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1. JKCIepUMEeHTATbHbIC MeTOABbI B QU3HKe BHICOKHX IHEPrui
Pa3nen 1. B3aumoneiicTBue u3j1ydeHus ¢ BelleCTBOM

Tema 1. loHu3aunoHHble NOTEPU

Monens @epmu 17151 KyJTOHOBCKOTO B3aUMOJICHCTBUS 3apsKEHHOM YaCTHIIBI C aTOMHBIMU
anekTpoHamu. Crektp 3JekTpoHoB oTaauu. @opmyina bere-broxa. [Monstue MIP. I'panutist
npuMeHUMOCTH. D dekT mnotHocTu. [Inaro ®epmu. OrpanudeHHbie moTepu. OayKTyanu
norepb. Pacnpenenenue Jlannay. MoHM3almoOHHbBIE NOTEPU KAK OCHOBHOW MEXaHU3M
JNETEKTUPOBAHUS YaCTHULI.

Tema 2. UepeHKOBCKOE U MEPEXOAHOE U3TyUCHUE

UMH kak untephepenuuonubiii a3gdexr. [loporoseriii xapakrep UYN. Kunemaruueckast
unrepnperanus Y. Crnektp, yriaoBoe pacnpenenenue u nojagpuszanus YN, UM kak yactp
MOHU3AIMOHHBIX MTOTEPb.

Wnentuduxaius 4acTul] mocpeacTBoM perucrpaunu Y.

[TU ot rpanuts! pa3aena cpen. [T1 ot doasru u menu. [T ot perymsiproit crpykrypsl. [T
Ontuueckoe u pearrenoBckoe [11. Haceimenune TN kak pyaxmum JIopeHI-¢pakTopa 4acTUIBL.
Nnentudukanus yacTuil mocpeacTBom perucrparuu PITH.

Tema 3. MHOrOKpaTHOE paccesiHue.
Pezepdopnosckoe paccesinue. [lonsiTue painaiMOHHON JUIMHBL. YTIOBOE paclpeaesieHue
paccesiHus.

Tema 4. TopMmo3HOE U3TydEHHE U POXKICHUE TIap.

TU B noste anpa. [nuna sxpanupoBku. Kputnueckas sneprus. Poxxaenue 351eKTpoH-
IIO3UTPOHHBIX M1ap Y-KBAHTOM B 1oJe siapa. @opmyisl bere-I"aiitiepa. DneKTpoMarHUTHBIN
kackan. Mogens kackana. IIpomonbHas popma kackasa. [Tpubmmxenne Poccu. Pamuyc
Momnsep.

Tema 5. JIonOIHUTENBHBIE BOIIPOCHI U3JIYYEHUS U B3aUMOJECHUCTBUS C BELIECTBOM.
CunxpotpoHHoe uznyyenue. [lornomnienne HU3KOYHEPTUUHBIX Y-KBAaHTOB BEILIECTBOM:
KOMIITOHOBCKOE paccessHue; (poToaddexT; paneeBckoe paccesHue B3anMonelicTBre MIOOHOB
OUYECHb BBICOKHX SHEPIHii ¢ BelecTBOM. B3anumopaelicTBue aJpoHOB C BELIECTBOM, €ro 001ue
XapaKTEPUCTUKHU. S IepHBIN KacKa.

Pa3nes 2. JleTeKTOpbl YacTHLl U M3JIYYeHU I

Tema 6. ['a30BbIe N1ETEKTOPHI YACTHII.

dusnuecKue NpoLeccs B raze: MepBUYHAS U MOJHAsT ~ MOHM3ALUS; O-3JIEKTPOHBL; Apeild u
nuddy3us 3apsHKEHHBIX YaCTHIl, TA30BOE YCUIIEHUE; TPOO0H; (HOTOMOHU3AIUS U
¢doromnornouieHue.

Honuzanuonnas kamepa. @opma curnana. Unaykimonnsiit addext. Hummaapudeckuii
nponopuuonanbhbiii cuerynk. MIIK, IK, T, GEM. Bpems-npoekunonHnas kamepa. dE/dx —
UICHTUDHUKAIHS YaCTHUII.

Tema 7. TlonynpOBOJHUKOBBIE IETEKTOPHI.

30HHas CTPYKTYpa NoaynpoBoaHuKa. COOCTBEHHAs M MPUMECHAasl TPOBOIMMOCTh; HOHU3AIIHS;
tepmanu3anus; napeid; pexomoumHarus. [lymer B m/mpoBoanuke. Heo0xomuMocTs o0emHeHus.
Emxocts nepexona. PIN-nerextop. ®@opmupoBanue curnaia B [1I1J]. Paspemenue.
Cnektpomerprueckue u Tpekosble 11I1/] . BepmmHHBIN qeTeKTOp.



Tema 8. CHUMHTWUISIIMOHHBIC NETEKTOPHI H (POTONPUEMHHKH.

Bunbl 1 CBOMCTBA CHUHTUIUIATOPOB, OCHOBHBIE XapaKTEPUCTUKN; MEXaHU3MbI CLIUHTUIUISLINH.
O ekt bupkca. Koncrpykiun C/1.

Bakyymupiii @Y, 0OCHOBHBIE MPOIECCHI U XaPaKTEPUCTUKH: POTO- U TEPMO- IMUCCHUS U3
MOJYIIPOBOTHUKOBOTO (POTOKATO/A; BTOPUYHAS SMUCCHSI; OIITUYECKast U MOHHAs oOpaTHast
CBsI3b; 00beMHBIH 3apsia. LIlymer DY,

[TomynpoBOTHUKOBBIE (POTONPHEMHUKHU. SIYEHCTHIN JTaBUHHBINA (POTOAMOI.

Tema 9. JleTeKTOpbl YEPEHKOBCKOI'O U INEPEXOJHOTO U3JIyUEHHUSI.

YepenkoBckue cueTyrku. [Toporossrid, mudpepeHnmnanbHpii 1 MHOTOKAaHAIbHBINA CYETUHKH.
JleTekTop KoJiel] Y4ePEHKOBCKOTO U3Iy4ECHHUS.

Herexropsl nepexoanoro uznydenus (AI1N). PaguaTop, AeTEKTUPYIOIIHE SJIEMEHTHI.

Tema 10. KasiopuMeTpbl U yCTaHOBKH.

