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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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Néu cé nhéu day $ liéu lap lai (nhieu miu thong k&), nbi day cé N 6 lieu
duoc lay ngau nhién tr tip hop  liéu thi ar phan tan €a trung binh riu duoc dac
trung bing do sai chidn o, thay chodo léch chuin trong &p hop. Sr phan tan nay
giam khi N t&ang.

Om lado léch chdin trung binh hayo sai chidn vaduoc tinh nhr sau:

g="2
m \/N
Dung d¢ sai chén oy, dé dic trung cho sai & ngiu nhién ca phrong phap
phan tich. Tuy nhiérjoi véi tap < ligu hiru han (N<30) chi thuduoc S uéc luong S,

thay choa,.

IS? _ 'S
S = /—= =
X N \/N

Do sai chin throng dugc dungdé dac tning chodd bat on cua gia ti trung binh.
Tuy nhién,dé d¢ sai chidn dac treng cho sai s ngau nhién @a phrong phap phan tich
can:

+ Tién hanh céac phép x&tinh song song, khéng ptthuwc nhau (nkr thoi gian
phan tich khac nhau...).

+ Dung Kt qua phan tich khéng lam tron 1 chir s cubi cung 1a  khéng c6
ngha).
+ S phu thudc tri sd gia ti do va thanh pin mau.

* Po léch chiin twong d6i (Relative standard devitigr(RSD) va_lé sb bién
thién(coefficient variationCV).

~ RSD lay sb gitado léch chuin va gia tf trung binh. N6 thong duoc biéu thi
bang ptin nghin (nhan & 1000 ppt) hay pin trim (nhan i 100%).

RSD(%)=2100% hay  RSDZ.1000 ppt
X X

RSD(%) condugc goi la h¢ b bién thién (CV).Dai luong naydugc dingdé do do
chinh xacwong doi caa phép phan tich.

Ngudi ta throng s dung do léch chian trong déi (RSD) hon 12do léch chun (S)
do c6 tit danh giddugc do léch chian chiém bao nhiéu pin tram gid ti trung binh.

~*D0 léch (skewness)a dai lugng diingdé chi tinh kit doi ximg e tan st cia
cac $ liéu trong &p hop.

Néu gia ti nay gin bing khong thidp $ liéu c6 tinh cht doi xing. Neu gid ti
nay nk hon khdng thi phanddléch trai am. Nu gia ti nay bn hon khong thi phand
léch phii duong.

~* Do nhon (kurtosis) gia ti nayduoc dingdé bicu thi do nhon cia sr phan i
cécﬁ) Iiég trong fip hop. Néu gia ti d6 nhon kang O thi fip o liéu tuan theo phan r}h
chuan. Neu gia ti d6 nhon nhd hon khéng thi phan @h nay nton hon phan phi
chuan.
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Thi ds 2.1:Cho ket qui phan tich &p lgi 35 lin ham lrong nitrat (ug/ml) nhe sau:

0.51 0.51 0.49 0.51 0.51 0.51 0.52 0.48100.50 0.51 0.53 0.46 0.51 O,
0.50 0.48 0.49 0.48 0.53 0.51 0.49 0.49 0.6(2 0.49 0.50 0.50 0.50 O.

0.49 0.49 0.51 0.50 0.49

Sv tr tinh cécdgi lugng thoing ké theo cong tht va so sanhdi ket qua tinh theo phin
mém MINITAB droi day, gui thich y nghia cac ket qua do.

Phanbo cac gia tr thuc nghiemtheo tan suat Descriptive Statistics for nitrate
concentration
Total Count : 35
Mean: 0.50413
SE Mean: 0. 00260
St Dev : 0. 01537
. ' { s Vari ance : 0. 000236
* e Vv e Coef Var 3.06
. ' s . Sum of Squares: 8.80810
M ni num 0. 46
QL 0. 49
Medi an : 0.50
, , , , , , , , @ 0.51
0.46 047 048 049 0.50 0.51 0.52 0.53 i .
hamluong nitrat ( micogant) I\R/gﬁlggum ’ 8 g?
Skewness : -0.20
Do thi khoi cac g tri thuc nghiem Kurtosis: 0.50
0.531 Bieu do phan bo tan xuat ham luong nitrat
g 0521 10
g 0.51 8
go.sw B 6
,g 0.491 é
= 4
§ 0.48
F :
< 047
0.46- 046 047 048 049 0.50 0.51 0.52 0.53
ham luong nitrat ( microganym)

2.3. B4o céo kt qua phan tich
2.3.1 Sb c6 ngha va cach fy gia tri gin dang

Mot gia tii sd hoc ding béu dién két qui phan tich 8 khong c6 ngta réu khdng
biét ¢ chinh xac ta nd. Do y, khi biéu dién cin phai ghi r6 do tin cdy cua $ lieu

va cac 8 liéu cin dugc lam trondé chi mic do khéng clic chin cia né(uncertanty).

N6i cach khac, &liéu chi duoc chra cac 8 c6 ¥ nghia.
2.3.1.1. Khai @im s c6 ngha

9 cb nghia trong nt day $ la tit ci cac $ chic chin dling va & khong ctic
chan dangdau tién.

50

~ Thidi 2.2: Khi doc thé tich dung éch ding trong buret 50 ml, chung ta chét
thay vach chat long ¢ vi tri Ién hon 30,2 ml va néihon 30,3 ml. Nu c6 tke wdc doan
vi tri vach chit long ¢ cap do chia khaing +0,02 ml thi co th bao céo th tich la

=
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30,24 ml (4 6 c6 nghia).

~ Trong thi d nay 3 con 8 dau tién la  chuc chin diing,  cwi cling la $ khong
chac chun dang. Nhr vay co tre viet 30,24 ml hac 0,03024 lit (4 6 c6 nghia).

$ ¢6 ngha duwoc quiwéc nhe sau:
+ GOm cAc cf s ty nhién 1,2,.... 9

+ S5 “khdng” co te 1a $ c6 nghia haic khdng phi la s ¢6 nglia tuy thuwe vao \ tri
cua né trong dayas
- Néu & “khdng” nam giira cac 8 khac 1a 8 co ngha.
- Néu & “khéng” nim & cwi day $ thi cH 1a & c6 nghia réu dung sau du
phay.

A

- Néu s “khdng” nam truéc diu thap phan thi khong @i la s co ngha.

* Lam tron $: 1a loai bo cac § khdng cé ngta trong Kt qua. Néu bo cac $
6,7,8,9, thlang gia ti truéc no 1én 1don Vi. Néu loai bo cac $ 1,2,3,4, th| khong thay
ddi con $ dung trrdc né. Neu loai bo 5 5 thi [am tron & trudc d6 vé sb chin gan
nhit. Vi du: 2,25 lam tron thanh 2,2; 2,35 thanh 2,4.

Thidi2.3: 25,24 c6 4&co ngha 0,15 c6 2 €6 ngha
15,00 c6 4 &6 ngha 1,36 cO 3 €6 nghia
0,0241 c6 3 nghia 150,00 c6 5 £6 ngha

Khi iy V=5,00 ml c6 ngia la khi tinh wng d¢ phi ldy 3 & c6 nghia. (Nhe vay
c6 thé ghi gia ti nong ds 1a 0,0215; 2,15.18 haic 21,5.1C haic 215.10'M)

Neu ghi thé tich binh 1a V= 2,0 lit thi khi chn sangdon vi ml khong té ghi 1a
2000 ml (vie day ch ghi 1 $ c6 nghia) ma plii ghi 1a 2,0.16ml.

2.3.1.2. Céchdy gié tri gan ding

* Dai luwgng do tryc tiép: gid tii do duoc phii doc haic do, dém duoc. S ligu thi
nghiém duoc ghi theo nguyénit  cuoi cung la & gan dung va 8 trudc £ cwi cung
la  chinh xac.

* Pai lirong do gian tip.

-Phép tinh éng va tur : 1am tron § thanh $ chinh xac va ghiésco nglia theo gi
tri nao co it 8 c6 ngha nhit.

- Phép nhan va chiaét qua caa phép nhan va phép chiagc lam tron é sao
cho no cira $ c6 nghia nhr gia ti ¢6 it © c6 nghia nhat. (Khi tinhdd bat 6n tuyet doi
khogn tinhdén dau thap phan)

- Phép tinh logrit va ngpc logrit:
+ logrit: ldy cac chi sb sau du phay biang ©6ng cac 8 co ngha trong $ bandau
+ nguoc logarit: hy cac $ c6 ngha hing $ cac clit sd sau du phiy.

Thi di 2.4:  a)3,4+0,020+7,31=10,73=10,7¢ day vi 3,4 lag chi c6 1 & c6
nghia sau du phiy nén trong &t quz chy ghi 1 $ c6 nghia sau du phay.

13



p) 356305481005300, 0 cocssicig

11689

Trong day & trén, 45 khong chic chin cia mdi s6 1a 1/3563; 1/5481; 1/5300 va
11}689/, Nk vdyld,o” khong clic chun cia  thir nhat Ia’[l hon so ‘éirdé khong
chac chin cia @ thir hai va thr ba. Dodb, gia tri ¢6 it $ c6 ngha nhat la 35,63
nén ket qui cwi cung phii duoc ghila 88,55%
C) Iog(9,57.1d):4- log 9,57= 4,981 (gia tr4 c6 1 8 co ngha; gia tri9,57 c6 3
so c6 ngha )
log(4,000.18)=5- log4,000=-4,397940=-4,3479
Antilog(12,5)=3,162277463.10"

2.4. Quy luat lan truy én sai $ ngau nhién - Pg lgch chuin cia dgi lweng do gian tiép

~ Tat ca cac Kt qua phan tichdinh rong thuduoc tir thuc nghgm déu c6 chira sai
so ngau nhién. Vi gy, cac gia trduoc bao cao thong la gia tf trung binh wt ding
s6 ¢O nghia kém theo saiésngau nhién @a gia ti d6. Thong tlrong chingduoc viét
la x+ 'S, v6i S [ado léch chun.

Thi du: Trong Gp & liéu thé tich dung ¢ch chuin dung cho qué trinh clan dg,

cac gia tg the tich thudwroc la 10,09; 10,11; 10,09; 10,10; 10,12 ml.:NWy, the tich
dung dch chuin 73 dung g 1a x+ S= 10,10+0,01 (i N=5 thi nghiém lip lgi).

Ngoai ra, khi 8 thi nghém lap lai 16n, két qua phan tich contuoc trinh bay

dudi dang ;(i% va € duoc xétdén trong chrong 3.

Tuy nhién, Kt qua dinh krong thuduorc tir thuc nghém trong At nhiéu phépdo
khong pfhii la ket qua cua phépdo trec ticp ma c6 th dugc tinh toand mot hay nhéu
phepdo trec tiép. Mit khac, mdi s liéu thuduogc trong cac phép tlnﬂleu c6do léch
chuan riéng, vi iy phai xét dén lan truyn sai $ gay ra cho & qua cui cling.

Gia s cac Kt qua thuc nghém a, b, c, .. la caddiéu thuduoc tir cac phépio
truc tiep My, M, , Ms.... Goi X la gia ti cuoi cung ti’nh toartuoc tir cac Kt qua riéng
ré a, b, c..Khi d6 x 1a ham ph thujc vao cac thamasa, b, c..

Goi 0,,0,,0, ... lado léch chuin cia cac phégo tryc tiép xacdinh a, b, c.. va

gia thiét 1a sai trong cac phégo naydoc lap 1An nhau thido léch chuin aia dai
luong X la :

2 2
o, :[(%j o’ +(%J 0, +..]Y% (theodinh luat lan truyén sai $, biéu thic
a b

naydung khi x 1a ham tu§n tinh dia cac phégo a, b,c..).

Céch tinhdo léch chuin cia dai lwong x nay ty thudc vao dng cdng tikc tinh
dem sr dung.

* Po léch chdin cia Hng va héu:

o Xx= @a@ES)+bib(:S)-c.c(xS) Wiayh, ¢ lacac ling $ thi

do léch chidn aia x la
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N R L
* Po léch chuin cia phép nhan va chia:

_arhh . S, | 2(S.) _2(SbyY (S
X = - thi 7—\/a1 (;J +b (F) +c,”. - +...
; N - a Ko
Khi @6, kit qua s5 dwoc biéu dién drsi dang x=2 245,
C

* Po léch chidin dia phép tinh logarit:

x= Kk.Ina thi, S k(ij
a
N k (S
= k.loga this —| =2
X g X 230( a J

CAc gia tr do léch chudn trong phépio ¢ trénduoc i 1a sai $ tuyét d6i caa phép

do. Pai luong (%j goi la sai $ twong ddi.

Thi ok 2.5 a) Tinh gia tf biéu thic:
(65,0620,07) +(16,1340,01)-(2248802)= 58,51+?

tacé S, =,007%+ 001 +002° =0073 Va béu dién x = 58,53 0,07

o 1A ; JA p . 007
D¢ léch chuin wrong doi cua phépdo la 5851 1006 =+01%
b)  x=2 = (1367 002).(1204+ 02) _ 356042

b.c 4,623+ 0,006
2 2 2
ta co Sc o ([ 002 + 02 + 0,006 =0,0026 do gy
X 1367 1204 4,623

S5=356,0.0,0026=0,93
két qui cwi cing €1a  x = 356,040,9

Thi d¢ 2.6: Tinhdg léch chuin &5 mmol Cl trong 250,0 ml dungidh miu, réu lay
25,00 ml dung ih miu nay chdn dé bang dung éch chuin AgNGQ c6 rong do
( 0,1167+40,0002) M. Thtich dung ¢ch AgNQ tiéu ¥n sau 3 dn do lp lqi 1a 36,78;
36,82 va 36,75 ml.

HD gidi : - thé tich dung ¢ch chuin AgNQ trung binh la: 36,78 ml
- &p dung cong thkc tinhds léch chuin thé tich chuin dé ta co6 S= 0,035
- Vay v = 36,78+ 004 (ml)

AgNQ,
- S mmol Cldaduwoc chuin dé trong 250 ml niu :
X= (0,116740,0002).((36,780,04).10= 42,92+

15



2 2
Tace: 2= [[20002) [ 0041 =0,019
X 01167 36,78
Dodbd S=42,92.0,019=0,082
Két quz s mmol Cltrong 250 ml mu la (42,92+0,08) mmol

Chu y: Trong qué trinh tinh toan vi coslan truyén sai $ nén ain tranh lam tron
so khi vigc tinh todn chea ket thac.
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Chwong 3 HAM PHAN BO VA CHUAN PHAN BO

3.1. Biéu dién sb liéu dinh lwong

Trong phan tickdinh lrong, $ liéu thrc nghém la céc 8 liéu thudugc khi tién
hanh cac phép phan tidinh lrong. Bé hé¢ théng hoa nitng $ liéu nay nfim thu
dugc céi nhin dng quéat bn haic phuc vu cho nhiing nghién 6u tiép theo, ngoi ta
biéu dién chiing @6i dang biéu d6 haic db thi. Cac dng biéu d6 thuong gip 1a béu
d6 cot hay beu do hinh chir nhat (bar chard, biéu do hinh qut (pie char), bicu do tan
suit (historgram) hay béu dd duong dip khac pylogor). Néu cin biéu dién gia ti
thuc nghtm cia cac ap $ liéu khac nhau, thlusdung do 16n cua céc 6 ligu. Trong
truong hop cin biéu dlen cac $ lidu trong cungdp < liéu thi throng dung 4n suét
cua gia ti 6 trong &p  licu.

Trong phan trinh bay d6i day ch xétdén bicu do bieu dién tan s xuat hién cia
gia tri trong &p < liéu dudi hai cang biu do tan suit va beu do duong gip khuc .

Céch tén hanh:Céac gia tr trong ip $ liéu duoc chia thanh cac nhom khac nhau
(category va kiém tra fin sufit caa gia ti d6 dé biéu dién két qua do dudi dang diém
riéng bit trén tuc $ (dwoc chia tugn tinh 1 chéu) va nfan dinh V& mat do cacdiém
(truong hop nay @i la phan B 1 chiu) haic biéu dién cang bic thang (6t) bing
cach p hop cac gia trriéng & thanh k ép cé k& rong d (5 < k < 20) (k cian bac hai
tong cac gia frdo dugc).

Thi du 3.1: Nguoi ta xdc dinh dong thoi Al trong mot mdu thép ¢ 12 phong thi nghiém
(PTN). Mé6i PTN cho 5 gid tri phdn tich thu duoc trong nhiing ngay khdc nhau. Cdc gid tri
nay dugc hé thong héa nhuw & bang 3.1 :

Bdng 3.1: Két qud phdn tich ham luong Al (%)
trong mau thép

SIT[PTN X, X |X, |X, |X

~

0,016 | 0,015 0,017 | 0,016 | 0,019

0,017 10,016 | 0,016 | 0,016 | 0,018

0,015 10,014 0,014 | 0,014 | 0,015

0,011 10,007 | 0,008 | 0,010 | 0,009

0,011 10,011 |0,013|0,012 0,012

0,012 10,014 10,013 | 0,013 | 0,015

0,011 10,009 | 0,012 0,010 | 0,012

0,011 10,011 10,012 0,014 0,013

O| Col N| O | K| W

0,012 10,014 10,015 | 0,013 | 0,014 D

OmmmmTNOOIOINITIT —IZZZ
ooommmmIT || rrZZ
> > WmmOO|m — | XXX

O 000
p-dlvellvs]Z NP

A

~
(=l

0,015 10,018 0,016 | 0,017 | 0,016

~
~

00151 0,014 0,013 | 0,014 | 0,014 | Gisihan 8 10 12 14 16 18 20.10°%

ghh“i@ﬁh@ﬁw;b

0,012 10,014 10,012 | 0,013 | 0,012 trén cla cap

~
[\

Hinh 3.1: Phdn phoi tdn sudt khi xdc dinh dong
thoi ham lugng Al trong mdu thép tai 12 PTN.
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Nhur vy cé tdt cd N=60 gid tri. Gid tri thdp nhdt la ciia PTN D c6 Xp, =0,007%.

Gid tri cao nhdt ciua PTN A la X As = 0,019%. Sau khi tdp hop cdc so'liéu thanh k=7

cdp véi do rong ciia cdp la d= 0,002 %Al ta cé k =N . Cap thit nhdt gom cdc gid tri
0,007 va 0,008 % Al, cdp thit hai la 0,009 va 0,010 % Al.... Nhu vdy ta cé phdn bo tan
sudt thuc nghiém duoc trinh bay ¢ hinh 3.1 va biéu do tdn sudt phdn tram ¢ hinh 3.2.

351

30

251

20+

154

Tan xuat (%)

104

0

8 10 12 14 16 18 20

Hinh 3.2. Biéu do phdn tram tdan sudt ham luong Al trong két qud phdn tich cdc PTN
Tir dang phan b tan suit c6 the thiy duoc dinh tinh & sy xuat hién sai $ ndau
nhién. Khi sai 8 ngau nhién &n thi phan b rong, sai & ngiu nhién nk thi phan b
hep va nkn, nhing trong teong hoyp nay khong cho bt vé sai  hé thong vi sai 6
h¢ thong khéng lam thagoi dang phan b.

3.2. Phan 16 ly thuyét

~ Khi hé¢ thong hoa cac giaitdo va beu dién ching trénds thi bing cach & tan
suat cua gia ti naodo véi mot truc Iz‘a~ gia ti do, ta ludn thutugc cac phén Hdang ot
nhu trén,dac biet khi chi c6 sai 8 ngau nhién. Dadd, cho phép githiet co nhing qui
luat toan hyc lam @ sé cia nHrng phan b do.

3.2.1. Phan 16 chuan (Phan b Gauss)

Gia sir tién hanh 4t nhiéu thi nghém lap lai va thuduogc rat nhiéu cac gia tr (N
. ) trong dd cé ndt s yéu tb ngiu nhiénanh hréng dén cac gia tr nay va cac
nguyén nhan gaynh hrong co tinh éng tinh, nié hon gia ti do.

Khi @6 rong aia I5p nho (d — 0) thi phan b tan suit duogc biéu dién king ham

1 Sy
mat d6 xac sdtsau:  Y(X) = e?? (3.1)
C o~ 2IT
trongdd : = 3,1416 e=2,7183;0 la tham 6 va lado léch chun, dic

treng chodd phan tan éa phépdo (measure of dispersion)p la tham 8 va la gia tr
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that haic gia ti trung binhdac treng cho phépto vi tri phan 16 (measure of locatior)
X la taa d6 haic gia ti trén tyc hoanh; Y: tung & chiéu cao éa dudng biéu dién
tuongung wi gia tri x.

Vi tri va dung duwong congduroc Xacdinh i pva o . Cuc dai cua dwrong cong
tai y' = 0, tic la g diém x= p. Cacdiém wn 1a %= p- ova % = p+ 0. Neu chop. o
thi y = f(x). Khi y = 0 thi x =# . Tuy nhién, trén thc ¢ c6 thé bé qua céac gia tr cia
truc tung khi x ngoai khimg 1 £3 0.

1 T T T T T T T

et
ca
T
1

o=0.5

1gNS 98X Op Jpw
L
(o]
T
|

=
=
T
1

a=1.0
2.2 b .
7=2.0
o=5.0
O | | | | |
-6 -4 -2 0 2 4 6 :
dolech chudn /7 ﬂ—ZU o p pto F’+2a
Hinh 3.5: Phan b chuin i cac gia ti Hinh 3.6 : Béu dién hinh loc cia dg léch
trung binh ¢éng khac nhau. chuin

Néu ky hicu z=2"#  thi Z 1a mét bién ndiu nhién va ham pharblzé ding
ag

Y(29) =

e j = 3 —
U\/ZT (3.2 khi6 o,=1 vap,=0

Ham phan b Z naydugc gi la phan b chuan hay phan & Gauss. Pirong trinh
(3.2) md & mat do xac sit caa phan B, d6 la bng din tich gira dudng cong va tc
x 1a 1don vi. Puong biéu dién condugc goi la dudng cong sai&(error curve)

Néu lay tich phan aa ham phan dchuan tir -0 dén +oo thi toan b phan dién
tich giéi han bai duong cong biu dién xac sét xuét hién cac gia trx,. Gia ti xac sit
nay din lién véi do tin ciy théng k& P. N6i cach khac, fm dign tich gbi han boi
duong cong 1&do tin ciy thong kédé xuat hién x trong khang tich phan.

Ddi véi cac Bp 9 liéu ¢ cung gia trthuc p 8 ¢6 cung din tich duong cong
Gauss nhng réu o cang nb thi duong cong cang dp va cang nbn, d6 chinh xac
cang bn. Xac sdt dé gia ti do mim ngoai goi han trén @a tich phan lai=1-P. Pln
dién tich P éng dugc biéu dién theo % so i tong dién tich va @i 1a 46 tin ciy théng
ké.

Trong khding p + o thi mat d6 xac sit chiém 68 % dén tich @iadudng cong.

Trong khang p +20 thi mit do xac sét chiém 95 % dén tich duong cong. Co
ngha la c6 95 % gia titrung binh ru rim trong khang:
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M-1, 96(T)<x< p+1,96 (\/_

X- 196(\/_)< p< x+1,96 (

-
binh).
Trong khaing p + 30 thi mat do xac sdt chiém 99,7 % dén tich @ia duong cong.

). Do d6 khaing bién thién gia tr thuc la:

) (day la khang tin @y uéc doan @a gié ti trung

Tuc 1a x- 2,97(%)< L< x+2,97 (%)
n n

Pa $ cac Kt qua do trong phrong phap phén tich thdngutbng déu tuan theo
phan B chuin (trir cac phépiém). Tuy nhién, khi & ly théng ké,dic biét trong cac
phép phan tickda bién khéngduoc gia thiét truge 14 c6 phan bchLﬁn trong cacdp
liéu thu duoc tir cac plwong phap phan tich (mhphan tichdong \Et, phan tich ban
dinh lrong... ) ma phi kiém tra xem4p < liéu c6 tuan theo pharbkchuin hay khéng.

