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Loi mé dau

Mbi nguyén td ton tai trong ty nhién duoc dac trung bdi cac thong s6 nhu: Khéi
luong nguyén tr (M), d6 pho bién dong vi (), tiét dién bit notron nhiét (c), v.v... Khi
notron c6 ning luong thap twong tac véi hat nhan bia qua qua trinh tin xa khong dan
hdi, mot hat nhan hop phén trung gian ¢ trang thai kich thucch dugc tao ra. Hau hét cac
hat nhan hop phan déu c6 khuynh huéng tro vé trang thai cin bang hon bang cach phat
ra tia gamma tirc thoi dic trung (trong khoang thoi gian 10714 s) [6].

Trong nhiéu truong hop, trang thai cdn bang méi nay lai tao ra mot hat nhan
phong xa phan ri béta, dong thoi phat mot hodc nhidu gamma tré dic trung, nhung &
mot te dd cham hon nhiéu so v6i qua trinh phat tia gamma tirc thoi & trén.

Céc tia gamma c6 thé dugc phat hién bang detector ban dan c6 d¢ phan giai ning
luong cao. Trong phé) gamma nhan dugc, nang lugng ctua dinh xac dinh sy c6 mat cua
nguyén to trong mau (dinh tinh) va dién tich cta dinh cho phép xac dinh ham luong cia
nguyén t6 do6 (dinh luong).

Trong phuong phép kich hoat, cic nhan phong xa thudng phan rd vé cic nhan
con chau (daughter) bang cach phat ra cac hat béta (B) trude khi tré thanh hat nhan bén.
Céc nhan con chau duoc tao ra thuong 1a ¢ trang thai kich thucch va phat ra mot hay
nhiéu tia gamma khi tré vé trang thai co ban. Po céc tia gamma nay bang cac hé pho ké
gamma, chung ta s& thu dugc nhirng thong tin can thiét dé xac dinh ham luong cua
nhiing nguyén td trong mau chiéu xa [6].

Dé xac dinh duoc ham luong cua cic nguyén t6 trong mau phan tich bang
phuong phap phap kich hoat notrén, cac thong sé can thiét lién quan dén thong sé phd
notrén nhu 13: thong lwong notron nhiét, thong luong notron trén nhiét can phai duge
xéac dinh. Vi vdy, nhém nghién ciru ctia ching em di thuc hién dé tai nay, mong mudn
duoc hiéu r6 hon vé phan thyc nghiém xac dinh hai thong sd da néu ra ¢ trén tai vi tri
chiéu miu cua kénh ngang s6 2 LPU Da Lat

Cach tiép can, phuwong phap nghién ctru, pham vi nghién ctru

1. Cach tiép can: Thuc té va théng qua tai liéu.

2. Phuong phap nghién ctru: M6 phdéng st dung chuong trinh MCNP va kich
hoat notron sir dung kénh ngang ctia 16 phan ung.

3. Pham vi nghién ctru: Kénh ngang s 2 caa 16 phan tng hat nhan Da Lat.
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Chuwong 1: Tong quan
1.1. Phan tich kich hoat notron dua trén dong notron phin loc
1.1.1. Co s¢ cua phuong phap phan tich kich hoat notron

e Phan tich kich hoat notron

Phén tich kich hoat hat nhan 14 phuong phap phan tich nguyén tb trong d6 qua
trinh nhéan di¢n nguyén td va xac dinh ham luong déu can ctr vao cac dic trung cua hat
nhan nguyén tir. V& nguyén tic, phan tich kich hoat khong phu thudc vao trang thai vét
Iy va lién két hoa hoc ctia nguyén t6. Ban chét vat Iy cia phuong phap 14 tao ra su bién
d6i trang thai ctia hat nhan nguyén tir thong qua cic phan tng hat nhan gay boi blic xa
notron, photon hodc cac hat tich dién. Chinh vi vy ma trong mot sé trudng hop phuong
phap phan tich kich hoat con dugc goi theo té€n cua birc xa kich hoat, cu thé 1a phan tich
kich hoat notrén (NAA), phan tich kich hoat photon (PAA),...[2, 6].

Phan ung hat nhan bién cac hat nhan bén tré thanh phong xa. Viéc nhan di¢n
nguyén td va xac dinh ham luong duoc thuc hién dua trén két qua do thoi gian ban ra,
nang lugng va cudng do cta cac birc xa gamma phat ra tir cac san pham kich hoat.

Phéan Gng bit notron hay phan tng (n,y) 1a mot trong nhitng loai phan Gng hat
nhan duge sir dung phd bién nhit trong phan tich kich hoat.

Sau khi bat notron, hat nhan X tré thanh hat nhan hop phén [2]:

X + in = At 1x* (1.1)
trong d6 A 1a s6 khéi va Z 13 nguyén tir s6 clia nguyén t6.

Mobi nguyén t ton tai trong tu nhién dugc dac trung bdi cac thong s6 nhu: khdi
luong nguyén tr (M), @6 phod bién dong vi (0), tiét dién bat notron nhiét (o), v.v... Khi
notron ¢ nang lugng thap twong tic voi hat nhan bia, mot hat nhan hop phéan trung gian
O trang thai kich thycch dugc tao ra.

Hau hét cac hat nhan hop phan déu c6 khuynh hudng tré vé trang thai can bang
hon bang cach phat ra tia gamma tirc thoi dic trung (trong khoang thoi gian 1074 s).
Trong nhiéu trudng hop, trang thai can biang méi nay lai tao ra mot hat nhan phong xa
v6i chu ki xac dinh, phan rd béta va dong thoi phat mot hodc nhiéu gamma tré dic trung,
nhung & mot tbe 6 cham hon nhiéu so v6i qua trinh phat tia gamma tirc thoi & trén.

Qua trinh kich hoat hat nhan bang notrén dugc thé hién trong Hinh 1.1.



Hat béta
o

Tia gamma tirc thoi
Hat nhan bia {

v
o

S5 S < W

2
o S
s S 0V
oooo o LLW/ \
Hat t6i ',0. . o ? Hat nhén san pham
/.:. I. L AN / \‘

Hat nhan hgp phan Tia gamma tr¢
o
Hat tirc thoi

Hinh 1.1. Qua trinh bét notroén va phat tia gamma cua hat nhan bia [6]

Ning lugng kich thycch ciia hat nhan hop phan (E*) bang tong niang luong lién
két cuia notron (Ep) va dong ning (Ex) cta notrdn ti:
E*=E,+E; (1.2)
M&i ning lugng gamma dic trung cho qué trinh phén ra cua timg dong vi, dya
vao d6 co thé xac dinh cic nguyén t6 c6 mit trong miu. SO hat nhan nguyén ttr bi kich
hoat ti 1& v&i s6 nguyén tir ciia mau, vi vdy ham luong nguyén t trong mau sé& duoc
dinh lugng. Cu thé 1a trong phé gamma, nang luong cia dinh xac dinh sy c6 mat cua
nguyén to hay con goi 1a phép dinh tinh va dién tich ciia dinh cho phép ta dinh lugng
nguyén td do.
Dua vao thoi gian sdng cta cac hat nhan san phim, phuong phap NAA duoc
chia lam 2 loai:
e Phan tich kich hoat notron gamma tirc thoi (PGNAA), cac phép do dugc thuc
hién ngay trong ltic chiéu mau.
e Phan tich kich hoat notrén gamma tré (voi mot s6 ky hiéu DGNAA, INAA
hodc NAA), cac phép do dugc thuc hién sau qua trinh phan ra phong xa.
Céc tia gamma c6 thé dugc phat hién bang detector ban dan c6 d¢ phan giai ning
luong cao, chiing ta sé& thu dugc nhitng thong tin can thiét dé xac dinh ham luong cua

nhting nguyén to trong mau chi¢u xa



So d6 phan rd cila cac nhan phong xa sap xép tir don gian dén phirc tap. Hinh 1.2
minh hoa phan ri cua 28Al (T1/2 = 2,24 phit), n6 dugc tao ra bai viée chiéu xa dong vi
27Al1. Hat nhan 2%Al phan ri p- dé vé murc kich thucch 1779 keV cuia hat nhan con 1a 8Si
[6].

