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Tom tit

Danh gia do khong dam bao do cta cac phép do mdt dai lwgng vat 1y noi chung cling nhu cac
phép do ludng bic xa ion hda ndi riéng 1a yéu cau bat budc d6i véi cac phong thi nghiém dat
chang nhan 1ISO:IEC 17025. Uy ban québc té vé hudng dan do luong (JCGM) da cong bd céc tai
ligu huong dan vé danh gia d6 khong dam bao do lan dau tién vao nam 1993 va phién ban sta
doi, bo sung vao nam 2008. CAc tai liéu hudng dan nay rat co gia tri va dat duoc nhiéu thanh
cong trong viéc danh gia do khong dam bao do cua cac két qua do dac, tuy nhién n6 van con boc
16 nhitng khiém khuyét vé mé hinh danh gia lan truyén sai s6, do chinh xac va tin cay cua céac
ham phan bd xéac suat va khdng du bao trude duoc kha ning tinh toan cua may tinh. Bé khac
phuc nhitng khiém khuyét nay phuong phap danh gia do khong dam bao do bang Monte Carlo da
dugc dé xuit. Phuong phap nay md phong cac dai luong dau vao dua trén cac ham phan bé xéac
Xuit ban dau bat ky, do d6 ham phan bd xac xuat cua dai luong dau ra duoc xac dinh mot céch
tin cay khi s6 lugng mé phong du 16n. Phuong phap Monte Carlo ciing gilp cho viéc danh gia do
khong dam bao do do truyén sai s6 vai cac md hinh tinh toan khéng phai 1a tuyén tinh chinh xac
hon. Trong nghién ctru nay, do khong dam bao do cua cac dai lwong do luong bac xa ion hoa
nhu twong dwong 1iéu ca nhan Hp(d), Air kerma da duoc danh gia dua trén phuong phap Monte
Carlo. Chuong trinh phdn mém GUM-MC ciing d dugc xay dung dé gilp cho viéc danh gia do
khong dam bao do dugc thuan tién hon.

Tur khoa: Do khong dam bao do, phuong phap Monte Carlo
1. GIOI THIEU

D6 khong dam bao do 1a mot théng sb dic trung cho sy phan tan cua cac gia tri do lwong duoc
ciia mot dai hrong can do [1,11]. Boi néu khong co do khong dam bao do két qua caa cac phép do
s& khdng thé so sanh duoc voi nhau ciing nhu khong thé so sanh dugc véi gid tri thuc quy wéc.
Trong linh vuc do ludng buc xa ion hoa ISO/IEC va IAEA di dua ra cac tai liéu huéng din vé
danh gia d6 khong dam bao do dbi véi cac dai luong do khac nhau. Cac huéng dan nay chu yéu
dwa trén cac phuong phap danh gia dua ra boi ty ban qudc té vé huéng dan do luong (JCGM)
trong cac 4n pham duoc biét dén nhu 13 “tai liéu hudng dan vé danh gia do khong dam bao do
(GUM) va phu luc cta né (GUM-S1). Phuong phap dugc mo ta trong tai liéu GUM thuong duoc
goi 1a phuong phap GUM, Theo dé, cac thanh phan gay ra d6 khong dam bao do duoc tinh toan
mot cach riéng ¢, tiép d6 ching dugc két hop lai véi nhau bang moét md hinh giai tich xap xi, diéu
nay 1am cho viéc tinh todn mat rat nhiéu thoi gian va do chinh xéac khdng cao khi cac md hinh tinh
toan 1a khong tuyén tinh va cac ham phan bb xac suit khdng c6 dang d6i xing. Bé giai quyét van
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dé nay chuong trinh phan mém tinh toan d6 khong dam bao do di dugc xay dyng si dung phuong
phap Monte Carlo theo cac huéng dan cia GUM-S1va tham khao chuong trinh danh gia do khong
dam bao do NIST uncertainty machine ciia Vién tiéu chuan va k§ thuat quéc gia Hoa Ky (NIST).
D6 khong dam bao do cua Air Kerma va tuong dwong liéu c& nhan Hp(d) ciing da duoc danh gia
sir dung chuong trinh phan mém tinh toan sai s6 va so sanh vai cac phuong phap xap xi trudc day.