TUmBI KATOPUMETPOB. DINEKTPOMATHUTHBIN KalmopuMeTp. DakTophl pa3pemeHus: QIyKTyarnu
cOopa «3apsaa» U BBIOOPKH, yTeUKH, IIyMbl. JIuHeitHOCTh. PagnannonHast cToHKOCTh
KaJopuMeTpa. AJIPOHHBIC KAJIOPUMETPHI: JOMIOJHUTEIbHBIC (JaKTOPHI SHEPTeTUIECKOTro (1
MPOCTPAHCTBEHHOT0) pa3pemieHus. KoHCTpyKINM KalopUuMeTPOB.

OCHOBHBIE ICTEKTOPHI U TUIIOBBIE KOMIIOHOBKH yCcTaHOBOK B DBD.

CIIMCOK JIMTEPATYPbI

OcHoBHast TuTepaTypa

1. K.H. Myxun. DkcniepuMeHTanbHas saepHas puszuka. M.: DHeproatomusaar. 1985.
2. HO.K.AxumoB. [TonynpoBoAHUKOBBIE I€TEKTOPHI B SKCIIEPUMEHTAIILHOMN QHU3UKe.
M.:DOueproaromusnar, 1989

3. 10.K.AxumoB doToHHBIE MeTOIbI peructpanuu usnydenuid. Jlyouna: OUSAN, 2006

4. A.N.Abpamos, 10.A Kazauckuii, E.C.MaryceBuu. OCHOBBI 3KCIIEPUMEHTAIbHbBIX
METO/OB siepHOH Qu3uku. M.:DHeproatomusaar, 1985.

S. 1O.A .Bynaros u np. NoHn3anmonHbie u3mMepeHus B (PU3UKe BBICOKUX dHEPTruil. M.:
Oneproaromusaar, 1988.

6. K.KunaiinkaexT. /leTexkTopsl KOpIyCKYIsSpHBIX u3nydeHuil. M.: Mup, 1990.

7. J.Lxennmu. YepeHkoBckoe u3inydeHue u ero npumenenus. M.: MAJI, 1960.

8. Walter Blum, Werner Riegler, Luigi Rolandi. Particle Detection with Drift Chambers.
Springer, 2008. e-ISBN: 978-3-540-76684-1

JlonoaHUTeNbHAs IUTEpaTypa:

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

2. BJL.I'un30ypr. Teopetnueckas ¢pusmka u acrpodusuka. M.: Hayka, 1981.

3. JI.A.Jlannay, E.M.JIudumun. Snekrpoannamuka crutomHsix cpea (T.VIII). M.: Hayka,
1982

4. A.N.Axuezep, H.®.lllynbra. DnekTpoanHaMuKa BHICOKMX SHEPTUH B BellecTBe.: M.
Hayxka, 1993

2. CraTucTHYecKHe U YHCJIeHHbIE METOAbI aHAJIN3Aa JAHHbIX
Paszpnen 1. Ucnosb3oBanue texnoJioruu I'pux B ®BI

Tewma 1. Xapakrepuctuku u Tvnsl ['pua-cucrem.

I'pua-pecypcsl 1 BUpTyalibHble opranuzauuu. Apxurekrypa ['pun. Ilpomexyrounoe

nporpammHoe obecniedenue. EBpomeiickas nabpactpykrypa ['pu.

Tema 2. Opranusanus npaktuyeckoit padotsl B ['PU/I.



3ananus B I'pua. Tunsl 3aganuil. 3anyck, nojgydeHue pe3ynbTaToB. OCHOBHBIE IPUHIUIIBI
pa6otsl ¢ nanabpiMU B ['pua. [Monstus SURL, TURL, LFN. Uudopmarmonnas cucrema B ['pug.

Pa3gen 2. Cratuctuueckue Meroansl B ®BD

Tema 3. JloBepuTenbHbBIM UHTEPBA U MIPEAEIBI I0BEPHS.

Yacrorusiii noaxox. Ha npumMepe HopManpHOTO pacnpenencHus. baliecoBCKUM NOAXO.
Ha npumepe pacnpenenenus [lyaccona ¢ HenyneBbiM GoHOM. MeTo1 MaKCUMAaIbHOTO
npasaononodus. Ha mpumepe pacnpenenenus [lyaccona.

Tema 4. IIpoBepka runores.
VYuer cuctemarnyeckux omu6ok. I[Iposepka runores. CraTucTHYECKOE IPOrPaMMHOE
oOecrieyeHue B 331a4ax (PU3MKU BBICOKUX YHEPTUH.

Pa3nen 3. HeiipoHHble ceTu

Tewma 5. HeliponHsble ceTH.

Matematuueckasi Moienb HelipoHa. OYHKIIMK aKTUBALUYA HEHPOHHBIX 3JIEMEHTOB.

OO0yuenue ¢ yunreneMm. Jlenpra-nipaBuiio KOPpeKTUPOBKH BecoB. OTHOCIOWHBIE U
mHuorocnoitasie HC. PacipocTpanenue curnana B MHOTOCIIONHBIX CETAX. ANTOPUTMBI 00paTHOTO
pacnpocTpaHeHus OMUOOK st 00ydeHust MHOTOCTORHBIX HC.

Pa3nen 4. Ilpukiaagnoe nporpammuoe obecnevyenue B ®BD

Tema 6. Cpena nporpammupoBanus ROOT .
3aganue ¥ nocTpoeHue rpadukoB U QyHKIMH, paboTa ¢ rpaduyeckuM peJaKTOPOM , BBEJCHHUE
B F€HEpaTOphl CilydaHbIX yucesl. Buasl rucrorpamm: 1D, 2D u npodunibHble.

Tema 7. MogenupoBanue B cpee ROOT .

