degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: CuibHOE B3aUMOJICHCTBIE
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
®usrex-KJIacTep akaJIeMUYECKON U HAyYHON Kapbhepbl

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (BeceHHMI) - DK3aMeH

AynutopHbIx yacos: 90 Bcero, B TOM YHCIIE:
nexuuu: 60 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4

[Iporpammy cocrtaBui: Bb.O. Kepbukos, 1-p ¢us.-mar. HayK

[Iporpamma obcyxneHa Ha 3aceqannn Ou3Tex-kiacrepa akageMuueckol U HayqHoi kapeepbl 04.06.2020



AHHOTANMA

Nzyuaercst Teopus CUIBHBIX B3aMMOJCHCTBUI KBapKOB M TIIIOOHOB — KBaHTOBas xpomoamHamuka (KX]I).
Wznaratorcs 6a30Bble NpUHIMIIEL, jexkaiue B ocHoBe KX/, U mpuMeHeHHe TEOPUH K OMHMCAHUIO KIFOYEBBIX
(pU3NYIECKUX TPOIIECCOB.

1. lean u 3apa4n

Henp AucoMnInHBI
Lenpto qucnuminHbl « CUIbHBIE B3aUMOAEHCTBU SIBIsETCS (POPMHUPOBAHHUE Yy CTYACHTOB MOHUMAHUS
YCTpOicTBa Marepur Ha yHAaMEHTAIbHOM KBapKOBOM ypOBHE. B manbHeieM 3To MO3BOJIUT U3ydaTh
COBpPEMEHHBIE HayyHble MyONUKaluu M padoTaTh B 0OJACTH SKCHEPHUMEHTAIBHON M TEOPEeTHYECKOH

(1)I/ISI/IKI/I QJICMCHTAPHBIX YaCTHUII.

33]13‘[1/[ JAUCHUIIINHBI

- popmupoBanue y 00ydaromuxcs 6a30BbIX 3HAHUHN 110 AIEKTPOCITa0bIM B3aUMOICHCTBUSM;

- (I)OpMI/IpOBaHI/IC HAaBBIKOB JJId PCUICHUA 3a1a4.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyer npoOJIeMHYIO CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAOLIME U CBSI3U MEKIY HUMU

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHbBIC TEXHOJIOTHH, B TOM YHCIIC
HA UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHATBEHOTO
B3aNMOJCHCTBUS

YK-4.4 CriocoOeH WCMONIb30BaTh COBPEMEHHBIE CpEICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

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

OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBLHOW ~ NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4YHbIC 3HaHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 NpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIacCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTHU, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJ1a4u

OIIK-2.1 NmeeT npeacTaBIeHAE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCuoHaTbHON e TEHHOCTH

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajady, MJIAHUPOBAThH
MyTH PELeHHs, Ipeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPH PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Bunameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJJaMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN




OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJlu3 pe3yJbTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKH B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHSTh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIHPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CrocobeH HaxoJauTh, aHAIM3HPOBATH M 00OOIIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.3 CrmocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.

YMETb:

Teoputo BaitnOepra-Canama.

BBIYHCIIATH BPEMEHA )KU3HU YaCTHUII.

BJIAJIETh:

MAaTEeMaTU4CCKUM alIaparom KBaHTOBOM TCOPUH I10JIA.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOThI Camoct.
pabora

1 Beenenue. 5 5 5

2 L{BeT, KBapKH U TJIFOOHBI. 5 5 5

3 KannbpoBouHasi ”THBapUaAHTHOCTb. 5 5 5

4 Jlarpamxuan KX/I. [IpaBuna ®eiinmana. 5 5 5

5 Acumnroruyeckas cBoboza. 5 5 5
CrpykTypHble (PyHKIHH, TAPTOHBI.

6 UndpaxpacHas npobnema. KBapkoHuii. 5 5 5

7 [lepenopMupoBKH. OyHKUUA 5 5
I'e;ui-Manna-Jloy.

