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Tom tat. Hop chita mau Marinelli véi thé tich 16n dugc str dung phd bién dé chira mau trong cac phép do
mAu mdi trudng c6 hoat dd phong xa thip trén hé phd ké gamma ding dau do germanium si€u tinh khiét
(ngh Purity Germanium - HPGe) do goc khdi phat buc xa gamma tir hop chira mau hay ngudn phong xa
dén dau do 1on. Trong cong trinh nay, chung toi phat trién phuong phap t6i wu hoa kich thuéc hinh hoc hop
chira mau Marinelli dia vao thuat toan tién hoa vi phan (Differential Evolution) két hop v6i chuong trinh
MCNP4C2 (Monte Carlo N-Particle code, Version 4C2). Mau do 1a dung dich Nal véi cac nhan phong xa
1311 phat tia gamma v&i nang luong 0,364MeV, thanh phan chil yéu 1a nudc véi thé tich 450cm?, mat do
1g/cm?. Thuat toan tién hoa vi phan duoc sir dung dé téi wu kich thude hinh hoc gdm ban kinh phan trén 11
va chiéu cao phan dudi hz ciia hop chira miu Marinelli théng qua tién trinh x4c dinh hiéu suét ghi 16n nhét
ctia dau do duoc tinh toan bang chwong trinh MCNP4C2. Sau hon 100 thé hé, thuat toan tim kiém da hoi
tu v6i hiéu suit ghi 16n nhat ciia dau do 1a 0,041185 ddi véi cdu trac kich thude hinh hoc hdp chira mau
Marinelli ¢6 ban kinh phan trén r1 bang 5,4941cm va chidu cao phan dudi h, bang 6,1042cm. So sanh véi
thuat toan di truyén, thuat toan tién hoa vi phan da thé hién wu diém vuot trdi trong tim kiém tdi wu. Trong
pham vi sai s6 cua thudce do, kich thude hinh hoc toi wu cua hop chira mau Marinelli nhan duoc tir nghién
ctru nay phu hop véi két qua nghién ctru trude day cta chung t6i.

Tir khoa. hop chira mau Marinelli, dau do HPGe, thuat toan tién hoa vi phan, MCNP4C2.

1. MODAU

Trong k¥ thuat do cac mau mdi truong c6 hoat dd phong xa thip, mau do thuong dugc chuin bj véi khdi
lwong 16n nham ting sb lugng tia gamma di vao dau do, giam thoi gian do va dong thoi giam anh hudng
phong méi truong 18n két qua do. Tuy thude khdi lugng mau do hodc dua vao cac dic diém cu thé cta phép
do, nguoi ta co thé lua chon hop chtra mau co thé 1a dang tru, dang cén hoac dang Marinelli [1]. Trong
nhiéu nam qua, hop chira mau Marinelli dugc st dung phd bién vi co thé tich I6n (do do6, chira khdi lwong
Ién) va cau trac hinh hoc bao boc gan nhu toan bo dau do nén hiéu suat ghi cia dau do cao. Co s khoa hoc
vé viéc str dung hop chira mau Marinelli da duoc nghién ciru chi tiét [2, 3]. Tuy nhién do thé tich mau do
Ién nén anh hudng caa hiéu tng mat do, hiéu ang thanh phan hoa hoc, hiéu tng tring phang 18n hiéu suat
ghi ciia ddu do tro nén dang ké [4, 5, 6]. Trong nhimg nam gan day, da c6 mot sé cong trinh nghién ctu sir
dung céac thuét toan di truyén (GA - Genetic Algorithm), thuat toan tién hoa vi phan (DE - Differential
Evolution) dé xac dinh céc thong s6 kich thuéc hinh hoc cua dau do dua vao muc tiéu xac dinh d¢ léch nho
nhét cuaa hiéu suat ghi caa dau do giira két qua tinh toan mé phong va thuc nghiém [7, 8, 9], nghién ctru su
dung thuat toan GA xac dinh kich thudc hinh hoc t6i wu cia hop chira mau ddi véi thé tich mau do cho
truc dya vao muyc tiéu xac dinh hiéu suat ghi Ion nhat caa dau do [10, 11]. Trong cong trinh [11], ching
t6i da nghién ctu téi wu kich thudc hinh hoc cua hop chira mau Marinelli bang thuat toan GA két hop Vi
chuong trinh MCNP4C2. Trong nghién cttu ndy, nham muc tiéu da dang hoa cdng cu toan hoc trong viéc
giai quyét bai toan tbi wu, so sanh hidu luc tim kiém giita cac thuat toan tién hoa va kiém chang Ian nhau
két qua tinh toan t6i wu, chung t6i tng dung thuat todn DE két hop vé6i chuong trinh MCNP4C2 dé tdi uu
kich thuéc hinh hoc ctia hop chira mau Marinelli.

