HanuoHaJILHbII HecJie oBaTe IbeKHil HeHTp «KypuaToBeKkuiH HHCTHTYT»
deepasibHOE IOCY/1aPCTBEHHOE OI0/I7KeTHOE yUpeKIeHne
«ocyaapeTBennblii Hay4Hblil nenTp Poceniickoii Pexepauuu —
HNHCTHTYT PU3HKH BbICOKHX JHEPrHi»

U3MEHEHO HarMeHOBaHue opraHn3aunv Ha
SEEPANBHOE MOCYOAPCTBEHHOE
BOPKETHOE YYPEXAEHWUE
"MIHCTUTYT h13MKN BbICOKMX 3HEPTUN
umenu A A, floryHosa
HaunoHansHOoro UccneaoBaTensCKoro UeHTpa

VTBEPXJIAIO
Jlupekrop OI'BY IHIL HOB

"Kyp4aToBCKuil WHCTUTYT" C.B. UBanoB
Mpukaz HALL "KypyaToBCKun UHCTUTYT"
o1 10.01.2017 Ne 6
W _tr2/7717 2017r.
7

MPOT'PAMMA

BCTYIIUTEIBHBIX UCIIBITAHMI JUIS TOCTYTIAIOMIMX Ha 00y4eHHe [0 IIporpamMmam
[MOATOTOBKHM HAyYHO-TIEJarornyecknx KaJapoB B aCUPAHTYpe [0 CrelaibHOH
JTUCLIUIIIIMHE

Hanpasnenue noarorosku: 03.06.01 — @usuka H aCTPOHOMHS
HanpasneHHOCTb (ITpO(QuIb) MOATOTOBKH:

@u3HKA BLICOKHX JHEpPIrui

CornacoBaHo: /

3amecTUTENb JUPEKTOpa 110 Hay4HOH paboTe - 7 A.M. 3aiines

CornacoBaHo: -

3aBeIyIOIIUN acIUpaHTy PO = B A.A. Cokonos
—

HporpaMMa paccMOTpeHA U 0]106peHa Ha 3aceaHuH yYC€HOro COBCTA:

npotokon Ne -2~ ot Z5 75 2017T.

CekpeTapb y4eHOIro coBeTa %j(}h@ H.H. ITpokomneHko

[TporBuno 2017 1.




(I)opMa NMpoBeICHUA BCTYNIUTEC/IbHBIX MCNBLITAHUIA. COGGCGI{OBaHI/Ie 10 BOIIpOCaM.
I[JISI IIOATOTOBKH OTBETOB HOCTyT[aIOH_[I/Iﬁ HCIOJIB3YCT 9K3aMCHAIIMOHHBIC JIUCTHI.

1. 3KCHepI/IMeHTaJILHLIe METOAbI B (l)I/I3I/IKe BBICOKHX 3HepI‘l/lI71
Paszgea 1. BzanumoaeiicTBue U3JIy4eHHUs C BeIECTBOM

Tema 1. MoHM3alIMOHHBIEC TIOTEPU

Mogens Pepmu sl KYJOHOBCKOTO B3aUMOJCHUCTBUSA 3apsDKEHHOM YAaCTULBI C aTOMHBIMH
anexkTpoHamu. Crnektp 3nekTpoHoB oTnaun. Dopmyna bere-bnoxa. Ilonstue MIP. I'panuiibr
npuMeHUMOCTH. DPdext mrotHoctu. Ilnato ®depmu. Orpanndennsie notepu. Diaykryanuu
norepb. Pacnpenenenue Jlanmay. HoHu3auMOHHBIE TIOTEpM KaK OCHOBHOM MEXaHHU3M
JIETEKTUPOBAHUS YACTHIL.

Tema 2. YepeHKOBCKOE U IEPEXOTHOE U3ITYUCHUE

UM xak wuHTepdepeHnronnbli 3 dexr. Iloporoseiii  xapaktep UYMW, Kunemaruueckas
untepnperauus YU. Cnoekrtp, yrmoBoe pacmpenenenue u nossgpusauus UM, UM kak yacth
MOHU3ALUOHHBIX [1OTEPb.

WnenTudukamnms 4acTur nocpeacTsom perucrpamuu YU.

[T ot rpanunsl pazaena cped. [IM ot ¢onsru u menu. [ ot perynsipHoii ctpyktypsl. 111
Ontuueckoe u pertrenoBckoe [TM. Haceimenne 11U kak ¢ynxmun Jlopenu-dakropa gacTHiib.
WNnentudukanus yacTuiy mocpeacTBom perucrparuu PITH.

Tema 3. MHOrOKpaTHOE paccestHue.
Pesepdopnosckoe paccesnue. llonstre paauanmoHHOW UIMHBL YTJOBOE pacmpeneiieHue
paccesiHus.

Tema 4. TopMo3HOE U3TyYEHHE U POXKICHUE TIap.

