TAP CHI PHAT TRIEN KH&CN, TAP 9, SO 9 -2006

MO PHONG CAC PHO GAMMA PHUC TAP PO TREN HE PHO KE
GAMMA DUNG DETECTOR HPGe BANG CHUONG TRINH MCNP

Ngé Quang Huy”, V6 Xuan An"", P§ Quang Binh®
(1) Truong Dai hoc Cong nghiép TP HO Chi Minh
(2) Trung tdm Hat nhan TP H6 Chi Minh
(Bai nhan ngay 27 thang 02 nam 2006, hoan chinh sira chita ngay 23 thang 08 nam 2006)

TOM TAT: Bai bdo ndy trinh bdy cdc két qua thu dwoc tir viéc sir dung chwong trinh
MCNP trong nghién ciru mé phong cdc pho gamma phic tap cia 131] day “*U va day #°Th
do trén hé pho ké gamma ding detector ban dan siéu tinh khiét HPGe GC1518 ciia hing
Canberra Industries Inc. va hdp chira mdau dang Marinelli. Trong tinh todn sir dung bé day
16p germanium bat hoat hién nay cua detector la d = 1,16 + 0,07 mm, dwoc xdc dinh trong
cong trinh trudc ddy cia chung toi.

Két qua tinh todn phé gamma dwge so sanh vi sd liéu thwe nghiém doi véi ba ngudn
phéng xa 'L 30U va 7 Th. Viée so sanh cho thdy rang két qua tinh toan phit hop tot hon
voi thyc nghzem khi ting bé day I6p germanium bat hoat tir 0,35 mm 1én 1,16 mm. Cu thé
la, doi véi truong hop d = 0,35 mm ti s6 gitta cdc dién tich quang dinh tinh todn va thuc
nghiém lon hon I dang ké trong mién nang lwong duwdi 200 keV va dao dong quanh gid tri !
trong mzen nang heong trén 200 keV. Trong lic d6 doi véi truong hop d = 1,16 mm ti s6
nay xdp xi 1 trong toan dai nang lwong tir 63,3 keV dén 1847,3 keV.

1. MO PAU

Phuong phap Monte Carlo la cong cu toan hoc uu viét cho phép mé phong cac qua trinh
tuong tac phtrc tap ciia birc xa gamma v&i vat chat. D6i voi hé phd ké gamma dung detector
ban dan siéu tinh khiét HPGe (High Purity Germanium), bai toan mé phong phd gamma
dugc thuc hién trong hon 20 nam qua, trong d6 cac cong trinh cong b tir nim 2000 dén nay
[1-10] tién hanh nghién ctru kha chi tiét cau trac detector.

Trong céc cong trinh nay, dé dat dugce sy phu hop gitra tinh toan va thuyc nghiém, cac
tac gia da diéu chinh cac thong s6 hinh hoc cua detector so voi cac théng sb do nha san xudt
cung cép. Trong céac thong so do, be day 16p germanium bat hoat dong vai trd quan trong
nhat vi n6 kha nhay d6i v6i hiéu suat detector [2,3,7,8].

Tai Trung tdm Hat nhan TP H Chi Minh, chuong trinh MCNP4C2 dugc tng dung dé
mo phong phd cac gamma dugc do trén detector HPGe GCI518 cua héng Canberra
Industries Inc. [11,12]. CAu trac hinh hoc va thanh phan vat liéu cda hé do va detector
HPGe GC1518 dugc mi€u ta trong cong trinh [11]. Cong trinh [12] nghién ctru anh huéng
cua lop germamum bét hoat 1én hiéu suat detector va xac dinh bé day 16p germanlum bat
hoat hién nay bang 1,16 £ 0,07 mm, trong khi do bé day 16p nay do nha san xuét do duoc
nam 1996 13 0,35 mm. Trong ca hai cong trinh [11] va [12] chi khao st cdc ngudn phong xa
diém "'Cs va ®°Co véi dang phé don gian.

