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T téng thé (d6i twong kiém tra), néu Iay ra bao nhiéu mau dé thir nghiém thi cling
s& c6 bay nhiéu két qua thlr nghiém khac nhau. Ngudi ta néi cac két qua clla mau 1a nhirng
s6 gan dung, chung tiép can vdi dai lvong cha tong thé theo nhiéu mirc dd khac nhau tuy
theo mirc do dai dién cla mau khi dugc 1ay ra thong qua phuong phap 1dy mau va sé 1an
quan trac, va cling phu thudc rat nhiéu vao trinh do , kha ning cla phong thi nghiém.

Vi khdng thé biét chinh xac dai lwvong cla téng thé nén phai phdng doan, wdc luong
qua két qua do, thir nghiém trén mau.

1. UOC LUONG PIEM CAC THAM SO CUA TONG THE
Cac tham s6 co ban cda téng thé gédm co :

1.1 S8 trung binh, ky hiéu la p . Trong diéu kién ly twdng, néu kiém tra dugc toan bd
téng thé vdi s6 quan trdc N, thi p tinh tir cac gia tri do xi nhu sau :
N
DX,
i=1

=N

Nhung trong thuc t&, ngudi ta chi xac dinh dwoc s trung binh x clla mau va do vay
phai wdc lwgng p qua x. Mon théng ké phat biéu x 13 “wdc lwgng tét nhat” cda p hay noi
cach khac, pla vong sé cla x :

po= E(X)

Dai v&i nhirng dai lvgng thudc phan bd chudn, u con la vong sé cla trung vi va cla
s6 mot.

1.2 Phwong sai, ky hiéu |a o2, trong diéu kién ly tudng néu cd thé xac dinh dugc s&
tinh theo cong thirc :

- 2
Z(Xi — 1)
Gl= it
N
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Cling nhu i, phwong sai mau s? 1a wdc luvgng t6t nhat clia 62, tirc 6% 1a vong s8 cla
phuwong sai mau s :
c? = E(s?)
O day can chu y phuong sai cia mau khéng tinh theo cach nhu phuong sai clia tng
thé, tirc 13 mau sb clia cong thire tinh phuong mau phai bét di 1 don vi

> (x, - %)
2= L
n-1

va s? ndy duoc goi la phuong sai “khdng chéch”. N&u phuwong sai mau tinh theo kiéu
phuwong sai téng thé (mau sé bang dung s6 quan trac n) thi khi n > N, phuong sai mau sé
tién chéch khoi o2, va ngudi ta goi nd la phuong sai “chéch”, khéng dung uéc lvgng o2
duoc.

Mac du phuong sai mau (phwong sai khong chéch) 1a vong sé clia phwong sai téng
thé nhung dd léch chudn o cla téng thé lai khdng phai la vong s6 clia d6 l1éch chuan mau
s. Tl mau, ngudi ta thudng wéc luvgng o theo :

c= E(i} hoaco = E(ﬂ}
Cn dn

trong dé w 13 d6 rong clia mau, ¢, va d, 1a nhitng hé s6 phu thudc n.
Hé sé cn c6 thé dugc tinh theo céng thirc:

Ch = X
n-1 r[n_lj
2
I'(X) goi la ham gamma cda d6i sé X tinh nhu sau :
I'X)=(X=21)(X=2)eeeeeuen.n 1: néu X [a mdt sé nguyén

['(X) = (X = 1)(X = 2)....0,5.Vx : néu X bang nlra s6 nguyén |é.

Hé s6 cn cling nhu dn c6 thé tra & cdc Bang 6 va 7 cla Phu luc.

Grant va Leavenworth (1980) dé nghi dung s dé wdc lwong o khi n > 15. V&i n nhd,
to6t hon nén wdc lvgng o theo w.

Bai tdp 4.1 : Thuc hién 10 quan trdc, duoc cdc két qué sau:

1,235 1,212 1,306 1,284 1,249 1,203 1,300 1,295 1,251 1,274.

Hdy worc lwgng puva o qua x, s va w.
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2. UGC LUQNG KHOANG CAC THAM SO CUA TONG THE
2.1 Khoang tin ciy cua s trung binh
e D&i v&i nhitng dai lwong thudc phdn bé chuén:
a. Khi khoang tin cay la hai phia va xét v&i xac suat P cho trudc doi véi

t, ot
—Ls <u<x+-Es
Jn

Jn

trong dé : xac suat P =95 % thi tp = to,g7s va P = 99 % thi tp = to,90s.

X —

b. Khi khoang tin cdy la mét phia va xét v&i xac suat P cho trudc déi vai

_ t o _ t
<X+ -+2-s hodc un >x — s
RN - H Jn

trong d6 xac sudt P = 95 % thi tp = to,es va P = 99 % thi tp = to,00.

Céc hé s6 tp hay te/v/n tra & Bang 6 Phu luc ghi véi gia tri phan bo Student tra theo
bactwdov=n-1.

Truwdng hop n cla mau khdng qua 15, khoang tin cdy cé thé tinh theo do rong cla
nhu sau.

Khi khoang tin cdy la hai phia va xét v&i xac suat P cho trudc déivai p :
X —qpw < W < X + gow
trong d6 xac suat P = 95 % thi tp = qoe7s va P = 99 % thi gp = to,995.
Khi khoang tin cdy la mét phia va xét véi xac suat P cho trudc doi véi p :
nL<X+qgpr.w hodac p =X —qgp.w
trong d6 xac suat P =95 % thi tp = qoes va P = 99 % thi gp = to,09.
Hé sb gp tra & Bang 7 cta Phu luc.