28A|

3
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Y
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) . A
23Gi bén

Hinh 1.2. So @ phan ra va phét tia gamma ciia 28Al

Trong trudng hop nay, viée dich chuyén tir trang thai kich thucch vé trang thai
bén, hat nhan 28Si phat ra mot tia gamma c6 ning lwong 1779 keV vé6i hiéu sut phat 1a
100 %.

o Xdc dinh ham lwong ciia nguyén té trong mau phan tich

Khi dat hat nhan trong truong notrdn, nhan phong xa dugc hinh thanh tryc tiép
boi phan tng (n,y), va gia st khong c6 hiéu tmg d6t chay thi toc d6 phan ung R, theo
quy udc Hogdahl, ¢ thé dugc viét nhu sau [2]:

R=G,.¢,.0,+G. 4.1 (a) (1.3)

trong d6: oo 1a tiét dién notron nhiét; I 13 tich phan cong hudng ciia hat nhan tuong ing
v6i phan bd théng lugng notrén trén nhiét tuan theo quy ludt 1/E; 4, 1a thong lugng
notron trén nhiét; Gm va Ge 1a hé sb hiéu chinh tu che chin ciia notron nhiét va notron
trén nhiét twong tmg. Ham luong cta nguyén té trong mau (g/g) duge tinh nhu sau [2]:

N,/t, ) M 1 1
SDCW ™ 0y N, [G,4,0,+G. 81, (a)] &,

p=( (1.4)



o Kha nang phan tich
NAA 13 mét trong nhirng phuwong phap phén tich ¢6 d6 nhay cao nhat, c6 kha ning
phan tich khong huy mau, xac dinh ham luong ¢ murc bing hodc dudi ppm (ng/g) dbi

v6i khoang 60 nguyén to.

': FNAA: Phan tich kich hoat notron nhanh .
| - PGNAA: Phin tich kich hoat notron tirc thoi
TNAA: Phan tich kich hoat notron nhiét B N o F Ne
- I K 1ong thé xic dinh bing NAA T. SRR %0 | 100
Na | Mg * S6 thé hién gidi han ppm Al Si P Cl | Ar
1.0 | 100 10 |[1000}1000 1.0 | 0.1

K | C|Sc | Ti |V |[C |Mn| Fe | Co| Ni |[Cu|[2Zn|Ga|Ge | As | Se | Br | Kr
10 |1000| 0.1 (100 | 1.0 | 10 | 0.1 | 100 | 1.0 | 100 | 10 10 | 1.0 | 100 |0.01 | 0.1 | 0.1 | 1.0

Rb | Sr Y Zr | Nb | Mo Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te 1 Xe
10 | 100 | 100 | 100 [1000| 10 10 | 100 | 10 | 1.0 10 |0.01| 10 | 0.1 (0.1 | O.1 | 1.0

Cs | Ba La Hf | Ta w Re | Os Ir Pt Au | Hg
10|10 |01 (0.1 10|01} 10100 0.1 | 10 [0.01| 10

Hinh 1.3. Khé ning phan tich va gidi han phat hién cua NAA

NAA it duoc ap dung rong rii hon cac k¥ thuat phan tich khac dé phan tich
nguyén t6, chang han nhu hip thu nguyén tir quang phd (AAS), pho khbi-plasma két
hop cam ung (ICP) va huynh quang tia X (XRF) vi phuong phap ndy cin nguén notron
thong lugng cao nén chung chi dugc str dung trong LPU nghién c(ru hat nhan.

MG&i k¥ thuat phan tich c6 nhitng uu diém va nhugc diém riéng khién nd phu
hop hoidc khong phil hop cho mét ing dung nhét dinh. Phuong phap NAA khéng can
hoa tan mau, thucch hop dé phan tich cac vat li¢u khong hoa tan nhu nhya, soi carbon
va cac hop chit bo. Phu hop véi viée xac dinh cac nguyén té dé bay hoi c6 thé bi mat
khi hoa tan chang han nhu asen, selen va thuy ngan.

Do chinh x4c twong d6i khong bi anh hudng tir c6 ngudn nhiém ban trong phong
thuc nghiém va thudc tht, hiéu ing matrix (hiéu ng nén) hau nhu c6 thé bo qua ,...
NAA khong 1am phéa hity mau nén mau c6 thé dugc phan tich lai bang phuong phap nay
hoic phuong phap khac. Dwa vao nhitng loi thé khi xem xét dén d6 nhay va do chinh
xac thi NAA dong mot vai tro dac bi¢t nhu mot ky thuat tham chiéu cho céc phuong

phép phan tich khac.



Tuy nhién, cac mau chat 10ng khong thé duoc phan tich mot cach hiéu qua bang
k¥ thuat INAA vi mot sé nguyén t vi luong c6 thé c6 & ndng do rat thap. Rat kho dé
xéac dinh cac nguyén t6 ndy mot cach truc tiép ma khong co budc ¢ dic trude (chiéu
xa mot khoi luong 16n mau chét long bi han ché trong cac co sé LPU bai kich thude
ctia cac kénh chiéu xa, ddng thoi viée van chuyén nhanh lugng mau twong ddi 16n giira
dia diém chiéu xa va detector gan nhur 14 khong thé). Trong hau hét cac truong hop, can
co dic trude dé giam thé tich cua mau.

Pé tién hanh phan tich kich hoat, can phai c6 ngudn birc xa kich hoat (notron
hoic photon), thiét bi do va phan tich phé gamma cing voi nhitng kién thirc co ban vé
phan ng hat nhén, vé tuong tac cta buc xa hat nhan.

e Nguén notrén duwoc sir dung trong phan tich kich hoat notrén

Notron duge dung phd bién trong linh vuc phan tich kich hoat 13 do loai hat nay
c6 mot s6 wu diém nhu sau:

+ Notron 1a hat trung hoa di¢n nén khi bén pha vat chét, no khong bi hat nhan
day ra (do tuong tac do lyc Cu-16ng), cho nén c6 thé di sau vao va lam bién doi hat nhan
nguyén tu.

+ Ngoai ra, notron co thé dé dang xuyén sau nhiéu loai vat chat (nguoc véi hat
tich di¢n).

+ Mot vu diém nita 1a kich hoat bflng notron khong lam cho vt liéu mau nong
1én & nhiét do cao vé6i truong notron cua LPU.

Viéc lya chon ngudn notrén dong vai tro rat quan trong, tuy theo yéu ciu va
phuong phap phan tich ma lia chon ngudn phu hop, ching duoc dic trung bdi thong
lwong va ning luong do ngudn phat ra. Nhitng ngudn notrdén cé thé dung nhu: LPU hat
nhan, may phat notrén hodc cac ngudn dong vi phong xa.

Trong d6, ngudn notrén tir LPU hat nhan (thong lugng notron nhiét khoang 102
- 10" n.cm?2.s! twong ng v6i cong suit LPU tir 100 kW dén 10 MW) duoc cho 14 téi
vu nhét cho phan tich kich hoat do tiét dién hap thu notrén twong d6i 16n ddi véi da sd
cac nguyén td nén phép phan tich c6 do nhay cao. Tir 1938 dén 1940, ngudi ta phén tich
kich hoat bang cac hat mang dién nhu proton (p), alpha (c),... Vi sy phat trién cua LPU

hat nhan d3 cho phép tao ra dong notron c6 thong luong cao nén ngay tir cudi nim 1943,



viéc x4c dinh mét sb thanh ph?m vi luong da dugc thyc hién thuong xuyén béng ngu@)n
notron tai cac LPU.

Notrén trong LPU ¢4 niang luong tir 0 dén 20 MeV, chia lam 3 ving [2]:

+ Notron nhiét c6 ning lugng E, trong khoang 0 < E, < 0,5 eV. Phan bd notron
nhiét tuan theo quy luat Maxwell Boltzmann.

+ Notron trén nhiét c6 nang luong E, trong khoang 0,5 eV < E, < 500 keV. Tiét
dién trong tic clia notrén voi vat chat c6 dang cong hudng. Truong hop 1y tudng, thong
lugng notron trén nhiét phan b ti 16 nghich v6i nang luong notron.

+ Notron nhanh ¢6 ning luong En trong khoang 500 keV < E, < 20 MeV. Phan bd
notrén nhanh cuc dai ¢ 0,7 MeV va duoc mo ta boi phan bé Watt. Phan b thong luong

notroén cua mot 10 phan tmg dic trung dugc thé hién trong Hinh 1.4.

3 Thong
10 lwrgng nhiét
102 - Thong lugng
S trén nhiét
= \
= 4
0 107°1
é‘" Thong lugng
5 nhanh
‘g’ 10 6|
= 27
1078 |-
1010 | | | | |
1073 107! 10’ 10° 10° 107

Ning lugng notron (eV)

Hinh 1.4. Phan bd thong luong notron cia LPU

o Tiét dién twong tac ciia notrén
Trong vat 1y hat nhan, khai niém tiét dién tuong tac cua notron (hay goi tat 1a tiét
dién notron) 1a dai lvong biéu thi xac suit phan Gng gitta notrén véi vat chat. Dé hiéu
khai niém tiét dién notron, nguoi ta khao sat chim notrén song song va don ning chiéu

t61 mot bia mong co6 dién tich bé mit (A), bé day (x), chira N nguyén ti/cm?® (Hinh 1.5).