Bai bo nay trinh bay cac két qua tinh toan theo chwong trinh MCNP4C2 ddi véi hé phd
ké gamma véi cac ngudn phong xa c6 dang hop Marinelli, kiéu hinh hoc 37. Ba ngudn
phong xa dugc st dung 1a dung dich Nal chua cac hat nhan B bot dat chira cac hat nhan
ddy 2¥U va bot dat chira cac hat nhan dy 22Th. Myc tiéu cia bai bao ndy 14 nghién ctru su
anh hudng cia bé day 16p germanium bat hoat cua detector 1én cac quang dinh cua cac phd
gamma cua "'I, diy ***U va diy **Th duoc do trén hé phd ké gamma véi detector HPGe
GC1518 va hop chira miu dang Marinelli.
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2. THU'C NGHIEM VA TiNH TOAN

B6 tri hinh hoc cua detector va hop dung mau Marinelli dugc minh hoa trén hinh 1.
Mau dung dich Nal chira BT do Vién Nghién ctru Hat nhan DPa Lat san xuét. Cac mau dat
chira 2*U va **Th do Vién Khoa hoc va Ky thuat Hat nhan Ha Noi cung cap. Thanh phan
hoa hoc ciia mau "'I chir yéu 1a H,0, lwong Nal khong dang ké. Thanh phan dét trong cac
méu *U va **Th gdm 71,33% CaCO3; 24,84% MgCOj; va phan con lai 3,83% la cac chét
khac [13]. Mau #®U chira ***U v6i ham lwong (1,05 £ 0,01).10™ g/g va »**Th véi ham lugng
(1,9 + 0,8).10° g/g. Mau ***Th chtra ***Th v6i ham luong (1,29 + 0,02).10™ g/g va **U voi
hém lugng (9,8 +0,6).10° g/g. Nhu vay mau >*U cha yéu chura cac hat nhan trong day

U con miu **Th chi yéu chira cac hat nhan trong diy ***Th. Tuy nhién diy **Th clng
c6 déng gop dang ké Vao pho gamma ctia 2*U va nguoc lai, diy 2**U c6 déng gop dang ké
vao pho gamma ctia >>>Th. Cac miu c¢6 khdi lugng 500 g, choang gan day hop dung mau, bé
mat mau cao ¢ 10 cm so v4i mat day trén cia hop dung mau. Hinh 1 cho thidy mau bao
kin ba phia cua tinh thé germanium. Hop dung mau **U dugc nhét kin va do sau 30 ngay
ké tir ngay nhét dé dat duoc su can béng clia cac hat nhan 2'*Pb va *'*Bi v&i hat nhan **°Ra.
Ba miu nay duoc do trong thang 10 nim 2005. Cac vach ning lugng gamma chinh ddi véi
ba mau "', 2*U va »**Th duoc din ra trén cc bang 1, 2 va 3 tuong tmng.
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Hinh 1. B6 tri hinh hoc cua detector va hop dung mau Marinelli.

Viéc tinh toan Monte Carlo dugc thuc hién theo chuong trinh MCNP4C2 véi cac kich
thude hinh hoc va thanh phan vat liéu ciia hé do nhu néu ra trong cong trinh [11]. Ngoai ra
trong tinh toan, kich thudc va thanh phan vat liéu cia ngudn phong xa duogc néu trong muc
1, con suét ra dbi voi cac tia gamma cua hat nhan B c4c hat nhan trong cac day 28U va
22Th duoc liy tir cong trinh [14] va néu ra trén cot 3 ciia cac bang 1,2 va3. Trong cong
trinh [12], cac phep do thyc nghiém va tinh toan Monte Carlo d6i voi ngudn chuin “°Co cho
thdy co thé lay bé day hién nay cua 16p germanium bét hoat 1a 1,16 mm thay cho be day
0,35 mm do nha san xuat do duoc nim 1996. Vi viy cac tinh toan dbi v&i cac ngudn ',
238U va 2*Th duge thue hién ddi voi hai gia tri bé day 0,35 mm va 1,16 mm.

