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Tém tit: Trong nghién ciru nay, phuong phap gamma tan xa st dung nguon phong xa
BCs (5mCi) va dau do Na(T1) voi goc tan xa 120° d3 dwoc ap dung dé xac dinh vi tri
va kich thudc cua 16 rdng trong bé tong. Mau bé tong mat do 2.3g/cm® bé day 10 cm
v6i cac 16 rdng c6 dudng kinh thay doi tir Iem dén 3 cm theo mit phang do dac da
dugc ché tao cho cac thi nghiém. Phuong phap m6 phong Monte-Carlo ciing dugc sur
dung dé tinh todn bé day bio hoa va t01 wu mot s6 thong sb thuc nghiém. Cac két qua
thu dugc chi ra rang vi tri ctia cac 16 rong di duoc xac dinh tuong ddi chinh x4c, trong
khi kich thudc cta céc 16 rng c6 su khac biét so voi gia tri thuc té. Két qua ciia nghién
ctru cling cho thiy k¥ thuat gamma tan xa nguoc c¢6 thé duoc ap dung dé xac dinh tdt vi
tri, kich thuéc cta cac khuyét tat dang 15 réng bén trong vat liéu bé tong sau khi tdi uu
cac diéu kién khao sat.

Tw khoa: Tan xa nguoc gamma, Tan xa Compton.

1. GIOI THIEU

Tan xa nguwoc gamma 1a mot trong nhitng phuong phap kiém tra khong pha hiry (None
Destructive Testing - NDT) duogc tng dung rong rii nhiéu thap ky qua trén thé gi6i trong
nhiéu lanh vuc [1]. Uu diém ndi bat ctia k¥ thudt nay so v6i k¥ thuat gamma truyén qua nam
& chd chi can tiép can ddi tuong tir mot phia thay vi hai phia nhu chup anh birc xa tia X hay
gamma truyén qua. Tuy nhién, nhuoc diém cta phuong phap nay nam & chd tin hi¢u ghi nhan
trén detector bi anh hudng bdi cac birc xa tan xa ngugc khong mong mudn va nén Compton
16n. Trong nhitng nam gan day, k¥ thuat nay nay thu hat quan tim nghién ctru va tng dung ca
& trong cling nhu ngoai nudc. Trong sb cac cong trinh ndi bat, Amandeep Sharma va cac cong
su [1] da nghién ctru kha nang sir dung tia gamma tan xa trong viéc xac dinh vi tri ciia duong
dng trong dat, xac dinh bé day ciia thanh 6ng, loai chat 1ong chay bén trong va cac vét ran nirt
bang ngudn phong xa Bics ghi nhan phd bang dau do NalI(T1). Tiép do6, M. Margret, va cong
su [2] da sir dung gamma tan xa trong viéc xac dinh vi tri cdt thép bén trong khéi bé tong tai
d6 sau 1én dén 60 mm voi ngudn phong xa **'Cs va dau do HPGe c6 d6 phan giai cao. E.M
Boldo va C.R. Oppoloni [3] ciing d3 dung phuong phap tan xa Compton dé tién hanh thuc
nghiém xéc dinh vi tri cta cac 16 rdng va thanh thép bén trong khdi bé tong ¢t thép. Gan day
nhat, P. Priyada va cong su [4] md ta tmg dung k¥ thuat gamma tan xa trong danh gia khéng
pha huy céac 16 rong trén khdi bé tong c6 cac duong kinh khac nhau, va tai tao lai hinh anh vé
vi tri va kich thudc cta cac 16 rong. O trong nude, cac nghién ctiru twong tu da duoc thuc hién
béi mot s6 nhom nghién cuu tai Pai hoc Khoa hoc ty nhién (Pai hoc Quéc gia TP. HCM) va
Trung tim Hat nhan TP. HCM (Viantom) [5-8]. Nghién ctru gn diy nhat ciia chung toi trén
hé do sir dung ngudn **'Cs hoat d6 5 mCi, dau do NaI(Tl), bia tan xa la thép C45 dang tdm
cho thdy phuong phap nay c6 kha ning ap dung cho viéc xac dinh kich thudc va vi tri 16 rdng
trong cac mot sb vat lidu xay dung & diéu kién thuc té cua Viét Nam [6].
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Trong nghién ctru ndy, chung t6i di tién hanh nghién ctru mot cach hé thong bang két
hop thuc nghiém va mé phong Monte- Carlo sir dung chuong trinh MCNP dbi véi phuong
phép gamma tan xa st dung ngudn phong xa **'Cs (5mCi) va dau do Nal(Tl) véi goc tan xa
120° dé xéc dinh vi tri va kich thude cia 18 rdng trong bé tdng cong trinh.

