TAP CHi KHOA HOC HO CHI MINH CITY UNIVERSITY OF EDUCATION

£r ig"ﬁc =  TRUONG DAI HOC SU PHAM TP HO CHi MINH JOURNAL OF SCIENCE

Tap 23, Sb 1 (2026): 150-162 Vol. 23, No. 1 (2026): 150-162

ISSN: Website: https://journal.ncmue.edu.vn https://doi.org/10.54607/hcmue.js.23.1.5093(2026)
2734-9918

Bai bao nghién ctru
XAY DUNG MO HINH MANG NO-RON NHAN TAO PE XAC PINH
NHANH NONG PQ DUNG DICH NaOH DUA TREN PHO TRUYEN

QUA CUA CHUM TIA GAMMA NANG LUQNG THAP 59,54 keV
Nguyén Thanh Pat"?", Tran Vii Thién An’, Vé Diép Trung Tin?,
Tran Trung Nguyén', Hupnh Dinh Chwong®, Hoang Thi Kiéu Trang?, Hoing Dirc Tam'
!Truong Pai hoc Sw pham Thanh phé Ho Chi Minh, Viét Nam
2Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Qu(fc gia Thanh phé H6 Chi Minh, Viet Nam
*Téc gia lién hé: Nguyén Thanh Pat — Email: datnth@hcmue.edu.vn
Ngay nhdn bai: 02-7-2025; Ngay nhdn bai swa: 25-8-2025; Ngay duyét dang: 08-89-2025

TOM TAT

Nghién ciru nay trinh bay mét cdch tiép cgn méi dé xdc dinh nhanh néng dg ciia dung dich
NaOH dya trén phép do suw suy giam ciia chiim tia gamma ning heong thap 59,54 keV phdt ra tir
nguon **'Am va mang no-ron nhan tao (ANN) dwoc hudn luyén triec tiép tir phé do. Pau tién, mé
phong Monte Carlo duoc st dung aé tao dir lieu phé. Sau do, dw liéu ph(f nay duoc trich xudt truec
tié}? dé huan luyén va 16i wu mé hinh ANN. Hiéu sudt di dodn ciia mé hinh t6i vu dwoc so sanh véi
phirong phdp dwong chudn dwoc xdy dung tir moi lién hé giita ti s6 InR giita dién tich dinh truyén
qua gitta nwée va dung dich NaOH véi nong do twong vmg. Két qua thu dwoc cho thdy mé hinh ANN
dat do léch trung binh dudi 2,8 % so voi cdc n5ng do tham chiéu, trong khi duong chudn cho dg léch
trung binh trén 6,0 %. ﬁvimg néng do thdp (C = 5,0%), moé hinh ANN cho d¢ léch chi 2,5%, {6t hon
nhiéu so voi dg léch khodng 12,6% tir dwong chudn. Diéu nay cho thdy su két hop phép do truyén
qua véi tia gamma nang lieong thap va mé hinh ANN la cach tiép can day hira hen dé xdc dinh nhanh
néng do voi do chinh xdc cao cho cac dung dich kiem.

Tir khéa: gamma truyén qua; md phong Monte Carlo; MLP-ANN; NaOH; ndng d

1.  Giéi thi¢u

Natri hidroxit (NaOH) 1a mét loai bazo manh, ton tai phé bién dudi dang tinh thé tréng
hodc dung dich trong nudc. Nho kha nang phén li hoan toan trong nude, NaOH tao ra moi
truong kiém c6 tinh dn mon cao, dugc ing dung rong rii trong cong nghiép hoa chat, san
xudt gidy, xa phong va trong cc phong thi nghiém. Tuy nhién, do dic tinh hut 4m manh va
d& hap thy khi CO tir khong khi, dung dich NaOH dé thay d6i nong d6 theo thoi gian. Viéc
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xac dinh chinh x4c nong 6 NaOH 1a rit quan trong nhim dam bao do chinh xéc trong cac
phan tng héa hoc, quy trinh san xuat va cic phép phan tich dinh lwong. Sai s6 vé nong do
NaOH c6 thé din dén sai léch két qua thi nghiém, anh hudng dén chét luong san pham, hodc
gdy nguy hiém trong cac yéu cau kiém soat do pH can than.

