


Moneab aToMa
OneiT Pesepdopaa

CnoBo aToM Oo3HavaeT HegeNMMMbIWN.
Ho Tak nv B nencrBuTeNIbHOCTU?

To, 4YTO aTOM CNOXHbIN cTano NOHATHO B KoHLUe XIX Beka.

lMepBOW BECTOUYKOM CFIOXKHOIO CTPOEHUSA aTOMa CTanu
OOHapy>XeHHble KaToaHble JIy4u rasopa3psgHbiX TPYOOK.

KaTogHble nyyuuv npeactaBidain a3 cebsl NOTOK oTpuuatesibHO
3adpPAXKEeHHbIX YaCTuUl.

B 1895 roay B. PeHTreH oTKpbin X-niy4yu (peHTreHOBCKOe
nu3riyyeHwue).

B 1896 roay A. bekkeperb OTKpPbIS SIBfieHUe paanoOakTUBHOCTM.

Bce atun OTKPbITUA TOBOPUIIN O CJTOXKHbLIX U NMOKa elle HeEMOHATHbIX
npoueccax npouvcxoadwmnx BHyTpu atomMma.




Monesn atoma TomcoHna

NMepBylo mogenb atoma
npepnoxun x.x.TomcoH. OH
npeanorioXun, 4YTo
oTpuuaTesibHble 3NIeKTPOHbI
HaxoAUTCA BHYTPU NMONMOXUTESNIbHO
3apPSHKEHHOro «XKMUAOKOro» Lapa.
NMpuyem 3aneKTpPoOH Nerko MoxeTt

nepemMewaTtbCA BHYTPM LLUApa U
Aaxe NoKUHYTb ero npu
onpeaeneHHbIX YCIOBUSAX.




Monesn atoma TomcoHna

KonuyecTtBO aTomMoB coBnagano ¢
NONIOXNUTESNIbHbIM 3apAaoM Liapa.
Tak, YTO B LefioM Lap ocTtaBarsncs
3NEeKTPUYECKU HEUTPaANbHbIM.

IlaHHOW MmoAenbo MOXHO ObINO
OOBLACHUTbL MHOTUe

Habnoaaemble ABfIeHUs, HO He
BCe...




OnsbiT Pesepdopaa

YyeHuk x.ToMcoHa

ApHecT Pe3epdopa
BOcCnonb3oBancsa anbga-
yacTMuamMm Kak cCHapsgamuv ans
6bomMbapanpoBKM aTOMOB
pasfiMyHbIX BELLeCTB.

OnbITbl NpoBeAeHHbIe
Anbda-yacTuua npencraBnsieT Pe3epcdopoom nonHOCTLIO
Cco0OO0OM NOSTHOCTbLIO nepeBepHynu npeacraBneHne oo
WOHU3UPOBaHHbLIN (TO eCTb yCTpoUCTBe aToMa.

JFIVLWEeHHbIN BCEX 3N1eKTPOHOB)

aToMm renus



CBouncrtea pagnmoakTUBHbIX U3STYYEHUMN

O -u3nyuenue: :. ,
® [IOTOK AAEp ‘%He (1899 r., 3.Pesepdopn),

m=4 a.e.M.,
qg=2e,
v=10"M/c,

sauura: 6ymara (0,1 mm),
MArHMTHBIM NOJIEM OTKAOHAIOTCA ¢Aa60.

B-usayuenue: |
e -notok e~ (1899 r., A.Bekkepenn),
v=10%m/c = 0,999 ¢ = narno pasmbiTo,
“samura; amomuuuit (10 M),
MArHUTHBIM T10JIEM OTKJOHAIOTCS CHJIBHO.

Y -u3ayuenue;:
® 3JCKTPOMarHuTHbIE BOJHbI, A = 10710 — 1071 v,
e o=y,
* 3amMTA; CBHHEIL.



