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XAY DUNG PO THI PAP UNG LIEU HAP THU POI VOI BUC XA
GAMMA VA TIA-X UNG DUNG TRONG PINH LIEU SINH HQC
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TOM TAT
Pinh liéu sinh hoc déi Véi cdc mau mdau dwa trén phép do liéu twong doi va
dwong chudn liéu vdt 1y. Bai bdo nay trinh bay nghién ciru Vé Viéc xdy dung do thi
ddp vmg lieu hap thy doi véi nguon xa tri Co-60 va mdy phdt tia-X dwa trén kj thugt
do liéu bang dau do ion héa va liéu ké quang phdt quang. Két qud thuc nghiém da
lwa chon Vi tri ¢6 sudt liéu hdp thu trong khéng khi < 0,5 Gy/min doi véi nguon Xa tri
C0-60 va mdy phat tia-X. Tir d6, xdy dwng dwoc 2 do thi dap ing liéu hap thu fwong
1N Véi ddi lieu chiéu xa cdc mau mdu la 0 — 5 Gy doi véi nguon xa tri Co-60 va mdy
phat tia-X. Két qua nghién citu ndy da dwoc img dung dé xdy dung dwong chuan liéu —
hiéu ing sai hinh nhiém sdc thé trong mdu mdu, phuc vu dinh liéu sinh hoc ¢ Vién
Nghién cuu Hat nhan.
Tir khéa: Pinh liéu sinh hoc, liéu hdp thy, dé thi dap g liéu, liéu ké quang
phat quang (OSLD), sudt kerma khéng khi (Kair)
1. Mé dau licu ké quang phat quang (ky hiéu 1a
Phuong phap dinh liéu sinh hoc dyga ~ OSLD) do ¢6 uu diém 1a kich thudc
trén phép do lidu twong d6i thong qua nho, dé gan canh miu mau.

duong chuan lidu — hiéu @ng sai hinh Trong bai bao nay trinh bay nghién
nhidm sic thé méau ngoai Vi in-vitro,  ctu vé viéc xay dung dd thi dap tng
duoc chiéu xa trén ngudn buc xa ndo  liéu hap thu d6i véi biac xa gamma cua

d6 véi lidu hap thy da biét, tac 1a lidu  ngudn nguon xa tri Co-60 va ngudn
vat 1y da biét [1]. Hiéu Gng sinh hoc  phat tia-X dya trén ky thuat do licu
ddi véi buc xa phu thudc vao loai buc  bang dau do ion hoa va OSLD. Bé xay
xa, ning luong bic Xa, suat lieu hap  dung do thi dap ung lidu hip thy, dau
thu va liéu hap thu buc xa. Do d6, @&  tién phai xac dinh duoc vi tri cua 2 loai
chiéu xa cac mau mau thi trudc tién ngudn bic xa ndy co gia tri suat lieu
phai xac dinh lidu vat 1y, tiac 1a xdy hap thu trong khong khi (hay con goi 1a
dung duoc do thi dap ung liéu. Pé xdc  suat kerma khong khi, ky hiéu 1a Kg)
dinh liéu hap thy (don vi do 1a Gy),  phu hop (Kui< 0,5 Gy/min d6i véi
thuong nguoi ta st dung ky thuat do ngudn xa tri Co-60 va may phat tia-X,
lidu bang dau do ion hoéa, day la k¥ trong d6 ky hiéu “min” 1a “phat”) twong
thuat do lidu chinh xac hon ca vila do &g véi dai liéu hap thu 1a 0 — 5 Gy dé
lidu tuyét ddi. Ngoai ra con st dung Ky chiéu xa cac mau mau, doéng gop vao
thuat b sung 1a dinh liéu hap thu bing  huéng nghién ctu vé “Xay dung bo sé
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licu duong chuan liéu — hiéu tng va
phong sai hinh nhiém sic thé ngiu
nhién phuc vu cong tac dinh liéu sinh
hoc tng pho su ¢ burc xa” thyc hién &
Vién Nghién ctru Hat nhan (NCHN).

2. N¢i dung nghién ciru

2.1. Thiét bi, dung cu thi nghi¢m

2.1.1. Nguon xa tri Co-60

May xa tri Co-60 ¢ Bénh vién Da
khoa Khanh Hoa c6 cac dac trung sau:
Hang “Theratron”, Model “Elite 807,
Version 3.06, No. 821; sin xuat nim
2002 tai Canada; hoat @b 709,2 Ci
(thang 9/2016).