Hién nay, nhiéu phuong phép ding dé do nong d6 NaOH trong dung dich da duoc
phat trién. Mot trong cac phuong phap dugc sir dung phd bién trong hoa hoc 14 chuan db axit
—bazo dua trén phan g trung hoa gitra axit va bazo (Sue & Arai, 2004), trong d6 mot dung
dich axit chuan c6 ndng d6 biét trudc (thuong dung HC1) dwoc thém tir tir vao dung dich
NaOH cho dén khi sb mol axit bang s6 mol bazo (diém twong duong). Piém nay dugc xac
dinh bang su thay d6i mau sic ciia cac chat chi thi mau nhu phenolphthalein hoic may do
pH. Ki thuat nay don gian, chi phi thap va d& thuc hién, nhung doi hoi xir li mau can than va
mat thoi gian, khong pht hop véi cac ing dung yéu cau do nhanh hay trén quy mé 16n. Mot
phwong phap khac ciing thuong dung dé xac dinh nong d6 dung dich 1a do d6 din dién dua
trén sy thay d6i ciia cac ion trong dung dich (Dorn et al., 2024). Uu diém ctia phuong phap
nay 1a nhanh, khéng yéu cau xtr li mau, nhung do nhay cta phép do d& bi anh hudng bai
nhi¢t o, gidm do chinh xéc khi néng do cao (Rhoades, 1993). Bén canh do6, cac ki thuat do
quang phd ciing dugc ap dung dé xac dinh nong d6 NaOH, cu thé nhu ki thuat UV-Vis do
nong do NaOH qua cudng d pho hip thu & ving tir ngoai véi bude song 200-220 nm (Tong
et al., 2023), hay ki thuat FTIR-ATR do nong d6 NaOH mdi lién h¢ tuyén tinh giita ph6 hap
thy hong ngoai c6 cuong d6 dinh tai sé song 3640 cm™ véi nong dd OH' trong dung dich
(Dai et al., 2023). Hai ki thuat trén c6 thoi gian do nhanh nhung con mot s6 han ché nhu
phai dung thém chat chi thi mau (UV-Vis) hay phai chuan mau (FTIR-ATR). Cac phan tich
trén cho thdy mdi phuwong phép do nong dé6 NaOH déu ¢ nhimg wu diém va han ché riéng
vé d6 chinh xéc, toc d6 do va yéu cau ki thuét. Do do, yéu cu vé mot ki thuat kiém tra khong
hiy mau c6 thé gidm sat ndng dd6 NaOH trong cac day chuyén cong nghiép lién tuc, dong
thoi it bi anh hudng boi dung méi trong dung dich 1a rat can thiét. Pé dat duge cac yéu cau
trén, nghién ctru ctia chung toi dé xudt sir dung ki thuat do birc xa gamma truyén qua dé xéac
dinh néng d6 dung dich NaOH, ki thuat nay dua trén sy suy gidm cua cuong do tia gamma
khi truyén dung dich theo nguyén li Beer-Lambert.

Mot sé nghién ctru gin day di ap dung phuong phap do gamma truyén qua dé xac dinh
ndng do cua cac dung dich axit (Nguyen et al., 2024; Truong et al., 2021). Két qua ban dau
trong cac nghién ctru ndy cho thiy phuong phéap c6 do chinh xac kha cao véi do léch giita
nong do do dwoc va gia trj tham chiéu nho hon 5,0%. Tuy nhién, diém dédng chu ¥ 1a cac
nghién ctru nay déu sir dung ngudn phong xa '*’Cs phét ra chim tia gamma c6 ning lugng
661,7 keV. Néu sir dung mirc ning lugng 661,7 keV dé do nong d6 NaOH trong dung dich
s& c6 mot s6 han ché nhu hé s6 suy giam tuyén tinh p & ning lwong nay rat nho, thay doi
khong dang ké giita cac ndng d6 khac nhau (Nguyen et al., 2024). Piéu nay 13 lam giam do
nhay cuia phuong phap. Dé khic phuc han ché nay, nghién ciru nay sir dung chiim tia gamma
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¢6 nang luong thap hon, cu thé 1 chum tia 59,54 keV tir ngudn 2*' Am, diéu nay gitip nang
cao d6 nhay ciia phép do va phit hop véi bé day miu do trong thyuc té. Mit khac, chung toi
cling tmg dung mé hinh mang no-ron nhén tao (ANN) két hop mé phong Monte Carlo vio
phép do nham phat trién mot cach tiép can méi dé xac dinh ndng d6 dung dich NaOH. Mo
hinh ANN di dugc ap dung rong rii trong ki thuat phan tich bang tia gamma, chang han
nghién ciru ciia Truong et al. (2021) dd budc dau sir dung md hinh ANN dé du doan ndng
d0 cua cic mau axit, véi d6 sai léch < 3,5% so voi gia tri tham chiéu. Thay vi str dung ti sb
InR (v6i R 14 ti s6 dién tich dinh truyén qua giira dung dich va nudc cat) lam dau vao cho
mo hinh ANN nhu cac nghién ctru trude ddy, ching toi tryc tiép st dung dir liéu ving phd
xung quanh dinh gamma dic trung, qua do giit lai thong tin nén Compton hodc cac dinh phu
quan trong cho viéc phan tich. Didu nay khong chi khic phuc han ché cua gia dinh suy giam
cuong do chum tia theo dinh luat Beer-Lambert, trong khi thyuc té con co thanh phﬁn tan xa
thir cAp, ma con gitp ANN tu dong trich xuét cac dic trung phi tuyén, nang cao do chinh
xac va tinh khai quat ctia mo hinh. B9 chinh xéc cua gia tri néng do NaOH duoc udc tinh
bai m6 hinh ANN duoc so sanh véi két qua thu dugce tir phuong phap dudng chuan, dua trén
céc phép do thuc nghiém, nham dénh gia mirc d6 hiéu qua va tinh kha thi ctia phuong phép.
2. Mau do va phwong phap

