Peakumu n npeepbliaHUa B
MUKpOCBeTa
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Peakuuun mexay yactmum
a+b—oc¢c +c, +.+¢C

- 3aKOH 3a 3anasBaHe Ha (YeTupuBeKTopa Ha)
eHepruarta-umnyrca:

Ea + Eb — Zinzl Eci

- eHepreTuydeH Npar Ha peakumaTa — nNpecmaTaHe
(penaTUBUCTKU U HepeaTUBUCTKU Crlydain)

- eHeprueH 6anaHc Npu 9apeHU peakumuu:

m(x)c? +m(X)c®> + T(x) =m(Y)c® +m(y)c® + T(Y) + T (y)
2
Q= [m(x)+m(X) —-m(¥Y) - m(y) ]c
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TTpumepu

Sh . B=15T @

doTorpadpusa Ha B3aMmMoOgeENCTBUE B
UUNUHAPUYHA MexypyecTa

kamepa (d=32 cm),

3anbfiHEHA C TeYeH BoAopOa.
Kamepata ce obnbyBa ¢ T*-Me30HU

c nmnync 320 MeV/c

T *p—>n tn N
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Fig. 108 A photograph of an interaction of a 1GeV/e
meson with a proton in a liquid hydrogen bubble chamber, The
eaction is

n+p-=K'+A,

llowed by

This is an example of associated production of two strange

Cy sarticles.
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doTorpadma Ha HeYyTPUHHO B3auMOAENCTBUNE B

BEBC (Big European Bubble Chamber) B CERN

3anblHeHa ¢ Te4eH BOAOopO/.

Kamepata ce obnb4Ba ¢ v, cbe cpefHa eHeprus ~30 GeV
Cyvaiomna ymsnkaicvio - ¢



Fig. 7.1 An example of one of the cloud chamber photographs
of the first nuclear reactions observed by a visual techmque
(Blackett and Lees, 1932). The gas in the chamber is exposed to
x-particles from a source of ?Pb (ThB in the early notation).
The daughter %:Bi (ThC) gives a-particles of 6.09 MeV. The
alternative f-decay mode of ThC gives *Po which in turn gives
z-particles of 8.78 MeV. The two groups can be separated by
their different range. One longer-range «-particle has caused a
nuclear reaction interpreted to be

4N + {He - H+ ]O.

The a-particle energy just before the collision was about
3.6 MeV. The proton is emitted at 112° with the respect o the
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Proton

incident a-particle and with a kinetic energy of 1.1 MeV. The
recoil 'JO is projected at 15° with an energy of about 1.1 MeV.
Blackett and Lees determined these energies from the range (see
Section 11.2) of these particles and deduced that the Q-value
for this event was — 1.41 = 0.23 MeV. The modern value is
—1.19 MeV.



TTpeBpbLaHUA B MUKPOCBETA
(pasnaaaHe)

+ TTouTu BCUYKU KBAHTOBU cucTemu (0beKkTu, Yactuum)
Ce pasnaaar, T.e NPeMUHARAT B MO-HUCKO eHepreTUYHO
CBCTOAHUE, AOKATO AOCTUTHAT BB3MOXHUS MUHUMYM;

= MUHUMYMDBT CE OripeLESIA OT 3aKOHUTE 3a
3aria3BaHe

*+ CTAbUNHU CHCTOSHUSA (C MUHUMANHA eHeprius)

- 3a efleMeHTapHUTe YacTuLUm B cBO6OAHO CbCTOSHMeE:
HeyTpuHa, e/e*, OTOH, rpoToH (U- 1 d-KBapku)

-~ 30 ATOMHUTE S4pa: KOH@Urypayum ot p u n ¢
BBIMOXHO Havi-HUCKa eHepritg Ha CBbp3BaHe
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3AKOH 3Q (pasuoaxtusHoro) pa3naaaHe

HectabunHute cucremm (qacmum) ce padnagart CToxXxaCTn4eCkn — MOXe Oda Ce npencka3sa rnoBegeHMeTo Ha
aHcamObn OT YacTmuu, HO € HEBb3MOXKHO [a Ce KaXke TOMHO Kora AafieHa YyacTtuia Lie ce pasnaJJ,He!

