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Tinh toan hiéu suat tdng va hiéu suat dinh ning lwong
toan phan cia dau do Nal(Tl) st dung mé phdng
Monte Carlo va thuc nghiém

Lé Quang Vuong” va Bui Minh Loc’
"Trwong Dai hoc Su* pham Thanh phé H6 Chi Minh
*Truong Pai hoc Tén Purc Thing

TOM TAT
Trong céng viéc nay, chung téi khdo sdt hiéu sudt téng va hiéu sudt dinh ndng lwong toan phén
ctia déu do Nal(Tl) véi ngudn chuén phdt gamma *'Cs (661.7 keV) ma khéng s& dung che chdn
phéng méitrudng. Ngubén chudnddttaicdcvitrikhdcnhautréntrucddixirng cia ddudo, vdicdc
khodng cdch tirOmm dén 200 mm, méibwdcting 20 mm. Song song d6, cdu tric hinh hoc cliahé
do thwcnghiém dwocmé phdng Monte Carlo bang chuwong trinh MCNP5. Mot sw phi hop tét dé
dat duwoc gitta két qud tinh todn bdng mé phdng va thuc nghiém, véi dé sai biét trung binh 1.8%
déivdihiéusudtdinhva 13.2% d6ivdihiéusudtténg. Cubicung, quy trinh phéntich hoat dé bao
gdm dwong chudn hiéu suétdinh mé phéng va hiéu chinh trung phiing dwocsirdung déxdcdinh

hoatdf ciacdcddngviphdng xatrong mautham khdo. Cdc két qué kiém dinh IAEA déu dat mirc

“A-Chdpnhdn”chirngminhrdng quytrinhphéntichla ddngtin cdy.

Tirkhéa: dGudoNal(Tl), MCNP5, hiéusudtdinh, hiéusudtténg, hoatddphdngxa

1. MO'PAU

Daudo nhap nhdy vaitinh thé Nal(Tl) (sodium
iodide) duoc sty dung rong rdi trong cac phép
do hoat d0 mau moi truong [1], mat d6 chat
l6ng [2], kiém tra bé day vat liéu [3],... Trong
diéu kién donhatdinh, chat lwgng chia cac két
qua phan tich phu thuéc vao dé chinh xac cua
duwdng chudn hiéu suat dinh ndng lwvgng toan
phan (hiéu suat dinh) cda dau do [4]. Tuy
nhién, cdc phongthinghiémviravanho vaiséd
lwgng ngudn chuin han ché thudong rat khé
xacdinh duwong chuan hiéu suatdinh bang cac
phép dothycnghiém. M6 phdng Monte Carlo
v@i cac chuong trinh may tinh nhu MCNP5
(Monte Carlo N-Particle) [5], GEANT4
(Geometry And Tracking) [6], Hybrid Monte
Carlo (két hgp Monte Carlo va tinh toan gidi
tich) [7],.. 1a gidi phdp thay thé phu hop.
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Amgrou va cong sy [8] s& dung MCNP-X
(Monte Carlo N-Particle eXtended) d& md
phdng hé phé ké gamma st dung dau do
Nal(TI) chocacphép dosuatliéu.Dd chinh xac
trong cdc md phong MCNP-X dugckiém trava
chuan héa bang dit liéu thyc nghiém véi
nguén tham khdo tiéu chun, vdi mét bd
tri hinh hoc do ngudn - dau do xic dinh.
Baccouche va cong sy [9] d3 sir dung GEANT4
dé xay dung dudng chuan hiéu suat dinh cho
dau do Nal(Tl) va CsI(Tl). K&t qua thé hién sy
phuhgptdtgittamoéphdngvathycnghiémvdi
d6 sai biét twvong d6i la nhd hon 4%. Tam va
cong sy [10] nghién ciru phwong phap Hybrid
Monte Carlodéxacdinhhiéusuatténgvahiéu
suat ndi cta dau do Nal(Tl). Tekin va céng su
[11] d3 s& dung mé phong MCNP-X dé xay
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dung dwdng chuan hiéu suit dinh cda dau do
Nal(Tl) va danh giad hé s6 suy giam tuyén tinh
clia mau vat liéu xay dung. Bén canh dé, cac
phép dohiéntreong doihdiphaidongianhda
cdng viéc bd tri thiét bj ngudn - dau do - che
chdnchinhamgidmkichthuwécvatrongluwong
cGa hé thiét bj. P&i vdi mdt phép do phd
gamma xac dinh, hiéu sudt dinh cha dau do
phu thudc vao géc khéi, khodng cach nguén -
daudo,...Thanhvacdngsu[12] danghiénclru
su phu thudc cla hiéu suat dinh vao goc khéi
trong phép do thung thai. Cac phép do phd
gammathwcnghiémctangudn *’'Csdwoctién
hanh v&i dau do Nal(Tl) duwgc boc xung quanh
b&i mot khéi chi hinh tru nham giam phéng
moitrwdng. Mattrwedccladaudoduwgcchuin
trecbdimoétkhengangrong1.0cm, dai8.5¢cm
cé céng dung dinh vi diém phat ngudn birc xa
déng truc vdi dau do, va che di cdc doan géc
thunhan bicxa khdng mong mudn. Hiéu suat
dinh cta dau do Nal(Tl) dwgc md phdng bang
chuong trinh MCNP5 va GEANT4 thé hién su
phu hop tét v&i thue nghiém. Do sai biét I&n
nhat gitta mé phong va thuc nghiém 1a nho
hon 30%. Chwongva céng sy [3] tién hanh xac
dinh bé day cac tdm nhdom bang cach st dung
dau do Nal(Tl) véi mdt khdi chi bao boc xung
quanh dé che chdn phéng mdi trudong va
ngudn chuin hoat d6 thap “'Cs (hoat do
khoang 1uCi). Nhémtacgiasirdungmod phong
MCNP5 dé danh gia do tin cdy cla phuong
phap.Désaibiéttwongddilanhdhon5%gilra
két qua xac dinh bé day tinh todn tlr mé phdng
vathwcnghiém.

