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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: CunbHoe B3auMojieiicTBIe
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa pyHIaMeHTAILHBIX B3aUMOICHCTBUIN U GU3HUKU DIIEMEHTAPHBIX YaCTHUI]

Kypc: 1
KBaJIMpUKALS: MarucTp

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

2 (BeceHHUil) - DK3aMeH

AynuropHbIX 4acoB: 90 Bcero, B TOM 4HCIIE:
nexuuu: 60 gac.
cemuHapsl: 30 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.
[TonroroBka k 3x3ameny: 30 yac.

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

[Iporpammy cocraBui: b.0O. Kepbuxkos, a-p puz.-mar. Hayk

[Iporpamma obcyxneHa Ha 3aceqanuu kKadenpa QyHIaMeHTaIbHBIX B3aUMOJICHCTBUN U (PU3UKH 3I€MEHTAPHBIX YACTHII
28.03.2025



AHHOTANMA

Nzyuaercst Teopusi CUIIBHBIX B3aMMOJICHCTBHI KBapKOB M TIIIOOHOB — KBaHTOBas xpomoamHamuka (KX]I).
Wznaratorcst 0a30Bble MPUHLMIIEL, Jiexamue B ocHoBe KX/I, 1 npuMeHeHrne TeOpuu K ONMUCAHUIO KITFOYEBBIX

(pU3NYIECKUX TPOIIECCOB.
1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

Lenbto qucruminHbl « CUIIbHBIE B3aUMOACHCTBUSY SIBIsieTCsl (POPMHUPOBAHKE y CTYAEHTOB HOHUMAHHUS
yCTpOicTBa Marepuu Ha (yHIaMEHTAILHOM KBapKOBOM ypoBHE. B fganpHeieM 3T0 M03BOIUT 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

YK-1.1 Ananuzupyet npoOIeMHYI0 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

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
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 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpo)eCCHOHANBFHOW  JIEATENhHOCTH  (DyH/IaMEHTAILHBIC
Hay4YHbIC 3HaHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUH B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00NacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
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 Umeet nmpeacrapieHUe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMH YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH 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 aHamu3upoBarh 3ajady, IJIaHUPOBAThH
MyTH PEIIeHHs, Mpeiaratb U KOMOWHUPOBATH CHOCOOBI
peneHns

OIIK-3.2 CnocobOeH HCIOIL30BaTh HMCCIEI0BATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HAaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binazeer aHaIUTUYECKUMUA U BBIUUCIUTEIBLHBIMUA
METOJIaMU pEIICHHs], 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 CnocobeH mnpuMeHATH 3HaHHA B ob0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
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

IMK-1.1 CriocobeH HaxoauTh, aHAIM3HPOBATH M 00OOIIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
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 enunmiy u merpuka. CranmaptHas mojens. JlelictBue w jarpamxuad. [nobGanbpHas u
JIOKaJbHAsi CHMMETPHH.

2. IIBeT, KBapKH | [IIOOHBI.

L[BeToBasi CTpyKTypa ME30HOB M OapHMOHOB. AHHUTWISALHKS SJIEKTPOHA M 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 m unen Sura-Mwuiica. TpexrmoonHas BepmmHa. [Ipomararopel kKBapka u
rrooHa. KBapk-mmrooHHas BEpIIMHA.

5. Acumntornueckas cBooona. CTpyKTypHble PyHKIMH, TAPTOHBI.

I'myOoxko-neympyroe paccesnue. llepemennas brepkena. CrpykrypHble ¢yakiun. IlapToHbI.
DYHKIHH paclpencIICHHUS.

6. Undpakpacuas npodnema. Kapkonuii.

berymas koncranra cBsi3u. Pazmepnsiit mapamerp. Yapmonuit u manas mmpuHa. CHEeKTPOCKOMHUS
YapMOHUS 1 OOTTOMOHHUSI.

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

Pacxogumoctn B KX/I. OgnonernesBoe npubmmwkenue. [lons «xyxos» PanneeBa-Ilonosa. OyHkums
I'emi-Manna—IJloy.

8. Ypasuenne Kannana-CumaHuuka.

Kanonuueckne n aHoOMasbHBIE Pa3MEPHOCTU. 3aBUCHUMOCTh aMIUIATYZ OT HUMITYJIbCOB. DBOMIOIHS
koHcTaHThl KX]I.

