Theo yéu cu ciia khich hang, trong mét nim
qua, ching t6i 438 dijch qua 16 mdn hoc, 34
cudn séch, 43 bai béo, 5 sb tay (chua tinh cic
tai liéu tir nm 2010 tr&r v& trudec) Xem & dby

DICH VU Chi sau mot lan hién lac, viéc

DICH ol

TIENG

ANH |
CHUYRN Giad ca: c6 thé gidm dén 10

AL T L —
NHANH

NHAT VA Chat luqng:Tgo dung niém tin cho
khach hang bang cong nghé 1.Ban

XAC th'&"iy duoc to?m bd ban dich; 2.Bap

NHAT danh gia chat lwong. 3.Ban quyet
dinh thanh toan.

Tai liéu nay dwoc dich sang tiéng viét béi:

VW WL CHLA Y VL Lo

Tir ban géc:

https://drive.google.com/folderview?id=0B4rAPqlxl MRDNkFJeUpfVUtLbk0&usp=sharing

Lién hé dich tai liéu :

thanhlam1910 2006@yahoo.com hoic frbwrthes@gmail.com hoic s6 0168 8557 403 (gap

Lam)

Tim hiéu vé dich vu: http://www.mientayvn.com/dich_tieng_anh_chuyen_nghanh.html

Another interpretation, in terms of

probability,is:
Collision probability of a neutron
with a nucleus =  (Number of

collisions per second in the plate)/ [
Total number of incident neutrons on
the plate per second] x [ Total number
of nuclei]

As the probability is dimensionless,
from the Eqg. (3) can be concluded
that o 1s the effective area given by

Mot cach dién giai khac theo xac suat
la:

X4&c suat va cham cia mot no tron voi
mot hat nhén=(S6 va cham moi gidy
trong tam vat li¢u)/ [ Tong sO notron
to1 tam moi gidy] x [ Tong so hat nhan]

Bai Vi xac suat 1a dai lugng khéng thir
nguyén (khong don vi), tir Pt (3), chung
ta cO thé két luan rang o la dién tich
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the nucleus to an incident neutron for
a nuclear reaction.

The unit used for cross sections is the
barn(b), being equal to 1024 cm2.

When the interaction of a neutron
with a nucleus occurs, the products of
the reaction are not always the same.
Thus, the cross section is defined for
each type of reaction: of is the fission
cross section, when the neutron-
nucleus interaction results in the
fission of the target nucleus: oy is the
radiative capture cross section, etc.

It is worth to mention here an
important remark related to the
scattering or diffusion of neutrons.
The scattering reaction is usually
interpreted as a mechanical collision
between a neutron and a nucleus. The
mechanical collision is called elastic
if Kinetic energy is conserved, i.e. if
the total kinetic energy of the neutron
and the nucleus before the collision is
equal to the total of both Kinetic
energies after the collision. If total
Kinetic energy is not the same the
collision is called inelastic. In the
inelastic collision reaction the kinetic
energy of the neutron-nucleus system
after collision is smaller than before
the collision, and this difference in
Kinetic energy is emitted by the
nucleus in the form of y radiation.
Inelastic scattering usually occurs
when the incident neutrons has high
Kinectic energy and the target is a
heavy nucleus.

Figure 2- neutron beam striking a
plate

So, inelastic scattering cross section
is represented by o1, while os refers to

hiéu dung cua hat nhan doi véi mot
notron t&i trong mot phan Gng hat
nhan.