2. PHUONG PHAP NGHIEN CcUU
2.1. Chuan bi mau bé tong

Dé tién hanh thyc nghiém, khdi bé tong hinh hop chir nhat kich thudc 10x20x40cm c6
mat do 2,3 g/cm3 chira céc 16 r5ng kich thuéc & cac vi tri khac nhau da duoc ché tao. Theo do,
cac 16 réng c6 dang tru v&i duong kinh 3em; 2,5 cm; 2 cm; 1,5 cm; 1 cm. Khoang cach tir tim
céc 16 rdng dén mit trai cuia khdi bé tong theo thi tu 14 6,7 cm; 15,5 cm; 24,0 cm; 30,7 cm va
36,4 cm. Cac 15 rdng nam cach bé mat phang thi nghiém (mit trude cia khdi bé tong) 2 cm.

2.2. Thyc nghiém ghi nhan gamma tan xa ngugc

Mau duoc quét tir trai sang phai, tir dudi 1én trén. Mbi budc dich chuyén 2 cm va thoi
gian do & mdi vi tri 1a 3600s v6i ngudn phong xa Bcs (5mCi) va dau do Nal(TI) tai goc tan
xa 120° (Hinh 1)

Nang luong ciia gamma sau khi tan xa Compton dugc xac dinh badi cong thire:

v E
1+ mi’éz(l-cose)

e

Trong do:
E,: Nang luong cua gamma t61; E’Y: Nang lugng cua gamma sau khi tdn xa Compton

MeC: Nang lugng nghi cua electron; 6: Goc tan xa

Piu do

Ngudn gamma @

Hinh 1. Qua trinh tan xa mot 1an cua tia gamma trén bia
Trong Hinh 1, qué trinh tan xa cua tia gamma tir ngudn dén dau do duoc chia thanh 3
giai doan [7]. Cuong do tan xa ctia chum tia gamma di tir diém P dén dau do duoc xac dinh
bdi cong thie (2.2):
‘(@JP'X _(@jp,x- (2.2)
L=Ke*"’7 e ?"
Nhu vay, cudong do tan xa I3 phu thudc vao hé s6 K hay néi céch khac, I3 phu thudc vao
mat do electron pe trong thé tich tan xa. Piéu nay ¢ nghia 1a néu cudong do tan xa mot lan co
su thay ddi thi mat do tai ving khao sat ciing ¢6 thay doi.



Trén co s& quan trong do, dua vao su thay doi cuong do tan xa mot lan dé khao sat 16
rf)ng bén trong khdi bé tong. Trong qua trinh thuc nghiém, mat dd bia tai vung khao sat dugc
thay ddi trong khi céu hinh cta hé do duoc giit khong doi. Ving khao sat hay thé tich tan xa
1a phan thé tich giao nhau giita 46 mo ciia dng chuan truc ngudn va trudng nhin cia dau do
ddi voi bia. Thi nghiém duoc bd tri véi nhitng dac diém sau:

- Khoang céach tir ngudn dén bia tan xa: 22,5 cm
- Khoang cach tir dau do dén bia tan xa: 28 cm
- Truc cta hop dung ngudn vudng goc v6i mat bia tan xa

- Gbc tan xa: 120°

Hinh 2. M6 hinh b tri hé do (a) va bd tri hé do thyc té (b)

Tai nhitng vi tri c6 khuyét tat trong bia thi mat do tai d6 s& thay doi so véi nhimng vi tri
khong co khuyét tat. Didu nay dan dén cuong d6 tan xa mot 1an tai nhimng vi tri c6 khuyét tat
cling thay d6i. Pho tan xa duoc ghi nhan bao gdm pho tan xa mot 1an, tan xa nhiéu 1an va phd
phéng. Vi vay dé loai bo cac s6 dém khong mong mudn nhu sé dém phong va sé dém cia tan
xa nhiéu 1an cac phd do trén bia duoc trir di s6 dém ciia mot phd do khong cé bia (phong) phd
nay sau d6 s& dugc tach dinh tan xa mot 1an bang phan mém tach va lam khép phd Colegram,
dién tich dinh tan xa mot lan ti 16 voi cuong do tan xa cua chum tia gamma.