Néu ky hiéu d6 tin ay thong kédé xuat hién gia ti x; nam trong vung (e, X)la
P(%). Tt ham phan & chuan, khi cho gia tru(x) ta tinhdwoc do t|n cy thong ké P
(ang Wi dién tich P va ngroc lai. Thay cho tinh toan, @i ta lap sin bang £ dé tra
gia ti u khi bét P haic ngroc lai (xem phu luc 1)

Cha y: -Trong tirc nghiém ¢6 niing tip  liéu tuan theo phandchuin (gia tr
trung binh, trung iva $ trgi tring nhau). Tuy nhiéninig co nat o tap Y] lieu khdng
theo phan b nay ma theo phandbléch (skewed distribution) c(n xuit cia
trgi>trung vi>trung binh). Khi gia tf skewed #n t5i khdng thi phan éléch tré thanh
phan b chuin. Nhing dzng phan B léch nay co th dat diroc gin phan b chuin néu
chuyn cac Kt qui sang @ng logarit roi tinh gia ti trung binh vads léch chuin .
Phan pli nay gi la phan B log-chuin (log-normal distribution).

3.2.2. Phan 6 Poiison:

Trong not sH pheong phap phan tich én dai, két qua phépdo la cacdai luong
nguyen di rac, nhr dm xung vi phan trong Hod phéng,xiém leong tr trong phan
tich pt6 Ron ghen..S6 liéu thee nghém trong cac piong phap nay cdic diém nhu
sau:

- Két qua trong ip 9 liéu 1a nhirng © dém cac g kién xay ra trong not khoang
thoi gian.

- XAc sut xay ra sr kién trong ndt don vi thoi gian 1a nhr nhau Wi cac khang
thoi gian khac nhau.

- Sb s kién xay ra trong khang thyi gian naydoc lap voi khoang thyi gian khéac.

~ Néu I3p lai nhiéu lan cting not thi nghgm thi mdi quan K gitra gia ti do va &n
xuat dugc bicu dién bing ham phan®xac sdt nhe sau:
A*.e™

X!
trong khding thyi gian xét.

Wi x= 0,1, 2, 3.. va A la trung binh éa $ cac & kién

Phan 16 nayduoc goi la phan 16 Poisson, cadai lugng dic trung thong ké la:
- Gia ti trung binhy = A.
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- Phrong saio® = A
- Giita 1 va 0 c6 quan hé: o= P v6i 12 s6 thuc va g >0

0.5

0.4

0.3

0.2 4

[T S B = T L O

EHNMTLDRDP—EDU\!:FHNW‘TU'J\DP—EDD\E

e T = T = T T R e e R B

Hinh 3.6. PhandPoisson ¥i cac gia tf khac nhauia trung binh éng.

Phan 16 Poisson la phandordi rac. Khip nho thi phan b c6 cing kit ddi xang.
Sy bit d6i xirng gim nhanh khiing p va cing duong phan b tién t6i phan B chin.

Thuc t khi n > 15 thi ¢6 té coi nhr xdp xi phan Ib chuin. ang Wi bang phan B

chuin s c6 68,3 % céac gidittrong gisi han p - p*? vap +pu'2

3.2.3. Céac phan b dic biét.

3.2.3.1. Phan b Student (t)

Phan b chuan xéto trén chi thich hyp véi truong hop & phépdo lon (N o).
Khi so phépdo nhy, mat d6 phan b c6 tre Iéch khoi qui luat caa phan b chuan, dodo
can loai trir @ khong tin @y bang phan b doi xang bien dang i l1a phan 16 student
(t).

Ham dia phan B t c6 ding:

2 _ta .
Y, f) = B(1+tT) > \6i B lahing & va fla fc tr do.
Ham phan b nay phu thudc bién t mt cach ndu nhién.

D6 thi ciia ham t ¢6 shg aia ham phandchuin va céday du tinh chit nhe ham
phan B chuin nhing dé nhon aia dé thi ham phan &t phy thuoc vao fc tr do (hinh
3.7).
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-4
e

Phan ph6i chuin — =1
— =3
f=5
=100
— PP chuin

D

= -3 =] 1 3 5
Hinh 3.7: Phdn b6 Student véi f=1; f=3, f=5, f=100 va phdn phoi chudn.

Chiéu cao va do rong clia cic dudng cong ciia phan bo t da chuin hod phu thuoc
vao bac tu do f clia do léch chudn. Bac tu do f cang nho thi dudng cong cang ti. Khi
N oo thi S — 0 va phan b6 t chuyén thanh phan bd chuin Z (thuc t€ chi cin xét véi
N>30). Cac gi6i han tich phan cua phan bo t phu thudc vao xac suat P va bac tu do
duoc cho trong phu luc 2. Khi biét hai gid tri f va P c6 thé tra bang t dé tim gi4 tri tich
phan cua phan b6 t. Hai loai bang tra gia tri t tuong ing véi phan bo t mot phia hoac
hai phia (hinh 3.8).

Chuén t (Student-test) dugc dung dé tinh khoang tin cay clia s6 liéu thuc nghiém,
so sanh gid tri trung binh thuc nghiém va gid tri that, so sdnh 2 gia tri trung binh hoac
tinh d6 khéng dam bao do ctia do léch chudn mau khi s6 mau nho.

xac suat P

4 3 2'10 0 1 23 4
a a2 ar2
Hinh 3.8 : Phan bo Student 1 phia (1 sided) va hai phia (2 sided).

3.2.3.2. Phan bo Fisher (F)

Gia sir ¢6 2 tap s6 liéu v6i kich thuéc mau N, va N,, phuong sai twong ting 1a S
va S,? v6i cac bac tu do f;=N;-1 va f,=N,-1 valap ty s6 :
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F=S

g2 (B
2
f,-2
X 2
N N A A 7 A, 7 Y f f : A
Thi ham mat do xdc suat ¢6 dang: (%1 f2) f hth
@) ?
f,
trong d6, x 1a bién nglu nhién va A 1a hing s6 phu thuoc f, vaf,;  0< x< +oo,

Puong cong thu duoc mang dac tinh cua mot phia, duoc v€ trong géc phan tu thd
nhat gitta x=0 va x= oo (hinh 3.9).

A

Hinh 3.9. Phan b F véi hai bac ty do f, va f,

Néu lay tich phan ham phan bo trong giéi han 0...F, ( F, <o) ta c6 P phan clia
s,
s,’
nam gitta 0 va F,. Cic gi6i han ctia phép tich phan F(P, f|, f,) v6i P = 0,95 va P = 0,99
theo f,, f, duoc cho & phu luc.

téng dién tich du6i dudng cong, né biéu thi xac suat dé gia tri im dwoc F =

3.2.4. Phan bo X? ( chi - square distribution)

Cho dai luong ngdu nhién x,, X, ...x,. Néu c6 phan bd chuén thi ¢6 thé thu duge
dai lugng ngau nhién véi s6 bac do f=n-1

X — X s?
D (E—)=(n-)==x*
- g o
, X -2
Ham phan bo X? c6 dang: Y(x?, f)=Ce 2 ()(Z)T 0< X <+00
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Ham phan b6 véi X* nam trong géc phan tu thi nhat trong mién tir X*=0 dén X*=c0
c6 dang phu thudc vao bac tu do f (hinh 3.10).

b = T ——
i 3 & 7 9 11 13 15

Hinh 3.10: Phan bs X* véi f bac tu do.

Néu f nho, dudng cong bat doi xting, néu f tang su bat d6i xing giam va f — o
ta c6 duong cong Gauss vGi U>0. Lay tich phan ham phan bo trong giéi han tr O dén
X% (X*p<o) ta c6 phian tdng dién tich du6i dudng cong ting véi x4c sudt dé gia tri X>
= thu dugc tir f quan sat doc lap, roi vao khoang (0,1...x% ). C4c gi6i han Iy tich phan
ham ¥* (, f) véi =0,95 va =0,99 duoc cho trong phan phu luc. Him phan bé véi X* duoc
ding d€ kiém tra phuong sai.

3.3. Quan hé giita cdc phdn bo riéng

Phan phoi F
Bac tu do f, vaf,
| F:S]_Z/ 822
|
[ el 1 f1=f; f=o0
_ F= X%/
X i ’
- B Phan phoi t . ”
t=—F7+— 14n p Phan phoi X 2 _ 2
s/ /N [ Bac tu do f } [ Bac trdo f X =15°/2
f=co
=z
Phan phoi chudn S, - X - U
=02 o
x>15
Phan phdi Poisson P= [i( e” /X

24



3.4. Khoang tin cay, gi6i han tin cay va do khong dam bao cua dai luong do

Khoang tin cay (confidence interval- CI) ctia dai luong do 1a gid tri thuc biéu thi
khoang ton tai gid tri trung binh hay con goi 1a khoang bat 6n ctlia s6 liéu thuc nghiém
trung binh.

Gi6i han tin cay (CL: confidence limit) 1a gia tri 16n nhét va nho nhat ctia khoang
tin cay.

Viéc tinh toan khoang tin cay cta gia tri trung binh chi dugc thuc hién khi sai s6
hé thong xuat hién khong dang ké.

V6i mot tap s6 liéu tuan theo phan bo chudn, khi biét do léch chuén o, thi su sai
khdc giita gid tri thuc [ va gia tri trung binh x khong 16n hon Z ldn do sai chudn ctua
tap hop. N6i cach khac

g
VN

Nhu vay, giéi han tin cay cuta gia tri thuc duoc tinh theo phuong trinh:

‘,u—ﬂ<z

g
IN

6 day Z la y€u to thong keé, lién quan t6i muc y nghia thong ké, thuong 1a 90 %,
95 %, 99 & ( twong Ging véi xac sudt xuat hién gia tri x la 1,64; 1,96 va 2,58). Vi du véi
muc y nghia thong ké 1a 95% thi gid tri thuc ton tai trong khoang :

)

U =Xtz

9 _x+196 L

VN VN

Thuc t€ c6 thé 4p dung chudn Z cho tap s6 liéu c6 s6 thi nghiém N>30 va tuan
theo phan b6 chuén.

(x — 196

Dai vai cac tap so6 liu nho (tic 1a cac mau thong ké c6 N<30), nguoi ta sit dung S
(d6 léch chuin toc dodn) thay cho ¢ (do léch chudn) va gia tri chudn student (t) thay
cho chuin Gauss Z .

— S
CL(u)=xtt—
~'N
Gia tri t dugc tra trong bang phan bd t hai phia (phan phu luc) vé6i do tin cay thong
ké 95% (hay va bac tu do f= N-1.

Khi dé, gi6i han tin cay dugc tinh 1a :

Nhan xét: - Khoang tin cay ty 1¢ nghich véi +/N , do vay s6 thi nghiém cang 16n
thi khoang tin cay cang hep va gia tri trung binh cang gan véi gia tri thuc .

- Mtc y nghia cang cao thi khoang tin cay cang 16n vi ca Z va t déu tang. Véi
muc xac suit 1a 100 % thi khoang tin cy 1a *oo.

Chu y: Vi tap so liéu rat nhdo N<10 nhu chi phan tich lap lai 2-3 lan thi giéi han
tin cay dugc tinh tir khoang bién thién R nhu sau:
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CL=x+Rt,
Gia tri tg tra & do tin cay thong ké P=0,95 va P=0,99 nhu & bang 3.2.
Bang 3.2. Gia tri t tra theo khoang bién thién R & d¢ tin cay thong ké 95% va 99%

N 2 3 4 5 6 7 8 9 10 00

troos | 6,4 1,3 0,72 0,51 |040 (033 (0,29 (0,26 |0,23 |0,00

trooo |31,83 13,01 |132 [084 (0,63 |051 |043 |037 |033 |0,00

3.5. Mt so bai toan lién quan dén khoang tin cay
3.5.1. Xur ly so liéu thue nghiém tim khoang tin cay cua gia tri thuc
- Khi chua biét do léch chuan S hay khoang bién thién CV
Gia st ¢6 tap so liéu thuc nghiém : x;, X,, ...Xy. Tt ddy s6 nay ta tim dugc gia tri trung
binh, phuong sai S* va do léch chuan S.

Nhu vay, véi do tin cay P=0,95, tra bang ta c6 t(P,f) va xdc dinh duoc gia tri can tim

. — S
nam trong khoang (¢ ) = x £ t TN
N

Thi du 3.2: Két qud phdn tich ham luong iot trong moét mdu nudc bién ¢ Thanh Hod
theo phuong phdp dong hoc xic tdc -trdac quang lan luot la: 24,75; 25,12; 24,76;
26,28; 25,15 ugl/l. Tim khodng xdc dinh ciia ham luong thuc i6t trong mau nudc nay.

(SV tu gidi)

- Khi biét do léch chuan S hay khoang bién thién CV
Gia st ¢6 tap s6 liéu thuc nghiém : x,, X,, ...Xy.
* Néu N<30, tir day so liéu trén tinh dugc gia tri trung binh, khi biét S
( hoac néu bi€t CV thi tinh S theo cong thic CV(%) = %.100%). Tra bang tim t(P,f)
— S
va tinh dugc (1) =xxt \/W

Thi du 3.3: Két qud phdn tich ham luong Ni(Il) theo phuong phdp von-ampe hoa
tan xung vi phdn hdp phu trong mdau nudc Song Huong ngay 26/4 nam 1997 sau 5 ldn
lam ldp lai la 0,53; 0,50; 0,62, 048, 0,65 ppm. Hé So bién thién ciia phuong phdp
phdn tich Ni trong mdu cé ham luong tix 0,1-1,0 ppm la 20 % . Hay biéu dién két qud
phdn tich noi trén.

(SV tu gidi)

* Néu N>30: c6 thé xem nhu tap so liéu chia miu théng ké 1a tap hop va tap
so liéu tuan theo phan phéi chudn. Do vay, & do tin cdy thong ké 95% ta c6
7Z=1,96, nén khoang tin cay s¢ la:

v S
(y)—x_1,96N
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3.5.2. Xac dinh so6 thi nghiém can tién hanh dé thu duoc dé chinh xac
mong mudn:

.. S
Theo cong thiic: (u) = x+t N
Gidtripg-x = + t% duge goi 1a do khong chac chén, hay d6 khung dam

bao do clia két qua thuc nghiém. Khi s6 thi nghiém du 16n thi gid tri nay giam
duoc dén bat ky gia tri ndo mong muén dé x . mot miic ham lugng chét can
phan tich cu thé, gi4 tri 4 - x va do léch chuan S duoc cho trude (theo ISO), tir

do ta s€ tinh dugc dai luong ti . Tra bang v6i tp_gos. , - o) =1,96 s€ tim dugc N

JN

dé két qua thuc nghiém c6 do tin cay cho trudc.

3.5.3. Chon phuong phap phan tich thich hop dé cé sai s6 nhé hon giGi
han cho truéc .
Moéi phuong phdp da biét déu mac sai s6 tuong doi cho trude. Bai todn dat
ra 12 can chon phuong phdp nao dé sau N Ian thi nghiém thi dat do chinh xdc
CV (%) mong muon.

Theo cong thiic € = ti néu da biét € va N, s€ tinh dugc S sau do, thay

JN

vao cong thic trén xem ¢6 thoa man diéu kién CV < a % cho truée hay khong.

Theo ISO, v6i cdc mau ¢6 nén phiic tap, quan hé gitta CV(%) va nong do
chat phan tich duogc cho & bang 3.3.

Bang 3.3: Quan hé giita ndng do chat phan tich va CV cho phé

Ham |100 |10 |1 100 |10 1 100 |10 1 0,1
lugng g/kg | g/kg | g/kg | mg/kg | mg/kg | mg/kg | ug/kg | pg/kg | ug/kg | pg/kg
CV(%) |2 3 4 5 7 11 15 21 30 43

Ciing theo ISO, sai s6 tuong d6i dugc danh gid qua d6 chinh xaccua
phuong phap 1a :

<1 ppb sai s6 tuong doi cho phép tir -50 % dén +30 %
> 1 ppb dén 10 ppb, sai s6 twong doi cho phép -30% dén +10%
> 10 ppb, sai s6 tuong doi cho phép -20% dén +10%.
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Chwong 4: CAC PHUONG PHAP KIEM TRA TH ONG KE

4.1. Nguyén fic phép kiém tra th dng ké (significant tests)

Muc dich aia cac phép kim tra tong ké la lam chodt qua phan tichduoc dién
giai mot cach khach quan am giai dap cau ki co ar khac nhau gia cac kt qua thu
duoc hay khéng. N6i cach khacarc kiém tra xem gi thiét thong ké cac & gqua do
cung &p hop Iadung hay sai?

Trong thyc t phan tichnha hoa bc theong dat ra gi thiét va phan tich thng ké

sb lieu dé dua ra xac sit vé gia thiét d6. N6i cach khéc ta githiét [a dang (gi thiét
dao- null hypothesisva tinh ra xac i la gia thiét d6 dang.

Céch tén hanh:Tir két qua can kiém tra dia mau, tinh gia ti caa mot dai luong
can kiém traA, xacdinh mén A trongdo t#n tai A véi Xac sit P dinh tnrge. Néu A
nam ngoai mén A thi gi thiét da cton (haidai luong gibng nhau) bbac 1 va sr
khac nhau dgia cacadai lugng thuduoc goi la sr khac nhau cé nga.

Khi két lugn ngeoi ta tuan theo 3 quidc sau:

- Gia thiét can kiém tra b bac b néu sai km loai mot (bo céi ding) xut hien it
hon 10(x (1% t‘)ng tnrong hop) (P> 0,99 hay tr s P fic 14 Ra.,e<0,01), thi & khac
nhau c6 y ngta thbng k& muc tin cy 1%.

- Gia thiét can kiém tradwoc chip nhan néu sai m loai mot 16n hon 100x (5%
tong trong hop) (P< 0,95 hay Ry,e> 0,05) thi Kt luan ar khac nhau khong cé nigh
tuc laduoc xem nlw giong nhauwy mac tin y 5%.

- Néu sai bm loai mot nam trong khang 5% va 1% (0,95 < P < 0,99 hay
0,01<R4<0,05) thi xem lalang nghi @n. Khi d6 phai lam thém phéo.

Tuy nhién trong thc & phan tich, chcan xét Kt luan thdng kéa do tin cy 95%.
4.2. Xacdinh gié tri bat thwong

C6 3 cachié loai bo gia tii bat thuong:

Céch 1: Quan satdhcach khach quade tim nguyén nhan gay gig tét thuong
va laai gi4 tri bat thuong.

~ Céch 2: Git lai két qua thyc nghEm khi d& ©i thieu hoaanh hrong aia céac yu

to khach quan va ¢hquan lang cach dung giaittrung \i.

Céch 3: & dung chuin thing kédé loai bo s liéu bat thuong.

Trong 3 céch trén, cach 1 va 2rdimg dugc dung Bu khdng cadinh kién ca nhan.

Thi di khi quan sat cacdsliéu thec nghem réu thdy xuit hign dau higu bat
thuwong thi lazi ngay (nhr mau gc aia dung dch phan tich khac mauithing do...).
Tuy nhién, trongfa < truong top chang ta khéng phatdri radiéu bt thirong va vin
tién hanhdo,va vin thuduwoc két qud. Do d6, cach khac quan laiy thong ké theo ba
tiéu chuin tho‘ng ké sauray.

* Tiéu chiin 1: chiiin Dixon ( Q-test)
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Nguyén #c: Sip xép cac 8 ligu thuduoc theo chéu ting haic giam dan va dung
Q-testdanh gia kt qui nghi ngr khac xa bao nhiéu saivso con hi trong tip S ligu.
Tinh gia ti Q theo béu thic (1) va so sanhdv gia tri Q chuin trong ting 4.1:

X

nghi-ngo - Xlan—can

Qunn=

Xmax - Xmin
So sanh Q, va Qgpuan (P=0,90; N). Gia tri nghi ngo s€ chinh 1a gia tri bat thuong
néu Qn’nh > Qchu?in (P’N)
Bang 4.1 : Gi tri chudn Q dung dé loai bd gid tri bit thudng.

N Miic tin cay

90% 95% 99%
3 0,89 0,94 0,99
4 0,68 0,77 0,89
5 0,56 0,64 0,76
6 0,48 0,56 0,70
7 0,43 0,51 0,64
8 0,47
9 0,44
10 0,41

Chd y: Néu s6 phép do 16n (N >10) thi cdch phét hién theo chuidn Q khong du
nhay, do trong phép kiém tra ndy chi c6 gid tri nghi ngd va hai gi4 tri khdc clia phép do
duoc st dung. Khi d6, dé kiém tra su ton tai clia gid tri bat thuong, ngudi ta ding tiéu
chudn 2.

Thidu 4.1 : Két qud xdc dinh ham luong CaCO; (%) trong mot mau dolomit thu
duoc nhu sau: 54,31,54,36; 54,40; 54,44 ; 54,59 %.

Hay kiém tra xem gid tri nghi ngo 54,99 6 phdi la gia tri bat thudngkhong?
Gidi: S6' gan nhdt cua 54,99 la 54,44.

Ta cé: Q=222975444 _ g
5499-5431

/6i 5 ldn thi nghiém va P=0,90 tra bdng chudn Q ta duoc Q.;,;,=0,56. vdy O huic nghiem
>Q uin hay gia tri 54,59 la gia tri bat thuong.

* Tiéu chuén 2: (4p dung cho tap s6 liéu c6 N>10)

Dua trén khoang gi6i han tin cay: x+ 20 chita 95 % s6 liéu do duoc véi x 1a gid
tri trung binh clia tap s6 liéu (da loai bd s6 liéu nghi ngd) va o 1a do léch chuan tap hop.
Nhitng gia tri nao ngoai khoang trén s€ dugc loai bo.

*Tiéu chudn 3: Gia st tap so liéu thuc nghiém dugc sap xép theo thit tu ting din
XL » X2, ..., X . Tinh gid tri trung binh x va do léch chudn S va kiém tra cdc gia tri nghi
ngo theo céch sau:

Trudc tién tinh T = HS doi véi gid tri cao nghi ngo.

29




X=X,

VaT= VGi cac gia tri thap nghi ngo.

Sau d6 so sanh gia tri T tinh duogc véi gia tri T4, (s6 phép do: N) trong bang 4.2
6 muc y nghia 5% va 1%:

NEu Ty >Topuin thi Xp va xy 1a sai s6 tho can loai bdo & mic y nghia thong ké
da cho.
Bang 4.2: Gid tri T chuén & 5% va 1 % cta s6 khong ph hop véi gid tri bat thudng trong miu
chuén.

S6 phép do (N) Gi4 tri chuin S6 phép do (N) Gid tri chudn
5% 1% 5% 1%
3 1,15 1,15 15 2,41 2,71
4 1,46 1,49 16 2,44 2,75
5 1,67 1,75 18 2,50 2,82
6 1,82 1,94 20 2,56 2,88
7 1,94 2,10 30 2,74 3,10
8 2,03 2,22 40 2,87 3,24
9 2,11 2,32 50 2,96 3,34
10 2,18 2,41 60 3,03 3,41
12 2,29 2,55 100 3,21 3,60
14 2,37 2,66 120 3,27 3,66

Ngoai ra, cdc gid tri bat thuong c6 thé duoc nhan biét bang cach diung dé thi
boxplot trong phan mém thong ké MINITAB.