Trudng hop chon k mau tir cung mot téng thé, cdc mau thye hién théng nhat s6 két
qua do, gid sir mau th i cho s6 trung binh X,(i = 1, 2,, ...,k) va s6 trung binh chung cua k
mau |3 X. Khoang tin cdy cla u dwoc tinh nhu sau :

trong dé, hé sé ty» tra & Bang 8 Phu luc theo v =k — 1.
e D3I v&i nhirng dai lrgng thudc phén bé Poisson, cé hai trwdng hop:

a. Khi két qua dém clia mau x < 10




trong d6, 2 tra & Bang 9 Phu luc theo murc chdc chan chon trudc va s bac ty do v
= 2(x+1), con F tra & Bang 10 Phu luc vé&i sé bac tu do vi = oo va vz = 2x.

Bai tép 4.2 : Khi kiém tra 1 km dwdng 6ng, thdy cé 6 khuyét tat. V&i murc chdc chan
95 %, s6 khuyét tét trung binh trén 1 km cua toan bo chiéu dai dwdrng 6ng ndm trong pham
vinao?

b. Khi két qua dém cla mau x > 10:

2 2 2 2
z |z z z
(x+ ;/2]—2“/2 X + Z/Z <p< [x+ ;/ZJ+Z(X/2 X+ ZZ

Zq 12 phan vi cha phan b6 chuadn N(0,1). V&i P =95%, z4 = 1,960 va v3i P = 99% , 2. =
2,576.

Bai tép 4.3 : Ciing vdi vi du trén nhuwng s6 khuyét tat kiém tra trén 1 km I 12 va chon
murc tin cdy 95 % dé xét.

e DGi v&i nhitng dai lugng thuée phén bé nhj thire, néu sd san pham khéng hop chuan
x xac dinh trong mau vai s6 quan trac n thi :

- Truong hop khodng tin cdy 2 phia:

(X+DF,
X <p< 2
(n—x+1DF, + X n—x+(X+1F,
EYVLVZ EVVLVZ
V@i bién dudi: vi=2(n—x+1)vavy=2x
V@i bién trén: vi=2(x+1)vava=2(n—x)

Khi n khd 1&n, cé thé tinh gan dung khoang tin cy theo:

X_, Ip.(1-p,) <p<Xiz Ip.(1-p,)
n 3 n n 3 n

V@i px = x/n va phai thda man diéu kién px+2./p,(1 - p,)/n khongchira Ova 1.

- Truding hop khoang tin cy 1 phia: thay /2 trong cac cdng thirc trén bang a.

Bai tdp 4.4 : Trong mét mGu gdém n = 40 sén phdm, quan trdc thdy cd x = 16 sén phém
khéng hop chudn. Hay xdc dinh khodng tin cdy 2 phia cta ty 1é sén phdm khéng hop chudn
cta 16 sGn phdm nay vdi o = 0,05.

2.2 Khoang tin cdy cla trung vj

Khodng tin cdy cda trung vi dugc xac dinh vai diéu kién ham mat dé xac suat lién tuc,

f(x) > 0 v&i a < x < b kém gia thiét a — — o0 hodc b — + o hodc déng thdia > —-ovab —
+ 00, con f(x) =0 khix<avax>bh.
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Tuy thudc c& mau n, khoang tin cay cla trung vi cé bién dudi tai xk va bién trén xn_k+1.
Cac vi tri k cha bién dudi va n—k+1 cla bién trén cla gia tri trong ddy {xi} d3 duoc sdp xép
theo th& tu tdng dan cdia mau duoc cho trong Bang 11 Phu luc.

Vi dy: V&i c& m@u n = 25, k = 8 va n—k+1 = 18 [d s6 thw tw gid tri bién dwdi va bién
trén clia khodng tin cdy cla trung vi xét theo mirc chdc chdn P > 0,95, cu thé la
P=1-0,0432 =0,9568. Gid trj o. = 0,0432 ndm & cot thi tw cta bdng.

Bai tép 4.5: Hay tim khodng tin cdy cla trung vi cia 20 két qud quan trdc chung cia
4 mdu sau theo . o. = 0,05.

1,28 1,24 1,25 1,22 1,26 1,18 1,20 1,20 1,22 1,20
1,20 1,16 1,25 1,23 1,22 1,17 1,24 1,28 1,20 1,22

Trwdng hop n 18n, cd thé xac dinh khoang tin cdy gan dung theo céac bién trén va

bién dudi sau :
~ ~ T
X+tz,s;=X*tz,5,/|—
> 2n

3
Vi du: Tir mGu c& n = 100 tim thdy X = 2,52 va dé rong phan tw chudn hdéa (xdp xi dé
léch chudn) bang 0,12. Hdy xdc dinh khodng tin cdy dé tim trung vi cla téng thé vdi mirc
tin cdy P = 0,95.

