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TOM TAT

Bai bdo nay trinh bay két qud nghién ciru gidi bai todn t6i wu héa thay dio nhién liéu cho lo phan
ung hat nhan loai nghién ciru. Muc tiéu cua bai todn 16i wu la cuee dai héa thira sé nhan hiéu dung kﬂ
Véi cdc rang budc la nhitng tham sé an toan ciia [0 phan iing. Phwong phdp gidi bai todn 16i wu diege
ding trong nghién ciru nay la thudt toan di truyen két hop voi chién lrge gin gitk cdc phan tir wu til.
Thudt toan di truyén hoat dong trén cac quan thé nhiém sdc thé dang mot chudi sé nguyén. Nghien
ciru duwoc tién hanh dé tim kiém cau hinh nap tai nhién liéu 16i wu cho chu trinh van hanh thir hai doi
véi mét 16 phan vimg nghién cvru loai TRIGA MARK I1. Tinh todn toan 16 dwoc thuc hién bang chiwong
trinh may tinh phan tich lo phan ung hat nhan CITATION.

Tir khéa: Lo phan iing hat nhan, Tinh todn toan 16, Téi wu héa thay dao nhién liéu, Mau tdi nap
nhién lieu vung hoat, Thuat toan di truyén, Chiéen luoc gin giwr cac phan tu vu tu.

ABSTRACT

This paper presents results from the problem of in-core refueling optimization for a nuclear research
reactor. The aim of the optimization problem is to maximize the effective multiplication factor while
satisfying the safety-related neutron parameters of the reactor. A genetic algorithm combined with
the elitism strategy is used to solve the problem. The genetic algorithm works on the populations of
chromosomes which are one-dimensional integer chromosomes. An investigation is performed for a
nuclear research reactor type TRIGA MARK I to search for the optimal fuel loading patterns for its
second operational cycle. Global reactor calculation is carried out using the nuclear reactor core
analysis code CITATION.

Keywords: Nuclear reactor, Reactor calculation, Refueling optimization, Refueling pattern,
Genetic algorithm, Elitism strategy.

1. GIOI THIEU

Cong trinh nay khao sat 101 gidi cua bai toan
t61 wu hoa thay dao nhién liéu cho LPU hat nhan
nham tim kiém mau tai nap nhién liéu vung hoat
t6i wu cuc dai hoa thira s6 nhan hiéu dung cua

Nhién liéu cta 10 phan tng hat nhan bi dot
chdy lién tuc trong qua trinh hoat dong, vi vay
sau mdt thoi gian van hanh lugng nhién li¢u can
thiét dé 1o phan img (LPU) hoat dong theo yéu

cau cia nguoi st dung khong con du; do do, LPU
can phai duoc thay thé nhién liéu. Tuy nhién, do
phan bd chay nhién lidu trong ving hoat LPU la
khong déu nén chi thay thé mot sd bé nhién liu
(BNL) c6 do chay nhiéu nhat, mot s6 BNL chay
it nén dugc gilr lai trong LPU cho dén khi do
chay ctia ching da 16n. O cubi mdi chu trinh 1am
viéc ctia LPU, ngudi quan 1y phai quyét dinh loai
b6 bao nhidu BNL va BNL nio bi loai bo. Quyét
dinh nhu vay can phai dugc dua ra trén co so giai
bai toan thay dao nhién li¢u cho LPU.

LPU dé kéo dai thoi gian van hanh cua mot chu
trinh. O day phuong phap giai bai toan t6i wu
1a thuét toan di truyen [1, 2] (Genetic Algorithm
viét tit 1a GA) két hop voi chién luge gin gilr cac
phan tir wu ti [3, 4] (Elitism Strategy viét tat la
ES). Tinh toan toan 16 dé xac dinh cac dic trung
vat 1y neutron ctia LPU duogc thuc hién bang
chuong trinh CITATION [5]. Két qua tinh toan
dé tim 101 giai toi wu cho chu trinh van hanh th
hai cua mot LPU nghién ctru (LPU hat nhan ba
Lat) s€ duogc trinh bay trong bai bao nay.



