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1896
1898
1905
1909
1911
1912
1913
1913
1914
1919
1919
1925
1926
1928
1930
1931
1931
1932
1932
1932
1932
1932
1932
1934
1934
1935
1935
1936
1937
1938
1938
1939
1940
1941
1942
1944

A CHRONOLOGY OF SOME OF THE MAJOR EVENTS IN

NUCLEAR PHYSICS
* 1l tdzkzyj dzO 1 5B j dzj
Discovery of radioactivity (Becquerel*) :rst fission bomb tested
Isolation of radium (M. Curie* and P. Curie*) 2540 F?“l aglon; Hont esfe ,
Special theory of relativity (Einstein*) 146, B Bang comnology (Sdmow)
g o d 1946 Development of nuclear magnetic resonance (Bloch* and Purcell*)

a particle shown to be He nucleus (Rutherford* and Royds)
Nuclear atom (Rutherford*)

Development of cloud chamber (Wilson*)

Discovery of stable isotopes (Thomson*)

Planetary atomic model (N. Bohr*)

Nuclear charge determined from X rays (Moseley)

Artificial transmutation by nuclear reactions (Rutherford*)
Development of mass spectrometer (Aston*)

Intrinsic spin proposed (Goudsmit and Uhlenbeck)

Quantum mechanics developed (Schrodinger*)

Theory of a radioactivity (Gamow, Gurney, Condon)

Neutrino hypothesis (Pauli*)

First electrostatic accelerator (Van de Graaff)

First linear accelerator (Sloan* and Lawrence*)

First cyclotron (Lawrence*, Livingston)

Discovery of deuterium (Urey*, Brickwedde, Murphy)
Discovery of positron (Anderson*)

Discovery of neutron (Chadwick*)

Proton-neutron nuclear model (Heisenberg*)

First nuclear reaction using accelerator (Cockcroft* and Walton*)
Discovery of artificial radioactivity (I. Curie*, F. Joliot*)
Theory of B radioactivity (E. Fermi*)

Meson hypothesis (Yukawa*)

Development of coincidence technique (Bothe*)

Compound nucleus theory proposed (N. Bohr*)

Discovery of p lepton in cosmic rays (Neddermeyer, Anderson*)
Discovery of nuclear fission (Hahn* and Strassmann)
Thermonuclear fusion proposed as source of energy in stars (Bethe*)
Liquid-drop model of fission (N. Bohr* and Wheeler)
Production of first transuranium element (McMillan* and Seaborg*)
First betatron, magnetic induction electron accelerator (Kerst)
First controlled fission reactor (Fermi*)

Phase stability developed for synchrotron (McMillan*, Veksler)

1947
1947
1947
1948
1949
1949
1952
1952
1953
1953

1953
1955
1956
1956
1958
1959
1964
1964
1967
1967
1970
1971
1972
1974
1975
1977
1983
1983

Development of radiocarbon dating (Libby*)

First proton synchrocyclotron, 350 MeV (Berkeley)

Discovery of 7 meson (Powell*)

First linear proton accelerator, 32 MeV (Alvarez*)

Shell model of nuclear structure (Mayer*, Jensen*, Haxel, Suess)

Development of scintillation counter (Kallmann, Coltman, Marshall)

First proton synchrotron, 2.3 GeV (Brookhaven)

First thermonuclear bomb tested

Strangeness hypothesis (Gell-Mann*, Nishijima)

Collective model of nuclear structure (A. Bohr*, Mottelson*,
Rainwater*)

First production of strange particles (Brookhaven)

Discovery of antiproton (Chamberlain* and Segré*)

Experimental detection of neutrino (Reines and Cowan)

Parity violation in weak interactions (Lee*, Yang*, Wu et al.)

