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3
MO DAU

Khoa hoc va cong nghé hat nhan ngay cang c6 nhiéu tng dung sau rong
va thiét thuc trong nhiéu linh vuc kinh té - x4 hoi, trong d6 mét s dién hinh
c6 thé ké dén nhu: ning lwong nguyén tir, y hoc hat nhan, quan tric phéng xa
méi trudng, cdng nghé chiéu xa ndng san xuat khau, dot bién tao gibng cay
trong, cong nghé xtr Iy nudce thai bang buc xa, ung dung céng nghé bac xa
trong san xuat cong nghiép va ndng nghiép,... Ngoai céc loai buc xa nhu tia
X, gamma, electron va proton thi bic Xa neutron ciing ¢6 vai trd quan trong
trong cac linh vuc thyc tién néu trén, khéng nhitng c6 nhiéu tng dung thiét
thuc vao thuc tién ma con duoc sir dung rong rai trong nghién cau khoa hoc
co ban va dao tao chuyén nganh vat ly nguyén tir va hat nhan va cac hudng
nghién cau khac lién quan. Do d6, cac nghién ciu vé phat trién phuong phap
ghi do va dinh liéu bic xa neutron luén c6 tinh can thiét cao, nham dap tng
y@u cau ngay cang cao trong tién trinh phat trién kinh té - x4 hoi ca & trong
nuéc va qudc té. Nhitng hoat dong nghién ctu chuy@n sau vé tuong tac cua
neutron vai vat chat, k§ thuat nhan dién va xir Iy xung tin hiéu dién tir hat
nhan, cac thuat toan va chuong trinh xtr Iy s6 liéu pho nang luong ludn 1a mot
trong nhitng van dé co tinh cap thiét cao thuoc chuyén nganh nguyén tir va hat
nhan. Thyc té cho thiy rang can c6 ning luc ngay cao hon vé viéc phat trién
cac phuong tién thiét bi, k§ thuat, phuong phéap hién dai Gng dung trong do
ludng birc xa neutron ciing nhu cac loai btrc xa khac véi kha ning vé do nhay,
d6 phan giai, hiéu suat ghi va chat luong xu 1y s lidu c6 d6 chinh xac va chat
luong cao.

Cac ngudn buc xa neutron trong thuc té thuong 1a cac nguén dong vi
phéat neutron, chim neutron tir 10 phan @ng hosc tir may gia toc. Cac nguon
neutron khac nhau c6 théng luong, phd ning lugng va trudng liéu bic xa
khéc nhau, cho nén cac loai nguén neutron nay ciing c¢é vai tro, chirc ning va
pham vi str dung khac nhau. Do d6, cac thong sé dic trung caa mdi nguon
neutron nhu hoat do, phd nang lwong, suat liéu neutron, phan bé liéu buc xa
can phai duoc xac dinh véi do chinh xac cao nhét c6 thé.

Tai cac co s& ¢6 st dung birc xa neutron déu can thiét trang bi lidu ké
neutron theo quy dinh hién hanh vé an toan birc xa, thong thuong thi cac loai

liéu ké loai nhiét phat quang (TLD), quang phat quang (OSLD) hoic loai
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Abeldo duoc str dung. Tuy nhién céc loai lidu ké nay thong thudng chi co do
nhay tot v&i neutron ning luong thap (neutron nhiét) vi c6 ham dép tng ti 16
v6i nghich dao niang lugng neutron, va can thiét phai duoc chuan hoa bai cac
thiét bj ghi do doc 1ap c6 do chinh xac cao. Pé dat duoc phép do liéu neutron
¢ do chinh xac cao, cac may do liéu neutron can dugc dugc s dung. Trong
d6, mot trong cac phuong phap 1a xac dinh phd ning lugng neutron va mot
thu tuc xir 1y s6 liéu can duoc thuc hién dé xac dinh s6 liéu tuyét ddi vé phan
bd phé) nang luong neutron tai vi tri thuc nghiém va tur sb lidu nay, gia tri
tuong duong liéu neutron s& duoc xac dinh thong qua mot bang s6 quy chuan
do Uy ban An toan va bao vé btic xa qudc té ICRP ban hanh [1].

Nhu vay, phép do phd ning luong neutron cé vai tro quyét dinh trong
phép do chinh xéc liéu neutron. Mot trong nhiing phuong phap do phd ning
luong neutron hiéu qua 1a str dung cac qua cau Bonner (Bonner-Sphere) lam
cham c6 duong kinh khac nhau 1am bang vat liéu PE (Polyethylene) va six
dung mot dau do co6 db nhay cao v&i neutron nhiét nhu éng dém 3He, BF3
hodc 6ng dém nhép nhéy loai SLi-plastic. Phuong phap niy cé nhiéu wu diém
nhu do duoc phd neutron véi dai ning lugng rong (tir nang luong nhiét t6i vai
chuc MeV, tham chi c6 thé 1én dén hon 2 GeV) va nguyén tac van hanh don
gian. Tuy nhién, nhuoc diém cua phuong phap nay 13 cac qua cau Bonner c6
khéi lwong twong ddi ning, trong qua trinh do phai thao liap éng dém nhicu
1an (thuong phai thue hién mot loat phép do phd neutron dbi véi 1an luot ting
qua cau Bonner v6i dudng kinh khac nhau mot cach riéng biét). Hon nita cac
qua cau Bonner 1a phai mua & nudc ngoai hodc ché tao v&i chi phi cao. Hién
nay, trong nudc chi c6 mot hé do nhu vay duoc lap dit tai Phong thi nghiém
chuan liéu buc xa, thudc Vién Khoa hoc ki thuat hat nhan (Ha Noi).

Hién nay, Vién Nghién ctru hat nhan (Pa Lat) dang nghién ctru thiét ké
va ché tao mot hé 1am cham neutron méi bang vat liéu PE, c6 dang nhiing
hinh tru duoc xép léng vao nhau dé thiét lap mot hé do phé neutron tuong ty
phuong phap Bonner-sphere. Hé phd ké mdi nay con dugc goi 1a hé phd ké
Bonner-cylinder da duoc lap dit hoan thanh va san sang dwa vao st dung cho
viéc do phd nang lugng trong khoang tir 1 MeV dén 13 MeV va danh gia liéu
neutron ddi véi cac ngudn dong vi phét birc xa neutron tai Vién Nghién ctru
hat nhan Pa Lat. Trén co s¢ nghién ctu tai liu, thiét bi phé) ké, cac uu diém

va giéi han cua cic phuong phap ghi do phod neutron khac nhau, hé phd ké
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Bonner-cylinder néu trén va phuong phéap giai cudn sb liéu (unfolding) duoc
Iwa chon dé giai quyét van dé dit ra cua Luan van ndy véi muc tiéu 1a nghién
ctu x4c dinh thuc nghiém phd ning luong neutron cua ngudn chuin
24 Am/Be va 22Cf va tinh toan suét lidu neutron twong dwong ddi véi 2 ngudn
neutron dong vi nay.

V& bd cuc, ngoai c4c phan md dau, két luan, kién nghi va tai liéu tham
khao, luan van dugc trinh bay véi ba chuong chinh nhu sau: Chuong 1 trinh
bay téng quan 1y thuyét vé phuong phap do phd neutron; Chuong 2 trinh bay
phuong phap Bonner-cylinder ghi do phd neutron va phuong phap giai cudn
s6 lidu; Chuong 3 trinh bay két qua nghién ctru va thao luan.
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CHUONG 1. TONG QUAN LY THUYET VE PHUONG PHAP PO
PHO NEUTRON
1.1. CAC PAC TRUNG CO BAN CUA NEUTRON

Neutron ¢6 cac thong sb co ban nhu sau: khdi lwong m, = 1,008662 u =
1,675.10%" kg; dién tich g, = 0 (thuc té co gia tri bang -0,4.10% e); thoi gian
séng ¢ trang thai tw do t =886 s; spin s, = %2; momen tr p,=-1,913 uN.

Thong thuong, neutron dugc phan loai theo gia tri dong nang E, nhu sau
[2]:

Neutron siéu lanh: E, < 2.107 eV;

Neutron rat lanh: 2.107 eV <E,<5.10°eV;

Neutron lanh: 5.10° eV <E, < 0,001 eV;

Neutron nhiét: 0,001 eV < E< 0,55 eV,

Neutron trén nhiét: 0,55 eV < E,< 100 keV;

Neutron nhanh: E,> 0,1 MeV.

Neutron 1a hat trung hoa vé dién nén khong co tuong tic coulomb
véi dién tich trong hat nhan va cac electron trong 16p vo nguyén tir, do d6 biic
xa neutron ¢ kha ning xuyén sau trong moi truong vat chit cao hon so voi
cac loai btrc xa ion hoa khac. O diéu kién nhiét d6 binh thuong, khi neutron
c6 nang luong cao hon neutron nhiét s€ tuong tac tan xa dan hoi véi cac hat
nhan nguyén tir trong moi trudng vat chat, két qua mat nang luong qua mdi
1an va cham cho dén khi dat dén neutron nhiét va tuan theo phan b6 Mawell-
Boltzmann v6i dinh cuc dai tai nang lugng E,, = 0.0253 eV.

1.2. NGUON PHAT BUC XA NEUTRON

Cac ngudn phat bic xa neutron khac nhau cé thé dugc phan biét theo
cach ma neutron dugc tao thanh. Céc loai nguén neutron dugc st dung phé)
bién c6 thé ké dén bao gdbm: ngudn neutron dong vi: dugce tao thanh trén co s¢
phan tng phan hach hat nhan ty phat hodc phan tng (o, n); ngudn neutron tir
may gia toc: dugc tao thanh trén co s tuong tac cua photon hodc hat mang
dién da duogc gia téc dén nang lugng cao v&i mot bia mau hat nhan thich hop.
Céc phan tmg tao neutron c6 thé 1a (v, n), (d, n), (p, n); ngudn neutron trong 16
phan tng: dugc hinh thanh trén co s& phan tng phan hach hat nhan (n,f) [3].

1.2.1. Nguén neutron ddng vi tir phan ing phan hach tw phat

Phan tng phan hach tu phéat xdy ra doi v6i mot hat nhan ning khong

bén. Khi d6 hat nhan tu phan r thanh hai hat nhan khac c6 sé khéi nho hon,


https://vi.wikipedia.org/wiki/%C4%90i%E1%BB%87n_t%C3%ADch
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dong thoi phat ra tc thdi mot hodc mot sd hat neutron nhanh. Ngoai ra,
nhitng san pham khéac ciia qua trinh phan hach c6 thé phat ra cac tia beta,
gamma, alpha. Vi vdy, khi st dung cac ngudn neutron nay, thi dong vi phong
xa neutron phai dugc bao boc kin trong mot 16p vo boc du day sao cho chi co

cac neutron nhanh va tia gamma c6 thé thoat ra khoi nguon.

10°L

Cuong do tuong do1
-o‘-l

10

1 2 3 4 5
Nang luong neutron (MeV)

Hinh 1.1: Pho ning luong twong ddi ciia neutron tir nguon dong vi 22Cf[3]
Ngudén neutron tir dong vi phan hach ty phat phd bién nhat Ia
Califonium (%2Cf). Bong vi 52Cf ¢6 chu ky ban rd 2,65 nim, du dai dé thuan
tién trong st dung, va la déng vi dugc san xuit nhiéu nhat trong tat ca cac
chat c6 hoat tinh phong xa neutron cao. Co ché phan ra chu yéu cia 22Cf 13
phan ra alpha, trong d6 toc do phat alpha gap khoang 32 1an toc d6 phan hach
tu phat. Hiéu suat phat neutron 13 0,116 n/s/Bq hay la 2,30.10° n/s/ug. So véi
cac ngudn neutron khac thi ngudn 22Cf chira luong chit phong xa nho,
thuong 1a ¢& vai pg, va do vay co thé san xuat ngudn véi kich thude rat nho,
kich thudc ndy hau nhu do 16p bao boc bén ngoai quyét dinh. Phd ning luong
tuong ddi ctia neutron tir nguon 22Cf duoc biéu thi trén Hinh 1.1, ¢6 dinh cuc
dai phan b trong khoang tir 0,5 MeV dén 1 MeV. Tuy nhién, hiéu suat phat
neutron cé thé mé rong dén 10 MeV. S6 phan rd phu thudc ning luong duoc

xac dinh theo cong thurc:
S = VE.e T, (L.1)
Pbi v6i phod phan hach ty phat ctua 252Cf, hang sd T trong cong thirc (1.1)

c6 gia tri 1,3 MeV. Trong luan van nay, co sir dung hé phé) ké Bonner-
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cylinder dé do thuc nghiém xac dinh phd ning lugng tuyét dbi va suat lidu
tuong duong ctia ngudn phan hach 252Cf tai Vién NCHN.

1.2.2. Céac nguén neutron ddng vi phong xa tie phan &ng (e, n)

Co ché ctia phan tmg (a, n) 14 :

tHe + 4X - 453v + In+ E.

Do cic hat alpha c6 thé phat ra tir phan ra tryc tiép cta nhiéu dong vi
phong xa phd bién nhu 2Am, 2°Ra nén c6 thé san xuit ngudn neutron loai
nho bing cach pha tron dong vi phat alpha véi vat liéu bia thich hop. Mot vai
chat dung lam bia c6 thé ddn dén phan ung (a, n), tuy nhién hiéu suat phat
neutron 16n nhét thu dugc khi sir dung bia Be véi neutron dugce sinh ra théng
qua phan rng:

3He + 3Be — 2C+ in+ 5,71 MeV.

Neutron phat ra tor phan img nay khi chum tia alpha tuong tac vo1 hat
nhan bia Be du day so v4i quing chay ciia neutron dugc biéu thi trén Hinh
1.2. Hau hét hat alpha dung lai trong bia, chi c6 mot ti 1& 1/104 hat 14 phan
ung véi hat nhan Be. Hiéu suét phat neutron tr mot hdn hop tron déu cua chat
phat alpha va Be gan nhu la giong nhau, mién 1a chat phéat hat alpha dugc
phan bd ddng déu trong thé tich bia Be v6i ham luong twong ddi nho.

500

400 -~
L~
300 _ Pra

L~
200 /

_a

00

\N
N

40 V4

o/

Neutron/10° hat alpha
S

10

3 4 5 [ 7 8 9 10
Nang luong hat alpha (MeV)
Hinh 1.2: Hiéu suat phat neutron theo ning luong hat alpha d6i voi Be[3]
1.2.2.1. Nguén neutron dong vi **Ra/Be

Co ché phat neutron: Hat nhan 28U trong ty nhién phan ra tao thanh hat
226Ra. Ctr 1g %°Ra c6 3,7.10% phan rd/s. Cir 1 phan ri s& phat ra 1 hat a c6
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ning lugng cao By = 4,79 MeV (94%) va E,, = 4,59 MeV (6%). Ngoai ?**Ra
con c6 4 hat nhan con khac ciing phat hat o v6i ning luong cao (tir 5,5 dén
7,7 MeV) 1am ting d6 phong xa ctia 2°Ra. Cac dong vi nay déu gép phan vao
viéc sinh neutron, dugc trinh bay ¢ Bang 1.1.

Bang 1.1: Bic trung caa mot sd dong vi phong xa alpha[3]

Pong vi | Nang lugng __ | Phan déng gop tao
. Chu ky ban ra

phong xa | hat o (MeV) ra neutron (%)
°2Ra 4,791 1620 nam 5,2

222Rn 5,486 3,83 ngay 11,1

218pg 5,998 3,05 phat 18,1

214pg 7,680 1,5.10* giay 56,5

219pg 5,298 138,3 giay 91

Céc dic diém cua loai ngudn nay la ngudn neutron phét ra c6 cuong do
cao, dang huéng. Mac khac chu ky ban ra caa ®Ra 16n (T12 = 1.620 niam)
nén ngudn neutron nay hau nhu khong thay d6i hoat do theo thoi gian. Vi thé
nguon **Ra/Be thuong duoc ding lam ngudn chuan. Tuy nhién né c¢6 nhugc
diém 16m 1a phat buc xa y kem theo kha manh nén kho che chin béo vé, cac
tia gamma nay lai gdy ra cac phan Gmg tht cdp sinh thém neutron 1am pho
neutron phan bd lién tuc va mo rong, nang luong cuc dai ctia neutron co thé
dat dén 14 MeV. S6 neutron c6 ning luong 4 MeV chiém nhiéu nhat, ning
luong trung binh cua neutron 1a 5 MeV, khoang nang lugng co6 cuong do
manh nhat 1a tir 3 MeV dén 7 MeV.