Muc dich cua viéc dung ngudn nay
nham khao sat va tim vi tri c6 Kg< 0,5
Gy/min dé xay dung d6 thi dap tng
lidu, ng dung chiéu xa cac miu mau
trong dai liéu 0 — 5 Gy. Hinh anh may
Xa tri Co-60 duoc trinh bay trén hinh 1.

Hinh 1: Mdy xa tri “Theratron Elite 80"

2.1.2. May phat tia-X

May phat tia-X & Vién NCHN c6
dac trung sau: Hang “Rigaku”, Model
“Radioflex-200EGM”, Serial No. TJ
42196-1; san xuat nim 2006 tai Nhat
Ban; ong tia-X Ceramic cira s6 Be day
1 mm; phin loc ¢ dinh hinh tron c6
duong kinh 10 cm va day 2 mmAl; dai
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cao thé dinh HV = (70 — 200 kVp) + 2
kV, dong phat ¢b dinh 5 mA,; tiéu cu 6ng
phong: 2x2 mm? khoang cach tir cuc
phat t6i phin loc Al ¢6 dinh: 11 cm) [2].

Muc dich cua viéc dung may nay
nham xac dinh liéu hap thu trong khong
khi (kg hiéu 13 Day) tai Vi tri c6 Ky <
0,5 Gy/min & cao thé 200 kV dé xay
dung d6 thi dap tng lidu, tng dung
chiéu xa cac mau mau trong dai liéu 0 —
5 Gy. Hinh anh dng phat tia-X duoc
trinh bay trén hinh 2.

Hinh 2: Pdu ong phdt may tia-X

2.1.3. Hé chuan liéu cap I

Hé chuan liéu cap II “Farmer
Dosimeter” (goi tit 1a hé “Farmer”) ¢
Vién NCHN, san xuat nim 1983 tai
Anh, bao gom: May do dién tich “NE-
2570/1B” va dau do ion hoa “NE-
25671” voi dic trung sau: Thé tich
nhay 0,6 cc (dang tru véi chiéu dai 24
mm, duong kinh ngoai 6 mm); vo nhua
“Build-up cap” tuong duong mo; dai
do nang lugng buc xa photon: 50 keV —
2 MeV; dai suat liéu: 4 mGy/min — 40
Gy/min; hé sd chuan air kerma (ky
hiéu 1a CF) ddi véi Co-60: CF =41,8 +
0,2 mGy/nC (tai cac diéu kién chuan:
nhiét 46 20°C, ap suat 101,325 kPa = 1
atm = 1013,25 mbar, d6 4m twong doi
50%) [3].
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Muc dich cua viéc dung hé do nay
dé¢ xac dinh Dy tai Vi tri c6 Kg< 0,5
Gy/min dbi véi nguon xa tri Co-60, tng
dung chiéu xa cac miu mau trong dai
lieu 0 — 5 Gy. Hinh anh hé do, gdm may
do dién tich “NE-2570/1B” va dau do
ion hoa “NE-25671” dugc trinh bay
tuong tng trén hinh 3 va hinh 4.

P—

}) 2570/1 FARMER DOSEMETER

e
Hinh 3: May do dién tich “NE-
2570/1B”

Hinh 4: Dau do ion héa “NE-25671"

2.1.4. Hé kiém dinh tia-X

Hé kiém dinh tia-X (goi tat 1a hé
“Victoreen”) ¢ Vién NCHN (hang
“Fluke”, Model “Victoreen 80007, No.
106051, san xuat nam 2006 tai My, da
duoc hiéu chuan hang nam dbi voi tia-
X), bao gom may do dién tich ding dau
do ion héa “No. 16-47” d& do liéu
chiéu. Hé nay c6 dic trung nhu sau:
Cao thé dén 160 kV; ddu do co thé tich
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nhay 30 cc; dai do dén 999 R/min; do
chinh xac: + 5%; do lap lai: + 2% hoac
2 mR; liéu chiéu cuc tiéu do duoc: 1
mR [4].