V&i mure tin cady P = 0,95 hay la /2 = 0,025, ta cb zo,025 = 1,960 tir d6 bién trén va
bién dudi cla khodng tin cay cla trung vj tinh bang:

2,52 +1,960x0,12x / " _ =255va2,49
2 x100

2.3 Khodng tin cay cha dd léch chuan

Do léch chuan cé phan bd khong ddi xirng, dic biét & nhitng mau cé s6 quan trac n
bé. Khoang tin cdy duoc tinh nhu sau:

04.s < 6 < Ows

L. n-1 . n-1
vOi Q4 = — va Ot= |

L, X

2" 2"

va cac gia trj t&i han 2 tra theo v=n—1 & Bang 9 cla Phu lyc.
Trudng hop mau kha 1&n (n > 200), céc gidi han trén va dudi gan nhu d6i xirng va
c6 thé ap dung cdng thirc :

S <06 <s+z, -

s s
—_ Z — -
> 2n > 2n
Bai tép 4.6 : D6 Iéch chudn tinh dworc tir mdu 1a s = 2,65. Hay xdc dinh khodng tin cdy
clia o vdi mure chdc chdn 95 % khi n = 10 va khi n = 500.
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3. c MAU
Khodng tin cay rng v&i mot mirc chac chan nao dé cang hep thi mirc dd ti€p can
cta két qua thlr nghiém vdi chat lvong tdng thé cang cao. Diéu nay cd lién quan mat thiét
vdi s& quan trac, bdi vi s6 quan trac cang 1&n tinh dai dién clla mau cang ting.
3.1 Pai lwgng thudc phan bé chuan
Né&u goi gid tri cia mot nira khodng tin cdy I3 E = (tp/v/n ).s thi *rng véi E cho trudec,
c6 thé tinh s quan trac n theo cdng thirc n = (tp.s/E)? hay theo :

trong d6 e = E/p hodc e = E/x, cv la hé s6 bién ddng. Khi d3 biét d6 Iéch chudn s hodc
hé s& bién dong cv qua mdt mau thir nghiém trwdc va tinh duoc ty sé E/s hodc e/cv, tra
Bang 8 cla Phu luc, do theo cot mirc chdc chan P s& tim thay n.
Vi du: Do khéng cé diéu kién, ngudi ta chi thuc hién mét méu vdin = 5 va tinh dwoc
x =1,250,s=0,022, cv=1,79. V&i P = 0,95 va chon murc tin cdy 2 phia tir Bang 6 Phu luc,
tra dwoc tp = 2,776 va tinh ra:
o= 2,776.1,79
J5
Né&u quy dinh nira khodng tin cay twong déi e khéng duoc vuot quéa 1 %, ta tinh :
tp e 1
e = ® - 2 -0559
Jnooov 179
Ciling tr Bang 6 Phu luc, tra & phan bén phai véi mire tin cdy 2 phia nhu trén, ta dwoc
0,559 x3ap xi 0,554 vi vdy nén chon n = 15.
Bai tdp 4.7 : M4t mau c6 cd n = 10 cdc cdc két qud do sau: 1,22 1,45 1,28 1,20 1,42
1,38 1,34 1,25 1,30 1,40. Vi muec tin cdy 2 phia P =99 %, hdy tinh Eva e. Choe =1 %,
hdy tim sé quan trdc n tuong ng.

=2,22%

3.2 Pai lwgng thudc phan bd Poisson

Trong thuc t€, x rat Idn so véi z2, /4 nén cd thé chdp nhan khodng tin cay clia p theo:
z? z?
X+—L |~z Ix << | x+—2 1+ 2z Jx
2 2 2 2

O day, c6 thé xem nira khoang tin cay E = z,,Vx (d8i xtirng khdng phai véi x ma vdi x
+ 22, /2) va e = E/x. C& mau chinh la “khoang tinh” (c6 thé la thdi gian, la khdi lwvgng mau,
la chiéu dai mau, v.v..) sao cho viéc thlr nghiém dat dén mdt két qua t8i thiéu Xmin Nao d6:

7 2
Xmin = o2
e
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Vi du : Gid s chon e = 10 % v&i mirc tin cdy 95 %, ta tinh dwgc Xmin Xap xi
2
[%} = 385. Khi kiém tra trén 1 000 m duwdng 6ng thay 2 khuyét tat, mudn bao dadm
khoang tin cay tuwong déi 10%, can phai kiém tra téi thiéu :
385x1000 _ 195 500 mét dudng 6ng.

Bai tap 4.8 : Trong vi sinh, ngudi ta yéu cau két qud bao cdo viét vdi 2 chit s6 cé nghia
twong (rng vai sai s6 t8i da 10 %. Gid s&r mot mau vi khudn dwoc dém trén 10 dTa cho két
qua trung binh 13 2,4.10" vi khuan. Chon murc tin cy 2 phia 95 % va quy wdc e bang sai s&
t6i da 10 %, hay xac dinh lai s6 dfa can dém cho mot mau.

3.3 Pai lwong thudc phan bd nhij thirc
Tiéu chuan ASTM E122-89 dua ra cong thire tinh :

2
n=p(1- p)[%} V8i 2as2 = 3

Vi du: Ttr mét 16 hang I8y ra mét méu c& n = 200 sén phdm dé kiém tra ty 1é sén phdm
tét. Két qud tim thdy x = 5 sGn phdm chuwa dat chudn. Héy tinh ty 1€ san phdm tét p, nira
khodng tin cdy tuyét déi E va twong déi e theo murc tin cdy hai phia 99 % (chon z4/2 = 3).
Néu cho e = 0,01, hdy tinh lai E va c& mdu cén I8y tir 16.

Vix=5, px= 220=° -0,975 tir d6 E = 3 \/ 0975(1-0975) _ 5 433, ¢ = 9933 _ 934,
200 0975
Néu e = 0,01 thi E = 0,975.0,01 = 0,009 75, theo cong thirc ASTM, c¢& mau can thiét:
2
n=0,975(1— 0,975)[ 3 j - 2307,69 ~ 2308
000975

Bai tdp 4.9: Tt vi du trén, néu mdu cé n = 500, x = 10, chon murc tin cdy 2 phia 95 %
dé tinh E va e. Néu cho e = 0,01, hdy tinh lgi E va c& mdu cén I8y tir 16.

