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TOM TAT

Trong cong trinh ndy ching t6i budc dau
nghién ciru dp dung thudt todn gidi cuén Gold dé
khiz mién lién tuc va tach dinh phé chdp trong
phé ciia hé phé ké gam-ma phong thap HPGe.
T khoa: Qidi cudn, ham dap vng, MCNP, HPGe
MG PAU

Trong phan tich dinh lwgng hay dinh tinh
bang hé phd ké gam-ma, khi xu Iy sé liéu thu
dugc tir viéc ghi nhan phd nguoi ta dic biét quan
tam dén cac dinh nang lwong toan phan gay nén
boi hién twong quang dién. Tuy nhién, ngoai hiéu
ung quang dién, khi birc xa gamma tuong tac vai
vat chat thi con c6 hai hiéu tng khac 13 tao cap va
tan xa Compton, trong dd, tin hiéu tao ra bai tan
xa Compton dong mot vai trd dang ké trong viéc
gay nén phong cao va d& tao ra cac dinh chap
trong phd birc xa gam-ma. Sy ¢6 mat cua nén tan
xa Compton lam cho viéc tinh todn hoat do cua
nguon it nhiéu bi sai léch khi dinh ning luong
thip trén nén Compton cao hodc khi cac dinh
ning lugng quan tdm nam gan nhau trong pham
vi nho hon kha ning phan giai cua hé phd ké (su
chap dinh). Pé ting do chinh x4c cho qué trinh
phan tich, ngudi ta dua ra nhiéu phuong phap dé
loai bé vung tin hiéu do tdn xa Compton gay ra
nhu phd ké tring phing triét Compton hoac st
dung cac phwong phap xu 1y sb liéu. Cong trinh

Két qua nghién citu c6 thé la co sé cho viée dp
dung tach dinh chdp trong phé gam-ma c6 hoat
dé thdp ciia mau moi truong.

nay trinh bay viéc soan thao mét chuong trinh
giai cuon phd dung thuat toan Gold, va ap dung
né dé khir mién lién tuc ciing nhu tach dinh chap
cua phd gam-ma.

PHUONG PHAP

Thuit toan giii cuén Gold

Thuat toan Gold duoc thiét 1ap dua trén
phuong triantich phén [1]:

Y () = [ AV, X 0)dv ®

Trong d6, X(v) 1a phan bd birc xa ¢ mirc
ning luong v, Y(w) 12 s birc xa ghi nhan duoc ¢
muc nang luong p cua thiét bi ghi, A(v,ut) 1a ham
dap ng cua dé-téc-to (detector). Ham X(v) cho
biét x4c suat ma mot birc xa mang ning luong v
s& duoc ghi nhan ¢ vi tri nang luong p cta hé do.

O phuong trinh (1), u va v 1a cac bién lién tuc
nam trén mién gia tri nang luong can khao sat.
Tuy nhién, trén thuc té, thiét ké cua cac dé-téc-to
khong cho phép ching hién thi cac tin hiéu lién
tuc ma chi cho phép phan bé tin hiéu vao céac

Trang 71



Science & Technology Development, Vol 19, No.T3-2016

kénh roi rac, do d6, phuwong trinh (1) duoc
chuyén thanh dang:
Y=AX (2

Trong d6, Y 1a véc-to phd do, con goi 1a véc-
to dau ra, chira Cac gia tri roi rac twong ing Voi
s6 dém ting kénh cua dé-téc-to; X 1a véc to phd
dau vao, dai dién cho phan bé niang lwong cua
ngudn; A 1a ma tran dap tng cua dé-téc-to, phan
anh cach ma phé birc xa géc duoc ghi nhan trong
dé-téc-to.

Nhu vay, phan tir y; ctia véc to' Y s& dugc Xac
dinh boi:

Vi=22,% O
=

Vi x; 1a phan tir ciia véc to X, aj; 1a phan tir
cua ma tran dap tng A; n la cdp caa ma tran dap
ung A.

Phuong trinh (2) ¢6 thé duoc giai bang cach
nhan tréi hai vé ctia phuong trinh cho ma tran A
1. Tuy nhién, khi xay dung mot ma tran dap tng
dé giai bai toan trong diéu kién thuc té, Gold sir
dung phwong phap lp dé tim ra nghiém gan ding
cua phuong trinh (2) nhu sau:

(k)
x (< = Xi'Yi

. k)
Zai,jxj
i1

(4)

Chuong trinh gidi cuén phé gamma bing
thuét toan Gold

Viéc xay dung chwong trinh giai cuén gom 2
bugc chinh: tha nhat 13 xay dung ma tran dap
ung, thi hai la tao vong ldp s dung thuat toan
Gold dé tim phd gée tir ngudn.