4.3. S dung chuan théng ké trong cac phép so sanh
4.3.1. So sanh trong moét tap so lieu (1 sample)

4.3.1.1. Kiém tra su tudn theo phdn bé chudn

Trong rat nhi€u phép tinh thong ke, tap so liéu can phai thod man di€u kién tuan
theo phan ph6i chudn, tic 1a phéi thod man cdc diéu kién ctia phan phdi chuén dit ra.
Viéc st dung cdc phan mém thong ké cho phép don gian hon thi tuc tinh todn bing
céach xét gfa tri do léch (skewness) trong thong ké mo ta hoac dung cdc chuin thong ké
nhu Kolmononov- Smirnov.
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Thi du 4.2. Két qud phdn tich ham luong Ni( mglkg) trong mau ddt nhu sau: 22
15 18 25 21 12 23 20 20 422231 2213 8 33 12 23 12 16 30 36 15 1728
26 26 16 23 26 15 17 17 14 14 18 12 35 30 15 13 14 14 14 13 743 59
2537710 8 13 2 14 11 19 5 12 19 1115 2 15 31 9 11 26 33 27 13 12
20 26 16 15 22 6 10 . Hay kiém tra xem cdc so liéu trong tdp so liéu trén cé tudn
theo phan phoi chudn khong.

Gidi: St dung phdn mém Minitab 14 dé tinh cdc dai luong thong ké trong thong
ké mo td.Kkét qud thu duoc nhu sau:

Variable Mean StDev CoefVar Minimum Median Maximum Skewness Kurtosis

Ni 1899 991 5217 2.00 16.00 59.00 122 251

Biéu do tan sudt xudt hién cdc gid tri trong tdp so'liéu cé dang:

Histogram (with Normal Curve) of Ni

25 Mean 18.99
StDev 9.907
N 80

Frequency
=
(9]

1

._.
<

0 12 24 36 48 60
N

Gid tri skewness khd nhd, duong biéu dién tdn sudt gan véi phdan phoi chudn.

Néu su dung thudt todn kiém tra phdn phoi chudn (Normality test) véi chudn
Kolmogorov- Smirnov ta cé cdc gid tri: KS=0,119, P-value<0.01. Ttri s P tinh duoc
nho hon miic y nghia thong ké a=0,05 (5%) chiing té cé du bdang chitng dé bdc bo gid
thiét ddo. N6i cdch khdc, gidn tiép thita nhdn tdp so liéu khong tudn theo phdn phoi
chudhn.

4.3.1.2. So sdanh gid tri trung binh tdp hop va gid thuc ( chuin Z)

Néu tién hanh céc thi nghiém trong tap hop va thu dugc gia tri trung binh tap hop
12 Y, do léch chuén tap hop di biét 1a o va gia thiét théng ké duge st dung 12 gia thiét 2
phia (two- tail) thi bai to4n kiém tra gia thiét thong ké duoc xem xét qua cic budc sau:

- Dat muc dich thi nghiém: cdn kiém tra trung binh tap hop thu duoc Y c6
khic nhau c6 nghia véi gid tri thuc cho truéce [, hay khong .

- Dat gia thiét thong ké 1a Hy : p=, , n€u khong thoa man thi i@ > |, hay |
<M, 6 muc tin cay thOng ké cho trudc.

- Quyét dinh mic y nghia a, thay déi bac bd néu né ding.
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- Quyét dinh dua trén muc tin cay thong ké st dung trong truong hop phan

phoi chuin: z= (X%’u‘)) JN

-Tim phan phoi miu clia gid tri thong ké néu khing dinh né ding.

O day phai gia dinh ring z= M\/ﬁ c6 phan phoi chuin véi gid tri trung
o

binh bang "khong" va phuong sai bang "mot".
- Tinh gid tri Z va so sanh véi gia tri Z 4, trong bang 4.3.

Béng 4.3: Gia tri Z & cac miic tin cdy thong ké khac nhau.

Miic tin cay (%) 50 68 90 95 99 99,9
Z (2 sided 0,67 1,000 | 1,645 1,960 2,576 3,29
Z (1 sided) 0,0 0,407 | 1,282 1,645 2,326 3,08

Néu Z <-1,96 hoac Z >1,96 thi loai bo gia thiét dao (véi a=0,05). Néu chon o=
0,01 thi xét khoang -2,58 dén +2,58.

Phuong phép nay chi 4p dung cho tap s6 liéu tuan theo phan phoi chuidn. Néu Z<
Zng thi chap nhan gia thi€t dao hay néi cach khdc W va [, khdc nhau khong c¢6 nghia
thong ké. Néu st dung phan mém thong keé thi gia thiét dao duoc chdp nhan néu P,
>P, ( thuong chon 1a 0,05 tdc 1a khi gia thiét ding ma loai bo thi s&€ méc sai 1am loai
mot v4i xac suat la ).

Khi cén so sanh su khac nhau gitra hai dai luong thi phan bé xac sudt duoc ding
12 phan bo 2 phia (2 sided). Trudong hop hai dai lugng khdc nhau thi c6 thé dung phan
phoi xéc suat 1 phia (1 sided) dé so sanh gia tri ndo 16n hon.

Thi du néu gia tri P,,,.=0,027 thi c6 nghia la chi c6 2,7% co hoi dé 4 = W,. Do
vay, can két luan la L # |, .

4.3.1.3. So sdnh gid rti trung binh mdu va gid tri duoc chdp nhdn (chudn t).

Chuin student dugc ding dé so sdnh xem c6 su khdc nhau c6 nghia giita gid tri
thuc nghiém xva gid tri thuc [ hay khong. Phuong phdp nay ciing dugc ding dé so
sdnh két qua thuc nghiém véi gid tri chudn trong miu ki€ém tra chét luong (quality
control standard) va miu chuén so sanh (standard reference materials- SRM).

Phép so sanh nay dua trén khoang tin ciy cta gia tri trung binh. Néu su khac
nhau gitta gia tri tim duoc va gid tri thuc 16n hon d§ khung dam bao do cua phép do
thi thi ching t6 c6 su khac nhau c6 nghia gitta hai gia tri nay & do tin ciy thong ké
da cho.

Vi tap s6 liéu c6 N >20 hoac khi biét do lech chudn tap hop thi \ U —;‘ < %

Vi tap s6 lieu c6 N <20 thi

/J-;(‘SE
JN

Nhu vay néu py-x<+ thi xem nhu g Ox ( chdp nhan gia thiét dao véi

s
N
P=0,95%)
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Mot céch khac, dé so sanh [ va X ngudi ta tinh gid tri tygenghiem = \ y—i\ JIN/S
sau d6 so sanh v6i gia tri ty,,(P,f) (tra chuin Student 2 duoi.

NEU tyyenghiem™ tehugn 10AC Py < Py thi gia thi€t ddo bi bac bo tic 1a khong c6 su
khac nhau c6 y nghia thong ké gitra gia tri trung binh va gia tri thuc.

Phuong phdp nay ciing dugc dung dé dénh gia sai s6 hé thong clia phuong phap
phan tich bang c4ch tién hanh phan tich 1dp lai N thi nghiém tir mau chuén (da c6 gid
tri thuc hoac gia tri dugc chip nhan [l) va danh gia su sai khac gitra gia tri x véi gia tri
thuc .

-
Tinh gid tri t theo biéu thic t = M\/ﬁ va so sanh véi t(P,f) v6i f=N-1

~

NEU ty, < thzng €6 the két luan x khong khac i hay phuong phdp chi méc sai s&
ngau nhién titc 1a phuong phap c6 do ding chap nhan dugc.

N&U t,g, > thane thi phuong phdp phan tich mac sai s6 h¢ théng.
Cdch so sanh nay con dugc dp dung dé:

- So sénh phuong phép nghién cttu v6i phuong phdp chuin béng céch so séanh gid
tri trung binh cta tap so liéu trong phuong phap nghién cttu véi két qua dugc phan tich
bang phuong phap chuan.

- Xét anh hudng cua nguyén t6 la (so sanh khi c¢6 nguyén t6 la va khi khong c6
nguyén to la)

- Pénh gia anh hudng ctia dung moi chuén khi thém 1 dung moi khéc.

Thi du 4.3: Khi nghién citu phuong phdp trdc quang xdc dinh As(Ill) bdng véi
thuoéc thir bac dietyl dithio cacbamat sau khi hydrua hod bang ky thudt khir dién hod,
cdc tdac gia da phan tich As(IIl) trong madu tu tao (cé6 mdt As(V) sau 5 lan ldp lai. Két
qud thu duoc (trung binh + do léch chudn) nhu sau:

Mdu As thém vao(lg) As(IIT) tim thdy(ug)
As(ll)  As(V)
Nudc may 10 50 9,604
20 50 19,7+0,3
Nuéc bién nhdin tao 10 50 10,240 4
20 50 20+ 0,3

Hay kiém tra xem phuong phdp nghién citu cé mdc sai s6 hé thong hay khong va
c6 nén dp dung dé phan tich asen trong nudc bién khong?

Nguon: M .H. Arbab-Zavar, M. Hashemi :Talanta 52 (2000) 1007-1014.

4.3.2. So sanh hai tap so liéu (2 samples)
4.3.2.1. So sanh phuong sai cua hai tdp s6 liéu — (chudn Fisher : 2 &)
Chuén Fisher dugc dung dé so sdanh do chum (precision) cta hai tap so liéu hoic

hai phuong phap khac nhau. Gia st c6 hai tap hop két qua phan tich thu dugc tr hai
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nguoi phan tich, hai PTN phan tich hoac hai phuong phap véi hai gid tri phuong sai
lag,? va g,° , bac tu do tuong tng f, va f,. Nhu vay, cin giai ddp cau hoi o,°va o,°
c6 phai la phuong sai ctia cung tap hop khong?

Vay gid thiét thong ké trong trudong hop nay 1a 0,° =0, =02 .

V6i cac tap so liéu cia mau thong ké c6 so thi nghiém xac dinh va khong 16n thi
bai todn trg thanh so sdnh hai gid tri S va S.°.
s’ :
Néu "gia thiét dao" thoa man thi ty s6 g phai tuan theo phan phdi chuan Fisher
v6i cdc bac tu do 1a f; va f, va gié tri F duoc tinh theo cong thic:

2
Fin= =7 >1
Khi d6, s& bac bo gia thiét ki€m tra néu Fy,, > Fy,, (P, £, £,) (chudn 2 duoi: 2-
tailed-test) hoac P > Py. N6i cach khdc, hai phuong sai S va S,?c6 su khdc nhau c6
nghia hay do chinh xac cac s6 liéu thuc nghiém gitta hai mau thong ké (hoac hai
phuong phdp) 1a khic nhau.

Néu do lap lai hai phwong phap khdc nhau thi c6 thé kiém tra xem phuong phdp
A chinh xdc hon hay kém chinh xdc hon phuong phdp B (kiém tra chu4n 1 duoi: one-
tailed-test). N&u Fy . noniem > Fepuan (P.f1, ) thi ¢6 thé két luan phuong phép A kém
chinh xdc hon phuong phap B.

Thi du 4.5: Dé nghién citu phuong phdp, cdn so sdnh dé ldp lai ciia hai phép do
khi xdc dinh Na theo phuong phdp quang phd phdt xa ngon lita. Cdc gia tri do léch
chudn thu duoc ( tinh theo phdn tram tuong doi) nhu sau:

Phuong phap 1: S;= 3%, f,= 12
Phuong phdp 2: S, =2,1%; f,=12

S _ 43

Taco F=— = =419
822 2,12 '1

Tra bang chudn F ta ¢6 F(0,95, 12;12)=2,79
F(0,95; 12:12)=4,16

Vay F= 4,19 > 4,16 nén cé thé két ludn rang do ldp lai cua hai phép do khdc
nhau cé nghia, hay do ldp lai cia hai phuong phdp khong giong nhau.

Khi dé can so sdanh do chinh xdc ciua phuong phdp nghién ciu cé lon hon cé
nghia so vdi phuong phdp tiéu chudn khong?

Thi du 4.6: D€ ddanh gid mot phuong phdp mdi dugc dé xudt dé xdc dinh SO/
trong nudc thdi cong nghiép, nguoi ta so sanh do cua phuong phdp nay voi phuong
phdp tiéu chudn qua thi nghiém sau:

Phuong phdp Gid tri | SO" thi nghiém | Bdc tu do | Do léch
trung binh | ldp lai chudn (mgl)l
Phuong phdp tiéu chudn | 72 8 7 3,38
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Phitong phdp dé xudt 70 8 7 1,50

Hoi ¢6 sy khdc nhau vé do diing cia hai phuong phdp hay khong.
( SV tu gidi)

4.3.2 2. So sdanh 2 gid tri trung binh thuc nghiém (Chudn Student: 2t).

Gia sl ¢6 hai gié tri trung binh x, vax, thu duoc tir hai diy phép do véi s6 thi
nghiém lap lai 14 n, va ng doc 1ap nhau. Gia thiét dao can kiém tra 1a x, va x, giong
nhau hay su khdc nhau giita x, vax, c6 phai do sai s6 ngiu nhién hay khong? Diéu d6
c6 nghia 1a cdn kiém tra xem c6 su khac nhau c6 nghia giita hiéu (X, -Xg ) va gid tri 0
hay khong.

Cach lam:

Buéc 1: Kiém tra xem do lap lai ctia hai tap s6 liéu (qua phuong sai S,” va S.%)
c6 dong nhat khong hay c¢6 khéc nhau ¢ y nghia thong ké hay khong? (chuan F).

-Néu S,” va S,* dong nhat ( khdc nhau khong c6 nghia) thi tinh S, theo budie

-Néu hai phuong sai khong dong nhat thi ti€n hanh budc 3, sit dung phuong sai
cua A vaB.

Budc 2: Néu S,° va S,° dong nhat

Tinh do léch chudn hop nhat S, clia hiéu 2 gid tri trung binh x, va X, v6i s6 thi
nghiém n, va ngz <30.

i(XAi_X_A)Z-l_nZB(XBi_X_B)Z _ 2 _na?
=S =1/ =1 :\/(nA DS, + (s ~DS; (4.4)

S
pooled
n,+ng —2 N,+ng —2

X ~Xg

Khi s6 phép do nho thi hiéu‘x_A - X_B‘ la dai lugng ngau nhién theo phan phai t.

\X %] [mn
Do d6, tyucnghiem= . +r? va so sanh V6i tg,4,(P,f); bac tu do 1a f=(n,-

pooled

1) + (ng-1)= nu+ng-2 ( vi cd 2 tap s6 liéu ( n, va ng va gia tri trung binh dugc tinh cho
moi tap so liéu)

NEU tenghiom > tenugn(P>F) (tra chudn t 2-phia) thi sy khdc nhau giita x, vaxg 1a c6
y nghia thong ké.

NEU tyenghiem > tenugn(P>F) (tra chudn t 1-phia) thi su khdc nhau giita x, >xg 1a c6
y nghia thong ke. Hodc P,,,.<0,05 thi su khac nhau giita x, vax, 12 c6 ¥ nghia thong
keé.

Buéc 3: Néu S,° va S,° khong déng nhat

Tinh gid tri ty, yghiem theo cOng thiic sau:
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X1 Xz‘

So sanh véi gia tri ty,;, tra bang véi P=0,95 va bac tu do f tinh theo cong thic

(Sa%a)
) %)

n+1 n,+1

Trong mot s6 trudng hop, phuong phép trén khong thich hop dé so sanh hai gid tri
trung binh thuc nghiém vi s6 mau han ché, méi phuong phép so sanh chi phan tich mot
muc ham luong, lam 1ap lai n 14n, do d6 khong thich hop cho toan bo viing nong do
khao sat. Viéc so sanh dé danh gia phuong phép phan tich s& dugc trinh bay trong phan
4.4.

Thi du 4.6: B¢ so sanh 2 phuong phdp xdc dinh hidrocacbon da vong thom
(phuong phdp huynh quang va phuong phdp UV) trong ddt, nguoi ta tién hanh cdc
phép phdn tich voi 10 thi nghiém cua moéi phuong phdp. Gid tri trung binh thu duogc
ciia phuong phdp huynh quang la 28,00 mglkg , do léch chudn S = 0,30 mglkg; ciia
phuong phdp UV la 26,25 mglkg; S= 0,23 mglkg. Hoi gid tri trung binh cua hai
phuong phdp cé khdc nhau coé nghia hay khong?.

( Sv tu gidi)

4.3.2.4. Hé s6 tuong quan (coefficient of corelation:
COR)

Cong thic tinh hé s6 tuong quan tuyén tinh Pearson s€ dugc trinh bay trong
chuong 6.

Trong da so0 truong hop, hé s tuong quan Pearson (R) giita tlng cap bién thuong
duoc dung. Pai lugng nay dac trung cho muc do quan hé tuyén tinh gitra hai bién.

R nam trong khoang tir -1 dén +1. Néu R>0 thi hai bién c6 twong quan dong bién
con R<o thi hai bién c6 tuong quan nghich bién. Gia tri R cang 16n thi mic do tuong
quan tuyén tinh cang cao.

Gia thiét thong ké can kiém tra 1a hai bién khong c6 tuong quan, p=0.

Néu tinh dugc gia tri P, . thi c6 thé so sdnh vé6i Py (thudong 1a 0,01 hoac 0,05).
Néu P, ,.< Pq thi mic do tuong quan ctia hai bién la khac khong cé nghia tic 1a c6 du
bang chiing dé két luan ching c6 tuong quan tuyén tinh.

4.3.2.5. Dong phuong sai (hiép phuong sai ) (coefficient of variance:COV )

Day la thuat toan gidp tinh dong phuong sai gilra cac tap s6 liéu, la budc trung
gian trong qua trinh phan tich da bién va s& xét trong gido trinh khac.
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4.4. So sanh 2 ptaong phap

Gia stlr chiing ta nghién citu phuong phiap A dé phan tich chat chua biét ndo dé.
Sau khi tim duoc cdc diéu kién t6i uu cho phép xédc dinh cén tién hanh danh gia phuong
phdp phan tich véi phuong phap tiéu chudn. Néu stt dung phuong phap so sdnh hai gid
tri trung binh s& khong thich hgp vi két qua phu thudc vao anh hudng cua luong chat
nén khéc nhau c6 trong miu phan tich. Khi d6, cin tién hanh thi nghiém theo timg cap.
V6i méi mau phan tich cin 1am dong thoi hai phuong phdp: Phuong phdp dang nghién
cttu va phuong phdp tiéu chuin va tién hanh véi cdc kich thuéc mau khac nhau . Cic
gid tri thu duoc 14an luot 12 X, ,, X;g; Xpa, Xop.....X;4 VA X;5. Cdc két qua thu dugc c6 thé
so sanh theo phuong phap tiing cap hoac phuong phap do thi.

4.4.1. So sanh tung cap
Dé d4nh gia phuong phép phan tich dang nghién ctiu v6i phuong phap chudn, cin

phai so sdnh ting cap két qua (moi két qua cia mdi phuong phap & mot mic nong do
nhat dinh) va slr dung chudn t d€ so sanh ting cip (a paired- t- test).

Gia thiét dao trong trudng hop nay 1a khong cé su khdac nhau ¢6 nghia vé két qua
phan tich cung ham luwgng chat phan tich trong cing mau cua hai phuong phap. No6i
cach khéc, can so sanh hiéu s6 trung binh cua hai tap s6 liéu c6 khac khong c6 nghia
hay khong.

o . X ) X4.S . — (Xy =Xgy - =
Gia tri t duoc tinh theo cong thire: t= —4—2—; = m =

X, 12 trung binh su sai khéc giita cdc cap gia tri.
Va S, do léch chuin udc dodn cua su sai khdc.

gid tri ty,;, duoc tra trong bang chuédn v6i mic y nghia P=0,95 va (n -1 ) bac tu do.

NEU ti,n<tchuin hay gid tri Py, >Pq=0,05 thi gia thiét "khong" dugc chap nhan, c6 nghia
la hai phuong phap khong c6 su khic nhau c6 nghia. Phuong phép nay con goi la
phuong phap hiéu so.

4.4.2. Phuong phap do thi
Vé s6 liéu trén do6 thi hai chiéu mot truc 1a phuong phdp phan tich (gia su la
phuong phdp M) va mot truc 12 phuong phap chudn (gia st phuong phap N)

A

Phuong \ 2
phap | \
M \
B\
AN
REAN
Ay \
E__——
Phuong phiap N ’

Gia str theo phuong phap M su sai khac 1a A,, va sai so tuyét doi 1a g,, con theo
phuong phdp N su sai khiac la A, sai so tuyét doi la oy .
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’ . : . . . cooc By Ay .
Muén so sdnh hai phuong phap ngudi ta so sanh hai ty s6 —* va — bang cach
JM JN

14y ty s6 hai dai luong nay (hay chinh 1a do doc cua dudng biéu dién).

Ay 1oy | _[Bu /By _ tga
|AN/JN| oylo, oyloy

Két qua nay cang 16n (cang gan 1) thi su chinh x4c cua phuong phiap M dang
nghién ctiu cang cao. Pudng biéu dién khi d6 sé tién t6i duong thing. Chiing ta s& xét
gid tri nay dudGi dang hé sO tuong quan ctia phuong trinh hoi qui tuyén tinh bac mot
(R 1) 6 chuong 6.

Thi du 4.8: Két qua phan tich Hg (ug/l) trong mdu nudc bot bang phuong phdp FIA
(Phuong phdap A) va phuong phdp thong thuong (Phuong phdp B) trong 20 mdu thu
duoc nhu sau:

SIT |1 2 3 4 5 6 7 8 9 10
PPA 475 1295 |744 |55 30,9 1938 255 |29 8,6 23,8
PPB 518 274 |716 |60 292 18,0 232 |32 8,8 23,5
SIT |11 12 13 14 15 16 17 18 19 20
PPA 844 1470 30,6 199 339 250 |107,6 |18,0 |1253 |84,9
PPB | 879 1505 1298 |19,8 290 |253 |1075 |15,1 |134,6 |814

(Nguon: T.Gao, J. Baasner, M.gradl, A. Kistner, Analytical Chimica Acta, 320,
(1996), 171-176.)

Hay ding phuong phdp so sdnh ting cdp xem cdc két qud xdc dinh cia hai phuong
phdp cé trung nhau khong?

( Sinh vién tu gidi)

(Cho két qua tinh theo phan mém MINITAB 14.0 nhu sau:
N Trung binh D¢ léch chudn Do sai chudn
PPA 20 46.7500 42.2895 94562
ppB 20 46.6800 43.9953 9.8376
Khdc nhau: 20 0.070000 3.235836  0.723555
95% ClI for mean difference: (-1.444418, 1.584418)
T-Test of mean difference = 0 (vs not = 0): T-Value = 0.10 P-Value = 0.924

Hay ddnh gia két quad trén va dua ra két ludn vé sy giong hay khdc nhau giva hai
phitong phap.
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Chwong 5: PHAN TICH PHUONG SAl

Trong chrong teéc ching taid xet bai toan so sanh giatung binh aa hai éip
sb liéu trong &ip hop king cach dung chim t. Viéc so sanh&chinh xac bn réu cang
nhiéu tp $ liéu trong fp hop duoc xétdén réu. Tuy nhién, Au can so sanh nhu
hon hai gia it trung binh thi chian t khdng con phudp. Do iy can xétdén anh
huong aia yeu t6 trong nhom va dgiu cac nhdm qudanh gia plrong sai. Phong
phap nay thong duoc goi la phan tich ptiong sai (analysis of variance- ANOVA)
hon 1a thiuit ngir phan tich trung bintla nhém (multi-group means analysis).

_ Nhu vay, co ;ré noi, phan tich pllong sai 1a phan tich tatng aia mot hay
nhicu yeu 1 den ket qua thi nghém qua tham & pheong sai.bo cé tte la anh hrong
cua mht hay nhéu yeu t hayanh hrong trong o cua nhing yeu to do. Ngoai véc
dungdé so sanh nku gia ti trung binh, ANOVA conduoc dungdé danh giaanh
huéng aia nhiing ngwn sai ® khac nhauién day Kt qua thi nghém tr d6 danh gia
duoc anh hrong aia cac ngéin sai $ dén ar phan 16 mau .

Ngudn sai $ dugc chia thanh haizhg:

- anh hrong ndiu nhién @a yéu t thém vao.

- anh hrong @ dinh hayda duoc kiém soat éa thi nghém.

_Néi cach khac, phan tich pbng sai la lam thi ngbm theo qui hach dinh trréc
nham khao satanh hxéng c6 ngiia aia cac gu t den ket qua thi nghém qua véc
danh gié plrong sai theo chin Fisher.

