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= 1. HAT NHAN'NGUYENTU"
1.1. CAU TRUC HAT NHAN

» Hat nhan nguyén tor dugc cau tao bai hai loai hat proton (p) va
neutron (n), c6 tén goi chung la nucleon.
» Ky hiéu:’, X

X - ki hiéu nguyén tur

A - 56 khoi lugng, A=Z + N

Z - s0 tht tu, so electron, s6 proton

N - s0 neutron
» Pong vi: la c4c hat nhan co cling so proton Z ((H, ’D, ).
» Dong khoi: 1a cac hat nhan co cling s6 khoi lugng A (¥C, “N ).
» Dong neutron: 14 cac hat nhan c6 cling sé neutron N (P, 2S ).
» Hat nhan guong: so proton cua hat ndy bang so neutron cua hat kia

(H, ;He).

—


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

/ﬂ%f (ban kinh) hatnhan:{R ~ R A"?
Véi: R, = 1,2.105 m

e Thé tich hat nhan ti 1& véi s6 khéi A:
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» Khoi lugng riéng cua tat ca cac hat nhan bang nhau:
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m A
p ~2,3.10" kg/m’
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~_— CHUYEN PONG CUACAC NUCLEON

/V

Chuyén dong
cua nucleon

2N

Trong hat ' Chuyén dong
nhan no1 tai
| ‘ |
p I ~ 7 I 3 s I & v I 4

Momen | Momen tir Momen co Momen
qui dao qui dao rieng (s = 1/2) ttr spin

|

~ Momen

toan phén mﬂ/f(f +1).1

J — 50 luwong tir mémen toan phan.
J=1,23,..néuAchan;J=1/2,3/2,5/2, ... néu A 18.

om/tailieudientucntt
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1.2. LUCHATNHAN
k,ufh,at/nhén la luc hat gitra cac nucleon dé
giit cho hat nhan bén viing.

Tinh chat ciia lwe hat nhan:

e Khong phai la luc dién.

+ CO tac dung tam ngan: trong pham Vi
10-15-1014m.

« CO6 tinh chat bdo hoda: mdi nucleon chi
trong tac vai mot so nucleon 1an can no.

 Phu thudc spin caa cac nucleon.

« Khong phai la lvc Xuyén tam.

« LA luyc trao doi: twong tac giira hai
nucleon dugc thuc hién bang cach trao
d6i vai nhau cac hat mezon ©t*, -, n°;

n+z°<p, p+7 ©on, nen+r’, pop+r

> [udn ¢ sy chuyén hoa lan nhau giita
cac nucleon.

,)

n

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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X

Cac loai

tuwong tac
A\
| - | |
_ - ;
Thé gidi vi mo Thé gidi vi mo
A\
a I, N ’ | N i | 2 | 7 ‘
Hap Pién tur: Tuong tac manh Tuong tac yéu:
dan: lyc ma sat, gifta cac nucleon gifta cac hat co
hap dan dan hoi trong hat nhan ban

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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KHOI LUQNG HAT-NHAN VA NANG LUONG LIEN'KET

et

—

Proton p

1,6726.10-%

1,007825

Neutron n

1,6750.10%7

1,008665

Véi: 1u = 1,6605402.10-2" kg= 931,5 (MeV/c?)

« Khéi lugng hat nhdn M lubén nhé hon tong khoi luong ciia cac
nucleon tao thanh hat nhan dé mot luong AM goi la @6 hut khoi hat

nhan: M =Zm,+(A-Z)m,-M

» Niing lugng lién két W, la ning lugng can thiét dé tach hat nhan
thanh cac nucleon riéng 1é & xa nhau.

W, =AM .c* =| Zm, +(A-Z)m, —M |¢?

