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TOM TAT

Phé nhiét phét quang (TL) la nhimg dwong cong phirc tap khéng tudn theo nhitng phdin bé
théng thuwong ma theo mé hinh bdc mét, hai, tong qudt, mét bay mét tam tai hop hodc mé hinh tron.
Bai bdo nay dwa ra phirong phdp sir dung phan mém Python dé mé phong va lam khép dwong cong
thuee nghiém ciia phé TL theo cdc mé hinh khdc nhau. Phirong phdp mé phong phé TL dwa vao théng
$6 bay hodc théng s6 dinh phé theo cdc phirong trinh déng hoc. Viéc xir li va phdn tich phé TL tim
ra dige cdc théng sé dic trung ciia phé TL ciia vt liéu nhir nang heong bdy, tan sé thodt va thoi
gian song & bdy. Két quad cho thdy, phé TL dwoc mé phong va lam khép phit hop nhat véi mé hinh
bdc tong qudt. Hé sé khdp phé nhé cho thay phé TL mé phéng va thuwe nghiém la tiwong dong nhau.

Tir khéa: nang luong bay; tin sb thoat; thoi gian séng; nhiét phat quang; Python

1.  Giéi thiéu

Hién tuong nhiét phat quang (TL) 1a hién twong phat ra anh sang tir cic chét cach dién
hodc chit ban din khi chung duoc nung néng. Xac dinh duoc lwong TL phat ra ta c6 thé xac
dinh duoc liéu birc xa ion hoa da chiéu 1én mau. Phd TL thu duoc tir thiét bi doc nhiét phat
quang (TL Reader) dua trén su phat sang cta cac khoang chat duoc tach ra khoi thuc pham,
gia vi khi bi kich thich nhiét (Nguyen, 2013). Viéc khao sét tong quan va tng dung phuong
phap TL trong thuc pham chiéu xa v6i mau 1a bot 6t dd duge nghién ciru (Nguyen, 2015).
Nham xéc dinh cac thanh phr:?m, cAu tric cua vat liéu d3 c6 mot sb nghién ctru lién quan dén
cac thong sd dong hoc ciia bay TL cua phd TL (Peng, Dong, & Han, 2016; Nguyen, 2017;
Nguyen, Tran, Nguyen & Nguyen, 2017, 2018). Mot sé nghién ctru khac lién quan dén hiéu
tmg fading ctia phd TL (su suy giam tin hiéu TL theo thoi gian) c6 sitr dung may hoc va phan
mém Python (Amit & Datz, 2018; Kroninger, Mentzel, Theinert, & Walbersloh, 2019;
Theinert et al., 2018). Ngoai ra, gan dy, nhiéu cong trinh khac d nghién ctru phan tich va
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xu li phé TL cua nhiéu loai vat liéu khac nhau (Aslar, Sahiner, Polymeris, & Merig, 2021;
Bassinet & Le Bris, 2020; Peng, Kitis, Sadek, Karsu Asal, & Li, 2021).

Phé TL thu dugc 1a dang phd gdm nhitng dudng cong tuan theo mé hinh déng hoc bac
nhét, bac hai, bac téng quat, mot bay mot tam tai hop hodc mé hinh tron. Pho TL c6 thé 1a
mot dinh don hodc 1a su chong chap cta nhiéu dinh phirc tap. Phin mém Python duoc ding
dé xtr 1i, phan tich va mé phong TL theo cac mé hinh khac nhau. Mau thuc nghiém trong
nghién ctru dugc tham khao tir du &an GLOCANIN (Bos, Piters, Ros, & Delgado, 1993,
1994). Viéc xtr li va mod phong phd TL s& uée luong duoc gia tri cta cac thong sb dong hoc
ctia phd TL nhu ning lugng bay, tan sb thoat & bdy TL. Cac két qua phan tich, xir i va mo
phong dugce danh gia qua hé sé 1am khép phd FOM. Viéec mé phong phd TL dong vai trd
quan trong trong phan tich vat liéu dac biét 1a trong nghién ctru xac dinh liéu chiéu, dinh tudi
ctia vat liéu, hiéu tmg fading. La ngdn ngir hudng ddi twong cao cap, Python dugc dung két
hop véi cac phuong phap may hoc va khoa hoc dir liéu duge xem 13 mot giai phap ndi bat
va vo cting m&i mé cho nghién ciru phd TL.

