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TOM TAT
Trong bai b&o ndy, phwong phdp Monte Carlo duwoc sir dung dé khdo sat sw phu
thugc cuong do chim tia gamma tan xa nguroc vao thé tich tan xq. Két qua nghién cizu cho
thay ring cuong do chum tia gamm tan Xa phu thudc tuyén tinh vao thé tich tan xa véi hé
s6 fwong quan R® khi khép ham bang 0,951. Két qua nay lam co sé cho céc bé tri thue
nghiém sao cho viéc ghi nhan dwoc cwong dé chum tia tan xa [a lon nhat trong Ki thugt
gamma tan Xa nguoc cé sir dung dong thoi collimator nguén va collimator detector.

Tir khéa: thé tich tan xa, gamma tan Xa ngugc, phuong phap Monte Carlo.
ABSTRACT

A study on the dependence of the intensity of a bunch of Gamma backward diffusion
rays on the diffusion volume using the Monte Carlo method

In this paper, the Monte Carlo method was used to study the intensity of a bunch of
Gamma backward diffusion rays on the diffusion volume. The results showed that the
intensity of a bunch of Gamma backward diffusion rays on the diffusion volume in a linear
way and the correlation is 0.951. The result will serve as a base for all the experiment
arrangements so as to the record of diffusion intensity is maximum in the Gamma
backward diffusion technique using both a collimator source and a collimator detector.

Keywords: diffusion volume, gamma backward diffusion, Monte Carlo method.

1.  Gioi thiéu

Ki thuat gamma tan xa ngugc hién nay dugc st dung nhiéu trong linh vyc ing
dung hat nhan trong cong nghiép nhu kiém tra khuyét tat vat li¢u, do d6 an mon vat
liéu,... [3]. Ki thuat nay co6 nhiéu vu diém nhu c6 thé do trong cac dicu kién khac
nghiét nhu nhiét do, ap suat cao; va dac biét ¢d thé tién hanh ma khéng can phai ding

_ThS, Trwong Dai hoc Sw pham TPHCM
ThS Truwdng Pai hoc Khoa hoc Ty nhién, PHQG TPHCM
SV Trwdng Dai hoc Sw pham TPHCM
"™ HVCH, Trwong Dai hoc Sw pham TPHCM
***** TS, Trwong Pai hoc Khoa hoc Ty nhién, PHQG TPHCM
PGS TS, Trwong Pai hoc Khoa hoc Ty nhién, PHQG TPHCM

******

138



Tap chi KHOA HOC BHSP TPHCM Hoang Dirc Tam va tgk

hoat dong cua thiét bi. Nhitng vu diém trén 1am cho ki thuat gamma tan xa ngugc duoc
su dung pho bién.

Ving giao nhau cia
L —hai hinh non
Biawit Ligu

Giée khdi detector

Géc khfi nguén

Collirmator ngudn Collimator detector

Detector
Hgubn

Hinh 1. B6 trf thi nghiém trong ki thudt tan xa nguwoc

Trong ki thuat gamma tan xa ngugc (Hinh 1), thdng thuong chi co collimator
ngudn duoc sir dung, con dbi véi detector, tly vao muc dich do dac ma c6 thé st dung
collimator hodc khong. Trong truong hop chi can phat hién khuyét tat cua vat liéu,
ngudi ta c6 thé khdng can dung dén collimator detector nham muc dich ting cao cuong
do chum tia tdn xa ghi nhan dugc [4]. Tuy nhién, ddi vai cac phép do nhu xac dinh do
day vat liéu, do do day tai vung bi an mon,... [1, 3] viéc su dung collimator detector 1a
can thiét dé nang cao do chinh x4c cua két qua.

Trong cong trinh [1], c4c tac gia d& chi ra rang néu dat mau (bia vét lidu) ngoai
viing giao nhau gitra hai chiim tia téi va cham tia tan xa (dang hinh nén) thi s dém thu
duoc 1a rat it do sy tan xa xay ra chii yéu trén cac phan tir ciia khong khi.

Trong nghlen cuu nay, ching toi su dung phuong phap Monte Carlo dé tim ra vi
tri dat mau toi wu bang cach khao sat sy thay doi cta dién tich dinh tan xa ma detector
ghi nhan duoc theo sy thay ddi cua thé tich viing tan Xa trong trudng hop ¢6 st dung ca
collimator detector va collimator nguon. Dectector dugc st dung trong nghién ctru nay
Ia loai detector Nal(T1), bia vat li¢u la thép chiu nhiét C45. Ttr pho mé phong thu duogc,
chdng t6i s€ xac dinh khoang vi tri dat bia toi uwu trong ki thuat gamma tan xa nguoc.

