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MO PHONG MONTE CARLO BANG CHUONG TRINH MCNP VA KIEM CHUNG
THUC NGHIEM PHEP PO CHIEU DAY VAT LIEU POI VOI
HE CHUYEN DUNG MYO-101
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TOM TAT: Hién nay, phép do chiéu day vit liéu dwa trén hiéu vmg tdn xa nguwoc gamma dwoc

ing dung rong rdi trong nganh cong nghiép 6 nwdc ta. Bao cdo trinh bay viéc khao sat chiéu day mét

$6 vat liéu nhw gidy, plastic, nhém va thép trén hé do chuyén dung MYO-101 (sit dung dau do nhdp

nhdy YAP(Ce) va tia gamma 60 keV ciia nguon Am-241) bang phép mé phong Monte-Carlo sir dung

chuong trinh MCNP va dé duoc kiém chirng bang phép do thire nghiém. Nghién ciru ndy rdt c6 ich cho

cong tac ddo tao nham phat trién nguon nhan luc vé linh viee 1ing dung ky thudt hat nhdn trong céng

nghiép o Viét Nam.

Tir khéa: M6 phéng Monte-Carlo, MCNP, gamma tan xa nguoe, dau do nhdp nhay, k thudt hat

nhan.
1. MO PAU

Hién nay, phuong phép tan xa birc xa dugc
g dung trong cac nganh cong nghiép dé do
chidu day vat liéu nhe, nhu & cic nha may gidy
véi viéc s dung h¢ do chuyén dung dung
ngudn phong xa beta hay gamma mém. Uu
diém ciia phuong phap nay 1a do chiéu day vat
liéu chi can dung mot phia cua vat li¢u (nguén
phong xa va detector & cung mot phia, thuan
lgi trong hé théng bang chuyén cong nghiép),
tot voi vat liéu nhe nhung hi¢u suét xac dinh
thip [4]. Tuy nhién vé& mat Iy thuyét, viéc hiéu
ban chit mot cach truc quan vé hiéu ng tan xa
Compton con 1a diéu kho khan déi v6i hoc vién
khi tién hanh cac bai thyc tap vé do cudng do
va chiéu day vat liéu sir dung birc xa tan xa. Vi
véy, dé hd tro va so sanh véi két qua do thuc

nghiém, trong bao cdo nay da dp dung phuong

phap nghién ctru mé phong Monte Carlo bang
chuong trinh MCNP (Monte Carlo N-Particles)
dbi voi phép do chiéu day mét sb liéu nhe khac
nhau dya trén hi€u ung bic xa tdn xa nguoc
gamma [1,2].

Thiét bi thuc nghiém 1a hé do chiéu day vat
liéu chuyén dung MYO-101 dya trén hi€u ing
gamma tan xa nguoc, dugc NuTEC/JAEA,
Nhat Ban vién trg nam 2007. Hé nay dung
ngudn kin Am-241 (hoat d6 370 MBq, ning
luong gamma 60 keV) duoc dat ¢d dinh trong
detector nhdp nhay chuyén dung YAP(Ce)
[Yttrium Aluminum Perovskite with activated
Cerium], da duoc st dung do thuc nghiém
trong mot s6 khoa hudn luyén vé “Ung dung k¥
thuat hat nhan trong cong nghi€p va moi
trudong® phdi hop voi NuTEC/JAEA t6 chiic tai
Vién Nghién ctru hat nhan. Noi dung cua bao

c40 nay gdbm 2 phan: phin mo phong 1y thuyét
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phép do cudong do chidu day vat liéu trén hé
MYO-101 bang chuong trinh MCNP, phan do
thuc nghiém $6 liéu chiéu day mot s6 vat lieu
nhe (nhu gidy, plastic, nhém va thép), va két
qua so sanh giira s6 liéu mo phong 1y thuyét va
két qua do thuc nghiém [2,5,7].