Trong nghién clru nay, ching toi khao sat hiéu
suat dinh nang lwgng toan phan va hiéu suat
téng cdia dau do Nal(Tl) vdingudn chudn dang
dta™’Cs(661.7 keV) ddttaicacvitrikhdcnhau,
tréntruc ddixingva cichmatdaudotrOmm
d&n 200 mm, khéngsirdung cau hinh chechan
phdng moi tredng. Mot su phu hop tot gitra
két qua thuc nghiém va mé phdng MCNP5 véi
do sai biét trung binh 1.8% va 13.2%, tuwong
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rng d&i vai hiéu suat dinh va hiéu suat tong.
Ti€p theo, cdu hinh md phdng nay duoc sk
dung dé xay dwng duwong chuin hiéu suat
tong, hidusuatdinhtrongvungndngluongtly
46.5 keV dén 1,836.1 keV, va tinh toan hé sé
hiéu chinh trung phung cho cdcdéngviphdng
xa phat nhiéu gamma, bao gém *°Co (1,173.2
keV; 1,332.5 keV) va **Na (511 keV; 1,274.5
keV). Cudi cung, ching téi st dung quy trinh
phan tich bao gdm hé s& hiéu chinh trung
phung dé xac dinh hoat d6 clla déng vi phdng
xa trong cdc mautham khdo. K&t qua tinh todn
hoatdd duwocdanhgiabangkiémdinh IAEA.

