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CHUONG I: X
CAC PAC TRUNG CO BAN CUA HAT NHAN BEN

I CAU TAO HAT NHAN

Hat nhan dudc ciu tao tif cidc hat cd ban proton va neutron. Khoi lugng
clia proton va neutron 16n gdp hon 1.800 1an khéi lugng cda electron m.: Khoi
lugng ciia electron (m. = 9,1. 10*g), khéi lugng ciia proton m, = 1836,15m, =
1,67265.10** g; khéi lugng cla neutron m, =1838,69 m.=1,67495.10"g. N&u 14y
don vi khoi lugng nguyén t (atomic mass units) ki hi€u amu.

Theo dinh nghia, mot don vi khdi lugng nguyén tif ¢6 gid tri bing mot
phan mudi hai khéi lugng cia nguyén ti carbon C '

lamu = 1, 660567.10%*g = 931,502MeV; (1 eV = 1, 6.10™))

Khoi lugng cda proton :m, = 1,007276amu

Khoi lugng ctia neutron m,= 1,008665amu

Proton mang dién tich duong, c6 dd 16n bing dién tich cta electron.
Neutron c6 dién tich bing khong.

/el =1,6.10" C = 4,8. 10'°CGSE

Spin clia proton va neutron bing 1/27 c4 hai hat déu tuin theo thong ké
Fermi-Dirac, do d6 thoa man nguyén li loai trir Pauli.

Momen tlr spin ciia proton : g, =2, 792763 py

Momen tir spin ciia neutron : pg, = -1, 91348 g

Trong do p, 1a don vi momen tir ¢o gia tri gy = eA/2myc. = pg/1836
vGi ug = eh/2mec goi la magneton Bo 1a don vi do memen tif nguyén tlr
Lo g01 1a magneton nhan.

Ta thdy mic di neutron cé dién tich bing khdng, nhung c6 momen tir
khdc khong diéu nay chitng té neutron c6 ciu tric bén trong phic tap.

Proton va neutron tuong tdc v6i nhau qua lyc hat nhan, lyc nay khong
phan biét dién tich, khdi lugng ctia proton va neutron xap xi nhau, spin cla chiing
gidong nhau vi vay trong vat 1y hat nhan, proton va neutron thuc chat l1a hai trang
thai ctia mot hat goi chung 13 nuclon. Ching c6 thé bién d6i qua lai 14n nhau trong
diéu kién nh4t dinh.

Cdc bién doi tuong hé gifta neutron va proton.

a) Neutron bién doi thanh proton :

Do khdi lugng ctia neutron 16n hon khdi lugng ctia proton (x4p xi 0,14%)
vi vdy & trang thai tv do neutron phén ra thanh proton véGi chu ki ban ra T;,=11,7
phut.

n.---->p.+¢€ (1.1.1)
b) Proton bién ddi thanh neutron:
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Proton 1a hat bén, tuy nhién bén trong hat nhan phéng xa béta, proton c6

thé bi€n ddi thanh neutron:
p.——>n.+¢" (1.1.2)

Hiéu khoi lugng cac hat & hai v€ dudc bu trir bing ning lugng hat nhan
truyén cho proton.

Neutron va proton tudng tic v6i nhau qua luc hat nhan khong c6é ban chit
dién, n6 lién quan dén sy trao ddi meson. N&u mé ta sy phu thudc th€ ning tuong
tdc gitra hai nuclon nidng lugng nhd va khoang cach r giita chdng, thi sy phu thudc
d6 c6 dang nhu sau:

u U
Uk
Ry \
r ' T
U Up
Hinh (a): d6i vdi ciip n. -n. hay n. -p. Hinh (b) : d6i v6i cip p. -p.

Hinh v& chitng td ring khi proton va neutron (hodc neutron va neutron) &
khodng cdch xa nhau r>>R;; (Ry 12 ban kinh tidc dung cda lyc hat nhin) thi th€
ning tuong tac bang khong. Khi r< R thi lyc hiit giita cdc nuclon c6 tic dung tao
thanh hé lién k&t 1a hat nhan. PO sdu gi€ng thé khodng 30MeV, con R, cd
10"cm. N6i ding hon thi lyc hat nhan van tdn tai & r > Rynhung rat yéu,

Trong trudng hop doi véi hai proton twong tic nhau cé dang khéc. 0]
khodng cdch r > R, thi khong c6 luc hat nhan, nhung th€ ning trong trudng luc
coulomb giita cac proton lai ting khi r gidm. Trong hat nhan & khoang cach r<R,
lyc ddy coulomb chi 13 mot s& hiéu chinh nhd cho luc hat nhan va c6 thé bd qua.
Néu k€ c3 hai loai luc @6 thi th€ ning tong cong 1a mot ham lién tuc U(r) véi cuc
dai dic trung goi 12 rao thé coulomb Uy. Mudn lyc hat nhan ¢é tdc dung thi c4c hat
phai vugt qua rao thé€ dé. Thi du phdn ¢ng nhiét hach niing lugng cung cip phdi
that 16n.

IL. PIEN TICH HAT NHAN

Do nguyén tf trung hoa vé dién tich, nén tdng s6 proton trong hat nhin
biing s6 electron ngodi vd nguyén tif va bing sd Z goi 1a nguyén tit s6. Tong s cic
nuclon (SO proton va neutron) trong hat nhan ky hiéu 1a A dugc goi 1a sé khoéi. SO
Z va s A xdc dinh hoan toan ciu tao cia mot hat nhan

A=7Z+N.

Ngudi ta thudng ky hi€u mot hat nhan dudi dang ,X v6i X 12 tén hod hoc

clia nguyén t8 tuong tng véi nguyén t& s6 Z. Vi du 4Be’ 1a ki hiéu cla nguyén t&
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Berilium ¢6 4 proton va 5 neutron. Vi tén hod hoc phu thudc vao sd Z, do d6 doi
khi d€ don gidn ngudi ta khong cin ghi s6 Z, vi du Be’ 12 dd nghia.

C4c hat nhan c6 cung s6 Z nhung khic s& A (nghia 13 khdc s6 neutron)
ching dugc goi 1a cdc hat nhdn dong vi. Vi du céc hat nhan ¢, U™® va , U™ 1a
nhitng hat nhan déng vi cda Uranium. C4c hat nhin cé cling s6 A nhung khic s6 Z
goi 1a cdc dong khoi. S6 nguyén ti Z bing dién tich clia hat nhan néu I1dy dién tich
cua electron 1am don vi. Su lién hé giita s6 neutron va s proton ddi véi cdc hat
nhan bén di dugc biét dugc bi€u thi qua gidn dd thuc nghiém duéi day.

Pudng biu dién mo t3 sy phan bd cdc hat nhan bén theo s6 proton va neutron

1 ! 1 I
120 60 N

Céc hat nhan nim trén dudng biéu dién tao thanh mot dudng goi 1a dudng
bén trén gidn do. Sau day 1 cdc tinh chat thu dudc tir thuc nghiém clia s6 A va Z
d6i vé6i cdc hat nhan bén.

a. C4c hat nhan c6 s6 Z thay ddi tir 1 cho dén 114 di dugc phat hién. Céc
hat nhan khong c6 miit trong ty nhién c6 s& Z lan lugt bing: Z=43(techneti), 61
(prometi); va Z > 84.

b. Cdc hat nhan vdi s6 A bién thién tir 1 dén 277 da dugc phat hién.
Khong c6 cdc hat nhan bén véi s6 A= 5, 8 va A >210.

c. Cdc tinh chit cla hat nhan phu thu6c manh vao céc s6 Z va N 1a chidn
hay 1&. C4c hat nhan chin - chdn (s6 Z chin va s6 N chin) 1a rit bén vitng. Ngudc
lai cdc hat nhan 18- 18 (s6 Z 1& va s& N 18) 1a kém bén vitng. Trir bon hat nhan ton
tai trong tu nhién nhu nhitng trudng hgp ngoai 1é 1a: ;D* ; 5Li° ; sB'" ; va ;N

d. C4c déng khdi bén thudng gip dudi dang ting cip c6 s6 Z khic nhau
hai don vi. Hién nay da biét hon 60 cip dong khoi bén. Nhung chi ¢é hai cip:

Cd' va oIn'?

Sb'3 va 5,Te
12 nhitng ddng khdi c6 s6 A 1éva Z khac nhau mot don vi. Cac dong khdi con lai
c6 A va Z chin.
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Cac phuong phap xac dinh dién tich hat nhan

1) Phuong phdp xdc dinh dién tich hat nhédn ciua Moseley:

Phuong phdp nay dua vao phd Roentgen dic trung clia nguyén ti khi bi
chi€u xa bdi electron hay tia X tir ngoai l1am bt cic electron & 16p sau bén trong.
Khi céc electron & cdc 16p ngoai dich chuyén vé vi tri clia cdc electron di bi but ra,
s& phat tia Roentgen dic trung. Tan s& v clia biic xa Roentgen dic trung phu thudc
vao dién tich Z ctia hat nhan theo biéu thic:

Wv)'?=CZ-B (1.2. 1)

vdi C va B 12 hai hiing s6 cho mdi ddy bifc xa cho tru6c, khong phu thudc
vio nguyén td. Cu thé, theo Moseley ddi v6i vach K,

Vke = R(Z-1)* [1/1*-1/%] ;n.=2,3,..

véidiyL: v.=R(Z-o)[ 1/2*-1/m*] ;n.=3,4...

véidiyM: vy =R(Z-ow)?[1/3*-1/°] ;n.=4,5...

R 12 hiing s6 Rydberg = 109676, 576 cm’*

o 12 hiing s6 che chdn it phu thudc Z ; ox ~ 1 ; o = 8.

L

Lo

v V}V

K
Ka KB Y. ...

So dé cdc mic ndng lugng nguyén tit va cdc dich chuyén givd ching

2. Phuong phdp xdc dinh dién tich cia Chadwich:

Nim 1920 Chadwich truc ti€p xdc dinh dién tich Z bing c4dch nghién citu
su tdn xa clia hat anpha trén 14 kim loai mdng véi s6 Z biét truSc. So dd thi
nghiém dudgc mo td nhu hinh vé sau.

Theo Rutherford, s6 hat anpha ghi dugc & detector sé& la:

2
AN _ 2282, 002 (1.2.2)

N 2Mv . 40
siIn —
2

Trong d6 : AN S& hat anpha tén xa trong géc khoi dQ ghi bsi detector
N s6 hat anpha (dién tich nay thing géc v6i chiim hat anpha
t6i)(/cm?. s)

Nguyén Fbitu Thding
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n : MAat d0 hat nhin bia cta 14 kim loai(/cmz)
Ze: dién tich cua hat nhin bia

M., Vo : khoi lugng va van tdc clia anpha

Z : dién tich ctia hat anpha

0 : gbc 1éch cua anpha.

dQ

Ngudn | Detector
anpha U

Sd d6 thi nghiém tdn xa anpha 1én 14 kim koai méng

Néu so sdnh s6 hat anpha t6i v6i s6 hat anpha tdn xa trong géc dQ, 1a dN
thi ti s6 dN/N sé& 12 mdt ham cida dién tich hat nhan bia (van téc anpha va géc 0
khong d6i).

Chadwich da thuc hién thi nghiém, bia tdn xa la mot 14 kim loai mong cé
dang hinh vanh khin dit caich mot ngudn phéng xa anpha. Detector nhdp nhdy dit
trén truc ctia hinh vanh khiin. Khi dit mot tAim chin hap thu bén trong hinh vanh
khin, ldc nay chi ghi dugc dN, khi khong c6 vat chidn, detector ghi dugc N. C4c
gid tri cia M va 0 dudc xac dinh bing thyc nghiém, qua d6 Chadwich da xdc dinh
dugc s6 Z clia mdt s6 nguyén td kim loai.

111 KHOI LUGNG HAT NHAN
1. Khéi lwong va ning lugng

Theo Einstein, khdi lugng va ning Iugng c6 mdi lien hé: E = mc?

Khi ning lugng thay d6i mot luong AE tuong tng khdi lugng thay ddi
Am=AE/c’. mot vat ding yén c6 khdi lugng m, tuong ng véi nang lugng nghi
moc’. Khi vat chuyén dong vdi van toc va dong ning Eq4 thi ning lugng toan phin
cia vat chuyén dong sé& 16n hon ning lugng nghi mot gia tri bing dong ning cia
no.

E = moc® + B4 (1.3. 1)

Do do6, khi vat chuyén dong khoi lugng ciia vat ting 1én mot ludng
Am=Ed/cz.

Nguyén Fbitu Thding
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Theo 1i thuy€t tuong doi thi khoi lugng tuong doi tinh m ctia vat phu thudc
va0 van tdc c6 dang sau:

m:m0+E—g= Mo (1.3.2)
1-p°
B=v/c. do do,
2
E =m,c? +E, = C — =mc’ (1.3.3)
1-p

thanh thir dong niing clia vat ¢ thé biéu thi theo:

2 2 2 2
E;,=E-mgc”=mc®-myc —moc[

- ] (1.3.4)
1- p*

khi v <<c ---->fB<<1 ---->E4 =m0V2/2
Theo cong thic trén ta co:

1- §° 1-p°
2.4 2 2.4 2
_ m,C (1—,6 tmoc p :m§c4+ pzcz (1.3.5)
1-
c (1.3.6)
p=mv = meyv mOVC __Myfc
V1-82 \1-8° 1-p° (1.3.7)

E =mic*+ p°c?

Trong moi qué trinh tuong tic hat nhin, ning lugng ludn ludén dugc bao

toan.
Pé€ do khoi lugng hat nhian ngudi ta dung khoi phd k€.
2. Khoi pho k&

Khdi phé k& 1a mot thiét bi ma ngoai viéc xdc dinh khoi lugng hat nhan
con c6 thé tach cic ddng vi ciing nhu x4c dinh thanh phan déng vi cia mot nguyén
t6. Ta biét ring khoi lugng hat nhan bing hiéu s6 ctia khéi ludng nguyén tir d6i
vdi khoi lugng clia cdc electron (véi do chinh xdc dén niing lugng lién két cia cac
electron). Khoi ph(; k& c6 nhiéu dang khdc nhau tuy theo muc dich va dd chinh
xdc, tuy nhién vé nguyén tic chiing c¢6 nhitng bd phan chinh nhu sau:

Nguyén Fiu Thing
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S3
R
E +—1— B,
®
®
£Sy —
A% -S

Céc ion xuat phat tif ngudn di qua S, dugc ting toc qua mdt hiéu dién thé
V. Sau khi thodt ra khe S, cdc ion di vdo ving Iya chon van téc. Chi nhitng ion
ndo di chuyén véi van toc ding bing E/B, 1a c6 thé di qua khe S; trong d6 E 1a
mot dién trudng déu; B, 14 mot tir trudng déu (thing géc vdi mit phing tJ gidy va
c6 chiéu nhu hinh vé&) giéi han trong ving lya chon van tdc. Nhitng ion di qua
dudc khe S; sé di vao ving tif trudng déu B,, ching sé d6i hudng, chuyén dong
trén mdt quy dao tron ban kinh r. Theo 1i thuyé&t dién ti, trong ving lwa chon van
téc, mudn cic ion chuyén dong thing, ta phai co:

qgE =qvB; == v. =E/B, (1.3.7)
Trong viing tif trudng déu B,, luc tir tic dung vao hat cé quy dao tron thi:
qvB; = mv’/r & mv = qByr (1.3.8)
k&t hgp hai phuong trinh trén ta c6:
m/q = (Bor)/v (1.3.9)

trong d6 v = E/B;. Ta c6 thé tinh truc ti€p tf s6 m/q ctia khoi ludng trén dién tich
bing phudng trinh trén, néu biét dién tich cda ion, ta ¢ thé tinh dugc khdi lugng
tuong ng cda ching. Khoi lugng m ti 1€ thudn véi ban kinh r. Po dudgc truc tiép
khdi lugng ctia ion ta c6 thé tinh duge khdi lugng nguyén ti trung hoa. Phé khdi
lugng clia cdc ion sé& dudc ghi lai khi cdc ion c6 khoi lugng khac nhau rdi vao mot
bd phan ghi nhan, ta thu dugc mot phd k& khoi lugng. Ngudc lai, néu ta thu tip cic
ion vio mdt mdy do dit sau S; mot khodng c& dinh 2r thi dudng bi€u dién cia
dong dién do cdc ion sinh ra theo tir trudng B, s& tao thanh phd khoi lugng.

C6 nhiéu loai phd k& khdi lugng khdc nhau. Niam 1912, J. J. Thomson 1a
ngudi diu tién tao ra phd k&€ khdi lugng. Trong phd k€& nay, Pién trudng va tir
trudng cing tdc dung trén mot phuong & viing c6 céc ion di qua. Dung phd k& khoi
lugng nay, Thomson nhan thay bit cit mot nguyén t6 héa hoc nao cling déu gom
bdi nhitng nguyén t c¢6 nhiéu tri s6 khdi lugng nguyén tif gidn doan. Nhitng

Nguyén Fbitu Thding



it ly Toat nhan 17 -

nguyén tif ndy c6 ciing bic s nguyén t Z vi th€ khong thé phan biét dugc vé
phuong dién hod hoc nhung lai khdc nhau vé tri s6 clia khdi lugng nguyén tt,
chiing 12 nhitng ddng vi. Vi du, nguyén t& Clor (Cl) c¢6 khdi lugng nguyén tir hod
hoc trong thién nhién 1a 35, 457amu. Phép do bing phd k& khdi lugng cho thiy
ring c6 hai dong vi véi khdi lugng nguyén tir 1a: 34,980 amu va 36,978 amu. Hai
ddng vi CI° va CI’7 vé6i do giau tuong ddi 1a 5,53 va 24,47 phdn tram theo thi tu
c6 khdi lugng nguyén tf gan bing hai s6 nguyén 35 va 37. Hinh duéi diy trinh
bay phd khdi lugng ctia Clor bing phd k& khdi ludng.

C135
C137

IV. NANG LUGNG LIEN KET CUA HAT NHAN

Thyc nghiém cho thdy ring ddi v6i cdc hat nhan bén, thi khdi lugng hat
nhan ludn luén nhé hon tdng khoi lugng ciia cdc nuclon tao thanh né. P chénh
1éch khéi lugng d6 goi 1a do hut khéi:

AM= [Zmp+ (A-Z)m, - M(A, Z)] (1.4.1)
lién hé véi cong thitc Einstein, do hut khoi AM tuong tng véi mot ning ludng goi
12 ning lugng lién két cta hat nhan, ky héu E,,.
E,= AMc’
Ev= {Zm,+ (A-Z)m,- M(A, Z))c’ (1.4.2)
bi€u thic (1.4.2) 12 ning lugng lién két ctia hat nhan c¢6 y nghia 14 ning lugng can
thi€t dé tach hat nhan ra tiing nuclon riéng ré.
Mot hat nhan A , Z mudn tdch mot proton ra khdi hat nhan thi ning lugng
can thiét phdi dwa vao hat nhan I3 :

Eu(p) = [ m, + M(A-1;Z-1) -M(A, Z)]c (1.4.3)
Tuong tu ning lugng cin thi€t dé tdich mot neutron ra khéi hat nhan la:
Epy(n) =[ m, + M(A-1;Z) - M(A, Z) ]C2 (1.4.4)
Mot hat nhan A, Z c6 thé xem 14 bao gdm hai hat nhan con A, Z; va A,,
Z,
Véi: A+ A=A (1.4.5)
I1+7>,=7

Ta ¢6 ning luong lién két cla hai hat nhan con M; va M, trong hat nhan
M(A,Z)la :
2
Ep(Mi1, Mz) = [Mi(A1, Z1) + Ma(Aaz, Z,) -M(A, Z)]c” (1.4.6)
Khoi lugng cda proton :m, = 1,007276amu
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Khdéi lugng ctia neutron m,= 1,008665amu
Vi du: hat nhian 8016 niing lugng lién két theo cong thic (1.4.1) ta c6 :

E,(0'%) = [8x1,007276 +8x1,008665 - 16,0000]931,502 ~ 118,80 MeV

Theo trén, mudn phd vd hat nhan ¢O'°ra thanh tirng nuclon riéng ré, cin
phéi cung cAp mot ning lugng 118,80MeV. Trong lic d6, mudn tdch mot proton ra
khéi hat nhan 8016 thi niing lugng can thiét, theo cong thic (1.4.3) ta c6:

Eu(p, 7N") = [m, + M(A=15, Z=7) - M(A, Z)]c’
Hat nhan ;N" ¢6 khéi lugng 15, 004902amu. do d6:

Ey(p, N") =[1, 007276 +15, 004902 -16, 0000]931, 02 ~ 11, 34 MeV

Ning lugng lién két clia neutron trong hat nhan O'® dugc tinh theo cong
thac (1. 4. 4).

Ep(n, O") =[m,+ M(A=15, Z=8) - M(A, Z)]c*
trong d6 hat nhan 30" ¢6 khéi lugng 15, 0078amu, do d6:

Ey(n, 0") =[1, 008665 +15, 0078 - 16, 0000]931, 502~ 15, 33MeV.

Trong hat nhan 92U238, ta c6 thé xem gdm hai hat nhin con ,He* va 90Th234,
ta hiy tinh ning lugng cn thiét d€ tich hat anpha ra khdi hat nhan U

Khoi lugng cta U™ = 238,13232amu; He' = 4,001523amu ;
Th**=234,12394amu. theo cong thuc (1. 4. 6) ta c6:

Ep(a, Th™*) = [4,001523 +234,12394 - 238,13232 1931,502~ -6,39MeV

Ta nhan thdy ning ludng lién k&t trong trudng hgp nay c6 gid tri Am, tifc 1a
hat nhan U238kh6ng bén, ma phéng xa anpha.

Viéc nghién cifu ning luong lién két clia hat nhan cho ta nhiéu thong tin
vé tinh ch4t bén vitng cta hat nhan, tinh phéng xa va ki€m ching 1y thuyét cia
cdc mau hat nhan.

DéE dic trung cho d6 bén vitng clia hat nhian ngudi ta dua ra dai luong ning
lugng lién két trung binh cda hat nhan dudc dinh nghia 12 ning lugng lién két
trung binh tinh cho mdi nuclon trong hat nhan ki hiéu &;

e = Ey/A (1.4.7)
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Nghién cttu gid tri ning lugng lién két trung binh cda cdc hat nhian bén
trong tu nhién, qua sd liéu thuc nghiém ngudi ta xy dung dudng cong biéu dién
st phu thudc clia € theo s6 khdi A ¢é dang nhu sau:

Puong biéu dién su phu thudc ndng lugng lién két trung binh theo sé khoi A

Trong ving hat nhian nhe ¢ ting nhanh theo s6 khdi A, sau d6 trong ving
hat nhan trung binh 20 < A < 50, khi s6 khoi A ting, ning lugng lién két trung
binh & hau nhu khong ddi, khi A ti€p tuc ting, trong viing hat n...n ning gia tri €
gidm chim. Pudng bi€u dién c6 mdt cuc dai tai gid tri e~8,8MeV tai A=56. Tir
dudng cong thyc nghiém cia sy phu thudc ning luong lién két vao sd khoi Z ta
thdy hat nhan cang ning cang khé bén virng.

Viéc xdc dinh chinh x4c ning lugng lién k&t ctia hat nhin c6 vai trd quan
trong trong linh vyc nghién citu, thong thudng do khdi lugng clia hat nhan thong
qua cdc mdy khdi phd k€. Tuy nhién dua vao cdc cong thic xay dung tir 1y thuyét
ngudi ta ciing ¢ thé thu dugc gid tri cda ning lugng lién k&t hat nhan khd chinh
xac.

Cong thiic ban thuc nghiém ciia Weizsacker

Thuc nghiém cho thdy tuong tdc clia cdc nuclon trong hat nhan ¢6 tinh
chat bio hoa, nghia 12 nuclon chi tuong tdc mot s& nuclon gidi han chung quanh né
ma khong tuong tic véi toan bd cdc nuclon cé miit trong hat nhan. Ngoai ra, néu
xem hat nhan c¢é dang hinh cau, nhiéu s6 liéu thyc nghiém cho thdy ban kinh hat
nhan ti 1& v6i cidn bac ba sd khdi A ctia hat nhan :

R = roAl/3 ;1o 12 mot hiing s 1y ~10°cm
Mat do khoi clia hat nhan:
p= A/V= A/(4/31R%) = 2. 10" kg/m’ (1.4.8)

Mat dd khoi cia hat nhan rat 16n. Piéu d6 c6 thé xem hat nhan cé hinh
dnh nhu mot giot chat 16ng, hinh cau, mang dién duong va khdng chiu nén. Dya
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vao miu giot nay, Weizsacker Pa dua ra cong thifc ban thyc nghiém vé niing
lugng lién két nhu sau:

Ep = a1A- 2,AY - a3Z° AP - au(A2-2)%/A + (A, Z) (1.4.9)
trong d6 cdc hiing s6 a;, a,, a3, a4 dudc cho bdi thuc nghiém

a,=15, 75MeV a;=0, 710 Mev

a,=17, 8MeV a,=23, TMeV

8(A, Z) = + 34. A" MeV ; biéu thic 14y ddu cong néu 1a hat nhan (chin-
chin), dau trir n€u 13 hat nhan (18-18).

Gidi thich cdc so hang trong cong thire (1.4.9)
* SO hang thit nhét : a;A

Ta biét ring ning lugng lién k&t phu thudc vao s6 nuclon trong hat nhin,
s6 nuclon cang nhiéu thi ning ludng lién két cang 16n. Nhung do tuong tic gifta
céc nuclon c6 tinh chit bdo hoa, trong ving hat nhin trung binh ning lugng lién
két trung binh tinh cho mdi nuclon chi ¢c& 8MeV/nuclon. Gidng nhu giot chat 18ng,
ning lugng lién két giita cdc phan ti tf 1& véi thé tich cda giot chat 16ng. Vi vay s&
hang a;A con dudc goi 1a ning lugng thé tich.

* SG hang thit hai :a,A**

Cé4c phan tf bén trén mit ngoai clia giot chat 1dng chi twong tic véi cdc
phin tf & phia trong 1am gidm ning luong tuong tdc thé tich. Tudng tu nhu vay,
dién tich mit ngoai clia hat nhian cang 16n, ning lugng lién k&t cang gidm, dién
tich mit ngoai lai ty 1& véi binh phuong ban kinh, (R= r,A"?)do d6 cin phai dua
vao s6 hiéu chinh bé mit hat nhan a,A*?

* SG hang thit 3: a;Z*A™?

Hat nhin cang ning s6 proton cang nhiéu, do d6 luc ddy tinh dién hay
ning lugng Coulomb cang 1am gidm ning lugng lién két clia hat nhan. Mdi proton
tuong tac v4i (Z-1) proton con lai, nghia 1a phu thudc vao Z(Z—l)/R~ZZ/R, do d6 s&
hang hiéu chinh cho ning lugng Coulomb sé& 1a a;Z*A™""”

* SG hang thit tu: a,(A/2-Z)*/A

Thuc nghiém chitng t6 ring ddi véi cdc hat nhan nhe va trung binh, cic
hat nhan c6 so proton Z=A/2, nghia 1a s proton biing s neutron thi chiing rat bén
vitng, tinh chat nay dugc mo td qua nguyén 1y loai trir Pauli, va luc tudng tic giita
proton va neutron 16n hon lyc tuong tic giita hai hat cling loai s6 hang nay dugc
goi 12 ning lugng ddi xdng, ti 1& véi (A/2-Z)>. Nhung véi hat nhin ning tinh chat
ddi xitng nay khong con c¢6 dnh hudng 16n dén tinh bén vitng cda hat nhan. Do dé
can phai dua vao so hiéu chinh ning lugng ddi xdng:

as(A2-Z)%/A
*S6 hang tht ndimd(A, Z): thuc nghiém cho thdy ring, cac hat nhan chin- chin
c6 ning lugng lién két 16n, cdc hat nhan 1é - 1& ning luong lién két yéu, chiing
kém bén vitng. Vi vay can phai dua vio cong thic sd hang hiéu chinh (A, Z).
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8(A, Z)>0 d61 v6i hat nhan chdn- chin ; 8(A, Z)<0 d6i véi hat nhan 18-18
8(A, Z).=0 d61 véi cdc hat nhan chin-1€ hoic 1é-chin.
* Cdch tinh a;; Gia thiét dién tich Ze phan bd déu trong hat nhan hinh cau, ban
kinh R. Ning lugng coulomb do sy ddy nhau ctia Z proton trong hat nhan:
(a3 Z°)/A"” = [(3/5)(Ze)*)/R Vi R=rpA"”
suy ra: az = (3/5)62/1‘0
* Céch tinh a,; LAy dao ham
oM
E| A=const
Vé6i M(A, Z) = Zm,, + (A-Z)m, - Ey/c”.
Ij'ng dung cong thiic Weizsacker
Cong thiic Weizsacker cho phép ta tinh khdi lugng hat nhan twong doi
chinh xdc so véi thyc nghiém, vi du:

=0

Hat nhan Theo cong thiic Thuc nghiém
24Cr? 51,956 51,959
»Mo™® 97, 942 97, 949
0 U™ 238, 12 238, 12

- Cong thiic Weizsacker cho phép gidi thich dugc dang tdng quét clia
dudng cong e=f(A).

A

G phia trdi, cdc hat nhan nhe, khi A gidm, thé tich V gidm nhanh hon dién
tich mit ngoai, do d6 hiéu tng bé mit ting 1am gidm ning ludng lién két.

Khi A 16n, luc ddy coulomb ting(Z* :bic hai) trong lic ning lugng thé tich
ting ti 1& bac nhat v6i A 1am gidm niing lugng lién két, n€u A 16n d€n mot mifc
ndo d6, luc ddy coulomb ting, hat nhin s& khong bén vitng va két qua vé phia trai
€ gidm.
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Ta thdy ning luong lién két c¢6 thé xem 13 haim cla A va Z : E, = f(A, Z)
hay E,=f(Z, N). N€u bd qua s6 hang 8(A, Z) va coi s0 proton Z, neutron N. Ting
mdt cdch lién tuc thi E, s& ting vdi cdc mit mo td nhd cac dudng ddng ndng. Mit
dang ning tao thanh mot thung liing ma doc theo thung liing d6, sip x&p cic hat
nhan bén nhit. Xem hinh vé dudi day.

N. dudng bén

o,

N=2

B

- Cé4c hat nhan niim trén sudn gan truc N. du thira neutron vi vay c6
khuynh huéng phan rd B d€ ti€n vé ddy thung liing.

- C4c hat nhan niim trén sudn gin truc Z, du thira proton vi vay c6 khuynh
huéng phan rd B* d€ tao hat nhan bén gan ddy thung liing.

- C4c hat nhan nhe nhit nim gin mit phing N. =Z

-Khi Z ting thi d4y thung liing uén cong, ddy tié€n gan truc Neutron, su
udn cong d6 tuong Gng vdi su ting dan "nong do" cac neutron trong hat nhan khi
ting s khoi lugng.

- Céc hat nhan nim doc theo mdt mit phing Z + N = A = const 1 cdc hat
nhan ddng khéi, ning lugng lién két Ey phu thudc s6 Z. theo dang f(Z7) vi vay
dugc md ta bSi mot dudng cong parabol:

Vi A=const. (cdc hat nhan dong khdi)

2/3 2 A -1/3
E, =a,A-a,A’’ —a,Z’A™""" -a

_ 2
4(A/2TZ)16(A’Z)

* Vi cde dong khdi cé A 1é: (8(A, Z)=0)

Moi hat nhan ddng khdi déu nim trén mdt parabol.

Ta thdy cdc hat nhan & bén nhanh trdi phan rd p°d€ ti€n vé hat nhan bén
nim & cuc ti€u ning lugng (Ivu ¥ khong triing vdi cuc ti€u ciia parabol). C4c hat
nhin & nhdnh phai phan rd B* va té€n gin vé cuc ti€u ning luong. Hat nhian bén
vitng nhat c6 khdi ludng cuc tiéu, gid tri Z, tuong tng c6 thé tim duge bing dao
ham: (OM/0Z) p—cons= 0 ta thu dudcgia tri cua Z
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Zo= A/(1,98+ 0, 015A%") (1.4.10)
M.z M z)

A A

LL
\B' |3:/ cC

N v

> 7 > 7

Hinh a Zy Hinh b Zot2 Zo+l Z Zo+1 Zo+2

Cong thuc nay khéa phu hdp vdéi thyc nghi€m, gid tri thuc khong vudt qua
AZ=1. Do dé néu A 1 ham M(Z)la don tri, ¢ng v6i mdi gid tri cla A c6 mot gid tri
Z, ting vdi hat nhan bén (hinh vé a).

* POT vdi hat nhdn cé s6 A chdn: (3(A, Z) #0)

C4c hat nhan chin- chdn nim trén mot parabol, c4c hat nhin 1é- 1é nim
trén mot parabol cao hon parabol ctia hat nhan chin- chén.

C4c hat nhin thudc parabol trén, tng vdi ning lugng lién k&t nhd hon,
diéu d6 phan 4nh tinh hinh 1 c4c hat nhan 18- 18 kém bén vitng hon so vdi cdc hat
nhan chin- chin. Mit kh4c thuc nghiém cho thiy c4c hat nhan 18- 18 kém bén,
thudng phan ra B d€ trd thanh hat nhan chin- chin, do d6 M(A, Z) khong don tri,
Parabol trén tng vGi Z 1€, parabol dudi ung véi Z chin.