4. pO KHONG PAM BAO PO

Do khéng dam bao do la gi? Thuat nglr nay duoc dich tir ti€ng Anh Uncertainty in
measurement, néu dich that sat nghia |a dé khéng chdc chdn trong do Iwdng. Tai sao dé
cap dén dd khdng chac chan trong do ludng? Sau khi thir nghiém, ta dwoc két qua tir mau
la mot gia tri nao d6. Tuy nhién muc dich cudi cung cta th&r nghiém [a tim chat lwgng cla
téng thé, do d6 phai thém mot giai doan |3 wéc luvgng. Vi du két qua thdr nghiém mau lay,
khodng wdc lwgng 1a U, gid tri téng thé 13 két qua nam dau dé trong pham vi (y + U) véi xac
suat P %.
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Viéc wéc lwgng cac tham sé co ban clia téng thé bang khodng tin cdy cé nhugc diém
la khdng hoan chinh b&i vi né chi dua trén ngudn sai s6 ngau nhién, trong khi thuc té, két
qua do va thir nghiém con cé phu thudc sai s6 hé théng.

Co s& ly ludn viéc tinh dé khéng dam bao do

Sai s& ngau nhién s& tao nén mot thanh phan dwoc goi 1a kiéu A clia d6 khdng dam
bdo do, con sai s6 hé théng s& tao nén mot thanh phan duoc goi |a kiéu B cda d6 khdng
dam bao do. Gia tri cila moi thanh phan dwoc tinh bang do Iéch chuan.

Da&i vai thanh phan kiéu A, d6 1éch chuan rit ra tir phép tinh théng ké (xem chuong
3). Con ddi vai thanh phan kiéu B, dd |éch chuan tuy thudc phan bé gia thiét duwoc néu danh
cho mdi loai sai s& hé théng.

K&t qua cudi cung cua thir nghiém la do két qua do cda nhiéu dai lvgng khac nhau
tao nén. Néu goi két qua tinh la y va cac két qua do clia nhiéu dai lwgng thanh phan la x;
thi cé thé biéu dién madi quan hé gitra y va cac x; nhu sau

y =f(x1, X2, ..., xx) v&ii=1,2,.,k
Theo dinh luat lan truyén sai s6, d6 khéng dam bao clha cac gia tri do x; sé tao nén
do khong dam bao cua gia tri tinh y theo cong thirc sau :
k k-1 k
UZ(y)=2 ciu?(x,)+2)" > cu(x,)e u(x; r(x;,x;)
i-1 =1 j=i+l

trong do, uc(y) goi la dé khéng ddm bdo chudn phéi hop cla y; u(xi) |a 6 khong dam
bdo cta cac thanh phan xi; r(xi,x;) 1a hé sé twong quan tuyén tinh cla tirng cdp thanh phan
Xi va X (n€u cd) va ci la cac hé sé nhay cla xi.

Hé s& nhay thé hién dnh hudng nhiéu hay it cla thanh phan x; d6i vdiy nén duoc
tinh bang dao ham riéng cla y d6i véi tirng xi.

Do khdng dam bao chuin phdéi hop cla y lai cé hai kiéu A va B tuy theo cach uéc
lwong: uZ (y)=uz (y)+ug (y)

Mot s6 vi du sau déy vé thanh phdn kiéu A, ky hiéu 1d ua:

1) Vé&itap hop cac két qud do thudc phan bd chuén :

_ S ~ T 2 2 2
UA(X) = Sx= 5 U, (X) =S;= —= ; U, (X)=S,=S,|— ; Ua(s?) = s_, = s, |——
A(x) = sx A(X) T A(X) o Als®) ='s_ —

2) V&itap hop cac két qua do thudc phan bd Poisson :

ua(c) =sc=
3) V&itap hop cac két qua do thudc phan bd nhj thire :
1_
ur(p) = 5p= [P

Con trong wéc lugng kiéu B, thi us(y) dugc xac dinh khdng theo théng ké ma dua
vao dac tinh ki thuat cda thiét bj thir nghiém, vao gidy chirng nhan hiéu chuan, v.v. . . Vi
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du du bat ky két qua do nao clia mau néu khdng vuot qua mot sai s6 a thi co thé xem tap
hop céc sai s6 thudc phan bé chir nhat, vi du dé phan gidi cta thang do, dd hoi sai ciia dung
cu do, dd tréi cla gia tri chudn trong khoang thoi gian gitra hai ky hiéu chuan. Khi dé:

a

J3
Cé nhirng trwdng hop biét chic cac gia tri s& nam & chinh gitta mot khoang biét trudc
cé chiéu rong + a, vi du nhiét d6 cia mét méi truvong dwoc khdong ché, thi phan bé cé dang
hinh tam giac can vdi nlra canh ddy bang a va

UB(Xi) = i

J6
Trong phép do céng suit & tan sd vd tuyén va vi ba, tai tdn sé cao nang lugng khi
truyén tir ngudn sang tai bi phan xa khi khdng cé sw phdi hop tré khang. Gia tri a bang
2IsI' trong d6 I's 1a hé s6 phan xa cha nguén, I'L 13 hé s6 phan xa cla tai, phan bd cé dang
hinh chitr U va

us(x) = =

J2
Trong trwong hop ma sy dao déng cha dai lwgng do dworc gia thiét cé phan bé gan
v3i phan bd chuin nhuwng khdng vuot qua mot gidi han+a, tacd :

a
us(xi) = 5
ng v&i murc tin cay P = 0,95.
Khi wéc lvong d6 khéng dam bao kiéu B, néu tin hoan toan a thé hién gidi han mot
cach tuyét doi thi so bac tw do s& la vo han, vi =, nhung néu cé chit nghi ngd vé mirc do
tin cdy cla a thi v tinh gan dung bang :