8 VYpasuenune Kannana-Cumanunka. 5 5

9 Pasmepnas Tpancmyranus. MacmrabHas 5 5
WHBapUAHTHOCTb.

10 |KBapkoBBIi U DIFOOHHBIN KOHAECHCATHI. 5 5

11 KXJI Ha pemeTke. 5 5

12 HoBrle moaxombl. 5 5

Hroro yacos 60 30 60

[TonroToBka K 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. Beenenue.

Cucrema emunun u MmeTtpuka. CranmaptHas moxenb. JlelicTBue W narpamxuad. [noGanbHas u
JIOKaJbHAsi CHMMETPHH.

2. IIBeT, KBapKH | [IIOOHBI.

LIBeToBasi CTpyKTypa ME30HOB M OapMOHOB. AHHWUTWJISILMS 3JIEKTPOHA W IO3UTPOHA B AJPOHBI.
I'pynma SU(3), rerepatopsl U IpecTaBICHUS.

3. KanuOpoBo4yHast ”YHBAPHAHTHOCTb.
JlnmuaHas npousBoaHas. Kannbposounoe npeodpazoBanue. TeH30p IIFOOHHOTO HOJS.
4. Jlarpamxuan KX/I. I[IpaBuna ®eitnmana.

Kunernueckuii unen um unen SHra-Mwuiuica. Tpexmiroonnast BepminHa. [Ipomararopsl KBapka
rrooHa. KBapk-mmrooHHas BEpIIMHA.

5. Acumntornueckas cBooona. CTpyKTypHble PyHKIMH, TAPTOHBI.

I'myOoxo-neynpyroe paccesnue. Ilepemennas beepkena. CrpykrypHbie ¢yHKuun. IlapToHBI
DYHKIHH paclpencIICHHUS.

6. Undpakpacuas npodnema. Kapkonuii.

berymas xoHctanta cBs3u. PasmepHsiii mapamerp. Yapmonuit u manas mupuHa. CHEKTpOCKOIH
YapMOHUS 1 OOTTOMOHHUSI.

Cemecrtp: 2 (Becennuit)
7. IlepenopmupoBku. Oynkuus 'enn-Manna-Jloy.

Pacxogumoctn B KX/I. OgHonetneBoe npubnmkenue. [lons «ayxos» Panneesa-Ilonosa. @yHkuums
I'emi-Manna—IJloy.

8. Ypasuenne Kannana-CumaHuuka.

Kanonnueckne u aHomanbHbIE Pa3MEpPHOCTH. 3aBUCHMOCTH aMIUIUTYJ OT HMITYJIbCOB. DBOJIOLHUS
koHcTaHThl KX]I.

9. Pazmepnas TpancmyTanus. MacimTaOHasi HHBADHAHTHOCTb.

dusnueckas NpUYMHA TMOsABIeHHUA pa3sMmepHord KoHcTanTthl B KXJI. Hapymenune wmacmTaOHOM
WHBapUAHTHOCTH KBAHTOBBIMU d((ekTamu.

10. KBapKkoBbIii U TIIFOOHHBIN KOHAEHCATHI.

Kupansnas cummerpus. Coornomenue [ enn-Manna-Oakca-Pennepa. [1paBuna cymm.



11. KX/I Ha pemeTke.
EBxkmunoBa popmynuposka. [moonHoe mone Ha pedpe pemerku. [letns Buibcona.
12. HoBble noaxonpl.

CynepcuMMeTpusi, BeIMKOE 00bEJMHEHHE, TOTIOJTHUTEIILHBIC H3MEPEHHS.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIECHHNS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

VYueGHast aymuTOpHs, OCHAIICHHAS! MYJIBTUMEAUAIIPOCKTOPOM U DKPAHOM, JOCKOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Kitaccuyeckue kanmmOpoBodnbie onst. Teopuu ¢ pepmuonamu. HekommyrarusHbie Teopun [ Teker],
[yueb. mocobue aist By30B] /B. A. Py6akos. -M., IEHAH/I, 2018

2. Brenenne B kBaHTOBYIO Teopuro nois [Texct] : [yueOnuk mis By3oB] / M. Ileckun, 1. Hlpenep ;
nep. ¢ aum. mof pen. A.A. benasuna, A. B. bepkoBa .— M. ; MkeBck : PerynsipHas u xaoTudeckas
nuHamuka, 2001 .— 784 c.

