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TONG HOP KIEN THUC VE NANG LUONG PHAN

UNG HAT NHAN KIiCH THICH

Phdn ing hat nhan kich thich la qua trinh cac hat nhan tuong tac véi nhau hoac
v3i cac hat co ban (nhu notron, proton) dé tao ra cac hat nhan méi. Qua trinh
nay ludn tuan theo cac dinh luat bdo toan va thuong di kém su thay déi nang

luong.

1. Cac dinh luat bao toan trong phan tng hat nhan

As

Xét phan Ung hat nhan téng quéat: A + B - C + D hay A121X1 + AZZZXz - 7

Xs + A4Z4x4

e Dinh luat bao toan sé khoi (sé nucleon A): Tong s6 nucleon cla cac hat
truéc phan ng bang téng s6 nucleon cla cac hat sau phan Ung.

Cong thuc: A1 + A2 = As + Aa

e Dinh luat bao toan dién tich (sé proton Z): Téng dién tich cla cac hat
truéc phadn &ng bang téng dién tich cdia cac hat sau phan Gng.
Ccong thuc: Z1 + Z2 = Z3 + Za

e Dinh luat bao toan nang luong toan phan: Nang lugng toan phan (bao
gom nang luong nghi va dong nang) clia hé dugc bao toan.

Cong thuc: Ki + mic? + K2 + mzc?2 = Kz + msc? + Ka + mac?
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e Dinh luat bao toan dong lugng: Vector téng dong lugng clia cac hat trudc
phan (ng bang vector téng déng lugng cla cac hat sau phan Ung.
Cong thuc: p1 + p2 = ps + pa
2. Nang luong cua phan tng hat nhan (AE)
Nang lugng cla phan &ng hat nhan (con goi la nang lugng téa ra hoac thu vao)
la su chénh Iéch nang lugng nghi gilra cac hat trudc va sau phan tng.
e Néu AE > 0: Phan (ng tda nang luong. Nang lugng nay thudng duogc gidi
phéng dudi dang dong nang cla cac hat san pham hoac bic xa gamma.
e Néu AE 0: Phan Ung thu nang lugng. D€ phan Ung xay ra, can cung cap mot
nang lugng toi thi€u tir bén ngoai (thuong.la ddng néng cda hat dan).
Cac cong thuc tinh nang luong phan ttng hat nhan
a. Tinh theo khéi lugng nghi
Nang lugng phan Gng bang dé chénh I&éch khéi lugng nghi cla cac hat trude va
sau phan ing nhan véi c2.
Cong thuc: AE = (m_trudc - m_sau)c? = [(m1 + m2) - (ms + ma)]c?
Trong tinh toan, ta thuong dung don vi khoi lugng nguyén tir (u) va MeV:
Céng thuc quy doéi: AE (MeV) = [(m1 + mz2) - (mz + ma)] * 931.5 (v3i khéi

lugng m tinh bang u)

Vi du 1: Cho phan Ung hat nhan D + T -» o + n. Biét khoi luogng cla cac hat
nhan m D =2,0136 u, m T = 3,0160u, m a = 4,0015u, m n=1,0087 u. Phan

ng nay tda hay thu bao nhiéu nang lugng?
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Giai:
e Khoi lugng truéc phdn &ng: m tru6c = m D + m_ T = 2,0136 + 3,0160 =
5,0296 u.

e Khoi lugng sau phan Gng: m sau = m_a + m_n = 4,0015 + 1,0087 = 5,0102

u.

e Nang lugng cla phan ing: AE = (m_trudc - m_sau) * 931.5 = (5,0296 -

5,0102) *931.5 = 18,0681 MeV.
e Vi AE > 0, phan Ung tda nang lugng 18,0681 MeV.
b. Tinh theo nang luong lién két
Nang lugng phan (ng bang hiéu téng nang lugng lién két cha cac hat sau va
tong nang lugng lién két cla cac hat trudc.
Cong thuc: AE = W_lk sau - W_lk_truéc = (W_lks + W_lks) - (W_lk: +
W _lk2)

Néu dé bai cho nang lugng lién két riéng (), ta c6: W lk = A * ¢

Vi du 2: Tinh nang lugng téa ra khi mét hat nhan 235y phan hach theo phan
agng: n + 235y - PMo + 1395 + 2n + 7e-. Cho nang luong lién két riéng cla
U235 la<7,7 MeV/nucleon, cia Mo95 la 8,4 MeV/nucleon, cua Lal39 la 8,2

MeV/nucleon.
Giai:
e Nang lugng lién két trudc phdn ing: W_Ik trudéc = W _1k(U235) = 235 * 7,7 =

1809,5 MeV. (Hat notron khéng cé nang lugng lién két).
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e Nang lugng lién két sau phdn ng: W_Ik_sau = W_Ik(Mo95) + W _Ik(La139) =

95%8,4 +139*8,2=798 + 1139,8 = 1937,8 MeV.

