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TOM TAT: Trong bai bdo nay ching t6i xdy dung chuong trinh mo phéng va tinh
todn. cdc qud trinh twong tdc cla neutron 1&én cdc moi trudng vat chdt. Phuong phdp
Monte- Carlo va cdng cu phin mém MATLAB dugc sif dung 1am co s& cho viéc mo phong
qué trinh tudng tdc cda cdc qud trinh nay. Qud trinh lam chdm va nhiét hod neutron dudc
tinh todn va tir d6 mot s thong sd ¢6 lién quan da dudc tinh va mé phéng nhu: phd ning
lwgng neutron sau khi truyén qua 16p vat chét, s6 14n va cham trung binh d€ nhiét héa
neutron, dudng di cia neutron trong khai vat chat. Cdc két qud mo phdng thu dugc 12 phi
hgp t6t v6i k&t qud mo phéng cida cdc tdc gid & School of physics, The University of
New South Wales, Sydney, Australia [6].

1. MG PAU

Vat 1y neutron 12 mot phan cia VAt Iy hat nhan. N6 da gop phan dua vat 1y hat
nhén vao ing dung rong rai trong céc nganh cong, néng, y sinh.. D& phat trién céc tng
dung clia neutron vao thyc t& thi viéc nghién citu tuong tdc clia neutron v6i vat chat 1a van
& quan trong va dudc tip trung nhiéu trong nganh vat 1y hat nhén hién nay [1 ]. Hiéu 15
dudc ban chat tuong tdc clia neutron véi mo6i trudng vat chit s& gidp cho viéc ing dung vat
Iy neutron vao thyc tién ngdy mot da dang va phong phi hon. Mgt trong nhitng phuong
phdp nghién cifu tuong tdc cia neutron vdi vit chidt c6 hiéu qud va khd chinh xédc 1a
phuong phap md phéng [2]. Qué trinh tudng tdc clia neutron v6i vat chit 1a qud trinh ngiu
nhién, nén phuong phap Monte Carlo 12 cong cu hitu hiéu cho viéc md phdng [4]. Véi sy
tién ich clia minh vé& miit giao dién ciing nhu tién 1gi trong viéc tinh todn va khai trién cic
cong thitc phifc tap nén phdn mém Mathlab da dugc sif dung.

2. LY THUYET CG SO.

Khi neutron ¢6 ning lugng E va cham dan hdi v6i hat nhin c6 s6 khdi A, n6 sé& bi
tdn xa so v4i phudng tdi véi géc W trong hé phong thi nghiém va tudng ing v4i géc trong
hé kh&i tim 12 8 . Sau va cham ning lugng cia neutron con lai 1a E’. C4c cong thiic lién hé
giita cdc dai lugng trén nhu sau [3]:

1
E'=E————[cos ++/cos? +A2—1]x 1)
PN Jeos? y (

Cong thic lién hé giita vab:
AcosB+1
VA2 +2A cosB +1

cos\y =

2)

Hinh 1: MGi lién hé gifta cdc géc tédn xa
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Ning lugng neutron sau tdn xa trong hé khdi tAm 0:

. A*+2AcosB+1
E'=E > (3)
(A+1)

Khi ning lugng ban ddu cda neutron 12 E va cham véi hat nhan c6 kh&i lugng M.
D6 mat ning lugng trung binh twong ddi clia neutron 1&én sau mdt 1an va cham 12 [3]:
Ey _ 2Mm
E  (M+m)?

C))

S6 va cham trung binh n can thiét d€ 1am chim neutron tif ning lugng ban diu E,

dén E, dugc cho bdi cong thitc: n = élnE—“ véi £ 12 lerthargy.

n

3. XAY DUNG CHUONG TRINH
3.1. Tién trinh md phong
3.1.1. Bai todn 1: Sy truyén neutron qua tdm vat chat

Gia sit tim chin ddng nhét c6 bé day h theo phuong Oz, khong chifa chat phﬁn
hach, ti€t dién vi mo toan phan ¥, =%, + &, Trang thdi cia neutron tai mdt thdi diém gom
ba tham s0: toa do z (0 < z < h), ning lugng E va hudng bay ciia neutron trong bé day vt
chat p= cos0 (0 la géc tdn xa so véi truc z ). Tién trinh thuc hién tinh todn qu¥ dao cda
neutron dudc thuc hién thong qua phuong phdp Monte-Carlo [5].