2.  Vatliéu va phwong phap
2.1. Phédn mém Python

Python 14 ngdn ngit 1ap trinh c6 ciu trac dit lidu cao cap va manh mé duogc tao ra boi
Guido Van Rossum (Severance, 2015). N6 duoc thé hién & cac cau 1énh rat don gian, hoan
toan mién phi va 1a ma ngudén ma. Python 1a mot ngdn ngir di dong, c6 thé d& dang di chuyén
tir nén tang ndy sang cac nén tang khac, c6 thé chay chuong trinh ctia Python ¢ moi nén tang
ma khong sg c¢6 bat ki nhitng thay d6i ndo anh hudng. Python 1a ngdn ngir phién dich cao
cap: khi chay chuong trinh Python trén bat ctr hé diéu hanh hay mang Internet nao. Python
¢6 thé hoan toan tw dong dich va chay theo dung chuwong trinh dit liéu ctia méy tinh d6. Dé
cai dit Python vao trang web: https://www.python.org/downloads/ tai vé phién ban phu hop
v6i hé diéu hanh dang sir dung va cai dat.

Python phuc vu cho khoa hoc va tinh toan trién khai cac thuét toan may hoc (Machine
Learning) thuc hién cac phép tinh toan toan hoc phirc tap. N6 Python cung cap cho nguoi
dung rat nhiéu thu vién cho khoa hoc va sé liéu nhu Numpy, Pandas, Scipy (Murray-Wallace
et al., 2002), Scikit-learning.

2.2. Mo hinh dong hoc TL

Puong cong TL 1a loai dudng cong bao gdbm nhiéu dinh phd khac nhau. Phuong trinh
dong hoc mo ta cac duong cong tuan theo mo hinh bac nhét, bac hai hodc bac téng quat
(Pagonis, Kitis, & Furetta, 2006):

dn/dt = (—ns exp(—E/KT))/B 1)
dn/dt = (—n”"2 s exp(—E/KT))/(N B) @)
dn/dt = (—n”b s exp(—E/KT))/(N B) (3)
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Trong do6: n 1a xac suat bt cac electron, dn/dt 1a téc do thay ddi xac sudt bat cac electron, s
1a tan sb thoat, E la ning luong bay, T 1a nhiét do tuyét ddi, k 1a h?mg s6 Boltzmann, N 1a
téng X4c suét bay ctia tinh thé, b 1a bac dong hoc, va B 1a tde do gia nhiét.

Phuong trinh gin ding ctia mé hinh mot biy mot tim tai hop (OTOR) (Pagonis et al.,
2006) nhu sau:

dn/dt = (—A_hn”*2 sexp(—E/kT))/[nA_Lh+ (N—n) A_n|f 4)

Trong d6: An 1a xac suét khi electron tai hop v6i 16 trong & tim tai hop, An 12 x4c suat
khi electron tai bay & bay.

Phuong trinh gan dting ciia m hinh trén (MOK) (G. Kitis & Gomez-Ros, 2000) nhur sau:

dn/dt = (—=sn (n + c) exp(—E/KT))/((N + ¢) B) (5)
Trong 6 a = n/(n + ¢) va ¢ la hang s6, c = (n(1 — a))/«
dn/dt = (—n"2 sexp(—E/KT))/[N + n((1 — a)/a)]Ba (6)

Dé mo phong mét dinh TL trong Python can cung cip cac thong sb ban dau lién quan
dén by electron, dit liéu dugc nhap vao Python 1a nhiét d6 va cuong do TL twong ung.
Ngoai ra, d6i v6i phd TL gém nhiéu dinh phd, can khai bao cho Python s6 dinh can tach.

