PGS.TS. NGO QUANG HUY

_ COSO
VAT LY HAT NHAN

NHA XUAT BAN KHOA HOC VA KY THUAT



GS.TS. NGO QUANG HUY
Ngudi nhan xét:
GS.TS TRAN PUC THIEP
PGS.TS PHAM QUOC HUNG

Co S6
VAT LY HAT NHAN

NHA XUAT BAN KHOA HOC VA KV THUAT



L3I NOI PAU

Mdn VA ly hat nhin duge gidng day trong cic khdi ki thudt tai cic
trudng dai hoc Viét Nam sudt nita th& ky qua. DSi trdng nghién ciu vé linh
vyc vit ly hat nhin 13 sinh vién, hoc vién cao hoc, nghién cifu sinh, cde cin
bd khoa hoc. Vi vy nhu cdu c6 sich vé vat iy hat nhdn d& hoc tip va tham
khdo la khd 16n.

Quyén sich “Cd 53 vt 1y hat nhan” dudc soan thio rén cd s§ cic
bai gidng cla tdc gid cho bic dai hoc va sau dai hoc trong cdc nim qua. Vit
ly hat nhdn bao him mdt pham vi rat réng vé 1y thuyét va thuc nghiém ddi
vdi hat nhdn va hat cd bdn ti¥ ning lwgng rdt thip d€n ning lugng rit cao.
MGt quyén sdch v& co sd vat Iy hat nhdn chi han ché mét phin nao d6 trong
pham vi ki€n thitc ndy. Hién nay Viét Nam dang st dung 1o phdn itng hat
nhin, mdy gia tdc nang lugng thip va cic thiét bi ng dung chat phéng xa,
va hdn nita, ching ta dang chuin bi cic didu kién dé xdy dung nha mdy dién
hat nhin. Néi khic di, phin 18n c6ng tic nghién citu va Uing dung tip trung
vao linh vic v4t 1y hat nhin ning lugng thip, ma chi y&u 13 vat Iy thuc
nghi€ém. Xudt phat t Iy do d6, quyén sdch niy tip trung vao vit 1§ hat nhin
thue nghi¢m ning lugng thip va ning lugng trung binh. Tuy nhién, d€ phan
dnh twing d6i day di co s§ vac 1y, trong quyén sdch ciing trinh bay cic 1y
thuy€t vé v4tly hat nhin § mdt mitc do vira phdi nhim giip cho sinh vién ¢6
thé ti€p thu dugc.

Quyén sich gém c6 7 chwong. Chuong ! néu tom tdt v& var Iy
nguyén nf va cdc dac rung, tinh chit cd bin cla hat nhan. Chuong 2 dinh
cho cdc mau hat nhin, gém méu giot chat 16ng, miu vé va miu suy rong.
Phin ng hat nhin dugc trink bay trong chutgng 3, trong d6 c¢é cdc co ché
phin ¥ng hdp phan va phin ung tric ti€p, va hai loai phin wng dic thi la
phin @ng phan hach hat nhin va phdn dng tdng hgp nhiét hach. Chuong 4
mé {4 cdc qud trinh phin ri alpha, beta va dich chuyén gamma. Trong

chuong 5 trinh by cdc quad trinh truyén cdc bitc xa alpha, beta, gamma va



ncutron qua vat chat. Chuang 6 danh cho cic ngudn bic xa, gdm cdc ngudn
phéng xa (0 nhién vd nhin tao, cdc thi€t bi bitc xa nhw 1o phdn (fng hat nhan
va mdy gia tdc hat tich dién. Cudi cling trong chuong 7 trinh bay cic phuong
phdp ghi do birc xa, gom cdc detector bitc xa, cac hé do dac biic xa va cdc
phuong phdp xi 1y s& liéu thuc nghiém.

Trong phan cudi mdi chuong cia quyén sich déu néu mot 6 bai tip
vi du ¢6 L1 giar mau va khodng 10 15 bai tap w gidi. Viéc gidi cdce bai tip
nay s& giiip cho ban doc nim k¥ hon phin 1y thuyét.

Hién nay c6 kha nhiéu sich v& vat Iy hat nhian xuft ban trong nude
va ngodi nudc. Viéc xuit bin quyén sich nay nhim b3 sung cho hé théng
sich vé vit1ly hat nhian & Viét Nam. Tdc gid chdn thanh cdm on Vién Ning
lrgng Nguyén tir Viét Nam tao didu kién soan thio vad Nha Xu&l Bin Khoa
hoc va K¥ thuat xuil bin quyén sich nay. Tdc gid bay t6 long cdm on dén
GS.TS Tran e Thiép, PGS.TS Pham Qudc Hing, PGS.TS Ngé Phit An,
PGS.TS Trin Thanh Minh, PGS.TS Vueng Hitu Tan va TS Ha Vin Thong da
déng gép nhidu ¢ ki€n nhin xét ¢6 gid tri v& ndi dung quyén sdch. Tdc gid
mong mudn nhin dude cic ¥ ki€n tit ban doc d€ quyén sdch nay ngdy cang

hoan thién hdn,

Tac gid
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Chuong 1

CAC PAC TRUNG VA TiNH CHAT
CO BAN CUA HAT NHAN

1L TOM TAT VE VAT LY NGUYEN TU

Nguyén tf cidv tao gan gidng nhw md hinh hé mat trévi, gém méot cdi
16i 1a hat nhidn va cdc electron chuyén ddng trén cdc quy dao xung quanh hat
nhiin. LY thuy€l nguyén 1¢ duge xay dung tuong d5i hoan chinh, dua trén su
tvang tdc Coulomb gilta hat nhin v§i cic electron quy dao ciling nhy sy nwdng
tdc giffa cdc electron qu¥ dao vdi nhau. Hat nhan khéng ¢6 cau tric ¢ha hinh
miu nguyén tf, nhung khi xdy dung 1¢ thuyét hat nhan, ngudi ta ciing 4p
dung miu nguyén t{ trong trudng hop miu vd hat nhin hay miu suy réng,
Trong cdc trudng hdp nay, cdc trang thdi v cdc mc ndng lugng cia cic
nucleon trong hat nhin dugc mdé td nhv cdc théng sd tuong dng cla cdc
electron trong nguyén tf. Ngodi ra, khi xem xét sy twong tac cia cdc bidc xa
véi vit chit, phin 1én cdc bite xa nhu alpha, beia, gamma déu tiong tic véi
cdc electron ca nguyén tlf, gdy nén hiéu \ng kich thich va ion héa nguyén
wt. Nhv viy, d€ thuédn tién trong viéc theo doi cdc van dé vé vatly hat nhén,
viéc nhiic lai mét s§ khdi niém cd badn vé vit 1y nguyén wf la cin thiét.
Trong phan nay trinh bay t6m tit vé ciu tric nguyén o, phan loai cdc trang
thdi va cdc mifc ning lugng cla cdc electron, quang phd nguyén tf hydrogen
va cdc nguyén tf kim loai kiém, ...

1.1.1. Nguyén t hydrogen
1.1.1.1. Chuyén dong ciia electron trong nguyén ti hydrogen

Cdc nguyén tf ¢6 cdu triic riéng clia minh phy thudc vao loai nguyén
t6. Nhung dac di€m chung ciia ching 13 cdu tao tir hat nhin cé dién tich
duwang +Ze, trong d6 e = 1,6.10""" C, ndm & giffa va cdc electron dién tich 4m
~e = - 1,6.10" C chuyén déng wén cdc quy dao xung quanh hat nhin. Mo
hinh nguyén tf nhv trén dude goi 14 mé hinh nguyén t¥ Bohr. Bién tich
duong cda hat nhin bing 18ng s8 cic dién tich 4m ctia cic electron, do dé
nguyén tf trung hoa vé dién tich. 88 electron quy dao ting din khi nguyén
t¥ cang nang. Vi du, nguyén uf hydrogen ¢6 1 electron quy dao cdn nranium
c6 92 electron quy dao. Nguyén (& cé dudng kinh khoing 107" m con hat
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nhian c6é dudng kinh khodng 107" m. Khdi lugng hat nhan chi€m phin I6n
khdi luong nguyén uf, coHn khéi lugng céc electron khong dang k&, Vi du,
khoi lugng proton bling m, = 1,67265.107 kg con khéi luong electron biing
m.=9,1091.10™ kg.

Tuong tic gitta hat nhin va c¢lectron qu dao 14 tuong tic Coulomb,
¢ dang sau:

7
U=- 1(?,6, (L1
r

Trong d6 k = $.10” N.m™/C” va r 1a khodng cdch 1ir electron dén hat

nhidn. Phuvng trinh Schrodinger mé td su tudng tdc nay ¢ dang:

2m, kZe

AY + =% (W +

- W =0 (1.2)

r

Trong d¢ ¥ va W 13 him trang thdi vi ning lugng cia electron,
B =1,054.107" J s 1a hiing s& Planck nit gon.

Do trirdng Coulomb déi xdng tim nén phuong trinh (1.2) duge gidi
trong hé toa d6 cau véi gdc toa dd 13 hat nhin cdbn r 13 khoang cdch tir
eleciron dén hat nhin. Nghiém phuong trinh cé dang 1ich sd cia hai thira 6

Yo = Rudr) Y,u(8,0) (1.3)

Trong d6 ham R,.(r) chi phu thugc vao ban kinh r ¢con ham Y,.,,(6,¢)
phu thudc vao cde goce clia hé 19a dd cye. Cdc chi sd n, £, m 1a 6 lwong ti
chinh, s& lugng tf quy dao va sé luong ti 1, trong dé:

n=1,2,34, .

f=0,1,2,3,4,.,n-1 {(nhin n gid tri) {1.4)

m=0,t1,£2 ..2¢ (nhdn2¢+ | gid tr1)

Nhu viy mot trang thdi ciia electron trén quy dao dudec mod ta bdi
ham séng ‘W, dic treng bdi 3 s§ lugng tf n, ¢, m. Ham bdn kinh R,,(r) dudc
dac trung bdi 2 88 Judng tf n, £ cOn ham goce Y ,..(0,9) dude dic tnimg bdi 2 s&
gng ti ¢, m. Pai luong | R, () |* 12 xdc sut tm thdy electron & vi i r vdi
cip s6 lwong ti¥ n va £ con dai lugng | Y,(8,9) 7 12 xdc sud't tim thiy electron
G cdc goc @ va @ v6i ciip 0 hugng 1 £ va m.

Nghig¢m thi hai cta phudng trinh Schrodinger 13 nang lugng electron:

1 m,:.»?‘lzc‘1
n’ 24 ne® Y’

Biy gid ta hdy xét truding hgp ddn gidn nbit 1a nguyén tif hydrogen,
gom hat nhin mang dién tich +¢ = +1,6.10"° C, 12 mé1 hat proton, va mét
electron qu§ dao mang dién tich —e = - 1,6.10"* C. Khi dé trong cic nghiém

4]

(1.5}
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trén cin thay Z = 1. Nang lwgng electron trong nguyén tlr hydrogen dudc thé
hién bing bdi céng thic:

W= — (1.6)

Trong d6 R = 3,27.10" 5™ la hing 6 Rydberg con h = 6,625.10™ J.s
13 hing s§ Planck. Céng thitc (1.6) cho thdy nang lugng electron trong
nguy€n W hydrogen ¢hi phu thude vio mdt 86 luong 1 chinh r va nhin cic
gid trt gidn doan. Hon nita nd con nhin cdc gid tri am, trong d6 mwc thap
nhdt W, = - Rh, #ng véi n = 1, con miFc cao nhit W. = 0 ing véin — oo
(hinh 1.1).

1.1.1.2. Quang ph# ciia hydrogen

Woz=0 < ] I
4 1 I h J } J"_ N
Rh
W,= _ . Yy
* 16 e L(?p N 3 Paschen - Brackett - Pfund
Lip M PPN ,
W = Rh 2 vy ¢ (Cde diy hong ngoai)
e _;_ Diy Balmer
Lép L {Nhin thi'y)
Wo=_ N
4
W,=-Rh — LdpK 1 1Y
Diy Lyman (T ngoai)

Hinh [.1. Cic mic ning ludng cia cdc Hinh 1.2. S6 d6 quang phd
clectron quy dao trong nguyén hydrogen.
hydrogen.

Tir s¢ d6 cdc mifc nang lugng electron theo hinh 1.1 ¢¢ thé gidi thich
cdu tao vach quang phé hydrogen. Quang phd vach 1a cdc vach mau nhd nét
quan sit thdy trong dung cv quang phé khi phin tich hé phdt sdng cta khi
hydrogen bing cdch phdng dién qua mot dng dung khi hydrogen & dp sudi
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thip. Hién twgng ndy duge md td nhy sau. Khi khéng c6 kich thich bén
ngoai, electron bao gidf cling d trang thdi ¢d bdn ¥ng véi mifc nadng hrgng
thdp nhdt W,. Duéi tdc dung cla kich thich bén ngoai, vi du dong dién,
electron dirge ting ning lugng. Né chuyén ddi sang trang thdi kich thich vdi
ning lugng W, cao hon. Electron chi & trang thdi kich thich trong mét khoang
thdi gian ngdn, khodng 10 s, sau d6 trd vé trang thdi dng vdi mc ning
ludng W, thap hon, Trong qua trich chuyén mifc nang lugng, electron sé gidi
phéng nang lugng dudi dang bifc xa dién tir, nghia 14 phdt ra mdt photon
mang ning lrgng hv. Theo dinh luat bdo todn ning lugng ta cb:
W,- W, =hv .n
Thay W, vi W, theo céng thic (1.6) vao (1.7) ta dugc tin s8 (tng véi

cic vach quang phé:
| 1
v=R| ——— (1.8)

Tinh tdn s8 v theo ¢ng thirc (1.8) vdicdc gid rin’ =1, 0" =2, n" =3,
n’ =4 van =5 ta dugc cdc diy quang phS Lyman (inh sing tf ngoai),
Balmer (4nh sdng nhin thdy) vi cdc ddy 4nh sdéng hdng ngoai nhu Paschen,
Brackett va Pfund, hoan toin phil hdp véi thuc nghiém (hinh 1.2).

1.1.2. Cde nguyén tif kim loai kiém

1.1.2.1. Néng lugng cia electron héa tri trong nguyén tit kim logi
kiem
Cdc nguyén tr kim loai kiém (Li, Na, K, Rb, Cs, ..) ciu tao gin

giong nhu nguyén td hydrogen. Trong mdu 1dp nguyén u¥, 16p ngoai cing
clia cdc nguyén tf ndy chi ¢ mdt electron héa tri (hinh 1.3).

K

@ ® ) @

Hydrogen (H) Lithium (Li) Sodium (Na)

Hinh 1.3. Miu 16p clia cdc nguyén o kim loai ki€ém Li va Na.
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Electron hoéa tri lién két y&u v6i phin con lai cla nguyén ¥, duac
£01 12 16i clia nguyén t¥, gdm hat nhia va cdc electron con lai. C6 thé xem
chuy€n dong ctia electron héa tri nh chuyén dong trong trwdng Coulomb
gdy bdi 16i nguyén tif, gidng nhu chuyén dong cia electron trong nguyén i
hydrogen. Cho nén. tinh chit quang hoc ciéa cic nguyén tif kim loai kiém vé
cin bdn gidng tinh chit quang hoc clia nguyén o hydrogen.

Trong nguyén tt kim loai kiém, ngoai ning lugng twong tic gilta
electron héa tri vdi hat nhan con ¢6 niang lugng phu gay ra do sy tudng tic
gira electron héa tri vdi cic electron khdc nén nang lugng cia electron héa
ir] trong nguyén tf kim loai ki€ém kbdc chit it vdi ning lugng cda electron
trong nguyén 1l hydrogen. Khi dé ning lucng electron héa tri trong kim loai
ki€m, ngodi sy phu thubc vio s& lugng o chinh n, con phu thudc vio sé
lugng tf quy dao ¢ theo cong thitc sau day:

W, =__£h__2_ (1.9)
(n+A£)

Bdng 1.]. Cdc gié tri A, d6i v8i mdt s6 nguyén o kim loai kiém & cde
trang thdi khdc nhau.

Nguyén 5 A, A, Ay A
3 Li 0,412 0,041 0,002 0,000
11 Na 1,373 0,883 0,010 0,001
19 K 2,230 1,776 0,146 0,007
37 Rb 3,195 2,711 1,233 0,012
55 Cs 4,131 3,649 2,448 0,022

Bdng 1.2. Cdc trang thdi va ning lugng cda electron héa tr trong
nguyén tff kim loai ki€m.

n 4 Trang thdi Muc ning lugng Ldp
1 0 ls 1S K
2 0 2s 28 L
1 2p 2P
0 3s 38
3 { 3p L) M
2 3d 3D
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Trong comg thie (1.9) A, 12 86 éu chinb phy thudc vao sd ivgng uf
quy dao /. Bdng b.] trinh bay cdc gid i A, 461 v3i mdt s6 nguyén ¥ kim
loai kiém & cdc trang thdi vdi € khdc nhau. Ta k¢ hiéu trang thdi s véi £ =0,
trang thdi p v&1 € = 1, trang thdi d v3i £ = 2, trang thai t vdi ¢ = 3.

Theo cong thite (1.9), ning lugng W,, phn thude vio 2 s8 lugng 1f n
va ¢ nén ngudi ta ky hiéu cdc mifc ping lugng bing nS khi £ =0, nP khi
£=1,nID khié=72vanlkhi =23 Khiddlacd cic trang thdi va ndng hrgng
iwong Wng néu trén bang 1.2.

1.1.2.2. Quang phi ciia nguyén tit kim logi kiém

Ciing gidng nhy nguyén &t hydrogen, khi ¢6 kich thich tif bén ngoai,
electron héa tri chuyén tf trang thdi ing véi mitc ning lugng thap ny, £, sang
trang thdi wng vdi mitc ning htgng n, ¢ cao hon. Sau 46 nd trd vé trang thii
véi mite ndang lugng n°, £ thip hon va gidi phéng ving lugng dudi dang bic
xa dién tif, nghia fa phdt ra photon ning lugng hv. Viéc chuyén mic ning
l¥gng nay win theo quy tdc Juwa chon nhy sau:

n"<nvaAl=f-{=2%1 (1.10)

Theo quy tic lwa chon (1.10), quang phd clia lithium duge thé hién

trén hinh 1.4,

4F
~ = 4p
ap ‘wnr 48
38 3
Diy 3§ - nP
2p Jl‘ ¥
Cicday 2P -nS
2P - nD»
zg b A
Diy 25 - nP

Hinh }.4. S¢ db quang phd ciia lithium.
Chu thich: Ky hiéu 28 — nP d€ chi dich chuyén nP - 28.
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1.1.2.3. Kich thich va ion héa nguyén ti

Céc clectron cda nguyén tif ¢chim diy cdc trang thidi thip nhal & cdc
quy dao thip nhdt. Vi du nguyén 1t sedium (Na), hinh 1.3, ¢6 11 clectron,
trong d6 2 electron nim & 16p K, 8 electron ndm & Idp L va 1 ¢lectron con lai
ndm ¢ 16p M. D6 1a trang 1hdi cd bdn cla nguyén ti. Céc electron nim & 16p
cang thap thi cang bi lue tic dung hit manh vio hat nhan. B¢ chuyén né 1én
{p cao hon phdi cé nang lugng cung ¢&p 1 bén ngoai. Khi mot clectron nao
dé dudc cung cAp nang lugng chuyén tir 1ip dudi 1én I8p wén thi d€ lai mot
16 trdng 3 1ép ma n6 vira bd di. Khi dé nguyén i ¢ trang thai kich thich. N&u
dudge cung cdp mot ning lugng rat Ién, clectron ¢6 thé thodt ra ngoai nguylén
t, nghia la khong chiu luc hit cia nguyén tf, va d€ lai mot 13 udng tai (Gp
né vifa bd di. Khi @6 1a néi nguyén uf bi ion hoa, titc 1a nguyén ti véi dién
tich duong ¢6 gid i bing dién tich cdc electron bay ra ngoai.

Niang lugng ion héa nguyén tf 1a ning ludng cin thi€t d¢ mot
electron chuy€n 1 mifc ¢ ban wd thanh electron ty do. Ching han ning
lwgng ion héa nguyén tir hydrogen Ey, theo hinh 1.1, 13 niang Iugng cdn thist
d¢ electron chuyén tf mitc nang Wong ¢d bin K (n, = 1) 1én mic ning lugng
cao nhat khi n, — oo, tifc 13;

En=W,;- W, =0-(-Rh)=Rh (1.11)

Thay R =3,27.10" s" v h = 6,625.10™ J.s vio cong thitc (1,11} ta
duge E=13,6eV.

Khi nguyén tf bi kich thich hay bi ion héa, vi tri ci cda electron trd
thanh 16 tréng. N&u mot electron nao dé & 9p cao n, rgi vio 16 trong & 16p
thap n, thi nguyén i gidi phéng mét nang lugng bing hidu s& gia hai mitc
nang lugng twong dng véi hai 19p nay -

2 2
n, n

E=W,, -W, :Rh[ : —L] vdin, >, (1.12)

Néng lwgng E duge gidi phéng ra khoi nguyén t dudi dang mdt bire
xa dién tlr, chdng han 12 dnh sdng dGi v6i nguyén tf hydrogen. P61 véi cic
nguyén tif ndng, tite 1A c6 s8 nguyén uf Z 18n, ning lugng bitc xa ¢6 gid tri
16n. Trong truing hop ndy, khi electron chuyén giita cdc mifc thip, bitc xa
phéitra 6 ning lugng khd 1dn, goi la tia X (hinh 1.5), cdn d61 vdi cic Idp cao
hdn, niing lwgng bic xa bé, khi d6 nguyén tf phdt ra cdc tia dnh sing tiy
ngoai, dnh sing nhin thiy hodc 4nh sing hdng ngoai. Tia X va cdc bic xa
dnh sing deu 1a séng dién 1y, ching chi khdc nhau v& tdn s§ séng. Chiing c6
tinh chit hat nén cdn goi 1a photon hay lugng ti 4nh sdng.
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Electron l6p L Tia X

Hinh 1.5. Nguyén tif bifc xa tia X.

Trong qud trinh twdng tdc cla bc xa v8i vt chat, ning lugng cla tia
bitc xa nhv alpha, beta, gamma dudc truyén cho cdc electron quy dao. Céc
hié¢u ¥ng chung khi twong tic cla bic xa vdi vt chat 1 kich thich va ion héa
nguyén t¥ mdi trudng.

1.1.3. Momen tif cia electron va hi¢u ¥ng Zeeman

Electron chuyén déng trén quy dao cha nguyén tlf nén né ¢6 momen
déng hugng £ v6i cdc gié tr1 gidn doan:
[ ¢ = Jew+a (1.13)
vA hinh chiéu 1&n phuong z bat ky:
(¢),=mh (1.14)
Trong dé m 1 s& luvgng i tir. Electron chuy&n ddng quanh hat nhén tao nén
dong dién. Dong dién ndy cé momen (it [i ngudc chidu va ti 1€ vdi é:

= v (1.15)
m, .
Hinh chi€u cfia momen tir 1&én phwong z bat k¥ bing:
K, = - mg (1.16)
Trong do pg 12 magneton Bohr:
T ;': =10 A.m? (1.17)

[

Pa 1dn cita momen oY (1.15) dugce viét qua magneton Bohr nhy sau:
w=l il = Jee+1)ps (1.18)
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Hién twong Zeeman I hién twgng tich vach quang phd nguyén vy
thanh nhiéu vach sit nhau khi nguy€n tif phdt sdng dit trong ¢ trudng. Vi du,
ta d3t mdt ngudn khi hydrogen phdt sdng vao giita hai cuc mét nam chim
di€n. Khi quan sdt cdc bi¥c xa phét ra theo phuong vudng géc véi vector tir
trudng thi thdy mdi vach guang phd ciia nguyén t hydrogen bi tich thanh 3
vach sit nhau,

Gidi thich hién twgng Zeeman nhu sau. Vi electron ¢6 momen r fi
nén khi ddt nguyén tf hydrogen vao tit trudng Bthi electron ¢6 thém ning
lugng phu:

AW = -(ji.B) (1.19a)
Gid sif phuong 7 1a phidng cda 6ir truding B thi:
AW =- 1, B =_mpg B (1.19b)

Nhur viy khi nguyén tit hydrogen dat trong ti trudng, nang lugng W’

clia electron con phu thudc vio s§ lwvgng tf m nhu sau:
W' =W +myg B (1.20)

Trong d6 W la niing Ivgng ciia electron khi nguyén uf hydrogen
khéng dit trong tl¥ trudng.

Né&u electron dich chuyén nr trang thii éng véi ning lugng W’, sang
trang thdi itng v6i ning lugng W’ thap hon thi né sé phét ra bifc xa dién .
Tan s8 vach quang phé bing:

L. W-W O W,-W, (m,—m,)u,B

v " " (1.21)

h
W?_Wj s A P 2 .
Trong do —‘—h— = v la tin s cia vach quang phé hydrogen khi

nguyén tf hydrogen khéng dat trong tir trwdng. Do dé:

. (m,—m, ju,B

vi=v (1.22
0 )
Quy tic lwa chon ddi véi s8 lugng v ti¥ m nhy sau:
Am=m;—m; =0, + 1 (1.23)
Nhu vay v’ c6 thé nhan 3 gid tri:
V—E-'lB
h
V=< (1.24)
v+u—BB
h
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nghta 1A mot vach quang phd khi khong ¢6 1t trudng dwde tach thinh 3 vach
khi ¢6 tif trudng, trong d6 vach gira tring vdi vach cii.

1.1.4. Spin electron va cdu tao bdi cha vach quang phé
1.1.4.1. Spin electron vi cdu triic tinh t& cita mife ndng hiong

Electron ¢6 momen spin S vdi d§ 16n:

| 5 = Js(s+1)n (1.25)

Trong 46 s = 1/2 12 &8 lugng i spin, hay spin cia electron. Hinh chiéu ciia
momen spin 1én phudng z bat ky bang:

(_S')z:i%h (1.26)

Do clectron ¢6 momen quy dao ¢ vi momen spin 5 nén né cd

momen toan phin j:

j=0+% (1.27)
D6 16n clia momen toan phdn j 1a:
L1 = i+ D (1.28)
Trong dé j 1a s8 lwgng ti momen toin phin, dugc xdc dinh nhu sau:
j=lr+172] (1.29)

Do ¢6 momen spin nén dé xdc dinh trang thdi ciia electron, ngoai 3
6 hwong 1¢ n, ¢, m cdon phdi dwa vio sO lugng of m, dac trung cho su dinh
hudng clia spin. Nhir vy trang thdi lugng ti cia mot electron trong nguyén
W duge xd¢ dinh bdi 4 s8 Jugng ti n, ¢, m, m,.

Elcctron ¢é momen spin nén cling ¢4 momen tif riéng, do dé ¢6 sy
tuong tic gilfa momen tif riéng vi momen tif quy dao cling nhwr gita momen
tir riéng clia cdc electron trong nguyén ti vdi nhau. Nhu viy c¢6 thém ning
luong b sung vao bi€u thitc ning hdng clia electron khi tinh t4i spin. Ning
lwgng phu nay phy thude vao sy dinh hudng cda momen spin, do 46 phu
thudc vao j. N6i khic di, ning lugng toan phin ciia electron trong nguyén ti
phu thudc vao 3 s lugng 0¥ 0, 7, j.

Khi dva vao momen toan phin j thi mdi mic ning lugng duge tich
thanh 2 mife ¥ng v6i j = £ - 172 va j= £ + 1/2, trong d6 mifc Wng vdij=£- 1/2
cao hon muc Wng vdi j = ¢ + 1/2. Khodng cdch giifa hai mifc nay khong 1dn
Km nén ciu tric nhy vay goi 1a cdu triic rink 12 cla mifc ning ludng.

Ngudsi ta ky higu trang thii cia electron héa tri bing nx; cdn mifc
ning hwdng cia nd bing n’X;, trong d6:

n=1,2,3,4,. (s6 lugng 1 chinh)
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X=8,P,D,F .dngvdi£=0,1,2,3, _

j=lex1/2

Chi s§ 2 & phia wdi va trén chit X chi cdu tao béi kép cia mic ning
lwong. Cac mic nang lvgng S (£ = ) khdng cd cAu tao boi. Trén mdi mic S
¢6 hai trang thdi clectron khic nhau v& sy dinh hudng cda momen spin.

Bang 1.3 rinh bay cdc trang thdi va muc ning lugng cé thé cé cla
clectron hoa tri trong nguyén u¥ hydrogen va cic nguyén uf kim loai kiém.

Bdng 1.3. Cdc rang thdi v mitc ning Wgng ¢6 thé ¢6 cda clectron
hda tri trong nguyén 6 hydrogen va cic nguyén td kim loai kidm.

N ‘ ] Trang thai cia Mifc nang lugng
electron héa tri

1 0 L2 18 1’1
0 12 2811 2’S 1
2 1 172 21 2°Pin
32 ] 2Py, fo_ 2Py

0 v 3812 - §ZSlJ2 |
3 ! (/2 3pin 3P,
" 312 3psn 3Py
2 32 3Ds, 3’Dsp
512 3Dsp 3°Dsn

1.1.4.2. Cdu tgo bji ciia vach quang phé

2 - —  3Dsp
T 3P 3p—7—< ,
3P ——p—< A 3Dap
S 3?P
12 — 2*P3y
28 -= ¥ 28 X zlpm
a) b) a) b)
Hinh 1.6. So d6 vach kép khi Hinh 1.7. S¢ @6 vach bdi ba khi
tinh tdi spin electron. tinh té1 spin electron,
a) Vach guang phd khi chua a) Vach quang phé khi chua
tinh d€n spin, tinh dé€n spin.
b) Vach kép khi tinh t3i spin. b) Vach boi ba khi tinh tdi spin.

Trén cd s8 cdu tric tinh 1€ cda mife nang lugng ta ¢6 thé gidi thich
dugc cdu tao bii cia vach quang phd' hay tdch tinh 18 ciia vach quang phé,
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Do ning lugng electron phu thudc vao s& lugng of j nén khi chuy&n or mic
nang luogng cao xudng mic ning lrgng thap hon, ngodi quy tic lva chon déi
véi ¢ theo cong thite (1.10), electron con phdi tudn theo quy tic lua chon d6i
vai g
Aj=j—-3=0,%1] (1.30)
Tit quy tdc lra chon d8i vdi j c6 thé suy ra ciu tao bdi ella cdc vach
quang phd 28 — 3P va 2P - 3D nhyf trinh by trén cdc hinh 1.6 va 1.7.

1.1.5. Quy ludt phan bd cdc electron qui dao va hé théng tudn
hoan Mendeleev

M4t trang théi ciia electron quy dao duge dic trung bdi 4 s8 lugng 1k
n, £, m vi m,. Quy ludt phan b3 cic electron quf dao tuin theo nguyén Iy
loai trir Pauli, phdt biéu nhv sau: “3 mbi trang thdi lugng t& xdc dinh bdi 4
s8 lugng tir n, ¢, m va m, chi c6 thé c6 18i da mdt electron™.

Chua k€ t8i spin electron, vdi mdi tri s§ clia n ta ¢é s6 trang thai
electron nhu sau:

n—t
Y @t+1)=n’ (1.31)

#=l
Khi ké dén spin thl mdi tri s6 cia ¢ ta lai c6 hai tri 58 khdc nhau cda
m, 12 m,= 1/2 va m, = -1/2. Nhu vy vdi m3i tri s& cla n ta ¢6 2n’ trang thdi
lwong t¥, nghia 1a ¢6 2n’ electron. Tdy theo s8 hrgng ti¥ n ta chia thanh tiing
16p electron quanh hat nhin nhu sau:
Lép K (n = 1) ¢6 t5i da 2n” = 2 electron.
L6p L (n = 2) ¢6 tdi da 2n” = 8 electron.
Lép M (n = 3) ¢6 t8i da 2n° = 18 electron.
Ldp N (n = 4) c6 t8i da 2n* = 32 electron.
MOi 18p lai chia thanh cdc Wdp con ifng vdi cdc gid trl khdc nhau cla
. M&i 18p con ¢6 2(2¢ + 1) electron,
s Lép K (n = 1) ¢6 t6i da 2 electron.
Ldp nay chi c6 mot 1dp S véi £ =0, chita 2(24 + 1) = 2 electron.
e Lép L (n = 2) ¢6 t8i da 8 electron, gdm 2 1dp con:
—Ldp con S (¢ = 0) chifa 2(2¢ + 1) = 2 eleciron.
—Lép con P (£ = 1) chita 2(2¢ + 1) = 6 electron.
¢ Lép M (n = 3) c6 (8i da 18 electron, gém 3 1dp con:
—Ldpcon § (£ =0) chita 2(2¢ + 1) = 2 electron.
—~Ldpcon P (£=1)chfa 2(2{ + 1} = 6 electron.
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—L8p con D (¢ = 2) chita 2(2¢ + 1) = 10 electron.

* Lop N (n = 4) ¢6 t8i da 32 electron, gém 4 18p con:

—Lépcon S (€ =0) chita 2(2¢ + 1) = 2 electron.
—Ldp con P (¢ = 1) chita 2(2¢ + 1) = 6 eleciron,
—Lépcon D (¢ =2) chita 2(2¢ + 1) = 10 electron.
—Ld&p con D (£ = 3) chita 2(2¢ + 1) = 14 electron.

Quy ludt phin b cic electron quy dac nht trén cho phép sdp xép
cdc nguyén o theo thif tf ting din s§ electron quy dao, nhy dugce trinh bay
trén bing 1.4. Bing sip x&p nay phi hgp v6i hé théng tuin hoan
Mendelecv, dude xay dung tif nam 1869, trudc khi hinh thanh mébn cd hoc
hrgng tit.

Bdng 1.4. Bang phin hang tuin hon ddi vdi mot s6 nguyén 16,

Nguyén Ldp K L M
1o Ldp 18 28 2P 38 3P 3D
con

rEfZnozaowPoEx
h B oW b=

Si

v

Cl

S I S I B I S S S S S S S S N -
BD M NN MR DR NN R R —

[ R = R v I = e i M= s N

[t I o T R S R S

[ R T S I

T bdng tudn hodn trén cé thé vi€t cdng thitc ciu tric 16p cia
nguyén . Vi du, d6i vdi Al cong thitc Fa 1s725?2p%3523p", ¢6 nghia 12 d6i véi
nguyén tf nay & trang thdi Is ¢6 2 electron, trang thdi 2s ¢6 2 electron, trang
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thdi 2p ¢6 6 electron, trang thdi 3s ¢6 2 electron va trang thai 3p ¢6 1
electron.

Ciing tir bang 1.4 thdy rling cdc Khi wd 13 cdc khi ¢6 cdc Idp bi
electron chodn ddy, dé 1a cdc nguyén ti bén v& mat héa hoc. Téng s6
etectron chodn day, theo bdng 1.4, d61 vdi cac khi g 13 2 (He), 10 (Ne), L8
(Ar). Bdi véi cac khi to khic ta ¢ s0 electron chodn diy 1a 36 (Kn), 54
{Xc), 86 (Rn).

1.2. CAC HAT NHAN DONG VI, DONG KHOI VA PONG KHOI
GUONG

1.2.1. Cdc thanh phin cd bin cda hat nhdn

Hat nhan ciu tao 6 cic proton (k¢ hidu la p) va cac neutron (ky hiéu
la n). Khéi Iugng proton m, vi neutron m, gin bing nhau va bing khodng
1840 1in khéi lwgng electron m, = 9,091.107 kg, trong d6 m, = 1836,15m, =
1,67265.1077 kg va m, = 1838.68m, = 1,67495.10™ kg. Proton ¢6 dién tich
dudng + ¢ = +1,6.10""” C con neutron 1a hat irung hoa.

Khic véi electron, proton va neutron chiu tic dung cda lyc hat nhan,
do 14 wudng hgp riéng cda wdng téc manh. Do lye hat nhin ma cdc proton
v neutron ¢6 b€ lién k&1 vdi nhau (ao nén cdc hat nhin. D61 vdi wong tic
manh thi cdc proton va neutron hoan toan giéng nhan. Vi viy chiing duge goi
chung la cae nucleon. Co th€ néi proton va neutron la hai trang thdi cua cling
mét hat, dé 1a nucleon.

Nguyén of trung hda v& dién nén s& proton trong hat nhan bing s
electron trong vé nguyén ti. Nhu vay s proton bing s6 nguyén it 7. S6
nuclcon trong hat nhan bing A, goi | 6" khdi lwong. N€u got s neutron
trong hatnhdnlaNthitacd A=Z+ N

Ta k¢ hidu hat nhin X ¢6 s8 khdi lugng A va s§ nguyén r Z la
zX’\, Chdng han hat nhin beryllium ¢é 4 proton va 5 neutron, tifc 1a Z = 4
vi A = 9, nén dudc ky hi¢u la (Be’. Chi 50 Z trong k¢ hi¢u , X" déi khi c6
thé bd qua vi s8 nguyén tf 7 duge xdc dinh mdt cdch dan tri bing tén goi
clia nguyén 16. Vi du, hat nhin Be’ ¢6 thé viét 1a Be’. Vi ky hiéu cla hat
nhin néi trén, ¢ thé ky hiéu proton 1 p' va nevtron 1a o',

1.2.2. Cdc hat nhian déng vi

Céc hat nhin vdi s& nguyén tif Z gidng nhau nhung vdi s khdi lugng
A khic nhau dude goi 1a cic kgt nhdn ding vi hay goi it 1a dong vi. Ching
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han uranium v@i Z = 92 ¢6 cde dong vi U7 vie U7 Vi o0 neutron biing
P43 va 146 wang img. Cide hat nhiln ¢ha cing mdc dong vi dirde poi 13 cde
muctide 1a s0 cic nguyén 18 o thanh 1 hon hop cie dong v khde nhauw.
D1 v moi nguyn W, I gilfa cac dong vi thanh phin eot 1a o phe brén.
Vi du, d phd bién clia dong vi L va 10¢ clia ngoy&n (8 lithium 1 92,54
v 7.5% wrang ing. Neguyln 1 oxygen ¢6 3 dong vi vadi dd phd Mcn nhi <au:
01" (99.7599%). «O'7 (0,037% ) vd (O (0,204% ).

Mdi nguyén & chifm mél vi tri tong bing widn hoin Mendeleey
nén cdc dbng vi cla cling mO nguyén 13 ¢ cling mot v tri trong hiing tin
hoan. Do dé cde nguyén i ¢lia cae ddng vi khie nhau nhung ciia cimy mot
neuyCn W déu ¢d tinh chil hoa hoc gidng nhau. Vice tich mot ddng vi nao
do ra khon hdn hdp cda cling mot nguyén t6 1 mdt bii win k§ (hudt phite
ap. BE gidi quyct viln d¢ nay khang thé dimg cic phan dng héa hoe ma chi
€0 cdch phiin hid( cdc ddng vi theo sy khic nhau khong Idn cia van toe cua
chiing khi e hot, khuceh tin va cde qud trinh vat iy khic.

Cic domg vi ¢o the 1n tai trong (¢ nhién, 2ol 1A cie dang vi ne nhicn,
hay ¢6 thd tao nén trong cic 1o phin ing hat nhin 1A cic may gia 16c hal
tich dién. goi 12 cac ding v nhdn feo. Mo s done viuf nhicn va hita hél
cic ddng vi nhin tao déu khong bén va (huting phat ra cic bire xu d¢
thinh cdc dong vi bén. Tinh chit phit bite xa nity goi 1a tinh phéng xa va cic
ddng vi phdt bie xa goi ¥ cac ding vi phing xu. Cide dong vi hdn khdng 1he
ty phdt ra cde bire xa dir véi mdt lrong rdt bé trong thadi gian tdn i cda vid
try. C6 khodng 70 dbng vi phong xa ¢ nhién, trong do quan trong nhit 1 cic
dong vig-U™ U™ G Th™ ciing ciae ddng vi con chidu trong cde ho phan ri
cda ching, va khoing 2000 ddng vi phong xa ahin o, trong do cie dong vi
thudng dung nhur Co™, GOsTe l,.ﬂ-\m'\'”‘

D¢ phiin bi¢t cdc hat nhiin bén v khong bén ngudi ta (thieing dimg
giiin d6 proton-neutron Z-N hinh [ 8) Trén gidn dd nay hai duting gach ndi
¢d kY bicu S, =0va S, =01 gidi han mién tOn (ai clia cdc hat nhan bén doi
vdl phiin rd proton va ncutron, trong d6 S, va S, 1 cde ndng hugng tich
proton v neutron ra khodi hat nhdn. Mién gidi han hep hon trong midn noi
trén gdm cde hat nhin bén v cic hat nhin phong xa heta Trong nuién nay.
cdc hat nhan hén ¢6 sG proton v 53 neutron ninm trong mdt hanh Ling hep
md 14 b3t micn gach card. Dai ndy ¢6 s6 proton biing <& neutron 361 v e
hat nhin (r hydrogen dén calcium vd sau do <0 proton gidaa dan khi tang s0
ncutron N, giam nhanh hdn duting phiin gide 7 = N, Cdc hat nhin phdéng xa
beta niim ngoil hiinh lang gidi han cla ddi nay, trong do cic hat nhin phong
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xa B* nim & mién gach chéo phia trén con cic hat nhin phéng xa B~ niim &
mién gach chéo phia dudi.

Z
100 =
S=0_\1
R
Z=N - T p
80 - L =
Kig 4 [ J
Cadc hat nhdn -
phéng xa b 3 B
60 = “T 50
o b- 1" 3 lh L
, Y \Cic hat nhan bén
40 —5 R et r
4 _ | - J Céc hatnhén phéng xa
p b
20 P [ . |
4 sy
0 20 40 60 80 100 120 140 160 N

Hinh 1.8. Gidn d6 Z-N phan biét cdc hat nhin bén va khong bén.

Mién gi6i han giita hai dudng cong S, = 0 va S, = 0 gdm céc hat
nhin bén d8i v6i phan ra nucleon. Dii hep gach ca rd gdm cdc hat nhin
bén dBi v6i ca phin rd nucleon va beta. Viing gach chéo phia trén gém cic
hat nhdn phan ra B* con ving gach chéo phia dudi gdm cdc hat nhin phan
ra .

1.2.3. Céic hat nhin ddng kho'

Cidc hat nhdn ddng khéi la cdc hat nhin c¢6 cing s6 A nhung s Z
khdc nhau. Vi du, cdc hat nhan ddng khéi 1a céc cap 1S va 1sAr®, 5,Sb'>
va 5;Te'™, ... Ngudi ta di tim dugc 60 cip hat nhan déng khéi lugng bén cé
s6 A chdn va s§ Z khédc nhau hai don vi bit diu tir A = 36 va hai cap ddng vi
A 1é va Z khdc nhau mdt don vi:

+Cd" va 4oIn'>

Sb' va ,,Te'?

Ngoai ra con tim dudc vai nhém ba hat nhan ddng khdi lugng nhu:

22Ti5[]’ 23v5(]‘ 24Cr5[)

54Xej36, 55Bal3ﬁ, SsCe]?ﬁﬁ
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1.2.4. Céc hat nhin déng khéi guong

Cédc hat nhan ddng kh&i guong 13 cdc hat nhin ddng khdi ma s&
proton ciia hat nhin nay bing s6 neuntron cia hat nhan kia. Vi du, cdc hat
nhin déng kXhdi guong nhu |H® - ;He™; ,Li" - ;Be’; sB'' — («C".

1.3. KiCH THUGC VA HINH DANG CUA HAT NHAN

1.3.1. Kich thuéec hat nhan

Cé6 thé coi hat nhan nhy mét qud cdu bin kinh R va xdc dinh ban
kinh hat nhin bing nhiéu phuong phdp thuc nghiém khdc nhau. Sau day
trinh bay mdt sd phudng phép.

1.3.1.1. Xdc dinh bdn kinh theo thii gian séng cia cdc hat nhin
phidnri o

Céc hat nhdn phin rd o c6 thdi gian sdng T lién hé véi dong nang
cia hat o theo quy ludt Geiger-Nuttall:
InT + AlnE=B {1.32)
Trong d6 A va B 1A cdc hiing s&, T bi€n thién tit 107 s d&n 10" nim
con E bién thién wr 4 MeV dén 7 MeV. Quy luit nay clia phin ri o dita trén
hiéu dng cd hoc lugng ut khi hat o di xuyén qua b thé Coulomb. Bdi vi mot
trong cdc bién ciia by th€ tring vdi bdn kinh R ciia hat nhin nén biéu thic 1y
thuy&t clia thdi gian s6ng T chita dai luong R. Do d6 c6 thé xdc dinh R khi so
sdnh cdc gid tri 1y thuy€t va thuc nghiém cda thdi gian s6ng T. K&t qua thue
nghiém cho thdy cdc hat nhdn phit o c¢6 ban kinh trong khodng tir 8,4.10™
cm d€n 9,8.10" ¢m va tuan theo bidu thirc
R=rA" (1.33)
Trong 46
r,=(1,45-1,5).10" cm (1.34)

1.3.1.2. Xdc dinh bdn kinh theo sy phin rd@ fciia cdc hat nhin doi
xiing guong

Nhu trinh bay trong muc 1.2.4 thi nang lugng lién k&€t cda hat nhin
dwge thé hién qua cong thitc ban thirc nghiém saun diy:

EuAZ)=oA-Ba”- 2 (A VL ae s
Ikl Sk, A”S g 2 A 1k .
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Trong ¢Ong thic nay, hé s& y duge bicu dién qua bin kinh R theo
chng thifc sau:
e’

Y= (1.36)
:)1‘0

B¢ xdc dinh r, qua hé s6 v, ngudi ta ding su phan rd B' cia cic hat
nhin d61 xdng gwong. Khi phin rd B' thi hat nhin (A,Z) trd thinh hat nhén
d61 xing guong (A,Z-1). P81 v46i hat nhin ddi xidng gudng thi s neutron
N = A - 7 bidng s8 proton 7. — 1 cla hat nhin kia, do dd A - Z = Z - 1, nghia
1A A =27 1. V3i mGi quan hé gitta A vd 7. nhit viy thi s§ hang 8F, trong
cOng thire (1.35) bing khong con 141 cd cdc s& hang con lai déu bing nhau
dé1 vdi hai hat nhin d61 xdng guong, ngodi s& hang y. Nhu vay hiéu ning
lugng lien k€t cla hai hat nhdn (A,Z) va (AZ-1) 1a:

AEy = Ew(AZ-1) - Ex(AZ)
_YQLD e 37
A St

So sdnh cdc gid tri thue nghiém véi cdng thife (1.36) vE hidu 50 ning

luong lién k&t d61 véi cdc hat nhdn déi xiing gwong ta dugc:
r,=(1,2-1,3).10" em (1.38)

AP (1.37)

1.3.1.3. Xdc dinh bdan kinh theo tdén xa neutron nhanh lén cdc hat
nhin

Khi mdt chiim hat neutron véi cudng dé N, di qua bia vat chat cé do
day x thi chim neutron sau bia d6 Ia:
N(x) = N,e "™ (1.39)
Trong d6 n 13 mit d6 hat nhin cita bia va ¢ 1 ti€t dién vi phan twdng
lic gitta nentron va hat nhin bia. Qua trinh twong tic cia neutron nhanh véi
hat nhin bia gdm qud trinh tdn xa khong dan hdi va tdn xa nhiéu xa dan hdi
vdi i€l dién vi phin bang
o = 2nR’ (1.40)
Trén co s§ hai cdng thife (1.39) va (1.40) ¢6 thé xdc¢ dinh bdn kinh
hat nhin khi cho chim neutron mhanh vdt ning Iwgng tit 14 MeV dén 25
MeV va nang lugng 90 MeV di gqua 1dp bia diy d nhu sau:

[N(d)]
N
Rl G _ [+]

=2 Lo d (1.41)
2n 2 nnd
K& qua thyc nghiém cho gid tri ban kinh R = r, A" vdi r, nhi sau;
£, =(1,3-1,4).10" em. (1.42)
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1.3.1.4. Xdc dinh bdn kinh theo tdn xq electron nhanh lén cdic hat
nhdan

b dai bude song de Broigle cia electron vdi dong niing E, >> m.¢”
1a;

oo b _hbe 662107x310" 124.107"

p E, 1,6.10°E, E

Trong dé A dudc tinh theo ddn vi cm con don vi cia E, 1a MeV. Khi

E. =100 Mev thi A vao cd kich thude cia hat nhiin. Bing thuc nghiém tdn xa

dan hdi cda electron 1én hat nhin vi do phin bd géc cla cdc neutron san tén

xa ¢6 th€ xdc dinh dugc ban kinh hat ahin. So sanh két qud tinh todn vdi s6
li¢u thye nghiém cho gid tri ban kinh R = r,A" v8i r, nhu sau:

r, = (1,2-1,5).10™" ¢m. (1.44)

(1.43)

[

1.3.1.5. Xdc dinh bdn kinh theo ndng lugng biic xa tia X tir nguyén
it muon (1)

Hat p ¢é khéi tugng my = 207m,, mang dién tich dudng, 4m hoidc
trung hoa, phin rd thanh mét electron va hai ncutrino véi thdi gian song
210" s,

Hat u” ¢é tinh chi't gidng nhi electron va khi 6 bi bit ¢ mdt quy dao
nao dé cda ngayén tif, ta ¢é6 mdt nguyén 0¥ W Bdn kinh clia ngoyén tif g bé
hon ban kinh nguyén tf thong thudng 207 lan. Nguyén tf p ging nhu
nguyén W thong thudng, trong 46 cé hién twgng phit bic xa tia X khi p
chuyén tif quy dao cao xuéng quy dao thip hon. Ning ludng tia X phu thudc
rdt manh vao bdn kinh hat nhdn, ¢6 thé do duge bing thyc nghiém va tinh
hing Iy thuy&t. Tir viéc so sdnh cdc gid tri nang Wdng theo tinh todn 1y
thuy&t vi cdce gid tri thue nghiém ¢6 thé xdc dinh dude bdn kinh hat nhan,
Thuc nghiém ti€n hanh d&i v6i nguyén ti chi cho két qui

Rpn = 1,17.10°9%x208'"

1.3.1.6. Tém tit cic két gud xdc dinh bdn kinh hat nhén

Cic phuong phdp thue nghiém khéc nhau déu cho thdy ¢6 thé chip
nhan gid thuy&t hat rhan ¢6 dang hinh ciu vdi ban kinh

R =r,Al"
Trong dé
r,=(1,2-1,5).10" cm. (1.45)

29



Tuy nhién hat nhdn khong phdi A mot khdi cdo o6 bién giGi o rang
mi mit dd cdc nucleon. chinh xdc hon 13 mat do cdc proton, khang disi rong
mién bén trong hat nhin va gidm dén O tai mién bi¢n gidi hat nhan, vdi dd
rong d tir dé cao 0.9p/p, dén O, [p/p, nhit the hién trén hinh 1.9, Mat dd phan
bé dién tich trong hat nhin dutde md 4 hdi cong thife sau diy:

pn
p ST e it e

L cxp‘
oo

Trong d6 R, = 1.08.10 "A" cm va 8 = 0.55.10 " cm.

R (1460

o p., ry

1.0
01.9]

0.l

Hinh 1.9. Phan bd mit dd dién tich trong hat nhin.

Tir ¢éng thite (1.33) thay ring thé tich hat nhan phu thudc wyEn linh
vio 50 khoi lugng A

V = (43, A (1.47)
Mat dd vt chdt hat nhin bing:
. Am A
= My guman . Lo Leriv s = 10" @iy (1.48)

4R -4-::(1,5)-‘ Al0™" 4::{1.5)‘.10' "
3 3 3
Ta thiy riing mat do hat nhan cue ki 1dn va khong d&i dii vai moi
hat nhian. Pay 12 gid tri trung binh, ¢On phian bd mat dd vit chit hat nhian
tudn theo ¢Ong thie (1.46).
1.3.2. Hinh dang hat nhén
Trude nhitng nim 1950 hat nhin duse coi la ¢6 dang hinh cav. T
nam 1950 ngudi ta chirng minh duge ring nhi¢u hat nhin 6 dang 16ch khoi
déi xitng cAu. Bing chitng trwe Gép va thuy&l phuc nhat v& sw tom Lai cic hat
nhin khong ¢ dang hinh ciu I3 sy ¢6 mat cic din quay trong phd cie hat
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nhin chin-chin. Ddi quay 13 mét chudi cdc miéc tan theo h€ thic sau diy
g1fa néing legng va spin:

2
B, =h JIJ+1) (1.49)
' 21

Trong d6 I 1a momen qudn tinh ciia hat nhin d6i véi truc dai xing va
J 1a spin hat nhdn. N&u hat nhdn hodn toin ddi Xitng cau thi khong cd
phwong vu tién, do d6 spin bing 0. Con khi hat nhin mdt dai X¥ng ciu nhimg
ddi xing theo mot truc nao dé thi spin cla hat khic 0. Trong trudng hop bat
ddi xing d6 nang lwong kich thich do sy quay ctia hat nhin dwdc xdc dinh
theo cong thie (1.49), c6 gid tri khdc 0. B3i vdi hat nhan chin- chan, cic gia
tri spin bing J = 0, 2, 4, 6, 8, .. Trén hinh 1.10 trinh bay mdt vi du cia déi

quay, d6 1a phd cdc mic thdp nhdt cda hat nhin -, HE™.

1224 fmomeeme--
1090 8
14 oo .
660 6
340

330  |re—— 4*
102 o+
0 0

Hinh 1.]10. Phd quay cifia hat nhan ,,Hf'*.

Chu thich: Cdc gach ngang dim 13 cdc miic ndng lugng thyc
nghiém cOn cc gach ngang khéng lién tuc dudgce tinh theo cong thifc (1.49).
Cdc s8 ¢t bén trdi: Nang lugng keV. Cac s6 ¢6t bén phai: Spin va chan 18,

Nhir viy cdc hat nhin c6 spin khéc khong thudng c6 dang khong ddi
xing ciu. Ngoai phd quay, tinh khdng d6i xitng cAu con thé hién & sv cé mat
momen tf cuc di€én Q, sé dudge trinh bay trong mue 1.5, Théng thudng cic
hat nbdn & trang thdi co bdn ¢6 dang hinh ciu hay ellipsoid tron xoay, con &
trang thé1 kich thich, ching c¢6 dang phic tap hdn.
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1.4. NANG LUGNG LIEN KET CUA HAT NHAN

1.4.1. Ddn vi do khdi ligng va niang luwgng
D¢ do khoi lugng trong vat 1y hat nhan ngudfi ta ding ddn vi Khéi

u - 1 " a ~ . 2
lugng nguyén tf u, bang o khéi lugng nguyén uf déng vi C'™:

| u=1,66056.107" kg (1.50)
Do hé thic Finstein E = me?, don vi khéi iinh theo kg wong Gng vdi
ddn vi kbol lugng tinh theo MeV 1a:
I u=931502 MeV (1.51)
Bdng 1.5 din ra khéi lugng ciia mdt s§ hat nhu proton, neutrom,
deutron va alpha.
Bdng 1.5. Khéi lugng cac hat proton, neutren, deutron va alpha.

Hat Khéi ludng
Pon vi khai lugng u kg MeV
Neutron 1,008665 1,67495.10° 939,55
Proton 1.007276 1,67265.107 G38.20
Deuiron 2,01355 3,3325.10°7 1875,5
Alpha 4,00047 6,6444.10° 3726,2

1.4.2. D5 hut khéi va ning hegng lién két

C4c phép do chinh xdc chifng 16 riing khol lugng M clia hat nhdn bao
gis cing nhé hon Ong kbdi ldng cia cde pucleon tao thinh hat nhin dé mot
lugng AM:

AM =Zm, + Nm, - M {1.52)

Trong d6 m, va m, 1a khéi lwgng cda proton va neutron. AM 1a mét
dai lwgng duong va dudc goi 1 d¢ Aut khai clia hat nhédn.

Sy hut khéi d6 13 do s tudng tdc clia cdc nucleon giy ra. Vi viy do
but khdi twong Wng vdi ndng lugng lién két gita cdc nucleon trong hat nhan.
Ning lugng lién k€1 ciia hat nhan 14 nang lugng cin thiél d€ tach hat nhan
thinh cdc proton va cdc neutron riéng biét, N6 dic trung cho sy bén viing
clia hat nhin. Theo hé thiéc Einstein ta ¢d ning lugng hén két Ey dugce biéu
thi qua do hut khdi AM nhw saw:

Ey = AM.c’ = (Zm, + Nm, — M).c? (1.53)

Vi trong cdc bing thudng ghi khéi lvgng nguyén tif M,, ma khéng
ghi kh&i lugng hat nhan M nén cong thife (1.53) dudc viét lai nhu sau:

Eyx = AM.c® = (Zmy + Nm, — M,,0.¢> (1.54)
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Trong d6 my [a khéi Itong nguyén t& hydrogen trung hoa, tite 13
my = my + m, {155)
véim, 1a khé1 lugng electron.

Sau day [a gid tri gdn ding clia nang wdng lién k&t céa mot s& hat
nhan: Ey (He') = 28 MeV; Ejy (,C'%) = 92 MeV; Ey O') = 128 MeV;
Ex (16877 = 272 MeV.

1.4.3. Ning lugng lién két riéng

D€ 50 sanh d6 bén vimg ciia cdc hat nhan, ngwdi ta thutng dung khai
ném ning lugng li€n k&t ricng ¢, 1a nang heong lién k&t dng vdi mét
nucieon:

Ey
A

Ning lugng lién két riéng € cing Idn thi hat nhin cang bén viing.
Hinh 1.11 wrinh bay sy phu thudc ning Iwgng lién k&t riéng € theo s& khoi
higng A cia cdc hat nhan.

£= (1.56)

£ (MCV) M C 4‘]| 1 ' : :
4l | .' "
8 ET{ Tt e ~o__
1 1
1
He* |9} ~---- R I L N
i3l 1 I i i
B i ! ; [Phin hach hat nhan
6 R —— - e e - e A A —— A ]
e
A S NS S N N
- oo I ; } :
Tongihdp nhiét hach : ! :
4 ek EEEEt s e e —————— Ar=————— A= — e
i i ‘ | i
| 1 1 1 ]
S | S R I A e Do
' Ir | ' i
2o P I P T T
P : : : :
J U « Bl e e S S . Ao ]
i ' ' i f
1 t | I r
: | ; I !
0 40 80 120 160 200 A

Hinh 1.11. Su phy thudc ning lugng lién két riéng € theo s&
khéi lugng A clia cic hat nhin.
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Tir hinh 1.11 thdy ring:

— P8i véi cdc hat nhin nhe nhidl, ning lugng lién k&t riéng ting
nhanh tir 1,1 Mev (,D?) d&n 2.8 MeV (,T%) va dat dé€n 7 MeV (-He®).

— D81 véi cdc hat nhin ning ¢é A tlr 140 ¢&€n 240 thi ning lugng lién
k&t riéng gidm din nhung rdt chim tir 8 MeV dén khodng 7,6 MeV.

— P61 vdi cdc hat nhan trung binh vdi A = 40 - 140 nang lugng lién
két riéng ¢é gid tei 16n nhat ndm trong khodng 8 - 8,6 MeV.
Nhw vy cac hat nhin trung binh 13 bén vitng hon so vdi cac hat nhin rdt nhe
va cdc hat nhin rdt ning. T sy khdc nhan v& tinh bén vitng clia 3 nhém hat
nhin néi trén ngudi ta cé thé nhin ning lugng hat nhin bang cich lam phin
chia cdc hat nhin rit ning nhu uranium thanh cdc bat nhin trung binh holc
tdng hop cic hat nhin rdt nhe nhy deuterivm hay tritium thanh cdc hat nhin
nang hon. Céch thi nhdt goi 1 phdn Wng phin hach hat nhdn, bing cich
diing hat neutron tam phéin hach céc hat nhin rdt ndng nhy uranium, thorium
hay plutonium. Cich thit hai goi 1 phin tng téng hdp nhiét hach, bing cich
t8ng hdp cac hat rit nhe nhy deuterivm hay tritium véi nhau dé tao thanh cdc
hat nhin ning hon nhv helium.

1.4.4. Niing lugng tich cac hat ra khdi hat nhén

Tir khdi niém ning hugng lién k€1 néu trén cb thé xdc dinh dudgc sy
cin bing nang lugng d6i véi mot qud trinh phin rd hay tudng tdc bat ky.
Ching han, ning lugng tdch mdt proton ra khoéi hat nhin la nang lugng cin
thi€t d€ téch proton ra khéi hat nhin zX*, bing hiéu s§ nang lugng lién k&t
clia cdc hat nhan zX* va 2 X

E, = Ex(Z,A) - Ex(Z-1,A-1) (1.57)
Ciing tudng tu, ning lugng tich nevtron la:
E,=EwZ,A) - Ex(Z,A-1) (1.58)
Ning lwong tich hat alpha ra khdi hat nhiin biing:
Ey = Ex(Z,A) — Ex(Z-2,A-4) — Ex(@t) (1.59}

1.4.5. Cong thife bén thyc nghiém vé ning lugng lién két

Trén cd s& cac s8 liéu thyc nghiém vé nang lvgng lién k&t nhu rinh
bay trén hinh 1.11, Weizsacker da x4c lip cong thitc ban thuc nghiém vé sy
phu thude nang lugng lién k&t Ey vao s& khéi lugng A va s8 nguyén tf Z nhu
sau:

Ew(AZ) = 0A - BAY - 2 (A4 L (1.60)
el Sy A g 5 A 1k .
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T cong thire (1.60) ¢6 thé tinh duge ning lugng lién két riéng ¢ theo
cong thie (1.56). Viéc 1am khép k€t qua tinh todn véi thye nghiém din d&n
0 =1575MeV; =178 MeV; y= 0,710 MeV; £ = 23,7 MeV, 8E,, dugc tinh
theo cdc cong thie (1.61) va (1.62).

Cong thite (1.60) ¢6 thé gidi thich t quan diém miu giot chat long.
Tuy nhién ciing ¢ thé gidi thich nhy sau:

— S8 hang 0A: Pdy la s6 hang gn ding bac khong, néi ring ning

. E N . ’
Irgng lién két riéng £ = f]é hing 53, vao c¢d 8 MeV, do d6 Ey ~ A. 56

hang nay phdn dnh tinh chdt bao hoa cia lyc hat nhin. That viy, cdc hat
nucleon trong hat nhan chi twong tic véi mét s& nucleon gidi han bén trong
hat nhin, do d6 Ex ~ A, ma khéng phai twong tdc vsi 141 cd cdc nucleon trong

hat nhén, khi 46 E;, ~ i(—A;]—)

— 86 hang -BA™: S6 hang nay lién quan d&n higu ng b& mit. Céc
nucleon ndim trén bé mit hat nhin chi twong tic vdi mdt s6 nucleon phia
trong hat nhén, do d6 ning lugng lién k&t bi gidm di so vdi cdc nucleon nim
trong hat nhin. Phin nang lugng lién két bi gidm nay 4 1& v6i dién tich bé

mat, tic 12 vdi A do ban kinh hat nhan i 18 v8i A
2

- Z - . . - - P A ~ =
— S0 hang - ;”3 : S0 hang nay 1ién quan d€n hiéu ing diy tinh dién

giffa cdc proton lam gidm ning lvgng lién két. Ning ludgng Coulomb tf 18 vai

binh phwong s& proton Z* va if 1& nghich vdi kich thude hat nhan A'%, nghia
2

a tile véi

AH.‘ .

EW/A ? E/A

A=20 A=146

Z=10 Z> Z=60 Z—>

Hinh 1.12. Sy phy thudce ndng lugng lién két riéng vio Z v6i A khéng dédi.
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2
. A 1 . : _
— 86 hang - g[—z— - Z] ;\ Né&u ta xé1 ning ludgng lién két niéng nhw

mdt him cla Z vdi A ¢6 dinh, hinh 1.12, thi c4dc duding cong ¢6 cuc dai ndm
tai 2id tri Z = 0,5A d81 vdi cdc hat nhe va dich chuyén vé phia Z < 0,5A d6i
v@i cdc hat nhin ning, titc 1a vé phia N = A - Z > 0,5A.

Hiéu fng néu trén chifng té ning lwdng tudng tdc gifa neutron vdi
proton 1dn hon ning lugng twdng tdc giffa cdc hat gidng nhau. Khi d6 ning

(N-2)°

3

lugng ddi xitng ¢d gid tr1 Am va ti 1& véi

— S8 hang SE,: S6 hang nay lién quan d€n hiéu dng “bit cip” cla
cdc loai nucleon trong hat nhdn, titc la cdc nucleon tao nén titng cip mot.
D81 v6i cdc hat nhin chfn-chin, tic 1a Z chin vi N chin, 14t cd cdc hat
nucleon déu bit cip; ddi vdi cdc hat nhin chin-1&, tfc 14 Z chin va N 1¢ hay
ngudc lai, thi con lai mot nucleon khong bdt cap; di véi cdc hat nhan 1é-18,
e 13 7 1¢ va N 1€, thi c¢dn lai hai nucleon khdng bt cip. Nhu vay cdc bat
nhan chin-chin bén vitng nhit, sau dé d&n cdc hat nhin chiin-1¢, cdn cdc hat
nhan 18-1¢ kém bén vitng nhat. Diéu dé din 1di s§ hang hiéu chinh trong
ning lugng lién k&t nhy sau:

-Avdi hatnhinlé -1

&, =40 véihatnhinchin-)é (1.61)
A véihat nhian chin —chidn
Trong &d
12
A= 55 MeV (1.62)

1.5. SPIN VA MOMEN TU CUA HAT NHAN

1.5.1. Spin hat nhan

Hat nhin cau tao ¥ cdc nucieon, Ciing nhyv electron, nucleon ¢d spin

! . A -
5 Ngoai ra nucleon con ¢é6 memen quy dao khi nd chuy€n dong theo quy

dao bén trong hat nhin, Nhv vay mdi nucleon chuyén ddng bén trong hat
nhin ¢6 momen dong lugng toan phan 1a:
J=f +5 (1.63)
Trong 4o ?i va § la momen quy dao va spin ciia nucleen thit 1. Do
d6 momen déng ludng toan phin clia hai nhin 1a:
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1=3} (1.64)

Ngudi ta goi I 13 momen spin cla hat nhin, dic trung cho chuyén
déng ndi tai cda hat nhin,. Theo cd hoc ltgng uk, gia tri tuyét d&i cia momen

spin hal nhin fa;
[fl=yIa+1a (1.65)
Trong d6 J 1a lvgng i spin cGa hat nhan, goi tat 14 spin hat nhdn. N6

¢6 gid tri nguyén 0, 1, 2, 3, ... n€u A chdn, va ¢6 gid tr ban nguyén

1

P
5 .
—...néu A l¢.
2
Hinh chi€u ctia momen spin 1én phitdng 2 nhan 2J+1 gia tri:
L=Th{J-D A .. -J; (1.66)

1.5.2. Momen ti¥ ciia hat nhan
1.5.2.1. Momen tit ciia hat nhén

Hat nhdn ¢6 spm khdc khong sé ¢6 momen tr [i duge xdc dinh qua
momen spin J nhu sau:
it=g] (1.67)
Trong dé g dugc goi 13 hé s6 tir héi chuyén. Do su song song gifa
cdc vector [i va J nén cdc tinh chat iy clia hat nhan dugc dic trung b&i méte
hing s& |, twang g vdi gid tri J nhy sau:
n=gJ (1.68)
Hing s6 1 goi 1A momen tir. Momen it 1 va hé s§ w hdi chuyén g
dudc do trong don vi magneton hat nhin M,
eh

W = =5,05.10% /T = 5,05.10 erg/G (1.69)
2 m,

(T: Tesla: G: Gauss)

Ching han momen t¥ ctia neutron bing M, =-1,91 cé nghia la
Mo =-1,910 = -0,95.107° IT = -0,95.10'> erg/G. Trén bdng 1.6 din ra mét s6
gid ui momen t¥ hat nhan d61 véi mot s& hat nhén,

Khéi niém momen ur hat nhin do Pauli dua ra dé gidl thich c¢iu tao
siéu tinh 1€ cia cdc vach quang phé. Cic vach quang phd 1 hé cdc vach
mau nhé nét quan sit thay trong dung cu quang phd khi phén tich hé phat
sdng clia cdc nguyén t¥ bj kich thich. Diy chinh 1a cdc vach ning lugng
photon phat ra khi electron chuyén & mitc ning lugng cao xudng cic mifc
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ning lwgng thip hon, phu thudc vao sd lugng td chinh n va s8& lugng tt quy
dao ¢. Viéc chuyén mitc ndy tudn theo quy tic Iwa chon At = £ | trong cOng

thitc (1.10). Khi ké dén spin s = % clia electron thi cdc mifc nang lugng
electron dudc tach ra thinh cdc midc con, phu thuge vao momen toan phan
j=ft % Khi dé cdc vach quang phd dugc tach thanh cdc vach con, got la
tach tinh t&€ hay cdu tao bdi ciia vach quang phd. Viéc chuy&n mic nay tuén

theo quy tic lya chon Aj =0, + 1 trong cOng thire (1.30).

Bdng 1.6. Gid tri spin va momen tif mdt s6 hat nhén.

ﬁa{ nhin Spin Momen tit trong don vi
magneton hat nhdn p,
p L +2,79
2
n 1 -1,91
2
H 1 +0,86
He* 1 -2,13
2
A 5 +3.,65
2
Si” 1 - 0,55
2
K" 4 -1,30
70 5 -1,29
2
Agl!]K -1_ - 0'13
2

Vi momen tif hat nhin tac dung vdi tr truting do chuyé&n déng cia
céc electron trong 16p vé nguyén t& nén electron ¢6 thém ning lugng phu va
c4c mitc ning lugng tinh 1€ cia cdc electron dugc tichra cdc midc phy, goi la
ciu triic siéu tinh t&. Tri 6 ning lugng nay phu thude vao tri s6 clia momen
tir hat nhdn va sy dinh huéng cha ndé so v6i phudng clia W trudng cila
electron. Do momen ¥ céia hat nhén chi c6 thé dinh huéng theo mot s&
phuong nhat dinh so v6i tf trudng ciia electron héa tri nén s6 mic thém nay
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thy thude tri s8 spin clia hat nhian con khodng cich giita cdc mitc thy thude
vaoe i 86 momen tit hat nhin, Bay gi¥ ta hdy dan ra cdc tinh todn dinh
lrgng.
Gid si¥ tir truding cla 18p vd electron 13 H thi ning lwong twong tic
cia né vél momen tif i ¢Ba hat nhén 1a:
E=-[iH (1.70)
Do tir trudng H 4 1& v8i momen toin phin clia 18p vé nguyén tf 1
con momen W i ti ¥ v8i momen spin hat nhian J nén:
E=CT]J (1.71)
Theo quy luat ciia ¢d hoc lugng ti¥ thi ning Ivgng E theo cdng thitc
(171} nhdn cdc gid tri gidn doan, C6 thé tinh cdc gid tri 36 nhv sau.
Pua viao vector F= T + J thi:
(FY =X+ Ty =(Ty+(3)+217
=Id+D+J0+ 1H+21 T =FF+ 1)
Viy:

E=CT]:%C[F(F+1)-I(I+1)-J(J+1}] (1.72)

Trong d6 F nhin cdc gia tri nhu san:
F=T+LI+T-1,. ., [1-] (1.73)
Nhv vdy ndng luong E nhdn 21+ 1 gid trin€ul<J va 2J + | gid
rinfnJ <1
C6 thé ddnh gid dai lugng ning lugng tach siéu tinh 1& trén co & 12
ndng lugng tudng tic ¢6 bac
Polls (1.74)
r
Trong d6 r = 10™ cm Ja kich thudce nguyén i, Y, 12 magneton hat nhin theo
cOng thite (1.69), 4z 12 magneton Bohr electron:
eh

2m,

Ug = =10 A.m® (1.75)

Thay cdc gla tri fo, M va 1 vio (1.74) ta dugc ning Iuong tich siéu
tinh t& ¢6 bac 107 eV.

1.5.2.2, Cdu triic siéu bpi ctia vach quang phd

Trén hinh 1.13 tfinh bay so 8 cqu tric siéu tinh &€ clia cdc mife ning
lugng Py, Sm va [ar,h siéu tinh t&, hay cdu tric siéu bdi, cila vach quang
phé cla nguyén tt ,,K* do chuyé&n mifc tr mifc *Py xudng mic °S; .
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1.5.2.2.1. Céu triic sidu tinh &

G mitc nang logng P,y clectron €6 momen quy dao £ = 1 vi momen

a3

\ . ) 1
toan phan I = . Ciing nhu vy, electron ¢ mic "Siz 6 € = Oval= 5 Do

[

i)

spin hat nhin J = %nén mic ning lugng *Pyn duge tich thanh 21 + 1 =21 + 1

+1 =4 mitc con. D81 véi mife ndng lugng 2G,» do1 < Jnén dugce

B | W

tich twanh 21+ 1 =2. ];4- 1 = 2 mi¥c con.

1.5.2.2.2. Tdch siéu tinh ¢

Vach quang phé clia nguyén ti ;,K" do chuyén mic tit mic “Pap

xudng mifc ’S,,» dudce tach thinh mdt sd vach phu do sy chuyén mic r 4

mic phu cia mbc *Pa; xudng 2 mic phy cla mifc %S,». Khi d6 4 mie phu
clia mi¥c *Pip c6 4 gid i Fy =0, 1, 2, 3 va 2 mifc phy cia mifc “S»cd 2 gid

tri F» = 1, 2, nhu thé€ hién trén hinh 1.13. Viéc chuyen mifc tiy mdt trong cic
mifc phu F; xuéng mot trong cdc mic phu F; tudn theo quy tac lyra chon san:

AF=F,-F =011 (1.76)

K&t qué tach siéu tinh & duge thé hién wén hinh 1.13 véi 6 vach

hu.
p "
(1=3/2; § = 3/2) 0
Py *é':’if::"_ﬂ ;
3
Fa
- _ h ‘ b
‘_Sia . =::::::: h L 2 L l
A=1/2;1=3/2) - 2

Hinh 1.13. S6 43 tich siéu tinh t& vach quang phd céia nguyén ti K.

1.5.2.3. Quy tdc khodng cdch

Theo cdng thific (1.72) thi khodng cdch giita hai mfc lién tiép nhau F
va F-- 1 bing:
Er — B¢, =CF (1.77)
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Bidu thitc (1.77) 1 ndi dung guy ide khodng cdch, nghia 13 khodng
cdch gilta cdc mife ning luogng lién ti€p nhau lién hé vdi nhau nhy sav:
T+ I+T-1: -] (1.78)

1.3.3. Cic quy ludt thyc nghiém rit ra t¥ nghién cifu momen ti
hat nhin

— Momen 1Y ctia cdc hat nhin ¢6 spin J = 0 thi bing 0.

— Momen tif cia cdc hat nhin ¢6 spin khiac 0 vio ¢d magneton hat
nhin, Gid tri b€ cia momen tir hat nhan cho phép khing dinh ring trong hat
nhian khong ¢6 electron vi momen tir ¢cia clectron 1dn hon 2000 1l4n momen
tif ¢lia hat nhan,

- Tinh khéng cong dudc clia cdc momen tir. Chfmg han deutron tao
nén tif proton va neutron nhung momen tir cita deutron i, = 0,86 trong lic dé
téng momen 1 cda proton vi neutron bing i, + pl, = 2,79 — 1,91 = 0,88, Hai
gid tri 0,86 va 0,88 khdc nhau ngodi pham vi sai s&. Tinh khong cong dudgce
niy dwdc gidi thich bing tinh khéng d8i xiéng tim cia lyc hat nhan.

1.6. MOMEN TU CUC PIEN CUA HAT NHAN

1.6.1. Momen ti¥ cye néi Q, v momen tif cve ngoai Q

Dién tich Z cta hat nhin 13 mot thong s8 quan trong, cho bift s6
proton trong hat nhan, d 16n clia th€ Coulomb va cdc tinh chit héa hoe ciia
hat nhin. Tuy nhién Z chi 14 mdt dai iugng tich phin v& dién tich hat nhin
mé khéng cho bi€t phin b& dién tich trong hat nhin th€ nio. Sy phan b
dién tich d6 din tdi viéc hifu bi€t vé& hinh dang hat nhin va cdc tinh chit
quan trong khéc.

Sw phin bd dién tich trong hat nhin ¢ ba loai 1a phian b8 481 xitng
ciu, phin bd thanh [u3ng cuc va phin bo of cuc.

Phin bd thanh ludng cuc khi cdc proton va cdc neutron phin b 1&ch
vé hai ddu ciia hat nhan vdi khodng cdch gilfa cdc trong tim clia ching bing
8 (hinh 1.14). Dai lwong dic trung cho phin b3 lwdng cyc 14 momen ludng
cyc dién D mi hinh chi€u cia né theo truc 2 ¢6 dang:

D, = jz o(r)dV (1.79)

Trong dé p(r) 1a mat do dién tich va dV 13 y&u t& th€ tich tai diém r.
Ngudi ta chifng minh dwge ring momen ludng cyc dién bing 0 ddi véi trang
thdi cd bin va cdc trang thdi kich thich khdng suy bi€n clia hat nhan.
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Phan bd thanh t cue khi cdc dién tich trong hat nhin hinb thanh haij
ludng cyc dién cach nbau mdt khodng cidch & bd tri nhy trén hinh 1.15a. Dai
Iugng dic trung cho phin b& (& cyc 13 momen & cyc dién Q, phdn anh mifc
45 bl i xifng cdu c6 dang ellipsoid trong phan bd dién tich hat nhan. Khi
Q = 0 thi hat nhin ¢6 dang hinh cdu (hinh 1.15b), khi Q > O thi hat nhin ¢é
dang ellipscid cang (hinh 1.15¢) con khi Q < 0 thi hat nhén c¢6 dang ellipsoid
det (hinh 1.15d). Momen tf cuc duge do trong don vi cm” hay barn = 107
cm’, ching han momen tif cuc cda deutron Qu = 0,00282.10* cm™.

P&l véi cdc hat nhan bit @81 xiing ciu, cé hai khai mém vé momen
tf cue dién 1a momen it cuc dién ndi Q,, vi momen tf cwe didén ngoai Q.

Z Z
PP d 5
H T @
| Pp pl 5 w ‘ :
a) b) a) b) c) dy
Hinh 1.14. Ludng cuc dién Hinh 1.15. TG cyc dién hat nhin.
hat nhin. a) Ludng cyc dién; a) T cuc dién; b) Hat nhin dang hinh
b) Su 1&ch cdc trong tim ddm cau; c¢) Hat nhian dang ellipsoid cang;
proton va ddm neutron. d) Hat nhdn dang ellipsoid det.

Momen tf cue dién ng1 Q,, duge tinh trong hé toa 46 cing quay vdi
hat nhin va bidu thi b8i cdng thirc sau diy:
Q.= [p(NBE -rH)dv (1.80)
Trong 46 hé toa dd 3 chiéu &, n, { gdn lién v4i hat nhin véi £ dat
doc theo truc quay clia hat nhan. Nhu viy r(€, n, {) 12 khodng cdch 1t di€m
13y tich phin d&€n tAm qudn tinh clia hat nhin vi dV 12 y&u 18 (hé tich tair
con { 1a hinh chi€u cita ¢ 1én truc &, p(r) 12 ham phan b& dién tich bén
trong hat nhan. Do = £2 + 02 + ® nén 3(* = r2d6i v6i phan b3 d6i
xting ciu (hinh 1.15b), 3 E > ?dfﬁ v48i phin bd kéo ciang (hinh 1.15¢) con
3t;_2 < r? d6i véi phin b3 det so véi truc { (hinh 1.15d).

Momen ¥ cye dién ngoai Q dude tinh trong hé toa 46 phong thi
nghiém theo céng thitc sau:
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Q= [p((3z -r* v (1.81)

Trong d6 hé tea d6 3 chiéu x, y, z trong phong thi nghiém véi truc z

dudc chon trong khéng gian, B§ 16n ciia Q phu thude vao Q, va s dinh

hudng clia hat nbin so vdi truc z. Sy dinh hudng nay phu thudc vao su dinh

hudng clia spin J so vdi true z va hinh chi€u K. céia nd trén truc ddi xing ciia
hat nhin.

Phép tinh ¢ hoc lwgng t¥ d81 véi hinh chiéu cuwe dai J cba vector ]
1€n truc z cho quan hé san ddy gifa Q, Q,, J va K:

3K — J(T+1
S SR YY (1.82)
(J+1)(2J+3)
2
Trong cong thic (1.82), he 55 o D 4 1a he s& chidu va

(J+ 1)} 21+3)
khi d6 Q dwgce xem nhv hinh chiéu clia Q, 1én truc z.
Bai v6i trang thdi co bin thi J = K va
J(23-1)

R el S 1.83
(J+1)(2J+3)Q° ( )

Theo cong thitc (1.83), n€u spin hat nhan J = 0 hay J = %thi momen

tf cuc ngoai Q bing 0 ngay ¢4 khi momen 1 cyc ndi Q, khic khéng. Bidu
nay dudc gidi thich nhu sau. Do céc thing gidng lugng tf, truc d8i xing cia

L | x . .
hat nhin khi spin bing 0 hay 5 dinh hudng ngau nhién, do dé phin bd dién

tich trong hé toa 46 phong thi nghiém rd thanh d8i xitng cau.

1.6.2. Xac dinh thuc nghiém cdc momen tif cyc
1.6.2.1. Momen ti cuc ngoai Q

Momen tif cyc ngoal Q dugc xdc dinh theo phuong phdp nghién cidu
cAu triic siéu tinh t&€ clia cdc phd quang hoc gidng nhy di ding d€ do momen
tr. Tudng 1dc clia momen tf cuc vdéi dién trudng cla cdc electron nguyén ut
lam xudt hién cic vach siéu tinh t€ b sung khdng tuan theo quy tic khodng
cach (1.76) khi tdch ciu tric siéu tinh t& do momen . Chinh cic vach siéu
tinh t€ mdi nay cho phép xdc dinh momen tf cuc dién ngoai Q. P6i véi
deutron thi Q = 0,00282.10* cm®. Sy ton tai momen ¥ cuc dién & hat nhan
don gidn nhat ndy, chi ¢6 mdt proton, cho thdy ring him s& th€ hién sy
chuyén dong ciia cdc hat trong deutron khéng hoan toan d&i xitng cdun. Gid
tri Q = 0,00282.10™ cm” twong Wng v&i do pha tron 4% trang thai d, tie i
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deutron ndm & trang thdi s (¢ = 0) 96% th¥fi gian va § trang thdi d (¢ = 2) 4%
th&i gian. Frén bang 1.7 din ra k€l qua do dac momen W ce ngoai clia mét
s& hat nhin.

Beng 1.7. Momen tF cuc ngoal Q cia mdt s6 hat nhin,

Hae | Q@ [ Ha | Q Hat | Q Hat | Q
nhin 107 nhin 107 nhén 10 nhin | 10™
S cm’ cm’ cm® cm’
Y1 0,00273 | 48P | 0,064 | RbY 0,29 | 5Hf'” 3
B! 10,0355 1687 0,045 | 4Nb” -0,3 7Ta' 6
NY 10,0071 | »Co® | 0404 | B2 | 025 | Bi®™ | -0.19
07 | -0,027 | »Cu® 0,16 WP | 0,054 | LUPP | 34
l;Al?'? (0,149 35Br’“ 0,28 ';|LU”S 5,9 93Am24’ 49

1.6.2.2. Momen tif ciic néi 3,

Momen tif cuc ndi Q, khéng dnh hudng dén cau tric tinh € cla cdc
vach quang ph& nén dudc xdc dinh bing cich khac. PE do Q, ta diing hién
trgng kich thich Coulomb cia hat nhin. Khi hat nhdn va cham vdi hat tich
dién, ching han hat alpha, c6 thé chuyén 1én trang thii kich thich do tuong
tac Coulomb. N&u mifc kich thich 1A mifc quay thi so sdnh tinh todn 1y thuy&t
vdi thye nghiém cd thé suy ra Q..

Momen tf cyc dién 13 mdt thing s& quan trong cho thém théng tin vé
ciu triic vi cdc tinh chil cita hat nhin. N6i riéng, néu gid thuy€t ring hat
nhin véi Q, = 0 12 mot ellipsoid trdn xoay vdi dién tich phin bd déu thi ¢6
thé biu thi Q, qua cdc truc a doc theo z va b vudng géc vdi z nhu sau:

2 _
Qo= g(az—bz)eZ= %aRzeZ (1.84)
2 B2 _, L2 b
Trong d6 € = — 5 13,40 lech tim, R*= 3718 13 ban kinh binh
a'"+b-

phiong trung binh cda hat nhin, eZ 13 dién tich tdng cong cla hat nhén.
Thay binh phuong bdn kinh hat nhin R? vao (1.84), ta nhin dugce db 1éch tim
cla hat nhin khi bi&t dai lugng Q.. Gi4 tri € thong thudng khd bé, vao cd
0,01 — 0,02. Tuy nhién d8i v&i cdc hat nhin ning v8i A = 150 - 180 va



A > 220 thi chiing bi bi€n dang r6 rét. Cdc hat nhn nay c6 gid tri Q, Idn cd
Q.=0,1 vadoléchtame=0,1 - 02,

QueR?

:Z ________ m} ﬂ/\ \ f_f ”
ANy

LR 4 \’i/ 1y ‘

]
LI:

-5

242028 S0 - B2 - 126

0 20 40 60 80 100 120 140 N¢Z)

Hinh 1.16. St phu thuge ciia momen tif cre dién ndi Qp vao s§ N (Z).

Hinh 1.16 1a dudng cong thitc nghiém trung binh v& sy phu thude
momen tf ¢ifc ndi cia hat nhin vio s§ proton Z hay s neutron N = A - 7,
Hinh nay cho thi'y xu huéng chung vé su ting Q. theo Z hay N, ciing nhy vai
tro dic biét cla cdc gid tri magic 2, 8, 20, (28), 50, 82, 126 ciia Z va N (gid
tri 126 chi diing 481 vé&i neutron), tai d6 momen tif cwe ndl Q, = 0. Dang
dutng cong ciing cho thdy da sd cdc hat nhdn ning ¢6 dang ciing rit manh
trong hic cdc hat nhin magic ¢6 dang d&i xitng cin.

Tir hinh 1.16 thiy ring momen tF cwe ndi ¢6 gid tri 16n ¢ 10 -- 20
1an binh phuung ban kinh hat nhin. Nhue vy ching duge giy ra bdi chuyén
dong tap thé cda nhi¢u nucleon trong hat nhin.

1.7.p0 CHAN LE

Tinh chin té ddc trung cho tinh d6i xitng cfia hat nhan d&i véi phép
phdn xa qua gudng. Quy ludt bio oan tinh chgn 1& 1a mot trong cdc quy luat
bdo tokn doi véi moL hé vat 1y, Quy ludt nay ding d6i véi tudng tic dién ur,
xdc dinh cdu trie cda nguyén 17 va phin t&, 14n twong tac hat nhén, x4c dinh
cau triic cda hat nhin.

Trong cd hoc lugng t, trang thdi mot hé vi md dude bidu dién bdi
ham séng ¥(T) phu thubc vio toa dd clia hé nay. Trong phép phin chiéu
qua girong thi vector toa ¢ bi€n d6i thinh:
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I -1'=-T (1.85)
Ta goi P12 todn tff phin xa guong va 7t la gid tri riéng cda n6. Khi d6
phép bién ddi toa dd (1.85) déin tGi phép bi€n d6i ham 0"
PW(T)=Y¥-T)=n¥() (1.86)
Né&u thuc hién hai l4n phdn xa guong lién ti€p thi hé vi md rd vé
trang thdi ban ddu, nghia 1a

P PW(r)=W(T) (1.87)
Tt d6 ta c6:
PPW(T)= PW(T)= PuW(T)=mW(T) (1.88)
So sanh (1.87) v41 (1.88) ta dugc
w=1,dodé =21 (1.89)

Ta goi 7t 1a d6 chdn 18 clia hé vi md.

Ung véi gid tri = 1 thi ham séng W(T) md td trang tha1 vi md
khong ddi ddu trong phép phan xa qua gudng. Trang thdi cia he 1a trang thi
chdn, hodc trang thai clia hé ¢6 dd chin 1é duong.

Ung véi gid tri t=-1 thl ham séng W(¥) md ta trang thdi vi m6 d6i
ddu trong phép phin xa qua guong. Trang thai cia hé 1 trang thdi I¢, hodc
trang thdi clia hé c6é d6 chin 1 dm.

M?i hat cd ban v3i khdi lugng khdc khéng déu c6 mdt dd chin 1é ndi
tai %, hoic duong hodc dm. N&u hat ndy chuy€n dong trén quy dao vdi
momen qu¥ dao bing ¢ thi 46 chdn 1& cla 06 bing r(-1)".

M5t hé gbm hai hat vdi cdc d6 chdn I€ ndi tai ®, va ®; va momen
qu§ dao tong ddi giita chuing ¢ thi 4o chin 1¢ cfia hé 1 m = mm(-1)". DY
chin 1& ciia hé nay duge xdc dinh trong trang thii dong lugng dng cong cla
hai hat bing khong.

Mot hé vat 1§ gdm n hat thi ham séng md td trang thdi la
W(-§,, T, T, ). H& ndy c6 d6 chin 1& duong khi:

\Pchi't'n ('ﬁ -s'i.j ,_._,-_fn ) = ‘P‘Uhiﬁl (fl ' _fl ""‘i:n ) (190)
vi ¢6 @6 chin 1é am khi:
\Plé(_ﬁg'ﬁ;;---,‘.ﬁl):'\}llﬁ (_f]s.fzv-“:i:“) (1'91)

N&u d6 chin 1& ndi tai ciia cdc hat 1A my, My, ..., T, v2 momen quy dao

cda chiing 13 ¢, ¢, ..., £, thi d6 chdn 1 clha h& bing
= 7, ‘..nn(—l)f‘gz”f“ (1.92)
Trang thdi cd ban clia cdc hat nhdn chin-chdn cé do chin 1& dwong
cbn cdc hat nhin khdc c6 thé duong hodc 4m. Ching han trang thdi cd bin
ciia hat nhin yO" ¢6 d6 chdn 1¢ duong cdn cla hat nhan ;N'* c6 d6 chin 1¢
am. Tinh chit nay clia dd chin 1& dude gidi thich wong khuén khd miu vé
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hat nhin. Trong so dd muc ciia hat nhan, ngudl ta ky hiéu spin J va 6 chin
1€ w14 J" . Céc bat nhin & trang thdi kich thich <6 d% chdn 1€ co thé khong
trung vdi d chdn ¢ cla trang thdi cd hin. Chédng han hat nhan 4Pb™
spin va dd chin 1é & trang th4i cd bin 1a 0* . trong lic d6 trang thdi kich Ithh
ddu tién ¢6 spin va d6 chin 1& 3" Hinh [.17 minh hoa spin va d9 chin 1¢ cia
mifc cd ban va hai mdc kich thich diu tién cla hat nhin ,Ph?".

3197 3
2614 3
O o

Hinh 1.17. Cdc mitc niing lugng thap ciia hat nhan (,Ph?"
Cot bén rdi: Ning luong (keV), Cot bén phii: Spin chiin 18.

1.8. SPIN PONG VI

Tudng tic gilfa cdc nucleon trong hat nhin khéng phu thugc dién
tich, tfc 12 cdc twang tic p-p, p-n va n-n gidng nhau nfu cic nucleon d6 & cic
trang thdi nhy nhau. N6i khdc di, trong tuong tdc hat nhan, hai hat proton va
neutron khong khdc nhau. Nhy vay trong trong tic hat nhin ngudi ta c6 thé
co1 proton va neutron 12 hai trang thdi cda cung mdt hat nucleon. N&u khéng
d€ ¥ d&n twong tic dién e thi haj trang thai d6 twong \ng vdi cling mdt khéi
lugng, do d6 ciing mot nang Wigng. N&u d€ ¢ dén tudng tic dién tir thi hai
trang thii d6 tugng ¥ng vdi hai khdi luwgng khéc nhau chit it, do d6 uwrong ung
vdi hai méc nang lugng gdn nhau. Ta c¢6 thé so sdnh tinh chat nay vdi tinh
cht clia electron trong nguyén ti. Né&u khong dé ¢ dén spin thi mdi trang
thai electron trong nguyén 1 tuong Wng véi ciing mdt mic nang lugng, con
néu dé y d€n spin thi mic nang lugng d6 tich thinh hai méc gdn nhau, twong
ing vdi hai trang thdi cla electron khdc nhau vé sif dinh hudng cia spin la

1 1 . L o
8, = +j)-h va g, = -Eﬁ . P81 véi nucleon, dé uén tinh todn, ngudi ta dua ra

mot dai lwong goi 12 spin dong vi T. N&u hé c6 spin ddng vi T thi hé s& ¢é
2T + 1 trang thdi @ng véi céc gid tri khdc nhau ciia hinh chi€u spin ddng vi
trén mdt truc z ndo d6.
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Nhy vy khdi niém spin ddng vi cho phép md 14 cdc trang thdi dién
khd¢ nhau cfia cling mdt hat. Nucleon ¢6 hai trang thai dién, do d6 2T +1 =2

. l . . - ] - o A v
vaT= o Proton va neutron 13 hai trang thdi khdc nhau ¢tia nucleon v hinh

£

chi€u T, cla spin ddng vi, cy thé 1a proton ¢d T,= +% va neutron ¢6 Tzzviz,
Ciing twang t, cic hat T meson ©°, 7", " 6 th€ coi 1A ba lrang thdi
clia ciing mot hat, nghia 1a 2T + 1 = 3. Do dé ® meson ¢ spin déng vi T = 1.
Céc hat n*, °, ™ Gng vdi ba gid tri khic nhau cda hinh chi€u spin ddng vi 1
1,0 va-1.
Ngudi 1a néi {p,n) tao nén mot bd déi ddng vi con (', 1°, 7) tao nén
md1 bd ba dong vi.

1.9. CAC LOAI TUGNG TAC VA LUC HAT NHAN
1.9.1. T6ng quan vé cdc loai tucng tic

Vit chit trong tr nhién vin déng va bi€n ddi déu do ching trong tic
véi nhau. Cé 4 loai twdng t4c sip x&p theo cudng dd ting dan 1a tudng tac
hap din, Wwong tic y&n, Wwong téc dién it va trang tic manh. Chitng ta hdy
lan hrot xem xét tém tit cac loal tuong tac nay.

1.9.1.1. Tuong tdc hép dén

Tuong tic hdp din 12 twong tdc gilta hai vit cé khdi lugng khdc
khong va tuan theo dinh luit hip din Newton. Theo dinh ludt nay, hai chat
diém khdi lugng m; va m, cdch nhau mdt khodng r s€ hiit nhau bdi luc hap
din c6 phuong la dudng thing ndi hai chdt diém dé va c6 cutng dd 1 1€
thuén vdi hai khéi ligng m; va m, va (i 1& nghich v8i khodng cichr:
m,m,

2
r

Trong d6 G = 6,67.10"" Nm’/kg” 1a hiing s0 hap din vii try.

Fs=G (1.93)

1.9.1.2. Tuong tdc yéu

Tudng tic y&u bao gdm cdc qud trinh phin 1d cdc hat cd bin hadron,
h&p thu | meson bdit cdc chit va qud trinh ¢6 sy tham gia cia hat neutrino.
Céc hat hadron gdm cdc nucleon, T va K meson va cdc hai A, Z, Z. Vi dy,
cdc qué trinh twong tac yéu la:
pon+e +v, (Phian i %)
nop+e + V. (Phanra By (1.94)
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Tuong tic yéu ¢b ewding do 1dn hon trdng e hip didn nhung bé hon
rng tac dicn W, Bin Kinb tic dung clia wring Gic v&u dirse xem 1 hing
khong, This gian dac trung 1 10" < it phiin il neutron «éi thon sran Jic
trimg o L7 phit Dudi tic dung cia tring tic véu khong tao duoe adc
trang thii liLl] kEt cla cie hat, do do né chi hidy hién chi véu & cde gud
trinth phin rd hat nhu dd néu trong (1.9,

1.9.1.3. Tuvng tic dién tir

Tuwdng tic dicn (ir (& wong tic gita photon v cice hat mang dicn.
MOt trong cic hinh thite phd bicn eta wong ice dicn @ ka wong tie gida ha
dicn tich &iém win theo dinh Indt Coulomb. Theo dinh Tt nd y. hai dicn tich
diém vai dicn tich g v ¢ ndm cich nhau mot khoing rrrong chidn khange
twidng e vai nhaw bdi hre ¢o phudng nam trén dudine thiing ndi hai Jicn tich,
¢6 chi¢n ddy ra xa nhau khi cdce dicn tich cting day hodie it faj ein nhau khi
cde dién tich khdc dilu, ¢6 do 1dn o 16 i tich so (i va g v 11 1¢ nghich v
hinh phudng khodang cichr

L||L|

I k- {1.45)
.

Trong do k = 9. 10 N /¢

Bin kinh tic dung cia lu'u’ng_l tic Coulomb [ vo eing. VE mit hinh
thite thi tang tdc di¢n dr va teong tée hip din gidng nhau. S khic nhau
gitta ching & chd wong Gie dicn wr ¢6 the hidt nhan hode diy nhau ¢on Lidng
Lie hip din luon ludn hat nhau. V& cudng do tng tic thi wiong e dicn ur
¢ cuting d6 1¢n hon nhidu so véi wing tic hap din.

Nhir dii dinh nghia. twong tic dicn tir 13 cic Iwdng e ¢d s than pia
cua photon. Trong twdng tic gitta hai dicn tich noi rén, phiddng tién truyéa
twang tic 1a photon. Cie guid tinh khic ¢6 photon tham gla ciing déu 1a
(rdng e dicn (e nhe qud trinh nguyn wr phdt xa vi hi'p thu inh sing hay
tia Roenghen, hay cic gqui trinh:

e H e 2y (Qud trinh hiy ¢ip)

v+ hatnhin » ¢"+¢ {Qud trinh sinh ¢ip) {1.96)

1.9.1.4. Tuong tde manh

Tudng tic manh ¢é g do 13n nhdt wong bon loai wing Gic.
Tudng tdc manh 14 wong 1d¢ gida edc hat co biin hadron véi nhaw, triy gud
trimh phin rd ching. Cic hat hadron gém ¢dc nucleon, © va K meson va cice
hat A, X, B, Ndi riéng, twong tic gitra cdc nucleon dé 2lin chiing lai vdi nhau
trong hat nhiin thude loai twong e manh. Thi gian dic trung cla nrong tic
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ndy vao cd 10" 5 va ban kinh tac dung vao cd 10"® cm. Phudng tién truyén
nrong tic manh 1a cidc m meson. Vi dy, cdc qud trinh tudng tic manh sau ddy:
ptn=n+n +n->n+p
n+p—=p+UW+p—2p+n
n+n—=n+n'+n-—->n+n (1.97)
p+poODP+R +pOp+P
So sidnh cudng d6 giita bOn loai tuong tic dude th€ hién trén bdng

1.8.
Bing 1.8. So sdnh cudng do giira bon loai twdng tac.
“Loaiwongic | Manh [ Dienwr | Yéu [ Hapdin ]
Cudng 46 (tuong 1 e 10 L0
d6i) 137

1.9.2. Cidc tinh chat cfia luc hat nhin

Twong téc hat nhin théng qua lyc bat nhin. Sau day 1a tém (it cdc
tinh chatl clia luc hat nhin.

a) Lirc hat nhin c6 cudng dd rat 1dn. Tuong tdc hat nhdn 1a twrong tic
manh. Vi du, ning lugng lién k€t do lyc hat nhan gdy ra d6i v6i hat nhan
deutron bing 2,23 MeV, trong khi ning lwgng lién k&t do lyc dién tr gdy ra
d31 vdi hydrogen bing 13,6 eV.

b) Luc hat nhin c§ tAm tdc dung ngin ¢§ fermi, téc 1a ¢d 10™ cm.
biéu nay suy ra tif thi nghiém clia Rutherford vé t4n xa clia hat alpha trén
hat nhén.

¢) Luc hat nhin ¢é tinh bio hoa, méi nucleon trong hat nhin chi
trong tdc véi mdt s§ nucleon quanh né ma thos, Biédu nay thé hién § ning
lugng lién k&t trung binh trén nucleon hiw nhu giéng nhau d6i véi cdc hat
nhin khidc nhau.

d) Luc hat nhan c6 tinh doc lap dién tich. Trong céc thi nghiém vé
tdn xa nucleon-nncleon, bao gdm tdn xa n-n, n-p, p-p, sau khi loai bd phan
twdng tdc Coulomb trong tan xa p-p, ngudi ta thdy c¢6 sy dong nhit vé ding
didu tdn xa cla ba qué trinh rén. Do d6 vé phuong dién lyc hat nhin thi ba
qud trinh tuong tac (n-n), (n-p) va (p-p} 12 nhu nhau.

e) Luc hat nhan phu thudc vao spin hat nhén, téc 1a phy thude vao sy
dinh huéng twong doi gifta spin cda cdc nucleon. Diéu nay thé hién trong tén
xa neutron-proton nang lugng thap.
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f) Lyc hat nhin kbong d6i xtng tim, tifc 1a ¢d tinh chit tensor. Pidu
d6 ¢6 nghia 1a phudng cia lyc tdc dung wong h§ gifa hai nucleon khong
trang véi phuong ndi hai nucleon dé. Khi d6 lyc hat nhdn khéng bio toin
momen quy dao. Tinh khong xuyén tAm cia luc hat nhan suy tif sy ¢6 mat
ctia momen 1 cuc dién cia deutron.

£) Luc hat nhian ¢6 tinh trao d8i. Khi va cham nhau, cdc nucleon trao
d6i v6i nhau dién tich, hinh chidu spin, .. Tinh chat trao ddi nay suy ra tir céc
thi nghiém tdn xa neutron ning Iudng cao 1én proton.

h) Lyc hat nhén c6 16i ddy manh, téc 1a khi dat d&n khodng cich da
nho, luc hat nhin khéng hit cdc nucleon lai ni¥a ma trd thanh ddy ching vdi
cuting do 16n. Loi ddy bt diu xudt hién & khodng cdch ¢ 0,5 fermi, tidc 1
¢30,5.10" ¢m, _

i) Lic hat nhan ¢é thé phu thudc manh vio vin tdc cde hat va cham.

j) C6 thé t6n tai trong luc hat nhan loai lrc nhién hat, trong d6 chi
y€u 1a loai lre ba hat. Loai Iwc niy chi t6n tai khi ba hat 4 gan nhau va s&
triét ti€u khi mot trong ba hat d6 chuyén ra xa v4 han.

1.10. BAI TAP
1.10.1. Céc bai tip vidu

Vidu 1.1. Tinh ning ltgng, tin s8 va budc séng céa biic xa 4nh sing
ddy Lyman khi nguyén tif hydrogen chuyén tir mifc kich thich L xudng mifc
cd ban K.

Bai gidi. Mitc L, va mic K #ng vi n, =2 va n, = 1. Theo cdng thite
(1.8), ndng lugng dnh sing bing:

E=hv=W,;—- W,, =Rh (Lzﬁ_lsz 3 Rh
1’ 2 4
Thay R = 3,27.10” 5" va h = 6,625.10™ J.s vao cdng thitc trén ta
dude ning lugng E = 16,25.1077 J.
DoleV=1610"TnénE=102eV.

. . 3 ]
Tan s§ dnh sdng bing v = ZR =2,4525.10% ¢1.

Buc séng dnh sdng twong dng 1a A = L. %= 0,1223 pm,
v

Vidu 1.2. Xdc dinh s8 trang thii electron trong nguyén tf thudc 19p
n{n=3van=4)cd cing nhiing s§ lugng tf sau ddy:
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a. Cling m,

b, Cingm, =+ 1

c.Cngm, =-1vam,=-1/2

Bai gidi.

a) Cling m, : [30 m, ¢& dinh nén cdc trang thdi electron khdc nhau hdi
ba s6 n, £ vd m,. Vdi n xdc dinh thi #=0, 1,2, .., n-1 vd v&i ¢ xdc dinh th
m, =0, +1 +2, ... +¢ VAy véin xdc dinh vi ms ¢& dinh thi s6 trang thdi
electron Ja:

=l

S 2e+1) =n°

F=0

Khin=3thin® =9 vakhin=4thin’=16.

b) Cing m, = + 1: Khin va m, xdc dinh th ¢ ={m], [m[+ 1, .. n-1.
Nhu viytacén - I m,| trang thdi ciia electron khdc nhau bdi cdc gid tr1 cua ¢
v k&t qud ¢o6 4n - | mJ) trang thai electron kbdc¢ nhau bdi cdc gid tri ¢ va
m,.

Véim, =l vin=3thitacé4(n-|ml)=43-1)=8

Véim, =l vin=4thitacé4(n-iml)=4(4-1)=12

¢) Ciing m, =-1va m, =- 1/2: Vdin, m, vd m, xéc dinh ta ¢6 n - | m/
trang thidi electron khdc nhav bdi cdc gid tri cda £. Do d6

Vdin=3vam, =-1thin-lm| =3-1=2

Véin=4vim, =-1thin-lmd =4-1=3

Vi du 1.3. Tim s6 b6 chinh Rydberg ddi vi s6 hang 3P cila nguyén 1
Na biét ring th€ kich thich d6i v6i trang thdi thi nhat bang 2,10 V va ning
lwong lién k&t cha electron héa tri & trang thdi 38 bing 5,14 V.

Bai gidi,
P61 vdi nguyén tii Na thi electron héa tri thuge ldp M v6i n = 3.
Trang théi cd ban 1a 3s ¥ng vdi mic ning lwgng 3S. Trang thai kich thich tht
nh41 1a 3p ¥ng vdi mic ning lugng 3P.
Mifc nang lirgng & trang thdi nf theo cOng thic (1.9) la:
Rhb
(n+A,)
Do d6 cdc mie nang lugng 3S va 3P la
Rh Rh

L UL\ LIS
G+a )’ " (+a)

né

3g T
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T hinh 1.18 1a ¢& hai phitong trinh:

h\-" = ng - W:;g
___Rh Rh 3D
34A) B+AlP
( ;) ( ”) 3p Wi,
=2,10¢cV
Rh hy = 2,10 eV
W, =-— =.514eV
T (3+A) 3§ — Wi, =514 ¢V
Tur ‘;‘; a ¢o: - Hnh 118
- =304cVhayA, = f— -3
G+a,) 3,04

Thay s6: R =327.10" ', h=6,625.10™ I.s;
1eV=1610"Jtaduge A, =2,109— 3 =- 0,891

Vi dy 1.4. Ching minh ring nang lugng lién k&t ciia hat nhin vdi s6
khdi lugng A va dién tich Z duge x4c dinh bdi cong thiic:

Ex=ZAu+(A-ZYA,- A

Trong d6 Ay, A,, Ala phin du kh&i lwgng (M - A) cha nguyén tit
hydrogen, neutron va nguyén (i twong tng. S dung cong thitc nay dé tinh
ndng lugng lién k&t trén mdt nucleon trong cdc hat nhin Lif, Ac*, Ag' va
Pb™™ (xem bing cdc gid tri A =M — A trong Phy hic 2).

Bai gidi.

Theo dinh nghia nidng hugng lién két ta ¢6;

Ey= ZmH + (A - Z)I’ﬂn - M

Trong do my, m, vd M 1 khéi lugng nguyén tf hydrogen, neutron va
nguyén i twong ¥ng. Do Ay =m, -1, A,=m, - [ vd A= M — A nén:

Ep=Z( + Ay + (A—Z)(1 +A) -~ M

Ex=ZAu+{A-Z)A - (A-M)= ZAy+(A—Z)A,- A

e Ning lugng lién k&t clia hat nhan,Li% Z=3,A =6
T phu luce 2 ta ¢o:

A =0,007825 u ; A, = 0,008665 u ; ALis = 0,015126 u;

u=931,44 McV

Ey =3 x0,007825u + 3 x 0,008665 u - 0,015126 u

=0,034344 u = 0,034344 x 931,44 MeV = 31,59 MeV
Nang lugng lién két rén médt nucleon la:
e=Ey/A =533 MeV
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o Ning lugng lién k€t cia hat nhin o Ar*:

Z=18, A=40;Asa=-0,0376150
Ciing tinh tudng tyf nhv d8i vdi Li®, ta ¢6:

Ey = 346,79 MeV; £ = 8,60 MeV

» Niing lugng lién k&t cda hat nhin »Ag

Z=47; A=107; Appior=-0,09303 0
Ciing tinh twong ¥ nhy ddi véi Li%, ta c6:

Ex =913,47 MeV; € = 8,55 MeV

e Ning lugng lién k&t cia hat nhin 4,Pb

7 =82 ' A= 208, Aphz(]g =- 0,02336 u
Ciing tinh twdng o nhy d6i vdi Li%, ta c6:

Ei = 1636,35 MeV, e =787 MeV

7,

08,

Vi du 1.5. Cic mi¥c ¢d badn cha cdc nguyén nf sau ddy c6 bao nhi€u
thanh phin c&u tric siéu tinh & H( S,z Li'(Si1n); Be’('So); N(*Ssp);
C1**(*P1p). Trong diu ngodc 13 mic ¢d bdn cla 18p vé electron cla nguyén
ut.

Bai gidi. H*(°S,»): Momen toan phin ciia 16p v0 nguyén tila 1 = %;

. 1 rd - F ~
spin hat nhin H’, theo phy luc 2,12 J = > Do I1=1J nén s8 thanh phin ciu
. |
tric siéu tinh € 14 21+ 1 =27+ 1 =2x5 +1=2

Li*(®S:»): Momen toin phin cida 16p v6 nguyén i 1a 1 = %; spin hat
nhin Li®, theo phy luc 2,14 J=1. Do I <J nén s& thanh phin cdu tric siéu
tinhté'l:?121+122xl +1=2

Be’('S,): Momen toan phin cda 1dp v nguyén ¥ 1a I = 0. spin hat
nhin Be’, theo phu luc 2,12 J = % Do I <J nén s6 thanh phin cdu tric siéu
tnht€ A 21 +1=2x0+1=1.

N'(*S:5): Momen toan phin cta Idp vé nguyén i la I = %; spin hat

nhan N*°, theo phy luc 2,12 I = % Do J <1nén s& thanh phin cdu triic siéun

tinhté'152l+l=2>(%+l=2.
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CI*(*P3): Momen toan phin clia 1ép v nguyén tir1a I = % spin hat

nhin CI”?, theo phy luc 2, 1a J = % Do I =J nén s8 thanh phin ciu tric sién
nht€1a 2f+1=2J+1=2x —;—+1=4.

Vi du 1.6. Ti s6 cudng d6 cdc thanh phin tich siéu tinh & ciia vach
2 \ . s 10 . A e e o
phd “Pi» — %S, clia sodium gin bing Ve Chi ¥ ring cdu tric siéu tinh &

giy nén do viéc tich mifc Sm (c6 thé bd qua viéc tich mifc Pm) Hiy iinh
spin hat nhin Na®

Bai gidi. Hinh 1.19 minh hoa sd 5 tdch vach phd A thanh hai vach
phd Ay va A, Mic °P,, coi nhy khong tdch cdn mifc *Syy tich thanh hai mic
con vai;

F=J-1=)- —
2
1
Fosl4+l=J+ =
2
P -
A My Fi=}-11

¥ Fo=J+41/2
Hinh 1.19

Vﬁy ta 6 hai vach phd méi X, va A,. Cudng d6 cdc vach phd nay i 16
vdi trong s3 thdng ké cha cdc mic tudng u’ng, nghia 1a vach A, ng vdi trong
s6 thdng ké 2F, + 1 va A, tng vdi trong s6 thong ké 2F, + 1. Nhu vay:
2F,+1
»+1_ 10 hay 2(J+112)+]:21+2=_1£ T dé ta b J =
2F+1 6 2(0-1/2)+1 2] 6

|o|t...>

Vidy 1.7. Cdc mic nang lugng Fy,, va Fyp cia nguyén o ,7Co* déu
tich thanh 8 mifc phy. Hay xdc dinh spin hat nhan ,;Co® va sd d8 tich vach
quang phd vdi bue séng A = 4234 A” ciia chuyén mitc Fi1p — Fop.

Bai gidi.
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a. Xdc dinh spin hat nhdn: O mic ning lagng Fp clectron <6

. . X N 5 | A
momen quy dao # =3 vd momen toan phan I = = Ciing nhr vdy, electron

. . o X 9 e e R S .
G mie Fyn c6 F=3val= 5 Mdi mifc ning lugng Fiyn va Fyp déu tich

thinh & mite phu. Do d&i vdi hai mite d6, 21 + 1 bing 12 va 10, tirc 12 idn hon
8, nén 8 mitc phu 1 do spin hat nhin guyét dinh. Nhr vay 2J + 1 =38 va spin

- ~ kD
cia hat nhan »,Co™ J =

SN

b. Tdch siéu tinh t8- Vach quang phd vdi bude séng A = 4234 A" duge
tdch thinh mdt s6 vach phu do sy chuyt??n miic 1ir 8 mic phu clia mic F,n
xudng 8 mife phu ciia mic Fyp. Khi d6 8 mifc phy ciia me Fyncd 8 gia tri
Fi=L-J1,,-J+1,;-1+2, . Ij+] (2,3.4,5,6,7,.8,9
1

—

? ] - - Lo -
Troagdo I, = va J= 5 va § mifc phu cia mifc Fyp co B gia trl

|

I:2$IQ—J,IQ—J+ l.,I’_P"_J+2,...,.[‘f_P+J (1,2,3,4,5,6,?,8)

9 7 . . 1s
Trong d0 1. = 5 va J= 5 nhu thé hién trén hinh 1.20.

b,
2
zl
/ 3
z!/ 4
;!/z’/
. b 3
Fiin \ T 6
"
EA
W 7
\\\
\ 8
= \‘
« g
& F
[ L 1
-t S
L
1 J»‘, ¥ 2
=< ,‘;/ ¥ ¥ y k]
J; - -
;:/ 3 Y| ¥ 4
S —£20 | R 1EE
. o 5
I“- NS
942 e v v 9
\\‘\ 6
N 3 L L
: 7
N Y ¥ Y ]

Hinh 1.20
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Viée chuyén mdc tir mot trong cd¢c mdc phu F, xudng mét trong cdc
mifc phu F, twdn theo quy tdc Ifa chon sau AF = F, - F, = 0, + 1. K&t quéd
tich siéu tinh 1€ cho 21 vach phu duge thé hién trén hinh |.20.