Do hé “Farmer” chua duoc hiéu
chuén ddi véi tia-X nén muc dich cua
viéc ding hé nay nham xac dinh Dy tai
vi tri ¢6 Kgir< 0,5 Gy/min ddi véi may
phat tia-X & cao thé 200 kV, ung dung
chiéu xa cac mau mau trong dai liéu 0 —
5 Gy. Hinh anh hé nay, bao gém may
do dién tich va dau do ion héa duoc
trinh bay trén hinh 5.

Hinh 5: H¢ kiém dinh tia-X
“Victoreen 8000
2.1.5. Hé do liéu quang phat quang

Hé do lidu quang phat quang (goi
tat 1a hé “MicroStar”) ¢ Vién NCHN
(hang: Landauer, san xuat nam 2016 tai
Nhat Ban) bao gém may doc liéu
“MicroStar Version 4.3” va OSLD loai
XA do liéu photon. Liéu ké loai XA
(Inlight model 2) c6 dap ung nang
lwong tir 5 keV dén 40 MeV va dai liéu
tr 50 pSv dén 10 Sv dbi voi bic xa
photon. Hinh anh cia may doc va liéu
ké dugc trinh bay twong Gng trén cac
hinh 6 va hinh 7 [5]. Muc dich dung h¢
nay (do OSLD c6 kich thuéc nho) dé do
lidu hap thu dbi véi tia-X do khéi chira
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dau do cua hé “Victoreen” cé kich
thudc 16n, khong phu hop khi chiéu
kém v&i mau mau.

Hinh 7: OSLD logi XA “Inlight model 2~

2.1.6. Cdc dung cu khac

Nhiét ké va ap ké dung dé hiéu
chinh nhiét @6 va ap suat khi do liéu
hip thu trong khong khi thong qua dién
tich dong ion hoa do dugc bang may
chuan liéu cap II “Farmer”.

Céc tam phin loc nhém (ky hiéu la
filter Al) tinh khiét (99,99%) c6 chiéu
day khac nhau (0,1; 0,5; 1 va 5 mm).
Mbi filter dang hinh vudng véi kich
thudc ngang 10x10 cm?. Cac phin loc
nhém nay dung thi nghiém dbi voi buc
Xa tia-X.

Mau méau ngoai vi toan phan (thé
tich khoang 1 ml/mau) duoc chta trong
lo thuy tinh trung tinh hinh tru c6 nap
day bang cao su (duong kinh ngoai 16
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mm, cao 20 mm, day 1 mm). Cdc mau
mau trong lo thuy tinh da chuan bi cho
thi nghiém duoc trinh bay trén hinh 8.
Khi da lya chon dugc vi tri ¢6 Kg phu
hop thi cdc mau méau nay s& duoc chiéu
Xa V6i nhitng gia tri lidu hap thu khac
nhau (trong dai 0 — 5 Gy) nham phuc vu
nghién ctu V& danh gia méi quan hé liéu —
hiéu tng sai hinh nhidm sic thé [6].

Hinh 8: Mdu mdu chudn b d@é chiéu xa

2.2. Phwong phdp do liéu

2.2.1. Po sudt liéu doi véi nguon xa
trj Co-60 bang hé “Farmer”

Do dau phat tia gamma (c6 thé xoay
360° theo mat phing thang dung) cua
may xa tri cao khoang 1,6 m so véi mat
san phong nén khong thé bd tri thi
nghiém do theo huéng nim ngang, ma
thi nghiém duoc tién hanh v6i huéng
phat tia thang déng tir trén trdn phong
thang xuéng dudi mit san phong, dau
do ion hoa dat nam ngang (song song
véi mat ban chuan) va vudng goc véi
chum tia, con miu mau dat thang ding
theo chiéu chum tia va vudng goc voi
mat ban chuén.