Recoilless emission of gamma rays (Mdssbauer*)

26-GeV proton synchrotron (CERN)

Observation of CP violation in K° decay (Cronin* and Fitch*)

Quark model of hadrons (Gell-Mann*, Zweig)

Initial operation of SLAC accelerator for 20-GeV electrons (Stanford)

Electroweak model proposed (Weinberg*, Salam*)

Charm hypothesis (Glashow*)

Proton-proton collider (CERN)

500-GeV proton synchrotron (Fermilab)

J /¢ particle discovered and charmed quark confirmed (Richter*, Ting*)

Discovery of 7 lepton (Perl)

T particle discovered and bottom quark inferred (Lederman)

Operation of proton-antiproton collider at 300 GeV (CERN)

Discovery of weak bosons W * and Z° (Rubbia*)
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1.2.t OHd8OS Isd o datsfyls
PaaguoaKTMBHOCTb — CaMONpPOU3BO/IbHOE UCNYCKAaHUe
aTOMHbIMU AAPAMM PA3NIUYHDBIX HACTUL, U U3NYYEHUI
K 1900 r. Habnwopanucb
OCHOBHble BUAbl PagNOaKTUBHOCTHU:
* Anbda (o) pacnag (ucnyckaHue agep renms)
— 1898 r. 3. Pesepdopp,
* beta () pacnag (ucnyckaHue 31eKTPOHOB)
—1898r. 3. Pesepdops,
* Tamma (y) pacnag (ucnyckaHMe ramma-KBaHTOB)
— 1900 r. M. Bunnappg. e

Bce 3tTM pacnagbl obycnoBneHbl BHYTpUAZEPHbIMU Ry
npoueccamun. Ho camu agpa 6bInK OTKPbLITbI NULLDb
B 1911 r. 3. Pesepdopgom.

CBMHLOBBIN
KOHTelHep

NepBoe cBUAETENbLCTBO pagUOaKTUBHOIO pacnaga
aTOMHbIX agep, obHapyXKeHHoe A. beKkepenem e 1896 2.
Ha dortonnactuHke oT4eTIMBO BUAHbLI NOTEMHEHUSA,
Ob6pasoBaBsluMeca B pesynbrate Toro, 4To A. beKkKepesb
NONOXWUN Ha Heé obpasubl ypaHOBOW coNM.




PaanoOaKTUBHbIN pacnag —
CMOHTaHHbIA (CNyyauHbIKM) npouecc,
XapaKTepHbl Ana cobbiTuM,
NPOUCXOAALWMNX B MUKPOMUPE,

T.e. HQ KBAHTOBOM YpOBHe.

Pe3ynbtat KaXXaoro otaenbHoro cobbitua
HeNb3Aa npeacKkasaTtb, a MWb ero BepPOATHOCTb.
JTO He CBA3aHO
C HeCoBepweHCTBOM HabnwpatenbHbix Npubopos,
A ABNAETCA OTPAXKEeHMEemM NPUPOAHOU CNYHAUHOCTU
CaMOro KBaHTOBOro AB/IEHUA.



Myctb B MomeHT BpemeHu t umeetrca N(t) oauHaKoBbIX
paAMOaKTUBHbIX A4ep WUAN HecTabuNbHbIX YacTul,

W BEepOATHOCTb pacrnaja oTaenbHoro aapa (4Yactuubi)

B eAMHULY BpemMeHu paBHa A. f sflssw dzdzO" tcOMY
Torga 3a npomexyTtoK dt uucno paguoakTusHbiX agep (4actuu)
ymMmeHbwUTCcAa Ha dN,

roe dN = —A- N(t)dt,
OTKyAa

t
N(t) = N(0)e ™ = N(0)e =,
rae N(0) — yncno pagmoaktueHbix aaep (yactuu) 8 moment t = 0.
Hapagy ¢ 4 ucnonbsyior

T = 1 — CpeaHee BpemMmAa XWU3HU A4pa (p'O pacnap.a);

A
In2
t1/2 = — — hepuwopa nonypacnapaa.