2. PHUONG PHAP NGHIEN CcUU

2.1. Thiét bi thue nghiém i ) i
Trong nghién ctru nay, h¢ ph6 ké gamma dung dau do germanium si€u tinh khiét (HPGe) GC1518 kiéu p
duoc stir dung, dat tai Trung tam Hat nhan Tp. H6 Chi Minh. Pau do c¢6 hiu suat tuong doi so vdi dau do
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nhip nhay Nal(T1) 3” x 3” 14 15%, d6 rong dinh ning lwong toan phan danh dinh 14 0,825keV tai 122keV
va 1,8keV tai 1,33MeV. Phan mém phan tich pho 1a Canberra Genie 2000 [12] dugc nha san xuat Canberra
Industries Inc. cung cap cung véi thiét bi.

Dé giam phdng phong xa tir méi truong, dau do va mau do dugc dit trong budng chi gom 16p chi day 10cm,
I6p thiéc day 0,3cm, l6p paraffin day 5,5cm va l6p dong day 0,1cm theo thir ty tir ngoai vao trong. Mic
khac, dé giam nhiéu tin hiéu dién tir, dau do va khéi tién khuéch dai duoc dat trong binh nitrogen (N2) long
va dugc 1am lanh dén nhiét d6 77K (-196°C).

Két qua nghién ctiu tir cdng trinh [11] cho thay rang anh huong cia hiéu img nang lugng tia gamma, hiéu
rng mat do, hiéu tng thanh phan hoa hoc cia mau do 1én kich thudc tbi wu cua hop chira mau Marinelli 1a
khong dang ké nén dung dich Nal vai mat 6 1g/cm? chtra cac nhan phong xa 11 duogc lya chon sir dung.
Dodng vi phong xa 131 phat tia gamma c6 ning lugng E, = 0,364 MeV, suat phat Y = 82%, thoi gian béan ra
T/, = 8,02 ngay. Dung dich phong xa **I dugc chuén bj véi thé tich 450 cm® dyng trong hop chira mau
Marinelli ¢6 d4y va mat bén ap sat dau do.

2.2. XAy dung mo hinh hé pho ké gamma

Chuong trinh md phong Monte Carlo MCNP4C2 [13] duoc st dung dé xay dung mé hinh hé do gdm ngudn
phong xa 13! dung trong hop chira mau Marinelli, dau do germanium siéu tinh khiét va budng chi phong
thap nhu Hinh 1. Con nhitng phan thiét bi khac cua hé do gdm bo tién khuéch dai nhay dién tich, khuéch
dai, khdi phén tich da kénh va hé mdy tinh luu trix va xir Iy s6 liéu dong gop khong dang ké vao phd gamma
mo phong dugc bo qua [14]. Thong tin vé cau tric hinh hoc va thanh phan vat liéu cua hé do dugc md ta
trong mét input chuan cia MCNP4C2. Trong d6, thong tin sd liéu dau do do nha san xuat Canberra
Industries Inc. cung cap va thong tin sé liéu budng chi duoc khao sat, do dac truc tiép.

M® hinh hop chira mau Marinelli dugc xay dung dua trén co s& vat liéu ché tao hop bang nhua polyethylene
voi mat do 0,857g/cmd va co thanh day 0,1cm.