T B mnome sanpa. JimHa »skpaHupoBku. Kpurtnueckass sHeprus. PoxaeHue s1eKkTpoH-
MO3UTPOHHBIX Map Y-KBAaHTOM B moisie sapa. Popmynel bere-T'aittiepa. DnekTpoMarHUTHBIN
kackaza. Mogens kackana. [lpononsnas gpopma kackaga. [pubnuxenne Poccu. Pagnyc Mombep.

Tewma 5. JlonoaHUTENBHBIE BOPOCHI U3IYYEHUS U B3aUMOJIEUCTBUS C BEIIECTBOM.
CunxpoTpoHHoe  u3iydeHue. [loryomeHne  HU3KOIHEPTUYHBIXY-KBAHTOB  BEIIECTBOM:
KOMIITOHOBCKOE paccesinue; (potoaddext; paneeBckoe paccesHue BiammoneiicTBHEe MIOOHOB
OYEHb BBICOKMX SHEPIHil C BEIIECTBOM. B3ammojelicTBHEe aJpOHOB C BEHIECTBOM, €ro oOIue
XapaKTePUCTUKU. S AepHBIil KacKa.

Pa3nes 2. /leTeKTOpbI YaCTUIN M M3JIy4YeHHH

Tema 6. ['a30BbIe JE€TEKTOPHI YACTHII.

@®uznyeckue MpoLecchl B Tas3e: MEepBUYHAS W TOJHAs WOHM3AIMS; O-3JEKTPOHBI; Jped u
muddy3uss  3apsHKEHHBIX — YaCTHIl; Ta30BO€ yCWJIGHHE;, TMpoOoW; (POoTOMOHW3AIHS |
¢doromnornouieHue.

HNonuzanmonnas kamepa. ®opma curnama. Wuaykuvonubiit s¢dexrt. unuaapuueckuit
nponoprmonanbhbiii cuerynk. MIIK, 1K, AT, GEM. Bpems-npoekimonnas kamepa. dE/dX —
UICHTU(DHUKAIHS YaCTHII.

Tema 7. [1oaynpOBOTHUKOBBIE IETEKTOPHI.
30HHas CTPyKTypa noaynpoBoaHuka. COOCTBEHHAs U MPUMECHas MPOBOJUMOCTD; WOHH3AIHS;
tepmanu3anus; npeid; pexomounarus. [llymsr B n/mpoBognuke. Heobxoaumocts 00emHEHMS.



Emkocts mepexoma. PIN-merekrop. ®opmupoBanue cur"ana B IIIIJ[. Pa3spemenue.
Cnekrpomerpuueckue u TpekoBbie [1I1]] . BepmmuHubIi geTekTop.

Tema 8. CUUHTHWIUISIIUOHHBIE TETEKTOPHI U (POTONPUEMHUKH.

Bunbl u cBoiicTBa CHMHTHIUIATOPOB, OCHOBHBIE XapPAKTEPUCTUKU; MEXAHU3MBbl CLHUHTHILISALUU.
Dddekt bupkca. Koncrpykiuu C/I.

Bakyymubiii @DV, OCHOBHBIE HPOIECCHI M XapaKTEPUCTUKU: (DOTO- WM TEpMO- SMHUCCHUSA U3
MOJIYIPOBOJJHUKOBOTO (DOTOKATOAA; BTOPUYHAS SMHUCCHUS; ONTHYECKas M HOHHAs oOparHas
CBs13b; 00BbeMHbI 3apsia. Lllymer @OV,

[TomymipoBoTHUKOBBIE (POTONPUEMHUKH. SYEHCTHIN JaBUHHBIN (HOTOINO.

Tema 9. JleTeKTOpBI YEPEHKOBCKOT'O U MIEPEXOIHOTO U3ITYyUCHHUS.

UYepenkoBckue cueTyuku. [loporoBbrif, nuddepeHIuansHblii 1 MHOTOKAHAJIbHBIA CUYETYHKH.
JleTekTop KoJIel, Y4epEHKOBCKOTO U3Iy4CHHUS.

Hetextopsl nepexoanoro uznyuenus (AI1N). PaguaTop, AeTeKTUpYIOIINE SJIEMEHTHI.

Tema 10. KanopumeTpbl 1 yCTaHOBKH.

Tunsl KaTOpUMETPOB. DIEKTPOMArHUTHBIN Kanopumerp. DakTopsl paspemieHus: (GIyKTyaruu
coopa «3apsima» € BBIOOPKH, YTEUKH, IIyMbl. JluHeWHocTh. PaamanmonHas CTOHKOCTB
KajmopuMeTpa. AJpPOHHBIE KaJOPUMETPBI: JOMOJHUTENbHbIE (PAKTOPhl SHEPreTU4eckoro (u
IIPOCTPAHCTBEHHOT0) pa3pelieHus. KoHCTpyKIMKM KaJlopUMETPOB.

OCHOBHBIE IETEKTOPHI U TUIIOBbIE KOMIIOHOBKHM yCTaHOBOK B DBD.