A e Bia
Notron to1 X Y
Notron tan xa

v

v

I(x)

Detector

Hinh 1.5. M6 ta tiét dién twong tac clia notron

Cuong do cua chum notrén to1 dugce xac dinh bdi s6 notron trén don vi thé tich

(n), va van tdc cua ching (v). Mdi lién hé cua ching dugc biéu dién nhu sau [4, 5]:
lo=nv (1.5)

S6 hat nhan trong bia dugc tinh theo cong thic sau:

Ni=N.Ax (1.6)

S4 notrén va cham véi cac hat nhan trong bia ti 1€ voi cudong dd cia chum notron
va voi sd hat nhan trong bia. Vi vay, sd notron va cham véi hat nhan trong bia trong 1
gidy 1a dugc xac dinh bang:

w = 6.10.N¢ (1.7)
trong do, tich s6 6.1 biéu thi cho s6 notrén va cham v6i mot hat nhan trong bia trong 1
don vi thoi gian, va o duge goi 1a tiét dién vi mo (tiét dién hiéu dung). Pon vi cia tiét
dién vi mo 13 barn (ki hiéula b, 1 b= 102* cm?).

Tiét dién notrén 13 mot ham theo ning lugng ciia notron va ban chat cia cac hat
nhan trong bia. Tiét dién nay phu thudc nhiéu vao nang lugng ctia notrén tdi, loai hat
nhan ma né twong tac va loai phan tmg xay ra. C6 2 loai tiét dién twong tac 1a tiét dién
tan xa va tiét dién hap thu. Tiét dién toan phan cia notron dugc dinh nghia 13 tong cua

hai loai tiét dién trén. Hinh 1.6 thé hién 2 loai tuong tac cuia notron véi hat nhan bia.



Trudc phan tmg Trang théi trung gian Sau phan ung

Tan xa: 6., Oy
o
Hap thu: o, 6,, G,, C:.

Notrd ;
o Hat nhan Hat nhan hop phan

Hinh 1.6. Hai loai tuong tac ctia notron voi hat nhan bia

Mot s6 loai phan tng chinh xay ra khi notron twong tac véi hat nhan dugc thé

hién trong Bang 1.1 va kém theo vi du.

Bang 1.1 Phan loai cac phan ing hat nhan khi notron tuong tac voi hat nhan bia

Phan loai Phén ung Ki hiéu tiét dién Vi du phan &ng
Tan xa dan hoi (n,n) Gel "H(n,n)
Tan xa (s) Tan xa khong dan hoi
Gin 23U(n, n")
(n,n’)
Bit birc xa (n,y) Oc >%U(n, v)
Phan hach (n,f) of 235U(n, 1)
Hép thu (a) Op “N(n, p)
Phat xa hat (n,p), (n, @),
P GCu 'B(n, o)
(n,2n)
O(n,2n) ’Be(n, 2n)

Téng cla tat ca cac tiét dién notrén ddi voi moi loai phan tng riéng biét duoc

goi la tiét dién toan phén va duoc dién ta boi biéu thire sau [4]:
GOtotal = Os T Ga = Gel T Gin T Gc + Gp + C¢ + Of (1.8)
trong d6, e 1a tiét dién tan xa dan hoi (n, n), o 1a tiét dién tan xa khong dan hoi (n,
n’); oc la tiét dién bat birc xa (n, ¢), op 1a tiét dién phan ung (n, p), o 1a tiét dién phan

g (n, ), or1a tiét dién phan tmg phan hach (n, f).



1.1.2. Dong notron phin lgc

Thong thudng cic ngudn notron tir LPU hodc mdy gia téc ¢6 phd ning luong
phan bb trén mot dai rong niang luong. Tuy nhién dé tién hanh cac thyc nghiém nghién
ctru s6 liéu phan (mg hat nhan thi ngudn notrén don nang 13 yéu cau thiét yéu bat budc
phai c6 [5].

K§ thuat phin loc notron trén co s cac kénh ngang dan dong notron tir LPU ¢6
vu diém 13 cho phép ngudi sit dung nhan duoc dong notrén don ning, c6 cudng dod
turong dbi cao va it tn kém. Ngoai ra, cac dong notron phin loc tir LPU con ¢6 phong
gamma thap va dugc chuén tryc rat tot (duong kinh cta chim c& 4 - 40 mm) [4].

Vi viy, chum notrén phin loc thudng dugc sir dung trong nhiéu linh vuc nghién
ctru: do dac sd liéu hat nhan, nghién ctru phan Gmg hat nhén, y hoc hat nhan, v.v... Trong
d6, cac phin loc don tinh thé két hop Si va Bi hoic Sapphire va Bi thuong duoc sir dung
dé tao ra dong notron nhiét, ngoai ra don tinh thé Bi con ¢6 tac dung lam giam burc xa
gamma [4, 5].

1.1.3. X4c dinh thong hrong notrdon nhiét va trén nhiét bang ki thuat NAA

Khi dit hat nhan trong trudng notrén, nhan phong xa duge hinh thanh truc tiép
boi phan tng (n, y), va gia st khong c6 hiéu tng dbt chay thi tbc do phan tng R, theo
quy u6c Hogdahl, c6 thé dugc viét nhu sau [2, 6]:

Np

R=Gp$en0o + Gepel(a) = v (1.9)

Vi :

N, - hiang s6 Avogadro,

W- khdi lugng cua cac 14 do trong thuc nghiém.

6 - do giau dong vi,

M - khéi lugng nguyén tir cia nguyén td bia,

Oy - tiét dién bat notron cia cac hat nhan tai muc nang luong nhiét 0,0253 eV,
Gip - hé s6 hiéu chinh cho viéc tu che chin notron nhiét,

G, : h¢ s6 hiéu chinh cho viéc tu che chin notron trén nhiét,

¥ : Cudng do phat gamma twong ddi tuong tng véi dinh ning luong,

&p - Hi¢u sudt ghi tuyét d6i twong tng véi dinh.
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N, : Dién tich dinh nédng lugng quan tam,

1-e~Atm
Atm

S=1-e i D=e Ma C=

trong d6 S 1a hé s6 hiéu chinh cho sy phan ra trong qua trinh chiéu, A 1 hing s phan
rd, D 1a hé s6 hiéu chinh thoi gian phan ra, C 1a h¢ s6 hiéu chinh cho thoi gian do va
t; tg, ty, 12 thoi gian chiéu, thoi gian ra, thoi gian do, tvong tng,

I(a) -1atich phan cong hudng cua hat nhin twong ing véi phan bd thong lwong notrén

trén nhiét tuan theo quy luat 1/E, I (&) duoc viét nhu sau [2]:

() = f "SﬂiE (1eV) (1.10)
Ecd

trong d6 1 eV biéu dién cho ning luong tham khao. Hé sb o doc 1ap véi ning luong
notrén — duoc xem nhu mot thong sd phd notron — biéu dién cho do 1éch phan bd phd
notron trén nhiét khéi quy luat 1/E.

Phuong trinh tinh hoat d6 (A) ctia mau:

Np

Agp o1 Agy o =—2— (1.11)

SP spcw
voi Ag, 1a hoat d cua 14 do tran, A, . 12 hoat do ctia 14 do boc Cd. Déi véi mau tai thoi
diém két thuc chiéu xa thi hoat d6 tai thoi diém két thuc chiéu xa dugc xac dinh bang
cong thirc sau:
A =R(1— e ) (1.12)

Phuong trinh tinh téc d6 phan tng nhu sau:

Asp hod c Agpe-M.Fg
Rsor Rycq = (1.13)

NpbOepy

Vi R 1a tbe do phan tmg cua 14 do tran va Rscqla tdc d6 phan tng cta 14 do boc Cd.
F, 1ah¢ s6 hiéu chinh cho sy suy gidm gamma trong mau.