Ako B MmomMmeHTa t umame N YyactTnum n HAMaMe BbHLUEH MNPUTOK, TO: - (dN / dt)
N
BeposiTHOCTTa 3a pasnajaHe 3a efvHMLa BpeMe Ha efHa YacTuLa € KOHCTaHT S
KOSITO HEe 3aBUCK OT Bb3pacTTa Ha YacTuuaral N ( t) = NO e
1n2
i _ N (T1,2) - e Ti/ = ——
2 N, A
Decay Mean life
” s0 100 281J —»24Th +« 6.5 x 10° years
Zspo—»zapb“*‘ x 1.9x 10°s [2
pt—ettv .ty 2.2x10°%s
A-p+7 2.6 x 107 1%s
il 83x 10 s
A++_’p+n* 6x 10—248
| I © " ¢
50 100 150 1 — ).J- te de =1/ A
t(s) L = — 0
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AKTUBHOCT

(0, Ng) (t, N (t)) (t+At, N (t+At))
AN = N (t) - N (t +At)

= Ny (e - e Aty o N et (1 - e

At « XN (At « Ty €T a1 - At AN = Ny et (Aat)

dN
= - AN, e A(t) = AN (t) = Ay e

- At

A [pasnagn/ s] 1Bgq=[1/s] 1Ci = 3.7 x 10™° pasnaga/ s
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TTapumanHu senUUUHU

1 Nl(o):NO -At t
N1 = Ng e
1 0 N7 + N = No
-t
2 N,(0)=0 N> = Npj (1— e )
- (dN/ dt)
1 N,(0)=N, Ay = ~(dN/dt)y Ay = a
N N
(a) dN dN dN
b (=) = - (= _ ([ — _
® (dt)_ (dt)a (dt)b_N()LaJr)Lb)_N)Lt
2 NZ(O):O At — la + Ab
A i
N; = Noe_/\tt N2,a = ﬁ No (1 - e_ltt) Nz2.p = f No (1-e Att)
t
- _ A
A, (t) = A, N (t)= AaNoe " ﬁAoe’\tt A, (t) = — A et
At A
A, B Aa I,
Ay Ao Ip
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M3mepBaHe Ha BpemeHa Ha
XUBOT

1] S0 100 150
EEII:I‘ SO0
AN ceKkyHamn < T/, < HAKOJNKO FOAMHM:
-’5 '\‘ “n3MepBaHe Ha 3aBUCMMOCTTa Ha
3 Mo aKTUBHOCTTA OT BPEMETO.
. EED .1 250
N ~
"
< e
125 ""-..__- 1z5
-
GE_5 —— GE.5
11,258 ] 2L.25;
S0 100 150 00

t(s)

T1/2 > HAKOJKO NrAMHU: namepBaHe Ha akTUBHOCTTA

(dN / dt)
N

10°9s < T1/2 < Y4aCTWn OT CeKyHAaTa — 3agbpxaHu cbBrnageHuns (nsmepsaHe Ha
3aBMCMMOCTTa Ha akTUBHOCTTA OT BPEMETO).

10295 < T,,< 109 s — JlopeHLOBO yab/mkaBaHe Ha t (u3mepBaHe Ha
3aBMCUMOCTTA Ha aKTUBHOCTTa OT BPEMETO > NnpeneTHoTo pa3CTO$IHI/Ie).
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EHepretuyHa WwWupuwHa Ha pasnaaawmTe ce
CBCTOAHUA

B rnonyknacuyecko npubnuxeHue 3afadarta 3a pasnag MoXe Aa ce TpeTtupa
nepTypbaTnBHO — pasnagaHeTo ce AbIMKM Ha Marnka nobaska V' B noteHuUmnana

(V+V'), kato V onpenens ctauMoHapHUTE peLleHus.

('f*'{})wa:EalIfa av—')b

O, (]_;, t) = tlfa (;) e—iEat/fl I T, (t) |2 — | T, (t = 0) |2 e_t/-c

> Sy i - He e cobcTBeHa HKUWSA, T.€. HAMA
Ly (r/ t) = wa (r) e 1Eat/n e t/2T - be HA,
onpeaeneHa eHeprus

T, (t) = j A (E) e *F¥gE
0

® i ® 3 - i ® _[-i (Eq-E)-Ta/2] t/A
A (E) =J T, (t) eI Bigt - J‘ e iFat/h gt/2T AE/E gy =J;e[ (Ba-E)-Ta/2] /8 gt _
0

0

(ﬁ el1 (Ea-E)-Ta/2] t/h ]°° 7 T, =h/t,
| -i(Ba-E)-Ta/2 ),  _i(E-Ea) + Ta/2
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P(E)dE = |A (E) |° dE
A% dE

