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Tém tit: Tong quan vé cac phan tng hat nhan trong phan tich kich hoat neutron
(NAA), dac biét 1a NAA trén 10 phan tng hat nhan nghién ctru stir dung phuong phap
chuin hoa ko (viét tit 1a ko-NAA) duoc thuc hién va trinh bay trong bao céo. Cac
phan tng hat nhan gay ra bdi cac neutron & nhiing vung nang luong khac nhau:
neutron nhiét, neutron trén nhiét va neutron nhanh hay neutron phan hach, déng gop
vao téng hoat d phong xa tao thanh véi nhiing lugng khéc nhau dugc phan tich va
danh gia. Phan tng hat nhan dugc quan tam chil yéu trong NAA 13 phan tng (n, ),
tuy nhién, nhimg phan Gmg anh hudng (nhiéu) nhu cac phan mg ngudng (n, p) cling
duoc quan tam. Khi tong quan cac phan Gng hat nhan, tdc do phan ung va mdi lién
h¢ cua chung voi cdc 0 liéu hat nhan co ban can duoc xem xét. Ngoai ra, viéc danh
gia do khong bao dam do (sai s6) cua cac sb liéu hat nhan, nguon sai s& va su lan
truyén sai s6 dén toc do phan tng ciing dugc nhan dién. Sau cing, viéc tong quan
cac phan tmg hat nhan trong NAA - phan tich mbi lién hé giita cac phan tng hat
nhan véi cac sd liéu hat nhan co ban (hé s6 ko, Qo, nang lwong cong hudng hiéu
dung Er va cac sb liéu lién quan khac). Vi vay, viéc tong quan vé cic phan tng hat
nhan trong NAA 1a cin thiét va b ich nham phat trién phuong phap luan NAA va
xay dung nhiing phuong phap xac dinh thuc nghiém phu hop cho vi¢c hi¢u chinh
nhitng phin mg hat nhan anh huéng (nhiéu) tir 46 nang cao do chinh xac cla cac
két qua phan tich.

Tir khéa: Phdn tich kich hoat neutron; phiong phdap chuan héa ko, phan img hat
nhan; téc dé phdn iing.

I. MO DAU

Do tinh chon loc va d6 nhay cao, phan tich kich hoat neutron (NAA) chiém mot vi tri quan
trong trong sé cac phuong phap phan tich vat 1y va hoa hoc. NAA la mot ky thuat phan tich
khong huy mau cho viéc xac dinh ham lugng ¢ mirc bang hodc dudi ppm (pg/g) dbi vai khoang
60 nguyén td, bang cach thyc hién hai phép chiéu va mot s6 phép do phd gamma sau nhiing thoi
gian ra khac nhau. Do chinh xac cia NAA do hiéu tng matrix (hiéu tng nén) hau nhu c6 thé bo
qua va co so vat ly hoan toan khac biét khi so sanh voi cac k¥ thuat phan tich khac, lam cho
NAA dic biét phi hop dé phé chuan cac vat liéu tham khao (Standard Reference Materials -
SRMs).

Phuong phép chuan hda ko ciia NAA (Ko-NAA), mot khai niém dugc dua ra vao nam 1975
[1], c6 thé duoc hiéu 13 mot phuong phap chudn hoa tuyét ddi [2,3]. Phuong phap nay dua vao
cac hé sb ko, Qo va mot vai sb lidu khac 13 cac hing sd vat 1y c6 thé duogc ldy tir bo s licu hat
nhan co ban [4]. Trong thuc té, cac hé s ko va cac s liéu hat nhan lién quan thudng duoc xéac
dinh bang thuc nghiém Vi c4c bo sb liéu hat nhan co ban thuong khong nhat quan [5,6,7].

Muc dich cta cong viéc nay 1a xem xét mot cach tong quan vé cac phan ung hat nhan
trong NAA trén 16 phan tng hat nhan nghién ctru. Van dé quan trong nhit cta phan tng hat
nhan 1a tinh téc do phan tng va méi lién hé cua chung vai cac sb liéu hat nhan co ban. Cubi
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cuing 1a phan tich méi lién hé gitta cac phan tng hat nhén trong NAA véi cac s6 liéu hat nhan co
ban (hé so ko, Qo, ndng lugng cong huong hiéu dung Er va cac so liéu hat nhan lién quan khéac).

