Hiéu chinh hinh hoc d6i véi cac thiét bi do neutron
hinh tru véi nguon Am-Be

Nguyén Ngoc Quynh’, Bui Bic Ky, Hc‘A)‘Quang Tuén, Duong Vin
Tri€u, Bui Thi Anh Duong, Tran Thanh Ha

Vien Khoa hoc va Ky thudt Hat nhan
179, Hoang Quoc *Viét, quan Cau Giay, Ha Noi, Viét Nam
Email : nnquynh.inst@gmail.com

Tém tit: Trong phép hiéu chuan thiét bi do neutron, hiéu chinh hinh hoc do kich thudc ciia
thiét bi do neutron can phai dugc thyc hién. Tuy nhién, cac nghién ctru trude day deu chi dua
ra hé sd hiéu chinh hinh hoc cho cac thiét bi do neutron c6 chat lam chdm hinh cau. Trong
nghién ctru nay, h¢ s6 hiéu chinh hinh hoc s& dugce tinh toan cho céc thiét bi do neutron co chét
lam cham hinh try véi ddu do cha dong °Lil(Eu) bang chuong trinh mé phong MCNP. Két qua
mo phong s& duoc ap dung trong cac phép hiéu chuan thiét bi do neutron tai phong chudn
neutron tai Vién Khoa hoc va Ky thuat Hat nhan.

Tir khéa: Hiéu chinh hinh hoc, thiét bi do neutron hinh try, MCNP6

1. MO DAU

Viéc hiéu chuén céc thiét bi ghi do bure xa trudce khi s dung 1a yéu cAu bét budc phai thuc
hién. Cac thiét bi ghi d6 birc xa dugc hiéu chuan s& giap danh gia liéu/suat lidu dugc chinh xéac
hon va két qua do dac cling tin cdy hon. Tu do, cac bién phap ddm bdo an toan birc xa cho dan
ching va nhan viéc buc xa dugc ap dung mot cach phu hop va dya trén cac phép do tin cay.

Dé hiéu chuan thiét bi do notron, truong chuan chuan notron can phai dugc thiét lap Vién
Khoa hoc va Ky thuat hat nhan da xay dung va thlet lap truong chuan notron trén nguon “Am-
Be [1]. Trong truong chuan nay, sy dong gop vé suat liéu ctia thanh phan gamma chiém khoang
2,3%-3,3% so v&i suat lidu notron tong cong [2].

Qua trinh hi¢u chuén céc thiét bi do notron trong truong chuén doi hoi phai thyc hién mot
s0 hi€u hiéu chinh [3]: hiéu chinh notron tan xa, hiéu chinh sy khong dang hudng ctia nguon,
hiéu chinh hinh hoc cua thiét bi do, ....

i Theo tiéu chuin ISO 8529-2 [4], hé s6 hiéu chinh hinh hoc cho cac thiét bi notron hinh
cau duoc xac dinh theo phuong trinh sau:

Fi(d) =1+ 5{%[1 - ( - %)ml - 1} (1)

trong d6, F;(d) 1a hé sé hiéu chinh hinh hoc tai khoang cach d, & 1a hé sé hiéu dung notron
(6 =0,5 £0,1), d 1a khoang cach tur nguén dén tam detector, 7p 1a ban kinh thiét bi do notron.
Theo d6, hé s6 hinh hoc s& duoc tinh cho tit ca cac thiét bi do c6 dang hinh cau, khong phan biét
chét lam cham va loai dau do st dung (chu dong hodc thy dong). Phuong trinh (1) ¢ trén duoc dé
xuat boi J.B. Hunt [5] dya trén Iy thuyét cia Axton [6].
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Tuy nhién, ddi véi cac thiét bi do notron khong phai hinh cau, tiéu chuan ISO 8529-2 chi
dua ra khuyén cao ré"mg thiét bi phai duoc hi¢u chuan & khoang céach du xa dé hé sb hiéu chinh
hinh hoc x4p xi 1 hodc d6 khong dam bao do can phai dugc ting thém. Sy thiéu xo6t nay trong
tiéu chuan ISO 8529-2 d3 duoc nhan biét nhung c6 rat it cic cong trinh khoa hoc cong bd vé van
dé nay. Hiéu chinh hinh hoc cho céc thiét bi do notron hinh try khi dwoc chiéu song song véi try
dbi xang da dugc nghién ctru boi Pulpan [7]. Taylor [8] dé st dung phuong phap Monte Carlo dé
xé4c dinh hé s6 hiéu chinh hinh hoc cho cac thiét bi do notron hinh tru khi dugc chiéu vuéng goc
vé6i truc dbi xtmg trén ngudn notron 252CH,