1 ux) ) 1(Au(x))
Vi ® — ~ S
Z[G[U(Xi)]j 2( u(x;) J

Ty s6 trong dadu ngodc cé mi &m chinh 1a 6 khong dam bao twong déi cta u(xi) con
coténgoiladotincayR % :

_ Au(x)
u(x,)

o 1(100)2
vivay Vi R —| —
2l R

R 100 %

Hé s6 twong quan tinh theo céng thirc
Z(Xi_)_(i)(xj_)_(j) zz(xi_)_(i)(xj_)_(j)
V2O = %)72(x; %) (N=Du0x)u(x;)

r(xi,xj) =
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Hé s& tuong quan s& bang khong khi hai thanh phan xi va x; khdng cé twong quan va
cdng thire tinh uc(y) trén day s mat sd hang th hai trong vé& bén phai.
Da3i vdi uc(y) thi sé bac ty do dugc tinh theo céng thirc cia Welch-Satterthwaite:
a. Truong hop f(xi) 1a phép cdng dai sé cla cac x; :
_u(y)
Veff = ZK:CAUA(Xi)

i
i=1 Vi

b. Trwong hop f(xi) la phép nhan hay chia clia céc xi :
Vet = [u, (y)/y]*
eff = ” 2
[u(x;)/x]
oy
i=1 i

trong dé ver duoc goi la s6 bdc tw do hiéu dung.

Sau khi tinh duoc dd khong dam bao chuan phdi hop uc(y) ctay, két qua cudi cung
duwoc bao cdo theo quy dinh ctia TCVN 5958:2001 la:
ytU
U duoc goi la dé khéng dam bdo ma réng tinh theo:
U = k.uc(y)

Hé sb k 13y theo mirc tin cdy P chon trudc, dé don gidn, ngudi ta cho k = 2 &ng vadi
murc tin cdy P = 95 % va k = 3 (rng v&i mirc tin cdy P = 99 %. Gia tri do khéng dam bao mé
rong duoc quy dinh lam tron tang vai tdi da 2 chir s6 ¢6 nghia.

Trén day 1a quy trinh tim ngudn cac loai sai s6 va cach tinh d6 khéng ddm bao do
thanh phan va dé khéng ddm bao do phéi hop theo “Hwéng dan GUM (Guide to the
expression of the uncertainty in measurement)” do ISO ban hanh nam 1993.

Tuy nhién do nhiéu bat hop ly trong viéc tim ngudn sai s va cach tinh sai s6 hé théng
véi nhirtng quy dinh chd quan vé phan bd théng ké va bac tuw do, nhat 1a d6i v&i nhitng
phuong tién do hoan toan ty dong hda, nhirng nam sau nay cé moét quy trinh tim d6 khong
ddm bdo do khéng dua trén cac thanh phan dé khdng ddm bdo do. Quy trinh duoc trinh
bay trong Handbook for calculation of measurement uncertainty in environmental
laboratories do B. Magnusson, T. Naykki, H.Hovind, M. Krysell bién soan va Nordtest (Phan
Lan) céng b6 ndm 2004. Trong phuong phdp tinh nay, ngudi ta quan tdm dén:

Gidi han kiém tra (control limits) I3 pham vi dao déng ngau nhién cla két qua do
lwdrng th&r nghiém thudng xuyén chat lwvong san pham xét &@ mire tin cy 95%, thé hién qua
do tai lap noi bo phong thi nghiém Rw hay la d6 chum.

D6 léch chudn sgw cia Rw thong ké tich |0y 1au dai, t&t nhat [a 1 nam tir gidi han kiém
tra.

Do khdong dam bao do tdng hop dwoc tinh nhu sau:
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Uc = Ju’(R,, )+ U’ (bias)
Vi du: Gidi han kiém tra ciia mét méu thi nghiém bdng + 3,34 % (& murc tin cdy
95 %), tir do tinh ra:
u(Rw) = 3,34/2 =1,67 %, u(bias) = 2,71 % — uc = /167° +2,71°=3,18 %

Vé dé khéng dém béo do cua dé chéch u(bias) c6 mdy cdch tinh sau déy:

Cdch thir 1: Goi cdn bac hai cha trung binh binh phwong nhiéu d6 chéch tich Ity dworc
trong so sanh lién phong qua nhiéu ndm (vi du 3 ndm) vé mau thi nghiém dang xét |a
RMSpias:

H 2
RMSbisc = >bias

trong dé n 13 s& phong thi nghiém tham gia trac nghiém thanh thao.

