o Jp YenoBek B Mupe
s aTOMHbIX faep



AnepHan ¢ou3mka B UHTepHeTe

VuehHEIe MATEPHATEI Kypca
"dmAKa aTOMEOrO AApa | 9acTHD’’
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PuzEka AApa °H TacTHO. XX BeK

YacTHOR H ATOMHEIE HAPa

Mmapranxa gaa ormaaaaka (QacTEns: B aapa)
IIporpamma kypca "®r3Eka aapa & TacTER"
Jlexnan mpodeccopa b.C. Hmxanmoea (2017 &)
Jlexnan mpodeccopa H.M. Kanaronoea (2017 1)
YacTHOL H aTOMHELIE 4Apa (0CHOBHLIE BONPOCHI 0 KYPCY)
ObszaTensALIe BONPOCK ATA TONYCEA K 3K3AMEHY
Tomgapoea. CemaRape mo pHZEKe AApPa H TACTHI
Cemuaaapsl mo pHE3HEKe TACTHI H AaTOMHOTO AAPA
Janaqnm B pemeaAn

Onmcanss 337249 00mero SAepHOT0 NPAKTHEYMA (pEZATcKOre akyanTera MIY

Temr1 KypCoBRIX paboT AAS CTYIEHTOR ETOPOTO Kypca

Mareprans coenxypcoe
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Hcropas aromHOro sapa

Muaxposmup u Becenennan

Mopenn aToMEERIX Agep

12 nexnni# mo puzEKe aTOMHEOrO AOpa

Anepnsie peaxnan

Anepnnie peaxnan (zagaan)

KraaTOBa% TEOPHN CTONKHOBEHHH

@oroageprsie peaknun. CoBpeMeHHBIE CTATYC IKCHEPAMEHTANBHBIX AaHHBIX
BzammopeiicTeHe (JOTOHOB H 3IEKTPOHOE C ATOMHBLIME SAPAMH
CavMeTpHE (OTORAEPHEIX peaknail

@oTospepHEIe peAKIHE H acTPo(hHIAKA

THrasTcKHE JHN0NLHEIH Pe30HAHC ATOMHEIX Sep
HAnepras pezonascHan quryopecnennas
JnexTpoMarHNTHEIE B3aHMONEHACTEHA A1ep

PaccesiHHe .IeKTPOHOE Ha SAPAY H HYKJIOHAX
JxzoTHIECKHE AApa

Jenenne ngep

PapmoakTREHOCTE

Hyxneocnate: eo Beenennoi

AromEanie apa H 0aHKH ANEPHLIX JAHHLIX

Avomanie sapa. (cHOBHEIE TapaKTepECTEKHE

Ba3el AepHLIX JAHHLIY B Hay9HEY HCCISIOBAHHAX
PazEKka AApa B DaHKH AAEPHEIX JAHHLIX

Beegenne B ¢puzaxy mExpomEpa - PH3HKA 9aCTHD B Agep
PEzHKa 3IeMeHTAPHEIX TaCTHI

AnTEMarepan

PEzHKa ELICOKHEX YHEPTHHA H 3JIeMeHTAPHEIE 9aCTHOEL
AxcHOMEI KEAHTOEOH MEXaHHEKH

PazaKa MEKpPOMHEpA

IlpoexT Kadeaprl odmei aneproii puaake praageckoro paxyanrera MIY
ocymecTeaneTca npu noagep:xxe HHHAD MI'Y.

Mareprans: xypcos MK
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Jenoeek E MEpE aToMERIX agep (2018 )
Mexpomep u Beenennas (2017 )

Ta#insr atomewx agep (2017 )

Poxpenne u xa3ns aromasx agep (2016 )
HAnepnan ¢uzaxa u genorex (2016 r)

Mep aromusx agep (2015 r)

Poxnenne u xa3ns aromasx agep (2015 )

Pazmoe

Ilonck mo cadTy
MaTepEankl HAYIHOre ceMAHApa Do aaepHol duzaxe HHHAD MITY
Yo HoROTO HA caifiTe
100-neTHe oTKpHITHA aToMHEOrD AApa. Pezepdopy
Hobenerckne qaypeaTss mo hazake
XporHka oTKPEITHA B (HZHKe AAPa H TACTHIT
@ororpadun B 6rorpaden dpuzEKOR
Cosmic ray / Gamma ray / Neutrino and similar experiments (rarasTcroe
KOIH9IECTEO MONEZHEIX CCRUIOK)
Ccplnkn Ha pecypchl Io AaepHol pHIHKe
IMxone, ceMARAPEL, paloTRe CORSMARAN, KOH(epeHHN
xonsx IEPHa
PHIAKA ATOMHEOTO AApa H 9acTan B YOH
PedrepaTnr crymerToR
HETepakTHEHEIE OPOEKTHI
DHIAKH yTAT
O caiite

CopaeodnLnie MATEpHAIET

* *F ¥ T ¥F F*F rF T v r w ¥
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Yacranw u aromusie aapa. (Jcaorabie moasTHR
Kapra atomasIx sgep