9. Pazmepnas TpancmyTanus. MacimTaOHasi HHBADHAHTHOCTb.

dusnueckas NpUYMHA NOsABICHUS pa3MepHod koHctanTel B KX/I. Hapymenue wmacmraGHON
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. KanToBast Teopus 1oJsi B pu3rke KOHJeHCHpoBaHHOTO cocTosinus [ Teker]/A. M. 1Benuk , -M.,
®uzmatimt, 2004

5. Kimaccnueckue kanubpoBounsie nons : bozonnsie Teopun [Tekcr] / B. A. Py6akos -
M.JIMBPOKOM,2016

6. 3u D. KBanroBas Teopus mosis B AByX cioBax. MockBa-Mxesck: HULL «PX[», 2009.
7, Teopust KaIMOPOBOYHBIX B3aUMOACHCTBUH neMeHTapHbix yacTuil [ Texct][/M. b. Bonomus, K. A.
Tep-Maprtupocss, -M., Dueproaromusaar, 1984

JomnonHutensHas auTeparypa

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

2. TepentbeB 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 OMOINOTEKN
-- http://elibrary.ru/ -- 6a3a TaHHBIX HAyYHBIX CTATEH
-- http://pdg.Ibl.gov/ -- opunmanssiii pecype Particle Data Group

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

Ha nekunoHHBIX 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 n3ydeHus AUCIMIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIEC ONpPENENCHUS IUCLUIIIMHBL,
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:

— YTEHUE PEKOMEHI0OBAaHHOH JIUTEPaTypHI;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITEIIbHOTO H3yUCHHS;

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

— TpU HEOOXOTUMOCTH TIOArOTOBKY K NPAKTHYECKHM 3aHATHSIM, KOJUIOKBUYMaM, JSK3aMEHY,
T epeHIIMPOBaAHHOMY 3a4ETYy.

ITokazaTteneM BiaJeHUs] MaTepUaOM CIYXKHUT YMEHHUE pelarh 3agadd. g dopMupoBaHus yMeHUs
NPUMEHSATH 3HaHUS Ha MPAKTUKE CTYJCHTY HEOOXOAMMO peIaTh KaKk MOKHO OOJIbIIe 3a/1ad.

BaxHo 100UTHCA NMOHMMAHMS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPYIHCHUU W3Y4YCHUS OTICNBHBIX TEM, BOIPOCOB, CIEAYeT OOpaIarbcsi 3a KOHCYJIBTAlUsAMH K
JIEKTOPY WJIH ITPENOAABATEINI0, BEAYIEMY IPAKTHUECKUE 3aHATHS.

Bo3MokeH MpOMeXyTOUHBIH KOHTPOJIb 3HAaHUH CTYJCHTOB B BHJE PEIICHUS 3a7a4 B COOTBETCTBHHU C
TEMaTUKON 3aHSTUH.

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

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

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

Pa3zpadorunk: Bb.O. Kepbukos, 1-p ¢us.-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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
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 CrniocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
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  CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesATeNbHOCTH  (yHIaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 0000mmars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIEIOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM IESTENbHOCTH

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
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-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH 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 Cnocoben 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 aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU 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 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
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

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
JEATEIEHOCTH

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

[TepeueHs KOHTPOIBLHBIX BOIPOCOB (9 cemecTp):

Tema 1. KX/ xak Teopus nomis

1. [elicTBue, TarpaH>XxuaH.

2. Cummerpus 1 e€ HapyLICHHE.

3. KaimbOpoBouHas MHBAPUAHTHOCTb.

Tema 2. IIBeT, 2eMEHTHI TEOPUH TPYIIIBI

1. Ipuanun [aynu u nBeT. AHHUTWISIKSA. DJIEKTPOH-TIO3UTPOH H LIBET.
2. I'pymna SU(N), reneparopsl, marpuusl [ em-Mansa.

3. ®yHOaMEHTalIbHOE U MIPHUCOEANHEHHOE TIPEICTaBICHHUE.
Tema 3. Jlarpamxuan KXJ{

1. KoBapmaHTHas NpoOn3BOAHAS.

2. Jlarpamxwuan fara-Mmunca.

3. VYpaBHEHHMSI IBHKECHUS.

Tema 4. KannOpoBouHasi ”HBAPUAHTHOCTD

1. KanubpoBouHoe rpeoOpa3oBaHme.

2. Tunel kKaauOPOBKH AIIEKTPOMArHUTHOTO OIS,

3. KynonoBckas kanrOpoBKa.

Tema 5. Acummrrornueckasi cBoOoa

4. OmnbITH O PACCESHUIO 3JICKTPOHOB Ha MPOTOHAX.

5. Ilepemennas brepkena u e€ GU3NIECKUIA CMBICIL.

6. CrpykrypHbie pyHKunU 1 cootHomenue Kannana-I'pocca.
Tema 6. Madpakpacnas npobieMa 1 KBapKOHUH

1. Crpyna KX]I u noteHumar.

2. KBapk-aHTHKBapKOBBIA MOTEHLIHAI.

3. CnoexTpocKonusi 4apMOHHS U OOTTOMOHHS.

[lepeuens KonTponbueix Bompocos (10 cemectp):

Tema 7. IlepeHOpMUPOBKHU

1. PacxoquMOCTH B TEOPHH ITOJIA.

2. Iepenopmuposku B KO/ mmm KXJI.

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. MacmtaOHasi HHBApHaHTHOCTb.
1. besmaccoBas ckasipHasi 3J€KTPOAHMHAMHUKA.