Tia gamma phét ra tir nguon do tuong tac voi moi truong vat chat hé phd ké gamma dugc mé hinh hoa
bang mode p. Vi mode p, electron sinh ra sau twong tac s& dugc xir Iy theo mé hinh gan dung TTB (Thick
Target Bremsstrahlung), khi d6 electron di chuyén cung huéng véi tia gamma t6i va dong thoi phét birc xa
Bremsstrahlung. Khi tia gamma xuyén qua viing nghéo ciia dau do s& tao ra cac cap hat mang dién tich trai
dau va duoc tap hop vé cac dién cuc. Théng qua bo tién khuéch dai nhay dién tich, dién tich cua cac hat
mang dién chuyén dbi thanh xung dién ap. Xung dién &p ti 1& voi phan nang luong tia gamma dugc gitr lai
trong dau do. Khi d6 két qua sé lidu phan bd d6 cao xung theo néng lugng hay phd gamma mo phong duoc
truy xuét bang thé F8. Ngoai ra do anh hudong cua ba hiéu tng gom sy gidn rong thong ké sé luong hat
mang dién, hiéu suat tap hop dién tich va dong gop nhidu cua hé thdng dién tir lam cho cac quang dinh
trong phd gamma thuc nghiém phan bb dang Gauss nén trong xay dung md hinh con st dung tuy chon
GEB (Gaussian Energy Broadening) cua thé FT8 di cung véi theé F8.

Trong mé hinh céc tia gamma phat ra tir ngudn do 1a hop chira mau Marinelli c6 thé tich 16n, mat &6 phan
b déu, thé ngudn SDEF duoc sir dung cling véi cac thé thdng tin vi tri va kich thudc ngudn Sl va thé thong
tin ham phan b mat do xac suat tia gamma phat ra tir ngudn SP véi cac tuy chon phi hop.

Qua trinh md phong phé gamma duoc thyc hién trén may tinh ca nhan vai bo vi xir Iy Intel® Core i5
1,2GHz. Két qua truy xuat duoc ghi trong mot output chuan caa MCNP4C2, bao gom két qua sé liéu phan
b do cao xung theo ning lugng hay phdé gamma md phong va trén co s¢ do6 tinh toan hiéu suét ghi cia dau
do.
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B}léng chi phong tha"ip
gom cac lép: chi, thiéc,
paraftin, dong

Hop chira mau Marinelli

Pau do HPGe kiéu p
GC1518

Hinh 1. Budng chi, hop chtra mau va diu do cia hé phd ké gamma phong thip dung dau do HPGe
dt tai Trung tAm Hat nhan Tp. H5 Chi Minh dugc md phong bang chuwong trinh MCNP4C2.

2.3. Thuat toan tién hoa vi phan va qua trinh toi vu

Thuat toan tién hoa vi phan (DE - Differential Algorithm) dugc phét trién nam 1995 tng dung thich

hop d6i v6i cac bai toan toi wu véi bién lién tuc da duoc kiém ching va cho thiy két qua tét hon so voi
nhiéu thuét toan khac nhu SA (Simulated Annealing), GA (Genetic Algorithm) [15]. Thuét toan DE dang
dugc xem la mot trong cac thuat toan tién hoa tt nhat cho cac bai toan tdi uu ! bién lién tuc. Trong linh
vuc nghién ctru hé pho ké gamma ding dau do germanium siéu tinh khiét véi cu triic hinh hoc nguon do
khéc nhau, thuat toan DE van con rat méi mé, hién chi c6 mot vai nghién ciru tng dung thuat toan DE két
hop v6i MCNP [7] hodc két hop voi GESPECOR [8] ddi véi bai toan khao sat dic tinh cdu trac hinh hoc
ctia dau do HPGe. Déi vé6i bai toan xac dinh kich thudc t6i wu ciia ngudn do thé tich 16n ciing chi c6 mot
vai nghién ctru img dung thuét toan GA két hop voi MCNP [10, 11]. Day 1a co so dé ching toi Iyra chon sir
dung thuat todn DE cho bai toan t8i vu kich thudce hinh hoc cua hop chira mau Marinelli.
Thuat toan DE va GA nam chung nhom cac thuat toan tién hod, mo phong qua trinh tién hoa trong tu nhién
thong qua qua trinh lai ghép, dot bién va chon loc. Tap hop cac c4 thé hay 16 giai cta bai toan t6i uu trong
mot thé hé goi la quf?m thé. Quan thé ban dau duoc khoi tao mot cach ngau nhién. Céc ca thé méi sinh ra
thong qua qua trinh lai ghép va dot bién tir cac ca thé cua quan thé trudce s& duge chon loc, ca thé t6t nhat
sé€ duoc giir lai cho thé hé sau. Thuét toan GA lam viéc v6i chudi nhi phéan hay ma sb ctia cac bién ma khong
phai 13 chinh cac bién. Trong khi dé, thuat toan DE lam viéc véi cac bién s thuc, co ché lai ghép, dot bién
hoan toan khac voi thuat toan GA. O thuét toan DE, c4 thé moi sinh ra 1a sy két hop bdi tdi thiéu 3 ca thé
clia quan thé trudc do, trong khi d6 thuat toan GA chi c6 2 cé thé bé me dugc két hop dé san sinh cé thé
méi trong thé hé ké tiép.