1.1 Hoat do riéng

Khi miu duoc dit trong trudng neutron, hat nhan trong mau cd thé bit neutron dé tao
thanh hat nhan kich thich, sau d6 c4c hat nhan kich thich s& tr& vé trang thai co ban bﬁng cach
phat ra birc xa gamma - goi 1a phan Gng (n, y). Thong thuong cac tia gamma phat ra mét cach
ttrc thoi tir san pham bét neutron bj kich thich hodc phat ra sau mot khoang thoi gian tré nhat
dinh.

Néu viéce chiéu xa duogc thuc hién trong trudong neutron voi mot phén dang ké neutron
nang lugng cao, co thé xay ra mot sé phan tng ngudng (threshold reactions) trén cac hat nhan
khéc co trong mau tao ra hat nhan san phém giéng nhu hat nhan dugc do. Ngoai ra, néu mot sd
nguyén t6 phan hach co trong mau c6 thé gay ra sy phan hach tao thanh cac hat nhan tring voi
hat nhan san pham do phan tng (n, v). Py 1a nhitng phan tmg nhidu va phai duoc tinh dén trong
qua trinh xac dinh téc do phan mg.

Trong qua trinh chiéu xa, mot sb san phém bét neutron roi phan ra va mot s6 lai c6 thé tiép
tuc bat neutron dé tao thanh mot hat nhan khac va bi mat di hay con goi 1a phan tng d6t chay
(burn-up). O mat d6 thong luong neutron cao, cac hat nhan bia co thé bi suy giam, diéu nay
cling anh hudéng dén viéc do cac hat nhan san pham. Phuong trinh vi phéan tinh dén su thay do6i
tde do phan tng hat nhan quan tdm dugc biéu dién nhu sau:

dN,

dx

Trong phuong trinh (1), ¢ 14 thong lwong neutron, o 1a tiét dién phan tng, N 13 s hat nhan

trong mau, A 1a hang s phan rd va y 12 xac suét phan hach. Céac chi s6: “m” chi thi cho hat nhan

do, “c” chi thi cho hat nhan san phdm sau qua trinh bat neutron, “f” chi thi cho hat nhan phan

hach va “h” chi thi cho hat nhan tao thanh hat nhan “c” do phan ing ngudng cua cac neutron €0
nang luong cao véi tiét dién phan g op.

= PN O + PNp O + ¢N; 07 7, — $Ne O — AN, (1)

Hoat d6 riéng ctia mau 1a hoat d6 duge do khi két thac chiéu, duge hiéu chinh si thay d6i
ham luong cua hat nhan phén rd trong thoi gian do, thoi gian rd va thoi gian chiéu. Do do, tir
hoat @6 do duoc, ta cod thé xéac dinh tde dd phan g va do dé6 ham lugng cia hat nhan do, mién
la ching ta biét chinh xac thong lugng neutron va hang s hat nhan twong tng. Nhu vay, bai
toan con lai 1a tinh téc do phan tmg va cac hing s6 hat nhéan lién quan.

1.2  Tbéc dd phan ing

Téc d6 phan tng A khi cac hat neutron di qua mau chira cac hat nhan dugc thong s hoa
bang ti€t dién phan tng o(Vv) - dac trung cho hat nhan va pho thong lugng neutron ¢(v) - lién
quan dén mat do so neutron di qua mau n(v) véi toc do v:

o(v) =vn(v) (2)
Biéu dién theo dong ning E cua neutron (hat toi) twong dwong véi toe do v,
2
mv
E=— ©)
2

Trong phuong trinh (3), m 1a khéi lugng neutron, khi d6 tdc do phan tng sé& la:



A=K [ o(E)o(E)dE  ; o(leVv) =1. (4)

Hang s6 K dam bao rang tich phan ¢(E) theo nang luong tao ra thong luong neutron toan
phan. Biéu thirc trong dwong cho tdc d6 phan tmg theo van tdc neutron:

A= Kfmc(v)v .n(v) dv 5)
0

Tich phan c6 thé chia thanh hai phan, mot phan dbi véi nang lugng neutron dudi cadmium
(twong ung v&i van toc neutron Veg) va phan neutron c6 nang luong trén nhiét.