Meton monenupoBanus Monrte-Kapio. Kimacces! anst pabots! ¢ 4-BekTopamMu.OCHOBHBIE METO/IbI
MOJIFOHKH JIJaHHBIX. MojienrpoBaHue pacaia NMoHa Ha 2 ramMma KBaHTa.. OCHOBHBIE METO/IbI
paboThl ¢ MaccuBaMU JITaHHBIX. M3BneueHne napopmanuu u3 0obekToB Tuna TTree u ux aHanms.
MonenupoBanue paboThl 3JEKTPOMarHUTHOTO Kajnopumerpa. ['eHepaTopsl cOOBITHII HAa TpUMepe
rereparopa PYTHIA. MoaenupoBanue mporecca 00pa3oBaHus JENTOHHOM Mapbl B pp
COYJapeHUsX

Tema 8. IIpumenenue 0a3 JaHHBIX U UHTEPHET TeXHOOTUl B PBD.
ba3bl nannbix Ha npumepe MySQL . OcHoBable koManibl MySQL. ®@opmupoBanue ouepenei
3ampocoB B 0a3y JaHHBIX. 3HAKOMCTBO ¢ UHTEepHET TexHojorussmu — HTML, PHP

Pa3zpnen S. OcHOBHBIE MeTObI PEKOHCTPYKIMH M aHaM3a B @B

Tema 9. OcHOBHBIC METOABI PEKOHCTPYKIIMH M aHaIN3a U puzndeckux mnpormeccoB B DBD.
OCHOBHBIE KOMITOHEHTBI MOJIEIMPOBAHUS B3aUMOJEHCTBUSL. OCHOBHBIE THIIbI T€HEPATOB.
3HAKOMCTBO C ITPOTPaMMOil MOAEIUPOBaHUA 1€TEKTOPOB U mporeccoB B HUX GEANT. Metobl
ONpeieNICHUs TapaMeTPOB 3apsHKEHHBIX YacTHll. OCHOBHbBIE aITOPUTMbI OIIPEIeTIECHUS
napameTpoB cTpyil. [IpoGiiema 1BOHHOTO CUYETA ISt CTPYH U METOBI €€ PEIICHHS.

OcHoBHbIe uyeun b-tagging.

CIIMCOK JIMTEPATYPHI

1. b. Okkens. ®dunocogpus C++. [Ipaktuueckoe nporpammuposanue. CII6. [Tutep, 2004



C. Ilpara. S3b1k nporpammupoBanust C++. Mocksa, DiaSoft, 2005
J.Xyncon. Cratuctuka nis ¢pusukoB. Mocksa, Mup, 1970
E.broknunr, K. Kasutu. Kunematuka snementapusix yactuil. Mocksa, Mup, 1973
http://root.cern.ch
C. Ocogckuit; Heliponnsie cetu 1i1st 00paboTku nH(pOpMaIyu,
M: ®dunance u cratuctuka, 2002.
7 B.B. Kpyrnos, "UckyccrBennsle HelipoHHble ceTu", Tenexom, 2001.
8. G. Cowan, Statistical Data Analysis, Oxford Univ. Press, 1998.
9 R. J. Barlow, Statistics, J. Wiley, 1989.

ok w

10. C. butiokoB, H. KpacuukoB, I[IpuMeHeHHE CTAaTUCTUYECKUX METOIOB JJIsS IOUCKA
HOBOH (u3uku Ha bonbiiom Anponnom Kosaiiaepe, e-Print -- arXiv:1107.3974 [physics.data-
an], 2011

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 GU3NKN yCKOpHUTeJIei
Pa3nes 1 IlpyHuunsl padoTsl yeckopuTeiei

Tema 1. 3naueHue yckopuresneil B pU3NYECKON HayKe U TEXHOJIOTUH.

Knaccudukanus yckoputeneil.
IIpumenenne yckopurenend. BeTpedHble IydKH, CBETUMOCTb, COBPEMEHHBIE KOJUIAHJEPBHI.
OJNEKTPOHHBIE U MOHHBIE MCTOYHMKHU 3apsDKCHHBIX 4YacTul. JIMHEHHBbIE YCKOPHUTEIH: BBICOKO-
BOJIbTHBIE YCKOPUTENH HPSIMOTO JAEWCTBUA, ycKopuTenb Bun ne ['paada, TaHAeMHbIE YCKOpHU-
TENH, KAacKaJHbIE YCKOPWUTEIH, JUHEWHbIE MHAYKLUHUOHHbIE ycKopurenu. llukinmdeckue ycko-
pUTENU C TIOCTOSSHHOM OpOWTOMN: OeTaTpoH, CHHXPOTPOH. Llukinueckue ycKOpuUTenu C Tepe-
MEHHOH OpOUTOM: IMKJIOTPOH, MUKPOTPOH.

Tema 2. Pe30HaHCHOE YCKOpEHHE.

Pe3onaHcHBIN mpuHIMI ycKOopeHUs. JIMHEelHble yCKOPUTENN 3JIEKTPOHOB, HOHOB (YCKOPHUTEINb
AnbBapenia), RFQ yckoputens, Me30oHHble (aOpuku. CHHXPOTPOHBI C COBMELICHHBIMH H
pasaeneHHbIME  (DYHKIMSAMH MarHUTHOW CTPYKTYpHL. lIpuMephl CHHXPOTPOHOB Ha BBICOKHE
sHeprun: Jlyona, bycrep U®BJ, V-70, LHC, YHK, npoekt Omera B UDBD.

Tema 3. CHHXPOTPOH: yCTPOWCTBO U NPUHIIUI JEHCTBUS.

[Tousitue o doxycuporke. [IpoektHas opoura (reference orbit). M3amenenne MarHuTHOTO OIS,
KOO QUIMEHT paclMpeHHuss OpOUTHL. YCKOPEHHE B CHHXPOTPOHE: MPUHIMI aBTO(A3HPOBKH,
CUHXPOHHAs SHEPrusi U CUHXpOHHAas (aza, KpUTHUECKas SHEPrus, ypaBHEHUSI CUHXPOTPOHHOIO
JIBYDKEHUS, CHHXPOTPOHHBIE KOJIeOaHuU .

Pa3zgen 2 YeToHYHBOCTH KOJIEOAHMIA

Tema 4. YCTOHYMBOCTH CHHXPOTPOHHBIX KOJICOAHUH.

“Macca” W dYacToTa CHHXPOTPOHHBIX Kojebanmii. Cemaparpuca B (a3oBOM MPOCTPAHCTBE,
CUHXPOTPOHHBIE SMUTTAHC ITyYyKa U AKCENTAHC, 3aXBaT YacTHUI] B PEKUM yCTONYHMBOIO YCKOpE-
HUA. AnmabaTuyeckoe M3MEHEHHE MapaMeTpPOB CHHXPOTPOHHBIX KojebaHuii, Teopema Jlmy-
BUJIJIS,, 3aBUCUMOCTh MApaMETPOB KOPOTKHUX CI'YCTKOB (OaHUE€H) OT SHEPrHMHM YCKOPSEMBIX Yac-
THUL.