3. KET QUA VA BINH LUAN

3.1. Nguén “'1

Bang 1 trinh bay két qua thyc nghiém va tinh toan dbi véi ngudn ' Cot 4 1a dién tich
cac quang dinh thuc nghiém voi sai s6 thong ké khong vuot qua 2%. Cot 5 1a dién tich cac
quang dinh tinh toan voi bé day l6p germanium bat hoat 0,35 mm, dugc chuan theo thuc
nghi¢m do6i véi dién tich quang dinh 722,3 keV. Dinh nay duoc chon vi n6é ¢é nang lugng
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16n nhét nén khong bi anh huong boi nén phong Compton cua cac dinh c6 nang luong cao
hon. Cot 6 13 két qua tinh toan dbi véi bé day 16p germanium bat hoat 1,16 mm va ciing
dugc chuan theo dinh 722,3 keV. Cac cot 7 va 8 1a ti s6 giita cac dién tlch quang dinh tinh
toan voi dién tich quang dinh thuc nghiém véi ciing mot vach niang lugng ddi voi cac bé
day 16p germanium bat hoat 0,35 mm va 1,16 mm tuwong tng. Hinh 2 minh hoa sy phu
thudc ciia céc ti s ndy vao nang lugng cac tia gamma. Tir bang 1 va hinh 2 thdy rang ti s6
giita dién tich cac quang dinh tinh toan va thyc nghiém trong hai trudng hop bé day 16p
germanium bét hoat d = 0,35 mm va d = 1,16 mm gan bang 1 d6i v6i cac gia tri ning lwong
tir 284,2 keV tré 1én. Con ddi v6i nang lwong tia gamma 80,2 keV, ti sb d6 bang 1,47 trong
truong hop d = 0,35 mm va bang 1,05 trong trudng hop d = 1,16 mm. Ngoai ra gia tri trung
binh cta ti s6 giita tinh toan va thuc nghiém trong truong hop d = 0,35 mm bang 1,07 +
0,19 con trong truong hop d = 1,16 mm bang 1,00 + 0,03. Nhu vay viéc thay bé day 16p
germanium bat hoat tir 0,35 mm 1én 1,16 mm lam t&t hon sy phu hop giita tinh toan va thuc
nghiém, dic biét d6i véi dinh 80,2 keV.

Bang 1. Két qua thuc nghiém va tinh toan dbi véi cac quang dinh ciia mau dung dich "'

E Suat ra Thuc Tinh toan Ti sb
STT . y hia
(keV) (%0) nghiém | 4_035mm | d=1,16mm | d=035mm | d=1,16 mm
1 80,2 2,62 38188 56054 40285 1,47 1,05
2 2842 6,06 80868 79386 78892 0,98 0,98
3 364,3 81,21 837148 823448 821268 0,98 0,98
4 636,5 7,27 42391 42566 42497 1,00 1,00
5 6422 0,22 1216 1213 1176 1,00 0,97
6 722.3 1,80 9418 9418 9418 1,00 1,00
Trung binh + D 1éch chuén 1,07 +£0,19 1,00 £ 0,03
s . I-131
g
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Hinh 2. Sy phy thudc cua ti s6 dién tich céc quang dinh tin}l toan so voi thyc nghiém vao nang
luong céc tia gamma cua ngudn ',

o  Truong hop d = 0,35 mm;

3.2. Nguéon U
Béang 2 va hinh 3 trinh bay cac két qua thyc nghiém va tinh toan dbi v6i ngudn **U,
twong tu nhu da trinh bay d6i voi ngudn 'I. Cac gia tri dién tich quang dinh tinh toan dugc
chuan theo thuc nghiém doi voi vach nang luong 1847,3 keV. DPinh 1847,3 keV duoc chon
vi n6 cd nang lugng 16n va suat ra 16n, con cac quang dinh voi nang lugng 16n hon cé suat
ra bé, khong tao nén phong Compton dang ke 1én quang dinh nay. Tt bang 2 va hinh 3 thay
rang viéc thay bé day 16p germanium bat hoat tir 0,35 mm 1én 1,16 mm ciing 1am tot hon su

A Truong hop d=1,16 mm

Trang 65




Science & Technology Development, Vol 9, No.9- 2006

phu hop gitra tinh toan va thuc nghiém, dic biét ddi voi dinh 63,3 keV. Thét vay, ti sb giita
dién tich cac quang dinh tinh toan va thyc nghiém trong hai trudng hop bé day 16p
germanium bét hoat d = 0,35 mm va d = 1,16 mm gan bang 1 ddi véi cac gia tri ning luong
tir 241,9 keV tré 1én. Con ddi véi gia tri nang luong 63,3 keV ti s6 nay bang 1,67 trong
truong hop d = 0,35 mm va giam xudng bang 0,87 trong truong hop d = 1,16 mm. Ngoai ra
gi4 tri trung binh trong truong hop d = 0,35 mm bang 1,03 + 0,16 chuyén thanh 1,00 + 0,06
trong truong hop d = 1,16 mm.