Dinh phd TL duoc lam khép theo mo hinh bac nhat phu hop dbi voi truong hop xéac
sudt tai hop (Am) 16n hon xac sut tai biy (An) trong sudt qua trinh phoi chiéu. Ba thong s
dic trung cho phd TL theo mo hinh bac nhat 13: Im, E, vd Tm. Phuong trinh lam khép phd
TL thuc nghi¢m theo mo hinh bac nhat (G. Kitis, Gomez-Ros, & Tuyn, 1998) c6 dang:

I(T) =ILLm exp[1+E/KT (T—T_m)/T_m —T*2/(T_m"2) exp(E/kT (T —
T_m)/T_m) (1 — 2kT/E) — (2kT_m)/E] (7)

Dinh ph6 TL dugc lam khép theo mo hinh bac hai phu hop dbi véi truong hop xac
suét tai bay khong nho hon xéac suat tai hop trong sudt qua trinh phoi chiéu. Ba thong sb dic
trung cho phd TL theo md hinh bac hai ciing gidng nhu bac nhét 1a: I, E, va Tm. Phuong
trinh 1am khép phd TL thyc nghiém theo mo hinh béc hai (G. Kitis et al., 1998) c¢6 dang:

I(T) =4I_.m exp(E/kKT (T—T_.m)/T_m) [T*2/(T_m"2) (1 — 2kT/E) exp(E/
kKT (T—T.m)/T_m) + 1+ (2kT_m)/E]*(=2) (8)

Dinh phd TL duoc 1am khdp theo mé hinh bac téng quat dugc cho 1a phu hop dbi voi
truong hop khong xdy ra ¢ bac nhit va bac hai, bac dong hoc nam trong khoang gitra 1 va 2.
Bon thong s6 dic trung cho phd TL theo mé hinh bac téng quét 1a: Im, E, Tm va b. Phuong trinh
1am kh6p phd TL thyce nghiém theo md hinh bac tong quat (Kitis et al., 1998) c6 dang:

I(T) =Lmb"(b/(b—1)) exp(E/KT (T—T_m)/T_m) [(b—1)(1 — 2kT/

E) T*2/(T_.m"2) exp(E/KT (T —T_m)/T_m)+ 1+ (2kT_m (b — 1))/E]*(—=b/(b —
D) q 9)
binh pho TL duoc lam khép theo mo hinh OTOR ciing dugc cho 1a phu hop khi ¢c6 str
dung ham Lambert W (George Kitis & Pagonis, 2017; Kitis & Vlachos, 2013; Sadek et al.,
2015) va ham Wright Omega (Chopra, Singh, & Lochab, 2013; Singh & Gartia, 2015). Bén
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thong sb dic trung cho phd TL theo md hinh OTOR 1a: I, E, T, Va ti s6 tai hop va tai bay
R = An/Am. Phuong trinh 1am khép phd TL thuc nghiém theo mé hinh OTOR c¢6 dang:
I(T) =I.m exp(—=E/kT (T.m —T)/T_-m) (w(Z_.m) + [w(Z_.m )]"2)/(w(Z) +

[w(Z)]"2) (10)
Trong do:

Z_m =R/(1—-R) —log((1 —R)/R) + Eexp(E/(kT_m))/(kT_-m"2 (1 —
1.05R*1.26 ) ) F(T_m, E) (11)
va

Z=R/(1—-R)—-1log((1 -R)/R) + Eexp(E/(KT_m))/(kT_m"2 (1 —
1.05R"1.26 ) ) F(T,E) (12)
Dinh phd TL dugc lam khdp theo md hinh tron MOK ciing duoc cho 1a phi hop véi
thong s6 tron a = n_0/(n_0 + M) trong d6 no 1a x4c suat ban dau lap day bay ning luong
va M 1a x4c sudt by khi ngimg cung cip nhiét (Sunta, Ayta, Chubaci, & Watanabe, 2002).
Bén thong sé dic trung cho phd TL theo mé hinh MOK 1&: Im, E, Tm, va a. Phuong trinh
1am khép phd TL thyc nghiém theo mé hinh MOK (G. Kitis & Gomez-Ros, 2000) ¢ dang:
I(T) = (Lm [exp((1 — (2kT_m)/E)/R_m ) — a]"*2 exp(E/kT (T — T_m)/
T_m) exp[T*2/(T_-m”"2R_.m) exp(E/KT (T —T_m)/T_m) (1 — 2kT/E)])/(exp((1 —
(2kT_m)/E)/R_m ) [exp[T*2/(T_m”"2 Rm) exp(E/KT (T — Tm)/T_m) (1 — 2kT/

E)] —a]*2) (13)
Trong d6: (Am+ a)/(Am —a) va A.m = exp((Am —a)/(A.m + ) (1 — (2kT_m)/
E))