Déi vé6i hicu ng tan xa nguoc, cuong do I
clia gamma tan xa la ham cua chiéu day x cua
vét liéu nhu sau:

I(x) =1Io + L[1 - exp(-px)]

(1

trong d6 I, 1a cuong d0 blirc xa tan xa
phong (khi khong co vat ligu); I=C/(i; + 1, ),
L[1 - exp(-ux)] 1a cudng do birc xa tan xa cla
vat liéu; u = p; + pp v6i C 12 hiang s6, py, pp 14

hé sb hip thu khéi so cép va thir cip cua vat

lidu, va x 1a chiéu day khdi cua vat lidu (g/cm?)

[2].

2. THUC NGHIEM

Thi nghiém mé phong sir dung nguon Am-
241 hinh try, dat trong detector nhdp nhay
chuyén dung YAP(Ce) ciia hé MYO-101 dé do
chiéu day vat lidu nhe (gidy tring, gidy vang,
plastic, nhdm va thép) dua trén hi¢u ing tan xa
nguoc gamma.

Céc tAm vat liéu chuén (kich thude 10x10
cm?’/tdm) véi chiéu day khac nhau dugc dat dbi
dién va xuyén tam so vdi nguén Am-241 (sat
bé mat ngudn). Sau d6 do tdc dd dém xung khi
tang din cac tim vat lidu ciia mdi loai. Bé day
cac loai vat liéu nay duoc tang dan dén khi sb

dém thu duoc dat mirc bio hoa [2].

Vat liéu

Hé¢ dién
tir

L, Tinh thé YAP(Ce)
[ Nguén Am-241

Hinh 1. So d6 khdi phuong phap do tan xa nguoc

Hé do chuyén dung MYO-101 bao gdm
cac khdi sau: detector v6i tinh thé nhip nhay
YAP(Ce) hinh giéng (dudong kinh ngoai 60
mm; duong kinh trong 15 mm; day 1 mm; ctra
s6 bing nhém day 0,3 mm) va éng nhan quang
lam viéc & cao thé 1300 V; ngudn Am-241
dang dia (duong kinh ngoai 8 mm va cao 5

mm; duong kinh nguén 4.2 mm; cta sd berilli

day 1 mm) véi hoat d6 370 MBq (10 mCi),
dugc dit trong giéng cua tinh thé. Hinh anh cua
detector c6 hinh hoc dugc md phong biang phan
mém MCNP (c6 thém phan chi che chin phia
bén, trude tinh thé) duge thé hién trén Hinh 3

[1].
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PHUONG PHAP MO PHONG MCNP

Phuong phap mo phong Monte Carlo da va
dang duoc trng dung rong rai trong cac linh vuc
khéc nhau ciia vat 1y hat nhan 1y thuyét ciing
nhu thyc nghiém. C6 thé noéi rang nhiing thi
nghiém vat 1y hat nhan hién dai ngay cang tr&
nén phtrc tap va chi phi tén kém. Vi vy trudc
khi tién hanh nhimg thi nghiém nay, cin phai
thiét ké chung mot cach can than véi viée st
dung céc ky thuat mo phong khac nhau. Do
tinh chit phirc tap cua céc thiét bi ding trong
thi nghiém nén phuong phap Monte Carlo
thuong xuyén dugce st dung vi nd to ra wu viét
hon hén cac phuong phap mé phong khac. Hon
nira, khi phan tich s6 lidu thuc nghiém trong
ghi nhén birc xa, dé thu duoc cac két qua chinh
Xac ta can tinh dén hang loat hiéu chinh khac
nhau. Nhiing hiu chinh nay thuong 1a phtrc tap
va kho xac dinh bing thuc nghiém. Chung
thuong dugc danh gia bang phuong phép
Monte Carlo. P& xét doan quy luét vét 1y chi
phéi két qua do thyuc nghiém, déi khi ciing can
mod phong lai hién tugng vat ly béng phuong
phap Monte Carlo rdi so sanh két qua moé
phong véi két qua do thi nghiém dé rat ra
nhitng két luan vat Iy. Vi vdy co thé noi
phuong phap Monte Carlo déng mét vai tro rat
quan trong trong nghién ctru thyc nghiém.