1.10.2. Cic bai tip ty giai

1.1. Ning lugng lién két cia electron hda tri trong nguyén ti lithivm
¢ trang thdi 23 biing 5,59 eV, § trang thai 2p bing 3,54 eV. Tinh cdc s& bé
chinb Rydberg ddi vl cdc mite ning lwgng s va p ciia lithium.

1.2. Tim budc séng clia cdc bitc xa phéat ra khi nguyén tir lishium
chuyén trang thai tir 3s xuéng 2s. Cho biét cdc s& bd chinh Rydberg ddi vdi
aguyén tit lithium 1a A, = - 0,41 ; A, =- 0,04,

1.3. Hiy xdc dinh nhitng trang thdi ning lugng ¢4 thé chuyén vé
trang thidi @ng vdi n = 3 d61 vdi electron héa tri trong nguyén tir Na. Khi xél
¢6 chi ¥ dén ca spin.

1.4. Lép fing vdi n = 3 chita ddy electron, trong s6 46 ¢6 hao nhiéu
clectron:

a} Cé cung m, = (/2

b) Cé cimgm =1

cyCé cingm=-2
dyCédcingm, =-1/2vim=10
)Coelingm, = 1/2va /=2

L.5. Hiy ddnh gid mat d¢ vat chd't hat nhin, ndng d6 cdc nucleon va
mit dd dién tich trong hat nhin.

L.6. Tim ning ludng lién k&t cia neutron va alpha trong hat nhén
Ne™'.

1.7 Xdc dinh niing lugng cin thi€t d€ tdch hat nhan O° thanh b&n hat
nhin gidng nhau.

1.8. Tim ning lugng kich thich ctia hat nhan Pb™ khi hat nhan Pb™™
hit neutron nhiét.

1.9. Diing cdng thic Weizsacker vE ning lugng lién két d€ tinh:

a) Ning ludng lién két clia cdc hat nhian Ca* va Ag'”".

b) Nang lugng lién k&t cila mdt nucleon trong cdc hat nhan V> vi
ngt]”.

¢) Khéi Iwong cdce hat nhan Sc® va Zn™.

1.10. Hay xdc dinh spin hat nhin Co™ vdi mitc cd bdn cda nguyén uf
*Fyn chita & thinh phin ¢i triic siéu tinh &



1.11. Hay x4c dinh 56 thinh phin tich siéu tinh (& ca vach quang
phé *P\» - °S,; d8i v6i nguyén ti K. Cho biét spin hat nhan K> 1a J = 3/2.

1.12. Mitc “Dsp, céia hat nhdn Bi*™ ¢6 4 mifc con, ddng thdi d s cic
khodng cdch gifa cic mic canh nhaw bing 4:5:6. Nha quy tdc khodng cich
hdy tim spin hat nhin Bi*” va s6 cic thanh phin tich siéu tinh & cda vach
quang phd “Pyn — Dap.
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Chuong 2

CAC MAU HAT NHAN

2.1. SU CAN THIET CUA CAC MAU HAT NHAN

2.1.1. LY do xuf't hién cdc miu hat nhin

Céc vin dé lién quan d&€n Iy thuyét hat nhén ¢6 th€ phin thanh hai
loai 13 ciu triic hat nhan va phdn \ing hat nhin. Tuy nhién, khi xdy dung Iy
thuy&t hat nhin ta vap phai 3 khé khan chinh la;

a). Khong biét chinh xdc vé luc tuong tde gifta cic nucleon trong hat
nhdn. D€ xay dyng 1y thuy&t hat nhan ching ta thudng 4p dung mé hinh ciu
inic nguyén tif cho cdu tnic hat nhin. Tuy nhién viéc 4p dung ndy thi€u
chinh xdc vi lvc twang tdc cla cdc electron trong nguyén tif duge xdc dinh la
wdng téc tinh dién, cic k&t qud tinh todn khd phi hop véi thye nghiém.
Trong hic 46 1y thuy€t dinh lugng vé lyc tudng tdc gita cdc nucleon vin cha
x4y dung dugc, dic bidt 1a Iwc hat nhén 1 luc tic dung ngin. Do d6 viéc thé
hi€n sy twdng tdc giita hai nucleon gip rit nhi€u khé khin, ma trong thuc &
hat nhdn 13 mdt hé lugng ti nhiéu hat va ta phdi mé 13 qua trinh wong téc
nhiéu hat 6 cta hat nhan.

b) S& luyng cdc phuong trinh md td su chuyén dong cia cde nucleon
trong hat nhdn rdt Ién. Gid si ta bi€t dugc chinh xdc lyc tuong tdc giffa cdc
nucleon thi ciing cdn mét van dé khé khin 1a viéc gidi bai todn lugng 1 vé
hé nhiéu hat. That vy, mdt hé thdng gém A nucleon dude md 12 bdi ham
song \Pm,mz..,m,\ (r.5,...T,) phu thudc vao 3A toa d) khong gian £,%,,..T, va

A chi 58 spin m,, my, .. ma, md mdi chi s§ ¢6 hai gi4 tri theo hai dinh hudng
spin clia nucleon. Nhu' vdy phuong tinh Schrodinger d6i v6i hat nhin gdm
A = 100 nucleon thi s& 12 hé phuong trinh vi phian d6i v61 2'™ ~ 10™ ham s&
clia 300 bi€n s6. Mot bai toan nha vay khéng thé gidi dude trong thuc 6.

c) Khong thé quan nigm hat nhdn nhu mgt mii trueong vi md lién tuc.
Trong hé& théng vdi mdt s§ bé cdc hat, chiing ta cAn nghién citu Al ci cic
bdc tr do khi di. Trong hé thdng rat nhiéu hat ta khong lam nhu viy ma phaii
ldy trung binh thdng ké bing cich m6 td hé bing mot s8 khong 1dn chc
thong s8 vi m6 nhut 4p suat, nhiét 46, mat d6, ... Hat nhin khong thude vé hai
hé théng néi trén ma nim & trung gian gia hai thii cuc d6. S§ hat nucleon
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trong hat nhan qua 1dn khi nghién ctu t4t cd cdc bac te do kha di, nhung lai
khong dii 1dn d€ coi nht mdt mdi trudng lién tuc. That viy, khdi niém vé
mdi trudng liéa tuc khéng nhitng coi toan bd vitl chiva mét lugng rit 1dn cac
hat md mot y&u t8 thé tich vd cung nhd cfia nd cling phdi chita mdt lugng rat
1¢n cdc hat. Yéu cdu nay rd ring khéng ddp dng dude 461 v4i hat nhdn vi nd
chi chita cao 1im la vai trim nucleon. Tuy nhién ngudi ta st dung mé hinh
méi trudsng lién tuc trong mot vai trudng hdp cot bat nhdn nhr giot chi't 1éng
hay mot vat ran, khi d6 cin phaithan wong.

P& tranh cdc khé khin trén ngudi ta phai xiy dung cdc mau hat
nhén, trong d6 hat nhin dugc thay bing mdt hé vit Iy nao do ¢6 kha ning
thé hién cdc tinh chit cliia hat nhin véi cdch gidi thich todn hoc don gian ¢
thé chdp nhén duge. Miu hat nhin cin gidi thich dudc cdc tinh chil ¢d bin
ctia cde trang thai hat nhian nhy spin, dé chin l¢, momen (¥, momen (¥ cuc
dién, cdc linh chit clia cdc trang thédi kich thich, ma trude tuén la phi‘; kich
thich cia hat nhdn, vi cdc tnh chdt ddng luc hoc clia hat nhin nhy xdc Suat
phéng gamma cla cdc mifce kich thich cia hat nhédn. M&i miu hat nhin chi
gidi thich dudc mét s6 tinh chilt cGa hat nhén, do d6 ¢6 nhiéu mdn hat nhin
khic nhau.

2.1.2. Phén loai cdc mau hat nhin

Cd s d€ xay dung miu hat nhin 12 gid thuyét vé sy ddc lap clia mot
tip hdp nao dé cdc bic tr do cia hat ahin. Cdc hic w do cia hat nhin duge
chia thanh hai loai 1a: bac tv do mot hat md €3 sy chuyén ddng ctha cdc hat
riéng biét, va bic ty do tip thé mé td sy chuyén ddng cia mdt s6 16n hat.
Mot cdch twdng ing, mAu hat nhin cling dugc phin thinh hai loai 12 mau tap
th€ vi miu mdt hat, ngodi ra cdn ¢é miu suy réng, 1a t8ng hop cia hai miu
ndi trén.

2.1.2.1. Miu tép thé

Miu tap th€ 12 miu dua trén cdc bic tu do tap thé cla nhiéu hat va
con duge goi 1a miu tuong tdc manh giira cdc hat. Mau nay thé hién cdc hiéu
ftng tap th€ trong hat nhin khi quing dudng ty do cia cdc hat rong hat nhan
rat bé so véi kich thudc hat nhin. Diéu d6 ciing tuong dudng vdi khdi niém
cho ring cdc hat bén trong hat nhin tudng tdc manh véi nhau va vdi mot s&
it cic hat bén canh. Vi ¥ nghia d6 miu tip thé coi hat nhan nhr mét giot
chit 16ng hay mot vat rin. MAu tap thé gdm mdu giot chdt ldng va mdu hat
nhéin khing cé dang hinh cdu.
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2.1.2.2. Méu mot hat

MAau mét hat dua rén cdc bic ty do cda mds hat va dude goi 1a miu
cac hat doc 1ap. Trong miu ndy quing dudng tr do cla cdc hat kdn hon kich
thirde hat nhin, tte 13 mot hat chuy€n dong déc 14p trong mot truting (hé
trung binh nao d6. Mau mot hat gdm mdu vé khdng o6 twong tdc du va mdu
vo co tinh dén hiéu iing cdp.

2.1.2.3. Mdu suy rong

Mau suy rong tinh d€n cdc tinh chat chuyén ddng ddc 1ap 1n tinh
chdl chuyén dong tip thé ciia cic hat trong hat nhin. Miu ndy gdm mdu suv
rong vdi lién ké1 yéu va mdu suy réng voi lién két manh.

2.2. MAU GIOT CHAT LONG
2.2.1. Cd s§ xdy dung mau giot chit léng

Mau giot chdt 16ng clia hat nhin dudc xiy dwng trén cd s& gidng
nhau gila hat nhin va giot chd1 16ng. Pé 1a:

a) Tinh khidng chiu nén cia hat nhdn va giot chdt Iéng. Theo céng
thitc (1.48) thi mdt d6 hat nhin p khéng phu thudc 6 khdi ludng A, tic la
khéng phu thude vao kich thude hat nhin, va bing ¢3 10" g/em®. Giot chdt
léng tuy ¢6 mat d& bé hon nhung ciing khong phu thude vao kich thude cia
né. B4 la tinh khéng chiv nén ciia hat nhin va giot chit 1éng.

b) Tinh bdo hoa ctia cdc lye neomg tde. Nang lugng lién k€t trung binh
trén mdt nucleon tuy ¢6 thay déi theo s khdi lugng A nhng dao déng trong
khodng tr 7,4 MeV dén 8,6 MeV, véi gid tri trung binh khodng 7,6 MeV,
Piéu d6 cho thiy mét nucleon trong hat nhdn khéng Wwong téc véi tat ¢d cdc
nucleon cdn lai ma chi twong tdc v4i mét s6 hits han cic nucleon & gin né.
Hién tugng nay xuit phat tr tinh bio hoa cia lwe hat nban. Giot chilt léng
ciing ¢6 tinh chd't twong tw. Trong modt giot chit Idng cdc phin 1k tuong tic
v6i nhau bing cdc lyc tic dung gan, nghia 12 mdi phdn of chi tic dung vdi
mot s6 phan tif 3 gin né. Céc phan tf ndim trén bé mat cda giot chdl 16ng chi
lién k€t mot phia vdi cdc phan tlf khdc. Vi viy phia con lai s& tao nén mét
sifc cing bé mit.

Dua vao cdc dic tinh gidng nhau d6 ma N. Bohr va J. Frenkel da x4y
dung mdu giot chit I6ng. Miu giot chit 1dng coi hat nhin 12 mdt giot chit
16ng mang dién tich va khéng nén duge. C4c phan tif tao nén hat nhin 1a cdc
nucleon, ching twong tac véi cdc nucleon bén canh. Ning lugng lién két cla
hat nhin gom ndng lugng thé tich, ning ligng bé mit vi ning lwong
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Coulomb, tudng ng vdi 3 s8 hang diu trong cong thic bdn thyc nghiém
Weizsacker (1.60). Pham vi dng dung clia mau giot chit 16ng 1a md (4 ning
lugng lién k& trung binh ¢lia hat nhdn 12 ham chia A va Z, khdo sdt cdc dao
d6ng bé mit cla cdc hat nhin hinh ciu va gidi thich dinh tinh qu4 trinh phin
hach hat nhin.

Trong muc niy trich bay viéc ting dung cla miu giot chit long dé
mé td ning lwgng lién k&L cia hat nhin, khoi lugng hat nhén, cic dao déng
bé mit clia hat nhin, con viéc gidi thich dinh tinh co ch€ phdn ng phin
hach hat nhin s& dugc dé cip trong chudng 3, muc 3.5.

2,22, Nang lugng lién k€t cua hat nhén

Trong chuong 1 ching ta d3 xem xét ning ludng lién k&t cia hat
nhdn, thé hién trong c6ng thitc ban thyc nghiém Weizsacker. Cong thifc nay
dugc viét lai nhy sau:

Ex(A,Z) = oA - BA™ - 1‘%3 - q[% - Z] ‘;1;‘ + OE (2.1}

Nhu 33 néi trén, ba s6 hang diu cia cdng thiic (2.1) ¢6 thé gidi thich
trén cd s¢ miu giot chit [dng.

— S& hang thif nhit wong Wng voi ning luong khdi. P61 véi mot giot
aude, nhiét lugng cdn thiét dé né bay hdi tf 1€ vdi nhiét dd bay hoi. Nhét 4
nay i 1& v&i nang lugng chuyén d6ng cia cic phin ti tac nén giot nudc,
Ciing nhu vy, mét hat nhin mudn tich thinb cic nucleon riéng biét phdi
dugc cung cip mdt ning lugng thing duge ning hrgng lién két gilta céic
nucleon, Ning lugng lién k&t dé biing tdng cdc ning lugng lién k&t cita timg
nucleon, bing oA, trong dé o 13 niing lidng lién k&t trung binh ciia nucleon
trong hat nhin.

—~ S& hang thit hai twong @ng vSi ning lugng mit. Bl véi mot giot
nudc ta ¢ sic cing mit ngodi. D31 véi hat nhin ciing twong tr nhw vay, cic
nuclecn trén b& mat hat nhan chi chiv strc hiit vé€ phia trong vi & phia ngodi
khdng cé chit hat nhin nita. Vi viy ning lugng lién k&t clia hat nhin phai
trit di mot lugng i 1€ véi dién tich b& mit hat nhin, tic 1a 17 18 véi AY”,

- 88 hang thit ba tudng ng vdi ning lrgng day tinh dién Coulomb.
Hat nhin 12 mét giot chdt 1dng tich dién duong. Ly wong tic tinh dién trong
hat nhin ¢6 gid tri dwong va 1am gidm lwc Lién k€t Ning lugng Coulomb &

18 v&i binh phuong s& proton 27 va i 18 nghich véi kich thude hat nhian A'?,
2
nghia Ia ti 1& vdi F
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Hai s6 hang cudi cia cong thirc (2.1) khdng dudc gidi thich trong
khudn khé miu giot chdt 1éng ma phai tinh dén vai o ciia s§ cic nucleon,
tinh d6i xitng cia Z va N, vi tinh chin 1& ¢iia s§ nucleon trong hat nhin. Néi
khdc di, hai s6 hang d6 dugc mé 13 bdi miu v6 hat nhan, s& duge trinh bay
trong muc 2.3.

2.2.3. Khéi lugng cta hat nhan

Tir cing thifc ning legng lién k€t (2.1.) ¢6 thé nhin dugc khdi udng
hat nhin nhv sau:
M=2Zm, + (A - Z)m, - E,(A,Z)

173

M=7Zm, +(A - Z)m, - cA + BAY® + yZ + g(ﬁ-z) L dEy
A 2 A
(2.2)

Cong thite bin thite nghiém (2.2) cho phép tinh bat et khoi lugng cia
hat nhdn nio véi A, Z, m, va m, cho trude vdi sai s& twong d6i khdng vugt
qui 10,

Céng thic (2.2) bi€u dién sy phu thudc khdi lugng hat nhin vao dién
tich Z va sd khéi lugng A. D61 vdi cdc hat nhan dbng khéi, khdi lugng M chi
phu thudc vio Z va bi&n thién theo him parabole (hinh 2.1). Trén hinh 2.1,
khdi Iwgng cwe tiéu tai gid e Z, itng v6i hat nhin bén nhat. Gid tri Z, dugc
xdc dinh bing cich 14y dao ham kh6i lugng M theo Z di vdi A b dinh va
cho dao him nay bing 0:

_ A
1,9840,015A%

Trén hinh 2.1 hat nhin ¢6 khéi lugng M(Z,) 1d hat nhin bén nhat
trong 58 cdc hat nhin ddng khdi vdi A 16. Do vdi A & thi OE; = 0 theo cong
thitc (1.61) nén M(Z) 13 ham ddn tri theo Z, do d6 d6i v6i mbi gi4 tri A chi ¢6
mot gid tri Z, twong Ung véi hat nhan déng kh6i bén. Hat nhdn v6i Z = 7, + 1
@ nhanh bén phdi ciia parabole c6 khdi hrgng 16n hon M(Z,) nén phin ri f*
d€ chuyén vé hat nhan nay. Hat nhin déng kh&i véi Z = Z, — | & nhanh bén
trdi cda parabole cling ¢6 khdi lugng 16n hon M(Z,) va phinrd B d€ chuyén
vé hat nhan bén. Ciing tuong ty nhu vy, hat nhan (A, Z, + 2) phin ra B+ dé
chuyén vé& hat nhin (A, Z, + 1) va hat nhin (A, Z, - 2) phin rd  d€ chuyén
vé hat nhin (A, Z, - 1). Vidu véi A = 25 thi Z, = 12, 34 1 hat nhin bén
2Mg™; v6i A = 43 thi Z, = 20, d6 1 hat nhin bén ,Ca®, ..

P0i v6i hat nhan déng khéi véi A chin, khi lwgng M(Z) 12 ham
lu@ng tri vi s8 hang 3E, trong cOng thitc (1.61) nhdn hai gi4 tri khic nhau d6i

(2.3}

]
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vdi cac hat nhan chin-chin va 1&-1¢. Khi d6 khoi luong M khi A khéng d6i
dugc thé hién bdi hai dudng parabole trén hinh 2.2

mh

A = const
} (L&)

Z-3 7,2 21 Z, Z41 ZA2

Hinh 2.1. Cac hat nhdn ddng kh&i véi A 1é. Cdc hat nbin phinra
va B* d€ chuyén vé& hat nhin bén nht ¢6 kboi lrgng bé nhit dng vdi
dién tich 7.,

M+\

. A = const
\ {Chin) /

Z 18

Z chin

211'4 Z'n_z Zu Zu+2 Z«1+4 Zu'z Zn_l Z'u zu+l Zﬂ+2
a) b)

Hinh 2.2. Céc hat nhan ddng khéi vdi A chin. Hinh a (ng vdi cdc bat
nhin 1&-1& khong bén con cdc hat nhin chin-chin bén. Hinh b dng v6i
cic hat nhin 16-12 bén cdn cdc hat nhan chin-chin khong bén.

Trén hinh 2.2a, dudng parabole dudi ¥ng vdi cic hat nhin bén hon,
dé 1a cac hat nhin véi Z chin, cdn dudng parabole trén dng v6i cdc hat nhin
kém bén hon, d6 14 c4c hat nhdn véi Z 1&. Ti hinh 2.2a thdy riing cdc hat
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nhidn canh nhau trén cing mot parabole khiac nhau vé& Z dén 2 don vi vi tbn
tai mdt vii hat nhan bén d6i véi cac hat nhin ddng khoi chin-chin. D6 1a do
s chuyén d6i hat nhin vai dién tich Z, + 2 hay Z, -2 thanh hat nhin véi
di¢n tich Z, +1 hay Z, -1 bi c&m v€ mat ning hugng con sy chuyén ddi true
ti€p bing phdn rd Bkép t hat nhan Z, + 2 hay Z, — 2 sang hat nhin Z, 6
xdc sudt rdt bé, coi nhu khéng thé x4y ra. Mat khdc mdi hat nhin trén
parabole 1rén ¢ hai hat nhan nhe hon véi dién tich cich + 1 nim & parabole
dudi nén 141 cd hat nhin ddng khoi 1é-18 déu khéng bén, trir bén hat nhan
HP, SLi% sB1 va N

B&n hat nhén nay thude truting hdp duge minh hoa trén hinh 2.2b,
khi d6 hat nhan 1¢-1¢ bén con hat nhan chin-chin khong bén. Vi du vdi hat
nhdn [€-18 ;N'* do cac hat nhan chin-chin " va O'* chuyén thanh.

2.2.4. Céc dao dong bé mit ciia hat nhan hinh ciu

Ta hiy xem x¢t syt kich thich cdc bac ur do kha di cila giot chal 13ng
hat nhin. T rong trang thai tr do, nghia la khéag bi kich thich, giot chat Idng
¢6 dang hinh cdu. O trang thai kich thich, giot chit 16ng khéng bi nén nhung
c6 thé thay ddi dang hinh hoc, do d6 cdc bac tu do bi kich thich sé twong Wng
v@i cdce dao déng bé mit.

L
N

a) by c)

Hinh 2.3. Giot chit 18ng ¢6 dang hinh cu (hinh a). Dao déng ¥ cuc
(hinh b) v dao dong bt cuc (hinh ¢) cda giot chalt 1dng.

Ly thuy€t phi lwgng uf clia cic dao dong bé b mit ciia giot chat
16ng wr do da phat ri€n trude khi co Iy thuyét lugng wf. Theo 1y thuyé&t nay
thi tdn s& thdp nhat Oyuaa Ung vdi cde dao ddng riéng uf cue, khi 46 giot chdt
l6ng ¢6 dang hinh ellipsoid cing hay det (hinh 2.3b). Tin s& cao hdn Wy Ung
vGi cdc dao dong bat cuc, khi d6 giot chdl 1dng ¢6 dang hinh quéd 1é (hinh
2.3¢). Cdc dao dong riéng khic twong dng vdi cic bién dang phiic tap hon va
¢6 thn s& cao hon.

Khi chuy€n sang ly thuyét ligng ¥ thi cdc dao ddng ri€ng cia hat
nhin dude hrgng uf héa. Viéc lugng uf héa khdng lam thay déi céc tin s6
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riéng nhung cdc phd ning ludng vi momen dong higng cha cic trang thai
dao dong kich thich od thanh giin doan. Khi dé cdc ning lugng dao dong ur
cue va bat cue nhie cic git i1 sau:

B = A0 quads B = finqm {240

Trong d6 ngew ¥4 N 1a s& e lugng wf i cue v bit cue. dfmg thdi
Muad- T = 1. 20 MEi lugng uf i e o6 spin J = 2 v do chan I¢ dudng. con
méi lugng nf bdt cye ¢6 spin J = 3 vd do chan [¢ am. S dung cong thifc
Weizsacker (1.60) ¢6 thé tinh dude ndng lwgng cla lugng i Wi cue bang:

Nyt = 30A 7 MeV (2.5)

Lugng 1 bt cire ¢ nang lugng ¢d hai 1an ning hidng lugng 1t or
cue v cing mat gid tr AL Cae ebng thite (2.4) va (2.5) pht hop v thue
nghiém ddi vdi cdc mic thap nhat khingg=1.2va n, = 1.

Bayv gid ta hiy xem x¢t mau giot chat [ong midu td cic mite ning
Iugng thip nhat nhu hé ndo. Néu mide ¢d bin ¢d dac rung 07 tht mde Kich
thich tha nhat B mife 2 ¢6 niing lugng tinh theo cong thite (2.5). Mdc 3 uép
theo s& ¢d nang lugng gip déi. Gin mie 3 13 ba mic nam rit gin nhauw
tong (ng v trang thai kich thich cia hat lugng o wr cuwe vdi cide dac trumg
0. 2 vd 4°. Chd ¥ rang khi edng hai vector 2 vdi 2 ta dude vector éng
cong vdi cic do 1dn 0. 1 20 3 4 nhung cde trang thai 17 va 37 bi cdm do e
lugng 17 Kich thich (2.4) tuan theo thdng ké Bose.

Tién doan vé viée mite kich thich diu tén ¢d duc trung 2 durge thye
hi¢n hilu nhue d6i vai it ¢ cdc hat nhdin chdn-chiin. Tuy ahicén ning ludng
clta mife nay thip hon gid tn tinh theo ¢cong thite (2.5). Chang han mae 27 dai
véi hat nhin Ni® ¢6 nang lugng 1.3 MeV trong khi tinh todn cho ning
lugng 3 MeV. O rit ahidu hat nhin chan-chdn ciing thy ¢d bd ba 0. 27 va
4 nam & mifc nang ltdng cao han hai Mn so véi mie kich thich didu tién
(hinh 2.4). V2 cudi cing hiu nhy & til it cic hat nhin chan-chan déu <o
mite 3 duge gidi thich do kich thich bat cige.

Trong mau giot chit I6me con co bac ue do riéng do dao dong cia
tin bd khéi lwdng cic neutron déi véi toin bd khdi higng cic proton. Vi
gid thuy€t nay ta coi hat nhiin gdm hai giot chdt 16ng ncutron vit proton trén
vt nhau. Khi kich thich bic 1y do niy, hat nhin trd thiinh md ub cue dién.
nghia 1 bi phdn cue. Kich thich phin cye ¢ng véi sy thay ddi ¢iiu tric hén
trong hat nhin. Do dé nang lugng kich thich kha tan. ¢d 15-20 MceV doi vai
ciac hat nhiln nang va 20-25 MeV ddi v3i cdc hat nhiin nhe.

Nhu vy midu giot chit 1ong cho phép giin thich dinh tinh sy phu
thude nang lugng lién k€t vio A vil Z. dang hinh cdu cia da s cde hoat nhin
ciing nhue spin v d chan 1€ cia mot xd mie kich thich thip cia hat nhin
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chan-chan. Thicu sot chinh clia miu giot chat 1éng 13 s phd kich thich it.
khéng tinh dén cdc tinh chit riéng bigt cla titng hat nhan ciing nha khong
thé gidi thich cic momen 1 cue ciia cic trang thdi kich thich diu tién,

2.88 2!
2,54 O+
2,29 4+
[,33 2+
) 0

Hirnh 2.4. Phé cic mic thip nhit cda hat nhian -Ni*". Cot &
bén trdi: Niing hugng (MeV). Cot bén phii: Spin va d6 chan ¢,

2.2.5. Cac dao dong bé mit cia hat nhin khong hinh cdu

Nhi€u hat nhin ¢6 dang khéng hinh ciu vi cic tich chit ciia chiing
dudgc giai thich trén cd sd miu khéng hinh cdu. Nhdt miu ndly ¢d thé xde dinh
dugc cdc mite quay thip va cde mite dao ddng cta cdc hat nhin chan-chan.

Dang don gidn nhit cla hat nhan khéng hinh ciu 13 dang cflipsoid
v@i hai thong 6 B va v lién hé vdéi cdc ban truc Ry, R+ va R, ciia cllipseid nhu
U

(5 7
R =R, ~R,= \/_,_ R.Beos(y + ~)
o An 3
- 5 o
oR> =R, - R, = |-= R, feos(y+ ~~) (2.6)
4m 3

SR.=R:-R,= - 1/i R, Beosy
4rn

Trong 46 R, 1a bdn kinh trung binh cia hat nhan. Tir (2.6) thi'y rang khi B
=0 1thi &R, = 3R> = 8R: = 0. utc 1a hat nhin ¢6 dung hinh ciu. Khiy=0

T
thi Ry = R» < Ry, hat nhin ¢6 dang ellipsoid cang. Khiy= 3 thi R- = R:> R,

hat nhdn c6 dang ellipsoid det. Khi ~;£ >y > 0 thi hat nhdn ¢é dang ba't d3i

xifng ciu theo tryc.
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Do vit ddt xing cdu khdng thé phin biét cdc trang thai khi quay no
nén hat nhin d81 x¥ng cdu khdng cd cdc mifc quay. Con hat nhin khéng hinh
cau vdi doi xing truc ¢6 bac tw do quay va do d6 c6 cdc mic quay:
n’7 NI+

aA 2

Trong d6 J 12 spin va T 13 momen quén tinh cla hat nhan. Vi kich
thude va khai Jugng cAc hat nhin kha 1n nén cdc mifc quay ngay cd khi bat
déi xitng cdu khdng 18n thuding 1a cdc mitc thip, it nhdt 1a 461 vé cdc hat
nhin ning. Khi quay, cdc hat nhin bi bi€n dang do lyc Iy tim. Do dé khi
ting ning luong kich thich, momen qudn tinh c¢ia hat nhan ting va khodng
céch gifta cdc mic 1an cin nhau s& gidm theo ¢dng thic (2.7), dude thé hién
irén hinh 2.5 d&1 v6i hat nhan Hf™. Khi tinh téi sy bi€n dang, ning lwgng
cdc mic gquay trd thanh:

B = (2.7)

2

h ol
E = EJ(J + D+’ (J+1Y (2.8)
Trong dé o 1a thong s& xdc dinh bing thyc nghiém.

1224 po--mmmmomo]

1090 8"

4

660 6

240 [IIZITITooC 4"

330

102 2

0 0

Hinh 2.5. Phé quay cda hat nhan .Hf"™. Cot s§ bén trdi: Ning lugng
(keV). Cot bén phai: Spin v a6 chin 1é. Pudng gach ndi: Vi tri cdc mite
tinh theo ¢dng thie (2.6).

2.3. MAU VO HAT NHAN

2.3.1. Cdc han ch€ cita miu giot chat 16ng va sy cdn thiét cia
mau v

Trong muc 2.2 chiing ta da trinh bay cdc thinh tyu clia mau giot chit
16ng. MAu nay thé hién kha 6t khoi lugng va ning lugng lién k&t cda hat
nhdn, sy phin b3, spin vi tinh chin 1 cia mdt vai mic ndng lugng diu tién
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cla cdc hat nhdn chin-chin, giat thich dinh tich phdn @ng phan hach hat
nhin, ..

Tuy nhién ngay cd trong cdc linh vic ma miu giot chit 1dng dat
nhiéu k&1 qud thi né cing khong 0 ra hoan chinh. Ching han, mau nay
khOng gidi thich ddy dii cdc s6 hang trong cdc ¢Ong thifc ban thie nghiém vé
khdi lugng va ning lugng lién k&t ciia hat nhén, khong cung cdp dige cic s6
héu dinh lugng vé cdc trang thdi kich thich clia hat nhan, khéng gidi thich
duge tinh bat d8i xdng trong phan bd khéi ludng ciéta hai mdnh v@ phin hach
trong phin ng phin hach hat nhin, ... Ngoai ra con mét loat cdc vin dé ma
miu giot chat Idng chua dd cip d€n. PG 1a cde dic trung cd hidt cia cdc
trang thdi ¢d bdn va kich thich cia hat nhin, nhy ning lugng lién k&L, spin,
momen (i va tinh chin 1&; cdc tinh chit ctia phén rd alpha va beta; 4o phé
bi€n khic nhau cia cde hat nhén trong ty nhién; ... Thye nghiém cho thdy
ring cdc dic trung nay phu thude khd ré vio s6 cic nucleon trong hat nhin
va st bién thién tudn hoan cia ching. Ching han, tdt ¢ cdc hat nhin chin-
chin & trang théi ¢d bdn déu ¢ spin vi momen tir bing khong va c6 ning
lvong lién k&t 16n. Cdc hat nhin magic, 1a cdc hat nhin ¢6 s8 proton hoic
neutron tritng voi cdc s& magic 2, 8, 20, 50, 82, 126, 1 rit bén vimg. Codn cdc
hat nhin magic kép ¢6 s6 proton magic vi s§ neutron magic 13 bén nhat,
ching han cdc hat ahdn ,He* (Z = 2,N = 2), 40'@Z =8 N= 8), »Ca*
(Z =20, N = 20), 5x,Pb*" (Z = 82, N = 126). Tinh cht niy clia hat nhin magic
giéng nhu tinh bén ving cla cic nguyén & khi trd cha s6 electron biing 2,
10, 18, 36, 54, 86.

Nhu viy miu giot chat Idng bi han ch& trong viéc md t cdc tinh chit
ctia hat nhin ¢6 li&n quan dén vai trd cia cic nucleon va st bién thién tin
hoan cia ching. Piéu d6 din dé&n ¥ tudng xdy dung miun vé hat nhan. Cic
sur ki€n thyc nghiém sau day chitng minh sy cin thi€t cla miu vé:

a) Mitc d§ bén cao cia cdc hat nhdn magic

— Cdc hat nhin magic 1A cdc hat nhin 4t bén. Cic hat nhin trudc né
vd sau né déu it bén hon, thim chi con 1a cdc hat nhin khong bén. Ching
han hat nhin magic kép ,He* 1a hat nhan rét bén, cdc hat nhan H? va ,He’
trde né it bén hon cdn cde hat nhin sau né ;Li° va oHe’ 1a cdc hat nhin
khong bén do cdc nucleon thém vao ,He* c6 nang lugng li€n k&€t Am. Céc hat
ohin chin-chdn déu bén hon so vdi cic hat nhdn chin-18 hoic hat nhin
1€-1¢. Trong s8 cdc hat nhin chin-chin thi ¢dc hat nhin magic ¢6 s& proton
hay neutron bing 2, 8, 20, 50, 82, 126 1a bdn vitng nhdt. Thuc nghiém cho
thdy cdc hat nhin véi s proton hay neutron biing 3, 9, 21, 29, 51 va 127, utc
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14 cdc hat nhan sél ngay canh cic hat nhan magic, ¢6 ndng luong lién két
riéng rdt nhé.

— Sy bén vitng cla cdc hat nhan magic con thé hién & ché ching c6
x4c suit chi€m neutron rit bé, khodng mdt hai bdc b€ hon cic hat nhidn
khic, tic 1a ching rat khé bdt thém neutron.

b} PG phd bien cao ciia cdc dbng vi magic

— C4c hat nhap magic ¢6 dd phd bi€n cao trong th nhién do s¢ bén
vitng dac biét cda chiing. Vi dy, hat nhin magic kép 2Ca* véi Z=N=20cd
dd phé bién B Y7% trong hén hdp 1 nhién cla cdc dong vi calcium, irong
lic d6 hat nhan gAr’ véi Z = N = 18 difng trude nd chi ¢6 46 phd bién trong
d38i 1A 0,3% con hat nhdn '_),ng véi Z = N = 22 diéng sau n6é khing tom tai
trong v nhién.

— Vi ciing s chin neutron cho truée chi im dude khodng 2 dén 3
hat nhén, riéng cdc s6 neutron chdn N =20 ¢6 5, N= 50 ¢c6 6 va N = 82 ¢6
dén 7 hat nhén. :

— MAi nguyén t8 déu c6 mot s& ddng vi, trong d6 ddng vi véi s6 khoi
ludng trung binh thwdng ¢ d6 phd bi€n 16n nhat. Tuy nhién céc ddng vi vdi
N = 50 vd N = 82 khéng tudn theo quy ludt nay.

¢) Cdec tink chdt ddc thi ciia phdn rd alpha va betu

- T4t ca ba ho phéng xa tf phién U U™ va Th*? déu k€t thic &
nguyén 18 x-Pb. Trong ty nhi€n chi cdc nguyéntd voi Z <8214 bén viing.

— Theo cdng thiic ban thuc nghiém thi ning lugng ctia cdc hat alpha
phéng ra tif cdc ddng vi ty nhién ting theo Z. Ngoai trir hat nhin polonium,
céc hat alpha do polonium phéng ra ¢6 nang lugng cao hon cac hat alpha do
cédc hat diéng sau nd phoéng ra.

— Céc hat alpha vdi ning lugng cao nhit dude phit ra bdi cdc hat
nhin ¢6 N = 128, Z = 84 va N = 84, Cic hat nhdn nay chuyén thanh céc hat
phian v8i N =126, Z = 82 vii N = 82.

— Ciing nhi vay, beta phin ri vdi ndng lugng cao nhat cling dudc tim
thi'y déi véi cdc dich chuyén beta dé€n cic hat nhdn magic, trong lic do céc
hat beta do cdc hat nhin magic phitra lai ¢6 nidng lugng thap nhat.

2.3.2. Nguyén tic xay dung méu vé

Dé xiy dung miu vé hat nhin ngudi ia dp dung md hinh mau
nguyén tf. Miu nguyén ti dya trén ba didu kién 1 cdc electron chuyén
dong trong mdt trudng hiit Coulomb xuyén t4m, ching tuong tdc v6i nhau rat
y&u va chi€m cdc mifc nguyén 1 tudn theo nguyén 1y loai trir Pauli. Déi véi
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hat nhén, thoat tién ¢ thé hinh dung Ia khong th€ xay dyng miu vé vi hai
trong ba diéu kién trén khong duge théa min. P6 [a cdc nucleon khong
chuyén déng trong mot trudng xuyén tim nio va ching ttro'ng tdc véi nhau
rdt manh. Tuy nhién ngudi ta ciing chifng minh duge ring c¢é thé coi cic
nucleon chuyén dong trong mdt trudng thé trung binh tu hdp xuyén tim nio
do va tuong tic gilfa cdc nucleon 12 khd y&u do nguyén 1¥ loai trir Pauli. That
vay, hai nucleon twong tdc vdi nhau vdi bdn kinh bé nén ¢ thé mé ta tuong
tdc nay bing hé th€ hinh chi¥ nhat hep khodng 10" cm va san khodng 30
MeV. Khi dé s tuong tdc ctia nucleon vdi hat nhin ¢ thé duge mé ta bdi
mdt b the trung binh khong phu thube thoi gian va 1a chdng chit cda cdc hé
th& nucleon riéng ré. Do hat nhan cé dang hinh cAu nén trong phép gin ding
dau tién cé thé coi hd the d6 c6 dang d6i xifng cdu. Theo cd hoc lvgng ti,
cdc nucleon chuyén ddng trong ho thé nay c¢é thé nim & céc trang thii ning
lugng khdc nbau. Trang thdi co bin 13 trang thdi ma cdc mibc ning lugng
thip nhit dugc chodn diy. St va cham gitta hai nucteon din téi sw phdn bd
lai ndng ludng giita ching va k&t qud 13 mot trong cdc nucleon mat mdt phan
nang lugng cia minh va chuyén xudng mifc ning lugng thip han. Tuy nhién
do ¢dc mifc ning legng thap déu bi chodn day nén theo nguyén 1y loai trir
Pauli nucleon d6 khong chi€m duge cdc méc ning lwgng thap hon. Didu nay
c6 nghia 1a quang dudng ty do trung binh cda nucleon gilta hai va cham rd
nén 1dn hon gid tri tinh todn theo ti&t dién lwong tac grifa cac nucleon tu do
va ¢6 thé gid thuyét riing cic nucleon trong hat nhén thyc t€ khong tudng tic
vdi nhau.

Nhy viy ta ¢ di cd s& d€ xay dung mdu vé hat nhin. Khi d6 ¢6 thé
chuy€n bai todn nhidu hat vé bai todn mo( hat chuy&n dong rong trudng thé
xuyén tdm ty hdp. Gidi bai toin Schrodinger d6i vdi sy chuyén doéng cilia
nucleon trong trudng th& oy hgp ta sé nhan dude mot hé cde trang thdi lién
két, mébi trang thdi ¥ng v8i mdt méc ning luong xdc dinh. Va theo nguyén ly
Pauli, m6i nucleon trong hat nhin chiém mdt mic ndng ludng, bit diu tr
mifc thip nhil. Nhy viy ¥ wdng xuat phdt cda miu vé hat nhan 1a miu cic
16p electron trong nguyén ti. Cdc nguyén ti¥ véi cic 18p chodn day electron
tao nén cédc khi trd, cdn cic hat nhin bén nhit 1a cic hat nhin ¢é cac vé
chodn diy bdi cac s6 magic proton hay neutron. Trong nguyén td, cdc 1dp
chodn diy vdi 2, 10, 18, 36, 54, 86 electron, con trong hat nhin cic vo chodn
day v6i s§ magic 2, 8, 20, 50, 82, 126 proton hay neutron.

Phu’dng dn ddn gidn nhat cGa miu v3 13 mdu mot hat d6i v6i cac hat
nhin vdi s8 khéi lugng A 1&. Trong méu nay cdc nucleon, ngoai nucleon 1&
cudl ciing, tao nén mdl cdi 16i déi xng cdu v4i momen dong lwgng va
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momen ti¥ bing khéng. Céc tinh chdt cia hat nhin duge xdc dinh bdi cdc tinh
chdt ciia nucleon 18 d6. Trong cac phwong dn phic tap hon cia mdu vé, mot
v$ chodn diy duge xem nhu mét cdi 161 trung tinh v xem XEt sy tudng tac
trong hd gitta cac nucleon con lat.

2.3.3. Ham th€& ty hgp trong miu vé va cidc mifc ndng lugng
nucleon

Trang thdi clia nucfeon trong trudng thé twr hdp duge dic rung bdi 4
s8 lugng t 0, 4, j, m;. Trong d6 n 1a s& lugng t nhin cdc gid i 1, 2,3, . xdc
dinh phdn b8 cic mitc ning lugng, n cang k6n thi mifc néing ludng cang cao. 4
Ja s& ludng tit quy dao, nhan cdc gid wi0, 1,2, .. Cic trang thdl Wng vdi
£=0,1,2 3, . dugc ky hidula s, p, d, f, ... Momen 1oan phin cia nuclecn
j= ¢+ 1/2 ¢6 thé nhin cdc gid ul bdn nguyén 1/2, 3/2, 5/2, ... Cudl clng, my
1A hinh chiéu cia j, nhan cic gid trim;=-j, -j + L, ., j— 1, ], nghia [a 2j + 1
gid tri. MOt mifc ning lugng nucleon trong hat nhin thutng dude ky hiéu béi
3 58 lirgng t& n, £, j. Chfmg han 1dsp ky hiéu mic ning lwgng véin=1, £=2
(trang thai d) v j = 5/2. Tinh chin 1¢ cia mdc ning higng dude xédc dinh hdi
sO lugng tf quy dao £.

Co 53 xAy dung miu v 12 trudng the hat nhan 1y hgp. Ham thé ddn
gidn nhdt la hS the chit nhat voi bé rong bing bén kinh hat nhin R va chiéu
sadu dude xdc dinh theo didu kién 12 ning lugng lién k&t cia neutron trong
hat nhin vao khodng 8 MeV. Gidi phuong trinh Schrodinger di vdi hat trong
hé thé mhu vay cho phép xdc dinb dugc cc trang thdi trinh bay trong bing
2.1.

Cic mic trong bang 2.1 sip x&p theo thit w ting din va dudc dic
trung béti 2 s lugng 1 n va £ Theo nguyén 1y loai trir Pauli, mdi mdc c6 thé
chita N = 2(2¢ + 1) pucleon méi loai proton hay neutron.

Bdng 2.1. Céc trang thdi nhin duge tir viéc gidi phudng trinh
Schrodinger véi hd th€ hinh chif nhat 1am trdn cdc géc canh.

Trang thii 1s Ip 2s 1d | 1f 2p | 1g2d3s 1h 2f 3p
£ 0 1 0 2 31 4 2 0 5 3 1
N =2(20+1) 2 6 210 {14 6 | 18102 | 22 14 6
2N 2 8 10 20 | 34 40 | 58 68 70 | 92 106112

Khi thay d8i dang hé th€ thi cic mic ddi chd doc theo thang ning
lvong va nhém lai v4i nhau thanh cdc nhém midc tdch biét nhau, bdi cdc
khodng trong ning ludng kha 16n. C4c nhém mic nang htgng ny ¢6 the so
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sanh vii cdc vd hat nhin. Trong miu chinh xdc thi s8 tdng céng TN phai
triing vdi s0 magic. Khodng cich 16n gita cdc mie 1am cho hat nhin magic
bén vitng, nghia 1a khé thém mot nucleon mdi vao hat nhdn magic.

Sw thay ddi dé nhét trong dang hd th€ chif nhat 13 lam tron cdc g6c
canh. Céc tinh todn cho thiy viéc thay d8i nay khéng cdi ti€n thif tv cdc mite
nhung nhém cde mite sau ddy thinh cdc nhém mie: 25 va 1d; 1 vi 2p; g,
2d va 3s; th, 2f va 3p. Cdc nhém ndy duge néu trong bing 2.1. Nhu vay céc
16p v6 dBi vé1 b6 the chif nhit voi cdc gée canh dude lam tron k& thic & cic
s3 2, 8, 20, 40, 70 va 112. So sdnh vdi cdc s& magic 2, 8, 20, 50, 82 va 126 thi
sd d6 nay chi ding d&i v6i 3 6 magic diu tién 2, § va 20.

Niam 1949 Goeppert-Mayer va Jansen d& nghi mdt mé hinh ¢6 tinh
d€n lién ket spin-qu§ dao vdi bé thé ¢6 dang:

V=V + U@ s (2.9)
Trong d6 V(r) 1a hd thé loai Saxon-Woods
V)= Yo (2.10)
r—R
1 +exp

a
v6i ddy phing va thanh bén udn cong (Hinh 2.6), a 13 hiing s8, R 13 bdn kinh
hat nhin, § la spin nucleon con ¢ 13 momen quy dao, U(r) 12 ham th€ dé&i
xtng tdm. Tudng W v6i nguyén ¥, thé Ur) ¢6 dang:

Ul[r)=bla—V (2.11)
r dr
Trong d6 b 1a hiing s8 twang tic spin-qu§ dao.

V() ?

0 »>

-V,

Hinh 2.6. Dang phu thudc ctia ham th€ ty hdp V(1) vio r theo
cong thate (2.10).

D6i vdit cde mic proton cin thém vao hd th€ mdt him th€ Coulomb
ty hdp md td sy twong tdc cla hat proton di€m véi qui clu bdn kinh R tich
dién phin bé déu (Z-De:
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2 2
L—1)e” 1
(Z Rl)e [%_E(éJ :l véi r<R

(Z-1)
R

VCnu]umh(T) = (212)

viir>R

S6& hang thit hai trong céng thic (2.9) md 14 lién két spin-quy dao.
Ning lugng clia mot mie ¥ng véi mot gid wri ¢ cho trwdc ¢6 hai gid (i phu
thude vao su dinh hudng tudng doi gitta spin § va momen quy dao 7. Khidé
mdt mide véi ¢ cho trude dude tach thanh hai mifc véi cdce gid tri momen toan
phinj= ¢+ 1/2khi { vd § song song nhau va j = £- 1/2khi ¢ va § phin
song song nhau. S& hang lién k&t spin-quy dao ¢6 thé vié€t 4 1& véi - (:@.E).
P&i vdi hai dinh hudng gitta ¢ vi § ta ¢6 cdc gid tri 50 cla phin ning lwdng
lién k€t nay nhu saw:

- . | 1 5
-(F.s):—7U(J+1)—€(f+1)—- (—2-+1)]ﬁ"

i
2
%(fﬂ)h" khi j=¢~1/2

= (2.13)

1
—Eerf khi j=¢+1/2

Cong thifc (2.13) cho thdy hai mbc ning lugng dudc tich ra, trong d6
mic ning lugng thip ing vdi sy dinh hudng song song (§ = £ + 1/2) va miic
ning hwgng cao fng vdi sy dinh huwdng phdn song song (§ = ¢ - 1/2). Nhut viy
viéc tich mol mife thanh 2 mifc con vdi j = # + 1/2 cho phép thay muc np
thanh 2 mic nps» va npip, thay mic nd thanh 2 mitc nds, va ndap, trong 46
trang thdi véi j cao hon ¢6 nang lugng thip hon. Khodng ning lugng tdch nay
nhd d8i véi gid i ¢ thip va ting i 18 vdi 2¢ + 1. DSI vdi cdce gid tri £ 2 4 thi
hai mite con £ + 1/2 v ¢ - 1/2 tdch hin thanh bai mitc khic nhau. Khi dé mot
& muc bi tich xa va ¢6 thé chuyén tir v4 trén xudng vé dudi v viéc sip x€p

lai nay din dé&n cdc sd magic ma ta ¢in xdc dinh ngoai cdc s6 2, 8, 20.
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Hinh 2.7. Sy phin b lai cdc mic d8i v6i miv vé mot hat don gidn nhat.



Hinh 2.7 md td sy tich va phin b§ lai cla cdc mic do1 véi miu vo
mdt hat don gidn nhdl va bang 2.2 trinh bay cdc trang thai {ng véi cdc 1dp v
¢é inh hidu #ng spin-qu§ dao. S8 mitc ddi vét mbi trang thdi 1A m = 2j + |
va cic vd s& k€L thiic bdi s& mitc N = >m. T bdng nay thdy ring, 131 ¢cd cdc
16p v6 d&u k&1 thic bing céc s6 magic thue nghiém 2, 8, 20, 50, 82 v 126.

Bdng 2.2. Cic trang thdi ¥ng véi cic 16p v6 ¢ tinh hiéu dng spin-
quy dao. S& mifc dGi v3i mdi trang thdi la m = 2j + 1 va cdc vo sé k&t thiic
b3i sd mife N = Xm.

Lap Trang thd: m=2j+1 N
va
I 18, 2 2
11 lpsnlpin 4+2=6 8
111 1dsn28,01dy, 6+2+4 =12 20
v 1722p301f502p121 890 8+4+6+42+10 = 30 50
v 1g712ds,2d3038121h) 4,2 B+6+442+12 = 32 82
V1 1hy 215028503 0303p 10 Li1an 10+846+4+2+14 = 44 126

2.3.4. Momen tiY hat nhiin nhan duge trén cd sd miu vo

Mau vé vSi thé twdng tic spin-quy dao cho phép tinh dudc cdc s6
magic, Ung vdi s& neutron hay proton chi€m day cdc 1dp. Diév dé cho thiy
cdc tinh chil cda hat nhin dugc x4c dinh bdi cdc tinh chit clia cac nucleon.
Mot trong cdc Gng dung khdc clia miu v 13 tinh momen ¥ hat nhédn, khi d6
ngudi ta da bd sung cdc gid thuyét sau:

1. O trang thii co bdn mdt hé chfn-chdn c6 momen todn phdn bing
khéng do hiéu 0ng tudng quan cip.

2. Momen toan phan cia hat nhin chdn-1é, t¥c 13 hé chia s8 1é
nucleon, dwge xdc dinh bdi momen toan phﬁn ctia nucleon khdng dinh cip.

3. Momen toan phén ciia hé 1&-18 bing tdng cic momen toin phin
cla cdc nucleon khong ddnh cap.

Mdiu vé véi hai gid thuy€t 1 va 2 chinh 13 miu mot hat. Ta hdy tinh
momen tif ¢lia hat nhin chin-1é trong khudn khé clia miu mdt hat. Momen
toan phin clia hat nhdn chinh 1a spin hat nhin J. Momen tir hat nhén ji t 1&
vdi spin hat nhin:

=gl (2.14)

Trong d6 g 1A hé s& hdi chuyén. Trong hat nhin chin-1&, khi hat
nhin ¢6 mdt nucleon khdng ddnh cip ndm ngoai 18p vé kin, thi spin hat nhin
J bing momen toan phdn ] cia nucleon ndy, trong d6
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j=/¢45

(2.15)

véi § 14 spin vd ¢ 13 momen quy dao cia nucleon. Khi d6 thay cho cong

thitc (2.14) ta ¢6:
ﬁ' = gr? + & S

(2.16)

T cdc cdng thitc (2.15) va (2.16) thiy ring, cdc vector j vi |

khong cling phuong , do 6 ngudi ta si dung dai legng momen ti¥ hidu dung

[ o cung phuong véi § bing cdch ha hinh chigu i t&n phyong | . Vector il

el

€6 2j +1 hinh chi€u trong tir rudng ngoai, trong 44 thanh phin 16n nhat dic

trung cho gid tri s4 cla momen tiy.

Do [l //] nén dd I6n ciia né nhu sau:

H=gj
Trong do:
g8

g:g'iﬂié’—ﬂd_ vl =+ 1/2
P0i vdi proton ta cd:

L=+ 229, (G=£¢4+1/2)
n=(1-2,29 0./ + 1) G=1£-1/2)
P61 v8i neutron ta ¢6:

n=-191y, G=¢+1/2)
n=191p/G+ 1 g=4-1/2)

Trong d6 p, 12 magneton Bohr hat nhan;
Ho = 5,05.10% erg/G

Bdng 2.3. Momen tif cita ¢dc hat nhin nhém 1.

2.17)

(2.18)

(2.19a)
(2.19b)

(2.202)
(2.20b)

(2.21)

F_Hat nhin | Spin Trang thdi It thye nghiém | p v thuyét
n 172 1s;p - 1,91 -
p 112 181 +2.79 -
\H? ] (1s,2)° +0,86 + 0,88
H* 1/2 (1s10)° + 2,98 + 2,79
,He" 112 (18,) - 2,13 - 1,91
-He* 0 (1s,)* 0 0
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Bcing 2.4. Momen ti c¢da cic hat nhdn shém I1

Hatnhdn | Spin Trang thdi I thuc nghiém | p 1y thuyét ]

Wi’ 3/2 (Is) (ipsn)’ 3,26 3,07

Be’ 3/2 (15:2) (1psa)’ - 1,18 - 1,14
sB" 3 (1512 (1psn)’ 1.80 1,88

" 0 (1si2)'(dpsn)” 0 0

(,C13 1/2 (151;2)4( 1p3rg)81pu3 0,7 0,64

N 1| Usin)'Upsn)Upin)’ - 0,40 - 0,40
N'S 172 (13|52)4(1P3Q)8(1Puz)3 - 0,28 -0,24
20" 0| Us;)'Ups)*(ipin) 0 0

St dung cic cong thiic (2.19) va (2.20) ta dude cdc k€t qud tinh todn
momen tif hat nhan néu trén c4c bdng 2.3 va 2.4 di vdi cic hat nhdn nhém [
va nhém 1L

Tir cdc bang 2.3 va 2.4 thiy riing, cdc gid tri tinh todn ciia momen t
hat nhdn khd phit hgp véi cdc k€t qua thyc nghi¢m. Pigu d6 ndi 1én tinh
diing ddn cia miu vé hat nhin,

2.3.5. Cc két qua khdc clia miu vé

Miu v4 gidi thich khd phil hop mot s8 k&t qud thyc nghiém vé s6
magic, spin, momen (¥, momen tif cyc dién. Ngoai ra ¢6 th€ néu ngin gon
cac k&t qua khéc suy 1Y miu v4 nhu sy ton tai cdc mijc isomer trong hat nhan
va céc quy tic lva chon d81 vdi phén rd beta.

a) Cdc mutc isomer clia hat nhin 12 cdc mifc véi thdi gian song khd
lJau. Thudng cdc mic nay lién quan d&n trang thii kich thich thip cia hat
nhin nhing c6 spin khdc xa spin clia trang thdi cd ban véi AJ 2 4. TU bing
2.2 va hinh 2.5 thiy ring, cdc trang thai k& nhau vi c6 spin rdl khic nhau
nim & 16p v IV 12 2pip va 1gypn vO1 AY = % - % = 4. Nhu viy hat nhén &
trang thi c¢d ban 2p;» c6 trang thdi kich thich thap nhét 1gy,» va dich chuyén
gamma tir trang théi kich thich xudng trang thdi co ban rat khé xdy ra. Vi
mot trang thai véi momen toan phan j cia nucleon ¢6 m = 2j + 1 nucleon,
nén trude muc 2p;, di ¢ N =20 + 8 4+ 6 + 4 = 38 nucleon. Nhu vy céc hat
nhan c6 & neutron hay proton tit 39 trd di cho d&n trudc 50 déu c6 thé ¢6 cic
trang thdi isomer. Didu nay da dugc thyc nghiém xdc nhin. Cling tudng tyf
nhu vy, trong I6p v3 V, tinh isomer cfing xuit hi¢n gilfa hai trang thii 2ds,
va 35, vOi trang thdi lh;,;, nghia 13 sau hat nhan cé s§ neutron hay proton
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N =350+ 8 + 6 = 64 cho dén trude s& 82. Nhin xét nay ciing dudc xdc nhin
bing thic nghiém.

b} Quy tdc lua chon 365 vii phéin rd beta lién quan d€n sy thay d8i
d6 chidn 1é va spin trong qué trinh phin ri. M&u vé o6 thé dinh gid dudc sy
chon lva thdng qua viée tinh thdi gian sdng trung binh 7. Chdng han hiy xem
X€t hai phan ra beta sau:

o s 07 va g Sn'? Py gD (2.22)

Trong qua trinh th nha1, phin rd beta lam bién ddi proton thit 9 cia
hat nhan F' thanh neutron tht 9 ciia hat nhan O". Theo miu vd, ci hai
nucleon ndy déu & trang thii 1ds,. Nhu vay dich chuyé€n F'" — O' khéng
lam thay d6i momen toin phin v2 momen quy dao clia cic hat nhdn, va nhu
vay spin va df chdn 1¢ clia cdc hat nhin khong thay d8i, tic 1a AJ = 0 va /R
= 1. Theo ly thuy€t phan rd beta, dich chuyén nay thudc loai cho phép va
dude dac trung bdi dai lugng lg(ft) = 3 - 5. K&t qué thy'e nghiém 1a 3,36, phi
hgp vdi tién dodn Iy thuyél.

Trong qud trinh thit hai, neutron thir 73 & trang thdi lh,» trong hat
nhin 5Sn'* chuy&n thanh proton thif 51 @8 trang thdi lg,» trong hat nhan
5:Sb'?. Bai vai dich chuyén ndy spin thay d8i 2 don vi vA momen quy dao
thay d6i | don vi, nghia 13 AT = 0 va m/n; = -1. Theo 1¢ thuy&l phin rd beta,
dich chuyén nay bi cim va dugc dic trung bdi dai lugng lg(ft) = 9. K&t qui
thuc nghi€m 14 9,1, phi) hop vdi tién dodn 1y thuyét.

2.4. MAU SUY RONG
2.4.1. Cd sd xidy dung méu suy rong

Mac dit miu v6 cho nhiéu k&t qui phd hop véi thuc nghiém nhung
no bi b hep trong vige gidi thich cdc tinh chat cia hat nhan hinh ciu trong
trang thdi ¢ bdn va cdc trang thdi kich thich y&u. D6 13 céc hat nhin cé so
proton va neuiren ndm gdn cdc s§ magic. PSi vdi cdc hat nhan nim xa cic
s8 magic, titc 1 cdc hat nhin khong d6i xdng ciu, thi miu vé khéng mé 4
ding. Di€u nay xudt phdt ti¥ ba gid thuyét khi xay dung miu vé. PG la:
(1) Tinh 461 xing cdu cla th€ twong téc, (2) khdng c6 sy tudng tdc giifa cde
nucleon va (3) nguyén 1y loai trl Pauli. Nguyén Iy loai trir Pauli khong ¢6 gi
nghi ngd nhung chinh hai gid thuy&t diu gdy nén sy han ché cia miu vo.
Nhu viy phudng cdch hop 1y nhat dé€ khic phuc cdc thi€u s6t cia miu v4 13
phai tinh dén sy bit d6i xing cdu cla b the va sy tudng tic gita cdc
nucleon. Chinh miu suy rong dya trén hai gid thuy&t méi d6. Miu nay duge
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phit trién trong c4c cong trinh clia Rainwater, A. Bohr va Mottelson, Hill va
Whiller.

Noi mdt céch gin ding, trong miu sy rdng ngudi fa coi hat nhén
gbm mot c4i 16i bén trong vi mat s& nucleon chuyén dong bén ngoai. Mau
suy rong diu tién xem xét 151 chdn-ch&n ddi xing cdu va mdt s§ it nucleon
chuy&n déng bén ngoai. Khi dé tuong tdc gilta cde bic uf do ciia 161 va cac
nucleon bén ngoai dude coi 1a y&u. PE mb ta cdi 161, ngudii ta dung mau tap
thé, con d€ md ta cdc nucieon bén ngodi thi ding mdu cdc hat doc lap.
Trong miu suy rong v6i lién k€t manh. ngudi ta coi cdi 161 khdng cd dang
hinh ciu, téc 1A cdc nucleon chuyén déng dic lip trong hé thé w hdp cb
dang bat d6i xdng cdu, thudng duge coi Ia ddi x¥ng truc. Nhu vdy trong hat
nhan xuAtl hién mdt bac tr do mdi, 1a bic tr do tap thé, twong dng voi sy
quay cda cdi 16i. K&t qua la trong cic phd ning lugng kich thich clia hat
nhin xuit hign cic phd quay. Hon nifa, do sy tudng tdc gilta cac nucleon bén
ngoii véi 16i Bam cho 15i dao dong va xudt hién mdt bic tr do tdp the thy
hai, 12 bic t do dao dong. Trong phd ning lwgng hat nhin ¢ mit cdc phd
dao ddéng. Do st tidng tic gita cdc nucleon bén ngoat v4i nhau va véi 161
lam cho toan thé hat nhin bi dao dong. Khi d6 trong hat nhan xual hién cdc
trang thai kich thich tip th€ clia toan thé hat nhin va trong i€t dién cdc phin
Ung xudt hién cdc cong hudng 16n vdi 6 rong hang MeV.

2.4.2. MAu suy rong vdi lién két y€u

Chiing ta hiy xét trudng hgp don gidn nh4t, khi hat nhan gom 16i ¢6
dang hinh ciu, duge mé t4 bing miu giot chit 16ng, va mdt aucleon chuyén
déng bén ngoai 16i. Lién k€&t giita nucleon bén ngodi va 16i 1a y&u. Khi d6
dac trung cta trang thai cd ban clia hat nhan cling gidng nhif trong mdu vo.
Ph$ céc trang thai kich thich phong phi hon bdi vi ¢d 161 1in nucleon bén
ngoai déu bi kich thich. Sy kich thich 15i ¢6 thé thé hién & dao ddng tf cyc
véi dac trung 27, hoidc dao dong bdt cyc vdi dic trung 37 (xem muc 2.2.4).
Cong cdc momen clia 151 bi kich thich v6i momen ctia nucleon bén ngoai cho
cée momen cdc mic mdi khong cé trong miu voé. Vi du hat nhan ,Ag"" @
trang thdi cd ban ¢é dic trung 1/2, tiong ng vdi proton bén ngoii § trang
thdi 3p;,». Hat nhin ndy cé haj mitc kich thich gin nhau 3/2° vd 5/2° tdng
émg véi su kich thich ti cwc cGa 161, Vi du the hai 13 hat shan xBi™ ¢6 7
mife nim gdn nhau 3/2%, 5/2%, ..., 15/2" (hinh 2.8), tuong ¥ng vdi sy kich thich
bat cuc ciia 16i vdi dic trung 3 va proton & trang thdi lhy,. Cdc momen ciia

80



cac mitc nay wong Gng véi tit cd khd ning céng cdc momen ca 16i I = 3
va nucleon Jyyerem = 972, tire 1a W 9/2 — 6/2 = 3/2 d&n 9/2 + 6/2 = 15/2.

3/2%, 5/2%, 712, 9/72°,
2.6 11/2%,13/2%, 15/2"
AR = (0,25 MeV

0 9/2”

Hinh 2.8. Nhém 7 mitc trong hat nhin Bi®"”.

Tiéu chufn ¥ng dung miu lién k&t y&u 1a:
AE < E, (2.23)
Trong d6 Ey 12 ndng ludng kich thich cia 161 cdn AE 1a khodng céch
gita cdc mifc hat nhdn wong Wng v6i cing mot loai kich thich cla 16i. Trong
vi dy trén, tiéu chudn nay duge thuc hién t8t. Nhit vay tat ¢4 cdc mifc cla hat
nhin »Bi™ thudc vé nang lugng kich thich 2,6 MeV, trong khi dé ning
lwgng tich cic mifc vao khoang 200 keV. Trong trudng hop cé nhiéu hon
mot nucleon ndim ngoai 16i thi tiéu chudn lién k&t y&u khong thuc hidn 6t
D4i vdi 161 khong hinh ciu thi lién k&t khdng khi nao y&u do nang lugng kich
thich rdt bé cia cdc midc quay cia 16i.

2.4.3. Cdc trang thdi mét hat trong hé th& khong hinh cdu

Khi chuyén tir h& thé d8i xing cu sang h§ thé khdng d8i xing cdu
cdc s6 lugng 4 ¢ va j khéng cdn bio todn nita. Néu hé thé d6i xitng truc thi
hinh chi€u m; clia j 1&n truc déi xng van la tich phin chuyén déng, nhung
cdc mite tedng ing véi cdc gid i | mj-l khdc nhau s€ c¢6 cdc nang lugng khic
nhau. Khi chuyén sang hat nhin quay, dai lvong m; bi€n thanh hinh chidn K
cla spin J urén truc d6i xing. D€ mé 14 ddy di mot mitc trong hé thé khong
hinh cau, ngoai hinh chi€u K con cin ba s& lwgng tf nita. G diy khong thé
diing bd ba s6 njé. Vi vay thudng ding cdc s8 lugng t& tidm cin khi bi&n
dang l8n cdn cdc mifc chi ddnh 3 theo gid tri ning lugnyg kich thich ting.

M3t trong cdc hd the thudng ding 13 hé thé khéng hinh cdn Nilsson:

1 \ , _ -
V(r)=5M(mix'+ @y +wz)+CE5 +D? (2.24)
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Trong do:
0, = mi: o, (1 + %B); @ = wg(l - %B}

®., C, D la cic hiing s6; B = AR/R 1a théng s6 bi€n dang cia hat
nhin, khi B = O thi hat nhin d8i x¢ng cdu. Pai lugng B c6 thé tinh dudc tir
cdc gia tri momen tf cyc dién Q cda hat nhén.

Ta hdy x4c dinh ba s§ lugng 1 tiém can khi bi€n dang 16n. Khi d6
hai s6 hang cudi trong (2.24) ¢6 thé bd qua va chuy&n déng clia nucleon
trong h& thé Nilsson din tdi cic dao ddng di€u hda ddc lap theo ba truc.
Ning lwgng cdc dao dong ndy bing An o, Anywy, inz@,, trong d6 n;, n, Ny =
0,1, 2,.. Nhuvdy n;, ns, ny la cdc s6 lwgng tf dac trung cho trang thdi cia
nucleon. T¥ cdc s8 lugng tif niy ta ¢6 thé nhin dudc ba sd lugng ti khic 1a
N = n;+n; + ns, 03 vi hinh chi&€u A clia momen quj dao trén tryc ddi xitng.
B6 ba s6 N, n; va A 1 ba s8 lugng tif cin xdc dinh, ching thudng dude st
dung trong céc tinh todn.

Céc k&t qua tinh todn vdi hd thé Nilsson vdi Bt —0,3 d€n +0,3 duge
trinh bay trén hinh 2.9. Ta hdy xét ¥ nghia cdc mitc kich thich.

Mic ps trong hd thé d8i xiing ciu, khi B = 0, chita 4 nucieon. Khi
hat nhin bi€n dang, B +# 0, mitc ndy tdch thanh hai mfc con twong dng v4i hai
cap hinh chi&u clia vector ] =3/2 1a £ 1/2 va £ 3/2. C4 hai mifc con nay déu
¢6 d6 chin 18 Am vi momen quy dao £ = 1. M&i mifc con ¢§ th€ chita hai
nucleon. Khi § > 0 mitc con vdi j, = = 1/2 dude chodn day trude va sau d6 1a
mic con vdi j, = * 3/2. Con khi B < 0 thi ngudc lai, méc con véi J, = £ 3/2
duge chodn day trudc va sau d6 1a mic con v6i j, = + 172,

Ciing tudng ty nhu vy, mic dsp dude tdch thanh ba mic con tuong
Ung vdi ba cap hinh chi€u cla vector | j1=5/21a £ 1/2, £3/2 va £ 5/2. Tat
c4 cdc mitc con co db chin 1& dwong do £ = 2. M3i mitc con ¢6 thé chita hai
nucleon. Khi B > 0 mic con v§i j, = £ 1/2 dudc chodn day trude, sau dé 1
mifc con v&i j, = £ 3/2 vi cudi cdng 13 mbc con vdi j, = £ 5/2. Con khi B<O
thi mic con vdi j, =+ 5/2 dudc chodn ddy trude, sau 4 1a mfc con vdi
J» = £ 1/2 va cudi cong 1a mifc con véi j, = £ 3/2,

Tir hinh 2.9 ta thiy ring, khi hat nhin khong bi€n dang, s6 mifc kich
thich it. Chiing tdch ra khi hat nhan bi€n dang. Khi ting tham s3 bién dang,
cdc mifc Gng véi mot 16p vé gidn rong din ra. V@i d6 bi€n dang cd
B=0,3 - 0.4, cic vé bit ddu g&i dan xen vao nhau. Khi d6 tinh chat sip x&p
theo cdc 16p vé mat ddn. Tuy nhién khi ti€p tuc ting dd bi€n dang, di chitng
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minh dugc ring, cdc nhém vd mdi lai xu4t hién. Cdc nhém v nay déng vai
trd quan trong trong 1y thuy€t ddng phin phén chia tu phit.

E(Am,)
B/
5’0 )
24
2
2
|
4]
14
45  a
(5
40 F
L
(o
]
8
35 F
;
f
5
3.0
4
25 b, !
2 !
1 ] I ' 1 1 1 ”2‘-

03 02 01 0 0.1 02 03 B

Hinh 2.9. Sy phy thudc vi tri cdc mite vao do bién dang { trong h&
th€ ty hgp Nilsson. Céc s& cot bén tri: S& thi W cdc mife. Cdc s trong
vong tron: 88 cdc hat khi chodn ddy cic v6 trong hé thé 46 Xtng ciu.

2.4.4. Cdc trang thdi quay
Trong hat nhan d6i xtng truc, hinh chi€u spin J 1én truc d6i xdng
bing K. Khi d6 nang lrgng cia trang théi quay Ia:
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JZ _ K2 ﬁl
o = = DU+ DH-KEK+1) (2.25)
2Icl'l' 21cIT
Trong d6 I la momen quén tinh hiéu dung:
Iar = I, (AR/R)® (2.26)

v&i I, 1a momen quin tinh cia vt rdn ¢ cung hinh dang nhy hat nhan.
Ta hiy xem xét hat nhdn chin-chdn va cdc dich chuyén dén trang
thai cd ban (K = ). Khi d6:
2

Ee =41 (2.27)
2 cff
Trong d6 J =0, 2, 4, 6, ... Theo (2.27) nang lugng cdc mic quay bing:
E.=0
E, = 3% Lo
Eg = lohzﬂcﬁ‘
E; = 217 e
B, = 36 1y
Bs= 55k
Nhu vay:
E (Es:E;:Eq:Es: .. =1:10/3:7:12:55/3: .. {(2.28)

D& 1am vi du ta xét hé cdc mitc quay ctia hat nhan U™ (hinh 2.10).
Tit hinh ndy thdy ring spin vd dd chin 1é cla cdc mifc chinh xdc twong rng
v8i quy ludt cia chudi cdc mifc quay va

E :Bs:Es:Eq:Es=1:332:692: 11,7:17,6
gin traing véi cac (f 1& néu trong cdng thitc (2.28).

0,785 10*
0,522 8"
0,309 6
0,148 4*
0,0447 2+
4] 0+

Hinh 2.10. Hé cic mic quay ciia hat nhin ,U?".
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Ngoai ra ning lugng kich thich d6i véi mitc quay diu tién B, vio
khoang 40 -50 keV d6i vdi cdc hat nhdn ning (A = 240) va vio khodng
80 -90 keV ddi voi cdc hat nhan d4t hi€m (A = 150 -160), Gin cic s magic
thi By oo, bdi vi hat nhin ciu khdng ¢6 cdc trang thai quay.

2.4.5. Cdc mifc dao dong

Khi ¢é mét 58 it nucleon dv nim ngoal 161 thi 16i s& dao déng do sy
twong tic cia cdc nuclecon vl bé mit 16i. Dao ding nay duge dic trung bdi
cdc mitc ¢6 khodng cdch déu nhau theo cong thife:

E=fnw vdin=1,2,3, . (2.29)
va cdc gid tri spin va do chdn 1& x4c dinh. Chéing han Ivgng tf cla dao dong
ti cuc cé gid tri spin va chin 1& 2*. Khi d6 trang théi kich thich thit nhat do
dao dong (n = 1) phdi dic trung bdi gid tri 2°, con trang thai kich thich thw
hai twong Wng véi su kich thich 2 lugng tff (n = 2) 12 mét bd ba vdi cde trang
thai 07, 2* va 4", Hinh 2.11 minh hoa mdt s¢ d6 mifc tieu bifu d&i vi cic
phé dao ddng. Mifc ning tugng dao ddng th nhat khodng 0,33 MeV la khj
bé so v6i khodng cdch giita cic miic mot hat.

MeV

0,62 : :__ 0* 2" 4"
0,33 2"

0 0*

Hink 2.11. Sd d6 mic tiéu bi€u d5i véi cdc phd dao dong.

2.4.6. Dao ddng clia tit cd cdc nucleon trong hat nhin va cdc
chng hudng lén

Cdng hudng 16n cla cic da cuc khdc nhau dudc coi nhu cdc loai dao
ddng khic nhau cda tat ci cdc nucleon trong hat nhan. Dy 1 bi€u hién dic
trung nhdt ciia kich thich tdp thé cia hat nhin, Céc tinh chdt chinh ciia cic
cOng hudng 16n la:

a) Cdc cOng hudng 16n duge quan sdt G nhidu hat shin, nhu viy diy
Ia tinh chdt ph8 bi€n clia cdc hat nhin.
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b) Dd rong I cda cdc cong hudng 16n cd gid tri 16n, vao khodng vai
MeV.

¢) Vi ui clia cong hudng 16n bi€n thién theo ham A" theo thang
nang luong.

Cong hudng 16n gdm cic loai cOng hudng Wdng cuc, cng hudng uf
cue, cong hudng bat cyc, cong hudng don cyc, .. sau ddy s€ trinh bay ngin
gon cdc loai cOng hudng nay.

2.4.6.1. Cpng hudng luvng cuc EI7)

Cong hudng 1én diu tién dugc khdm phd nim 1947 wong phdn dng
hat nhin do ludng tl y gay ra. D1 véi nhi€u hat nhin, ti¥ cdc hat nhdan nhe
nhy «C'? d€n céc hat nhin nang nht ,Pb™”, ,U™* déu tim thdy cdc dinh ti€t
dién rong ¢8 T’ = 3 — 10 MeV do E, = 20 — 25 MeV d8i v6i cdc hat nhin nhe,
E,= 17 - 19 MeV d&i v6i céc hat nhin trung binh va E, = 13 - 15 MeV dai
v6i cic hat nhin ning. D& gidi thich cic cong hudng 16n ndy ngudi ta gid
thuyét ring ddm cdc proton dich chuyén so vdi ddm cdc neutron trong hat
nhin dudi tic dung cda dién trwdng cda truding dién tif do cdc lugng uf v gdy
ra. Khi d6 hat nhin tao nén mét ludng cue dién (hinh 2.13) va dao dong
Wrdng cuc dién ndy lam xudt hién cdng hwdng 16n. Do d6 cong hudng ndy
dudc phin loai 1a cdng hudng 16n ludng cyc dién dong vector. TY “dbng
vector™ xuit phat t¥ su thay d6i spin déng vi AT = 1 khi thay proton bing
neutron do chiing ngude pha nhau. Vi tri cia cong hudng 1dn ludng cire ddi
véi cdc hat nhip ning cé ning lwgng dudc xdc dinh theo biu thitc sau:

W =78A"" MeV (2.30)
P3&i vdi dai rong khdi lugng hat nhin, ngudi ta diing cong thic:
W =31,2A"" + 20,6A""° MeV (2.3
a) by a) b)
Hinh 2.12. Ludng  Hinh 2.13. Hinh 2.14. Hink 2.15.
cuc dién T cuc dign Bit cuc dién Pon cuc dién

2.4.6.2. Cong hudng ot cvte E2(2°)

Céng hudng nay dugc phat hién nim 1971 khi nghién ciu tin xa
electron khong dan hdi va tin xa proton khong din héi. Duéi tic dung cila
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dién truding do cic electron va proton gdy ra, cdc ddm proton vd neutron
trong hat nhin dich chuy€n tao thanh t¢ cye dién (hinh 2.13a). Ké&t qua thyc
nghiém cho thdy, ngoai cOng hudng 16n, ludng curc dién cdn 6 c¢Ong hudng
khdc vdi nidng lugng hoi thap hon. Sau khi do phin b& géc, diy chinh 13 cong
hudng it cue, Viée nghién cu mét csch hé théng cong hudng 1dn tf cwe nhy
tdn xa khéng dan hoi cia hat alpha ning ludng 96 MeV 1n cde hat nhin véi
14 < A < 208 cho thdy, d8i v6i tat cd cdc hat nhdn nghién ctu, cic cong
huwdng 16n ¢6 ning lugng kich thich bing:

W =63A"" MeV (2.32)

Bo rong cia cdc dinh cdong hudng gidm Y ' = 6 MeV d6i véi A = 40
d€n I' = 3 MeV d6i v6i A = 208. Do proton va neutron dao ddng cing pha
nén spin ddng vi khong thay ddi, AT = 0, khi thay chiing cho nhau. Céc cOng
hudng nay dugc phén loai 12 cong hudng 16n 1f e dong v6 hudng.

Ngoii cdc cong hudng uf cire ddng vo hudng con quan sét duge cac
cong hudng ¢ cwe ddng vector (AT = 1). Cd ché cong hudng nay duge thé
hi€n trén hinh 3.13b, trong d6 cdc proton va cdc neutron chuyén dong ngugc
pha nhau. Ning lugng cdc cdng hudng nay bing:

W =130A"" MeV (2.33)

2.4.6.3. Cong hudng bdt cuc E3( 3)

Trong nhidu hat nhin (66 < A < 200), cong hudng 16n bat cyc ddng
v hudng 3 dudc phdt hién véi d rong I' = 1 - 2 MeV (hinh 2.14). Ning
lugng kich thich d8i véi cong hudng ndy bing:
W =30A"" MeV (2.34)
Ngoai ra cdn ¢6 cdc cong hudng 1dn bit cwc ddng vé budng véi
I'=6-7MeV & ving ning lugng cao:
W =110A"" MeV (2.35)

2.4.6.4. Cong hudng don cuc EN(0")

Nam 1975, khi nghién ctu phd tén xa khong dan hdi ciia deutron
ning hrgng 80 MeV 1€n cdc hat nhan Ca*, Zr™ va Pb™® va so sdnh v6i phd
tin xa khong dan hoi clia alpha 96 MeV da phat hién cic cong hudng 16n
dan cuc déng vd hudng véi dich chuyén E0 va AT =0 (hinh 3.15a) tai cdc gid
tri ndng lwgng:

W =80A"" MeV (2.36)

Ngoai ra ciing xic dinh dwgc cdc cong hudng 16n don cyc ddng
vector theo sd d8 2.15b.
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Nim 1983 do dudce cdc cdng hudng 1dn don cue, tif cuc va bat cuc ki
nghién ctru phan ng cia Li® 93 MeV véi mot s8 hat nhan.

2.4.6.5. Cdc cong hudng I6n tit tinh vé Gamow-Teller

Céc cong hudng 1dn tif tinh ddng v hudng MO, M1 va M2 dudgc hinh
thinh nhd viéc tai sip x€p céc momen tir . Hinh 2.16a minh hoa cd ché cdng
hwdng Wwdng cuc 1Y, trong d6 cdc nucleon véi spin hudng 1€n va spin hudng
xudng di chuyén nguge chi€u nhau. Cong hudng 16n Gamow-Teller duge
nghién ciu nam 1979 (ludng cuc, ddng vector, ¥ tinh, 1%) trong phén dng
{(p,n). Co ch& kich thich dugc minh hoa trén hinh 2.16b vd1 ¢dc dac trung
AJ =1 va AT = 1. Hién nay cong hudng i6n Gamow-Teller dugc tim thay ddi
v6i hon 20 hat nhan, tr Li’ d&a Pb™™.,

Al=1,AT=0 Al=1,AT=1

a) b}

Hinh 2.16. Cd ch€ cdc cOong hudng 16n tif tinh.
a) Cong hudng 1dn tf tinh. b) Cong hudng 16n Gamow-Teller.

' 2.5. BAI TAP

2.5.1. Cac bai tdp viduy

Vi dy 2.1. Nhd miu vo hat nhin, hdy miéu td cdc cdu hinh cia cdc
rrang thai cd ban cac hat nhan Li’, C* va Mg™.

Bai gidi. Theo bang 2.2, 16p thit nhit ¢6 1 trang thai Isip gom 2
proton va 2 neutron nén c¢6 4 nucleon. Lép thit 2 ¢6 2 trang thdi 1psz va Ipipy,
trong d6 trang thdi 1pss €6 2X (2x3/2 + 1) = 8 nucleon va trang thdi 1pip €0
2%(2x1/2 + 1) = 4 pucleon. Lép thif 3 ¢6 3 trang thii 1dsq, 28,2 va 1dsp Ong
v6i s8 nucleon 13 2X(2x5/2 + 1) = 12, 2x(2x1/2 + 1) = 4 vA 2x(2X3/2+ 1) = 8.
Lép thit 4 ¢6 5 wang thai la 1fy; (16 nucleon), 2psn (8 nucleon), Lfys (12
nucleon), 2pi» (4 nucleon) va 1gon (20 nucleon). T cdc c¢Au hinh néu trén cé
thé x4c dinh cdc ciu hinh cy the cla cdc hat nhin nhu sau:

Hat nhan ;Li’: C&u hinh 187, 1 p3;

Hat nhén «C'* C&u hinh 15}, 1p3,, 1Py
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Hatnhdn ;Mg™: Cdu hinh 1), 1p5,1p}, 147,
Vi dy 2.2. Nh¥ miu v4 hat nhin hiiy xdc dinh spin va 4 chin 18 clia
céc trang théi cd ban cde hat nhan O, $i%, K, Sc** va Co™.

Bii gidi. Tham khio vidu 2.1,

Trang thdi cd bdn cta hat nhan O': 15, 1p?, 1 p,,, 1d5,,. Spin hat
nhdn duge xdc dinh bdi momen toan phin j cia nucleon khéng bit cap, do
d6é J = j = 5/2. B chdn 1é cita hat nhin duge xdc dinh bdi s8 lugng (i quy
dao ¢ ciia nucleon khéng bit cip theo ¢ong thite (-1)’. Do nucleon khong bat
capeé f=2nénm={(-1Y=+1. Viy hatshdn 0" c6 J = 5/2 vi T = +1.

Trang thdi cd bdn clia hat nhan Si*: s, 1p},1p},1d},2s! .
Spin va d0 chin 1€ cla hat nhin duge xdc dinh bdi momen toan phin j = 1/2
va momen quy dao £ = 0 ca nucleon khdng bdt cip. Viy hat nhin Si* ¢6
I=1/2 va m = +1.

Trang thii cd ban clia hat nhan K**;

I Si-‘z 1p3;, 1 Pf..-'?. ! d!siz 25/, 1 d;s: :

Trang tha1 dsn ¢6 7 nucleon, trong 46 6 nucleon ddnh cip va thita
mot nucleon vdi j = 3/2 vi ¢ = 2. Vay nucleon ndy quyét dinh spin va d6
chdn 1é cha hat nhan K, tdc 1a T = 3/2 va m = +1.

Trang thdi cd bdn clia hat nhan Sc¢**:

Esy, 1p5, 1oy, 1d, 25,1 dy, LE),

Trang thai f5,; ¢6 5 nucleon, trong d6 4 nucleon ddnh ciip va thira mét
nucleon véi j = 7/2 va £ = 3. Viy nucleon nay quyé&t dinh spin va d6 chin 1&
clia hat nhan Sc®, wtc A T=72van=(-1) =-1.

Trang thdi cd ban cia hat nhan Cu®:

I 5?.-‘2 1 Pg.-'z 1 p:-'z 1 dlsiz 2 5|4.-'3 ! dg;z 1 f;.?z 2 P;.-'z

Trang thdi py, ¢6 7 nucleen, trong dé 6 nucleon ddnh cidp va thita
mot nucleon vdi j = 3/2 va £ = 1. Viy nucleon ndy quyét dinh spin vi dd
chdn 1é ctia hat nhan Cu™, the 1a J =32 va m=(-1)' = -1,

Tom it cdc thdng s6 clia cac hat nhin nhy sau;

Ol? SiZ'J K_\‘) SC45 Cuﬁ}
] 572 1/2 32 7 32
no| +1 +1 +1 -1 -1




Vi dy 2.3. S% dung mé hinh vector hiy chitng minh ring hé s& ur hdi
chuy&n clia nucleon & trang thii ¢ va j dugc biéu thi theo cbng thie (2.15)
nhu sau:
BB,

P i i
B

Trong dé d&u “+” d8i v6i = £ + 1/2 va dfu “~" d6i véij = € - 1/2, g, va g, la
cdc hé s6 tir hdi chuyé&n spin va quy dao.

Bai gidgi, T md hinh vector (hinh 2.17) ta cé ] = 7 + § va
li=f,+ i Trong d6 o,/ ¢, ji // S nhung i khong song song véi ] Vi
vay ngudi ta tinh hinh chifu ciia i xudng phuong j v dugc momen tf hiéu
dung 4.

Nban ca hai v€ cita biéu thic

fi=H,.+fi,voi } tadudc

ﬁj 3 = 11 f} + ﬁ~]
Patp=1{ijlcos(ij, o, b= gl 11,
va Y, = g s Iy, thi:

L = p,cos{ § ] )+ u,cos(?ﬁ’,j)

Thay vao cbng thifc nay

a2 -3
cos(S,J)=Jf_?7t.s;
2184 il Hinh 2.17
S 72 2
cos(f,])= ] +{ 5
214051

Trong d6 131 = s(s+1) ;121 = Je@+1) 5 131= JjG+1); mo = 505107
erg/G la magneton Bohr hat nhin.
W=pecos(s, j)+cos(?,])

A N 52032 =2

. = +s - J+e-3
:g5|5|w,ﬁ—+g5iflm,ﬁ—
21s ) 200 jl
- + = -2 - -1
BT B P B 8y g (P05

2 2| ji
=2 32

g,+e, 88 s—¢ =
= + — 113 B
[ 2 2 23 PR
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g.tg, L B8 xs(s+1)—€(€+])
2 2 G+
® Trudng hop j = ¢ + 1/2: Thay s = 1/2 va j = £ + 1/2 vao céng thic g;

Vay: p=gijleig=

ta ¢d:
gs_gf
L= + ==
R Y
® Trudng hop j = £ - 1/2: Thay s = 1/2 va j = £ - 1/2 vao cong thitc g; ta
ch:
- _ gs_ g."
S Y

Gid tri p = gj ] I, = gj +/J(j+ 1) M, 12 46 18n cla momen tlr. Trong tinh

todn thudng diung gid tri hidu dung, 13 gid tri cyc dai cia hinh chifv cia
momen b, bing W= gl

Vi du 2.4, St dung cdng thifc u = gjp, vdigi=g, + %—__gu]i , frong dé
+
diu “+" 461 v6i j =€ + 1/2 va ddu “—“ d&i v3ij=¢- 1/2, g, va g, 1A cdc hé s&
tir hdi chuyén spin va quy dao. Hiy tinh momen t¥ cia neutron va proton
trong cdc trang thdi sip, pin v psp. Cho bi€t d8i véi neutron g, = 0 vi
g =-3,8263 con dbi vdiproton g, = 1 va g, = 5,5855.
Bai gidi.

. 3,8263
a) D61 vdineutron: g, =0va g, =-38263néng =% a1
+

263
oVSi)=4£+1/2 thi £ =) 1/2va gj=-¥,dodé

Mo = gl =- 1,91p,
3,8263

eVBij=£-1/2thi £ =j+12va g=+ , do d6
! 237+

: j
n = Ej o=1’91'_""' )
Mo = iHL j+]u(

e Trang thaisipcé € =0vaj=1/2 nén j=¢+1/2=1/2va

8263
gi=- 3’2‘ ,do d6 p, =- 1,91},
J

s Trang thdipi,cé é=1vaj=1/2 nén j=¢-1/2=112va
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3,8263

] ]
i = ,dOdO “21,9’._""""" 1=0.64 i1
& 25 1) M P He M
o Trang thidi pspcd €=1vA1=3/2 nén y=£(+ 1/2=3/2va
38263
&= ,doddé p, =-1,91p,
=1
. 4.5855
b) P&i v proton: g, =1 va g,= 55855néng =1+ — >
' 26+1
. _ 4,5855
sV j=¢+1/2thi ¢ =j-1/2va g=1+ Y , do do
J
Hp = gijH, = (G + 2,291,
. , 4,5855 .
eVarj=£-1/21thi £ =j+1/2va g=1- — ,do dé
20+ 1)

2,29
Hp = gijko = (1 - —)H,
J+1

» Trang thdi 8|, c6 £=0vaj=1/2 nén j={(+1/2=1/2va

2.29
gi=1l+ —— =558, dodo 1, =279,
]
e Trang thdipipcd é=1vaj=1/2 nén j=¢-1/2=1/2va
2,29
gi=1- —— =-0,53, do dé W, =-0,26y,
j+1
» Trang thdi papcd {=1vaj=3/2 nén j=/¢+1/2=3/2va
2,29 .
g=1+— =252 dodou, =379y,
J

Tém tit k€t qui nhy sau:

.]Zto+lﬂ'r2 j=€- 172 S Pz a2
- 1,911, i - 1,91, , a - 191y,
Hn LA L 1‘91 L i, 18 0 64|J. vl
J+1
He | G+ 2,290, i 2,29 ) 2,794, - 0,264, 3,79,
1

Vi du 2.5. Thuc nghiém x4c dinh riing spin hat nhan F'" 1a T = 1/2 va
momen tr 1 = 2,63u,. Hiy xdc dinh so d8 chi€m cdc 18p v4 clia hat nhan oF"
néu coi ring momen tr ¢iia hat nhin nay do proton khong ddnh cip gay nén.
Cho hiét g, = 1 va g, = 5,5855 d61 vdi proton.
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Bai gidi. Theo quy tic thong thudng thi trang thdi cd bin cla hat
nhin oF"° fa Ls), 1py, 1 pl, 1dl,, rong d6 proton khong dinh cip quyél
dinh spin cua hat nhin § trang thii ds». Nhu vdy spin cda hat nhin phdi 1a
5/2, trong lic gi4 tri thuc nghiém 1a 1/2. Ngoai ra n&u sif dung trang thdi ds,
€ tinh momen ti hat nhan, ta ¢6 f =2 va j= ¢+ 1/2= 5/2. Si dung cong

gs._g(
20 +1

50 liéu thye nghiém (2,631,).
D¢ phi hgp véi thue nghiém vé spin ¢6 thé gid thuyé&t proton & trang
thai i€p theo 12 2s,,. Khi 36 momen tiy hat nhin oF'’ 12 momen tir ciia proton

thitc gi=g, + nhan duge g = 0,084 va p = gju, = 0,124y, khic xa

28, V01 €= 0 VA j= £+1/22= /2 S dung cong thic g = g, + -%;—51’
¥+

nhdn dugc g = 5,581, v U = gjl, = 2,791, gin tring v&i gid ti the
nghigém p = 2,63y, VA3y trang thdi cd ban cda hat nhin F® Ii
I 5?,-'2 1 P.?uz 1 p?.-'z 1 dg;‘z 23?;‘2 :

2.5.2. Cdc bai tap ty gidi

2.1. 8t dung cong thite p = gijp, vdi g, = g, + % trong d6é diu +
d6i vaij = ¢ + % va diu — d6i voij = ¢ - % g V3 g, 13 cdc hé s§ i hdi
chuyén spin va qu¥y dao. Hiy tinh s& lwgng nf j ciia proton § trang thai f n&u
biét ring trong trang thdi ndy momen tif ¢lia né 1a p = 5,79, Cho biét g, = |
va g, = 5,5855 d&i vai proton.

2.2. Si dung mdu v6 hat nhin dé€ xdc dinh momen ¥ cia céc hat
nhin H’, He*, O va K. Cédc gid ui thuc nghiém bing 2,981 -2.134,;
-1.89u, va 0,39,

2.3. Trén cd s8 miu v6 hat phin hiy tinh spin va d6 chdn 1& cla cdc
hat nhan /N', A va 5,80

2.4. Hay tinh cdc hé s tir hdi chuyén vi momen ti¥ ciia proton vi
neutron & trang thai hyp.

2.5. Hiy tinh momen 6 clia hat nhin ;N vi so sdnh vdi 14 tri thuce
nghiém p=- 0,283,
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Chuong 3

PHAN UNG HAT NHAN

3.1. CAC TINH CHAT CUA PHAN UNG HAT NHAN

3.1.1. Cic qua trinh va cham hat nhin

Qua trinh va cham hat nhin, hay thudng goi 12 phdn (tng hat nhén, la
hién tugng bi€n d8i cdc hat nhin khi c6 va cham giita hai hat nhin vdi nhau,
gilta hat nhan vdi nucleon hay sy bién ddi ciia hat nhin do dnh hudng cla
trudng bidc xa v, trudng Coulomb, ... Théng thuding phdn ng hat nhin xdy ra
do chim cdc hat neutron, proton, hat «, ... bdn phd cic hat nhin. Do su va
cham manh gita cdc hat vao va hat nhdn bia ma sau phin dng xuat hién hai
hat hay mét s& 16n hat bay theo cdc phuong khac nhau. Pé don gidn ta hay
xét phian ng hat nhin tao nén hai hat sau phdn @ng.

Ta ky hiéu qud trinh va cham cia hat t6i a vdi hat nhdn bia A tao
nén hat b va hat nhian B la:

a+A—>b+B 3.1
hay gon hon, la:
A(a,b)B (3.2)

Theo (3.1), trong qud trinh va cham c6é hai trang thdi 1a trang thdi
ddu a + A hay cdn goi 12 kénh 16i vao va trang thdi cudi b + B hay con goi la
kénh I8i ra. Qud trinh va cham chuyén tir kénh 181 vio sang kénh 15i ra.

Théng thudng, va cham giifa hat a va hat nhin A xdy ra theo mdt
trong cac qud trinh sav day:

a. Tan xa dan hoi

T4n xa dan hdila qud trinh ¢6 dang nhy sau:

A+A ->a+ A hay A(a,a)A (3.3)

Trong qua trinh tin xa dan héi thinh phin va trang thii ndi tai cla
cic hat khong thay d8i. Dong nang cla cdc hat sau tdn xa thay ddi, phu
thudc vio goc bay cla chiing.

b. Tdn xa khéng dan hoi

Tdn xa khong dan hdi 1a qua trinh, trong d6 thinh phdn cdc hat
khong thay ddi nhung trang théi noi tai cda hat nhan bia A thay d8i thanh A",
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ching han né chuyén lén trang thi kich thich hay thay d6i dinh hudng spin
clia minh:
a+A —a+ A" hay A(a,a)A" (3.4)

. Phdn dng hat nhin thuc S

Phdn fing hat nhin thuc sy 1a qud trinh trong d6 cdc hat sau phin ing
bva B khdc cac hat rude phin Ung a va A:
a+A -> b + B hay A(a,b)B (3.5)
Nhwr viy t€n goi “phdn Wng hat nhian™ dinh cho cd qué trinh tin xa
dan hoi, tin xa khéng dan hdi v qud trinh phidn dng thue sy. Tir diy trong
mét $6 trudng hop, néu khong phai phan bi€t r5 qud trinh phdn #ng hat nhan
thire sy véi cdc qud trinh tén xa ta dung “phin ¢ng hat nhin” d€ chi qud trinh
phan tng hat nhan thyc sy.

3.1.2. Céc dinh lugt bdo toan trong phan ing

Phan ftng hat nhan a+A — b + B wan thi cac dinh ludt bao toan sau
day:

a} Bdo toan dién tick

Binh ludt bdo toan dién tich yéu ciu 16ng s dién tich trudc phdn dng
phdi bing 18ng s6 dién tich sau phan tng, tic la:
Z, +ZA—_-Z|~,+ZB (36)
Trong d6 Z, , Z, , Zy , Zp 1dn lwot 12 dién tich ciia cdc hat a, A, b, B.

b} Bddo toan s6 nucleon

Dinh ludt bdo toan s§ nucleon yéu ciu téng s§ cdc nucleon trudc va

sau phdn @ng phdi bing nhau.
A+ Ax= Ay + Ag (3.7)
Trong d6 A, , As, Ay, Ag ln Iuot 1a s6 nucleon cia cic hat a, A, b,

¢} Bdo toan nang luong

Binh ludt bao toan ning lugng yéu ciu dng s6 ning luong ciia cic
thanh phin trede phin tng phii bing tdng s8 ning lugng ciia cic thanh phin
sau phan ng.

(n,c™+ E,) + (mac” + E,) = (e’ + By) + (mpc? + Ep) (3.8)

Trong d6 m,, myu, m,, mg ; m.,lc?, muc?, myc?, mgcl va E,, Ea, B, Eg
lan lugt 1a khéi lugng, ning lugng tinh v dong nang cfia cic hat a, A, b, B.
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d) Bdo roan déng hwong

Dinh ludt bdo toan dong lugng yéu cdu téng s6 ddng lugng cia cic
thanh phin trudc phdn {ng phai bing téng 6 dong lwgng cia cac thanh phin
sau phdn ng.

P, + Pa= Do Py 3.9
Trong 46 P,.Pas Py- Py lan lugt la dong ludng clia cdc hata, A, b, B.

¢) Bdo toan momen ding luong toan phén

Ta hiy xét qud trinh a + A — b + B khi cdc hat ¢6 spin. Gid si hat a
¢6 spin i, momen dong lwdng ¢ twong d8i so vdi hat nhan A; hat nhin A cb
spin I; hat b ¢6 spin i’, momen dong higng ¢ tuwong d6i so vdi hat nhin B;
hat nhin B ¢6 spin I'. Momen dong lugng toan phin J clia hé trudc phin ¥ng
14 tdng cia momen quy dao ¢ va cdcspinival:

J =i+1+1 (3.10)

Momen ddng lugng toan phian J* ciia hé sau phdn dng la tdng ciia
momen quy dao ¢ va cdc spin1’ va I™:

Jr= s T (3.11)

Dinh lvit bdo toan momen dong lugng toan phin yéu ciu momen
dong lugng toan phan 7' sau phdn Wng phdi bing momen ddng lwdng toan
phidn J trudc phan Gng

J'=1 (3.12)

1) Bdo toan 5 chdn 1é

Gij sit hat a ¢6 do chin 1& m,, momen dong lugng ¢ tudng 61 sa véi
hat nhin A; hat nhan A ¢6 46 chdn 1é =, ; hat b ¢6 d6 chin 1é m, , momen
dong lugng £ trdng d6i so vai hat nhan B; hat nhan B ¢6 d6 chin 1é mg .

D6 chdn 1é 1t cia hé trwdc phan dng la:

n=m, wal-1) (3.13)
B4 chin 1é 1’ cfia hé saw phdn dng la:
T = me(-1)* (3.14)

Pinh luit bio toan chin 18 yéu ciu 49 chin 1 7 sau phan tng phdi
biing d& chdn & & trudc phin ¥ng:
=7 (3.15%

g) Bdo toan spin dong vi
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Pinh ludt bdo toan spin déng vi yéu cdu t8ng s spin ddng vi cia cdc
hat trude phan dng phdi biing tong s6 spin ddng vi ctia c4c hat sau phin ng:

TH+TA=Th+TH (3.16)
Trong dé T, , T, Th, Tg ldn hugt 12 spin dong vi cla cdc hat a, A, b,

3.1.3. Pdng hoc ciia phdn Wng hat nhan trong trudng hgp khong
tuwong doi

DPéng hoc cia phin wng 13 tdp hop cic gid tri khdi lugng, ning lugng
va dong lugng cda cdc hat tham gia phan wtng. Cac dai Iugng nay khéng
hoan toan ddc ldp vdi nhau ma phu thudc nhau théng qua cdc bi€u thite bio
toan ning ludng va dong lugng:

(my’+ E,) + (mac? + Ep) = (mye? + By) + (mpc? + By) (3.17)
P+ Da= Py + Py (3.18)

Trong d6 m,, my, m,, mg ; m,.cz, mac’, mye?, mpe? ; E., Ea, By, Eg va
B.» Pa Py. Pylan lugt 12 khéi luong, ning lugng tinh, déng nang va ddng
lwong ciia cdc hat a, A, b, B. Biéu thifc (3.18) duge minh hoa trén hinh 3.1,

Hinh 3.1. S0 d6 dong lwgng cha phindnga+ A > b+ B

Péi v6i cdc phin Wng hat nhan ma ta quan tim, hat a chuy&n dong -
véi vin t6c bé cdn hat nhin bia A ding yén trude phin tng. Céc hat tao
thanh sau phdn #¥ng ciing ¢6 dong ning bé. Do d6 bai todn ddng hoc c6 thé
x€1 trong trudng hop khong twong ddi, ching han, ¢6 thé 4p dung cho hat
neutron ¢6 dong nang dudi 100 MeV vi khéi lwgng ciia né 13 938 MeV. Khi
dé dong luong va dong ning cla cdc hat thit i (i = a, A, b, B} dugce xdc dinh
nhu sau;

2 2
B=m v, ; E =T =5p"—; p, = ﬁmiEi (3.19)
ml

Trong @6 v; 12 van tdc clha hat thit i.
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Goi cdc géc bay clia cdc hat b va B 1a 6, va 8. Khi d6 cdc phudng
trinh (3.17), (3.18) m& & quy ludt bdo toan ning lugng va dong luong cia
phan ng dugc viét lai nhv sau (4 diy d€ ngdn gon ta thay mic> bing m;
nhung theo don vi ning lugng):

E, + m, + m, = E, +my, + B +mg (3.20a)

P, = Py + Ps (3.20b)

Hay: E. =E, +Ez - Q (3.21a)
Pa = Pn €08 Oy, + pg <08 O3 (3.21h)

0 = py, sinGy, - pg sin Og {3.21¢)

Trong phudng trinh (3.21a} :
Q = (m, + m,) - (my + mp) = M. - M, (3.22)

dude goi 1d higu ung nhiét cla phan ung, trong dé M, = m. +m, v
M, = my + mg.

Tir hé phwong trinh (3.21) c6 thé tm cdc mdi lién he gilta dong ning
clia cac hat bay ra va cdc géc hay cda ching vdi cdc théng s6 cho trirde 1a
khéi lugng cac hat tham gia phén wng va dong ning E, clia hat a vao.

P& lam vi du, ta néu ra két qua tinh toin méi lién quan gita ddng
nang E;, va géc bay 6, ciia hat b tao thanh sau phdn \ng.

JE, ={/mmE, cos 6, {mmpF, cos 8, +M[mQ+(my-m JE,| |M, (3.23)

P& bidu thic (3.23) c6 nghia, s0 hang dudi ddu cin bic hai phai
khong dm, do dé:

sin B, € — 2B (M,Q+ m,E,) (3.24)
mambEn
Ta thdy ring diéu kién d€ phdn @Wng x4y ra 12 6, 2 0, nghia la déng
ning E, phdi di 16n. Péng nang ti thiéu E}* dng véi 6, = 0 dudc goi la
déng ndng ngudng ciia hat a. Tl (3.24) khi 6, = 0 ta dugc:
: M M

B = —bQa_—2tQ=—2Q (3.25)
m, m, W,

mamA — mamﬁ\

Trong d6 n, =

m,+m, M
1a khoi lugng rit gon cla hai hat a va A. Trong truUng hgp phan ting hat
nhin, khdi lugng m, 16n hdn rat nhidu khéi lugng m,, do d6 khdi lugng rit
gon U gin diing bing m,
Theo biéu thitc (3.25) phin wng hat nhin thudng dugc phin thanh hai
loai.
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a) Phdn ing thu nhiér: Khi hi€u dng nhiét 4m (Q < 0), déng ning
ngudng E* duong va bling:

EFf = —E:— |Qf (3.26)

nghia 1a phan Wng chi xdy ra khi ddng ning E, > E* > 0, phdn ng nay dudc
go1 1a phdn dng thu nhiér.

b) Phdn sing téa nhiét: Khi hiéu {ng nhiét dudng (Q > 0), déng na ng
ngudng E* 4m, do d6 phdn tng 6 thé xdy ra khi dong ning E, = 0. Phin
Ung nay dugc goi la phdn dng tod nhiér.

Trong t4n xa dan héi thi hidu ¥ng nhiét Q = 0.

Sau day Ia cdc vi du vé phdn ng thu nhiét va phan itng tda nhiét.

a+0-p+Li’ - 17MeVia phdn *ng thu nhi&t

p+Li’ S a+a+17MeV 1a phan @ng tGa nhiét

3.1.4. Céc co ch€ va phin loai cdc phin ¥ng hat nhén

3.1.4.1. Cdc co ché phén itng hat nhin

Phdn itng hat nhin thyc & chwa xdy ra khi khodng cdch gifa cdc hat
trude phan ¥ng 16n hon bdn kinh téc dung ciia luc hat nhin, Va quéd trinh
phan tng k&t thiic khi cic hat thi cdp cdch nhau mét khoang vugt qua bin
kinh tic dung ctia luc hat nhin. Nhy vdy qud trinh phdn #ng xay ra trong
mién téc dyng cda luc hat nhan. Trong mién ndy, céc hat tuong tdc vdi nhau
nhv th€ nao, cdc phuong phip thuc nghlém khdng theo doi duge. Vi viy
ngudi ta dua ra cic gia thuyét khic nhau vé& co ché ciia phdn Ung. C6 ba gia
thuyét sau diy vé cd ché phin ng dugc chiap nhin phd bi€n: Co ché phan
itng hat nhin hgp phan; cd ch& phin ing hat nhin trye ti€p; va co ché phan
¥ng hat nhdn trude cin bing.

a) Co ché phdn ing hat nhin hop phin

P6i vdi cd ch€ phan éng hat nhan hop phin, c4c hat tham gia twong
tic (a va A) tao nén hat nhan hop phan C va sau d6 hat nhdn hop phdn nay
phén rd thanh cdc hatthit cdp (b va B )

a+A > CvaC—-b+B (3.27)

N. Bohr gid thuyét ring, hai giai doan tao nén hat nhin hop phan C
va phan rd hat nhin nay 1a déc lip nhau. Kh3 nang phén rd hat nhin hgp
phén khéng phu thudc vao cich tao nén hat nhin hgp phin ma chi phu thude
vao ndng lugng, momen dong lugng vi tinh chin 1& cia hat nhin nay. Diéu
1y c6 thé€ minh hoa bing thoi gian xdy ra phin @ng hat nhin qua giai doan
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hat nhan hgp phin, N&u hat nhin c¢6 kich thudc ¢8 107'% cm va hat vao bay
qua hat nhin véi 8¢ dé 10" cm/s thi thifi gian d€ hat d6 di qua hat nhin 1
10 2/ 10" = 10* 5. Th¥i gian nay goi la thdi gian dic trung cda hat nhén.
D41 v6i phdn ng hat nhan hop phidn, hat nhdn hgp phin c6 thé t4n tai hang
triéu hay hing 1y lan liu hdn thdi gian dic trung ndi trén rude khi phin ra
thianh cdc hat thit cAp. Chinhk vi viy m qué trinh phin rd hat nhin hgp phan
khéng phu thufc vao qud trinh tao nén né.

b} Cu ché phdn ing hat nhén tric tiép

Trong phan ung hat nhin truc 1i€p, tinh hinh lai khdc di. Hat a vao
chi tuong tdc v6i mot nucleon hay mét sé nucleon trong hat nhdn ma khong
twong tic vdi toan bd hat nhian. Nhu viy hat vao truyén ning ludng truc 1i€p
cho céc nucleon nay ctia hat nhian va phan ¥ng xay ra trong thdi gian vio cd
thai gian dic trung ciia hat nhian 107 s,

Pé phin tng tryc tiép xdy ra thi bude séng clia hat vao phai ngdn
hon kich thude hat nhin d€ né “nhin thdy™ tirng nucleon hay tifng nhém
nucleon riéng ré trong hat nhin. Vi viy cdc hat vao cin ¢6 nang luong di
1én.

¢} Co ché phdn ing hat nhdn trude cdn bdng

Cd ché phin dng hat nhin trude cin bing c6 thé coi 1a co ché trung
gian giifa c¢d ch& phdn Wng hat nhin hop phin va cd ché€ phan Wng hat nhin
truie ti€p. D61 véi ¢d ché phdn ng hat nhin hdp phan, trube khi phin ri, hat
nhin hgp phan phai dat d€n trang thdi cin bing thdng ké. Hat nhan hgp
phin dwde tao nén cho d€n lic cin bing théng k& cin mdt thdi gian rat Ién,
Trong khodng thdi gian thi€t 14p sy cn bing, hat nhan hdp phén c6 thé phan
ri ngay ca trudc khi dat dude sy cin biing hoan toan.

Nhu vay ta d4 xét sd bo ba loai cd ché phan tng hat nhan tiéu biéu,
Céc phdn dng hat nhan nay x4y ra trong cdc khodng thdi gian khdc nhau, cé
thé 1én hon nhau hing tricu lan. Tuy nhién, so vdi thang thdi gian xdy ra
trong cdc phép do vat Iy thi cAc khodng thdi gian nay (c8 < 107 '* 5) khong
thé phin biét dudc nhd cdc phép do thyc nghiém. Vi vy cdc ti€t dién linh
todn d61 vdi ba qué trinh nay cdn k€t hdp v8i nhau trude khi so sanh vdi cic
dit li¢u thyc nghiém. Vi nhd cdc dit Llidu thye nghiém, ¢6 th€ ddnh gid sy
d6ng gép cha cd ché€ phdn Wng ndo 1d chi y&u trong qué trinh phan dng dudgc
xem xét,

3.1.4.2. Phin logi cdc phdn iing hat nhdn
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Thudng ngudi ta phin loai cdc phan ¥ng theo céc dic diém sau: loai
hat vao, ning lugng hat vio vi khoi lugng cia hat nhin bia.

a} Lodai hat vao: neutron, proton, hat o, deutron, cic hat jon nang,
hay bie xa v.

b) Ndng lugng hat vao:

~ Ning ludng bé D <e < 1 KeV.

—Ning lwgng trung binh 1 KeV <& < 500 KeV.

— Ning lugng 16a 0,5 MeV < £ < [0 MeV.

— Néng higng rit16n 10 <& < 50 MeV.

~ Ning lugng cao : e > 50 MeV.

¢) Loui hat nhdin:

—~Hatohin nhe 1 <A <25,

— Hatnhén trung binh 25 < A < 80.

—Hatnhdn niang 80 < A < 240.

P3i vdi cdc hat nhan nhe, s nucleon rong hat nhin i, do dé tinh
chit thdng ké cida bai todn lwong tic hat nhin itng dung khéng chinh xic.
Tinh chat thong ké d6 thé hién & lye rong tic trung binh. Vi viy chiing ta
chd y&u xét cdc phdn ng vdi cdc hat nhan trung binh va ning.

D41 vdi cdc hat nhdn trung binh va nang, kht ning lugng hat vao bé
chi ¢6 phin itng neutron vi cdc hat tich dién khéng vudt qua duge b3 the
Coulomb.

Céc dic rung twong tdc ciia cic mién ning lugng nhu sau:

— Ning lugng bé: Chi y&u 1a chi€m céng hudng neutron (n,y) & hat
nhin ning.

— Ning lugng trung binh: Chit y€u 1a tin xa dan hdi neutron.

— Nang lwgng 16n: Hat nhan con lai ¢6 th bi kich thich din ti tén xa
khong dan hdi va phin ng.

— Néng lugng rit Ion: C6 thé xdy ra cdc phin @ng tht cdp (p.2n),
(p.pn), ..

— Ning higng cao: Céc phin wng nhiéu hat din t6i nhidu nucleon bay
ra.

3.2. TIET DIEN CAC PHAN UNG HAT NHAN

3.2.1. Ti€t dién phdn ing

Trong cd hoc ¢& dién, hai qui ciu bin kinh R, va R;c6 th€ va cham
nhau néu tdm ca mdt trong hai qua cdu d6 di qua tiét dién tron véi ban kinh
Ri +R; so vdi tim qui cu tht hai. Dién tich ti€t dién ngang nay n(R; + R,)
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x4c dinh xdc sust va cham cda hai qui ciu trong mdt pham vi khdng gian
nao d6. NEu ta coi mdt hat 12 chat di€m vi hat kia 1a hat bia vdi bdn Kinh R,
tfc Ta c6 tiét dién ngang S = 7R? thi S xac dinh xdc sudt d€ chét diém va
cham v6i hat bia nay trong mién khong gian dugc xem xét.