» Ning lugng lién két riéng tinh cho mot nucleon: dic trung cho do

bén vitng ctia hat nhan.

cccccccccccccccc

_ Wi

£=—= (7 Mev <¢< 8,6 MeV)

A
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= BAI TAP Vi DU 1

Hat nhan Bery ;Be c6 khéi lugng 8,0053u. Tim ning lugng lién két
rieng cua hat nhan.
Huwéng dan giii
» Ning luong lién két cua hat nhan Be:
W, =AM .c? = Zm_ +(A-Z)m —M |c?
= (4.1,007825 + (8 — 4).1,008665 —8,0053)u
~ (0,061.931,5 ~56MeV

» Ning luong lién két riéng cta hat nhan Be:

- a9
r B
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2. HIEN TUONG PHONG XA =
. 2.1. CO CHE PHONG XA
Hién tuong phong xa la su phan ra cac hat nhan khong bén va phat
ra tia phong xa (la phan rng hat nhén téa nang luong).
a. Tia a: la hat nhan JHe. LA su phan rd ctia cac hat nhan ning c6
A>200, Z>82.

A A—4 4 238 234 4
ZX—) Z—2Y+ 2He 92U —> 90Th+ 2He

e Co ché: cé4c hat o chui ngam ra khoi hang rao thé niang cua hat nhan.
* Tia a c6 thé xuyén qua mot to giay.

b. Tia B: la chum electron (B~ ) hay positron (f*).

A A 0~— A A 0+

_X—> .Y+ e JX—> JOY+ e
234 234 . 0 13 13 0
win—> =Pd + ‘e N> C+ e

« Co ché: do su bién doi qua lai gitra proton va neutron

{n > p+e +v,
Véi v, va v, | hat neutrino va phan hat neutrino

+
p—o>n+e’ +v,

« Tia B c6 thé xuyén qua mot 14 nhdm day vai mm.

lieudientucntt
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c. Tia y: labicxa dién tu-€6-nang lugng cao. Phong xa y-lud di kem
— theo phong xa a va p.
« Co ché: sau phan rd o hoac B hat nhan & trang thai kich thich, sau
dé chuyén vé trang thai co nang luong thap hon dong thoi phat ra
photon nang luong cao (A<0,1 A%). N

A~/ A A @ 232TH
X = S X+hv e
234 * 234 140 “Rag ..
Pa > Pa + hp e~ WZBAc
9 €™ B 28Th
* Tia y cO thé xuyén qua mdt ban 224Ra ) ¢
chi day vai cm. 135 |- soopy
Sw phong xa tuan theo 216p,, 0
cac dinh luat bao toan: -»_,up,,{,,.;,
o A 130 - \
Momen dong lugng. e~ 3n 2128
° D()ng hIO’ng _J”l\__l_lq;_., /()(); 212pq
* Nang luong. e\
+ Dién tich 125¢ , TP, -7

Sé khél 80 85 90

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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% 23
Vidu. 11Na+ gn—

~< TR

%?Na + ¥

nn

it
0,41mSv.
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2.2. PINH LUAT PHONG XA

mtr‘mh phong xa, so hat nhan

ctia chat phong xa s& giam theo thoi gian
theo qui luat:

N=N e

V6i: N, - 56 hat nhan & thai diém t = 0. T
A - hang so6 phan ra. 3]

» Chu ky ban rd T 14 khoang thoi gian dé sb hat nhan phong xa giam di

mot nura: . _In2 0693
A A
* Do phong xa H xac dinh s6 phan ra trong mot giay:
H = —‘ij—':' — AN e =H_e* = AN

H, - d6 phong xa ban dau.
Pon vi cua H la Becquerel (1Bg=1 pr/s) hoac Curi (1Ci= 3,7.101°Bq)
» Thoi gian song trung binh cua hat nhan phéng xa: |z =1/
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. BAI TAP VI-DU2 —
Cho chu ky ban rd caa */C 12 5600 nam. Xét mot twong co bang gd,
nguoi ta thay do phong xa B~ cia noé chi bang 0,77 lan do phong xa
cta mot khiic go ¢d cling khoi luwong vira méi chit. Xac dinh tudi cua
tuong go. -
Huwong dan giai