Pé xay dyng ma tran dap ung, cac vector
ham dap tng Aican phai dugc xac dinh. Ham dap
tmg Pi(E;) 12 mot ham sé cho biét xac suat ma
mot bac Xa c6 nang luong Ei dugc ghi nhan trén
ting kénh cia mot dé-téc-to nhéat dinh. Trong
tinh toan, ham dap ung Pi(Ej) duogc dai dién boi
VEC-to Ai.

Trén ly thuyét, mot ham dap vng c6 thé thu
duoc bang cach str dung mot nguon phéat gam-ma
don ning d4 biét trudc hoat do, ghi nhan s dém
cua ngudn nay bang dé-téc-to dang khao sat, sau
do tinh x4c sudt ma birc xa dugc ghi nhan trén
ting kénh caa hé phan tich phd. Tuy nhién, vi hé
phan tich phd burc xa gam-ma trong thuc té 6 sé
kénh rat Ion nén viéc sir dung cac nguon phéng
xa don nang that dé xay dung cac ham dap tng la
khong kha thi. Bé c6 thé xay dung mét luong Ion
ham dap Umg nhu vy, nguoi ta sir dung cac
chuong trinh md phong bang may tinh. Trong bai
bao nay, ham dap ung dwoc md phong bang
chuong trinh MCNP5 [3]. Viéc m6 phong cac
ham d4p tng tuy dugc thuc hién trén may tinh
nhung ciing ton rat nhiéu thoi gian. Pé rat ngan
thoi gian qué trinh md phong khéng tién hanh
cho timg kénh nang luwong mot, ma thuc hién
cach khoang. Viéc lya chon khoang m gitra cac
ham dap (tng mot cach hop ly s& lam giam thoi
gian md phong ma van dam bao mot mirc sai s6
chap nhan dugc. Bé xac dinh cac ham dap ung
nam gitra hai ham dap ang mé phong, ching toi
xdy dyng chuong trinh ndi suy ham dap ung
IPRES dua trén co s¢ thuat toan ndi suy boi M.
Jandel [1].

Sau khi dd c6 duoc mot ma tran dap tng,
mot chuong trinh dé giai cuon theo cong thic lap
(4) duoc thiét 1ap. Hinh 1 trinh bay so do khdi
cac budc thyc hién viéc giai cuon phd gamma.
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Hinh 1. So dd khéi cac bude thyc hién viée giai cuén phé gam-ma

KET QUA VA THAO LUAN

Nghién ctru kha ning tach dinh ciia thuit toan
giai cudn dwgc xay dung

Kha nidng tach dinh caa thuat todn giai cudn
tly thudc vao cap cua ma tran dap tmg. Truong
hop tét nhat twong tmg véi khi do chia nho nhat
ctia ma tran dap Gng bang do chia kénh nho nhat
cua hé phd ké. O day hé phd ké dugc khao sét co
t6i da 1a 8192 kénh trong mién nang luong tir 6,7
keV dén 1942,2 keV. Vi vy khoang céch trung
binh gitra hai kénh la 0,24 keV.

Pé thuc hién phép kiém tra muc do tach
dinh, mot phé thir nghiém X gom hai dinh voi
mot dinh 1am chuan C dugc ¢b dinh & kénh 5000,
c6 dién tich 1a 108 sb dém duoc tao ra. Pinh st
dung dé kiém tra K c6 dién tich 107, lan luot
dugc phan bé & cac kénh 5002, 5004 va 5006.
Téng dién tich caa phd X 1 110000000 sé dém.

Hinh 2, 3, 4 trinh bay cac phé dau ra cua
dinh K, dinh C va dinh chdng chap giita C va K
lan Iuot tai sau vi tri cua K.
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Hinh 2. Pinh C, dinh K va dinh chdng chap khi K & kénh 5002.
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Hinh 3. Pinh C, dinh K va dinh chdng chap khi K ¢ kénh 5004
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Hinh 4. Pinh C, dinh K va dinh chdng chap khi K ¢ kénh 5006

Sau khi thu dwoc cac phd dau ra, viéc giai
cudn cho ba phd nay dd dwoc tién hanh va thu
dugc cac két qua sau:

Truong hop K nam ¢ kénh 5002 (Hinh 5),
chuong trinh cho thdy phan biét dwgc hai dinh
nhung chua tich duge hai dinh K va C.

Truong hop K nam ¢ cac kénh 5004 va 5006
(Hinh 6 va Hinh 7), chuong trinh cho phép phan
biét hai dinh K va C. Muc do chong chap dinh
duoc cho ¢ bang 1.

Khi khoang cach gitra K va C la tir 4 kénh tro
Ién (Hinh 6 va 7), thuat todn giai cudn hoan toan
tach dugc hai dinh nay.
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Hinh 7. Binh C va K trude va sau giai cudén (K & kénh 5006)

Thir nghiém trén cho thdy thuat toan Gold tach biét hoan toan hai dinh khi khoang cach gitta
phén biét hiu nhu moi truong hop cac dinh phd  ching lIa trén bon kénh (twong @ng véi 0,96 keV).
nam cach nhau tir hai kénh tré 1én va c6 kha nang
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Bang 1. Do chong chap dinh C va K sau khi giai cuon.

