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TONG HOP KIEN THUC: CAU TAO HAT NHAN &

NANG LUONG LIEN KET

Chuyén dé nay cung cap mot cai nhin toan dién va chi tiét vé cau trdc cua hat
nhan nguyén ti, cac khai niém nén tdng vé khoi lugng, nang luong va dé bén
viing cla hat nhan, la nén tang cho viéc tim hi€u cac hién tuong phéng xa va
phan ng hat nhan.

1. Cau tao hat nhan nguyén tu

1.1. Cac thanh phan cau tao

Hat nhan nguyén t& dugc cau tao tu hai leai hat co ban, goi chung la nucleon.

e Proton (p): Mang dién tich duong, c6 gia tri bang dién tich nguyén to (+e =

1,6.10-1° C). Khoi lugng ctia protonila mp = 1,67262.10-27 kg.

e Neutron (n): Khdng mang dién. Khoi lugng cla neutron la mn =

1,67493.10-27 kg, |6n hon khoi lugng proton mot chut.
1.2. Ki hiéu hat nhan
Mot hat nhan clia nguyén to X duogc ki hiéu day dua la AZX, trong do:

e Z: SO hiéu nguyén tu (hay so thr tu trong bang tuan hoan), bang sé proton

trong hat nhan. S6 Z quyét dinh tinh chat hda hoc clia nguyén to.

e A: SO khoi, la téng so nucleon trong hat nhan (tdng sé proton va neutron).
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Cong thuic lién hé:

A=Z+N

Trong dé, N la s6 neutron trong hat nhan.
Vi du:

1. Hat nhan Heli dugc ki hiéu la 42He. Diéu nay cé nghia la hat nhan Heli cé Z
= 2 proton va A = 4 nucleon. Suyrasé neutronlaN=A-Z=4-2=2

neutron.

2. Hat nhan Urani-235 dugc ki hiéu la 23592U. Hat nhan nay c6 Z = 92 proton

va A = 235 nucleon. Suy ra s6 neutron la N = 235 - 92 =143 neutron.
1.3. Pong vi

Pbong vi la cdc nguyén td ma hat nhan cla ching c6 cung s6é proton (Z)
nhung khac nhau vé sé neutron (N), do do ching c6 sé khoi A khac nhau. Vi
c6 cung sb Z, cac dong vi thudc cung mét nguyén té hda hoc va cd vi tri giong

nhau trong bang tuan hoan.
Vi du:

e Nguyén té Hydro c¢6 3'dong vi chinh:
o 11H (Hydro thudng hay proti): 1 proton, 0 neutron.

o 21H (Hydro nang hay deuterium, ki hiéu D): 1 proton, 1 neutron.

o 31H (Hydro siéu nang hay tritium, ki hiéu T): 1 proton, 2 neutron.

e Nguyén té Carbon cé céc déng vi nhu 126C (pho bién) va 146C (déng vi
phdong xa dung trong dinh tugi c6 vat).
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2. Khoi luong va Nang luong hat nhan

2.1. bon vi khoi luong nguyén tu (u)

Trong vat ly hat nhan, kg la don vi qua I6n. Ngusi ta dung don vi khéi lugng
nguyén tu, ki hiéu la 'u'.

1 u = (1/12) khéi luong cia nguyén ti dong vi Carbon 126C.

Gia tri quy doi:

lu=1,66055.10-27 kg

Khoi lugng cla proton va neutron theo don vi u:

e Mp = 1,00728 u

e Mn = 1,00866 u

2.2. Hé thuc Anh-xtanh giita khéi lugng va nang luong

Theo Albert Einstein, khoi lugng va nang lugng la hai dai lugng tuong duong va
c6 thé chuyén hoda 1an nhau. Moi vat cé khaéi lugng m déu chra mot nang lugng
nghi Eo tuong Ung.

Cong thuc:

E = mc?