2.  Tan xa Compton cia photon trén bia vt li¢u

Trong tan xa Compton, nang lugng cua photon bi tan xa Eg phu thudc vao nang

lugng cua photon tdi E;va goc tan xa theo cong thirc sau:

R (1)
' (1-cos0)
m,C

& day, E; 1a ning luong ctia photon téi, E, 1a ning lugng cta tia gamma bi tan xa, myC?
la nang luong nghi cua electron va 0 la goc tan xa.
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Hinh 2. Néing lirong photon tén xa Compton thay doi theo géc tan xa

trong vung nang luwong 0,5 — 4 MeV
Hinh 2 chi ra sy phu thudc cua ning luong photon tan xa vao goc tan xa dbi vai
cac nang luong khac nhau ctia photon tdi trong khoang 0,4 — 4 MeV [2]. Ciing c6 thé
thdy dugc tir Hinh 2 rang, véi cic goc tan xa trén 120°, nang lugng tan xa xAp xi bang
250 keV va gan nhu khong thay doi theo goc tan xa.

Detector

Hinh 3. Tan xa cua photon [én Vit li¢u [4]

Trong phuong phap gamma tan xa, c6 thé xem qua trinh tan Xa ctia photon trén
vat liéu theo ba giai doan (Hinh 3): giai doan 1 — chum photon bi suy giam cuong do
khi di vao vat liéu (theo duong a); giai doan 2 — chum photon bi tan xa (tai P) va giai
doan 3 — chum photon bj suy giam cudng do khi di ra khoi vat liéu (theo duong B). Doi
v6i chim tia gamma toi dwoc chuan true co cuong d6 I, cuong do cua chum tia tan xa
trén ving thé tich tan xa (voxel) dugc ghi nhan boi detector duoc xac dinh boi

n(Eo) @Jpx.

1(P) = |0e_[Pjpxms(Eo,e,z)deev e

T (2)
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d E 1Q \ - L . . .
o day, % la tiét dién tan xa vi phan trén electron dugc xac dinh theo cong thirc
Klein — Nishina:

do(Ey Q) 12 1+cos* 0 14 o’ (1—cose)2 @)
dQ 2 [1+a(1-cos e)]z [1+c0s*0 [ 1+ 0 (1-cos6) |
2

V6i 1, =—— =2,88x10"°m la ban kinh electron ¢ dién.

4mg,m,C
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Hinh 4. Tiét dién tan xa vi phdn trén electron tai cdc gid tri nang lieong photon
toi 10, 100, 200 keV va 1, 10MeV

Hinh 4 chi ra sy phu thudc cia tiét dién tan xa vi phén trén electron ddi véi cac
photon tcn cd nang luong trong khoang giira 10keV va 10MeV [2]. O ving ning lugng
thap, tiét dién nay la d6i ximg & khoang 90°. Tuy nhién, v4i nang lugng trén 200keV,
duong cong tiét dién c6 xu hudng bt ddi ximg vé phia goc tan xa 1n.

Trong cong thie (2), 16 rang rang c6 sy phu thudc cia cuong do cham tia tan xa
vao mat do electron trén bia va thé tich vung tan xa. Nhu vay, vé mat li thuyét, néu bia
dugc dat 1éch ra khoi vung giao nhau cua hai hinh nén — vung tan xa (Hinh 1) thi
cuong do chum tia tan xa thu dugc 1a rat nho va diéu nay gay ra sai so6 16n cho cac phép
tinh lién quan do khong dam bao vé mat thong ké s6 dém ghi nhan dugc. Do vay, trong
nghién ctru nay ching toi s€ s dung chuong trinh MCNP5 dé khao sat vung dat bia toi
uu sao cho cuong do chum tia tan xa thu duoc 1a 16n nhat.