Phuong trinh tinh thong luong notron nhi¢t, notron trén nhiét.
Thong lugng notron nhiét:

Bo Rs—FcdRs.cd (1.14)

g.00Gth

r N 1A Alia 1 . N TRy S ST SR TO |
Vi F¢4 1a h€ s0 hi€éu chinh Cadmium va g 1a hi¢u chinh cho bat dau tur tiét dién ~.
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Thong luong notron trén nhiét :

$0.9.00.Gtn
— 1.1
Pe (Ra=Fca)do(a).Gepi (1.15)

Asp

Vé6i R, 1 ty s6 cadmium R,= (1.16)

sp,e
Sai s6 cua thuc nghi¢m.
Trong thyc nghiém nay cac yéu td chinh dong gop dén sai sé cua thyc nghiém bao
gém sai sd dién tich dinh On,» sai s cua tiét dién 04, Va sai s6 cua hiéu suét ghi
T, - Vi vay ta sir dung cong thic truyén sai s6 dé tinh sai s6 hoat d6 va thong luong
theo cac cong thuc da néu & trén.

Cong thirc truyén sai s6 duoc biéu dién tong quat nhu sau:

0= [BGE0)? (1.17)

Trong d6 f(x;) 1a mot ham cua cac bién so x;.

Tir (1.11) va (1.17) ta c6 sai sb hoat do 1a:

1
Oa = \/(S.D.C.W.tm)z' JI\Z’p (1.18)
Tir (1.13) va (1.17) ta c6 sai sb tbc dd phan Gng
. MF; ., _ AMEF; o,
Or = \/(NA.Q.sp.y) 205+ ( NA.Q.SZZ,.)/) -0y (1.19)
Hay
_ MFg ., 1 » 2 _ _AMFg .,
Or = \/(NABE y) (S.D.C.W.tm) 'JNp +( NA.e.sf,.y) Oy (1.20)

Tir (1.14) va (1.17) sai s6 théng lwong notron nhiét 1a:

Rs—FcqR
00 = | Gream) Ok + o) 0+ (— Y (o ) (1.21)

Tir (1.15) va (1.17) ta c6 sai sb thong lugng notron trén nhiét 1a: Op, =

9.00.Gth 2 2 $0.9-Gtn 2 2 $0.9.90-Gth 2 2
o (o) o
((RA_FCd)-IO(O—')-Gepi) bo T ((RA_FCd)-IO(a)-Gepi) ( UO) T ((RA_FCd)-(IO(a))Z-Gepi) ( IO(a)) T

$0-9.90.Gthyp Asp~AspeFcdatFcdy, 2 4 $0-9.90.Gthy 2 Asp.e 2 2
(o) —_
( IO(a)'Gepi ) ( (ASP_ASP,e-FCd)Z ) ( Aspe) ( Io(a@).Ge epi ) ( (Asp_Asp.e-FCd)Z) ( ASP)

(1.22)
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1.2. Chwong trinh MCNP5
1.2.1. Gidi thiéu

MCNP5 14 chuong trinh Gng dung phuong phap Monte Carlo & mé phong céac
qua trinh vat 1i hat nhan dbi v&i notron, photon, electron (cac qua trinh phan ra hat nhan,
tuong tac gitta cac tia buc xa vdi vat cht, thong lugng notrdn,...). MCNP5 dugc phat
trién boi nhém Monte Carlo tai Trung tdm thyc nghiém qudc gia Los Alamos (M¥).
Trong phién ban ndy, mot s6 thanh phan da dugc hiéu chinh va thém vao so véi cac
phién ban trudc nhu 1a: hién tuong quang hat nhan, hi¢u rng gian nd Doppler, kha nang
tinh toan song song, v.v...

Day 1a mot coéng cu tinh toan rat manh, c6 thé mé phong van chuyén notrén,
photon va electron, va giai cac bai toan van chuyén birc xa 3 chiéu sir dung trong cac
linh vyc tir thiét ké LPU dén an toan birc xa va vét Iy y hoc v6i cac mién ning lugng
ctia notrdn tir 10-11 MeV dén 20 MeV va cac mién ning lugng photon hoic electron tir

1 keV dén 100 GeV [4, 5].

1.2.2. Céu tric input file va cac loai danh gia

Pé tién hanh mo phong bang chwong trinh MCNPS5, trude tién nguoi ding can
phai tao ra mot file input c6 chira cac thong tin can thiét ctia bai toan nhu: mé ta hinh
hoc, vat liéu, cac két qua can ghi nhan, cac qua trinh vat 1y, v.v... CAu trac file input cta
chuong trinh MCNP5 bao gém 3 phan bat budc 1a: phan thé 6 mang (cell cards), phan
thé bé mit (surface cards), va phan thé dir liéu (data cards).

Dong dau tién trong input file chinh 13 dong tiéu dé (c6 thé bo tréng dong nay),
tiép theo 1a 3 khéi bit budc cua chuong trinh: khéi cac thé 6 mang (cell), khéi cac thé
bé mat (surface) va khdi cac thé dit liéu (data), cac khdi thé ndy dugc cach nhau chinh
xéac bang 1 dong tring (chwong trinh s& bao 16i néu nhiéu hon 1 dong tring).

Trong MCNP5 c¢6 nhiéu loai danh gia (tally) khac nhau. Ngudi str dung c6 thé
dung cac tally khac nhau tiy theo myc dich, yéu cau duoc dua ra. Tally co thé bién doi
b6i ngudi sir dung theo nhiéu cach khac nhau.

Tt ca cac tally duoc chuan héa dé tinh trung binh trén mot hat ngudn phat ra,
ngoai trir mot vai trudng hop déi voi ngudn t6i han [4, 5]. Chuong trinh MCNP5 ¢6 7
loai tally va duoc liét ké trong Bang 1.2:
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Béang 1.2. Cac loai danh gia trong MCNP5

Ki hi¢u Panh gia Loai hat
Fl Cudng do dong hat qua bé mit. N,P,E
F2 Thong lugng trung binh qua mot bé mit. N, P, E
F4 Thong luong trung binh qua mot cell. N,P,E
F5 Thong lugng tai mot dau do diém hay vong. N, P
F6 Nang luong trung binh dé lai trong cell. N, P
F7 Ning luong phan hach trung binh dé lai trong cell. N
F8 Sy phén bd do cao xung trong cell. P,E

1.2.3. Panh gi sai s6
Sau mdi qua trinh mo6 phong bang MCNPS5, chuong trinh MCNP5 sé& dua ra sai
sd twong d6i, R, cua cac dai luong can duoc danh gia. Sai sé twong dbi R dugc tinh theo

cong thirc:

=
I
[

(1.23)
trong d6, Sy 12 do 1éch chuan, va x 1a gi tri trung binh. Gia trj trung binh va phuong sai
cua dai luong x sau N qué trinh mo6 phong dugc tinh bdi cong thuce (1.24) va (1.25):

_ 1
X = ;211'\]:1 Xi (1.24)
1(— -
§3 =—{x2 - (D7} (1.25)
Sai s6 twong d6i R cho phép nguoi ding danh gia nhimg déng gbp khac nhau vao
két qua truy xut cia mot qué trinh mé phong. Y nghia cia cac gia tri sai sé twong ddi

R duoc thé hién trong Bang 1.3:
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Bang 1.3. Y nghia ciia gia tri sai s6 twong d6i R trong MCNP5

Gia tri R Y nghia
>0.5 Khong c6 y nghia

02-0.5 C6 thé chip nhan duoc

0.1-0.2 Chua tin cdy hoan toan
<0.1 Tin cy (ngoai trir d6i v6i detector vong/diém)
<0.05 Tin cy (ddi v6i detector vong/diém)

Pé theo ddi dién bién cua két qua truy xuat, MCNP5 con dua ra tiéu chuan FOM
(Figure Of Merit) sau mdi 1an truy xuét két qua. Gia tri cia FOM dugc tinh theo cong
thirc:

FOM = — (1.26)

R2T

trong d6, T 1a thoi gian tinh toan (do bang phut).

Giéa tri FOM cang 16n thi qua trinh mo6 phong Monte Carlo cang hi¢u qua boi vi
chi can it thoi gian tinh toan cling c6 thé dat duoc gia tri R mong mudn. Vi vay, viéc st
dung tiéu chuan danh gia FOM d¢ kiém tra dién bién cua két qua truy xuat 1a rat can
thiét. Gia trj cua sai s twong ddi R chi lién quan dén d6 chinh xac ctua phuong phap
Monte Carlo chir khong phai 14 d§ chinh x4c ctia phuong phap mo phong so vai két qua
thuc nghiém. Bén canh do, dé danh gia d0 chinh x4c cia R, nguoi ta st dung dai luong
phuong sai cua phuong sai (Variance Of Variance — VOV), gia tri cia VOV phai nho

hon 0,1 dbi véi tit ca cac loai Tally, va dai lugng nay dugc tinh nhu sau:

S2(s3) _ _EiLixi-®* 1

VOV =
S N7 N

(1.27)
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1.3. Dong notron phi lgc tai CN2DR
1.3.1. LPU ba Lat

O Viét Nam, véi sy giup d& cua Lién X0, LPU tai Pa Lat da duoc khoi phuc,
nang cap va dat t6i han 1an dau vao ngay 01/11/1983, dua vao hoat dong chinh thirc véi
cong suat danh dinh 500 kWt vao ngay 20/3/1984.