Céc budc do suét lidu nhu sau: Po
luong dién tich (ky hiéu 1a I, don vi do
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1a nC) trén khdi do dién tich véi thoi
gian chiéu xa dinh truéc (ky hiéu 1a T,
don vi do la gidy “sec”) va tinh Ky theo
cong thue sau [7]:

Kair = CF.(li—1g).K1p[60/T] (1)

Trong d6: CF 1a hé s chuan cua
“Farmer” d6i v6i Co-60 (CF = 41,8 +
0,2 mGy/nC); liy va Ig tuong tng 1a sd
doc cua “Farmer” (don vi la nC) khi
chiéu xa c6 ngudn Co-60 va phong; Krp
1a hé sé hiéu chinh nhiét d6 va ap suat
trong ltc do theo cong thirc sau [7]:

Krp [(273,2
t(°C))/293,2].[1013(mbar)/P(mbar)] (2)

2.2.2. Po sudt liéu dsi véi nguon
tia-X bang hé “Victoreen”

Pau 6ng phat tia-X duogc dat nam

+

ngang, vuéng goc trén mit ban chuan
(cao 88,9 cm so vai mat san phong), tao
chum tia-X phat ra song song v&i mat
ban chuan. Do d6, thi nghiém sir dung
dau do ion hoa cua hé kiém dinh, céc
tam filter Al bd sung hay miu méu
duoc dat vudong goc voi chum tia-X.

Do yéu cau vé chiéu xa tia-X ddi
V6i mau mau ung dung trong dinh liédu
sinh hoc & cao thé dinh thuong tir 200
KV tro 1én [8]. Ngoai ra, do hé kiém
dinh chi do duoc suit lidu chiéu tai cao
thé cuc dai 160 kV nén dé thuc hién tai
cao thé 200 kV thi can phai thuc hién
phép do tai dai cao thé nho hon (tir 70 -
160 kV) va ngoai suy ra suat liéu chiéu
& 200 kV. Pé chiéu xa tia-X voi mau
mau tng dung trong dinh lidu sinh hoc
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thi can phai do thuc nghiém céc filter
Al dé tim duogc chiéu day hap thu mot
nira (ky hiéu 1a HVL) tai cao thé 200
KV [9]. Tu @6, cac mau mau duoc dit
sau tim HVL nay dé chiéu xa voi gid tri
liu hdp thu di xac dinh, nham gia tri
lidu hap thu nay dugc chinh x4c hon (do
khong biét tuong minh vé phd buc xa
lién tuc ctia may tia-X).

Céac budce do suét liéu nhu sau: Poc
két qua suit liéu chiéu truc tiép (ky hiéu
1a P, don vi do 1a R/min) bing hé kiém
dinh, va chuyén suat liéu chiéu thanh
Kair theo hé sé chuyén doi nhu sau [7]:

Kair (MGY/min) = 8,76.P(R/min) (3)

3. Két qua va thao luan

3.1. Po thi ddp ing liéu déi Voi
nguén Xa tri Co-60

3.1.1. Do sudt liéu bang hé “Farmer”

Két qua do dung dau do gan “Build-
up cap”, bao gom viéc hiéu chinh nhiét
do6 va ap suét trong luc do theo biéu
thac (1); ghi thoi gian do dong; ghi
dong do duoc; va tinh Ky trung binh tai
3 vi tri khoang cach (ky hiula L, L =
62,2; 70 va 80 cm) tinh tir tim ngudn
phat gamma theo chiéu thiang dung tir
trén xudng trén may xa tri Co-60 (Dong
dién tich phong trung binh do duogc la
0,01 nC). Két qua do Kg trung binh
theo biéu thic (1) dugc néu trong cot
(6) cua bang 1 (ky hiéu o la do léch
chuan twong ddi cua gia tri trung binh
cua Kair dbi voi 5 phép do véi hé sé pha
“k” bang 2 & muc tin cay 95%).
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Bang 1: Két qua do Kair trung binh ding dau do gin “Build-up cap”’ tai 3 Vi tri khdo sat

Kai Kair (mGy/min) £+ ¢
L (cm) Krp T(sec) 1(nC) (mGy?rlrrﬂn) air ( ((% ) )
1) @) ©) (4) ©) (6)
57,7 10,235 454,664
57,3 10,180 455,378
62,2 1,022 57,1 10,140 455,177 4554 £ 0,1
57,5 10,225 455,800
57,5 10,225 455,800
56,8 7,890 356,744
57,5 7,985 356,644
70,0 1,024 57,6 8,010 357,139 356,6 £ 0,1
57,6 8,000 356,693
57,5 7,990 356,867
56,1 6,015 275,360
53,7 5,755 275,232
80,0 1,024 56,4 6,045 275,261 275,2+0,1
56,8 6,085 275,131
57,1 6,120 275,260

Nhén xét:

- Ngoai ra thi nghiém dugc tién
hanh nhu & trén nhung véi dau do
“tran” nghia 1a khong gan “Build-up
cap” thi gia tri Ky, do dugc giam
khoang 11% tai cac khoang cach 62,2
cm (11,0%), 70 cm (10,9%) va 80 cm
(10,9%). Do @6, theo [1], Kar do duoc
khi gan “Build-up cap” chinh la liéu
hap thy trong mau méu.

