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TOM TAT: Trong céng trinh nay, thi nghiém mé phong Monte Carlo pho gamma tan xa
nguoc ciia ddu do HPGe ding chwong trinh MCNP duwgc thuc hién. Nguon duoc khao sat la
Ir-192 ¢6 dang cdu dwong kinh 0,5c¢m, hoat @ 1Ci, dugc ddt trong buéng chi. Tia phat ra c6
ndng hrong 316,5keV duge chudn truc béi mét colimator bang chi. Khi ting géc tan xa tir 60"
to 120", véi bia nhom ddt & géc 30° and 45° so véi chiim t6i phé tan xa, thanh phan tin xg mot
ldan tang va thanh phan tan xa nhiéu lan giam. Khi thay déi bé day bia nhom, dinh tan xa tang
va bdt dau bdo hoa ¢ bé day Icm. Két qua nay la nén tang hé trg' cho cdac nha thuc nghzem
nghién ciru 1ing dung pho gamma tdn xg ngugc cd thé chon lua | diéu kién cho phép do khi ap
dung phwong phdp nay trong kiém tra mdt d¢ hodic bé day mau va tim kiém khuyét tdt cua
trong mau do.

Tir khéa: Pho gamma, Tdn xa nguoc, HPGe, MCNP.

1GIOI THIEU

Hién nay c6 nhiéu phuong phap kiém tra khuyét tat ciia sin phdm ma khong can pha huy
mau (Non-Destroyed Technique - NDT) nhu phuong phép truyén qua, chup anh phéng xa va
phuong phép dung séng siéu 4m ... cho két qua nhanh chéng v6i d chinh xdc cao. Tuy nhién
trong nhiéu truong hop thuc té cac phuong phép trén khong duoc ap dung ma thay vao dé la
* phuong phap tan xa ngugc dugc ding véi wu diém 13 ngudn va dau do c6 thé b tri cing mot

phia dit d¢ chinh xac twong dbi 16n.

Trong nhifng ndm qua, tai Viét Nam, phuong phdp tan xa ngugc dd duoc nghién ciru rong
rdi. Tuy nhién viéc 4p dung phuong phép nay vao trong cdng nghi¢p van chua dugc phat trién
manh mé do viéc bd tri thuc nghiém dé dat dén diéu kién t6i wu rat khé khin va tén kém. Do
d6 dé ho tro cho quéi trinh khao sit thyc nghiém, trong cong trinh nay ching t6i 4p dung
phuong phéap nghién ctru mé phong phd gamma tin xa ngugc bang chucmg trinh MCNP.

Tén xa nguoc 12 hién tuong khi tia gamma va cham Ién ban vit chét thi bi tin xa nguoc so
v6i huéng ban dau [3]. Khi bé day vét chat vb cung mong, hién tuong tan xa ngugc khong xay
ra. Khi bé day vat chat tang, su tan xa nguoc cling tang theo va dat dén gié tri bdo hoa. Trén co
s& céu tric chi tiét cua dau do HPGe c6 tai bé6 mén Vat Ly Hat Nhén, trudng Pai hoc Khoa
hoc Tu nhién, chung t6i tién hanh md phong phd gamma tén xa ngugc l1én mot ban nhém bing
chuong trinh MCNP [2]. Dya trén thi nghiém nay ta khao sat phd tan xa nguoc ctia nhom khi

- quay dau do tir vi tri 60° dén 120° sir dung nguén Iridium-192 véi mirc néng qung la 316,5
keV dé thay dugc vi tri ma tai do su dong gép cua tdn xa mot lan 14 16n nhat. Tir vi tri do ta
thay ddi bé day ctia nhém tan xa dé tim duoc bé day bdo hoa ciia nhém trong tan xa mot lan.
Ngoai ra ta ciing khao sat pho tan xa nguoc khi thay déi niang luong ngudn dé thiy duoc mot
s6 su diéu chinh cac thong sb trong cach bé tri thi nghiém khi khao sat phd gamma tan xa
ngugc voi nang luong 16m.
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2.KET QUA VA THAO LUAN

2.1.Khio sit phd gamma tan xa ngwoc khi miéng nhém dit & géc 30° va 45° so véi
chim gamma téi

Thi nghiém mo phong str dyng ngudn Ir-192 hoat d 1Ci hinh ciu c6 duong kinh 0,5cm
dugc dit trong mét c4i hdc dai 4 cm dudng kinh 0,6cm clia mdt collimator hinh tru véi tru nhd
dai 2cm dudng kinh 2cm va tru 16n dai 4cm duong kinh 3,6cm. Bia trong thi nghiém nay 1a
mét ban nhdm cé dudng kinh 2,4cm va bé day 1a 0,4cm duge dit 1éch 300 so véi tia téi. Cac
tia gamma tdn xa dugc ghi nhén boi detector HPGe dLch che chan boi mét 16p chi hinh tru sao
cho tryc ciia tinh thé thing goc voi tia nguon tai tim be mit mau. Pau do HPGe dugc quay ftir
vi tri 600 cho dén 1200 so vdi tia t6i phat xudt tir ngudn.