0

Ecq
A =Klf o(E) o(E) dE+f orf(E) o(E) dE (6)
0 Ecad
Hon nira, thong luong neutron trén nhiét lai dugc chia thanh phﬁn nang luong cong hudng
va phan neutron nhanh (hay neutron phan hach).

¢e(E) = 9:(E) h or(E) (7)

Thuc té, phan dong gop cua pho neutron phan hach trong viée tinh téc do phan tng toan
phan 13 khong dang ké ddi vai vi tri chiéu neutron dugc nhiét hoa tét. Tuy nhién, tai cac vi tri co
thanh phan neutron trén nhiét (epithermal neutrons) cao, dic biét truong hop phd neutron nhanh
(phan hach) dang ké, lic d6 phan img ngudng s& dong gop dang ké:

Ecq 0 o
A:Klf o(E) o(E) dE+f or(E) 0, (E)dE + h of(E) (pf(E)dE (8)
0 Ecq Eca
Nhﬁ’ngrbiéu ‘Ehtrc trén duogc biéu dién mot cach chinh xac vé mat Vé_l:.'[ 1y va toan hoc, tuy
nhién thyc té c4 tiét dién \(él thc}ng luc_mg neutron kh@ng dugc xac dinh bang thyc nghiém mot
cach du chinh xac. Viéc bicu dién chi ti€t phai tinh dén hiéu tng gidn no Doppler vi anh huong
nhiét d§ neutron va hi¢u ung tu che chan neutron.
Khéng lam mét di tinh téng quat vé mat vét 1y, phuong trinh tich phan (8) ¢ thé dugc suy
ra dudi dang biéu thirc qua cac hang so [9]:

A= 6,009 G+ 6,0o 6o +Jo 1) = 6, 00 |9 G+ +( G+ Ho ) ©)
Trong phuong trinh (9), cac ky hi¢u c6 y nghia nhu sau:

Ot - Thong lugng neutron nhiét;

Oe - Thong lugng neutron trén nhiét;

f - Ty 6 thong lugng neutron nhiét trén thong luong neutron trén nhiét;
oy - Tiét dién bit neutron nhiét;

g - Hé s6 biéu dién do 1éch cua tiét dién nhiét ra khoi quy luat 1/v;

lo - Tich phan cong hudng (tiét dién bat neutron cong hudng);

Jo - Tich phan phan hach (tiét dién bat neutron phéan hach);

Qo = lo/oo, Ty s6 tich phan cong hudng trén tiét dién bat neutron nhiét;
Ho = Joloo, Ty sb tich phan phan hach trén tiét dién bit neutron nhiét;

h - Hé s6 phd phan hach;



Gin - Hé sb suy giam neutron nhiét;

Ge - Hé sb suy giam neutron trén nhiét;

Kha ning ap dung va do chinh xac cta biéu thirc trén phu thudc vao cac xap xi gan ding
lién quan dén viéc xac dinh cac hang so hat nhan.

Phwong phap chudn héa ko cia NAA dua vao phép do ty sé hoat do riéng (va téc d phan
ung) cua hat nhan can xac dinh va nguyén t6 dugc chon lam chuan thuong la vang (Au), vi né
co6 tiet dién va tia gamma da biét chinh xac (411.8keV).

