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Tém tit: Bio cdo nay trinh bay két qua tach pho thong luong neutron tong cong ca cac
ngudn bién diéu khac nhau. Cac chwong trinh tach phd dugc sir dung bao gdm: FRUIT,
MAXED va GRAVEL. Phuong phap tich phd cua cac chu:ong trinh nay hoan toan khac
nhau. Do d6, phd thong luong neutron tong cong va suit twong duong lidu méi trudng
nhan duoc tir cic chuong trinh dugc so sanh voi nhau. Két qua cho thiy, ba chuong trinh
trén cho két qua phu hop véi nhau.

Tir khéa: tach phé neutron, phé neutron bién diéu, FRUIT, MAXED, GRAVEL.

I. MO DAU

Pho thong lugng neutron 1a mot trong nhing dai lugng vat 1y co ban can phai xac dinh. Tir dai
lugng co ban nay, cac ddc trung khac cua truong birc xa neutron co thé dugc xac dinh tiy vao muc
dich st dung. Dbi voi muc dich an toan birc xa va hiéu chuén céac thiét bi birc ghi do burc xa, tuong
duong lidu moi truong, H' (10), hoan toan c6 thé duoc tinh toan tir pho thong luong neutron va hé so
chuyén doi thong luong- lidu thich hop (vi du nhu ICRP 74 [1]). To chirc tiéu chuan hoa qudc té
(ISO) da xuat ban tiéu chudn 8529 [2] v& phd neutron ctia cic ngudn chuin. Cac trudng neutron mo
phong thuc té duoc tiéu chuin hoa trong ISO-12789 [3].

Trong céc thiét bi duogc sir dung dé xac dinh phd neutron tai phong thi nghiém, hé phd ke
Bonner (BSS) duoc str dung nhidu nhét [4]. V& nguyén 1y, phd neutron, ¢, ham dép ung, R, va sb
doc, m, cua thiét bi lién hé v6i nhau bsi phuong trinh tich phén (1) hodc phuong trinh (2):

J@(E).R(E) =m (1)
L1 Rij = my (2

trong do, ¢ (E) va ¢; la thong lugng neutron; R(E) va R;; 1a ham dap ing cua h¢ BSS; m va m; 1a
s6 doc cua thiét bi.

Phuong trinh (2) 1a hé phwong trinh khong xac dinh, c6 s6 4n (pho neutron tai cac khoang nang
lwong) 16n hon sé phuong trinh (sé doc cua thiét bi). Chinh vi vy, phd neutron chi ¢ thé dugc xéac
dinh khi ¢6 thém cac thong tin khac.

Céc chuong trinh tich pho neutron da dugc phat trién rat nhiéu voi nhiéu nguyén 1y, phuong
phap khéc nhau. Trong do, cac chuong trinh tach phé FRUIT [5], MAXED [6] va GRAVEL [7] da
duoc st dung thanh cong trong rat nhidu nghién ctru trén thé gi6i. L.N. Thiem ez al. [8] cling da &p
dung thanh cong cac chwong trinh tach phd nay dé xac dinh phd neutron truc tiép ciia nguon >*' Am-
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Be. Do d6, nghién ctru nay st dung cac chuong trinh tach phd trén dé xac dinh phd neutron tong
cOng cuia ngudn neutron bién diéu tai phong chuan neutron, Vién Khoa hoc va K§¥ thuat Hat nhan.

II. NOI DUNG
I1.1. Pdi twong va phuwong phap
a. Phong chuan neutron va céc truong neutron bién di¢u
Phong chuén neutron tai Vién Khoa hoc va K¥ thuat Hat nhan (VKHKTHN) str dung nguén neutron

chuin *' Am-Be. Ngudn neutron c6 cuong do 1,299.107 neutron/s va hé sb chuyén d6i thong lugng-tuong
duong liéu méi truong h'(10) 1a 391 pSv.cm? [2]. Kich thudce ciia phong 1a 7m x 7m x7m.

Dé tao ra cac trudng neutron c6 dang phd khac nhau, cac qua cdu 1am chim bing polyethylene co
duoc kinh khac nhau dugc st dung. Trong nghién ctru nay, cac qua cAu 1am cham duoc kinh 20 cm va 30
cm duoc str dung. Cac qua cau 1am cham dugc bd tri sao cho khi ngudn neutron 1én vi tri chiéu, cac qua cau
1am chiam s& bao xung quanh ngudn.