Theo hinh vé& b, cdc hat nhin k& nhau cling trén mot parabol khdc nhau
hai don vi vé Z, nén ddi v6i hat nhan Chin-Chin c6 thé c6 vai dong khoi bén,
nguyén nhan 13 vé mit ning lugng khong thé c6 su chuyén ddi clia hat nhan cé Z,
+2 hay Z,-2 sang Zo+1 hay Zy-1 cling khong thé c6 x4c suat phan rd kép B (n€u c6
thi rit nhd) d€ chuyén tryc tiép tir Zo+2 hay Z-2 sang Z,

Tém lai, d6i v6i mdi hat nhan nim trén parabol c6 Z 1& lai c6 mot hat
nhan c6 khéi lugng nhd hon, nhung dién tich khdc nhau mot don vi nim & parabol
du6i, ma moi hat nhin 1& 1& déu khong bén ngoai trir bon hat H?, Li®, B'®, N'.

V. KICH THUGC HAT NHAN
Theo cd hoc ludng ti coi hat nhan nhu mot hé hat & trang thai chuyén dong
va tuin theo nguyén Iy bat dinh Heisenberg:

AX.Apx > h
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Do d6 bé mit hat nhin bi nhoe, khé xdc dinh duge ranh gidi chinh xéc kich
thudc hat nhan. C6 nhi€u phuong phdp xdc dinh kich thudc hat nhan va ciing dat
dudc d6 16n nhu nhau, chi sai khdc vé hé s6. Ta hay xét vai trudng hgp.

1 Phuong phap so sianh ning lugng lién két hat nhin guong

Trong c4c hat nhan dong khdi nhe, c6 nhitng cip hat nhAn ma s6 proton clia
hat nhAn nay bing s6 neutron cda hat nhan kia, ta goi d6 12 cdc hat nhan
guong.Vi du:

H? va ,He’;;Li’ va 4Be’; sB'' va (C''1a nhitng hat nhan guong

Ngudi ta di tim dugc gan 40 hat nhan guong. Ning lugng lién két cla céc
hat nhan guong khic nhau, ning lugng lién két clia hat nhan c¢é nhiéu proton hon
phai nhd hon ning lugng lién két cia hat nhan c6 nhiéu neutron hon, vi du:

AE(H’) = 8,482 MeV
AE(,He®) = 7,718MeV

Gia thi€t lyc hat nhan khong c6 ban chat dién. Tinh chit khong phu thudc
nuclon c6 tinh dién hay khong c6 thé gii thich su gidm cla ning ludng lién két 1a
do lyc ddy coulomb giita céc proton va hiéu ning lugng lién két bing ning luong
tinh dién E. ctia Z proton .

AE(A,Z) - AE(A,Z+1) = E, (1.5.1)

E. phu thudc vao su phan bd dién tich bén trong hat nhan va kich thuéc hat
nhan. Gid thi€t hat nhan hinh cau, bdn kinh R, trong d6 dién tich cdc proton phan
bd déu trong toan thé tich, ta hay tinh E.:

goi p 1a mat do dién tich ctia hat nhin do proton giy ra thi:

p=e/V =el (4/3nR%) (1.5.2)
Xét 16p cau, ban kinh & c6 bé day d&, thé tich 4n&’dE va dién tich:
p4AnEdE = (e/V)AnE dE (1.5.3)
16p cAu nay gay ra tair > & mot dién thé:
)
4w é&d 1.54
4 ey \Vr & (154
va giy ra tai r <€ mot dién thé :
1 e
—4réd 1.5.5
drey, V 7o ds ( )

Do d6 tai di€ém r dién thé U(r) do dién tich e phan bd déu theo toan thé tich
V bing:

e 2q > 15
U(r):v—%{jg ¢ +j§d§ o V(R —Erj (1.5.6)

0
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vdi R 12 ban kinh hat nhan ; r 12 khodng cdch tir tim dén di€m bén trong hat nhan
ma tai d6 ta xdc dinh dién thé U(r).
N&u coi hat nhan c6 Z+1 proton va dién tich phan bd déu trong toan thé tich
thi nidng lugng tudng tdc cia mot proton véi Z proton con lai s& bang:
62e® 1

R
E. =§IU(r)4ﬁr2dr = (1.5.7)
Ve 5 R 4re,

Theo thuc nghiém, ning lugng lién k&t ctia cdc hat nhan guong theo (1.5.1)
ta tinh dugc ban kinh hat nhan guong:
AE(A,Z) - AE(A,Z+1) = (6262/5R)(1/47t80) (1.5.8)
Nhd d6 ta tinh dudgc ban kinh hat nhan R kh4 phu hgp v6i cong thic thuc
nghiém:
R =r, A" (1.5.9)
véi 1y = 1,465.10 " cm,

2. Phuwong phip nhiéu xa electron nhanh 1én hat nhan

Xuit phét tir quan di€m: néu electron c6 budc séng vao cd kich thude hat
nhan, thi khi tdn xa dan hoi clia electron 1én hat nhan phdi c6 hién tugng nhiéu xa.
C6 thé€ gidi thich hién tugng nhiéu xa néu gid thiét electron tdn xa trén qui cau
tich dién déu ban kinh R, gid tri R d€ 1y thuyét va thuc nghiém phi hdp nhau 1a
bdn kinh hat nhan, ding hon 1a ban kinh dién ctia hat nhan.

Muén th€ electron phii c6 ning lugng tuong wng véi A = 10 %cm. Khi dat
tdc do twong do6i tinh thi p=Ey/ ¢ ;

A =h/p =hc/Eq = (6.1077.3.10'%) / (1,6.10°Ey) 10"/ E4
véi A=10""cm thi Eq~ 100MeV

Nhu viy electron phai c6 dong ning cd 100MeV thi c¢6 thé quan sit dudc
hién tugng nhi€u xa. Bing phudng phdp nay ngudi ta di x4c dinh bdn kinh cuda
nhiéu hat nhan k& ca ban kinh proton.

Gi4 thiét hat nhan c6 dang cau ban kinh R, ngudi ta tim dudc sy phu thudc
gifta ban kinh R va s6 khoi A.

R = oAl
vGiry= (1,2 +1.3)10 " cm.

Hofstarder dd nghién cttu phan bd dién tich trong hat nhan bing phuong
phdp tdn xa electron nhanh 1€n hat nhan, cho phép xdc dinh kich thudc trung binh
cta viing chodn bdi cdc proton va xac dinh sy phan bd mat do dién trong hat nhan
(con goi 1a phan bo Fermi) c6 dang:
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p(r)=——2L2 (1.5.10)

]+Exp(r_co)
a

Cy: khodng cdch tdi tim ma p giam di mot nia

a : dic trung cho d6 giam mat do dién tich khi ra xa tdm hat nhéan.

Mait do p(0) = po néu Cy>>a.

Goi t 1a khodng cdch ma mat dd gidm tir 0,9py dé€n 0,1p,. Khi Z gidm, mat
dd dién gidm. Khi Z < 6 thi ving d6 bi€n mat hoan toan, ldc nay bé day ctia 16p
mdt ngoai d6 ~4,4a.

Con vdéi hat nhian ¢ A: 40 dén 208 thi t c6 cing mot gid tri khodng 2,4
fermi, do d6 a~0,55 fermi. Mat dd neutron xap xi mat do proton vdi cling cic
thong s6 sai khac nhau khong nhiéu.Vi vy, thuc t& c6 thé coi kich thu6c hat nhan
dugc x4c dinh v6i dd chinh x4c cao bdi phan bo dién tich trong hat nhan.

1206—Co—>p

0.10

Phén bomdt dé dién tich trong hat nhan
Ngoai cdc phuong phép trén, con c6 thé ké dén phuong phdp tin xa neutron
nhanh 1én hat nhan. Neutron nhanh, ti€t dién t4n xa ti 1& v6i ban kinh c~2nR?* do
dé, néu xdc dinh dugc ti€t dién tuong tic, ta c6 thé thu dugce ban kinh hat nhan.
V6i phuong phdp nay cong thic thuc nghiém R = r,A'” vin nghiém ding. Trong
dé o = (1,3 +1,4)10 P cm.

VL. SPIN HAT NHAN

Momen ddng lugng tdoan phan ctia hat nhan goi 12 spin hat nhan, day 12 mot
dic trung rt quan trong ciia hat nhan vi ta c¢6 thé xem hé toan bo giong nhu mot
hat duy nhat.
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Spin hat nhan géom momen dong lugng quj dao va momen cd cla cédc
nuclon. Theo c¢o hoc lugng ti, momen ddng lugng quy dao ciia mdt hat dugc dic
trung bing vectd [ , v6i:

\Z\:h I(1+1) 1=0,1,20.. n-1 (1.6.1)

va momen cd dugc dit trung bang [§|=hys(s+1) s=1/2 (1.6.2)

D06i véi hat nhan nhe:
Khi tuong tic Spin quy dao nhd hon so vdi tuong tic gilta cac nucleon vdéi
nhau (cdc nhan nhe) thi momen dong luong toan phan clia nhin sé& la:

- A _ A
J=310+35, (1.6.3)
1

vagoilaliénkét L-S

Vi s6 lugng tif Spin clia nucleon s = 1/2 nén néu hat nhan c6 A chin thi S
c6 gid tri nguyén, A 1é S c6 gia tri ban nguyén.

Con momen quy dao cda hat nhdn L =1, +,+...+I, trong d6 1; 12 s6 lugng
t quy dao cta nucleon.

Dods |i|=nii+1) ,

hay J=L+S,L+S-1, ...,
D&i v6i hat nhan niing:

Tuong tic Spin qu§j dao cda mdi hat manh hon so vé6i tuong tic gilta cic
nucleon, do d6 mdi nucleon dugc dit trung bing mdt momen dong toan phan xic
dinh:

L-S|<JI<L+S (1.6.4)
L-S|

—

Ji=1+5, (1.6.5)
J=hyJ(J+1) va Spin cta hat nhan sé la:
T=>i Wi=T|SJ<J;+J, | Ta goila lién két J-J

Tém lai Spin cla hat nhan khi c6 lién két “J-J” ciing nhu lién két ciing nhu
lién két (L-S) déu c6 gid tri nguyén khi A chdn, bdn nguyén khi A 1&. Thuc
nghiém ching té chua hé c6 sai pham quy tic nay, va véi hat nhan bén, A 1€ spin
cta hat nhan thyc nghiém cho thdy J < 9/2. Véi A chdn thi J <7, dic biét néu A :
chén-chdn spin = 0.

Thi du: Hé gébm hai nuclon ¢6 momen dong toan phan :

j1=502
jr=312
J =0+, ;[ —J|<i<)+), & 1<J<4
=J=1234

Hinh chi€u momen ddng (spin) ctia hat nhan 1én mot truc toa do (thudng xét
trén truc Z), diic trung bing sd lugng tir m,.
J,=mh ;my=1JJ-1J-2,...... ,-J 5 co2)J+1 gia tri
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Hinh chi€u cuc dai :
(JZ)max =Jh ; (mJ)max =] (166)
J; va J khong ddng thdi x4c dinh.
Céc két qua thuc nghiém cho thay gid tri spin clia cdc hat nhan bén khong
vudt qud 9/2. Piéu d6 chitng té cdc nuclon tuong tic v6i nhau theo tiing cip va
hinh thanh nhitng 16p nhu 16p v6 dién t& ma ta sé xét § cac chuong sau.

VIL. MOMEN TU CUA HAT NHAN

Nh& cdc mdy quang phd c6 ning sudt phin gidi cao, ta c6 thé tich tiing
vach quang phd rdi rac thanh nhiéu vach con, cdch nhau tir 0,1 dén 1,2 Angstrom.
Ta goi d6 1a cdu triic siéu tinh té¢ cia cic vach phd. D€ gidi thich hién tugng nay,
Pauli néu 1én gia thuyét: Su tdch vach quang phd 13 do tuong tdc cia electron véi
tlr trudng ctia hat nhan.

Ciing c6 thé gidi thich su tdch vach d6 bing cdch khéc, gid thiét ring dién
trudng cda hat nhan khong phai 1a dién trudng cda dién tich khong gian, thuc chat
st phan bd dién tich trong hat nhan khong d6i xtiing cau. Tinh bat ddi xdng clia
dién trudng 12 nguyén nhan sinh ra ciu tric siéu tinh t€. Theo gia thuyét cia Pauli,
thi hat nhan c6 thé c6 momen ludng cyc tir tuong tic vdi tir trudng do chuyén dong
ctia electron trong vd dién t gdy ra. Do tudng tic d6 ma cdc electron cé ning
lugng phu , phu thudc vao gid tri momen tir cia hat nhan va su dinh huéng cta né
so v4i phudng tif trudng clia vé dién ti¥. Momen tir hat nhan chi c6 thé dinh hudng
theo mdt s6 phuong nhat dinh so vdi tif trudng clia dién tf ho4 tri.

Vi vy ma ning lugng tudng tic c6 gid tri gidn doan, ma sO gid tri d6 phu
thudc spin hat nhan, con gia tri cic khodang ning lugng gitta hai trang thai (vach
con) lai phu thudc do 16n ctia momen tir hat nhan.

Céc nghién ctfu ciu tric siéu tinh t&€ clia cdc vach phd ching té ring
momen tif vA momen co clia da s6 hat nhian chin - chidn déu biing khdng, con cic
hat nhan c6 A 1& déu c6 momen tir khac khong.

Xac dinh momen tif hat nhan

TruSc hét ta nghién cttu momen tif cia electron. Khi electron chuyén dong
momen dong dic trung bdi s6 luong tif I vd momen riéng 5. Momen tir do
chuyén dong quy dao la:

e

'Zl’_ZmecM vaii | M| = n.1(1+ 1)

, (1.7.1)
l:0,1,2,3,...:>|[1,|:2e— i(1+1)

m,c

e

PN e Zy® ~ A *A 7 (N
con doi véi chuyén dong ri€ng, ta c6 momen tur :
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o= gs,g :la ti sé ti quay
© 2m,c
- » . 1
|s| =hysls+1);s: 50 lugng tik spin :5 (1.7.2)
|,L7Y = ch Js(s+1)
 2m,c

Dit pg = efi/2mec : goi 12 magneton Bohr . Téng quit ta c6 thé viét:
ao=gl ;  A=g5 (1.7.3)
Theo co hoc lugng ti thi ba gid tri hinh chi€u cia momen dong trén céc
truc toa do khong thé dong thdi x4c dinh, chi x4c dinh déng thdi gid tri modun clia
né va mdt hinh chi€u trén phuong tdch biét trong khong gian.
Hinh chi€u c6 gia tri nguyén(don vi k), gid tri cuc dai trén phuong Z bing:
(M2)max = 112 (1.7.4)
cdc gid tr c6 thé c6 1a: 1sa(l-1); A(1-2); .....,-hl €6 21+1 gid tri. Vi (Mz)max # ||
nén chuyén dong cta vi hat khong bao gis c6 momen dong lugng x4c dinh trong
khong gian theo mot phuong nao d6, ma thudng quay quanh mot géc. Chi khi
(M2)imax= ‘1\71 , nhung khi d6 cdc tinh chat clia vi hat lai tring vé6i cdc tinh chat cla

hat c6 dién.
* Pdi vbi nuclon:
Tuong ty nhu electron, mdt cich hinh thifc ta c¢6 thé viét:

" gp = 5,585d6ivdéi proton
- e . - . s
ILIS = gs hay ﬂx = gss;gx =
2m c n .
P g =-3,862 vdi neutron
> (1.7.5)
p .
B g ] = 1; vdi proton
Hy=gl:8 =
g ] = 0; vJi neutron
trong d6 ta da 18y po = ef/2m,c: magneton hat nhan 1am don vi.
g=1 4+ ,=g5+gl (1.7.6)
* Poi vdi hat nhan:
V4 A-Z V4 A-Z
- P7 N7 P~ N'o-
ﬂhn:glzli+glZli+gszsi+gszsi (1.7.7)
i i i i

Trong d6 s& hang thit hai triét tiéu do g"; =0
Ta xét trudng hop lién két L-S:
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A A
J=>1+>5=L+S (1.7.8)

Do vectd y, cung phuong véi vectd L va vectd pg cung phuong véi vectd
S,cip vectd nay ti 1€ v6i nhau qua hé s§ g va g,. Do d6, vectd u khong clng
phuong véi vectd J. Hinh chi€u clia vecto p 1én phuong cia J goi 1a momen tir
hi€u dung, ki hi€u ppg. Vectd ppg dinh huéng 1€n phuong cda truc Z 1a phuong cua
tlf trudng ngoai cé 2J+1 gid tri theo hoc lugng ti, hinh chi€u cuc dai cta J 1én truc
Z : Jmax= Mjmax. VECtd momen tr hi€u dung c6 hinh chi€u 1én truc Z & gid tri cuc
dai, ta goi d6 1a gia tri cla momen ti cia hat nhan:

(Mha/z) J=mjmax= K (1.7.9)

U rf

T
/ Hna

So do xdc dinh momen tir hiéu dung cud hat nhdn
Thuc nghiém cho thdy, spin cta cdc hat nhan chin-chin & trang thdi co
ban biing khong, do d6 theo Schmidt, cdc nuclon trong hat nhin c6 ciu tao thanh
tirng 16p day c6 tinh chit gan nhu 16p vé dién t¥, electron hod tri & vd ngoai cling
s€ quyét dinh tinh chit hod hoc ctia nguyén tr. Mot cdch tuong tw, nuclon 1& cudi
cung sé& quyét dinh gi4 tri spin vd momen tif cda hat nhan. Mau hat nhian nhu vay
g0i 12 mau mat hat, do Schmidt dua ra d€ tinh gi4 tri cia momen tir hat nhan.
Xét nuclon 1€ cudi cing ctia hat nhan A 18:
Taco:p=gl +gs =+ s theo hinh v€ : pyg = cos(lyj) + pscos(s,j) (1.7.10)
S J =14+s
s =37+ 17 - 2jlcos(l,j) =====> cos(Lj) = G*+1* - s%) /2jl
1 1* =j* + 5% -2jscos(s,j) =====>co0s(s,j) = (j* +s>-1°) / 2js

Do do:

Nguyén Fbitu Thding



Oat ly Foat nhan -25 -
.2 2 2 .2 2 2
il +lﬁ—s _J +sa—l
M= 8 271 sS 275
P [j(j+])+l(l+1)—s(s:])]+g LG+ 1)+ s(s+1)-1(+1)]
L N () G
P B
/uexp Iuh(, (’OS(.]’Z)(’OS( jrz) m’:
P LG+ 1)+ 1(1.+ D-ss+1)], ¢ LG+ 1)+ s(f+ 1)-1(+ 1)]; (1.7.10)
2(j+1) 2(j+1)
néu nuclon 1& cudi cung la proton :g, =1
LG+D)+it+D)-ss+ D] p[iG+1)+s(s+ 1)1+ 1)
Hep = ; +8 ; ;
2(j+1) s 2(j+ 1)
néu nuclon 1& cudi cing la’ neutron : g, =0
» :gn[j(j+1)+s(iv+1)—l(l+])]ws:1/23 I
" 2(j+1) 2
. . P .
2j°+3j-g J )
. o _ st b _jt-1293]
vdi proton :*l = j+ p = Uy 2(j+1) ,gs 5,585 = u,, 7j+1
*l:j—§:> Moy =J+2,293
1 1,913 j
%] — il =
l j+2 = U, I, (1.7.11)

*] = j—é: Ho, = 1913

Tur két qud clia 1y thuy€t mau mot hat, ta hdy so sanh vdi gid tri momen tir
do dudc bing thuc nghiém theo dudng bi€u dién dudi day:

Mo —
1
0 neutro
-1
-2 )
|4
1/2 3/2 5/2 7/2 I 1/2 3/2 5/2 1/2 !

Trén db thi, dudng 1ién nét md t3 cac két qua tinh tir Iy thuyét miu mot
hat cda Schmidt, dudng chAm chim 13 két qud thuc nghiém. Ta nhan thdy két qud
thuc nghiém nim trong gidi han cia dudng cong 1y thuyét, mic du chua that tring
hop nhung dang ctia sy phan b6 momen tir cia hat nhan A 1é kha pht hgp véi 1y
thuyét.

VIII. MOMEN TU CUC PIEN CUA HAT NHAN

Nhiéu nghién cttu thyc nghiém cho thdy hat nhian c6 thé bién dang ra khdi
ddi xting cdu, dic biét hat nhan ning ngay ca trang thii cd ban, hat nhan c¢6 phan
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bd dién tich khong gian. PE dic trung cho d6 1&ch ra khéi dang ddi xing ciu cla
hat nhan, ngudi ta dua ra dai lugng momen tif cyc di€n Q, didc trung cho sy tuong
tdc clia hat nhian véi gradient dién trudng ctia vo nguyén ti. Theo dién tir hoc,
momen ti cuc dudc xdc dinh bdi:

eQ = jp(r)(3z2 —rz)dV (1.8.1)

Trong d6 p(r) 1a mat dd dién tich hat nhan theo vi tri. Truc z dugc chon dé
thu dudgc gia tri cuc dai cia Q va dV 1a vi phan thé tich hat nhan.

Néu hat nhan c6 d6i xitng cu thi:

[p()x*dV = [p(1)y*dV = [p(r)z’dV = (1/3)]p(r)r*dV (1.8.2)

Liic nay Q=0, vi vy Q m6 ta do léch hat nhan ra khdi doi xtiing cau. Néu
Q >0 hat nhan kéo dai doc theo truc z. Néu Q <0 thi hat nhan bi nén lai theo truc z.
Pon vi ctia Q 1a cm’ thudng 14y don vi barn = 10 ecm?. Vi du H? ¢6 Q =0,2mbarn
=0,2.10"cm’

Thudng gid tri Q do dugc biang thyc nghiém goi 12 momen tif cuc ngoai
(hay bi€u ki€n), do Q dudgc x4c dinh bdi hé quy chi€u phong thi nghiém, khdc véi
Qo dudc xac dinh bdi hé quy chi€u gin lién vé6i hat nhian quay goi 13 momen ti
cuc ndi (hay chan thuc). Q lién hé véi Qbdi cong thic:

3K? - J(T+1)
= 1.8.3
(J+1)(27+3) Co )
vdi K 12 gi4 tri cia hinh chi€u J trén truc z.
Khi J=K, § trang thdi cd ban cla hat nhan thi :
J(27-1)
OQ=——F—"-0 (1.8.4)

S+ (20+3)7°
Tu cong thifc trén ta thdy néu spin clia hat nhan bing khong, hay bin
nguyén, momen tif cuc triét tiéu ngay ca khi Q, khac khong, do truc doi xiing cia
hat nhan quay. Ta chi c6 thé do dudc gid tri ctia Q bing thuc nghiém, con Q,la dai
lugng mang tinh chat 1y thuyét, né dic trung cho dod l1éch clia dién tich proton
trong hé quy chi€u quay ciing hat nhan. P l1&ch hinh hoc ra khdi doi xitng ciu con
dugc dién t4 bdi cong thifc (xem hat nhin c6 dang elipsoide):
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B = (4/3)(n/5)*(AR/R) ~ 1,06(AR/R) (1.8.5)
Vi R 1a ban kinh hat nhdn AR 1a d6 sai khdac cia ban kinh truc 16n va truc
bé clia hat nhan (xem hat nhan c6 dang elipsoide). Gia st sy phan bd neutron va
proton 1a déng déu, thi Q, va P ti 1& véi nhau:

3 2
=—=ZR 1.8.6
O on o ( )
Qo/Rzﬂ
20 |-
15 |
10 | ﬂ
5 |
AL
s e V
0 | | | | | | |
20 40 60 80 100 120 140 N

Momen tif cuc ndi Q ctia hat nhan phu thudc s& neutron N

Hat Q, Hat nhan|Q, Hat nhan|Q, Hatnhin |Q,

nhian 10 ¢m? 10 cm? 10 cm? 102 cm?
H? 0.00273 | 6> |-0.064 |Rb® |0.27 LHE' |3
B 10.0355 |68 10.045 | 4Nb” |-0.3 Ta® |6
N 10.0071 | 5,Co” | 0.404 | sBa'® | 0.25 B |-0.19
O 1-0.027 |5Cu® |0.16 P! 1 -0.054 |, U |34
SAIY 10.149 | 5sBr® | 0.28 +Lu'” 5.9 osAm*!' | 4.9

K&t qua thuc nghiém gid tri momen tf cyc ctia mot sd hat nhan.

IX. LUC HAT NHAN

Mot so tinh chit co ban cta lyc hat nhan

1. Lyc hat nhan 12 lyc hit: Vi trong tu nhién ton tai cdc hat nhan bén

2. Luc hat nhan 1a lyc tdc dung ngidn: Vi ban kinh tdc dung < 10" cm ta coi d6 1a

khodng cdch trung binh giita cdc nucleon lién két trong hat nhan bdi luc hat nhan.
Khodng cédch trung binh giira cac nucleon :

D ~(V/A)"*=4/31R*/A)"*~2.10™" cm
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3. Luc hat nhan thudc loai tuong tic manh.

4. Luc hat nhan c6 tinh chdt bdo hoa. Ning lugng lién két trung binh clia cdc
nuclon c6 thé xem nhu khong d8i ddi v6i da sd cdc hat nhan trong bang tuan hoan,
c6 gi4 tri khodng 7,5MeV.Do d6 ning ludng lién két clia hat nhan AE~€A, nghia
1a ty 1& bac nhat véi A.

5. Luc hat nhian phu thudc sy dinh hudng spin ctia nuclon. Céc thi nghiém tan xa
neutron trén proton chitng té Iyc hat nhan phu thudc sy dinh huéng twong hd spin
gifta hai hat. Khi neutron neutron tdn xa Ién ortho-hydro (spin song song) tiét
dién tdn xa 16n hon so v6i tdn xa 1én para-hydro (spin ddi song). Ngoai ra trong tu
nhién tdn tai hat nhan Deutrium, véi hé lién két n-p c6 spin song song, khong phat
hién hé n-p c6 spin ddi song.

6. Luc hat nhan khong xuyén tim, vi néu lyc hat nhin 1a xuyén tdm thi sy phan bo
dién tich ctia hat nhan don gidn nhat 13 hat nhan deutreium phai c6 ddi xting cau,
do d6 moment ti cyc dién phdi triét tiéu. Nhung thuc nghiém cho thAy moment t
cuc dién cla deuterium khac khong.

7. Luc hat nhan 1a lyc tuong tac spin quy dao, vi luc tic dung 1€n cdc nuclon
chuyén dong bén trong hat nhan phu thudc vao xung ludng clia nuclon, nghia 1a
phu thudc vao van téc cta nuclon.
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CHUONG 1II:
PHAN RA PHONG XA

I Céc dic trung co ban cua hién tugng phéng xa

Hién tuong phéng xa 14 qud trinh hat nhan ty dong phdt ra nhitng hat dé€
trd thanh hat nhan khac hoic thay d6i trang thdi cia né. Hat nhan chiu sy phéng
xa goi la hat nhdn phong xa, cac tia phat ra goi la cac tia phéng xa. Hién tugng
phéng xa dugc quan sit 1an du tién bdi A. Becquerel (1896). Mot hat nhin
phong xa dugc dic trung bdi: Loai phdng xa, nang lugng, chu ki ban ra, spin. Mot
hat nhan khong phéng xa goi 1a hat nhan bén, cdc hat nhan phéng xa ton tai cling
vdi cdc hat nhan bén trong vé qua dat, hoic do con ngudi tao nén qua viéc thuc
hién cdc phan tng hat nhan, hoic do cdc tia vii tru bin ph4 vao cdc hat nhan bén
trong khi quyén, hodc do cdc vu nd nguyén ti...

Hién tugng phéng xa 1a mot qué trinh thdng ké, Cédc hat nhan phéng xa
nhu nhau nhung chiing s& phdng xa tai nhitng thdi di€m khdc nhau, hién tuong
phéng xa x4y ra bén trong hat nhan, khong phu thudc céc tic nhan li héa bén
ngoai.

1. Phuong trinh cd ban cia hién tugng phéng xa

Xét mot tap thé hat nhan cing loai, ddi v6i mot hat nhian xdc dinh ta
khong thé biét chinh xdc thdi di€ém ma né s& phéng xa, tuy nhién bing phudng
phdp thong ké ta c6 thé danh gid xdc sudt trong mot don vi thdi gian hat nhin sé&
phéng xa, dai luong d6 ki hiéu A goi 12 hdng s6 phdn rd c6 thi nguyén s™.

Gia st tai thdi di€m t s6 hat nhian phéng xa c6 trong miu 1a N. Sau thdi
gian dt s& hat nhan phéng xa la dN

dN = -ANdt
Dau trir chi s& hat nhan phéng xa gidm theo thdi gian, lic t= 0 gid st
N=Nj ta cé:
N=Nge™ 2.1.1)
Phuong trinh trén goi la phuong trinh c¢d ban clia hién tugng phéng xa.
Go1 Ty, 1a thoi gian dé€ s6 hat nhan phéng xa con lai mét nita, dai lugng
nay goi la chu ki ban ra ctia hat nhan phong xa.
Ta cé: N0/2 = NoeXp(—le/z)
Suy ra:
T1/2: Ln2/A (2 1. 2)
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No/

Nn/4

v

Tip 2Tn

Thoi gian séng trung binh

P6i v6i mot hat nhan phéng xa xdc dinh, ta khong thé biét thdi di€ém khi
ndo thi hat nhan phéng xa. Nhung xét mot tap thé hat nhan phéng xa cung loai,
ta c6 thé xdc dinh gi4 tri trung binh thdi gian k& tir ldc hat nhan phéng xa tao ra
dén khi n6 phéng xa, dai lugng d6 dugc goi 1a thdi gian sdng trung binh ctia mot
loai hat nhan phéong xa ki hi€u t. BPudc xdc dinh nhu sau:

.TNtdt

7=l :% 2.1.3)
[ Nat
0

t=1/A=T;;,/Ln2
Y nghia clia t : Thé t = t vio phudng trinh cd ban clia hién tugng phéng xa
ta co:
N(1) = Noexp(-At) = Noexp(-A/L) = Ny/e

Nghia 12 7 12 thoi gian d€ s6 hat nhan phéng xa gidm di e 1an.

2. Do phong xa
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Dé dic trung cho tdc dd phan rd ca mdt ngudn phéng xa, ngudi ta dua ra
dai lugng do phéng xa A 1a s6 hat nhan phéng xa clia mdt ngudn phéng xa phan
rd trong mot don vi thdi gian.

Do phéng xa A = -dN/dt = AN (2.1.4) don
vi cia do phong xa : Curie ki hiéu Ci, 1 Ci =3, 7. 10" phan rd/gidy
1kCi=10’Ci, 1mCi = 10°Ci, 1uCi = 10 °Ci
ngoai Curi, con c¢6 don vi Becquerel, ki hiéu Bq,
1Bq =1 phan ra/giay.

3. Phuong phip xic dinh hiing s6 phin ri A bing thuc nghiém

Xét trudng hdp don gidn: hat nhin phéng xa tr§ thinh hat nhan bén va hat
nhan c6 chu ki ban rd bé. Mudn xac dinh A, ta ghi s& hat bay ra khdi ngudn trong
mot don vi thdi gian, nghia 12 d6 phong xa clia nguén A=-dN/dt=AN , theo trén ta
co:

InA = In(-dN/dt) = In(AN) = In(ANpe™)  (2.1.5)
= In(ANp) - Mt

Néu ta vé theo thang bdn loga sy phu thudc do phong xa theo thdi gian,
dudng biéu dién c6 dang mot dudng thing ma hé sd géc sé cho ta tinh dugc gid
tri cia A.

In(-

>t

Trudng hgp hat nhidn me sau khi phan ra tr§ thanh hat nhan con, hat nhin
con lai ti€p tuc phéng xa theo so dd :

D&i véi hat nhan A ta ¢6 :

NA(t) = Noexp(—KAt) (216)
vdi hat nhan B ta ¢6 phuong trinh:
dNB/dt = AANA - kBNB (217)

khi t = 0 thi N,g = 0 do dé:
Ta tim dinh ludt m6 ta sy bi€n thién s6 hat nhan phéng xa theo thdi gian.

N,(1)= %(M’ o) (2.1.8)
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khi t=0 ; Nyg khéac khong thi:

Ny(t)=N e + %(6“’ — e%B’) (2.1.9)
Xét sy can bing phong xa
Né&u hat nhin me c6 thdi gian ban rd 16n hon hat nhan con mot chit it (Ty
> Tg, hay A, < Ag) thi trong qud trinh bién ddi phéng xa giita ciac dong vi d6 sé&
hinh thanh sy cin bing phéng xa md td bdi hé thic:
KBNB/ }\fANA = const

Néu hat nhan me ¢6 thdi gian ban ra rat 16n so v4i thdi gian ban rad cda hat
nhan con (T, >> T, Ay << A g ) thi s& thiét 14p su cAn bing bén (con goi 1A cin
bing th& ky) mo ta qua hé thic:

AaNa = AN (8¢ dd phan rd clia hat nhan me = td¢ dd phan rd cla hat
nhan con)

Néu hat nhan con ti€p tuc phan rd va néu cé suc can biing phéng xa giita
cédc hat nhan con thi ta ¢6 chudi cin biing & trang thdi can biing bén:

XANA = kBNB Seeee = }VNNN
giffa hai s6 hang batky : Nk/N;=Tx /Ti= A/ Ax =khong d6i
II PHAN RA ANPHA

Phan rd anpha 1a hién tugng hat nhan (X)) tw dong phét ra hat nhan ,He*
(hat anpha) va tr§ thanh hat nhan con (Z_QYA'4 ).

