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This research is to study and compare two different methods for hypothesis testing procedures in a 

completely randomized design (CRD) given some random effects in which case the number of sample sizes in 

each treatment is identical. In this study, we focus on F-test statistic and Monte Carlo Likelihood ratio test 

statistic for a completely randomized design. The model can be formulated as Y,j = fl + T, + cij when 

i=1 ,2, ... ,k and j= 1 ,2, ... ,n . In this study, errors and treatments are treated as random variab les which obey the 

normal distribution and are independent of one another with ° means and (J e 2 and (J r 2 variances respectively. 

The software package is used to randomly generate data to be used in this study using Monte Carlo simulation 

technique. In this investigation, the variance components are expressed as a ratio between the error and 

treatment variances of the following values: 0.001 ,0.01 ,0.05,0.1 , land 1.5.The investigation is done through a 

setting which involves the following numbers of treatments: 2 3 4 and 5, the following numbers of sample 

sizes: 2 4 6 8 and the following coefficients of variation: 5% 10% 15% 20% 25% at the following significance 

levels: 0.01 0.05 and O.I.The proportion of type I Error and power of test are to be used as a criterion in 

determining the efficiency of the two statistics. The result of this study has been obtained as follows: Using 

Type I Error, at the significance levels of 0.01 0.05 and 0.1, Monte Carlo Likelihood ratio test statistic and F 

test statistic can control the proportion of type I error in all distributions. Using Power of Test, In the cases 

where the ratio between the treatment and error variances are significantly much smaller than I, the Monte 

Carlo Likelihood ratio test statistic yields higher powers of test than the F-test statistic in most cases. However, 

when such ratio is near or bigger than 1, the Monte Carlo Likelihood ratio test statistic yields smaller powers of 

test than the F-test statistic in most cases. Power of the test of the two statistics varies according to the ratio 

between the treatment and error variances and significant levels. Power of the test of the two statistics does not 

illustrate a manifest tendency with respect to the inclement of sample size, the number of treatments and the 

coefficients of variation. 
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U~lJ f)1'S 'YI~"H)~U'IJ'IJ~lJ1Ir.H)fI (Completely Randomized Design : CRD) lUlJll~lJ f)1'S 

'YIfI'H.l~11~ ~'lJ tl~f)1n1 ~U~lJ f)1'S 'YIfI(ltl~ (Experimental design) ~ ~L UlJ1L~lJU'IJ'IJ f)1'S 'YI~(ltl~~ ~ltJ 

II (I:: ff:: fl1 n~ "'Ifl 'lJ tl ~ nl 'S 'YI fI (I tl ~li~ 11 lJfI L UlJ U~lJll 'IJ 'IJ nl 'S 'YI fI(I tl ~ ~ 111 lJ 1:: fflJll'IJ m W ~ m.J 1 tJ 

'YIfI(ltl~ijfl11lJff~lLfflJtlfl~ 1tJfltl ~OlJlJl n ( homogeneity) 1,Jijfl11lJU1I n'fiHOlJ111 tl~ 11 1 nih)1Y tJglJ 

11 ~ tlll,j' 'il:: ij ihY fI i 114' tl tJlJl n ij nu ~lJ ii 'YI fI" tl ~ i M' O'IJ m11 tJ'YIfI (ltl ~ U,,:: u'fi (I:: ii 'YI fI(I tl ~ n 1,J 

~lLUlJ'O::~ tl~ ii'~llJ1lJ11U 1tJ'YI~M~IYi10lJ 11~tl~llJ 1lJ Jm'll OlJ n1~ ( u'fiiJniitJlJ ii'hlnlJJ1 

L ri 1 0 lJL ~ tl fl11lJ ff :: fll n lu nl 'S i I fl 'S 1:: l1 ~ (I 'YI1 ~ ff G ~ ) ff 1lJ1 Hl 11 11 U i i'ilJ ~ llJ 1p n 11 ~ llJ 

" i " -I ~ "'~ 01 ?t " flULnlJ1I'S fl1lJ~1Iff111m'SlJ U(I:: lJ11tl~u~'lJ1Inl'S'YIl~f)1mVl'YItJ IUlJ1IlJ 

ilJ nl 'S flfl\J 1 tl ~rl U 'S:: fltl'U fl11lJ IIU 'S U'S 1lJ(Variance components) ij fl11lJ ~ 11 UlJ U(I:: ij 

TllllHhrlUJIUt!tlci1~t~m WIUlJf1 111'U'U1'~~~lJ (Random model) ~ ,:unfl~lJ ilJ m W ~'S ::~'U'lJtl ~ 
~ , 

Ul1 ~tJ (Treatment) i lJ f)1'S 'YI~(I tl~\1 fl~lJlJ1111 m::~'U 'lJ tl~Ul1 ~tJrl~11lJflfin1 nl'S flfl\Jl lJl1i'ilJ fl U 

'YIfI"tl~LYitJ~'Ul~'S::~'U'lJtl~Ul1~tJ 1f1tJijVl1'Slijl1ltl{~"hrlUJfitl a r' U(I:: a,' 

ilJ nl'S 'YIflfftl'IJfflJlJ~j llJ 1 fltJU n~n 111:: ii'nu ilm 1:: l1fl11lJIIU'S UnlJ (Analysis of 

Variancc) 1 fltJtl1fltJf11 ffG~'YIfI fftl'IJltl ~ (F test) ~~IU'U ~iitJlJOlJ tlci1~IlVll 11 m tJ l~tl-l11 1fl1 U'U 

"::u:::1 ~ ~ <Q OQJ .q d' 0 <Q ~ 
l1i nu 'YIL 11 lJ1:: fflJ'YI ff1lJ1 'S (l'YIfl fftl'UfflJlJ1I j 1'U ff111 'S 'U Vl1'S llJI1I tl'S II":: ff1lJ n (llJ llJ1 tl1i'UltJ'YIlJ1 

'lJ tl-l~" fl1'S 'YIfI fftl'U 1 ~tlci1-li'flll1lJ ilJU~lJ n1'S 'YI fI" tl-lU'U 'U ~lJ1I (I tlfl1l1lJU fl~i i'fl1'S ilTl 'S 1:: l1 

fl11lJUU'SUnlJ 11~tl flU'YIflfftl'U~ltJf11ffG~'YIflfftl'ULCI~ ~flii11d~~ii''YIf1fftl'IJ fit! f11ffG~ 

'YI~fftl'Utl91HdllJfl11lJfl1'S'il::IU'U (Likelihood ratio test) 

f)1'S'YIflfftl'Utl1l'S1r.Y1'Ufl11lJfl1'S11::LU'U (Likelihood ratio test) ii'ilJmru~flU'YIflfftl'IJ 

fflJlJ~! 1'U LrltJl.u'tl-lO'UVl1'S 1ijl1l tl{ ~ l11d -l U";nlllll1 flUl1-l'lJ tl-lU'S ::'b'lm V ijVlU 1ij11ltl{ ~lg'U ~ fl 

~ V-l 'l,Jm 1'IJ~ 1 II (I:: ri 111 f'U IIWU fl U 'YI ~"tl-lU'U 'U ~lJ1I (ltlflU\ fl n 'YI fI fftl'IJ~ ltJf1 1 ffG~ 'YI fI fftl'U 

tl1l 'S1r.Yl'Ufl11lJfl1'S 11::IU'U11::ij'IJ'YI'U1'Y1ri1rlUJ i lJ r.YllJ~lrltJl0'U'YIq\J~f)1'S'YIfI fftl'IJfflJlJ~j 1'U 1 fit) i i' 

f1 lU l:: lJlum 'IJ'U Tll1lJ Tll 'S 11:: LU 'U ~ ~"'IfllJlU 'S:: lJllll ~1 Vl1'S 1ijL'fl tl{"; 1-l "1 ~ -l~ 1 ffG~ 'YI fI fftl'U~ 1 tJ 

tl1l'S 1 r.Yl'UfI1 llJfl1'S l1::LU'U ri111f'IJ1l~'U fl U 'YIfI" tl-lii 11:: i~OlJlJ1fl111)jtllJ O'IJ flU 'YIflfft!'lJfflJlJ~j llJ 

~ ltJf1 1 ffG ~ 'YI fI fftl'U Ltl vJ 
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on fl~HYtlU~1tJ~1ff~~fl~HH)Ut1~ 'j 1riTUfl11lJfl1'j~:; &U rilld'ulI~'U nlHl~Hltl'llLUU 

~lJ ~ ~ tl~l1i'U )j ~'U ~ tl'UlI ~:; fl1 llJ Q'ltJ 1 0 Hn ~ 11 'U on ilm 1:; -Hi 'Iii 1 ill lJtl 'U ~m 11 ~ lJ 1 'lf1tJ 

" " "!1 1 0 1 ~ '" ., "" "1 " 0 4 "~"'1 1 " lLOuty111 'Unl':ifl1'U1W ~tJnlnlfl'jl:;l1fl'j'l'U 1~'Ulnl'jfmillnl'j'Yl~fftlU~1tJlJtl'U~fl1':i ~mtJ ~ 

~'U!1'U~1ff~~fl~fftlUt1~'jlri1'Ufl11lJfl1':i~:;IU'U (Monte Carlo test Based on Likelihood ratio) 

~ 'I ill lJ tl'U~ fl111 ~ I U 'U nl':i ffl 1 'I.,) tllJ~'\J tl.:J~ 1tlth HllJ I U'Ul'Yl m1 fll1l1 'l~1 i'1I o'U Ul1111 'U nl 'j ... u 

T1l'U1W fll'lflru~fflff~{I~tlii 1 hJ1i'1'U nl'j fl~'iltlU I~ tJOnl'j fl~'iltluif '11 nl':i fl~'iltlUlJtl'U~fl1{h 
(Monte Carlo test) 1 ~tJnl'jffOillflf 'I if 11:: 1 i'fl~ 'iltlU~1tJ~ 1ff~~fl~ fftlU t1~ 'j 1 riTU fl1llJfl1'j ~::IU'U 
lJ l'til on fl~fftlU'illJlJ~! l'U 1 ~tJ 1 i'lh:: 1tJ'l$u lIl0fl tllJ.w111Pl tl{1'Ul~ tl.:Jnl 'j T1l'U 1W 1l~:;1~ tl'l~ 1 01'U 

U ~ ~ U'UI flfl1 'U 1 ~V'Yll 'l~1'U fl tllJ.w11~ tl {i~)j 0 n ~ \PlJ 'U 1fl1 llJ 'illlJ n () ll~:; 'I.h:: ff'Yl ~ i1l'Y'1 '\J tl'l 

1 'I.h 11m lJ~Ul'U 1tJfl1llJ 'il::mo,]tlOnT1l'U 1W ri 'l~~ 1,rLil~'I.h:: 1tJ'l$u'] tlnl':i ~\PlJ'U lll'U 1fi~ 111lJ'l 

tl':i' fl 'il 'l1'U fffli (2545) 1~lff'U tl ill nl':i fl~'iltlUfl1 llJll~ 0,] 1'l':i:: wi H~fl~'Y'I ~'\Jtl.:Jill 

flfl ~ tl.:J 1 'Ull~'U 0 n fl ~ ~tl 'Ill UU ~lJ~~ tl~~)ju ~ ,)tJfl 'l~ 1 ~ tJ1i'~1 'il~~fl~ fftlU lJtl'U~m 11 ~ 

V~':i lri1'U fl1llJfl1':i~:: IU 'UI u~ tJUlYitJU tiu~ 1'il~~ fl ~ 'iltlUw'Vl 'Y'IU11~1 'il~~fl~ fftlUlJtl'U~fll11 ~ 

V\Pl':i 1 ri1'U fl1 llJfl1':i ~::IU'U)jUl'U 1 ~ on fl~fftlUff .:jff~ .. . 
it'l J'U 1 'U 0 1 'j i,) tJ fl f'l if N'i,) tJ 'il 'U 111 ff 0 ill ~ 1 ff ~ ~ fl ~ ff tl U lJ tl 'U ~ fl111 ~ V ~ ':i 1 ri 1 'U .. 

fl1llJfl1':i ~::IU'U ri1l1fUlI~'U nl ':i fl~~tl.:jllUU~lJ~~tl~~ )jU~,)tJfl~M'l~lJ ll~::LU~ tJULYitJuon 

fl~ 'iltlUfflJlJ~! l'U ~1tJ~1 'il~~fl~'iltlUW'rl 

L~tlffOillll(l::Lm tJUI'YitJUill nl':i fl~fftlUfflJlJ~! l'Ul~tJ1tiUfl1llJll U':i U':i 1'U '\J tl'lill fl~ (ltl.:J 

ril'Hf U~ 111UUU ~ ,)tJfl~M.:j~lJ'\Jtl'lll~'U f)1':i fl~~tl.:jllUU~lJ~~tl~ ;;.:j f)1'j 'Yl~ fftlU~ 1~~1 f)1':i ffOill 

1. ~1ff~~flflfftlUW'Vl 

2. ~1ff~~fl~'iltlUlJtl'U~fl1{1 ~V~ 'j lri1'Ufl1llJfl1':i ~::LU'U 

ill on 'Yl~ fftlU'illJlJ~! l'U 1 ~tJ H~ 1ff~~ fl~ 'iltlUlJ tl'U ~fl111 (I V~':i lri1'Ufl1llJfl1':i ~:;L u'U 

~::1,rfil~flri1'Ufl1llJfl~1~lflgtl'UU':i::Lflfl~ 1 (Type [ error) ~tlQ1'U'lf1'lfl1UfJlJfl1llJ~~'Y'I(l1~ 

11(1:: 1,rfil~W tltJ01l~1'il~~fl~'iltlUW'Vl ll~::ijUl'U 1~f)1':i fl~'iltlU,! .:J01ll'J om ill 
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1. rimi'u nl'j 1~tJi'Uflf.:)lillh.J nl'j fffllJ1L~ l'l1~1I~'U nl 'j 'Yl~HHl':)IIUU~mHHl~(CRD) ~.:j 
1~i' UV'Ylll l'l moi .:j~lJ(Random-Effect) 1 ~ l'll~ m W ~ ~ l'U TU '1.J 'U l~'fi lflVl.:j i 'U1I~"~ 'j ~ ~U'1.Jfl.:j 

1~'Yl~"fl.:jl'Yhn'U ffllJl'j\ll~tJ'U'filI1UU M~.:jli 

2. 

.it 
LlJfl i= I,2, ... ,k 

)=1,2, ... ,1/ 

1I'Yl'U fil"iY.:jlf)~l17fl'li'mJ"'1.Jfl.:j1~'Yl~"fl.:j~ lnhtJ'filflvnYi ) y 
If 

, " 
1-' 1I'Yl'U film~tJl1.:jl1lJ~'1.Jfl.:j y 

r , 1I'Yl'U filV'Yllll'l"'1.Jfl.:j1~'Yl~t'lfl.:) (Treatment effect) l1 i 

£ 
" 

1I'Yl'U filfnllJflm~Lfl~t)'U'1.Jt),:)1~'Yl~"t).:j~ i l1lhtJ'filflVVIl1) 

k 
I 0 .c:.eI 

1I'Yl'U fl11)l'Ul'Ul1i'Yl~"t).:j 

1/ U'Yl'U fil~l'U l'U'1.J'U l~'filflVl.:j i 'U1I~" ~ 1~'Yl~"fl.:j 

r, dj'U V'Ylll l'l"'1.J fl.:j1~'Yl~"t).:j~ i l'U'U 'fill11.h ~lJ~iJ nl'j U 1) nll1).:j1l UUU o~~iJ iJfilm~ tJ 

l'Yhnu~'U6 1I"~fl11lJU1.hu'jl'Ul'Yhnu a,' ( r , - N(O, at' » 

3. £., LlI 'U fl11lJfl" l~Lfl~fl'U'1.J fl.:j'fi lU1.h ~lJ~iJ nl'jU 1)01l1).:j1l UUUO~II"~ Vff'j ~~.:j n'U II"~ 

n'U iJfillil~tJll'hnUff'U6 1l"~fll1lJIIUnhll.JLl'hnu a ' (£ - N(O , a ' » 
~ • 'I , 

4. 'filmh~lJV'Yllll'l"'lJt).:j1~'Yl~"t).:jnu'fi 1111h ~lJi'l11lJfl"lmfl ~fl'U'1.J t).:j0 n 'Yl~"fl.:jlll'U 

~ff'j~1)lon'U 

.Q-d Q do 0 d ~ 

I. l1im'j'Yl~ffflUfflJlJ~!l'U'Yl'Yllm'jffmn flfl 

- 'filffii~'Yl~ffflUlflyj 

- 'filffii~'Yl~ffflUlJfl'U~fl1{1 mrm lril'Ufl11lJfl1'j 1)~lll'U 

2. 'fil11UULlI'Uil1J~tJ~lJ(Random-effect model} i'UII~'U on 'Yl~"fl.:jIlUU ~lJ~"fl~ m W ~ 

~1'U l'U '1.J'Ul~'filflVl.:j i'UlI~ "~1~ 'Yl~t'lfl':)l'Yhn'U 

3. fll1lJi'l" l~ lfl ~fl'ULlI'U 'fi l11U 'j ~lJ~iJ on 111) 01l1).:)11 UUU O~II"~L 1I'U ~ ff'j ~ ~.:j n'UII"~ n'U iJ 

film~tJll'hnu 0 1l,,~fili'l11lJUlhu'jl'ULl'ilnu a ! 

4 . T, LlI'UV'Yllll'l"'1.Jfl.:j1~'Yl~"t).:j~ i LlI'U'fil11U'j~lJ~iJonll1)OIl1).:jlluutlo~~iJ iJfilL~~tJ 

Ll'ilnu~'U6 1I" ~ fl11lJlItl'jtln'Ull'ilnu at' 
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Q.I ~ 0 .c9 

5. ~lUUUl1'UllJlft'nlJl 

.,j 
IlJ() i=I,2, ... ,k 

j= 1,2, .. . ,11 

o 0 .::.~ d", .ci 

6. flllf'UfI'i)l'Ul'UllimHl()~l1~()~fll'HmlJ1(k) = 23 4 U~:: 5 

7. n1lf'UfI'IJ'U1f1~1()~1~1'Uu~~::illmlM~ (n) = 2 4 6 U~:: 8 

8. nllf'Uflt1rVlU liJl~ ()1hw 1i'mrfHf)ll! <l1~~if 
- fi1lfl~rJ'IJ()~lh::'lfln'Hl'11ntH'lnn~lJ( f.i) Ll'11nU 50 

- ~l()~fhh::n()UmllJutlnJ'n'U ~~ 1'U~if'i)::n1lf'UfI 1'U~tl 
(5 ' 
_t = r 
(5 ' 

1f1rJ . nllf'UfI 1M' r LU'U 0.00 I ,0.0 I ,0.05 ,0. 1 , I U~:: 1.5 

~ .. 
'U'Ufl() (5; = rX(5.' 

• 1"SI d ' QI ~ ~ III 1 - flllf'UfI If'IJ()lJ~lJfl1fflJtl'j::ffl1lim1lJutl'jrl'U (Coefficient of variation : C. V %) 'U .. 
~ 

'j::~'U~1~'l~-3i1 5% 10% 15% 20% U~:: 25% 

9. 'j::~'U'\rmhri'ty'IJ()~fll'jl'lf1ff()'U (a) flf~ifLU'U 0.01 0.05 U~:: 0.1 

10. 1'Unui;)rJflf-3if'i)::ffrl-3UU'U~1~()~.,j()lJ~ 1f1vHmfll1fllJ()'U~fl11h ( Monte Carlo 
" ~ .. " . 1 0 "1"· . Simulation) L'lJrJ'UfllrJ S-PLUS fll'j'i)l~().:J 'UU~~::ffm'UfllHU'i):: 'lffll'jl11'b'l 1,000 'j()U 

1I~::fll'j fff 1~~1()~1.:J 1'U~lff()~11f1ff()UlJ()'U~fl111 ml~'j1ril'U mllJm'j 'i):: LU'U 'i):: m:: Yl1 
~ 

'1il 200 'j()U 

1lJ nn i;)Vflf-3if 'i):: Vi 'i)n W l'i)ln~l P-value 'IJ ()-.l~lff()~l1f1ff()UWvlu~::~lff()~l1f1ff()U 

lJ()'U~fl111 mlm 1ril'Ufl11lJfl1'j 'i)::L U'U LViv'Unm ::~'UUVff1ri'ty (a) ~'i)::fYnlJ1U~::rl1lJ1Wlf1~1 

iYflriTum1lJfl~lflLfl~()'Utl'j::Ull1~ I (Type I error) U~::~lVnJl'i)fll'jl1f1ff()U 1flV'i)::Ltl~V'ULViv'U~1 

ff()~ ~ -3 ff()~ ill i 1~ lff()~ 1'lf1 ff()U'IJ () ~ill 1f1 ()Q1 1.J'li1-3m'UfllJ~ 1 iYfI ri llJ fl1 llJfl ~ l~Hfl ~ () 'U tl 'j:: L.fll1 ~ I 

(Type I error) U~:: 1M'~1~1'U1'i)fll'j l'lf1ff()'U~ -3ni1~'i) ::IUlJ~ lff()~~1 i'l1f1ff()'UfflJlJ~!llJ~LlflJ1:: fflJ 
" ~ 

I. f;'iYflrillJm1lJflmflLfl~()'Utl'j::I.fll1Vi I (Type I error) fi()lh~l P-value 'IJ()n1-.lff()-3ill 

IViv'Unm::~uuvff1ri'ty( a } ~'i)::fYnlJ1 1~()n1lf'UfI'l1f1'1i'()lJ~ hrff()flf1~{)-3nUfflJlJ~j1'U 

il-31 fI vnnu'U'l1f1'1i' m.!~~ii 01'j tlBI ffli fflJ lJ~! llJ i 1-.1 Ho ~ () ~ 1'U l'U 'll'fI~ -.1lflJfI 
~ 

ffllJ1'j ()ff~tlM~-.1i1 
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a= 

" o dol Q.I Q~.o::t QI Q.I 

2. tnUll1f11'j'tl~HH)1J(Power of the test) I'HlUlf11 P-value '\Hl.."l'tl 'HHH1lil'Y1V1Jfl1J'j:::~1J 

uv"hriqj( a) ~l1:::ftmJ1 trltln1'H'U~'li~,j' tll,J" 1 ,r~tl~f1t1'tl.."lnmnJlJ~J1lmV.."l i~Vfll'j 

U1J'I1~,j'tll,J,,~iif11nJiit~li ~lJlJ~ j 1'U 'h~ H 0 ~tl~l'U 1U'I1~~.."I'HlJ~ ~llJ1'j(1~~ 11 1~ 

. ., 1- fJ = 
:51U1'U'lf~itllJaih;lfWj'Yl~"tlUml1lJ~ . " 

1. 11i'tl~"tl.."l(Treatment) 'HlJ1(J().."I ~.."I'tl~"tl.."l~1'j1~U l1lftflln 

2 . ml1(Jf11'j 'YI~"tl.."l(Experimental unit) 'HlJ1V().."I ml1(J'H~ tl fl~lJ"tl.."l'HU 1(J~U 1lJ1l,*1 U 

fll'j 'tl~,ltl" ~ .."I'HU 1(J'tl~ "tl.."llt~ ,,::: 'HU 1(J11::: 1 ~f 1J 11i'tl~"tl.."l~ U 1lJ1ftmn tm:::U1 N"~ 
"I " "" "".1 ~lJ1'H111f1'j 1:::'H'H1"tl~~ u 

3. UN'Uf11'j'YIfl"tl.."lU1J1J~lJ'fl"tl~(Completely randomized design 

LNU f11'j'tl~"tl.."l~'HU1(J'tl~"tl.."ltUU 'HU1V~ 1~111flf11'j rilJ 

.. 
CRD) 'HlJl(JG.."I 

. 
4. T'hlY .."I1fl~( Observation) 'HlJ1V().."I 'li'tll,J"~ln1J i~111 flf11'j 'YI~"tl.."l~ 1tlrJ1.."1 

5. ~lUll1f11'j'tl~~tl1J(Power of the test) 'HlJ1(J().."I fI11lJUll1:::1UU~11:::1Iiit~li~lJlJ~J1U 
. " 

11.."lI)jtl~lJlJ~!1'U11.."lu'U1U'Ul'nl1ii~1L'yhn1J 1- fJ 
6. ~1IYflri1'UfI11lJflm~lf1~tlu1I'j:::Ul'tl~ 1 (Type I error) 'HlJl(JU.."I fl1'j1lii1ftli~lJlJ~J1'U 

11.."1 ( H 0) ~IU'U l1l.."l~ -l~lfl11lJU 1 11::: lU'U ~ln~~llY~ ff1'U f111lJfI"1~1f1~tl'U1I'j :::Ul'tl 

. " 
l1 I i1ii~ll'Yhti1J a 

~ "tl~~t1l1,r (J'YI~"tl-l ~lJ i ~(J 1 ~~ 1~~~ 'tl ~ ~tl1JlJ tl 'U ~ f11{i" ~I'I 'j 1 ff1U f111lJfl1 'j 