XapakTepHCTHEH HyKIHIA

Baza fanHbIX 00 ANePHLIM PeaKmATM

Baza afepHO-CHeKTPOCKONHIECKAY JaHHBIX
Anepanie gammnie (CDFE)

Anepanie gnammasie (BNL)

@uznka aToMHOTO SApa B 9acTan B Primqeckol sEnEKI0OnETHE
06z0p mo dazEKe TacTHN

Tabmaner 3acTED

KoncTanTh H efHHHNLI HIMEpeHnH

I'pesecknii andasur



NMPUPOLOA MATEPUN



NMnaHetbl CoONHEeYHOU CUCTEeMbI

- —
PLUOTO

MEPTUNE

‘ VURANUS

MARS g SATURMN

EARTH g JTUPITER

UNIVERSE

- SEMALL BODILIES

CpenHee
paccTosiHue MnoTHoOCTD, D,Mame'rp, Kon-Bo
NMnaHeTa 3 TemMmnepatypa
oT ConHua obpaweHuns | BpaleHus rlcm CMYTHUKOB

Mm-_
| Bewepa | 072 | 2247cyr | 243cyr | 55 | 6050 [4910% | 0 | 480 |
" 3emnn | 1,00 | 36524cyr | 24vac | 552 | 127563 [610% | 1 | 22
| Mapc | 152 | 687cyr | 245vac | 395 | 6780 |6410* | 2 | -23 |
 Onutep | 52 | 119ner | 10wac | 1,33 [ 142600 [1,910” | 16 | 150 |
| Catypn | 954 | 295mer | 10,2vac | 068 | 120600 |5710° | 30 | 180 |
| Ypaw | 1918 | 84roga | 17wac | 1,26 | 51200 [8,710 | 15 | 215 |
| _Hentyw | 3006 | 1648ner | 17.8vac | 1,67 | 49500 [1,0310”) 6 | -217 |
| Nnyton | 3944 | 247.7ner | 64cyr | 017 | 3000 [1,79110%] 1 | 223 |




JrieMeHTapHble YacTulbl BellecTBa.
U3 yero Bce caoenaHo?

ApucToTenb demokpur
384 — 322 rr. OO H.9. 460 — 360 0o H.9.

ATOoM — Hegenumas
yacTuua matepuu




[. N. Menpenees

AHTyaH JlaByasbe

1743 — 1794 1834 — 1907
| 1|-| ‘He
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I'HEI ;IEMH EA| | 145. P | 18§ | 17 BAr
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OCHOBHbI€ MOHATUS KITaCCUYECKON (hn3nKu

Knaccuyeckas MexaHuka
« InuHa
* Bpema
« Macca

ArieKTpoMarHeTu3m

o JneKTpuyeckne sapsabl
o ONEeKTpU4eckme rnons
 MarHmnTHble Nons

e OneKTpomMarHMTHoe none



Knaccuyeckas mexaHuka. [IBnxeHue

ApucToTens Fanuneo MFanunein  WMoraHnH Kennep Ncaak HbloToH FeHpy KaBeHauLL
384-322 po H.a. 1564 — 1642 1571 — 1630 1642 — 1727 1731 - 1810
3akoHbl HbroTOHa 3aKOH BCEMUPHOro TAroTeHus
1. 3aKOH nHepunn m.m
F=0, a=0, V=const F G—L—2%
2. YCKOpeHHOEe aBUXeHne ;/
F=ma

3. Ecnu teno 1 gencteyeT Ha Teno 2 ¢
Kakon-nmbo cunon, To Teno 2
aencTteyeT Ha Teno 1 ¢ paBHOM
NPOTMBOIMOSIOXKHO HanpaBfIEHHOM
cunou

—

F =_F

12 21



ANeKTPOMarHeTu3m

Wapnb KyroH AHppe Mapu Feopr OM AneccaHgpo  XaHc KpuctunaH
1736 — 1806 Amnep 1789 — 1854 BonbTa JpcTen
1775 - 1836 1745 — 1827 1777 — 1851

YpaBHeHus
MakcBenna

divE =4np
divB=0

rot £ = —16—3

FeHapuk NopeHy, — Maiikn ®apageii [eHpux lepy  xenmc Makcsenn
1853 — 1928 1791 — 1867 1857 — 1894 1831-1879  p_47 . 10E
A
C C




JeTepMUHU3M

[Mbep Jlannac
1749 - 1827

«MbI MOXXeM paccMmaTpuBaTb HacTosiLLlee COCTOSAHUEe
BceneHHOM KaK crneacTtBMe ero NpoLusioro v NpUYnHy ero
oyayuwero. Pazym, KOTOpOMY B KaXAbIu onpeneneHHbIN
MOMEHT BpeMeHU ObInn Obl NU3BECTHbI BCE CUTbI,
npuBogsALline npupoay B ABMXEHUE, U NOJI0XKeHne Bcex Ten,
U3 KOTOPbIX OHa COCTOUT, OyAb OH TaKXe AOCTAaTOYHO
oOWwupeH, 4ToObl NOABEPrHYTb 3TU AaHHbIe aHanNu3y, cMor Obl
00BbATbL €eANHBLIM 3aKOHOM ABUXEeHMe Befidyanwiunx ten
BceneHHon n menb4yauluero atoma; Ans Takoro pasyma
HU4Yyero He ObINO Obl HESAICHOrO U byAayLllee cywecTBOBaro obl
B €ro rrasax TO4YHO TakK Xe, KaK npownoey.



