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BzanMmonoeuncreus

S

——— AN —— W
ENneKTpoMarHuUTHO: Hadli-uscsieosaHomo B3aumooelticmsue, CBEM/IUHA,
e/1eKMpPUYeCcmB0, €/1IEKMPOHUKA ...., B OCHOBama Ha no4Ymu BCUYKU MEXHO/102UU.

CunHo : B3aumodelicmsusi Ha NPOMOHUMe U HeympoHUme 8 10pomo,
B3aumooelicmBsusi Ha KBapkume U a/1yOHUMme,

Cnab6o: EHepaust Ha c/ibHUEemo, paduoakmusHO pasnadaHe;

paBUTALMOHHO: 3adbpka HU Ha 3emsima, C/ibH4YeBa cucmema,...

B3anmogeuncrealim cu YactTmum + NpeHoCUTesIN Ha B3aumMmogencreue
CraHpapTteH moen Ha efieMeHTapHUTe Yyactuuu
CM He BKnrouBa rpaButaums!
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EBaMMOH,EMCTBMﬂ

= CunHu

Bcuukn npeHocutenu ca 6030HU — chuH 1
= nyoH, Mg =20

- OTHOCUTENHA CUAA - 1 s Strong =eessm == Electromagnetic s
=  ENeKTpoMarHuTHuU: Gluons (8) m Photon "/ .
= (poTtoH, Mg=10 6o '
Quearks »
= OTHocuTenHa cuna — 107 |
*© | = SR
= Chnaou Mesons - Chemisiry
Baryons Hucled Elecironics
= W,Z 6030HU
. M = 8043 GeV mems Gravitational s s \Veak s—
W ' ’

- M,=91.19 GeV oo .

Bosons (W,2) a

=  OTHOcuTenHa cuna — 107

=  [pasumayuoHHO

e
Solar system Neutron decay -
Galaxles G Beta radloact vity &
= 2pasumoH ?, M=0, chuH 2 Black holes P Neutrino Interactions "
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The pavticle drawings are simple artistic representalions
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Murray Gell-Mann

KBapKoOB CTpPOEeX Ha afApPOHUTE

B cpegara Ha MMHaNA BEK, YYEHUTE OTKPMBAT CTOTULM HOBM YacTuum. Mbpu
len-MaH (Murray Gell-Mann) n xopmx LlBanr (George Zweig) uarpaxaar
TeopudaTa 3a KBapKOBMS CTPOEX Ha afpoHuTe, Kato npearnonarar, 4e BCUYKK
Te3n yacTuum morart ga 6baar 06sCHEHW KaTo KOMOUHaUMA e AMHCTBEHO Ha Tpn
doyHOaMeHTa/THN YacTuuy, KOUTO Te Hapuyatr KBapku. Te noctynupar apobeH
eNekTpuyeH 3apsan Ha kKBapkute. Pas/iMdHM KOMOMHaUMW OT TPU KBapKa
usrpaxgar O6apuoHuUTe, a KOMOMHaUUUTE OT [ABa KBapka wusrpaxgar
ME30HMW.

Atomic Nuclei = Combinations of Quarks

Mo-HaTaTbLUHNTE eKCnepuMeHTU NoKa3BarT, Ye BCbLHOCT Barvons = particles made of 3 quarks

aZlpoHUTE Ce U3rpaxaart He OT TpPU, a OT 6 KBapKa.
proton
u k o
P QU dowrn quark

charge =+1 (2/3+2/3-1/3)

neuiron —— charge = 0 (2/3-1/3-1/3)

Mesons = pariicles made of 2 quarks
down antiquark

What binds quarks together?

strange . W @

up quark gluom dovrn quark

charge = +1 (2/3+1/3)

the strong force carried by gluons
Bulgarian HSSIP 2017



KBapKun, rriyoHU U LiBEeTEeH 3apan

CuniHUTE B3auMMOAENCTBUA 3a4bpXaT KBapkute 3aefiHO B aapoHuTe. lNpeHocuTennte Ha
CUTHUTE B3aMMOAENCTBUA Ce Hapuyar ryoHu (OT aHrnuickaTta gyma glue - nenvno).