Thanh phan dé khdong dam bao cha giad tri chuan chip nhan (certified reference
value) hay gia tri danh dinh (nominal value) ky hiéu Ia u(Cref). T&r két qua so sanh lién
phong:

trong do sk 1a trung binh d6 léch chuan cta dd tai lap R (thé hién mc d6 chum cla
cac két qua so sanh lién phong). Nhu vay :

u(bias) = \/RMS

+u?(Cref)

bias

Vi du : Qua 3 ndm so sdnh lién phong ham lwong NH4 ky hiéu N(mg/L) véin = 6 lGn
thuc hién, két qua nhuw sau:

Xref Xtb D6 chéch (%) sk (%) S6 PTN
81 83 2,4 10 31
73 75 2,7 7 36
264 269 1,9 8 32
210 213 1,4 10 35
110 112 1,8 7 36
140 144 2,9 11 34

Trung binh 2,18 8,8 34
2 2 2 2 2 2
RMSs.. = \/2,4 +272+19 214 +187+2.9° ) 5o q
u(Cref) = % =1,5% — u(bias) = y2,25* +15%> =2,71%
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Cdch thir 2 (c6 st dung 1 mau chuan):

u(bias) = +/bias® +u’(TB)+u?(Cref)

Mau chudn dwoc phan tich it nhat 5 [an (vi du 5 ngay) cho gia tri cong nhan vi du

11,5 £ 0,5 (murc tin cdy 95 %). Chia 0,5 cho 1,96 dén chuyén thanh dé khong dam chuan

05 _026tirdé tinh :
196

u(cref) = 228100 =221 %
115

Gia tri trung binh so sanh lién phong ctia n = 12 phong thi nghiém la 11,9 v&i do léch
chuadns=2,2 %.

bias = 122119100 =3 48 %
115
u(TB) clia 11,9 bing : u(TB) = > = 22 -0638 %
Jno V12

u(bias) = /3,482 +0,6382 +221° =4,2 %

Cdch thi 3 (c6 st dung nhiéu mau chuin):

u(bias) = \[RMSZ,, +u?(Cref)

bias

Vidu:
Mau chuin Bias (%) S n u(Cref) (%)
1 3,48 2,2 12 2,21
2 0,9 2,0 7 1,8
3 2,9 2,8 10 1,8
2 2 2
RMSbias=\/3’48 +(;,9 +19° 5 671
S6 trung binh cda u(Cref) =w =1,937

u(bias) = /2,671> +1937% =3,30 %

Cdch thir 4 (c6 sir dung hiéu suat thu hoi):

Phai thyc hién thém chuin trén it nhat 6 nén mau khac nhau. Khi dé

u(bias) = \/RMSf,iels +u?(Cref) véi u(Cref) = yJu?(conc) +u?(vol)

u(Cref) 1a thanh phan d6 khéng ddm bao tir dinh nghia hiéu suat thu hoi 100 %. N6
gdbm u(conc) lién quan dén ndng dd chat chuan va u(vol) lién quan dén thé tich chat bom
thém vao mau (spike).
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Vi du : Trong thi nghiém cho 0,5 mL chdt bom thém vao 6 chdt nén méu khdc nhau,
c6 duworc cdc hiéu sudt thu héi 95 %, 98 %, 97 %, 96 %, 99 % va 96 %, trung binh 13 96,8 %,
dé léch chudn 0,0147. So vdi hiéu sudt thu hdi 100 % qua trdc nghiém t (t-test):

_ (1-0968)V6

= 3,27 < t(0,01;6-1)
0,0147
— nén két ludn r xap xi 100 % nén dung dugc u(Cref) trén.

Gia st tiép 1a chat chuan c6 ndng dd +1,2 % (murc tin cdy 95 %) cho u(conc) = 1,2/2
= 0,6 %. Gia tri u(vol) c6 thé tim & van ban ky thuat cia nha san xuat hodc céc gidi han
chirng nhan trong phong thi nghiém. Néu dé chéch amax =1 % (phan bd chir nhat) va do lap

lai t6i da Smax = 0,5 %, tr d6 : u(vol) = \/(1/\/5)2 +05% =0,76 %
u(Cref) = 10,67 +0,767 =0,968%
Gia st khi xét d6 chéch phuong phap va phong thi nghiém, ta cé RMSpias = 3,44 %
u(bias) = /3,44% +0,9682 =3,57 %

Cdch the 5 (chi sir dung do tai lap):

Khi viéc tinh uc khong doi hdi qua nghiém khac, cé thé dung sk clia do tai 1ap R thu
duoc tir cac kiém tra lién phong. Gid tri R cling duoc tim thdy & mét sé tiéu chuan cdng bd
doéng thoi véi do lap lair. Khi dé :

Uc =SR = i

22

Vidu : Qua 5 I6n so sdnh lién phong, ham lugng Cd trong nudc, tinh duoc sg lén luot
la17,0% 10,7% 14,9% 10,4 % va 27,5 %. Chon uc. = max{sr}=27,5%

Cac vi du tinh d6 khong dam bao do
Vi du 1: Tinh néng d6 N cuda dung dich NaOH 0,1N chudn duoc pha ché theo cdng
thure sau:
m.10°P
F.V

trong d6 m = 0,2357 g tinh thé chdt KHP ¢ céng thirc CsHsOsK P = 0,999 + 0,001 /a
dd tinh khiét cta tinh thé; F = 204,2236 la khéi lwvong phén tir KHP va V = 12,1 mL Id thé
tich chudn dé xut.