Pon vi dung cho tiét dién 1a barn(b),
bang 10% cm’

Khi tuong tac gitra no tron voi mot hat
nhan xuat hién, san pham phan ung
khong phai Iuc nao cling nhu nhau. Do
do6, tiét dién can duoc dinh nghia cho
mdi loai phan tng: of la tiét dién phan
hach, khi tuong tac no tron-hat nhén
dian dén qua trinh phan hach cua hat
nhan bia: o, la tiét dién bat bic xa,
LA

O day ching ta can luu y dén mot diém
quan trong lién quan dén qua trinh tan
xa hoic khuéch tan céc no tron. Phan
g tan Xa thuong dugc hiéu 13 mot va
cham co hoc gitra mot no tron va mot
hat nh&n. Va cham co hoc duoc goi la
dan hoi néu dong ning duoc bao toan,
tac 12 tong dong ning cia no tron va
hat nhan trudc va cham bang tong céc
dong ning sau va cham. Néu tong dong
nang khdng bao toan thi va cham dugc
goi 1a khong dan hoi. Trong phan ung
va cham khong dan hoi, dong ning cua
hé no tron-hat nhan sau va cham nho
hon trudc va cham, va su chénh léch
dong ning nay duoc chuyén thanh
dang buc xa y do hat nhan phéat ra. Tan
xa khong dan hoi thuong xuat hien khi
cac no tron td1 c6 dong nang cao va bia
la mot hat nhan nang.

Hinh 2-chum no tron va cham vao tim
vat liéu

Vi vay tiét dién tan xa khong dan hoi
dugc biéu dién bang o, con o la tiét




elastic scattering cross section. The
total cross section, or cross section
for all possible interactions, is the
sum of the cross sections for each
type of interaction:

The sum of the cross sections of those
interactions in which the absorption
of a neutron occurs is called
absorption cross section (ca). Thus:
Where ca , oy and op are the cross
sections for the rcactions (n, «), (n, y)
and (n, p).

Figure 2- Neutron beam striking a
plate ( 29)

Example 1: When a neutron with a
kinetic energy of 0.0253ev interacts
with a 238U nucleus an absorption
reaction takes place. This may be a
radiative capture (oy= 48 b) or a
fission(cf= 531 b). What is the
probability for fission to occur?

Press Space bar or click on this
button to continue? (30)

Solution. As the probability of a
given reaction is proportional to the
respective  cross  section, the
probability of fission will be (30)

Macroscopiceross section
The Eq. (2) can be generalized to any
kind orcollision:

Total number escollusions per second
= (I.LN.ot).(A. Ax) (2)

As A.Ax is the size of the plate, the
number of collisions per cm3 and
second in the plate will be:

dién tdn xa dan hoi. Tiét dién toan
phan, hoac tiét dién ddi voi tit ca céc
phan tng kha di bang tong cua cac tiét
dién ung voi moi loai phan ang:

Téng cua céc tiét dién cua nhitng phan
g trong d6 xay ra qua trinh hap thy
mot no tron duoc goi I tiét dién hap
thu (c,). Vi thé:

Trong d6 o, , 6y VA o, lan luot Ia tiét
dién cua cac phan ang (n, «), (n, y) va
(n, p). ,
Hinh 2-chum no tron va cham vao tam
vat liéu

Vi du: Khi mdt no tron c6 dong nang
0.0253ev tuong tac vai hat nhan 238U
s& xay ra phan ang hap thu. Pay co thé
la phan @ng bat bic xa (o,= 48 b) hoic
phan hach (o= 531 b). Xac dinh xac
suat xay ra phan hach.

Nhian phim tring hoic click vao nut
nay d¢ sang trang mai

Giai. Vi xac suat cua mét phan tng
nhat dinh ty I¢ vai tiét dién tuong ung,
XA&c suat phan hach sé la (30)

Tiét di¢n vi mo o
Phuong trinh (2) c6 thé tong quat hoa
cho bat ky loai va cham nao:

Toéng sé va cham trong mdi gidy =
(LN.oy).(A. Ax) (2)

Vi A.Ax chinh 1a kich thudc cua tim
vat liéu, téng s6 va cham trén mdi per
cm® trong mdi gidy trong tAm vat liéu
s€ la:




being the parameter F the collision
densit.

