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ABSTRACT

Thermoluminescence (TL) spectra are complex curves that do not adhere
the normal distribution but follow the first-, second-, general- order
kinetics equations and require a software to analyze. This article presents
a method of using R software to fit the empirical and the theoretical curves
of the thermoluminescence glow peak types. Thank to this method,
characteristic parameters of the trap are also defined such as number of
peak, trap depth (E), the order of kinetic(b), the frequency factor (s). The
samples spending shorter period of storage time (360h) have smaller
kinetic parameter values than the samples spending longer period of
storage (720h). Thereby, we can find out the characteristics of the samples
which can be applied in the detection of irradiated food, age determination
of antiques.

TOM TAT

Phé nhiét hupnh quang la mét dwong cong phire tap khong theo cdic phdn
bé théng thuong ma tudn theo phiong trinh déng hoc bdc nhdt, bic hai
hodc bdc tong qudt doi héi mot phan mém dé phan tich. Bai bdo trinh bay
phirong phdp sir dung phan mém R dé lam khép so6 liéu dwong cong thue
nghiém so voi duwong cong ly thuyét cua dang phé nhiét huynh quang. Tur
phwong phdp nay, cdac thong so dac trung cua bay ciing duwoc xdac dinh nhu
s6 dinh, do sdu bdy (E), bac dong hoc (b), hé so tan sé (s). Nhitng mau c6
thoi gian bao quan ngdn (360 h) cdc théng sé déng hoc lém hon ‘nhiing
mau c6 thoi gian bao quan dai hon (720h). Qua do, chiing toi co thé tim ra
cdc tinh chat dac trung cua mau 1mg dung trong viécdo thwe pham chiéu
xa, xdc dinh tuéi cho cé vat.

Trich din: Nguyén Duy Sang, 2016. Nghién ctru phd nhiét huynh quang bang phin mém R. Tap chi Khoa

hoc Truong Dai hoc Can Tho. 47a: 79-85.

1 GIOI THIEU

Phé nhiét huynh quang (TL) thu dwoc tir thiét
bi doc nhiét phat quang (TLD) dya trén sy phat
sang cua cac khoang chit dwoc tach ra khoi thuc
phém, gia vi khi bi kich thich nhiét (Nguyén Duy
Sang, 2013). Viéc khdo sat tong quan va ing dung
phuong phap nhiét huynh quang trong thuc pham
chiéu xa v&i mau 1a bot 6t da duge nghién ctu
trong (Nguyén Duy Sang, 2015). Muc dich cia
vi€c xac dinh cac thong ) dong hoc nhiét huynh
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quang hodc khao sat hién tuong nhiét huynh quang
& cac mau thyc pham chiéu xa nham xac dinh lidu
chiéu twong ng v6i cac mirc thong s6 dong hoc va
su thay doi cta cac thong sé nay theo thoi gian bao
quan mau.

1.1 Phin mém R va géi cai dit “tged”

R 1a mot phan mém mé ngudn ma sir dung cho
phan tich thong ké va v& biéu d6. Phan mém cung
cép cho ngudi ding mot “ngdn ngir” may tinh va
ham dé 1am céac phan tich cin ban va don gian. Néu
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mubn lam nhimg phén tich phuc tap hon, nguoi
dung can phai tai vé may tinh mot so goi(Package).
Package la mot phan mém nho dugc cac nha
thong ké phat trién dé giai quyét mot Van dé cu the,
va chay trong hé thong R. Vi la ma ngudn mo nén
tit ca cic gbéi theo nhu cau nguodi st dung
déu duoc tai vé mién phi.O bai bao nay, tic gia
st dung go6i “tged” (Thermoluminescence Glow
Curve Deconvolution — TGCD) dé phan tich dudng
cong nhiét huynh quang (TL) trong d6 c6 viéc lam
khép va tach cac dinh pho chdng chép. Goi “tged”
dugc cac nha phat trién dua tryc tuyén trén mang
internet, thuong xuyén dugc kiém tra, nang cap
nham giam thiéu sai s6 va dat hiéu qua trong phan
tich phd TL. So v&i cac phian mém phan tich phd
TL hién nay nhu GlowFit(Pagonis et al., 2001),
TLanal(Kucuk et al., 2015), gbi “tged” cta phan
mém R dang duogc sir dung ngay cang phd bién vi
su tién dung(Jun Peng et al., 2016)va hoan toan
mién phi.