2.3.  Phan tich va xir li s6 liéu phé TL thuc nghiém

Phd TL thuc nghiém 1a nhitng duong cong gdm nhiéu dinh TL chdng chap. Sb liéu
trong nghién ctru ndy duoc tham khao tir du an GLOCANIN (Bos et al., 1993, 1994). S6 liéu
ciia du an GLOCANIN duoc st dung rat phd bién trong phén tich va tach dinh phd TL
(Puchalska & Bilski, 2006; Sadek et al., 2015). Tuy nhién, thong sb tin s thoat khi phan
tich 1am khép va tach dinh phd van chua duoc dé cap dén. S lidu cua hai duong cong Rgl,
Rg2 cua duy an GLOCANIN dugc su dung dé tinh tan sb thoat cho riéng moi dinh. Dir liéu
ctia phd Rgl, Rg2 dang tho 1a hai cot 1a nhiét d6 tuyét d6i (K) va sé dém TL. Phd TL ban
dau nay la co6 ¢o sy phu thudc cua nhiét do tuyét ddi (K) va s6 dém TL. Dit liéu thue nghi¢m
nay sau d6 duoc 1am khdp theo cac mé hinh dong hoc phtt hop. Két qua cua qué trinh lam
khép s& tinh duoc thong s6 dong hoc ctia bay TL tir d6 tim ra cac dic trung ctia phd TL. Qua
d6, két qua cua viéc lam khép phd duoc ding dé moé phong phd TL thuc nghiém. Bang cach
hiéu chinh cac thong sé phd TL ban dau phd TL duoc mé phong s& c6 dang gan giéng voi
phd thuc nghiém. Cac s6 liéu thd cua phd Rgl cia du an GLOCANIN duoc dua 1én cong
khai trén Github theo dia chi: https://github.com/sangduynguyen/tgcd/blob/main/Rgl.csv.

Gia tri tan s6 thoat duoc cho bdi cac phuong trinh FOK, SOK, GOK (Kitis et al., 1998)
lan luot 12
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s = BE/(KT_m”"2) exp(E/(kT_m)) (14)

s =BE/(kKT_m”2) 1/(1 + 2kT_m \/E) exp(E/(kT_m)) (15)

s = (BE/(K[T_m)"2))exp(E/(kT_m)) [1 + (b —1) (2kT_m)/E]"*(-1) (16)
Trong do: b 1a bac dong hoc.

Gia tri tan sb thoat duoc cho béi phuong trinh MOK (Kitis & Gomez-Ros, 2000) la:

s = (BE/(K[T_m)"2 ))exp(E/(kT_m )) (aR_m)/((1—a)) 17)
Trong d6: Rm (G. Kitis & Gomez-Ros, 2000) cho bai:
R_"m" = (2.6 —0.9203a + 0.324a"3.338) /(2.6 — 2.9203a + 0.3240"3.338)

o 12 thong sb dic trung cho dinh.

Gia trj tan s6 thoat duoc cho bai phwong trinh OTOR 1a:

s = (BE/(K[T_m) "2 ))exp(E/(kT_m ))[((1 + W[exp[(Zm)]]"*2)/(1 +
2Wlexp(Zm)])](1 — R) (18)

b¢ danh gia két qua l1am khép sai khac gitta mé phdng va thuc nghiém dung hé so
FOM nhu sau:

FOM = (¥X_p#|[y_exp —y)fit| )/(X_p*y_fit) (19)
Trong do: yexp Va Ysit 1a gia tri cua so liéu thyc nghiém va va gia tri lam khop.