3. MO0 phéng Monte Carlo qua trinh tan xa Compton
3.1. M0 phéng bang chwong trinh MCNP5

Pé tim vi tri dat bia tdi wu trong Ki thuat gamma tan xa ngugc, ching t6i mo
phong toan bo qua trinh tan xa cua photon trén vat li¢u bang chuong MCNP5.
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Loai detector dugc str dung trong nghién ciru nay la detector Nal(Tl) do héng
Amptek cung cap. Detector Nal(T1) str dung tinh thé nhap nhay Nal(T1) véi kich thudc
tinh thé co duong kinh 76mm va chiéu dai 76mm. Théng sb cta detector duge cho
trong Hinh 5.

| 83, 2mm |

Chu thich
[ -
|:| Nal(Tl)
|:| Silicon
-

Témtn

30tm

Hinh 5. Cac théng s6 kich thudc va loai vit liéu ciia detector Nal(Tl)
dung trong mé phong

Hinh 6. Bé tri hé do tdn xa trong MCNP5

Vit liéu dugc st dung trong mé phong 1a thép chiu nhiét C45 véi ham luong cac
nguyén tb: Sit — 97,81%, Cac-bon — 0,45%, Silic — 0,37%, Mangan — 0,65%, Phbt-pho
- 0,045%, Luu huynh — 0,045%, Niken — 0,25%, Crom — 0,28%, Mélipden — 0,1%. V4t
liéu thép C45 co do day 0,5cm bé mat tdm thép hinh vudng. Tam thép duoc dit thing
g6oc vai truc ciia ngudn va léch goc 60° so Vi truc detector dé tao goc tan xa 120°. Dich
chuyén tdm thép theo truc Oz v6i budc dich chuyén 0,25cm dé thay d6i thé tich tan xa.

Trong md phong nay, ching toi st dung ngudn *'Cs (mot dinh ning luong
662keV). Collimator nguon dugc 1am bang chi ¢6 duong kinh trong 1em. Collimator
detector dugc 1am bang chi ¢6 chiéu dai 20cm, duong kinh trong lem duoc dit trude
detector dé han ché déng gop cua tan xa nhiéu 1an. Pé dam bao dwoc phd phan bd do
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cao xung (PHS — Pulse Height Spectrum) vé mit thong k&, ching toi thuc hién mo
phong véi sb lich sir hat 1a 6.10°.

Ham bé rong mot nira theo ning lugng (FWHM) ding trong md phong ¢6 dang

FWHM =a + by E +cE2 (1)

trong do, cac hé s6 a, b, ¢ thu dugc béng cach khép ham FWHM véi cac gia tri thuc
nghiém. Cac gia tri ma ching t6i thu dugc a = — 0,0118058419427652 MeV; b =
0,0685518173013359 MeV*?; ¢ = — 0,0815038633863655 MeV .
3.2. Xdc dinh thé tich ving tan xg

Pé khao sat dqu su thay ddi cuong do chiim tia tan xa theo thé tich tan xa, can
phai xac dinh dugc thé tich vung tan xa. Vung tan xa dugc xem la vung giao nhau cua
hai hinh non va vat li¢u (Hinh 7). Bé xac dinh dugc thé tich nay chung t6i st dung
phuong phap Monte Carlo v4i ngdn ngir 1ap trinh Fortran.

Hinh 7. Thé tich ving tan Xa sé thay doi theo cdc vi tri dat bia

Viéc dich chuyén vi tri bia doc theo truc Oz s& lam thay d6i thé tich ving tan xa.
Két qua tinh toan thé tich vung tan Xa tai cac vi tri dat bia khac nhau dugc cho trong
Bang 1.

Béng 1. Thé tich vang tan xa tai cdc vi tri dat bia khdc nhau

Vi tri dit bia z (mm) Thé tich tan xa (mm°)
-20,0 0
=175 10,88
-15,0 112,12
=125 352,17
-10,0 685,85
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7,5 1071,26
5,0 1386,83
2,5 1528,83
0,0 1566,93
2,5 1557,12
50 1425,34
75 1129,78
10,0 781,58
12,5 467,98
15,0 208,32
17,5 48,79

20,0 0,82

22,5 0,00

25,0 0,00

4.  Két qua va thao luin

Hinh 8 a, b, ¢, d, e, f, g, h, i, ] biéu dién cac dinh phé tan xa cua photon nang
lugng 662 keV trén vat lidu thép C45 & goc tan xa 120°. Pinh phd quan sat duge ddi
Vi cac thé tich viing tan xa 16n 12 rd rang va c6 phan bb dang Gauss. Tuy nhién, ¢ cac
thé tich tan xa nho, do cao dinh c6 xu hudng giam dan dung nhu dy doan cua li thuyét.
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Hinh 8. Phé tdn xa thu dwoc tir mé phong
Chuong trinh Genie - 2000 dugc st dung dé xac dinh dién tich cac dinh tan xa
nay. Ket qua thu dugc tir qua trinh md phong 1a sy thay doi cua s6 dém phy thugc vao
thé tich tan xa dugc trinh bay trong Bang 2.