Ty s giita hoat d6 riéng ctia mau A, trén hoat do riéng cua chuan A, chinh 1a ty sb cta céc
toc do phan ng, tuong ing, dugc cho bdi biéu thirc nhu sau:

ﬁ — th Ga + Ge,a QO,a + HO,ah (10)
As " Gf Go+ Ges Qos + Hosh
Trong phuong trinh (10),
M.6,y,0
0 = Ms Haya 0,a (11)
aUsVs0Oo,s
Céc chi s6 “@” va “s” chi thi cho miu va chuan, twong tng,
My - Khéi luong nguyén tir Mol,
Ox -Dbo phé bién déng vi trong tu nhién,
Tx - X4c suat phat gamma cua tia gamma do dugc,
G0 x - Tiét dién bit neutron nhiét.
1.3 Cac hé sb tiét dién oo, g-Westcott va tw che chin neutron nhiét Gy:
Su dong gop cua neutron nhiét vao tbc do phan tng dugc biéu dién theo van tdc:
Ved
Ay = f o(v).v.n(w)dv (12)
0
Déi v6i nguyén t6 tuan theo quy luat 1/v thi tiét dién s& dugc biéu dién:
v
c(v) = gp— (13)
v
Trong pt (13),
Vo - Van tdc neutron nhiét, 2200 m/s,
00 - Tiét dién bét neutron & van tdc Vo.
Thay vao phuong trinh (12), ta co:
Ved
Ay = O'OUOJ n(v) dv = gyvyN; (14)
0

Trong pt (14), N; 1a mat do neutron nhiét toan phén, nghia 1a: Téng s6 cac neutron nhiét
trén don vi thé tich - total number of thermal neutrons per unit volume).

Biéu dién theo ning luong, tbc dd phan tmg duoc dinh nghia nhu sau:



Ecd
Ay = f o(E) B(E) dE (15)
0

Thay thé dong ning vao pt (13), ta c6:

E
o(E) = 0, |— (16)
E
Trong d06, Eop 1a nang lugng cua neutron nhiét trong ing vaéi Vo = 0,0253 eV.
Gia sir rang thong luong neutron nhiét c6 phan bé Maxwell:
@(E) = Ee E/kT (17)
Trong pt (17), k 1a hang s6 Boltzmann, T 13 nhiét 6 neutron va K 12 hang sd:
Eca
A = K f o(E) Ee E/¥T dE (18)
0
Ddi véi cac hat nhan tuén theo quy luat 1/v,
Ecq
Ath = KO-O\/ EO j \/E e_E/kT dE (19)
0
Tiét dién bat neutron nhiét trung binh dugc dinh nghia nhu sau:
J o(EYP(EYAE _ Koo\[Ey [VE e F/¥TdE (20)

Ot =T T h(EYAE | K Ee-E/FTGE

M¢ rong gi6i han tich phén tir 0 dén oo, thay tich phan & tur sd cua pt (20) bang ham 773/2)
va str dung moi lién hé gitra nang lugng va nhiét 3o Eq = KTy, tiét dién neutron:

Koo(kT)3/ 2 [kToNT/2 N [T,
Op = — K(k;"/)z_o = %0 ?0 (21)

Luu y rang pt (21) chi ding d6i voi nhimng hat nhan tuan theo quy luat 1/v trong mot phd
neutron thuan phan bé Maxwell.

Trong thyc té, tiét dién c6 thé léch khoi quy luat 1/v va phd neutron c6 thé bi bién dang
(tty thudc vao vi tri chiéu) ra khoi thuan phéan bd Maxwell. Tac gia Westcott da ¢ ging dléu
chinh cho nhiing truong hop hat nhén co tiét dién khdng Iy tuong bang cach gidi thiéu hé sb g-
Westcott, nhung van gia st rang pho neutron c6 phan b Maxwell. Tham chi Westcott da gip
kh6 khan khi tch phan déng gop 1/v cia tiét dién ra khoi ving phia trén ciia nang lwong cong
hu(mg Ecd-

Vao thoi diém nhimg nam 1960’s khi hinh thtrc ludn Westcott duoc phat trién, kién thirc
vé ham tiét dién con thiéu va viéc xac dinh phd neutron con han ché, trong d6 chi yéu dua vao
cac phuong phap tinh giai tich.