O thuét toan DE, mdi c4 thé 1a mot 1oi giai dugc biéu dién bﬁng mot vector g(“)m n sd thuc X% =
g g g ro R oi1s A g , VR A ge , N
(Xpll, s Xp e Xp_n). Trong do moi thanh phan vector X, ; twong g voi mot bién quyét dinh cua bai

todn to1 wu; p la chi sO biéu thi mot ca thé hay 10i giai kha di trong mot quén thé chay tir 1 dén NP, NP la
kich ¢& quan thé; g la chi s6 biéu thi mot vong lip chu ky tién hoa hay con goi 1a thé hé. Diéu kién rang

budc cua cac bién quyét dinh dugc gidi han boi gia tri cuc tiéu X i, = (X1 mins -+ +» Ximins -+ » Xn mm) va gia

tri cyc dai Xpax = (Xl,maxr oo Ximaxs - s anmax) tuong g ddi voi tat ca cac 10i giai kha di p va cac thé
hé g.
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Hinh 2. Hop chira m?}u Marinelli véi ban kinh pl}ﬁn trén r1, chidu cao phan trén hy, bé day phan
dudi rz, chiéu cao phén dudi h, va duong kinh hoc 16m d = 8,12 cm. Vi the tich cho trude V =
450cm?, cau tric hinh hoc hop chira mau Marinelli dugc xac dinh béi cac kich thuée ry va ha.

Bang 1. Cac thong sb vé nang luong tia gamma, thé tich hop chira mau va kich thudc hinh

hoc ctia hop chira mau Marinelli.

Ky hiéu | Gid tri da biét | Bién quyétdinh | Xpn Xmax Gg‘i ;;‘lf;’l:l:‘“

1) ) ®) (4) ®) (6) @)
Nang lugng tia gamma E, 0,364MeV - - - -
Thé tich hop chira mau Vv 450cm3 - - - -
Puong kinh hoc 16m d 8,12cm - - - -
Thanh hop chira mau t 0,1cm - - - -
Ban kinh phan trén ry - xgl 4,061lcm | 7,049cm 5,4941cm
Chiéu cao phan trén h, - - - - -
B¢ day phan dudi I, - - - - -
Chiéu cao phan duéi r - X5 0,00lcm | 12,899cm | 6,1042cm
31121:1 ;11112(1;6 ghi 16n nhat fopt ) ) ) ) 0,041185

Ghi chua: S6 liéu néi trén dugc lay tir két qua khao sat va do dac truc tiép hodc 14y truc tiép tir két qua tinh toan.

Trong nghién ctru ndy, muc tiéu cua bai toan ti wu 1 xac dinh 2 tham s doc 14p (ry, h,) trong 5 tham sb
kich thudc hinh hoc (ry, hy, 13, hy, d) ctia hop chira mau Marinelli v6i thé tich cho trude duge mo ta trong

Hinh 2. Mdi cé thé hay 15 giai kha di cua bai toan tdi wu duge mé ta bing mot vector Xg = (Xg ” Xﬁ 2), 2

thanh phan vector hay bién quyét dinh tuong mg véi 2 tham s6 doc lap (ry, h,). Diéu kién rang budc cua
cac bién duogc gidi han béi gia tri cuc tiéu X, = (Xl,min, lemin) va gia tri cuc dai Xpax = (Xl,maxr lemax)
duoc liét ké 6 cot S va 6 Bang 1.