2.3. Mo phong Monte-Carlo

Song song voi thyc nghiém, chung t6i cling d3 mo phong lai thuc nghiém bang chuong
trinh MCNP4C. C4u hinh mé phong dugc xay dung twong tmg v6i cic cau hinh thuc nghiém
nham danh gia do tin cay ciing nhu cac anh hudng cta b tri thi nghiém dén chat lugng phép
do cua k¥ thuat nay.



K_héi bé tong voi cic
16 réng dang tru.

He ﬂ]éng ngudn va
dng chuin trpe

Hinh 3. C4u hinh mé phong MCNP

3.KET QUA VA THAO LUAN

Dau tién mé phong MCNP dugc tién hanh dé xac dinh bé day bdo hoa cia mau bé tong.
Trong cac md phong cdu hinh detector duge ching t6i md phong gan thyuc té nhit c6 thé, va
tally F8 dugc str dung dé ghi nhan lai cvong d6 gamma tan xa nguoc.

Béngl. Két qua mo phong bé day bao hoa ciia mau bé tong

Bé day mau | Cuong do tan xa Sai s6
bé tébng (cm) (s6 dém/h)
2 44662 1454
3 52711 2071
4 57173 2619
5 58761 3166
6 60418 3509
7 61016 3693
7,2 61151 3723
7.4 61365 3789
7,6 61461 3838
8 61625 3961
9 61652 4001

Két qua tir Bang 1 cho thiy bé day bdo hoa cia mau bé tong ddi vai tia gamma c6 ning
lugng 0,662 MeV 1a 8 cm.
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Hinh 4. D4 thi biéu dién bé day bdo hoa ciia bé tong véi gamma ning luong 0,662 MeV

Bang 2. Cudng do tan xa mot 14n tai céc vj tri khac nhau trén mau bé tong béng thuc nghiém va
mo phong, véi X, 1a toa d6 khao sat theo truc hoanh, Z, 1a toa d6 khao sat theo truc tung

Vi Cuwong dé tan xa mdt lin

tri Thue nghi€ém M4 phéng
khao

sat Zy Zx Zyo Zeo Zgo Zio Z1x Zio Zieo

Xo 61819+347 | 70706+369 | 67534+352 | 58313+652 | 57362+419 | 62650+361 | 57229+369 | 56056+368 | 63604+326 | 153631+4780
X0 42325+326 | 418214643 | 39298+336 | 45728+580 | 38371+379 | 38267+379 | 35489+380 | 37807+335 | 33334+311 | 82721+3529
Xao 206771295 | 22286+308 | 32551+324 | 33631+448 | 236531328 | 270801355 | 23144+320 | 22327+320 | 21785+291 | 62874+2682
Xeo 466944317 | 42575+341 | 342724323 | 365761447 | 355414382 | 231804554 | 329094322 | 30798+333 | 217024328 | 72846+2858
Xso 533114298 | 42875+347 | 40685+374 | 43299+682 | 40758+397 | 39305+386 | 28313+380 | 35351+357 | 25234+305 | 70624+2990
Xi00 400744330 | 41611+362 | 37013+354 | 47619+779 | 35968+409 | 37335+410 | 339294372 | 36374+342 | 25467+319 | 68571+3082
Xi20 355714338 | 36799+338 | 40043+361 | 42981+697 | 370041384 | 27492+359 | 27443+370 | 26662+381 | 30435+304 | 64000+2929
X0 379774332 | 36159+354 | 36102+369 | 29713+762 | 38034+356 | 25306+364 | 330364358 | 23936+347 | 22486+311 | 51128+2389
X160 450974346 | 428961361 | 41423+360 | 32996+792 | 426984386 | 28574+390 | 39009+391 | 27232+392 | 268964342 | 72915+3203
Xiso 270371342 | 44139+363 | 39903+377 | 34697+796 | 29241+419 | 396381375 | 28992+413 | 273481397 | 26205+349 | 69463+3075
Xaoo 26424+325 | 39438+354 | 28398+374 | 31371514 | 29631+405 | 394041393 | 28984+399 | 27634+370 | 25272+329 | 60562+3007
Xa20 364894353 | 25692+377 | 26296+350 | 27483+346 | 265144749 | 36480+356 | 26062+352 | 25775+349 | 233574339 | 59258+2440
Xaao 27867+310 | 373194362 | 377531375 | 378631393 | 297414395 | 28124+425 | 360741370 | 27600+358 | 262164354 | 62322+3225
Xaso 384104349 | 29127+366 | 28943+379 | 29257+383 | 30173+415 | 29432+410 | 294554382 | 28109+378 | 27065+360 | 6804413024
Xago 260641366 | 26439+356 | 348861363 | 27961+347 | 28216+401 | 272994412 | 27821+399 | 27091+345 | 25306+331 | 6501143144
X0 265581336 | 263881368 | 26696+382 | 28019+373 | 35342+372 | 27317+397 | 277314423 | 27650+334 | 25029+324 | 59714+3099
X0 359564333 | 273744395 | 27783+£372 | 29287+393 | 304874551 | 280341424 | 28500+405 | 27583+372 | 27491+326 | 65172+3087
Xaao 32884+303 | 26697+347 | 27668+346 | 27848+335 | 301474642 | 35559+367 | 334984368 | 26896+342 | 24670+319 | 8129613549
X360 26131+303 | 27811+342 | 34107+299 | 28405+335 | 39136+476 | 35137+316 | 27235354 | 27812+349 | 313754313 | 75849+3120
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Hinh 5. D4 thi sy phu thudc cuong do tan xa gamma trén miu bé tong co cac 16 rdng phan bd
theo duong kinh khac nhau do dac bang thuc nghiém va moé phong