MCNP 1a phin mém tng dung phuong
phap Monte Carlo m6 phdng cac qua trinh vat
Iy hat nhan ddi véi neutron, photon, electron
mang tinh théng ké (cac qua trinh phan ra hat
nhédn, tuong tic gita hat nhan véi vat chat,

thong lugng neutron ...).

Pé xay dung file Input thich hgp cho
chwong trinh hoat dong, ngoai cac thong sb vat
Iy va théng s6 vat 1y va cac thong s6 thu duoc
tir khao sat trén MCNP dé dap tmg muc tiéu
tinh toan, mot van dé quan trong duoc dat ra 1a
phai thanh lap dugc bd s6 lidu hinh hoc chinh
x4c cliia md hinh tinh toan, dy la yéu t6 mang
tinh chét mau chét dé nang cao do tin cay cua
két qua.

V6i md hinh 1a mét phan detector véi tinh
thé nhép nhdy YAP(Ce), hé che chin va vat
liéu thyc nghiém s& dugc mé phong trong
khong gian 1a phong chira hé thiét bi. Vi mdi
vat liéu s& duge mé phong bang 1 file Input va
sir dung Tally F8 dé thu nhan s liéu théng qua
viéc tinh s6 xung trén cell can d4nh gia.

Uu thé & déy 1a ta c6 thé truc tiép so sanh
gitta két qua mo phong bang MCNP va thuc
nghi¢ém do dugc trong thuc té nén c6 thé danh
gia dugc d6 sai léch gitta 2 phép do va rit ra
duoc hé sb hiéu chinh nhdm tién hanh thu
nghiém trén cac vat li€u gia dinh khac trude khi

ché tao mau that.
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Hinh 2. So d6 3D ngudn Am-241 mé phong bang MCNP (xz).

1 phdn
detector
TAP(Ce)

g udn
Armn-241
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Hinh 3. So d6 ¢t doc ciia hé gamma tan xa nguoc mo phong bing MCNP (xz).

Thong qua mé hinh 1a h¢ do MYO-101,
cho chuong trinh chay 50.000.000 hat gieo thi
thu dugc bang sb liéu tinh toan tir MCNP va so

sanh véi két qua tién hanh do thuc nghiém [3].

KET QUA VA THAO LUAN
Qua céc bang $6 litu thu duoc tir thue

nghiém va md phong thong quan MCNP, co

thé xay dung cac db thi va phuong trinh lam
khop cira tirng loai vat liéu khac nhau. Viéc xu
ly Kkét qua do va vé dd thi duge thue hién béng
phin mém Origin. Két qua phwong trinh lam
khop, chiéu day bdo hoa 97% cho mdi loai vét
liéu dugc néu trong Bang 1, trong d6 ky hiéu I
1a téc d6 dém xung (cps) va x la chiéu day khdi

(g/cm2).
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Bang 1. So sanh diic trung vt liéu duoc do tir thye nghiém trén hé MYO-101 va mé phong bang phan mém MCNP

Thyc nghi¢m MCNP D6 loch
T Yt ligu N Chiéu  day wne trink lim kid Chiéu  ddy ”
ar s Phucong trinh lam khop bio  hou Phicong trinh lam khép P
(g/em) (g/em’)
U | Gyl | T=4148+69549145000(1-¢ ) 1=3330+663266,66000(1-¢****)
g 6,90 797 13,44
2 iy biaving | [=4148-+905544,35000(1 ¢ ™) =330+ 83093 449001 ™)
6,87 7,88 12,87
30| Plastic | 7=4148+489372,.92700(1—€ *) 1=3330+48109 74900(1—¢ ™)
5,61 6,10 8,14
4 | Nnom | ]=4148+572493,67600.(1-¢ ) 1=3330+541572,29600,(1—¢ ***™)
6,80 7,10 4,19
S| The | T=4MB+2BR3IA0(1-) 1=3330+21567,2562(1-¢ ")
1,07 1,10 3,23
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Do thi mo ta su phu thudc gitra toc d6 dém déi vei giéy trﬁng, Hinh 5 dbi v6i giéy vang,
Hinh 6 dbi véi plastic, Hinh 7 d6i v6i nhom va

Hinh 8 di véi thép

theo chiéu day khdi dugc trinh bay trén Hinh 4

| = | Thue nghiem
¢ MCNP
6.00x10°
m
o
e
£ 3.00410" 4
o
[=]
=
o
(=]
e
Thye nghigm: y = 4148 + 695491.5 (1 - exp(-0.50852"x))
Ri=098431
0.004 . MCNP ¥ = 3330 + 668266.7" (1 - exp(-0.44019"%)
Ri= 098578
T L T 1
0 2 4 6

Do day (g/cm?)