Tia o c6 nang lugng E, = 5 MeV khéi luong riéng ctia nguén p = 1,75
g/cm® c6 quang chay cua hat alpha 1a 37 pm, 1g ??°Ra sinh ra nguon neutron
c6 cudong d6 1,5.107 n/s.

1.2.2.2. Nguén neutron dong vi *°Po/Be

Hat nhan ?!%Po phat ra hat o v4i ning luong E, = 5,298 MeV, chu ky
ban rd 138,5 ngay va Hat nhan ?'°Po dugc tao tir phan tng:

209Bi(n, v)?°Bi —& 2P,

Cac dic diém: 2°Po khong phat buc xa B va y. Vi vay ngudn 2°Po/Be

c¢6 uu diém 16n 1a khong c6 phong y kém theo, rat tién cho viéc che chan bao

vé. Phd neutron lién tuc tir 0 dén 11 MeV, nang luong trung binh E, =4 MeV.
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Hiéu suat: Mot lugng phong xa °Po ¢ hoat d6 phong xa 1a 1Ci cho
ngudn neutron c6 cuong d6 2,5.108 n/s.
Nhuoc diém cua ngudn nay 13 thoi gian sdng ngin.

1.2.2.3. Nguéon neutron dong vi 2°Pu/Be

Hat nhan 2%Pu phat ra cac hat a c6 ning lugng sau: E, = 5,15 MeV,
Ew = 5,13 MeV, Eq; = 5,10 MeV v6i chu ky ban ra 24.360 nam.

Céc dac diém: 2°Pu phat kém theo birc xa y mém, pho ning luong lién
tuc, ctr 1 gam ?Pu cho ngudn neutron c6 cudng do 8,5.10% n/s.

Ngudn #°Pu/Be duoc st dung rong rdi nhat trong cic ngudn neutron
dong vi (a, n), tuy nhién dé c6 hoat do phong xa 1 Ci thi can phai c¢6 khoang
16 g chat 2°Pu, nén ngudn nay thudng cé kich thudc 16n khoang vai centimet,
khé che chén va cuong do bi gidi han & khoang 107 n/s. Mat khéac khi nguén
nam trong trudng neutron thi cudng do6 ngudn neutron bi thay d6i do 2°Pu bi
phan hach.

Pé tang hiéu suat phat neutron ma khong ting kich thudc vat 1y cia
ngudn thi can phai thay thé chét phat alpha c6 hoat do riéng cao hon. Do do,
nguoi ta ¢ thé st dung ngudn két hop gom *Am c6 chu ky ban rd khoang
433 nam va 2%Pu c¢o chu ky ban rd khoang 87,4 nim dé c6 hiéu suat phat
neutron 16n.

1.2.2.4. Nguon neutron dong vi **Am/Be

Hat nhan >!Am ¢6 chu ky ban rd 470 nam, phat hat o véi nang lugng E,,
= 5,4 MeV, sau d6 phat y c6 ning luong trong khoang 40 dén 60 keV. Phd
nang luong neutron cua ngudn *Am/Be dugce cho ¢ Hinh 1.3. Runnals va

Boucher da diéu ché hai hop chit Am-Be theo hai ti s6 nguyén tir AB—; va tim
thiy cac dic trung twrong tng & Bang 1.2 [4].
Bang 1.2. Cac dic trung cua ngudn 2Am/Be

) . Ty I¢ pha tron Be:Am
bdac trung blrc xa hat avan
236:1 14:1
Hat a phat trong moi gidy 2,97.10° |3,24.10°
Hiéu suét phat neutron (n/s) 2,13.10° | 1,57.10°
Sb neutron phét ra trén 10%hat o, | 71,7 48,5
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Hinh 1.3: Pho ning luong twong ddi ciia neutron tir nguon %*Am/Be[4]
Trong luan vin nay c6 stt dung hé pho ké Bonner-cylinder dé do thyc
nghiém xac dinh phd ning luong tuyét ddi va suét liéu twong dwong cua
ngudn dong vi **Am/Be tai Vién NCHN.
1.2.3. C&c ngudn quang neutron
Céac ngudn quang neutron dugc tao thanh dya trén viéc cung cp ning
luong kich thich cao cho hat nhan bia bang cach hap thu birc xa gamma Va
btrc xa mdt neutron ty do. Chi c¢6 hai hat nhan bia 1 °Be va 2H 1a c¢6 tAm quan
trong thuc té d6i voi ngudn quang neutron. Nhimg phan tng tuong Gmg c6 thé
duoc viét nhu sau;
2Be + hv - %Be + ln+ E; trong d6 E = -1,666 MeV.
‘H+ hv > IH+ In+ E;trong d6 E =-2,226 MeV.
Birc xa gamma c6 nang luong can thiét it nhat phai bang - E dé phan
g c6 thé xay ra, nén chi nhitng tia gamma nang luong twong ddi cao méi co
thé duoc ap dung. Poi véi nang lugng gamma vuot qua gia tri nho nhat nay,
nang luong neutron sinh ra twong tmg c¢6 thé duoc tinh toan theo cong thirc:
M(E, +E) N EY[(ZmM)(m+M)(EY+E)]1’2
m+M (M+M)?

E,(6)= cos0; (1.2)

trong do: 0 1a goc gitra buc xa gamma va hudng cia neutron; E, 1a nang lugng
cua gamma (MeV); m la khéi lwong cua hat nhan giat i xc?; va M 1a khéi
lwong cuia neutron xc2,

Theo cong thirc 1.2 khi goc 0 bién d6i tir 0 dén ©t ¢ thé lam mé rong

pho nang lugng cuia neutron thém vai phan tram. Vi cac nguon c6 kich thude
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16m, pho ciing bi suy bién & muc d6 nhat dinh do xay ra tdn xa cua mot so
neutron trong nguon trudc khi thoat ra ngoai.
Uu diém cua cac ngudn quang neutron la néu tia gamma don nang thi

neutron sinh ra cling gan nhu don nang.

Vit liéu bia (Be
hodc D)

Vo6 nhom boc
nguon gamma

Hinh 1.4: C4u trac don gian cia mdt ngudn quang neutron hinh cau[4]

Nhuoc diém cta nguon quang neutron 13 hoat @6 gamma sir dung phai
rat 16n dé tao ra ngudn neutron c6 cudng do can thiét. Voi loai ngudn nhu
Hinh 1.4, chi c6 khoang 1/10° tia gamma xay ra tuong tac dé sinh ra mot
neutron, do vy neutron thuong xuét hién trén phong birc xa gamma rat 16n.
Mot s6 hat nhan nhu 2°Ra, 124Sh, "2Ga, °La va *Na 1a mot sd chit phat tia
gamma dugc sir dung. Dbi v6i nhitng nguodn nay, thoi gian ban rd cia chat
phat tia gamma phai dt ngan dé c6 thé tai kich hoat lai chung trong 16 phan
tmg hat nhén gitta cac 1an sir dung.

1.2.4. Nguon neutron tir may gia téc

Hai trong cac phan (mg pho bién nhat dugc sir dung dé sinh ra neutron
la[2]:

Phan ing D-D: 2H + 3H — 3He + {n+ 3,26 MeV.

Phan img D-T: 2H+ 3H — 3He + in+ 17,6 MeV.

Vi rao thé Coulomb gitra hat nhan deuteri va hat nhan bia nhe 1a tuong
d6i nho nén hat deuteri khong can thiét phai gia toc dén ning luong rat cao dé
c6 thé tao ra hiéu suat phat neutron 16n. Nhitng phan mg nay duoc sir dung
rat rong rai trong cic ngudn phéat neutron, trong d6 cac ion deuteri dugc gia
tdc boi dién thé ¢ 100 - 300 kV. Mat khac ning luong hat téi nhé so véi gia
tri E ciia phan tng, nén tat ca cac neutron sinh ra déu cé niang luong gan bang
nhau (gan 3 MeV dbi véi phan tmg D-D va 14 MeV d6i voi phan tng D-T).
Chum deuteri 1 mA sé& sinh ra khoang 10° n/s trén bia deuteri day, va khoang
10" n/s trén bia triti.
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1.3. TUONG TAC CUA NEUTRON VOI VAT CHAT

1.3.1. C4c loai twong tac ciia neutron véi vat chat

Céc qua trinh tuong tac chii yéu cuia neutron véi vat chit 1a: Tan xa dan
hdi, tan xa khong dan hdi va phan tmg bt neutron [4].

1.3.1.1. Tan Xa dan hoi

Tan xa dan hoi la tuong tdc hat nhan khong c6 su phan bd lai céac
nucleon giita cac hat tham gia tuong tac va khong lam thay d6i trang thai noi
tai cia chung, ky hi¢u phan tng la (n,n):a+ A — A +a

Sau twong tac hat nhan A van & trang thai co ban chi c6 hat t6i a mat mot
phan dong nang cia minh do no truyén cho hat nhan giat 1.

Khi neutron va cham v41 hat nhan nguyén tir, neutron s€ bi 1éch phuong
va mat mot luong ning luong dE. Nang luong dE duoc truyén cho hat nhan
giat lui.

Tan xa dan hdi c6 hiéu qua cao ddi v&i viée 1am cham neutron trong cac
vat liéu nhe, dic biét 1a hydrogen. Pho ning lugng neutron s& thay d6i mot
cach dang ké khi xay ra twong tic tan xa ndy. Sau qud trinh lam cham,
neutron c6 thé bi hap thu qua phan tmg bat neutron hodc phan rd thanh proton

va mot hat béta. Co ché cta tan xa dan hoi dugc biéu dién ¢ Hinh 1.5.

Recoiling
Nucleus
Incoming
Q Neutron, Eo @ Nucleus
Neutron, E

Hinh 1.5: So dd tan xa neutron dan hoi[4]

1.3.1.2. Tan xa khéng dan hoi

Tan xa khong dan hoi la twong tac hat nhan khong dan t6i sy thay doi
thanh phan ciia cac hat tham gia tuong tac ma chi lam thay d6i trang thai noi
tai cua chung (spin, moment dong luong...phan bd lai nucleon), ky hiéu phan
ungla (n,n’):a+ A — A* + a*


https://vi.wikipedia.org/wiki/Tr%E1%BA%A1ng_th%C3%A1i_c%C6%A1_b%E1%BA%A3n
https://vi.wikipedia.org/wiki/%C4%90%E1%BB%99ng_n%C4%83ng
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Y—ray
O > Nucleus
Incoming
Neutron Emitted
Neutron

Hinh 1.6: So d6 tan xa neutron khong dan hoi[4]

Trong tan xa khong dan hoi, cac neutron c¢6 ning luong dudi 0,5 MeV
tuong tac voi hat nhan moi trudng. Trong qua trinh ndy, neutron truyén ning
luong cho hat nhan va hat nhan ¢ trang thai kich thich. Khi tré vé trang thai
co ban, hat nhan phat ra birc xa gamma. Tan xa khong dan hoi cua neutron
cha yéu dién ra ddi véi cac hat nhan niang. Co ché cua tan xa khong dan hoi
dugc bicu dién & Hinh 1.6.

1.3.1.3. Phdn #ng bdt neutron

Pic diém cua qua trinh bat neutron 1a sb khdi cua hat nhan tang 1én mot
don vi va hat nhan s€ & trang thai kich thich. Cac hat nhan bi kich thich khi
tré vé trang thai co ban co thé phat ra cac hat mang dién va birc xa gamma.
Hinh 1.7 m6 ta qua trinh bat neutron cua hat nhan »Na.

Mot phan mg bat neutron quan trong 1a phan tng °B(n,a)’Li. Piém
quan trong ctia phan tng nay 1a tiét dién phan tng 16n va san pham phong xa
chu yéu cua phan tng 1a hat a rat dé bi hép thu trong véat liéu. Tuy nhién, hau
hét phan tng bét neutron déu din dén sy phat birc xa gamma, vi du phan tng
8Fe(n,y)*Fe. Tia gamma trong phan tng nay c6 ning lugng 1098,6 keV va
1291,5 keV. XA4c suét cua nhitng qua trinh trén 1a khac nhau va phy thudc vao
nang luong ctia neutron va ban chat ciia moi truong twong tac. Cac hat nhan
bét neutron déu tré thanh hat nhan phong xa.

Neutron nhiét va neutron trén nhiét tuong tac voi vét chat chi yéu qua
phan Gng bit neutron. Dé che chin neutron nhiét ta dung cac vét liéu co tiét
dién hép thu neutron 16n, vi du Bo va Cadmi. Phan Ung bt neutron rat quan
trong trong cac phép do ludng neutron va che chin buc xa, cling duoc sir

dung lam phan Gmg chinh cho mét s may do liéu neutron.
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y-ray

Slow
Nucleus
Neutron @ @

23Na 24|\|a

Hinh 1.7: Phan tng bat neutron cta 2Na[4]

1.3.2. Sw suy giam chim neutron khi di qua vat chat

Sy twong tac clia neutron véi vat chat chi yéu 1a tuong tac véi hat nhan
nguyén tir. Twong tac clia neutron voi hat nhan phu thudc rat manh vao nang
luong ctia né. Tat ca cac neutron khi sinh ra déu 1a neutron nhanh. Cac
neutron nhanh mat nang luong khi va cham dan hdi v&i cac hat nhan moi
truong chit 1am cham tré thanh neutron nhiét hodc trén nhiét va cudi cung bi
hép thu trong pham vi méi trudng vat chat cta thiét bi.

Xét mot chum hep cac hat neutron di qua moi trudng. Goi bé day cia
tam bia 13 x (cm), do suy giam cuong dd chim neutron dugc xéac dinh:

-dI(x) = Nol(x)dx (1.3)

Pit T = No, khi d6, cuong d6 chum neutron I(X) sau ban hip thy co bé
day x lién h¢ véi cudong do chum neutron Iy trudc ban hép thu duoc xac dinh
boi:

I(X) = loe™>* (1.4)

Trong d6: I(X) 1a cuong d6 chum neutron sau ban hip thu c6 bé day x
duoc do boi dau do; g 1a cuong do chum neutron trudc ban hép thu; X 1a hé
s6 suy giam neutron trong méi trudng vat chit; o 1a tiét dién hap thu vi mé
cua moi truong; N la sb cac hat nhan hép thu ctia moi truong trong 1cm?.

Mot chat lam cham t6t phai co nhimng tinh chat sau: Kha ning tan xa
neutron 16n; kha nang hap thu neutron thap va kha ning lam giam ning luong

neutron 16n nhat trong mot 1an va cham.
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Bang 1.3: Hé so suy giam neutron ciia mot s6 chat 1am cham neutron[4]

Chat | Graphite | C | Béténg | DO | H.O | Paraffin Poly Be
ethylen

Tiét | 0,078 0,084 | 0,089 0,092 | 0,103 | 0,106 0,111 0,132

dién vi

mo

T(cm™)

Nhitng chat chira hydro nhu parafin, nudc che chin neutron hiéu qua do
tan xa dan hdi voi nguyén tir hydro.

1.3.3. Lam cham neutron do tan xa dan hdi

Qua trinh lam chdm neutron la qua trinh lam gidm nang lugng cua
neutron do tan xa dan hoi voi cac nguyén tir ciia chat 1am cham. Trong qué
trinh 1am cham thi mot phan neutron c¢6 thé bi hat nhan héap thu hodc thoét ra
khoi méi truong bén ngoai. Tan xa dan hoi 1a qua trinh phd bién nhat trong
qua trinh lam cham neutron. Khi d6 neutron nhanh tuong tac véi cac hat nhan
moi trudng chat 1am cham c6 sé nguyén tir nho.