3. KBanroBas Teopus nons [ Texct| = Quantum field theory : [yue6. mocobue ais By3os] / JI. Paiinep,
niep. ¢ anni. C. U. AzakoBa ; nox pen. P. A. Mup-Kacumoa .— M. : Mup, 1987 .— 512 c.

4. Teopust KaMMOPOBOYHBIX B3aUMOJIEHCTBUI 3NeMeHTapHbIX yacTull [ Tekct]/M. b. Bonomms, K. A.
Tep-Maprtupocss, -M., Dueproaromusnar, 1984

5. KBanToBas Teopus nonst B Gpr3uke KOHACHCUpOBAaHHOTO cocTosiHus [ Texct]/A. M. Ligenuk , -M.,
®uzmatiut, 2004

6. Knaccnueckue kanubpoBounsie nonst : bozonnsie Teopun [Tekct] / B. A. Pybakos -
M.JIMBPOKOM,2016
7. 3u O. KBanroBas Teopus mosisi B AByX cioBax. MockBa-Mxesck: HULL «PX», 2009.

JomnonHutenbsHas auTeparypa

1. Teopus mons : CoBpeMeHHEBIH BBOAHBIN Kypc [Tekcr] : [yue0. mocobue mns By3oB] / I1. Pamon ; mep.
c aar. A. B. bepkoBa .— M. : Mup, 1984 .— 332 c.

2. Tepentbe M.B. Beenenue B Teoputo aneMeHTapHbIX yacTuil. M.: UTO®, 1998.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

-- http://www.gpntb.ru/ -- caiiT ['ocynapcTBeHHOH MyOIMYHON HayYHO-TEXHUUECKOW OMOIMOTEKN
-- http://elibrary.ru/ -- 6a3a TaHHBIX HAYYHBIX CTATEH
-- http://pdg.Ibl.gov/ -- opunmanssii pecype Particle Data Group

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nekumoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
npe3eHTanuil. B mpouecce camocTosTenbHOM paboThl 00YYarOMIMXCss BO3MOXKHO UCIIOJIB30BAHUE TAKUX
MPOrpaMMHBIX CpeAcTB, kak Mathlab u Wolfram Mathematica (u ap.)

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Z[J'IH OCBOCHUA ILaHHOﬁ JUCIHHITIIMHBI o6yqafoumﬁ JOJIKCH:
-- UMCTb XOPOUIYKO MAaTCMATUYCCKYIO IOATOTOBKY, BKJIIFOUAA 0a30BEIC 3HAHUS 1O TCOpUHU TPYIIIL,



-- CBOOOJHO BIIAJICTh ANINapaToM KBaHTOBOI MEXaHUKH;
-- 00nagaTh 3HAaHUEM OCHOB TEOPHH TI0JIS, BKIIIOUasi TEXHUKY nuarpamm deifHmana;
-- UMETb HaBBbIK YCTHBIX U IUCbMEHHBIX BHIYHCIICHUH.

B pesynbrare u3ydeHus: AUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIC ONPEAEICHHS IMCLMILUINHEL,
YMETh IPUMEHSTh TTOJTy4YCHHBIC 3HAHUS JUIS PELICHUS Pa3IMUHbIX 3a/1ad.