Hé cAu Bonner truyén théng duogc st dung dé ghi nhan $6 doc. Hé thiét bi bao gém cac qua cﬁg lam
cham bang polyethylene (mat d6 0,95 g/cm?) voi du(‘mg kinh khac nhau (0,2,3,5,8,10 va 12 inch), dau do
nhay neutron nhiét °Lil(Eu). Thiét bi c6 dugc diéu khién bdi mdy tinh bén ngoai phong diéu khién.

b. Chuong trinh tach phd FRUIT

Chuong trinh tach pho FRUIT duoc phat trién boi R. Bedogni [5]. Chuong trinh c6 giao dién d6 hoa
d& sir dung va truc quan. Phuong phap tach phd neutron dua trén mé hinh phd neutron tai 4 ving nang luong
khac nhau: neutron nhiét, neutron trén nhiét, neutron nhanh va neutron nang lugng cao. Phé neutron toan
dai ning luong sé& 1a két hop tuyén tinh ciia 4 thanh phan trén.

Q(E) = Pen-@tn(E) + Pepi- Wepi(E) + Pr.@p(E) + Pp.p(E) (3)

trong d6: @, (E) 1a thanh phan neutron nhiét c6 phan bd Maxwell, @epi(E) 1a thanh phan neutron trén
nhiét, ¢¢(E) la thanh phan neutron nhanh, ¢, (E) 1a thanh phan neutron ning lugng cao. Cac hé s6 Py,
Pepi, P va Py 1atiI€ cua mdi thanh phan neutron.

Do pho neutron ¢6 dang nhu phuong trinh (1) nén phd neutron tach dugc s& lién tuc va tuong ddi
tron. Cling vi 1y do nay ma chuong trinh FRUIT khong can phd neutron du doan ban dau. Tuy nhién, viéc
Iira chon cac mé hinh phu hop 1a hét stc quan trong.

c. Chuong trinh tich phd MAXED

Chuong trinh tach phé MAXED duoc phét trién béi M. Reginatto [6]. Nguyén 1y tach phd thong
luwong neutron dua trén nguyén 1y Entropy cuc dai. Theo d6, phd neutron ¢ dugc tim sao cho entropy S dat

gia tri cuc dai:
- % {«Jl In ((pdef) + ofl - ﬁ-} 4)

trong do, ¢; 1a thong lugng neutron tai khoang nang luong thir 7, (plfi f 1a thong luong neutron du doan ban
déu tai khoang ning luong thir i.

Tt phuong trinh (2) ta thay, chuong trinh MAXED yéu cau phai c6 phd neutron du doan ban dau
Phd neutron du doan nay c6 thé 13y trong bao cdo TRS403 [9] cua Co quan ning lugng nguyén tir qudc té
(IAEA) hoic bang cac chuong trinh md phong van chuyén hat.



d. Chuong trinh tich phé GRAVEL

Khac véi hai chuong trinh tach phd & trén, chuong trinh tach phé GRAVEL st dung phuong phap
1ap dé tach phd neutron. Phd neutron (pi] 1 tai khoang ning lugng tht I cua 1an lap the J+1 dwoc xac dinh
boi két qua cua lan 1ap tha J theo cong thire (3):

N
ZkWi{( log — Tk 7
J¥1_ ] Lyt Rygr- @3

trong do, N, 1a s6 doc cua thiét bi, R ki’ 1a ma tran dap Umg va Wl,]c 1a h¢ s6 dugc tinh toan trong lan lap thi
J

®)

Gidng nhu chuong trinh tach phé MAXED, chuong trinh tach phéd GRAVEL ciing yéu cau phai c6
pho neutron dy doan ban dau. Uu diém cua phuong phap xéac dinh phd theo cong thire (3) d6 1a khi pho
neutron du doan khong am, pho neutron nhan dugc cling sé khong am.

e. Ham déap tmg va phd théng luong neutron du doan

Chuong trinh MCNP phién ban 6.1 [10] duoc sir dung dé md phong ham dap tng cua hé phd ké cau
Bonner va phd théng lwong neutron tong cong du doan ban dau. Co sé dir lidu tiét dién tuong tac ENDF/B-
VIL1 dugc déng goi kém chwong trinh MCNP 6.1. Tuy nhién, tiét dién twong tac méi nhét, phién ban
ENDE/B-VIILO [11], d3 dugc cip nhét va sir dung trong mé phong. Dbi voi twong tac ciia neutron nhiét
v6i hydro trong polyethylene, bang tiét dién “A-poly.80¢” duoc sir dung.