2. PHUONG PHAP
Pé danh gia d6 khong dam bao do, md hinh lién hé giira dai lugng can do Y va cac dai lugng
dau vao X; ¢ dang nhu sau [2,11]:
Y =X, ..., Xp) (1)
2.1 Phuong phap GUM
Do khong dam bao do cua dai lwong Y sé& dugc tinh bang céng thic sau [2,11]:

N N-1 N
u?(y) = Z c? u?(x;) + 2 Z Z cicju(x,x;) (2)
i=1 i=1 j=i+1
Trong do, ¢; = d/dx; va c; = 0/0x; la cac h¢ s6 do nhay, u(x;, x;) la hé s6 tuong quan,
u?(x;) la phuong sai cta dai lugng dau vao.
Tuy nhién, céng thtc (2) chi ding khi mé hinh danh gia 1a tuyén tinh. B4i vai mé hinh khéng
tuyén tinh, cong thac (2) chi 1a xap xi bac nhat cua khai trién Taylor. Biéu nay lam cho két qua
danh gia d6 khong dam bao do trong nhiéu truong hop 1a khdng chinh xac.

2.2 Phwong phap Monte Carlo
Phuong phap Monte Carlo mé phong cac dai lwong dau vao X; dua trén phan bd xac suat ban
dau bat ky. Phan bd cua dai luong dau vao s& anh huong dén dai luong can xac dinh theo mo

hinh trong cdng thic (1). Do léch chuan va cac dai luong lién quan cua dai lwong dau ra duoc
tinh toén truc tiép tir ham phan bé.

Mb hinh do Hém phén bé S6 phép
Y=g(X1, Xz, Xy cua dai lwong X; thir
Sé lwong mau thir ¥ Péu ra ciia cde

— - .
dai luong X;
Gid tri 56 ciia @6 khéng dam bdo chudn U(y)

Hinh 1: So d6 tinh todn dé khéng dam béao do bang Monte Carlo.

So v6i phuong phép xap xi thi phuong phap Monte Carlo cho céi nhin tong quan hon vé phan
bd x&c xuét cua cac dai lwgng dau ra va né co thé ap dung cho nhiéu trudng hop hon.



3. KET QUA VA THAO LUAN
3.1 Phian mém danh gia do khdng dam bao do bing Monte Carlo.

Dua trén phuong phép danh gia d6 khong dam bao do trinh bay trong phdn 2, chuong trinh
phan mém di duoc xay dung véi tén goi GUM-MC. Giao dién cia chuong trinh c6 dang nhu
hinh 2 dudi day:

GUM-MC =
Uncertainty Propagation Select theNumber of input quantity 3 -
Distribution of input quantities:
. X1 Normal (Mean, StdDev) - 11 12
Options
X2 Normal (Mean, StdDev) - 21 22
X3 Normal (Mean, StdDev) - 31 32

Model

X17X2-X3

Validation model

Run simulation

Hinh 2: Giao dién chuong trinh danh gia dé khong dam bdao do GUM-MC
GUM-MC gdm c6 cac phan chinh sau:

a) Lua chon sb lwgng cac dai lwong dau vao: Phan nay ngudi dung sé lya chon s lwong cac dai
luong c6 thé anh huong dén d6 khong dam bao do cua dai lwong can xac dinh.

b) Lwa chon dang/ kiéu phan b cua cac dai lwong dau vao. Trong co s& dit liéu cua chuong
trinh da c6 sin 13 dang phan bd thuong gap, nguoi dung chi viéc lva chon dang phan b va
nhap céc thdng sé dau vao tuong wng.

¢) Lua chon md hinh tinh todn. Phan nay cho phép ngudi dung nhap mot mé hinh danh gia do
khong dam bao do cua dai lugng can xac dinh. M6 hinh tinh toan thuong 1a cac ham giai tich
toan hoc.

Phan mém s& tinh toan va hién thi két qua do6 khong dam bao do cua dai lwong can xac dinh
dira trén cac thdng tin cung cip bai nguoi dung. Hién tai, GUM-MC chi hd tro cac md hinh tinh
toan c6 mot dai luong dau ra, cac dai lugng dau vao doc 1ap véi nhau va co gia tri thuc

3.2 Panh gia dd khong dam bio ciaa Air Kerma (K ;,) va twong dwong liéu ca nhan Hp(d)

3.2.1 Panh gia @9 khong dam bao cia Air Kerma (K;,) va twong dwong liéu ca nhan Hp(d)
theo phuwong phap xap xi cia GUM.

a) D khong dam bdo do cuia Air Kerma véi pham chat bic xa y -*'Cs
S6 liéu do Air kerma ngay 29/02/2019 nhu sau: P = 1015.8 mbar; T = 22.6°C = 295.54 K
Gia tri Air Kerma cia mot pham chit birc xa dugc xac dinh bgi cdng thirc sau:

Kair = Ng * Meopp * KQ 3)