- , : ; = o . -t
* b6 phéng xa cua khic go méi chat: H, =H_ ¢e
» B phong xa cua tuong go: H2 = HO g Al

= s 077

H, hle

N At=—|n0’77=— In0, 77 o

A 0,693/T
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o= 3. 1. PHAN UNG HAT NHAN

« C4C qué trinh bién d6i cta hat nhan duoc goi 1a phan ing hat nhan.
* Trong mot phan trng hat nhan cac dai luong sau day phai bao toan:
SO khoi, Dién tich, Nang luong, Bong lvong, Momen dong luong.
* Xet phan tng hat nhan: Zpl“X1 + ZA:XZ —> zijs + 24X4
c6 tong khoi lugng hat nhan trudc va sau phan tng 13 M, va M,
> Néu M, > M, : phan g toa ning lugng: Q =(|\/|1 - I\/IZ)C2 >0
Nang luong téa ra duoi dang dong nang cac hat sinh ra sau phan
ung, hoac nang luwong photon tia vy
» Néu M, < M, : phan tmg thu ning luong: Q =(M, - |\/|2)C2 <0
Ning luong duge cung cap cho phan tng dudi dang dong ning K
cua hat (khoi lwugng m) dén ban pha hat nhan (khoi luong M):

m
Koin =|Q| @+ M)
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3.2. NANG LUQNG HAT NHAN =

*N@ng hat nhan la nang luong thu duoc trong phan Gng hat
nhan toa nang luong.

 Bé phan tng tda ning lugng: phan chia hat nhan 16n (phan tGng
phan hach) hoac két hop cac hat nhan nho (phan rng nhiét hach).

3.2.1. Phan &ng phan hach: la phan tng tach hat nhan nang thanh
cac hat nhan nhe hon. B¢ hut khoi chuyén thanh nang lugng toa ra.

235 1
»J +on— X +Y +neutrons +Q

VGi: ;n — neutron cham (ning lugng < 1MeV).

X, Y — hat nhan két qua. CO nhiéu t6 hop (X,Y) théa man

dinh luit bao toan ning luong, s6 khoi va dién tich.
. A . A A Z*
* Di¢u kién phan hach: ——=117

» Su phan hach c6 thé xay ra tu phat (khdng can ban pha hat nhan
bang neutron) nhung Xac suat thap.

Py

« Nhién liéu chu yéu thuc hién phan tmg phan hach: %5U ,%,

m/taili eudientucn
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Cac loai phan @tng phan hach e
* GoikHaty so gitra so neutron tao rava so-neutron hap thy.

a. Phan ung day chuyén: k>1 (bom nguyén tur).

SXe+a Sr+2;n+200MeV >k =2

S Kr+Ba+3;n+200MeV —k =3

b. Phan tGng diéu khién duogc: k=1 (10 phan ung hat nhan).

c. Phan tng tat: k<1.
» Khéi lugng t6i thiéu ctia %,U nguyén chét dé phan tng day chuyén
tu phat xay ra duoc goi 1a khoi lugng tdi han =1 kg.

235 1
od +,N—

Fission vields
An example of one of the many fragments of
reactions in the uranium-235 intermediate

fission process. mass, an average

of 2.4 neutrons,
and average
energy about
215 MeV.

OQO—

gamma
ray

n

O Impact by
slow neutron

U-236 144

with energy compound s Ba O
on order of nucleus is [ Neutrons can
unstable, initiate a chain

an V. ) ;
oscillates. reaction.

el sun T Ly sa ili2ond i nne A = o
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~3.2.7. Phan tng nhiét hach: 1a phan ung tdng hop cac hat nhan

nhe thanh hat nhan nang hon.