OcHoBHas nuTeparypa
1. K.H. Myxwun. DkcriepuMeHTalbHas saepHas ¢pusuka. M.: DHeproaromusaar. 1985.
2. HO.K.AxumoB. IlonynpoBOJHHMKOBBIE JETEKTOPbl B SKCIIEPUMEHTAIbHOW (U3HKe.
M.:DOueproaromusnar, 1989
3. I0.K.AkumoB ®oToHHBIE METOIBI perucTpannu usnyuenuit. lyona: OMAU, 2006
AN.Abpamos, F0.A.Kazanckuii, E.C.MaryceBuu. OCHOBBI 3KCIEPUMEHTAIbHBIX
METOJIOB siiepHOr (usuku. M.:DHeproatomusaar, 1985.
5. I0.A.bynaroB u np. MoHu3zauuoHHble HW3MepeHUs B (PU3UKE BBICOKUX 3Hepruil. M.:
Oneproaromusaar, 1988.
6. K.KnaitakaexT. JleTekTopbl KOPIYCKYISApHBIX H3nydeHuid. M.: Mup, 1990.
J.JLxennu. YepeHkoBckoe u3iyueHue u ero npumenenus. M.: UNJI, 1960.
8. Walter Blum,Werner Riegler, Luigi Rolandi. Particle Detection with Drift Chambers.
Springer, 2008. e-ISBN: 978-3-540-76684-1
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JlononHuTENBHASIIATEPATYPA:

1. C.Grupen. Particle Detectors. Cambridge: University Press. 1992

2. BJL.I'un30ypr. Teopetnueckas ¢pusuka u actpodusuka. M.: Hayka, 1981.

3. JI. A.Jlangay, E.M.JIudmun. Snexrpoannamuka crutomHsix cper (T.VIII). M.: Hayka, 1982

4. AM.Axuezep, H.®@.Illynera. DnekTpoarHaMuKa BBICOKHMX dHEpruil B Bemiectse.: M. Hayka,
1993

2. CraTucruyeckue M YNCJIeHHbIE METO/IbI AHAJIM3Aa JTaHHBIX
Pa3nen 1. Ucnoab3oBanue Texnosorun I'pux B ®BD
Tema 1. Xapakrepuctuku u tunsl ['pua-cucrem.

I'pun-pecypcsl W BUpTyalbHble oOpraHuszanuu. Apxurtektypa I'pua. IIpomexyrodnoe
nporpaMmMmHoe obecrnieuenue. EBponeiickas undpactpykrypa ['pun.



Tema 2. Opranuzanus npaktudeckoit padorsl B ' P/,
3aganus B ['pua. Tunbl 3aganHuid. 3amyck, MojiydeHUEe pe3yabTaToB. OCHOBHBIC MPUHIIMIIBI
pabotsl ¢ manubiMu B ['pup. [Honstus SURL, TURL, LFN. Uudopmanuonnas cucrema B ['pu.

Pa3zgen 2. Cratuctuueckue Mmeroabsl B ®BD

Tema 3. JloBepuTeNIbHBIA HHTEPBAT U MPEEIbI JOBEPHUS.
YactoTHbeii moaxoa. Ha mpumepe HOpMallbHOro pacrpenesneHus. balecoBckuil moaxoj Ha
npuMmepe pacnpenenenus IlyaccoHa ¢ HeHyneBbiM (QoHOM. MeToa MaKCHMalbHOTO
paBono00us Ha mpuMepe pacnpenencHus [lyaccona.

Tema 4. [IpoBepka runoTes.
Yyer cucremarndeckux omubok. IIpoBepka rtumote3d. CTaTUCTHYECKOE MPOTPAMMHOE
obecrnieueHue B 3aa4ax (GU3UKH BHICOKUX SHEPTUH.

Pa3znea 3. Heiiponnbie ceTn

Tema 5. HeiipoHnsie ceTu.

Maremarnueckas Mmozenb HelipoHa. yHKIIMY aKTUBALIMY HEUPOHHBIX JIEMEHTOB.

OOyuenue ¢ yuutenem. JlenbTa-npaBUIO KOPPEKTUPOBKM BecoB. OnHOCIOHHBIE U
mHorocinoiasle HC. PacipocTpanenue cursana B MHOTOCIIOMHBIX CETAX. AJITOPUTMBI OOPaTHOTO
pacrpocTpaHeHHs OIUOO0K A 00ydyeHus: MHorocinoinbsix HC.

Pasnean 4. [Ipukinagnoe nporpaMmHoe odecnieyenne B @B

Tema 6. Cpena nporpammupoBanus ROOT .
3amanue u nocTpoeHue rpadukoB u GyHKIUH, paboTa ¢ rpaguyecKuM peJaKTOpOM , BBEICHHE
B TeHepaTophl ciydyaitHbIx yncen. Buasl ructorpamm: 1D, 2D u npoduiibHble.

Tema 7. MoaenupoBanue B cpene ROOT .

