummerputo. CynepnpocTpaHCTBO MaccoBOil moBepxHocTh (on-shell
momentum superspace). @opmynupoBka N=4 u N=8 cynepMynTHIIIETOB HA MACCOBOH MMOBEPXHOCTH.
Cynepammutyas! B N=4 SYM u N=8 SUGRA. MHV npeBecnas cynepamiuintyna B N=4 SYM.

4. Cummerpun npeBecTHbIX amiuiutyn B N=4 SYM. JlyanpHas KoHQOpMHasi CHUMMETpUsS H
“MOMEHTHBIE TBUCTOPBI” (momentum twistors).

Cummerpun apeBecHbIX cynepammiutyy B N=4 SYM. JlyanpHast KoH(pOpPMHAs CUMMETpUS U
MepeMeHHble MOMEHTHBIX TBHUCTOpOB. CymepcummMerpuuHoe o0000menne BCFW  pekypcun.
Brruncnenne cepun NMHYV n-To4edHBIX CynepaMIUIATYA,.

5. BpluncieHue NeTiaeBbIX aMIUIMTYI B KaJIHOPOBOYHBIX TEOPUSX M METOA YHHUTApHBIX pa3pe3oB.
AMIUIMTYABI paccesiHusl B KAJIMOPOBOYHBIX TEOPHSX B PA3JIMUHBIX PasMEPHOCTSAX MPOCTPAHCTBA
BpPEMEHH.

[lonsarue o0 yHWTapHBIX pa3pe3ax M MHTETPaHAC METIECBBIX aMIUIMTYA M Pa3JIOKEHUU METICBBIX
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. JInaupylomue CHHTYISIPHOCTH TNETIEBBIX aMIUUTYA, |'paccMaHMaHbl M “‘IuarpaMmbl MacCOBOM
nosepxHocT” (on-shell diagrams).

OO000ménHas YHUTAPHOCTh U JIMIUPYIOUINE CUHTYIIPHOCTH NMETIEBBIX aMIunTyq. IIpencrasienue
JPEBECHBIX aMIUIUTYX U JMAMPYIOLUINX CUHTYISPHOCTEH metTieBbiX amruntyl B N=4 SYM B Buze
UHTErpaja 1o rpaccManuany. [lonarue o nuarpamMmmax MaccoBOM IIOBEPXHOCTH.

7. IleTnneBble aMILTUTY/bl B CYIIEPIPABUTALIAH.

CoBpeMeHHbIE MOAXOABl K MEPTYpOaTHBHBIM BBIUYMCICHUSM B TEOPUAX TpaBuTanmu. [lyaiabHOCTBH
MEXAy KHHEMaTHKOW © 1BeToM. [IpuMep BBIYMCICHHMS OJHONETENEBOM aMIUIUTYyasl 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 JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbIL, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUYECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIIMHBI CTYACHT MHOJUKCH 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 CaMOCTOSATENILHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:



— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB HA BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— peUICHUC 3a1a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX;
— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII71 HpOMeXCYTOqHOﬁ aTTCCTalum.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU W3yY€HHs OTAEIbHBIX TEM, BOIPOCOB CcIeAyeT oOpamarbcs 3a KOHCYIBTAlMAMH K
MIpenoAaBaTesio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.



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

DusTex-KiIacTep aKaJaeMUIecKoi u HayuyHoU Kapbepsl (Teopus ¢pyHIaMeHTa bHBIX
B3aMMOJICHICTBHI U KBAaHTOBAs TPAaBUTALINSA)

Kypc: 1
KBaJIMpUKALUS: MarucTp

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

Pa3zpatGoTunk: M.A. BacuibeB, 1-p ¢pu3s.-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 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHWI B paMKax TEMaTW4YecKoi obmactu cBoei
npodecCuoHanbHON e TENHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH 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 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHMTEIHLHBIMHU
METOJaMH 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 TpUMEHSTh 3HaHWST B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIIOCOO
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 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTh cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YJIbTATC HU3YUCHUA AUCLUILINHBI «MHoOroyacTU4YHbBIC AMIUIMTYABI PpaCcCCIHUA WU TCOpPUA TBUCTOPOBY»

00yJaromuiics JOKeH:

3HATb:




- OCHOBHBIC TIOHSATHS 10 TEME JTUCIUTIINHBL.

yMeTh:
- TIOJIb30BAThCS Pa3BUTHIMHU B paMKax JUCITUILUIMHBI METOAAMH UCCIIEOBAHMS, PElIaTh 3a7a4uH Mo TeMe
JUCITUILIUHEL

BJIAJIETh:
- MaTeMaTW4eCKUM U TMIOHATHUIHBIM amnmapaToM H METOJaMH HCCIICJOBAHHMA, COCTABISIOIIUMU
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

[TepeueHb KOHTPOIBHBIX BOIIPOCOB:
1. IlBeToBasi IEKOMITO3HIIUS B KJTMOPOBOYHBIX TEOPHUSIX M CIIHPAIBHBIC CIIHOPBI.
2. BCFW u CSW pekypcus Ui APEBECHBIX aMIUIUTY]I.