Cxema onbiTa Pesepdopaa

PaguoakTtnBHOe BelecTBO UcnyckaeT anbda-
YyacTuubl, KOTOpPbIe BbifleTasA U3 OTBEPCTUA B
CBMHLOBOM KOpoOKe nonaaatloT Ha chonbry. 3a

¢onbron HaxoanTcA 3KkpaH. CTankuBasaCb € 3KPaHOM
anbga-yacTnuybl BbI3bIBAOT €ro cBe4YeHue
(cumHTURNALUUNK).

PagunoaktuBHoe
BellecTBO(paaun)

CBuHLUOBas AkpaH
KOpoOKa 3onoTas

chonbra (noKpbITbIN

cynbchunaom
LIMHKA)




OnsiT Pesepdopaa

PagunoakTtuBHoe
BellecTBO

CBuHUOBasa KOpobOKa

B onbiTe Pe3epdopaa, HeKoTopble YacTUubl
OTKNOHANUCHL Ha 6onbLlon yron. flaHHoe

OTKJNIOHEeHMe Henb3A ObINI0 OO BLACHUTDL
ucnosnb3ya Moaenb atoma TOMCOHa

donbra

AKpaH




OlblT PESEP®OPLA

paccesiHHble
0. - YacTUubI

PaavoakTuBHbIi 3onoras MomuHecumpyowmin  Mukpockon

NCTOMHUK doTtorpacdumn noMUHecUUpyloLlero

donera KpaH aKpaHa Npy OTCYTCTBUW 30M0TOM
¢onbru B NOToke . - Yactuy
Y NPY ee BHECEHUN B NOTOK

marno
yacTuy

0. - vactuysi #
yacTuy

AQPO

P

CXEMA B3AMMOLEWCTBMA O - YACTWUL C SAPOM

Kaxpaas scnblllka Bbi3biBaeTCs

AOMNOJIHUTESIbHbIE CBEAEHWA YA3POM . - 4acTHLb! 06 3KpaH




IlpeamosiaraeMbIin pe3yJabTaT UCXOAA U3
Moaeau atoMa mo Tomcony

Ecnu pacCMaTpuBaTb aTOM Ucxoasd X Mmoagesin atomMma no

TOMCOHY, TO OTKNOHEeHUA anbda-4yacTuy Ha donbLine yrnbl
He AOMKHO ObINo HAabNAaTbLCA.

Anbda-yacTuua npocTo ObI Npoduna «XuaKMm» aTtom
HAaCKBO3b.




Ipeanmoaoxxkenue Pesepdopaa

Pe3epdopn o6bsACHUN
Habnwpgaemoe aBneHue. Mo ero
npeanosrioXXeHu OCHOBHasA
Macca aTomMa 3aKr4veHa B Masion
obnactu — B aape. UMeHHo 3Ta
NJOTHaA YacTb aToMa npu
CTONKHOBEHUM 3acTaBnsana
TSOKenyr anbga-yactuuy

U3MEHUTb CBOE HanpaBrieHue
ABMXeHus. Pasmepsbl agep B
AECATKN U COTHM TbICAY pa3
MeHbllue pa3MmepoB aToma.
ANEeKTPOHbI HAXoAATCA 3a
npeaenamu sagpa.
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Ha6niogeH vﬁg Pese pcbopna’ljwkasanu

BonbwuHCTBO anbda-ya
ferko NPOXoAWuT Yepes )

¢donbry He OTKIOHAACH

\

HekoTopoe KC
anbga-ya
Ha Hebonb

EcTb anbda-yacTy
OTKJTOHSAOLWMNECH O
Ha yrnbl 6onee 90~



BbiBoabl Mo peE3yJibTaTaM OflbITa:

B ueHTpe atoma HaxoauTcA
e WL MacCUBHOE NMONOXUTENbLHO

3apsiXkeHHoe A4po, |
3aHUMawlLlee Mmanbin o6bLem aTtoma |

Bokpyr sgpa
ABWXYTCSH 3MEKTPOHbI,

MacCcCa KOTOPbIX 3HAYUTEJIbHO
MeHbLllue MacCcChbl Agpa

-

paBeéH MoAaynro
CYMMapHOro 3apsaaa 3JIeKTpoHOB
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AtoM o Pezepdopay

 U3-3a HekoToporo cxoanctea ¢ ConHe4YHOU CUCTEMOMU,
Mogenb atoma no Pesepdopay HasBanu
nnaHetapHoun mogenbto. Ponb ConHua urpano aapo
aToMa, a posfib NflaHeT Urpanu 3reKTPoHbI(NpocTa,
HO He NO3BONSAEeT OOBLACHUTL YCTOMYNBOCTbL aToMa).