2.1. Bo tri thwe nghiém

vongvotion

DAu do Nal(Tl)
trong khéi chi

& Mau dung dich
T

Hinh 1. So d6 thi nghiém do nong dé dung dich NaOH bdang ki thudt gamma truyén qua

Trong nghién ctru nay, hé phd ké gamma st dung dau do nhap nhay Nal(T1) véi kich
thude tinh thé 51 mm x 51 mm (san xuit bai Mirion Technologies, Inc., Hoa Ki), két ndi
v6i thiét bi phan tich phd ki thuat sd da kénh Osprey, tich hop ngudn dién cao ap, bd tién
khuéch dai va bo xt 1i tin hiéu sb véi 2048 kénh. Nguén phoéng xa duoc st dung la nguén
diém 2*'Am c6 hoat do khoang 15,8 mCi, phat ra bic xa gamma véi nang luong 59,54 keV
(cung cap boi Eckert & Ziegler). Dé giam thiéu anh hudng cia blic xa gamma tan xa tha
cép, dau do duoc dat bén trong mot 6ng chuén truc bé‘mg chi v&i dudng kinh 16 7,7 mm va
chiéu dai 90 mm. Ngudn phoéng xa ciing duoc dat trong mot dng chuan truc bang chi c6
duong kinh 16 5 mm va chiéu dai 90 mm. Khoang cach gitta ngudn va bé mit dau do duoc
thiét lap ¢ dinh & muac 350 mm. B tri thi nghi¢m gém khdi nguén, dau do va miu do duoc
bd tri nhu trén Hinh 1.

Cac mau dung dich NaOH dugc pha v6i ndng d6 khac nhau va dung trong hop do chit
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nhét ¢6 kich thudce 13 cm x 13 cm x 5 cm dit cach bé mat dau do 10 cm. Quy trinh pha céc
mau dung dich duoc thyc hién can than theo cc bude sau: dau tién, mot luong NaOH dang
khan (Fisher (Hoa Ki) san xuit) va nudc cat 2 lan dugc can chinh xac dé pha ché nong do
yéu cau. Tuy nhién, can luu ¥ rang do chinh xac cta ndng do dung dich trong thuc té bi anh
huong boi nhiét d6 dung dich sau pha ché va ndng do bio hoa cua chat tan. Trong trudng
hop cia NaOH, mot hop chit téa nhiét manh khi tiép xuc nudc, nghién ctru giéi han néng
do NaOH trong dung dich dudi 20 % dé dam bao do chinh xac cua cac miu dung dich. Sau
d6, hon hop NaOH va nuéc chit duge khudy déu bang mot may khudy tir véi toe do trung
binh 500 vong/phut dé tao dung dich yéu cau. Mdi phép do duoc thuc hién trong thoi gian
ngan 13 300 gidy (khoang 5 phat) dudi diéu kién nhiét d6 phong duoc giit 6n dinh trong
khoang 25-27°C.

2.2. Mo phong Monte Carlo

Trong nghién ctru nay, chung t61 st dung chuong trinh MCNP phién ban 6.1 (MCNP6)
dé tao ra phé mo phong Monte Carlo cho cac phép do ndng 46 NaOH khéc nhau (Goorley
et al., 2012). Chuong trinh nay gitp mé ta lai chinh x4c bd tri hé do thuc nghiém khi cung
cap day du thong tin vé cau hinh ngudn, hé do, thanh phan hoa hoc va mat do ctia mau. Cac
thong s6 ctia ddu do Nal(T1) di duoc tdi wu trong nghién ciru trudc ddy cua ching toi (Huynh
et al., 2019). Nong d6 dung dich NaOH trong mé phong thay doi tir 0% dén 50% voi budc
nhay 13 0,5%, thong tin ti 1& cac nguyén té trong dung dich dugc tinh toan tir dit liéu cua
NIST va mat d6 khdi tuong tng dugc tinh toan tai nhiét d6 25°C (Perry et al., 1997).