Néu ch so sanh hai giaittrung binh thi phan tich pbing sai t& thanh phép so
sanh & dyng chun t.

Céc bai toan&phan tich pthong sai c6 3 ghg chi yéu:

- So sanh nki gia ti trung binh: tirc chit 1a bai todn it yéu t, k mic thi
nghiém, mbi mirc nghién @u I3p lai n lan (one way ANOVA or one - factor ANOVA).

- Bai toan hai yu t0 A va B, yeu t A c6 k mic thi nghém, yeu 6 B c6 m niirc
thi ngh&m, mdi mic cia A va B lam dp lai n lan (two-way ANOVA).

- Bai toan 3 ¢u t) tro 1en (Latin squares)

5.1. So sanh it sb gia tri trung binh

Gia sir can so sanhlskhac nhau c6 ¥ ndh thoing ké hay khéngim cac gia ir
trung binh Mlu X, Xx,, X;, ... X, trong cungdp hop. CAc trung binh &u nay
thu duoc tir n thi nghgém trong ndi mau thing ké.

Mau thing ké 1: X1, X2, ...., Xan VA €O gid irtrung binh Iél;l

Mau thing k& 2: %; , %, ...., Xon VA €O gia trtrung binh lax,

Mau thing Ké thir i X1, Xiz »...., Xj va co gia frtrung binh Iz‘a?i
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Mau thing k& K : X1 , X2 , ..., Xen VA €O gia frtrung binh lax,

Gia thiét dao trong truong hop nay la cac mau dugc 1ay tir cting tap hop ¢ trung
binh mau [a 1 va phuong sai tap hgp 1a o?. N6i cach khdc can kiém tra gia thiét dao 1a
U= X =X,=...=x, . Khi cic mu thong ké thuoc ciing tap hop thi phuong sai trong
moi mau (within-sample) phai chinh l1a phuong sai gitta cic mau (between sample).
Viéc so sdnh nay duoc thuc hién qua chuén F bing céch tinh ty s6 hai phuong sai gitta
cdc miu thong ké va trong cing mau thong ké roi so sanh véi gid tri trong bang F
(hoidc so sanh gia tri P . v6i o) d€ dua ra két luan thong keé.

* Phuong sai trong cling mau thong ké:

Z(le _Z)z i(xkj _X_k)2 i(xij _Z)Z

2 _j=1 _ 2: i=
3 n-1 S n-1 S n-1

Mbi mau c6 n thi nghiém lap lai, do d6 c6 n-1 bac tu do. Téng s6 méu thong ké 1a
k mau. Vay bac tu do dai dién cho tat cac cac mau la f, =k(n-1).

Do vay, phuong sai trong cung mau (within-sample estimation of variance/
within-sample mean square) sé 1a:

Trung binh tap hop : X = =
phuong sai gitta cic mau:

ko
kz (Xi - X)2
MSbetween == k-1 bac tu do f,=k-1

Néu gia thiét dao la ding thi hai phuong sai phai khong khac nhau hay nhu nhau.
Con néu gia thiét dao la sai thi phuong sai gitta cic mau phai 16n hon phuong sai trong
cung mau thong ké.

Noi cich khéc ta tinh biéu thic:

F —_ M%etween
calculaté ™ M va so sdnh véi gia tri F,(P=0,95; f,=k-1; f;=k(n-1)
%/within

Nhu vay néu Fy,, >Fy,, thi gia thiét ddo bi loai bo tic 1a cdc gia tri trung binh
clia cdc mau thong ké 1a khac nhau c6 nghia. Diéu nay c6 thé do c6 mot gid tri trung
binh khac véi cdc gia tri trung binh khéac, hoac cdc gia tri trung binh khac 1an nhau
hoic cdc gid tri trung binh phan thanh hai nhém riéng biét. Mot cdch don gian dé tim
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ra nguyén nhan su khac nhau giita cdc gid tri trung binh 1a sdp x€p cdc gia tri trung
binh theo thi tu tang dan va so sanh su khdc nhau cua hai gia tri trung binh canh nhau
v6i dai luong biéu thi su khdc nhau c6 nghia t6i thiéu (A). Néu hiéu hai gfa tri trung
binh canh nhau 16n hon A thi c6 nghia chiing gay ra su khac nhau trong tap hop.

Dbai lugng A dugc tinh theo cong thiic sau:

A=S 2 t
- E (p.f) V6i S l1a do léch chuin u6c dodn trong cidc méu

S={MSQitin

t 12 gia ti chuén student tra bang vé6i do tin cay thong ké P=0,95 va bac tu do f=
k(n-1).

Thi du néu c6 4 gia tri trung binh cua 4 mau A, B, C, D lan luot 12 92 , 97, 99 va
102. tinh toan & trén cho thay ching khac nhau c6 nghia . SO thi nghiém lap lai trong
moi mau la 3 va S= 3 thi gia tri A= 3,26.

Hiéu cua hai gia tri trung binh giita hai mau A va B1a 5 >3,26. Vay nguyén nhan
cac gia tri trung binh mau nay khac nhau 1a do hai mau A va B khac nhau c6 nghia gay
ra.

So sdnh cac gifa tri trung binh ciing c6 thé 4p dung cho bai toan c6 hai yéu t6 va
danh gia dugc anh hudng tudng ho clia hai yéu té nay.

Thi du 5.1: Mot PTN A cdn ché tao mdu chudn xi mdng dé xdc dinh ham luong cdc
kim loai theo phuong phdp huynh quang tia X (XRF). Mdu chudn duoc ldy ngdu nhién
tir cdc bao xi mdng, sau dé nghién nho va trén thdt déu roi gui di phdn tich o cdc PTN.
Dé danh gid do dong déu cuia mdu nguoi ta chia mdu chudn ban ddu (dugc xem nhu
tap hop) thanh 8 mdu nhd (mau thong ké). Tién hanh phdn tich ham luong Al (tinh theo
phan tram ALO;) trong moi, lam ldp lai 6 ldn. Két qud thu duoc nhu sau:

Hay dung phuong phdp ANOVA dé kiém tra xem gid tri trung binh giita cdc mdu cé
giong nhau khong va két luan thanh phdn mau cé dap ving yéu cdu dong nhdt khong.

PTN/M 1 2 3 4 b} 6
laps

1 4.5 3,9 4,9 53 5.1 4,9
2 53 5,1 4.8 50 4,6 4,9
3 55 5.2 50 4,7 4,6 52
4 4,9 5.2 5.2 4,7 4,3 4,5
5 53 5,6 57 5,1 4,9 5,1
6 49 4,6 5,1 53 4,8 5,0
7 52 4,7 4,9 5,1 57 53
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8 49 5,0 5.2 54 5,6 57

Gidi: Nhdp so'liéu vao phan mém MINITAB 14 dudi dang coét la % ALO; va yéu
t0'la cdc mau tw 1 dén 8 .
Vao Stat->ANOVA-> Analysis of Means, nhdp response la %Al,0;. Trong

Distribution of data chon Normal, factor 1 la cot chita Mdu, alpha-level la 0.05, va
tick vao OK. Két quad thu duogc nhu sau:

One-Way ANOM for Al203(%) by mau
Alpha = 0.05

5.50 1

5.393

T 5.025

5.25 1

Mean

5.00 1 l ® l

4.75 1

4.657

4.50

mau

Trong do thi trén, duong trung tdm chinh la trung binh chung (grand mean), hai
duong phia ngoai la gidi han quyét dinh (decision limit). Néu cdc diém chi gid tri
trung binh cia cdc mdu nam trong gidi han quyét dinh thi két ludn la khong cé dii
bdng chitng dé néi rang cdc gid tri trung binh mdu la khdc nhau. Néi cdach khdc cdc
mdu nay déu thuoc cung tdp hop hay mdu chudn thod mdn tinh dong nhdt.

Sinh vién tu kiém tra bang cdch tinh todn theo cong thiic.

5.2. Phan tich phrong sai ndt yéu té (one-way ANOVA)

Gia sir viéc thaydoi yeu t A (c6 the 1a mong do ion cin, phong thi ngiéim trong
san xuat, dieu kién tr nhién..) coanh hrongden ket qua thyc nghém (nhr do hap thy
quang, chiu cao pic,do bén sin phim, rng do...). Muac thi nghém co tré 1a cac
mutc ndng do, cac phongs xuat khac nhau, cac corpan khac nhau.).

Pé nghién ¢u anh hrong dia yeu 6 A, nguoi ta tién hanh k nic thi nghém,
mdi mic nghién @u Iap lai n 1an, két qua thi nghém 1a cac gia fry; (voi i=1-k va
j= 1= nnhrbang 5.1.

Bang 5.1: Qui hoach thuc nghiém phan tich phuong sai 1 yéu t6 k muc thi nghiém,
moi muc thi nghiém lap lai n 1an.

\ML’Q a, a, a, a, a
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S6 lan TN

1 Yu You Yai Yii Yki
2 Yio Yo Y3 Yi2 Yio
3 Yi3 Yo3 Y33 Yis Yia
j Yij Yo Y3 Yij Yk
N yln y2n y?m ym ykn

n
Téng cot Y,

Zij ZY31 Zyu =1
=1 = =1

Dé so sanh su sai khéc gifta cdc két qua khi thay d6i cdc mic clia A, ngudi ta so
sdnh phuong sai do su thay déi cdc mifc nghién citu gay nén véi phuong sai chung clia
thi nghiém xem chiing c¢6 khac nhau dang tin cay hay khong. Néu su khac nhau khong
ddng tin cay thi c6 thé két luan yéu t6 A s& anh khong déng ké dén két qua thi nghiém
va ngugc lai.

Viéc so sanh phuong sai dugc thuc hién qua chuin F.
S 2
Fin =—5>1  vaso sdnh v6i F, 4, (P, f f1y)
N
trong d6 S,* 1a phuong sai cua thi nghiém khi thay déi cdc miic khac nhau ctua
yéu td A.

Six’: 12 phuong sai chung ctia thi nghiém vi 1am thi nghiém bao gid cling méac sai

f4: bac tu do cta cdc muc nghién ctu cua yéu to A da lam; f=k-1

fin: bac tu do cua s6 nghién ciiu da tién hanh trong qui hoach nghién cttu : f,=
k(n-1)

Gia thiét thong ké 1a: H, : S,’=S1* va H,: S\2 #S;°

ViF>1nén:

- Néu Fyy, <Fp, thi Fy, khong ddng tin cay va c6 thé xem S,” va Syy” khdc nhau

khong ¢6 nghia. N6i cach khdc khi thay déi cac mic clia yéu t6 A di td ra khong c6
tac dong dén két qua nghién ctu.

- Néu Fy, >Fyp, thi F, déng tin cay, tic 1a S, va Spy* khdc nhau c¢6 nghia hay
yéu t6 A c6 anh hudng dén két qua nghién ciu.

Trong phdn mém théng ké c6 thé st dung tri s6 P (P,,,.) dé so sdnh véi Py. néu
P,...< Po=0,05 thi khing dinh ring khong phai tit ca cdc gid tri trung binh & cdc miic
thi nghiém khéc nhau déu giong nhau. N6i cdach khéc 1a yéu t6 A c6 anh hudng dén két
qua thi nghiém

43



Trong qué trinh tinh todn dé trdnh nham 14n, ngudi ta 1ap bang c4c cong doan tinh
phuong sai dé so sanh cho bai todn mot yéu t6, k mitc nghién citu va n lan lap lai nhu
sau:

Bang 5.2: Bang tinh phuong sai khi nghién ctu anh hudng cua yéu to A.

Nguon bién thién | Bac tu do Téng cac binh phuong Trung binh binh
(SO.“r‘?e of ( Degree of|( Sum of squares) phuong
variation)
freedom) f _ ( mean of square)
z (XI - X)2 82
A k-1 SS,= SS,-SS; S
S’ = 53
k-1
Sai s6 thi nghiém | k(n-1) SSix= SS;- SS; Sr 2 S$N
( residue error) N k(n-1)
Total kn-1 SS,0=SS,-SS;

Cac ky hiéu & trén dugc tinh nhu sau:

A= nz Y; (téng céc gia tri trong mot cot).
=

_3A
A :T ( trung binh cot)

<
Pull o

n
ZA (trung binh chung) ( overall average)
i=1

k k
S§ —Zl:A Sg—E(ZA)Z ( SS: Sum of squares);
1= |:1

( S*: mean of squares)
k n ) n

S$= E 2 (yij) véi A :Zyij ( téng céc gid tri trong mot cot )
i=1 j=1 =

S,’

Sty ’

So sanh F;,, v6i Fy,,o(P.f1,1,) v6i P=0,95; f,=k-1; f,=k(n-1).

Finn=

Néu Fy, < Fi,y, thi két luan rang yéu t6 A gay anh hudng khong déng ké dén ket
qua thi nghiém va ngugc lai.
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Thi du 5.2: Két qud phdn tich tong ham luong Hg (lglg) bang phuong phdap HPLC trong 3
loai dong vat than mém (Rap., Nev., Sca.) ¢ 8 diém ven bo bién Bohai - Trung Qudc thu
duoc nhu sau:

ia diém 1 2 3 4 5 6 7 8
Loai

Rap. 0.042 10.063 |0.059 |0.038 |0.053 |0.199 |0.060 |0.038
Nev. 0.033 |0.062 |0.096 |0.027 |0.044 |0.077 |0.039 |0.031
Sca. 0.005 |0.044 |0.068 |0.016 |0.014 |0.099 |0.021 |0.026

Hay dung phuong phdp phan tich phuong sai mot yéu to dé danh gid xem loai va dia diém
c6 dnh huong dén su tich luy Hg trong dong vdt than mém hay khong.

Nguon: W. Yawei et al. | Environmental Pollution 135 (2005) 457 - 467
( Néu sir dung phdn mém MINITAB 14 thi két qud vdn tdt thu duoc nhu sau:
Nguon phvong sai DF SS MS F P

Loai ( giita cdc loai) 3 0.00476 0.00159 0.76 0.524
Sai so( trong mot loai) 28 0.05816 0.00208
Tong 31 0.06292

S =0.04558 R-Sq =7.57% R-Sq(adj) = 0.00%

Individual 95% Cls For Mean Based on

Pooled StDev
Level N Mean StDev --------- SAGEREEEEES o 4o +
1 8 0.06900 0.05348 (---mmmmmm - Koo )
2 8005113 0.02483 e Koo )
3 8 0.03663 0.03212 (------------- Koo )
4 8 0.04263 0.06164  (------------ T )
--------- s et R EEEE TEPREEREE S

Pooled StDev = 0.04558
Fisher 95% Individual Confidence Intervals

All Pairwise Comparisons among Levels of Muc

Simultaneous confidence level = 80.51%
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Hay gidi thich két qud trén

5.3. Phan tich phrong sai hai yu té (two-way ANOVA)

Gia st ¢6 hai yéu t6 anh hudng dén két qua thi nghiém A va B. Yéu t6 A ¢6 k
miuic nghién cud, yéu t6 B ¢6 m miic nghién citu, moéi muc thi nghiém lap lai n 1an. Lap
bang qui hoach nghién cttu tdc dong ctia hai yéu t6 dén két qua thi nghiém nhu bang

5.3:

Bang 5.3. Qui hoach thuc nghiém phan tich phuong sai 2, yéu t6 A c6 k muc thi
nghiém, yéu t6 B c6 m mitc; moi mic thi nghiém lap lai n 1an.

Yéu to A
a a 3 A

b, Yup Yuz <o Yin | Y21 Y212 - Yom Yits Yirzs +« Yiin Yiar Yiaz - Yiin

b, Y21 Yi22s -+ Yin Y21, Y22, - Y22n You, Yios - Yin Yier Yie - Yien
B

b; Yijis Yipo -+ Yip Yajts Yaps -+ Yoin Yi> Yips -+ Yin Yigts Yig> -+ Yign

by, Yimb Yim2> - Yimm Yamb> Yo -+ Yorm Yimt> Yi2> + Yim Yianb> Yiars ++ Y
Téng cot A, A, A, A,

Céc budc tinh phuong sai theo bang trén lan lugt nhu sau:

Yij = Zyiju (t6ng cac két qua nghién citu trong 1 6)
u=1

A Zzyuu ZYIJ (tong cac két qua nghién citu trong 1 cot)

j-1u=1

B =ZZyuU =

i=l u=1

m n

i=1

K
Yiju :Zzzyuu ZA ZB (tong cdc cot = tong cdc hang)

i=l j=lu=1

i=l
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i (téng cac két qua nghién citu trong mot hang)




S$=Y3D," S8 = > AT s3= D8’

i=1 j=lu=l J1 =1

S§_ (ZZZ uu) o (ZA) - (ZB )

i=1 j=lu=1
Mau két qua tinh toain ANOVA duoc trinh bay trong bang 5.4
Béng 5.4: Bang phan tich phuong sai hai yéu t6

Nguén bién thién | Bac tu do Tong céc binh phuong Trung binh binh
(Source of | (Degrees of | (Sum of squares) phwong
variation) reedom) — (Mean of square)
f > 06 -%° 2
f S
A k-1 SSA=SS,-SS, 2 _ S§
SA ="
-1
B m—l SSB= SS3‘SS4 %2 _ S§
m-1
AB (k-1).(m-1) SSas= SSi0tai-SSA-SSE-SS. S 2= S §B
SSAB =Ssl‘SSQ‘SS3+SS4 AB (k _]) (m_])
Sai s6 thi nghiém | mk(n-1) SSe=SS6tai-SSA-SSp S? = SS
: ¢ k(n-1)
(Residue error) m
SS.= SS, - ZZ
|-1 j=1
Téng mk(n-1) SS.ui= SS;-SS,

Trong do:

Sa? va Sg phuong sai dic trung cho anh huéng clia yéu t6 A va B dén két qua thi
nghiém.

F:SAZ.F:SBZ.F :SA82
A SeZ’ SeZ’

Sap’: phuong sai dic trung cho anh hudng tuong hd clia ca hai yéu t6 A va B dén
két qua thi nghiém.

S .2 : phuong sai dic trung cho sai s6 thi nghiém.
Bac tu do:
fa=k-1: f=m-1; f,z= (k- 1).(m-1); f,=m.k.(n-1)
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So sanh F,, Fy, Fup Vi gid tri Fy,,, v6i P=0,95; f,= f, hoac fz hoac f,p va f,=f, va
két luan vé mic do anh hudng cta ting yéu t6 dén két qua thi nghiém nhu phan 5.1.

Thi du 5.3: Trong thuc nghiém so sanh khd ndng tach loai Cu** trong nuéc ciia
nhia vong cang (% Cu**) mot nguoi phan tich lam thi nghiém phdn tich phuong sai 2
yéu t6'la 5 ngay lam thi nghiém va 4 loai nhua. Moi thi nghiém lam ldp lai hai lan. Két
qud thu duogc J bdng dudi day.

Hay ddnh gid xem c6 su khdc nhau c6 nghia cua cdc loai nhua theo thoi gian hay
khong ciing nhu cé su tuong tdc cdu hai yéu to nghién ciu hay khong. Biéu dién két
qud tinh dugc vao bang ANOVA. Ldy P=0,95.

Loai 1 Loai 2 Loai 3 Loai 4
1 20,2 6,8 455 20,1
20,2 7,2 47,0 20,9
Ngay |2 28,1 22,6 15,5 7.5
29,6 23,5 16,0 8,6
3 8,7 38,7 6,7 52,7
9,0 38,2 7,1 53,0
4 30,4 50,6 18,9 60,4
30,9 51,1 17,6 61,2
5 50,7 18,8 30,5 67,6
50,5 18,5 30,9 67,2

Nguon:
( Sinh vién tu gidi theo cong thiic tinh todn dd néu ).
Huong dan: Sit dung phdan mém MINITAB, 5o liéu duoc nhdp vao dang sau:

Cot thit nhdt la két qud % Cu tir trén xudng dudi theo thir tu tung ngay va tiung
loai

Cot thit hai la ngay phdn tich theo thit tu 8 so6 liéu la 1( ngay thir 1) sau dé dén 8
s liéu la 2 ( ngay thit hai)... Cot thit ba la loai nhdp theo thirtu 1,1, 2,2; 3,3 ;4,4 ;
5,5,... lan luot tir ngay 1 dén ngay 5.

Vao Stat->ANOVA->2-way.

Chon response la %Cu

Row factor la ngay

Column factor la loai

Va ddnh ddu vao dislay mean

Két qud thu duoc nhu sau:
Source DF SS MS F p
Ngay 4 3359.0 839.761 3205.20 0.000
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Loai 3 1922.9 640.962 2446.42 0.000
Interaction 12 8267.9 688.992 2629.74 0.000
Error (within) 20 5.2 0.262

Total 39 13555.1

S=0.5119 R-Sq =99.96% R-Sq(adj)=99.92%

Individual 95% CIs For Mean Based on
Pooled StDev
Ngay Mean + e I +
1 23.4875 *)
2 18.8500 *)
3 26.7625 (*
4 40.1375 (*)
5 41.8375 (*
--------- e e R
240 300 360 420
Individual 95% CIs For Mean Based on

Pooled StDev
Loai Mean ----+ O S I
1 27.83 (*
2 27.60 *)
3 23.57 (%)
4 41.86 (*
s IR o e +----

25.0 30.0 35.0 40.0

Két qud trén cho thdy tdt cd cdc tri s6' P cua ngay, loai va dnh huong tuong ho
cua chiing (interaction) déu bang 0.000 titc la nhé hon a=0,05 chitng (6 ¢é dnh huong
co nghia dén khda ndng loai Cu trong nudc. Sy phdn bé’ gid tri trung binh cia % Cu
theo ngay va theo loai nhua déu cho thdy cang tdng thoi gian thi khd ndang hdp thu Cu
cang lon va tot nhdt ¢ loai nhya thitr 5.
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5.4. BAI TOAN PHAN TiCH PHUONG SAI 3 YEU TO TRO LEN- PHUONG PHAP
O VUONG LATINH

Trong trudng hop can nghién cttu anh hudng cta 3 yéu to trd 1én, dé xay dung
bang qui hoach thuc nghiém, nguoi ta st dung phuong phap 6 vuong La tinh (Latin
square).

Nguyén tic: khong dé mot diéu kién nghién citu x4c dinh lap lai trong mot hang
hay mot cot. No6i cach khac trong bang qui hoach thuc nghiém khong c6 hai 6 giong
nhau.

Gia thiét ¢6 3 yéu t6 A, B, C, m6i yéu t6 ¢6 4 mic nghién citu. Mo6i 6 mo ta mot
diéu kién nghién citu 12 t6 hgp céc miic nghién citu ctia 3 yéu t6. Thi du: 6 s6 1 khi lam
thi nghiém 1ay muc a,, b, va c,.

Ta c6 bang qui hoach thuc nghiém nhu sau:

Bang 5.5: Qui hoach thuc nghiém phan tich phuong sai 3 yéu t6, moi yéu t6 4 mic thi
nghiém.

bl b2 b3 b4 TOng
hang
a, C C, G Cy A
Y Yz Yus Ya1215 Ya1225 Yoi23 Y3131 Y31325 Y3133 Ya1a1 Yar32s Yaras
A %) C3 Cy Ci A,y
Y2215 Yioos Y1223 Y315 Yoori Y233 Y30a415 Y3425 Y3043 Yau15 Yao120 Ya213
a, G Cy C c A,
Y3315 Y1325 Y1333 Y3415 Y3425 Y343 Y3115 Y3125 Y3313 Yazo15 Yazns Yaso3
ay Cy C C, Cs A,
Yiaa15 Y1425 Y1443 Yoar15 Yoa125 Y413 Y3a215 Y3405 Y3423 Yaa315 Yaa3os Yauz3
A £
Tong | B, B, B; B, Y
cot

Cach tinh cac gia tri trong bang trén nhu sau:

A=Yty i+t

A,: t0ng cdc gid tri y (y 12 gi4 tri trung binh clia 3 14n thi nghiém lap lai clia cliing
1 6 trong cung diéu kién), c6 mic a, ( tdc 1a téng trung binh cla cdc két qua ctia cac 6

trong hang a,).