2.VATLIEUVAPHUONG PHAP

Héphdkégammathwcnghiém

Trong nghién clru nay, ching t6i st dung hé
phé k& GAMMA-RAD do hiang Amptek san
Xuat va cung cdp nam 2007. Tinh thé nhap
nhayNal(TI)lamotkhéitrucdkichthudc760
mm x 760 mm (dudng kinh va chiéu dai) két
ndi vdi 6ng nhan quang dién (PMT, Photo-
multiplier tube) thanh mot khdi hoan chinh.
Bo xtr ly xung kjthuatsé DP5G (Digital Pulse
Processor) dwoc téi wu hdéa kha nang phan
biét hinh dang xung, nhay hon vé&i tin hiéu
nhdp nhay. Khéi phan tich bién dé da kénh
(MCA, Multi-channel analyzer) dwoc thiét
lap v&i 8,192 kénh dé ghi nhan nang luong
dén 3,000 keV. Tai nang lvong 662 keV, d6
phan gidi danh dinh theo nha san xuét cung
capladuwdi7%[13]. GAMMA RAD k&t n8i véi
maytinhthéngquacap USB, 6ngnhanquang
dién dwgc cung cdp cao thé& [am viéc 800 V.
Viécthiét lap théng sé hoat déngva x ly tin
hiéu ghi nhan duwoc thyc hién bang phan
mém ADMCA (Analog and Digital Multi-
channel Analyzer). Sau mét thoi gian dai s
dungthihééngnhanquangdién (PMT)bisuy
gidam pham chat va giam hiéu suat thu gop
electron tir tinh thé nhap nhay Nal(Tl) dén
cac dynode, dan dén ting thoi gian chét va
anhhuwdngdénkétquaghinhanphdgamma.
PhanmémADMCAs&tuwdénghiéuchinhthoi
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gianchétchoph6gamma.

Ngudn chuan va cdc mau tham khao (ky hiéu
S, S,) dugc cung cap bdi Spectrum Tecniques
(ModelRSS8EU), thang12nam 2007, cd dang
dia v&i duwong kinh ngoai 25.4 mm, chiéu cao
ngoai 2.54 mm. M6t héc cé duwdng kinh 5.0
mm nam cach bé mat 2.0 mm dwoc phd hop
chatchira dongviphoéngxava day kin bang vat
lidu epoxy. L&p v ngoai dugc ché tao bang
plastic. Ngudn chuin (**'Cs, hoat d6 27,845 +
835Bqtaithdidiém dothang 04 nam 2020)va
cdcmauthamkhaoS;(*°Co), Sz (**Na) dwocdit
trén truc d6i xirng ctia dau do & cac khoang
cachtlr O mm dén 200 mm. Tat cd cdc phép do
phé gamma dugc tién hanh trong 1,800 gidy,
va déu cé thoigianthuc (RT, real-time) va thoi
gian dé€m hé thdng (LT, live-time) bang nhau
(RT=LT=1,800s).Diéunaychophépchingtdi
loai trir anh hudng cda thoi gian chét (dead-
time) 1&én chat lvong cha phé gamma thuyc
nghiém. Chwongtrinh Colegram [14] dugc sk
dung dé xtr ly phd, trir phédng méi trwdng va
ROIs (region of interest) dinh nang luong
quantam.

Mo phéng Monte Carlo
Bang1l.Théongs6éhinhhocchadaudoNal(Tl)

Théng sé hinh hoc Gia trj
(mm)
Buwong kinh tinh thé nhép 760
nhay Nal(Tl)
Chiéu dai tinh thé nhap nhay 760
Nal(TI)
Bé& day I6p ctra sb6 nhém oxit 131
(Al;O5) '
Bé& day I&p nhém oxit mé&t bén 1.5
Bé day l&p silicon 2.0
Bé day clra s6 nhom 1.5

Chuong trinh MCNP5 (Monte Carlo N-
particle) [5] duoc s dung dé md phdng
Monte Carlo cho su van chuyén va tuong tac
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cla blrc xa véi vat chat dau do Nal(Tl). Cac
thdong sé hinh hoc cla dau do Nal(Tl) duwoc
trinh bay trong Bang 1. Trong d6, bé day 1&p
nhém oxit (Al,03) ddduwoctdivuhda[15]. Mat
do clha tinh thé Nal(Tl), nhém, nhém oxit,
silicon, lanlwotla3.67g.cm®,3.97g.cm™,2.33
g.cm”. Ngoai ra, cac chi tiét thuc té cla dng
nhan quang dién (PMT) rat phirc tap, dé don
gidn, PMT dwoc thay thé bang mot khdinhom
hinhtrukichthwdc83mmx30mm[16].