11:::1 uu 1 U f11'jl11 fl~tl1J 

2. l~tl H1UUUU 1'tl H11l~ (J1Jll1(J1J f11'j 'tl~ ~tl1J~lJlJ~J1'U ~1(J~ 1~~~'YI ~~tl1JWvJu,,:::~ 1 

~~~'tl ~ ~tl1J lJ tlU ~ mfi "~m 1 ri1U fI11lJfI1'j 11::: t uu It,,::: I uu II 'U 1m.."l1 'U fll'j 

~~iT'U 1 \ll~tlfl H~1~~~'tl~~tl1J~lJlJ~J1U 'l~tlciHl'HlJl::: ~lJ 
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3. 1~ tl Hl'lhmu 1'Y11'1 1'U f)n ftmn f)1'.i 'YI~HH)U'(llJlJ~! 1'U rim f UU~'U f)l'.i'YI~" tl'l'\J tl \I~ 1 

l1UUt'U'l ~tl 'hJ 

ftf)ll 1f)1'.i 'YI~'(ltlU'(llJlJ~! 1'U ril'I1f U~ 111UUI1~'U f)1 '.i 'YI~ "tl'lU UU~lJflM~~iJ '(JitJ'YI~"tl'l 

qlJ fflU~'Ufltl'UJ\ll1lJ~ H~\lif 
1.9. I ft f) II 111":: Vi 1 fl11lJ 1"j' 1 1 '(J 1'U 'YI q II ~ ~ 1 ~ tJ 1"j' tl 'I Ii' U ~ 1 ff ii ~ ~ 1 i'1 'U f) 1 '.i 'YI ~ ff tl U . ,..,.. ,.. 

ff)J)J~!l'U ihl11J1 1i'1'U f)1'.i iitJflf'liHj~\lu 

1.9.1 . 1 ~lffii~'YI~fftlU1tlvJ 

1.9.1.2 ~lffii~'YI~fftlU)Jtl'U~fl1{hrJfl'.i1ri1'Ufl11lJfl1'.i'(J::ltJ'U 

1.9.2 ftf)ll 1f)1'.i l~tJ'U 1 umf)',i lJ~l"tl'l~l-a-'I1f)fl 1'U~1I1UU~~tl'l f)1'.i ftmn 

. " 
1.9.3 ~1"tl'l"j'tllJ"fl1lJ'\JtlUl'\JflYi~tl'lf)l'.iftf)lll nlJll'11:UtJ'U 1 U'.iUf)'.i)Jf)1'.i'YI~fftlU 



. .,. 
UfIfI 2 

. .. .. 
rind' Utlf.lU f)n 'Vl~" ()'111UU~lJfI"{)~ flU\1 ~tI'Vl~"{)'1~lJ(Random-Effect) II"::: 1 U f)n fff)1I1f1i'lu 

n 1 \1::: li 1 f)1') fff)lI1 l 11~ tlU L fl tlu'fi 1'ff()91'Vl ~ 'ff ()UlJ{)U 91f11{liJ O'f1'jl fflU fI11lJfll ') \1::: I ilu ( Monte 

Carlo Likelihood Ratio Test) tiu 'fil'ff()91'Vl~'ff{)UltJyj( F Test ) 1~tlYi\11HU1\11f)fll1lJ'ff1lJn\l1u 

f)1,)fllUfllJfi1~~fflUfll1lJfI"1~lflgt:lull'j:::Ul'Vl~ I ( Type] error ) 1l":::fi1~lU1\1f)1'j'Vl~'ff{)U 

( Power of the test ) '\J{).:j'fil'ff()91'Vl~'ff{)u,f'l'fft:l'l11iLll~tlUlfltlutiu 1U~U'ii'un1\1:::f)cillii'l'fil11UU 
rill! i'Ullf.lU f)n 'Vl~"t:l muu ~lJ"M~ ~U \1itl'Vl~"{)'1~lJ(Random-Effect) f)n 11m 1::: l1f111 lJ 

till') 11') lUl1~t:l'fi1'ff()91'Vl~'fft:lUltJyjll,,:::'fi1'ff()91'Vl~'fft:lUlJt:lU 91f11{l ,,0',,') 1fflU fll1lJfI1,) \1::: lil U 1;\ 

f)ci1lii'l1uM1'1i't:l5~ 111 

llf.lU f)n 'Vl~" () '111U U ~lJfI "() ~ iiI ilUllf.lU f)1') 'Vl~" ()'1~~ 1 tI~ 'l~ Ll1lJ1::: tiu f)1') 'Vl~" ()'1~ h] 

'ff1lJn mWf) 1;\'h~ '1'Vl~"t:l'l~'\.l1lJl1~,r u]j~f)1I f.U::: II" f)~ 1'1 tiu t:lU1'11 ') rit:lU f)n 'Vl~" ()'1 I'VlflUfi f)1') 

lLfi ') 1::: l1f1l1lJU 11 ') 11') 1U ri1l1 i Ullf.lU f) n 'Vl~" ()'1ii \1::: IWf) 'ff1Il1f1 '\J () '1f111lJllll ') ~u '\J t:l 'I 'Ii' t:llJ" . ~ 

,f'll1lJ~ I1jt:l'llJ1\11f)~'Vli .... "'lJt:l'lli'Vl~,,t:l'lIy;tI'It:lU1'1I~tl1 hj]j'ff1Ll1~ \11f)U \1 itlgu ti f) fl1lJllf.lU f)n 

'Vl~"t:l'liill 'ff~'1111~ ()l1,j lt1'Vl~"t:l 'I Mi uli 'Vl~"t:l'l~f1't:l'lf)1') 'Vl~ 'fft:lUll"'1 fI11lJtlflf)~ 1 '1'\J t:l'l'li' t:llJ" 
~ 

~Li)u 1;\ \11f)1l~"::: l1,j 1t1'Vl~" () 'I \1::: f1' () 'lIn ~ '11 f) ~ 'Vl i .... " 'IJ t:l 'I li 'Vl ~"()'1 ~ ~ 1'1 tiu I 'Vi 1,1 U ~ '1,1 wY1 t:l1M' 

llf.lU f)1) 'Vl~"t:l '1]jll ')::: iY'Vli m .... 'ff 'I 'ff~ l1,j lt1'Vl~" t:l.:j~ U llJ11 ~;'1 fll ')]j~ f)1I f.U::: 'ff~ 11'fflJ t:l tiu '11 ~ t:l 
~ . 

1'1'" 1t1f1~ '1tiUlJ1 f)~ 'l~ l1~ f)f)1) rill1 i Ullf.lU f)1') 'Vl~"{).:jii fit:l f) n ~ ~li 'Vl~"t:l '11M' tiUl1,j 1t1'Vl~"t:l.:) 
'1 ::: f1'{)'1lilu l~tI~lJ 1,j]j'li'f)~lti~l~tlltiUf)1) ~lJ ... . 

111t:l.:j'1lf)IIf.lUf)1,)'Vl~"t:l'lU '1::: 1;\iU~'Vli"""IIUU~lJ (Random effect) UUfit:l~'Vli"""'lJt:l'l 

1i 'Vl~"t:l '1~ 1 ~1 U f)1) 'Vl~"f)'1\1 f) rilJlJ 1\11 f)11')::: 'In m '\J {)'11i 'Vl~" ()'1~]jt:lu,f '1l1lJ~ lJ11 ~1 U f)1) 
~ . ~ 

'lJt:l'l1J\1~tI~l'1 '1 ~UllJl'Vl~"t:l'll1~t:lfi1 t:l'lfill'):::f)t:lUfI11lJllll')11,)lU (Variance component) 

'filII UU rill1iUllf.lU f)1) 'Vl~"t:l 'III UU ~lJfI "f)~ ~iJ '1 itl'Vl~"t:l.:j~lJ(Random-Effect) ]j 

~l1l1uu l;mYu (Linear model) ~HII'VlUfilff'lIf1"II~" ::: ri11ullf.lUf)1,)'Vl~"t:l'l~fill1U~~U lilu'fil 
.. 

IIUUf.l"U1f) (Additive model) ~'1U 
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.. 
IlHJ i=\,2, ... ,k 

j =\,2, ... ,/1 

Y ll'YlU fi1ff~tn~l1~fJ~fJl,j,,~1~i'u1~'Yl~H'lfJ~~ l1U1t1,J1fJVnl1 j 

, " 
ll'YlU fhm~iEJ't;~l1lJ~'\JfJ~ y 

r. ll'YlU ri1U'Yllivm'\JfJ~1~'Yl~"fJ~(Treatment effect} fi i 

E" ll'YlU ri1f111lJflm~ lflgfJU'\JfJ~1~'Yl~"fJ~~ i l1U1t1,J1fJV1~fi j 

k 
I 0 <C:%q 

ll'YlU fI1"'lU1U11i'Yl~"fJ~ 

11 ll'YlU ri1~1'W 1'W '\JU1~,J 1fJV1.:J ''WII~''~ 1~ 'Yl~"fJ.:J 
" 

N ll'YlU ri1~lU1Ul1thtl'Yl~"fJ ·:nl.:j'HlJ~ 

variance for Completely Randomized design) 

fm 11m 1~ "rfl11lJlI'l.h 'l.h 1'W ffll1 i' UIIf-l'W nl'j 'Yl~ "fJ~1I UU qlJ~M~I~ fJ'Yl~fffJU fflJlJ~! 1'W 

l~tl1tiUfl11lJlI'l.h 'l.h 1u'\JfJ~t)'YlliVl"'\JfJ~1~'Yl~"fJ llff~ ~ ''W~1'j l~~~if 
"ll'11 VI'U rH • 

fl1U' 

m,hu'l1h! 
"'od 

11i'Yl~"fJ~ 

fl11lJflm~ 

.. 
IflmJ'W 

nlJ 

.. 
IlJfJ 

'" 'l::VI'U 
, . '" . .... ... 

mUlliJu N ,,.n)J fllil.:! "tH Nlln)Jfllil':!"f).:!1\nUJ 

... 
l"'l 

(k-l) sSTr=nI(Yi - yj 
SST,. 

MSTr=~ 
l =1 

k(n-l) SSE= I!(y .. _ y )2 
SSE 

MSE= ken -I) IJ l. 
;=1 j =1 

k . 
kn-l SST= LL(y. _ y)2 

IJ .. 
;&1 j &1 

fifJ rilff~tn~'\JfJ~'\JU1~,J1fJVN~ j ~i~i'u1~'Yl~"fJ~~ i 

fiv f-l"'j1lJ'\JV~ri1ff~If)~~Mi'U1~'Yl~"fJ~~ i = ! Yii 

I n 

Y =-LY I. Ij 
n j_ 1 

F-test 

MST,. 
F=--

MSE 



1. n k n 1 

LL( -)~ "" 2 Y = . . Y,j - Y = L L Yij - nk 
, - I I I 1= 1 .1 =1 

SSTr fiv ~HllJ1tlnl~'H"V.:j'IJv.:jillVl~H'V.:j(Sum Square of Treatment) 

k • 

= LL(Yij -)Ii )2 = SST-SSTr 
j = 1 j = 1 

k 
~ 0 4d 

flV \1l'WTU11iVl~HW.:j 

1/ fiv ~1'W 1'W'IJ'W1~~1Vdl.:j i'WII~,,~illVl~HW.:j 

,nJlJ~.FU hWl'j VlfHHllJ (Testing of Hypothesis) 

rimflJlhH)tJVl~"V.:j~ Ii'J'WiJll~tJ~lJ (random factor) 

9 

Ho: a/ = 0 (fI11lJlltlnhTU'lJV.:jijVllil'm'IJv.:jillVl~"V.:jI'}'hnlJ 0 'H~vijVlli'Vi"'lJV.:jlll 

Vl~"v.:jijr111')'hn'W II"~ ijr1l1't'hnlJ 0) 

HI : a ,' > 0 (fl1llJIIUnhTU'lJv.:jijVl1i'Vi"'lJv.:jillVl~M.:jlJltltl'h O'H~VijVl1i'Vi"'lJV.:j 

11lVl~"V.:jijlJl.:jr1l~il.hyhnlJ 0) 

y MSu 
tl1'jVl~'tYVlJ'tYlJlJ~~1'W'Il'1.:j~UU'W\1:;ii'~1'tY()~Vl~'tYVlJ F=-­

MSE 

ItlWcn tln ~~~'W 'lj)'lJV.:j~1'tY()~Vl~ 'tYVlJlvyj 

i'W tlnllm 1:;li'fl1llJIIU'jUnU'H~Vtl1'jVl~'tYVlJlVyj 1l:;U51'tY1i'tYlJlJ~!1'W ll.:jI~Vr1l F j)ltl 

tlnrilu1WijrlllJltltl11 F ~1~llltltl1'jlil~,ml.:j F ~'j:;~lJUtJrilrlqj a 1I":;~V.:jfflfl1 1 lJli'JU 
'" '1 jJ ~ I d jI ..:!!I 

v,n:; VI = k - llw:; v2 = k(n -1) fllV fl'tYlJlJfl!1'W1l~'tYllJ1HlI'lJV'WIIVlU~1V ~.[k-I.k(n - I)l mv 

~llnWl1l1nrh P-Value ll:;ii'l'In(JUI'¥itJlJn1J'j:;~lJu(Jrilrlqj (a) ~n1'H'W~H 

Til P-Value uV(Jtl':ln:;~lJUvrilrlqj (a) ~n1'H'W~Hj) :; u51'tY1i'tYlJlJ~~1'W1l.:j 

Til P-Value lJltlfl1n~~lJU(Jri l rlqj (a) ~nl'Hu~Hll:;(JVlJflJ'tYlJlJ~~1'W11.:j 
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2.2 V11 trtHi'YI~ trtllJ 6V1'l Ufl'Ufl1 UJfll 'l1):; tihahH ~lJUNU 017 'YI~..,tl-3UlJ1Jii).JVI..,tl~ 

(The likelihood Ratio Test for Completely Randomized Design) 

1 'W ~if 'l:: flri 11()~'l1(J"::lfl (J~ flU 'YI~~Hlm"lJlJ~~ 1'W i ~(J 1 ~lf "fllflW 'li'ti~'ll'ei1'Wf111lJf11'i 
'l::IU'W(Likelihood ratio principle) ffllff lJl1~'W fll'l 'YI~"tJ~l1lJU~lJ~ "tJ~ntl'W~ 'l:; flril1()~~'W~ tJ'W 

1'W flU 'YI~~tlUlJtl'W~m{1" i ~(J 1~~1~a~'YI~~tlutim lri1'Wf111lJf11'l 'l :;IU'W~tl 1 U 

fll'llf wi 1~1~a~'YI~~tluti~'llri1'Wf111lJf11'l 'l :: IU'W 1 'Wl1~'WllUU flU 'YI~"tl ~llUU ~lJ~" tJ~ 

~ hH U V'YI~ l'l" ~tl ~ 111 'YI~Wltl ~ ~lJih l(J"::lfl(J~,)~ if 

..l 
l'Wtl.:l'llfl Searle, Cassella 1m:: McCalloch 

, 
'YI'llU11 y- N(II I, 'd {(J:l n + (J ~ JJ) 

V = d {(J ~J +(J 21 } n1lf'W~ 111' 

..l 
llJtl 

( " t' n 

J IlJ'YI~flci'~~f~'\J'W1~ nXn ii~lJl.:jifl'YIfl~1 IU'W 1 n. • 

l'lu "h YI I ' YI1 '"""' Yin ' Y21 ' " "" ' Ykn lU'W~1mh~~lJ'llfl'\.l'l::'lilm~IU'W6~'l:: 
'llfln'W,)~J'W ~llJl'l ()l~(J'W~.:lni'W f111lJf11'l 'l :: IU'W(Likeli hood function) 1~')~~tl hJif 

mW~flmn1'W~1'W1~(Jiffitl.,j'm""~lJ~" (Balanced data) 

l~tlnllf'W~1,r n ll'YI'W~ IU9S'\Jtl~l'll'llijl~tl { 

i~(J~ N=kn 

w ll'YI'WI9S~citl(J~tl~ n ~nllf'W~ ( specified ) i~(J Ho 

L(n) 11'Y1'W~~ni'Wf111lJf11'l'l:; IU'W ( Likelihood function ) l~tl (j En 
L(w) 11'Y1'W~~ni'Wf111lJf11'l'l::IU'W ( Likelihood function) lritl (j E W 

L(n) ll'YI'Wfll~.:l'l~~tJ~ L(n) ~~IU'Wfll~tl~yhni'Wf111lJf11'l1l::1U'Wlritl 

II'Yl'Wfll (j ~1(J~1UnlJ1WllUUf111lJf11'l1l ::1U'W~~'l~ 

(maximum likelihood estimator) 

L( m) II'Yl'Wfl l~ ~'l~'\Jtl~ LViJ) ~~IU'Wfll'\Jtl~~~ni'Wf111lJf11'l1l:;liJ'Wl~tl 

ll'YI'Wfll (j ~1(J~1U'l :: lJlWlIUUi'l11lJf11'l1l::liJ'W~~'l~ 

( maximum likelihood estimator) 



GJ I ~ .d 0 i'" ~ CLI....::)..q <I 
tl1l)1~l'Um1lJfll'HJ:;IUU (likelihood ratio) 'VI1l11J1 'lilUUl'Il'tYiWI'V1~~tlU fltl 

A = L(~) 
L(n) 

II 

11~fllflllJCl'i'6~'jHi1Ufl11lJfl1'nJ:;I1JU~ii'iUf11'j'VI~fttlU Ho : (j E (j) lliUUf1U 

HI: (j En - (j) ntitl i'li\J51ftli Ho l~tl A I~Ul1mU~ a lJ1il1lJ:;ft1lJ1HI111r11 Aa 1,)lJ1fl 

a = peA ~ AaIHo) 

" 
'\iu ~ tlU fll 'j 11 1 ~ 1 ~~~ '\I fN fll'j 'VI ft fttlU,) 1U6~ 'j 1 ri1U fl11lJfl1'j lJ:; l1~Ju 

i~ fll'j 111 611) Hhu fI11lJfI1'j lJ:; I'UmymlUllfolU fll'j 'VI~"tl~ CRD iu fl'j uHJiJ ~ tI~lJii 
" " ~ ~ '" 
'\IUl'ltlUft~U 

I. 111~11h:;lJ1IlJllUUfI11lJm'j lJ:;I1JU ~ ~"l~'\Itl~ L(n) mtlMl~UU 1 '\I.,j'tlI11l1Uft'\l U~ 

n t1utitl -00 <j.J; < 00 , O<(J/ < 00 ll":; O<(Jr
2 

< 00 

i~tlHJ:YqJ~nElorll'VIu')1t1 L(n) 

2. 111~ 11h:;lJ1IlJllUUfI11lJfI1'j lJ:;I1JU ~ ~"l~'\Itl~ L(n) mtlMl~tlU 1 '\I.,j'tl 11111U ~'\Itl~ 

ftlJlJ~!lU11~ Ho ifttlHJ:YqJ~nElorll'V1u')1t1 L(OJ) 

3. 11161'1'j 1 ri1um1lJfl1'j lJ:;l1Ju~'\.hlJ1 Hiu fll'j 'VI~fttlU 

A = L(~) 
L(n) 

4. 111~~inq11'Hrtllflj.llCl'i'fll'j~~iYuh iUfll'j'VI~fttluiflJ:;1..l51ftli Ho I~U A 

iiri1Utltllnu11..l t1utitl A < Aa i~tI~ Aa 11JUri1f1~~ 1m:; 0< Aa < I 

I -. I -
exp[ - - CY - j.J IN) V- (y - j.J IN)] 

L = L(J.1 vly) = _-'=2'---__ ---:-:::-__ _ 
, (2n) N12

IVr12 

I. 111~11..l'j:;lJ1IlJllUUm1lJfI1'jlJ:;l1Ju~~"l~ri1111um'j1iil~tl{ I' , (J / II":; (J r2 

'\Itl-3 L(n) mtlM1..l~lJiil'n'j1iil~tl{ - 00 < j.J < 00,0 < a; < 00 1m:; 0 < a; < 00 

, .1 I b 
'il1fl Searle, Cassella 1m:; McCalloch flU11 (al + bJ) = -(1 ---J ) 

". " a" a + bn n 

.,j 
llJU a ~ 0 ll":; a ~ -nb 

laI" + bJ,,1 = an
.
1 (a - nb) 
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~ 2 ) 
IlH).:jl)ln V=d {(5rJ" + (5;!,, } 

~.:jllJum 'Hl't1Ufh a = (52 b = (52 , r 

A 

k !I t.-II k 

Ivi = n(O"! r -I(O" ! + n0"2) = 0" , =1 n(O"! + nO" ! ) 
; "' 1 ~ ~ r t' ;= 1 t' r 

V-I IIm~ IVI iu L(/I, Vly) 1~~.:jni'Uf111lJf11'j1) !: llJu~.:j;f . 
UYlUfll 

L(II, VI-v) 

,. a 
llJ{) N = kn tYlJn1Hl{)n1~iilJ'IJ{).:j~.:jni'Uf111lJf11'j l)!:llJU i~tYlJn1'j~.:j~{) i 11\1 

I = logL = log { L(ll , Vly ) } 
1 1 , k » 

= - "2 N log( 2ll' ) -"2 (N - k )Iog 0"; -"2 log( (5- + n (5- ) 

II(Yi, -p)l _1_" O" ~n ! _ 2 

2 ' + 2 , L... ' + ' (Y. - p) 
0"; 0"; ; 0"; nO"; 

1 1 , k " 
= - - N log( 2ll' )-- k(n - I) log 0" - - -log« (5- +n (5- ) 

2 2 ' 2 ' r 

( I) 

(2) 

a .. 
llJ{)Wl)nlln 

. 
WU11 



In(y, - .v. + y ., - J1) 1 = In(y; - y/ + In(y - J1) 1 + 2In(y; - y)(y , - J1) 
,. i 

=--2
1 

, [SSE + (1- 2
na

; 2 )(n I(y, - y ,+ Y - J1) 1)] 
a ; a , +nar ; 

=-2 12[SSE+( 2 a ; 2)(nIcy; -yj+nI(Y- J1) 2)] 
a , a , +nar ; ; 

1 a 2 
, 

= - - , [SSE +( , r , )[SSTr + knCY - p) - ]] (3) 
2a- a - + na- ' 

r ,r 

1I11'U~lfflJn1'j~ (3) 1'UfflJn1'j~ (I) 1flvnllf'Ufl1M A = cr 2 + ncr 2 
, ( 

1 1 , k , SSE SSTr kn(y -p) ~ 
1= -- N log (27T) --ken -I) log a - --log A --- --- - " , 

2 2 ' 2 2a: 2A 2,1 
'" .. , 

11 HllfVi 'U li V tW 

J1, a } 11(1:; A uJ;\'1nll1l.lfl 1MI111niJ 0 lf1'~-3~t:l ~hJii 
al 
ap 
al 

al 
aA 

2kn(y - p)(-I) knCY - f.l) 
2A = i = 0 

ken -I) SSE ken -I) , SSE 
2a 2 + 2a 1 = 2a2 [a; - k(n_I)] = O , , , 

k SST,. kn( y _ p)2 
- +--+ = 0 
2;~ 2/ 2t 

.. 
\Jl0fflJn1'j11 (4) 

kn(Y-Jl) 
" = 0 
A 

\J:;'lf1' kn(y - p) = 0 
~ d.a 

'Ul.lOflt:l kny = knJl 

" 
1'Vl'jl :;U:;U'U\J:;lf1' JI = y 

\Jl0fflJOWYi (6) 

H + SST,. + kn(y _ p)2 
" ,. = 0 

2),-

\J :; lf1' k;: = SST,. + kn( y - Jl ): 

(4) 

(5) 

(6) 

(7) 

13 



l1'Yl'U~lfflJfl1'J~ (7) ".:)hJ 

, SST,. SSTr 
:. ), = --+ n(.Y - y ) = --k ... k 

" " . k-1 
1'Vl'J l:;U:;U'U 'il:; i~ ). = (- )MSTr 

k 

.. 
'illOfflJfl1'J'Yl (5) 

k(n -1) , SSE 
2a: [a;- k(n_1)]=O 

SSE k(n - 1) = ---'---'-
2a 2 2 e 

" SSE Lml:;U:;U'UI'jl'il:;i~ (1 2 = --= MSE 
" k(n-I) 

.4 I .).., 

L'UO.:)'illO'Yl'J1U11 ), = a - + na-
, r 

,. 2 
A-a 

a 2 =--' 
f n 

I 
1 , (1- - )MSTr - MSE 

, It - (1,. k 
(1 = -- = --"-----

f n n 

L(Q) 

1 
SST 1 (I - ;; )MSTr - MSE _ _ 2 

exp( - 2MSE + 2MSE ~ ( 1 )(y, - ny ) ]) 

L(Q) = 
n(l-;;)MSTr 

2. m~11.h:;lJl0HlUUi'I11lJi'l1'J'il:;L'lJ 'Uff':)ff~ril'Hi'U'Vll':iliiL~tl{ I ' ,a 2 U":; a 2 
~ " e r 

'lJO':) L(w) m(JM'li'otil'H'U~'lJO':) HO 

14 

(8) 

(9) 

(J 0) 

(*) 



[

11 a 2 .' .;,. d.c!t 

UUOfH.l V - I = 0 

II":: IVI=(a;)N 
IIYlUftl V-1 1m:: Ivl 1'U L(IIYly) 

exp( -1 (y - f.1 ~)' ~ IN <Y - f.1 ~)) 
a, 

(2Jly ~ a,\' 

lf1tllf~'U i'dmJ iTlJf)1l "tl f)1liilJ'\J tl.:JW .:Jni'UfI11lJflll ;)::liI'Ulli(Junu~1'j liJ l~1t.l{ 

f.1 ,a; 1m:: A lI~lfhl1u~1,,;'ll'hnu 0 i~~.:J~tlhJif 

oL 
0" 

I n 

LL(y" -)/) = 0 
I - I ;- 1 

'il::i~ f.1= Y .. 

I n 

,\-4""( )2 N .v 2 0 a, L.L. Yij -)/ - a, = 
i ""' l )=1 

I n 

(),\-~ (LL(y" - JI) ~ - N(a: )) = 0 
I- I , .: 1 

* n LL(Y
y 

_ y)2 
a 2 =-'-' --,--,1,--,, ' 1 __ _ 

, N 
SST 

N 

15 

(I I ) 



-N 12 e 
L(w) = -?---

CnSST 
) N 12 

N 

kn 
(2Jr)1 MSE2 - n _ l_,t 

." 1 (kn k) k ~SS'T' 
1=1 k 

1 
kn SSTr 1 II (I-TIMSTr-MS£ -, 
----+-- ( ) ,. -nr ) 
, 'MS£ 'MS£ [ 1 I., - J 

e 2 (2nSST) 2 
- - - , ~ , n( I--IMSTr 

k e 

I 

.!.lln-kl I ~ SSTr 
MS£2 (n --) 

kn .'..'!. i-I k 
1 ( ) ') ;= 1 A = -- - X ---,,-----,,---.,.=..--

SST .'..'!._-SS-T' .,_F__ I jlnSSTrI 
e 2 2.\lSE '!n.\1 Tr 2"1.(·1 I .UST,. 

k 

-'-Ih-I I k ~ SSTr 
MS£2 (n - ) 

kn .'..'!. i - I k 
A = (--) ~ x ~~~~_~' -~I_-

SST ~._SS_Tr .. t_F_--I- !(nSSTrl e 2 2, MS£ 2 "MST,. 2 nSSTr 

k 

~Ikn-k I k ~ SST/" 
MSE ~ ( n - ) 

kn .'..'!. F I a 
1 ( ) .., 1""1 A = - -x SST h SST, Fil- II -k e T-2 MS£+-2-

16 
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I 
,Ikn-k) 

kn ~ SSTr ~ MSE -
A = (-) 1 [--n I SSTc ] 

SST k e1[Fik- I )-II.-IH SS£- I II 

I 
-It.-II 

kn ~ SSTr ~ MS£1 
A = (--) 1 [--)l[ I II-I )F ] 

SST k -:!Flk- I )-II.- l lIl+--111 e1 ' In-I) 

I 

kn ~ SSTr ~ MSE]yn-ki 
2 = (_) 1 [-)2 [ I ] 

SST k -;iF II-I)-(I-IIF I 
e-

I 
-I ",,-i) 

kn ~ SSTr ~ MSE l 
2=(_)2[_)2[ ] 

SST k eO 

knMSE ~ (k - l)F ~ 
2=[ P[ r 

SST k 

o i 'JJ f11 11 'U fl 11 

kn ~ (k - l)F ~ 
2=[ r[ r 

k(n-I)+(k-l)F k 

kn ~ (k -l)F !: 

2= [k(n_l) +(k _I)F)2[ k r 

vhmull ~ril F~Vl~ A dj'UC)::h1~u\~ 

IriC) F = 0 1l::1~ A = 0 
,n k I - --

.. "'.... (kn) 2 (k - l)l / k 2 ~ ~ 
um F---,;oo f)Tlc) lIm kn. (F n) 2 

F-, (k(n -1) + (k -1)Ff2 

17 
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I 

~ ! ~ F n ~ 

= ijp[(kn)l (k -Ir / k
2
][k(n -I) + (k -I)F P = 0 

~ , dA 
VHll'HU 1 'Hlfll A". = - = 0 = 

1 X dF 

~ ~ ~ ~ k ~. I ~ kn ~.I 
[(kn) 2 (k - Ir / k 2 ][(k(n -I) + (k -I)F) 2 - F 2 - F 2 - (k(n -I) + (k -I)F) 2 (k -I)] 

2 2 
~ k ~. I ~ kn ~ I 

:. [(k(n-I)+(k-I)F) 2 -F2 -F2_(k(n-I) + (k-I)F) 2 (k-I)] =O 
2 2 

k ~. I ~ . I 
2[k(n -I) + (k -I)F] 2 F 2 [ken -I) + (k -I)F - nF(k -I)] =0 

k ~~ ~ 
2[k(n -I) + (k -I)F] 2 F 2 [ken -I) + F(k -1)(1- n)] =0 

i " k(n-I) k. i-I ' , 
'il ::; fI F = = - 'Ul lJll'Yl'Wfll 'W A 

(k - 1)( n - I) k - 1 

Likelihood Ratio Test Statistic) 

• v 

.rJ ~lJ~~1~UN ~lJ 'illn~ 111 iJ iJ~ llJr1ll'j n 1 ih~ ~{11 ~ ::; t'l1.rJ ~ lJ~li i~ 'ill n~ 1 ~ Ul '1U'W i D Ti l'U 1W 

r1l ffG9i 'Ylfl ff~ iJ ~~ 'j 1 cr1 'W f11llJfl1 'j 'il ::; 111 'W 'it ::; m ::; li lmlJ m ::; iJ1'W m 'j if oil'l fl'W 'it'W n-j 1 'il ::; m iJ 

mlJ~nnf'WfI 11 (1,000 HliJ ) nnTil'W1W r11ffG9i'Ylflff~iJ'll~'11~lJ~'W9ifl111~~~'j lcr1'WfI1 1lJ 

f11'i 'it::;1 1I'W m V M ff09i'Ylflff~iJ~~ 'j 1 cr1'W f111lJfl1'j 'it::; 1 1I'W ij~'W ~ ~ 'Wi-lif 

I . 'illn.rJellJ~~1~Ul'l~lJ {y ", y " , ... , y ., } ~i~'itlnl~m'j'Ylflff~iJ~1V~1 ffG9i'Ylflff~iJ 
Wl'JTi 1'W 1W 'I1lr1l1il ~V''WIl~~ ::; 1~'Ylfl~~'1I1~ ::; r11cr1'W I~V-lliJmJl~'j! 1'W l'j~ m.nf-l 

Til'W 1W 'Hlr11 ffG9i'Ylfl ff~iJ~m lcr1'Wfl11lJfI1H ::; 11I'W (A) 'illn.rJ ~lJ~'ll ~ '1~ 1~Ul-l~lJ 

U~~::;'j ~iJ iflVTil'W1W '~i'lif 

kn ~ (k -I)F ~ 

)' =[k(n-l) + (k-I)F P [ k r 
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2. fff1,:j'lt~.,j'Ul,!,,~ulJl1mJ {y :, ,y :, '''., y:, } 111flri1IU~V1UI1~"~1~'t'lfl"U,:jIl"~ 
., " 

fi1ri1UI1jV,:jIUUlJ1~';j !lUYiri1U 1W 1~ 111fl.,j'V l. 1 i'l't1f1l1f1lJvu~fI1{hf1';j ~li Vi1 

. " o do" QI 0 l .c:t.oC3o OJ I 

~llJ11 1U 1U ';j UU't'lfll'l1Ufl 'Yi';j VlJ't'l.:JfI1U 1Wfl1 ff(l~'t'lflffUUU~ ';j 1ff1Ufl1 1lJfl1';j 11 ~ 

11lu (X) 111fl.,j'fll,!"~fff1,:j~u1mjll~" ~ ';jflU 
~1'H~ 2.2 ~1';j1.:J1I"'~.:Jri1ffi)~'t'l~ffVu6~';j1ri1UfI11lJfI1';j\)~lllU (A') 111fl.,j'Vl,!,,~"'f1.:J~UlJ1U~ 
" ~ ';jflU 

-iil'U1tntlU ti1il'U~'t'l~il't)lJ0mni1'Ufl11)Jfl1''il::liJ'U 

I A; 
2 A; 
3 A; 

200 ~ _00 

3. rlnJ1wril P-value ~M111flfll';j't'lfl"'VU~1V~1ffi)~'t'l~ffUUlJVU~fI111" 
" 6~'.i 1ri1Ufl11lJfI1';j 11 :allu 1~,),:j11 

P-valuc = 
NlImberA' < A. 

M 

IrlU M 11lU~lU1U';jflmf.:J'I1lJ~~",f1.:J.,j'VlJ,,~ulJl1mj (200 '.iVU ) 
" 

fll';j 11I~ VUl'Vivu~ 1ffi)~~1i'1 U fll';j 't'lflffUU fflJlJ~!lU ri1'l1f Uu~U flU 't'lfl"fl,:jUUU~lJ~"flfl 

~iH:J 11 ~ V'YI ~"V .:jIll U tJ 11 ~ V ~lJ';j ~ 'I111.:J ~ 1 ff i) ~ 't'l fl '" fl U1fl~ nu~ 1 ",i) ~'t'l ~ "'V U lJ fl U ~ fI1 11" 
6 ~ '.i 1 ri 1 U fl11lJ fl1 ';j 11 :: 111 U 11 ~ li 1 fl1 '.i Vi 11 1 ';j W 11 fl V 1 i' fl1 '.i 11I~ V U I Yi V U 111 fl ri 1 t{ ~ ri 1 U fl11lJ 

flmfllfl ~ flU 1I';j ~ Ul 't'l~ I u,, :; 1 i'flU nH VUI Yivu 111flihu 111 fll'.i 't'lfl ffVU'\J V.:J~1ffi)~~ H1 U flU 

" "" 't'l~ffUUflf.:Jl1l'1,:j 21~ 

1 flviiliuu 1'IJ 1u fll';j Vi 111';j W l,),:jif t1'1~1ffi)~'t'lflffUU'lJu.:Ji~ iflVtii 'U'Ih,:jfl1U fllJfi1t{~ri1'U .. . 
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V1'U 1 'il'\J V -l1117 'YI~ CYVUCY -l1111n 'il~ Btl11! ~'U ~1 cy~~~i ~i 'U 1117 'YI~ CYtlU CYlJlJ~ il1'U ~!l1lJ1~ CYlJ " .. 
-ami' UUf.I'U 1117 'YI~"tl-lU UU ~lJ~"tl~~ iii] 'ili tJ'YI~" tl-l!~ 'U i1 'il ~ tJ~lJ 

1~ tlli 111 'U~ i '11 CYlJlJ~! 1'U 11-l1 tJ'U 'il~ -l 'il~ CY1lJ 17 ()111~ 1 'ill mY~ ff1'U '\J V '11117 11 ii! CYTi 

