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ABSTRACT

In this study, the Monte Carlo method is applied for simulating the
Rayleigh-Compton measurement system using the Si(Li) detector on
MCNPG6 software. In which, incident photon’s energy is 59.54 keV of
241Am source and the scattering angle is determined at 124°. The targets
are elements in the range of atomic numbers from 13 to 82. Besides the
simulation, the theoretical values of Rayleigh-Compton ratio were
calculated basing on NRFF, RFF, MFF models on MATLAB software.
The results of the Rayleigh-Compton ratio from the simulation and the
theoretical calculation have an average discrepancy of 4%. In conclusion,
by utilizing the Rayleigh-Compton measurement system model, the
effective atomic number and electron density of compounds can be
determined more accurately, conveniently, and quickly.

TOM TAT

Trong nghién ciru ndy, phiong phdp Monte Carlo dwoc dp dung dé mé
phong cho hé do tin xa Rayleigh-Compton si dung dau do ban dan Si(Li)
trén phan mém MCNP6. Trong do, tia gamma téi mang néing lwong 59,54
keV dwge phdt ra tir nguon 2*Am va goc tan xa dwoc xdc dinh ¢ 124°. Cac
bia tdn xa la cdc don nguyén té c¢é nguyén tir 56 Z trai dai tir 13 dén 82.
Song song Vi Viéc mé phong, cdc gid tri Iy thuyét cua ti s6 Rayleigh-
Compton da duoc tinh toan dwa vao cac mo hinh NRFF, RFF, MFF trén
phan mém MATLAB. Céc két qua gid tri ti s6 Rayleigh-Compton tir mé
phong va tinh todn Iy thuyét cé dé sai biét trung binh dwdi 4%. Nhu vy,
V&i mé hinh mé phong hé do tan xa Rayleigh-Compton nhu trén, viéc xdc
dinh nguyén tir s6 hiéu dung ciing nhw mdt dg electron cho cdc hop chat
¢6 thé duoc thuc hién chinh xdc, nhanh chéng va thudn tién hon.

Trich dan: Lé Hoang Minh, Lé Quang Vuong, Huynh Dinh Chuong, Huynh Thanh Nhan, Tran Thién Thanh
va Chau Van Tao, 2020. M6 phong hé do Rayleigh-Compton bang phuong phap Monte Carlo. Tap
chi Khoa hoc Truong Pai hoc Can Tho. 56(S6 chuyén dé: Khoa hoc ty nhién)(1): 63-71.
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1 TONG QUAN

Vit Iy hat nhan ngay cang déng vai tro thiét yéu
trong cac linh vye quan trong nhu cong nghiép, y té,
xdy dyng. Cac yéu cau vé phat trién tinh chét vat
liéu ngay cang mot tang cao nhu cac vat liéu phai
nhe, bén, hodc ¢6 cdu tao sao cho giéng vdi cac mo,
té bao trong co thé con nguoi nhit. Mot trong nhing
dai luong déc trung cho moi vét liéu la nguyén tur sb
hiéu dung, n6 thé hién su tuong tac cla cac birc xa
v6i vat lidu d6. Viéc danh gia nguyén tir s6 hiéu
dung (Zefr) c6 thé duogc thuc hién thong qua nhiéu
phuong phép khac nhau nhu phuong phap gamma
truyén qua hay phuong phdp gamma tan xa nguoc.
Bén canh do ti sb Rayleigh-Compton (R/C) duoc
xac dinh 1a phu thudc vao Zesr, do d6 thong qua viée
xéc dinh ti s6 R/C, chiing ta c6 thé biét duoc Zes cua
cac vat liéu duoc cdu tao boi nhiéu nguyén t6 khac
nhau. Céc tng dung thuc tién cia ti s6 R/C trong cac
nghién ctru trude nhu: nghién ctru thanh phéan trong
hop kim (Gigante et al., 1985), g dung trong kiém
tra khong hay mau NDT (Singh et al., 2010), nghién
ctru vat liéu phu hop dé lam hinh ndm trong mo
phong mo sinh hoc (Lama et al., 2015) hay danh gia
dinh luong va dinh tinh cac san phém thude
(Manjunath and Kerur, 2016).