LPU Da Lat c¢6 4 kénh ngang dan dong notrén, trong d6 c6 3 kénh xuyén tdm va
1 kénh tiép tuyén. Cho dén nay di c6 3 kénh ngang dugc dua vao st dung 1a kénh tiép
tuyén s6 3, cac kénh xuyén tdm s6 2 va 4. Cac dong notron phin loc tir kénh ngang s6 3
va sb 4 d3 duoc dua vao st dung tir nhitng ndm 1990 phuc vu cac nghién ctru co ban va

mg dung [4]. Mt cat ngang ciia LPU Da Lat duoc thé hién trong Hinh 1.7.

TKeénhsé Kénh s6 2

Ving hoat
v ”'///7//////////5;5. i
NS

Cot nhiét

. Kénh tiép tuyén
Kénh so4 P Uy

< 82296 cm >

Hinh 1.7. Mit cit ngang cia LPU Da Lat
1.3.2. Dong notron phin loc tai CN2DR
Niam 1990 k§ thuét phin loc notrén duoc phat trién & LPU Da Lat cho phép nhan
dugc cac chim notrén chuan don nang voi thong lugng nam trong dai tir 10*-10° n.cm
2571, thycch hop cho cac nghién ctru s6 liéu phan ng hat nhan véi notrén. Cac dong
notrén chudn don ning trén kénh ngang sé 4 bao gdm: nhiét, 54 keV va 148 keV da
duogc phat trién va dua vao sir dung tir nhitng nim 1990; cac dong notrén don ning 24

keV, 59 keV va 133 keV di duogc phat trién va dwa vao str dung tir nam 2008 [4, 5].
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Niam 2011 dong notrdén nhiét co chat lugng t6t trén CN2DR da duoc lap dat thanh
cong. Hai hudng nghién ctru chi yéu trén dong notron nay la:
e Nghién ctru vat 1y hat nhan co ban bao g6m do dac s6 liéu hat nhan (tiét dién
bét burc xa notrén, tiét dién toan phﬁn, V.V...),
e Phan tich nguyén t6 va ddng vi phong xa bang phuwong phap do phd gamma tirc
thoi.
Bang viéc sir dung t6 hop phin loc don tinh thé 80 cm Si va 4 cm Bi, dong notron
thudn nhiét da duoc tao ra tai CN2DR [4], va céac thong sb vat Iy cia dong notron nay

duoc liét ké trong Bang 1.4.

Bang 1.4. Cac thong s vat Iy ctia dong notron nhiét tai vi tri do mau cia CN2DR

Thong lugng , Chiéu dai phin loc Puong kinh
Ti so Cadmi
notron nhiét (cm) cia dong
Rea (Au)
@ (n.cm2.s) Si Bi notron (cm)
1.6 x10° 420 80 4 3
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Chuong 2: M6 phéng va thuc nghiém
2.1. M6 phéng thong lwgng notron nhiét tai LPU Da Lat
Cac thanh phﬁn btrc xa trong CN2DR 1a gamma va notron. Do vay, cac vat liu
che chan hitu ich ddi véi gamma va notron da dugc lya chon trong thiét ké va ché tao
1a: Chi c¢6 d tinh khiét 99%, Borat-Hydrogenat (SWX-277) chta 3,4x10%2 (nguyén tix
hydro).cm™ va 1,43x10%! (nguyén tir bor).cm™, BoratPolyethylene (SWX-207HD) chtra
6,15x10?? (nguyén tir hydro).cm™ va 8,14x10%° (nguyén ti bor).cm™ [4, 5].
Hé din dong notron tai CN2DR theo thiét ké c6 dang hinh try c6 tong chidu dai
14 240,3 cm duoc chia 1am hai phan:
e Phan din dong notron; va
e Phan chuan tryc dong notron.
Phan din dong notron dai 150,3 cm véi dudng kinh trong D3 = 9,0 cm gdm 2
phan: phan thir nhat (huéng vao phia vanh phan xa ciia LPU) ¢6 chiéu dai 99,6 cm véi
duong kinh ngoai D1 = 15,2 cm; va phan thtr 2 ¢6 chiéu dai 50,7 cm véi dudng kinh

ngoai 1a D2 = 20,1 cm. Hinh 2.1 mé ta c4u trac phan dan dong cia CN2DR.

nhe -2775

Graphite

D=152cm [)3 -20.1 cm

pr——— -1l .
LO1 vao kénh s 2:i ifiziiisizid [l graiiist fitiiiaiain finete i

Viung hoat /
99,6 cm T

Hinh 2.1. Cu trtc phan dan notrén tai CN2DR

Phan chuan tryc dong notrén c6 chiéu dai 90 cm véi duong kinh trong D4 = 3 cm

dugc trinh bay trong Hinh 2.2.
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NLm chium notrén
va gamma

........ .EE:.....E‘Pb

> 20,1 cm
P D, .
\

=101 ra kénh s62

Hinh 2.2. Cau trac phan chuan tryc dong notron tai CN2DR

Hinh 2.3 thé hién ciu trac ctua hé dan dong notron tai CN2DR, co chuén truc
hinh try véi to hop phin loc 20 ¢cm Si va 3 cm Bi [3].

*:Ngit chim notron
va gamma
Nude :
nhe HHH Pb
' pn SR B R B A Al Ldi véo pha
Graphite ,.::::-: ,.;: R La.\-* o amon
~1%9 — \Phamm
D=152¢cm D&=9%cm ®,

Lot vao kénh so 22222

Ving hogt

\l).?un - aullloos ooooy o () C=——

Hinh 2.3. Cau traic CN2DR v6i ciu hinh va vi tri phantom nuéc sir dung trong mo
phong MCNP5

Bang 2.1. Dit liéu phd notron tai 16i vao kénh ngang s6 2 ciia LPU Da Lat [4].

Thong Thong Ning Thong
Nang luwgng Nang luwgng
lugng lwgng lwgng lwgng
(MeV) (MeV)

(n.cm?2s™) (n.cm?2s™) (MeV) (n.cm2s™)
1.00E-09 1.41E+10 3.20E-02 7.93E+02 1.24E-01 1.92E+02
5.00E-09 6.05E+10 3.30E-02 7.67E+02 1.25E-01 1.92E+02
1.00E-08 9.96E+10 3.40E-02 7.44E+02 1.26E-01 1.90E+02
1.50E-08 1.23E+11 3.50E-02 7.22E+02 1.27E-01 1.88E+02
2.00E-08 1.35E+11 3.60E-02 7.00E+02 1.28E-01 1.86E+02
2.50E-08 1.39E+11 3.70E-02 6.82E+02 1.29E-01 1.85E+02
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Niing hwong Thong Niing hwong Thong Nang Thong
(MeV) lugng (MeV) luwgng luwgng luwgng