2 3Tana pasBUuTUN PU3NKN

Knaccunyeckasn pusunka

MexaHuka. TepmogmHamMmuka. dnekrtpnyectso. MarHetnam

XX BekK

CoBpemMeHHasn pusunka.

KBaHTOBada pmanka. Penatuemucrckaa puanka

Knaccunyeckaa dusmka

Penatnencrckasa dusmnka

c =3 -10' cm/cek

KBaHTOBas ou3mnka

h=4,110"" 3B/cek

PenatnBmucrckas
KBaHTOBaA (pm3nkKa




1905 r. NNocTynaTtbl 9UHLWITENHA

1. Bce opnsmnyeckme 3akoHb!
OANHAaKOBbI BO BCEX
NHepumManbHbIX cucTeMax
oTcuyeTa, ABUXYLLNXCS
OTHOCUTENbLHO ApYyr Apyra
nocTtynartenbHO U paBHOMEPHO.

AnbbepT SNHWTENH

1870 - 1955 2. CKopoCTb cBeTa B NMycToTe
o 4 OMHAaKOBAa C TOYKW 3PEHUS BCEX
p=—1 2 HabnogaTtenen He3aBUCUMO OT
1 ViV, OBMKEHNSA UCTOYHMKA CBETAa

c’ OTHOCUTENbLHO HabnogarTens.



3ameaneHue BpeMeHu o

Y
VIHTepBan BpemMeHU, U3aMepeHHbIN B ABUXKYLLLENCA CUCTEME
oTcyeTa S', ANIMHHEE UHTEpPBAsria BPEMEHMN B MOKOSLLIENCS
cucTteme oTcyeTta S. {

CoKkpalieHue ANnNHbLbI

Pasmep nuHenkn, ABUXyLLENCA napannefbHO CBOEU OCU B
cucTteme oTcyeTa S', Kopoye pasmepa NIMHENKN B NOKOALLLENCS
cucteme oTcuyeTta S.




CBeT. BonHa? Yactmua?

1801 r. T. FOHr. BonHoBasa Teopusa cBeTa

\ [ ’

B onbite KOHra cBeT OT MUCTOYHMKa Magan Ha Henpo3padHbiU 3KpaH ¢ ABYyMSA ONM3KO
pacnonoxeHHbiMu wenamu. Okaszanocb, YTO U300paxeHne Ha 3KpaHe COCTOUT U3 HECKOJNbKUX
UHTepthepeHUNOHHbIX MOSIOC, YTO HarnsagHo [OEeMOHCTPUPYHOT BOJNIHOBYH MNpupoay cBeTa.
MHTepdhepeHUMOHHAA KapTMHA SIBHO 3aBUCUT OT [ABYX LUeneu NopoXAakwlwux ABe BOJSHbI,
KOTOpble HaknagbliBalOTCA APYr Ha Aapyra. Ecnu 3akpbiTb 0AHY U3 Wwenen nMHtepcgepeHUMoHHas
KapTUHa UCYe3HeT.

B TO Xe Bpems, ecnn 3aMeHUTb 3KPaH AEeTeKTOPOM, CNOCOOHbLIM K perucrpauum otaerbHbIX
yactuy (Hanpumep, poTonNNIacCTUHKOU), TO OOHApPYXUTCA, YTO CBEeT, Bbi3bIBalOWMUU NOYepHEeHUue
¢oToaMynbLCcuUM B onpeaenéHHoM MecTe, COCTOUT U3 OTAESbHbIX YacTuL, — )OTOHOB.

B aToM nposiBunacb BOJSIHOBas U KOPNYCKynsipHaa npupoaa ceBeTa.
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1900 r. M. NMnaHkK. U3ny4yeHune YepHoOro tena

Pacnpe/:l,eneHme NJIOTHOCTU SHEPTNN U3NTYHEHUA B MNMOJ1I0OCTH

3 -5
U(T.v) = 8thv 1 81thcA

, U(T,A) =
> exp(hv/kT) -1 (1.A) exp(hc/AkT) -1

Penen - [I>XXWHC

NHTEHCMBHOCTb

27‘[ 5 10 15 lmkz'o
h=6.58-1002M>dB-c

HobGeneBckasa npemusa no chusuke
1918 r. — M. lNnaHK.
3a OTKpbITME KBAHTa 3HEPIUA



PoToadhdekT

1887 r.I'. T'epu, A. CtoneTosB.
1905 r. A. AMHWTENH.

E=h-W ”VH%&/E

W - pabota BbIX0/1a AJICKTPOHOB |

* Yucno BbICBOOOXAaeMbIX 35IEKTPOHOB NPSAMO NPONOPLIMOHANbHO
WHTeHCUBHOCTM Najalollero ceeTa.