« Pé cho phan tng tong hop xay ra, can phai truyén cho ching

nang luong da dé thang hang rao thé > cac hat nhan co thé tién

lai gan nhau téi cac khoang cach tai do cac luc hat nhan bat dau

tdc dung thang luc day Coulomb - phan trng bat dau. Sau khi

phan tng phat trién, né co thé tu duy tri do co0 su toa nang luong

trong cac phan tng tong hop.

» Ning lugng truyén cho cac hat nhan nhe dudi dang nhiét khoang

108 K nén goi la phan irng nhiét hach.

» Phan tng nhiét hach khoéng diéu khién duoc = ding 1am vii khi

nhiét hach.

» Trong tu nhién, phan ung tong hop hat nhan nhe xay ra trong

cac ngoi sao lam chung phat sang (vi du mat troi), con tong hop

hat nhan nang x4y ra trong cac vu no Siéu sao.
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mmm‘mg ding trong phan tGng tong hop hat nhan heli 1a
tr cac dong vi ctia Hydro: [H, :D,:T. Cac dong vi nay co thé trich lay
ttr nwde bi€n hoac tong hop tir nguyén tir Hydrogen.

Deuterium Helium

IH+ 35T —> SHe+19,8 MeV o &

%D+ 31T—> gHe+ &n+17,6 MeV ———

6 . 2 4 Energy
97iv 2D 5 2 He +2) MeX
Tritium Neutron
a) Proti (}H) b) Doteri (H) ¢) Triti G H)

Hat nhan gém 1 proton (truéng Hat nhin gom 1 Hat nhin gém 1 proton va 2 notron

hop duy nhat khéng c6 notron), proton va 1 notron, ( trwémg hop duy nhit c6 s6

chiém 99,984% so nguyén tr chi¢m 0,016% so notron bang 2 1an s6 proton).

hidro tir nhién nguyén tr hidro ty Déng vi nay chi chiém khoang

nhin 10-7% sé nguyén tir hidro ty nhién
) Hat electron O Hat proton ‘ Hat notron
So d6 cau tao nguyén ti¥ cac déng vi ciia nguyén té hidro T
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S 4. HAT CO BAN

/

/

4.1. CAC TINH CHAT CO BAN CUA HAT CO BAN

a. Khoi lwong nghi.
- Photon: m =0
- Cac hat khac: m=0

- Hat ning nhat: hat bodon trung gian m ~ 100m

b. Théi gian song trung binh .
- Hate,p,v,,y: 7=

- Hatn:z~900s(h > p + ¢ + \76)

- Mot so hat cong huéng: 7 ~10*s

c. Spin.
- hat bodon: s Ia s6 nguyén.
- hat fecmion: s la s6 ban nguyeén.

ccccccccccccccccc

Hat

e, p, n...

S

1/2
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. Dié{tl’ch: dién tich cac hat phan bé\khﬁng déu trong khéng gian.

Hat n, vy, m°

e

P

Quarks

Dién tich 0

-€

+€e

+e/3, +2e/3

e. Phan hat.

- Hau nhu moi hat déu cd phan hat cta no.

- Hat va phan hat c6 khoi luong, thoi gian song va spin giong nhau.
Céac dac trung con lai nhu dién tich, mdmen tir cua hat va phan hat
¢ do 16n bang nhau nhung ngugc dau: (e-,e*), (p,p), (D), (v, V).

- C6 mot so hat tring voi phan hat cta no: y=w.p 7

- Hatva phan hat gap nhau s€ bi huy diét va sinh ra photon.

e+ e > 2y

- Hat =° I& hat trung hoa, né rat kém bén nén phan rd thanh hai
photon sau thoi gian t = 10716 s:
T Dy

ccccccccccccccccc
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_—  4.2.PHAN LOAI CAC HAT €O BAN

e Boson: c6 spin nguyén, la nhiing
hat truyén tuong tac. Co 4 loai:
1. Photon: truyén tuong tac dién tir. kno keng