Ham muc ti€u duoc xay dung dya trén co so tim kiém hiéu suat ghi 16n nhat cua dau do dugc tinh toan
bang chwong trinh mé phong Monte Carlo MCNP4C2. Do d6, mdi 16 giai kha di cua bai toan t6i wru, ham
muc tiéu c6 mot gia tri xac dinh, goi 1a do thich nghi. Loi giai tot nhit s& cho két qua do thich nghi c6 gia
tri 16n nhat. Mit khac, ham muc tiéu duoc xay dung két hop véi co ché ham phat (penalty function). O day,
déi voi cdc 10i giai x§ = (x5 ,,x% , ) thoa man céc diéu kién (2) va (3) nhung khong thoa man diéu kién (4),
do thich nghi dugc giam mot cach thich hop dé chic chin rang 10i giai nay sau d6 s& dugc loai bo trong
sudt qua trinh tién hoa. Theo d6, ham muyc tiéu c6 dang nhu sau:

fopt = EMCNP(Xgl,XSZ, EV, d) — max [(1 — VXZ) sMCNp(Xgl,xgz,E, v, d), 0] - max (1)
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Trong do:

SMCNP(Xgl, Xp 2 EV, d) 1a hiéu suét ghi ciia dau do dwoc xac dinh tir phé gamma tinh toan bing
chuong trinh MCNP4C2.

V, = m(2ryr, —rhy , 1y =1 — (g + t)

E, V,d vatlan luot 1a nang lugng tia gamma, thé tich, duong kinh hoc 16m va thanh hdp chira mau
Marinelli cho trudc dugc liét ké ¢ cot 3 Bang 1.

X1, min < Xlg),1 =1 < X1, max (2)
XZ,min < ng = hZ < X2,max (3)
V, £V 4)

Céu triic cia chuong trinh may tinh gdm 4 budc dugce viét bang ngdn ngir 1ap trinh DIGITAL Visual Fortran
6 [16] va dugc trinh bay trong luu d6 thuat todn nhu Hinh 3.

Budc 1: Khai tao quan thé ban dau (thé hé g = 0). Quan thé ban dau duoc khoi tao bang cach phat ngiu
nhién ting ca thé Xg theo phuong trinh sau:

Xg,i = Xjmin T (Xi,max - Xi,min) X rand (5)
Trong d6: X; min V& Xi max lan luot 1a gia tri cuc tiéu va gia tri cuc dai ctia cac bién xﬁ_i; rand la ham phat
s6 ngau nhién phan b6 dong dang cé gia tri nam trong khoang (0, 1).

Budc 2: Dot bién. Pay 1a budc dau tién cua vong 1ap chu ky tién hoa tao ra NP vector dot bién. Mdi vector
dot bién ng duoc tao ra tir 3 ca thé khac nhau béng cach lya chon ngau nhién tir NP ca thé trong quﬁn thé
ctia thé hé g nhu sau:

nlg, = xg + F(X — xb) véip = 1,NP (6)
Trong d6: F 1a thong s diéu khién tdc do dot bién co gia tri trong khoang (0, 1) [17]. Thong sd nay dong
vai tro quan trong trong viéc duy tri tinh da dang cia quan thé.

Pé dam bao cac thanh phan cta vector dot bién nam trong diéu kién rang budc cla bién, tién trinh thuét

todn can phai thod man dieu kién sau day:

X1 8 Y- S
Néu nei < Ximin thi nS; = Ximin TN : .
NEurE o . B véip = TNPi=Tn 7)
€u np,i Xl,max lnp,i - Xl,max

Budc 3: Lai ghép. Sau qué trinh dot bién, thudt toan s& tién hanh qua trinh lai ghép dé tao ra mot ca thé mai,
goi la vector thu tlg) bang cach tron ngu nhién vector dot bién nl% v6i vector ban dau Xg theo quy tic ddi
véi cac thanh phan cua vector thir:

{ng néurand < CR

g

pi y. _ e
toi voip = 1,NP;i = 1,n (8)

cho cac trwong hop con lai
Trong d6: CR 1a thong s6 diéu khlen toc do lai ghép co gia tri nim trong khoang (0, 1) [17].
Budc 4: Chon loc. Pay 1a budc cubi cing ctia mdt vong lap chu ky tién hoa bang viéc so sanh gia tri cua
ham muc tiéu f,, hay do thich nghi ctia vector thur tl% v6i vector ban dau Xp. Cac vector dugc lwa chon cho
the h¢ ké ti€p phai c6 gia tri tot nhat ciia ham muc ti€u f,,¢ (trong nghién cru nay 1a hi¢u suat ghi 16n nhat
cua dau do) theo quy tac sau day:

{t% néurand < CR -

g+1

& véip = 1,NP 9)

g z \ \ .
Xp cho cac treong hop con lai
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hoc hdp chira mau
Marinelli mai
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v

Chay MCNP4C2
\ 4
v Doc tép output
A1k MCNP4C2 va tinh toan
bot bien hiéu suat ghi ctia dau do
v v
Lai ghép Dbanh gia ham muc tiéu
véi co ché ham phat deé
xac dinh hiéu suat ghi
v 16n nhét ciia dau do
Chon loc

Hinh 3. Luu d0 thuét toan tién hoa vi phan két hop v6i chuong trinh MCNP4C2 dé tdi wu kich thude
hinh hoc ctia hdo chira mau Marinelli.