C6 nhiéu phuong phap xir Iy phd nhiét huynh
quang nhu gia ting ban dau (Initial Rise — IR), toan
bo dién tich (Whole Glow Peak — WGP), dinh phd
(Peak Shape — PS), lam khdép (Glow Curve
Deconvolution —GCD), tach dinh (Computerized
Glow Curve Deconvolution — CGCD). Tuy nhién,
g6i “tged” 1a goi duy nhét xur 1y phd TL va dung
phuong phap GCD, CGCD dé xir 1y pho.

Tir viéc phan tich phd TL ciung gbi “tged”, cac
thong s0 (dong hoc cua phd nhu s6 dinh, do séu
bay, hé s tan sb tir bay, béc dong hoc cua phé da
dugc xé4c dinh. Cac thong s nay ciia mau theo thoi
gian ciing dugc tinh toan va so sanh nham danh gia
su phu thudc cua cac thong s6 dong hoc vao thoi
gian bao quan mau. Tir cac két qua nay co thé ap
dung phan mém cho phan tich ph6 TL ciia cac mau
thuc pham khac tmg dung trong xac dinh thuc
phﬁim chiéu xa, cac dic trung, tinh chét cua mau.

1.2 Nhiét huynh quang

Hién tuong TL la hién tugng phat ra anh sang
tir cac chét cach dién hodc chat ban dan khi ching
dugc nung néng. Xac dinh dugc luong TL phat ra
ta c6 thé xac dinh dugc heu btic xa ion hoa da
chiéu 1én miu. Ly thuyét vé phuong phap nhiét
huynh quang da duoc trinh bay trong (Nguyén Duy
Sang, 2013).

Phd TL thu duge khi do miu da duoc tach
khoang trén may nhiét huynh quang. Phd TL la
duong cong tuan theo mo6 hinh dong hoc bac nhét,
béc hai hodc bac tong quat phd c¢6 thé 1a mot dinh
don hodc phé la sy ch6ng chap cua nhiéu dinh.
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2 PHUONG PHAP NGHIEN CUU
2.1 Chuin bi miu va phé TL

Mau ap dung trong nghién ctru (mg dung phan
mém R dé phan tich phd TL 1a bot 6t. Bot 6t duge
thu mua tir cac chg sau d6 duoc chiéu xa tai
VinaGamma v&i birc xa gamma theo tiéu chuin
ding may Cobalt-60. Mau can xir ly ¢ nhiét do
thich hop khong qué cao, han ché anh sang mat troi
chiéu 1én miu lam giam tin hi¢u TL.

Céc mau sau d6 dugc xir ly tach khoang dé loai
bo cac hop chat hitu co (EN 1788, 2001). Viée co
mit chit hitu co c¢6 thé sinh ra sy phat quang
gia(day 1a su phat quang cua cac chat hiru co can
loai bo, cac chat hitu co s& tao nén cac duong TL
rat phtre tap khong do chiéu xa gay ra va ching ta
s& rit dé nham 1an véi cac duong TL cua cac
khoang chét silicat khi do phd), hodc co thé lam
mo duong TL. Luong khoang silicat can thiét cho
phép phan tich TL 1a khoang tir 0,1 mg dén 5 mg.

Mau khoang duoc bao quan can than va tién
hanh do trén thiét bi nhiét huynh quang (TLD). Hé
do TLD trong nghién ctru dugc thyc hién tai phong
thi nghiém an toan buc xa thugc Vién Nghién ciru
Hat nhan Pa Lat.Khi chu trinh TL hoan thanh,
duong cong TL va tép tin nhiét 6 s& dugc hién thi
va luu trlr trong cac tap tin phén tich s& duge xur Iy
sau d6 nhap vao phan mém R.