3. Két qua va thao luin
3.1. Két qui mé phéng pho TL dwa vio cdc thong sé bdy

Céc duong cong TL dugc md phong dua theo thong sé biy theo cac mé hinh: FOK,
SOK, GOK, MOK va OTTOR tuong trng v4i cac ham cua cac cong thue (1), (2), (3), (4) va
(5) d3 dugc néu ra. Phd TL thuc nghiém cua bt 6t da chiéu xa véi céc liéu xa khac nhau
dugc trinh bay trong nghién ctru (Nguyen, 2017) cho thiy dinh nam & nhiét do tuyét dbi 473
(K), cuong do TL thay d6i theo thdi gian va mic lidu xa. Tién hanh mé phong dinh phd TL
& nhiét do tuyét ddi 473 (K) véi cac thong sé bay ban dau. Bang cach hiéu chinh cac gid tri
thong sb bay sao cho phd TL thda man mé hinh dong hoc TL va c6 dinh TL phu hop voi
thue nghiém. Két qua cho thiy véi cac théng sé ban dau duoc cho trude: no =108 N =10,
E=1.1(eV),p=1(K/s),s=8.10"(s?) va bac dong hoc: b=1.61, R = 0.008 hoic o= 0.99.
Phd TL dugc udc lugng dinh ¢ nhiét d6 tuyét déi Tm = 473 (K) cho két qua mo phong nay
pht hop véi thue nghiém. Trong Hinh 1, phd TL duoc mé phong theo mé hinh FOK, SOK
va GOK. Trong Hinh 2, phé TL dwgc mé phong theo mé hinh GOK, MOK va OTOR. Trong
Hinh 3, phé TL dugc mé phong theo cac md hinh FOK, SOK, GOK, MOK va OTOR. Khi
so sanh két qua mo phong phd TL theo dinh TL thuc nghiém, két qua cho thdy mé hinh GOK
13 phu hop nht.

2225



Tap chi Khoa hoc Trwong DPHSP TPHCM Nguyén Duy Sang va tgk

le6
o 2 — FOK
o Dién tich
g
1
f=]
=
()
o
350 400 450 500 550 BO0
le6
15
:g. — 50K
Dién tich
o 10
5
’: 0.5
[ &)
0.0
350 400 450 500 550 BO0
le6
O — GOK
o 4 Dién tich
g
o2
=1
]
0

350 400 450 500

Nhiét dé tuyét dai (K)

550 G600

Hinh 1. M6 phong phé TL tir théng sé bdy theo mé hinh FOK, SOK va GOK

leb
el — GOK
= 4 Di&n tich
g
o 2
=]
[
0
350 400 450 500 550 800
1e6
€. — MOK
T 10 Dign tich
o
g 0.5
go
(&)
0.0
350 400 450 500 550
leb
o — OTOR
T o1g Dién tich
oh
5
B o5
()
0.0

350 400 450 500

Nhiét dé tuyét déi (K)

550

Hinh 2. Mé phong phé TL tir théng sé bdy theo mé hinh GOK, MOK va OTOR

2226



Tap chi Khoa hoc Treong DPHSP TPHCM Tap 18, Sé 12 (2021): 2221-2235
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Hinh 3. M6 phong phé TL theo mé hinh FOK, SOK, GOK, MOK va OTOR
Viéc khai bao ham lam khop phd TL theo md hinh bac nhit trong Python dé mé phong 1a:
kbz = 8.617385e-5
c,n,ff,hr=1.1,0.01e10, 8el4, 1.0
def FOK(x):
return n*ff*np.exp(-c/kbz/x)*np.exp(-ff*kbz*x**2/(hr*c)*np.exp(-c/kbz/x)*(1-
2*kbz/c))

Viéc danh gia két qua mo phong dua trén hé s6 FOM. Két qua md phong cho gia tri
FOM nho tirc viéc mo phong phd TL theo cac mo hinh twong ddng véi thuc nghiém. Trong
d6, khi mé phong mé hinh GOK cho thdy phd TL dugc lam khop t6t nhat.

3.2. Két qui mé phéng pho TL dwa vio cdc thong sé dinh phé

Céc duong cong TL dugc mo phong dua theo thong sb dinh phd theo cac mé hinh:
FOK, SOK, GOK, MOK va OTTOR tuong tng v6i cac ham cua cac cong thic (7), (8), (9),
(10) va (11) dd duoc néu ra. Dé mé phong phd TL, bén canh dira vao cac thong sb bay phd
TL con dya vao cac thong s6 dinh phé TL. Phd TL thuc nghiém cia bdt ot da chiéu xa véi
cac liéu xa khac nhau duoc trinh bay trong nghién ciru (Nguyen, 2017) cho thiy dinh nim &
nhi¢t do tuyét ddi 473 (K), cuong do TL thay ddi theo thoi gian va muc lidu xa. Béng cach
hiéu chinh cac gia tri thong sé dinh phd TL thda mén mo hinh dong hoc TL va c6 dinh TL
phu hop véi thuc nghiém. Cac thong s6 dinh TL ban dau duoc cho 1a: Im = 8000, E = 0.95
(eV), Tm =473 (K) va bac dong hoc: b=1.61, R = 0.2 hoac a = 0.0001 khi d6 phé TL duoc
lam khép phu hop véi thue nghiém.