* MakcumanbHasi KNHeTU4YecKasli 3Heprusi aNeKTPoHoB E 3aBUCUT OT
4acToTbl Vv U HE 3aBUCUT OT MHTEHCUBHOCTMU NagaloLero ceeTa.

° JHeprusa aneKTpoHoB E sBnseTcs NMHenHOU pyHKLMEN YacTOoThbl
nagarowero ceeTta v.

° CyuwecTByeT rpaHM4yHasi YacToTa cBeTa Vv, , HUxe KoTopon oToadheKkT
HEBO3MOXEH.

HobGeneBckasa npemusa no chusuke

1921 r. — A. QNHLUTENH.

3a BKNnapg B TEOPETUYECKYIO (PM3NKY N B OCODEHHOCTU 3a
OTKPbITUE 3aKOHa POTOINNEKTPUYECKOrO dIdhdeKTA



MHUA Ky
monubaeHa

PaccesHue Ha
p 4 rpaduTe nop
yrnom 4

PaccefaHnue
noj yrnom

f\ 90°

630’

70

7°30°

Yron paccenHvs

b ekt KoMmnToHa

Akzk’—hzh(l—COSO)

mcC

3aBNCUMOCTb MHTEHCUBHOCTN KOMMNTOHOBCKOIO
pacceaHusa oT yrna paccesaHua potoHa. ['lnkm cnesa
Ha BceX rpadoukax orseyaroT oToHaM C UICXOQHOM
ONMHOW BOJSIHbI, KOTOPblEe paccenBalTCA Ha CUIBbHO
CBSA3aHHbIX 3JIEKTPOHAaX ¢ 3P EKTUBHON MACCOU,
paBHOM Macce aToma.



1922 r. A. KoMnToH. A ekt KomnTtoHa

Ynpyroe paccesHue ooToHa Ha CBOOOAHOM 3J1IEKTPOHeEe

v T

A r/_/"J

Y M/W\,\O
o

e B paccessHHOM u3ny4yeHun HaGnwpalTCA ABe ANMUHbI BOJNHbI —
nepBoHavanbHas ANIMHA BOJSIHbI A U AONONHUTENbHAA A’
e InuHa BONHbI A" Bceraa oonblue A

e [InuHa BOMHBLI A’ 3aBUCUT OT yrna paccesiHusi O U He 3aBUCUT OT
npupoAabl paccenBaloLLero BellecTBa

Akzk’—hzi(l—cosﬁ)

mc

HobGeneBckasa npemusa no pusuke
1927 r. — A. KoMmnToOH.
3a OTKpbITME 3dbdeKTa, HA3BAaHHOIO ero UMeHeM




UHTepdhepeHUns aneKTPOHOB Ha ABYX LUEensX

JleTexkTop
HUcTOYHHK 371eKTPOHOB

——3 I

.

e

2

JKpaH I[eTe;cTop

1927 r.
K. OlaBuccoH u J1. [xepmep n HezaBncumo ot Hux [x. . ToMCoH noka3sanu, 4To
ANS nydYka aNeKTPOHOB, KaK U A1 CBeTOBOro ny4ka, Habnrogaetca siBrneHue

uHTepdepeHUnN.



BonHoBbLIe cBOUCTBA YacTul

1924 r. JIyn ne bpoinb. «Koraa 3akoHunsIacey nepeasi MUpoBas
BOMHA, 1 MHOTO Pa3MbIIIISI O KBAHTOBOW TEOPUU U O
KOPITYCKYJIIPHO-BOJIHOBOM Jayanu3me. IMEHHO Toraa MeHs OCeHuIa
onectsimas uaes. KopnyckynsipHO-BOJIHOBOM yainu3M DUHILITEIHA
HOCHUT BCEOOIIMHN XapaKTep U pacIpOCTPAHAETCSI Ha BCE 0OBEKTHI.

(1892 — 1987)
CoorHomenus ne bpouis

h p

B ciay4dac (I)OTOHOB AHAJTOI'NMYHBIC COOTHOIICHUA CIICAYIOT N3 YCIOBHS KBAHTOBAHUA
OHCPI'UU U pCHHTHBHCTCKOﬁ CBA3HU MCIKIY BHGPPHGﬁ U UMITYJIbCOM AJIA 4aCTHIl C

HYJIEBOU MAaCCOM MOKOAI.
hc
E=cp=hv=—
A

HoGeneBckasa npemus no chmnsunke
1929 r. - J1. ae Bponnb.
3a OTKpbITUE BOMHOBOM NPUPOAbl 3NIEKTPOHOB



KopnycKkynsipHblie n BONTHOBble CBOMCTBA 4YacTUL.