Pé xac dinh kich thude tbi wu cua hop chira mau Marinelli, thuat toan tién hoa vi phan st dung kich c&
quan thé NP = 50, thong sé diéu khién toc do dot bién F = 0,5, thong sb diéu khién tdc do lai ghép CR =
0,85 va s6 vong lap chu ky tién hod hay sb thé hé g = 100.

Hiéu suat ghi ctia ddu do tinh toan bang MCNP4C2 thong qua thé truy xuét két qua phan b6 d¢ cao xung
F8 va thé mé rong dinh ning luong dang Gauss FT8 véi tuy chon GEB. Mdi cau triic kich thudc hinh hoc
hop chira mau Marinelli tinh toan bing MCNP4C2 duoc thuc hién voi 2,1 x 108 lich sir hat dé dam bao sai
s6 twong dbi trong két qua sb liéu phan bd do cao xung theo ning luong hay phé gamma mé phong nho
hon 0,003.

Thoi gian chay ciia mét 1an thuc hién bai toan ti wu 1a hon 100 gid (~ 4,2 ngay) trén méy tinh ca nhan véi
bo vi xur 1y Intel® Core i5 1,2GHz.

Viéc str dung thuat toan tién hoa vi phan két hop véi chuong trinh MCNP4C2 dé nghién ctru tdi wu kich
thude hinh hoc hop chira mau Marinelli dugc thuc hién tur dong hoan toan, khong can phai can thiép tha
cong trong sudt qué trinh chay m6 phong va t6i wu. Dau tién, thong sb mé hinh ciu tric hinh hoc va thanh
phan vat liéu ctia hé phd ké gamma goém dau do, ngudn phong xa va buong chi che chan dugc mo ta trong
tép input chuan cta MCNP4C2 trong do bao gom cac s6 lidu dd biét va cac tham sb kich thude hinh hoc
(ry,hy) hop chura mau Marinelli dugc khoi tao ngiu nhién, sau do chay m6 phong MCNP4C2 dé lay ket
qua phan bd do cao xung theo nang lugng va tinh toan hiéu suét ghi cua dau do. Ké tiép, két qua hi¢u suét
ghi cua dau do va so 11eu tinh todn cta qua trinh t01 uu 8 duoc luu trir va ghi lai trong tep két qua. Cudi
cing, mdt quan thé gdm céc ca thé hay bd tham s cau trac hinh hoc (ry, h,) hdp chira mau Marinelli méi
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dugc phat ra va qua trinh t6i vu dugce thyc hién voi vong lap chu ky tién hoda méi. Két qua téi uu duge xac
dinh sau hon 100 vong lap chu ky tién hoa hay thé hé ddi véi quan thé gom 50 c4 thé. Cac kich thudce hinh
hoc tdi vu cia hop chura mau Marinelli dugc trinh bay & cdt cudi cung cua Bang 1 véi hiéu suét ghi 16n
nhit ctia dau do dat dén 0,041185.

3. KET QUA VA THAO LUAN

Do anh huéng cua hiéu img ning lugng tia gamma, hiéu @ng mat dg, hiéu tng thanh phan hoa hoc ciia mau
do 14 khong dang ké ddi vai kich thudc hinh hoc téi wru ctia hop chira mau Marinelli [11] nén trong nghién
ctiru ndy, mau do dang dung dich Nal mat ¢ 1g/cm? chira cic nhan phong xa phét tia gamma nang luong
0,364MeV duoc sir dung. Hidu suét ghi ciia dau do tai ning lugng 0,364MeV twong ung vai bo tham sb
cau trdc hinh hoc cta hop chira mau Marinelli dugc tinh ton bang chuong trinh MCNP4C2 1a thong s6
quan trong ciia ham muc tiéu oy, (1) dé tim gié tri 16n nhat cua bai toan tdi .