2.2 Phwong phap nghién ciru

Phuong phap lam khép duong cong trong phan
tich phd thuc nghiém véi sy hd trg ciia may tinh
bang phwong phéap GCD (Horowitz and Yossian,
1995)d4 trd nén pho bién trong sudt hon hai thap ki
qua. Puong cong TL la loai dudng cong c6 hinh
dang phirc tap bao gdm mét hodc nhidu dinh dong
hoc chdng chap 1én nhau. Vi vay, viéc phan tach
dinh don thanh nhidu dinh ding phwong phap
CGCD 14 viéc lam phd bién va dwoc tmg dung
rong rai véi myc dich do liéu va xac dinh cac thong
s dong hoc(Pagonis et al., 2006). Phuong phap
CGCD gitp xac dinh s6 dinh phéan tach cing cac
thong s6 dong hoc clia cic dudong cong phirc tap
theo cac phuong trinh dong hoc béc nhat, bac hai
hoic bac tong quat (Kucuk et al., 2015). Hai gia tri
do duogc tur thue nghiém la cudng 6 TL cuc dai Iu
va nhiét d6 cuc dai Tm duge cho bdi cac phuong
trinh dong hoc:

(i) Bac nhét:

E T-T T?
I(T) = Iyexp |1+ T

exp (20 (1 - 2) - 2 (1)
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(i1) Bac hai:
I(T) =
E T-Ty\ [ T? E T-Tym 2kT
twerp (775, e (5 5,) (1= 5) +
1 4 2Tml” ©)

(iii) Bac téng quat:

I(T) = IMb%exp (iﬂ) [(b —

e (522 (1) 1+

(b —1) 2| 1)
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Viéc tinh toan cin xac dinh tham sé6 FOM
(Hinh Of Merit) cho béi:

ZpILVexp—J/fitI

FOM =
ZPYfit

3)
trong do yexp va yrcla dit liéu thuc nghiém va ly
thuyét cua ham lam khop.

3 KET QUA VA THAO LUAN

DPuodng cong TL nhan duge tir mau bot 6t chiéu
xa voi litu gamma 8 kGy bao quan & 360 h sau
chiéu xa cho dinh c¢6 nhiét d¢ cuc dai 473 K ( 1) va
bao quan ¢ 720 h sau chiéu xa cho dinh c6 nhiét do
cuc dai 471 K ( 2).
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Hinh 1: Lam khép pho ctia miu dwoc chiéu xa 8 kGy bao quan ¢ 360 h bing phwong phip GCD

Duya vao d9 cao ciia dinh ph c6 thé thay cuong
d6 dinh cuc dai giam déng ké sau thoi gian dai bao
quan do hiéu ing pha-dinh (hi¢u ing ma cuong do
dinh pho giam theo thoi gian bao quan do tac dong
cta diéu kién moi truong, nhi¢t d6, anh sang, birc
xa vi tru). Két qua chi ra rang mau sau khi lam
khép phd céac théng sé dong hoc tuan theo phwong
trinh dong hoc bac tong quat. Cac thong sb E, b va
s dugc tinh toan dya trén viéc lam khop phé theo
phuong phap GCD duge cho bai Bang 1. Cac két
qua cho thdy sau thoi gian bao quan, cac thong sd
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dong hoc déu ting 1én phu hgp véi mot vai nghién
ciru khac (Correcher and Garcia-Guinea, 2013;
D’Oca et al., 2009). Nguyén nhan co thé 1a do cac
miu sau qua trinh chiéu xa da bi anh huong bai
diéu kién nhiét do, anh sang, do am, cac buc xa
khac trude khi dem do phd nhiét huynh quang.

Tir Hinh 3 d&n Hinh 5 chi ra cic dudng cong
TL dugc tach thanh nhidu dinh theo phwong phap
CGCD. Tach dinh tir duong cong TL chi ra trong
cac hinh gom 2 dinh ( 3), 3 dinh( 4) va 4 dinh ( 5).
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Hinh 2: Lam khép phé ciia miu dwoc chiéu xa 8 kGy bio quén & 720 h bang phwong phap GCD
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Hinh 3: Tach dinh phé véi 2 dinh ciia miu dwge chiéu xa 8 kGy biao quan & 720 h bing phwong phap
CGCD
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Hinh 4: Téach dinh phd véi 3 dinh ciia miu dwoc chiéu xa 8 kGy bao quén & 720 h bang phuwong phap
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Hinh 5: Tach dinh phd véi 4 dinh ciia miu dwgc chiéu xa 8 kGy bio quén & 720 h bang phwong phap
CGCD