Xét qua trinh tan xa dan hoi ciia neutron khdi lugng 1, dang chuyén dong
voi van tde v 1én hat nhan ding yén cé khoi luong A. Sau va cham, neutron
c6 van toc v’ va hat nhan c6 van toc V’. Xét trong hé tAm quan tinh (xem
Hinh 1.8)[[4], neutron va hat nhan c6 vén téc trude va cham 1a v; va Vi, sau

vachamlav;’ va Vy'.

a/ b/

Hinh 1.8: So' dd tan xa dan hdi cta neutron 1én hat nhan A trong h¢
phong thi nghiém (a) va hé tam quén tinh(b)

Van toc tdm quan tinh dugc xac dinh:
v

V, = —; (1.5)

A+1’


https://vi.wikipedia.org/wiki/Nguy%C3%AAn_t%E1%BB%AD
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tor d6 suy ra van toc cua neutron trudc va cham la:
A

vy=v — V= v (1.6)

Do tong dong luong trong hé tim quan tinh bang khong nén: vi = AVy,

tir o6 ta xac dinh duogc van toc cua hat nhan trudc va cham la:
v

Vo= (1.7)

A+1°
Theo dinh luat bao toan nang lugng trong h¢ tdm quén tinh:

vi2 A v: A R
—L + = V,% =2 + = V12 va vll = AV’]_; (18)
2 2 2 2
ta suy ra dugc van toc cua hat neutron va hat nhan sau va cham la:
- U A ¢
vy = = V', = v (1.9)

Céac van tdc neutron trong hé¢ toa do phong thi nghiém va h¢ toa do tam

quan tinh lién hé nhau qua biéu thic:

V= Vo4 (1.10)
Tur do ta co:
v'?2 = VZ+ v'?+2Vv' cosby; (1.11)

trong do: 61 1a goc bay cua neutron trong h¢ tam quan tinh.
Str dung phép bién d6i ta co:

2 _ v?
(A+1)2

v (A% + 2Acos6, + 1). (1.12)

Vay ti s0 dong nang neutron sau va cham so véi trude va cham la:

Er _ v* _ AP+2Acosfi+1,
E vz a+nz -’ (1.13)
hay:
== (59 + (F)costs (1.14)
_aN\2
trong do: € = EZBZ' (1.15)

Ttr biéu thue (1.13) ta rat ra cac két luan sau:

- Khi 6; = 0, cosb; = 1 thi %z 1, tirc 1a neutron khong thay doi ning
luong sau va cham, d6 mat nang luong cta neutron bang 0.

- Khi 0; = 1, cosf; = -1 thi % = ¢, tic 13 neutron thay ddi nang luong tir
E sang E’ = ¢E, 46 mat nang luong neutron cuc dai va bang E —E’ = (1- ) E.
Nhu vay, sau khi va cham dan héi, neutron c6 ning luong E’ thoa diéu kién
¢E <E'<E.
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- Tir biéu thic 1.14 ta ¢6 E’ = E 1a trudng hop neutron tan xa vé phia
trude, con E’ = ¢E 1a trudng hop neutron tan xa giat [ui vé phia sau, tic 1a va
cham truc dién.

- Tur biéu thuc 1.15, xét véi hat nhan hydro thi €= 0, khi d6 neutron
truyén toan bd dong ning ciia minh cho hydro khi va cham tryc dién. Tuy
nhién, d6i v&i cac hat nhan niang hon, & # 0 nén neutron khong thé truyén
toan by dong nang cia minh trong mot va cham. Chéng han, d6i véi tan xa
dan hodi giita neutron voi oxy thi & = 0,778, do d6 phan dong ning cua
neutron truyén cho oxy trong mot va cham tryc dién la:

E;E’ =1-—e=1-0,778 = 0,222 = 22,2%.

Nhu vay, hat nhan c6 khoi lugng cang nho s€ lam cham neutron hiéu qua

hon hat nhan c6 khéi luong 16n.
1.4. GHI PO PHO NEUTRON

Mot trong nhimg dac diém cta neutron 14 hat khong mang dién tich nén
khong xay ra qua trinh ion hoa truc tiép khi twong tac voi mdi trudng vat chét
ctiia dau do ghi do blrc xa hat nhan nhu céc hat birc xa mang dién tich khac.
Do d0, qué trinh ghi nhan neutron phai gom hai giai doan lién tiép nhau: dau
tién cac co ché twong tac ciia neutron voi vat chat trong dau do dugc van dung
dé tao thanh birc xa thir cAp c6 kha ning gy ion hoa hoic kich thich cac phan
tir ¢ trong thanh phﬁn vat chat cia dau do, sau do cac buc xa thi cép hoac
nang luong kich thich tiép tuc thuc hién qué trinh gy ion hoa hodc quang
electron va tir d6 s€ thu nhan duoc tin hién xung dién tai 16i ra cua dau do ghi
do neutron. P6i v6i nhimmg neutron c6 ning lwong khic nhau thi gay nén
nhimg hiéu tng khac nhau trong méi trudng vat chat ctua dau do, do do cac
phuong phap ghi nhan ciing sé khac nhau.

Thuyc té khong phai mdi mot neutron di vao dau do déu co kha nang tao
nén mot hat mang dién thir cap trong d6. Pidu d6 c6 nghia rang trong tat ca
cac neutron di vao dau do, chi c6 mdt phan ty 1 neutron c6 thé duoc ghi nhan
. Hon nira, trong tit ca cac truong hop c6 tuwong tac, khong phai bat ctr hat
mang dién thtr cdp nao déu gay nén hiéu ung ion héa du manh dé dau do co
thé ghi nhan duoc. Tat ca nhitng hiéu tng ndy déu duogc tinh dén trong khai
niém hiéu suét ghi nhan cua dau do, tac 1a ph::in tram sd neutron duoc ghi

nhan trén tong so neutron vao dén dau do.
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Mot dic diém thtr hai cta cac dau do neutron 13 céac tin hiéu xung dién
tai 16i ra khong thé hién dic tinh ctia ban than neutron, ma la nhitng hat mang
dién thtr cap. Mic du nhitng hat mang dién thi cip ndy c6 mang thong tin vé
cuong do va nang lugng cua cac neutron téi. Noi chung viéc nghién ctru ghi
do birc xa neutron 1a ¢ tinh chit chuyén sdu nhat dinh. Mot sé phan tng
thuong dugc dung trong cac phuong phap ghi do neutron nhu sau:

- Phan tmg °B(n, a)’Li: Pugc dung trong éng dém chtra khi BF3 hoic
dudi dang tim phim mong bén mat trong ctia ng dau do. Cudng do ion hoa
cua hat a va nang luong giat lui ctia ‘Li s€ dugc ghi nhén.

- Phan ung proton giat lui: Pay la qua trinh tan xa dan hodi cua neutron
nang lugng cao voi nguyén tir hydro, nhitng proton nay chinh 1a hat ion hoa
thir cép, tin hiéu xung dién do sy 1on hoa cua proton sé dugc ghi nhan.

- Phan mg phan hach hat nhan (n,f): Nhitng chat phan hach nhu 25U
dugc phil 1én bé mat cia 6ng dém nhu mot tim phim mong, ching bat
neutron va phan hach, nhitng manh v& phan hach nay gy ion héa va tin hi¢u
xung dién s€ dugc ghi nhan.

- Phan tng kich hoat neutron: Nhirng hat nhan bia bat neutron va trd
thanh dong vi phong xa. Hoat d6 phong xa cua nhitng dong vi nay c6 tuong
quan voi thong luong va ning lugng cla trudng neutron chiéu. Nhitng phan
g ndy c6 ngudng ning lugng, nén cé thé xac dinh dugc phan bd ning luong
ctia neutron bang cac thuat toan xir Iy s6 liéu phu hop. Uu diém cta phuong
phap nay 1a co thé x4c dinh dugc thong lugng neutron trong mot khoang rong
nang lugng.

1.4.1. Ghi do neutron nhiét

Dé ghi do neutron nhiét voi nang luong rat thap, 1 meV < E,< 0,55 eV,
ngudi ta st dung phan img héap thu neutron bai nhitng hat nhan nhe va c6 kém
theo su birc xa tia alpha goi 1a phan mg (n, a)). Ddc biét 1a cac hat nhan Li va
108 ¢6 tiét dién hap thu neutron nhiét rat 16n. Co ché cta phan tmg °B(n,
a)’Li dugc biéu dién nhu sau:

B+n— 18" JHe+Li.

Hat nhan °B ¢6 tiét dién hép thu neutron nhiét rat 1én (khoang
4.010 barn). Khi hat nhan bia °B hap thu 1 neutron tao thanh hat nhan bia 'B
& trang thai kich thich. Vi khéi luong cua hat nhan B nhé hon tong khoi
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luong cuia hat nhan '°B va neutron 1a 2,78 MeV/c? (goi 1 ning luong lién két
neutron cia hat nhan *B), do d6 dong vi 'B ¢ trang théi kich thich. Thoi gian
séng cua hat nhan kich thich rit ngin (c& 102 s), sau d6 ching bi phan ra
thanh hat o va hat nhan “Li. Trong phan 16n cac truong hop, hat nhan 7Li ¢
trang thai kich thich va khi tré vé trang thai co ban kém theo bic xa ra tia
¥ voi nang luong 0,48 MeV. Phan ning luong con lai 2,30 MeV chuyén thanh
dong ning ctia cac hat san pham sau phan tmg. Vi dong ning ctia hat neutron
t6i trong trudng hop nay rat nho, do d6 tong dong luong cta ca hé hat nhan va
neutron ban dau gan bang khong. Theo dinh luat bao toan dong luong thi sau
phan tng, cic san pham cia phan ing bay vé hai phia d6i dién nhau, dong
nang cua chung s& ty 1& nghich véi khdi luong, tir d6 xac dinh duoc ning
luong hat o bang 1,5 MeV, ning luong "Li bang 0,8 MeV.

Céac dau do st dung khi boron trifluoride (BF3) dé ghi do neutron nhiét
boi vi tiét dién phan tGng (n, a) caa °B 13 16n. Do cao xung dién duogc sinh ra
trong ong dém BF3 1a kha 16n do gia tri E bang 2,31 MeV. Cac xung c6 bién
do 16n nay cho phép phan biét véi cac xung cua tia gamma, thudng c6 mat
trong cuing voi cac ngudn neutron, va ciing c6 thé ion hoa khi BF3 nhung véi
bién d6 xung nhé hon nhiéu.

Trong dau do ma °B dua vao ¢ dang khi, san pham cua phan Gng s&
duoc tao thanh ngay trong moi truong khi lam viéc. Vi quang duong di cua
hat o rat nho, do d6 chung bi dimg lai ngay trong moi truong khi lam viéc.
Nhu vy, nhitng xung tin hiéu, vé nguyén tic s& co cung mot bién do gidng
nhau. Tham chi trong trudng hop khi, phan tmg xay ra ¢ gan thanh ng dém.
Néu nhu mot hat o (hodc Li) bi hap thu bdi thanh dng di nira, thi hat con lai
cling c6 thé gdy nén hiéu ung ion héa di manh dé co thé ghi nhan duoc
neutron va phan biét dugc tin hiéu d6 véi phong cua dng dém. Khi ting ap
suat khi, hiéu tng bo (tc 1a xac sudt cac phan ung xay ra gan thanh 6ng)
giam va dic tuyén phan bd xung theo bién do sé tot 1én nhiéu. Bang cach
chon hé s6 khuéch dai ctia b khuéch dai tuyén tinh voi mot dién ap cb dinh
trén éng dém (hoac nguoc lai), ta co thé nhan dugc mot toc do hau nhu khong
d6i khi cudong do birc xa neutron khong doi va hau nhu khong phu thudc vao
ngudng cta may do. Piéu d6 1am cho éng dém rat phu hop véi muc dich xac

dinh théng luong va dinh liéu neutron [5].
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Téc d6 dém cua dau do BF3 phu thudc vao nang luong neutron. Trong
truong hop neutron nhiét, thong luwong neutron tuan theo phan b
Maxell-Boltzmann, va éng dém BF3 chta tong cong N nguyén tir 1°B. Gia st
hiéu suat dém 13 100% thi téc d6 dém cua dau do cho boi cong thirc[6]:

CR=NJ ®(v) o(v)dv; (1.16)
trong d6: CR 1a toc d6 ¢ém; ®(v)o(v) 1a thong lugng va tiét dién bét neutron
& van toc v; n(v) 1a s neutron trong 1 cm®.

Vay: CR=0yy, [n(v)dv = opvgn. (1.17)

Ttr phuong trinh (1.17) ta thdy: trong ving neutron nhiét (c6 ning luong
tuan theo dinh luat 1/v), tbc d6 dém cta dau do BF; ti 1é voi mat do neutron.

Néu goi v 1a téc d6 trung binh ctia neutron, thi:

d>:n\7:>n:%. (1.18)

Tt do6 tinh dugc thong luong neutron:
oV CR

%. No (1.20)
Trong phan b Maxell — Boltzmann, di v&i neutron nhiét 1a:
% . % ~1128.
Viy quan hé giita thong luong voi tbe do dém la:
®=1128 I\fgo . (1.21)

Céc dau do neutron khac dugc thiét ké bang cach phi bé mat thanh bén
trong cua dau do bang mot hop chat cia boron va nap vao bén trong né mot
chat khi phui hop. Boron ciing c6 thé dugc tron 1dn véi cac chat nhap nhay (vi
du ZnS) dé phat hién neutron cham. Nguyén nhan 1a do tiét dién tuong tac cua
boron 16n va su ion hoa duoc tao ra boi cac san phém giat lui.

Co ché phan tmg hip thu neutron cta hat nhan °Li(n,0)°H xay ra mot
cach tuong tu:

SLi+n — JLi" —> JHe+IH.

Nang lugng do phan ung nay sinh ra 4,78 MeV 16n hon so voi truong
hop 1°B.
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Phan tmg ®Li(n, a)®H ¢6 ning luong 16n hon phan tmg °B(n, a))’Li do d6
cho phép phan biét tin hiéu gitta neutron va gamma t6t hon, nhung d6 nhay
giam xudng do tiét dién nho hon. Pong vi °Li chi co do giau 7,5 % trong tu
nhién, nhung °Li c6 thé dugc 1am giau twong d6i dé dang. Cac hop chat cua
lithium cling co thé duge pha troén véi1 ZnS dé tao thanh cac dau do nho voi
kha ning phan biét tia gamma tSt boi vi cac electron thir cdp duge tao ra boi
cac tia gamma thi dé dang thoat ra khoi tinh thé ma khong tuong tac dé tao ra
xung dién.

Céac dau do chua khi helium ¢ vu diém 1a tiét dién phan tng (n, p) cla
SHe 16n, hiéu suat ghi cao vi ¢6 thé nap khi ®He véi ap suat cao [6].

1.4.2. Ghi do neutron nhanh

Hai phuong phap phd bién dé do neutron nhanh la lam cham neutron
xudng niang luong nhiét roi sau d6 ghi do bang mot dau do neutron nhiét hay
str dung cac 14 do kich hoat va mot hé phd ké gamma dung dau do ban dan
siéu tinh khiét HPGe dé do phé gamma tir cac san pham kich hoat, tir d6 c6
thé xac dinh pho6 nang luong neutron. Tuy nhién phuong phap kich hoat 14 do
c6 d6 nhay thap hon phuong phap dung dau do (*He, BF3 hoic SLi-plastic) va
do d6 thuong dugc ap dung hiéu qua dbi véi cac ngudn neutron c6 cong suit
16n nhu 16 phan tmg hat nhan, may gia toc. Ngoai ra, dé ghi do neutron nhanh

con c6 thé sir dung dng dém proton giat 1.
0.050" Sheeat iron Caresin

Output pulse

195 217 t—-—
161"

\ “u ”

Hinh 1.9: So d6 ciu tao ctia mot hé do neutron nhanh ding dng dém
BF3[6]
DPé ché tao mot hé do neutron nhanh, ma hiéu suit c6 do on dinh trong

dai nang luong tir hang traim keV dén vai MeV, ngudi ta ding mot dng dém
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loai BF3 dit dong truc voi mot khéi hinh try parafin (chiéu dai 1am viéc cua
6ng dém phai 16n hon quing chay tu do trung binh cta neutron trong parafin).
Pé giam phong, nguoi ta boc ngoai khdi parafin (trir mat day) mot 16p Cadmi
hoic 16p Carbit Bo va mét 16p parafin phu thém (Hinh 1.9). Neutron tir nguén
phat vao 16p parafin s& dugc 1am chim dén ning luong nhiét va ghi nhan
bang dng dém BF3. Khi ning luong neutron cang 16n thi do dai quing duong
lam cham cang 16n. Khi d6, xac sudt mat mat neutron do hap thu cang 10n, va
nhu vay, hiéu suét ghi nhan cang giam. Nhiing neutron cham hon, kip lam
chdm nhanh hon, va c6 hiéu suit ghi nhin cao hon. Bing phuong phap diéu
chinh kich thudc va thay doi hinh dang khéi lam cham, c6 thé phan nao 1am
can bang hiéu suét ghi nhan neutron trong mot dai nang luong cho trudc.