) C— > LHe' +,,Y* (2.2.1)

* Piéu kién vé ning luong:

Hat nhan phéng xa o phdi c6 ning lugng lién két Am
Eb = [ma + MY - MX ] <0 (222)

Ning lugng clia phan rd o ding biing gia tri tuyét ddi cla ning luong lién
két E,

E, = | E,| (2.23)
Ning lugng E, danh cho dong ning ctia hat o va hat nhan giat lui Y.
Theo (2. 2. 2) ta c6 diéu kién vé khdi luong dé hat nhan X phong xa o

My >m, + My (2.2.4)
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A. cdc két qud thuc nghiém
1 QUANG CHAY

Khi hat anpha truyén qua chit khi, né s& ion hod cdc nguyén ti¥ trén dudng
di va mat dan ning lugng quang dudng trung binh tir khi phét ra cho dén ldc hat
anpha dirng hin trong mdi trudng goi 1a quing chay trung binh clia anpha ki hiéu
R,. C6 nhi€u phuong phap do R, trong cdc mdi trudng khac nhau.
Trong khong khi & di€u kién thudng R, c& khodng 9 ¢cm, phu thudc ning
lugng cia apha. Geiger da dua ra cong thiic thyc nghiém:

v’=(Ry-x ). a (2.2.5)

v : van toc cla hat anpha(cm/s) ; Ry Quing chay trung binh clia anpha
(cm); x : khodng céch tir hat anpha d&€n ngudn; a : hiing s phu thudc don vi.
Biét quing chay clia anpha trong khong khi ta ¢6 thé suy ra dugc R, trong
cidc moi truong, vi du:
R, nhom/R, kk = (pkx/ pad(AalAw)"? =0, 001293/2, 7 (27/14, 4)'*

=6,2.10"
Xét vai so lidu:
E,(MeV) R.kk (cm) R, Al(pm)
4 2,5 16
5 3,5 20
6 4,6 30
7 5,9 38
8 7,4 48

Quing chay cua anpha trong khong khi phu thudc niang lugng cua anpha
qua hé thuc:

Ru(cm) = KE, > E,tinh bing MeV (2.2.6)
K : 12 mot hiing s6 ~0,32 ; cong thiic nay chi chinh x4c khi E,

>0,5MeV.

2. Nang lugng E, va chu ky ban ra

Dé& do chinh x4c ning lugng clia hat a, hién nay ngudi ta st dung phudng
phéap miu chuin d€ so sdnh. Thudng ding miu chuin 12 g,Po*'* da biét chinh x4c.

E, = (7, 6804 +0,0009 ) MeV
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Duing phd k€ tir tuong tu nhu khdi pho k&, phan cd ban ctia phd k€ tir 13 nam
cham dién d€ 1am tiéu tu cic hat o cé ndng lugng khac nhau s€ hoi tu cic diém
khdc nhau. Ngudn o thudng dudc ciu tao dudi dang mang mdéng. Con Detecto
thudng dung dng d€m hoic kinh dnh ning suit phan gidi cia phd k& tir rit cao,
nhd d6 c6 thé do dudc cdc vach o rat y&u trong ciu tric tinh t&€ ctia phd a.

Thyc nghiém thdy ring A, ting rat nhanh khi E, ting.

Vidu: oSm'  A.=1,92. 10" E,=2, 25MeV

ThC’ (34P0*"? ):h,=0, 2. 107/s E,=8, 78MeV

3. Dinh luit Geiger-Nuttal

Mot trong nhitng dic diém ciia phin ra anpha 13 hiing sé phan ri anpha A,
phu thuéc manh vao niing lugng ciia anpha

Niam 1911, hai 6ng da tim dugc sy phu thudc cta A, theo khoang chay
trung binh R, & khong khi, 4p suit binh thudng
lgh=AlgR,+B (2.2.7)
hiing s& A gin gidng nhau & 3 ho phéng xa, B khic nhau tir ho nay dén ho kia chi
5% néu viét theo ning lugng.
lgh=algE+b (2.2.8)
a, b: hiing s6 cho cing mdt hophdng xa.
Pé€ xdc dinh cdc hiing s& A, B ta xdc dinh A, R ddi véi hai nguyén t& phong
xa clia cing mdt day (chudi).
- Nhd Pinh luat Geiger-Nutlal ta c¢6 thé xdc dinh hiing s6 phan rd cda céc
hat nhan ma ta khong thé xdc dinh truc ti€p dudc, vi du cdc hat o c6 quing chay
dai (cudng do rat yéu).

4. Pong nang cua anpha
Gan 200 dong vi phéng xa nim trong viing 4MeV < E, < 9MeV, ning lugng trung binh
E, =6MeV.

5. Cédc hat nhan trong bang phan hang tuin hoan cé thé chia thanh hai nhém
theo quan di€m phéng xa

- Nhém hat nhan phéng xa a

- Nhém bén ddi véi phéng xa o

Thuc nghiém cho thay cdc hat nhan c6 Z > 82 c6 tinh phéng xa o

Khi Z ting thi E, ting (E, ting thi A, ting) trif trudng hop mdt s& hat nhan
& ving dat hi€ém véi A= 140 --->160 ; 2MeV <E, < 4MeV
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Vidu 6ZSm146 :E, =2,5MeV ; 58Cel42 :E, =1,5MeV
Vi cédc hat nhin trong ving dit hi€m thudng cé ty s6 neutron trén proton
thap.

6-Khi so sdnh ning ludng phan rd anpha AE, giita cdc dong vi trong ciing mdt
nguyén t3, thi thdy ning luong AE, gidm khi A ting. Hién tuong nay ding khi
A<209 va A >215. Trong viing (A =209 dén 215 ) thi ngugc lai. Nhd tinh chit nay
ta c6 thé tién dodn dudc ning lugng phan rd anpha doi véi cdc dong vi chua biét
cla cliing mdt nguyén t6 cho trudc.

AE, Mel
o 17

Ndng lugng phdn rd anpha phu thudc theo s6'khéi A cud cdc dong vi
- Nh& cdc phép do chinh x4c phd anpha, ngudi ta phat hién dudc cau tric
tinh t& clia cdc vach phd, thudng vai nhém anpha ning lugng khic nhau.

Thi du ¢;Bi *'*

Nhoém o E,(MeV) Ham lugng (%)
O 6, 086 27,2

o 6, 047 69, 9

ol 5,765 1,7

ol3 5, 625 ~0, 15

Oly 5, 603 1,1

Ols 5, 481 =0, 016

C6 hai loai phé vach
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a) Cdc phd gdm c6 vai vach, ning lugng chénh Iéch nhau ¢ 0,1MeV,
cudng d6 vach I6n hon nhau mot chit it va cudng dd giam khi ning lugng E,, giam.

> E.
o 05)] a3

b) Loai phf; gdm modt nhém anpha cudng do rat manh goi 12 vach co
ban va vai nhém anpha cudng do rat yéu (nhd hon vach cd bdn nhiéu bic)..

Thi du: ThC
N,
AE,
Cod ok d ,
Nh6ém anpha E,(MeV) cudng dd tuong doi (%)

oo 8,78 100

o 9, 692 0, 0035

ol 10, 422 0, 0020

o3 10, 543 0, 0018

Giai thich sy ton tai hai loai vach phd
D6i véi trudng hop a thi ngudi ta xem hat nhan me & trang thai cd ban, khi
phan rd hat nhin con & trang thdi kich thich. Cudng do vach phd tuan theo quy tic

khodng, vi du hat nhan ,U*®: E,: E, :E ¢ = 43:100:164, do d6 cudng d6 gidm khi
E, giam.
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1238

572

Ei«n 333
Fe
F«

Ex

2%
— 83%

Ea — 52°
anTh?%

Chuyén ddi chi c6 thé x4y ra giita cdc trang thdi c6 momen quy dao gidng
nhau cda nuclon 1é trong hat nhan me va hat nhan con:
| O/ >5/2 :Th**
cdn céc trang thdi khac do c6 su chénh 1éch momen quy dao cang 16n dich chuyén
cang khé.

D&i véi pho loai b, ngudi ta gid thi€t hat nhan me & trang thdi kich thich khi
phan rd vé& hat nhan con & trang thdi co ban. Ta xét so dd phan ri sau:

Vi

212
g4Po

e Ph?

E. 0= 8,78 MeV vach co bdn; hai vach quang chay dai E,; = 9,49MeV va
E, =10,54MeV

S6 hat nhian phan rd anpha ctia nhém co ban 1a do da s& hat nhan phan rad
gamma quyét dinh. O mot mic kich thich cla hat nhan me c6 hai qué trinh phin
rd anpha va gamma canh tranh nhau. Trong mot khodng thdi gian dt s6 hat nhan
phanrad la dN, ta c6 :

dN =dN, + dN, (2.2.9)

Goi A, va A, lan lugt 12 hing s& phan rd gamma va anpha; va A = &, +A, 12

hiing s6 phan ra tdng cong, ta co:
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dN, = A, Ndt
dN, = Ndt
Suy ra dN,/dNy = A, /Ay (2.2.10)

Ta c6 thé do dN,; dN,; At d6 ta c6 thé xédc dinh A,. Do A, 16n nén phan
ra tif trang thdi cd ban vé trang thdi cd ban 1a 16n nhat.

Thi du : D6i véi mic 9,65MeV thi ning lugng anpha phdt ra la
E,=9,49MeV, ngudi ta do dugc dN, /dN,, = 4000, A, = 10”/s suy ra A,=4.10'%/s va
thoi gian s6ng trung binh cla mic d6 1a t= 1/A ~ 1/A, » 10"%s.

B. nghién ciu ning lugng trong phan ra anpha

Ta biét ring diéu kién d€ mot hat nhan phan rd anpha thi ning lugng lién
két ctia hat nhan d6 ddi véi cac thanh phin hat nhan con 2, X** anpha ,He’
phai 4m:

AEg = [ M(He ") + M (75 X - M(A, Z)]c* <0

Nghia 13 M(A, Z) > M(He*) + M (2., X**) ; khéi lugng hat nhidn me phai
16n hon téng khoi lugng cda hat nhan con va hat anpha.

Ning lugng tod ra dudi dang ddong ning ctia anphaE, va hat nhan giat lui
(hat nhan con) Eg.

AE,=|AE,|=E,+E, (2.2.11)

Theo dinh luit bdo toan xung lugng :

P|=|B (2.2.12)

do P = (2mE)"?; nén :Eg = Eo(m./Mg)
AE, = Eo( 1 + my/MR) = Eo(Mg+m o)/Mg

Suy ra :
E, = AE,(Mg/ Mg+m,,) (2.2.13)
vi khdi lugng hat anpha rat nhd so vdi khoi lugng clia hat nhan giat 1oi m,<<Mg,
do d6 hau nhu toan bd ning ludng trong phan rd anpha 1a dudi dang dong ning
cta anpha.

Vi du: Bi 212

g 1T1208
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Ning lugng cta anpha do dugc bing thuc nghiém 1a E, = 6,086MeV; do
d6 nang lugng cla hat nhan giat Iui :
Egr = E((m,/Mg) = 6, 086(4/208) =0, 117MeV (2.2.14)
suy ra nang lugng ctia phin ra anpha :
AE,=E,+Er =6,086 +0, 117 =6, 203 MeV (2.2.15)
Xét vai phd anpha dic trung:

04Pll238 Q<Am2
7.10° 803 103 7
76
0. 005996 ~ + /2
0. 1432 g+ _
8 43 L o+ 60 / o2
4 33 710+

T2% () =—)t

5 U8 0 5/2*

02ND23

C. Iy thuyét phdn rd anpha. hiéu ting duong ngdm

Ta biét ring ning lugng clia anpha phét ra trong hau hét cic hat nhin
phéng xa c6 gid tri dusi 10 MeV. Trong lic d6 thé ning tuong tic coulomb giita
hat nhan con va anpha rat 16n so véi gid tri nay. Xét trudng hgp hat nhan U>®
phan rd anpha d€ trd thanh hat nhan con ¢ Th**, th€ ning tuong tic coulomb tai
khodng cdch R biing ban kinh hat nhan Th** :

Ug = (Zze*)/R ~ 30MeV (2.2.16)
Theo vat 1y ¢8 di€n, hat anpha phdi c6 ning lugng 16n hon gid tri 30 MeV méi c6
th€ thodt ra khéi hat nhan me Uran. Tudng tic coulomb ddi héi anpha phai c6
dong ning c6 mot gid tri tdi thi€u bing gid tri cuc dai cla th€ ning. Pudng biéu
dién mo t3 dang cla thé ning coulomb theo khodng c4ch r tinh tif tAim hat nhan.

Vit 1y cd dién khong thé gidi thich phan rd anpha, khi ma hat anpha bi
giam giif trong mdt ho thé€ ning c6 chiéu cao 16n hon dong ning clia anpha ma hat
anpha vin c6 thé phéng ra ngoai hat nhan. Thé ning coulomb di ngin chin hat
anpha, 1am thanh mot rao cin cé chiu cao bing chiéu cao cia dudng bi€u dién
thé niing.
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U A
[ T.
T | T. —
0 R >r
-Una

Co hoc lugng tr da gidi thich hién tugng nay qua hiéu Gng dudng ngim
vdi viéc gidi phuong trinh Schrodinger, d€ don gidn truc hét ta xét trudng hop hd
th€ c6 dang vudng géc nhu hinh veé:

ul

U.
E+Uy=
E 7'y FN:
T 1] m
R R+d T
-II,‘ v
-U,;r<R
Ham thé ning: U(r)= U ;R<r<R+d (2.2.17)
O;r>R+d

Xét trudng hop hat anpha chuyén dong tir trai sang phdi v6i ning lugng
toan phan 1a E. Ta tinh xdc sudt dé hat anpha xuyén qua rao thé. Ham séng y(r) 1a
nghiém cda phudng trinh Schrodinger, vé6i | y(r) |2 md t& mat dd xdc suat tim hat
tai vitrir.

Phuong trinh Schrodinger:

Ay + 2m/i* (E-U)y =0 (2.2.18)

Trong d6 y: 1a ham toa do xyz

E: ning lugng toan phan trong chuyén dong tuong d6i clia anpha va hat
nhén con

U:Thé€ niing ctia hat anpha.
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Pé don gian, ta xét bai téan mot chiéu, theo x:

2

Trong vung (I) :phuong trinh c6 dang: % = 2m —(E-Uy)y.(x) (2.2.19)
7 2l//()c) 2m

Trong vung (II):phuong trinh c6 dang: o7 —(E-U)y(x) (2.2.20)
ok l,y(x) 2m

Trong vung (I11):phuong trinh c6 dang: —(E)y(x) (2.2.21)

Nghiém mién I:

K2+—(E+U0) 0 =K-= ,/@
& (2.2.22)

—1/2m(E+U0)x %,IZm(E—i-UO) X

w1(x)= Ael + Be

Nghiém ciia mién I11

K2 +:—mE 0 =K= +h—2mE

, ‘ (2.2.23)
L 2mE x _—lx/ZmEx
wA x)=ae" +bel
Nghiém ciia mién I1

K2+2—T(E—UC)= o, >E =

2 2
K24 hm(E U, ) K2 - hm(UC_E):O:> Kzzh—z(Uc—E) (2.2.24)

v 2( ) aeg,/zm(u -E)x ﬂe%ﬂ/zm(uc—E X
Két qua d6 ciing gidng nhu sau: Him séng tai mién 1 va mién 3 c6 tinh
chat dao dong. Mién 2 c6 tinh chit haim mii, hon nita vi ndng do hat khi di qua rao
chi ¢6 thé gidm nén hé s& hat o phai rat nhd hon B (a<<p).
- 2m(UC—E)x
Do d6 Vo =Pe’ (2.2.25)

()

01

X0 Xo+d
Hé s6 xuyén vao D biing ty s6 cdc mat do thong lugng x4c suit tai cdc
mdt gidi han.

X
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2
v Il(xo + d)

4 I(XO)mi
Khi x = x¢+ d thi ta cho: y = yy(X), va vi vi = vy tic 1a ning lugng cla
hat tdi va hat truyén qua déu nhu nhau, va ta c6 thé chon:
yad 2

D= Vi

vl (2.2.26)

e%/zm(uc_zs)(xom)

Suy ra: ‘:,y /(X0 + d)‘2 (2.2.27)

K&t qua nay c6 thé md rong cho rao thé c6 dang bat ky.

2 ~ N ~ 2 N ~, N A
Ta c6 thé dua rao th€ dé thanh nhitng rao vudng
gdc c6 d6 rong va chiu cao uy vi vay:

-2
—.[2mlu, —E)Ar
D= DI'DZ"“DI’Z =€h m( ¢ ) 1....
g%,IZWﬂ(uk—E)Ark
=e

néu Ar rat nhd thi:

—Zj \J2m(U-E) dr
D=c¢ "I (2.2.28)
. Zze?
néu U, ¢6 dang U, = ; U Eu=Zze
Cong thic trén ta xac dinh dudgc:

I = R T
2 I2

r,=7z2¢"/E, Uy

Té4c dung ctia hang rao thély tam

TAt cd nhitng di€m vira néi & trén, ching ta chua ké d€n momen quy dao
cda hat anpha, nghia 1a coi 1,=0, néu 1, # 0 thi th€ ning tuong tdc giita anpha va
hat nhan con sé& khdc. Khi d6 thé ning phai ké d&n thé ning ly tim.

Néu ta xem hat nhan nhu mdt qua cAu ban kinh R, khi hat anpha trong hat
nhin bay ra v6i khodng nhim p < R theo vat 1y c6 dién hat anpha s& c6 momen
dong 12 pp. Nhung theo quan diém vat ly lugng t, hat anpha c6 momen dong:

\M\:h (1+1)  ;1=0,1,2,3,.. (2.2.29)

suy ra : p:%\/l(l+1) :K\/l(l+1)

vi p<<R do dé6:
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Wi+ <R = zg% (2.2.30)

BA"cm d6i véi hat nhan nang R=~10"cm thi

h st BMev) (2.2.31)

A nucton= NG
do khdi lugng hat anpha gip bon 1an khoi lugng clia nuclon do d6:
_2.25.1077
“ JE( Mev)
véi ndng lugng trung binh ctia anpha E, =6 MeV thi:
Ao~ 10%em =>1<<10"%/10" = 10
nghia 12 nhitng hat anpha c6 1 < 10 thi c6 thé bay ra.

Nhitng gi4 tri kha di ctia 1: Theo quy tic chon lya momen ddng 1 va tinh
chidn 1€ suy ra tir dinh lut bdo toan momen ddng lugng va chian 1é hat nhan, thi
momen dong lugng 1 clia anpha phai théa man di€u kién:

1T-T|<1<T+D (2.2.33)
vdi J :spin cla trang thdi dau (hat nhin me)
J’:spin cla trang thdi cudi( hat nhan con).

Céc gid tri cla 1 phdi chdn néu nhu trang thdi dau va cudi c¢6 cing tinh

chén 1&. Con 1 1a /¢ néu hai trang thdi dau va cudi khdc nhau tinh chin 1é. Ta c6

néuta xem R=1, 4. 10

(2.2.32)

thé riit ra mot so trudng hop sau:
1.NéuJ=J =0thi 1=0
2.NéulJq#J. thi 1=0,1,2,..,6J+).
3. Néu mdt trong hai trang th4i diu hoic cudi c6 spin =0
NéuJ=0thil=J
Néu J’=0 thi 1=J
Do vay néu I# 0 va théa min cdc quy tic chon lua, thi ngoai th€ ning
Coulomb phai k& dén thé ning ly tim dudc xdc dinh nhu sau:
2

my oU, m*vir?
Et = = — = 3
r or mr
_ 12
M _wacn) (2.2.34)
mr3 mr3
_ou, m(li+1)) U - I L+1)
or mr’ " om?
Khir= R:
nl(1+1)
(Ult)max =W dOpSR
, m , (2.2.35)
el +1 hel(l+ 1
( )SE nghia la E>(—)

2mR?

Lic nay rao ly tdm khong ngin cdn cdc hat anpha véi : 1 < R/A.
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Con v6i p > R van dé sé ngudc lai E < (Uj)may rao ly tdim s€ ngédn can cac
hat anpha bay ra. Do d6, hé s6 xuyén qua:

%2 [y2m(U,+U,~E)dr
D=e = D,,( Dy (2.2.36)

H& thé€ tdng cdng c6 dang nhu sau:

A
¥U
\ 1t

>
Ue

Hdng s6 phdn rd anpha.
TruSc khi hat anpha phéng xa ra ngoai, hiy hinh dung hat anpha chuyén
dong trong hat nhin véi van tdc v, n6 lién tuc va cham 1én rao thé, tan s va cham:

v/2R
Xéc suét phan rd anpha :
doo = (V/2R). D (2.2.37)

DE tinh 4nh hudng cta 1 1én hé s6 xuyén rao D, ta hiy xét vi du trudng
hop U2
Dig=6,45.10°; Di,;=5,62.10° ;D 1, =5, 52. 10
ching t6 ring khi 1 khong 16n 1dm thi cdc gid tri cia D dng véi 120 chi sai khdc
nhau & hé s6.

K&t luin:

So sanh gia tri A, tinh theo cong thifc trén vé6i gia tri thuc nghiém thi thdy
céc gid tri thuc nghiém pha hgp véi 1y thuyét véi da s6 cac hat nhan chin chin.
Trir vai hat nhan nhu :At*'®; Bi*'*; Po *'°thi gid tri A, thuc nghiém nhd thua gid
tri tinh theo 1y thuyét téi vai cAp. Con d6i vdi hat nhan 1€ 1& thi phin rd anpha
thudng bi cam.

Ta c6 thé gidi thich nguyén nhan c6 sy sai khac giita 1y thuyét va thuc
nghiém nhu sau:

1. Vi hat nhdn A [é: thi ban kinh tién dodn theo cong thiic R=1,4.10"°A"
"“la khong ddng, thuc t€ gid tri cia R nhd thua gid tri d6, nfu R nhd thi
(Umax=F"1(14+1)/2mR* ting, d6i v4i rao thé coulomb ciing viy (Uo)max = Zze /R
ting, do d6 vdi A 18 chiéu cao rao thé ting, do rong ciia rao thé ciing ting, do d6 A

giam (vi D giam).
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2. Khi phén ri anpha thi spin hat nhin cfing thay ddi nén hat anpha bay ra
c6 120 va c6 thé 6 nhitng gid tri 16n, 1am cho D, gidm manh, din dén A gidm, cdc
trang thdi phan ra J4 # J. rit nhiéu, hiu nhu bi cAm.

3. N&u xem hat anpha dudc hinh thanh & thdi di€m phan ra thi xdc suit tao
thanh anpha trong hat nhan c¢6 A 1€ sé nhd hon & hat nhan A chin. Theo Perlman
va Siborn gidi thich dya trén miu vo:

A 18: Vi nuclom 18 phai k&t hdp véi mot nuclon ¢ spin ngude chiéu &
vO phid trong doi hoéi phai c6 thdi gian xdc dinh do d6 A giam.

A chdn: trudng hop hat nhan 18 18 vi du gsAt*'® ; ¢3Bi*'* v6 proton va vé
neutron déu c6 proton va neutron 1& do d6 A ciing nhd. Riéng g,Po*' thi c6 N=126
mic dit 12 hat nhan A chdn nhung vi n6 c¢6 v day nén A nhd.

4. Hing s& A nhd vi phdi k& d&€n 4nh hudng clia trudng biic xa gamma clia
hat nhan con tdc dung 1€n hat anpha.

III PHAN RA BETA

1 Cac loai phén ra beta

Phin ra beta l1a hién tugng hat nhin ty dong phat ra cdc hat nhe nhu
electron , positron,. Sau khi phan rd hat nhan me khong thay ddi s6 khdi A, nhung
dién tich Z thay d6i mot don vi. C6 ba loai phan ri beta.

a. Phan ra f~

Phan ra B 1a hién tugng hat nhan phat ra mdt electron ( € ) mdt hat
antineutrino v . Qu4 trinh x4y ra trong hat nhadn me mdt neutron bi€n d6i thanh
mot proton ngay lic phan ra.

XY o> YR+ e (2.3.1)

Diéu kién: ning lugng lién két cia hat nhAn me ddi v6i hat nhan con Y va
electron c6 gid tri am (khdi lugng cda antineutrino biing khong).

AE (c.yay=[ me + My - Mx]c> <0

Hay 1a : Mx > m.+ My . N&u viét theo khoi lugng nguyén ti: (bd qua ning
lugng lién két clia cdc electron).

M.x > M,y (2.3.2)
hat nhan nhe nhat phan rd B~ 12 hat neutron, do khdi ludgng cla neutron 16n hon
khoi luong cla proton nén & trang thdi tu do neutron phan ra thanh proton :

n--—-->p+e + v vdi chu ky ban ra T,,,= 11,2 phiit

b. Phén ra -
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Phan ra B* 12 hién tugng hat nhin ty dong phat ra mot positron (e*) va mot
hat neutrino (v). Qu4 trinh x4y ra trong hat nhdn me mdt proton bi€n d6i thanh
mot neutron, do d6 dién tich clia hat nhan con giam di mot don vi.

XA o>, Y+ et
diéu kién vé ning lugng, hat nhan me phai ¢6 ning luong lién két Am ddi vdi hat
nhin con va positron:

AEy, = [ m. +My -Mx] ¢’ <0 (2.3.3)
positron 12 mot hat c¢6 khoi lugng bing khoi lugng clia electron, dién tich biing gid
trj dién tich cta electron nhung ngugc ddu ( e* = +1,6.10"°C). La mot phin hat ciia
electron.

Suy ra M, > My + m, . viét theo khoi lugng nguyén ti :

M.x > M,y + 2m, (2.3.4)

c. Hién tuong chiém electron (hay chiém K)

Ngoai hai qué trinh néu trén, trong phan rd beta con c¢6 hi€n tugng mot
proton hat nhin tudng tac v6i mot electron ctia vo dién ti (thudng dién t& 6 16p vo
trong cing, vé K) phdt ra neutrino. Qud trinh nady rdt dic biét, vi khong c6
electron hay positron bay ra. Dién tich hat nhan gidm mot don vi nhu trong phan
ra B’

e + ZXA ----- > Z_]YA
Diéu kién vé ning ludng: twong tu nhu trén ta phai c6:
MaX> MaY (2.3.5)

So sanh (2.3.4) va (2.3.5) ta thdy hién tuong chi€ém K 13 d& dang x4y ra

hon so vdi phan rd B* theo quan di€m ning luong. Pic biét néu:

M, v+2m. > M, > M,y
thi qud trinh chi€m K 14 cho phép, con phin rd B* 12 bi cAm. Phan rd B* c6 thé
kém theo hién tugng chi€m K, ngugc lai khong phai bao gid ciing ding. Vi du: hat
nhan Be’ ¢6 khdi lugng 16n hon Li’ 0,864MeV nhung nhd thua 2mc’=1,02MeV.
Do d6, Be’ x4y ra hién tugng chi€m K ma khong phan ra p*

Be’—- >;Li Xét vai
s6 d6 phan rd beta :
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29CU64
O+
. o'
B* (99.4%) 8 EC 42%)/ / B (39%)
* (19%
2310 _4 0* bra®
v 30Zn®
0 14 1+ .64
N 28Ni Hinh b
12
Hinh a N 2me? =
i 1,02 MeV
V' N
V' N
16.7 MeV

13.4 MeV

Hinh c: Trinh bay mot gidn dd mifc niang lugng biu dién su phan ra cia sB'
va ;N'? thanh hat nhan bén (C'%. Theo quy udc ta trinh bay hat nhan phan ra p &
bén trdi hat nhan con va hat nhan chi€ém K & bén trdi (z ting tir trdi qua phdi). Ta
nhén thdy sy phan rd sB'*> gdm c6 sy phét xa dién tir xudng hai trang thai cia (C'?,
trang thdi co ban va trang thai kich thich 4.4 MeV. Su dich chuyén tir trang thai
kich thich nay xuéng trang thi cd ban bing cdch phdt xa mot lugng t y hau nhu
x4y ra dong thdi vdi sy phan rd B~ tuong tng. Su phat xa dién ti vd gamma gan
nhu tring nhau ndy c6 thé ki€ém nghiém bing cich x& dung hai mdy do: mot may
ghi dién t& va m6t mdy ghi gamma va ta ghi nhian xung lugng trong hai may do sé
dong thdi (trong gidi han vé thdi gian phan gidi clia thiét bi do).

Hinh b: Trinh bay mot gian d6 mdc ning lugng ctia ddng vi phéng xa ,,Cu®
phan rd bing cdch phdt xa B thanh 3,Z* va ciing biing cdch phdt xa B* va chi€ém K,
thanh ,gNi®.

Ta nén nhd 1a dinh luit tng qudt 4p dung cho hai hat nhan dong khdi c6 Z
khic nhau mot don vi, khdi lugng clia mot hat nhan phdi 16n hon khdi lugng clia
hat nhan kia. Do dé hat nhin cla nguyén t ning hon cé thé phin ri thanh hat
nhan clia nguyén tif nhe hon ho#ic bing cich phan rd B hoic bing cich chi€ém K.

Nguyén Fbitu Thding



it ly Toat nhan - 48-

Vay khong thé c6 hai hat nhan déng khdi k€ can nhau ma c4 hai déu bén d6i véi
phanrd B diéu nay phi hgp vé6i su quan sat vé nhitng hat nhan da biét.

Bon qua trinh cin ban lién quan dén sy phan ra beta

Phanraf :n—>p+e

Phanri p':p > n+e’ ChifmK:e+p—>n
H4p thu neutrino: v+p —>n+e”

2.Céc dic diém trong phéin ri beta .

a. Phé beta

Ning lugng trong phan rd beta cia cic hat nhan thay d6i tir 0,02 MeV dén
13,4MeV:
N ¢ — >,He’+e AEp= 0,02MeV
) R >C*+e  Agp =13.4MeV
Khdc v6i phd anpha 1a phd vach, tit cd cdc hat anpha trong cling mdi
nhém c6 ning lugng nhu nhau. Trong khi phd beta 1a lién tuc c6 dang nhu hinh
\GH

N(E)

E Epmas '

Moi hat beta phat ra déu c6 ning lugng Eg < Egmax < AEg. Méi ph6 beta
déu dugc dic trung bing mot gid tri Eg may xdc dinh, d6i v6i cdc hat nhan phan ra
beta Egpyax ndm trong khodng:

3keV <E pnax <15 MeV
M®i phé beta c6 mdt gia tri cuc dai E xédc dinh tuong ng vé6i s6 hat beta c6
cudng do 16n nhat.

Trong vung hat nhan ndng: E =~( 1/3)Egmax
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Trong vung hat nhan nhe : E = (1/2) Egmax
Keém theo phan rd beta, thudng hat nhan ciing phdt gamma, phd gamma 1a
phd vach, da s6 gamma c6 ning lugng cao, vi du:

_(100%)

L
ﬁ‘ 1,17MeV

v, 1,33MeV

28Ni60

Pdi v6i cdc hat nhan phin rd beta ty nhién thi £ nim trong khodng tir
0,4MeV dén 0,6MeV.

b. Phé beta va su ton tai neutrino

Tru6c khi gid thi€t vé hat neutrino do Pauli dua ra (1930), ngudi ta khong
thé gidi thich dugc mot s6 tinh chat bat thudng trong phd beta do thuc nghiém thu
dudc. Nhu van dé bdo tdan ning lugng, bdo toan spin trong phan ri beta. Ta thdy
niang lugng trong phan rd beta néu chi do electron mang di thoéng qua dong niing
cia n6 Eg Cic phép do chinh xdc ludn ludn thu dugc gid tri Eg < Eg nax (ndng
lugng giat 1i cia hat nhan con rat bé), nhu vAy mdt phin ning lugng bi mat di
trong phan ra beta, ngay ca spin ctia hat nhian ciing khdng bdo toan, vi du: Gia s
hat nhan me c¢6 A chin: spin 12 mdt s& nguyén, khi phan rd vi A khong ddi trong
phan rd B do d6 spin clia hat nhan con nguyén két hgp véi electron 1a hat c6 spin
ban nguyén. K&t qua trudc khi phin rd hé ¢ spin nguyén, sau khi phan rd hé cé
spin ban nguyén, 1y luin tuong tu cho trudng hgp A 1€, spin khong bao toan.

Theo Pauli, trong phan ra 3, ngoai electron con c6 mot hat. Hat d6 c¢6 dién
tich bing khong, khdi lugng nghi bang khong, spin =1/2/ tham gia. Hat d6 sau nay
Fermi dit tén 12 neutrino va ky hiéu v. Nhd dua vao gid thi€t vé neutrino, ta dé
dang giai thich dugc ning lugng va spin trong phan ra B bao toan. Thuc vay, ning
lugng trong phan rd B phan phoi cho hat B ; Eg mot phin cho neutrino E, va hat
nhin con giat lui E .

Eﬁmax: AEB = EB + EV + Er
do hat nhan con c6 khdi lugng 16n so vdéi electron va v, nén Eg rdt nhd ta c6 thé bd
qua:

AEB ~ EB +E, ===> EB = AEB -E,

Ning lugng do neutrino mang di E, ¢6 gid tri khong xdc dinh dan dén Eg ¢6
gi tri khong xdc dinh 1am cho phd beta lién tuc. Vi spin clia neutrino bin nguyén
nén spin cua hé trong phan ra beta ciing dugc bao toan.
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Sau khi Pauli dua ra gid thiét sy ton tai hat neutrino, nhiu thi nghiém da
ti€n hanh nhim xdc dinh neutrino bing thyc nghiém, nhung mot thdi gian dai
ngudi ta khong thé ghi dudc hat nay mdt cich truc ti€p. Su khé khin & chd tiét
dién tuong tdc cla hat neutrino rat bé (o ~10™*cm?). Goi A 12 khodng céch trung
binh giita hai 1an va cham lién ti€p trong modi trudng, goi 1a quing chay trung binh
clia neutrino. Trong mdi trudng vat chit thong thudng mat d6 N~10**hn/cm’, phép
tinh cho thdy:

A =1/No = 1/10*10* = 10”cm = 10"'km!