Merton monenuposanust Monrte-Kapio. Knacesl nist pabotsl ¢ 4-BexTopamu. OCHOBHbBIE METO/IbI
NOArOHKM JaHHbIX. MojennpoBaHue pacnaza NUMOHAa Ha 2 raMMa KBaHTa.. OCHOBHBIE METObI
paboThl ¢ MaccuBaMu JaHHbBIX. M3Bieuenue nHpopmanuu u3 o0bekToB Thna TTree U UX aHanus.
MogenupoBanue pabOThI JIEKTPOMArHUTHOTO KajlopumeTpa. ['eHeparopsl coObITHI Ha MpuMepe
reHepatopa PYTHIA. MonenupoBanue mnpouecca oOpa3oBaHMsl JIENTOHHON mapel B pp
COyAapeHUsIx

Tema 8. [Ipumenenue 6a3 JaHHBIX U HHTEpHET TexHoJoruil B @PBO.
ba3er nannbix Ha mpumepe MySQL . OcunoBubie koMaHsl MySQL. dopmupoBanue ouepeneit
3ampocoB B 0a3y JaHHBIX. 3HAKOMCTBO ¢ UHTEpHET TexHonorusmu — HTML, PHP

Pa3nes 5. OcHOBHBIE MeTOAbI PEKOHCTPYKIUM M aHaau3a B PBD

Tema 9. OCHOBHBIE METO/Ibl PEKOHCTPYKIIMH U aHaIu3a U (pu3ndeckux mnpoueccos B OBO.
OCHOBHBIE KOMITOHEHTBI MOJEINPOBAHUS B3aUMOAeHCTBHsI. OCHOBHBIE THIIBI T€HEPATOB.
3HAKOMCTBO C IIPOrpaMMON MOJENUpPOBaHUs AeTEKTOpoB U npoueccoB B HUX GEANT. Merozas!
ONpeNeNeHuss MapaMeTpoB 3apsDKEHHBIX 4acTHUL. (OCHOBHBIE aNTOPUTMBI  ONpEIEICHUS
napameTpoB cTpyil. [Ipobnema aBoiiHOTrOo cuéra st CTPYH U METO/BI €€ pelIeHus.

OcHoBHbIe uen b-tagging.



JIureparypa:

b. Okkens. @unocodus C++. [Ipaktuueckoe nporpammupoBanue. CII6. [Turep, 2004

C. Ilpara. A3bik nporpammupoBanus C++. Mocksa, DiaSoft, 2005

J.Xyncon. Cratuctuka ais ¢pusukos. Mocksa, Mup, 1970

E.broxnunr, K.Kasutu. Kunematuka snementapubix yactui. Mocksa, Mup, 1973
http://root.cern.ch

C. OcoBckHif; Heiiponnsie ceTu TUTSI 00paboTKH uHpopmanuu,
M: dunancel u ctatuctka, 2002.

B.B. Kpyrnos, "MckyccTBeHHble HelipoHHbie ceT', Tenekom, 2001.

G. Cowan, Statistical Data Analysis, Oxford Univ. Press, 1998.

R. J. Barlow, Statistics, J. Wiley, 1989.

10. C. buriokos, H. Kpacuukos, IlpumeHeHne cTaTHCTUYECKUX METOAOB JIJIsl TOUCKA HOBOM
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11. Jacob, Bart; et.al.Introduction to Grid Computing. IBM.
http://www.redbooks.ibm.com/abstracts/sg246778.htmI?Open

12. GEANT - Detector Description and Simulation Tool
http://wwwasd.web.cern.ch/wwwasd/geant/

13. Pythia event generator

http://root.cern.ch/root/html/tutorials/pythia/index.html

3. OcHOBBI (pU3NKHN ycKOpUTeEJIei

Paspnen 1 IllpuHumMnsl padoThl yCKOpHUTeIel

Tema 1. 3nauenue yckopuTteneil B puznyeckoit HayKe U TEXHOJIOTHH.

Knaccudukanus yckoputenei.

IIpumenenne yckopurenei. BceTpedHble IydKH, CBETUMOCTb, COBPEMEHHBIE KOJUIAHJEPBHI.
ONEKTPOHHbIE M MOHHBIE MCTOYHHMKHU 3apsSKEHHBIX 4YacTUll. JIMHENHHbIE YCKOPUTEIH: BBICOKO-
BOJIbTHBIE YCKOPUTENH HPSIMOTO JAEWCTBUA, yCKopuTenb Bun ne I'paada, TanneMHble ycKopu-
TEIU, KACKaJHbIC YCKOPHUTENH, JUHEHHBbIE WHAYKIMOHHBIE yCKOpuTenu. Llukinumdeckme ycko-
pUTEIM C TOCTOSHHON OpOMTOI: OeTaTpoH, CHMHXPOTpPOH. LlUKiIMYeckue ycKOpHUTENIH C Iepe-
MEHHOH OpOUTOM: IMKJIOTPOH, MUKPOTPOH.

Tewma 2. PezonancHoe yckopeHue.

Pe3onaHcHBIN mpuHIMI ycKOopeHUs. JIMHelHble YCKOPUTENH 3JIEKTPOHOB, HOHOB (YCKOPHUTEIND
AnbBapenia), RFQ yckoputens, Me3oHHbIE (GaOpuku. CHHXPOTPOHBI C COBMENICHHBIMH H
pa3fesieHHbIMH  (DYHKUIMSMHU MarHuTHOM CTPYKTypbl. [IprMepbl CHHXPOTPOHOB Ha BBICOKHE
sneprun: Jlyona, bycrep U®BD, V-70, LHC, YHK, npoekt Omera 8 UDBD.