CY'lJlJ~!1'U11-l 111'il111 



~ .. 
H I'lJ'YI1 

{
•• • • * • 

Ytt,Yt2, .. ·,Yt j'·"'YiI ' Yi2'''''Yij } 

I 

l U~ 2.1 1If.!'U ,y'U~t)'U "t).,'Jfll,)l1~iTt)1J lIel'U ~fll')1 'Clem uhUmUlfl1'Hl::lih" 

. .. .. { } 
'\ll fHl.,'J~1mJl .:jillJ Ytt,Yt2""'Ylj""Yit 'Yi2 '''''Yij 

1 
. ' I MSTr - MSE " ~ . 1 .. . 
fll'U1Wtll f.1 un:: V MSE + vnUlJ'YI.:jtll /L '\lln~1U{lH 

1 
• . I MSTr - MSE "" .. . . ,. 

'Ulfll J1 um: VMSE + n lJlff'lH'lJul,ln~1U{l1.:jillJ~~ l1lJ 

~ ~ 

l~{l'~l'YIfl'UfllJu'U~tll{1n m ::ih'li1200 'lU 'lJ '\l::'~~.:ji1 

I 
1 

'lU'lJl1 2 

{Y;PY;2'···'Y;j, ... ,Y;t 'Y;2''' ' 'Y~} 

I 
~ 

th~1Ur.iVHilJ'l1li~'~lJlfll'U1WtiltlO~'YI~ff()'lJ ~, ... ,~oo 

+ 
fll'U1Wtil P-Value '\lln~1'U1'U J ::; A 111'l~1{l 

~ ~ 
o .ct 0 0 QI 

'\l1'U1mU'lJ'YIm::'VllC}flml1lJ~ 200 'lU'lJ 

~ 
.d 

'HI'lJ'YI200 

{Y;t'Y;2' ·"'Y;j, ... ,Y;t 'Y;2''' ' 'Y~} 

I 

""' 

user
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. 
q 

U'YI'YI 3 

~ ~ .k 
flU 1 ~ [m i' ~ U I il'U f11 'j 1 ~ tIL; ~'YI~nH) ~ 'lI ~fi'tl ~ flU ffml111 ma U7 tl1J1 Vi tl1J 1~ f11 'j 'YI fl fftl1J 

fflJlJ~! 1 'U I ~ tl1 tl1J fI11lJII U'j U n'U 'U tl~ ~'YI n 'YH'I'Utl ~1~ 'YI fl" tl ~ tY1l1 i' 1JII~ 'U f11 'j 'YI fl" tl~lI1J 1J ~lJ 

""tlfl~iHJ'il~tI'YIfl"tl~~lJ l~tl'li'mJ"lil'UII1J1JfflJ~"(Balanced data) ~1t1'1l1ff~~'YIflfftl1J 2 1~ fitl 

'1l1ff~ ~'YI flfftl1J ItlrJ tl1J '1l1ff~~'YIflfftl1JlJ tl'U ~fll {1 "6,, 'j 1 ri1'U fl11lJfl1'j 1)~ I il 'U 1 fltlffr 1~ fl11lJ 

fI" lfllfl gtl 'UII"~ ~'YI n'Vi "'U tl~ 1~ 'YI fl" tl~ 1 11')j flU II 1) fl II 1) ~1I1J 1J U fl~ II "~1 il 'U ~ ff'j ~ tl'U )jri 1m ~ tI 

1 'Yh tl1J 0 II" ~ fI11lJ II U 'j U n 'U l'vh tl1J a: II"~ a; "llJ ~ 1" 1J ~ ~ f11'j ~ 1" tl ~ 'Ii' tllJ" 1 'U II~"~ 
"' 1" Q Q"'1 1 1 "1- 1 

ffm'Uf11'jW'il~ 'IH'YIfI'UfllJtl'U~flU ,,( Monte Carlo Simulation Technique) fltl 'If ummlJ . ~ 

s-plus 2000 ;~)j'jlt1"~I~tlfl'Utl~1~f11'jfil1U'Uf)1'jl~tI ,,~~tl iuu 

flU ~1"tl~~1tIL'YIflUfllJtl'U~fI1{l" 

~ 

'Ii'U~tl'U 1'U f)1'j111LU'U f)1'j l~tI 
~ 

1I~'U~~lIfffl~'Ii'U~tl'U f)1'j111~ l'U'Utl~ 1 umm lJ 

l'YIflU fllJtl'U ~ fll {I "I il'UI 'YIfI U fI~ 1 t'1l11"'U ~lJlJl'li1t1 1 'U fll 'j II tl11tylfl11 ,,~'li1t1 1 'U fll'j lfl 

fil~tl1J'Utl~11tylf1~v~ h111111 'il 1'U~,,~ 'il~ Infl~'U ~~~f)'\11lJl 1 ~&UI1m'U l'UlJlflllt1'1Im~V-3f1~lil'U 
i~~u tllJ 1~tl'U tlQ1 'U 11 'il ~u'U ll"~ i~)jf11'j ~~'U 1 1'U flU 1It111 ty lf1~ H'l 1'li'U ffl'U 1 f11 'j 1 ~tI 

fi 11 U 'U -31'U ffl 'Ul~ l'U fI oj "fll ff~ { I il 'U fi''U ~ ~ 1 'U flU 1 ~ fJfI f ~if 'il~ 1 tl 'YIfI UfllJtl'U ~ fI1{h 1 'U flU 

ff! H 'Ii' tllJ ,,~)jf11 'j 1I'il flll 'il~U 'j ~ 'lfl m II1J1J U fl~ 1 fltl 1 ~Vl ~ ni''U ~)j tl Q1 'U 1 U HlflHJ tYl1 ~ 1) t U 

'" s-plus 2000 fltl morm(n,mean,sd) 

~ Q.I,.c:ty 

n fltl 'U'Ulfl"1tltll~'YI~tl~f)1'j 

mean fitl rilm~tI'Utl~U'j~'lflm (J.1 ) 

sd fitl rilri1'UI~tI~I1J'UlJl~'j !l'U'Utl~U'j~'lilm 

mru ~)j~1'U 1'Ul~'YIfl"tl~~1~1'U f)1'j 'YIflmNl 'Ylltl1J k ll,,::)j ~1'U 1'U'U'Ulfl'1l1mh~ 1 'Ull~"~ 

l~'YIfl"tl·mhtl1J 11 ffllJU()~ii"m'U~lJ Y, i~mlJ'1l1111J1J Ylj = j.l+r, +clj lfltl~ i= 1,2,,,.,k 1m:: 

j= 1 ,2, .. . ,n l~tl~'illfl 1'U flUffml1f1f~iflil'U flU ffmn~'YIn'Vi"I;~rilJ(Random-effect) i'l.nT'U flU . 



23 

~~<;) T, - N(O, a ; )i~~lfl'ylHliUff1Ll~!U monn(k,O,sqrt(a ;) ml::n11~~<;) Eij - N(O, a : ) 

tY1mH)l'hi~1uvhu{J':)1~tJl0u1U!U-W 'Hliu morm(k*n,O,sqrt( a : » h)tJ~ j.1.a; !HI:: a ,' L~U 
I ~ d'di $10 i $I $I 

Tlll'lU1lJl<;){)l'Yl ~rn11Ufl 111"1 

~ .:)ii ifL ~ 1..1 L'Yl rn1 fl ~ 1 i'ff111 fu n 1 1 II n'u ty 11 1fl W <;) tr1 tY<;) {I ~ tJ 1 i'ill1" 'IJ ~lJ (Random 

Number) ~iinUll~':)Il~.:)tY~11tYlJ{J (Unifonn Distribution) 1U'lil':) (0,1) m'liltJ1urnl111ri1<;){JU 
. ~ ~ 

'IJ{J,:)Utyl11'Yi~{J.:)nuffml1 ii.,]u<;){JuiunU~11UU':)lU i{.:)~'tJ iuu 
~ . 

.,]uYi 1 nutYrHillL"'IJ~lJ(generate random number) ~::n1'Hu~1l1'iinull~nll~':) 

tY~11tYlJ{J ( Unifonn Distribution) iU'lil':) (0,1) 1l"::I~U~tYl::~':)OUll"::OU ~lmjuthill1"'IJ~lJ 
• I I SI 

"1.1 $I ". 1 ., "" $I .. U ""d "'?t $I U., lutYl1.:)<;l111ul<;)llJ"mHlJ::'Yl<;){J.:)rnllU ty'H1'Yltrmn 1l'ItllUU'IJ{JlJ"'IJ{J.:) ty111Ul.!''l 

:II I ". ",.. 

.,]U<;){Ju~u~n11mtJ.,]U<;){Ju 1 ~tJYiiinu 1i'm'IJ ~lJ iUUl~"]U<;) {JUI viluu 
,.. . ., ", 

.,]uYi 3 fll'l'Yl~"{J.:)num::l'h L]j{JU'l::~n~Uty111Yi~'tJ.:)nuffmn l~tJHillm'IJ~lJllalUU 
J/ J/ 

,,]U~{J'Ufi{Jfll'l'Yl~"{J~ l~tJli'm::ulurn'l'IJ{J.:)m'IJ~lJ (Random Process) mmdhiifll'lUU 
So' "tI JoI 

CJf1<"] OU{replication) ~lU1U11"ltJ<"] flf.:) lfltJii'tJ 'llnuvilCJf1 <"] ouuul~uiifll'llnmlmllJ 

.,j'{JlJ" il1'ii~lU 11..1 mm.v;{J"~f111lJ i~u tiu {JU'IJ {J.:)ri1<;) {JU 
" • J/ 

1"'IJ~lJYi~~<;) '~~l1m'YlflUfllJ'tJu~Tll{l" ~::iiflOJ tYlJU~ i{.:)u 

ill1"'IJ ~lJ ~, ~iinu m:: ~ltJf111lJti1~:: I~UU UU tY~ 11 tYlJ {J 11":: I~U ~tY'l::~':) 01..1 ,,:: 01..1 
• J/ J/ 

{Jl! mlJ'IJ'tJ':)~lm'IJYi i~tY1lJl'l (ltYr 1':)CJf1 1~lJ i~(reproducible)l1"::illm'IJ il1CJf11~lJ 

lu'lil.:)~~'tJ.:)rn'lHill1"'lJllUU~lJ 

Hl::tJ::l1"liu<"] 1Urn'ltYr1':)~lm'IJllUU~lJ 
• J/ 

l1"::U'l:: ltJ'lfti''IJ{J':)~11'''lJYi '$liii{.:)~{J' uu 

illmh:j~~mii{Jn i~ijf111lJWU1~tJ.:) iu fll'l ff1'l1~11~ {J'Yl~"{J ~~1':)<"] 1l'I'lld1m'IJ ~lJ~ 
, $1 $I ,J 0 .?t 
~ tY'll':)'lJUm~lnrn'lTllU lOJ f111lJU1~::IUU 

, .. i $I 0 $I $I • I ' 1 1 $I ... "" $I ., 
1"'IJ'llJ'Yl fltY1lJ1HIU1lJ1tY'lH'IJ'tJlJ"!ullUUflH<"] ~tJ 'lil1inUtY'lHtYmUnnOJ 

~1"{J.:) ( Simulation) 

nn Hl"'IJ ~lJ{J 1 ~ V111.v;{J ffnll1flOJ tYlJU~'Yl1':)'Yl qllO'IJ'tJ.:) m::: U 11..1 nn 'Yl H tYi)~ ~ii 

fll1lJ ff1 ri ty ff111 f U nu U 'l::: lJ1 OJ Ti 111 ,,:: 'lllJO':) fil'l 'H1 ri 1{J tUl tJl~ tJ1 OU filu 1 ~ nu 

'YlfltY{JU'Yl1.:)tYi)~ 

i~11 1ri1fl{JU'IJ{J':)Uty'H1'Yl1':)flWfltr1tYfl{ 1 fltJl1~l'l OJ l~lnfll'lll ~ nu ~':)f111lJti1~:::I~U 
J/ 

'IJ{J.:)uty'H1UU <"] 
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1 i'lnl1tJfl11lJ~ 1'U tl'l fl tllJ-yh!1I tl {u tltJu,,:: th ::l15~l1m 1 'U f11l ""'~ 1'l~ 1m'UlItJ tJ~lJ 
. .. 

111fll1Eflf11l 'Utl'lL 'YIflUfllJtl'U~fl1{l" 11::n1'U11111flf11l 1 i'~1L"'U~lJ1-WtlL 1J'U -w'U! 1'U 1'U f11 'j 

l11Ti111tlU'Utl'lUt'lll11 L 1J'U ii fl1) ~ 11::\11 i tl~u'U 1fi~ 1'U mll:la~ L~tJ1,j'tl'l nu f11l Ti1'U 1W 1 ~tJL \Hn:: 

'YI\)11 afl11lJU111 ::L1J'U ~ 11::111 i tl ~fl1l ~ N6'l~" ""'~ tl 1'U ""'C11'U fl II w'U tl'l,j' tll;!"11~ 'lL'Vi 'j 1:: 'hjij 
• I I • " 

..:"14'" ..::1""1 .c:!too~o p 
~"m ::'YIU 111flLl tl'ltl'U "1 1'U llJ1LflV1'U tl'l 'U f11l'YI~"tl'l1lJtl 'YI1'lf1 1lJ'U 11 1'U 1'UlJ1 fl"l 11~1fl11lJflm~ 

Lfl~tl'Utlci1'l~lJ~Ln~111flf11l1Lm l::Ml11fll ~l'l"l 1'UU~"::flf'l11::l1lJ~ itl (Counter balance) 

ri1l1i' U f11l i~tJfl f 'Iii' ~i ~tJ i~ n1l1'U ~""'m'U f11'j W ~1'1"l ~ 11::'" 1f11l I1flll1 l~tlL tl'1 tJtJ1'l1tJU 

ii fl1l 'YI~ ""'tlU ""'lJlJ ~ !1'UL~tJ1 nu fl11lJU tll tll1'U 'U tl'l6'Y1 n'Vi "'U tl 'Iii 'YI~" tl'l ri1l1 i' UL1~'U fl1 'j 

'YI~"tl'lllutJ~lJ1I"tl~~ijU11 ~ tJ'YI~"tl'l~lJ ~1tJ~1"",a~'YI~""'tlU 2 ii fitl~ 1"",a~'YI~""'tltJ wvl nu~ 1 

"",a~'YI~""'tlUlJtl'U~fl1{1 mim 1ft1'Ufl11lJfl1l11::11J'U i 1~'lii' 
3.2.1 6'Y1n 'Vi" 'Utl'l ii 'YI~" tl'l~""''U 1 11 I1fl 11 1 1 'U11~'U flU 'YI~ "tl '111 UU ~lJ1I"tl~~ iju 11~ tJ 

'YI~"tl'l~lJ 

3.2 .2 ~1'U1'Uii'YI~"tl'l1'U1I~'UflU'YI~"tl'l fitl 2 341m:: 5 

3.2.3 'IJ'U1~~1tlci1'l1'Uu~,,::ii'YI~"tl'l fitl 246 Lm:: 8 

'" tl .. 3.2.4 fl1m"tJl1lJ'lJtl'l 'j::'b'lm fltl 50 

3.2.5 f11lU 11 flU 11'l'Utl'lfl11lJfl"1~lfl~tl'U~l1mnl 'UU~'U f11l'YI~m) 'I ijf11lU 11 flLl11 'I 

uuutlfl~1l":: 1 1J'U6""'l::n'U ijfiml~tJL't'l1nu 0 U"::fl11lJ11tlltln'U L't'l1 nu a: 
3.2.6 f11l 1111fll1 11 '1'IJtl'l6'Y1n'Vi"'U tl'l1i'YI~"tl'l~fff)1l11'U11~'U f11l 'YI~"tl'l ijf11l 11 11flU11'1 

Utlltll1'U'Utl'l1i'YI~"tl'l L'Yllnu ra: (L~tl'l111fln1l1'U~fl11lJ~lJW'U£tlQl'U,tl a: = r) 
a; 

r= 0.00 I , 0.0 I , 0.05 , 0.1 , 1 U":: 1.5 

.. 
l1l tlfl11lJ 

3.2.7 fi1~lJtll::ii'YIffl11lJUtll~'U (Coefficient of variation) ij 6l::~U fitl 5% 10% 15% 
, . 

20% 11":: 25% n1l1'U~fi1~lJtl'j::ii'YInfl11lJutll ~'ULm::fi1m~tJ'lJtl'l~1tlci1'l fl~11fitl 

'a' +a' c. v. % = 'oj T • x 100 
j..L 

(CY .Xj.1)' 

r +1 
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(c.v.Xf.1)' 

3.2.8 l:;,r1JUtHhTiqJ'Utl'lf)1l'Y1~HH)1J1'Uw-n.Jf)1l'Y1~HH)'1 fitl 0 .01 0 .05 II":; 0.1 

3.2.9 ffl111 1J nll'Y1~fftl1J 1{1 t1~ 1ffi)~'Y1~fftl1JlJtl'U ~fll{1 ,,~~ II ri1'U fl11lJfl1l '0:;1 ~'U '0:; 

" o ,., Q.I I , 0 

m:;mnnffl1'1111tltl1'1,!lJ9f1 200 ltl1J 

3 .2 .1 0 ti1l1'U~f)1lm:;lhi1 1'U1I~":;ffm'Uf)1l orl~'U 1,000 l tl1J li1tl'l'01n 1 'Uf)1n;li1itl 

400 

6008001 ,000 11":;1,500 ~1tldl'1 'Vl1J ':h~"f)1'j'Y1~M'I~il{'01m:;,r1Jnnm:;111.[1~ 1,0001,500 

1n~I~t1'1ti'UlJ1n'O'UII'Y11J 1~1I11 n~Hti'U ,r'lt!'U ~i1itl~'1~~ii'U 1'i11~tl nnl'j m :;111.[1 1 'U1I~":; 
" . " 

ffm'Uf)1HUI~'U 1,000 ltl1J l~tll~'Uf)1'j"~fl11lJiY'UIU~tl'l1'Uf)1l111'11'U 

" " " 
'li'U1Itl'U 1'U f)1H1l!U'U nn i1itl UU'Itltl nL~'U 6 'li'U1Itl'U ,r'lU 

3.3. 1 ff!1'1f)1m'OnU'O'1'UtJ.:Jm1lJflm~lfl~tl'U (Eij )1'U1I~'Unn'Y1~"tl'l .flltlhi'litl'U i'U~ 

... 
'Y1n1l1'U~ 

" 
3.3.4 ril'U1Wfhffi)~'Y1~fftl1Jn'l 2 i11 

3.3 .5 nnl11fllri'~ri1'UmllJfl"1~lfl~tJ'UU'j:;U1'Y1~ 1 ( Type I Error) II":; flU)l'Ul'Of)1l 

" 'Y1~fftl1J (Power of the test) 'Utl'l~1ffi)~'Y1~fftl1J n.:J 2 i11 

3.3 .6 Imtl1Jllitl1Jfllri'~ri1'UmllJfl"1~lfl~tl'UUl:;Ul'Y1~ 1 ( Type I Error )U":;fllVl'U1'O 

" nn'Y1~fftl1J (Power of the test ) 'UtJ.:J~1ffi)~'Y1~fftl1Jn.:J 2 i11 

. "" 
ci1.:J'j 1 t1":;IBtI~ 1 'U II~ ,,:;'li 'U 11 tJ'Ul ~ 'U,r.:Ju 

. . 
" 4 qO ~ 3.3.1 ~"n301~UilnUil'l'UO'lfl1UJfHn~lfli;H)'U (E. ) ~UJ'YI01l1'U~ l'UUN'U01~'YI~~O'l 

" " 
1'Uf)1'ji1ittfl1.:JU 'O:;H'Yl'lni'U monn (k*n , f.1. ,sd) 'Utl.:J 1ummlJ S-PLUS 2000 111nll 

fflHnn 1I'Oml'O.:J1I1J1JUn~'Utl.:Jfl11lJfl"1~lfl~tl'U ffl1111J1I~'U nn 'Y1~"tl.:JII1J1J~mlm)~ 1 ~tt k . . 
U'Y1'U~1'U1'Ui11'Y1~"tJ'I n 1I'Y1'U'U'Ul~~1tJdH f.1. 1I'Y1'Uflml~tt II":; sd 1l'Y1'UfllIUtt.:JI1J'UlJl11ljl'U 
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JoI • I I 4 
'1umwu ~::lilf11l ""h~nn H~nH~~HUUUn~'\Jtl~mllJflm~Hfl~tlU mv'19i\~tlU 1'IJ 'h fll1~HW 

ltJU 0 1l"::fl11lJUU'lU'l1Ul'yhnu a; lrltlf)llfU~ '111' a, ihllll'hnu sd 

3.3.2 ,d',.~f)l'lU~f)U~~'\Jt)~8ni't't"'\Jt)~1ilnvli.'lt)~ (", ) ~UJ~n1'l1'UVI'1'UUf.l'Ufll'lnVl"t)~ 

" " '1Uf11'li,j[Jflf.ru ~:;'1i'vlu)iu monn (k, f.1 ,sq) '\Jtl~ IUlUmlJ S-PLUS 2000 lilf11l""h~ 

nn U'il nu ~~HUUU n~'\J fl ~Vfl i~ "'\J tl~iifl~" tl~~~l ilu il 'il ,j(Jrimh 'HfUUrlU flll fl~"fl 'W UU . 
~lJ~"V~ 1~(J k Ufl'U~lU1Uiifl~"tl~ n UflU'\JU1~~1tlcil~ f1 Il't1Ufhm~tJ U":; sq UflU 

filri1ULU(J~IUUlJl~l !lU '1 U m w if 'i):; li 1 flll ",,-rl~flll u 'i)ml~~U UUU n~'\Jtl~~fli~"'\Jtl~ 
illfl~"tl~ m(J19i'livu1'\J11 ri11\'l~mtJu 0 U"::fl11lJHUlUl1Ul'yhnu a; lrltlf)llfu~1,r a r liri 

lll'ilnu sq L~fl~'i)ln nl'HU~ 1M' a; =k* a; LrlV k mj~ltJu 6 l ::~U fitl 0.00 i , 0.0 i , 0.05 , 0.1 , i 

H":: 1.5 'i):;1f1' sq =ar =..Ji a , 

""!1~~111Ul~lJ'\Jfl~mllJflm~Lfl~tlU £ ~lif11lU~~llUuun~ 1~(Jriml~(Jl'yhnu o 1m:; 

fl11lJUU'lU:i1ULilu a,' lm:;~1HU'l~lJ'lJfl~Vfli~"'\Jv ~illfl~M~ ("i) 1~(Jrilm~(JI'¥hnu o 1m:: 

",1 .. 1 ~ J , "d 0 "I QJ QJ J 
fl11lJHulul1U1UU a; '\JUlJ1nVU U"1'i)~U1lJl""'l1~fl1 y. f11lJ~1UUU ~~U 

~J = 11+", +£, 
.d 

LlJtl i=i,2, ... ,k 

j=I,2, ... ,n 

Lrlv nl'Hu~1'H" r, ltJU~fli~"'lJV~iifl~"V~ (Treatment effect) ~ i 

u,,:; c¥ lilurilmllJfl"l~Lfl~flU'lJfl~iifl~"fl~~ i ml1(J~1flciHYi j 

" o '.Clt,~ IV~.ct. 

3.3.4 fll'U1Wfllinl~nVli,HIUn~ 2 11i 

" " . 
nni,j(Jflf~ij lilf11'iffml11fi(J1nU~1""()~fl~""VU 2 ii fiv ~1""()~flfl""t)um~ 1l":;~1 

""()~fl~""flUlJflU~fl1{1 m)~ 'i ld1Ufl11lJfl1'l 'i):;Lilu 1 U~U~tlUU l n'il:;9i'tl~lif11'i nllfU~~lU 1U ill 

fl~M~ '\JU1~~1tlcil~ riml~(J Lm:;ri1ULri(J~IUUlJl~'l!lUH"'1lilf11'l",,-rW~~.,j'tllJ"~lJ 1~(JH 

1ummlJ s-pius 2000 m(JMlitlu1'\J~nllfu~H u"::lh.,j'tllJ,,~1f1'1uTilU1Wril~1~ <'} ~llJ""~'l 
~ ~ 

'\J~Nm'ifl~""tlU~~ 2 ill ~~'il(J":;lV(Jfl~~'HlJ~ MtliU1(JH1uufl~ 2 H"'1 

. . 
'tV' 4 tI .. I -

3.3.S fll'l't11flli.'l'Vli.'I'1'UfllUlfl"lVllfl"t)'U 'l:;ulYIn 1 U"::fllt)l'Ul~fll'lnVli.'l't)u 
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.a " " QI d " 0 I <QQ ,., d 0 

IlJtltY'SH'Utll,J" (Y) 9l1lJ911111J1J'Yl'lltl-3fll'Sllm;fl1lJlflJfl1tYO'll'YlfltYtl1JII"1 nmnn 
• 

" 
ri1lJlflJTl1 P-Value 'Utl-3~ltY()~'YlfltYtl1Jn-3 2 ill IImmHtJ1Jl'nV1JTl1 P-Value fim:;~1J'\:rVa1riUJ 

" 
• ,., I • 

Yion1lJfl1lJ'ulJ91tllJ~tl'U fitlfil'SmTl1fffl~llJf111lJflmfllfl~tllJU'S:;lfl'YlYi 1 (Type I Error) 1m:; 

".d " " Tl1tJ1lJ1~fil'S'YlfltYtJ1J (Power of the test) 'UtJ-3~ltY()~'YlfltYtJ1Jn-3 2111 Clf-3tY'SUI~lJ'lj'lJ'lItllJ'~~-3U . 
3.3.6.1 tY~1-3V'YliYw'Utl-3111'Ylfl"tl-3 ( 'f ) 1flV01l1lJflTl1 'f 1M'iiTl11~lJ 0 'Yln~11lJlI~":; , , . 

111'Ylfl"tl-3l~tlVi~l'S flJ 11nTl1 fffl ~llJf111lJflmfllfl~ tllJU'S :;lfl'Yl~ 1 II":; 0111lJ flTl 1V'Yl ii .... ,,'UtJ-3111 

'Ylfl"tl-3 'f, 1 M'iifll'Sll ~nu ~-3U 1J1JU n~1 flVTl1m ~ml'hfi1J 0 u,,:;Tl 1f111lJU U'S unlJ 'II tl-3111'Ylflml-3 

l'yhfi1J a; l~tlVi~1'SflJ1mTl1ij1lJ 1~fil'S'YlfltYtl1J 

3.3.6.2 ri1lJlflJTl1fffl~llJf111lJflmfllfl~tllJU'S:;lfl'Yl~ 1 l~tJOl'HlJfl1M' 'f; l'ln~liiTl 

11l'hfi1J 0 11m; ri1lJ lflJ Tl1tJ1lJ 1~ fil'S'YlfltYtltJ I~ tl 01l1lJ fl1 M'Tl 1 V'Yl i .... ,,'Utl~111 'YlflmJ ~ 'f
i 
iifll'Sll'il n 

U ~-3U1J1JU n~1 flVTl1Ul ~vl'yhfi1J 0 lm:;Tl 1f111lJUU'S unlJ 'II tl-3111'Ylfl"tl-3ll'hfi1J a; IfjtlVi~l'SflJ 1 

mTl1ij1lJ l~fil'S'YlfltYtJ1J 

3.3 .6.3 IU~VlJTl11~V-3I1JlJlJ1'l1'S!llJ'UtJ-3f111lJflmfllfl~tJlJ ~lJ m:;..r-3fl'S 1Jl')ntYmlJ fil'S W 
1flV1lJu~":;ffmlJnnw~:;m:;'ti1J1filJ 1,000 'StJ1J 

.. .... ...'" 
nVl1l'tllJm 2 l1i 

I Ul VtJI Yi VtJTl 1fffl ~llJ f111lJfl mfllfl ~ tllJ U 'S:; Ifl 'Yl ~ 1 11~ 1 tY() ~ 'Yl fl tYtl1J'U tl-3111 1fltl Q 

1WIi1-3f11tJfJlJTl 1fffl~llJf111lJflmfllfl~tllJU'S :;lfl'Yl~ 1 lW:; 1 M'Tl 1ij1lJ 1~ fil'S 'Ylf'ltYtl1J ~ -3"lfl n~:; 

I U lJ ~ ltY()~ 'II tl-3 n 1 'S 'Yl fl tYtl tJ tYlJlJ ~! llJ I~ V 1 fitJ fll1lJ 1191 n~ 1-3 'S:; 1111-3 V'Yl ii .... " 'II tl-3111 'Yl fl" tl-3~ 

Il1lJl:; fflJ~"lfl mv 1~,itllJ i 'U~01l1lJ fl H 

m:;tJllJfil'S'tiH1lJ'Utl-31u'SlImlJ s-plus 2000 ~1~lJfil'S1;)Vflf-3if iinnu'S:;lJ1"~" 
'li'tllJ" 1~wii~lJ'lItllJnn'ti1-31lJ~-3'SU~ I 

v ~ 



I til'l1'U~thl\1~V 1I~::ri1'U1nV'IIU'UlJlml!1'U U~::nfl~t)f1nYt~~6'11~f1~~6'1 r j - NID{O,a ;) I 
... 

~ 

~'1il Y + + • = 11 " , E, 

f1~n6UnlJlJ~!1'U~1V~1n(i~f1~n6um-rlu~::th'U1fll111 

tll~1no9ifi91'ilri1'Utl'l11Jtl'l'i'l::L1IJ'U (A.) 

f1~ff6Un1J1J9i!1'U~1V~1nO~f1~n6UlJ6'U9i~1{1~ 

fi~l'ilri1'Ufl11 1Jtl'l'i'l::d~'U 

fll'U1flltll P-Value ~6'1~1no9if1~fftJmln 

~1n(i9if1~n6um-rlu~::~1no9if1~n6U1J6'U~flln~fi91'ilri1'U 

tl'lllJtl'l'i 1l::1t1'Ul'nVunm::~u,rvtilt1fY 0.0 I 0.05 0. 1 

~ 
~ 

fll'U1flltlTd'~ri1'U~11lJ~~1~lfl~6'Uth::1i1'11~ 1 (Type I Error) 

u~::tllth'Ul'lm'if1~n6U ( Power of the test) 

I I 
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, .,. 
1J'YI'YI 4 

" " . 
on i~vTlf ~ihi'tl~OnffmJ1l1H V1Hl1VU~ 1ffO~111fl 'U on 'YI~fftlUmllJullnh 1'U'\I tl~ 

V'YI ~'Vl"'\1 tl~ i~'YI~"tl~ Lill1 fuuf.l'U m~ 'YI~ "tl ~U UU~lJ'il" tl~ ~tJ "~V'YI~"tl~ltJ 'U tJ" ~ V~lJ fi tl 

~1ffO~'YI~fftlU1tlyj u"~~1ffo~mlfftlUlJtl'U~m{1 mim lri1'UTl11lJm~ "~ltJ 'U ffOElll m VUll1VU 

~1ffO~h.f~ 2 1 ~VW"l~ W 1"10mllJffllJ1Hl 1'U m~Tl1UfllJfhrl'~ri1'U mllJTlm~lTl~tl'U 1l~ ~lfl'YI~ 1 

(Type I Error) u"~fhvl'Ul"On'YI~fftlU (Power of the test ) fl1V1~Onl1"011"~'\Itl~f111lJ 

f1"l~lf1~tl'U ( f: .. ) lluullo~1'Uff(l1'Um~or~H '1 fitl .yi1onffOEll1'Uff01'Um~or~~1'U1'U'\Itl~i~ 
lj 

'YI~"tl~l'y;'nU 2 3 4 lm~ 5 '\I'Ul~~1tldl~1'Uu~"::i~'YI~,,tl~~H1'UonffOElll'Yhnu 2 4 6 lm~ 8 

" 
(C. V%) 5 ~~~U fitl 5% 10% 15% 20% lm~ 25% l~vi~m~~l"tl~.,j'tllJmr'U,,::tllffV1'Y1f1iiTl .. 

" lJtl'U~m{l" (Monte carlo simulation) "~m~lil'l111'Uu~"::ff(l1'UOnor~1'U1,j 1,000 ~tlU lm~ 

1 'U 01~ 'YI~ fftlU~1 ffO~'YI~ fftlUlJ tl'U 9ifll{l" V'il ~ 1 ri1'U f111lJfl1~"~ 1 tJ'U ,,~lil 01~ ffr 1~~ 1tl dl ~ 

~lJ~1'U1'U 200 ~tlU 
" ,. 

1'U m~1~Vflf ~U "~ffOElllm VUll1VUfl11lJffllJ n \l 1'U on mUfllJrilrl'~ri1'U rl'~ri1'Ufl11lJ 

Tl"l~lfl~tl'Ull~~lfl'YI~ I ( Type I Error ) 4~"::til'U1W'~"10mnrU~1'U1'Uflf~'\Itl.:Jm~1li)Lffli 
,. , ,. 

! 1 'U 11.:J 'fi tl'l1~ ~ tll,j "li.:J l1lJ~fll V 1~ ~ tl nll1 'U ~11 11 fflJ lJ ~! 1 'U lHU 'U 1 ~ 'U" ~.:JU"~ LOW c¥i' m ~ 

lmvulYivuVl'Ul"m~'YI~fftlU'\Itl.:J~1ff09i'YI~fftlU1tlyjnmr1ffO~'YI~fftlUlJtl'U~f11{1"V'il~lri1'U 

f111lJfl1~":: 1 U'U ,,~ti l'U 1tlJ" 1 00 n UU ~1'U 1'U fI f.:J'\I tl.:J 0 n lli)lffli fflJlJ~! l'U 11 H;tl'l1~~tll,j" 
" , ,. 

li~l1lJ~l)jtlf) 111'U ~ 11fflJlJ~! l'U 11-lU'U! tJ'U l'n" 1 'U nn II lLff'U tl f.I" nn i~ V '\I tl-l m~ Lll~ VUll1 VU~ 1 

ffo9i~ 1 fl 'U m ~ 'YI~ fftlU f111lJull ~ 1l~ 1'U '\I tl.:JV'YI~ 'Vl "'\I tl ~ i~ 'YI~" tl.:J Lilli f U Uf.I'U on 'YI ~"tl.:JU U U ~lJ 

'il"tl~ ~tJ"~V'YI~"tl~LtJ'UtJ"~V~lJ 1l~~ntlU~1V 2 ri1U ~.:Ju" 
ri1'U~ I f.I"m~lll~ VULl1VU~1ffo~~1fl'U nn'YI~fftlU l~vm~w"nw 1~l1nrilrl'~ri1'U 

rl'~ri1'UmllJfI"1~lfl~tl'U1l~~lfl'YI~ I ( Type I Error) 

ri1'U~ 2 f.I"m~lll~ vU1Yivu~1ffo~~1fl'Um~'YI~tYtlU 1~vnnW"nWl"lnV1Ul"m~ 
'YI~tYtlU (Power of the test) 

I " " ", 

U"~1~tlmllJff::~1n 1'U nnll lLtYUtlf.l" m~ 1~V 1'Uflf.:JU i.:J 1i'rl'qJ~ nElor~tl i llu U'YIU 

" mllJl1lJ1V~1.:J '1 ~.:JU 

k 
o ..... 

U'YIU "lU1'U1li'YI~"tl.:J 

n U'YIU '\I'Ul~~1tldl-l 1'Uu~,,~n'YI~"tl.:J 
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a; 1I11'U fl11lJlIU'jUn'U'Uij.:Jfl11lJfHn~lfl~ij'U 

a ' 1111'U fl11lJllU'jU'j1'U'\Jij.:J~11~VHI'\Jij.:J11i11~~ij.:J r , 
C. V. 1111'U fhri'lJu'j::iYl1~fl11lJllU'j~'U (%) 

F 1I11'U ~1ffti~11~ffijlJlf.l~ 

MC-LR 1I11'U ~1ffti~11~ffijlJlJij'U~fl1{1 mi~'jlri1'Ufl11lJfl1'j ~::11I'U 

a 1111'U 'j::~lJ11(J~hfi'qJ 

~ ~ 

01'l U 11 ff'U ij ~~ 0 n1 i(Jfl i'.:JU' ~ 'til on Vi ~ 1'l W lfl11lJ ffllJ1'l (l i 'U 01'l fl1lJ TllJ~ 1 ri'~ ri1'U 

fl11lJfl ~l~lfl~ ij'UU '1 ::1f111~ I H 1 ~(Jm'j Vi ~1'l W nl0fl11lJffllJ1'l (l iu 01'l fl1lJTllJfi1ri'~ ri1'U 

fl11lJfl~1~lfl~ij'UU'j::lf111~ I ( a ) ~lom'll1~~ij.:Ji'UlI';~::ffm'U01'lW J'Uflij~1ri'~ri1'U'\Jij.:Jm'l 
UDlffli fflJlJ~! l'U11.:J l'Vl'lldhHl001'lr11'U 1W ~1'H)jij'Ufl'U ~~ i i'01'l 11 lJ~ l'U 1'U flf.:J'\J ij.:J'JI~'Ii'm.!~~ 

~. ~ 

