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4-115. OnemMeHTa e

yacTtuubl. AHTUYACTULbI.

® IDlraH ypoka
® 1. [IpesenTanys «IJneMeHTapHbIE YaCTULLBI».
©® 2. HoBpii MaTepuan.

® 3. 3akperieHHe 3HAHUM.
® 4.J1.P..
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Onpoc y4allmxcs

1. Kakue sneMeHTapHbIe YaCTULIbI Bbl 3HaeTe?

2. YTO 0O3Ha4YaeT TEpMUH «3I€MEHTAPHBIN» ¢

3. CyLLeCcTBYIOT U ApPyTrUe 3/1eMeHTAPHbIe YaCTULLbI?
4. HemM OHU MOTYT OT/IMYATHCH ¢

5. Kak 3T0 MOXXHO y3HaThH?
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NIEMEHTaPHbIE 4acTULLE 5

N3BecTHO, 4TO .

*MPOTOH N HEUTPOH B3aMMHO MpeBpaLlatoTcA.

ecyulecTByeT 6onee 350 anemeHTapHbIX YacTull.

*OHM OTNINYAKOTCA MAacCOW, 3HAKOM U BENUYMHOWN 3apsifa, BPEMEHEM XKU3HMU.
*BONbLUINHCTBO — KOPOTKOXMBYLLINE.

*Kapn Oensuag AHgepcoH (1932 r.) obHapyXun rno3mTpoH.

[lonb Oupak — npeackasarn ero CyuecTtBoBaHME U NPOLECC aHHUTMAALUN. (CM.
yuyebHuk, 1933 r. NoaTBepKAeHO pPrbITOM).

*1955 r. OBHapyXeH aHTUNPOTOH N aHTUHENTPOH. Bo3HUKNA ngea aHTUBELLIECTBA.
*1969 1. CepnyxoB. Aapa aToMOB aHTUreNuA.

*AOQpOHbI — B3aMMOLENCTBYIOT NOCPeacTBOM saepHbIx cun (Ceonctea?)

*1964 r. ['vnoTesa o kBapkax. (CM. y4ebHuK.)

J1enTOHbLI HE B3aMMOLENCTBYIOT NOCPEACTBOM SO4EPHbIX CUTT.




Tpun atana

«J1an 1. OT aneKkTpoHa K NO3UTPOHY:

*1897-1932 .

«J1an 2. OT N03nUTpOHa K KBapKaM:

*1932-1964 r.

«OT1an 3. OT rmnoTe3sbl 0 KBapKax A0 HaLUUX OAHEW:
*C 1964 .



Tan 1. OT 9neKTpoHa K NO3UTPOHY:
89195 F

® [o3nuTpooH

') ONEKTPOH

e OTleuaTeano 3apAXeHHadA nerkaqa 4yactmua

* Bokpyr sgpa ®
*[1poTOH

*[lonoxnTtenbHoO 3apsXeHHas JYacTuua ‘

B anpe

*Hes3apsxeHHasa yacTtmua
B anpe



OT . TDOHA
KBapKaMm

DyHOAAMEHTaNbHbIe ANIeMEeHTapPHbIe YacTulb!

Ksapku NlenToHbI
ANeKTPHYECKHA ANeKTPUYECKHA
Ob6oanavenwne 238pAn Hassanne OOGoanavenne 3apAn
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Oco0eHHOCTH YJacTuirel

4aCcTUlLy
AZPOHBI SnepHbie cHJIBI IIPOTOH

HeNTPOH
KBapku B cocraBe apoHOB

JlenToHBI He simepHbIe crib 3JIEKTPOH



HOAMeHTarbHbIe

B3aMMOOEUCTBUSA

OyHaameHTanbHbie B3aMMOAEHCTBUA

Cunbhoe  Inextpomaruios  CnaGoe

BaaumoneicTayloume  KBapKw, anomnpul "ut:cumun KBAPKM,

YaCTHUbI HYKNOHbI 3PAAAMH NeNTOMbI
Paguyc " A1
aticivin S 10w (o0) 107w (0 0)
OmHocuTenbHas cuna { 10° 10° 10"
B3aMMOACHCTENA
YacTMubl - HocuTeNK  IMIOOHbI, NPOMEXYTOY~
B3AWMOAGACTBMA  ME3IOHLI (oTOHS Hbie 6030He! 'PoPATORbI ?)



dCTnubl N dHTN4HaACTULbI

PoxaeHue v aHHUrMnNAUuMAa aiTuyacTuy
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AHHHUIMNALMA Napb
PoxaexHne napbl INeKTpoH- ANEKTPOH-NOINTPOH
NOIUTPOH M3 FTAMMA-KBAHTA ¢ obpalosaHmem

nAavyY rauUMussraauTnn

[Mo3nTpoH
hv=2mc?
® ONEKTPOH



dCTULBbI N daHTNYaACTIUlbL

ATOMBbI BewlecTea u aHTuBellecrea
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BOAOPOA  AHTHBOAOPOA _— o

Cnea napui ROATOPUA AaHTHACHATEPHA
ANEXTPOH-NOIUTPON

B xamepe, NOMOLOHHOR > v’
e i JNInHeNHbIN YCKOPUTENb Ha BCTPEYHbIX
nyYyKax 3feKTPOHOB U NO3UTPOHOB

A TGN

Cnepn noauTpona
8 xamepe Bunucoxa



wmnow%l O KBapKax [0 HaLluXx
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©® ITouTu Bcst Macca 1r0O00r0 aToOMa COCPeAOTOYEHA B
and gluon:
H,zgpe, KOTOpOe MEHbBIIIE ATOMA B CTO ThICAY pa3. H,ZLPO
CJIOXX€HO U3 IMIPOTOHOB U HEUTPOHOB, KOTOPbIE

COCTOST N3 KBAPKOB.

