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Tom tat : Tat ca cac may do lidu neutron déu phai duoc hidu chuan trude st dung dé dam bao tinh
tin cay. Vién Khoa hoc va Ky thuat Hat nhan (INST) 1a co quan duy nhat ¢ Viét Nam c6 phong
chuan liéu bic xa nam trong mang ludi phong chuan cip 2 cia co quan Ning lwong nguyén tir
quéc té ( SSDL - IAEA). Trong nghién ciu nay, phong chuan neutron di dugc xay dung voi
nguon chuan ?Am-Be. Hé do phd Bonner vai dau do neutron nhiét °Lil(Eu) va cac phuong phap
khuyén céo trong tiéu chuan ISO 8529 duogc sir dung dé xac dinh cac dic tinh cua truong chuan
neutron trén phwong dién phd ning lugng neutron va twong duong liéu neutron. Thanh phan
neutron truc tiép va thanh phan neutron tan xa xac dinh bai cac phuong phap khop ham tong quat
va phuong phép ban thuc nghiém. Két qua twong duong lidu trudng neutron truc tiép phu hop véi
nhau trong khoang 2%.

Tir khoa : triwong chuan neutron, nguon ***Am-Be, 1SO 8529, tach phé, phirong phdp khép ham
tong qudat, phirong phdp ban thuc nghiém

I. MO PAU

Mbt trong nhitng khé khan I6n nhit cua viéc thiét lap truong chuan neutron dé 1a
xac dinh phd niang luong neutron. Bai trudng neutron thuong ¢é dai ning luong rong va
hé s6 chuyén dbi thong luong-liéu neutron bién thién 16n theo nang lwong neutron. Tir phd
nang lugng neutron, cac dai luong khac (nhu twong dwong liéu moi trudng ...) co thé xac
dinh dugc bang céch st dung céac hé sé chuyén déi sang liéu da dugc cong bd.

Trong cac phuong phap xac dinh phd ning luong neutron, phuong phéap su dung
hé do phd Bonner dugc sir dung rong rdi hon ca [1]. Hé BSS c6 mét 6 diém han ché nhu
d6 phan giai nang luong kém, phd niang lwong nhan duoc tir qué trinh tach phd khéng phai
la nghiém duy nhat. Tuy nhién, hé BSS lai c6 rit nhiéu vu diém nhu : phuong phap duy
nhat xac dinh dugc pho trong khoang ning luong tir ving nhiét dén hang GeV; do nhay
cao; tién hanh thi nghién don gian, khong can hé dién tir phic tap; ham dap ung dang
hudng, rat phi hop cho viéc xac dinh twong duong liéu méi truong; c6 kha nang loai trir
duogc photon ké ca trong trudng photon manh.

Hé sb chuan cua thiét bi do neutron chi nén phu thudc vao dic tinh cua thiét bi do
ma khong phu thudc vao cac phuong phap dugc sir dung, ciing nhu cac didu kién khac
nhau cua ting co so hiéu chuan [2]. Diéu kién nay co thé dat duoc khi thiét bi do dat trong
trudng neutron tu do, noi chi ¢6 cac neutron truc tiép dén tir nguén ma khang co bat ky
neutron tan xa nao. Tuy nhién, tai cac co so hiéu chuan khéac nhau, anh huong caa neutron
tan xa 1én s6 doc cua thiét bi ludn cé va khac nhau theo timng co sé. Do d6, sé doc cua thiét
bi can phai dugc higu chinh cho tat ca cac yéu to c6 thé anh hudng dén thiét bi, bao gom
neutron tan xa bai khdng khi, neutron tan xa boi tuong, tran va san cua phong hiéu chuan.
Cac phuong phap khéop ham theo khuyén céo cua tiéu chuan ISO 8529 duoc ap dung cho
céc sd doc cua hé cau Bonner dé xac dinh : phan dong gop bai neutron tryc tiép va phan
dong gop bai neutron tan xa.



Il. HE THIET BI PO VA PHUONG PHAP

1.1 He thiét bi do

Phong chuén neutron tai INST c6 kich thuéc 700cm x 700cm x 700cm. Nguon
neutron **!Am-Be dit ¢ giita san, ¢ hé thong thiy lyc dé da ay ngudn Ién t6i vi tri trung
tam cua phong chuan. Ngudn neutron c6 cuong do 1,299.10 neutron/s véi sai s6 2,9%
(k=2) vao ngay 23/01/2015, dugc chung nhan bai phong thi nghiém NIST (National
Institute of Standards and Technology), Hoa Ky.