Ngudn chudn va mau tham khao phat photon
dwogc md phdngva tinh todn hiéu sudt dinh va
hiéu suat tdng trong khoang ning lvgng tur
46.5 keV dén 1,836.1 keV. Mode P duwoc si
dung dé mo ta cadc qud trinh tuwong tac cla
photon v&ivatliéu dau do, bao gdm: hiéu &rng
quang dién, tdn xa khong két hop, tan xa két
hop,taocapvahuaycap,...PanhgiaF8duwocsw
dungnhamthukétqua phanbdningluwgngbd
lai bén trong tinh thé dau do trén mdi photon
t&i, twong ung v&i cac khe nang lvgng trong
két qua cudi cung cha chwong trinh MCNPS5.
Nang lvong cyc tiéu, cwe dai va s6 kénh ndng
lwgng trong phé md phong dwgc phan chia
twong &ng vdi cdc kénh trong phé gamma
thwc nghiém. Cu thé, c6 8,133 khe dwogc chia
d8éu trong khodng ndng lvong tir 1.7 keV dén
2,636.0 keV. S6 lich st hat s& dung trong md
phéngchotatcaciachinhhocdola109déhiéu
sudt ghinhantai khe twong *ng v&idinh nang
lwgng quan tdm cd sai s6 théng ké twong doi
nhohon0.01%.

Tinh toan hiéu suatténg va hiéu suat dinh tir
phégammathwcnghiém

Hiéu suat dinh ndng lwvgng toan phan thuc
nghiém duocxdcdinhbangcongthirc[4]:

N, (E)

6 (B)=—2 )
P A xI xt

(1)

Trong d6, Np(E), ep(E)va I, tvong &ng la s6
dém tai dinh nang lwvong toan phan, hiéu
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sudtdinhvacuongddphdtgammaciadong
vi phong xa, A.(Bq) la hoat d6 cla déng vi
phdéng xa tai thdi diém khao sét, t (s) 1a thoi
giandoph&gamma.

Hiéu suat tong thyc nghiém ¢,(E) duoc xac
dinhbangcoéngthic[4]:

N,(E)

E)=————
£ (E) AcxI xt

(2)

O day,N(E)las6 démténgva dugcxacdinh
bangcdngthlrc[17]:

R
N(E)= D C +Cpg xETZ (3)

i=ETZ

V&iRlas6 kénhtwong &rng vdi bién phaicda
dinh ndng lwvgng toan phan, C, la sé dém tai
kénhthi, Ch2 1as6 d€mtrungbinh taiving
ngoai suy vé khoéng (ETZ). Vi tri kénh ETZ
thuongduwocchonnam & phiatrudcvungtia
X(Hinh1).Saisétwongddictahiéusuitdinh
vahiéusuattdngduocxacdinhbangphuong

phdptruyénsaisé[18].

10 :
] Phi gamma (s

"Cs- 661,7 keV

10*4

107+

50 dém / kénh

10" —
0 500 1000 1500 2000
Ning liromg (keV')
Hinh 1. Ph6 gamma thuc nghiém cda ngudn
“’Cs do tai khodng cach 200 mm
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3.KETQUAVATHAOLUAN

Xac dinh hiéu suat dinh va hiéu suit téng
cuadaudoNal(TIl)

Hinh 2thé hién phd gammathycnghiém clda
ngudn *'Cs (661.7 keV, cudng dd phat
gamma 84.99 + 0.2 %) do & cac khoadng céach
tr 0 mm dén 200 mm. B&i vi phdng mdi
trudng cédsw déng gép chanhiéuloaiblrc xa,
trongdoé co birc xaviitruvablrcxaphdtratlr
déngviphdéng xa tw nhién cé trong cac chudi
uranium (***U, *°U va con chéau), thorium
(***Th va con chau), potassium (K, 1,460.8
keV). Cadc déng vi phdng xa nay chl yéu phat
gamma nang luvong tir vai keV dén khoang
3,000 [4] va déng gbép vao ph6é gamma thuc
nghiém, dac biét la cac phép do khbéng sk

dungchechan.