- Do d6 trong thuc té, dé chiéu cac
mau mau tng dung trong dinh liéu sinh
hoc thi viéc chon K= 275,2 mGy/min
khi ding dau do gin “Build-up cap” tai
khoang cach L = 80 cm sé& cho do léch
nho hon (khi xé dich khoang cach dat
dau do/mau) vé gia tri suat liéu hap thy,
va cling dap tng duoc thoi gian chiéu
Xa cAc mau mau.
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3.1.2. Xdc dinh lieu hap thy theo
thiét ké chiéu mau

Thi nghiém chidu mau va do Dy
duoc thuc hién 3 l1an nhiam khao sat do
lip lai (@6 on dinh) cua két qua thi
nghiém. Thiét ké chiéu mau (mau mau
cing dau do gan “Build-up cap”, tai vi
tri chiéu L = 80 cm véi Kgr = 275,2
mGy/min) trong mdi lan thi nghiém nhu
sau: Dai liéu chiéu theo thiét ké (ky hiéu
la Dy), Dw = 50, 100, 250, 500, 750,
1000, 1500, 2000, 3000, 4000 va 5000
mGy. Do d6 thoi gian chiéu tuong ng
la 0,18; 0,36; 0,91; 1,82; 2,72; 3,63;
5,45; 7,27; 10,9; 14,53 va 18,16 min.

Két qua do Dy trung binh béng hé
“Farmer” dung dau do kém theo cac
mau mau véi 3 lan lidu thiét ké duoc
néu trong cot (2) cua bang 2, trong do
ky hiéu RB 1a d9 léch twong dbi cua két
qua thi nghiém.
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Bang 2: Két qud do Djr trung binh theo Dy dung dau do kém theo mau mau trong
3 ldn thi nghiém

Dair 0
D (mGy) (mGy) RB (%) Y ( A’)

1) 2) (©) (4)
50 50,4 +0,8 2,5
100 99,4 -0,6 2,2
250 250,8 +0,3 2,5
500 497,3 -0,5 1,9
750 752,8 +0,4 1,8
1000 996,0 -0,4 1,7
1500 1505,0 +0,3 1,5
2000 2008,0 +0,4 1,7
3000 3010,0 +0,3 1,5
4000 4016,0 +0,4 1,5
5000 4981,7 -0,4 1,4

3.1.3. Xdy dung do thj dap umg liéu
Tur s6 lidu & cot (1) va cot (2) cua
bang 2, xay dung duoc dd thi dap tng
lidu hap thu (gitra lidu thiét ké va lidu

trong mau mau, ky hiéu 1a Dy,) trong dai
litu 0 — 5 Gy tai L = 80 cm véi Kqir =
275,2 mGy/min d6i v6i ngudn xa tri
Co0-60, duoc trinh bay trén hinh 9.

_ 6000
£ 5000 =
o0
£ 4000 /
= 3000 ——
= 2000 / y= 0.99528:41— 1.9213
3 1000
._“‘ 0 ‘w/./lv T T T T 1
0 1000 2000 3000 4000 5000 6000

Liéu hap thu theo thiét k&

Hinh 9: D6 thj ddap g liéu hap thy giira Dy, va Dy déi Véi nguon Xg tri Co-60

Tir dd thi hinh 9 thiy ring Dy tun
theo quy luat tuyén tinh v6i Dy (R? = 1)
dugc tinh theo cong thuc sau:

Din = 0,9998.Dy + 1,9213 4)