Bang 1: Céc thong s6 dong hoc ciia miu chiéu xa 8 kGy dwoc 1am khép biang phwong phap GCD

Thoi gian bao quan trudc khi do Twm (K) E (eV) s (s b FOM
360 h 473 0.95643 038 x10'" 1.59843 3.46
720 h 471 0.99162 1.01x 10" 1.61097 3.57
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Bang 2: Cac thong s6 dong hoc ciia miu chiéu
xa 8 kGy (vdi thoi gian bao quan truée
khi do 720 h) dwgc tiach thanh 2 dinh

bang phuwong phap CGCD
Thong sd Pinh 1 Dinh 2
Tm(K) 465 474
E (eV) 0.99626 0.98996
s(sh 1.68 x 10'° 0.85x 10"
b 1.38675 1.61011
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Bang 3: Cac thong sé dong hoc ciia miu chiéu
xa 8 kGy (véi thoi gian bdo quan trudéc
khi do 720 h) duwogc tiach thanh 3 dinh
bang phwong phap CGCD

Théng s6 Pinh 1 Pinh 2 Pinh 3
Tu(K) 466 478 492
E (eV) 0.99028 1.00178  0.90543
s (s 1.31x 10" 0.89x 10 0.04 x 10"
b 1.39881 1.56863  1.61784

Bang 4: Cac thong s6 dong hoc cua miu chiéu xa 8 kGy (véi thoi gian biao quan truée khi do 720 h)
dwogc tach thanh 4 dinh bang phwong phap CGCD

Thong $0 Pinh 1 Pinh 2 Pinh 3 Pinh 4
Tm(K) 463 470 482 498
E (eV) 0.99656 0.98977 0.98476 0.99984
s (s 1.89 x 10'° 1.04 x 10'0 0.45x 10'° 0.29x 10"
b 1.32548 1.34663 1.40045 1.62283

Gia tri do sau bay theo phuong phap CGCD ciia
mau chiéu xa 8 kGy (v6i thoi gian bao quan trude
khi do 720 h) dugc tach vai 2 dinh: 1a 0.99626eV
ddi véi dinh thir nhat; 0.98996 eV ddi véi dinh thi
hai, xem Bang 2. Gia tri do sdu biy theo phuong
phap CGCD cua mau duoc tach véi 3 dinh: 1a
0.99028 eV dbi véi dinh thir nhat; 1.00178 eV dbi
voi dinh thr hai va 0.90543 eV ddi véi dinh thir ba,
xem Bang 3. Gi4 tri d6 sau by theo phwong phap
CGCD ctia miu dugce tach voi 4 dinh: 13 0.99656
eV déi véi dinh tha nhat; 0.98977 eV ddi véi dinh
thir hai, 0.98476 eV dbi véi dinh thir ba va 0.99984
eV d6i voi dinh tht tu, xem Bang 4. Tir d6 c6 thé
két luan rang dbi v6i dinh thir nhat (dinh thir nhat
cua viéc tach 2 dinh, dinh thtr nhit cua viéc tach 3
dinh va dinh thir nhat cua viéc tach 4 dinh) cua
phuong phap CGCD va dinh lam khép cua phuong
phap GCD cho céc gié tri ciia d9 sau bay gan bang
nhau (0.99). Viéc lam khép va phan tach dinh duge
d6i chiéu véi mot s tac gia khac (Sadek, 2013;
Sadek et al., 2015; Dogan et al., 2015),cac két qua
tinh toan cho cac gia tri FOM luén nho hon 5 %
(Kucuk et al., 2015).