Tuong tu ta c6 céc gia tri khac:

A,, A;, A, 1a tong cdc két qua c6 miic a,, as, a,.

B,...B, 1a téng céc két qua c6 mic by, b,, bs, b,.
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C,...C, 1a tdng cic két qua c6 miic ¢, c,, Cs, C,.

Y* = A1+A2+A3+A4= B1+B2+B3+B4 = C1+C2+C3+C4

s$=2.3y,

(t6ng binh phuong cdc gia tri ¢6 mit trong bang )

18
SS :—ZAZ 2
ni= E = S,

1 : 2 A Se2
S§=-3> B )
nj=1 E = SB

_l . 2 ® Se2
$§=-2C, .
n F =%

c 2

Se

>c,)?

gi=1

S8 =5 (XA = (B =

Bang phan tich phuong sai trong truong hgp nay c6 dang sau:

Bang 5.5: Bang phan tich phuong sai ba yéu to

Nguon bién thién | Bac tu do Téng cac binh phuong Trung binh binh phuong
(Source of variation) | (Degrees of | (Sum of squares) (Mean of square)
freedom) f T (x - %)? g
A n-1 SS,= SS,-SSs 52 =%
n-1
B n-1 SSz= SS;-SS; S
n-1
C n-1 SSc= SS,-SS; 5.2 =%
n-1
Sai s6 thi nghiém | (n-1)(n-2) SSe=SS.0tai-SSA-SSE-SS, S? = SS
(Residue error) S (n=D(n-2)
Téng 1’12-1 SStotal= Ssl‘SSS

So sdnh cdc gid tri tinh todn v&i gid tri tra bang Fy,,, (P.f},f,) v6i

P=0,95 ; f,=n-1 va f,=

(n-1)(n-2) sau dé két luan vé mic do anh hudng cua ting yéu t6 dén két qua thi

nghiém nhu phan 5.1

Phuwong phdp nay duogc sit dung dé nghién citu anh hudng
nong nghiép, y hoc sinh hoc, xa hoi hoc...

cua nhiéu yéu to trong

Thi du 5.4: Pé khdo sdt dnh hudng ciia nong do thuoc thir o-

dung dich (B) va nhiét do (C) dén do hdp thu quang ciia dung

o- phenantrolin , nguoi ta tién hanh thi nghiém theo phuong phdp 6 vuéng la tinh voi 3
yéu t6 dnh huong, 4 miic thi nghiém. Két qud trung binh (sau 3 lan lam ldp lai) nhu

phenantrolin (A), pH
dich phiic mau Fe(ll)-
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sau.

b, b, bs b,

a; C; G, C3 ¢y
0,351 0522 0245 0,248

a, 5] C; C4 C;
0,356 0,258 0452 0,526

as C3 C, C; &)
0211 0,356 0456 0521

ay ¢y C, c C;
0,169 0,254 0,255 0452

Hay danh gid xem c6 dnh huong cé nghia cia cdc yéu té dén do hdp thu quang
cua dung dich phitc mau hay khong? Biéu dién két qud tinh duoc vao bang ANOVA.
Ldy P=0,95.

Huodng ddn: Nhdp cdc s6'liéu trong bang trén vao chuong trinh MINITAB 14. Cot
két qud duoc vao theo thit tu tix trdi sang phdi va tir trén xuéng dudi trong bang tré n.
Ba cot kém theo la cdc bién A, B, C. Trong dé cot A dugc nhdp cdc s6 1,2 3, 4, thay
cho a, ...a, , tuong tu cho cdc cét B va C. S6 liéu sau khi nhdp vao MINITAB c6 dang:

Abs A B C
0.351
0.522
0.245
0.248
0.356
0.258
0452
0.526
0211
0.350
0456
0.521

w W W W N NN NN NN NN NN
A W N~ A LW N ~ AN W N~
N ~ AN W~ A W N AN W N~

52




0.169 4
0254 4
0255 4
0452 4 4 3

1 4
2 1
3 2

Vi cdc s6 liéu khong phdi la ma trdn cdn bang do vdy khong ding balanced
ANOVA ma phdi dung dang General linear Model

Vao STAT->ANOVA->General linear Model. Nhdp response la cot do hdp thu
quang, Model la cot A, B, C, random factor chon A, B. Trong results chon: In addition,
coefficient for covariate terman table of unusal observation. Va bdm vao OK. Két qud
thu duoc nhu sau:

General Linear Model: Do hap thu quang versus A, B, C

Factor Type Levels Values

A random 4 1,2,3,4

B random 4 1,2,3,4

C fixed 41,2,3,4

Analysis of Variance for Do hap thu quang, using Adjusted SS for Tests
Source DF SeqSS AdjSS AdjMS F P
A 3 0.03245 0.03245 0.01082 0.74 0.568
B 3 0.05463 0.05463 0.01821 1.24 0.375
C 3 0.04671 0.04671 0.01557 1.06 0.434
Error 6 0.08827 0.08827 0.01471

Total 15 0.22206

S=0.121289 R-Sq=60.25% R-Sq(adj)=0.63%

Két qud tinh todn cho thdy cd 3 yéu t6'A, B, C déu cé gid tri P> 0,05 tic la cd 3 3
yéu to khong dnh huong cé nghia dén két qud thi nghiém.

( Sinh vién tu gidi bang cdch tinh toan theo cong thiic).
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Chuwong 6: PHAN TiCH TUONG QUAN VA HOI QUI

Trong thrc t# phan tichdé xac dinh ham drong chit nguoi ta throng sr dung
phan tich hoadt va phan tich céngic

- Phan ;ich h~oéd11: dugc ar dung ong rai do codo chir~1h xécv cao, lam it thi
nghiém v6i so it mau, vaduoc ap ding dé phan tich niing mau chuin. Tuy nhién,
phuong phap nay cé @i han phat hén thap va tn nhiu thoi gian phan tich.

- Phan tich céngucchiém hon 90 % céac phép phan tich do:

+ D% nhay cao, xaaiinh duoc dong thi nhicu nguyén é, phan tichiuoc 9
lugng I6n mau cling ndt lic, vi \ay ton it thyi gian phan tich, gia thanh phan
tich & hon so \6i phan tich hoadc .

+ Phan tich conguckét ndi dugc véi may tinh, dai6 c6 the tw dong hod, x
ly so liéu trén may tinhdanh gia tbng ké va so sanirgc cac 8 liéu luu trix
trong ® nho.

~Tuy nhién, cac piong phap phan tich cdngidudn dn dinh chian (cé niu
chuan). T s6 Ii‘éu thu duoc doi véi céc mau chun, d;ng‘duc‘rng béu dién tin héu
phan tich theodng do chat dinh phande tim phrong trinh fei qui vadé chinh xac ¢a
phuong phap phan tichy@ trén phan tichda qui. Mac du \ay, khong pli gitra 2 ben
ngau nhién ludn céuong quan, daié cn phii kiém tra king phan pbi 2 chieu. Noi
cach khac, an phii tra loi duoc cac cau bi sau:

- Buong chidin c6 tuyén tinh khdng? Bu ladueong cong thi dng béu dién la gi?

- M3i diém trénduong chuin déu mic sai $ khi phan tich. My duong bicu dién
nao € di qua fit ca cacdiém thuc nghém nay?

- Gia thiét dwong chun la thrc ar tuyén tinh thi sai 6 va gisi han tin cy cua
nong dé xacdinhdugc la bao nhiéu?

-Gidi han phéat hén aia phrong phap la bao nhiéu?

6.1. Phan tich trong quan (correlation analysis)

Phan tichitong quanduoc dungde danh gia néi quan I gitra hai hay niiu bién
théng qua & so tuong quan. Hai lei hé s6 trong quan thong dung nht 1a HE s6
twrong quan Pearson ho Spearmen.

Hé 5 twong quan r iu thi mrc do quan I§ tuyén tinh gira hai bén va tinh
duoc reu ip 9 liéu thas mén cadticu kién sau:

- Céac fp 9 liéu (cac bén) tuan theo phan phchuan.

- Gi4 tii cac bén ladoc lap nhau.

- Phai loai bo gia tii bat thuong tredc khi tinh 1 s twong quan.Teong hop réu

khong tuan theo phan @ihchuin thi nén & dung h s6 twong quan phan dmg
Spearmen.
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6.1.1. Cach tinh hé so tuong quan Pearson (the product-moment correlation
coefficient)

Hé s6 tuong quan dugc tinh theo cong thiic sau:
_ Cov
S.S,

vGi COV la dong phuong sai cua hai tap s6 liéu X va Y va dugc tinh theo cong
thirc:

X = X)(y, -y
COV,, = 2 n)(yl Y) v6in 1a so gia tri trong tap so lieu X va'Y
Do vay
nZXiyi _(in)z _ Z(Xi _;()'(yi _% _

r = =
JE -0 -9D) S -0 (Y, - 9))
DX, -inZyi

/(z)gz_(z:) )(zyiz_(Zr)]/i)

Khi r=%1 thi tap hop céc diém (x;, y;) hdu nhu nim trén dudng thang tic 12 hai
bién c6 tuong quan tuyén tinh tuyét doi . Khi r>0 thi x va y ¢6 quan hé dong bién con
r<0 thi x va y c6 quan hé nghich bién. Khi r=0 thi x va y khong c¢6 quan hé tuyén tinh.
Gia tri tuyét doi cta r cho biét mic do quan hé tuyén tinh cua x va y. Trong mot s6
trudng hop c6 thé tinh hé s6 x4c dinh ( r?) tic 1a phan phuong sai clia mot bién duoc du
dodn bdi bién kia theo téng phuwong sai. Vi du, 1’=0,88 c6 nghia 12 x chiém 88 %
phuong sai ctia x va'y. Mot s6 thi du vé mic do tuong quan hai bién trong hinh 6.1:

Correlation =+.05 Correlation = +.99
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y
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Hinh 6.1: D6 thi biéu dién mifc do twong quan giita hai dai luong do
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Nhiing y&u t6 anh hudng 16n dén hé so6 tuong quan la:
+ Khoéng bién déi clia céc s6 liéu trong tap so liéu.
+ Do khong dong nhét ctia mau.

+ Sai so tho.

Thidu6.l:

Phdn tich ham liuong gluco trong madu theo phuong phdp duong chudn. Su phu thuéc
giita do hdp thu quang va néng do gluco trong mdu nhu sau:

Nong do gluco | 0 2 4 6 8 10
mM

b6 hdp thu | 0,002 0,150 0,294 | 0434 0,570 0,704
quang

SV hdy véan dung céng thitc néu trén dé tinh hé s tuong quan Pearson r va két ludn
miic do tuong quan tuyén tinh giita hai dai luong néu trén.

Dé tra 10i cau hoi vé hai bién X va Y dang xét that su ¢6 tuong quan tuyén tinh
hay khong chiing ta c6 thé sit dung chuén student dé kiém tra biang cach tinh gi4 tri t va
so sanh v6i gid tri t trong bang cho trudc.

‘o r|a/n-2
Ja-r?)
vGi r 12 hé s6 tuong quan Pearson, n 12 s6 thi nghiém hay s6 s6 liéu trong moéi bién.

Sau d6, so sanh gia tri t,,, VOi ty, tra bang & do tin cay thong ké mong muodn (thuodng
chon P=0,95), s6 bac tu do f=n-2.

Gia thiét "khong" la gia thiét gitta X va Y khong c6 tuong quan dat duoc khi
tinh < trabang - NEU Liny >ty pang thi X VA y ¢6 tong quan tuyén tinh.

Néu tinh todn bing cdc phan mém thong ké, c6 thé str dung gid tri P ( Py,,.) va so
sdnh vé6i do khong tin cay . Thong thudng néu P,,,.<0,01 thi két luan rang hai bién c6
tuong quan tuyén tinh & do tin cay 99%. Két luan tuong tu néu P,,,.<0,05.

Thi du 6.2: Khi so sdnh két qud phdn tich duoc lam bdi hai phuong phdp A va B nguoi
ta tinh duogc r=0,65. S6 mitc ham luong dem phdn tich la n=11.

Theo cong thiic trén cé thé tinh duoc:
065v11-2 _
\(@- 065%)

tra bdng gid tri t & bdc tw do f=9 va do tin cdy thong ké 95 % ta cé t= 2,26

t= 557

N hw vay gid tri t tinh todn vdn lon hon gia tri t trong bdng, néi cdach khdc cé thé xem
phuong phap A phu hop voi phuong phdp B va nguoc lai.
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6.1.2. Hé s6 tuong quan Spearmen (rs): Hé s6 nay ciing dugc dung dé biéu thi mic
do twong quan hai bi€n nhung khac véi hé s6 tuong quan Pearman, n6 xép thit hang
moi bién thay vi tinh gia tri.

N

6> d?
re= 1 - i=1
N( ~z-1)

6 day d la sy khac nhau gitta cac thit hang trong hai phuong phap xép hang.
Khi N>=10 thi r, ¢6 thé duoc dung dé tinh gi4 tri t theo phuong trinh trén.
6.1.3. Hé so tuong quan Kendall :

Hé s6 nay phiic tap hon Spearman va chi nén ding khi c¢6 nhiéu hon 2 tap s6 liéu
can so sanh va dugc tinh nhu 1a hiéu s6 cta cap phu hgp trir di hiéu s6 cap khong phu
hop.

Cap phu hop 1a khi (x;-x)*(y;-y;)>0

Cap khong phu hop khi (x;-x;)*(y;-y;)<O0.

6.1.4. Tuong quan ting phan (r,): ding dé chi mdc do twong quan hai bién trong
cung mau va dugc dung trong cac trudong hgp sau:

+ Tuong quan ting phan giira hai bién
+Tuong quan timg phan gitta nhiéu bién trong tap s6 liéu

+ Tuong quan tiing phan giita nhiéu tap bién.

Thi du 6.3: Khi phdn tz’chfzdm luong cdc kim loai (mglkg mau kho) Ti, Mn, Fe,
Cu, Pb, Zn , Ni, Cr trong mau bun ¢ cdc coéng thodt nudc trong do thi theo phuong
phdp ICP-AES, thu duoc cdc két qud sau:

MauTi Cr Mn Fe Ni  Cu Zn Pb

1 1247.0 210.5579.0 51156 31.9 113.0 1001.8 106.0

2 1022.0 88.7420.0 22960 28.5 128.2 512.2 160.6

3 1187.0 210.8 479.3 26494 73.7 2431 965.0 *

4 1003.0 104.3 462.5 26079 34.4 249.3 497.6 103.6

5 767.7 147.0 379.2 37854 58.7 126.9 724.6 197.1

6 7263 32.6 300.7 20503 57.2 207.7 667.8 56.5

7 9722 45.1 639.6 34584 38.7 184.3 1257.0 104.9

8§ * 73.8 524.6 26171 353 156.1 839.1 196.0

9 943.0 * 510.0 36990 * 2359 * 255.4

10 699.2  65.9429.9 23760 29.2 378.5 810.4 64.0

11 6144 49.7295.1 24717 13.9 366.1 494.8 199.3

12 11450  50.7 369.9 37912 27.1 259.8 1179.0 283.5
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13
14
15
16
17
18
19

905.8
* 59.6
898.0 74.7
5568.9 101.8
1217.0 53.3
1160.0 71.9
966.3 100.7

128.9451.3

510.8
377.7
397.9
528.4
633.5
469.2

52115 32.2
39931 38.0
26779 34.1
21001 24.5
23656 23.8
31204 37.6
26171 30.5

356.5 *

131.3 706.5
89.6 381.1
2359 439.6
139.0 990.5
1431 *

189.7 839.1

378.6
312.3
108.6
183.9
83.6
98.0
207.8

Nhitng so liéu ky hiéu ddu * la nhiing s6 liéu thé da duoc loai bo. Khi tinh todn,
thong thuong phdn mém thong ké sé xem nhitng s6 liéu nay cé gid tri bang gid tri
trung binh cua tdp so liéu.

Sit dung phdn mém thong ké MINITAB 14, vao Stat-> basic Statistics->
Correlation. Nhdp Variable la cdc cot chita ham lvong 8 kim loai va chon muc
display P-value.

Két qud thu duoc nhu sau:

Ti Cr Mn Fe Ni Cu Zn

Cr 0.334

0.205
Mn 0.638 0.184

0.006  0.465
Fe 0356 0424 0.345

0.161 0.079 0.147
Ni 0.151 0434 0.034 0.028

0.578 0.072 0.894 0.911
Cu -0452 -0.098 -0.365 -0.032 -0.218

0.068 0.697 0.124 0.898  0.385
Zn 0592 0.087 0595 0477 0.173 -0.022

0.026  0.747 0.015 0.062  0.521 0.934
Pb -0.065 0.129 -0.113 0551 -0.150 0.250  0.040

0.810 0.621 0.655 0.018 0.566 0.316 0.888
Cell Contents: Pearson correlation

P-Value

Gid tri trong moi 6 gom hé s6 tuong quan Pearson va gid tri P. Hay két ludn vé
chiéu hudong va mitc do tuong quan giita ham luong cdc kim loai néu trén.

6.2. Phrong phéap binh phrong toi thiéu
Giasrco28p Hlidu: X X X X3 Xg Xg ...
Yo YiY2Y3YaYs -
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Puong chudin s biéu dién sr phu thudc tuyén tinh gira tin héu do va rong do
chit dinh phan du phrong trinh i qui c6 cing y = a + bx. Trong6 a ladiém cit
truc tung @a duong béu dién (duong chdn) va b 1ado doc cia duong chdin. Trong
thuc € phan tich, khi & sb twong quan r > 0,99 cé &xem c6 tong quan tugn tinh
tot gitta x va y va phong trinh i qui duoc dungdé dinh krong y theo x.

T cacdiém tréndd thi ( X Ya) (X2} Yo).ee.... (%; Yn) ta $ tim duoc diém trong
tam entroid of all points) ; y).

Khi c6 quan B tuyén tinh gita bén doc lap x (ndng do) va bén phy thude y (tin
hiéu phan tich ) thi 4n d&& quan tong la lam té naodé tim dugc duong thing ding
nhit di qua &t ca cacdiém trénduong chuin (trong khi ndi diém thec nghém déu
mac sai $)? Dodo, cin i thiéu hoadd léch (co gia tr duong haic am) gira cac gia
tri thuc nghém y; va gia ti 9, tinhduoc theo plrong trinh i qui biéu dién quan &
tuyén tinh gira va x va y theodhg binh plrong $ du (sum of square of the residuals).
Vi vay phuong phap nay conggla phrong phap binh prong i thiéu.

Néu céac gia trthyc nghém duoc biéu dién bing phrong trinh y=ax +b trongo
a ladiém cit truc tung @a duong chiin (intercept)va b 1ado déc aia duong chuin
(slope)thi ax sai khac dta gia ti thuc nghém y; va gia ti tinh theo plrong trinh la:

Ayi=y;— ¥, =yi—a—bx
Binh phuong su sai khic nay c¢6 dang :
Ay’ = (y; - a- b.x,)* =y + a> + b’x{* - 2ay; - 2bxy; + 2abx;%.

LAy tong céc gid tri Ay;* cho N diém thuc nghiém trén dudng chuan thi :
2. (By)* =2 (v)* +na® +b* ) (x)* —2ay, —2b) (x ;) + 2abY X
i=1 i=1 i=1 i=1 i=1 i=1
Dé su sai khdc gifta y; va y nho nhét, ngudi ta tim Ay, - 0, hay

3y (By,)? ; N
—2 =23y +2b) x +2na=0
oda i=1 i=1
az (Ay|)2 n n n
i=lab =-23"(x.y,) + 203 (%)2 +22> % =0
i=1 i=1 i=1

Giai hé hai phuong trinh trén thu dugc

o 2O TR =Y Ny xY -2 XYY,
> (% ~%)° n> = (> %)

Tir cac gia tri thuc nghiém x; va y; sé tim dugc phuong trinh hoi qui y=a+bx va hé
sO tuong quan r.
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Tinh sai s6 ciia b va a trong phuong trinh héi qui

Do léch chudn clia a va b tuy thudc vao méi diém thuc nghiém sai khac bao nhiéu
so v6i diém trén dudng chuén (d,). d; duoc goi 1a do léch hay so du (residual)

di=y;- y= yi-a-bx

Trong d6: y; gid tri thu dugc tir thuc nghiém

¥ gia tri tinh theo phuong trinh hoi quy.

0 5 10 15 20 25 30
X
Hinh 6.2: Phuong phép binh phuong t6i thiéu
Vi a, b 1a cac dai luong do gian ti€p, do do:

_ % 2 ﬁ 2 da,,
sa —(ayl) Sy} +(0y2) Sy, +"'+(ayn) Sy
ob
(ay

Sk’ =(%)2.Syf +(%)2.Sy§ +...+ )2.SY

n

Xem Sy} = Sy =...= Sy’=SY (phuong sai cla y).

S, dugc goi la do lech chuén clia mo hinh (standard deviation of fit) (d6i khi ky
hi¢u la S,)
—asbx)® NG et XYa) =D X (Yt V)

n-2 anﬁ—(Z&)z

_(x =3 x)° PP+ x)° -2nx -3 %
MS? MS?

voi MS=NY x* - (> x)?

2 22 2
— i )5 =2nX,.)> X
Tuong tu (ﬁ)zz(nxl Zz)ﬂ) _n% +(Q.%) 2 %3 %

vei sy = 2V

ob
Nhu vay (=) 2
1y ayl

Do do:
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(ab)2+ +( ZZX +n%)* 2002 %)’ ”ZZXf—n(ZXi)Z -_n
oy, 6yn MS? MS? MS
. _ N sy

Vay Sbf —S}’Z-Nzxiz —Xx)? - > x —%)?

Sa =Sy’ NZXiZ =g? ZX

NI (x> (-

Tur cac gid tri phuong sai cia a va b ¢6 thé tinh duoc do léch chudn S,, S,

Sz S :—Sy‘/y

Khoang tin cdy cudavabduoctinhla: bzt S vaatt. S,
Nhu vay, phuong trinh hoi qui day du ¢6 dang: y=(att. S)+ (bxt. S,) .x

Thi du 6.4: két qud phdn tich ham luong Ca theo phuong phdp FIA nhu sau:

Nong dé | 0 2 4 6 8 10 12 X =7
(ppm)

Xi-XT8 -5 -3 -1 1 3 5

Chiéu 2,1 5,0 9,0 12,6 17,3 21,0 24,7

cao pic

(cm)

Ay 29 6,9 10,5 152 18,9 22,6 | yp=128
Y.YTB -9,9 -5,9 | -2,3 2,4 6,1 9,8

Két qud tinh todn theo phan mém thong ké Origin 6.0 thu duoc nhu sau:

Par. Error
A 1,52786 0,29494 R SD N P
B 1,93036 0,0409 0,99888 0,43285 7 <0,001

Theo cdc két qud trén ta c6: a=1,528 ; b= 1,930 ; S, =0,295; S,=0,041. Do
léch chudn cta phuong trinh 1a: S,=0,4329. H¢ s6 tuong quan r=0,9988.

Tra bdng gid tri chudn t véi bdc tu do =5, do tin cdy 95% cé t=2,57.

Phuong trinh hoi qui cua duong chudn trén sé cé dang:Y=(1,53+0,76)
+(1,93+0,11)x.
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Hinh 6.3: Pudng chuén biéu thi quan hé tuyén tinh giita chiéu cao pic va néng do chat phan tich

Tinh nong do chat dinh phan:

Tir phuong trinh hoi qui tim duoc, khi miu dinh phan c6 gia tri dai luong can do y
thi ¢6 thé tinh duoc néng do chua biét x.

Néu dudng chudn c6é phuong trinh y = a+ bx thi sai s6 phuong phdp phan tich
gom 3 sai s0 riéng phan va két qua phan tich mac sai s6 do a, b ¢ chia sai s6.

