CybatomHa ¢m3uka/2014 - 10



CybatomHa ¢m3uka/2014 - 10



OCHOBHW 3aKOHOMEPHOCTH

A A-4
2N —> 532 Iy2 + Q

a = 4,He, (1909 — Rutherford)

KyroHOB edeKT TEXKN ALpa
A-22)?
B (N, Z) = @yo1 A - @gue A% - 2,2 (2-1)A27""° - a , ( ) + 6
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CnoHTaHEH npouec — oTaendaHe Ha eHeprus (KMHeTu4yHa) 6e3 BbHLUHO
Bb3aenctaue!

a-pa3naga MMHNMU3NpPa BbTpEeLLHATa EHEPINUATA Ha AblLLEepPpHaTa C-Ma.
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EHepretnyHo ycnosue

A-4
Bn0|<0|/|—>XN—>ZZYN2 +

2 2 2 2
myc =myc + Ty +mgyec” + T, (@M -my —-my)c = Ty + T,

ZM (A, 2) - ZMf (A, Z2) - eHeprudaTa oTgeneHa npu npoteca
Q > 0 ek3oTEPMUYHN
Q=Ty + Tg, Q < 0 eHOOTEPMUYHM

CnoHTaHeH pa3snag ce Habntoagasa camo 3a Q >0

Q=mx—mY—ma>O My — My >ma

m = Am + A02 c? = 931.5MeV/u

Q = Amy + Ac? - Amy - (A-4)c® - Amg - 4C°

= AmX - AmY - Ama > O
1
m (N, Z) Nmn+ZmP——2B(N Z)
C
Q=B(2,2)+B(N-2,2Z-2) - B(N, Z) B(2,2) > Bx(N, Z) - By (N-2, 2-2)
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3alLlo ce n3nb4YBa 0—4acTuLa, a He Hewo Apyro?
22U (Am = 34.61MeV, B/A =7.6MeV) — X (Am, B/A) + x (Am, B/A)

23l Pajs (33.43MeV, 7.62MeV) + ; Hy (7.29 MeV, 0) Q= -6.11 MeV

2>1Ui30 (33.81MeV, 7.61MeV) + ;H; (8.07MeV, 0) Q = -7.27 MeV

20 paj3 (32.17MeV, 7.62MeV) + 2H; (13.14MeV, 1.11MeV) Q = -10.7 MeV

229Th;39 (29.59 MeV, 7.63MeV) + ,He; (14.93MeV, 2.57MeV) Q = -9.91 MeV

22%Th,3s (26.77 MeV, 7.65MeV) + ,He,|[(2.42MeV, 7.07MeV)] Q = + 5.42 MeV

227 Th;3; (25.81 MeV, 7.64MeV) + He; (11.39MEV, 5.48MeV) Q = -2.59 MeV

225Acis¢ (21.64MevV, 7.67MeV) + 4Li, (14.91MeV, 5.61MeV) Q = -1.94 MeV

Xog, / Aq ~ 10712

224Ra;3¢ (18.83MeV, 7.$p8MeV) + oBe, (4.94MeV, 7.06MeV) Q = + 10.84 MeV

220Rn;3; (10.61 MeV,/7.17MeV) + ¢ C¢ (0 MeV, 7.68 MeV) Q = + 24 MeV

28 Pbiye [(-21.75MeV, 7.87MeV)|+ 25Ne;; (-5.95MeV, 7.99MeV) Q = +62.31 MeV

@ - OTHOCUTEITHO J1eKN, CUIMTHO CBbP3aHN (+ rofiasMma BepodaTHOCT 3a
pa3nap,) — N3NbYBaAHETO Ha @ BOAWM OO0 oTAOelidAHe Ha MaKCMalitHO
KOnn4yectBoO KMHETUYHA eHepPIrunA
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OTKaTHa eHeprua Ha AbLEepPHOTO AAP0

B MOKON — 3 Xy —> 55 Yy_o + Q Q=Ty + T,
p2
Pa = PY T = —— maTa - mYTY
2m
Q Q
Toc - Q - 4 TY - -
Mgy a4 i 4
(1+ m_Y) (1+ AY) (1+ ma)
98 % 2 %

Q ~5MeV = T, ~ 100 keV
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log1o (t1/2 in seconds)

3aKoH Ha Geiger-Nuttall

[onemu Q pakTopn — KpaTKkn BpeMeHa Ha XXUBOT!
PoguTtenckoTo s4p0

[[onama pasnuka B B(Z,N) 3a
Fonam Q P (2,N) e no-HectabunHo,

POONTENCKOTO N AbLLUEPHOTO =

CbaKTOp — q o T.€. NO-J1IeCHO Ce
Ap pasnaga
Q (***Th) =4.08 MeV X 2 Q (***Th) =9 .85 MeV
T1/2 = 1.4x1010y X1024 T1/2 = 10_78
10—
R ~T3¥2
o o
2187y,
YeTHO-4YeTHU A[pa; 212p, 214pn 216p,
-0 NIUHUM ¢ pukcupaHo Z
] 1 | | | |
4 5 6 7 8 9 10

