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1897r. — . TOMCOH
OTKPbI/1 3/IEKTPOH

1919 r.— 3.Pe3epdopa
OTKpPbl/ NPOTOH

1932 — [Ix. YsaBuk
OTKPbIBAET HEUTPOH



HaunHada ¢ 1932r. bbiio OTKpbLITO
6onee 400 aneMeHTapHbIX YaCTuLL

JfieMeHTapHas Yactuua — 3T0
MUKPOOOBEKT, KOTOPbIN HEBO3MOXXHO
pacLLennTb Ha COCTaBHbIE YacTu, U
KOTOpbIM B3aUMOAEUCTBYET C APYrMMMK
MUKPOOObEKTAMUM KaK eInHOEe Liesoe.



dyHOaMeHTanbHble YacTuLbl — 3TO
6ecCTpyKTYypHble YacTULbl, KOTOpble A0
HaCTOSILLEro BpEMEHN He yaanocb onucaTb
KaK COCTaBHbIE.



BennuunHbl, Xxapakrepusyouime
3J/1eMeHTapHbIe YacTULbl

s Macca

» DNEKTPUYECKNWN 3apsia

s Bpems XXusHu

s CnuH (cobCcTBEHHbIN MOMEHT MMMNYbCA)



3ﬂ€M€HTaprle HaCTULUbI AENATCA Ha.

/

(PepMUOHBI —
YacTULbI C
nonyuensim
crnnHoM (1/2 h,
3/2h....)

Hanpumep:
SJ1IEKTPOH,
NPOTOH,
HEUTPOH

N

BO30HbI — YacTuLbl

C uejibiMm CrMMHOM
(0,h,2h...)

Hanpumep:.
(POTOH, [1- Me30H




DepMMOHbI NOAYNHAIOTCH
npuHUuny Maynu

B oAHOM 1 TOM e 3HepreTM4yeckoMm
COCTOSSHUM MOXET HaxoauTcs He bonee
BYX (pepMMOHOB C NMPOTUBOMOIOXHbIMU
CNHaMMW.

BonbdraHr Naynu

aBCTPUNCKNU
PU3NK-TEOPETUK




AHTMYacTMLUA a (31eMeHTapHOM YacTuubl
a) — 3/1eMeHTapHas 4Yactuua, nMetowas (no
OTHOLUEHUIO K @) paBHYO Maccy MoKo#,
OAVHAKOBbIN CMWH, BPEMS XXU3HU U
MPOTUBOMOJIOXKHbIN 3apsa.

YacTuuen, coBnaaatoLLLen CoO CBOEN
aHTUYacTuLUen, aBnaeTcsa OTOH.




B 1931 r. aHMMIMUCKUN
du3uk M. Anpak
TEOpETUYECKM Npeacka3an
CYLLIECTBOBaHME
NO3UTPOHA —
aHTMYACTULbl SNEKTPOHaA.

1. IMPAK




B 1932 r. no3nTpoH 6bin
3KCNepUMEHTAasIbHO OTKPbIT
aMepUKaHCKUM (PU3NKOM
KapnioM AHAEPCOHOM.

K. AHAEPCOH

B 1947r. 6611 06bHapy>XeH aHTUMWOH.

B 1955 r. — aHTMNpOTOH, a B 1956 T.
aHTUHENTPOH.



AHHUIMNAUMS — NPOLECC B3aUMOAENCTBUS
3/IEMEHTAPHON YacCTULibl C ee
aHTMYaCTULEN, B pe3ysbTaTe KOTOPOro
OHW MpeBpalLatoTcs B POTOHbI UAU Apyrue

4acTULbl. e+ et —y+y
[pouecc obpaTHbIV % o
aHHUMUNALMNA: YT—re te




AHTUBELLECTBO — BELeCTBO COoCcTosLlee
M3 aHTUHYK/IOHOB N NO3UTPOHOB

B 1969 r. B Haweun cTpaHe bbin nony4eH
aHTUrEeNun,

3aTeM 6bIn NoMyYeHbl aHTUAENTEPUN,
aHTUTPUTUN.

AHTMBELLIECTBO — CaMblll COBEPLUEHHbIN
MCTOYHUK SHEPrnK, CaMoe KaslopUNHOE
«roproyee»



= AJPOHbI — 3NIEMEHTAPHbIE YaCTULIbI,
yYyacTBYIOLME B CUIbHOM
B3auMOAEeNUCTBUMN.

= J1enToHbl —®YHAAMeHTalbHble
4YacTuLbl, He y4YacCTBYOLLUME B CUIbHOM
B3aMMOJENCTBUM.



[1Nn9 BblAeneHnsa Kiacca nNenToHOB
BBOAUTCS KBAHTOBOE YUCIIO —
JIENTOHHbIM 3apsia L. [lng nenToHOB
L=1, ana aHTUnenToHoB L= -1, an4
agpoHoB L=0.