MpuHUMN HeonpeneneHHOCTU

JKkcnepuMeHTanbHoe nNoATBepXAeHUue wuaen KopnycKynsipHO-BOSIHOBOIO
Ayanu3mMa npuBeno K nepecMoTpy NpUBbIYHbIX NPeACcTaBNeHUA O ABMKEHUN
yacTuy U cnocobe onucaHua YacTuu. OnA Knaccu4eckux MaTepuanbHbIX
TOYEK XapaKTepHO ABWXeHue Mo onpeaerieHHbIM TPaeKTOpUsIM, TaK, YTO UX
KoopAMHaTbl U UMNYINbCbl B NKOOOA MOMEHT BPeMeHU TOYHO U3BeCTHbI. [Ans
KBaHTOBbIX YacTuL, 3TO yTBepXaAeHue HenpuemrnemMo, Tak Kak Ansi KBaHTOBOWM
YacTuubl UMNYNbC YacTULUbl CBA3aH C ee ANIMHOW BOJSIHbl, @ FOBOPUTb O
ANWHe BOJIHbI B AaHHOM TOUYKe NpocTpaHcTBa 6eccmbicneHHo. Moatomy ans
KBaHTOBOM 4YacTulbl Henb3si OQHOBPEMEHHO TOYHO onpeaenuTb 3Ha4YeHusA ee
KoopaMHaT M uMmnynbca. HeonpegeneHHOCTb B 3Ha4eHUMU KOOpPAUHATLI
yactTuubl AX M HeonpeaeneHHOCTb B 3HAaYeHMU KOMMOHEHTbl MMNyrnbca
YacTuubl Ap. CBSI3aHbI COOTHOLLUEHNEM HeonpeaeneHHOCTH,

ycTaHoBneHHbIM B. NenseHbeprom B 1927 roay.
. ~
Ax-Ap_~h

Ecnun Bpems X1U3HN HEKOTOPOro COCTOSAHUA paBHo Af, TO HeonpeaeneHHOCTb
BEeNIMUYNHbLI 3Heprumn atoro coctosiiua AE He moxeT 6bITb MeHbwe AL /7.

AE -At = h

HoGeneBckasa npemusa no pusunke
1932 r. - B. Nen3eHObepr.
3a co3gaHne KBaHTOBOW MEeXaHUKU

B. NenseHbepr
1901 — 1976



Knaccu4yeckasa omnsuka

X, p,t

—_

F =ma
dU d’x

—=m 5
dx dt
H=U+E

KBaHTOBasa chusunka
W (x,1)

@w
=" — (U +E
Py ( )17

Ap -Ax=h
ﬁszw
Py 5




1895 r. PeHTreHOBCKMe nyun

1895 r. B. Pentren otkpbul X-J1y4u, BIIOCIEACTBUN HA3BAHHBIE €M0 UMEHEM.
PenTren oOHapy:kuJj, 4TO KOrJa KaTOAHBIE JIYYH MAJal0T HA CTEKJIO TPYOKH
WM HA MUIICHb, BHYTPU TPYOKH BO3ZHHUKAET U3JTYYECHHUE, KOTOPOE MPOHUKAET
4yepe3 HENpO3payvHbIe JUIsI OOBIMHOTO CBETA MaTepHaibl, BO3JCHCTBYET Ha
(bIIFOOpECIIMPYIONINE MaTEpHUabl U (POTOILIACTHHBL.

/ -

/
HUTH HaKasa

o~

}\

aHO T KaTOIHBIC JTyUH KaTo]1
PenTreHoBckas TpyOka

JIJIMHAa BOJIHBI pEHTI€HOBCKOro M3aydeHus 3-107 107" wm.
J{iuHa BONHBI BUAMMOTro u3nydeHus 4-107—-8-107 wm.

HobeneBckas npemus no ounsmnke
1901 r. - B. PeHTre-H.
3a OTKPbITNE Ny4YEWN, HA3BaHHbIX EM0 UMEHEM



PaanoakTuBHOCTb

1896 — A. bekkepenb.

OTKpbITUE PaANOAKTUBHOCTH
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HobGeneBckasa npemus no cpusunke

1903 r. — A. beKkKkepernb.
3a OTKpbITME PagNOaKTUBHOCTH

1903 r. — IN. Kropu, M. Kropn-CknopgoBckas.
3a nccnegoBaHUda pagMoakTUBHOCTU

Antoine Henri Becquerel
1852 — 1908



PaanoaktTuBHOCTb

1898 r.

Mapua n INbep Kropu Belgenmnnu v
N3y4Ynnn pagnoakTUBHbIE
anemMeHThl paaun Ra (Z=88) u
nononunn Po (Z=84).

HoGeneBckasa npemus no cpusunke

1903 r. - . Kropu n M. Kiopu-Cknoposckas Mapusi n lNbep Kiopu
3a nccnenoBaHusa pagavoakTUBHOCTY

HoGeneBckasa npemusa no xumummn

1911 r. — M. Kiopu. 3a BblgatoLimecs 3acnyru B passutum XMMnH:
OTKPbITME 3IEMEHTOB pagus N NONoHUA, BblaerieHne paaus n nsyvyeHune
npupoabl U COeANHEHNN 3TOro 3aMeYyaTeNnbHOro afieMeHTa



1899 r.

9. Pesepdopa
OTKPbIS, YTO ypaH
nanyyaert
NONTIOXUTESIBbHO
3apsXKeHHbIe
a-4acTuubl U
oTpuuaTesibHO
3apsXKeHHbIe
B-yacTuubl.

