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TOM TAT

Viec xéc dinh chinh xac phd
bremsstrahlung phét ra tir 6ng phét tia X
trong chan doan X quang la cén thiét dé cé
thé wérc tinh liéu truyén qua bénh nhan va
céi tién chét lwong hinh &nh cia thiét bj.
Trong bai bao nay, chung téi str dung
chuwong trinh mé phéng MCNP5 khao sat

phé tia X trng véi cac dién thé 50, 70, 85,
125 va 150 kV. Bén canh do, chung téi cling
khdo sat sw anh hwdng cua bd loc,
collimator, véat liéu lam anode I1én phé tia X.
Céc két qué cho thdy sw phu hop khé tét véi
céc phé thue nghiém thu duoc tor cong trinh
cla P.T. Talla va céng st (2009).

Twr khéa: Chan doan X quang, bremsstrahlung, phé tia X, MCNP5.

MO DAU

Céac may phat tia X 1a mot trong nhitng thiét
bi quan trong trong viéc ghi nhan hinh anh hat
nhan. Viéc hiéu r6 phd tia X phat ra tir ong phat
tia X 1a can thiét dé c6 thé danh gia dugc chit
lwong cua hinh anh ghi nhan va lidu hap thu ma
bénh nhan nhan dugc trong qua trinh chyp anh X
quang. Ph tia X phat ra co thé dugc danh gia
thong qua do dac thuc nghiém [1-2]. Tuy nhién
trong thuc té cac phong chup X quang, viéc do
dac phé tia X kho c6 thé thuc hién dwoc do can
thiét phai c6 cac thiét bi chuyén dung ma khong
phai phong chup X quang nao ciing c6 thé dap
g duoc. Do d6 thay vi do dac phd thuc nghiém,
ta c6 thé thu dugc phd tia X théng qua cac
phuong thuc nhu xay dung cac md hinh thuc
nghiém [3], ban thyc nghiém [4-5] hoac mo
phong Monte Carlo [6-11]. Du cho cac md hinh

thuc nghiém va ban thuc nghiém c6 kha nang xay
dung phd X quang mot cach nhanh chéng, chung
van c6 nhitng gigi han v& mat cau hinh thiét bj
khién cho khong thé nao ap dung mot cach linh
hoat. Trong khi d6, phuong phap Monte Carlo
cho thay kha ning mo ta phd tia X mot cach
chinh xac ngay ca ddi véi cac cdu hinh phuc tap.
Hon nita phuong phap Monte Carlo con c6 thé
mo ta dong gop cua cac hat thir cip, mot didu ma
hiu nhu cac méd hinh thuc nghiém lan ban thuc
nghiém hién nay van chua thé thyc hién mot cach
chinh xac duoc.

Trong codng trinh nay, chuong trinh md
phong Monte Carlo MCNP5 [12] dugc sir dung
dé moé phong ciu hinh cua mot may X quang va
tir 46 khao sat sy anh huéng cia cac thanh phan
cAu tao nhu bo loc, collimator, vt liéu anode 1én
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phd tia X phat ra. May X quang duoc chon & day
la may X quang thudong quy anode xoay nhan
hiéu RADspeedM cua hiang Shimadzu, Nhat Ban.
Hién dang dugc sir dung tai Bénh vién Nhi dong
| Tp.HCM. Két qua thu dugc tir chuong trinh
MCNP5 dugc so sanh voi két qua thyc nghiém
cua nhom P.T. Talla [13].
VAT LIEU VA PHUONG PHAP
Céu hinh may X quang

May X quang nhan hiéu RADspeedM cua
hang Shimadzu, Nhat Ban (Hinh 1) dugc khao
sat 1a loai X quang thudng quy c6 anode xoay.
Truong chiéu 35 cm x 35 cm tai khoang cach
65cm tinh tir tim bong, dién thé cuc dai 150 kV,
dong cuc dai 5,6 A. Anode nghiéng 16°, vit li¢u

dung 1am anode 12 hop chét cua Vonfram — Rheni
v6i bé day khoang 1,3 mm, tiép theo la 16p
Molybden day 5-11 mm. B6 loc gém b loc sin
¢6 (inherent filter) co bé day twong dwong 1mm
Al va b loc bo sung (additional filter) c6 bé day
tuong duong 0,4 mm Al. Loai collimator R-20J
dugc sir dung géom 3 16p chi. Lép chi thir nhat
(inner leaf) gébm 4 14 chi ¢6 dinh c6 vai tro lam
giam buc xa “off focus™, 16p chi tht hai (middle
leaf) gom 4 14 chi di dong day 2 mm dong vai tro
loai bo cac buc xa ro ri. L6p chi tha 3 (front leaf)
gdm 4 14 chi day 3 mm, nam mit dudi collimator
dong vai tro chinh trong viéc xac dinh trudng
chiéu.
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Hinh 1. C4u hinh may X quang.
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Mé phéng may X quang bing chwong trinh
MCNP5