Nghién ctru ndy trinh bay két qua tinh toan hé s hiéu chinh hinh hoc cho thiét bi notron
hinh tru c6 kich thuéc khac nhau khi dwoc chiéu vudéng goc voi tru ddi ximg trén ngudn 2 Am-
Be. Nghién ciru nay 13 can thiét boi truong chuén tai VKHKTHN 13 ngudn ?**Am-Be, va céc thiét
bi notron hinh tru s& duoc hiéu chuan véi nguén notron chiéu vudng goc voi truc ddi xung

11.NOI DUNG

1. Déi tuong va phuong phap

Dbi véi cac thiét bi do notron hinh tru dugc chiéu vuodng goc vai truc d6i xtng, phuong
phép xé4c dinh hé sé hiéu chinh hinh hoc s& dya trén 1y thuyét ctia Axton [6]. Theo d6, thiét bi do
neutron dugc chiéu béi 2 chim notron: chiim notron song song (hinh 1.b) va chim notron phan
ky phét ra tir ngudn diém (hinh 1.a). Trong ca hai truong hop, thong lugng neutron tai tam thiét
bi (diém O) khi khong c6 thiét bi 1a bang nhau.

Nguoén diém

(a)

Ngudn song

(b)

Hinh 1: Thiét bi do notron dwgc chiéu bédi 2 truong notron khac nhau:
(a) truong phdn ky, (b) truong song song
Chum neutron song song gay ra s6 doc Mp trén thiét bi va chum neutron phan ky giy ra
s6 doc Ms trén thiét bi. Mic du thong lugng notron tai tam thiét bi la béng nhau trong ca hai
truong hop nhung sé doc cua thiét bi 1a khac nhau (Mp # Ms). Do d6, hé s hiéu chinh hinh hoc
s& duoc xac dinh bang phuong trinh sau:
F(d) = 2F (2

S



S6 doc cua thiét bi (Mp va Ms) s& dugc tinh toan bang chuong trinh mé phong MCNP.
Phién ban MCNP su dung trong nghi€n ctru nay la phién ban 6.1 [9], duoc viet tat 1a MCNP6.
Trong phién ban nay, thu vién ti¢t dién twong tac méi hon ENDF/B-VII [10] da dugc dong goi
kem.

Thiét bi do notron hinh tru bao gém dau do notron nhiét ®Lil hinh tru (4mm x 4mm) va
chét 1am cham polyethgflene hinh tru. Pau do no“cron nhiét °Lil c6 khéi luong riéng 3,84 g/cmg,
thanh phén bao gom °Li (4,34% khbi luong), Li (0,21% khbi lu:o*ng) va Y (95, 45% khéi
luong). Chat lam cham polyethylene c6 khdi lwong riéng 0,95 g/cm thanh phan bao gébm H
(14,37% khbi luong) va C (85,63% khbi lugng). Pudng kinh va chiéu dai ciia cac khdi 1am cham
khac nhau dugc li¢t ké trong bang 1.

Bdng 1: Kich thude khoi lam chdm hinh tru polyethylene
Tén Cl C2 C3 C4 C5 C6 C7
Chicucao |27 [41 |62 [104 [166 |20,7 |248
Duong kinh | 3,0 4,6 6,9 115 (184 |230 |27,6

Dbi véi truong neutron song song, ngudn neutron 13 mat phang hinh hop chir nhat, phat
notron vudng goc vai truc d6i xtng cua thiét bi. P6i voi trudng neutron phan ky, ngudn notron 13
ngudn diém, phat dang hudng.

S6 doc cua thiét bi 1a sd phan Gng (n,0) xay ra trong tinh thé °Lil. S& phan Gng nay duogc
tinh toan thdong qua tally F4 va thé¢ FM trong chuong trinh MCNP.

Dbi voi notron ning lugng thap, tiét dién tuong tac neutron d6i véi nguyén t6 hydro trong
polyethylene duoc Iy trong thu vién poly.20t. Thu vién tiét dién nay tinh dén cau triic tinh thé
cua polyethylene.