N =

Tinh ra, ta duoc :

_ 0,2357x10° x0,999

= 0,095 382
204,2236x121

D6 khong dam bao do cia N tinh theo :
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2 2 2 2 2
(-2 8
N m P F V
Déi vdi khéi lwong cén:
Gia s can truwdc 10 1an khdi lwvong m, tinh duoc d6 [éch chudn s = 0,000 15 g, s& cho

ua(m) = s. Khéi lvgng m ¢6 dugc bdi can dién tlr ¢ d6 chinh xac a = 0,0005 g va sai s0 lan
can nao cling nhu nhau thudc phan bd chit nhat nén us(m) = a/+/3. Vay

u(m) = 4/0,00015 +(0,0005/+/3)? = 0,000 325
DOi vdi dé tinh khiét P:
Vi ¢6 sai s6 0,001, coi nhu thudc phan bd chit nhat nén:
u(P) =0,001/+/3 = 0,000 577
D6i vdi khéi lwong phén ti F cla chét KHP:
Vi F = Fsc + Fsp + Fa0 + F1x do do:
u?(F) = 8%.u?(C) = 52.u?(H) + 42.u*(0) + 12.u*(K)
Tra bang Phu luc 12 Khéi lvgng nguyén tlr theo IUPAC, ta c6
a(C)=0,001 a(H)=0,00007 a(0)=0,0003 va a(K)=0,0001.
Chon phan bd chit nhit cho cac sai s6 nay nén:
a(C) = 0,001/+/3; a(H) = 0,000 07/+/3; a(0) = 0,0003/+/3 va a(K) = 0,0001/+/3.
(8x0001)° (5x000007)° (4x00003)° (1x00001)’
3 3 3
DOi vdi thé tich chuén do V-
Gia st buret |y 10 lan thé tich V, dem can va tir nhitng khéi lwgng tinh ra dd |éch
chuan s = 0,012 va s& cho ua(V) = 0,012 mL. Dung sai cta buret do nha san xuat ghi la
a1 = +0,02 mL, chon phan bd tam gidc can tinh ra usi(V) = 0,02/ 6.

Ngoai ra gia s thi nghiém thuc hién trong phong nhiét d6 27 °C, V s& né thé tich
mot lwong bang a2 = V.2,1.104(27-20) va cho usz(V) = a2/2 (chon phan bd hinh chudng).

Tom lai, V co :

=0,004 675

Twr do : u(F) = \/

0022 [121x21.10°* x(27 — 20)?
+ >
Nhu vay, déi véi néng dé N cha dung dich NaOH chuén 0,1N :

2 2 2 2
Ue(N) = 0’095382\/(0,00032? +[0,000577j +(0,004675) +(0,017022} - 0,000 196

u(V) = \/0,0122 + =0,017 022

0,2657 0,999 204,2236 121
V&i P=95%, chonk=2,dodd : UN)=2x0,000 196 = 0,000 392 ~ 0,0004
Két qué bdo cdo: Néng dé dung dich chuén bdng 0,0954 + 0,0004
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Trong nganh vi sinh khi tinh d& khéng dam bao do, thanh phan kiéu B rat nhd so vdi
thanh phan kiéu A nén duoc bd qua. Vi vay ndi dung cta phép tinh dd khéng dam do tuong
tw phép tinh khodng tin cay trong truérng hop phan bd Poisson.

Khi téng s6 vi khuan dém dwoc cla mau T it dudi 10:
Tmin=0,5.¢*véia=0,975vav =2T
Tmax = 0,5.¢? v&i o = 0,025 va v = 2(T+1)
Gia trj ¢ tra & bang 9 Phu luc theo mirc y nghia o va s6 bac ty do v. MUrc tin cdy &
day bang P = 95 %.
Khi tdng s6 vi khudn dém dwoc cla mau T tir 10 trd [én va véi mirc tin cdy bang P =
95 % :

Tomin = (T +0,5.1,962) — 1,96 /T +0,25.1,96°
Tmax = (T +0,5.1,962) + 1,96 /T +0,25.196>

K&t qua bdo cdo bién dudi Tmin va bién trén Tmax cla khodng tin cdy do duoc quy wdc
viét v&i hai chit s6 cé nghia theo dang x,x.10" v&i n |13 s6 nguyén dwong. Trudng hop bién
dudi 1a s6 Am, ngudi ta cho né bang khong.

Vi du 2: V@i cbng thire xdc dinh s6 khuén lac N = _r trong do ni, nz la nhirng
(n, +0,In,)d

s6 mdu pha lodng, d la hé s6 pha lodng.
Giasrni=n2=2vad=0,01.
1) T=9taco:
Tmin=0,5.%> (véioe=0,975vav=2.9=18)=0,5.8,2314=4
Tmax = 0,5.%% (v&i oo = 0,025 va v = 2.(9+1) = 20) = 0,5.34,1696 = 17

Tinh ra, Nmsu = 4,1.10% ; Nmin = 1,9.10% va Nmax = 7,8.10°.
2) T=422taco:

Tmin = (422 + 0,5.1,962) — 1,96 /422 + 0,25.1962 =384

Tmax = (422 + 0,5.1,96%) + 1,96 /422 + 0,25.1,96> = 464
Tinh ra, Nmiu = 1,9.10%; Nmin = 1,7.10% va Nmax = 2,1.10%

Vidu 3 : Xdc dinh ham lwong carbon trén mdy quang phé phdt xa (thuc hién tai phong
thi nghiém cua Xi nghiép Luyén cdn thép Nha Bé)

Phén hiéu chuén:
Mau chudn: Ham lvong nguyén té C %: 0,78
D6 khong dam bao do U %: 0,04

Cac nguén anh hudng gid tri 36 khéng ddm bao hiéu chuan:

57



- Truyén chuan tlr mau chuéan;

- D6 phén giai cia may;

- Do l3p lai két qua do mau chuan.
Tinh téan dd khong dam bao twong déi:

- Truyén chuan tir mau chuin: umcro = 2084%8 =0,026 (k=2 v&i P =95 %)
X
D6 phan giai clia méy: UpeTo = — 2% =0.003 701
- . : peTh = —=—— = 0.
24/3.0,78

- Do lap lai:

Dung may do mau chuin n = 6 |an véi cac két qua do 0,778
0,776 0,781 0,779 thé hién ham lugng X % ctia mau chuin :

i(xi _?)2 ixi

rsd=*=——— vé&i x="=
(6-1).X 6

tr doé u ———0001368
DLLTD X\/—

Do khdng dam bao hiéu chuan cha may:

UncT = \/0,0262 +0,003701% +0,001368° = 0,026 298

Phan kiém nghiém méu:

Cac ngudn anh huédng gia tri do6 khéng ddm bao do:
- Truyén chuan tr may do;

- Do lap lai.