Trong d6: K, 12 Air Kerma, Ny 1a hé s6 chuan ciia budng ion hoa, K, 1a hé s c6 tinh dén
su khac nhau giita phdm chat buc xa tai noi xac dinh Air Kerma va noi hiéu chuan budng ion hda
chuan va M_,,, la sé doc cia budng ion héa chuan da duoc hiéu chinh cac yéu t anh hudng

Mcorr = MrawKTKPKstabKdisKother (4)
M4, 12 6 doc cua budng ion hoa

T _ 295.54

Kp === = 1.008 la hé sb hiéu chinh nhiét do
To  293.15

Kp =2 =232 — 0.997 |3 h¢ sb hidu chinh &p suit,
P 1015.8

Kseap 12 hé s6 tinh dén su 6n dinh cua hé do chuan,
K45 12 hé s6 tinh dén sy sai léch khoang céch.
Ky ner 12 céc hé s6 anh huong khac.

Mo hinh danh gia ¢ khong dam bao do cua Air Kerma nhu sau:

U(K) _ U(Nk) 2 U(Mcorr) 2 U(KQ) 2
T—j( W)t O G )

Vé6i U(x;) 1a do khong dam bao do twong tng véi cac thanh phan trong cong thic 3.

- U(N,) duoc lay tir ching chi chuan cua IAEA: U(N,) = 0.41%
- U(Ky) chua xac dinh duoc.

u;z;t) _ \/(U%ZVW))Z +(u§<z<TT))2 +(u§<z;p))2 +(U(Ksmb))2 b (kai)y +(U(Komer))2 ©)

Kstab Kais Kother

Gia tri s6 doc cua budng ion héa chuan M,.,, trong don vi nC nhu sau: 4.18; 4.18; 4.175; 4.175;
4.175; 4.18; 4.175; 4.175; 4.17; 4.17

UMya) = Sazey = 0.004 nC

U(M,qy) _ 0.004
M,,, 4176
- Ap suat thay ddi trong khoang 1015 mbar dén 1017.2 mbar trong qué trinh do

U(Kp) 1.1/10158
Kr  0.997

=0.001 =0,1%

=0.0011=0,11%

- Nhiét d6 thay ddi trong khoang tir 22°C dén 22.6°C (295.15 K dén 295.75 K) trong khi
do.

U(Kr) _ 03/295.54
Kr 1.008

= 0.001 =0,1%



- D6 6n dinh cua hé thiét bi dugc Iy tir mot tap hop cac quan tric sb lidu theo thai gian va
d6 khong dam bao do do sy khdng 6n dinh caa hé thiét bi dwoc danh gia vao khoang

0,6%

- Do phén giai cta thudc do khoang c&ch la 1mm. Do d6, d6 khong dam bao do do sai 1éch

khoang cach:
U(Kdis) — 2
Kais 1500

=0.0013=10,13%

Tir d6 ta tinh dugc do khong dam bao do cua Air kerma tuong tng hé s6 phu k =1 va khoang tin

cay 68%.

Bang 1: Nguon goc gdy ra dg khéng dam bdo do Air kerma

Nguon goc gay ra do khéng Do léch chuan twong d6i Do khong dam  Bac tu do
dam bao do (%) bao loai

Hé s6 chuan cua budng ion hda 0.41 B -
S6 doc caa budng ion hoa 0.1 A 9
Ap suit 0.11 B -
Nhiét do 0.1 B -
Khoang cach 0.13 B -
Do on dinh cua h¢ thiét bi 0.6 AB -
chuan

yéu t6 khac 1.0 AB -
U 1.26

b) DBé khéng dam bdo do ciia twong dwong liéu cd nhan Hp(10) si dung liéu ké TLD

Gid tri trong dwong liéu ca nhan Hp(10) dugc xac dinh nhu sau:

M — M3g).ECC
Hp(lo) = ( RCBP)' fEflinfdfangfother (7)

- M Iasb doc cua lidu ké, My 1a sé doc cua liéu ké phong
- ECC la hé s6 hiéu chinh d6 ddng déu cua chip hoac lidu ké
R
BCC =& (8)
R 1a's6 doc cua n liéu ké va R; 1a sé doc cua lidu ké tha i (i=1T—n)
- RCF la hé sb hiéu chinh may doc
— CB

RCF =
Hc

€)

C la sb doc cua liéu ké chuan, Cy 1a liéu ké phong, H, 1a gia tri liéu chiéu chuan

- fz 1ahé sé hiéu chinh sy phu thudc ning luong
- fiin 1a hé sb hiéu chinh dap ung tuyén tinh caa lidu ké



- £, 13 hé sb hiéu chinh sy suy giam tin hiéu
fung 12 hé s higu chinh sy phu thudc goc
forner 12 Cac hé s6 hiéu chinh khac.