VYenemHoe  OCBOeHHE Kypca TpeOyeT HanmpsHKEHHOW CaMOCTOSTENbHOW padoThl  CTy[JeHTa B
COOTBETCTBHUU C JJAHHBIMH B pabodeii mporpamme. CamocTosTeNnbHas paboTa BKIIFOYAET B ceOsl:

— YTEHHUE PEKOMEHI0BaHHOM JINTEPATyPBbI;

— npopaboTKy Y4eOHOro Marepuaia, IOArOTOBKY OTBETOB Ha BOIPOCHI, INPEAHA3HAYCHHBIX IS
CaMOCTOSITEIIbHOTO H3yUCHHS;

— peleHune 3a1a4, npeaiaraéMbIX CTYJICHTaM Ha JICKIUAX U MPAKTHICCKUX 3aHATHSIX;

— Tpu HEOOXOIUMOCTH TIOATOTOBKY K MPAaKTHUYSCKUM 3aHATHSAM, KOJJIOKBHUYMaM, OJK3aMEHY,
T epeHIIMPOBaAHHOMY 3a4ETYy.

[Toka3zareneM BIaJeHUs MaTepHaIoM CIY)XUT yMEHHE pemiars 3agadd. st GopMUpOBaHUS yMEHHs
NPUMEHSATH 3HaHUS Ha MPAKTUKE CTYJCHTY HEOOXOAMMO peIaTh KaKk MOKHO OOJIbIIe 3a/1ad.

BaxHo 10OWTHCS MOHMMaHUS W3yd4aeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOMIPOCOB, CIEAYeT OOpamarhcs 3a KOHCYIbTAUAMHU K
JIEKTOPY WJTU TPETOIaBaTellio, BeAyIeMy MPAKTUIECKUE 3aHIATHS.

Bo3mokeH mpoMekyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMaTHKON 3aHITHIA.

Jlnst Gonee mryOOKOro OCBOSHHS AUCIMIUTMHBI PEKOMEHAYETCs JINTepaTypa:

1. Hiopoulos J. Introduction to the Standard Model of the Electro-Weak Interactions. CERN, 2012.
(http://arxiv.org/pdf/1305.6779.pdf)

2. loffe B.L., Fadin V.S. and Lipatov L.N. Quantum Chromodynamics: Perturbative and
Nonperturbative Aspects. N.Y.: CUP, 2010.



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

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

Pa3zpadorunk: b.O. Kepbukos, 1-p ¢u3.-mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

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

YK-4 CriocobGeH mpuMeHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
MH(QOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

OIIK-1 Bnaneer cuctemoli pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W cHocoOGH  HCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCIUILIMHAPHBIC CBSI3U B OOJIACTH
MareMaTHuK W (U3UKH U CHOCOOCH HMX MPHMEHSTH IPH
peleHun 3a1a4 NpoQeccCuOHaNbHON 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-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
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
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.3 BiameeT aHaIUTHYECKUMHM U BBIYHUCIHUTEIHLHBIMHU
METOJaMH pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIienHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH U1 TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX PE3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHOU
JEATEIEHOCTH

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare n3ydenus AucUIUIMHBL «CHITbHOE B3aUMOJICHCTBHEY) 00yUYaIONIUKCS JTOJIKEH:




3HATH:
Teoputo BaitnOepra-Canama.

yMeThb:
BBIYHCIISITH BpEMEHA )KU3HH YaCTHUII.

BJIaJIeTh:
MaTeMaTUYeCKUM allapaToM KBAHTOBOH TCOPHH ITOJISL.

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

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

TEOPETHUYECKUE BOITPOCHI:

Tema 1. KX/ xak Teopus nomis

1. [elicTBue, TarpaH>xuaH.