Trong do:

e E la nang lugng (J)

e m la khaéi lugng (kg)

e c la tdéc d6 &nh sdng trong chan khdéng (c = 3.108 m/s).
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Tu hé thic nay, ta c6 thé tinh nang luogng tuong Ung véi 1u:
1 uc? = 931,5 MeV (Mega-electronVolt)

Pay la hé s6 quy dbi cuc ky quan trong trong cac bai toadn vat ly hat nhan. (1

MeV = 1,6.10-13 ).
2.3. Luc hat nhan

Luc hat nhan la luc tuong tac gilta cac nucleon trong hat nhan, gitr chung lién

két v4i nhau dé tao thanh mot cau trdc bén viing. Dac diém cua luc hat nhan:

e La loai luc tuong tdc manh nhat trong tu nhién (manh hon luc dién tu rat

nhiéu).

e Chi c6 tac dung trong pham vi rat ngan, cé kich thudc hat nhan (khoang

10-1> m).

e Khong phu thubc vao dién tich (luc tuong tac gitra p-p, n-n, p-n la nhu nhau
néu ching & cung khoang céach).

3. D6 hut khoi va Nang lugng lién két

3.1. D6 hut khoi (Am)

Thuc nghiém cho thay khéi luong clia mét hat nhan (mx) luén nhé hon téng
khoi lugng cla cac nucleon tao thanh né. B6 chénh léch khéi lugng nay duogc

goi la do hut khoi.
Cong thirc tinh do hut khoi clia hat nhan AZX:

Am = [Z.mp + (A-Z).mn] - Mmx
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Trong do:
e Z.mp: TGNQg khoi lugng clia cac proton.
e (A-Z).mn: ToNg khéi lugng cla cac neutron.

e mx: Khoi lugng thuc té cla hat nhan X.

Vi du: Tinh d0 hut khoéi cla hat nhan Heli (42He). Cho biét: mp = 1,00728 u; mn

= 1,00866 u; m_He = 4,00150 u.

Giai:

Hat nhan 42He c6 2 proton va 2 neutron.

T6ng khoi lugng cac nucleon tao thanh:

Mo =2.Mp +2.mn=2%*1,00728 + 2 *1,00866 = 4,03188 u.
Do hut khoi:

Am = mo - m_He = 4,03188 - 4,00150 = 0,03038 u.

3.2. Nang luong lién két (W)

Nang lugng lién két cia mot hat nhan la nang lugng toi thi€u can cung cap dé
tach hat nhan dé thanh cac nucleon riéng Ié, hoac la nang lugng tda ra khi cac
nucleon riéng & két hop lai tao thanh hat nhan. Nang lugng nay chinh la nang

luong tuong ng vaéi d6 hut khéi Am.

Cong thic:

Wik = Am . c?2 = {[Z.mp + (A-Z).mn] - mMx} . C?

Hat nhan c6 nang lugng lién két cang 16n thi cang bén viing.
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Vi du: Tinh nang lugng lién két clia hat nhan Heli (42He) tu vi du trén.
Giai:

D6 hut khéi Am = 0,03038 u.

S dung hé s6 quy d6i 1 ucz = 931,5 MeV:

Wik = Am . ¢2 = 0,03038 uc? = 0,03038 * 931,5 = 28,3 MeV.

3.3. Nang luong lién két riéng (&)

P& so sanh muic d6 bén viing gilta cdc hat nhan khac nhau, nguoi ta dung dai
luong nang luong lién két riéng. Day la nang luong lién két tinh trén mot

nucleon.

Cong thuc:

E=Wik/A

Pac diém: Hat nhan c6 nang lugng lién két riéng cang I6n thi cang bén vimng.