Ong dém proton giat lui: Ong dém ti 16 dwa trén phan Gmg tan xa dan hdi
ctia neutron nhanh 1én hydro c¢6 thé duoc ding dé ghi do neutron c6 nang
luong trén 50 keV (vi dudi nang lugng ndy tin hiéu xung rat yéu, va kho ghi
nhan duoc). Ong dém loai ndy thuong str dung khi gidu hydro, vi du nhu
metan. C)ng dém co kém theo mét 16p Cadmi dé hép thu nhitng neutron nhiét,
loai bo nhitng xung giat lui cia Neutron trong phan tng bat neutron nhiét cua
hydro. Ciing c6 thé dung nhiing chat nhap nhay hitu co ran hoic 16ng chua
ham lugng hydro cao nhu NE-45, NE-213, tuy nhién phuong phap nay
thuong can thiét c6 thém bd phan bi¢t dang xung dé nhan dién xung buc xa
neutron phan biét véi gamma. P nhay ddi v6i neutron nhanh cta éng dém
proton giat 1ui nhé hon d6 nhay cua dng dém BF3 d6i véi neutron nhiét.
Nguyén nhan la do tiét dién tan xa ctia hydro 1én neutron nhanh bé hon tiét
dién hép thu neutron nhiét cua °B, phan bd nang lugng cta proton tan xa bao
g6ém phan 16n 1a nhiing proton niang lugng thap. Poi véi nhitng neutron ning
luong ¢& 10 MeV thi tan xa 13 dang hudng. Nhitng xung nay sé& khong duoc
dém vi co it ning luong dugce truyén trong qua trinh va cham. Thiét bj ghi do
proton giat lui c6 d¢ phan gidi nang lugng cao, nhung bu lai viéc van hanh
tuong dbi phirc tap, dai nang lugng do ngan, khoang tir 50 keV dén 20 MeV.

1.4.3. Ghi do neutron nang lwong trung binh

Phuong phap ghi nhin neutron theo hat nhan giat 1ui khong thé st dung
dugc d6i véi neutron niang lugng trung binh 0,55 eV< E, < 50 keV. Do do,
nguoi ta phai dua trén mot sd phan ung khac cia neutron voi hat nhan vat

chat nhu (n, o) va (n, f). Tuy nhién, do tiét dién phan mg hap thu va phan
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hach trong ving nang luong trung binh ciia neutron twong dbi nhé, do d6 hiéu
suat khi str dung truc tiép cac 6ng dém BF3 va cac budng phan hach d6i véi
neutron trong dai ning luong trung binh 1 twong d6i nhé (so véi trudng hop
neutron cham). Chinh vi vay, dé ghi do cac neutron ning luong trung binh
bang cac dng dém BF3 hay budng phan hach, chung ta trude tién ciing can
lam cham neutron dén niang luong nhiét bang nhitng chat lam cham neutron.
Pé lam cham neutron, nguoi ta thuong dung cic nguyén to nhe nhu H, Be,
cac hop chét cacbua hydro. D6i v6i nhimg nguyén td nhe, xac suét tan xa
neutron trong ving ning luong trung binh 16n hon nhiéu x4c suat hap thu
ching. Pau do neutron thong thudong dugc dit trong mot khodi 1on bang
parafin hoac trong mot thung chira nuéce, doi khi nguoi ta dung than chi tinh
khiét 1am chat 1am cham neutron. Nhimg neutron roi vao mdi trudng lam
cham s& va cham dan hoi nhiéu 1an véi cac hat nhan cia méi truong cht lam
cham. Khi tan xa trén nhiing proton ty do, trung binh mdi lan neutron s& mat
5 ning lugng ctia chung. Nhu viy, sau 10 - 15 1an va cham dan hoi véi
proton, nhitg neutron véi ning luong ban dau 1a 10?2 - 10° eV sé& tré thanh
neutron can bang nhiét véi méi truong 1am cham. Nhimg neutron dd bi lam
cham co thé roi vao dau do do qua trinh khuéch tan, va & dé chung duoc ghi
nhan véi hiéu suat nhu trong trudng hop neutron nhiét [7][8].

Khi tinh toan kich thudc ctia méi truong 1am cham, chung ta can xuét
phat tir d6 dai 1am cham, tic 13 quing duong trung binh tir diém neutron di
vao moi truong lam cham cho téi diém neutron tré thanh neutron nhiét. Do
dai 1am cham phu thudc vao ning lugng ciia neutron trong moi trudng. Dé
tranh khoi phong cia nhitng neutron nhiét, thi khdi 1am cham duge bao vé tir
moi phia bang nhiing tim cadmi day 0,4 - 1 mm, c6 kha nang hap thu hau nhu
tuyét ddi neutron véi nang lugng dudi 0,5 eV. Chiing ta can luu ¥ rang, ngudi
ta thuong dung cac dau do neutron cham dit trong méi trudng lam cham dé
ghi nhan nhiing neutron nhanh. Khi d6 diéu can tinh dén 1a khi ning lugng
neutron cang 1on thi chiéu dai 1am cham cang 16n (Vi du khi E, = 2 MeV,
chiéu dai lam cham bang ¢& 5,7 cm trong méi trudng nudc va bang 18,7 cm
trong moi trudng than chi). Uu diém chinh ctia phuong phap niy so voi
phuong phap ghi nhan neutron nhanh theo hat nhan giat 1ui 12 hiéu suét cao.
Ngoai ra, dau do loai ndy c6 dic tuyén bién do xung rat tét, do do viéc tinh

toan két qua do dac dé dang hon. Tuy vy, ching ta cling nén biét rang, khi
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ghi nhan neutron nhanh b@fmg dau do neutron chim, phai tinh toan dén mot
khoang thoi gian tré, ké tir khi neutron di dén méi truong 1am cham cho dén
khi xung tin hiéu xuét hién trén 6ng dém. Thoi gian lam chim neutron, va
nhat 13 thoi gian khuéch tan ctia chiing thuong kha 16n va ¢ thé 1én dén hang
tram ps.

Mot céu hinh hé phd ké dién hinh dé ghi do phd ning luong neutron bao
gém ca neutron nhiét, neutron trung gian (trén nhiét) va neutron nhanh la sy
két hop gitra: dau do neutron nhiét va cdc khdi 1am cham. Dé lam cham
neutron, nguodi ta co thé sir dung phan ng tan xa dan hdi trén hat nhan nhe
nhu hydro trong polyethylene hoac parafin 1a cac chat 1am cham pho bién.

B S
-

Hinh 1.10: M6 hinh hé phd ké hinh cau BSS[8]

Hé pho ké pho bién trén thé gidi néi chung va & Viét Nam hién nay 1a hé
phd ké hinh cau (Bonner Sphere Spectrometer - BSS). M6 hinh hé pho ké
hinh cdu BSS dwgc mé ta nhu hinh 1.10. Déi véi hé BSS, chét lam cham 1a
Ccac qua cau lam bang vat liéu polyethylen (PE) c6 duong kinh khac nhau két
hop vé1 mot dau do 3He hodc BF3. Vat liéu 1am chim neutron thuong duoc
sir dung 14 PE dudi dang hinh cau (goi 13 hé BSS) [8] hoac hinh tru goi 13
Bonner-cylinder spectrometer.

O Viét Nam, mot phé ké loai BSS di duoc phat trién va ung dung trong
hoat dong do chuan liéu neutron tai Vién Khoa hoc va k¥ thuat hat nhan (Ha
Noi). Cac qua cau Bonner dugc lam bang vat liéu giau hydro nhu PE dugc
mo ta nhu & hinh 1.10. Nhiing qua cau nay duoc goi 1a bd 1am cham neutron
nhanh. Tuy thudc vao duong kinh qua cau, cc ham dap tng cia hé do tuong
ung voi moi qua cau s& dat mot gid tr1 cuc dai tai cac vung nang lugng
neutron khac nhau. Khi kich thudc qua cau nho, cac neutron cham dugc ghi
do trong khi c&c neutron nhanh thoat ra khoi Bonner-Sphere trude khi dat
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nang lugng nhiét. Mat khac, cac qua cau kich thude 16n hon thi hé do sé nhay
hon véi neutron nang lugng cao hon trong khi d6 thanh phan neutron ning
luong thap s& bi hap thu trude khi khuéch tan dén dau do. Vi vay, viée ting
duong kinh hinh cau dugc str dung nham muc dich dé phat hién neutron c6
nang lugng cao hon.

Phé ké loai Bonner hinh tru hoat dong tuong ty nhu phé) ké BSS, ngoai
trir cac 16p PE hinh tru 12 dugc sap xép 16ng vao nhau trong khi cac hinh cau
PE dugc ché tao doc lap. Mot phé ké Bonner hinh try dién hinh dugc mé ta
tryc quan nhu trong hinh 1.11 (a) va so d6 & hinh 1.11(b)

e
Figure from Dubeau et al., 2013, poster presentation CRPA conference, Sherbrooke, Quebec 2 2 cm

Hinh 1.11: M6 hinh hé ph6 ké hinh tru NSS(a) va so d6 ciu tao(b)[8]

Tai Vién NCHN, cho dén hién nay van st dung liéu ké va mot s6 may do
lidu neutron chuyén dung, viéc do phd neutron trong 10 phan tng chu yéu
duogc thyc hién bang phuong phép kich hoat neutron théng qua cic phan tng
(n, v), (n, p), (n, o), (n, n’) va (n, f) hodc phuong phap xac dinh nang lugng
bang 6ng dém ti 1& proton giat lui. Cac phép do phd ning luong neutron d6i
v6i ngudn neutron dong vi nhu 22Am/Be, 52Cf chu yéu méi duoc nghién ctru
bang dau do nhip nhdy 1ong nhung cling méi & giai doan phat trién cac k¥
thuat phan biét tin hi¢u gifra neutron va gamma.

Trén co so téng quan tai li¢u, yéu cau thyue tién va co sé thiét bi duoc hd
trg, muc tiéu cta dé tai can giai quyét trong luan van nay 1a do thuc nghiém
phd ning luong neutron va xac dinh suit liéu twong duong ddi voi ngudn
chuan ?!Am/Be va 22Cf sir dung hé phd ké Bonner-cylinder tai Trung tim
Vit ly va Bién tur hat nhan, Vién Nghién ctru hat nhan Pa Lat.
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CHUONG 2. PO THUC NGHIEM PHO NANG LUQNG
NEUTRON BANG PHO KE BONNER-CYLINDER
2.1. HE LAM CHAM NEUTRON
Hinh 2.1 mé ta chi tiét cAu hinh ctia hé 1am cham neutron si dung cho
hé phé ké Bonner-cylinder. Hé lam cham neutron nay duogc thiét ké trén
nguyén tdc nhiét hoa neutron (twong tu h¢ BSS), gém 15 khdi hinh tru c6 thé
xép 10ng vao nhau. Chat 1am cham neutron 1a vat liéu PE ¢ khéi luong riéng
p = 0,96 g/cm®. Puong kinh cua cac khdi hinh tru thay d6i tir 3,5 cm dén 23,0
cm. O tdm ctia cac khéi hinh tru PE ¢6 lép ddt mot dau do do neutron loai 3He
(Model: LND, INC 2528).
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Hinh 2.1: M6 hinh hé lam chiam neutron bing PE

Trong luong cua hé do khoang 15 kg va chiéu cao 1a 40,25 cm. Ma tran

1 1N L WA VW WA VW WAL W WAL N WAL W WAL VW WA WO WA VW WL
i

ham dap Gmg cua hé do duoc xac dinh tir tinh toan mo phong bang phuong
phap Monte-Carlo. Cau hinh do véi 47 nhém ning luong tuong ung véi dai
do lién tuc tir 10° MeV dén 13,0 MeV.

Chét lam cham neutron dugc 1am tir vat liéu PE co6 bé day va duong kinh
khac nhau. S6 liéu kich thuéc duge ghi & Bang 2.1. Ong PE c6 kich thudc

nho nhat c6 dudng kinh trong bang dudng kinh ngoai ctia 6ng dém 3He dé co
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thé dat dng dém 3He vao chinh gitta cac 6ng PE. Cac 6ng PE khac duoc thiét
ké sao cho duong kinh trong 6ng phia ngoai bang dudng kinh ngoai ctia 6ng
phia trong. Chiéu dai cac éng PE dugc thiét ké dam bao bao phi toan bd ving
nhay ctia ddu do 3He. Toan bd cac éng PE va dau do duge dit trén mot gia do
dugc lam bang thép, ¢ thé diéu chinh d6 cao. Gia d& toan bo hé phd ké cd
thé di chuyén duge nham thuc hién duge cac phép do & céc vi tri khac nhau
so v&i ngudn neutron.

Béang 2.1: Kich thudc cac 16p lam cham PE hinh try

Ky hiéu | Do day Puong kinh | D6 day tong

STT |16p PE (mm) ngoai (mm) (mm)
1 PE1 4.75 35 4.75

2 PE2 5.00 45 9.75

3 PE3 5.00 95 14.75
4 PE4 5.00 65 19.75
5 PE5 5.00 75 24.75
6 PE6 5.00 85 29.75
7 PE7 5.00 95 34.75
8 PE8 5.00 105 39.75
9 PE9 5.00 115 44.75
10 PE10 7.50 130 52.25
11 PE11 10.0 150 62.25
12 PE12 10.0 170 72.25
13 PE13 10.0 190 82.25
14 PE14 10.0 210 92.25
15 PE15 10.0 230 102.25

Hinh 2.2: Cac 16p lam cham neutron bang vt liéu PE
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Hinh 2.3: Hé gém 15 khéi try PE duoc lap ghép voi dau do *He

2.2. MA TRAN HAM PAP UNG VA CHUONG TRINH GIAI CUON

MObi mét to hop ctia dau do va cac 16p chat 1am cham c6 mot ham dap
tmg (Response function) dic trung duoc xac dinh dbi v6i mot cdu tric nhom
nang lugng neutron. Pé co thé xac dinh dugce phd neutron, can sir dung céac
ham dap ung da xac dinh ctia hé Bonner-cylinder. Ham dap g nay duoc
dinh nghia 1a: s6 dém ghi duoc cta dau do 3He d6i v6i mot nhoém ning luong
E; c6 thong luong neutron 1a ®(E;) = 1 n/cm?/s. Puong kinh cta cac khéi hinh
try PE ¢6 gié trj trai dai tir 3,5 cm dén 23,0 cm dé dap ung dai nang lugng tir
neutron nhiét cho dén neutron ning lwong 13 MeV. Ham dap ung cua hé
Bonner-cylinder co thé dugc xac dinh theo 2 cach: do thuc nghiém tir cac
chum neutron don nang hodc tinh toan tir cAc chuong trinh m6 phong. Mot
ham dap tmg thir i theo nang lugng E, ky hiéu 1a Ri(E) c6 mdi lién hé véi sb
dém thyc nghiém C; tir dau do He va thong lugng neutron theo ning luong
®(E) dugc biéu dién theo phuong trinh (2.1) nhu sau:

C; = f;;‘:lx Ry(E).®(E)dE; i=123...n (2.1)

Trong d6: C; 1a tbc d6 dém ghi nhan duoc trong dau do ung véi td hop
khéi hinh tru thr i; Ri(E) 1a ham dap ung cta dau do twong Umg véi to hop
khéi hinh tru thtr i phu thudc theo niang luong E va ®(E) 1a thong luong
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neutron ctia ngudn neutron tai vi tri do thuc nghiém; va n 1a sé cac khdi hinh
try PE c6 d¢ day khac nhau (trong nghién ctru nay n = 15).

Phuong trinh & trén c6 thé dugc viét lai dudi dang mot cong thuc iy
tong theo cac nhoém ning luong (K = 1,... M) nhu sau:

Ci= YN R @ i=123...n;k=123,...... M; (2.2)

Trong d6: Rik 1a ham déap rng th{r i twong Gmg véi nhom nang lugng thi
k; @y 1a thong luong tich phan theo nhém ning lwong tha k; va M 14 s6 nhom
nang lugng (trong nghién ctru nay, M = 47).

Cong thire (2.2) 1a dang rdt gon cia mot hé n phuong trinh véi M bién s6
®y. Qua trinh giai hé phuong trinh nay dé tinh @y tir mot tap hop cac s6 dém
Ci duoc goi 1a giai cuon (Unfolding), khi d6 gia thiét 1a Ry 1a ham dap tng da
dugc xac dinh va cung cap kém theo hé phd ké Bonner-cylinder. Trong hau
hét cac truong hop, s6 N phuong trinh nhé hon sé M bién s6 @y can xac dinh
tic 1a s6 nhém nang luong 16n hon nhiéu so véi so 16p PE lam cham dung dé
ghi nhan tin hiéu, do d6 hé phuong trinh ndy c6 sé phuong trinh it hon s an
s6 nén khong thé giai bang cac phuong phap thong thudng ma can giai quyét
bai todn nay bang maot trong cic phuong phap gan dung. C6 nhiéu phuong
phap gan ding khac nhau dé xac dinh duoc phd ning luong neutron ®(E).
Trong d6, hai phuong phap dugc sir dung phd bién 1a phuong phap entropy
cuc dai va phuong phap str dung thuat toan 1ap binh phuong téi thiéu.