OpHecT Pesepdopa
1871 - 1937

HobeneBckas npemMusi o XxmumMmmm

1908 r. - 3. Pe3epdopn
3a uccriegoBaHNA NO NpeBpaLleHUIo 3fIeMEeHTOB U 3a
XUMUYECKUe uccrieqoBaHuUsA paanoakTUBHbIX BeLleCcTB.



ANEeKTPOH

1897 - k. . ToMmcoH. OTKpbITUE 3N1eKTPOHa
1904 - Ox. k. TomcoH. Mogenb atoma
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HobeneBckas npemus no unsmnke

1906 r. — . [xx. TOMCOH.

3a bonbLuMe 3acrnyrn B TEOPETUYECKMX U SKCNEPUMEHTANTbHbIX
NCCreaoBaHUAX ANEKTPUYECKON NPOBOAMMOCTM ra3oB



1911 r. OnbITbI NO paccesHUIO a-4yacTuu,
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KOAAUMAITIOP Pons2a

Cxema JKCrnepumMmeHTa, B KOTOPOM UCCIie4oBalJioCb pacCeAdAHNEe anbcba-qacmu,

] 0 197Au > o+ 197Au
1
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N3 onbiTOB NO paccedaHno a-4acTtul crieagoBario, 4H1To MacCa atomMma

NPaKTUYECKM MOSTHOCTBIO COCPeaoTOo4YEHa B HEDONbLLLIOW LIEHTPASIbHOMN
4yacTn aToMma — aTOMHOM sa4pe.



OnbiT Pe3epdopaa

/,Fma/r’-

3aBUCUMOCTb CUNbI, AEUCTBYHOLEN Ha TOYEYHbIN 3apaa, OT PaCCTOAHUA r
A0 LeHTpa OaHOPOAHO 3apshkeHHON cdepbl paguycom R.



1919 .
[lpoTOH

9. Pesepdopa
OCYLLECTBUI NEPBYIO
MCKYCCTBEHHYIO
A0EPHYI0 peakLuio
“N(a,p)'”O n gokasan
HanM4yMe B aTOMHOM
A7p€e NPOTOHOB.




OTKpbITUE HENTPOHA

1932 .
9 12
a+ ,Be—>n+ [C

k. YagBuk
1891 - 1974

My4yox c-vacTry Mapadgmnu MoHnsaumoHHan

Myuon Kamepa
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Myvow bl‘(}MHHHﬁ
HEeWTPOHOB

Bepunnun OHuo

HobGeneBckaa npemusa no consunke
1935 r. - x.YenBuk
3a OTKpPbITUE HEUTPOHA



ATOMHOEe AApo

ATOMHOE A4p0 COCTOUT
M3 NPOTOHOB N HEUTPOHOB.

Z — 3apag agpa, Yucro NpoToHOB B A4pe
N — 4ynucrno HeUTPOHOB B A4pe
A =N + Z — maccoBoe yncno

Z =82

208
, Pb N = 126

A =208
fApopa ¢ ogHUM U TeM Xe 3Ha4YeHueM Z, HO € pa3HbIMU 3HAYEeHUAMM
A Ha3biBawTCA uzomonamu. Pa3nn4yHble n3otonbl AaHHOIo
anemMeHTa 0603Ha4YaroT, NPUNUCbIBaAsA K CUMBONY XMMUYECKOrro
3yieMeHTa BEepPXHUU MHOEKC — MaccoBoe Yyucno A.



KBaHTOBbLIU MUP

1895 r. B. PeHTreH. PeHTreHoBckue nyyu

1896 r. A. bekkepenb. PagnoakTMBHOCTb

1897 r. [IXX. TOMCOH. OneKTpoH

1911 r. 3. Pe3epdopa. ATomHOe S4p0

1924 r. Jlyn e bpounb. BonHoBbIe cBOUCTBaA YacTul

E=hv p=hlA



Kak ycTtpoeH Mup. 30-e roabl XX Beka

n".’.ﬂ‘l Es

el

B cepeauHe 30-x rogpoB XX BeKka ¢uianyeckas KapTuHa mMupa
cTpounacb UCXoAs U3 TPEX IJIeMEeHTapPHbIX 4YacTUL, — 3JIeKTPOHa,
npoToHa U HenTpoHa. BewecTBO COCTOUT U3 aTOMOB U MOJIEKYn, B
cocTaB aTomMa BXOAOAT 3JieKTpoHbl. OCHOBHYKHO Maccy artoma
coCTaBIiIieT aTOMHOe AP0, cocTosiLee U3 NPOTOHOB M HEUTPOHOB.



g N-Z guarpamma aToMHbIX agep

100

o T == 1. Z=const- u3oTonbl
ool N=const — N30TOHbI
[r"'HI - A=const — ns3obapboil

M=8 | | I I
50 100 150 200 N

CTabunbHble sgpa rpynnupyroTcs BONM3n 4oNnHbI CTabUNbLHOCTHU

A
L= 213
1.98+0,0154




1932 r. K. AHOepCoOH.
[TO3UTPOH e*

M= 0,511 MaB

ot Lo 3 y s s

HabnoaeHue no3ntpoHa B Kamepe BunbcoHa B MarHUTHOM norne. TOHKasA
U3OrHyTasli npepbiBUCTas NMNHUA, naywaa CHU3y BBepPX — TPEK MNO3UTPOHa.
TemHas nonoca, nepeceKkarwwasa TPeK - CNOM BelWecTBa, B KOTOPOM
NMO3UTPOH TepseT YaCcTb 3HEepPruu, N No BbIXOAe U3 KOTOPOro ABUraeTcsi ¢
MEeHbLUEen CKOPOCTbI0. [I03TOMY TPEeK UCKPUBJIIEH CUSbHee.

