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TOM TAT
Bdo cdo nay trinh bay két qua danh gid hang sé nhém ciia 6 mang nhién liéu 16 phdn img
hat nhan VVR-M2 voi do lam giau cao VVR-M2 HEU va do lam giau thd'p VVR-M2 LEU.
Ngodi ra, s thay doi ciia hang s6 nhém theo do chdy nhién liéu ciing dwoc khao sat. Céac
két qud nay la co so cho cdc tinh todn toan 16 va tinh todn phan tich an toan doi véi 16 phdn
ung hat nhan Pa Lat swr dung hai logi nhién liéu nay. Két qua thu duoc o day dwoc thuc hién
bang chwong trinh tinh todn é mang WIMS.

ABSTRACT

This paper presents the evaluated results of fuel cell group constants for the VVR-M2 HEU
and VVR-M2 LEU fuels loaded in the Dalat nuclear research reactor. The dependence
of the group constants on the fuel burn up was also investigated. These results are the
important data served for the global reactor core calculations with HEU and LEU fuels. The
calculations were done by the multi group neutron transport theory with the WIMS code.

I. GIOI THIEU
Nhién liéu VVR-M2 14 loai nhién li€u hat

dua trén thoa thuan cua Hoa Ky va Lién bang
Nga, ma theo do thi cac 10 phan ung nghién

nhan dugc san xuét boi Lién X6 trudc day va
bay gid duoc san xuit boi Nga, duge st dung
trong cac 10 phan Ung nghién ctu tai cac
nuéc Dong Au (Ba Lan, Hungary ...) va Viét
Nam. Tai Viét Nam, 10 phan Uing hat nhan DBa
Lat tir sau khi duoc cai tao va ning cip tur
10 TRIGA MARK II da st dung nhién li¢u
VVR-M2 véi d6 lam giau cao HEU (High
Enrichment Uranium). Theo khuyén céo cua
t6 chire Ning lugng nguyén tir quc té IAEA

ctru st dung nhién li€u uranium c6 d6¢ lam
giau cao (trén 20% 235U) déu phai chuyén doi
sang st dung nhién lidu c6 d6 lam giau thap
(dudi 20% 25U) dé bao dam khong thé sir
dung 16 phan mg v6i muc dich ché tao vii
khi hat nhan, Viét Nam d3 tién hanh chuong
trinh chuyén doi tir nhién liéu do lam giau cao
sang nhién liéu do lam giau thap va tir cudi
nam 2011 thi 10 phan Gng hat nhan Pa Lat
su dung nhién liéu VVR-M2 v6i d¢ 1am giau
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thép LEU (Low Enrichment Uranium) [1].

Viéc danh gia céc dac trung vat ly va an
toan cua hai loai nhién liéu VVR-M2 HEU
va VVR-M2 LEU c6 vai tro quan trong trong
phan tich an toan va chuin bi co s& dé thue
hién céc tinh toan tinh hoc va dong hoc ddi
v6i 10 phan tng hat nhan Pa Lat. Cong trinh
nay tién hanh cac nghién ctu tinh toan o
mang cho ca hai loai nhién li€u noi trén va
s& trinh bay két qua danh gia hang sd it nhom
dbi v6i nhién lidu sach va su thay doi cua
chung theo d¢ chay.

M&i bo nhién liéu VVR-M2 bao gdom ba
6ng hinh vanh khuyén ddng truc. Ong ngoai
cung c6 hinh luc giac voi bude 1a 32mm, hai
dng & trong c6 dang hinh try v6i dudng kinh
ngoai lan luot 1a 22mm va 11mm. Mdi 6ng
ctia b6 nhién liéu gdm ba 16p, 16p nhién liéu
nam giita hai 16p vo boc bang nhém. Loai
nhién li¢u c¢6 dJ lam giau cao HEU c6 nhién