2. MO HINH BAI TOAN THAY PAO
NHIEN LIEU LO PHAN UNG HAT NHAN

Bai toan toi wu héa thay dao nhién liéu LPU
trong nghién ciru nay dugc thiét 1ap nhu sau: tim
kiém cau hinh viing hoat téi wu cho chu trinh van
hanh t1ep theo ciia LPU nham cuc dai hoa hé sb
nhan hiéu dung dong thoi phai thoa méan cac yéu
cAu an toan van hanh LPU. Ham muc tiéu 14 thira
s6 nhan hiéu dung k ..

(1)

Bién quyét dinh x trong bai toan 1a ciu hinh
vung hoat LPU. Céc gidi han cta bai toan 1a cac
dic trung vat 1y va an toan LPU nhu thira s6 nhan
hi¢u dung k_, hé s6 bat déng déu cong suit PPF,
dd chay nhién li¢u BU:

F(x) =k ;

Thtra sb nhan hiéu dung:

kmm < k kmax (2)
Hé sb bat dong déu cong suat:

PPF <PPF__ 3)
b chay: BU<BU__ (4)

voik . vak  lagiéihan cuc tiéu va cuc dai cua

k » PPF_ la gia tri cyc dai cia PPF, BU__la do

chdy cuc dai ctia cac BNL con dugc gitr lai trong
vung hoat.

3. THUAT TOAN DI TRUYEN VA TINH
TOAN TOAN LO

.....

co s6 khao sit mat quan thé cac 101 giai tir thé hé
nay sang thé hé khac cho dén khi thoa man cac
diéu kién tdi wu. Cac thanh phan chinh yéu cia
GA gdm co:

Toén tir chon loc (Selection) chon cac cé thé
t6t dé lam cha me cho qua trinh tai sinh tao nén
thé hé moi trén co so do thich nghi (Fitness) cta
timg cé thé trong quan thé hién hanh. Trong cong
trinh nay qua trinh chon loc dugc thuc hién bang
phuong phap quay banh xe roulette két hop véi
chién lugc gin giit cac phan tir vu ta [6]

Toan tur lai tao (Crossover) thuc hién viéc
ghép cac gene cua cha va me dé tao ra cac con
cho thé hé méi, cac con nay thtra hudng céc dac
trung cua ca cha 1an me. Qua trinh lai tao trong
nghién ctru nay dugc thuc hi¢n theo phuong phap
lai mot diém (One-point crossover method) [2].
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Toan tir dot bién (Mutation) thuc hién viéc
gy bién d6i trén mot s gene cua cac nhidm sic
thé trong quan thé hién hanh dé tao ra cac con
c6 cac dac trung la khong co trong ma di truyén
ctia ca cha 1an me. Qua trinh dot bién gitp duy
tri tinh da dang cua quan thé, ngan can qua trinh
tim kiém hoi tu som téi mot 1oi giai tdi vu dia
phuong. Dot bién trong cong trinh nay dugc thuc
hién theo phuong phap ddo cip hai gene ngau
nhién cua mdt chromosome [6].

Dé céc toan tir cia GA véan hanh, bién quyét
dinh ctia bai toan thay ddo nhién liéu 1 c4u hinh
nap tai nhién li¢u vung hoat can phai dugc ma hoa
thanh nhiém sic thé dang mot chudi sé nguyén
c6 gia tri tir 1 dén N, véi N 1a téng s6 BNL ¢
trong mot cau hinh ving hoat LPU [7]. Do dai
ctia mdi nhiém sic thé b::ing N. Vi du mét nhiém
sic thé twong Gmg véi mot cau hinh ving hoat
gém 100 BNL 1a chudi s6 (1 2 3... 98 99 100).