Trong nghién ctru nay, qua trinh do phd neutron str dung hé cau Bonner do héng
Ludlum ché tao. Hé do bao gém 6 qua cau polyethylene (dwong kinh 5,1; 7,6; 12,7; 20,3;
25,4; 30,5 cm) va detector neutron nhiét °Lil(Eu) hinh tru kich thuéc 4mm x 4mm gan lién
véi 6ng nhan quang [3]. Tin hi¢u tur detector dugc ndi véi bo dém xung Ludlum model
2200, c6 thé diéu khién bang may tinh ¢ ngoai phong diéu khién. Qua trinh do dac duoc
thuc hién trén dudng chéo cua phong chuan nham tan dung ti da khong gian chiéu va lam
giam anh huong caa neutron tan xa [4] ( xem hinh 1).
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Hinh 1 : so do b tri hé thiét b do trong phong chudn

II.2 Qua trinh do dac

Hé cau Bonner cuing detector °Lil(Eu) duoc do tai cac khoang cach cach ngudn tir
60 cm dén 250 cm, budc do 10 cm. TAm cua detector dugc didu chinh sao cho ¢6 cung do
cao véi ngudn neutron khi chiéu.

[1.3 Phuong phap khép ham

a. Phuong phap khop ham tong quat 7
Trong phuong phap nay, so doc cua detector trong trudng neutron tong cong phu
thugc khoang cach dugc biéu dien bang phuong trinh :
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e M;(D): sb doc tong cong cua detector
o | : khoang cach giira nguon va tam detector
e k  :hangsb dic trung cho ngudn-detector
e 5 =0,5":hing sé theo khuyén céo
o 1 : ban kinh cua detector
e 2=2890.10"7 cm™! : hé s suy giam tuyén tinh trung binh cua neutron tir

ngudn ***Am-Be trong khong khi
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: hé sb hiéu chinh su tan xa neutron trong khdng khi dén detector va c6

e s : hé s6 hiéu chinh su tdn xa neutron phong vao sé doc cua hé do

S6 doc tong cong cua detector phu thudc vao khoang céch s& dugc khép theo phuong trinh
(1) voi cactham so k, A" va s.
b. Phuong phap ban thyc nhi¢m

Trong phuong phap nay, thanh phan neutron tan xa cd thé suy ra tir do léch cua sé
doc cua detector so véi quy luat giam theo nghich dao binh phuong khoang cach. Theo do,
s0 doc tong cong cua detector dugc biéu dién bang phuong trinh :

Mr(l) = 5. Fi (D). (1 + AD. (1 + SI2) )
Vi :
e A :hésb hiéu chinh sy tan xa neutron trong khdng khi vao sé doc cua hé do

e S :hésb hiéu chinh sy tan xa neutron tir twdng, san va tran vao sb doc cua
hé do

S6 doc tong cong phu thudc vao khoang céch s& dugc khép theo phuong trinh (2) véi cac
tham so k, A4, S.
1.4 Phuong phap tach phd

Pé xac dinh phd neutron tir cac s6 doc, chuong trinh tach phé MAXED [5] duoc
st dung. Chuong trinh ndy &p dung nguyén Iy entropy cuc dai dé tinh phé ning luong
neutron. Ham d4p wng cia hé cdu Bonner va detector °Lil(Eu) dwoc ldy trong tai liéu cua
IAEA [6]. Pho nang luong neutron du doan ban dau dugc tinh toan bang chuong trinh mo
phong MCNP [7].

I11. KET QUA VA BAN LUAN
1.1 Két qua khép ham

Tbc do dém cuaa cac qua cau Bonner duoc khap theo hai phuong phap da trinh bay
& trén. Bang 1 trinh bay céc két qua nhan duoc.

Bang 1: Két qua khép ham theo phwong phdp khép ham tong qudt va phwong phdp bén thuc
nghiém dai véi timg qud cau Bonner

Quacau | Phuong phap khép ham tong quat Phuong phap ban thuc nghiém
Bonner k A’.(10% | s.(10%) k A.(10% S.(10°)
Khong dat
cau 6952 -14,20 22,83 6486 1,7 23,27
Bonner
2 inch 13789 -13,80 18,21 12847 0,93 18,50
3inch 43384 6,64 7,75 45224 -0,89 7,90
5 inch 138172 11,20 2,75 126709 34,6 1,20
8 inch 202669 4,23 1,29 198503 8,49 0,95
10 inch 178597 6,98 0,81 176224 9,45 0,58
12 inch 147722 4,74 0,62 146854 5,34 0,51




Cac hé sé dic trung ngudn-detector,k ,giita hai phuong phap chénh 1éch nhau tir
1,5% dén 8%. Sai khac 16n nhat dbi véi qua cau 5 inch. Piéu nay can duoc quan tam trong
qua trinh tach phé.

