ONEeMeEHTapHble YacTuLbl

[1Ipe3eHTauna ypoka qusnkin
11 knacc



ATOM (no emokputy) —
npocTeunllad, Hegenumasa ganee Yyactumua

- VI3 atomMoB cocTosAT BCe
Tena

- [lpeBpalueHus,
HabngaemMble B
npupoae, - 3To NpocTas
nepecTtaHoOBKa aTOMOB

- B Mmupe Bce Teuer, Bce
N3MEHSIETCH, TOSNbKO
aTOMbl OCTalOTCS
HEN3MEHHbIMU




[Tpnmepbl ABNEHNN, NOCTaBMBLLMX No4d COMHEHUE
HEVU3MEHHOCTb aTOMOB

- JneKkTpusaumns Ten

- JlnHen4aTble cnekTpbl NCNYCKaHUA W MOrMOLLIEHUS]
aToOMOB

- PagnoakTuBHOCTb

« JneKkTponus

- ®oTtoadpdekT

- TepMOaneKkTpoHHas SMUCCUS

« JNeKTpunYecKknn paspsig B rasax

Bbieod: amombl obriadarom CrioXKHbIM 8HYMPEHHUM
CMPOEHUEM U He S8/IS0MCS npocmeuwumu
Hepa3spywuMbIMU U HEU3MEHHbLIMU Yacmuuamu



[Tpobnema — HanTK NPOCTbie YacTuLlbl, U3 KOTOPbIX
NMOCTPOEHbI BCE aTOMb

- 1897 rog — OTKpbLIT
AneKTpoH ([xo3ed
TOMCOH)

- Ha4vano 1920-x
rogoB — OTKPbIT
npoToH (Pe3epdopn)

- 1932 roag — oTKpbLIT
HenTpoH ([xenmc
UenBuk)




JrneMeHTapHble YacTtuubl (OT nat. elementarius —
repe8oHa4aribHbIU, NPOCTEULLNN, OCHOBHOW)

- YacTtuubl, N3 KOTOPbLIX - bbINo 0OHapPYXeHO, YTO
NOCTPOEHbI aTOMbI CcBOOOAHbIN HEUTPOH
cynTanucb HecTabuneH n XXMBET B
HECNOCODOHbLIMN HU K cpeaHemM 15 MUHYT
KaknM npesBpaLleHnA - Ho Henb3d ckasaTb, 4YTo

- OneMeHTapHbIMU cTanu HEWUTPOH COCTOUT N3 ITUX
CUMTaTb 3NEKTPOHHI, 4YacTuL, OHU pPoXOarTCA
NPOTOHbLI N HEUTPOHDI B MOMEHT pacnaga

- [lo3e POTOHbLI
BKMHOYUIN B YUCIIO
3fIeEMEHTapPHbIX YacTuu




AneMeHMapHbIMU Ha3bIBAOT YaCTULbl, KOTOPbIE Ha
COBPEMEHHOM YPOBHE pPa3BUTUSA OU3NKN HEMNBb3SA CYMUTATb
coeguHeHneM Apyrnx, bonee «NPoCTbIX» YacTul,
CYLLECTBYHOLLUX B CBOOOAHOM COCTOAHUU

- OnemeHTapHas YacTuua B npoLecce
B3aMMOAENCTBUSA C APYrMMN YacTULaMU UK
nonsMuy JOJTKHA BECTU cebs Kak eguHoe Lernoe

- Bce anemeHTapHble YyacTuLbl NpeBpaLlatoTCcs
OPYr B Apyra, n 3T Ux B3anMHble NpeBpaLLEeHns
— rnaBHbIN PAaKT UX CyLLECTBOBAHUS

- HegennmocTb anieMeHTapHbIX YacTul, He
O3Ha4yaerT, YTO Y HUX OTCYTCTBYET BHYTPEHHAS

CTPYKTYpPa



AHTUYHACTNLIbI

B 1928 rogy Nonb Oupak
paspaboTtan Teoputo
OBWKEHNS 3NEKTPOHA B aTOME,
YUYUTbIBAOLLYHO
pensaTuBucTckne adodekTol. 3
YpPaBHEHUA Mosiyyarnocsk, 4YTo y
9M1eKTPOHa AOMmKeH ObITb
«ABOVHUK» - YacTuLIa Takou xe
MaccChbl, HO C NOMNOXUTENbHbIM
afIeEMeHTapPHbIM 3apsaoM

B 1932 roagy K. AHoepcoH
9KCcrnepumMeHTanbLHO
OOHapyXnn B KOCMUYECKOM
N3yYeHUN ro3umpoHb!