Bang 2. Két qua thyc nghiém va tinh toan d6i v6i cac quang dinh ciia mau **U

E Suat ra Thuc Tinh toan Ti sb
STT
(keV) (%0) nghiém | 4—035mm | d=1,16mm | d=035mm | d=1,16 mm
1 63,3 4,50 94864 158078 82103 1,67 0,87
2 241,9 7,50 293462 284035 292501 0,97 1,00
3 258,8 0,55 20712 21467 20748 1,04 1,00
4 295,1 18,50 | 581173 570110 587888 0,98 1,01
5 351,7 3579 | 996432 915076 947083 0,92 0,95
6 4878 0,44 7637 7631 7632 1,00 1,00
7 609,0 44,79 | 637946 619220 641789 0,97 1,01
8 665,1 1,29 17215 15750 16397 0,91 0,95
9 767,9 4,80 48293 50639 52585 1,05 1,09
10 785,7 0,85 11919 12049 12720 1,01 1,07
11 805,9 1,12 12082 11842 12050 0,98 1,00
12 933,8 3,03 25846 25491 26194 0,99 1,01
13 1120,0 14,80 95008 100718 104071 1,06 1,10
14 1154,9 1,64 10567 10155 10736 0,96 1,02
15 1280,7 1,44 6685 6940 6875 1,04 1,03
16 1377,4 3,92 21571 19388 19710 0,90 0,91
17 1509,0 2,12 8446 9137 8917 1,08 1,06
18 1764,4 15,36 54220 52808 55143 0,97 1,02
19 18473 2,40 7187 7187 7187 1,00 1,00
Trung binh D¢ léch chudn | 1,03+0,16 | 1,00 £0,06
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Hinh 3. Su phu thudc cua ti s6 dién tich cac quang dinh tinh toan so v6i thuc nghiém vao nang
luong cac tia gamma ciia nguon U

o  Truong hop d = 0,35 mm; A Truonghopd=1,16 mm
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3.3. Ngudn B2Th

Bang 3 va hinh 4 trinh bay cac két qua thuc nghiém va tinh toan d6i voi ngudn **Th.
Céc gia tri dién tich quang dinh tinh toan duogc chuan theo thuc nghiém ddi véi vach nang
luong 969 keV. Tir bang 3 va hinh 4 thiy rang ti sb giita dién tich cac quang dinh tinh toan
va thuc nghiém trong hai trudong hop bé day 16p germanium bat hoat d = 0,35 mm va d =
1,16 mm gan bang 1 d6i véi cac gia tri ning lugng tir 209,1 keV tro 1én. Con ddi vai cac gia
tri nang luong 99,4 keV va 128,9 keV ti sé nay bang 1,24 va 1,17 trong truong hop d = 0,35
mm, va giam xudng bang 1,03 va 1,06 trong truong hop d = 1,16 mm. Ngoai ra gia tri trung
binh trong trudng hop d = 0,35 mm béang 1,02 + 0,08 chuyén thanh 0,99 + 0,04 trong trudng
hopd=1,16 mm.

Bang 3. Két qua thuc nghiém va tinh toan déi v6i cac quang dinh cia mau ***Th.

E Suat ra Thue Tinh toan Ti s6
STT A
(keV) (%0) nghiém | 4_035mm | d=1,06mm | d=035mm | d=1,16 mm
1 99,4 1,28 12543 15571 12957 1,24 1,03
2 128,9 2,45 24595 28858 25994 1,17 1,06
3 209,1 3,88 35929 35938 36017 1,00 1,00
4 238,5 4330 | 381092 352888 353150 0,93 0,93
5 270,0 3,43 23959 24820 24796 1,04 1,03
6 2772 2,27 14579 15267 14579 1,05 1,00
7 299.9 3,8 22337 20803 21096 0,93 0,94
8 3277 2,95 17583 18290 17583 1,04 1,00
9 338,1 11,30 64714 64120 64198 0,99 0,99
10 409,2 1,94 8441 8740 8441 1,04 1,00
11 462,8 4,44 18277 17548 17960 0,96 0,98
12 583,0 30,42 94966 95059 96073 1,00 1,01
13 860,5 447 9489 8868 8838 0,93 0,93
14 911,2 26,60 49893 49769 49715 1,00 1,00
15 964,8 5,11 8965 8924 8980 1,00 1,00
16 969,0 16,20 24880 24880 24880 1,00 1,00
Trung binh + D¢ léch chuan | 1,02+0,08 | 0,99 +0,04
s Th-232

Q
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Hinh 4. Sy phu thudc cua ti s6 dién tich céc quang dinh tinh toan so v6i thuc nghiém vao nang
luong céc tia gamma ctia ngudn *>Th.

o

Trudng hop d = 0,35 mm,;

A Truong hopd=1,16 mm
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3.4. Téng hop ba ngudn “'1, *U va »**Th