Tema 3. CHHXpPOTPOH: YCTPOMCTBO M MPUHIUI IEHCTBUS.

[Tousitue o dokycuporke. [IpoektHas opoura (reference orbit). M3smeHeHne MarHuTHOTO OIS,
K03((OUIMEHT paciMpeHHuss OpOMTHL. YCKOPEHHE B CHHXPOTpPOHE: MPHHIMIT aBTO(a3MpOBKH,
CHHXPOHHAs YHEPrusl U CHHXPOHHAs (ha3a, KPUTUUECKasi SHEPTHUS, YPAaBHEHUSI CHHXPOTPOHHOTO
JIBIDKCHUS, CHHXPOTPOHHBIC KOJICOAHMSI.


http://root.cern.ch/
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https://mail.ihep.ru/Redirect/www.redbooks.ibm.com/abstracts/sg246778.html?Open
https://mail.ihep.ru/Redirect/wwwasd.web.cern.ch/wwwasd/geant/
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Jlureparypa:

1. A.A. Komomenckuii, A.H. JlebeneB. Teopus muknmdeckux yckopureneit. M., duzmarrus,
1962.

2. A.A. KonomeHckuii. DHU3UYECKHE OCHOBBI METOJOB YCKOPCHHS 3apsOKEHHBIX YaCTHIIL.
N3 patensctBo MockoBckoro ynusepcuteta, 1980.

3. A.H.Jle6eneB, A.B.IlanpHOB. OCHOBBI (DM3WKHM W TEXHUKU YycKopurenei. M., DHep-
roaromm3aar, 1991.

4. Teopusi pyHIaMEeHTAJBHBIX B3aMMOAEHCTBHIA

Pa3zgea 1. KBanTOBasi 3JIeKTPOAMHAMUKA

Tema 1. @yHKIMA pacnpoCTpaHECHUS

Tema 2. Di1eKTpOMarHuTHOE 1oJie

Tema 3. CBoOOAHBIE PENSATUBUCTCKUE YACTHUIIBI C MACcCO

Tema 4. CBOOOIHBIE YaCTHUIIBI CO CITUHOM Y2

Tema 5. @ynkuus ['puna anekrpoHa

Tema 6. MaTpuuHble 371€EMEHTbI AMILTUTY/]] paccesHus

Tema 7. B3aumoneticTBrue ¢ JOTOHOM FJIEKTPOHA U CKATISIPHON YaCTHUIIBI
Tema 8. Paccessinue goToHa 37eKTpoHOM 1 cKainsipHOH dacTruuel (Komnrou-3¢dexr)
Tema 9. AHHUTUIIALUS 3JEKTPOH-TIO3UTPOHHOM Mapbl

Tema 10. AHHUTHIISIUS CKATIIPHBIX YaCTHI]

Tema 11. ®opmyna Baiinzekepa-Bunbamca

Pa3znen 2. Ci1a0ble B3anMoaelicTBUA

Tema 1. CtpykTypa c1aObIX TOKOB

Tema 2. Pacnian MrooHa

Tema 3. JlenToHHBIE pacniazibl aJpOHOB

Tema 4. Helitpasnbabie K-Me30HbI, pacniajipl 1 CMENIMBaHHUE
Tema 5. Hapymenue CP-unBapranTHOCTH

Tema 6. Pacniazpl t-nentona

Tewma 7. Pacianbl o4apOBaHHBIX YaCTHL]

Tema 8. Marpuiia cMeuBaHusi KBapKoOB

Tema 9. KanubpoBoyHast ”HBapUAHTHOCTb

Tewma 10. CtanmapTHast MOJCIb JEKTPOCIA00TO B3aUMOICHCTBUS
Tema 11. CioHTaHHOE HapylIEHNE CUMMETPUU

Tema 12. CBolicTBa IpOMEXYTOUHBIX O030HOB

Tema 13. CpoiicTBa XUITCOBCKMX O030HOB

OcHOBHas nuTeparypa

1.

2.

3.
4.

M. Tleckun, JI. Ulpenep, «BBemenume B KBaHTOBYIO Teopuro mois», Addison-
WesleyPublishingCompany (pycckuii nepeBoa: Hayuno-uznatensckuii 1eHTp «R&C
Dynamics», MockBa-Ixesck, 2001 r.)

B.H. I'puboB, «KBanToBas snekrpoauHaMuka», Hayuno-uznarenbckuii nmeHtp «R&C
Dynamics», MockBa-Ixesck, 2001r.

P. ®eiinman, «KBaHTOBas 3JIEKTpOJUHAMUKAY, U31aTeIbCTBO «Mup», Mocksa, 1964 r.
JLb. OxyHb, «JlenToHbl 1 kBapku», Mocksa, «Hayka», 1981 r.