uD 1 ffli fflJ lJ~! 1 'U 11.:J~ ij ~1'U 1'U 'l1~'Ii' ijl.J ~ 'Yi.:Jl1lJ~ 1)j ij fflJlJ~! 1 'U 11.:JU 'Ull1'U ~ ~ .:jIm:: n1l1'U ~LnW ttl 
i'U m'j Vi ~1'l W lfl11lJffllJ1'l (l i'U 01'l fl1lJfllJ~ 1 ri'~ri1'U fl11lJflm~lfl ~ ij'U U 'l ::1f111~ I A 1(J01'l . 
11~ffijlJ111'UllJ (Binomai l test) Yh::~lJ11(Jfflfi'qJ'\Jij.:Jm'll1~ffijlJ 111'U1lJ (a') 1'.11O'lJ 0.05 

1~(JfflJlJ~!1'U~Hl1~ffijlJ flij 

Ho: a ~ ao 

HI : a>ao 

p{a<ao+Za' ao (~~ao )} = I-a' 

~:: '~11 ';1.:J'\Jij.:Jm'lfl1lJfllJ~1ri'~ri1'Ufl11lJfl~1~lfl~V'U u'j ::Ull1~ I flij . 

(0 Z ao (1- ao) ) ,ao +. , 
a n 

1~(J~ a' 1I11'U 'j::~lJ11(Jfflfi'qJ'\Jij.:Jm'l11~ffijlJ111'UllJ 

a 1I11'U ~1ri'~ri1'Ufl11lJfl~1~lfl~ij'UU'j::lf111~ I ~1f)m'l11~ffijlJ~1mi1ffti~ 

l1~ffVlJ 

a 1111'U ~1ri'~ri1'Ufl11lJfl~1~lfl~ij'UU'l::lf111~ I ~lOm'l11~ffijlJ~1(J~1ffti~ 

l1~ffijlJ 
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. .. .. 
ao U'Yl'U 'j::~UUtHi1fi'ty-ntill1'U~ i'U m'jl~(Jfli' ,ru 
n' U'Yl'U ~1'U1'UHJU'IJfJ~m'j'Yl~~tJ~ 

" " " " " 'l'Um'jl~(Ji'li'~ihhm'j'Ylfl~tJ~OJini~l1lJfl 1000 'jtJU ~~u'U 

~'j::~u a = 0.01 \I::(y1lJ1'j()i'I1UfJlJ~lff~ff1'Ui'l11lJflm~lflgtJ'U'lh::li1'Yl~ I '\JtJ~'fi1 

(y~~'Ylfl(ytJU'~~~tJ1~tJ O<a <0.0152 

~'j::~U a = 0.05 \I::(y1lJ1'j()i'I1UfJlJ~lffflff1'Ui'I11lJi'lm~li'1gtJ'U'lh::li1'Yl~ I 'IJtJ~'fi1 

(y~~'Yl~(YtJuM~~()L~tJ o<a <0.0613 

U~::~'j::~U a = 0.1 \I::(y1lJn()i'I1UfJlJ~lff~ff1'Ui'l11lJi'lm~lflgtJ'U1h::li1'Yl~ I 'IJfJ~'fi1 

(y~~'Ylfl(YtJU i~~~tJ1~tJ 0< a <0.1156 

'1 'U m'j 'Yl~ (YtJU(ylJlJ~j1'U'YlN(y~~ ~tJ~m'j '1 M'~lff~ff1'Ui'I11lJi'I m~lflgtJ'U1h::li1'Yl~ I 

(a) U~::filffflff1'Ui'l11lJi'I~lfl li'1gtJ'U'lh::li1'Yl~ 2 (/3) ii~l-UtJ(Jf{~ l~tJli11M'~1'U1\lm'j'Ylfl(YtJU 
. . " ," " 

(1- /3 ) ii~llJlO-nf{~ l1~::t1'l~fl a \I::li11M' /3 lYilJ~'U U~::t1'l~~ /3 \I:: li 11li' a lYilJ~'U fi~u'Ul'U 

on mmJl (JU1-n(JU~1'U 1 \I on 'Yl~ (YtJm::i'I1UfJ lJ a 1 ~(JYi \l1HlJ l\ll0i'l11lJ(Y1lJ n () 1 'U m 'j i'I1UfJ lJ 

~ 1 ff~ ff1'Ufl11lJfl mfllfl g tJ'U1h ::1i1'Yl ~ I 11~1~~lm (JU1-n (JU~ 1 'U 1 \I m'j 'Yl~ (YtJU '\J tJ ~'fi 1 (Y~~ 'Yl~ (YtJU 
, ., " 

-n (Y1lJ n ()i'I1UfJlJrll ff~ ff1'U i'I11lJi'I ~ 1flli'1~tJ 'U 1,h:: li1'Yl-n I , ~l')'hu 'U 

\11 OH~ on i ~ fJ'YiU11'YlOm W ffOfl1 (Y1lJn ()i'I1Ui'llJ~1 ff~ff1'U i'I11lJ i'I~ 1flli'1~tJ'U 1,h ::1i1 'Yl . . 
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, , 
... tI '" tH'IlVllfltltlU 'l::lIlYlYl I 

4.1.1 mrul1ntJ1Jll1tJ1J 2 ilhwnH)~ ~~fll'n~ 4.1-4.3 

VIl'lH4.1 U""~~f)1'HmtJ1Jll1tJml1ff~"huf111lJmn~lfl~tl'Ulh::l.fl'¥1~ 1 "Utl~~1""()~'¥1~""tl1J1tlvl 

n1J~ 1""()~'¥1~ ""tl1J lJtl 'U ~ fl1 {1 mim'l ri1'U f111lJf11'j ~ ::11l'U m ru ~ ~1 'U 1'U i11 '¥1~ ~tl ~ 

I'Yl1n1J 2l1'j::~1JumhTity 0.01 

~1'U1'U C.V.% "U'Ul~~1tlcil~ht a = 0.01 

i11'¥1~~tl~ (k) 
, "" .. 

Ufl~::11i'¥1~~tl~ F MC-LR 

5 n=2 0.014 0.012 

n=4 0.011 0.010 

n=6 0.010 0.007 

n=8 0.007 0.012 

10 n=2 0.011 0.012 

n=4 0.010 0.011 

n=6 0.006 0.010 

n=8 0.013 O.ol5 

15 n=2 0.010 0.015 

k=2 n=4 0.004 0.013 

n=6 0.011 0.014 

n=8 0.004 0.013 

20 n=2 0.012 0.014 

n=4 0.005 0.011 

n=6 0.009 0.010 

n=8 0.009 0.013 

25 n=2 0.010 0.011 

n=4 0.012 0.012 

n=6 0.012 0.015 

11=8 0.007 0.011 
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l'I1J'lliim W 'IJ {I~~1ffil~'tl~ ff{lU1WlJ~ fll{l (H)91 'J lri1lJfI1 UJfl1'J 'O::LlllJ '0:: i ,r,;'~~ri1lJ 

fl11lJfl"1~Lfl~{lmh::L11'tl~ I 1f1a'Ltiv~n1J~1ffil~'tl~ff{l1JL{)yJ ,r~if 'O::LlTlJ1~'hmw~ C.V.% = 

5% ~ 1ffil~'tl~ ff{l1JL{) yJ '0:: i 11"11 ~~ri1lJ fI11lJfl "l~lfl ~{llJ lh:: L11'tl~ I lJl f1n11~ 1ffil~'tl~ff{l1J 
, , "" 0/1 Q,I I ~ iI did iI I .d. ..::::i 

lJ{)lJ(Jlfll'J "{)(Jl'Jlff1lJfI11lJfI1'J'O::LUlJ Vf1L1lJmru'tl n=8 'O::mWf111 mru 'tl C.V.% = 10% 15% 

20% ~1ffil~'tl~ff{l1JL{lyJ '0:: i,r,h~~ri1lJfI11lJflm~Lfl ~{)lJ th ::L11'tl~ I U {)Vf111~ 1ffil~'tl~ff{)1J 

lJ{llJ~flln(H)(Jl'Jlri1lJfl11lJfI1'J'il::LlllJ ri1lJmW~ C.V.% = 25% ~1ffil~'tl~ff{l1JL{)yJ '0::111"11 

~~ ri1lJ fl11lJfl"1~Lfl~{)lJlh ::L11'tl~ I U {lVf111~ 1ffil~'tl~ff{)1JlJ{)lJ ~fll{l m)(Jl'J lri1lJ fI11lJfI1'J 

'O::LlllJ Vf1l~lJ m W n=4 'il::L'Yh nlJ II":: ffllJ 1'J Clfl11JT] lJrh ~~ri1lJ fI11lJfl m~Lfl ~ {lmh ::L11 'tl~ 1 

1" .. ~llf1mw 
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VIl1H4.2 l1ff~.:jf)111illtJUl'YifJ'Ufll~~Hhufl11lJflm~lfl~61nh~lfl'YI~ 1 "tl.:j~1ff()~'YI~fftlU16yj 

nu~ 1ff()~'YI~fftlUlJtl'U ~m{1 m)~ 'J 1ft1'U fl11lJfl1'J ~ ~1 tJ'U m ill ~ ~1'U 1'U in 'YI~" tl~ 

l'Vllnu 2 .yh~~1Jlrmhtity 0.05 

~1'U1'U 

1n'YI~"tl.:j (k) 

k=2 

C.V. % 

5 

10 

15 

20 

25 

"'U1~i1tlfh.:j''U 

l1~,,~in'YI~"tl.:j 

n=2 

n=4 

n=6 

n=8 

n=2 

n=4 

n=6 

n=8 

n=2 

n=4 

n=6 

n=8 

n=2 

n=4 

n=6 

n=8 

n=2 

n=4 

n=6 

n=8 

c< = 0.05 

F MC-LR 

0.045 0.040 

0.060 

0.046 

0.053 

0.044 

0.053 

0.039 

0.043 

0.045 

0.047 

0.056 

0.058 

0.052 

0.059 

0.049 

0.046 

0.058 

0.056 

0.050 

0.051 

0.044 

0.045 

0.047 

0.045 

0.052 

0.056 

0.053 

0.048 

0.061 

0.050 

0.052 

0.052 

0.046 

0.060 

0.056 

0.056 

0.058 

0.043 

0.057 
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I' ", 

fl11lJfH'11~Lfl~m.nh::lfl'VI~ 1 1m1'LfitJ ,:ui\J~1~O~'VIfHH)Ult)~ ~.:jU 1l::1M'U'~"hmw~ C.V,% = 

5% ~1~O~'VIf"I~VUlt)~ 1l::1..rfhaf"lff1'Ufl11lJflCl1fHfl~tl'U'lh::lfl'VI~ 1 lJlnn11~1~O~'VIf)~tlU 

lJtl'U~fl11hHrl1~lff1'Ufl11lJfll'Hl::lil'U mw ~ C.V,% = 10% ~1~O~'VIf)~VUlt)~ ~::1..rfh 

af) ff1'U fl11 lJflCl1f)L fl ~V'U,j ~:: lfl'VI ~ 1 ,r tl tJn 11~ 1 ~ O~ 'VI f) ~ tl U lJ tl 'U ~ fl1 11 ml11 ~ 1 ff 1'U fl11lJfl1 ~ 
~ ".do t.q ..::t G.I CIt. 00 QI ' .. .1 1 " , 

'il::IU'U tJf1I1'UnHU n=4 'il::lJlnn11 mw 'VI c.v,% = 15% m~\l11'V1f)~tlUtll1~1~1'UWY11l:: 11fl1 

af"lff1'Ufl11lJfl" If)Lfl~tl'U,j ~ ::lfl'VI~ 1 lJlnn11~ 1 ~O~ 'VI f)~tlUlJV'U ~fllf1 ml11 ~ 1 ff1'U fl11lJfl1~ 1l:: . . 
~ " dell,., I q d IV QQ Q,,/.....1 

LU'U tJf1I1'UmW'VI n=21"':: n=4 ~::'UtltJn11 mw 'VI c.v.% = 20% m~\l~'VIf)~tlUtl~~1~1'UltlY1 

~:: 1..rfhaf)ff1'Ufl11lJflCl1f"1Lfl~tl'U,j~ ::lfl'VI~ 1 L'Vh,r tltJnl1~1~O~'VIf)~VUlJtl'U ~fl111 ml~ ~ lff1'U . . 
~ ".c:td I QI I I d d CLI 

fl11lJfl1~~::LU'U tJnL1'Umw'VI 11 =2 1l::1'Yl1n'U I"':: n=4 1l::lJlnn11 ~1'Umw 'Yl C.V.% = 25% ~1 

~O~'Ylf"l~tlUtll1~lff1'UW~ ~:: 1..rfha~ff1'Ufl11lJflCl1~Lfl~tl'U,j~ ::lfl'VI~ 1 ,r tltJnl1~ 1~O~'VIf"I~VU 

lJv'U~fl111"tl~~lff1'Ufl11lJfl1~~::LiI'U tJf)li'Umw~ n=2 11":: n=6 1l::lJlnnl11"'::~llJl1\l 

fl1UfllJfhaf)ff1'Ufl11lJfl "l~lfl~tl'U,j~ ::lfl 'Yl~ 1 1~'Yl nmw 
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fIl'lH4.3 lIf1'~~m'ilmV1Jl¥ivUfh1Y~ff1'Ufl11lJfHI1~lfl~tl14lh=:lfll1~ 1 'lJtl~~1f1'~9i11~fI'tl1J1tlvl 

n1J~ 1f1'~9i11 ~fI'tl1JlJtl14 9i m{1" t1~ 'i 1ff114fI11lJfI1'i 'I=: 11114 m ru ~ ~ 114 114 i~ 11~" tl ~ 

11'hn1J 2 ¥i'i=:,)1Jl!Vff1rity 0.1 

~114114 C.V.% 'lJ141~~1tld1~'14 a = 0.1 

i~l1~"tl~ (k) 
, ..,."" 

U~"=:11i11~"tl~ F MC-LR 

5 n=2 0.095 0.083 

n=4 0.104 0.090 

n=6 0.095 0.092 

n=8 0.101 0.096 

10 n=2 0.095 0.108 

n=4 0.102 0.096 

n=6 0.077 0.115 

n=8 0.079 0.109 

15 n=2 0.099 0.111 

k=2 n=4 0.101 0.115 

n=6 0.094 0.099 

n=8 0.103 0.095 

20 n=2 0.095 0.095 

n=4 0.106 0.089 

n=6 0.088 0.101 

n=8 0.100 0.120 

25 n=2 0.091 0.105 

n=4 0.092 . 0.105 

n=6 0.105 0.087 

n=8 0.096 0.109 
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f111lJf1m~If1~m.nh~Lfl'Yl~ 1 ifl~L~(J'Itimi1i1'(i~'Yl~~H)tlWyj f1'1if ~~1l1Ui~11fl'H1i~ C.V.% = 

5% ~1i1'(i~'Yl~i1'{ltlwyj ~~i,.rfhri'~ri1Uf111lJf1m~Lf1~{lUl.h~lfl'Yl~ 1 lJlflfl11~1i1'(i~'Yl~i1'{ltl 

lJ{lU~f1111~tl'~'nri1Uf111lJm1~~lilu mw ~ C.V.% = 10% ~1i1'(i~'Yl~i1'{l1Jwyj ~~i,.rfh 

ri'~ri1Uf111lJf1~1~Lf1~{lU1.h~Ifl'Yl~ 1 U{l(Jfl11~1i1'(i~'Yl~i1'{ltllJ{lU~f11{htl'~11ri1umllJm1 
~!iI I d. d Q.J~.Q .. .1 i " 1 QJ • 

\)~lUU (JflL1U 11=4 \)~lJ1flfl11 mw 'Yl C.V.% = 15% mi1'\l9l'Yl~i1'{l1JWn \)~ lff11i1'~i1'1UmllJ 

f1m~Lf1~{lUlh ~lfl'Yl~ ) U {l(Jfl11~1i1'(i~'Yl~ i1'{ltllJ{lU~f11{h tl'9l11ri1U f111lJm1 \)~li1U (JflI1u 

11=8 ~~lJ1flfl11 mw ii C.V.% = 20% ~1i1'(i~'Yl~i1'{l1JL{lyj ~~i,.rfhri'~ri1umllJf1m~If1~{lU 

lh~Lfl'Yl~ 1 U{l(Jfl11~1i1'(i~'Yl~i1'{l1JlJ{lU~f11{1~tl'~nri1Uf111lJf111\)~lilU (JflI1u 11=2 \)~I'Yhtiu 

U~~ 11=4 ~:;lJ1flfl11 ri1umw ii C.V.% = 25% ~1i1'(i~'Yl~i1'{ltlwyj ~~i,.rfhri'~ri1umllJ 

f1~lf)If1~{lU lh ~lfl'Yl~ 1 U {l(Jfl11~1i1'(i~'Yl~i1'{l1JlJ{lU ~f11{1 ~tl'9l11ri1umllJm1 \)~LilU (JflI 1u 
11=6 \)~lJlflfl11 U~~i1'llJl1\lmtlTJlJt11ri'~ri1umllJf1~1~Lf1~{lUlh~lfl'Yl~ 1 i~'YlflmW 



38 

~1'H:J4.4 un~ .:JmmJl tlUlfitlUrill'Y~Hi1lJfI11lJmn~lfI~m.J1_h ~Ul'YI~ 1 'Utl.:J~1ni'i~'YI~ntlUltl~ 

tiu~1ni'i~'YI~ntlUlJtllJ~fI1{lm)~llri1lJfI11lJfl1l ~~I~'U mru ~~llJ 1lJ 1t'YI~"'tl.:J 

Il'iltiu 3 fil ~,)uumilfity 0.01 

0 

C.V.% 'UlJl~~1tlVHi'U ~1'U1'U (J. =0.01 

1t'YI~mH (k) 
I "" .. 

U~"'~11i'YI~"'tl'l F MC-LR 

5 n=2 0.008 0.011 

n=4 0.006 0.013 

n=6 0.015 0.012 

n=8 0.010 0.012 

10 n=2 0.010 0.015 

n=4 0.006 0.011 

n=6 0.011 0.014 

n=8 0.012 0.015 

15 n=2 0.008 0.013 

k=3 n=4 0.006 0.014 

n=6 0.010 0.009 

n=8 0.006 0.012 

20 n=2 O.Ola 0.Ql5 

n=4 0.007 0.009 

n=6 0.012 0.015 

n=8 0.006 0.014 

25 n=2 0.014 0.015 

n=4 0.011 0.013 

n=6 0.014 0.Ql5 

n=8 0.011 0.015 



39 

I. ". ....1 .. 1" ~ 01 01 QQ ... .1 QI d d i'" I d d 

fi11lJfHn~lfH1VUu'j::lfl'YI'YI 1 mHtHJ~f)U~ "H"()~'YI~~VUmfl f1~U \l::mu fI11mW'YI c.v.% = 

5% ~1~~~'YI~~VUm~ \l::1M'fhft~HY1Ufi11lJfHn~lfl~VUU'j::lfl'YI~ 1 UmJf)11~1~~~'YIfI~VU 

lJ{lU~fl111"rrm1",hufl11lJfi1'j\l::I1JU Uf1l1U n=6 \l::lJ1f)f)11 mru~ C.V.% = 10% 20% 25% 

~1~~~'YIfI~VU1V~ \l:: 1 M'~lftflff1Ufl11lJfl"1f11flg{lUU 'j ::lfl'YI~ 1 U VUf)11i11~~~'YI~~VUlJVU~ 
m{1"rrmlff1Ufl11lJfl1'j\l::I1JU ff1umru~ C.V.% = 15% ~1~~~'YIfI~{lUm~\l::1M'~lft~ff1U 

fi11lJfl" lf1 1fl~VU U'j:: lfl'YI~ 1 U {lUf)11i11 ~~~'YIfI ~V UlJVU~fl1{1" rrm lff1U fl11lJfi1 'j \l:: 11JU 

Uf1l1U n=6 \l::lJlf)f)111m::~llJn()fl1UfJlJ~lftflff1Ufl11lJflmfl lflgvUU'j::lfl'YI~ 1 '~fJf)mru 
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flln~4.5 1Ln'fl'lfll'HlnUUtijuu~1~~"hlJfI11lJflC'11~tflgellnh::ain1~ 1 '\JtJ'I~1n'a~'Y1~n'tJUWW 

tiU~1n'()~'Y1~ n'tJUlJtJlJ~fIl{l 'tlij~'H,hUfl11lJfl1'j 1l::;tlllJ fl'j ru~~llJ1lJ 11i'Y1~'tltJ'I 

l'yiltiu 3 ij'j::;fi'UUUrilTlty 0.05 

. c.v.% '\JlJ1~~1mh'lilJ 1l1lJ1lJ c< = 0.05 

1ti'Y1~'tltJ'I (k) 
, "' ... 

1L1I'tl::;11i'Y1~'tltJ'I F MC-LR 

5 n=2 0.048 0.045 

n=4 0.046 0.052 

n=6 0.059 0.051 

n=8 0.044 0.047 

10 n=2 0.053 0.053 

n=4 0.044 0.056 

n=6 0.061 0.059 

n=8 0.050 0.055 

15 n=2 0.047 0.055 

k=3 n=4 0.046 0.059 

n=6 0.049 0.055 

n=8 0.052 0.061 

20 n=2 0.052 0.057 

n=4 0.055 0.058 

n=6 0.054 0.060 

n=8 0.047 0.059 

25 n=2 0.048 0.050 

n=4 0.042 0.058 

n=6 0.048 0.053 

n=8 0.058 0.056 
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" ". 
mllJfll;"llfllfl~~u'lh::Lfl'YIn 1 1m\'lfiv~nmi1'{1'G~'YIfl'{l'~UI~vJ f1~U ~::ltfUL~11mWn C.V.% = 

5% ~1'{1'G~'YI~'{I'~UWvJ ~::'li'fhtY~ff1UmllJfI"1~1f1~~U'lh::lfl'YI~ 1 UVVn11~1'{1'G~'YIfl'{l'VU 

lJ~U~f11{11;"lt1~~lff1UmllJm~~::lilu vm1u n=21m:: n=6 ~::lJlnn11 mw~ C.V.% = 10% ~1 

'{I'G~ 'YIfl '{I'VU1VvJ~:: 1 li'fi 1 tY~ff1U f111lJfI" lfllf1~~U th:: lfl'YI~ 1 U V V n 'h ~ 1 '{I'G~ 'YI fl '{I'~ UlJ V U ~ f11 { 

1 Q.I' ~" I ., , dd 

l;"l~ml'{l'1Ufl11lJfl1~~::llJU vnnu n=2 1J::lmnU 111;"1:: n=6 ~::lJlnn11 nHU'YI C.V.% = 15% 

20% ~1'{1'G~'YI~'{I'~UwvJ~::'li'filtYflff1UmllJflI;"l1~lf1~VUth::lfl'YI~ 1 U~Vn11~1'{1'G~'YIfl'{l'~U 

lJVU~fI1{11;"lt1~~lff1UmllJm~~::IUU ff1UmW~ C.V.% = 25% ~1'{1'G~'YI~'{I'vuwvJ~::1li'fil 

tYflff1U f111lJfll;"llfllfl~VU U~ ::lfl'YI~ 1 U6Vn11~1'{1'G~'YIfl'{l'VUlJVU ~f11 {11;"lt1~~ lff1Ufl11lJfl1'l 

1J::1UU vm1u n=8 ~::lJlnn11UI;"l::'{I'llJl~\lmUfllJfiltY~ff1Ufl11lJfll;"l1fllfl~~UU~::lfl'YI~ 1 L~'tJn 

mw 
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mn:J4.6 1I~"~m'HmUUl'YitJUf;'ff"1:huf111lJrHn"lflg~)lnh:af11'1~ 1 '\Jtl~~1~O~1'1"~tlUltlyj 

A'U~1~O~l'1fl~t)UlJt)U~f11{1 m)~·nriTufl11lJf11'.i ~:allu m ru ~ ~lU TU iil'1""t)~ 

1'l'hA'u 3 lh:~UlrtJrilfiqJ 0.1 

. 
C.V.% '\JU 1"~1tlth~ i 'U 'iJ1U1'U a. = 0.1 

iil'1""t)~ (k) 1I~,,:i1il'1"M~ F MC-LR 

5 n=2 0.091 0.091 

n=4 0.096 0.106 

11=6 0.105 0.1 10 

n=8 0.102 0.096 

10 11=2 0.099 0.091 

11=4 0.095 0.093 

n=6 0.095 0.110 

n=8 0.105 0.101 

15 n=2 0.095 0.101 

k=3 n=4 0.089 0.104 

n=6 0.104 0.106 

n=8 0.088 0.102 

20 11=2 0.111 0.115 

n=4 0.093 0.095 

n=6 0.102 0.108 

11=8 0.104 0.108 

25 n=2 0.098 0.102 

n=4 0.105 0.112 

n=6 0.095 0.103 

n=8 0.089 0.108 
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.. ". .. 1.1 .. 1!lJ d GI CV <Q4 .. .I cv d d i" I d do 
fl11lJflCll~lmHll.J 'i::;U1'Y1'Y1 1 nCllfltJ'In1Jm~fl~'YI~iH)1Jl~n ~'1l.J ,,::;1l1l.J ~11mW'YI c.v.% = 

5% ~1~ii~'YI~~~1JWvl ,,::;1,r~1~~ff1l.Jfl11lJflCll~lflg~l.JtI'i::;lfl'YI~ 1 U'~tJnil~1~ii~'YI~~~1J 

lJ~l.J~fl1{lClt)~'ilff1l.Jfl11lJfl1'i'i)::;lUl.J tJf1l1l.J n=2 "::;Ll11tll.J 1m::; n=8 "::;lJlnnil nHn~ c.v.% 

= 10% ~1(Yii~'YI~~~1Jwvl'i)::;1,r~1~~ff1l.Jfl11lJflCll~lflg~l.JtI'i::;lfl'YI~ 1 lJlnnil~1~ii~'YI~(y~1J 

lJ~l.J~fl1{1Clfl~'ilff1l.Jfl11lJfl1'i'i)::;lUl.J tJf1L114 n=6 ,,::;U'mJf1il mw~ c.v.% = 15% 20% 

~1~ii~'YIft~~1Jwvl,,::; 1 ,r~1~ftff1l.Jfl11lJflCllftlflg tll.J t1'i::; lfl'YI~ 1 U' tltJnil~ 1~ii~'YIft (Y~1JlJ~14 ~ 

fl1{lClflmlff1l.Jfl11lJfl1'i"::;lUl.J mw~ c.v.% = 25% ~1(Yii~'YI~~~1Jwvl'i)::;1,r~1~ftff1l.Jfl11lJ 

flCllftlflg~ 14 1.1 'i ::;lfl'YI~ 1 U'~tJnil~1~ii~ 'YIft~~1JlJ~l.J ~fl1{l Clflm lff1l.J fl11lJfl1'i ,,::; IU14 HCl::; 

~llJl'i flfl11JfllJ~l~ft d1l.Jfl11lJflCllftlflg~l.J t1'i::;lfl'YI~ 1 i~'t'J nm w 
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vnH34. 7 u'tY~~f11'i 1m (JulYi(JUfh~~ril'Ufl11lJflm~lfl~m.nh ::1f1'V1~ 1 'IJ~:mi1'tYo~ 'V1~'tYtlumvl 

timi1'tYO~'V1~'tYtlUlJtlU~fl111m)~'ilri1Ufl11lJfl1'i~::ltJU mW~~lu1U11i'V1~"tl~ 

l't'iltiu 4 Yi'i::~uumhtity 0.01 

. c.v.% 'lJU1~9i1tl{h~ iu \llU1U a = 0.01 

11i'V1~"(J~ (k) u'fi"::11i'V1~,,(J'I F MC-LR 

5 n=2 0.008 0.008 

n=4 0.012 0.012 

n=6 0.010 0.014 

n=8 0.007 0.012 

10 n=2 0.011 0.013 

n=4 0.012 0.014 

n=6 0.013 0.012 

n=8 0.014 0.015 

15 n=2 0.012 0.012 

k=4 n=4 0.012 0.014 

n=6 0.011 0.010 

n=8 0.007 0.013 

20 n=2 0.015 O.oIl 

n=4 0.015 0.013 

n=6 O.oI5 0.014 

n=8 0.012 0.012 

25 n=2 0.011 0.009 

n=4 0.013 0.015 

n=6 0.010 0.013 

n=8 0.009 0.012 
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fll1lJflm~lfl~fJ'U'lh~If111~ I 1m"lfifJ'lnml1ffi)~11~ffmJW~ ~'lif "'~IM'U'~11f)'H1i~ c.v.% = 

5% ~lffi)~l1~fffJ'lJW~ ,.,~ 111'filrl'~ffl'Ufll1lJflm~If1~fJ'U 'lh ~1f111~ I UfJfJf)11~lffi)~11~fffJ'lJ 

lJfJ'U~f11{1~t5'~'nffl'Uf111lJf11'j'il~llJ'U fJm1'U n=2 IL~~ n=4 'il~I'¥hn'U mru~ C.V.% = 10% 

~ lffi)~l1~ fffJ'lJW~'il~ 1 11'fil rl'~ffl'U f111lJf1 ~1~1f1~ tJ'U 'lh ~1f111~ I U fJfJ f)11~lffi)~11~ fffJ'lJlJfJ'U~ 
f11{1~t5'mlffl'Ufll1lJf11'j'il ~ llJ'U vm1'U n=6 'il~lJlf)f)11 mru~ c.v.% = 15% ~lffi)~l1~fffJ'lJ 

lfJ~ 'il~ 1M' fi 1 rl'~ ffl'U f111lJf1 m ~1f1 ~fJ'U1h ~1f111~ 1 U tJ fJf)11~ lffi)~ 11 ~ fftJ'lJlJ tJ'U ~ f11 {1 ~ fl fl 'j lffl'U 

f111lJf11'j"'~llJ'U fJm1'U n=2 "'~I ... hn'UI1~~ n=6 "'~lJlf)f)11 mru~ C.V.% = 20% ~lffi)~l1~fffJ'lJ 

W~"'~ 111'filrl'~ffl'Uf111lJf1~1~1f1~fJ'U 'lh ~1f111~ I lJlf)f)11~lffi)~11~ tYfJ'lJlJfJ'U ~f11 {1 ~t5'm lffl'U 

f111lJf11'j"'~llJ'U vm1'U n=8 'il~ 1111n'U ffl'Umru~ C.V.% = 25% ~lffi)~11~fffJ'lJW~'il~111'fil 

rl'~ffl'Uf111lJf1 m~lf1~ fJ'U1h ~1f111~ I U fJVf)11~lffi)~11~fffJ'lJlJfJ'U ~f11{1 ~t5'fl 'j lffl'Uf111lJf11'j 

"' ~ llJ'U fJm1'U 11=2 "'~lJlf)f)1111~ ~ ffllJ1Hlf11'lJfllJfilrl'~ril'Uf111lJf1~1~lfl~tJ'U1h~If111~ I '~l'Jf) 
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Yll1H4.8 llff~'l f1l'Hm tJULl1 tJUfhff~ri1Uf111lJmmUf1 ~fJ'\..!tl'j :;Lfll1~ I '\J{)'l~ 1ffii~11~ff{)Umrl 

nU~1ffii~11~ff{)UlJ{)U~f11{1 mj~'jlri1Uf111lJm'j 1):;rtlu mru~~lu1U i1il1~"{)'l 
'QJ..::t QlQlOQl 

1'Yllf1U 4 m:;~UUtJfflf1qj 0.05 

~lU1U C.V.% "ul~~1mh'l'u a = 0.05 

i1il1~"{)'l (k) 
I """ 1L~":;11il1~m)~ F MC-LR 

5 n=2 0.048 0.042 

n=4 0.054 0.051 

n=6 0.055 0.051 

n=8 0.061 0.048 

10 n=2 0.048 0.043 

n=4 0.048 0.059 

n=6 0.059 0.049 

n=8 0.055 0.048 

15 n=2 0.061 0.059 

k=4 n=4 0.046 0.054 

n=6 0.061 0.053 

n=8 0.047 0.058 

20 n=2 0.053 0.047 

n=4 0.048 0.044 

n=6 0.059 0.055 

n=8 0.052 0.053 

25 n=2 0.048 0.048 

n=4 0.052 0.059 

n=6 0.054 0.054 

n=8 0.058 0.059 
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.. '" 
i'l11)Jml1~lfliitJ'Ulh:af),Ylli 1 in~li'itJ-3nU~1ff(l~'YI~fftlUm~ ~-3U 1l::1l1'U'~11n'H)jli C.V.% = 

5% ~1ff(l~'YI~fftlUm~ 11:: i,r~1~~ff1'Ui'l11)Jflm~lfI~tl'Ulh::lfl'YI~ 1 )Jl nn11~1ff(l~'YI~fftlU 

)Jtl'U~fIl{lfIij~'.i1ff1'Ufl11)Ji'l1lll::L1~I'U mw~ C.V.% = 10% ~1ff(l~'YI~fftJUltl~1l::i,r~1~~ff1'U 

fl11)JfI m~LfI~ tJ'Ulh:: Ifl 'YI~ I )Jln n11~ 1ff(l~'YI~fftlUlJtl'U ~fI1{l "ijm 1 ff1'U fl11)Ji'l1lll:: L 1l'U 

tJnl~'U n=41l::U'tltJn11 mw~ C.V.% = 15% ~1ff(l~'YI~ffClUIt1~1l::i,r~1~~ff1'UfI11)J 

fI"lfllfl~tl'Ulh::lfl'YI~ I U' tltJn11~ 1ff(l~'YIfI fftlUlJtl'U~fI1{l" vm lff1'UfI11lJfI1lll::11l'U tJf)L~'U 

n=2 II":: n=6 1l::)Jlnn11 mwli C.V.% = 20% ~1ff(l~'YI~ffClUm~1l::i,rf11~flff1'Ui'l11)J 

fI "l~lLfI~Cl'Ulh ::lfl'YI ~ I )Jlnn11~ 1ff(l~'YI~fftlU )Jtl'U ~fll{l "vm lff1'U fl11)JfI1lll::11l'U tJf)L ~'U 

n=8 1l::U'tltJn11 ff1'Umw~ C.V.% = 25% ~1ff(l~'YIflfftlUm~1l::i,rr11~~ff1'Ufl11lJflm~lfI~Cl'U 

1.h::lfl'YI~ 1 U'tltJn11~1ff(l~'YIflfftlU)JCl'U ~fll{l "ij~llff1'UfI11)Jfl1lll::11l'U tJf)L~'U n=2 1m:: n=6 

ll::I'Y11 n'UlL":: ffl)Jll \)i'l1UTJ)J~ 1 ~flff1'Ufl11)JfI mfllfl ~tl'Ulh:: lfl'YI~ I 1 ~l'J nm w 
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~ln:j4.9 lliYfI~fll'lIUl [JUln[JUfhff~H'h14f111lJmnfllf1 ~v'\.nh ~Lfl'YI~ I 'lJV~~1iYil~'YIfliYVU1Vyj 

tiu~1iYil~'YIfliYVtJlJV14~fll{i m)~ '1 1 ri114f111lJf11'l ~~I'U14 mw ~~114 114 1t'YIflClV~ 

Ifiltiu 4lh~fitJu[JrilTiqJ 0.1 

~114114 C.V.% 'lJ'\.l1f1~1VdH''\.l 0. = 0.1 

1t'YIflClV~ (k) 
, .. '" 

1l~Cl~11i'YIflClV~ F MC-LR 

5 n=2 0.093 0.093 

n=4 0.111 0.105 

n=6 0.\07 0.104 

n=8 0.104 0.092 

10 n=2 0.097 0.094 

n=4 0.106 0.111 

n=6 0.\05 0.088 

n=8 0.104 0.\03 

15 n=2 0.092 0.106 

k=4 n=4 0.\08 0.112 

n=6 0.106 0.106 

n=8 0.098 0.109 

20 n=2 0.097 0.101 

n=4 0.099 0.098 