Trong luan vin nay st dung code MSANDB [9] dé thuc hién viéc giai cudn
(unfolding) tir sb lidu do thuc nghiém st dung hé phd ké Bonner-cylinder
nham xac dinh phd ning luong ®(E) cua cac ngudn neutron **!Am-/Be va
252Cf. Code MSANDB sir dung thuat todn giai cudn dugc goi 1a 1ip binh
phuong t6i thiéu nhiéu 1an, trong d6 yéu cau c6 mot phd gia dinh ban dau
®o(E) cho budc lip dau tién, pho gia dinh nay c6 thé st dung tir dir liéu phod
chuin c¢6 sén trong code MSANDB. Pho neutron ban dau dugc sir dung nhu
mot dang thd cta phd neutron dy kién, bao gébm 3 ving ning luong neutron
nhiét, neutron trén nhiét va neutron nhanh. Code MSANDB dugc xay dung
dé xac dinh phd thong luong neutron tir nhidu phép do. Phuong phap giai
cuén MSANDB dua trén viéc diéu chinh lap di lap lai d6i v6i phd thir nghiém

dé co két qua gan ding nhit.



31

Goi ila chisd cua phép di thuc nghiém; j 1a chi s6 nhém nang luong; k 1a chi
s6 vong lap; E; 1a nang lugng nhom j; m 1a tong s6 khoang nang luong; n 13 s6

phép do thuc nghiém[10].
Gia st udc tinh ctua phd thong luong ban dau dugc dua ra 13 {(D[ ;=

1,2, ..., m}. Sau d6 mdi 1an lap lai k tdc dd dém duoc tinh toan lai cho phuong

trinh cua phép do ¢ chi sé thi i.
Thong luong tich phan tong dugce tinh tir pho thong luong tai vong lip k 1a:

k
= X2, 0@ (Bjaq — Ep). (2.3)

Tong thong lugng du’(_)‘c tinh trén pho théng luong lap k lan la:

= 22,0 (E,+1 Ej). (2.4)

» N A
Str dung cong thurc: o) = Jup (2.5)
va cong thuc: (Z)[k] 2 (2.6)

[k]
9,

Ta c6 tong thong lugng dua trén tat ca cac phép do tuong Gmg voi mdi bé day
16p chat 1am cham sau k 1an 1ap dugc xac dinh bang cong thic:
n wiklglk

— 2.7
R 2.7)

Pkl =
trong do Wi[k] 1a cac hé sb trong sb bao gdm thong tin vé do khong dam bao
trong qué trinh 1dp di ldp lai.

Ty 1¢ giita thuc nghiém duoc do ludng véi két qua duge tinh toan mo phong
K] okl A

z- (k] _
j
Hé s6 hiéu chinh 13p k cho khoang ning luong j 1a:
s wikiprIK
cd = 2=t o (2.9)

(k]
i=1 Wi

trong do W 'a mot ham trong s6 1am min dua trén cac dudng trung binh
tuyén tinh. Cu01 cung thu dugc phd ning lugng gan ding nhit tai vong lap

tha k+1 nhu sau:

/" = ¢Mexp (¢/"). (2.10)
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2.3. HE PO THUC NGHIEM
2.3.1. PAu do neutron 3He

Dau do neutron *He phan 16n nhay v6i neutron nhiét va thuong duoc sir
dung v6i bd 1am cham neutron. Do d6 dau do neutron *He rat phu hop dé do
cac chat nén c6 ham luong hydro cao, chang han nhu nudc va dau, trong d6
chat nén duogc do dong vai tro 1a chét diéu hoa.

Ong dém ty 18 3He st dung phan tng 3He(n, p)®H dé phat hién céac
neutron nhiét. Phan g xdy ra nhu sau:

SHe+ in —» 1H+ 3H+E;

Trong d6 E = 764 keV. Nang luong ctia phan rng nay dugc giai phong
du6i dang dong niang cua cic hat nhan con chuyén dong theo hai hudng
nguoc chiéu nhau.

| . (b) ‘

@e/.

/'/://'/'
— ,@C? Q

Hinh 2.4: Cac budc tao ra xung dau ra ctia dau do neutron *He
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Hinh 2.5. Phd d6 cao xung cua dau do *He[6]
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Hinh 2.5 mé ta qua trinh tao xung dau ra cua dau do 3He. Cac hat mang
dién dugc giai phong (proton va triton) ion hoa cac phan tor khi khi ching
chuyén dong trong chat khi. Sau dé, céc electron ion héa ndy chuyén dong
vao trong cuc duong (Hinh 2.4b). Méi electron dén ving nhan giy ra mot dot
tuyét 10 ion. Pay duoc goi 1a hién twong nhan khi va c6 thé xay ra do dién
truong cao ton tai trong ving 1an can cua cuc duong (Hinh 2.4c). Hang nghin
electron duogc tao ra va sau do bi hat vé phia cuc duong (Hinh 2.4d). Mt
khac, cac ion duong di chuyén chadm hon nhiéu dén cyc Am tao ra hau hét bién
d6 xung dau ra (Hinh 2.4e). Do su tuwong tac cta neutron nhiét voi khi 3He
ciia bo dém ty 1&, may phan tich da kénh ghi lai tong sé dém cho mdi kénh
trong phd do cao xung. Phd d6 cao xung co thé dugc chia thanh ba ving nhu
dugc mo ta trong Hinh 2.5.

Nhin vao Hinh 2.5, ta c6 thé chia ph6 ning lugng ra thanh ba ving nhu
Sau:

-Ving A la mot dinh hep ¢ 764 keV dugc quan sat thay khi ning lugng
giail phong dugc tich tu hoan toan vao khi va do do6 proton va triton hoan toan
dimg lai. Vi tri ctia dinh nang luong nhiét nay cho phép chuyén dbi sé kénh
thanh gia tri nang luong lang dong.

- Vung B dai dién cho céac hi€u ung tudong, noi ma proton hoac triton bi
héap thu trong tuong. Sy hap thu nay lam phat sinh thém hai dinh nita trong
vung cao nguyén: mot dinh triton & 191 keV va mot dinh proton 573 keV ma
khong thé phan giai duoc vi né da hop nhat véi dinh hep nhiét & ving A.

- Ving C hién thi dinh do bérc xa gamma. Phan ndy cta quang phd
khéng can thiét va co thé bi loai bo bang cach dat bo loc mirc do thap.

Vi dién tich thu dugc ty 18 thuan véi sd cip ion va do d6 1a sb luong
neutron t&i, nén cac dau do nay duoc goi 1a dau do ty 18.

Trong hé théng, ching t6i thiét ké dé ghi nhan pho neutron sir dung dau

do c6 hiéu Model 2528, LND, INC véi cac thong s6 néu trong Bang 2.2.
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Bang 2.2: Thong s6 dau do *He[6]

Do dai t6i da (mm) 288,04
Puong kinh tdi da (mm) 25,4

D6 dai hiéu dung (mm) 203,2
Duong kinh hiéu dung (mm) 24,38

Vit liéu Thép khong gi
Dai nhiét d6 van hanh -50°C dén 100°C
Ap suat khi & 21°C (torr) 3040

Mat d6 khi (g/cm®) 0,0004998
Thé tich hiéu dung (cm®) 94,84
Cao thé (Volt) 1250

D6 nhay neutron nhiét (cps/nv) 28

203.2 ACT.LGTH 22.2—'|

i If

241.3

288.0
(b)
Hinh 2.6: Hinh thyc t€ va ban vé& chi tiét dau do *He
2.3.2. Ngudn phat neutron
Tai Vién NCHN c6 hai ngudn phéng xa phat ra neutron:
- Ngudn %2Cf 1a ngudn phét neutron véi chu ky ban rd 2,65 nam. Pic

diém cua nguén dang dat tai Vién NCHN nhu sau:

+ Howitzer chira nguon 1a mot thing thép khong ri dang hinh tru day
0,2 cm, cao 50 cm; duong kinh ngoai 50 cm va duong kinh trong 4,8 cm
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(khdng gian gitra duoc lap day bang paraffin va B4C véi ti Ié theo khéi luong
90% paraffin va 10% B4C); ¢ tdm container 1a khong gian rong 1a noi dé
ngudn neutron 252Cf.

+ Thoi ngudn 2Cf (nhan nam 2011) c6 hoat do 429 MBq (11,6 mCi)
tinh tir ngdy 19/5/2011 va cudng d6 1a 5,107 + 8% (n/s); cudng do phat giam
con 2,82.10° n/s ngay 19/5/2022. Ngudn c6 khéi lwong 21 pg, duong kinh 3,4
mm, dai 3mm (Hinh 2.7).

3. 4mm

\§

N N
.

7.0mun

Vé boc mnox

(C1-252) 15.0mm|
—\_\\@

7

i

3.0mm

i

i

$ 2.5mm

Hinh 2.7: CAu tao va kich thudc nguon 22Cf.

- Nguon *Am/Be: Ngudn nay c6 chu ky ban ra 432 nam, duoc san xuat
vao nim 1964, 46 phong xa ctia ngudn ban dau 1a 10° n/s. Nguon dat o tam
ctia container dang hinh tru cao 12,6 mm va duong kinh 5,8 mm; vo ngudn
dang hinh tru cao 15 mm va dudng kinh 7,8 mm Iam bang thép khéng ri (mat
trén va dudi day 1,2 mm; thanh tru xung quanh day 1mm). Nguon c6 cudng
do phét la 5,6038.10° =+ 6% n/s ndam 2001, va giam con 5,4181.10° + 6% n/s
nam 2022.

Dung khdi phan xa parafin dit phia sau ngudn dé ting théng luong
neutron. Nang luong neutron trung binh 4,459 MeV, ning luong phd neutron
bat dau tir 100 keV, két thuc ¢ 12,6 MeV.



Hinh 2.8: Ngudn neutron 2*!Am/Be tai Vién NCHN

2.3.3. Mach tién khuéch dai
Tién khuéch dai (PreAmp) c6 nhiém vu khuéch dai va bién ddi cac dang
tin hiéu dién ¢ 16i ra dau do thanh dién ap. Do vdy bo khuéch dai co ban
thuong 14 bo khuéch dai dién thé [11]. Mic khac no ciing 1a tang phdi hop tré
khang giita dau do va cap dong truc ghép ndi voi khuéch dai co ban, Vi
khuéch dai co ban thuong dit xa véi tién khuéch dai. Thong thuong trd khang
ra ctia dau do 1a cao trong ltic day ndi lai c6 tré khang thap.
Véi muc dich néu trén, tién khuéch dai phai dam bao thuc hién cac
chtrc nang sau:
- Hinh thanh xung va bién ddi cac dang xung dién ¢ 16i ra ciia dau do
thanh xung dién thé.
- Khuéch dai xung.
- Pam béo t6i uu ti sd tin hiéu tap am S/N.

- Pam bao tdt viéc phdi hop tré khang.

Hinh 2.9: Mach tién khuéch dai
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2.3.4. B chuyén d6i twong tw sang sé
Bo chuyén d6i trong tu sang sd ADC (Analog to Digital Converter) 13y
muc dién thé vao tuong tu sau d6 mot thoi gian s€ sinh ra ma dau ra dang $6

biéu dién dau vao tuong tu.

Hinh 2.10. B6 chuyén doi twong tu sang sb

2.35. Phan mém dieu hanh ghido o
H¢ thong xur 1y so liéu boi phan mém Genie-2000 ghi lai tong so dém

cho mdi kénh ctia ADC va hién thi phd do cao xung.

Hinh 2.11: Man hinh hién thi phan mém ghi do

2.4.BO TRI HE PO THUC NGHIEM
2.4.1. Lap dat hé thong do

Mot hé pho ké Bonner-cylinder da duoc 1ap dat tai Trung tam Vat 1y va

Dién tir hat nhan dé ghi do phd neutron. Ngoai mét té hop cac 16p 1am cham
neutron nhu da mo ta trong Hinh 2.1 va 2.2, hé phé ké duogc két ndi véi mot
dau do 3He (Model: LND, INC 2528) va cac khdi dién tir chtrc ning bao gém
mot tién khuéch dai (model: PC142 Ortec), khdi khuéch dai phd (model: 2022
Canberra), khoi phén tich da kénh (model: MultiportIl, Canberra), mot khdi
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cao thé (model: 660 5KV Ortec) va phan mém diéu hanh ghi do, xtr Iy phd
(model: Genie-2000).

Hinh 2.11 mé ta hé phd ké Bonner-cylinder dang hoat dong tai phong thi
nghiém, dugc st dung trong luan van dé do phé neutron tai cac vi tri khoang
cach khac nhau tir ngudn neutron 22Am-241/Be tai Vién NCHN.

Hinh 2.12: Hé pho ké Bonner-cylinder dang hoat dong ghi do phd neutron

ngudn Am/Be
In
PreAmp || HV 1200V
Ortec 142PC
Out
Dé\lll d(‘) \ 4
2528 Canbera2022
Multiport 11
PC ADC

Hinh 2.13: So d6 ghép ndi cac khdi dién tir ciia hé phd ké
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2.4.2. Po phé thuc nghiém

Céac phep do thuc nghiém da duoc thuc hién tai cac khoang cach tur
ngudn dén dau do & cac vi tri khac nhau: ddi voi ngudn chuan 'Am/Be do ¢
cac khoang cach 1a 200, 150, 120, 100 va 65 cm; d6i v6i ngudn chuin 252Cf
do & cac khoang cach 200, 100 va 60 cm nhu Hinh 2.11. Pau do 3He dugc
cap cao thé 1200 V, ghép ndi vai tién khuéch dai, tin hiéu tir tién khuéch dai
dugc khuéch dai sau d6 qua khbi Multiportll va duoc ghi nhan luu vao may
tinh bang chuong trinh Genie-2000. Hinh 2.12 mé ta so d6 ghép ndi cac khdi
dién tir ctia hé pho ké. Mdi phép do duoc thuc hién trong khoang thoi gian tir
600 dén 1000 gidy dé dam bao sai s6 thong ké nho hon 0,5%. Tai mdi khoang
cach, cac phép do duoc thuc hién 16 1an tuwong ung voi to hop ting dan cia
15 16p PE khac nhau (tir PE1 dén PE15) va mét 1an do truc tiép voi dau do
SHe (khong c6 ong PE 1am cham). Két qua dugc ghi lai boi phan mém Genie-
2000 .

[ C e

Hinh 2.14: Pho do thuc nghiém tir phan mém Genie-2000

Pho do thuc nghiém c6 thanh phan gamma nhung do bién do xung tin
hiéu tir birc xa gamma ddi v6i dau do *He 1a thap hon nhiéu so v&i bién do
xung tin hiéu tir phan Gmg bat neutron (tao thanh hat proton va Triton trong
dau do *He), cho nén bang phuong phap cit ngudng bién do xung thi thanh
phan s6 ¢ém do gamma s& duogc loai trir. Trong ludn van chon ving tich phan
dinh pho tir 191keV 14 vi tri cat ngudng dé loai trir phong gamma nhu trong
Hinh 2.14.
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2.4.3. Chuan bi file s6 li¢u ham dap wng

Trong luan van nay, chung t6i tiép nhan va sir dung bang so liéu cac ham
dap tung cung véi hé phd ké Bonner-cylinder tai Phong thi nghiém Vat 1y va
bién tr hat nhan[12]. Cac duong cong ham dap Gng nhu dugc md ta trong
Hinh 2.15. Tuy nhién dé thuc hién viéc tinh toan gidi cudn s6 liéu do thuc
nghiém so liéu ham dép tmg can thiét duoc chuan bi lai dudi dang file-input
theo dinh dang (Formated input file) phu hop véi chuong trinh MSANB. Cau
trac format cua file ham dap tng da dugc chuan bi bao gdm: mot data-block
vé 47 nhom ning lugng va tiép theo 13 16 data-block vé s6 liéu ham dap ung.
Cac data-block nay twong ung véi 16 t6 hop cac 16p lam cham nhan dién bai
dudng kinh ngoai ctia khdi hinh try 1ap dy bang PE.