Hinh 4. D} thi so sanh tbc d6 dém theo bé day giita mé phong bing MCNP va thuc nghiém dbi véi gidy tring.

4
4 n
8.00¢10' | I L
:0'....
it
_— L]
2 5
L
£ 4.00x10° 4
@
=
(=]
©
Q
R
Thye nghigm: y = 4148 + 905544 47 (1 - exp(-0.5105"x}))
0.00 4 RZ=099209
L
MCNP : y = 3330 + B85093.8" (1 - exp(-0.44478"x))
R2=0.99212
T T T >
0 3 6

Do day (g/cm?)

Hinh 5. D thi so sanh téc d6 dém theo bé day giita mé phong bang MCNP va thyc nghiém dbi véi gidy bia.
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[ | Thue nghiem
MCNP

4 00x10
/&
.
A
o
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él'- 2.00x 10/ ',:/
E P
3 e
3 Vd
3 A
= /
i/. Thyre nghigm: y = 4148 + 4893729 * (1 - exp(-062533 *x))
000 Ri=09%11
1
MCNP : y = 3330 + 481098.7" (1 - exp(-0.57 446"x))
R2=0.99341
T T T
0 1 2

Do day (g/cm?)

Hinh 6. D6 thi so sanh téc d6 dém theo bé day giita mé phong bang MCNP va thyc nghiém dbi véi plastic.

Tocdo dem (cps)

600x10’ -
4.00x10" 4
200x10' 4 /
-
F'[ Thye nghigm: y = 4148 +572493.7° (1 - expl-0515497%))
A= 099556
0.00 MCNP ; y = 3330 + 541572 3" (1 - exp(-0.49389"%))
1 R=096714
T T T 1
0 3 [ 9
Do day (g/cm?)

Hinh 7. D) thi so sanh tdc d dém theo bé day giita mé phong bang MCNP va thyc nghiém déi voi nhom.

Toc do dem (cps)

3.00¢10¢ = Thuc nghiem
* MCNP ==y apetes———u
— 1
et Tystee é
2.00x10"
1.00x10"
Thyre nghigm: y = 4148 + 23348.32° (1 - exp(-3.28105%))
R?=098422
MCNP : y = 3330 + 21567.26" (1 - exp(-3.17505"))
2 Re=098834
0.00, v T :
0 1 “
Do day (g/cm?)

Hinh 8. DJ thi so sanh téc do dém theo bé day giita mé phong bang MCNP va thuc nghiém ddi véi thép.
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So sanh s li¢u giita thuc nghiém va tinh

toan bang MCNP c6 thé rit ra hé s6 chuyén déi

dbi v6i mot sb loai vat lidu cho hé do MYO-

101 nhu chi ra trong Bang 2 [3].

Biing 2. Hé s6 chuyén doi giita hé s6 hdp thu p ciia thyc nghiém va hé s6 hap thy p cia MCNP dbi voi
mot sO loai vat liéu cho hé do MYO-101.

o ren clia thuee . Hé so chuyén doi giita u ciia thuc

T Vat li¢u ﬂnghién; pclia MCNP | = nghiévm vé gt g MCNP
1 Gidy viét tring 0,51 0,44 1,16
2 Giéy bia vang 0,51 0,44 1,15
3 Plastic 0,62 0,57 1,09
4 Nhom 0,52 0,49 1,04
5 Thép 3,28 3,18 1,03
Trung binh 1,09