AHTUHACTULBI

Y BCexX AJNIEMEHTAPHbLIX HaCTuNL €CTb
dHTN4YaCTnLUbl

- 3apsKeHHbIE YacTuLbl CYLLIECTBYHOT
napamu

- B 1955 rogy obHapyXeH aHTUNPOTOH
- B 1956 rogy — aHTUHENTPOH

- CyLLEeCTBYOT UCMUHHO HeumparibHble
yacmuub! — POTOH, NMN-HYNb-ME30H, 3Ta-
Me30H. OHM NONHOCTLIO coBMaaaroT COo
CBOUMW aHTUYacTuuamm



AHHUT MNAUNA

AHTUYaCTULbI OKasanmcb CroCODHLIMU K
ocobomy Bnay B3anMoOeNCTBUSA
(QqoKkasaHo Ha onbITe

®. Xonuno-Kiopn B 1933 )

[1Be aHTU4acTuLUbl Npu BCTpeYe
aHHuaunupyrom (ot nat nihil — HM4TO),
npeBpalladach B ABa, pegko B TPy pOTOHaA



AHHUT MNAUNA

B ToM e rogy cynpyru
>Konuno-Kropu

OOHapyXunv obpaTHbIV i
NpoLiecc — poxaeHue &) )
9MNEeKTPOHHO- Nt
NO3UTPOHHBIX Nap npu N
p rpn N et
NPOXOXOEeHUN raMma- Q=7 oy

KBaHTa O0MbLUIOW SHEPINU
BO6NM3K aTOMHOro sapa




[Tpobnema Net

[na obbaAcHeHUsA CcyLlecTBOBaHUA aOepHbIX
CWUIn B3anMoOeucTBuda Mexay HyKnoHamu B
aape TpebyeTca HanTn MaTepuanbHbIX
HOCUTENEN AO0EePHOro B3anMoaencTBus
(cornacHo Teopumn brMM3KogeNCTBUS)



[Tpobnema Ne2

KonnyecTtBo OTKPbITbIX K HACTOALLEMY
BpEMEHU 3JNIEMEHTAPHbIX YaCTUL,
NCHUCIAETCA COTHAMN

Kak knaccuduumpoBaThb dfiIeMeHTapHbIe
YacTuubl NS BbIACHEHUSA UX BHYTPEHHEN
CTPYKTYPbl M MOUCKA «HACTOALLNX»
afieMeHTapHbIX YacTuL,?






OrieMeHTapHble YacTuLbl pas3gensarTcda Ha rpynnbl
Mo NX CMOCOBOHOCTAM K pasfnyHbIM BUaaM
gpyHOamMeHmMarsibHbIX e3auModelucmeuu

1. 'paBuTaAUMOHHOE
B3anMoOencTeme

- OlNMnCblIBa€eTCA 3aKOHOM
BCEMUNPHOIO TANroOTEHNA

- OEeNCTBYEeT Mexay
noobIMX Tenamm
BceneHHOU

- UrpaeT OCHOBHYIO porb
TONbKO ANS \
MaKpPOCKOMNYECKNX TES
oonbLInX macc

- HOCUTENW — rPaBUTOHbI
(1), KBapKku 1 NENTOHbI(K
doOTOHHI).




2. ONeKkTpoMarHMTHOe B3aUMOAENCTBUE

OENCTBYET Mexay NodbIMU
ANIEKTPUNYECKN 3apAXKEHHbIMU
YyacTuyamMmu 1 Tenamm, a TaKkke
doTOHaMn — KBaHTaMM
9JIeKTPOMarHMTHOro nosg

obecne4ynBaeT BO3SMOXXHOCTb
CyLLIeCTBOBaHUA aTOMOB,
MOJSIEKYST; onpeaenser
CBOWUCTBa TBeEpPAbIX Ten,
XNOKOCTEWN, ra3oB 1 Nna3mbl
BbI3bIBAET AENEeHne TaXKenblixX
a0ep; N3nyyYeHue u
norrnoweHmne gooToOHOB
BELLECTBOM

HOoCUTENU — POTOHBLI (1)




3. CunbHOE B3anmMoaencTeme

9TO B3auMOLeUCTBME Mexay
HYKNMOHaMW U opyrumm
TSKEnbIMUW YacTuuamm

NPOSIBMNSETCH Ha OYEHb
KOPOTKMX paccTtosHusax ~1071°
M

NPUMEPOM ABNAETCSH
B3aUMO4ENCTBNE HYKITOHOB
SA0EepPHbIMU cuUnamm

YacTuLbl, CNOCOBHbIE K 3TOMY
B3aMMOOENCTBUIO HA3bIBAKOTCS
a0pOHbI

HOCUTENMU — IMIOOHbI(8)
(6apnoHbI U ME30OHbI )




4. Cnaboe B3anmoaencTeme

B HEM Y4acTBYIOT Jt00ble
SNeMeHTapHbIe YacTullbl,
KpoMe (POTOHOB

NpOSABNSETCA NULLb Ha
OYEeHb MarblX PAaCCTOAHUSX
~10"® m

npumMmepom criaboro
B3aMMOOENCTBUSA MOXKET
CINyXuUTb npouecc beta-
pacnaga HeENWTpPoHa, pacnag
3apsKEHHOro NMoHa

HOCUTENN —
NPOMEXYTOYHblE 6O30HLI(3)




YacTuubl Ha3bIBaOTCS
rnenToHamm (KX LLIEeCTb):
9JIEKTPOH, HEUTPUHO (3 BNAa
HENTPUHO), TAOH (ero macca
BABOE OorblUe NPOTOHA)