2. IlepeHopMHpPYEMOCTh U KaTHOPOBOYHAS MHBAPUAHTHOCTb.
Tema 10. Kongencarsl B KX]I

1. KupanbHast ciMMeTpHs.

2. AHomanusl.

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/is

1. CynepcuMMeTpusi — OCHOBHAS HIEA.

2. Benukoe o0beanHEeHNE, pacna MPOTOHA.

3. JlononHuTENIbHbIE U3MEPEHNS, roiorpadus.

ITPAKTUYECKHME BOITPOCEHI (9 CEMECTP):

1) PasMepHOCTH IEHCTBUS U JIarpaH)KMaHa B HATypaJIbHOM cHCTEME €IUHULL.
2) dynpaMeHTaLHOE U POCOCAMHEHHOE TIpecTapnenue rpymisl SU(2).
3) KamuOpoBouHasi ”HBapMAHTHOCTH U Macca (OTOHA.

4) VYpaBHeHHE ABMKEHUS TIIFOOHHOTO TOJIs 0€3 KBAPKOB.

5) Coornomenue Kamnana-I'pocca.

[MPAKTUYECKHE BOITPOCEI (10 CEMECTP):

1) ®opmyna asst BOTHOBOM (DYHKIIMK B Ha4Yalle KOOPIUHAT.
2) OnHormeTiieBOe MPHOIMIKEHUE.

3) CrnuH KBapKOBOTO KOHJIEHCATa.

4) Jlarpamxuan Slara-Mmuiica Ha pemieTke.

5) OrpanvyeHne Ha BpeMs KU3HU TIPOTOHA.

ITpumeps! 6uneToB B 9-oM cemecTpe:

buner 1.

1. Pacxomumoctu B KX/I. OnHonetiieBoe nmpudnmxkenue. [omst «xyxos» Panneea-Ilonosa. OyHKIus
I'enn-Manna—IJloy.

2. Jlarpanxuan SIHra-Mwiica Ha pemieTke.

buier 2.

1. YpaBuenue Kamnana-Cumanumka. KaHOHMYecKHEe W aHOMaJIbHBIE Pa3MEPHOCTU. 3aBUCHUMOCTH
aMIUTATY]] OT UMITYJIbCOB. DBOMIONHS KoHCTAaHTHI KX /1.

2. OrpaHuueHue Ha BpeMs )KU3HU MTPOTOHA.
[Mpumepst 6useroB B 10-oM cemectpe:

buner 1.

1. Crpyna KXJI u morennuman. KBapk-aHTHKBapKOBbIN MoTeHIHaN. CHIEKTPOCKONHS YapMOHHUS M
OOTTOMOHHSI.

2. KX]I Ha pemierke. Beruncienue riirooOHHOTO KBaapara. [1eTss BUnbcoHa U HEBBUICTAHUE.

burer 2.

1. puanun Ilaynu u neer. AHHUTIIIALUS. DIEKTPOH-Mo3UTPoH U 1BeT. [ pynna SU(N), reHeparopsl,
marpullbl I e-Manna. @yH1aMEeHTaNbHOE U IPUCOEANHEHHOE MIPEACTABICHUE.

2. KamuGpoBouyHoe mnpeoOpazoBanue. THIBI KaTUOPOBKH BIEKTPOMArHUTHOrO Toist. KyrmoHoBckas
KaJnOpOBKa.



Kpurepun onennBanus
Onenka ormuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLUIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
peleHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAECTCS CTYACHTY, €CIM OH TBEPJO 3HACT MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBieTBOpuTenbHO 4 Oaiia - BBICTABISiETCS CTYACHTY, MOKa3aBIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yaoBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYIACHTY, MOKa3aBIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynmpoBKax 0a30BBIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oaluia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB 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 HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

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

[Ipuem nuddepeHnnpoBaHHOTO 3adeTa M JK3aMeHa MPOBOAUTCS Mo Owieram. B kaxmom Ouiete
npeacTaeieHo aBa 3aganus. OOyuaromemycst mpemocrasisiercss 30 MUHYT Ha moAarotoBky. Ompoc
00y4aromerocst He JOJDKEH MPEBHIIATh OTHOTO aCTPOHOMHYECKOT0 yaca.