(E-E;)2+T2/4

w
N’
o

I'n =h/t,

ectecTBeHa LWUMpnHa Ha CbCTOAHNETO lﬁa

AEAT =2 A/ 2

15

0.5

|

|

5 10

15

h = 6.58x10 %’ MeV s

y-npexoau B sgpaTta
T ~ 1lps = 107 s

T ~ 10°1% Mev

E
pasman BpeMe Ha CHEepreTuyHa
J)KUBOT 7, S mupuna I, MeV
2.2x10° 3x10%8 - o
P/ /fvﬂ 2.6x108 2.5x10-14
0 — vy 0.87x10-16 7.7x10°6
P 4.36x10-24 153
A—pm 2.6x1010 2.5x1012
—nmnl

Cyb6atomHa chm3unka/2015 - 2

14



TTpsko usmepeaHe Ha I

*  MeTof4 Ha MHBAPUGAHTHATA (eeKTUBHATA) maca
- 30 efleMeHTapHU YacTULUM, pasnaaalm ce Nopasau CUNHO

B3aUMOAeUCTBUE
T T T T i T
200 - m_= 770 MeV/c2
3365 events P
[ =150 MeV
160} - Y
§ o -
(vh]
S 120 =
o
Q = =
£ 80} .
>
w - —
40 -1
0 N it 1 1 1 ]
200 600 1000 1400

Mass (71°) MeV/c®

» edekt Ha Mbocbayep
— 3a (MHOro Marnko) ssapeHu Bb3byaeHn CbCTOAHUA
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O3Ha4yeHWqa B aapeHaTa PUsUKa

1932 - Chadwick — oTKpuBa HeyTpOHa — eNEKTPUYECcKn HeyTpariHa Yactmua
c maca m, ~ m, (m,= 938.272 MeV, m= 939.566 MeV, Am=1.293 MeV)

X

L

{NpOTOH, HEYTPOH}=HYKI1EOH

AOPO = Z, N, A=N+Z

A A
X=/ X A=N+Z X
N
238 238
U U=92 U 238=146+92 U

146 146

Z — KOHcTaHTa — nsotonu (112Sn, 114Sn,1155n,1165n, 1185, 1205n) Z=50

N — KOHCTaHTa — n3oToHu (132Te, 134Xe, 136Ba, 138Ce) N =80
Cyb6atomHa ¢u3mnka/2015 - 2 16
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PaauoakTuBHOCT

> « pasnaj - AXy— ALY, 4 He, E ~ 5 MeV,
> 3 pasnap - AXN— Az Yna t €+ Ve B - MUHYC
AXN— Az t €7+ Y, B-nnioc
AXyte — A Yyt Ve E3 Ez=<1MeV
» y pasnag/npexoq - enekTpoMarHUTHo nb4eHue E ~ 0.05 + 20 MeV
> CMOHTaHHO geneHe - AX — AlY +A27 + Nn, A > 230

> penku pasnagnm - ¢ U3nbyBaHe Ha eanH unm aea npotoHa ( 13Cs — 112Xe + p),
HeyTpoH ( 13Be — 12Be + n), aopeHun knbcTepm 8Be, 12C, 150 ( 114Ba — 192Sn + 12C);
[Mpounsxon

EcTtecTtBeHa paanoakTUBHOCT:

1) PagnoakTuUBHN M30TOMNKU, oLenen oT MOMeHTa Ha dhopMmpaHe Ha nnaHetara (4.6x10°y):

18 cbe Z < 80 40K (1.28x108Yy)

45 cbc Z > 80 238J(4.46x10%Y), 232Th(1.41x1010y), 235U(7.03x108Y)
2) PagnoakTMBHU M30TOMW, KOUTO Ce NpousBexaaTt HenpekbcHaTo: 1“N + n — “C+p

13kycTBEHA pagNOaKTUBHOCT:

“He + 2’Al — 3%P + p (Joliot-Curie, Hobenosa Harpaga 3a xumnsa 1935)
Cy6aTtomHa ¢hu3mnka/2015 - 2 17



120X @ 13C + 110Cd —» 120Xe + 3n ﬂ06l/l B/PGB nag

1n2 1 A; = 0.017 min
Al -_ -_ —
t1/2,1 T

1

T = 58 min

(1 - e t) A; (t) = AAN(t) = ¥ (1 _ e t)

0 40 80 120 100 200 240 280 320 360 400

8.6 . 8.6
© t <L t1/2
Lé 6.45 6.45 AL (t) = YAt
X
g 4.3 4.3
<
0

40 80 120 160 200 240 280 320 360 400
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.ElBe nocnenoeartesiHL pasnagaHu4

N; (t=0) =N
N, (£=0) = 0

-2 N; dt
A N; dt - X, N, dt

N, (t) = Ae ™% 4+ Be M
N, (O) =0 =A+ B>aA=-BR

dN, (t
2( ) — ).1 (Noe_)tlt) - ).2 (Ae 1t + B —)th)
t
A
= -, Ae Mt - ), Be Mt A = - No
Ay - A4
Ay
N, (t) = Ng (e M - e ™%
Ay = Aq

AZ =0 ( T —)CD)
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[lee nocnepoBatenHu pasnaaaHUsa A<<A,

A1 K A dN A t
1 2 — - const el a1
T1 » T2 dt
A _ 2y t Ay = A
N2 (t) = Np 71 (1-e™2%) Ry (t) =2 (1 - e 2 ) paBHOBeCHe
2
Typ=2.4m T,,=45s
114 P d 3 114 Ag — 114Cd
o 5 10 15 20 25 30 35

AKTUBHOCT

0.

