Chwong 1: CAC DANG SAI SO TRONG HOA PHAN TiCH
1.1. Sai  va cach béu dién sai $

Sa[ $ (eror) la ar sai khac dta cac gia frthyc nghém thuduoc SO \bi gia tri
mong mwn. Tat ca cac o liéu phan tich thuiuoc tir thuc nghEm déu mac sai $. Sai
sb phépdo din dén 4o khong clic chan (@6 khéngdam hao do) aia $ liéu phan tich.

Co hai lai sai $ dugc biéu dién chi yéu trong Hoa phan tich |a sa tuyét ddi va sai
sb twong dbi.

1.1.1.Sai 6 tuyét d6i (E) (Absolute error)
La ar sai khac dta gia ti do dugc (x) vai gia tr that hay gia tf qui chéu dugc
chap nhan (ki hiéu lap).
En=X%-H
Sai 9 tuyét doi c6 gia ti am hdc duong, cling tir nguyén i dai lvong do va
khong cho kit d¢ chinh xac @a phrong phap.

~ *Giatri qui qhéu duoc chip nhan: (accepted refrence valuela gia ti dugc
chap nhan lam néc dé so sanh, nin duoc tur:
a) gia trly thuyét haic gia ti duoc thiét 1ap trén @ s cac nguyén ly khoagl;
~ b) gid ti dugc an dinh hdic ching nkin trén o s thi nghém cia Mbt 6 t6 chire
guoc gia hac quoc t&;
c) giéa ti thaa thuan haic dugc ching nhin trén © so thi nghém phbi hop dudi
su bao trg cia mjt nhém cac nha khoapb haic ky thuat;
d) Kk vong aiadai luong @o duoc), ngha 1a trung binhwa mdt tap hop nhit
dinh cac phégo khi chra c6 a), b) va c).
1.1.2. Sai 8 twong déi (Er) (Relative error)
La ty sb gitta sai 6 tuyét d6i va gia ti that hay gia tf da biét trude, dugc chip
nhan.

En= X # hayEr%= 2. 100%
U U
* Sai @ twong doi cing c6 ti# biéu dién desi dang phin nghin (parts per
thousand-ppt)

& —2-. 1000 (ppt)

* Sai $ twong ddi cing c6 gid tf Am haic drong va khong cé th nguyén,
dwoc dungde biéeu dien do chinh xac ga phrong phap phéan tich.



Thi o 1.1 Két qud xacdinh ham drong aspirin trong mit mau chuin duwroc biéu dién
¢ hinh 1.1. Hamueng dlng aia aspirin trong mu chuin 1a 200 mg. Ni vdy, phép
do mic sai  tuyet doi tir -4mgdén +10mg va saié twong doi tir -2% dén +5% (hay
20pptdén 50ppt).

195 200 205 102

> ©° 0 009 ;
Sai @ tuyét doi (Ea:mg) -5 0 5 10
Sai  twongdoi (E,: %) -2,5 0 2,5 5

Hinh 1.1: Sai 8 tuyét dsi va sai  twong doi khi phan tich aspirin trong du chuin.

1.2. Phan lai sai 9
1.2.1. Sai 8 hé théng hay sai 8 xacdinh (Systematic or determinate erjor

La loai sai $ do nhirng nguyén nhanécdinh gay ra, lam choék qui phan tich
cao fon gia ti thuc (sai & h¢ thong drong positive bias)haac thap hon gia ti that
(sai  hé thong am-negative bias)

Sai  hé thong gm:

- Sai @ h¢ thong khongioi (constant determinate errarjoai sai $ nay khdng ph
thuoc vao kich tirxéc mau (legng miu nhieu hay it). Dod6, khi kich thréc mau ting
thi anh hrong aia sai 8 nay tiu nhr khongdang K vaduoc loai trir bang thi nghém
véi mau tring (lank sample)

- Sai  h¢ thong bién doi (proportional determinate error)loai sai $ nay ¥ 18
vei kich thegc mau phan tich, khang cach gra cac ti do ludn bén déi theo ham
lugng (rong do), dodd rat kho phat hin. Sai & hé thong bien doi rat khé phat hén trir
khi bict rd thanh phn hoa k¢ aia mau va c6 cach la trir ion cn.