40

—— PE Ocm PE 0.475¢cm —+— PE 0.975cm

PE 1.475cm PE 1.975cm PE 2.475cm

35 —— PE2.975cm ——PE 3.475cm ——PE 3.975cm
----- PE 4.475cm — — PE 5.225cm —— PE 6.225cm

—— PE 7.225cm PE 8.225cm PE 9.225cm

0 = ol -k-_*__*_.'*."::k..n-.‘_u S
1.00E-08 2.00E-07 4.00E-06 8.00E-05 1.60E-03 3.20E-02 6.40E-01 1.28E+01

Nang lvong (MeV)

Hinh 2.15: Ham dap tGmg ctia hé phd ké Bonner-cylinder [12]

Tir Hinh 2.15 ta thiy ham d4p ung cua hé do thyc nghiém 16n nhat nam
trong ving ning luong nhiét ddi véi truong hop khong cé 16p chét lam cham
PE nao duoc lip dit (BARE data-block) va giam dan khi ning luong ting.
Ung véi mdi d6 day PE khac nhau, ta c6 gia tri dap ung cua dai ning lugng
neutron khac nhau. Do day cua 16p PE cang ting thi gia tr1 dp ung cuc dai,
g véi dai nang luong quan tim cang tang. Poi véi truong hop PEI (d6 day
0,475 cm) thi ning lugng quan tdm nam trong khoang 108 MeV dén 10
MeV, khi 6 day PE ting dén 10,225 cm (PE15) thi dai ning lugng neutron
quan tdm nam trong khoang tir 0,7 MeV dén 13 MeV. Cau tric cia file input
ham dap ung dugc luan vin chuan bi theo format cac data-block va dugc mo
ta nhu sau:
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48 ***47 ENERGY GROUPS***

7.943E-09 1.259E-08 1.995E-08 3.162E-08 5.012E-08 7.944E-08 1.259E-07 1.995E-07
3.162E-07 5.012E-07 7.944E-07 1.259E-06 1.995E-06 3.162E-06 5.012E-06 7.944E-06
1.259E-05 1.995E-05 3.162E-05 5.012E-05 7.944E-05 1.259E-04 1.995E-04 3.162E-04
5.012E-04 7.944E-04 1.259E-03 1.995E-03 3.162E-03 5.012E-03 7.944E-03 1.259E-02
1.995E-02 3.162E-02 5.012E-02 7.944E-02 1.259E-01 1.995E-01 3.162E-01 5.012E-01
7.944E-01 1.259E+00 1.995E+00 3.162E+00 5.012E+00 7.944E+00 1.259E+01 1.995E+01
BARE**** BARE COUNTER ***

0.000E+00 0 0

3.860E+01 3.540E+01 3.190E+01 2.810E+01 2.430E+01 2.080E+01 1.750E+01 1.460E+01
1.200E+01 9.850E+00 8.020E+00 6.500E+00 5.250E+00 4.230E+00 3.380E+00 2.710E+00
2.150E+00 1.710E+00 1.360E+00 1.080E+00 8.590E-01 6.780E-01 5.380E-01 4.240E-01
3.350E-01 2.650E-01 2.080E-01 1.620E-01 1.260E-01 9.860E-02 7.670E-02 5.730E-02
4.340E-02 3.340E-02 2.470E-02 1.790E-02 1.320E-02 1.080E-02 1.640E-02 2.010E-02
2.260E-02 2.510E-02 2.390E-02 2.070E-02 1.720E-02 1.400E-02 1.210E-02

3.5 CM** 3.5 CM *x#xksk

0.000E+00 0 0

1.670E+01 1.820E+01 1.940E+01 2.050E+01 2.140E+01 2.170E+01 2.120E+01 2.030E+01
1.880E+01 1.730E+01 1.560E+01 1.400E+01 1.260E+01 1.110E+01 9.890E+00 8.680E+00
7.580E+00 6.600E+00 5.730E+00 4.960E+00 4.280E+00 3.680E+00 3.180E+00 2.730E+00
2.350E+00 2.000E+00 1.700E+00 1.450E+00 1.240E+00 1.040E+00 8.790E-01 7.360E-01
6.060E-01 4.940E-01 3.980E-01 3.000E-01 2.180E-01 1.530E-01 1.050E-01 7.520E-02
5.520E-02 4.420E-02 3.550E-02 2.840E-02 2.260E-02 1.670E-02 1.440E-02

4.5 CM** 4.5 CM *rxxx

0.000E+00 0 0

1.080E+01 1.210E+01 1.340E+01 1.500E+01 1.700E+01 1.940E+01 2.100E+01 2.150E+01
2.170E+01 2.140E+01 2.070E+01 1.990E+01 1.890E+01 1.780E+01 1.690E+01 1.570E+01
1.450E+01 1.330E+01 1.220E+01 1.120E+01 1.030E+01 9.330E+00 8.500E+00 7.760E+00
7.070E+00 6.390E+00 5.800E+00 5.280E+00 4.760E+00 4.310E+00 3.880E+00 3.450E+00
3.070E+00 2.700E+00 2.330E+00 1.970E+00 1.590E+00 1.240E+00 9.270E-01 6.500E-01
4.410E-01 2.870E-01 1.820E-01 1.110E-01 7.320E-02 4.150E-02 3.280E-02

5.5 CM** 5.5 CM *x#xksk

0.000E+00 0 0

8.240E+00 9.250E+00 1.030E+01 1.170E+01 1.380E+01 1.650E+01 1.900E+01 2.020E+01
2.150E+01 2.210E+01 2.240E+01 2.230E+01 2.200E+01 2.150E+01 2.120E+01 2.030E+01
1.940E+01 1.850E+01 1.750E+01 1.660E+01 1.570E+01 1.480E+01 1.390E+01 1.310E+01
1.220E+01 1.150E+01 1.080E+01 1.010E+01 9.440E+00 8.810E+00 8.220E+00 7.610E+00
7.050E+00 6.490E+00 5.910E+00 5.250E+00 4.550E+00 3.810E+00 3.040E+00 2.280E+00
1.640E+00 1.100E+00 7.050E-01 4.290E-01 2.750E-01 1.410E-01 1.040E-01
6.5 CM** 6.5 CM *x#axksk

0.000E+00 0 0

6.680E+00 7.480E+00 8.360E+00 9.540E+00 1.130E+01 1.390E+01 1.660E+01 1.800E+01
1.970E+01 2.090E+01 2.170E+01 2.220E+01 2.250E+01 2.260E+01 2.270E+01 2.230E+01
2.180E+01 2.120E+01 2.060E+01 1.990E+01 1.920E+01 1.840E+01 1.770E+01 1.700E+01
1.630E+01 1.560E+01 1.490E+01 1.420E+01 1.360E+01 1.300E+01 1.230E+01 1.170E+01
1.110E+01 1.050E+01 9.920E+00 9.180E+00 8.330E+00 7.350E+00 6.180E+00 4.970E+00
3.740E+00 2.650E+00 1.770E+00 1.130E+00 7.220E-01 3.650E-01 2.790E-01
7.5 CM** 7.5 CM ***rxxx
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0.000E+00 0 0
5.510E+00 6.170E+00 6.910E+00 7.870E+00 9.380E+00 1.170E+01 1.420E+01 1.550E+01
1.740E+01 1.880E+01 1.990E+01 2.070E+01 2.140E+01 2.180E+01 2.220E+01 2.220E+01
2.210E+01 2.190E+01 2.160E+01 2.120E+01 2.080E+01 2.030E+01 1.980E+01 1.930E+01
1.870E+01 1.820E+01 1.760E+01 1.710E+01 1.650E+01 1.600E+01 1.550E+01 1.490E+01
1.450E+01 1.400E+01 1.340E+01 1.280E+01 1.200E+01 1.100E+01 9.700E+00 8.190E+00
6.470E+00 4.810E+00 3.350E+00 2.180E+00 1.450E+00 7.400E-01 5.510E-01
8.5 CM** 8.5 CM **#xkx*
0.000E+00 0 0
4.580E+00 5.140E+00 5.730E+00 6.520E+00 7.790E+00 9.740E+00 1.200E+01 1.320E+01
1.500E+01 1.640E+01 1.760E+01 1.840E+01 1.930E+01 1.990E+01 2.070E+01 2.090E+01
2.110E+01 2.110E+01 2.100E+01 2.090E+01 2.070E+01 2.050E+01 2.020E+01 1.990E+01
1.960E+01 1.920E+01 1.890E+01 1.850E+01 1.810E+01 1.770E+01 1.740E+01 1.690E+01
1.660E+01 1.630E+01 1.590E+01 1.560E+01 1.500E+01 1.430E+01 1.300E+01 1.140E+01
9.440E+00 7.320E+00 5.260E+00 3.580E+00 2.420E+00 1.280E+00 9.540E-01
9.5 CM** 9.5 CM *r*xk*
0.000E+00 0 0
3.810E+00 4.290E+00 4.760E+00 5.430E+00 6.480E+00 8.130E+00 1.000E+01 1.110E+01
1.280E+01 1.400E+01 1.510E+01 1.610E+01 1.690E+01 1.760E+01 1.850E+01 1.880E+01
1.920E+01 1.940E+01 1.960E+01 1.960E+01 1.960E+01 1.960E+01 1.950E+01 1.940E+01
1.930E+01 1.900E+01 1.890E+01 1.870E+01 1.840E+01 1.820E+01 1.800E+01 1.780E+01
1.760E+01 1.750E+01 1.740E+01 1.730E+01 1.710E+01 1.660E+01 1.570E+01 1.430E+01
1.230E+01 9.890E+00 7.360E+00 5.160E+00 3.570E+00 1.930E+00 1.460E+00
10.5 CM* 10.5 CM *xHarxx
0.000E+00 0 0
3.160E+00 3.560E+00 3.970E+00 4.510E+00 5.380E+00 6.750E+00 8.390E+00 9.280E+00
1.070E+01 1.180E+01 1.280E+01 1.370E+01 1.450E+01 1.530E+01 1.610E+01 1.660E+01
1.700E+01 1.730E+01 1.760E+01 1.780E+01 1.790E+01 1.800E+01 1.810E+01 1.810E+01
1.810E+01 1.810E+01 1.800E+01 1.800E+01 1.790E+01 1.780E+01 1.780E+01 1.770E+01
1.770E+01 1.780E+01 1.790E+01 1.810E+01 1.820E+01 1.820E+01 1.770E+01 1.660E+01
1.480E+01 1.230E+01 9.430E+00 6.770E+00 4.830E+00 2.710E+00 2.020E+00
11.5 CM* 11.5 CM **#axsksk
0.000E+00 0 0
2.630E+00 2.960E+00 3.290E+00 3.730E+00 4.470E+00 5.570E+00 6.960E+00 7.690E+00
8.900E+00 9.840E+00 1.080E+01 1.150E+01 1.230E+01 1.300E+01 1.370E+01 1.420E+01
1.470E+01 1.500E+01 1.540E+01 1.570E+01 1.580E+01 1.610E+01 1.620E+01 1.640E+01
1.650E+01 1.650E+01 1.660E+01 1.660E+01 1.670E+01 1.680E+01 1.680E+01 1.690E+01
1.710E+01 1.730E+01 1.760E+01 1.800E+01 1.820E+01 1.880E+01 1.880E+01 1.820E+01
1.670E+01 1.440E+01 1.140E+01 8.390E+00 6.110E+00 3.510E+00 2.660E+00
13.0 CM* 13.0 CM *x#arsksk
0.000E+00 0 0
1.970E+00 2.230E+00 2.470E+00 2.810E+00 3.350E+00 4.190E+00 5.200E+00 5.780E+00
6.700E+00 7.430E+00 8.150E+00 8.800E+00 9.400E+00 9.940E+00 1.060E+01 1.100E+01
1.140E+01 1.180E+01 1.220E+01 1.250E+01 1.270E+01 1.300E+01 1.320E+01 1.340E+01
1.360E+01 1.380E+01 1.400E+01 1.410E+01 1.430E+01 1.440E+01 1.460E+01 1.490E+01
1.510E+01 1.560E+01 1.610E+01 1.680E+01 1.760E+01 1.850E+01 1.930E+01 1.930E+01
1.860E+01 1.670E+01 1.380E+01 1.060E+01 7.940E+00 4.770E+00 3.600E+00
15.0 CM* 15.0 CM ****xx
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0.000E+00 0 0

1.340E+00 1.510E+00 1.670E+00 1.900E+00 2.270E+00 2.820E+00 3.520E+00 3.920E+00
4.540E+00 5.040E+00 5.550E+00 5.980E+00 6.400E+00 6.810E+00 7.310E+00 7.650E+00
7.960E+00 8.250E+00 8.540E+00 8.800E+00 9.070E+00 9.300E+00 9.540E+00 9.790E+00
1.000E+01 1.020E+01 1.040E+01 1.060E+01 1.080E+01 1.110E+01 1.130E+01 1.160E+01
1.190E+01 1.240E+01 1.310E+01 1.400E+01 1.510E+01 1.650E+01 1.790E+01 1.900E+01
1.930E+01 1.830E+01 1.600E+01 1.280E+01 9.990E+00 6.370E+00 4.840E+00

17.0 CM* 17.0 CM **#xxs*

0.000E+00 0 0

9.030E-01 1.010E+00 1.120E+00 1.290E+00 1.520E+00 1.900E+00 2.360E+00 2.620E+00
3.050E+00 3.380E+00 3.720E+00 4.020E+00 4.310E+00 4.590E+00 4.940E+00 5.170E+00
5.390E+00 5.620E+00 5.820E+00 6.050E+00 6.230E+00 6.450E+00 6.630E+00 6.810E+00
6.990E+00 7.210E+00 7.370E+00 7.570E+00 7.760E+00 8.000E+00 8.210E+00 8.500E+00
8.830E+00 9.310E+00 9.950E+00 1.080E+01 1.200E+01 1.350E+01 1.540E+01 1.720E+01
1.840E+01 1.860E+01 1.700E+01 1.430E+01 1.150E+01 7.720E+00 5.960E+00

19.0 CM* 19.0 CM **#axssk

0.000E+00 0 0

5.980E-01 6.770E-01 7.510E-01 8.550E-01 1.020E+00 1.260E+00 1.570E+00 1.740E+00
2.020E+00 2.250E+00 2.470E+00 2.670E+00 2.870E+00 3.060E+00 3.290E+00 3.440E+00
3.600E+00 3.750E+00 3.920E+00 4.050E+00 4.190E+00 4.340E+00 4.500E+00 4.620E+00
4.790E+00 4.930E+00 5.050E+00 5.210E+00 5.370E+00 5.540E+00 5.730E+00 5.960E+00
6.260E+00 6.650E+00 7.220E+00 7.960E+00 9.050E+00 1.050E+01 1.250E+01 1.470E+01
1.660E+01 1.860E+01 1.700E+01 1.490E+01 1.240E+01 8.810E+00 6.900E+00

21.0 CM* 21.0 CM **Arxx

0.000E+00 0 0

3.980E-01 4.490E-01 5.020E-01 5.660E-01 6.780E-01 8.340E-01 1.040E+00 1.150E+00
1.340E+00 1.490E+00 1.640E+00 1.760E+00 1.890E+00 2.010E+00 2.160E+00 2.280E+00
2.380E+00 2.490E+00 2.590E+00 2.690E+00 2.790E+00 2.900E+00 3.000E+00 3.080E+00
3.190E+00 3.310E+00 3.410E+00 3.520E+00 3.620E+00 3.780E+00 3.890E+00 4.090E+00
4.310E+00 4.610E+00 5.050E+00 5.650E+00 6.590E+00 7.850E+00 9.700E+00 1.200E+01
1.430E+01 1.610E+01 1.640E+01 1.490E+01 1.290E+01 9.650E+00 7.600E+00

23.0 CM* 23.0 CM *#axssx

0.000E+00 0 0

2.670E-01 3.010E-01 3.320E-01 3.760E-01 4.410E-01 5.480E-01 6.910E-01 7.590E-01
8.740E-01 9.810E-01 1.070E+00 1.160E+00 1.250E+00 1.340E+00 1.430E+00 1.500E+00
1.570E+00 1.650E+00 1.710E+00 1.770E+00 1.840E+00 1.910E+00 1.980E+00 2.050E+00
2.100E+00 2.180E+00 2.270E+00 2.340E+00 2.410E+00 2.520E+00 2.600E+00 2.740E+00
2.910E+00 3.120E+00 3.440E+00 3.890E+00 4.620E+00 5.670E+00 7.270E+00 9.420E+00
1.190E+01 1.430E+01 1.530E+01 1.440E+01 1.300E+01 1.020E+01 8.130E+00

2.4.4. Chuan bi Input-file so liéu thuc nghiém téc do dém
Sau khi thyc hién ddy du cac phép do thuc nghiém dbi véi mdi ngudn
neutron *Am/Be va %?Cf tai cac vi tri khoang cach khac nhau, s6 lugng phép
do tai mdi vi tri 1a 16 phép do tuong tmg véi lan lugt mot phép do truc tiép
(Bare detector-khong c6 lap dit 16p lam cham PE) va 15 phép do tuong tng
v6i 15 t6 hop tang dan cac 16p 1am cham tir PE1 dén PE15. Nhu vay luan vin



44

da thyc hién tong cong 5 vi tri x 16 = 80 phép do d6i voi ngudn *Am/Be va
3 vi tri x 16 = 48 phép do ddi v6i ngudn 2Cf. Két qua thu dugc sau mot phép
do da trir phong 1a mot phd thue nghiém nhu duge mé ta trong Hinh 2.13. S6
liéu thuc nghi¢m tdc 36 dém sau mdi phép do duoc xac dinh béng ti s6 cua
tich phan dinh phd thuc nghiém/thoi gian do. Twong Gng véi mot vi tri do
thuc nghiém, can chuén bi mét input-file ghi 16 gia tri két qua tdc do dém,
theo dinh dang cta chuong trinh MSANDB[9].