Ham dap img mo phong va ham dap ng trong tai liéu TRS403 [9] cua IAEA dugce so sanh voi nhau.
Déi voi cac qua cau lam chdm 2,3,5,8,10 va 12, hai ham dap ing phu hop véi nhau. Riéng d6i v6i ham dap
{mg ciia detector tran (qua 0 inch), ham dap (mg mé phong nho hon ham dap tmg cua TRS403 tai vung nang
lwong nhiét va trén nhiét. Diéu nay cung phu hop v6i két qua cia nhiéu cong b trén thé gisi [12-13]. Su
khac nhau nay c6 thé giai thich bang sy thay ddi cua tiét dién phan tng n( °Li, t)a qua cac phién ban tiét
dién khac nhau. Hinh 1 dué6i day thé hién ham dap ing cua ctia hé BSS mé phong duoc.
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Hinh 1: Ham ddap img ciia hé BSS mé phéng bang chwong trinh MCNP 6.1



Phé thong lwong neutron ciia ngudn tran 2*' Am-Be tran dugc 14y theo tiéu chuin ISO 8529-1. Vit
lidu, kich thude cta khdi lam chdm polyethylene va tuong bé téng ctua phong chuin neutron dwoc md phong
chinh x4c nhat c6 thé. Cac yéu t6 khac nhu san nhom va cac hé gia d6 trong phong chuan khong dugc khai
bao trong m6 phong. Tai moi vi tri, phd neutron tong cong bao gom hai thanh phéan: thanh phan neutron tryc
tiép va thanh phan neutron tan xa. Thanh phan neutron truc tiép ctia ngudn 2*'Am-Be khong cé neutron
nhiét. Tuy nhién, pho neutron tan xa c6 thém dinh ¢ ndng vung nang lugng nhi¢t. Hinh 2 ¢ dudi day thé
hién pho neutron tong cong cach ngudn 100 cm va 200 cm khi sir dung khdi lam cham duong kinh 20 cm
va 30 cm.
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Hinh 2: Phé neutron tong céng mé phong
(a. Khoi lam chdm dwong kinh 20 em; b. Khoi lam chdm dwoc kinh 30 cm.)
I1.2. Két qua

a. Pho neutron tong cong ctia nguon lam cham boi qua cau duong kinh 20 cm

Phé neutron téng cOng tai cac khoang cach 80, 100, 150 va 200 cm lan luot duoc tach phé bai 3
chuong trinh FRUIT, MAXED va GRAVEL. Phd neutron téng cong tai cac khoang cach 100 cm va 200
cm duoc biéu dién trén hinh 3 va 4. Suét tvong duong liéu méi truong, H'(10), tai mdi khoang céach ciing
duogc xac dinh va trinh bay trong bang 1.

Bdng 1: Sudt twong dwong liéu méi truong tai cdc khodng cdach khac nhau
cuia nguon lam chdm boi qua cau duong kinh 20 cm.

Khoang cach Suat twong duong liéu moi trudng H'(10) (uSv/h)
(cm) FRUIT MAXED GRAVEL
80 131,1 129,0 132,1
100 87,5 86,6 87,8
150 433 42,6 43,1
200 28,2 28,1 28,9
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Hinh 3: Phé neutron tong céng ciia nguon lam chdm béi qua cau dwong kinh 20 tai khoang cach 100 cm
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Hinh 4: Phé neutron tong cong ciia nguon lam chdm boi qud cau dwong kinh 20 tai khodng cach 200 cm



b. Phd neutron téng cong ciia ngudn 1am cham bai qua cau dudng kinh 30 cm

Dbi voi ngudn 1am chdm boi qua ciu dudng kinh 30 cm, phd neutron téng cong tai cic khoang cach
100 cm va 200 cm duoc biéu dién trén hinh 5 va 6. Suét twong duong lidu méi trudong, H*(10), tai mdi
khoang cach ciing dugc xac dinh va trinh bay trong bang 2.
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Hinh 5: Phé neutron tong cong ciia nguon lam chdm boi qud cau dwong kinh 30 tai khodang cach 100 cm
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Hinh 6: Phé neutron tong cong ciia nguon lam chdm boi qud cau dwong kinh 30 tai khodang cach 200 cm



Bdng 2: Sudt twong dwong liéu méi truong tai cdc khodng cach khdc nhau
cua nguon lam cham boi qua cau dwong kinh 30 cm.