li¢u 1a hop kim U-Al véi d6 lam giau °U la
36 %, con loai nhién li¢u c6 do lam giau thép
LEU c¢6 nhién li¢u 1a hgp kim UO,-Al véi do
lam giau U 14 19,75 %. Trung binh mdi bo
nhién liéu loai HEU ¢6 40,2 g U va mdi bo
nhién lidu loai LEU c6 49,7g 2U. V& mit
cau triic thi hai loai nhién li¢u HEU va LEU
¢6 sy khac nhau ¢ bé day cua céc 16p nhién
liéu va v6 boc. B6 nhién liéu loai HEU c¢6 bé
day 16p nhién liéu ¢ gitta 1a 0,7mm, hai 16p
v6 boc bang nhom ¢ bé day mdi 16p 0,9mm;
con bo nhién lidu loai LEU c6 bé day 16p
nhién li¢u ¢ gitta 1a 0,94mm, hai l6p vo boc
bang nhom c6 bé day mbi 16p 0,78mm. Giira
cac Ong nhién liéu 1a 16p nudc nhe voi bé
day tr 2,5cm dén 3cm. Hinh 1 md td mit
cit dung cua mot b nhién liéu VVR-M2.
Hinh 2 m6 ta mit cit ngang phan chira nhién
liéu cua mot bé nhién licu VVR-M2 HEU.
Nhiing ddc trung co ban cta nhién li¢u HEU
va LEU dugc trinh bay trong bang 1.

Bang 1. Cdc dac trung cua nhién licu VVR-M2 HEU va VVR-M2 LEU [1].

Thong sé Nhién liéu VVR-M2  |Nhién li¢u VVR-M2

HEU LEU

Do day 6ng nhién liéu, mm 2,5 2,5

Do day phan nhién liéu, mm 0,7 0,94

Do day phan vo boc, mm 0,9 0,78

i)n(z rong khe h¢ gitra cac thanh nhién liu, 25-3.0 25-3.0

Thanh phan nhién liéu U-Al UO,-Al

Do 1am giau 25U, % 36 19,75

Khéi luong 235U trong mot bo nhién liéu, g 40,2 49,7
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Ca hai loai nhién liéu VVR-M2 loai HEU
va LEU déu dugc st dung trong 10 phan Gmg
hat nhan Pa Lat. Pay la mdt 10 phan ng
nghién ctru loai bé boi, duoc cai tao va nang
cap tir 10 TRIGA MARK II cua hing GE
(M¥), c6 cong suat danh dinh 500 kW, lam
cham va tai nhiét bé‘mg nuoc nhe. Thong tin
chung cua 10 phan tng hat nhan Pa Lat dugc
tom tat trong bang 2.

SR .

Hinh 1. Hinh dang va kich thudc mot bo nhién
lieu VVR-M2.

T mava
7] visecanin.

Hinh 2. Mt cdt ngang phan chira nhién liéu
cua mot bo nhién liéu VVR-M2 HEU.

Bang 2. Mot s6 thong s cua 10 phan tng
hat nhan Pa Lat [1].

Loai 1o Bé boi
Cong suat danh dinh 500 kW
Chat 1am cham Nudc nhe

Graphite, beryllium va

Chat phan xa
P : nudc nhe

Chat tai nhiét Nuéc nhe

2 thanh an toan (B,C),
4 thanh bu trrr (B,C)
va 1 thanh diéu chinh
tu dong (thép khong
1i)

Thanh diéu khién

II. CHUONG TRINH TINH TOAN VA
MO HINH BAI TOAN O MANG

Trong cong trinh nay, tinh todn 6 mang
dugc thyc hién bang chuong trinh WIMS
(Winfrith Improved Multi-group Scheme).
Chuong trinh WIMS dugc xay dung va
phat trién boi T chire Nang luong nguyén
tor Winfrith, 1a mgt chuong trinh tinh toan 6
mang 16 phan tng c6 thé dugc ap dung cho
mot 16p rong céc loai 10 phan ing khac nhau.
Chuong trinh ndy duoc viét bang ngdn ngir
1ap trinh FORTRAN ¢ dang cidc module, bao
gdm mot chuong trinh chinh va 16 chuong
trinh con. Ciu tric ciia chuong trinh WIMS
bao gébm ba phan chinh: tinh todn nhiéu
nhom nang lugng, tinh toan it nhom nang
luong va tinh todn hiéu chinh. Trong nghién
ctru nay, phién ban WIMSD-5B [2] duoc st
dung cung véi thu vién s6 lieu WIMS <1986
[3], trong d6 nang lugng neutron tur 10 MeV
dén 0 MeV dugc chia thanh 69 nhom gdm 14
nhom neutron nhanh véi nang lugng trong
vung tir 10 MeV dén 9,118 keV, 13 nhom
neutron cdng huong véi nang luong trong
vung tir 9,118 keV dén 4 eV va 42 nhom
neutron nhiét v&i nang lugng trong vung tur
4 eV dén 0 eV. S liéu dau vao cho chuong
trinh nay 14 cac thong s6 hinh hoc va vat liéu
cua 0 mang nhién li¢u, lya chon mo6 hinh va
phuong phép tinh toan.
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Trong nghién ctru ndy, md hinh hinh hoc cho tinh todn 6 mang la mo hinh pincell véi hinh
hoc try. Theo d6, mdt 6 mang nhién li¢u mo ta mdt bo nhién li€u dugc nap trong vung hoat
10 phan tmg. Ong ngoai cing hinh lyc giac ctia bé nhién lidu dugc tru héa véi ciing dién tich.
Kich thudc va thanh phan cac 16p ciia 6 mang nhién liéu HEU va LEU dugc trinh bay trong
bang 3.