Pé thu duoc phd xéc suat phan bd theo dd cao xung trong md phong cé dang phd phu
hop v6i pho thue nghiém thu duoc tir dau do, thé “FT8 GEB a b ¢” trong tally F8 dugc sir
dung dé tao dang phan b theo ham Gauss cho cac dinh ning lugng trong phd md phong.
Céc tham s6 a, b va ¢ dugc xac dinh thong qua viéc 1am khép do rong nira dinh (FWHM)
ctia cac dinh ning luong trong phd thuc nghiém, c6 gia tri trong nghién ctru nay 1an luot 1a
-0,008124; 0,070417 va -0,190044. Sb photon phat ra tir nguén duoc khai bao trong mdi mod
phong 14 3,0.10'° nham dam bao d6 chinh x4c vé mit thong ké.

2.3. Phwong phdp xdc dinh néng dé dung dich NaOH dwa trén dwong chudn

Quy trinh xac dinh ndng do cta dung dich NaOH bang ki thuat gamma truyén qua dua
trén viéc xay dung duong chuan phu hop gitta ti sé InR va ndng d6 dung dich duge thuc
hién theo cac budc sau day:

Budc 1. Tao dit liéu md phong Monte Carlo v6i nong d6 khac nhau va sau d6 xac dinh

ti s6 In R*" theo cong thirc:

NS — _
1nR=1n[N J— (mp, —15p,, )d (1)

w

trong d6 N_=N, exp(—pgpsd),Nw =N, exp(—usvad) 1an luot 12 dién tich dudi dinh chum

tia gamma truyén qua v6i dung dich NaOH va nudc cat. Cac gia tri pd va pb lan luot 1a hé
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s6 suy giam khéi (MAC) dbi v6i dung dich NaOH va nuée cét; psva p lan luot 1a mat do

khéi lugng ctia dung dich NaOH va nudce cat; d 1a bé rong hop dung dung dich.

Bén canh d6, mat do khoi lugng cua dung dich NaOH ciing cho théy su thay doi tuyén
tinh theo néng dd dung dich ¢ cac nhiét d§ khac nhau nhu trén Hinh 2. Sy phu thudc nay
dugc biéu dién theo cong thirc sau:

ps = alc + aO (2)
biémcanchuyla p =a; trong trudng hop ctia nudc cat, khi d6 nong 46 NaOH bang
khong.
15 Pt
. 24
g /";!;:’v ’
Ch !g'
£13 pz
K y A
3 P 2
g2 P ‘
«©- ) =
T 1.1 ; '
& C,Tj"
= 10 #‘ ' —m— Nhiétd6 0-C —e— Nhiét d 20-C
% —a— Nhiét d6 40-C —v— Nhiét d 60-C |
+ Nhigt ds 100-C
0.9 : : : : :
0 10 20 30 40 50

Néng do phan tram (%
Hinh 2. MGt do khoi lwong cua dung d;’c; N;OH th(eo) néng do tai cac nhiét do khac nhau
(Perry et al., 1997)
Mt khac, gia tri pf da dugc chirmg minh 1a mot ham tuyén tinh theo néng do C nhu
cong thuc (3) trong mot s6 nghién ciru trude day (Huynh et al., 2021).
HE = (Hfuon —H )C+uf, =b,C+b, (3)
trong d6 b, =% o, — 1’ va b, = 1® , 12 14 hé s6 suy giam tuyén tinh ciia NaOH.
Thay cong thuc (2), (3) vao cong thue (1), ta co:
InR =[(b,C+b,)(a,C+a,)-a,b, |d (4)
Phuong trinh (4) cho thiy InR 1a mot ham da thic bac 2 theo nong do NaOH trong
dung dich, va c6 thé viét gon lai nhu sau:
InR =a,C” +a, +0a, (5)
Budc 2. Xdy dung dudng chuan tir cac gia tri In(R*™) vé6i ndng d6 C cta dung dich
bang phuong phap lam khép binh phuong t6i thiéu theo phuwong trinh (5). Cac tham sb a,,
o,, O, va cic sai sb cua chiung dugc xac dinh tir duong chuan.
Budce 3. Thuc hién cac phép do thuc nghiém vdi cac mau dung dich NaOH c¢6 néng do
khac nhau va nudc cat. Tinh ti s In(R™) tir phd thuc nghiém bang cong thic (1), sau do

xéac dinh ndng d6 NaOH va sai s6 ctia phép do theo duong chuin da xay dung & budc 2.
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2.4. Xdc dinh nong dp dung dich siv dung mé hinh mang no-ron nhén tgo