n=6 0.114 0.098 

11=8 0.\02 0.115 

25 n=2 0.097 0.092 

11=4 0.098 0.\03 

11=6 0.085 0.105 

n=8 0.098 0.\08 
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f)11lJmmHf)~ij'\.ah:::lfl'Yl~ 1 lm)'lfiu~nm;1",i)~'Yl~"'ijUm~ ,)~;i 'l:::1l1'U,~, .. hmw~ C.V.% = 

5% ~1",i)~'Yl~"'ijUm~ 'l:::1,rfilff~ri1'Uf)11lJf)"1~1f)~ij'U1h:::lfl'Yl~ 1 lJlflf)'h~1",i)~'Yl~"'tJU 

lJtJ'U~fl1{1m)~ 'nri1'Uf111lJf)1'l'l:::llJ'U um1'U n=2 'l:::l'yiln'U mw~ C.V.% = 10% ~1",i)~ 

'Yl~ "'tJum~'l::: 1,ri'i1ff~ri1'Uf111lJf)1:I1~1f)~ij'U1.h:::lfl'Yl~ 1 U ij uflil~1",i)~'Yl~ ",ijUlJij'U ~fl1{1" 

'el~'llri1'Uf111lJf11'l'l:::llJ'U um1'U n=6 'l:::lJlflflil mw~ C.V.% = 15% ~1",i)~'Yl~"'ijum~'l:::1,r 

tllffftri1'Ufl11lJf)1:I1ftl f)~ij'U1h :::lfl 'Yl~ 1 U ij Ufl il~1 ",i)~'Yl~ "'tJUlJij'U ~fl1{1 ,,'elm 1 ri1'U f) 11lJ 

fl1'l'l:::llJ'U um1'U n=6 '1:::Il'hn'U mw~ C.V.% = 20% ~1",i)~'Yl~"'ijum~'l:::1,ri'i1ff~ri1'Uf)11lJ 

f)1:I1~1f)~ij'U 'lh::: lfl'Yl~ 1 U ijUflil~1 ",i)~'Ylft"'ijUlJij'U~fl1 11 "'el~ nri1'Uf)11lJf)1'l '1:::1 lJ'U um1'U 

n=4 11"::: n=6 '1:::lJ1flflil ri1'Umw~ C.V.% = 25% ~1",i)~'Ylft"'ijum~'l:::1,rtllff~ri1'Ufl11lJ 

f)1:I1~1f)~ij'Ulh :::lfl'Yl~ 1 U ijUflil~ 1",i)~'Ylft "'ijUlJij'U~fl1{11:I'el~'llri1'Uf111lJfl1'l 'l:::llJ'U um1'U 

n=2 1l:::lJ1flflil1m::: "'llJ1Hlf11UfllJtll ffftri1'Ufl11lJf) 1:11 ft If) ~ij'U 'lh :::Lfl'Yl~ 1 '~'YJflm W 
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4.1.4 muitmVUl't1VU 5ill'YlfHH).:J fi'.:J"111.:J 4.10-4.12 

vn·,m4.10 1H"~.:Jf111 1m VUI't1VUfilIYf'I ,hUfl11lJflmf'lLflgtl'\.J'U':i ::Ul'Yl~ I ~tl.:J~1ff(l~'Ylf'l fftlULtl~ 

nu~ 1ff(l~'Ylf'l fftllJ lJtl 'U ~fI1{1 "t1~ ':i lri1'U fI11lJfI1':i ~:: Li~'U m W ~ ~ 1 'U 1'U ii'Yl~ '" tl.:J 

L't11tilJ 5 ih~fi'1Jlrvrlltity 0.0 I 

0 

C.V. % 'I.I'Ul~~1mh.:J''U ~1'U1'U a = 0.01 

ii'Yl~"tl.:J (k) 
. Ad 

1L~"::1ti'Yl~"'tl.:J F MC-LR 

5 n=2 0.014 0.015 

n=4 0.013 0.009 

n=6 0.011 0.011 

n=8 0.012 0.014 

10 n=2 0.010 0.015 

n=4 0.009 0.008 

n=6 0.014 0.009 

n=8 0.008 0.014 

15 n=2 0.013 0.010 

k=5 n=4 0.010 0.010 

n=6 0.012 0.015 

n=8 0.006 0.010 

20 n=2 0.007 0.013 

n=4 0.014 0.009 

n=6 0.010 0.013 

n=8 0.015 0.014 

25 n=2 0.013 0.012 

n=4 0.007 0.013 

n=6 0.011 0.013 

n=8 0.008 0.015 
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" ", I 

i'I11lJi'l"1~1i'l~V'Utl':i::l.f)'YIYi I iml'lfttl.:jtiU~1~ii~'YI~~vulVvl ~.:ji111::1l1'Ui~'hmwYi c.v.% = 

5% ~1~ii~'YI~~VUlVvll1::i,r~lff~ff1'Ui'I11lJi'l"1~1i'l~V'Utl':i::I.f)'YI~ I Ut:Wflil~1~ii~'YI~~V11 

lJv'U~i'll11"tl'mlff1'Ui'l11lJi'l1':i11::1fl'U tlf111'U n=4 l1::lJlflflil 11":: n=6 l1::I'Vilti'U mw~ 

C.V.% = 10% ~1~ii~'YI~~V11lVvl,,::i,r~lff~ff1'Ui'l11lJi'lm~Ii'l~CJ'Utl':i::I.f)'YI~ I UCJtlflil~1~ii~ 
.. "1 cv, ~" I d ..::t 

'YI~~VUlJCJ'U~i'll':i "V~':i 1 ~1'Ui'l11lJi'l1':i "::IU'U tlfll1'U n=4 11":: n=6 11::lJlflfl11 m flJ'YI C. V. % = 

15% ~ 1~ii~'YI~~V11lVvl,,:; i,r~l ff~ff1'Ui'I11lJi'l m~li'l~V'Utl ':i::l.f)'YI~ I U V tlflil~1~ii~'YI~ ~CJU 

C.V.% = 20% ~1~ii~'YI~~CJUICJvll1::i,r~lff~ff1'Ui'l11lJi'l"1~1i'l~CJ'Utl':i::I.f)'YI~ I uvtlflil~1~ii~ 

'YI~~CJ11lJCJ'U~i'll11"tl'mlff1'Ui'I11lJi'l1':i11::1fl'U tlf111'U n=4 11":: n=8 l1::lJlflflil ff1'UmW~ 

C.V.% = 25% ~1~ii~'YI~~CJ11ICJvll1::i,r~lff~ff1'Ui'l11lJi'lm~Ii'l~CJ'Utl':i::I.f)'YI~ I uvvflil~1~ii~ 

'YI~~CJ11lJV'U ~i'l111" tl'm 1 ff1'U i'l11lJ i'l1':i 11:: I fl'U tlf111'U n=2 l1::lJlfl flilll":: ~llJl HI i'l111 fJlJ~ 1 

ff~ff1'Ui'l11lJi'l"1~1i'l~CJ'Utl':i::1.fl'YI~ I i~'t'JflmW 
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fl)11H.ll Ilff~~mHmtJUlntJuril~~HhUfl11lJfHl1~lfl~etnh:::Li1'Y1~ 1 '\Je~~1ffi1~'YI~ffeumyj 

nU~1ffi1~'YI~ffeUlJm,!~fl1{i~t1~~lri1Ufl11lJfl1~~::11lU mW~~lU1U1i'YI~M~ 

11'1lnU 5 n~::fi'uutJrilfiqj 0.05 

~lU1U C.V. % '\JU1~~1ijtiHiu a = 0.05 

1i'YI~M~ (k) 
, 

"""" 1l~~::11i'YI~~ij~ F MC-LR 

5 n=2 0,050 0.050 

n=4 0,056 0,054 

n=6 0.039 0.043 

n=8 0,051 0.055 

JO n=2 0.061 0.051 

n=4 0.056 0.056 

n=6 0.060 0.049 

n=8 0,048 0,059 

15 n=2 0,061 0.050 

k=5 n=4 0,048 0,048 

n=6 0.052 0,052 

n=8 0.045 0.057 

20 n=2 0,041 0.048 

n=4 0.046 0.044 

n=6 0.057 0.055 

n=8 0.050 0.061 

25 n=2 0.057 0,059 

n=4 0.053 0.047 

n=6 0,057 0,046 

n=8 0.047 0.058 
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I t JoI. 

fl11lJflm~lfl~tl'U'th::lfl'YIl11 im1'I~o ·:ui'lJ,)1tY()~'YI~tYtl'lJLVvl ')'lU ~::I'H'Ul~"hmwl1 c.v.% = 

5% ')1tY()~'YI~tYtl'lJWvl ~:: iM'~lff~ri1'Ufl11lJflm~Lfl ~tl'U'th::lfl'YI~ 1 UtlOn11')1tY()~'YI~tYtl'lJ 
"" "1 cv, ~,., , Q.t l.ct.d 

lW'Ullfll'j "tlll'jltY1'Ufl11lJm'j1l::IU'U onn'U n=2 1l::1'Y1ln'UH"::: n=4 1l:::lJlnn11 nHU'YI c.v.% 

= 1 0% ')1tY()~'YI~tYtl'lJltJvlll::: iM'~lff~ri1'U fl11lJfl "l~lfl~tl'U 'th:::Lfl'YI~ 1 lJl nn11')1tY()~'YI~tYtl'lJ 
"" "1 Q.I I ?t'" I QI JI. odd 

lJtl'U"fll'l "tlll'lltY1'UmllJfl1'l~:::LU'U OnL1'U n=4 ~::: L'YIln'UH"::: n= 8 ~:::'UtlVn11 nHU'YI c.v.% 

= 15% ')1tY()~'YI~tYtl'lJltJvl~:: iM'~lff~ri1'UmllJflm~Lfl~tl'U'th:::Lfl'YI~ 1 Lnlti'lJ')1tY()~'YI~tYtl'lJ 
"" "1 Q.I' ~" I" I d~ 

lJtl'Ullfll'j "tlmltY1'Ufl11lJfl1'j1l:::1U'U Vn11'U n=2 1l::lJlnn11 n=8 1l:::'Utl0n11 nHlJ'YI c.V.% = 

20% ')1tY()~'Yl~tYtl'lJltJvl~::: iM'fll ff~ri1'Ufl11lJfl "l~ lfl~tl'Ulb :::Lfl'YI~ I U tl vn 11')1tY()~'YI~ tYtl'lJ 

"" "1 QI I ?t 91 I f ..r::::t..r::::t 
lJtl'Ullfll'j "tlmltY1'Ufl11lJfl1'l1l:::LU'Uvnn'U n=4 IW::: n=6 1l:::lJlnn11 tY1'UnHU'YI c.V.% = 25% 

')1tYi:i~'Yl~tYtl'lJltJvlll::: iM'~lff~ri1'Ufl11lJfl "l~lfl~ tl'U lb:::Lfl'YI~ 1 U tlOnl1,) 1tY()~'YI~tYtl'lJlJtl'U ~ 

fl1{ht1'1l'jlri1'Ufl11lJfl1'j 1l:::1~'U VnL~'U n=2 II"::: n= 6 1l:::lJlnnl1IW:::tYllJ1Hlm'lJfJlJ~lff~ri1'U 

mllJfl"l~lfl~tl'U'th:::Lfl'Yl~ 1 '~l'JnmW 
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vmH4.12 Uff~-:jfl1~ 1m tJU1-ntJ1Jfh«~l1:hUfl11lJfI "l~ If1~f)'Ulh ~lfl'YI~ 1 '\Jf)-:j'fi1ff~~'YI~fff)Ulf)~ 

nu'fi 1ff~~'YI~ fff)1J lJf)'U ~ fll {1 ml~ ~ lri1'U fI11lJfl1~ ~ ~l tJ'U m ill ~ ~1'U TU ill 'YI~ m)-:j 

L'yi1n1J 5 -n~~~mrtJrilrity 0.1 

0 

C.v.% '\J'Ul~'fi1mjH''U ~1'U1'U a =0.1 

ill'YI~"f)-:j (k) 
, ..... 

1l1l"::1ti'YI~"f)-:j F MC-LR 

5 n=2 0.103 0.092 

n=4 0.102 0.099 

n=6 0.098 0.098 

n=8 0.107 0.107 

10 n=2 0.100 0.095 

n=4 0.095 0.091 

n=6 0.099 0.093 

n=8 0.092 0.095 

15 n=2 0.103 0.099 

k=5 n=4 0.108 0.104 

n=6 0.102 0.102 

n=8 0.101 0.107 

20 0=2 0.088 0.102 

n=4 0.100 0.098 

n=6 0.093 0.096 

n=8 0.103 0.109 

25 n=2 0.085 0.106 

n=4 0.102 0.100 

n=6 0.087 0.105 

n=8 0.090 0.106 
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fl11lJfHn~1f1~tJ'\.nh::lfl'YI~ 1 iflt1'1fi(J~nU~1~ii~'YI~~tJum'W ~~ii ~::111UL;\11mW~ C.V.% = 

5% ~1~ii~'YI~~6Um'W ~::hrrl1ri'~ff1Ufl11lJflm~lfl~flUlh::lfl'YI~ 1 l.Jlflfl11~1~ii~'YI~~'tIU 
.. "1 Q.I I ?t'" I QJ .o:::t.:::t 

lJ61HlflU r:'Iflm1~TUf11 1 lJfl1'i~::1lJU (Jfll1U n=6 ml:: n=8 'iI::1Y11flU flHU'YI c.v.% = 10% 

~1~ii~'YI~~'tIum'W~:: i ,rrl1ri'~ff1U f111lJflm~1fl ~'tIulh ::lfl 'YI~ 1 lJl flfl11~1~ii~'YI~~flUlJ'tIU ~ 

f11{1r:'16m1ff1Uf111lJf11'i~::lUU (Jfl11U n=8 ~::U'fl(Jfl11mW~ C.V.% = 15% ~1~ii~'YI~~'tIU 

W'W'iI:: i,rfhri'~ff1Ufl11lJflm~1f1~'tIUlh::lfl'YI~ 1 lJlfln11~1~ii~'YI~~flUlJflU ~f11{1 r:'I6m1ff1U 

~ tJ I GJ ", I .cI d c:v ~.Q. 
f111lJf11'i'il::llJU (Jfll1U n=6 'iI::1Y11flU 11r:'1:: n=8 ~::umJfl11 flHU'YI C.V.% = 20% ~1~\1~ 

'YI~ ~'tIUW'W~:: i,rrl1ri'~ff1Uf111lJfl"1~lfl~flU'.h ::1fl 'YI~ 1 U' 6 (Jfl11~1~ii~'YI~ ~'tIUlJ'tIU~f11{l" 

6~'i1ff1Ufl11lJf11'i'il::1UU (Jfl11U n=4 'iI::lJlflfl11 ff1UmW~ C.V.% = 25% ~1~ii~'YI~~6UW'W 

'11:: i ,rrl1ri'~ff1Ufl11lJflr:'l1~1f1 ~'tI U,j'i:: Lfl'YI~ 1 U' fl(Jfl11~1 ~ii~'YI~~'tIUlJ6U ~fl1{1 ,,6~ 'i1ff1U 

fl11lJf11'i~:: 1 UU (Jfl11 U n=4 '11:: lJl flfl1111r:'1:: ~llJl 'i \1f11UfllJrl 1 ri'~ ff1U f111lJfl m~lfl ~ 'tIU,j 'i ::Lfl 'YI 

~ I ';\l1flmW 

'il1fl~1'i 1~ 4.1-4.12 ~'{,jL;\11~'i ::~u11mi1 ril'\! 0.0 1 0.05 11":: 0.1 'VlU11)jm w~~1~ii~ 

'YI~ ~'tIUlJ'tIU ~ f11{1 r:'I6m 1ffTU f111lJf11'i~:: LUU '0:: i,r rl 1 ri'~ ff1U fl11lJfl m ~lfl ~ flU,j 'i:: lfl 'YI ~ 1 

i flt1'Ltl (J~ nu~ 1 ~ii~ 'YI ~ ~6 UW 'W 11r:'1:: i U 'YI fl m W ~llJU \1 fl1UfllJ rl 1 ri'~ ff1U fl11lJ fl m~lfl ~ 'tI U . . 
,j'i:: Lfl'YI~ I'M 1~'tI~ 'ilU W 1fl11lJ~llJl'i\1 iu fll'i f11UfllJrl1ff1Uf111lJflm~lfl ~6U ,j'i:: lfl'YI~ I 

U~1 iu fll'i l ,j'7 (Julii(Ju~l'U1'i1fll'i 'YI~~'tIU 'iI::f11UfllJ a l~(J~'iIuw 1fll'i 1,j'7 (Ju1ii(JUt11U 1'0 flU 
• • I ,.. 

'YI~~tJU'IJ tJ~~1~ii~'YI~~'tIuii ~llJU \1 f11U fllJrl 1ri'~ ff1U fl11lJflm~1fl~m.J,j'i:: Lfl'YIii I 1 ;\1'r;'11 U . 
'il1fl~r:'Ifll'i 1~(J'VlU11'YJ flm W fffll,j1~llJlHl fl1UfllJrl 1 ri'~ ff1U f111lJflm~Lfl~tJU,j'i:: Lfl 'YI~ 1 ,;\ ~~ 

~'iI1'i W 11m (Julii(JU t11U l'i1fll'i 'YI~~tJUl1 flm W 
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~ ..:t qQ,l 1" d " Q.I d (lflJl(Jl'H~* IlH' ~'illfllum::f1'ulr(Jrllrity 0.01 0.05 l1i.'1:: 0.1 lJi.'IfllJw::mJ1 'UlJVlfli.'ll(Jfl'U 'il~ 

'IH)(Jfl~1Vcil~lU1'U mw ~'i::f1'ulr(Jrllrityll'htiu 0.05 Lyh,!'U) 

4.2.1 mliiL1.h(JUL'n(Ju 2 nm1i.'1V~ ~l'il~ 4.13-4.15 Lm:: lU~ 4.1 

ih::f1'ulrmilrity a = 0.01 

L~Vti~'i lri1'Ufl11lJl1 U 'i U'i 1'U 'lJv~ilimli.'l V~tiUfl11lJl1 U'i U'i 1'U 'IJ V~fl11lJfli.'ll~Lfl ~v'U (r) 

~iiTilL'yhtiu 0.00 I 'l'jU11'YJflmlii ~ 1ffo~Vl~ffVUlJv'U~fl1{1 i.'Itim lri1'U fl11lJfl1'i 'il::LtJ'U 'il:: 111' 

" " 
Vl'U 1 '1 fll 'i Vl ~ffVUff ~ fl11~ 1ffO~ Vl ~ffVULVrl f1'~lr 'U fl'i Iii oW 'l'jU 11;{ 1 ffO~ Vl ~ffVUlJV'U ~ fll{1 i.'I .. 
ti~ 'i lri1'Ufl11lJfl1'i 'il::LtJ'U 1 ,rVl'U 1 'ilfll'i Vl~ffVU~ ~fl11;{1ffO~Vl~ffvumrl 

L~ v ti ~ 'i 1 ri1'U fl11lJ11 U 'i U 'i 1'U 'IJ V~ ili Vl~ i.'I V~ tiu fl11lJ 11 U 'i U 'i 1'U 'IJ V ~fl11lJfl i.'Il~ Lfl ~v 'U (r) 

li]j,hlyhtiu 0.01 

ti~'i lri1'Ufl11lJfl1'i 'il::LtJ'U 1 ,rVl'U 1 '1fll'i Vl~ffVU~ ~f)'"h;{1ffO~Vl~ffvumrl 

L~ vti ~ 1 1 ri1'U fl11lJU U 1 U 1 1'U 'IJ v~ili Vl ~ i.'I V ~ tiUfl11lJ11 U 1 U 'i 1'U 'IJ V ~fl11lJfl i.'I1 ~Lfl ~V 'U (r) 

~]j~1L'yh tiu 0.05 'I'j U11Lnvu'YJ flm Iii ;{ 1ffO~Vl~ffVU lJv'U~fl1{hti~ 'i lri1'Ufl11lJfl1'i '1::1 tJ'U 

'1:: 111' Vl'U 1'1 fll1 Vl~ ffVU ff ~fl11 ~1ffO~Vl~ ffvumrl ]jU1~m Iii~;{ 1ffO ~Vl ~ ffvuwrl '1:: 111' V1'U 1'il .. 

~ 4 .d. 
c.v.=5%,25% llJV n=6,8 c.v.=10%,15% llJV n=8 c.v.=20% LlJV n=6 

L~Vti ~'i 1 ri1'U fl11lJ11 U'i U1 1'U 'IJ v~iliVl~i.'IV~tiUfl11lJl1 U 1 U'i 1'U'IJ V~fl11lJfli.'l1~Lfl ~V'U (r) 

li]j~lL'Yhtiu 0.1 

ll11ti'U tiU;{1ffO~Vl ~ffVUlJ6'U ~fl1{1 i.'I tim 1 ri1'U fl11lJfl11 'il:: LtJ'U ]ju 1~ m Iii ~~ 1 ffO~ Vl~ffV U 

lJ6'U ~fl1{1 i.'Itim 1 ri1'U fl11lJfl1'i 'il::l tJ'U '1:: 1 ,rih'U 1 'il fll'iVl~ffVU ff ~ fl11~1ffO~Vl~ ff6umrl ,x'U n .. 
, . . . .. 1 deS ~ 4 .o:!!t 

flV 'UmWVl c.v.=5%,10% LlJV n=2 c.v.= 15% LlJ6 n=2,4,6 c.v.=20% LlJV n=2,4,8 

L~V ti ~1 lri1'U fl11lJ11 U'i U 'i 1'U 'IJ 6 ~ iliVl ~i.'I6~ tiu fl11lJ 11 U 1 U 1 1 'U 'IJ 6~ fl11lJfl i.'I1 ~L fl ~ 6'U (r) 

~]j~lLYhtiu I 'l'jU11'YJflmw ~1ffo~m1ff6uwrl'1::1,rV1'Ul'ilfll1Vl~ffVU~~fl11~1ffO~Vl~ff6U 
lJV'U ~ fll{1 i.'I ti~ 'i 1 ri1'U fl11lJfl1 'i '1:: L tJ 'U ~~,! 'U fl 1 Iii if 'l'jU 11;{ 1 ff O~ Vl ~ ffV UL 6 rl1,r V1'U 1 '1 fl 1 'i 

Vl ~ ffVU ~ ~fl11;{ 1 ffO~Vl ~ff6UlJV'U ~fl1{1 i.'Iti~ 1 1ri1'U fl11lJfl1 1 '1:: L tJ'U 

11i.'1:: 1'U m W ~ ti~1 1ri1'U fl11lJ11 U'i U1 1'U 'IJ v~i1i Vl~ i.'I6 ~ tiu fl11lJ11 U 'i U'i 1'U 'IJ 6~fl11lJ . . 
fli.'l1~Lfl~V'U(r) li]j~lL'Yhtiu 1.5 'l'jU11VlflmW ;{1ffO~Vl~ffvumrl'il::1,rV1'U1'ilfll'iVl~ffVU . 
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'! .Hrh';1ff~~'Yl~HH)UlJfl'U~fI1{1 m)'1I 'j lri1'Ufl11lJfl1'j 11:; I~'U ~~if 'U m OJ ifViU11'; 1ff~~'Yl~ffflU 
w~1 M'ij l'U 111 fll'j 'Yl~ ffflU ff ~ oil'; 1 ff~~'Yl~ ffVUlJV 'U ~fI1 {1 ~ tr'1l 'j 1 ri1'U fI11lJfl1'j \l:; 1 ~ 'U 

'" 

lh:;~u,:r(Jrllri\!l a = 0.05 

I~vtrm 1 ri1'U fl11lJU U nh 1'U 'U v~i~ 'Yl~~ v~nUfl11lJlI,j 'j U 'j 1'U 'U V~fl11lJfI~ l~lfl ~v'U(r) 

~ii~ll'Yllnu 0.00 I ViU11'YlnmOj ';1ff~~'Yl~ffVUlJV'U~fll{1 ~trmlri1'UfI11lJfI1'j 11:;Li~'U11:; 1M' . .. .. 
61'U 11101'j'Yl~ffVU ff ~ oil'; 1ff~~'YlflffVUIf)~ ~~,:r'U n'j OjUViU11'; 1ff~~'Yl~ffVUlJV'U~fl1{1 ~ 

" 

I~Vtr '11 'j 1 ri1'Ufl11lJU U 'j U'j 1'U 'U f)~ i~'Yl~~ tl~ nUfl11lJUU 'j U 'j 1'U 'U tl~fI11lJflm~LfI ~tl'U (r) 

~ii~mllnu 0.0 I ViU11l'lnm OJ ';1ff~~'Ylflfftl'UlJV'U~fI1{htrm 1ri1'UfI11lJfl1'j 11:;l~'U11:; hf' 

61'U 111 01'j 'Yl~ fff)U ff ~ 011';1ff~~'Yl~fff)Ulf)~ ~~if'U n'j OjifVi'U 11'; 1ff~~'Yl ~ fff)'UlJtl'U~fll{l ~ ... 

I~tl tr'1l 'j 1 ri1'U fl11lJI1 U 'j U 'j 1'U 'U V~ i~ 'Yl ~ ~ V~ n'Ufl11lJU U 'j U 'j 1 'U 'U V ~fl11lJfI ~ 1 ~L fI ~tl'U (r) 

~ii~lll'11n'U 0.05 ViU11Inf)'Uf]nm OJ ';1ff~~'Yl~fff)'UlJtl'U~fI1{1 ~trm 1ff1'Ufl11lJfI1'j \l:;I~'U 

11:; 1M'61'U 111fllnl~ ffflU ff ~ 011l1~ til rlln'U nu,; 1ff~~ 'Yl~ fftl'UW~ ii'U1~m W ~';1 ff~~'Yl~ fftl'Ultl~ 
'" 

, . . 
Q.d.4 .c!I 

mw'Yl c.v.= IO% IlJf) n=8 c.v.=15% IlJf) n=6 

L~tltr'1l'j 1ri1'UfI11lJU U 'j U 'j 1'U 'U f)~i~'Yl~~f)~ nUfI11lJUU'jU'j 1'U 'Uf)~fl11lJfI~ l~lfl ~fl'U(r) 

I'viln'U n'U';1ff~~'Yl~fff)'UlJf)'U~fI1{1 ~tr'1l'j1ri1'Ufl11lJfl1'j \l:;liI'U ii'U1~m Oj~';1ff~~'YI~fffl'U 

lJ fl'U~fI1 {1 ~tr'1l 'j lri1'U fl11lJfl1'j 11:; Iii 'U \l:; 1,1' 61'U 1 \l n1'j'YI~ffV'Uff ~n11';1 ff~~'YI~fff)UIf)~ it un 
'II 

,. I I '" 1 dd.dl .ct .ct 
fltl 'Umw'Yl c.v.=5% llJtl n=2,4 c.v.= I0% llJf) n=4,8 c.v.=20% IlJfl 11=2 

dj f) tr'1l 'j 1 ri1'U fl11lJI1 U 'j U 'j 1'U 'U f) ~ i~ 'Yl ~ ~ f)~ n 'UfI11lJl1 U 'j U 'j 1'U 'U f) ~fl11lJfI m ~l fI ~fl'U (r) 

~ii~mhn'U I Vi'U11f]nm OJ ,; 1ff~~'Yl~ fffl'Ultl~ \l:; 1 ,1'61'Ul \lfll'j 'Yl~ fffl'U,! ~ oil'; 1ff~~'Ylflfffl'U 

lJ tl'U ~ fll{l ~ tr'1l 'j 1 ff1'U fl11lJfl1'j 11:; 1 i1'U ~~ if 'U 0 'j w if Vi 'U 11'; 1ff~~ 'Yl ~ fff)'U L f)~1 ,1'61'U 111 01 'j 

'Yl ~ fffl'U ff ~n 11'; 1 ff~~'Yl ~ fffl'UlJf)'U ~ fll{1 ~tr'1l 'j lri1'U fl11lJfl1 'j 11:;1 i1'U ... 

11~:;' 'U m W ~ trm 1 ri1'U fl11lJU U'j U 'j 1'U 'Uv~i~ 'Yl~ ~fl ~ n'U fl11lJU U 'j U'j 1'U 'U V~fl11lJ 

flm~lfI~fl'U(r) ~ii~mi ln'U 1.5 Vi'U11f]nmW ';1ff~~'Yl~fffl'Ulfl'V'l\l:;'M'61U1\lfll'j'Yl~ffflU 

'!.:j 0 ':11'; 1ff~~'Ylflfffl'UlJtl'U~ fI1{l ~ei'1l'j 1 ri1'U fl11lJfl1'j \l:; LiI'U ~~ifu m OJ ifViU",h,; 1ff~~'Yl~fffl'U 
1tl~1 M' 61'U l\lfll'j 'Yl~fff)'U ff ~ nil'; 1 ff~~'Yl~ ffV'UlJfl 'U ~fI1 {1 ~ tr'1l 'j lri1'U fI11lJfl1'j \l:;I~ 'U .. 
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vh::~UUtHhti\1! 0. = 0.1 

Lrifl tl91 7 uhufI1llm U7 U71U 'lJfl~in'YI~~ fl~ nUfl11lJIlU7 U71U'IJ ()~fI11lJflm~lfl ~()U (r) 

~ihlll'Yllnu 0.001 'VlU11'l'lnmW ~1ffO~'YI~ffflUlJ()U~fl1{1 mJmT,hufI11lJfI17 1l::LUU1l:: 111' 
.. .. 

~lU 11l nu 'YI~ffflUff ~n11~ 1ffO~'YI~ffflUW~ ~~UU m WU'VlU11~1ffO~'YI~ff()UlJ()U~fl1{1 ~ 
" 

tlm 1ri1U fI11lJfI17 \l::LUU' ,r~lU HJn17 'YIfl ff()U ~ ~n11~1ffO~'YI~ff()UW~ 

lrlfl tl9171 ri1U fl11lJIl U7 U71U 'IJ fl ~ in 'YI~ ~ fl~ nUfI11lJII U7 U71U 'IJ () ~fl11lJfl ~ 1 ~Lfl ~fl U (r) 

liutimllnu 0.01 'VlU11'Y1nmW ~1ffO~'YI~ffflUlJflU~fl1{1~tl9171ri1UfI11lJfl17 1l::1UUll::',r . .. .. 
~lU 11ln17 'YIflffflU ~ ~n11~ 1ffO~'YI~ffflUlfl~ ~~UU n7 WU 'VlU 11~1ffO~'YI~ff()UlJ()U~fll{1 ~ 

tlmlri1u fl11lJfl17 1l::1UU 1,r~lU 11lnl7 'YI~ffflU ~ ~n11~1ffO~'YI~ffflUW~ 

lrlfl tl m 1 ri1U fl11lJII U7 U71U 'IJ fl ~ in 'YI~~ fl~ n U fl11lJII U7 U71 U 'IJ fl ~fl11lJfl m~l fl ~ () U (r) 

~utill'Yllnu 0.05 YlU11Ln()U'YI nm W ~ 1ffO~'YI~ffflU lJ()U~fl1{l ~t1m 1 ri1U fI11lJfI1HJ::LUU . 
1l::1,r61U1\lnl7'Y1~ffflU~~n1nI1()L ... hnunU~1ffO~'YI~ffflUW~ uU1~mW~~1ffO~'YI~ffflUW~ 

11:: 1 ,r~lU l\1nl 7 'YI~ ffflU ff ~ n11~ 1ffO~ 'YI~ffflUlJflU ~ m{l ~tl9171ri1U fI11lJfI171l::1UU 
" 

lrlfl t19171 ri1U fl11lJU U7 U71U 'IJ fl~in 'YI~ ~ fl~ n U fl11lJll U7 U71U 'IJ () ~fl11lJfl ~ 1 ~L fl ~ flU (r) 

liutil1'Yllnu 0.1 'VlU11mW ri1U 1'Hq} ~1ffO~'YI~ff()UlJflU~m{ht191:i1ri1UfI11lJfl17 1l::LUU 

11:: 1,r61U11lnn 'YI~ ffflUff ~ n11'H1 flL ... llnu nU~lffO~'YI~ ffflUW~ uU1~m W ~~ lffO~'YI~ffflUW~ 
" 

dd ~ d ~ ~ 
mw'YI c.v.=5% LlJfl n=4,6 c.v.=IO% llJfl n=4 c.v.=15% LlJfl n=2,4 c.v.=20% LlJfl n=6 .. 
c.v.=2S% LlJfl n=2.6 

Lrlfltl9171 ri1U fl11lJll U7 U71U 'IJ () ~ in 'YI~ ~ () ~ nUfl11lJll U7 U71U 'IJ () ~fl11lJfl ~ l~Lfl ~flU (r) 

~uti11l·hnu 1 YlU11l1nmW ~1ffO~'Y1~ffflUW~\1::1,r~lU1\1nU'Y1~ff()U~~n11~1ffO~'Y1~ff()U 
.. .. 

lJ()u~fll{l ~t1m lri1UfI11lJfl1:i \1::LUU ~~UU m W U YlU11~1ffO~'YI~ffflUW~1 ,r~lUl\1 nu 

'Y1~ff()U~ ~n11~1ffO~'Y1flff()UlJ()U~m{1 ~t1m lri1Ufl11lJfl171l::LUU 

11~:: 1 U m W ~tl9171ri1u fl11lJIl U7 U71U 'IJ fl~in'YI~ ~fl~ nUfl11lJUU7 U71U 'IJ fl~fl11lJ 

flm~Lfl~flU(r) ~utimllnu 1.5 YlU11'Y1nmW ~1ffO~'YI~ff()UW~\1::1,r~1U1llnl7'Y1~ff()U . 
~ ~n11~1ffO~'Y1 flffflUlJflU~fl1{l ~tl9171 ri1UfI11lJfI17 1l::L UU ~~J U m W ifYlU11~ 1ffO~'Y1~ffflU 
w~l ,rij1U 1\1 nl7 'YIflffflU ff ~n11~ 1 ffO~'Y1~ ff()UlJ()U ~fl1 {1 ~ tl9171 ri1U fl11lJfl17 1l:: L U U 

" 

4.2.2 mrunnuuLliuu 31i'Y1~"()~ 9l171~ 4.16-4.18 l1~::'lU~ 4.2 

li7::~UUUtY1ti\1! 0. = 0.0 I 

Lrlfltl9171 ri1u fl11lJll U7 U71U 'lJfl~ in 'YI~ ~ fl~ n Ufl11lJII U7 U71U 'IJ fl ~fl11lJfl ~ l~Lfl ~flU (r) 

~utill'Yllnu 0.001 'VlU11l'lnm W ~1ffO~'Y1~ffflUlJ()U~fl1{1~t1m1ri1UfI11lJfI17 1l::LUUll:: 111' 
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" " 
ii1U 11ln11'Yl~~flU~ -l n11i11~ii~'Yl~~flUlfl~ ~-lUU n1 WU~U 11i11~ii~'Yl~~flUlJflU~fl1{1 ~ .. 

l~flt1m 1 d1u fl11lJU U 1 U11U '\Jfl-l1~ 'Yl~~ fl-l liUfl11lJUU 1 U11U '\Jfl-lm1lJfl~1~lfl gt:JU(r) 

~ij~ll'yhliU 0.01 ~U1nlnmW il1~ii~'Yl~~flUlJt:JU~m{1~t1~11d1Um1lJm11l:aiJu,.,~hr 
" " 

ii1U 111 n11'Yl~~t:JU~ -l n11i11~ii~'Yl~~flUlfl~ ~-lUU n1 W U~U 11i11~ii~'Yl~~flUlJt:JU~fl1{1 ~ .. 

l~t:Jt1~ 11d1U fl11lJU U 1 11 11U '\J t:J -l1~ 'Yl ~ ~ tJ -l liUfl11lJ II 11 1 1111 U '\J tJ -lfl11lJfl ~ 1 ~l fl g flU (r) 

~ij~ll'yilliU 0.05 ~U11Lfit:Ju'Ylnmw il1~ii~'Yl~~tJulJtJu~m{ht1m1d1Um1lJm1"'~liJu 

11~ '1.M'ii1U 11ln11 'Yl~~flU ~ -l n11lTl tllyilliU liUil1~ii~'Yl~~flUm~ iju 1-l m W ~il1~ii~'Yl~~tJum~ .. 
11~ '1. M'ii1U 11) n11 'Yl~~tJU~ -l n11i11~ii~'Yl~~tJUlJtJU ~fl1{1 ~t1~ 11-r:Y1U fl11lJfl11 "'~liJU tTUfttJ' U .. 

I t I I • 
.Q.Q.a ..:!t..:!t ..:!t 

mW'Yl c.v.=5% llJtJ n=4,6,8 c.v.= l0% 15% llJtJ n=8 c.v.=20% llJtJ n=6,8 c.v.=25% llJtJ n=8 

l~tJt1~11d1U fl11lJU U 1 U11U'\JtJ-l1~ 'Yl~~ fl-l liUfl11lJU U1 U11U '\JtJ ·:Jfl11lJfl ~ l~lfl gtJU(r) 

1 'Vi 1 liu liuil1 ~ii~ 'Yl ~ ~tJUlJ flU~ fl1{i ~ t1~ 11 -r:Y1U fl11lJfl111)~liJU iju 1-l n1 W ~il1 ~ii~ 'Yl~ ~tJU 