Theo dinh luat lan truyén sai s6, do léch chudn clia néng do x, dugc tinh nhu sau:

2

*obal n bRy (x —%)?
O day : S, 1a do léch chudn udc doan hay sai s6 binh phuong trung binh cta x,
¥, la gid tri thuc nghiém thu dugc khi phan tich x,,
n: s6 miu chuin ding xay dung dudng chuén, phan tich khong lap lai.

Néu mau chura biét dugc phan tich lp lai m 14n thu dugc gid tri y, thi:

N2
S :i i_'_l_'_ (yO y)

*obym on by (x —x)?

K&t qua phan tich mau chua biét s€ dugc viét dudi dang: x, £ t.S,, v6i bac tu do n-2.

Mot cdch khédc, dé tinh nong do x, khi c6 gia tri thuc nghiém vy, 1a tinh x, theo

* - * N . . 2 . .
cong thic x, = (Yo * (Sby)+ S(;_ S9 va st dung quy luat lan truyén sai s6 dé tinh gia tri

Ax,.

Thi du 6.5: Trong phép phdn tich trén néu cé mét mau phdn tich do dvoc chiéu
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cao pic la y, =7,3.

Sut dung phuong trinh hoi qui sé tinh dugc gid tri x, = Yom@ _ 737153 298

b 193

S Y
Do léch chudn S, X 1+1 +(y0—y)_
b n b?) (x -x)?

7
_ zyi 7 2
véin=7;b=193 S,=0433 y=11—-=131 D (% —X) =839256

7 El

Thay so'vao ta c6: S,y = 0,25 VOi tp_ggs =55)=2.57
Vay khodng xdc dinh cua x,la: x, = (2,98+0,64)

* Néu mau can phdn tich duoc xdc dinh ldp lai 3 ldn va chiéu cao pic trung binh la

V=73 thi S :SWX\/l 1, 0=y’

* b man(x—x)

voi m=3 thay sé nhutrén ta c6 S,,=0,28 va khodang xdc dinh ciia x, la

X,= (2,98 +0,72)

anh hréng aia $ diém thi nghém khéng fip lai trén duong chdn rat phic tap
vi khi n thaydéi c6 kém theo s thaydoi gia tri t. Khi n nko thi 1/n bn, bic tr do n-2
nho, nén t én, 1am cho khang tin dy Ién. NGi cach khaadé ting d6 chinh xac aa
duong chun cin ting $ diém trénduong chuin, tirc 1a &ng n. Trong tirc nghém
thuong cH can lam 6 thi nglim dé xay drng dudng chidin va mwn ting dé chinh xac
két qua phan tich ru céin lam Ep lai nhiéu thi nghém xacdinh X .

6.3. Kiém tra hang $ trong phwong trinh hoi qui

Trong phrong trinh i quiy = a + bx, trong hop ly twong xay ra khi a=0. Tuy
nhién, trong thic & cac $ lieu phan tich thong mic sai $ ngau nhién luén lam cho
a20. Néu gia ti a khac khong cé ngh thing ké thi plrong phap phan tichssmic sai
sb hé thdng. Vi Wy, truge khi sr dung duong chdin cho phan tich conguacin kiém
tra xem & khac nhau gia gia ti a va gia tr0 khéng cé y ngia thdng ké khong.

* Ki ém tra a véi gia tri 0 : theo chén thdng ké Fisher (chin F).

Néu xem &0 thi phrong trinh y=a+bxduoc viét thanh plrong trinh y=b'x. Thay
cac gia try; va x vao phrong trinh y=b' x ta&duoc céc gia irb) va tinh

_Z

bang khong.

trongdo nl1a $ diém trénduong chdn, cé tinhdén diém cé rdng do

Phrong sai @a hai plrong trinh § duoc tinh nhr sau:

_ 29 (v —a-bx)?

n-2 n-2
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S.2= Z(yi _yi )2 ZZ(yi _gxi)z
’ n-3 n-3

Su sai khdc phuong sai ctia hai phuong trinh nay dugc so séanh theo chudn F ( tinh
theo ty s6 cua hai phuong sai sao cho F>1 va so sdnh gid tri nay v6i Fpy ) v6i P=0,95
Vé fl = 1’1-3, f2 = n'2.

_Sy
y

Néu F;< Fp 11, ) thi su khdc nhau vé phuong sai cua hai phuong trinh khong c6
y nghia thong ké. N6i cach khac, ¢6 thé xem nhu a=0.

* Kiém tra b va b’: Khi khong c6 sai s6 hé thong thi phuong trinh y=a+bx tr&

thanh phuong trinh y= a+bXx, tifc 12 su khdc nhau giita b va b' khong c6 y nghia thong
ké. Do vay, c6 thé dung chuén t dé kiém tra nhu su khac nhau clia 2 gi4 tri trung binh.

V6i phuong trinh y = a + bx khi chuyén duoc thanh phuong trinh y=b'x thi gop
céc tong binh phuong thu duoc va tinh phuong sai chung nhu sau:

S 2= Z(yi _a_b)ﬁ)z +Z(yi _b'Xi)z
’ (m -2)+(m=-2)

Ta c6 phuong sai ctia hiéu b-b

I S v e
foi_*(zxﬂ)z szzi_i(zxzi)z
m m,

bac tu do f = (m;-2)+(m,-2) véi m, va m, la s6 thi nghiém tién hanh dudng chuin
trong hai phuong trinh.

|b1_b2|

d

Dé kiém tra y nghia clia hiéu b,-b, ta tinh t = va so sanh véi t(P,f) .
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Thi du 6.6 : Céc két qua xay dung dudng chuén trong phuong phdp tric quang xéc dinh
asen sau khi hidrua hod bang thudc thir leucocrystal violet thu duoc nhu sau:

STT 1 2 3 4 5 6 7 8
Cas | PPb 4 12 30 60 120 180 240 300
(.10-'M | 0,53 1,6 4 8 16 24 32 40
A, 0,0021 | 0,0065 | 0,0170 | 0,0330 | 0,0681 | 0,1004 | 0,1287 | 0,1656
A, 0,0019 | 0,0067 | 0,1168 | 0,0333 | 0,0678 | 0,1007 | 0,1288 | 0,1660
A, 0,0023 | 0,0063 | 0,0169 | 0,0332 | 0,0682 | 0,1008 | 0,1285 | 0,1650
A 0,0021 | 0,0065 | 0,0169 | 0,0332 | 0,0680 | 0,1006 | 0,1287 | 0,1655

Két qua tinh theo phan mém Origin 6.0 thu dugc phuong trinh hoi qui diy du cua
dudng chuén c¢6 dang y=A+Bx nhu sau:

A =(0,00023 £ 0,00304) + (0,00413 + 0,00014)C,,

0.18

0.16
0.14
0127 Y=A+B*X
0.10
1 Parameter Value Error
B 0.08 -
< 006_' A 2.31211E-4 0.00124
T B 0.00413 5.89054E-5
0.04 -
0027 R SO N P
0.00
] 0.99939 0.00232 8 <0.0001
-0.02 T T T T T T T T T
0 10 20 30 40
7
C,10'M

Trong d6 A 1a do hap thu quang va C,, 1a néng do As (IIT) (107 M)

Dé kiém tra sai s6 hé thong clia phuong phap can so sdnh hing s6 a clia phuong
trinh hoi quy véi gia tri 0.

Néu xem a= 0, phuong trinh tr¢ thanh y = B’x. Cac gia tri B’ dugc tinh nhu bang
dudi day

x.10,M 0,53 1,6 4 8 16 24 32 40
Y 0,0021 | 0,0065 | 0,0169 | 0,0332 | 0,0680 | 0,1006 | 0,1287 | 0,1635
B’ 0,0040 | 0,00406 | 0,00423 | 0,00415 | 0,00425 | 0,00419 | 0,00402 | 0,00414

Cdc gid tri lién quan dén hé so'sé la

Mean Trung binh 0,004148771
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Standard Error Do sai chuin 3.26289 E - 05
Standard Deviation Do léch chuin 8,47405 E - 05
Sample Virance Phuong sai mau 7,18095 E - 09

Sum Téng 0,02904
Confidence Level (95,0%) Do tin cay 7,83719 E - 05

Néu A # 0 khong c6 y nghia thong ké ¢ muc d¢ tin cay 95%, phuong trinh hoi
quy c6 dang: y = (B'+t.S§. )X.

Ta c6: y =(0,00415 + 2,45.3,26.10°)x

SS
ap dung cong thic: SS=Z(yi - A - Bx, )2 va SZ=—2 ta c6 bang gia tri:

Ham Téng céc binh phuong Bac tu do Phuong sai
y=B’x $$7=2,07.10° 5 S%= 4,1410°
y=A +Bx SS=1,83.10" 6 S=3,05.10°

2
C6: F, = % — 4,14/3,05=1,35

Tra bang F(0,95;7,6)=4,3874 =>F,, < F(0,95;5;6) c6 nghia la su sai khac
gifta gia tri ava 0 khong co y nghia thong ké, phuong phdp khong méc sai s6 hé thong.

6.4. Gibi han phat hién, giéi han dinh luweng, dé nhay, dé chon loc
6.4.1. Gi6i han phat hién (limit of detection- LOD)
LOD dugc xem la nong do thap nhat (x;) cua chat phan tich ma hé théng phan

tich con cho tin hiéu phan tich (y;) khdc c¢6 nghia véi tin hiéu ctia mau trang hay tin
hiéu nén (blank or background).

Tiic 1a: y, = y, +k.S;
Véi YIB 1a tin hiéu trung binh clia mau tring sau n, thi nghiém (I16n hon 20 thi

nghiém). S, 12 do léch chuén tin hiéu cia miu trang, k 1a dai luong s6 hoc dugc chon
theo do tin cady mong muon.

— 1 My ) 1 My -
= ) S = X — X
Yo n, ]Z:; Yo b n _1;( bi ~ Xb)

k.S,

Nhu vay X, =X +

Mau tring dugc pha v6i nong do chat phan tich x; =0. Do d6 gidi han phat hién

k.S,
b
Chi y: Mot yéu t6 khac c6 déng gép vao sai so khi tinh LOD 1a diém cét truc
tung ctia dudng chudn (gia tri a trong phuong trinh héi qui). (Néu phép do duoc tién
hanh v6i mau trang thi a=0 )

LOD =
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Do d6 IUPAC dua ra phuong trinh tinh LOD nhu sau:

kq/(S% +S,%)
Lop=-—= " Ta 7
b
Trudng hop khong phéan tich miu trang thi ¢6 thé xem nhu do léch chuin mau
trang S diing bang sai s6 clia phuong trinh hoéi qui, tic 1a Sz=S, va tin hiéu khi phan
tich mau nén yg= a. Khi dé6 tin hiéu thu dugc ting véi nong do phat hién Y, op=a+ 3. S,.
Sau d6 dung phuong trinh héi qui ¢6 thé tim dugc LOD.

35S,

v6i S, 1a do léch chudn clia hé s6 a.

LOD=

6.4.2.Gi6éi han dinh luong ( limit of quantity- LOQ)

LOD dugc xem la nong do thap nhat (xg) cla chat phan tich ma hé thong phan
tich dinh lugng dugc v6i tin hiéu phan tich (yq) khdc ¢6 y nghia dinh lugng vdi tin hiéu
clia mu trang hay tin hiéu nén (blank or background).

YQ= y_B + K. SB
Thong thuong LOQ dugc tinh vdi K=10 tic 1a Cy=10. S /b

Tém lai c6 3 ving phdn tich lién quan dén nong do chdt phdn tich

---------------------- tin hiéu phan tich =~ ------------------>
Xy Xq
Khong phat hién dugc chat phan tich vung phat hién dugc  vung dinh lugng
C. Co
—————————————————————————— nong do6 chat phan tich ~ ------------------->

6.4.3. Gi6i han tuyén tinh ( limit of linearity- LOI)

Trong phan tich dinh luong khi taing néng do chat phan tich dén gid tri nao do thi
quan hé gitta tin hiéu do va nong do chat phan tich khong con phu thudc tuyén tinh. Tai
nong do 16n nhat ctia chat phan tich ma tin hiéu phan tich con tuén theo phuong trinh
tuyén tinh bac nhat thi goi l1a giGi han tuyén tinh. Khoang nong do chat phan tich tur
giGi han dinh lugng dén gidi han tuyén tinh goi 1a khoang tuyén tinh hay khoang dong
hoc (dynamic range).
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Hinh 6.4. Gi6i han phat hién, giéi han dinh luong va khoang dong hoc
6.4.4. Do nhay ( sensitivity):

Nhu trén da néi, phuong phap phan tich duge xem 1a t6t néu nong do chit phan
tich c6 thé ph4t hién dugc cang nho. Vi vay giéi han phat hién c6 thé duge xem 1a mot
trong nhiing dai lugng dac trung ctia qué trinh phan tich. Tuy nhién khong dé dang so
sdnh cdc qué trinh phan tich chi dua trén giéi han phat hién vi rat nhiéu bai bdo nghién
ctru phuong phéap khong cong bd gidi han phat hién.

Do nhay la tinh ddp tng ctia hé théng phan tich khi thay doi ndong do chat phan
tich hay kha nang phat hién su thay déi tin hiéu khi c6 su thay déi nho nhat vé nong do
chat phan tich. Thong thuong mot phuong phap phan tich hay thié€t bi phan tich dugc
coi 12 nhay néu c6 giéi han phét hién thdp. Do d6, trong nhiéu trudong hop cé thé xem
hai dai luong nay dong nghia.

Hién c6 hai khdi niém vé do nhay.

- Do nhay cuia dudng chuén ( calibration sensitivity): chinh la do doc cta dudng
chu4n (khi phan tich héi qui tuyén tinh) va dugc x4c dinh tai bat ky diém nao trén

duong chuédn. Do dé, do nhay dudng chuin dugce tinh theo cong thitc m = %’
X

N6i céch khdc do nhay dudng chuin don gidn 12 su thay déi tin hiéu khi thay déi
1 don vi nong d6 chat phan tich.

- D6 nhay clia phép phantich: Vi tinh xdc dinh ctia dudng chuén bi anh hudng boi
do phan tan 1am cho két qua do khong chinh xac. Do d6, phép do do nhay bi anh hudng
boi do doc chia dudng chudn va do chinh xéc clia dudng chudn (tc 1a bi 4nh hudng bdi
dac tinh cta k§ thuat do). Vi du, ¢6 thé tang do nhay bing cdch tiang chiéu day 16p hap
thu trong phan tich tric quang hodc thay déi amplier trong phan tich dién ho4.

Theo tdc gia Mandel’, do nhay phép phan tich dugc x4c dinh la ty so giita do
doc clia dudng chudn va do sai chudn. Do d6, do nhay ting néu do doc tang va do léch
chu4n gidm. Nhu vay c6 thé so sdnh cdc phuong phdp phan tich va k§ thuat phan tich
qua gia tri giéi han phat hién thap, khoang tin cay hep va do chinh xac cao.

Gitra gi6i han phat hién va do nhay m ¢6 moi quan hé nhu sau:
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m:yL—Yb':tga:b v6i x, 12 LOD
X, — Xl

CL=(x- x_bI )/m v6i m 1a do nhay phép phan tich hay C, = K.S;; /m vi x,,; =0 (*).

Dé thu dugc LOD phan 4nh trung thanh két quéa phan tich thi gi4 tri ciia m trong
phuong trinh (*) can bi€u thi 12 ham cta khodng tin cay c¢6 nghia 1a m*t,.S,, v6i S, 1a
do sai chuan clia géc nghiéng. t, 1a gid tri chudn Student ng véi mic tin cdy mong
muon, bac tu do d. Vi k=3 phuong trinh (*) s€ cho mic tin cay 99,86 %. Véi k=2
phuong trinh (*) s€ cho miic tin cay 89 %.

Theo nhiing di€u kién d6 thi phuong trinh (*) duogc viét thanh:

C. = k.Sg /( m* t,.S,) va dung gid tri t4.S,, dé biéu thi LOD. Tuy nhién néu
tq.S,,=0 hoic t,.S,, << m thi C; c6 thé tinh theo phuong trinh (*).

Do nhay it khi 12 hang s6 trong khodng néng do 16n, do d6 chi c6 nghia trong
khoang nong do nhat dinh (gitta nong do thdp nhat va cao nhét (trong khoang tuyén
tinh). Tuy nhién, n6 van dugc xem la thong s6 khi néi vé do chon loc ctia phuong phap
phan tich.

6.4.5. Do chon loc ( selectivity):

Khi phan tich chat A trong mau, ngoai tin hi¢u phan tich do chat A tao ra con c6
su déng gbp cuha rat nhiéu chat B, C...cung c6 mat trong mau. Ngudi ta goi day la
nhiing chit can trd.

Khi d6 tin hiéu phan tich chung s€ la

y=b,.Cy + bp.Cg + be.Cot...+ yyy

0 day b,, bg, be 1a cac hé s6 do nhay cua A, B, C.

C, , G, Cc lanong do cta chat phan tich A va cac chat gay can tr6 B, C...
Vi, 12 tin hiéu cta nén.

Khi d6 mitc do gay anh huéng ctia B va C dén phép x4c dinh A duoc biéu dién
qua hé s6 chon loc. Hé s6 nay cang nho thi phép phan tich cang chon loc.

kB,A = bB/bA kC,A= be / ba
Phuong trinh héi qui xdc dinh A ¢6 thé dugc viét thanh:
Y=b, (Cp + Kkga. Cg + Keja-Co) + Y

Thi du 6.7: Tién hanh do dé hdp thu quang 20 mdu trdng trong phép xdc dinh asen
nhu thi du 6.6, két qud nhu sau:

SIT ) 2 3 4 5 6 7 8 9 10

A, 10,0064 | 0,0063 | 0,0060 | 0,0063 | 0,0053 | 0,0057 | 0,0055 | 0,0061 | 0,0063 | 0,00.

SIT | 11 12 13 14 15 16 17 18 19 20

A, 10,0061 | 0,0063 | 0,056 | 0,0063 | 0,0060 | 0,0058 | 0,0059 | 0,0062 | 0,0055 | 0,00

h3
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T nhitng két qud nay chiing ta cé cdc gid tri:

Mean Trung binh 0,00598
Standard Error Do sai chudn 0,00017146
Standard Deviation Do léch chudn 0,00038341
Sample Virance Phitong sai mdu 147E-07
Confidence Level (95%) Do tin cdy 0,000476606

* Giol han phat hién:

LOD = 35, _ 3000038_ 0,278510'M (005.)
b 0,00413

Sp: Do léch chudn mdu trdng.
* Giol han dinh luong:
105, _ 10.0,00038 _

LOQ= =0928410'M (017
Q b 0,00413 (OL748)

Vi s6'liéu J thi du 6.6, néu khong lam thi nghiém véi mdu trang ma tinh LOD va
LOQ qua dé léch chudn ciia phuong trinh (§,=0,00232) thi sé thu dugc cdc gid tri
sau:

LOD=35/b=1,68.10"M
LOQ= 10S,/b=5,62.10" M
D¢ nhay phép do m= b/S, = 1,78.

6.5. Phrong phap thém chiin (standard addition method) (spiking)

Trong nhiéu trudong hop céc chit khac di kém véi chat phan tich ciing cho tin hiéu
gay nhiéu dén két qua phan tich. Néu anh hudng cua nén mau (matrix) khong qua 16n
thi ¢6 thé phan tich theo phuong phép thém chuén dé giam b6t anh hudng cua nén mau.
Theo phuong phéap nay, nong do chat phan tich c6 thé xéac dinh theo cach tinh theo
cong thic, ngoai suy tir do thi hoac tim phuong trinh hoi qui theo phuong phap binh
phuong t6i thiéu véi phuong trinh héi qui ¢6 dang y=a+bx.

Gia str 1ay V, (ml) miu phan tich c6 néng do C, vao cac binh c¢6 thé tich V ml.
Thém V, (ml), 2V, (ml), 3V, (ml)...nV, dung dich chuin c6 néng do C, vao cic binh
dinh mitc nayva dinh mic dén vach bang nudc cat. Do tin hiéu phan tich ctia cac dung
dich dugc cdc dai luong y, , Yy » Yx2---Yxn -Khi d6 noéng do chat phan tich C, dugc tinh
theo cic cédch sau:

Cach 1: tinh theo cong thiic
Ta c6 cac moi tuong quan 'y, — V,C, /V
Yxl - (VxCx+V1Cs)N
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Yx2 - ( VxCx +2V1Cs)/v

Nhu vay c6 thé lap céc ty so:

y. _ V.C V,C
TVC,+VC, Dods Cu =
yxl XX 1™~s Ya ~ Y« Vx
_ y 2V,C
... C. = . >
Tuong tu nhu thé s€ co X A V><
c = Y, .nV1CS
B yxn - yx VX

L&y gid tri trung binh cic nong do C, nay ta sé duoc nong do C, can tim.

Cach 2: V& duong thém chuén va ngoai suy tir do thi

tin
hiéu
do

Cx Nong do chét phan tich
Hinh 6.5 : Phuong phép thém chuédn

Céch 3: St dung phuong trinh héi qui:

Gia thiét phuong trinh dudng chuéin c6 dang y=a+bx. Theo cong thiic tinh

c =2
tgo=b=a/C,V, tasécoé X
s bV,

Khoang tin cay ctia nong do chat phan tich trong mau x; 1a
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S,y
b 4/n bZZ(>q—x)2

Khi tiang s6 thi nghiém n (s6 diém thém trén dudng chuin) hoic tang binh phuong
hiéu sai khac gitta x; va x trung binh thi d6 chinh xac cua phép do tang. Thong thuong
can it nhat 6 di€ém trén d6 thi thém chudn va d6 thi thém chuédn nén dat duoc géc gan
45°.

Ske

XgE t. Sy VoI

Thi du 6.8: Két qud phdn tich ham luong Ag trong mdu nudc rita dnh theo phuong
phdp thém chudhn trén thiét bi AAS nhu sau:

Luong As thém vao | 0 S 10 15 20 25 30
(Hg)

Do hdp thu quang A | 032|041 052 |060 |070 |077 |089

Két qud tinh todn theo phan mém thong ké Origin thu duoc nhu sau:

Par. Error
A 0,32179 0,00744 R SD N P
B 0,01864 4,128.10% | 0,99878 0,01092 7 <0,001

Tinh cdc dai luong khdc ta co:
y=06014 S.,=0,749 x= A/B=173 ug
tra bang t voi P=0,95 bdc tu do f=7-2=5 ta c¢é t= 2,57
Nhu vdy nong do chdt phdn tich trong mdu la : x+t.S,. =(17,3 £ 1,9) ug

* Nhuoc diém phuong phdp thém chudn:
- Khé tu dong hod
- Dung lugng 16n mau
- Phuong phédp ngoai suy kém chinh xdc hon phuong phap noi suy.
6.6. Phrong phap nbi chuan

- Chat noi chu4n: 1a luong xdc dinh céc chat khong phai chat phan tich duoc
thém vao miu phan tich, miu tring hay miu chuén khi phan tich. Cdc dung dich nay
duoc pha lodng véi ciing thé tich va do tin hiéu clia cdc mau, v& d6 thi biéu thi ty so tin
hiéu clia chét chudn va chat noi chuin v6i néng do chat chuén (hinh 6.6). Phuong phédp
ndy rat can khi phan tich nhitng miu c6 nén phiic tap hoic trong cic phép do thay déi
theo thoi gian.
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Hinh 6.6: Phuong phap noi chuin

Thi du 6.9:Phuong phdp noi chudn trong sdc ky khi long. Trich tir:
http.//zimmer.csufresno.edu/~davidz/Chem102/Sp98Web/Overhead/Separations/GLCI

ntStd/GLCIntStd.html

Gid sut cdn dinh phdn chdt A khi ¢é mdt chdt B va chdt néi chudn duoc thém vao

laIS. Cac thong sé do va nong do cdc chdt dugce cho trong bdang sau:

3{ra| = S| | 2o i o) | | | | =] | 10| 2 | | ) R g —

&, [ B ] [ | E [T F G [ H ] [
Synthetic Component Mixture to show Intemal Standard Method
Component Detector Retention Feak Sensitiviby 3
FResponse Time ‘Width
A 0.92 2.5 0.2
B 0.53 5.8 0.2
15 0.84 8.1 0.2
Sitnulated Daka
Run Injection  ZA0Y]  2EB[wWv] #IS[w]  Aheight B height 15 height
Yolume
1 0.85 5.6 234 10.0 131 31.6 21.4
2 1.23 10.3 234 10.0 35.0 45.8 31.0
3 0.55 15.2 234 10.0 231 20.5 13.9
4 0.79 20.1 234 10.0 438 29.4 19.9
Drata Work up ™ w 2
Run Setlulv]  Aheight |5 height A5 breas s | rease s provided
1 5.6 13.1 214 0613333 199 lpnust naok be tak en as
2 10.3 35.0 31.00 1.128095 3.3 the winvss of wour
3 15.2 231 1329 1.6E4T7E2 40.2 zample!
4 20.1 435 19.9 2.2014249 47.1

Chudn bi cdc dung dich chudn cé néng do chdt A thay doi con giit nguyén nong

do thé'tich B va IS. Khi bom mdu vao thiét bi do, thé tich bom khong thé' ldy chinh xdc
1 pl ma cso cdc gid tri nhu ¢ bang trén.