Trong bai bao nay, ti s R/C cua cac don nguyén
td dwoc khao sat bang cach sir dung phuwong phap
Monte Carlo trén phan mém mé phong MCNP6 str
dung ning luong 59,5 keV ciia ngudn 24LAm tai goc
tan xa 124°. Bén canh d6, chuong trinh tinh toan ti
s6 R/C duge xay dung trén phan mém MATLAB
(phién ban 2017b) dua trén cac mé hinh ly thuyét
phuong phép tham sé dang phi twong déi tinh NRFF
(Hubbell et al., 1975), tham sb dang st dung ham
Hartree-Fock tuong dbi tinh RFF (Hubbell and
Overbro, 1979) va tham s dang st dung ham
Hartree-Fock-Slater twong d6i tinh MFF (Schaupp
et al., 1983).

2 COSOLY THUYET

Tan xa gamma la qua trinh tuong tac vat ly cua
birc xa gamma véi vat chat, tan xa gamma duoc chia
lam hai loai bao gém tan xa két hop (tan xa
Rayleigh) va tan xa khong két hop (tan xa
Compton). Tan xa Rayleigh xay ra gita buc xa
gamma téi va electron lién két chat ch& trong 16p vo
nguyén tir, co xac sudt dang ké véi gamma c6 ning
luong thap (dudi 100 keV), goc tan xa nho va vt
liéu mau c6 nguyén tir s6 Z I6n. Tia gamma sau qud
trinh tan xa Rayleigh khong bi mat niang lwong
E,r = E,. Xac sudt xdy ra tan xa Rayleigh ti 1¢
thuan véi binh phuong nguyén tir s6 (~Z2), dugc cho
boi cong thirc (Singh et al., 2013):
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dop 13 5 5
E—;(l—cos )| F(x,2)| D
F(x,2) = ) (Folexp(i. x X 7)) @

Trong d6, 7, 1a ban kinh c¢6 dién cua electron, 6
1a goc tan xa, F(x, Z) 1a tham s dang nguyén tir, ¥,
14 ham song & trang théi co ban, 7, 1a vector ban kinh
tir hat nhan dén electron thir n, x 1a xung lwong
truyén (1/A), phu thudc nang lugng gamma téi E,
va gbc tan xa (Hubbell et al., 1975):

E, 6

x=,-sing 3)

Tan xa Compton la qua trinh tuwong tac cua
gamma vai electron ty do trong nguyén ti. Qua trinh
nay c6 suy giam nang luwgng va lam léch hudng
chuyén dong gamma so véi huéng ban dau. Do giam
nang lugng phu thudc vao goc tan xa va nang luong
gamma téi, nang lugng tia gamma sau tan xa
Compton E, ¢ duge xac dinh (Singh et al., 2013):

EV
1+ a(l—cosB) )

Trong d6, a = E, /m,c? lati sb giita nang luong
gamma t6i va khéi luong nghi caa electron. Xac suét
Xay ra tan xa Compton ti 1& v6i nguyén tir s6 (~Z),
dugc xac dinh bai cong thuc (Hubbell et al., 1975):

doc 1 2 ,
E=7[1+a(1 — cosB) {1+COS 0
[@(1 — cos 8)]?
1+a(1—cosh)

E)/C =

}S(x,Z) (5)

A Z
SGZ)= ). D (Polexpli.x x (o = ]I %)
m=1n=1

—|F(x, 2)I? (6)

Véi S(x,Z) 1a ham tan xa khong két hop. Ti s6

tan xa Rayleigh va tan xa Compton dugc xac dinh
bai cong thirc (Hubbell et al., 1975):

dog
R_qq [Fx2)? 7
¢ doc  S(x,2) )
an
Ti s6 R/C c6 méi lién hé phu thuge vao bac sb
nguyén tir Z trong ving nguyén t6 quan tim va su
phu thudc dwa trén ti s6 |F(x, Z)|2/S(x, Z).
3 POI TUQNG VA PHUONG PHAP
NGHIEN CUU
3.1 Phwong phap mé phéng Monte Carlo
va phin mém MCNP6

Phuong phap mo phong Monte Carlo 1a mét tap
hop cac thuat toan 14y mau ngau nhién nham muc
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dich thu dugc cac két qua s6, thudng dugc ng dung
rong rii trong vat 1y théng ké, mo phong trong cac
bai toan hé nhiéu hat, mé phong ciu triic va tinh chat
cua vat ligu... Phuong phéap Monte Carlo md hinh
hoa cdc hién tuong bang cach mo phong tryc tiép
cac 1y thuyét can thiét dya vao yéu cau caa hé do.