The product of the atomic density N
and the microscopic cross section ct,
represented by >t is called total
macrscopic cross section. therefore in
a general way:

(5)

where is the macroscopic cross
section for the j type interaction. As
oj is the total effective area for the
reaction j, is the total effective area,
per unit of volume, for the j type
reaction. The unit of the macroscopic
cross section is cm-1
(31)
The total cross section allows to
determine the attenuation of a neutron
beam by a plate ofa given material.
Let's suppose that a neutron beam of
intensity 10 collides with a target of
thickness X and a neutron detector is
located behind the target as it is
shown in Figure 3 below.
Let I(x) be the intensity of the
neutron beam that have suffered no
collisions while penetrating a distance
X into the target. While traversing an
additional distance dx, the intensity of
the beam which has not collided will
suffer a decrease -dI(x),
corresponding to the number of
neutrons that will suffer collisions in
dx, corresponding to the number of
neutrons that will suffer collisions in
dx, therefore:

-dI(xX)= N. t.I(x)dx = t. I(x). dx
Figure 3- Attenuation diagram of a
neutron beam (32)

Integrating this equation, we get:
I(xX) =10 . exp(- D't

La tham s& mat d6 va cham F.

Tich cia mat do nguyén tir N va tiét
dién vi md c6 thé ki hiéu 1a ¥ duoc goi
la tiét dién vi md. Do do, viét dudi
dang tong quat:

Y, =N.o; (5)

Trong d6 Z,la tiét dién vi mo dbi véi
twong tac loai j. Vi oj 1a tiét dién hiéu
dung toan phan d6i véi phan tng j, > j
s€ la téng tiét dién hiéu dung trén mdt
don vi thé tich d6i v6i phan tng loai j.
Pon vi cua tiét dién vi mo 1a cm?

(31)

Tiét dién toan phan cho phép ching ta
xac dinh sy suy giam chum no tron qua
mot tdm vat lieu nhat dinh. Gia su
chum no tron c6 cuong do lp va cham
VGi bia c6 do day X va detector nam
phia sau bia nhu trong hinh 3 bén dudi.

Gia sur 1(x) 1a cuong do cua chum no
tron khéng trai qua qua trinh va cham
khi xuyén qua mét khoang cach x trong
bia. Khi di thém mot khoang céach dx,
cuong dé cua chum khéng va cham sé
giam -dI(x), twong (ng Vvéi s6 no tron
trai qua va cham trong khoang dx, do
do:
-dI(X)= N. o I(X)dx = . 1(X). dX

Hinh 3 Biéu do suy giam ctia mot chum
no tron (32).




X)

The intensily ofthe beam that has not
collided decreases exponentially with
the distance inside the target. The
intensity of the uncollided beam,
which emerges from target and
reaches the delector will be:
1(X)

=10 . exp(- >t .X)

Note that dI(x) is the number of
neutrons removed from the beam by
collisions in dx. Thus, the
relationship —dI(x)/ 1(x) reprersents
the probability that a neutron that has
traveled a distance x without
suffering any collisions inside the
target, collides in the next dx, and it is
therefore equal to >'t,. dx. It can be
concluded then that >t, is the
probability per unit length of a
neutron to suffer a collision while
crossing a material medium.

Figure 4- ltensity attenuation plot as
a function of x (33)

The mean free path () is the average
distance traveled by a neutron
between two successive collisions.
(34)

As the velocity , expressed in meters,
Is equal to the distance traveled by
the neutron in a second, 9/ is the
average number of collisions per
second. Being n the density of a
neutron beam, the number of
collisions per cm3 per second will be
n. 9/ , which is the collision density
corresponding to Eq. (4). Therefore:
(4)
I = n.v

©)

Lay tich phan phuong trinh nay ta
duoc:

Cuong d6 cua chum khéng va cham
giam theo dang ham mi véi khoang
cach trong bia. Cuong d6 cua chum
khéng va cham phét ra tir bia va dén
detector s¢ la:

Luu y rang dI(x) 1a s6 no tron roi khoi
chum do va cham trong khoang céach
dx. Do d6, hé thic —dI(x)/ 1(X) biéu
dién xac suat dé mot no tron di chuyén
mot khoang cach x ma khdng trai qua
bat ky va cham nao trong bia, va cham
trong doan dx tiép theo, va do dé dai
lwgng nay bang Y. dx. Thé thi ching
ta cO thé két luan rang Y, 12 xac suat
trén mot don vi chiéu dai dé mét no
tron trai qua va cham trong qua trinh di
qua moi truong vat ligu.