Vi du:

1. Tinh nang lugng lién két riéng cla hat nhan Heli (42He).
€(He) = Wk /A =283MeV/4=7,075 MeV/nucleon.

2. So sanh vai hat nhan Urani (23592U) c6 nang lugng lién két Wik = 1785 MeV.
ge(U) =1785 MeV / 235 = 7,6 MeV/nucleon.

3. So sanh véi hat nhan Sat (5626Fe) c6 nang lugng lién két Wik = 492 MeV.

€(Fe) = 492 MeV / 56 = 8,8 MeV/nucleon.
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Tu vi du trén, ta thay £(Fe) > €(U) > g(He). Do d6, hat nhan Sat 56Fe bén ving

hon hat nhan Urani 235 va Heli *He.
3.4. Su phu thuéc cua nang luong lién két riéng vao sé khoi A

D6 thi biéu dién su phu thudc ctia nang lugng lién két riéng (&) vao sé khoi (A)

cho thay:
e Nang lugng lién két riéng tang nhanh doi véi cac hat nhan nhe (A 20).

e Dat gia tri cuc dai khodng 8,8 MeV/nucleon doi véi cac hat nhan cé s6 khoi
trung binh (50 A 80). Cac hat nhan trong vung nay la bén viing nhat (vi du:

56Fe).
e Gidm dan doi véi cac hat nhan nang (A > 80).
Diéu nay giai thich cho cac hién tuong:

e Phan ung phan hach: Mot hat nhan nang (kém bén) vé thanh cac hat nhan

trung binh (bén hon), gidi phéng nang lugng.

e Phan ung nhiét hach: Hai hat nhan rat nhe (kém bén) két hop lai thanh
moét hat nhan nang hon (bén hon), gidi phdéng nang lugng rat I16n.

4. So luoc vé Phan ung hat nhan

4.1. Pinh nghia va Phuong trinh

Phdn Ung hat nhan la qua trinh cac hat nhan tuong tac véi nhau va bién doi

thanh cac hat nhan khac.

Phuong trinh téng quat: A+ B-C + D
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Trong dé A, B la cac hat nhan ban dau (truéc phadn Ung), C, D la cac hat nhan
san pham (sau phan (ng).

4.2. Cac dinh luat bao toan

Trong mot phdn Ung hat nhan, c6 bon dinh luat bdo toan co ban:

1. Bdo toan dién tich (Z): Tong dién tich cGa cac hat trudc phdn ng bang

tong dién tich cla cac hat sau phan Ung.

2. Bao toan so6 khéi (A): Téng so6 nucleon cla cac hat trude phan (rng bang

tong s6 nucleon cla cac hat sau phan Ung.

3. Bao toan nang lugng toan phan: Nang lugng toan phan (bao gom nang

lugng nghi va ddng nang) dugc bao toan.

4. Bao toan ddng luong: Téng dong lugng cda cac hat trudc phan ing bang

tong dong luong cla cac hat sau phan (ng.
Luu y: SO proton (Z) va s6 neutron (N) riéng 1é cé thé khong dugc bao toan.
4.3. Nang luong cua phan ung hat nhan

Nang lugng téa ra hoac thu vao ciia mot phdn Ung hat nhan duoc tinh bang

cong thuc:

AE = (m_trudc - m_sau) . c?

Trong do:

e m_trudc: Tong khoi lugng cla cac hat trudc phan Ung.

e m_sau: Tong khéi lugng cla céc hat sau phan Ung.
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Truong hop Diéu kién Loai phan ung

AE >0 m_truéc > m_sau  Phan (ng téa nang lugng (exothermic)

AE O m_truéc m_sau Phan Ung thu nang lugng (endothermic)

Vi du: Xét phan &ng nhiét hach: 21D + 31T - 42He + 10”'

Cho khéi lugng: m D = 2,0136 u; m_ T = 3,0160 u; m_He = 4,0015 u;m n =

1,00866 u.

Giai:

m tru6Cc=m D+ m T=2,0136 + 3,0160 = 5,0296 u.
m _sau =m_He + m_n = 4,0015 + 1,00866 = 5,01016 u.
Vi m_truéc > m_sau, day la phan Ung téa nang lugng.
Nang lugng tda ra:

AE = (5,0296 - 5,01016) * 931,5 MeV = 18,1 MeV.
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