N&u moi trudng 12 chat hat nhan N ~10**hat nhin /cm’ thi

A =1/No = 1/10°10™ = 10°cm

Do d6 viéc quan sit tryc ti€p neutrino 12 khong thé. Trén nguyén tic, ngudi

ta thudng xdc nhan su ton tai neutrino qua cdc hiéu ng gidn ti€p.
Ta hiy di€m qua vai thi nghiém truéc day
*- Thi nghiém ciua Lepunski (1936):

Trong thi nghiém nay, Lepunski so sinh phd ning lugng cda electron giat

1ui va phd ning lugng ciia positron qua phan ra:
N gpm— >B"+e"+v

Gia st khong c6 sy tham gia clia v trong phin ra thi theo dinh ludt bdo toan
dong lugng ta co:

Khi hat nhan C'' phan rad B* thi hat p* s& dudc ghi bing mot detector. Con
hat nhan giat 1ai B'' bat ra khéi ngudn dudi dang ion duong. Ion nay di vio
khodng giffta hai dién cuc AB cé dit mot dién th€ him 1am ngin cdn chuyén dong
cda ion dén cyc B, chi cho cdc ion nao c6 ning lugng 16n hon thé ham thi méi c6
thé lot qua B d€ vao viing c6 thé hiéu ting téc BC. Nhg thé hiéu ting tdc ndy, cc
ion dudng thu dd ning lugng 1am bat cdc electron thit cap, cic electron thit cap

- PBII

—

nay s€ dugc detector ghi. F, néu c6 neutrino thi |P,

# ‘PB,,

So dd thi nghiém
khong khi 16ng

11
«C

\_)T_- A
\I/SB“
A B

—F—
C
Detector —__Je

~5000Volt

Né€u ta thay ddi dién thé ham, so ion duong sé& thay d6i din dén so electron
thtt cap cling dudc thay d6i. Qua viéc ghi electron thi cip ta ghi dudc phdn bd cdc
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hat nhan gidt lii theo ndng lugng. So sdnh phan bo theo ning lugng cdc hat nhan
giat i va phdn b6 ndng luong ciia positron, k&€t qua x4c nhan 1a trong phan ra
beta ngoai €” con c6 mot hat khac.

* Thi nghiém cua allen:

I{-I detector nhap nhdy

+C Trong thi nghiém nay, dung hién tugng chi€ém K. Pic biét
ctia thi nghiém nay la khdéng c6 electron phat ra ma chi c¢6

neutrino :
4Be7 + e'K---—>3Li7 +v

E;‘;z nhu vay ta c6 théso sanh phan bd hat nhin giat 1ui va xung v.
+S P\ =P,

7

100+200Volt - B

4Be P2 p? E2
R Ep=—t = 2 ==Y _ ViMyrat16n suy ra Ey;
AEB tap trung cho v. “ 2M,,; 2M,,; ZMm;CZ
E, = (Mg, - Mj;) ¢* = 0.864 MeV
(0.864)
wi = —————~r~ 57.3eV
2.7.931

sLi’ 13 cdc ion duong & trong khodng giita hai dién cuc SB thi sé c6 mot

thé ting téc di qua lu6i B, ion duong sé& lot vao thé him & BC. Rd rang céc ion nao
sau khi ting téc c¢6 ning luong di 16n d€ vudt thé ham sé& lot qua ludi C d€ dén
ong d€m nhap nhay.

Né&u ta thay d6i thé him ta sé& thay ddi s6 ion duong c6 thé ghi nhan dugc
nhd d6 ta c6 theo ghi dudc phan bd cdc ion theo ning lugng.

Néu ta ting th€ him dén ving phong (khong c6 ion ndo qua dugc) khi dé
th& ham chinh 12 ning ludng cuc dai clia hat nhan 1ui.

Thuc nghiém do dudc nidng lugng cuc dai cia hat nhan giat lui 56.6£1.0eV

K&t qud thi nghiém minh hoa sy hién hitu clia Neutrino.

* Thi nghiém cua F.Reines va C.L.Cowan (1959):

Trong thi nghi€ém nay, Reines va Cowan da chitng minh qué trinh tuong tac
gilta antineutrino va proton, mot qua trinh ngugc cla su phan ra neutron:
v +p --->n+B"-1800 keV

Cdc antineutrino tir mot 10 phdn dng di vao thiét bi chia 1.4.10° lit dung
dich nhap nhdy 1éng. Khi mdt antineutrino bi hap thu bdi mot proton trong dung
dich, theo phdn ing trén sé€ tao ra mdt neutron va mot positron néu ning lugng
cla antineutrino vudt trén gidi han ngudng. Positron () tudng tdc v6i moi trudng
chdt nhap nhdy s& cho mdt tin hiéu sang tic thdi tin hiéu nay s& dugc ghi bdi mot
detector. Con neutron tao ra trong phan ng sé& tidn xa dan hdi v6i chit nhap nhdy,
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mat dan ning lugng va cudi cung sé& bi hap thu béi Cadmium da duge dua vao moi
trudng nhap nhdy neutron tuong tic véi Cadmium tao ra phan ng (n,y) vdi phd
ning lugng toan phin trong phdn ng nay 13 9MeV. Tia gamma phdt ra trong
phéan (ng nay dugc ghi thong qua detector nhdp nhdy 18ng. Thdi gian 1am chin
neutron c¢d 30us.

Céc xung neutron va positron dugc ghi qua phuong phédp trung phung cham
va sy khdc bi€t van tdc d€m khi 10 & ch€ do hoat dong va & ché do ngung hoat
dong sé chitng minh sy hién hitu cda sy hap thu antineutrino bdi proton.

Trong thi nghién ndy, ngudi ta dém dudc 36 +4 bi€n ¢d trong mot gid, tir d6
tinh dudc tiét dién tuong tdc cia phan dng cd :

(11£2,6)x10*cm?

Su khéc biét giita neutrino ( v ) va antineutrino (v) 1a v& chiéu quay cilia
Spin. Nhitng thi nghiém tinh vi xdc nhan ring antineutrino c6 spin hay momen
dong chan thuc cling phuong va cung chiéu véi dong lugng, chiéu quay spin clia
antineutrino 13 chiéu kim dong hd khi ta nhin tir phid sau tdi, do d6 antineutrino c6
chiéu xoin vé phid tay phai. Trong lic neutrino cé chiéu xodn vé phid tay trdi,
neutrino ¢6 spin quay ngudc chiéu kim déng ho khi nhin tir diing sau t6i. Nhu vay,
tu nhién da phan biét neutrino vdi antineutrino. Sy bat ddi xiing nay thé hién qua
tinh chdt khéng bdo toan tinh chdn 1é trong tuong tdc yéu beta do C.N.Yang va
T.D.Lee tién dodn va do C.S. Wu x4c nhan bing thyc nghiém nim 1957.

v tir 10 phan ting

Y

DA
N

/\ BB 56cm
Cd
Y
Y

So dob thi nghiém xdc dinh tiét dién hdp thu ciia antineutrino ty do

ﬁ183cm

132cm

Nguyén 1y cho ring thién nhién khong phan biét dudc bén phai, bén trdi
hay 1a dinh luat bio toan tinh chin 1é bi vi pham trong phin ri beta.
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Trong thi nghiém cta C.S.Wu, mdt ngudn phéng xa béta Co® dit trong mot
tlf trudng rat manh dudc tao ra tf mot dong dién khong doi, cé cuong do tur trudng
dén hang ngan Oestet. Ngudi ta chon ddng vi Coban vi Co® ¢6 spin 16n (J=5). Do
do khi ddt trong tir trudng manh hat nhan Coban bi phin cyc. Ngudi ta ghi cdc tia
beta phat ra theo hai huéng ciing chiéu va ngugc chiéu véi vectd cudng do tir
trudng. K&t qud cho thiy cdc tia béta phét ra theo hudng tir trudng 16n hon sd tia
béta phét ra theo huéng nguoc lai (trong thi nghiém cia Wu 13 40%) theo sd do
nhu hinh veé.

Qua thi nghiém ctia Wu, ly thuyét vé tinh khong bdo toan chin 1é trong
tuong tic yéu clia Lee va Yang di dudc kiém ching

3 Co s6 1y thuyét ctia phan ra beta

Fermi thira nhan gi thi€t cia Pauli dit tén cho hat thit ba 12 Neutrino trong
phin ri béta, vd xem qud trinh phan rd beta 12 qud trinh bi€n ddi c4dc nucleon
trong hat nhin theo sd d6 phan ra:

n—>p+e + v

pon+e +v
va xem ring & thdi di€m phan rd thi hat nhan hinh thanh cdc hat B va v va qud
trinh phan rd s€ la qud trinh tuong tic gifta cdc nucleon vdi trudng cac hat
electron va neutrino.

a. Tim phén bé theo nang lugng:

Theo cd hoc lugng tif thi xdc sudt phan ra B trong mot don vi thdi gian chinh
12 x4c suat phan rd cdc trang thdi. Xac suat d6 cé gia tri:

2
dw:MH,k p(E) (2.3.6)
l
H; = I w Hydr goila phin t& ma trdn cla todn t& tuong tdc H, todn ti
pe N 7 2 7 * A~ pe - ~ ~ d
tuong tac H 1a todn tu tuong tdc gilta cidc nucleon: € va nuclon. Con p(E) :d—gz
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mat do trang thai cudi clia hé chinh 1a s6 trang thai cudi trong mot don vi niing
lugng.

dn = dngdng: SO trang thdi cudi ctia hé .

- T ndng lugng todn phan cla hat phdt ra: Eg+E,=Egn.x=AEg=const. D6i
vdi mot dich chuyén beta xac dinh do dé:

|dE;| = |dE,|=dE

Néu hat c6 ning lugng trong khodng E — E + dE thi tuong ing v4i xung
lugng trong khoang p — p + dp

Pé d& tinh todn, ta bi€u dién trang thai clia hé trong khong gian xung luong:

Gid st trong khong gian xung lugng, dau miit clia vectd p nim trong 16p
cAu c6 ban kinh p va p + dp ddu mdt niim trong mot thé tich 4np’dp.
47 pdp v
(27r h)3
V: 1a thé tich khong gian pha, c6 hé ma ta dang xét di dugc chuin héa.

Theo thong ké lugng tit : SO trang thdi cudi s& 1a: dn =

(27 h)3: 12 phan tif thé tich clia khong gian pha tuong Gng véi mot trang thai cla
hé.
Vi viy ta co:

47 pid 2
_ AP, g _FEDAD,

dn, = ;
" (2xn) C (2xn)
2y,2.2 2
. 16 7 “V pyp,dpsdp,
va dn=dngdn, = -
(27 h)
N Ae AA . dn
Cudi cung mat do trang thai: P (E) =5
( ) 167r2V2 2 2d
P P pRap ppyap
(27[?1)6 peLpPvePy g
Theo 1y thuyét twong d6i tinh :
)
2 2 P
E_2=P2+m5€2 = P=(E_2_mgczj )
C C
14y vi phan hai vé: ZE?IE =2pdp = pdp= EiE
C C
boi véi B:
EgzdE E dE
B=p
Ppdpp=—"> Tuomgtw  p,dp, =———
c c

Thay cdc gia tri vao do, ta c6:
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Ta phai chuyén E, - Eg vi E, khong do truc ti€p dugc . E,=Egma.-Epg va ta
dua vao khdi niém ning lugng tudng doi:

Eﬁ E,Bmax 0 .
& = > Eop = ta c6 bi€u thic cudi cung:
myc myc
da)(e) = Vimse ‘H,k 25(52 — ]);(50 — 5)2d<9
210
2.5 4
dit hiing s6 nz(;; |Hlk =C? Tacé
1
da)—(g) = 1(6‘) =C’¢ (82 — ])5(50 — 6‘)2 ) (2.3.7)

de
Ta goi 12 ham phdn bé cdc hat bé ta theo ndng lugng 1(g) 1a cudng dod céc

hat B v6i ning lugng tuong doi &, néu ta bién doi:

1
iI=C(50 —g)EF(g) (2.3.8)
&g (82 -1 )2
Ta thay F(¢) phu thudc tuyén tinh vao ¢ ta goi dudng cong Fermi.
PSR 1(2)
DE€ so sanh véi 1y thuyét F(e) ; ———=C(&y —¢)=F(¢),
£ (52 -1 )?

trong thuc nghi€ém xét hai ph5 ( mOt ndng, mot nhe )

Fle) —
7
6 e 3
5 — oHe” Epmax 18 KeV
4
3
2
1
: | ; ; —) € R
1.1 12 1314 15 18KeV'
Ta thdy cdc phd thuc nghiém tuin theo dinh luit tuyén tinh F(e) =

C(gy -€). Pidc biét v6i ba phd B don gidn nhat phd rat phut hgp véi 1y thuyét trén
dudng cong Fermi.

€
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H 8y ,He’ Ena = 18 KeV ~
100%
T=12
2He6 B 3Li6 E, =3.5MeV > Hoan toan tnvén
T=0R85%
Onl_L p+e+v Enax =0.78 MeV
1.7 ~

b. S6"hiéu chinh Coulomb

N&u ta k€ trén tuong tdc Coulomb clia hat nhan 1&n hat B thi phdi dua thém
vao so hiéu chinh f(Z,¢)

\ s 1(2)
Pudng cong Fami c¢6 dang F(¢) = ; =C(g —¢) (2.3.9)
8(82 -1 )?f(Z,g)
Néu k€ dén hiéu chinh Coulomb ta thay:
* Tuong tdc Coulomb ting s6 € trong ving ning lugng

nhé
* Tuwdng tdc Coulomb lam gidm sd e trong viing ning
- lugng nho
I(e)
e

y -

Khong k& dén tuong tic Coulomb

* Tinh phan ti ma tran Hy;

Vi ¢6 nhiéu 1y thuyét nén phan t& Hy; tinh todn rat phic tap, & day ta theo
mot gid thi€t don gidn nhat:
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Xét trong trudng hop phi twong d6i tinh tic 1a coi van téc cia cdc nucleon la
nhd, diéu ndy din dén:

a) Him séng trang thdi cudi y, va trang thdi dau y; ctia hé 13 hAim séng mot
thanh phan.

b) Khi phin ra beta chi c6 mot nuclon tham gia.

C) 0 trang thdi dau cla hé chi c6 mot nuclon tham gia, thi du neutron chzfmg
han, nhu vay y; clia hé c6 thé dudc md ta bdi ham séng ctia chinh nuclon tham gia
phan rd beta bing u; = y;

d) G trang thdi cudi, do neutron bi&€n d8i thanh : n --->p + € + Vv* ta ¢6 ba
hat do d6 ham séng & trang thdi cudi: \pk* = uk*uv*ug*

Phan t& ma tran: H;, = _[ uk*uv*uﬁ* H\j!id’l?
tich phan 14y theo moi toa do clia bon hat tham gia, ngoai ra Hy con tuy thudc
dang cda todn t& H.

e) Gia thi€t mot cdch don gidn nhat, todn t H 12 mot hing s6 H=g dic
trung cho cudng dd tuong tac gilta cac hat do:

Hy = gf uk*uv*ug*ui dt
theo 1y thuyét thi g ~ 10 Jem® ta thdy tuong tic rit y&u.
Néu khi phin rd chi c6 mdt nuclon tham gia thi khi twong tdc phdi dinh x¥ mot
di€m trong khong gian, di€ém d6 chinh 13 toa d6 cia nuclon ban diu, ba hat tao
nén khi phin ra ciing dudc tao thanh tai chinh di€m d6, thanh thir toa do bon hat
déu tai mot di€m, do dé6 tich phan 14y theo toa do clia mot diém.

f) Vi hat beta mang dién, b qua tuong tic coulomb giita electron va dién
tich ctia hat nhan thi cdc hat beta va neutrino ta cé thé coi 1a cdc hat tw do, nén né
dudc mo ta bing cidc ham séng phing c6 dang :

o o
uﬂzNﬁe"’( ) ; u‘,zNVeh( )

Np,N, 12 cdc hé s8 chuin hod, xdc dinh qua di€u kién :
IuB*qur =1va Ju u dr=1 suy ra Ng =N, = 1/(V)"?
Ta c6 thé xem ring ham séng thay ddi rat chAm trong hat nhin, that vay ta
xét tinh hudng cua hat electron c6 khdi lugng nghi, my budc séng compton s& 1a:
A = h/mgc ~ 10"%cm
so sanh véi kich thudc ctia hat nhan ning thi /R =~ 10"%10™"% = 100. Do d6, budc
song cua beta va cia neutrino 16n hon kich thudc hat nhan : A5, >>R
Ham séng clia beta va neutrino thay d6i khong dang ké bén trong hat nhan
va c6 thé coi ham séng clia beta va neutrino 12 khong ddi bén trong hat nhan, vi
vy don gidn nhat ta xdc dinh cdc ham séng ugu, ngay tai tim r = 0, tir d6:
ug =u, =ug (0)=u, (0)=1/(V)
cudi cling ta co:
Hi = (g/V)] uu;dt (2.3.10)
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4. Hiing s6 phan ra beta Ap

Thay Hj, vao biéu thic clia do ta c6:

do=—"— U uZuidﬂzpépﬁdpﬂ 2.3.11
2k ¢ E o

di sO hang c6 v sang P
E. 1

=B ) =L 55

tu do ta co:
P Bmax

2 2 2
b o= T s (s ) i
0

Ta dua vao khdi niém xung lugng tuong ddi: g = pp/mge thi:

Ag= gznéc; Uukdz" F 77ﬂmax)
1
— Mhmax (T >> 1)
F(Uﬂmax)_ 302 ’

]05 Uﬂmax ’ (nmax << ])

néu d6i qua ning lugng twong doi thi: Mma= (&% - 1 )"
Chu kybén ra rit gon: T bi€u thic thic: Ag = In2/Ty;, ==> T = In2/A, chu
ky phan ra rit gon duge xac dinh bdi:

327
F(nﬁmm)T:(an) 2r h* - c*onst :
g2m5c4UukuidT‘ Uukuidz"

Néu ta do duge F(n) va T tir d6 c6 thé suy ra phan ti ma tran | Ju"ude | %
* Y nghia ctia chu k¥ phdn ra rit gon: do xédc sudt d€ chuyé&n hé tir trang thdi diu
sang trang thdi cudi c¢6 gid tri nim trong khodng tir 0 dén 1, dé bing 1 thi trang
thdi diu bing trang thi cudi, khi @6 FT bé (do phan tif ma trin nim & mau).

+ Khi chu ky bédn rd rit gon bé: phan ra thuén 1gi con goi phan rad cho

phép.
+ Khi chu k¥ bdn ri rit gon 16n: phan ra bi cAm.
Thuong FT > 1000 nén ngudi ta 18y 1gFT.
Khi IgFT =3 --->4 : ta c6 chuyén ddi siéu cho phép.
Khi IgFT = 5 ---->6: ta ¢6 chuyén ddi cho phép.
Khi Ig FT =7--->8 : chuyén ddi bi cAm bac 1.
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Khi 1gFT = 9 --->10: chuyén ddi bi cAm bac 2 ...
Po FT ta cé6 thé x4c dinh dugc phan tif ma tran, tir d6 c6 thé ki€m nghiém
1y thuyét phan rd hat nhan.
Quy tdc chon lua trong phdn rd beta ddi véi spin va tinh chdn 1é.
{ Quy tic Iya chon FERMI: Al =0, Am khong d6i
Cho L Quy tic lwva chon GAMOW TELLER: AJ =0, + 1,
Am khong ddi

Déi v6i chuyén doi AJ > 2, Ar thay doi bi cAm. Cu thé:
AT=0,+1 IeFT=3 56
A =2 lg FT ~ 9
Al=3 Tifeng ifne lg FT ~ 13 } Bi cAm bic cao
A =4 lg FT ~ 18
Thi du 1:
0Ge” P o i As™
Neutron 1é thit Proton ¢ mtc
43 & miic 3p1/2 — 3p3/2
(Vo5) (Vo5)
I=1 I=11/2, Al =1, An=0

Al = 0 suy ra tinh chdn 1 khong thay d6i, tudn theo quy tic Gamow Teller,
lg FT =4.72 phan ra thudc loai cho phép .

Thi du 2: I — >,CI*°

S*: ¢6 neutron 1& tht 19 & trang thdi 3d3/2 ; CI*>: ¢6 proton thi 17 & trang
thdi 3d3/2. Do d6 AJ = 3/2-3/2 =0 ; An = 2-2 =0, phan ra thudc loai cho phép theo
quy tic Fermi, 1gFT = 5,06.

* Hién tuong chiém K

Trong hién tudgng chi€m K, hat nhan bit electron ctia v4 dién tit thit K, chi
phdt ra neutrino mang ndng lugng :
E.= {M(A,Z+1) - Mi(A,Z)}¢* yex
Yek : 12 ndng lugng lién két cla electron § vo thit K.
YeK = _Z?¢*/2b : b :1a ban kinh quy dao Bohr ; b = H/me?
Néng lugng neutrino:
E, = Eppax - Z°€7/2b
Xdc sudt chuyén ddi trong hién tugng chi€m K:
DE tinh xdc suit chuyén doi trong hién tudng chi€m K, tuong tu 1y thuyét
phan ra beta ,§ ddy mat do trang thai cudi chi c6 neutrino.

p(E) =dn/dE = dn, /dE
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s6 trang thdi cudi ctia neutrino :

dn. = 47 pidp,
V .
(27zh)3
4 2 AN
= e el B - 257

* Vai dic diém can luu y:

+ X4c suat chiém K ting nhanh khi Z ting.

+ DP&i v6i nhitng ning lugng phan rd nhd hon nim 14n ning lugng nghi clia
electron va ddi v6i cdc hat nhan c6 Z > 55 thi x4c suit chi€ém K 16n hon xdc suat
phan rd B* Ak > Ap,. Ly do cdc hat nhin n@ng ting gan bdn kinh quy dao Bohr
cua electron, do d6 electron dé bi hap thu.

IV. Dich chuyén GAMMA

1. MG diu
Hién tugng biic xa gamma khi hat nhan chuyén ddi tif trang thdi kich thich
cao xudng cic trang thdi kich thich thdp hon, biing cdch ph4t ra bic xa dién tir c6

budc séng ngin goi 13 tia gamma, trong qud trinh nay hat nhan khong thay ddi s
khdi A va dién tich Z, ma chi thay d6i trang thdi cia hat nhan ma thoi:
P Gl — > X% 4y (2.4.1)

Hat nhin & trang thdi kich thich dugc tao nén thudng qua phdn @ng hat
nhan hoic sau qud trinh phan ri beta hodc anpha vé cdc mifc ning ludng cao cia
hat nhan con, khi ma trang thdi cd ban dich chuyén bi cAm bac cao vi spin va dod
chin 1& gifta hat nhAn me va hat nhan con qud khdc biét nhau. Vi du xét so do
phan rd beta ciia Na**
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24
——Na 4+
\&_ 4+
A 4 2+
A 4 0+

Mg

Tir so d6 phén ri ta thdy, hat nhan Na** & trang thdi cd ban c¢6 spin va do
ch&n 1& khi phan rd B~ vé trang thdi cd ban ctia Mg** ¢6 spin va do chin 1é 0%, phan
rd nay thudc loai bi cAm bac cao, trong khi phin ra beta vé trang thdi 4" 1a thuan
161 vi c6 clung trang thdi spin va do chin 1é. Phan ra beta nay c6 chu ky bén ri 1a
15 gio.

Do tinh chat lugng tif cdc mifc ning lugng clia hat nhan, nén gamma phat ra
c6 phd ning lugng 13 phd vach, trong chuong nay ta chi xét phin rd y khong lién
quan dén nguyén nhin giy ra qud trinh kich thich hat nhin ma chi xét ban chat
cia chuyén ddi.

Con mot hién tugng chuyén ddi tir trang théi kich thich cao vé trang théi

ning lugng nhé hon néu trong chuyén dsi dé ¢ ning lugng. e’
Ey > 2m0C2 v /
khi d6 ngudi ta thay hat nhan phétra cip (€, €%) L e

va ta goi la hi€n tugng trong tao cdp.
Ta thdy qud trinh chuyén ddi trang th4i cla hat nhan song song véi bifc xa
vy con ¢6 hién tudng: electron bi€n hodn trong va hién tugng tao cip.

2. Xét chuyén doi bitc xa GAMMA

* Vai dic trung clia bic xa vy, theo 1y thuyé&t dién tir :
E =hv=27hv =ho

~ - - —~ 2
P, =hk, k :vectd song ‘k‘:k:ﬂ
Av
_he _he (2.4.3)
hv E,
27E -
ko y:27rh1/:2m/:£’k:2ﬁ
hc hc c c c

Theo 1y thuyét clia dién dong luc hoc lugng t¥, xdc suit dich chuyén
gamma A phu thudc manh vao spin J va s6 lugng td momen dong lugng 1 clia bic
xa. Mdi bitc xa dudc dic trung bdi bac da cuc 1.

Véil=1 :bic xa ludng cuc ; v6il=2: biic xa td cuc ...
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Khi hat nhan & trang thdi kich thich, theo 1y thuyét dién dong luc hoc, hat
nhan & trang thdi dao dong. C6 hai loai dao dong, dao dong dién lién hé dén sy
phan bd dién tich trong hat nhan. Dao dong tir lién hé dén sy phan bd mat do dong
trong hat nhan.

Gidatril, xdcdinhbdi  / J4—-J. / <1 < Jg + I,

Trong d6 Jg, J. 14an lugt 1a spin cla trang thdi dau va trang thdi cudi cda
muc nang lugng hat nhan.

[j’ng véi mdi gid tri cda l: cé (2)1 : burc xa da cuc dién va (2)1'1 buc xa da
cuc tu.

Vé6i 1=1: ta c6 biic xa ludng cuc dié€n, ki hiéu El

Véi1=2:ta cé biic xa t cyc di€én E2 ; va bitc xa ludng cuc tut M1

Véil=3:tac6E3; M2, ..

Vidu: Xét cdc bic xa phatra tu hat nhdn gAr 36

3-
E3 M2
2+
l E2:M1
Al‘36 v V]

Khi ting gi4 tri momen dong 1 clia buc xa, thdi gian séng clia mic ning
lugng kich thich ting rat nhanh. Vi du, véi chuyén ddi ludng cuc ( 1=1), tuong dng
v6i thoi gian séng © ~ 107 = 107 giay.

V6i chuyén ddi td cuc (1=2), © ~ 10" gidy.

V61 =3 ;1 ~vaigio. V6i 1=4;t ~vaindm.

Do d6 céc bifc xa chd y&u tip trung vao cic bac da cuc thap, tudn theo quy
tic lva chon 1= |AJ], |AT|+1.

Theo dinh ludt bdo toan chin 1é: Céac chuyén ddi da cuc dién sé xay ra néu
tinh chdn 1& cia hat nhan & trang thdi ddu va cudi théa man hé thic : (ng/n)=(-1)"

Cac Chuyén doi da cuc tur s€ Xﬁfy rakhi:(ng/m. )= (—1)1”.

Ta lap badng chuyén ddi d6i vdi mot s& gid tri ciia AJ

AJ=0 Al =1 AJ =2 AJ=3

Amthaydsi |E1,M2 |EI1,M2 M2,E3 E3, M4

A mkhong d6i | M1,E2 |MI1,E2 E 2, M3 M3, E 4

Trong cic chuyén ddi kha di, phai loai trir chuyén ddi vé6i /A J/ =0 nghia

Nguyén Fbitu Thding



it ly Toat nhan - 63 -

l1a dich chuyén 0-0 bi cAm. Tuong tu /A J/ = 1 v6i 1=2 thi dich chuyén 0-1;1-0
bi cAm ; /A J / = 3 thi dich chuyén 0-2 ;2-0 bi cAm.
Gitta cdc chuyén ddi ciing bdc da cuc thi ti s6 Xdc suat dich chuyén tir trén
xéc suat dich chuyén dién c5 10~
+ Néu xét t s6 xdc suat dich chuyén giita hai da cuc cung loai, nhung c6
bac da cuc khac nhau mot don vi thi:
EI/E2=M1/M2=..~10".
Néu xdc dinh dugc loai bic xa tir do ta cé thé xdc dinh tinh chin 1€ ciing
nhu spin cla cdc trang th4i diu va cudi clia hat nhan.
Céc chuyén ddi bac cao vdi ning ludng chuyén ddi thap c6 thdi gian song
vi md (cd vai gidy cho dén trén gid), cdc trang thdi kich thich hat nhan c6 thdi
gian s6ng lau nhu vay dugc goi 1a cdc trang thdi dong phan hat nhan (Isomer).
Hién tugng dong phan hat nhian dugc phdt hién l1an diu tién bdi O. Hann vao nim
1921 & hat nhin Pa*** trong chudi hat nhan phéng xa ty nhién thudc ho Uran
(4n+2), sau nay L. V. Kurchatov (1935) phdt hién hat nhan Br® va In '".

59 5/2 -

33 l 1 -

0 9/2+
In!''s

Ta thiy In'" & trang thdi cd ban 9/2" trang thdi kich thich ddu tién & muc

ning lugng 335keV c6 spin Y - chuyén ddi giita hai midc nay thudc loai M4 bi
cam bic cao do d6 thdi gian sdng ctia mic 1én dén 14, 4 gid. Ngoai Iy do sy chénh
léch qud 16n vé spin va do chin 1€, su tdn tai cdc trang thii ddong phan hat nhan
con c6 lién quan dén hinh chi€u K ctia spin 1én truc ddi xitng hat nhan. Sau nay
ngudi ta da phat hién nhiéu hat nhan ddng phan c6 s6 proton hay neutron ditng k&
can cédc hat nhan magic 50, 82, 126. Vi du : 491n”5, 37Rb86’ 52Tel3l, 80Hg199... chiing

tao thanh nhitng ddo dong phan.

3 Hién tugng bién hodn trong

Trong qué trinh chuyén ddi, hat nhian phét ra nhitng lugng ti y. Tuy nhién,
qud trinh phdt y khong phai 13 qué trinh duy nh4t d€ hat nhan gidm ning lugng
kich thich. Hat nhan c6 thé gidm ning lugng kich thich bing c4ch bifc cédc electron

NG

tif cdc vé dién tir goi 12 “hién tuong bién hodn trong“, cic electron bi bifc ra goi
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1a céc electron bién hodn trong. (mdt qué trinh twdng ty nhy hiéu Gng quang dién
vé mit hinh thuc).
* Ning lugng clia cdc electron bién hodn trong thi du niing lugng cdc e’ tir
vé K, L bt ra ngoai:
E.xk =E, - Ex (2.4.2)
EeL = Ey - EL
Ning lugng lién két clia electron & vo thtt K, L,.. Ex, E; déu c6 gid tri x4c
dinh, niing lugng cla lugng tlf y c6 gid tri xdc dinh vi vy niing lugng cla € bién
hodn trong phét ra ciing gian doan. N6i cdch khac phd ning lugng clia cic e bién
hodn trong gidng phd y nghia 12 phd vach.

Co cau vé hién tugng bi€n hodn trong v€ hinh thifc nhu 13 gdm hai giai doan.

Giai doan 1: hat nhan phatra vy.

Giai dogn 2: Cac y d6 tudng tic v6i vd dién ti bic cdc e d6 ra khoi vd
giong nhu hiéu tng quang dién. Tuy nhién, n€u xem qud trinh hai giai doan Ia
ding, thi dong thdi vé6i cdc electron bién hodn trong phét ra vdi ning lugng xic
dinh thi phai c6 cac gamma cé nidng lugng tuong dng.

Nhung thuc t€, thi da s6 trudng hop chi quan st thdy cédc electron bi€n hodn
trong ma khong cé cdc y c6 ning ludng tuong tng. Ching td hién tugng bién hodn
trong 1a mot qud trinh djc ldp canh tranh véi qud trinh bic xa vy, cht hoan toan
khong phéi do bic xa y gdy ra. Do d6, qud trinh bi€n hodn trong khéng phdi la qud
trinh hai giai doan.

Ngudi ta chi c6 thé gidi thich viéc phat cic electron bi€n hodn trong 13 do tudng
tdc dién tir ciia hat nhin vdi cdc electron clia nguyén tit, c6 thé coi 1a e rdi vao trong
ving trudng dién tr cia hat nhian va vi th€ coi tuong tdc d6 1a tuong tdc truc tiép.

Nhu trén da dé cap, d€ gidm ning lugng kich thich, ngoai qud trinh bifc xa y con
c6 qud trinh hat nhan tuong tic v6i mot electron & vé dién tlr, dién tif nay thu ning lugng
kich thich ctia hat nhan biic xa ra ngoai v6i nang lugng xdc dinh:

E.=E, -¢
trong d6 ¢ 12 ning lugng lién két cla electron.