Hinh 4-B6 thi biéu dién su suy giam
cuong do theo x (33)

Quang duong tu do trung binh (1) la
khoang cach trung binh ma moét no tron
di dugc gitra hai 1an va cham lién tiép.
(34)

Vi van toc o, duoc biéu dién theo mét,
bang khoang cach di chuyén cua no
tron trong mot gidy, 9/4 bang sé va
cham trung binh trén mdi gidy. Véi n 1a
mat dé cia mot chum no tron, sb va
cham trén mdi cm® trén gidy s& la n. 9/
A, dai lugng nay chinh la mat do va
cham tuong ung véi Pt.(4). Do do:




(D). (N. ot) = (n.v).
(T =n.v/

Where the value of | has been
replaced using Eq. (1) From the
equation above, we have: (6) (35)

Example 2-The absorption cross
sections of 238U and 238U for
neutrons of 0.0253ev are 680.8b and
2.70b  respectively, while the
absorption cross section of oxygen is
practically null. Calculate Y a for the
UO2 (natural uranium dioxide). What
Is the physical meaning of ?

Data:

+ Isotopic abundance of 235U=
0.7111%

+ Isotopic abundance of 238U=
99.283/%

+ Molecular density of UO2= 2.43 x
1022 molecules/cm3 .

Press Space bar or click on this
button to continue (36)

Solution. Atomic densities of 235U
and 238U are, respectively:

1.728 x 1020 atoms/cm3
and 2.413 x 1022 atoms/cm3
The respective macroscopic Cross
sections are:

680.6 x 10-24 x 1.728 x 1020 =
0,118 cm-1 and 2.70 x 10-24 x 2.413
x 1022 = 0.0652 cm-1 Thus:

Y a = 0.118 40,0652 =
0.183cm-1and =5.46 cm
The physical meaning of the
absorption mean free path () is that
neutrons with energies of 0.0253eV
when penetrating an infinite mass of
UQO2, travel an average distance of
5.46 cm until they are absorbed by an
uranium nucleus.(36)

I.N.c,.AA,
= vy =1.N.g, (4)
I =n.v (5)
M. (N. o) = (n.v).
(Zt) = n.V//I

Trong d6 I duoc thay thé bang Pt.(1).
Tu phuong trinh trén, chiing ta co:

Vi du 2-Céc tiét dién hap thu cua 238U
va 238U ddi véi cac no tron 0.0253 ev
lan luot 12 680.8b va 2.70b, trong khi
tiét dién hap thu cta oxy trong thyc té
bang khdng. Tinh Y, cia UO2 (urani
dioxit ty nhién). Néu y nghia vat ly
cla A=—?
2,

Dt liéu:

+ Do giau ddng vi cta 235U= 0.7111%

+ Do giau dong vi cua 238U=
99.283/%
+ Mat @6 phén tir cua UO,= 2.43 X
10% phan tir/cm? .
Nhan phim tring hoic click vao nut
nay dé sang trang mai
(36)
Giai. Mat d6 nguyén ttr cua 235U va
238U lan luot la:

1.728 x 10%° nguyén tir/cm3
va 2.413 x 10% nguyén ti/cm3
Tiét dién vi mo twong tng Ia;

680.6 x 10** x 1.728 x 10%° = 0,118
cm™ and 2.70 x 10 x 2.413 x 10% =
0.0652 cm™
Vi thé:

Y . = 0118 +0,0652 =
0.183cm™ and 4 =5.46 cm
Y nghia vat Iy ctua quing duong tu do
trung binh (1) hip thu 13, cac no tron
nang lugng 0.0253eV khi xuyén qua
mot khdi UO2 vé han, di chuyén duoc




Variation of cross section with energy
All cross sections depend on the
nature of the nucleus which the
neutron interacts with. as well as on
the energy of the neutron. The
majority of interactions occur in two
phases. Firstly, the incident neutron
can be considered as absorbed by the
nucleus, forming what is called a
compound nucleus, which can
disintegrate in diferent ways. For
example, when a nucleus of Fe56 is
bombarded with 10 MeV neutrons,
the nucleus of Fe56 can disintegrate
emitting a ncutron(n an clastic or
inelastic collision), a y photon or two
neutrons, as it can be seen in the
scheme below:

Figure 5-Neutronic reactions on 56Fe

Nuclei have several excited states.
Thus, the incident neutron and target
nucleus are more likely to be
combined in the formation of a
compound nucleus if the sum of the
neutron kinetic energy and its final
binding energy (37)

For a large number of isotopes,
especially those whose mass numbers
exceeds 100, the examination of the
absorption cross section variations,
depending on the neutron energy,
reveals the existence of three main
regions. As scattering cross sections
are generally small, the total cross
section, l.e.  absorption  plus
scattering, shows the same behaviour
as the absorption one. In the first
place there is a region of low energy,
in which the cross section decreases
with increasing energy of neutrons
(Figure 6). The total cross section

mot khoang cach trung binh la 5.46 cm
cho dén khi bi hap thu baoi hat nhan
urani (36)

Sy thay doi tiét dién theo nang luong
Tat ca cac tiét dién phu thudc vao ban
chat cua hat nhan ma no tron tuong tac
cling nhu nidng lugng cua no tron. Pa
s6 cac tuwong tac xay ra theo hai giai
doan. Trudc hét, no tron tGi ¢ thé xem
nhu dwoc hap thu boi hat nhan, hinh
thanh mot hat nhan hop nhat, va hat
nhan nay c6 thé phan ra theo nhiing
cach khac nhau. Chang han khi mot hat
nhan Fe56 dugc ban pha bing cac no
tron 10 MeV, hat nhan Fe56 cé thé
phan rd bang cach phat ra mot no tron
(va cham dan hoi hoidc khong dan hoi),
mot photon y hodc hai no tron theo so
dd bén dudi:

Hinh 5-Phan tng no tron trén 56Fe

Hat nhan c6 mot s trang thai kich
thich. Vi thé, no tron t&i va hat nhan
bia c6 nhiéu kha niang két hop hon dé
hinh thanh hat nhan hop nhat néu tong
dong ndng no tron va nang luong lién
két cudi cuing cua né (37)

D6i v6i mot s6 luong 16n dong vi, dac
biét 1a nhimg dong vi ¢ s6 khdi lon
hon 100, thong qua kiém tra do bién
d6i tiét dién hap thu theo ning lugng
no tron ngudi ta thiy co sy ton tai ba
viing chinh. Vi néi chung tiét dién tan
xa nho, tiét dien toan phan, tac 1a tong
cua hap thu va tan xa ciing gan nhu
tuong tu V6i tiét dién hip thu. O noi
dau tién c6 mot ving ning lugng thap,
trong d6 tiét dién giam khi nang luong




varies in inverse proportion to the
square root of the neutron energy and,
as this energy is of kinetic nature, the
cross section is inversely proportional
to the speed of the neutron.

Figure 6- Total cross section of U238
according neutron energy (38).

After the 1/v region for slow
neutrons. there is a resonance region.
which corresponds generally to
neutron energies comprised belween
0.1 and about 1000ev: This region is
characterized by the presence of
several peaks corresponding to
certain values of neutron energy, in
which cross section increases quickly
reaching very high values, falling
rapidly thereafter. These energies are
related to excitation energy levels of
the compound nucleus.