" o
CTpyKTypa atomMa

MNnaxverapHan mogenb - mogens
CTPOEHMA  aroMma, nNpeaneKeHHas

anrnuitckme dusuxkom Pesepdopaom,

COrNacHo KOTOPOM aTOM TaK e MycT,
xak ConHeuyHas cucrema. B uenTpe
aromMa SApo0, KOTOPOE 3apAXEeHo
NONOXMKTENLHO, " = HEM

COCPEQOTONEHa NPAaKTHYECKH BCH
Macca aroma. Hapo a3neMeHta C
nopagxoebiM Z HeceT 3apsg, 8 Z pas
NPESbIWANWNI 3NEMEHTapHbIN, MeeT
pasMepol, B [ECATKM TbHICRY pas3
MEHbLWKE pasMepos BCero aroma.

Bokpyr Ssapa nog  AeNicreuem
KYNOHOBCKIX  3NEKTPUYECKIX  CMN

o0pawanTca Z 3NeKTPOHOB, TaK YTO B
UENOM aTOM HENTPaneH.
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A0PoO OBOJIOYKA
(auametp 102103 cm (QNNEKTPOHDI)
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HYKIOHbI

N

MPOTOHDI HEUTPOHbDI




I"“ L UVOUUT S Al v Y
Cocrae aToMuOro Apa E%

. Ui
Mg > Sapo = Hyxsions = ITpotonn + Hewrpous

B. I'eizenbepr

(1992r) RPN Ay

MacCoBOC 3apAL0BOC KONM-B0O | Z
YUCIO Vo e
YUCIIO HEHTPOHOB
(YHcno p B AApE, po

Ne B rabn. Menneneera)
Anepunie cHibl

[TpoTonk “KopomKodetcmayIouie. Heirpons E

(B 100 pa3 > Fonextp.) i
H3orons §¢
DA3HOBUOHOCMU GAHHO20 XUM. INEMEHMA, PAZIUMAIOUUECR |
no Macce amomMrbix S0ep
l 3
H = npotuit fH — [ACHTePUH H = TpHTHIA

(1 —n 00— n) (1 —-n1—_n PN ft Y )



HUTor

B Hayane XX Beka Obinu
paccMOTpeHbI ABe MOoAenu aToMoB.
NepBasa mopenb Obina pa3paboTaHa
Ox.ToMCcOHOM M npeacTaBnana
CO6ON «KMAOKYIO» NMONOXUTENBHO
3apsAXKeHHYK cybCcTaHuuIo C
BKpanfeHnem oTpuuatenbHbIX
aneKkTpoHoB. [laHHaa moaenb
HanoOMMHAaEeT KeKC C NU3KOMOoM, rge
POJSib U3KOMUHOK UTPalOT INEKTPOHbI.
lNocne onbITOB NO
paccesHUIO anb@a-yacTuy Ha
pa3fnyHbIX BewecTBax J.
Pe3epdopa npuwien K aagepHoun
(nnaHeTapHOM) moaenu atoma, rage
3NeKTPOHbI Bpawarnmcb nNo
op6butam BOKpyr sgpa.




HUTor

Ucxoaa n3 nnaHeTapHou mogenu
aToma:

Bonblwasa 4Yyactb Macchbl aTomMa
cocpenoTo4yeHa B sigpe.