'" '1. dd ~ 4 
fltJ UmW'Yl c.v.=5% llJtJ n=2 c.v.= l0% 20% llJfl n=2 

l~tJ t1~ 11d1U fl11lJUU1 U11U '\Jfl-l1~'Yl~~fl-llium1lJU U 1U11U'\J fl-lfl11 lJfl ~ l~lfl gflU (r) 

~ij~11'Vi1liU 1 ~U11'YlnmW il1~ii~'Yl~~tJum~,.,~'1.M'ii1U11ln11'Yl~~tJU~-ln11i11~ii~'Yl~~tJu . .. 
" " 

lJtJU ~fl1{i ~t1~11-r:Y1U fl11lJfl11 "'~liJU ~-lUU n1 W U~U11i11~ii~'Yl~~tJUltJ~'M'ii1U1'" n11 

'Yl~ ~tJU~ -ln11i11~ii~ 'Yl~ ~tJUlJ flU~fl1{1 ~ t1~ 11d1U fl11lJfl111)~1 iJu .. 
ll~~' U n1 W ~ t1~11d1U fl11lJll U1 U11U '\J fl-l1~ 'Yl~ ~ tJ -lliU fl11lJII U 1 U 11U '\J fl-lfl11lJ 

flm~lflgtJU(r) ~ij~11'Vi1liU 1.5 ~U11'YlnmW il1~ii~'Yl~~flUm~,.,~1M'ii1U11)n11'Yl~~tJU 
" " ~.:j n11i11~ii~'Yl~ ~flUlJflu~m{l ~t19111d1Ufl11lJm1 "'~liJU ~-lUU m W U ~U 11i11~ii~'Yl~~tJU .. 

lh~~UU[Hi1riOJ a. = 0.05 

l~fl t1~ 11 d1u fl11lJU U 1 11 11U '\J tJ -l1~ 'Yl ~~ t:J-l Ii U m1lJ U U 1 U 11 U '\J tJ -lfl11lJfl ~ 1 ~Ifl g fl U (r) 

~ij~ll'Vi1liU 0.001 ~U11'YlnmW il1~ii~'Yl~~tJUlJflU~fl1{1~t19111-r:Y1Um1lJm11l~liJUll~'M' . 
" " 

ii1U 111n11'Yl~~tJU~ -l n11i11~ii~'Yl~~tJUltJ~ ~-lUU n1 WU ~U11i11~ii~'Yl~~tJUlJtJU~fl1{1 ~ 

t1~11d1Ufl11lJfl11"'~liJU'1.M'ii1U11ln11'Yl~~t:JU~-ln11i11~ii~'Yl~~tJum~ .. 
l~tJt1 ~ 11 d1u fl11lJU U 1 U 11U '\J t:J-l1~ 'Yl~ ~ tJ-l Ii Ufl11lJU U 1 U 11 U '\J fl-lfl11lJfl ~ 1 ~Ifl gtJU (r) 

~ij~ll'Vi1liU 0.0 I ~U11'YlnmW il1~ii~'Yl~~flUlJflU~m{1~t19111ri1ufl11lJfl1111~liJu1I~ 1M' 
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~ ~ 

~1'U 111 fl1 ~ 'YI"rr~u rr ~ fl11~ 1rril~ 'YI "rr~uI~~ ~~U 'U fl~ & i1 ~U 11~ 1rril~'YI"rr~ulJ~'U ~ fl1{1 ~ 
" 

1~~t111~ uh'U fl11lJIL lh 11 ~ 1'U 'IJtHili'YI"~ ~~nUfl11lJll11~ 11~ l'U 'IJ~ ~mllJfl~ l"lfl~~'U{r) 
~ijri 1I'Vll nu O.OS ~u11In~Ullflm & ~ 1rril~'YI"rr~UlJ~'U~fl1{1 ~t1m 1ff1'U fl11lJm~ ll::lll'U 

11:: 1 M'~1'U 111 fll ~ 'YI" rrflU rr ~ fl11 'H ~ ~I 'Vi 1 n'U n u~1rril~ 'YI" rr~u If)~ ijUl ~ fl ~ & ~ ~ 1 rril~ 'YI" rr~u I~~ 
" 

I. • • • 

dd ~ 4 4 d 

mw'YI c.v.=S% IlJ~ n=6,8 c.v. = 1 0% IlJ~ n=4,8 c.v.= IS% IlJ~ n=4 c.v.=20% IlJtl n=2 c.v.=2S% .. 
IlJtJ n=8 

l~tJt111~ 1 ff1'U fl11lJll11~ 11~ 1'U 'II tJ~ ili'YI"~ tl~nUfl11lJll11~11~ l'U 'IJtl ~mllJfl~ l"lfl~tl'U{r) 

Yiijril l'Vilnu 0.1 ~U11m01 ffl'U 1mu ~1rril~'YI"rrtlulf)~1l :: 1 M'~1'Ul1lflU 'YI"rr~u rr ~fl1l'H~tJ 
u " 

I 'Vi 1 n'U nmll rril~'YI" rrtlUlJ tJ'U 9i fll{1 ~ t111 ~ 1 ff1'U fl11lJfl1~ 11:: Ill'U iju 1.:j m & ~~ 1rril~ 'YI"rr~ U 

lJ~'U~m{1 ~t1~~ 1 ffl'U mllJm~ll:: lll'U 11:: 1 M' ~1'U 111 flU 'YI" ~H)Urr .:jfl11~lrril9i'YI" rr~Ulf)~ t!'U n 
" 

4 ~ q~ d 4 
fl~ l'UmW'YI c.v.= IO% IlJ~ n=2 c.v.=20% IlJ~ n=6 

I~~ t111 ~ 1 ffl'U fll1lJll11 ~ 11 ~ l'U 'II ~.:j ili 'YI" ~ tl ~ nUfl11lJ 1111 ~ 11 ~ 1 'U 'II ~ ~fl11lJfl ~ 1 " Lfl ~ tl 'U (r) 

~ijrill'Vilnu 1 YfU1111flm01 ~lrril9i'YI"rrtJulf)~ 11:: 1 M'~1'U 111 fllHI" rrtJu~ ~fl11~ lrril~'YI"rrtlu 
~ ~ 

lJtl 'U 9i fll {1 (l t111 ~ lffl'U fll1lJfll ~ 11::111 'U ~ ~U 'U fl~ & i1 Yf U 11~ 1 rril9i 'YI "rrtlU Itl~ 1 M'~ 1 'U 111 fll ~ 

'YI"rrtlU rr .:jfl11~ lrril~ 'YI" rrtlUlJ tl'U~fll{1 ~t1~ ~ lffl'Ufll1lJfll~ 11 :: III 'U 
" 
1l~ :: 1'U m & ~ t1m lffl'U mllJll11~ 11 ~ l'U 'II tl~ it 'YI"~~ ~nUfll1lJll11 ~ 11~ 1'U 'II tl~fl l 1lJ 

fl~l"lfl~tl'U{r) ~ijrill'Vilnu I .S YfU1111flm01 ~1rril~'YI"rr~ulf)~1l:: 1 M'~1'U 11lfll~'YI"rrtlU 
~ ~ 

rr.:j fl11 ~ 1 rril~'YI" rrtl UlJ tl'U ~ m {1 (l t1m 1 ffl 'U mllJ fll~ 11:: III 'U ~.:j U'U m & i1 YfU 11 ~ lrril~ 'YI" rrtl U 
" 

d Q.I Q.I 0 IV 

m::"UUfJrrlflqj a = 0 . 1 

I~tl t1 ~ ~ 1 ff1'U fll1lJu11 ~ 11 ~ 1'U 'IJ~~ ili'YI"~ tl~ nUfll1lJll11 ~ 11 ~ l'U 'II ~.:j fll1lJfl m "I fl ~ tl'U (r) 

~ijrill'Vilnu 0.001 YfU1111flm01 ~1rril9i'YI"rrtlulJtl'U~m{1 (lt1mlffl'UmllJfll~ ll :: lll'U 11:: 1M' 

~1'U 11lfll~'YI"rrtlU~ ~ flil~lrril~'YI"rrtJu ltJ~ ~~J'U fl~ O1if ~u11~lrril~'YI"rrtlUlJtl'U~fll{1 ~ 
t111 ~ 1 ffl'U fll1lJfl1~ 11 :: III 'U 1 M'~1'U 11lfll~ 'YI" rrtlU ~ ~ fl11~ 1 rril~'YI" rrtlU If)~ 

I~tl t1 ~ ~ 1 ff1'U fl11lJll11 ~ 11 ~ l'U 'II ~ ~ ili 'YI"~ tl~ n U fll1lJll11 ~ 11 ~ 1 'U 'II V ~fll1lJfl ~ 1"1 fl ~ V'U (r) 

Yiijrill'Vilnu 0.01 YfU1nlnm01 ~1rril9i'YI"rrvulJv'U~mn~t1~~lffl'Ufl11lJm~ \J::Ill'U11:: 1M' 

~1'U 11lnU'YI"rrvu~ ~fl11~ lrril~'YI"rrvulf)~ ~.:jJ'U m O1if~u11~1rril9i'YI"rrtlulJv'U9im{1 (l 
t1~~ lffl'UmllJfl1~ \J :: III 'U 1M'~1'U 11lfll~ 'YI"rrvu rr ~n11~lrril~'YI"ffVUlf)~ 

" 
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Irlij ij ~ 'j 1 ff1tJ fl11lJU U 'j U 'j 1tJ 'II ij.:J ill '¥l~" ij.:J t11J fl11lJ 11 U 'j U 'j 1tJ 'II ij .:Jfl11lJfI" l~LfI ~ ijtJ (r) 

~iirimht11J o.os 'Yi1J111nij1J't'jflmw ~1~()~'¥l~~ij1JlJiju~m{1"ijmlff1UfI11lJfI1'j11:;&U 

11 :: 1 ..1' t11U 111 O1'j '¥l~ ~()1J~.:J f)'"h~1~()~'¥l ~~ij1JLtJYJ ii1J N m W ~~1~()~'¥l~ ~ij 1Jwyj 11 :; 1 Mt11U 111 

fll'j '¥l~~ij1J~.:J fl11~1~()~'¥l~ ~ij1JlJijU~fll{1 i;1ij~'j ld1Ufl11lJfl1'j 11:;L i1u ,iUflij 1 U fl'j w ~ 
~ ~ ~ d 

c.v .=S% LlJij n=4 ,6 c.v.= IS% IlJij n=2,4 ,6,8 c.v.=20% IlJij n=8 c .v. =2S% IlJij n=2 ,4 

Irlijij~ 'j lff1Ufl11lJIL u'j U 'j 1U 'lJij.:J1i '¥l~i;1ij.:J t11Jfl11lJU U 5U5 1U 'II ij.:Jfl11lJfI i;11~LfI ~()u(r) 

~iiri1Ll'11t11J 0.1 'Yi1J11mW ff1UhHU ~1~()~'¥l~~()1Jwyj11 :: 1Mt11Ul11fln'¥l~~fl1J~.:Jfl11~1~()~ 
u ~ 

'¥l ~ ~fl1J lJ ijU ~ fll {1 i;1ij ~ 'j 1 d1U fl11lJ fl1 'j 11 :; I i1tJ ii1Jl.:J fl 5 W ~ ~ 1 ~() ~ '¥l ~ ~fl1J lJ fl U ~ fll {1 i;1 

ij~ 5 lff1Ufl11lJfI15 11::Li1U 11 :: 1Mt11U111015'¥l~~fl1J~ .:Jfl11~1~()~'¥l~ffij1J lijyj ,iu nflfl 1um Iii~ ... 
4 ~ 

c.v.=S% LlJfl n=2 c .v.= IO% IlJfl n=2 

Irlfl ij~ 'j 1 ff1U fl11lJU U 'j U 'j 1U 'II ij.:J 1i '¥l~" fl.:J t1 1Jfl11lJlI U 'j U 5 1 U'IJ ij .:Jfl11lJfI i;11 ~ I fI ~ fl U (r) 

~iirilll'11t11J I 'Yi1J11'¥l flmw ~ 1ff()~'¥l~~fl1JWyj 11 :; 1M t11U 111015 '¥l~ fffl1Jff .:Jfl1ul1~()~'¥l~ fffl1J . ... 

lJflU ~fll{l i;1ij~ 5 lff1U fl11lJfl15 11::lilu fi'.:Jt!u fl'jlii if 'Yi1J11~1ff()~'¥l~~fl1J l flyj1 Mt11U l11fl15 

'¥l~~fl1J ~.:J fl11~ 1ff()~'¥l~ fffl1JlJflU ~ fI1{l i;1 ij~ 'j lff1U fl11lJfl1'j 11:: lil U 

1Ii;1:; 1 U m Iii ~ ijm 1 ff1U fI11lJII U5 U'j 1U 'II fl.:J1i '¥l~ i;1fl.:Jt11Jfl11lJlI U 5 U5 1U 'II fl.:JfI11lJ 

fli;11~ lfI~flU ( r) ~iirill'yht11J I.S 'Yi1J11't'jflm Iii ~1ff()~m'ffij1Jwyj11 :: 1Mt11U111015'¥l~ffij1J~.:J 
" " fl11~ 1 ff()~'¥l~ fffl1JlJflU~m{1 i;1 ij~5 lff1Ufl11lJfl15 11:; I il U fi'.:Ju U m Iii i1 'Yi1J 11~ 1 ~() ~ '¥l~ ~ij 1J W yj 

hr t11U 111 f)1'j '¥l~ fffl1J ff.:J fl11~1ff()~'¥l~ ~fl1J lJijU ~ fll{l" ij~ 'j 1 ff1U f111lJfl15 11 ::Iil U 
~ 

4.2 .3 mliilm V1Jl't1V1J 41i'¥l~i;1fl.:J ~151.:J 4.19-4.21 111;1:: ,U~ 4 .3 

lh::fi'1JUVrilriq) 0. = 0.01 

Irlflij~ 'j 1 ff1U f111lJlI U 'j U 'j 1U 'IJ fl.:J 1i '¥l~ i;1 fl.:J t1 1J fI11lJII U 5 U 5 1 U 'II fl.:JfI11lJfI i;11~ L fI ~ijU (r) 

~iiri lI'Y11t11J 0.00 I 'Yi1J11't'j flm Iii ~1~()~m)fffl1JlJflU~fI1{1 i;1ijm 1ff1 U f111lJfl15 11 :: lilu 11:; 1M 

t11U 111 fl 1 'j '¥l~ fffl1J ~.:J fl1 1~ 1ff()~ '¥l ~~fl1J l flyj fi'.:Jt! U fl'j Iii if 'Yi1J 11~ 1 ff() ~'¥l ~ ~fl1JlJflU ~ f11{1 i;1 

ij~ 'j 1 ff1U fI11lJfI15 11 :; lil U 1 M't11U 111 f)l5 '¥l~ fffl1J ff.:J fl11'; 1 ff()~ '¥l~ fffl1JWyj 
~ 

I~fl ij ~ 'j 1 ff1U f111lJlI U 'j U 'j 1U 'II ij.:J 1i '¥l~ i;1 fl.:J t11J fl11lJI1 U 'j U 5 1U 'II fl.:Jfl11lJfI i;11~ 1 fI ~fl U (r) 

liiiri lI'Y11 t11J 0.0 I 'Yi1J11't'jflm Iii ~1ff()~'¥l~~fl1JlJflU ~m{l i;1ijfl5 1 ff1U f111lJfI1H:;ltlU 11:; 1M 

" " 
t11U 111 fln '¥l~ fffl1J~.:J fl11'; 1ff()~'¥l~~fl1J wyj fi'.:Ju U m Iii i1 'Yi1J ':h~ 1 ff() ~ '¥l ~~fl1JlJijU ~ m{l" 

ij~ 'j lff1U f111lJfl1'j 11:; lil U 1 Mt11U 111 f)l5 '¥l~ fffl1J ff .:Jfl11'; 1~()~ '¥l~ ~fl1JWyj 
~ 

I~ fl ij m 1 ff1U f111lJlI U 5 U 'j 1 U 'IJ fl.:J 1i '¥l~i;1 fl.:J t11Jfl11lJll U 5 U 5 1 U 'II fl.:Jfl11lJfI i;11 ~I fI ~ flU (r) 

~iirim'11t11J O.OS 'Yi1J11m Iii ff1U hmi ';1ff()~'¥l~fffl1J l flyj 11 :; 1M t11U111 015 '¥l~~fl1J~ .:Jfl1111r fl 
u ~ 
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'" 1.o:::iod d 4 4 4 
fltl 'UnHll'YIc.v.=S% IlJtl n=2,4 c.v.= l0% IlJtl n=2 c.v.=IS% IlJtl n=4,8 c.v.= 20% IlJtl n=4,6,8 

c . v .=2S% I~tl n=6 l~tlt1~ ncY1'UfI11lJIILl'j Ll'n'U'\Jtl~ i~'YI~H'tl 'lf)1JfI11lJIILlnJ 'n'U '\Jtl~fI11lJ 

flmfllfl~tl'U{r) ~ijrim'hn1J 0.1 ~1J1n'lnnHll ~1~i)~'YIfl~tl1Jltl~~:: 1M'~1'U111t11'j'YIfl~tl1J~ ~ 

n11~i)~'YIfl~tllJlJtl'U~fI1{1(lt1~'j 1ff1'UfI11lJfl1'j '0:: 111 'U ~~J 'U m w if ~1J 11~1~i)~'YIfl ~tl1Jltl~1M' 
~ 1 'U 1'0 t11 'j 'YIfl~tl1J ~ ~ n11~1~i)~ 'YIfl ~tl1JlJtl'U ~fl1{1 (lt1~ 'j 1 ,i1'U fl11lJfl1'j '0:: 111 'U .. 

I~ tl t1~ 'j 1 ff1'U fl11lJII Ll 'j Ll 'j 1'U '\J tl ~ i~ 'YI fl(l tl~ n 1J fl11lJ II Ll 'j Ll 'j 1'U '\J tl ~fl11lJfI (llfll fI ~tl'U (r) 

~ijril1l'hnlJ 1 ~1J11'YJnm w ~1~i)~'YIfl ~tl1Jltl~11:: 1M'fl1'U 111t11'j 'YIfl~tl1J~ ~n ':h~1~i)~'YIfl~tl1J 
" " 

lJ tl'U ~ fl1{1 (l t1~ 'j 1 ff1'U fl11lJfl1 'j '0:: 111 'U ~ ~ 11 'U n 'j W ij ~ lJ 11 ~ 1~ i)~ 'YI fl ~tl1JI tl~1 M'fl1'U 111 n1 'j 

'YIfl ~tl1J~ ~ n11~ 1 ~i)~'YIfl ~tl1JlJtl'U ~ fl1{1 (l t1~ 'j 1ff1'U fl11lJfl1 'j ~::11I'U .. 
II (l:: 1'U m W ~ t1 ~ 'j 1 ff 1 'U fI11lJ II Ll 'j Ll 'j 1'U '\J tl ~ i~ 'YI fl (l tl ~ n 1J fI11lJ II Ll 'j Ll 'j 1'U '\J tl ~ fI11lJ 

fI(llfllfl~tl'U(r) ~ijri1ll'hn1J I.S ~1J11'Y1nmW ~1~i)~'YIfl~tl1Jltl~~::1M'fl1'U111t11'j'YIfl~tl1J . 
" .. 

~ ~ n11~1~i)~'YIfl~tl1JlJtl'U~fI1{1 (lt1~'j 1 ff1'U fl11lJfl1'j ~::11I'U ~~11 'U m W ij~1J11~ 1~i)~'YIfl ~tl1J 

Itl~1 M'fl1'U 111 t11'j 'YIfl ~tl1J ~ ~ n 11~1~i)~'YIfl ~tl1JlJtl'U ~fl1{1 (lt1m 1 ff1'U fI11lJfl1'j '0 ::11I'U .. 

lh::~1JutJ,hf1ty a = 0,05 

l~tlt1~'j 1ff1'Ufl11lJlI Ll'j Ll'j 1'U '\J tl~i~'YIfl(ltl~ n1Jfl11lJll Ll 'j Ll'j 1'U '\J tl ~fl11lJfI(llfllfi ~tl'U(r) 

~ijrill'yh n1J 0 ,00 1 ~1J11'Yl nm W ~1~i)~'YIfl ~tl1JlJtl'U~fI1{l (lt1m 1ff1'U fl11lJfI1'j 11::11I'U 11:: 1M' 

fl1'U 1 ~ n1'j 'YI fl ~tl1J ~ ~ n11~ 1~i)~ 'YIfl~tl1J Itl ~ ~~J 'U n'j W if ~1J 11~ 1~i) ~ 'YI fl ~tl1J lJtl'U ~ fl1{1 i;l .. 
t1~ l 1 ff1'U fl11lJfl1l '0 :: 111 'U 1 M'fl1'U 111t11'j 'YIfl ~tl1J ~ ~ n11~ 1 ~i)~'YIfl ~tl1J ltl~ 

I~tl t1 ~ 'j 1 ff1'U fl11lJU Ll 'j Ll 'j 1'U '\J tl ~ i~ 'YIfl i;l tl~ n1J fl11lJII Ll 'j Ll 'j 1'U '\J tl ~fI11lJfI mfl! fI ~ tl'U (r) 

llij,hlyhn1J 0,0 1 ~1J11'Ylnm W ~ 1~i)~'YIfl~tllJlJtl'U ~fI1{h t1~'j 1 ff1'U fl11lJfI1'j 11:: 111 'U 11 :: 1M' 

" .. 
fl1'U 111n1'j 'YIfl~tl1J~ ~n11~ 1~i)~'YIfl~tl1Jltl~ ~~U'U nl W ii~1J 11~ 1~i)~'YIfl~tl1JlJtl'U~fl1{1 i;l 

t1~'j 1ff1'U fI11lJfl1'j ~::11I'U 1M't51'U 1~t11'j 'YIfl~tl1J ~ -ln11~1~i)~'YIfl~tl1Jltl~ .. 
l~tlt1 ~ 'j 1 ff1'U fl11lJU Ll 'j Ll 'j 1'U '\J tl~ i~ 'YIfl i;l tl~ n1Jfl11lJU Ll l Ll l 1'U '\J tl ~fl11lJfI i;l1 fl l fI ~ tl'U (r) 

llijri1ll'hnlJ O.OS ~1J11m W ff1'U hlUi ~1~i)~'YIfl~tl1Jltl~ '0:: 1M'~1'U 1'Ot11'j'YIfl~tl1J~ ~n11~1 
u .. 

~i)~'YIfl ~tl1JlJtl 'U ~fl1{1 i;lt1~ 'j 1 ff1'U fl11lJfl1 'j '0 ::1 1I'U ij1J 1~ n'j W ~~ 1~i)~'YIfl~tl1J lJtl'U ~fl1{1 (l 

t1~'j l'tY1'U fI11lJfl1'j 11:: 111 'U 11 :: 1M' ~1'U 111t11'j 'YIfl~tl1J ~ ~ n11~ 1~i)~'YIfl~tl1Jltl~ li 'U Mi tl i'U m W ~ .. 
4 d d d 

c.v.=S% IlJtl n=6 c.v.= IO% IlJtl n=4,6 c ,v ,= lS% IlJtl n=2,8 c.v.=20% 2S% IlJtl n=2 

I~tl t1 ~ 'j 1 ff1'U fl11lJII Ll'j Ll 'j 1'U '\J tl~ i~ 'YI fl i;l tl~ n1J fl11lJ II Ll 'j Ll 'j 1 'U '\J tl ~fl11lJfI i;l1 fl lfl ~tl 'U (r) 

llijri1ll11 n1J 0.1 ~1J 11lJnm W ~ 1~i)~'YIfl~tl1Jltl~ '0 :: 1M'fl1'U 111nn 'YIfl~tl1J~ ~n11~1~i)~ 



63 

" " 'YI~~f.lUlJf.lU~tl1{1 "tr1l1 1rilUtll1lJtll1 lI~lilu ~~UU n1 W Ul'lUi1i11~()~'YI~ ~f.lUlf.lyj1 M'U1U 111 

nl1'Y1~ ~VU~ ~n11i11~()~'YIfl~VUlJVU~tll{1 "trm1 rilUtl11lJtl11 lI~lilu 

Irlm111 1 1 rilU tll1lJll 'l.h,j 1 1U 'U V ~ i~ 'YIfl CI V~ ti U tl11lJ 11,j 1,j 1 1 U 'U f.l~tll1lJtl t'llfll tl ~ VU (r) 

~iifillYhtiu I l'lU1111nf)'IW ill~()~'YI~~vuwyjll~ hi' tl1U 111nl1 'YI~~VU~ ~n11i11~()~'YIfl~VU 
" " 

lJVU ~tl1{1 "tr1l 1 1rilU tll1lJtll 1 11 ~ Iii U ~ ~ U U f11 W Ul'lU 11i11 ~()~ 'YIft ~flUlf.lyj1 M'U1U 111 f111 

'YIfl~tlU ~ ~f1i1i11~()~'YIft ~f.lUlJf.lU ~tll{1" V1I 1 1rilU tl11lJtl11 11~ lilu 
" 
11C1~ 1 U f)'I W ~ V1I1 1rilU tll1lJ11,j 1,j1 lU 'Uf.l~1~ 'YIfl "f.l ~tiu tl11lJll,j 1,j1 lU 'U f.l~tll1lJ 

tlt'llflltl~f.lU(r) ~iifi11'Yhtiu I.S l'lU1111nf)'IW ill~()~'YIft~f.luwyjll~1M'U1U111nl1'Y1~~tlU 

ff ~ f111il1~()~'YIfl~f.lUlJf.lU ~tll{1 "V1I1 1rilUtl11lJtl11 lI~lilu ,r~Ju f)'I W ifl'lU11i11~()~'YIft~f.lU 
'" 

fi1~,ruulHhri~ 0. = 0. 1 

Irltl V 11 1 1 rilU tll1lJ11,j 1,j 1 lU 'U tl~ i~ 'YIfl" tl~ tiUtll1lJlI,j 1,j 1 1U 'U tl ~fl11lJfI" 1fllfl ~ tl U (r) 

~iifill'yhtiu 0.00 1 l'lU1111nf)'I W ill~()~'YIfl~tlUlJtlU~fl1{hV1I11rilUtl11lJtl11 lI~lilulI~ 1M' 

" " ~lU 111 n11 'YIft~f.lU ~ ~ n11i11~()~ 'YI fl ~f.lU1t:Jyj ,r~U U f)'I W Ul'lU 11i11~() ~ 'YI fl ~ flUlJtlU ~ fIl{1" 
" 

V1I1 1rilU tl11lJtl11 lI~lilu 1 M'tl1U 111nl':i 'YI~~f.lU ~ ~f111i11~()~'YIflfftlUWyj 

Irltltr~ ':i 1 rilUfI11lJlI,j ':i,j':i lU 'Uf.l~i~'YIflCl tl~ tiUfll1lJ11,j1,j 1 1U'UV~fl11lJtlt'llfllfi ~VU (r) 

fiiifill'yhtiu 0.0 I l'lU1111nf)'IW ill ~()~'YI~~VUlJVU~fIl{1 ClV~ nrilu tll1lJtl1':i lI~lilulI~ 1M' 

" " 
tl1U 111 f11':i 'YI~~VU ~ ~ n11i11~()~'YI~~VUIVyj ,r~U U n':i W Ul'lU 11i11~() ~ 'YI fl ffVUlJ VU ~ tl1{1 CI 

t111 ':i 1rilU fll1lJfl1':i 11~ lilu 1 M' tl1U 111 nl':i 'YI ft ~VU~ ~ f111i11~()~ 'YIfl fftlUWyj 
" 

IrlVtr ~ ':i 1 ri lU fll1lJ11,j ':i,j ':i lU 'U f.l~ iii 'YIfl CI f.l~ ti U fI11lJ 11,j ':i,j ':i 1U 'U V ~fll1lJfI Cl1fllfl ~ f.lU (r) 

~iifillYhtiu o.os l'lUi1f)'IW rilU h,qj il1~()~'YIfl~VUlJtlU~fIl{hv1I1 1ri1UfI11lJfll':i lI~Lilu 

11::: 1M'U1U 111 nl':i 'YIfl ~VU ff ~ni1i11~()~'YIfl~VUWyj ii1Jl~ f)'I W ~il1ff()~'YIft ~VU1t:Jyj 11~ 1 M'ii 1Ulll 
" 

.4 ~ 4 d 
C.v.=S% IlJtl n=2,6 c.v.=IO%IS% IlJV n=2,6 c.v.=20% IlJV n=6 c.v.=2S% LlJf.l n=2,8 

IrlV V ~ ':i 1 ri1U tl11lJ11,j ':i,j ':i lU 'U V~ i~ 'YIfl" fl~ tiUfll1lJ11,j 1,j 1 1 U 'U V ~fI11lJfI" lflL tl ~ flU (r) 

~iifill'yhtiu 0.1 l'lU11'Y1nf)'IW ill~()~'YIfl~tlUWyjll~1M'tl 1 U111f11':i'YIfl~VU~~f1i1i11~()~ 
" 

'YIfl ~VUlJf.lU~tll{1 "V1I':i 1ri1U tll 1lJfI1':i lI~Lilu ,r~Ju f)'I W if l'lU11i11~()~'YIfl ~vuLvyj1 M'tl1U 111 

nl1 'Y1fl~f.lU ~ ~ f1i1i11~()~'YIft ~tlUlJf.lU ~tl1{1 ClV1I ':i 1rilUfI11lJfl1':i lI~L ilu 

Irltl V ~ ':i 1 rilU fll1lJlI,j ':i,j ':i lU 'U V~ i~ 'YIflCl V~ tiUfll1lJlL,j ':i,j ':i 1 U 'U Mtl11lJtl" 1fll fI ~ f.lU (r) 

fiiifilll'htiu I l'lUi1'Y1f1f)'IW il1~()~'YIft~f.lUwyj 11~ 1M'ii1U 111 f11':i 'Y1~~VU~ ~n11i11~()~'YIfl ffVU . " 
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~ ~ 

lJt)U ~fl1{1 tl~~ 11ri1U fl11lJfl11~::: 1 rJU ~~,:r U 01 W i1 .... U11il1('f()~ 'YI~ ('fV ulv'Vl1 W'~ 1U 1 ~ 0 11 

11~ ('fe> 'U ('f ~ 011il l('f()~l1~('fVUlJe>U ~fl1{1 tl ~~11ri1U fl11lJfl11 ~:::1 rJU .. 
11 ,,::: 1 U m W ~ ~~ 11 ri1U fl11lJlI 'til tll1U 'IJ V~ i~ 11~ tlV~ n'U fl11lJlI til U 11U 'IJ V ~fl11lJ 

fltl1~lfl~VU(r) ~i1ril1'yhn'U 1.5 .... U1l'YlOmW il1('f()~11~('fe>'Uw'Vl~:::1M'ii1u1~mll1~('fV'U 

~~011~1('f()~11~('ft)'UlJt)U~fll{ltl~m1ri1ufl11lJfl11~:::lrJU ~~JumWif""'U11~1('f()~11~('ft)'U 
w'Vl1 M'ii 1U 1 ~mll1~('ftlU ('f ~011il 1 ('f()~11 ~ ('ft)UlJt)U~ fl1 {1 tl ~~ '.i 1ri1U fl1 llJfl11 \l::: lrJU .. 

4.2.4 mWl1ntJUlntJU 5 i~l1~tle>~ ml1~ 4 .22-4.24 lltl::: tU~ 4.4 

nl:::~U,:rmYli'lUJ 0. = 0.01 
u 

lrle>~~'.i 1 ri1U fl11lJU U'.i tll1U 'lJe>~ i~l1~tl tl~n'Ufl11lJutll U 11U 'lJe> ~fl11lJflm~1f1~tlU (r) 

~i1ril1l'hnu 0.001 .... 'U11'tl0mW il1('f()~11f1('ftlUlJtlU~fl1{h~m1ri1Ufl11lJfl11 'il:::lrJU \l::: 1M' 
~ ~ 

ii1U 1'il011 'YI~('fe>'U ('f ~ 011il 1('f()~11 ~('ftl'Ultl'Vl ~~,:r U 01 W i1 .... U 11il 1 ('f()~11 ~('ft)UlJt)u~fl1{1" .. 

lrlt)~~11ri1Ufl11lJU Ul U 11U 'IJ tl~i~'YI~" tl~nUfl11lJutll tll1U'IJ e>~fl11lJfI" 1~1f1 ~tlU(r) 

~i1ri l1l'hn'U 0.01 .... U11110m W ~l('f()~l1f1('ftlUlJe>U~fll n tl~~ 11ri1UfI11lJfl11 'il:::l rJU 'il::: 1M' . 

~~'.i 1 ri1U fl11lJfl11 ~::: 1 rJu 1 M'ii1U 1 '0 on 'YI~ ('fe>U ~ ~ 011~ 1('f()~ 11~ ('ftlU w'Vl 

lrle>~~ 11 ri1U fl11lJIl U 1 tll1U 'IJ e>~ 1~ 'YI~ tl e>~ nUfl11lJlI U 1 U 11 U 'IJ tl ~fl11lJfI" 1~1 fI ~ tlU (r) 

~i1ril1l'hnu 0.05 .... U111ntlU110mW il1('f()~'YI~('ftlUlJtlU~fll{h~m1ri1ufl11lJfl11~:::lrJU . 

4 .;. 4 4 
c.v.=5% llJtl n=4,6 c.v.= IO% llJtl n=4,8 c.v.=15% 20%llJe> n=8 c.v .=25% llJe> n=4,6,8 

lrltl~~ 11ri1U fl11lJU til U '.i 1U'IJ tl~1~ l1~tl tl~nUfl11lJllU 1 Ul1U 'IJ ()~fI11lJflm~1f1 ~tlu(r) 

~i1fhl'yhnu 0.1 .... U11mwri1uhHU il1('f()~11~('ftlUL()'Vl~:::1W'ii1U1~mll1~('ftlU('f~011~1('f()~ 
u .. 

l1~('fe>UlJe>U ~ fl1{1 "~~11ri1U fl11lJfl11 'O:::1UU i1U1~01 W ~~ 1('f()~11~ ('fe> UlJe> u~fl1{1 tl 

~~11ri1UfI11lJfl11 \l::: lrJU 'il::: 1W'ii1U 1 'Omll1~('ft)U~ ~ 011~ 1('f()~11 ~('fe>Ule>'Vl tTu fifi' e> 1 U mw ~ 
..; 

c.v.=5% 10% 15% 20% llJe> n=2 

lrltl~~ 11 ri1U fl11lJIlU lUl1U 'IJ tl~1~ 11~" ()~ n'Ufl11lJlI til Ul1U 'IJ ()~fI11lJflmfllfi ~e>u(r) 

~i1ril1l'hnu 1 .... 'Ull'Y10m W il1('f()~11~('f()'Uw'Vl '0::: 1M'~lU 1~ mll1~('fe>'U~ ~011~liY()~11~ iYe>U 

lJtlU ~fl1{1 tl~~11ri1U fl11lJfl11 ~:::lrJU ~~Junl W if .... 'U11il1('f()~11~iYtlUltl'Vl1 M'ii1U1'Onll 

l1~iYtlU ~ ~nilil 1iY()~'YI~ iYtlU lJtlU ~fll{l tl ~~ llri1U fl11lJfl11 ~::: d'Ju 
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11"::: 1'U m W ~ vm 1 "h'U fl11lJll 'l.h U 11'U 'lliI~ill 'Yl~ "iI ~tiUfl11lJllU 1 U11'U 'II iI~fl11lJ 

flt1l~Lfl~iI'U(r) ~]jri1Ll'htiu I.S 'V"IU11'YlnfllW ~1~i)~'Yl~~ilUliIvl'il:::1M'il1'U1'ilO11'Yl~~ilU . ,. ,. 
~ ~nl1~ 1~i)~'Yl~~ilUlJiI'U~fl1{1 "V1l11ri1'Ufl11lJfl11 '0::: Lll 'U ;)~U 'U n1 W U'V"lUl1~ 1~i)~'Yl~ ~ilU 

liIvl1 M'il1'U 1 '0011 'Yl~ ~ilU~ ~ nl1~1 ~i)~'Yl~ ~ilUlJ iI'U ~fl1{1 "V1I11ri1'U fl11lJfl11 '0 :::L1~'U 

ill:::;)UUVri1riq) a = 0.05 

L~ilvm 1ri1'Ufl11lJUU1 u11'U'IIiI~ill'Yl~" iI~tiUfl11lJUU 1 U 11'U 'U iI~f111lJfl" l~Lfl~iI'U(r) 

~jjrilL'yhnu 0.001 'V"IU11l'lnmW ~1~i)~'Yl~~ilUlJiI'U~m{hv1l11ri1'Uf111lJf111'il:::Lll'U'il:::1M' 

il1'U 1'0 n11'Yl~~ilU~ ~ nl1~ 1~i)~'Yl~~ilULtlvl ;) ~J'U n1 wif 'V"IU 11~1~i)~'Yl~~tlUlJtl'U~ fl1{1" .. 
t1111 Hh'Uf111lJfl 11 '0::: Lll 'U 1M'il1'U 1'0011 'Yl~~ilU~ ~nl1~1~i)~'Yl~~tlUliIvl 

L~iI t11111ri1'U fl11lJU U 1 U n'U 'U iI~ ill 'Yl ~"iI~ n Ufl11lJ U U 1 U 11'U 'II iI ~f11 llJfl t1l ~Lfl ~iI'U (r) 

.;i]jrimhnu 0.0 I 'V"IU11l'lnmW ~1~i)~'Yl~~tlUlJiI'U~m{ht11111ri1'Ufl11lJfl11 'il:::Lll'U '0::: 1M' 
,. ,. 

il1'U 1'iln11'Yl~~ilU~ ~ n11~ 1~i)~'Yl~~ilUli1vl ;)~Ul.l n1 WU 'V"IU 11~1~i)~'Yl~~tlUlJtll.l~fl1{1" .. 