Viéc khai bao ham 1am khép phd TL theo mé hinh bac nhat trong Python dé mé phong 1:

def FOK(x, a, b, ¢):
kbz = 8.617385e-5
return a*np.exp(1.0+c/kbz/x*((x-b)/b)-((x/b)**2)*np.exp(c/kbz/x*((x-
b)/b))*(1.0-2.0*kbz*x/c)-2.0*kbz*b/c) # Im=a, Tm=b, E=c
X = np.linspace(start=0, stop=600, num=>50)
y = FOK(x, 8000, 473, 0.95)
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Trong Hinh 4, cac dudng cong TL duoc mo phong dira vao cac théng sé dinh phd TL
theo cac mé hinh FOK, SOK va GOK. O Hinh 5, cac dudng cong TL duoc mé phong dua
vao cac thong sb dinh phd TL theo cac md hinh GOK, MOK va OTOR. Véi cac mé hinh
khac nhau, hé s6 FOM déu nho cho thiy viéc mé phong 1a phu hop.
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Xem xét trudng hop cu thé khi mé phong phd TL theo mé hinh GOK véi thong sb
dinh Im = 10968, E = 1.18 (eV), Tm = 490 (K) va b = 1.0001. Két qua md phong cho gia tri
tan sb thoat: s = 8.1.10° (s1). Viéc mé phong va tinh toan tan s thoat cuia duong cong TL
theo mo6 hinh GOK duoc cho bdi Hinh 6.

12000

—— Lam khap GOk
- Dir ligu mé phdng

10000 r
M& hinh GOK

s = 81589710232 s~ 1
8000

6000 r

Cudng do

4000 F

2000 |

Nhiét dé tuyét déi (K)
Hinh 6. M6 phong mét dinh phé TL cu thé theo md hinh GOK

Hé s6 FOM nho chimg t6 viéc md phong phd TL trong trudong hop nay 1a phu hop,
phd mo phong twong dong véi thue nghiém.
3.3. Két qua tinh tan so thodt ciia cic dwong cong thwe nghiém

Phd TL thuc nghiém cho biét cac thong s6 dinh va cuong do. Dya vao viéc 1am khép theo
mo hinh dong hoc, thong s6 tan s6 thoat s& duoc tinh toan. Dé don gian, khi tinh tan sb thoat ti
s giita no/N duge cho bang 0.01, tdc d6 gia nhiét dugc cho bang 1 K/s. Két qua tinh toan tan sb
thoat dua vao qua trinh 1am khép phd TL theo cac md hinh khac nhau dugc cho boi Bang 1.

Bing 1. Két qua tinh tan s6 thodt ciia phé Rgl va Rg2 theo cdc mé hinh khdc nhau

TL  Dinh GOK OTOR MOK
s(s?) FOM s(s?) FOM s(s?) FOM
Rgl 1 8.15x10%°  3.7e-6 8.01x10%®  1.7e-5 8.16x10%°  7.1e-4
1 5.36x10% 1.31x10% 2.86x10°  2.6e-3
2 2.05x10% 1.2x10% 2.90x10%
Rg2 4 251xa08 Y gaaxaes M g sgx0m
4 4.91x10% 3.90x10% 5.84x10%

Véi duong cong Rgl (Bos et al., 1993, 1994), phd TL c6 dang dinh don nén dugc lam
khép véi mot dinh. Khi 1am khép phd TL, cuong do ctua phd TL cuc dai & 10968 va nhiét
d6 tuyét d6i khoang 490 K. Gia tri tan sb thoat twong tmg ctia Rgl tuwong tmg voi timg mo
hinh 1an luot 12 8.15x10%° (GOK), 8.01x10'° (OTOR) and 8.16x10'° s* (MOK). Gia tri FOM
¢6 d6 16n 1an Iuot 12 0.01 (GOK and OTOR) va 0.03 (MOK). Céc két qua lam khop va tinh
toan duogc cho boi Hinh 7, Hinh 8, Hinh 9.
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Hinh 9. M6 phong phé TL ciia mdau Rgl theo cdc mé hinh MOK
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Két qua cho thdy, voi phd TL cia mau Rgl, cac gia tri FOM nhd, phd TL duge mod
phong twong déng vai thue nghiém. Cac gia tri tAn s6 thoat v6i nhitng mo hinh khac nhau
khong khac nhau. Vi vay viéc udc luong gia tri tan sd thoat cua phd Rgl trong truong hop
nay ¢ thé xem nhu phu hop.