3.2. Po thi ddp wng liéu doi véi
nguon phdt tia-X

3.2.1. Xdc dinh sudt liéu chiéu tai
cao thé 200 kV bang hé “Victoreen”

Do hé “Victoreen” khong do duogc
suat liéu chiéu (P) tai cao thé 200 kV
nén dé xac dinh dugc suat lidu chiéu tai
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cao thé nay, thi nghiém duoc thyc hién
bang phép ngoai suy: do suét liéu chiéu
tai cac gid tri cao thé tir 90 dén 160 kV,
sau d6 ngoai suy ra suat liéu chiéu tai
cao thé 200 kV. Két qua do khong co
filter Al tai khoang cach nim ngang tir
dau do toi tam 6ng phat L = 25 cm duoc
néu trong bang 3, trong do6 cac gia tri ¢
cot (3) duogc suy tuong tng tur cot (2)
theo hé s chuyén dbi & biéu thic (3).
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Bang 3: Két qud do P (R/min) theo
cao thé HV (kV) bang hé “Victoreen”

HV P Kair
(kV) (R/min) (mGy/min)
1) 2) 3)
90 76,00 665,76
120 89,90 787,52
150 106,50 932,94
160 112,84 988,48

Tur s lieu & cot (1) va cot (3) &
bang 3, dung Excel xay dung dugc mdi
tuong quan dang ham mi gitta Ky
(mGy/min) va HV nhu sau [4]: Kq
(mGy/min) 400,47.exp(0,0056.HV)
voi R*= 1. Khi HV = 200 kV thi:

Kair = 1.227,4 mGy/min (5)

3.2.2. Xdc dinh sudt liéu hap thy tai
cao thé 200 kV bang OSLD

Dung nhém 4 OSLD chiéu xa Véi cac
théng s6 sau: HV = 200 kV, L = 25 cm,
khong filter Al, thoi gian chiéu 1 min. Két
qua do trén hé “MicroStar” cho suat liéu
tuong duong trung binh la 1.678 mSv/min.
Tir d6 chuyén sang K [theo hé sb bién doi
Kai (MGy/min) = (mSv/min)/ 1,46] duoc
két qua nhur sau [6]:

Kair(mGy/min) + ¢ (%) = 1.149,3 = 1,1 (6)

So sanh két qua Kair do bang OSLD
& biéu thuc (6) voi két qua do bang hé
“Victoreen” va ngoai suy & biéu thuc
(5) thiy rang ching twong duong nhau
(46 léch tuwong d6i chi 1a 6,8%). Piéu
nay co thé suy ra riang: Phép ngoai suy
suat liéu tir gia tri cao thé 160 kV toi
200 kV 1a c6 thé chip nhan duoc va
nam trong sai s6 cho phép.

3.2.3. Xdc dinh HVL tgi cao thé 200
KV bang hé “Victoreen”

Dé chiéu xa cac miu mau phuc vu
dinh liéu sinh hoc, can xac dinh HVL
dbi véi filter Al bé sung bang hé
“Victoreen” nham xac dinh cac gia tri
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lidu hip thu duoc chinh xac hon do phd
tia-X 1a lién tuc va lidu phu thudc manh
vao nang lwong thap. Do do, thi nghlem
duoc tién hanh voi cac thong sb sau:
Cao thé dat ¢ 3 gia tri 90, 120 va 150
kV; thoi gian mdi phép do suit liéu
chiéu 1a 1 min (mdi gia tri cao thé do
nhiéu lan, tr 15 dén 20 l1an, va iy két
qua suét lidu chiéu trung binh); v&i mdi
gia tri cao thé do khong co filter Al va
tuong tng co filter Al; khoang cach
nam ngang tir dau do t6i tim 6ng phat L
= 25 cm. Két qua do suat liéu chiéu
trung binh P (R/min) tai 3 gia tri cao
thé HV dung hé “Victoreen” dugc néu
trong bang 4.

Bang 4: Két qud do suat liéu chiéu
trung binh P (R/min) theo cao thé HV
(kV) bang hé “Victoreen”

HV (kV)  Filter P (R/min)
(mmAl)
0

76,0
63,5
55,0
38,5
89,9
75,7
66,5
47,7
106,5
91,6
81,9
60,4
6 56,3
Tir két qua do & bang 4 tai mdi gia
tri cao thé (90, 120 va 150 kV), ding
Excel v& d6 thi mdi twong quan dang
ham mil gitra cac gia tri suat liéu chiéu
trung binh va chiéu day filter Al [4],
xac dinh dugc HVL tuong ung la 4,99;
5,35 va 6,35 mmAl
Dung Excel v& d6 thi méi tuong
quan dang ham mi gitra cac gia tri cao