1~tlt11111ri1l.lfl11lJUU 1U 11l.l 'IItl~ill'Yl~"tl~ nUfl11lJU U 1 U 11l.l 'U tl~fl11lJfl" 1~1fl ~tll.l(r) 

~]jrimhnu O.OS 'V"IU111ntlU'YlnfllW ~1~i)~'Yl~~ilUlJtll.l~m{1"t1m1ri1'Uf111lJf111'il:::l11l.l . 

dd ~ d ~ 
fllW'Yl c.v.=S% LlJiI n=4,6,8 c.v.= 15% 25% llJiI n=4,6 c.v.=20% llJtl n=4 

1~ilt11111 ri 1'U fl11lJU U 1 U 11'U 'II tl~ ill 'Yl~" iI~ nUf111lJU U 1 U 11'U 'II tl ~fl11lJfl" 1 ~lfl ~ill.l (r) 
.;i]jrimhnu 0.1 'V"IU11mW ri1'U hlUi ~1~i)~'Yl~~ilUliIvl'il::: 1M'il1l.l1'ilO11'Yl~~ilU~~nll'HrtJ 

u .. 

. . '" 1 .... '" flil 'UfllW'Yl c.v.=5% 10% 15% 25% llJtJ n=2 

1~ilt11111 ri1'Uf111lJU U 1 U11'U 'UtJ~ill'Yl~"iI~ nUfl11lJU U 1U11'U 'llil ~fl11lJfl" lfllfl~ill.l(r) 
~jjril1't'hnu 1 'V"IU11l'l nm W ~1~i)~'Yl~ ~ilUltlvl '0::: 1 M'ill'U 1 '0011 'Ylfl~ilU~ ~nl1~1~i)~'Ylfl~ilU 

,. ,. 
lJiI'U ~fl1 {1" t19111 ri1l.l fl11lJfl11 '0::: 111'U ;) ~U l.l n1 W U 'V"IU 11~ 1 ~i)~ 'Yl~~iI Uli1vl 1 M' il1'U 1'0 n 11 

'Yl~~tJU ~ ~nl1~ 1~i)~'Ylfl~tJUlJ iI'U ~m{1" t19111ri1l.l fl11lJf11 1 '0::: llll.l .. 
U"::: 1 l.l m W ~ t1m 1 ri1'U fl11lJU U 1 U11l.l 'II iI~ill 'Ylfl" iI~ nUf111lJU U 1 U11l.l 'II iI~f111lJ 

fl"lfllf1 ~tll.l(r) ~]jri lL'vhnu 1.5 'V"IU11l'lnfll ru ~1~i)~'Ylfl~ilUliIvl '0::: 1M'il1l.l1'il O11'Yl~~ilU 
,. ,. 

~ ~ nl1~ 1~i)~'Ylfl~tlUlJtl'U~f11{1 "t19111 ri1l.l f111lJfl11 '0::: 111l.l ;)~U l.l n1 W U 'V"IU11~ 1~i)~ 'Ylfl~ilU 

liIvl1M' illl.ll '0 011 'Yl~ ~ilU ~ ~nl1~ 1~i)~'Yl~ ffil UlJiI 'U ~ fll{1" t11111 ff1'U fl11lJfl11 '0::: III 'U .. 
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lh:;~UUtHhr1t'\! 0. = 0.1 

l~ij ~ ~ 'j 1 ril'U fl11lJl1 U 'j U l' 1'U 'IJ ij ~ it 'VI ,Hl ij ~n Ufl11lJ1I U l' U l' 1'U 'IJ ij ~fl11lJfI {llfllf1 ~ij'U (r) 

~lj~ ll'yhnu 0.00 I ViU -)l't'Jnm ru ~1ff()~ 'VIfl ffijUlJij'U~fI1{1 ,,~~ nd1'U fI11lJfl1'j ~:;lil'U~:; 1M 

ii1'U1~ n1 'j 'VI flffijU \1' ~ n11~ 1ff()~'VIfl fft)UltJyJ ~~u\ n'j ru if l'lU -)1~ 1 ff()~'VIfl ffij UlJij'U ~fll{1" 
~~ 'j 1 ri1'U fl11lJfI1'j ~ :;lil'U 1M ii1'U1 ~ m'j 'VIfl fft)Uff ~ n-)l~ 1ff()~'VIflfftJULtJyJ 

'II 

l~t)~~'j 1 ri1'U fl11lJ1I U 'jU'j 1'U 'IJ tJ~it'VIfl" t)~ nUfl11lJ11U 'j U'j 1'U 'IJ tJ ~fI11lJfI{llfl l fi ~ij'U (r) 

~lj~l1')'i1nu 0.0 I ViU11 't'Jnm ru ~ 1ff()~'VIflfftJUlJij'U ~fI1{1" ~~'j 1 ri1'U fl11lJfI1'j ~:; lil'U~:; 1M 

ii1'U1~ n1 'j 'VI fl fft)U ff ~ n11~ 1ff()~'VIfl ffijU It)yJ ~~J 'U n'j ru if ViU -)1~ 1 ff()~ 'VIfl fft) UlJt)'U ~ fl1{1" 
'II 

l~ij ~ ~ 'j 1 ri1'U f111lJlI U 'j U 'j 1'U 'IJ t) ~ it 'VI fl" t) ~ nu f111lJ 11 U l' U l' 1 'U 'IJ ij ~f111lJf1" 1 fllf1 ~t)'U (r) 

~lj~m'hnu O.OS mJ-J1 m ru ri1'U hTqJ ~ 1ff()~'VIflfft)UlJt)'U~fI1{1 "~~'j 1 ri1'UfI11lJfI1'j ~:;lil'U 

~:; 1 '11' ii1'\.ll~ m 'j 'VI 9>1 fft)U ff ~ n-)ll1 ~ t)ll'h n'U nu~ 1 ff() ~ 'VI fl ff tJU LtJyJ ljUl ~ m ru ~ ~ 1ff()~ 'VI fl fft)U LtJ yJ .. 

q4 ~ ~ ~ 4 
mUl'VlC.v.=S% IlJij n=4,8 c.v.= IO% llJij n=6 c.v.= IS% llJij n=6,8 c.v.=20% llJij n=4,6 .. 
c.v.=2S% llJt) n=4 

l~ij~~ 'j 1ri1'Uf111lJll U'j U'j 1'U 'lJij .:Jit'VIfl" tJ~nUf111lJIIU 'j U 'j 1'U 'lJij~fI11lJf1 "lfllf1 ~tJ'U (r) 

rilj~mi1nu 0.1 ViU11't'Jnm ru ~ 1ff()~'VIflfft)ULtJyJ~:; 1Mii1'\.l1~m'j'VI9>1ffijU\1' ~n11~1ff()~ 
" " 'VIflfftJUlJij'U~f11{1 "~~'j 1n1'Ufl11lJfI1'j~:; lil'U ')~U'U m ru ij ViU-)l~ 1ff()~'VIfl ffijULtJyJ1 Mii1'U1 ~ 

nn 'VI fl fft)U \1' ~ n -)1~ 1 ff()~'VI flfft)U lJt)'U ~f11 {1 "~~'j 1 ri1'U f111lJ f11 'j~:; l'U'U 

l~t)~ ~ 'j 1 ri 1'U f111lJlI U 'j U 'j 1'U 'IJ ij~ it 'VI 9>1 "ij~ nUf111lJII U 'j U 'j 1 'U 'IJ t) ~fl11lJfl" 19>11 fl ~ij'U (r) 

~lj~ll'ri1nu I ViU11'VI nm ru ~1 ff()~'VIfl ffijULtJyJ ~:; 1 Mii1'U1 ~m'j 'VIfl fft)Uff ~n-)l~ 1ff()~'VI9>1fft)U 
• 'II 

" .. 
lJt)'U ~fI1{1" ~~ l' 1n1'U fl11lJfl1'j ~:;l il 'U ~~U 'U m ru ij ViU -)l~ 1 ff()~ 'VI fl ff tJ u lijyJ1 11' ii 1'U1 ~ nu 

'VI 9>1 fft)Uff ~n-)1~1ff()~'VI9>1ffijUlJij'U~fI1{1 "~~'j 1ri1'Ufl11lJfl1'j ~:;11J'U 
'II 

11":; 1'U m ru ~ ~~ 'j 1 ri1'U fl11lJU U l' U'j 1'U 'lJt)~ it 'VI fl "ij ~nu fl11lJII U 'j U'j 1'U 'IJ t)~fl11lJ 

flmfllfl~t)'U(r) ~lj~ll'rhnu I.S Viu11't'Jnmru ~1ff()~'VIflfft)ULtJyJ~:;1Mii1'U1~m'j'VI9>1fft)u 
" " 

\1' ~ n-)1~1ff()~'VIfl fft)UlJt)'U~fl1{1 ,,~~ 'j 1 ri1'UfI11lJfI1'j ~:;lil'U ~~U'U m ru ijViU-)l~ 1ff()~'VIflffijU 

lijyJ 1M ii1'U1 ~m'j 'VIfl fft)U \1' ~ n-)l~ 1ff()~ 'VI fl fft) UlJij'U ~ fI1 {1" ~ ~ 'j 1ri1'U fl11lJfI1'j ~:; 11J'U 

l~ij~~'j 1ri1'U 'j:; 11-)1 ~f111lJU U 'j U'j 1'U '\m~it'VIfl"t)~nUfl11lJIIU'j U'j 1'U'\Jt)~fl11lJfl" 19>11f1 ~ij'U (r) 

lj~llrtJtJn-)l I (r = 0.001 ,0.01 U":;O.OS) t!'UfifitJl~ijm1lJIIU'jU'j1'U'lJij~it'VIfl"ij~lj~1U'ijtJn-)1 

fl11lJUU 'jun'U 'lJij~fl11lJfl"lfl lfl~tJ'U ~ 1ff()~'VIfl ffijUlJij'U~fI1{1 "~~'j 1 ri1'U fl11lJfI1'j ~:;11J'U 1M 
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fi1ihU1llnn'Y1~"H)UlJ1nn11~1n'i)~'Y1mH)1Jwvl L)j~V1l~HhU~~"dl~i'l11lJlIl.hunu~~~i~ 

'Y1~,,~~tiUi'l11lJllU~UnU~fl~i'l11lJi'lm~Li'l~flU (r) ijrilL'u11n~ Ilf~fllJ1nn11 I (r = 0. 1,1 11m; 

1.5) Ju MflL)j~i'l11lJUU~ U~ 1U'm~n 'Y1~,,~~ijri11n~Lfitlm~ fllJln n11i'l11lJLL U~ U ~ 1U ~fl~i'l11lJ 

i'lm~Li'l~flU ~1n'i)1I'Y1~ n'fl1JlJflU~i'll{l m>1I~ Hhu i'l11lJi'l1~ ll~lllU 1 M'ri l~lU 11lm~ 'Y1~ n'flUl!fltl 

n11~1n'i)~'Y1~n'fl1Jwvll1"~1)jfl.y;1l1 ~ w 11 ~tI~ 1lJll~1~1n'i)~'Y1~n'fl1JlJflU ~i'll 11 m>m lri1Ui'l11lJ 

i'l1 ~ 11 ~Lll U 1 M'ri 1 t11U 111 n 11 'Y1~lY~1J n' ~n11~ 1n'i)~'Y1 ~n'fl1Jmvh llu 1J l~ m oil.., ni U 
" 



fin 1'l4. 13 l1ff~'lf11'J 1m U1J1V;U1JVllJ1llfm '¥1~fft) 1J'lJ t) 'l ~1 ff~~'¥1~fft) 1J Hl -w nml1ff~~'V1~ffU 1JlJu 'U~f11{1 ml~'J lrh'U fl 11lJ f11'J ll:all'U lrlu ~1'U 1 'U 1i'V1~ 'W'l (k) 

lVlln1J 2 11" :: 'J:: ~1JlrU ff l ti~ 0. = 0.01 

(J 2 rrii~ C.V.'/o- 5 C .V.%~ 10 c.v.%= 15 C.V.'10- 20 C.V.%- 25 

,.. _r_ 

(J 2 
mIll!)\] 

e 0- 2 0-4 0=6 0- 8 0-2 0-4 0- 6 0- 8 0- 2 0-4 0-6 0- 8 0-2 0-4 0-6 0- 8 0- 2 0-4 0- 6 n- 8 

.-0.001 F 0.009 0.010 0.010 0.011 0.009 0 .0 12 0.010 0.009 0.006 0.006 0.0 11 0.009 0.008 0.007 0.010 0.010 0.007 0.01 0 0.0 10 0.012 

MC-l R 0.013 0.012 0.0 14 0.013 0.017 0.020 0.015 0.011 0.0 11 0.013 0.0 14 0.0 13 0.013 0.0 10 0.017 0.0 16 0.014 0.013 0.0 16 0.018 

.-0.01 F 0.0 12 0.013 0.0 13 0.012 0.011 0.014 0.015 0.011 0.018 0.007 0.0 18 0.018 0.011 0.0 12 0.012 0.0 15 0.011 0.0 12 0.0 12 0.016 

MC-LR 0.022 0.QI5 0.0 18 0.0 15 0.022 0.021 0.0 19 0.016 0.016 0.014 0.0 18 0.019 0.0 16 0.0 14 0.018 0.020 0.015 0.014 0.0 18 0.020 

r-Q.05 F 0.014 0.016 0.022 0.030 0.014 0.022 0.020 0.038 0.012 0.014 0.022 0.024 0.015 0.0 14 0.022 0.02 2 0.017 0.QI8 0.022 0.025 

MC-LR 0.023 0.018 0.020 0.0 16 0.024 0.025 0.02 1 0.018 0.018 0.017 0.023 0.022 0.018 0.0 17 0.019 0.024 0.018 0.023 0.020 0.024 

.-0.1 F 0.018 0.024 0.034 0.056 0.016 0.030 0.022 0.052 0.0 16 0.018 0.024 0.034 0.0 19 0.016 0.040 0.034 0.02 1 0.023 0.032 0.054 

MC-LR 0.026 0.02 1 0.023 0.020 0.Q28 0.027 0.02 1 0.029 0.0 19 0.0.18 0.025 0.03 1 0.021 0.019 0.02 1 0.029 0.02 1 0.024 0.028 0.036 

r-I F 0.032 0.026 0.282 0.346 0.040 0.134 0.276 0.358 0.030 0.167 0.220 0.341 0.028 0. 153 0.246 0.336 0.025 0.136 0.245 0.332 

MC-l R 0.092 0.049 0.056 0.046 0.033 0.089 0.098 0.037 0.022 0.056 0.068 0.039 0.027 0.068 0.048 0.041 0.02 1 0.058 0.086 0.049 

.-1.5 F 0.048 0.271 0.328 0.434 0.049 0.208 0.356 0.420 0.038 0.202 0.336 0.408 0.040 0.188 0.316 0.434 0.034 0.218 0.370 0.4 12 

MC-LR 0.033 0.068 0. 11 1 0.078 0.035 0. 10 1 0. 142 0.096 0.029 0.099 0.112 0.086 0.032 0.099 0.103 0.108 0.Q28 0.079 0.121 0.084 

0\ 
00 
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~".i 1-34.14 1l~~~f11':i lU~ tJ1J1YitJ1J~hU 11lf11':i 'V1~~tl1J'\H)~~ 1~a~'V1~~tl 1J ltl~ti'1J~1~a~'V1~~tl1JlJtlt.l~fll {1 Cle)~':i lff1t.1 fl11lJfl1':i 1l~ 11lt.llrltl~lt.11t.11~ 'V1~Cltl~ (k) 

l'Vilti'1J 2 LlCl~':i~~1JlrtJti'1tiOJ a = 0.05 

2 
(Jr 

f!il~ C.v.';, = 5 C.V.%- IO C.V.%= 15 C.V.% =20 C.V.%- 25 

"" -2 nllf!61J 
(Je n- 2 n-4 n=6 n- 8 n- 2 n-4 n- 6 n- 8 n- 2 n-4 n-6 n- 8 n-2 n-4 0-6 n- 8 n- 2 0-4 0-6 n- 8 

....0.001 F 0.041 0.047 0.053 0.055 0.043 0.043 0.048 0.045 0.049 0.039 0.053 0.045 0.046 0.049 0.044 0.037 0.042 0.051 0.044 0.044 

MC' LR 0.051 0.054 0.056 0.065 0.050 0.052 0.054 0.063 0.045 0.050 0.057 0.050 0.054 0.058 0.055 0.056 0.057 0.058 0.054 0.063 

r-O.01 F 0.049 0.049 0.060 0.063 0.049 0.045 0.053 0.054 0.050 0.048 0.056 0.051 0.052 0.053 0.050 0.055 0.049 0.052 0.057 0.050 

MC'LR 0.054 0.056 0.068 0.068 0.057 0.060 0.070 0.064 0.055 0.055 0.062 0.066 0.063 0.062 0.064 0.059 0.059 0.059 0.065 0.068 

.... 0.05 F 0.056 0.086 0.082 0.106 0.056 0.066 0.080 0. 102 0.060 0.052 0.072 0.100 0.056 0.062 0.080 0.072 0.060 0.062 0.082 0.084 

MC' LR 0.060 0.090 0.085 0110 0.058 0.077 0.085 0.087 0.060 0.058 0.064 0.100 0.064 0.068 0.082 0.078 0.060 0.065 0.082 0.087 

r-O.1 F 0.058 0.092 0.114 0.146 0.060 0.100 0.098 0.136 0.074 0.072 0.094 0.118 0.068 0.078 0.098 0.128 0.070 0.086 0.099 0. 136 

MC·LR 0.062 0.096 0.100 0. 138 0.060 0.098 0.099 0. 12 1 0.062 0.069 0.086 0.116 0.067 0.Q75 0.09 1 0.123 0.068 0.080 0.090 0.129 

r=1 F 0.140 0.416 0.453 0.501 0. 124 0.338 0.445 0.499 0.143 0.342 0.375 0.484 0. 116 0.331 0.409 0.472 0. 112 0.306 0.352 0.480 

MC'LR 0.087 0. 112 0. 168 0.189 0.069 0. 101 0. 159 0.178 0.083 0.104 0. 167 0.199 0.089 0.111 0.156 0.184 0.079 0.113 0. 148 0.191 

r- 1.S F 0.164 0.488 0.472 0.570 0. 160 0.380 0.502 0.582 0.176 0.382 0.490 0.556 0.164 0.352 0.482 0.590 0.138 0.382 0.492 0.548 

MC'LR 0.099 0.198 0.25 1 0.300 0.095 0. 178 0.247 0.278 0.101 0.200 0.252 0.289 0.103 0. 178 0.247 0.302 0.089 0. 195 0.261 0.295 

-

0\ 
'Cl 
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VI l'Hl4. 1 5 UI'I'~-3 f1l 'j I tJ~ mJ IVivu~hw 1 \l fIl 'j l'1~ I'I'VU 'IJ V-3~ ,) 1'I' ()~ 1'1~ I'I'v u ml'l tiu ~,) I'I' ()~1'1~I'I'V UlJv 'U ~fl1{1 m111'j l ff ,) 'U f1 ,)l lJf1 ')'j \l:;lll'Ulrlvli l'1 ~"V -3 (k) 

I'vil tiu 2 lI" :; 'j:;~Ulrvtiltiqj a = 0.1 

a 2 t'fii~ C.V.'!. - 5 C.V.o/.= 10 C.V.'Io= IS C.V.%= 20 C.V.'!. = 25 
r 

" -2 '111t'ffl\J 
a, 0-2 n-4 o~ n- 8 n- 2 n-4 09i n- 8 0- 2 n-4 09i 0- 8 0- 2 n-4 0=6 n- 8 0- 2 n-4 0- 6 0=8 

r-O.OO I F 0.095 0.097 0.100 0.105 0.087 0.088 0.087 0.090 0.090 0.080 0.100 0.090 0.093 0.101 0.099 0.098 0.08 1 0.097 0.095 0.10 1 

MC- LR 0.105 0.109 0.106 0.11 5 0. 100 0.098 0.095 0. 11 0 0. 100 0. 101 0. 107 0.093 0.101 0.102 0. 106 0 .113 0.098 0.100 0. 124 0.104 

r-O.OI F 0. 106 0.1 00 0.105 0.108 0.099 0.115 0. 108 0. 11 5 0.098 0.085 0.110 0.108 0.101 0. 11 2 0. 104 0.101 0.092 0.102 0. 102 0.113 

MC' LR 0. 11 2 0.11 0 0.110 0.122 0. 11 0 0. 117 0. 125 0. 11 5 0. 110 0. 105 0. 11 5 0. 122 0.108 0. 132 0. 11 7 0.118 0. 113 0. 104 0. 135 0.11 6 

r=0.05 F 0. 110 0.142 0.132 0.172 0. 106 0.132 0. 140 0.166 0. 128 0.108 0. 148 0.170 0.116 0.134 0. 138 0.140 0. 105 0.126 0. 136 0.1 62 

MC-L R 0. 115 0. 145 0.135 0. 180 0.114 0.140 0.143 0.170 0. 130 0.1 08 0.15 1 0. 176 0.120 0. 140 0.1 45 0.143 0. 116 0.129 0.147 0.1 70 

r=O.1 F 0. 11 8 0. 158 0.198 0.228 0.114 0.158 0.178 0.2 18 0. 148 0.138 0.164 0.212 0.123 0.144 0. 190 0.196 0.128 0.140 0.180 0.220 

MC-lR 0. 118 0. 152 0.190 0.230 0.118 0.150 0.18 1 0.221 0. 132 0. 136 0.175 0.222 0. 123 0.1 45 0. 187 0.203 0.120 0 .141 0. 178 0.224 

r= 1 f 0.267 0.500 0.529 0.564 0.245 0.440 0.529 0.581 0.236 0.454 0.479 0.554 0.2 15 0.440 0.492 0.535 0.230 0.409 0.500 0.571 

MC-lR 0. 156 0. 183 0.222 0.260 0 .148 0.174 0.2 10 0.254 0. 153 0.174 0.204 0.257 0.1 53 0.138 0.214 0.263 0. 147 0.165 0.2 16 0.256 

r=1.5 F 0.298 0.594 0.580 0.632 0.278 0.464 0.580 0.656 0.286 0.5 14 0.570 0.640 0.290 0.462 0.566 0.672 0.272 0.500 0.582 0.610 

MC-LR 0. 180 0.201 0.256 0.312 0.176 0.210 0.247 0.321 0.184 0.213 0.265 0.324 0. 191 0.215 0.253 0.332 0. 178 0.202 0.26 1 0.342 

-

-..J 
o 
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m, 1-34.16 mr~ ,:jfm 1m (JUIV; (JUChUl 11 f1l711~fftlU'lJtl,:j~1ffii9i11~fftlUwvJnmi1ffii9i11~fftlU lJtlu9im{1 m)~ 7 ltY1U fl11lJf117 1l:;I1JUlrltl~lU1U 1~11~" tl,:j (k) 

I'¥ilnu 3 U":;7:;~lJlr(Jrllfity a = 0.01 

(1 2 nii~ C.V.'!.= 5 C.V.o/. - IO C.V.%- 15 C.V.%- 20 C.V.% -25 
_r 

nAnVIJ .... 
(1 2 

e n-2 n-4 n=6 n- 8 n-2 n-4 n=6 n- 8 n-2 n><4 n=6 0-8 n-2 n-4 n=6 n- 8 n- 2 n-4 n=6 n- 8 

r-O.OOI F 0.005 0.009 0.012 0.012 0.006 0.013 0.011 0.0 11 0.012 0.007 0.019 0.005 0.010 0.010 0.010 0.009 0.009 0.012 0.014 0.009 

MC·LR 0.010 0.017 0.015 0.014 0.0 14 0.017 0.015 0.013 0.016 0.012 0.022 0.016 0.0 10 0.012 0.013 0.013 0.015 0.013 0.015 0.014 

.... O.QI F 0.009 0.010 0.014 0.0 13 0.012 0.QI5 0.014 0.013 0.014 0.009 0.020 0.013 0.0 12 0.015 0.019 0.014 0.013 0.017 0.016 0.016 

MC· LR 0.017 0.018 0.017 0.QI5 0.017 0.018 0.018 0.015 0.018 0.022 0.032 0.018 0.0 16 0.018 0.0 18 0.015 0.019 0.019 0.019 0.017 

r-O.05 F 0.014 0.024 0.026 0.020 0.014 0.016 0.020 0.024 0.016 0.014 0.026 0.026 0.014 0.022 0.034 0.020 0.016 0.024 0.018 0.046 

MC·LR 0.019 0.020 0.020 0.018 0.019 0.019 0.021 0.023 0.018 0.024 0.026 0.020 0.018 0.023 0.032 0.016 0.020 0.Q28 0.020 0.036 

r-O. I F 0.016 0.026 0.028 0.064 0.019 0.026 0.040 0.078 0.024 0.Q28 0.052 0.062 0.020 0.030 0.054 0.068 0.021 0.036 0.040 0.048 

MC·LR 0.020 0.023 0.028 0.024 0.Q28 0.023 0.D35 0.060 0.023 0.027 0.040 0.050 0.032 0.Q28 0.044 0.044 0.021 0.030 0.D35 0.040 

r-I F 0.054 0.249 0.420 0.529 0.043 0.226 0.419 0.558 0.040 0.247 0.423 0.516 0.051 0.231 0.448 0.538 0.045 0.258 0.429 0.560 

MC·LR 0.030 0.040 0.127 0.233 0.D35 0.029 0. 118 0.235 0.032 0.037 0.134 0.214 0.043 0.029 0. 11 7 0227 0.039 0.041 0. 131 0.221 

r-1.5 F 0.060 0.352 0.578 0.657 0.069 0.369 0.560 0.676 0.079 0.373 0.541 0.632 0.056 0.360 0.547 0.618 0.065 0.347 0.539 0.652 

MC·LR 0.041 0.078 0.226 0.344 0.041 0.086 0.210 0.360 0.051 0.060 0.219 0.322 0.049 0.080 0.224 0.350 0.052 0.067 0.219 0.358 

-

-.J 
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m'j N4.17 U'Hl.:Jf11'j I1n tI'Ull1t1'U'thlJ l~ f11'j l'l~ntl'U"tl.:J~1nt1~l'l~ntl'U1Vvl o'U~ 1nt1~l'l~ntl'U lJtllJ ~tl1{1 mlm lff1lJ fI11lJfl1'j ~::L1jlJl~tl ~ llJ 1lJ1nl'l~ c!tl.:J (k) 

l'yho'U 3 uCl::'j::~'\.J'utl1:htiru a = 0.05 
" 

(J 2 nii~ c.v.%- S C.V.%- 10 C.V.%- 15 C.V.%K 20 c.v.% - 25 

,... _r 

(J 2 
Yll'lntllJ 

f n=2 n--4 n-6 n=8 n=2 0=1 n=6 n- 8 n- 2 n=l n=6 n- 8 n- 2 n-4 n=6 n=8 n- 2 n--4 n=6 0=8 

..-0.001 F 0.041 0.050 0.054 0.049 0.053 0.045 0.054 0.052 0.052 0.042 0.063 0.048 0.040 0.048 0.053 0.045 0.042 0,054 0.045 0.055 

MC-LR 0.052 0.052 0.062 0.050 0.054 0.061 0.055 0.050 0.054 0.050 0.069 0.058 0.049 0.059 0.054 0.045 0.056 0.053 0.052 0.067 

..-0.01 F 0.047 0.066 0.055 0.058 0.056 0.054 0.070 0.056 0.058 0.059 0.065 0.054 0.045 0.055 0.063 0.057 0.053 0.065 0.053 0.068 

MC-LR 0.060 0.070 0.064 0.062 0.069 0.063 0.072 0.057 0.060 0.062 0 .073 0.068 0.053 0.063 0.068 0.058 0.060 0.070 0.063 0.071 

..-0.05 F 0.048 0.076 0.088 0. 102 0.058 0.078 0.074 0. 104 0.060 0.066 0.072 0.116 0,080 0.084 0.098 0.090 0.068 0.088 0.070 0.126 

MC-LR 0.065 0.076 0.086 0. 100 0.072 0.075 0.Q78 0.100 0.062 0.065 0.075 0.120 0.078 0.088 0.100 0.093 0.070 0.090 0.073 0.090 

..-0. 1 F 0.074 0.096 0. 122 0. 162 0.064 0.104 0. 142 0.184 0.088 0.080 0. 144 0.174 0. 112 0.094 0.130 0.180 0.098 0.122 0. 128 0.156 

MC-LR 0.072 0.086 0.090 0.120 0.081 0.098 0.090 0.148 0.080 0.070 0. 120 0.140 0. 100 0.092 0,138 0.142 0.087 0,111 0.101 0.098 

,... 1 F 0. 190 0.429 0.595 0.675 0.178 0,416 0.589 0.699 0.179 0.450 0.167 0.668 0. 185 0.434 0.638 0.707 0.180 0.483 0.592 0.717 

MC-LR 0.112 0.121 0.248 0.359 0. 137 0.103 0.244 0.385 0. 167 0.126 0.248 0.348 0. 132 0.109 0.258 0.381 0. 121 0.121 0.274 0.368 

r- 1.5 F 0.224 0.562 0.712 0.769 0.25 1 0.573 0.706 0.798 0.227 0.577 0.705 0.750 0,241 0.561 0.705 0.748 0.240 0.529 0.689 0.778 

MC-LR 0. 139 0.212 0.405 0.499 0.200 0.224 0.389 0.498 0.199 0.191 0.370 0,480 0.211 0.217 0.379 0.490 0,178 0. 186 0.376 0.498 

- - - --- ---

-..l 
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~1·H34.18 ILM1 'I f11'j nn (JulVi(Juunmlfm 'Yl<PltH1U'lJt)'1~1 tY()~'YlmrtlUm~ nU~1tY()~'Yl<Pl tYtlUlJtlU~fl1{1 CH11l'j lff1U f111lJf11'j ~ ~ L1'JUlrltl~lU 1U 1~'Yl <Plfttl'l (k) 

l'vhnu 3 lI"~'j~~ul!(Jthtiqj 0. = 0.1 

(7 2 lliift C.v.%- S C.V.%- 10 C.V.%- 15 C.V.%- 20 C.V.'Y. - 25 

.... _r 

(7 2 " ""O\J 

e n- 2 0-4 0=6 n- 8 n- 2 n-4 n=6 n=8 n2 2 n=4 n-6 n2 8 n- 2 0-4 n=6 n- 8 0-2 n-4 0><6 n=8 

..-0.00 1 F 0.088 0.096 0.100 0.091 0.090 0. 102 0.093 0.103 0. 105 0.090 0.115 0.095 0.089 0.098 0.106 0.095 0.Q78 0.100 0. 104 0.097 

MC· LR 0.115 0.102 0.110 0.108 0.108 0. 103 0.106 0.105 0. 108 0.100 0.122 0.100 0.103 0. 100 0.1 09 0.09 1 0.088 0.10 1 0. 100 0. 100 

..-0.01 F 0.088 0.1 16 0.105 0.099 0.099 0.106 0.128 0.108 0. 125 0.105 0. 125 0. 102 0.103 0.104 0.114 0.111 0.103 0.103 0.108 0.118 

MC'LR 0.125 0.120 0.118 0.113 0.110 0. 112 0.130 0.110 0.132 0.1 12 0. 130 0. 105 0.110 0. 104 0.119 0. 109 0.092 0.104 0. 108 0.130 

..-0.05 F 0.089 0. 158 0. 148 0.184 0.104 0.138 0. 138 0.116 0.140 0. 140 0.160 0. 174 0.122 0. 142 0.1 88 0.182 0.128 0.146 0.166 0.218 

MC'LR 0. 130 0.150 0.121 0.190 0.116 0.140 0. 140 0.170 0. 138 0. 130 0. 155 0.150 0.114 0.1 38 0. 180 0.194 0.096 0.129 0.166 0.220 

..-0.1 F 0.126 0.200 0.208 0.230 0. 106 0.182 0.238 0.298 0.142 0. 152 0.242 0.252 0.130 0.148 0.226 0.266 0.142 0.206 0.230 0.246 

MC· LR 0.135 0.180 0.150 0.200 0. 118 0.170 0.190 0.210 0. 140 0.150 0.200 0.220 0.116 0.144 0.203 0.253 0. 100 0.198 0.200 0.230 

.... 1 F 0.320 0.536 0.683 0.746 0.3 10 0.541 0.668 0.770 0.307 0.555 0.698 0.739 0.317 0.551 0.717 0.768 0.296 0.597 0.681 0.79 1 

MC'LR 0.268 0.206 0.344 0.440 0.256 0. 187 0.339 0.483 0.223 0.206 0.345 0.431 0.276 0.195 0.370 0.460 0. 168 0.218 0.367 0.47 1 

F l.S F 0.358 0.557 0.782 0.811 0.390 0.651 0.768 0.845 0.372 0.663 0.768 0.812 0.384 0.666 0.778 0.804 0.368 0.646 0.747 0.834 

MC'LR 0.278 0.298 0.511 0.583 0.277 0,337 0.494 0.584 0.300 0.303 0.470 0.562 0.299 0.3 12 0.485 0.560 0.278 0.299 0.464 0.590 

-

-J 
W 
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~1"H34.19 Uff~-3fll~ 1m uUl'Viuu~nm)fln 'V1~ffVU'IJV -3~1fff)~'V1~ffVUlVvl nU~1ffii~'V1~ffVU lJV'U ~fIl{1 fl-ei1l~ 1 ri1'U f11 1lJf11 ~ ~::I~'UlrlV ~1'U 1'U1~'V1~ flV-3 (k ) 

