3JIEMEHTbI SAEPHOWN ®U3UKW

—

- -

U OPUSNKU SNTEMEHTAPHDbIX HACTUL

B acCcoUMaTUBHOE pPOXAEHUE
A-runepoHa n K’-me3oHa
yepe3 CTO/IKHOBEHME

C NPOTOHOM 7~ - ME30Ha

B NMy3blpbKOBOW KaMepe

C XXWAKMM BOAOPOAOM

(HEKLIMH 8]




8§§ CtabunbHble 3J1. YacTUL bl

o 1932 r. B hu3MKe 6blIN N3BECTHbI BCETO
3 YacTuubl: 31EeKTPOH, NPOTOH N MOTOH

1) SneKTpoH
otkpbiTne: 1897, JIx./I)x. TomcoH
Macca noKos: m_ = 9.1095-1073!

KT =0,511 MaB/c?

3apsaa vactuupl: ¢ =—1,060219- 107
Kot

cnvH: S=1% Bpemsa xu3Hu: 7> 10%% ner
. &




aHTM4YacTnua — MO3UTPOH (3apsa +, Bce
OCTaJibHbleé XapaKTePUCTUKUN — TaKue xe).

B HACTodwee BpeMA HET HUKAKUMUX OAdHHbIX

O BHYTPEHHEWN CTPYKTYpE 3/1eKTPOHA
N CUNTAETCH, YTO I/1IEKTPOH — TOYEYHbIUN

06bekT (d < 107 m)

2) HenTpmHO (C ntan. - HEUTPOHUYMK)

1914, UccnepoBasnca f-pacnag saep
X —>Y+e




OKa3anocb, YTO KMHEeTn4YecKkas aHeprug
5/1EKTPOHOB pa3/IMyHa U U3MEHAEeTCH

oT 0 4O HEKOTOpPOro Erp — MaKC. 3Ha4YeHus
¥ 4 1930, B.laynun

NPeonolodAHCeHUe

1932, 3.0epmu

HAd36AdHUE U mMeopusl

E_ 1942-1954

. Y oKcnepumenmanbHoe
L U 0.8  M»B obHapycenue

80 1

40




OCHOBHbIe CBOUCTBA:

1) NpakTUYEeCKMN He B3aUMOAENCTBYET
C BELLLECTBOM

2) cnuH S =%
3) macca nokosi < 50 sB/c?

CunTaeTcs, YTo BCe NMPOCTPAHCTBO
3aMnoJIHeHO (OOTOHHbLIM U HEUTPUHHbBIM
ra3oMm (pe/IMKToBO€ U3J1y4eHue)

N HENTPUHO TaKXe pacnpoCcTpaHeHo,
kak 1 doToHbl (= 300 mT/cm?).




3) APOTOH (rpey. protos — NepBbIn)
— 940p0 aToMa BoAopoaa

BBen Ha3BaHue Pe3epopops, 1920
Macca nokos: m = =1,673-107%’

KT = 038,28 M»hB/c?
3apAd YacTUUbl: g = 1,60219-107"
Kn

ERmAYSPETH0 Ao 20 3Hakos g = |q )

BpeEMS XXM3HU NPOTOHa B cBOH6OAHOM
coctosiHum: 7> 102°—10°! ner




IDKCIEepUMEHT.
1 M3 Boabl coaepxut ~103° npoToHOB.

MycTb BpeMsa XWU3HW npoToHa 1032 ner.

Toroa ecTtb Hapexaa, 4to B 100 M3 Boabl
3a 1 rog pacnagerca 1 NpoToOH.