Trong phdn fng hat nhén, 1i€t dién hiéu dung cda phin ing ciing ¢
¢ nghia wong ty nhur trong cd hoc ¢8 dién. Ti€t dién hiéu dung 12 dién tich
cit ngang cia mién khong gian xung quanh hat nhan bia ma khi di xuyén
qua dé hat diém bay vao s& c6 xdc sudt 100% trong tdc v6i hat nhdn bia
nay. Vdi ¥ nghia don gidn do, ta hiy xét ti€t dién cda phan ng a+A — b +B.
Ta cho dong hat a vao c¢é cudng dd N, hat/s nrong tdc vdi cdc hat nhin A
trong bia c6 ndng dd n hat/om’ véi gid thuy&t ring cdc hat nhin A trong bia
khong che 1in nhau. Chon bia ¢6 dién tich S cm’, bé day d cm (hinh 3.2). So
hat nhin A trong bia 1a nSd. N&u hat a “nhin thdy” mdbi hat nhidn A vdi 1€t
dién ¢ cm’ thi dién tich téng cong nSd hat nhdn A la S, = onSd. Khi do
cudng d0 hat bay ra Ny hat/s s& ti 1& véi dién tich S, nay. Do dé ta ¢6:

N, S, _onSd_

N S S

ond (3.28)

Hinh 3.2. SJ 48 tnh ti€t dién hiéu dung cia phin tng.

bai luong

N,
N
goi 1a sud? ra clia phdn Gng a + A — b + B. Nhu vy suit ra w cia phdn Wng
ia mot dai lugng khong thif nguyén con 116t dién © c6 thit nguyén di¢n tich.
Tir (3.28) va (3.29) ta ¢6:

W= (3.29)

o= NoMNo) _ w2 (3.30)
nd nd

Don vi do thudng ding d6i voi 6 1a barn v6i 1 barn = 10 cm”.
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Ti€t dién dugc tinh theo cdng thitc (3.30) goi 13 tiét dién toan phan,
trong d6 cudng do hat bay ra N, 14 td1 ¢4 cdc hat b sau phdn {tng trong thifi
gian ! gidy. Trong trudng hdp cdc hat bay ra khéng ding hwdng, khi dé cin
xdc dinh xdc suit hat b bay ra theo mdt géc dac nio d6. Tiél dién tinh cho

mét géc diic dQ goi Ja 1i€t dién vi phan g—g. Vdi cudng dé hat bay ra theo

dN . .
goc dac dQ la 'T‘: thi ti€t dién vi phin dudc tinh theo cong thitc:
do _ (dN,/dQ)
dQ N, x(n.d)
Ti€t dién toan phin duge tinh theo ti€i didn vi phin bing cich 14y
tich phén theo 141 ¢3 c4c goc dac:

o= 1% (3.32)
dQ

cm’/steradian (3.3

Néu phén img hat nhan c6 nhidu kénh ra thi mdi kénh ¢6 1i€1 dién o,
Nhu vay ti€t dién toan bd cdc kénh cda phin Gng 1a:
o=, (3.33)

Trong cic tinh todn trén ta di gid thi€t 1a c4c hat nhin A trong bia
khong che 1dn nhau. Diéu nay ¢6 thé chdp nhan dudc khi bia r4t mdng, tic 13
d rdt bé. Trong trudng hetp b& day bia 16n thi cdn tinh d&n hicu tng che giita
cdc hat nhin trong bia. Ta hdy xét truting hdp tdn xa neutron nhanh 1én bia.
Phwdng trinh vi phdn md td cuding 46 hat neutron dN xuyén qua I6p chidu
day bia dx theo phuong x vudng géc vdi mit bia va cudng d6 neutron N(x)
trudie 1dp dx 1a;

dN(x) = - N(x)nodx (3.34)
Nghi€ém phuong trinh (3.34) ¢6 dang;
N{x) =N, e"™ (3.35)

Trong d6 N, 1a cuting dd neutron vao. P& xédc dinh ti&t dién o cia
N(d
_(_) ha}r
N

8]

qud trinh tdn xa neutron vdi bia c6 bé day d ta phii do sudtra w =

]

hé sd suy gidm chiim tia neutron 3 trong d6 Ny va N(d) 1a cwing db

neutron trudc va sau bia. Khi d6:
w N,
6=-ln— =In (3.36)
nd N(d)ynd
Ta chi y ring, khi xdc dinh ti€t dién phin ¥ng 6, ta coi nd c6 ¥ nghia
hinh hoc 14 ti€t dién ngang cida hat nhan bia, titc 1a mdt cdch gin dling cé
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thé viét ¢ = nR’, trong 46 R 1a bdn kinh hat nhin. Tuy nhi€n dién gidl ndy
khong chinh xdc. Chdng han khi nentron nhanh tudng tic vdi hat nhin bia,
¢6 hai qud trinh xdy ra la tin xa khong dan hdi cia neutron l€n hat nhén vdi
1i€1 dién MR va tdn xa nhiéu xa dan hdi clia séng nentron de Broglie 1€n hat
phin cling ¢6 €t dién 7R’ k&t qua 12 i€t dign twdng tdc clia neutron nhanh
vdi hat nhan biing 2nR% Mot hién tudng khic ching to sy khdng phit hgp
ciia tinh hinh hoc ctia tiét dién phin @ng do tinh chat séng cda hat. Khi hat
viio va cham vd) hat nhin bia, mi¢n khong gian md chiing hién k&t vt nhau
¢6 ban kinh vao khodng 46 dai séng de Broglie X cua hat vao, do do6 tift dién
phin #ng bing nx% Do % i 1& nghich véi ning lugng nén uét dién ph*ln ing
tang kKhi ning lugng hat vao gidm chif khdng phai la mot h'mg, s R, Trong
thue t&€ sy phu thude cia 1€l dién vao ning lugng 1a ham & phuc tap.

Trong thuc nghiém khong do duge tiét dién vi phin hay ti€t dién
toan phin cla phin tng ma do duge sudt ra cda phin ing. DP6i v8i moi thi
nghiém cu thé, suilra 1a ti s0 cudng d6 cdc hat do hé théng thict bi ghi dudc
so véi cuding do cdc hat vio thda man cdc didu kién vé géc dic hay ndng
lugng cda cac hat bay ra. Tiét dién dudc tinh theo sudt ra bdi cde cong thic
(3.30), (3.31) hay (3.36). Trong trwdng hgp hat vao khong don nang va phan
fing ¢6 nhidu kénh ra thi sut ra lién hé vdi cdc ti€t dién phic tap hon.

3.2.2. Hé toa d¢ phong thi nghiém va hé toa d§ tAm quan tinh

- a) Hé toa d¢ phong thi nghiém va hé toa 4 tdm qudn tinh

S d6 hinh 3.1 minh hoa quid trinh va cham trong hé phong thi
nghiém (PTN), ti¥c 12 trong hé toa d6 lién hé va8i ngudi quan sat, Ding hé
toa do nay thuan tién khi bd i thi nghiém quan sdt cdc qua trinh phan Ung
ciing nhu khi nhan céc k€t qua thi nghiém. Song trong cac phép tinh todn 1y
thuyet ngudi ta thudng ding hé toa 46 tim quan tinh (TQT) hon. Hé nay co
g3c toa dO tring v6i tdm qudn tinh cla hé cdc hat, do d6 nd chuyén dong
cing vdi hé cdc hat &. Van 8¢ cda hé tdm quédn tinh clia hé hai hata va A
khi A ding yén so vdi hé phong thi nghiém la:

¢ = Ma g oMy (3.37)

& ] a

m,+m, m,
Ta quy wéc cdc dai lugng trong hg PTN c6 thém ky hi¢u L con hé
tim qudn tinh khong thém ky higu gi. Vin t8c cdc hat a vai A trong hé TQT
13 v, vd v, . Chiing lién hé v6i van (8¢ v, cia hat a trong hé PTN nhy sau:

V=V -V, ,=—-V = ——V, (3.38)
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V, =V, -V, = v, (3.39)
m,
b) Ding ndng va ddng luong cdc hat trude phdn ting trong hé TOT
Bong lugng cia cdc hata va A trong hé tim qudn tinh la:
ﬁn=mal ‘\;a:“'ii i"'rn]'_' 3 ﬁ,\zmz\ GA: _un {;UL (340)
Nhu vdy ddng lugng cic hat a vd A trong hé TQT ¢o ciing phudng

vdi phuong viu tée hat a trong hé PTN, va ¢6 chiéu nguge nhau. Gid tri tuyét
d8i cia ching cling bing nhau va bing:

Ha
p;u = pA = un VaL = —puL (341)
mil
bong ning cua ching dwgc tinh qua dong ning E,. nhu sau
2 2 2 2
: t
Bom o =M p g2 Pa M g gy
2m, m; 2m, m,m,
Dong ning todn phin 13
2
B =E+E = tep = Pa (3.43)

m, 2p,
Niing lvgng ngudng nhin duge khi E, = E]f va biing
En =Q (3.44)
Nhu viy ning lwgng ngudng trong hé TQT biing hiéu #ng nhiét Q.
¢) Bdng ndng va ding lugng cdc hat sau phdn idng trong hé TOT
Ta chd ¥ ring t6ng dong hrgng cdc hata va A trong hé tim qudn tinh
bing 0, (p,+p, = ). Quy ludt bio toan dong lvgng yéu cau téng dong
lugng cdc hat sae phdn dng ciing phdi bang 0 (py+p,= 0), do d6 db lon
d6ng lugng cdc hat sae phdn Gng bing nhau (p, = ps).
Dé xdc dinh ddng lugng P, tifc cling 1A pg, ta chd ¢ rang quy ludt bdo
toan déng ning trong hé TQT cho ta bidu thitc sau day:
EA4Es=E+Ez-Q (3.45)
Trong d6 Q la hiéu #wng nhét cia phdn wng, dude xdc dinh theo
(3.22). Trong biéu thic nay, cic nang lugng E, vd Ejy dude xdc dinh qua
Pr= pp nhu'sau
Pi Py
B, = b , Ep= .
2m,

2

= ; Bug= Py =Eh+EB:Ea+EA+Q
Zmg Hp

(3.46)

105



Do 46

Pr =21, (B, +E,+Q) = ng‘d—*’(mAEaL +M,Q) (3.47)
Trong dé
mme - e . 2 ~ . N
My = ————— 1 khéi lugng nit gon cia hé hat hatb va B.
rnh+ mMp

Van tdc cda cdc hat b va B trong hé TQT dudc xdc dinh qua p, nhu
Sdu:
Ps Py

V= -—; Vg = —— (3.48)
my Mg

d} Cdc goe bay cda cde hat bva B trong hé TOT

Ta chi ¥ ring trong hé TQT cdc hat trudc phan Wng bay ngudc chidu
nhau va cdc hat sau phén Ung ciing bay ngude chiéu nhan. Nhu vdy trong hé
toa d6 niy chi c6 mét géc xdc dinh phudng chuyén déng ciia hai hat sau
phén ng so vdi phwong chuyén dong cda hai hat trudc phin #¥ng. Tinh hinh
trong hé PTN phitc tap hon, § d6 can tinh dén hai goc bay ra cla hai hat sau
phdn @ng. Gidn dd vén 8¢ x4c dinh cdc géc bay ra 6y, va Oy, trong hé PTN
vi B trong hé TQT dudc trinh biy trén hinh 3.3,

Vg
Hinh 3.3. Gidn d8 vin (6c cdc hat sau phdn #ng trong hai hé
toa do phong thi nghiém va tim qudn tinh,

Ta hidy x4dc dinh mdi lién hé gilta géc 8, vdi géc 8. T hinh 3.2 ta
cé: _
Vi €O8 B = v + v, €080 ;v Sin Oy = vy, sind (3.49)
Do dé:
vpsin®  sind

(g8 = (3.50)

v t+vycosB p,+cosd
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tgly, = —— (3.51)
pg—cosb

Trong d6 Pr= —C  pp= Lt (3.52)
Vb Vi

e} HE thic gifta cde tidt dign vi phdn trong hai hé phong thi nghiém
vi tdm qudn tinh

- N - ~ d ~ > - -
Tiér dién vi phin 6(6,9p) = £ ddc trung x4c sudt phdn ¥ng theo goc

cuc B va gdéc phuong vi @ cla cdc hat thit cap trong géc dic d§2. Tiét dién
tich phdn 6 xdc dinh trong trudng hdp twdng tic cia hat a vdi hat nhin bia
ding yén s€ bt bi€n khi bi€n ddi tir hé phong thi nghiém sang hé tim guin
tinh. Con ti€t dién vi phin 6(6,¢) s& bi€n d8i khi chuyén hé toa 4. Ta hdy
xét quan hé gifra cdc 1i€t dién vi phin trong hai hé toa d6 nay.

Ta xét phép bi€n ddi i€t dién vi phan theo géc bay cda hat b sau
phdn tng. Gid st trong hé phdng thi nghiém cdc hat chuyén déng trong géc
dac d€. = dcosOydpy. thi trong hé tdm quédn tinh, géc ddc tuong tng 1a
d€) = dcos6dg. Ti€t dién vi phan trong hai hé nay la GL(Gw, @) va G(0,9).
Ta hiy tim m&i lién hé giffa hai dai fdng nay. Do sy bo toan s& hat khi
chuyén tir hé toa 46 nay sang hé toa do kia ta ¢6:

dc, (8.)) = do (8)) (3.53)
Trong d6 j 14 ddong hat tdi. Do d6
O (Bp , Oy YA = © (8,9) dQ (3.54)

Vi géc ¢ khong déi khi chuyén hé toa d6 (n€u 14y truc z theo phudng
vin t16c hat a), ta cé:
deosO

LB, r) = ©(0,0) ———— (3.55)
dcosO,;

St dung cdng thite (3.50) vé mdi lién hé gilta cdc géc 6 va 6y ta
g g

dudgc:

(1+ pﬁ—r 2 phcosﬁ )_wz

OL{BbL. L) = o(0,0) ( 3.56)

1+ p,cost
Nhu viy ta da xét cdc quy tic bi€n ddi tir hé PTN sang hé TQT ciia
dong ludng, géc bay cila cic hat tham gia phdn ing va tiét dién vi phin cia
qué trinh twdng tic. Cic phép do thue hién trong hé toa 40 phong thi nghiém,
con cdc phép tinh todn thuc hién trong hé tdm qudn tinh. Viéc so sdnh cdc
két qua thyc nghiém va 1y thuyét nhd cdc phép bi€n d6i tir hé toa do nay
sang hé toa d¢ khac dd xét trén.
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3.2.3. Tiét dién cdc qud trinh tdn xa va phan dng
Cé6 thé chia qud trinh va cham hai hat thanh ba giai doan:

— Khi cdc hat con § xa nhau, ¢é thé bé qua tudng 1dc giita chiing.

— Khi cdc hat gan nhau, gilfa ching xuft hién sy twong tic.

— Khi cdc hat duge tao nén do tvdng tic lai tich xa nhau, khi do cd
thé bd qua twong tic giita ching.

B¢ md 14 cdc qud trinh tdn xa va phidn Ung, ngudi ta ding todn uf tin
xa S ma cdc y&u td cia ching tao nén ma trin, goi 1 ma trdn tdn xa S. Ma
trin nay lién hé trang thdi ban dau cda hé dng vdi cdc hat trude khi tuong
tdc, khi ching con cach xa nhau vi twdng tic gifta ching ¢6 thé bd qua, véi
trang thdi cudi Ung vdi cdc hat duge tao nén sau twdng tdc, khi chiing nim
cach xa nhau va wedng tic gilra ching duge bd qua.

Gid s& bam W(-c0) Ia ham séng ban ddu, mé (& sy chuyén dong trong
d61 cla cde hat va trang thédi noi tai clia chiing & thdi diém t = -0 v ham
W(+o0) 12 ham séng cudi cing md td hé hat sau va cham § thdi di€m t = +oo.
Khi d6 ma trin tdn xa dudc dinh nghia nhu sau:

W(+ee) = SW (-c0) (3.57)

Ta thdy ring ham séng cudi cling ¢é thé triing v4i ham séng ban diu
chi khi trang thdi ciia hé khong thay d6i, titc 13 khi khong xdy ra va cham.
Do d6 qud trinh va cham s& #ng vdi sy khdc nhau gilta céc trang thdi diu va
cudi.

Do sy bdo toan x4c sudt ¥ {(+eo)’= ¥ (-e0)I” nén ta co:

$*S=1hayS§*'=§" (3.58)
Pa 13 tinh unita cda ma trin S.

Ti€t dién vi phin clia qué trinh chuyén hé tir rang thdi ban diu o

sang trang thai cudi B duge xdc dinh qua y€u td ma trin tdn xa Sp, nhy sau:

!
doy, :1.;24 ;au 1)3 4y — Sga ) Py (c0s6) | dQ2 (3.59)

Trong d6 k, = p?“ la 58 sdng ciia cac hat trude phan dng trong hé
TQT; ¢ 14 momen qu§ dao cia cdc hat trwde phdn (ng; 8,3 1a ham denta

Dirac:

0 khia=p
op = { (3.60)

1 khi azp
Trong trwdng hop B = o, ta ¢6 i€t dién tdn xa vi phin dan hoi:
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do - ne P20 1 SLP (cos ) de) (3.61)
L

Tich phin bifu thite (3.61) theo 20c¢ dac dQ i nhin dude GéT didén
lich phidn cia gud trinh tin xa dan hoi:

2(7:1 1S 3.62)

vt
[T

Con tCL di¢n tich phin ¢ha tin xa khong dian hdi v phin e thire
s nhin dude khi Idy tich phin bi€u thife (3.61) v 13y 16ng theo (it e cde
rang thit cudi B khide vai tra ng thdi diu @ (o s {3

. : }J 'JZ’ |] (3.63)

P P

Ding didu ki¢n unita ¢ha ma tran tdn xa S, ure Id SS' = 1. ¢o the

hi¢u dién uét dicn o, quit €U 6 chéo 8’ clia nu udn tin xa:

F: — e
ﬁr k-‘ Z(Z'Ir ! }}(i |S-rlr} } (-{6_1}
T
Ti¢t di¢n wan phiin cita cic qud tAnh tn xa vi phin tng la :

[F1F3

G=o.+0,= =320 )1 Res' ) (3.05)
k“ i
Tir cde hign thire (3.62), (3.64) vi (3.65) 1o thiy ring ncu cho bict
y&u 16 chéo clta ma edin tin xa ‘alm ¢id the hoin oin xde dinh cd G& dicn wn
xa dan hdi o, 1an GEL dicn wic quit (rinh khéng diin hdi (Lin xa khdng dan
hdi va phin itng thue sy} o,.

Biy gis ta hay phin tich chi G hon cde G4E dicn tin xa dan hoi o,
vil phiin g o, (d¢ ngidn gon, ta goi uct dién phin tng o, 13 Ut dién cic quid
trinh khdng dan hoi noéi chung). Theo (3.62) v (3 6 LdL L d}Ln 0. v o,
duge bicn dién dudi dang wng cde UEt dicn ri¢ng phin ﬁ Vi 0 mo i tin

xa dan hoi vi phin ing rong trang thin vai momen dong Itrdn-' Xde dinh

Zoi : ; (3.066)
.0 G (7|f+])|1 w
r k”
3 (o ! .
o, Yo' . al ::‘_2(2 D802 ) (3.67)
F L ki
Yéuldma trdn S, L s phiic, thucing duse vict dudh dang:
. M
8., =¢ (3.68)

Tromg do o ol la pha tan xa.

109



Tir bifu thic (3.67) ta thiy ring, i€t dién phdn dng s& triét tiéu
khi| Szu |’=1, theo (3.68) tic 1a pha tén xa 8,12 mot s6 thuc. Trong trudng
hop nay chi c6 tdn xa dan héi va i€l dién tdn xa dan hdi duge xdc dinh qua
pha tin xa phy sau :

= 47 . 9
5, =Yool ;o = 7@+ Dsin’S, (3.69)
— e }
Do diéu kién unita cia ma $in tin xa ta €6 :

IS, IP=1-185, [F20

= st <1 (3.70)

Nhu viy khi chi ¢6 tén xa dan hdi thi |85, |= 1, con khi c6 phan ng
ISE |<1. Khi |Sf, < 1 thi ti€t dién qu4 tinh phin Wng khic khong, ddng
thisi tiét dién qué trinh tdn xa dan héi ciing khac khong vi 11 - Sf | #0. Nhu
viy o, # 0 kéo theo 6, = 0, song o, # 0 khéng kéo theo ¢, # 0, cu thé 14 trong
trwding hop | S5 | = 1 thio, £0 con o, = 0. Diéu nay cé nghia 12 qué trinh
phdn ¥ng, hay néi ding hon qué trinh khong dan héi, bao gid ciing kéo theo

=

hay

qua trinh tdn xa dan hoi.
¢ ke
GL‘
(20 +1)

NN
y

NN
NN
N

N
N
N\
AN

7

Wt
o 02 04 06 08 1,0
kz
cf B
(20 +1)

Hinh 3.4. Céc gidi han rén va dudi khd di cia ti&t dién tdn xa dan hoi vdi
gi4 tri cho trudc cla i€t dién.
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Do y&u t8 ma trén tdn xa 6 gidi han trén v& modun nén cdc it dién
tdn xa dan hdi v phin ¥ng cling ¢6 gidi han trén cda ching. Theo (3.67) gid
tri ec dai ciia (i€t dién phan dng nhan dudc khi |Sf, [= 0:

14 _ T

= 2 .
of ki( £+1) (3.71)
Con gid tri cyc dai cla ti€t dién tdn xa dan hdi, theo (3.65) bing:
4
of =2T(e+1) (3.72)
emax ku

Nhu viy ti€t dién tdn xa dan hdi cuc dai 16n hon i€t dién phin tng
cuc dai 1a 4 14n. P6 1a do 6t dién tdn xa dan hdi khong chi phu thude vao
gid tri tuyét ddi cla sﬁu nhu trong trudng hgp phdn Wng, ma con phu thudc
vao sit dich pha gilta chting. Trén hinh 3.4, phin gach chéo han ché cic gidi
han trén va dudi cla ti€t dién tdn xa dan hdi véi cic gi4 tri cho trudc cia tidt
dién phdn dng.

3.2.4. Nguyén Iy cdn biing chi tiét

Ta dd xét qud trinh wong tic cia hat a véi hat nhin A va cdc hat b

va B tao thanh sau wong tic. Qu4 trinh nay dugc ky hiéu la
a+A —-b+B (3.73)

Ta hay x€t qué trinh ngugc lai: hat b va cham véi hat nhin B tao nén

cdc hata va A, Qud trinh nay ky hiéu la:
b+B -5a+ A (3.74)

Hai qua trinh ndy ngwge nhau theo thdi gian va ¢6 lién quan vdi
nhau. Nguyén Iy cin bling chi (i€t lién hé cic tiét dién vi phan hai qué trinh
nay vdi nhau.

Ta hay xét phép bi€n d8i nghich dio thoi gian t >t = - t . D6i vdi
phép bi&€n ddi nay, cic dai lugng vat Iy dude chia thanh hai loai. Loai thd
nhdt gdm céc dai Itdng khéong thay d6i khi dio ngudc thoi gian. D6 12 toa 5
khéng gian va nang lugng:

r—->r=r vaE->E =E
Loai th hai gdm cdc dai lugng thay d8i dau khi nghich dio thési
gian. D6 1a van (8¢, dong lugng, momen dong lugng, spin...
. dr __ df dr
VE— V= — =
dt dt  —dt
p=mvV = p'=—mv=-p

Momen dfng lugng va spin c6 ciing dang M = IXp nén
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M —M=TXp'=—fxp=~M
Nhu vay trong tdp hdp cdc dai ludng vit 1y ddc trung cho trang tha:
chia hé ta chi cin xét cdc dic trung thude nhém thi hai. Him séng y(x) dugc
hidu 1a ¢hi s6 trang thai o chi bao gdm cdc dai lwgng thay d6i ¢du khi ddo
thdit gian. Do d6, khi nghich ddo thdi gian ta ¢6 ham séng ¥ o
Bé thuan tién trong viée xét quan hé gilta i€t dién cdc qud trinh
(3.73) va (3.74) ngudi ta sit dung todn (¥ dich chuyén T duge dinh nghia nhu
sau:
TW(-00) = ¥ (o0) - ¥ (-o0) (3.75)
So sdnh (3.75) va (3.57) ta c6 m&i lién hé giita ma trdn dich chuyén
T vi ma trin 1dn xa S nhar sau:
T=S-1
Khi &6 i€t dién vi phdn qué trinh o0 — B c6 dang:
oBuz—Ep—i—-—lTu[? do (3.76)
2y h” v v,

Trong dé:
Tyo = <k,B|T|ak, >= [or (DTg, (dF vdi g ()= e
V6i phép bi€n ddi nghich ddo thai gian c6 thé ching minh dwdc ring
ma tran dich chuyén T théa man phiudng trinh:
Ty =T, (3.77)
N&u vi€t cde yéu 18 ma trin dich chuyén trong trang théi c6 dong
lwong va spin xdc dinh va 14y tdng binh phuong modun cic y&u t& ma trin
nay theo cic hinh chi&u spin dau va cudi ta dude:
T 4o 2 Lo L .o
D I< By Gy I T1PuS, A= X< =Bui=8, | T| =Pyi= 5y >

spin spin
N&u xét céc trudng hop d6i xdng cu thi cdc tong ndy bat bién do:
v6i phép quay trong khdng gian, do d6 chiing 1a ham cfia cdc vé hubng po:
Pis Py, -Py- Matkhic do 18y tong theo cdc dinh hudng spin trong trudng dsi

xiing cAu nén v€ phdi cia bat ding thic trén bing:

D=0, | T1 =BGy = 2J<P,0 8, Tl By G > (3.78)
SN spin
Nhu vay:
I P =21T, [ (3.79)
SN spin
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Ti€t dién vi phan qud trinh a + A = b + B dudc biéu thi qua > T, I’

spin
cbn ti€l dién vi phan qud trink b + B — a + A dwgc biéu thi qua 3T,
Apu
theo cong thic (3.76). Trong cdéng thitc (3.76) chua tinh d&€n spin cac hat

tham gia phin @ng. Goi J ,J,,J,,J; 14 spin cdc hat a, A, b, B thi s6 trang
thd1 cua h¢ a+A phdi nhin vai (2J_+ {¥2J,+1)con clia hé b + B phdi nhan
V1 (2], +1)2J,+1). Do d6 i€t dién vi phan qué trinha + A — b + B Ja:

o _ P YIT P @I +DRI+1) (3.80)
dQ (27[)2?14 \-"a\"ﬁ spin P ® ¥ B

vaquia trithb+B —a + A la:

do 2
f—oa Pu 2
= SIT, 1P 21 +1%21,+1) (3.81)
dQ (2?‘5)‘&4 VpVy spinl ! *

Tir (3.79), (3.80) va (3.81) ta dudc:
do, /A Py QI +1N2)5+1)
dog, /dQ  pl(2J +1)2],+1)
MGi lién hé nay dude goi la nguyén ly can biing chi tiét, né cho phép
tinh i€t dién qud trinh ndo dé n&u bigt dudce tit dién qué trinh ngude lai
cung mOt ndng ludng toan phén trong hé tim quén tinh. B8i vi cic tiet dién
tich phin ta cling c6:

(3.82)

Gasp  Pp Ty +D2T5 +1)

= (3.83)
Cpa P2, +1)21, +1)

3.2.5. Ti€t dién cdc phan Wng hat nhin ning lugng thip

G mién ning lugng thip, cdc hat bay vao ¢6 momen quy dao ¢ = 0,
hay con goi la tdn xa séng s. Ti€t dién qud trinh ndy phy thudc khd y&u vao
ndng lugng va c6 dang khdc nhau d6i véi c4c loai qud trinh nhu tdn xa dan
hoi, phdn dng t6a nhiét, phdn Wng thu nhiét. Ngoai ra tiét dién con phu thude
vao hat tich dien hay trung hoa. Ta hdy xem xét cdc truding hgp sau day.

a) Tdn xg dan hoi ciia hat trung hda

Do py = pe nén cdng thic (3.80) trd thanh hiing s8, do 46
O, = const (3.84)
Tiét dién nay dwgc minh hoa trén hinh 3.5.
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b) Phdn tng téa nhiét ciia hat vao trung hdu

Phuong trinh cia phdn @ng tda nhiél ciia hat vao trung hoa nhu sau:
a+A—>b+B+i0Q| (3.85)
Vi E, <<| Q| thitheo cdng thic (3.47) c6 thd vi€t gin ding

pp = Ugvp = ,/2},LB|Q| = const. Pt pg vao cong thire (3.80) ta c6 ti&t dién phan

ing t6a nhiét & mién ning lugng thip cé dang:
const

xo = (3.86)
Va
Gc‘ Gexo Ondo
> > »
0 E 0 E 0 Eng E

Hinh 3.5. Ti€t dién tdn Hinh 3.6. Ti&t dién  Hink 3.7. Tiét dién

xa dan hdi clia hat trung phdn vng tda nhi€t phin ¥ng thu nhiét
hdoa & mién ning lugng clia hat vao trung hda  cua hat vao trung hoda
thip. Pudng gach ndi ning lugng thip. ning lugng thap.

itng vdi G, = const.

. 1
Céng thic (3.86) cho thdy ti€t dién c6 dang ting theo — (xem hinh
v

o
1 . £e 1 N
3.6). Pay 1a quy ludt —, c6 Wng dung rdt quan trong trong vt 1y neutron va
v
vat ly 16 phdn ¢ng, gidi thich tai sao trong cdc 1d phan ¢ng hat nhin thudng
sit dung cdc neutron chuyén ddng rdt chim.
¢) Phdn ting thu nhiét cia hat vao trung héa

Phuong trinh cda phan @ng thu nhiét ciia hat vao trung hoa nhu saw:
a+A-b+B-|Q (3.87)
Piy la phdn tng c6 ngudng. St dung nguyén Iy cin bing chi L€t
(3.83) va gi3 thiét ti€t dién qud tinh b+ B - a + A + | Q| tuin theo quy luat

1 e .
— thi ti€t dién qua trinh thu nhiét (3.87) ¢6 dang:
v
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Oento = COnst{E,; ~E% (3.88)
Cong thife (3.88) cho dang tiét dién c6 ngudng nhv thé hién trén hinh

37
d) Tiét dién qud trinh twong tdc cia cdc hat tich dién ndng lugng thdp

D3&i vdi cdc hat tich dién thi trudng Coulomb ngin cin cdc hat lai
gdn nhau. Trudng Coulomb ¢ bén kinh téc dung 1dn va ndm ngoii hat nhin.
Do d6 mot cach gin diing c6 thé phén ly y€u 8 ma trin dich chuyén Tpe
trong cdng thiic (3.80) thanh tich 8 ctfia ba thita sg-

Taw=P, T, P, (3.89)

Trong d6 T,, 12 bién dé tdn xa hat nhin con P, va P, 1 xdc suilt
xuyén be thé Coutomb cilia cdc hat a va b. Cic dai lugng P, va P, gol la cdc
hé s§ thim thiy, ching ti€n d&n 1 § ving nang lwgng 16n va d€n 0 & ving
nang lugng thap. DSi vdi qué trinh phén ra alpha thi bé s& thdm th¥u chink 1
xdc sudl truyén qua by th€. Do inh hudng cda hé s& thim thau, ti€t dién

phin ng téa nhidt, thay cho dang ! , €6 dang ti€n din d&€n khong nhy trinh
v

bay trén hinh 3.8. Hinh 3.9 minh hoa tiét tién phén tng thu nhiét,

C.xo dh Oundo &

—» ~/+

0 E 0 E, E

Hinh 3.8. Ti€t dién phin Hink 3.9. Tiél dién phin
ting tda nhiét cia hat vao

b tng thu nhiét cda hat vao
tich dién nang lugng thip.

tich dién ning lwgng thap.
3.3. PHAN UNG HAT NHAN HOP PHAN

3.3.1. Gia thuy€t Bohr vé phdn ing hat nhin h¢p phin

Theo gid thuy&t Bohr vé cd ché phdn tng hat nhan hop phin, qus
trinh phdn @ng c6 thé chia ra thanh hai giai doan: Giai doan tao nén hat nhin
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bopphin a + A — C va giai doan phin rd hatnhédn hdp phindé C > b
+ B. Hai giai doan nay ddc ldp nhau, tiic 12 xdc xudt phin rd hat nhan hgp
phin C khéng phu thudc vao cdch tao nén hat nhin hgp phin d6 ma chi phu
thudc vio trang thal ciia hat nhdn hdp phin, titc 1a phy thudc vao nang
lwgng, momen dong lugng va tinh chin 1é ciia n6. Gid thuy€t ndy dua trén
quan nié¢m cho ring hat nhin 12 hé cdc hat twdng tac v6i nhau rdt manh va
trong tdc nhd lvc tic dung ngin.

Sy tuong téc manh nay cho phép hat vao a truyén mot cdch nhanh
chéng 10an bd ning lwgng clia minh cho cac nucleon cla hat nhdn bia. Do sy
phin b lai ndng ludng nhy vay, khdng c6 mot nucleon nio ciia hat nhin ¢
dii nang lwgng d€ thdng luc hit hat nhin va bay ra ngoai. Midc di ndng
lugng cha hé tao thanh vugt qud néng ludng d€ mot hay mdt s8¢ nucleon tif
hat nhan bay ra, qud trinh phén rd cfing chi xdy ra sau mgt khodng thai gian,
khi do sv thing gidng, mdt nucleon ndo d6 ¢6 d% ning lugng dé€ thodt ra
ngoal.

a E.lm

X

£

—F
A

Sa

'
C

Hinh 3.10. Phan g a + A — C — b + B theo cd ch€ phédn ¥ng hat nhan
hap phin.

Hinh 3.10 minh hoa s¢ db cia phdn ¥nga + A - C — b + B, trong

d6 hat a vao cé ning lugng €, = Ha E, =~ E,, 12 dong ning toan phin cia
a
- ~ " oA » mamA
neutron va hat nhan trong hé tim qudn tinh, trong d6 .= = m, do
LMy,

m, << ma, con B, 12 ning lugng neutron vao trong hé phong thi nghiém. Hat
a vao k&t hgp v4i hat nhén bia A tao nén hat nhin hop phin C 8 trang thai
kich thich cao véi nang luwgng E,, spin J. va d6 chinlé m. Nang lugng
E, =€, +S.~ By + S, trong d6 S, 12 ndng lugng tdch hat a ra khoi hat nhin
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C d€ tao nén hat nhan A. Spin J, v chin ié =, ciia trang thai kich thich cita
hat nhin hgp phin duge xdc dinh nhé Spin i, chdn I€ n,, momen déng lugng
¢ cia hat a va spin I, chdn 18 m, clia hat nhin A, Sau d6 hat nhén hdp phin
phin rd ra hat b vdi nang lwong €, (W nang ludng twong ddi clia hé hat b so
vdi hat nhan B trong hé tAm qudn tinh, ciing X4p xi hbing ning lwgng hat b
Ew. trong hé phdng thi nghlt,m) momen quy dao £’ va spin i, , d8 chin 1& m,
- d¢ tao nén hat nhdn B & trang thdi kich thich vdi cdc théng s6 Eg, Ip, 1y, DE
hat nhan bdp phin phin ri hat b thi cin thirc hién diéu kién E, = &, + Eg + S,
trong d6 S, 14 ndng Iugng tich hat b khéi hat nhin C d€ 1a0 nén hat nhin B,
Do tuong tdc manh gilta céc¢ nucleon, ning hrdng kich thich ciia hat
nhin hdp phin E, = g, + S, dudc phan b6 ddu cho Z + N + 1 nucleon ciia hat
nhin C, do 46 mdi nucleon ¢6 nang lugng E = T% Néu E < S, thi qué
trinh phin b8 ning lwdng lai ti€p dién cho dén khi nao mét nucleon nio dé
¢6 nang lugng 1dn hon S, s& duge phdng ra. S3 rat 1dn cde hanh déng phin
b3 lai ndng luong nhw viy chinh 13 nguyén nhin cd ban clia viée @ng dung
gid thuy&t Bohr, titc 1a qu4 trinh phin ri hat nhin hdp phén khéng phu thudc
vao qud trinh d3 tao nén né.
Nhu vy, diéu kién d€ gia thuy&t Bohr dudc thue hién la-
€,+8

L << Sy, (3.90)

Do S,=8,=8S nén:
E.<<(A-1)S (3.91)
Nang lugng cin thiét d€ téch cdc nucleon ra khéi cdc hat nhin phu
thuge vao s6 khdi lugng A cda hat nhan, loai hat nhan (chin-chfn, chin-18,
1¢-1¢ ). Song trung binh ¢6 thé coi S = 8 MeV. Thong thwing, didu kién
(3.91) dugc thaee hién khi
£, < 50 MeV {(3.92)
v A > 10. Khi ning lugng €, ciia hat vao bé, thi nang lugng kich thich ciia
hat nhdn hop phan E, = S = 8§ MeV. Nhu viy:
8 MeV < E, < 60 MeV (3.93)
Tuy nhién (3.93) 1a di€u kién can nhung khong phdi 1a di. Didu niy
c0 nghia 13, ngay khi cdc di¢u kién nay théa min, phin ting khong nhat thict
x4y ra theo cd ché phdn ing hat nhan hop phdn ma 6 thé x4y ra theo ¢ ché
trye ti€p hay cd ch€ trwde cdn bing, va n6i chung 1a 8 hop cdc cd ché phan
ting ta da bi€l. Mt trong cc 1ap ludn d€ ching minh diéu d6 dya trén
nguyén 1y Pauli. Trong phép gin diing bic nhat, ¢é thé coi hat nhin nhw mot
hé gdm A hat nucleon, mai hat nm & mot trang thdi hegng ot nio 6. Khi do

117



tdc d6 truyén nidng lwgng twr hat nucleon vao cho cdc nucleen hat nhin sé
nhd hon t8c 46 truyén duge dinh gid theo tiét dién twong tic nucleon -
nucleon ty do. D6 14 do cdc nucleon trong hat nhin ¢6 thé chi€m thém ning
lwong chi khi ching chuy&n dwgc lén cdc trang thdi rdng phia trén, ma da s@
cac trang thai gin ching déu bi chi€m ci. Do d6 quing dudng tv do trung
binh ciéia nucleon vao kh4 18n va khéng x4y ra sy phin bd lai nang lugng.
Tuy nhién, rat khé ddnh gid dugc 13 k&t ludn ndy ding d&€n mic ndo d8i vdi
cdc hat nhdn thyc.

Vé phuong dién thuc nghiém, ngudi ta tim cdch chifng minh su ding
din ciia gid thuy&t Bohr vé sy ddc lap clia qud trinh phan rd hat nhin hgp
phin d&i v4i qud trinh tao nén né. Céng trinh diu tién do S. N. Ghoshal thue
hién nim 1950, trong d6 ciing mot hat nhin hop phan Zn™ & ciing mét ning
lugng kich thich dugc tao nén nhd cic phdn ¥ng khic nhau

Ni* + a - Zn® (3.94)

- Cu® + p - Zn*™ (3.95)
va xem xét cdc hat nhin hdp phin nay c6 phin ri giéng nhau hay khéng. Do
sif khic nhau v& ning lugng gifta cdc hat nhdn Ni* va Cu®, ning luong clia
hat o phdi 16n hon ning lwgng proton 7 MeV, khi dé cdc hat nhdn hgp phin
¢6 cing mdt nang lugng kich thich. Hat nhan hgp phdnp s& phén ri theo cic
kénh sau day:

Zn* - Zn® +n
- Zn* + 2n
- Cu* +p+n

Nhyr viy cin kifm tra t s& gia cdc i€t dién cdc quéd trinh (on),
(et,2n) va (o,pn) trong trudng hop (3.94) véi tf 88 cac ti€t dién cde qud trinh
(p.n), (p,2n) va (p,pn} trong trudng hdp (3.95). V6i ning lugng proton vao t
3 MeV dén 33 MeV, céc ti sd nay triing nhau trong pham vi sai s6. Nhur vdy
gid thuyét Bohr dugc chéng minh 12 ding trong thi nghi€ém nay.

Mot s6 thi nghiém khéc ciing chitng minh gid thuyé&t Bohr 13 ddng.
Ching han thi nghiém cida J. M. D’ Auria v3 cdc cdng tdc vién khéc vao ndim
1968, trong d6 nhd cdc phan dng C'* + Cu® va O'® + Co™ tao nén hat nhan
hop phin Br” va kiém tra tf s gita céc tiét dién cdc qua trinh phin ra
proton va hat o. Cdc k&t qui twong W ciing nhin dudc trong thi nghiém cia
P.Wong va cdc cOng sy nam 1970 khi tao nén hat nhin hdp phin Po™’ nhd
céc phan wng Pb?™(e,3n) va Pb?(He’,3n) hay clia B. M. Montgomery va N.
T. Porile khi tao hat nhan hop phdn 5xCe'*’ nhd cic phdn ing ssBa'**(0,3n)
va 5Ba' " (He',3n).
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3.3.2. Ti€t dién phdn ing hat nhin hgp phin

Theo gid thuy&t Bohr, i€t dién phdn tng A(a,b)B cé thé vidt dudi
dang tich s8 cla hai thiva sg :
o(a,b) = 6 (a)G.(b) (3.96)
Trong dé o.(a) 12 ti€t dién tao nén hat nhin hop phdn a + A — C con
G.(b) 12 xdc xuft phin ra hat nhan hop phin C - b + B. G(b) 1a dai lgng
khong th nguyén. Hat nhin hgp phin ¢6 thé phan ra theo nhiéu cich khic
nhau va Gy(b) 14 xdc sudt phin rd theo mét trong cdc khi ning dé. Do do,
téng cdc xdc suit phan ré cda hat C thanh cdc hat b khic nhau phii bing 1:

DG, (=1 (3.97)
b

D€ thudn tién, ta hiy xét phin wng theo kénh 18i vao o va kénh 15i

ra . Nhu vay ti€t dién phadn tng la:
¢ (0,B) = o.(t) Ge(B) (3.98)

Trong d6 o{w) 14 tiét dién tao hat nhan hop phin theo kénh o con G, APy 1a
x4c sudt phan rd hat nhin hop phin theo kénh B.

b€ dic trung cho qué trinh pbin ri ta ding khdi niém thdi gian séng
trung binh 7(E.} cia hat nbén hop phin C trude phan ra (& day d€ don gidn ta
b0 qua cdc thng s6 spin J, va chin 18 7). X4c suit phinrd 1a oXE) = 1 v

T

d6 rdng mic kich thich ciia hat nhin hop phﬁn la:

I'E,.)=

(3.99)
(E )

V6i mbi kénh phin ra B, mic kich thich ciia hat nhin hop phin c6 do
réng Fg(h ). Do d6 d6 rong todn phin cia mifc kich thich hat nhin hgp phin
bing tdng cdc d6 rong riéng pban I(E,):

NE)= Y TH(E,) (3.100)

Cic kénh phan rd Bc6 thé la phin ri ra proton, neutron, hat o, lugng
ti¥ y hay phin hach hat nhin thanh hai hay mét s3 phan. Do dé:

=T +T+T+Ty+ Iy +.. (3.101)

Xdc sudt twrong d6i ciia phin ¥ing A(o,B)B ¢6 thé bifu thi qua xdc

sudt phan ra:

rB
Gdpy= — (3.102)

Gid thuy€t vé sw doc 1ap ciia cdc qua trinh tao nén va phin r3 hat
nhin hop phin cho phép tim mdi lién hée gita cdc dai lugng I'y va o (B). Ta
hday xét qud trinh oo— B v6i tiét dién tao nén hat nhin hop phan 1a o (o) va
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. N
xdc sudt phan ra Gy(B) = —I:B— va qud trinh ngudc fai p — o vi ti€t dién hat

N . e e s I f e
nhin hgp phan 6() va xdc sudt phin ra G.(o) = ? . Nhuw viy cdc 1€t dién

hai qua trinh nay la:

os(oLf) = LG (B) va o(B, &) = 6(BGw) (3.103)
Do nguyén 1y cdn bing chi tiét (3.83), khong tinh dn spin, ta ¢o:
k.’.
oep) X (3.104)
off.a)  k;
Mat khic
()T,
o(w.p) _ 50Ty (3.105)
s(B.e) o (BT,
Do d6
r k;
Ly _oB)ky ] (3.106)
ru Uc(u)kil
r (B
Va G (B)= °.B)ky (3.107)

3T, Yok
¥

Nhu viy x4c sudt phin rd hat nhin bhgp phin theo kénh [ dudc bidu
thi qua ti€t dién tao nén hat nhin hop phin theo tat cd cdc kénh khdc.
Thay (3.107) vao (3.98) ta dudc ti€t dién phdn ing la
o (0)a (B)k;
PEXOLS

.

Trong cong thite (3.108) tét dién qui trinh thudn o{a) va &t dién
cdc qua trinh nguge 6.(B) va oy ) khdc nhau d chd, o o) xdc dinh theo
kénh o (a + A) khi hat nhan A nim & trang thdi cd bdn cOn céc ti€l dién
c(B), 6.(y) x4c dinh theo kénh B, ¥ (b + B) khi cic hat nhin B sau phin tng
nim & trang thdi kich thich. V& mit thuc nghiém, ti€l dién (o) cd thé xdc
dinh, song cdc ti&t dién nguge khong xdc dinh duge, vi vay can tish lodn theo
miu quang hoc.

Biy gid ta hay trd lai véi d6 rong mite T(E.). Vi hat nhdn hop phan &
trang thai kich thich nén no phai phén rd d€ chuyén sang trang thii cd ban.
Pd réng mifc kich thich ¢6 thi nguyén ning lugng va la phin 40 cla ning
lugng kich thich:

o(ouf) = (3.108)
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E.=E,- —;—il" (3.109)

Sy phu thudc thiti gian cla ham séng hat nhan hgp phin & trang thadi

i i
--E.t —tE, =Tt , .
kich thichcé dang e * =e " 7 | do d6 xdc sudt m hé d ning lugng
i r
. . g . Bl g e - P « ‘v [T -
E, tai thi diém t la ‘ e ” ] =e "  Xdc sudt ndy gidm theo thdi gian, md

td sy phan rd cia hé hgp phin. T¥ d6 ta o6 thdi gian séng trung binh 12
[

T=—.
I
Khi hat a 1a neutron véi ning lugng nhé hon 1 MeV, d6 rong I = 0,1
. ) B 66x107'eV. i} . .
eV, do d6 thai gian sng trv—_zwz]{) '“s. Thai gian song

I 0.1eV
nay 1dn hon nhiéu so v&i thdi gian dic trung cia hat nhan 10 s. Chinh thoji
gian sdng ldu d6 cia hat nhin hgp phin lam cho tra ng thai cia hat nhin hgp
phin khéng phu thudc vio qué trinh tao nén né.

3.3.3. Phdn itng hat nhdn hgp phin khéng cé céng hudng
3.3.3.1. Tiét dign tao nén hat nhén hop phéin

& mién niing hedng kich thich cao cdia hat nhan hgp phan thi cdc mifce
kich thich chong chap 1én nhau lam thanh mot phd lién e, do dé khdng thé
xét d€n cdc cdng hudng riéng biét duge. Khi d6 hat nhdn hop phin duge xem
xét trong khudn kh8 1y thuy€&t thdng ké véi cic gid thuyét sau day:

a) Tao hgt nhdn hop phan: Ciing gidng nhyt gid thuy&t Bohr, hat vao
v hat nhin bia tao nén hat nhian hgp phin. Hat nhan nady s&ng lau hon nhiéu
s0 vdi thii gian dac trung cda hat nhdn. San d6 hat nhdn hop phan bing cich
nay hay cidch khdc phin rd qua cdc kénh phdn dng khdc nhaun.

b) Cdec mikc cia hat nhdn hgp phdn ¢6 phd lién tuc; Hat nhin hdp
phin niim & trang thii kich thich cao vi cdc mic kich thich chdng chap 1én
nhau tao thanh mdt phd lién tuc. Sw chdng chip cdc mitc manh d&n ndi ma
v61 mdi mot ning hrgng hat vao, cé mdt si 1dn cac mite bi kich thich véi cdc
s8 lugng it cho wrwde (J, 7, ... ) va do d6 cdc s6 lugng t& ndy duge tinh nhy
trung binh théng ké theo mét s§ 16n mic.

¢) Qud trinh phin rd hat nhdn hop phdn dic ldp voi cdch tao nén no:
Qud trinh phin rd hat nhin hdp phin chi phu thude vio cdc thong sd mé td
hé nhu E, I, m cling nhu cdc tinh chit cia kénh phin rd. Gid thuyét nay cho
phép tich ti€t dién phdn tng thanh hai thira s8 theo cdng thire (3.96) hay
(3.98).
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d) Pho lién tuc cia cde trang thdi cudi: V& mbi cdach phén ra (viduy:
tan xa khong dan hdi, phdn ng v6i cdc hat tich dién, phin hach, ..), cdc
trang thdi clia hé cudi sau phin rd tao nén mot phd lién tuc ciing gidng nhu
gia thuy&t v& phé lién tuc cda cde trang thdi hat nhin hop phin. Nhu vay 481
v3i mdi cdch phédn rd, c6 nhidu kénh phan ra kb3 di ing v&i cdc trang théi
cudi cung khdc nhau.

¢) Khong cé kénh tdn xa dan hoi yua giai doan hat nhin hop phan:
Gia thuy€t nay 12 hé qud cia gid thuy&t d. Vi hat nhin hgp phin ¢6 rat nhicu
kénh phin rd kha di, nhw vdy x4c suit phéng ra hat ciing loai va ciing ning
ltgng vai hat vao 1a rat bé, cé thé bd qua dugc.

Ciac gid thuyé&t v& miu théng ké& duge minh hoa trén hinh 3.10, trong
d6 ngodi gid thuy&t Bohr néu trong cdc di€m a vi ¢, cdn yéu ciu cdc trang
th4i hat nhin hgp phin vdi cdc théng s E., J., T clia hat nhin C va céc
trang thdi hat nhan cudi chng B v8i cdc thong s8 Eg, Js, e phdi tao nén cdc
phé lién tue.

DE tinh dudc tiét dién tao nén hat nhin hdp phin theo miu thdng k&,
ngoai cic gid thuyét a ~ e, cin sif dung thém hai gid thuy&t saw diy vé cdu
tric hat nhén: '

f) Gia thuyé&t hat nhdn ¢6 dang hinh ciu c¢é bin kinh R v&i bé mit
xdc dinh. Lyc bhat nhiin gi¥a nucleon vao va hat nhin chi tic dung khi
khodng cach giita nucleon vao so véi tim hat nhin nhd hon R.

g} Gid thuy&t riing, sau khi xuyén qua bé mat hat nhén, nucleon vio
chuyén ddng vdi ddng ning trung binh E = ¢, + €, trong d6 €, 12 d6ng ning
chuy&n déng bén trong hat nhin cia nucleon, g, = 20 MeV.

Ta hdy xét twong tic cda neutron nang lugng thip 1€n hat nhan, khi
d6 séng tdn xa chd y€u la song s véi £ = 0. V6i cdc gid thuy€t noéi trén, 1€l
dién tao nén hat nhin hgp phan c6 dang:

cc=x122—i—%—=nizT (3.110)
X+
Trong d6

X+

x = kr v8i k 12 58 s6ng clda nucleon bén ngodi hat nhan, khi d6 budc
séng ciand 1a A= 1/k.
X =KR v6i K la s8 séng cha nucleon khi vao bén trong hat nhin,

K =K +k; k, :%,/2;@0 =10"% em™.

T goi 13 him s& truyén, né nhé hon | va ti€n ddn d&€n [ khi k - K.
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Theo (3.110), i€t dién tao nén hat nhan hgp phin gidm don dicu
theo ndng lugng. Vi neutron ning lwgng thip sao cho k << K, khi d6 :

o, ~3m _ comst 1 (3.112)

A 1 ] + - - » A l - w
tic 1a ti€t dién gidm khi v ting. Ddy 1a quy ludt — da trinh bay trong muc
¥
3.2.7.
3.3.3.1. Xdc sudt phén rd hat nhén hop phin

Chuing ta hdy xét qué trinh phén ra clia hat nhan hgp phin. Xic suit
phén ra dudc xdc dinh qua ti€t dién tao nén hat nhin hgp phin theo qud trinh
ngudce lai qui trinh phin ra.

ko (B)
GdB) = =iy (3.113)
2 k5o, (1)
Y

Trudc tién ta hidy xét sy phin b6 nang lwdng cdc hat bay ra sau phan
Ung. Bong ning hat vdo 1 €, va ning lwgng tach hat 2 tiY hat nhin hop phin
C=A+ala S, thi nang lugng kich thich ciia hat nhan hgp phin 12 E.=¢,+S,.
Hat b bay ra vdi ning lugng €, va nang lugng tich nd khdi hat nhan hdp
phin 13 S, thi:

E.=€,+Fp+Sy=€,+8, (3.114)
G day ta di bd qua dong nang hat nhin giat 1ui B. Nhy vay:
g =6""- By (3.115)
Trong 6 :
& ™ =g, + 8, - Sy (3.116)

la dong ndng cyc dai clia hat b khi hat nhin B ndm & trang thdi cd ban, tic 1a
khi ning lugng kich thich Eg = 0.

Theo (3.115), ¥ng vdi mbi trang thdi kich thich hat nhin B, hat b ¢cé
dong ning xdc dinh, n€u nhv Eg < £™". Do d6 phin bd ning lugng cla hat
bay ra chinh )3 phin b& cdc mudc kich thich cla hat nhin cudi, trong d6 g,
cang 16n khi Ex cang bé va dat cyc dai khi Eg = 0. § ning luong kich thich
cao, cdc mic hat nhan day dic nén ta ddng ham phan bd Gp(e)de d& mo 13
s6 hat b ¢6 nang Ingng nim trong khodng & d&n £ + de:

Gye)de= Y. G,(B) (3.117)

r<eg <e+dE
Trong d6 viéc 18y 18ng thuc hién d8i véi t4t cd cdc kénh B 6 ning
lugng ndm trong khodng de. S8 cdc s6 hang ciia téng nay dwgce xdc dinh bdi
s6 mic kich thich cia hat nhin B ¢6 ning luong trong khodng E dén
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E - dE, trong d6 E = &,™ - g5. Ta biéu thi s§ cdc mic d6 1a pa(E)de, trong 46
pe(E) 1a mat d6 mifc. Pat (3.113) vio (3.117) va chd ¥ ring miu s§ trong
(3.113) 12 tOng theo 14t ¢d cdc kénh va khdng phu thude vao g,
Ta hiy fim sy phin bd twang ddi cla cdc hat bay ra Iy(¢) de, khi 46
chi ¢An xét f 58 cla bifu thic (3.113). Do d6
Ii(e}e = const. £ o.(B) pe(&n - £) de (3.118)
e diy o.(B) = o.e) 1a ham theo ning lugng € con € ~ klﬂ.
Pé€ dinh gid ham phan bd L(e) ta hdy xdc dinh mat 46 mic p(E). Vi
s& mitc kich thich ciia hat nhan B la rdt 16n nén cé thé mé td hat nhéan kich
thich nay nhd phudng phdp théng ké. Khi dé ta ding khai niém Entropi
S(E), né hén hé véi mit dé mifc nhu sau:
S(E) = Inp(E) (3.119)
va nhi¢t do trang thii tinh theo don vi ndng lugng:
1
B(E) = s (3.120)
dE
Hat nhin 12 hé cdc nucleon, ¢6 thé duge coi nhu hé khi fermi suy
bi€n, do dé nhiét dung cia hé duge xdc dinh qua rhiét do:
C=2a0 (3.121)

Trong dé a 13 hing s6. Mat khac C = %—E- dodé E=a6’ va

=[5 - const + 220 = const + 2(aE}"”
8(E)

Do d6

p(E) =C 2ol (3.122)

Nhu vy, mit d6 mic ting theo ning lugng kich thich E.
Khodng cdch trung binh giita cic mifc 12 D(E) dugc xdc dinh nhy sau:
IXE) = L =const e
p(E)

nghia 12 khodng cdch trung binh gita cdc mifc gidm khi ting niing luong kich

thich.

2vaE (3.123)

Véi ning litgng € bé thi him S(E) c¢6 thé khai rién gan diém &™"
nhu sau:

S(B)=S(e,"™ -£) =5 (™) -¢ [_@_j =SE ey
_ 8e"™)

Do d6 p(E) =const e X&)
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£
I (€ yde = const. e 6, (£)e Cde (3.124)
Trong trudng hgp hat thit c&p 13 neutron thi 6.(g) thay ddi cham theo
nang lugng, do d6:

£
L(e)de~ e e Pde (3.125)

DAy chinh 12 phin bé Maxwell d8i vdi cdc phan ti¥ bdc hdi neutron
Y b& mat cé nhiét 6 6. Phan b nay dat cwc dai khi € = 6. Do 8 << £™* nén
phin 1dn cic neutron ¢ ning lugng nhd. Vi hat tich dién, do lyc ddy
Coulomb, phin bd ning lugng ¢é cwe dai dich sang bén phdi. Gid tri trung
binh ctia ning lugng 1a £ =20.

Trong bi€u thifc (3.125), sy phan bd s& neutron bay ra phu thudc vio
nhi¢t d6 hat nhidn cudi 6(e™"). Viéc dua vao khéi niém nhiét d6 c6 thé gidi
thich nhw sau. Khi hat neutron vio cling v&i hat nhan bia tao nén hat nhin
hdp phén bi kich thich cao. Ning lugng kich thich ¢6 thé xem nhwv nhiét nang
truyén cho hat nhdn khi neutron va cham v@i hat nhin bia. Sy d&t néng hé
hgp phin din t6i sw béc hoi cdc neutron hay cdc hat khic. Khi d6 ¢6 SU can
bing nhiét ddng giFa hat nhan bi d6t n6ng va hoi bao hoa ncutron, Khi cin
bang nhiét ddng, s6 cdc neutron bc hai va ngung tu trong mdt don vi thei
gian Ia bing nhan. Ngoai hat nhén, c4c neutron cé mat a6 bé, do d6 phin bo
ning lugng cua ching chinh 1a phan b8 Maxwell. B8 vdi cic hat tich dién
hd th& Coulomb ngin can cdc hat ning lugng nhé vi viy phd ning lwgng sé
dich sang viing ning lugng Idn.

BE xdc dinh dugc nhiét d6 hat nhin 8, cdn x4c dinh mat d6 hat nhén
p(E) hay khodng cich D giita cdc mifc. Mit d§ hat nhan dudc xdc dinh khi
nghi€n citu phé cdc hat thit c4p trong phdn Ung. Vi du d& xét cdc me kich
thich & viing nang Wwgng MeV, ta ¢6 th€ diing cdc phin ing (n, ¥) hay (p, 7).
Khi d6 vang nang lugng kich thich dat t3i c3 6-8 MeV, 1a niang logng tich
nucleon ra khéi hat nhén hgp phin. Dya vao cdc phd thuc nghiém d6i véi
cdc hat nhéin 1é nguti ta xdc dinh dugc cdc théng s6 C va a trong biéu thifc
(3.122) d6i véi cdc gia tri A khéc nhau (Béng 3.1).

Nhi€t d6 hat nhan dugc xdc dinh theo E theo cong thitc

6(13):\{E (3.126)
a

Thay cdc gid tri a vao (3.126) ta nhin dudc cdc gia tri &(E) & nhitng
gid tn E = 5;10;15 MeV (bang 3.2). B€ x4c dinh nhiét @§ dac trung cho phan
bd Maxwell clia cic neutron bay ra, cin dit E = €™ Theo bing 3.2 ta thiy
nhiét d6 hat nhdn d6i vdi cdc hat nhan trung bioh va ning vio ¢ 1-2 MeV,
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trong lic €™* ~10 MeV. Do d6 da s8 neutron phéng ra ¢6 nang lugng rit bé

so v&i nang lugng cyc dai khad di ¢hinh 3.11).
Bing 3.1. Céc thdng s& C va a d6i vét cOng thifc mit dd mie (3.118)

vdi Alé.
A a MeV'! C MeV'!
27 0.45 0.5
63 2 0.3
115 8 .02
181 10 0.01
231 12 0.005
Beng 3.2. Nhiét 456 hat nhin 8(E) MeV d8i v6i cdc gid ti E va A
khic nhau. .
A 25 55 115 181 231
E
MeV) |
5 33 1.6 0.8 0.7 0.6
10 4.7 2.2 1.1 1.0 0.9
15 5.8 2.7 1.4 1.2 1.1

Tlh(e)

>

max
E

|
Ep

Hinh 3.11. Phd ning lwgng cdc neutron thit cip khi phin rd hat nhin
hdp phin.

Bay gis ta hiy xét mot cdch dinh tinh sy phin bd géc ciia cdc hat thi
cip trong trudng hop khong k& d&€n dnh hudng clia spin cdc hat tham gia
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phdn Wng. Khi d6 momen quy dao ¢ la dai lugng bao toan vi né tring vdi
momen todn phin cta hé hat nhin hgp phan I = ¢, Momen quy dao cla hat
vao trong trudng hdp gin ding ¢d didn 13 L = [HxT], do d6 L vudng goc
vdi phudng bay ciia chiim hat. Vi viy hat nhin hgp phan ¢6 momen 10an
phin J vubng géc véi phudng bay clda chim hat vao. Phudng cia J duge
bdo toan trong phdn ttng. Do phan ra la qud trinh ngdu nhién nén cac hat bay
ra phdi 461 xdng qua J, vi khi d6 tSng hinh chi&u cic dong lugng p cia cdc
hat thit cAp 1&n phuong J phdi biing 0, ttc 1a Txp = 0 dé€ bao toan tink chin
1€. D6 1a do J.p la dai lwong gid vé huong (T gid vects, P vectd), dai lugng
nay khdc khong s& din t6i hién twgng khdng bao toin chin 1é. Nhy vay phin
b& géc ciia cdc sin phim phdn ng Id d8i xdng qua géc 90" so vdi phuang
chiim hat vao.

3.3.4. Phan 'ng hat nhan hgp phdn céng hudng

3.3.4.1. Tiét di¢n phin ting va tdn xg cong hudng

Trong céc gid thuyet d va e cia miu théng ké, ta di coi hat nhén
cudi ¢6 ph ning Iuwgng kich thich lién tuc va xdc suit xdy ra kénh tan xa
dan héi bé ¢6 thé bd qua dude. Gia thuy&t nay chi ding khi ning lugng hat
vao Ién. Khi ning lugng hat vao bé thi cdc gid thuy&t nay khéng théa min
va xuilt hién cdc cdng hudng trong tiét dién twdng tic.

Trong phdn itng hat nhan hdp phin cdng hudng da chitng minh dugc
ring cdc i€t dién phin Wng va tin xa dan hdi cé dang:

r.r

G, =mX ¢ '] , =T+ I, (3.127)

(e—e Y +—T

4

O =47 [A +A,|° (3.128)

1

_l"e ,
A, :K——;—i—; Ap =XKe"sinx; x=kr

s~80+51"

Trong d6 € 1a nang lugng hat bay ra, €, 12 nang lugng cing hudng,
khi £ = & thi c4c ti€t dién dat gid tri cwe dai. T 1a d6 rong cdng hudng toan
phin cdn I va T, Ia cdc d6 rong riéng phin d6i véi kénh tdn xa dan hdi va
kénh phin ng. Trong (3.128), A, goi I bién do tdn xa céng hudng con A, la
bi€n 40 tin xa th& vi A, chi phu thudc vao ban kinh R va ning lugng chuyén
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d6ng twong d8i ma thdi. VEi nang lugng £ xa g, tic 14 xa viing cdng hudng
thi A, bé, do dé

() =4 | Ap|* = 4K sin’x =~ 4R’ (3.129)
O gin nang lugng cong hudng, bién do tin xa cong huwdng idn hon

nhidu so véi bién d6 tdn xa thé, do d6:
(G, ), = A e (3.130)

(e—ar)2 +ll“2
4

Cic cong thite (3.127) va (3.130) goi 1a cdc cong thic Breat-Wigner
d8i véi mot mite cong hudng doc 1ap.

Tiét dién tan xa dan hdi cla neutron & viing xa ¢ng hudng dat gid
tri 47R°, cdn & ghn cdng hudng, theo (3.130) dat cyc dai, khi & = &, 1a
G, = 4>, Tai viing gan cong hudng c6 sy giao thoa gilta hai bién db tin xa
cong hudng va tin xa thé, nén dang cong hudng mat tinh d6i xdng {hinh
312
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Hinh 3.12. Ti€t dién tén xa dan hdi clia neutron gin cong hudng.

3.3.4.2. Vi du vé phdn ving cong hudng qua giai dogn hat nhén hop

phén
P& 1am vi du, ta hiy xét phan tng cdng hudng:
p+:Li’ > a+0+173 MeV (3.131)
Phin ing nay thdng qua hat nhdn hgp phan «Be®, thé€ Lién trén hinh
3.14. :
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Hat nhin 4Be® c6 mé1 s8 mite kich thich thip v6i ning lugng, spin va
dd chin 1é duge néu trén hinh 3.13. Hat nhidn ,Be® phan £a thanh hai hat o
va gidi phéng 0,1 McV:
Be* 5 o+ o+ 0,1 MeV (3.132)
Nhu vdy trang thdi co bin cia ,Be® ¢6 thé coi nhu mdt cong hudng
trong tan xa cda hat o 1én hat o:

o+o—4Be’ 5+ (3.133)
18,2
\S“ +

«Be ”’S — 17,3 MeV

16, p +4Li
aBe" 2.9 2"

Q 100 keV
4Be o+

Hinh 3.13. Ph& cdc mitc thip clia hat nhan Be®. Vach ngang dai 1a ning
]u’dng ngu’ang v3 hat nhin (Be® thanh hai hat pvaLi". Pudng o + @ 1a hiéu
s0 clia nang lgng tinh hai hat o va trang thdi cd bin clia hat nhan ,Be®.
Theo tinh wdn 1§ thuy&i thi thdi gian séng cia Be* vao khodng
1072

1= 10" s do dé do rong mic cong hudng vao khodng I'= — = D erg =
T

10 ¢V, nghia 1a rdt bé nén dinh cong hudng ndy khéng [he quan sdt dugc.
Ngugc lai, trang thdi kich thich thit nhat, ki hi¢u 1a ;Be™ vdi ning lugng
2,9 MeV 6 d) rong I' = 0,8 MeV. Cong hudng nay xudt hién ra't ré trong t4n
xa dan hdi o - o

Ta hdy quay lai v6i phdn itng (3.131). Trén hinh 3.13 trang thdi hé p
+3Li" & mtc nang lugng 17,3 MeV so vdi hé o + ¢, do dé ning ludng cia hé
p+:Li’ bang 17,3 MeV - 0,1 McV = 17 ,2 MeV so véi trang théi cd bin ciia
Bc”. Nav vay trang thdi kich thich 17,6 MeV, ma ta ky hiéu 1 Be'™, 1a
muc kich thich thi nhat cia hé p + sLi’ vdi ning lwgng 17.6 MLV - 17,2
MeV = 0,4 MeV va ¢4 d6 réng " = 0,2 MeV. Mitc kich thich 4Be™ khéng
thé tryc tiép phdn rd thanh hai hat & do quy ludt bdo toan momen. Cu thé ia
hé& hai hat o c6 spin va dé chdn 1& bing 0%, 2+, 4%, .. trong khi d6 spin va do
chdn 1é cia mic 17,6 MeV 1a 1*. Mitc ;Be* phén ra theo so db sau day:
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o+

Be* +y

p+5Li" - Be*r < (3.134)
Bet+v

o+

3.3.4.3. Cdc phin iing (n,n) va (0,9

Céc qué trinh (n,n) va (n,y) trén cdc bat nhin trung binh vd nang Id
céc phdn dng cong hudng quan trong trong thyc t&. Tiét dién qué trinh chi€m
phéng xa (n,y) trong mién ning lugng tir 0 d€n mic cong hudng thip nhat c6

1 . .
dang — cdn trong mién 1an can mdi cdng huwdng c6 dang:
v

2 rﬂr?
Oay = TRy ———To— (3.135)
(e—-¢,) +1r2

Ti€t dién qué tinh tin xa dan hdi (n,n) trong mién lan cin mbi cong
hudng c6 dang:
FZ
Om =Thn' 2 (3.136)
(e—g,)" + % r’

Tiét dién toan phdn o, bing téng i€t dién cia hai qud trinh trén:

o, = TR, r,r (3.137)

(e—e ) + Tpe
4
Ta hay xem xét cac dd rong bidc xa I'y va do rong neutron I',. DP9
rong [Ty it thay ddi theo nang lwgng neutron vao va bing I'y = const = 0,1 eV,
twong ng véi thai gian séng cda mite cfng hudng © = 10" s. Khi chuyén d&n
cdc hat nhin nhe thi I, = 1 eV. Do rong I, t & v6i van tdc neutron vao
T, ~v, Do d6 &tit cd cdc hat nhin c6 mién vin t&c neutron rit bé thi
T, << [, nghia 1a § mién d6 qud trinh chi€m bifc xa cd xdc suft cao hon tdn
xa dan hdi. Nhi viy bifc tranh tudng tdc ciia neutron v§i hat nhdn nhy sau.

Khi ning lugng neutron vao rit bé thi qud trinh chi€m bitc xa d6ng vai trd
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chd y&u. Khi ting ning lwgng neutron thi bt diu ting vai trd tan xa dan hdi,

va n6 s€ d6ng vai rd chinh & mién ning lvong cao.
3.3.4.4. Gidi han trén ciia mién ndng lugng cé phin dng céng huéng

Ngodi 46 rdng toan phan I' ngudi ta con ding dai lwgng D 1a khodng
cdch gitia cdc mitc chng hudng. Bifc tranh cdng hudng con r6 rang khiI' < D.
Nhu viy d€ xac dinh khi nao hét ving cOng hudng cin phdi xem xét sy phu
thude cita cdc dai lwgng I'va D vao s6 khéi ludng A va ning lugng kich thich
E ctia hat nhén.

]
Khodng cich D = —, trong d6 p 12 mit d6 mic, dugc xdc dinh theo
p

biéu thirc (3.118), p(E) = C e2V2E y4i c4c hing s6 C va a duge din ra trong
bdng 3.1 d8i v4i cdc gi4 tri khdc nhau cia s khdi hgng A. TX bdng 3.1 ta
thiy ring, ching han, khi A=27 thi p(E) = 10 d6i v6i E = 5 MeV va
PE)=90d6i v6i E=15MeV. Khi A = 18] th ME) = 1,8.10° 45i véi
E =7 MeV va p(E) = 410" d6i vdi E = 15 MeV. Con dd rdng mic vé
trung binh ting theo ning lwgng E nhung ciing v& trung binh gidm theo s&
kh&i Iwgng A. Theo bitc tranh nay thi khé dy dosn I3 6t mdfc nang lwgng kich
thich nao cic cong hudng s& chdng chip nhau. Mot cich gin diing c6 thé néi
ring d6i v6i cdc hat nhan trung binh vi ning thl cic mic cdng hudng sé
chéng chip nhau khi neutron vio cé ndng lugng cd vai MeV. Béi véi céc hat
nhin nhe thi gidi han ning lugng niy thap hon.

3.4. PHAN UNG HAT NHAN TRUC TIEP

3.4.1. Diéu kién xdy ra phin dng hat nhin tryc ti€p

Khi hat vao c¢6 ning lwgng E, khdi lugng m va hat nhin ¢6 khéi
lugng M thi bude s6ng clia hat vio dude tinh nhu sau:

%= %2 ) (3.138)
M
Trong d6 theo (3.42) ta c6 p* = ——E ~ 2mE: p= M _
m m+ M
BuGe séng A phu thudc vio ning lugng I%nhlf sau
n=2210 (3.139)

Trong d6 E dugc tinh theo don vj Me:‘\7/E
Khi E =10 MeV thi X = 0,510 cm << R, vdi R 12 bén kinh hat
nhin. Nhu viy budc s6ng hat vao rat bé so véi kich thudce hat nhan. Vi viy
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hat vao ¢ thé nhin thi'y ting nucleon hay titng nhém nucleon mdt trong hat
nhin va twong tdc xdy ra khéng phdi véi hat nhin todn bd ma vdi céc
nucleon néng hiét hay véi nhém cdc nucleon. Tuong rdc nhu vay goi la
tuong tac true ti€p, né khong di qua giai doan hat nhan hop phin. Vi du phaa
ng A(n,n’) A" nhusau :
n+[n +(A1)]on+n +(A 1) 5o +[n+A1)] >0 + A
{3.140)
Cdc phdn itng tryc ti€p diw tién duge nghién cifu & 30 - 40 MeV nhu
(n,n’), (p, p°). (n, p), (p.n), (p,d) va (d,n), (d,p) va sau d6 vdi ndng lwgng ldn
hon (p.2p), (p.pn), (p.d, (p,T?‘), (p.H?), (p, @), ... Vicdc phdn ¥ng ndy khong
di qua giai doan hat nhéin hgp phin nén ¢6 thé coi hat vao ciing nhit hat ra
khéng bi hdp thy trong hat nhan, nén phan fing xdy ra d bé& mat hat nhén, tic
1a va cham xdy ra vdi nucleon hay nhém cdc nucleon lién k&t y&€u vdi hat
nhan. Do d6 ngudi ta cdn goi phdn ¥ng true ti€p 12 phdn Wing trén bé mat.

N(EY o(mbarn/steradian)
200
160
120
80
40
l -
02z 4 6 8 10 12 14 0 20" 40° &0° 80 100 120° 140° 160" 180°
: . g
2) E (MeV) b)
oimbarn/steradian}
400
200 [
100
1 1 1 | | 1 1 Ll 1

0 20" 40° 60 80" 100" 120" 140° 160" 180°
e
c)
Hinh 3.14. Phan bd nang lugng va phin bd gdc cla neutron bay ra
trong phan ing xBi*(n,n’) xBi*".



V6i néng ludng ¢8 hiang chuc MeV thi khé cé thé phin biét 15 rang
phdn ing hat nhin tewe ti€p v6i phén Wng hat nhin huop phin. Vi dy, trong
phdn ing wBi*”(n,n’) 1:;Bi™ khi nang luong neutron vio cg 0,5 - 4 MeV thi
phan bé ning lwgng cla neutron ra 6 dang Maxwell va phan b8 géc la ding
hudng (hinh 3.14¢). Nhu vdy & mién ning wong nay phin Gng xiy ra qua
giai doan hat nhan hgp phin. Vi ning ltgng neutron vao trong mién 4-12
MeV thi phin bé ning lugng hat neutron ra gbm hai phin, phin ning luong
nho tudn theo phin bd Maxwell con phan ning lugng 16n c6 dinh & gin nang
lugng 9 MeV (hinh 3.14a). Phan b§ géc chi y&u v& phia triede (hinh 3.14b),
Chinh phan b8 nang ludng v6i dinh tha hai vi phin b& géc vé phia trudc thé
hi€n co ch€ phin wng tryc tiép.

3.4.2. Céc tinh chi't cd ban ciia phan ung hat nhin trire tiép

T ndng hidng E =~ 20 + 30 MeV rd 1én twong tic truc iép x4y ra
véi xdc sut 16n. Pac diém cla né

- Phiin b3 theo ning lugng cla tigt dién philn #ng tryc tiép c6 gid i
16n & mién ning lugng hat ra 16n. Trong léc dé theo miu thdng ké thi phén
b& ¢ dang Maxwell, tifc 13 tiét di¢n 16n & mién ndng lugng nhd va rit nhé &
viung nang hrong 16n.

- Phdn bS goc ciia cdc hat bay ra chi y&u hdng vé phia trude, didu
nay khdc rd rét véi phin b§ géc theo min thong k&, & d6 phin b& géc 1a d6i
Xing trurdce - sau.

Ching ta hay gidi thich bdn dinh lugng hai tinh chit néu trén clia
phdn tng tryc tiép.

a) Phdn bd ndng lugng ciia hat bay ra: C6 thé hinh dung cd ch€ phin
Ung tryc ti€p nhy mink hoa twén bink 3,15 d61 véi phan ing A(n,p)B. Ngudi
ta gid thuy&l ring hat nhdn A gdm mét 15i (A — 1) va proton chuyén dong
h&n ngoai 161, wre 1a A = (A —1) + p. Cling twong tr nhir viy B = (B-1)+n.
Do ¢6 ning lwgng ¥n nén neutron vio ¢6 bide song bé han kich thude hat
nhdn va né “nhin thiy” proton nim ngoii 15 (A — 1) va twong tic véi proton
nay. Proton nay 1A mét gid hat, chuyén dong bén trong hat nhdn trong trang
thdi lién k&t véi 16i (A ~ 1) va vdi dong lwgng phir b theo hinh Gauss ung
quanh mdt gid tri trung binh nio d6. Nhy vy phdn 1fng hat nhdn tryc tiép
n+ A - p+B dugc thay bing phén ng n + <p> — <n> + p. Phin b3 ning
lugng cia proton tuan theo déng hoc qud trinh tin xa, nfc 3 ddng ning va
déng ludng phu thude goc bay nhy d3 trinh bay trong muc 4.1.3. Trong muc
3.1.3 chiing ta gi6i han bai todn t4n xa khi hat bia ddng yén con & diy hat
bia <p> chuyén déng véi dong lugng xung quanh mot gid tri trung binh, vi
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vay dong lugng proton bay ra khong phdi la ham denta ma ¢ mot phin bd
gin véi hinh Gauss.

b} Phin b goc ciia hgt bay ra: Ching ta cung ti€p tuc phin tich phin
itng A(n,p)B theo cd ch& néu wén. Do gid hat <p> nim ngoai 161 (A — 1) nén
c6 thé coi phdn ¥ng n + <p> — <n> + p xdy ra trén b& mit hat nhdn. Goi p,
vad p, 1a dong lugng cia neutron vao va proton ra thi momen ddng lugng clia

cic hatnay 1a R xp, va R X P, , rong d6 R la vector bdn kinh hat nhdn. Gid
s ring p) = pz thi hiéu s& hai momen ddng ludng nay bing
AL = 2p,Rsin(0/2) (3.141)
Trong d6 € 12 géc bay ra cia proton. AL chinh 13 momen dong ludng
truyén cho hat nhan nén néu céc hat nhin A va B ¢6 spin J5 v J thi ching
phii twdn thi quy tdc chon lua sau day:
Ta+Js2 AL 21, - T (3.142)
N&u d6 chin 1é cha cichat Ava B giéng nhau thi AL nhin cic gia
tri chdn con néu d6 chin 1& cda cdc hat A va B khéc nhav thi AL nhin cic
gid tri 1¢. Ta hiy x¢ét diév kién don gidn nhat khiJa =g = 0" thi AL =0 do dé
§ = 0. Trong c4c trwdng hop khdc, khi AL = 1 ta c6 8 = —hﬁf—: 10°. Nhu vay
P
céc goc bay ra khd bé va phin b6 géc cla hat bay ra vu ti€n vé phia trudc.

3.4.3. Céc phan ¥ng tryc ti€p phd bi€n

Phan ng hat nhin tryc ti€p thudng gdm cic loai sau ddy

a) Phdn ing trao doi: Day la cdc phdn ing tdn xa dan hoi (n,n),
(p,p) hay céc qué trinh (n,p), (p,n). Phén ing A(n,p)B xdy ra nhu thé
hién trén hinh 3.15a. Hinh 3.15b 14 gién dd Feymann vdi hat trao déi
12 gid hat meson .

: n
n H ./v p
O . E p
o :, @ 1' <t
. i ) A B
Trude phan ng ! Sau phdn Ung
a} b)

Hinh 3.15. a. Co ch& phan ting trao d8i A(n,p)B; b. Gidn d6 Feymann.
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b) Phdn dng chiém: Day 13 cdc phin ng ma nucleon vao chi€m
thém mot hat trong hat nhin dé€ tao nén hat bay ra 16n hon, vi du cdc phan
ing (n,d), (n,t), (n,0), (p, ), (t, o), ... Hinh 3.16 minh hoa phén ¥ng chiém
A{n,d)B.

n E d /' 2 d
O i
i t<p>
i B i'
i A B
Trude phan ng Sau phdn wng
a) b)

Hinh 3.16. a. Cd ché phdn ing chi€m A(n,d)B; b. Gidn dé Feymann.

¢} Phdn dng nd: Piy 12 phin tng ma hat vao c6 tif hai nucleon trd
1én, khi tuong tdc vdi hat nhan A thi bj ng ra va nhudng lai cho hat nhin mét
vai nucleon, s8 nucleon con lai bay ra ngoai. Vi du nhu cic phdn @ng (d,p),
(d,n), (He>.d), ... Hinh 3.17 minh hoa phdn ting A(d,p)B.

d

Trudc phidn dng

W
g A
=
A

Sau phén Gng

a) b)
Hinh 3.17. a. Cd ch€ phén ing nd A(d,p)B; b. Gi4n db Feymann.

d) Phdn ung dao thdi: Bay 11 phan Ung ma hat vio tdn xa dan hdi
vdi mdt hat con nim trong hat nhian A v d4nh bat hat con nay ra ngoai. Vi
du cdc phin #ng (n,d), (p.d), (n,He?), (p,He"), (p,), ... Hinh 3.18 minh hoa
phdn iing A(p,d)B.
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oy 05
O

Trudce phin ng

?
5.

Sav phdn Ung

a) bh)
Hinh 3.18. a. Cd ch& phan ing dao thdi A(p,d)B; b. Gian a3 Feymann.
3.4.4. Phan itng hat nhin tryc ti€p ning higng cao

Da s6 cdc phin ting hat nhin trye ti€p x4y ra trén bé mit hat nhdn
khi nang lugng hat vio dudi 100 MeV. Khi ning lvgng hat vao 1dn hon 100
MeV thi bGc séng ciia 6 rit nhé so véi ban kinh hat nhin nén né c6 thé di
sdu vdo bén trong hat nhin va gy ra cdc phdn dng sinh hai hat (p,2p),
(p.op), ... Khi 46 céc nucleon khong chi duge ddnh bat ra tif b€ mit ma con 1
bén trong hat nhin.

do/di AE)
i o 0
o °
o <5 o
t R ! 1 i
60 50 40 30 20 1¢ 0

AE(MeV)

Hink 3.19. Phin bo nang lugng clia proton ra trong phin ing 3016(p,2p)7N]5.
Géc giifa cdc proton ra 13 6 =38,7". AE ]a ndng lwdng truyén cho hat nhin
N'. Céc cuc dai Gng vdi nang lugng lién k&t clia proton § cdc trang thdi
1pin (AE = 12 MeV), 1psn (AB = 20 MeV), 151 (AE ~ 45 MeV).

Nhu mot vi du ta xét phdn Ung 30"{'(1;),2;))—;1\115 v3i nang lugng proton
vio 340 MeV. Tiét dién phin ¢ng 6 ba cyc dai nhu minh hoa trén hinh 3.19,
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tdng ng v4i viéc ddnh bit cde proton tir cdc trang théi Ipig. Ipap va Is,.
Tiu hi¢u ndng lugng giita cdc dinh trén hinh 3.19 ¢6 thé tinh dudc nang lugng
lién k€t clia cdc proton trén cc 16p 1pin, Ipsn vA 18, clia hat nhin (O 13
12 MeV, 19 MeV va 45 MeV. Tir 1Y thuy&t miu v6 ¢6 thé tinh dude tuong
quan géc trong phdn Wng (p,2p) nghia la sy phu thude goe vao g(')c, gilta hai
proton bay ra. Hinh 3.20 minh hoa cdc sd lidu thue nghiém v& tuong quan
géc trong phin fng yO'(p,2p)N"° va céc dutng cong tinh todn. Ta thiy ring
k€&t qua tinh todn 1y thuyét kh4 pht hgp vdi thue nghiém.

do/dQ do/dQ

300 40° 507 0 30" 40° 50" @
a b
Hinh 3.20. Su phu thude i€t dién phdn ¥ng yO'%(p,2p);N'* vao géc @ gifta
cdc proton bay ra. Hinh a: AE = 19 MeV. Hinh b: AE = 12.4 MeV. budng
lién: Thye nghiém. Pudng gach ni: Ly thuy&t véi cdc 18p Lpsy, va Ipis.

3.5. PHAN UNG PHAN HACH HAT NHAN

Phdn Ung hat nhin quan trong nhat trong cdc quéd trinh vit ly cita 1o
phin ng la phin dng phin hach hat nhin. Dudi tic dung ciia neutron hat
nhdn nguyén t& ning bi phin hach chi y&u thanh hai minh véi khéi lugng
gian bing nhau.

3.5.1. Cd ché& phan &ng phan hach hat nhan

Co ch& phdn @ng phén hach duge md ta bdi miu giot, trong 46 hat
nhin dugc xem nhu la mdt giot chat Iéng mang dién tich dudng. Giot chit
léng nay t6n tai do cdn bing lyc giffa Ivc ddy Coulomb ciia cdc proton véi
lyc it hat nhin va site cing bé mat. Khi neutron tudng tic vdi hat nhan,
trong hat nhan xudt hién sif bién dang dao dong tir dang hinh ciu sang dang
¢6 hai phdr dang qud 1é ndi v6i nhau (hinh 3. 21). Qué trinh dao dong két
thiic biing sv phan hach hat nhén, tic 13 chd ndi bi dit. Biéu kién phin hach
1a nang lugng kich thich E vuot qué nang ligng ngudng E,,, tic 1a d6 cao bd
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thé niang phin hach. B3 thé ning nay xudt hién do sy ting th€ ning trong
pha ddu bién dang, khi d6 bé mat ting va siic cing bé mat tang. Stc cing
nay ¢6 xu hudng bdo toan dang hinh ciu cda hat nhdn, 12 dang ¢6 thé€ ning
cue ti€u.

E MoV ,,
200 | " | |E
180 A N
160 :\
1 !\
120 ] \
100() 1O \ E ninh vo E¢
80 ' - \
60 : \
40 |Enjl_ .ET \“---H_
20 :_"Zir:_}.:{‘__‘j‘E___"""”_ _____
VN it P

=

Hinh 3.21. 8¢ 43 gidi phéng ning ludng khi phin hach hat nhén.

Qud trinh phan hach vé mat ning lugng c6 thé x4y ra d8i vdi cac hat
nhin vdi s6 khoi lwgng 16n hon 80. Tuy nhién trong 16 phan tng chi x4y ra sy
phan hach clia cdc hat nhin ning tir wTh?? d&n »Pu”?. Pong nang neutron,
ning hrgng lién k&t cda n6é va d6 cao bd the€ ning phén hach x4c dinh kha
ning phan hach cia cdc hat nhin cy thé, Céc hat nhin Th*?, U¥*, u#? ¥
va Pu® thudng dugce st dung trong 16 phdn ¥ng. Khi hip thu neutron cic hat
nhin niy tao thanh cic hat nhin hgp phdn Th??, U U8, U™ va Pu™ véi
ning lugng kich thich t8i thi€u bing ning lugng lién k&t cia neutron trong
cdc hat nhin d6. Néu ndng lugng kich thich nidy 16n hon ndng lugng ngudng
E,; thi hat nhin xuat phédt c6 thé bi phan hach khi hdp thu neutron v6i ning
lWgng bat k. Con néu ning ludng kich thich nhé hon ndng lugng ngudng E.,
thi qué trinh phin hach chi x3y ra khi déng ning neutron phai di 16n d€ cho
ning ludng kich thich vugt qui E,,. Trén bing 3.3 din ra cdc gid tri E,, va
niing luong kich thich E” cita neutron trong cdc hat nhdn néu trén.
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Bdng 3.3. Ning lugng ngudng E,, v ning luong kich thich E’ d6i véi
cdc hat nhin phén hach.

Hat nhan Nang lvgng Hat nhin Nang ludng kich
ngudng E,, hdp phin thich E* (MeV)
(MeV)
Th*¥? 5,90 Th*¥ © 5,07
U 5,50 U 6,77
U>* 5,75 uss 6,40
u=e 5,85 U 4,76
U 5,50 Pu’* 6,38

Ti bang 3.3 ta thdy ring, ning hudng kich thich E” 16n hon ning
lugng ngudng E, d8i v6i cac hat nban U™, UP® va U™ con d6i v6i cac hat
nhan Th*? va U™ thi E* < E,,. Nhut vdy cdc hat nhan U??, U™ va Pu® duge
phén hach bdi neutron ¢6 nang hwgng bit k¥, trong d6 ¢6 neutron nhiét, con
cdc hat nhin Th**? va U™ dugc phin hach bdi cic neutron ¢6 dong ning i6n
hon gid tri ngudng, bing 1,2 MeV va 1 MeV. Cdc hat nhan U™, U va
Pu® duge £o1 1a cdc hat nhin phin hach. N6i chung cdc hat nhin véi s6 1&
neutron la cic hat nhin phin hach, ching han cd Pu®*', con cdc hat nhin véi
s0 chdn neutron 1a cdc hat nhin c6 ngudng, gdm Th>¥?, U, pu*,

Trong thién nhién tdn tai cdc hat nhan Th**, U™ va U*®, Uran thién
nhién gém 0,714% U™ va 8 99,3% U™*. Cdc hat nhan phan hach U™,
Pu™ dudc tao nén do cic phdn ng clia neutron 1&n cdc hat nhan Th*2 va
U233.

3.5.2. C4c san phdm phén hach

Chiing ta hiy xem xé€t chi ti€t hon qui trinh phin hach U** do cic
neutron nhi¢t. Qua trinh nay khdng xdy ra theo mét sd dd ¢§ dinh nao ma ¢é
nhié¢u kénh phdn #ng, m&i kénh dugc dic trung bdi cdc manh va3 phin hach.
Trén hinh 3.22 trinh bay s8 manh v3 sinh ra, goi [a sudt ra, 451 v8i mai phan
hach, phu thugc vao s6 khdi lugng cdc manh v& phin hach d6. C4c manh va
phan hach c6 kh&i lugng A =72 - 161, trong 46 ¢6 2 nhém khdi lugng cd 80 -
110 va 125 -155 c6 sudt ra 16n nhit, chi€m cd 99%. Céc hat nhin ¢ khoi
lugng 110 - 125 chi chi€m ¢8 1%. Nhu vay hat nhin U bj phan hach cho
hai mdnh vé vdi khoi lugng khong bdng nhau, suit ra 16n nhat d8i véi hai
ménh v3 A = 95 v& A = 139. Sy phan hach khong d8i xing ndy mau thuin
vGi tién dodn cda mdv giot vi mot chit 16ng thong thudng duge chia thanh

y
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hai phan bing nhau. Tinh chit khong doi xtng trong phin hach hat nhin
dudce giai thich trong khudn khd miu vd do sy uvu tién hinh thanh cic hat
nhin vdi vo chodn day chita 50 va 82 neutron.
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Hinh 3.22. St phu thude cta s§ mdnh v3 phan hach trén mdt phin
hach U™ bdi neutron nhiét,

Cde mdnh vid phdn hach thuing cd hogt tinh § vi ching thira
neutron. Ching han cdc manh v3 %St™ va s Xe'* vai sudt ra ¢d 7%. $& khdi
lwgng clia cdc hat nhin bé&n twong dng 1a 88 va 136, vi vay 5Sr’ thira 6
neutron va s, Xe'*" thira 4 neutron.

Thanh phin cic sin phim phin hach theo cdc nguyén 1§ hda hoc
thay d8i do phin ri B. Ching han, md1 diy cdc phin rd lién ti€p nhau nhu:

Xe|4ﬂ — 3 COMU e Ba ] TR 3 La]‘lﬂ T 3 Cef4[] (bén)
(3.143)

N&u qud trinh phin hach kéo dai dé ldu v&i t5c do khong ddi thi
trong phin 16n cdc diy phan rd tao nén sy cin bing va thinh phin héa hoc
clia cdc sidn phim phin hach cudi cing s& khong ddi. Trong trang thdi cin
bing, mdt phin tf cic sdn phim 13 cdc nguyén t§ dit hi€m. Trong céc
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nguyén td khéc thi zircontum chi€m 15%, molybdenum chi€m 12%, cesium
chi€m 6,5%. Cédc khi xenon va krypton chi€m 16% Thé tich cdc khi nay khi
phin hach 1 kg uranium trong khodng thasi gian dar (¢8 4 ndm) dat tdi hon 25
m* & diéu kién binh thutdng.

Ngoai cdc midnh vd@ phdn hach, khi phin hach hat nhin ¢on cd cic
gng i y tite thdi, cdc hat B do phan rd, cic lugng td v do phin ra, cic
neutrino va cdc neutron,

Pic diém cda phin #ng phan hach U™ 1a gisi phéng ra nang
lugng E; = 200 MeV trén mot phin hach (hinh 3.21). Ning lutgng niy phan
b3 theo cdce sdn phim phan hach nhy sau (hinh 3.21):

DP6ng nang cdc mdnh vd phan hach ... 169 MeV

Nang lugng:  CleyuFe thSi oo S MeV
Céc neutron phan hach.............cocoocooio 5 MeV
CécPBdophAnti....oooovviiiiioii o, 7 MeV
Cidcydophinra................. e e 6 MeV
Cac neutrino ... e 11 MeV

Téngcong: 203 MeV

Ngoai cdc thanh phin ning ludng néu trén con cé dong gép cia
nang lugng bifc xa y ¢d 8 MeV do qué trinh chi€m phong xa (n,y). Nho viy
nang lugng tdng cong 12 211 MeV. Tuy nhién d8i véi 1o phdn tng chi quan
tim d€n ning lwgng dude bién thinh nhi€t. Ning lwgng nay vio cd 200
MeV, nghia la toan bé ning lugng ngoai ning lugng neutrino.

3.5.3. Cdc neutron cia phdn @ng phan hach

Mot dic diém khic cia phin hach hat nhan U™ 1a trong s6 cdc sdn
pham phin hach ¢6 cdc neutron. Cdc neutron sinh ra do phin hach 13 déi
wong ding luu ¥ nhil vi chiing déng vai trd quan trong trong phan ng day
chuy&n. Trong mi phin hach trung binh xu4t hién v neutron. Pai lugng nay
khdc nhav d6i v6i cdc hat nhén khac nhau va ting khi tang ning lugng
neutron vao (hang 3.4).

Céc neutron phan hach gdm 2 loai: neutron téc thdi, sinh ra tai thdi
di€m phin hach, v neutron tré, sinh ra mudn hon so vdi thdi diém phéin
hach.

Cdc neutron fitc thoi chi€m ¢8 99% trong 53 cdc neutron phan hach.
Céc neutron nay dugc sinh ra tif cdc hat nhin kich thich do trong qud trinh
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rao d8i ning luong véi cdc nucleon khic ching ¢6 ning lwgng vudt qua
nang lugng lién két trong hat nhan. Phin b8 nang lugng cia cdc neutron tic
thdi 13 phan bd Maxwell vdi thong sd dudc xdc dinh bdi ning lugng kich
thich clia hat nhan sau khi gidi phéng ra neutron, d6 12 “nhiét d3” hat nhdn T
E
1 dN a \/— 7
— = —«Ee T
N, dE v

Trong d6 N, 12 s& neutron toan phin, a 1a hing s& chuZn. Bing 3.5

din ra cdc thong s& a va T d6i v6i cic hat nhan U™, U™ va Pu*®,

(3.144)

Bding 3.4. S8 trung binh cic neutron phin hach v.

Hat nhin E, =0,025 eV E, = 1,8 eV
U 252 2,71
U 2.41 2,74
us* - 2,70
Pu*¥ 2.92 3,21

Bing 3.5. Cac thong s§ a vd T clia cdc neutron tic thoi 451 véi
U, U™, Pu™ khi phin hach bdi neutron nhiét.

Hat nhin a (MeV™?) T (MeV)
U 1,888 1,306
U 1,872 1,290
Pu** 2,121 1,333

_l ‘ﬁ, 1\#‘[(:\71

NdE

02 \\
3
0 N
\\
— \-..____::__
0 1 23 4 5 6 7 8EMeV

Hink 3.23. PhS neutron tifc thiji khi phan hach U* bdi neutron nhiét.
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Trén hinh 3.23 trinh bay phd nang lugng cda céc neutron e thai d6i
véi U™ trong khodng ning lugng 0 -10 MeV. Phin bd c6 ning lugng cvc dai
tai 0,7 MeV va nang lugng trung binh

E= l:-T (3.145)

b vdi U™, nang lugng trung binh ciia cdc neutron tifc thasi bing
E = 1,94 MeV, do d6 d don gidn trong tinh toin ngudi ta thudng coi cic
neutron tifc thdi ¢6 cling ning lugng va bing cd 2 MeV.

Cdc neutron tré chi chi€m khong qud 1% trong s6 cdc neutron phan
hach nhung déng vai trd rit quan trong trong viéc didu khién qué trinh phéan
iing ddy chuyén. Neutron tr& xut hién khi cic manh vi phin hach, chi y&u
13 cdc hat nhan iodine vi bromine, phin rd P. Hat nhin sau phén ra B co
nang hrgng kich thich dd 16n d€ phéng neutron tré. Thai gian tré ciia neutron
dugc xdc dinh bdi thdi gian séng cda méinh va phin hach phin rd B (hinh
3.29).

8 Br (55 sec) " (24 sec)
g i3
B7 * 137, »
2K X
B[y B[y
ETKr 13‘.-'Xe
STRb . I37CS
n B n B
BTSr 137 Ba
1 g, (Bén) 1 2, (Bén
(Bén) {Bén)

Hinh 3.24. Co ch€ sinh cdc neutron tr& khi phan rd Br® va ',

S6 wgng cc neutron tré trong mét phan hach bing v, trong d6 B 1
thanh phin twong ddi cia s§ neutron trd trén toin bd s8 neutron phin hach.
Céc neutron tré chia 1am 6 nhém theo chu k¥ bén ra Tip clia cic mdnh v3

&
phdn hach. Mdi nh6m duge dic tning bdi suf't ra neutron 1ré B; v6i B= ZBi

i=l
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{bing 3.6). Nang lugng trung binh cla cic neuvtron tré d61 v8i cdc nhém dude
din ra trén cdt cudi cing cda hang 3.6.

Bing 3.6. Cdc dic trung clia neutron tré dGi vdi cdc hat nhan khic

nhau.
| S8 WT”; Bix1 0 ) E,
TT (S) ERHU 235U 23‘)pu I?QTh EBRU (MGV)
1 54-56 .06 0,05 0,02 0,17 0,05 0,25
2 21-23 0,2¢ 0,35 0,18 0,74 0,56 0,56
3 5-6 0,17 0,31 0,13 0,77 0,67 0,43
4 1,9-2,3 0,18 0,62 0,20 2,2 1,60 0,62
5 ,5-0,6 0,03 0,18 0,05 0,85 0,93 0,42
6 0,17-0,27 (3,02 0,07 0,03 0,21 0.31 -
Bv = 1,66 1,58 | 0,61 4,95 4,12
i}
ZBiV
t=|
6 0,264 0,65 0,21 0,20 1,57

Theo biang 3.6, thdfi gian tré cia cdc neutron dugc xdc dinh bdi chu
ky phin td Ty, tit ~ 0.2 5 d€n ~ 55 5. Nhém Ty = 54-56 s chi y&u dwyc sinh
ra tit sy phan rd cla hat nhan Br'” cdn nhém Tp= 21-23 s chi y&€u dugic sinh
ra O sy phan ra cla hat nhian I'*7 (hinh 3.24). Ta hay xét cy the hdn sg 46
phin rd cla Be"’. Hat nhan niy & trang thai kich thich vgi thoi gian bdn rd
55,6 s va phin rd d€ tao nén hat nhin Kr*’. Hat nhin Kr"' dugc tao nén &
trang thii kich thich cao véi nang lugng 6 MeV di d€ phéng ra tic thi mét
neutron va chuyén thanh hat nhdn Kr* & trang thii bén. Ning lugng thira
khi phéng neuiron chuyén thanh ddéng ning neutron. Hat nhin Br'” dwoc goi
13 hat nhén tidn t& ciia nhém neutron tr& 55,6 s. Cling nhu vay, ['*' 12 hat
nhin 1ién td clia nhém neutron teé 22 s,

Nhu vdy, cdc neutron phin hach, ngoat phd neutron tic thifi, ¢6 hai
dic trung quan trong la s& neutron trén mdt phin hach v va s8 neutron fré
trong todn bd cdc neutron trén mdt phin hach B. Dai lugng v phu thudc vio
ning lugng, do dé né dic trung cho sy phin biét gitta 1o phdn ¥ng trén
neutron nhanh vi ncutron nhiét. Con dai lugng B khdc nhau d8i véi cdc hat
ahan khic nhau, do d6 né dac trung cho viéc phin biét giifa cdc dang nhién
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ligu. BSi v6i 1 phdn ¢ng trén neutron nhi¢t ding nhién lidu U™ ta ¢6
v =241 va [} =0,64%, uic 12 trong s8 neutron phin hach ¢6 0,64% neutron
tré& v 99,36% neutron tic thai.

Trong 15 phén Wng, sudt ra neutron tr& hidu dung By = £ B> B, trong
dé £ > 1. Bitu nay duge gidi thich nhy sau: Trén bing 1.5 ta thdy ring nang
lwgng trung binh cia cdc nhém neutron wé tix 0,25 MeV dén 0,62 McV, nhd
hon ning hrgng trung binh cla cdc neutron tic thisi, vio ¢d 2 MeV. Do dé
quing chay cia neutron tré trong qué trinh Jam chdm nhd hdn neutron thic
thdfi va xdc suit rd neutron tré ra khdi viing hoat dong clia 1d phin \ing nhé
hon neutron tifte thdi. Piéu dé ¢6 nghia 1a vé& mat tueng d8i, s& neutron (ré
dudc ting 1én trong ving hoat dong ciia 16 phdn ing so véi s& neutron tiic
thoi.

3.5.4. Tiét dién phdn ing phdn hach

Ti€t dién phin ng phin hach o; phu thude ning lwdng neutron gidng
nhu ti€t dién chi€m phéng xa. Trong midn neutron nhidt, i dién phin hach

i I . P .
U™ c6 dang gdn véi quy lust —, trong mién nang ludng kdn hon ¢6 cdc dinh
v
cong hudng. D6t véi Pu™ c6 mat cong hudng trong midn neutron nhiét va
- A A . . . ~ l . Prn R . .
i€t dién khdc nhiéy voi quy ludt — (hinh 3.25). B6i v6i a1 ci cic hat nhan
v

phén hach ti€t dién gidm c¢d hai bac khi chuy€n 1 neutron nhiét sang
neutron nhanh. Ti€t dién phan hach ciia cdc hat nhan Th™® va U™ o6
ngudng, bang 0 trong mién ning ludng nhé hon 1 MeV rdi sau d6 ting nhanh
dén gid tri ¢ 10 cm” va tang din theo ning luong (hinh 3.26).

o:(barn)

. A Pu?®?
X/
102 s \,\

23
\\ LT Pu #
A S
L T S
101 s LY

WA ~J*-

yzs wk ] U

P"1239
107 107 10" 10° 10' 16> 10 10* 10° 10° E(eV)
Hinh 3.25. Ti€t dién phin hach U™* va Pu® (dwdng gach néi- mién
cong hudng).
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Hinh 3.26. Tiét dién phin hach trong mién neutron nhanh.

3.6. PHAN UNG NHIET HACH
3.6.1. Kha niing tdng hgp céc hat nhin nhe

Ngoai hién tugng gidi phong nang lwgng khi phin hach céc hat nhin
ning con c6 hién tigng gidi phéng ning lugng khi két hgp cdc hat nhin rdt
nhe. Theo hinh 1.11, ning lugng lién két trung binh trén mdt nucleon ting
theo s& khdi lugng A trong mién A bé. Nhu vdy khi t8ng hop hai hat nhén rél
nhe thinh mot hat nhin ndng hon thi mét ning Iwdng bing A(e - €) dudc
giai phéng, trong d6 A 1a s3 kh6i lugng tdng cdng ciia cdc hat nhin duge
téng hop, € 1a ning lugng lién k&t trung binh trén mdt nucleon dd1 v6i cdc
hat nhin nay cdn € 13 ning lugng lién k&t trung binh trén mdt nucleon d6i1
v6i hat nhdn sau t3ng hop. Ning lugng gidi phéng trung binh wén mot
nucleon trong phan @ng tdng hop cic hat nhin rit nhe ¢6 gid tri 1dn hon dai
lugng tuong ty d5i vai phdn dng phin hach, Grssion = Qﬁ:‘“ = %ﬁ)— MeV =
0,85 MeV (biang 3.7).
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Do ning ludgng gidi phéng trung binh wén mét nucleon 162, ning
lugng gidi phéng trong phin #ng nhiét hach 1¢n hon nhidu so vdi phdn dng
phin hach. Ching han 1 kg hdn hop c4c hat deutron gidi phéng ning hugng
9.2.10" kWh, gdp 4 13n niing lugng do 1 kg U gigi phéng (2,3.10" kWh).

Bdng 3.7. Ning lugng gidi phdng trung binh trén mét nucleon trong

phdn (ng tdng hop cdc hat nhin r4t nhe Qrission = 9——’:“—"“

Phda dng Qrusion (MeV) Qrusion (MeV)
H? + H? 5 ,He’ + n (50%) 3,25 0,8
H+ > H +p (50%) 4,03 1,0
H* + \H® - ,He* +n 17,6 3,5
p +3Li" - ;He* + ,He? 17,3 2,2
n +3Li* — ,He* + H* 4,8 0,7

3.6.2. Didu kién thyc hién phan #ng nhiét hach

Céc phdn wng trén bing 3.7 gdm hai loai. Trong bdn phin tng diu
¢dc deutron va proton 1a cdc hat ion dudng nrdng téc vdi nhau nén ching
phdi c6 ning lugng khodng 0,5 MeV d€ thing bd th€ Coulomb. Phin ing
cudi cling 13 qué trinh tweng téc ciia neutron véi hat nhin, c6 thé xiy ra véi
neutron nhi¢t. Nhi viy ¢6 thé tao didu kién cho cic phin wng (Sng hop xdy
ra nhung van d€ kh6 khin [a 1am sao cho cc phan Wng ty duy tri,

Trong phin ftng phin hach, tic dung tr duy tri do c4c neutron sinh ra
sau phan @ng thyc hién. Cic neutron sinh ra trong phdn ¥ng ndy trong tic va
phin hach cdc hat nhin uranium khdc va qué trinh nay o ti€p dién. Qud
trinh ndy goi Ia phdn @ng phin hach hat nhin diy chuyén. Mot loai phin
ing phin hach khdc khong phii 1a phin dng diy chuyén khi mdt hrgng
uranium Ién duge chi€u xa cing mét lic bdi ddng neutron cudng dé cao, d6
chi 12 mot hanh dong don 18,

Phin éng tdng hop hat nhin c6 tinh chit giéng nhu loai phin tng
khéng ddy chuyén nay. Phin iing dugc thic hién do sy tham gia dong thdi
cta mdt lugng rdt 16n céc hat nhin nhe. Piéu kién aé phdn ing x3y ra 1 cdc
hat ahén phdi c6 dong ning di 16n dé ching vugt hang rao th€ Coulomb va
ti€n lai gdn nhau vdi khodng c4ch nhé hon 3.10™ m. Khi d6 lyc hat nhéin sé
¢6 tdc dung va phdn @ng nhiét hach xdy ra.

3 khodng cdch d6, thé nang waong tic giita c4c hat deutron 13:
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e’ (1,6.107°Y e
U= — — =7.7.10" = 0,5 MeV
4me,r T 4mx8.85.1072.3.10

Nhv vay mudn ddy hai deutron lai gin nhau cin phdi tdn mdt céng
bang 7.7. 107" J hay truyén cho chiing mdt déng niing ¢8 0,5 5 MeV. Tuy nhién
c6 thé cung cap cho cdc hat deutron nang lugng nho hon 0,5 MeV vi ching
¢6 th€ xuyén qua hiang rio thé nang do hiéu 1ing dudng ngdm. Mudn chuyén
ning lugng cin thi€t d6 cho mdt s8 16n hat nhin deutron thi chi cin tao nén
nhiét 36 cao. Theo cong thite W = kT thi 1 eV tudng du’dng vdi ning lugng
cia chuyén dong nhiét § nhiét 46 gin 11400 K. Do d6 mudn cho cdc deutron
c6 ning lugng 0,5 MeV cin phdi ¢6 nhigt dd cd 10'® K. Thuc ra chi cin nhiét
dd 10°K 14 phaning nhiét hach dd xdy ra tdi. Nguyén nhin 13 theo phan bd
van ¢ Maxwell, mic du d nhiét @6 khdéng cao ldm vin ¢6 mdt sd hat ¢6
ning lvgng trung binh kha 16n d€ bio dim s6 phidn ¥ng can thi€t xay ra (hinh
3.27). Nhr viy mudn thyc hién phin Ung téng hop hat nhin phdi tao ra mo1
trwdng deutron nhiét d6 rdt cao, va do d6 ngudi ta goi la phdn dng nhiét
hach.

4 s hat

>
0 \

Hinh 3.27. P4 thi phan b3 Maxwell ciia v4n t¢ hat.

3.6.3. Phan itng nhiét hach treng vii try

Phan Wng nhiét hach 12 mot trong nhiing ngudn ning lvgng cia cic
Vi 20 vd Mat Troji. Nam 1938 Bethe dua ra gid thuy&t vé hai chu trinh
phin Wng proton-proton va carbon-nitrogen. Chu trinh proton-proton xiy ra
ph sau:

2(p+p—od+e’ +v)
2(d+p— ,He +v) (3.146)
,He* + ,He’> — ,He* +2p
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Chu trinh nay bi€n cdc proton thanh hat nhian helium va gidi phdng
mét lugng nang lugng ri't Idn:

6p — He'+2p + 2"+ 2y Q=26MeV (3.147)
Phén ng nay xdy ra vdi thti gian bénrd T, = 1.4.10"° nim. Tuy
nang lugng gidi phdng trong mdt phin Wng la 26 MeV nhung ning lugng giai
phong trung binh trén mét khdi lwgng don vi 1a rat thdp va bing g = 2
ergl(g.s). Nang lugng ndy con thip hon nang lugng gidi phéng cla cg thé
ngudi. Tuy nhién, do khéi lugng mar wdi rat 16n, khodng 2.10* g, nén nang
lrong t8ng cong clia Mat Trdi phit ra theo chu trinh proton-proton rit 16m,
wong duong véi khdi lwgng mat trdi mat di 13 4.3.10° (An/s.
Chu trinh carbon-nitrogen gém 6 phin ling, trong d6 carbon déng vai
trd chat xiic tic;
oCPHp o NPy
SNY 5 CHB ety

I:,C""+]:>—-a ?N'4+7

(3.148)
?N”+p—) O +y
{07 = NYtetyy
;N"+p—> C%+ He'
4p - He* +2e" +2v+ 3y Q=26MeV (3.149)

K&t qud 13 bSn hat nhin hydrogen tao thanh mot hat nhan helium
con hrgng carbon khong thay d6i. Phén ting nay ciing gidi phéng nang lugng
gidng nhv chu trinh proton-proton nhung c6 thdi gian dic trung bé hon rat
nhiéu T, = 3.10* nim. '

3.6.4. Phan itng nhiét hach diéu khién

Trong cdc phidn tng néu trén bang 3.7 thi phdn @ng clia deuteron vdi
triton H? + \H® — ,He* + n X4y ra véi xdc suit cao nhat, san dé dén phan
ing deuteron vdi deuteron gém \H* + H?> 5 ,He® + n (50%) va \H®> + \H* >
H +p (50%). Hai phin 1ng nay dugc sit dung chinh trong cac nghién citu
phin ing nhiét hach. Van dé co bdn phii gidi quyét treng phin @ng nhiét
hach diéu khién 13 thyc hién dugce nhiét d6 cao hang trim triéu 49 trong mot
th¢ tich gidi han chita diy deuterium hay hén hgp deuterium va tritium. ¢
nhi€t dd cao thi chat khi hodn todn bi ion héa, nghia 14 chi gém cdc hat nhan
va cdc electron 1 do. Mbi trudng chat khi nhu viy goi la plasma, 12 dang thy
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tf cia vat chat, ngoai ba dang vat Iy 44 bi€t 1a dang rin, dang 16ng va dang
khi ciia cac nguyé€n 1 trung hda.

D€ tao nén va duy tri dugc trang théi plasma ngudi ta phai gidi quyét
ba v&n d& chinh 12 tac nén méi trudng plasma § nhiét d§ hang trim wi¢u d,
nhét plasma trong mdt th€ tich hitu han va duy td trang thdi d6 trong thdi
gian dai. Ta hay xem xét cach gidi quy&t ba vdn dé nay.

a} Nhot méi trong plasma nhé we truong- mdy Tokamak

Muén gif plasma & nhiét dd cao hang trim tri¢u do khéng thé c6
mét cdi vé vat litu binh thudng nio chiu dung dugc 1au. Hon nita cdn phii
gilf khong cho plasma ti€p xiic vdi thanh binh d€ trénh trao d8i nhi¢t. DE dép
¥ng dudc cdc yéu cdu ndy ngudi ta nhot plasma bing hiéu ing nén do twong
tdc clia dong dién vdi t¥ rudng do chinh no tao ra.