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

Tema 5. YcTONYMBOCTH MONEPEUYHOTO ABUKEHUSI B CHHXPOTPOHE.

[TonepeuHoe JBMXKEHHE 3apsOKCHHBIX YaCTHI[ B MPSMOM MarHMUTOONTHYECKOM KaHale u
OJIHOPOJHOM MAarHUTHOM ToJjie. YpaBHeHHe XWIa, IEpPUOj MAarHUTHOW CTpyKTypbl. Cnabas u
CWJIbHAsE (POKYCHPOBKA. YPaBHEHUS MONEPEYHOrO JIBIKEHUS B CUHXPOTpOHE. OCHOBHBIC THITHI
3JIEKTPOMAarHUTOB B CHUHXPOTPOHE: [UIIONM W KBAaApPyHoOJdu. MaTpuUyHBI METOJ peLIeHUs
ypaBHeHuss Xwuia. Kpurepuidh yCTOMYMBOCTH TMONEPEYHOrO JBHKEHUA. berarpoHHbIE
kojeOanus. Onrcanue 0eTaTPOHHBIX KOJIEOAHHMM MOCPEICTBOM HEMPEPHIBHBIX OeTa M (ha30BbIX

byHKINN.

Tema 6. Ilapamerpsl Kypanrta-CHaiinepa.

[TapameTrpsl Kypanrta-ChHaiinepa, marpuna TBucca. Beruncienue mnapamerpoB Kypanra-
Craiiepa, yactota O6eTaTpOHHBIX KoJjeOaHMii, ¢a3oBblil sumnc. CoriacoBaHHbBIE U HE COTJa-
COBaHHbIC MyYKH, SMUTTAHC My4YKa U aKCENTaHC BaKyyMHOW Kamepbl. MIHBapuaHTHBIN (HOpMa-
JN30BaHHBIN) sMuTTaHCc nyuyka. [Ipumepsl marHuTHbIX cTpykTyp (Y-70, YHK). “Onenounsiii”
pacuer MarHUTHOU cTpykTypbl Tuna FODO B npuOnmxeHuu TOHKUX JHMH3 B CHHXPOTPOHE Ha
BBICOKHE SHEPTHH.

Tema 7. JlucniepcuoHHas QyHKIUS U JINHEHHbIE BO3MYILEHUSI B CHHXPOTPOHE.

JucnepcuonHas (yHKLIMS B 3aMKHYTOM MarHUTHOW CTpyKType M e€ pacder. EcrecTBeHHas
XPOMaTHYHOCTb YCKOPHUTENS, XpPOMaTHUYECKUM pa30poc OeTaTpOHHBIX YACTOT B IyYKE Ha KIIETKE
0eTaTpOHHBIX 4acTOT. [IpMHLIMI KOPPEKLIUU XPOMATUYHOCTH.

VckaxxeHUsT 3aMKHYTOW OpOWTHI HW3-3a TEOJC3MYECKHX OIMMOOK YCTAaHOBKH JUIIONICH U
KBAJIpynojell Ha MpoeKkTHyro opoOuty (reference orbit), TouHOCTP HW3roTOBICHHS MAarHUTOOIN-
TUYECKHUX J1eMEHTOB. [IpuMep koppekiuu uckaxkeHui opoutsl. Co3nanne 6aMIoB OpOUTHI.

Tema 8. Omucanue MIOCKOr0O MAarHUTHOTO TTIOJIS.
CkanspHbIii MOTEHIIUAJ MIOCKOTO MarHUTHOTO ToJisi. HopManbHbIE B KOChIe MYJIBTHUIIONH, UX
npenacraBicHue U uaMepenue. Kpaesoie mosss. KpaeBast pokycHpoBKa B IUTIOJSIX.

Pasznea 3 Pe3onancel

Tema 9. BnusHue napasuTHBIX MyJbTUIIONEH Ha OETATPOHHOE JIBUKEHUE.

Henuneiinble ypaBHeHHMs OE€TaTpOHHOIO JIBMKEHUS B KaHOHMUYECKUMX NEpeMEHHbIX. Pemienue
MeToJIoOM ycpenHeHus. CaBur OeraTpoHHBIX 4acTOT. CyMMOBBIE M Pa3HOCTHbIE OETaTPOHHbBIE
pe3oHaHchl. CTPYKTYpHBIE PE30HAHCHI.

Tema 10. [lelicTBue 0JHOMEPHOTO U30JIUPOBAHHOIO PE3OHAHCA.

[[InprHa pe3oHanca. buenus pasmepos myuka. [lapamerpudeckuii pezonanc. Kocoi kBapymnoss
U JIMHEHHBIA pEe30HAHC CBsA3M. MCHonbp30BaHME CEKCTYNOJIBHOTO PE30HAHCA JUIsl MEIJIEHHOIO
BBIBOJIA ITyYKa U3 CUHXPOTPOHA.

Tema 11. AmminTynHas 3aBUCUMOCTb CIBUTOB O€TaTPOHHBIX YaCTOT.

3aBUCUMOCTH CJIBUTOB YaCTOT OT aMIUIUTY/ KojeOaHui. Pa30poc yacToT B Mydke U CHCTEMBI €r0
koppekuuu. Jlomycku Ha mnapasutHble MynabTHHONM (mpumep YHK). BrnusHue HopmambHBIX
Mapa3UTHBIX MYJIbTUIIOJIEH HA IIPOLIECC MEIJIEHHOTO BEIBOJA.

Tema 12. Crartuueckue 3¢ (HeKTh IPOCTPAHCTBEHHOTO 3apsa B CHHXPOTPOHE.

HekorepeHTHBIN KyJTOHOBCKHI CABUT OETaTPOHHBIX YacTOT, POJIb (akTopa TPYNIHUPOBKH
(banumpoBKM). BrnusiHue cTeHOK BakyyMHOW Kamepbl. OrpaHUYeHHe WHTCHCHUBHOCTH IMPH HU3-
KX U BBICOKHMX dSHeprusix. HemmHeWHbIN KyJTOHOBCKUH pa30poc OeraTpoHHBIX YacToT. Kyio-



HOBCKOE€ B3aMMOJICHCTBHE CTAJIKMUBAIOLIUXCS CIYCTKOB B Kosutainaepe. Ilapamerp mnpocrpan-
CTBEHHOTO 3aps/Ja U OrPaHU4YECHHE CBETUMOCTH KOJIanuaepa.