Mo hinh danh gia d6 khong dam bao do Hp(10) ciling twong tu nhu cua Air kerma:

U(Hp(10))

Hp(10)

_lum =M (UECON | (URCHN (UGN, . Vi), . (UFang) . Ulfoners,
_\/( M_M0)+< ECC >+( RCF >+< fE ) +( flin ) +< fangg>+(fother) (10)

Str dung phuong phap danh gia do khong dam bao do theo phuong phap xap xi cuia GUM
twong tu nhu khi str dung dé danh gia do khong dam bao do cua Air Kerma. Ta thu duoc két qua
nhu sau:

Bang 2: Nguon gdc gdy ra dé khéng dam bdo do déi Véi tuong duwong liéu ca nhan Hp(d)

Ngudn géc gay ra Do léch chuan twong dbi PO kh()ng . Bactudo

d6 khong dam bao do (%) dam bao loai
Suat tuong duong }iég Hp(10) chuan
(Gia tri chieu licu ke dé xac dinh ECC, 2.36 -
RCF)
Heé s hiéu chinh s doc cua liéu ké 2.7 A 4
Hé sé hiéu chinh d6 nhay ECC 2.1 A 99
Hé s6 chuan may doc RCF 35 AB 9
Hé sé hiéu chinh ning luong 12.6 B -
Hé sé hiéu chinh dap (rng tuyén tinh 6.5 B -
Hé sé hiéu chinh phu thudc goc 9.1 B -
Hé s6 hiéu chinh suy giam tin hiéu 1.9 B -
CAc yéu td anh huong khac 3.0 -
U 18.1

3.2.2 Panh gia @6 khong dam bio caa Air Kerma (K ;,) va twong dwong liéu ca nhan Hp(d)
bang phwong phap Monte Carlo sir dung phan mém GUM-MC.

a) D khéng dam bdo do ciia Air Kerma véi pham chdt birc xg y - **Cs
Ham mé ta Air kermatrong cd dang: Y = X, * X; * X, * X5 * X, * X (11)

Y la Air kerma va X; 1a cac bién dau vao doc 13p (Kuir = MyquwNiKrKpKgranKais) Va ching
duoc coi 1a ¢6 phan b theo dang Student-t vai 2 bién dau tién va hinh chit nhat vai 4 bién con
lai. Gié tri ciia cAc bién diu vao X; nhu trong bang 3 dudi day:



Bang 3: Gia tri cua c&c bién dau vao X; ding dé xdac dinh Air kerma

X; Giatricia X; | Do léch chuan | Dang phan b | Bac tu do
S6 doc cua budng ion hda, 4.175 0.035 Student 3
Mraw’ § .
Hé so chuan cua buong ion 50.23 0.27 Student 3
héa, Ng
Hé so hiéu chinh &p suat, K, 0.997 0.007 Hinh chir nhat -
Hé sb hiéu chinh nhiét do, K 1.008 0.0006 Hinh chir nhat -
Hé s6 tinh dén sai léch 0.999 - Hinh chit nhat -
khoang céach, K

Dua vao cac so liéu trong bang 3, phan mém GUM-MC xac dinh dugc gia tri do khong dam
bao do cua gi tri Air kerma ~ 1.22 % véi hé s6 phu k = 1 twong tng véi muc tin cay 68% va cho
thiy duoc phan bd cia nd nhu trong hinh 3.

Monte Carlo simulation results '
i —— Mean

. o !
m:sl{an: %ﬂ 37 i Shortest Cov. Intervals
StdDev: 2.56

0
Symmetrical coverage intervals: S
>
68% 2208 5 213% k = ©.895 i
95% (206 , 215 k = 1.85 § 2
0o
Shortest coverage intervals:
(o]
68% 5208 > 2133 k = ©.894 O A
95% (206 , 216 = 1.85 2
o
O_ A
"""""""""""""""""" (ST T T T T 1
GUM framework 200 205 210 215 220 225
Mean : 211 g
uc(y) : 2.57 Output quantity

Hinh 3: Két qua danh gid dg khong dam bdo do Air kerma bang GUM-MC
b) D¢ khéong dam bdo do ciia twong dwong liéu c& nhan Hp(10) si dung liéu ké TLD

M6 hinh danh gia d6 khong dam bao do cua dai lugng twong duong liéu c& nhan Hp(10) khi
su dung GUM-MC c¢6 mé hinh tuong tu nhu Air kerma: Y = X; * X, * .. x X, (12)