KBapkute U ryoHUTe MMaTt UBeTHU 3apagn. KOMNo3uUTHUTE YacTUuuu, usrpageHu or
KBapky ca LBETOBO HeyTpas/iHWU. LIBeTHMTe 3apsagn M B3auMOAENCTBMS Ce AbpXkar
Pa3/INYHO OT €/IeEKTPOMarHMTHUTE. KBapkute He MoraT fia CblLeCcTByBaT WHANBUAYASTHO.
Mpw onuT Aa pasganeynm [Ba KBapKka, CU/iHaTa Ha LBETHOTO B3auMOAEeCTBME HapacTBa U
3abpXKa KBapKUTe B Taka HapeyeHust KBapkoB 3aTBOp.

l1apTOHN -- KBapPKWN + rJ1yOHH

ITpu docmamosuHO 8UCOK UMNY/IC eOUH Omoe/ieH K8ApK Modice 0d

Ha npueauUYaHe Hapacmed ¢ pazcmosiHuemo u 2/yOHHOMO nosie
080UIKU — paxcoa ce NUOH U/IU pazau4yHu 8uooee aopoHu /NUok

{logume aodpoHu, podeHU npu mo3u npoyec
(adpoHusayusi) ce zpynupam no HanpaejneHue Ha
uMny/a1ca HA 6UCOKO eHepzemuyHume KEapKu —
obpazyeam ce ,ad0poHHuU cmpyu“ Koumo ce
pezucmpupam 6 demeKmopa
0000000 —~
~—h00000000000000 * —
S ~— 10000000 F — ~—*0000000 * —
L'} i ] T
——S00000000000000 * — ~— R 0000000000000 & —
~— 20000000 # — =" 0000000 # — ~—40000000 * — ~—2 0000000 * —
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Bcnuyko BbB BcesneHaTa OT raJlakKTUKHUTe 00 NJIaHUHATE U
MOJIEKYJINTE € N3rpPpae€HO OT KBaPKHN N JIEINNTOHM.

Ho nasim ToBa e BCUYKO?

KBapkute 1 nentoHuTe ca pasnnyHu. OcBeH ToBa 3a BCEKU TUM YacTula CbLUECTBYBaA U
aHTMyacTmua. AHTMYaCTULMTE UMAT CbLUMUTE CBOCTBA KATO CbOTBETHUTE YacTuLM, HO

NMaT NPOTUBOINOJTI0XXHU 3apAan.

Korato B3aI/IMO,£I,eI7ICTBaT YaCTuua " aHTn4actuna
T€ aHUXuaunpar.

9\ P Y
3/

anti-up annihilation
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http://www.particleadventure.org/antipreface.html

CumerTpuara Kkato obeaumHaBalLl NPUHLUNI

Evu Hbotep (Emmy Noether)
Bpb3ka Mmexay rnoéaiHute CUMeTPUnN 1 3aKOHMUTE 3a 3anasBaHe

XOMOreHHOCT Ha NPOCTPaHCTBOTO
TpaHcnauus BbB NMPOCTPAHCTBOTO (X->X+AX) — 3aKOH 3a 3anas3BaHe Ha