Pa3zgen 4 Dmurranc

Tema 13. CoxpaHeHue SMUTTaHCA ITyYKa.

PaccormacoBanue mnpu MHXKEKIHH: OIIUOKH JHUIIOJBHOTO IOJII M OMMOKH (POKYCHPOBKH.
Juddy3nonHble nporecchl: KyJOHOBCKOE M SJEpPHOE paccesHUe Ha OCTaTOYHOM rase. Tpebo-
BaHHE K BaKyyMy B IPOTOHHBIX cuHxpoTpoHax. lllymer B RF cucremax u mynbcanuu B MUTaHUH
3JIEKTPOMArHUTHBIX IEMEHTaX.

Tema 14. YmeHbllIeHUE YMUTTAHCA ITy4YKa B CHHXPOTPOHE.
ITonepeunoe croxacTuueckoe oxJaxaeHue. [IpogoiabHoe CTOXaCTUUECKOE OXJIaXACHHUE.
DNEKTPOHHOE OXJIaXKICHUE.

Tema 15. OcoOGeHHOCTH 3NEKTPOHHBIX CHHXPOTPOHOB.

CHUHXPOTPOHHOE M3JIy4€HHE B DJJIEKTPOHHBIX YCKOpUTeIsX. PanmanuoHHoe 3aTyxaHue
BEPTUKAIbHBIX OETaTpOHHBIX KoneOanuii. Cxkatue 6-mepHOro (a3oBoro odbema IMmydkKa MOJ
BIMSIHAEM H3ITydeHus. PajgnanbHple OeTaTpoHHBIE W CHHXPOTPOHHBIE KOJICOAHUS IIEKTPOHOB.
JlekpeMeHThl KoleOaHUN B YCKOPUTENSX C pa3iMYHbIMH TUMaMU (OKycHupoBku. Biusnue
KBAaHTOBBIX (DIYKTyaluii M3IIydeHHsI Ha JIBIKEHHUE dJIEKTPOHOB.

Tema 16. KorepenTHslie 3()(heKThI MPOCTPaHCTBEHHOTO 3apsia.
KorepentHble OertarpoHHble KoneOaHus. KorepeHTHas momnepedHass HEyCTOWYMBOCTh ITydKa.
[TpomonbHas HEYCTOMUMBOCTD IydKa (3PPEKT OTPULIATETFHON MaCcChI).

Jlureparypa:

1. A.A. Konomenckuii, A.H. Jlebenes. Teopust HUKIUYECKUX yckopuTeneit. M., dusmatrus,
1962.

2. A.A. KonomeHnckuii. ®uzndeckue OCHOBBI METOJOB YCKOPEHHS 3apsKCHHBIX YaCTHIIL.
N3 narensctBo MockoBckoro yausepeurera, 1980.

3. A.H. Jlebenes, A.B. lllanbHoB. OcCHOBBI (pU3UKK U TEXHUKH yCKopuTenei. M., DHep-

roarommusaart, 1991.
4. D.A. Edwards, M.J. Syphers. An Introduction to the Physics of High Energy Accele-
rators. John Wiley & sons, INC., 1993.

5. H. Wiedemann. Particle Accelerator Physics I. Basic principles and linear beam
dynamics, Springer-Verlag, 1995.
6. H. Wiedemann. Particle Accelerator Physics IlI. Nonlinear and higher-order beam

dynamics. Springer-Verlag, 1995.

4, Teopust pyHIaMeHTAJbHBIX B3aUMOAEHCTBUM
Paszpnen 1. KBanToBas 3j1eKTpOAUHAMHU KA

Tema 1. @yHKIMS pacIpOCTpaHEHUS

Tema 2. D11eKTpOMarHuTHOE 1oJie

Tema 3. CBOOOIHBIE PEISATUBUCTCKHE YACTHIIBI C MACCOM

Tema 4. CBOOO/IHBIE YACTHUIIBI CO CIIMHOM 7>

Tema 5. @ynkuus I'puHa 351eKTpOHA

Tema 6. MaTpuuHbIe 371€EMEHTBI aMILIUTY/]] PACCESHUA

Tema 7. B3aumopelicTBre ¢ JOTOHOM FJIEKTPOHA U CKATIIPHON YaCTHUIIBI



Tema 8. Paccessnue poToHa 37eKTpoHOM U cKansipHOH dacTuuet (Komnron-3¢dexr)
Tema 9. AHHUTWIISIIUA 3JIEKTPOH-MIO3UTPOHHOMN TaphI

Tema 10. AHHUTHIISIUS CKATIIPHBIX YaCTHI]

Tema 11. ®opmyna Baiinzekepa-Busbsmca

Pazgen 2. Ci1a0ble B3anMoaecTBUS

Tema 1. CTpykTypa ci1abbIX TOKOB

Tema 2. Pacnian Mroona

Tema 3. JlenToHHBIE pacmaibl aAPOHOB

Tema 4. Helitpasibubie K-Me30HBI, pacniaipl 1 CMENIMBaHHUE
Tema 5. Hapymenue CP-uHBapuaHnTHOCTH

Tema 6. Pacniazpl T-nentona

Tema 7. Pacniazipl 0O4apOBaHHBIX YACTHII

Tema 8. Marpuiia cMelIMBaHusi KBapKoOB

Tema 9. KanuGpoBouHass ”HBApUAHTHOCTh

Tema 10. CtanmapTHast MOACIb 3JIEKTPOCIA00TO B3aUMOICHCTBHS
Tewma 11. CnoHTaHHOE HapylIEHUE CUMMETPUU

Tema 12. CBolicTBa IpOMEXYTOUHBIX O030HOB

Tema 13. CBolicTBa XUIrrcoBcKkux 0030HOB

CIIMCOK JIMTEPATYPHI
OcHoBHast TuTepaTypa
1. M. Ileckun, . Hlpenep, «BBenenue B KBaHTOBYIO TeopHio moiisi», Addison-Wesley

Publishing Company (pycckuii nepeBo: Hayano-n3narenbckuii meHTp «R&C Dynamicsy,
Mocksa-Nxesck, 2001 r.)