Hiéu sudt dinh ndng lugng toan phan thuc
nghiém duogc xdc dinh bdi cong thic (1) va
c6 sai s6 twong déi nhd hon 4%, cha yéu la
dénggdptirsaisé hoatdd chuancliangudn
phéngxa.Kétquatinhtodnhiéusuitdinhva
hiéu suat téng bang moé phdng MCNP5 thé
hién sy phu hgp tét véi thwe nghiém (Bang

2), v3i d0 sai biét twong déi trung binh 13
1.8% cho hiéu suat dinh va 13.2% cho hiéu
suattdng.

‘1|::|E ¥ T - T x T
Cs- 661,7 ke

50 dém J kénh

0 500 1000 1500
Miang lirgmg (KeV)

2000

Hinh 2. Phé gamma thuc nghiém cla nguén
¥'Cs & cacvitritt Omm dén 200 mm
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Bang 2. Hiéu suat dinh va hiéu suat tdng ctia dau do Nal(Tl) tai 661.7 keV (*'Cs)

Hiéu suat dinh Hiéu suat tong
Khoang
cich(mm) | Thuc f;ghiém Mé Iﬂfng PO sai biét Thue I:Ehiém Mb& r;:rcéng Do sai biét
€, g, RB (%) g, g, RB (%)

0 0.09977 £0.00300 | 0.10271 -29 0.24686 +0.00743 0.24866 -0.7

20 0.04855+0.00146 | 0.04816 0.8 0.12099 £ 0.00364 0.11330 6.4
40 0.02724 £0.00082 | 0.02678 1.7 0.06779 £0.00204 0.06198 8.6
60 0.01708 £0.00051 | 0.01683 15 0.04297 £0.00129 0.03851 104
80 0.01181+0.00036 | 0.01151 2.6 0.02990 £ 0.00090 0.02612 12.7
100 0.00860 £0.00026 | 0.00835 2.9 0.02199 £ 0.00066 0.01884 143
120 0.00652 £0.00020 | 0.00633 2.8 0.01693 £0.00051 0.01422 16.0
140 0.00510+£0.00015 | 0.00496 2.7 0.01348 £ 0.00041 0.01112 175
160 0.00412+0.00012 | 0.00399 3.0 0.01103 £0.00033 0.00893 19.1
180 0.00337£0.00010 | 0.00328 2.7 0.00912 £ 0.00027 0.00732 19.7
200 0.00282 £0.00009 | 0.00275 2.5 0.00774 £ 0.00023 0.00612 210
D6 sai biét trung binh 1.8 D0 sai biét trung binh 13.2

Trong d6, dd sai biét duoc xac dinh bang cong thirc:
g™ _gMC
RB(%) = N x100%
Ngoai ra, gid tri hiéu suat téng tai 661.7 keV &
khoang cach 100 mm tinh toan tr m6é phong
MCNP5 ciing dugc so sanh vai cac tac gia khac
(Bang 3). K&t qua tinh todn tlr mé hinh mé phong
clia chuing t6i c6 d6 sai biét Idn nhat 7% so vdi cdng
trinh cla Yalcin va cong su [7]. Diéu nay cé thé giai
thich la do cac md phdng clia ching t6i st dung
toan bd cau tric hinh hoc ctia dau do Nal(Tl), bao
gém nhiéu |&p che chan. Cac photon khi twong tac
v6i cac 1&p che chan cé thé bj hap thu va khdng dén
duoc tinh thé nhap nhay Nal(Tl). Nguoc lai, Yalcin
va cong sy tinh toan hiéu suat téng bang md hinh
gidi tich trong d6 cac photon twong tac truc tiép voi
kh&i tinh thé nhap nhay, bd qua su hap thu cla céc

Journal of Science - Hong Bang International University

|&p che chan, dan dén két qua tinh todn hiéu suat

téng cao hon ching t6i va cac tac gid khac.