® (Puc. c caiita www.star.bnl.gov)
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° d quark Zz Gluon I\J Quark loop

® [10OHHBIE CUJIBI, CBA3BIBAIOIIME KBAPKH B IIPOTOHE, HE
0C/1a6eBaloT IIPH yAaA€HUH OZHOTO KBapKa OT APYToro.
B pesy/ibrare Mpu MOMBITKE «BBIPBATh» KBAPK U3 IIPOTOHA
IIFOOHHOE TT0JIE TIOPOXKIAET AOMOTHUTETbHYIO KBaPK-
AHTMKBAPKOBYIO IApy, X OT IIPOTOHA y)Ke OTIEe/ISIeTCS He KBapK,
a MU-Me30H. [[1-Me30H y)Ke MOXKET y/IeTeTh CKOJIb YTOZHO
IAJIeKO OT IIPOTOHA, IIOTOMY YTO CHJIbI MEXXIY apOHAMU
ocmabeBatoT ¢ paccrosiHnueMm. (Puc. ¢ catita www.nature.com)



® Yewm pasplie KBapKu
YAQISIFOTCS APYT OT
IPYyTa, TeM CUJIbHee
CTAaHOBSATCS
CBSI3bIBAIOLIME UX
CUJIBI

® (pwmc. c catiTa
nobelprize.org)




CUMMETPUA ANEMEHTapPHbIX
% €MEHTapHbIX

~YacTuu

COBpPEMEHHOU TEOPUU 3/IEMEHTAPHbBIX YaCTUL],
KOHLIETILIUS CUMMETPHUU 3aKOHOB OTHOCUTE/ILHO
HEKOTOPBIX ITPe0OPA30BAHUM SIB/ISAETCS BeOyIIei.
CumMMeTpus pacCMaTPUBAETCsT Kak GaKTop,
OIpeJe/ALINN CYLLIeCTBOBaHHWE PAa3/IMYHBIX I'PYIII U
CeMeMCTB dJIeMeHTAaPHBIX YaCTHILI,.



B
~ CoBpeMEeHHble

TMraHTCKne yCKOpPpUTESIN
CTPOSITCS BOBCE He Ansl Toro,
4YTOObI NPOBECTN BCErO NULLIb
KaKoOW-TO OAUH OnNbIT Hag,
3fIeMEeHTapHbIMN YaCcTULAMMN.
B coBpemeHHOM
9KCNepuMeHTe n3y4vyaetcd
cpasy BCE, YTO MOXeT
NPOU30UTN C NCXOAHBbIMU
yacTuuamu, dakTn4eckm
NPOBOOATCHA Cpa3y OAECATKA N IS
COTHU NapannenbHbIX |
aKcnepmmMmeHToB. Ha aton
dooTorpagpumn nokasaH |
MOMEHT YCTaHOBKWN OJHOIO 13 &
TbICSI4 CBEPXMNPOBOASILLINX
MarHMTOB B TYHHese
konnangepa LHC. (Poto ¢
caunTa
Ihc-machine-outreach.web.ce
rn.ch)




® Tak BeIVIAIUT

TUTTUYHOE

o «AHTepeCcHoe» cOObITHe
e i RN B feTtekTope CDF Ha
2R A S - TaBarpone. [Tokazau

BU/JI, IETEKTOPA C TOPIia.
[ly4ku cTanKkuBaroTCA
B HAIMpaBJIEHUH,
neprneHJUKYIIPHOM
PHCYHKY, a POXKIeHHbIe
YaCTHIIbI PA3/IETAIOTCS
B pa3Hble CTOPOHBI,
OTKJIOHSISICh

B MarHUTHOM 11os1ie. YeMm
O0JIbIlIe UMITYJTbC
YaCTULIBIL, TEM C1abee
OHA OTKJIOHSIETCSI.
['mcrorpamma Ha Kpasix
MOKa3bIBaeT
SHEproBbIie/IeHre
yactul, (Puc. ¢ caiita
www-cdf.fnal.gov)



«Punsnyeckasa» pabora

® DTOT pUCYHOK
WUIIOCTPUPYET Ty IOPOU
CKYYHYIO U Ia)Ke YePHYIO
pPaboTy, KOTOPYIO TO/DKHBI
BBITIOTHUTH PUBUKH, YTOOBI
BBIZETUTH PeJKHEe COOBITHS
13 BCEM CTaTUCTUKU. Ha
CaMOM [IeJie 3a49aCTYI0
BOOOIIIe HEBO3MOXXHO
IOCTOBEPHO CKA3aTh,
pOAMIaCh UJTU HET
WHTEPeCYIOIIast HaC YacTUIA
B KOXZOM KOHKPETHOM
cob6prTrr. OCMBICTIEHHYIO
MHPOPMALIHI0 MOXXHO
M3BJIeYb TOJIBKO U3 BCEM
CTaTUCTHUKU B LI€JIOM.
(Artwork: CERN. Puc. c
CcalTa
www.exploratorium.edu)




N

[lomaluHee 3agaHune

® CocTaBUTh paccKkas 00 ameMeHTapHbIX
YACTULAX.

® CocTaBuTh BONPOCHI U OTBETHI «Epasam»