2. B.H. I'pu6os, «KBanToBas anexrpoauHamukay, Hayuno-uznarenbckuil nentp «R&C
Dynamics», Mocksa-MxeBck, 2001T.

3. P. ®eiinman, «KBaHTOBas 27IeKTpOAMHAMUKAY, U31aTEILCTBO «Mupy», Mocksa, 1964 r.
4. JL.b. OkyHb, «Jlentonsl u kBapku», MockBa, «Hayka», 1981 r.

JlononHUTENbHAS IUTEPATypa

1. Jx 1. beépken, C.J1. [penn, «PenaruBucrckas kBaHToBas Teopus.(B 2x Tomax)y», U:
Hayka, 1978 r.
S. BBenenune B Gu3MKYy BBICOKHX JHEPIHH

Tema 1. Uto u kak nzydaer pu3nKa BEICOKUX SHEPTUH.

Maccsl yactuil. Pazmepst wactuil. EcrecTBeHHbIE eMHUIIBL. Bubl (hyHIaMEHTAIbHBIX
B3aumojieiicTBuil. Ceuenne. CBETUMOCTh. TUIMHYHBIE SKCIEPUMEHTBHI.

KunemaTtuka peakuuid.

[Toporu peakmuii. bunapueie peakiuu. [IpeoOdpazoBanus pacnpeneneHuii. [ ByxdacTUIHbIS
pacranbl. TpexdyacTuuHble pacnaisl. THKIIFO3UBHBIE U SKCKIIFO3UBHBIE PEAKIIUU.

Tema 2. Teopus paccesHus.

Bripaxkenue aMmiuTysl paccestuus yepes gasbl. Ontuueckas reopema. ®opmyna bpelita-
Burnepa. [ludpakuuontoe paccesiuie. bapnoHHble 1 ME30HHBIE PE30HAHCHI.

Tewma 3. M30Tonnueckas cMiMMETpHs



Anponsl. SU(2)-cummetpusi. Koaddurmentsr Knebma. SU(2)-cuMMeTpust B CHITBHBIX U CITa0bIX
B3aumoeicTeusax. Hapymenue SU(2)-cummerpun.

Tema 4. PaccesiHue 3JI€KTPOHOB HA HYKJIOHAX U sJIpax.
BriBoa popmynsr Pezepdopna. @opmbpakrop. Popmynst Mémnepa u Pozenbnata.
®opmpakTopbl HYKJIOHOB.

Tema 5. Xecrtkue nponeccsr (1).
e+e- — axgponsl. [lonnoe ceuenue. Ctpyu. LiBer.

Tema 6. CuctemaTuka aJipoOHOB.
Ksapkosas mozaenb, SU(3)f -cuMMeTpus, 1IBET.
Me30Hbl, OapuOHBI, TSHKEIbIH KBAPKOHUM.

Tema 7. XKectkue mpoueccoi(2).
['mybGoko-Heynpyroe Bzaumoaericteue. Kunematuka. Ckevinunr. [lapronnas Moaens.

Tema 8. JluckpeTHblE CUMMETPUH
P, C, T —cummerpuu. ToxaecTBeHHOCTh YacTull. CBsI3b CIIMHA M CTATUCTUKHU

Tema 9. YpaBuenue Jlupaxa.
BonHoBas (hyHKIMS YacTUI] CO CIIUHOM 2. HacTuIbl U aHTUYACTHILIBI.

Tema 10. CnaOble B3auMOIECTBUSL.
Pacmane! nenronoB. Hapymenue P-uetHoctu. Bzaumoneiicteue Tok*Tok. depmuenckas
KOHCTaHTa. Pacniaipl aipoHOB. YHHUBEPCATBHOCTH CIIA00T0 B3aUMOICHCTBUSI.

Tema 11. CmemnBaHne KBapKoB.
Martpuua cmemuBanus kBapkoB. Hapymenue CP-ueTHOCTH. DKCIIEPUMEHTHI 10 UCCIIEI0BAHUIO
pacnaioB TSHKEJIBIX KBapKOB.

Tema 12. Helitpuno
Macce! HeUTpHuHO. [IupaKkoBCKHE U MaOPaHOBCKHE HEUTPHUHO. B3anmonercTBue HEMTPHUHO C
BelecTBOM. OCIMIIALUY.

Tema 13. [IpomexxyTouHbIe GO30HBI.
Poxnenne npomMexyTOUHBIX O030HOB B aIpOHHBIX B3aUMOJeHCTBUAX. PojxkaeHune Z-6030H0B B
ete- B3auMOACUCTBUAX. Macchl, IMPUHBI, BEPOITHOCTH PacIaioB.

Tewma 14. CBenenust 0 cTaHJAPTHOU MOJENH
[Tpo6nembr mogenu @epmu. KannOpoBounsie Teopun. XUrrcoBckas Mozieinb. CBoiicTBa
XHUITCOBCKOTO 0030Ha.

JIureparypa:

1. J. Ilepkunc. Beenenue B pu3uKy BBICOKMX 3HEpruil. Dueproarommsnaart, 1991
2. ®.Knoys. KBapku u maptonsl. M.: Mup, 1988

3. @.Xen3eH, A.Maptun. Ksapku u nentonsl. Mocksa, Mup, 1987.