Monte Carlo N-Particle (viét tat la MCNP) 1a
phan mém sir dung phuong phap Monte Carlo dé mé
phong cac qua trinh vat 1i hat nhan ddi véi cac hat
so cdp nhu neutron, photon va electron (Werner et
al., 2017). Phan mém c6 thé giup cho viéc xay dung
c4u trac hinh hoc phtc tap ciing nhu mé phong cac
qué trinh twong tac cua birc Xa vai vat chit, qué trinh
phan ra hat nhan, tinh toan thong luwong neutron hoic
do phan bd lidu duoc d& dang, thuan tién, nhanh
chong. Phin mém MCNP duoc nghién ctru va phat
trién boi Trung tam thi nghiém quoc gia Los Alamos
(Hoa Ky) tir nam 1963.

Trong bai bdo nay, chung t6i st dung phan mém
MCNP6 (ra mat thang 5/2013) 1a phién ban hop nhat
ciia MCNP va MCNPX (Goorley et al., 2013). Phan
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mém MCNP6 c6 thé mé ta duoc 37 loai hat, cac hat
nay dugc phén loai thanh cac nhém nhu: cac hat co
ban (elementary particle), cac hat tong hop
(composite particle) hay hadrons, cac hat nhan
(nuclei). D li¢u tuwong tac ctia photon dugc st dung
trong thu vién eprdatal2 (day la thu vién dit liéu méi
trong MCNP6), trong d6 yéu cau thém vao “.12p”
trong phan dinh nghia vé vat liéu. Cac tép md phong
trong bai bao nay co sir dung nang lugng “cut-off"
duogc dat ¢ 1eV (Goorley et al., 2016).

3.2 Mo phong hé do tan xa Rayleigh-
Compton trén MCNP6

H¢ do tan xa Rayleigh-Compton dugc mo hinh
hoa trén phan mém MCNP6, sir dung mo hinh dau
do ban dan Si(Li) SL80180 duoc san xuit boi hang
Canberra. Trong do, cac théng s caa dau do do nha
san xuét cung Cép da duoc toi uwu sao cho dat dugc
su phu hop gitra gia tri hiéu suat tong cua thuc
nghiém va mé phong (d6 sai biét dudi 4%). Bang 1
trinh bay gia tri cac thong sd ciia dau do do nha san
XUit cung cip va thong s6 sau qua trinh toi wu
(Chuong et al., 2020).

Bing 1: Thong sé do nha san xuit cung cip va thong so toi wu ciia dau do Si(Li)

Théng sb

Gia tri tir nha san xuat Gia tri toi wu

Puong kinh ving hoat cta tinh thé (mm)
Bé day ving hoat cua tinh thé (mm)

Ban kinh trong cta ranh (mm)

Béan kinh ngoai cua ranh (mm)

Chiéu sau cia rinh (mm)

Khoang cach tir dau do dén ctra s6 (mm)
L6p chét phia trude (mm)

Lp chét phia sau (mm)

Lop vang tlep xuc (mm)

Bé day cira sO Beri (mm)

10,5 9,71
54 4,8
11,18 11,18
15,75 15,75
3,56 3,56

6 8,22

0 0,113

0 0,486
0,0003 0,0003
0,125 0,125

Tir cac thong s6 t6i uu trong bang 1, chiing toi
tién hanh cac phép mo phong ti s6 tan xa Rayleigh-
Compton. S hat gieo cho méi tép mé phong 1a 100
ty s6 dém. Hé do tan xa Rayleigh-Compton bao gom
khéi ddu do Si(Li), budng nhém boc xung quanh dau
do co vai trd 1am gia d& dong thoi bao vé khéi dau
do bén trong. Ong chuan tryc 1am bang chi c6 chiéu
cao 25 mm va dudng kinh 7 mm, duoc thiét ké véi
hinh dang dgc biét nham ¢6 dinh h¢ do dong truc,
phu hop véi cAu tao cua budng nhom va ciu tao cua
nguon bic xa. Ong chuan tryc co vai tro dinh huéng
cho chim tia gamma tan xa di dén dau do, dong thoi
ngin can buc Xa gamma phat ra tir nguon di tryc tiép
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vao va tuong tac voi diu do gy ra cac tin hiéu
khong mong mudn.