JlnHenHbIn pa3smep sapa B 10-100
TbICAY pa3 MeHblUe JINHEeUHbIX
pa3mMmepoB aToma.

dTa Mmoaesnb npocrta, o0ocHOBaHa

3KCNepuMeHTanbHO, HO He
No3BOJSIAET OO bACHUTDL
YyCTOMYUBOCTb aTOMOB.




HUTor

U3 aByX npeacTaBneHHbIX Mogenen Ansa garnbHeuwero pasoopa u

n3y4vyeHust Bblibepem nnaHeTapHyo moaenb Pesepdopana kak Hambornee
BEPHYIO.




1.

HepocTtaTkm aToma Pe3epdopaa

3Ta Mofesnib He cornacyercs ¢ Habnrogaemon
CTabuNbHOCTbLIO aTOMOB. [10 3aKOHAM K/acCcnyeckom
3N1EeKTPOANHAMUKU BpaLLAOLWMNACS BOKPYT 94pa 1eKTPOH A0JTXKEH
HenpepbIBHO 13/1y4YaTb 3JIEKTPOMArHUTHbIE BOJIHbI, @ NO3TOMY
TEpSATb CBOK dHEPruto. B pesynbTaTte aN1eKTPOoHbl byayT
NpubnmXaTbCsa K 94pY M B KOHLIE KOHLUOB yrnaayT Ha Hero.

3Ta Moaenb He 06bACHAeT HabnwaaemMmblie Ha onbiTe
onTUYecKMe cnekTpbl atoMoB. OnTnyeckne CrnekTpbl aTOMOB He
HenpepbIBHbI, KaK 3TO cneayeTt us teopun Pesepdopaa, a CoCToAT
N3 Y3KUX CREeKTpanbHbIX TMHUN, T.€. aTOMbl U3TYy4alOT U
NOrfIOWAtOT 3/1EKTPOMArHUTHbIE BOJTHbI NINLLb OnpeaesieHHbIX
4acCTOT, XapaKTepPHbIX AN AAHHOIO0 XMMUYECKOro aJieMeHTa.

K AB/1IeHUSIM aTOMHbIX MaclwTaboB 3aKOHbI KJIAaCCUYECKOM
CIJVI3VIKVI HenpunMeHMNMbLI.






OCTVYIAT BOPA

Ma MOXET HaxoaUTCS TOSbKO B OCODbIX
KBAHTOBbLIX COCTOAHUSAX, KaXXOOMY N3 KOTOPbIX
efeneHHasi sHeprua  E .

AHUAX aTOM HE U3JTyHaerT.



Il NOCTYJIAT BOPA

[1pn nepexone atoma 13 .
CTaLNOHaPHOIo COCTOAHUA C BorbLuel
9Heprvnen En B cTaumoHapHoe cocTosaHME
MEHbLUEeW aHepruen Em nanyyaercs
HT, HEeprma KOToporo paBHa pagHOCTU
NN CTaLMOHaAPHbIX COCTOAHUN:

hv. =E —-E
nm n m
h — nocmosiHHas lNnaHka

YactoTta nsany4veHus

N — HOMEP KBAaHTOBOI'O
coctosiHus (1,2,3,.....)



DHEPreTHYSCKHUI yPa — KaXXJI0€ 3HAUCHHUE
QJIalacT aTOM B TOM WJIN

€ N, TEM JaJbIIE OT AApPa HAXOAUTHCS
H 1 TEM BBIIIEC €r0 SHEPreTUYECKUM



/@ Korma arom

IIEPEXOAUT C
0o0Jiee BEICOKOTO
Ha 0oJiee HU3KUM
YPOBEHb, TO

IIPOUCXOIUT
N3JIYUYEHUE

(UCITYCKAHUE)
KBAHTA CBCTA

 (E3» E2, E4>E2...