90

120

1
2
5
0
1
2
5
0
1
150 2
5
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thé (90, 120 va 150 kV) va cac HVL
tuong ung (4,99; 5,35 va 6,35 mmAl),
xac dinh dugc HVL tai 200 kV la: HVL
3,4177.exp(0,004.HV) voi R?
0,994. Khi HV =200 kV thi:
HV Logoey = 7,606 mmAl = 7,6 mmAl (7)

Kiém chtng thuc nghiém biéu thirc
(7) bang hé “Victoreen™: Tir biéu thirc
(7), tinh todn v6i HV = 160 kV thi
HVI—lGOkV 6,5 mmaAl. Dl‘mg hé
“Victoreen” do suét liéu chiéu trung
binh tai L = 25 cm véi truong hop
khong filter va c6 filter 6,5mmAl. Két
qua cho P (khong filter) = 112,8 R/min
va P (c6 filter) = 55,3 R/min. Ty s6 P
(khong filter)/ P (co filter) = 2,04 = 2
nghia 1a viéc ngoai suy gia tri HVLpkv
tai 200 kV cho két qua ding (Do léch
tuong dbi chi 1a 2%).

3.2.4. Xdc dinh Kajr bang OSLD khi
co filter

Thi nghiém duoc tién hanh 3 lan
V6i cac thong s6 sau: HV =200 kV; L =
26,6 cm; nhém 4 OSLD, dat sat canh
nhau va vudng goéc véi truong chiéu;
filter 7,6mmAl dat sat trudc cac OSLD;
thoi gian chiéu cho mé OSLD 1a 1 min.
Két qua do cac OSLD cho gia tri trung
binh la:

Kair=497,2 mGy/min + 2,0%  (8)

Do d6, c6 thé dung gia tri K trong
biéu thirc (8) dé chiéu xa cic miu mau,
bio dam duwoc dii liéu chiéu va thoi
gian chiéu xa.

3.2.5. Xdy dung do thi dap vmg liéu

* Xac dinh liéu hap thu theo thiét
ké chiéu mau

Thi nghiém chiéu mau va do liéu
hép thu trong khong khi (Dsr) duogc

~
~
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thuc hién 3 1an nhiam khao sat do lap lai
(d6 6n dinh) caa két qua thi nghiém.
Thiét ké chiéu mau (miu mau cing
cac OSLD, tai L = 26,6 cm Vvéi Kyir =
497,2 mGy/min) trong mdi lan thi
nghiém nhu sau: Dai liéu chiéu theo thiét
ké Dy = 50, 100, 250, 500, 750, 1000,
1500, 2000, 3000, 4000 va 5000 mGy.
Do d6 thoi gian chiéu tuong tng 13 0,1;
0,2; 0,5; 1; 1,5; 2; 3; 4; 6; 8 va 10 min.
Két qua do Dgy trung binh cic OSLD
trén hé “MicroStar” véi 3 lan lidu thiét
ké duoc néu trong cot (2) cua bang 5.
Bang 5: Két qud do Dair trung binh
bang OSLD kém theo mdu mdu véi liéu
thiét ké trong 3 lan thi nghiém

Dtk Dair RB 0
(mGy) (mGy) (%) °
W @ @ @

50 493 -14 4.4
100 1016 +1,6 3,3
250 2433 -27 1,0
500 4966 -0,7 2,7
750 759, 7 +1,3 2,0

1000 1016,3 +1,6 3,1
1500 1498,8 -0,1 19
2000 20155 +0,8 2,3
3000 3002,8 +0,1 2,0
4000 4030,1 +0,8 1,6
5000 5035,6 +0,7 2,0

* Xay dung d6 thi dap @ng liéu

Theo [1], hé s6 bién doi thanh liéu
hap thu (Gy) trong md mém bang gia tri
lieu hap thy trong khong khi nhan vi
hé s6 1,09 d6i véi tia-X. Vi vay, tir
bang 5, két qua tinh liéu hap thu trung
binh trong mau mau (Dy) S0 V&i liéu
hip thu theo thiét ké (Dg) dugc néu
trong bang 6.
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Bang 6: Két qud tinh liéu hdp thy trung D D RB %)
binh trong mau mdu(Dy,) (mGy) (mGy) (%)
Du Du RB o (1) 2 3) (4)
wS) @Sy o 00 em gms w2 s
1) () 3) (4) _0988.8 19, :