e Nang lugng téa ra: AE = W _|k sau - W_Ik truéc = 1937,8 - 1809,5 = 128,3

MeV.
c. Tinh theo dong nang
Nang lugng cda phan Ung bang dd chénh léch téng ddng nang cua cac hat sau
va tong dong nang cla cac hat trudc.
Cong thuc: AE = K sau - K trudc = (Ks + Ka) - (K1 + Kz2)
Vi du 3: Ban mot hat proton c6 déng nang K_p = 5,45 MeV vao hat nhan Beri (°
Be) diing yén. Phan Ung tao ra hat nhan Heli (4He) va hat nhan Liti (6Li). Hat
Heli bay ra véi ddng nang K He = 4 MeV. Tim nang lutgng cua phan Gng.
Giai:
Phan Uing: p + 9Be - %He + L
Theo dinh luat bdo toan dong lugng va nang lugng, ta cé thé tinh dugc dbong
ndng cla hat Li (tuy nhién dé bai khéng yéu cau). O day, ta chi can &p dung
cong thic lién hé gilta AE va K. Gid si K Li = 2,5 MeV (gia tri gid dinh d€ minh
hoa cong thic).
e DONg nang trudc phan ung: K truéc = K p + K Be = 5,45 + 0 = 5,45 MeV.
e DONg nang sau phdn Ung: K sau =K He + K Li=4 + 2,5 = 6,5 MeV.
e Nang lugng cla phan ng: AE = K sau - K _truéc = 6,5 - 5,45 = 1,05 MeV.

e Vi AE > 0, phan Ung téa nang lugng 1,05 MeV.
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3. Phuong phap gidi bai tap két hop dinh luat bao toan

Day la dang bai tap phic tap, yéu cau van dung déng thai ca dinh luat bao toan

nang lugng va dinh luat bao toan dong lugng.
Phuong phap chung:
1. Viét phuong trinh phdn ng va xac dinh cac hat tham gia.

2. Ap dung dinh ludt bao toan déng luong: p1 + P2 = Ps + Pa. Biéu dién dudi

dang vector.

3. Ap dung dinh luat bdo toan nang lugng: AE + K_truéc = K_sau.
4. S& dung moi lién hé gilta dong nang va dong lugng: p2 = 2mK.
5. Giai hé phuong trinh dé tim dai lugng yéu cau.

Truong hop dac biét: Hat nhan bia dung yén (K2 = 0, pz2 = 0)

Khi dé, cdc dinh luat bao toan tré thanh:

e Bao toan dong lugng: p1 = ps + pa

e Bdo toan nang lugng: AE + Ki = Kz + Ka

TU bi€u thirc vector déng luong, ta c6 thé binh phuong v6 hudng hai vé:
P12 = p32 + pa?2 + 2p3pacosO (Vi 6 la goc hop béi vector ps va pa)

Thay p2 = 2mK vao, ta dugc: 2miKi = 2msKs + 2maKa + 2V(2m:Ks *

2maKai)cosO

Pay la phuong trinh quan trong dé gidi cac bai toan phtc tap.
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Vi du 4: Dung hat proton c6 déng nang 1,6 MeV ban vao hat nhan Liti (L) dang
ding yén. Phadn Ung sinh ra hai hat X giong nhau cé cung dong nang. Biét m_p
= 1,0073 u, m_Li = 7,0142 u, m_X = 4,0015 u. Tim déng nang cla moi hat X va
g6c hop bdi phuong chuyén déng cta chung.
Giai:
Phan Gng: 1p + Li - 2X (X la 4He)
1. Tinh nang lugng phan ung AE:

o m_truéc = 1,0073 + 7,0142 = 8,0215 u.

om_sau =2 *4,0015 = 8,0030 u.

o AE = (8,0215 - 8,0030) * 931.5 = 17,23 MeV.

2. Tinh déng nang moi hat X:

o Ap dung bao toan nang lugng: AE + K p = K X + K X = 2K X

017,23+ 1,6 =2K X=>K X =(17,23 +1,6) /2 = 9,415 MeV.

3. Tim goc gitra hai hat X:

o Ap dung bao toan déng lugng: B p = B_X1 + p_Xz
o ViIK X1 =K X2vam Xi=m_Xz, nén p_X1 = p_Xa.

o Tu hinh binh hanh dong lugng (la hinh thoi), ta cé: p p?2=p X2+ p X% +

2p _X*p X*cosO = 2p X?(1 + cosB)
o2m p*K p =2* (2m_X*K X) * (1 + cos0)

0 1,0073*1,6 =2 *4,0015*9,415 * (1 + cosB) => cos6 = -0,978
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o =>0=168°.

4. Bang tong hop céng thurc

Pai luong Cong thuc Chu thich
Bdo toan so khoi Ai + A2 = As + Ax TGng sb nucleon khong déi.
Bdo toan dién tich Z1+ Z>=12Z3+ Za  Tong so6 proton khoéng dai.

Téng vector ddng lugng khong
Bdo toan dong lugng pPi1 + Pz = Ps + Pa

dai.

Nang lugng phan ing AE = (m_trudc - AE > 0: tda nang lugng; AE O:
(theo khai lugng) m_sau)c? thu nang lugng.
Nang lugng phan ing AE = W_Ik_sau - Phan (ng theo huéng tang do
(theo NL lién két) W Ik trudc bén viing sé téa nang lugng.
Nang lugng phan itng AE = K sau - La d6 chénh léch t6ng dbng
(theo dong nang) K truoc nang.
Lién hé dong lugng -

p2 = 2mK m la khéi lugng cta hat.

dong nang
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