Immediately after the resonance
region there may be some secondary
peaks, which are difficult to notice
with the resolution of available
instrumentation. But, in gencral,
nuclear cross sections decrease with
increasing neutron energy. Figures 6
and 7 show the cross sections
behaviour for the isotopes 238U and
235U.

Figure 7- Total cross section and
fission cross section of 235U
according to neutron energy. (39)
Next, a brief evaluation of cross
sections behaviour is presented for
each of the reaction types:

Elastic scattering- With the exception
of hydrogen, whose cross scction
value is 20 barn when it is in a free
state, scattering cross sections for low
energy neutrons of nearly all the

no tron tang (Hinh 6). Tiét dién toan
phan ty 1& nghich voi cin bac hai cua
nang luong no tron va, do nang lugng
nay Xxét vé ban chit 13 dong ning, tiét
dién ty 1& nghich véi toc do6 cua no
tron.

Hinh 6-Tiét dién toan phan cia U238
theo nang lugng no tron (38). 10 23
Sau vung 1/v tng Vvéi cac no tron
cham, c6 mot vung cong huong, noi
chung vung nay tuong tng voi cac no
tron ¢6 ning lugng nam trong khoang
0.1 dén khoang 1000 ev: Vung nay dic
trung & Su hién dién cua mot sé peak
tuong ¢ng V4i nhitng gia tri nhat dinh
ciia nang luong no tron, trong d6 tiét
dién ting nhanh dat dén gia tri rat cao,
réi sau d6 giam nhanh. Nhimg ning
luong nay co lién quan dén cac muc
nang lugng Kich thich cua hat nhan
hop nhat.

Ngay sau ving cong huéng c6 mot sé
peak thir cap, nhitng peak nay kho thay
bang d6 phan giai cua nhitng dung cu
hién nay. Nhung noéi chung, tiét dién
hat nhan giam khi ting ndng lugng no
tron. Hinh 6 va hinh 7 biéu dién sy thay
d6i tiét dién ung voi cac dong vi 238U
va 235 U.

Hinh 7-Tiét dién toan phan va tiét dién
phan hach cua 235U theo nang lugng
no tron (39).

Tlep theo, Chung ta s€ dua ra danh gia
ngan gon vé dic trung tiét dién ctia mdi
loai phan ung

Téan xa dan hdi-Ngoai trir hydro cé gia




clements are between 2 and 10 barn.
In most cases, scattering cross
sections do not vary significantly
with neutron energy, although there
may be a general tendency to a
decrease of their values in the region
of high energies. (40)

Figure 8 shows the typical behaviour
of the elastic scattering cross section.
The behaviour of the elastic scattering
cross section, depending on the
neutron energy, can be defined in
three distinct

Figure 8 Variation of the elastic
scattering  section according to
neutron energy.(41)

In the region I (low energies), os is
almost constant.  In this region
scattering does not occur with
formation of a compound nucleus but
it does with the action of the target
nucleus forces on the incident
neutron. This type of scattering is
called potential elastic scattering (42)

In region Il. called resonance region,
the formation of the compound
nucleus takes place. In region Ill,
called high energy region, the
resonances come together in such a
way that cross section shows a
continuous behaviour, falling gently
with increasing energy. It is worth
noting that in this case, iIn the
resonance region, the formation of
the compound nucleus takes place,
but after the release of the neutron it
Is left in its ground state, and
therefore there is no emission of
gamma radiation. In this region the
scattering is called resonant elastic

tri tiét dién 1a 20 barn khi & trang théi
tw do, cac tiét dién tan xa d6i voi cac
no tron ndng lugng thip cta da phan
c4c nguyén t6 nam trong khoang tir 2
dén 10 barn. Trong da sb truong hop,
tiét dién tan xa khong thay doi dang ké
theo nang lugng no tron, mac du noi
chung, gia tri cua ching c6 khuynh
hudng giam trong vung nang lugng
cao. (40).