Hinh 1. So d6 thi nghiém mé phong tan xa nguoc tai cdc vi tri khac nhau cua ddu do

Hinh 2 trinh bay mét s trong nhiéu két qua 1) ta
tir 600 cho dén 1200, Két qua moé phong cho tha kh1 dau do quay tir 600 cho dén 1200 th1
dinh tan xa nguoc dich chuyen tir 238 keV cho den 162 keV nghia la khi ting géc tin xa thi
dinh tan xa nguoc mét lan ¢6 xu huéng dich chuyén vé phia ning luong thap. Thuc vy diéu
nay dugc thdy dua vao cong thirc tan xa Compton [1]
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O day E,.E, 1laning luong photon t¢i va pho ton tén xa, & 1a géc tan xa.

Ngoai ra khi tang goc tan xa 7 thi dinh tdn xa nguoc (tan xa mot lan) tang cao va nén
phong tan xa (tan xa nhiéu l4n) giam xubng. Piéu do gitp cho viéc phén tich phd tan xa nguoc
tot hon (it bj nhidu béi nén phéng) khi chon géc himg cia déu do 16n.
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s6pEm

SGPEM

Bang 1 trinh bay két qua so sénh vi tri dinh ning lugng tan xa nguoc gilta ly thuyét va md
phong khi 14 nhém tn xa duge dat & goc 300 va 450 so voi tia t6i. Dé khao sat dugc phd
gamma tan xa nguoc tot, chuong trinh chay can s6 qua trinh

thoi gian rét 1au nén ching t6i chi khao sat c6 hai truong hop

kha 16m ¢& 2 ty hat ma né doi hoi -
300 va 450. Tuy nhién két qua

cho thay & cac goc t6i khac nhau thi két qua phé md phong gan nhu khong thay dbi va cho gia
tri phtt hop véi ket qua cua ly thuyet tuong g [1].
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Hinh 2. Phé gamma tin xa nguoc cia Ir-192 khi ting goc tén xa tir 60° cho dén 120°

Bang 1. So sanh vj tri ndng lugng dinh tan xa nguoc (keV) khi ban nhém dit & géc 30° va 45°
so véi tia t6i v6i goc quay ciia dau do tir 60° cho dén 120° theo 1y thuyét va mé phong.

Géc 30° 45
Ly thuyét
quay Mo phong D{ sai biét (%) Mo phong Do sai biét (%)
60° 241,6 238,0 1,49 237 1.02
70° 224,8 221,0 1,69 221 1.02
80° 209,3 203,0 3,01 204 1.03
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90° 1954 186,0 4,81 186 1,05
100° 183,3 179,0 2,29 182 1,01
110° 172,8 169,5 1,90 171 1,01
120° 164,0 162,0 1,21 162 1,01

Hinh 3 trinh bay sur phu thude cua dinh ning luong tan xa ngugc vao goc tan xa. Két qua
cho thay vi tri dinh tan xa ngugc dugc khép gan nhu tuyén tinh theo géc tan xa. Sai sé cia cic
vi tri dinh trong mé phéng déu nhé hon 10% do dé nhitng két qua m6 phong nay 1a cé thé
chap nhén dugc.
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Hinh 3. Sy phu thugc ciia dinh ning lugng tan xa Hinh 4. Db thi biéu dién sy phu thudc cua sb dém
ngugc vao goc tan xa dinh tdn xa ngugc vao bé day bia tdn xa Al

2.2.Khio sit phé gamma tin xa ngugc ciia Ir-192 theo bé day cta bin nhém tin xa

Trong phan nay, thi nghi¢ém duogc thiét ké gidng nhu trén nhung ta gilf nguyén dau do & vi
tri 1200 va chi thay d6i bé day ctia nhém tir 0,4 cm cho dén 2cm. Hinh 4. trinh bay su phu
thudc ciia s6 dém dinh tan xa ngugc theo bé day nhém tan xa.

Két qua cho thay, khi bé day ban nhom cang 16n _cuong d tan xa nguoc cang tang hay s6
dém tai mdi dinh tan xa nguoc cang 16n. Tuy nhién s6 dém tai cac dinh tén xa chi tang dén mot
lic nao d6 va khong tang nita cho du cé ting thém bé day ‘Trong trudng hop ¢ day voi nguon
Ir-192 ning luong 316,5 keV, bia tan xa la nhom, khi ting bé day ban nhom dén 1 cm thi sb
dém khong tang nira ta xem nhu day la bé day bio hoa cia sy tan xa nguoc trong nhém voi
nang luong va géc tan xa da cho. Diéu nay duoc giai thich 12 do khi tang bé day bia tén xa, thi
tia gamma s& c6 co hdi gy tan xa nhiéu hon, tuy nhién quang dudng dé gamma tan xa ra khoi
bé day do6 cang nhiéu hon va khi dé né bi qué trinh hdp thu trong chat gay tan xa canh tranh va
khi bé day tang t6i mét gid tri nao dé thi hai qua trinh tan xa va hap thu nay s€ bu trir. Do do
lugng tan xa ngugc c6 thé thoat ra khoi chat tan xa dén ving nhay cta dau do khong thay dbi
nifa va ta c6 ving bao hoa.