JenTOHbI M MX XapaKTePUCTUKM

ks _ Cumson Macca L f(ﬁsey:
e yac- | aHTH- 3, 5 MaB - '
TMua | 4actuua
ONEKTPOH e et 1 0,511 1 | Crabunen
I JNEKTPOHHOE HEUTPUHO | V, \78 0 |0(<1,4-10) |41 |CrabunsHo
Mioos U ut 207 105,66  [£1| 2,2-10°®
: MiooHHOE HEHTPHHO v, \7Ll 0 0 (<0,25) |1 |CrabunbHo
Taon T | 3492 1784 1| 10718
. TaoHHOE HEUTPHHO V, ‘7: 0 0(<35) |11|CrabuibHo




MIOOH 6bI/T OTKPBIT B KOCMUYECKUX JTyHaX
B 1936 r. (Ha 1cM? NOBEPXHOCTU 3eMnu
KaXkAyto MUHYTY NagaeT OAMH MIOOH).

[1na peakuun pacnaga MHOOoHa
BbIMO/HAETCA 3aKOH COXPaHEHUS
NIENTOHHOIrO 3apsaAaa.



B 1975 r. 6611 OTKPLIT CaMbl TAXKENbIN
NENTOH — TAOH.

[na peakuun pacnaja TaoHa TakXxe
BbIMNOJIHAETCA 3aKOH COXPaHEeHUa NenTOHHOro
3apdaaa.



K Knaccy agpoHOB OTHOCATCS
okono 300 yacTuy, y4acTByoOLWMX B
CUIbHOM B3aUMOAENCTBUN

s Me30Hbl- 6030HbI CO CMUHOM, paBHbIM O,
h.

s bapnoHbI- PEPMUOHBI CO CMUHOM,
paBHbIM h/2, 3h/2.




[1-Me30Hb! (IHOHK)

Ha-Me30RH (KaoHH)

Ja-HY b-Me3on




[1ns BblaeneHus knacca 6apnoHoB
BBOAMTCS KBAHTOBOE YNCI0 —HapUOHHbIN
3apsaa B. [nsa 6apuoHoB B=1, ans
aHTubapuoHoB B= -1, y yactuu, He
asnaowmmmnca 6apmoHamm B=0.

Bo Bcex B3anMoaencTBusax 6apnoHHbIN
3apsi COXpaHSEeTcs.



% IIporon D p 1836,1 1 | Crabunern (?)
S | HeiiTpon n n 1838,6 0 |10°
ey
oo
Tunepon-naméza | A° A | 21831 0 (2,63-107"
;‘3 T'unepoH-curMs 3+ i | 2327, 118.107"
2 o | T, | 23335 | 058.10°%
A x 2= | ¥ 2343,1 | —1 [1,48.10°
Q.
| =
& | TunepoH-Keu g B | 25728 0129.10°10
g 2~ | 25856 | -1 |1,64.107'°
Omera-munyc-
r'UIepoH Q Q 3273 —11/8,2.107"




s B 1963 r. amepukaHckue
DOU3NKN-TeopeTnkn x. Lipeunr
n M.I'enn-MaHH BbIABMHYA
rmnoTesy O TOM, YTO aApPOHbI
COCTOAT U3 KBApPKOB.

s B 1969 r. akcnepmnMeHTanbHoe
NoATBEPXKAEHNE KBAapKOBOU M TEEEMAHH
CTPYKTYpPbl apOHOB MNPULLIIO U3
CTaHpopaa.




= U (up) — BEpxHUKN KBapK

s d (down) — HMXKHUN KBapK

» S (strange) — cTpaHHbIN KBapK

s t (truth) — NCTMHHBIN KBapK

= B (beauty) — npenecTHbin KBapK

= C (charmed) — o4apoBaHHbIN KBapK



XapaKTEPUCTUKN KBApPKOB

K]apx(apomar) AHTHKBADK (D0Mar]
s | 0| e |98
et || 1 0,61 e | -1
b |13 1 d5b [+ -1




KBapkoBas CTPYKTypa aJpOHOB

s bapuWOHbI COCTOAT U3 TpeX KBApPKOB.
p= (u;u;d), n= (u; d; d)

s Me30Hbl COCTOAT U3 KBapKa U aHTUKBapKa:
[M"=(u; d )



Ka)xabl TN KBAapKOB MOXET UMETb
TPW LBETOBbIX 3apada: KpacHbIN,
CUHUU N 3eneHbin. Bce aapoHbl
LIBETOHENTPASbHbI.

TaK Kak cyllecTByeT 6 KBapKoB 1 6
aHTMKBAPKOB, Ka)XAblK U3 KOTOPbIX
MOXXEeT UMeTb 3 LiBeTa, TO NMOJIHOoe
YMCNO KBApPKOB paBHO 36.



CDYH,EI,a MEHTAJIbHbIMN HaCTULUAMU ABNAKOTCH

NENTOHbI N KBapku. Bce dyHaaMeHTanbHblE
4acTuLbl — PEPMUOHDI.

TakuM 06pa3oM, oKpyKatoLast HacC
BceneHHasa cocTouT m3 48

PyHAaMEHTAJIbHbIX YaCTHUL.