Nghién ctru sir dung mé hinh mang no-ron nhén tao véi kién triic da 16p truyén thing
MLP (Multi-Layer Perceptron) va thuat toan truyén nguoc (Schmidhuber, 2015) nham dy
doan ndng do dung dich NaOH truec tiép tir dir liéu phd gamma ghi nhan boi dau do Nal(Tl).
Khac voi phuong phap duong chuan yéu cau budc xir li trung gian nhu tinh toan ti s6 InR,
mo hinh ANN khai thac ph6 do lam dit lidu dau vao ma khong can bude trich xuat dic trung.
Céch tiép can nay nham don gian hoa quy trinh xir 1i di liéu, ting cuong kha niang ty dong
hoa va tang tinh kha thi khi ding dé do ndng d6 NaOH trong cong nghiép. Qua trinh huin
luyén va t6i wu mo hinh ANN gom 16p déu vao, mét 16p an duy nhat, va mot 16p dau ra dé
xac dinh néng dd dung dich NaOH dugc mo ta chi tiét trén so d6 Hinh 3.

Chuén bi dit ligu phd md phéng MCNP
e Tap huan luyén: 85%
e Tap danh gia: 15%

|

Xay dung ANN-MLP

o Ldp dau vao: 110 no-ron (110 kenh pho)
o Ldp an: k no-ron (khao sat)
o Lép dau ra: 1 no-ron (néng do NaOH)

)2 Khao sat tham sb 2

: Duing ham kich hoat: Sigmoid,
Swish, Tanh, Softmax :

Tim s6 no-ron

Tinh chi s6 trén tap danh gia
MAE, RMSE, R?, RD

< Higu suét di t6t7 >

l

Tim mo hinh t6i uu ‘

|

[ Danh gia do tin cay va dy doan nong
d6 NaOH trén phép do thyc nghiem |

Hinh 3. So do6 xdy dung mé hinh ANN-MLP dé xdc dinh nong dj NaOH trong dung dich
Dau tién, 100 phé mo phong tir chuong trinh MCNP6 tuong tng véi cic mau dung

dich NaOH co n(‘A)ng dd tir 0 % - 50 % da duoc tao ra cho viée huin luyén mo6 hinh. Tu mdi
pho, chi ving dit liéu phd giita kénh sb 118 va 277 (ving quanh dinh tia gamma ¢ ning
luong 59,54 keV) duogc trich xuét lam dau vao cho md hinh ANN, do day la ving ma s6 dém
giam rd rét theo su suy giam ctia ndng d6 NaOH. Dit lidu sau d6 duoc phan chia ngau nhién:
85% lam tap hun luyén dé t6i vu hoa trong sd (weight) va hé sb bias ciia mang ANN bang
cach lam giam ham mét mat sai s toan phuong trung binh (MSE) theo cong thic (6) dén
khi hoi tu, 15% con lai dé danh gia hiéu suit du doan va ngan chan sy qua khop (overfitting)
ctia mo hinh. Qua trinh huin luyén trén may tinh v6i CPU Intel Xeon W-2135 va GPU
NVIDIA GeForce RTX 3060 Ti, trung binh thoi gian hua luyén mé hinh khoang 16,3 giay.
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MSE = lz (C7 —Crety? (6)
n-;

trong d6 CI", C”™ 1an luot 1a ndng d6 tham chiéu va dy doan thr i cua dung dich NaOH.

Tiép theo 1a budc khao sat cac tham sb cua 16p 4n nhu ham kich hoat, s6 no-ron dé tim
cAu trac md hinh ANN t3i vu c6 hiéu suét tdt nhat. Nam c4u hinh ham kich hoat cho 16p an
gé)m: khong dung ham kich hoat, Sigmoid, Tanh, Softmax va Swish voi s6 no-ron thay ddi
ttr 1 dén 100 duoc chay khao sat. Mdi mé hinh déu duoc chay voi tdc do hoc ¢b dinh ¢ 0,01
va trong 100 vong lap. Hiéu sudt dy doan cia m&i mo hinh dugc dénh gia sau dya trén cac
chi s6 théng ké gém RMSE, MAE, RD, R? dugc trinh bay trong c4c phuong trinh (7-10),
trong d6 chi s6 RD 13 quan trong nhét do phan anh sy chinh xéc giira két qua du doan va gia
tri thuc.