Bang 3. Kich thudc va thanh phan cac 16p ctia 6 mang nhién liéu HEU va LEU.

Nhién liéu HEU Nhién liéu LEU

Lép Ban k(icrilli)ngoéi Vit litu Lép Ban k(irﬁ)ngoéi Vit licu
1 0,3000 H,O 1 0,3000 H,O
2 0,3900 Al 2 0,3780 Al
3 0,4600 U-Al 3 0,4720 UO,-Al
4 0,5500 Al 4 0,5500 Al
5 0,8500 H,O 5 0,8500 H,O
6 0,9400 Al 6 0,9280 Al
7 1,0100 U-Al 7 1,0220 UO,-Al
8 1,1000 Al 8 1,1000 Al
9 1,4176 H,0 9 1,4176 H,0
10 1,5121 Al 10 1,4995 Al
11 1,5856 U-Al 11 1,5982 UO,-Al
12 1,6801 Al 12 1,6801 Al
13 1,8376 H,O 13 1,8376 H,O
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D6i voi mo hinh pincell, phuwong phap giai
phuong trinh van chuyén neutron trong hinh
hoc chi tiét ctia 6 mang nhién liéu d6i voi tinh
toan it nhom nang lugng 1a phuong phap toa
d6 gian doan DSN [4]. Tinh toan it nhom dé
chuan bi hing s6 nhém cho tinh toan toan 16
dbi v6i ba nhoém ning luong cb cau tric cac
nhom nhu sau: nhém mot (neutron nhanh)
tir 10 MeV dén 5530 eV, nhém hai (neutron
trén nhiét) tir 5530 eV dén 0,22 eV va nhém
ba (neutron nhiét) tir 0,22 eV dén 0 eV.

Tinh todn khao sat sy phu thude héng $6
nhom theo do chay nhién li¢u dugc thuc hién
véi moi budc tinh chay nhién lidu 1a 5% tur
khi nhién liéu sach BU = 0% dén khi do chay

dat BU = 50%.
I1L. KET QUA TINH TOAN

3.1. Hang s6 nhém ciia 6 mang nhién liéu
sach

Trong phan nay, hang s nhém cua hai
loai 6 mang nhién liéu HEU va LEU duoc
tinh cho truong hop nhién liéu moi (d6 chay
0%). Két qua duogc trinh bay trong bang 4
va bang 5. Trong do, D, 1a hé sb khuéch tan
nhom g, Eag 1a tiét dién hap thu vi m6 nhom
g, VX, la tiét dién sinh neutron vi m6 nhoém
g, Zs ot g VAT lan luot 1a tiét dién
tan xa neutron vi mo ‘tir nhém g dén nhom 1,
2 va 3 tuong ung.

Bang 4. Hdng s6 nhém cia 6 mang nhién liéu logi HEU va LEU.

Loai nhién | Nhém ning 4 0
ligu e Dg (cm) Za’g (cm™) vZf’g (cm™)
1 1,7436550 6,306679.10* 8,172098.10*
HEU 2 0,8939375 1,268701.102 1,475472.107
3 0,2755703 9,362662.10~ 1,639929.10!
1 1,739711 9,018380.10* 1,265826.10°
LEU 2 0,869475 1,668972.10° 1,800092.10
3 0,274673 1,110093.10"! 1,996629.10"

Bang 5. Tiét dién tan xa ciia 6 mang nhién liéu loai HEU va LEU.