KBAPKW

[[NaBHasa naes, BbiIckasaHHasd
Bnepsblie M. ['enn-MaHHOM U
[1x. LlBenrom, cCOCToOUT B TOM,
YTO BCE YacTuLibl,
y4acTBYHOLLUNE B CUNMbHbIX
B3aMMOOENCTBUAX, MOCTPOEHbI
n3 bonee pyHaamMeHTanbHbIX
yacTtuy, — keapkos. Kpome
NnenToHOB, POTOHOB U
NPOMEXYTOYHLIX O0O30HOB, BCE
y>Xe OTKPbITble YacTuLbl
SABNSAOTCA COCTaBHbIMMW.

KBapku B cerogHsiLLHeN
BceneHHoOM cyuwlecTByOT
MOJIbLKO 8 C85I3aHHbIX
COCMOSIHUSIX - TONbKO B
coctaBe agpoHoB. Hanpumep,
NPOTOH - uud, HENTPOH - udd.

Ha3paHHe
YACTHIIBI
(Apomar)

Up
(Bepxwot)
Down
(Hrpxrrmt)
Charm
(Ouaporan-
HBIi1)
Strange
(CrpaHHELT)
Top Truth
(McTHHHEBLT)
Botton
beauty
(KpacHBrIit)

Keapku
Ileer Macca
(romy0oii, |TTOKO, |-
3elleHEni, | M»sB
KPaCHBII)

(I'urto
TEeTHY
- | €CKas
YaCTH
1a),
>2250
0
OKOJIIO
5000




- B3aumopgeuncrtesue
KBapKOB 00YyCNOBMEHO
Hannymem y Hux ocoboro
3apsana —LBeTa
(ycrnoBHO).

- CyliecTByerT WeCTb
KBApPKOB; KaXkablW
CYLLIECTBYET B TPEX
LBETOBbLIX BapuaHTax-
KpacHbIN, CUHUN,
3€NnEHbIN.



KBapKoBbIt COCTaB 3fiIeMeHTapHbIX YacTul

- Bce yactuubl oenaTtcs Ha
OBa Knacca:

DepMUOHKI, KOTOPbIE
COCTaBNAIT BELLECTBO; .
A

b030HkI, Yepes KoTopble Wt <
TpurmeT ¥kBapKos (2), M aHTHEE apKoE (6) [Tpy mormemke ceecTy
O Cy LL"e CT Bn ﬂ eTC ﬂ CXeMY KITac CHOMKAIMM MTeMeHTapHBIX YACTHII K enlle Donee
o npocTe obsexram Mappu I eror-Ivl amH mprmiren K Tax
B 3 a I/I M O |£'|e I/I CT B I/I e HashIBaeMOMY PYVHAaMeHTAMBHOMY 5 U(3)-MyIbTHITITETY.
depMUOHDI

nogpasaenstoTcs Ha
JIENTOHbI U KBAPKMU.

B HacTosLlee BpemMs Ha
POJiIb UCTUHHO
afleMeHTapHbIX YacTuy
npeTeHOyT 6 NenToOHOB
N 6 KBApKOB




Knaccugukauma anemeHTapHbIX YacTtuy

- AOPOHbI. BapUoHbI 1
ME3OHbI

- KBapku (18 kBapkoB n 18
aHTUKBaAPKOB)

- JlenToHbI (6 NenToHOB
N 6 aHTUNENTOHOB)



Pestome

[1pn nccnegoBaHMM aTOMOB U 3fIEMEHTAPHbIX
yactuy, 6611 0OHapyXeHbI ABMNEHUS,
COBEpPLUEHHO He NOAYMHAKLLMECHA 3aKOHaM
Krnaccu4yeckon pusnku, 1 aTo NpuBeno K
CO30aHuI0 KBAHTOBOW (PU3NKN KaK PU3UKK
ABMEHUU MUKpOMUpA.

KakoBO e COOTHOLUeHNEe MeXay KacCU4Yeckou U
KBaHTOBOW OU3NKON?

CyLLECTBYIOT MM OHU KaK ABE HE3aBUCUMbIE
TEeopum NN KBaHToBasi dunankKa onpoBeprina u
OTMEHMNa Knaccn4eckyo?



Pe3ome

He npon3oLuno H1 NepBOro, HU BTOPOro. 3aKOHbI
KBAHTOBOW PU3UKU OKasasincb YHMBEpPCanbHbIMU
3aKkoHaMu, NPUMEHUMbIMU HE TOMNbKO K
CUCTEMAM U3 3NeMeHTapPHbIX YacTul, HO U K
noodbLIM TENamM Makpommpa.

B cornacuu c npuHyurnom coomeemcmaeus
Knaccuyeckaqa omsnka okasanacb YaCTHbIM
cllydaemM KBaHTOBOU (PU3UNKN, MPUMEHNMbIM
NULLb B OrpaHU4YeHHOW 0briacTn pacCToOAHUN U
pasMepoB Ten Makpomupa.