Chiing ta c6 thé giéi thiéu mot dinh nghia thay thé cho hé sb g-Westcott bang hé s6 g tong
quat dé tinh toc do phan ing va ap dung cho cac hat nhan khéng tuan theo quy luat 1/v cling nhur
dbi vai phd neutron bi 1éch khoi phan bd Maxwell. So sénh cac pt (6) va (9):



Ecq

®m%gGm:Kf o(E) O(E) dE (22)

0

Mot cach tuy y:

Kﬁ f ECd(/ﬁ(E)dE (23)

Bo qua hé sd suy giam thong luong neutron nhiét Gy trong thoi diém xem xét (gia str no
bang 1), dinh nghia ciia hé s6 g tong quat sau:

[ e(B)9(EYAE 2 oy,

g= == (24)
0o @foEm @(E) dE v %

Thay thé o d6i véi nhimg hat nhan tuan theo quy luat 1/v trong phd neutron c6 phan bé
Maxwell, moi lién hé gitta hé s6 g-Westcott (gw) va g-tong quat (g) nhu sau:

Ly (25)

9w = T

Ngoai kha ning ap dung phd tuy ¥, su khac biét chinh trong dinh nghia hé sd g-tong quat
la gidi han tich phén trén Egq, thuong duoc lay 1a 0,55 eV.
1.4  Tich phan cong huéng Io, hé sé truyén qua cadmium (Fcg) va hé sé Qg

Tich phan cong hudng tham khao lo thuong duoc xac dinh bang tiét dién bat neutron trén
nhiét trong di€u kién pho neutron 1y tudng tuan theo phan bo thuan 1/E,

Ip = ] "o (B)w(E)dE ; (E)_w (26)

Eca

Tuong tu, hé s6 Qo tham khéo dugce cho,

Qo =— (27)

Céc phép do phd neutron thuong duoc thuc hién trong 16 phan tmg hat nhan nghién ciru,
mot cach gan dung tuan theo quy luat 1/E trong vung nang luong neutron trén nhiét.

Tiét dién bit neutron toan phan ctia cadmium duoc biéu dién trong Hinh 1 (Phan a). Tich
phan cong hudng co thé dugc tinh gan ding thdng qua toc do phan tng lg.

Viéc gidi thiéu ham truyén qua cadmium t(E) - mot dinh nghia chinh xac hon vé tich phan
cong huong do dugc dudi 16p vo boc cadmium lgg trong pho neutron thuc ¢*(E):

m—famdm¢wwE (28)

Phuong trinh (28) giam xudng dén muc ly tuong néu ving tich phan duoc gii han tir can
duéi Eqq dén can trén Es, pho neutron trén nhiét thuan dang 1/E va t(E):

0 d6i v6i E < E,q
1d6i v6i E = E,y

t(E) = { (29)



Mot dang thuc té hon cua ham truyén qua cadmium thu duoc bang cach gia st su suy

giam theo ham mii ctiia neutron di qua vo boc cadmium:
t(E) = e_chdO'cd(E) (30)

Trong do, d 1a bé day 16p vo boc cadmium, c¢q la tiét dién bit neutron ctia cadmium va Neg

la mat dg s nguyén tr cadmium trong 16p vo boc. N6 dugc tinh nhu sau:
_ pCdNA

g =4

M cd

Trong d6 peq 12 mat do cadmium, Na 13 s6 Avogadro va Mg khdi lwong nguyén tir Mol cia
cadmium.

Ne (31)
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Hinh 1. a) Tiét dién bét neutron toan phan ctia vat liéu cadmium; b) Ham truyén qua
cadmium doi véi vo boc Cd c6 bé day 1 mm.

DP6i v6i chum neutron hep chiéu vao mét bia nho, st dung tiét dién toan phan cua
cadmium o¢g, ham truyén qua cadmium sé duogc tinh mot cach chinh xéc.

Eg 1 =
I= f o(EYNEYAE = | t(E)o(E)HE)dE (32)

Eca cd Jo

Tu pt (32), ta suy ra,
_ Jy tB)a(E)HE)YdE
[y o(E)H(E)E

Do 1éch cua gia tri Feg ra khoi don vi (=1) phat sinh tr ham truyén qua cadmium va su
Khac biét trong viéc lay gidi han tich phan can trén.

cd (33)

Trong c4c co s6 dit liéu NAA, c6 rat it hat nhan ¢ hé s6 Feq khac don vi (=1). Vi du, gia
tri duge ding phd bién dbi vai W 1a Feg = 0,908 [5].

