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TOM TAT

Céng trinh nghién ctru nay nhdm nghién
clru @nh huwdng cda kich thuwéc phong X
quang lén an toan birc xa. Pé co thé tinh
toan an toan birc xa trong phong X quang,
céng viéc dau tién la can xac dinh chinh xéac
phén bé suét lidu bén trong phong va suét
liéu hap thu gay ra cho bénh nhéan trong méi

lan chup. Vi sw tro gilp cua chuwong trinh
MCNP5, nhém téc gid khdo sét phan b suét
liéu bén trong phong X quang chan doan tai
Bénh vién Nhi Péng | Tp. HCM. Suw thay dbi
phén bé suét lidu véi cac dién thé khac nhau
cta bng tia X ciing duoc khéo sét trong céng
trinh nay.

Tur khéa: Phéan bé suét liéu, méy X quang, an toan btrc xa, MCNP5.

MO PAU

Ngay nay, viéc sir dung chian doan hinh anh
X quang trong y té dugc phat trién rong rai va
mang lai hiéu qua cao. Bén canh nhiing lgi ich
ma né mang lai, cac nha khoa hoc va ky su cling
lo ngai liéu birc xa tir cac thiét bi X quang phat ra
¢6 thé anh huéng 1én bénh nhan va nhiing ngudi

xung quanh. Trong nhiéu nim qua, cic t6 chuc
an toan buc Xa trén thé gioi da dwa ra nhiéu bao
céo, huéng dan cho viéc dam bao cong tac an
toan buc xa trong y té, dac biét 1a trong chan
doan X quang [1-3]. Diéu nay cho thiy viéc dam
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bao an toan cho nguoi st dung va mdi truong
xung quanh 1a mot viéc hét sc quan trong.

Trong cong tac dam bao an toan buc Xa, Viéc
nghién cuu che chin an toan la mot viéc hét sic
can thiét. Pé c6 thé nghién ctu kha ning che
chan an toan trong phong X quang, dau tién ta
can phai khao sat mot cach chinh xac phan b
suat lidu bén trong phong va suit liéu gay ra cho
bénh nhan trong mdi lan chup X quang. Cac liéu
chiéu nay phai bao gém ca liéu gdy ra do chum
tia so cép, do céac tia tan xa tur vat liéu xung
quanh va liéu gdy ra boi buc xa ro (leakage
radiation). Céc cong trinh nghién ciru tidu biéu c6
thé ké dén nhu [4-6]. Hién nay, véi sy tro giup
cua may tinh va phuong phap Monte Carlo [7-
10], ta c6 thé danh gia phan bé suat lidu ciing nhu
xac dinh dugc dong gop cua cac thanh phin vao
trong suat liéu tong cong giy ra cho bénh nhan
mot cach d& dang, tir d6 c6 thé tinh toan che chan
t61 wu nhdm dam bao an toan cho bénh nhan.

Trong khuén khd dé tai khoa hoc cua So
Khoa hoc va Cong nghé¢ TP.HCM dit hang,
nhim nghién citu anh huong cua kich thudc
phong X quang 1én chit lwong hinh anh va an
toan burc Xa, chuong trinh mé phong Monte Carlo
MCNPS5 [11] duoc sir dung dé mo phong phong
may X quang hién dang dugc st dung tai Bénh
vién Nhi Dong I Tp.HCM. May X quang dugc St
dung 1a loai thuong quy anode xoay nhan hiéu
RADspeedM (hing Shimadzu, Nhat Ban) c6 thé
phat chum tia X v&i nhiéu ché @6 chup chiéu
khac nhau. Phan b6 suét liéu phat ra tir may tia X
dugc khao sat theo khoang cach téi thm bong
cling nhu theo miat phing ngang trong toan bd
phong. Tir d6 ta c6 thé danh gida muc do lidu
chiéu xung quanh may phat tia X va kha ning an
toan che chan cua cac 16p tudng bé tong bao
quanh phong X quang.