Bdng 2. Két qua xac dinh dién tich dinh tan xa

Vi tri dit bia — z (mm) | Thé tich tan xa (mm®) | S6 dém (N) Sal S(;)(ysofg dém
-20,0 0 421 4,87
=175 10,88 670 11,15
-15,0 112,12 2352 4,33
-12,5 352,17 5303 2,67
-10,0 685,85 9969 1,68
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-7,5 1071,26 13732 1,54
-5,0 1386,83 17029 1,34
-2,5 1528,83 17578 1,45
0,0 1566,93 17771 1,54
2,5 1557,12 18092 1,38
5,0 1425,34 17083 1,23
7,5 1129,78 13539 1,54
10,0 781,58 10730 151
12,5 467,98 5759 2,81
15,0 208,32 3811 2,48
17,5 48,79 1533 5,25
20,0 0,82 803 3,53
22,5 0,00 300 5,77
25,0 0,00 80 11,18

S6 lieu trong Bang 2 cho théy réng dién tich dinh tan xa 16n khi thé tich tan xa 16n,
& nhimg vi tri ¢6 thé tich tan xa nhé hon thi 6 dém ¢ dinh tan xa nho va khi vat liéu
duoc ddt & cac vi tri ma thé tich tan xa bang khong thi s dém dinh tan xa gan nhu khong
dang ké. Mt khac sai s6 cua s6 dém dién tich dinh tan xa méc phai ¢ nhiing vi tri co thé
tich tAn xa nho 1a kha l6n (trén 10%) do sy thing giang thong ké 1on ¢ ving nay.

Sy thay ddi cua sb dém theo thé tich tan xa dugc trinh bay & Hinh 9. D6 thi nay
cho thay su thay doi ctia s0 dém theo thé tich tan xa gan nhu tuyén tinh véi hé so twong

quan la 0,951.

\‘
"

A
o

Thé tchtinxa ‘m.m;w

o 1800

Hinh 9. Sw phu thudc ciia dién tich dinh tan xa vao thé tich tan xa
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Tir két qua nghién ciru trén, khi str dung ki thuat gamma tan xa nguoc trong d6 ¢6
sir dung ca collimator detector va collimator nguon, viéc bd tri thi nghiém can pha1 cha
¥ dén vi tri dat bia sao cho thé tich tan xa 1a 16n nhét. T4t nhién rang, ing véi mdi cu
hinh b tri hé thi nghiém s€ c6 dugc vi tri dat bia sao cho thé tich tan xa thu duoc 13 16n
nhét. Viéc tinh toan thé tich ving tan xa d& duoc chung t6i viét code trén nén tang
Fortran str dung phuong phap Monte Carlo.

Nghién ctru nay 1a co s& cho viéc b tri thuc nghiém trong d6 ca collimator
detector va collimator ngudn déu dugc st dung Vi cac phép do xac dinh do day vat
liéu, do do an mon béng ki thuat gamma tan xa ngugc ma chung to6i dang thyc hién.

TAI LIEU THAM KHAO
1.  Hoang Ptrc Tam, Trinh Vin Danh, V& Thi Thim, Tran Thién Thanh, Chdu Vin Tao
(2013), “Xéc dinh do day vat liéu thép chiu nhiét tai ving dn mon bang phuong phap
Monte Carlo két hgp v&i phuong phéap giai tich”, Tap chi Khoa hoc Trirong Pai hoc
Sw pham TP H6 Chi Minh, 47 (81), tr.172 - 182.
2. Asa’d Z., Asghar M., Imrie D. C. (1997), “The measurement of the wall thickness of
steel sections using Compton backscattering”, Meas. Sci. Technol. 8, pp.377 - 385.

3. Priyada P., Margret M., Ramar R., Shivaramu, Menaka M., Thilagam L. (2011),
“Intercomparison of gamma scattering, gammatography, and radiography techniques
for mild steel nonuniform corrosion detection”, Rev. Sci. Instrum, 82, 035115.

4. Silva I.L.M., Lopes R.T., De Jesus E.F.O. (1999), “Tube defects inspection
technique by using Compton gamma-rays backscattering”, Nucl. Inst. Meth, A422,
pp.957 —963.

(Ngay Toda soan nhén duwoc bai: 05-9-2013; ngay phan bién danh gia: 30-9-2013;
ngay chép nhan dang: 16-10-2013)

147