2. Cummerpus 1 e€ HapyLICHHE.

3. KaimbOpoBouHasi MHBAPUAHTHOCTb.

Tewma 2. IIBeT, 2neMEHTHI TEOPUH TPYIIIBI

1. Ipunnun [aynu u nBeT. AHHUTWISIIKSA. DJIEKTPOH-TIO3UTPOH H LIBET.
2. I'pymna SU(N), reneparopsl, matpuusl [ em-ManHa.

3. ®yHOaMEHTalIbHOE U MPUCOEANHEHHOE TIPEJCTaBICHHUE.
Tema 3. Jlarpamxuan KXJ{

1. KoBapmaHTHas Mpon3BOAHAS.

2. Jlarpamxwuan fara-Mmunca.

3. VYpaBHEHHMsI IBHKECHUS.

Tema 4. KannOpoBouHasi ”HBAPUAHTHOCTD

1. KanubpoBouHoe rpeoOpa3oBaHme.

2. Tunel kKaauOPOBKH AIIEKTPOMArHUTHOTO OIS,

3. KynonoBckas kanuOpoBKa.

Tema 5. Acummrrornyeckasi cBoOoa

4. OmnbITH O PACCESHUIO 3JICKTPOHOB Ha MPOTOHAX.

5. Ilepemennas brepkena u e€ GU3NIECKUIA CMBICIL.

6. CrpykrypHsie pyHKunu 1 cootHomenue Kannana-I'pocca.
Tema 6. MadpakpacHas npobieMa 1 KBapKOHUH

1. Crpyna KX]I u noteHumar.

2. KBapk-aHTHKBapKOBBIA MOTEHLIHAI.

3. ChoexTpocKonusi 4apMOHHS U OOTTOMOHHS.

Tema 7. IlepeHOpMUPOBKHU

1. PacxoquMOCTH B TEOPHH ITOJIA.

2. IlepenopmupoBku B KOJI mmm KX /1.

3. ®ynkuuu ['enn-Manna—IJloy.

Tema 8. YpaBuenue Kannana-Cumanunka

1. PeHopMrpynmnoBbI€ MOTOKH.

2. IlepenopmupoBouHas QyHKuus [puna.

3. YpaBHeHHE AJIsl AByXTOUCUHOU (DYyHKIIHH.

Tema 9. Pazmepnas TpancmyTanus. MacmtaOHas HHBApHAHTHOCTb.
1. besmaccoBas ckansipHasi 3J€KTPOAHMHAMHUKA.

2. llepeHOpMHPYEMOCTD M KaTUOPOBOUHASI HHBAPHAHTHOCTb.
Tema 10. Konpencarsl B KX

1. KupanbHast cHMMeTpHs.

2. AHomamnusl.



3. I'moOHHBIN KOHIEHCAT.

Tema 11. KX/ Ha pemierke

1. Iouemy pemerka?

2. BoblunciieHue TIIIOOHHOTO KBaJpara.

3. Iletnst BunbcoHa U HEBBUICTAHUE.

Tema 12. HoBbie moaxo/isl

1. CynepcuMMeTpHsi — OCHOBHAS HIEA.

2. Benukoe o0beanHEeHNE, pacnal MPOTOHA.

3. JlononHuTenbHbIE U3MEPEHNS, rosiorpadus.

IMTPAKTUYECKHME BOITPOCHI:

1) PasMmepHOCTH JIEHCTBUS U JIarpaH)KMaHa B HATypaJIbHOW cHCTEME €IUHULL.
2) dynpaMeHTabHOE U POCOCAMHEHHOE TIpecTapnenue rpymsl SU(2).
3) KamubpoBouHasi ”HBApMAHTHOCTH U Macca (POTOHA.

4) VYpaBHeHHE JABMKEHUS TIIFOOHHOTO TOJIsI 0€3 KBApPKOB.

5) Coornomenune Kamnana-I'pocca.

6) dDopmyrna asst BOTHOBOW (DYHKIIMK B Ha4Yalie KOOPIUHAT.

7) OnHomeTneBoe MpUOTMKEHHUE.

8) CrnuH KBapKOBOTO KOHJEHCATa.

9) Jlarpamxuan SlHra-Musica Ha pemieTke.

10) Orpanndenue Ha BpeMsl )KU3HH [IPOTOHA.