2.3.Khio sat phd tin xa ngwoc khi thay déi ning lirgng ngudn
O day chiing toi thir sir dung nang lugng 1332 keV ciia Co-60 dé khao sat. Do nang lugng
cao, kha nang xuyén thau manh nén khi ta khao sat phd tan xa nguoc véi ngudn nay can thay

ddi mét sb thong sé vé bé day ciia chi che chin cling nhu collimator chi dé thu dwoc pho tan xa
nguoc.
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Hinh 5 trinh bay két qua khao sit phd gamma tan Xa nguoc cua hai nguén nay. So sénh véi
phd cua Ir-192 ning luong thap 316,5 keV, pho ctia Co-60 nang lugng cao 1332 keV ¢ dinh
tan xa nguoc (tan xa mot 1an) rat thip trén nén phong tan xa nhiéu lan twong duong nhau. Piéu
nay dugc giai thich 12 & ning lugng 1332 keV qua trinh tao cép bét dAu canh tranh véi tén xa
Compton va _quang dién. Ngoai ra do nang lugng cao kha nang xuyén thAu manh, nén lugng
gamma so cAp va tin xa mot 1in c6 kha nang thoat khoi bé day tén xa ma khéng dugc ghi nhan
tang.
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Hink 5. Pho gamma tan xa nguoc ctia Co-60

3.KET LUAN

Trong cOng trink nay, thi nghiém mé phéng Monte Carlo pho gamma tan xa nguoc dung
chuong trinh MCNP da duoc trinh bay. Thi nghiém dugc tién hanh v6i ngudn Ir-192 nang
lugng gamma quan tdm 1a 316,5 keV, hoat d6 1Cj, hinh cau du*cmg kinh 0,5cm. Ngudn gamma
duoc dat trong 6ng chuén truc. Bia tan xa 1a nhém dugc dat voi gée 1éch khac nhau, cling nhu
bé day nhom khac nhau dé khao sat anh hudng cia phd gamma tan xa nguge theo céc yéu tb
goc t6i va bé day. Song song d6 viée khao st anh hudng ciia phd theo gbe nhén cta diu do (so
véi tia t6i) cling duge thuc hién. O day dau do dugc sir dung la dau do HPGe dong tryc siéu
tinh khiét ciia hang Canberra Industries Inc. Két qua cho thay khi thay d6i géc nhin ciia dau do
600 dén 1200 véi miéng nhoém tan xa dit nghiéng 30° so voi tia t6i thi khi goc tén xa ting
thanh phan tan xa mét 14n ting va thanh phén tin xa nhiéu lin giam, cac két qua khong thay
dbi khi thay doi do nghiéng ciia nhém so véi tia t6i. Khi thay d6i bé day nhém thi cudng do
tan xa mot lan ting va dat dén tri s6 bao hoa khi dat dén bé day lcm (dbi v6i gamma ning
luong 316,5 keV va bia 1a nhdm). Két qua khao sat phd tan xa nguoe véi Co-60 c6 néng luong
cao 1332 keV cho thiy khi ning luong gamma cang cao thi cuong do tin xa cang thdp ma né
1a két qua cua kha ndng xuyén thdu manh qua vat chét va su canh tranh ciia hiéu g tao cdp ¢
vung nang luong trén 1,02 MeV.

Céc két qua trén tuy khong co6 thi nghiém dé kiém ching nhung cé thé tin cdy boi cac thi
nghiém trude d6 vé khao sat phd gamma va tinh toan hiéu suat ctia nhém [4], ngoai ra cdc quy
luét c6 dugc nhu da mo ta & trén la phu hop voi ly thuyet gamma tan xa nguoc. Cac két qua co
dugc 1a nén tang d& nhig nguoi 1am thi nghiém vé gamma tdn xa nguoc c6 thé tham khéo va

Trang 65



Science & Technology Development, Vol 11, No.06 - 2008

chon lya diéu kién 1am viéc t01 uu khi 4p dung phwong phép nay trong kiém tra mét d6 hay bé
diy mau va khuyét tit ciia mau.

STUDY ON THE BACK SCATTERING GAMMA SPECTRA OF HPGE
DETECTOR BY USING MCNP CODE

Truong Thi Hong Loan, Phan Thi Quy Truc, Dang Nguyen Phuong,
Tran Ai Khanh, Tran Thien Thanh and Tran Dang Hoang
University of Natural Sciences, VNU-HCM

ABSTRACT: In this work, the simulation of back-scattering gamma spectra of HPGe
detector was carried out with using MCNP code. The simulation was made with the 316.5 keV
peak of the spherical source of Ir-192 which was housed in a collimator. When increasing the
scattering angle from 60 degrees to 120 degrees, with the aluminum target placed at angles of
30 and 45 degrees to the incident beam, the spectra show that the single scattering component
increases and the multi scattering component decreases. The single scattering peak increases
when increasing the thickness of the target and saturates at the thickness of 1 centimeter.
These results are the base for getting the best condition while applying this method in testing
densities or thickness of the sample and finding sample defects.
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