Tiép dén, phd Rg2 cua du an GLOCANIN (Bos et al., 1993, 1994) dugc lam khop
theo cac mé hinh va tinh thong sb tan s thoat. Phé Rg2 1a dudng cong véi bdn dinh chinh
vi vay phé duoc 1am khép voi bdn dinh. Két qua lam khop va tinh toan tin sb thoat dugc
cho badi Hinh 10, Hinh 11, Hinh 12.
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Hinh 11. M6 phong phé TL ciia mau Rg2 theo cdc mé hinh OTOR
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Hinh 12. M6 phong phé TL ciia mau Rg2 theo cdc mé hinh MOK
Bén dinh chinh cua phé Rg2 dugc chon c6 cuong d va nhiét do tuyét dbi 1an luot 1a
Im = 398, 543, 835, 1623; Tm = 417, 456, 484, 511 (K). Két qua tinh toan tan sb thoat cua
phd Rg2 ciia bon dinh theo cic md hinh khac nhau lan luot 1a 5,36x10%°, 2,05x10%°,
2,51x10%, 4,91x10% s (GOK), 1,31x10%°, 1,2x10%, 1,84x10%, 3,90x10°s* (OTOR) and
2,86x10%, 2,9x10%, 1,59x10%®, 5,84x10'° s* (MOK). Tan s thoat theo ciia mdi dinh trong
cac mo hinh 13 khic nhau. Hé s6 FOM ctia mdi mé hinh déu rat nho cho thiy viéc lam khép

Théang duw

va tinh toan 1a phu hop.

Tém lai, véi duong cong TL thuc nghiém dang dinh don, vi¢c 1am khop va tinh toan
thong sb tan sb thoat 1a phu hop. Céc gia tri tan s6 thoat ctia phd TL & mdi mo hinh khi lam
khép dang dinh don 14 twong ddng nhau. Véi duong cong TL thuc nghiém c6 dang phirc tap
bao gém nhiéu dinh phd, viéc 1am khép va tinh toan thong s tan s6 thoat s& c6 su chénh
léch nhé & mdi dinh TL va & mdi mo hinh dong hoc. Nguyén nhan cla sy chénh léch nay
nam & cach chon lua vi tri dinh, mé hinh dong hoc khac nhau. Pé danh gia mo6 hinh nao phu
hop nhét khi 1am khép phd TL, khi d6 can cin cit vao hé sb FOM, hé s6 FOM ctia mé hinh
nao nho nhit s& duoc chon.

4.  Kétluan

Duya trén cac mé hinh khac nhau, phd TL thuc nghiém duoc xir 1i lam khép bang phan
mém Python 14 phu hop. Phd TL khi duge xtr 1i véi Python cho két qua rt nhanh, cac ham
va cac thuat toan tach dinh twong dbi don gian. Hé s6 1am khép phd FOM & mdi mo hinh
déu nho. Gia tri tan sb thoat duoc tinh toan chi tiét @ mdi mo hinh va kha twong dong nhau.
Viéc tinh toan gié tri tan sd thoat & by ¢6 ¥ nghia quan trong trong viéc xac dinh su ton tai
ctia dinh phd TL theo thoi gian 1am co s ing dung trong cac linh vyc do lidu, do thuc pham
chiéu xa, x4c dinh lidu xa.
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< Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

Thermoluminescence (TL) spectra are complex curves that do not follow normal distributions
but follow a general, first-, second-order, one-center recombination trap or mixing model. This paper
presents a method to use Python software to simulate and fit the experimental curve of the TL
spectrum based on different models. The TL spectral simulation method is based on the trap
parameter or the spectral peak parameter according to the kinetic equations. The processing and
analysis of the TL spectrum show the characteristic parameters of the TL spectrum of the material
such as the activation energy, frequency factor, and trap lifetime. The results show that the simulated
and matched TL spectrum fits the general order model. The small spectral matching coefficient shows
that the simulated and experimental TL spectra are similar.

Keywords: activation energy; frequency factor; lifetime; thermoluminescence; Python
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