2. Kétqua
H¢ s6 higu chinh hinh hoc tai cic khoang céch doi véi cac thiét bj do hinh try C1, C2, C3,
C4, C5, C6 va C7 duogc biéu dién ¢ cac hinh sau.
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Hinh 2: H¢ s6 hiéu chinh hinh hoc doi véi hinh tru CI (chiéu cao 2,7 cm, duong kinh 3,0 cm)
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Hinh 3: Hé s6 hiéu chinh hinh hoc doi véi hinh tru C2 (chiéu cao 4,1 cm, dwong kinh 4,6 cm)
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Hinh 4: Hé s6 hiéu chinh hinh hoc déi véi hinh tru C3 (chiéu cao 6,2 cm, duong kinh 6,9 cm)
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Hinh 5: H¢ s6 hiéu chinh hinh hoc doi véi hinh tru C4 (chiéu cao 10,4 cm, dwong kinh 11,5 cm)
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Hinh 6: Hé s6 hiéu chinh hinh hoc doi véi hinh tru C5 (chiéu cao 16,6 ¢m, dwong kinh 18,4 cm)
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Hinh 7: Hé s6 hiéu chinh hinh hoc doi véi hinh tru C6 (chiéu cao 20,7 cm, dwong kinh 23,0 cm)
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Hinh 8: H¢ sé hiéu chinh hinh hoc déi véi hinh tru CT (chiéu cao 24,8 cm, duong kinh 27,6 cm)
3. Banluan
Dbi voi mdi thiét bi, hé sb hiu chinh hinh hoc ¢6 gié tri cuc dai khi thiét bi dat sat ngudn
notron (tir 1,34 ddi voi thiét bi C1 dén 1,49 d6i véi thiét bi C5). Gid tri cuc dai nay xéap xi voi gia
tri cuc dai ciia hé s6 hiéu chinh hinh hoc dbi véi thiét bi hinh cau (1,5 + 0,3).

Khi thiét bi duoc dat xa nguon hon, hé s6 hiéu chinh hinh hoc giam dan vé 1. Diéu nay co
the giai thich bai khi cang xa ngudn, truong notron phat ra tir ngudn dlem dén thiét bi cang gan
gidng véi truong song song. Khi khoang cach gitra tim thiét bi va ngudn 16n hon ba lan kich
thude 16n nhat cua thiét bi (chiéu cao hodc dudng kinh), hé s hiéu chinh hinh hoc s& nho hon
1,05. Khi d6, hé sé hiéu chinh hinh hoc c6 thé coi bang 1.

Tai cung mot khoang cach so voi ngudn, thiét bi co kich thudc 16n hon s& c6 hé s hiéu
chinh hinh hoc 16n hon.

Cac két qua tinh toan hé s6 hiéu chinh hinh hoc trén sé& gitp cho viéc hiéu chuan cac thiét
bi do notron hinh try c6 thé duoc thyc hién & khoang cach gan ma khong 1am ting d6 khong dam
bao do cuia hé sb hiéu chuan. Pong thoi, cac két qua nay ciing khang dinh viéc hiéu chuan thiét bi
tai cac khoang cach xa voi ngudn (lon hon ba lan kich thude lon nhat ctia thiét bi) co khong can
dén hiéu chinh hinh hoc.

Két qua trong nghién ctru nay s& dugc ap dung trong qua trinh hiéu chuan céc thiét bi do
notron hinh try tai Vién Khoa hoc va Ky thuat Hat nhan.



I1l. KET LUAN

Trong nghién ctru ndy, hé s6 hiéu chinh hinh hoc ddi véi cac thiét bj do neutron hinh tru
déa duoc tinh toan tai cac khoang cach khac nhau. Cac két qua nay s& gitp cho viéc hiéu chinh
hinh hoc trong qua trinh hiéu chuén cac thiét bi do notron hinh truy duge chinh xéac hon. bay ciing
1a mot yéu cau quan trong trong qua trinh hi¢u chuan thlet bi duoc khuyen c40 boi tiéu chudn ISO
8529-2. Két qua cua nghién ciru s& duoc ap dung truc tiép tai phong chuan notron tai Vién Khoa
hoc va K¥ thuat Hat nhan.

LOI CAM ON

Cac tac gia xin cam on Trung tam dao tao (Vién Nang luong Nguyén tor Viét Nam) da gitp do
may tinh chay céc bai todn mo6 phong. Céc tac gia cling xin tran trong cam on B§ Khoa hoc Cong
nghé da cung cap kinh phi cho nghién ctru nay (ma sé CS/18/04-02)
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Geometry corrections for cylindrical neutron
mesuring devices with Am-Be source

Abstract: In calibration of neutron sensitive devies, geometry correction need to be
performed due to finite size of source and/or deveices. Geometry correction factor for device
with spherical moderating is well studied but not for other shape of moderating. In this sudy,
geometry correction for cylindrical neutron devices with °Lil detector were simulated using
MCNP code. The results will be applied for neutron calibration procedure in Institute for
Nuclear Science and Technology (INST).

Keywords: Geometry correction, cylindrical neutron device, MCNP6