Tir viée so sanh giita két qua mé phong va
thuc nghiém cho thiy khi bé day vt liéu cang
16n, cuong d0 tan xa ngugc cang ting. Tuy
nhién cuong do gamma tan xa ngugc chi ting
dén mot mirc nao d6 va khong ting nita khi
tang thém bé day. Trong trudng hop ¢ day voéi
ngudn Am-241 thi vét lidu nhe thuong dung dé
do chiéu day dua trén hiéu Gng tdn xa nguoc la
gidy tring, gidy vang, plastic, nhom va thép.
Khi ting bé day vt liéu dén ngudng xac dinh
nhur trong Bang 1 thi s6 dém khong ting nira ta
xem nhu day la bé day bio hoa cia tin xa
nguoc dbi voi ting loai vat li€u (vat liu cang
ning thi chiéu day bio hoa cang nhd) véi ning
luong va goc tan xa theo bd tri hinh hoc cua hé
do chiéu day vat lidu MYO-101. Didu nay dugc
giai thich 1a do khi ting bé day vét lidu thi tia
gamma s& c6 co hoi gy tan xa nhidu hon va
khi d6 n6 bi qua trinh hip thy trong vat liéu gdy
canh tranh va khi ting bé day toi mot gia tri
nao do thi hai qua trinh tan xa va hip thu s& bu
trir nhau. Do d6 s tia gama tan xa nguoc c6
thé thodt ra khoi vat liéu dé dén tinh thé
detector 1a khong d6i nita va tao nén ving bio

hoa [4,5,6].

Tir Bang 2 ta thdy rang, d6 léch tuong dbi
gitta két qua tinh todn mé phong va do thuc
nghiém nam trong dai 3,3 - 15,5% va do léch
tang dan tir vat lidu thép (3,3%) dén gidy tring
(15,5%). Piéu nay ciing dé hiéu vi dbi véi vat
liu nhe nhit 1a gidy, phai sir dung nhiéu tim
khi ting chiéu day nhung trong MCNP di bo
qua céc 16p khong khi mong giita 2 tdm lién
nhau nén cé su sai khac nhidu hon so véi cac
vat liéu nang hon nhu thép hay nhom.

KET LUAN

Qua két qua so sanh giita tinh toan MCNP
va do dac bfmg thue nghiém, cd thé théy tinh
uu viét cia chuong trinh MCNP trong qua trinh
mod phong hi€u Ung gamma tan xa nguoc dbi
voi hé do chuyén dung MYO-101 st dung
detector nhép nhiy YAP(Ce). Két qua budc
dau thuc hién trén mot s6 loai vat liéu nhu gidy
trang, gidy vang, plastic, nhém va thép da xac
dinh dwoc hé sé chuyén d6i tir MCNP qua thuc
nghiém. Cac két qua nay s& 1a co s& giup cho
qué trinh nghién ctru cac vat lidu nhe khac bing
mod phoéng nhim dy doan hé sb hép thu tuyén
tinh, dy doan bé day bio hoa trude khi tién

hanh thuc nghiém. Ngoai ra, Kkét qua nghién
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clru ndy con rat c6 ich ddi voi cong tac dao tao dung k¥ thuat hat nhan trong cong nghiép.

can bd cling nhu sinh vién vé linh vuc ung

MONTE CARLO SIMULATION BY CODE OF MCNP AND EXPERIMENTAL
CHECK FOR MEASURING THICKNESS OF MATERIALS FOR THE
SPECIALIZING SYSTEM OF MYO-101

Hoang Sy Minh Phuong, Nguyen Van Hung
Nuclear Research Institute (Dalat)

ABSTRACT: At present, thickness measurement of materials based on effect of backscattering
gamma has been used widely in industry in our country. This report presents research in thickness of
some materials such as paper, plastic, aluminum and steel using the specialized system of MYO-101
(with using scintillation detector of YAP(Ce) and gamma-ray of 60 keV of source of Am-241) by Monte-
Carlo simulation with using the code of MCNP, and the simulation was checked by experimental
measurements. The results show that the experiment and the simulation are in agreement in the error
limit. This research can be useful for training activities in the field of application of nuclear technique
in industry in Vietnam.

Keywords: Monte-Carlo simulation, Monte Carlo N-Particle, Backscattering gamma,
Scintillation detector, Nuclear technique.
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