CpegHee 4ucno n pacnagoe 3a spema t:
n = NAt

10



le/l BaAd PagNOaKTUBHOIO pacnaja

1.0

No
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BepoATHOCTb He pacnacTbes

|
|
|
1

2 3 4 5 6
Bpems 8 nepnoaax nonypacnaga ty

BeposaTtHocTb P, 3a Bpema t ucnbiTaTb . pacnagos
Aaétca pacnpeaeneHuem llyaccoHa:

(n)"

o7
n! '

P,,(Ilyaccon) =

Mpu 1 > 1 oHO nepexoguT B pacnpegeneHue laycca:

1 _m-m?
P,(Taycc) = ——e 21 .,
21N

11
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MEeTpbl
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r | |
| T IMB  10°=1T3B 1T2B 1118 )
IL.M.J : | fmpa | Hyssosso j E NaAtou
: AT I : 'L h;:w ‘!‘ — 1010 o @“
' ' l HarvInm B KOCIrRCEIT Teax
Aapo _
I/
B mukpomupe macca obbi4HO Bbiparkaerca Tlporoms:
2 HeHTpOHE m
B SHepreTMYeCcKUX egmuHULAX 1MC°, Hanpumep, TR
macca anekTpoHa (9,11-10~28r): mc?= 0,511 M3B,
macca npoTtoHa (1,6727-10~24r): m,,c*= 938,27 M3B. —_—
* EnuHuna sHeprum,
UCIIOJIb3yEMas B [IpoTom

AlepHON (pU3UKe -
3JIEKTPOH-BOJILT (3B)

¥ 13B=1,6022-10-1° JT
¥ 1 k3B=1000 3B
¥ 1 M>B=1000 k5B




1.4. tjdzvIlsdodmlsmMSdj Mol

E? — p*c? = invariant,
rae E — nonHas sHepaus 4acTULbl UAU CUCTEMBI YacTUL,

P — UMMAYAbC YacTULBI MU CYMMapPHbIA UMAYAbC T
CUCTEMbI YacTUL, & V// g
. N
1 /&Qé?
JlopeHy-chakmop: y = EEeS

1-p2’

v
rpe = ~» @ U — CKOpOCTb, 1887

[frls [ 02C¢ § de'tshgasc

MonHas snepeus: E = \|m2c* + p2c? = ymc®> = mc? +T,
roe T — KMHEeTUYecKasa 3Heprus, seprano
KuHemuueckaa snepeua: T = mc*(y — 1),

Umnynec: p = ymv,

[=]
J (mcz)z CTOYHMK 2
v=c/|)l—{— ’ KOrepeHTHOro Z
E WanyyeHna 2

p*c? = T(2mc* + T) = 2Tmc? + T?. e

OETEKTOD

4C stesfmls! Mo j Is ==, 997 HIOY fiz digfij S
odzj LOoadmddismisd &l MSswshmisd dhssyddSs o d
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2 dPeKkT 3amepneHna BpemeHM
ANA PEeNnATUBUCTCKOM 4acTuubl

PaccmoTpyMm HacTuubl, UCNbITbIBaOLWME pacnag,.

Nx cobcTBeHHOe BpemA XU3HMU (cpepHee BpemMA KU3HU
B MOKOALLEMCA COCTOAHWMU) PaBHO T,.

KonnuectBo TakKMX MOKOALLMUXCA YacTUL, CO BpeMeHeMm
MeHAEeTCA NO 3aKOHY

t
N(t) =N(0) e Y.
EcAn yacTuubl ABUralOTCA CO CKOPOCTbIO D,
TO 3a CYET PeNnAaATUBUCTCKOro 3amepnieHMa BPeMeHMU
cpegHee Bpemsa UX KM3HM BOo3pacteT Ao T = YT,

roe JlopeHuy-dakTtop
1 1

V=s =

2

C
B 3TomM cnyyae Konu4yectBo 4acTul, co BpemeHem byper
MEHATLCA MO 3aKOHY .

N(t) = N(0) - e= = N(0) - e 7.