3.1.2. Bai todn 2: Su him neutron trong hép lam chim

Khi neutron ¢6 ndng llrdng cao (MeV) thi viéc 1am chdm trudc khi neutron tham gia
VAo cdc qué trinh phédn Ung la cAn thiét [1]. Xét neutron ¢cé ning lugng ban dau E, vao hop
¢6 chiéu sdu Oz v han, nén khéng gian hinh hoc bao gdm hai toa dd (x,y): Gid sl hat
neutron bit ddu tdn xa theo phuong bat k¥ tir tdm cia hdp cb bé rong w. Trong bai todn
mo phéng ndy ta quan tim dén s6 phan cia neutron trong hai trudng hgp. Trudng hdp thi
nhéat 1a khi ning lugng clia neutron & 14n va cham thif i 1a Ei < 0,025e¢V thi neutron bi
nhiét hod. Trudng hop thit hai 12 khi x;> w/2 hodc X;<-w/2 hodc y; > w/2 hodc yi<-w/2 thi
neutron thodt ra khéi hdp. Goi s 1a quang chay tu do trung binh cla neutron trong khoi vat
chat, thi toa do (x,y) clia neutron tai lin va cham thi i dugc tinh theo c6ng thic :

Xi = Xi_l +35 * Sin(pi_l COSOi_l
Yi =Yi +8*cosb;_
véi 8;.; 12 géc tdn xa hgp bdi phudng tdn xa clia neutron 1an i-1 véi truc y ( 0< 8;,, <2m) va

@i ( 0< 6;.;<m)1a géc hop bdi phuong clia neutron va hinh chi€u cda né sau 14n tdn xa i-1
1én miat phdng (xOz).

3.2. So d khéi cda chueng trinh tinh sy truyén neutror qua tim vit chit
(Sedé 1)

3.3. Sd d6 khdi clia chuong trinh tinh sy hdm neutron trong hop lam cham
(Sa dé 2).
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Zy

Xdc dinh toa d6 va cham thif n cia
neutron vdi nguyén tlf vat chat

s _}'_tn—l lny

Xdc dinh toa d6 va cham k& tiép

2 (Eqy)

s g

Néuz,<0
neutron phan xa ra
ngoai 1dp vat chit

Néu0<z,<h
neutron & trong 16p
vit chat

Néuz,>h
neutron truyén qua
16p vat chat

" )y e on
Néu y < —=: neutiron bj hdp

o B
Néu —< <y : neutron t4n xa

t
thu trong 16p vét chat

t
trong 18p vt chit

3.4. Cic form chinh ctia chuong trinh tinh sy truyén neutron qua t4m vét chét

3.4.1. Form main.

Form chinh ciia chudng trinh, khi thuc thi thi form main xuat hién diu tién dé diéu
hudng ngudi sit dung dén-cdc form khdc nhu : mé phdng sy truyén neutron qua tdm vt

l

cosy =

Xdc dinh hudng tdn xa va ning lugng cia
neutron & trang thdi thif n trong vt chét

1+Acosd

\/A2 +2AcosB+1
A? +2Acosf+1
AT

Ky =Ky COSY + cost A—pl )1 —cos’ y)

Sodd 1

chit hay m6 phdng neutron trong hop 1am chdm (hinh.2).

3.4.2. Form chinh ciia bai todn truyén neutron qua tam vét chit.

Form nay cho phép nhép vao s khdi A, ning lugng cla neutron. Trong trudng hgp
niing lugng cla neutron thap (eV) thi ti€t dién tuong tdc cia neutron véi nhin bia dudc
xem nfw hiang s0. Khi ning lugng cda neutron cao (keV-MeV) chuong trinh sé& thuc hién
viéc tinh ti€t dién tdn xa phu thudc vao ning lugng neutron thdng qua pha tdn xa Trong
hinh.3 ching t6i thuc hién v8i A=207 bé day tdm chdn 12cm, neutron vao cé ning luong