Sai $ hé thong khdngdoi va bién d6i duoc biéu dién trén hinh 1.2,
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Hinh 1.2: Béu dién sai  hé thong khéngddi va bién doi

Sai ® h¢ thong phin anhd¢ chinh xac ga phrong phéap phan tich. 4 hét cac
sai sé‘»Nhé thépg co tie nhan biet duoc vaduoc loai tru bang $ hiéu chinh nhy phéan
tich mau chuin hay lai trir nguyén nhan gay ra sai.s

Céac nguyén nhan gay sai bé thong co tré gom:

- Sai $ do phrong phap hay quy trinh phan tichuntPhin tng hoa bc khong
hoan toan, chthi d6i mau chra dén diém twong dwong, do ion én tro phép xac
dinh...

- Sai $ do ding a1 nhu: dung a1 chra dugce chuin hod, thét bi phan tich sai, moi
treong phong thi ngléim khéng sch....

- Sai $ do ngroi phan tich nb: mét nhin khong chinh xac aa tha trong thrc
nghiem, thicu hieu biet, sr dung khaing rong d6 phan tich khong phuoip, cach dy
mau phién dién, diing dung ith chun sai, hod cit khong tinh khit, dodinh kién ca
nhan (nlr phan tich kt qua sau dra trén Kt qua trudc) ...

* Céch laii trir sai $ hé thong:

- Tién hanh thi ngl#m véi mau tring: MAu tring la ndiu khong c6 ciit phan tich
nhung c6 thanh pin rén giong nhr dung dch méu phan tich.

- Phan tich theo plong phap thém chim dé loai trir anh hréng aia cac cht can
tro.

- Phan tich ru chuin (hay niu chuin dugc ching ntin- miu CRM: Mau chuin

la miu thyc c6 hamikgng chit can phan tichia biét truéc, duoc dungdé danh gia

d6 chinh x&c @a phrong phéap.



- Phan tichioc 1ap: khi khong cé ru chuin thi phii giri mau phan tichién phong
thi nghém (PTN) khac, n hanh phan tictioc lap dé loai nhitng sai § do ngroi phan
tich va thét bi phan tichdbi khi ca pheong phap gay nén.

- Thayddi kich thege mau: dé phéat hén sai $ hé thong khéngddi va bién doi.

1.2.2. Sai 8 ngdu nhién hay sai 8 khéng xacdinh (random error or
indeterminate)

La nhing sai  gay nén bi nhitng nguyén nhan khéng dinh, khong bit truéce.

Sai $ ngiu nhién trong gay ra do:

- Khéach quan: nit do tang dot ngot, thay doi khi quyén, dai luong do c6do

chinh xac gii han...

- Cha quan: thao tac thi ngi khong chan xac (c6 th gay ra gia fr bat

thuong); thanh phn chat nghién @u khéngdong nhit...

Do sai $ ngiu nhién khong th biét truoc dugc nénde loai trir né dn phii lam
nhiéu thi nghé¢m va tén hanh xr ly thong ké ¢ liéu phan tich.

‘Sai & ngdu nhién lam cho Kt qué phan tich khong clic chan, con sai § hg
thong lam cho I¢t qud phéan tich sai.

1.2.3. Gia ti bat thwong (outliers)

Gia ti bat thuong la nliing gia ti thu duoc thuong it cao hdc rat thap S0 \6i gid
tri trung binh. Gia frbat thuong ’oﬁn dén nhitng két qua thu dugc sai khac nigu so \6i
tat ca cac o liéu lap lai caa @ap < liéu.

Gia tii bat thuong do nliing nguyén nhénéﬂ)thuc‘mg xay ra trong qua trinh phan
tich gay nén. Ddd, trede khi xir ly s6 liéu can phai loai trir gia thi bat thuong.

1.2.4. Sai 8 tich luy (accumulated error):

Trong ndt pheong phap phan tich, sab sua 9 lidu phan tich thutuoc ‘thuong
bao gm sai $ do cac giaidoan trong qua trinh phan tiakbng gop nénbé sai $
chung la nb thi khi phan tich an phii tim diéu kién i vu theodinh luat lan truyén
sai 9.