17



Myctb Ha BbICOTE 5 KM OT NOBEPXHOCTU 3emnu
POXKAAKTCA MIOOHbI C KMHETUYECKOM SHepruen
T,=1T1B.

ABuraacb B HanpaB/NeHUU 3€MHOW NOBEPXHOCTH,
6yayt nM oHM pgocturatb eé Ao pacnapa?

OCHOBHOI KOMMOHEHTOM KOCMMYECKUX NyYen,
nagawwmux Ha 3emnl, ABAAKOTCA MPOMOHGI,
3HEpPrua KOTOpbIX MOXeT pocturatb 1020 3B.
Mpy nonagaHuu nMPomoHoE8 B 3eMHYy0 atmocdepy u
B3aMMOAEMUCTBUU C aTOMHbIMU Aagpamu atmocdepbl
POXKAAIOTCA 3apAMeHHble nuoHbl (mt),
KOTOpble B ¢cBO6OAHOM nonete
MCNbITbIBAOT 3aTem pacnag
Ha PenATUBUCTCKME MoHbI (UT),
MIOOHHbIE HeliMmPUHO vV, (WA NX AaHMUHEeMpPUHO V,,):
nt->pt+v,,
T op tV,.
Ona Takoro pacnaga To(mt) =2,6-1078 cek.

B cBOKO ouyepeab MIOOHbI pacnagarTca No cxeme
proet+v.+v,,
u —e +vet+v,
CobcTtBEHHOE BpemA XU3HU OTHOCUTENbHO
Takoro pacnaga To(ut) =2,2-107°cek.
pPenaTMBUCTCKOE 3amenneHune BpemeHU
no3ssonAaet nNoyYTvM noanosuHe MHOHOB
C KMHETUYECKoMU 3Hepruen 1 3B,
poauBLLUMNXCA Ha BblCOoTeE 5 KM,
M ABUTraloOWMXCA B HanNpas/ieHUU 3emnu,

.. 18
AOCTUYDb €€ NOBEePXHOCTU.



3ddeKT CcoKpalieHMa NpPoaoNbHOro pasmepa

B Bonbwom AdpoHHom Konnaiidepe
(Large Hadron Collider)
KMHETUYECKana 3HEeprua YCKOPEHHbIX NMPOTOHOB
pocturaet 7000 NB =7 T3B.

MokoAawuinca npomoH cpepuyecku CMMMETPUYEH
u ero paguyc ~0,8 dm=0,8-10"13 cm.
YuutbiBan JlopeHu-pakTopa npotoHa c T, = 7000 I'3B:

T, 7000 I'sB

— 1
Yp =27 mpc2 0,93827 3B

nony4yaem, Yto paduyc nMPOmMoOHa B NPOAOAbHOM
HanpaBneHun cokpatutca Ao ~ 10"* dm=10"1" cm.

v=20 v=0,97c v—0999c

.—.—

NPOMOH

=1+ = 7463 =~ 7500,

19



dPPeKT KPpacHOro cmeLweHus

CWWjiCls 1 tsfdzj O 1Od3j Hdzj dedj otej d3j dad © Gt@o d

Liset ydansrowiezocs
MCTOYHMKA CBETA UCNbITbIBAET

KpacHoe CcMmelleHune,

a npubnuwxarouje2ocs — cuHee
cMeLlleHne

3akoH Xabbna

v=HR

V — CKOPOCTb ranakTuku
R - paccToaHWe A0 ranakTuku
H - noctoaHHaa Xabona

H= 2,3KLo0

20
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1.5. So0dzElsse " j

* KopnycKyasipHO-BOJIHOBO# yaJii3M CBETa

Cget npepcrasisieT co60i nOTOK (POoTOHOB, ¢ 3Heprueit E=hv n umnynscom p=E/c. Beoas

KpyroByto yactory w=27tv u h=h/(27), moxHo 3amucars E=hw, p=2sth/A=hk, rae A=c/v -
[JIMHA BOIHBI, K=27U/A - BOJIHOBOE UmMCJIO0.