Véi tich phan cong hudng duge xac dinh duy nhat, gia tri Q cho phd neutron tong quat
cling ¢6 thé dugc xac dinh theo cach tuwong ty véi phuong trinh (27):

I
=— 34
0= (34)
Gia tri Qp tham khao cho phé 1/E Iy tudng da duge xac dinh boi phuong trinh (27).
2.5 Hé s6 tu che chiin neutron cdng hudng Gy

Trong trudng hop khong c6 chat hap thy manh trong 10, phd neutron 1d mot ham theo nang
lwong va 1a mot ham tron. Khi cac chat hap thu cong hudng hién dién vdi s6 luong dang ké, cac
cong huong cé xu hudng tao ra cac do doc trong phd neutron.

oo + Ao, (E)

D) = 0B + o) OB (33)
Trong pt (35):
(o - Tiét dién nén Bondarenko 1a s6 do do pha lodng hiéu dung cua vat liéu héap
thu cong huong,
Ca - Tiét dién h?ip thu cua vat liéu hép thu cong huong,
Os - Tiét dién tan xa cua vit liéu hép thu cong huong,
Gp - Tiét dién tan xa thé cua vat liéu hép thu cong hudng,
A - Tham s6 Goldstein-Cohen — “sé do” do rong cong hudng,

& (E) - Pho tron (khong bi nhiéu loan béi cac cong hudng).
Ly thuyét cong huong dya trén gia dinh rang nguyén tir hap thu duoc bao quanh béi mot
vat liéu lam cham co6 tiét dién xap xi 1a hang so,
1
Op = N_az N;A;c; (36)
L

Trong pt (36),



Na - Mat d6 sd nguyén tir hép thu Na,

Ni - Mat d6 s6 Ni clia hat nhan diéu hanh tht i,
Ci - Tiét dién bét neutron cua hat nhan lam cham tht i,
Ai - Tham sb (lién quan dén tham sé Goldstein-Cohen) do ludng do hiéu dung cua

vat liéu lam cham. Theo dinh nghia, A; = 1 dbi voi hydro.

Suy dién & trén c6 thé 4p dung cho méi truong ddng nhit vo han, nhung cac mau kich hoat
c0 kich thudc hiru han.

1
% =3 [Ze + E NiAioi] (37)
a -

Tiét dién thoat dugc biéu dién mot cach don gian nhu sau:
2e = (38)
O day,
a - Hé s6 Bell (ludn ludn dugce gia dinh 14 hang s ¢6 gia tri =1.16),
I - d6 dai quang duong trung binh.
D¢ dai quang duong trung binh cho mot thé tich V duge cho boi,
4V

S
Trong dé, V 1a thé tich va S 1a dién tich bé mit.

l (39)

Hé sb tu che chin neutron trén nhiét mo ta anh hudng cua sy hap thu cong huong cé thé
duoc xac dinh boi:

E *
J. o) ¢ (E)AE
Je, o EYHEYDE
2.6 Nang luwgng cong hwéng hi¢u dung Er
Tich phan cong hudng Iy va h¢ $6 Qo phu thudc vao dang phé neutron trén nhiét.
¢(E)~E1+a (41)

Trong pt (41), o 1a héng s6 biéu dién do léch phé neutron trén nhiét ra khéi dang 1/E; Gia
str cac cong hudng cé thé biéu dién bang cong thirc Breit-Wigner, hé s6 Qo(a):

Qo~0429 0429
34 o (20 +1)

Qola)= (lev )* (42)
Bang cach dao ngugc phuong trinh (42), biéu thic tinh ning luong cong hudng hiéu dung
phu thudc va d6 1éch phd neutron trén nhiét Ey (). Ta thu duoc [5,6]:
Ye
Qo x0.429