Chiéu cao pic cua A = (Injection Volume)*(%Av/v)*(Detector Response

A)*(Sensitivity).

Mot s6 sdc do cia mdu thu duoc nhu sau:
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Néu biéu dién sw phu thuéc chiéu cao pic ciia A theo nong do thé tich do thi cé
dang khong phdi tuyén tinh. Nhung néu chia chiéu cao pic cua A cho chiéu cao pic ciia
chdt noi chudn va biéu dién sw phu thudc ty s nay vao nong do thé tich cia A thi

duong biéu dién cé dang tuyén tinh.

Height ¥s Yol% No IS Correction
a0
o 400 +
= +
N
I
FRITR 4
]
= 100 +
0o T T T T
1 5 1] 15 20
¥olume % A

25

(A height])[I5 height]

ANS ¥3. YolX Wilh 13 Correction

25
*
2
5 *
1 3
0.5 .
0 T T T
0 5 10 15 20
Yolumei® A

Doi voi cac mau chua biét , khi can phdn tich hai chdt A va B thi cdn thém vao
mau dé lugng chdt noi chudn nhu khi thém vao dugn dich chudn va ghi sdc do, tir chiéu
cao pic cua A va cua IS, tinh ty sé chiéu cao pic va ding phuong phdp noi suy tir do
thi hay tinh theo phuong trionh hoi qui cé thé tim duoc nong do A trong mdu.
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100 £0 A5 ¥s. Yol % With IS Correction
00 Unk y =0.1095x - 0.0000
80.00 — 15
il = 5 ]
B0.00 ©
&=
0.0 w 1.5 4
4000 =
A B Il IS 2
0.0 =
0.0 E 05
01— . - <
iy Y = — .
Y 2 4 ¢ : w @ n 0 5 w5 w2
T, minutes YolumeX A
Fiun l%aAlvh  Aheight 15 height A5 Areads A
1 5.6 13.1 214 0613333 19.9
2 10.3 35.0 31,00 1128095 313
3 15.2 231 13.9 1.664762 40.2
4 201 43.8 19.9) 2.201429 47.1
Unk A7 36.1 248 1445714 40.3

6.7. Sr dung dwong hdi qui trong phan tich so sanh
Khi cin so sanh hai plvng phap phan tich ngi ta c6 té sir dung cac cach sau:

* Cach 1: Dung chin thdng ké student (t-testié so sanhio dung @a 2 phrong
phap qua vic so sanh hai giaittrung binh. Cach lam nay «hong thich bip cho
phan tich congwevi nong do cac clat phan tich kin thién kha@ang ong.

* Céch 2: Mbi mau dugc tién hanhdong thdi boi hai phrong phap va cac i so
sanh c¢6 hamubng chit phan tich thayioi trong khaing rong do khao sat. Saui6 ar
dung chuin tdé so sanhtitng cip (xem clrong 4).

* Céach 3: Dung plong phapdd thi bang cach lam céac thi ngim song song i
mdi mirc nbng do, saudoé biéu dién trén 1§ toa d6 hai chéu. Mdi diém tréndd thi (x,y)
dai dién cho 1 miu dugc phan tich bang 2 phuong phap doc lap. Tinh céc hé s6 a, b, r
theo phuong phap binh phuong t6i thiéu dé lap phuong trinh héi qui dang y=a+bx
(a-0; b=r - 1). Truong hgp 1y tudng khi két qua cta hai phuong phdp nhu nhau déi
VGi tit ca cadc mau thi a= 0; b=1. Thuc t&, néu khong c6 sai s6 hé thong thi sai s6 ngiu
nhién s€ dam bao 2 phép phan tich khong cho cung két qua véi tit ca cdc mau va x , y
s€ c6 quan hé tuyén tinh.

Cic trudong hop khong 1y tudng c6 thé gom:

+ b=1 nhung a # 0: mot trong hai phuong phap phan tich c¢6 két qua cao hon hoac
thap hon phuong phép kia (c6 thé do tin hiéu mau nén khong chinh x4c) ( hinh a)

+ b>1 hoac b<1 c6 sai s6 hé thong xay ra véi b & mot trong 2 phuong phéap (hinh
b vad)

+ dang duong cong ( khong tuyén tinh) do sai s6 hé thong.
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Hinh 6.7: So sanh hai phuong phap

Thi du 6.10: Trong nghién citu phuong phdp FIA dinh luong amoni, cdc tdc gid
da phdn tich 9 mau bang phuong phdp nghién citu va giti 9 mau nay dén phong thi
nghiém khdc phdn tich theo phuong phdp tiéu chudn. Ham luong amoni trung binh
(mgl/l) ciia 9 mdu dat duoc bdi 2 phuong phdap nhu sau:

1T 1 2 3 4 5 6 7 8 9

PP nghién cuu | 30,12 | 36,20 | 52,88 | 60,70 | 78,10 | 34,67 | 80,20 | 94,90 | 87,12

PP tiéu chudn |29,80 | 36,16 | 51,65 | 59,13 | 78,71 | 33,20 | 81,54 | 95,41 | 86,19

(Nguon: E.AM. Kronka et al.; Analytica. Chimica. Acta 334 (1996) 287-293).

Bdng cdch biéu dién két qiia ciia phuong phdp tiéu chudn & truc X va két qud ctia
nghién ciiu o truc Y, ding phan mém Origin 6.0, két qud cdc hé sé cua phuong trinh
hoi qui htu duoc nhu sau:

a=1,56 ; b=0.98 ; r= 0,999
Cdc dai luong thong ké tuong itng la:
S,.=0,96236, d¢ sai chudn SE, =0,89338 ; SE, =0,0136

Gid tri chudn t vdi 7 bdc tu do, do tin cdy 95 % la 2,36 vi vdy hé s6 ciia a va b
tuong ung la: a= 1,56%2,11 va b=0,98+0,032
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100
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80
Y=A+B*X

<
704
= 1 Parameter Value Error
= 60
=] A 1.56502 0.89338
g 504 B 0.98009 0.0136
Jé ]

40 1

] R SD N P
30

] 0.99933 0.96236 9 <0.0001
NVt——7——7T T T T T ]I '

T —
20 30 40 50 60 70 80 90 100

phuong phép tiéu chuén

Két qud nay cho thdy cdc gia tri a va b va r khong khdc nhau
c6 nghia so vdi gia tri 0 va 1. Diéu dé chiing to khong cé
bdng chitng vé su khdc nhau cé nghia giita hai tdp so'liéu.

SV tw so sanh hai phuong phdp trén theo bai todn so sdnh hiéu sé dung chudn Student
xem phutong phdp dang nghién citu ¢6 mdc sai s6 hé thong khong.

6.8.Pwong hoi qui khéi (weightted regression lines)

Trong céc phan trudc, khi biéu dién méi quan hé giita dai luong do va noéng do
chat phan tich, tai méi diém thuc nghiém, ching ta chi sir dung mot gia tri y twong ting
v6i mot gid tri x. Gid tri y thu dugc ¢6 thé 12 gi4 tri ctia 1 thi nghiém hodc gi4 tri trung
binh ctia nhiéu 1an thi nghiém. Trén thuc t€ khi ndng do chat phan tich tang thi sai s¢
khi do gfa tri y cang 16n. Vi vay can biéu dién su dao dong clia gid tri y tai mot gia tri x
trong qua trinh lam thi nghiém lap lai. Puong hoi qui khi d6 duoc goi 1a duong hoi qui
khoi. Sai s6 tai mdi diém trén dudng chuin dugc biéu dién bang thanh sai so (error
bar). Thanh nay cang 16n khi nong do chét phan tich cang cao. Moi nong do chét phan
tich dugc lam 1ap lai nhiéu lan va tin hiéu do c6 gia tri phuong sai tuong tng S*. Tuy
vay ngay cd moéi diém riéng biét dugc biéu dién béi toa do (x;, y;) déu cé do léch chuin
tuong tng s;. Vi vay gid tri khai riéng phan dugc biéu dién 12 w; va dugc tinh nhu sau:

we L N
i Sz " l
2
Khi d6 gi4 tri clia a , b trong phuong trinh héi qui duoc tinh nhu sau:
ZWX yi rlX_wy_w

—_ I
> wix 2 = nxu’
i

b
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va a:;/W -bxw trong d6 x, va y, la toa do diém trung tam khoi (weighted

. Z Wi X WY
centroid) véi x,=- ‘

vay, =

n
Trong phuong trinh héi qui khéi, toa do diém tam (x, y, ) gn v6i diém dau cla
do thi hon nén sai s6 nhé hon.
Tuy nhién thuc t€ cac nha phan tich khi dung phuong phap phan tich céng cu

khong ting dung tinh todn héi qui dé tim cac hé s6 a, b clia phuong trinh va néng do
mau phan tich ma chi can khoang gia tri thuc ton tai...

Trong tinh toan hoi qui khoi, gid tri do léch chudn (S,,,, cua néng do can tim
duoc dua ra boi phuong trinh

N

S _ S(y/x)w i+£+ (yo - yw)2

XoW 2 2
b [w, n b wx —nxu)
i

Trong phuong trinh nay S, dugc tinh nhu sau:

1
O wy? -ny,2) b2 wx® - nx.’) | 2

Syrow = 2 véi x, 1a xdp xi khoi cha y,.

Phuong trinh nay cho thdy diém gian ddu dudng chuén (gid tri khoi 16n nhét) va
diém gin diém tam tai d6 (y,- y,,) nho sé& c6 gidi han tin cay nho nhat.

Su khac nhau giita hai phuong trinh hoi qui la gia tri 1/w,. Vi w,, giam r0 rét khi y
tang nén do tin cdy tang khi y tang.

Nhu vay c6 thé két luan ring mic du tinh todn trong phuong trinh héi qui khoi
phtc tap hon nhung s€ thu dugc khoang gidi han tin cay cia nong do chat phan tich tin
cay hon trong phan tich cong cu. Véi su ho tro ctia cdc phan mém tinh todn trong thuc
t€ phan tich c6 thé sir dung phuong trinh héi qui khoi dé tang do tin cay cta két qua
phan tich.

Thi du 6.11: Khi xdc dinh cdc mdu quinin theo phuong phdp huynh quang, moi nong
do lam ldip lai 5 ldn, gid tri trung binh va do léch chudn thu duoc nhu sau:

Néng do ( ngiml) 0 10 20 30 40 50
Cuong do  huypnh | 4 22 44 60 75 104
quansg 3 20 46 63 81 109
4 21 45 60 79 107
5 22 44 63 78 101
4 21 44 63 77 105
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Cuong do  huynh |4 21,2 44,6 61,8 78,0 1052
quang trung binh

D¢ léch chudn 0,71 |0,84 0,89 1,64 2,24 3,03

Dung phan mém Origin 6.0, nhdp 3 cot s6 liéu : x (nong do ) ; y (cuong do huynh
quang) va do léch chudn. Ddnh ddu cot do léch chudn, vao Column -> set as Y error.

Dé tim duong hoi qui va phiuong trinh hoi qui khoi, vao Tool ->Linear Fit, chon
error as weight.

Két qud thu duoc & hinh 6.8 va 6.9.

120+

100

80+ [ ]
Y=A+B*X

60 Parameter Value Error

A 2.20952 2.01184
B 1.99029 0.06645

40

20

cuong do huynh quang trung binh

R SD N P

0.99778 2.77976 6 <0.0001
T T T T T T T T T T T 1

0 10 20 30 40 50

nong do quinin (ng/ml)
Hinh 6.8 :Duong hoi qui khong tinh dén cdc tin hiéu do ldp lai

Néu khong tinh dén do léch chudn thi phuong trinh hoi qui biéu thi cuong do
huynh quang trung binh theo nong dé quinin cé dang: y=2,21+1,99 x.

79



120 4

100
o 804
E‘ 5. Parameter ~ Value Error
;2 A 3.22566 0.87159
= 40 B 1.92587 0.05081
oA R SD N P
0 0.99861 1.44252 6 <0.0001
| T | T | T | T | T |
0 10 20 30 40 50
nong d quinin ( ng/ml)

Hinh 6.9: Duong hoi qui khoi

Két qud nay so vdi duong hoi qui khong tinh dén cdc gid tri do ldp lai cé su khdc
nhau vé cdc hé sé’a, bvoi Y= 323 +1,93x

-SV hdy thiét ldp phuong trinh hoi qui khoi va phuong trinh hoi qui khong tinh
khoi theo cong thiic dd néu.

- Néu mdu phdn tich ¢6 huynh quang trung binh la 41,3 thi khodng tin cdy nong
do quinin trong hai truong hop khi tinh va khong tinh dén hoi qui khoi la bao nhiéu.
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Chwong 7 PAM BAO CHAT LUQNG VA KI EM SOAT
CHAT LUQNG

7.1. Khéai niém vé dam bio chit lweng va kiém soat chit lweng (QA/QC)

Két qua phan tich ga phong thi ngkém (PTN) At quan tong trong hat cac
dong kiém tra chat luong sin pmm kiém tra st 6 nhEm moi tirong va trongﬁt nhiéu
hoat dong khéac. Vi vy, mdi két qua phan tich do PTNua ra én phai dugc kiém soat
chit luong vadam bao chit luong.

Do do, dé cé dugc két qua tét, tin ciy thi trong qua trinh & hanh thi ngléim,
PTN phii xay drng va ap dng k¢ thdng chit luong, trongdd c6 st dan xen, Kt hop
cua cac hat dong QC, theo yéuan aia ISO/IEC Guide 25 TCVN 5958: 199%éu
cau chung ¢ ndng luc caa phong tire nghEm/ hi¢u chuin, hién nayda duoc chu;én
thanh not tleu chidn qubc t mang. t@& ISO/IEC 17025: 19986m hai nhom yéuiu
lén: yéu éu vé quan 1y va yéu éu vé ki thuat nhe trong king 7.1

Bang7.1 : Yéudu v quan ly va K thuit khi tien hanh QA/QC.

Yéu cau vé quan ly: Yéu ciu vé k¥ thuat

1. T6 chac. 1. Yéu @u chung
2. Hg théng chit lugng. 2. Nhan g.
3. Kiém soat tai ku. 3. Tién nghi vadiéu kién méi trong.
4. Xem xét yéu au, dé nghi va hop ddng. | 4. Phrong phéap tir nghiém, hiéu chuin
5. Hop ddng phi V& hicu chiin va thr| V@ p,hé dugt phrong phap

nghiém. 5. Thiet bi.
6. Dich w mua $m va ngn cung ap. 6. Lién Kt chuin do luong.
7. Dich wa khach hang. 7. LAy mau.
8. Khiéu rai. 8. Quin ly mau thir nghiém, hiéu chuin.
9. Kiem soat cong ¥c thi nghiém haic | 9. Pam hio chit luong Kt qua thi

hi¢u chuin khéng phu bp. nghiém va hgu chin.

10. Bién phéap k#c phuc. 10. B&o céo & qua.
11. Bién phap phong nea.
12. Kiém soat b so.

13. Banh gia i bo.

14. Xem xét @a lanhdao.

Kiém soat cht lugng ( quality control- QC) la cac hbdong duoc ké haach hoa
dé danh gia, % ly kiém soat 8 lieu phan tich, th nghiém nhim cung ép céacdiéu
kién va bén phap K thuat can thiét d¢é giam séat va Kim soat cht luong aia mbt quéa
trinh naodé trong @n xuat hay nghién &u khoa ke nfim dam bao chit luong cho
san pham, dong thoi phat hén cac sai sotté tim cach kic phuc cac sai s6#6 dam
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bao thu duoc két qua ding mong mén va cung &p $ liéu co clit luong aia sin
pham khi ban hanh.

DPam bao chit lugng ( quality assurance-QA) la #iungir dungdé chi tat ca cac
hoat dong cin thiét dé duy tri chit lugng két qua phan tich. Cac h dong QA anh
huang dén nhiéu linh wrc nhr t6 chic, dao ko, thiét bi, pheong phéap...N6i cach khac,
QA la toan b hé thong quan Iy dé dam bao cho s thanh cdnga cac hat dong dam
bao chit luong va kém soat cht luong. He thing QA ladiéu kién tién quyt cho vic
cbng nfan PTN.

T6m ki QA/QC la bt loat cac thao tAcam phii duoc tuén thi nghiém tdc & tir
khi lay mau dén khi phan tichdé cé thé dua raduoc nhiing € liéu dang tin @y va
duoc kiém soat.

7.2. Cacdiéu kién tién hanh QA/QC

~ Thyc hign QA/QC trong PTN phan tichith chit la xay ding ke thong quin Iy
chat lugng va 6 chirc thyc hién cac bén phap kém sodt, x ly, danh gia va u chinh
cac 9 liéu.
7.2.1. Ning lec quan ly va thuc thi cong viéc aia phong thi nghém .

PTN phii thiét 1ap mot hé thong chit lugng dugc thé hién bang ke thong cac vin
ban, tai liéu, goi chung 1a ‘i thdng tai liéu chit luong’. Hé thong nay bao ¢m: $ tay
chat luong; cac quidinh; thi tuc diéu hanh niing hait dong; qua trinh c6 tinh éh
chung @a phong thi ngém; cac quidinh; tai liéu c6 tinh cht chi dan céng véc c
thé. Va PTN phi c6 mdt co ciu to chac, trach nhdm va ngén nhan fic, c6 caatiéu
kién va bén phapdé thyc hién quan ly chit luong va \in hanhduoc hé thdng nay
trong toan B hoat dong aia minh.

PTN phii dinh ky tién hanhdanh gia vi bo theo cac tbi han (throng la nét
nam) va thi tuc d dinh dé kiém tra xem het dong aia PTN c0 liénuc tuan thi cac
yéu cu oia hé thbng chit luong hay khéng. Candbquan ly chit luong cé trach niéim
lap k& haach va 6 chic danh gia theo arong trinhda dinh. Khi viéc danh gia phat
hién ra nlirng nghi n@ vé hiéu qua caa cac hat dong haic vé sr dlingdin cia cac kt
qua phan tichdo, thr, PTN phii tién hanh cac ha dong khic phuc kip thoi , phai
théng bao bng vin ban cho cac ¢ sd ¢6 lién quan It vé nhitng sai s6t nayé hiéu
chinh chung.

Lanh dao PTN phii dinh ky (thuong 1a ndt nam) xem xét 4i hé théng quin 1y,
chit lugng va cac hat dong phan tichdo, thr caa PTNdé dam bao sr phu hop lién
tuc va tinh hfu qui ciia ching vatua ra nliing thaydoi hoac cii tién can thiét.

7.2.2. \R co' & vt chit.

Co so vat chat cia PTN 14 $u t khong ti¢ thiéu dugc dam bao cho & thanh
cong @ia QA/QC, né phn anh iAng luc cia phong thi nglém. Vi vay, tuy theo yéu
cau cia cong vec ma PTN xay dng & so vat chit cho phu bip. Piéu kién oo so vat
chat t6i thiéu cia mjt PTN phan tich 1a :

*Tiéu chuin /pheong phap.

Céc tiéu chén / phrong phap ma PTN tuan theoapldap trng dugc yéu éu da
dugc xacdinh va phu bip véi phép phan tichdo, thr thupc pram vi haat dong aia
PTN, bao gm ci lay mau, xir ly, van chuyén, hru kho va chén bi mau. Vi tiéu
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chuan/phrong phap luén cowsphat trén dodd PTN phai cd sr cap nhit cac phrong
phap va c6 & hoach nang &p trang thét bi dé co6 th thuc hién tiéu chidn/phrong
phép tién @n. PTN phi xay deng mdt pheong phép phé dwy tiéu chudn/phrong
ph&p bao §m danh gia sai& do léch, gisi han phat hén caa phrong phép va dii han
tin cay, do chon loc, kha ning ctbong li diéu kién bén ngoaié chon radwgc nhing
tiéu chdn/phrong phap phu ép véi yéu céu sr dung.

* Chon lya phwong phap :

Tét nhat 1a s dung céc plrong phapda tiéu chén hoa va phi s dung nhirng 4 an
pham méi nhat cua cac tiéu chin. D6 1a cac tiéu chin quic €, tiéu chdn vung tiéu
chuin quic gia. Khi én thiét, PTN phii hiéu chinh lai cac tiéu chan nay Bng nhing
chi tiét b6 sungdé dam bao sr &p ding thich kyp. PTN ding c6 tit chon céc plrong
phép thich bp da duoc cong 6 trong cac sach vap chi khoa bc. Cac plrong phap
ndi bo (do phong thi ngim tr xay drng) ding c6 tié dugc st dung réu phi p Vi
yé&u Gu quidinh vadaduoc kiém dinh lai .

Déi véi cac plrong phap chiaduoc céng 16 trong tiéu chén haic quidinh k§
thuat, cin phai 6 ar thoa thuin cia @ quan gan ly chrong trinh quan #c khi phii
s dung nhing phrong phap khdng c6 trong cac @iinh ky thuat tiéu chan. Sr thoa
thuan nayduoc biéu hién bing mbt van ban quidinh ré rang ¥ cac yéu au va mic
dich aia phrong phap phan tickio, thu.

*Phé duyt phwong phap:

PTN phii kiém tra ki cAc phrong phéap tiéu chin, khong tiéu chan va céc
phueong phap ngi dé khang dinh cac phrong phap nay la phuoip voi viéc ar dung.

Phii ghi lai cac Kt qua caa viéc phé chén va thi tuc thyc hién viéc phé dugt
nay.Viéc phé dugt phai dua trén cac théng tinéwdo lap la, do tai lap, cacdic trung
tiéu béu cia viéc phan tichio, thr vaanh hréng aia cac yu tb may méc, con nepi
va moi trong dén @6 khongdam bao cia ket qua va phii két thac king nbt cong 1B
cia PTN #ng phrong phap 1a phudp v6i yéu éu sr dung da dinh.

Sr phu kyp cia phrong phép cé thkiém tra ling cach so sanhvircac yéu éu
dic treng cho véc sr dung da dinh nhr d6 khéngdam bao aia két qua, giéi han phat
hién, d6 chon loc caa phrong phapdo tuyén tinh, géi han dinh krong, d6 lap lai hoic
do tai lap, kha ning ctbng lai cacanh hréng bén ngoai...