Logllli én;nen Nlll::.;n,n lglagng " ) g_)z ) g—>3 )
1 0 4,341935.10° 0
HEU 2 0 0 6,822895.10
3 0 4,867184.103 0
1 0 4,346685.102 0
LEU 2 0 0 6,619798.10
3 0 5,488122.10° 0
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3.2. Su thay doi ciia hing s6 nhém & Su phu thudc cia cac hang s nhom theo do
mang nhién liéu theo d§ chay nhién li¢u chay nhién liéu BU duoc biéu dién thanh céac

Trong muc ndy, céc hing s6 nhom cita hai ham da thirc bac hai lam co s& cho tinh toan

loai nhién liéu HEU va LEU dugc khao sat  40ng hoe toan Io.
& cac do chay khac nhau tir 0% dén 50%.

Ddi véi nhién liéu VVR-M2 HEU:

D; = 5,468531x10°®BU? + 1,546392x10BU + 1,743655
Ta1 = 8,258182x107''BU? - 2,628289x10™°BU + 6,306639x10™"*

v = 1,005427x10°”BU? - 5,985327x10°°BU + 8,172684x10™*
Y12 = -5,846154x 10" 'BU? + 5,458853x10"BU + 4,341936x10™

D, = 1,292308x10°BU* + 4,747166x10"°BU + 8,939411x10™"'
Yoz =-1,371506x10"BU? - 2,565789x10°BU + 1,268522x10™
Vs =-2,569122x10"BU? - 1,034582x10°*BU + 1,475461x10™"
Y23 = 1,931324x10BU? + 1,724983x10°BU + 6,822832x10™"
D; =-2,614312x10°""BU” - 4,792680x10°BU + 2,755449x10™"'
Ya3 =-1,516533x10"°BU - 5,363306x10*'BU + 9,399413x10™
V33 =-1,415534x10°BU? - 1,327821x10°°BU + 1,639279x10™"'
Y352 = -6,009995x 10 *BU? - 1,817898x10°BU + 4,879130x10™

Ddi véi nhién liéu VVR-M2 LEU:

D, =7,421911x10BU* + 1,874723x10°BU + 1,739715

Ya1 = 1,471855x10BU” - 3,126277x10°°BU + 9,018435x10™"*
Ve = 1,696718x10”BU? - 7,020175x10°°BU + 1,265941x10™"
Y102 = -1,105828x10BU* + 6,244914x10°'BU + 4,346687x10™"
D, = -3,925408x10”BU? + 5,232391x10BU + 8,694827x10™"'
Yoz =-1,817814x10"BU? - 8,792660x10°BU + 1,668348x10*
Vs = -4,332569x10"BU? - 9,421516x10°BU + 1,801091x10™%
Y23 = 2,216354x10"BU* + 3,099375x10°"BU + 6,619964x10%*
D3 =-1,613100x10°"BU” - 5,023068x10°BU + 2,746358x 10"
Ya3 = -1,889437x10°BU? - 5,725583x10**BU + 1,114738x10™"'
Vi3 =-1,765315x10"°BU - 1,461955x10°BU + 1,995983x10™"!
302 = -6,728709x10*BU? - 1,959233x10°BU + 5,502822x10™"
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Su thay d6i cua hé sé khuéch tan theo do
chday duoc trinh bay trong hinh 3, 4 va 5. Theo
d6, hé s6 khuéch tan nhém 1 va 2 cua hai loai
nhién liéu déu ting theo do chay, trong khi xu
thé nay nguoc lai d6i voi nhom 3. Trong ca ba
trudng hop, hé sd khuéch tan cua nhién lidu
loai LEU déu nho hon loai HEU.

Hinh 6, 7 va 8 cho théy tiét dién hép thu
ba nhom cua ca hai loai nhién liéu HEU va
LEU déu giam theo dg chay. Hon nira, do
thanh phan #%U trong nhién liéu LEU 1én
hon trong nhién liéu HEU, tiét dién hap thy
cua nhién liéu LEU 16n hon cta nhién liéu
HEU.

Quy luat bién dbi cua tiét dién sinh
neutron duogc biéu dién trong hinh 9, 10 va
11. Do lugng »5U giam, nén céc tiét dién nay
c6 xu hudng gidm theo do chay.

Dbi voi cac tiét dién tan xa neutron (hinh
12, 13 va 14) thi tiét dién tan xa neutron tir
nhom 1 dén nhom 2 va tir nhom 2 dén nhoém
3 tang theo do chay trong khi tiét dién tan xa
nguoc neutron tir nhom 3 dén nhom 2 ¢6 xu
hudng nguoc lai.