Hinh 8 biéu dién dic trung cua tiét dién
tan xa dan hoi. Pic trung cva tiét dien
tan xa dan hoi, phu thudc vao ning
luong no tron, co thé dugc dinh nghia
trong ba vung riéng biét (duoc chia
thanh ba vung riéng biét).

Hinh 8 Sy thay dbi cua tiét dién tan xa
dan hoi theo ning luong no tron.(41)

Trong ving | (ning lugng thap), os hau
nhu khong dbi. Trong ving nay, qué
trinh tan xa khdng xuat hién cung voi
sy hinh thanh hat nhan hop nhat nhung
nd xuat hién cing véi qué trinh tac
dong cua cac luc hat nhan bia 1én no
tron t&éi. Quéa trinh tdn xa thuoc loai
nay dugc goi la tAn xa dan hoi thé.

Trong vung 2 (cO tén la vung cong
huong), su hinh thanh hat nhan hop
nhat xay ra. Trong vung I, cac cong
hudng phdi hop véi nhau sao cho tiét
dién c6 dic tinh lién tuc, giam déu theo
su ting niang luong. Can cha y ring
trong trudng hop nay, trong vung cong
hudng, su hinh thanh hat nhan hop nhét
Xay ra,nhung sau khi giai phong no
tron, no tré vé trang thai co ban, va do
d6 khong c6 hién tugng phat buc xa
gamma. Trong vung nay, qua trinh tan




scattering.(43)

Inelastic scattering- This process
occurs only when the neutron
possesses suficient energy to carry
the nucleus into an excited state.
Overall, the inelastic scattering is
observed only with neutron energies
greater than 0.IMev and only, in
addition, with the heavy elements.
Therefore,  below this value of
neutron energy oi is null.(44)

Generally, the energy of the first
excited state decreases according to
the increase of the mass number.
Therefore,  the lower the mass
number of a nucleus is, the wider is
the range of energy where o1 will be
null. As an example, oi is zero up to
4.8 MeV for 12C, and for 238U it is
null only below 44 keV. For energies
above the energy threshold, o is
approximately equal to cs. (45)

Radiative capture- The cross section
behaviour as a function of neutron
energy is divided into three regions,
as shown in Figure 9. (46)

In region I, corresponding to low
energy  neutrons, G©y varies
approximately with the inverse of the
(1/v) and, therefore, it is called 1/v
region.  For some nuclei, the
behaviour is not exactly 1/v in the
low energy region. These nuclei are
called non- 1/v absorbers. (47)

In region Il resonances with high
cross section values appear. In region
Il cross scction is almost constant
and has the approximate value of the

xa duoc goi la tan xa dan hoi cong
hudng (43).

Tan xa khong dan hdi-Qua trinh nay
chi xuat hién khi no tron c6 dii ning
lugng dé dua hat nhan dén trang thai
kich thich. Nhin chung, qué trinh tan
Xa khoéng dan hoi chi xuat hién khi
nang lugng no tron 16n hon 0.Imev va
chi voi cac nguyén té ning. Do do,
dudi gia tri nang lugng no tron nay, o;
bang khong (44)

Noi chung, nang lugng cua trang thai
kich thich dau tién giam khi sé khoi
tang. Do d6, khi s6 khéi cua hat nhan
cang nho, khoang nang lugng ung Vvoi
oi bang khéng s& cang rong hon.
Chang han, o; bang khoéng cho dén 4.8
MeV d6i véi 12C, va dbi voi 238U n6
chi bang khong dudi 44 keV. Dbi véi
nang luong trén ngudng nang luong, 0
gan bang os. (45)

Bit buc xa-Dic trung tiét dién theo
nang lugng no tron dugc chia thanh ba
vung (Hinh 9) (46)

Trong vung I, twong Gtng V41 cac no
tron nang lugng thap, o, bién doi gan
nhu ty I& nghich vaoi (1/v) va, d6 do
n6 duoc goi la vung 1/v. Béi véi mot
s6 hat nhan, dudng cong dic trung
khong hoan toan trung khop véi 1/v
trong ving ning luong thap. Nhiing
hat nhan nay duoc goi 1a cac chat hap
thu khong theo dang 1/v. (47)




geometric cross scction, equal to m x
R2, where R is the radius of the
atomic nucleus.(48)