Cac k thuat dugc st dung dé phé dugt mot pheong phap cé t la mot
hoic mot sb trong cac cach saud slung cac chén do leong haic mau chuin; so sanh
két qua véi cac phrong phap khac; so sanh lién phong thi aghidanh gia njt cach
hé thong nhrng yéu t anh hrong dén két qua; danh giado khongdam bio cua Két qua
dua trén heu biét khoa hc V& cac nguyénit ly thuyét caa phrong phap va kinh
nghiém thyc t

*Udc Iuang do khéngdam hio do

PTN phi c6 tha tuc dé udc lugng do khéngdam bao do cia tit ca cac phép phan
tich, do, thi.

PTN phi quan tamién tit ca cac thanh pin quan tong khidanh giado khéngdam
bao do king cach & dung cac plrong phap phi ¢p. Tai liéu co ban dé danh gia, trinh
baydo khongdam bao cia phépdo hién nay [alISO/ TAG 4/WG3“Guide to expression
of uncertainty in measurement” ;1998 k) tiéu chién 1ISO 5725
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*Trang thiét b

a/ Tat ca trang thét bi cia phong thi nglém phai phu hyp v6i yéu cu cia tiéu
chuan/phrong phap ma phong thi nghi dam nhin, phai dat d6 chinh xac theo cac
qui dinh ky thuat teong ung.

Phong thi ngléim phai giao viéc van hanh va Bo drdng trang thit bi cho céac
can I du nang lec va co K haach ting ardong @ i vat chit dé c6 nhing trang thit bi
phu yp dé thuc hién céc tiéu chin méi ban hanhddng thoi loai bo nhiing tiéu
chuan/phrong phapda lac hau.

Trang thét bi phai c6 b so ghi chép va pii dugc danh diu, dan nhan, theo dai,
kiém tra qua trinh &n hanh @a chingdé phat hén kip thoi nhitng sai sét va cous
hiéu chinh hyp Ii dé c6 nhing trang thét bi c6 do chinh xac theo cac qdinh K thuat
tuong ung.

b/ Trang ttit bi phai duoc danh diu, dan nhémté phan bét va nhin cang duoc &
dégng, trongjé phan anhduoc tinh tang hiéu chin, ‘kiém dinh va tloi han hiéq chuin,
kieém dinh tiep theo Ga nd. Phi duy tri va lru giit ho so cia trng laai trang thét bi .

c/ Phii thiét 1ap céc th tyuc bao dudng va thrc hién viéc bao dudng trang thdt bi
thuong xuyén haytinh ky .

Trang thét bi sai fong phii dugc dan nhanié phan bt voi cac trang thit bi
binh throng. Phi nging sr dung n6 chodén khi sra chira, héu chinh xong va Wéc
hi¢u chuin haic kiém dinh sauioé chrng minh thét bi da hait dong ot .

Khi vi ly do naodo, trang thit bj vuot ra ngoai pam vi kiém sodt tec tiép cua
PTN trong ngt thoi gian ntat dinh, PTN pli kiém tradé dam bao rang thiet bi van du
tot truac khidua vao hat dong tro lai trong PTN.

d/ Pli ¢éam bao tinh lién Kt chuan do leong aia tt ca cAc trang tht bi cia PTN.

Thyc chit ciia yéu au dam bio tinh lién két chan chinh la wc thyc hign mot chubi
phep héu chuin ké tiép nhauddi vai tat ca trang thét bi caa PTN, lam cho cac trang
thiét bi naydeu duoc so sanh (trc tlep hay gian tip) va tép d6 la hiu chinh theo B
théng chudn do luong quic gia hay géc t, tir 6 dam bio cho trang thit bi do, thir,
phan tich luén tin &y va chinh xac. €thé phong thi nglim phai thuc hiégn mot sb
Viéc sau:

+PTN phii xay drng va thrc hién chrong trinh héu chiain cho it ci cac trang tht
bi anh hrong r6 €t den gia ti vado chinh xac ga cac kt qua phan tichdo, thr trudc
khi duva chung vaois dung ding nhr trong st qua trinh & dung ching. Chong
trinh héu chiin phai bao gm c cac plrong tién do dung cho cac phéjp phu tro , vi
du dé do céacdicu kién moi trong .

+Pdi véi cac trang thit bi khong ti¢ thyc hién dugc viéc hiéu chudin néu trén,
phong thi nghlim c6 tké ap ding cac bin phap sau:

- Tham gia nit cheong trinh so sanh lién PTN & cac cdc thi thr nghigm
thanh tho dé co king ching & sx phu hyp aia cac trang tkt bi lién quan.

- Su dung cAc riu chuin ma céc gia frvé thanh phn va tinh cht cia n6da
duoc ching nkin d@¢ kiém tra trang tht bi.

- Sir dung céc chéin haic cac plrong phapda duoc cac bén lién quanab thuan.
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*Tién nghi vadiéu kien moi tnrong phong thi ngldim .

M®i truong PTN 1a $u t rat quan tong dodd PTN phii dam bao cac yéu au vé
bao quan trang thét bi, d6 nhay, anh sangdo am, do rung, téng 6n, nhéu xa dé phu
hop voi tiéu chtﬁn/phmng phap #a cton. Yéu du chung l1a #n nghi ¢ia PTN, bao
gom ¢ cacdiéu kién v& madi tnrong, chéu sang va cac ngn rang hrong, phii phu
hop dé co the dé dang thec hien mot cachdung dan cac phép phan tich theo y&uc
Can c6 st quan tamdic biet khi viéc lay miu, haic viéc phan tichdugc thyc hién ¢
nhitng roi ngoaidia diém & dinh aia PTN. PAi qui dinh thanh Wn ban cac yéu au
dbi véi cac tén nghi vadiéu kién moi tirong co i anh hrong dén két qua phan tich.

PTN phii daptng duoc yéu éu phan tich & mac d6 nhat dinh). Cac nhan vién,
ky thuat vién phii cé day du trang thét bi, diéu kién thao tac cac congad duoc giao
ma khéng én trd nhau. Khdéng gay néin ban tir ngwdn nay sang ndin khac.

PTN phii c6 cac thi tuc va thrc hién viéc giam sat, Kim tradé chic chin rang
mdi treong khéng taaiong xau t6i viéc lay mau; viéc tién hanh phan tichjo, thir.
Viéc thyc hién cac phép phan tich gihduoc ding li khi cacdiéu kién mdi tnrong
khong phti bip. Can dac biét kim soat & phi fvp véi cac yéu u cia cac $u to nhu
su vO trung ¢ mat sinh hyc, hui ban nhrng tin héu dién tir gay nhéu, chit phéng x,
viéc cungung dién, nhigt 4o, d6 am, rungdong, téngon v.v

Truong hop c6 ntiing hait dong anh hrong An nhau, PTN pii phan ip mot
cach co hHu gua cac khu vc naydé tranh nlieng anh hréng xau qua Ai.

PTN phii thuc hign ar kiém soatddi véi vigc sr dung va ra vao phong thi
nghiém ma khong c6 nBm vy d¢ han che nhirng anh hxong Xau den ket qua phan
tich, dac biét nhirng noi 6 anh hrong tnrc tiep dén chat lugng cac phép phan tich.

*Hoa chat thuoc the.

Déi voi PTN mbi chi tiéu, phrong phapdeu cé yéu 8u ve cap do tinh khiét cua
hoa ciﬁg, thuoc thir Sir dun,g. bac biét in Voi truong h_)p phan tichtong et thi do
tinh khict caa hoa cht, thuoc thir, nudc cat duoc dung la &t quan tong.

* B4o quin mau

Khi nhan vién PTN &p nhin miu phii c6 mjt pheong an gan Iy mau phu lop
nhu phai ghi chép nitng thong 6 c6 lién quan, pdi co cac ki hiu dbi vi tung mau

dé tranh nfAm 13n va ko dam céac tinh cft von c6 aa né khéng bthay déi dén tan
khi phan tichiva ra nlikng két qua phu hyp véi yéu du.

-PTN phii c6 céc thi tuc cho véc quan ly mau thich kp véi tirng théng 8.

- PTN phii c6 céac cachié nhan dang va phan Bt miu. Nhing ky héu nhin
dang phii duoc duy tri trong sét thoi gian ©n tai caa mu trong PTNdé dam bao
khong gay raw nham lan cac miu khi phan tich, khi luan chég, ké ca khi dua vao
ho so, tai liéu.

- Khi tiép nhan miu, PTN plii ghi lai moi sy khdng binh throng haic sai ch so
véi mo ta trong cac ptong phap phan tickio, thr ma PTN & dung; phii tham khio
y kién cia cac b phan lién quandé ho cho cac trong din ay thé khi c6 sr nghi ngy vé
sy phu lop aia mau.
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PTN phii ¢ cc thi tuc va tén nghidé phong tranh cacuhhong doi voi mau
trong qud trinhuu gitr, xr li, chuan bi va tien hanh phan tich. BRhtuan thi cac hréng
dan kém theo ru.

*Mdu QC.

T6 chirc lay mu va phan tich &u QC la bén phap én thiét cia b thong chit
lugng dé kiem soat qua trinhay mau va phan tich. Cacaa QC throng ding la rau
QC thiét bi va miu QC phrong phap.

Céc miu QC thit bj diingdé danh gia va kim tra chit luong ket qua do thiét bi
mang ki. N6 bao gm chuin kiem tra (control standard), chim tham tra (verification
standard)va miu trang thiet bi (instrument blank).

- MAu trang thiét bi: mot luong nhd dung moi, throng 1a nroc cit, dugc
cho tirc ticp vao thét bi dé do ar 0 nh§m~do thet bi gay ra. Mu nay
thuong dungdé danh giado on dinh vadé nhieu cia thiet bi.

- Chuin kiém tra: la ndu chuin dingdé kiém trado chinh xac sa cac
dung dch chuin vadugc dingdé chuin hda thét bi .

- Chdin thim tra: 1a nu chuin dé theo ddido 6n dinh aia thét bi theo thyi
gian.
Céac miu QC phrong phadem’C dungde danh gia clat luwong aia phwong phap
duwoc dung trong PTN. Noéagn miu trang phrong phap (method blank),du lip PTN

(replicate sample), du thém vao plwng phap (additional sample)vadm chuin
dwoc ching nhin hay nau kiém chrng (certified reference material- CRM).

- Mau trang phrong phap la riu bang vat li¢u sach duoc qua cac boc xu
ly glong nhr cAc miu phan tich. Mu naydugc dungdé danh gia s 6
nhiém tao ra trong toan® qui trinh phan tich .

- Mau Iap PTN: hai hac nhitu hon céc plin cia cing nét mau phan tich
dugc chuin bi va phan tich riéngsroi ciing mét phrong phép. Mu nay
dungdé danh giad¢ chym aia ket qua phéan tich trong PTN.

- Mau thém plxong phap: la cac &u phan tich hic vat liéu sach duoc

thém vao mt luong cHit phan tich Wit truéc vaduoc xi ly gidng nhr

khi phan tich. Mu thémduoc dungdé danh gia nic d6 sai Ech gay ra
do anh hrong aia rén va sai 8 cia PTN, cac saiéshiéu chuin, sai $

chudn bi mau ...

- Mau kiém ching CRM: la nling méu tin ciy trongdé ham trong aia
cac chit duoc xacdinh chinh xac ing cach tinh trung binhrtkét qua
cia nhéu ky thuit phan tich va nidu PTN. Nhing mu nay throng
duoc cung dp hoi té6 chrc NIST (National Institute of Standard and
Technologyva bt sb t6 chirc khac va co ban trénittreong. Viéc phan
tich miu kiém ching ladé danh giado chinh xac,do dung, sai 8 hé
théng aia phrong phapduoc ar dung.

*Trinh do nang kec cia thi nghém vién.

Tat ca cac K thuat vién \an hanh trang tiét bi cia PTN plai c6 day du nang luc,
trinh d6 can thiet dapung yéu au cia cong wc, cac K thuat vién phii dugc dao o
dang chuyén nganh va PTN utbng xuyén phi cé ké hoach i dudng, B sung
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nhitng K thuat méi cho nhan viérdé dé dang t€p cin véi nhitng phrong phap tién én
nang cao trinkié phu kyp Véi yéu diu thee #

Nang lyc cia thi nghém vién duogc phan anh quado on dinh aia cac kKt qua
trong nhirng hat dong kiem soét cht lugng va trong nting hat dong tham gia th
nghiém lién PTN va tir nghém thanh tho.

Nhiém wvu cia can b lanhdao va kK thuit vién phii dugc phan cbng rdé rang va
duoc the hién bang van ban.

* T4 chirc hagt dgng QA/QC:

T6 chirc ma PTN trc thuwe éin phan tich ré nim wu, trach nhém aia trng can
bo, nhan vién trongPTN, xatinh a; thé ngudi ndo 1a “can b quan Ii ki thuat”, nguoi
nao 1a “can B quan Ii chit lwong” va d6 phai la nhitng ngroi c6 ning hec, kinh
nghiém, hiéu biét vé xr Ii thdng ké, bét 1ap ké haach QA/QC. Nhr vy méi co the
phat hén nhanh nting ctb chea hop 1i cia QA/QC va ¢6 kin phap kkic phic kip thoi.

Can hinh thanh QA/QC theo nganhaitrongdon vi, trongdé ngroi quan i chiu
trach nhém chung ¢ QA/QC ¢ cac chuyén nganh am duy tri nliing hat dong
thanh tra cht luong i bo va danh gia bén ngoalptchrc haat dong giam sat cit
lwong va cac hat dong b tro ki thuat dam bao chit luong.

Diéu kién bao quan va bru hanh Kt qua s dung phii c6 d6 tin ciy va co ki
nang so sankiuoc véi nhau, éing nhr traoddi quéc ©

7.3. Tha tuc tién hanh QA/QC
Mot chuong trinh kém soét cht lugng ©t phai bao dm day du cac y¥u 6 sau:

7.3.1.Thiét 1p ké hoach dung: Khi thiét lap ké hoach phan tich an xacdinh i
dung, nhém wvu ciia cac phép phan tictr §6 c6 cac yéuau ve ngwn nhan irc, trang
thict bi, phrong phap 4y mau va phan tich, cac & phap phong tién dam bio an
toan.

7.3.2.Sr cOng nhan trinh d¢ thi nghiém vién: Trudc khi thi nghém viénduoc phép
lam vigc thi phii chang minhduoc kha nang aia minh trong qué trinh phan tichggc
thé hién qua thao tac, tac phong va tisindinh dia két qua phan tich. Vi d co tré yéu
cau thi nghém vién phan tichab lai 4 1an mau kiém tra (c6 hamdong trong khang 5
- 50 ln gisi han phéat hén cia phrong phap- MDL) khi diing plong phap phan tich
trong PTNdo.

7.3.3P% thu hdi lwong thém chiufin: Thém Lrong biét trudc dung deh chdin vao
mau phan tichié danh gidanh hréng aia rén mau, kiém tra cac yu t anh hrong khi
phan tich mt miu cé ren msi, danh gia sai&caa PTN, cac saidshiéu chiin, sai $
chuén bi mau.

7.3.4.Phan tich cac du chuin tir ngudn bén ngoai: Viéc phan tich fdiu chdin sin
c6 ( miu chuin kiém tra hac méu kiém ching CRM) @n tién hanh tlrong xuyén
hodc it nhit phai tién hanh khi phép phan tichidng thém chéin & trén khéng mangi
hiéu suit thu 1bi chip nhan duoc.

7.3.5.Phép phan tich rAu trang: Phan tich riu tring |a ét can thiét d¢é danh gia s
6 nhém tao ra trong toan dqui trinh phan tich, nduoc dungdé danh giado 6n dinh,
do nhiéu cia thét bi. Do dd, $ mau trang éin phan tich it ndt phai chiém 57/, tong $
mau phan tichDoi khi phép phan tich &u tring co tie tién hanh sau khi phan tich
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mot miu haic phan tich rdiu cé rong d Ion hon mau c6 ham tkong cao nht theo
duong chun.

7.3.6.ChtAn hoa cac tiéu chédn: Khi tién hanh nit phép phan tich, ghcé it nhit ba
ti I¢ pha lodng &a mdt dung dch chun. Saud6 phan tich it hay nhéu mirc nong do
dung dch chun trong plim vi tuyén tinhdé kiém traduwong chuan hang ngay. Cactk
qua phan tich cé thbao caatuoc la nhiing két qua nam trong plam vi tuyén tinh @ia
duong chdn da dung. Khéng bao céo cac gia ¢ao lon nong do cao niat trong
duong chdn, trir khi mé rong pham vi tuyén tinh. Khi st dung mbt duong chuin dé
phan tich, khdng thay ca&bi théng $ dung ai. Gia ti thip nhit co the bao caatuoc
la gi¢i han phat hén aia phrong phap (MDL).

7.3.7. Phép phan tich képDungdé danh giado chinh xac ga phép phan tich.éS
mau can phii phan tich kép it rét phai chiém 5%/, 6 mau can phan tich.
7.3.8.Céaadd thi kiém tra (control charts)

Hai loai d6 thi kiém tra throng duoc dung trong PTN &5 thi trung binh cho Au QC
vado thi gisi han.

* PO thi trung binh (mean chart): Conogla db thi kiém trado ding dia phrong
phap. Noduoc xay drng tir gia ti trung binh vaio léch chdin cud miu QC. D6 thi
nay ¢m gioi han cinh bao trén va gi han cinh bao i (UWL ; LWL), gisi han
kiém soét trén va gi han kiém soéat di (UCL ; LCL) cua rdbng do trung binh. Thong
thuong, givi han nay trong tng Wi qui tic + 2s va + 3s & s lado léch chin). Néu
nong do thayddi trong khaing ong thi cé tk biéu thi bang hiéu st thu Ibi.

1 _ UCL
y UWL
Nong /\ /\ /\ /\ /\ -
do, VO NV Y N
mg/L CWL
LECL
Ngay phan tich

Trong qué trinh phan tichfm ham trong trong niu QC wrot ra ngoai khang
UWL va LWL thi cac Kt qua phan tich ru chra biét s8 khongdugc chip nhin. B
thi nay ding duoc dungdanh gia hang#m dé loai trir diém yéu cua phuong phéap va
cO cii tién lién e phép phan tich.

* Po thi gisi_han (range chart) Con @i 1a dd thi kiém trado chinh xac 6a
phuong phéap. Naiuogc xay drng tr gid ti trung binh vaio léch chudin cia miu QC
nhueng béu dién do léch aia phép phan tickip haic phan tichitp theo thi gian. Néu
cac Kt qua phan tichdip khéng khac nhau thi coéttkem duong rén tréndé thi la
zérd. Dodo, ch gigi han cainh béo trén va gi han kiém soat trén 1a co y niga

~Néu do léch chuin da biét truc thi ¢ tit sir dung he s6 dé qui doi tir do léch
chuan sang gii han.
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Gigi han trung binh: R= Dps (Wi D, la yéu t qui doi s sang gii han;
D,=1,128 reu lam Bp lai 2 lan, D, = 1,693 ®gu lam Kp lai 3 lan). sgy do léch chun
cua givi han.

giéi han kiém soat : CL = R + 3s(R)

giéi han cinh bdo: WL =R * 2s(R)

*Cac gid thiét:

1. Trung binh c6 1 trongh20diém do ot qua gbi han cinh bao (WL) va rét

trong 300diém do vuot qua goi han kiém soat (CL).

~ 2.buong trung tam la xah gioi han phat hén cia phrong phap (MDL) i x 16n
nhat 1a 20.

3. Tiéu chdn va cac hankong xr ly &p ding cho caliém do ram trén hai én
cua tham 8.

* Cach khic phuc.

Tham $ théng ké Tiéu chén Hanhdong
Giéi  han  kiém|1. Mot diém do vuot qué CL. 1. Lip lai phép phan tich.
soat(CL) 2a. Cac phép phan tickpllai < CL |2.a. Tép tuc phan tich

2b. Cac phép phan tichipl lai> CL |2b. Dirng lai va hiéu chinh

Gidi han cinh bagl. Hai hdic badiém do wrot qud 1. Phan tich Bu khac

(WL) WL. 7 ’ 2.a. TEp tuc phan tich.
2.a.biém do tiep theo < WL. 2b. Ding

2.b.biém do tiép theo > WL chinh

lai va hiéu

Do léch chudn (SD) |1.Bén haic nam diém do>1 SD 1.Phan tich Au khéac

2.a.Diém do tiép theo < 1SD 2.a. Tép tuc phan tich
2.b.Piém do tiép theo > 1SD 2.b. Ding ki va hiu
chinh
Puong trung tan{1.Diémdo nam trén CTL 1. Phan tich @&u khéac

(CTL) 2.a.Diém do tiép theos dudi CTL |2.a. TEp tuc phan tich

2.b.biém do tiép theod trén CTL |2.b. Ding ki va hiéu
chinh

7.3.9.D6 thi hai nu (2 sample plots):

Dung d6 thi hai niudé kiem tra sai 8 h¢ thong aia phrong phap c6 pii 1a
nguyén nhan gay rarsai Ech két qua phan tich gra cac PTN hay khong.

~ Nguyén #c: Mi PTN tham gia trong afong  trinh kém tra ctit lugng phii g
két qua phan tich hai u trong tr nhr nhau (X,Y) va ti 16 cau Wi xacdinh cac ru
d6 nhr the nao.
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Néu ky hiéu cac mu la x, y,danh $ cac PTN & 1... m ta & thudugc m cp gia
tri X,¥,,X,Y,,...,X,.¥,,- V& cacdiém nay Ién tac toa d6 2 chiéu x, y c6 cac ach
chia king nhaw 2 trc.

_+ MJdi diém tréndo thj dai dién cho ndt cip cac ét qua cua mbt PTN. Buong
nam doc vaduong ram ngangiuoc V€ quadiém chiado thi thanh bn goc plan tu.

+Néu két qua tir cAc PTN khac nhau thay doi vi sai $ ngiu nhién thi g xac
dinh aia X va'Y trong nii truong hop c6 the dua ra Kt qua nhe sau: @ haidéu cao ;
ca haideu thap; X thap, Y cao; Y thp, X cao.

+ Néu sai  hé théng la nguyén nhan chinliadd sai Ech thi cé té khing dinh
mot diéu chic chin la: mot PTN madat duoc gid ti X cao ding cé xu lréng dat dugc
gi4 ti Y cao.biéu d6 din dén ar vuot troi cia cacdiém & phia trén bén g va bén
trai goc plan tr cuadd thi.

+ Gia thiét dao la Hn tai sai $ ngau nhién thi 4t ca cacdiém € nam ¢ goc
nghiéng 48 caa dd thi. Trong thrc & sai $ ngiu nhién ludn cé ft, khi d6 cacdiém
s roi vao hinh ellip c6 trc dbi xang I6n 1aduong chéobd dai aia dudng vudng goc
tai mot diém dua ra sai & ngau nhién. Vaduong vudng goc giao nhauwi duong
vudng gocdi diém (X,Y) tao ra sai 8 hé thbng aia phrong phapdo.

mau 'Y

ru X

Hinh 7.1P6 thi hai miu kiém tra sai 8 hé thong cac PTN

7.3.10. Chan bi phép thi lién PTN

Muc dich aia phép tir nay ladé danh gia & daodong aia ptrong phap phan
tich dang nghién gu & mdt so PTN. Ket qua dugc dungdé danh gia xem :hrj than
pheong phapdo cé phu bp khéng. Mi PTN tien hanh phéan tich cungainmau véi
cung ptwrong phap 6 hai mirc ham trong cao va thp. Sr dung phan tich plong sai
dé @anh gié kt qua cua cac PTN.

Tom hi, cac hréc tién hanh QA/QC trong PTN cééliwgc md & nhr so d6 hinh 2.
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Muc tiéu st dung

A\ 4

Xay drng phrong phap

A\ 4

Lva clon phrong phap

l

Bién san phrong phap

Chap nhan phrong phap
- kiém tra héu qua
- danh gi4 hiu qua

o Chengin >

v
Kiém soat cht luong
(bao @m bao tri thiet bi)

Soéat xét/chp nhan lai
- kiém tra héu qua
- danh gia htu qua

A 4

—> Khéngibt

Hinh 7.2 : Hbdong QA/QC trong PTN .
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