_ Sai 9 tich Iuy hay sr lan truyén sai $ hé thong dugc xir Iy twong tr nhu sai & h¢
thong. Vi sai 8 hé thong c6 du (+) hay (-) nén&dan den sr triét tiéu sai 8 va trong
mot s treong hpp sai ® tich luy co the bang khong.

- Khi chi ¢6 Kt hop tuyén tinh dia phepdo nciu nhién ( Kt qua cui cung a@ia phép
cong va tir) thi sai $ xacdinh tuyst d6i Er 1a Hng cac sai & tuyét doi cua phép
do riéng &.

Néu m= A+B +C thi E, = Ey +E + E¢
- Khi bicu dién nguyén nhan cackqua ( két qua cudi ciing la phép nhan ho chia),

nguoi ta dung sai&xacdinh trong doi E1g

Exn _ Er. B Er
A1 me 5 =4 +
Néu m= A.B/C thi m A B C

Thid/1.2:




a) Khi can mau trén can phan tich cds chinh xac + 0,0002 ganiroc két qui nhe
sau:

Mehen +ng= (21,1184+0,0002) gam ; g~ (15,8465+0,0002) gam
vay khvi liong miu < 14
M= (21,1184+0,002) - (15,8465+ 0,002) = (5,2719604) gam

b) Khoi lwong dung dh dwec tinh theo «céng Wt m=V.d=
(3,4340,01).(5,66+0,01)="?

Ta co:

Erv= 0,01/3,43 ; k& 0,01/5,66; .= (0,01/3,43)+(0,01/5,66)

Do d6 m=(3,43.5,66)+[(0,01/3,43)+(0,01/5,66)]. (3,43.5,66)= 19,4138+309
Nén m= (19,41+£0,09)

1.3.D§ lap lai, d¢ trung, do hoi tu, do phan tan
* Do lap lai (repeatability): Trong phén tich, khi tic hién cac phép tih nghiém

thuc hién trén nling Vit liéu va trong nitng tinh hiéng dugc xem l1a y kit nhau
thuong khéng cho cacé qua gidng nhau. Piéu nay do céc saidsngiu nhién khong
thé tranhdugc von co trong mi quy trinh phan tich gay ra vi khongétkiém soat
duoc hoan toanit ca cac yu td anh hrong dén dau ra @a mdt phépdo. Khi béo céo
cac dr lidu do, cin xem xétdén nguyén nhan vaékqua sy thaydoi nay.
Nhiéu yéu t khac nhau (khongéksy thay doi gitra cac ru thir duoc xem la gong
nhau) co th dong gop vaowsthaydoi cac kt qua caa mjt pheong phapdo, bao gm:

a) ngroi thao tac;

b) thiét bi dugc ar dung;

c) viéc higu chuin thiét bi;

d) méi trong (nhit do, d6 am, ar 6 nhém aia khong khi ...);
e) khaing thyi gian gira cac phégo

Sy thay déi gitta cac phé@o doduoc thec hién bsi nhiing ngroi thao tac khac nhau
va’haic voi cac thét bi khac nhau &thuong lon hon sy thay doi giita cac phégo do
cung ndt ngudi thuc hién v6i cac thét bi nhe nhau trong khang thyi gian ngin.

*Po trung (reproducibility): dic treng cho nic dd gan nhau gka gia ti riéng E
X; cia cung mt miu phan tichduoc tién hanh Bing mjt pheong phéap phan tich, trong
diéu kién thi nghém khac nhau (khac ngi phan tich, trang tht bi, phong thi ngkéim,
thoi gian) (between laboratory precision)

Vi cling mpt phwong phap phan tich, theong xétdén ds lap lai hon 1a dé
trung.
* Do hoi tu (convergence)chi sy phan I s5 liéu thyc nghém xung quanh gi tri
trung binh. Nu d6 lap lai tot thi do hoi tu tot.



~ * D6 phan tar(dispersion) chi mirc d6 phan tan ¢a két qua thi nghgm sau nhiu
lan do lap lai. D6 phan tan la ngbh dao cia do lap lai. Néu,két qua c6do lap lai cao
tuc ladd phan tan cac giaitkRung quanh gia ttrung nh thap.