Y l1a trong dwong liéu ca nhan Hp(10) va X; la c4c bién dau vao doc lap mo ta cac dai lwong
nhu trong phuong trinh 7. Céc bién dau vao tuan theo phan bé student-t va hinh chir nhat. Gia tri
cua cac bién dau vao X; nhu trong bang 4 dudi ddy:

Bang 4: Gia tri cua c&c bién dau vao X; ding dé xdc dinh twong dwong liéu ca nhan Hp(10)

X; Gia tricua X; | Po léch chuan | Dang phan bé | Bac tu do
S6 doc cua licu ké, M 4817 90.48 Student 5
Hé sé hiéu chinh d6 dong déu, 0.88 0.07 Student 99
ECC
S6 doc cua lieu ké chuan may 15443 545 Student 5
doc, C
Gia tri liéu chuan, H, 6.8 0.082 Student 7




Hé s6 hiéu chinh ning luong, f, 0.615 0.08 Hinh chir nhat -
Hé s6 hiéu chinh dap wng tuyén 1.02 0.034 Hinh chit nhat -
tinh, fiin

Hé sb hiéu chinh phu thudc goc, 1.02 0.091 Hinh chit nhat -
f&1lg

Hé s6 hiéu chinh suy giam tin 0.98 0.019 Hinh chix nhat -
hiéu, f,

Dua vao céc sé liéu trong bang 4, phan mém GUM-MC xac dinh duoc d6 khong dam bao do
cua twong dwong liéu c& nhan Hp(10) ~ 18.7% véi hé s6 phu k = 1 tuong @ng véi mac tin cay
68% va phan bd xAc suat ciia nd nhu trong hinh 4.

Monte Carlo simulation results

Mean : 1.17
Median: 1.16
StdDev: 0.219

—— Mean
***** Shortest Cov. Intervals

1.5

Symmetrical coverage intervals:

68% §0'949 , 1.4) k= 1.02
95% (0.798 , 1.63) k = 1.91

Density

Shortest coverage intervals:

v |
68% 20.912 , 1.35) ki =1.01 =
95% (8.774 , 1.6) k = 1.89
< |
"""""""""""""""""" = T : T T : T 1
GUM framework 05 1.0 15 20 25
Mean : 1.17
uc(y) : 0.217 Output quantity

Hinh 4: Két qua danh gia dg khéng dam bdo do Hp(10) bang GUM-MC
4. KET LUAN

Do khong dam bao do cua Air kerma va tuong duong liéu ca nhan Hp(10) da duoc danh gia
bang phuong phép xap Xi va bang chuong trinh GUM-MC trén nén tang Monte Carlo. Két qua
thu dugc cho thay sai léch cua Air kerma va tuong twong liéu c& nhan Hp(10) tinh bang hai
phuong phap twong ¢ng 1a 3.3% va 3.7%. So véi phuong phap xap xi thi GUM-MC tinh toan
thuan tién hon va né con cho thdy duoc phan b xac xuat cua két qua thu duoc. Tuy nhién,
GUM-MC vin con mot s6 yéu diém d6 1a ndé can md ta dung dwoc dang phan b cua cac dai
lwong dau vao, diéu nay khdng chi phu thudc vao dir liéu thu dwgc ma con phy thudc vao hiéu
biét ctia ngudi sir dung dé dat duge do chinh xac cao.
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Abstract

Evaluating measurement uncertainty of a physical quantity as well as measurement of
ionizing radiation is a mandatory requirement for laboratories which are obtained 1SO/IEC 17025
certification to access reliability of measured results. The Joint Committee for Guides in
Metrology (JCGM) published the first “Guide to the expression of uncertainty in measurement”
documentation in 1993 and revised version in 2008. These guidelines are very valuable and have
achieved great success in assessing the uncertainty of measurement results, but it still reveals
deficiencies in the propagation of uncertainty model, the accuracy and reliability of probability
distribution functions. To overcome these shortcomings, a Monte Carlo method has been
proposed. This method simulates the input quantities independently based on the initial
probability distribution functions so the probability distribution function of the output quantity is
determined reliably when the number of simulations is large enough. In addition, it helps to
assess the measurement uncertainty due to propagation of errors with full-scale models that are
not only linear model. In this work, the measurement uncertainty of ionizing radiation
measurements such as dose equivalent Hp (d), Air Kerma was evaluated based on Monte Carlo
method. A measurement uncertainty software program has been developed to make the
measurement of uncertainty more convenient.

Keywords: Uncertainty measurement, Monte Carlo method.
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