VAT LIEU VA PHUONG PHAP

Trong bai bao nay, chiing t6i khéo sat phan
bé suét licu bén trong phong may X quang chan
doan & Bénh vién Nhi Dong I, Tp. HCM tuong
g véi hai ché @6 chup cu thé. Thir nhét 1a dién
thé nguon 70 kV, dong 200mA va thoi gian phat
tia 100 ms. Thir hai dién thé ngudn 120 kV, dong
500 mA va thoi gian phat tia 32 ms.
Céu hinh phong may X quang

Méay X quang tai Bénh vién Nhi Pong |
Tp.HCM nhdn hiéu RADspeedM cua héing
Shimadzu, Nhat Ban 1a X quang thuong quy co
anode xoay, goc nghiéng 16°, truong chiéu 35
cm x 35 cm tai khoang cach 65 cm tinh tir tdm
bong, dién thé cuc dai 1a 150 kV va dong cuc dai
1a 5,6A. Hop chat Vonfram — Rheni véi bé day
1,3 mm dugc dung lam bia anode. B loc gdm b
loc sén c6 (inherent filter) c6 bé day twong duong
1 mm Al va b loc bd sung (additional filter) c6
bé day twong dwong 0,4 mm Al. Loai collimator
R-20J dwoc sir dung gom 3 16p chi. Lép chi thir
nhat (inner leaf) gom 4 14 chi ¢ dinh ¢6 vai tro
lam giam bac xa “off focus”, 16p chi thir hai
(middle leaf) gom 4 1a chi di dong day 2 mm
dong vai tro loai bo cac buc Xa ro ri. Lép chi thir
3 (front leaf) gdm 4 1a chi day 3 mm, nim mit
dudi collimator dong vai tro chinh trong viéc xac
dinh truong chiéu (Hinh 1).
Kich thwéc va cAu tric phong X quang

Phong X quang cé chiéu dai 4,5 m, rong 3,94
m va chiéu cao 1a 3,55 m. Tuong dugc lam tir bé
tong day 24 cm, gitra l6p bé tong 1a 16p chi day 2
mm tir mat dat 1én dén do cao 2,4 m. Cira ra vao
cia bénh nhan chiéu cao 2,4 m; rong 1,6 m va
dugc 1am bang thép c6 16t 16p chi day 2 mm. Cira
ra vao cua Ky thuat vién chiéu cao 2,2 m; rong
0,96 m va day 0,04 m duoc lam bang thép co 16t
chi day 2 mm.
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Hinh 2. C4u hinh phong X quang
Chuong trinh MCNP5 mo phéng phong X
quang

Chuong trinh mé phong Monte Carlo
MCNP5 [11] cua Phong Thi nghiém Los Alamos
(LANL) dugc sir dung dé mé phong phan bé liéu
trong phong may X quang. Trong nghién cuu
nay, chum photon biic xa ham phat ra tir cac
electron dép vao anode dwoc méd phong. Ngudn
electron 1a dang ngudn phang véi chiéu cao 1,2
mm; chiéu rong 1,154 mm; don ning; kich thudc
treong chiéu 35 cm x 35 cm tai khoang cach 65

cm tinh tir tim bong. Dé khao sat phan bb suat
lidu, ching t6i sir dung tally F4 dé xac dinh d6
dai vét trung binh cua hat va chuyén ddi sang
suét liéu thong qua bo sb lieu chuyén ddi ICRP-
21 [11].

Do viéc md phong van chuyén electron trong
vat chat tén rat nhiéu thoi gian chay chuong
trinh, nén dé rat ngin thoi gian mo phong chiing
t6i da ap dung mot sé ki thuat giam phwong sai
khéc nhau. Ki thuat thir nhéat 1a ki thuat khdng
ché khong gian van chuyén hat bang cach diéu
chinh céc trong sé cua cac ving khong gian sao
cho trong sé cua cac ving khong gian ma ¢ dé
cac electron khéng c¢6 kha ning tao birc Xxa ham
dong gop vao chum tia X phat ra s€ dugc mang
gia tri 0. Didu nay c6 nghia 1a cac electron s& bi
triét tiéu khi di vao ving khong gian nay. Thir hai
1a ki thudt phan chia buc xa ham. Trong ki thuét
ndy, & mdi tuong tac phat birc Xa buc xa ham,
electron s& phat ra N photon thay vi chi 1 photon
nhu thong thuong, mdi photon s& co trong sd
1/N. Hinh 3 trinh bay phd btic Xa ham phat ra tir
dng phat tia X v6i cac gia tri N khac nhau. Dé
dam bao rang chung ta c6 du théng ké cho viéc
khao sat phan bd lidu trong toan bo cin phong,
gia tri N = 2000 duoc lya chon.
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Hinh 3. Phé btrc xa ham tai dién thé 70 kV vdi cac gi4
tri N khac nhau.