Tién trinh hoi tu vé 16i giai t6i wu duoc minh hoa trong Hinh 4 va Hinh 5. Hinh 4 cho thy rang tién trinh
chay mo phong va ti wu duoc kéo dai 1én dén 186 thé hé. Tuy nhién, chi hon 100 thé hé bai toan da hoi tu
vé 101 giai toi wu va da xac dinh hiéu suat ghi 16n nhat cia dau do dat dén 0,041185. Két qua nay c6 gia tri
Ién hon so véi két qua cua bai toan téi uu str dung thuat toan GA két hop véi chuong trinh MCNP4C2 trudc
day, chimg to thuat toan DE da thé hién wu diém vuot troi so voi thuat todn GA trong qua trinh tim kiém
toi vu.
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trong m()t ghu ky tién hoa theo sb thp he Sau hoplOO thg: he_: tién tr}nh chay mé6 phong va
toi vu da xac dinh hiéu suat ghi 16n nhat cia dau do dat dén 0,041185.
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Kich thwéc char, va hL(cm)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
S8 | giai kha di

va h; theo s6 10’1‘ giai kha‘dl trong khong gian tim kiém cua bai toan t5i wu. K}ch thquc t6i
uu cua 1 va hy 1an luogt bang 5,494 1cm va 6,1042cm voi hiéu suat ghi 16n nhat cua dau do
bang 0,041185.

O Hinh 5, cac loi giai kha di cua bai toan ti uu dugc sip xép theo hiéu suat ghi cia dau do tiang dan, do
phan tan trung binh D; ctia nhom 1000 15i giai kha di lién tiép (ry, h,) duoc trinh bay trong Bang 2 va duoc
dinh nghia nhu sau:

%Z]N=S1|Xij _Xi,optl

ﬁi = x 100% (10)

.....

Xj opt

biéu th; 101 giai kha di cua tién trinh t6i wu. Trong nghlen clru nay, n = 2, NS = 9300.

Bang 2. Do phan tan trung binh D; cua 9 nhdm 10i giai kha di lién tiép dbi véi cac kich
thudc hinh hoc r1 va h; ciia hop chira mau Marinelli.

Py phan Nhom 1000 101 giai kha di lién tiép L
tan trun Ham khép va hé so
a9 | 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 9000 | twong quan
n — —0,0005x
D1 0,0190 | 0,0079 | 0,0037 | 0,0021 | 0,0008 | 0,0007 | 0,0006 | 0,0005 | 0,0004 | Y= 0.017€
doi voir R =10,9026
D, 0.4397 | 0,1991 | 0,0920 | 0,0350 | 0,0255 | 0,0176 | 0,0158 | 00116 | 0,0150 | ¥ = 0,368e70000H
ddivsihy | : ' ' ' : : ' : R2=0,8661

Ham khop cua do phan tan trung binh D; cua 9 nhom 10 giai kha di lién tiép ddi véi cac kich thude hinh
hoc r1 va h, dugc trinh bay & cot cudi cling Bang 2 cho thay rang tién trinh hoi tu ctia bai toan t6i uru dé xac
dinh 10i giai t6t nhat voi do phan tan trung binh D; giam theo quy luat ham mi.
Mac khac, do tinh chat thong ké cua két qua tinh toan t6i wu trong nghién ctu nay va xét vung gié tri cua
ham muc tiéu f,, giam 0,1% so véi higu Suat I6n nhét ctia dau do (tir 1oi giai thir 5000 tro 18n, xem Hinh
5) nén loi giai tdi uu khong phai 1a duy nhét va ton tai mot mién téi wu (ry, hy), voi:

5,4361cm <r; < 55307cm

5,9188cm < h, < 6,4312cm
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Bang 3. Hiéu suat ghi 16n nhit cua ddu do vai kich thude t6i wu ry, hy, 1y, h, cua hop chira
mau Marinelli.