Ngudn buc xa duoc mé ta dang tru c6 chidu cao
3 mm va ban kinh 13 2 mm. Cac miu bia duogc dit
bén trén ngudn buc xa, dau do s& ghi nhén tin hiéu
Cua cac tia tan xa. Cac bia tan xa dugc mo phong cod
nguyén tir s Z nam trong khoang tir 13 dén 82, mdi
bia ¢6 bé day 3,175 mm. Hinh 1 mé ta hé do tan xa
Rayleigh-Compton trén phan mém MCNP6 (hinh
trai); hudng di cua tia gamma téi va gamma tan xa
(hinh phai). Bang 2 mo ta chi tiét thanh phan 6 mang
dugc ding trong cac tép dau vao cho hé méd phong
tan xa Rayleigh-Compton.
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Bia tin xa

Nguin birc x3

Ongehmin trpe D 00

Khil diu di

Buong nhim —————
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Khii ddu do

Hinh 1: M6 ta hé do tan xa Rayleigh-Compton

Béng 2: Thanh phain vit li¢u trong cic 6 mang

O mang Thanh phan vit liéu Mit df (g/cm®)
1 Tinh thé Si(Li) 2,33
2 L&p chét phia trén 2,33
3 L6p chét phia dudi 2,33
4 Lép Si(Li) khong hoat dong 2,33
5 Lép vang tiép xuc 19,32
6 L&p nhém boc bén ngoai tinh thé 2,699
7 Lé6p vo thép khong ri bao quanh khéi dau do 7,849
8 Cira s6 Beri 1,848
9 L6p khong khi tiép xuc véi cira s6 Beri 0,001205
10-13 L6p chan khong bén trong vé thép 0
14 Buéng nhom 2,699
15, 16 L6p khong khi bén trong budng nhom 0,001205
17 Ong chuén tryc (Iam bang chi) 11,35
18 L6p khong khi bén trong ong chuén tryc 0,001205
19 L6p khong khi bén ngoai 6ng chuén tryc 0,001205
20 Khung thép bao quanh nguon 7,849
21-23 Ngudn btrc xa 241Am 1,19
24 Gi4 d& bang thép chtra ngudn 7,849
25 L6p khong khi gitra 6ng chudn true va khung thép chira ngudn 0,001205
26 Bia tan xa -
27-34 Lép khong khi bao quanh hé do 0,001205
35 Vung khong gian bao xung quanh toan bd hé do 0
3.3 Tinh toan Iy thuyét trén phin mém InS(x,2)
MATLAB —Ins, + (Inx —Inx;) X (InS;;; —InS;) ©)

Trong cong trinh nay, gia tri ti s6 Rayleigh-
Compton Iy thuyét cho cac nguyén t6 dwoc tinh toan
dira trén ba mon hinh 1y thuyét NRFF, RFF va MFF.
Céc gia tri x;, X;41, Fiy Fipq, Si, Siq dugc 1y tir cac
tai liéu (Hubbell et al., 1975; Hubbell and Overbro,
1979; Schaupp et al., 1983). Gia tri cua F(x,Z) va
S(x,Z) dugc tinh toan theo cong thirc ndi suy ham
mil ¢6 dang nhu sau:

InF(x,2)

Inx —Inx;) X (InF;
=lnFi+( 1) ( i+1

—Inx;

—1In FL)

®)

Inxq
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Inx; ; —Inx;