JlononHuTenpHas IuTeparypa

1. JIx . beépxen, C.J. Hpemn, «PenstuBucrckas kBantoBas Teopus.(B 2x Tomax)», U:
Hayka, 1978 1.

5. BBenenue B (pM3UKY BBICOKMX IHEPruii

Tema 1. YTo 1 Kak u3y4aer (U3MKa BEICOKUX YHEPTUH.

Maccel uactun. Pasmepsr uactun. EcrectBeHHble enuHMubl. Bunsl QyHIameHTanbHbIX
B3aumozeiicTBuil. Ceuenue. CBeTUMOCTh. TUNIMYHBIE SKCIIEPUMEHTHI.

Kunemaruka peakuuid.

[Toporu peaxnuii. bunapubeie peaxknuu. I[IpeoOpazoBanus pacrpeneneHuil. JIByxdacTHuHbIC
pacnanel. TpexyacTuunsle pacnaisl. THKII03MBHBIE M KCKIIFO3UBHBIE PEAKLIUU.

Tema 2. Teopust paccesiHus.
Bripakenne amrumaTyasl paccessHus depe3 ¢aspl. Onrtuueckass teopema. Popmyna bpeiita-
Burnepa. ludpaxnmonHoe paccesHue. bapuoHHble 1 ME30HHBIE PE30HAHCHI.

Tema 3. M3oTonuyeckas CHMMETPHS
Anponsl. SU(2)-cummerpus. Koapounmentsr Knedma. SU(2)-cuMMeTprst B CHIIBHBIX U CIIa0BIX
B3aumozeicTeusx. Hapymenue SU(2)-cummerpun.

Tema 4. PaccesiHre >1IeKTPOHOB Ha HYKJIOHAX M spax.
BeBon  dopmyner  Pesepdopma. Dopmdakrop. Dopmynsr Mémnepa u  PosenOnarta.
®opMbpakTOphl HYKIOHOB.

Tema 5. Xectkue npoueccsr (1).
e+e- — angponsl. [lonnoe ceuenue. Ctpyu. LBer.

Tema 6. CuctemaTuka aJipOHOB.
KBapkoBas monens, SU(3)s -cuMMeTpusi, IIBET.
Me30oHbI, 6apruOHBI, TSHKETBIMKBAPKOHUH.

Tema 7. XKectkue npouecchi(2).
I'myOoxo-Heynpyroe Bzaumoaericteue. Kunematuka. Ckelnunr. [lapronnast Moaens.

Tema 8. JluckpeTHble CUMMETPUU
P, C, T —cummerpun. ToxaecTBeHHOCTb YacTHIl. CBS3b CIIMHA U CTATUCTUKH

Tema 9. YpaBuenue Jlupaxa.
BonHoBast yHKIHS 9acTUIl CO CIUHOM Y5, UacTUIIBI M aHTUYACTHUIIBI.

Tema 10. Crrabble B3anMOIEHCTBHSL.
Pacnaget nentonoB. Hapymenue P-uetHoctu. BiaumoneiictBue TOok*TOK. DepmueBckas
KOHCTaHTa. Pacmanbr aipoHOB. YHUBEPCATLHOCTH C1a00T0 B3aUMOICHCTBUSI.

Tema 11. CmenmmBanue KBapKoB.
Marpuna cmemmuBanus kBapkoB. Hapymenue CP-ueTHOCTH. DKCIEpUMEHTHI IO UCCIEA0BAHUIO
pacraioB TSHKENBIX KBAPKOB.



Tema 12. Helitpuno
Maccol HeilTpuHo. JlupakoBCKHEe M MaillOpaHOBCKHE HEWTPUHO. B3anmonaeicTBre HEUTPUHO C
BeecTBOM. OCHUIUISIIUN.

Tema 13. [IpomexxyTouHbIe GO30HBI.
Poxxnenne nmpoMexxyTouHbIX 0O30HOB B aJPOHHBIX B3auUMOJEHCTBUsIX. PoxkaeHue Z-0030HOB B
e+e- B3auMoIelicTBUAX. Macchl, HIMPUHBL, BEPOATHOCTH PacaioB.

Tema 14. CBenenus o craHAapTHOM MOAEIU
[Ipo6nembr momenu Depmu. KamuOpoBounbie Teopun. XurrcoBckas wmojuenb. CBolcTBa
XHUTTCOBCKOTO 0030HA.

Jlureparypa:

1. . Ilepkunc. Beenenue B ¢pu3nKy BRICOKHX 3HEPTHil. JHEproaToMusaar, 1991
2. ®.Knoys. Kapku u napronsl. M.: Mup, 1988

3. ®.Xensen, A.Maptun. Kapku u nenronsl. Mocksa, Mup, 1987.