Tir viée so sanh gitra tinh toan va thuc nghiém ddi véi ba ngudn phéng xa ', 2*U va
2Th thay rang két qua tinh toan s& phu hop t6t hon véi thuc nghiém khi ting bé day 16p
bét hoat tir 0,35 mm 1én 1,16 mm. Hinh 5 tong hop két qua vé ti sb giita cac dién tich quang
dinh tinh toan va thuc nghiém dbi véi 41 vach nang luong ctia ba hat nhan Bl 280 va
22Th. Tir hinh nay thiy rang déi v6i truong hop d = 0,35 mm ti s6 nay vao khoang 1,17 —
1,67 trong mién ning luong dudi 200 keV va dao dong quanh gia tri 1 trong mién ning
luong trén 200 keV. Trong liic d6 dbi voi truong hop d = 1,16 mm ti s6 d6 giam xudng dén
0,87 — 1,06 trong mién nang luong dudi 200 keV va dat dugc 1,00 £ 0,04 trong toan dai
ning luong tir 63,3 keV dén 1847,3 keV. Nhu vay anh hudéng cia bé diy 16p germanium
bat hoat thé hién chu yéu ddi véi cac tia gamma c6 ning luong dudi 200 keV. Chinh mién
nang luong nay duogc sir dung dé kiém dinh bé day 10p germanium bat hoat hién nay bang
1,16 mm nhu da xac dinh trong céng trinh [12].

[-131 ; Th-232 ; U-238

2.0

Ly thuyét/Thuc
nghiém
=
>\
»
[ ]

0 500 1000 1500 2000
Ning lugng (ke V)

Hinh 5. Sy phu thudc cua ti s6 dién tich cac quang dinh tinh toan so vdi thuc nghiém vao ning
lwong cac tia gamma ctia ngudn 'I, **Th va **U

o  Truong hop d = 0,35 mm; A Truong hopd=1,16 mm

4. KET LUAN

Viéc do dac va tinh toan theo chucmg trinh MCNP trong cong trinh trude ddy cua chung
t6i d6i voi ngudn chuin dang diém °°Co cho thay bé day 16p germanium bét hoat cua
detector GC1518 tang tir 0,35 mm nam 1996 dén 1,16 mm hién nay. bé klem chung gia tri
d6, cong trinh nay dan ra cac phép do va tinh toan (‘101 v6i ngudn dung dich 'I, nguon dat
chira **U va ngudn dat chira®*Th dung trong hop dung mau dang Marinelli. Mién nang
luong gamma duoc khao sat tir 63,3 keV dén 1847,3 keV va gobm 41 quang dinh. Két qua
so sanh gitra tinh toan va thuc nghi¢m d01 v6i ca ba mau nay déu cho thay rang, trong mién
ning luong gamma dudi 200 keV, ti s6 dién tich cac quang dinh tinh toan va thyc nghiém
vao khoang 1,17 - 1,67 v6i bé day d = 0,35 mm va giam xuong dén 0,87 — 1,06 voi bé day
d=1,16 mm. Trong mién ning luong 16n hon 200 keV thi ti s6 nay xap xi bang 1 dbi véi ca
2 gia tri bé day 0,35 mm va 1,16 mm. Nhu vay gia tri 1,16 mm dbi voi bé day 16p
germanium bat hoat khong nhumg dung dbi véi cac gia tri nang luong 1173 keV va 1332
keV trong truong hop nguén diém ®’Co ma ciing diing trong mién ning luong rong tir 63,3
keV dén 1847,3 keV. Sy phu hop giita tinh toan va thuc nghiém trong mién nang luong
dudi 200 keV la kha ly tha vi trong mién ning luong thip ndy xuit hién nhiéu khac biét
giita tinh toan va thuc nghiém dbi véi phd gamma.
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SIMULATION OF COMPLEX GAMMA SPECTRA MEASURED IN THE

HPGe DETECTOR USING THE MCNP CODE
Ngo Quang Huy(l), Vo Xuan An”, Do Quang Binh®

(1) Ho Chi Minh City University of Industry
(2) Center for Nuclear Techniques Ho Chi Minh City

ABSTRACT: In this paper the MCNP code was used for the simulation of complex

gamma spectra measured in the GCI1518 HPGe detector at the Center for Nuclear
Techniques Ho Chi Minh City. The calculation was performed using the thickness of 1.16 +
007 mm of inactive germanium layer obtained our previous paper. The better agreement
between calculation and experiment results was obtained for three radioactive sources 3ty
83U and *°Th when the inactive germanium thickness was changed from 0.35 mm into 1.16
mm. Indeed, in the case of d = 0.35 mm the ratios of the calculated and measured
photopeak areas are greater than unity in the energy range of below 200 keV and
approximately unity in the energy range of above 200 keV. Meanwhile, in the case of d =
1.16 mm these ratios are approximately unity in the whole energy range of 63.3 keV to
1847.3 keV.