Chuong trinh m6é phong Monte Carlo
MCNP5 [12] cua Phong Thi nghiém Los Alamos
(LANL) dugc st dung dé mo phong cau hinh cua
may X quang nay. M6 hinh 3D cua may duoc
cho trong Hinh 2 (duoc V& tir chuong trinh Visual
Editor caa MCNPS5).

Hinh 2. M0 hinh méay X quang duéi dang 3D

Trong coéng trinh nay, chum photon
bremsstrahlung phat ra tr cac electron dap vao
anode duoc mo phong. Ngudn electron don ning
v6i kich thuéc ngudn dai 1,154 mm rong 1,2
mm; 35 cm x 35 cm tai khoang cach 65 c¢cm tinh
tir tam bong. Mt phiang ghi nhan phé tia X duoc
dat tai vi tri cach tim ngudn phat 49,45 mm. Dé
ghi nhan phé tia X, chang toi sir dung tally F2

tinh toan thong lugng trung binh qua mét mat:

Trong d6: A: dién tich mit (cm?);
W: trong s hat;
j: cosin cua goc giira vecto phap tuyén
va quy dao cua hat.

Do viéc mo phong van chuyén electron trong
vat chat tén rat nhiéu thoi gian chay chuong
trinh, nén dé rat ngan thoi gian ching t6i da ap
dung phuong phap khéng ché khong gian van
chuyén hat bang cach diéu chinh cac trong sb cua
cac vung khong gian sao cho trong sb cua cac

vung khong gian ma & dé céc electron khong cé
kha nang tao bremsstrahlung dong gép vao chum
tia X phat ra s& duoc mang gia tri 0. Diéu nay co
nghia 1a cac electron s€ bi triét tiéu khi di vao
vung khong gian nay. Bén canh do6, phuong phap
phan chia bremsstrahlung ciing dwoc st dung.
Trong phuong phap ndy, & mdi twong tac phat
btc xa bremsstrahlung, electron s& phat ra N
photon thay vi chi 1 photon nhu thong thuong,
mdi photon s& ¢o trong s6 1/N.
KET QUA VA THAO LUAN

Sau khi tang s6 lwong  photon
bremssatrahlung trong MCNP, phd tia X thu
dugc min hon va gia tri théng ké tot. Ching toi
khao sat phd tia X tuong ung Véi cac gia tri N
khac nhau nham thu nhan phé tia X voi gia tr sai
s6 thong ké giam dén dudi 1% so voi sai sb
thdng ké ban dau 1én dén 23% (Hinh 3). Do do,
chung t6i tiép tuc sir dung gia tri nay trong viéc
moé phong phd tng véi cac dién thé 50, 85, 125
va 150 kV.
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Hinh 3. Ph tia X dién thé 70 kV, sb hat phat 60 triéu
tuwong tng cac gia tri N khac nhau.

Ph tia X véi cac ning lwong keV khac nhau
Phé thuc nghiém ciia nhom tac gia P.T. Talla
[13] cho biét dinh phd @ng Vvéi cac gia tri ning
lugng 50, 70, 85, 125 keV véi bin nang luong la
1 keV. Phé ning lugng 50 keV dinh phd twong
ung vai 26 keV so voi gia tri mé phong la 25,7
keV; sai léch 1%. Twong tw, phd ning lugng 70
keV sai léch 4% (P.T. Talla [13] 30 keV, mo
phong 28,7 keV). Ddi voi phd ning lugng 85
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keV sai léch 4% (P.T. Talla [13] 32 keV, md
phong 30,7 keV). Gia tri dinh phd Ko va Kp cua
phd Vonfram — Rheni dugc so sanh trong truong
hop phd niang luong 125 keV. Trong trudng hop
nay, su sai léch 1a 1% (P.T. Talla [13] K« 1a 59
keV va Kp 1a 68 keV, mo phong Kq 12 59,6 keV
va Kp 1a 67,5 keV).
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Hinh 4. Phd tia X véi cac nang lugng 50, 70, 85, 125,
150 keV.
So sanh phd tia X véi cac bd loc