BHYTPMY aTOMHbIX S4ep NMPOTOHbI
HEeYyCTOMUYMBDbI 1 NMPOTEKAET peaKkuuns:

_I_
p—o>n+e +v,

& T 3/1IEKTPOHHOE HENTPUHO
NO3UTPOH
HEUTPOH

NPOTOH




B CBO60OJHOM COCTOSIHUMN BEPOSATHOCTb

3TOro cobbiTUA KpamHe HU3KA,
T.K. SHEpPruns NnpaBonM 4YacTu npesbilLaeT

SHEPI U0 NEBON (Ep < En)

INna MaCCUBHbIX a40ep TakKXXe BO3MOXHa
peakuna K-zaxBarta

pte > n+v,

OJTa peakums — obpaTHasa K f-pacnaay
XapaKTepHa, Hanpumep, A9 NO3AHUX
CTaanun 3BOSIIOLUN 3BE3/.




4) HeuTpoH

NPOTOH U HEUTPOH MpeACTaBASAOT coboM
NBa COCTOSAHUS OAHOM YaCTuLbl — HYKJIOHQ,
BHYTPU 4pa npoucxoauT npouecc
nepe3sapagKyu — rnpoTtoH N HENTPOH
MEHATCS MeCTaMn C MOMOLLbIO

«0bMeHa BUpTYyanbHOWU YacTmuen»

OTKpbIT B 1932 [>k.YeaBnkom

Macca nokosi: m = 1,675-107%
KD = 939,57 MaB/c”
3apag vactuubl: ¢ =0 cnnH: §=




BpeEMSA XWN3HW HENTPOHA B CBA3aH

cocTosiHuu (B siape) 7> 10°% Jer.

HOM

B CBO60OAHOM cocTodgHuu: T = 9174

NPOUCXOAUT peakumnsa f-pacrnaga HEMTpoHa

n—>p te +v,

HEUTPOH

=14 cek.

A T 3/1EKTPOHHOE @aHTUHEUTPUHO
3/1eKTPOH
NpOTOH




[1pn ManblX 3HEPrmdax B NpoAyKTax
A4epHbIX peakun TOJNMbKO 3TUN YacCTulbl.

[lpn yBennyeHunn adepruun (bombapamnpoBka
a4ep) Ha BblX0oAe Moay4vyalroTCcd HOBbIE.

/0-e ~200
90-e ~400
2000 ~600

CHayasna 3T YyacTuubl Ha3bliBaan, NOTOM
o603Hayanm 6ykBamu, NnotomMm 6ykBamun um
undppamu, o0603HavalOWLMMNU Maccy ...




(§§ KBapku

N

vnoTe3a, 1964
BCe aApPOHbI (NPOTOHbI, HEUTPOHLI N Ap.)
NOCTPOEHbI U3 «bosiee afieMeHTapHbIX>»
4acCTUL, — KBapKOB, NMELNX CMnNH

S =Y n ppobHbIN aneKkTpnyeckun 3apsaa.

vita
(J




TeopeTnyeckmnn aHasn3 rnokasasn, yYTo
3/1EeKTPOHbI MOTryT pacCenBaTbCH
ToYeYyHbIMM YaCcTULAMKM C 3apsaaamMu

—1/3, +2/3 n paccenBaowWmnx LEeHTpa — TpH

KBapK | pacwmnppoBKa | 3apsa
u up (Bepx) n  |€BEPXHNE>
S strange 4+ KBapKu
t true 3 (+ 3apsan)
d down (BHK3) 1 KHMXKHUE»
C charmed —— KBapKWu
b beauty 3 (- 3apsaan)

{13]




MpoToH (+1): p = uud

B HacTosdllee BpeM4 NG
OTCYTCTBYIOT CBeAEHUS —_—
O BHYTPEeHHEeN CTPYKType KBapKoB
N, CUNTAETCHA, YTO 3TO TOYEYHbIe YaCTULbl

c pasmepoM < 10712 m.

HenTtpoH (0): n = udd




B cBO60HOM COCTOSIHUM KBapKW

He Habnwaanuco, TObKO B napax
KBapK-aHTUKBapK Win B rpynnax m3
Tpex KBapKoOB.