Xét phd niing luong beta cla hat nhan Hg™?
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*/2” N(ED K279

274
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M279
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17
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o, rel. umits

Gidn dé mikc ndng lugng trong phan rd béta va phd ndng lugng cud hat nhan Hg*”

Hién tugng electron bi€n hodn trong 13 qua trinh x4y ra ciing véi dich chuyén gamma.
Ngudi ta dinh nghia hé s6 electron bi€n hodn trong:

Ne
a=
Ny
. Trong d6 N, 12 s electron phat ra tir vo dién t ;N, 12 s8 y phat ra.
a=Ne _ A (2.4.4)
Ny 4

OL=0g+ 0+ 0 y+.. trong d6 oy : hé s6 bi€n hodn trong & vo thif i.
Ly thuyét da chitng minh dugc :

1
1-=
A 3,4 +2) 2 2
ad“?“K,L:ZZa“ g, {(|+1)gy+4|} (2.45)
£’ g, I+1

I+ 1

N Satle, +2) 2
ot 22 [ 4 J (2.4.6)

87 87

Trong d6 :¢,= E,/ m.c> ning lugng tuong ddi; o = e*/nc 1a hing s6 tuong
tac.
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V. PHONG XA TU NHIEN

Céc hat nhan phéng xa ton tai trong tu nhién cling vé6i cdc hat nhan bén.
Céc hat nhan phéng xa hinh thanh bdi con ngudi thong qua phdn tng hat nhan goi
12 c4c hat nhan phéng xa nhan tao. Trong phan nay chiing ta khdo sit cdc hat nhan
phéng xa dugc hinh thanh trong vé qua dat ké tir ldc Trdi Pat dugc tao 1ap, nhing
hat nhan phéng xa ndo c6 thdi gian ban rd nhd hon nhiéu so véi tudi Trai Pat (cd
10” nim) ching da phéng xa bién ddi thanh cdc hat nhan bén. Tuy nhién vain con
14 ddng vi phéng xa c6 thdi gian bdn rd 16n hon tudi Trdi DAt van ton tai dudi
nhitng ham lugng c6 thé phat hién dugc.

Sau diy 13 bang liét ké& nhitng dong vi phéng xa doé

Tén dong vi Loai phéng Chu ky bdn rd (Nidm)
phong xa Xa

K* B, EC 1,2X10” N
V>0 EC 4x10"
RbY B 6, 2x10"
In'" B 6x10"
La'® B, EC 1, 0x10"
Ce'*? o 5x10" > sau phong xa, hat nhan
Nb'* a 3x10" con bén
Sm'Y’ a 1,2x10"
Lu'’ B 5x10"
Re'? B 4x10"
Pt192 o 10" ]
Th*? a 1,39x10" (10 th& hé phéng xa ) Ho: 4n
U a 7,07x10” (11 th€ hé phéng xa ) Ho:4n+3
U a 4, 51x10° (14 th€ hé phéng xa )Ho:4n+2

TAt ¢4 11 dong vi phéng xa dau tién, sau khi phéng xa hat nhan con tré
thanh dong vi bén. Ba dong vi phéng xa cudi cing la nhitng hat nhin ning. Sau
khi phéng xa, hat nhan con vin 13 hat nhan phéng xa, chiing ti€p tuc phéng xa cho
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dén hat nhan con cudi cing la hat nhan bén. Ba hat nhin phéng xa ding dau ba
chudi phéng xa (goi 1a cdc ho phéng xa ), chiing c6 thdi gian ban ri 16n so vdi cac
hat nhan con chdu trong ho phéng xa. Cdc ho phéng xa két thic & déng vi chi :
Pb*”, Pb* va Pb*®. Ta c6 thé tinh tudi Trdi dit bing cdc xdc dinh khoi lugng
tuwong ddi clia cac hat nhan me song lau trong cic ho phéng xa va clia ddng vi bén
cta chi tuong dng.

Trong qud trinh phong xa cua cac ho phong xa ndi trén, cac hat nhan phong
xa chd yé&u 12 phéng xa o, B va y. Ta biét ring trong phéng xa B, s6 khdi A khong
ddi, chi c6 nguyén i s6 Z 13 thay ddi. Phéng xa y thi ci s6 A 14n s6 Z khong ddi.
Chi c¢6 phéng xa o 1am thay ddi cd A 14n Z. Ctt mdi 1an phéng xa o hat nhan
phéng xa c6 s6 A giam bon don vi.

Hat nhan phéng xa diu tién trong chudi Thorium c6 s6 khdi A =232 chia
ding cho 4 do d6, tit ci cdc dong vi phéng xa trong chudi thorium déu chia ding
cho 4. Vay tri s& A clia bat ¢t mot ddng vi ndo trong chudi thorium déu c6 thé viét
12 4n, v6i n 12 s6 nguyén. Chudi Uran bit diu bing U*® ¢6 thé ghi 4n+2. Chudi
Actinium bit dau bing U* ¢6 thé ghi 4n+3.

Con mot chudi phéng xa thit tv ma cdc thanh phin c¢6 s6 A bing 4n+1 khong c6
trong ty nhién, do thdi gian ban rd clia hat nhan phéng xa ding diu chudi 1a Np*’ qud
ngin so véi tudi Trdi dat (2, 25x10° nam). Tuy nhién hat nhin phéng xa nay c6 thé tao ra
bing phén @ng hat nhan U*°(n, B )Np**"

Sau day ta xét mot ho phéng xa tiéu biéu:

x x x
Mp237 — 4 Pa233 '64) U-233 ——=Th229 — 4 Ra-725
225 I0E6-¥ 74 L63x10FS-¥ FOOOY

—ﬁm 225 * Fr-221 x Ar-217 o Bi-213
— & Rem——— AeUT — 2 BeUI ——
T Sl 10d i 4.8m 0. 185 gy

Po-113

& 4.2x10E-b =

8
Pb-209 — %  Bi-209 (siahlk)
3.3h

Céc tia vii tru khi di vao khi quyén Trdi DAt cling tao nén cdc hat nhan
phéng xa thdng qua cdc phan ng hat nhan. Mot phdn tng tiéu bi€u 13 phin ting
cua neutron vdi hat nhan Nito:

B TR E— > " +p.
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C'* 1a hat nhan phéng xa B véi thdi gian ban ra 5760 nam.
C* > N*+ B
Mot phan nhé trong khong khi c6 nhitng phan t CO, chita cic déng vi
phéng xa C'* cling véi nguyén tir bén C'. Thuc vat trao d6i khi CO,, khi chét di,
nguyén ti C'* khong ting 1én ma bit dau tir lic nay, ti s cdc nguyén t& C'* so véi
C'? s& gidm dan vi sy phdng xa cta hat nhan C'*. Nhu vy ta ¢6 mot phuong phap
rat nhay d€ xdc dinh tudi clia cdc cd vat hitu cd nhu g, bing cic x4c dinh ty s6
tuong ddi cia C'* va C' bing cdch do cudng d6 phéng xa cha carbon. Phudng
phdp nay do W. F. LIBBY dé xuat lan dau tién nim 1952 con goi la phuong phap
xdc dinh tudi bing carbon phéng xa.

Mot phan tng hat nhin thit hai cda tia vii tru tao ra lién tuc cdc dong vi
phong xa ty nhién 1a :
14 1 12 3
N + o0 ------- > 6C + H
Trong d6 Tritium H’ 12 mot ddng vi cta hydro. Tritium phéng xa thanh
Helium ,He’ v6i thdi gian bdn rd 12, 4 nim.
H —---> ,He’ + B
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CHUONG I11
PHAN UNG HAT NHAN

I PHAN LOAI PHAN UNG HAT NHAN

Hai hat nhan hoic hat nhin va nuclon di lai gin nhau dén khodng cédch
clia tAm luc hat nhan thi tuong tdc v6i nhau hét sitc manh mé, tuong tic hat nhan
din dé&n bi€n d6i hat nhan. Qud trinh d6 14 qué trinh phdn Gng hat nhan, phan ting
hat nhan din dé&n phan phdi lai ning lugng va xung ludng gitta hai hat dong thdi
phét ra cic hat mdi.

Néu dua vao hat bay dén, thudng 13 hat nhe ngudi ta phan loai phdn ng hat
nhan gdm:

- Phdn ving hat nhédn dudi tac dung ciia neutron

- Phdn ing hat nhan dudi tdc dung ciia hat tich dién nhu p, e, o, D, T,.

- Phdn ving hat nhdn dudi tdc dung ciia lugng tik gamma.

Néu dya vao cd ché phan ing ngudi ta phan loai:

- Phdn ving hat nhén truc tiép

- Phdn ting hat nhéan hop phan.

Cdc phan tng hat nhan dic biét nhu: phan tng phin hach hat nhan ning,
phan ng nhiét hat nhan hay phan tng tdng hgp, phan ng tao thanh cdc nguyén t&
mdi. . .

Thudng hat bay t6i 1a hat nhe_ a, hat nhan bia ding yén A. San phim cia
phan tng cling bao gdm mot hat nhe b va mot hat niing B.
a+A --->b+B
Do6i lic ngudi ta ky hiéu: A(a, b)B, néu chi quan tim dén hat bay t6i va hat
bay ra sau phan fng ngudi ta chi ghi (a, b). ; a vd b ¢6 thé 1a nhitng hat p, n, a, 7,
D,. ... Qud trinh phin tng c6 thé x4y ra theo nhiéu kénh canh tranh nhau phu
thudc nang lugng ctia hat bay téi.

Kénh (A"+a) goi 12 tdn xa khong dan hoi, hat nhin sau phan dng & trang
thdi kich thich. Kénh (A+a) 13 qua trinh tdn xqg dan hoi trong d6 trang thii bén
trong ctia hat nhan khong thay ddi.

Khi nghién citu cdc phdn tng hat nhan ta cin xdc dinh c4c kénh clia phdn
ing, x4c suit tuong ddi clia cac kénh khdc nhau tuy theo niing lugng va cdc hat
tham gia phdn ¢ng, ning lugng va phan bo goéc cua cdc hat bay ra, trang thdi bén
trong hat nhan (ning ludng kich thich, spin, do chin 1. . . ). Nhiéu van dé cia
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phan @ng hat nhan c6 thé dugc xdc dinh nhg 4p dung cdc dinh luat bdo toan, két
qud 13 phan ¢ng hat nhin chi c¢6 thé x4y ra theo nhitng kénh nhit dinh ndo d6 ma
thoi. Cdc dinh luat bao toan quan trong trong phan ¢ng hat nhin la: nuclon, ning
lugng, xung lugng, chin 1€, spin ddng vi.

II1 CAC PINH LUAT BAO TOAN

1. Pinh luit bao toan dién tich va sé nuclon

Nhiéu nghién ctu thuc nghiém ching t ring: Téng dai s6 dién tich cila cdc
hat tham gia phdn itng bdng tong dai sé dién tich cdc sdn phdm ciia phdn vng.
Ngoai ra trong cdc phdn dng thong thudng (khong sinh phdn hat) thi s6 nuclon
toan phdn duoc bdo toan.

2. Pinh luit bdo toan ning lugng va xung lugng

Hat nhan c6 kich thuGc rat nhd (¢ 10 > cm), lién két hod hoc giita cdc
nguyén tf lai rat nhé, vi vy hé hai hat nhan tuong tic v6i nhau cé thé xem 1a mot
hé co 1ap, do d6: Tong ndng luong ciing nhu xung luong ciia cdc hat trong hé duoc
bdo toan.

a. Nang luong phdn ding
Xét phan ing a +A ---> B+b dinh luat bao toan niing lugng viét:
(m, + mp) ¢ + T;+Tx = (my + mp) ¢ + Ty+ Tp (3.2.1)
Trong d6 T; : 1a ddong ndng cda hat i.
bit Eg =(m, + mA)C2 ;s Egp =(my, + mB)C2 goi la nang lugng nghi,
T, . T;+4TA ; T, = Ty+ Tg la dOng ndng tréGc va sau phan dng.

Thuong hat nhan bia A ding yén, T, =T,.

No6i chung Eq; # Eq, , ky hi€u Ey; - Ey, dudc goi 1a ning lugng ctia phan tng.
Ky hieula Q: Q=Ey - Ep=T,- T, (3.2.2)

* Néu Q > 0: Thi phdn @ng xdy ra kém theo sy tda dong ning nhd ning

lugng nghi gidm di, goi 13 phdn itng téa ndng. Phin tng tda ning c6 thé x4y ra véi
bat ky ning lugng ndo cda hat t6i (n€u ning lugng nay di dé vugt qua rao thé
Coulomb ctia hat nhan néu hat t6i tich dién).

*, Néu Q < 0: Thi phdn tng x4dy ra kém theo sy ting ning lugng nghi nhd
viéc gidm ddng niang, goi la phdn iing thu ndng. Phan Gng thu ning chi xay ra khi
nang lugng hat téi di cao: Vitt Q=T,-T;suyra T; =T, + | Q ‘ .

* Néu Q =0: [j’ng vdi trudng hop tdn xa dan hdi, lic d6 T, = Ty, Eg; = Eqy,
dinh luat bdo toan khong nhitng ding vdi ning lugng toan phan ma ding ci véi
niing lugng nghi va dong ning cla tirng hat tham gia phan tng. (Nghia 1a cd khdi
lugng cta tirng hat). Vi du: Phan Gng tda ning
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d+d—,He’ +n,Q=3.25MeV.
d+T—,He'+n,Q=17.6MeV.

Ning lugng tong hgp hat nhan nhe nay ~ 10° 1n 16n hon ning lugng héa
hoc va chinh 1a ning lugng trong phdn ¢ng nhiét hat nhan. Phan ¢ng phan hach
hat nhan uran ( U ) ciing thudc loai tda niang va cho ning lugng ¢ 200 MeV §
dang chii yé&u 1a dong ning cia cdc manh.

Cdc phan tng Li’(p, n)sBe’, ;Be’(y, n)2,He?, 16S**(n, p), N'*(a, p)sO’ déu
c6 Q <0,

Q~-(1+2)MeV.

b) So dob ndng luong ciia phdn ting hat nhén
TU a+ A — B + b, dinh ludt bao toan xung lugng:
P, + Py =P, +Pp, (3.2.3)
thudng thudng P, = 0, P,= Py, + Pg. Theo gid thiét ctia N. Bohr c6 thé xem phén
tng xay ra theo hai giai doan.
Giai doan 1:

a+A -0

Hat nhian 0 c6 c4dc tham s hat nhian hoan toan xdc dinh (dién tich, khoi
lugng, hé théng cdc mic niang luong, Spin. . . ) c6 thdi gian song kha 1au ¢ >107"°
S.
Giai doan 2:

hatnhdn 0 - b+ B

Chiing ta hiy xét giai doandau: a+A — 0

DPinh luit bao toan xung lugng: P, = P,

DPinh luit bdo toan nang lugng: ( m, + mA)c2 +T,=mgy c*+ T, (3.2.4)

trong d6 Py, my %, Ty 1an lugt 12 dong lugng, ning lugng nghi, dong ning
clia hat nhan hgp phan 0 & trang thdi kich thich.

Ta hdy tinh mg ¢* (trong trudng hgp khong tuong d6i nghia 1a T,
~10MeV)
(m, + mA)C2 +T,= mo* c?+ Ty Suy ra
m0*02 =(m, + mA)C2 +T,-T (3.2.5)
2 2
“Tatinh Ty T,=—0 =t (5 =p) (3.2.6)
2m, 2M,
- Tt biéu thic (3. 2. 5) = Mpe? = (m, + My )e? +T,(1- A”; ). (327

0
Ta thdy ring T, (1 - my/M, ) < T, < 10 MeV s6 lugng nay rat nhd thua s6&
hang: (m, + Ma)c> ~ 931A(MeV) (A 1a s6 khdi lugng tdng cong ciia hai hat A+a),
vi vdy & gan diing bac mot ¢6 thé coi : M'¢? o~ ( My +m, )02.
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Do d6 bi€u thitc gin ding bac hai cdia M ¢ c6 thé viét thanh :
My ¢* = (ma + my)c” + To(1 - my/ma+m,)

= (myu + ma)c2 + T,(ma/ mp+m,) (3.2.8)
To = (my/my )T, ¢6 thé viét Ty = (m,/ ma+m,)T, (3.2.9)

Biét khéi lugng cta hat nhan hdp phin kich thich (M) ta c6 thé xdc dinh
nang lugng kich thich cia né:

W= Mo*c2 - M002 = (mu +m, - Mo)c2 + (ma/ma+m,)T, (3.2.10)

Trong bi€u thidc (3.2.10), s& hang thit nhit 13 ning luong lién két clia hat
nhan a do6i v6i hat nhan O ky hiéu ¢,(0) ; s6 hang thit hai 1a dong niing clia cdc hat
nhin A va a trong hé khéi tim ky hiéu T ; con goi 1a dong ning tuong doi.

Ning lugng kich thich clia hat nhan hdp phan W = g,(0) +T7,

N&u W = 0 ngay c khi T | = 0 ( nghia 1a T,=0) ; con néu T, #0 thi T, chia
1am hai phan:

Phin T | = (ma/m,+ mu)T, ding d€ kich thich hat nhan hgp phén.

Phan T, = (my/m,+m,) T, ding cho chuyén dong ctia hat nhin hdp phan:
T+ To=T, Chiing ta hiy bi€u dién qud trinh tao nén hat nhan hdp phan kich thich
theo sd dd ning lugng va qud trinh phan ra ra hai hat B va b trong hai trudng hop
Q>0vaQ<O.

MA*CO 1’1 N Mr\ T,
T, _
(M.+ma . O<
o :/_i Q> (M.+m G 3
- \\ak( ’ en(0)
M..c* M.c —

T ,1a dong ning tuong ddi ciia b va B trong hé khoi tim. Phin @ng tod ning

Q=T, T, =¢, -&. Trudng hgp phan tng thu ning Q =T ,- T ; <0 do dé6:
T =1Q| +T, nghiala T, > | Q| (3.2.11)
Dau bing tng véi gia tri nhd nhat clia dong niing tuong d6i clia cdc hat A
va a ma phéan tng c6 thé x4y ra dugc.
(T Dumin = | Q|

ta c6 T, = (ma/ ma+m,) T,, suy ra diéu kién ning lugng nhd nhat cia hat bay t6i
a ma phan tng c6 thé x4y ra goi 12 ngudng clia phin tng.

[(mA/mA+ma)Ta]min = | Q| ==> (Ta) _ My tmg

min

g (3.2.12)

my
nghia 13 (T)min = | Q|+ (m/m) Q| = Q] + (my/ma+m,) Tomin  (3.2.13)
Tamin= | Q| + (To)min
Ta thdy T, mn 16n hon |Q| mot lugng chinh biing dong ning cda hat nhan
hdp phan. Ta hiy xét vai thi du:
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. Xét phan itng hat nhén

16577 + 1 -----> 1P + p Q=-0,92MeV (3.2.14)
Pong ning nhd nhit clia neutron dé xiy ra phan tng :
(To)min = | Q| (ma+my/my) =0, 92(32+1 /32) ~0, 95 MeV
lic nay & gid tri ngudng clia phan tng thi T’; = Q con T’,= 0 (nghia la cidc sin
phdm cda phan @ng didng yén trong hé tim qudn tinh - hé khoi tim) va chuyén
dong trong hé phong thi nghiém véi cing van tdc (1a van toc cla hé khdi tim
trong hé phong thi nghiém). Nhu vy dong ning cla hat nhan hgp phan:
To=[m,/(M+m,)]. T,
T,=(1/33).0,95=0,03MeV dugc phan chia déu cho cdc hat nhin sdn ph:?{m
theo khoi lugng clia chiing nghia Ia:
Ty/T p32=1/32 nghia 1a T,=(1/33). T,x1KeV
Chi y ring dong ning clia proton tao thanh nhd nhat 1a 1 KeV, nghia la
ludn ludn khac khdng (trong hé phong thi nghiém) va khong bao giG nhd hon 1
KeV.

. Xét hai phdn iing tong hop hat nhén nhe tod ning

(a) H> + H? —--—--- >,He’ + n Q=3,25MeV (3.2.16)

(b) H* + H----—-- > ,He* +n Q=17,6MeV (3.2.17)

C4c phdn tng nay cho ta thu dudc cdc neutron nhanh rit don niing. Ching
ta xét trudng hgp didc biét, khi hat b (1a neutron) bay ra dudi mot goc 90° so véi
phuong cta hat tic dung a (Deuteron).

Dinh luit bdo toan dong luong : P, = P, + Py (hat A ban diu ding yén).
T,=T; To+Tg =T,; Q=T,-T;; T,+Q=T, =T, +Tg (*)
P.

P, + P> =Py’
T cong thic P* = 2mT ta ¢6 : (my/mp)T, + (my/mp) Ty =T (*%)
T (%) va (*%) ta c6:
mpg Mmpg

T, = o+ e " Map (3.2.18)

my, +mp my, +mp

Véi gié tri dong ning c& T, ~ 0, 2 MeV, phdn ting x4y ra rit manh. Trong
trudng hop ndy dong ning cla neutron bay ra dudi mot géc 90° so v6i chim
deuteron téi la:

T,=(3/4).3,25 + (1/4).0,2~=2,5 MeV (v6iphaninga )
T,=(4/5).17,6 +(2/5).0,2 ~14 MeV ( vGiphéningb)
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Mu6n c6 neutron don ning ta phdi tao dudc cdlimatd sao cho chim
neutron theo huéng vuéng géc véi chim hat doteri t6i va phai tao duge chim
doteri that don ning. Ong gia t8¢c c6 thé tao dudge chim doterdn don ning tot,
tuy nhién bé day cda bia 1am gidm d6 don ning (thudng diay hon nhiéu Ian
quang chay cda deuteri trong vat liéu bia) mac du vay dd don niang trong thuc
nghiém dat c8 (1 +2 )%.

3. Gian d6 xung lwong cia phan wng hat nhan

a. Tdn xa dan hoi ctia cdc hat va gian do xung luong trong tdn xa

Trong tdn xa dan hdi, tong dong ning clia hai hat khong thay d6i chi c6 sy
phan phoi lai dong ning va thay d6i lai phuong chuyén dong clia hai hat. Trong
vat Iy hat nhan, lyc tuong tic trong tdn xa dan hoi 1a luc Couldng va Ivc hat nhan.

_ A
I
N/

I
N\

Dic trung cho tdn xa 1a tham s va cham, khodng cach nhim p (c6 dién) s&
lugng t momen quy dao 1 (lugng t). N€u p, > p; thi y; >y, p phdi nhd hon bén
kinh tac dung cuia lyc hat nhan a.

Theo c6 hoc lugng ti thi hat ¢6 xung lugng P, véi p < a thi p ciing chi nhin
nhifng gié tri gidn doan:

pi = % 11+ 1) =aJI(l+ 1)< a,1=0,1,2...(3.2.19)

Vi momen dong lugng cia hat M| = pp = A[l(+1)]"? (3.2.20)
Ta hay xét gidn d6 xung lugng clia tén xa.

Néu phuong chuyén dong clia hat bi tdn xa dugc biét (tir thuc
nghiém) thi ta s& c6 mdt phuong phap hinh hoc don gidn d€ xdc dinh van tdc
va phuong chuyén dong ciia hat bay tdi, phuong phdp nay dugc goi 12 phuong
phdp gidn d6 xung lugng. P& thiét 1ap gidn dd nay ta si dung hai hé toa do:
Hé phong thi nghiém va hé khéi tam.

Céc dai lugng thuc nghiém nhu géc, khodng cach, van toc. . . thudng dudc
do trong hé toa dd gin véi mdi thi nghiém, phong thi nghiém. Hé toa dj phong thi
nghiém tién 1gi trong viéc mo ta cu thé cdc két qua thuc nghiém do dudc.
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Tuy nhién, d€ phan tich tién 1di cdc két qua thuc nghiém thi ngudi ta thudng
diing hé toa dj tam qudn tinh, trong d6 di€m khong chuyén dong 1a khoi tam, hay
trong tAm clia hai hat, dudc chon 1am gbc toa do. Trong hé tAm quén tinh thi xung
lugng clia hai hat luon ludn bing nhau vé gia tri va ngudc chiéu.

Néu hai hat ¢6 khoi lugng bing nhau M; = M, = M ma mot hat diing yén
con hat kia chuyén dong vé6i van toc v, thi tAim qudn tinh cia hé ludn ludn nim
gitta khodng cdch giita hai hat va chuyén dong trong hé phong thi nghiém véi van

~ 1%

toc v, = > Do d6, van téc v} cltia hat M; ddi véi hé tAm quén tinh s& 1a:
;L v
v, =v—v, = 5
5 (3.2.21)
v, =0-v, = 5

Xung lugng cua hai hat trong hé quén tinh:

1% \%
2 2 (3.2.22)

_)

Phn,| = |Piss|

Néu khoi lugng M, va M, khdc nhau, thi tAim quédn tinh cda hé nim giita
hai hat va chia khodng cdch giita hai hat thanh hai doan ty 1& nghich vé6i khdi
lugng.

X Xyt O

M,0' M,
° ® ® <
M, O M, o'M, M,

Né&u M, ditng yén con M, chuyén dong van toc v thi ta dit goc toa do 0
phong thi nghiém & M,, toa dd M, trong hé phong thi nghiém la x, toa do tAm
quén tinh 0" lax/,

qu MI \ MI
x—x oM, VT
X—X
at Iy 2 rre (3.2.23)
1

vV, =————V
M, + M,
Do dé van tdc ctia cac hat M; va M, trong hé tAm quén tinh 1a:

M
VM'”_V“:ﬁV

ree (3.2.24)
" _ 14M1
R VI Y
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Xung lugng cdc hat trong hé quén tinh:
MM, M,

Pl =My, = - P
M; MM, MM,

MM, M,
P, =M,v, =-— y=— P 3.2.25
Mz 72 T g v M, M, +M, ™ ( )

D !
i,

Y
- ‘pMZ

Nhu vay xung lugng tong cdng cléia hai hat trong hé tdim quén tinh, ludn
ludn bing khong, diéu nay lam don gidn cho viéc phan tich thuc nghiém. Chiing ta
hay xay dung gidn db xung lugng.

Gia st hat khoi lugng M, chuyén dong vdi van tdc v tdi va cham dan hdi
v6i hat ditng yén khoi lugng M, (chi ¥ ring 14p ludn clia ching ta s&€ ding cho bat
ky ti s6 khdi lugng cdc hat nao, nhung d€ cu thé ching ta xét trudng hdp M,;<M,
trudng hdp nay rat thudng gip).

Gid st AB bi€u dién xung lugng Py, clia hat M; trong hé phong thi nghiém
truGe khi tdn xa. Xung lugng f’MZ cia hat M, = 0. Ta chia doan thing AB ra hai
doan theo ti 1& khoi lugng cua 2 hat:

40 _ M,
OB M,

- - M M - —
OB = AB 2 2Py, =Py,

M, +M, M,;+M,
(3.2.26)

Nghia 1a biang xung lugng cia M,
trong hé tdm qudn tinh trudc khi tdn xa. Do
tinh chat cia hé tAm qudn tinh, xung lugng
clia hat M, phai bing Py, nhung ngugc chiéu:
Py, =—Pj; =0C Theo dinh luat bdo toan

xung lugng thi xung lugng cda hai hat sau va
cham ciing phai bing nhau vé gid tri nhung ngugc chiéu. Pinh luat bdo toan dong
ning trong va cham dan hdi lai cho ta két luin ring: Po 16n cla xung ludng cia
hat trong ®udng hop nay khong thay ddi. Cho nén viéc mo ta qua trinh tin xa cla
hai hat trong hé tdm qudn tinh din dén viéc quay cdp xung lugng
131{41 = OB va }3,{42 =0C di mot géc 0 va xung lugng cdc hat M;, M, sau khi tdn

xa s& dugc bi€u dién bing cdc vectd: Py, =0D, Py, = OE (sau va cham).
Bay gid néu chuyén lai hé toa do phong thi nghiém ta cin phai chd y ring
hé tdm qudn tinh chuyén ddng so vdi hé phong thi nghiém véi van toc:
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M — R A N 2 . N . N A 2
v, =————7, trong chuyén dong nay cd hai hat ciing tham gia vao, cho nén cd
M,+M,
hai hat déu c6 thém nhitng xung lung phu ctia chuyén dong theo.
- M? M -
(PM] )theo =M, v, = Y ]M V= Iy 1M Py,
o ;4 2 j\; 2 (3.2.27)
(IBM2 )theo =Myv, = Z it BV 2 f’M]
M,+M, M;,+M,

(13M1 )theo va (I3M2 )theo dugc biéu dién bing cic doan AO vaOB trén
hinh vé.

Do d6 xung lugng cia hat M, trong hé quan tinh sau va cham la 13,(41 = 0D,
con xung lugng phu cia né6 @€ chuyén vé hé phong thi nghiém s& 1a AO. Téng
hdp hai vectd dé ta dugc vecto: AD = 0D+ AO, chinh la I:JM, 1a xung lugng ctia M,
sau khi va cham trong hé phong thi nghiém.

Tuong t t5ng hp hai vectd Py, = OF va (ﬁMZ )theo = 0B ta thu dugc vectd:
DB = OB +OE = OB - 0D, biéu dién xung lugng giat 1ui cia hat nhan sau va cham
trong hé thi nghiém.

Diéu két luan trén 13 ding vdi thuc t& vi cdc vectd xung luong AD va DB
cung vdi xung lugng clia hat M, 1a I3M1 = AB dd tao nén mot tam gidc cho nén:

By, =Py, +P,, ding véi dinh ludt béo toan dong lugng.

Tém lai, ching ta ¢6 thé€ néu 1én ban sau diy vé xung lugng clia cic hat tin

xa trong hé toa do tAm quén tinh va hé toa dd phong thi nghi€m:

P M, M,
_’pl‘l’l PMI = AB PMZ = 0
D D M, B 3 D M, B A
Py =——2* P, =OB P, =———2—P, =0C
-t MM M, M L VR VR
4t | Py, = 0D Py, = OF =Py,
Ptheo D Ml D N = M 5 5
P = M Vv = —P = AO = = —2 =
. (Pu,) =My, T (PMz),hw My, o, Py, = OB
pin st — — - = _ N - . .
Py, =0D+AO = AD Py, =0B+OE = 0B -0D = DB

Nhu vay dé€ thu dudc xung lugng clia hat tdn xa va hat nhan giat 1bi ta cAn
phai 1am nhitng dong tdc sau diy trong gidn db xung lugng:
a - V& vectd AB bing xung ludng cla hat tin xa t&i, khoi lugng M,
AB = PMI .
A0 M,

b - Duing diém O chia doan AB theo ty s6 khoi lugng — = —~.
OB M,
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¢ - T A vé& dudng thing tao thAinh mot géc © v6i phuong AB (géc bay cia
hat t6i sau va cham c6 thé xdc dinh bing thuc nghiém) cit vong tron tai diém D
va ndi DB.

d - V€& dudng kinh di qua D.

Trén gidn dd nay thi: AD bi€u xung ludng clia hat tdn xa sau va cham. Géc
BAD =0 1a géc tin xa clia M,

DB bing xung ludng clia hat nhan dat Iui

Géc DBA =@ 1a géc tdn xa clia hat nhin giat 1ui M,

Géc DOB = 6 La géc tdn xa clia M, trong hé tdm quédn tinh trudc va sau
khi va cham.

OC va OE la xung lugng clia hat M, trong hé tAm qudn tinh truc va sau
khi va cham, chiing ta néu l&én nhitng hé thic sau day thu dudc tir gidn d6 xung
lugng trén (khong tinh todn cu thé).

e - Pong ning tong cong clia hai hat trong hé tAm qudn tinh (ddng ning
tuong d6i) bing:

T,:[ M,M, Jﬁ_ M, %

M,+M, )2 M, +M, 2 (3.2.28)
M ZMl
4,
1 2
w: khoi lugng rit gon.
g- Pong ning ciia chuyén dong theo ca hai hat bing:
M,+M,)2
t :M‘/ZW hod ¢ tht :LV
2 M;+M,
2 2
non: Ty=T,=-—21 Y M __p (3.2.29)

M, +M, 2 M,+M,

Do d6 ta ¢6: T'+T,, =T (T la dong ning ban dau cta M, trong hé phong

1qt
2
).

h- Pong ning cta cdc hat M;, M, trong hé phong thi nghiém sau va cham:

2
TM, = MIZMZZ ~MM 2 coszy T; (TM’)min - (Mj T (TM’)mux =T

M]V

thi nghiém T =

(M, +M,) M+ M,
_ 2M, M 3 _
Ty, = —————(I+cos2y )T, (Ty>) - MMy g (T,) =0 (3:230)
(M]+M2) max (M]+M2) mn

DPong thdi, vi dinh lut bdo toan ning lugng nén
trong tdn xa dan hdi thi:
Ty +Ty, =T (3.2.31)
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- Hé thiic gilra géc tan xa cla cdc hat trong hé toa dophong thi nghiém la:

g0 = sin 2y
L —cos 2y
2
., (3.2.32)
g0 = sin @
L 4+ cos @’

2

b. Gidn dé xung luong ciia phdn ving hat nhén

Quad trinh d6ng hoc xdy ra phédn tng hat nhan c6
th€ dugc phan tich nhd gidn dd xung lugng. Chiing ta hiay xét phin Ung tda ning:
a+A— 0 — b+B
A diing yén con xung lugng cua hata la p,.
Ciing gidong nhu trong trudng hdp tdn xa dan hdi, xung lugng ciia hat san
phim c6 thé thu dugc bing cich tdng hop vectd xung lugng clia chuyén ddng theo
Pueo (V61 VAN tdc tAm quén tinh lavy)va xung lugng trong h€ quén tinh p’

ﬁ, = l_jtheo + p’
Vi p,=py nghiala m,v,=myv, ma tim quan tinh dit tai nhan trung
. ~ m Pa
ianOnén: V,, =V, =—%v, =
g tqt 0 M() a Mo

va xung lugng theo clia hat sin phdm b va B sé& 1a:

(o), =mgvy =—Lp,~—"0
theo tqt — M a”~ Mn+m a
1\; BM b (3.2.33)
=Mgv,, =—2 o R B a
(Ps),,, =Mpvy TRy T

Hai vecto nay c6 thé thu dugc bing cich chia xung lugng ban diu p,ra hai
khodng ti 1& vdi khoi lugng ciia cdc hat sdn pham b va B.