* qaCTMubI, KaK KBAHTOBO-MEXaHUYECKNE OO bEKThI
HacTuyam Toxe npucyy KOPMyCKyJIApPHO-BOJIHOBOW Ayann3M:

E=hv=hwo, p=h/\=hk,

Mots2MmMlso © YOTr

MocToAaHHaA MnaHka (KBaHT NelcTBMA)

h=1,054 571 800(13) x 10~** mxc
i = 1,054 571 800(13) x 107 sprc
h = 6,582 119 514(40) x 10~ s8¢

rae E, P - 2Heprua u uMnyJabC 4aCTUlbl, COOTBETCTBEHHO

\P’(r t) _ e-i/h(El—ﬁf) C,BO6OHHO ABMKYLIAACSA 4aCTULA ONMUCHIBACTCA MIOCKOW BOJTHOU
y .

( BontHa e Bpoitns)
* BonHoBasi pyHKIMS

AW =I1P (x’ v, Z)Iz drdydz. KBagpat Mofy./isi BOTHOBOW (DYHKUMM - BEPOSATHOCTb HANTH

yacTuly B 061actu ot X g0 (X+dx), ot y no (y+dy), ot z no (z+dz

J]] IIP (x’ Y Z)rdx dydz =1, Ycnosue HOpMUDOBKIL

* Ypasuenue lllpenunrepa

~1*[(2m)V*Y (r)+ V¥ (r)= E¥ (r).

ihd¥ (r,t)/0t =—h*[(2m) V¥ (r,1)+ V¥ (r.1).

Craumonapnoe ypasHenue llpeaunrepa

Bpemennoe ypasnenue lllpegunrepa

21
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* CooTtHotienue HeornpeaeaeHHocTH ['eii3en6epra
/ [Tape xapakTepuCTUK KBAHTOBOM YACTULbI, HEllb351 OHOBPEMEHHO
l
AEAt 2> -2— ; Ap Ax = — npunucarb TOYHbIE 3HAYCHNSI SHEPIUN - BDEMEHHU M MMITYJIbCA - KOOPAMHATDI

* HeonpenieaeHHOCTh BpeMEHH
pacnaja, CBI3aHHasi CO CPeJTHUM
BPEMEHEM YKU3HHU t, MPUBOJUT K
HEOIIPEJICJICHHOCTHU OJTHOM
HEPI'UM, KaK CIIEAYeT U3
cootHoueHust AEAt=h/2

[=1M3B ~t=6.581022¢

22



| szdgsor j] fMows2Mmlsea O sfldyj MSses dL dkzyj ded v

Andpakuymna Ha Kpyrnom (cdhepuueckom) obbekrte

Asa ycnosmna andpakuuu:
1) A <R,
2) YeTKkmne rpaHuMubl obbekTa.

dopmyna M3 onTUKMU:
0,6
A

S$in6,,;,, ~m

23
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| szdzgsor | Mowm2Mso O sflsdyj MSses dL dlzyj ded ™

Cxema onbiTa ¢ ABYMA LLEeNaMHU

Py = |¢1|2
=
<<
MUCTOYHUK ve
MUKpOoYacTuL, 1
B I > —
2
! B 2N Pyp = |y + P, |2
MeperopoakKa Py =l
SKpaH

C ABYMSA WENAMU

24



" A
| sdzdgs o™ j fMot2Mlsea O 1 dzj dBj delsOtedzr & yOfmlsdy

B 1927 r. AseuccoH u fxcepmep (CLUA)
n [xc. TomcoH (AHrnua) snepsble Habnwaanu

ANPPaKLUIO INEKTPOHOB
(Nobel Prize, 1937)

CospemeHHble
OdHHble

Ovudpakuyus
3/1eKTPOHOB

c 3Hepruen 0,6 K3B
Ha aJlOMUHUEBOU
donbre

OndpaKkuus
PEHTreHOBCKUX
doToHOB

c 3Heprueu 1,8 k3B
Ha a/IlOMUHUEBOM
donbre

25



FdwteoOcydqw

dzj 2 Is tc ts dztblal

ZO CtedmlsOo
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1.6. RLAJ o dzgdWw o