4. JI.b.OkyHb, JlenTons! 1 kBapku, Hayka,M., 1981

5. JI.b.OxyHb. ®u3uka snemMeHTapHbIx yactul. M.: Hayka, 1988

6. ®denomenosiorua 8 ®BD



Pazgen 1. DiiekTpOMarHuTHbIE B3aMMOIeHCTBHS

Tema 1 Briciine nopsiaku B K9/

JI>MOOBCKHI CABUT. DBOIIOIHA Oe C q2

Bxrnag agpoHOB B 0e. AHOMaJIbHBIA MarHUTHBI MOMEHT MIOOHA
N3mepenrie aHOMabHOIO MarHUTHOT'O MOMEHTA MIOOHA

Tema 2 DneKTpoMarHuTHbIE CBOMCTBA aIpOHOB

OtHocHTebHbIE IUpHHBI pacnanos V—I'I B kBapkoBoit Mogenn
OTtHocuTenbHbIE MKUPHUHBI pacniafoB V—P y B KBapKOBOI MOJIENH
Mozens TOMMHaHTHOCTH BEKTOPHBIX ME30HOB

Peakuuu [IpumakoBa

[TpubxeHne SKBUBAJICHTHBIX (POTOHOB

Tema 3 DKkcriepuMEHTHI IO U3MEPEHUIO0 KBAHTOBBIX YUCEN aJIPOHOB
[IpoctpancTBeHHast 4eTHOCTH TMOoHA. CIIMH MHOHA
C-yetHOCTH nHOHA. [IpuMepbI pa3pelieHHbIX U 3aMpelIeHHbIX (TI0JaBICHHbIX) PeaKIIHii

Tema 4 DxcniepumenTsl 1o nposepke C, P, T uHBapuaHTHOCTH

Kak nmpeoOpa3yroTcs pa3nudnbie BeIMIUHBI IpH P 1 T nHBEpCHsIx
CpaBHeHue ceueHHUI MPSIMbIX U OOPATHBIX PEaKIHii

Hab6monenue necoxpanenus P-ueTHOCTH B Ci1a0bIX B3aUMOJEHCTBUSX
KomOuHMpoBaHHas 4€THOCTH

N3mepenne 3eKTpuYeCcKoro JUIoJIbHOTO MOMEHTA HEUTPOHA

Pa3zgen 2. CuiabHbIE B3AaUMOAEHCTBUA

Tema 5 Jlarpanxuan KX /]

JlokanbHoe npeobpasoBanue SU(3).
Bocemb 6e3maccoBbIX INIIOOHOB
CamoneiicTBue riitooHOB. HeabeneBocTs.
Jlarpanxunan KX]J|

Tema 6 Acumnrorudeckas cB000/1a, KOHpatHMEHT
OBOJIIOLUS O C q2

AcumToTHnueckas cBodoaa

KondaitnmeHT

Tema 7 Moaenu axpoHOB
ITorennuanbHast MOIIENb
Mogenp MemkoB
TpyOxu

Tsxenslli KBapKOHUN

Tema 8 Dk30THUECKHE aIPOHBI

Kakue qq cocTosiHUS MOTYT pealn30BbIBATHCS B HEPEISATUBUCTCKOM MOAETH
['mro60mb1. ['MOpuHBIE ME30HBI M OapHOHBI. MHOTOKBApKOBBIE COCTOSHUS
[TenTakBapkoBbie 6apuoHnsl. Coctosnus X, Y, Z

Tema 9. KupanbHast cuMmeTpHsi, Maccbl KBapKOB
Kupanesnas cummerpus SU(2). x SU(2)r



[T1OH KaK MCEeBIOTOIICTOYHOBCKU 6030H
Kupansaast cummerpust SU(3). x SU(3)r
Maccsl U 1 d - KBapKOB

Tema 10. Ctpyn

dakTopu3alus KECTKUX U MATKUX MIPOLIECCOB

OGHapyxeHue CTpyd B SKCIIEPUMEHTAaX Ha e+e- KoJaiaepax
AJITOPUTMBI BBIAIETCHHS CTPYii (KOHYC, K; ...). XapakTepuCTUKH CTpYi
MeToap! KaIMOPOBKHU SHEPTHH CTPYH.

Tema 11.MHOkeCTBEHHBIE POLIECCHI

bricTpoTta u nceBao6sicTpoTa. JlecTHUUHAsA MOIEh
OparmMeHTanus 1 PpeKOMOUHAITHS.

[IpaBuiia cuera AJis MPOLIECCOB C MAIBIMU Py

Tema 12. Pemxuctuka

JucriepcOHHBIE COOTHOLIEHHUS. Y HUTAPHOCTh. [lepekpecTHass cuMmMmeTpust
Juarpamma Hy-@payuu. [Tomepon

DeHOMEHOJIOTHST OMHAPHBIX PEAKIIHIA

Tema 13. KBapk-ritooHHas mia3sma
®da3zoBas auarpamMma. Kputudeckas remmneparypa.
KoniexTuBHLIE CBOMCTBA.

Pa3nen 3. CrangapTHas mojaeinb

Tema 14. Crpykrypa caabbIx B3aUMOJIEHCTBUM NPU HU3KUX SHEPIHSIX, HECOXPAHEHUE YETHOCTU
B3auMozeicTBrue TOKXTOK

YHuBepcanbHOCTb 3apskeHHOro Toka. depmueBckas KoHcTaHTa.JIeBble 3apsKEHHBIE TOKH.
HelitpanbHblii TOK

Pacniag Mroona. DkcriepuMeHTHI IO UCCIIEI0BAHUIO paciiaja MIOOHA.

Tema 15. Pacrian nuona

VYron Ka6n66o. CoxpaHeHre BEKTOPHOTO TOKa
Pacman n—l v

Pacrag ' —7° e v

DKCIIepUMEHTHI 110 HCCIISIOBAHUIO PAciaia IHOHA.

Tema 16. B-pacnan HeiltpoHa

OOumit BUJ BEKTOPHOTO U AKCHAJIBHOTO TOKOB
Bekropnsie popMmpakTopsl. AkcuanbHbie GopMpaKTOpbI
YacTuyHOE COXpaHEHNE aKCUAIBHOIO TOKA
OKCIIepUMEHTHI 110 UCCIIeI0OBAaHUIO paciiafa HeMTpoHa

Tema 17. Pacragel KaOHOB.

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

Pacnamﬂ K|2, K|3, K|4

Henentonnsie pacnanel. AT=1/2, pacniagsl THIIEPOHOB
Penkue pacraipl KaOHOB

Tewma 18. HeliTpanbHble KaOHBI
[lepexonsl K°~RC, PasnocTs Mace Kiu K,



Ocmmnsanuu crpasHoctyu. Mexanusm ['IM
Perenepanus

Tema 19. Hecoxpanenue CP

Pacramst Ki—n'

®denomenonorus HapymeHuss CP. CP — neunBapuanTeie 3 ekt

DKCTIEepUMEHTHI TI0 UCCIeI0BaHuI0 HapymieHus CP-uHBapraHTHOCTH B pacriagaX KaoHOB.