Gia s ¢6 mdt chim bat tich dién chay theo mét chi€u ndo d6 (hinh
3.28a). Chiym hat tich dién nay gy ra xung quanh n6 mdt tf trudng Wiong tf
Ur truding ciia mot dong dién thing. Theo dinh luat vé tuong tac tiY thi v
trudng nay sé tic dung 1én chinh chdm hat mét luc vudng géc vdi phudng
chuyén ddng cla chim hat v hudng ¥ ngoai vao trong, Két qui 12 chdm
hat chuy&n dong bi nén lai va khong ti€p xic v4i thanh binh. Nhu vy wy
trudng bao quanh cdt plasma c6 tdc dung nh&t va 1am c4ch nhiét plasma.
Nhifng hat chay theo ban kinh t6i thanh binh s& bi tif trudng kéo trd lai.

a)

Hinh 3.28. Tac dung nén plasma cla tif truding.
a. Cot plasma; b. Thanh binh
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Tuy nhi€n khi c6t plasma bi thit hay u8n cong 8 mot chd nao d6 thi
né s& 1i€p tuc thdt lai hay udn cong cho dén khi bi dt khiic tai d6. D& khic
phuc hién wong nay ngudi ta phii gy mot tir erudng b sung doc theo cdt
plasma,

Mot phudng phip nhdt khic dva trén tinh quan tinh cda céc hat ion
dudi tic dung cia tia laser hay chiim tia ion ning. Ngudi ta tao nén cic vién
rit nh6 chita hén hop deuterium-tritium 1di b4n timg vién vao budng chin
khong. Khi vién nay dat dén tdm binh chin khong, chiu chim laser hay
chiim ion ring vio vién dé6 trong thdi gian ¢3 107" s d&n 10° s. Khi d6 hdn
hgp deuterium-tritium nhin dugc nang lugng véi mat 4o rit 16n trong thoi
gian cyc ngdn, ¢8 hang chuc megajoules trong 1.10”° ¢, né bi nén lar vai
ndng 46 ting 1én c3 1000 1in va néng dén nhiét dé cao d€ phin itng t6ng
hgp xdy ra truée khi cdc ion Kip chuyén ddng dich ra xa nhau do quén tinh
cia ching 16n.

Hai phuong phdp nhSt plasma néu trén déu duge nghi€n ciy, nhung
phuong phap binh chia 1 trudng duge sit dung rdng rai hon trong hai thiét bi
gol 1a mdy Tokamak ciia Lién x6 (trude diy) va méy Stellarator cda MY,
Miy Tokamak 1a mot nam chim hinh xuyén gdm cdc vong diy dat thing
ditng v6i budng chin khong hinh xuyén bén trong né (hinh 3.29). Dong
plasma chay trong budng hinh xuy&n va dudc gilt nhe ban than tiy tnrtng clia
dong plasma nay. Pudng sic tif trudng ciia dong plasma vudng géc vdi dong
plasma va téc dung 1én dong plasma mét tir lwvc hudng tr ngoai vio trong,
ddy c4c hat plasma vao bén trong ma khong thé dich chuyén ra ngoii quy
dao tron. Mdy Stellarator cling cé cfu tric nam chim hinh xuy&n nhu mdy
Tokamak nhung cdc cudn diy cia nam chim hinh xuyén c6 dang xodn dé
tao nén cic dudng sic tr truding ¢6 tic dung han ché cdc hat ion bay ngang
ma khong ding tif rudng ciia bin thin dong plasma. Trong hai miy nay thi
miy Tokamak dudc nghi€n cttu phd bién hon va duge 14y 1am co s8 d€ xiy
dung 15 phin @ng nhiét hach trong teong lai.

Bi&n thé

Cdc cudn day
thing ditng

Hinh 3.29. Mdy Tokamak.

151



b) Tao méi trdng plasma voi nhiét 9 hang tram triéw do

Puta mot luwgng khi deuterium véi ndng do khdng 18n vio trong mdy
Tokamak. Do sif tudng tdc clia cdc tia vii tru, mdt s6 aguyén tif deuterium bi
ion héa. Dong cdm ¥ng clia nam cham hinh_xuyén tic dung I€n cdc ion ndy,
lam né chuyén ddng, va cham v ion hda cdc nguyén ot khdc. Qua trinh 10n
héa nay tao nén chil plasma. Plasma dugc giif trong budng chin khdng nhd

ban than tf trud¥ng cla dong plasma nay nhyv di trinh bay tén.

Viéce d8t néng plasma dugce thye hién theo phudng phdp cd bin la
hiéu @ng t6a nhiét Joule-Lenz cia badn thin dong plasma. Tuy nhién dién rd
cha dong plasma gidm nhanh khi ting nhiét 45, do dé hi¢u @ng Joule-Lenz
cling gidm vi nhiét d6 cuc dai clia plasma chi dat dén ¢3 10 miéu do. Bé
nang nhiét d¢ plasma 1én hang wim widw d6 ngudi ta sif dung ti€p phuong
phéap bidn chim hat trung hda 6 ning lwgng 16n vdo plasma, goi 1a phuong
phdp NBI (Neutral beam injection). Khi vao trong ti¥ trudng, chiim hat nay bi
ion héa, chuyén ddng trong G trdng va va cham vdi cdc hat plasma, truyén
ning higng cho cdc hat plasma. Phudng phap thi hai dé ning cao nhigét dd 1a
bin séng dién tif vao plasma. C4c séng nay dudc cdc hat hip thu cOng hudng
va chiing duge gia tdc 18n, hay néng 1én. K§ thudt ndy goi la ECRH/ICRH
(Electronfion cyclotron resonance heating). Mdy Tokamak sit dung phudng
phdp d6t néng theo hiéu Gng Joule-Lenz va mot trong hai phuong phap bd

sung trén.
¢) Duy tri méi trudng plasma trong thai gian dai

b€ thi&t bi Tokamak hoat dong nhu mdt 1o phin (ng tdng hop nhiét
hach cAn phéi thyc hién hai diu kién sau day.

- Tiéu chudn Lawson: Nam 1957 J. D. Lawson ching minh dugc ring
d& 45t chay va duy tri méi trudng plasma Sn dinh thi ndng d6 plasma n
(hav/m®), thdi gian nhét plasma T (s) va nhiét 4o plasma T (K) phdi théa min
ba't ding thitc

ntT 2 5.10% keV.s/m’ (3.150)
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bidu kién (3.150) dugc gol 1a tiéu chuin Lawson.
- Diéu kién vé céng sudt nhigr hack: DE dat nong plasma cin mot
nguon ning lkgng cung ¢ip (0 bén ngoai vdi ¢ong sual Py, Khi {0 phan g

lam vi¢c ngudn ning lugng nhiét hach duge sinh ra vdi cong suat Py, Lo

phdn ifng chi lam vi¢c dn dinh va ¢6 hiéu sudt cao khi ti 86 Q = ~. 131 Idn
hoin | in
Q=Pl'ue-"|rpm >> 1 (315]}

Tren Mt Trdi plasma duge hinh thanh § nhiét d6 o3 10 tricu do va
duy tri nhd e hdp ddn. Néi chung, trén cde vi sao, didu kicn Lawson dirdc
thoa man vdi méi trwdng plasma ¢ ndng d6 va nhiét dd ril cao, nén cde
phdn dng (Sng hop nhiét hach duge duy tA. Trén trdi dat, phin #ng téng hep
nhi¢t hach khéng ty xay ra duge do nhiét d6 thap va luc hdp ddn qui bé. Néi
chung 13 khong théa min tiéu chudn Lawson. Cidc nhd khoa hoc tién hanh
cac nghién citu nhim tao nén moi trudng plasma véinéng d6 Idn va nhié1 do
cao. '

3.6.5. Ciic thi€t bi nghién cifu phdn ng nhiét hach va 14 phéin dng
tong h¢p nhiét hach trong tudng lai

Cic nghién citu vé phin ing t8ng hop nhiét hach ¢6 didu khién dusc
bat ddu vao nhifng nam 1940 va d€n cudi nhitng nim 1950 1hict bi thuc
nghi¢m vdi binh chifa tir trudng dwge cdng nhan réng rai. Piu nhifng nim
1960 thi€t bi Tokamak dydc Vién Ning lwgng Nguyén tr Kurchatov, Lién
X6, d¢ xudt. Nam 1968 Tokamak-3 cho théng s6 nt = 3.10' cm™.s & nhié( do
T=10"d0 va tich s6 nTT = 2.10" keV.s/m’. Nam 1970 Tokamak-4 cho thong
s6nt=6.10" cm™s 8 T = 4.10°d6. Ddu nhitg nam 1970 mot s6 thict bi
Tokamak dugc xdy dung & mot s6 nude d¢ nghién cdu 1o phan @ng nhidt
hach. Nam 1975 thi€t bi Tokamak-10 dudc x&y dyng ta1 Vién Kurchatov vdi
cong sudt 200 MW, cudng dd tir triking dén 50 kOc. thé tich plasma 5 m*.
dong plasma 800 kA, T = (12-13).10° d3, 1= 0,06-0,07 s. 0 = (7-8).10" cm *,
nt = 6.10" ¢cms, dong ncutron (4-8).10° neutron/s. Mdy Tokamak-10 cho
tich s6 ntT = 2.10"™ keV.s/m*, vin con nhd hdn 3 bic so vdi téu chuin
Lawson. Cho d&n nhitng nam 1980 wrén the gidi da ¢6 hang trim thidt b xay
dung theo nguyén tic cia mdy Tokamak. PE dat dude phan ing tong hop
duy tri théa min uéu chudn Lawson (3.150) thy nong dd ion cin dat mic
2-3.10" m", thdi gian T khodng 1-2 s va nhiét 46 T khoang 200 triéu do. D&n
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nhitng nam chin mudi cia thé ky XX, nhd cdc thi€t bi thuc nghiém, ting
thong sO riéng biét ¢6 thé dat cdc gid tri néu trén, nhung tich s0 clia chiing
chua thda man diéu kién Lawson (3.150). Tich s& ntT da tang dudc khoang
mudi tri¢u 14n nhung vAn con khodng 5 1an thip hon gid tri thip nhit trong
v€ phai bat ding thic (3.150). Cong suat do plasma sinh ra clia cdc thi€t bi
da tang hang trim tri¢u 1an va ti s& Q gan dat d&€n don vi, tic 1a cong sudt
plasma sinh ra gan bing cong sut dot néng né, nhung ti s6 nay phai ting lén
mdt bic nita mdi dat dudc phan ¥ng t6ng hdp nhiét hach duy tri.

Hinh 3.30. M6 hinh 10 phdn #ng t6ng hop nhiét hach quéc (€ thi
nghiém ITER.

Pé diy manh viéc nghién cifu 16 phdn @ng nhiét hach, mét dv an
hdp tic qudc t€ dudc thi€t 1dp nim 1985 védi viéc xay dung mdt 10 phan @ng
thit nghiém c6 tén goi ITER (International Thermonuclear Experimental
Reactor). Nhém cdc nha khoa hoc clia nudc My, Cong ddng chau Au, Nhat
Bin va Nga hdp tic nghién citu vé nguyén tic 10 phian @ng ITER va hoan
thanh thi€t k&€ k¥ thuat trong giai doan 1988-2001. Theo k€& hoach, viéc xay
dung 10 phin #ng sé& ti€n hanh trong 10 nim trong khudén khé hdp tic cla
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cdc nudc gdbm Cong ddng chiu Au, My, Nga, Trung Quéc, Nhit Bin va Han
Qudc. Sau khi xiy dung xong vao gilta thip nién 2010, 16 phin ng ITER ¢6
cdc thdng s3 nhy sau: cong suit plasma sin sinh 1A 500 MW, i s§ Q = 10,
budng chin khéng hinh xuy&n cé ban kinh trong biing 2 m vi b4n kinh ngodi
bing 6,2 m, ti€t dién ngang bling 21,9 m?, thé tich 837 m®, dién tich bd mit
plasma biing 678 m’, tit trudng trén truc hinh xuyén bling 5,3 Tesla, dong
plasma bing 15 triéu ampe, ndng 46 trung binh cda plasma biing n = 10"°m?,
nhiét d6 trung binh cda plasma bling 8,9 keV hay khodng 100 triéu 48, thdi
gian nhét plasma t = 300 s (hinh 3.30). Nhu viy 10 phdn ¥ng thuc nghiém
ITER s& thda man tiéu chudn Lawson va di€u kién v& cong sust, c6 thé san
sinh va duy tri phdn Wng tdng hdp nhiét hach rén Trii D4t

3.7.BAITAP

3.7.1. Cdc bai tip vidy

Vidu 3.1. Hat o vdi d0ng nang E, = 1 MeV tdn xa dan hdi 1én hat
nhan diing yén Li. Hiy xdc dinh dong ning ciia hat nhin giat lbi dusi g6c 6,
= 30" so véi phudng chuyén dong ban ddu cda hat o

Bai pidi.
C4c dinh luit bédo toan niing lugng va dong Iwgng (binh 3.31):
E,=E,+Ey

Py = ﬁu + pLi

—

Py

I.sLi
Hinh 3.31

Po’ = Po’ + P’ - 2 Po pui cOsBy;

2mEq = 2meEq + 2muE - 2 2m E,_ 2m E. cosby

Thay E, =E,- By, vao ta dudc:
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(mgy +my) By = \/4mumu JEUEU cosOy;

4m_ mp,
hay: B, = ————E, cos0y;
(m_+m,)
e mLi 6 O
Thay s8: E, =1 MeV ; — = —=1,5; 0; = 30" ta dudc:
m, 4
E]_', = 0,72 MeV

Vidy 3.2. Hiy tinh kh8i Iwgng nguyén ti N7, cho bi€t hiéu dng

nhiét Q =-7,89 MeV d6i vdi phin tng n + 0" —»p+ N'".

Bai gidi.
Q =m, + mo17~ M, — M, ;; = -8,89 MeV
m g =My + M, —mp+Q
= (1 + 0,008665u + (17 — 0,000867)u

-~ (1 +40,007276)u + 7,89/931,44 v
=17,00845u = 17,00845 x 931,44 MeV = 15842,8 MeV.

Vi du 3.3. Hiy tinh ning lugng gidi phéng 6f cdc phdn ¥ng sau:

a.d + H* - p + H' v6i ddng ning deutron vao E, = 1,2 MeV, proton

bay ra vudng gée voi phudng deutron vao va ¢6 dong nang E, = 3,3 McV.

b. ot + N'"* - p + 0" v6i dong nang hat o vao 1a E, =4 MeV, proton

bay ra dudi géc 60" so vdi phudng o vao va ¢é dong ning E, = 2,08 MeV.

Bai gidi.
a. Phinwngd+dop+H
Céc dinh it bdo todn ning lugng va dong lvdng:

E(‘=Ep+ EHi_Q; ﬁn:ﬁp'*'ﬁ“]

Do ﬁp 1 p, nén sz, = p,,2 + ]_:)(,2 hay 2m_, EH, =2myE, + 2myE,
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m
B, = —2E,+ L E,

H* ™~
m. m

m,

E, + ﬁED+Ep -E,

H? mH-‘

Q= EH" +Ep 'Eﬂ=

m

m,

=(1+ —2)B, - (1- —4)E,

ITIH1 . mH3

Thay sG:

m m,
A =1/3; —4 =2/3;E,=3,3MeV;E, = 1,2 MeV
m.. m. .
H H
Ta c6: Q=4 Mev
b. Phén ting o+ N* > p 4+ 0"

Céc dinh ludi bdo toan nang lrgng va déng lugng
E(1=Ep+ EO” _Q; ﬁn = ﬁp + ﬁon

- _ e 2 = 2
Po = Py = By hay po’ +py"- 2B, B, = Pgn

2m o B = 2mE, + 2mgB, - 2,2m E, [2m E_ cos8,

Q:=Ep+ Eon'Eo

L Py

m,_ My . ym,m EE
=E',+ EME“"‘ B Ep_z__u Eon COSep"Eo
mol'.' m

m : 1fm.um —
=(14 —L)E, - (1- —2)B,-2X 2P fpE " cosq,
m. m e LI

Thay s6:

m )

..._.in_; My =i;Eu=4MeV;
my,, 17 m, 17

Ep=2,08 MeV ; 6, = 60°
Tac6: Q=-1,2MeV.
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Vidy 3.4. Neutron v&i déng ning E, = 10 MeV giy phin
tng 0+ B'" — d + Be’ v6i ning lugng ngudng E,, = 4,8 MeV. Hay tnh dong
néing cia deutron trong qua trinh agugc lai d + Be’ — n + B'® v6i didu kign
ning lwgng toan phan trong hé tim quin tinh cda hai quéd trinh nay bing
nhau.

Bai gidi.
Ta hay xé€t phdn itng

tSng quita + A > b +B, 4§ ‘
diya=n A=B",b=dva E, B
B = Be’, v6i gidn 46 nang T T -
lugng nhy hinh 3.32. Tdng A Q
d6ng ning trong hé TQT & S, o
kenh vao 1a E va kénhra Iy ss| B
E.. Ta cé: v
El' = E| + Q C
Theo cdng thifc (3.39): Hinh 3.32
m m
= A _E, ;B = 2 —Eqy
mA+ma mB+ mb
Vi, —2B g, -_—TA _E Q= —A2E,-—2F,
lTIB+ mb If'l'lji,"|'l'l‘la ma+m, Il'l"\"'lfl'la
m
= ——A— (E.L - Bug)
ma+ma
m
L= —5 (B — Eng)
mg
M., 10
Thay s6: A = —B~ = 2", =10MeV ; By = 4,8 MeV
mg wm,, 9

Ta ¢6: By = By = 5,67 MeV.

Vi du 3.5. Hay tinh ning lwdng kich thich cda hat nhin He' do H*
chi€m proton véi dng niing 2 MeV.
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Bai gidi.

Phin ¢ng tao hat nhin kich thich: p + H* — He*"

Theo gidn d6 ning lugng (hinh 3.33) ta cé:

E'=E +S,+ E_. y 7

Trong d6 E, 12 ning lugng E.
tdng cong cla cdc hat vao trong B
h¢ TQT, S, 1d ning lvgng tich H? S I
P

proton ra khéi hat nhin He* con
Eue‘ 12 d6ng nang hat nhin He* -$ ——————— E

gidt Wi.

B ™ Ep=-+E,,L-§-><2MeV Hinh 3.33

m+m

Sp=mp+m_ - m

Bt
=(0,007276 + 0,016049 — 0,002604) u
=0,020721 x 931,44 MeV = 19,3 MeV

m 1
Dopp= p,.nén E,_, - E,,L=Zx2MeV
He!

+ 3 3
Viy: E = Zx2McV+ 19,3 MeV + Zx2McV=21,3 MeV

Vi du 3.6. Hay xdc dinh mit d9 théng lwgng neutron tai khoang cich
10 cm d€n ngudn kich thudc bé Po-Be chita 0,17 Ci Po*® néu sudtra
clia phin ¥ng o + Be” — n + C'? bing 8.10°.

Bai gidi.

Hoat dd cia ngudn neutron:

a=0,17 Ci=0,17 x 3,7.10"" hat/s = 0,629.10" havs

Cudng d6 ngudn neutron:

S =8.10° x a = 5.10° netron/s

Mat d9 thong lugng neutron tai khodng cich r = 10 cm 1a:
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S 5.10° neutron/s .
@ = 7 - ne;J ror: : = 4.10° neutron/cm’.s.
4 mr 47m.10°cm”

Vidu 3.7. Chi€u chdm hat proton 1&n bia sit. Sudt ra cla phdn
tng p+ Fe®® — n+ Co® 1a W= 1,2.10". Co®® phéng xa véi thisi gian ban ra
Ty = 77,2 ngay. Hiy xdc dinh hoat d6 cda bia sau thdi gian t = 2,5 h. Cho
biét dong proton vao la J = 20 pA.,

Bai gidi.

0,693

Hoat d6 phéng xa cla bia Cola:a=AN= N. Trong d6 N 1a

1/2
8 hat nhan Co*® tai thdi di€m t = 2,5 h sau khi bdt ddu chiéu.

Dong proton vao: J =20 pA = 2.10° A =2.10° C/s

]

m = 1,25.10" proton/s

Cudng do hat proton vao: N, =
Cudng dd hat nhin Co*® dugc tao ra tif phdn dng p + Fe** — n + Co™

N, =N, x W = 1,25.10" x1,2.10® = 1,5.10"" hat nhan/s

$& hat nhdn Co® sau thdi gian t 1a:

N =N,t=1,5.10" x2,5x3600 hat nhin = 1,35.10'° hat nhin
Hoat d6 phéng xa cba bia Co*® la:

L0693 069
T, 77,2% 24x 3600

x 1,35.10" = 1,403.10° Bq
hay: a=3,8 m(Ci

Vidu 3.8. Tim ti€t dién o, cla qué trinh o + Li® > p + Be’
véi Q =- 2,13 MeV, trong d6 hat o vao c6 déng ning 3,7 MeV, néu qud
trinh ngude lai p + Be’ — o + Li® c6 i€t dién o, = 0,05 mbarn. Cho bi&t spin
cichatla Jo=0,Jue =1, 1, = 1/2, Jges = 3/2.

Bai gidi.
Ding nguyén 1y cin bing chi tiét:
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olar L% >pi B’y b, P, 12l g op)

os(pt B Surliy oo pl QI 2K el 3 p)

. i, _ mom
P.=2im B+ NQgy=2 0 e by 4 M)
' M H M B
o0 Tmom,
A N S
m, l M
P MM D 1M, 90
I’.: mom k.,
I <9 3.7 (10 6y<2.13 .
= e el D L= (LOTAD
A= 0 37
8P, 8
G = T S 01S2 S 008 inharn
A, i

= 20300 mbarn = 203 thirn
3.7.2. Cde bai tap tr giai

3.1 Hat deutron khong ttdng doi Gin i dion hoi 16n hut nhan ditne

sen. Ca deatron v hat nhin bia déu bay ra dudi goe 30060 1 phitang by

cua hat deatron vao. TIon hat nhin bia 1 hat nhin gi?
3.2 Mt o khéng twong 361 tin xa dan hdi 16 hat nhan € v bav ra
dudi eée 1= 60" trong hé tdm quian tinh, Hay tink do grRtm ndng lddng Wing

dai cha hat

- . - . . - “ . L ] A

3.3 TLay tinh icu Wng nhict Q ctia phan wne p+ Li > o r He', Bicl

rang ndng Wdng licn K& trme binh trén mdi nucleon rong cic hat nhin 1.
. Py = . . .
vt e 0 5.6 M eV v 706 Moy,

3.4 Hay tinh vin tae cie hat bay ra tir pliin Gngn+ B >0 L odo
ing tac cua nentron chim vft hat nhin B dimg vén.

350 Deutron ddng nitng 10 MV g Gie v hal nhan ¢ theo
phandng d + C7 > o+ B + 516 Mey, Hay xac dini gdo gidie ciae phiting
bay i cite san pham phan ing trong han truding hep:

a) Cac hat sau phin dng bay don sing nhaw i phuetog bay cia hat

detron vipo,
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b) Hat o bay vudng géc vdi phudng bay cia hat deutron vao.

3.6. Nentron tudng tc vdi hat nhan O' tao nén hat nhan O'" § trang
thii c¢ ban. Momen quy dao cda neutron bi chi€m trong hat nhin 0" 1a
¢, = 2. Hiy xdc dinh spin cta trang thdi cdbdn cla hat nhin 0", Cho bi&t

]
spin J(O'*) = 0 va J(n) = .

3.7. Tinh nang lugng kich thich ciia hat nhan ding yén c6 khdi lugng
M khi né chi€m lugng ¥ Y ¢6 ning lwrdng hw.

3.8. M6t chiim neutron ¢é ddng ning E, = 1 MeV tin xa khing dan
héi 1&n hat nhdn Li’. Hiy x4c dinh ning lugng kich thich cia hat nhan sau
tin xa. Cho bi€t dong ning cia neutron bay ra duéi géc 90" so vdi phuong
bay ciia neutron vao bing E = 0,33 MeV.

3.9 Khi deutron trdng tac véi hat nhin C*, i€t dién dat cyc dai Wing
v8i cdc gid tri sau ddy cia dong ning deutron: 0,60 ; 0,90 ; 1,55 va 1,80
MeV. Hay tinh cdc mifc kich thich tudng ing ctia hat nhin trung gian N'S

3.10. Chidu chim deutron ¢6 ddng ning 10 MeV 1&n hat nhian Be” va
cdc nentron sinh ra do phin ¥ng d + Be” — n + B'". Hiy xéc dinh cuong do
neutron trong 1 gidy khi dong deutron vio bing 100 LA va sudt ra cia phin
{ing néi trén biing 5.107.

3.11. Suitra cda phidn Wng (yn) khi chi€un chim gamma ning
htgng 17 MeV 1én t8m ddng day d = | mm la w =4,2.10%. Hdy tim ti€t dién
clia phin ng.

3.12. X4c dinh suit ra cfia phan ¥ng (n,o0) khi chi€u chiim neutron
nhiét 1&n bia lithium ty nhién day d = 0,5 cm. Cho bi€t i€t dién phan ing
néi trén bing 71 barn vi mét 49 ciia lithium tf nhién 1a p = 0,53 glem’.

3.13. Chi€u chiym neutron cuting 4o J = 2.10" neutron/s v6i déng
nang 2 MeV 1€n ban P* diy d=1g/em’ trong thdi gian 1= 4 h theo
phdn dng n+P' >p+ Si*'. Sau thdi gian T = 1 h sau khi k&t thic chiéu,
hoat 46 ddng vi phong xa P! bing a = 105 pCi. Hiy tim ti€t dién clia phdn
Ung ndi trén.

3.14. Ding phan tng d + d — n + He® v6i Q = 3,26 MeV d€ x4c dinh
spin hat nhin He'. Péng ning deutron vio 1a 10 MeV. Cho bi€t tiét dién qud
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tinh nay 1 6; con aér dicn qui trink nguve Ll o4 Heoo s d oy 1a
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™y

315 Hay chiing minh ring GET dico alp.n) cua phin wnye thu nhid

Alp.iB & gdn npwdng phin vng U ¢ v \f”" o b trong d6 By Ty dong

i

niang hat proton via trong hé phong (hi nehicm v i:'l o ndany hugng

neudng ca phan ang. Cho bic et dicn qua winh nyrse Tai aiip b e i
I

Slrong IG5y, Lo van W neatran,
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Chuong 4

PHAN RA PHONG XA

4.1. HIEN TUGNG PHAN RA PHONG XA

4.1.1. Hién tugng phin ra phéng xa

Nim 1892 Becquerel di quan sit thiy mudi uranium vi nhlfag hdp
chit clia né phdt ra nhiing tia gdm 3 thanh phén 12 tia « (alpha), tic 1a hat
-He®, tia B (beta), uic la hat electron, va tia ¥ (gamma), titc 14 bic xa dién
nhv tia X nhung budc séng rdt ngdn. Hién twong 46 goi 12 hién twgng phdn rd
phing xa. Cac tia a, B, Y gm cde tia bite xa. Ching déu ¢6 nhitng tinh chat
nhv ¢6 thé kich thich mdt s& phidn tng héa hoc, phd hily 1€ bao, ion hoa chit
khi, xuyén thiu qua vit chit, ..

V& ban chat, hién twgng phin rd phdng xa 1a hién tugng ma mot bat
nhin déng vi nay chuyén thanh hat nhin ddéng vi khdc thong qua viéc phong
ra cac hat @, P hodc chiém electron quy dao. Dich chuyén gamma x3y ra khi
md1 déng vi phong xa ¢ trang thai kich thich cao chuyén v& trang thai kich
thich thdp hon hodc trang thai cd bin cia chinh dong vi d6. Phan ra phdng xa
¢6 thé kéo theo hodc khdng kéo theo dich chuyén gamma. Tink phéng xa phu
thuge vao hai nhdn 5, thit nh4t 14 tinh khong bén viing clia hat nbén do ti 6

~Z qué cao hoic qué thip so v6i dudng cong ré€n hinh 1.8, va thit hai 1a quan

hé khéi lugng giita hat nhin me (hat nhan trwée phin rd), hat nbén con (hat
nhin sau phan rd) va hat dugc phét ra. Tinh phéng xa khdng phu thude vao
¢éc tinh chit hda hoc va vat l¢ ciia hat nhin dong vi va vi vay khdng thé bi
thay dGi bing bat et cdch gi.

4.1.2. Quy ludt phin ra phing xa
4.1.2.1. Phin rd phong xa don gign

Khi phan rd phéng xa, 6 hat nhidn chua bi phdn ra s& giam theo thai
gian. Gid st & thdi di€m 1, s0 hat nhidn phong xa chua bi phdn rd 1a N, Sau
thiti gian dt $6 d6 wd thanh N - dN vi ¢6 dN hat nhdn da phinrd. DO gidm so
hat nhin chua bi phan ra - dN tilé véi N vadi:

-dN = ANdt 4.1
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Trong d6 hé s§ ti 18 A goi la hdng 55 phin rd, 6 gid tri xdc dinh d81 véi mai
déng vi phéng xa. T (4.1) ta duge -
ﬁ = - Ade 4.2)
N
Thuc hi¢n phép 14y tich phan cong thirc (4.2), ta ¢6 -
N = Nge™ (4.3)
Trong d6 N, 1a s6 hat ahan chwa bi phan ra & thdi di€m ban diu 1 = 0, Nla s8
hat nhdn chua bi phin rd § thai diém ¢ Bay 1a guy ludr phdn rd cia hat nhan
phéng xa.
Thai gian sang trung bink cla hat nhin phéng xa dudc tinh nhy sau:

o]tN(t)dt ?Lc_hdt

T=b =0
fN(d fe™ar
1)

0

Thay At = x ta ¢é :

Hay :
T=-— 4.4

Cong thitc (4.4) cho thiy thdi gian sdng trung birh ciéia hat nhin
phéng xa bing nghich ddo cta hiing s& phan rd. Khi thay t = T vio (4.4) ta
co:

N
N(T)=N,e*= —2 (4.5)
e

Viy T con cé nghia 12 khodng thdi gian d€ s§ hat nhén phéng xa
gidm di e = 2,72 1dn. N6 cdn dudc goi 1a chu ky phan ra.

P& phan biél duge 18¢ ¢ phin rd cia hat nhdn phéng xa ngudi ta
diing dai Wong thevi gian bdn ra T, P6 12 khodng thdi gian d€ s6 hat nhan
phéng xa gidm di mot nia. Thay t = Ty, vio (4.5) ta ¢6 -

N .
N(T,p) = —22= N, el

Do d6
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In2 0,693
Tip " . (4.6)

Vi du thdsi gian bin rd cda hat nbdn phéng xa Co™ 1a T)p = 5,27
nam, cia Cs*7 13 Tp = 30 ndm.

Trén hinh 4.1 trinh bay sy phu thudc N(t) theo thdi gian dua theo
cOng thic (4.3). Quy luit nay rat don gidn Ia ¢ff sau mot thdi gian ban rd Tip
thi s6 hat nhan phong xa gidm di con mot nifa.

T dinh nghia cda thdi gian ban vd T, suy ra riing s8 hat nhin dong
vi phéng xa N con lai sau n khodng thdi gian ban ri lién h¢ vdi s6 hat nhin

ddng vi phéng xa ban dau N, theo cong thiic sau ddy:

N 1
—_=— 4.7
N, 2
N(t)
NI)
In,
2
IN,
4
Tn
g L
i | | Lo

T 2T 3Tn t

Hinh 4.1. Quy ludt phdn ra phéng xa.

Hoat dj phéng xa 1a s phan ri cGa ngubn phong xa trong mot don vi
thdi gian :
dN
4= (4.8)
dt
Trong d6 N 13 s§ hat nhén chua bi phin ra, tinh theo cbng thitc (4.3). Nhu
vay:
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a=AN = ANge™ (4.9)

Pdn vi do hoat d6 phéng xa trong hé SI 1a Becquerel (k¥ hidu ld By).

! By la I phin rd trong 1 gidy. Don vi thudng diing khdc 13 Curie (kv hidu la
Ci), lién hé v@i don vi Bq nhy sau:

1Ci=3,7.10""Bq (4.10)
Li€n hé giita cic bdi sd cla Bg vdi Ci va cdc ude s6 clia Ci nhu sau:
Bon vi By Ban vi Ci
I GBq = 10" Bq 1 Ci= 37 GBq
1 MBg = 10° Bq 1 mCi = 37 MBg
1kBq = 10" Bq 1 uCi = 37 kBq

4.1.2.2. Chudi nhiéu phin ré phong xa
a) Chudi hai phin rd phong xg

Ta xét chudi phdn ra tir ddng vi 1, goi la déng vi me, thinh dong vi 2,
goi I ddng vi con, rdi ddng vi 2 phin ra thanh ddng vi 3. Chudi phan rd nay
duwde miéu td bdi hé hai phydng twong ty nhu phwong trinh (4.1):

dN, (D)= - & N (t)dt (4.11)
dNz(1) = AN, (1)t - A:Na(n)dt (4.12)

Trong d6 Ni(t) va Na(t) 1a s6 hat nhin cia cic ddng vilva 2 tai thai
di€m t, A, va A, 1A cac hing s& phin rd cla cdc hat nhin 1 va 2. Tif hai
phudng trinh nay ta dwgc hé hai phutong trinh vi phén sau:

N =- LNy (4.13)
dt
dh; 104 = LN (0) - AaNo(1) (4.14)
t

D& gidi he hai phuong trinh vi phan (4.13) va (4.14) ta dat céc didu
kién ban ddu tai thdi di€m t = 0 nhv sau: S& hat phan 1 12 N,(0) = Ny, v s&
hat nhin 2 13 Na(0) = Nyy. Khi d6 ta dudc cdc nghiém bing:

NiD =N, e (4.15)
Noh |
N 1)=¢l—(e‘*" )+N,e tat (4.16)
W= ¢

2 1
N&u & thdi diém ban du chi c6 dbng vi | ma khong 6 déng vi 2,
nghia 1a Ny, = 0 thi (4.16) trd thanh:

N X —ll '—ll
No(t) = — L e g™ 4.17)
,Lz_l]( ) (

b) Chudi ba phdn rd phéng xa
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Ta xét chudi gdm ba ddng vi phong xa ndi ti€p nhauw tir ddng vi me 1
sang ddng vi con 2, dong vi con 2 sang ddng vi Chdll 3, va ddng vi chdua 3 lai
(i€p tuc phan ra Vidu chum phén rd trong ddy U

wRa™™ — wRn>2 + ,He? {(Tipre= 1622 nim) {4.18a)
H(,I{H —) MPO jHC (TIQ,Rn = 3,82 ﬂgﬁy) (418[‘!)
wPo™™® — Pb?* + He' (T\112p0 = 3,05 phiit) (4.18¢)

Ddng vi 3 ¢6 s6 hat nhin tai thifi diém t 1 Na(D), tai thoi diémt1=01a
Nio vA hiing s6 phin rd 12 ;. Khi d6 ta ¢6 hé ba phuong trinh vi phin sau
diy:

NGO (4.19)
de
dl.\fft(t} = MNi(D) - 2aNoA0) (420
__._dN;(‘) = LN + AN - AaN3() 4.2)
{

Nghiém d8i vdi Ny(1) va Ny(1) ¢6 dang (4.15) va (4.16) con nghiém
dai vai Na(t) nh saw:

o NuR e -
N;(t) = Nye JL-"+—-M(¢ M _e lal)+
- }'3—%_

=kt il ~Rat
+ x,szl{ + € + ]
J A=A =A) (-2, ha—hy)y (=R ), —2y)
(4.22)
N&u & thdi didm ban diu chi c6 ddng vi 1 va ma khong c6 ddng vi 2
va ddng vi 3, nghia 12 Ny =0 va N3y = 0 thi (4.22) tr§ thanh:

we —k,t =Ly
N.()= x,xle[ + + }
(‘k‘-‘_'xq)(kz_?‘l) (}"l_l'z)(lj_RZ) (l]_kl)(lz_k:;)

(4.23)
¢) Cdn bdng phing xq

TFrong trudng hgp chudi hai phin rd phéng xa vdi Nay = 0, néu dbng vi
me | ¢6 hiing s& phin ra nhd hon hang s0 phﬁn rd clia ddng vi con 2, nghia la
M < A; va cdc thii gian bdn ra clia ching x4p xi bing nhau T n = Tin2 thi
cdc ddng vi d6 thi€t lap mdt trang thdi cdn bing phong xa d6ng. Tir biéu thic
(4.17) thdy riing, sau khoang thdi gian t 16n thi s6 hang th¢ hai trong ddu
ngodc don ¢co th€ bd qua so véi s§ hang thd nhat va (4.17) trd thanh:
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Na(t) = Me""f‘ (4.24)
7‘2 - k:
Nhén ¢4 hai v& biéu thifc nay véi A, va chi ¥ ring Ni() =Ny e ™ 1
cé hé thite cdn bang phéng xa déng nhu sau:
Nok, Ay
lel - lz - )“l
N€u ddng vi me c6 thisi gian bdn ri rd1 16n so vai thodi gian bén rd cda
dong vi con, nghia 1a Tipy >> Tyno thi san khodng thai glan t >> T\,
(Tin2 <<t << T ny) cdc ddng vi me va con sé dat1di trang thdi ¢in bing bén,
thda min hé thue:

(4.25)

Nlﬁkl = Nzlz (426)
Tir (4.26) ta dugc:
}j_lz}iz TUI'.,I (4.27)
N, A Ti2s

C6 th€ st dung biu thic (4.27) d& xdc dinh thdi gian bdn i ca
Ra** né&u bi€t dugc thdi gian ban rd ciia Ro*? va 8 hat nhdn N, va Ng, nhur
sau:

N,
Tinra = iThrz,Rn (4.28)
NRn

Suy rong cho mot chudi nhiéu ddng vi phéng xa ndi ti€p nhau & rang
thdi cn bing bén, ta cé:
NA =N = =N, (4.29)
Céng thitc (4.29) c6 nghia ring, khi dat d€n sy cin bing phéng xa
bén, hoat dd phéng xa ciia cic ddng vi trong chudi phin ra ddu bing nhau.
Tix (4.29) ta thu dwgc biéu thic twdng tu nhy (4.28):
Ni:Ny: i No=Tig1: Tina o Tina 4.30)

4.1.3. Xdc dinh hing s6 phén ri bing thyc nghiém
4.1.3.1. Mt nguon dong vi phéng xa

Khi chi ¢6 mot ngedn phéng xa thi sit dung bi€u thitc hoat d6 phéng
xa
dN
a=-—== ANye™ (4.31)
t

va tinh 16garit hai v& biéu thitc nay ta dugc:

ln(-c;—N) = In(ANy) - At (4.32)
t
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Tt hinh 4.2 bi€u difn ham (4.32) trén thang bdn 16garit ta tinh duge A
1a bing goc léch cia duding thing AB.

In(-dN/dt) 4
A

B i

Hinh 4.2. Dudng cong phin rd clia mot ddng vi phéng xa.

4.1.3.2. Hai loai dong vi phing xa

Khi ngudn phéng xa chita hai hay nhiéu ddng vi khic nhau, dudng
cong phén rd s& phitc tap hon nhiéu. P& don gidn ta xét ngudn chiva hai dong
vi khac nhav ¢6 hiing s8 phan rd &, va A.. S8 hat nhin tdng cong clia hai loai
déng vi la:

N(O = Ny(0) + No(ty =Njp e "'+ Nag ™" (4.33)

LAy dao ham bi€u thiic (4.33) theo t v tinh 10 garit ta dudc:

dN - —kat
ln(_d—) =In{NyA e My Nophr e . ) (4.34)
t

P4 thi ham (4.34) khong phdi 1a dudng thing nén tr 46 thj d6 x4c
dinh &, va A s& rdt phic tap. P& don gidn ta xét mot 8 trudng hop sau.

a) Truong hop Ay va A khdc xa nhau

Chéng han khi &, >> Az hay Ty << Tina va Ny = Ny, V61 di€u kién
nay thi ddng vi th nhat rd nhanh nén c¢é thé khido sdt né trong khodng thdi
gian ngdn ban dav con ddng vi thi hai ra chim nén c6 thé khdo sdt n6 trong
khodng thdi gian cham phia sau, Nhr vay trén dd thi hinh 4.3, tai khodng thdi
gian ddu dudng t€p wyén AB md A dwdng thing phin rd cda ddng vi thi
nhdt. Ciing nhv viy, trong khodng thdsi gian sau, duding thing ti€p tuyén CD
thé hién dudng phin rd clda ddng vi th hai.

. . A . - A - l - .
Trong khoang thai gian dau vdi dicu kién L << —k_ tic la t << Tipathi

AB 13 duding biéu dién cda ham:
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N
In(- %“): = In{AN ) - Xyt (4.35)
t

Con trong khodng thdi gian sau vdi di€u kién ( >> —tfc 13 t >> Ty
i
thi CD 1a dudng biéu dién ctia ham:

In(- —%I-:— ¥ = In{AN,) - Aot {(4.36)

In(-dN/dt) 4

Hinh 4.3. Dutng cong phin rd cia ngudn gdm hai ddng vi phéng xa.

b) Truong hop Ay chi ldn hon Ay mit it va Ny << Nog

Khi d6 T|;2‘2 > T”]J vi Ny >> Nm. VléC Xac dlllh 7&; va ?Lz gﬁm hai
bude. Bude mot xdc dinh A; & khodng thdi gian 16n theo phuong phip thé
hi€n trén hinh 4.3, hic d6 d6 phdng xa cia dﬁng vi thit nhit rit bé. Budc thit
hai xdc dinh A, trong khodng th¥i gian ngdn ban diu theo biu thic (4.35)
duge bién ddi nhy sau:

dN _
lll(-—d-“Nzn Aze Rt } = I:{(Nph ). At = const - Ayt (4.3
t

Trong biéu thitc (4.37) dai lugng Na, dudce xdc dinh bing cdch kéo dai
ngoai suy duding thing phin ri cda ddng vi thit hai d&€n ¢t truc tng.

¢) Trudng hop phdn rd chudi 1l -2 —3

Ta xét trwdng hgp N(0) = Ny, con No(0) = 0. Khi dé hoat d6 l{')’ng
cong dudc thé hién bdi bidu thifc:

dN

; Noh e -
-—=Nh +Nod =Nk e ""+M¢-‘~(e Mg "=‘) (4.38)
dt A=,
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dN
Theo (4.38), dudng cong phu thudc thdi gian cia ln(—T) khiac nhau
t

tdy thude mdi twong quan gifta A, va A,.
o N&u A, > A thi bidu thic (4.38) trd thanh:

dN A _ A
e —= Nllg + N':A/: = NH]KA 1_' 2 < llr+— 2 [~ At (439)
dt b= A, Ay R

Biéu thifc niy gdm 2 s8 hang c6 ddu gidng nhan giéng nhw bi€u thitc
(4.34), nfc 1a ¢ sy chdng chat giita hai hoat d6 ngudn, nén cé thé xdc dinh A,
va A» theo d0 thi hinh 4.3.

» N&u A; < h» thi biéu thite (4.39) trd thanh:

dN A . A Y
—— N|?\,! + Nglg = le; 1+ 2 e l'(——““‘é"—e ! (440)
dt Xy A .y

Trong biéu (4.40) s6 hang thi hai mang diu 4m va ham mi gidm
nhanh hon him mii céa s8 hang thi nhi't. PO thi cia him (4.40) lic d4u ting,
dat cuc dai rdi gidm (hinh 4.4).

In{-dN/dr) 4

B
L

Hinh 4.4. Dudng cong phin i cla chudi 1 —» 2 > 3 khi X, < A,

>

Trén hinh 4.4, nita ting diu ng véi sy tich lily cic hat nhian dbng vi
thif hai, con khi thdi gian 16n thi thinh phdn thif hai cé thé bé qua va giia hai
ddng vi dat trang thii cAn bing ddng (4.25) hay:

N, __ M
N, A,—A,

Trén hinh 4.4, duding ti€p tuyén AB fng vdi sy phin 13 cia dong vi
thit nhat, cho phép x4c dinh A,. Tir d6 cé thé xdc dinh A, nhd cong thifc
(441).

(4.41)
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42. PHAN RA ALPHA

4.2.1. Kh4i niém vé phan ri alpha

Hat alpha 1a hat nhan ;He", ¢6 dién tich bing + 2e va khéi lugng gin
hing 4 1n khdi lwgng nucleon. Phin ri alpha xdy ra khi hat nhan phéng xa

N
co 58 —7~ gud thdp. Khi phan ri alpha, hat nhin ban diu zX" chuy&a thanh

)

hatnhin z.Y** va phdira hat alpha.
p P

XY — 2, 4+ JHe' (4.42)
V& quan hé khéi lugng, phan i alpha théa man didu kién sau day:
M, =M, + m, + 2m, + Q (4.43)

Trong d6 My, M, m, vd m, twong ing 14 khdi lwgng cic nguyén i
me, nguyén tf con, hat nhin alpha va hat electron. Q 1a kh&i lugng tudng
dudng véi ning lugng tdng cong gidi phéng khi phin ra, bing éng dong ning
ciia hat nhin con va hat alpha. Hai hat electron qu¥ dao bt mat di kh hat
nhan me phin ra ra hat nhin con ¢6 & nguyén ti¥ thip hon.

Cac vi du phin rd alpha :

52U —2 5 W Th™ 4 ,He* (4.44)
wRa™® ——5 (Rn™® + ,He* (4.45)
gaP0”" —Z 5 PR 4+, He? (4.46)

Hat alpha phédt ra vdi nang lugng cd dinh va \’(?i sudt ra ¢§ dinh. Hinh

X

4.5 trinh bay qud trinh phdn rd Ra™ —2> (Rn™ + ,;He*, gdm hai nhinh
phét alpha, nhdnh thi nhdt véi hat alpha ning lwgng 4,591 MeV, suit ra 5,7%

va nhanh thit hat véi hat alpha ning lugng 4,777 MLV sudt ra 94,3 %. Hat
nhin Rn™ sav phin (i theo nhdnh tht nhit nim & 3 trang thai kich thich va
ti€p tuc phin ri gamma dé chuy&n v& trang thii co bin. Hat nhin Rn™** sau
phén rd theo nhdnh thi hai nAim & trang thdi cd bin.

4,591 MeV

5.7% o

4,777 MeV
94,39

vy 0,186 MeV

(35% &-)

123
Rn*

L

Hinh 4.5. S¢ d0 phin 1 ywRa™" —— Rn’" + ,He*
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Hién nay ngudi ta di bi€t duge hon 200 hat nhan phén rd alpha. Phian
ra alpha chi y&u x4y ra véi cdc hat nhidn ning & cudi bing tuan hoan
Mendelcev véi Z > 83, tic 12 cdc hat nhin ¢6 dién tich Z 16n hon tif hai don
vi trd 1&n so vdi s6 magic Z = 82. Ching han thallium (Z = 81) khéng ¢é déng
vi phét alpha nao, chi (Z = 82) ¢6 hai dong vi phat alpha, bismuth (Z = 83)
¢6 9 ddng vi con polonium (Z = 84) ¢6 khong it hon 21 ddng vi phét alpha.
Ngoai ra ¢6 mot nhém nhé cdc hat nhin trong ving dat hi€m ciing phén rd
alpha vi A = 140 d&n 160, hat nhin nhe nhdt 12 5Ce'* chita 84 neutron. Mot
rirdng hop dic biét 1a hat nhin nhe .Be® ciing phat alpha v6i thdi gian ban rd
3.10% s.

4.2.2. Céic tinh chat cda phén ré alpha
2.2.2.1. Xédc dinh cdc ddc trung ciia phéin ra alpha

Ci4c dic trung chinh cia phin ra alpha 13 thii gian bin rd T\, cla hat
nhin trwdc phan ra, ddng ning E v2 quang chay R ciia hat alpha.

Théi gian ban ri Ty, dude x4c dinh truc ti€p nhd phép do d6 suy
giam hoat dd theo thdi gian hodc duge xdc dinh theo $6 phdn ra trong mot
don vi thdi gian hay tit quy luat cin bing th€ ky.

Ning ludng hat alpha ¢6 thé xdc dinh bing phd k& tf hay budng ion
héa. B6 phin chinh clia phd k€ tif 1a nam chim dién tap trung cdc hat alpha
ning lugng khdc nhau & cdc vi tri khdc nhau. Mot ban rit méng vit liéu hoat
tinh alpha la ngudn phdt alpha con detector ghi hat alpha la cic tAm phim dnh
hoic cic dng d€m alpha. PS phan gidi nang lwgng ciia phd k& tir rt cao, ¢6
thé dat d&n 5 keV. Budng ion héa lam viéc theo nguyén tic hat alpha ion héa
moi trudng khi va sinh ra tin hiéu dién. Tin hi¢u nay dudc ghi nhin nhd mdt
mdy phin tich bién d nhidu kénh. Khi ning phin gidi ning lugng ctia
budng ion hoéa vio khodng 25 keV, kém hon phd k& tir.

Quing chay cia hat alpha dudc xdc dinh bing budng bot Wilson hay
nhii tuong dnh.

Nh& phép do ning lugng va quing chay, ngudi ta xdc dinh dude hé
thic lién hé giita ning lugng vi quang chay. Trong phép gin ding dau tién
¢6 thé sit dung cong thifc lién hé gifta quiing chay cla hat alpba trong khong
khi (tinh theo cm) va ning lugng céa né (tinh theo MeV) trong mién ning
lwgng 4— 9 MeV hay quing chay trong khdng khi 3 — 7 cm nhuf sau:

Ru =~ 0,318 E® (447
Trong mdi trudng vdi khdi lugng hat nhin A thi quing chay hat alpha dugc
tinh theo cong thuc

174



R = 0,56 Rz A!”? (4.48)
Nhd cdc cong thic (4.47) va (4.48) c6 thé tinh dude quing chay khi
do dudc adng Iugng hay nguge lai ddi vdi hat alpha.

4.2.2.2. Théi gian bdn rd va ndng higng

Thaot gian bdn rd clia cdc hat nhin phin ra alpha thay déi [rong mdt
diy rdl rong Ching han ©Pb™ ¢6 T\, =1,4.10" ndm cdn sRn?® cé
Tin=10%s.

Nang lugng cdc hat bay ra chi thay déi trong mot dii hep. Bai véi céc
hat nhin ndng thi ndng lugug cdc hat alpha thay ddi tir 4 MeV d&n 9 Mev,
con d8i v6i nhém dat hiém tir 2 MeV dén 4,5 MeV.

Tinh chit quan trong nhit cla cdc hat nhin phin rd alpha 13 sy phy
thudc rat manh cda thdi gian ban ra T, vao nang lugng E cha hat alpha bay
ra, Ching han néu gidm 1% ning lugng thi cé thé 1am ting thoi gian bdn ra
1€n mot bic. N&u gidm 10% niang lugng thi T, thay d6i tit 2 dén 3 béc. Sy
phu thudc cia T vao E tudn theo dinh luit Geiger-Nuttall nhu sau:

IgTug =C+ "P"— (4.49)
VE

Trong 6 C va D 1a cdc hing s6 khdng phu thude vao s§ khdi lugng A
ma chi phu thudc vao dién tich Z. Vi dy néu 13y 16garit thip phin va E tinh
theo MeV thi:

V8iZ=84tac6C=-50,15vaD=12828

VEiZ=90tac6 C=-51,99vaD=1394

In + 20

20 Th
18 Az
14 d()

U238 C( U!Z‘S

Vel

10

o/
4

0.4 0,5 0,6 0,7 InR

Hinh 4.6. Sy phu thudc hing s6 phin rd A clia hat nhin phén r3 alpha vao
quing chay R ciia hat alpha d6i vdi ba diy U™, Th™? va U™,
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Pinh luit Geiger-Nuttall con duge bi€u di€n dudi dang mdi lién hé
gita quing chay R cda hat alpha va hiing s6 phin rd A cla hat nhén phat
alpha:

lgR = Algh + B (4.50)

Hinh 4.6 winh bay ham s (4.50) d6i vdi ba diy phong xa U™, Th™
va U™

Dinh luit Geiger-Nutiali ip dung rit tt cho cdc hat nhan chan-chdn.

4.2.2.3. Cétu triic tinh t&

So sdnh ning lugng hat alpha clia cdc ddng vi khdc nhau cia ciing
m6t nguyén 18 cho thay ring ning lugng gidm déu dan khi ting s6 khoi hugng
(hinh 4.7), diac biét 13 d&i véi cdc hat nhdn chdn-chin. Quy luat nay ding
trong mién A > 215 vad A < 209 cdn trong mién trung gian khong ton tai quy
luit d6. Tinh chdt gidm déu din néi trén cho phép xdc dinh dude ning lugng
céc hat alpha d&i véi cic ddng vi khic cia mdt nguyén td nio dé.

AE,{McV)

200 210 220 230 240 250 A

Hinh 4.7. Nang lwgng E clia hat alpba phu thude vao s6 khéi lugng A
cia hat nhdn phét alpha.

Cac di€m: thyc nghiém; cdc dudng gach ndi: ndi cdc diém thuc
nghiém clia cling mdt nguyén 6.

Csc hat alpha phdt ra t¥ cing mdt dong vi s& ¢6 nidng lugng nhu

nhau, tic 13 ning lugng hat alpha don sic. Nhung cdc thi nghi€ém chinh xdc
chitng 14 ring phd nang liong alpha thuting ¢6 cdu triic tinh (€, tirc 12 06 chita
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mét 6 vach nang lugng nim sit nhau. Cho nén rong thuc t&€ ta thdy cé mot
s6 hat nhdn chf ¢6 mét nhém wng v6i mat g1d tri ning lwgng nhung ciing ¢6
md1 s& hat nhin phdt ra nhidu nhém alpha véi ning ledng khic nhav. B6 13
cau tric tinh (& clia phé alpha.

MGt vi du 12 hat nhan »Bi*'? (ThC) phél cdc hat alpha vdi phé ning
fugng néu trong bang 4.1. Ngudi ta nhin thdy ring cdc hat nhan phdt alpha
¢6 6 vach ciu tric tinh & 1¢n nhit 13 cdc hat nhin ¢é hat nhin con khéng co
dang hinh cdu va cdc hat alpha ning ltgng cang thip ¢é cuding dd cang thap.

Bing 4.]. Pho cdc hat alpha cia hat nhan Bi’"? (ThC).

i Nhém hat | E (MeV) | Thanh phdn| Nhém hat | E (MeV)| Thanh phan
alpha (%) alpha (%)
o, 6,086 27,2 a3 5,662 ~0,15
) 6,047 69.9 Oy 5,603 1,1
Cy 5,765 1,7 s 5484 | ~0,016

Chd thich: Trong bdng trén, tdng s6 cdc thanh phin bing 100,066%
ma khong phdi 100% la do sai s§ cdc phép do. P8i v6i cac bing 4.2 va 4.3
ciing viy.

Bing 4.2. Pho cdc hat alpha cfia hat nhan 4Po®? (ThC).

Nhém hat E Thanh phin| Nhémhat | E (MeV)| Thanh phén
_alpha | (MeV) (%) alpha (%)

o, 8,78 160 v 5] 10,442 0,002

o 9,492 | 0,0035 o 10,543 0,018

Bdng 4.3. Phd céc hal alpha cita hat nhan 3P0’ (ThC™).

Nhém hat | E (MeV)| Thanh phin | Nhémhat | E (MeV)| Thinh
alpha (%) alpha phin (%)
Ol 7,680 100 Oy 9,179 1,1.10%
o 8,277 4.107 Oy 9,905 4.10°%
s 8,938 4.10° o 10,074 1,7.10*
Ol 9,065 2,2.10° Oy 10,146 4.10°
O 9,313 4.10° oy 10,326 | 1,1.10™
s 9,489 i4.10* o)z 10,526 2.10°
O 9,657 4.10°
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Cé6 hai trudng hgp phdt alpha ddng quan tim la cdc hat nhdn W

(ThC’) va sPo™"* (RaC”), ngoii cic nhém alpha chinh, con phdt cdc hat alpha
quing chay 1dn v8i ning legng hat alpha lon. Cdc bang 4.2 va 4.3 cho biét
thanh phin cac hat alpha clia c4c hat nhin Po™'? (ThC’) va yPo™* (RaC”).

4.2.3. Piéu kién vé ning lugng d0i vdi phdn ra alpha

Ta hiy xét quéa trinh phdn rad alpha theo cong thifc (4.42), trong dé
,X* 1 hat nhin me con z,Y*™* 14 hat nhan con. P& phin rd alpha xdy ra thi
nang hrgng 1ién k&t cia hat nhin me E, 7 phdi nhé hon tdng ning lugng lién
k&t ciia hat nhin con Ea.sz.2 va hat alpha E,. Viy
AE =Egasza+Exn-Enaz (4.51)
Didu kién d&€ x4y ra phan rd alpha 13 AE > 0. Ning lwgng lién k&t cia
hat alpha 1a 28 MeV do d6 ning lugng lién k&t riéng rén mdt nucleon 12 7
MeV. Nhu viy dé€ phan rd alpha x3y ra thi ning lugng lién k€t riéng cla hat
nhdn me phdi nhd hon 7 MeV. Piéu kién ndy khdng cho phép cdc hat nhan
nhe phédn ri alpha vi ning lugng lién két riéng cia ching vae cd 8 MeV.
Nang lwgng lién k&l riéng dbi v6i cdc hat nhin ndng gidm xudng do ning
lwong ddy Coulomb cda cdc proton. Trong mi€n A = 190 thi nang lugng lién
k&t riéng nhd hon 7 MeV., Trén hinh 4.8 trinh bay gid tr1 thye nghi€m AE phu
thudc A.

AE (MeV)

g A\

4

6 !
M
|

2 /\ s W J
0 /
2 |
/___._,
80 100 120 140 160 180 200 220 240 A

Hinh 4.8. St phu thudc nang lugng phin ri alpha vao s§ khoi lugng A.

Tu hinh 4.8 thiy ring phin rd alpha bdt ddu tit A = 140. Ngoai ra
trong midn A = 140 va A = 210 dai lugng AE c6 cyc dai. Cic cyc dai ndy c6
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th€ gidi thich theo miu v hat nhin. Cyc dai tai A = 140 lién hé vi sy chi€m
ddy v4 neutron vdi s6& magic N = A — Z = 82 cdn cuc dai tai A = 210 lién hé
vdi su chi€m diy v4 proton vdi s& magic Z = 82. Gi4 tri ning légng AE gidm
xudng khi hat nhin me chiém ddy va tang 1€n khi hat nhan con chi€m ddy.

Ning lugng phin ra AE phin b§ cho ddng ning hat nhin con E 4.,
vd déng ning hat alpha E,

AE =Bauz + Eq (4.52)

Gol dong Iwgng clia cdc hat nhin me 13 paz, hat nhin con 1 Pa4z2
va hat alpha fa p, va gid thi€t 12 hat nhan me ding yén khi phin ra Paz =10
thl do bio toin ddng hrgng ta cé Pa-sz2 = Pe. T d6 nhidn dugc:

Baazs:=Eq — o (4.53)

My 475

'

Trong d6 m, v& ma.4z., 12 khéi lugng cia hat alpha va hat nhin con.
K&t hop hai biéu thirc (4.52) va (4.53) ta dudc:

Bq = AE— A22 (4.54)
My gz tM,

Do khdi lugng hat nhin con rat 16n so véi khéi lgng hat alpha nén,
theo cdng thic (4.54), E, = AE, titc 13 hat alpha mang phin 16n ning lugng
tGa ra khi phanri.

Vidu, nang lwgng phin ra alpha 4Bi*'2(ThC) —%— . TP™(ThC"" )+ «
1a AE = 6,203 MeV. Ning lugng nay phan b6 cho hat alpha theo cOng thite
(4.54) 1a E, = 6,086 MeV vi cho hat nhin con 4 TI*® (ThC’*) theo cong thic
(4.53)14 Ef; = 0,117 MeV. Phuong phdp thé hién thuin tién su phdn bd nay
1a gidn dé mic nang lugng.

Gidn d6 mic ning lugng ciia phén ra alpha clia Bi*'? (ThC) thé
hién trén hinh 4.9. Trén hink 4.9 ta cho ning lugng nghi cita T (ThC*)
va hat alpha bing khong, khi dé ky hiéu mdéc ning luwong clia ThC bing
khong. Hat alpha ¢ dong ning bing 6,086 MeV va hat nhan ThC ¢6 mifc
ndng ludng bing 6,203 MeV, titc 12 bing tng ddng ning clia hat alpha va
hat nhan ThC®’.

6,203 MeV ThC

o 6,086 MeV
O MeV ThC”’

Hinh 4.9. Gidn d6 mic ning lugng cda phan ri alpha
ThC ——— ThC '+ .
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Hinh 4.9 12 gidn dd mic ning ludng don gidn nhit cla phin ra alpha
@B A(ThC) —%o  TP"™(ThC*’) + o chi v6i mdt nhém e, chinh véi nang
ludng 6,086 MeV. Theo bang 4.1 thi ngoai nhém alpha chinh nay con 5 nhém
alpha phu @, 6, 03, 04 VA 05 tao nén phS cau tric tinh & clia phin rd nay.
Gidn db mic ning lugng cita phé alpha tinh t&€ thé hién trén hinh 4.10.

E MeV 6,203 MeV ThC

[4.7]
0,617 o
0,492 — Ot
0,473

b
0.0 s 9yl The™

Hinh 4.10. Gidn d6 phd ning luong ciia nhém alpha chinh va cdc nhém
alpha phu clia phan 13 5Bi*'%(ThC) —— x TE*™(ThC" )+ a.

Trén hinh 4.10, nhém alpha chinh o, @ng véi s dich chuyén tif trang
thdi co bin cia hat nhan me Bi’ (ThC) xudng trang thdi cd bdn cla hat
nhan con y, TE™(ThC ). C4c nhém alpha phu o, 0, O3, 04 VA Os ng vdi sy
dich chuy&n tir trang thdi cd bdn clia hat nhin me sBi'%(ThC) xudng céc
trang thdi kich thich clia hat nhan con o TE*(ThC™*). Do céc rang thii kich
thich ¢6 mifc nang lwgng cao hon trang thdi cd bdn nén cdc mic nang lugng
kich thich ctia hat nhan ThC™’ 1a 0,040; 0,327; 0,473; 0,492 va 0,617 MeV
ing v cdc hat o, O, O, O VA O Cao hon mitc ndng lwgng cd bdn 0 MeV
ng v4i hat o, Khi d6 hinh 4.10 minh hoa ¢4y tridc tinh t& ciia pho alpha cia
hat nhdn xBi*'*(ThC). Ta hiy tinh mic thit 4 lam vi dy, khi d6 ndng lwgng
phin rd oy 14 AE., = 6,203 - 0,492 = 5,711 MeV. Theo cong thifc (4.54) ta
tinh dugc nang lugng hat o4 12 Eqq = 5,603 MeV. Cling tinh twong ty nhy vay
d6i v8i ning lugng cc hat 0., 0, O VA o5 mA ta dd néu trong bang 4.1.

Ti€p theo sau phan ri alpha, cdc mic kich thich cia hat nhan ThC™
& chuy&n vé& trang théi cd bdn bing cdch phit ra cdc bifc xa gamma. Viéc
hiéu chinh gidn d6 mitc nang lugng do phan rd alpha dugc thuc hi¢n bing
céch do cdc biic xa gamma kéo theo cic phén rd alpha. Ngud ta dé xdc nhan
bing thuc nghiém ring, ning Wwgng céc lugng tif gamma hoan toan trang véi
hiéu ning lwrong cdc mifc kich thich cda hat nhan ThC™'.

180



4.2.4. C¢ ché& phén ri alpha

Trong cd ch€ phin ra alpha cin tinh d&n ba y&u 5 1a truding the
Coulomb quanh hat nhén, luc ly tAim va ciu tric hat nhin. Sau diy s& xem
Xét cic y€u 18 nay.

4.2.4.1. Trudng thé Coulomb vé hi¢u iing duing ngdm

D€ gidi thich sw phu thude rat manh ciia thai gian bdn ri T, clia hat
nhdn vao ning lugng hat alpha ngudi ta xem xét cd ché dé€ hat alpha thodt ra
khéi hat nhin. Gid thuy€t gin ding nh4t ngudi ta s dung L3 coi hat alpha
hinh thanh va tén tai trong hat nhin trude khi thodt ra khéi hat nhan. Hat
alpha mang dién tich dueng +2e¢ nén ngoai lyc twdng tdc hat nhin, né con
chiutdc dung cia luc Coulomb.

b€ gidi bai todn trong tic nay ta gia st hat alpha 1 ngoai di vio hat
nhin. Th& Coulomb do hat nhan tudng tdc 1én né ting ti & nghich vdi khodng
cdch r theo bicu thic:

27¢°

r

Ham (4.55) dudge thé hién trén hinh 4.11a ting dan trong mién ngoai

ban kinh hat nhiu, tai d6 luc hat nhan bling 0. P&n bién hat nhinr = R thi

lye hit hat nhin déng vai trd guan trong va dudng bi€u dién gidm dot ngot

theo didng thing ditng. Dang cia th& bén trong hat nhan r < R chua dusc

bift tudng tdn, & day gia thuyét né c6 dang hd hinh chit nhit vdi thc khong

d4i bén trong hat nhan. Chi€u cao bd thé Coulomb tai r=R=10"cm va
vdi Z =100 la:

{4.53)

UC(JLI]!Jmh =

27t _
Uao= 22° 230 Mev (4.56)
I
um 4
U['ﬂ\] _______ U[]
E_  »
s I (o | m
0 R T 0 d kg
a) b)

Hinh 4.11. Th€ tudng tac hat nhan va th€ Coulomb d8i vdi hat alpha
(hinh a) va b th& hinh chit nhit diing ¢€ tinh todn (hinh b).
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Nhu di tinh biy rén ddy. hat alpha phin rid e cac hat nhin ning ¢o
ning hidng 1ir 4 MeV dén 9 MeV, ufe 12 nho hon chicu cao hing rio the.,
Theo e hoe o6 didn thi hat alpha khong (hé virdt gua hisng vio the dé ra
ngodi. tite 1 khong the iy ra qui winh phin riadpha, Foy nlicn rong the
widi vi mod, theo ¢d hoce fidgng nr. hat alpha c& the wuvén gua hang rio the
Coulomb theo e che duting ngim.

DE gidi biti wdn vé hidu dng dudng ngim cta hat alpha, mot tan nira
ta dun gian héa biing cich tinh xde sudt hat alpha co ning lugng B ovrdc qua
hit (h¢ hinh chit nhat ¢d dd cao UL vie do rong d Trang thid o hat atpha
duse ma g bar hiom oy thoa min phong tiimh Schrodinger:

) Jin o . B
AV Y+ |l Uevnitiry - O 4.5
h
Trong do
{'1-" o ‘.‘\.-'
A= U B B (458)
fx v v

12 todn 1f dao hiom riéng bic hai theo khong gung m 13 khoi udgng hat alpha
con 2 13 hitng s0 Plank. DG v sd dd hinh 4 8b b wodn durde sem sét rong
trutng hop mot chicu aén phudng tiah (L5371 15 thinh:

v

d o .
e M+ - JE S Ui i)y = 0 i4.5%)
dx- h

ThE niang Uix) rén hinh 411 dude chia thinh 3 midn viv gid ui him
thd trong mdi micn nhat saw:

{ﬂ vt x ) micn |
|

Uixy U sdr - xad anenl {4,600
I(l vil o x = d micn 111

Trong 3 pucn 110 HE cie him song L Py el Wy va aie phadng
trinh Schrodinger tirdng tng ¢ dang:

.

d . s 2m

=+ K =0 vE K= o 1.61)
Jdx ' fi

d . . 2w .

- W KW =0 Kz - (U D (-1.62)
dx ' h

d’

P+ ki‘ Wy = 0063
dx’

Nyghi¢m cie phuong trinh nily nhu saw:

Wixr= A e 4 B i4.604)



Yu(x) = A e + B, e*" (4.65)

Win(x) = Az g™ (4.66)

Hé s6 wuyén qua hang rio thé D 1 1 s& giita binh phudng bién do

song truyén qua hang rao th€ A, vi binh phuong bi€én d6 séng tdi hang rao
theé A

= 2L (4.67)

T cdc dicu kién lién tuc tai x = 0 vd x = d cfia cdc ham séng va dao
ham béc nhat cda ching, ta ¢ hé cic phuong trinh xdc¢ dinh céc hiing 5§ A,
B, Ay, B; vd A; nhy sau:
A+B; =A+B;,
iki(A; - Bi) =-k; (A; - By) (4.68)
As ey B,e*d= Az
Ka(Are ™. Bye*) = ik A,
Tir hai phuong trinh cudi ca hé cdc phuong trinh (4.68) ¢6 thé tinh

dugc:
I—1 1+i
A" _ n A_lek:d : B_} _ mn Ase-k:d (469)
2 > 3 2 5
Trong d6: -
k E
n=— = 4.70)
k, U,-E

Gid st ning lugng E << U, hodc bé rfng ctia hang rao thé ning khi
16n sao cho k»d >> 1 thi nhd hai phudng trinh d4u clia (4.68) ta ¢6:

(1—in)(1+1)

A = ” L Ae (4.71)
Nhuv vay hé s6 truyén qua D bing:
LU (4.72)
{l1+n7)
V6i bit thé c6 dang bat ky thi:
2
kd= {|55H(U-Eydr (4.73)
e

BS qua hé s6 khong cén thi€t trudc him s& mi thi hé s& truyén qua
¢t dang:



D = expl- | %’—(U-E)dr] (4.74)

& day gidi han tich phin 1a gidi han by the trong d6 ddng nang mang
dadu am.,

Néu hat alpha trong hat nhin ¢6 vin téc v thi né di d€n b the trung
binh v/R 1in irong 1 gidy. Nbuw vy hing s& phin rd alpha bang:

A~ D=~ expl- Hz‘f‘ (U—E)dr] (4.75)
R R 7

Vin t8¢ v ¢6 thé xdc dinb tit hé thie bat dinh Heisenberg gilfa dong

h
luong va toa do, tic la v= ——. Vay:
mR

= —" expl- I\Fm (U—-E)dr] (4.76)
RZ n

m

0,693

Thai gian bin 1d Ty = , do d6 né phuy thude r4t manh vao bin

kinh hat nhin R.
P& dinh gid bic cla th¥i gian bdn rd ta coi U, - E = 20 MeV,

) . . h )
d=210" cm. Kui d6 D =™ = 107 Hé 5§ ciia ham D béng o 10™. Do
R

da:
Ty = %: 10'* s = 10” nam
Thoti gian nay la hgp 1§ vi né vao ¢d thisi gian ban ra cha U™,
4.2.4.2. Vai tro etia bo thé'ly tim

Trong cac tinh todn trén ta coi hat alpha bay ra vdi momen quy dao
¢ = 0. N&u hat alpha bay ra véi ¢ # 0 thi n6 phdi vifgt qua b thé ly tim b
sung ngoii th€ Coulomb:
R EE+1)

2

Uy = (4.77)

2mr

. \ a LT w l -
B th& ly tim ndy khong 16n do né gidm theo ham -+ trong lic bo
i)

- .o ~ . I ~ P - N\ .
th& Coulomb gidm chim hdn theo ham -, nhung do d§ thay doi nay con chia
r
cho hiing s& Planck trong him s8 mii nén né lam tang dang k€ thoi gian bin
rd cla hat alpha. Trén bang 4.4 din ra hé s& k suy gidm hiing s6 phin ra A
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vdi cdc gid tri khic nhau cda ¢ ddi véi rudng hgp E=5MeV va R=9,6.10™"
cm.

Bdng 4.4. HE 50 k suy gidm hiing s6 phan rd A véi cdc gid tn £=0- 5
d6i vdi trudng hdp E = S MeV va R =9,6.10"° cm.

el T 2 O I
k_

1,0 | o08s 060 | 035 | 018 0,08

4.2.4.3. Anh huéng ciia cdu triic hat nhén lén phin rd alpha

Khi tinh todn qua trinh phin rd alpha, ta da coi hat alpha t6n tai trong
hat nhin trwde khi phin ra, va bii todn ciia ta chi tinh xdc suii truy&n hat
alpha qua b3 thé. Trong thye 1€, trude khi phan ra, hat alpha cin phai hinh
thanh tir cd¢ proton va ncutron riéng bhiét. Tuy nhién khi d6 céng thic (4.74)
chi thay d8i hé s6 triidc ham s6 mi cdon him s6 mii khong bt thay d&i. Vi viy
inh hudng cla qud trinh hinh thanh hat alpha trong hat nhén la khong ding
k€. Viéc tinh todn 1y thuy&t ddi vai qué trinh nay khong th€ ]am chinh xdc.
Hon nita (i cong thifc (4.74) chuyén sang cdng thitc (4.76) phii st dung hé
thifc bt dinh Heisenberg nén cdng thife (4.76) ciing khdng phdi 1 chng thic
chinh xdc. N&u thisi gian ban rd T, thye nghiém 16n hon gid 1¢ thuyét theo
(4.76) mot vai bac thl dudce goi 1a qud trinh bi cham. Qud trinh ndy duge gidl
thich trong khuon kh 1y thuy&t hat nhin khéng hinh ciu.

4.3. PHAN RA BETA

4.3.1. Cac loai phin ra beta

Phin rd beta 1a hién wigng bién déi nf nhién mot hat nhin nay thanh
hat nhin khic vdi ciing khéi lwong nhung dién tich thay déi mét don vi kém
thee viée phit ra mot electron, mdt positron hay chi€m mdt electron cda Idp
v$ nguyén 1. Nhir vy ¢4 ba loai phén rd beta la phin cd B, phin rd B* va
chi€m electron quy dao,

4.3.1.1. Phinrd 8~

Hat beta gdm hai loai 12 hat B, d6 1a hat electron (¢7) vdi khdi lugng
m, = 9,1091.107" kg, dién tich bing —1e = -1,6.10" C va hat p*, 1a hat ¢6
kh&i lwgng bing khdi luong hat electron song cd dién tich dudng +1le, goi 1a
hat positron (€"). Tuy nhién trong thuc €, khi néi “hat beta” ngudi ta thudng
hi€u 12 hat B vA tif nay trd di ta ding tir “beta” d€ chi hat B va dung i
“positron” d€ chi hat B*.
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Phan rd beta xay ra khi hat nhian phdng xa thira neutron, tife 1a ff s
N
—Z— quéd cao hdn dudng cong bén ciia hat nhdn (hinh 1.8). Khi phin rd beta,

hat nhdn ban diu ;X" chuyén thanh hat nhin 2, Y* vi phédt ra hat electron
ciing phdn hat neutrino v :

XA Yrirerv (4.78)

Trong d6 neutrino 13 hat trung hoda vé dién tich va khéi luong bé khong ding
+ = . . A ] - ~ - Y
k€, dugc coi 1a bing 0. Hat neutrino cé spin bing E Qua trinh (4.78) 14 két

qud cia phin rd neutron thi¥a trong hat nhan d€ bi€n thanh proton theo so db
sau;
n— spie+ v (4.79)
Quad trinh phin rd B gifng vdi qud winh wrong tic gifta neutrino vdi
hat nhin:

V+zXr Y v e (4.80)
Céc vidu phinrd B nhy sau:
WK L s Caie v (4.81)
7Co® —E 5 N+ + v (4.82)
P2 P s S re v (4.83)

Trén hinh 4.12 hat nhin ;,K* & trang thdi kich thich phdt ra hai hat
beta d€ bi&n thanh hat nhin ,Ca™ & trang thdi kich thich véi ning lugng 1,53
MeV va trang thdi cd ban c6 ning lugng 0. Hat nhan »Ca® chuyén tif trang
thdi kich thich vé trang thdi cd bdn bing cich phdt ra tia gamma vdi ning
lwgng bing 1,53 MeV.

K42
B 2,04 MeV
3,55MeV B 18%
82% :
|y 1,53 MeV
[}
h 4
Ca22

Hinh 4.12. Minh hoa sd d3 phén ri beta cia 10K*? thinh »,Ca*.
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4.3.1.2. Phénra 8*
Hat positron 1a hat ¢6 khdi lvgng bing khdi Itdng hat electron song
. N
¢6 di€n tich duong +1e. Phin ra positron x4y ra khi hat nhin ¢6 i 56 E— qud

thap va phin rd alpha khong xdy ra do khong thda min diéu kién vé ning
lrgng theo cong thite (4.43). Khi phan rd positron, hat nhan ban diu X
chuyén thanh hat nhin ; ,Y*, phat ra hat positron va hat neutrino:

X =P s Y riethv (4.84)

Qud trinh (4.84) 12 k&t qua ciia phén ra proton thira trong hat nhin d&
bi€n thanh neutron theo s¢ d8 sau:

p——> n+e'+v (4.85)

Qud trinh phén rd §” gidng v6i qué trinh tudng tic gifa neutrino véi
hat nhin:

V42X S Y+ et (4.86)

Vi du phin rd positron nhyr sau:
wZn® —2 5 L cuS ret v (4.87)
aNa? 2 5 NeZie 4y (4.88)

Khdc v6i electron, hat positron khéng tdn tai ldu trong tv nhién.
Positron gip electron trong nguyén ti vi hai hat hiy nhau cho ra hai tia
gamma c6 ndng ltgdng bing nhau va biing ning lugng tinh ciia electron 0,511
MeV,

4.3.1.3. Chiém electron quy dao

Mot nguyén uf thi€u neutron mudn chuyén vé trang thai bén bling
cdch phat hat positron thi kh8i lugng ctia né phdi 16n hon khéi hrgng hat
nhén con it nhit 1a 2 1dn khdi Iuong electron. N&u diéu kién nay khong théa
mdn thi sy thi€u hut neutron phii khic phuc bing qud trinh chiém electron
gu§ dao, hay cdn goi la chiém K:

e +7Xd —= YA +v (4.89)

Trong qu4d irinh ndy mdt trong cdc electron ngoai hat nhian bi hat
nhin chi€m va k&t hdp vai proton bén trong hat nhin d€ tao nén neutron
theo phdn dng sau:

e +p —n+v {(4.90)

Ky hi€u “c.e” wén mii tén trong cdc qué trinh (4.89) va (4.90) ky
hi€u qué trinh chi€m electron. Do electron 1dp K trong nguyén tf 6 quy dao
thdp nhdt nén xdc suit 4€ hat nhan bit né 1a cao nhil so vdi cdc electron &
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cdc 16p khdc. Vi vdy qud trinh chim clectron thudng xdy ra d6i vdi electron
1dp K va cdn duge goi la qua trinh chiém K. Qué trinh chi€m electron gidng
qud trinh phin rd positron ¢ ¢chd, s6 nguyén t& cda hat nhin con thap hon 1
ddn vi so vdi hat nhian me, trong khi s& khdi lvong cda hai hat 46 gidng nhau.

c.e 10,2% B* 0,544 MeV

89.8%

¥1,277 MeV

1
1
]
]
|
|
|
'
]
Y
22
Ne

Hinh 4.13. 86 d8 bi€n déi Na™ thanh Ne™.

Vi du qui trinh chi€m electron cda hat nhin Na® nhyr san:
¢+ Na? ——— (Ne¥+ v (4.9
Ning lugng lién k&t cita electron 18p K trong nguyén tif Na®* 1a
Ex = 1,08 keV. Ning lugng phin ting bing Eq = 3,352 MeV. Do sau qui
trinh chi€m clectron hat nhdn phdt tia ¥ v61 ning lugng 1,277 McV (hinh
4.13) nén phin ning lwong con lai 3,352 - 1,277 = 2,075 McV 1a dong ning
ctia phan hat neutrino. Hinh 4.13 minh hoa sy bi€n déi tir hat nhdn Na™
thinh hat nhan Ne™ bing hai qud trinh phin ri positron va chi€m electron
16p K. vdi qué trinh phin ra gamma tiép theo clia Ne™.

4.3.1.4. Cdc tinh chét co bdn ciia phdn rd beta

a) Lute twong tde: Bdc di€m chinh cda cdc qui trinh phan rd beta la
chiing khéng dugce giy ra bdi lwe hat nhin va lyc dién t¥ ma bdi lvc tuong
y&u vdi cudng 46 nhd hon luc hat nhan 14 bac.

b} Béin chdt cia qud trinh phdn rd: Phan ra beta khdng phdi 14 mot
qué trinh bi&n d8i bén trong hat nhin nhu qué trinh phin ri alpha ma [ qué
trith phin rd bén trong hat nucleon. B6 chinh 13 cdc quid trinh phin 3
neuwiron thanh proton (4.79) hay qud trinh phin rd proton thinh neutron
(4.85). Nhy vy néu qud trinh phin rd alpha 12 mdt qud trinh thudn tdy hat
nhin thi qud trinh phin rd heta 13 mdt qué trinh phitc tap hon rit nhiéu, lién
quan cd v&i 1y thuy&t wong 1dc y&u 1an 1y thuyé&t cdu tric hat nhén,
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¢} Nguon g6c cita cde hat bay ra tix phin rd beta: MOL cau héi duge
dit ra la electron, neutrino va cdc hat khdc bay ra trong phan ra beta ¢6 tdn
tai trong hat nhdn trifée khi phin rd beta khong? Theo quan diém cia Iy
thuy€t hat nhin hién nay, cdc hat nay sinh ra trong qué trinh phin rd do sy
wrong tac ciia cdc hat ¢ ban.

d) Ddi cdc nguyén i phdn rd beta: DO1 v6i phin ra alpha thi di cdc
nguyén td phin rd 12 cdc nguyén (8 ning nhat vi mdt s6 nguyén & d4t him.
Con doi véi phin rd beta thi dai cic nguyén t6 phdn rd 141 rong, (¥ hat
neutron 1 do d€n nguyén & niang nhit.

e) Ndng lugng gidi phong khi phin rd beta: Nang Iwgng gidi phong
khi phéin ra beta bi€n thién tir 0,02 MeV trong phin ri

H —E s Helre + v 40,02 MeV (4.92)
d¢€n 13,4 MeV trong phin ra

B L (e + v +134MeV (4.93)

4.3.2. Cin bing niing lugng trong phin ra beta

N&u coi riing khdi lwgng neutrino va phén neutrino biing 0 thi dé Xy
ra qua trinh phédn rd beta phdi thda min cdc didu kién v& khdi lvgng nhu sau:

w) Phinrd f -

Phin rd [} phai thda min quan hé khé&i lugng nh sau:
M(Z,A) > M(Z+],A) + m (4.94)
Trong d6 M(Z,A) va M(Z+1,A) 1a kh&i lugng cdc hat nhan ,X* va
2o Y* b6 di kh&i lwong cdce electron quy dao trong cdng thitc (4.78), con m 1
khéi lugng electron. Tuy nhién trong thuc t& ngudi ta khong do kh6i ugng
hat nhan mi do khdi lugng nguyén ti¥, do d6 thay cho M(Z,A) vd M(Z+1,A)
ngudi ta ding cdc khdi lugng nguyén of trudc phin rd M; vA sau phan rd M;
nhy sau;

M; = M(Z,A) + Zm va M; = M(Z+1,A) + (Z+1)m (4.95)
Khi d6 diéu kién phin rd B (4.92) trd thanh:
Mi > M; (496)
b} Phianra g~
P&i v4i phan ra B* thi didu kién vé khdi Iuvgng hat nhén la:
M(Z,A) > M(Z-1,A) + m (4.97)
Con diéu kién véi khdi lugng nguyén ¥ 1a:
M;>M;+2m (4.98)
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Trong dé:
M; = M(Z,A) + Zm va M= M(Z-1,A) + (Z-1)m (4.99)

¢) Qud trinh chiém electron

P61 vdi qud trinh chi€m electron thi diéu kién vé€ khéi lugng hat
nhén la:

M(Z,A) + m > M(Z-1,A) 4.100)
Con di€u kién vdi khol ligng nguyén w 1a:
M; > M, (4.101)
Trong dé:
M; = M(Z,A) + Zm va M; = M(Z-1,A) + (Z-1)m (4.102)

Trong qui trinh phan rd B* va qud trinh chi€m electron, hat nhin
ciing chiu bi&n d8i tir proton sang neutron. Vi vay ¢ hai qué trinh nay ¢6 thé
x4y ra vdi cling mét hat nhan va thudng canh tranh nhau. Theo cac biéu thic
(4.97) va (4.100), ta thdy ring tir quan diém cin bing ning ludng, qud trinh
chiém electron dé xdy ra hon qui trinh phin rd B*. Néi riéng, néu cdc hat
nhin dau va cudi thda min bat phuong trinh:

M;+2m>M; > M; (4.103)
thi qud trinh chi€m electron duge phép x4y ra con qué trinh phin rd B bi
cam. Vidy, diéu kién (4.103) ding d6i vé6i qua trinh chiém electron sau diy:

e +.Be’ 5L +v (4.104)
Trong d6 hiéu s§ cdc khdi lugng nguyén tf bing 0,864 MeV trong hic khdi
lwong hai hat electron bing 1.02 MeV. Viy 4Be’ chi bit electron ma khdng
phinra "

4.3.3. Phé niing lugng ctia hat beta

Khdc vdi phdn rd alpha, trong phdn rd beta ¢é hai hat bay ra 1a
electron va phdn neutrino. Do d6 phin bé ning lugng trong phin rd beta
khoéng phii chi quan tim dé€n ning hugng tdng cdng ma cd phin bd ning
lWong gilta hai hat bay ra d6. & ddy bd qua ning hrong gidt i rat bé ciia hat
nhdn con. Do tinh ¢h® thdng ké ciia qud irinh phin r nén sy phin chia ning
lugng gitta electron v phin neutrino trong mot phin rd 1a ngiu nhién, va
ning lugng electron cé thé ¢cé gid tri bat k¥ 0 d€n niing lugng cie dai khd
di Ep.x. Tuy nhién d6i v6i mot s6 16n phin rd beta thi phin bd ning lugng
cBa electron khéng phdi 1a ngdu nhién ma ¢é dang xdc dinh. Phin bd ning
lwgng nay goi la phd electron cda phén rd beta.

Vi du electron trong phin ri beta cia P>? theo s3 d8 (4.83) ¢6 ning
lugng cwe dai By = 1,71 MeV. Pudng cong phdn bd dong niing cla electron
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dugc minh hoa trén hinh 4.14. Tinh chat chung cda cic phd beta 1a phin b
tron tru ma khong c6 cdc dinh nhon va phd chim ditt 3 mot gid trl ning lwgng
cuc dai B, V€ mit lich si¥, chinh c4c tinh chit nay cla phd beta 13 cd s& d€
Pauli tién dodn sy ton tai clia hat neutrino vao nim 1931, wrude khi guan sit
dugc hat nay mot phan tr the€ ky sau d6. Nh3 sy c6 mit neutrino ma cdc dinh
ludt bdo toan ning lugng, dong lugng va momen dong ludng trong phan ra
beta duge théa min. T hinh 4.14 ta thdy ring ning l¥gng trung binh cla
electron trong phd beta bing 0,7 MeV, tic bing 41% ning ludng cuc dai. Noi
chung, ning lugng trung binh cia electron trong cdc phén rd beta bing 30% -
40% nang lvong cuc dai E,,,,.

S A
wong
déi

ETB = 0,7 MeV

Enx = 1,71 MeV

1 ! |
0 (3,5 1.6 1,5
Ning lwgng hat beta, MeV

—»

Hinh 4.14. Phé ning lugng electron trong phin ri beta cia dng vi
phéng xa P,

D¢ tinh dang phd beta, ta hay tinh xdc sust do d€ khi phdn ri beta,
¢lectron bay ra véi dong lugng B trong khoing dp va dong lwgng phén
neutrino k trong khodng dk :

dw=D8( Eux — E - ck) dp dk =D Epay — E - ck)p’dpk’dkdQ.dQ,
{(4.105)

Trong dé D 1a hé s6 i 1€, dQ. va dQ, 13 cac gdc dic theo phudng bay
ctia clectron va phdn neutrino, 8( By, — E - ¢k) 13 ham Dirac bdo ddm dinh
ludt bdo toan ning lugng dude thda man:

Enaix ~E—c¢k=0 (4.106)

Trong d6 E la dong ning cla electron va ck 1a ning lugng cia phan
neutrino vdi khoi lugng biing 0. Pong ning E lién hé vdi dong lugng electron

p nhu sau;
E= c:\/p2 +m’c? - me’ (4.107)
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Gid st ¢6 N, phin rd beta, trong d6 dN phin rd cho hat electren bay
ra trong khodng dong hegng 1 p d€n p + dp va hat phdn neutrino bay ra
trong khodng dong hrong tit k d&n k + dk , thi dN lién hé véi do nhir sau:

dN = N, dw (4.108)

Hé 8 D trong (4.103) dac trung cho cudng 46 tudng tic y&u va phu
thude vao E, B, cling nhu dinh hudng wong hd gilta cde spin va goc gilta
c4c dong ludng electron va phan neutrino. Xét truding hop don gidn nhat vdi
D = const, thi ¢6 thé 18y tich phan bifu thitc (4.108) theo cdc gid tri dong
Wwrgng phén neutrino va gée bay cla clectron va phan neutrino, ta ¢o:

2
dN = MDpZ(E"m ~ Eydp {4.109)

3
C

Chuyén dp trong cdng thic (4.109) sang dE dva theo (4.107), ta dudc
ham phén bd dang pho beta theo nang lugng electron nhy sau:

dN 2
e N_ByE(E+2mc* )(E+me*)E,,, —E)Y F(ZE) (4.110)
l6n°

Trong d6 B = ——D va F(ZE) a thira s6 hiéu chinh dnh hudng
c

twdng téc Coulomb giia hat nhan va cdc hat bay ra. Ham phin b8 (4.110)
dugc the hién trén hinh 4.15, cé dang gidng v6i dudng cong phin bd trén
hinh 4.14. Trén hinh 4.15, tai mién ning luong thip cla electron, dd thi c6
ba dang phin biét nhau do 4nh hudng clia twong tic Coulomb giifa hat nhin
va cAc hat bay ra, 1a clectron (§) hay positron (B").

|
dE :

»
E

Hink 4.15. Ph nang Iwgng electron trong phin rd beta theo cdng thitc
tinh todn (4.110) cé tinh d&€n dnh hudng cla tuong tic Coulomb.

4.3.4. Xdc dinh niing lugng cyc dai cia pho beta

Ta viét lai cdng thirc (4.109) c6 k€ d€n thita s§ F(Z,E) hiéu chinh dnh
hudng tuong tic Coulomb giita hat nhin va cdc hat bay ra nhu sau:
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N(p}dp = C’p"(Enax ~ EY'F(Z,E)dp (4.111)
Trong d6 N(p)dp 1a s6 hat beta phdt ra v6i déng Iugng nim trong khodng p
dén p + dp; C 12 hiing s6 d6i vdi mdi loai hat nhan phin rd vA cdc thong s&
khdc dd bi€t trong phin trén. T¥ céng thie (4.111) ta cé:
N(p)
p’F(Z.E)

N(p)
p’F(Z.E)
thing, goi 14 dudng Curie hay duding Fermi. Pi€m c4t cia duding Curie vdi
truc. hoanh chinh 1a nang lwgng cve dai E,,.. Xay dung dudng Curie thuc
nghiém la phudng phdp phd bi€n dé€ xdc dinh ning lugng cye dai cia phd
beta. Hinh 4.16 minh hoa du®ng Curie ddi vdi hat nhin tritiom vdi ning
hrgng cue dai cla electron 13 18 keV.

= C(E,..x — E} (4.112)

N&u biéu dién ham theo ning lugng ta duge mdt dudng

F 3

[N/p*F(Z,E)]'"?
Pon vi twdng 461

P

| T | I I al
024 6 81012141618 E, keV

Hink 4.16. Budng Curie xdc dinh ning lugng cuc dai 18 keV ciia
electron do tritinm phét ra.

4.3.5. Thgi gian bdn ra suy réng clia phin ra beta

Thdt gian bdn i Ty, dude x4c dinh qua hing s& phin rd nhu sau:

n2 1
A== = — [N
Tlrz No
Eﬂ'il!
= B | JEE+2mc?)(E+mc’)(E,,, —E) F(ZE)E
¥
= Bf(EnuZ) (4.113)

Trong d6 f(Eqix,Z) 14 ham phic tap nhung hoan toan xdc dinh clia
ning lwdng cuc dai Ep,, va s8 dién tich Z. Trong c¢6ng thic (4.113), hing s&
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B thay ddi t nguyén t4 nay sang nguyé&n t8 khac khi phin rd beta. Theo
(4.113) ta cé:

In2

leﬂ
nén fT), phan dnh mic dé6 dnh hudng nay. Pai lugng fT,, dudc goi 1a thoi
giun bdn rd suy réong. Do fT,, bién thién trong gidi han nhi€u bic nén ngudi
ta thudng dung dai lugng 1g(fT),). Néu khong tinh d€n dnh hudng clia twong
tic Coulomb vi trong truding hop siéu tuong ddi (Ep., >> mc® = 0,5 MeV)
ham f(Eq..) c6 dang:

E

H(Ep) = [E*(E

4]

B=

(4.114)

i

2
. —B)y’dE= E’ J’x%l-x“)dx:EEfm (4.115)
0

Theo cong thitc (4.115) thi ham f(E,,,,) ti 1& thudn v&i bic 5 ciia nang
lugng cuc dai Eg,,.

4.3.6. Cac quy tic lIa chon trong phiin rd beta

Su dich chuyén giffa cdc trang thdi hat nhin k&m theo phin ri beta
tuin theo mdt s& quy tic lya chon. Dich chuyén beta dudc cho phép hay bi
cam 12 do spin va 49 chdn 1é ciia cdc hat nhan me va con. Trudc tién ta hdy
xét momen toan phan vi d6 chin 1& cla cip e -V . Momen toan phan ctia
cap nay la tdng vector cia momen quy dao clia chuyén ddng tudng ddi giita
hai hat va spin tSng cong clia ching. Spin tSng cong bing O hodc bing 1.
Nhuw 44 ndi trén, phén rd beta 1A qud trinh bén trong hat nhin, nghia 1a
electron vi phén neutrino thuc t&€ bay ra tif mot di€m, nghia 13 momen quy
dao twong 461 bing 0. Nhu vy momen toan phin cGa cip e - ¥ trong dich
chuyén cho phép s& bing 0 hoac 1, trong dich chuyén cAm bsiméot 13 0, 1,2,
trong dich chuyén cdim bdihaila 1,2,3, ..

Pd chidn 1€ clia cip e - ¥ duge xdc dinh bdi momen qu§ dao clia
chiing theo cong thite (-1)° = 1 do £ = 0. Nhuw viy su thay di d¢ chin 1& cia
toan bé trong phin ri beta do @6 chin 1é cla cdc hat nhin me va con quy
dinh.

Ta goi spin va d6 chdn 18 clia cdc hat nhdn me va con 1a J, m; va Jj,
m thi didu kién d€ dich chuyén cho phép la:

MZJ{—Ji":O,i‘];An:TE{—ﬂi:O (4116)
Piéu kién d€ dich chuyén bi cim bdi 1 1a:
Al=)-1=0, 1,2 An=m-m;+ 0 (4.117

Ta hiy xem xét cdc quy tic lya chon d8i vdi cdc loai dich chuyén
cho phép va bi cim.
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4.3.6.1. Cdc dich chuyén cho phép

Dich chuyén cho phép twan theo quy tic hya chon (4.116) va duoc
chia thanh hai loai [a dich chuyén Fermi va dich chuyén Gamov-Teller.

a) Dich chuyén Fermi

Dich chuyén Fermi 1a dich chuyén ma spin tdng cong cida cip e -
bang khong. Quy tic lra chon Fermi 13
Al=0viAn=0 4.118)
tic Ja spin J va dd chdn 1&é n khéng thay d8i. Vi du dich chuyén sau ddy 1a
dich chuyén thuin Fermi:

O 5 N"+et +v, (4.119)
Trong d6 v, 14 neutrino-electron.
b} Dich chuyén Gamov-Teller

chh chuyén Gamov-Teller la dich chuyén ma spin tdng cdng cia

cipe- v bing 1. Quy tdc lva chon Gamov-Teller [a:

Al=0,+lvaAn=0 (4.120)
ngoat trif trudng hdp dich chuy&n 0 — 0, tic 1a spin hat nhin § trang thdi ddu
vd trang thdi cudi déu bing khéng. Vi du dich chuyén sau day {a dich
chuy&n thudn Gamov-Teller:

He® >, Li®+e + 7, (4.121)

Trong dé V_ 1a phdn neutrino-electron.
¢) Dich chuyén hén hyp

Dich chuyén hén hop gdm ci dich chuyén Fermi v dich chuyén
Gamov-Teller. Vi du dich chuyén sau day Ia dich chuyén hdn hgp:
s0° 5 N +e* 4 v, (4.122)
Céc dich chuyén cho phép cdn phan thanh dich chuyén siéu cho
phép va dich chuyén cho phép binh thuding.

d) Dich chuyén siéu cho phép

Dich chuyén siéu cho phép 12 dich chuyén khéng kéo theo sur thay
d8i cdu tric hat nhin. D6 1A cdc dich chuyén giffa cdc thanh phdn cla cing
mdt da tuyén spin déng vi. Dich chuy&n nay dvge dic trung bdi cdc gid tri
nhé nhit cda [g(fT )
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lg(tT\n) = 2,5 - 3,0
Vi du, dich chuyé&n sau diy 13 dich chuyén siéu cho phép:

(4.123)
n->p+e+ v, (4.124}
1 ] 1 ]
(T= —,TZ='__)T: '_,Tz= —)
2 2 2 2
Trong d6 T la spin dong vi.

14+
O S5oN" +et + v,

(4.125)
(T=1,T,=-1-T=1,T,=0)
M4t dich chuyén khdc x3y ra giita cdc thanh phén ciia hai da tuyén
spin déng vi khic nhau nhung cdc hat nhin c6 ciu ric rdt gin nhau nén
ciing thudc loai s1éu cho phép:

He® 5oLt + e+ 7, (4.126)
(T=1,T,=-1-T=0,T,=0)
¢) Dich chuyén cho phép binh thudng

Dich chuyén cho phép binh thudng la dich chuyén kéo theo su thay
d8i c&u trdc hat nhdn. Dich chuyén nay duge ddc trung bdi gid tri

lg(fT ) =5

4.127)
hudng spin nucleon d61 v8i momen quy dao trong qud trinh phdn rd beta. Vi

Trong dich chuyén nay cé sy thay ddi spin dong vi hodc thay déi dinh
du, dich chuyén sau ddy 1a dich chuyén cho phép binh thudng:

L Q - —_—
3[]C34J — 2|SC4) +€ +V,

(4.128)
Trong dich chuyén piy neutron trong trang thdi vdé 2ps» chuyén
thanh proton trong trang thai vd 2ps, nhung spin ddng vi thay ddi:
9 . 7 .
T= = (uCa®) > T= = (:5c)
2 2
4.3.6.2. Cdc dich chuyén cém

Dich chuyé&n c&m béc 1 1a dich chuyén tin theo quy tdc Iua chon
(4.117). Xdc sudt dich chuyén la bé va gia tri 1g(fTp) 1dn hdn 5. Dich

chuyén cAm ¢6 nhiéu bic nhv phin loai trong bing 4.5. Vi du mdt dich
chuyén cam nhu sau:

40 4 - —
K" = aCa +e + v,

(4.129)
nhdn ,,Ca® bing 0, con d6 chdn Ié clia cdc hat nhan nguge diu nhau. DGi

Pay la dich chuy&n c&m bic 3 vi spin hat nhan ,,K* bling 4, spin hat
vdi dich chuyén nay lg(fT ) = 18 vd chu ky bdn ra bing Ty = 10° nim.
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Bdng 4.5. Phin loai cdc dich chuyén

| Loaidich chuyén Quy tc chon loc _1g{tTip)
1. Loai cho phép
- S1€u cho phép Al=0,21; An=0 25-4
- Cho phép binh thudng Al=0,z1; An=0 4-6
2. Loai cim
- Cdm bic 01 Al=0,41,2, Ar#0 6-9
- Cidm bac 02 Al = £2 +3: An =0 16-13
- Cdm bic 03 Al =33, 14, An# 0 I5-19
- Cim hac 04 Al = 14 22

4.4. DICH CHUYEN GAMMA

Cé hai phin ra alpha va beta thuting k&m theo dich chuyén gamma
vi sau khi phﬁn rd alpha va beta hat nhin phéng xa me bi&n thanh hat nhin
con thudng nim & trang thdi kich thich. Khi hat nhin con Lhuyen 1Y trang
thdi kich thich vé trang thii cd bdn né ¢ thé phdt ra mdt s§ tia gamma. Tia
gamma la mdt dang cda song dién tif song cé tn s& hay nang ludng rat 16n.
Khi dich chuyén gamma hat nhin ,X* khong thay d8i cic gid tri Z va A. Cac
hinh 4.8, 4.9 v4 4.10 trinh bay cdc s b phin ¢d alpha, beta vi chiém
electron ¢6 kém theo djch chuyén gamma. Ngoai cdc loai phidn rd nay, con
c6 th€ bdn ph4 hat nhin bia bdi cic hat tich dién, neutron hay proton dé
chuycn hat nhin 1€n trang thdi kich thich va hat nhin kich thich 46 chuyén
vé trang thii cd ban bang cdch phit ra mot s& bic Xa gamma.

V¢é bin chit thi bire *a gamma cda hat nhin 14 do fudng tdc ¢la cac
nucleon riéng ré trong hat nhin véi trudng dién tir. Tuy nhién, khéc vdi bitce
xa beta, bifc xa gamma khéng phij 13 hién twong bén trong nucleon ma 13
bé€n trong hat nhdn. Mot nucleon ty do ¢6 lip khéng thé bic xa hay hdp thy
lugng tf gamma do y&u ciu cda cdc dinh ludt bdo todn ning Wong va dong
lwgng. Con bén trong hat nhin, nucleon ¢6 thé bic xa hay hip thu gamma do
né truy€n dong lugng cho cic nucleon khic.

Khi hat nhdn chuy€n oY trang thdi kich thich cao v& trang thd: kich
thich thip hay vé trang thdi ¢d ban, ngoai dich chuyén gamma con ¢6 qua
trich bi€n hodn ndi, trong d6 mdt electron bi dédnh bat ra tir cic 18p trong
cung clia nguyén tiy.

4.4.1. Cdc tinh chit cda dich chuyén gamma
4.4.1.1. So db dich chuyén gamma
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Ta hay xem xét chi 1i&€t mdt s 6 phin rd beta cla hat nhdn ;) Na**
¢6 kem theo djch chuyén gamma ¢hinh 4.17).

Hat nhin ,;Na™ & trang thii cd bdn ¢6 spin va do chdn 1 1a J = 4"
phin ri B d€ rd thanh hat nhan ,;Mg*. Hat nhan ,Mg™ ¢4 trang théi cd ban
véi I = 0%, trang théi kich thich th¢ nhdt 8 mic ning lugng E, = 1,37 MeV
véi ¥ =2 vi muc kich thich thif hai & mdc ning lwong E; = 4,12 MeV vai
J = 4*. Phan rd beta chuyén hat nhan ;Na™ v& mic kich thich th hai cla
Mg véi thifi gian ban rd Tip = 15 h ma khong vé& mic kich thich thit nhat
hoic mifc ¢d ban vi hai qué trinh nay bi cAm. Hat nhin 12Mg** chuyén tir mirc
kich thich thit hai vé& trang thdi cd bdn biing cdch phdt hai bic xa gamma lién
ti€p vdi ning lwgng 2,75 MeV va 1,37 MeV.

4+
]3/- |1Naz4
4,12 &

I‘Yll
+ at
1.37 4B
0 y 0*
leg’M

Hinh 4.17. Sd 46 phian rd B cda hat nhan 1Na® ¢6 k&ém theo cdc dich
chuyén gamma.

4.4.1.2. Nang lugng cia biic xa gamma

Ning lugng clia bitc xa gamma bing hi€u s§ cdc mic nang lugng
diu va cudi clia m3i dich chuy&n gamma. Nhy viy phd nang ludng cla bic
xa gamma la phd gidn doan. Ning lugng E, dong ltong p, tin s6 v vi bude
séng A cha né dugc x4c dinh nhur d5i v6i cdc bie xa di€n tir khac, tic la:

c

h
E=zhv;p=—;v=— (4.130)
P A )

4.4.1.3. Pé da cuc cia higng tii gamma
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Do photon khoéng ¢6 khdi lugng nén ta khong st dung khdi niém
momen quy dao ma ding khéi niém da cuc d6i véi n6. P6 da cuc L cha
photon dugc xdc dinh theo spin trang thdi ddu J, va spin trang thii cudi J; cia
hat nhin nhu sau:

- <L<ki+]; (4.131)
L =1 goila bic xa ludng cuc.
L =2 gol la bifc xa 1% cue.

Bifc xa gamma dugc chia thinh hai loai 1a bitc xa dién (E) va bdc xa

W (M). S8 chdn 1 d6i vdi hai loai bitc xa nay dudc xdc dinh nhy sau:

Buc xa dién: g = (-1)" (4.132)
Biic xa tit; My = (-1 (4.133)
BPinh ludt bdo todn chdn 1€ ddi voi birc xa dién 1a:
I _cr (4.134)
iy

Pinh luit bie toan chin I1é ddi vdi bitc xa tir 1a:

RIS (4.135)
e

4.4.1.4. Thoi gian sdng ciia hat nhin phdt gamma

Thasi gian sGng trung binh cda cdc hat nhan phdt gamma nhd hon
nhiéu so vdi thdi gian sOng clia cdc hat nhin phin ri beta va alpha do cudng
dd rrong tac dién tr 3 bic y€u hon cudng do twong tic hat nhan. Cling nhw
cac loai phin rd khdc, thdi gian s6ng cla cdc hat nhan phét gamma phy
thudéc vio d6 chénh 1énh vé spin va tinh chin 1é cia cdc trang thdi diu va
cudi,

Cac bitc xa gamma thudng ¢6 ning ludgng hang chuc keV dén vai
MeV, do 46 d6 dai séng

cm (E theo don vi MeV) (4.136)

vao khodng tt 2.10* d&n 5.10" cm. Nhu vay ban kinh hat nhan R 14t nhé
hon 4§ dai séng X:

R
— << ] (4.137)
A

Tt ly thuy€t bic xa dién (i suy ra riing, thdi gian bén rd T, cla hat
nhén bifc xa gamma phy thudc vie d6 da cuc L va d6 dai séng A nhu sau:
Péi vdi dich chuyén da cuc dién:
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AL
S l[B-) (4.138)
T, A\A

Déi v6i dich chuyén da cye ir:

2L+
TL ~ %(%) {4.139)
172

Tir (4.136) — (4.139) ta suy ra ring, thdi gian bdn rd Ty, cang ldn khi
d6 da cuc L cing cao, tic 1A cdc dich chuyén vdi do da cuc cao bi cim manh
hon cac dich chuyén véi dd da cvc thip. Dich chuyén ludng cuc dién duge
cho phép nhidu nhit Sau dé 1a dich chuyén ¥ cwc digén va dich chuyén
ludng cuc tr.

! ¥
{3

—
I B2
Y ¥ |
mAl'36

Hinh 4.18. Cac dich chuy&n da cyc tif cc trang thdi kich thich thip

nhi't cla hat nhin ;sAr’”.

P6 da cuc cha dich chuyén gamma duge xdc dinh bdi spin va dd
chin I& cta cdc mic ddn v cudi. N&u spin cia mdt trong cdc mic bing
khdng thi dich chuyén chi do mot da cyc. Trén hinh 4.18 minh hoa vi du don
gian nht véi hat nhin Ar'® 8 mic cd bdn vdi J, = 0" va hai mifc kich thich
thdp nhat véi J, = 2°, J, = 3" Trong trudng hgp nay 6 hai dich chuyén
gamma 14 dich chuyén dign E3 (L =3) va B2 (L =2).

Ta hidy xem xét hai vi dy phiic tap hon trén hinh 4.19. Trén hinh
4.19a, lugng tif photon ¢6 d9 chdn }& dudng cdn momen quy dao hodc bing 1
hoic bing 0. Do d6 dich chuyén 1a td hop E2 + M. Céc photon cla hai da
cuc nay sinh ra véi cudng 4o xdp xi bing nhau, V1 theo (4.131) va (4.132)
mitc d6 ¢cdm d6i vdi ching cling bic. Trén hinh 4.19b, dich chuyén 14 8 hop
E1 + M2. Tuy nhién dich chuyén M2 bi cim manh hdn dich chuyén E1, do
@6 thre t€ chi ¢6 dich chuyén El.
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— /2 — /2"
E2+M1 E:l
Y_ i3 vy |3
a) b)

Hinh 4.19. Cic dich chuyén véi dd da cuc khdc nhau Khi spin trang thii
diu va trang théi cudi khic khong.

4.1.4.5. Cdc trang thdi isomer

C6 mdt s8 dich chuyén tiY cdc mite ning lugng thip nhung mitc db
cAm rat 16n nén cdc hat nhin tudng Wng c6 thifi gian bén ra khd l6n. Céc
trang thdi sdng lau nhu viy goi la isomer. Vi du dién hinh cda isomer 13
ddng vi 4ln''® vdi so dd phin rd trén hinh 4.20. Trang thdi cd ban cda In''®
c6 spin J, = 9/2* va trang théi kich thich ddv tién ¢6 spin J; = 1/2", do dé dich
chuyén phai thyc hién bing cdch phéng ra mdt lugng i tir M4. Dich chuyén
nay bi cAm rdt manh nén thdi gian sdng cia mic kich thich d6 bing 14,4 h,

595 512
335 172
0 972"
oIn'ts

Hink 4.20. 86 d8 cdc midc clia hat nhan 4In'?.
Cotbén trdi: Ning lugng (keV). Cot bén phdi: Spin va dd chin 18,

C6 thé tinh todn mién cdc gid tri A va Z d€ cé cdc trang thai isomer.
Tt (4.138) va (4.139) ta thiy ring mic isomer phii théa min hai didu kién
1a spin khéc rd rét v6i spin cia mic dwdi né va cd ning ludng kich thich
thdp. Nhu thé cdc trang thii isomer s& tdn tai & hat nhin cé cic mifc vo rat
gan nhau v& ning ludng nhung rdt xa nhau v& spin. Vi du ddng vi n'*
thi€u mét proton d€ m ddy vé v6i Z = S0, nghia 13 c6 mot “13 trong”
proton. & trang théi ¢d ban, 18 tr6ng niy nim & trang thdi 1gy,; con mic kich
thich & trang thdi 2p,,. T d6 thiy ring cdc hat nhin ddo isomer nim ngay
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trudc cdc s6 magic 50, 82, 126 theo ¢d Z va N, Vi du, c4c hat nhén c¢6 trang
thdi isomer 12 yRb* (N = 49), 5, Te"™ (N = 79, gin 82), xHg'” (Z = 80, gin
82), ... B8i v6i c4c hat nhdn nay, trang thdi isomer déu 14 mic kich thich diu
tién cia hat nhin.

4.4.2, Qua trinh bi&én hodn ndi

Hat nhin & trang thai kich thich c¢6 thé chuyén vé trang thdi ¢d bin
khong chi bang cdch phéng ra lugng 0 gamma ma cdn bing céch truyén
nang ludng cho mot electron cda v6 nguyén ti. N&u ning lugng truyén nay
16n hon ning lugng lién k&t g cia electron trong nguyén tf thi electron bi
ddnh bat ra khdi nguyén tr. Qua trinh niay dude goi 1a bién hodn ndi. Nhu
viy qud trinh bi€n hodn ndi Id qué trinh twong tdc trye 1i€p clia hat nhin vdi
electron trong vo nguyén ¥, chi y&u la cic 16p vé K va L.

Electron bi€n hodn ndi ¢6 niang lugng E. don sic va bing hiéu s&
gitta nang hrong cla mic kich thich hat nhan E va ning lugng lién két cla
electron gy

E.=E - gy (4 140)
S6 tdng K279
doi
L279
M279 E24:+Ml
i
—— 0 —t— 12
2 4 6 8 10 12 o T
p. don vi tuong déi
a) b)

Hinh 4.17. a) Phé beta cla Hg"™ d6i vdi cdc electron bi€n hodn ndi tit
cdc mitc ning lugng K, L vi M; b) So dd phan ri.

Tinh don ning ciia elctron bigén hodn ndi cho phép phin biét né véi
electron ciia phin rd beta ¢6 phd lién tuc. Hinh 4.17a minh hoa phd ning
lwgng ctia electron tir phin rd beta va bi€n hodn ndi clia hat nhin g,Hg™”. So
48 phin rd minh hoa trén hinh 4.17b, 1t 46 ta thdy cdc dinh hep trong phd
beta tuong ng véi nang lugng mic kich thich clia hat nhin cudi  TI*”.

Cd ch& clia qu4 trinh bi€n hodn ndi 13 hat nhin phéng ra tia gamma
vi tia nay dudc electron clia vd nguyén of hip thu. & day, tia gamma d6 1
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gamma do chi khéng phdi gamma thyc do giFa ning lvgng E va ddng lugng
k cda n6 khong hoan toan théa man hé thic B = ck. Khi nang tdn tai lugng
tif gamma do xudt phat tit hé thitc b4t dinh Heisenberg, trong dé cdc gamma
ndy chi ton tai trong mot thdi gian ngdn va khodng cach khong xa ngudn. Vai
trd lugng ti gamma 4o thé hién 1§ trong trudng hop chuyén héa 0-0, tie 1a
trang thdi kich thich va trang thdi cd bdn d€u ¢6 spin 0. Vi du déi vdi hat
nhin »Ge”, trang th4j kich thich thit nhdt ¢6 spin 0" va trang thai cd bin
cling ¢6 spin 0", Viéc chuyén tir trang thdi kich thich nay vé trang thdi cd hdn
khong thé thyc hién bing viéc phéng ra mdt tia gamma thuc vi khdng t3n tai
da cyc EQ. Do d6 phép dich chuyén d6 phai thuc hién bing phép bi€n hodn
ndi vdi garnma 40 ¢6 spin 0.