Con xung lugng cla cdc hat sdn phim trong hé tAm quén tinh c6 thé dugc
tinh nhu sau:

M,
——T 3.2.34
M, M, +0 ( )

Tu cong thuc P = (2mT)"? xung lugng P; =/2up,T5

M, PS
Pj= |2u <y
? \/ bB(MA+ma 2m, Q]

P, =P, M”B[ My +gj
m, \M,+m, T,

+ Theo s6 d6 niang lugng thi: 75 =T, +Q =

(3.2.35)

Nguyén Fbitu Thding



Ot lj F6at nhan - 80 -

Nhu ta di bi€t trong hé tAm quén tinh:
P;=P| =P} =Pa\/“”3( M4 +Qj (3.2.36)
m, \M,+m, T,
Khdc véi tdn xa dan hdi d day P, =P |.
Ching ta hiy vé gidn dd xung lugng dé
minh hoa phan ting hat nhén.
Vecto AB bi€u dién P,, dung diém O chia
AB ra hai doan ty 1€ vdi khoi lugng clia cdc hat
AO _ my

san phdm dudc tao thanh : o8- M 1Ay O lam
B

tam, vé vong tron ban kinh
M
R=pPj=p, |t [ A +2j (3.2.37)
MA + m, MA + m, Ta

Cédc xung lugng cua hat b va B trong hé
qudn tinh dudc bi€u dién bing cdc ban kinh d6i
nhau, vi du: OC va OD lam mét gé¢c0' véi AB
m, - —~ M,

OB =

™ B M p (3.2.38)
MB +m,, Mb +mb

AO =

12 xung lugng trong chuyén ddng theo ctia hat b va B.

Do d6 AC = OC +A0 la xung lugng ctia b trong hé phong thi nghiém.

CB = OB + OD = OB - OC la xung lugng cia hé B trong hé phong thi
nghiém. Cac gbc bay ctia hat b va B trong hé phong thi nghiém 1a 6 va ¥, con géc
bay ctia hat b trong hé tim quan tinh 12 6" .

Gidn dd xung lugng trén vé trong trudng
hop Q > 0.

*, Tuy nhién cling ding trong trudng hdgp
Q<0. Nh& gidn dd xung luong ta c6 thé xdc dinh
bing dd thi c6 thé cé vé ning lugng va géc bay cia
cdc hat san phd&m phdn tng.

P& minh hoa ta hidy xAy dung gidn db xung
lugng cla cac phéan dng.

H>+ H>—>,He’+n  Q=3.25MeV
H>+ H> > ,He* +n Q=17.6MeV

0] day neutron dugc tao ra § géc 90° so v4i phudng cua deuteron téi

Tur db thi, ta thdy xung lugng neutron c6 thé tinh dudc tir tam gidc vudng
OAC ma trén day ta c6:
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OA = LPLI (xung lugng trong chuyén dong theo ctia hat b)(3.2.39)
MB + my,

OC =P, \/ ad ( Ma +gj (xung lugng b trong hé khoi tAm)
m, \M,+m, T,

Néu x4y dung gidn dd xung ty 1& ding, ta c6 thé dung thudc do d€ xac dinh
xung lugng va niang lugng clia neutron phat ra :

1 1
2]2 212
=P = pa2 e L...T_A _pa2 LU =P, oo &.,_T_a _f M
m,\m,+m, Q mg +m, m,\m,+m, Q mg +m,

4. Pinh luit bdo toan momen dong luong

Trong cdc qud trinh phdn tng hat nhin thi tong momen dong lugng toan
phan cla cdc hat tuong tic, ciing nhu hinh chi€u cta tdng momen dong lugng toan
phan 1én mot phuong nao dé dugc bio toan.

Chiing ta hiy xét phan ting tdng quat:

a+A—->0—->b+B

I=I, =1,

(3.2.42)

V6i I; 1a spin cia hat nhian I ; I 12 momen dong lugng quy dao trong
chuyén dong tuong ddi ctia hat I va j.

Ching ta biét ring spin clia proton va neutron déu bing 1/2, spin cia moi hat
nhan chin chin biing khong, spin clia cdc hat nhan c6 s6 khdi A chin 1a s& nguyén, A 18
c6 spin bdn nguyén,. . . vi momen ddng lugng ctia cac hat nhan khéng chi phu thudc vao
spin ctia cdc nuclonm, ma cdn phu thudc chuyén dong ndi tai clia cac hat nhan (momen
qlily dao) nén momen dong lugng ctia mdi hat nhan phu thudc trang thdi cia né. Spin hat
nhin dugc xem 1a momen dong lugng & trang théi co ban.

Céc vectd laa, Ipg xdc dinh momen dong lugng quy dao cia cdc cdp hat Aa, Bb va
dit trung cho chuyén dong tuong ddi clia titng cip hat mot. Cdc momen quy dao nay I1dy
nhitng gi4 tri nguyén (0, 1, 2,...) va chinh cdc gid tri nay dic trung cho tinh chit chuyén
dong cida cdc hat.

Khi nghién ctru cac phan dng hat nhin loai a + A — b + B thi ngudi ta thudng
chd y dén cdc trang thdi ban dau va cudi clia phin tng, khi ma ca hai hat tuong tic da
nim cdch nhau trén mot khodng 16n dén ndi ta c6 thé xem ching chuyén dong ty do
khong lién két, trong trudng hdp nay trang thdi ban diu va cudi ctia hé thong c6 thé dugc
md td bing cidc ham séng yq vay,, chiing déu 1a tich clia ba him séng: ya = Wa. Wa. Y
bB > We= Yb. UB. Y1bB
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Hai ham séng dau tién md t4 chuyén dong noi tai, con ham thi¥ ba md ta chuyén
dong tuong ddi cla chiing.

Chii ¥ réng: Tat cd cdc vectd Iy, Ip, I, Ip, I, Ia, laa, lp déu 12 cdc vectd co hoc
lugng tit, ching tudn theo cdc tinh chit va phép tinh dic biét trong Co hoc lugng ti.

5. Pinh luit bao toan chin 1é

Trong céc tuong tic manh va tuong tac dién tlr, 6 chidn 1€ dugc bédo toan.
cdc bién ddi hat nhan xay ra chinh 12 dudi dang tuong tic niy nén trong cic
phdn @ng hat nhan d6 chin 1€ dugc bdo toan.

Xét phén tng: a+B — B+b
Dinh luit bdo toan d6 chdn 1 dudc viét nhu sau:

papa(=1)"" = psps(=1)" (3.2.43)

Pa» Pa VA Pb, ppla dd chidn 1€ ndi tai clda cdc hat nhin tudng tdc va hat nhin sdn
pham.

laa lpp 12 momen quy dao clia cdc cip tuong Gng.

Ciing giéng nhu cdc quy luat bdo toan khdc, dinh luat bdo toan chin 1é din ta tdi
nhitng quy tic loc Iya, han ché mot sd loai tuong tdc ¢ thé xdy ra duge. Trong cic phan
ting hat nhan cu thé ta thudng gip viéc tng dung dinh luat bio toin chin 18,

Ta hay xét dinh luat bdo toan chin 1é va quy tic loc lya trong trudng hdp tédn xa
dan hoi clia cdc hat vi du: cdc nucleon trén hat nhan. Vi trong tdn xa dan hdi thi trang
th4i clia cdc hat tdn xa ciling nhu trang thdi clia cdc hat nhan khong thay ddi, nén 1 chi c6
thé thay d6i di mot s6 chin ma thdi. Chi c6 mot diéu c6 thé x3y ra 13 c6 sy dinh hudng lai
spin nhung diéu dé khong lam thay ddi do chin 1&. P chin 1& ctia ham séng md t3
chuyén dong tuong ddi cda cac hat phdi dudc bdo toan. Vi vy 1 chi c6 thé thay ddi di
mot s6 chdn C tat nhién ndm trong gidi han cho phép clia dinh luit bio toan momen dong
lugng.

Vi du thit hai 1a vi du vé cdc qué trinh clia hai hat dong nhit tham gia. don gidn
nhat 13 qud trinh phan rd cda hé hdp phin ra hai hat ddng nhat c¢6 spin bing khong.

Mot hé A chin c6 thé bién d6i thanh hai hat ddng nhat A 18 khong c6 thé c6 spin
bing khong, that vay ta hiy viét dinh luat bdo toan do chidn 1é cho hé phiic hgp c6 hai hat
dong nhat:

Pa = papa(-1) = (-1)

Nghia 12 d6 chin 1é ctia hé thong phan rd dudc x4c dinh bing do chdn 1& clia
momen quy dao 1 trong chuyén dong tuong d6i clia cic hat dudc tao thanh. Ngudi ta
chitng minh dugc ring hé hai hat ddng nhat vé6i spin bing khong ludn ludn c6 1 chin. thé
thi chi c6 hé A chin mdi c6 thé phan ra ra hai hat c6 spin biing khong, con hé A 1é s&
khong c6 kha niing 4y.

Nguyén Fbitu Thding



Ot lj F6at nhan -83-

6: Dinh luit bio toan spin dong vi

Ta biét ring tinh chat clia cdc hat nhan ddng khdi (A nhu nhau, Z khdc nhau) phu
thudc vao ti s6 Z/N chita trong hat nhan. chi v6i mot tf s6 hoan toan x4c dinh thi hat nhan
mdi c6 khoi lugng nhd nhit va cdc hat nhan bén ma thdi. Con néu du thira hoic thi€u
proton thi tir hat nhan s& phéng xa B* hodc B~ vi du tir hai hat nhin Isobar H? va ,He’ thi
H? ¢6 khoi lugng 16n hon va phéng xa B~ d€ trd thanh He’. Trong ba hat nhan sBe',
sB'? va ¢C' thi2 sB'® ¢6 khéi lugng nhd nhat nén bén con.

Be' _3> B
6C10 P’—+> ;Blo

méi nhin ta tudng nhu ring sy khic nhau vé khdi lugng va tinh chit clia cdc Isobar nay sé&
thay d6i hin néu ta thay mot hoic mdt s cic proton thanh notron (hodc ngudc lai). Tuy
nhién thuc t€ khong phai nhu vay, khi nghién citu chi ti€t cdc hat nhin Isobar ngudi ta
thdy ring chiing c6 mot s6 nhém hat nhan ¢6 nhitng tinh chit nhu nhau.

Ta hdy xét vi du hai hat nhan H> va ,He” trong phén rd B ctia {H® thi ning lugng
gidi phéng: AEs(;H’) = 0. 019Mev.

Ning Iugng lién két ctia hat nhan nguyén tit (A, Z) 1a:

AW(A, Z) = ZM,((H" + (A - Z)m, - My(A, Z).

Hiéu niing luong lién két chia hai hat nhan (H’ va ,He’ 1a:

AW(GH) = M,GH) + 2m, - M,GH")

-AW(GHe’)  =2M,(H') +m, -M,(;He’)
AW(H') - AW(He") = {m,-M,(;H)} -{M,(H’) - M,(:He"))

=Am-AEg(\HY)

Am va AE(;H’) dugc xédc dinh bing thyc nghiém:

AW(H’) - AW(;He’) =Am -AEgg(;H’) = 0, 782 - 0, 019 = 0, 763MeV

Hiéu niing lugng lién két nay c6 gid tri kha 16n, tuy nhién ta c6 thé thiy ring ning
lugng tod ra hoan toan do luc ddy Coulomb cla hai proton trong hat nhian He’ néu chiing
ding cach nhau mot khodng r = 1,9.10 " cm.

.2 (4,8.]0’10)2

¢ - ~ 076 MeV
r 1,9.]0”3(1,6.]0’6)

Nhu vay, véi do chinh xdc dén tuong tdc Coulomb thi ¢é thé xem ring ning lugng
lién két cia hai hat nhan {H’ va ,He’ 1a nhu nhau. Hai hat nhan d6 dugc goi 12 hai hat
nhan guong. K&t luin trén ciing vin ding cho cdc hat nhan guong khac. C4c hat nhan dé
1a (A,Z) va (A, A-Z).

C4c hat nhan guong khdng nhitng c6 ning lugng lién két gidng nhau (véi dd chinh
xdc Coulomb) ma cdn gidng nhau c4 nhitng dic trung clia cdc mic kich thich thap (ning
lugng, momen, dd chdn 1é. ..) Nhitng hat nhan nhe nhat \H?, 13, ,He? khong c6 céc trang
thai kich thich, con cdc hat nhan ndng hon nhu : 3Li7, 4Be7 c6 cdc gia tri momen va do
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ol 2 2, ] 2 3 N2 ] 2 P A A
chan 1€ nhu nhau 6 trang thdi c¢d ban 5 va J trang thdi kich thich dau tién !

, ndng

lugng & mifc kich thich cling gin nhu nhau (0,48 va 0,43 MeV) ning lugng kich thich &
muc th hai nhu nhau (4,6MeV).

C6 thé néi cdc hat nhan guong khic nhau & chd mudn chuyén tir hat nhan nay
sang hat nhan kia ta chi viéc thay cdc lién két p - p thanh n - n, con cdc lién két n - p thi
giif nguyén. So d6 lién két don gidn nhat cia H® va ,He’.

H? He® Trong hat nhén H? khong c6 lién két p-p ndo, c6
mot lién k€t n-n va hai lién k&t n-p.
Trong hat nhan ,He’ ciing c6 hai lién k&t n-p nhv cii,
chi ¢6 khéc vé lién két p-p.

Viéc phdt hién bing thuc nghiém clia sy gidng nhau trong ciu tao mic clia cic
hat nhin guong, c6 thé gidi thich dugc néu ta gia thiét ring: C6 sy ddng nhat trong céc
hat cd ban p-p va n-n. Gi thi€t nay dugc goi 12 gid thi€t vé tinh d6i xiing dién tich clia
cdc luc hat nhan. Trong truGng hgp cia ba hat nhan 4Belo, 5B]0, GCIO ngudi ta nhan thay:
néu k€ dén hiéu chinh tuong tic Coulomb, c6 sy gidng nhau vé cdc dit trung cdc trang
thai co ban ¢C' vasBe' véi cdc dit trung clia mot trong céc trang thdi kich thich sB'°.
Trong nhiéu trudng hgp twong tw ngudi ta nhan thdy ring: Sy gidng nhau trong ciu tric
cdc mic hat nhan c6 thé dudc gidi thich néu: Gia thiét ring tit cd ba tuong tic co ban (n-
n), (n-p), (p-p) 12 déng nhat nhu nhau. Gia thiét nay 13 gid thiét vé tinh déc ldp dién tich
cua cdc luc hat nhdn.

Khi nghién cttu k§ hon ta thiy ring tinh doc 1ap dién tich cla cdc luc hat nhan
dudc thuc nghiém xdc nhan trong cdc thi nghiém tryc ti€p so sdnh cédc tuong tic co ban
(p-p), (n-n), (n-p) ciing nhu trong nhiéu thi nghiém ki€m tra hé qua rit ra tir gid thuyét
nay.

Nhu vdy, néu chi xét tuong tdc hat nhian ( khong xét tuong tdc Coulomb) thi tuong
tdc giita bat ki nucleon ndo (p-p), (n-p), (n-n) 8 cliing nhitng trang thi spin va khong gian
thi ba dang tuong tdc trén 1a dong nhat.

Ta nhan manh ring: tinh ddc 14p dién tich clia lyc hat nhan 13 ding véi chinh xdc
tudng tac dién tlr, tuong tac dién tir s€ pha tinh doc 14ap dién tich cta luc hat nhan.

P& néi 1én tinh dong nhat vé tinh chat lyc hat nhan clia n va p ngudi ta ding mot
vecto cd hoc lugng tif c6 tinh hinh thitc, vecto Spin dong vi T. T c6 gid tri gidng nhau cho
cé p va n va bing 1/2. T dugc xac dinh trong mot khong gian phu (khong gian hinh thic)
12 khong gian dong vi.

Mot hinh chi€u clia vectd T 12 md td proton, va hinh chi€u kia md td neutron. S&
lugng hinh chi€u c6 thé c6 1a 2T+1 = 2 chinh 13 s& nucleon c6 tinh chat hat nhan ddng
nhat.

Vi tinh chat tuong tac khong phu thudc loai nucleon (nghia 1a vao hinh chiéu. . .)
nén tuong tdc hat nhan clia nucleon dugc xac dinh chi bing gid tri clia vectd T ma khong
bing hinh chi€u ctia n6 (hinh chi€u nay dit trung cho sy khdc nhau trong tinh chat dién
tir). Nhu vay tuong tic hat nhan 12 bat bién ddi vdi phép quay trong khong gian dong vi.
Tinh chat nay dudc goi la tinh bat bi€n Spin déng vi. Ngudi ta thdy ring bat bién nay
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cling gidng bat bién clia tuwong tic ddi v6i phép quay trong khong gian ba chiéu thong
thudng, chinh tinh bat bi€n nay din t6i dinh luit bido toan momen ddng lugng. Ngudi ta
ciing néi ring trong cdc tuong tic hat nhan thi Spin déng vi dudc bio toan.

C4c todn tit tdc dung 1én vectd T ciing gidng hét nhu 1én cdc vectd co hoc lugng tir
thong thudng. Vi du tuong tdc p-p dudgc dic trung bdi vectd ‘ T | =1 vi (Te)p=1/2 ; (Te)2p
=1, con T1+T> = 0;1 thi chi ¢6 gid tri 1 1a ¢6 y nghia. Tudng tic n-n cling dugc dic trung
bdi vectd | T| = 1 nhung ¢6 hinh chi€u (Tz)s = -1 va twong tic n-p c6 thé dic trung bing
vectd T =0 va T = 1 vi trong trudng hgp nay Tt = 0 do d6 c6 thé c6 hai gid tri clia tong
T1+T, = 0;1. Phép phin tich chitng t6 riing gid tri T =1 ddng nhat véi cdc tudng tic p-p va
n-n con gia tri T =0 &ng véi trudng hop deuteri.

Nhu vay hé thong gdm hai nuclon c6 thé § ba trang thdi c6 cdc tinh chat hat nhan
dong nhat dic trung bing cling mot gid tri clia vectd T =1 (2T+1=3), va mdt trang thdi
c6 tinh chit hat nhan khéic (Deuteri) dic trung bing gia tri T=0 ; (2T+1=1).

Kh4i niém spin déng vi dugc md rong cho trudng hop hat nhan nguyén ti.
[z=n]|_|2z-4|

D6i v6i hat nhén thi hinh chi€u T

2 1] 2 |
L |z- . A . Z-
‘T‘ 2 al (Tmax = Tmin = —Nj
2 2
Nghién ctfu cdc hat nhin nhe ma tuong tdc dién tir tuong ddi nhd va bat bién dong
. , Z, . . . 2 A, 2 2 = ZZ - A
vi rat ro, thi thudng xuat hién gia tri nho nhat cua tong ‘T‘ = 2
N N - 4-3 1
Spin ddng vi ctia ;He” biing ‘T‘ =5 =5

S6 lugng hinh chiu clia vectd T = 1/2 bing 2T+1 = 2. 1/2. +1= 2 ; nhu vAy cOn phdi c6
mot hinh chi€u nita vdi cdc tinh chdt hat nhin twong tu d6 12 hat nhan (H® véi cling gid tri
T =1/2, nhung véi hinh chi€u khic Tg(zHé) =+1/2 con T§(1H3) =-1/2.

Céc hat nhan 4Be'® va ¢C'° ¢6 cdc hinh chi€u T¢ bing -1 va +1. Vi vay vects T
phai thod diéu kién | T |>1 néu T =1 thi 2T+1 = 3. Ngoai hat nhan 4Be'® va ¢C'* phdi c6
hat nhan isobar c6 tinh chat tuong tu d6 12 sB' (& trang thai kich thich, vi n€u & trang thai
co ban thi T = (2Z-A)/2 =0) ngudi ta khong tim thdy hat nhian c6 T >1 nén thyc ra chi c6
T =1 va ba hat nhan 4Be'?; sB'® ;xC'" tao thanh mot tam tuyé&n ddng vi (triplet ddng vi).
Ngoai cdc nhi tuyén (doublet) va cic da tuyén (multiplet) dién tich, ta ciing gip cdc don
tuyén (singlet), vi du don tuyén don gidn nhat 1a H? va ,He™

Pinh luit bdo toan spin déng vi trong cdc phin tng hat nhian din t6i quy tic lya
chon theo spin dong vi. Do dé cdc miic hat nhan khong phdi chi dic trung bing ning
lugng, momen dong lugng, dd chin 18 ma con bing spin dong vi.

IIL. TIET DIEN HIEU DUNG CUA PHAN UNG HAT NHAN

Khi ta ding mot chim hat bin phd bia nhim thuc hién mot phén @ng hat
nhan thi ta khong thé néi trude c6 mot hat nio sé va cham vao hat nhan bia dé€
gdy ra phan tng. Ta chi c6 thé néi tdi x4c sudt x4y ra phan ng. Pai lugng do
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xdc sudt x4y ra phdn tng goi 1a ti€t dién hiéu dung clia phin tng hat nhan hay
don gidn hon goi 1a ti€t dién hiéu dung.
Gid stt ¢c6 nmdt chum hat a bin t6i bia X. Ta hiy tudng tugng mdi hat nhan X
dugc gin véi mot ti€t dién o goi 1a tiét dién hiéu dung, theo phudng vudng gbéc véi
phuong tdi cla hat a.

a O\\
. 5 g\\\c
— >

@)
—

Bia dudc xem la di méng dé khén/g c6 mdt hat nhan nao bi che 14p theo phuong
tdi cda chim hat. Dién tich ¢ dudc chon sao cho néu mot hat dan nao lot vao dé thi chic
chin phdn ng x4y ra. Ngugc lai, n€u hat dan di ra ngoai o thi khdng c6 phan tng x4y ra.

Gia st c6 n; hat dan t6i dap vao bia, trong d6 chi c6 ng hat di vao cdc tiét dién
hiéu dung (tifc 12 c6 n, phan ng hat nhan). Khi d6 xdc suat P d€ x4y ra mot phan tng la:

Xdc suat nay cling bing ti s6 giifa ti€t dién hiéu dung toan phan (tdc 1a

n
p=_c 3.3.1

tong ti€t dién hiéu dung clia tit ci cdc hat nhin) chia cho dién tich toan phan cda
bia. Goi S 1a dién tich bia, d 12 bé day bia va N 13 s& hat nhan bia trong mot don vi
thé tich. Tiét dién hiéu dung toan phan bing :c NSd.

Xdc suitP:

p_N. _oNsd_ 4 332
n

i
Nhu vay x4c sudt ca phan tng P ti 1& vdi tiét dién hiéu dung.
Tiét dién hiéu dung c6 thd nguyén dién tich [L*]. don vi 1a barn
1 barn = 10%*m?

Tiét dién hiéu dung khong triing véi ti€t dién hinh hoc clia hat nhan. Thi du bin
phé urani U biing neutron c6 ning lugng 0,025eV. Tiét dién phan @ng 12 705barn trong
khi ti€t dién hinh hoc cta hat nhan U*’ 12 2,5 barn. D61 vdi cdc phdn Gng tin xa ta c6 tiét
dién tdn xa hiéu dung. C4c ti€t dién hiéu dung rat khic nhau tuy theo loai phdn &ng va
d6i v6i mot phdn dng nhat dinh né phu thudc vao ning lugng cia hat nhe bay tdi.

D6i véi phdn ng tdn xa ta c6 cong thifc sau diy lién hé giita s6 hat bi tdn xa va
tiét dién tdn xa o:

N, =Ny(1-e°™% (3.3.3)

Trong d6 N, 12 s6 hat tdi bi tdn xa ; N 12 so hat t6i dip vao bia; n s& hat nhan

trong mot don vi thé tich; d bé day ciia bia.
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Thi du: Tinh ti€t dién hiéu dung cta bia. Bi€t s6 neutron bi tdn xa trén bia thi
nghiém bing 10°% chiim neutron t6i. Bia c6 khéi lugng riéng 1a 4,1.10°kg/m’ s& khéi A
=30 va bé day d=10"m.

Theo cong thic trén ta c6:

N/No = 10°%=10° = 1 —e°™¢

Suy ra nod = 10°® thay cdc so liéu da cho vao cdng thic trén, ta dudc:

30.10°°

o= ———=121310"%"m"’
4,1x6,02.10% x10

oc=0, 121 barn
IV. PHAN UNG PHAN HACH HAT NHAN

1. Lich sit phat minh va cédc tinh chit co ban cia phan @ng phan hach

Nam 1934, E. Fermi khi nghién cdu hién tugng phéng xa nhan tao sinh ra
du6i tic dung clia neutron. Khi chi€u neutron 1én bia Uran, hat nhan Uran bi kich
thich phong xa beta, sau khi phong xa hat nhan s€ c6 di€n tich tdng 1én mot don
vi, nhung bén canh d6 6ng lai thdy xudt hién mdt vai sin phdm phéng xa c6 sd Z
nhd hon Uran. Nghién cifu k§ cdc sdn phdm phéng xa d6, O. Hahn va Strassmann
th4y riing ching & gitta bang tudn hoan.

Sau d6 Frish va Meitner gidi thich hién tugng ky la ndy véi gid thuyét ring, hat
nhan Uran khi bit neutron sé& bi kich thich, hat nhan bi bi€n dang phan thanh hai manh c6
khéi lugng gan bing nhau (Z1, A)) ; (A, Z»).

Z+7, = ZU =92
A +A, = AU +1 =~ AU 3.4.1)

Thira nhan nhitng gid thuyét ndy, cé thé tién dodn nhitng tinh chit co ban cia

phan Gng phan hach sau:

a) Khi hat nhdn ndng phdn hach thi nang lugng gidi phong lon

bit Q 1a ning lugng phan hach(theo don vi khdi ning lugng) ta c6:
Q = MU - (M1+ Mz) (3.4.2)
V6i My la khéi lugng ctia hat nhan Uran;
M, M, Ia khéi lugng clia cdc ménh.
Khéi lugng ctia hat nhan dudc tinh bing :
M =7Zm, + (A-Z)m, - €A (3.4.3)
Véi ¢ 1a ning lugng lién két trung binh tinh cho mot nuclon. Nhu vay ta c6:
Q = glAl + 82A2 -eA = (STB-S)A (3.4.4)
Véi: ETg= (81A1 + SzAz)/A
12 ning lugng lién két trung binh cla cdc manh tinh cho mdt nuclon. Vi erg ddi véi cdc
hat nhan ndm giita bdng tuan hoan 16n hon ¢ ctia Uran ¢& 0,8MeV, do dé:
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Q0=0,8. A ~238x0, 8 ~ 200MeV

b) Hdu hét nang luong phdn hach dvoc gidi phéng & dang dong ndng cia cdc
mdnh phén hach

Vi cdc manh phéan hach tao thanh do quén tinh phan chia hat nhian thanh
hai phan nhat dinh phdi bay ra hai phia duéi tic dung cia luc ddy Coulomb kh4
16n, do dién tich cia cdc manh kh4 16n.

Gi4 tri ning lugng Coulomb cda hai manh nim cdch nhau mot khodng & 1a:

2
V., = ZIZTZe, S=R, +R, (3.4.5)

R c6 thé tinh theo cong thifc:
R=r,A"=1,3.10" A" cm (3.4.6)
tam cho ring: Z, =7, =92/2 = 46.
Ri=R,; A =A,=238/2=119
(46)".(4.8.007°)
2.1,4.1075 3119.16.107°
nang lugng phan hach Q.

Ta cé: V. =

~ 200 MeV nghia la dung vao c§ gid tri

¢) Cdac mdnh phdn hach duoc tao thanh phdi phong xa Bva cé thé phdt neutron
K&t luan nay 12 hién nhién khi nghién ctfu tf s§ giita s6 notron va s&
proton trong c4c hat nhan bén khdc clia bdng phan hang tuin hoan.

Hat nhan 0'° sAg'™® seBa'’ 0 U™ (3.4.7)
N/Z 1,0 1,3 1,45 1,6

T céc s6 liéu trén ta thdy, cdc manh phan hach Iic méi hinh thanh phdi du thira
notron, vi chiing dugc tao thanh tir Uran. N/Z = 1,6. T4t nhién cdc hat nhin nay phat xa P,
song vi dd du notron rat I6n nén sdn ph&m phéng xa P lai ti€p tuc phéng xa B nita... nghia
12 cdc mdnh phan hach tao nén mot diy phong xa B lién ti€p khd dai, ma thi nghiém
Fermi dd quan st thay.

Nhu vdy, mot phin ning lugng phan hach dugc gidi phéng dudi dang ning lugng
phan ra B - Qp.

Ngoai ra can gia thiét riing mot phan trong sd cac notron du c6 thé truc ti€p phat
ra t manh & dang cdc notron phan hach hoidc notron thi cap, cdc ndtron nay mang theo
mdt phan ning lugng phan hach Q,.

TAt cd cédc tinh chit phan hach néu trén da dudc phat hién ngay trong nhitng thi
nghiém diu tién, thuc hién nim 1939 & nhiéu phong thi nghiém.

2. Ly thuyét cd ban cia hién tugng phan hach
Ly thuyét phan hach dugc xay dung tif nim 1939 bdi: N. Bohr, Willer va
nha vat 1y X6 Vi€t Ja. I. Trenkel. Ho phan tich gid thuyé&t ctia Frish va Meitner vé
tinh khong bén cla hat nhan ning khi thay d8i hinh dang nhd mau giot hat nhan.
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Ching ta trinh bay ngén gon 1y thuyét nay.
a. Nang luong phdn hach

Ning lugng Q gidi phéng khi phan hach sé phét ra chii y&u & hai dang: Pong ning
clia cdc manh Q¢ va ning lugng bién d6i phéng xa cla cdc ménh Qg (Gid tri Q, khdng 16n,
chiing ta khong k€ dén § day).

Q~Qr+Qp (3.4.8)

Ta c6 thé tinh duge Qr va Qp. D€ tinh Qf ta gid thi€t ring trong qud trinh tao
phan hach, s6 khdi A va dién tich Z dugc bao toan:

Apg+An=A+1 ; Zpo+ Z =2 (3.4.9)
chi s6 (ng, nh) chi manh ning, manh nhe theo thi tu.

Gia thié€t nay chi ding trong giai doan dau clia qud trinh phan hach, tic 13 giai
doan tao thanh cdc mdnh phan hach c6 niang lugng 16n. Con trong cdc qué trinh phan ra
ti€p theo cla cdc manh (phan rd beta va phdt neutron) thi gid thi€t khong ding vi khi
phan ra beta dién tich ting 1é€n va khi phat neutron thi A gidm nghia la:

Log+Zin>7Z va Ay + A <A

Néu gia thiét trén thod min thi gia tri Q¢ sé trung vdi ning lugng phdn ng Q:

Qf = Ma -( MuptM,g) (3.4.10)
Q=AW + AW, - AW,

AW 4 1a niing lugng lién két toan phan (AE) clia hat nhan. Theo cong thifc bdn
thuc nghiém ctia Weissacker tir Iy thuyé&t mau giot:

AWA = aA - BA? - yZ> AP - e(A12 - Z)* /A £8(A, Z) (3.4.11)

Dua trén thuc nghiém vé tinh bat d6i xiing trong phan hach, ta gid thiét riing :

A Z 3

ng _ —ng

Am  Zwm 2
==> Ang=(3/5)A Am= (2/5)A Zno= (3/5)Z ; Z.w= (2/5)Z (3.4.12)
Tu cong thitc Weissacker, ta tinh ndng lugng lién két cho AW ; AW s AW, thay
vao cong thifc tinh Q; & trén ta s& c6: cdc sd hang dau tién va sd hang thi tu triét tiéu, bd
qua sd hang thf nim vi qué bé.
Dit Wy, = PA*®  (3.4.13) 1a ning lugng hiéu tng mit ngoai cia hat nhan.
W.= yZzA'”3 (3.4.14) 1a nidng lugng Coulomb ctia hat nhan.
Twr cong thic cia Qf ta thu dugc:
Qf = Wm + Wc - (Wm manh T Wc. mﬁnh) (3.4.15)
trong do:
Wi minh= Win. ngt Wi an = B(3/5A) + B2/5A) " = 1,25 W,,, (3.4.16)
Weminh=WengtWean=Y(3/52)>.(3/5A) P +y(2/5Z)*(2/5A) *=0,64W. (3.4.17)
ta tha'y khi phan hach ning lugng Coulomb gidm di, thay vao cong thifc Qs ta c6:
Qr=0,36W.-0,25W,, (3.4.18)
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Miic d6 vé do 16n clia ning lugng gidi phéng khi phan hach & dang dong ning clia
cdc manh dudc xac dinh bing sy thay ddi ning lugng mit ngoai va ning lugng Coulomb
ctia hat nhan. Trong trudng hgp ctia Uran phan hach, c¢6 thé tinh dudc:

W,=650MeV ; Wy mann =1, 25W,, =813MeV (3.4.19)
W.=950MeV ; W mann =0, 64W,. = 607MeV

Do dé Qf=0,36W, -0, 25W,,, =343 - 163 = 180MeV

Nghia 1a khi Uran phan hach, ning lugng gidi phong dudc gidi thich bing d6 gidm
nang lugng Coulomb W, da vudt quéd dd ting nang lugng madt ngoai Wy, 1a 180MeV.

Ngudi ta ciing tinh dugc nidng lugng Qg gidi phéng trong qua trinh phan rd phong
xa, nho cong thitc bdn thuyc nghiém, ta thu dudgc Qp ~20MeV, trong do:

Néng lugng danh cho beta(electron) : 5MeV
Niang lugng cho gamma : SMeV
Néng lugng cho neutrino : 10 MeV

Tém lai ndng lugng phan hach Q = Qr + Qg = 200MeV
b. Co ché phan hach

Tv Qe =0, 36W,. - 0, 25W,, ta thdy Q¢ > 0 néu :
W/ W=y Z% A7) 1 BAT = (WZPI(BA)> 0,25/ 0,36 =0,7  (3.4.20)
thay cdc gid tri cia y va 3 vaota cé :

ZA > 17 <===>Q; >0 (3.4.21)
ngudi ta goi Z°/A 1a tham s6 phan hach, Q; ting khi Z*/A ting. Piéu kién nay dugc thod
ddi v6i hau hét cdc hat nhan ning bit dau tir Bac (Ag).