3. Cynepmyntumietsl N=4 SYM u N=8 SUGRA Ha maccoBoii moBepxHoctu. Cynepamiuntyna B N=4
SYM.

4. CummMetpun qpeBecHbIx aMmuTy B N=4 SYM. JlyanbHast KOHPOpPMHAsE CHMMETPHS M ““MOMEHTHBIC
TBUCTOPHI .

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

6. Ommcanue napeBecHbIXx aMmmumtyn B N=4 SYM B TepMuHax uHTerpaia mno Ipaccmanuany.
Jlunupyromnye CUHTYIISIpHOCTH

HETIEBBIX aMIUIMTY/ U AUarpaMMbl MacCOBOM IIOBEPXHOCTH.
7 CoBpeMeHHbIE MTOAX0/IbI K IEPTypOaTUBHBIM BBIYHCICHUSM B [ paBuTanmu.

[IprMepbl KOHTPOJIBHBIX 33JIaHUN:

1. Brruncnenuve apeBecHor 4-€x TOUEUHONW YMOPSAOYESHHOM O LIBETY aMIUIUTY/ABI CO CIIUPAIbHOCTAMU
[JIFOOHOB (- -++) B opManu3Me CrupagbHbIX CIHHOPOB.

2. BbluncieHHE n-TOYEYHOM YIOPAJOYEHHOW mo I1BeTy  ApeBecHod MHV  ammmrynsr co
CHOUPATBHOCTIMH (- - +...+) metronom BCFW pekypcun.

3. Beruncnenue apesecHoit n-toueuyHoit MHV cynepammutynst B N=4 SYM.

4.Bpruucnenne apeBecHod n-toueuno NMHV  cymepammutynst B N=4 SYM wmetogom
CYNEPCUMMETPUIHOTO

0000menuss BCFW pexypcun.
5. Beruncnienue ogHornemieBoi (++++) ammmutynel B KX/ mo meTomy 0000mEHHON yHUTAPHOCTH.

6. BbiOOp KOHTypa WMHTETPUPOBAaHUS B MHTETpalie M0 I'PacCMaHUAHy M BBIYHCICHHE O-TH TOYCYHON
NMHYV ppesecHoit

aAMIUTUTYBI CO CIUPANBHOCTAMU (-+-+-+).
7. Boruncnenue ogHoIeTIeBoN 4-EX TOUEUHON aMIUTUTYAbl B N=8 cyneprpaBUTaIHH.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.
1.1]BeToBast JEKOMITO3UIIMS JJIsI aMILTUTY/] B KATMOPOBOYHBIX TEOPHUSIX.

2. IlpencraBnenue npeBecHbIX ammuTyn B N=4 SYM B Buzae wuHrerpana no [paccmanuany B
MEPEMEHHBIX CITUPAJIBHBIX CTHHOPOB.

burer 2.

1.®opManu3M crnupalbHBIX CHMHOPOB. [IprMep BblUHCIEHUS ApeBECHON 4-EX TOYEYHOH ITFOOHHON
amMruTys! (- - ++) B KX B aTom popmanmsme.

2. IlpencraBnenue npeBecHbIX ammuuTyn B N=4 SYM B Buzae wuHrerpana mno [paccmanuany B
MepeMEeHHBIX “MOMEHTHBIX TBUCTOPOB™ (momentum twistors).



Bbuner 3.

1.CynepnpocTpaHcTBO MaccoBoil moepxHOCTH (on-shell momentum superspace) Ui aMILTUTYJ
paccestaus B N=4 SYM.

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

buier 4.

1.Meton 0600ménnoit yautapaoctu. llpumep Bbrumcnenuss MHV 5-Tu TouewHON OmHONETIEBOI
amrmuntyasl B N=4 SYM.

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

buner 5.
1.Camerpun ammumutyq B N=4 SYM. JlyanbHasi KOHPOPMHAST CHMMETPHSL.

2.JlyallbHOCTh MEXJIy KMHEMaTHKOW M I[BETOM B aMIUTUTyAax B Teopusx ['pasuranuu. [lpumep 4-Ex
TOYEYHON aMIUTUTYIbl PACCESTHUSI TPAaBUTOHOB CO CIIUPATBHOCTAMM (- - + +).

Kputepun onennBanus

OOyuatoieMycsi CTaBUTCS 3a4€T B COOTBETCTBUM C NPOJIEMOHCTPHPOBAHHBIM YPOBHEM IOATOTOBKH;
OLICHUBaHHE MPOM3BOAUTCA Ha YCMOTPEHHE MpErojaBareilsi B COOTBETCTBUM C OCOOEHHOCTSIMHU
JUCLUIUIMHBL U CIELYIOIIUMU KPUTEPUSMU:

Onenka "ommuno" (10 OGaiios) BBICTABIISIETCSI  CTYACHTY, I[IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEOHOW WPOrpaMMbl IHCHUILIHHBL, TPOSBIIIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMYy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBMIBHOE 00OCHOBAHME MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Onenka "xopomro" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NPUMEHATh MOJYYCHHbIC 3HAHWS HAa NPAKTHUKE, HO JOIYCKaeT B
OTBETE WM B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO MarepHaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHO" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKarollemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH II0CIEe0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JeslaMH y4eOHOW porpaMmbl, HEOOXOANMBIMHE JUTS TaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COZEPXKaHUS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.



Onenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a1ay.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OK3aMeH TMpoBOIATCS B YCTHOH ¢opme mno Owmneram. B kaxgom Owujere mnpencTaBieHO Ba
TeopeTuueckux Bompoca. IIpu nmpoBeneHnu sk3amena obydaronemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Onpoc o0ydaromerocs: He JOJKEeH MPEBbIIIaTh OHOTO aCTPOHOMHYECKOTO yaca.