(n.cmsT) (n.cm2s™1) (MeV) (n.cm2s™1)
3.00E-08 1.38E+11 3.80E-02 6.62E+02 1.30E-01 1.83E+02
3.50E-08 1.32E+11 3.90E-02 6.44E+02 1.31E-01 1.81E+02
4.00E-08 1.25E+11 4.00E-02 6.28E+02 1.32E-01 1.80E+02
4.50E-08 1.16E+11 4.10E-02 6.12E+02 1.33E-01 1.79E+02
5.00E-08 1.06E+11 4.20E-02 5.97E+02 1.34E-01 1.78E+02
5.50E-08 9.59E+10 4.30E-02 5.83E+02 1.35E-01 1.76E+02
6.00E-08 8.63E+10 4.40E-02 5.68E+02 1.36E-01 1.75E+02
6.50E-08 7.71E+10 4.50E-02 5.56E+02 1.37E-01 1.74E+02
7.00E-08 6.84E+10 4.60E-02 5.43E+02 1.38E-01 1.72E+02
7.50E-08 6.05E+10 4.70E-02 5.30E+02 1.39E-01 1.71E+02
8.00E-08 5.30E+10 4.80E-02 5.19E+02 1.40E-01 1.70E+02
8.50E-08 4.65E+10 4.90E-02 5.09E+02 1.41E-01 1.69E+02
9.00E-08 4.05E+10 5.00E-02 4.98E+02 1.42E-01 1.67E+02
9.50E-08 3.53E+10 5.10E-02 4.87E+02 1.43E-01 1.66E+02
1.00E-07 3.06E+10 5.20E-02 4.78E+02 1.44E-01 1.65E+02
1.25E-07 1.46E+10 5.30E-02 4.69E+02 1.45E-01 1.64E+02
1.50E-07 6.64E+09 5.40E-02 4.60E+02 1.46E-01 1.62E+02
1.75E-07 2.95E+09 5.50E-02 4.51E+02 1.47E-01 1.61E+02
2.00E-07 1.28E+09 5.60E-02 4.42E+02 1.48E-01 1.60E+02
2.25E-07 5.47E+08 5.70E-02 4.34E+02 1.49E-01 1.59E+02
2.50E-07 2.32E+08 5.80E-02 4.25E+02 1.50E-01 1.58E+02
2.75E-07 2.52E+08 5.90E-02 4.18E+02 1.51E-01 1.57E+02
3.00E-07 1.83E+08 6.00E-02 4.11E+02 1.52E-01 1.56E+02
3.25E-07 1.47E+08 6.10E-02 4.04E+02 1.53E-01 1.55E+02
3.50E-07 1.28E+08 6.20E-02 3.98E+02 1.54E-01 1.54E+02
3.75E-07 1.15E+08 6.30E-02 3.91E+02 1.55E-01 1.53E+02
4.00E-07 1.06E+08 6.40E-02 3.84E+02 1.56E-01 1.51E+02
4.25E-07 9.92E+07 6.50E-02 3.78E+02 1.57E-01 1.51E+02
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Niing hwong Thong Niing hwong Thong Nang Thong
(MeV) lugng (MeV) luwgng luwgng luwgng

(n.cmsT) (n.cm2s™1) (MeV) (n.cm2s™1)
4.50E-07 9.32E+07 6.60E-02 3.73E+02 1.58E-01 1.50E+02
4.75E-07 8.80E+07 6.70E-02 3.66E+02 1.59E-01 1.49E+02
5.00E-07 8.34E+07 6.80E-02 3.60E+02 1.60E-01 1.48E+02
6.00E-07 6.90E+07 6.90E-02 3.55E+02 1.61E-01 1.47E+02
7.00E-07 5.86E+07 7.00E-02 3.49E+02 1.62E-01 1.46E+02
8.00E-07 5.10E+07 7.10E-02 3.46E+02 1.63E-01 1.45E+02
9.00E-07 4.51E+07 7.20E-02 3.40E+02 1.64E-01 1.44E+02
1.00E-06 4.04E+07 7.30E-02 3.35E+02 1.65E-01 1.43E+02
5.00E-06 7.51E+06 7.40E-02 3.31E+02 1.66E-01 1.42E+02
1.00E-05 3.64E+06 7.50E-02 3.26E+02 1.67E-01 1.41E+02
2.00E-05 1.77E+06 7.60E-02 3.20E+02 1.68E-01 1.40E+02
3.00E-05 1.16E+06 7.70E-02 3.17E+02 1.69E-01 1.39E+02
4.00E-05 8.56E+05 7.80E-02 3.13E+02 1.70E-01 1.38E+02
5.00E-05 6.79E+05 7.90E-02 3.08E+02 1.71E-01 1.38E+02
6.00E-05 5.61E+05 8.00E-02 3.04E+02 1.72E-01 1.37E+02
7.00E-05 4.78E+05 8.10E-02 3.00E+02 1.73E-01 1.36E+02
8.00E-05 4.14E+05 8.20E-02 2.97E+02 1.74E-01 1.35E+02
9.00E-05 3.67E+05 8.30E-02 2.93E+02 1.75E-01 1.34E+02
1.00E-04 3.29E+05 8.40E-02 2.90E+02 1.76E-01 1.34E+02
2.00E-04 1.59E+05 8.50E-02 2.86E+02 1.77E-01 1.33E+02
3.00E-04 1.04E+05 8.60E-02 2.82E+02 1.78E-01 1.32E+02
4.00E-04 7.73E+04 8.70E-02 2.79E+02 1.79E-01 1.31E+02
5.00E-04 6.12E+04 8.80E-02 2.75E+02 1.80E-01 1.31E+02
6.00E-04 5.05E+04 8.90E-02 2.72E+02 1.81E-01 1.30E+02
7.00E-04 4.31E+04 9.00E-02 2.70E+02 1.82E-01 1.29E+02
8.00E-04 3.75E+04 9.10E-02 2.66E+02 1.83E-01 1.28E+02
9.00E-04 3.31E+04 9.20E-02 2.62E+02 1.84E-01 1.28E+02
1.00E-03 2.97E+04 9.30E-02 2.61E+02 1.85E-01 1.27E+02
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Niing hwong Thong Niing hwong Thong Nang Thong
(MeV) lugng (MeV) luwgng luwgng luwgng
(n.cmsT) (n.cm2s™1) (MeV) (n.cm2s™1)
2.00E-03 1.44E+04 9.40E-02 2.57E+02 1.86E-01 1.26E+02
3.00E-03 9.41E+03 9.50E-02 2.55E+02 1.87E-01 1.25E+02
4.00E-03 6.97E+03 9.60E-02 2.52E+02 1.88E-01 1.25E+02
5.00E-03 5.52E+03 9.70E-02 2.50E+02 1.89E-01 1.24E+02
6.00E-03 4.56E+03 9.80E-02 2.46E+02 1.90E-01 1.23E+02
7.00E-03 3.87E+03 9.90E-02 2.44E+02 1.91E-01 1.23E+02
8.00E-03 3.38E+03 1.00E-01 2.41E+02 1.92E-01 1.22E+02
9.00E-03 2.99E+03 1.01E-01 2.39E+02 1.93E-01 1.21E+02
1.00E-02 2.68E+03 1.02E-01 2.37E+02 1.94E-01 1.21E+02
1.10E-02 2.43E+03 1.03E-01 2.33E+02 1.95E-01 1.20E+02
1.20E-02 2.21E+03 1.04E-01 2.32E+02 1.96E-01 1.19E+02
1.30E-02 2.03E+03 1.05E-01 2.30E+02 1.97E-01 1.19E+02
1.40E-02 1.88E+03 1.06E-01 2.26E+02 1.98E-01 1.18E+02
1.50E-02 1.75E+03 1.07E-01 2.24E+02 1.99E-01 1.17E+02
1.60E-02 1.64E+03 1.08E-01 2.23E+02 2.00E-01 1.17E+02
1.70E-02 1.54E+03 1.09E-01 2.21E+02 2.50E-01 9.27E+01
1.80E-02 1.45E+03 1.10E-01 2.19E+02 3.00E-01 7.66E+01
1.90E-02 1.37E+03 1.11E-01 2.15E+02 3.50E-01 6.52E+01
2.00E-02 1.30E+03 1.12E-01 2.14E+02 4.00E-01 5.67E+01
2.10E-02 1.23E+03 1.13E-01 2.12E+02 4.50E-01 5.01E+01
2.20E-02 1.17E+03 1.14E-01 2.10E+02 5.00E-01 4.49E+01
2.30E-02 1.12E+03 1.15E-01 2.08E+02 5.50E-01 4.05E+01
2.40E-02 1.07E+03 1.16E-01 2.06E+02 6.00E-01 3.71E+01
2.50E-02 1.03E+03 1.17E-01 2.05E+02 6.50E-01 3.42E+01
2.60E-02 9.85E+02 1.18E-01 2.03E+02 7.00E-01 3.15E+01
2.70E-02 9.47E+02 1.19E-01 2.01E+02 7.50E-01 2.93E+01
2.80E-02 9.12E+02 1.20E-01 1.99E+02 8.00E-01 2.75E+01
2.90E-02 8.80E+02 1.21E-01 1.97E+02 8.50E-01 2.57E+01
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Thong Thong Nang Thong

Nang luwgng Nang luwgng
lwgng lwgng lwgng lwgng
(MeV) (MeV)
(n.cmsT) (n.cm2s™1) (MeV) (n.cm2s™1)
3.00E-02 8.49E+02 1.22E-01 1.95E+02 9.00E-01 2.43E+01
3.10E-02 8.20E+02 1.23E-01 1.94E+02 9.50E-01 2.30E+01

2.2. Thuc nghiém do thong luwgng notron

2.2.1. Chuén bj va kich hoat miu 14 do

Cac mau 14 do kich hoat bang Au da duoc chuan bi dé chiéu tai vi tri chiéu mau

ctia kénh ngang s6 2 16 phan tng hat nhan Pa Lat, c6 cac théng sb duoc liét ké trong

Béng 2.2.