Do khéc nhau vé néng d6 hat nhan trong
nhién liéu HEU va LEU nén gia trj cua hing
s6 nhom ddi vé6i hai loai nhién liéu nay khéc
nhau. Tuy nhién, quy luat thay ddi cua cac
hang s6 nhém theo do chay 1a nhu nhau
mic du toc do thay doi c6 khac nhau nhung
khong nhiéu.

1745
744 —//’/

D, (HEU) = 5.468531.10°.BU” + 1.546392.10°BU + 1.743655

D; (cm)
>
e

fm
ze

Dy (LEU) = 7.421911.10° BU? + 1.874723.10° BU + 1.739715

1741

1740 /

o 10 2 30 w0 50 &0
BU (%)

Hinh 3. Sy thay doi ciia hé sé khuéch tan.
nhom 1 D, theo dj chay nhién liéu.

9.00E-01

8.95E-01 P—_"__‘__—'.___‘__‘___P_‘___‘___‘—__‘

- 8 02 5 .l
8.90E-01 D, (HEU) = 1.292308.10".BU” + 4.747166.10”.BU + 8.939411.10

8.85E-01

T
< # LEU A HEU|
a

8.80E-01

D, (LEU) = -3.925408.10°° BU? + 5.232391.10°.BU + 8.694827.10"

8.75E-01

8.70E-01 .___‘__.__‘___‘___.___.———‘———‘——"_—'

8.65E-01

0 10 20 30 40 50 60

BU (%)

Hinh 4. Sy thay doi ciia hé sé khuéch tan
nhém 2 D, theo do chay nhién li¢u.

2.760E-01

2.755E-01 Dy(HEU) = -2.614312.107.BU° - 4.792680.10°BU + 2.755449.10"
2.750E-01
2.745E-01

2.740E-01

<+ LEU
4 HEU

Dsfem)

2.735E-01

2.730E-01

2.725E-01

2.720E-01 D, (LEU) = -1.613100.107.BU? - 5.023068.10°.BU + 2.746358.10""

2.715E-01

0 10 20 30 40 50 60
BU (%)

Hinh 5. Sy thay doi cia hé sé khuéch tan nhém
3 D, theo dj chay nhién li¢u.

=g
a1 (LEU)= 1.471855.10°.BU? - 3.126277.10°.BU + 9.018435.10"

9.0E-04
8.0E-04 \\\\

7.0E-04

60804 \
5.0E-04

5.4 (HEU) = 8.258182.10"°.BU? - 2.628289.10°.BU + 6.306639.10*

Z,4(em”)

4.0E-04
3.0E-04

«LEU
2.0E-04 A HEU

1.0E-04

0.0E+00

BU (%)

Hinh 6. Su thay doi
cia tiét dién hdp thu vi mé nhém 1Y, theo

do chay nhién liéu.
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20802
1.80E-02
18602 VE, (LEU) = -4.332569.10-".BU? - 9.421516.10°°.BU + 1.801091.10°
1.60E-02 —_——
., (LEU) = -1.817814.107.BU - 8.792660.10°.BU + 1.668348.10° 16802
1.40E-02
14E-02
1.20E-02
JRRE
" 1.00E-02 g
3 %, (HEU) = -1.371506.107.BU? - 2.565789.10°.BU + 1.268522.10° 5 roee2
o 3
§ 8.00E-03 S poros
*LEU
6.00E-03 A HEU 6.0E:03 VS, (HEU)= -2.569122.10-" BU? - 1.034582.10* BU + 1.475461.10°
4.00E-03 40803
ALEU
2.00E-03 20803 = HEU
0.00E+00 T T T T T , 008400
10 2 3 W 50 0
0 10 20 30 40 50 60 BU (%)
BU (%)

Hinh 7. Sw thay doi cia tiét dién hcfp thu vi mé

nhom 2y, ,theo do chdy nhién li¢u.

1.2E-01 - 5.3 (LEU) = -1.889437.10°.BU? - 5.725583.10* BU + 1.114738.10""
1.0E-01 4
8.0E-02
E
S 6.0E-02 4
F 5.3 (HEU)= -1.516533.10° BU? - 5.363306.10°* BU + 9.399413.10
4.0E-02 4 +LEU
AHEU
2.0E-02 4
0.0E+00 - - - - T ,
o 10 20 30 40 50 60
BU (%)

Hinh 8. Su thay di ciia tiét dién hdp thu vi mé
nhom 3 Y. theo do chay nhién li¢u.