10 keV.
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Trang thdi ddu
EOy X0, YO

A

Trang thdi thi i sau va

cham E;, x;, yi
A
Néu toa d6 (x, y) ndm Néu E; <= 0.025 eV N&u neutron van con
ngoai hdp tic 1a thi xem nhu neutron bi trong hdp va
X; > w/2 hay x; < -w/2 nhiét hod (thermal) E; >0,025eV

yi > w/2 hay y; < -w/2
thi coi nhu neutron thodt
ra khdi hop (escape)

/

Xdc dinh ning lugng va toa do cla
neutron & trang thdi k€& tiép

" A? +2AcosB+1
R

X; = X;_; +s*sin@,;_; cosO,_;
Yi =¥iq t8%cos6;

S do 2
3.4.3. Form két qua clia bai todn truyén neutron qua tdm vit chit

Form k&t qua xudt ra s& hat neutron truyén qua t&m v4t chat, s6 hat nhan bi hap thy
va bi t4n xa trong tAm vat chit. Nang lugng sau cling ciia neutron khi thodt ra khéi tam vat
chit cling dugc tinh. Form ciing cho phép ta truy cdp dén cdc van dé lién quan dén bai
todn trén nhu : V& phd ning lugng truyén qua, phan b neutron theo géc tédn xa, sy phu
thudc ning lugng cla neutron theo géc tén xa (hinh.4)

3.4.4. Phd niing lugng cda neutron truyén qua.

Form ndy thuc hién viéc v& lai phd neutron truyén qua bé day 16p vat chit che
chin. Trong khi thyc hién m6 phdéng vdi cling bé day 1a 10cm cho cdc vit liéu khdc nhau
v6i 10000 hat c6 ning lugng 10 keV. Chuong trinh md phdng cho thdy phd md rong vé
phia viing ning lugng thap vdi cdc chét c6 A bé, diéu nay phd hdp véi [3]. Trong hinh.5,
md phdng v6i vat liéu Pb* bé day 1a 10cm cho 10000 hat neutron c6 ning lugng 10 keV.
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Hinh 2: Form chinh ctia chuong trinh Hinh 3: Form su truyén neutron qua tim vit chit.
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Hinh 4: Form k&t qua sau phit sinh Hinh 5: Pho nang lugng truyén qua tim vat

chit Pb*"7 ¢6 bé day 10cm
3.5. Cac form chinh ctia chudng trinh tinh sy hdm neutron trong hdp lam chim

3.5.1. Form chinh bai todn him neutron trong hjp chit lam chim

Khi ta dua vao ning lugng clia neutron va s8 khdi chdt 1am chdm A. Form cho
phép ta tiy chon mot hat hay N hat d€ thuc hién mé phdng (hinh.7). Néu chon mét hat thi
chuong trinh s& tinh todn vd md phdng dudng di cia neutron ndy. Néu ta cho N hat thi
chuong trinh s& thuc thi tinh todn va cho két qud vé qué trinh twong tdc cia tirng hat nhu:
ning lugng sau ciing, s 14n va cham, quiang dudng di dudc....

3.5.2. Form mé phong dudng di ctia neutron trong hop chit lam chim

Form nay m6 td ning lugng cla neutron sau mdi lan va cham cida neutron. V& lai
dudng di clia neutron trong hop 1am chdm ddng thai ghi lai cdc thong s6 6 lién quan nhu:
nidng lugng ban diu va ning lugng sau ciing ciia neutron, s& khdi A chat 1am chim, bé rong
hop 1dm chim, s6 14n tdn xa clia neutron, quing duding di dude d trwée khi neutron bi nhiét
hod hodc thodt ra khéi hop. Chiing t6i da thye hién mé phdng véi nhi€u vat liéu c6 bé day
khédc nhau va véi nhiéu ning lugng clia neutron tdi. K&t qud cho thiy sau mdi 1dn va cham
v6i hat nhan nhe do mét ndng lugng trung binh 13 16n hon nhiéu so véi cdc hat nhin trung
binh va nang. Cic k&€t qud md phdng 1a phi hgp véi [6]. Trong Hinh 8 chi ra viéc md phéng
cho neutron ¢6 ning lugng 2MeV qua hdp 1am cham H? bé day 12cm.
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3.5.3. Form xuit két qua mé phdng ctia N hat neutron trong hép chit 1am chidm