0.429
RN FTELEEY

E () = (43)



Nang lugng cong huong hiéu dung dugc tinh qua tich phan nhu sau:
— 1 hi__
E, =—— f E.(o)da 43
T o — 0 " (43)
Gidi han tich phan o va aye 1a can trén +0.1 va can dudi —0.1, tuong tng.
2.7 Sw d6ng gop ciia phd phan hach vao téc do phan ting
Phé phan hach tich phan c6 thé duoc biéu dién mot cach toan hoc nhu sau:
J=| o(E)$,(E)AE =+ | o(E)[4,(E) +hg (ED]AE - | o(E) 4, (EYAE  (44)
Ecq Ecq Ecq
Phan phé phan hach h phu thudc vao viéc chuan hoa phé.
A I, +]ah

a
— =k, x 45
As o Gthfgs + Gf,sQO,s + Hsh ( )
Trong do,
koo = Ms6,v, (46)
M65y500,
I1l. KET LUAN

Céc phan tng hat nhan trong NAA duoc xem xét mot cach tong thé, trong do, cac neutron
¢ nhitng vung nang lugng khac nhau: neutron nhiét, neutron trén nhiét va neutron nhanh, tao ra
cac hoat do phong xa dong gop vao tong hoat do phong xa cua hat nhan tao thanh v&i nhiing
lugng khac nhau di dwgc phén tich va danh gia. Phan tng hat nhan dwgc quan tdm chii yéu
trong NAA 13 phan tng (n,y), tuy nhién, nhitng phan tmg anh huéng (nhiéu) nhu cic phan tmg
ngudng (n, p) cling dugc quan tam.

Khi tong quan céc phan tmg hat nhan, toc d§ phan tmg va moi lién h¢ ctua chiing véi cac
sO liéu hat nhan co ban da duogc xem xét.

Sau cung, viéc tong quan cic phan (mg hat nhan trong NAA - phan tich mdi lién hé giita
cdc phan ng hat nhan véi cac so liéu hat nhan co ban (hé s6 ko, Qo, nang lugng cong hudng
hiéu dung Er va cac s6 liéu lién quan khac).

Vi vay, viéc tong quan vé cic phan g hat nhan trong NAA 1a can thiét va b6 ich nham
phat trién phuong phép ludn NAA va xay dung nhitng phuwong phép xac dinh thyc nghiém phu
hop cho viéc hiéu chinh nhitng phan tng hat nhan anh huéng (nhiu) tir d6 nang cao do chinh
xéc cua cac két qua phan tich [10,11].
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NUCLEAR REACTIONS IN REACTOR NEUTRON
ACTIVATION ANALYSIS
HO MANH DUNG

Center for Nuclear Techniques, 217 Nguyen Trai Street, District 1, Ho Chi Minh City
E-mail: homdung@yahoo.com

Abstract: Overview of nuclear reactions in neutron activation analysis (NAA),
especially on research reactors using the kq-standardized method (ko-NAA) has been
performed and presented in the report. Nuclear reactions caused by neutrons in
different energy regions: thermal neutrons, epithermal neutrons and fast neutrons or
fission neutrons, contributing to the total radioactivity formed with different
amounts have been analyzed and evaluated. The nuclear reaction being of primary
interest in NAA is the (n, y) reaction, however, the interference reactions such as
threshold reaction (n, p) are also of interest. Once reviewing nuclear reactions, the
reaction rate and their relationship with basic nuclear data have also been
considered. In addition, the assessment of uncertainty of the nuclear data, the source
of errors and the uncertainty propagation to the reaction rate have also been
identified. Finally, the review of nuclear reactions in NAA - analyzing the
relationship between nuclear reactions and basic nuclear data (ko, Qo, effective
resonance energy Er and related data). Therefore, an overview of nuclear reactions
in NAA is necessary and useful to develop the NAA methodology and to establish

the appropriate experimental methods for the correction of interference nuclear
reactions, thereby improving the accuracy of the analytical results.

Keywords: Neutron activation analysis; ko-standardized method; nuclear reactions;
interference reactions; reaction rate.
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