1.4.P6 chum va do chinh xac

* Do chum (precision) dungdé chi mirc d gin nhau éa cac gia frriéng & x,
cua cac phégo lap lai. N6éi cach khacdo chum dugc dungdé chi sr sai khac dgia cac
gia tri x; SO i gid tri trung binhx.

Ba khai rdm thong kédugc dingdé mo & do chum aia mjt tap < liéu lads léch
chuin, phrong sai va i so bien thién(s¢ xét sau). &t ca cac khai fim nay co lién
quandén do léch aia $ liéu phan tich kéi gia tri trung binh: ¢g= ‘)g —§<1

~ *D¢ dung(trurness) chi mac do gan nhau gita gia ti trung binh éa day én cac
ket qua thi nghém va gia tr qui chiéu duoc chap nhan.

Do d6, thrdc do do dding throng ky héu bing d6 chéch.

* Py chinh xac(accuracy) la mrc do gan nhau @a gia ti phan tich (tbong la
gia tii trung binhx) véi gia tri thyc hay gia tr d& dugc chip nhin x hay .

Khi khéng c6 sai& h¢ thong thi gia tr trung binh #n ti gia tri thuc néu &5 phép
do rit 1on ( N= ). Vi vay, c6 the néido chinh xac ty thuoc vao $ phépdo.

Do chinh xaatuoc biéu dién drdi dang sai § tuyét doi hoac sai $ tuong doi.

Trong Hoa phan tichdé danh giado chinh xac ngoi ta pha cac @u ty tao
(synthetic sample}ia biét trugc ham trong (trc 1a cé gia tr biét truéc p) va lam thi
nghiém dé tim ra gia tr trung binh sawt6 kiém tra xem c6 s sai khac c6 y ngh
thong ké gira gia ti trung binh va gia trthuc hay khong. ¥n dé nay § dugc xéto
chuong 4.

bg chym vado chinh xac la niang chf tiéu quan tong dé a"anh gia clat lwong
cia 9 liéu phan tich. Thong tlong, ain danh giado chum treéc vi réu phrong phap
phan tich ric sai $ hé thong thi chi diroc dungdé dinh krong khi sai 8 ngiu nhién
nho.



Chwong 2 CABAI L UQONG THONG KE
(Descriptive statistics)
2.1. Céacdai lwgng trung binh
* Trung binh $ hoc ( x) (mean, arithmetic mean, avergda dai luwong ding

dé chi gia ti dat dugc khi chia dng cac Kt qua thi nghém lap lai cho $ thi nghgém
1p lai.

Gia sir ¢6 #ip  ligu thi nghém I3p lai Xy, X,...., Xy thi gid ti trung binh & hoc
cua @p S lieu gom N thi nghém lap lai 1a:
N
. 2%
_ XXt X T (2.1)
N N
Gia ti trung binh c6 tinh dh sau:

- Tdngdo léch gira cac gia firriéng € va gia ti trung binh Bng khéng.
2.(x-x)=0

- Tbng cac binh piong do léch nkd hon tong binh plrong aia bit cir d6 léch
nao gira gia ti don Ié va gia ti a naado khéng phi gia tri trung binh.

(% -x2< Y (x-a)? (véiaz x)

* Trung binh binh pltong (xup): V6i tap & ligu gom N & ligu lap lai x,
Xg,..., X ta cO:

_ 2 2 2
xbp:\/&”zN*---*Xn (2.2)

* Trung binh hinh bc hay trung binh nhatgeometric averageysi cac phép
do c6 hamiong dén tim dr6i dang logarit thi:

— 1
lngN(lgx1 +lgx, +...+1g Xy,)

DOd0  Xpi= NX, Xy Xy, (2.3)

* Trung v (median): Néu sip xép N gla ti 1ap lai trong &p $ liéu theo tht tur
tang dan haic giam dan tir Xy, X, ..., Xy thi & nam o giira éip  liéu duoc goi 1a trung
Vi.

- Néu N ¢ thi trung \ chinh 14 § & giira day $.
- Néu N chin thi trung v 1a trung binh éng @ia 2 gia tf ndm & gitra day $.