Tema 20. T-nernrron
Jlentonnsie pacmassl. [ToiryaapoHHbBIE pacnaibl.
DKCTIEPUMEHTBI TI0 UCCIICIOBAHUIO PACIIAIOB T-JICMITOHA.

Tema 21. Pacnajibl TSDKEIIBIX KBAPKOB
Me3sonsi ¢ d u b- kBapkamu

Jlenronnsle pacnaasl. Henentonuslie pacnaasl
t- kBapk.

Tema 22. Hecoxpanenune CP-ueTHOCTH B pacnajax TSKelbIX KBapKOB
Marpunia KKM

H3mepenne KOHCTaHT Vi

Tpeyronpank KKM

W3mepenue yrna B pacnage B—J/y K°

Tema 23. HeliTpuHHBIE B3aUMOCHCTBUS

B3anmoneiicTBue HEUTPUHO C DIIEKTPOHOM
B3auMopeiicTBue HEUTPUHO C HYKJIOHAMU

DKCIEPUMEHTHI 110 MIPSIMOMY U3MEPEHUI0 MaCChl HEUTPUHO

Tema 24. Ocumisuuu HEUTPUHO

OcunIsiuuu 1Jist CUCTEMBI U3 JIBYX HEUTPUHO
DKCMEPUMEHTHI 110 HAOITIOACHUIO OCITUIUIALIINMA.
B3auMozeiicTBre ¢ BELIECTBOM

OOmuit BUJ MaTPHIIBl CMEITUBAHUS JITIS1 TPEX HEUTPUHO

Tema 25. JlarpankvaH CTaHIapTHON MOJIENH

Cgoiicta Z,W. Maccbt W u Z — 6030HOB

Crnabble 3apsiibl HEUTPAIbHBIX TOKOB

Macchl 1enTOHOB ¥ KBapKOB

DKcnepuMeHThI 1o u3mepenuto napamerpos W u Z-6030H08B

Tema 26. CpoiictBa H 6030HOB

OrpanudeHust Ha MacCy XUTTCOBCKOTO 0030Ha.

Ponp xurrcoBckoro 6030Ha Mpy BRICOKUX YHEPTHUSX.
BsaumoneiictBue H-6030Ha ¢ kBapkamu
B3aumopeiictBue H-6030Ha ¢ rimrooHamMu 1 GOTOHAMH
OTKpBITHE XUTTCOBCKOTO 0030HA

Pa3znen 4. 3a npenesiaMu cTaHAAPTHOI MoOJeH
Tema 27. [Ipen3noHHbBIE U3MEPEHUS B CTAaHIAPTHON MOJIENH

W3mepenus B nuke Z-6030Ha
['moGanpHbIN GUT apaMETPOB NEKTPOCIadoi MoeIN



Bxmaner t-kBapka u xurrcoBckoro 6o3ona B Maccy Z,W 6030H0B
[TapameTpu3zanusi OTKJIOHEHH OT CTaHAAPTHOW MOIENIH

Tema 28. Bonbiioe o0be1uHEHNE
OBoronus 3apsiioB

I'pymma SU(5)

Pacnan mporona

Tema 29. Cynepcummerpust

MSSM

DKCIEPUMEHTHI TI0 TIOUCKY CYMEePCUMMETPUYHBIX YACTHII.
OxcrnepuMenTsI 1o oucky WIMP

Tema 30. B3aumoieiicTBUSI IPU CBEPXBBICOKUX SHEPTHUSIX
DKCIEpUMEHTHI Ha KOJIIaiiiepax, mapaMeTphbl KOJUIai1epoB.
ITpoexTrl HOBBIX Koymaiaepos (ILC, CLIC, LEP3, MrooHHBIH KoUTali1ep)

Tema 31. BbICOKOMHTEHCHUBHBIE TPOTOHHBIE YCKOPUTEIH.

ITorckn HOBBIX B3aMMOJICUCTBUI B pacnagax MIOOHOB

Heiitpon (Bpems sku3Hu, mapaMeTpsl pacmaga, EDM, n—n)

[Toricku HOBBIX B3aUMOJICICTBHI B pacnajax KaoHoB, D u B-me3oH0B

Tema 32. MaccuBHbIE HEUTPUHO
MexaHu3M «kaudesen»
JBoitHO# GeTa-pacna
CrepuiibHble HEUTPUHO

Tema 33. bonb1oit B3pbIB
Hyxneocunres

MHUKpPOBOJTHOBOE U3ITyYEHHE
[TpoGyieMbl MOENTN OOIBIIOTO B3phIBA

Tema 34. Un¢asuuonHas Moienb
Tema 35. TemHast MmaTepusi U TEMHAsl SHEPTUs

Tema 36. CBepXBbICOKHE SHEPTUH,

Kocmuueckue myun, [TAJI

DKCIIepUMEHTHI TI0 U3yYSHHI0O KOCMHUECKUX JTydell CBEpPXBBICOKHX SHEPTHIA.
[Torcky BO3MOXHBIX MPOSIBIEHUH CyIEpCUMMETPUN B KOCMUYECKUX JTydax
DKCIIepUMEHTHI TI0 TIOUCKY aHTHSJIEP B KOCMUYECKHX JTydax.

Tewma 37. bapnonHnast acumMmeTrpusi BeenneHHOM.
DKcrepuMeHTHI 0 oucKy HapyueHus CP B nentoHHOM cekTope

Jlureparypa:

J. Ilepkunc. Beenenue B pu3uKy BBICOKMX 3HEpruil. Dueproarommsnaart, 1991
@.Knoy3. KBapku n nmapronsl. M.: Mup, 1988

@.XemseH, A.Maptun. Ksapku u nentonsl. Mocksa, Mup, 1987.

P.D.B. Collins & A.D. Martin. Hadron interactions, 1984,ISBN 0-85274-768-3
@eitaman P., Bzaumopeiicteue hoToHOB ¢ agponamu, Hayka, M., 1975
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6. JL.b.OkyHnb, JlenTons! u kBapku, Hayka,M., 1981

7. T.-I1.Yenr, JI.-®.JIu. KanubpoBouHbie TEOpHH B GU3HKE HIEMEHTAPHBIX YACTHII,

Mup, 1987
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10.  John F. Hawley, Foundations of Modern Cosmology, published by Oxford University
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Bo MI'VY, 1988
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