1 N 5 1/2
RMSE = {EZ(CW - } (7)

i=1

N
MAE = %IZI: |(Ciref _ C{ared )| (8)

1 N Cref Cpred
ﬁ ; [ Cref j
z (Cpred Ciref )2

R?=1-4 (10)

Z(Cpred _ C?ef )2

i=1

Két qua ¢ Hinh 4 cho théy khi st dung ham kich hoat Sigmoid, cac gid tri RMSE,
MAE, RD va R? duy tri sy on dinh va co gia tri thép hon so v&i cadc ham con lai va truong
hop khong sir dung ham kich hoat. Chi s6 RD tai ham nay giam nhanh khi s no-ron 16p an
vuot 10, trung binh dudi 5,0 % va dat gia chi nho nhat dudi 1,2 % tai 43 no-ron, sau d6 ¢
xu hudng ting nhe. Dua trén két quéd phan tich trén va tdc dd hoi tu ciia ham mat mat, cau
hinh ANN t6i vu sir dung ham kich hoat Sigmoid véi 43 no-ron ¢ 16p an.
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Hinh 4. Sy thay doi ciia cdc tham sé thé'ng ké RMSE, MAE, RD, R? theo s6 no-ron
ciia 16p an va cdc ham kich hoat & tdp ddnh gid sau 100 lan chay hudn luyén
Thuat toan Adam dugc ap dung khi huén luyén mo hinh ANN da xéac dinh ¢ trén dé
t8i uu hoa trong sb, tan dung kha nang ty dong diéu chinh hé s hoc dua trén momen bac
nhat va bac hai cta gradient. Dé ham mat mat MSE héi tu vé& 107 trong thoi gian ngdn nhat,
s6 vong hudn luyén dugc ting 1én 500. Pong thoi, nhim tranh hién twong qua khép do trong
) qué 16n hodc no-ron phu thudc 1an nhau, mot chuwong trinh ty dong diéu chinh hé sb hoc
trong khoang 0,1 — 0,0001 theo ham mat mét cua tip danh gia ciing duoc chung toi tich hop
vao bén canh thuat toan Adam. Cac thong s6 khao sat va tdi uu ciia mo hinh ANN duoc dung
dé du doan ndng d6 NaOH duoc trinh bay trong Bang 1.
Bdng 1. Thong $6 ctia mé hinh hoc may dwoc 16i wu dé du dodn bé day vat liéu

Cic thong s6 md hinh Gia tri khao sat Gia tri toi uu

S6 noron trong 16p dau vao 110 110

S6 noron trong 16p 4n 1-100 43

S6 noron trong 16p dau ra 1

Ham kich hoat Khoéng ham kich hoat . .
Sigmoid — Tanh — Swish - Softmax Sigmoid

Téc d6 hoc 0,01 0,1 —0,0001

S6 vong huén luyén 100 500

Mait khéc, anh huong cua kich thudce tap huén luyén 1€n do chinh xac ctia mo hinh voi
tap kiém tra thu tir cac phép do thuc nghiém ciing duoc khao sat bang cach thay d6i sb luong
phd mé phong dau vao tir 10 dén 85 voi cling cdu hinh ANN d t6i wu. Mi mé hinh duogc
chay lap lai 40 14n huan luyén nham khir nhiéu do sy khéi tao trong ) ngau nhién, ddm bao
tinh nhat quan cua két qua. Két qua trén Hinh 5 thé hién do 1éch twong d6i (RD) gitta ndng
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d6 du doan va thuc té theo sb luong phd huan luyén. Khi s6 mau huan luyén trén 50 phd, do
léch duy tri sy 6n dinh dudi 18 %, trong khi d6 1éch tang trén 20% khi s6 phd nho hon 30.
Diéu nay cho thay viéc st dung 85 phd mé phong 1a du dé huin luyén mé hinh ANN, dong
thoi dam bao sy sai biét cua két qua du doan véi dir liéu thuc nghiém trong ngudng chip
nhan duoc.

Db lach (%

5 86 phd dwa vao huin luyén
—=— 10 ——20 —4—30
—v—50—+—-70 85

T

0 10 Zb Sb 4b
$6 1an chay hun luyén
Hinh 5. Su bién thién do léch gitta néng dé du dodn va tham chiéu véi tdp dir liéu thuc
nghiém ciia mé hinh ANN t6i wu theo s6 liwong phé mé phong ding lam diF liéu dau vao
Sau khi d4 xay dung mo hinh ANN t6i wu, cac phép do thuc nghiém dugc tién hanh

dé tao tap dir liéu kiém tra do tin cdy cia mo hinh. Tap dir liéu gdm 5 phd dic trung duoc
trich xuét tur phép do cho 5 mau dung dich NaOH véi cac néng d6 5,0%; 7,5%; 10,0%;
15,0% va 20,0%.
3.  Két qua va thao luin
3.1. Két qua dw dodn néng d¢ dung dich NaOH biang phwong phdp dwong chuin (CF)