STT I;;f;t i‘:{: (%;1111 1(;1;1 r; (cm) h; (cm) r; (Ccm) h, (cm)
1 0,041185 5,49 2,21 1,29 6,14
2 0,041185 5,42 2,17 1,32 6,34
3 0,041182 5,46 2,24 1,26 6,28
4 0,041178 5,47 2,22 1,27 6,23
5 0,041173 5,42 2,17 1,32 6,34
6 0,041172 5,47 2,22 1,27 6,26
7 0,041170 5,46 2,24 1,27 6,28
8 0,041165 5,49 2,21 1,29 6,10
9 0,041165 5,49 2,21 1,29 6,11
10 0,041158 5,47 2,23 1,27 6,25

Trung binh 5,46 2,21 1,29 6,23
Do léch chuan 0,03 0,03 0,02 0,09
Do léch twong doi 0,51% 1,15% 1,66% 1,41%

Hiéu suét ghi 16n cua dau do va céac kich thude ti wu ry, hy, 1y, h, ctia 10 1an tinh lip st dung thuat toén
tién hoé vi phan két hop véi MCNP4C2 dugc trinh bay trong Bang 3. Két qua cho thay rang trong 10 lan
tinh lap cua bai toan tbi uu, d9 léch tuong ddi cua cac kich thudc téi wury, hy, 1y, hy khong vuot qua 2%
va dugc trinh bay ¢ dong cudi cing Bang 3. Hon nita, trong thyc té thi nghiém ché tao hop chtra mau
Marinelli, véi do chinh xé&c cua thude do 1a Imm hay 0,1cm, 10 bg kich thudc t6i wu néi trén dugc xem la
trung nhau trong ving sai s6 cua thude do. So sanh voi két qua tir cong trinh [11] cho thay rang cac kich
thudc t6i wu cua hop chira mau Marinelli duoc xac dinh tir nghién ctru nay 1a ciing gidng nhau trong viing
sai s6 cua thude do.

4. KET LUAN

Viéc str dung thudt toan tién hoa vi phan két hop v6i chuong trinh MCNP4C2 di cho phép xéc dinh kich
thudce t6i wu cua hop chira mau Marinelli hoan toan tu dong ma khong can phai can thiép thi cong nao tir
khau tao tép input dén khau doc tép output de xtr 1y s6 liéu va cudi ciing 1a khau thuc hién cac phép toan lai
ghép, dot bién va chon loc cia thudt toan tién hoa vi phan. Mic du thoi gian tinh toan ctia mot tién trinh tdi
vu con kha 16n (~4,2 ngay), chu yéu 1a thoi gian danh cho viée tinh toan mé phong MCNP4C2, nhung han
ché nay c6 thé khac phuc khi chay trén hé may tinh mic song song. Thuét toan tién hoa vi phan da thé hién
wu diém vuot troi so v6i thuat toan di truyén trong vi¢c tim kiém cuc trj ctia bai toan tdi vu. Trong pham vi
sai s6 cuia thude do, cac kich thudc tdi wu cua hop chira miu Marinelli dwoc x4c dinh tir nghién ctru nay
hoan toan phu hop véi két qua nghién ciru trude day cua chung toi.
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A STUDY OF OPTIMIZING GEOMETRICAL DIMENSIONS OF THE MARINELLI
BEAKER USING A DIFFERENTIAL EVOLUTION ALGORITHM COUPLED WITH
MCNP4C2 COMPUTATIONAL CODE

VO XUAN AN
Faculty of Electronics Technology, Industrial University of Ho Chi Minh City
voxuanan@iuh.edu.vn

Abstract. The Marinelli beakers with large volume have been widely used to contain samples in
measurements of low-activity environmental samples by gamma spectrometers using high purity
germanium (HPGe) detectors due to the solid angle of gamma beam from the radiation source to the detector
to be wide. In this work, we have developed a computational methodology for optimizing geometrical
dimensions of the Marinelli beaker based on the differential evolution algorithm couple with MCNP4C2
code. The selected sample was the radiation solution of I having the energy line of 0.364MeV and the
main component to be water with volume of 450cm? and density of 1g/cm®. The differential evolution
algorithm was used to search the geometrical dimensions of the Marinelli beaker including the upper radius,
r; and the lower height, h, through maximizing the detector efficiency computed by the MCNP4C2 code
for that geometrical dimensions, respectively. After over 100 generations, the search algorithm was focused
with the maximum efficiency of 0.041185 for the Marinelli beaker model having the upper radius, r1 equal
to 5.4941cm and the lower height, h, equal to 6.1042cm. Comparing with the genetic algorithm, the
differential evolution algorithm showed that there was the outstanding advantage in optimization searching.
Within the error range of measuring instrument, the optimization geometrical dimensions obtained from
this work agrees with our previous results.

Keywords. Marinelli beaker, HPGe detector, differential evolution algorithm, MCNP4C2.
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