Chu y: Gia ti trung binh hay trungiwcia @p S liéu duoc i la cac gia trtrung
tam aia @p o liu. Cac dp o licu khac nhau cé cling gid trung binh c6 thrat khac
nhau & gia ti riéng E va $ thi nghém. Vi vay, trung binh va trungiwhdng cho ta
cai nhin dng quat ¢ sy phan o cac $ trong &p < li¢u. Trong tuong hyp d6 cin xét
dén do phan tando léch khoi gia ti trung binh).

* Piém tir phan v (quartile): Néu sip xép cac 6 ligu trong &ip  ligu tir nho dén
[&n thi moi tap S liéu co 3diém tr phan v: 25 % cac & trong &p < liéu da ap xep
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co gia ti nho hon haic bang diém tir phan v tha nhit, 75 % cac&trong fp 9 lidu da
sap xép co g|a tr nho hon haic bing diém t&r phan v thi ba, 50% cacéstrong fip $
lieu da €ip xepv cb gia tr nho hon haic bang trung v (diém t¢ phan v thtr hai).
Khoing gita diem tr phan v (interquartile) bieu thi sy khac nhau gia diém tr phan
vi thir nhat va thr ba.
CO6 the hinh dungiiém tr phan v theo & d6 sau:
Trung

gidtri 0% 25% 50% 75% 100% giatrcao
thap  diémte phaﬁ v thir nhét diém J phan v thi ba.

* S6 troi (mode) 1a £ ¢6 tin $ xudt hién 1a kn nhit trong &ip ) liéu lap lai.

Chuy: Gia tr_i,bd't thuwong céanh huwdng dang ké téi gia trj trung binh nhung khong
dnh hwong den so trung vi. Do \dy, Wi nhiing @p < ligu rat nhd, (thwong N<10)
nha chi phan tich kp 2 haic 3 lin Ehi nén sr dung gia ti trung vi thay cho gia ti
trung binh vi € tranh dwgc gia tri bat thuwong.

2.2. Cacdai lwgng dac treng chodo lap lai
* Khoing bién thiénhay quy mo kin thién R ¢pread, rangp 1a hiu  giira
gia ti lon nhat va gia ti nho nhat trong nét tap < ligu.
R & = Xmin (2-4)
Do 16n oia R phi thude vao kich tieée mau. Vi cling sai 8 ngiu nhién, khi 8

phépdo ting R € tang. Dodd, khaing bién thiéndugc dingde dac tning chodd phan
tan aia ip 9 liéu khi © phépdo nho.

* Phuong sai(variance)( o”va S): 1a gia ti trung binh aa ©ng binh phrong
sy sai khac dgra cac gia irriéng € trong p < liéu so \bi gia tri trung binh.
Phrong sai khéng cung thnguyén i cacdai lugng do.

> -

Néu tap <5 lidu lon thi o2 =7 .

M=
=
NaB¥

Néu tip S5 lieu nho thi $? = 12

- s (.Z‘j 25

N_l i= N

véi N-1=f 1a & bac tr do.
Khi c6 m ip & liéu, mbi tap < liéu lam k thi nghdm lap lai ddi véi clng not
mau nhu:

11XX12, X135+ X1k
2% X22, X23,..., Xok

jla)XjZa Xj37"'7 Xjk
X1 Xm2s Xm3s--- -1 Xk



m Kk -\
2> (%)
thisz=212= (2.5)
N -k
véi N 1a tong #t ca cac thi nglim N=m.k
(Khd&i nigm nay it dung trong hoéoh)

Néu phrong sai cangdn thido tan man cia cac gia irdo lip lai cang bn hay
do lap kém.

* Pg léch chuin (Standard deviation)
- Mdu thong ké va ndu tong thé (statistical sample and population).

Trong thong ké, ndt sb xacdinh cac quan satwe nghém (hay Kt qua phépdo
cac miu phan tich riéngg) dugc goi 1a mau thong ké. Gp tat ca nhirng mau thong ké
d6 goi 1a miu tong thé. Nhu vay co thé xem phan tich &u tong thé 1a nhing phépdo
c6 the c6 va vo cungdn (N ).