uMnysca;
Oo6uwara nHepuus Ha egHa n3onnMpaHa cucTtemMa e KOHctTaHTa, unm dp/dt=0

"1//};"’
T 1
EAHOpOAHOCT Ha BpEMETOo (D) — pa
TpaHcnauns BbB BpeMeTo (t->t+At) — 3akoH 3a
3ana3BaHe Ha eHeprusaTa; A B, )
EHepruarta Ha egHa usonmpaHa cuctemMa € KOHCTaHTa, v e — I
_ ~ _4
dE/dt=0 o
\ T
‘}%\__\%} ‘Eﬁg,"gf';?,ﬂ:p‘,tﬂ:n, 4—— Moether's theorem
» Gy €3
.5',_,[-‘,\—@__;; %:9};;_/ D) ﬁ
= i <% M30TPOMNHOCT HA NPOCTPAHCTBOTO
( ( \ PoTtauusa BbB NMPOCTPAHCTBOTO — 3aKOH 3a 3arnasBaHe Ha br/lioBusa
4 JEJ OOWMAT BINOB MOMEHT Ha eHa N30J/IMpaHa CUCTEMA € KOHCTaHTa, Uiu
k1 dL/dt=0, kbgeTo L= 3L,alL =r Xp,
et ﬁ‘_&“ =N )
'Qt:______ ; =
=
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CuMeTpunaTa Kato obeanHsaBall NpUHLNAN
ANCKPETHN cCuMeTpumn

,P“ - MpocTpaHcTBeHa YEeTHOCT, Npeobpa3oBaHNe Ha KOOpANHATUTE,
ornefasiHo oTpaxeHne, akcuasiHUTe BEKTOPW 3anasBart rnocokara cu,

AOKaToO MNMOJIAPHUTE A NMPOMEHAT NMPOTUBOMNOJ/TOXHO &
,C“ - 3apsaoBa YeTHOCT, npeobpa3oBaHme Ha 3apsaguTe e =
,,T“ — BpPpeM€EHHa YETHOCT, o6pbu_|,aHe Ha rnocokara Ha BpPpeMeTO Particle Antiparticle
i ' 4—0— S -
i Spin Spin
i = | —
i P k) Tirma 1 i
ﬂ
Charge Inversion i
- Particle-antiparticle ——C ———————————— J:E ——————————————————————————————————————
S— Parity CP HapyuwieHue Ha acumeTpunTe:
Inversion
Spatial

mirror Oowara CPT cumeTtpusita ce 3anasBa,
Ho cnabute B3aumogencreus
HapywaBsaTt P, a cbLo n
KoMmouHupaHata CP niBapuaHTHOCT

http:/islideplayer.com/slide/774084/
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CraHoapTeH MoOeJsl1 Ha eJieMeHTapHUTe

YacTuum

gm;

ZMW)%
NTW)+T~W,)Y,

Lr= Z ";_bz (7:')’#3;:- — my; —
Z Tyt (1 —
—¢€ Z G hiA "

dz )
http://pdg.Ibl.gov/
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Higgs Interactions

Weak Charged Interactions

Electromagnetic Interactions

Electroweak Neutral Interactions
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2. OmeopeHu 8snpocu nped Cmaxnoapmuus Mooden
Kak ce onpedensim macume Ha e.u.? — Mexanuszem Ha Xuec

3awjo umame 3 NOKO/MeHUs e1eMeHmapHuU yacmuyu ?

CoomHoweHue mamepusi/aHmumamepus 868 BceneHama u 8ps3ka ¢ C

p Hn
HapyweHue 8 CmaHdapmHus Mooden: F=ma E-=

r
Om Kakeo e cecmageHa “memHama mamepus” u “memHama eHeRaus’” >
8v8 Bcenenama? T mc
Bcn4yko ToBa e
Ceolicmeama Ha mamepusima 8 nspgume mu2o8e Ha Bcenenama? K- MPaBUJIHO.

2/IIOOHHA nAasma?)
Coswecmaygam /iu OONsAHUMEIHUME U3MEPEeHHSs ?
HMma nu Hosa cumempus? SUSY?

Ho Kak egouH
obeKkT
CTaBa MaCuBEH?