[MpumMepsl 3K3aMeHAIMOHHBIX OueToB B 10-0M cemecTpe:
buner 1.

1. Pacxomumoctu B KX/I. OnHonerieBoe npudnmxenue. [Tomns «ayxo» PanneeBa-Ilonmosa. OyHkius
I'enn-Manna—IJloy.

2. Jlarpanxuan SIHra-Mwmica Ha pemieTke.

buier 2.

1. YpaBuenne Kamnana-CumanHurka. KaHOHWYECKHME M aHOMaJbHBIE Pa3MEPHOCTH. 3aBUCHUMOCTh
aMIUTATY]] OT UMIYJIbCOB. DBOMIOIHS KOHCTaHTHI KX /1.

2. OrpanuueHue Ha BpeMs )KU3HU MIPOTOHA.

Bbuner 3.

1. Crpyna KXJI u morenuman. Ksapk-aHTukBapkoBbIi moTeHIMan. CHEKTPOCKONHSA YapMOHUA H
OOTTOMOHHSI.

2. KX]I Ha pemierke. Beruncienue riirooHHOTO KBaapara. [1eTss BunbcoHa U HEBBUICTAHUE.

burer 4.

1. puanun Ilaynu u uBeT. AHHUTWISIIKAA. DIEKTPOH-o3uTpoH U uBet. [ pynna SU(N), reneparopsi,
marpullbl I esi-Manna. @yH1aMEeHTanbHOE U IPUCOEANHEHHOE MIPEACTABICHUE.

2. KammuGpoBouyHoe mnpeoOpazoBanue. THIBI KaTUOPOBKH BIIEKTPOMArHUTHOTO Toist. KyrmoHoBckas
KaJarOpOBKa.

burer 5.
1. Konnencarel B KX/I. Kupansaast ciMMeTpusi. I TIOOHHBIN KOHIEHCAT.

2. OnbITHL IO pacCesHUIO MEKTPOHOB Ha mpoToHax. [lepemennas boepkena u e€ puznyeckuii cMpIci.
Crpykrypable pyHkimn U cootHomenune Kannana-I'pocca.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
HNPUHATHIX PELICHAMN.



Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTABJIAE€TCA CTYIEHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEOUETAMH.

OHGHKa XOpouIo 7 0alIoB - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, ymMeCcT NPUMCHATH IIOJTYUCHHBIC 3HAHUA HaA IPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIaraeT €ro, yMeeT NPUMEHATh MOJIYyYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUHU 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0alIoB - BEICTABIAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MAaTCpuall, rpaMOTHO
1 IO CYHIECTBY HU3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oamia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKkTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSATHH,
HapyUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TIPOrPAMMHOTO Marepuala, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHON HpPOrpaMMbl, HEOOXOAMMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENIBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW ITOCIEeIOBAaTEIbHOCTH B H3JIOKECHUHM IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIECTBOPUTENBHO 2 Oaluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBL, JIONMYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX NMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THUIIOBBIX 33]1a4.

OueHKa HEyIOBJIETBOPUTENBHO | 0ai - BBICTABISACTCS CTYACHTY, KOTOPHIH HE 3HAET OCHOBHOIO
coziepKaHusl yu4eOHOW MpOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX NOHATHH JUCHUILIMHBI U BOOOIIE HE MUMEET HAaBBIKOB PEIICHHs THUIIOBBIX IMPAKTHYECKUX
3ajad.

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

[Ipuem nuddepeHnnpoBaHHOTO 3adeTa M dK3aMeHa MPOBOAUTCS Mo Owieram. B kaxmom Ouiete
npeacTaeieHo asa 3aganus. OOyuaromemycst mpemnocrasisiercss 30 MUHYT Ha moArotoBky. Ompoc
00y4aromerocst He JOJDKEH MPEBHIIATh OTHOTO ACTPOHOMHUYECKOT'0 yaca.