Bang 2.2. Cac phan tng hat nhan va cic sb liéu hat nhan.

Po pho
Phan @ng hat Thoi gian ban ra  Nang lwogng Cwong do bid
ien
nhan (h) (keV) (%)
0 (%)
97 Au(n,y)' 8 Au 64.68 411 95.58 100

Hinh anh hai mau 14 do: chiéu tran (khéng oc Cadimium — Cd), va chiéu boc Cd

duoc thé hién trong Hinh 2.4.

Hinh 2.4. C4c mau 14 do sir dung trong thuc nghiém
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Cac mau 14 do trén dugc ky hiéu nhu sau:
e L4 do chiéu tran (khéng boc Cd): Au-N.
e L4do dugc boc Cd: Au-Q.

Khéi lugng cia cac 14 do Au-N va Au-Q duoc liét ké trong Bang 2.3

Bang 2.3. Khdi lugng céc 1a do dung dé kich hoat.

MAu Khéi lwgng (g)
Boc Cd
Au-Q 0.12100
Khéng boc Cd Au-N 0.1268

Dt li€u thoi gian chiéu kich hoat cac 14 do d3 s dung trong thuc nghiém, dugc

liét ké trong Bang 2.4.

Bang 2.4. Cac dit liéu thoi gian dbi voi cac 14 do kich hoat

Miu Thaoi gian chiéu (h) Thoi gian ra (h) Thoi gian do (h)
Au-Q 6.6333 94.7500 0.9873
Au-N 2.4750 94.0208 0.6236

2.2.2. Pudng cong hiéu suat ciia detector HPGe ddi voi cac dinh ning lugng

Trudce khi st dung h¢ phé ké gamma dé do mau da chiéu kich hoat, can thuc hién
viéc hiéu chuén hé phd ké gamma bao goém viéc chudn ning lugng, chuin do rong dinh
va chuan hiéu suat ghi.

Chuan ning luong 13 tim mdi quan hé giita s6 kénh (vi tri dinh) va nang lugng cua
blic xa gamma. Chuan ning lugng duge tién hanh bang cach do phd clia mot ngudn
phat gamma d3 biét chinh x4c nang lugng, sau d6 so sanh vi tri kénh tai dinh nang lugng
do dugc voi ning luong ciia ngudn da biét.

Chuan d6 rong dinh 1a xac dinh sy trong quan cta do rong dinh theo ning luong.
Do rong dinh thudng dugc biéu dién bang d6 rong ¢ nira chiéu cao cua dinh (FWHM)
12 mot ham phu thudc ning luong. Xac dinh chinh xac do rong dinh dé lam co sé cho

viéc xac dinh di¢n tich dinh va qua trinh 1am khép dinh [1].

24



Chuan hiéu suét ghi cta detector 1a tim mbi lién hé giita s6 dém dinh ma hé phd
ké ghi nhan dugc véi téc do phat tia gamma tlir ngudén phong xa chuéan theo cau hinh do
thuc té.

Trong nghién ctru ndy, phuong trinh dudng cong hiéu suat ghi cia detector

tai vi tri do mau 0 cm dén detector [7]:

ep(E keV) =

10~ (—0.598263829248(log(E))® + 10.491002417461((log(E))° —
76.916463101819(log(E))* + 301.544609507954(log(E) )3 -
666.101604930987(log(E) )% +784.538680154263.10ogE- 382.648849757544) (%)

(2.1)
Tur phuong trinh (2.1) ta ¢6 d6 thi biéu dién hiéu suat ghi ciia detector theo ning

luong cua gamma nhu sau :

eff

20
18
16
14
12

10

%

0 100 200 300 400 500 600 700
E(keV)

Hinh 2.5. D6 thi hiéu suét ghi theo nang lugng tai vi tri 0 cm dén detector.
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Chuong 3. Két qua va thao luan
3.1. Két qua md phéng
3.1.1. Thong lugng notron nhiét va trén nhiét
Thong lugng trung binh cta notroén nhiét va trén nhiét tai vi tri chiéu mau cia
kénh ngang s 2 16 phan tng hat nhan Pa Lat, d3 m6 phong bang MCNP5 duoc trinh
bay trong Bang 3.1.
Bang 3.1. Thong lwong trung binh cta notrén nhiét va trén nhiét duoc moé phong bang

MCNP5

Thong lwgng notron nhi€t - e Thong lwgng notron trén nhiét - ¢.

(n.cm?.s7) (n.cm?.s7)

Trung binh Sai s6 twong dbi Trung binh Sai s6 twong doi

1.26 x 107 0.01 1.14 x 10 0.03

Dtr liéu cua cac phé notron nhiét va trén nhiét tai (chua chuin hoa) vi tri chiéu
mAu ctia kénh ngang sb 2 10 phan Gmg hat nhan Da Lat duoc trinh bay trong cac Bang

3.2va33.

Bang 3.2. Thong s cua pho notrdén nhiét tai vi tri chiéu mau

Thong ] Thon .
Nang lwong Sai so twong  Ning lwong Sai s0 twong
lwgng i lwgng .
(MeV) doi (MeV) asi
(n.cmsT) (n.cm2s™1)

1.00E-11 0.00E+00 0.000 3.78E-08 5.32E-06 0.029
3.52E-10 9.70E-09 0.710 4.58E-08 4.39E-06 0.032
1.47E-09 2.06E-07 0.148 5.45E-08  3.79E-06 0.034
3.34E-09 7.59E-07 0.077 6.40E-08  3.04E-06 0.038
5.98E-09 1.71E-06 0.051 7.43E-08  2.12E-06 0.046
9.38E-09 2.76E-06 0.040 8.54E-08  1.52E-06 0.054
1.35E-08 4.45E-06 0.032 9.71E-08  1.04E-06 0.066
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Thong . Thong .
Nang lwong Sai so twong  Nang lwong Sai s0 twong
lugng , luwgng ,
(MeV) doi (MeV) doi
(n.cmsT) (n.cm2s™1)
1.85E-08 5.45E-06 0.029 1.10E-07  2.46E-07 0.136
2.42E-08 5.61E-06 0.028 1.23E-07  7.29E-08 0.249
3.06E-08 5.99E-06 0.028 1.37E-07  2.46E-08 0.427

Bang 3.3. Thong s6 ctia phd notron trén nhiét tai vi tri chiéu mau

Thong . Thong .
Nang lwong Sai so twong  Ning lwong Sai s0 twong
lwgng i lwgng .
(MeV) doi (MeV) asi
(n.cm2sT) (n.cm2s™1)
4.14E-07 4.46E-08 0.121 7.73E-07  2.42E-07 0.051
4.69E-07 7.57E-08 0.092 8.76E-07  2.42E-07 0.052
5.32E-07 1.96E-07 0.057 9.93E-07 2.32E-07 0.053
6.02E-07 2.75E-07 0.048 1.13E-06  1.20E-08 0.233
6.83E-07 2.42E-07 0.051 1.28E-06  2.71E-10 1.000

C6 thé nhan thay rang, dé dat duoc thong tin tét vé thong s6 phd notron nhiét va

3.1.2. Hé sb danh gia mo6 phong

vé6i s6 hat bang 10° hat (1 ty hat).

trén nhiét, viéc ting thoi gian cha may (ting sb hat gieo 1én nhiéu hon). Tuy nhién, véi

cau hinh may tinh ¢4 nhan thyc sy 1a van dé tré ngai. Vi vay chung em chi c6 thé gieo

Céc thong sb stir dung dé danh gia cho qué trinh mé phong thong lwong notron
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Bang 3.4. Cac thong sb danh gia cho mé phong notron nhiét