Két qua bé day bdo hoa 1a 8 cm bé tdng ddi v6i gamma ning luong 0,662 MeV gilp
khang dinh mét lan nita cAu hinh thyc nghiém véi cac 16 rdng duong kinh t6i da 3 cm va cach
bé mit bé tong 2 cm 14 phu hop. Ciing tir két qua nay ching t6i chi ra dugc gidi han cia
phuong phép tan xa nguoc voi nguén 137Cs @6 1a chi c6 thé xéc dinh duoc vi tri va kich thudc
16 rng cach bé mit bé tong dudi 8 cm.

Ttr d6 thi sy phu thude cudng do tan xa gamma trén mau bé tong & Hinh 5 ¢6 thé thay vi
tri ctia cac 16 rdng gitra thuc nghiém va mo phong 1a kha chinh xéac so véi vi tri thuc té, trong
khi kich thudc cta céc 16 rong c6 sy khac biét so v6i gia trj thuc té. Nguyén nhan cta su khac
biét nay xuat phat tir viéc lya chon budc quét, tiét dién chum tia va vi tri cta cac 18 rdng so
v6i gbe toa 6 quét. Budce quét 1a 2cm gip doi tiét dién chum tia (1cm). Trong khi d6 16 rong
¢6 duong kinh 16n nhit 1a 3 cm va dudng kinh nhé nhat 1a 1em. Vi tri tir cdc mép tréi cia cac
16 rdng so voi gbc toa d6 khong 1a boi sd hay udc s6 cia bude quét.

3. KET LUAN

Trong nghién ctru ndy, k¥ thuat do gamma tan xa nguoc sir dung ngudn phong xa B37cs
(5mCi) va dau do Nal(Tl) voi goc tan xa 120° @3 duogc nghién ctru dé ap dung xéc dinh vi tri
va kich thudc ctia 16 rdng trong bé tong cong trinh bang ca thyc nghiém 1an mé phong Monte-
carlo. Két qua nghién ctru di chi ra bé day bdo hoa 1a 8 cm 1a phi hop cho cac khao sat dbi
v6i vat lidu bé tong cac 16 réng dudng kinh t6i da 3 cm va cach bé mat bé tong 2 cm. Céc két
qué thu duoc chi ra rang vi tri ciia cac 16 rdng di dugc xac dinh twong ddi chinh xac, trong khi
kich thudc ctia cac 16 rong co su khac biét so voi gid tri thyc té. Cac nghién ctru sadu hon va h¢
thng hon ca vé thuc nghiém va mé phong, tinh toan can dugc tién hanh nham tdi wu hoat do
ngudn, tiét dién chum tia, budc quét thuc nghiém ddi véi ki thuat nay trén ddi twong vat lidu
bé tong.
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Abstract: In this study, the scattering gamma method used radioactive sources of **'Cs
(5mCi) and Nal (T1) detector with 120° scattering angles to determine the position and
size of voids in concrete. Concrete samples having the density of 2.3g / cm? thickness
of 10 cm with voids diameter varying from 1cm to 3cm in the measurement plane have
been made for experimental measurements. The obtained results indicate that the
position of the voids has been determined relatively accurately, while the size of the
voids is different from the actual value. This result shows that backscatter gamma
technique can be applied to determine the position and size of defects inside concrete
materials after optimizing investigating conditions.

Keywords: Gamma backscattering, Compton scattering.
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