Bang 3. Hiéu suat tong cla dau do Nal(Tl) véi

137

ngudn - Cs do tai khodng cdch 100 mm

K&t qua clia chiing toi Hiéu sujt tong
Thye nghiém 0.02199 + 0.00066
M6 phong MCNP5 0.01884

K&t qua cuia cac tac gia khac
Heath (1964) [19] 0.01980
Belluscio et al. (1974) [20] | 0.01900 +0.0008
Nakamura (1972) [21] 0.01830
CesanaandTerrani(1977)[22] | 0.02010
Yalcin (2007) [7] 0.02020
Tam (2014) [10] 0.01910
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Hinh 3 thé hién két qud m6 phong hiéu suat
dinh va hiéu sudt téng vdi cdc nang luong
gamma don nang trong vung nang lvgng tlr
46.5 keV dén 1,836.1 keV. Két qua nay duoc
stdungnhudilieudauvaodétinhtoanhésé
hiéuchinhtrungphlungchocacddngviphdng
xa phat gamma “"Co va *’Na, st dung chuwong
trinh ETNA. Pay la chuongtrinh cung cap céc
gidiphaptinhtoannhanhchdng, chinhxacva

thwong duocstrdung dé chuyén hiéu suitva
tinh todn hé s6 trung phung cta cac dong vi
phat nhiéu gamma nditang [23]. Dit liéu can
cungcidpchochuongtrinhETNAbaogdm cau
trdc hinh hoc ctia phép do (kich thuédc hinh
hoc nguén, dau do, vi tri,...), hiéu suat dinh,
hiéu sudt tdng. Trong nghién cru nay, ching
t6i lwa chon “Complete computing” dé tinh
héséhiéuchinhtrungphung(C..,).

113 1
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Hinh 3. Hiéu suat dinh (hinh a) va hiéu suat téng (hinh b) cia dau do Nal(Tl) mé phéng
bang MCNP5

Déivdicadc dong vi phdt gamma ndi tang, do
chinhxdccltakétquaphantichthudngbianh
huwdng badi sy trung phung cla cac nang
lwvgng gamma phat ra déng thoi tlr déng vi,
dicbiétlatrongcacbdtrihinhhocmauphan
tichgadn daudo.Bang4thé hiéncactinhtoan
hé s6 hiéu chinh trung phung tai cdc nang

lwong gamma clia dong vi “°Co (1,173.2 keV;
1,332.5 keV) va ’Na (511 keV; 1,274.5 keV).
K&t qua cho thay rang hiéu (rng trung phung
cédnhhudnglén & khodng cachmauddtgan
dau do, va tir khoang cach I&n hon 100 mm,
dnh huwdngclha hiéu rngtrung phunglathap
hon4%.

Bang 4. Hé s6 hiéu chinh trung phung clia déng vi “Co va “Na

GOCO ZZNa
Khodng cach (mm)
1,173.2 keV 1,332.5 keV 511 keV 1,274.5 keV
0 1.252 1.264 1.256 1.939
20 1.100 1.104 1.101 1.283
40 1.053 1.055 1.054 1.137
60 1.032 1.034 1.033 1.080

ISSN: 2615 - 9686

Journal of Science - Hong Bang International University



Tap chi KHOA HOC - Trwérng Dai hoc Quéc t& Hong Bang S 16 - 06/2021: 1-12

80 1.022 1.023 1.022 1.053
100 1.016 1.016 1.016 1.037
120 1.012 1.012 1.012 1.028
140 1.009 1.010 1.009 1.022
160 1.008 1.008 1.008 1.017
180 1.006 1.006 1.006 1.014
200 1.005 1.005 1.005 1.012

Panh gia quy trinh phan tich hoat dd cua
déngviphéngxabangkiémdinhIAEA

Trong nghién cru nay, mau tham chiéu cé
hoat d6 d3 bié€t clla ddng vi phdng xa “"Co va
*Na duwogcslrdung dé danh gid do tin cay cla
dudngchudnhiéusudtdinhndngluongtoan
phan. Mau tham chiéu duoc dit trén gia d&
plastic, dong truc v&i dau do va do phd
gamma & cac khodng cach tir 0 mm dén 200
mm. Hoat d06 va sai s6 twong ddi hoat dé clha
déng vi phdong xa dugc tinh todn bdi cdng
thic(4)va(5)[4]:
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K&t qua tinh todn hoat d6 duoc danh gia do
chinhxdcbangquytrinhkiémdinh IAEA [24].
D6 sai biét twong d6i (RB) gitra hoat dd tinh

toan (A,)vahoatddthamkhao (A, )duwocxac
dinhbangcéngthurc:

Cesr (4)
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tk

Phép kiémtra dd chinh xac (Test 1) dwgctién
hanh bang cach sosanh do saibiéttwong doi
va gid tri I&n nhat duwgc chdp nhan (MARB,
Maximum acceptable relative bias). Gid tri
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cta MARBIa 15% dén30% d6ivdicacdongvi
phatgamma.Trongnghiénclunay, chingtbi
stt dung MARB = 20% [25]. Test 1 dwoc xép
"NA-Khéngchapnhan"khiRB>MARB.Né&u
két qua cha phép do vuot qua phép kiém do
chinh xdc, thi phép kiém tinh ding dan cla
két qua do (Test2) dwoctién hanh bangphép
sosanhRb<k x PvaP <MARB, v&ik2.58=
twong rng v&i mirc xac suat 99% dé quyét
dinh xem két qua do cé vugt qua baikiém tra
haykhong.Pdugcxacdinhbdicéngthirc:

2 2
P = 100%x (AAJ {AAnJ (7)
AAtk AAtt

Trong d6, AA,va AA, lasais6 chudnkéthop

clla hoat d6 tham khdo va hoat dd tinh toan.
Kétquddanhgidcubicungchotatcacadcphép
kiEmtrala"A-Chapnhan"khiTest1vaTest2
déu dat mic"A-Chip nhan". Nguoc lai, khi
Test11a"A-Chap nhan" nhungTest213"W -
Canh bdo" thikét qua cudicungla "W -Canh
bdo"[25].

Bang 5 thé kién hoat d6 phdéng xa cla *°Co,
*’Na trong cac mau tham chiéu Si, Sz. T4t ca
cac két qud déu dat yéu cau cho ca hai bai
kiém tra Test 1 va Test 2 cGa quy trinh kiém
dinh IAEA, v3i d0 sai biét |&n nhat 8% so vdi
hoat d& tham khdo tir nha sdn xuat. Do do,
ddnhgidcudicungchotitcacickétquiphan
tichla“A-Chapnhéan”.
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Bang 5. K&t qua xac dinh hoat d6 ctia dong vi “°Co va *Na

Mau phan tich S;

Khoang 60Co (1,173.2 keV) 60Co (1,332.5 keV)
cach Hoat d? Hoat do v Hoat do o
(mm) th:t'k"(;:?o tinh toan | RB (%) 'ﬂfEmA fz'z? tinh toan | RB (%) 'I(/ifE”/; ?2':;‘

A« (Bq) A« (Bq)

0 7,329+220| 6,800+9 | 7.22 A 6,914+9 | 5.66 A
20 7,329+220| 6,818+12 | 6.97 A 7,478 +13 | 2.03 A
40 7,329+220| 7,858 +16 | 7.22 A 7,335+16 | 0.08 A
60 7,329+220| 6,815+19 | 7.01 A 7,526+21 | 2.68 A
80 7,329+220| 6,795+22 | 7.29 A 7,697 +25 | 5.02 A
100 | 7,329+220| 6,761+26| 7.75 A 7,780+29 | 6.15 A
120 | 7,324+220| 6,959+30 | 4.98 A 7,855+34 | 7.25 A
140 | 7,324+220| 7,224+35| 1.36 A 7,345+37 | 0.28 A
160 | 7,324+220| 7,129+38 | 2.66 A 6,769 39 | 7.57 A
180 | 7,319+220| 7,294+43| 0.33 A 7,284+ 45 | 0.47 A
200 | 7,319+220| 7,166 +46| 2.09 A 7,541+50 | 3.04 A

Mau phan tich S;

Khoang 22N3 (511 keV) 2Na (1,274.5 keV)
cach roat d? Hoat do ° Hoat do "
(mm) th::&;:?o tinhtodn | RB(%) | |\ ‘m} tinh toan | RB (%) | |\ ‘[’2'2']‘