Mpumep: [-pacnag HenTpoHa (d — u).

u(+%) —_ _

_ n— p+v+e
N\ X

’/// u @\\\ I/// u \u\\\\ —
/\/\/\ \ i d TV €
2 AN YARAN

d(-3)

W - 6030H, YyacTuua, «NoxXoXxasa» Ha MOTOH

M nepeHocsLwasn 3apsaa




§§ CocTtaB sagpa

>
ATOMHOEe A4p0 COCTOUT U3 HYKJ/TIOHOB
(MpOTOHOB U HEUTPOHOB).

Z — 3apsaoBoe Yncsio, aTOMHbIN HOMeD
3neMeHTa (4YMCcsIo NPOTOHOB)

3apaa sapa: O, =Zq,=7Z|e|
N — 4ncgo HeUTpPoOHOB B A4pe

A — maccoBoe 4yncno (KoJsi-BO HYK/IOHOB)
A=N+7




J1t06011 3N1EeMEHT B SA4E€PHOMN C

DU3UNKE

XapakTtepusyeTtcs napon uncen A v Z:
Bogopoa (1 mpoTon)

1
1 H

4
,He

A4
7 X

ATOMHbIe Beca
HEeKOTOPbIX
3JIEMEHTOB

OTINYAKOTCA OT

LlesibIX 3HAQYEeHUU

renvin (2 IpoToHa)

O 15, 999

2s22p*

l\nc.uopozl 2

F 18 998

29
- pd)'rp

10

Ne 20,179

252 '2
2 : Hgou

S

32 06

35 3p*
Cepa

Cl 33 453

3523p
) pXnop

Al’399

3523
Appron

24

3d°4s'
2 | Xpom

51 996Cl‘

54 938Mll

545
Mapranen

2]
(=

55,84
3d°4s’
Keneszo

35
R T 79 ana

36
8 Kl‘ 012 on

B e e——4

@\




'OTO 03HA4aeT, YTO XMMUYECKU YNCToe
BELLECTBO COCTOUT U3 CMEeCcu aTOMOB
C Pa3fIMYHbLIM BECOM:

Cl35 453 — 17C1 ?;Cl

3 23
: pXJlop

Al‘399 _18A1~ gArJr‘llgAr
3SA3p‘;on

Z y
X <A>| - Aueiika Tabnuupbl
MeHAaeneeBa




aApa, UMeLwwmne oANHAKOBbIN 3apaa Z,
HO pa3/IMYHYIO MAcCy, Ha3blBAlOTCH
mzoronamu. OHN OTINYUAOTCA
KO/J1M4YeCTBOM HEUTPOHOB.

Ona 107 anemeHToB nssectHo okosio 2000
nsortonos, 280 — U3 HUX YCTONYMUBHI.

N30TOMNblI C OAMHAKOBBIMM MACCOBbIMU
YMCNaMN Ha3blBAlOTCS M3o0bapamMu.

Hanpumep: 107n Ga 1)Ge
210T1 210Pb 210 Bl 210PO




'Y nerkux aaep N= Z,
T.e. AR 2/,
y Taxenblx - N> Z.

Y27 (2477 — 2&;
ll NG
120 Y A NN
AN
N
20
"
w
%

S

%

A-~2—~yucno wedmporol
S

9

D

St

Ruc. 344, TlpoTonHo-HefiTponnast xuarpaMma CTaGHJIbHBIX H HEKOTOPHIX

B
Hee

o

ot
) -

J

10

2

30 90 50

PanHOAKTHBHBIX SAAEP.

60

* 70 80
Z-yueno npomonol

{>0]




§§ PaaMoaKTMBHBII pacnan

PaganoakKTuBHOCTb — CaMONPON3BOJIbHOE
M3MEeHeHMe CoCTaBa aapa.

PasnnyaloT cneaywuwime suabl pacnaaa.