CEPHUIS ITAHIEHA-
NHOPAKPACHOE U3JTYUEHUE

oEf e :o Ecnun atom Bogopoaa
s N=4 nepexoguT us bonee
'V .,  BbICOKMX
¢ 3HEepreTU4ecKmx
e Yy = COCTOAHUY

- B TPeTbE: U3ny4vyeHue
CBeTa NpoMCxXoauT B
MH(ppakKkpacHOM
PTTAAAA - AuanasoHe 4acToT,




CEPUS BAJIBMEPA-

BU/INMBIN CBET
o} N=00 Ecnun atom Bogopoaa
=2 nepexoamT u3 Gornee
.85 3B [
BbICOKUX
1,51 38 VY N=3 CO
i 9HEepreTUYecKmx
A A s COCTOSHUN - BO

— BTOpPOE -n3rty4vyeHune
CBEeTa NnponcxoauT B

) B BUOAVMOM

-13.6 38 ' Y ' ' | N=1 ﬂmana3OHe;




CEPUS JTAUMAHA

YIBTPA®UOJIIETOBOE U3JTYUEHUE

E
ok

-0 Ecnu atom Bogopoaa
= nepexoaunt n3 bornee

Zl = |=

-0.544 38

0.85 38

-1.51 38

N=3 BbICOKUX SHEPIETUHECKNX

COCTOSIHUW - B NepBOe -

-3.4 38

-13.0 38

N=2 n3ny4vyeHue cBeTa
NpPOMCXoauT B
YNETPadPUONETOBOM
avanasoHe.




Cepua Bamemepa
(Bnmmrrn:ﬁsql_ -

Cepua Bpexera
K\

| | '

nfnfnine &= |
EENR N l\)»—lg |

-
Il
)

n=6

cepun lawena

n= !
ONTUYECKWH CNexTp
. vmax
n=H cepus
banouepa
D L — — W
cepua  cepua cepus
=1 Nawena banbmepa Naumana
cepua Naimmana |IK pyonumbin =~ YO

IHOCTVYJIATDBI
bOPA

M
/Cpﬁﬁ I pyHpa
: (HK)

Ecnun atomMm nepexoguT B
OA4HO U3
BO30YyXXAEHHbIX
COCTOSIHUW, OONro
OCTaBaTbCsA TaM OH He
MOXXeT: aTOM
caMonpou3BOfibHO
(cnoHTaHHO)
nepexoauT B
OCHOBHOE€ COCTOSAHUe.



"€TUYECKUX YPOBHEN
leHMue KBaHTa)

E, = —0.389B
E, = —0.540B

cepus lNaweHa

cepua banbmepa

cepusa JlanmeHa



CHEKTPBI U3JTyYeHUsI
(puc.5 —1BeTHAA
BKJICKKA)

CneKkTp HarpeToro BeLleCcTBa B
ra3o0bpa3HOM COCTOSAHUM
COCTOUT M3 Y3KUX JIMHUU
pa3Horo useta. Takou
CMeKTp Ha3blBaeTcqd
FIVHENYaTbIM CNEeKTPOM
nanyydyeHusa. [1na nonyyeHuns
TaKoOro crnekrpa Ucnosb3ytoT

— dy2080U Usiu UCKpoeoU

pa3sps0. JInHenyartbin CnekTp
N3Ny4vYeHna y Kaxxaoro
XUMMNYECKOTro afieMeHTa

CnexTpbl UcnyCKaKwa: 1 - HaTpwa; 2 - BOROPOA; 3 - reni. CBOW, HE COBI'I8,£I,3FOLLI,I/II7I CO

Cnexrpbl normoLLeHHs: 4 - HaTpus; 5 - Bojopoaa; 6 - renus. CNeKTpoOM ApYyroro

XUMMNYECKOro 3fieMeHTA.




1-cnnowHoum

2-HaTpu4
3-Bogopoaa
4-renug

CNEKTPbI NOMOLLUEHUA

5-conHeYyHbIn

6-HaTpUA

/-BOoOopoaa

8-renus



CBowu noctynatbl bop
npUMeHUn ansa oobsiCHEHUS
N3Ny4YeHnsa 1 NOrnoLeHNs
CBeTa amoMoM 8000p00a.