50 53,7 +7/4 4.4 Tu so ligu & cot (1) va cot (2) cua
100  110,7 +10,7 3,3 bang 6, xdy dung duoc do thi dap ung
250 2652 +6,1 1,0 lidu hap thu (gitta lidu hap thu theo thiét

1 ) 1 & va liéu trong mau mau) trong dai liéu

760 881 164 20 <% ) rong i

1000 11078 +108 3.1 0 -5 CytalL =266 cm vol Kar =
1500 16337 +89 1.9 497,2 mGy/min doi V&1 may phat tia-X,
2000 21969 +9.8 23 dugc trinh bay trén hinh 10.
3000 32730 +9,1 2,0

_ 6000

S 5000 //’

o 4000

S 3000 e

= /

E‘ 2000 y=1-097/%x—2382

% 1000 e/./ RZ=1

<';'; O #""I T T T 1

E 0 1000 2000 3000 4000 5000 6000

Liéu hip thu theo thiét ké

Hinh 10: 6 thi dép g liéu hap thu giiza Dy va Dy doi Véi may phat tia-X

Tir d thi hinh 10 thdy rang D, tudn
theo quy luat tuyén tinh v6i Dy (R = 1)
dugc tinh theo cong thuc sau:

Dm=1,0974.D- 2,3828

4. Két luan

Déi véi ngudn xa tri Co-60: C6 thé
dung gia tri Kyir = 275,2 mGy/min tai vi
tri L = 80 cm dé chiéu cac mau mau
trong dai lidu tr 0 — 5 Gy (Kgr nay
chinh 1a gia trj suat liéu hap thu trong
mau mau); dé chiéu cac mau mau tai vi
tri trén, gia tri liu hap thu bat ky trong
mo “Dp” duoc tinh bing Dy = 275,2
(mGy/min) x thoi gian chiéu mau (min),
va hiéu chinh vé liéu hap thu trong mau
mau theo cong thuec (3).

D6i v6i nguon phat tia-X: C6 thé
dung gia tri Kair = 497,2 mGy/min tai vi

9)
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tri L = 26,6 cm dé chiéu cac mau mau
trong dai liéu tr 0 — 5 Gy (Kar nay
chinh 14 gi4 tri suat liéu hap thu trong
mau mau); dé chiéu cac miu méu tai vi
tri trén, gia tri lidu hap thu bat ky trong
mo “Dp” duoc tinh biang Dy = 497,2
(mGy/min) x thoi gian chiéu mau (min),
va hiéu chinh vé liéu hp thu trong mau
mau theo cong thuc (9).

Dua trén két qua nghién ctru nay
cung véi Viéc phan tich sai hinh nhiém
sac thé cac miu mau, cudi nam 2017,
Vién NCHN da tham gia Chuong trinh
so sanh quoc té “RENEB”. Két qua so
sanh lién phong thi nghiém cho thiy cac
gia tri lidu hap thu vat 1y xac dinh ¢
Vien NCHN nam trong giéi han
“Trumpet curve” & muc tin cay 95%.
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ESTABLISHING ABSORBED DOSE RESPONSE CURVES FOR GAMMA
AND X-RAY RADIATIONS APPLIED IN BIOLOGICAL DOSIMETRY

ABSTRACT

Biological dosimetry for blood samples is based on relative dose measurement
and a standard curve of physical dose. This article presents study in establishing
absorbed dose response curves for Co-60 therapy source and X-ray machine based
on dose measuring techniques by ionization detectors and Optically stimulated
luminescent dosimeters. Experimental results showed positions with absorbed dose
rate in air of < 0,5 Gy/min for the Co-60 therapy source and the X-ray machine.
From that, two absorbed dose response curves with absorbed dose range of 0 — 5 Gy
for irradiating blood samples are established for the Co-60 therapy source and the
X-ray machine, respectively. The results of this study are used to establish dose
standard curves — effects of chromosome aberrations in blood samples for serving
the biological dosimetry in the Nuclear Research Institute.

Keywords: Biological dosimetry, absorbed dose, dose response curve, optically
stimulated luminescent dosimeter (OSLD), air kerma rate (Kair)
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