Emission of charged particles- Cross
sections for reactions of the types(n,
p), (n. a) and other charged particles
emissions are generally endothermic
and only occur above certain energy
levels (energy threshold). Even
beyond this energy, cross sections
are small, even for heavy nuclei.
However, there are some exothermic
reactions that do occur with some
light nuclei. (49)

Two of these reactions are
particularly important in the field of
nuclear engineering: 10B(n, a) 7Li
and 6Li(n, o) 3H. 10B has a very
large cross section for low energy
neutrons(around 6000 b), and so then
it is often used as a neutron absorber.

Figure 10 shows the cross section for
the reaction 10B(n, o) 7Li. Note that
it shows a 1/v behaviour for all
energy values. (50)

The nuclei of 1H and 2H (hydrogen
and deuterium) have an atypical
behaviour,  because they do not
experience the formation of a
compound nucleus. Therefore, there
are no resonances in their cross
sections: os is constant for neutrons
with energies up to 10 keV and oy
has a behaviour 1/v for all energies.

The inelastic scattering does not
happen, and so then e+ is null. (51)

Example 3 Deuterium has a radiative
capture cross section equal to 0.00053
b for neutrons with an energy of
0.0253ev: What is the value of oy

Trong vung I, cong hudng tng vai cac
gia tri tiét dién cao xuat hién. Trong
ving 11, tiét dién hau nhu khong doi
va cO gia tri gan bang tiét dién hinh
hoc, béng n x R? trong d6 R la ban
kinh hat nhan nguyén tir. (48)

Phét xa céc loai hat mang dién tich-Tiét
dién d6i véi cac phan tng loai (n, p),
(n. o) va cac qua trinh phat xa cac loai
hat mang dién tich noi chung la qua
trinh thu nhiét va chi xuét hién trén céc
mic niang luwong nhat dinh (ngudng
nang luong). Ngay ca khi lo6n hon nang
luong nay, tiét dién van nho ngay ca
dbi véi cac hat nhan Ion. Tuy nhién, c6
mot s6 phan &ng téa nhiét xuat hién véi
mot sé hat nhan nhe. (49)

Trong nhitng phan ung nay cé hai
phan trng dac biét quan trong trong linh
vuc k¥ thuat hat nhan: 10B(n, o) 7Li
va 6Li(n, o) 3H. 10B c6 tiét dien rat
I6n d6i voi cac no tron nang luong thap
(quanh 6000 b), va do d@6 nd thuong
duoc sir dung nhu mot chat hap thu no
tron.

Hinh 10 biéu dién tiét dién déi voi
phan @ng 10B(n, o) 7Li. Ching ta thiy
no thé hién dic trung 1/v dbi voi tat ca
cac gia tri nang lugng. (50)

Céac hat nhédn 1H va 2H (hydro va
deuterium) cé mot dac tinh khac
thuong (khéng dién hinh), bgi vi
chiung khéng trai qua qua trinh hinh
thanh mot hat nhan hop nhat. Do do,
khéng cd cac cong huong trong tiét
dién cua chung: os khong doi déi vai
cac no tron ¢ ning luong 1én dén 10
keV va o, c¢6 dic trung 1/v dbi vai tat
ca CAc gia tri nang luong.

Tan xa khong dan hoi khdng xay ra, va
do d6....bang khong (51).




for neutrons of lev? Vi du 3 Deuterium cé tiét dién bat buc
Press Space bar or click on this | xa bang 0.00053 b d6i voi cac no tron
button to continue(52) c6 nang luong 0.0253ev: Xac dinh gia
tri cua cua o, ung Vo1 cac no tron lev.
Nhan phim trang hoic click vao nut
nay dé chuyén sang trang mai (52)