5 10 15 20 25 30 35 40
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[se nocneposatesniHM pasnaaaHUg A< A,

N; (t) = Npe ° ele (V) A ey
A = -
N, (t) = N, 1 (e Mt _ g Xty A1 N; (t) Ay = A
AZ - -Al
234 230Th 226R 4

0 50 100
1 '

[MpexooHO paBHOBEeCKE

0.5 F 0.5

AKTUBHOCT

50 100 150
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[ee nocneposatenHu pasnagaHua A A,

Al

A —
N (£) =N ——— (eT2"-eT2%) N (t) = N e Mt
A2m M A - X
0 100 200 300 400
|_
O
e . -
0
=
|_
Z
<
100 200 300 400 500
t(s
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Tpu nocneposarenHu pasnaaaHUs

- AL N; dt N; (0) = N
=N; (0) =0

dN,

dN3 - Azdet - ).3N3dt

—_— _Alt Azt —.).3t
N, () = N oMt N3 (t) = Ce + De + Ee
-1 t - t -3t A1 A2 . . -t At -zt
-A;Ce™" -, De ™" -3 Ee 2" = NOA 3 (e ™ 2%y x5 Ce™™ A; De™™ A; Ee ™™
2 = 1
) _ A1 A2 At AL A2 Lt
(A3-2;) Ce™® 4 (X3-2) De™2t = N 1% - Np 2
A> — Aq A - A4
(As-2) C = Ny 122 (A= 2) D = -Np —222 D+C=-E
3 1 0 PYY A2 - A
A1 A A1 A AL A
C= Np ! D = Np L 72 E = N _
(A2 - A1) (A3 - A1) (A - A2) (A3 - A2) (A1 - A3) (Ao - A3)
A1 Az ot A1 Az At A1 A2 At
N3 (t) = N e ™" + N e ™" + N e 3
3 (8) ° (A2 = A1) (A3 - A7) ° (A1 - A) (A3 - Ay) ° (A1 = A3) (A - A3)
Az (t) = A3 N3 (t) =
A1 Ao A A1 As A A1 A A
_ No 1 A2 3 e—)th + No 1 2 /\3 e_)th + No 1 A2 3 e_)L3t
(A2 - A1) (A3 - A1) (A1 - A2) (A3 - A2) (A1 - A3) (A2 - A3)
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N nocneposartesiHu pasnaaaHUs

dN]_ - —AlNldt
dN2 - .A]_Nldt - Azdet

dN, = A, N, dt - A; N; dt N, (0) = N

N2(0)=N3(0)=...NN(t)=O

dNN - 'AN—]. NN—l dt - ')‘N NN dt

N Dobromir S. Pressyanov (Faculty of Physics, St. Kliment Ohridski
-y University of Sofia), Short solution of the radioactive decay
NN (t) = Ci e chain equations, Am. J. Phys. 70 (2002) 444-445
i=1
I A1 Ao A3z ... Ayn-1

Mot (A - An) (A - An) (o= Ag) -« . (Ay - Aw)

N
Ay (£) =2y Yee™ = Ylcie™
=1 i=1

C, thI=1 Ai .).1 .).2 .13 o oo .AN_]_ -AN

. Hf#m:l(li_lm) (-Al_-lm) (AZ_-Am) o« o o (AN_-Am)
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http://atomic.phys.uni-sofia.bg/Members/tsenov/npp/literatura/pressyanov.pdf/view

EctecTBeHa paAMOAKTUBHOCT

4n + 1 (HentyHueBa) — 2’'Np(2.14x10%) —..... »209Bj|
4n + 2 (YpaHoBa) — 23U(4.47x10%y) —>...—> 222Rn(3.8d) —>..—>205Ph e
4n + 3 (AkTUHMeBa) — 23°U(7.04x108y) —.....—?"Pb

236

Opyru 4n — cepud 23MY
40K (1.28x10%y)

