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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 cla 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.

Nguyén Fbitu Thding
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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-op)[ 1/2*-1/m*] ;n.=3,4...

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

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

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



it ly Toat nhan - 8-

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 tdc 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-myc”=mc®-mgyc —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 the
V. Sau khi thodt ra khe S, céc ion di vdo ving Iya chon van téc. Chi nhitng ion
ndo di chuyén véi van toc ding biing E/B, 1a c6 thé di qua khe S; trong d6 E 1a
mot dién trudng déu; B, 1a mot tir trudng déu (thing géc vdi mit phing td gidy va
c6 chiéu nhu hinh vé&) giéi han trong ving Iya 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
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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 s0' ¢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 ¢6 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 k&t cang 16n. Nhung do tuong tic gifta
céc nuclon c6 tinh ch4t bdo hoa, trong viang 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 tit 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
Véi 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

N N

- 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 khd phu hdp véi thyc nghi€m, gid tri thuc khong vudt qua
AZ=1. Do dé néu A 18 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 cé 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 dugc 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 x4p 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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