[].

[2].

TAI LIEU THAM KHAO

M. Garcia-Talavera, H. Neder, M.J. Daza, B. Quintana, Towards a proper modeling
of detector and source characteristics in Monte Carlo simulations, Applied
Radiation and Isotopes, 52, 777-783, (2000).

1.O.B. Ewa, D. Bodizs, Sz. Czifrus, Zs. Molnar, Monte Carlo determination of full
energy peak efficiency for a HPGe detector, Applied Radiation and Isotopes, 55,
103-108, (2001).

. J.C. Hardy, V.E. Jacob, M. Sanchez-Vega, R.T. Effinger, P. Lipnik, V.E. Mayes,

D.K. Willis, R.G. Helmer, Precise efficiency calibration of an HPGe detector:
source measurements and Monte Carlo calculations with sub-percent precision,
Applied Radiation and Isotopes, 56, 65-69, (2002).

. M. Jurado Vargas, A. Fernandez Timon, N. Cornejo Diaz and D. Perez Sanchez,

Monte Carlo simulation of the self-absorption corrections for natural samples in
gamma ray spectrometry. Applied Radiation and Isotopes, 57, 202-898, (2002).

. O. Sima and D. Arnold. Transfer of the efficiency calibration of Germanium

gamma-ray detectors using the GESPECOR software. Applied Radiation and
Isotopes, 56, 71-75, (2002).

. M. Jurado Vargas, N. Cornejo Diaz and D. Perez Sanchez. Efficiency transfer in the

calibration of a coaxial p-type HPGe detector using the Monte Carlo method.
Applied Radiation and Isotopes, 58, 707-712, (2003).

. J. Rodenas, A. Pascual, 1. Zarza, V. Serradell, J. Ortiz, L. Ballesteros. Analysis of the

influence of germanium dead layer on detector calibration simulation for
environmental radioactive samples using the Monte Carlo method. Nuclear
Instruments and Methods in Physics Research, A 496, 390-399, (2003).

. R.G. Helmer, N. Nica, J.C. Hardy, V.E. lacob, ecise efficiency calibration of an

HPGe detector up to 3.5 MeV with measurements and Monte-Carlo calculations.
Applied Radiation and Isotopes, 60, 173-177, (2004).

Trang 69



Science & Technology Development, Vol 9, No.9- 2006

[9].

[10].

[11].

[12].

[13].

[14].

S. Hurtado, M. Garcia-Leon, R. Garcia-Tenorio, Monte Carlo simulation of the
response of a germanium detector for low-level spectrometry measurements using
GEANT4. Applied Radiation and Isotopes, 61, 139-143, (2004).

P. P. Maleka, M. Maucec, Monte Carlo uncertainty analysis of germanium detector
response to y-rays with energies below I MeV. Nuclear Instruments and Methods in
Physics Research, A 538, 631-639, (2005).

Ngb Quang Huy, Pd Quang Binh, V& Xuan An, Buéc dau mé hinh héa hé phé ké
gamma ding detector ban dan siéu tinh khiét sir dung chwong trinh MCNP. Tap chi
phat trién khoa hoc cong ngh¢, Pai hoc Qudc gia TP Ho Chi Minh, tap 8, s 8, trang
17-25, (2005).

Ngb6 Quang Huy, Db Quang Binh, V& Xuin An, Nghién ciru s tang bé day I6p
germanium bdt hoat trong detector bdn dan siéu tinh khiét bang chuong trinh
MCNP. Tap chi phat trién khoa hoc cong nghé, Pai hoc Quéc gia TP Hb Chi Minh,
dang in, (2006).

Huy, N.Q., Luyen, T.V, 4 method to determine B8y activity in environmental soil
samples by using 63.3 keV photopeak gamma HPGe spectrometer. Appl. Radiat.
Isot., 61, 1419-1424, (2004).

V. Osorio and H. Peraza, Chart of the nuclides, Physics section, IAEA, (1995).

Trang 70