4 KET QUA VA THAO LUAN

Phép do md phong duoc bé tri sao cho goc tan
Xa @ = 124°, dé dinh tan xa Rayleigh va dinh tan xa
Compton khong bi chong chap 1én nhau. Tur cong
thuc (3), véi ning lugng E;, = 59,54 keV phit ra tir
nguon 2“1 Am va @ = 124° cua bd tri hé do thi dinh
tan xa Compton dugc xac dinh & vi tri nang luong
Ey¢c = 50,39 keV, con dinh tan xa Rayleigh & vi tri
ning luong 1a E,z = 59,54 keV. Hinh 2 va 3 m6 ta
phd tan xa Rayleigh-Compton ctia nguyén t6 nhom
va dong.
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Hinh 2: Pho tin xa Rayleigh-Compton trén vit li¢gu nhém

—T T T T T T T

Rayleigh |
Compton

1000 ——————7——7—
b4
800
= 6004 X
= ;]
- i
_&_ 1
= .
E ¥
- 400 o -i
7 R
-
"
200 g
%
0 v T ¥ T 1 " I

Ning luong (keV)
Hinh 3: Phé tan xa Rayleigh-Compton trén vit liéu dong

Pho tan xa duoc luu lai va hién thi trén man hinh
may tinh théng qua phan mém Genie 2K. Cac phd
ghi nhan sau khi trir phong nén s& dugc xir ly thong
qua phan mém ROOT, nhiam nang cao dé chinh xac
trong viéc xac dinh sb dém cua dinh tan xa Rayleigh
va dinh tan xa Compton. Cong thirc xac dinh ti s6
tan xa Rayleigh-Compton va sai s6 twong ddi dugc
trinh bay nhu sau (Catal et al., 2016):

N £
R/CZ—RX—CX&X%LC
Nec e Br Yar

ege = | (on)” + ()’ + ()’ + ()’ (11

(10)
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Trong d6, Ng va N, lan luot 14 dién tich tng véi
dinh tan xa Rayleigh va tan xa Compton. Bang 3
trinh bay dién tich dinh tan xa Rayleigh va dién tich
dinh tdn xa Compton cho céc nguyén t6 c6 13 <Z <
82. Cac hiéu suit ghi nhan eg, e lan lugt tuong tng
véi nang lugng tan xa Rayleigh va nang luong tan
xa Compton. Céc hé s6 Br, B 14 hé s6 hiéu chinh su
tu hap thu trong mau cho tan xa Rayleigh va tan xa
Compton, dugc tinh toan theo cong thirc:
g = 1=exp {_ (co'l;le1 col;SHZ)pt}

(co'l;le1 + colésez)p t

+

(12)
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Céc hé O Y4r, Vac 14 hé s6 hiéu chinh sy hap thy
trong khong khi giita bia tan xa va dau do twong tng
Vi tan xa Rayleigh va tan xa Compton (Catal et al.,
2016):

1-exp{~(ghehy + cogy) Pad)

Ya = -
.uaL #as
(cos 0, + cos Hz)pad

(13)

V6i p;, pg 12 hé s6 hap thu khdi (cm2/g) cua mau
(g Véi tia t6i va tia tan xa (s6 lidu dwoc lay tur
XCOM); 8,4, 0, 1a goc gitra tia tdi, tia tan xa SO VOi
phuong &ng; g, Has 14 hé s6 hap thu khdi (cm?/g)
cua khong khi ing véi tia toi va tia tan xa; p va t la
mat d6 (g/cm?) va bé day cua cac bia tan xa nguyén
t6 (cm); p, va d 1a mat do khong khi (g/cm?) va
khoang cach tir mau dén dau do (cm).
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Hiéu suat ghi nhan cua dau do Gng véi dinh tan
xa Rayleigh va Compton duoc xac dinh bang mo
phong. Sb hat mo phong cho mdi tép dau vao cho
qué trinh nay 1a 3 ty s6 dém. Tiép theo, tac gia sir
dung phan mém Colegram dé xac dinh dién tich dinh
tir d6 tinh dwoc higu suat twong Gng véi dinh tan xa
Compton & muic ning lugng 50,39 keV la g, =
3,47 x 10™* va sai s6 u., = 0,01%, Véi dinh tén xa
Rayleigh & muc nidng lugng 59,54 keV la g =
2,17 x 10™* va sai s6 u,, = 0,012%.