ZPIA (1A' ) = 4777108 =20 >17

Nhu vay qud trinh phan hach 13 mdt qué trinh ¢6 16i v& mit ning ludng ddi véi tat
ca cdc hat nhan ding sau Bac.

K&t qua trén 13 hién nhién, néu ta d€ y d€n dic trung bi€n ddi cda ning
lugng lién két trung binh ¢ (tinh cho mdi nuclon) theo s& khdi A. Tuy nhién, thuc
nghiém khong x4dc nhan két qua ndy. Ngudi ta chi phat hién dudc phan hach & cdc
nguyén t6 ning nhu Th ; Pa ; U. Con ddi v6i cdc hat nhan khdc thi khong c6 kha
niang phan hach mic du ¢6 16i vé mit ning lugng. Tuy nhién can luu ¥ ring qué
trinh c6 1¢i vé& mit ning lugng khic v6i kha ning x4y ra qué trinh v& mit ning
lugng. Vi du trong phan rd anpha cda cdc hat nhan ning ludn ludn c6 1gi vé mit
niang lugng, song vi ¢6 rao th€ Coulomb ngin cdn nén qud trinh nay khong c6 kha
ning xAy ra theo quan diém vat 1y c6 dién. Phan rd anpha chi c6 thé gii thich
theo hiéu ng dudng ngam trong co hoc lugng ti.

Chiing ta c6 thé thdy dic tinh bién ddi ning lugng cla hat nhan phan hach ciing
giong nhu trong phan rd anpha. Hiy xét qud trinh ngudc vdi qud trinh phan hach. Xem
ring ning luong cdc manh bay ra sau phan hach trén mot khodng cdch 16n bing khong,
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niing lugng clia hat nhan trude phan hach sé 1a Qr. Bay gid chiing ta mudn di tif trang thai
cudi nay vé trang thdi ban dau bing cdch dua cdc manh lai gin nhau.

Wm-%] 1/r

Ta biét d6 16n clia ning lugng hat nhan trong qud trinh phin hach biing tdng ning
lugng mit ngoai va ning lugng Coulomb W,,+W.. Khi cdc mdnh con cdch xa nhau thi
W+ W, =0. Khi cdc manh ti€p xic nhau, ning ludng mit ngoai Wy, khong thay ddi, con
ning lugng Coulomb ting dén gid tri:

We=Zun Zng. €/ (Ryp+Ryg) (3.4.22)

Trong d6:  Zpw = 2/5 Zy= 37 ; Zng = 3/5Zy=55

Ru=1,3.10" (2/5A0)" = 6, 35. 10 cm
Ry =1,3.10" (3/5A1)” =7,3. 10 °cm

Do dé:

Wit W, = Wo(R,+R)=[55.37.(4,8.10"%)*1/[13,65.10™°.1,6.10°]~214MeV
ttic 12 16n hon ning lugng ban diu cda hat nhan Q; ~ 180MeV. Mic dit cdc sd liéu tinh
todn trén chua that chinh xdc, nhung né ciing ching td ring giai doan dau ctia qud trinh
phan hach ddt khodt phai ¢6 su ting ning lugng.

Ching ta gid thi€t ring, khi hat nhan bit neutron, n6 bi kich thich dao dong tuy
theo niing lugng kich thich s& x4y ra mot trong hai trudng hop:

- Khi ning lugng kich thich nhd, hat nhian s& dao dong tir dang hinh ciu sang
ellipsoide va ngudgc lai. Lyc dan hdi kéo hat nhin tir dang ellipsoide vé dang hinh ciu
ban diu chinh 13 lyc cing mit ngoai clia hat nhén.

- Khi ning lugng kich thich dd 16n, hat nhan c¢é thé vugt qua diém tdi han bién
dang dan hdi, sau d6 khong thé hdi phuc lai hinh dang ban diu cta hat nhan nita. Luc
d4dy Coulomb xuét hién hai ddu 1am cho hat nhan cif kéo dai ra mai di qua cdc dang sau
day: Cau, ellipsoide, qui ta, qua 1&, hai qua cau.

(O co oo 00

Luc didy Coulomb manh dén ndi luc cing mit ngoai khong du sic tic dung bu trir
lai nita, va dén giai doan sau (k& tir khi c6 hinh qua ta) thi Iyc cing mit ngoai con gitp
dd gép phan cho hién tugng phan hach, 1am cho hai phin clia qua ta bi tich ra c6 thé 1dy
lai dugc hinh cdu 6n dinh hon.

N&u ta gia thiét ring & giai doan diu cda hat nhin bi€n dang thi hinh ellipsoide
hinh thanh 1a ellipsoide tron xoay thi ¢ thé tinh dugc sy bién ddi ning lugng mit ngodi
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va niang lugng Coulomb. Gié st ellipsoide tron xoay cé truc 16n a = R(1+¢) va truc nhd

R
Jite’

nén clia chit 1dng hat nhan, do thé tich trong qu4 trinh bi€n dang khong ddi.

b= & 1a mot tham s bé. Cdch chon céc truc nhu vay nhim thod man tinh khong

Venip = (4/3). 7. ab” = (4/3)nR’ (3.4.23)
Dién tich mit ngoai cua ellip:
Seip = 2mab[ (1—3/)1/2 + arcsiny /y] (3.4.24)
v6iy = (a*-b*)'"? /a, thay a va b vao va khai trién theo & ta ¢6 :
Senip= 4TR*(1+2/5. " +. . . . .. ) (3.4.25)
vi ndng lugng mat ngoai ctia hat nhan W,,” lu6n ludn ti 1€ véi dién tich ctia nd nén:
W= Wi(142/5. 62 4. . . . .. ) (3.4.26)

W, 12 niing lugng mit ngoai cda hinh ciu, do do ning lugng mit ngoai ting theo .

Con gid tri ning lugng Coulomb khi c6 dang ellipsoide c6 thé dugc tim thay tir
phuong trinh Poisson, d6i véi mot ellipsoide tron xoay c6 dién tich phan bs déu theo thé
tich, ngudi ta tim dugc:

W’e=W. (1-1/5. &%) (3.4.27)
W. 12 ning lugng Coulomb ciia hinh ciu. Ning lugng Coulomb gidm theo €. So sdinh W,
va W', ta thiy v6i gid tri € bé thi do ting ciia W', (hé s 2/5) 16n hon do gidm ctia W',
hé s6 (1/5). Cac biéu thiic trén chi ding khi € nhd.

- Téng ning lugng mit ngodi va ning lugng Coulomb quyét dinh do 16n clia ning
lugng phan hach né thay ddi theo & nhu sau:

W+ W= Wyt Wet €7/52W,, - W) (3.4.28)

Tinh chAt bi€n thién phu thudc vao hiéu 2W,, - W, dic biét 12 ddu cia hiéu dé.

Véi Uran W, = 650 MeV, W, =607 MeV nén: (2W,, - W, ) >0 va W’ ,+W’. khi
& nhd, dudng cong bi€n ddi hat nhan dugc bi€u dién trén hinh veé.

Nhu vay, khi ¢6 nhitng bié€n dang ellipsoid nhd thi ning lugng hat nhan ban dau
tdng 1€n c6 mot ndng lugng ngudng, c6 mot hang rao W¢. Hang rao nay la cho qud trinh
phin hach khong c6 kh4 ning theo quan di€m vat 1y cd di€n, néi chinh xdc hon Ia xdc
sudt nhd, ngay ca khi ¢6 1gi vé mit ning ludng.

Ua Chiéu cao ctia rao W¢ cang nhd néu 2
Wi - W, cang nhd, nghia la ti s0 sau day

\ E
+N Qf cang nhd %:ZﬂAZ =2£i2 nghia 1a
J W, Z v Z

Y
Wnc A3
'Y

— ~~~ tham s& phan hach Z%A cang 16n.
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Khi Z*/A = 49 thi W = 2W_-W, = 0, phan | 4,
hach cua loai hat nhan nay cé Z phai ¢ 120, phai
x4y ra phan hach tu phét va tic thdi ¢ gid tri Z*IA
= 49 chi 1a gin didng, trong nhiéu phép tinh khdc
nhau (n6 vao c¢& 45 dén 49 ). ehn

V6i Z*/A < 49 thi Wy # 0 va phan hach tu AL\
phdt chi c6 thé xdy ra nhd hiéu tng chui rao thé,
gidng trudng hdp phan rd o. Hién tudng nay goi la
hién tugng phan hach tu phat. X4c suit x4y ra phan |0 36 45 - 49
hach tu phdt dudc xdc dinh bdi gid tri clia tham s6 Z*/A, Z*/A cang nhd thi xdc sudt phan
hach tu phét cang nhd. Phan hach tu phét cda Uran v6i Z*/A = 36 x4y ra v6i xdc suit rat
nho.

A 4

Mu6n cho mdt hat nhin véi tham s6 phan hach Z%/A < 49 phan hach dugc nhanh
ta cAn phdi dua vao hat nhan mot ning lugng kich thich phu W vugt qud rao phan hach
W > Wf.

Ning lugng nay cé thé dua vao hat nhan bing cich chi€u hat nhin bing bic xa
nao d6. Vi du tia y, v6i E, > Wy. Pay chinh la phuong phdp thyc nghiém d€ x4c dinh rao
phan hach. Con d6i v6i neutron thi : W = ¢ , + T’y > W; ; g, niing lugng lién két clia
neutron trong hat nhin A+1 ; T’ 12 dong niing tuong d6i cda neutron ddi v6i hat nhan.
Xét hai trudng hgp sau:

1)e, > Wi : phan hach c6 thé x4y ra dudi tic dung clia neutron nhiét.  2) g, <
W; @ trong trudng hgp nay thi diéu kién can thi€t d€ c6 phan hach 13 dong ning clia
neutron T, phai tho diéu kién : T",= (A/A+1)T, > Wi - ¢, .

Thyc nghiém cho thdy Uran (238) phan hach véi cdc neutron c6 ning lugng E,>
IMeV, trong khi Uran (235) phan hach véi neutron nhiét. Nhu vdy rao phan hach cia
Uran (238) bing:

Wi =gy + Tnauong & (€0 +1)MeV ; cOn d6i v6i Uran (235) thi W< g,,

Sy kh4c nhau trong qud trinh phan hach ctia cidc ddng vi Uran(238) va Uran(235)
chii y&€u do hai nguyén nhén:

Thi¢_nhit: hat nhin Uran(235) c¢é chiéu cao clia rao phan hach thdp hon
Uran(238) ; (Z*/A)

Thit hai: ning lugng lién két clia neutron trong hat nhan Uran(235) 16n hon so véi
Uran(238) vi hat nhan hdp phan Uran(236) 12 hat nhan chin chin trong khi hat nhan hgp
phan Uran(239) 1a hat nhian ch&n 1é, nhu da dé cap trong cdng thifc ban thuc nghiém
Weissacker.

Do d6 khi chuyén tir ddng vi Uran(238) sang Uran(235) thi rao phan hach gidm
con ning lugng lién két neutron thi ting 1én vugt qua rao phan hach. Phép tinh va thuc
nghiém cho th4y rao phin hach ctia Uran(236) c¢6 6MeV va ctia Uran(239 ) ¢ 7MeV.
Ning lugng lién két clia neutron trong Uran(235) 1a 6,5MeV, vuot qua rao phan hach va
€n cia Uran(238) 1a 6MeV nhd thua rao phan hach ¢ 1 MeV.
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Rio phan hach W phu thudc nhiéu vao tham s& phan hach Z*/A:

Khi Z/A =49 W;=0 vi Q; >170 MeV (3.4.29)
KhiZY/A =36 W;i~e, Qp~170MeV.

Vi cac hat nhan nhe (ZZ/A<36) rao phan hach W; >>g,, do @6 phan hach chi x4y
ra dudi tdc dung cua cdc hat nhanh, ning lugng 16n, Q; <170MeV (hinh c¢). Véi cdc hat
nhan rit nhe (Z*/A <17) thi W; qué 16n so véi &,, qué trinh phan hach khong c6 10i vé&
mit ndng lugng (hinh d).

Cudi cuing, ching ta néu 1én § day nhitng nhan xét sau:

Ly thuyé&t phian hach dudc trinh bay don gidn trén, md ti ding bifc tranh chung
nhat clia hién tugng phan hach trén cdc hat nhan ning, nhit 12 U, Pa, Th. N6 cho phép
gidi thich mot loat cdc quy luat quan sit thdy trong thuc nghiém, ciing nhu tién dodn
nhiéu hién tugng mdi. Vi du phan hach phat, qud trinh phan hach cdc hat nhan khong
niing 1im dudi tdc dung cla cdc hat nhanh, ning lugng 16n.

Tuy nhién, 1y thuyét ciing c¢6 nhitng thi€u s6t co bdn nhu khong gidi thich dugc
mot trong nhitng di€m quan trong nhit clia hién twong phan hach d6 1a tinh bat ddi xing
o rét cla cdc manh phan bd theo khdi lugng. Hon nita, theo 1y thuyét trén diy thi phan
hach thanh hai manh c6 khdi lugng bing nhau phdi x4y ra vdi xdc suit 16n, tuy nhién
trong thuc t& lai khong phdi nhu vay.

W.+W. 72/A = T 49> 72/A >36
= f\
W, =0 W=z
O > \szl70MeV
} r >l‘
Hinh a Hinh b
h R 2
1 A 1 72A <17
Wi> g Wess 0e<0)
\ 0 < Q; <170MeV
N N
’r > r
Hinh ¢ Hinh d

3. Kha niing st dung ning lugng phin hach(niing luvgng nguyén tif)

C4c neutron thit cAp phdt ra trong phan tng phan hach dan dén kha ning tao phin
ting ddy chuyén. Gid st mdi hat nhan phan hach 1am phét ra hai neutron, thi trong trudng
hop li tudng chiing c6 thé gay gdy phan hach trén hai hat nhan Uran ti€p theo, do d6 1am
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xuat hién bon neutron gy phan hach trén bon hat nhan Uran. . . T6¢ do clia qud trinh rat
nhanh 1am cho trong mot thdi gian rat ngdn s6 hat nhan phan hach dat dugc gia tri khdng
16 1am toa ra ning lugng hat nhan quen goi 1a ning lugng nguyén ti vo cling 16n. DE dat
dudc phan ting diy chuyén diéu hét stic quan trong 12 phdi x4dc dinh dugc s& neutron thi
cAp v sinh ra trong mdt hanh dong phan hach. Tuy nhién, bi€t dugc v ciing chua dd, vi s&
phan cla cdc neutron thit cAp khong gidng nhau vi tuong tdc clia neutron véi vat chat rat
phifc tap. Ngay cd trong trudng hop néu thiét bi gy phan hach chi ¢é mot thanh phan la
nhién liéu thoi, cdc hat nhan thit cAp tuong tic vdi cdc hat nhan nhién liéu khong chi gy
phan hach ma con cdc qud trinh khdc nhu :tdn xa khong dan hdi, bit giy bic xa
gamma,. . . . hoidc di ra khéi thi€t bi ma khong giy qu4 trinh tudng tic nao. Cdc qud trinh
c6 hai nay gay khé khiin cho viéc nhan neutron, cdn tr§ qud trinh phan hach day chuyén.

Ph4n tng phin hach diy chuyén di dudc Zeldovich va Hariston nghién citu li
thuyé&t nim 1939. Néu goi K 13 hé s nhan neutron, thi phan tng ddy chuyén c6 thé xiy
ra néu:

K>1

Trong d6 K 1a ty s6 giita s& neutron gy phan hach cia mot thé hé nao d6 trén s6

neutron gdy phan hach & th€ hé k& truéc dé.
o N
N

Khi K = 1, phadn tng diy chuyén khong ting va cdng suit khong d6i, néu K >1
phdn ing diy chuyén ting, cong suit ting. Néu K < 1 hé dudi mifc tdi han Hé sd nhan
neutron dugc xdc dinh bing v, biing xdc suat clia cdc qua trinh khdc khéng gdy nén phian
hach, biing co cAu va kich thu6c cla thiét bi... Can phdi biét ti€t dién cla cdc qud trinh
phan hach, tdn xa khong dan hdi, bit bifc xa gamma... phu thudc vao ning lugng clia
neutron va do do, can phai bi€t tong ning lugng clia cdc notron thif cAp.

Su that thodt neutron do cdc qué trinh cd ban sau:

- Bay ra khoi hé

- Bi Urani bdt nhung khong giy phan chia

- Bi chdt 1am cham, céc tap chét, cdc sadn phdm phan hach bit.

Thong thudng, hé s& nhin neutron K duge bi€u dién qua hai thira s6 K., va y
K=K, %

K. 12 hé s6 nhan neutron clia moi trudng kich thuéc vo han, khdng ¢ sy ro ri
neutron khéi hé. K., phu thudc vao tinh chit ctia moi trudng. x 1a xdc sudt dé neutron
tranh ro ri. Gid tri ca y phu thudc vao dang hinh hoc ctia hé va vao tinh chit cia thanh
phan xa.

Khi moi tinh chit vat 1i cia hé da cho thi dai ludng duy nhit x4c dinh sy 10 ri 1a .
Thi du néu y = 0, 93 thi sy mat m4t neutron khong qua 7%.

Vi sy phan chia hat nhan x4y ra trong toin bo thé tich clia hé, sy ro 1f x4y ra & bé
mit ctia hé, do d6 so neutron sinh ra phu thudc thé€ tich, s& neutron ro 1 phu thudc dién
tich ctia hé. Ti s giita dién tich va thé tich clia hé cang nhé thi i 1& that thodt neutron
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cang it. Kich thudc t6i han cia hé 1a kich thuéc ctia hé khi s6 neutron that thoét bing s&
neutron sinh ra trong qud trinh phéan chia, tic la tng véi K=1.

Kich thudc ctia hé it nhat phdi 16n hon quing dudng trung binh neutron di trong
mdi trudng tir chd né sinh ra cho dén chd né bi hap thu. P6i véi mot 10 phdn tng, kich
thudc t6i han phu thudc vao ciu tric clia né, vao dang nhién liéu hat nhan va vao loai
chat 1am cham.

4. CAu tao va nguyén tic lam viéc cda 10 phan @ng

Phan ng phan hach diy chuyén cé diéu khién dugc thuc hién trong cic 10
phan tng. C6 nhiéu loai 10 phin ¢ng khéic nhau va c6 nhiéu cdch phan loai 15
phan ting. C6 thé phan loai theo cong dung ciia 16 (10 nghién citu, 10 thi nghiém, 10
niing lugng,. ..) hodc theo nhién li€u (urani thién nhién, plutoni ...) hoic theo chat
lam cham neutron (nudc, graphit, berili...) theo chat trao ddi nhiét (nude, hdi, kim
loai 18ng ...) theo ning lugng ctia neutron phan hach (10 neutron nhiét, 10 neutron
nhanh, 10 tai sinh...).
a. Lo phdn iing neutron nhigt  SJ dd téng quat 10 phan tng nhu hinh vé :

13

Al e e
J

7 /
5
S db tdng quat 10 phan ing neutron nhiét
1. Thdn 1. 3 Thanh diéu khién 4. Thanh bdo vé 5. Thanh nhién liéu 6. Thanh phdn xa 6

7. Kénh neutron 8. Hé thong lam lanh h
8 dén b phén trao doi nhi€t. Cac thanh diéu khi€n 3 lam bdng chit hdp thu manh
neutron (cadmi, cacbua Bo ...) dung d€ d€u khién cong suit 10.

b. Lo phdn vng tdi sinh (hay 1o phan @ng neutron nhanh)

Trong 16 phdn ng neutron nhiét, c6 chit lam cham neutron d€ dat dugc
neutron nhiét.
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Trong phan ting diy chuyén, thong thudng ti 1& urani 238 kha cao va chit nay hap
thu neutron nhanh va khong phan hach. Qua trinh bién ddi nhu sau:

ntu®8_r gy _# ‘Np23g £ pu?®

Hién tugng nay ciing x4y ra d6i v6i Thori.

NeTh® 2 3Th®® £ yRa® 2,y

Pu”* va U*” tr& thanh nhién liéu cho phdn tng phan hach diy chuyén. Dua trén
co s8 ndy ngudi ta xay dung 10 phdn ng neutron nhanh (hay 10 t4i sinh). Nguyén tic hoat
dong cia 10 nhu sau: Trong 10 ¢6 nhién liéu hat nhan 13 U*® (hodc Th**?) v6i mot lugng
nao d6 Pu” (hoic U*). Qud trinh phan chia Pu®’ gidi phéng ning lugng hat nhan. U>*
déng vai tro nguuyén liéu ding d€ san xuét ra Pu*’. Bic trung quan trong cta loai 10 nay
12 “thdi gian nhan d6i” 12 thdi gian ma lugng nguyén liéu trong 10 ting gip hai Ian.

Khé khin ctia 16 tdi sinh 12 diéu khién phan tng vi neutron nhanh rat khé hap thu.
Bom Nguyén tf c6 thé coi 1a mot 10 t4i sinh khong diéu khién. Nguyén liéu ding trong
bom la U238, Pu®¥ va U?*? nhu trong 10 ti sinh.

¢. Nha mdy dién nguyén tit

Ning ludgng hat nhan dudc st dung khong phai chi ché tao vii khi hat nhan
ma muc dich chi yé&u 1a @€ phuc vu Igio ich con ngudi. Nha mdy dién nguyén ti
diu tién dugc xay dung nim 1957 & Lién X0 cii (ngdy nay di ngiing hoat dong).
Sau d6 nhiéu nu6c trén th€ gisi da xay dung cdc nha mdy dién nguyén tif c6 cong
sut 16n. Bang thong ké duéi day cho thdy s6 lugng va cong suit clia cdc nha may
dién nguyén t da ting 1én khong ngitng. Theo thong ké cia ﬁy Ban Ning lugng
Nguyén tr Qudc T& (IAEA). Nim 1988.

QUOC GIA | Nim 1960 Nam 1975 Nam 1988
Achentina 319(1) 944(2)
Anh 291(9) 6927(32) 14064(41)
An Bo 607(3) 1267(7)
Bi 1666(4) 5500(7)
Braxin 626(1)
Bungari 816(2) 2585(5)
Canada 2541(7) 12210(18)
bai Loan 4923(6)
bai Han 6298(8)
buc (CHDC) 886(3) 1702(5)
bic (CHLB) 15(1) 3319(9) 22707(23)
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Ha Lan 500(2) 516(2)
Hungari 1640(4)
Italia 610(3) 1300(3)
Lién X0 (ci) 365(5) 5092(23) 34477(56)
Meéhico 654(1)
My 372(11) 38581(57) 98063(110)
Nam Phi 1844(2)
Nhat 6288(12) 28221(38)
Pakistan 128(1) 128(1)
Phép 48(3) 2909(10) 52863(55)
Phan Lan 2310(4)
Téay Ban Nha 1073(3) 7544(10)
Thuy Si 1006(3) 2931(5)
Thuy Pién 3130(5) 9683(12)
Tiép Khic (cii) 104(1) 3144(8)

Ghi chu: S6 liéu tinh ra MW, s6 trong ddu ngodic la sé'lo.

Sau day 1a badng phan bd ti trong sdn lugng dién hat nhan trén thé gidi theo s liéu
trén (1988):

Mi 32%
Phap 16%
bic 7%
Cac nudc Chau Au khac 16%
Nhat 9%
Lién X0 (ci) 11%
Cac nudc con lai 9%

Nguyén tic hoat ddong clia nha m4dy dién nguyén tif gidng nhu nha mdy
nhiét dién. Chi khéc 1a thay cho ning lugng bing than 12 ning lugng hat nhan tir
10 phén tng. Do d6 nha mdy c6 hai chu trinh tuin hoan nuéc (va hdi nuéc). Chu
trinh thit nhat qua 10 phan ¢ng thu nhiét va truyén nhiét cho bo phan tao hoi nudc
& nhiét do va 4p sudt cao. Hoi nudc truyén trong chu trinh thit hai lam quay tua bin
hoi nude. Cong suat cia nha may dién nguyén ti dat t6i 320MW (10 Phenix &
Phép).

Gan day c6 su ¢ Trecndobun ((3 Ukraina, nam 1986) budc ngudi ta phai xem xét
lai nhiéu van dé quan trong clia cdc nha may dién nguyén tif nhu kiém sodt cic qud trinh
phan hach, ty dong hod, dd tin cdy trong qud trinh diéu khién, yéu cdu nghiém ngit vé
viéc chdp hanh cdc quy trinh van hanh, sy phdi hdp qudc t&€ khi x4y ra sy c6 ... Mot van
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dé quan trong khdc 12 xi 1i chat thdi tif nha mdy dién nguyén tif vi phan 16n cdc chat nay
1a chit phéng xa.

V PHAN UNG NHIET HACH

V& 1i thuyét, tong hop hai hat nhan nhe gidi phéng mot ning luong 16n hon
nhiéu so v6i phdn tng phan chia hat nhin (tinh trung binh trén mdi nuclon). Thi
du:

 HZ+H®>, He* +n+17,6MeV

Niing lugng gidi phéng trung binh cho mdi nuclon 1a 3, 5MeV trong khi phdn tng
phan hach chi ¢ 1MeV.

Muén c6 phén ting tdng hgp, hat nhan nhe phai vugt dugc hang rao thé Coulomb
dé ti€p xic nhau. Th& Coulomb nay ciing tuong t ning lugng kich hoat trong phan tng
phin chia hat nhan. Nhu vdy chi ¢6 nhitng hat nhan c6 dong ning di 16n mdi tham gia
phan ting dugc. C6 thé thyc hién biing cdch dot néng nhién liéu dé€n nhiét d6 rat cao. Néu
trong qud trinh tdng hdp hat nhan nhiét d6 can thi€t dat dudc thi phan tng ty duy tri. Chi
can khéi dong n6, phan tng sé& tu ti€p dién tuong ty phdn Gng phan chia diy chuyén.
Hién nay viéc nung néng chit phin tng 13 phuong phdp duy nhat tao phdn tng tong hop.
Do d6 c6 tén goi la phdn ting nhiét hach.

a. Phdn iing nhiét hach trong vii tru

Phén ng nhiét hach trong 1ong cdc vi sao 12 ngudn gbc ning lugng cla
ching. Nhiét do ctia Mit Troi xap xi 20 triéu do Kelvin, mat do vat chit ciia Mt
Trdi khoang 100g/cm’, v6i mat d6 nay vat chdt trong Mit Trdi niim trong trang
thai plasma, tuc la trang thai khi hat nhan —electron. Tuong tng v4i nhiét do nay,
ning luong ctia khi hat nhan —electron vao ¢d leV. Tuy ning ludng thap so vdi
dodi héi ctia phan tng nhiét hach nhung qu4 trinh phan @#ng nhiét hach van c6 thé
x4y ra dudc vio hai li do: theo phadn bod Maxwell vé van tdc, vin c6 nhitng hat dat
dudc van tdc di 16n d€ vugt hang rao th€ Coulomb giita hai hat nhan nhe (cd 10
'MeV) ; mit khdc do hiéu tng dudng hdm, xdc suit x4y ra phan ng khong bing
khong.

Véi nhitng 1i do trén, ngudi ta gidi thich ngudn goc ning lugng clia Mit Trdi 1a do
hai chu trinh ctia cdc phdn Gng nhiét hach sau day:

* Chu trinh Bette (chu trinh carbon)

Nguyén Fbitu Thding



Ot lj F6at nhan - 100 -

H + (CP> N®+y
NP CBre’ +y
H "+ CPo N +y
JH+ NY 5, 0% +y
O > NP +e’ +v

(H'+ NP® >, C%+, He*

Téng quat:  4(GHY)- > He' +2¢" + 2v + 3y
Carbon dong vai tro xuc tac. Nhiét do trung tam Mdt Trdi la 1,3.10°K, mat do
hydro 1a 10°kg/m’

* Chu trinh Hydro
1H1 + 1H1—> 1H2 +e" +v (Hai phan t@ng trong mot chu trinh)

H' + H ——» ,He' + Y (Hai phén @ng trong mot chu trinh)
3 3 4 1

QHC + zHC B QHC + 2(1H )

Téng quat: 4(H') —»He* + 2" +2v + 2y

b. Phan ng nhiét hach trong diéu kién phong thi nghiém

St dung ngudn ning lugng nhiét hach dudc cdc nha khoa hoc rat quan
tam. Thiét bi dua trén cdc phan ng tong hgp cdc dong vi clia hydro (tdng hop D-
D va D-T)c6 nhiéu 1gi thé: ngudn nhién liéu doteri (D) chifa trong nudc bién 1a vo
han, phdn tng khong tao ra hat nhan phdng xa nhu cac phan ing phan hach, ning
lugng tao ra cuc ki 16n. Song phdn dng cta chu trinh carbon va chu trinh hydro rat
cham, ta khong thé st dung ching trong phong thi nghiém dudc.
Xét phan dng :

1. H>+ H*->,He’ +n+ 3,2 MeV

2. (H*+H-> H+ H'+4,0MeV

3. (H*+H'->,He'+n+17,6MeV

Nhiét do va toc dd cta hai phan tng diu nhu nhau. 0] phén dng thi ba ching 16n
hon 100 1an. Theo ly thuyét, khi khong c6 tic dong bén ngoai, nhiét d6 nhd nhat d€ duy
tri phdn tng D-D 1a ¢& 350 triéu do, con phan tng D-T khong thap hon 60 triéu do. Mat
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dod khi plasma ctia phdn tng lién quan dén 4p sudt clia né 1én thanh 10 phdn ¢ng nhiét
hach. Thi du v6i n=0"’hat/cm’ 4p suit la:
P = nkT ~ 10" (hat/cm?). 10J/K. 10°K = 10atm
(d61 v6i khong khi n ~ 3. 10" hat /em?)

Vi th€ phai st dung khi plasma lodng. VAn dé dit ra 1a tao dugc nhiét do cao va
duy tri plasma nung néng trong mot thdi gian dai. V6i nhiét dd trén, khong cé mot chat
nao c6 thé chiu dyng dudc d€ 1am thanh 1o.

Phuong phdp lam cdch nhiét 12 dung tir trudng tao bdi mot thiét bi goi 1a
“bay tir” trong d6 xuat hién mot hiéu ng goi 1a hiéu ¢ng nén. Hién tugng nay c6
thé quan sit dugc khi nghién citu sy phéng dién nhd dong dién c6 cudng do cao
trong dng phéng dién thing. Dong dién chay trong diy dan thé khi bi bao quanh
bdi cdc dudng stc tit hinh tron tao bdi chinh né. Tuong tac gilta dong dién va tir
trudng riéng clia nd tao thanh mot luc nén cdt plasma 1am né tach khdi thanh ong.
Luc tif nén doan nhiét plasma lam nung néng plasma. Ap luc plasma ting tuong
Ung v4i nhiét do.

c. Bom khinh khi

Phén tng nhiét hach khong diéu khién dugdc st dung lam bom khinh khi
(bom H). ChAit nung néng nhién liéu phan ng 12 bom nguyén ti. Nhién liéu
nhiét hach 12 Liti hidrua (LiH) hay LiD & trang thai rin.
M3i qua bom nguyén tir (bom A) tuong duong khodng 20 ngan tin thuéc nd TNT
(trinitrotoluen) con mdi qué bom nhiét hach tuong duong 10-20 triéu tAn TNT.
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_ CHUONG IV
MAU VO HAT NHAN

Ta biét ring hat nhan nguyén tl ¢6 ciu tao va nhiéu tinh chat dic biét
phtic tap. P& gidi thich va dong thdi tién dodn dugc cdc tinh chit cla hat nhan
can phai xAy dung mot 1y thuyét vé hat nhan. Tuong tu nhu hinh dnh cla nguyén
t, su sdp x&p cdc vd dién tr thong qua viéc gidi phuong trinh Schrodinger qua
twong tac dién tir gitta hat nhan va dién tir. Khi di vao linh vuc hat nhan, nhim
ti€n dén x4y dung mot mo hinh 1y thuyét ta gidp mdt sd khé khin co ban, tap
trung chd y&u vao cdc van dé:

Cho dén nay, luc tudng tic giita cdc nuclon chua biét dudc mot cdch diy
da.

Hat nhin 12 mot hé lugng tf véi s6 hat va bac tu do khong 16n, tuong tic
gitta cdc nuclon khong bé d€ c6 thé 4p dung 1y thuyét thong ké. Trdi lai ngay ca
bai todn v6i hé vai chuc dén vai trim hat 12 mot khé khin vé nguyén tic (ngay
ca ¢ sy trg giip ciia mdy tinh, viéc giai phuong trinh Schrodinger véi hé 100 hat
din d&n hé phuong trinh vi phan 10°° ca 300 bién s6).

Hat nhan khong thé xem nhu mot moi truong vi mé c6 mat do 16n, kich
thuGc bé.