Cuting do qud trinh bi€n hodn ndi dwge xdc dinh bing ti s§ giita s6
electron bi€n hodn ndi N, so véi s photon N, phit ra:

a= N (4.141)
NY

D4i vdi hat nhan Cs'' thi & = 0,11. Do qu4 trinh bi€n hodn ndi xdy

ra t cic 18p vé K, L, M, nén hé s& o, bing:
0= 0O + O + Oy + ... (4.142)

Hé sd o trong khodng 107 < o < 10%. N6 ting khi tang dé da cue cita
dich chuyén va gidm khi ting ning lwgng dich chuyén. Khi ning ltgng kich
thich vugt qué 2mc® = 1,02 MeV thi qui trinh bi€n hodn ndi cho ra hat
electron va hat positron, goi 1a quéd winh bign hodn cap.

Sau qud trinh bi€n hodn ndi xuat hién mot 16 trdng trén 16p K hay
16p L do electron bi bin ra va mdt electron & 1p vé cao hon chuyén vé
chi€m vi tri 16 tréng ndy, phdt ra fia X ddc trung. D& lust minh, tia X dic
tring nay lai bi hip thu, gy ra hidéu Gng quang dién ndi méi, lam bin
electron lién k&t khdc ra ngodi nguyén t&. Electron phét ra lin nay dudc goi
13 electron Auger.

4.4.3. Hip thu cdng hudng gamma va hiéu hg Mossbauer

Hap thy cfng hudng 12 hién tigng mot hat nhan phit ra tia gamma
d€ chuyén v trang thdi kich thich v& trang thdi co ban thi hat nhan khdc
cung foai s€ hip thu tia gamma nay véi xdc sudt cao dé chuyén tif trang thai
¢d bdn Ién trang théi kich thich d6. Truwdc diy ngudi ta cho ring qud trinh
ndy khong thé xdy ra vdi Iy do nhv sau. Khi gamma dugc phéng ra thi hat
nhin nhdn mdt ddng luong gidt i p c6 gid i bing ddng lugng cia photon,
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v do d6 nang lugng gidt v la —2%4— rong d6 M 1a khdi Jugng hat ahidn. Nhu

vy ning lugng photon bay ra pc bé hon ndng lugng dich chuyén E theo biéu
thife sau:

pc=E-AE (4.143)
Trong d6
p? E2
AE = — = > (4.144)
M 2Me

Hi4p thu cdng hudng chi xdy ra khi ning lugng giat lui AE bé hon 4§

rong cong hudng I'™:
AE < T (4.145)

Trong thuc t& didu kién (4.145) khong dudc thyc hién. Ching han,
mic kich thich thi nhit ciia ddng vi ,6Fe’’ ¢6 nang lugng 14 keV va thifi gian
song ¢d 107 s, do d6 d6 rong mic [ = L 10™® eV. Nang lugng giat i bing

T

AE = 210" erg ~ 107 eV. Nhu vay AE 16n hon T ¢@ 5 bac va khong thé xay
ra qud trinh hip thu cbng hudng. Qui trinh nay khdng xdy ra ddi véi hat
nhan 1 do. Khi hat nhin lién k&t trong mang tinh thé thi dong ludng cla
photon khéng phdi trac cho mdt hat nhin riéng biét ma cho ¢ mang tinh thé
v6i khoi luong 16n nén AE rit bé. Tuy nhién theo quan diém cd hoc ¢ dién,
hip thu cdng hudng ciing khdng thé x4y ra trong mang tinh thé. Y twdng co
ban ciia Mossbauer & chd, theo ¢ hoc lugng tit thl hidu tng lién k€t tinh thé
tudn theo quy luit th&ng ké, nghia 1a trong da s& rudng hdp, cdc hat nhin cé
ning luong gidt l0i nhung cfing ¢6 mdt s6 it trudng hop, ning lugng gidt i
trao cho mang tinh th€ va ¢6 xdc sudt dé AE = 0. Do d6 ¢6 khd nang xdy ra
hap thu cong hudng d8i v6i mdt s& chuyén ddi. Dich chuyén v6i AE = 0 cang
d& xdy ra khi ning lugng chuyén doi cang thdp va nhiét do tinh thé cang
thap.

Hinh 4.22 minh hoa so dd nguyén tic quan st hiéu wng Mossbauer.
Ngudn phéng xa 1 phét tia gamma, sau khi di qua vat hdp thu 2, tia gamma
duge ghi bing detector 3. Ngudn phéng xa 1 c6 thé chuyén dong i hoic lui
so v6i vat hip thu 2. Do s6 dém cda detector 3 theo 3¢ 46 chuyén dong ciia
ngudn 1. Vgi tdc dd 16n thi vach ning lugng chuyén ddi dich di kh4 xa do
hiéu ¥ng Doppler vi khong c6 hip thu cdng hudng. Khi gidm tdc dd, hiéu
wng Doppler ciing gidm vi vach ning lugng chuyén doi ti€n gln 6i mic
cdng hudng. Tir thi nghiém ndy ¢ th& xdc dinh vi trf vd dd rong miic cdng
hudng (hinh 4.23).
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s =

I 2 3

Hinh 4.22. Sa d6 thyc nghi¢m do hiéu tng Mossbauer.
1: Ngudn phéng xa; 2: Vit hip thu; 3: Detector gamma.

Két qua thi nghiém din ra trén hmh 4.23 ti€n hanh 46i véi nguon
phéng xa »;Co”’, chi€m K trd thanh Fe*". Vat hdp thu 13 mudi K;Fe® (CN),
§ nhiét dé 297K. T8¢ d6 nhan duge bang 1,3.107 cm/s. BSi v6i cdc hat nhdn
¢6 thdi gian sdng ngdn hon, tde dd v dat d&n ¢d vii cm/s,

>

S6 dém trong d6i

08 04 0 04 08

v, /s
Hink 4.23. Sy phu thudc dd hap thu clda vach Mosshauer vio tdc
d6 chuyén dong cda ngudn phéng xa.

Hiéu #ng Mossbauer dvge ng dung rong rai, chidng han trong vigéc
do ning hrgng vdi do chinh x4c rat cao, vao ¢ 15-17 bac, hay trong nghién
cifu cdc dich chuyén pha loai hat trong vat 1§ chitrin ..

4.5, BAITAP

4.5.1, Cdc bai tdp vi du

Vidy 4.]. Hay tinh hoat d0 phéng xa clia { ug ddng vi phéng xa Na*
mdi sdn xudt va sau mdt ngay dém. Cho bi&( thai gian bdn rd cia Na™ 1a
T;Q =15 gld

Baii gidi.
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Hoat & phéng xa dugc tinh theo ¢ing thic:

dN N
a=- — =AN ;trongdé N= —~&m
dt A
N, = 6,03.10™ hat nhin/mole 1a s§ Avogadro; A la phdn t¥ gam, tinh

. 0,693
theo don vi g/mole, m 13 kh&i Iugng tinh theo gam, A = —

13 hiing s&
1/2
phan ra.
Nhu viy tai thdi diém mdi sdn xuit:
0,693N 4,18.10”
m =
ATI."Z

a3, = AN = m Bq (m tinh theo g, Ty tinh
142
theo s)

Thay s6: Ty»= 15h=15x3600s ; A=24;m=1pg=10°g

a, =3,2.10" Bq=8,65Ci

Hoat d6 sau 1 ngay dém, téc 13 t =24 h la:

L0683, _ 0693

a=a,e " =865xe ¥ =287Ci

Vi du 4.2. Xéc dinh khéi lugng chi Pb™ tao nén tr 1 kg U sau
khodng thdi gian bing tudi trdi dit, tfc Ja 2,5.10° nim.

Bai gidgi. Chl Pb™ la nguyén t& bén cudi cing trong chudi phin rd
U trdde Pb2™ 1a Po®'” véi thdi gian bén rd 138,4 ngay. Do su can biing thé
ky cta chudi phan ra U™ ta c6:
Apme Npme= o= Ay N

u pottt LY pgo
" - ~ - {1 ~
Chi Pb*® sinh ra do phan rd Po’" nén:
dN A
pLI% _ _ At
dt = kpozlu Npﬂm = kum NUN = kUm NUm.o L=
=k ot
prum = Iquz_ul‘n (1 -e v )

N . . . -
DoN = ~A—A-m, v6i Ny Ia s8 Avogadro, A 1a s8 khdi lugng, m 12 khéi

Iugng nén:
206

— m

—h gt
M, o = m (- v
X T B )

Thay s6:
m e =1 kg Tip (U**) =4,5.10° nam; t =2,5.10° nim
M, = 0,275 kg.
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Vi dy 4.3. Hat nhan Po™ phan i o chuy&n thanh hat nhin Pb¥ &
trang thai cd bn cdn hat ot ¢6 dong ning E, = 5,3 MeV.,

a) Tinh nhiét luong do 10 mg Po’" tda ra trong khodng thoi gian
bing thdii gian s8ng trung binh ciia Po?'’,

b) Tinh hoat d6 ban ddu clia Po™” n&u sau thosi gian bing thai gian
bdn ra ciia Po®" miu t3a ra nhist lugng 4 kJ.

Bai gidi.
: kg ] - - l
a) Nhiét lugng tda ra clia 10 mg Po*!! trong thdi gian T = -1—': Ta xét

baitodn phinri A — B +b, trong truding hop nay A = Po?® B = P va
b=o0. Do hat A ding yén nén tir phudng trinh bio toan déng higng ta ¢6

2 2
Ps = Po. Do Eg = ——p—B—,Ea: Pe s Db = Py nén Eg = oo E,
mB mu Mg
Ning lwgng phan ra o, 12 tdng dong ndng cdc hat sau phin ri, E,
bing:
m
Ed:vEB+Eu: a+1)Ea
mpg

. ” N .
S$6 hat nhan Po™" Ung vdim = 10 mg ]a N, = T:—m S6 hat nhan

. 1
phdn rd trong thdi gian T = I la:

N =N/l -e™
Nhiét lwgng todn phin téa ra la:
N
Q=NEs= ~Am(l - e™) (Pe 41y g,
A my
Thay s8: Na = 6,03.10% hat nhin/mole; A = 210 g/mole;

|
m:0,0I g;[:T: I,Ea=5,3MeV,nla=4,mB=2lO

Q=9.8.10"" MeV
DoleV=1,6.10"Tnén Q=158.10"7.

b) Hoat d6 ban diu a, cia Po™" né&u sau thai giant =T, miu tda ra
nhiét lugng 4 kJ:

Do Q=NE, =N,(1 - ¢e™ E, nén:
Al
Ay = A'Nu = -_'_R.QT—_
(1-e")E,
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Thay s8: M = AT, = 0,693 ; Es =5,4.10° eV
1eV=1,610"J:Q=4.10"]
a, = 5,38.10Bq = 1,45 mCi.

Vi du 4.4. Khi phin réd o cha hat nhan Po”'? tif mikc kich thich dau

tién quan sat thiy c6 hai qud trinh canh tranh nhau {(hinh 4. 24) qud trinh
phéng o trye t€p (o) va qud trinh phong o. sau khi chuyén y vé trang thdi cd
ban (o). Khi d6 35 hat oy tng vdi 10" hat o,,. Hay tinh hiing s8 phén ri cla
mitc kich thich ng véi qud trinh phéat o;. Cho bi&t thifi gian s6ng trung binh
clhia micnay 13 T=2.107s.

208

Bai giai.

S6 hat nhan & mitc 1 12 N, tudn theo phuong trinh phan ra:
dN =- ANdt

Trong d6 AN = dNg; + dNg: vdi

dNul = - lmNd

dNg» = - AgeNdt

Muc 1

Miuc O

Hinh 4.24

o dN A
Tir cdc bidu thifc (rén ta cd A = Agy + Aap VA —22 ol

A dN
Do d6 A=Ayl + k—”—)th:?&m(l + —22),

dN

al
Viy hiing s6 phan rd ciia mifc kich thich tng véi qua trinh phat o, 1a

he, = A _ 1

N
1+ d ul T 1+dNt!2I
dN dN

Thay s6: T = 2.107 s ; dNy = 10%; dNg = 35
Ao = 1,75.107 57!
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Vi dy 4.5. Hat nhian P™ phan ra B thanh hat nhidn con ndm & trang
thdi ¢d bdn. Hiy xdc dinh ddng nang cuc dai ciia hat B va ddng ning twong
fng cia hat nhin con.

Bai gidi.

Qud trinh phan rd B ciia P¥ nhusau: 5P 5 ($¥ +e + v

Ddng ning cue dai cda electron bing:

Egmae = M(1sP™) — M( 1,87

= (32 - 0,026092) ~ (32 - 0,027926)u = 0,001834 u
=0,001834 x 931,44 MeV = 1,71 McV

Khi electron ¢6 dong nang cuc dai thi déng nang cla phidn neutrino

bang khéng va ps = ps = p, do d6 Eg =

. Ta hay tinh gid tri p phu thudc
Zmyg

E = Egyax trong trudng hdp tuong doi. Nang ludng toan phin va déng luong

clia electron 14;

2

mg¢ my

= ; p= =

v '
Ji=% Jim

c c

Tir hai biéu thitc nay 1a dude:

) E’+2Eme’
W=E+mc =c+/p’+m’c hay p’= —E—IPC— Do do:
c

p’ _ E(E+2mc?)

2mgq 2 ms.::2
Thay $6: E = Eppax = 1,71 MeV ; me® = 0,51 MeV
msc” = M(S*) = (32 - 0,027926) x 931,44 MeV = 29780 McV
Es=7.85.10° MeV = 78,5 eV.

W=E+mc =

Eg:

Vi du 4.6. Khi phin rd § cla hat nhan Mn* tir trang thdi cd ban ¢6 3
ph6 B riéng phén vdi cic dong ning cwc dai 0,72; 1,05 va 2,86 MeV. Cic
lwgng tf y kéo theo c6 ning hegng 0,84 ; 1,81 ; 2,65 vi 2,98 MeV. Hiy xay
dung s¢ d6 mifc clia hat nhan con.

Bai gidi.

Qud trinh phin rd B clia Mn*® nhy sau:

ssMn*® - Fe* + e + ¥

Hi¢u s6 gita 3 gi4 tri ddng niing hat B 14 (hinh 4.25):

Mittc 3 — mitc 2 = -AEg; = 1,05 - 0,72 = 0,33 MeV
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Mic 3 - mifc | = -AEy;3 = 2,86 - 0,72 = 2,14 MeV

Miic 2 — mic 1 =-AEg; = 2,86 — 1,05 = 1,81 MeV

Trong 3 gid tri trén, gid tri 1,81 MeV tring vd1 mdt gid tr1 nang ludng
v. Nhu vy lugng 6 ynay chuy&n déi tir mife 2 xudng mitc 1, d6 1a:

v voi Ey = 1,81 MeV tng véi dich chuyén mc 2 — mifc 1

Ba lugng tif y con lai (ng vdi cdce gid tri ndng lugng 0,84; 2,65 va 2,98
MeV cé thé du dodn nhy sau.

2 vdi Epp= 0,84 MeV Wing vdi dich chuyén mitc 1 — mifc 0

¥: v8i Ep= 2,65 MeV ttng vdi dich chuy&n mitc 2 — mitc 0. That viy
Eyn=Eu+ Ep= 1,81 + 0,84 = 2,65 MeV

¥s v8i By = 2,98 MeV tng vdi dich chuyén mifc 3 — mikc 0. That vay
Eu=Ep+| ABgnl=2,65+0,33 = 2,98 MeV

Nhwr vay hat nhan con »Fe®® ¢6 3 mifc kich thich 1a 0,84 ; 2,65 va 2,98

MeV
25M1156
RN T T 3
t 1 1 By =0,72 MeV ,
S . Mitc 3 | —2,98 MeV
{1 Epp= 1,05 MeV ; :
S Mic 2 | - L_2,65 MeV
| Eps = 2,86 MeV : oo
I A% 1,8 ] i !
Y Mic1 0 Me Ty L 1 084MeV
i Bl Y i
'. 0,8412,65/2,98!
Mite O Vi Yy v ¥
»Fe®
Hink 4.25

Vi du 4.7. Hat nhin isomer Se*'™ & mifc kich thich 103 keV chuyén vé
trang thdi ¢d bdn bing hai cdch [a phdt tia y hodc bi€n hodn ndi electron K
v6i nang lugng lién k&t ex = 12,7 keV. Hiy tnh van to¢ hat nhan gidt I
trontg hai trudng hgp trén.

Bai gidi.

1

E
a) Phit tia Y. ps. =py= —=; psc = mscv. Do d6 v =
c mg.c

Thay s8: E, = 103 keV = 1,03.10°x1,6.10"° V = 1,648.10"* V
ms.c = 81x1,66.1077 kgx3.10° m/s = 4,03.10™"7 kgm/s
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Ta duge v = 410 m/s
b. Bi€n hodn ndi electron K:
E.=Ey-ex=103keV - 12,7keV = 90,3 keV

1 —_———
Pse = Pe = —\/EC(EC+ 2mc’), dods
c
Vse = VE (E,+2m_c")
mg,.c

Thay s6 ta duge v = 1256 mvs.

Vi dy 4.8. Hay tinh sd hat electron bién hodn ndi phéng ra trong 1
gidy tir mau phéng xa Fe® c6 hoat d6 1 mCi. So dd phdn rd B ciia hat nhan
Fe™ nhu trén hinh 4.26. C4c hé 56 bi€n hodn ndi cla htgng tit ybing 1,8.10™
(11); 1,4.10™ (1) va 7.107 (y3). Ti s8 xdc sudt phéng cdc Iudng tf ¥, va T2 12
1:15. Ghi chd: Hé s8 bi€n hodn ndi 1A 1 58 xdc suit phdng electron bi€n hodn
ndi so v4i xdc sudt phéng lugng tf .

Bai gidi. Fe%

Y2+ 13 =P2=0.46 do dé

v(l+ 12y =046

y B, (46%)
2
54%
Matkhic 22 = 15:1 = 15 P (54%) —
Y Y i Y2
nén v, = 0,02875. y |
Tt d6 ys = 157, = 0,43125 Yl
I t
* ]
Y= By + 75 = 0,54 +0,43125 = 0,97125 c -
DGi v6i 1 phan rd ciia Fe® ta ¢6: ©
Hinh 4.26

5218107 do d6
i

e = 1,8.10"% % 0,97125 = 1,74825.10%

€2 _1.4.10%do do

Y2

e, = 1,4.10* x 0,02875 = 0,04025.10%

55 27.10% do d6 3 = 7.107 x 0.43125 = 30.1875.10°

Y3

D&i vdi 1 phan ra cda Fe® ta ¢6 s electron bi€n hodn ndi:
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c=e +epte;= 31,976.104 elcctron
DGivéi 1 mCi=1.10" x 3,7.10" phin rd/s = 3,7.10" phén ra/s
e(1 mCi) = 31,976.10™ x 3,7.10" = 1,18.10° eleciron/s.

4.5.2. Céc bai tap t gidi
4.1. Hay xdc dinh wdi cia mdt miu gd khdo cd v6i hoat 40 riéng ciia
A . , 3 . ) & - - - A .
dbng vi C' biing 3 hoat dd riéng clia ddng vi nay trong cdc cdy vifa thu

thip. Cho biét thdi gian bin ra cda C'*1a 5570 nim.

4.2. Hiy xdc dinh hoat d6 riéng clia Pu*”

sach.

4.3. Cin phdi thém bao nhiéu miligram ddng vi phéng xa Sr*
(Ti2 = 51 ngdy) vao 1 mg strontium bén d€ hoat d6 riéng cia miu bing 1370
Cilg?

4.4. Déng vi phéng xa Pd'"? phan ra B tao thanh ddng vi phong xa
Ag''"? cling phan rd B. Thiji gidn bdn rd clia hai dong vi nay la 21 gig va 3,2
gitr. Hay tinh i 56 gitta hoat d6 cuc dai clia déng vi con Ag''* so véi hoat 46
ban diu ctia ddng vi me Pd''? Cho biét & thdi di€ém ban ddu khong c6 dong
vicon Ag' %

4.5. Miu phéng xa chita Ra™" v8i khdi lugng 10 ug va céc con chiu
ctia né. Ching nim & trang thai cin bing. Hay xdc dinh:

a) Hoat d6 o cfia Rn™> va hoat d6 P ciia Pb>"" clia miu.

b) Hoat d6 ot ting cdng clia mau.

4.6. Béng vi phéng xa Xe'™ dude tao nén véi tdc d6 khong ddi
q = 10" hat nhan/s vi phin ri theo sd dé:

o — Cs'* NI
xe Ty, =17phit ~ Cs T, j, =32phit > Ba™™" (bén)

Hay tinh hoat d6 t3ng cong ciia miu phéng xa nay 1 gi¥ sau khi bit diu tich
liy.
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4.7. Hat nhin Po’” dng yén phén rd o v6i dong ninghatala
E, = 8,34 MeV, hat nhian con nim § trang thii cd bdn. Hiy tinh d§ng ning
tdng cong sau phin rd, phdn ddng ning cla hat nhan con va tdc 4o gidt lui
ctia hat nhdn con.

4.8. Hat nhan Po®° phén ri tlf trang th4i cd bdn phéng ra hai nhém o
la nhém cd ban oy vdi ning lugng 5,3 MeV va nhém cudng dd yéu o, véi
ning lugng 4,5 MeV. Hay xic dinh hiéu Gng nhiét phdn rd o va ning lwgng
cta lugng v ydo hat nhan con phdt ra.
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4.9. Hay ddnh gid do cao bes thé Coulomb d61 véi hat & do hat nhin
Rn* phéng ra. Tinh do rong by th¢ cta hat nhin d&i véi hat o bay ra vdi
déng ning 5.5 MeV.

4.10. Hay xdc dinh d6 rdng cla mic kich thich thit nhat cda hat nhin

® 481 véi phan ra ¥. Cho biét khi phin rd omtc nay, ng v&i 0,286 lugng i
Y ¢6 4,3.107 hat « quing dudng dai, H'mg s& phin rd cia mic niy dSi véi
phin rd o quing dudtng daila 2.10° ¢

4.11. Hay xem xét cdc qué Lrinh sau diy cé xdy ra khong:

a) Phdn rd B ciia hat nhan V' (M - A = -0,05602 u).

h) Phin rd B* cta hat nhan Ca®® (M - A = -0,02929 u).

a) Chi€m K cia hat nhan Zn® (M - A = -0,06679 ).

4.12. Hat nhin He® phin rdi B va hat nhan con nim & trang thai cd
bin. Ning lwdng phan rd Q = 3,50 MeV. Hiy xdc dinh géc bay giita phin
neulrino va electron. Cho biét electron ¢6 dong ning B, = 0,6 McV va bay
vudng goéc vai phudng chuyén dong cia hat nhin gidt lbi.

4.13. Hat nhian Ar” chi€m K va hat nhin con nim ¢ trang thai cd
bin. B& qua ning lugng lién k&t cda electron K, hdy tinh dong ning va van
t3¢ clia hat nhin con.

4.14. Nguyén & TI*®, sin phdm phin ri B ciia Hg?”, phong ra 4
nhom electron bién hodn ndi véi cdc gid tri ndng lugng 266.3 ; 264.2 ; 263.6
va 193,3 keV. M&i nhém wng vdi mét 16p vé cia T 1a K, L, Lo, Ls vdi cic
ning lugng lién két g¢ = 87,7keV; g, = 154keV; &, = 148 keV :
€3 = 12,7 keV. Hiy tinh nang lugng ciia lugng tif y do phan ra nay.

4.15. Hat nhan Ir'' vdi ning rgng kich thich 129 keV phéng ra y dé
chuyén vé trang thdi cd ban. Hiy tinh d6 thay d8i twong d6i cia nang lugng
tia y do su giit l0i ciba hat nhdn.
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Chuong 5

SU TRUYEN BUC XA QUA VAT CHAT

Khi di xuyén qua vat chit, cdc hat wong tic v4i cdc nguyén o moi
trudng, tic 12 v6i cdc electron va hat nhdn. N&u b3 qua tuong téc hip din
v6i cudng do rat bé, cdc hat sé tham gia vdo cdc tuong tic manh, tudng tic
dién tr va tuong tic y&u. Cdc bifc xa dugc xem xét trong chuong nay chi
y&u la cdc hat tich dién nhw alpha, deutron, proton, electron va cdc hat trung
hda nhy neutron, gamma. Cac hat alpha, deutron, proton va neutron ¢4 thé
tham gia vao tudng tdc manh; cic hai tich dién vd gamma tham gia tudng tac
dién tir va 14t c3 cdc hat, ngoai lvgng tf gamma, c6 thé tham gia vio Wwong
tic y&u. Trong chuong 3 ching 1a da trinh bay cdc phdn Wng hat nhin con
trong chudng nay chiing ta chi giéi han xem xét twong tdc dién 0r cia cdc hat
tich dién va gamma vdi céc electron quy dao trong nguyén tf mdi trudng,
d6 din d€n sv kich thich vi ion h6a méi trudng. Riéng d8i vdi neutron, do
trung hoa vé dién nén né khdng trong tac véi cac electron quy dao ma tuong
tdc vdi hat nhan, din dén cac phdn Ung hat nhin, Do co ch€ truyén qua méi
truéing cla cac bife xa khdc nhau ¢6 dic tinh khic nhau nén ching ta s€ phin
thanh bdn nhém hat bic xa 1a cdc hat ning tich dién nhu alpha, deutron,
proton; hat nhe tich dién nhy hat electron; tia gamma; hat neutron.

5.1. SU TRUYEN CAC HAT NANG TIiCH PIEN QUA VAT
CHAT

5.1.1. P$ m4it ning lugng riéng

P¢€ don gidn wong trinh bay, ta goi cdc hat ning tich dién 1a cdc hat
tich dién. S3 di ta phin loai ching thudc cdc hat ning do khéi lugng cla
chiing gdp hang nghin l4n kh&i lugng hat electron, 13 hat tich dién nhe, Vé
phuong dién dong hoc, sy t4n xa gifa cdc hat ning vdi electron trong nguyén
1% khdc v8i sy tdn xa giffa electron vao véi electron trong nguyén ti. Con vé
phudng dién lyc twong tdc, cd ch€ m4t ning lwgng chii y&u clia cic hat tich
dién khi di qua mdi trudng 1a twong tdc tinh dién v6i cdc electron quy dao
cha nguyén tif mdi trudng, lam kich thich va ion héa cdc nguyén ti d6. Do
dic diém téc dung xa cda luc Coulomb, ching twdng tdc vdi mdt lugng i6n
cdc electron.
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D& nghién cifu sy mit ning Iugng clia hat tich dién, truéc tién ta hiy
xem X€l qud trinh va cham cia né vdi mét electron 1y do. Sau d¢ 13y t8ng
hi¢u Wng db1 véi tit ¢4 cdc electron clia moi trudng. Ta xét sy rong tac cia
hat tich dién c6 dién tich ze, e = 1,6.107° C, trong trudng hdp hat aipha thi
z =2, deutron z = 1 va proton z = 1, véi electron dién tich -e, khéi luwgng m,.
Gid sif hat tich dién c6 vén t8c v bay qua electron v6i tham s6 ngdm b thi né
trao cho electron mét déng ndng bing (hinh 5.1):

2z7¢" |

AE = T
m.v" b”

(5.1)

P& xem xét hiéu wng clia 14t cd cdc electron vdi cung mdt tham s&
ngdm b, ta v& xung quanh quy dao hat vio mét 13p hinh tru dai dx vé&i ban
kinh b, be day db. Thé tich y&€u t8 nay bing V = 2mbdbdx. Goi n, 14 mit do
electron trong mdi trudng, don vi do electron/cm®, thi s& electron trong 1dp
hinh try bing Vn, = 2nn.bdbdx. Khi d6 hat vio s&é mit mdt nang lvgng dé€
truyén cho cdc electron trong y&u t& 16p hinh try:

4Jme32e4 db

dE = AEVn, = —————dx (5.2)
m.v b

€ db

@ ze
ze E b b
O P> L

dx

Hink 5.1. Tdn xa cia hat tich Hinh 5.2, Tan xa cia hat tich dién 1én
dién 1én hat electron. cac hat electron trong 18p hinh tru.

D¢ mit ndng lugng cia hat vao trén mot don vi dudng di, goi la d§
mdt ndng lugng riéng, 1a:
dE 47n,z’e’ db
— ()= — " (5.3)
dx myv- b
Mat d6 electron trong méi trusng n, duge tinh theo cong thife sau:

Na

N
ne.=p f-Z electron/em’ = p Z .10° electron/m® (5.4)

Trong d6 p(g/em®), A(g/mole) va Z 12 m4t d6, phan ti¥ khéi va s
dién tich phin t& cta mdi trudng, N, = 6,03.10° phin td/mole 13 s&
Avogadro.
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P6 mat ning fwdng riéng tdng cong nhdn duge khi tich phin hi€u
thite (5.3) theo tdl ¢4 cde gid tri kha di clia tham s& ngdm b, tic 1 1 0 dén oo,
Tuy nhién s& gip khé khin khi thue hi€n tich phdn ndy tai gidi han dudi
b =0 do b nim dudi miu s& cia bifu thic (5.3) cdn tai gidi han rén b = <
do tich phan bi phian ki. Do d6 thay cho cdc gidi han nay ta ldy cdc gidi han
hiru han (& by, va boa,. K dad:

L. . 24
dE jd—E(b)db= 4nn,z’e’ b

— |p (5.5)
dx 0 dx m.v’ b

Xdc dinh dai lwdng b, nhe sau. Khi hat tich dién chuyén dong véi
vin tdc v << ¢ thi ning luong cve dai mi nd truyén cho electron hing
AE e = 2m.v>. Pdng nhat cong thiic niy véi cong thic (5.1) d8i vdi AE,,,
trong d6 thay b bing by, ta dugc:

2
b = —r (5.6)
m v

DE x4c dinh by ta cdn tinh d€n hiéu \tng 1ién k&t clia electron trong
nguyén . V&i b = b thi ning lugng cla hat alpha truyén cho electron
khéng di dé kich thich nguyén ti, titc 12 electron khéng con tf do nita. Nhu
VAy B €6 lién quan d€n thé ion hda nguyén

1=13,57 (5.7)

Trong d6 I do trong ddn vi eV, Z 1a s8 dién tich clia nguyén tf. by,

tinh theo cOng thifc sau:

bmax = '\{- (58)

. b . ) f oy
Ngoai ra d€ tinh —%* cin dwa vao hiéu ¥ng tuong ddi, khi 46 nang
min

Iugng truyén cue dai trd thanh AE,, = 2m.v/(1 - B*), thong s6 ngdm cuc dai

o . v - " L e
tré thanh by, = —=——, trong d6 B = v/c, cAn ké dén sy mat ning lugng do
1y1-p°

hiéu ang Cherenkov, ...

Nhin xét ring cong thifc (5.4) chi ding khi su twdng tdc cita hat vao
vdi hat electron nao dé khéng phu thudc vao s céd mit cla cdc clectron
khic trong mdi trygng, Trong thuc 1€, di€u d6 khong ding va do d6 ta phdi
dua vao hién chinh dé1 véi cdng thic nay do hiéu tng mat dd.

V&i cdc hidu chinh trén, dd mat ning lugng riéng clia hat alpha cé
dang:
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4 2t 2myv’
[__] S [mlume;})-ﬁu-ahu'i e

2
m,v

dE s . . .
Trong dé ky kiéu [—d—] bi€u thi d6 mart ning hrgng (dau dm) do
x lan

. . ‘ dE , y.
ion hod, don vi do erg/cm. D& tinh [—E—j trong hé ddn vi SI thi phdi nhin
x Lo

bi€u thifc (5.9) vdi hing s§ dién k = 9.10° N.m*%C% Cdc s& hang & va U tinh
d€n hiéu @ng mat do va ning lugng lién k&t cla céc electron 16p K va L.
Trong truéing hop don gidn, khdng tinh d€n cac hiéu chinh nay, ngudi
ta thrting dirng cong thic:
dE 4qn, z’e* 2m v°
"“J = T e B (5.10)
dx ion n]cvh I(l_B)
Néu khdng tinh dén sy phy thude vao khéi hrgng cdc hat, do mat
ning lugng riéng cia hat tich dién phu thudc vao dién tich, van tdc va mit
do electron cia méi trud¥ng nhv sau:

dE ~ 71 (V) (5.11)
dx

Tir cong thide (5.11) ¢6 thé rit ra mdt 8 nhan xét sau day:
— Hai hat véi ciing dién tich, ching han proton va deutron, chuyén
ddng véi cling vin t6c v va trong cling méi tredng thi d6 mat ning lugng

gidng nhau:
=) dE
[_EF_] - (“ _] (5.12)
dx pv=v, dX dowey,

Do vin t6c lién hé véi nang lugng rong trirdng hop khéng weang ddi

2F e
theo bi€u thife v = = nén cbng thite (5.12) ¢6 th€ vi&t lai nhu sau:
g

m
dE dE
i =|-— (5.13)
dX /o E-p, dx d,t—;:%“

- Hai hat ¢6 dién tich khdc nhau, ching han hat alpha vdi z, = 2 va
hat proton vdi 7, = 1, thi d0 mét ning lugng riéng cla ching khic nhau mot
hé s6 (z)/2,)" = (2/1)" = 4.

[_ﬁ} =4[_d_5] (5.14)
dx V=V, dx pov=v,
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dE dE
hay [——) = [*—) (5.15)
dX /o g dx J,p-Ee
] - 4

e o dE o s
— P&i vdi cdc mbi rudng khdc nhau d_ ti 1& thuin vd&i mat dd
X

electron n, = n,,Z, trong d6 n,, 12 mit dd cdc hat nhin trong méi trudng va
Z la dién tich ciia hat nhin, Hon nifa ng. = const d&i véi tat ¢d cdc méi

dE
truding, do d6 — 1 1€ thudn vdi dién tich Z. Viy 1a cé:

dx
dE Z dE
[ﬁ_J = =L (__] (5.16)
dx Ly v=v, ZE dx Zy.v=vy

. Z, 82 .
Chidng han tf s§ — = —= 14 d8i v&i hai mdi trudng chi vi carbon

“2
khi ciing mdt hat tich dién di qua.

Do hat tich dién truyén ning lwgng cho cdc electon nén né ion héa
méi trudng, tdc 14 tao nén cdc cap ion doc theo dudng di clia minh. Pé ion
héu riéng 1a s& cip ion tao ra trén mot quing dudng di don vi cla hat tich
dién. Ta hdy xét hat alpha lam vi du. Do hat alpha ¢6 dién tich +2¢ va khéi
lugng rat kén, din tdi vin t6c clia né tudng 431 thip, nén db ion hoa riéng
cla n6 rdt cao, vio khodng hiang chuc nghin cip ion rén 1 cm trong khong
khi. Doc theo dudng di cia minh trong vit chit, do ning ludng bi mat dan
nén hat alpha di chdm dan va d6 ion hoa riéng ting din. D€n khi sip hét
ning lugng, d6 ion héa ting nhanh va sau dé gidm d€n O khi hat alpha dimg
chuyén déng. Piéu ndy dugc minh hoa trén dudng cong Bragg, hinh 5.3.

Poion 10 T T
héariéng ! 1 ' H
R Rty & B S
i | i )
L ]
e 74 o ity Bty
P
0.4_‘=:::_: _____ .i _____ i. _____ 5_ _____
1 1 1 [
i i i i
I e I e
I B k !
N
0123 4567 8&8R,cm

Hinh 5.3. Dudng cong Bragg ddi vdi d6 ion hoa riéng cla hat alpha.
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Khi hat tich dién ion héa nguyén tt méi trudng, né mit mét phin
ning lwgng B, d€ ddnh bat mdt electron qu¥ dao ra ngoii. Pdng ning E. clia
electron bi bdn ra lién hé v6i th€ ion héa I cha nguyén t& va d6 mit ning
Iugng E, nhit sau:

E.=E -1 (5.17)

Trong nhi€u truding hop electron bin ra ¢6 déng ning dd 16n & c6
th¢ ion héa nguyén of € theo, d6 12 electron thif cip va dwdc goi 12 delta
electron. Delta electron ban dau véi ddng nang ¢d 1000 eV ¢6 thé tao nén
mét chudi cic delta electron thi cdp va méot chudi cac cip ion.

5.1.2. Quing chay cia hat tich dién trong vt chat
DGi v6i hat vao véi dién tich ze di qua mét méi rudng cho wwde thi

~ . dE b3 ~
46 mat ndng lugng riéng d_ 12 ham chi cda van 8¢ hay dong ning E:
X

Ei-]—':i = f(E) {(5.18)
dx

Tich phan bi€u thitc nay theo E tit 0 d€n ning luong ciia hat vao E,
ta dugc quiang chay toan phdn cia hat tich dién:
E,
= R D (5.19)
o fE) =z
Hat alpha ¢6 kha nang ddm xuyén thip nhat trong s8 cdc bic xa ion
héa. Trong khdng khi, ngay cd hat alpha c6 niing lwgng cao nhit do cic
ngudn phéng xa phéng ra ciing chi di duge mdt vai centimet, con trong cac
mdi tryding riin hay 18ng, quing chay ciia né cé kich thudc cd micromet. C6
hai dinh nghia vé quing chay ciia hat alpha, 12 quing chay trung binh va
quing chay ngoai suy, dugc minh hoa trén hinh 5.4.

\;8 A
=1
[ |
£
B
5= a
8 0,5t~ mmmmmmmmm e —mmmes Quéng chay
< Quing chay ngoai suy
& trung binh
-~ 1 i f '
0 1 2 3 4

Do day bap thu, cm khdng khi

Hinh 5.4. DPudng cong h&p thu ciia hat alpha.
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Trén hinh 5.4, duting cong hdp thy cia hat alpha c6 dang phing vi né
13 hat don ning Iugng. O cubi quing chay, s6 dé€m cdc hat alpha gidm nhanh
khi ting bé day chdt hiAp thu. Quing chay trung binh dvgc xdc dinh & nita
chiéu cao duding hip thu con quing chay ngoai suy duce xdc dinh khi ngoai
suy dudng hap thu dén gid i 0.

Quing chay Ry, (¢cm) ciia hat alpha ddng ning E (MeV) trong khing
khi ¢ 0°C va 4p suat 760 mm thity ngin dugc bi€u dién mot ciach gin duing
ohir sau:

R = 0,318 E’? d61 vii 3 < R < 7 cm (5.20)

Su phu thndc quing chay-ning lwvgng clia hat alpha trong khéng khi
dvoc minh hoa trén hinh 5.5.

Ning lugng, MeV (dutng ID
7 8 9 10 i1 12 13

?// 18
o 6 7 17 =
& yawi 16 &
5 - avd 3
a S 15 2
E ............... e E)u'ﬁng II o / 14 &~
R Aot 5 E
P Wy o
.g- 3 b / 12 _"::d
S o 11 5
E | 10 e
= /< : =
4 < PudngT |- g &
| P g
7
6

0 1 2 3 4 5 6 7
Nang lugng, MeV (dudng 1)

Hinh 5.5. Sy phu thudce quang chay — ning lugng clia hat alpha
trong khong khi.

P61 vdi mdi trudng bt k¥ vdi khdi lwgng hat nhdn A thi quing chay
clia hat alpha dugce tinh theo cdng thiic:
R=0,56 Ry A" (5.21)
Trong dé R do trong don vi mg/em’, Ry 13 quing chay ciia hat alpha
véi cing ndng lwgng trong khong khi, don vi do cm.
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Theo cong thic (5.19) néu hai hat bay vdi cing mét van t5¢ va qua
cling mOt moi trudng vat chit thi U 86 quing chay clia chiing la:
R m, m
—= L2 (5.22)
R. z; 1z
Khi hai hat ndy c¢6 cding vin t6c thi ning lugng clia ching i 1& véi
khai Wwgng:
E m
oM (5.23)
E, m,

Quing chay cda hat proton trong khong khi duge tinh gua quing
chay cia hat alpha trong khong khi nhy sau:
R,(E) = Ro(4E) ~ 0,2 cm d4i v6i E > 0,5 MeV
Céc tinh todn va thuc nghiém din 16i cong thitc sau diy ddi vdi
quing chay cda hat proton trong nhi twdng dnh:
E,=aR] (5.24)

Trong do E tinh theo don vi MeV ¢dn R, theo don vi um, o = 0,25,
n = 0,58. T cdc cdng thic (5.22), (5.23) va (5.24) ta dudc cOng thirc lién hé
gitta dong ning E va quing chay R cia mot hat tich dién ze, khdi higng m
trong nhil twrong anh nhu sau:

m
P

1 n
E- u{i"—J Z7R® (5.25)

5.2.SU TRUYEN HAT ELECTRON QUA VAT CHAT

5.2.1. P mAt ning lugng riéng cita hat electron

D61 v6i cdc hat nhe tich dién ta chi xem xét hat electron vi hat
positron it dudc khao sdt trong thuc €. Su truyén qua vat chit cda hat
electron khdc v3i cdc hat nang tich dién 1a do khdi lvdng clia né rit bé. Khai
hrgng electron bay vao bé nén db thay d6i déng nang trong mdt ligt va cham
kh4 1dn. Piéu d6 din i cdc k€t qud nhu sau. Thif nhat, hat electron vao bay
ra 1&ch dang k€ khdi phuong bay ban ddu ciia né. Thif hai, trong cdc va cham
¢6 thé sinh cdc bitc xa dién tr. Nhw viy qu¥ dao cia hat electron khdng phdi
12 dudng thing va né mat nhidu nang lugng d€ sinh bitc xa dién wr. Ngodira
khi hat electron vio va cham véi electron quy dao ciia nguyén tif méi truding
xuat hién hiéu Wng trac d8i do khéng phan biét dudc hai hat electron nay,
Hiéu ng trao d6i c6 4nh hudng ding k€ dén qui trinh truyén electron qua
vat chat. B6i v6i hat positron thi khdng c6 hiéu tng trao d8i nhung lai c6

221



hién twong hiy cip electron-positron, lam anh hudng ding k€ d&€n sy truyén
positron qua vat chat.

Ca ché mit nang lugng dd1 vdi electron cling gidng nhw cdc hat ning
tich dién khdc. Tuy nhién d6i v6i electron, cic dai lugng by, va b, trong
cdng thic (5.5) c6 gid tri khdc so vdi hat ndng tich dién do khéi lwgng bé cia
electron va do hiéu ng trao déi. Khi dé6 dé mat ning lugng riéng cia
electron dugc xac dinh bing ¢dng thic:

[ dE]m 41mce‘i
-——| = X
dx /. m_v’

mnn T

’E 1
I (24f1—B? -1+ P2 + 1- B2+ (1 - 1P )2- 3
21°(1-87) 8
(5.26)
¢ day E 1a dong nang twong d&i cda eleciron:
2
B= S el (5.27)
[-p’
Trong trudng hdp khéng wong d6i § << I thl cdng thitc (5.26) ud
thanh:
deY"” 4mne®  m v’
—— = -— In (5.28)
dx /i m,v 21
Trong trudng hdp siéu twdng d8i E >> me? ta cé:
(e) 4 2
dE 27n_e E 1
-—1 = — [In + = (5.29

Khic véi cdc hat niang tich dién, d6i véi electron ¢4 hai gidi han nay
déu quan trong vi m.c® = 0,5 MeV, tic 12 trd thanh siéu twong d61 ngay cd
khi déng nidng clda nd ¢d gid tri ¢d vii MeV.

Nhi dd noi wrén, do hat electron cé kh&i luwgng bing khdi hrgng
electron trong nguyén tf nén va cham giita chiing lam hat electron chuyén
dong 1&ch khéi hudng ban ddu. Do d6 hat electron chuyén dong theo duding
cong khic khuyu sau nhiéu va cham trong méi trudng hip thn vi cudi ciing
sé dirg lai khi hét nang ludng d€ ion héa. Doc theo dudng di nay c¢é rit
nhiu cip ion tao nén do qu4 trinh ion héa sd cAp cda hat electron ban ddu
1an qu4 trinh ion héa thit cip do cdc hat delta etectron. Qu§ dao chuyén dong
d6 cé thé ghi nhin bing nhi twong dnh hay budng bot.
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5.2.2. P§ ion héa riéng

Do hat electron tao nén cic ¢dp ion doc theo dudng di cla minh nén
no ¢6 dd ion héa riéng nhu da trinh bay d8i véi hat alpha. P§ ion héa riéng
1a s6 ciip ion tao ra trén mot quing dudng di don vi clia hat electron. D6 ion
héa riéng khd cao d6i vdi cdc hat electron ning ltgng thap, gidm dan khi
ting ning lugng hat electron, dat cyc ti€u § ning lugng khoing 1 MeV, rdi
sau do ting chim (hinh 5.6).

Né&u biét trugc d6 m4t ning lwgng trung binh w sinh cap ion, thi d6
ion hda riéng s duoc tinh theo cong thic sau:

dE [_V]
dx ‘cm

5.
[eV) ©:30)
W .
c.l.

5=

Trong d6 c.1. 14 ¢dp ion,

1000

hi

k
LA
o
3

ta riéng,

100

-

A
jmte]

T T1TTT

s8 ¢ip ion/cm khéng

Pdionh

Lo bl L1 L L byl

0,01 0,05 0,1 35 1,0 5 10
Ning lugng hat beta, MeV

Hinh 5.6. D§ ion héa riéng d6i vdi khong khi phu thude vao
nang lugng hat electron.

5.2.3, Bic xa ham

Khi hat electron di d&€n gan hat nhin, lve hit Coulomb manh lam né
thay d3i ddt ngdt hudng bay ban diu, tifc 13 chuyén dong c6 gia 18¢, vi mat
ning luong dudi dang bifc xa dién tr, goi 13 bic xa him, hay
Bremsstrahlung. Ning lvgng btc xa him phdn bd lién tyc fr 0 dén gig tri
cuc dai E, cia ddng ning hat electron vao. Sy mat ning lugng clia hat
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electron trong trudng hop ndy goi 1a mit ning lugng do bic xa. Cudng do
hitc xa him W, 1a lugng nang lwgng bifc xa trong 1 gidy, ddi vdi hat ¢6 gia

d N
W d=— trong trudng hop khdng twdng doi va khong ludng tit héa bing:

dt
3%t
- % — |4’ (5.31)
o
. _F .
Thay a = — ta dudge cugng do bidc xa him khi twong tic Coulomb
m

cia hat véi taim dién tich i Ié nghich vdi binh phuong khéi lugug hat va i 18
thuin vdi binh phudng dién tich cda tim tin xa. Nhu vy su mit ndng ludng
bite xa chi ¢6 gid tri ddng k€ d6i vadi hat electron chit khdng quan trong d6i
v6i hat ning tich dién. Ching han d6 mit nang Iugng do bic xa cla hat

m

2
proton vio khodng [&] =~ 3.10° 14n nhé hon d6i véi electron. Ngoai ra sy
.

ma't ning lwgng do bitc xa ddi vai hat electron chd y&u do wrong tdc vdi hat
nhdn chit khéng phii do twong tdc vdi electron qu§ dao. That viy cudng do
bltc xa ham clia hat electron v&i hat nhan 77 1dn 16n hon so véi nrdng tdc vdi
cleetron trong lic s8 electron quy dao chi Z lan 16n hon hat nhan.

Viéc tinh dén hidu fng wong ddi va lrdng tif héa khong thay déi cdc
nhin x&t néu trén. P9 mét ning higng do birc xa dwge mé 1a bdi cdc cong
thifc sau:

~ Trudng hop khong wrdng ddi, ttc 1 khi E << mc™:

[ dE)m 16 7%’
Bl R e (5.32)
dx /4 3 137
Trong d6
3 NA
n = p{gfcm™) -A— (5.3%)

la mat 46 nguyén tif cia mbi trudng, Ny = 6,02.10% phin ti/mole, A va Z 1a
s& khéi Iugng va s& nguyén t¥ cda hat nhdn mdi trudng.
2

I, = =2,82.10" cm (5.34)

2
m,c

1a ban kinh ¢8 dién ciia electron
— Trudng hop wang d6i vdi mc® << E << 137 me’Z"? va b6 qua
hiéu tng che mang cda cic electron d8i véi hat nbén:
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deN” 73 2E 4
(_"“J =BT @2 (5.35)
dx J g 137 mc” 3

hogc d6i v6i trwding hop E »> 137 me’Z"" va tinh d&n bieu tng che mang
hoan toan clia cdc electron déi véi hat nhﬁn:
)
dE 7’ I 183 2
— =nE—=% (4in—— T+—) (5.368)
137 AR
Theo cdc cbng thie (5.32), (5.35) va (5.36), d0 mat ning lwgng do
bife xa, n€u bd qua sw phy thude 16garit, ti 16 vdi binh phudng dién tich Z cia
hat nhdn moi trwdng, mit do nguyén tii n va dong nang E cda electron:
(c)
dE
~—1{ ~ZgE (5.37)
dx rad

Ta hiy viét lai dudi dang don gidn céng thite (5.26) d6i vdi d6 mat

ndng lugng riéng do ion hoéa:

{e)

(—iE—] ~ M.~ NnZ (5.38)
dx L

So sanh hai cdng thite (5.37) va (5.38) vdi nhau ta dudc:
(dE/dx),,

(dE/dx)

an

rag

(5.39)

N€u E tinh theo don vi MeV thi ti s§ giita d6 mat nang lutgng riéng
do bitc x4 vh d6 mi't ning lugng riéng do ion héa bing:

(dE"{dx)md - E (5 40)
(dE/dx), 800 '

Cong thic (5.40) cho thi'y d6 mat ning lwong riéng do bitc xa trong
nude (Z = 8) v1 E = 100 MeV ¢6 gi4 tri bing d6 m4t ning ltdng rieng do
ion héa. D31 v6i chi thi didu d6 xdy ra & nang ludng E = 10 MeV. Gid i
nang ligng ma tai d6 49 mat ning hegng riéng do bife xa ¢6 gi4 tri biing d6
mat ning lugng riéng do ion héa dugce goi 1 ndng luong tdi han, Tl cong
thite (5.40) suy ra ring ning Iugng tdi han E, =~ §g—9 MeV, Trong mi€n ning
lwgng ir€n ning lugng t6i han thi 46 m4t ndng lugng do bite xa déng vai rd
chit y&u. Khi d6 ning luong electron gidm theo him s8 mii khi di Xuyén qua
vit chat:

E=E;e ¥ m (5.41)

Trong d6 /.5 goi la d6 dai bifc xa. Trén bang 5.1 trinh bay d6 dai bic
Xa €9 VA ning lugng tdi han E,, d8i vdi mot s6 chat. DS mat ning ludng 1dn
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do bic xa cla electron nang lugng cao duge st dung dé tao nén chum luong
tlf v trong cdc mdy gia tdc electron.

Bdng 5.1. D6 dai bifc xa va ning lugng t&i han dfi véi mot s chat.

Chat Pd daibitc | E, (MeV) Chat bd dai bic E..
Xa g Xa £y (MeV)
(g/em’) (g/em®)
H 63,1 340 Al 24,0 27
He 943 220 Fe 13,8 24
C 42,7 103 Cu 12,9 21,5
Khéong khi 36,2 83 Pb 6,4 6,9

5.2.4. Quang chay ciia hat electron trong vit chédt

Véi nang lugng hat electron khdng 1dn, nghia 1a trong mién ma do
mAt nang lrong chi y&u do ion héa, thi duding di cia hat electron khong phdi
1a dudng thing do khéi lwgng cila né bing khdi lvgng electron trong nguyén
t&. Do d6 khdi niém vé quang chay trong trudng hdp nay khéng dudc xic
dinh don tri. Piéu d6 dudc minh hoa trén hinh 5.7 v€ suf phu thudce cudng 4o
electron theo b& day 16p vat chit khi nd truyén qua méi trudng vat chit nay.

1 4

R &

Hinh 5.7. S phu thudc cuding 6 electron vao bé day 16p vat chat.

Su phu thude cudng d6 electron 1 theo bé day x 18p vat chit duge md
t theo ham s&:
[=1e* (5.42)
Trong d6 p 12 hé s8 hap thu tyén tinh, ddn vi do 12 cm™'. Hé s6 hdp
thu khoi dudc xdc dinh theo ning lugeg cuc dai Ep,, clia hat electron nhu
sau:
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max

Bo22B " (glem®) d6iv6i 0,5 < B, < 6 MeV (5.43)
p

Trén hinh 5.7, s6 electron gidm don didu theo b& day va dat d&n O tai
gi4 trl Ry, Khdce vdi sy phu thude s8 hat alpha theo bé day trén hinh 5.4, 3
dé s6 hat alpha git khéng ddi theo bé day va sau d6 gidm dot ngot d&n O tai
quang chay ngoai suy. Do d6 d8i vdi electron ta cé hai dai Ivgng vé quing
chay la quiang chay cuc dai va quing chay trung binh. Quang chay cuc dai 1
do day t81 thi€u cda 18p vat chdt gilf lai toan bd céc hat electron. Pay chinh
la quing dudng di toan phan cda hat electron trong v&t chdt. Quing chay
trung binh la d6 day 16p vt chdt ma electron truyén qua khi tinh trung binh.
Trong thue t&€ ngudi ta thudng diing quing chay cuwc dai hon. Viéc tinh todn
quing chay cuc dai gip nhi€u khé khin nén ngudi ta sit dung cdc bdng hay
cac cong thifc ban thwe nghiém. Ching han d3i v8i cdc electron ning lugng
thdp E < E,, ta c6 cong thitc:
Rimax = 0,526E - 0,24 (5.44)
Trong do E tinh theo don vi MeV codn Ry, theo don vi glem?,
Quiing chay trung binh clia electron ning lugng E (MeV) bing:
, {0,40? g 0,15<E < 0,8MeV
Rig/em™) = (5.45)
0,542E~0,133 0.8<E<3MeV
Hinh 5.8 irinh bay sy phue thuéc quing chay cuc dai cha cdc hat
electron vio nang lugng cla ching d6i vdi mdt s& ch't hip thy théng dung.
Tir hinh 5.8 ta thdy ring quing chay cda hat electron vdi nang lugng cho
trde gidm khi ting mat dd chit hip thu. Ngodi quang chay tuyén tinh d tinh
theo centimet ngudi ta con ding quing chay mit d6 d,, don vi glem?, dudce
xdc dinh phu sau:
dn (gfem™) = p (g/em™) x d (cm) (5.46)
Trong d6 p 13 mat d khdi cia chi't hap thy, tinh theo g/cm®. Hinh 5.9 trinh
bay dudng cong thé hién sy phu thudc quing chay cda hat electron tinh theo
don vi bé diy mit 5 vao ning lugng ciia né. Pudng cong nay ding thay cho
cac dudng cong trén hinh 5.8 khi tinh quang chay theo don vi bé day tuyén
tinh,
Puting cong quing chay — ning htgng trén hinh 5.9 dugc bidu didn
bing cong thifc sau diy:

R gfcm?. = 412.EI,265-{),{19541nE (547)
D41 v6i mién ning lugng electron 0,01 <E < 2,5 MeV
InE = 6,63 - 3,2376.(10,2146 — InR)'"? (5.48)

DGi v6i mién quiang chay R < 1200 g/em’.
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R g/em® = 530E — 106 (5.49)
d6i vdi mién nang lugng electron E > 2,5 MeV va mién quing chay
R > 1200 (gfcm?). Trong d6 R 1A gquing chay, tinh theo mg/cm® va E 13 ning
lugng cyce dai cia electron, tinh theo ddn vi MeV.

1000
Khéng khi

100

=

Ll LA L AL LI L T T

Plastic

o
—

Quing chay cuc dai cia hat beta, cm

Lol gl L1
0,1 3,2 03 0,5 1 2 3 4
Ning lugng hat beta, MeV

0,01

Hinh 5.8. Cic dudng cong quing chay cuc dai —ndng ludng cia
electron d6i vdi mét s& chit hap thy.

10

T T[T

-

RN L]

0,1

Nang legng, MeV

i 11|Illll

0,01 Dolsol agdowl bl v e byl v lunl

0,1 1 10 100 1000 10000
Quing chay, mg/cm’

Hinh 5.9. Puding cong quing chay - ning Iwgng d61 vdi hat electron.
Quing chay tinh theo don vi be day mit do.
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5.3.SU TRUYEN BUC XA GAMMA QUA VAT CHAT

5.3.1. Sy suy gidm bife xa gamma khi di qua vat chat

Bitc xa gamma ¢4 bdn chit séng dién tit, do 1a cdc photon ning
ltgng E cao hang chuc keV dén hang chuc MeV. Khi d6 bwde séng clia bitc
Xa gamma:

_he
" E
nhé hon nhiu so vai kich thude nguyén tfr, ¢ 10" m.

Ciing gidng nhu cdc hat tich dién, bic xa gamma bi vat chit hdp thu
do twdng tac diéa tir. Tuy nhién cd che clia qud trinh hip thy bifc xa gamma
khdc vd1 cdc hat tich dién. P6 1 do hai nguyén nhin. Thd nhat, lugng ti
gamma khdng ¢é dién tich nén khéng chiu 4nh hudng cia hrc Coulomb tic
dung xa. Tuong téc cha lrgng tf gamma véi electron xdy ra trong mién vdi
ban kinh ¢& 10" m, ttc 12 3 bic nhé hon kich thudc nguyén . Vi vay khi di
qua vat chit lugng 1 gamma it va cham vdi cdc clectron va hat nhan, do dé
it 1éch khoi phuong bay ban dau cia minh. The hai, dic diém cda lugng ut
gamma la khdt lugng nghi bing khéng néa khdng cd van 8¢ khdc vdi van
tdc dnh sdng, Pidu nay c6 nghia 1a Ivgng tlr gamma khéng bi lam chim trong
mdi trutng. N6 hodc bi hip thy, hodic tdn xa va thay d6i phudng bay.

Su suy gidm tia gamma khi di qua méi trudng khdc véi sy suy gidm
clia cdc hat tich dién. C4c hat tich di¢n ¢4 tinh chit hat nén chiing ¢6 quing
chay hitu han trong v4t chit, nghia la ching ¢6 thé bi hip thy hoin toan,
trong hic d6 tia gamma chi bi suy gidm vé cudng d6 chim tia khi ting bé day
vat chdt ma khong bi hip thy hoan toin. Do d6 d6i vai lugng t gamma
khong 6 khdi niém quing chay. Cho mét chiim tia gamma hep di qua ban
vit liéu va do cuding do chlim tia san bin vat lidu di dudc chuin rue, ve su
phu thube cudng d9 chim tia do diige theo bé day vat liéu trén dd thi ban
16garit, ta dugc dudng thing gidm khi tang b€ day. Trén hinh 5.10 hai dudng
thing tng v4i vt liée nhém va chi déu gidm tuy€n tinh khi ting bé day vat
li€u, do d6 cudng d6 chitm tia gidm theo ham s6 mii.

That viy, ta xét mdt chim tia hep gamma don ning véi cudng dg
ban diu . Su thay déi cudng do khi di qua mét 16p vat liéu méng dx bing:

dl =- pIdx (5.51)
Trong d6 u la hé 56" suy gidm tuyén tinh. Dai lugng nay c6 thir nguyén
(d6 day) "' va thudng tinh theo cm™'. Ti¥ (5.51) c6 thé viét phuong trinh:

di
— =-udx
I W

A (5.50)
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Tich phdn phudng trinh nay tr 0 d&n x ta dugc
1=I,¢e™ (5.52)
Cong thifc (5.52) m6 ta sy suy gidm theo him s6 mil cia cudng do
chiim gamma hep va ddn ning nhu di nhin dudc bing thye nghi€m trén hinh
5.10.

-

0.5

0.1

0.05

Phin chiim tia dudc truyén qua

0,01

0 I 2 3 4
D6 day hip thy, cm

Hinh 5.10. S suy gidm chiim tia hep gamma theo bé day vat liéu.
Cic dudng lién: Chim gamma ddn ning lugng 0,661 MeV.
Pudng gach ndi: Chitm gamma da ning ludng.

Hé s6 suy gidm tuy&n tinh g phu thude vao nang ludgng cia bifc xa
gamma va mat d§ vit liéu mdi truding. Bang 5.2 trinh bay hé 58 1 ca mot s
vit lidu che chin thong dung ddi v6i cdc gid tri nang ludng gamma 0,1
MeV dén 10 MeV.

Bing 5.2. Hé s8 suy gidm tyé&n tinh p, cm™.

Vit Mat do Ning lugng bic xa gamma MeV

figu | plglem’) | 0.1 0.15 0,2 0,3 0,5 0,8 1,0
C 2,25 0335 | 0301 | 0274 | 0,238 | 0,096 | 0,159 | 0,143
Al 2,7 0435 | 0362 | 0324 | 0278 | 0227 | 0,185 | 0,166
Fe 7.9 2,720 | 1,445 | 1090 | 0,858 | 0,655 | 0,525 | 0,470
Cu 8.9 3,80 1,83 1,309 | 0960 | 0,730 | 0,561 | 0,520
Ph 11,3 59,7 | 208 10,15 4,02 1,64 | 0,945 | 0,771

Khong 1,29. 195. | 173 1,59. 137. | 1,12. | 9,12. | 845.
khi 107 10* 10" 10* 10 10* | 16" | 10°

H,0 1 0,167 | 0,149 | 0,136 | 0,118 | 0,097 | 0,079 | 0,071
Bé 2,35 0397 | 0,326 | 0291 | 0,251 [ 0204 | 0,166 | 0,149
ting
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Vit Mit do Nang lwgng bifc xa gamma MeV
liéu plgicm™ 1,5 2 3 5 8 10
C 2,25 0,17 | 0100 | 0,080 | 0061 [ 0048 | 0,044
Al 2,7 0,135 | 0,117 | 0,09 | 0076 | 0.065 | 0062
Fe 7,9 0383 | 0355 | 0285 | 0,247 | 0233 | 0232 |
Cu 8.9 0424 | 0372 | 0318 | 0281 | 0270 | 0271
Pb 113 | 0,579 | 0516 | 0476 | 0482 | 0518 | 0.552
Khéng 1.29. 6,67. 5,75, 4,69, 3,54, 2.84. 2.61.
Khi 107 10° 10° 10 10° 107 107"
H,0 1 0,056 | 0049 | 0,040 | 0,030 | 0,024 | 0,022
| Bétong | 235 ] 0.122 | 0105 | 0085 | 0067 | 0,057 | 0054 |

D¢ day gidm mét nita dyp 1a d6 day vat chit ma chim tia di qua bi
suy gidm cuting 46 hai lan, nghia 13 cdn mdt nita cudng d6 ban diu. PB6 day

gldm mot nifa d» ién hé vdi hé s8 suy gidm tuyé&n tinh 1 nhi sau;
0,693
4y, =
1

(5.53)

Khi sit dung d6 day gidm mot ni¥a d,p, thi 48 thi suy gidm cudng do
theo d day x ciing gidng nhu dé thi minh hoa quy luit phan ra phéng xa,
trong dé tryc tung 12 1(x) thay cho N(t), truc hoanh i x thay cho 1, con dai
lvgng d,,» thay cho dai lwgng T, (hinh 5.11).

Ix

I

3

dI.|f2

2d,n

3dy,

¥

X

Hinh 5.11. Sy suy gidm cuding dd chim tia gamma theo dd day
gidm mot nita d, .
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Ngoai hé s8¢ suy gidm tuy€n tinh W ngudi ta con sit dung hé 54 suy
gidm khéi i, tinh theo don vi (g!cmz)", duge xdc dinh nhu sau:
n
o= & (5.54)
P
Trong d6 p ¢6 thit nguyén g/em’ 1a mat 46 vat chdt moi trudng.
Hinh 5.12 trinh bay sy phu thudc ciia hé s8 suy gidm khdi vao ndng
frong tia gamma d6i vdi mot s8 vat liéu che chin thong dung.
Trong mdt s§ audng hgp con dimg hé 56 suy gidm nguvén ar fy, 14
phin tia gamma bi mdt nguyén uf lam suy gidm, Hé s6 Wy dude xac dinh nhu
San:

a .-]
H om (5.55)

2
Loy cm™ = .
nt N nguyénti/em®

Trong 46 N 13 s& nguyén tit trong 1 cm’. Chii ¥ ring L, dude tnh theo cm®
hay barn v4i 1 barn = 10 cm”.

. 10 g

o B

CRE!

3 L€

£ =

nd =

g 05F

o -

"Bl n

=

2 Ol Pb
(8 -

«)- O'OS - - Cu
T s .- Al

0.01 EENER I S TTT! M N 0 018 T 211 B B 1911 S W B T C
0,01 0,050, 05 1 5 10 50 100

Ning lugng, MeV

Hinkh 5.12. Hé s suy gidm khdi phy thudc vio ning lugng tia
gamma d5i vdi mot s6 vat lidu che chin théng dung.

H¢ s& hdp thy nguyén 6 dinh nghia theo bidu thic (5.55) dugc goi 1a
ti&t dién vi md va k¢ hidu 13 o, nhu da trinh bay trong chudng 3, con hé s6
hap thu tuy&n tinh p duge goi 1a &t dién vi md va ky hiéu 1a X. Véi cic ky
hiéu mdi nay thi c6ng thitc (5.55) dugc viét thanh:

232



b ~ ,
- cm’- nguyen tu
T emteg —— — x N DEWERE (5.56)
nguyén g cm’
St dung ti€t di€n vi m6 ¢6 thé tinh duge hé s& suy gidm cia hdp kim
hay mdt hon hgp chita mdt vai nguyén t8 khic nhau.

5.3.2, Cic cd ché tuong tic cia tia gamma véi vt chat

Tudng tdc clia lwgng tf gamma v§i vat chdt kadng gdy hién tuong ion
hia truc tiép nhw hat tich dién. Tuy nhién, khi gamma tedng tac vdéi nguyén
o, né lam but electron quy dao ra khdi nguyén tr hay sinh ra cdc cip
electron — positron, 181 cdc electron nay gdy ion héa méi trudng. C6 ba dang
twong tdc cd bdn cla gamma v6i nguyén t¥ 1A méu dng quang dién, tdn xa
Compton va hiéu ag tao cip.

5.3.2.1. Hié¢u iing quang dién

Khi lugng tff gamma va cham véi electron qu§ dao clia nguyén uf,
gamma bi€n mit vd ning lugng gamma duge truyén toan bd cho electron
quj dao d€ né bay ra khdi nguyén t&. Electron ndy dudc goi B quang
electron. Quang electron nhin duge ddng ning E., biing hiéu s& gilta ning
lugng gamma vao E va ning lugng lién két g, clia eleciron trén 1dp vé trudc
khi bi bift ra (hinh 5.13a).

ECZE— ik (55?)

Trong d6 &, = &g ddi vdi electron 16p K, & = & d6i vdi electron 1dp
L. ex = &v 461 v6i clectron 18p M va g > g > &y. Theo cdng thifc (5.57)
ning hrgng cita lugng t¢ gamma vao it nhit phdi bing niang lugng lién két
cia electron thi hi€u ¥ng quang dién mdi xdy ra. Néu E < g¢ thi higu ¢ng
quang dién chi xdy ra vdi cdc 1dp L, M, ... N€u E < g thi hiu #ng quang
dién chi xdy ra vdicdc I6p M, ...

Hiéu #ng quang dién khéng xdy ra d6i véi electron tr do vi khéng
bdo dim quy ludt bdo toan ning Iwgng va ddng ludng. Thit vay, gid s hiéu
ng quang digén xay ra vdi electron t¢ do thi cdc quy ludt bio oan ning
lugng va dong lugng din 16 cdc hé thic sau;

1

\f]_ﬁ—z -1 (5.58)

E  mfc

—_ = == (5.59)
c ,h_[jz

Tir hé hai phudng trinh ndy ta dugc:

E =m.’
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iﬁ;%-l:%hay{l—ﬁ)zzl-ﬁg (5.60)
J-p P

mc”

Phudng trinh nay cho hai nghiém p=0va B =1, Gid tri B =0 cho
nghiém 1am thudng E, = 0 con gid tri f = 1 khéng ¢6 ¢ nghia vi electron ¢6
khéi lgng khdc khong. Nhe viy mudn ¢6 hiéu @ng quang dién thi electron
phai lién k&t trong nguyén t¢. Hon nita mudn hiéu ing x4y ra, ning ludng tia
gamma phai lén hon ning lugng lién k&t cia electron d€ thoi méan biéu thitc
(5.57) nhung khéng duge 18n qud vi khi d6 nd coi electron gan nhw wr do.
Nhan xét ndy duge thé hién trén hinh 5.13b md td sy phu thudc tiét dién
hiéu Ung quang dién vao ning lugng gamma. & mién ning lugng gamma lén
thi ti€t dién rit bé vi khi d6 gamma coi electron lién k&t rat yéu. Khi gizm

CBR e o 1
ning lugng gamma, tic la tang ti s6 E“ tiét dién tang theo quy luat E Khi

C o iAo . 5 1 N » .
E tién din dén &g, tiét dién ting theo him _E_?HE va ting cho dén khi E = ¢.

Khi nang lugng gamma vira gidm xudng dudi gid tri g¢ thi hiéu @ng quang
dién khong thé xdy ra véi electron Idp K nita nén tiét dién giam dét ngdt.
Ti€p tuc gidm ning lugng gamma, it dién ting rd lai do hiéu ¥ng quang
dién d31 vai electron 18p L. N6 dat gid tri I8n tai E = & rdi lai gidm dot ngdt
khi E gidm xudng thdp hon g_. Sau d6 hiéu (ng quang dién x3y ra d6i vdi
electron 16p M, ...

A

cph:)[n

a) b)

Hinh 5.13. a. Hiéu ifng quang dién;

4

b. Tiét dién hiéu 1ing quang dién phu thudc ning lwgng gamma E,
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Do ning lugng lién két thay d8i theo s8 nguyén ¥ Z nén tuét dién
twong tic gquang dién phu thude vao Z, theo quy ludt Z°. Nhu vay tiét dién
hiéuiing quang di€n :

" 5
: Z :
Ophoe ~ F khi E > £k va Sphot ~ E khi E »>> £k (561)

Tiét dién cda hiéu tng quang dién d8i vdi electron 19p K dude tinh
theo cdc cong thide sau:

13,61 .
(Sphowedx = 1,09.107°Z° [ - ] d6i vdi E bé (5.62)

z° . s
(Opuona)x = 1,34.10° T dé1 vdi E >> myc? (5.63)

Trong d6 © tinh theo ddn vi cm’, E theo don vi eV trong céng thie
(5.62) vd MeV trong cdng thiic (5.63),
Sy déng gbp cia hi€u tng quang di€n d8i v6i cdc ldp L, M, ... bé so
v@i electron 16p K. Sau diy 1 d s8 i€t dién hiéu ing quang dién 481 vdi cdc
electron 16p L., M so vii electron kip K:
oL : S J. ha Sm L

(5.64)
6y 5 c, 4 G, 20

Cdc cOng thite (5.61), (5.62), (5.63) va (5.64) cho thﬁ’y hiév dng
quang dién xdy ra chi y&u ddi véi electron 1dp K va vdi ti€t dién rdt lon 461
vdi cdc nguyén t& ndng (ching han chi) ngay ¢ & viing nang lugng cao, con
ddi v4i cdc nguyén (¥ nhe (ching han cd thé sinh hoc) hidu fing quang dién
chi xud't hién ddng ké & viing niang lugng thip.

Khi electron duge bift ra tt mét 1dp vé nguyén tlr, ching han tir 16p
vd trong ciing K, thi tai d6 mot 18 trdng dugc sinh ra. Sau 6 16 wdng nay
dugc mot electron ¥ 16p vé ngoai chuyén xudng chi€m day. Qud trinh nay
dan t6i biic xa ra cdc tia X dac trung hay cdc electron Auger.

5.3.2.2. Hi¢u dng Compton

Khi ting nang lwgng gamma dén gid tri 16n hon nhiéu so vdi ning
lwgng 1ién k&t cla cac eleletron 18p K trong nguyén tif thi vai trd cla hiéu
ttng quang dién khéng con ddng k€ va bit ddu hidu ing Compton Khi d6 ¢é
thé bd qua ning lugng lidn két ciia electron so vdi nang lwgng gamma va tin
xa gamma 1én electron cé thé coi nhir tin xa véi electron tu do. T4n xa nay
goi 1a tdn xa Compton, 1 tdn xa dan hdi clia gamma vao vdi cic electron
chi y€u 8 quj dao ngoai cdng clia nguyén 6. Sau tin xa ludng ti gamma
thay d8i phwong bay va bi m4t mét phin ning lugng con electron duge gidi
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phdng ra khoi nguyén & (hinh 5.14a). Hinh 5.14b minh hoa qud trinh tdn xa
dan hoi cia lugng 1 gamma 1én electron w do.

Trén cd 56 tinh todn ddng hoc cla qud trinh (4n xa dan hdi cla hat
gamma chuyén ddng vdi nang lugng E 1én electron diing yén 1a ¢6 céc cong
thitc sau ddy ddi véi ndng lugng gamma E’ va electron E, sau tin xa phu
thudc vao gée bay @ clia gamma san tdn xa:

E = E———Jm—— (5.65)
T+a{l—cosg)
afl —cosp)

E.=E—m 8 ——~~ (5.66)
1+ ol —cos @)

E
Trong dé o = T me = 9,1.107" kg vd ¢ = 3.10" mfsec; m.c? = 0,51

m,c
McV.
Géc bay 0 cua electron sau tdn xa lién hé vdi géc ¢ nhu sau:
! @
g0 = — ctg— 5.67
g 1 E 8 (5.67)
Et

a) b)

Hinh 5.14. a. Hién ttng Compton
b. So dd tdn xa gamma 1&n electron t do.

Cidc budc séng A va A’ cla gamma lién hé véi cdc gid tri ning lugng
E va E’ ciia nd nhu sau;

W (5.68)
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Theo cong thie (5.65) thi E' < E, nghia 12 ning lugng gamma gidm
sau tdn xa Compton vi bude song cla né ting. Gia s6 ting budc séng phu
thudc vao gde tén xa @ cda gamma theo bifu thifc:

Ah =X’ - A = 2 sin (9/2) (5.69)

Trong dé A, = L =242.10"" m 1a budc séng Compton, dude xic

m_.c

nhin hdi thye nghiém. Do AX chi phu thudc vio géc @ nén khéng phu thudc
vao vat idu cda moi rudng. Tir (5.69) thiy riing bude séng A’ tang khi ting
goctdn xa va Ak =0khi 9 =0; AL = A . khi ¢ =2 va AL = 2, khi ¢ = 7.
Tuy nhi€n vét md1 géc ¢ cho trude thi Ak khdng phu thudc vio A. Nh viy
hi¢u ttng Compton khéng dong vai tro dang k& khi AL << A vikhi dé A’ = &,
ching han 461 v6i 4nh sing nhin thdy hodc ngay cd vdi tia X ning lugng
thip. Hig¢u wng Compton chi déng gép 16n ddi véi tia gamma séng ngidn, hay
nang lugng cao, sao cho Ak = A.

Theo cong thic (5.67), goc bay ¢ clia gamma tdn xa ¢6 thé thay déi
tr 0° dén 180" rong lic electron chii y&€u bay vé phia trudc, nghia 12 géc bay
8 ctia n6 thay d8i tr 0° dé€n 90°. Khi tin xa Compton, niing ludng tia gamma
gidm va phan ning lugng gidm dé truyén cho electron gtdt Jo1. Nhy viy ndang
lrong electron gidt i cang 1dn khi gamma tin xa vdi géc @ caing ldn.
Gamma truyén ning lhrgng 16n nhit cho electron khi tan xa & gée © = 1807,
tife 1a khi tdn xa giat lui. Gid tri ning legng cue dai ciia electron bing:

2E
B = (5.70)
1+2a
Ti€t dién vi phan cda tdn xa Compton ¢6 dang:
do _ rj I+cos™ @ it (:f;(l—cosqﬂ)2 (5.71)
dQ 2+ a(l~cose)] (1+cos” @)1+ a(] —cos p)]
) e’ E
Trong dé: I, = >, U= =
m,c m,c”

Ti€t dién tin xa Complon toan phin nhin dugc bing cich 14y tich
phan biéu thite (5.71) theo 141 ¢ cdc goc thn xa:

1+al2(1+0) 1 I 143
compen = 2mr2 42| 2E® L o oIl 4 2y - —
21 1+2¢ « 2ua (1+2a)

o
(5.72)
Ta hiay xét hai rudng hop gidi han clia tiét dién tin xa Compton
(3.72):
- Khi ¢ rdt b¢, nic 13 khi E << m.c’, cong thitc (5.72) chuy&n thanh:
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26
SCompton = GThm‘nmn(l - 200+ ? o+ ) (573)

2
. . 8=
'I rOng do GThnrnsnn =

— 1a ti&t dién tan xa do Thomsen tinh

3 mc’
cho trud¥ng hop nang lugng tia gamma rat bé. Nhu vy d6i vdi nang lugng
gamma rit bé, o << 0,05, ti€t dién tdn xa Compton ting tuyén tinh khi gidm
nang lugng va dat gid tri g1 han Grremeen-

- Khi ¢ rdt 16n, t¥c 13 khi E >> m.c?, ¢dng thite (5.72) chuyén thanh:
Ocampion = UL, Ll s e (5.74)
a 2
Céng thifc (5.74) cho thiy, khi ning lugng gamma rit ldn, E >> m.c
hay 0 >> 1, Gcompwon Di€n thién & 1& nghich vdi ping lwdng E. Do trong
nguyén ti ¢6 Z electron nén tiét dién tdn xa Compton d81 véi nguyén tff ¢
dang:

2

Z
GCumplon I (5?5)
E

5.3.2.3. Hiéu dng sinh cdp electron-positron

NE€u gamma vao ¢é nang lugng l6n hon hai lin nang lugng tinh
electron 2m.c’ = 1,02 MeV thi khi di qua dién truding clia hat nhin né sinh ra
mot cip electron-positron. D6 12 hiéu Wng sinh cip electron - positron (hinh
5.15). Su bi€n d8i ning lugng thanh khdi lugng nhur trén phdi x4y ra gin mot
hat niao &6 d€ hat nay chuy&n ddng giat lui gidp tong dong lugng duge bdo
toan. Qu4 trinh tao cip x4y ra gin hat nhin, do ddng ning chuyén dong giat
fi ctia hat nhin rit bé nén phin ning lugng con du bién thinh dong ning
cuia electron va positron. Qua trinh tao cip cling ¢6 thé x4y ra gin electron
nhirng xdc sudt bé so véi qud trinh tao cip gin hat nhan khodng 1000 lan.

Nhu vdy hiéu dung sinh cip chi xdy ra khi nang luong E cia gamma
vA0 16n hon 1,02 MeV. Hiéu s6 nang lugng E - 2m.c” biing tdng ddng ning
ciia electron E,_ vi positron E, bay ra. Do hai hat nay c¢6 khdi htgng gidng
pbau nén c6é xdc suit 16n d€ hai hat cé ning lwgng bing nhau B, = E,..
Electron ma't din ning lugng clia minh d€ ion héa cdc nguyén tf mdi trudng.
Positron mang dién tich duong nén khi gip electron cta nguyén uf, dién tich
cia ching bi trung hoa, ching hiy 1in nhau, goi 1a hi¢n twgng iy electron-
positron. Khi hly electron-positron hai lugng tif gamma duge sinh ra bay
ngudce chiéu nhau, méi lugng tl¥ cd ning lugng 0,51 MeV, tic 12 ning lugng
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tdng cong cla chéng bing tdng khdi lugng hai hat electron va positron 1,02
MeV.

Céc photon hiy c¢ip 0,51 MeV

Hink 5.15. Higu ing sinh ¢ip electron — positron.

Tiét dién hiéu ¥ng tao cip trong trlrdng hat nhin ¢6 dang phic tap.
Sau diy 1a cdc biéu thife ti&t dién trong vai mié€n ning hwdng ciia tia gamma:

z’ 28 2E 218
Opur = 12| 21y > 28 (5.76)
137 9 mgc’ 27

d8i vdi mee® << E << 137m.?Z'? khi khong tinh dé€n hiéu tng mang che
chidn, va

2

Z 28 s, 2 o 2y
Opmir = —— 1, | —In(183Z7°) -1 @61 vdi E »> 137m’Z "
137 9 27

(5.77)
khi tinh d€n hi¢u ing mang che chin toan phin.
Trong d6 137m.c*Z'? = 30 MeV d5i v8inhom va 15 MeV d6i véi chi.
Trong mién nang lugng 5m.c” < E < 50m.c? tiét dién tao cap tilé vdi
Z’ va InE:
Gpair ~ Z° InE (5.78)
Theo cdng thifc (5.78) thi tiét dién tao cip electron- -positron gan ti 1&
v6i Z® nén cé gid tri 1dn 461 véi chit h4p thu v4i 58 nguyén ¥ 16n.

5.3.2.4. Tong hgp cde higu ving khi gamma tuong tic véi vit chat

Nhu di uinh bay twén, khi gamma twong téc vdi vat chit ¢6 ba hiéu
ing chinh xdy ra, d6 1a higu W¥ng quang dién, hiéu tng Compton va hiédu ng
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tao cap clectron - positron. Ti€t dién vi phin (wdng tac tdng cong cla cdc
qud trinh nay hing -
O = Gphan + Ooompt + Cpair (3.79)
7’ ,
-—-—, 11¢1 di¢n qua trinh

ET )

Trong do €L dién qua trinh quang dién S, ~

tin xa Compton Guuym ~ “vi 6t dién yud trinh tav cp opy ~ Z Tk, Hinh
E

5.16 md 1a cac 11 dién wdng tic clia gamma vdi chi. TW sy phu thude cic
UEL dién vao aiing ludng E cta gamma va dién tich 7 cla viit chit nhu teén
ta thiy ring trong mién nang lwong hé han B, cd ¢hé o bdn rong wong téc
gamma véi vit chit 1a hiGu @ng quang dién, rong mién ning ludng trung
gian B, < E < E; - hi¢u #ng Compton vi trong mi¢n niang lédng cao B> F, -
qud trinh tao ¢édp clectron - positron. Cde gia tr ndng ludng phin gidi F| va
s phu thude vio vit chd1l. DG vl nhém thi B, = 50 KeV va B = 15 MeV,
con doi vl chi Iy = 500 KeV va L = 5 McV.
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Hinh 5.16. Tiét dién tuong tdc cia ludng of gamma vdi chi
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Long thitc (5.52) m6 13 sy suy gidm cda chitm gamma hep va don
ndng Hé s6 suy gidm tuy&n tinh W i 1€ véi tiét dign wong tic.¢ nén né bing
tdng cic hé s6 suy gidm tuyén tinh do cic hiéu u’ng quang di€n P, hiéu
ting Compton M.y Va hiéu ting tao 3P Ppsir- HE s6 suy gidm tuyén tinh d5i
v6i chi lic ddu gidm khi ting nang lugng gamma, dat gid tri cue Géu §
3,5 MeV va sau d6 ting do déng gép ciia hiéu ¥ng tao cip va kéo dai cho
dén <3 10 MeV. Né6i chung d6i véi cdc hat nhdn ning, cdc hiéu wng déu
ddng gop vao hé so |, trong dé hiéu dng quang dién déng vai trd quan trong
trong mi€n ning lwgng thip ¢d 0,2 MeV dén 2 MeV, hiéu ¥ng Compton tir
0,5 MeV dé&n 5 MeV con hiéu #ag tao cap tir 5 MeV trd di.

D61 véi nhém vi cdc hat nhin nhe, hé s6 suy gidm tuyén tinh kéo
dat dé€n 10 - 15 MeV do hiéu Ung tao cip co6 dnh hudng chi trong mién nang
lwgng ¢d 10 MeV. Sy hdp thu quang dién chi ¢6 tic dung trong mién ning
lugng ¢@ 100 - 150 KeV. Do d6 d6i v8i cde dbng vi phéng xa tv nhién va
nhédn tao vt niang lu‘dng tia gamma thudng vao ¢d 0,25 - 2,6 McV, hé s§ suy
gidm tuy&n tinh chd y&u do hiéu trng Compton déng gép.

5.4. SU TRUYEN NEUTRON QUA VAT CHAT

5.4.1. Céc loai tudng tic clia neutron véi vat chat

Tuy neutron [a hat trung hda vé dién nhung gitfa neutron va electron
nguyén tf ¢d twong tdc dién i do sy tuong tac grilta cic momen tiY cda chiing.
Tuong tic ndy y&u dén mic, d€ di ning lugng ion héa nguyén ti, vao
khodng 10 eV, n6 phdi x4y ra & khodng c4ch khoang 10 " m. Nhu viy tiét
dién mat ning lwgng neutron do ion héa bing 107" cm?, tie 14 cd mét phin
tri¢u cla ti€t dién twong Wng cia hat tich dién. Mic dd tiét dién nﬁy 16n hon
ti€t dién tuwong tic cia neutron nhanh v6i hat nhén, ¢3 107 cm?, nhung dé
mit ning lugng khodng 10 eV do ion héa thit khong ding k€ so véi d6 mat
nang luwgng do neutron tuong tic véi hat nhin, Ching han trong triting hop
va cham cham trdn vdi proton, neutron ¢ thé mat toin bd ning lugng ciia
minh,

Sy twong tic clia momen 1Y electron vdi momen ti neutron chi ding
k€ khi cdc momen 1 cla tit cd cic electron ¢6 cing mdt dinh hudng, ching
han trong st tir. Trong trudng hdp nay sy twong tdc cda momen ti¥ neutron
vdi momen tif cla cdc electron din t&i hidu itng vi md clia tdn xa tong cfng,
cho phép ddnh gid momen tir cia neutron.
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Ngoai ra, s tdn tai momen tif cla neutron c6 thé gidi thich bang gid
thuy&t cho riing trong mét phin thdi gian séng ciia minh, neutron ciu tao tr
hai hat véi dién tich ngugc ddu nhau. Do d6 neutron c6 dién tich phin b3
trong né v dién tich d6 sé tuong tdc vdi dién tich electron. Tuy nhién tudng
tic nay cdn y&u hon twdng tic giffa cdc momen t noi trén,

N&u bd qua hai loai tudng tdc vira trinh bay thi tudng tic clia neuiron
vdi vat chit chi yéu la wwong tdc cla ndé vdi hat nhin, Phy thude vao vige
neutron ¢é xuyén siu vao trong hat nhin hay khong ta ¢6 thé chia tuong tac
clia neutron vdi hat nhin thanh hai loai:

— Loai thé nhat Ia tin xa dan hdi th€ bdi lyc hat nhin, khi 46 neutron
khong xuyén sdn vao trong hat nhin.

— Loai thit hai 12 cdc phdn #ng hat nhdn nhu (n,y), (n,p), {(n,0),
(n,D)...; tin xa khéng dan héi; tdn xa dan hdi cOng budng, khi d6 neutron
xuyén sdu vao trong hat nhan.

Vai trd ctia mi qud trinh phyu thudc vao i€t dién cia ching. Trong
mdt s6 vat liéu, tdn xa din hdi thé rit dang k&, khi d6 neutron nhanh ma't
ning hrgng qua mot loat cdc va cham dan hdi lién ti€p nhau v&i hat nhin.
D6 13 qud trinh lam chim neuiron, déng vai trd quan trong trong vit 1y 16
phidn ¢ng hat nhan. Cdc phdn @ng hat nhin dugc nghién ctfu va dng dung
trong vit Iy neutron, ch& tao cdc dong vi phéng xa, phin tich kich hoat
neutron, phan @ng phin hach hat nhan, ... Sau diy s€ trinh bay ngin gon cic
qud trinh tUong tdc nay.

5.4.2. Sy suy giam chitm neutron khi di qua vt chat

D& xem xét sy tudng tic clia neutron véi vat chit ngudi ta chia cdc
neutron thco ning lwong cda ching, thinh cdc neutron nhiét (ning ludng
peutron E, tf 0 d&n 0,5 eV), cidc neutron trung gian (E, ¥ 0,5 eV dén 10
KeV), cdc neutron nhanh (E, tr 10 KeV d&n 10 MeV) va cdc neutron rat
nhanh (E, Idn hon 10 MeV). Tuong tic ciia neutron vGi hat nhin phu thude
rat manh vio ning lugng ciia né.

Khi chiim hep cdc hat neutron di qua mdi trudng, cling gidng nhu tia
gamma, cudng d0 chiim tia cliing gidm di theo ham s& mi. § day thay cho
viéc sit dung hé s& hap thu tuyén tinh hay hé s8 hap thu khdi ngudi ta dung
ti¢t dién vi md T = oN, trong dé ¢ 13 ti€1 dién hdp thu vi mé clia mdi rudfng
con N 1a s8 cdc hat nhin hip thy clia mdi trudng trong | em’. Khi dé cuding
@6 chim neutron I sau bin hdp thy day x lién hé v6i cudng dé chum neutron
I, trude bdn hap thu nhu sau:

I=Le™ =Le™ (5.80)
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5.4.3. Sy 1am chim neutron do t4n xa dan héi
5.4.3.1. Khé ndng lam chém ciia cdc vt ligu

Tén xa dan hoi 1a qud trinh phd bi€n nhit khi neutron nhanh wong
tic v4i cdc hat nhin méi tniding c6 s8 nguyén tf bé. Do tdn xa dan hdi, nang
lwgng neutron gidm dan khi di qua moi trudng, ta goi 1a neutron bi lam cham
va moi trwdng nhi vy goi 1a chat lam chim.

Qua trinh tédn xa dan hoi gilta neutron nhanh véi hat nhin méi trudng
gidng nhv sv va cham dan hdi giffa hai vién bi, trong d6 hat neutron cé khoi
luong béng 1, dong ning ban ddu E, con hat nhn ding yén c6 khdi lugng A.
Sau tdn xa neutron ¢6 nang lwgng E’. Theo dinh luit bio toan ddng ning va

dong ligng cia qué trinh tan xa dan hdi, ta c6

¢€E S E < F (5.81)
A-1
Trong dé E= A—— (5.82)
+
Trong cOng thic (5.81), E' = E khi” neutron tin xa vé phia trude con

E’ = ¢E khi neutron tdn xa giat i vé phia sau, titc 14 va cham cham trdn.
Theo cong thitc (5.82) trong va cham véi hat nhdn hydrogen thi € = 0, do d¢
theo cdng thic (5.81) neutron truyén toin bo dong ning cda minh cho
hydrogen khi va cham cham trdn. Tuy nhién, ddi v6i cdc hat nhan ning hon,
do & # 0 nén neutron khéong thé truy€n toan hd dong ning ciia minh trong
mot va cham. Ching han, ddi vdi tin xa dan hdi giita neutron va hat nhdn
oxygen thi € = 0,778, do d6 phin dong néng cia neutron duge truyén cho hat
nhin oxygen trong mét va cham cham tran 13

E_ 1
ﬂE =1-£=1-0,778 =0,222, ttrc 11 22,2%.

3

Nhu vay, bat nhin vdi khdi lugng bé 1im chdm neutron c6 hiéu qui

hon hat nhan c6 khdi lugng Idn.
Bé bi€u thi 46 mdt ning Iwgng khi neutron va cham din héi, ngudi ta
ding tham s6 va cham hay d6 m4t ning lugng 16 garit trung binh
E= s (5.83)
E
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Trong d6 dau gach ngang ky hi€u vigc ldy trung binh theo s& cdc neutron
tham gia tin Xa va thco cdc goc tan xa. Thyc luén phép 1&y trung binh ta
dudgc:

glne

R (5.84)
—£E

E E R ,
Do £ = lnE nén 5 = ¢, hay phin nang lugng trung binh cla

neutron vio dugc truyén cho hat nhén bia trong mdt va cham la:
Er —_
E

Theo cong thifc (5.85), d6i v6i hydrogen thi § = 1 nén phin nang kudng
trung binh clia neutron nhanh truyén cho hat nhin hydrogen trong mot va
cham 1a f = 63%, con d&i v6i carbon thi § = 0,159 nén f = 14,7%.

S$& va cham cin thi€t d& 1am chim neutron tir nang hrgng E; d€n nang
Irgng E, la:

f=1- 1-e* (5.85)

1, E
S(Ey, Ey) = —ln— (5.86)
& E,

Nhv viy s6 va cham cin thi&t d& chuyén tir neutron nhanh c¢6 ning
hrgng E, = 2 MeV d&n neutron nhiét ¢6 ning lugng By = 0,025 eV la:

18,2
St=S(E,Er)= _E,— (5.87)

Trén bang 5.3 din ra cdc gid tri & va Sy d8i v61 mdt 56 chit lam cham.

Bing 5.3. Cac thong s8 d8i vdi mdt s chat lam cham.

Chat | Matdo N g St | J#E)| L (em) D
lam Y 10*/cm’ (cm) (em")

cham | (g/cm?)

H,0 1 00335 | 0948 | ~182 | 5,75 | 2,88 | Q.16
D0 1,1 0,0331 | 0,570 | 31,8 11 171 0,87
Be 1,85 0,1236 | 0,209 86 9.9 24 0,50
C 1,6 0,0803 | 0,158 | 114 | 173 50 0,84

Tir cdc bi€u thic (5.81), (5.87) va bang 5.3, ta thay ring khi s6 khoi
lwgng cha céc hat nhén tang thi & gidm va do d6 s& va cham cin thi€t ¢é
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chuyén tir neutron nhanh dén neutron nhiét tang. Pidu nay cho thiy cdc hat
nhdn nhe ¢6 tdc dung lam chim &t hen cac hat nhén na ng.

5.4.3.2. D¢ dai lam chém va dp dai khuéch tdn neutron
a) Bd dai lam chim

Sau mét 8 trung binh va cham cia neutron nhanh trong mot trudng
nhy trinh bay trén bdng 5.3, neutron nhanh trd thanh neutron nhiét. Quing
dudng mi neutron nhanh di dugc trong moi trding cho dé€n khi trd thanh
neutron nhiét duge goi 1a 4§ dai lam chigm. PO dai 1am chim bing cin bic
hai ctia tdi Fermi 1(E), dudc x4c¢ dinh nhif san:

E

i, dE A E
T(E) = — -J'b_?‘rr___:h__m

E,
Trong d6 E, = 2 MeV la ning lugng neutron nhanh, E 1 ndng lugng neuntron
trong qud trinh [am chdm, A, vd 4,12 cdc d6 dii tdn xa va do dai dich chuyén
cua neutron trong méi trudng, PO dai dich chuyén dude xdc dinh nhu sau

0 (5.88)
38 E 3t E

e
Ao (5.89)
I—cost
véi sl = = (5.90)
3A

12 trung binh c6sin clia goc bay cla neutron sau tdn xa.

V&1 E = Ey = 0,025 eV thi 1(Ey) 13 tudi neutron nhi€t con o(E,) 1A
d6 dii lam chim. Bdng 5.3 rinh bay dé dai Jam chim d&i véi mot s& chilt
lam chim.

b) B¢ dai khuéch tin

Sav khi 6 thanh ncutron nhiét, cdc neutron khuéch tin trong moi
trwdng cho dén lic b hap thy. Do dai khuéch tan L 1a quang duong ma
neutron di dude tir khi ted thanh neutron nhiét dé€n lic bi hdp thu va dude x4c

dinh nhw sau:
’l A
L = a—3"~ (591

Trong d6 A, 1a d6 dai hip thy neutron nhié( cia méi trudng. Vi moi
trudng o6 d¢ dai khu€ch tan L thi chiim tia neutron nhiét bi suy gidm khi di
qua mdi trydng ¢6 bé day x dude xic dinh nhy sau:
[=Le** (5.92)
Cédc neutron khuéch tan véi hé s6 khuéch tdn D dudc xdc dinh qua
dd dai dich chuyén nhy sau:
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A
D= -1 (5.93)

”
3

P81 v6i mot ngudn di€m S neutron nhiét trong 1 gidy dit trong mdt
qua cdu 1am chim ban kinh R vdi d6 dai khuéch tin L, hé 8 khuéch tdn D,
thi mat d6 théng lugng neutron nhiét tho4t khdi b mit qia cdu la:
~R/A
o=° (5.94)
47RD
Bang 5.3 din ra cdc gi4 tri 46 dai khuéch tdn L v3 hé s8 khuéch tan
D d8i v4i mot s6 méi rudng lam cham.,

5.4.4. Hip thu neutron

Trong qué trinh neutron nhanh dwgc lam chim thanh neutron trén
nhiét hay neutron nhiét trong moi truding, xdc suit hap thy ching ting dén.
Ti€t dién hdp thu clia nhidu hat nhin d6i véi neutron & mi€n ning lrong
nhiét tudn theo quy ludt mdt trén v nhut sau:

o~ ~}~—~ 1 (5.95)

JE v

Chéng han d6i v6i B", quy ludt niy déng trong mién nang lugng tir
0,001 eV dé&n 1000 eV. Tiét dién neutron c6 gid tri cao nhit o7 tai ning
lwgng nhiét Er = 0,025 eV. Khi d6 quy luat (5.95) ¢ th€ viét thanh:
ET

6=o0;L=q, = (5.96)
v

Cac phdn Wng hap thu neutron nhiét thudng gip nhv H'(n,y)H’
v6i or = 0,33 barns; N'(mp)C" véi or = 1,70 barns; B''(n.a)Li’ vdi
61 = 4,01.10% barns va Cd"*(n,pCd""* vé8i or = 2,1.10* barns.

5.5. BAITAP

5.5.1. Cac bai tip vidy

Vi du 5.1. Hay tinh d6 mat ning lugng riéng do ion hda d&i vdi
deutron d6ng nang 4 MeV trong khi nitd & cdc didu kién tidu chuén.

Bai gidi.

Sit dung cdng thite (5.10) tinh 46 m4t ning ludng riéng do ion hda:
dE 4zn et 2m v’

[—— =k — 5 [In - 7] (1)
dx /i, m,v I(-p%)
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Cht ¥ ring céng thifc nay khéc cong thic (5.10) bdi hé s§ k = 9.10°
. . P dE .
N.m*/C* @€ tinh trong hé SI. Hon nita, d€ tinh d— trong don vi eV/m thi thira
X
s§ ¢ dugc tdch thanh e xe , trong d6 thra s8 e® thi nhat dung trong cdng

thitc d€ tinh cdn thira s§ e’ th hai dung cho don vi do eV. Nhu viy cong thiic
(1) vi€t thanh:

dE dnk’ngz’e®  2m v
= = TR 2 gy ey @
dx /. m,v- I(1-p7)
Tinh s6 hang B* Do wtuwdng hop niy khéng wong d8i nén
. 2E 2E 5 2 2E 2x4 } 2
V=—= s ¢, hay B = (v/e)” = == k. 4.10°, nghia 13 p'<<1
my, my" m,c 1875,5

va c6 thé bé qua. Khi d6 cong thifc (2) 8 thanh:

dE 4nk’nez’e’  2m v?
[ J =R m;"' ] eV/m 3)

dx /..,

m.v

d4nk’n z%e? m 4Em,
= — e Ty =0

2E m, Im,,
Trong d6: k = 9.10° Nm/C*;z=1:¢ = 1,6.10" C;
E=4MeV=410°ev
m, 18755

—=3677,5
m 0,51

n, I3 s8 electron/m® méi trudng khi No. Khi N, & didu kién chufn thi
1 mol ¢6 thé tich bing 22,42 lit, do d6 ta cé 22,42.107 m’/mol. 1 mol chita
6,03.10” phdn u¥, do 46 [ m® chita (6,02.10%)/(22,42.10°") = 0,2685.10%° phin
td/m*. 1 phin t¥ Nz chifa 2 nguyén ¢ nén né c6 14 electron, vi viy s6
electron trong 1 m* 1a:

n. = 14 x 0,2685.10 electron/m’ = 3,759.10% electron/m®

Thay s& vio biéu thiwc dE/dx ta c6:

[ dE) _4mx(9.10°)" x3,759.10% x 12 x(1,6.107"°)?

dx /., 2%4.10°

4x4.10°
X 36775 x In —— 410 eV/m

13,5%7x3677,5
= 4,5.10"x In46 eV/m = 17.10° eV/m = 0,17 MeV/cm.

Vidu 5.2. Hiy tim dong ning cla hat o véi quang chay trung binh
trong sit bing 11 pm.
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Bai gidi.

Quing chay cia hat o trong khéng khi:

Rix (cm) = 0,31E*

Quing chay cita hat @ trong vat chit ¢ s& khd1 lugng A:

R, = 0.56R(cm)A"” mg/em® = 0,56x0,31E*2A'” mgfem®
=0,1736 E A" mg/cm’

n RA(mgx’cmz)

T 0,1736A"

Quing chay tuyé&n tinh trong sit1a 11 pm nén quing chay khdi trong

Mev}fl

sitla:
R, = plglem®) X 11,107 cm = 7,8 x 11,10 g/em” = 8,58 mg/em”
8,58
Mz - = 12,92 hay
0,1736x56

E=(12,92)"MeV =5,5MeV.

Vi dy 5.3.°Hay tinh d6 mit ning lugng ricng do bifc Xxa hdm cua
clectron vé1 dong nang 20 McV trong nhém. D6 mAit nang Wwong riéng trong
chi gap bao nhiéu lan trong nhdém?

Bai gidi.

Diing cHng thife (5.36):

[ dE ]‘“ L7 183 2

=aE~— @dln—=+—)
dx 137 Z77 9

rad
‘N
Trong d6: n = p(g/em”) -f véip =27 g/em’, A =27,

N, = 6,02.10% phan t&/mol, n = 6,02.10” phén ti¥/em®;

2

[~

.= -=2,82.10" cm; Z = 13; E =20 MeV.
m.c
- ie) 2 =132
dE R 13° % (2,82. - 183 2
[-— = 6,02.107x20x (28210 7) x{4In Ifﬁ +)
vdx ), 1377 9

=0,472x4,577 =2,16 MeV/cm
Ti s& gita 6 mat ning lugng riéng trong chi va nhom la:

(dE/dx),, _nuZp {183/} J+2/9 _
(dE/dx),  nZs, {18372} )+2/9
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P Aw Zyy In(183/2)0)+2/9
Aw pa 2L (1837217 )+2/9
113 27 822 3,963

= =X X X = 187
207 27 137 4577

Vi dy 5.4. Hiy tinh 40 mat ning ludng ri€ng toan phin cia electron
vG1 dong ndng 30 MeV trong nhdm.

Bai pidi.

dE (dL] (dE) [dEJ (dE/dx),
={—] +|—} =|—| x{l+——2=
dz  \dx /), \dx/, \dx/_, (dE/dx),

dE 800
=|— X{—+1)
rad ZE

dx

dE 00 dE
= (“—] x{l+ —8-—)=3,051><[—]
dx 13%x30 dx /
dE VA 183 2
[—] = nEZE (4ln— 4 2
- 137 2" 9

N
Trong dé: n = p(g/em™) —i v6ip =27 glem®, A =27,

N, = 6,02.10% phan ti/mol, n = 6,02.10% phan ti/em’;

=2,8210" em; Z = 13; E = 30 MeV.

r, = 5

m.c

dE T
[—) = 6,02.10">30x
dx vad

137 x(2.82.107"%y y
137
=0,7087x4,577 = 3,244 MeV/cm

S dE
—d-]i = 3,051 (“—J = 3,051x3,244 MeV/cm = 9,9 MeV/icm
dz dx /4

Vi dy 5.5. K di xuyén qua mét 18p vat chdt diy 0,4 cm thi ning
lrgng clectron nhanh gidm di 25%. Hay tim do dai wtc xa ciia electron néu
cho hi€t d6 mat ning lrgng electron chil y&€u do bic xa.

Bai gidi.

Ning lugng electron gidm theo biéu thic;
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AE E -E A
Do d6;, —= —= =1-¢'
E E,

(b}

Vﬁ)’ fr:ul =
o
(1 ~ AE/E, ]

- AE
Thaysd:x=04cm; —=0,25ta¢cé ¢,y=1,4cm.

)

i)

Vi du 5.6. MOt chiim ta hep ¥ ndng lugng 0,15 MeV xuyén qua mét
tim bac day 2 mm va bi suy gidm 4 lin. Hiy tim tiét dién twong tic cda
chiim tia y ndy trong bac. Cho bi€t miat d6 clia bac 1a 10,5 gfem®.

Bai gidi.

Sy suy gidm cudng dd chim tia y tudn theo cOng thite:

I=]e"

N VR
Trong dé L= novdin= p—;"‘n va ¢ 1A tiét dién twong tic.

) p_ 1 (N
Doddé:o=— = —1Inj —~
n nd N

. 6,02.10% 5
Thay s6: 1 = 10,5x—laé-—~= 0,585.10” hat nhan/em’ ;
N
d=02¢cm; =4
N
Ind

=118.10* cm” = 118 barn

6= b3)
0,585.107 x0,2

Bai 5.7. Hiy tim bé day ban chi sao cho xdc suit tao cip electron-
positron bdi legng té y véi ning lugng 7 MeV bing 0,1.

Bai gidi,

Tiét dién twong tdc o cla y vdi vit chdt gdm cdc tiét dién do hién
Fng quang di€n Oppa, tin xa Compton Geompon V2 i€t ng tao cip Gpui

o= Gphulu + GCompmn + Gpuir
Phén tia y bi hdp thy trong ban chi day d 1a 1 — ™, do d6 x4c suat
xdy ra hiéu @ng tao cip electron-positron bing:
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o .
a)mlir = ML (l - e"l-ld)
i)

1
Towrdotacsd:d= —1In

Thay s3: ¢ = 15,5 barn = 15,5.10% cm’; 6y, = 9,7 bar =9,7.10%* ¢m”’
pN,  11,3x6,02.10%
A 207
Do d6: | = on = 0,5094 cm”™
] 1
d 1

- n
5
05094, _ 15,7 %01

»

=0,35 cm.

Vi du 5.8. Chum neutron don sic gidm 20 lin khi truyén qua bin
boron ty nhién day 1 g/em’. Hay x4c dinh ning ludng neutron, cho biét ti&t
dién phdn tng cda neutron tudn theo quy ludt 1/v; p = 2,45 g/em® ; 6, = 755
barn.

Bai gidi.
|
I=Le* dod6u=—In-—=
d 1
1
dp = lg/em?® do d6 d = — = 0,408 cm
p
In20 = 7,342 cm’!

I_{:

[l

’ E
G =0, F“ , trong d6 E, = 0,025 eV

N ’E
u:o‘E—A dodéo= "lAzcn, — , tir d6:
A PN, E

2,45%6,02.10% x755.107
7.342x10.8

2
E =0,025 X( } eV=5eV.

5.5.2. Céc bai tap tu gidi
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5.1. Hay tim gdc 1&ch cuwe dai cua hat alpha khi né va cham véi hat
clectron ding yén.

5.2. Chit phong xa Pu™™ phdt o véi ning hugng 5,5 MeV dudc ma
trén mél ban kim loai. Héi dé day t8i thi€u cla ldp ma bing hao nhiéu dé
khi ma thém Pu’™ khéng 1am tang cudng d6 hat o do chit phéng xa nay phét
ra.

5.3. Hdy xdc dinh quiang chay cia hat o trong chi n€u cho bi€t ning
Iwgng cua nd twong Wng vdi quang chay 17 jun trong nthdm.

5.4. 1dy xac dinh ddng ning clia eleciron sao cho 46 mat ning lugng
riéng do ion hda bang dd mat ning lugng riéng do bidc xa trong nhém va chi.

5.5. Hay tinh déng ning cia electron sao cho dd mat ning lugng

. 5 1 A Cn
riéng do bitc xa hing Z cdc do mat nang luong riéng.

5.6. Hiy tim sy phu thudc cia do dai bic xa ¢, clia electron vao s6
nguyén tf Z. Tinh £,4 d6i v&i electron trong khi N, & cdc diéu kién tiéu
chu&n, trong nhom va chi.

5.7. Hiy tinh ning lugng ban diu cla electron néu sau khi di qua mot
1Am chi day 5 mm thi nang lugng electron con lai biing 42 MeV.

5.8. Hiy tinh phin cdc hat beta do P** phat ra vdi nang lugng cye dai
1,71 MeV bi hip thu trong tim nhém day 20 mg/cm®.

5.9. Mot ngudn gamma di€m cé ning lugng E = 0,8 MeV, hoat do
a =1 mCi 4it tai tim mdt binb chi hinh cAu bin kinh ngoair = 5 cm va bé
day Ar = 3 cm. Ngudn phat ra mdt lugng ti¥ gamma trong moi phan ra. Hay
xdc dinh mat d6 théng hrong gamma & bé mat ngodi binh ciu.

5.10. Hiy x4c dinh 1i€t dién tudng tdc (barn/nguyén 1) cia cdc lugng

(i gamma ning Wegng 1 MeV trong nhém. Cho bict & = 0,0614,

P
5.11. Hiy tinh xdc suat hip thu quang dién clia tia gamma ning
hiong 2 Mev trong tim chi day 2 mm. Cho bigt & = 0,0463; o = 16,2 barn
P

Va Oppoe = 2,1 barn.

5.12. Tia gamma truyén qua bdn chi diy 3,2 cm bi suy gidm 6 lin.
Hiy xdc dinh hé s6 khoi cda tdn xa Compton clia tia gamma trong chi.

5.13. Hiy tinh xdc sudt ©ao cdp electron-positron do chim gamma 6
MeV tudng tdc vdi 14m chi day bling dd day suy gidm mot nifa. Cho bi€t
o = i3 barn va Op,;; = 8,5 barn.
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5.14. Hay tinh thdi gian chi€u mdt bdn mdng B' trong trudng
ncutron nhi¢t véi néng 46 n = 4.10° neutron/em’ sao cho lwgng hat nhin B
s v e , | .
giam d1 2 lan, Cho biét ti€t di¢n phdn dng o, ~ —; ti€t dién twong tic cla

v
ncutron nhidt vdi B 1a ¢, = 3813 barn; vin 8¢ neutron nhidt v, = 2200 m/s,
5.15. Chi€u mot miu dong mdng trong trudng neutron nhiét ding
hudng vdi mit 4§ thdng lugng 10'” neutronfom’s. Hiy xdc dinh hoat do
phdng xa riéng cia miu sau 2 gis chiéu.
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Chuong 6

CAC NGUON BUC XA

Céc ngudn bifc xa bao gdm cdc ngudn phéng xa va cdc thié€t bi bic
xa. Cdc ngudn phéng xa la cdc chit phdt cdc hat bifc xa nhr alpha, beta,
gamma va neutron. Cdc thi€l bi bitc xa gdm cédc 10 phan @ng hat nhdn, miy
gia tc hat tich dién, may phat neutron, .. Sau ddy ching ta s& xem xét cdc
ngudn phong xa thudng gip va nguyén tic xay dung cic thi€t bj bifc xa.

6.1. NGUON PHONG XA TU NHIEN

Nguén phéng xa dugc chia thanh hat loai, gdm ngudn phong xa ty
nhién va ngudn phéng xa nhin tao. Ngudn phéng xa nhin tao do ngudi ché
tao ra biing cdch chifu cdc chat trong cdc 10 phdn (tng hat nhin hay mdy gia
tde. Ngudn phéng xa tr nhién gdm cdc chil phéng xa c¢6 ngudn gbc bén
ngoai Trai DAt nhu cdc tia vil trii va cdc chdt phéng xa cé ngudn gdc tir Trai
P4t nhv cac nhin phéng xa <6 trong dit da, irong khi quyén, trong nudc.
Dudi day trinh bay hai loai ngudn phéng xa ty nhién noéi trén.

6.1.1. Céc tia vii tru

Cac bitc xa proton, alpha, .. ning lugng cao rdi vao khi quyén Trai
Pat tir khong gian bén ngoai goi 1 cdc tia vi tru. Tia vii tru ¢6 ndng lugng
¢d tr hang chuc MeV dén 10* eV hay cao hon. Trén dudng di d€n mat dat,
tia vii tru xuyén qua lép vt chit day khodng 10° g/cm® cda khi quyén va do
tdng tdc vdi vat chat nén thanh phdn cdc bifc xa khic véi tia vil tru nguyén
thily. Tia vil tru nguyén thiy goi 1A tia vil tru s6 cdp cdn bifc xa sinh ra do tia
vii tru so cAp tudng tac vdi bau khi quy€n goi 12 tia vii try th¥ cap.

Cac tia vii tru sd cip gom hai thanh phdn la thinh phdn thién ha,
ching dudc sinh ra tif cic vit thé vii tru rat xa Trai DAt, va thanh phin Mit
Trdi, sinh ra tf cdc vu nd Mi¢ Trdi. Thanh phan thién hi gdm 79% céc
proton nang lugng cao, 20% cédc hat alpha va cdc hat ion nang hon, phdn con
lai 12 cédc electron, photon, neutron, .. Thanh phin Mit Trdi gdm cdc proton
va hat alpha véi ning luong twong ddi thap, vao khodng < 400 MeV va ¢6
cudng dd rat 16n = 10° — 107 hat/em®.s. Cling ¢6 nhitng trudng hop dic bidt,
chiing ¢6 ning huigng mét vai GeV.
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6.1.1.1. Cdc tia vii tru so cdp
a) Thanh phdn cdc fia vii tru so cdp

Cdc tia vil tru 5o cdp ding hudng va khong ddi theo thdi gian vdi
cudng dd khodng 2-4 hat/em’s. Céc tia vi tru sd cdp dugc chia thanh céc
nhém nhv sau: Nhém p gém proton deutron Vi triton; nhém o gdm alpha va
:He*; nhém c4c hat nhin nhe gém lithium, beryllium vi boron (Z = 3-5);
nhém cdc hat nhan trung binh gdm carbon, oxygen, nitrogen vi flourine
(Z = 6-9); nhém cdc hat nhin ning gdm cdc hat nhdn véi Z > 10: nhém cic
hat nhan rdt ning gdm cdc hat nhin v6i Z > 20 va nhém cdc hat nhin sidu
nang gbm cdc hat nhan véi Z 2 30. Céc tinh chat cia cdc nhém ua vi tru sg
cAp dugc trinh bay trong bdng 6.1.

la ti

Bdng 6.1. Thanh phan héa hoc ciia cdc tia vii tru sg cip.
ning
s glﬁ'd s8 hat cia nhém xem x6ét so vdi s hat clia nhém hat nhin ning. Hai
cbt cudi cling itng vdi cdc s& léu thuc nghlem khac nhau.