7 N\
CuMynauus Ha KBapK \
FNFOOHHa MJsa3Ma npu 2

Qart GuraPlasms

Dark Energy
73%

Atomic Mattf)

4.6% Light / \

Neutrinos

Supersymmetric “shadow” particles 0.005% 0.0034%
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ExkcnepumeHmasiHa npogéepka Ha
Cmanoapmuus Modea u HO8u
e/leMeHmMapHu yacmuyu @ ekcnepumeHma

CMS Ha LHC
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

tt tit t: force carriers
FERMIONS inz 12 372 5, ... BOSONS siin-o0.1.2, ..
Leptons -1z Quarks spin-12 Structure within

“strong charge,” also called “color charge.”
5 cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
p_ tau <0.02 t top ) g} | ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
T neutrino : - interactions and hence no color charge.
T tau 1.7771 b bottom ize ~ . Quarks Confined in Mesons and Baryons
quantum unit of angular momentum, where fi = h/2r = 6.58x10725 GeV s = 1.05x10734 J 5. If the protons and neutrons in this picture were 10 cm across, gy in the color-force field between them increases. This energy eventually is converted into addi-

-- Size < 10°9m
p_ electron 0
€ neutrino
€ electron -1 Nucleus Electron Color Charge
Size < 1078 m
\ _. These charges have nothing to do with the
e a colors of visible light. There are eight possible
One cannot isolate quarks and gluons; they are confined in color-neutral particles called
Om hadrons. This confinement (binding) results from multiple exchanges of gluons among the
:t’:e"a‘rt‘; ‘i‘;a;:st a::‘eo'::""a':“‘;f::’bge:i;‘:”:;?;:"" in tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
i ir w u ¥ : :
Electric charges are given in units of the proton’s charge. In SI units the electric charge of hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in

3 Each quark carries one of three types of
muon Size = 1074 m q typ
v 5 <0.0002
M neutrino
L muon 0.106 types of color charge for gluons. Just as electri-
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
the proton is 1.60x107'? coulombs. nature: mesons g and baryons gqgg.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec- Residual Strong Interaction

tron in crassing a potential difference of one volt. Masses are given in GeV/cZ (remember The strong binding of color-neutral protons and neutrons to form nuclei is due to residual

E = mc?), where 1 GeV = 109 eV = 1.60x10'? joule. The mass of the proton is 0.938 GeV/c? strong interactions between their color-charged constituents. It is similar to the residual elec-
=1.67x1077 kg. trical interaction that binds electrically neutral atoms to form molecules. It can also be

PROPE RTI ES OF TH E INTERACTIONS viewed as the exchange of mesons between the hadrons.

tion Note

Quarks, Leptons Electrically charged Quarks, Gluons m

10-41 : 25 Not applicable
10-41 60 to quarks

Not applicable

-36
10 to hadrons

20

ete” —» BO BO The Particle Adventure

Matter and Antimatter Visit the award-winning web feature The Particle Adventure at

For every particle type there is a corresponding antiparticle type, denot- http://ParticleAdventure.org

ed by a bar over the particle symbol (unless + or - charge is shown). i

Particle and antiparticle have identical mass and spin but opposite

charges. Some electrically neutral bosons (e.g., 2%, v, and M, = ¢C, but not = e o a4
g

hadrons - This chart has been made possible by the generous support of:

U.S. Department of Energy

U.S. National Science Foundation

Lawrence Berkeley National Laboratory

Figures 3 " hadrons ~ Stanﬁ?rd Linear Accelerator Center ) )
These diagrams are an artist's conception of physical processes. They are - N g AN 4 American Physical Sodiety, Division of Particles and Fields
not exact and have no meaningful scale. Green shaded areas represent { . \ i BURLE INDUSTRIES, INC.

the cloud of gluons or the gluon field, and red lines the quark paths.

uarks &
KO = di) are their own antiparticles. juons ~ hadrons

2 ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-

An electron and itro C ] 5 tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
A neutron decays to a proton, an electran, (antielectron) colliding at high ener a 5 vents such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) nihilate to prod 0 and B mesons one are rare bu i a materials, hands-on classroom activities, and workshops, see:

W boson. This is neutron [j decay. a virtual Z boson or a virtual photon. structure of ma
http://CPEPweb.org




XnMmnueckuTe eieMeHTun He cbllecTByBa Apyro ocBeH atoMun U npa3Ho

NPOCTPAHCTBO, OCTAHA/IOTO € MHEHMUe.
ca usrpajeHu ot aToMmu (eMokpuT ~460 np.H.c)