12000

10000

7;Zu;hr;gn};ém a o "tlrluc n_‘ghiém I I b
10000 59,54 keV 1 —MOPONg 59,54 kev

¢ 8000 - o
8000
6000 -
6000

S6 dém/kénh
Sé dém/kénh

4000
4000 +

2000

2000+

Nwéce cat NaOH 15 %

B e e R
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Kénh Kénh

Hinh 6. So sanh sw dép irng phé giita thwc nghiém va mé phong

Hinh 6 trinh bay so sanh dang phd truyén qua gitra dir liéu thuc nghiém va mé phong
Monte Carlo sau khi chun héa vé cting mot thang do. Két qua cho thiy sy trong dong vé vi tri
dinh, d6 rong dinh va nén tan xa Compton xung quanh dinh phd gamma 59,54 keV. Tuy nhién,
d0 cao va vi tri dinh phé gitta mo phong va thuc nghiém van c6 su khac biét nho trén hinh,
nguyén nhan chinh 13 do mé phong Monte Carlo khong thé mé ta hét tt ca cac qua trinh trong
tac gitra btrc xa voi vat chét trong thuc té. Picu nay cho théy viéc sur dung ti s6 InR tr dix liéu
mo phong c6 thé thay thé dit liéu thuc nghiém trong viée xay dung duong chuan. Céc gia tri mo
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phong In(R*™) cuing sai s twong tmg ciia cac mau dung dich NaOH c¢6 néng d6 khac nhau
da duoc xac dinh theo quy trinh trinh bay & phan 2.3. Cac gia tri nay dung dé xay dung
duong chuan dang da thirc bac 2 theo cong thire (5) giita ti sé InR va ndng d6 NaOH nhu
mo ta trén Hinh 7. Hé s6 xac dinh R? gan bang 1,0 cho thdy duong chuan c6 do chinh xac
cao va phu hop dé xac dinh néng do dung dich NaOH. Cac hé sb a2, a1, oo cung sai sb thu
duoc tir duong chuin dugc trinh bay trong Hinh 7.

0.0 —— Duéng cong bac 2

3 Diém di ligu

a0 = 0.003423 £ 0.001355
a = -0.01158 + 0.000154
051 |, = 9.614e-06 + 3.232¢-06
Adj. R? = 0.9996

0 10 20 30 40 50
Nbng d6 phan tram (%)

Hinh 7. Puong chudn da thirc bic 2 cia gid tri In(RS™) véi nong do dung dich NaOH
Puong chudn di xay dung 6 trén dugc sir dung dé xac dinh ndng do ciia cic mau dung
dich NaOH trong cac phép do thuc nghiém. Két qua udc tinh ndong d6 NaOH, d6 1éch va sai
s6 ciia phép do duoc trinh bay chi tiét & Bang 2 cho thdy phan 16n cic mau thyc nghiém c6
d6 1éch gitra gia tri dy doan tir dwdng chuin va nong do tham chiéu nhé hon 6,7%, ngoai trir
mau c6 ndng d6 thap (C = 5,0%) thi co d6 1éch 1én dén 12,6%. Nguyén nhan dan dén do 1éch
16n & mau nay duoc dy doan 1a do sy toa nhiét manh cia NaOH khi hoa tan véi nude, dan
t6i sy boc hoi ciia nudc gy anh hudng dén ndng d6 dung dich dugc pha ché.
Bing 2. Nong d¢ dy dodn cdc dung dich NaOH sir dung phwong phdp dwong chudn (CF)
va mé hinh ANN t6i wu trong phép do gamma truyén qua ¢ ning heong 59,54 keV

Nong dd Nong do dw - ' Sai s Nong do dw .
CC 7T Pplech  Saisd S 7" P lech

tham chieu doan t}r duong (%) %) twong doi doan tir mo %)
(%) chuan (%) (%) hinh ANN (%)

5,0 4,37 12,59 0,28 6,41 4,88 2,48

7,5 7,09 5,52 0,29 4,10 7,40 1,30

10,0 9,34 6,63 0,31 3,29 9,42 5,78

15,0 14,45 3,66 0,35 2,42 15,28 1,86

20,0 19,66 1,69 0,41 2,09 19,53 2,37

3.2. So sdinh két qud dw dodn nong dé dung dich NaOH tiv mé hinh ANN téi wu véi
phwong phdp dwong chuin
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Hinh 8. (a) Nong dé dung dich NaOH wéc tinh tir dwong chudn (CF) va mé hinh ANN
(b) Bé léch giita nong do duw dodn va tham chiéu cho 5 mau dung dich NaOH
khi sir dung dwong chudn (CF) va mé hinh ANN