Véi cau hinh cia hé do tan xa trong tép md
phong, cic gia tri goc 0, = 56°, 6, =56°, va
khoang cach tir mau dén dau do d = 4,786 cm duoc
xac dinh bang cac phép tinh hinh hoc so cip, bé day
mdi bia tan xa la t = 0,3175 cm. Ti s6 Rayleigh-
Compton md phong va 1y thuyét cho cac nguyén tb
c6 13 < Z < 82 duoc trinh bay trong bang 4.

Bang 3: Dién tich dinh tin xa Rayleigh va Compton ciia cic nguyén to

Nguyén tb Nguyén tir 56 Dién tich Rayleigh Dién tich Compton
Nhom (Al) 13 11104 + 105 1083128 + 1041
Silic (Si) 14 12517 + 112 948783 + 974
Titan (Ti) 22 27169 * 165 684798 + 828
Crom (Cr) 24 25583 + 160 572812 + 757
Sét (Fe) 26 22192 + 149 448084 + 669
Niken (Ni) 28 19560 + 140 349997 + 592
Pdng (Cu) 29 18544 + 136 315758 + 562
Kém (Zn) 30 17561 + 133 283117 + 532
Gemani (Ge) 32 16154 + 127 230922 + 481
Selen (Se) 34 15297 + 124 188987 + 435
Rubidi (Rb) 37 13983 + 118 146198 + 382
Stronti (Sr) 38 14214 + 119 132297 + 364
Ytri (Y) 39 13851 + 118 120763 + 348
Ziriconi (Zr) 40 13742 + 117 110847 + 333
Molipden (Mo) 42 13570 + 116 96540 + 311
Ruteni (Ru) 44 13548 + 116 86115 + 293
Paladi (Pd) 46 13541 + 116 78404 + 280
Bac (Ag) 47 13535 + 116 74757 + 273
Cadimi (Cd) 48 13505 + 116 70024 + 265
Indi (In) 49 13362 + 116 66406 + 258
Thiéc (Sn) 50 13191 £ 115 63986 + 253
Telu (Te) 52 12710 + 113 59488 + 244
Bari (Ba) 56 12146 + 110 50124 + 224
Hafini (Hf) 72 41120 + 203 110611 + 333
Vonfram (W) 74 40568 + 201 97925 + 313
Osimi (Os) 76 39537 + 199 88535 + 298
Iridi (Ir) 77 39152 + 198 83798 + 289
Plattin (Pt) 78 38769 + 197 82346 + 287
Vang (Au) 79 38392 + 196 79169 + 281
Chi (Pb) 82 37376 + 193 71887 + 268

68
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Bang 4: Ti s6 Rayleigh-Compton mé phéng va Iy thuyét cho cac nguyén td

~ Ti s6 R/C (x102) , ]

Mo phéng NRFF RFF MFF _Trung binh cic ly thuyét D§ léch chuin
13 1,59 +0,02 1,99 1,90 1,81 1,90 0,09
14 2,04 + 0,02 2,51 2,44 2,32 2,42 0,10
22 5,45+ 0,03 6,10 6,25 5,90 6,08 0,18
24 5,98 £ 0,04 6,72 6,80 6,39 6,64 0,22
26 6,60 + 0,05 7,35 7,27 6,81 7,14 0,29
28 7,42 +£0,05 8,05 7,79 7,25 7,70 0,41
29 7,66 + 0,06 8,44 8,10 7,50 8,01 0,47
30 8,22 £ 0,06 8,85 8,41 7,78 8,35 0,54
32 9,26 +£ 0,08 9,91 9,29 8,53 9,24 0,69
34 10,71 + 0,09 11,17 10,44 9,53 10,38 0,83
37 12,77+ 0,10 13,58 12,87 11,66 12,70 0,97
38 14,22 + 0,10 14,52 13,89 12,55 13,65 1,01
39 15,18 + 0,10 15,50 15,01 13,53 14,68 1,03
40 16,41 +0,10 16,54 16,22 14,59 15,78 1,04
42 18,62 £ 0,02 18,75 18,88 16,95 18,19 1,08
44 20,86 + 0,02 21,11 21,84 19,57 20,84 1,16
46 22,92 +£ 0,02 23,54 25,04 22,37 23,65 1,34
47 24,04 £ 0,02 24,79 26,70 23,81 25,10 1,47
48 25,62 + 0,02 26,03 28,40 25,28 26,57 1,63
49 26,74 £ 0,03 27,28 30,09 26,72 28,03 1,80
50 27,43+ 0,03 28,53 31,76 28,17 29,49 1,98
52 28,45+ 0,03 30,99 35,07 30,96 32,34 2,37
56 32,32+ 0,03 35,63 41,02 35,87 37,51 3,04
72 49,82 £ 0,03 54,14 59,07 48,87 54,03 511
74 55,51 + 0,03 57,01 62,04 50,97 56,68 5,54
76 59,84 + 0,04 60,12 65,41 53,42 59,65 6,01
77 62,59 + 0,04 61,76 67,27 54,83 61,29 6,24
78 63,09 + 0,04 63,45 69,28 56,32 63,02 6,49
79 64,98 + 0,04 65,20 71,44 57,94 64,86 6,76
82 69,68 + 0,04 70,79 78,96 63,58 71,11 7,70
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Hinh 4: D6 thi mé ta sw phu thudc cua ti s6 Rayleigh-Compton 1y thuyét theo Z
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Tir cac két qua trong Bang 4, ti s Rayleigh-
Compton mé phong va Iy thuyét c6 su phu hop tét &
ving Z < 50. Ly thuyét NRFF c6 d6 sai biét 4% o
26 < Z < 82. Ly thuyét RFF c6 d6 sai biét 3% &
26 < Z < 48. Ly thuyét MFF c6 do sai biét 1% &