Nhém hat Z N _ Gii tri trung binh ciia
N trong tia
nhin . N .
ning trong vii try
vii tru sd cip nang
p 1 650 3360 6830
o 2 47 258 1040
Nhe 3-5 1,0 10° 107
Trung binh 6-9 3.3 2,64 10,1
Ning 2210 1,0 1 1
R4t ning 2220 0,26 0,06 0,05
Siéu ning 72230 ~0,3.10 0,6.10”

Tir bang 6.1 1a thay rang cdc tia vii tru so cdp, cling gidng nhy t4t ci
vt chit néi Lhung, chd y&u gdm céc hat proton va alpha, nhu’ng trong vat
ch&t vil tru s8 hat proton vi alpha gap 3600 d&€n 8000 lin 16n hon 56 hat nhan
ndng, trong Iic ti s& ndy déi véi tia vi tru chi vao khoang 700. Tuy nhién,
ngudc lai, thanh phan cac hat nhan rat ndng va dic biét cdc hat nhin nhe
trong tia vi iru 16n hon rd't nhiéu so v4i trong vit chat vii tru.

b. Anh hudng cia tit truomg Trdi Dat lén tia v tru sof cdp

T trudng Trai DAt va i trLr(‘ing trong khdng gian gitta cdc hanh tinh
¢6 dnh hudng d&n tia vii tru sd ¢ip. Ta hay xét dnh hudng cda tif trudng Tréi
bat.
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Thi nhat, tir tredng Trdi DAt cdn «d cdce hat ndng lugng thip di vao
Trai DAt. Ching han, mot hat proton chuyén dong trong hu@ng cue tit ciia
Trdi Dat thi dong lugng 81 thifu cda né bing puw d€ cé thé bay vao khi
quy&n dudi g6¢ 0 so v6i vi tuyén dia tit L dwge xdc dinh bdi cong thife:
cos'h

(mfl—cose.cos'}l +1)

G vi tuyén A = 0, tifc 1a & xich dao, ddng lwgng o] thi€u d€ proton
bay vao bau khi quyéll bang pui, = 15 GeVic. Tai cuc cta tif trudng, tirc 1a tai
vi tuyén A = 90°, proton ¢6 thé bay vao biu khi quyén vdi ddng lwong bat ky
Vi pin = 0.

Do dong lugng cla hat tich dién bi han ch€ theo ¢ong thic (6.1) nén
cudng do tia vii tru s cdp phu thude vaoe vi do, goi 12 higu dng vi do. Ching
han, cudng dd cla tia vii tru sd cip § dd cao 10 km tai cwe I(90%) va tai xich
dao T(0™ khac nhav nhu sau:

1(90°) = 1(0")
1(90°)

Thif hai, ti¥ trudng Trai D4t ngin cin tia vii try sd cAp bay vao bau
khi quyén dudi phuong bay xdc dinh. Ching han hat mang dién tich dwong
khong thé bay vao biu khi quyén dudi mot géc xéc dinh so véi duding chin
rdi vé phia dong. Vi du, vdi proton ¢6 ning lugng 2 GeV thi géc cadm nay
bing 58°. Do dé ta ¢ hiéu ing bit d8i xifng ddng-tdy, dudc x4c dinh bdi dai
lugng:

Puin = 59,3

GeV/c {6.1)

= 0,36 (6.2)

Iweslwleasl (63)
I+

west east

Trong d6 Tuew va L 12 cudng dd cdc ua vi try sd cip dén or hwdng
tiy va hudng dong. O do6 cao 16n thi f s6 nay bing 0,25. Viéc phdt hién ra
d6 mit d6i xitng ddng-1dy cho thiy tia vii try so cAp gbm cdc hat tich dién
dudng.

Tir trudng gitta cdc hanh tinh dnh hudng khong ddng k€ dén cdc tia
v tru s cAp. Déng vai trd quan trong nhit trong loai tif trudng nay la or
trudng clia cdc khoi plasma phat ra tit b& mit Mat Trdfi trong cdc vu né Mit
Trsi. Céc tif trudng nay chuyén dong trong khong gian va lam thay d8i mot
c4ch tin hodn cic diéu kién xuyén qua cla tia vl tru. DS la nguyén nhin
chinh ctia hién tudng bi&n thién theo thdi gian cla tia vii tru so cAp theo chu
k¥ 11 nidm, 27 ndm, ..

Mdt hién twong khdc kbi cdc hat tich dién chuyén dong trong ti¥
trudng Trai Pat 14 cdc by tit. P6 12 cdc mién khong gian ma cédc hat tich

256



dién vdi ning lugng mdt vai GeV urd xubng khdng thé bay vio ciing nhu bay
ra khoi chiing. Cdc by tr ¢6 dang cdc hinh xuyén bao quanh Trdi D4t va la
cac ddi tich w cdc hat tich dién. Cdc ddi nay chi y&u chita cdc hat proton va
clectron, dwdc goi 1a cdc vanh dai bic xa cia Trai DAL Khodng cdch i céc
vanh dai nay dén myt d4t phy thudc ndo ning hiong tia sd cap, ning lugng
cang cao thi ching cing gdn mat dit.

6.1.1.2. Tia vii tru thi cdp

Tia vit try thit ¢ip sinh ra do tia vi wru so c,ﬁ'p twong tdc vdi vat chdl
lmng biu khi quy&n. Qud trinh twrong tic Lhu’dng gom hai giai doan. Cdc hat
sd ¢Ap bl hdp thu va sinh ra cdc hat thit c,ap, sau d6 cdc hat thit cdp ion héa
mdi trudng khi quyén. Tia vii try thit ¢dp gdm cdc hat hadron (pion, proton,
neytron, ..), cac hat muon, electron va photon. Ngudi ta thu¥dng chia ching
thanh ba thanh phin 13 thanh phian kich hoat hat nhidn (cdc hat hadron),
thinh phin citng (muoon) va thanh phin mém (electron, photon).

Ta hdly xem x&t ¢d ¢hé sdn sinh cdc thanh phin khdc nhau cda tia vii
tru thif cdp. Céc hat so cAp vdi ning lugng 16n (>> GeV) thudng tuong tic
vdi cdc hat nhan khi di xuyén qua biu khi quy&n vdi c4c tinh chdt sau:

— Praton mit khodng mot nta ning Iudng ciia minh.

— Phin chinh cla nang lugng mat di nay tac nén mot s6 Idn cdc hat
tudng d61 tinh, ngudi ta goi 13 ddm mura rao, trong d6 chd y&u 1 c4c hat pion
va khodng 15-20% 1a cdc hat kaon. Vi du, proton so c&p véi nang lugng 10°
GeV sinh ra ddm mufa rao gém khoing 10 hat.

— Phin con lai céa ning lwgng néi trén tao nén cdc hat delta-nucleon
va kich thich cdc hat nhdn cudi. Delta-nucleon 1a cic nucleon sinh ra vdi
nang lugng ¢8 160 MeV. Cédc hat nhin kich thich, khi chuyén vé& trang thai
¢d bdn, phdt ra cdc hat proton, neutron, alpha, .

Quing chay tv do ctia cdc hat so cdp trong bau khi quyén vao
khoang 80 g/em’. Do d6 proton nang higng cao, khi di xuyén qua bidu khi
quyen c6 thé tham gia hang chuc 1in va cham vdi cdc hat nhin ciia khi
quyén, trong mdi va cham d6 proton s¢ cAp mat khodng mot nita nang lugng
cka minh dé sinh ra cdc hat thy cfp nhu da néi trén. Cdc hat thy cAp nay
hodc bi hdp thy, hodc bay xubng mjt dit. C4c hat pion trung how, do thdi
gian s6ng ¢ 107" s nén bi phan ra ngay thanh cip hai gamma. St tdn tai cla
cdc hat plon tich dign phu thudc vao ning lugag clia ching. V&i ning lugng
16n, cdc hat plon 6 th€ bay mot qudng dwing bing nita quang dudng w do
ctia proton s cdp trong khi quy€n (80 glem?). Céc hat pion ning lugng cd
200 Gev ¢4 thé tham gia viio qud trinh sinh cdc hat hadron.
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Thanh phin mém cda tia v@ try tht cip gdm cdc hat electron,
positron vd gamma. Tia gamma ning lugng cao dugc sinh ra dong thoi véi
cdc hat hadron do qué trinh phén rd hat pion trung hda:

T ->y+y {6.4)

Cic gamma nang lugng cao nay, khi di xuyén qua moi trudng, sinh
cdc cap electron-positron rdi cdc electron-positron phdt ra cdc tia gamma
ham. Qua trinh sinh cdc hat electron, positron, gamma nhu viy xay ra cho
d&n khi ning lugng cdc electron va positron gidm d€n ning lugng cd 72
Mev, 13 ning lugng ma cic hat electron va positron mit niing hrdng trong
khong khi chuy&n tir cg ch€ ion héa sang cd ché& bitc xa him.

Thanh phin cing cla tia vil tru thif cip gbm cdc hat muon, sinh ra do
su phdn rd cda cdc hat pion tich dién:

Tti—>;f+vu(vy) (6.5)

Céc hat muon ning lugng cao ¢6 khi ning dim xuyén rdt 16n do m4t
nang lugng rdt it d8i vdi cdc quéd trinh 1on héa va bléc xa him trong mai
trudng.

Cudng dd cdc thinh phin tia vil try th cip phy thudc vao do cao clia
biu khi quy&n. Thanh phin hadron gidm r4t nhanh tbeo chidu cao tit wrén
xudéng va hdu nhu bing khong tai mit bién. Thanh phin electron-photon ¢d
cudng dd 16n & d6 cao 16n va bi hip thy rit nhanh khi di d€s mit dat, c6
cudng dd khong ddng k& so véi thanh phin muon. Tai mit bién, cudng d6
cdc thaoh phz’in cling va mém bing L = l,’?.l(}'2 hau’cmz.s vi Liog = 0,7.10"
hat/cm®s. Nhir viy cudng d tia vii tru thit cip & mit bién vio khodng 100
14n bé hon cudng d6 & gidi han biu khi quyén, ma trong d6 chii yé&u 13 che
hat muoen.

Ngoai cdc hat so cdp va cdc hat thi cdp néu trén, tai 16p trén cda khi
quyén x4y ra cdc phdn #ng hat nhin gifta cdc hat hadron vdi cdc hat nhén
khi quy&n, sinh ra cdc hat nhin phéng xa v cdc hat nhin bén. Cic hat nhin
phéng xa gdm H°, C™, Be’, P, 8%, CI””. Néi riéng, do bitc xa vii tru, ndng
dd cda H® trong nuwdc cla Trdi Dt chi€m khoang 10°%. Trong s cic ddng
vi bén, ddng chii ¥ nhdt la Li®, thanh phdn v try [Am ting d phd bi€n cia
nd trong of nhién li 0,03%.

6.1.2. Cac nhédn phéng xa trong vé Trii D4t

Céc nhan phéng xa trong vd Trdi Pat gdm cdc ho phéng xa uranium,
thorium v cdc hat nhan phéng xa nhe khdc nhu K*, RbY, ...
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6.1.2.1. Cdec ho phong xa

Nim 1896 nha bic hoc ngudi Anh Becquerel phat hién ra chit phéng
xa ty nhién, d6 13 uranium va con chdu cda né. P&n nay ngudi ta bi€t ba ho
phdng xa 1w nhién 13 ho thorium (Th™?), uranium (U™ va actinium (U™%)
(cdc hinh 6.1, 6.3 va 6.4 twong Gng) va ho phéng xa nhin tao neptunium
(Np™) (hinh 6.2). Uranium gdm ba déng vi khéc nhau: khodng 99,3%
uranium thién nhién 1a U™, khodng 0,7% 1a U™ va khodng 5.10°% fa U™,
U va U™ thude cling mot ho uranium, cdon U5 13 thanb vién diu tién cla
mot ho actinium. Th™? 1a thinh vién diu tién cia ho thorium. Ho phéng xa
nhin tao neptuninm bit ddu bing hat nhin Np™.

9[;Th2'u mRaHl
(Th) (MsThy)

B~ L67nim

A
(MsTh.)

B~ ls1ih

9“Th22§‘.
(RaTh)

o 3 MPOZI(‘
{ThA)

le‘ln”
a
(Th) B
545 E
_______________________ =1
MTII:JS
(ThC"’)
B~ 4 3,Lphit
B:’.Pbms

33R3224 o
(ThX) ?
3,6 ngiy
HZszu
(ThB)
8~ 1 10,6h
wBI | w
h
(ThC) | 60,5 phut
p 1 60,5phit
(Po2?? — %
(ThC*) 3.107 s

Hink 6.1. Ho thorium {4n).
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TAt ¢4 céc hat nhan nang vdi s& khdi lugng A 16n hon 209 d€u phin
ri alpha do ning ltgng Coulomb ting. N&u s6 khdi lwgng 16n hdn gid tri 209
thi hat nhan ndy chuyén thinh hat nhin bén bing mdt sd phin rd gbém phin
(& « vi phin rd B xen k& nhau. Khi phin rd o thi s khéi lugng gidm di 4 don
vi con s& dién tich gidm 2 don vi, do d6 s& phdn trim cla cdc hat neutron
ting. Ta d4 biél ring, cdc hat nhin bén 461 vdi phin rd B khi A bé cin chita
8 neutron vdi s& phin trim khdng 16n. T d6 ta thdy riing hat nhin ning,
sau mot vai phin rd o trd thanh khdng bén d81 vdi phdn rd B. Do d6 trong ho
phdéng xa, cdc qua trinh phin rd o v P xen ké nhau.

- 1} .
';INPZ"I —_—> u:PﬂB"
f
2210
nim
B~ L 27nghy
QU L e | —E| Ra®
1,6.10" 7340
nim 3 —
________________ nam B L 1asnpny
7 1148 ngay
RgACEZS _._".l.__..) 5-;Fr211 _u__) HjA[ll? ;} SJBF” % !iilelJ‘;|
10 ngay 4.8 phud 0,018s 47 phut
g L 47 phit § L 22phi
a
84P02]3 —3 uzpb209
4.10%s
g 1 3an
B

Hinhk 6.2, Ho neptuniuom (4n + 1)

S& khoi lugng A khong ddi khi phin rd B va gidm di 4 don vi khi
phan rd o. Nt viy phin cdn du sau khi chia cho 4 s& giéng nhau ddi véi tat
c4 cdc thanh vién clia cing mdt ho. Do d6 phdi tdn tai 4 ho phén rd phéng
x4 nhv da trinh bay trén. B&n ho phéng xa nay thudng duge ky hiéu la cic
ho 4n (Thorium), 4n + 1 (Neptunium), 4n + 2 (Uranivm) va 4n + 3
(Actinium). Cac ho phéng xa nay cd cic dic di€m sau.
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(RaC) fog phygy] R4C

B~ 4 20 phat B~ 1132 phit
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wPol' A 2 PbY°
(RaCy | 3.107s] (RaD)

B L z23nam
333'12'“ @ . “lem
{RaE) 5 ngay (RaE")
B~ L Sngay Bl 42phat
P ol —"——)a 4 SZPbZOf»
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ngay

Hinh 6.3. Ho uranium (4n + 2)

a) Ba ho phong xa w nhién ¢é dic diém chung 13 thanh vién thi
nhit 1a ddng vi phong xa sGng lau, vdi thdi gian bén ra dudc do theo cdc don
vi dia chit. Diéu nay d& hi€u vi n€u xét thdi gian ¥ khi vii try hinh thinh thi
cdc dong vi sGng tuong d6i ngdn bj phin ri trong mdt vai ti ndm 19n tai cita
Trai Pat. Thit vay, ho phdng xa nhin tao neptumum trong d6 thanh vién
thit nhit 14 Np™’ véi thai gian bdn rd 2,2.10° nam, rit ngdn d€ né phin ra
hé&t néu né duge sinh ra cung thoi vdi cdc nguyén 6 khdc cia Trii D4t Ho
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thorium véi hat nhin diu fién 1 Th™? v6i thdi gian bén rd bang 1,410
nim nén hiuv nhir thorium khoéng gidm trong qué trinh (6n tai cda Tral DAt.
Trong Wc d6, hal nhin diu 1ién »U™ cha ho uranium ¢6 thdi gian sdng
4.5.10° nam nén U™ bi phan 1 mot phin cdn hat nhan »U™ véi thdsi gian
ban ra 7.10% nim bi phan 14 déng k&. Chinh vi vdy, trong v Trai DAl rit
nhidu thorium con U ¢6 ham ledng bing 140 1dn bé hon ham lugng U™,
Bbng vi Np™ chi ¢6 mét lwgng ral bé trong mé uranium do phin dng
02U (0, 21m)0, U va phin rd B ti€p theo
ggUEH — (;3Np23? +e+ ¥

Neutron tham gia trong cdc phin ng ndy do twong tidng tic cla cdc

tia vi try.

U a s Th?"
(Ac) . (UyY)
710" ndm
g7 1256h
Pal]] ACZT." Fr223
9l 7] L a KT
{AcK)
3,4.10%nam 13,5 ndm
B l13,mam B L 22 phot
lx;ThuT a ssRazn &y ---
(RdAc} > | Acx) ’ :
18,9 ngay| 11,4 ngay :
'.
et R e mm S oo -—m——me—os
t
i 219 215 an
I—-—-u—) geRn @ 3 4w PO o raPb
11.4 nga (An) (AcA) - A
A ngay 4s 1,8.107s
B L 1.8.1073 se B~ 4 36,1 phut
A[“S Tllll mBi:m
a5 £3 o -
{(RaC) —> | (AT
2,16 phiid
B~ 1 2,16 pht B~ 4132 phit
a4P0m u EZszn?
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5.107 s

Hinh 6.4. Ho actinium (4n + 3)
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b. B¢ diém chung th hai ciia ba ho phong xa 1 nhién 1a mdi ho déy
¢6 mot thanh vién dudi dang khi phong xa, ching I3 cdc ddng vi khic nhau
cla nguyén t8 radon. Trong trudsng hop ho uranium, khi «Rn™* dwge goi ta
radon, trong ho thorium, khi wRn*’dudge goi la thoron con trong ho actinum
khi 4Rn"’dwgc goi Ja actinon. Chi § riing trong ho phéng xa nhan tao
neptunium khong ¢6 thanh vién khi phéng xa. Trong ba loai khi phéng xa thi
radon déng vai trd quan trong nhat vi né cé thai gian bdn rd 3,825 ngay ldn
bdn nhiCu so vdi thdi gian bdn rd cia thoron (52 s) va actinon (3,92 s).

¢. Bic diém th ba ciia ba ho phong xa tr nhién 1a sdn phim cudi
cung trong moéi ho déu la chi: Pb™ rong ho uraninm, Ph2” trong ho actinium
vi Pb*™ 1rong ho thorium. Trong khi dé thanh vién cudi cing trong ho

. . T
neptunium la Bi*”,

6.1.2.1. Cdc hat nhan phong xa v6i s8 nguyén tit thép

Ngoal cdc dong vi phong xa trong ba ho thorium, uranium vi
aclinivm, trong ty nhién con t6n tai mdt s8 déng vi phéng xa vdi s§ nguyén
tt thip. Cdc ddng vi phéng xa quan trong nhat dwoce din ra trong bang 6.2.

Bdng 6.2. Cic dOng vi phong xa véi s nguyén thap.

Hat b6 gidu | Thai gian | Hoat d6 Ning lugng bic xa chinh
nhin dong vi bdn rd riéng (MeV)
_ (%) (nam) (Bg/kg) | Alpha | Beta Gamma
K* 0.0118 1,3.10° 31635 1,33 1,46
VP 0,25 6,0.10° 0,11 0,78 1,55
RbH" 27.9 4,8.10" | 8,88.10° 0,28
Re'™ 62,9 43.10" | 8,88.10° 0,003
In''? 95,8 6,0.10" 184,26 0,048
Pt 0,013 6,9.10" 13,32 3,18
La'™ 0,089 | 1,12.10" 765,9 0,28 0,81
Ng'* 23,9 2.4.10° 9,25 1,88
Sm'** 11,27 10 4,07 4,01
Hf'™* 2,6 2,2.10" | 8,88.107 | 0,043 | 0,043 0,31

M@t trong cdc dong vi phéng xa w nhién 13 K*, rat phé bién trong
md1 trudng (ham lugng potassium trung binh trong dit d4 1a 27 g/kg va trong
dai duong la khodng 380 mg/L), trong thuc vit, ddng vat, co thé con ngudi
(ham lugng potassium trung binh trong cd thé ngudi vao khodng 1,7 g/kg).
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6.2. CAC NGUON PHONG XA NHAN TAO

Cum (i "Neudn phéng xa ™ d¢ chi cide chiit dong vi phong xa phiit ra

cic tia bue xa alpha. beta v camma. Cie ngudn phdng s nay dude st

xudt rong cdv 16 phin dng hat nhin hay cic midy pia toe bt tich dicn. Trong

I6 phin g hat nhin, v hat dong vi phang xa sihra tncie phan g cla

neutron vt hat nhin

6.2.1. Cic ngudn phéng xa alpha, beta va pamma

Cic chat ddng vi phdang xa khi phin rd phdt ra ¢dc hat alpha hoac

beta va sau d6 phat GEp cde tia gamma. Ching duge s dung nlal mot trong

¢ dang cta neudn phong xa. Do dd ngudn phong xa loai nay dide cot hoae

nhu ngudn alpha, nguon beta hoac ngudn

Bang 6.3 trinh hay mat SO nguon phong

aamma tay theo muc dich s dung,

xa alpha, beta v pamma thirdng

ditny.
Bing 6.3, MOt s agudn phong xa alpha, beta vie gamma thudng
dimng,
Tén Pong Lo Niing luding Then gian Prang
vi bire xa MoV bin i neudn
Americium AmY 84 38 A58 nam Kin
Y 0.060
Krypton K™ B 0.67 1.6 nim Kin
Strontium S B 2.1 28 nam Kin
Cobalt Co™ Y [,174: 1,332 5.27 nam Kin
Cacsium Cs' Y 0.66 30 niam Kin
Todine ' Y 0,080: (1.284: 8 nuiy HE
0.364.0.637 Dung
dich
Teeneciom | Te™™ ¥ 140.5 6 i G
Dung
dich
Phosphorus P B 1.711 15 ngay Ha

Tiam dp

6.2.2. Cac nguon phéng xa phit neutron

Ngoai Cf, khong ¢6 dong vi phdng xa nio phdt hat neutron va aé

nhin duge nentron thudng phdi s dung cic phan ding (n) hoac (y.n). Do
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d6, ngudn phéng xa phdt neutron khic cdc ngudn phéng xa phdt cdc hat
alpha, beta vi gamma & ché n6 gom hai thanh phdn: Chat déng vi phéng xa
phdt o hay yva vit liéu bia d€ chuy€n (it hat « hay y sang hat neutron. Nhe
viy ¢d hai loai ngudn neutron, mot loai dua trén phan fng (o,n) va loai kia
dwa trén phin dng (y,n). Cdc chit ddng vi phong xa phit hat o thuding ding
1a Ra™" Po™  Pu™ con cdc chit ddng vi phong xa phit tia y thudng ding I
A, In'"® Sb'™ Na™, .. Cdc vat liéu bia thwsng diing [a Li’, Be®, B'!, ..

6.2.2.1. Neuon neutron theo phdn ving (gn)

Nguyén tic tao ngudn neutron theo phan tng (on) duge minh hoa
wén hai ngudn cu thé 11 ngudn Ra-Be va Po-Be. Trong ngudn Ra-Be déng
vi phéng xa tv nhién Ra™ phdt hat alpha trén d&u vai vat lién bia Be® v
chita trong mét Gng kin. Neutron sinh ra theo phin tng Be*(o,n)C"? khong
phii chi do cdc hat alpha cfa chinh Ra*" ma cdn do cdc hat alpha ciia cdc
san phim phan rd Ra***nhu Rn, RaA, RaC, RaF. T4t ¢ 5 nhém hat alpha ¢é
ning lugng khdc nhau wr 4,8 MeV dén 7.7 MeV. Khi di qua vat liéu
berillium chiing mat nang lwwdng trong phin @ng (c,n). Do céc hat alpha ¢6
ning lugng khic nhau nén phé nang lwgng cia neutron sinh ra ciing phiic
tap. Ngudén Ra-Be ¢6 suit ra bing 1,7.107 neutron/(Ci Ra.s), i sudt ra 1dn
nhdt trong sG cdc ngudn neutron, Nhuge di€m clia ngudn Ra-Be 13 phat tia
gamma vdi cudng d6 16n, tao nén ngudn phdng 16n khi st dung neutron.

Bing 6.4. Cic ngudn neutron theo phdn ¥ng (o,n)

Ngudn | Thdigian | Sudiracda S6 hat Ning Ning
banra neutron 10° gamma hrgng lwyng
neutron/Ci.s trén 1 neutron neutron
neutron trung cife dai
binh MeV MeV
Ra-Be | 1620 nim 17 5.10° 4,63 12,2
Po-Be 138 ngay 1,6+30 ~1 53 10,9
Pu-Be | 24360 nim 1,7 ~1 4,5 10,7
Ra-B 1620 nim 6,8 2.104 - -
Po-B [38 ngay 0,9 - 2,7 5
Rn-Be | 3,8 ngay 15 - - 12,2

Nguﬁn Po-Be ¢§ suft ra b& hdn nguén Ra-Be, dat ¢d 3.0.10°
neutron/(Ci Po.s), nhung dudc st dung rong rdi do hat alpha ¢6 ning ludng
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xdc dinh 5,3 MeV va cudng d6 gamma thip hdn. Nhuge di€m ctia ngudn
Po-Be 12 thdi gian ban & qué ngén, chi c6 138 ngdy, trong hic thai gian bin
ra clia ngudn Ra-Be 3 1620 nim.

Trén bdng 6.4 trinh bay céc ngudn neutron theo phdn Ung (o,n)
thueing diing va cdc dic trung cla chding.

6.2.2.2. Nguon neutron theo phin iing (yn)

Cdc neutron trong hat nhin ¢6 ning lrgng lién k€t xdc dinh. Khi tia
gamma vdi nang lugng 16n hon ning legng lién két d6 tuong tac vdi hat nhin
¢6 thé lam cho neutron bay ra khéi hat nhén, titc 12 gdy ra phdn ¥ng (y,n).
Neutron bay ra sau phdn ing nay duge goi ta photoneutron. Hat nhin Be’ c6
ning lugng lién k€t bing 1,63 MeV con hat nhin D* 1a 2,23 MeV. Do d6 dé
nhin duge cdc photoneutron ¢é thé ding bia Be” hay nude ning D,O. Ching
han, khi ding bia Be” ¢6 1h€ chon ngudn phéng xa gamma véi ning lugng
16n hon 1,63 MeV va ta ¢6 phin ¢ng Be'(y,n)Be*. Un diém cia ngudn
neutron theo phan dng (y,n) 1a cic photoneutron ¢ ning lugng don sic. Trén
bdng 6.5 trinh bay cdc ngudn photoneutron thudng diing va cdc dic trung ciia
ching.

Bing 6.5. Cdc ngudn neutron theo phin tng (y,n)

Ngudn Thati gian | Sudt ra neutron Ning Niang lugng,
ban ri 10* neutron/s lwgng | MeV, va suit
(trénl ghiavda 1 | neutron ra, %, cia
Ci J khodng cdch 1 MeV gamma trén
crm) 1 phinrd
Na™-Be” | 14,8 gid 13 0,83 3,86 (0,05)
2,75 (100)
Na**-D;0 14,8 gid 27 0,22 3,86 (0,05)
2,75 (100)
Y*.Be” | 104 ngay 10 0,16 1,85 (99)
2,8 (1,0
Y*-D,0O 104 ngay 0,3 0,31 2.8 (1.0
Sh*-Be’ | 60ngay 19 0,024 1,69 (50
2,09 (6,5)
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6.3. LO PHAN UNG HAT NHAN

Céc thi€t bi bdc xa 12 cdc mdy do ngudi ch€ tao d€ phat cdc tia bic
xa. Cédc thi&t bi thwdng ding ta 1o phdn (ng hat nhan va mdy gia (8¢ cdc hat
tich dién. Lo phdn ng hat nhin 12 thi€t bi sdn sinh va duy i cdc phan Ung
phan hach hat nhdn duéi tdc dung ctia neutron. Trong phan nay trinh bay cic
phin iing cita neutron véi mdi trutng vat hidu 16 phén ng va nguyén tic cdu
triic cia 1o phdn dng.

6.3.1. Cdc phan ¥ng cla neutron trong 16 phin dng hat nhian

Ngudii ta chia ¢dc necutron theo nidng lugng cia ching, thanh cic
neutron nhié¢t (ning lugng neutron E, t 0 d&€n 0,5 ¢V), cdc neutron trung
gian {(E, t¥ 0,5 eV d€n 10 KeV), cdc neutron nhanh (E, tir 10 KeV d&n 10
MeV) va cdc neutron rit nhanh (E, 16n hon 10 MeV). Tudng tic clia neutron
v6i hat nhian phu thudc rdt manh vio ning lugng ciia né. Dua theo ning
lwgng ncutron ngudi ta cling chia cdc 10 phin ¢ng hat nhin thanh loai 1o
neutron nhiét, 10 neutron trung gian va 1d neutron nhanh. O day chi trinh bay
loai 10 neutron nhiét vi loai 1o nay kh4 phd bién wén thé gidi, trong d6 <6 10
phin ¥ng hat nhin Pa Lat.

Trong 16 phan @ng hat nhin lAm viéc véi neutron nhiét xdy ra ba qud
trinh twdng tdc chinh cia neutron la 1am chm va khuéch tén neutron, hap
thu neutron va phan Wng phin hach hat nhin.

6.3.1.1. Phan iing phin hach hat nhin

Phdn wng phin hach hat nhin dvde trinh bay trong muc 3.5, C6 thé
tom tdt nhu sau. Khi twong t4¢ véi hat nhdn U™, neutron nhiét 1am vd hat
nhin ndy chi y&u thanh hai mdnh. Cdc manh v3 c6 khéi lwgng trong khodng
A =72 -161, trong d6 hai nhém khéi lugng ¢ 80 - 110 va 125 -155 ¢6 xéc
suit 16n nhdt, chi€m ¢ 99%. Vi du hai hat nhin 5Sr™ va 5,Xe'* 1a hai manh
v3 dudc sinh ra vdi suatra ¢ 7%.

d. Hai dic diém chinh ciia phdn vng phdn hach hat nhan

— Phdt ra nhiéu hat bitc x¢: Ngoai cdc manh v3 phan hach, khi phan
hach hat nhidn con ¢6 cdc ludng tf y tre thiti, cdc hat B do phan rd cdc mdnh
vd, cdc lugng tf vy do phidn rd cdc mdnh v3, cdc hat neutrino va cdc hat
neutron.

— Gidi phing ndng lugng rdt lon: MOt phdn wng phin hach gidi
phéng ra ning ludng ¢d E; = 200 MeV, gém ddng ning cic mdnh v3 phin
hach va niang lugng cdc hat neutron, gamma va beta.
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b) Cde neutran do phén hach

Mot dic diém quan trong clia phdn ¥ng phin hach hat nhin la trong
s& cdc sdn phim phin hach ¢6 cdc neutron. Trong mdi phdn fng phin hach
U™ do twong tic clia neutron nhiét xudt hién trung binh v = 2,41 neutron.
Ciac neutron ndy c¢6 cdc tinh chit sau.

— Cdc neatron tite thii, sinh ra tai thdi diém phén hach, chiém trén
99% trong s& cdc neutron do phan hach. Chiing ¢6 ning lugng vao khodng uiY
0 d&€n 10 MeV va ning lugng trung binh ¢8 2 MeV. Piy 1a cdc ncutron
nhanh. C4c neutron tic thdi dong vai trd chinh trong phdn Wng phin hach diy
chuyén.

— Cdc neutron tré sinh ra mudén hon so véi thdsi di€m phin hach do sy
phin rd cla cdc manh v3 v3 cic hat nhdn con c¢ida ching. Cic neutron tré
chiém khoéng qud 1% trong s6 cdc neutron do phin hach nhung déng vai trd
quan trong trong viéc diéun khi€n qud trinh phin dng diy chuyén trong 10
phdn (ng hat nhian. P61 véi phdn ¢ng phin hach U do neutron nhiét, cdc
neutron tré ¢6 thdi gian ré tit 0,2 d€n 55 gidy, ning lugng ur 0,25 d€n 0,62
MeV va chi€m 0,64% trong s8 c4c neutron do phin hach.

¢) Phdn ing hat nhan ddy chuyén

Trong mdt hanh déng phin hach hat nhin U?® do neutron nhiét ¢

trung binh 2,41 neutron dugce phdt ra. Chinh cdc neutron ndy phin hach hat
nhan U*® khdc va sinh ra trung binh 2,41 neutron thi ¢&p. Qu4 trinh d6 tiép
dién vi tao nén phdn ¥ng diy chuyén. S& neutron ting rit nhanh theo cic
th& hé neutron. P6 12 st phét trién cla phan ing diy chuyén.

6.3.1.2. Lam chdm va khuéch tin neutron

Neutron sinh ra tfr phin ¥ng phin hach hat nhdn 1a cdc neutron
nhanh v6i nang lugnag trung binh 1a 2 MeV. Trong Iic d6 neutron sinh phan
ing phan hach khi va cham vdi U™ 1 neutron nhigt véi ning lugng trung
binh 0,025 V. Mudn ¢6 neutron nhiét thi cic neutron nhanh phéi duge lam
chim. Neutron dugc 1am chim chiél y&u do qud trinh tin xa dan héi nhu di
trinh bay trong muc 5.5.2. V4t liéu 1am cham neutron t6t 14 vat liéu nhe nhy
H,0, D,0, Be va C. Trong d6 D,0 1a vit liéu lam chim t6t nhit nhung gid
thianh dit con H,O lam chim kém hdn nhung gid thinh ré va dé sin xuat
nén trong thirc 1€ ngudi ta thudng ding H,O 1am chit lam chim.

Sau khi dugc 1am chim dé&n ning lugng nhiét, neutron bit diu qui
trinh khué&ch tdn cho d€n lic bi hap thy. Dong neutron J duge md 3 bdi
dinh luit Fick:
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J =-DAD (6.0}

Trong d6 D 1a hé s khu€ch tdn, @ 13 mit do théng lugng necutron

nhi€t va V 13 todn tf dao ham riéng bic nhdt theo khong gian. Mit do thong
luvong neutron @ dude xdc dinh nho phuong trinh khuéch tan:

192 brd 5@ 4+ s (6.7)
v Jt

Trong @6 A 14 todn 6 dao ham riéng bic hai theo khéng gian, 2, 1a
ti€t dién hdp thu vi md va S la ngudn nentron ngoat. Nghiém phuong trinh
(6.7) thda min hai di€u kién bién 1ai mait phin cdch giita hai méi oudng;

D, (x-0) = P, (x+0) {6.8)

X J®
D (x—0) — =D, (x+0 2 6.9
& ){ dx l_o cl )|: Jx :]Hn 2

Trong (6.8) va (6.9) cdc chi s8 I va 2 ¥ng v&i 2 mdi trudng 1 va 2 con
x-0 va x+0 la toa d6 mit phan cdch thudc vé phia mdi trudng 1 va mdi
ruting 2.

Trong tinh todn 16 phdn @ng ngudi ta thusng dang diéu kién bién d6i
véi bién gidi gitta mo1 truding khuéch tdn va chan khéng. Tai ngay mit phan
cdch thi ham ¢ khong bing khéng ma gidm dén khdng tai mot diém céch
mat phan cich mot doan d, goi 1a d6 dai ngoai suy. K& gud tinh todn cho gid
tri cta d bang:

d = 0,71 A, (6.10)
Trong d6 A 1a 46 dai dich chuyén.

D6i v3i 16 phin wing s& dung neutron nhiét, ta xét bai todn gan ding
mot nhém neutron nhiét. Khi d6 phuong trinh khuéch tdn (6.7) & trang thai
dimg, e 1a 16 phin ing & mitc cong suit ¢d dinh, ¢6 dang:

DAD -3 Dd+S =0 (6.11)

Trong phedng trinh nay @ va S 1a mat @ thong lugng va cuting do
ngudn neutron nhiét. P& don gidn ta coi cdc qud trinh hinh thanh, khu&ch tan
vd hap thu neutron déu xdy ra ¢ nang lugng nhiét. Nhu vdy ngudn ncutron
nhi€t S, khi khéng cé nguén ngoii, ¢6 dang :

= kX, @ (6.12)
Trong d6 k 1 hé s nhdn cla mdi trudng, Phudng trinh (6.11) trd thanh:
DAD -3 + k3, P =0 (6.13)

Phuong trinh (6.13) dwgc viét ddi véi ncutron nhiét, goi 14 phuung
trinh khu€ch tan vdi mot nhém neutron. Phudng trinh (6.13) thudng dwoc viét
lat dudi dang sau:

AD+B'® =0 (6.14)
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Trong dé: B = k7! (6.15)

dugc goi la Laplacien hay Buckling.

Csc tham s8 quan trong cla qud trinh 1am chdm va khué&ch tdn
neutron 11 tudi neutron T theo Fermi va dd dai khuéch tan L. Tudi neutron
dac trung cho mién khdng gian 1dm chim, trong dé J6t 1a do dai lam
cham, tdc 1a khodng cdch ¥ vi tri neutron nhanh sinh ra dén vi tri né tré
thanh neutron nhiét. D& dai khué€ch tdn L Ja khodng cich ma ham @ gidm di
¢ lan, con \KS 17 la khoang céch tif vi tri neutron trd thinh neutron nhiét dén
vi tri n6 b hap thy.

N&u ta theo ddi s8 phdn mét neutron thi san kht dugce sinh ra do phan
ng phin hach véi ning lugng E, = 2 MeV, né dugc 1am chim d&n ning
lrong nhiét Er = 0,025 eV trong thifi gian t va di mdt quing dudng bing
\/g;, trong d6 t la tudi newtron. Sau khi rd thinh neutron nhiét né bi

khuéch tin va di duge mdt quang dudng V6L, rong d6 L 13 d6 dai khué&ch
tdn, cho d&€n Wic bi hdp thu. Thii gian khué&ch tdn duge tinh theo cdng thike:

A
e = — (6.16)
Vr

Trong d6 A, 1a 4o daitdn xa va vp = 2200m/s,
Nhu viy quing dudng tit ndi neutron nhanh sinh ra d€n ndi neutron
nhiét bi hap thu 1a Jsm?, trong d6
M’=1+ L? (6.17)
la dién tich phdt xa hay M 1a 46 dai phdt xa.
Thi gian séng cha neutron 1a:
f=ten + ta {(6.18)
Céc thong s8 1, L, te , t, vA hé s§ phin xa (albedo) ciia mdt s§ chat
lam chdm dudc trinh bay trén bang 6.6.

Béng 6.6. Mt s6 thong s6 1am chdm va khué&ch tdn neutron.

Chat lam Ty L ten t,, Albedo
chim {cm?) (cm) (8) {s)
H,0 27 2,72 1,10° 2,1.10% 0,80
D,0 120 160 4,6.10° 0,15 0,98
Be 98 21 6,7.107° 4,3.10° 0,90
BeO 105 29 0,92
C 350 54 1,5.10" 1,2.107 0,94
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Tudi neutron T Xic dinh d% rd neutron khdi ving hoat trong qua trinh
lam chdm, vi vay né xdc dinh kich thudc i han ciia vung hoat. Theo bang
6.6, tudi neutron nhidt T va d6 dai khu€ch tdn L 6 gid tri bé nhat d6i vdi
nuée va 18n nhit doi véi graphite, do d6 trong cdu tnic 19 phidn Ung, ving
hoat véi nude lam cham ¢§ kich thudc bé nhit con ving hoat vdi graphite
lam chdm c6 kich thudc 16n nha't. Mot nhin xét khic 13 thn gian khuéch tin
neuiron t, 16n hon ahi€u so véi thai gian 1am chim neutron t., va do d6 dé
tinh thdi gian sdng neutron tie thdi ta chi cin diing thoi gian khuéch tin
neutron nhiét, tic 13 ¢ =t,,.

6.3.1.3. Hép thu neutron

Trong qud trinh 1Am chim va khuéch tan, cdc newtron bi h:?{p thu do
vat li¢u Jam chdm, nhién liéu va cdc thanh didu khi€n. Nhién liéu uranium
chfa hai thanh phan 12 U™ va U™, trong d6 U™ hap thu manh neutron
trong ving ning lugng cong hudng. Vi viy trong qué trinh neutron dwdc lam
chdm cin phéi tinh xdc sudt trdnh hdp thu cong hudng cita neutron do U?*,
Céc thanh diéu khién lam tir cdc vat lidu hip thu neutron nhiét 4t manh nhy
cadmium, boron. Ching han B" ¢6 (i€t dién hip thy theo phin tng
B’%(n,0)Li’ bing 4010 barn,

6.3.1.4. Nguyén tic cdu triic ciia 1o phdn ing hat nhin

Thanh phin cd ban cla 15 phin tng hat nhan 13 nhién licu hat nhin
U™ Ngoai ra trong 10 phin dng cdn c6 chat Iam chim neutron {nudc,
graphite), chdt hdp thu neutron (boron, ...), chat tai nhiét (nudc) va edc vat
liéu cdu triic (nhdm, thép, ..).

Hinh 6.5 trinh bay sd d6 nguyén tdc cda mét 16 phan dng hat nhan,
gdm viing hoat, vanh phdn xa, hé théng tdi nhiét, cdc kénh thi nghiém va
twong bé tong bdo vé. Ving hoat gdm cdc thanh nhién iéu, chit lam chim
va cdc thanh dicu khién, Trong 15 nwdc - nudce thi nuéc vira ddéng vai tro chit
lam chém vira déng vai trd chat tdi nhigt. Khi dé nude ¢hdy qua cdc thanh
nhién liéu d€ 14y nhiét (¥ thanh nhién li€u ra ngoai., Vanh phdn xa ¢6 tdc
dung gi cdc neutron lai trong viing hoat nhdm ting cuing s¢ Iuorg neutron
trong I phdn fing. Ngoati cdc kénh thi nghiém, 13 cdc kénh d€ dua neutron ra
ngoai, con ¢ ¢4t nhiét, ¢6 nhiém vu tao nén mdt viang ¢6 nhidu neutron
nhiét d¢ thuc hién céc thi nghiém vat Iy neutron. Cot nhiét thuting ciu tao iy
graphite. Tuting bé tdng bdo vé ¢6 tdc dung can trd cdc tia bifc xa tir 1d phén
ing ra ngoai nhdm bdo vé sinh hoc cho nhifng ngudi lam viéce xung quanh 1o.
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Hinh 6.5. S¢ d6 nguyén tic cia mdt 10 phdn ¥ng hat nhén lam viéc véi
neutron nhiét,

1. Thanh nhién liéu; 2. Chdt lam chdm; 3. Thanh diéu khién; 4. Vanh
phén xa; 5. Hé thdng tdi nhiét; 6. Kénh thi nghiém; 7. C6t nhiét, 8 Bé
téng biao v& sinh hoc.

6.3.2. Trang thai tdi han cia 1o phaniing
6.3.2.1. H¢ s& nhdn hiéu dung

Tham s6 dic trung cho méi trudng nhin neutron 1 he s6 k, 1a i s&
cfia s6 neutron trong thé hé niy so vdi s8 neutron trong thé hé trudc dé. N&u
k < 1 thi 1o dwdi 161 han, k = 1 1o 181 han va k > 1 16 t&n 161 han. Pa&i véi mdi
trwding ddng nhdt va 1én vo han thi hé s8 nhén 1a k... Vdi ving hoat ¢6 kich
thudce gidi han thi c6 hién tugng rd neutron nhanh trong qua trinh Jam chim
vi neutron nhiét do qué trinb khuéch tian. Do d6 hé s6 nhin trd thanh:

ko = kmpxpL (6.19)
Trong d6 p. 13 x4c Xudit trdnh rd trong qué trinh Jam chim con pr 13 xac xvit
tranh 10 trong qua trinh khuéch tén.

D&i véi méi trudng nhan vo han, ngudn neutron nhiét trong phép gan
ding ot nhém neutron khong k€ d€n qué trinh lam chim 1a k.. 2, @ theo
biéu thitc (6.12). Khi tinh dén qud trinh }am chdm neutron thi nguﬁn neutron
nhiét bing
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~B?
S=k.rde " (6.20)

Theo edng thife (6.20) ngudn neutron nhiét giam di do qud trinh lam

~

. t A o
chdm neutron, h¢ s3 suy giam € phu thude vao tudi notron T va kich
thude hinh hoc ciia viing hoat. Nhv vay khi vung hoat ¢6 kich thudce hitu han,
X4c sudt trdnh rd neutron trong qud trinh lam chim 13:

-B¢
pe= € (6.21)

Mat d6 neutron phiét bi hip tha trong 1 s 1a ¥,®, cdn mat dé neutron
ntuét bi rd trong 1 s bing — DA®. Do ham @ thda min phudng trinh AD +
B*® = 0nén -DA® = DB’®. Xic suil trinh 10 neutron nhiée trong qus
trinh khu&ch tin 1a:
o] l

PL = 2 T = ot (622)
T,0+DB® 1+B’L

Trong dé L*=D/Y,.
K&t hop cdc bidu thire (6.20), (6.21) va (6.22) ta dwdc hé s nhin
neutron hi¢u dung:
k k.. C_BZT 6.23)
PR ©
Diéu kién 8i han céa ving hoat 1o phadn g la:

-Br
e

[+B’L?

Khi di€u kién (6.24) dwoc thyc hién, ta ¢6 thé x4dc dinh khdi Itgng tot

han ciia nhién liéu uranium va kich thudc i han clia viing hoat dong cia 1o

phdn iing. Cdc thong s& nay rit quan rong trong tinh todn va van hanh 1o
phdn tng.

(6.24)

6.3.2.2. Cong thitc bén thiva sé

He sd nhan k., dugc viét dwdi dang tich s6 ciia bon thira s5:
k.=nppf (6.25)
Trong d6 m 13 s& neutron nhanh sinh ra khj hat nhdn uranium hdp thu mot
neutron nhiét, 4 14 hé s6 nhin neutron nhanh do phan hach U™, p 14 xdc
sult tranh hip thu cOng hudng va f1a hé s6 s dung neutron nhiét. C4c thira
s8 clia cong thitc bdn thita s6 néu trén nhir sau,

a} HE 56 sinh neutron n

Khi U™ hap thu mét nentron nhiét thi sinh ra v neutron nhanh do
phan hach. Gid stf trong nhién liéu uranium, ndng do U™ va U™ a N; va
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N;. Ti€t dién vi m6 hap thy neutron nhiét d6i vai U va U 1a o5 va 4. khi
do:
orsNs® — v osN;
o ND+ o N;® o Ny+oN,g
Trong d6 Gys 12 i€t dién phin hach cla U d8i v6i nevtron nhiét.
Vdi nhién lién chi c6 U™ thudn tuy thi:

n=v (6.20)

n = v
Oy
Trong 6 G;s = 582b, 65 =695h, va v = 241, nhu viy n = 2,02,
Vdi nhién lién uranium thién nhién, trong dé Ns = 0,00714 va Ny =
0,993, ngodira oz = 2,7b, taco = 1,31
b) Hé s& nhan trén neutron nhanh g
Ti&t dién phan hach U™ 6 ngudng & ning hugng o3 1,1 MeV. Do
ning lugng cia da s8 neutron fc thdi vudgt qud gid tri nay nén c6 xdc suit
nio dé d8i véi qud twinh phin hach U™ do neutron nhanh. Gid tri p phu
thudc vao cdc ti€t dién phan hach va tin xa khong dan hoi, vao céc t & chat
lam chim so v6i ndng &0 uranium. Trong 16 phdn wng ddng nhdt, cdc hat
nhin U™ dqude bao boc bdi cdc hat nhin chit lam chim. Do d6 cac neutron
nhanh phan hach va cham vdi cdc hat nhén lam chim va ning lugng clia
chiing gidm xudng dudi ngudng phan hach U™*. Nhu vy hé s nhén rén
neutron nhanh p khdc don vi rdt it. Con trong 15 phén tng khéng ddng nhat,
cdc neutron nhanh thoat tién chuyén déng trong thanh nhién ligu do d6 xdc
suit va cham véi U 1dn va sy phidn hach trong 10 loai ndy 16n hon so vdi 16
ddng nhit. Ngoai cic thong s6 k€ trén trong 10 ddng nhdl, 461 vdi 1o khong
ddng nhit W con phu thude vao kich thude cic khoi uranium va khodng cich
gilfa chiing. Cong thic tinh p ddi v6i 10 khong ddng nhit nhy sau:

w=1+ S922F (6.27)

Trong d6 P 1a sdc xud1 dé neutron nhanh chiu médt va cham trong khdi
uranium trén dudng di clia minh. Biéu thitc (6.27) dat cuc dat khi P = 1, khi
dé:

Mmax =1,2 (6.28)

¢. Xdc sudt trdnh hdp thu cong hudng p

Neutron trong qud trinh lam ¢him bj cic hat nhdn U™ hap thu trong
mién cong huéng. Mién nay kéo dai tir 1 eV dén 1000 eV. Xaic sudt trdnh
hap thu cdng hudng ¢ dang:
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{ N\.l_}

p = cxpto-o- N (6.29)
o)
Trong d6 1 li tich phdn ¢dng hudng hicu dung
1= j" £,de 7 dE (6.30)

I PR
AL E ¢ N n
¥

Sy hip thy céng huéng trong cdc moi trttng ddng nhit va khdng

ddng nhi't 12 khong gidng nhau. Trong moi truing dong nhidt. 13 moi trucing
ma cac hat nhan uranium won déy trong cdc thé tich lam cham. it ¢ hat
nhin nam trong diéu kién ¢ gidng nhau. Khi ting ndng d6 U™ tich phin cdng
hwdng gidm di. Hiéu dng nay dude goi 1a hidu tng che chdn cia cie mide
cong hudng. Xdc suat trinh hip thy cong huéng doi vai moi triing khong

dong nhit lén han moi trusng dong nhdt ¢6 cling 1 3 - = Chang han. méi
N

k]

tredng dong nhat edm vranium thién nhién VA graphite vait s -5 = 215

cho pg, = (1,65 cOn moi trucing kirdng dﬁng nhat cho P = .93,
d} H¢ s6 st dung neutron whiét f

Hé & st dung neutron nhi€t 1a 1 $6 giita $6 neutron dude uranium
hip thu va todn bd & neutron ducte hip thu bdi uranium. vt liéu lam cham
vl ede vit liéu khic trong vung hoat 1 phdn @ng. B vdi 16 dong nhil thi:

g, N, +ao N, a N
fe AR TS (0.31)
ﬁ_\.N\+(THNh-f-ZI(TIN o, ;\l +Z o, N,
Trong d6 os. oy o, va o, 11 ti&l dién hup thu neutron déi vai U, TR,
wranium v vit liéu loai i. Cdc dat hugng N5, No. N, vi N 1a mmn dd hat
nhian cla cdc chit uong dng. Pat:

o N,

(6.32)
Gll Nll

G4 =

thi:

[ = I (6.33)

]+Z.q.

B6i vdi 10 phin tng khéng déng nhit thi nhién li¢u tdp trung vio cic
thanh nhién liéu, mit d6 neutron nhi¢t trong thanh bé hon & chat lam chim.
Piéu nay gdy n€n do hai nguyén nhin. Thit nhat, uranium kKhong lam chim
ncutron, nghia B trong thanh nhién ligy khong ¢6 ngudn neutron nhiét ma
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ngudn neutron nhiét ndm trong chit 1am chdm. Neutron nhiét ¢6 mit trong
thanh nhién liéu 14 do ching khué&ch tin vio tr mdi trudfng chit 1am chim.
Thit hai, uranium ¢6 ti€t dién hap thu neutron nhiét kén hon chat 1am ¢him
nén neutron nhiét trong khoi uranium bi gidm nhiéu hon. Nhu viy trong
thanh nhién liéu khong nhifng lugng neutron nhiét it hon trong chat 1am
chim ma théng hrgng neutron nhiét cdn giam din ¥ ngodi vao trong thanh
nhién liéu, nghia 14 tai tdm thanh nhién li¢u théng lugng neutron nhiét dat
cuc tiéu,

Hé s& st dung neutron nhiét trong 10 khdng déng nhilt ciing tinh theo
(6.33), trong 46:

1

fo,oNav,
V.

q (6.34)

T j(bucuNuqu

A

Trong d6 @, vd @, la cdc mat d6 thong lugng trong thanh nhién Liéu
va trong chit lam cham. Do @ ., > ®, nén ta dudc q-

n an =
>4q, va fran < [

6.3.3. Péng hoc 1o phan Wng

6.3.3.1. Bé phdn iing

Trong phan wén ta chi xét phudng trinh khu€ch tén trong trang thil
dirng khi 10 & mifc idi han. Biy gi¥ ta hdy xét trang thd1 10 khong dirng, tic
12 trang th4i ma cong sudt cla né thay d6i theo thai gian. Nhv da ndi trén,
sy phat tri€n clia phdn ng ddy chuyén phu thudc vao hé s6 nhin hiéu dung
Keq, ma tir diy dé don gidnta vi€tla k. Do 1a d s& clia s6 neutron & thé hé
sau n, so v4i s8 neutron & thé hé tude n;:

k=2 (6.35)
o,

Do hé s8 nhén k khic 1 rit it nén d6 du 8k =k — 1 12 mdt dai lugng
bé, xuit hién do sy thay d8i ndo d6 cfia cdng suit 15 phdn ¥ng. Mot dai
lugng duge dung phd bi&n trong dong hoc 16 phan wng 1a 40 phin dng p:

_ 8k on
k n,

Trong d6 8n = n; - n,. D6 phdn tng p 12 dai lugng rdt bé hon 1.

p (6.36)
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6.3.3.2. Vai tro cua neutron tic théi va neutron tré trong phdn iing
diy chuyén

Gid st 10 phdn ¢ng dang & trang thdi t6i han, téc 1a k = 1, n&u (a

thém mot gia s6 hé 50 nhin 8k vao 1 thi mat dé neutron N(t) thay d4di theo
chng thite sau:

N =N e (6.37)
Trong dé T :_g_ (6.38)
5k

goi la chu k¥ 16 phin ftng va £ 13 thdi gian s0ng ciia cdc neutron tde thdi. Sau
khodng thdi gian T mat 46 neutron thay d8i e ~ 2,7 Jin. Theo bidu thic
(6.37) n€u 8k < 0 thi mét dd ncutron N gidm, con n&u 8k > 0 thi N ting. Boi
vai 1o phdn ing ding nwdc 1Am chim neutron thi ¢ = 5.10%s. Gid sif
0k = 0,0025 thi chu ky 1o phan wag la:

£ 5107
Bl 25107

Thay (6.39) vio (6.37) ta thiy sau khodng th¥i gian 1 s mit do
neutron thay ddi nhu sau:

N(1) = N(@)e’ =150 N(0)

Miét d¢ neuntron ting 1én 150 ldn sau 1 s va cong svdt 1o ciing ting
lén theo hé s& d6. Sy tang cong sudt 16 nhanh nhy vay khdng cho phép diéu
khién Id dit bing phutang tién ty ddng nio.

Viéc di¢u khién 16 dya trén cdc neutron tré, tic dung cla ching la
tang chu ky 16 phén tng T. Cdc neutron tré dwgc chia thinh 6 nhém, phin

5§ =025 (6.39)

. . 1
dong gop clia moi nhém fa B; va thdsi gian séng 1d ¢, = mﬂm , trong dé

Ty 14 thoi gian bdn rd d81 véi cdc nhém sdn phdm phin hach phit neutron.
Phan neutron tré trong (Gmg s8 neutron sinh ra khi phin hach U™ 1a

B= ZBI =0,0064 va thii gian ré trung binh ciia chiing 13-

1=l
&
by = éZBj £.=124s (6.40)
1=1

Thoi gian s6ng trung binh cita thé hé neutron duge 18y trung binh theo
thdi gian song clta neutron titc thdi ¢, phin dong gép tuong d6i 1a 1 P, va
thdi gian séng neutron e ¢, phan déng gop twong 461 1a B, bing:

= (1B £+ B4, (6.41)

D31 véi chat 1am ch{im 13 nude thi:
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€=5.10"+0,0064 x 12,4 = 0,08 5 (6.42)

K&t qud niy cho thdy thdi gian sdng trung binh chl y&u dude xdc dinh

béi neutron tré, tuy phin déng gép tuong ddi clia né rdt bé so vdi s6 neutron

tc thdi. Chu k¥ 10 phin wng khi tinh d€n sy d6ng gop clia neutron tré trong
truding hop 8k = 0,0025 1a

£ 0,08
== s
ok  0,0025
Biy gid sau 1 s mit dd neutron ting l&én nhu sau:
|

N —
ﬂz e? =31%
N(0)

Véi t8c 4o ting chim nhu vdy clia mit d6 neutron va ciing la clia
cong sudt 10, ta hoan toan ¢6 thé didu khién 10 dudc.

Cic vi du trén déu tinh véi 46 du hé s8 nhin 8k = 0,0025. Song néu
8k 16n hon thi chu k¥ 16 phan tng T giam di va (dc dd ting cOng sudl s¢ 16n
1én. Do 46 neutron ré chi ¢é vai trd trong mdt gidi han cda 4o du hé sO
nhin 8k. Gidi han nay 1a 8k < B, nghia 12 & 1 phan ing c6 thé diéu khién
dvdc thi do du hé s§ nhin, hay do phan ing p phai théa man diéu kién
p=0k <.

=325 (6.43)

6.3.3.3. Phuong trinh dong hoc Io phdn iing

Phuong trinh ddng hoc mé (3 sy thay ddi theo thdi gian cla mat do-
neutron
la:

neutron N
cm’
&
.‘idli —[k(1=p)-1]20+ DA, C, +S (6.44)
t i=1

1
Trong 36 C; v X, = 7 12 ndng d8 va hing s phin rd clia cdc minh
v3 phin hach phit neutron tré thude nhém thy i (I = 1,2,...,6). Nong d6 C;
tudn theo phuong trinh sau:
dcC,
d—': B kZa®0—A,C, (6.45)
t
Cic phudng trinh (6.44) va (6.45) khéng phu thudc vao cac toa d6
khong gian, vi vay goi la cdc phuong trinh ddng hoc cla 16 phdn ¥ng diém.
Céc phudng trinh ndy mé t3 16t tinh ch4l thay d6i theo thdi gian cia mat d6
neutron trong da s& c4c 16 phdn Gng, vi viy ngudi ia sit dung ching rong rai
trong viéc thiét k& cac hé théng ki€m tra va diéu khién 10 phdn dng.
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Ta hdy xét cdc nghiém cta hé phuong trinh dong hoc (6.44) va

(6.45) trong trutsng hop hé s0 nhin thay ddi mot lugng 8k theo kidu nhdy

béc, tfc 13 k thay dSitirk = 1 d€n k = 1 + 5k tai thdi difm t = 0. GiZ sit khéng

¢é ngudn ngodi, S = 0, mghiém cdc phuong trinh trén duge vi€t dudi dang

nhv sau:

N = aexp (mt), C; = b, exp (wt) (6.46)

Thay N va C; u (6.46) vao hai phudng irinh (6.44) va (6.45) ta dudgc
phuong trinh

@ I & op,

il 1+lwiS o+,

Phwong trinh (6.47) duge goi 14 phwong trinh gid nguge. Piy 1a

phudng trinh bic 7 d6i vdi w qua d6 phén ng p. Vi mot gid tri p cho uude,

gidi phuong trinh (6.47) ta dugc cic nghiém @ va thay cdc nghiém nay vio

biéu thiic (6.46) ta ¢6 cdc nghiém N vi C; ciia hé hai phirong trinh dong hoc
16 phdn dng (6.44) va (6.45).

(647

6.3.4. Sy thay ddi do phin éng trong qud trinh lm vigc ciia I

BE Ib lam vide véi cong suit khong ddi cAn phdi gitt h¢ s6 nhan hiéu
dung & gid tri k = 1. Tuy nhién trong th&i gian 10 lam viéc trong viing hoat
xdy ra mdt s§ qua trinh lam thay d3i hé s8 k: sy nhiém ddc bdi cdc sdn phim
phén hach, sy chdy nhién liéu va hiéu {tng nhiét d6. Hiéu wng dng cong cia
cdc nhan & néi trén thudng lam gidm hé s k tte 13 dwa mot d6 phdn tng 4m
va0 10. D€ bio ddm 15 lam vie dudc ldu ngudi ta cdn c4u tao ving hoat ¢6

mdt do phin ing dy ¥ p, . = Ak trong 36 Ak = K gy v -1 €On K gy 12 hé
dyf 1rif

s& nhin ctda 1o khi rit tdt ¢d cdc thanh hap thy ra khéi viing hoat. Lic ban
dau, khi cdc thanh nhién liéu codn mdi, cdc thanh hdp thy, ma ngudi ta con
goi la cdc thanh bit trlf, ndm trong viing hoat d€ bl trit d6 phan ng dy trit
trén. Trong khi 10 1am viée ngudi ta rit din cdc thanh b trr ra khoi viing
hoat, ttc 12 dwa vao d6 phdn tng dudng, d€ bi trir d6 phdn ¥ng 4m nhim bao
dim k = 1. Sau mot thdi gian 16 lam viéc, 46 phdn ng gidm di va dén lic
Pav v = 0, lic d6 hodc dirng 10 hoge thay nhign ligu mdi d& 15 ¢6 thé hoat
dong dude. Thai gian dé goi la chu k¥ thay nhiéa liéu T..

6.3.4.1. Su nhiém djc xenon

Khi nluén hi€u chdy xuit hién cdc minh v@ phan hach. Cdc manh vé
niy ¢6 ti&t dién hdp thu neutron khic nhau. N&u tiét dién hdp thu rat idn thi
mdnh v8 trong ting giy nén sy mit mat s§ 19n neutron, dua vio 1o d9 phan
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ng Am ldn. DS 14 hién wgng nhiém ddc 10 phin dng. Cic manh v3 phin
hach giy nhiém doc 15 phin tng 1a ., Xe' va ,Sm'* do 1i€t dién hip thu

neutron nhiét cia ching vao cd Ox. = 3.5.10% barn vA Ggm = 50000 barn. Hién
tugng hip thu neutron it hon clia mét s& ménh v phin hach khdc goi la su
tao xi, cdn cdec manh v8 phin hach d6 goi 1A xi ¢fia 16 phén Ung. Trong phan
ndy trinh bay nhiém doc xenon vi hiéu Gng ndy ddng chi ¥ trong qud trinh
hoat ddng cia 10 phdn dng.
Xenon duge sinh ra theo qué trinh sau:
15 (nf) —\Tem B >}|35 B~ s B s s

7 >Xe A & 7ba
P,=0,056 2 phut 6.7h 9,13 h 2,6.10° nam

(6.48)
Theo diy (6.48), sdn phim tryc GEp sinh ra do phin hach U™ 1a
Te? v6i sudt ra Py = 0,056, Sau phin rd B, Te'® bién thanh I'°* va déng vi
nay phan rd cho Xe'”. Ngoii ra Xe'?® con sinh ra tre G€p 1Y sy phin hach
U** véi suit ra P, = 0,003.
Khi 1o phdn itng bt ddu lam vigc thi ndng dé xenon Ny, ting dan,
dua vao 1o d6 phdn Gng:
Qxe = M‘ {6.49)
EU
Trong 46 Gx. 12 1i&t dién vi md hap thu neutron nhiét cda Xe', vao
¢3 3,5.10° barn con Ty 12 G€1 dién vi mé hip thy neutron nhigt bdi U™, Sau
khodng vai chuc gig lam viée cda 1 phdn dng, dd nhiém ddc xenon dat gid
1ri cAn bing:
2,06.107"° @, o

4 _18 —- (650)
2,09.10° +3510% @, 3,

Trong d6 X} 1a (iét dién vi mé phan hach cda U™,

Uxen =

0
Ti 58 E—U: 0,6 d6i véi uranium thién ahién; 0,81 d61 v6i uranium gidu

9]
2% va 0,85 @61 vdi uranium tinh khi€t. Trong céng thitc (6.50), &, 12 mat do

o i a . ;4 Deutren. L, - *

théng lugng neutron nhiét. Khi @, 2 107 ———— c6 thé bo qua s6 hang dau
cm” s

50 vdi s6 hang thif hai trong miu s6, do d6 gx., khéng phu thudc vao mit 46

maX

thong luwgng neutron @, va dat gid tn cue dat gy, - Trong bing 6.7 din ra
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max
Sm.n

IIIdX

cdc gid tri qy., vaqg,, 301 v6i nhiém d6c xcnon va samarium d6i véi cdc

dd gidu uranium khic nhau.

nax m

Bing 6.7. Cdc gid tri qy7 vaqy, 401 véi cdc dd giau U khdc nhau.

D¢ gidu 0,714% 24 100%
qm 0,0354 0,0478 0,0502
e 0,0068 0,0092 0,0096

T bang 6.7 ta thdy ring d6 nhiém ddc xenon cue dai vio cd 5% va
1én hdn d6 nhiém ddc samarium cue dai khedng 5 1dn. Hon nita d6 nhiém dé
xenon dat gid tri cdn bing nhanh hon samarium, do d6 dnh hiténg ctia nhidm
ddc xenon thé hién rit rd trong qud trinh 16 1am viéc. Anh hudng ciia do
nhiém ddc xenon 1én dd phén Ung th€ hién & hé s§ si¥ dung neutron nhiét f vi
khi d6 né xudt hién thinh phin hdp thy manh neutron nhiét. Tinh todn cho
d6 phdn tng Am dua vao 1o lap,, = —(Qy, -

b Ngoai ra, mot hi€év dng xdy ra do nhiém ddc xenon 13 sy xudt hién hd
iodine sau khi ditng 16. Khi thay d8i cong suilt o, thé hién qua su thay ddi
mit 45 thong lugng neutron nhigt, d6 nhiém ddc xenon gy va d6 phin wng p
dua vao Id dugce thé hién trén hinh 6.6.

o 4 &=,

I
I
1
!
I:
Hinh 6.6. Su phu thudc ciia qx. vd p vdo mat d6 théng hroung
neutron <p.

Ta hay xét rudng hdp dirng 10 theo hinh 6.6. Tai thesi &iém to, cong
sudt 1o gidm dot ngdL tr &, dén 0, ndng do xenon thoat tién ting nhanh vi
c6 th€ vugt qua gid trj cin biing ban ddu, sau d6 gidm do higng iodine gidm
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vi phin ri va lugng xenon ciing ti€p tuc phin ri. Do d6 d9 nhiém ddc gx.
ting, dat gia tri cuc dai va gidm dén O nhu thé hién trén hinh 6.6, Ngudc lai,
dd phan @&ng gidm dat cwe ti€u rdi mdi bt ddu ting, sau mot thidi gian dat
d&n gi4 tri p, ban ddu. Hiéu ng gidm 46 phin itng sau khi dirng 16 do nhiém
dd xenon goi la hd fodine.
H& iodine 13 hiéu s8 giita dd mat do6 phdn dng theo thii gian va do
mAit dd phdn (ng cin bing trudc khi dirng 10
Apl(t)zp)(e(t)_p)(e,n (6.51)
Trén hinh 6.7 thé€ hién cdc duding cong hd iodine theo thdi gian sav khi
dirng 106 db1 vdi cdc gid tri mit d6 thong lwgng neutron nhiét khidc nhav trude
khi dirng 0. Tit hinh 6.7 ta thiy riing sau khi dirng 10 hodc ¢6 thé khdi dong
ngay hodc phdi chd vai ngay méi khdi dong trd lai. P6 12 do trong hé iodine,
d6 phin i*ng Am xuit hién qud 1dn, mudn cho 10 hoat ddng phdi dwa vao 1o
d6 phan ¢¥ng duong 40 tdn d€ bu trir. Khéng nén khdi ddng 1o sau khi 10 dimg
c8 10 gid, nic 1a khi dat cyc dai ciia hé iodine.
0 4 8 12 16 20 24 28 32 36 40 t(h)
T L 8.11012n/c]m:§ :———L
_2 | |
-3
-4
-5
-6
-7

pxg(%) ] ] ] | | ] ] ] ] ]

Hinh 6.7. Su phu thudc thoi gian cda hd iodine sau khi ditng 16 d61 vé6i cde
gid tri mit do thoéng lugng neutron nhiét khdc nhau truée khi dirng 1o.

6.3.4.2. Su chdy nhién li¢u
Sy chdy nhién liéu thé hién qua sy thay ddi ndng d6 U™ theo thdsi
gian nhu sau:
Ny (t)=N;(0)e® (6.52)
t
Trong do s = o, Id)(l')dt' , dugc goi la 36 sdu chdy nhién liéu. Khi s bé, bifu
0

thitc (6.52) c6 thé vi€t gin ding 12 N, (0) = N(0)(1-5), va do d6
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_ NNy _ ANy

N;(0) N(0)

Trong nhién liéu vranium, ngoai U™ cdn c¢6 mot hugng 1én UPK

Theo ¢bng thic (6.52) khi 1o 1am viéc nhién liéu chdy dan va s& hat nhan

U™ gidm theo ham s8 mii. Ddng thii, do neutron twong tic vai U™ mét s§

hat nhin khdc dugc sinh ra nhe Pu™, P, Pu™, cdc hat nhidn giy nhiém

ddc Xe'*, Sm'” va cdc hat nhan xi cda 15, Hinh 6.8 minh hoa sw giam nhién

liéu U™ va sy ting cdc hat nhin sin phdm, goi chung I3 xi cfia 16. Thai

gian T, 1a thdi di€m néng d6 cdc hat nhan xi bing ndng 46 U5, 13 chu k¥
thay nhién liéu cia 15 phdn tng.

N

(6.53)

i N

Hinh 6.8. Sy gidm ndng do cdc hat nhin nhién lidu U™ va sy ting
ndng dd cdc hat nhan xi cla 1o phdn @ng. N; 1a ndng d cac hat nhan,
trong d6 Ny, Nj, N5, Ny, Ny, Ny, va Ng, dng véi Pu™, pu®*, U,
Uljﬁ Pu.’j{) xe|35 Vﬁ Sml»‘l‘)

6.3.4.3. Higu iing nhi¢t dg vi higu ving cong sudt

Khi 16 phdn wng lam viéc thl sinh ra mdt nhiét lugng 18n lam nhiét
do trong viing hoat ting 1&n. Khi nhiét d6 viing hoat thay d8i thi hé s& nhéan k
clia 10 thay d8i, tdc 13 sy thay d8i nhiét d6 da dva vio vitng hoat mot 46
phdn Wng nao d6. Ti s§ gilta gia s& 4o phan ing dp va gia s& nhiét dT duge
201 12 hé 5O nhiér dG clia 4§ phdn iing.
_dp  dk

Uy =—= = (6.54)
dr 4T
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Su thay d6i clia hé s& nhin k khi thay ddi nhiét d6 viing hoat do hai
thanh phin, gém hé s& nhigt 43 hat nhidn giy nén do sy thay ddi phd ning
Iwrong neutron va hiéu ng Doppler doi véi sy hdp thu & mién cong hudng,
va hé¢ sd nhiét @6 mal do gdy nén do sy thay dti mat dé vit liéu cta cdc
thanh phin vit liéu din tdi sy thay ddi quing chay trung binh ciia nevtron va
SU IO neutron.

Su thay d8i cong suit ciia 1o phin Wog kéo theo sy thay d6i do phén
Wng. P6 1a hiéu tng cong suat. Pai lwgng dic trung cho hiéu Wng cong sudt
13 hé s cong sudt ciia di phdn ing:

_de
© 740

Mic du khi ting cdng sudl thi nhiét d6 ving hoat cling ting, song
trong 10 phdn ¥ng khéng ddng nhi't véi sy tdi nhiét cudng biic, do sif phin bo
nhiét d& khéng gidng nhau trong thanh nhién liéu va trong chit tii nhiét, cdc
hé s& nhiét 45 va hé sd cong sudt khéng ti & vdi nhau.

P& bao ddm an toan }0 phan Wng can thi¢t k& sao cho cdc hé s& nhiét
dd v cong suat clia do phdn dng c6 gid ri Am. Thét viy, vi mdt 1y de ndo dé
ma cong suit 1o ting, khi dé nhiét dd ving hoat ting va trong 1o dudc dua
vio mdt ¢6 phan tng 4m va cdng suit 1o gidm xudng. Néu vi mét 1y do ndo
d6 c¢Obng sudt 15 gidm, nhiét 4 ving hoat gidm sé& dwa vio 10 mdt d3 phdn
ing dwong va dua cdng sudt 10 lén. Trong trudng hop ngude lal, khi hé s§
nhi¢t d& dudng, suw ting hay gidm cong sudt s€ kéo theo sy tang hay gidm
ahiét d6 viing hoat va din t8i sy ting hay gidm cOng sudt 1o hon nita. Qud
trinh tv kich 46 1am cho 16 1am viéc khong 6n dinh va nguy hiém.

a (6.55)

6.4. CAC MAY GIA TOC HAT TiCH DIEN

M4y gia tdc hat tich dién i thit bi sinh c4c hat tich dién cd ning
lrgng 18n. nhy cdc hat electron, proton, alpha, deutron va cdc ion ning. Cdc
hat tich dién cé ning lwgng l6n duge sit dung y hoc, c6bng nghi¢p, moi
truong, nghién cifu khoa hoc, ...

M4y gia t8c ¢6 hai dic trung chinh 12 niing lugng va cudng d6 chim
hat. Cudng dd chim hat 13 s& hat bay ra trong thdi gian | gidy, hodc nhy
ngudi ta thudng diing, 1a dong dién toan phin tao nén bdi chtum hat.

Céc may gia téc duge chia thanh hai loai 12 mdy gia t&¢ lién tuc va
mdy gia 16¢ xung. Miy gia toc lién tuc cho chim hat khong thay d8i theo
thdi gian, con may gia t6¢ xung cho chiim hat dudi dang cdc xung. Méi loai
may ¢6 uu diém riéng ctia minh, mdy gia t6c lién tuc cho cudng do dong hat
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cao coOn mdy gia e xung cho nang lugng hat cao. Cudng dd cda mdy gia toc
xung dudce dac trung bdi hai thong s 1a hrgng xung trong 1 gidy va lugng hat
trong 1 xung. DOng trung binh trong mdy gia t6c xung dude xdc dinh bdi
cOng thifc:

j=qnv (6.56)

Trong d6 q la dién tich clia hat duge gia tdc, n 1a s3 hat trong 1 xung
con v 1a s xung trong 1 gidy.

Theo nguyén 1dc hoat dong, cdc mdy gia ¢ dudc chia thanh hai loai
la mdy gia tdc tdc dung tryc 1€p, hay mdy gia t3c cao th, va mdy gia (8¢ tic
dung boi. Trong médy gia toc tic dung tryc tiép, cdc hat tich dién chuyén
ddng trong chin khong dudi tic dung ciia trudng tinh dién tao nén bdi mot
hi¢u dién the khong di. Trong may gia e tic dung boi, cdc hat duge gia
tdc bdi dién trudng bi€n thién. C4c m4y gia e tic dung bdi lai dugc chia
thanh hai loai 1a mdy gia t6c tuy&n tinh, trong d6 cc hat chuyén déng theo
duding thing, vi may gia td¢ tron, trong d6 cdc hat chuyén dong theo dudng
trdn.

Mdy gia toc tiéu bi€u cho loai tdc dung trwc ti€p 13 m4y phdt tinh
dién Van de Graaf. T4t cd cdc loai mdy gia (3¢ tuyén tinh déu 13 may gia tic
xung. Cdc mdy gia t6¢ thude loai tron 13 cyclotron, betatron vi microtron.
Cdc loai hoan thién hon clia méy gia tS¢ eyclotron 1a phasotron, synchrotron,
synchrophasotron, isochron, .. Trong cdc may gia tS¢ tron thi cyclotron va
isochron 1 cdc mdy gia t6c lién tuc, cho chim hat khéng thay déi theo thoi
gian, mdy gia t6¢ microtron ¢6 thé 1am viéc theo ci ch& db lién tuc 15n ché
d6 xung, con tdt ¢d cdc mdy gia tdc tron con lai déu 1am viéc theo ch€ db
Xung.

6.4.1. May phit tinh dién Van de Graaf

Nguyén tdc chinh trong viéc gia toc cdce hat tich dién 1a cho c4c hat
ndy chuyén ddng gitra hai dién cyc v4i hiéu dién th€ U. Sau khi di qua hai
di€n cuc nay, hat ¢6 dién tich q s& nhin thém mot ning lugng:

E=qU (6.57)

Trén hinh 6.9 trinh bay sd @6 cla may phdt inh dién Van de Graaf.
Viéc gia t6¢ cdc hat dwge thye hién trong ong gia téc T. Ong nay gbm mét
dng lam o chat cdch dién nhu thiy tinh hodc s@, cdc ngudn ion va cdc dién
cyc hinh &ng. Céc dién cuc hinh Sng dudc dat rén mot dudng thing va cich
nhau khéng xa. PAu trén clia &ng gia tdc dat ngudn ion va ddu dudi dit bia
d€ chi€u, 1a vat liéu cdn nghién ciyu. Khong khi trong 8ng gia t6¢ duge bom
hiit ra d€ tao chéin khéng 10°° mm thdy ngan. Chan khong c6 téc dung gidm
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thi€u qué trinh va cham cda cdc ion dwde gia t6c vdi khong khi va viéc tao ra
dién tich khi gifta cac dién cuc.

AR, BT A A R TN R

0T N

Hinh 6.9. May phat tinh dién Van de Graaf.

Mot cao th€ ¢8 8 triéu von dit vao dng gia téc. Qua hé cic dién rd
mic ndi ti€p nhau, cao thé dé duge phin bs dén gilta cdc dién cye.

Céc ion ti¥ ngudn ion ddp vao dién cyc diu tién. Trong khong gian
gitta ngudn va dién cuc diu, cdc ion nhin dugc modt phan ning lugng theo
cong thifc (6.56). Bén trong Sng dién cic diu, cic ion chuyén dong theo
quén tinh vi trong 46 khong c6 dién trudng. Sau dé cic ion chuyén dong
trong khdng gian giita dién cyc thit nhédt va dién cuc thi¥ hai, nhin thém mot
phin nang lwdng nifa. Bén trong 8ng dién cyc th hai, cdc ion lai chuyén
ddng theo quédn tinh, d€ rdi lai nhin thém mdt phan ning lugng niva khi
chuyén ddng tir dién cyc thit hai d€n dién cyc thit ba. Qud trinh gia tdc phat
trién twdng 1y qua cic dién cuc ti€p theo. C4c ion dap vao bia sau khi di gia
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tdc dén ning legng E = qU eV, wong d6 q la dién tich cfia ion theo don vi
e=1610"CconUl dién thé€ dit trén dng gia tdc, tinh theo don vi von.

Cédch tao ra cao thé nhu sau. Cic dién tich sinh tir mdy phdt dién thé
thip dwge dwa vao di€m A rén mot ddy curoa lam i vat liéu cdch dién. Cic
dién tich theo ddy curoa nay chuyén dén diém B & diu trén va chuyén sang
thanh din dién P. C4c dién tich tich ty tai mit ngoai thanh ndy ning dién thé&
1én d€n (5 — 8).10° von va dugc dua vio ong gia t6c. Ning lugng cia hat
dudce gia t8c phu thudc vao dién thé cia thanh din va bin thin dién thé nay
bi gidi han bdi sur phéng dién tif thanh din dién vao khdng khi. Vi cdc may
phdt tinh di€én Van de Graaf 15t nhét, thé phéng dién khong vugt qua chuc
triéu von va chiim ion dién tich mét don vi c6 nang lugng khong vugt qua 20
MeV, théng thudng ¢ nang lugng 2 ~ 5 MeV. Dong clia chim hat kh4 16n,
dat d€n vai trim pA.

Mdy gia t8c hoan thiéa hon cia may phdt tinh dién Van de Graaf 12
mdy tandem. Trong mdy gia tc tandem di sit dung hién twdng thay d8i ddu
dién tich cia cdc ion. Ching han, c4c ion 4m cia hydrogen H™ dugc gia tdc
theo phudng d€n dién cic cao thé duong. Tai dién cuc ndy, cic ion H' tan Xa
lén mGt bia méng, mdt s& 16n cdc ion mat 2 electron vi chuyén thanh cic
proton mang dién tich dudng. C4c proton nay dutde dién cyc duong diy ngudc
lai, nghia 1a dugc gia t6¢ thém mot 14n nita va ning lugng dugc ting gdp d6i.
Hi€n nay dd c6 cdc mdy tandem chuyén dién tich cdc ion hai lin, do d6 nang
lugng cda ching ting gip ba.

Han ché€ 1dn nhat cita mdy phét tinh dién Van de Graaf 1 ning logng
chiim hat thdp. Nhung mdy nay c6 nhidu wu diém, lrong d6 wu diém chinh 13
dd don ning rat cao cda chiim hat, ¢6 th€ dat dén 10° hay cao hon nira, va
viéc diéu chinh ning lwgng d& dang. Chinh nh& m4y phat tinh dién Van de
Graaf, ngudi ta dd do dugc ti€t dién tin xa proton- proton & vun;, ning lugng
thip v6i d6 chinh xdc cao va ngay nay miy gia téc ndy vin dude st dung
rong rdi trong nghién cfu khoa hoc.

6.4.2. Cdc may gia toc tuy&n tinh

Hinh 6.10 trinh bay mét loai mdy gia t8c tuyén tinh, goi la may gia
téc cdng hudng tuyén tinh. Sy gia tdc cdc ion x4y ra khi ching chuyén dong
nhiéu lin qua dién th& khong 16n cta may phét cao tin. Po dai cia cdc dién
cyc Ong ting theo phuong chuyén dong cla cdc hat tich dién. Thoi élan
chuy&n ddng quan tinh cda cdc hat tich dién trong cdc dién cuc 6ng 14 gidng
nhau va bing nira chu ky thay d8i dién thé cda mdy phét cao tdn. C4c dién
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cvc 8ng chin mic vio mot cuc cla may phdt con cdc dién cyc dng 1é ndi
vao cue kia cia mdy phat.

Gid st cdc ion dugng chuyén déng vio khodng khong gitta cdc dién
cwe th nhat va thi hai, Trong thdi gian nay trén cdc dién cuc 1é cé thé
duong con rén cdc dién cyc chdn c6 thé dm. Tai thoi diém cdc ion thodt ra
khéi dién cue thi hai thi wrén cde dién cuce chdn cé th€ dudng va trén cic
dién cuc 1é ¢o thé 4m. Cdc ion duong dugc gia dc gitta dién cyc thd hat va
thit ba. Qud trinh twong ty nhy vAy tép dién khi cdc ion chuyén dong qua
cdc dién cuc ti€p theo. Sy chuyén dong cla cdc ion va sy thay doi dién th€
trén cdc dién cuc cong hudng véi nhau, do d6 mdy gia tdc ndy goi la mdy gia
tdc cong hudng. Ning ludng cic jon duge gia ting ¢ 10 - 15 MeV/m chiéu
dai. Dong trung binh vao khodng 20 - 30 pA cdn dong xung ¢8 50 mA. Vé
mat 1y thuy&t, néu mdy gia téc lam cing dai thi chim hat ¢6 ning lugng
cang 16n. Tuy nhién trong thuc 1€ nang lugng chim hat cda may gia toc loai
nay chi dat 20 - 30 MeV do su phic tap vé k¥ thuat va gid thanh qud cao.

QG

CGECOCECO G

Hinh 6.10. Mdy gia t6c cdng hudng tuy&n tinh.
1. Ngudn phdt cao tin; 2. Nguon ion; 3. Bia

Céc wu di€m chinh clia mdy gia t6c cong hudng tuyén tinh 12 dong
ldn, sy don gidn trong viéc nap chiim hat vao cling nhu 1iy chiim hat ra.
Ngoai ra, mdy gia toc tuy€n tinh khong phat bife xa him do chim hat chuyén
dong theo dudng thing. Hiéw ¥ng nay khong quan trong 1dm ddi véi cdc ion
ning nhung rit quan trong d6i vdi chiim electron nang ludng cao it mot vai
trim MeV trd 1én. Do d6 mdy gia t6¢ tuy€n tinh thudng dvge xay dung cho
cac electron.

6.4.3. Cdc may gia téc tron gia téc cdc hat nang

6.4.3.1. Cyclotron

Hat tich dién chuyén d0ng theo dudng trdn trong tit wrudng thuin
nh4t néu vén t6c cla n6é khong d6i va vudng géc véi phudng clda ur trudng.
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e k4 ats . = m .y Py - -
Do khdi lugng ciéa hat tvong déi tinh bing ==== nén bdn kinh quy dao
J1=v7ic?

ctia hat tich dién bang:

1
R= v (6.58)

Bq Vi-v'/c®
Trong d6 v 1a vén toc cia hat; m va q 13 khéi lugng va dién tich cta hat; B 1a
cam tng 1. Cdm tng ti¥ B, don vi do la Tesla, {ién hé vdi tr trudng H theo
cdng thite B = p,uH, trong do p, = 41107 Henry/m con p 13 do it thim cda
mdi trutng. Tuy nhién ching ta s dung khdi niém tir truding d€ chi c4 hai
dai lugng nay. Chu k¥ quay, 1a thdi gian hat chuyén déng duge mdt vong,
bing:

T= 2nR :2:rrm 1 (6.59)

v Bq i-vi/c?
Tan s6 quay {, tifc 14 s6 vong quay cia hat trong 1 gidy, biing :

] =
f= - = 7_8‘31_ J1=v¥c? (6.60)
4 Tm

T
Trong trudng hdp khdng tudng déi tinh cé thé coi x/1~v3fcl = [ va
tan s0 f khong phu thuge vio van 18c hat. M4y gia ¢ eylotron lam viee véi
tan 58 f khong d8i va ding d€ gia t8c cdc hat ¢6 niing lugng thip.

a) h}

Hinh 6.11. 83 36 nguyén ly cda may cyclotron
a. Dang chung ; b. Dang tir irén nhin xung:

1. Nguén dién cao tin; 2. Quy dao clia cac ion:
3. Ngubn ion; 4. Bia; 5. Pién cyc léch.
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Einh 6.1 L tfinh bity sd dd nguyén tac ctia miy gia 10 evelotron. No
2Om hai dién cure rome ciach dicén, goi 1a cde duant. dat giira hai cue mot nam
chim. Trén cic duant dat ngudn dién (b cda mdy phit cao tan ¢om d khhe
giffa cde duant dat ngudn ton dudng, Toin bo hé thdng gdm ciace duant va
neudn ion dude dat trong budng chin khdng vdi dp sudt 10 mm thuiy ngin.

Gid st (i ruding hudng f ngodi vio trang gidly con duant bén phii
c6d dién thé dudne cue dai. Cdc ion duong 1t ngudn ion phdt ra dude via toe
wong khe vi chuyén déng sang duant bén trdi v trong duant do ching
chuyén dong véi van toc khdng d6i theo mot qui digo oron trong 17 g,
Tian s& miv phit tring v@itdn »0 quay cua v on, viviey Khi cde ton sau khi
da chuyén ddpg dude nta vong tron, b rdi vio Kheo con ren doant bén i
¢6 dicn the€ duong cie dai. Ciac ion duge gia (oo trong khe va chuvén dony
sang duant bén phai. Qui trinh nhu viy Gép dién. Sau mdi Tan duge gia (O
trong khe, van (8¢ cac ion ting 1én, do dé bin kinh qu¥ dao cia ching cling
taing vi cie ion chuyén dong tron theo dudng xoan 6o vdi bdn kinh ting din
(Hinh 6.11b). Hiéu dién the gita hai duant vao o 100 KV, do dé sau mol
vong quay. hat dudge gia ling mot ning ludng od 100 keV, Nhe vy, trong
mdy gia 8¢ cvelotron v nitng lugng hat 20 McV. ciac hat chuvén déong
Khodng 200 vong. Cudi qua trinh gia 1dc chim ion dude Ly ra nhd mot thict
bi Iam Iéch khoi budng chin khéng viv dip [én bia ¢in nghién cfu.

Cyclotron ¢6 vu diém i gidm kich thude so vdi mdy gia (6¢ tuyén
tinh vt ding dién thé wiong d6i thip. Tuy nhién nhuge diém clia cyclotron 1
khdng gia tdc duge cde ion 160 ning ludng cio do khii Tudng cic ion Ging
1én khi toe do chuyén dong 13n 1theo thuyd wdng doi Einstein. Khi kho
lugng cic lon ting thi tn s& quay cla cic won gidm va thiti gian sudt hién
cic ion trong khe muén han thai gian mdy phad thay doi dién the cho duant.
Do d6 cic ion s€ nhin duge nang ludng it din khi van 1o ciang idn va han
ché viéce ting ning lugng cta ion. Cyclotron ¢6 the gia tde ¢ic proton dén
ning lugng 25 McV con hat alpha d€n 50 MeV. Mdy gia the nay khdng thé
gia t8e cide hat electron dén ning Iugng vai chue MV vl mdt ning lydng do
bitc xa haim,

Mat wu diém nifa ctia may gia 8¢ eyclotron 1 cho dbng khi 16n. dat
dén t mA. Do do hién nay may gia e loai ndy van dude st dung rone rii
dé nghién ciu phin @ng hat nhin ning Jugng thip va sdn xudt zic dong vi
phéng xa ngheo neutron, mi khéng thé sin xuit trong ¢ic [0 phin ng hat
nhian. Ngedi ra mdy gia W0e cyclotron con duge diing d¢ gia tde cdac hat
deutron, alphi va cde ion nang khic nhu carbon, nitrogen. oxyuen. ... d6i vdi
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ching dnh hudng clia hiéu Gng twong d6i 1a khong ddng k€ cho dén nang
lrdng vat trdm MeV,

D€ st dung nguyén ly may gia t6c cynclotron di vdi céc hat c6
nang lugng twdng ddi tinh thi cin phai thay d3i hoic 1a ch& do gia t&c hodc 1a
phin b6 tIf rudng. Viéc cdi tién d6 dude thyc hién theo cdc cich khic nhau
trong cdc mdy phasotron, synchrotron, synchrophasotron va isochron.

D¢ tang nang luong cic ion cdn cung cAp dién thé cho cac duant véi
tan s& gidm ddn theo sy gidm tn s8 quay cda céc ion. M4y gia tdc 1Aim viée
theo nguyén 13c ndy goi 12 phasotron, cho phép proton dat nang lugng gin
1000 MeV hay synchrophasotron, c6 thé gia tSc proton d€n ning lugng vai
trim nghin MeV,

6.4.3.2. Phasotron

M4y gia t8¢ phasotron khic médy gia tdc cyclotron & chd dién truding
dat vao cdc duant ¢6 tn sd thay d8i. Theo cang thic (6.60) khi van t&c clia
hat cang uing thi tn s6 quay cing giam. Trong may phasotron ngudi ta gidm
tin s& dién trwdng theo sy gidm tAn 5§ quay cda hat. Ngoai ra mdy gia toc
nay con lm viéc theo nguyén tic wy dong didu chinh pha. Nguyén Iy nay
nhu sau: Cédc ion tf ngudn ion bdn vio budng gia t8c vdi moét @6 phan tén
nao 46 theo van tdc. Do d6 trong qud trinh gia tdc cong hudng mot s& hat bit
dau chuyén dong chim lai va mot s& hat khdc chuyén ddng nhanh 1én. Tuy
nhién néu cdc hat chuyén dong trong mién gia t&c trong thdi gian ting dién
truding thi di€n rwdng nay lam ting van 16¢ cac hat chim va 1am giam vin
tdc cdc hat nhanh. D6 chinh la hi¢u #ng tw didu chinh pha. Nh mdy gia toc
phasotron ¢6 thé gia t6c proton @&n ning lugng 1 GeV va hat alpha dén ning
lwgng 890 MeV. Tuy nhién cudng do dong hat trong miy phasotron chi dat
dudc cd 1 pA, thip hdn nhiéu so v8i mdy cyclotron. Trong mdt xung cda may
gia toc ¢6 khodng 10° - 10" har. Biér th& dit vao cdc duant khodng 10 — 30
kV, do d6 @€ c6 ning lugng 700 MeV thi hat phai chay khodng 10° vong.

6.4.3.3. Synchrophasotron

Ning lugng ¢3 1 GeV 1a gidi han trén cita mdy gia 18¢ phasotron.
Gidi han nay khong phdi do nguyén tdc vat Iy ma do gid thanh qui cao vi
trong hrgng nam chiim ting theo lity thita bic ba cda ning luong. DE gZidm
gid thanh ngudi ta lam mdy gia t6c ¢6 dang vong nhin, trong dé cdc hat
chuyén dong khing phai trén mdt mit rdn ma trong mot &ng udn theo
duding trdn, goi la mdy gia t8¢ synchrophasotron. Trong mdy gia t6c ndy ca
t trudng 1dn tin s& dién vudng déu thay ddi theo thdi gian. M4y gia t6c
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synchrophasotron diu ti€n tai Vién nghién cfu hat nhadn Dubna, Nga, nim
1956, cho chiim proton niang vgng 10 GeV vl 3,3.10"" proton/chu k¥ va 7,5
xung/phiit. Cuting do chitm hat clia mdy gia t6c synchrophasotron khd thip,
mudn ting nd cé thé ding phuong phdp hoi tu manh chim hat. Viéc hdi w
manh nay dudc thue hién nhd cdc thdu kinh 1 hodi tu va phdn ki dat xen ké
nhau, M4y gia t8¢ synchrophasotron vdi hiéu Wng hodi tu manh duge xay
dung tai thinh ph& Serpukhov, Nga, nim 1967, cho chiim proton ning lugng
76 GeV, cudng d6 2.107 pA (10" hat/xung va 8 xung/phiit). Gia s& ning
Iwgng proton trong mot vong quay 1a 190 keV nén trong mét chu k¥ gia tdc,
hat bay khoing 4.10° vdng. B4dn kinh vdng nhdn cila mdy gia t8c bing
236,14 m, Ong chin khong ¢6 chiéu cao 11,5 cm va chiéu rong 17 cm, chiéu
dai 1,5 km.

6.4.3.4. Synchrotron

Né&u trong mdy gia tdc cyclotron tf trudng khong thay déi theo thdi
glan ma ting theo bdn kinh nhy sau

B(R) = B (6.61)
JI—(RR Y

Trong 46 R.. = ¢T/2m, thi chu ky T s& khong thay déi theo bdn kinh. Khi d6
su ting chu k¥ do hi¢u dng twong 461 duge b trir bdi sy ting (Y rding theo
bén kinh. Mdy gia tdc x4y dung theo nguyén tdc ndy goi 12 mdy synchrotron
hay isochron-cyclotron. M4y gia tdc synchrotron lam viéc theo ch€ dé lién
we nén dong hat ¢é cudng 46 khd cao, vae ¢d 0,1 - 1 mA, va v6i nang lugng
twong d5i tinh. Nhwge diém clia miy gia t6c ndy 1a quy dao cdc hat khong on
dinh theo chidu cao nén phai ding cdc bién phép k¥ thuit phic tap d€ &n
dinh lai. Nang lugng cuc dai cia synchrotron 1a 1 GeV d8i vdi proton, thong
thudng cdc may gia td¢ cho chiim hat proton nang lugng 50 — 100 MeV. Mdy
gia t6c nay duge st dung d€ tao nén chim mw-meson ¢6 cudng do 1dn, goi la
xwdng meson, d€ nghién citu cdc phdn ¥ng clia m-meson.

6.4.4. Cdc may gia toc electron

Miy gia 8¢ cyclotron khong ding d€ gia 8¢ electron duge do khdi
Irgng cia nd ting nhanh va tdn s6 quay giam ngay khi nang lugng electron
mdi dat ¢ 10 MeV. Cic mdy gia 18c ddc bict d€ gia t8c electron la
microtron va betatron.

6.4.4.1. Microtron
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Hinh 6.12 winh bay so d6 nguyén tic céa microtron, trong d4
electron dudc gia t&c¢ bdi cac xung dién trudng trong o trudng dong nhat va
khong ddi. O ddy cdc electron duge bin vao budng gia 10¢ khdng phdi ¢ tam
tr orudng ma d mép cla né. Ngudi ta dat mot hop cong hwdng & chd 18y
chim eleciron ra ngoai. Trong hdp cdng hudng, o sau mot vong quay
electron nhin dugc mot nang lugng 0,51 MeV, diing bing ning lugng tinh
cda electron. Do d6, theo cong thifc (6.59), chu k¥ & vong thit k 13 bdi s8 ciia
chu k¥ d vong thif nhat:

i
T = kT, =k 2™ — (6.62)

Bq 1-v/?

1 3

Hinh 6.12. Mdy gia 8¢ microtron
1. Hop cOng hudng; 2. Mién ti¥ truding; 3. Qu§ dao cila electron.

Do d6 cdc electron roi vio hdp cong hudng diing vao thdi diém gia
tdc trong mdi vdng quay. Céc electron s& chuyén dong theo cdc vong tron
v6t bin kinh ting din ddng thdi 14t cd cdc vong nay ti€p xtic vdi nhau trong
hop cOng hudng. Cic may gia t6c microtron c6 thé lAm viéc cd theo ch& dp
li€n tyc 13n ch& d xung. C4c m4y gia t5c microtron thudng ¢ nang lugng
4-30 MeV, ning lugng gidi han vao khodng 50 - 100 MeV. Cudng d6 cham
electron gidm nhanh khi ting ning lwgng, ching han ¢3 100 mA § ning
lwgng 13 MeV va gidm d&€n 0,05 mA & ning lugng 30 MeV, Cic wu di€m
chinh cda mdy gia t6c microtron 1 viéc dita chiim tia ra don gidn, d6 don
nang cao ciia chiim hat va cuding d6 dong hat cao.

6.4.4.2. Betatron

M4y gia 8¢ electron phd bi€n d6i véi electron nang luong thip la
mdy betatron (Hinh 6.13). Khdc vdi cic mdy gia t6c khic, trong mdy
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betatron, dién trudng khong phai dwa vio ¥ bén ngedi ma 12 tao nén do sy
thay d8i nhanh t tradng theo thoi gian theo phudng trinh Maxwell:
. 190B .
mtE=- ——— {(6.63)
cdt

Pién trudng sinh ra theo phuong trinh (6.63) cé dudng sic 1a cic
dwding tron déng tam. Khi d6, nhd tinh siéu twdng d6i cha electron, c6 thé
chon dang phu thudc ban kinh B(R) cia tif trudng sao cho ban kinh qu¥ dao
electron khéng d8i theo thi gian.

Cic mdy gia (8¢ betatron ¢6 thé gia t8¢ electron d€n ning luong 50
MeV, véi nang lugng cao hdn thi nam chim qud i¢n. Cudng 4 chim
electron trung binh ¢8 107 pA véi 10” - 10" hat trong mét xung. Nhuge digm
chinh clia mdy gia t6c loai nay la khong th€ dwa chiim electron ra ngoai, do
d6 né dude dung dé sinh cdc bifc xa ham.

Hinh 6.13. Mit c{t ditng ciia méy gia t3c betatron.
1. Budng gia toc clectron; 2. Céc cudn ddy cda nam chim dién.

6.4.4.3. Mdy gia téc vdi cdc chiom hat gdp nhau

Céic mdy gia téc vdi cac chim hat gip nhau ding dé nghién cttu cic
qud trinh ¢ nang ludgng si€un (wdng déi, trong d6 khong phdi mot hat chuyén
dong va cham vdi mot hat bia difng yén ma 1a va cham giita hai hat chuyén
ddng c6 ning lugng bing nhau. Pitng vé mit st dung nang lugng, miy gia
8¢ vdi cdc chim hat gip nhau ¢6 151 hon may gia t6c thong thudng. That
vy, gid s trong mdy gia t0c thong thutng hat vao v6i dong néng E tuong
tic v&i hat ding yén c6 cing khdi lugng con hai hat nay khi bay gip nhau
v4i d6ng ning ciia mbi hat 13 E, thi v6i diéw kién cing ning kxgng trong hé
tdm quén tinh cia hai hat, lién hé gitfa E va E, nhw saw:

2EF*

E=—"+4E, (6.64)

m
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T¥ cOng thifc (6.64) ta thdy ring, trong mién khong twong 461, khi
E, <<m, thi E ting tuy&n tinh theo E,, nhv viy mdy gia t6¢ cdc chum hat gip
nhau khdng c¢6 Ioi the hon mdy gia t6c binh thuong. Con trong mién siéu
twong déi tinh, khi E, >> m, thi E ti I& vd§i binh phuong cda E,, nghia 1a ting
tdt nhanh. Ching han, d6i vai mdy gia tdc sychrophasotron & Serpukhov vdi
nang lugng proton 76 GeV, khéi lugng proton bing 0,938 GeV, thi ta nhin
ducic gid tr1 E, = 5,5 GeV. Di€u d6 ¢6 nghia ring mot mdy gia 15¢ v6i cac hat
proton gap nhaw c¢é ning ludng 5,5 GeV trong dudng vl mdy gia t8c
Serpukhov khi nghién cifu qué trinh lwong tac proton-proton. Lgi thE nay cda
mdy gia t5c v6i cdc chim hat gdp nhau thé hién rat 6 d6i voi electron,
chﬁng han véi E, = 1,5 GeV ta duge E = 9000 GeV. Vi viy cdc mdy gia toc
véi cdc chilm hat gdp nhau chii yéu st dung cho tuong tdc electron-positron,

6.5. BAITAP
6.5.1. Cdc hai tdp vi du

Vidu 6.1. Hay tinh s6 phin hach U™* trong 1 gidy tng vdi cOng suit
I kW,

Bai gidi. M1 phin hach U™ gidi phong nidng Jugng 200 MeV. Mit
khic 1 kW = 6,26.10" MeV/s. Do d6 | kW tng vdi s8 phin hach trong |
iy la:

6,25.10"
¢= ————— =3,1. 10" phin hach/s.
200

Vi du 6.2. Hay tinh khoi Jugng U™ d€ nhin duoc nang luong |

MWxungay trong 10 phin &ng neutron nhiét.

Bai gidi. $§ hat nhan U™ tng v4i kh&i higng m la:

6,625.107 R
N= l\f‘—"‘ m= —6-—-—m =2,56.10°" m hat nhan {m tinh theo don
A 235
vi gam),

Néng Itgng 10a ra khi phan hach m (g) U?* la:

E = NE;=2,56.10°" m x 200 MeV = 5,12.10® m MeV,

Do 1 kW =6,26.10"° MeV/s nén 1 MWxngay = 5,4.10° MeV.

Viy khoi lugng U™ wng véi nang ludng 1 MWxngay do phin hach
dudc tinh tir phudng irinh E = 5,12.10% m MeV = 5,4.10” MeV. Tir phvong
trinh nay ta dude my = 1,05 g
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Khi neutron nhiét twong téc vdi U™, ngoai qué trinh phin hach véi
tiét dién o; con ¢6 qud trink (n,y) vdi i€t dién o, Nhu viy khéi lugng U™
gdm khoi lwrgng my do phdn hach va khdi ludng my, do qud trinh (n,y):

im o
m=m+my=m ([ +—)=m(l+ )
my Oy

Tiét dién phan hach va phin tng (n,y) 45i v6i neutron nhiét bing
o; = 582 barn v ¢, = 112 barn, do dé:

m=me{l +0,17y= 1,23 g.

Vi du 6.3. Hiy xdc dinh mét 39 thong lugng neutron trung binh trong
16 phdn Wng ddug nhat c¢6 100 kg U™ lam viéc § cong sudt 200 MW.

Bai gidi. Xét cong suat nhidt tod ra cla mdt y&u t§ thé tich dV vdi
mit do hat nhan U trong y&u 13 d6 bing N va mit d thong lwgng neutron
la . V6i it dién phan hach vi m6 bling of thi s& phan hach trong 1 cm’.s
trong yéu to niay 1a NoiD phin hach/em’ s. Do mdi phdn hach tod ra ning
lugng E; = 200 MeV nén cdng sudt nhiét t0d ra trong y&u & thé tich dV
bing:

dP = ENgddV MeVis

Cong suit tod nhiét trong toin thé tich 16 phdn tng 1a:

P = ENo; J‘cp dv MeV/s = ENo @ V MeV/s

= 1
Trong d6 @ = ;/— Iq) dv 13 mat d6 théng lugng trung binh. Thay gid

wi B, = 200 MeV ta dugce:
P= ! No; @ V kW , trong d6 ¢ = 3,1. 10" phdn hach/s nhu da tinh

c
trong vi du 6.1. T ¢6ng thiic trén ta dudc:

cP
= neutron/cm’>.s

B No,V
Thay sé:
N N
O NV = O —ApV = —Am
A A
, 6,025.10% ,
=582.10 % m> ————x100=15m"

)

¢P = 3.1. 10" neutron/(kW.s) x 200.10° kW = 62.10" 5™
D =4,1.10" neutron/m’.s = 4,1.10" neutron/cm’ s.
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Vi du 6.4. Trong mdy gia t6¢ tyé&n tinh, cdc hat tich dién chuyén
ddng qua mét hé cdc dng ndi vdi cac cye lién 1i€p ngwge ddu nhau cda mot
mdy phdt cao 1an, Viéc gia toc x4y ra tai cac khodng trfng giifa cdc 8ng. Gid
sif cdc proton dwge bin vio may gia 8¢ véi niang lugng E, = 2 MeV va gia
tdc dén nang lwgng E = 20 MeV. Tai mdi khodng wrdng, hat nhan thém ning
lugng AE = 0,5 MeV. Tin s8 mdy phat 1a { = 100 MHz. Bé qua chiéu dai
khodng trong gitta cdc 6ng, hdy tinh:

a) Chiéu dai 6ng thi n, néi riéng 8ng th nhit va dng cudi cling.

b} Chiéu dai clia todn mdy gia tdc.

Bai gidi.
a) Chiéu dii cda n-1 n n+ ]
éng thit n bing (xem hinh + +
0.14): |_| ’_l
L= v, U U
2 ! . T
Trong d6 T = - 1a Hinh 6.14

chu k¥ mdy phdt cao 1dn cdn v, 12 vin (8¢ cda hat trong &ng thit n. Ning
lugng todn phén cda hat tai 8ng thit n 12 W, lién h& vdi vin téc hat ahu sau:

5

W, = L,do dé V;,:Cm
m n

Viy: L, = —;—vn = % \/1-— (mcszn)z

V6i W, = E, + mc” ; trong d6 E, = E, + nAE ta ¢6, trong trudng hop
khéng tuong déi tinh:

2E, [2(E.+nAE)
Vo=¢C Ty = a2
mc mc

Thay s8: m¢’ =938 MeV; E,=2MeV ; AE=05MeV ; f= 10° Hz

L,=49J4+n cm.

S8 8ng: N = ® _1 =35dng.
AE

D6 dai 6ng dau tién va Sng cudi cling:
Li=4,9 V4+1 =11cm

Lys=4,9 V4435 = 30,6 co.

b) Chiéu dai m4y gia toc:
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L=

=z

n

N
L, =49 [4+ndn
! 1
2
= 4,9><§ [(4+ N~ (4 + 1] =759 cm =~ 7.6m.

Vi du 6.5. Céc hat electron va proton chuyén ddng theo quy dao tron

trong tf trudng déu B = 1 Tesla. Hay xdc dinh:

a) Chu k¥ quay vad bdn kinh quy dao, cho biét dong ning cda hat

bing E = 10 MeV.

208

h) Ddng ning cia hat, cho bi€t bdn kinh R = 10 ¢m.

Bai gidi.
2nm
Chu k¥ quay clda hat: T = ————on
Bqv1-viic
my p

Bén kinh quy dao cia hat: R = — === = —
Bq i-v’/c*  Bq

Ning luong toan phin cla hat twong d6i tinh:

W=E+me’= ——e
1-viic?
2 2
p= m\; ,dods = ,P va
1—v-/e” ¢ ptmeg
W= mcﬁ =cyp +mic’
L= viic?
] 3
Trdé p= — yE(E+2mce™)
c
27m 2 n(E+ me’
Nhirvidy T = — = ( 5 )
Bq\/]—v“;’c“ Bqc
Ro P VE(E+2mc’)
Bq Bqgce

a} Cho trude E = 10 MeV

Tinh T d61 vdi electron: me® = 0,51 MeV q=¢;B=1T,ta dudc
T=7,3310"5s

Tinh T d6i v&i proton: mc’ =938 MeV ; g=e¢;B=1T,ta dugc
T=6,6.10"s



Tinh R d8i vdi electron: R = 3,5 ¢cm
Tinh R d8i v3i proton: R =46 cm

b) Tinh E qua R tif phwdng trinh E* + 2mc’E - (RBge)® = 0

Chotrudc: R=0,1m;B=1T

P&i vdi electron:

me* =051 MeV :m=91.10"kg:q=e=1,6.10"C.
RBe  0,x1x1,6.107"
me  9,1.107"'x3.10°

E = 0,51x[ 1 +58.6° —1] =29,5 McV
D1 véi proton:
me’ =938 MeV ;m=1,67.10"kg;q=e=1610"C

RB 0,Ix1x16.107"
. : =0,032

me  1,67.10°7 x3.10°

E = 938x[ /1 + 58,6 —1] = 0,48 MeV.

= 58,6

Vi du 6.6. Céc hat proton, deutron va alpha dudc gia tdc trong
cyclotron dén ban kinh cong R = 50 cm. Hay xdc dinh:

a) Dong ning tai cudi mdy gia tdc, cho bi€t ciming tir B = [ Tesla.

b) T4n s& t&i thi€u cda mdy gia tdc dé dat duge dong ning E = 20
MeV & cudi may gia téc.

Bai gidi.

a) Tham khdo vi du 6.5. POng niing ciia hat dwgc xdc dinh qua bin
kinh R nhu sau:

E = me? [4/1+ (RBg/me)’ - 1]

&1 vdi proton:

me® =938 MeV ;m=1,67.10" kg ;q=e=1,6,10""C

RBe  0,5x1x1,6.107"

me 1671077 x3.10*

E, = 938x(/1+0,16” ~1] = 12 MeV

béi vdi deutron:
mc”=1875,5MeV :my = 2m,;q=¢e=1,6.10"C

= 0,16
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RBe  0,5x1x1,6.107"
= -7, 8:0‘08
me  2x1.67.107° x3.10

Ey= 1875.5%[ /1 + 0,087 1] = 6 McV

D3I v6i alpha:

mc® = 18755 MeV ;m, = 4m, ; q=2e¢ =32.10"C
RBe  0,5xIx2x1,6.107"

- =008
mc  4x1,67.1077 x3.10°

E, = 3726,2%] Jl +0,08° =1] =12 MeV

2 RB
b) Ding cong thic E = me® [ y1+(RBg/me)’ - 1], do —— < 1 nén
me
2 e A s . . 1 RBq, 2 |
¢6 thé viét gin ding E = mc XE(__) = (RBq)"/2m hay Bq = Ev‘ZmE‘
mc
- E
Tinso f= -2 = < | B
2am mR ¥2me
Thay s8:

c=310"m/s ;R=0,5m; E=20MeV; mpcz=938 MeV ;
myc” = 1875,5 ; m,c” = 3726,2 MeV

Nhin dudc céc tin sb to1 thifu:

1, =19,7MHz ; f,= 14 MHz ; f, = 9,9 MHz.

Vi du 6.7. Mdy gia t8c cyclotron khong diung d€ gia tdc electron
duge vi chu k¥ quay T ting khi ning ludng electron ting. P trinh diéu d6
ngudi ta thay ddi chu ky T véi gia s6 AT 1a bdi s cla chu ky trudng gia tdc
T,. Mdy gia t6c nay goi 13 microtron. Hdi electron phai di qua khodng gia toc
ciia microtron bao nhiéu ldn d€ 6 nang luong AE = 4,6 MeV ndu AT =T
cdm Wng t B = 0,107 Tesla va tin s8 trudng gia t8c f = 3.10° MHz.

[ d

Bai gidi. Tham khao vi du 6.5. Chu k¥ quay cvc dai dng vdi ning

2 mAE xe o . .
=~ Sau moi vong quay, chu k¥ ting mot luwong

lugng cuc dai ElA T =
Bqe

] A - . - ~ .
AT =T, = -1;- , trong d6 f 12 tAn s8 trudng gia t6c. VAy & lan electron di qua
quing gia toc 1a:
T 2xAE
= l: Tf = T 5
Bqe

—= f.
AT T
Thay s8: AE = 4,6 MeV ; mc? = 0,51 MeV

o
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B =0,107 Tesla ; f =3.10° Hz
N =914in.

Vi du 6.8. Synchrophasotron 14 mdy gia t6c ma tan s cita dién
trudng gia t6c o(t) vi cdm dng tit B() thay d6i déng thdfi theo thai gian. Hay
xdc dinh quan hé gifta w(t) va B(1) sao cho viéc gia t6¢ cdc hat x4y ra theo
quy dao vi ban kinh khong d6i. BS qua dnb hudng cia dién trudng xod y.

Bai gidi. Tham khdc vi du 6.5. Do chu ky quay T clia hat bing chu

L pea . n 2n 2m(E+ mc’ 2n
ky bién thién cia dién owdng — nén T = _(__.2_) = —. 1t dd
o Bqc W
Bqc®
E= d - mc”.
©

JE(E+2mc’
Miit khéc R = —~(—B-£°~l hay B(E + 2mc?) = (RBqe). Thay bidu
qe

. . Bgc?
thitc cia E vao cbng thife ndy ta ¢6 {
LK
su phy thude clda w(t) vio B(t) nhy sau:

)? -~ m*c* = (RBqc)®. Tit 46 suy ra

c mc’
alt) = —

I
———— ,trong d6 A() = ——
R J1+A%0 RqeB(1)

6.5.2, Cdc bai tdp tyf gidi

6.1. Lo phin ting lam viéc § cOng sudt 5 MW. S8 neutron bi mat do
hdp thu md khong gdy phin hach la 45%. Héi ¢6 bao nhiéu neutron hay ra
khéi viing hoat trong 1 gidy. Cho bi€t mdi phan hach cho ra 2,5 neutron.