1) o-pacnag, npu KOTOPOM U3 d4pa
BblJIETAET rpynna HyYK/JI0HOB,
opMUNPYOLLUX SAPO aTOMaA renums

2X — 7Y + 5He

B




2) p-pacnaa
a) f~ (3neKTpOoHHbIN) pachnan
A A J—
X —> , Y + _jetV,

6) B (NO3UTPOHHbLIN) pacnag

A A 0
X = Y+, e+V,

B) 2/IEKTPOHHbIN 3axBaT
(K-3axBarT)

A 0 A \
S X+ je—> Y <




3) CNOHTAHHOE AefieHne aaep

25U — 12 Xe+ 39Sr+3,n

[Tpyn paanoaKTUBHOM pacnaje BbINOJIHAETCH
3aKOH COXpaHEeHUa aHepruun.

MOC2 = Z:Mic2 AE

MO — MaccCa Ha4yalnbHOIro aapa

2M. — Mmacca NpoAyKTOB

AE >0 - ona caMmonpoun3BOJ/IbHO pacnaaa




8§88 CratMmcrmyeckmm 3aKoH

B Kakon MOMeHT pacnageTca KOHKpeTHoe
A40P0 NpeackasaTb HEBO3MOXHO.

Mpumep. V3 10'? atomos Ra3a 1 c
pacnagaetca ~14 aTomos.

[1lyCTb BEPOATHOCTb TOr0, YTO B €4ANHULY
BPEMEHU aTOM UCNbITAET NpeBpaLLEHNE —

A — NocTossHHaa paAnoaKTUBHOIO pacnaja,

Ttoraa AN =—(A-Af)N,



AN - uncno pacnaBLUMXCSA aTOMOB

NO — YUCJ1I0 aTOMOB, KOTOpbIE

He pacnanauchb

d_N:_)L.dt
N

In N = —Af + const
N(t) = Nyexp(—=At)

N(f) - uMcno He pacnaBLUNXCS aTOMOB



BpemMsa, 3a KOTOpoe pacnaaeTcy noJioBMuHa
aTOMOB, Ha3blBaeTCqd BpEMEHEM
nosaypacnaga N(?)

In2
=T

S

CpepgHee BpeMA
>XU3HWU OOQHOTIO
aToMa.




f§§ XapaKTepuCTuku saapa

‘Anpo npenctasnsieT cobo cucTemy
CHUJZIbHO B3aNMOAENCTBYHOLWLNX YaCTUL, —
HYKJIOHOB. AAepHble CUbl NPUTAXEHUS
HaMHOIo NpeBOCXOAAT 3/1IeKTpU4YecKune
CUbl OTTA/IKNBAHUA MeXxay nNpoTOHaMU

HyKnOHbI B 94pe 6bICTPO ABUMatOTCA.

CpeaHsas sHeprmda HyK/oOHa B a4pe
coctasnsget = 40 M»B (ckopoctb = 0,3

.C)




‘OCHOBHbIE XapaKTEPUCTUKU aA4pa:
a) cTabunbHble a4pa

1) 3apsaa (£)

2) Macca (4)

3) aHeprus cBasu (£ )

4) paanyc (dpopma u pasMmepsbl)

5) aHepreTnyeckmnm cnekTp COCTOAHUN

6) HecTabunbHble (paanoOaKTUBHbIE) A4pa

6) nepunoa nosypacnaja

/) TUN npesBpaLieHns
8) aHepreTUYecKkmnn CcrnekTp u

NoJiIApn3aymnsd NCryCkKkae€EMbIX HaCTul .




N\

B HacTodllee BpeMa HET Teopun aTOMHOIO
aapa. [lpn ee cozaaHnn BO3HUKAIOT crieny-
lowme TpyaHOCTMU:

1) HeaoCcTaToOYHOCTb 3HAHUN
2) rpOMO34KOCTb YpaBHEHUN

3) HeobXo0aMMOCTb YYeTa
KOSTNEKTUBHOIO ABUXEHNS HYK/TOHOB

OcobeHHOCTN A0EPHbIX CUN:
1) 6nuskoaeiicteune (= 1071 M)
2) 3apsaoBast CUMMeTpUS
3) HacblWeHune




r§§ Moapenv aTOMHOro saapa

v

'1) kanenbHas mogens (Hunsc Bop, 1936)

B Hen npuHMMaeTcH, 4YTo A4p0 BeaeT
cebsa noaobHO Kansie Hec>KMMaeMou
XNAKOCTU.