Knetka . €% (

/ 107°m
é i Moneyna

AToMHOS AOpo

Bd ¢ esBd e
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"
dKCMepuMeHT
B MUKpoOMUpe AeTekTop

MuweHb

My4oK
Yckoputensb —_——

yacTumu

MaKpPOCKONMUYeCKUu owo
onbIT »0'°
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atom
o Unu aapo

} Jj wactuy,
B CeKyHAYy
ynano
—>7 N vacruy,

> [ npoB3aumo-
AencTBoBano

BepoAaTHOCTb Bsaumop,eﬁcraun

2
unu aspPeKTuBHOE ceyeHue O

- =

6] = cMm

g Y[1R[ J1oR[[JrrBEUlRC = Irt{cuvirfuwu?
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XapakTepHble BelIHIHHEI ceueHHH B PH3HKe AIpa H JacTHII

Pearanm
¢ VHACTHeNM HeHTPHEHD n-N

g=35mbapunpuE=113E

|
cm? 1038 10-3%9 1040 1041 1042 1043 —

o=d0 mbapumpuE=113B

HAaeprpie peaxinos
o(ry)= 10° Gapr Hal3 5 e mpu E=00253B

Apeprprt doTosddert
7 210 Bapx Ha 205P4

Forond derr
g =107 baps Ha yIepoge mpu Ey= 50 3B

Pomgerme map
¢ = 10 baps Ha ceemLle mpH Ey = 50 MsB

Kommrron-addexr

cm? 10-22 10723 10-24 10-25 10-26

CM

1 mbapH = 1077 e

1 Gapu = 102 en?,

30



do

do’

10—28

10-—30

Cdzj CIstes dadz 2

CM2

crepajvaH

PaccesaHue 3NeKTPOHOB Ha AApax

40
20

Xodwragrep (1953, CLUA):

'Nobel Prize

1961

t sBjtols mtsWhIsOHIsj to

(1915 -1990)

fyss

L dzj ecdy ?

1961 Nobel Lecture: "The electron-scattering method and

its application to the structure of nuclei and nucleons

Experimental
arrangement

electraon beam

magnetic field
reqgion

electron
detector

of known energy — bear
> p —monitor
‘ thin foil of
scattering material
Kinematics or mormentum
momentum triangle transfer

10°

10*

10°

dN

=

dcos 6 2
Seala 10T Hofstadter's electron scattering

arbitrary . data dropped below that expected
—— 10" . for a point nucleus, indicating
— LR structure of the nucleus.

i L]
10 -1 1 1 1 1 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0
cos 6

Hofstadter, R., et al., Phys. Rev. 92, 978 (1953).

1948| US patent 2585551, Robert Hofstadter, "Means for detecting ionizing radiations” |

H

411 o

The Detection of Gamma-Rays with Thallium-Activated Sodium lodide Crystals
Phys. Rev. 75, 796 i Erratum Phys. Rev. 75, 1611 (1949)
190

31
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] Bdzdztso r |

Mots2Mlsa O ftolstsdatso

o 1(60)
% 101 lé | I B N B
P AHMEe NPOTOHOB
|6 109 & dCcce e UpO OHO
o L \ ¢ 3Heprueli 1B
%10-1 Ha A4pe Kucaopoaa.
;:E:: .,- S AnvHa BONHbI NPOTOHA
§ 1072 N 0,73 dm.
31073 1-1 MmuHMMYM npu & = 10°,
E _4' L?{IENL OTKyAa pagumyc
O 10 # aApa Kucnopopaa
s [ 1-i MUHUMYM \{? 06 073bM _
-5 R = =2
2 107 Sinl0° S
i
I 10-6L— 1 l | | | L 16
> 0 4 8 12 16 20 24 28
Yron pacceaHus, rpagycoi
gd3. MdzO2H
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RdzIstelz d3j dzls Ote d 2  Moru3upyrowas Yacmuya
bty 14 e :GQ. 7
= —