4. JLb.Okyns, Jlentons! u kBapku, Hayka,M., 1981

5. JLb.Oxyns. ®u3nka 3neMeHTapHBIX yacTull. M.: Hayka, 1988

6. denomenoJorusa 8 ®BD
Pa3zgen 1. DiiekTpOoMarHuTHbIE B3aMMOIeHCTBHSI

Tema 1. Boiciue nopsiaku B K91

JI>MOOBCKHI CABUT. DBOIIIOIHA Oe C q2

Bkag apoHOB B 0. AHOMAJIBHBI MAarHUTHBI MOMEHT MIOOHA
N3mepenne aHOMaTbHOTO MarHUTHOTO MOMEHTa MIOOHA

Tema 2. DneKTpoMarHuTHbIE CBOICTBA aJpOHOB

OTHOCHTeNbHBIE MUpHHBI pacnanos V—|'|I B kBapkoBoit Mogemn
OTtHocuTenbHBIE MKUPHUHBI pacniafioB V—Py B kBapkoBoil Moenun
Mogenbs TOMUHAHTHOCTH BEKTOPHBIX ME30HOB

Peaknun [IpumakoBa

[TpubnnxeHne 3KBUBAJICHTHBIX ()OTOHOB

Tema 3. DkclIepUMEHTHI 0 U3MEPEHUIO KBAHTOBBIX YHCEN aJPOHOB
[IpocTpancTBEeHHAs: YeTHOCTh MHOHA. CIIUH MHOHA
C-uetHOCTh MHOHA. [IpUMepHI pa3perIeHHbIX U 3alPELIeHHbIX (110/1aBJICHHBIX) peaKkui

Tema 4. DxcniepumenTs! o iposepke C, P, T uHBapunanTHOCTH

Kax mpeoOpa3yrorcs paznuunbie BenuuuHbl ipu P u T nHBEepcusx
CpaBHeHUE ceueHU MPSIMBIX U OOPATHBIX PEaKIUit

Hab6nronenue necoxpanenus P-ueTHOCTH B Ci1a0bIX B3aUMOJICHCTBUIX
KoMOuHMpOBaHHAS Y€THOCTH

N3mepenne 3MeKTpuIecKoro JUMOJIBHOTO MOMEHTA HEeUTPOHA

Pa3nea 2. CuiabHbIe B3auMoaeiicTBUSA
Tema 5. Jlarpanxuan KX/

JlokanbHoe npeodpazoBanue SU(3).
BoceMb 6e3MacCOBBIX TIIFOOHOB



CamopeiictBue Tir00HOB. HeabeneBocTsb.
Jlarpanxuan KX]J|

Tema 6. AcumnToTuueckasi cBo0oa, KoH(paHHMEHT
BOJIIOLHUS O C q2

AcumMmToTH4eckas cBodoaa

KondaitnmeHT

Tema 7. Monenu agpoHOB
[ToTeHumanbHas MOAEIb
Mopens MemkoB

TpyOxu

Tsixenslii KBapKOHUN

Tema 8. DK30THYECKHE aJPOHBI

Kakue qq cocTosiHUsA MOTYT pealn30BbIBATHCS B HEPEIATUBUCTCKON MOAEIN
['mro60mb1. ['uOpuHBIE ME30HBI 1 0apHOHBI. MHOTOKBAPKOBBIE COCTOSTHUS
[TentakBapkoBbie 6apuonbl. Coctosaus X, Y, Z

Tema 9. KupanbHasi CHMMETPHSI, MACChI KBAPKOB
Kupansnas cummerpust SU(2). x SU(2)r

[T1OH Kak MMCEeBIOTONICTOYHOBCKHI 6030H
Kupansnas cummerpust SU(3). x SU(3)r
Maccsi U u d - KBapKOB

Tewma 10. Ctpyn

dakTopu3alus KECTKUX U MATKUX MPOLIECCOB

OOHapyxeHue cTpyH B 9KCIIEpUMEHTax Ha e+e- KoJulaiiepax
AJITOPUTMBI BBIICIICHHSI CTPYH (KOHYC, K;...). XapakTepuCTHKH CTPyH
MeToibl KaTMOPOBKH SHEPTUHU CTPYH.

Tema 11.MHOXeCTBEHHBIE POLIECCHI

bricTpoTta n nceBaoOsicTpoTa. JlecTHUUHAs MOIETh
@®parMeHTanus ¥ peKoMOUHaIHS.

IIpaBuna cuera Ju1s IPOLECCOB ¢ MAIBIMHU Pt

Tema 12. Pempxuctuka

JlMcriepCUOHHBIE COOTHOILIEHUA. Y HUTapHOCTh. IlepekpecTHas cummeTpus
Huarpamma Uy-®payun. [lomepon

DeHOMEHO0JIOT Ul OMHAPHBIX peaKIuii

Tema 13. KBapk-ritooHHas miasma
®dazoBas nuarpamma. Kputndeckas temiieparypa.
KonnekTuBHbIE CBONCTBA.

Pa3znen 3. CrangapTHas mojaeinb

Tema 14. CtpykTypa cnabblX B3auMOICHCTBUHN MPU HU3KHUX YHEPTHIX, HECOXPaHEHUE YETHOCTU
BzaumoeiicTBrue TOKXTOK

YHUBEpCATBHOCTh  3apsDKEHHOro  Toka.  PepmueBcKaskoHCTaHTa.JleBble  3apsiKEHHbIE
TokH. HelTpanpHbIil TOK

Pacnan Mroona. DKCriepuMEHTHI IO UCCIEOBAHUIO paciaja MIOOHA.