6.2. Mit d$ acutron v8i nang lugng nhiét E, = 0,025 MeV bing
N, = 10" neutron/m’, vdi ning lugng E, = 1 keV 1a N, = 10° neutron/m’. Hai
mait d6 thong lugng cia neutron nao 18n hon?

6.3. Nhié1 Jugng tod ra khi dét chdy 1 kg U™ 16n hon bao nhiéu lin
nhiét lugng tod ra khi d6t chdy 1 kg nhién liéw quy udc (Q = 7000 kealofkg)
va nhién li¢u diczel (Q = 10000 kcalo/kg)?

6.4 Hay tinh d6 dai khu&ch tdn cla neutron trong graphite néu tiét
dién vimé tdn xa o, = 4,8 barn va ti¢t dién vi md hip thu &, = 4,5 mbarn.
Cho bi€t khéi lugng ri¢ng cla graphite ta p = 1,6 g/em’.



6.5. Tinh khdi lwgng U™ bi phan hach, bi hdp thu theo phan dng
(n,Y) v t8ng cdng sau 1 nim 1am viéce cla 10 phdn dng neutron nhigt § cong
sudt 150 MW. Cho bi€t X =0,17.

Gf

6.6. 1.0 phan wng neutron nhiét chia 5 tdn wranium vdi do giau
x = 2% U™ . Hay x4c dinh mat d6 théng ludng neutron trung binh khi 1o 1am
viéc & cong suat S0 MW,

6.7. Mot 1o phén Gng lam viéc véi tdi ban ddu 12 3 tin vranium cé 4o
gian 2% U™ vi tod ning lugng 4,1.10° MWxh. Hiy xdc dinh 46 siu chdy
nhién liéu,

6.8. M4y phdt cda cyclotron ¢6 tin s& f = 10 MHz. Hdy xdc dinh thé
gia t8¢ hién dung trén cdc duant sac cho khodng cdch gilta cdc quy dao canh
nhau cita deutron vdi ban kinh cong R = 50 cm bang AR = | cm.

6.9. TAn s6 may phdt clia cyclotron bing f = 10 MHz. Hat o dudc gia
toc d€n bin kinh qu¥ dao cye dai R = 50 cm. Thé hién dung giifa cdc dvant
bang U = 50 kV. BS qua khodng tréng giifa cic dvant, hay x4dc dinh:

a) Thdi gian todn phin gia t8¢c cdc hat.

b) Quing chay toan phin cia hat o trong toan bd chu trinh gia tdc.

6.10. Vi gi4 i dong nang nao thi chu k¥ quay ciia electron, proton
va hat o trong ti trudng khong ddi sé 16n hon 1% so v8i chu k¥ quay ¢ vin
toc khong tudng d6i7?

6.11. P& trong may gia t8c cyclotron khéng xuit hién sy sai léch
trong qué trinh gia t6¢ hat do sy thay d6i chu k¥ quay cla hat khi ting ning
lrong, ngudi ta thay 48i din tAn s8 trudng gia t6c. Mdy gia toc nay goi la
phasotromn.

a) Cin phai thay d3i tin s ru¥ng gia t6c cda phasotron bao nhiéu
phin rim d€ gia (8¢ proton va hat o d€n ning hrong E = 500 MeV.

b) Cin phai thay d6i tAn s trudng gia 8¢ cda phasotron @(t) theo
quy ludt nao néu cho biét cdm @ng tif B va ning lugng trung binh € ma hat ¢6
duwge sau mdt vong quay.

6.12. P& trong m4y gia t6c cyclotron thyc hién gia téc cdng hudng
cac hat thi ¢6 thé thay d8i din tlr rudng sao cho chu k¥ quay clia cdc hat
khong d8i va bing chu k¥ cla trudng gia t6c. Mdy gia td¢ nhy thé goi la
synchlotron. Gid thuy€t ring cdm ng & trong synchlotron ddng nhit va thay
d6i theo thdi gian bing B = B,sinox cdn tin sd trudng gia t8c bing ay. Hiy
xac dinh:

a) Quy Init thay d8i ban kinh quy dao cic hat theo thoi gian.

302



b) Gidi han thay d6i bdn kinh quy dao eleetron dude gia 16c ty ning
ltong 2 MeV dén ning lusng 100 MeV. Cho bidt o, = 7.10% rad/s vi @ = 314
rad/s.

6.13. Trong mdy gia téc synchrophasotron, cic proton dugc gia 16¢ tir
néng lugng 0,5 MeV d€n nang lugng 10° MeV, bdn kinh quy dao bing 4,5 m,
Cam Ung ti ting theo vin t6¢ B = 1,5 Tesla/s. Hay xdc dinh:

a) Cdc gidi han thay d6i tin s6 clia dien uudng gia t5c va thsi gian
gia tdc toan phan.

b) DB ting ning lugng cla proton trong mt vong quay.

¢) Quang dudng di va s& vdng quay ciia proton trong ci chu trinh gia
téc.

6.14. Trong m§t mdy gia t§c tuyén tinh cdc ng c6 chiu dai gidng
nthau L = 6 cm. Hiy xdc dinh cdc gidi han vé tdn s6 mdy phat cao 1n dé gia
tdc proton va electron tif ning ligng 5 MeV dén nang hrong 50 MeV.

6.15. Mot trong cic khd nang ting ddng k& ning lugng ciia cdc hat
va cham 1a st dung cdc chim tia gip nhau. Hiy xdc dinh dong ning ciia
proton bay vao tin xa vdi proton ding yén sao cho dong ning téng cHng cla
ching trong hé toa d6 phong thi nghiém bing déng nang tong cOng trong hé
phong thi nghiém dGi véi hai proton chuyén dong gip nhau vdi ddng nang
mdi hat 13 50 GeV.
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Chuong 7

CAC PHUONG PHAP GHI PO BUC XA

Trong vat ly hat nhin thue nghi¢m, cdic phudng phip ghi do bie xa
dong vai ro 1it quan trong. N6 hao gdm tir vide do dac bire xa dén xif 1§ cic
k&L quit do. Trong chudng nay s& trinh bay ba vin d¢ chinh trong phuong
phdp ghi do bite xa 1 cde detector hite xa, cde h¢ do bite xa va cie phudng
phap xUur 1y <0 licu.

Detector bite xa 13 thinh phitn quan rong nhit rong cic thift bi biic
xg. DO Ia cde dung cu do dac dua rén su wang tie e cace hat bie xa véi
vt chat, Trong lich «if phdt (rién ctia vl [y hat nhin. nhi¢u loai detector
dire phat kidn v st dung, nhamg trong chudng nly chi trinh bity cdc loai
detector duge s dung phd bicn hién nay trong vit 1y hat nhiin ning ltgng
thap. Dok cac detector chita khi, detector nhip nhiy v deteetor bin dan.

Cdc hé do hife xa gdm detector bie kg va hé dicn ur xitr 1y tin hidu
vit chi thi k&1 qua do. Ngay nay do k¥ thudt tin hoe phit tncn. hé do bie xa
¢on bao gdm cit mdy tinh PC va phiin mém xtt 1y 8 li¢u. Trong chung nay
¢ trinh bay 4 loai hé do bite xa phd bidn rong vt by hat nhin ning lwdng
(hdp 1A h¢ do gammia, he do alpha, h¢ do beta v he do neutron,

Cidc phudng phip x 1Y k€L qui thye nghiém wong vit 19 hat nhdn
chi y&u dua trén todn hoe thdng k¢ vicde gui trinh hat nhdn L cic gui uinh
ngiu nhién. Trong chitdng ndy s¢ trinh bay cic tinh chit thong k& cia cac Jir
ki¢n thue nghiém, cic phin b xdce sudt o hin, phuang phip cic dat hwdng
die tnmng, ede phép tinh sai s& vi mot s0 die wung thdong k¢ ciin cde hé do
bite xa.

7.1. DETECTOR CHUA KHI

7.1.1. Nguyén tde co bdn cia detector chiva khi

Nguyén tic chung cda detector bite xa I kbt bie xa i gqua mdi
reding vat chdt cda detector, ching trosng tic v cie nguydén 1 va giy néo
ion hoa va Kich thich cac nguyén ur, Dua vao hién nrgng niy ta co hat aich
do, Thit nhit, rong moi (rudng detector xuidll hicn c¢ac ion dudng va jon dm,
Né&u dat moi iruddng vat chdt nay giva har dién cue chia mdt dicn th& thi cic
ion chuyén dong vé cie dicn cve va tao nén mot dong dicén. Khi d6 ¢ 101 ra
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cla detector xudl hién mot tin hidu dong hay tin hiéu th€. Detector chita khi
va detector ban ddn 1am vige theo nguyén 1d¢ ndy. Thit hai, khi cdc nguyén
it kich thich chuyén vé trang thdi co bin chiing gidi phong nang Wedng dudi
dang cic nhip nbdy sing. Viée do cic nhip nhdy sing dé cho phép xdc dinh
duge hat bite xa vao. DAy 14 nguyén tic lam viéc clia detector nhdp nhdy.

Cathode

______________ Tin hiéu ra

Hat bifc xa _%mb Chit cdch dién

Anode c_—[]rR o

T .

Ngudn cao th€ ¢é /77137
thé diéu chinh dudgc

Hinh 7.1. Sd 46 nguyén tic cia detector chita khi.

Detector chita khi 12 dung cu do bifc Xa ma méi trudng vat chal cla
né 1a moi trudng khi. Detector gdm mat hinh try réng trong d6 c6 chia khi,
hat dién cuc duong va dm cla mo6t ngudn dién mot chidu va mach cdc tu
dién vi dién trd 14y (fn hiu ra (hinh 6.1). Detector thuding cé hai dién cuc
hinh tru ddng truc cdch dign véi nhau rit 184, dién cuc & giita 12 mot day dic
con dién cuc bén ngodi la hinh tru réng, khdng gian giita cdc dién cue chita
diy chit khi. Trén hai dién cuc dat mét hidu dién thé tir ngudn dién c6 thé
di€u chink dwge. Theo cdch mic nguén dién trén hinh 7.1 thi didn cyuc & gita
mang dién du’dng nén goi 1a anode con dién cuc bén ngoii mang dién im,
goi 1a cathode. & trang théi binh thudng, chat khi khong din dién va khong
c6 dong di€n chay gitfa cdc dién cwe. Khi mot bic xa di qua méi trudng khi
cda detector, chat khi bi ion héa, cdc electron chuyén ddng (di anode con chc
ion duong, vic ta nguyén t& bi ion héa, chuyén d€n cathode, tao nén dong
dién tic thii ¢6 gid tri bé gita hai dién cue. Dong dién nay nap dién cho tu
dién C tao nén mdt tin hidu 16t ra.

Hinh 7.2 mé (4 cdc duting cong dic trung ciia detector chifa khi déi
vdi hat alpha (1) va hat beta (2). Khi ting hiéu dién thé U giita anode va
cathode thi cdc dudng dic trung ¢6 5 mién.
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D‘ B ;
\gn E
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_____,/
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= o (2)
L=
1 >
0 Ngudn cao th€ U (thang tuy€n tinh)

Hinh 7.2. Pudng dic trung dién tich - dién th€ d&i vdi Sng dém
chita khi.

aj Mién I: Mién tdi hop

Trong mién 1 ¢6 sy canh tranh gifta qud trinh 1di hgp céa cdc ion
ducng va electron t do tao nén nguyén 1 trung hoa, tirc 1a mat di mot so
cap ion, v qud trinh thu gop céc ion vé cdc dién cuc. Khi dign thé U tang thi
van t9¢ dich chuyén cla cdc ion ting va qud uinh tdi hgp gidm, do d6 lugng
dién tich thu gép ciing ting 1én. Detector chifa khi khéng lam viéc trong
mién pay.

b) Mién II: Mién budng ion héa

Trong mién nay, do dién thé 1dn cdc ion chuy€n dong nhanh dén cic
dién cwe v qué trinh tdi hgp gidm manh, Dong dién & 161 ra phu thudc vao
s& ion do bifc xa gdy ra va hdu nhr khong phu thude vao gid tri dién theé U.
Do 46 trong mién nay dong 16i ra bio hda. P4y la mién lam vi¢c cla budng
ion hoa.

¢) Mién HIL: Mién dng dém ti 1é

Trong mién nay cac electron dudc gia tdc vai van tc cao nén sinh ra
cdc ion thit cAp do va cham v8i nguyén tif mdi truding. Két qua 13 lugng dién
tich dude nhan 1én v6i hé s6 nhin dat dén 10°-10°. Do d6 dong 16i ra phy
thude vao dién th€ U va mién nay goi B mién ti 1& gigi han. PAy 12 mién
laim viéc cia 6ng dém i 18,
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d) Mién IV: Mién ong dém Geiger-Muller

Trong mi€n IV, hé 8 nhan ion ting nhanh chéng tao nén qui trinh
“thac 16", Cdc electron sd cip va thit ce’i’p déu dugc gia téc di 1dn nén cé the
sinh ra mdt lugng 1én cdc electron thi cap va thit thi cdp. Dong 161 ra trong
mién nay khéng d8i va mién do goi 13 mién plateau, Pay 13 mién lam viée
cia detector Geiegr-Muller.

e) Mién V: Mién phing dién

Su phdt tri€n § at clia thic 1§ lam ion héa toan bd khi gitta hai dién
cue. Khi d6 ¢6 hién tugng phéng dién, 1a trang thai ¢6 hai déi vdi detector,
do d6 nén wdnh cho detector lam viéc trong mién nay.

Trén co s¢ phan chia cdc mién nhw trén, cic detector chifa khi dugc
phan thanh ba loai la bubng ion héa, Sng d€m i 1& va &ng d€m Geiger-
Muller (G-M). Chiing ta hiy xem xét c4e loai detector nay,

7.1.2. Budng ion héa

Budng ion héa lam viée ¢ mién II cia dudng dac trung cla detector
chifa khi. Trong mién I, khi dién th& giita hai dién cyc bing khdng thi céc
¢ap ion dugc sinh ra trong chat khi lai 1di hgp vdi nhau thanh nguyén tif trung
hoa va vi vay khong ¢6 dong dién chay trong mach. Tang dién th€ 1én qua
viing tdi hop thi mét s& cap ion dat dén cdc dién cue, do d6 xuat hién dong
dién. Néu hing s thdi gian RC ciia mach 16n hon nhiéu so véi thii gian cin
thiét d¢ tap hop 14t cd cdc ion do hat bifc xa sinh ra thi tin hi¢u th€ 16i ra ¢6

bién do bing V =%, trong d6 Q la dién tich tdng cong nap trén ty dién C.

Khi RC rdt Idn thi tin hiéu ra trdi réng va ting dén gid tri tiém can biing %

con khi RC bé, tin hidu tﬁng va dat cuc dai réi gidm din theo thai gian. Véi
méi gid tri hing s& RC ¢d dinh, bién d$ tin hi€u ra ¢§ dinh, phu thudc vao s&
cip ion dudc chuyen vé cic dién cuc. Dién thE cang ting khd ning tdi hgp
cang gidm, do dé sO cip ion chuy&n vé cdc dign CUc cang ting va bién do
cang ting. Khi dién th& dat d&n gi4 tri dd 16n dé chuyén toan bd cic cip ion
v& cdc dién cuc thi bién d6 khéng tang nita, dat d€n gi4 tri bio hoa. Tiép tuc
ting dién thé, s8 cdp ion chuyén v& cc dién cwe khdng tang, do dé doan bio
hoa kéo dii trong mién 11 nhw trinh bay trén hinh 7.2, Budng ion héa lim
viéc & viing bao hda nay cho phép bio dim do nhay cuc dai d61 vdi vigc ghi
do bifc xa va déng th¥i ddm bdo su 8o dinh cda s& do khi ¢6 su thing gidng
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dién thé gitta hai dién cwe. D6 dii mién bao hda phu thudc vao loai chit khi,
ap sudt khi, kich thu6e va bo i hinh hoc cla cac dign cyc.

Bién d6 tin hidu ra clia budng ion héa phu thude vao sd ion sinh ra
trong budng, do d6 ¢6 thé st dung budng ion hda dé€ phin bigt cic bic xa
theo kha nang ion héa ciia ching. Trén hinh 7.2, hat alpha ¢6 d% ion hoa 16n
ng véi dudng cong (1) cao hon con hat beta ¢6 49 ion héa nhd hon, ing véi
duding cong {(2) thdp hon. Chang han, hat alpha sinh ra khodng 10° ¢ip ion
khi di qua budng ion héa, do d6 dién lugng tdng cong cla tin hicw la 1,6.10™"
C. Néu dién dung cla tu dién trong mach detector 1a C = 10°'"* F thi bién dd
tin hiéu thé 161 ra bing:

-14
% =9=ﬂ—1=1,6.10_3 von
c 10107

Hat beta chi sinh ra khodng 10" cip ion trong budng ion héa, do d6
bién d6 tin hidu thé 131 ra khi hat beta di qua budng ion héa la 1,6.10 von.
N&u khuéch dai cac tin hidu nay 1én 1000 lan thi bién d¢ tin hiéu do hat
alpha 13 V,, = 0,16 vdn con bién df tin hiu do hat beta 1a Vi = 0,0016 von.
Tin hiéu 161 ra dude dwa vio may d€m, gdm mot khdi phin biét ngudng va
khoi dém. Pit mic th ngudng Vo, ciia khdi phin biét ngudng sao cho
Vg < Ve <V, ching han Vo, = 0,1 von, thi kh&i d€m chi 4€m s& hat alpha
va bd qua cdc hat beta. N&u ha mitc th€ ngudng xudng dudi 0,0016 von, tic
A Vo< Vp < V, thi khdi d€m sé d&€m tdng s& cic hat alpha va beta. The
ngudng phan 4nh d nhay ciia hé d€m bifc xa, thé ngudng cang thdp thi do
nhay cang cao.

7.1.3. Ong dém ti ¢

Budng ion héa thuin tién trong viéc do higu Ung ion hda tdng cong
gy nén do bic xa ¢ cudng do twdng d6i cao. Thudng ding budng ion d& ghi
c4c hat riéng biét c6 kha ning ion héa 18n va c6 quing chay khdng dai trong
cha' khi, ching han hat alpha hojc beta. D81 vdi cdc bifc xa c6 khd néng ion
héa thip nhy tia X vi tia gamma thi budng ion héa khdng thufn tién do tin
hiéu ra rat bé, ddi khi khdng vugt qud 1i€ng 6n cla hé do.

B& tranh nhude diém dé ngudi ta dung &ng d€m ti 1&. Khi dién thé
giffa cdc dién cye ting qué mién lam viéc cla budng ion héa thi mdt s8 cip
ion s cip c¢6 thé sdn sinh cdc cap ion thif cAp do qud trinh va cham cia
chiing v6i cdc nguyén tlf hay phin tf trung hoa. Pién th€ cang ting thi 6
capion thif cip cang tang va hé s6 tang s6 cap ion theo co ch€ trén goi 1a hé
s& khuéch dai khi. V1 bién do tin hidu 161 ra ting t 1& vdi s8 electron chuyen
d&n anode nén né ciing ting t 1& v6i dién th& (mién III trén hinh 7.2). Ong
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d€m 1 1¢ khéng phai la budng ion héa lam viéc & dién thé cao ma la mit
detector duge cdu tric dac biét d€ st dung 161 wu hiéu ¢ng khuéch dai khi.
Do bien dé tin hi€u 161 ra phu thudc vio dién th€ nén ddi vai éng d€m ti &
can st dung kh#i cao th€ ¢6 d6 6n dinh cao.

Ong d&m i 1¢ ¢6 wu diém & ché, sy ti 1& giifa bién do tin hidu ra vdi
@0 ion héa cla hat bite xa cho phép gidi quy&t nhidu bai todn thuc nghiém
lien hé d&n viée xdc dinh nang Iugng hat bic xa. Ngoai ra, tin hiéu ra cda
Ong dém ti 1& c6 thdi gian bé vao ¢ mdt vai microsec cho phép ting cuding
d6 d&€m bic xa. Ong d€m (i 1€ thudng dugc ding 1am 6 Ong dé€m 4x d€ do hoat
@6 cdc hat nhan phdng xa beta hay xdc dinh phd ning Iugng neutron nhanh
nhd vi¢c ghi va phan tich ph8 ning lugng cdc proton gidt it khi neutron tén
xa 1€n bia chifa hydrogen.

Sy 11 1€ gifa bién d tin hiéu vdi ning lwgng hat bite xa duge st dung
trong vi du hinh 7.3 phan biét cdc bic xa alpha va heta. Pi€m A trén hinh
nay la thé ngudng d6i vdi bitc xa alpha. Khi ting dién th& cao hon thé
ngudng mdt it thi s6 d€m ting vot do t4t ¢4 cdc tin hidu 18i ra d8i véi bitc Xa
alpha déu vugt ngudng d€ di vao khoi dém. Viéc ting dién th& 1i€p theo cho
hi¢u tng khong dang k€ d8i véi t6c @6 d€m va t8c d6 d€m hat alpha hau nhu
khéng doi trong mdt mién dién thé, goi 13 mién plateau. P61 v&i hé do Iam
viée d mién dién thé plateau cila hat alpha thi tin hiéw ra d81 véi hat beta
hay con qua bé so vdi th€ ngudng. Khi ting di¢n th& dén diém B thi bién 46
tin hiéu ra cla hat beta @ 1dn va vuot thé ngudng, cho phép hé dém d€m ci
hat alpha va hat beta. Ti€p tuc ting dién th€, ciing 1ap ludn nhu trén ta duge
mot mi€n plateau mdi cho cd hai loai hat alpha va beta. & mién dién the nay
ta nhin duge 16c 46 d&€m alpha-beta va 1 d6 ¢6 th€ nhin duge tdc d6 dé€m
doi v6i hat beta bing cdch trir k&t qui d€m nay cho k& qui d€m ddi vdi hat
alpha.

Tée db
dém a+p
34
A B |
' »
400 1200 2000 Caoth€, V

Hinh 7.3. T6c d6 d€m alpha v alpha-beta phu thudc vio cao thé ddi
vdéi 6ng dém tf 18,
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7.1.4. Ong d€m Geiger - Muller
a) Nguyén tde hoat djong

Khi G&p tuc tang dién thé qua mién & 1¢ thi sd electron thi cdp ting
nhanh doc theo diy anode. Khi cic electron dip vao ddy nay, ching lam
phét ra cdc tia sdng cuc tim. D&n lugt minh, cdc tia cyc tim lai gidi phdng cic
electron b3 sung tir thinh ngoai 6ng dém. Céc electron d6 duge gia tGe
huéng t6i diy trung tdm, tai dé ching lai lam phdt ra cdc tia sdng cyc tim
khéc. Qué trinh thac i ndy phat mién trong thé tich khi va doc theo ddy
anode. S& electron tang rit nhanh trong §ng d€m din téi sy ting nhanh bién
d6 tin hiéu ra. Detector khi 1am viéc trong ch& do thic 1 nay goi la 6ng d€m
Geiger-Muller (8ng d€ G-M).

Trén mién IV, hinh 7.2 ta thiy, dic trung van t8c d6 d€m — dién thé
451 voi 6ng d€m G-M c¢6 mién plateau, tai d6 tdc dd d€m khong thay ddi khi
ting th& ngudn nudi. Gidi thich hién tugng nay nhur sau: Khi qud trinh thdc 1d
phét tri€n, cdc electron 1a cdc hat twong d8i nhe, dugc ty hop lai rAt nhanh,
con cdc ion 1a cdc hat nang, chuyén dong chim, nén khéng duge tu hgp
nhanh nhu viy. Do dé c6 mdt “Gng” cac dién tich duong chuyén dong chim
hinh thanh xung quanh diy din trupg tim. Khi d6 qud trinh théc 1a bi chdm
dift vi cdc electron rdi vio ddm mdy cic ion duong va bi bt trwdc khi di dén
day trung tam.

Khi qud trinh thac 1fi k&t thic thi ddm may ion nay dén gan dién cye
ngoai, cac electron 1ai bi kéo ra khdi dién cye d€ trung hoa ching. Mot s8
electron rdi viao qu¥y dao ning luwgng cao clia ion duong va sau d6 chuyén vé
quy dao niang lugng thip hdn lam bie xa tia cye tim. Céc lia cye tim dap vao
thanh ngodi clia dng d&€m byt electron ra va tao nén qud trinh thdc 14 md,
qué trinh phéng dién xdy ra lién tuc trong Ong d&€m G-M. Mot trong céc
phutong phap ch&m dit qué tinh thic 1 ndy Ja b6 sung mot s6 khi da nguyén
1 vao thé tich khi cd bin. Khi ¢d ban thudng 12 argon. Cic khi bd sung nay,
ching han hdi rugu, etilen, cé tic dung tao nén mdi trudng hip thy cic bifc
xa tlf ngoai am ngin chin viéc bt cic electron tir thanh dng d€m, va do d6
lam tit qui trinh thic 10. 6ng d6m G-M ciu triic theo phuong phdp nay goi
1a ong dém nu tdt.

b) Ddctrimg plateau

Hinh 7.4 minh hoa dic trung plateau cia 6ng d€m Geiger-Muller.
Piém bit ddu V, 12 dién the thip nhat ma dng d&€m Geiger-Muller c6 thé ghi
dugc bic xa. Khi dién thé ting thi s§ d€m tang nhanh cho d&n th€ ngudng
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V), tir d6 bat diu mién plateau cia dng d€m. Min plateau s 2 dic tring
san diy:

bd dai platean = (V, - V) vén. Thong thutsng dé dai plateau ¢& 100
vin.
(N,—N,)x100

0,5X (N, + N X (V,— V)

D& nghiéng plateaw = %ofvin,
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Hinh 7.4. Ddc trung plateau clia 6ng dém Geiger-Muller.

¢) Thai gian chét va thdi gian hoi phuc

Téc 46 d€m ctia Sng d€m Geiger-Muller dugc xé4c dinh bdi hai thong
s& ¢6 lién quan v6i nhau 13 thdi gian chét va thii gian hdi phuc (hinh 7.5).
Théi gian chél 1a thdi gian ma Sng d€m khong c6 kha ning d&m sy kién ion
hoa G€p theo sau sy kién dang d&€m. Thai gian hdi phuc 1a th¥i gian d&€ khoi
phuc hoan toan kich thudc xung nhw lic mdi bit ddu thdi gian ch&t. Thoi
gian ché€t cda qud trinh phoéng didn gidi han toc d6 d€m cuc dai vi cdc sy
kién xudt hién trong khodng thdi gian chét khéng duge d€m. Goi thoi gian
chét 1a T, tdc d6 d&€m 1a N vi tdc do do dude 1a N, thi:

N
I-N1t

Cdng thitc nay ding khi N1 << 1. Thoji gian chét ciia detector Geiger-Muller
khoang 50 - 200 psec.

Gidng nhwr 6ng d&€m i 18, Sng d€m Geiger-Muller dugc ding d€ d€m
cdc hat bifc xa ion héa riéng biét. Tuy nhién do tin hiéu ra c6 bién d6 khéng

Nl:

(7.1)
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d6i, khong phu thudc vido nang lugng bic xa vao, nén Sng dém Geiger-
Muller khong thé phin biét dude ning lugng ciia cdc bifc xa vao.

Thai Thai gian
gian chét hdi phuc
o

Xung

Thai gian (U1s)

Hinh 7.5. Thi gian chét va thdi gian héi phue cla Ong
d€m Geiger-Muller.

7.2. DETECTOR NHAP NHAY

7.2.1. Nguyén tic lam viéc clia detector nhip nhay

Detector nhip nhdy 1a mét t§ hop gdm hai thanh phan 1 chdt nhap
nhdy vd Ong nhin gquang dién. Khi mdt tia bic xa dap vao tinh thé nhdp
nhay né ion héa va kich thich cdc phin it chit nhap nhdy. Sau thdi gian
(10— 10™) s, cdc phdn 1 nay chuyén v€ trang thdi ¢d bin bing cach phitra
cdc nhip nhay sdng. Anh sang tir bdn tinh thé nhdp nhdy di vao dng nhin
quang dién, tif 46 né bi€n thanh dong dién. Ciing phv trong mach dién 16 ra
cha detector chita khi, tin hidu thé 18i ra cda detector nhip nhdy ciling dugc
18y ra gqua mach RC nhu minh hoa trén hinh 7.6.

Chat nhdp nhiy thudng gdm cdc tinh thé vd ¢d, cdc tinh thé hitu co,
chat nhap nhdy hifu cd 1éng, chil nhip nhdy plastic rin va chit nhip nhdy
khi. Cdc dic trung cd bin clha chit nhdp nhdy 1a cudng dd sdng, thanh phan
phé 4nh sdng va do dai nhip nhdy sdng,

Detector nhdp nhdy ¢é bdn wu diém chinh lam né duge 1% dung rong

— Cuting d6 nhip nhdy, va do dé bién do tin hiu 16 ra, 4 1é thudn
~ v&indng lugng cda hat bife xa.
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Hinh 7.6. Dctector nhip nhdy gém tinb thé NaKT1) va éng nhin
quang dién.

— Mat d8 cdc tinh th€ nhdp nhdy Idn nén ching hip thu manh hat
birc xa, do dé hidu suit ghi 16n. Cdc detector chita khi ¢6 dé hiéu dung gin
100% khi ghi do cdc hat alpha va beta, con déi véi bife xa gamma thi rat
thdp, thudng nhd hdn 1%. Trong lic d6 detector nhdp nhay vdi tinh thé nhip
nhdy rdn <6 49 hiéu dung rit cao d8i véi tia gamma, do d6 ngudi ta thudng
dung dctector nhdp nhay nay d€ do bite xa gamma.

— Thdi gian ddp ¥ng nhanh ciia tinh thé nhap nhdy véi thai gian tré
cd 107 s d8i vdi dung méi hiru ¢o hay chit nhip nhdy khi trd va 10° s ddi
v6i tinh thé v6 cd. Thsi gian thu gép nhip nhdy sing ngdn hon thdi gian tha
gop cdc cdp ion trong cdc detector chifa khi. Do d6 detector nhap nhay
thudng dudge sit dung 4€ d€m nhanh va trong cdc mach triing philng nhanh.

— Tinh thé nhdp nhdy d& ding sdn xuit theo cic dang va hinh hoc
khdc nhau, ddp ¥ng cdc yéu ciu thi nghiém. D41 véi chat nhdp nhdy long, wu
diém nay cang thé hién 6 hon.

7.2.2. Chat nhiap nhay vé co

Chit nhip nhdy v6 co 1a bdn tinh th€ cia mudi vd cd, chifa mot
lugng bé tap chit lam chat kich hoat cho qud trinh huynh quang. Cd ché hinh
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thanh nh&p nhdy sing c6 th€ dude gidi thich theo 1§ thuyét dii nang ludng
cla chdtrdn.

Ch4't nhdp nhiy v6 co gdm cic loai sau day:

— Tinh thé Nal(Tl}: Chat nhdp nhdy vé cd dudc st dung phé hi&np 1a
iodine sodium, dude kich hoat bdi thallium NaI(T1). Tinh th& Nal sach 13 chat
nh&p nhdy chi § nhiét dd nitd 18ng (-192°C). N6 ird thanh chit nhip nhiy &
nhiét d& phong thi nghiém khi thém vio mot lugng nhé thallium. Tinh thé
nhip nhdy Nal(TD cé cudng d8 sing rit cao vi phu thudc myén tinh vio
ning lugng hat bitc xa. Do dé Nal(T1) dugc s& dung 5t trong cdc hé ph@ ké&
gamma. Tuy nhién do xung sidng cd dd dai kha 16n, ¢d 230 ns, nén khéng
thuin tién khi sit dung trong cic sd d8 d€m nhanh. Vi tinh th€ nay dé hit Am
nén né dugce dit trong mdt vé nhdm kin vé ba phia, mit con lai duge ddn vao
cla s& ong nhin quang dién d€ tia sdng tir chit nhap nbdy di vado &ng nhin
quang dién. Trong 8ng nhin quang dién, tia sang chifu vao photocathode
lam bin ra cic electron va cdc eleciron nay bin vao cic dynode vdi dién thé
duong ting din, lam ting s8 electron thi cip. & 181 ra 6ng nhin quang dién
xudt hién mot tin hiéu dién trén dién trd R.

— Tinh thé CsI{Tl) va CsI{Nu): Cesium iodine ¢6 mat dd riéng 1dn hon
sodiuvm iodine nén hé s§ hip thu gamma 16n hon va duge st dung trong céc
hé do cdn kich thudc vita phai. Tuy nhién nhuge diém ciia tinh thé CsI(TI) 1a
cudng 46 sdng bé hon va dd dai xung 16n han so vdi tinh thé Nal{Tl). Ngoai
ra n6 con gidn va d& v3 nén phai cAn thin khi sit dung.

— Tinh thé Lil(Eu): Tinh thé nay dudc si dung phd bién khi ghi do
neutron.

— Tinh thé Bismuth Germunate (BGO): Un diém ndi bit cia tinh thé
nay la mit do rdt cao (73,3 g/em®) va s8 nguyén tiy 16n (Z = 83) nén cé tiét
dién hiéu ¢ng quang di€n Idn. Cudng dd nhidp nhdy sing bing khodng
10-20% so vdi Nal(T1) va d6 phin gidi ning lugng kém hon Nal(Tl) khodng
2 1an.

— Tinh thé Burium Flyoride (BaF.): Uu diém chinh cilia tinh thé nay 13
c6 sO nguyén tlf 16n va thdi gian xung nhip nhdy dudi 1 nano gidy. Do dé
tinh th€ BaF, vita ¢ hidu suit cao vira dap @ng nhanh.

— Tinh thé ZnS{Ag): Chat nhip nhdy niy cé hi€u suit rit cao so véi
tinh thé Nal(T1). Tuy nhién né chi dugc sin xuit dudi dang bét da tinh thé
nén d6 day khéng vugt qua 25 mg/em?®. Khi bot ZnS(Ag) dav hon thi 1dp da
tinh (hé ngin cdn dnh sdng nhip nhdy kha manh. Pham vi #ng dung cia chat
nhip nhdy nay bi han ch& cho hat alpha va cdc ion niing.
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~ Tinh thé CaF(Eu): Dy la chdl nhip nhdy v6 cd khong bi 4m va
tro nén ¢6 thé ding noi ¢é didu kién moi truding khidc nghiét. N6 it bi giy vé
va khong phin dng, c6 th€ sit dung trong dié¢u kién chin khéng.

— Tinh thé CsF: Chat nhdp nhdy CsF c6 kha ning phin gii thdi gian
cao nén sif dung nhidu trong cdc phép do thdi gian nhung hidu suit lai rit
thap, chi bang ¢3 5-10% so vdi tinh th€ Nal(T1).

— Chdt nhdp nhdy thiy tink; Cdc chat thiy tinh nhip nhdy hién dai
Jam tr cdc hgp chat cia Si0,, LiO», AlLOs, MgO va Ce,0O; va déi khi c6
thém BaO d€ ting mét do. Cudng 4 nhip nhdy sing vio khodng 20-30%
cia chdt nhip nhdy anthracene. Chat nhdp nhdy thiy tinh dudc sif dung d&
do cdc bife xa beta va gamma trong diéu kién moi rudng khic nghiét. Vi dy
nht moi trudng ¢ héa chit in mon hay nhiét d6 cao. Thifi gian nhip nhdy
clia chdt nhap nhdy tinh thé vaoe khodng 50-75 ns, thudc loai trung binh giita
chdt nhap nhdy hiru cd nhanh va chat nhip nhiy v6 cd chim. Do thily tinh c6
thé chifa cdc chit phong xa tf nhién nhu thorium hay potassium nén phdi cin
thdn khi st dung trong cdc hé do phong phéng xa thap.

— Chdt nhdp nhdy khi: Mot vai chit khi sach nhu xenon hay helium
¢6 thé lam cha't nhdp nhdy. Uu di€m chinh cia chit nhap nhdy khi [a 48 dai
xung nhdp nhdy rdt ngdn, vao khodng vai nanosec hay nhd hon, thude loai
detector ¢6 phan gidi thii gian t6t nhit. Uu diém ti€p theo 1a ¢6 thé ché tao
detector ¢6 kich thudc va hinh dang thy ¥. Tuy nhién nhuge diém chinh cla
chit nhap nhay khi 12 hiéu sudt rit thip, vio ¢d 3-10% so véi chit nhap nhdy
Nal(Tl).

7.2.3. Cha't nh&p nhiy hifu ce

Lyc lién k&t phin tlf trong tinh thé hitu cd bé so véi hic 1dc dung
trong tinh th€ v& co. Vi vdy khi tuong tic cdc phin t& thudng khong kich
ddng cic mic ning hrgng electron cia cdc phin i khic va qud trinh phat
nhidp nhdy cia tinh thé hitu ¢d 14 qué trinh ciia riéng tirng phén ti.

Chat nhdp nhdy hitu cd gdm cdc loai sau day:

- Tinh thé hitu co thudn tity: Anthracene va stilbene 1a c4c chat nhap
nhiy hitu ¢d thudn tiy duge sit dung phé bi€n nhi't. Anthracene c6 hiéu suit
cao nhdt trong s6 cdc chat nhdp nhdy hitu ¢d cdn stilbene ¢ hidu sudt trung
binh va d9 dai xung nhip nhdy khodng vai nano gidy. Tuy nhién hai chal
nhdp nhdy nay twong d6i d& vd va khé sdn xuit véi kich thude 16n.

- Dung dich nhdp nhdy hitu co: Chit nhdp nhdy nay dudc st dung
trong dung mdi hitu c¢d 1dng. Do ¢é hiéu suft ldn, né dudc ding d€ do hoat
d6 beta nang lugng thdp nhu cda C'" va tritium, M4u phong xa cin do dudc
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tron vao dung mdi nay. Lo dung dung mdi c6 chat phéng xa dit gilta hai dng
nhin guang dién trong budng 5i. Hai Ong nhan quang dién s& ghi cdc chdp
sang do chit nhip nhdy phit ra. Do sy tiép xic trye uép gitfa mau duge do
va detector, detector nhip nhdy léng 1a thi€t bi do ¢ hiéu suat cao d6i vdi
cde hat tich dién va cdc tia gamma nang lugng thadp (hinh 7.7).

Dung dich nhap nhay

6ng nhin
quang dién

6ng nhin
quang dién

Anh sing
nhap nhdy

Hinh 7.7. B6 ri miu va detector trong detector nhdp nhdy hitu co.

~ Chdt nhdp nhdy plastic: Chit nhdp nhdy plastic 13 dung dich rin
ciia cdc hop chit hitu cd nhip nhdy trong vt liéu trong sudt thich hdp.
Ching han cic dung dich anthracene hay stilbenc trong polystirole hay
plexiglass. Nong do vat licu nhdp nhdy cla dung dich thudng nhd, chi viio c8
vai phin tram trd xudng. Chit nhap nhdy plastic ¢6 do dai xung rit ngin, cd
val nanosec, rit phit hgp vdi cic h¢ d€m nhanh vd hé ting phing nhanh.
Chi't nhap nhdy hitu co con ¢é v diém 1a ¢6 thé sdn xuat véi kich thude rit
1dn, ¢6 thé b8 sung cdc tap chi't cdn thi€t d€ dich chuyén phé nhdp nhdy phix
hgp v6i photocathode clia 8ng nhin quang dién hay theo yéu ciu thi nghiém,
¢6 thé dang trong chin khéng, .

Cic tinh thé hifu ¢o ndi chung rit thuin tién trong viéc do trire ti€p
céc hat alpha va beta, hay cdc neutron nhanh théng qua viéc do cac proton
gidt 1i. Do cdc tinh thé hitu cd ¢6 58 nguyén ti¥ thip nén déng gop cia
phdng gamma khong dédng k€ vi 1i&t dién phdn Ung quang dién clia gamma
nhé va chi ¢6 mit hiéu (ng Compton trong mién ning lrdng thudng quan
tim.
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Bing 7.1. Cic dic trung ciia mdt s6 chdt nhip nhdy thudng dung.

Chatnhap | Mitdo | Do daisong Bién d6 tin Thoi gian
nhdy (glem’y | phdtxa cue | hiéuwong d6i | phanra (us)
_ \ dai (A) )

Nal{Th 3,67 4100 210 0,25

Csl(Th 4,51 Xanh 55 1,1

KI{ThH 3,13 4100 50 1,0

Anthracene 1,25 4400 100 {3,032

Trans- 1,16 4100 60 0,0064

Stilbenc

Plastic 3550-4500 28-48 0,003-0,005

Léng 3550-4400 27-49 0,002-0,008

p-Terphenyl 1,23 4000 40 0,005

7.2.4. Ong nhan quang dién

6ng nhén quang di€n tao xung dién khi c6 dnh sing y&u chi€u vao
né, ching han 46 13 c4c nhip nhdy sdng sinh ra do tia gamma tic dung 1én
tinh thé nhdp nhdy. N6 gdm mot photocathode, quay vé& cta s§ dén nhén
nhip nhdy sing, mdt s§ dién cve kim loai, goi 1 céc dynode, b8 tri theo mdt
hinh hoc dac biét, va mét anode. T4t ¢4 cdc photocathode, dynode va anode
dugc dit irong mot Gng thiy tinh chin khéng cao (hinh 7.6).

Anh sdng chi€n vio photocathode lam sinh ra mdt electron ning
lugng thip (tr 0,1 eV dén 1 eV) do tuong tic quang dién. Sav d6 quang
electron dugc gia t3c hudng (6i dynode dudi tic dung cia dién thé cd 50 dén
100 vén. Khi d¢&€n dynode dau tién, electron ¢6 dong nang dii 16n (cd 50 eV
dén 100 eV) va do va cham vdi dynode, electron nay c6 thé sinh ra mot s&
electron thi cdp, khodng 1 d&n 10 hat. C4c electron dé lai dudc gia toc
hudng t6i dynode thif hai va sinh ra mdt s6 electron vdi hé s5 nhan nhy trén.
Mot 6ng nhin quang dién c6 klhoéng 10 dynode, do d6 tai dynode cudi cling
c6 khodng 10° dén 10° electron sinh ra, xuf phdrt 1t mot quang electron ban
dau, Tai anode, cic electron nay tac mdt xung dién vdi bién dd cd vai

microampe va kéo dai khodng 1 micro gidy.
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7.3. DETECTOR BAN DAN

7.3.1. Nguyén tic lam vige cia detector bin dan

w) Cidutriic cdo dai ndny heone trong chat b ddn

Nguyén (de lm vice coa detector bin dian cling gidong nhu budng ion
haéa, trong dé thay moi rudng khi biing moi tradme riln o6 d6 din dicn (hip.
Cic birie xa nhu alpha, beta, gamma (tong tde vk cic nguyCn f trong micn
nhay cia detector sinh ra cic clectron do hicén dmg ion hda v do dd tao tin
hicu dién 131 ra. Vit licu thudng ditng trong detector hin din 1 silicon (Sh
v germanium (Ger, Bire xa vio véi ndng lidng off 3.5 ¢V e the o nén
moL cap ion trong chidl hin din. DE so sinh. o hdly ning fucng b v ed 34
eV mdi wo nén motedp ion trong ¢hit khio Nt vy detector hin dim cho tin
hicu dicn o 10 1dn 16n hdn tin hicu dién trong chat khi do cling mdt bire xa
widy nén. Bicn dd xune dicn G018 vdindng higng bae xa vio, do do detector
hin din duge dimg dé do phd ning lung bire o

Cac electron qui dav (rong npuyen U7 (G0 Wi G cic mic ning hong
xdc dinh. Trong vt rin, cic mite ndng ludng do got 1 cic ddi ndng ludng
(Hinh 7.8). Da1 ndang lrdng cao nhdl goi v didi héa e D31 ndng hiong how
cdch dii din bdi mot micn goi 13 cic dai cdm. DG rong cia dii ¢im trong
chil ban din Si hay Ge vio khodng 1 ¢V trong hic dit cim trong ¢hit cdch
dién khodng 5 ¢V. Bite xa on héa ¢o the cung ¢ip niing lwdng cho clectron
d¢ né o hE chuyEn ar dai hoa oi vuot qua dai cim chuyCn 180 Lii dan. Khi

chuyén gua dii din. clectron d€ lai 16 wdng rong didi hoa i,

i din

*.
/ = | eV [Xii L'EAIIIII

Bire xa vao /

Dii hda tri

[finh 7.8, Hinh thitnh ¢ap clectron - 13 rdng (rong chit hin din
® : Electron O L6 rong.
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P)Swe dich chuveén ciia electron va 1o teing trong dien trione

Qui trinh chuyCn clectron wr didi héa i 16n dai din 1 quii trinh Jon
how Vi cdp clectron 10 trdng ¢6 the so simh véi cip ion 1 g chill khi.
Trong detector chita Khi. cie ion diring vi i chuvén dome dén cie cure
dien. Trong detector hdn ditn, cie electron thl\LI] oy VO U duriing cOon o
lan cling thl\LIl dong d&n dicn e am nhurmy thge s khang ding nghia
nhu trong chit khi. 1.6 trong dich chuy&n tir vi wri nay sang vi i khide néu
clectron v31 khoi moL v tri trong dai héa i dé chidim mot VI eh 1D unn"
khie, Vi b rong do clectron ba di 1 16 rang madi. Do clectron cb
hidng chuyén dong v& phia ¢ durng nén 0 1rong dich chuvdén & phia cure
am.

) Chat bda din logi nova chdt bdn din loai p

Cic nguyén 16 81 vd Ge huoe ¢of thir 1V rong hane win hoim
Mendeleev, do do cdc nguyén 1t Siva Ge ¢o 4 clectron hoa tri. Trong tinh
th&, cide nguy<n 0 ndi vii nhau biing cie mdi licn héL cong haa tri. Khi tunh
thd hip thu ning ludng cic moi e ket niay bi pha vat chi cian 1012 oV @
PICmot trong cie electron hoa i trong Sira ngedn J¢ tao nén mol ¢ ap on
Electron ar do viv 10 triing dé dang chuyCn dong rong 1inh thé. NEu vt héu

sach ¢hi ¢d Sihay Ge thi <0 clectron 0 do v soi réme bing nhau. Vit ién
nhu vay gor L chidlt bin Jan thuin, NS chiat bin din o6 1in tap chit thy &
clectron e do 6 th¢ nhidu han hay it han o 16 wdng. Sy hoat dong cua
detector bian dan phu thude vio tinh chit ¢tia no [ thita clectron {chit hin
dan loai ny hay (hira 15 wrdng (chdt bin din logi P,
Chddt ban dent logi n: Ta hiy x¢tehdt bin ddn silicon sach, trong do
s clectron v sg 1o rong bang nhau khi bi ion haa Khi thém mot tap chin
vio tnh thé silicon, Vit Licy nay ¢ ord thimh ehdc bidn dian loai u b iy load p.
Chang han i thém tp chidt W nhdm Vocou hang tidn hoan, nhyr
phosphorous. arsenic. anumony hay bismuth véi cic neuycn L ed 3 clecron
hda o thi 4 clectron ctig nguUVen 1 ap chil s¢ noi vai 4 electron hoa tri
treng nguycn i silicon o nén cic maéi licn kel cong hoa i, Electron thy S
cua nguyén G Gip chdt con lai 12 clectron thira. nd (e do chuy&n dong trong
tinh thé v tham gia vio guii winh hinh thinh 1in hic¢u dién. Tinh the silicon
vai tap chdt néu wén G thanh tinh the foar ncodn ap chil uremg e pon 1
tap chit cho. Mire niang hedng cia clectron wr do ndim pan midn din nen ril
d¢ chuyén thinh electron din tHinh 7.9,
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Chdt ben dGn togi p: DE tao nén toh ¢ loar pongudh G théne tap
chit ir cde nguydn 10 thude nhém 111 trong bing tdn hoan, ching han horon,
aluminum, gadolinium hay indium véi cie nguyén i ¢ 3 clectron hada trn.
Tap chit loai nity dudge goi a tap ¢hdt nhin. Mite nang Itgng cha 16 wdng
nim gidn mién héa tri nén rit dé chuySn thanh 15 wong (Hinh 7.9).

D&i dian Dai diin

—————————————————————— Mire niing MiTe niing
lugng eda Idng cla
tapchat T W tap chit
cho nhan

i cim Dii cim

Dai hoa (e 1D hoa tri

a} ht

Hinh 7.9 Chilt ban din loai n (hinh a) va loai p thinh b).

d) Newvén tdo lam viée ciia detector han ddin

Midnn +

] Ldp Uep
Cgidp p-n

Mién p

Mién [l =
ngheo Tin hicu i
I3 ra

Finh 7.0, Sd db nguyén e cia detector bidn ditn loai uép xic,
Mién p trong silicon hay germanium dit G8p xde vdi mién n tao nén

13p ti&p gidp n-p. Dat mot dién th€ vao mién ii€p gidp, wong do mién p ndi
vdi cye dudng con mién n ndi véi cife Am hi trd khang l6p UEp gidp ril bé
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va c6 dong dién chay qua ldp ti€p gidp. Néu dit dién 4p phin cuc nguge lai,
mién n ndi v6i cic duong con mién p ndi véi cuc Am nhw trén hinh 7.10 thi
khéng ¢6 dong dién qua 16p G€p gidp, trir dong ro rit bé do sw chuyén dong
uhiét cia cdc electron va 16 tr6ng. Mién gin 19p 1iép gidp khong cd cac
elcetron va 16 tréng do dién thé ¢6 phin cuc ndi trén. Mién nay goi 1i mién
nghéo va 1d mién nhay cla detector ban din. Khi mdt bigc xa di qua mién
ngheo nay né tao nén cdc cip electron —~ 16 réng. Dudi tic dung cda dién
truding cao thé, cdc electron va 16 tréng chuyén dong vé céc dién cue, tao
nén tin hiéu dién Idi ra.
7.3.2. Cédc loai detector ban din

a. Detector tidp gidp khuéch tdan

Phuong phdp sin xudt phd bién ciia detector bin din loai diod 1a sit
dung tinh thé ban din thudn nh4t loai p v phé trén bé mat né mot 1dp bin
dan loain, chd y€u la tap chdt phosphorus, theo phutdng phap khuéch tén hoi
(hinh 7.11). B& day ctia Iép bdn din loai n khodng 0,1 d&n 2 um. Do 1ép ban
din n 1 chdt cho nén mién ngheo chit y&u ndm & phia chi't bin din p so vdi
I6p 1i€p gidp. Nhw viy phin 16n b& mat nim ngoai mién ngheo va 1a 16p
chét hay cifa s0. Céc tia bitc xa s& xuyén qua cifa s§ d€ vao mién ngheo ciia
detector bdn dan. Sy ¢6 mat cia 16p chét Ia nhuge di€m cia detector tiép
gidp khu€ch tin vi bitc xa mit mot phin ning lugng khi dat dén mién ngheo.

Btre xa vio

vdod

2 i ~ . - +
Cta s0 — = 1 pm vitliéu loain _]_

Mién ngheo

Vit liéu loaip

Hinh 7.11. Detector 1i€p gidp khuéch tin.
b} Detector hang rao bé mdr

Trong detector hang rio bé mit, mdt 16p vang rit méng dwge phi
1én bé mi1 cda chit ban din loai n bing phuong phdp bay hai (hinh 7.12),
Qud trinh bay hoi duge thuc hién trong di¢u kién sao cho ¢6 mét 16p oxy hda
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nhe trén bé mit. Ldp oxy hoa nay ndm giira 16p vang va silicon, dong vai trd
vat liéu loai p, goi la 16p hang rao bé mit. Khi dé mién nghto cling dude
hinh thanh nhu trong detector ti€p gidp khuéch tdn. Ldp vang méng dudc
ditng lam l6p ti€p xdc dién d€ 14y tin higu ra. Ciing ¢6 thé ché tao detector
hang rao b& mit trén cd s§ chit ban din loai p bing cich khuéch tin nhom
d€ tao nén 18p vat liéu loai n va 19p ti€p xidc dién dé 14y tin hiéu ra.
Detector hang rao bé mit thudng st dung d& do cdc hat tich dién.

Nhude diém chinh céa detector hang rao bé mat 1a khd nhay vdi dnh
sang do cia s6 qui mdng, gdn nhu trong sudt 451 v8i anh sing. Ning lugng
cda dnh sdng vao cd 2 — 4 €V 1dn hon dii cAm nén photon ¢4 thé tao nén cdc
cip electron - 13 tréng. Nhu viy 3 n cla detector khd 16n, gy nén nén

phdng ldn, .
Bitc xa vao

!

rAt mdng

Mién ngheo -

Vit liéu loain

Hinh 7.12. Detector hang rao bé mat.
¢) Detector cdy ion

Mot phudng phip khic dé€ dua tap chdt vao bé mit chit bin din 1a
chign b& mét d6 bing chitm hat ion sinh ra tif cdc mdy gia t8c. Ching han ¢6
thé chi€u chiim hat boron 1&n tinh thé silicon ta ¢é 18p vat lidu loai p ndm sdt
ngay b& mit. Phuong phdp pha tap nay goi 12 cdy ion va né tao nén mdt tinh
thé bén hon, it bi dnh hwdng bdi moi trudng. Detector ¢dy ion dudc ding dé
do phd alpha, beta ning lugng thip va cdc ion ning.

d. Detector trdi lithium

Han ch& chinh clia detector 1iép gidp khuéch tin va detector hang
rio bé mat 13 do sdu clia mién ngheo hay thé tich hoat déng cua né khdng
1¢n. Ngay ca khi s& dung cdc vit lidu v6i dién trd suit cao nhat va cao th€
gin dat gid tri ddnh thing thi d6 siu mién ngheo cing chi dat 2 — 3 mm. B
day mién ngheo thap la do tap chdt c6 sin trong vit ligu detector. PE do phd
gamma hay tia X cn detector ¢6 d6 sdu mién ngheo 16n hon hay thé tich
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ving hoat dong 16n han. Mudn ting mién nghéo phii khic phuc hicu g do
cdc tap chat. Mot rong e bién phap dude st dung 13 bd <ung lithinm vao
micn gilta vt licu hin din loai n vi vat licu bin din loa p bang cich lam
troi dat cde 1on lithium vio cic tinh the silicon v germanium thinh 7.13),
Ldp ndy dude goi 13 mién trdin dat lithium hay midn ndi tai. Chinh kich thude
mién not i xic dinh (hé tich nhay cua detector. Coohai loat detector 1eoi
Hthium Ta detector Geella) va detector Siilli). Nhdi phuing phiap wor lithium
nEUti @ sdn Xudt cie detector phang hay detector dong truc. Hidn nav. do
detector germanium  sicu tinh khict duse s dune rong rin nén it dune
detector Getly mi chi ditng detector Sichn dé do pha Photon ning liing
thdp. Thin nira, detector S ed 1o (hé hon deteetor Gerl iy [ el v ding

nitrogen fong ki detector B vicée ma khong can dimg khi bio gquan.

Midn loain \L Micn noi AMidn

tit1 boal p

Hinh 7 13 Detector edi b,

¢ Ddetector eormanivi siéu tinfr Lhiot

Nhtrie didm chinh clin detector Gedlio 1a i hhang 6 dinh cuia phin
ho khéng gian clia lithivm & nhict do phong thi nghicm. dic¢u 6 din i ar
phitn b& Tai lithiunt vt mit khi ndng bt (e rong mién woi i, Do do
detector loai nay can dwse Him lanh hing nitrogen 16ng ca trong e bao
quin. DE khic phue nhuwde dicm nay newtt te phiat ién Toad detector
germanivm sicu anh khict HPGe hay detector sermanium thuin, Kh
germanium ¢ do sach cing cao thi &6 <iu micn nghco cing Ién i do du dé
U IC vl cin bic bai cua dicn g sudt vat licu, Vi Ky thudt hicn nay ¢6 the

che o germanium sicu tnh khic voi nong do tap chat gidm dcn (07 (0"
nguyen tiem’ Uu didm chinh cia detector FIPGe Khong ¢in lam lanh
hiing nitrogen long trong thii grn bao guian no.

Detector TIPGe ¢ thE dude siin sudCdinds dang phing hay ddng 1rue,
B3t vdi detector dang phi ing (hinh 7,14y dircing Kinh tinh (h¢ Uy germoniim
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khéng vugt qud vai centimet, do d6 thé tich viing hoat dong khdng vugt qud
10 — 30 cm’. P81 vdi detector dang dong tryc thi tinh thé germanium ¢ dang
hinh tru vanh khuyén dai vdi mdt cyc 12 mat ngoai hinh tru v cife kia la mit
phia trong (Hinh 7.15). Do tinh thé ¢6 thé kéo dai nén ¢6 kha ning ting thé
tich detector. Hién nay c6 thé sin xudt cdc tinh thé HPGe d&n 400 cm’.
Detector HPGe dudc sit dung phd bi€n d€ do phé gamma.

Pia

germanium

Tiép xticn*
Hinh 7.15. Detector dang déng truc.

7.4. CAC HE PO BUC XA

7.4.1. Sd 46 nguyén tic cda cic hé do bic xa

Cic hé do bic xa khd da dang, ti¥ mdy d€m bic xa dén mdy phan
tich bién do mdt kénh vi da kénh. Trong phin nay trinh bay ngdn gon cdu
tritc clia cac thiét bi nay.

a} Mdy dém bic xg

Miy d€m bitc xa ¢6 nhiém vy d€m s6 hat bifc xa trong mdt khodng
thdl gian hay trong mot don vi thdi gian. N6 gdm mdt detector bife xa va hé
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théng di¢n ti thu nhin va x¥ 1§ tin hidu dién & 181 ra detector vi cho ra két
qud dudi dang kim chi thi hay dang s§ (hinh 7.16).

Detector Tién Khuéch Ngudng Pé&m
bitc xa | khuéch. - dai | tich -—  va chi
dai phin thi

Ngudn
nndi
cao th&

Hinh 7.16. 83 d6 nguyén tic clia hé d€m biic Xa.

Trén hinh 7.16, detector bifc xa ¢6 thé 1a budng ion héa, dng d€m ti
1&, Sng d€m Geiger-Muller hay detector nhip nhdy. Ngudn cao th€ cung cdp
dién 4p mot chidu cho detector, thudng ¢ gid tri hang trim d&n hing nghin
von, Cdc tin hi€u dién & 16i ra detector ¢§ bién d6 rit bé, do d6 cAn khudch
dai s¢ bd biing so dd tién khuéch dai. Sd db tién khuéch dai dit cing gin
detector cang t6t d€ riit ngin day néi tiY detector dén tién khuéch dai nhiim
gidm (51 thi€u dién dung phu trén detector. $6 d6 tidn khuéch dai cdn déng
vai trd mdt mach phdi hop trd khing, 181 vio cla né cé trd khing cao nhim
gidm tai cho detector con 181 ra cda né c6 trd khdng thip nhdm bio ddm (i
cho cdc kh6i ti€p theo. Tin hidu 151 ra tién khu&ch dai c¢6 bién d6 rat hé,
thuing vao ¢& vai chuc d&n vai trim milivon, khong thé dém truc tiép durge.
Do d6 tin hi€u t tién khuéch dai duge dua vio khdi khudch dai chinh d&
khué&ch dai bién dé dé&n 10 von véi hé s8 khu&ch dai 100 - 5000. Tin hidu ra
cda khéi khuéch dai dude dwa qua khéi ngudng tich phdn nhim loc Iva cdc
tin hi€v ¢4 bién &6 dd 1dn va hinh thanh lai dang xung c¢6 dang vudng géc
v61 d) rong thich hgp d€ didn khién khéi d€m. Khéi dé€m cé nhiém vu dé€m
s& xung ra va chi thi bing ddng hd ¢6 kim chi hoic hé d€m s§ bing tinh thé
l1ong.

b) Mdy phdn tich bién 43 mét kénh

Khi dung detector d€ x4c dinh ning lugng bic xa vao, ching han
Nal(T1), thi bién d6 xung 3 15i ra khéi khuéch dai i 18 véi niang lugng bitc xa
di vao detector. Trén hinh 7.16 khdi ngudng tich phin thudng ¢6 mic ngudng

dudc dit 16n hon gid tri tap 4m cfia hé 38 d&€m dugc tit i céc xung do hat
bitc xa g4y ra. Tuy nhién trong mét s& trudng hgp gis tri ngudng dit cao hon
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dé chon céc xung c6 bién d6 1dn hon mot gid tri kha 16n nhim chon hat ¢é
niang lugng 1dn hon mot gid i nao dd (Hinh 7.17).

V(1) 4 vit) 4
________________ E
>
t i
Hinh 7.17. Khoi nguBng tich Hinh 7.18. Khéi ngudng vi phin hay mdy
phan. E 1a gid tri ngudng. phén tich bién d6 mdt kénh. E,. va Ey 1a

cdc gid tri ngwdng dudi v ngudng trén,

Mot loai hé dém khac ¢6 nhiém vy dé€m céc xung ¢6 nang ludng
nim gifta gid tri ngudng dusi E. va ngudng wrén Ey nhiim chon cdc hat bite
xa ¢6 ning lugng nim trong ca s ning lugng AE = Ey - EL (Hinh 7.18),
Kindi dién 1 ¢6 chitc nang chon Iua nhy trén goi 1a khéi ngu@ng vi phin hay
may phin tich bién d6 mdt kénh SCA (single channel analyzer). Tin hitu 181
ra may phin tich bién 46 mot ké€nh cling dude hinh thanh lai ¢d dang xung
vuong géc d€ dwa vao diéu khién khdi d€m. Ngudfi ta s dung mdy phén tich
bién d6 mot kénh dé€ do s8 hat bitc xa do mét ddng vi phéng xa nao do phat
ra. Ching han d& do s8 bitc xa gamma clia ddng vi Cs"’ ngudsi ta chon clra
s& ning lugng AE va gid tri ning Wdng E sao cho E < 661 KeV < E + AE, vi

661 keV 11 vach nang lugng dic trung clia déng vi Cs' .

. Mdy phén tich bién d¢ nhiéu kénh

M& rong nguyén 1§ mdy phén tich bién dd mdt kénh thanh mdy phin
tich bién d6 nhiéu kénh MCA (multichannel analyzer), trong d6 ddi ndng
lugng quan tam duge chia thanh nhiéu kénh ning long (thusng tir n = 100
kénh d&€n n = 16000 kénh), mdi kénh 13 mot clfa s& ning lugng wr E; d¢n
E +AE (i=1,2, ...n). K& qui ta ¢6 mdt ham phan b3 s& d€m trong mdt
clta s AE v6i mdi gid tri ning ludng E;, thudng dugce goi la phd ning lwdng.
V& nguyén tic, mdy phan tich bién d6 nhiéu kénh 1a mot hé nhiéu mdy phin

326



tch bi€n d6 mét kénh ndi lién ti€p nhau, ngudng wen cda khi ngudng vi
phin nay Ia ngudng dudi cia khdi ngudng vi phan 1i€p sau (hinh 7.19).

——p|{ SCA thi n g/ Khéidémn

Khai khuéch da 1 ——

L p{ SCAtht 2 | ! Khdid&m2

i SCAti 1 |y Khdidém 1

Hinh 7.19. So d6 mdy phan tich bién d6 nhiéu kénh c4u tao tir nhidu méy
phan tich bién d6 mot kénh.

May phiin tich bién d3 nhiu kénh ¢6 ciu tric nhi trén khong thuin
tién vi s6 khéi dién tif tang theo s§ kénh. Do d6 ngudi ta xay dyng may phin
tich bién d6 nhi€u kénh 1rén cd sd nguyén tic bi€n d6i bién dd thanh chudi
s6 ADC (analog-to-digital converter). Hinh 7.20 minh hoa so dd nguyén tfc
ctia mdt MCA.

Céc khdi chite nidng ¢o bin cla mdt MCA 13 ADC va b nhd. P&
migh hoa, ta m6 4 bd nhd dude sip x&p theo mot cot thing ding ¢é cdc vi
tri ghi dia chi, tr dia chi thit nhat, hay kénh thtt nhit & dusi cing, d€n vi i
trén cling wng vdi kénh tht n. Khi mét xung duge ADC chuyén i tin hidu
bi€n do sang diy sd, cdc sd d6 ki€m tra cda bd nhd sé (m vi tri trong thang
d1a chi tudng tng véi chudi s§ v thém mdt ddn vi vio vi tri d6. Nhu viy mét
don vi duge ghi vao 6 dia chi éng vdi bién do xung vao, giéng nhw mdy phén
tich bién d% nhiu kénh trén hinh 7.19, khéi d€m thy i s& ghi thé m mot don
vi n€u xung vio ¢é bién dd rdi vio SCA tht i. Sau thdi gian do ta c6 thé hiéu
dién k&t qua trén toa dé hai chidu, trong dé truc hoanh 13 cdc kénh con true
tung 1 56 d&€m cilia titng kénh, tire 1 ta c6 mét phé ning lugng cta céc bite
xa vao Vi $8 kénh trén truc hoanh tf 18 véi ning lugng bie xa. Cdc khéi khic
trong s 46 MCA déng vai trd hd trg. Cdng 181 vao ding d€ ngin cdn cdc
xung vao ADC trong thdi gian mach ADC bin s& héa tin hidun wudc do.
Mach ADC cho mét xung logic dat & 161 vio cila cdng sé md cOng khi né
khong x1t 1y tin hiéu. Do céng 161 vao bi déng trong thdfi gian ADC xit 1 tin
hiéu nén cd thé mdt s& xung vio bi mat irong khodng thdi gian ché&t cda
MCA. b€ xdc dinh thdi gian do thuc, tic 1a loai bo thdi gian chél, rong
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MCA ddng d8ng hd thdi gian séng phdt tin hidu qua cdng 181 vao, chiu sy
diéu khién céa xung khéa khi ADC bin, va ghi lai tai kénh zero rong b6
nhd. Thifi gian ghi tai kénh zero 1a thdi gian séng cia MCA, do d6 khong
phdi hidu chinh thifi gian ch&t khi x1f 1y k€t qua do. Nhi¢u MCA ¢6 thém mét
céng tuyén tinh khic duge diéu khién bdi mot SCA. Cong tuyén tinh nay
nhim bio dim cho MCA chi x Iy nhitng xung ndm trong gidi han bién do
gita cdc gid ti ngudng dudi va gid tri ngudng trén clia SCA. Ngudng dudi
clia SCA loai tri¥ cdc tin hiéu tap 4m cdn ngudng trén clia SCA loal trtf céc
xung ¢6 bién d6 qud 16n. No1 dung trong bd nhd sau khn do dude dua vao
mdy tinh PC 4€ x{ t¥ va hién wén man dnh may tinh.

X Céng Bé nhd
Lim - )
> cham M MR N IS o ADC | _Kénhn
chim ,
tinh 2
Cong
- 51 v “Khon
Khéi 3 }0:_3 V;hff ban“g
khuéch ma K -
dai ADC -
' khéng Kénh ]
bin
SCA ' Kénh
.
L » 7ETO
Béng hd thai ;f

X

ian s6n
£ g Mady tinh
PC

Hinh 7.20. S6 d6 nguyén tic clia mdt mdy phan tich bién do nhidu kénh.

Cic detector thuding diing trong céc hé phin tich bién dd nhiéu kénh
1a detector nhdp nhdy va detector ban didn. Hinh 7.21 trinh bay mot phd ning
lwgng gamma cia ngudn phéng xa Cs'>’ do bing detector nhip nhdy Nal(T}).
Bitc xa gamma ciia ngudn Cs'”cé vach ning lwgng dic trung 661 keV. Trén
hinh 7.21, tai gid tri ndng luong nay, phd nang ligng 6 dinh véi d6 réng xdc
dinh. Trong phin bén trdi dinh 661 keV, ph8 ning lugng khong bing khong
ma c¢6 miat mat nén phdng khi 16n, d6 12 do déng gbép cia cdc bifc xa gamma
ning luong bé hon 661 keV sinh ra do tin xa Compton cfia bifc xa gamma
ning luogng 661 keV [&n vat liéu detector. B9 rdng clia dinh 661 keV phan
anh do phan gidi nang lwgng cia detector v hé théng dién tlf phin tich. Dai
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lwrgng thutmg dung 12 d9 rong & nda chiéu cao FWHM (full width of half
maximum), hay dd phin gidi ning ludng tuong dst, 1a o s§ cda FWHM so
v8i gid tri ndng lugng tai dinh. Detector nhdp nhdy vdi chdt nhip nhdy
NaI(TD kich thudc cao 5 cm, dudng kinh S em ¢6 FWHM c¢d S0 KeV tai gid
tr1 ndng lwgng 661 keV, hay dd phin gidi nang lugng twong d6i 1a 8%.

Cs-137
661 keV #
P Co-60
L 1174 keV
A 1332kev
r oA &

Hinh 7.21. Phd ning lydng gamma clia ngudn Cs"7 va Co® do bing detector
nhdp nhiy.

Cs-137 Co-60
661 keV
1174 keV
1332 keV

PO S

i

Hinh 7.22. Phd ning lwgng gamma ciia ngudn phéng xa Cs'* va Co™ do

bing detector bin din germanium siév tinh khiét GC1518 cia hing
Canberra Industries, Inc., U.S.A.
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Hinh 7.22 trinh biy phé ning lugng gamma ctia nguén phéng xa
Cs"" va Co™ do bing detector bin din germanivm siéu tinh khiét GC1518
cia hang Canberra U.S.A. Ngudn Cs'” ¢ mét vach nang lugng 12 661 keV
con ngudn Co™ ¢6 hai vach ning lugng 13 1174 keV va 1332 keV. Detector
nay cé hién suit do wong d6i la 15 % va d6 rong & nifa chiéu cao ¢ dinh
FWHM 1332 keV 1a 1,8 keV. Tai dinh 661 keV, dd rong & nita chiéu cao
bing 1,4 keV, bé ndn nhiéu so véi gid tri 50 keV doi vii detector nhdp nhéy
Nal(TI). P6 phin gidi ning lugng cao nhr vy clia detector ban dan 1am cho
detector loai nay dude st dung réng rai trong viéce phdn tich ham lugng cdc
nguyén 16 phdng xa va cic nguyén (8 bén.

7.4.2. Cdc hé do gamma
7.4.2.1. Céc detector ding dé do bitc xg gamma

Céc detector dung dé do biic xa gamma va tia X gém detector chifa
khi, dctector nhﬁ’p nhdy va detector bin dan. Viéc chon detector loai nao
phu thude vao ddi nang luong hat bife xa duge do, cdc yéu ciu vé hicu sudt
do, d6 phin gidi nang lugng va d6é phin gidi thdi gian.

a) Cde dde trung ciia detector

— Hiéu sudt detector

Hiéu suit clia detector thé hién § s xung ghi dudc khi ¢6 mét lugng
bic xa vao cho trude. D61 vat cde detector do biic xa gamma ¢é cic dinh
nghia v& hi¢u suit nhu sau:

+ Hiédu sudt tuyét doi1a ti 86 gitfa s§ d€m do detector ghi dude so vdi
sd lia gamma do ngudn phdl ra theo moi phudng.

+ Higu sudt ndi tai 12 t s8 gitta s6 xung do detector tao nén so vdi sd
tia gamma dip vao detector.

+ Hidu sudt twong &6F 12 hicu sudt clia mdt detector so véi detector
khdc. P81 vdi detector germanium thi d6 12 hiéu suflt tudng d6i clia né so vdi
detector nhdp nhdy Nal{T1) hinh try kich thwdc 7,5 x 7,5¢m, ¢d hai detector
déu dit cach 25 cm d€n ngudn diém va do d8i vdi vach ning lugng 1,33
MeV.

+ Hié¢u sudt dinh ndng luong toan phin (photopeak) 1a higu suit sinh
ra chi cdc¢ xung dinh ning lugng toin phin ma khong phai 1 xung kich thude
bat k¥ cla tia gamma.

— D§ phéin gidi ndng lugng ciia detector

P6 phin gidi ning lugng ctia detector 1A dd réng ¢ mia chiéu cao
FWHM (Full Width of Half Maximum), ¢6 th€ bifu thi bing nang hrong
tuyét ddi theo ddn vi keV d6i vdi detector germanium hay phan trim cia
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nang lwgng tal vach nang lugng duge do d6i vdi detector nhap nhdy Nal(Tl).
D4 phan gidi cang (5t thi detector cang ¢6 khé ning tdch cdc dinb trong phd
ning lugng. Cdc hinh 7.14 va 7.15 cho th&y detector germanium ¢é d6 phan
gidi ning lugng 16t hon nhiéu so vdi detector Nal(T1).

— B phdn gidi thai gian cia detector

Do phin gidi thifi gian cla detector 1a khodng thdi gian ma detector
cling vdi hé thdng dién uf ¢6 thé phan biét hai xung lién ti€p nhau theo thi
gian, thé1 gian nay cang bé thi 46 phin gidi thoi gian cang t8t. P6 phin gidi
thdi gian chd y&u do thoi gian chét cla detector xdc dinh. Bo phin gidi thisi
gian cing t6t thi detector cang ¢6 kha nang d€m vdi tdc d6 dn. Mit khic
trong cic s¢ d6 tring phiing cdn sif dung cdc detector ¢6 d6 phan gidi thii
gian t8t.

b) Detector chita khi

Cic detector chita khi gdm ba loai 1a budng ion héa, &ng dém i 18 va
ong d€m Geiger-Muller. Budng ion héa cho tin hi¢u 161 ra rit bé nén khéng
thich hgp d€ do céc tia gamma riéng biét. N6 thudng dude sit dung d€ do
dong tong cong do chim gamma c6 thong Iugng 16n, ching han trong cdc
tram quan tric bitc xa. Ong dém & 18 thuding duge ding d€ do ta X va tia
gamma ning lugng thdp vé1 dd phin gidi ning lugng vira phéi. 61)g dém
Geiger-Muller tae xung ra ¢6 bién d6 16n nhung khéng do duge ning lugng
do bién d xung khdng phu thubdc nang ivgng bic xa vio. Do dé éng dém
Geiger-Muller thuting duge ding d€ d€m s xung, song do thdti gian chét cia
né cf hang trim microsec nén chi d€m duge vdi toe d6 thap.

¢) Detector nhdp nhdy vi co

Cé hai loai tinh thé nhdp nhdy vé cd thugng ding 14 Nal(TD) va
CsI(T1), trong d6 tinh thé Nal(Tl) duge dang phd bi€n hon. Detector Nal(Tl)
dugc ding trong ca hai trudng hdp d€m s xung va phin tich nang lugng.
Tinh thé nhip nhdy Nal(T1) ¢é6 mat do 3,67 glem® va s8 nguyén ti hiéu dung
bing 50, do d6 ¢6 hiéu sudt ghi tvong ddi cao. DEi vdi tinh thé Nal(Tl) day
40 mm va chim tia gamma rdng véi cdc gis tri ning lugng E, < 0,2 MeV,
E,= 0,661 MeV va E, = 1,333 McV thi cdc hiéu suit ghi tudng dng la 98,9%,
47,6% vi 37,0%. DO phin gidi ning lugng clia detector nhdp nhiy Nal{TD
phu thude vao kich thude ciia nd. Tinh theé Nal(TI) hinh tru kich thude 3"x 3™
¢6 hi¢u sual cao nhdt ¢3 7,5 - 8,5% tai vach ning ludng tia gamma 0,661
keV. Cdc tinh thé vdi kich thude bé hon hodc 16n hon c6 dd phin gidi ning
lugng kém hon. D€ do bife xa gamma vdi higu suft cao hon ngudi ta thudng
diing cdc tinh thé hinh gi€ng, uic tinh thé hinh tru ¢6 khoan gi€ng d truc véi
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chi€u siv biing nifa chidu cao tinh thé, khi d6 mau do dit & day gi€ng sé c6
hinh hoc do t8t nhat véi gdc nhin 47

Tin hiéun 16t ra detector nhip nhdy Nal(Th <6 bién db khd 16n. Vai
ong nhdn quang dién ¢6 hé s& nhin 10° thi tie higu 161 ra ¢6 dién tich khodng
5.10'"" C d6i vdi nang lwgng 1 MeV truyén cho tinh thé, nghia 1a bién do
xung dong bing 2 uA/McV.

Ngoai tinh thé Nal(T1), ngudi ta con dbing tinh th& CsI(TY) véi méit dd
4,5 gfcm’ vi 6 nguyén i hidu dung bing 54. Tuy nhién tinh thé CsIi(TI) ¢6
hi¢u suat chi bing 75% hiéu suil ctia tinh thé Nal(Tl) va do phin gidi ning
lugng kém han so v6i tinh thé Nal(Th). Do d6 tinh thé nay it dugc sif dung.

Tinh thé Nal(Tl) c6 thdfi gian nha]p nhdy sing ¢d 0,25 us do d6 thai
gian ting clia xung ra ¢ 0,5 ps. Do d6 tinh th€ Nal(T1) khéng 6 dic trung
t6t v& thisi gian, dic biet 1a d6i vdi cdc so db tring phiing nhanh. D& ¢6 dic
tring t8t v& thdi gian ngudi ta thudng ding chit nhdp nhdy plastic vdi thi
gian ting cla xung ¢8 dudi nano gidy. Chat nhip nhdy plastic ciing vdi 6ng
nhin quang di¢n nhanh 13 detector 1§ twdng d€ st dung trong céc sd dd tring
phing nhanh.

d) Detector bdn din

D& ghi duge cdc tia gamma ¢ d6 ddm xuyén I6n thi defector ban
din phii c¢d the tich 16n, nghia 12 phii tao b& day mién nghéo ¢d 1 cm trd
1én. Hai phuong phdp dugce sit dung 1a phudng phdp trdi lithium va phuong
phdp lam sach vt li¢v germinuim. Trong cde ndm thip ky 1960-1970 cdc
detector Si(Li} vd Ge(Li) dudgc sit dung ph5 bién, trong d6 detector Si(Li)
chii y€u diing d€ do tia X con detector Ge(Li) diing d& do bic xa gamma. Tur
nim 1980 d&n nay detector germanium siéu tinh khi&t HPGe duge sit dung
rong rii dé do gamma. Uu diém cita HPGe detector 1a chi cin diing nitrogen
16ng d€ gilt nhiét d6 thap khodng 77°K hay ~200°C cho detector trong lic do
ma khéng cin gitt lanh thudng xuyén nhy detector Ge(Li). Detector HPGe
thudng ¢6 dang truc d€ dat duge thé tich ldn. Céc detector dang truc hién
nay ¢6 hiéu sudt tif 15% dén 100%, d6 phin gidi ning lugng tr 1,8 keV d&n
2,0 keV tai vach ning ldng 1,33 MeV. Mién ning Ivgng gamma nhay d6i
véi detector germanium dang truc t¥ 50 keV dé€n hon 10 MeV. M§t thdng s&
khdc rdt quan trong ddi véi germanium detector 1 ti s8 dinh/compton d3i véi
vach ning lugng 1,33 MeV. Ti s8 nay dat tir 30 d&€n 80 d6i vdi cdc detcetor
dang truc hién dai.

Ngoai detector dang truc, cdc loai detector germanium khédc ciing
dang dugc dp dung. D6 13 detector germanium ning lugng thip 1l 3 keV dé&n
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1 MeV, detector niing lugng si€u thap tir 300 eV d&n 300 keV, detector ning
lugng dai rong tir 3 keV d€n 3 MeV. Ngodi ra cdn ¢ detector germanium
dang gi€ng d€ do miu theo hinh hoc 47,

7.4.2.2. Phéng dbi véi cde hé do gamma

Mot trong cdc van dé quan trong d8i véi mot hé do bifc xa 1 van dé
phéng va phuong phip gidm phong, dic biét khi do céc ngudn phéng xa cé
hoat d6 hé. Phong y thudng ¢6 cdc ngudn gde san day: Cac thinh phin citng
vd mém cla biic xa vil tru, bie xa Y cda vat liu cdu tric cia detector va
thi&1 bt, bite xa y ctia moi rudng xung guanh,

Bife xa vil try sd ¢dp 1a cdc bat nhan ning Iugng cao tit khong gian
v try, khi di vao hau khi quyén Trdi D4t ching va cham khéng dan héi vdi
cdc hat nhin khong khi tao nén bitc xa vii try the cap. 0] dd cao dudi 20 km,
biic xa vii tru chl y&u 1 cdc ta thi ¢ip, gdm hai thanh phin. Thanh phin
citng 1a cdc hat muon, ¢6 khd ning dam xuyén siu. Thanh phan mém la cdc
¢dp clectron-positron va cdc lugng tf y. Ngoai ra do tugng tdc cita tia vii tru
v6i khi quyén cdn xuat hién cic hat neutron véi phd ndng luwyng rong. Bic
xa vil try ¢d thé tdc dung trge ti€p 1én detector, gdy ion héa trong the tich
nhay cua né, hoidic tac nén cdc bitc xa thif c8p trong vit lidu Xung guanh
detector.

Ngudn nhiém bin phéng xa trong vit lidu civ tric detector va cic
vit liéu khdc xung quanh né gém céc dbng vi K¥, cic ddy urapium vi
thorium. Pdng vi K* chi€m khodng 0,012% trong potassium t nhién. Néi
riéng, trong cdc 6ng d€m nhdp nhdy, khodng 2.107% trong lwong K* ¢6
trong cdc tinh thé Nal(TI). Péng vi ndy cling ¢6 mit trong vét liéu thuy tinh
cla &ng nhin quang dién, triy thuy tinh sach potassium. M&i gam potassium
tr nhién cho 209 lugng th y nang lugng 1,459 MeV va 1690 hat B ning lugng
cue dai 1,314 MeV trong 1 phit. Day uranium cé 8 hat nhin phat o va 6 hat
nhin phdt . Bifc xa y kéo theo sau cdc phin rd o ¢6 ning lugng bé va suit
ra khdng 16n. Cdc hat nhin phat B, cho dén trwde Ph™*, trir Pa™ ciing ktong
cho lugng bire xa y dang ké nao; chi ¢6 Bi*'™* phdt cdc lugng t¥ ¥ v4i niing
lwgng d€n 2,445 McV. Diy thorium ¢6 6 hat nhdn phdt « va 4 bat nhdn phat
B. Bific xa y kéo theo sau cdc phdnrd o cling khdng ddng k€. Chi ¢6 hat nhan
TI*™ cho biic xa Y vdi cudng 46 16n. Cdc hat nhan phéng xa trong cdc diy
uranium vi thorium cé mit trong cdc tinh thé nhdp nhdy, vt lién che chin
va cdc vat liéu trong mdi trudng xung quanh. Ching han trong tinh thé
Nal(T1) chita khedng 3.10°% trong lugng wranium va 1,5.10"'% trong Iugng
thorium. Trong cdc tinh thé Nal(T1), c4c hat o ciing tao nén nhip nhdy sing,
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vdi dd sidng biang 0,65 40 sing do hat B véi cling ning lugng tao nén. Phong
cdc hat o trong thanh phin tinh thé ¢6 ning lugng tir 2,4 dén 5,6 MeV. Tuy
nhién thinh phin phong o chi ddng ké sau khi di loai uilr duge cdc thanh
phan phong khéc.

Phong trong mdi trudng khong khi xung quanh hé do gbém cic dong
vi Rn™ va Rn**" cling cdc sdn phaAm phin rd clia ching. Cdc hat nhin phat y
clia cac day uranium v thorium chi y&u 13 cdc sdn phdm sau radon, chiing
phit cac tia ¥ vdi nang lwong d€n 2,6 MeV va c6 thé tic dung 1&n detector 1l
khodng cich khd xa.

7.4.2.3. Cdc phuong phdp giam phong

C6 ba phuong phdp gidm phong la st dung vat liéu sach phoéng xa
trong ciu tric detector, ding vit liéu che chin d€ hdp thu bifc xa y vi diing
cic thi&t bi do b8 sung dé loai tri¥ cdc tin hiéu do phdng giy nén.

Khi lya chon vit iéu ding trong detector va vit liéu che chin cin
phii chi ¥ dén hoat d6 khdi riéng cla bic xa ¥ va hoat 46 mat riéng ctia bifc
xa . Trén bang 7.2 din ra hoat d6 riéng clia mot s§ vat lidu.

Béng 7.2. Hoat d6 riéng clia mot s6 vat liéu.

Vit liéu

Hoat d | Chi | Nhém | Thép | Pdng | Pong | Plexiglass | Mica

riéng thau dién day 10

(Phin phéin mg/cm’
ra/phit)

Khéi | 350 [ 160 - 4-60 1.5 0,7-1 -

100 g

Mat il 6 5 0,1-2 0,05 0,02-0,03 30
100 sz J R —

DE c6 hoat d6 mat thdp cé thé chon plexiglass, ddng dién phin, thép
sach phdong xa, mi ca d& 1am vit Jiéu ciu tic detector. Trong cac detector
nhdp nhdy, d& gidm phdng cé thé ding dng nhdn quang dién véi thiy tinh
khong ¢6 potassium. Ngodi ra cdn ¢6 thé thay clfa s8 thiy tinh cda Sng nhin
quang dién bing clra 5§ thach anh, khi d6 phong y dugc gidm di hai 1an trong
mién ning lugng tir 0,1 d€n 3 MeV.

P3&i vdi vat liéu ding dé€ che chin phdng y thudng st dung budng chi
vdi b day kbodng 10 cm. Tuy nhién chi chita khd nhiéu cdc nhan phéng xa
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va khi hdp thy cic bifc xa ¥ d6 chi phdtra tda X dic trung vdi nidng lugng
Ex =77 keV. Do d6 & mat trong budng chi nén 16t thém mét s& Idp vil ligu
khic d¢ lam gidm tia X nay, ching han cadmium day khodng | mm, déng

day khodng 0,25 mm. Vi 16p cadmivm hay thi€c day 1,6 mm vi déng day
0,38 mm ¢6 thé lam suy gidm tia X dic trung khuang 100 1an. B¢ tam suy
gidm tia X nay vi b¢ sO nhv trén cling ¢ thé diing (8 hdp céc 16p tantalium
day 0,2 mm, cadmium day 0,5 mm va ddng day 0,13 mm.

Phong v do neutron tdc dung 1&n vit liéu detector theo phdn dng (n,y)
cling dong vai trd quan trong. PE gidm phdng niy, nén ding 1dp vit liéu che
chdn nevtron, ching han paraffin va oxide boron, chita B', day khodng vai
centtmet vdi thanh phéin trong lugng 2:1. Bén frong 16p niy con dit thém
16p cadmivm day khodng 1 mm dé hdp thu thém cdc neutron nhiét va mét
19p chi d€ hap thu bic Xa ytr phdn ¥ng (n, v).

Viéc st dung budng chi d€ che chin phong v 14 mdt cdch gidm
phong thy ddng. P61 v4i thanh phin ciing cia tia vii tru, 1a cdc hat muon, thi
budng chi khdng thé che chin dwge. Do d6 ngudi ta st dung phuang phip
gidm phong tich cyc d€ che chin tia muon. Mudh viy ngudi ta dat mdt s§
detector bao v vdi hid¢u suit gin 100% 461 v3i muon 1én trén detector chinh
vd ding s¢ dd phdn tring phing d€ loai trr cdc xung xuit hién ddng thiti
trong detector chinh vA mdt wong cdc detector bao vé. Viéc giam phdng
muon cua tia vii tru rat quan trong vi thanh phin phong nay thay ddi manh
khi thay d8i d4p sudt khi quyén, ting khodng 1,2% khi gidm 4p sudt khi quyén
1%. N€u diimg detector bio vé& 13 detector Geiger-Muller d€ thiét 14p hé
thdng phén triing phung vGi detector nhdp nhiy thi mic phong ¢6 thé giam
1,5 — 2 14n trong mién ning luong 0,1 — 2 MeV, khodng 2,2 - 2,5 lin trong
mién ning litgng 2 — 4 MeV, khodng 7,7 lin khi E > 7 MeV va 10 1in khi
E > 20 MeV. Né&u detector bdo vé 1 detector nhdp nhdy véi cic tinh thé hitu
cd hay nhdp nhdy 18ng thi ¢6 thé gidm phing khodng 10 — 25 1an. St dung
detector nhdp nhdy con 6 wu diém hon detector chifa khi d€ bio vé 1a ¢6 thé
lva chon cdc tin hiéu theo bién dé.

bdng gép cilia cdc thanh phin phéng khic nhau trong cdc dii ning
lwgng khic nhau. Trong mién ning lugng E,= 0,2 - 0,4 MeV thi hon 20%
phéng do ddy uranium, khodng 8,5% — 13% phéng do K*, day thorium, cdc
peutron vii tru, vao khodng 3,5% phéng do cic muon. Trong mién ning
lugng Ey = 04 — 2 MeV tht 5,5%6,3% phong do cdc hat muen, khoang
23%-29% phdng do cic neutron vii try, va khodng 10% — 15% do K*, diy
thorium, ddy uranium. Trong mién ning lugng E, > 4 MeV thi 88% do cic
hat muon va phin cdn lai do cdc neutron.
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7.4.2.4. Phéng v tin xa

Phéng v 14n xa gdm bic xa ytdn xa trong min do va trong detector
gdy nén.

Phing y do tdn xy trong mdu 1 cdc bic xa vy sinh ra do cdc lugng 1d vy
sd cip tdn Xa trén vat lién cda miu do, thdng thudng cdc lugng wt y sd ¢dp
niy ¢é ning lugng 16n hon niang lugng ciia biic xa ¥ ta khdo sdt. N&u mién
niang lugng khdo sit dudi 255 keV thi phong y tdn xa chd y€u 13 tdn xa
nguce véi gée 180°. Xdc sudt tan xa ngude ting tuyén tinh vdi bé diy miu
va s6 nguyén tf ciia vat liu miu. PE gidm phong v tdn xa ¢6 thé dung dng
d&m nhdp nhdy véi chil nhip nhdy 16ng thé tich khodng 1,5 lit vA hoa min
cin do vao dung dich d6. Pit detector bdn dén hinh try vao trong binh dung
dich va st dung so d8 phan triing phiing gilta dng d€m nhadp nhdy bd sung va
detector ban din. Néu cdc Iugng Ui v sd cAp tin xa trong chit nhip nhdy ldng
iritde khi dén detector ban din thi trong ca hai detector xudt hién tin hiéu
xung va sd dd phdn tring phling loai trit sy kién nay. So dd phdn tring
phiing chi cho phép ghi tia v sd cdp khong tdn xa 1én chdt nhdp nhéy long.

Phéng v do tdn xa trong detector: Vige do hoat dd cia miuv theo s6
xung ¢6 thé khong chinh xdc do tinh da tri trong md&i quan hé gita ning
legng E, clia bifc xa ¥ vio va ning lugng E’, do bite xa y 46 truyén cho vat
li¢u detector. Trong cdc qua trinh tdn xa Compton hay tao cip, cidc lugng i y
sau tén xa hay do hiy electron-positron ¢é thé rdi khdi detector vA mang di
mot phin ndng lugng cia tia y vio. Trong trudng hdp tin xa Compton, ludng

[+mc/2E,

ddng ra ta ¢ mot dinh phd don ning bay gid ta ¢c6 mdt phdn b ning lugng
rong. Trong teudng hop tao cap thi ning lvdng cdc hat electron va positron bi
hoan toan hip thu trong detector va khi hily positron xudt hién hai lugng ti¥ y
hay nguge chién nhau véi nang lrgng mdi lugng 1 bing 0,511 MeV. N&u
mdL hay c¢a hai lwgng td v nay bay ra khdi detector ihi nang ludng E, s¢ b1
gidm di mot huong 0,511 MeV hay 1,022 MeV. Khi dé trong phé nang lugng
Y, thay c¢ho vach E, ta ¢6 dinh nlta cip E'y = E, - 0,511 McV hay dinh cap
E’y,=E,- 1,022 MeV.

Phin b Compton kéo dai, cdc dinh cap hay dinh nifa cip sinhra do
cdc ludng t y véi ning luong 1dn hon ning lugng khdo sit s& chdng chédt [én
mién phd ning lwgng clia bic xa ¥ dang do. Piéu d6 din dén sai s8 trong
viéc xac dinh hoat d6 ¢da mau. P& gidm sai s6 nay cin phdi gidm tinh da tri
trong qud trinh truyén ning lugng cfia y vao cho detector. Mudn vdy cé (hé

W y ¢6 thé truyén cho detector mbt ning lugng tir 0 dén , do do
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tang phan quang hip thu clia cdc lugng tf y trong detector va loai trif cdc qué
trinh tén xa nhd viée ting thé tich detector hay si dung phwong phip phan
tring phitng. Khi tang thé tich detector thi tang xdc sudt hip thu cic bic xa
tdn xa va hity positron trong detector. Khi dé6 phd Compton kéo dai, cic dinh
cap hay dinh nifa cip gidm di ddng ké va gidm sai s xdc dinh dién tich dinh
hitu ich. D& phdn dnh chalt lwgng nay ciia detector ban din do phd yngudi ta
ding ti s& dinh/compton déi véi vach nang lwong 1,332 MeV ciia Co™. D6i
vdl detector HPGe dang truc, i s6 nay ting tir khodng 40 dén khoang 80 khi
hiéu sudt clia ching ting tr 10% dé€n 100%, tuy nhién khi 46 a6 phin gidi
ning hegng s€ kém di ¢d 10 - 20%.. Phuong phdp dung detector bio vé va sd
dd phin triing phiing Lung tudng W nhr truding hop gidm phéng thanh phan
cling cda tia vi try, O diy detector bao v¢ thuting ding 14 detector nhip
nhiy Nal(Tl) ¢6 thé tich 1én hay mot s§ detector nhip nhdy Nal(Tl) boc
ngoai detector ban din d€ ghi cic luong uf v i khoi detector ban din do tdn
xa Compton hay hiiy positron. Sd d6 phén triing phiing sé& loai trit csc sy kién
khi ¢6 cd tin hiéu 1t detector bdn ddn va detector nhap nhdy, do dé cho phép
khit phong Compton kéo dai hay cdc dinh cip va dinh ntta cip.

7.4.3. Cac hé do alpha
7.4.3.1. Cdc déc diém ciia hé do alpha

Khi x4y dyng cdc hé do alpha cdn luwu ¥ dén cdc dac diém sau day
ciia bic xa alpha:

— Vi quéng chay cia hat o rdt ngdn, vio khodng vai mgfcm° nén dé
gidm 181 thi€u nang lwgng mat mat ciia ching (rong vit lidu miu do va trong
ctfa s§ detector cin phdi chuin bj miu c6 d6 day rit bé va detector vdi cita
58 cang mong cang tot,

— Khi do hoat db cdc hat nhdn séng dai nhr Th™? (T, = 1,41.10"
nim), U (T, = 4,51.10° nim) va U™ (T}, = 7,1.10* nam) chita trong céc
mau v8i dd day cd 50 —100 pg/em? thi hoat db riéng bé mit nhé hdn 1 phan
rifem’s, P€ ning cao do nhay clia hé do c¢dn phdi st dung cic miu va
detector ¢o dién tich b& mit 16n.

~ Nhi€u hat nhan phdt o vdi ning lugng rdt gdn nhav nén cic dinh
nang ludng trong phé ning lugng c6 thé bi chdng 1én nhau. Do d6 cin chuin
bi mau do va t6 chitc hé do (51 wu sao cho cdc vach ning ludng trong cic phd
do c6 thé tich ra nhau. Ngoaira hé do cling phdi c6 cdc thdng s& dugc giit 6n
dinh, ching han hé s& khuéch dai, vi tri cic kénh, ... d€ bio ddm d6 phan gidi
ning lugng tot.

337

22 GSVLHHN



Cidc hat o do miu phat ra bi mat mdt phan ning lugng ngay trong
miuv vi redt phin ning lugng trong Idp vét chit giffa mau va thé tich nhay
cha detector, goi 13 1dp chét. Sy mit niang lugng trong miu va trong 18p chét
lam gidm va lam nhoe gid tri ning lwgng ctta hat o do mau phdt ra khi di dé€n
thé tich nhay cia detector. Didu d6 din 16i sy bicn dang phd niing lugng hat
¢ Quang chay clia hat « trong vat chit ¢ dién tich z phu thude vao ning
lugng clda nd nhu sau:

R(E) = R(z)E*” (7.2)

Trong dé R.(z) vi a(z) 1a cdc thdng s8 phu thude vao s8 nguyén ti
clia vit chdt. Ching han, d6i vdi khong khi thi R, = 1,65 mg/em’ va o = 1,5
con ddi v8i silicon thi R, =~ 0,38 mg/em” va o = 1,65. LAy vi phin bi€u thitc
(7.2) ¢6 thé xdc dinh dudc d6 mit ning lugng AE trong 16p vat chat day A
bing:

t

AE = —— E'"°AE (7.3)
aR

. . A e A
Tir d6 bé day tuong 461 f duge biéu thi qua 49 mat ning ludng

.. AE
wrong don £ nhw sau:

= g — (7.4)

Theo c¢ong thic (7.4), d€ 46 mit ning lugng twong d8i trong mién
ché&t khdng vugt qud 0,3% thi 46 day mi€n chét phdi bé hon 0,5% quing
chay R cda hat o Trong hé do o ngudi ta thugng cho trudc gid tri
AE = (0,1 — 0,5%Eq - Eg), v8i Eq; vA By 13 hai vach ning lugng gAn nhau
nhit cdn phdi phan biét rong phd ning lugng. N&u dd phan gidi ning luong
clia detector 13 8 thi ciing ¢d thé chon AE = (0,1 — 0,5) 8. T dicu kién nay
c6 thé tinh dude 46 day miu do va 18p chét cha detector. Néu (Eyy - Ego)> 8
thi chon didu kién thit nhat con nén (B - Eg) < 8 thi chon di¢u kién thi
hai.

Viéc chuin bi miu do rit mdng thda min yéu ciu bdo dim do phin
gidi nang lugng clia phd o, tic 12 ndng cao khd ndng pbdn biét cic vach
nang lugng rit gin nhau, nhung n6 lam gidm s& d€m théng ké hat o Pay la
khé khan cd ban khi do cic hat nhin sdng dai vi khi d6 hoat d6 mit Ag ctia
mau rit bé. Hoat 46 mit cia miu dudc tinh theo céng thifc sau:
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N n ]
As = AM;— (75)
P"_ % Hm + 1

puena T]ﬂ

Trong d6 N,= 6,02.10® hat phin/mole i s& Avogadro;
A =0,693/T 5 1a hiing sG phén ra; E1a 46 day miu; n 12 6 cde phén tit phéng
Xa trong hén hop miu; M 1a s6 phin t¥ gam ca hdn hdp méu; p, va pyon, 12
mat do cdc hdp chit ¢6 hoat tinh phéng xa va khdng cé hoat tinh phdng xa;
T VA Nnons ham lugng khai trong d6i cla hop chdt ¢6 hoat tinh phéng xa vi
khdng ¢6 hoat tinh phéng xa. BE lam vi du ta tinh hoat 4§ riéng bé mit As
cda min chiva U>* khi Mnona = 0. Thay cdc gid tri A = 0,5.10" g, & =100
uglem’; M ~ A = 240 va n = 1 vdo cdng thic (7.5) ta diuge As = 0,12 phén
rifem’s. Véi detector do theo goc 2 thi s8 hat o bay dé€n detector tir dién
tich 1 cm® cia mau 13 0,06 hat/s. D& dat ducc lugng thdng ké du ldn thi phép
do phdi ti€n hinh nhiéu gid hoic ¢4 ngay.

7.4.3.2. Cdc detector ding dé do biic xa alpha

Nhy da trinh bay wén, dic diém cla hé do « I3 detector phai ¢é dién
tich b& mit 16n va ca sé mong. Ngoii ra, ciing nhu detector Y, dd phin giai
nang hrgng cua detector cing cao cang 16t. Céc detector diing d€ do birc xa
o gom detector chifa khi, detector nhap nhdy va detector bin dan. Detector
bin din ¢6 d6 phin gidi ning ludng (3t nhit, vao khodng 20 - 30 keV,
nhung dién tich nhé ¢ vai em’, ¢6 khd ning tdch cic vach nang lugng nhung
khong thudn tién trong viéc do cdc miu ¢6 hoat 86 thap. D& do cic miu hoat
d¢ thap, ngudi ta thuding ding 8ng d€m (i 1€ vdi dién tich 16n cd tir 100 cm?
trd 1én mac di khd ning phin gidi ning lvdng ciia né kém hon detector bén
dan, vio khodng 30 — 50 keV. Detector nhap nhdy thudng ding khi do céc
nhém o ¢6 nang lugng cdch nhauw khodng 1 MeV rd 18n. Tinh thé nhip nhdy
CsI(T]) dudc sit dung ¢6 bé day ¢3 0,35 mm vi dudng kinh 20 mm, vdi d6
phin giai ning lugng c3 400 — 500 keV, nghia 1a ca mot bdc 16n hon d6 phin
gidi ciia detector ban din vi Gng dém 4 1&.

u) Detector bdn din

Trong ba loai detector néi trén thi detector bdan din ¢6 wu thé hon ci.
Céc detector ban ddn thudng dung 1a detector hing rio bé mit vi detector
khu€ch tdn ti€p gidp n-p. Mot loai detector bé mit hién dai 13 detector
silicon mit cAy ghép thy dong PIPS (Passivated Implanted Planar Silicon).
Céc detector bin din ndy théa min ba didu kién ¢ bin la d6 day ca s8 bé,
mién nghéo ¢6 bé day t3i vu va d6 phén gidi ning lugng cao.
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— P day cita s Detector khu&ch tén thyc t& khng ¢6 cita s§ vi 1dp
chuyén tidp nim ngay trén bé mit tinh thé. Cita s8 clia detector hang rao bé
malt la 16p vang day cd 10 - 50 pg/em’, chi 1am giam nang lrong cua hat o
¢35 — 25 keV & vach ning lugng § MeV. Do mit ning lugng nay co thé
chdp nhan dudc.

— D§ day midn ngh2o: D6 day mién ngheo cida detector bin din
silicon phu thudc vao dién 1rd riéng cia silicon r va cao thé U:

d=d,JUr (7.6)

Trong d6 dq 13 6 diy mién nghto khi U= 1V va r =1 Qxcm, bang 0,32 um
déi vai detector silicon loai 0 va 0,51 pglem” d&i véi detector silicon loai p.
PE do nhay cla detector d8i vai phong y dat t6i thicu thi bé diy mién nghdo
khong vudl qua 2,3 — 3 lan quing chay R, 46i vi hat o nang lugng cao
nhat. Khéng nén chon bé day qud bé vi khi d6 dién dung cua detector tang
1én kéo theo tap Am ting va 1am gidm khd ning phin gidi ndng lugng.

— P phin gidi ndng lwgng: DO phén gidi ning lugng duge xdc dinh
bdi tap 4m cida detector va so dd khuéch dai. Tap Am cda detector dude xdc
dinh bdi d6 thing gidng clia ddng rd gua detector. Tap dm cia so d6 khuéch
dai ting ty&n tinh theo dién dung cia mach khi C > 100 pF vdi he s& bang
0,075 ke V/pF. C6 thé chon detector va 5o dd khuéch dai d€ c6 do phan gidi
cao vao ¢d 20 -25 keV.

Nhu vay, chit lugng detector do o dude dic trung bdi 4 théng sO L
dién tich b& mit, 46 phan giai nang lugng, phdng thip vi bé day mién
ngheo. P&i vdi cac detector PIPS ciia hing Canberra Industries, Inc. USA,
hé day mién ngho thudng ting theo nang lugng cyc dai hat o duge do nhim
hap thu hét hat o, khodng 100 pm d6i vdi E, = 15 MeV; 300 um dsi vai

= 55 MeV; 500 um d6i vdi B = 85 MeV; 700 pm doi véi E, = 105 MeV
va 1000 pm ddi véi B, = 130 MeV., Dé do céc hat o tif cdc hat nhdn urapium,
thorium, plutonium va poloninm véi ning lugng 4 - 9 MeV ¢6 thé diung
detector PIPS vdi mién nghe¢o diy 100 um. Trén bidng 7.3 trinh bay cic
théng s ciia detector PIPS cia hing Canberra Industries, Inc. USA, do & vdi
ning lugng cuc dai 15 MeV,

Ngoai chit hugng detector, hé do o cling cin ¢6 cdu tric ddc biét.
Budng do, trong d6 dit detector v man do, phdi duge it chin khdng nhim
gidm 16p chét gita miu va detector dong thdfi gidm phdng o do khi radon va
thoron 4y nhién. VAt liéu civ triic budng do nén trdnh cdc nguyén 16 ning
phdt o. Néu st dung kim loai, nén chon nhém vi ddng dién phin.
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Bdng 7.3. Cédc detector PIPS do o clia hing Canberra Industries, Inc.

USA.
Dién tich b6 phin gidi Phéng
Mau nhay (mm”) | ning lugng (keV) | (8 d€m/ngay
- dém)
A300-17AM 300 17 4
A300-19AM 300 19 4
A450-18AM 450 18 6
A450-20AM 450 20 6
A600-23AM 600 23 8
A600-25AM 600 25 8
AS00-25AM 900 25 12
AS00-30AM Q00 30 2
A1200-30AM 1200 30 16
A1200-37AM 1200 37 16

b} Budng ion héu

Uu di€m cda budng ion héa so vdi detector ban din L dién tich nhay
cla né 16n hon mién nhay cia detector ban din khodng 100 d&n 1000 lin.
Didv nay rit quan trong khi do cic miu moj trudng cé hoat 4 o rat thap.
Nhugc diém céa budng ion héa so véi detector ban din 1a d$ phdn giaining
lwrgng thip véi gidi han dudi vio khod ng 25 keV.

7.4.4. Cac hé do beta
7.4.4.1. Cdc ddc diém cita hé do beta

Hat B ¢6 dac di€m 12 phéd ning lugng kéo dai lién e, khi nang dam
xuyén khong cao, giGng cdc hat thi cip do b xa Y gy ra khi tuong tdc véi
vit chit detector. Tinh chdt 1ién wme phé B anh hudng dén qua trinh hip thy
né khi di xuyén qua vt chat. Hat B mat ning lugng cang nhic¢u khi 16p vit
chit hdp thy cang day va ndng ludng cia né cang thip. Tinh phic tap cia hé
do B3 1a phdng y va cdc tia vii tru, vi khi tudng tdc véi vat liéu detector chiing
sinh cdc hat electron, gy nén phdng d8i véi cdc hat B dugce khdo sit. BE
gidm phdng v ngudi ta ding detector méng va tit vit lidu nhe. Céc loai
detector do B ciing gém detector chia khi, detector nhdp nhdy va detector
ban dan.
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7.4.4.2. Cdc detector ditng dé do biic xa beta
«) Detector chitu khi

M&ét trong cac thomg s& quan trong clia detector chita khi 1a ning
lugng ngudng, duge xdc dinh bdi bé diy cia cla s8 va thanh dng d€m. b6 1a
ning luong hat B sac cho 50% s& hat xuyén qua dude cifa s8 va thanh 8ng
d€m. Theo thong 8 nay, cdc detector chifa khi dugc chia thanh bon loai 1a
Sng d€m hinh try thanh mdng ¢6 4§ day cla s§ 40 — 60 mg/em’; Sng d€m
d4y rong v6i cita s8 mica diy 1 — 5 mg/em’; ng d€m lwu khi vdi cita s6 hd
tit bing méng hitu co dude kim loai hoa diy 0,05 - 0,2 mg/em’; Sng d&m luwu
khi v61 miu do dit trong mién thé tich nhay clia detector.

— Ong dém hinh try va éng dém ddy rong: Nang lugng ngudng ctia
&ng d&€m hinh try kha 1dn, khodng 1,08 —1,13 MeV, trong lic d6 d8i v4i Ong
d&m day rong 13 0,1 — 0,22 MeV. Do d6 dng ¢€m hinh try khéng do dudc cic
hat B v6i ning lugng dudi 1 MeV. D€ do hat B nang ludng thip cé thé ding
Sng d€m day rong, ching han bic xa P cla cdc hat nhin Cc*va s®
(Ep ~ 0,15 MeV). Nhudc diém chinh clia cdc 8ng d€m nay la s6 dém phong
kh4 cao. Phong ndy gdm phéng ciia vit lidu cu tao dng d€m, phong y cia
mdi trudng xung quanh vAa phong vii try. S6 d€m phong ciia da s6 cdc
detector nay 1a 2 — 4 xung/cm®/phit, trong d6 phdng do tia vii tru vao khodng
I xung/cm’/phit con phdng y clia mbi truding xung quanh vio khodng 1 - 2
xung/cm*/phit. D81 véi ong d€m ddy réng vdi clfa sé mica con thém ¢3 2
xung/cm’/phiit v6i bé diy mica 5 mg/em’ do dd phéng xa clia mica. P6i véi
cic Ong d€m diy rong vdi thanh thiy tinh con ¢6 thém s§ d€m phong
khodng | xung/cm *fphiit do hat nhin K* trong thuy tinh.

- Ong dém luu khi: Ong d&m hru khi gom hai loai la ong d€m ¢ cia
& va 6ng d€m khoéng ¢6 cla s8. D61 vot Ong d€m ¢ cifa s6 thi miu do dit
ngodi dng d€m, do dé chi do duge cdc hat P ¢6 ndng lugng 16n hon nang
lwdng ngudng. Véi cta s8 perchlovynile véi dong day 0.2 mg/cm’ thi ning
lugng ngudng vao c8 0,025 MeV. D3i vdi §ng d€m khong c6 cita s§ thi miu
do dugc dit ngay trong thé tich nhay cia ng d€m va do d6 khong ¢6 vAn dé
v& ning Inong ngudng, Cdc ng d€m luw khi thudng diing khi metan va lam
viéc & ch€ do 1 18. Phong riéng cla 8ng 4€m khodng 2 — 4 xung/phiit.

6ng d€m Iuu khi 1 18 duge st dung trong cdc hé d€m « va B phong
thip cfia hing Canberra Industries, Inc, USA, gdm bé Alpha/Beta Tennelec
Solo, hé Alpha/Beta Tennelec LB1400 va hé Alpha/Beta Tennelec Series
SE. Hiéu sudt clia cdc hé d&€m phu thudc vao loai hat « hay B va bé day clta
6. V&i bé day clta s8 80 pg/em” higu suit dat 40 — 50% d6i v8i hat o va
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55 - 60% d8i v6i hat B. V&i bé day clta s§ 500 ug/iem® hi¢u sudt dat
35 -- 40% d61 vdi hat o va 50 -~ 55% d6i vai hat 3. M6t théng sd quan trong
cla cdc h¢ d€m a va 3 phong thap 12 t6c d6 dém phong. H¢ dé€m Alpha/Beta
Tennelec Solo don gidn nhat cho t6c do d€m phdng < 0,15 xung/phit ddi
vdi o va < 20,0 xung/phit d&i vdi B khi dung dng dé€m [uu khi vdi dudng
kinh 2,5 ¢cm va che chdn chi binh thuding. N&u che chin chi k&t hdp véi hé
phdn tring phiing ¢6 thé gidm tdc do d€m phéng dén < 0,10 xung/phit dot
véi o va 7,0 xung/phiit d6i v6i B. Khi ting dwdng kinh 6ng d€m luu khi
Ién 5 cm hay 7,5 cm thi s6 d€m phing cling ting. H& Alpha/Beta Tennelce
LB1400 va hé Alpha/Beta Tennelec Series SE sif dung cdc 6ng dém chit
lugng cao hon va ¢é hé tr dong do nhidu miu. Vi & ong d€m kich thudc 5,7
cm, h¢ d€m AlphafBe[a Tennelece LB1400 cho s8 dém phong < 1,3
xung/phit khi d€m tdng o + B; < 0,1 xung!phut khi d€m riéng o va < 1,2
xung/phit khi dém riéng B. Ciing véi 8ng d&€m kich thudc 5,7 cm, hé dém
Alphd,chtd Tennelec Series SE cho s§ d€m phong < 0,95 xung/phiit khi dé€m
t6ng o + B; < 0,10 xung/phit khi d€m riéng o va < 0,85 xung/phut khi dém
riéng B.

b) Detector nhdp nhdy

Uu di€m chinh ciia detector nhdp nhdy so vdi detector chtfa khi 1a
mat d cao cda vit lidu detector, do d6 ché tao duge cic detector hip thy
hoan todn tia B. Ngoai ra cdc detector nhap nhdy cdn ¢6 cdc wa di€m khic 1a
khdng ¢ ngudng ning lwgng, cé thé tao bin nhip nhdy vdi dang hinh hoc
bd't ky, tin hidu ra ¢6 bién d6 16n va thai gian Xung ngin. Tuy nhién detector
nhip nhdy cé nhede diém la tap 4m cao ctia 6ng nhin quang dién, lam gidm
hi¢u sudt ghi cdc hat B ning lugng thdp. BE gidm phéng do tap 4m c6 thé
diing s¢ dd hra chon theo ngudng bién d6 hoic sd db tring phiing tit hai Gng
nhdn quang dién cing nhin vio mdt ban nhap nhdy do J3.