L7 Emrocme 1

- cuemating = — I

Yeunumens
U CHEMUUK
UMNYIHCO8

Action of energy Positive ion

Positive ion e o e
Q@
/"

Negative small ion
Mobility 1.9 cm?/Vs

\ Neutral molecule

Electron 0 /

-
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2.1 . [sStrIsdj W

AToMHOe aapo oTKpbiTo B 1911,
pHcmom Pesepcghopoom ACTOuHMK
B nabopatopumn IVMlaHUecTepCKOro | a-vactuy,
yHusepcuteta (AHrus) c :*!'_’elf;l’:;ﬁ Konammarop
B pe3y/nbTaTe aHa/M3a OnbITOB ‘
lelizepa n MapcdeHa
NO pacCesHUID a-4acTul,

Ha TOHKWUX 30/10TbIX
W NNAaTUHOBDbIX donbrax,
HaJvaTtbiXx B 1909r.

K/TIOYEBBLIE 3TANMbI
B NO3HAHUN CTPOEHUA AOPA

1909 r. — OnbiTbl elizepa n MapcdeHa
(oneim Pesepdhopda), AHrnus,

1911 r. — OTKpbiTUe agpa atoma (Pesepcpopod, AHrnua),
1932 r. — OTKpbITUEe HeUTpoHa (Yadsuk, AHrnnsa),

1932 r. — MNpOTOH-HEUTPOHHAA Mopenb AApPa,
MatliopaHa, UTanus,
A.4. NeaHeHko, CCCP,
[elizeHbepz, TepMmaHus,

1964 r. — KBapKkoBoe cTpoeHue MPOTOHA U HEUTPOHa,
lenn-MaHH, Ueelie, CLUA.

C. tiLjYBt
(1871-1937)

PacctoaHue

R RVARRAFRRRA [K/KRR |
\f

2
o0 s
53
T
=X
n o

o

AN
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" J
2.2 . dsMmMls©e WHKCO

dIstsd3der j Mz @dsd dzv Ists H j dzdls! dz2O MlsOBddz' dz" |  tOHdsOCIsd
mMEh dsmisd, oMmMj WwWHKCO ftsHO jtec O IsMW KOHdSOCIsdo dzesdzgz tcOMY

AdLduimSdi ojddyddyr, SO0wOSkjtedLkshdj Mots2flse O Olstsddz
Hd dzOoBd ud MEdd .

235
gls Ol gy fORO®B] ster s dstf figw Isi fij Wiz Czdzis delizj detis L B Iz 3 Hij tstighis o) Wy

[ d dz20 d3q yJimdsfvjo dzw 6 sfqw  fted otSLBEZYHJ WA, ©WOMJIOHOR WHJItE

#lsOdUjMSdj §OLOijlster B Yydzs dzOL ' 9 Os s Mots2 Mlse O Mls
Mots2fMlso O fdMmkhd doj btsd ¢t MsOsdd df &5, des d ©OHJEOS

OcHoBHble cmamuyecKkue caolicmad ﬁdep
MaccoBOE€ YUCJII0

OCHOBHbIMM XapaKTePUCTUKAMM cTabunbHoro AAPa ABNAKOTCA.