Tema 15. Pacnag nuoHa
VYron Ka6n66o. CoxpaneHne BEKTOPHOTO TOKA
Pacmag n—lv
+ 0
Pacmmag ' —m ev
DKCHepUMEHTBI 1T0 HCCIICIOBAHUIO Paciiajia MHOHA.

Tewma 16. B-pacnag HEHTpOHA

OOmuit BUJ BEKTOPHOTO M AKCUATIBHOTO TOKOB
BekTopHabie hopmbakTopsl. AKCuanbHbie popMbDaKTOpPbI
YacTuuHOE COXpaHEHHE aKCHATBLHOTO TOKA
DKCHepUMEHTHI M0 UCCIIeI0OBAHUIO paciaga HEMTpoHa

Tema 17. Pactiazgbl KaOHOB.

[MpaBuno AQ=AS. Ilpasuio |AS| =1

Pacmane! Kjp, Kz, Kis

Henenronnsie pacnanel. AT=1/2, pacriagsl THIIEPOHOB
Penxue pacnaabl KaOHOB

Tema 18. HeliTpanbHble KAOHbI

ITepexonasl K°&RC. Pasnocts mace Kz K,
Ocuwuisiiuu crpaHHoctd. Mexanusm ['MMM
Perenepanus

Tema 19. Hecoxpanenune CP

Pacnagsl Ki—n'n

®enomenosnorust Hapymenus CP. CP — nemHBapuanTbie 3G QeKThI

DKcIepuMEeHTHI 10 Mccie1oBaHnio HapyleHuss CP-nHBapHaHTHOCTH B pacnaiax KaOHOB.

Tema 20. T-nentox
JlenTonnsle pacnaasl. [lomyaapoHHbIe pacmaibl.
OKCIEpUMEHTBI IO UCCIIEI0BAHUIO PACIIAZOB T-JICNITOHA.

Tewma 21. Pacniazipl TSKENBIX KBAPKOB

Me3onsl ¢ d u b- kBapkamu.

Jlentonnsie pacnaasl. HenenToHnHsle pacnaibl.
t- kBapk.

Tema 22. Hecoxpanenne CP-ueTHOCTH B pacmajax TSKeIbIX KBapKOB
Marpuna KKM

N3mepenne KOHCTaHT Vi

Tpeyronsank KKM

N3mepenne yria B pacniage B—J/y K°

Tema 23. HelTpuHHBIE B3aNMOJEHCTBHS

B3anmoznencTBre HEUTPUHO C DIIEKTPOHOM
B3anMozeiicTBue HEUTPUHO C HYKJIOHAMH

OKCHEPUMEHTHI 10 NMPSAMOMY U3MEPEHHIO MacChl HEUTPUHO

Tema 24. Ocumisuuu HEUTPUHO
Ocuunsuuu Ajs CUCTEMBI U3 IByX HEUTPHUHO
DKCIepUMEHTHI 10 HAOIOICHUIO OCIIMIUIALUH.



B3anMonelicTBHE ¢ BEIECTBOM
OOmuit BU MaTPHIIBl CMEITUBAHUS JIJIS1 TPEX HEUTPUHO

Tema 25. JIarpankuan cTaHIapTHOW MOJIETN

Csoiictea Z,W. Maccet Wu Z — 6030H0B

CrnaGpbie 3apsiipl HEHTPAIBHBIX TOKOB

Maccs! JIENTOHOB U KBapKOB

DKCIEPUMEHTHI 10 u3MepeHuro napametpoB W u Z-6030H0B

Tema 26. CpoiictBa H 6030H0B

OrpaHudeHHst Ha MacCy XUTTCOBCKOTO 0030Ha.

PoJib XUTTCOBCKOT0 0030HA MTPH BHICOKUX YHEPTHUSX.
BsaumoneiictBue H-0030Ha ¢ kBapkaMu
B3anmopeiictBue H-6030Ha ¢ rimirooHamMu U POTOHAMH
OTKpBITHE XUTTCOBCKOTO 0030HA

Jlureparypa:
1. . Ilepkunc. BBenenue B pu3uky BbICOKUX d3HEpruil. JHeproaromusaar, 1991
2. ®.Knoys. Kapku u napronsl. M.: Mup, 1988
3. ®.XenszeH, A.Maptun. Kpapku u nenronsl. MockBa, Mup, 1987.
4. P.D.B. Collins & A.D. Martin. Hadroninteractions, 1984,ISBN 0-85274-768-3
5. ®@eciinman P., B3aumoneiictue ¢poroHos ¢ aapornamu, Hayka, M., 1975
6. JLb.Oxywns, Jlentons! u kBapku, Hayka,M., 1981
7. T.-Il.Yenr, JI.-®.JIu. KanuOpoBouHble Teopuun B (PU3MKE BJIEMEHTAPHBIX YacCTHII,

Mup, 1987
8. Bboym @., ®orens [1. uzuka maccuBHBIX HeWTpUHO. M. Mup 1990.