OcHOBaHMEM ANdg 3TOU Moaenwu

CTa/1 3KCNnepuMeHTaabHbIN PaKT
NpakKTN4YeCcKn oANHaKOBOW MJIOTHOCTU
BCeX saep.

KaK 1 Kanns XUAKoCTU, a4p0 MOXET

KonebaTbCcsa U 4edopMNUPOBATLCA.




2) obonoyeyHasa Moaenb A4pa

B ocHOBe 3TOM MoAenun —
SKCNnepuMeHTasibHbIN PaKT
nepunoan4YHOCTM CBOUCTB s4ep,
aHaNo0rM4yHo nepnoan4YHOCTU CBOUCTB
aToMa Mpu 3arno/IHEHUN SNEKTPOHHbIX
obosioyexk.

Takaqa Mmoaenb XOpoLwo onncbiBaeT
OCHOBHble CBOUCTBA s4pa B OCHOBHOM
nnn cnabo Bo36yxXaAeHHOM COCTOSIHUW.

A



3) OcTtoBas Mmoaenb

Aapo pasagendeTcd Ha OCTOB -
YCTONYUBYIO rpynny HYKSIOHOB,

3aHMMAOLWLY HU3LWKNEe YPOBHU COrslacHO
npuHuuny laynwu

M rpynny BHELWHUX HYK/TOHOB,
NBUTAOLWMXCA B NoJsie OCTOBaA.

BHeLWHWe HYKJTOHblI MOTYT A4e(®OpPMMNPOBATL
OCTOB B 3/17IMMCONA, 3TUM O6bACHAETCS

60/1bLLOV KBAAPYNOJSIbHbIN MOMEHT s4ep.
=3




(§§ CoBpeMeHHble npobnembl

1) Nnonck anneMeHTapHOW YacTuubl U
dyHAaMeHTa/IbHOro B3aMMOAeNCTBUS

((paKT B3aMMHbIX NMpeBpalleHnn Bcex
3/1eMeHTapHbIX YacTuL,)

2) NOCTpoeHune Teopun, nMerLLen
MUHUMYM MOCTOAHHbIX
obbaAcHeHMne cnnbHoro, cnaboro,
rPaBUTALLMOHHOIO B3anNMOAEeNCTBUS




30 aKTyanbHbIX NpobneM OU3nKun
(13 nekumun Fmulbypra B.J1.)

. YnpaBnsemas TepmosiaepHasl peakums.

. CBepxnpoBOAMMOCTb NMPWU BbICOKON M KOMHATHON TeMmnepaTypax.

. MeTannunueckunin Bogopoa. [pyrme ak3otnyeckmne cybcraHumm.

. [lByMepHble 3/1eKTPOHHbIE XUAKOCTM (aHOManbHbIN addekT Xoana n npoyee).

. HekoTopbie npobnembl TBepAoro Tena (reTepoCTpyKTypbl B NONYNPOBOAHMKAX, KBAHTOBbIE SIMbl U TOYKWN, 3apsaoBble
N CMWHOBbLIE BOJIHbI, ME@30CKOMNMSA N Npoyee).

. ®azoBble Nepexoabl BTOPOro poAa W CBs3aHHble C HUMKU 3 deKTbl

. MoBepxHocTHas dusnka. Knacrepsol.

. Xngkune kpuctannbi. ®eppoanektpuku. ®eppotopounkmn (Ferrotoroic).

. ®ynnepeHbl. HaHOTpy6KMN.