Thi di: Can diéu tra mic d@g thiéu iot trong tpc sinh téu hoc thanh pld A. Tién hanh
ldy mau ruéce tiéu ¢ hoc sinh nat 50 truong tleu hpc trong thanh ph dé phan tich hamulong
i6t. Nhe va@y nusc tieu aia mpt o hoc sinh téu hoc o moi truong duoc ldy miu 1a cac nau

thong k&. Mu tong thé ¢ day & 1a miu nwdc tieu aia hpc sinh téu hpc thanh pb A noi
chung.

- Trung binh mdu x va trung binh 6ng thé u .
+ Trung binh mMu ( sampling fluctuatloan) la gia ti trung binh aa mjt mau
thong ké gbi han duoc rat ra tr tap hop cac 8 liéu vaduoc xacdinh theo céng tirc:

Zx.

N

_+ Trung binh &ng tré (population average)) 1a gia ti trung binh ¢a tp hop
cac $ ligu, ding duoc xacdinh theo plrong trinh (2.1) nbing wi N rat [6n, gin dat
tai 0. Khi khéng c6 saighé thong thi trung binhdng tre ciing la gia tr that caa phép
do.

X_

u=4=— khiN - oo. Thdng throng khi N > 30 c6 thxem nhr x L

- B¢ léch chuin tong thé (Population standard deviationfo) dic treng chodd
phén tan cacdsli¢u trong &p hop véi gia tri trung binh vatugc xacdinh theo plrong
trinh:

(2.6)

Wi N 1a $ thi nghém lip lai cua tp hop, thre # thuong xem cacip  lieu co
N>30 la &ip hop.

- H¢ léch chuin miu wéc doan (Sample estimate standard deviatidS):



(2.7)

wi N 1a & thi nghém trong niu thong kéduoc rit ra tr tap hop. S bac tr do
trong trong hop nay l1a f =N-1.

~ (Bdc tr do co tf coi la $ phépdo kiem tra ain thiét dé c6 the xacdinh diroc
ket qua trong mvt tip o Iiéu.yM,o”t cach khyéc bc glo d‘b{g’c hieu 1a cég guan sat
trong Myt mau thong ké co th tr do thaydoi do @6 king tong kich thvéc mau trir di 1
bdc tr do cho mai trung binh. Thidt ngr bdc twr do conduwoc dungdé chi so do léch
(x =x) ) ddc ldp dung trong phép tindg léch chuin)
Nhu vay, khi N o thix - 4 va S - o. N6i cach khac khi N>30 c6 éh
xemSCo.

So i phuong sai, d léch chin theong duge dungdé do do 1ap lai hon do c6
cung thr nguyén i dai luvong do.

Khi tinh toan chd y khdng 1am tron & ligu cia dg léch chuan chodén khi két
thuc phép tinh toan va ahghi gié tri cuoi cung dwdi dang s cé ngha.

Néu treong hyp c6 m ndu thing ké, ndi miu lam n thi ngim song song thi:
Z(Xii _;()2

S=1/L 1
mn-m

bac tr do f=m(n-1) (g thiét § khac nhau khéndang K).

Déi vai tap $ ligu nhd ( N<10) thido léch chuin theong duoc tinh king cach
nhan khang ben thién \bi hé¢ so k (k factor).

X =R.Kg
Gia ti Kg tuy thupc vao $ thi nghém lap lai N, dugc tinh theo bng 2.1.
Bang 2.1: Gia trk (theo $ thi nghgm) dingdé tinh nhanhio léch chun .
N 2 3 4 5 6 7 8 9 10
K 0,89 0,59 0,49 0,43 0,39 0,37 0,35 0,34 0,32

* Pd léch chudin hop nhit (haydd léch chuin gop) (Pooled standard deviaton)

Ny

> (‘1 _Z)z "'i(xzj _;(2)2 +;21(X3k _;(3)2

S —_ i=1

pooled —

N, +N+N, +...— N,

Véi Ny 1a & cac $ ligu trong p $ liéu thr nhat, N, [a $5 cac $ liéu trong &ip
so ligu thir hai..., N« la $ cac p £ liéu duoc hop nhat.

* Po sai chdn (d6 léch chiuin trung binh)(standard deviation of a meah
standard error)
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