S hat gico Thong lwgng notron nh'iét Ciac thong sb danh gia
(NOH) Trung binh Sai s0 ’ VOV Slope FOM
(n.em2s?')  twong doi
6.55E+07 1.27E+07 0.0374 0.0016 24 3.10E+00
1.31E+08 1.25E+07 0.0268 0.0008 3.1 3.00E+00
1.97E+08 1.24E+07 0.0219 0.0005 3.6 3.00E+00
2.62E+08 1.24E+07 0.019 0.0004 10 3.00E+00
3.28E+08 1.25E+07 0.0169 0.0003 10 3.00E+00
3.93E+08 1.28E+07 0.0153 0.0003 4.1 3.10E+00
4.59E+08 1.28E+07 0.0141 0.0002 10 3.10E+00
5.24E+08 1.28E+07 0.0132 0.0002 10 3.10E+00
5.90E+08 1.27E+07 0.0125 0.0002 10 3.10E+00
6.55E+08 1.26E+07 0.0119 0.0002 10 3.00E+00
7.21E+08 1.26E+07 0.0113 0.0001 10 3.10E+00
7.86E+08 1.26E+07 0.0109 0.0001 10 3.00E+00
8.52E+08 1.26E+07 0.0104 0.0001 10 3.00E+00
9.18E+08 1.26E+07 0.0101 0.0001 10 3.10E+00
9.83E+08 1.27E+07 0.0097 0.0001 10 3.10E+00
1.00E+09 1.26E+07 0.0096 0.0001 10 3.10E+00

Bang 3.5. Cac thong sd danh gia cho mé phong notron trén nhiét

Thong lwgng notron trén nhiét

Céac thong sb danh gia

Sb hat gieo ,
Trung binh Sai s0
(NOH) ) VOV Slope FOM
(n.cm2s?')  twong doi
6.55E+07 1.21E+04 0.1189 0.0155 0 3.00E-01
1.31E+08 1.12E+04 0.0871 0.0085 0 2.80E-01
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Thong lwgng notron trén nhiét Cac thong so danh gia

S6 hat gieo

(NOH) Trung binh Sai so ’ VOV Slope FOM
(n.cm2s?')  twong doi
1.97E+08 1.18E+04 0.0695 0.0054 0 3.00E-01
2.62E+08 1.13E+04 0.0612 0.0042 0 2.90E-01
3.28E+08 1.15E+04 0.0544 0.0033 0 2.90E-01
3.93E+08 1.18E+04 0.0492 0.0027 0 3.00E-01
4.59E+08 1.18E+04 0.0454 0.0023 10 3.00E-01
5.24E+08 1.17E+04 0.0426 0.002 10 3.00E-01
5.90E+08 1.16E+04 0.0404 0.0018 10 2.90E-01
6.55E+08 1.16E+04 0.0383 0.0016 10 3.00E-01
7.21E+08 1.17E+04 0.0365 0.0015 10 3.00E-01
7.86E+08 1.15E+04 0.0352 0.0014 10 2.90E-01
8.52E+08 1.12E+04 0.0342 0.0013 10 2.90E-01
9.18E+08 1.12E+04 0.0329 0.0012 10 2.90E-01
9.83E+08 1.14E+04 0.0316 0.0011 10 2.90E-01
1.00E+09 1.14E+04 0.0314 0.0011 10 2.90E-01

Str dung cac gié tri da trinh bay trong cac Bang 3.4 va 3.5 so sanh v6i Bang 1.3,
c6 thé khang dinh ring viéc lya chon sé hat gieo (NOH) cho céc truong hop trén thoa
man yéu cau bit budc cua chuong trinh MCNPS. Diéu d6 thé hién, sd lidu cua két qua
mo phong la dang tin cay.

Dé kiém chimng s lidu d3 mo phong & trén, cac phép do thuc nghiém tai CN2DR

da duoc tién hanh dé so sanh va dénh gia két qua giira thue nghiém va moé phong.
3.2. Két qua thwe nghiém

Két qua ghi nhan dién tich dinh va sai sb twong g cua cac 14 do kich hoat, duoc

liét ké trong Bang 3.6.
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Béang 3.6. Di¢n tich dinh va sai s6 dién tich dinh, tiét dién hiéu dung ddi véi notron
nhiét, hiéu suat ghi Gmg véi cac dinh nang luong twong tmg cua cac 14 do boc Cd do

bang hé phd ké gamma HPGe

. EY (oY1) AGO Ep Agp Np ANp

Mau C X L X
keV) () () (%) (%) (s6dém) (s6 dém)

Au-Q 411.802  98.65 0.09 10.12 0.20 51181 478

Béang 3.7. Di¢n tich dinh va sai s6 dién tich dinh, tiét dién hiéu dung ddi véi notron

nhiét, hi¢u suat ghi tng v4i cac dinh nang lugng twong tng cua céc 14 do tran

EY (oY1) AGO Ep ASp Np ANp

(keV) (b) (b) (%) (%) (s6 dém)  (s6 dém)

Au-N  411.802  98.65 0.09 10.12 0.20 1009535 2135

Duya vao dir liéu trong cac Bang 3.6 va 3.7, ap dung cac phuong trinh 1.11-1.13,
1.18 va 1.19 cac két qua tinh toan ctia hoat 46 phong xa, toc do phan tng va sai s6 tuong

ung, dugc thé hién trong cac Bang 3.8 va 3.9.

Bang 3.8. Hoat d6 va toc d6 phan tng d6i véi 14 do boc Cd

N Asp,e AAsp,e
Mau Re ARe
(Bq) (Bq)
Au-Q 4.81x10° 44.95 1.63 x 10" 3.56x 107"
Bang 3.9. Hoat d6 va toc d6 phan tng d6i véi 14 do tran
Miu Asp Adsp R AR
(Bq) (Bq)
Au-N 3.72x 10° 787.45 1.26 x 10°1° 2.50x 107V
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Tuong tu nhu vay, ap dung cac phuong trinh 1.14-1.16 va 1.21, thong luong
notroén nhiét, thong luong notrdn trén nhiét, ty sé Cadmi va cac sai sé twong g dugc

tinh toan va thé hién trong cac Bang 3.8 va 3.9, trong d6 cac hé sb hiéu chinh duoc lay

bang 1.
Béang 3.10. Thong luong notron nhi¢t va trén nhiét
| Al Ptn Aden de Ade
(b) (b) (n.cm?.s™) (n.cm?.s™) (n.em2s1)  (n.em?2s™)
1550 28 1.26 x 107 2.55x10° 1.05x 10* 2.84 x 10?

Bang 3.11. Thong luong notron téng, hé s6 Cadmium va sai sé cua thue nghiém

¢ Ad o
Cadmium Ratio
(n.cm?.s7) (n.cm?.s™) (%)
1.26 x 107 2.54x 10° 2.01 77.36

3.3. So sanh két qua thyc nghiém va mé phéng
Két qua so sanh thong luong notrdn nhiét va trén nhiét gitta ctia qua trinh thuc

nghiém va mé phong duogc trinh bay trong Bang 3.12

Bang 3.12. So sanh két qua théng luong notron nhiét

Thong lwgng
MCNP Thuc nghiém
(n.cm?.s™)
notron nhiét (1.26 £0.01) x 10’ (1.26 £ 0.03) x 107
notron trén nhiét (1.14 £0.04) x 10* (1.05 +0.03) x 10*
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Tur két qua da thé hién trong Bang 3.12, ¢6 thé thiy rang, két qua xac dinh thong
lwong notrdn tai vi tri chiéu mau ciia kénh ngang s6 2 10 phan tmg hat nhan Da lat véi
cau hinh chuan tryc hinh try dudng kinh 3 cm, két hop véi t6 hop phin loc 40 cm Si +
3 cm Bi giita thuc nghiém va mo phong 1a tt. Trong dé, thong luong notron nhiét co
su phu hop tdt gitra thyc nghiém va mé phong, thong luong notron trén nhiét do bang

thuc nghiém nho khoang 8 % so véi gia tri mo phong.
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Két luan
Pé tai ndy di dat duoc nhitng yéu cau dé ra bao gom:

- Nghién ctru va m6 phong tinh toan thong lugng notron nhiét va notron trén nhiét tai
vi tri do mau cua kénh ngang 62 10 phan tng hat nhan Da Lat, véi cAu hinh chuén truc
hinh try ¢6 duong kinh 3 cm va t6 hop phin loc 40 cm Si + 4 cm Bi.
- Xéc dinh thong lugng notron nhiét va notrén trén nhiét voi cAu hinh & trén bé“mg
phuong phap kich hoat 14 do.
- Két qua thuc nghiém va mé phong thong co sy phu hop tbt, trong dé (theo thuc
nghiém) thong luong notron nhiét1a 1.26x107 (n.cm™.s™"), thong lugng notron trén nhiét
13 1.05x10* (n.cm2.s™) va ty s6 Cadmi 1a 77.

Két qua trén gitip chung em hiéu dugc nhiéu hon vé phuong phap kich hoat 1a
do, phuong phap kiém chimg gitta thyc nghiém va mé phong. Dong thoi, théng qua dé
tai nghién ctru nay chung em d3 hinh dung tot hon cach xac dinh ham lugng cua nguyén

td trong mau bang phuong phap phan tich kich hoat.
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