Mot input-file toc dd dém thuc nghiém cta hé phd ké Bonner-cylinder
do tai khoang cach 100 cm tir ngudn neutron 2*Am/Be dugc md ta nhu sau:
BONNER-CYLINDER He-3 COUNTRATE DATA FROM Am241/Be
NEUTRON SPECTRUM 100CM

Response - Count-rate - Uncertainty %
BARE**** 3.330E+02 0.220
3.5 CM** 3.000E+02  0.240
4.5 CM*** 3,110E+02 0.230
5.5 CM*** 3 500E+02 0.220
6.5 CM*** 4, 170E+02 0.200
7.5 CM*** 4,900e+02 0.180
8.5 CM*** 5,610e+02 0.170
9.5 CM*** 6,390e+02 0.160
10.5 CM** 7.000e+02  0.150
11.5 CM** 7.610e+02 0.150
13.0 CM** 8.220e+02  0.140
15.0 CM** 8.660e+02  0.140
17.0 CM** 8.810e+02  0.140
19.0 CM** 8,570e+02  0.140
21.0 CM** 8.130e+02 0.140
23.0 CM** 7.540e+02 0.150
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CHUONG 3. KET QUA VA THAO LUAN

3.1. KET QUA PO THUC NGHIEM

Luan van da thuc hién dﬁy du cac nd1 dung do thuc nghiém nhu da dat
véan dé trong ban dé cuong va theo yéu cau cua bai toan thuc tién tai phong thi
nghiém 1a do va xac dinh phd ning luong neutron, tinh toan suat lidu twong
duong tai 5 vi tri khoang cach khac nhau d6i véi ngudn chuan neutron
241 Am/Be. Ngoai ra luin vin ciing di mé rong thém ndi dung do thuc nghiém
va tinh toan nhu trén dbi v6i 3 vi tri khoang cach tir ngudn chuan 252Cf,

3.1.1. Két qua do doi véi ngudn 2**Am/Be

P6i voi nguon chuan neutron 2!Am/Be luin vin do thuc phd thuc
nghiém & cac khoang cach 1a 200, 150, 120, 100 va 65 cm. Mbi phép do dugc
thuc hién trong khoang thoi gian tir 300 dén 1200 gidy dé dam bao sai sb
théng ké nho hon 0,5 %. Cac két qua tbc d6 dém thu dugc tir phé thuc nghiém
dugc trinh bay trong cac Bang 3.1 dén Bang 3.5.

Bang 3.1: Két qua do ngudn 2*Am/Be tai khoang cach 200 cm

Ky Do day | Thoi © o Tde _
s | M peien | gian | S°%™ | kenh | Kenh | @ |
T | OPPE dgo | I s | pnai | NEY IO gy | SO
nqoal (mm) ©) 764 keV (p9) (%)

cling
1 [PEO |0 1006 | 133571 | 1500 | 5500 |12/10/22 | 133 | 0.27
2 |PE1L | 475 1037 | 121464 | 1500 | 5500 | 12/10/22 | 117 |0.29
3 |pE2 | 9.75 1135 | 138986 | 1500 |5500 |12/10/22 | 122 | 0.27
4 |PE3  [1475 [1130 [155233 | 1500 |s500 |12/10/22 | 137 |0.25
5 |PE4 [1975 |1024 | 158872 | 1500 |5500 | 1210022 | 155 | 0.25
6 |PE5 |2475 |1003 |191810 | 1500 |5500 |12/10/22 | 175 |0.23
7 |PEs  [2075 |1068 |209181 | 1500 |5500 | 1310122 | 196 |0.22
8 |PE7 [3475 |1135 |247006 | 1500 |5500 |13/10/22 |218 | 0.20
o |PE8 [39.75 |[1084 |252509 | 1500 |5500 |13/10/22 | 233 | 0.20
10 |[PE9 | 4475 | 1021 | 250724 | 1500 |5500 | 13/1022 | 246 |0.20
11 |PE10 |5225 | 1011 |260957 | 1500 |5500 |13/10/22 | 258 |0.20
12 |PE11 | 6225 | 1600 |425827 | 1500 |5500 |13/10/22 | 265 |0.15
13 |PE12 | 7225 | 1082 |280922 | 1500 |5500 |13/10/22 | 260 |o0.19
14 |PE13 | 8225 | 1287 |322884 |1500 |5500 |13/10/22 | 251 |0.18
15 |PE14 | 9225 | 1200 |276928 | 1500 |5500 |13/10/22 |231 |0.19
16 | PE15 | 10225 |1200 |257209 | 1500 |5500 | 13/10/22 | 214 |0.20
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Bang 3.2: Két qua do ngudn ***Am/Be tai khoang cach 150 cm

Y | Doday | Thoi | Sédém | A Tée | o
S 16p PE PE tich | gian dinh Ken_h Kénh Neav do do %
T P 2 1y do 764 | tréi | phai | 29| dém

ngoa (mm) (s) keV (cps) (%)

cling
1 | PEO 0 956 181446 | 1500 | 5500 | 13/10/22 | 190 | 0.23
2 | PE1l 4.75 900 152014 | 1500 | 5500 | 13/10/22 | 169 | 0.26
3 | PE2 9.75 900 161814 | 1500 | 5500 | 13/10/22 | 180 | 0.25
4 | PE3 14.75 900 181158 | 1500 | 5500 | 13/10/22 | 201 | 0.23
5 | PE4 19.75 900 206247 | 1500 | 5500 | 13/10/22 | 229 | 0.22
6 | PES 24.75 900 239385 | 1500 | 5500 | 13/10/22 | 266 | 0.20
7 | PE6 29.75 900 270625 | 1500 | 5500 | 13/10/22 | 301 | 0.19
8 | PE7 34.75 900 302273 | 1500 | 5500 | 13/10/22 | 336 | 0.18
9 | PE8 39.75 900 317432 | 1500 | 5500 | 14/10/22 | 353 | 0.18
10 | PE9 44.75 900 339932 | 1500 | 5500 | 14/10/22 | 378 | 0.17
11 | PE10 |52.25 900 360586 | 1500 | 5500 | 14/10/22 | 401 | 0.17
12 | PE11 | 62.25 900 381473 | 1500 | 5500 | 14/10/22 | 424 | 0.16
13 | PE12 | 72.25 900 366965 | 1500 | 5500 | 14/10/22 | 408 | 0.17
14 | PE13 | 82.25 900 346222 | 1500 | 5500 | 14/10/22 | 385 | 0.17
15 | PE14 | 92.25 900 332371 | 1500 | 5500 | 14/10/22 | 369 | 0.17
16 | PE15 | 102.25 | 900 318071 | 1500 | 5500 | 14/10/22 | 353 | 0.18

Bang 3.3: Két qua do ngudn ***Am/Be tai khoang cach 120 cm

hgl Do day | Thoi | Sodém | A Tée | o
S 160 PE PE tich | gian dinh Ken_h Kénh Nedv d do X
T P Iay do 764 | trai | phai | °V % | ¢ém | O

ngoal (mm) (s) keV (cps) (%)

cling
1 | PEO 0 900 218677 | 1500 | 5500 | 15/10/22 | 243 | 0.21
2 | PE1 4.75 900 202915 | 1500 | 5500 | 15/10/22 | 225 | 0.22
3 | PE2 9.75 900 213424 | 1500 | 5500 | 15/10/22 | 237 | 0.22
4 | PE3 14.75 900 240128 | 1500 | 5500 | 15/10/22 | 267 | 0.20
5 | PE4 19.75 900 275045 | 1500 | 5500 | 15/10/22 | 306 | 0.19
6 | PES 24.75 900 320131 | 1500 | 5500 | 15/10/22 | 356 | 0.18
7 | PE6 29.75 900 364978 | 1500 | 5500 | 15/10/22 | 406 | 0.17
8 | PE7 34.75 900 411656 | 1500 | 5500 | 15/10/22 | 457 | 0.16
9 | PE8 39.75 900 455071 | 1500 | 5500 | 15/10/22 | 506 | 0.15
10 | PE9 44.75 900 470562 | 1500 | 5500 | 16/10/22 |523 | 0.15
11 | PE1I0 | 52.25 900 512533 | 1500 | 5500 | 16/10/22 | 569 | 0.14
12 | PE11 | 62.25 900 547201 | 1500 | 5500 | 16/10/22 | 608 | 0.14
13 | PE12 | 72.25 900 547715 | 1500 | 5500 | 16/10/22 | 609 | 0.14
14 | PE13 | 82.25 900 520904 | 1500 | 5500 | 16/10/22 |579 | 0.14
15 | PE14 | 92.25 900 508196 | 1500 | 5500 | 16/10/22 | 565 | 0.14
16 | PE15 | 102.25 | 900 467227 | 1500 | 5500 | 16/10/22 | 519 | 0.15
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Bang 3.4: Két qua do ngudn ***Am/Be tai khoang cach 100 cm

Y | Doday | Thoi | Sédém | A Tée | o
S 16p PE PE tich | gian dinh Ken_h Kénh Neav do do %
T P 2 1y do 764 | tréi | phai | 29| dém
ngoa (mm) (s) keV (cps) (%)
cling
1 | PEO 0 606 201664 | 1500 | 5500 | 16/10/22 | 333 | 0.22
2 | PE1l 4.75 600 179701 | 1500 | 5500 | 16/10/22 | 300 | 0.24
3 | PE2 9.75 600 186805 | 1500 | 5500 | 16/10/22 | 311 | 0.23
4 | PE3 14.75 600 215212 | 1500 | 5500 | 16/10/22 | 359 | 0.22
5 | PE4 19.75 600 250201 | 1500 | 5500 | 16/10/22 | 417 | 0.20
6 | PES 24.75 600 293892 | 1500 | 5500 | 16/10/22 | 490 | 0.18
7 | PE6 29.75 600 336639 | 1500 | 5500 | 16/10/22 | 561 | 0.17
8 | PE7 34.75 600 383207 | 1500 | 5500 | 16/10/22 | 639 | 0.16
9 | PE8 39.75 600 419721 | 1500 | 5500 | 16/10/22 | 700 | 0.15
10 | PE9 44.75 600 456306 | 1500 | 5500 | 16/10/22 | 761 | 0.15
11 | PE10 | 52.25 600 493003 | 1500 | 5500 | 16/10/22 | 822 |0.14
12 | PE11 | 62.25 600 519437 | 1500 | 5500 | 16/10/22 | 866 | 0.14
13 | PE12 | 72.25 600 528371 | 1500 | 5500 | 16/10/22 | 881 | 0.14
14 | PE13 | 82.25 600 514050 | 1500 | 5500 | 16/10/22 | 857 | 0.14
15 | PE14 | 92.25 600 487755 | 1500 | 5500 | 16/10/22 | 813 | 0.14
16 | PE15 | 102.25 | 600 452265 | 1500 | 5500 | 16/10/22 | 754 | 0.15
Bang 3.5: Két qua do nguon 2!Am/Be tai khoang cach 65 cm
KY | boday | Thoi | ox . Tée | ..
S l,h R PE tl'Cl)’]/ gian Soqdem Kénh | Kénh X do SE}'
7T [ OPPE g | Tdo | AR s | phai | N9O | gen | SO
ngoal (mm) (s) 764 keV (cps) (%)
cling
1 | PEO 0 500 315651 | 1500 | 5500 | 20/10/22 | 631 0.18
2 | PE1 4.75 300 172749 | 1500 | 5500 | 20/10/22 | 576 0.24
3 | PE2 9.75 300 182509 | 1500 | 5500 | 20/10/22 | 608 0.23
4 | PE3 14.75 300 201513 | 1500 | 5500 | 20/10/22 | 672 0.22
5 | PE4 19.75 300 250239 | 1500 | 5500 | 21/10/22 |834 | 0.20
6 | PE5S 24,75 300 291717 | 1500 | 5500 | 21/10/22 | 972 0.19
7 | PE6 29.75 300 341725 | 1500 |5500 | 21/10/22 | 1139 | 0.17
8 | PE7 34.75 300 380734 | 1500 | 5500 | 21/10/22 | 1269 | 0.16
9 | PE8 39.75 300 428764 | 1500 | 5500 | 21/10/22 | 1429 | 0.15
10 | PE9 44.75 300 449903 | 1500 | 5500 | 21/10/22 | 1500 | 0.15
11 | PE10 52.25 300 511663 | 1500 | 5500 | 21/10/22 | 1706 | 0.14
12 | PE11 62.25 300 567460 | 1500 | 5500 | 21/10/22 | 1892 | 0.13
13 | PE12 72.25 300 568195 | 1500 | 5500 | 21/10/22 | 1894 | 0.13
14 | PE13 82.25 300 532165 | 1500 | 5500 | 21/10/22 | 1774 | 0.14
15 | PE14 92.25 300 509621 | 1500 | 5500 | 21/10/22 | 1699 | 0.14
16 | PE15 102.25 300 474899 | 1500 | 5500 | 21/10/22 | 1583 | 0.15




Tde didém

Hinh 3.1. D6 thi biéu dién téc d6 dém thuc nghiém tai cac khoang cach
khac nhau tir ciia ngudn neutron ?*Am/Be

Trong qué trinh twong tac ciia neutron véi hé phd ké Bonner-cylinder
bao gdém dau do °He va to hop cac 16p chat lam cham bang vat liéu PE,
neutron co thé trai qua mot trong cac trudng hop sau:

- Thoét ra khoi khéi chat 1am cham.

- Bi hap thuy trong chat lam cham nhung khong dén duoc dau do *He do
neutron nhiét dit & tdm cua khoi hinh tru Bonner-cylinder béng vat liéu PE.

- Bi bat bai dau do *He do neutron nhiét théng qua phan tmg bat neutron
nhiét: ny, + 3He------- >3H +p + 764 keV.