Ki thuat rt ngan thoi gian chay chuong trinh

cudi cung duoc st dung trong cong trinh nay 1a

ki thuat ghi/doc nguén mat (SSW/SSR). Trong ki

Trang 37



Science & Technology Development, Vol 16, No.T3- 2013

thuat nay, mot mat phé‘ing duoc dat tai vi tri cach
tam bong 8,45 cm. Trong giai doan dau cua qué
trinh m6 phdng, chuong trinh MCNP5 s€ khao
sat van chuyén cua ca cac hat electron va photon,
tuy nhién chi ¢6 nhitng hat photon méi dugc ghi
trén mat phang nay. Sau d6, trong giai doan sau,
mit phang nay dugc xem nhu 1 mot ngudn phat
photon cho cac khdo sat sau d6. Trong giai doan
nay, cac electron c6 vai tro khong quan trong nén
s& khong dugc khao sat van chuyén, do d6 sé rat
ngan dang ké thoi gian chay chwong trinh do chi
tap trung vao cic photon la thanh phan chinh gay
nén lidu chiéu.

KET QUA VA THAO LUAN

So sanh suit liéu thwe nghiém va md phéng

Viéc do dac phan bd lidu dugc thuc hién
bang may do RADCHECK Gammex. Céc gié tri
suét lidu dugc do tai cac vi tri cach ngudn phat
50, 60,..., 120 cm vai dién thé ngudn phat 1a 70
kV, dong 200 mA va thoi gian phat tia la 100 ms.
Viéc danh gia bang mé phong dwa trén mo hinh
xdy duyng bang chuong trinh MCNP5 duoc so
sanh vai két qua thuc nghiém va cho trong Bang
1. Két qua cho thay suat liéu suy giam theo
khoang cach dang ham mii. Cac diém gan nguon
phat (anode) thi gia tri suat liéu cao, cac diém xa
ngudn phat thi sut lidu giam dan. O ving gan
tdm phat do léch gitta moé phong va thyc nghiém
1én dén 16%. Tuy nhién khi khoang cach xa, su
khac biét nho dan. Gia trj suat liéu thuc nghiém
¢6 khuynh huéng cao hon khi gin tim phat va
thip hon suét liéu mo phong khi ra xa tim phat.

Bang 1. Gia tri sudt liéu thuc nghiém va m6 phong tai cac vi tri khac nhau

Khoang cach Suat licu (uSv/h) Khoang cach Suat licu (uSv/h)
(cm) Thyc nghiém Mo phong (cm) Thyuc nghiém M6 phong
50 4,13x10° 3,68x10° 90 1,01x10° 9,63x108
60 2,61x10° 2,40x10° 100 7,68x108 7,68x108
70 1,82x10° 1,70x10° 110 6,17x108 6,20x108
80 1,32x10° 1,26x10° 120 4,71x108 5,03x108
Phin b6 suit litu mé phéng theo phwong e o2 ,
ngang va phuong thing dirng 22 A

Hinh 4 va Hinh 5 trinh bay phan b liéu mo
phong theo phuong ngang va theo phuong thang
dung, duoc khao sat chi tiét ddi voi hai ché do
hoat dong clia may phat tia X da néu trén: (1) 70
kV, 200 mA va 100 ms; (2) 120 kV, 500 mA va
32 ms.
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Hinh 4. So sanh phan bd suit liéu theo phuong ngang
tai vi tri cach tam bong 50 cm & hai che d6 70 kV va
120 kV.
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Theo phuong ngang, cac gia tri dugc ghi
nhan tai vi tri cach tim bong 50 cm va cac cell
ghi nhan dugc dat lién tiép léch vé hai phia cua
tam bong (Hinh 4). Dang phan bd liéu trong hai
ché o chup 1a gidng nhau: cuc dai ¢ ving trung
tam trueong chiéu va giam nhanh hai bén. Ngoai
ra, ching t6i con khao sat suat liéu theo phuong
thang dung. Theo phuong thing dimg cac
detector ghi nhan dugc dat cach tdm bong 40,
50,..., 160 cm. Két qua ghi nhan duoc biéu dién
theo Hinh 5.
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Hinh 5. So sanh phan b suat liéu phuong dimg theo
khoang cach so véi tam bong ¢ hai cheé d6 70 kV va
120 kV.

Két qua cho thay suat liéu giam nhanh theo
khoang cach tinh tir tim bong. D6 véi ché do
120 kV, 500 mA, 32 ms suat liéu & Hinh 4 va
Hinh 5 déu cho thay cao hon do hiéu thé dinh cao
mic du gia tri mAs nhé hon ché d6 70 kV, 200
mA, 100 ms. Piéu d6 cho thdy anh huéng cua
cao ap dinh 1é€n cudng dg tia X phat ra.