Do nhitng khé6 khiin trén, viéc dua ra cdc miu hat nhian qua sy thita nhan
rong rdi, trong d6 mau hat nhan thda man mot s6 tinh chat x4c dinh ndo d6, cho
phép tinh todn mot cidch don gidn, ddng thdi gitp ta tién dodan dudc mdt s tinh
chat méi kiém tra bing thuc nghiém. Mot mau hat nhian dugce ddnh gia 13 t6t néu
dién ta dugc cdc tinh chit hat nhan & trang thdi cd ban (Spin, do chin 1, momen
tlr, momen dién...), gidi thich dugc cdc dic trung hat nhan & trang thai kich thich
va cudi cing 12 md td dudc cdc tinh chit dong hoc clia hat nhin nhu xdc suit
phan ri phéng xa, ning lugng clia cdc bifc xa.... Khdng thé c¢6 dugc mot miu hat
nhan thda min tit cd cdc tinh chit néu trén. Vi Iy do d6 ton tai nhiéu miu hat
nhan, thim chi ¢6 nhitng mAu hat nhan c6 hinh 4nh trdi ngugc v4i nhau.

Céc miu duya trén co sd tdng hop cdc bac ty do clia hat nhan thudng dugc
xem 13 cdc mau twong tdc manh hay mdu tdp thé. Cac miu duva trén co sS bac tu
do ctia don hat goi 1a cdc mdu hat djc Idp. Mau giot chat 186ng thudc loai mau tap
thé,Mot trong nhitng thanh cdng ndi bat cud miu giot 12 gidi thich mot cach kha
tron ven hién tugng phin hach cdc hat nhan ning,qua hinh 4nh cud mau
Weissacker da dua ra dugc cong thic ban thuc nghi€m trong vi€c tinh ndng lugng
lién két cud cdc hat nhan bén .Tuy nhién miu nay lai khong gidi thich dugc hién
tugng phan hach khong d6i xting,ciing nhu xdc dinh momen tir,spin,d6 chin 1é
cud cdc trang thdi hat nhan . Sau diy ta xét miu 16p (hay con goi 1a mau vd)
thudc loai mau hat doc 1ap.
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L. NHUNG CO SO THUC NGHIEM CUA MAU VO HAT NHAN

1. Ngudi ta thiy ring cdc hat nhan bén trong ty nhién c6 nhitng tinh chat sau:

*, C4c hat nhan bén nhat: 1a cdc hat nhan chin chin, d€n c4c hat nhan chin
18, rdi dén c4c hat nhan 1€ chin, it bén nhat 1 cdc hat nhan 18 18.

That vy néu dem cdc hat nhan bén cé mit trong tu nhién sip x&p theo Z
va N, ta c6 bang:

Z N A Téng s6 hat
nhin
chédn Chin chédn 167
chdn Lé Lé 55
Lé Chén Lé 53
Lé Lé Chén 8

8 hat nhan 1& 1& gém: {H>, ,Li¢, 5B N Phéng xa chu ky 16n
1AL, ,C1, oK™, 3V - Phéng xa chu ky 16n
+ Khi A 18: N&u c6 mdt gid tri xdc dinh ctia A chi c¢6 mot dong khdi
bén trlif nim cip déng khdi; hai trong nim cip do 1a:
4Cd" = I’ } Chu ki phan ré 16n
SH'P 5 Te!?
+ Khi A chin: Tdn tai hai hoic ba ddng khdi bén.
*, Tinh bén dic biét d6i véi hat nhan chin chin con dudc phdn 4nh trong
cong thifc ban thuc nghiém vé ning lugng lién két.

Céc su kién d6 din dén: Notron va Proton c¢é khuynh huéng
ghép doi khi @6, Spin cua tiing cdp (n, p) 1a phan song véi nhau, do d6 hat nhan cé
tinh bén dic biét.

*, Céac hat nhan dong vi, ddng neutron (Isotone)
- Ngoai ra ngudi ta thay khi Z c6 nhitng gid tri 20, 50
Z =20 (Calci) ¢6 nim dbng vi bén ( N =20, 22, 23, 26, 28 )
Z =50 (Sn) C6 mudi mot dong vi bén.
- Khi: N =20: C6 nim isoton bén

N = 28: C6 s4u isoton bén

N = 50: C6 sdu isoton bén

N = 82: C6 bay isoton bén

*, Néu xét ham lugng tudng doi, ngudi ta thdy cdc nguyén td c6: Z hodc N
=2, 8,20, 50, 82, 126 thi ham lugng phd bién ting vot.
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2. Phan tich niing lugng kién két clia cdc nuclon: ta thdy

€ cua Proton 82 > ¢ Proton 83;84

€ cta neutron 126 > ¢ neutron 127,128
3. Sy phdt ra cdc neutron tré: Cac san pham phan hach c6 khuynh huéng phat n tré
dé di vé s6 ndtron bing céc s6 50, 82, 126, 8, 20, 28.

Vi du: 36Kp50 54Xe82 8(516
4. Céc hat nhan c¢6 N = 50, 82, 126 ¢6 tiét dién bit rit nhd c¢d milibar, ngudi ta gidi
thich khi cdc hat nhan nay bit neutron thi ning ludng kich thich rat nhé do d6
mat d6 mic nhd vi viy o, bé.
5. Nghién cttu tiét dién tdn xa khong dan hdi: Ngudi ta thdy cdc hat nhan c6 N =
50, 82, 126, c6 tiét dién tdn xa khong dan hdi bé.
6. Ning lugng cdc muc kich thich thdp ctia cdc hat nhan chin chin sé ting vot khi
N= 50, 82, 126

Thi du: (C'* Mc kich thich thd nhat 4. 5 MeV

sO'® Mitic kich thich thit nhit 6 MeV

7. Momen tUr cuc dién cua cdc hat nhan ¢6 Z, N = 2, 8, 20, 28, 50, 82, 126 ¢6 gia
tri cuc tiéu.

TAat cd cdc din chiing thuc nghiém trén ching ta di dé€n két luan 1a: C4c hat
nhin c6 s8 Z, N = 2, 8, 20, 28, 52, . . ., 126 1a nhitng hé bén vitng dic biét va c6
mot s6 tinh chat dic biét so v6i cdc hat nhan khic ngudi ta goi chiing 1a cdc hat
nhin magic.

IL. LY THUYET MAUVO
Theo 1y thuyét cia mau vo, cdc nuclon bén trong hat nhan c6 su sdp x&p

thanh tirng 16p twong ty nhu 16p vd dién t. Do d6 nhim dua ra cdc v viéc gidi
phuong trinh Schrodinger din dén chon biu thic thé ning tuong tic giita cdc
nuclon.

Theo 1y thuyét co hoc luong ti, xét chuyén dong doc 1ap cta nuclon trong
trudng tir hgp. Néu mo t4 gi€ng thé ning 12 giéng clia dao tif di€u hoa:

U = - U1 - (1/Rg)*] = - ug + Y2(mo’r” ) (4.2.1)

Ro: 12 bdn kinh tdc dung cla lyc hat nhan ;o: tin s6 clia dao ti diéu hoa
1

2 2 . . N
) 2[ L;O ] . Do hat nhan c6 kich thuéc khong gian, ta xét theo ba chiéu va dé
mi

don gidn, xét trong hé toa d6 Descartes. Thi phuong trinh Schroedinger :
V2w+;—T{E+uo—%mw2(x2+y2+22)}//=0 (4.2.2)
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Véi: v = Vi)V 250 3(2) 5 E = E;+ E; + E;5 1a trang thdi ning lugng Gng

vé6i dao tit diéu hoa theo xyz.

2
{d_+2_m[E]+u0 —émaﬂxﬂ}wl(x) =0 (4.2.3)

dx* R’
d> 2m I 5,
a2 T | Bt Tyt Wy =0

Viéc gidi phuong trinh Schrodinger cho ta:
Ei=ho(n; +1/2) - uy/3
Ezzh())(l'l2+1/2)-uO/3 :>E:h(0(n+3/2)-llo
E; =hons + 1/2) - uy/3
n =1, .n, . n3: 1a nhitng s6 nguyén:

1
2uy h’ )2
ho = ( %o j (4.2.4)

mR02
ho: Nang lugng phu thudc dd sdu va ban kinh tac dung cia luc hat nhan.
Vi gia thiét:
1. Cac nuclon khong ra khoi mat hat nhan
2. Mat @6 trung binh ctia chAt hat nhan 14 khong ddi trong toan thé tich hat
nhan.
V6i hai gia thi€t trén, néu ta lya chon dd siu clia giéng thé u, thich hgp ta
c6 thé thu dugc gi4 tri ca cdc mifc ning lugng phit hop véi thyc nghiém.
E=ho(N+3/2)-uy ;Nlas6 luong tif dao dong
1

ho = (2u0h22j 2
mR
Ct mdi gid tri clia N ta ¢6 mot vai gid tri cda 1 < N va tinh chin cta N bing
tinh chdn cta I (Muc dd suy bién 21 + 1).

Khi N =0, I =0 : Mitc do suy bi€n bing khong, trang th4i s.
Khi N =1, 1’= 0, 1 Do N 1é suy ra 1=1:trang thdip }Cé ba trang théi
Muc suy bi€n 21 + 1 =3, cd ba td hgp cua ( ny, ny, n3)
KhiN=2,1=0,1,2 Do tinh chdn1=0, 2 :(s, d)

1= 0 Trang thdi s khong suy bién

1 =2 Trang théi d suy bi€n bac 5 }Cé sdu trang thdi
Khi N = 3 Suy bién 10
Khi N = 4 Suy bién 15
Téng quit: Mdi gid tri cia N s& suy bién sé& Ia:
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(N+I)N+2)
2
Vi tudng tdc clia nucleon 1 twdng tdc manh, tifc 12 c6 lién k&t Spin  quy
dao ,do d6 so trang thdi phdi dugc dic trung bdi j = 1 = s. Nhu vay ké thém tuong
tdc Spin quy dao thi s6 suy bién sé& ting gip hai 1an: va tng vSi N thi s§ suy bién
la:

(4.2.5)

(N +I)(N+2) (4.2.6)
Sip x€p cac trang thdi theo sd lugng i N:
N S6 trang thdi suy bién | SO trang thdisuy | SO trang théi
bién tdng cong
c6 k& dén Spin
quy dao

0 1 2 2

1 3 6 8

2 6 12 20

3 10 20 40

4 15 30 70

5 21 42 112

6 28 56 168

Thanh thir n€u goi mdi nhém mifc ning lugng suy bién cia dao tir di€u hoa
l1a vd, thi chi ding cho ba vé diu tién. P& gidi thich diéu nay M.Mayer va
J.Jensen ddc 1ap v6i nhau ,da dua vao tuong tdc Spin quy dao. Ta xét nhu sau:

3. Tuong tdc Spin quy dao trong hat nhin : Quan sat thuc nghiém nguoi ta
thdy rdng: mic j =1+ 1/2 nim thdp hon mic j=1-1/2

/ _] =1-1/2 P12

\ _] =1+1/2 P32

Mayer dua vao khdi niém tuong tic Spin quy dao qua tdéan tif ning lugng
nhu sau:

H=H,+ f(r)[i.g] (4.2.7)

f(r) chi phu thudc vi tri cia Nuclon ta c6 thé gia thiét f(r) = const gid tri
thudng dugc cho bang thyc nghiém.

Con I.5
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I.5= 1/2[j2 YL s2] (4.2.8)
tri riéng cdal.s
(1.5)=12{j(G+1) - 1(+1) - 3/4} (4.2.9)
Pé€ x4c dinh khodng cdch mifc
D
ta vi€t phuong trinh séng theo thanh phan xuyén tdm trong hai trudng hgp: c¢6 va
khong c6 tuong tdc Spin quy dao. Bdt y=u(r)/r
Khong ké tuong tic Spin quy dao:

d’ 1(1+1)

dr? r’

(E -U(r))  Un(r)=0 (4.2.10)

C6 ké tuong tdc Spin quy dao:
2
{ d’ _Id+1) m

2 nl
dr? r i

—U(r)—%[j(j+1)—l(l+1)—3/4]) }U =0 (4.2.11)

Ta thdy hai tru'(‘mg hop chi sai khdc nhau s hang
f72{j(G+1) - 1(0+1) - 3/4} ching t6 ham song U(r)=U,(r), cdc gid tri ning
lugng E,; sé€ la:
E.j = En + 2{j(g+1) - 1(1+1) - 3/4} (4.2.12)
j=l+1/2=E, =E,+f/2()
{jzl—]/Z:En,j =E,—f/2(+1)

Vi mic ning lugng ng v6i 1+1/2 thap hon mic 1-1/2 do d6 £ 1a mot s& am.
M

ta thay khi: (4.2.13)

Khodng cich gitta hai mic: D, (21 +1) (4.2.14)

Hai mitc cang tich xa ra khi | cang ldn.
|| hau nhu khong phu thudc 1 /_ 1072
Vi du hai muc : 1g9/2 va 1g7/2 L

129/2
1=4=>|f]~0,6MeV

Ta x&p cdc vb theo s6 do sau:
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Fir)
r =10""2cm
I S ———— e _——— i — —_——
,."'F?rp’f:
. | 2 o - +
- ' o | —— - - 'P}.I"'
u J Y P e P | A
MN=5 e "':-.-r :_:: _— 1-";,,.'..:
- -‘"""zjl.
14 T 2
T ~ 82 —— 3
11_-] B . ¥ __"___-1 . _:-:___... it
1 :d — }_t F T == “': _ _zd]‘ll'-q.
—— - — "--.__‘- lﬁll
3 = = ] ;m
= -
- 12 - ~ T 2dy,
\ = - 54 ~ e
- - E3pa
J - W = I =
Ep - | ~J — lg'glll
] ] 'l'—-___.____ | — ::-__‘h_"-...__ )
Tl ———=T_|] 24 v 2Py,
e - ~| ~~ " If
-~ e - s
e
IH \'",_H u'inl'.l'-‘J
— y [ i I Nyt I_er.:
= '."_'______ 'h-“_ S,
Id -~ " = .I'd.i.h
H"‘--.. -u..-_|:
~ Tz
10— Ip " ~ 1dy,
I T _‘_:-—.-.___ ]P:J.-*
. . - ]P-'lll'q.
B 0 — - \ - j-_‘_" 15y,
[y L

So do mdu vé: su sdp xép cdc nuclon theo ticng 16p

Mot s6 nhian xét d€ xdc dinh trang thii ctia hat nhian

1. N&u v con dy, nghia 12 moi trang thdi m; (hinh chi€u cla J) d€u bi chi€m, thi
hinh chi€u clia momen ddong lugng toan phan (spin):

M= m;=0 ,(do+J,J+1.%xJ/=0)

= Spin tdng cong = 0

2. Né&u trong hat nhin ngoai vd con di dugc 1am diy hoan toan, ma cé thém 1
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nuclon 1é & ngoai, & trang thai (j, n, 1) thi spin J toan phan 1a do nuclon dé quyét
dinh.

T« C—

3. Néu trong hai hat nhian, ngoai vé con di dugc 14p day giong nhau trong d6:
1 hat nhan c6 p nuclon & trang thai (nlj)
1 hat nhan c6 p 16 trong ciing & trang thdi (nlj;)
]=5/2 —e¢¢eeE—O— ©-00060e¢—
D6i véi hat nhan thi 2 sé& ¢6 (2j+1-p) nuclon
Hat nhan 1 hinh chi€u spin toan phan sé la:
M = m;+ mp+. ..+ m, (c6 p nuclon)

I+

Hat nhan 2 M(2)=mj+1+mj+2+...+m2j+1
M(1)=_M(2)

Nhv vay d6i véi hat nhian thit nhat néu vé con chi ¢6 mot 16 trong theo
tinh chit trén, Spin ciia n6 sé do spin j cia 18 trong quyét dinh.

Cach x4c dinh J* cia hat nhan & trang thai co ban

Theo 3 quy tic trén ta rit ra:

1. G trang thdi cd ban Spin clia hat nhan chin chin bing 0

J:O% n=+1 (dom=(-1) 1=0)

M=0

2.0 trang thdi cd ban clia hat nhan ¢6 N chin, Z 1é. Thi J" cda hat nhan
dudc xdc dinh bdi trang thdi cda proton 1€, con véi hat nhan ¢é Z chan N 1é. Thi J™
ctia hat nhan dugc xac dinh bdi trang thdi cia Neutron 1.

Vidu: Co (1s 1/2)* (1p 3/2)* (1p 1/2)* (1d5/2)' = J* :57

nhung thuc nghi€ém lai do dugc ]7 li do: Neutron thay vi chi€ém 1d 5/2 lai nhdy

lén trang thai :2s 1/2

Vidu: ,Ng” (Is 1/2)> (1p 3/2)* (Ip 12) - J” =]7 phit hgp véi thuc

nghiém

3. Trong cling mot hat nhan, ning lugng lién két phu sinh ra do tuong tic
cda hai nucleon ciia cing mdt vd con sé& cang 16n néu 1 cang 16n. Ta goi ning
lugng lién két d6 1a ning lugng két d6i va d6 cé thé 1a nguyén nhan vi pham thid
tu 1am day cda hai mic ké nhau.
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S 127 A = 3
Vi du: soTeqs thuc nghlgm J o >
10
12—¢-e¢eee——hll2
2 ._’I* s1/2 zf \Z/ s1/2
4_‘_"F‘_‘_ d?3/2 4 / <€ d?3/2
34 n d5/2 64 n d5/2

L& ra thi neutron thd 75 & trang thdi 11/2 ~nhung thuc nghiém laila 3/2".
Ly do 1a: Ning lugng két doi § mic h11/2 rat 16n (1 = 5) do d6 cac cip nucleon sé
chi€m diy trang thdi h 11/2 trudc so véi mic d3/2 do d6 cdu tric neutron cia Te'?’
nhu sau:

V6 con + 10 neutron § h11/2 + 1 neutron 8 d3/2 = J"=3"/2

Tuong tu:  s,Te'>; 5, Tely déu3/2

4. D&i v6i hat nhan 1é 1é: Véi hat nhan ¢6 sd proton va neutron 1é:

1 proton & (ny1;j;) 1, I

1 neutron (ny1;j;) F = (_Z) (_1)

Spin |J,-J,|<T<J; +1,: C6 nhidu gid tri | d€ xdc dinh J, Nordheim dua
ra nguyén tic:

1) Néu i=hx12  =i=|1-1]
va j2=12—/+1/2
2) Néu
ji=lit 172 Tel4+l, /
- h=L+1/2 Né&u khong ding thi 18y J= | I, - I, |

+ bic biét, n€u mot trong hai gia tri j; hodc j, bing 1/2 thi ta chi 14y gia tri J
=J, + J,. Quy tic 14y khong dudc 4p dung cho cdc hat nhan trong dé s6 proton clia
v6 con chi€m 16n hon ( 2j; +1 )/2, va s& neutron ctia v4 con nhd hon 1/2( 2j, + 1).

So sanh thuc nghiém ta thay

1- Néu hé théng héa ddi véi cdc hat nhan ¢6 20 < A < 120 thi trong 76
trudng hgp c6 66 trudng hgp cau tric p & n triing vdi cdc trang thdi cd bdn cla cic
hat nhan.

2- Ap dung quy tic Nordheim (1) ngudi ta quan sat 22 trudng hgp déu
ding cd. Quy tic Nordheim (2) thi trong 41 trudng hgp ¢6 38 trudng hgp ding.
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PHU LUC

L. GIA TRI CUA VAI HANG SO CG BAN
c.=van toc 4nh sdng trong chan khong =2,998 x 10%m/s
e=dién tich cui electron =1,602 X10°C
h=hiing s& pling = 6,626 x 10°*J.s
k= hiing s6 Coulomb = 1/47g, = 8,988 x10°N.m>./C*

I GIA TRI CUA VAI BIEU THUC THUONG DUNG

leV =1,602 x 10™"]

1=10"m

he = 19,865 x107%°J.m

ke?/fic =hling s8 c4u tric tinh t& = 1/137
eh/2mec = manhéton Bohr = 9,27 x10*J/T

1II. KHOI LUGNG CUA MOT SO HAT SG CAP

Khéi lugng nghi ,m, (kg) Moc*(MeV)

Hat

_—

9,109x10! 0,511

Electron

Proton 1,673x107% 938,3

Neutron 1,675x107% 939,6

Pon vi khéi lugng nguyén ti 1,661x10°

(amu)

931,5

IV.Khéi lugng ciac nguyén ti

DA4u sao (*) sau s6 khdi (cot 5 trong bdng) chi dong vi phéng xa c6 chu ki bdn ra
ghi & cot 7.

Z | NGUYENTO | KiHIEU KHOI A KHOI LUGNG Tis
LUQONG amu
Nguyén ti

0 Neutron n. 1 1,008665 12p
1 Hydro H 1,0079 1 1,007825
Deuteri D 2 2,014102

Triti T 3 3,016050 12,26nim

2 Heli He 4,0026 3 3,016030
4 4,002603
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6 6,018892 0,802s
3 Liti Li 6,939 6 6,015125
7 7,016004
4 Berili Be 9,0122 7% 7,016929 53,4ngay
9 9,012186
10% 10,013534 2,7.10°n:im
5 Bo B 10,811 10 10,012939
11 11,009305
6 Cachon C 12,01115 12 12,000000
13 13,003354
14% 14,003242 5730n:im
7 Nito N 14,0067 14 14,003074
15 15,000108
8 Oxy 0 15,9994 15% 15,003070 122s
16 15,994915
17 16,999133
18 17,999160
9 Fluo F 18,9984 19 18,998405
10 Neon Ne 20,183 20 19,992440
21 20,993849
22 21,991385
11 Natri Na 22,9898 22 21,994437 2,60nim
23 22,989771
12 Magie Mg 24,312 23% 22,994125 12s
24 23,985042
25 24,986809
26 25,982593
13 Nhom Al 26,9815 26* 25,986892 7,4.10°nam
27 26,981539
14 Silic Si 28,086 28 27,976929
29 28,976496
30 29,973763
32+ 31,974020 700 nim
15 Photpho P 30,9738 31 30,973765
16 | | o Hivah S 32,064 32 31,972074
33 32,971462
34 33,967865
36 35,967089
17 Clo Cl 35,453 35 34,968851
36* 35,968309 3.10°ndm
37 36,965898
18 Acgdn Ar 39,948 36 35,967544
38 37,962728
39% 38,964317 270nim
40 39,962384
42+ 41,963048 33nim
19 Kali K 39,102 39 38,963710

Nguyén Fbitu Thding




Oat ly Fat nhian -7113 -
40% 39,964000 1,3.10°nam
41 40,961832
20 Canxi Ca 40,08 39% 38,970691 0,877s
40 39,962589
41* 40,962275 7,7.10°nam
42 41,958625
43 42,958780
44 43,955492
46 45,953689
48 47,952531
21 Scandi Sc 44,965 45 44,955920
50* 49,951730 1,73phuit
22 Titan Ti 47,9 44* 43,959572 47nim
46 45,952632
47 46,951768
48 47,947950
49 48,947870
50 49,944786
23 Vanadi \% 50,942 50 49,947164 6.10"niim
51 50,943961
24 Crom Cr 51,996 50 49,946055
52 51,940513
53 52,940653
54 53,938882
25 Mangan Mn 54,9380 50 49,954215 0,29s
55 54,938050
26 Sit Fe 55,847 54 53,939616
55% 54,938299 2,4nim
56 55,939395
57 56,935398
58 57,933282
60* 59,933964 10°nim
27 Coban Co 58,9332 59 58,933189
60* 59,933813 5,24niam
28 Niken Ni 58,71 58 57,935342
59 58,934342 8.10%nim
60 59,930787
61 60,931056
62 61,928342
63* 62,929664 92nim
64 63,927958
29 Péng Cu 63,54 63 62,929592
65 64,927786
30 Kém Zn 65,37 64 63,929145
66 65,926052
67 66,927145
68 67,924857
70 69,925334

Nguyén Fbitu Thding




Oat ly Fat nhian -174-
31 Gali Ga 69,37 69 68,925574
71 70,924706
32 Gecmani Ge 72,59 70 69,924252
72 71,922082
73 72,923462
74 73,921181
76 75,921405
33 Asen As 74,9216 75 74,921596
34 Selen Se 78,96 74 73,922476
76 75,919207
77 76,919911
78 77,917314
79% 78,918494 7.10°nam
80 79,916527
82 81,916707
35 Brom Br 79,909 79 78,918329
81 80,916292
36 Kripton Kr 83,80 78 77,920403
80 79,916380
81+ 80,916610 2,1.10°nam
82 81,913482
83 82,914131
84 83,911503
85+ 84,912523 10,76nim
86 85,910616
37 Rubidi Rb 85,47 85 84,911800
87 86,909186 5,2.10"nam
38 Stronti Sr 87,62 84 83,913430
86 85,909285
87 86,908892
88 87,905641
90* 89,907747 28,2nim
39 Ytri Y 88,905 89 88,905872
40 Zirconi Zr 91,22 90 89,904700
91 90,905642
92 91,905031
93+ 92,906450 9,5.10°nam
94 93,906313
96 95,908286
41 Niobi Nb 92,906 91* 90,906860
9% 91,907211 10nam
93 92,906382
94 93,907303 2.10%°nim
42 Molypden Mo 95,94 92 91,906810
93 92,906830 10*nim
94 92,905090
95 94,905839
96 95,904674
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Oat ly Fat nhian -7115 -
97 96,906021
98 97,905409
100 99,907475
43 Tecneti Tc 97+ 96,906340 2,6.10°nam
98 97,907110 1,5.10°niim
99 98,906249 2,1.10°nim
44 Rutenni Ru 101,07 96 95,907598
98 97,905289
99 99,905936
100 99,904218
101 100,905577
102 101,904348
104 103, 905430
45 Rodi Rh 102,905 103 102,905511
46 Paladi Pd 106,4 102 101,905609
104 103,904011
105 104,905064
106 105,903479
107+ 106,905132 7.10°nim
108 107,903891
110 109,905164
47 Bac Ag 107,870 107 106,905094
109 108,904756
48 Cadimi Cd 112,40 106 105,906463
108 107,904187
109% 108,904928
110 109,903012
111 110,904188
112 111,902762
113 112,904408
114 113,903360
116 115,904762
49 Indi In 114,82 113 112,904089
115% 114,903871 6.10"nim
50 Thiéc Sn 118,69 112 111,904835
114 113,902773
115 114,903346
116 115,901745
117 116,902958
118 117,901606
119 118,903313
120 119,902198
121* 120,904227 25nim
122 121,903441
124 123,905272
51 Atimon Sb 121,75 121 120,903816
123 122,904213
125% 124,905232 2,7nim
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Oat ly Fat nhian -71176 -
52 Telua Te 127,60 120 119,904023
122 121,903064
123* 122,904277 1,2.10"nam
124 123,902842
125 124,904418
126 125,903322
128 127,904476
130 129,906238
53 Tot I 126,9044 127 126,904070
129% 128,904987 1,6.10'nim
54 Xenon Xe 131,30 124 123,906120
126 125,904288
128 127,903540
129 128,904784
130 129,903509
131 130,905085
132 131,904161
134 133,905815
136 135,907221
55 Xedi Cs 132,905 133 132,905355
134 133,906823 2,1nim
135* 134,905770 2.10°nim
137* 133,906770 30nim
56 Bari Ba 137,34 130 129,906245
132 131,905120
133+ 132,905879 7,2nim
134 133,904612
135 134,905550
136 135,904300
137 136,905500
138 137,905000
57 Lantan La 138,91 137% 136,906040 6.10"nim
138+ 137,906910 1,1.10"nim
139 138,906140
58 Xeri Ce 140,12 136 135,907100
138 138,905830
140 139,905392
142% 141,909140 5.10”nam
59 Prazeodim Pr 140,907 141 140,907596
60 Neodim Nd 144,24 142 141,907663
143 142,909779
144* 143,910039 2,1.10"nam
145 144,912538
146 145,913086
148 147,916869
150 149,920960
61 Prometi Pm 145% 144,912691 18nim
146* 145,914632 1600ngay
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Oat ly Fat nhian -117 -
147+ 146,915108 2,6nam
62 Samari Sm 150,35 144 143,911989
146* 145,912992 1,2.10°nam
147* 146,914867 1,08.10"" nam
148* 147,914791 1,2.10"nim
149* 148,917180 4.10"niam
150 149,917276
151* 150,919919 90nim
152 151,919756
154 153,922282
63 Europi Eu 151,96 151 150,919838
152+ 151,929749 12,4nim
153 152,921242
154* 153,923053 16nim
155% 154,922930 1,8ndm
64 Gadolini Gd 157,25 148+ 147,918101 85nim
150* 149,918605 1,8.10"nim
152+ 151,919794 1,1.10"nam
154 153,920929
155 154,922664
156 155,922175
157 156,924025
158 157,924178
160 159,927115
65 Techi Th 158,925 159 158,925351
66 Dyprosy Dy 162,50 156* 155,923930 2.10"nam
158 157,924449
160 159,925202
161 160,926945
162 161,926803
163 162,928755
164 163,929200
67 Honmi Ho 164,930 165 164,930421
166* 165,932289 1,2.10°nim
68 Eribi Er 167,26 162 161,928740
164 163,929287
166 165,930307
167 166,932060
168 167,932383
170 169,935560
69 Tuli Tm 168,934 169 168,934245
171* 170,936530 1,9n3m
70 Ytebi Yb 173,04 168 167,934160
170 169,935020
171 170,936430
172 171,936360
173 172,938060
174 173,938740
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Oadat ly Foat nhan -118 -
176 175,942680
71 Lutexi Lu 174,97 173+ 172,938800 1,4ndm
175 174,940640
176* 175,942660 2,2.10"nam
72 Hafini Hf 178,49 174 173,940360 2,2.10%niim
176 175,941570
177 176,943400
178 177,943880
179 178,946030
180 179,946820
73 Tantali Ta 180,948 180 179,947544
181 180,948007
74 Vonfram W 183,85 180 179,947000
182 181,948301
183 182,950324
184 183,951025
186 185,954440
75 Reni Re 186,2 185 184,953059
187+ 186,955833 5.10"'niim
76 Osmi Os 190,2 184 183,952750
186 185,953870
187 186,955832
188 187,956081
189 188,958300
190 89,958630
192 191,961450
194+ 193,695229 6,0nim
77 Iridi Ir 192,2 191 190,960640
193 192,963012
78 Platine Pt 195,09 190* 198,959950 7.10"nam
192 191,961150
194 193,962725
195 194,964813
196 195,964967
198 197,967895
79 Vang Au 196,967 197 197,966541
80 Thity Ngan Hg 200,59 196 195,965820
198 197,966756
199 198,968279
200 199,968327
201 200,930308
201 201,970642
204 203,973495
81 Tali Tl 204,19 203 202,972353
204 203,973865 3,75nim
205 204,974442
RaE” 206* 205,976104 4,3phit
Ac C” 207* 206,977450 4,78phiit
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Ot lj Foat nhin - 1719-
Th C” 208* 207,982013 3,1phit
Ra C” 210* 209,990054 1,3phiit
82 Chi Pb 207,19 202* 201,927997 3.10°nim
204* 203,973044 1,4.10'nam
205%* 204,974480 3.10"nim
206 205,974468
207 206,975903
208 207,976650
RaD 210* 209,984187 22 nim
AcB 211* 210,988742 36,1 phiit
Th B 212% 211,911905 10,64 gic
Ra B 214* 213,999764 26,8 phuit
83 Bitmut Bi 209,980 207* 206,978438 30 nam
208* 207,979731 3,7.10° nam
209 208,980394
RaE 210* 209,984212 5,1 ngay
ThC 211* 211,987300 2,15 phut
212% 211,991876 60,6phut
RaC 214* 213,998686 19,7phiit
215% 215,001830 8 phut
84 Poloni Po 209* 208,982426 103 nim
RaF 210* 209,982876 138,4 ngay
Ac C’ 211%* 210,986657 0,582 s
Th C’ 212% 211,989629 0,30 us
Ra C’ 214* 213,995201 164 ps
Ac A 215* 214,999423 0,0018 s
Th A 216* 216,001790 0,15s
Ra A 218* 219,008930 3,05 phut
85 Astatin At 215% 214,998663 100 ps
218* 218,008607 1,3s
219% 219,011290 0,9 phit
86 Radon Rn
An 219* 219,009481 4,0
Tn 220* 220,011401 56 s
Rn 222% 222,017531 3,823 ngay
87 Franxi Fr
AcK 223* 223,019736 22 phiit
88 Radi Ra 226,05
AcX 223* 223,018501 11,4 ngay
ThX 224* 224,020218 3,64 ngay
Ra 226* 226,025360 1620 ndm
Ms Th, 228* 228,031139 5,7 nim
89 Actini Ac 227% 227,027753 21,2 nam
Ms Th, 228* 228,031080 6,13 gio
90 Thori Th 232,038
Rd Ac 227* 227,027706 18,17 ngay
Rd Th 228* 228,028750 1,91 nim
229% 229,031652 7300 nim
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Oadat ly Foat nhan - 7120 -
Io 203* 230,033087 76000 nim
UY 231 231,036291 25,6 gid
Th 232% 232,038124 1,39.10"nim
UX, 234 234,043583 24,1 ngdy
91 Protactini Pa 231,0359 231* 231,035877 32480 nim
UZ 234 234,043298 6,66 gid
92 Uran U 238,03 230 230,033937 20,8 ngay
231 231,036264 4,3 ngay
232 232,037168 72 nim
233+ 233,039522 1,62.10° nim
234 234,040904 2,48.10° nam
AcU 235+ 235,043915 7,31.108 niim
236* 236,045637 2,39.10" nam
Ul 238 238,048608 4,15.10° nam
93 Neptuni Np' 237,0480 235% 235,044049 410 ngay
236* 236,046624 5000 nim
237+ 237,048056 2,14.10° nim
94 Plutoni Pu 239,0522 236* 236046071 2,85 nim
238 238,049511 89 nim
239% 239,052146 24360 nim
240% 240,053882 6700 nim
241 241,056737 13 nim
242% 242,058725 3,79.10° nam
244 244,064100 7,6.107 nim
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