87Rb (4.8x10%0y) ) O PVeBa ce
113C( (9><1015y) 1.91y 14GY|
15|n (4.4x1014Yy)

138] g (1.3x10y) PR

176y (3.6x101%y)
187’Re (5x1010y)

220Rn

B HenpekbcHaTO Npon3BOACTBO

1N+ n — 14C (5730y)+ p

N
6aTomHa ¢m3nka/2015 - 2 26



PaanoakTmueHo aatupaHe

Mpoba - n3rpageHa ot paanoakTUBEH POAUTEN, aTOMUTE Ha poauTens U AbLUEpPHUTE NPOOYKTU He
HanyckaT npobaTa, B MOMEHTa t=t, B UMa camo aTOMM Ha poaUTENS N HAMa BbHLUEH NPUHOC!

=1, P— D =4
Np (to) X Np (t1) + Np (t1)
Np (tp) = Np (t1) + Np (t1)
Np (t1) = Np (to) e (F17%0)
At = £t -t =i1nNP—(tO) = iln(1+ ND(tl)]
A Np(t1) AU Ne(ta) )

I'Ipo6a - n3rpageHa ot paanoakTuBeH poguTest, atTOMUTE Ha poanTend n AbllepHUTE NPOaOYyKTU HE
Harnyckar r|p06aTa, B MOMEHTa t=t; B MMa atoMn Ha poauTensa u “,u,bu_l,epma” N HAMa BbHLLUEH

|
t=t, NpuHOC! t=t,
P—D
Np (tO) + Np (tO) Np (t]_) + Np (tl)
Np' (to) = D’ — ctabuneH usorton Ha D, KOUTO He y4yacTBa B pasnaga = Np' (ti1)

Np (to) + Np (to) = Np (t1) + Np (t1)
Np' (to) = Np' (t1)
Np (t1) Np (t1) _2AE Np (to)
= [e —1] +
Cy6aTtomHa ¢un3uka/2015 - 2 Np' (t1) Np: (t1) Npr (to) 27




Bb3pacT Ha nnaHetaTa

Bcunukn mmuHepanun, Kkouto ca ce obpasyBanu 3aefHo, Tpabsa ga mmart egHa U cblia
Bb3pacT M edHakBo M30TOnMHO oTHoweHne Np(t))/Np(t,) Bbnpeku 4e 3a BCEKU OT THAX

Ny (to) MOXe Aa e pasnnyHO mmmb N (1 )/N,(t,) 1 Ny (t,)/Np (t,) e ca pasnnuyHu, Ho:

e
y X

Rubidium-Strontium | a=const b =const
Dating Method . ! \ \
— Np (1)  Np (t1) [e_Mt—l] . Np (to)
Age 4.5311[}{? VT Np (t;)  Np' (t1) Np+ (to)
ol 20=0.04 x107yr v=ax+b
& 8’Rb (T, = 4.8 x 10%0%) — 87Sr
O 86Sr — ctabuneH
o_ Ay = 300
® y = 87Sr/86Sr  x=87Rb/86Sr
A= A .Sﬂﬂ
> ﬁ_i =457 - Slope Opyrv BONKN N30TOMU
B 40K(T,,, = 1.28x10° y) —> 4OAr
Ax = 4.51 ZZU (T = 7.O4x1089y) — 22(;77Pb
7 05 1.0 15 20 25 30 35 40 45 50 U (T, = 4.47x10%) — <'Pb
x = Rb /s 8
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BbrnepoaeH metoa 3a AaTUpaHe Ha OpraHUYHU

npobu
UN+n — 4C (T,=5730y) + p e KOHCTaHTeH [o6uB
14C

1.3 x 1072

Q

PaBHoBecune:; —

120
He
i, Tt
He . “nucleus of atom 1 aToM 14C Ha 1012 aTomMma 12C

e G
: 1g (C) & 6.0x 1023 atoma
(2 14 12 14
c & 6 x 1012 14C
= E O cneyndmyHa akTUBHOCT
02\'4 A(1*C/g) ~ 23 pasnaga/min
f\%%

NMpobnemu
0,

cosmic ray proton

/

* TPYAHO MPUIIOXUM 3a BPEMEHa Mo-abNrm oT
10T,,, (cenapatopu go 10°y);

100% 50% 25% 12.5%

SEREEY

:  iiatiatind ki * HenMpuUnoXum 3a npobu or nocnegHute 100
| rOAMHW Nnopaan UHTEH3MBHOTO M3MOon3BaHe Ha
OpPraHN4yHM ropuvBa W SOPEHUTE ONUTU B

aTmocdeparta 29

Age 0 Age 5730 yr Age 11,460yr  Age 17,190 yr