Q (MeV)
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KBaAHTOBO ONMCaHME Ha @-pa3fadd

TyHenupaHe npes aapeHus KyrnoHoB bapuep (Gamow, Gurney, Condon 1928)

Knacu4yeckn paspelueH [MpnbnmxeHus

e @ YacTuuaTa ce popmupa B A4p0TO
VEN\- /s  3ar <a camo agpeH noTeHuman —
o cdepnyHO cMMeTpUYHa

NpaBObIb/IHA AMa C LUMPOYNHA a
« 3a r > a KynoHoB noTteHuuarn

* eHEpPrusaTa Ha a-4yacTuuarta e paBHa
I Ha Q dpakTopa Ha pasnaga

Knacuyeckn 3abpaHeH

V — 4ecToTa Ha yIapuTe ¢ 0apuepa

A — v T T — npo3paunocTt Ha 0apuepa
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LleHTpaneH noTeHUMan
¥ (r, 0, ¢) =R (r) Y (6, ¢)

h? (dZR 2 dR\ 1 (1+1) k2
+ - — i + [V(r) +

- 1
2m \ dgr2 r dr ) 2 mr2

]R:ER

|_|p|/|6j'||/|>|<eH|/|e: | = 0 — egHOMepHa 3agava 3a TyYHernupaHe

Vo
X=0 Xia
¥ (x) = A.e1k1x+B.e_1k1x,k1='\/2mE/f12

b x) = C.e2*+D. @™ 2* 1 V2m (Vo-E) /12

U (x) = F.e3% ky=V2mE/A2
| F|? 1

2 2 ]
| A 1+ 2 2 sinh? (k, a)
CybatomHa ¢us 4 E (Vo-E)
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MoaennpaHe Ha bapuepa
v AB

S I
ol o f @

T = =
| A |2 1)V i nh?
1+ T T e sinh“ (k, a) -Voli
* eHeprma Ha a-vactmuarta — E = Q (= 6 MeV)

e MAaca Ha a-vactTnuata — m ~ 4 amu

* Hauaro Ha noteHunana— a = Ry+Rg # 1.2 (200"° + 4*°) =~ 9 fm
2

e zZ'
* BUCOYMHA Ha Dapuepa: B = V, (r =a) =
4 e a
2 (88)
= 1/.44 MeV fm ~ 28 MeV

1 9 fm
Mpubnwxenve: v, = — (B +0Q)
2
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2 v 2
. o . e zZ e zZ'
Kpan Ha bapuepa: = Q b = ~ 42 fm

4 e b 4 7eq Q

[MpubnuxeHne:

c k,=V2m (0.5 (B+Q)-Q) /52 = V (m /52 (B-0Q)

~V ((4.0026 x931.5MeV) / (197 MeV £m)2) 22 Mev = 1.45 fm™"
k, .1/2 (b-a)

b-a ( b—a\| e
k2. » 1 sinh k2. ]
2 \ 2 ) 2
1 -2 k2 Chi) 21
= ~e 7 2 :21.7x10"
. ek2 . (b—a)

T/(Q=6Mev) = 1.7 x 10" 4EEE) T (Q=5Mev]= 7x10

Q = 5 MeV
e? zZ' )
P = 479 Q = 51fm g, =V (m/A2) (B-Q) = 1.49 fm
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KakBO HanpaBuxme AOTYK?

* IpUexme, Yye a-4yacrtmuaTra ce
doopmMmupa BbTPE B POOAUTENCKOTO
S0P0TO N Ce OBMXN HE3ABUCMMO B
NONeTo Ha ObLUEPHOTO A4pP0, T.€.
cucrtemarta e “OblUepHo a4po + o

* Ipuexme, 4ye usinara ocsobogeHa

. EHEprnA ce oTHacs oT a-4acTuuaTa
—2 @ °Moaenupaxme KynoHoBus
T = e noTeHUmMarn Kato CTbMNKOB CbC
G — cpakTop Ha MamoB  gucounHa (B+Q)/2 1 wmpoumnHa (a-b)/2
Ay, G = k». (b-a) T = T1XToxTyr....XTp
0 2 \

T; = exp (—2Ari'\/ (2m/HK2) (V () —Q_)-) T = exp (—ZZAri'\/ (2m/82) (V (z) - Q)

—— \  i=1 )

2 m b P ' _—
G = \/Vh—z J; [V (x) —Q]l/zdlr G = \[2m 22 [arccos (‘\/x)—'\/X(l—x):

Qh2 4 e

_2___ zZ' 2 - = =
G - m zZ'e [i—Zﬂ/x] x=a/b=Q/B <1
QhZ2 4 mwey 2 14
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BepoATHOCT 3a npexoa