Form nay xuét hién khi trong form main hdm neutron trong hdp chéit 1am chim ta
chon mé phdéng N hat. Form cho phép vé& phd ning lugng truyén qua trong hop lam chim,
tinh todn ty 1& ning lugng sau tdn xa, hé s6 Lethargy va s6 lin can thi€t dé nhiét hod
neutron ¢6 nang lugng ban dau E, trong cdc chat khdc nhau. Trong Hinh 9 chi ra viéc thyc

hién viéc md phéng neutron c¢6 ning lugng 2MeV trong khdéi 1am cham C'? v6i 2000 hat
neutron.
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Hinh 7: Form chinh cta sy ham neutron

Hinh 8: Pudng di ctia neutron trong hdp chit
trong hop lam chim

lAm chim D?

3.5.4. Phé so 14n va cham dé nhiét ho4 neutron.

Form nay cho phép xdc dinh s& 1an va cham trung binh ctlia neutron c¢6 ning lugng
x4c dinh v6i cdc hat nhan clia vat chat d€ bi nhiét hod. Chuong trinh da thuc hién viéc md
phéng cho neutron c¢6 ning lugng 2MeV trén cdc nguyén tif ¢6 sd khoi A khdc nhau. Két
qué thu dugc cho thdy ddi véi cdc nguyén tif ¢6 s8 khdi cang 16n thi s6 14n va cham cén dé
nhiét hod neutron cang 16n. Piéu nay phi hgp véi ly thuyét [3]. Trong hinh.10, thuc hién
viéc md phdéng neutron ¢é nidng lugng 2MeV trong khoi lam chdm O' véi 2000
hat neutron.
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Hinh 9: K&t qud md phong N hat neutron
trong hop lam cham hai chiéu C *

Hinh 10: Phé so 14n va cham trung binh
dé nhiét hod neutron trong hop o'
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4. KET LUAN

Qua trinh tuong tic cda neutron vdi vat chat chd yé&u 12 qud trinh tédn xa dan tinh va
hap thu da duge md phéng thong qua phuong phdp Monte-Carlo va dudc thi€t k€ dua trén
phin mém Mathlab. Céc bai todn lién quan dén cdc qud trinh nay nhu: phd ning lugng
neutron sau khi truyén qua 18p vit chét, s6 14n va cham trung binh dé nhiét héa neutron,
dudng di clia neutron trong khéi vat chat. Chuong trinh ciing da thyc hién viéc m6 phdng
neutron trong cdc hop khong gian hai, ba chiéu. Céc tiét dién twdng tdc cla neutron cé
ning lugng twong ddi cao vdi cdc hat nhdn nguyén tif vat chit da dugc chuong trinh thuc
hién tinh todn thdng qua do dich chuyén pha. Cdc k&t qud md phéng thu dude 1a phi hgp
t6t véi 1y thuyét tuong tdc clia neutron v6i vat chat trong[1], [3] cling nhu phid hgp vdi
két qud md phdng cia céc téc gia [6]. Chudng trinh s& dudc ti€p tuc cdi thién dé€ cdi tién
d6 chinh xdc clia cdc gid tri théng s vat 1y thu dugc.

SIMULATING AND CALCULATING SOME PARAMETRES OF THE
NEUTRON - MATERIAL INTERACTION

Chau Van Tao, Truong Thi Hong Loan, Huynh Truc Phuong
Faculty of physics — University of Natural Science,VNU -HCM

ABSTRACT: In this paper, the neutron- material interaction was simulated and
caculated. The simulation was based on the Monte-Carlo method and Matlab sofware
tool. The processes of moderation and thermalization of neutron in material were
estimated. From the simulating results some parameters such as spectrum of neutron
after transfering through material, the averaged number of collisions for thermalizing
neutron, the path of neutron in material was calculated and showed. The results of the
simulation and calculation in this paper match with the simulating results of the research
from the School of physics, The University of New South Wales, Sydney, Australia [ 6 ].
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