2. Gluon: truyén trong tac manbh. 'Tm;;}:

3. W boson va Z boson: truyén tén—
tuong tac yéu.

4. Graviton: twong tac hap dan? x

« Fermion: c6 spin ban nguyén, la
nhitng hat cdu tao nén vat chat.
Chia lam 2 nhom:

1. Hat nhe lepton: 6 hat lepton.
2. Hat nang quark: 6 hat quark.
Nhitng hat cau tao nén vat chat déu
c6 phan hat (phan vat chat). i

E .:ll S e

CuuDuongThanCong.com

/

/

Ba the he cua

vat chat (Fermion)

I II I1I
13,4 Mel 1,27 Gav 171,2Gev ||
‘34 24 L2 t 0 ﬂY
1 Y2 C Wz 1
up charm top photon
4,8 Mel 104 MV 4,2 Gl W]
‘dis:big
Ya ¥ Vs 1
down strange bottom gluon
<32 e (<017 Mav | [<15,5 Mav ﬂ..aﬁwu
w Ve 1% Vi |l Ve |5
14 € || I.l 2 T N
|
S Ton || neens || neritne |
(0,511 Mey l]l]S.]'H-l:'.' 1,777 Gev | | B0,4 Gev
-1 -1 -1 :I:lw 5
2 ©n L T |B
electron muon tau ﬁ#

https://fb.com/tailieudientucntt
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HAT LEPTON =
/ \ \ 2
*Lepton la cac hat nhe gom 6 hat ton tai theo cap (€7, v,), (17, v,),

(7, v,).
» Tuwong g v4i 6 lepton cO 6 phan lepton.

: A Khoi lugng | Tuong tac | Tuong
ELU R R UE O R dién tir | tAc yéu
Electrone- | 1/2 -1 0,511 Co Co
Electron 15 0 10-6 Khong | Co
neutrino v,
Muon s 1/2 -1 105,7 Co Co
. 1/2 0 <0,19 Khong | C6
neutrino Vu
Tau 1/2 1 1777 Cé Cé
1B 1/2 0 <18 Khong | C6
neutrino v,
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P — HAT QUARK =
e Hat quark 1a nhiing hat ning bao gom 6 loai: u (up), d (down), s
(strange), ¢ (charm), b (bottom), t (top).

Quark | Spin | Piéntich (e) | Khdi luong (MeV/c?)
u 1/2 2/3 2,4
d 1/2 -1/3 4,8
S 1/2 -1/3 104
C 1/2 2/3 1270
b 1/2 -1/3 4200
t 1/2 2/3 171000

» Moi quark c6 phan quark tuong tng.

» C4c hat quark két hop véi nhau tao thanh cac hat ning Hadron I3
hat tham gia tuong tac manh va cac loai tuong tac khac.

uuuuuuuuuuuuuuu m https://fb.com/tailieudientucntt
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g C6 2 nhém hadron:

a. Meson: La cac hat c6 khoi luong trung binh khoang (200 + 900m.,)
co spin nguyén.

e Cac nhom meson: K, x, D, B, ...

* Meson duoc tao thanh tir cap quark — phan quark

Hat | Thanh phan | Piéntich| Spin | Khdi lugng (MeV/c?)
ot ud +1 0 140

75' du -1 0 140

K* usS +1 0 493,7

K- ST -1 0 493,7

KO dS 0 0 4977

M cC 0 0 2980
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b. Baryon: la hat ngng (m>m,) co spin ban nguyen.

 Gom cac nhém: nucleon (p, n), hyperon (A, =, Z, Q), barion
duyén va barion dep.

 Barion duoc tao thanh tir ba quark.

Hat | Thanh phan | Piéntich| Spin | Khoi lugng (MeV/c?)

P uud +1 1/2 038
n udd 0 1/2 939
P uus +1 1/2 1189.4
A uds 0 1/2 1115.7

A ddd -1 3/2 1232
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