Bai vi GA dya trén qua trinh ngau nhién nén
cac ca thé tot nhat trong mot thé hé ¢6 thé khong
dugc chon cho thé hé tiép theo; hon nita, ca thé
t6t nhat trong thé hé sau chua han tot hon ca thé
t6t nhat trong thé hé trude. Dé bao toan cac ca
thé tot nhat phat hién dugc trong qua trinh tim
kiém, cac ca thé xdu nhat trong mot thé hé phai
nén dugc thay boi cac ca thé tét hon duge tim
thdy trong cac thé hé truéc d6. Nhu vay, ca thé
t6t nhat trong thé hé cudi cung ludén ludn 1a ca
thé tot nhat trong sudt qua trinh tim kiém. Hudng
dan qua trinh tim kiém ctia GA theo cach nhu
vy dugc goi 1a chién luoc gin gilt cac phan tir
uu ti. Bién phap dé thuc hién ES 14 tao nén mot
kho luu trit (Archive). Kho luu trit luu chura cac
101 giai tot nhat trong qua trinh tim kiém. Dé thi
hanh ES cin phai 4p dung mot thu tuc chon loc
cai bién (elitist selection procedure): mdi thanh
vién cua archive s& dugc chon mot 1an cho thé hé
tiép theo [6].

Pé xac dinh ham muc tiéu va cac dai luong
vét Iy va an toan cua LPU nhu h¢ s6 nhan higu
dung k. va hé s6 bat dong déu cong suit PPF
va cac thong s6 khac nhu d chay nhién liéu can
phai thuc hién cac tinh toan tinh hoc va dong
hoc LPU. Trong nghién ctru nay, chuong trinh
CITATION dugc st dung dé thuc hién nhiém vu
tinh toan toan 10 bang viéc giai hé phuong trinh
khuéch tan notron nhiéu nhom [5]:
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Trong do, A - toan tir Laplace hinh hoc, d)r’g
- thong lugng neutron tai vi tri r va nhom nang
luong g, X arg " tiét dién hap thu vi moé, Zsrg_)g -
tiét dién tan xa vi mo cua neutron tir nhom nang
luong g dén nhém nang luong g’, D - hé s6
khuéch tan, VE. - tiét dién vi mo sinh neutron,

Xe - ham phéan bo neutron phan hach.

Hé s6 bat dong déu cong suit PPF duogc xac
dinh dya trén phan bd thong lugng notron va
phan bd chay nhién liéu cia LPU. M&i mét tinh
toan toan 1o bang chuong trinh CITATION s&
cung cap day du cac thong s6 vat Iy notron can
thiét cho tinh toan tbi wu.

Qua trinh tim kiém 101 giai t6i vu trong
cong trinh nay dugc thyc hi¢n theo cac budc nhu
sau:

1. Khoi tao ngau nhién quan thé ban dau.
2. Giai ma cac nhiém sac thé thanh cdc mau nap
tai nhién liéu.

3. Thuc hién tinh toan toan 10 dé xac dinh céc
ddc trung va danh gia ham thich nghi cua tirng
ca thé trong quan thé hién hanh.

4. Kiém tra tiéu chuan ding tim kiém. Néu thoa
man thi thuc hién budc 12, néu khong thi tiép
tuc budc sau.

5. Chon cac ca thé khong bi trdi trong quan thé
hién hanh dua vao va lam mai kho luu trir.

6. Thuc hién toan tir chon loc dé chon céac cé
thé trong quan thé hién hanh dua vao bé sinh
san.

7. Chon ngﬁu nhién mot cdp cha me tir bé sinh
san.

8. Thuc hién lai tao hai cha me¢ tao ra hai con.

9. Tiép tuc cho dén khi tao ra dii s6 con cho quan
thé moi.

10. Thuc hién toan tir dot bién trén cac con.

Thiét Ké Mau Tai Nap Nhién Liéu Vimg Hoat Nham Cyc Pai Héa
Hé S6 Nhin Hiéu Dung Cia l6 Phan Ung Hat Nhdn Bang Thudt Todn Di Truyén
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11.  Quay tro vé budc 2.
12.  Két thac qua trinh tim kiém.
4. KET QUA TiNH TOAN VA THAO LUAN

Tinh toan khao sat duoc thuc hién dé tim so
dd thay ddo nhién liéu t6i wu cho LPU hat nhan
Da Lat d6i vé6i chu trinh van hanh tha hai. Lac
do, vung hoat 10 Ba Lat c6 89 BNL da chay duoc
gilt nguyén vi tri, 11 thanh beryli & ngoai vi dugc
thay bang 11 BNL mdi, tao nén mét ciu hinh
vung hoat gdbm 100 BNL [7].