Phén b suiét liéu mé phéng bén trong phong
bé danh gia muc d¢ an toan cho bénh nhan,
chung t6i tién hanh khao sat phan bd suét liéu
bén trong phong may X quang. Cac vi tri dugc
khao sat cach tdm bong 50 cm, 100 cm cung véi
ché do chup 1a 70 kV, 200 mA, 100 ms. Hinh 6
trinh bay két qua phéan bd sut liéu tai vi tri cach
tam bong 50 cm (bén trai) va 100 cm (bén phai).
Gia tri liéu chiéu tap trung tai vi tri tim béng va

giam dan vé hai phia cua truc X va Y. Tai vj tri
cach tam bong 50 cm (bén trai) lidu chiéu tap
trung va trudng chiéu nho. Truong hop nay chét
luong hinh anh t6t hon va ngugc lai bénh nhan
nhan gia tri liéu chiéu cao hon so v&i Vi tri cach
tdm bong 100 ¢cm (bén phai). Tai cac vi tri bién
cia truyc X va Y suat lidu mang gia tri thap va
dam bao diéu kién vé an toan cho bénh nhan va
moi trudng xung quanh.
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Hinh 6. Phan bd suit lidu tai vi tri cach tdm bong 50
cm (bén trai) va 100 cm (bén phai)

Tiép theo, chung toi khao sat phan bd lidu
v6i ché do chup 1a 120 kV, 500 mA va 32 ms.
Két qua trinh bay trong Hinh 7.

Pé danh gia an toan buc xa cho khu vire 1am
viéc cua Ky thuat vién va moi truong xung quanh
phong chup X quang, chiing t6i chon ché do chup
120 kV, dong 500 mA va thdi gian 32 ms dé
khao sat, tai 46 cao 1,5 m tinh tir mat dét .
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Hinh 7. Phan b suét lidu tai vi tri cach tim bong 50 cm (bén trai) va 100 cm (bén phai)

Hinh 8 trinh bay suat lidu cua tia X khi di
qua cac 16p tuong bétong cling nhu cac cua ra
vao danh cho k§ thuat vién va bénh nhan. Két
qua cho thdy rang cac tia X bi triét tiéu hoan
toan khi di qua cac 16p tuong va cua, do d6 dam
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bao an toan buc Xa cho cac nhan vién trong khu

vuc lam viéc ciling nhu cho bénh nhén trong qua
trinh ch¢ vao phong chup X quang.
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Hinh 8. Suit lidu khi qua vach tuong cira ra vao K thuat vién (bén trai) va cira ra vao ctia Bénh nhan (bén phai)

KET LUAN

Chung t6i da thuc hién viéc moé phong may
X quang thuong quy tai Bénh vién Nhi Bong |
Tp. HCM béng chuong trinh MCNP5. Trong qua
trinh mé phong, chung t6i da sir dung céc ki thuat
giam phuong sai va ki thuat ghi/doc ngudn mit
(SSW/SSR) dé rat ngan thoi gian chay chwong
trinh. Phan bd suit lidu theo phwong ngang va
phuong thing ding theo hai ché do chiéu chyp:
dién thé nguon 70 kV, dong 200 mA, thoi gian
100 ms va dién thé ngudn 120 kV, dong 500 mA,
thoi gian phat tia 32 ms dugc khao sat. Mac do

an toan cua tuong bé tong co 16t chi va cira ra vao
cua bénh nhan, khu vuc lam viéc cua nhan vién
cling dugc danh gia.

LO1 CAM ON: Céng trinh nay la mét phan trong dé tai
khoa hoc cua Sé Khoa hoc va Céng nghé TPHCM, theo Hop
pong sé 251/HP-SKHCN. Nhém téc gid xin chdn thanh cam
on dén Ky sw Dinh Van Linh, Ky su Tran Bdo Quéc da chia
sé nhiéu kinh nghiém trong viéc fim hiéu cdu tgo, cdu tric
thuc té ciia may X quang, gitip ching t6i hoan thanh viéc xdy

dung mé hinh mé phong chinh xdc hon.
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ABSTRACT

In this paper, the scattering influence on
image quality and radiation safety because
of changing room size was studied. To
estimate the radiation safety in X-ray room,
the exact determination of dose rate
distribution inside the room and absorbed
dose rate for patient is the first task. The

authors simulated the dose rate distribution
inside diagnostic X-ray room at Nhi Dong
hospital with using MCNP5 code. The
dependence of dose rate distribution on
various peak voltages of X-ray tube was also
investigated in this study.

Key words: Dose rate distribution, X-ray machine, radiation safety, MCNP5 code.
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