A Cumsoun

Maccosoe yucno -
. _ = XUMHNYECKOI(

Snekmpuyeckull 3apad -

Z AJIEMEHTA
Macca - X
SHepaus ceq3u -
Paduyc - ATOMHBIIT HOMED
CnuH -

MaeHumHbil momeHm - * Z - 4uclio npoOTOHOB B sifIpe

KeadpynosnbHbil 3nekmpuveckuli MomeHm - % N - unCiI0 HeHTPOHOB B FIPe

Msomonu4eckul cruH -

YemHocmb 80/1HO80U hyHKYUU - ¥ N+Z=A - MaccoBo€ 4KcIio

mwﬂmhwmgimm

Cnekmp 8036y#c0eHHbIX cocmogHull - 36
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" N

Kapra uzotomnor

Ywcno npotoHos Z
100} MPaHvua NPOTOHHOK
CTa0WNLHOCTN
80
60 CraounsHsIe Rapa
o «— Hel TPOHHaR AMHIA
CTa0MNLHOCTH
20 - wnn n-Pacnag
i 1 1 1

CnoHTanHoa paneHve

20 40 80 80 100 120
Yucno HaiTpoHoa N
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¥ Hzomonwi - N3oTomnbl (Ca, Z=20)
OJIMHAK OBbIN
45Ca |  46Co

40Ca . 11Ca 42Ca 43Ca | 44Ca ‘
DE+21Y R2E+S Y STABLE STABI STAEBLE 16261 D +-0.28
3apﬂﬂ 96 9¢ \ 0 647 0.135 y, }Fv;r : )
24 «. 1000%

p=: 100.00%

.*. M30m0Hbl . - NJABLE 12‘.‘322K1H A : - 105§

B-: 100.00% | B-:100.00% | 11 00.00% B-: 100.00%

OJIMHAKOBOE o T ) v BETEECTE

289 Y STABLE 1. 96 329Y 537 M 1187 M 21485

1 JUBSZL JI o003
YUCJI10 ; B~ 100 Dogs 00.1% ERRTT 08 6-:10000% B-:100.00% B-: 100.00%

HENTPOHOB

44C1
056§

% p-:100.00%
B-n < 8.00%

375 415 435
XY 170.3M 0285

¥ Usobapol -
OJIMHAK OBOE
MaCCOBOE
4UCJIIO0

p-:100.00% NS Ui B-: 100.00 p-: 100.00%

B-n: 40.00%
27

N3o1oHbI (N=20) MN300apbi (A=40)

21
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OCHOB8HbIe XapakmepucmuKu HYKsIOHOS8.

MpoToH ,p
3apag, paBeH 3apafy 3NeKTpoHa - ¢ = {4,803.1010 CI'co
1,602-10" Kn
1,6726-107¢
Macca - m, =1836,1lm, =11,007276 a.e.u.
938,28 MbB

1

CNuH- § =
MarHuTHbIi MomeHT - 11, =+2.79 11,

MpoToH —vyacTtnua ctabunbHaa: Ho! BHyTpu aapa 3a cyet aHeprum
nepefaBaemMon NPOTOHY APYTMMM  HYK/IOHaMW  BO3MOMKEH

p——> n+e +v,

HeuTtpoH LH
3apsag, paBeH HyNo

Macca - m, =1838,6m_, =1,008665 a.e.u.

CNnH- s =

~ 1 11,7 MmN >

2 o i ? 1p +e +V
Y - =—19 3apsao !

MarHuTHbIM MOMEHT - [I = 1.9 1luﬁ apA0 paseH Hysto /,

B cBo6OAHOM COCTOAHMU HEUTPOH sBAAeTCA HecTabuabHbIM 39
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RL B tej dad BOMM wHjt

Mesxayrapoonas eIHHHIA MaccHl (a.€.M.) paeHEgeTca 1/12 maccer aTtoMa e

laex =166043-10"* r=931481 MsB = 1 D (zanston).

Ol’lp'EJJ;EI]'EH]»{E MAaCChI &D
HOHOB M3 VCJIOBHUA &E?r

Mv=qB-R Y

OnpeneneHue CKOPOCTH ®
MOHOB V U3 YCIIOBUA
E=qvB;
1 1 TRITON Plus
M cTOUHNK NOHOB 1 E A
-
C 3apSaoOM § —> B -
S~
1 maccamu My ™4 ,
® B M = gB,R/v = gB;B;R'E
CenapaTop cKopocTeil B mMarHuTHOM nosne .
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