Tinh toan tim kiém tdi wu duoc thuc hién
qua 150 thé hé, mdi quan thé gdm c6 50 ca thé.
Archive gdm 12 méu nap tai nhién liéu tot nhat
dugc luu chira trong qua trinh tim kiém. X4c suat
lai p_ = 0.6, xac suét dot bién p,,=0.01.

Két qua tinh toan d6i voi thira s6 nhan hi¢u
dung k. va hé s6 bat dong déu cong suit PPF
db6i voi quan thé dugc trinh bay trén bang 1. Hinh
1 biéu dién sy thay ddi ciia ham muc tiéu theo
thé hé tinh toan. C6 thé nhéan thiy rang thira sb
nhan hiéu dung cua cac quén thé 101 giai tang
lién tuc theo so the hé. Dleu nay co6 nghia la qua
trinh tim klem tién trién theo chiéu hudng cuc
dai hoa thira s6 nhan hiéu dung. Trén hinh 2 1a 161
giai t6t nhat trong qua trinh tim kiém dugc luu
chira trong archive. Mau nap tai nhién li¢u nay
c6 thura s6 nhan hiéu dung k = 1,06508 va hé sO
bat dong deu cong sut PPF = 1,345, tot hon so
voi cic mau nap tai tao ra mot cach ngiu nhién
trong thé hé dau tién; so voi cau hinh vung hoat
thay nhién liéu thyc té (k. = 1,060405 va PPF
= 1,374) c6 do phan tng du trir ting mot lugng
Ap, = 0,47% va h¢ sO bat ddng déu cong suat
giam mot lugng APPF = 0.029.
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on vi %)

Hinh 1. Bién doi cua ham muc tiéu ks theo so thé hé

trong qua trinh tim kiém to1 vu.
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Bang 1. Gia tri cua ham muyc tiéu k . trong qua trinh tim kiém.

S6 thé heé , Ky S thé hé , Key
Min. Aver. Max. Min. Aver. Max.

1 1.06248 1.06318 1.06381 80 1.06419 1.0648 1.06501
10 1.06242 1.06321 1.06394 90 1.06418 1.06474 1.06501
20 1.06282 1.06353 1.06421 100 1.06422 1.06481 1.06501
30 1.06271 1.0639 1.06456 110 1.06455 1.06492 1.06503
40 1.06308 1.06404 1.06458 120 1.06447 1.06487 1.06505
50 1.06366 1.06429 1.06494 130 1.06465 1.06497 1.06506
60 1.06354 1.06454 1.06495 140 1.06479 1.06499 1.06507
70 1.06396 1.06464 1.06499 150 1.06433 1.06499 1.06508

5. KET LUAN

Tir cac két qua tinh toan trinh bay & trén c6
thé két luan: GA két hop véi ES da hoat dong tot
dé tim kiém 10i giai cho bai toan t6i wu hoa thay
d4o nhién liéu cho LPU hat nhan nham tim kiém
mau tai nap nhién li¢u cuc dai hoa hé s6 nhan
hi¢u dung tai dau mot chu trinh van hanh. Qua
trinh tim kiém lién tuc 1am tang thura s6 nhan hiéu
dung ctia cac quan thé 101 giai theo s6 thé hé. Cac
mau nap tai nhién liéu dugc luu gitr trong kho
luu trit thé hién nhiéu wu diém so vé6i cAu hinh
nap tai thuc té va co thé dugce ngudi quan ly LPU
chon cho tmg dung thyc té khi phan tich chung &
cac khia canh khac nhau theo quan diém riéng.
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