= _).:vT

Q -V, = mv2 V — CKOPOCT Ha a-4yactuuara
0 2 BbTpe B A4pOTO
Vo = -35MeV, Q= 5MeV
v . 2
80 MeV = 3728 MeV (—)
r C
v/ec = 0.15 0.5 x 102 fm /s
/ v = y ~ 6 x 10% s7*
m

v=0.5x%x102fm/s a=9fm

T (Q=5MeV) = 7x10 28 A (Q=5MeV) = 4.7 x 107" s™
ti1,, = 0.693/2 = 1.7x10°%s
1

T (Q=6MeV) = 1.7><10_2 A (Q=6MeV) = 10 s™*
t1/2 = 0.693/A = 70ms
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Pe3yntatu

t1,2 =0.6933\/ e Exp {2 2me?  zZle 5(3-2\/_3_—\:}
c 2 (Vo + Q) '\ (Ac)2Q 4 7eg '\2 B)'
220Th Q=8.95 MeV t,,®P= 105s t,,"=3.3107|
222Th Q=8.13 MeV t;,®P= 2.8 10-3s t;,=6.3 105
224Th Q=7.31 MeV t,,®P=1.04 s t,,=3.3 102
226 T Q=6.45 MeV t,,2P= 1845 s t,;,=6.0 101
228Th Q=5.52 MeV t,,®P=6 107 s t,,=2.4 108
230Th Q=4.77 MeV t,,%P=25102s  t,,M=1.0 10%
232Th Q=4.08 MeV t,,®P= 4.4 1017 s t,,"=2.6 1016

* HE OTYETOXME BEPOATHOCTTA 3a hopMMpaHe Ha a-4acTuua

[MpnynHKM 3a * HE OTHETOXME Bb3MOXHOCTTA 3a pa3/indHnN CbCTOAHUA B HA4YalriHaTta "

HECLOTBET- KpanHaTa c-Ma
* HE OTYETOXME BITUSIHUETO Ha bIMOBUSA MOMEHT
CTBUSATA :

* Npuexme, Ye S4poTo € CHEPUYHO —  4-5% npomsiHa —> dakTop 5
ObsicHeHMe 3aLo He
BMXXOamMe pasnagum ¢ Apyru

nekv sigpa 220Th — 12C + 208pp (Q=32.1 MeV) — t1/2 =2.3106 516




YeTHOCT 1 cnKH Npu a-pasnag,

Pa3naabT MoXe Aa BOAW A0 MHOXECTBO HMBA B AbLLEPHOTO A4p0
E.I” Q=T,E,
* CMWH-YETHOCT Ha OCHOBHOTO CbCTOAHME Ha *He:
2 npotoHa B 1s;,, = |,=0 2 HeyTpoHa B 1S,,=—),=0 [|"=0"
* NI3AMEHEHMEe Ha CMnHa N YeTHOCTTa Ha A4pPOoTO Npu pa3naja:

| = _ 1o
al I, 7, e 7 = T = (-1)"Z npasuna na ot6op
n? (d?R 2 dR) 1 (1+1) A2
- = . + — — 1+ [V (x) +
o2 < la1 0 7o
YBenuyaBaHeTo Ha |, Boan A0 H
30- 30t
10 - 10}
5 -
> ‘ C.5 1.5 2 r 0.5

~10- -10

20 | =0 20| | =1 220 | =2

-30- =30 -30




[MpnnoxeHune Ha NnpasBuaata Ha oTb6oOP

242

| =0* —2CM
+—\ / e Q =6.216 Mevz a
3 Y rEEP
2 S J |||.':~'L|-|;
=\ oy = T)e
™ LT a
2} - BERT _
s 3aGpaHeH

0.000012%

* +——0.00024%
0*—1*, 27, 3*, 4, 5*....

0.0046%
0*—0%,1-, 2+, 3, 4%, 5, ..... — | =6,E,=Q-E0.07%

n 03I 0.035% [a:4’ Ea,:Q'Ef 1.5%

Pa3pelueHu

25%

L,=2, E,=Q-Er  23%

3 14%  0E=-q  76%
| e e
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[punoxeHne Ha npasuaaTa Ha oTbop

| =7/2+ Z2ES
15/2* brroso pasnpeneneHne Ha a-4actuumre ; ¢
13/2*
,=0
[ =
11/2* @
——— 2 0.88% 40.27%6 0.003% 8

7 - 2 5.9% 4 0.33% 6 0.001% 8

—tla 0 79.6% 2 10% 4 0.13% 6 0.0002%
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NaeHTUPUKaLUA Ha CBPDBX-TEXKKMU
eNleMeHTH

W7n + 208Pph = 277112 + 1In

#nz| CN
&y
FLEYS hbsdy
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