Tt Hinh 3.1 cho thiy téc do dém xung cang ting khi khoang cach tir
nguon dén dau do cang nho. S6 neutron nhiét duoc ghi nhan bai dau do 16m
do tiét dién phan mg cao ciia neutron nhiét véi *He, nén toc do dém xung &
16p tran PEO 16n hon & cé&c 16p PE1, PE2,..PEn. Khi ting bé day khoi lam
cham 1én thi téc d6 dém xung cang ting. Pho do thuc nghiém dugc mo ta nhu
trong cac Hinh 3.2 va 3.3.
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Hinh 3.2: Pho do thuc nghiém véi ngudn *Am/Be & khoang cach 65 cm voi

t6 hop cac 16p chat lam cham PE1+PE2+ PE3
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Hinh 3.3: Pho do thuc nghiém vé&i ngudn *Am/Be & khoang cach 65 cm voi

t& hop c4c 16p chét lam cham PE1+PE2+.....+PE12

3.1.2. Két qua do ddi véi nguon 252Cf
Doi voi ngudn chuan neutron 252Cf luan vin do thue phd thuce nghiém &

cac khoang cach 1a 200, 100 va 60 cm. Mdi phép do duoc thyc hién trong

khoang thoi gian tir 600 dén 1000 gidy dé dam bao sai sd théng ké nho hon
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0,7 %. Cac két qua tbc d6 dém thu duoc tir phé thuc nghiém duogc trinh bay
trong cac Bang 3.6 dén Bang 3.8.
Bang 3.6: Két qua do ngudn 252Cf tai khoang cach 200 cm

Ky A «

. bo , S6 )

hiéu . Thot . Toc )

day PE | . dém ) ) . Sai
S |lop ) gian Kénh | Kénh . do .
tich dinh ,. .. | Ngaydo | _; sO

TT | PE do tral | phai dém

ngoai 1oy (s) 764 (cps) )

9 (mm) keV P

cung
1 |PEO |0 1000 | 26939 |1500 | 5500 |27/10/22 |27 |0.61
2 |PE1 |4.75 1000 | 22864 |1500 | 5500 |27/10/22 |23 |0.66
3 |PE2 |9.75 1000 | 22452 |1500 | 5500 |27/10/22 |22 |0.67
4 |PE3 |14.75 |1000 |24992 |1500 |5500 |27/10/22 |25 |0.63
5 |PE4 |19.75 |1000 |30419 |1500 |5500 |27/10/22 |30 |0.57
6 |PE5 |24.75 |1000 |38432 |1500 |5500 |27/10/22 |38 |0.51
7 |PE6 |29.75 |1000 |47076 |1500 |5500 |27/10/22 |47 |0.46
8 |PE7 |34.75 |10128|564160 | 1500 | 5500 |27/10/22 |56 |0.13
9 |PE8 |39.75 |1000 |65511 |1500 |5500 |27/10/22 |66 |0.39
10 |PE9 |44.75 |1000 |72626 |1500 |5500 |27/10/22 |73 |0.37
11 | PE10 |52.25 |1000 |84026 |1500 5500 |27/10/22 |84 |0.34
12 | PE11 |62.25 |1000 |89537 |1500 |5500 |27/10/22 |90 |0.33
13 | PE12 | 72.25 |1000 |90870 |1500 |5500 |27/10/22 |91 |0.33
14 | PE13 |82.25 |1000 |86910 |1500 |5500 |27/10/22 |87 |0.34
15 | PE14 |92.25 |1000 |81740 |1500 |5500 |27/10/22 |82 |0.35
16 | PE15 | 102.25 [ 1000 |74292 | 1500 | 5500 |27/10/22 |74 0.37




51

Bang 3.7: Két qua do ngudn %?Cf ¢ khoang cach 100 cm

Y | Doday | Thoi | Sédém | A Tée | o
S 16p PE PE tich | gian dinh Ken_h Kénh Neav do do %
T P 2 1y do 764 | tréi | phai | 2 9| dém

ngoa (mm) (s) keV (cps) (%)

cling
1 PEOQ 0 1000 | 64426 | 1500 | 5500 | 26/10/22 | 64 | 0.39
2 PE1 4.75 1000 | 56074 | 1500 | 5500 | 26/10/22 | 56 | 0.42
3 PE2 9.75 1000 | 57285 | 1500 | 5500 | 26/10/22 | 57 | 0.42
4 PE3 14.75 1000 | 70313 | 1500 | 5500 | 26/10/22 | 70 | 0.38
5 PE4 19.75 1000 | 88709 | 1500 | 5500 | 26/10/22 | 89 | 0.34
6 PE5 24.75 1000 | 118993 | 1500 | 5500 | 26/10/22 | 119 | 0.29
7 PE6 29.75 1000 | 151021 | 1500 | 5500 | 26/10/22 | 151 | 0.26
8 PE7 34.75 1000 | 189144 | 1500 | 5500 | 26/10/22 | 189 | 0.23
9 PES8 39.75 1000 | 218697 | 1500 | 5500 | 26/10/22 | 219 | 0.21
10 | PE9 44,75 1000 | 248677 | 1500 | 5500 | 26/10/22 | 249 | 0.20
11 | PE10 52.25 1000 | 280772 | 1500 | 5500 | 26/10/22 | 281 | 0.19
12 | PE11 62.25 1000 | 321921 | 1500 | 5500 | 26/10/22 | 322 | 0.18
13 | PE12 72.25 1000 | 331073 | 1500 | 5500 | 26/10/22 | 331 | 0.17
14 | PE13 82.25 1000 | 313506 | 1500 | 5500 | 26/10/22 | 314 | 0.18
15 | PE14 92.25 1000 | 286313 | 1500 | 5500 | 26/10/22 | 286 | 0.19
16 | PE15 | 102.25 | 1000 | 253355 | 1500 | 5500 | 27/10/22 | 253 | 0.20

Bang 3.8: Két qua do nguon 252Cf ¢ khoang cach 60 cm

I'fiéfu P day |Thoi | Sodém | A Tée |
S 160 PE PE tich | gian dinh Ke_nh Kénh Neav d do X
TT| P U5 | iy do 764 | trai  |phai | =V 9° | dém |5

ngoal 1 mm) | (s) keV cps) | 0

cing
1 | PEO 0 910 170690 | 1500 | 5500 | 27/10/22 | 188 | 0.24
2 | PE1 4.75 800 136054 | 1500 | 5500 | 27/10/22 | 170 | 0.27
3 | PE2 9.75 800 143392 | 1500 | 5500 | 27/10/22 | 179 | 0.26
4 | PE3 14.75 800 158807 | 1500 | 5500 | 27/10/22 | 199 | 0.25
5 | PE4 19.75 1000 | 237694 | 1500 | 5500 | 27/10/22 | 238 | 0.21
6 | PES 24.75 1000 | 297307 | 1500 | 5500 | 27/10/22 | 297 |0.18
7 | PE6 29.75 800 291544 | 1500 | 5500 | 27/10/22 | 364 | 0.19
8 | PE7 34.75 800 356732 | 1500 | 5500 | 27/10/22 | 446 | 0.17
9 | PES8 39.75 800 412081 | 1500 | 5500 |27/10/22 | 515 |0.16
10 | PE9 44.75 800 481946 | 1500 | 5500 |27/10/22 | 602 | 0.14
11 | PE10 | 52.25 800 567446 | 1500 | 5500 | 27/10/22 | 709 | 0.13
12 | PE11 |62.25 800 600928 | 1500 | 5500 | 27/10/22 | 751 | 0.13
13 | PE12 | 72.25 800 587993 | 1500 | 5500 | 27/10/22 | 735 | 0.13
14 | PE13 | 82.25 800 536736 | 1500 | 5500 | 27/10/22 | 671 |0.14
15 | PE14 | 92.25 800 501639 | 1500 | 5500 | 27/10/22 | 627 | 0.14
16 | PE15 | 102.25 | 800 421630 | 1500 | 5500 | 27/10/22 | 527 | 0.15
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P thi biéu dién téc dé dé€m
200 =@ Khodng cach tir ngudn Cf252 d&n Bonner Cylinder 200cm

Khoang cach tir ngudn Cf252 d&n Bonner Cylinder 100cm

700
Khoang cach tir ngudn Cf252 dé&n Bonner Cylinder 60cm

600

Toc do dém
w =y %)
(=] Q Q
(=] [s] (=]

N
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=]

100

—

P -

0
Bare PE1 PE2 PE3 PE4 PE5 PE6 PE7 PE8 PES9 PE10 PE11 PE12 PE13 PE14 PE1S

Hinh 3.4. D6 thi biéu dién toc d6 dém thuc nghiém tai cac khoang cach khac
nhau ciia ngudn neutron 2°Cf

Két qua ¢ bang s6 liéu tir 3.1 dén 3.8 ta théy: sai sb thuc nghiém dugc
xéac dinh 1a sai s6 cua tich phan dinh pho va c6 tich chét 1a sai sb thong ké
(hay con goi 12 sai s6 ngiu nhién). Sai s6 ndy sé& giam theo thoi gian do. Trong
qua trinh thuc nghiém Lu4n van dd chon thoi gian do du dai dé dat dugc sai
s6 thyc nghiém nho hon 0,5% d6i véi ngudn 2*' Am/Be va nho hon 0,7% d6i
v6i nguon 252Cf dé dam bao cac két qua thyc nghiém co do tin cay tot, ciing

nhu dap Gmg yéu cau cta phong thi nghiém VLHN tai Vién NCHN.

3.2. KET QUA XAC PINH PHAN BO PHO THONG LUQNG
NEUTRON THEO NANG LUQNG

Luan van d3 sir dung chuong trinh MSANDB dé giai hé phuong trinh tir
s6 lidu thuc nghiém dé thu nhan duoc két qua vé phd phan bd thong luong
neutron theo ning luong cia cac ngudn chuan neutron 2*Am/Be va 252Cf. Céc
Input-file vé s6 liéu do thyc nghiém téc do dém dbi vdi ngudn chuan neutron
va Input-file vé ham dap tng cua hé phd ké Bonner-cylinder da dugc cung
cép cho chuong trinh MSANDB thi hanh viéc giai cudn s6 liéu thuc nghiém
va két qua thu dugc nhu sau:

3.2.1. Két qua xac dinh pho ning lweng ngudn neutron ?!Am/Be

Két qua tich phan theo cic ving neutron nhiét, trén nhiét va neutron

nhanh dugc trinh bay trong Bang 3.9.
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Bang 3.9: Két qua phé thong luong neutron cia ngudn **Am/Be

Théng Théng Théng Théng Thoéng
N lwgng luwgng lwgng luwgng lwgng
ang 2 2 2 2 2
Neutron (n/cm?/s) | (nfcm?/s) | (n/cm?/s) | (n/cm?/s) | (n/cm?/s)
lwgng . . . . .
tai tai tai tai tai
65 cm 100 cm 120 cm 150 cm 200 cm
Neuton | go5ev | 22727 | 11,785 | 8940 | 6839 | 4841
nhiét
0,5eV-
Neutron 300 keV 21,537 12,195 9,286 7,808 5,041
trén nhiét
300
Neutron keV-13 111,515 52,992 36,571 24,266 14,971
nhanh MeV
Am241/Be Neutron source
3.5E+01 Engery spectrum
é 2 OE+01 OG-
g‘ OE+00
&

0.0E

+00
1.0

Neutron energy (MeV)

Hinh 3.5: Két qua phd thong lwong neutron phan b theo ning luong cia
ngudn ***Am/Be tai cac khoang cach khac nhau

Tt Hinh 3.5 cho thay, c6 hai dinh trong ph6 ning lugng: mot dinh dai
dién cho vung neutron nang lugng nhiét tr neutron nhanh dugc lam cham do
tan xa vGi cac vat liéu che chin buc xa xung quanh ngu(‘A)n netron, va mot dinh
& vung nang lugng cao dai dién cho thanh phén neutron nhanh buc xa truc
tiép tir ngudn neutron ***Am/Be.

3.2.2. Két qua xac dinh phé ning lweng neutron tir nguon chuan
2520f

Céc Input-file vé sb liéu do thuc nghiém téc d6 dém ddi v6i nguodn chuan
neutron 252Cf va Input-file vé ham dap tng ctia hé phd ké Bonner-cylinder
cling da duoc cung cp cho chuwong trinh MSANDB thi hanh viéc giai cudn sb

liéu thyc nghiém va két qué duoc trinh bay nhu trong Hinh 3.6. Két qua tich



trong Bang 3.10.
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phan theo cac vung neutron nhiét, trén nhiét va neutron nhanh dugc trinh bay

Bang 3.10: Két qua pho thong lugng neutron cia ngudn 252Cf

Nin Thong lwgng | Thong lwgng | Thong lugng
Neutron 1 (mg (n/fcm?/s) tai | (nfcm?/s) tai | (n/cm?/s) tai
rong 60 cm 100 cm 200 cm
Neutron 0-05 eV 8,250 2,537 1,032
nhiét
Neutron trén | 0,5 eV-
nhiét 300 keV/ 1,758 0,766 0,290
Neutron 300 keV-
nhanh 13 MeV 40,259 18,428 5,213

Cf-252 Neutron source

1 2E+01 Engery spectrum

1.0E+01

—60cm
8.0E+00

100 cm

6.0E+00 200 cm

4.0E+00

2.0E+00

Group neutron flux (n/cm”2/s)

A

1.0E-07

0.0E+00

1.0E-09 1.0E-05 1.0E-03 1.0E-01 1.0E+01

Neutron energy (MeV)

Hinh 3.6: Két qua pho thong luong neutron phan b theo ning lugng cia
ngudn »?Cf tai cac khoang cach khac nhau

3.3. KET QUA PANH GIA SUAT LIEU NEUTRON

Tir két qua phd phéan bd thong luong theo ning luong da dugc giai cudn,
gia tri tuong duong liéu méi truong H(10) tai vi tri do cach ngudn neutron &
cac khoang cach khac nhau da duoc tinh toan théng qua bang chuyén doi
thong lugng sang suat twong duong liéu méi truong theo tidu chuan ICRP74
[13]. Két qua tinh toan suét liéu va so sanh voi s6 liéu do thuc nghiém thuc
hién bdi nhan vién an toan birc xa st dung modt may do liéu chuyén dung
model: ALOKA TPS-451 duoc trinh bay ¢ Bang 3.11 va 3.12.
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Bang 3.11: Két qua suat liéu neutron cua ngudn *!Am/Be & cc khoang cach

khac nhau
5 Suit liéu neutron (uSv/h)
Nang
Ngudn 22Am/Be | luong 200
65cm | 100cm | 120cm | 150 cm
cm
Neutron nhiét 0-05eV | 0,947 0,488 0,378 0,286 0,203
) 0,5eV-
Neutron trén nhiét 3,585 1,890 1,479 1,297 0,918
300 keV
300 keV -
Neutron nhanh 163,842 | 77,789 | 53,566 | 35,371 | 21,758
13 MeV
May do liéu 0-13
166,91 | 76,91 53,72 35,94 22,66
ALOKA TPS-451 MeV

Bang 3.12: Két qua suat liéu neutron ctia nguon 22Cf & cac khoang cach khac

nhau
X 5 Suit lidu neutron (uSv/h)
Nguon Nang lugng
22Cf 60 cm 100 cm 200 cm
Neutron nhiét 0-0,5eVv 0,365 0,107 0,043
Neutron trén nhiét 0,5 eV- 300 keV 0,824 0,177 0,056
Neutron nhanh 300 keV - 13 MeV 58,606 27,274 7,710
May do liéu
0-13 MeV 64,71 25,04 8,93
ALOKA TPS-451
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KET LUAN VA KIEN NGHI
1. KET LUAN

Véi sy nd luc, ¢b ging cua ban than cung sy huéng dan khoa hoc cua céc
gi4do vién huéng dan va sy hd trg ciia cac nghién ctru vién tai Trung tAm Vat
1y va Pién tur hat nhan, luan van da dugc thuc hién va hoan thanh dﬁy du cac
muc tiéu dé ra theo dang tién do, thoi gian thyc hi¢n tur thang 9 nam 2022 dén
thang 4 nam 2023. Cac két qua cu thé da dat duoc bao gém:

- Pbi nghién cau tong quan vé phuong phap do phd neutron, cic co ché
tuong tac ctia neutron vai vat chat, cac phuong phap ghi do neutron.

- Luan van da tim hiéu vé thiét ké va van hanh, sir dung hé pho ké neutron
Bonner-cylinder tai Trung tim V4t Iy va Dién ttr hat nhan. Hé bao gom 15 16p
chat 1am cham béng vat liéu PE c6 dang hinh tru c6 duong kinh khéc nhau, va
da sir dung bo s6 liéu da co san vé ma tran ham dap Gng cua hé pho ké nay.

- Pa do pho thuc nghiém cua hai nguon chuan **Am/Be va %2Cf, xéac
dinh duoc thong lwong neutron phan bo theo niang lwong bang cach sir dung
chuong trinh MSANDB dé giai cuon (unfolding) céc két qua do phd thuc
nghiém.

- Tir két qua phé ning luong, luan van da xac dinh dugc suat liéu neutron
tuong dwong bang cach sir dung bang hé sé chuyén doi thong luong-suat lidu
neutron tuong duong theo tiéu chuan ICRP74. Két qua suat liéu trong duong
cling dd duoc so sanh cho thay c6 su phl hop tot vai s6 liéu do doc lap bang
may do liéu chuyén dung model: ALOKA TPS-451.

Két qua cua luan van c6 y nghia vé khoa hoc va thyc tién trong linh vuc
do thyc nghiém va xac dinh phd niang lugng neutron cia ngudén chuan
24TAm/Be va 22Cf tai Vién NCHN. Thong qua viéc nghién ciru giai quyét bai
toan nay, dé tai luan van da xac dinh duoc suit lidu neutron (nhiét, trén nhiét,
nhanh) tai cac vi tri khac nhau tir cac ngudn chuan “Am/Be va 22Cf, s6 liéu
nay c6 y nghia trong viéc nghién ciru va dao tao vé ghi do liéu buc xa
neutron.

2. KIEN NGHI

Luan van kién nghi tiép tuc nghién ctru mo rong bai toan ghi do phd
ning luong neutron va xac dinh lidu neutron twong duong ddi véi cac ngudn
neutron khéac. Tiép tuc nghién ctru ap dung cic phuong phéap gidi cudn
(unfolding) khac nhu phuong phdp Monte-Carlo hay phuong phép tri tué
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nhan tao (Artifical Intelligence-Al) 1a mdt phuong phap mdi dang nhan dugc

nhiéu quan tam.
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