Tiéu chudn cd bin d€ chon Ira chit nbip nhdy trong hé dé€m Biado
nhay thip d6i v4i bire xa y va tin xa electron (31 thidu. D& thoi man hai tiéu
chudn trén c6 thé diung chat nhdp nhiy hitu ¢d v6i s§ nguyén tl thap nhir tinh
th€ antracene, stibenc, polystirole, ... Thii gian gidm ciia cdc nhip nhdy sing
cia cdc tinh thé nay, trir antracene, khong vidt qua 5 ns va do dai séng tng
v4i cue dai cla ph bifc xa tir 375 d&€n 447 nm. D& giam phdng v, ngudi ta

thudng ding ban nhdp nhdy mdéng va chon 18i vu sao cho 4 6 E dat cure
Y

dat. D6 day ban nhdp nhdy phdi chon t8] wu vi néu 6 day qua thi phong

do bifc xa v sinh ra 18n, con n€u né méng qu4é thi hidu suit ghi kém dbng thai
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phong v by gi tang mdt cdch twdng d6i do y ardng e véi cdc vit hicu cAu
triic khic. DE do B cha ngudn St* + Y™ ¢4 thé diing ban nhdp nhdy plasmass

vi bé day 101 vu khodng 0,2 mm, khi d6 tf s8 b dat d€n 50 - 100. V& mit
Y

k§ thuit, 16p mdng hitu co nhv vay dude ddn trén bin thiy tinh hiru cd hing

mot loai keo din dac bit. Vi du nhv detector nhip nhdy loai NE81O ciia

hing Nuclear Enterprises lam tit chdt nhip nhdy NEL02A vdi kich thude dén

130 mm cdc dang khdc nhau nh mit tron, hinh vudng, hinh chif nhat.

Trong k¥ thuit do B, detector nhdp nhiy ldng ddng vai tro quan
trong. Hai ddng vi phét B thudng do 1a tritiom va C" ¢6 ning lugng B bing
19 keV vi 156 ke V. rdt bé khong do duge bing chat nhdp nhdy rin. K¥ thudt
nhdp nhdy 18ng tron miu do véi chat nhdp nhdy va cdc nhdp nhdy sang duge
do bdi mot hay hai Sng nhan quang dién. Hinh hoc do nay 1a 4w, do d6 hi¢u
sudt dat duge 100%.

¢) Detector bdn dén

Detector ban din dude st dung thanh cdng trong cdc h¢ do yva o
nhung duge s dung it hon trong cdc hé do B. b6 la do dién tich mién nhayv
nhd, vao ¢d | — 2 em’, va lap Am riéng khd 16n ¢8 20 — 50 keV khi lam viée
& nhiét do phony thi nghiém. Kich thudc detector nhé 1am han ch& kich
thrde ciia miu do va do d6 1am gidm hiéu suat ciia hé¢ do. Tap am ldn lam
ning cao ngudng nang lugng va khong c6 khd ning do cdc hat B ning Ixong
thdp hon 0,15 — 0,2 MeV. C6 thé ha thap ngudng ning lugng bing cdch ding
nitrogen 16ng d& lam lanh, nhung diéu d6 gay bal tién rong thyc nghiém. Un
di€m chinh elia detector ban dan so véi cdc loai detector khde 12 do phin
gidi ning lugng cao. Tuy nhién wu diém nay ciing khong phat huy dude do
hat B ¢6 phd lién tyuc ch khong phdi cé dang vach phd nhi cde bifc xa y va
o. Detector ban din dude s& dung mot cdch hitn hidu néu cdc nhuge di€m
trén khéng déng vai trd quan trong, nghia 1a khi maiu do ¢6 kich thude bé va
hat B ¢é ndng lugng 16n hon nhidu so vdi nang lugng ngudng. Detector bin
din thudng s& dung la detector silicon vdi s6 nguyén f bé, do d6 v ing
tin xa cha electron thip.

Detector PIPS ctia hing Canberra Industries, Inc. USA, series B, ¢d
tap 4m thdp dugc ding d€ d&€m va do phd ning lugng B, ddc bict cdc hat §
ning luong bé. Trén bing 7.4 trinh bay cic théng 50 clia detector B-PIPS
cda hing Canberra Industries, Inc. USA.
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Bing 7.4. Cdc detector B-PIPS do B clia hing Canberra Industries,
Inc. USA.

Di¢n tich | PO phan gidi ndng lugng | Ning lugng
Mau nhay FWHM (keV) agudng 3
S (mm’) —— (keV)

B50AM 50 6 L¥
B10OOAM 100 7 21
B300AM 300 11 33
B450AM 450 12 36
B600AM 600 16 48
B930AM 900 20 60
B1200AM 1200 25 75

7.4.5. Cac hé do neutron
7.4.5.1. Cdc dic di¢m ciia hé do neutron
a) Cdc yéu cdu cia hé do neutron

Céc neutron thuting duge chia thanh ba nhém 14 nhém neutron nhiét
vé1 ning lugng E, £ 0,5 eV, nhém neutron trung gian véi niing fugng
05eV < E, £ 200 keV va nhém neutron nhanh vdéi ndng ludng
200 keV < E, < 20 McV. Trong viéc do neutron ngudi ta thudng do mit 4o
théng lugng ncutron cia ting nhém ning lwdng riéng biét. Hon nita, dot vdi
nhém neutron nhanh véi niing lwgng trai dai trong ba bic thi can phdi do mat
dd thong Wrgng neuntron trong cdc phan khdc nhau clia nhém nay. Vi viy médt
trong cdc dic di€m cla viéc do neutron 13 do mit d6 thong Ivgng neutron &
ddi ning lugng ndo d6 trén nén phong clia mat do thdng legng neutron d cdc
mién ning lugng 16n hon va nhd hon. Ngoai ra, viéc do mit dd théng Iwdng
neutron con phii ti€n hanh trén nén phdng ¥ cudng dd cao. BE gidi quyét
duge hai kho khin néu trén can phai chon detector thich hgp. Cic deteclor
nay duge xdy dung dua (rén cdc qud trinh tudng tdc gitta neutron vai vil
chat.

b) Cde qud trinh dimg dé ¢hi neutron

Neutron khong ¢6 dié€n tich va khong tac cdc cdp ion mdt cdch e
ti€p khi di qua mdi trugng. Do dé chi ghi dude neutron theo cdc bifc xa gidn
ti€p théng qua céc qu4 trinh sau:

— Va cham dan hdi clia neutron véi c4¢ hat nhan mdi trudng tao nén
cdc hat nhiin tich dién giit hi,

345



— Té4n xa khdng dan hdi cla neutron vdi cic hat nhin mbi trwdng tao
nén cic hat kich thich phéng ra bifc xa v.

— Chi€m bic xa cda neutron tao nén hat nhan hgp phin phdng ra bic
xa v.

— Céac phdn #ng hat nhin clia neutron v41 hat nbdn mdi trudng tao
nén cic hat tich dién nhu proton, hat o, triton, cic hat ning hon va cdc manh
vd phin hach.

¢} Cdc yéu cdu dot vii hé do neutron

— Vit liéu detector phai ¢6 tiét dién tuong tic 16n vdi neutron 8 mién
nang leong khio sdt, i€t dién tiong tdc bé véi y va vdi neutron § mién ning
lugng khdc. Nhw viy hiéu sudt ghi neutron trong mién ning lugng khio st
s& 16n hon nhiéu so vdi cdc mién ning lugng khac va véi bide xa v.

— Phan b& bién d6 cia cdc tin hiéu it detector ma ta quan tim cing
khdc v6i phan b bhién d cla cdc tin hiéu khdng quan tim cang t8t @€ co thé
tdch cic tin hi¢u quan tim bing phudng phip phin biét theo bién db.

— Dang clia cdc tin hidu tlr detector mi ta quan tdm cing khic vdi
dang cla céc tin hiéu khéng quan tdm cang 6t d€ ¢6 thé tich cde tin hiéu
quan tdm bing phwdng phd p phin biét theo dang.

7.4.5.2. Cdc detector ditng d¢ do neutron nhiét

Cac detector do neutron nhiét dwa trén cdc phan ¢ng sinh ra cdc hat
nhin gidt lu, proton, alpha vi cdc manh v8 phdn hach. Cdc phdn fng sinh
cdc hat ndy la cdc phdn ¥ng tda nhiét v6i hi€u Wng nhiét Q khd 1én. Chinh
nhdf gid tri Q 16n nén cdc hat sdn phim cé ddng ning 16n, tin hidu do chiing
gdy ra 16n nén d& dang tich khdi cdc tin hiéu tf phdng gamma. Céc phin
ng phd bi€n thudng sif dung la:

W |sLi'+,He Q=2,792MeV (trangthdi cd bin)
n+ B - . (7.7
sLi"*+, He Q=2310MeV (trangthii kich thich)
n+,Li" > H +,He? Q=478 MeV (7.8)
n+,He’ > H'+p Q=0,764 MeV (7.9)

va phdn itng phin hach hat nhdn d6i vai U2,
a) Ong dém chita boron

Boron ¢6 thé & dang khi va dang rdn nén ta cé hai loai detcctor chita
boron d& do neutron nhiét. Detector neutron nhiét phé bi&n nhit Ia dng dém
ti 1¢ BFs. Trong 6ng d€m nay khi BF; vira déng vai trd bia chuyén adi
neutron nhiét sang hat tich dién o vira 1am chat khi ti 1&. Khi BF; dudc 1am
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giau B' 1am hi¢u sudt 6ng dém ting gap 5 lan so véi Ong d€m ding boron ty
nhién. Ching han, hiéu sust do neutron nhiét cia 6ng d€m BF, dai 30 cm vdi
dd gidu 96% B'® & dp sudt 80 kPa 14 91,5%. DGi v6i neutron ning lugng 100
eV, hi¢u suat ciia 6ng dém nay gidm xudng con 3,8%. Phin I6n cic Sng dém
BF; sit dung boron gidu 96% B'. Tuy nhién khi BF; khong phai 14 chit khi
1& 1Y wdng nén ngudi ta con san xudt Sng d€m BF; rdn véi khi argon. Tuy
hén hdp nay lam gidm hidu sudl ghi nhung phd bién do xung cho cac dinh
nhon hon vd mién plateau &n dinh hon. Mt dic diém quan trong cla Ong
d€m BF; 1am cho né duge st dung rong rii ka khi nang Iva chon cao d6i vai
neutron trén nén phong v. Tia v twong tic vdi thanh 6ng d&m sinh ra cic
electron thi c4p gdy ion héa khi. Do céc electron ndy mit phin ning lugng
khi bé khi di qua chit khi nén bién dé tin hiéu ciia ching bé va bj loai trif
bing s¢ d6 phan biét ngudng. Cdc &ng d&€m BF; ¢ thé lam viéc 5t trong
nén phéng 7y c6 suit iéu 1000 R/h.

Ong d&m boron & dang rdn 13 loai s& dung &ng d€m G 1& thong
thudng, trong d6 phii mét 16p boron 3 mét trong thanh §ng. CAu hinh ndy ¢6
wu di€m 13 chon dige chi't khi 18 t6t hon khi BF;. Tuy nhién do ning hrdng
neutron mit trong 1dp phd boron bé hdn trong khi BF; nén khi ndng loai trir
phéng ycia nd thdp hon dng dé€m BF-.

b) Ong dém chita lithium

Do khong ¢6 khi tf 1& &n dinh chia lithium nén d61 véi lithium khong
¢6 Ong d€m khi nhw BF;. Detector lithium do neutron nhiét phd bign 1a
detector nhip nhdy véi tinh thé Lil. Tinh thé Lil(Eu) ¢6 tinh chit héa hoc
gidng nhv tinh thé Nal(T1) nén cd ch& tao nhdp nhdy sing ciing giéng nhy ¢d
ch€ nhdp nhdy sdng cda tinh th€ Nal(Tl). Do mat d6 khéi lugng cao, tinh thé
Lil khéng cin cé kich thudc 16n ciling ¢6 hiéu suit cao d8i véi neutron nhiét.
Ching han tinh thé Lil gidu Li® vdi bé day 10 mm c6 hiéu suit gin nhw
100% d&t vdi neutron 1i neutron nhiét dé€n neutron ¢6 ning lugng ¢d 0,5 eV,
Tuy nhién do quing chay rdt ngdn ciia neutron nhiét ldn electron thi c4p wr
twong tdc cia phong gamma nén chiing déu tiéu t4n hoan toAn ning lugng
clia minh trong tinh thé, va do d6 bién a5 xung do hai loai hat ndy gin giéng
nhau. Vi viy khd ndng loai trif phdng gamma trén trwdng neutron nhiét dai
v&i tinh thé Lil kém hon &ng d€m khi.

¢) Ong dém ti l¢ He'

Do He' 12 khi trd nén né chi & dang khi ma khdng c6 dang rin. Tiét
dién tuong tdc cla neutron nhiét véi He® 1dn hon déi véi B'. Detector He?
ciing dudc st dung rong rai. Tuy nhién do He’ kha nhe nén quing chay clia
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H' va proton, 1a cdc sin phim cta phin ing (7.8), vao ¢@ kich thude Sng
dém. Khi dé cdc hat H* va proton khéng tiéu tdn hodn toan ning ludng cia
chiing trong thé tich khi mi mdt phin 1iéu tin trong thanh dng d€m. Hidu
ting thinh dng nay cling gidng nhu d6i vdi 6ng d€m BF; nhung d6ng vai trd
quan trong hon dng d€m BF;. P& gidm hidu tng nay cd the ting 4p suit khi
trong 6ng dém. Nhuge diém nifa clia dng d€m He' 13 khé loai trir phdng
gamma hon dng d€m BFs do hiéu tng nhiét Q bé,

d) Ong dém phin hach

Uu diém chinh ciia phin tng phin hach 13 ning lugng gidi phong rdt
16n. Trong 200 MeV gidi phong thi 160 MeV dianh cho ddng ning cia cic
sin phim phan hach, do dé bién 4 xung ra 16n hon nhidu so vdi cic phin
#ng canh tranh khic. Nhd d6 &ng d€m phan hach c6 phong rat thip va ¢é
khd ning do neutron nhiét vdi hoat o rdt bé. Ong d€m phin hach phd bién
nhat 1a loai budng ion héa c6 mdt 1dp vat licu phan hach UO, gdn bén trong
day khodng 2-3 mg/cm’. Vi vit liéu phan hach c6 d6 gian U™ cao thi hiéu
suét ghi cda 6ng d€m 21 vao khodng 0,5% d8i véi neutron nhiét va 0,1% dai
vdi neutron 0,5 eV.

7.4.5.3. Cdc detector ditng dé do neutron nhanh

Viéc do neutron nhanh khac neutron nhiét & chd, ngodi phép do sd
d€m neutron cdn phédn tich phd nang lugng neutron. PE do s6 d€m neutron,
vé nguyén tic cdc detector neutron nhiét ciing cé thé do neutron nhanh
nhung hiéu sudt do rat thip do 1i€t dién udng tdc clia neutron nhanh rat bé
so v tift dién tudng tdc ¢lia neuntron nhiét. Do vy ngudi ta khong dung dng
d€m BF; d€ do neutron nhanh, tuy nhién §ng d&m He’ v3i mét vii thay ddi
¢6 thé do duge neutron nhanh. Phuong phép thudmg st dung d€ dém s6
ncutron 14 lam chdm neutron nhanh bing modt méi trudng 1Am chim roi do
neutron nhiét do qud trinh lam chdm dé. Khi d6, detector nentron nhanh gém
hai phin 1a chdt 1am chim neutron v Gng d€m neutron nhiét, ching han 6ng
d€m BF;. Mot loai detector neutron nhanh khdc hoat ddng dua trén hién
twgng tdn xa din hdi vd do hat nhin bia gidt lui. Ning lwgng hat nhin giit
i cang 16n khi hat nhdn bia cang nhe ma 16n nhit 461 véi hydrogen. Do d6
6ng d€m thudng sit dung d€ do neutron nhanh theo nguyén tic nay la dng
dém proton giit ini.

Viéc phén tich phd ning lugng neutron ¢é thé thye hién bing Gng
dém dya trén qud trinh 1am chim neutron 1an dng dém proton giat lai. Do
qua trinh lam chdm neutron phy thudc vao nang {ugng ban diu clia neutron
nén s& d€m necutron nhiét phu thudc vio ning Iwong neutron. Nhet d6 ¢6 thé
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xdc dinh phd nang lugng neutron. Cdn trong 6ng d€m proton giat [, ning
lrgng proton tdng khi nang lugng neutron ting, do d6 bing cdch xdc dinh
ning lugng proton ¢6 thé do dwye ph8 ning lvgng neutron.

a} Ong dém dya trén qud trinh lam chdm neutron

Ong d€m nay gdém mét detector neutron nhidt vd mot 14p chil lam
chim boc bén ngoai detector. Chit 1Am chdm nay thudng 13 vat lidu chia
hydrogen nhu paraffin hay polyethylene. Higu sudl clia dng dém cing ting
khi tang bé day 1p vat lidu Bam chim, nhung n€u bé day d6 16n qud thi hiéu
sudt 6ng d€m lai gidm di do cdc neutron nhiét b hdp thu va khuéch tin
khoéng di dén detector bén trong dugc. B¢ day t8i wu cia paraffin hay
polycthylene vao khodng vai cm d81 neutron nhanh ning lugng vai keV va
cd vaichyc ¢m ddi v8i neutron ning lrgng MeV.

- Omg dém hinh cdu: MOt trong cdc loai 6ng dém dya trén qua trinh
Jam chim newtron 12 Sog d€m hinh cin ding d€ do liéu neutron. Ong dé€m
gdm mot vé hinh cdu bing polyethylene day 300 mm boc bén ngoai detector
nhdp nhdy Lil kich thudc 4 mm x 4 mm do neutron nhiét, goi 13 dng d€m
Bonner, dua theo cong trinh nghién cfu clia Bramblett, Ewing vd Bonner
nidm 1960. Ong d€m Bonner cho phép xdc dinh liéu neutron trong mién nang
Irgng rdng tif neutron nhiét d€n neutron nhanh khodng 10 MeV véi s8 dé€m
3.10° s& d€m/mrem. Ong d€m Bonner didc nhiéu tac gid nghién citu cii ién
vl cic kich thude khic nhau cda 18p vé polyethylene hodc st dung cdc
detector neutron nhi¢t khdc nhau va #ng dung trong cdc phép do liéu
neutron.

— Ong dém dai: Mét trong cdc dang khdc céia 6ng d€m dua trén qud
trinh lam c¢hdm neutron 1a 6ng d€m dai. P4c tinh cia 6ng d&€m dai A hiéu
sudt dém ctia né khong phu thudc vao ning lugng neutron trong khoing kh
dai.

Ong d€m dii diu tién dude A.O. Hanson v M. L. McKibben d& xu4t
nam 1947 v6i chit lam chim paraffin ¢ dang hinh tru boc xung quanh
detector neutron nhiét BF; va nim 1958 M.H. McTaggart thi€t k€ mot Sng
dé€m dai chuén dude si dung phé bi€n (hinh 7.23).

6ng d€m dai hinh 7.23 chi nhay vdi cdc neutron ddp vio mit bén
phdi clia 6ng d€m bén trong Idp oxide boron. Cdc neuwtron dip vao tif cdc
phirdng khac dudc 1am chim & vanh paraffin ngoai va bi hdp thu & 16p oxide
boron nén khong dén detector BF; dude. Cac neutron di vao mit trude va
song song v41 truc hinh try s€ di xuyén qua paraffin mét quing dudng mdi
dugc lam chim. Quing dudng nay ting theo ning lugng neutron. Néu
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detector BF; va hinh tru ¢hdt 1am chiam i dai thi diém lam chim s& khong
khdc nhan d8i vdi cdc neutron nidng lugng khéc nhau. Nhur viy ham ddp ting
cita dng dém hdu nhu khong thay ddi theo ning lugng. Cdc 13 réng dit &
mit trde d€ cdc neutron nang lugng thap ¢é the di xuyén siu vio chit lam
chim nhdm trdnh sy gidm hi¢u sudt d€m 461 vdi cdc neutron nang lugng
thap hon 1 MeV. Hiéu suit cia 8ng d6m nay khdng thay ddi qua 10% trong
mién ning lugng tit neutron nhiét dén cd 6 MeV.

Vinh paraffin trong B,O;
.......................... A
Vanh paraffin LSS A S TTTSLLT D IS ST T .
ngoai - ] L4
----------------- h 8"5 f"! 15 "
2 TP PPTPPIIN,.....X..
) l |
Ong dém BF; 8 16 trdng dudng kinh
dai 309 88mm 88.9mm, sdu 152 4mm

Hink 7.23. Ong d&€m dai do M.H. McTaggart thi&t k& nam 1958.

5 detector He' dai

Pé:raffiﬂ 203,2mm, dudng
irén B,C kinh 38, 1mm
V3 nhém
1216 sdu
Polyethylene 3,5 x25,4mm

Hinh 7.24. Tiét dién ngang 6ng d&m dai hidu suat cao ding 5
detector He® ciia L.V. East vi R.B. Watson thiét k& nim 1969.
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Nam 1969 L.V. East vd R.B. Watson thiét k& dng d€m dai c¢6 hiéu
sudt cao rong d6 s& dung 5 detector He® (Hinh 7.24). Chit Iam chim & vanh
ngoai la paraﬂm rén vé1 B4C cOn chdt lAm chidm & vinh trong 1a
polyethylene. Ong, d&m nay ¢6 hidu suit d€m 11,5% trong ddi ning lugng tx
neutron nhiét dén khodng 5 MeV.

b) Ong dém proton gidt Wi

Khi ncutron véi ning hwgng E, tin xa dan héi 1én hat nhian khdi
ugng A thi ning lugng hat nhin giat loi Ex phu thude vao goc bay 8 cla né
nhu sau:

4
Eg = J_,— cos’6 E, (7.10)
(I1+AY

Hat nhédn giat lui mang dién tich nén né ion héa mbi trutng detector.
Néng Ingng hat nhin giat lui cang 16n thi bién d tin hi¢u ra cang 18n va d&
dang phin biét véi cdc tin hidu do phong gamma giy nén. Trong trudng hgp
va cham cham trdn thi géc bay cia hat nhan gidt lui 6 = 0” va ndng lugng By
dat gid tri cue dai bing:

A
Ern = — 2 g, (7.11)
(1+ A’

Theo cong thie (7.10) khi khoi lwgng hat nhin bia ting thi ning
ligng truyén cho hat nhin gidt lui gidm. Khi hat nhin bia 13 hydrogen thi
neutron ¢ thé truyén toan bo ning lugng cia minh cho hydrogen trong mot
va cham. Do d6 méi trudng chwa hydrogen dugc chon d€ lam detector do
neutron nhanh va detcctor dé duge goi 1a §ng dé€m proton giat lai.

Hiéu sudt do clia Sng d€m proton giat lui phu thudc vao tiét dién tan
xa nhu sau:

£ =1 - exp(-No,d) (7.12)
Trong d6 N 12 ndng d9 hat nhan bia, o, 1a i€t dién tin xa dan hdi con d 1a
khodng chay cia neutron trong vit chdt detector. Vit chit detector thuting
chita hydrogen va carbon, do d6 cin hiéu chinh qud trinh tdn xa trén carbon
trong hiéu suit do neutron:

Nyuoy

£= {1~exp[—(NH0H+ Nccc)d]} (7.13)

Nyo,+Neo.
Ti€t dién tdn xa cla neutron lén proton phu thudc vao ning lugng
neutron trong mién tl 0,3 MeV d&n 30 MeV nhi sau:

4.83
Os(Eq) = ——=-10,578 bam ; Eq do theo don vi MeV (7.14)
v E“
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Mdi trwding detector proton gidt Wi thudng s dung 13 chit nhdp nhdy
hitu ¢d va chat khi i 1&8. Chat nhdp nhdy hitu co rdn thudng gdm anthracene,
stibene, plastic ¢on chit nhdp nhdy hitu c¢d léng 12 dung dich hitu ¢d chia
hydrogen. Detector chda khi thuding st dung khi metane hay helium. Ong
dém khi ¢6 hién sudt bé hon hidu suit cia detector nhidp nhdy hitu ¢o. Dira
trén cdng thife {7.13) ¢o thé tinh dude hiéu suit do clia dng d€m chia khi,
k&t qud cho gid tri bé hon 1%.

Ong d&m proton gidt lai chita khi methane, 1 loai khi ¢6 hydrogen.
Detector duge boc mdt 19p méng cadmium dé€ hip thy neutron nhiét nhim
han ché& cdc tin hiéu do deutron gidt lai khi neutron nhiét twong tac vdi
hydrogen. Ngoai ra trén thanh dng d€m cdn phd mdt i6p vat ligu rdn chita
hydrogen nhu paratfin hay polyethylene. Cdc proton bi cdic neutron nhanh
ddnh bat ra khoi 1dp phi nay va ching tiéu tin ning lwgng trong chit khi cita
detector, P nhay clla detector proton gidt i d6i vdi neutron nhanh bé hon
nhi¢u so vdi do nhay cia detector BF; d6i vdi neutron nhiét, D43 1a do hai
nguyén nhan. Th nhit, ti&t dién tdn xa neutron nhanh [&n hydrogen rit bé
so vai i€t dién chi€m neutron nhiét ctia B'. Thif hai, tuy cdc proton tdn xa
¢6 ning lugng tit khong d€n nang lugng cla neutron nhanh nhung phan 16n
cdc proton ¢6 ning lugng bé, ching cho tin hiéu 181 ra bé, lAn véi céc tin
hiéu cla cdc tia gamma va bi loai do s¢ d6 phin biét ngudng. Trén gid tr
ngudng niy, sut phy thudc nang lugng ciia Sng dém ti 1€ véi sO proton giat ki
chii y&u duge xdc dinh bdi phan b8 ning lwgng ciia 1i€1 dién vi phdn qui
trinh tdn xa ciia neutron nhanh 1€n hydrogen.

<) Phdn vng kich hoat neutron

Khi peutron tuong tdc vdi cdc hat nhin bén thi cdc hat nhin nay ud
thanh céc ddng vi phéng xa. Po hoat d6 phéng xa cla cac dbng vi phéng xa
sau phdn @ng cho phép xdc dinh dudge mit do thong lydng neutron. DS la
phuong phdp phin tich kich hoat neutron. Do nhi€u phdn @ng kich hoat
neutron 13 cdc phan Gng ¢6 ngudng nén ¢ thé sit dung ching dé do phin bd
ning lugng clda neutron.

7.5. CAC PHUONG PHAP XU LY $0 LIEU

7.5.1. Tinh chit cta cdc dit Eéu thiye nghiém
PhAn t3 phong xa 12 qué trinh ngiu nhién, do d6 bat ¢t phép do nao

dua trén viéc do cdc bifc xa do hat nhin phin rid déu c6 mdt d6 thang gidng
th6ng k& nio d6. Thiang gidng ndy giy nén mot ngudn bat dinh trong cdc
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phép do hat nhan va d6 12 ngudn sai s6 chd yéu lrong cac thi ngiém. Viéc xit
1y s6 lidu d€ suy ra cdc két qui thwc nghiém chd y&€u thyc hién trong khuén
khd phan tich théng ké cdc dit liéu do dac.

Gid st ta ¢6 N phép do déc lip cia cung mdt dai lugng vat 1y va
nhin duge N gid tri x, Xz, X, . ,Xi, .. Xn. Ngodi ra cdc gid tri x; 1a cdc s§
nguyén, ching han s8 d€m bic xa trong khodng thdi gian ndo d6. Gid tr
trung binh thuc nghiém clia tip hgp nay 1a:

1 ]
X, = — 7.15
. Ngx. (7.15)

Méi gid tri thie nghiém xudt hién vdi mot tin s6 F(x) ndo d6, ma ta
g0oi 1a ham s phdn bd tdn suat. D6 1a tAn s§ wdng d6i xuat hién gia tri x:
S& 14n xudt hién gid tri x

F{x) = — : : (7.16)
S0 cdc phép do(N)
Ham phin b3 nay duge chufn héa nhi sau:
Y F(x)= 1 (7.17)
x=0

Bdng 7.5. Vi du clta him phin b8 tdn suit F(x).

X 314 (516|789 (1011]12|13}14| 2 Fx

% =0

F(x} |0,050,000,05/0,10{0,10/0,20/0,10(0,15/0,05[0,10(0,050,05] 1,00

F(o :Eﬁ}f lr:ién
0,20 4

0,15 3

0,10 2

0,05 1

2 4 6 8L 10 12 14 16 x

i

Hinh 7.25. Him phan bd tin sudt theo bang 7.5.
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Ching han ta ¢d Gp hdp cic gid wi x 1l 3 dén 14, dn sudt xudt hicn
moi gid i nay 1 Fx) dude din ra vén hing 7.5 Han phin bo b sudt theo
bing 7.5 dude minh hoa trén hinh 7.25.

Khi st dung him phin bd tan sudt thi gid tn uung binh X theo cong

thire (7.15) durge vict lai thinh:

X,z 2 xFx) (7.18)

ot

Ta thi'y riing cong thire (7.15) la tuong hdp riéng clia ¢ong thite
(7.1%) trong wrwding hap him phiin bo trong 3 1 ham phidn ho déu b =

Thong & thit hai thuttng dude ding 13 plerong sai meadn ding ¢ dinh
[wdng hoa dO thing gidng trong p hop dir hicu. DXau tién hiy xic dinh
{éch ciia mot s liéu bt k¥ so van gid (el trung binh thue nghiéne
£,=X- X, (7.1
Tif cOng thife (7.15) suy ra rang:

~

Yo =0 {7.20)

-

N&y 14y binh phudng cic do [8éch g, thi ching Tudn 12 56 dudng, vi
vy dai ludng san ddy, goi 1a phuong sai méau, s¢ phin dnh mic do thing
gling nol tai trony Ep hop dir du:

A T i .
= Ya = —— Y, X)) (7.21
N 1.2.7 N 15

Theo comg thite (7.21), phadng sai mau 1 gid ui trung binh ctia binh
phudng do 1ech ctia ciie s e thue nghiém,
Neodi gid tri trong binh thue nghiém con e gid i trung binh dhing
X v phudng sai mau khi do dige xde dinh gua X onhu sau:
1 l ™ o
s‘:—Z{x:--x}' (7.22)
1|

Chinh dinh nghia (7.22) mdi 12 dinh nghia chinh xdce cua phusng sai
mau, tuy nhién trong thire 1€ khong thé xde dinh chinh xde gid wi ¥ mi chi
xdce dinh gid tri gdn dung X, . Gid wi X khong pho thude vao tdp hdap dir heén
tbire nghiém con gid i X, phy thude vao tdp hop dit héu nay. Trong cong
thife (7.21), d€ tinh gid tri 8 cin sif dung N - 1 bic wr do thay che N bie ar do
trong ¢ong thite (7.22) vi dw wong X dude «ie dinh theo phudng trinh

(7153 ufe 1 ¢d mdt ring bude ddi v N sa Licu,
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Khi st dung ham phin b& tin sudt F(x) thi phudng ‘sdl mau dudc xde
dinh nhr sau:

N
=3 (x,~ %) F(x). (7.23)
i=1

7.5.2. Ba phin bd xdc suit cd ban

Theo cdc didu kién xdc dinh chiing ta ¢6 thé du dodn him phin bo
tan sudtl d€ miéu td cdc két qud cda nhiéu ldn lap lai mot phép do nao d6.
Phép do dudc dinh nghia 1a phép d€m s& thank cong x4y ra trong mt s8 cdc
phép thi nghiém nao d6. Mai phép thit nghiém 12 mot gué trinh nhi phin ma
né chi c6 hai k&t quéd khd di, t¥c Ia hodc thinh cong, hoic khéng thanh cong.
Trong cic phép thif ma chung ta khdo sdt, thong thudng xdc suat thanh cong
2 mdt hdng s ddi vdi tdt ca cdc phép thi. Chéng han ta gieo ddng xu, né co

. N | .
hai mdt, nén xdc suat xudt hién mot mitla p= E Néu ta gieo con xiic xic

. N . .4 1 - .
c6 6 mat thi xdc sudt xuit hién mot mit ndo dé 13 p= g Neéu ta quan sat

mot hat nhin phéng xa trong thdi gian t nao do6 thi s6 phép thi tuong dirong
vdfi s6 hat nhin trong miu con phép do 1a viéc d€m cdc hat nhan nay khi
phin rd. Xdc sudt thanh céng clia mét phépthit ndodé lap=1 - ™ , trong
d6 A 1a hiing s phan ri cia miu phéng xa.

C6 ba him phin bd thdng k& duge s dung 12 phin ba nhj thire, phin
bd Potsson va phan b8 Gauss hay phén b& chuidn,

7.5.2.1. Phén bé nhj thic

Phin b nhi thitc 12 phin b3 téng quit nhit cia cdc phin b6 thong
ké. Gid st n 1a s§ cdc phép thit ma m&i mot phép thit ¢é x4c suit thanh cbng
1a p, thi xdc sudt xdy ra chinh xdc x 14n thanh c6ng bing:

P(x} = ™ p'(1 - p)™* (7.24)
x{n—-x)!

Ham P(x} 12 ham phin b6 xdc suit duge xdc dinh 461 vdi cdc s&
ng?uyen n va X, goi 1a phan b nhi thitc. Ta hiy xét mot vi du dp dung phdn
bd nhi thitc. Ta gieo mét con xidc x&c hinh lip phwong vdi 6 mit dude d4anh

A . gy A
s6 tr 1 d&€n 6. Xdc sudt xuat hién mdt mdt ki gieo con xiic xdc la ~6— Ta yéu

cdu mdi lan gieo con xic xdc thi mdt trong cic mit véi s& 3. 4, 5, 6 xuit
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. 4 2 ‘
hién, nhy viy xdc sudt thinhcongla p= o = 3 = 0,667. Biy gid ta gieo con

xic xdc n = 10 1in th phan b nhi thite cho phép tinh dude xdc suit d& x 1an
thif thanh c6ng, trong dé x 1a s& nguyén tt 0 d€n 10. Trén bang 7.6 va hinh
7.26 trinh bay k&t qua tinh todn cic gid tri ham phin b8 xdc suit theo cong

- 2
thie (7.24) dd1 v p = 5

Bing 7.6. Ham phan b8 nhi thitc P(x) d8i véi thit nghi€ém gieo con xiic xic.

X P(x) X P(x) X P(x)
0 0,00002 4 0,05690 8 0,19509
1 0,00034 5 0,13656 9 0,08671
2 0,00305 6 0,22761 | 10 0,01734
3 0,01626 7 0,26012 Z P(x) 1,00000
<=1
P(x)
0,25 :
|
0,20 i
|
0,15 ':
]
l
0,10 l
‘.
0,05 E
X

8 10 x

Hinh 7.26. Ham phin b8 nhi thic P(x) d8i véi thi
nghi¢m gieo con xiic xdc¢,

Céc tinh chdt clia phin b& phi thic:
~ Ham phin b& duge chudn héa:

i P(x)=1 (7.25)
x=0
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— Gia tri trung binh cla phin b3:
X =2 xP(x)=pn (7.26)
x=0

— Thay cho phuong sai miu theo ¢bng thie (7.23), & diy st dung
phuong sai du kién:

o =Y % P)=apl -p)=x (I - p) (7.27)
x={}

Trong 46 6 1a d6 12ch chudn
C=JX(1-p) (7.28)

D31 vdi thi nghiém gieo con xide x{¢ noi rén a 6 gid tri trung binh

. 2 .
cia phin bd X = np = 10 x-3— = 6,67 va d6 léch chudn 6 = Jx(1-p)=

\/6,6?‘)(([ —0,667)=1,49. Cic gid tri X va ¢ dugc trinh bay trén hinh 7.26.
7.5.2.2. Phdn bé Poisson

Nhi€u qud trinh nhi phan cé x4c suit thanh cong bé d51 vdi mbi phép
thi riéng bigt, thc 1a p << 1. Ching han trong thi nghiém hat nhin thi miu
vat nghién ctu chita rdt nhiu hat nhan phong xa nhung hé do ghi nhin chi
mdt phin bé cla chiing. Mot vi du khdc I3 chim hat tif mdy gia tdc c¢6 cuding
d5 Idn va dap vao bia nhung chi mot s& it bé cic hat gdy ra phdn éng. Vdi
diéu kién p << 1, n 19n va pn vifa phdi thi phin b8 nhi thitc ¢ thé chuyén
thanh phan bg ¢6 dang:

Py = e (7.29)
x!

Do pn = X d6i vdi ham phin b8 nay cling nhy d8i véi ham phan b&
nhi thitc nén ta c6:

) e
x!

Déy 1a ham phdn bd Poisson. Ciing gifng nhu ham phan b6 nhi thitc,
cdc théng sG ctia ham phin bd Poisson nhu sau-

— Ham phin b8 dugc chuin héa;

P(x) =

(7.30)

Y Px)=1 (7.31)
=0
- Gid tri trung binh cda phén b3:
X =) xP(x)=pn (7.32)
x=0
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— Phuong sai du ki€n o” bang:
o’ =Y (x~-%) P(x)=np= ¥ (7.33)
x=0
Do d6 d6 1&ch chudn o 1a:

6= X (7.34)

Bédng 7.7. Ham phén bd Poisson P(x) ddi vdi thit nghiém ngay sinh nhit doi
v 1000 ngudsi.

x | 0 ] 2 3 4 5 6 7

P(x) | 0,064 | 0,177 10,242 [ 0,221 | 0,152 | 0,083 | 0,038 | 0,014

P(x)
0.30

0,25

(3,20

0,15

0 1 2x3 4 5 6 7 x
Hink 7.27. Ham phin b& Poisson P{x) dG1 véi thi
nghiém ngay sinh nhit d81 vai 1000 ngudi.

Vi du 4p dung phin bd nhi thitc. Chon mét cich ngdu nhién mdt
nhém 1000 ngudfi va lam 1000 phép thi nhu sau. HSi tiing ngwdi mot ring
hom nay ¢6 phdi 1d ngiy sinh nhit cia ngudi dé hay khéng, phép thi thanh
cHng néu hdm nay 1a ngay sinh nhit cia ngudi do. Xac suat thanh cdng la

1
p= 365 Nhu vay p = 0,00274 << 1, n = 1000 di 16n cdn pn = 2,74 1a vira
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, . e
phdi. Nhy vay c6 thé 4p dung phin b6 Poisson P(x) = @—'——— =
X
(2‘74)'4 e—?.,'M
x!
hinh 7.27. Ham phan bd tip trung Xung quanh gi4 tri trung binh X = 2,74
nhung khéng d6i xing. B8 1&ch chuin biing 6 = 1,66.

. K&t qué tinh todn theo cdng thitc niy cho trén bing 7.7 va

7.5.2.3. Phén b6 chudn hay phin bé Gauss

Phan b Poisson 1a sif don gidn héa todn hoc d&i vdi phin bo nhi
thife khi p << I, n16n va pn vira phdi. Trong trudng hop gid tri trung binh
X = pn clia phin b8 16n hon 20 thi st dung cdc phép don gidn héa bd sung ta
duge ham phin bd chuin hay phin b§ Gauss:

—l— exp [— (x~X) } (7.35)
2z 2%

Ham phan b nay cling diing cho cdc s8 nguyén x. Céc thong s6 ciia
him phan bd chudn cling gidng nbu phin bS Poisson, tfc 1A X = pn Vi
o= VX,

D€ 1am vi du 4p dung phan b8 chudn ta xét bii todn vé s6 ngay sinh
nhat n61 trén nhung vdi nhém 10000 ngwdi, khi d6 X = pn = 27,4 > 20. b
l&ch chudn bing 6 = 5,23. Ham phan b chuén d6i vdi thi nghiém ndy dudc .
minh hoa trén hinh 7.28.

Ta nhin thay ring ham phin b& chuin d6i xing qua gis 1rj trung
binh X, do d6 ham P(x) chi phu thudc vao gid i tuyét d6i cia hiéu s&
€= |x - X|. Hon nifa do X 16n nén ham P(x) thay d8i chdm theo x v c6 thé
coi P(x) 1a ham cia bién s& x lién tuc. Khi dé ham P(x) ¢6 dang (7.36), trong
dé do lech chuin 6 = VX, va duge bidu dién wén hinh 7.29,

P(x) =

P(x) = ——= g ® /20 (7.36)
o2

. N l i
Pai lugng P(x)dx 13 xdc sudt d& x nim giifa x - de vd X + de.

Néu ta quan tim d&€n xdc sudt dé x nim gita a va b thi 14y tich phin P(x)dx
tir a dén b, do 13 dién tich dudi dudng cong hinh 7.29 ti¥ hoanh d6 a d&an
hoanh d6 b. Trén hinh 7.29, dudng cong phin bd ¢é dang hinh chudng, dsi
xling qua gid tri trung binh X. Dién tich dudi dudng cong tiY -oo d&n -+eo biing
L. Di€n tich trong cdc khodng tif X dén X * ¢ bing 34%, wr X + ¢ dén
X £ 206 bing 14%, ngodi mién X + 26 1a 2%. Nhut vay 68% dién tich dudng
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cong nam gifa -16 va +10, nghia 14 ¢6 khodng 68% cic phép thif thanh cdng
s& 1&ch khoi gid tri trung binh X it hon mét 8% 1&ch chudn. Ciing twong ty nhu
viy, 96% dién tich dudng cong ndm gita -26 vi +26 hay c6 khoang 96% cic
phép tht thinh cong sé 1&ch khéi gid tri trung binh X it hon hai d6 l&ch
chudn.

A
Pix
) | G 1 G 1
St
| 1 1
0‘08 - ] | y
1 i |
] i I
] i ]
6,06 [~ g ) i
1 ] ]
1 ] 1
1 ] 1
0,04 ! i i
I 1 [
i i !
0,02 - I‘l 1 I I
' i :
[ a II l i E E I I l’ I
20 1 2517 307 35 x -3¢ -26 -lo
X -0 X X+0

Hinh 7.28. Ham phan b6 chufn gisn  Hink 7.29. Him phin b& chuin lién
doan véi gid tri trung binh X=27,4.  tuc d61 xdng qua gi4 tri trung binh X .

7.5.2.4. Ap dung cdc phdn bd thong ké

Ta hiy xem xé1 viéc ing dung cdc phin bd thdng ké trong cdc phép
do dac hat nhin v han ch& d8i vi hai trudng hgp la trudng hdp nhiéu sd
lidu do dac cha cing mot dai lugng vat ly va trudng hgp mot s Lidu do dat
duy nhat cia mét dai luwgng vatly.

a) Trudng hop nhiéu s& lidu do dac cita cang mat dai lwgng var Iy

Gid st ta ¢ mdt tdp hop N s& liéu do dac v6i ham phén bd 1in sudt
F(x) theo cdng thite (7.16), gid tri trung binh thyc nghi€ém X . theo cong thic
(7.15) va phudng sai miu s* theo ¢Ong thitc (7.23). Ta hiay xem xét tip hgp
dir lidu thue righiém nay duge miéu 4 theo phin bd thdng k& ndo. Hiu nhu
phin 1dn céc dif lidu thie nghiém dugc miéu td béi cdc him phin bs Poisson
hay chuin P(x) vdi gid tri trung binh X va d6 1&ch chuin o = \E Vindé &
diy la phai chon md hinh thdng ké sao cho ham P(x), cdc gid tri X va o’
trdng véi ham F(x), cdc gid tri X, va s°. Thong s6 ddu tién ngudi ta thudng
chon 1& dat X = X .. Budc (bt hai 13 chon ham phin bd Poisson hay chuéin
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P(x) sao cho n6 phit hgp vdi ham F(x) v6i gia tri rung binh X da bi&t. Viée
so sdnh nay dugce thyc hién bing cdch so sanh phudng sai dy kién ¢° = X véi
phudng sai thue nghiém s,

Bé lam vi dy ta xé1 cdc s§ liéu thye nghidm néu trong bang 7.5 va
hinh 7.25, mi ta v€ lai trén hinh 7.30.

Flx) ffﬁ%f ;ie:-,n
0,20 4
0,15 3
0,10 2
0,05 1

Hinh 7.30. So sénh dif i¢u thue nghiém tif bdng 7.5 véi hdm phin bg
Poisson véi gid tri trung binh X =8,8.

Gid tri trung binh thyc nghiém X .= 8,8 nén X = 8,8. Phudng sai thuc
nghiém s’ = 7,36 tinh theo cong thifc (7.21) cdn ¢® = X = 8,8. Nhw vay dif
li€u thyc nghiém c6 mifc thing gidng bé hdn mirc thing gidng theo phin bd
Poisson v81 ciing mdt gid tri trung binh. Tuy nhién viéc so sénh niy chva cho
két ludn dinh luong.

Viée so sinh dinh lugng dugc x4c dinh theo thong s§ x*

N
R NN (7.37)
X, i=l
T cdc cdng thitc (7.21) va (7.37) dai lugng x* lién hé véi phucong sai

mau nhv sau:
2

r=(N-1) = (7.38)
X

Néu dit liéu thyc nghiém dugc md td bdi miu thong ké Poisson thi s
=~ ¢”. Mat khdc d8i vdi phan b§ Poisson thi 6> = X ¢cdn X = X. do chiing ta
2
. . . L] L4 - S -4 p »
chon. Nhtt viy mifc d§ sai khic v8i don vi cfia tf s8§ — phdn 4nh mic dd
xe
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ma phuong sai miu s° khic véi phudng sai dy ki€n ¢°. Theo cong thiic (7.38)
thi ~— =
X N-1

4

nén mife do sai khdc cia x3 $0 v3i N - 1 s€ phdn dnh mic do

sai khic ctia dit liéu thue nghiém so vdi phin bd Poisson.
Ham %’ tudn theo phan bd

1,

y=yo ety (7.39)
va xdc suit dé€ ¥ nim trong khodng ¥, dén o la:
Jeay
p=2— (7.40)
je—y_z.“ﬁxu—ldx
o

Trong 46 v = N ~ 1 1 bac tf do. Pai Iwgng p cho xdc suat d€ vdi mét
phép 18y mAu ngiu nhién ta ¢6 thé im mdt gid tri ” bing hay ln hdn mot
gid tri %y di chon. Gid tri p qud bé, vao ¢d 0,02, cho thdy thing gidng qud
Idn trong di¥ liéu thuc nghiém con gid tri p qud 19n, vao ¢ 0,98, cho thdy
thing gidng qud bé trong di liéu thuc nghiém. Gid tri p = 0.5 phdn 4nh sy
phil hgp gitta phdn bd 1y thuyét so véi thye nghiém. VEi moi gid tri p va bic
tw dov=N -1 cho trude ¢6 thé tinh duge gid tri x‘ﬁ Bo sd liéu ndy drgce
cho trong cdc bing s6 ddi vdi phin b g @ cdc sdch xdc sufit thdng ké. Bing
7.8 néu mot vai gid tri &€ dp dung cho vi du trén hinh 7.30.

Bing 7.8. Cdc gid tri 1, trong bing phin ba .

Bic ty do S8 cdc s6 p=038 p=07 p=06 p=05
v=N-1 Liéu thre
nghiém N

18 19 12,85 14,44 15,89 17,33

19 20 13,72 15,35 16,85 18,33

20 21 14,58 16,26 17,80 19,34

P&1 vdi vi du néu trén thi x,” = (N -1) q_— = 15,89 theo cOng thic
X

-4

(7.38). Tir bang 7.8 ¢6 thé tinh ngoai suy duge p = 0,66, Gi4 tri nay khong
16n qud, cling khdng bé qui nén cé thé k&1 ludn ring cdc di liéu thyuc
nghtém khéng ¢6 thing gidng bat thudng ma ph hop véi phin bd Poisson.
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b) Truong hop chi o6 mt 56 liéu do dac cia mét dai luong vét Iy

Trong cdc phép do dac hat nhin thudng gip truding hop chi ¢é mot s6
li¢u thyc nghiém doi vdi mdt dai lugng duge do, ching han s d€m cdc hat
trong mot khoang thdi gian nio dé. Khi dé ta khdng ¢6 gid tri trung binh thuc
nghiém X . va phuong sai mau s* nhu d8i vdi mot tip hop nhidu & liéu thue
nghiém. Ta chi ¢6 mot gid i thwe nghiém x. Ta gid thuy&l ring phép do
dwge thye hign d6i véi mot tdp hop ma ham phin bo 1y thuyél ciia né duge
md td bing ham phin b8 Poisson hay Gauss. P81 vdi cd hai ham phin b&
nay ta déu phdi bdt ddu 6 gid tri trung binh X va ta gén cho n6 gis tri X = x
vix 1a gia tri thuc nghiém duy nhat. Tit d6 ta xdc dinh duge phuong sai dy
ki€n cla phin b Poisson hay Gauss 14 6° = % = x. Khi @6 phuong sai miu

s* = G vi ¢6 thé suy ra:
Vs ~a= Vx (7.41)

biy chinh 12 cdch dinh gid 5t nhit cia dd 1&ch so vdi gid tri trung
binh ding trong truding hgp chi ¢6 mét s& li¢u do dac. Khi x 1dn thi ham phin
b& xdc sudl la ham Gauss. Khi d6 mién gid tri x + 6 hay x + v/x s& chifa gia
tri trung binh ding X véi xdc suit 68%. Gid st ta ¢6 x = 100 thi ¥x = 10 va
ta Vi€l gid tri do dwde véi cong trlr sai s§ 1a 100 + 10, day 12 midn chia gid tri
trung binh ding X v&i xdc sudt 68%. V4i xdc suit 99% ta ¢6 x + 2.58¢ =
100 £ 258,

_x

2 N . " . N 4]
b6 1éch chuan tuong d6i hay sai s6 twdng d6i 1a — = —

x  ox  WJx

(o .

Trong thi dy trén thi sai s& twong d6i li == 10%. D¢ dat duge sai s6
A 100

o . e s 1w o aex ] 1 L

wrdng dd1 1% thi s6 do x phdt théa min diéu kién —= , tic la

Vx 100
Vx = 100 hay x = 10000.

Chi ¢ ring dai lrong ¢ = Jx chi ap dung khi x Ia mdt s& lidu do dac
tryrc ti€p trong mdt khodng thdi gian nao d¢6 ma khdng dudc sit dung cho mdt
s8 suy t¥ s& liéu néi trén. Ching han khong thé tinh 6 = vx n&u x 1a 8¢ d6
d€m sau khi da chia s§ do dwge vdi thoi gian do, hodc x 1a 18ng hay higu cic

s8 do tryc tiép, ...

7.5.3. Cdc phép tinh sai s&
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Sai s§ thue nghiém thuding gdm hai loai, 12 sai s hé théng va sai s0
ngdu nhién. Sai s6 hé thng thudng do sai $6t hay sy di€u chinh khong chinh
xdc cla cdce thi€ bi do dac. Viée gidm sai s& ndy thyc hién bing cich sita
chita va hiéu chinh hé thdng thi&€t bi. Sai sd ngiu nhién do cic nguyén nhin
khong xdc dinh dugce va xi ly bing phudng phdp thdng ké. Thong thudng sai
s0 nay tudn theo phin bd Gauss. Trong phdn nay ta chi dé cap dé€n sai s§
ngiu nhién.

Nhu d4 trinh bay trong muc 7.5.2, mét dai lugng ddc 1ap hay mot
bi€n s6 ddc 1ap x dugce do truc ti€p cé d9 1&ch chudn hay sai s§ 1a o,. Gid sit
f(x, y, . ..) 1a him s& cila cdc bi€n 8 doc Wp x, y, z, ... trong d6 cdc bién &
ddc lap nay dude do tryc t&p vdi cdc sai s0 o, Gy, G, .. Khi d6 sai s8 o; cla
ham s8 f dugdc tinh qua c4c sai s& riéng phin nhy sau:

3 2 2
ol = [a—f-) ol + ot o, + (iij ol + .. (7.42)
ax ' dy dz

Cong thic (7.42) goi 1i cOng thic truyén sai s8, duge iing dung dé
tinh sai s6 cho cdc ham s& ¢6 dang sau;

ap Cde phép tinh céng va tra

Vdicdc ham s&

f=x+yhayf=x-y (7.43)
f
thi a—z 1 va E-f—=t1,dod()
d X oy

of =(1)6} + (1Yo,

i = 4fo, + 0. (7.44)

Phép tinh sai s6 nay dugc d4p dung trong viéc xdc dinh sai s& ctia s6
d€m thudn san khi trif phéng { = x — y, trong d6 x 13 s6 d&€m (dng con y 1a 8
d€m phong.

Gid st x = 1071 va y = 521 thi 6, = Vx =4/1071 va 6, = Jy = /521
S d&€m thuin 1a f = 1071 — 521 = 550 v6i dd léch chudn o; = \fol+c’
=Jx+y = V1592 =39,9 Viy f=550+39,9.

b} Cdc phép tink nhin va chia

—Ham s8 {12 tich s& cia bing 5§ A va bi€n s8 x:

thi: Or= AG, (7.46)
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—Ham s6 f 1a thwong s6 cda hing s§ B va bién s8 x:

f= (7.47)

thi: G =

w|f’" W |

(7.48)
Phép tinh sai s§ ndy duge 4p dung trong viéc x4c dinh sai 58 clia 16c

. fa s e ot e N ., .
dd dém, uic la thudng s6 cla s& d€m N vdi thai gian dot, R = —. Gia su
t

N=1120 vat =5s,thioy = VN = 1120 =33,47. Tdc d6 d&m bing
R 112023347

=(224+6,7)s" .
5s
- Ham s6 f 1 tich s§ cfia hai bién s6 x va y:
f=xy (7.49)
thi: o; =y’o. +x0. (7.50)

2 2 2
hay: (3&} - (0—) + {5—] (7.51)
f X v
f=2 (7.52)

2 2
!
thi: ol = (—] ol + [--"—2] o2 (7.53)
y y

2 2 2
hay: (“—f] - (5'—) + (5—] (7.54)
f X y

Phép tinh sai s0 nay dude 4p dung trong viée xdc dinh sai 5§ cia 1§ 6
gifa hai s6 d€m N, va N, tif hai ngudn phéng xa trong ciing mot khodng thsi
gian, trong d6 bd qua cdc s6 d€m phéng.

Gid st N; = 16.265 va N; = 8.192 thi R = N,/N, va

k] 2 2
B o 4] N N 1
[“_R) S e R e e TP L 1835107
R N, N, Ny N N, N,

N

= 1,985 nén %“: 0,0135 va o = 0,027

Vay R = 1,985 + 0,027
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¢} Gid tri trung binh cia cdc s6 d€m déc ldp ldp lai

Gid sit ta ¢6 N s6 d&€m lap lai X, X, Xs, .. Xy cia cling mdl ngudn

phéng xa vdi thifi gian dé€m gidng nhau. Tong s8 cac s6 d€m nay la:
X +Xr+H X4+ Xy (7.55)
Né&w cdc s8¢ d€m dbce lap xy, Xs, X3, - Xy €6 cdc sal $O tuwdng dng 13

_ _ _ _ - - . 3 ~ ~
0, = X, O, = VX, O,, = X34 .0, = A/ % thi sai s6 clda téng Z 14

o 2
Gy =0, + 6, +0, +..+0, =X +X+ X3+ +Xy=Z

hay: 6y = VE (7.56)

Céng thitc (7.56) cho thdy d6 1&ch chufin clia téng cdc phép do doc
lap ciing dugc tinh gidng nhu @6 1&ch chudn clia mot phép do doe lap vai thii
gian do bing téng s& thoi gian do clia cdc phép do thanh phin.

Sau khi c6 téng X ta tinh dude s& dém trung binh:

X = E (1.5
N
Do 1éch chudn cla s6 d€m trung binh bing;

oy _ VI _INX

.=
N N N

’i
Viay: Oz = 4| — (7.38)
Y N

Do cic phép do ddc 13p x; khong khdc xa 1dm gid tri trung binh X
nén sai s& ciia ching gin bing nhau va bing 6,. Khi dé o2 = No. vi

— o c N e e N
Gy = VN o,. Nhw viy o, = —= = —&, titc 12 sai s8 ciia gi4 tri trung binh

N JN
X nhé hon sai s& cha ting phép do thinh phan mot thira s& VN . Tir d6 thdy
ring d€ gidm sai s§ thdng k& clia modt phép do xudng n lan ta phai ting thai
gian do 1én n® lan.

d) TS hop nhidu phép do dic IGp vdi cde sai s6 khde nhau

Ta cé N phép do ddc lap cia cling mot dai lwdng vat Iy va chiing ¢6
sai 56 khdc nhav. Khi 46 viéc 14y trung binh don gidn nhu trong muc trén 1a
khong t6i wu ma phai 14y trung binh véi mdi s& hang cé mot trong 8. S&
hang nao cé sai s& hé hon sé ¢6 trong s6 16n hdn, va ngude lai s6 hang nao
c6 sai s6 16n hon sé& ¢6 trong s6 bé hon. Gia sG bi&€n s§ doc 1ap x; ¢ trong s§
a; thi gid wri trung binh 5t nhat (x> dudc xdc dinh nhu sau:
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<X) _ =l . = -—Zaixi (7.59)

N
Trong d6 o :Za[ - Ta hdy xdc dinh cdc trong s& a;. SO dung c6ng

1=

thidc truyén sai s§ (7.42) ta ¢6:

j=1 8)(1

N
Trong d6 B= > a o .
i=]
Ta dit diéu kién d€ xdc dinh cdc trong s6 a; 12 sai s& clia gia tri trung
binh dat gid tri t&i thiéu. Diéu kién nay din di:
ad da
a’ b 20—

X

S LTI (7.61)
da, a

2
ac{)

N 0 d
Chi ¥ ring AL 1 va 5£= Za-.ci_. Thay cdc dao him nay vio
a. a. !

1 1

phuong trinh (7.61) ta dudc:

L (7.62)

N
a=Ya =1 (7.63)

thi 2= (7.64)
o

B= i[—%—] (7.65)
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Thay B vao cong thite (7.48) ta dugc:

-t
&
aj= — [Z—EJ (7.66)

i=1 G

x,

Vi cdc gia tri a, nhit trén thi sai s& clia gid tri trung binh bing:

, vy )
o=B=|2— (7.67)

izt G
]

7.5.4. T6i vu héa thdi gian do

Trong thitc nghiém, d€ do s§ dém thudn cdn ti€n hanh hai phép do la
do s8 dém dng cong N, voi thdi gian 1) va do sd d€m phdéng N» v6i thdi gian
t,. Gid st thdi gian do toan bd 1a t = 1; + t; = const. Bai todn datra & diy la
x4c dinh m3i quan hé giffa t; vi t; sao cho sai s8 phép do s& d&€m thudn 12 6
thiéu.

Goi Rs 1 tdc dd dé€m thuin ciia ngudn va Rp 1 t6c do d€m phong.
Nhw viy:

Re= N Moo Mo (7.68)
t, ot t,

Theo cbng thifc truyén sai s& (7.28), sai s8 cia S dugc xdc dinh nhu
sau:

o 2 o\ 27 NN 102
] Gy o

1, t, t

Pao ham bi&u thic (7.69) theo thai gian t va chil =dt, + dt,
=0, ta dugc:

205dos = — ES—JF—R—Bdt] Rf dt,

1 2
Pit dos = 0 ta nhan dugc quan hé 181 wu gitta 1, va 1, 1a:

Ro+Ry
RB

4

(7.70)

2 lopt

Biéu thitc (7.70) cho su phin chia t8i wu gilfa thdi gian do tdng ; va
thdi gian do phéng t; vdi didu kién t = t; + t, = const. K&t hgp hai cdng thirc
(7.69) va (7.70) 6 thé xadc dinh sy phy thudc clia thdi gian t vio sai s§ tuong

o G.
ddie= =
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1 (ReRy +yR, )
g’ R;
Tu cdng thitc (7.71) thdy riing thdi gian do t ti & nghich véi binh
phudng ciia sai s& tudng d6i €.

(7.71)

7.3.5. Gidi han téi han, gidi han do va gidi han hoat dé

Phéng xa 1a mét qua trinh ngdu nhién va t8c d6 phan ri phéng xa
tudn theo phdn b3 Poisson. Hon nifa, tin hidu cdn do i ngudn phéng xa
thudng ndm trén mot nén phong, ma ban thin nén phong nay ciing 1a ngiu
nhién. Mot cich Iy twdng thi nén phdng c6 thé xdc dinh nhd vidc do “miu
trang” trong cing mdt khodng thi gian nhv do miu that. My tring 13 miu
giéng nhv mdu thit nhung khéng cé phong xa cdn do nhw trong miu that.
Gid sl trong mét khodng thdfi gian At, 58 dé€m clia miu tring, tic 1a s8 d€m
phong, 1a Ng con s8 d€m t6ng cla miu that Ny = Ny + N, trong d6 N 1a 56
d&€m thuén cia lugng phong xa cin khao sat, thi s& d€m Ng = Ny - Ng. Trong
trudng hdp mau thit c6 hoat 9 phéng xa rdt thdp th 8 d€m tdng Ny khong
16n hon hdn so vdi s& d€m phéng N, titc 13 Ng = 0. Khi d6 cin phdi xdc dinh
gi6i han cda hi¢u s6 Ny - N biing bao nhiéu vdi do tin cdy cho trude thi N
dugc coi hay khéng dwge coi 13 s& d€m phong xa. Gidi han do goi la gidi han
tdi han Lc. Tuy nhién, Le méi chi cho ranh gidi giita s6 d€m Ny thudc néa -
phéng hay thubc hig¢u Ung phéng xa. Do d6 can dva vao dai ludng Ly, goi la
gi61 han do, la gidi han dudi ma véi mdt d6 tin ciy cho trude, cic gia tri
Ns>Lp mdi dugce coi 1a s6 d€m thudn phéng xa. Trén ¢d s gidi han do Ly ¢6
thé x4c dinh duge g16i han hoat dd L, titc }a hoat dd phéng xa thip nhat do
dudc 46t vdi mot hé do phéng xa. Dudi diy sé trinh bay cdc dai lwgng néu
trén déi v4i viéc do phd gamma ciia miu phéng xa.

aj} Gigi han téi han L

Gidi han t8i han Lc lién quan dén viéc ¢6 khing dinh duge ring miu
khio sat thyc st c¢6 phéng xa sau khi hodn thinh phép do hay khéng. Quyét
dinh d6 c6 thé pham phdi hai sai Idm. Sai 14m loai o hay sai lim loai 1, hay
sai lam dwdng tinh, khi n6i ring m&u khio s4t 13 c6 phéng xa trong khi trong
thirc t€ khéng do dudc lwgng phéng xa d6. Sai 14m loai B hay sai Hm loai 2,
hay sai lém 4m tinh, khi n6i ring m&u khio s4t khong c6 phéng xa trong khi
trong thuc t€ do duge lugng phéng xa d6.
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Gui str s0 Jd¢m phdng Ry ¢ gl trung binh gy, vd do I¢ch chuin

Oy = \/;1“ . Cde dai Tung wong @ng cta so d&m Wng R vio sO Jdém phang

xa Reld oy, o = Jp ¢ VAL =y - P Oy = '\/“1 + G'}“ = Juh cp L Gidi han
131 han ¢ dude xac dinh khi Ry =0, ufc 12 Ry = Ry, Vdi phin bo <0 d&m
R, theo phin bd chudn nhy difde (rinh biy trén hinh 7.29 thi <0 d€m trung
binh e = O v gidi han L dude chon v dan hrong ¢ ¥ nghia o = 5% hay
do tin cay t - o= Y5% . Trong ruding hdp 16ng qudt. khi thdi gian do phong 1,
vir thadt gian do ll”.;nf__' cOng [ khice nhau. thi gidi han i han T dude xace dinh
nhi sav (hinh 7 31ay

| t
o= 16456, 14 " (7.72)
L
Khi y = f';' [hi L(' = 2,330” {?7)!]
P R'-.) Ly, = ]
1., =2.33a.
1= 5%
() i Ry
t
al i
'. PRI =1,
|
! 1. = 4,600+ 3
:
B =54%
1‘(- I,|] [{\
b

Hinfr 7.1 Xac dinh gidi han 133 han T va gidd han do 1o Minh hoa
sai ldm loai 1 (Hinh @) wong dng vdi quyct dinh ring miduo khio sit
1 ¢d phong xa trong khi trong thite 1€ khong do dude lugng phong xa
dé oai a. dwdng tinh) va loai 2 (Hinh by urdng dng vit quy¢l dinh
ring miu khio sit khong ¢é phong xa trong khi trong thue 18 do
duge ladng phiong xa do toan [Boam tinhy.
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b) Gigi hun do Ly,

N&u chi st dung gidi han t6i han L thi xdc suit dé mét 6 dém
thudn Idn hon L¢ do ngudn phéng xa gy ra bing 50%, xdc sudt 50% con lai
gianh cho s§ d€m thudn bé hon L do phdag giy ra. Nhu viy trong trudng s&
d€m thudn cé gid tri trung binh W = Lc thi sai lim loai 2 1&€n d&€a.50%. P&
gidm sai 1dm nay cdn chon gid1 han do Lp 16n hon L sae cho xdc suit sai
lam c6 gid tri 5%, titc 1a chon dai lugng c¢é ¥ nghia bing f = 5% hay dé tin
cdy bing 1 - B =95% (hinh 7.31b). Didu kién nay dat dude khi:

i
Lo = 2L¢ = 2x1,64505 [1+-2
tT

Khi tg = tr thi Lp = 4.6605. Tuy nhién gid tri ndy clia L chua chinh
xXdc vita chua tinh d€n bdn chit phin b Poisson clia s§ d&€m phong:

Ry ,-p
PRy (i_)._'_
5!

D& khi Rp=0 ta ¢6 xdc suit bing 5% thi Us = 3, that vay
0 -3

P(0) = 3e

=(,05. Nhtt vay cdng thirc d6i vdi Lp trd thanh:

t
Lp=2Lc + pg = 3,290; /1 +=2 +3 (7.74)
tT

Khi tg = t1 thi Lp=4,6605 +3 (7.75)
c) Gidi han hout d L,
D&i vdi cdc gidi han (4 han L va giG1 han do Ly ta chi st dung &
d€m con trong gidi han hoat 46 L, chiing ta s& tinh 481 vdi hoat d6 phong xa,

D6 12 hoat d6 thap nhdt ma hé c6 thé do dude vdi mot mie d% tin cdy cho

trude:

(7.76)
t epAt
1a thira s6 higu chinh khi khodng th3i gian do

hist

AA
Trong d6 C = ]
—-e
At khong thé bé qua so vdi thai gian ban rd T, = 0,693/A; € 12 hidu suit ghi

d61 vdi tia y dugc do; p 12 xdc sndt phdt tia yd6. Khi At << T,,thiC = 1.
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7.5.6. Th#¥i gian ché't cda hé do

Hat bijc xa di vao detector tao nén mot tin hi€u xung va hé théng do
dac ghi lai s& xung dé. P& hé do ¢ thé do cdc xung riéng biét thi gifta hai
xung tin hidu phai c6. mot khodng thai gian nhit dinh. Khodng thdi gian 181
thi€u gifta hai xung dudc goi 1a thdi glan ché&t cia hé do. Do tinh chit ngiu
nhién clia qud trinh phén rd phéng xa nén c6 xac sudt nao d6 d€ s& dém thifc
bi mat di do thdfi gian chét, khi xung tin hiéu di qué gin v6i mdt xung trude
né. Sy mat xung do thdi gian chét s& dang k€ khi cudng do nguon phong xa
qué 16n, tic 1a e 36 d€m qud cao. Trong trwong hgp dé cin c¢6 su hidu
chinh lai s6 d€m nay. Trong phin nay s& trinh bay hai md hinh vé thdi gian
chét va cac phuong phip thue nghiém xdc dinh thini gian chét cda hé do.

7.5.6.1. Hai mé6 hinh théi gian chét

C6 hai md hinh v& thdfi gian chét 12 md hinh liét va mé hinh khong
liét, dudc minh hoa trén hinh 7.32. Gid st ¢6 s4u tin hiéu ti¥ detector phin bd
ngiu nhién theo thoi gian (hinh 7.32a). Sau khi qua hé dién i x 1§, mdi
xung ¢6 46 dai t (hinh 7.32b). Theo md hinh khong liét, mdi xung cé mdt
khodng th¥i gian chét ¢§ dinh bing 1. Chi xung nao xuft hién trong khodng
thdti gian chét clia xung duge d€m trwde né thi bi mat, do d6 trén hinh 7.32¢
cé tat ca bdn xung duge d€m. Hinh 7.32d minh hoa md hinh hiét, trong dé
thdi gian chét khong ¢§ dinh ma la chdng chdp clia cdc thdi gian chét cla
cde xung g6i dau nhau va cdc xung chéng chip d6 déu khéng dudc dém.
Nhu vay trén hinh 7.32d 14t c3 chi ¢ ba xung dudc d&m.

Gia sit hé do c6 thdi gian chét 1, tde dd xung d&€m dudc m trong kic
toc d6 xung thyc 1a n. Ta hay thi€t 1ap cdc bi€u thitc hiéw chinh thdi gian
chét clia hé do, titc 1a sy phu thudc gifta m va n.

o L L
1

= E

{c) I_] I—] I—-l I_] » Khéng liét
t

(d) ‘_I I_l l | p Li&t

t
Hinh 7.32. Minh hoa hai mé hinh liét {(d) va khong liét (c)
361 v6i thdsi gian chét cia hé do.

372



ap M hinh khing liét

Trong md hinh khong liét thi phin thdi gian chét tong cong ciia hé do
la mt. Do d6 t&c d6 s& xung bi mat 12 nm1. Mat khédc 8¢ d& xung bi mat
bing n — m. Nhv viy fa c6 phuong trinh:

n—m=nmt 7.7
vi t8c 39 d€m thuc bing:
n= 0 (7.78)
1-mzt
n
hay m = (779)
1+nt

b) Mé hinh liét

Trong mé hinh liét cdc khoang thdi gian chét khdng cd dinh va t6c
49 d€m m triing véi tdc d6 xudt hién cic khodng thdi gian 16n hon 1 gifta cdc
xung thyc. Phan b3 cdc khodng thai gian gilta cdc sw kién ngiu nhién véi t6c
d6 trung binh n'tudn theo biéu thic:
P\(T)T = ne™"dT (7.80)
Trong dé P(T)dT la xdc suit quan sdt dugc khodng théfi gian véi 36 dai nim
gitta T va T + dT. Xdc sudt Gm thdy cdc khodng thdi gian 16n hon T nhin
dudc bing cdch tich phan ham s6 (7.79) tiY T d&n oo

Py(1) = IPI(T) dT=e™ (7.81)

T xdc sudt ndy c6 thé tinh dugce tdc do thuc m:
m=ne"™ (7.82)
Ta thdy ring khi hai ham s6 hiéu chinh (7.79) d8i vdi mé hinh khéng

ligt va (7.82) d6i vdi md hinh liét ¢6 dang gidng nhau khin << —.
T

M5 hinh khong liét:

m=
I1+nt
M6 hinh hét: m=ne" =n(l -nt) (7.84)

=n(l - nT} (7.83)

l 2 2
Do d6 khi n << ~ ¢6 thé dung cdc cdng thite (7.78) va (7.79) d€ tinh
T

hiéu chinh thdi gian chét.
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7.5.6.2. Do thoti gian chét

Ngudi ta thudng diung hai phuong phdp do thdi gian chét 1a phuong
phéap hai ﬂgufm va phudng phdp ngudn phén ri.

&) Phuong phdp hai nguén

Diing hai ngudn phdng xa mét cdch riéng bigt v 8 hgp cla ching.
Gid s& u), n; 12 cic toc dd xung thirc ddi voi tirng ngudn riéng biét va n;» 12
tdc d6 xung thire khi 68 hgp hai ngudn, 18c dd xung phong 1a n,. Cde t8c dd
xung d€m dugc tuong ¢ng 1A my, m; va m,,, t6c 46 xung phong d€m duwgc 1a
my. Quan hé giifa cdc 16¢ dd xung thire fa:

_ Ny — Dy = (0 — Bn) + (N — D)

hay N5+ Ny =0+, (7.85)

St dung cong thic (7.78) ddi v6i min khong liét ta ¢6:

m, m, m m,

+ = L 2 (7.86)
f-mjyt 1-=-myz 1-mt  l-m,t
Giii phudng trinh (7.86) d51 vdi 1 ta dugc:

- .- X(1-1-2)

Y

(7.87)

Trong da:
X= ImMs — M2
Y = myms{mys + My) — Myt a(my + my)
7= Y(m+m,~m,;,—m,)
Xz

Trong trudng hdp bd qua phéng (my, = 0) (a ¢6 ¢dng thite gdn ding:

112
T = mlmz_[mlmz(mlz_ml)(mlz"mz)]

(7.88)

m,m,m,,
b} Phumg phdp nguon phin ri

- Ngudi ta dung mgt ngudn phéng xa sOng ngdn va do 8¢ d0 phin rd
clia né theo thdi gian. Toc db xung thuc la:
n=n.e™ +n, (7.89)
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Trong @6 n, 12 t8c d6 xung thuc & thdi di€m ban diu con A la hing s§
phin rd. Khi bd qua t6c 36 xung phéng thi:

=~ g™ (7.90)
Thay n i (7.90) vio cOng thitc (7.78) ta dude:
me™ = -n,Tm + n, (7.9

N&u ta vé db thi hai chiéu véi truc hoanh 2 m v truc tung 1a me* thi
dude mot dudng thing. Ta ti€n hanh do 8¢ b xung m theo thoi gian thi sé
nhin dudc cac diém trén dlrb'ng thing nay bit ddu tr bén phdi va dich
chuyén sang bén trai khi ngudn phin rd din. Pudng thing nay dvgc ngoai
suy cdt truc tung tai gid tri n,. Do nghiéng clda dudng thing 1a -nyt. T do
xdc dinh duge thdi gian chét 1.

7.6. BAI TAP

7.6.1. Cac bai tidp viduy

Vidu 7.1. Khi do hoat d6 mdt nguon phéng xa, detector cho s§ dém

trung binh Ia 6 xung/phit. Hay tinh x4c sudt dé t6¢ do d€m c6 gi4 tri gitra 9
va 11 xung/phit.

Bai gidi. Téc dd d€m vdi gia i trung binh [ = 6 xung/phtt tudn
theo phin b6 P01sson

)

p(n) =
n!
Cdc gid tri ciia hAm phin b ndy duge thé hién trén bing 7.9 vA hinh 7.33.
Bdng 7.9
p(0) 2,48.10° p(5) 0,157 p(10) 0,054
. p 0,015 p{(6) 0,210 p(l11) 0,029
p(2) 0,045 p(7) 0,180 p(12) 0,015
p(3) 0,089 p(8) 0,135 p(13) 6,8.10™
p(4) 0,131 p(9) 0,090 pi4) 2,9.10°
p(n)A
021
0,20
0,15
Hinh 7.33 o.10L AP
0.051 __
1 I S T | é 1A | >

1234567 89101112
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X4c suit dé toc d6 d€m ndim trong khodng t n, = 9 xung/phut dén
n, = 11 xung/phit bing dién tich dudi duding cong phan b3 xac sudt tif 9 dén
11. Dién tich nay xap xi bing dién tich hinh chif nhit cé do cao bing p(10) va
dd réng bing An=11-9=2.

1w _ -t

AP =p(10) X An = x2

_ 10!
Tinhy =6' = Iny = 10xIn6 = 10x1,792 = 17,92 > y =¢'"™*
10! = 10X9XBXTXEX5x4x3x2x]1 = 3,6288.10°

1792 —6

e Pxe 1,5x10°
= 6 x2= 3
3.6288x 10 3.6288%10

x2 =0,041x2 = 0,082

Vi du 7.2. TSc 46 d&€m trung binh cdc xung tr mdt ngudn phdng xa
vdi thii gian bén ra rdt 1dn 12 100 xung/phit. Hay tinh xdc sudt nhin duge
105 xung/phit vi xac suit d€ dd léch tuyét d6i khdi td¢c 4o d€m trung binh
14n hon 5 xung/phuit.

Bai gidi. Do t8¢ dd d€m trung binh ¢6 gid tri 16n 1a 100 xung/phit
nén tdc dd d€m tuin theo phin b3 chudn:

2
£

2at

p(e) =

e
o227

Trong &6 £ = In - 112 dd l&ch khéi gid trj trung binh A con o la db
16ch chuén 6 = Vi = 4100 = 10. Vdi £ = 1105 - 100! = 5 ta ¢6:

a

5?
200 = ). 035

1
(5)= ——r—ce
P 10421

Xac suit d€ 46 1éch tuyét d6i 16n hon g, = 5 la:

5
3 £

Ple>e)=2 Ip(a)da =2 I ] e 2o de
£n 5

o , £ By .
Piatbién mdix = — thix,= —*va
o o
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. 2 : H
x £y x

2 fe Tdxml- 2 [e
E j‘e“dxul-ﬂ Dj.e dx

Bt

Ple>e) =

) £
Vdie,=5vac=10tacé x,= ~%=0,5.
[0
05 x?
7 VX
je 2 dx = 0,1915.
2T b

Dodé P(e>e))=1-2x0,1915=1- 0,383 =~ 0,62

Tra bidng v& ham phin b& chuin ta cé

Vi du 7.3. Ong d&m ghi duge 1700 xung trong 10 phit k€ cd phong.
Phép do phéng cho 1800 xung trong 15 phit. Hay tinh t6¢ 46 d&m xung/phiit
va sai s§ binh phudng trung binh cda né.

Bai gidi.

o . 1700 1800
Toe dd d€m: N= —— - —— =170 - 120 = 50 xung/phit
10 13
Binh phuong ciia sai sé:

5o | ¥1700 L V1800 | 1700 , 1800
10 15 100 225

¢ = 5 xung/phiit
Vay : N = (50 £ 5) xung/phit

17+ 8=25

Vi du 7.4. 6ng d&€m Geiger-Muller vdi thii gian phin giditT=2.10"s
ghi s& d€m N = 3.10" xung/phit. Hiy xdc dinh s& hat bifc xa N, di qua Sng
d€m trong 1 phiit.

Bai gidi. Trong bai cho cdc s6 d€m trong thdi gian 1 phit, do d6 thi
gian phan gidi ciing chuyén sang don vi phiit T = 2.10%/60 phit = 3,333.10°
phit. Trong 1 phit d€m duge N xung nén thdsi gian chét toan bd 13 TN, S&
xung bi mit di rong 1 phut 13 TNN,. Viy s& hat bifc xa roi vao 6ng dé€m 1a
N, =N + ©NN,. Do d6:

N 3.10°

T 1—tN  1-3.333.10"° x3.10°

N, = 3,333.10* xung/phiit.

Vi dy 7.5. S8 hat qua 8ng d€m rong mét don vi thdi gian 1a N. Hiy
xdc dinh s xung trong don vi thdi gian § 16i ra thi€t bi d€m néu thdi gian
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phin gidi cia 6ng dém la T, vA thdi gian phin gidi cda thi€t bi dé€m 1a 1,

(hinh 7.34).
N | Ongdém | N, | Thi€tbidém [N,
11 Tz
Hinh 7.34
Bai gidi.
. N
D(]N=NI+T|N1N nen N1= .
I+1,N
N . N, s A L
Cling twdng tr ta ¢d N = ———. Thay N, vio céng thic nay ta
1+1,N,
dugce:
NAl+tN) N

N> = =
T+ LNQ+TN) L+ (1,4 1,)N

Vi du 7.6. St dung detector germanium v@i hiéu sudt do 7% 461 véi

tia ynidng lugng 661 keV dit cich mit detector mdt khoang 1 cm.

a) Tai dinh 661 keV, s§ d€m phong cla detector d8i v6i miu tring la

1 xung/s. Theti gian d€m 1a At = 600 s. Hiy xdc dinh gidi han do Lp va gidi
han hoat 86 L.

b) Tai dinh 661 keV, phép do vdi mau thyc cho hai trudng hop:

Nr = 650 ; Ng = 605 vd Ny = 700 ; Ny = 605. Hay xdc dinh gidi han tdi han
L, s& dém thudn va hoat d6 phéng xa chia min,

Bai gidi,

a) S8 d€m phdng N = 600 d6i vdi mau ring, do dé
Lp = 4,66/600 + 3 = 117 xung
Cl, Ix117
epAt  0,07x0.85x600
b) Vdi mau thue ta ¢é Nt = 650 va Ny = 605 nén Ng = 45.

Le = 2,33+/605 = 57 xung. Nhw vay Ng = 45 < 57 vi vach 661 keV

L= 3,3Bq

cfia Cs'*" khéng do dude, nhung c6 thé xdc dinh dude gidi han trén clia no la:

nay la;
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Ns + 1,64505 = Ns + 1,645 /N + N,
=45+ 1,6451255 =103 xung
Gidi han trén ciia hoat dd phdng xa ®¥ng vdi gidi han trén vé s& d€m



1x103 _
0.07x 0,85x 600

Trudng hgp Ny = 700 xung, Np = 605 xung thi N = 95 xung. Khi 46
Ns = 95 > L¢ (57 xung) nén vach 661 keV cilia Cs'* do dudc va:
Ns =95+ 19665=95+ 1,961305 =95+ 71

Hoat d6 phéng xa cta miu Cs"' bing:
CN, 95+ 71

epAt 0,07 x0,85x 600
Gid tri ndy ¢6 nghia riing ¢6 95% khd ning d€ gia tri thyc niim trong
cdc gidi hantr 2,7 — 2,0 dén 2,7 + 2.0.

2.9 Bq

a= =27+20

7.6.2. Céc bai tap 1y gii

7.1. Tién hanh 2000 phép do hoat d§ phéng xa trong cling mdt
khodng th&si gian gifng nhau vad déu rit ngdn so vdi thei gian ban rd cia
ngudn phéng xa. S§ d€m trung binh trong méi phép do 13 10 xung. Hiy tink
s6 1an do d€ dugc 10 xung vi S xung.

7.2. Hay tinh xdc sudt nhin duge sai s§ tuyét d6i cia phép do vugt
qud 16 va 20, trong d6 o 1a d6 1&ch chufn.

7.3 dng d€m ghi dugc 3600 xung trong 10 phut. Hay tinh:

a) Sai s6 binh phudng trung binh cdia van t8¢ d&€m (xung/phiit).

b) Thei gian do cho sai 88 van t8c d&€m bing 1%.

7.4. Hay chitng minh riing khi cé phéng vdi cuding d6 bing cudng do
e xa khdo sdt thi phdi ghi s6 xung gdp 6 1an d€ c6 sai s& biing sai s6 do
bifc xa khdo sdt ma khdng c6 phdng.

7.5. Ong d€m ¢6 thoi gian phan gidi T= 10° s. Hay tinh phin tram s§
hat khéng duge ghi khi van 16c d€m n = 107 va 10° xung/s.

7.6. Ong d&m Geiger-Muller ¢6 thdi gian phin gidi T = 2.10* 5. N6
ghi duge n = 1000 xung/s tf mot ngudn phéng xa. Phép do phong cho
npy, = 600 xung/s. Hiy xdc dinh s8 hat birc xa di qua §ng dém trong 1 gidy.

7.7. Trong 8ng d€m nhip nhdy, thdi gian nhAp nhdy cfia bin nhip
nhdy 1d 7, = 6.10” s con thii gian phin gidi ciia 6ng nhin quang dién la
T = 3.10" s. Hiy tinh s& hat bttc xa di vio ch4t nhap nhay trong 1 gidy néu
cho bi€t s8 xung & 161 ra Gng nhin quang dién bing n = 5.10° xung/s.

7.8. Hai dotector gidng nhau ghi bitc xa vii tra va cdc xung 161 ra cita
ching dude dwa vio so d6 tring phiing. Hay xdc dinh s& xung An sau sg do
tring phitng néu thdi gian phin gidi cia sd dd tring phiing bing T va s§ xung
161 ra tir hai detector trong don vi thifi gian 12 n, va n, xung/s,
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7.9. Hai detector duge mic vio hé tring phiing d€ ghi bifc xa tif mot
ngubn phéng xa. Thdi gian phin gidi cla sd 46 trung phing 12 T = 107 s,
Hiéu suat ghi ciia mdi detector 1a 1) = 25%. Hay xdc dinh s§ hat wong 1 gidy
di vio mdi detector néu t8c 46 d&m xung sau so do triing phiing 13 An = 2.10°
Xung/s.

7.10. Mot hé tring phing v§i thifi gian phén gidi 7= 10™ s ghi dudc
(8¢ 45 d€m phong 13 Ang, va (Fc 40 d&m tdng 1a Angy,. C4 hai phép dém déu
thue hién véi cling mét thdi gian t. Tdc dd dém phdng clia mdi detector 1a
B, = 10° xung/s va t6c @0 dém bitc xa khdo sdt clia hé tring phing 1a
An = 100 xung/s. Hiy xdc dinh th¥i gian t d€ t6¢ dd d€m ngudn phéng xa dat
sal 6 N =5%.
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DAP SO CAC BAI TAP TU GIAI
CHUONG 1

L1 A =-0445; A, =-0,045.

1.2. A, =0,825um; A; = 0,678 um.

Hudng ddn: Do quy tic lya chon A? = + 1 nén khdng cé sy chuyén
trang thdi tryc ti€p 38 — 28. Viéc chuyén trang that 46 thuc hién thinh hai
budc 3S — 2P va 2P — 28 phat ra cdc photon ¢6 budc séng A, va A, .

13. Xcem hinh 1.1G.

4'Fzp

4Fsp

42 DS;"Z

4Dy

47y,

3°Dssy

32D3!2 ¥y

2
3P3,r2 YYYY¥YY

2
3 P|_.r2 b A A

323”2 Yyy

Hinh 1.1G

Hudng dan: Céc mic ndng lugng tng v6in = 3 ¢6 thé 1 38, 3P, 3D vi
¢ =0, 1, 2 né€u chura k€ d€n spin. Khi k€ d€n spin thi ta c6 mémen toan phin
j= €+ 1/2 do d6 ta c6 5 mitc ning lwgng 3°S,, 3°P 1, 3°Pan, 32Dap va 3Dsp.
Cédc mitc ning lugng cao hon ng v6i n = 4 12 4°S,,, 4°Pp, 47Psp,, 4°Dsp,
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ADsp, 4°Fsp |, 4°F5p. Viée chuyén tif mifc ning lwgng cao xudng mifc ning
Iugng thip hon phdi thda min cic difukién Aé=+1 va Aj=0,% 1.

14 a.9;b.4:¢.2:;d.3:¢.5.

1.5. 1,5.10" kg/m®; 8,7.10*" nucteon/m*; 7.10°* C/m”.

1.6. 6,76 MeV: 7,34 MeV.

1.7. 14,42 MeV.

L8. 6,73 MeV.

1.9. a) 341.8 MeV va 904,5 MeV,; b} 8,65 MeV va 7,81 MeV,

c) 44,955 u vi 69,932 u.

1.10. ) =772,

1.11. 4 thanh phan.

1.12. J = 9/2; 6 thanh phan.

Hudng din:

a) Spin hat nhan: Tinh J tit biéu thitc

A A A=+ DI+ (T +1-2)

by Tach siéu tinh 1€, xem hinh 1.2G:

Fq
p (U=1/2;1=9/2) I 1
‘‘‘‘‘‘‘ 2
¥ Fy
e 1 0
zDsu ;Ea:’:_,_-— i
(1=3/2;1=92) "“-:::“ ¥ ¥ 5
~— i ;
Hinh 1.2G
CHUONG 2
7
21 j=~.
J 2

Hudng ddn: Proton & trang thdi f do d6 ¢ = 3. Tinh | trong hai truding
hopj=£+ 1/2 v j= ¢ - 1/2 161 so sdnh véi thirc nghiém dé€ chon gid tri j.

2.2, H: 2,791; He: -1,.91p,; 0" ¢ -1,9110; K™ 0,124,

2.3. 1/2, 5/2% va 972"

2.4, Proton: gip = 1,41 va g = 7,791,; neutron: g,z = -0,35 v
Wn=-1,914,.
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2.5, u=-0,263q,.
CHUQONG 3

3.1. Hat nhidn hydrogen

. % my m,
Hudng danm= ——L = 4
4cos 61 2
32 0,1875.
" E 4
Hidng din: — = —Ma - cos” —
E  (m+m,)y 2
3.3.17,3 MeV.

3.4 ve=924.10° mss ; viip = 5,3.10% mJs.
3.5. a) 140,87 ; b) 144,5".
8 1 (my/m +m;/m )E,

Hudng dén:  a) cos’==
2 4 E,+Q

by Sinzﬁ#_l_(md’!mu"'md‘{ma“)ﬁd
2 4 (my/m,+1E+Q

3 5 - 5
3.6. — vd = theo miu vd thi O'") = =,
2 2 2

h
37 E= hal - ——0),
Me

3.8. 0,48 MeV.

- m I .7
Hudng din: B*= L g _ L "pg
ij? m
3.9 16,67;16,93;17.49 va 17,71 MeV.
3.10. 3.16' neutron/s.

3.11. 5.107 barn,

" ® N
Huing din:. 6 = —d—, trong dé6 o = —"p-.

n
3.12. 0,804.

- N
Hudng dan: =1~ ™, trong d6 n = AP

3.13. 0,02 barn.



ae’T N.d

— . trong d6 n = —=

Huding din: 6 = —————
In{1—e™") A

3.14. JHcg =

b | —

- = 9 01 mi Ed[
Hudng din: 2l + 1 = —~— .
2 Gy M Myys EdL+2Q

3.15. 6(p,n) ~ ,fEPL—E’;E ;

CHUONG 4

4.1. 4100 nam.
4.2. 62,5 mCi/g.
Hugng din: Ding céng thife tinh hoat d6 a (Ci) theo khéi lwgng m (g):
4,18.107
=
AT‘UZ
4.3. 0,05 mg.

4.4.0,72.
Hudgng déin:

m; trong 46 A 1a s& khoi lugng va Ty, 1a thdfi gian ban ra (s).

Bamm Ry (e e M) trong d6 tn = lnﬁ.
A1g Ay=hy M=k, A
4.5. a) 10 uCi va 10 uCi; b) 50 pCi.
Hudng diin:
a) Hoat d6 o ciia Rn**2 va hoat d6 P ciia Pb”'® bing nhau va biing:
0,693 N,

4= ————— - MRga2z-
Tl.’Z,RaZZ() 226

b} A =35a.
4.6. 0,39 Ci.
Huong din:

2h,—A
a=q 2+ Z2 e"ll' + 1‘I e—lzl)

Ay— A, Ay Ry
4.7.8,5MeV; 1,88% ; 3,84.10° mys.
Hudng dén:

2 N +
Pdng ning tdng cdng E = Epypy + Eg = Mo+ Mpp20y Eq
Mppage
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4.8. 5,4 MeV va 0,816 MeV.
Huwing ddn:
Quid trinh phdn rd nhw sau (hinh 4.1G): Po™" — Pb™ 4 ¢

Ey=E; - E;=0,816 MeV,; trong d6:

(hinh 4.2G);

+ Mg +
Bi= 2 M g oo 5403 Mev: Bo= MR M By se7 Mev
Mpy, Mgy
POZIO
e —
i 1 E>=4,587 MeV Euz = 4,5 MeV
AN ___ 0813MeV
'E, = 5,403 MeV
: Em = 5,3 MeV Y
N y 0
Pb?.oﬁ
Hinh 4.1G
4.9 29 MeV vi 3,6.10% cm U A
Us | ____
Hudng ddn: DB§ cao by thé E
Coulomb phin ra yRn’® — ,Po?™+ o E E

7z 0 T
U, = F MeV 'HI
) iod |
Do réng bo thé d tai 4 cao E ! ' »
tinh theo ham th& U(r) = Uy/x, trong d6 R r
x=0/R;R=r,A"1,=1,410" cm. Hinh 4.2G

4.10. 8,8.10% eV Mitc 1

Hudng dén: Xem
vidu 2.4 va hinh 4.3G. Mifc O
i dN,
ToaN,

[+

Hinh 43G  Pb™

4.11. Khéng; Co; C6.
412. 110"
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2
Huding ddn: 0 =1 - arcos <, trong dé Pe o JE“(E°+ 2m.c)
Py P Q_ Ee
4.13.9,5eV; 7.10" m/s.
4.14. 279 ke V.
4.15. 3,6.107.

CHUONG 5

5.1. 0,5,

. . m
Hudng ddn: 87 = arcsin —%.

m,

5.2. 13,9 mg/cm”.

5.3. 8 pm (Tham khao vi du 5.2).

5.4. Nhdm 61,5 MeV ; Chi 9,75 MeV.

5.5. 20,5 MeV.

5.6. Khi N2 360 m; Nhém: 9,76 cm ; Chi: $,52 cm.
Hugng ddn:

¢ 37 t dér ¢ n pN”‘
ad = ; trong . = n=p—".
) 2z (405 4 2y mc” A

€ ZUS 9
5.7. 110 MeV,
58 0,2
59. 6,2.10° gamma/cm’.s.

ae M

Huong din: @ = T
4 nr

§.10. 2,75 barn/nguyén to.
5.11. 0,0125.

o
- 5 luots -
Huong din: Ogpge = T d-e ndy,
o

8.12. 0,039 cm®/g va 0,012 em™/g.
Huong dén:
11 N
o=t = —In-L/(p—*) =17 barn.
n -.d | A
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Ung véi 1it dién 17 barn cé hai £14 tri ndng lugng 1a B, = 1,75 MeV
va B, = 10,5 MeV; cédc tiét dign tdn xa Compton wdng ¥ng v6i hai ning
lwgng nay 1d Gcumpen = 13,5 barn va Ocompun,2 = 4,2 barn.

N

1 =on, do dé ., = Wp = cN/ip = 07“‘. Tir d6 tinh Py, v o
5.13. 0,284,

= Gpair |
Hudng dan: @y, = — (1 - ™)

o

5.14. 24 ngay dém,
I N,

n—.
nv,G, N

Hudng ddén: 1=

5.15. 0.22Ci

Huong din: a = ®n[0,6916,(1 - € ') + 0,3090,(1 - ¢ )]

Dong gbm 2 ddng vi 1a Cu® chi€m 69,1% va Cu®® chiém 309%.
Thai gian bdn rd cla déng vi phéng xa tao thanh do phdn dng (n,y) 1a
Tin(Cu™)=128 h; Tip(Cu®) = 515 phut. Ti€t dien cdc phin ng
Cu®(n,)Cu™ 11 6, = 4,5 barn; Cu™(n,7)Cu™ 1a 6 = 1,8 barn ; n = NuJA : 1 = 2
h.

CHUONG 6

6.1. 6,4.10' nevtron/s.

Hudng ddn: Trang mdt phin hach, s§ neutron bi hap thy ma khéng
gay phan hach 1a 1,1 neutron cdn sd neutron bay ra ngoai ving hoat 1a 0,4
neutron. 5 MW tuong ttng vdi 1,6.10"7 phin hach/s, do d6 s& neutron bay ra
ngoai 12 6,4.10'® neutron/s.

6.2. D, =0,50,

Hudng ddn: Mat 46 thong lugng neutron ® = Nv, trong d6 N 13 mat
dd neutron va va 13 vin td¢ neutron.

6.3. 2,4.10° 14n va 1,7.10° lin.

6.4. 50 cm.
Hugng din. Sit dung cdc cong thife trong muyc 5.5.3.2.
A, A
L= 2 I —50cm.
) A 1 . 1 4
Trong dé A, = £ = =24cmvad, = —= 0276.10'cm
1-cos X (1-cosb) z,
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6.5. 57,487 kg; 9,773 kg ; 67,26 kg.

6.6. 1,033.10" neutronfcm’.s.

6.7. 35%

Hudng ddn: Tham khio vi du 6.2, D€ c6 ning lugng | MWxh cin d8l
chdy 1,23/24 g = 51,25.10° kg nhién liéu U™, do d6 khi lugng U™ cin
thi€t d& cho nang lugng 4,1.10° MWxh 1a 21 kg. Lugng U™ trong 3 1dn
uranium do gidu 2% 1a 60 kg. T d6 suy ra 0 sdu chdy bang 35%.

6.8. 205kV
E

Hudng ddn: Trong twrudng hop khéng twong déi R? = Py =y
T I

.Chii ¥

riing AE = 2Ue ta duge U = 2n'mf’RAR/e.
6.9. a. 10 s b, 215 m
Hung diin: Tham khdo vi dy 6.4,
a) t = w'mfR*Uq.

1 1 [20qX N N
by L=—> v, = — w—qZ\/;.[mngdé 3 Jn =~ IJ;dn.
g et 2fV m .o =l bt
L= 4’ mf R’ ‘
3Uq
6.10. 5.1 keV ;94 MeV ;373 MeV.
L AT

Hudng ddan: E=mec™— .
0

6.11. a) 35% va 12%.

b) o) Do trong d6 A Dof 0] Bq
= , T =, 0= —.
J14+ At wmc’ m
Hudng din:
Af E
) = ——
f, E+mc
Bqc’ Bqc’ , . dE  Bgc® d
b)o=2mf= —L  dod6E= - mc’va —=- e 2
E+ mc 0 dt ol dt
dE d . .
Mit khic —= £ = ) ,do do6 _m= - —-8——2-0)3. LAy tich phin biéu thitc
t T 2= dt 2mBqc
N W, . . w,E Bq
nay ta dudgc o(f) = ——— , rong d6 A = = ), = —.
\/l_+ At mmc” m

388



2
I
612 a) R=— f1-[2% )
(i B_.q /) sin“ot

b) 42 cm vi 42,9 cm.
Hudng didn: Tham khdo vi dy 6.8.
a) Do chu ky quay cfia hat bing chu k¥ trudng gia e nén

2m(E+me’) 2 Bqgc’
7o 2MErMC) 27 vssE= B L2 Thay gid tri ciia B vio bidu
Bqe® w, w,
) JEI;Z—kchi; . Y ) . -
thitc R = “-——————— 1a dugc k&t qui nhi trong ddp s6.
Bqc
C &(E&chz)
b) R= — ————
@, E+mc
6.13. a) Tw 0,35 MHz dén 9,28 MHz; 0,84 s.
b) 0.19keV ;c. 1,5.10° km; 5,2.10° vong.
Hucng din:
) fo O VE(E+2mc?) [ 2mRE+ me’)
aptf= -0 = T
P E+ mc’ Bqu:;2
b) AE = 2nR%gB.
. 2 1{E+ m¢’
c) SO vong quay N = T, trong &6 T = —%g—) Quidng dudng
tqc
di: L. = 27RN.

6.14.  Proton: Tir 258 MHz dén 790 MHz.
Electron: Tir 2,49.10° Hz dén 2,50.10° Hz.
[

2 2
= m
Hudng dén: Tham khio vidy 6.4. f= — 1| —~_|
2L E+mc

6.15. 5530 GeV.
CHUONG 7

7.1. 250 14n va 76 lin.

7.2 31,7% va 4,55%.

7.3. 6 xung/phit va 27,8 phiit.
74. N=6N,.
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Huing ddn. Goi N, va N 1a s& d€m t6ng khi khong ¢6 phong va khi
-, NO
c6 phéng. Sai s6 twdng d0i cia hai phép do nay Ia m, = M|IIT\I va

4]

NN 6
T = Y———"- Do di€u kién clia bai 10dn Ny, =N — Npp nén 1 = f— vi tir
M b
N-N_, N
diéu kién 1 = 1 ta duge N = 6N,
7.5. 0,01% va 10%.

n nph
76. N= - = 568 hat/s.
t—tn l—1n,
77. N= ———=6,1.10° hats.
I—(t,+1,)n
7.8. An = 21tnn;.
79 N= Anz = 4.10° havs.
2m
An+4m§h
7.10. t= -3 =20s.
n An
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Phu luc 1

CAC HANG SO VAT LY CO BAN

Van toc 4nh sdng trong chin khéng
Hing s8 hdp din vil try

Hing s& Avogadro

Hing s& khi 1y trdng

Hiing s6 Boltzmann

Dién tich ¢d ban

Kh&i lugng tinh clia electron

Khdi lugng tinh ciia proton
Khéi lugng tinh ciia neutron
Hing s6 Stefan-Boltizmann

Hiing s§ Wien
Hiing s8 Planck

Hing s& Rydberg

Bin kinh Bohr

Ning lugng lién k&t cda electron trong
nguyén td hydrogen

Bdn kinh electron ¢& dién

Tiét dién t4n xa Thomson

Hiing 6 cdu tric tinh t&

¢=3.10" s
G =6,67.10"" Nm’/kg’
Na = 6,023.10% mole™
R =8,314 J/mole.X
ks = 1,3807.107 JJK
c=16.10"C
m, =9,11.10°! kg hay m.c’
=0,511 MeV
m, = 1,6726.107 kg hay
m,c’ = 938,28 MeV
m, = 1,67492.10% kg hay
myc? = 939,573 MeV
o = 5,67.10® W/m’K*
b=2,896.10> m.K
h = 6,625.10* J.s hay
h=1,0546.10"1.s
_ mee‘1
 dn(dne,) K
=3,27.10"% s
_A4me, A’
° mee2
=0,529.10" m
E]k =Rh = 13,56 eV

2
fy= —— =282.105 m

m.c

2
OThomson = 5" Rl'e

=6,65.10™ cm?
_ 1
hc 137,036

o1



ehi

Magneton Bohr Hp = =10 Am’
2m.c
A eh
Magneton hat nhdn o=
2mc
=5,05.10™ erg/G
Momen tiY
Electron B, =1,00116 up
Proton Wp = 2,7928 L,
Neutron W, =-1,913 1,
Dentron 1y = 0,8574 U,

Hé s6 tif hdi chuyén

Electron g.=2,0022
Proton gp = 53,5855
Neutron g, =-3,8263
Deutron g =0,8574
Don vi khéi lugng nguyén tf uw=1,660.10"" kg hay
931,50 MeV
Hing s& dién £, = 8,86.10"2 C¥Nm®
1
k=
dme,
=9.10" Nm*/C?
Hing s& iy W, = 47.107 H/m
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Phu luc 2

CAC TiNH CHAT CUA HAT NHAN

Z Hat Spin | B6 drkhdi | P phd | Loai Thdi gian Nang
nhéan hat lugng hat bi€n % | phin banra lugng E,,
nhan nhin M-A, ra va Epnax
dan viu
n 172 0,008665 - B 11,7 phut 0,78
1 |H in2 (,007825 99,985 -
H? 1 0,014102 0,015 -
H 172 0,0160049 - B 12,3 nam 0,018
2 | He' 172 0,016030 3.10™
He* 0 0,002604 = 100 -
3 | Li* 1 (015126 7.52
Li’ 3N 0,016005 92,48
Li’ 372 0.016931 - K 53 ngay
4 | B 0 0,005308 - 2o 107" giay 0,039
Be’ 32 0,012186 100
Be' 0 0,013535 - B” | 2,5.10°nam 0,555
5 | B™® 3 0,012939 20
B" 312 0,009305 80
6 {CH 372 0,011431 - B* 20,4 phuit 0,97
C"? 0 0 98,89 -
c" 1/2 0,003354 1,11 _
cH 0 . 0,003242 - B 5570 nim 0,155
7 | NP - 0,005739 - B 10 phiit 1,2
N 1 0,003074 99,63
N'* 172 0,000108 0,37
g | O% - 0.003072 - p* 2.1 phut 1.68
o't 0 -0,005085 99,76
o7 5/2 -0,0600867 0,037
O 0 -0,000840 0,204
g | F* - 0,000950 - Bt 1,87 gid 0,649
F* 172 -0,001595 100
F* - -0,000015 - i} 12 gidy 542
10 | Ne™ (] -0,007560 | 90,52
Ne?! - -0,006151 0,26
Ne2? 0 -0,008616 3,82

a3




Spin | D5 dukhdi | Do phé | Loai | Thai gian Ning
nhin hat lwdng hat bi€n % | phin bdn rd lugng E,,
nhin nhin M-A, ra va Epnux
don viu

11 | Na22 3 -0,005565 - B+ 2.6 nim 0,540

Na23 | 372 -0,010227 100

Na™ 4 -0,009033 - g 15 gis 1,39
12 | Mg” - -0,005865 . i 11 giay 2,95

Mg 0 -0,014956 | 78,60

Mg” | 572 -0,014160 10,11

Mg 0 -0,0117409 | 11,29

Mg? v -0,015655 - i 8,5 phiit 1,75 & 1,59
i3 | AI® - -0,013100 - M 6.7 gidy 3,20

AlY 52 -0,018465 100

AP 3 -0,018092 - B 2,3 phiit 2,86
14 | s 0 -0,023073 | 9227

Si¥ Y -0,023509 4,68

Si 0 -0,026239 3,05

i . -0,024651 - iy 2,65 gid 1,47
15 | p¥ - -0,021680 - B* 2,5 phut 3,24

P! 7 -0,026237 100

p” - -0,026092 - B 14,3 ngay 1,71
16 | s¥ 0 -0,027926 95,02

s 32 -0,028540 0,75

s 0 -0,032136 4721

s* 32 -0,030966 - i} 87 ngay 0,167
17 | ¥ 372 -0,031146 75,4

CI* 2 -0,031688 - B .K{ 31.10° nam 0,714

cr’ 312 -0,034104 24,6
18 | Ar® 0 -0,032452 0,34

Ar' 3 -0,033228 - K 32 ngay

A . -0,035679 - iy 265 nim 0,565

Ar® 0 0,037616 99,60
19 | ¥ 32 -0,036286 | 93,08

K* 2 -0,037583 - iy 1,52 gits 3,55 & 1,99
24 | Cr! 77 -0,055214 - K 28 ngay
25 | Mn™ 512 -0,061946 100
27 | Co™ 2 -0,064246 - K,p 72 ngay 0,47

Co™ vl7 -0,066811 100

Co®™ 4 -0,066194 - 5,2 nim 0,31
29 | cu®? 312 -0,070406 69,1

Cu6sS | 3n -0,072214 30,9
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| 30

7 | Hat Spin | B3 dukhdi | B6phd | Loai | Thaigian Ning
nhin hat lugng hat bi€n % | phén ban ra Iugng Ect
nhin | nhin M-A, ri vi ERBmax
....donviu -
Zn® 512 -0,070766 - K,B" ! 2,45ngay 0,325
35 | B¥ 6 -0,083198 - B 36 gits 0,456
38 | s* 0 -0,09436 82,56
Y 512 -0,09257 - B 51 ngay 1,46
sr* 0 -0,09223 - i}y 28 ndm 0,535
39 | Y* 2 -0,09282 - B 64 gids 2,24
47 | Ag!” vy -0,09303 51,35
53 | 1I'¥ 5/2 -0,09565 100
' 1 -0,09418 - B~ K| 25 phit 2,12 & 1,67
79 | Au' | 32 -0,03354 100
Au'™ 2 -0,03176 - B 2,7 ngay 0,96
g1 | TI** - -0,02611 - iy 4,1 nim 0,77
82 | pPp" 0 -0,02554 23,6
Pu*"7 Vs -0,02410 22,6
Pb™* 0 -0,02336 523
83 | Bi*" 9/2 -0,01958 100
Bi*" 4 -0,01589 - o 2,6.10° nim 4.97
84 | Po™ - -0,01713 o 138 ngay 53
86 | Rn*# - -0,01753 - o 3,8 ngay 5,49
88 | Ra®* 0 0,02536 - o 1620 nam | 4,78 & 4,59
90 | Th*® 0 0,03821 100 o 1,410 nim | 4,00 & 3,98
Th*" - 0,04143 - B 22 phiit 1,23
92 | U*H 0 0,04090 0,006 o 2,5.10° nam | 4.76 & 4,72
U 712 0,04383 0,71 o 7,110 nam | 4,2&4,58
pe 0 0,04573 - o 24.10" nim | 4,45 & 4,50
U 0 0,05076 99,28 a 1 4510°nim | 423&4,18
U*® - 0,05432 - B 23,5 phiit 1,21
94 | Pu™® - 0,04952 - o 89.6nam | 5,50 & 545
Pu*® 1/2 0,05216 - o | 2410 nim | 5.15&5,10
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Phu luc 3

TIET DIEN NEUTRON

Nguyén | Pdngvi | Ham hfgng Thii gian Ti&t dién, barn
6 khdi treng bin i cia
hénhgpty | déng vitao
nhién cic thanh Hip thy Kich hoat Tin xa
dbng vi, % T o <O
H H 0,015 12,3 nim 5.10"1 5.7.10™ 7
Li - - - 71 - 14
Li® 7.52 - 945 (ne) 28,107 -
Li’ 92,48 0,85 gidy - 3,3.10°? -
Be Be’ 100 2,7.10° nim 102 9. 10" 7
B - - - 755 - 4
B! 20 . - 0.5 -
B' 80 0,03 gidy | 3813 (ne) 5.10° -
C - - - 3,8.10°° - 48
cl? 98 89 - - 33107 .
ch 1,11 5570 nam 0,5.1¢° 9. 10™ -
0 - - - 216" - 42
F F" 100 Ll gidy < 10? 9 10" 3.9
Na Na®* 160 15 gidt 0,53 0,53 4
al AlY 100 2,3 phut 0,23 0,21 14
v . - - 4,98 - 5
v 0,24 - 250 - -
vy 99,76 3,76 phiit - 45 -
Cu - - - 3,77 - 7.2
Cu” 69,1 12,8 gidt 45 4,5
cu® 30,9 5,15 phiit 2,2 1,8 -
Ag - - - 63 - 6
Cd - - - 2540 - 7
ca'? 12.26 - 20000 - -
In - - - 196 - 22
In''" 99.77 54,2 phiit - 155 -
I | 100 25 phiit 622 56107 3.6
An Aut?? 100 2,7 ngay 98.8 96 93
U R - - 7.68 - 8.3
U 99,28 23,5 phuit 2,75 2,74 11,2

Chii thich: Gg Vi O, 12 cdc ti€t dién d8i vdi neutron nhiét (2200 m/s); <G> 12

ti€t dién trung binh d&i v6i cdc khodng niang lugng di rong.
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Phu luc 4

HE SO SUY GIAM VA HE SO HAP THUY
CUA BUC XA GAMMA

[ Ning Nhom Chi Nudc Khong khi

lugng, -
MeV u T n T n T I T
p p p p P p p p

0,1 0,169 | 0,0371 5.46 2,16 0,171 10,0253 { 0,155 | 0,0233
0.2 0,122 10,0275 | 0942 | 0,586 | 0,137 | 0,0299 [ 0,123 | 0,0269
04 0,0927 | 0,0287 0220 | 0,136 | 0,106 ! 0,0328 | 0,0953 | 0,0295
0,6 (0,0779 | 0,0286 | 0,119 | 0,0684 | 0,0896 | 0,0329 | 0,0804 | 0.0295
0,8 (,0683 | 0,0278 | 0,0866 | 0,0477 | 00786 | 0,032]1 | 0,0706 | 00,0288
1.0 0,0614 | 00269 | 0.0703 | 0,0384 | 0,0706 | 0,0310 | 0,0635 | 0.0276
1.5 0,0500 | 0,0246 | 0,0550 | 0.0280 [ 0.0590 | 0,0283 | 0,0515 | 0,0254
2,0 0,0431 | 0,0227 | 0,0463 | 0,0248 [ 0,0493 | 0,0260 | 0,0445 | 0,0236
3,0 (0,0360 1 0,0201 | 0,0410 [ 0,0238 | 00390 | 0,0227 | 0,0360 | 00211
4,0 0,0310 | 0,0188 | 0,0421 | 0,0253 | 0,0339 | 0,0204 | 0,0307 | 0.0193
6.0 G,0264 | 0,0174 | 0,0436 | 0,0287 | 0,0275 | 0,0178 | 0,0250 | 0.0173
8,0 10,0241 | 0,016% [ 0,0458 | 0,0310 | 0,0240 { 0,0163 | 0,0220 | 0.0163
10,0 (1,229 | 0,0167 | 0,0489 | 0,328 | 0,0219 | 0,0154 | 0,6202 | 0,0156

Chi thich:  va L 1a hé s6 suy gidm khéi d8i vai chitm tia hep va hé s&
P P
h&p thu khdi, don vi em?/g.
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Ngudi nhdn xét :
GS.TS TRAN BUC THIEP
PGS.TS PHAM QUOC HUNG

Co So
VAT LY HAT NHAN

Chiu tedch nhicéng xudt bdn - GS.TS. TO DANG HAI

Bién 1ip - TRINH QUANG TRUNG
POAN THANH DIEN

Sttt i . DOAN THANH DILEN
NGO QUANG HUY

V@ biu - MINH QUANG

NHA XUAT BAN KHOA HOC VA KY THUAT
70 Tran Hung Dao, Ha Noi
CHI NHANH NHA XUAT BAN KHOA HOC VA KY THUAT
28 Ddng Khdi va 12 HB Huan Nghiép, Q.1 — TP.H& Chi Minh
BT 8225062 — 8290228 - 8296628

) 530.4
Mi 6 @ -——————— 136 - 2006/CXB/538-06/KHKT
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In 1.000 cudn, khd 16 x 24 cm, tai Cong ty C6 Phan In Téng Hop Liksin,
S8 187/4 Kinh Dudng Vuong, Q.6, TP.HCM. Gidy phép xuat ban s 136-
2006/CXB/538-06/KHKT cép ngay 8/03/2006. S in 0295/HD/2006. in
xong va nop luu chiéu thang 12 nam 2006 .



coso
VAT LY HAT NHAN

® Tac giala nha nghién clru vé Iinh vuc vat Iy hat nhan cé
nhiéu nam kinh nghiém trong céng tac thuc nghiém va
giang day dai hoc.

® “Cosdvatly hatnhan” la mét quyén sach duogc viét kha
cb dong, suc tich, dé hiéu va mach lac vé céc kién thic
co ban cua vat ly hat nhan thyc nghiém néng luong
th&p va trung binh.

® Noidung cudn sach gém cac dac trung va tinh chat co
ban cla hat nhan, cdc mau hat nhan, phan tng hat
nhan, phan rd phdng xa, su truyén burc xa qua vat chat,
cac ngudn burc xa, cac phuong phap ghi do burc xa va
cac phuong phap xt li s6 liéu thuc nghiém.

® Quyén séch nay rat hitu ich cho sinh vién, hoc vién cao

hoc, nghién cuu sinh va can bd khoa hoc thudc linh vuc
vatly hat nhanva céac linh vuc vat ly khac.

' Gi4 : 58.00
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