HoGeneBckasa npemus no cpusunke

1936 r. — K. AHAepCOH.

3a OTKPbITNE NO3UTPOHA

1927 r. — Y. Bunbco-H.

3a OTKpbITME MeToda, AeNalLwWero BUANMMbIMU TPAaEeKTOPUN 3apsXKEHHbIX
4acTuL C NOMOLLbIO KOHOEHCaAUMK napa






1947 CTpaHHble YacTuubl

T +p—->A+K°
AN—>p+r

K S rt+n

HobGeneBckasa npemusa no chusuke
1960 r. — 1. Nne3ep.
3a n3obpeTteHne Ny3blpbKOBOW KaMepbl
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[lomoe cevere, MO

1952 OnemeHTapHble YacTUubl
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KuHeTn4yeckasa aHeprus nmoHa, N'’B

p+n —>A"(1232) >n+a’

A" (uuu)
A" (uud)
A’ (udd)
A" (ddd)
X" (uus)
= (dds)

MaccCa

1232 MaB

1232 MaB
1232 MaB

1232 MaB

1382 MaB
1535 MaB

2

IUMPUHA pacnana

120 M3B

120 MaB
120 M3B

120 MaB

85 MaB
9.9 MaB



Murray Gell-Mann George Zweig

M. N'enn-MaHH u I'. LiBenr npegnioXxunnu KBapkoBy0 Moaenb aapoOHOB.
BapunoHbl “KOHCTpyMpoBanuchb” U3 TPEX KBAaPKOB, Me30Hbl — U3 KBapKa
U aHTUKBapKa.

S e

HobGeneBckasa npemus no cpusunke
1969 r. — M. N'enn-MaHH. 3a BKnag v oTKpbITUSA B Knaccudmkaumm
3fIeMeHTapHbIX YacTUl U UX B3auMoaencTBuUmn



Moaenb KBapKoB

o KBaHTOBbLIE YMCNa KBAapKOB, 0Opa3ylowWmnx agpoH, onpeaensaloT KBaHTOBLIE YACHa
aapoHOB. AAPOHbLI MMEIOT onpeAeneHHbIe 3HAa4YeHUA 3NeKTpuYeckoro 3apsaa Q,
cnmHa J, 4étHoctu P, m3ocnuHa /. KBaHTOBble 4Yucna s (CTpPaHHOCTBL), C
(oyapoBaHue unu wapm), b (bottom) n t (top) pasaenaoT agpoHbl Ha OObIYHbIE

HecTpaHHble YacTuuebl (p, n, 7, ...), cTpaHHble YacTuubl (K, A, Z, ...), o4apOBaHHbIe
(D, Ac, Z., ...) n boTTOM-4yacTuubl (B, Ag, Eg).

o t-KBapK MMeeT BpeMs Xu3HM = 10> ¢, NO3TOMY OH He ycneBaeT ob6pa3oBaTb
aflpoH.

e Bcé mMHOroobpasue agpoHOB BO3HUKaeT B pe3ynbTaTe pa3fNM4HbIX COMETaHUN U-,
d-, s-, c-, b-kBapKoB, 00pa3yloLmnX CBA3aHHbIE COCTOSIHUA.

e DapuoHbI ((hepMHUOHLI C BAPUOHHBLIM YUcnom B = 1) cTPOATCA M3 TPpexX KBapKOB;

¢ Me30Hbl (0030HbLI ¢ 6apUOHHLIM YKucriom B = 0) cTpoATcA U3 KBapka u
aHTUKBapKa;

¢ KBAaHTOBOE YMCII0 — LBET KBapka — UMeeT TPM 3Ha4YeHUA: KPaCHbIW, 3eNeHbIN,
CUHUU;

¢ BCe M3BECTHbLIE aAlPOHbLI — 6ECLI,BETHI::I.



AToMbI. Aapa. KBapku

Structure within
the Atom
Quark

Size <1079 m

Electron

Nucleus )
Size < 10718 m

Size =107 m __

e

and
~ Proton

T Size ~ -15
ize=10"">m
Atom
Size=107""0m
If the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.




Aﬂ,pOHbl — CUCTEMbI CBA3aHHbLIX KBAPKOB

AL POHDI
BapuoHbI Me30Hbl AHTNOAPUOHBI
qqq, qq; qqq
B =+1 B =0 B=—1

KBapKVI 00bLeaANHAIOTCA B 4aCTuUlbl, Ha3blBaéMble aApPpOHaMM.