TaE03
VZ(4(LEU) = 1.696718.10°°.BU? - 7.020175.10°.BU + 1.265941.10°
12603

1.0E-03

8.0E-04

VE; em”)

6.0E-04

40804
V4 (HEU) = 1.005427.10° BU? - 5.985327.10°.BU + 8.172684.10*

20804 = LEU
A HEU

0.0E+00

BU (%)

Hinh 9. Su thay doi cua tiét dién sinh neutron vi
mo nhém 1 v}, theo do chdy nhién li¢u.

Hinh 10. Su thay doi cua tiét dién sinh neutron

vi mé nhom 2 vzﬂ theo do chay nhién liéu.

25601

Vi (LEU) = -1.765315.10°.BU° - 1.461955.10° BU + 1.995983.10""
20801

5E-01

i
g
L
W
s
1.0801
VE(3 (HEU) = -1.415534.10°.BU? - 1.327821.10°.BU + 1.639279.10""
50802
A LEU
= HEU
0.0E+00
10 20 30 W 50 0
BU (%)

Hinh 11. Su thay doi cua tiét dién sinh neutron

vi mé nhom 3 vzfj theo do chay nhién liéu.

4350802

4349802

4.348E-02

4347602 02 ; )
;1.2 (LEU)=-1.105828.10".BU” + 6.244914.10".BU + 4.346687.10"

—
; 4.345E-02 = HEY

4.344E-02

12 (em™)

I,

4.343E-02

4342602 %412 (HEU) = -5.846154.10"'°. BU? + 5.458853.107.BU + 4.341936.107

4341602

BU (%)

Hinh 12. Sy thay doi ciia tiét dién tan xa
neutron tir nhém 1 dén nhém 2

Y. 15, theo do chay nhién liéu.



9@ Tap Chi Khoa Hoc Gido Duc Ky Thudt (25/2013)
Truong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

e IV. KET LUAN

.53 (HEU) = 1.931324.107.BU? + 1.724983.10°.8U + 6.822832.10°7
Trong bao cdo nay, mo hinh bai todn 6
mang pincell va phuong phap tinh todn van

8 e cl}uyenq neutrqn bapg chuong trinh WIMS

e deé chuan bi hang s6 nhém do6i véi ba nhém
T,2.3 (LEU) = 2.216354.107.BU + 3.099375.107.BU + 6.619964.107 - A A A

nang luong neutron cho 6 mang nhién li¢u

—// loai VVR-M2 véi1 d6 lam giau cao HEU va

do lam giau thép LEU dugc su dung tai 10
phan ung hat nhan nghién ctru PBa Lat da

w0
BU (%)

Hinh 13. Sw thay doi cua tiét dién tan xa duogc thiét 1ap. Két qua tinh toan cung cip
neutron tir nhém 2 dén nhém 3 hang s0 nhom do6i vdi nhién liéu sach cung
X, theo dj chay nhién liéu. v6i su thay d6i cua cac hang s6 nhom nay

theo d chdy nhién li¢u. Két qua khao sat su
thay d6i cua cac hang s6 nhom theo d6 chay
\\ nhién liéu dd cung cAp mot biéu dién toan

\\‘\\ hoc cua hang s6 nhom vao do chay nhién
liéu 1am co sd cho nghién ctru tinh todn cac
dac trung vat 1y neutron toan 10 va tinh toan
N phan tich an toan cho 16 phan Uing hat nhan
Pa Lat véi ca hai ciu hinh 10 phan mg nap
tai nhién licu HEU va LEU.

%3, (LEU) = -6.728709.10°°.BU? - 1.959233.10°°.BU + 5.502822.10°

3.2 (HEU) = -6.009995.10°.BU” - 1.817898.10°.BU + 4.879130.10°

Ziszfom”)

0
BU (%)

Nghién ctu nay dugc tai trg bdi Quy

Hinh 14. S thay doi cia tiét dién tin xa phat trién khoa hoc va cong nghé qudc gia
neutron tir nhém 3 dén nhom 2 (NAFOSTED) trong dé tai ma sd 103.04-
I .5, theo do chay nhién li¢u. 2012.61.
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