10. HennHelHasa dusnka: TypbyneHTHOCTb, COIMTOHbI, XaoC, CTPaHHbIE aTTPaKTopblI.

P WNH

O 00N O

11. Pasepsbl (Rasers), rpasepsbl (Grasers) - 1a3epbl Ha PEHTTEHOBCKUX M raMMma-syyax.

12. CeepxTaxesible 3/1eMeHTbl. DK30TU4ecKmne aapa.

13. CnekTp Macc aneMeHTapHbIX Yactuy. KBapku v rnooHbl. KBaHToBas xpoMoanHamuka. 14. 14. KBapK-rniooHHas rnsasma.
15. EamHas Teopus cnabbix M 3/1EKTPOMArHUTHbLIX B3aUMOAENCTBUN.

16. CtaHgapTHasa mogenb. Maccbl HENTPUHO. MarHUTHbIE MOHONOAU. DyHAAMEHTaNbHasa AJINHA.

17. HennHeiHble beHOMEHbl B BaKyyMe U CBEPXCU/IbHbIX 3NEKTPUYECKMX MONsX.

18. HecoxpaHeHune CP-MHBapMaHTHOCTMU.

19. CtpyHbl. M-Teopus.

20. DkcnepuMeHTanbHas nposepka O6wei Teopmn OTHOCUTENBHOCTMU.
21. 'paBUTaAUNOHHbIE BOJIHbI U UX AETEKTUPOBAHMUE.

22. Kocmonornyeckune npobnembl. MHbNALMA. CBA3b KOCMOMOTNKU U (PU3UKU BbICOKUX SHEPTUNA.
23. HeliTpoHHbIe 3Be34bl U Nynbcapbl. CBEPXHOBbLIE.

24. YepHble ablpbl. KocMUYeckue CTpyHbl.

25. KBasapsbl n sapa ranaktuk. ObpasoBaHue ranakTuk.

26. Npobnema TeMHOW MaTeEpUN U ee AETEKTUPOBAHME.

27. NouncK ynbTpaBblCOKOIHEPTUYHBIX KOCMUYECKUX STyUEN.

28. N'amma-scnnecku (GRB). N'mnepHoBbIe.

29. HeliTpuHHasa dusmka n acTpoHoMusa. OCcuUmMNNAaUnMmM HEUTPUHO.

30. CBoincTBa BelleCTBa B CBEPXCUIIbHbLIX MAarHUTHbIX MOMSX.




o (L] 5 ) [ =

7.
8.

O.

10.
11.
12.
13.
14,
15.
16.
17.
18.
19. ONTUYECKUN N TEOMETDUYECKUN NVThb.

Cnuncok BOMNPOCOB K 3K3aMeHy no dusmke
CemecTtp 3 « OnTtuka. ATOMHasa n agepHas dusuka. »

8§8§ YpaBHeHun MakcBenna

NMepBoe ypaBHeHMe Makceenna. BuxpeBoe anekTpuyeckoe rnose.
BTopoe ypaBHeHne MakcBenna. TOK CMeLleHuns.

Cucrtema ypasBHeHun Makceenna.

Mnockada BO/IHa B AU3NEKTPUKE.

OTpaxeHue n npenomneHme DMB Ha rpaHuue ABYX ANSNEKTPUKOB.
BekTop YMoBa-llonTuHra.

§8 MNoHATNA reoMeTpUYEeCcKON ONTUKMU

3aKOHbl reoMeTpmyeckon onTukK. lNMokasaTtenb NpenoMeHuns.
MpuHumn dGepma.

§8§ BoniHoBas onTuka

CneKkTp 3N1eKTPOMarHUTHbIX BOJIH.

NHTepdepeHuns konebaHmin.

PacnpocTpaHeHue 31eKTPpOMarHUTHbIX BOJIH.

OnbIT KOHra.

Ondpakuna ceeta. MpuHuun MNomnreHca-d®peHens.

Andpakumna ceeta Ha 6€CKOHEYHON Wenu.

AndpakunoHHaga pelwieTka.

Ondpakuna OpeHens.

Andpakuma peHTreHOBCKUX Jlyyen.

3aKOH OTpa)keHns U NpesioMIeHns cBeTa U ux ob6bsiCHeHMe ¢ nomoLlblo NpuHumMna lMNonreHca-dpeHens.

cnacuoo 3a enumarue!