Hé sb tan sb theo phuong phap CGCD ciia mau
chiéu xa 8 kGy (v6i thoi gian bao quan trude khi
do 720 h) duoc tach véi 2 dinh 1a 1.68 x 1010 cho
dinh tht nhat; 0.85 x 1010 cho dinh tht hai, xem
Bang 2. Hé s6 tan s theo phuong phap CGCD cua
mau duoc tach véi 3 dinh 1a 1.31 x 1010 cho dinh
tht nhat; 0.89 x 1010 cho dinh tht hai; 0.04 x
1010cho dinh thir ba, xem Bang 3. Hé s6 tan sb
theo phuong phap CGCD ctia mau duoc tach véi 4
dinh 13 1.89 x 1010 cho dinh thtr nhat; 1.04 x 1010
cho dinh thir hai; 0.45 x 1010 cho dinh thr ba va
0.29 x 1010 cho dinh thir t, xem Bang 4. Viéc
tang 1én hodc giam xudng cua cac gia tri hé sb tan
s6 12 do c6 it hon hodc c6 nhidu hon sb lwong
electron & bay trong mot don vi thoi gian. Tir d6 co
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thé két luan rang d6i voi cac dinh tach cta phuong
phap CGCD va dinh lam kh6p cia phuong phap
GCD cho cac gia tri cta s 1a rat khac nhau.

Béac dong hoc theo phuong phap CGCD cua
mau chiéu xa 8 kGy (vdi thoi gian bao quan trudc
khi do 720 h) duogc tach vai 2 dinh 1a 1.38675 cho
dinh thtr nhat; 1.61011 cho dinh thi hai, xem Béng
2. Bac dong hoc theo phuong phap CGCD clia mau
duoc tach véi 3 dinh 1a 1.39881 cho dinh tht nhat;
1.56863 cho dinh thir hai; 1.61784 cho dinh thir
ba, xem Bang 3. Bac dong hoc theo phuong phap
CGCD cta mau dugc tach véi 4 dinh la 1.32548
cho dinh thir nhéat; 1.34663 cho dinh thu hai;
1.40045 cho dinh tht ba va 1.62283 cho dinh thu
tu, xem Bang 4. Bac dong hoc theo phuong phap
GCD 1a 1.61097, xem Bang 1. Tir d6 co thé két
ludn rang d6i véi dinh cudi (dinh tht hai cia viéc
tach 2 dinh, dinh thi ba cua viéc tach 3 dinh va
dinh thtr tu cta viée tach 4 dinh) ctiia phuong phap
CGCD va dinh lam khép cua phuong phap GCD
cho céc gia tri ctia bac dong hoc gan bang nhau
(1.61).

4 KET LUAN

Béng viéc xtr Iy phd bang phan mém R va gbi
“tged”, cac gia tri thong s6 dong hoc cuia bay da
dugc tinh toan tir pho thuc nghiém. Theo thoi gian
bao quan, cic thong s6 dong hoc ciia phd TL ting
lén nguyén nhan 1a do diéu kién bao quan mau.
Nghién ctru da tinh dwoc cac thong sb dong hoc
clia mau bot 6t chiéu xa bao quan ¢ 360 h va 720 h
sau khi chiéu xa. Két qua cho thdy, cuong do TL
giam con cac théng sé dong hoc thi ting 1én thoi
gian bao quan. Dya vao két qua cac gia tri ciia do
sau bay, hé sb tan s6 ra khoi bay ta co thé xac dinh
tinh chiéu xa cua mau, liéu di chiéu 1én mau, thoi
gian bao quan ciia mau sau khi chiéu xa dén luc do
TL. Xac dinh gia tri bac dong hoc cho Kkét qua vé
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moé hinh dong hoc va hinh dang phd TL cta mau
can do. Ap dung thanh cong hai phuong phap GCD
va CGCD d6i véi viéc tinh cac thong s6 dong hoc
s€ lam co so ing dung cho cac mau thyc pham, gia
vi khac. Tir sy thay ddi cac thong sd dong hoc nay
ta c6 thé tim ra cac tinh chét dic trung ciia miu,
tmg dung vao viéc do lidu birc xa ciing nhu xac
dinh tudi cho cb vat. Ap dung phin mém R phan
tich phd TL cho thdy qua trinh xir 1y nhanh, don
gian, c6 thé phan tich cung luc nhiéu pho, tiét kiém
thoi gian.
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