Gia tri am cua cac hé s6 A’, trong phuong phap khdp ham tong quat, va cac hé sd
A, trong phuong phap ban thuc nghiém, cho dén thoi diém bai viét nay, van chua dugc
giai thich.

11.2 Két qua tach phd neutron

Tir két qua & trén, phd neutron theo céc thanh phan tai timg diém do dwoc xéac
dinh. Phd neutron tong cong va truc tiép tai khoang cach 100 cm va 200 cm duoc biéu
didn & Hinh 2. Trong phd thong luong neutron tong cong, thdy xuat hién dinh phd tai cac
gia tri ning luong thap. Céc dinh nay hinh thanh do neutron sau khi tuong tac véi cac vat
liéu trong phong chuan, ning lugng bi giam, méi dén detector va dugc ghi nhan.
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Hinh 2 : Phé théng long neutron tai khoang céch 100 cm va 200 cm
1.3 Twong duong liéu méi trudng neutron

Tir phd neutron xéc dinh ¢ trén, hé sé chuyén doi thong lugng-liéu trong ICRP-
74[8] duoc su dung dé tinh toan suat licu neutron theo cdng thirc (3).

H*(10) = ZE Op. hg (3)

Tuong duong lidu moi truong cua thanh phan neutron tryc tiép tai mot sé khoang
cach dugc trinh bay trong bang 2.

Bang 2 : Suat liéu neutron tryc tiép tai mgt sé khodng céch

Khosng cich Suat lidu neutron tryc tiép (uSv/h)
g Phuong phap khaop Phuong phap ban Truong neutron tu
(cm) N . S
ham tong quét thuc nghiém do

100 147 149 145
150 65,4 66,1 64,6
200 36,8 37,2 36,3
250 23,5 23,8 23,2

Két qua cho thdy, tai tat ca cac khoang cach do, suét liéu neutron xac dinh bang hai
phuong phap sai khac nhau trong khoang 2 % va phu hop veéi gia tri tinh theo ly thuyet
trong treong neutron tu do trong khoang 5% . Bicu nay cho thay, phuong phap khép ham



st dung trong nghién ctru nay cho két qua phi hop va cé thé sir dung trong qua trinh
chuan thiét bi do neutron.

I1l. KET LUAN

Trong nghién cau nay, pho nang lugng neutron tai tung vi tri dugc tach biét theo
cac thanh phan (tdng cong, truc tlep va tan xa). Do do, suat twong duong lidu neutron theo
cac thanh phan khéac nhau c6 thé duoc xac dinh. Thanh phan neutron truc tiép la quan
trong nhat trong qué trinh chuan thiét bi. Vi vay, suit lidu cua truedng neutron truc tiép cua
nguon 2*Am-Be tai cac vi tri khac nhau trong phong chuan neutron dugc xac dinh va so
sénh bang cac phuong phap khac nhau. Khi 4p dung hai phwong phap duoc khuyén co
trong tiéu chuan 1SO 8529, suét liéu cua trudng neutron truc tiép do dugc phu hop voi
nhau trong khoang sai sé 2%. Tir két qua caa nghién ciru nay, cac may do lidu/suét lidu
neutron hoan toan cé thé dugc hiéu chuan tai phong chuan neutron cua Vién Khoa hoc va
K¥ thuat Hat nhan.
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Neutron Calibration Field in Institute for Nuclear Science and Technology

Abstract : Neutron measuring devices must be calibrated before use to ensure the reliability.
Institute for Nuclear Science and Technology (INST), the unique facility in Vietnam, has a
standard dosimetry laboratory, which is a member of the network of secondary standards
dosimetry laboratories (SSDL-IAEA). In this study, the neutron calibration room is established
with a standard source ?**Am-Be. Bonner sphere spectrometers with a thermal neutron detector
®Lil(Eu) and the fitting method recommended by 1SO 8529 are used to dertermine the neutron
reference field in terms of neutron spectrum and neutron ambient dose equivalent. The direct and
scatter neutron component are determined by generalized-fit method and semi-empirical method.
As results, ambient dose equivalent of direct neutron field were consistent to within 2%.



Keywords : neutron reference field, **Am-Be source, 1SO 8529, unfolding, generalized-fit
method, semi-mpirical method