Tdp 56, So chuyén d@é: Khoa hoc ty nhién (2020)(1): 63-71

22 <7 <32va42 < Z < 74. Hinh 4 14 d6 thi mo
ta sy phu thuoc cua ti s Rayleigh-Compton theo
nguyén tir s6 Z, ham 1am khép duoc chon 1a da thic
bac sau. Hinh 5 mo ta Su so sanh giita gia tri mo
phong va 1y thuyét cua ti s6 Rayleigh-Compton.
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Hinh 5: So sanh ti so6 Rayleigh-Compton mé phéng va trung binh cac ly thuyét

5 KET LUAN

Muc ti€u cua nghién ctru nay 1a khao sat quy luat
phu thudc cua ti s6 Rayleigh-Compton theo nguyén
tir s6 Z bang cach sir dung chuong trinh mé phong
MCNP6 dé xac dinh ti s Rayleigh-Compton cua
cac nguyén td ¢6 Z tir 13 dén 82. Bén canh do,
chwong trinh tinh toan ti s Rayleigh-Compton da
dugc xay dung bang ngdn ngir lap trinh MATLAB
R2017b va sir dung dé tinh ti s6 Rayleigh-Compton
theo cac md hinh 1y thuyét NRFF, RFF, MFF cho
cac nguyén tb c6 Z tir 13 dén 82 va khao sat su sai
biét gitra cac mé hinh 1y thuyét. D¢ sai biét 16n nhat
14 25% ciia nguyén t& Pb khi so giita RFF va MFF.
Céc md hinh tinh toan 1y thuyét xap xi bing nhau &
ving ¢6 nguyén tir s6 Z < 26. Cac két qua tir mod
phong dugc so sanh véi két qua tir chwong trinh tinh
toan 1y thuyét, d6 sai biét cao nhét giita mé phong
va ly thuyét 1a 20% cua nguyén td Al, d6 sai biét
giam khi Z 16n (dudi 10%). Céac két qua so sanh ti
s6 Rayleigh-Compton cia mo phong khi so véi cac
mo hinh ly thuyét ¢o su chénh 1éch 1a do viéc tinh
toan 1y thuyét duoc tinh & muc niang lugng va goc
tan xa nhét dinh, trong khi do6 céc tia gamma tan xa
¢6 goc tan xa dugc tinh toan tir m6 hinh 1a 124° + 5°.
Ngoai ra viéc lya chon ham lam khép phd tan xa cua
vung Compton cling lam anh huéng 1én viéc hiéu
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chinh ti s6 Rayleigh-Compton tir cac két qua mo
phong.

LOI CAM ON
Nghién ctru nay duoc tai trg boi Quy Phat trién

khoa hoc va cong nghé Qudc gia (NAFOSTED)
trong de tai ma so6 103.04-2017.303.
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