Tinh téan d6 khong dam bao twong déi:

- Truy@n chuan tir may do: uucro = 0,026 298

- Do lap lai:

0,780

0,774

Mo&i mau do n = 6 1an & cac vi tri véi cac két qua do 0,655 0,662 0,658 0,654 0,622

0,658 thé hién ham lwong Y % cla mau kiém:

i(yi -y) ZGZyi

rsd= - =0,022 595, vd&i y:iﬂT =0,6515%

(6-1)y

tr do Uptp = —— = 0,009 224
y\/_

D6 khong ddm bado do clia mau theo ham lugng chat X %:

uc(y) = 0,6515x+/0,0262 +0,009224° = 0,018 156
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Bdo cdo két qua:
Ham lwgng trung binh nguyén t6 C % = 0,65
D6 khong dam baomdérong: U %= 0,04 (vdik=2vaP=0,95)

Vi du 4 : Xdc dinh ham lwong chdt X tién hanh trén mdy sdc ky (Vién Vé sinh y té
céng céng) tir dir liéu cua phé duyét phuong phdp.
1. Tinh u(Rw)

Lan M3u 1 (pg/L) Ma3u 2 (pg/L)

1 27,8 28,6

2 30,4 28,8

3 28,0 29,6

4 28,4 28,0

5 29,2 29,0

6 26,4 27,0

Trung binh 28,37 28,50
Do léch chuan 1,353 0,901

Miu1:

S6 trung binh
thy = %(27,8+30,4+....+26,4) = 28,37

Do léch chuan

51 =\/é(27,8—28,37)2 +(304-2837)° +....+(264-2837)° =1,353

M3u 2 :
S6 trung binh

tb, = é(28,6+28,8+....+27,0) = 28,50

Do léch chuan

53 = \/%(28,6 —2850)% + (288 — 28,50)% +....+ (27,0 - 28550)* = 0,901

Xét sy dong nhat clla 2 mau:

L2 2
H, 0] =0,
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s? (1353

s;

0,901

déng nhat vé phuvongsai—>v=6+6-2=10

Ho: =2
|tb, —tb, [Vn |2837-2850|/6

Js?+s? 13532 +0901

tn = tinv(0,05,v) = 2,228, t < ti nén hai mau ddng nhat vé s trung binh.

Vini=nz=nnén t= =0,124

Cudi cung ta tinh:
S6 trung binh chung:

_ 2837+2850

tb =28,43

Phuwong sai chung
g (n,—1si+(n,-s; (6-11,353° +(6-1)0,901>

2
] =225 so Vi Fw = finv(0,05,6-1,6-1) = 5,05 — chdp nhan hai mau

P n +n, -2 6+6-2 =1,323
tw do:
Do léch chuan chung = /1323 = 1,150
rsd % =%-1oo = 4,04
u(R,) = 4%4:1,65 %
2. Tinh u(bias)
u(bias) = JRMSZ,_ +u?(rec)

Dua vao hiéu suat thu héi va dd chéch cta cac lan thir sau:

Lan R % R Thém Tim thay D6 chéch %
1 92,67 0,927 30 27,8 7,33
2 101,33 1,013 30 30,4 -1,33
3 93,33 0,933 30 28,0 6,67
4 94,67 0,947 30 28,4 5,33
5 97,33 0,973 30 29,2 2,67
6 88,00 0,880 30 26,4 12,00
7 96,40 0,964 50 48,2 3,60
8 99,60 0,996 50 49,8 0,40
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Lan R % R Thém Tim thay D6 chéch %
9 100,40 1,004 50 50,2 -0,40
10 98,00 0,980 50 49,0 2,00
11 100,40 1,004 50 50,2 -0,40
12 91,60 0,916 50 45,8 8,40
13 101,90 1,019 200 203,8 -1,90
14 101,30 1,013 200 202,6 -1,30
15 108,50 1,085 200 217,0 -8,50
16 115,70 1,157 200 231,4 -15,70
17 100,70 1,007 200 201,4 -0,70
18 109,60 1,096 200 219,2 -9,60
Reb 99,52 0,995 (bias)2= | 784,2456
sd 6,774 0,068 n= 18

Nong d6 (1 000 + 2) pg/L

do vay u(conc) = 2,100 _ 0,1%
2 1000

u(vol) c6 max bias =1 % (phan bd chit nhat) va dé I3p lai max=0,5 %

1

u(vol) = .|| —=—=
wol= [
u(rec) = 401 +0,76* = 0,770 %

100-99,52
0,77

2
J +05% =0,76 %

=062 < 2

— ¢c6 thé xem nhu hiéu suat thu hdi trung binh xap xi 100 % nén dung hai thanh
phan u(conc) va u(vol) dé tinh u(rec) nhu trén duoc.

RMSbinc = /Z(blas) /784 2456 - 6,60 %

u(bias) = st,so2 +0,766° = 6,645 %
3. Tinh d6 khéng dam bao tong hop
Uc = U’(R,,)+U’(bias)

Uc = /1652 + 6,6452 = 6,85 %
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