A« (Bq) A« (Bq)

0 1,331+£40 | 1,365+2 | 2.52 A 1,276 5 | 4.17 A
20 1,331+£40 | 1,418+3 | 6.52 A 1,334+6 | 0.16 A
40 1,331+40 | 1,429+4 | 7.33 A 1,353+7 | 1.60 A
60 1,331+£40 | 1,404+5 | 5.47 A 1,314+9 | 1.31 A
80 1,330 +£40 | 1,359+5 | 2.14 A 1,296 +10 | 2.57 A
100 1,330+£40 | 1,379+6 | 3.64 A 1,345+12 | 1.09 A
120 1,330+£40 | 1,430+7 | 7.50 A 1,293+14 | 2.78 A
140 1,330+£40 | 1,383+8 | 3.95 A 1,231+15| 7.47 A
160 1,330+£40 | 1,398+9 | 5.07 A 1,374+17 | 3.24 A
180 1,279+38 | 1,363+10| 6.60 A 1,176 +18 | 8.00 A
200 1,279+38 | 1,373+11| 7.31 A 1,255+20 | 1.90 A

: A, -A
Trong 46, A la “Chép nhan’, RB(%) =100 A |
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4.KETLUAN

Trong nghién clru nay, ching toi s&r dung mo
phdng MCNP5 dé xdy dung duwdng chuin
hiéusuadt dinh nanglugngtoan phanva hiéu
suat téng cta dau do Nal(Tl). Ngudn chuén
dang dia phat gamma trong khoang nang
lwvgngtir46.5keVdén1,836.1keVduwockhdo
sat tai cac vi tri tlr 0 mm dén 200 mm so vai
clras6 dau do. Tainang luong 661.7 keV, két
qud md phdéng thé hién sy phlu hop t6t vdi
thuc nghiém, véi do sai biét twong doitrung
binh 1.8% cho hiéu suat dinh va 13.2% cho
hiéusuattdng,vacéddsaibiétduwdi 7% khiso
sanh vd&i cac tac giad khac. Piéu nay ching
minhrangcduhinhméphoéngclachiungtdila
dangtincay.

Béncanhdod, mot quytrinh phantichhoatdod
bao gdbm dudng chuan hiéu suit dinh xay
dungtrmd phdngMCNP5vahiéuchinhhésé
trung phung dwoc ép dung dé xac dinh hoat
d6 clia dong vi phat nhidu gamma trong mau
thamkhdo.Kétquaxadcdinhhoatdé datduwoc
muirc ddnh gid "A - Chap nhan" cha kiém dinh

IAEA chng to6 rang quy trinh phan tich duoc
trinh bay la mot phuong phép don gian,
nhanh chéngva céthé dp dung cho cac phép
domauphantichchraddngviphdngxaphat
nhiéugammangitang.
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Calculation of the total efficiency and full energy
peak efficiency for Nal(Tl) detector using Monte
Carlosimulationand experimental measured

Le Quang Vuong*and Bui Minh Loc

ABSTRACT
Inthiswork, we investigated the total efficiency (TE)and fullenergy peak (FEP) efficiency of a

scintillation Nal(Tl) detector. The standard disk source ~'Cs (661.7 keV) was measured at
different positionsonthe symmetry axis of the detector with adistance from0Ommto200mm

137

and without used lead shielding. Besides, MCNP5 software was used to simulate the
experimental measurementand calculated the TE and the FEP efficiency inthe energy range
of46.5-1,836.1keV. Agoodagreement was obtained between the calculated results by the
Monte Carlo simulation and experimental results. The comparisons between experimental
measurementandsimulationshowedthatthemeanrelativedeviationswere1.8% and13.2%
forFEPefficiencyand TE, respectively. Finally, anadvanced analytical procedure wasapplied
to calculate radioactivity in the reference samples. It has consisted of the calibration FEP
efficiency curve and the coincidence summing correction factor. The results of the
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radioactivity using the advanced analytical procedure were received the "A - Accepted”
statusesbythelAEAproficiencytest.
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