Khoang cach Suat twong duong liéu moi trudng H'(10) (uSv/h)
(cm) FRUIT MAXED GRAVEL
80 81,9 84,3 83,9
100 53,9 55,1 55,4
150 273 26,8 27,5
200 17,7 17,4 17,7

I1.3. Théao luian

Tai cung mdt khoang cach, ti 1€ thanh phﬁn neutron nhiét khi dugc lam cham boi qua cAu duong kinh
30 cm 16n hon khi dwoc 1am cham boi qua cau duong kinh 20 cm. D6i voi mdi qua cau 1am cham, ti 16 thanh
phén neutron nhanh giam khi khoang cach v6i ngudn ting, con thanh phin neutron nhiét lai ting theo khoang
cach. Do d6, phd thong lwong neutron cia cac ngudn 1am cham khac nhau c6 dang phd khac nhau. Cac phd
neutron nay co thé dugc dung dé hiéu chuan thiét bi do neutron theo tiéu chuan ISO 12789. Cac gia tri suét
tuong duong lidu chuan sé tiép tuc duoc nghién ctru.

Mac du c6 nguyén ly tach pho hoan toan khac nhau nhung chuong trinh MAXED va GRAVEL cho
két qua pho neutron téng cong gan nhu gidng nhau. Phd neutron tong cong tach duoc tir hai chuong trinh
nay cho thdy pho neutron tai ving neutron nhanh c6 su thang giang giong nhu pho neutron tryc tiép cua
nguon 2*' Am-Be tran. Chuong trinh FRUIT sir dung mé hinh véi cac ham giai tich (phuong trinh (3) 6 trén)
nén phd neutron tach duoc c6 dang mot dinh tai ving neutron nhanh. Tuy c6 su khac nhau vé phd neutron
nhanh, ca ba chuong trinh déu cho dinh neutron nhiét phii hop véi nhau.

Dai lugng tuong duong lidu moi treong H'(10) twong tng v6i mdi phd neutron duge trinh bay trong
bang 1 va bang 2. Suat tuorng duong lidu moi truong tinh todn tir ba chuong trinh phu hop véi nhau. Sy sai
khéc giita cac két qua H(10) nho hon 3%. Can nhan manh thém rang ba chuong trinh tich phd FRUIT,
MAXED va GRAVEL c6 phuong phap tach phd hoan toan khac nhau. Diéu ndy ching t6 gié tri sut twong
duong liéu moi truong H'(10) tai cac khoang cach khac nhau khi str dung cdc ngudn 1am cham khac nhau
dugc xac dinh mot cach chinh xac. Céc gia tri nay c6 thé duge sir dung dé hiéu chuan cac thiét bi ghi do
burc xa neutron.

III. KET LUAN

Do ban chat khong xac dinh cta nguyén 1y tach phd neutron ma cac chuwong trinh tach phd
déu phai str dung thém céc thong tin khac. Chwong trinh tach phé FRUIT sir dung thong tin vé
phan b neutron tai cac ving ning luong khac nhau. Chuong trinh MAXED va GRAVEL str dung
phd neutron dy doén ban dau do ‘nguoi sir dung cung cap nhung v6i thudt toan hoan hoan toan khac
nhau. Ba chuong trinh tach phd nay ap dung dé xac dinh phd neutron téng cong va suit tuong
duong liéu méi trudng tai phong chuin neutron, Vién Khoa hoc va K§ thuat Hat nhan. Pho neutron
nhan dugc tir ba chuong trinh phu hop véi nhau tai vung nang luong nhiét va sai 1éch it ¢ vung
nang lugng neutron nhanh. Tuy vay, suét turong duong lidu moi truong nhan duoc 6 sy sai léch
rat it (<3%). Do d6, gia tri trung binh ciia sut lidu neutron nhan dugc tir ba chuong trinh ¢ thé
duoc str dung dé hiéu chuén céc thiét bi ghi do neutron.



LOI CAM ON: Nhom tac gia xin chan thanh cam on TS. Roberto Bedogni (phong thi nghiém
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COMPARISION OF TOTAL NEUTRON SPECTRUM OBTAINED BY
DIFFERENT UNFOLDING CODES

Abstract: This report presents total neutron spectrum of polyethylene-moderator
241 Am-Be sources that obtained by differents unfolding code: FRUIT, MAXED and
GRAVEL. These three unfolding codes have unfolding method totally different. All
total neutron spctrum and coresponding neutron ambient dose, H(10), were
compared. The results show that these 3 code give good agreements.

Keywords: neutron unfolding, moderator neutron source, FRUIT, MAXED, GRAVEL
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