Cac b6 loc ¢o chirc nang loc cac tia X mang
ning luong thap. Bo loc sin co (inherent filter)
va bd loc bd sung (additional filter). Dau tién,
chung t6i khao sat phd tia X khi khong st dung
ca 2 bd loc nay (Hinh 5a). RS rang, khi khong co
sir dung cac bd loc ving phd tia X ning luong
thap véi xac sudt ghi nhan photon 1a réat cao. Diéu
nay giy nhiéu 1én hinh anh chup X quang va
bénh nhan phai nhan liéu chiéu vo ich. Tuy
nhién, khi st dung cac bo loc thi phd ghi nhan
ving nang luong thip duoc loai bo (Hinh 5b).
Hinh 5c biéu dién sy khac biét khi sir dung cac
b6 loc va khi khong str dung.
Vit li€u bia anode

Hiéu suat phat tia X phu thudc vao sé nguyén
tir Z cua vat liéu lam bia anode va dong ning dén
cua electron ddp vao bia. Thong thuong, anode
dugc lam tir Molybden (Z = 42), Rhodi (Z = 45),
Vonfram (Z = 74) va Rheni (Z = 75).
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Hinh 5a. khong su dung inherent va addition filter.
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Hinh 5b. stir dung inherent va addition filter.
x10°
~ R N
£ 14 : b
& —— with filter b
» | -
8 12 I — no filter ]
8 121 ]
3 L / no additional filter |
2 10 7
i |
s 8 1
2E :
£l |
2F e .
ol b L L e T
001 002 003 004 005 006  0.07
E [MeV]

Hinh 5c. Phé tia X ning luong 70keV qua cac bd loc
va va khi khong st dung loc.

Trong bai bao nay, ching téi khao sat bia
anode vai vat liéu la Molybden, Rhoni va hgp
chat Vonfram-Rheni ddi v6i niang luong phé tia
X 1a 70 keV (Hinh 6). Hop chat Vonfram-Rheni
cho hiéu suat ghi nhan phd tia X ving ning
lwong cao 13 tét nhit. Piéu nay 1a yéu ciu can
thiét trong X quang chan doan.
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Hinh 6. Phé tia X véi anode duge 1am tir cac vat lidu
khac nhau

KET LUAN

Trong bai bao nay, chiing t6i st dung chuong
trinh MCNP5 mé phong dugc phd tia X cua may
X quang thudng quy tai Bénh vién Nhi dong 1,
TP. Hd Chi Minh tai cac dién thé 50, 70, 85, 125

va 150 kV. Sau khi ting sb lwong photon
bremsstrahlung 1én gap 2000 lan thi pho thu nhan
duge o gia tri thdng ké tot. Ngoai ra, cac vi tri
cia dinh phd ciing dugc so sanh va sy phu hop
cua cac dinh pho phu hop véi két qua ciia nhoém
tac gia P.T. Talla [13]. Phé tia X khi sir dung cac
bo loc va khong st dung ciing duoc khao sat
trong bai bdo nay. Vit liéu lam bia anode 1a hgp
chat Vonfram-Rheni duoc khao sit cing véi
anode dugc lam tr Molybden va Rhoni dugc so
sénh chi tiét.

LO1 CAM ON: Nhom tic gia xin chan thanh cam on
dén Ky su Dinh Vén Linh, Ky sw Tran Bdo Quéc da gilip do
va chia sé nhiéu kinh nghiém trong céng viée d@é ching téi

hoan thanh viéc mé phong va do dac thuc nghigm.
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ABSTRACT

In diagnostic radiology, the determination
of bremsstrahlung spectrum is essential for
patient absorbed dose estimation and image
quality improvement. In this paper, we
surveyed the X-ray emission spectra of
different peak voltages 50, 70, 85, 125 and

150 kV by using MCNP5 code. Besides, the
effects of filter, collimator and anode material
on X-ray spectra have also been
investigated. The simulation results fairly
agree with experimental spectra obtained by
P.T. Talla et al. (2009).

Key words: Diagnostic X-ray, bremsstrahlung, X-ray spectrum, MCNP5.
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