Pho thuc nghiém ctia nam mau dung dich NaOH c6 ndng d6 khac nhau dugc dung 1am
tap kiém tra dé danh gia hiéu suat du doan cia mo hinh ANN t6i wu. Két qua du doan nong
d6 NaOH tir mé hinh va d6 léch so véi gid tri tham chiéu dugc trinh bay trong Bang 2. Pong
thoi, cac gid tri nay dugc so sanh véi két qua tir phuong phap dudng chuan, nhu minh hoa
trong Hinh 8 (a) va 8 (b). Theo d0, cac phan tich cho thay nong do du doan tir mé hinh ANN
c¢6 d6 chinh x4c cao v&i do 1éch trung binh dudi 2,8% so v6i phuong phap dudng chuan trén
6,0% cho tat ca mau do. Piém dic biét 1a ¢ ving nong d6 dung dich thap (<10%), mé hinh
ANN cho két qua du doan rat tot voi do 1éch chi khoang 2,5% va 1,30% tuong Gng véi cac
ndéng do 5,0% va 7,5%, trong khi d6 két qua tinh toan tir duong chuan c6 d6 1éch 1én dén gan
12,6% & nong do 5,0% va 5,52% & nong d6 7,5%. Tai nong do 10%, sai sé du doan cua
ANN 1a 5,78%, cao hon cac ndng d6 khac, nguyén nhan chi yéu do mé hinh chi huan luyén
trén phd mo phong, trong khi phd thuc nghiém & cac ndng d6 van co sy khac biét nho so véi
phé mé phong. Tém lai, so véi phuong phap duong chudn, mé hinh ANN sir dung phd lam
dau vao c6 kha ning khai thac dai toan phd gitp giam giéi han phat hién va nang cao do
nhay, dac biét 1a & vung néng do thép. Bén canh d6, phuong phap nay khong phu thudc vao
cac quy trinh xtr 1i dit liéu nén cho du doan theo thoi gian thye véi tde do cao, dé dang tich
hop vao quy trinh do dac hodc gidm sat ty dong. Nhitng wu diém d6 cho thdy mo hinh ANN
hay rong hon nira 12 hoc may dua trén phd lam dau vao c6 tiém ning tmg dung rat 16n & cac
quy trinh phan tich, giam sat doi hoi tinh tw dong hoa cao trong cac linh vuc cong nghiép.
4. Kétluan

Nghién ctru ctia chung toi di trinh bay cach tiép can méi két hop phép do gamma
truyén qua & nang lugng thap 59,54 keV véi mé hinh ANN dung tryc tiép phd lam dau vao
dé xac dinh ndng d¢ dung dich NaOH. Dit liéu hudn luyén dugc tao ra thong qua mé phong
Monte Carlo cho phép giam sy phu thudc vao sé luong mau chudn phai do nhung van dam
béo d6 chinh xac cua dit liéu. M6 hinh ANN t6i vu cho néng do du doén c6 do 1€ch trung
binh so voi néng dd tham chiéu dudi 2,8% trén tap dir li€u thyc nghiém, vuot trdi so véi
phuong phap dudng chudn véi do 1éch trung binh trén 6,0%. O ndng do thap (C = 5,0%),
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mo hinh ANN chi ¢6 d6 1éch 2,5% trong khi phuong phap dudng chuén 18n t6i gan 12,6 %,
thé hién kha ning nhay va 6n dinh cao hon & ngudng phat hién ctia phuong phap. Céach tiép
can nay cho phép phan tich truc tiép trén dai phd ma khong can qua bude xir li trung gian,
mang lai quy trinh phén tich nhanh va chinh xéc, pht hop vdi yéu cau giam sat ty dong theo
thoi gian thyc trong cong nghiép.

7

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dot vé quyén loi.
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ABSTRACT

This study proposes a new approach for rapidly determining the concentration of NaOH
solutions by measuring the attenuation of a low-energy 59.54 keV y-ray beam emitted from a **' Am
source and using an artificial neural network (ANN) trained directly on raw spectra. First, Monte
Carlo simulations configured are used to generate spectral data. Then these spectral data are
directly extracted to train and optimize an ANN model. The predictive performance of the optimized
network is benchmarked against a conventional calibration curve that relates the transmission ratio
(In R) between water and NaOH solutions to their concentrations. The obtained results show that the
ANN model achieves an average deviation of less than 2.8% from reference concentrations across
the tested range, whereas the calibration curve yields deviations above 6.0%. In the low-
concentration region (C = 5.0%), the ANN achieves a 2.5% deviation, markedly better than the
approximately 12.6% deviation of the calibration curve. The findings suggest that integrating low-
energy y-ray transmission measurements with an ANN model offers a promising methodology for
high-precision monitoring of alkaline solutions.

Keywords: gamma transmission; Monte Carlo simulation; MLP-ANN; NaOH; concentration
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