Kak ycTpoeH Mup. 60-e rogbl XX Beka

JlenmTOHBI

e i T
Vv, v, Vv,
AJIPOHBI
bapuoHbl Me30HbI
=L 3 1=0.1,2,...

227



Kak ycTpoeH Mup

Crue J =1/2
Jlentonsl (ciuH = 1/2) KBapku (cniun = 1/2)
AboMaT Macca, ApoMar Macca, | DneKTpu4ecKum
P »B/c? P B/c? 3apsiji
V, | oleKTpoHHOE HEUTpUHO | <1-107° ul| up 0,003 2/3
1 moxkoJsieHHne
e AIIEKTPOH 0,0005111 d| down | 0,006 —-1/3
v, | w™ioonnoe meitrpuro | <0,0002 ¢ | charm | 1,3 2/3
2 MoKoJIeHHuE
H MIOOH 0,106 s | strange | 0,1 —1/3
_Helk 2
v, Tay-HEUTPUHO <0,0 3 noxonernme L. P 175 2/3
T Tay 1,7771 b | bottom | 4,3 —1/3

CTadoujabHBbIE YaCTHUIIBI

e — DJICKTPOH, ¢ — MO3UTPOH
p — IPOTOH, p — AHTUIPOTOH

‘) ~ ~ ~

79 T




B3anmogencreus Cnnn J=1
y Ha kakue KannbpoBoyHble Paguyc KoHcTaHTa
B3sanmopencteme . 9 )
YyacTuLbl AENCTBYET 0030HbI NencTBUS B3aMMOAENCTBUSA
CunbHoe Bce uBeTHble YyacTuubl 5 S LD, l1Om=1/m_ 1
€e3MaccoBble.
ONeKTpoMarHMTHoe EIED NGB Vel g 0 1/137
3apsKeHHble YacTuLbl 6e3mMaccoBbI.
KBapkw, NENTOHbI, we,w, Z,
Cnaboe anekTpocnabble m(W*) =80 3B, 107 dm=1/m, ~1/30
KannmobpoBOYHbIe OO30HbI m(Z) =91 IaB.
Bce maccuBHble IPELEet;
MpaBUTaALMOHHOE CrvH J =2, 00 10738
yacTuLbl .
©e3maccoBbIN
+
e’ e’ 94 q
e q q
e ' Ve T e
I |
1 |
N /
| |
| _ |
V ¢ e Vv ¢ 1%




CtaHpapTHaa moaernb




CtpoeHue matepun

BceneHHag

[[anakTUKu

3Be3bl

[TnaHeTbl

BewecTBo

Monekynbl

ATOMbI

ATOMHbIE A4pa — 3NIEeKTPOH
[1POTOH, HEUTPOH
YacTtuubl (11, K, A, 2...)
KBapku, NenToHbl
[lepeHocynku B3anmopencrtemu (y, 8g, W+, Z)



Kak ycTtpoeH Mup.
Xapaktepuctukun BceneHHoOM

BAPUOHbI 0.02-0.05
B TOM Yucne, 3BE3/bl: 0.002-0.003
®OTOHbI 4.910°°
HEUTPUHO 3.3107°
TEMHASA MATEPUS 0.2-0.4
TEMHAS SHEPIusi 0.6-0.8
(BAKYYM)
NMOJNIHASA NNTIOTHOCTb
TemHas BELLUECTBA-SHEPI U 1.02 + 0.02
Martepusa

BapuoHbI Bakyym



HLIO0TOH
(1642-1727)

Menbyanwme 4actTuubl MaTepum CrenfsaAlTCA B pe3ynbTaTe
CUNbHeULlero NpuUTaXeHnsa, oopasya YactTuubl bonbLluero pasmepa, Ho
yXXe MeHee CKITOHHblIe K MPUTAXEeHUI; MHOIrMe U3 3TUX YacTul MOryT
OnATb CNennATbLCA, 00pa3ys ewe 6onbluMe YacTUlbl C eWé MeHbLUUM
npuUTsHKeHWeM Apyr K Apyry W Tak panee B Pa3HbIX
nocnenoBaTeribHOCTSAX, MOKa 3Ta Mporpeccusi He 3aKOHYMTCA Ha
caMbIX OONbLIMX YacTULAX, OT KOTOPbIX 3aBUCAT YXXe U XUMUYeCKUe
peakumm M LBeT eCTeCTBEeHHbIX TeJl, U, KOTOpble 00pa3yroT, HaKoHel,
Tera owyTumMbIiX pasmepoB. Ecnum Tak, TO B npupoae L[OJIKHbI
cywecTBoBaTb MNOCpeAHUKM, MNoOMorarowme Yactmuam BellecTBa
6nn3ko cnennATbLCA APYr C APYroM 3a cYeT CUNbHOro MPUTAXKEHMUS.
OOHapyXeHune 3TUX NOCPEeaHUKOB U €CTb 3agava 3KCnepuMeHTanLHOM
dmunococpumn.
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