. Din tich phan phd | oty ar s Ti16 dién tich phin pho
Vi tri dinh K N phan pt So kénh chong chap | chong chép so véi dién
xay ra chong chap tich dinh K (%)
5002 1080042090 3 1080,04
5004 1401027 1 1,40
5006 0 0 0,00

Ap dung giai cuén phé gam-ma miu chuin
moi treong

Duéi day trinh bay minh hoa &p dung
chuong trinh tach dinh bang thuat toan giai cuon
d4 xay dung trong phan tich phé gam-ma cua
mau méi trudng. Cac mau chuan dit RGU1 va
RGThl dwgc chuan bj trong hop dung mau
Marinelli va dugc do trén hé gam-ma HPGe.

Chuan RGU1 chu yéu chaa 28U, chuan RGThi
chu yéu chia @2Th. Céc thanh phan dong vi
phéng xa c6 trong mau c6 thé dugc tham khao
trong catalog ciia mau chuan.
Gidi cuén phé mau chuan RGUI

Hinh 8 trinh bay mot sb dinh dic trung trong
phd gam-ma cia mau chuan RGUI truéc va sau
giai cuon.
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Hinh 8. Mét sé dinh diic trung trong phé gam-ma cia miu chuin RGUI trudc va sau giai cudn.

Hinh 9 chyp tir man hinh cua Genie — 2K [4]
cho thdy khi ROI dé xac dinh dién tich dinh
768,4 keV (%*Bi) nhan thdy chan trai dinh c6
budu hoi nhd cao, du doan cé kha nang bi chap

bai dinh 766,7 keV (***1) nén chan dinh rong hon
binh thuong, tao thanh mot dinh phd cé téng dién
tich 12 81736 s6 dém.
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Hinh 9. Binh phé 768,4 keV (214Bi) bi chip béi dinh 766,7 keV (1341) nén chén dinh rong hon binh thuong

Sau khi thuc hién giai cuon, Hinh 10 cho
thdy dinh nay dugc tach roi thanh hai dinh c6
dién tich la 456325 (768,4 keV) va 42299 (766,7
keV).
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Hinh 10. Binh 766,7 keV va dinh 768,4 keV trudc va
sau giai cuon

Gidi cudn phé mau chuan RGThl
Hinh 11 mé ta chi tiét dang pho gam-ma do
tir mau chuan RGTh1 trudc va sau khi giai cuon

trong khoang ning luong tir 250 keV dén 330
keV.
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Hinh 11. Mét s6 dinh ning luong ciia phd gam-ma
RGThI trude va sau giai cudn

Hinh 12 chup tir man hinh cia Genie - 2K
[4] cho thdy khi ROI dé xac dinh dién tich dinh
90,0 keV (?*U) bang chwong trinh Genie-2000
(dinh ¢ gitta mau d6), nhan thay cé su chdng
chap & dudi chan dinh phd cua cac dinh 87,2 keV
(22Ph) va 93,3 keV (?28Ac) gay sai sb lon. Sau
khi thuc hién giai cudn, cac dinh nay hoan toan
duoc tach roi (Hinh 13).

Hinh 12. Sy chong chap cua cac dinh khi xtt Iy bang chuong trinh Genie 2000
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Hinh 13. Dinh 87,2 keV (*?Pb), 90,0 keV (?*°U) va 93,3 keV (?®Ac) trude va sau gidi cudn

KET LUAN

Két qua cho thdy chuong trinh giai cuon xay
dung duoc dua trén thuat toan Gold ciia nhom tac
gia xay dyng phan biét hau nhu moi truong hop
cac dinh phd nam cach nhau tir hai kénh trg 1én
va c6 kha ning tach biét hoan toan hai dinh khi
khoang cach giita ching 12 trén bén kénh (tuong
ng véi 0,96 keV). Cac dinh phd thu duogc tir
phép giai cudn bang thuat toan Gold kha hep, ti
s6 giita bé rong trung binh ciia mot phé giai cuon

S0 Véi bé rong trung binh cua phé thuc nghiém
chi nam trong khoang 40% dén 50%, nho do
nang cao kha ning phan tach cac dinh chdng
chap cua phd do. O phé mau chuin méi truong
RGU1, thuit todn Gold da tach duoc hai dinh
cach nhau bay kénh ning lugng (twong (tng vai
1,7 keV) cho thiy kha ning ap dung dé tach dinh
trong mau moéi truong.

Study on analyzing overlaped peaks using
the Gold algorithm of unfolding
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ABSTRACT

In this work, we initially applied the Gold
unfolding algorithm to deconvolute continuum
region in the gamma spectra and to analyze its
overlaped peaks for the gamma spectrometry

using HPGe detector. The results could be used
to analyse overlaped peaks of low level gamma
spectrum for environmental samples.

Key words: unfolding, response function, MCNP, HPGe
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