Atomos (Fpbukn) - Hegenum

dann atToMmbT €
dyHagameHTasIHa yactuua?
ATtom ~ 108 cm N

2 Images Schematic diagram of a helium-4 atom.
stitute,0 l}eative Commons Attribution image by Bruce Bilgus

der Creat?\}l;ganan HSSIP 20f‘]l‘:om Wikimedia Commons.


https://commons.wikimedia.org/wiki/File:Blausen_0476_HeliumAtom.png

OTKpuBaHeTO Ha eJiIeKTPOHa

N3yuyaBaHe Ha KaTogHUTe NbUK

ExcnepumMmeHT Ha ToMcbH (Thomson) - 1897

OTHoweHue: e/m - 1.76 102 Clg
P. MunuksH (Millikan) — 1909

en. 3apAag Ha enekTpoHa — 1.60. 10-° C ol

ATomeH mogen Ha TOMCHH

(The Plum Model) [
BeLecTBOTO C MNOMOXUTeneH |
3apAg 3anb/iBa  PaBHOMEPHO \

uesinda atomMm; a €/1eKTPpOHUTEe ca \

pasnpbCcHaTU B TOBa BeLECTBO
KaTto ctapuamn B NyAUHT.

Lead block

z/. |
Radioactive substance Electrically charged
plates
5.CenrremBpu.2017
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OTK\pI/IB/aHe Ha PaAMOAKTUBHOCTTA

AHpu Bekepen (H. Becquerel), Mapusa
u MNMuep Kropu (M. Curie, P. Curie),
B rays bpHecT Pbabpdopg (Rutherford) ...

Y rays Pas3nnuHUTEe BWAOBE pagvauusi ce passmyasar Mo
TAXHATA peakUnsi Ha NPUNOXEHO e/IeKTPUYHO Mone.

TpaekTopumTe Ha a U [ YacTULUUTE Ce 3aKpuBsiBaT B
MPUCHCTBMETO HA E/IeKTPUYHO MoJie, HO B Pas3/IMYHK

/ MOCOKM.
Photographic

plate Y pagnaundTta He Ce BJ/INA€ OT €/IEKTPUHHUTE MOJ1ETA.

o rays
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http://wps.prenhall.com/wps/media/objects/3310/3390185/blb0202.html
http://cnx.org/contents/9abb7cd9-dOb3-4131-bf8b-7a582e07fcaf@2/Radioactive-Decay
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“~Collimator/shield
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EkcnepumeHT Ha Pbabpdopp,
nokKasBa, 4e efiekKTpnvyecknTe 3apaan B atoMa He Ca pasnpenesieHn paBHOMEPHO.

Pbabpdoopa 06CcTpenBa MueHa oT 3/1aTHO 00/IM0 CbC CHOM OT asidha YacTuum
(nonoxunTeneH enekTpuyeckn 3apsg).

[fonsgma yacTt oT YacTuunTe NpeMmHasaT npes MulleHara, Ho CbLo Taka, rosismMa vyact
OT YacTuuuTe GuBat pascesHun Nog pasNYHu bI/in, a HAKON OT TAX ca pa3cesiHu
obparHo Hasag,

AKO enekTpuyeckns 3aps B atoma 6elle pasnpeaeneH XoMoreHHo, ToBa 61 NMo3BoN/IO0
Ha andga yactTuumTe ga npeMuHat 6e3 NpomMsiHa Ha TsIXHaTa NocokKa.

Mo Tasu npuumHa Pbabpdhopa npeanonara, Ye atToMbT € CbCTaBEH OCHOBHO OT NPa3Ho
MSICTO, KaTO €/IeKTPOHUTE Ce HamMMpaT Ha KPpbroBW OPOGUTY OKOO MOMOXUTENHO
3apefieHo MacyBHO S4p0, Pa3nosioKEHO B LLEHTbPA Ha aToma.
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http://socratic.org/questions/how-did-rutherford-s-gold-foil-experiment-disprove-the-plum-pudding-model
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