l'vilnu 4 Ufl::~::~UUUrilr1i1! a. = 0.0 1 

2 a r 
ffii~ C.V.%- 5 C.V.%= 10 C.V.%- 15 C.V.';' - 20 C.V.%- 25 

r-

a2 'I1l1fflllJ 

e n- 2 n-4 n-6 n- 8 n=2 n=4 n=6 n=8 n=2 n-4 n-6 n- 8 n=2 n=4 n=6 n=8 n=2 n=4 n-6 n=8 

r=O.OO I F 0.009 0.004 0.017 0.014 0.011 0 ,007 0,007 0.007 0.012 0.009 0,014 0.012 0,006 0.009 0.01l O.QII 0,010 0,014 0,005 0,0 12 

MC-LR 0.0 16 0,012 0,012 0.018 0,012 0 ,012 0,014 0.012 0.015 0.014 0.012 0.0 17 0.015 0.0 19 0.012 0,015 0.009 0,014 0,006 0,0 14 

"",0,01 F 0,0 14 0.QI5 0,023 0,019 0.013 0,012 0.010 0,009 0.014 0.013 0,020 0.0 16 0.012 0.010 0.017 0.017 0.012 0,016 0,012 0.014 

MC-LR 0.0 18 0,017 0.018 0.020 0.015 0.QI5 0,019 0,017 0.018 0.017 0,019 0.018 0.017 0.019 0.021 0.019 0.011 0.017 0,012 0.018 

r=Q,05 F 0.018 0.019 0,029 0.Q35 0,024 0,019 0.027 0,040 0.0 19 0.017 0,024 0.029 0.022 0.02 1 0.019 0.Q35 0,019 0.021 0,024 0.038 

MC-LR 0,019 0.020 0,019 0.033 0,016 0,019 0.023 0,032 0,018 0,018 0,020 0,032 0.021 0.023 0.023 0,040 0,018 0,020 0,029 0,033 

r=O, 1 F 0,028 0.033 0,038 0.065 0,026 0,038 0.066 0,077 0.Q25 0.Q25 0.055 0,059 0,029 0.033 0,044 0,091 0,026 0,032 0.050 0,069 

MC-LR 0,023 0.Q28 0,023 0.05 1 0.0 19 0.03 1 0,049 0,065 0.022 0,023 0,049 0.049 0,026 0.029 0.037 0.089 0.024 0.023 0.042 0.056 

r- I F 0,079 0.362 0,547 0,680 0,067 0.36 1 0,558 0,670 0,053 0,363 0,559 0.692 0,065 0.359 0.562 0.680 0.062 0,354 0,576 0.67 1 

MC-LR 0,029 0,105 0,260 0.417 0,022 0.099 0,262 0.399 0.033 0.029 0,257 0.403 0.029 0,119 0,267 0,405 0.053 0. 120 0.267 0.390 

r= 1.5 F 0. 106 0,485 0,699 0.78 1 0. 100 0.492 0.672 0.790 0,127 0.485 0,698 0,788 0,087 0.519 0,705 0,782 0.096 0,470 0,683 0.768 

MC-LR 0,036 0.210 0.427 0.549 0,032 0.193 0.418 0.585 0,037 0.306 0.422 0.583 0,039 0,213 0.427 0.573 0,067 0,179 0A 11 0.053 

8 

-...J 
~ 
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m'n34.20 II Ml.:J f11 'l" 1111 tJulli tJU t11tJ 1~ f11'l" Vl~ fftlU'IJ tl.:J~ 1 ff(i~Vl~ fftlUltlrJ tiu~ 1ff(i~Vl~ fftlU 1J tltJ ~ fll {1 "'V~ 'l" 1 ri1tJfl11lJ fl1'l" ~::l tltJ lrltl ~ ltJ 1tJ 1~ Vl~ M.:J (k) 

lvhtiu 4 lm::'l"::~UlrtJalfit\j a = 0.05 

a 2 ffii~ C.V.% - 5 c.v.", - 10 C.V.% - 15 C.V.%- 20 C.V.", - 25 
_f ,.. 

2 'I1llffVtJ 

a~ n-2 0-4 n=6 0-8 n=2 n-4 n=6 n- 8 n=2 n-4 n-6 n- 8 0-2 0-4 0=6 0=8 0- 2 n=4 0-6 0- 8 

,..0.001 F 0.053 0.045 0.063 0.068 0.053 0.041 0.054 0.053 0.048 0.046 0.054 0.052 0.042 0.050 0.049 0.046 0.059 0.043 0.057 0.047 

MC' LR 0.058 0.049 0.070 0.072 0.061 0.050 0.059 0.054 0.050 0.064 0.05 1 0.058 0.048 0.058 0.051 0.059 0.063 0.063 0.060 0.049 

r=O.OI F 0.063 0.053 0.070 0.070 0.060 0.049 0.058 0.055 0.051 0.052 0.060 0.059 0.042 0.051 0.068 0.065 0.060 0.051 0.062 0.060 

MC'LR 0.062 0.052 0.079 0.078 0.064 0.053 0.062 0.054 0.063 0.065 0.058 0.063 0.056 0.060 0.072 0.067 0.069 0.075 0.068 0.069 

roO.05 F 0.072 0.070 0.101 0. 123 0.069 0.074 0.098 0.134 0.059 0.072 0.094 0.113 0.048 0.078 0.094 0. 132 0.068 0.081 0.100 0.115 

MC'LR 0.062 0.068 0.112 0.112 0.065 0.079 0.100 0.129 0.067 0.070 0.089 0.119 0.060 0.075 0.089 0. 123 0.069 0.080 0.099 0. 111 

r=O.1 F 0.083 0.112 0.172 0.178 0.089 0.123 0. 167 0.206 0.067 0.110 0.159 0.193 0.065 0.117 0. 135 0.2 11 0.079 0.127 0.158 0.205 

MC· LR 0.075 0. 101 0.137 0. 145 0.Q78 0.103 0.143 0.187 0.07 1 0.110 0.137 0.183 0.062 0.089 0. 127 0.196 0.074 0.119 0.138 0 .144 

,.. 1 F 0.222 0.577 0.725 0.794 0.224 0.574 0.729 0.793 0.2 12 0.576 0.720 0.811 0.240 0.570 0.724 0.831 0.202 0.571 0.747 0.803 

MC'LR 0.085 0.256 0.442 0.579 0.165 0.255 0.422 0.571 0.181 0.255 0.443 0.564 0.172 0.273 0.450 0.559 0.168 0.251 0.427 0.544 

r= 1.5 F 0.305 0.715 0.833 0.865 0.301 0.691 0.796 0.885 0.32 1 0.709 0.842 0.868 0.315 0.708 0.819 0.866 0.311 0.681 0.816 0.870 

MC'LR 0.103 0.372 0.591 0.697 0.189 0.379 0.592 0.704 0.231 0.386 0.593 0.714 0.211 0.383 0.601 0 .698 0.234 0.361 0.568 0.691 

-.l 
v. 
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fIl'n~4.21 U ff~~f)1'J ItI~ {JUIV1{JUtlTU l'ilf)1 'J 'YI~fftlU'\Jtl~'" 1ff~~'YI~fftlUwvl nU"'1ff~~'YI~fftlU lJtl'U ~f11{1 flV91 'J lff1'U fl111Jf11'J 'il~lil'ULi1tl ~1'U1'U ii 'YI~fl tl ~ (k) 

Iv;,nu 4 l1f1 ~'J~~1Jlr{Jt'htlt1J a = 0.1 

(J 2 nii~ C.V.%-5 c .v .%- 10 C.V.%- 15 C.V.';' = 20 C.V.o/,= 25 
_T_ 

r- 2 'llAnO\] 

(Je n=2 n-4 n- 6 n- 8 0- 2 n-4 n-6 n=8 n- 2 n=l n=6 n- 8 n=2 n-4 n-6 n- 8 n=2 n=l n=6 n=8 

,..0.00 1 F 0 .092 0.100 0.11 7 0.1 16 0.101 0.089 0.109 0. 107 0 .103 0.105 0.086 0.104 0.095 0.102 0. 101 0.099 0. 10 1 0.106 0. 112 0. 107 

MC· LR 0 .097 0.084 0.120 0.091 0.110 0.094 0. 121 0. 112 0.104 0.096 0. 107 0.1 19 0.103 0.105 0.114 0.090 0. 110 0.124 0. 121 0 .111 

r-0.0 1 F 0 .114 0.116 0.125 0.120 0.119 0.098 0.11 6 0.178 0.1 10 0.117 0.100 0.124 0.101 0.11 0 0.115 0.111 0. 105 0.125 0. 123 0.11 4 

MC-LR 0.125 0.098 · 0.139 0.093 0.123 0.100 0.136 0.158 0.12 1 0.111 0.115 0.13 1 0.116 0.128 0.120 0.120 0. 118 0.125 0.137 0.119 

1"'0.05 F 0.125 0.141 0.163 0.197 0.11 5 0.128 0. 17 1 0.229 0.1 14 0.138 0.174 0.207 0.100 0.150 0.158 0.213 0. 125 0.157 0.170 0. 190 

MC-LR 0. 139 0.123 0. 164 0.101 0.145 0.1 13 0.178 0.213 0.129 0.122 0.177 0.167 0.125 0. 167 0.143 0.225 0. 129 0.147 0. 169 0. 198 

r=0.1 F 0. 139 0.172 0.252 0.279 0. 121 0.186 0.250 0.293 0 .12 1 0.200 0.246 0.3 10 0.124 0.1 95 0 .233 0.295 0.145 0.210 0.260 0.307 

MC-LR 0 .139 0. 157 0.189 0.196 0.149 0.158 0.204 0.238 0 .142 0. 195 0.203 0.285 0.127 0.1 82 0.221 0.265 0. 137 0.176 0.23 1 0.256 

r- I F 0.353 0.68 1 0.805 0.847 0.360 0.677 0.796 0.852 0 .355 0.690 0.776 0.872 0.347 0.668 0.781 0.872 0.335 0.663 0.809 0.850 

MC-LR 0.145 0.362 0.530 0.650 0.199 0.364 0.529 0.644 0.265 0.366 0.538 0.662 0.1 48 0.373 0.538 0.645 0.223 0.357 0.539 0.635 

r= 1.S F 0.447 0.78 1 0.869 0.896 0.443 0.763 0.850 0.921 0.472 0.782 0.881 0.905 0.444 0.793 0.874 0.905 0.478 0.777 0.874 0.909 

MC-LR 0.188 0.494 0.677 0.757 0.278 0.488 0.663 0.773 0.380 0.492 0 .675 0.775 0. 174 0.510 0.683 0.764 0.332 0.466 0.663 0.746 

-- ---

--..l 
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~1"n.l4.22 lltYfI'Ifl1~ 1m vUIVivuthu HI nn YlfltYtlU'\J tl'l~1tY(l~YlfltYtlUltlyj tiu~ 1tY(l~YlfltYtlUlJtl'U~fl1{1 fttlm 1 t'h'Ufl11lJfl1~ \l :;lll 'Uldtl~l'U 1'UiiYlflfttl'l (k) 

Il'iltiu 5 II ft:;n:~u,rv1hfit'lJ a = 0.01 

2 
(Jr 

rrn;; C.v.% - S C.V.O/. - 10 C.v .%- 15 C.v.'V. - 20 C.v.% - 25 

1"' -2- YlflrrVlJ 
(J. na 2 0-4 n-6 n-8 0-2 n"" n-6 0- 8 n- 2 n"" 0- 6 n-8 0=2 n><4 n-6 n- 8 n~2 n"" 0-6 n- 8 

",,0.001 F 0.007 0.016 0.0 13 0.0 12 0.007 0.009 0.011 0.012 0.008 0.009 0.007 0.008 0.01 1 0.006 0.007 0.007 0.006 0.008 0.009 0.016 

MC-LR 0.012 0.0 11 0.014 0.0 19 0.012 0.013 0.012 0.0 16 0.018 0.012 0.013 0.009 0.016 0.0 15 0.015 0.0 11 0.009 0.015 0.011 0.024 

..-O.oJ F O.QI I 0.019 0.0 18 0.022 0.011 0.011 0.015 0.0 19 0.010 0.010 0.011 0.0 10 0.013 0.0 11 0.0 12 0.QI5 0.012 0.0 12 0.010 0.018 

MC-LR 0.014 0.015 0.0 19 0.022 0.017 0.015 0.018 0.0 19 0.019 0.015 0.018 0.010 0.019 0.020 0.0 18 0.0 16 0.015 0.0 14 0.016 0.026 

r-O.05 F 0.013 0.023 0.033 0.037 0.014 0.023 O.Q2S 0.055 0.013 0.020 0.029 0.047 0.015 0.021 0.0 19 0.037 0.013 0.025 0.028 0.040 

MC-LR 0.016 0.0 16 0.023 0.040 0.0 16 0.017 0.021 0.020 0.023 0.023 0.030 0.0 11 0.020 0.024 0.020 0.020 0.016 0.0 16 0.026 0.035 

FO. I F 0.QI5 0.034 0.061 0.094 0.018 0.033 0.053 0.09 1 0.020 0.027 0.041 0.085 0.020 0.031 0.05 1 0.088 0.014 0.037 0.063 0.086 

MC-LR 0.QI8 0.019 0.040 0.060 0.020 0.030 0 .050 0.025 0.029 om5 0.038 0.018 0.025 Om5 0.032 0.Q25 0.017 0.018 0.035 0.068 

r=\ F 0.094 0.462 0.693 0.776 0.\06 0.453 0.685 0.80 1 0.01 1 0.442 0.643 0.786 0.09 1 0.426 0.68 1 0.159 0.087 0.449 0.641 0.17\ 

MC-LR 0.027 0.19\ 0.420 0.593 0.022 0.197 0.445 0.584 0.03 1 0.212 0.405 0.569 0.Q28 0.201 0.424 0.558 0.029 0.194 0.391 0.585 

.... 1.5 F 0.148 0.616 0.8 19 0.873 0. \52 0.616 0.800 0.86 1 0.140 0.599 0.802 0.859 0. 143 0.636 0.68 1 0.817 0. 148 0.587 0.799 0.885 

MC-LR 0.046 0.366 0.600 0.136 0.04 1 0.340 0.590 0.7 12 0.045 0.333 0.607 0.720 0.046 0.350 0.568 0.724 0.057 0.334 0.602 0.757 

-

--.J 
--.J 

77



~l1 1-:14.23 utY~ ,mn 1'lJ~ uUlliUUvl'Ul\)fm 'Y1~ tYtJ U'lJ tJ~~1 tYi1~'Y1~ tYtJU ltl~ nU~1tY i1 ~'Y1~ tYtJU lJtJ 'U~fI1 {1 C'lV1I'i lff1 'U fl11lJfl1 1 ~ ::;ltl 'UlrltJ ~ 1'U 1 'U ii'Y1~ C'ltJ ~ (k ) 

l'yilnu 5 uC'l ::;1::;~uirmht1ty a = 0.05 

a2 nn" C,V,% - 5 C,V,%- 10 C,V,"I0- 15 C.V.% - 20 C.V.% - 25 
_r ,... 

2 l1"ntllJ 
a, n- 2 n=4 n-6 n=8 n=2 n=4 n-6 n=8 n-2 n=4 n-6 n-8 n=2 n-4 n=6 n- 8 0-2 n-4 n-6 n- 8 

,.,0.001 F 0.041 0.045 0.058 0,059 0,039 0.054 0.049 0.053 0.055 0.045 0.050 0.046 0.050 0.050 0,048 0.054 0.042 0.049 0.055 0.049 

MC'LR 0.050 0.052 0.059 0.034 0.04 1 0.060 0.05 1 0.061 0.056 0.048 0.052 0.050 0.053 0.055 0.065 0.055 0.059 0.054 0.050 0.05 1 

r-O.Ol F 0.058 0.052 0.067 0.073 0.055 0.056 0.056 0.058 0.058 0.049 0.055 0.053 0.054 0.06 1 0,052 0.072 0.054 0.050 0.066 0,072 

MC-LR 0.059 0.053 0.070 0.053 0.064 0,063 0.057 0.061 0.060 0.062 0.056 0.059 0.060 0.065 0.069 0.Q78 0.062 0.059 0.053 0.079 

r-O.05 F 0.064 0. 103 0. 120 0.138 0.059 0 .094 0.102 0.14 1 0.064 0.094 0. 107 0.139 0.062 0.085 0.104 0.134 0.057 0.085 0. 107 0.14 1 

MC-LR 0.069 0.073 0.099 0.052 0.070 0.099 0.105 0.139 0.065 0.080 0.057 0. 142 0.062 0.080 0.109 0.139 0.069 0.079 0.099 0.159 

r=O.1 F 0.063 0.112 0.174 0.222 0.070 0.119 0.162 0.2 12 0.053 0. 127 0.174 0.237 0.077 0.118 0.169 0.228 0.063 0.127 0.192 0.2 15 

MC-LR 0.Q70 0.089 0. 145 0.070 0.075 0.119 0. 156 0.189 0.070 0.119 0.150 0.222 0.077 0.110 0.159 0.20 1 0.079 0. 100 0.102 0. 199 

r- l F 0.276 0.657 0.8 17 0.888 0.275 0.672 0.826 0.90 1 0.245 0.656 0.8 15 0.874 0.294 0.625 0.804 0.877 0.297 0.633 0.813 0.869 

MC-LR 0. 105 0.387 0,614 0.706 0.116 0.379 0.602 0.726 0.082 0.380 0.563 0.709 0.105 0.455 0.592 0.691 0.11 0 0.359 0.556 0.709 

r=1.5 F 0,395 0.781 0.894 0.953 0.424 0.772 0.891 0.923 0.382 0.793 0.903 0.930 0.379 0.788 0.879 0.937 0.392 0.778 0.901 0.946 

MC-LR 0.169 0.549 0.752 0.836 0.165 0.529 0.724 0.814 0. 152 0.525 0.743 0.812 0,160 0.580 0.720 0.8 15 0.1 66 0.59 1 0.741 0.842 

_. ----
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m'j 1-34.24 II '(Y~wn'i 1m VU1VlVUtlll.J 1 \l f)1'i 'Vlfl'(YeJU'lJeJ.:j~l'(Yii~'Vlfl'(YeJu n)'yj tiu~l'(Yii~'Vlfl'(YeJUlJeJ'U ~fI111 m11!'i l~h'U fl11lJi'11'i \l::;lll'UlrieJ ~1'U 1'U 1~'Vl~HW-3 (k) 

l'vhtiu 5 1Ic)::;'i::;~uumilf1ty a = 0.1 

a 2 !'fa;; C.V.'!.-5 C.V.'!.- 10 C.V.'!.- 15 C.V.% - 20 c.v.'!. - 25 
T 

ra - 2- Yl~!'f6\J 

ae n=2 n=4 n=6 n=8 "=2 "- 4 " =6 n=8 n- 2 "-4 "=6 n4 n=2 0-4 n=6 n=8 0- 2 0=4 n-6 n=8 

r-O.OO I F 0.084 0.097 0.097 0. 120 0.092 0.099 0. 109 0.096 0.096 0.092 0.117 0.084 0.095 0.093 0.093 0. 111 0.089 0.092 0.117 0.099 
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~MC·LR 

'" v. 
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ltJ~ 4.4 (~'V) 1m V1JIViV1JtlTU 1i1 fll'!i 'YI~H"'V1J'\J'V .:J~1ffi1~'YI~H"'V1Jm-wnmhf1'i1~'YI~H"'V1J lJ'VU~fI1{icH)m 1ffl'U fI11lJfll'i i1 :: lnU lii'V ~ltl1U 11i'YI~Hl'V~ ll'lln1J 5 

C.V.= IO% vh::~1Jlrvri1fity 0.05 

~. k=5 n=2 cv=10 alpha=O.05 . - --

I 1'000 1 
0.900 

;:J 0.800 
i 0.700 
~ 0.600 
~ 0.500 
i 0.400 .... 
l! 03<" 1 .• 
'Q 0.200 .' 

0.100 _ • • .. • ===--==: 
0.000 • 

1.000 
0.900 

S 0.800 
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0.600 
0.500 
0.400 
0.300 
0.200 

1& 
a: ,. .. 
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If" 
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,l:j 

0.001 0.010 0.050 0.100 1.000 1.500 

6""lh\M::\.I',,jA"lJlIl.I,l.I"U1IO,j'la"'AAO,j 
f'l1J A"lJlIl.I,l.I"U1IO,jA"1JA a,,, 11'1 1'I0u 

k=5 n=6 cv=10 alpha=O.05 

.. ....... 

0.100 ] . .-=== 
0.000 +-.....:....~--~~---r----r--~--......, 

0.001 0.010 0.050 0.100 1.000 1.500 

6"'1IhU'::\.I'1~""11J1Il.I,l.I"U1Io~'1a",,,ao,j 
f'lu ""11JIIl.I,l.I"U'll O,jA'11J'" a1" 11'1 1'I0u 

[
,. ' • • , ·F·toot I 
--MC·LR 

[ •••••. ·F.'.t I 
--MC·LR 

1.000 
0.900 

;:J 0.800 
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0.700 
0.600 
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a: ,. .. 
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If" 

,~ 

0.500 
0.400 
0.300 
0.200 
0.100 

k-5 n=4 cv=10 alpha=O.05 

.,. .•.. . 

: 

0.000 +1 --~---r---~-~~-~--""'" 

1.000 
0.900 

S 0.800 
1& 0.700 
~ 0.600 .. 
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0.500 
0.400 
0.300 
0.200 

0.001 0.010 0.050 0.100 1.000 1.500 

6"'1~'\M::\.I",j""'lJlIl.I,l.I"U1Io,j'la",,,ao,j 

f'lU""11JIll.l,l.I"U1IO,j""'1JA A1"1'" clou 

k=5 n=8 cv=10 alpha=O.05 

, .. .. .. .. 

0.100 I --.!.:::::~"--!::.:-.--_~_~ __ ~---, 0.000 +-
0.001 0.010 0.050 0.100 1.000 1.500 

6""~'\M::\.I'1,jA"lJlIl.I,l.I"U1IO,j'la"'AAO,j 
f'lUA'11JIIl.I,l.I"U1IO,j""'IJAA1AIAI'IOU 

1-:-: • ... F·toot I 
I -----MC-LR 

F · ···F.toot I 
I-----MC-LR 
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lU~ 4.4 (~tl) 1m VU1~VUt11'\.n~ f)ln1"fftlU'Utl.:j~1ff(i~'YImH)Ult)'vMu~TtY(i~l'WH"tlU1Jtl'U~fI1{i m)1fl nti1'U f1111Jf11":i ~::I1J'U l~tl ~1'U 1'U1~'YI"C'1tl.:j 11'1lilu 5 

C.V.= 15% ~":i::~uUVfhfity 0.05 

1.000 
0.900 

S 0.800 
11 0.700 
~ 0.600 
~ 0.500 

k=5 n=2 cv=15 alpha=O.05 

... 
·E 0.200 . ... . 5 :: j 

0.100 • 
0.000· • • •.... •. -:::= 

1.000 
0.900 
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~ 0.700 
~ 0.600 
~ 0.500 
(f' 0.400 
5 0.300 
·E 0.200 

0.100 

0.001 0.010 0.050 0.100 1.000 1.500 

fiflll'i'''"l\n::\.li'~A"l,uuLlnJ'i"lU'IID~''h'AilD~ 
rn..A"l,u"LI'iLlnu'IID~A"l'UtOIil''''I",ADU 

k=5 n=6 cv=15 alpha=O.l 

........ 
: 

0.000 +---r----.--~---r---_r_-~ 
0.001 0.010 0.050 0.100 1.000 1.500 

fi5l'i'."lU'i::\.li'~51"l,uuLl'iLlnu'IID~"II"'51 ilD~ 

t'iu5I"l'lJuLl'iLl'i"lU'IID~A"l'UtOIil''''IAADU 

, ... •. .. F.' .. ' I 
--60--MC-LR 

, .•. • . ··F·,oo' I 
------MC·l.R 

1.000 
0.900 , O~ l 5 0.700 

s: 0.600 
~ 0.500 
(f' 0.400 
5 0.300 I 

·E 0.200 
0.100 
0.000 

1.000 
0.900 

;:I O.BOO 
~ 0.700 
~ 0.600 
~ 0.500 
(f' 0.400 
5 0.300 
·E 0.200 

k=5 n=4 cv=15 alpha=O.05 

.,. ,.. 
/ 

.. .. 
0.001 0.010 0.050 0.100 1.000 1.500 

fiflll'i'''"l\n::\.li'~A"l,uuLl'iLl'i"lU'llD~'II'''51AD~ 
rn..A"l'lJuLl'iLl'i"lU'llD~A"l'UtOIiI''''lt'lADU 

k=5 n=8 cv=15 alpha=O.05 

. •.......• 

~ :: l!-~·::::;:~"'-::~.,---~-~-~-~ 
0.001 0.010 0.050 0.100 1.000 1.500 

fi5l'i"hU'i::\.li'~t'I"l'IJ"LI'iLl'i"lU'IID~'II"''''AD~ 
t'iuA"l,uuLl'iLl'i"lU'IID"A"I'UtOIA'51IAADU 

, ••• • • •• F· ,,,", , 

--MC·LR 

[ 
... . ... F.' .. ' , 

------ M C·LR 

'-0 
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l tJ~ 4.4 (9itl) 1m UUlYiUU ti l'U l'il n l'J 'Y1~fftlU'lJtl-3 ~1ff()~'Y1~H"tlUm~t1'u~1ff()~'Y1~H"tlU lJtl'U~fI1{1cH)lI 'j l tY1'U fI11lJfl 1'H) ~ 11l'U Irl tl ~1'U 1 'U 1~ 'Y1~HW-3 I'Vllt1'u 5 

C.V.=20% Yi'j ~~uumhT1ty 0.05 

1.000 
0.900 

;I 0.800 
: 0.700 
~ 0.600 
~ 0.500 
i 0.400 

k=5 n=2 cv=20 alpha=O.05 

.,. 
S 0.300 1 .~ . .:; 0.200 • ____ 

0.100 . , • .. -====-
0.000 
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0.900 

;I 0.800 
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E 0.500 
" 0.400 
S 0.300 
.:; 0.200 

0.100 

0.001 0.010 0.050 0.100 1.000 1.500 

611"."\M~"hlll."uuLl,LI,,,u,,o,j'l!)1'UIO,j 

""uII."uuLl,LI'''U'IIo,jll.,'lHIlnlll,,Aou 

k=5 n=6 cv=20 alpha=O.05 

........ 

0.000 +-1 ---'-..,.----'--,.--~--~--~----, 

0.001 0.010 0.050 0.100 1.000 1.500 

611";I.,u,~i',j",,uuLl,LI"U'IIo,j'l!)111AO,j 

""UA.,1uuLl,LI"U'IIo,j"'1IH1A'III,,Aou 

[~~ 

I ··· ·· · ·-F~ 
--MC.LR ! 

k=5 nz4 cv"'20 alpha=O.05 

1.000 
0.900 

a 0.800 
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" 0.400 
!i 0.300 
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6""."u,~·h,j""uuLl,LI"u"O,)'\!)111AO,j 
""UA'1uuLl,LI"U'IIo,j,,,1UAiI'IIIAAou 

k=5 n=8 cv=20 alpha=O.05 

.•.......• 

0.000 +-1 ~----'.------r---~-~--~-~ 

0.001 0.010 0.050 0.100 1.000 1.500 

fill'1.'\M~i1,j"'1uuLl,LI"u"o,j'l!)111AO,j 
,,"uII""IuuLl,LI"U'IIO,jA,'UAA"IIIIAAou 

1 .. · • · .. F. t .. t 1 
--MC·LR 

1 .. · · ··· F.t .. t 1 
--MC·LR 
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'nJ~ 4.4 (~tJ) 1m uU1YiuUthw l;)f)l~ YI~fftJU'\JtJ~~1ffii~YI~HltJUltJ-wti'U~1ffii~vWHTtJUlJtJu~fl1{i CH)~ 'nriTWfl11lJfl1'HI::; IrJU lrltJ ~ lU 1U 1iYl~,1tJ~ IVllti'u 5 ... 

C.V,=25% Yh::;~UlrU'chr1ru 0.05 
" 

1.000 
0.900 

;I 0.800 
i 0.700 
~ 0.600 
:: O.SOO 

k=S n=2 cv=2S alpha=O.OS 

~ O~ l .. ' S 0.300 • . , 
.:; 0.200 ..------
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0.900 ~ 
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"lJIII1'UlItl'ltl'l1U'lIO"A1'SJIII"'flIAAou 

k=S n=6 cv=2S alpha=O.OS 

". ~ ., 

- ......• 
~.-- * --

0.010 O.OSO 0.100 1.000 

iSlII'I1.1U'I!:\I'h"A11UlItl'ltl'l1U'lIO,,~II"'III"O" 

"lJA11UlItl'ltl'l1U'lIO""11UAA1f1IAAou 
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~:f" "' 1 I --MC.LR 

I" .•. "F·, .. , I 
____ Me_LR 
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kzS n=4 cv:2S alpha=O.OS 
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is III '11 .1U'l!:\l·"h "A11UlItl '1tl '11U'11 o,,~II"'1II 010" 

"lJ A 11UlItl '1tl'l"lU'll O"A1'SJIII A'flIA Aou 

k:S n=8 cv=25 alpha:O.OS 

0.000 I -- - ~ 
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iSlII'I1.1U'l!:\l'h"A1'Ulltl'ltl'l1U'110,,'II"'flAO" 

"lJA11Ulltl'ltl'l1U'lIO"A11SJ111A'IIIIAAou 
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... 
U'YI'YI 5 

fl1 'j 1 ~ Vf,f ~ if ~ ~li l~U 1 ~ vij ~ ~'ll 'j ~ ff ~rll ~fl ffnfl1fJ III fflJ1r~'IJ fl~~ 1ff() ~11 ~ fffl1J 

lJ (lU ~f11{1 ~ 5~'j 1 ri1Ufl11lJfl1'j 'il~ltJU (MC-LR) 1 U n1'j 11 ~ ff(l1J fflJlJ~! 1Ul~V1 ti1Jfl11lJ 

u'llnh 1U'lJfl~~11~l'l~'IJel~1~11~~(I~ l~vli1f11HU~ v1Jllivmi1ff()~11~ffel1Jw'rl (F) r-l~ff~ 'll~ hi 

11 1 f1fm 1~ Vl'l1J '"hVl m ~ ~1J '11 V'tl1fiW'lJfl ,m n VI ~ ffel1J m ~ ff ()~ ij m & ~ i11 ff() ~ VI ~ ffel1J lJ flU ~ fI1{1 ~ 
• u 

5m 1ri1um1lJfl1HI ~ I'tlu 'il ~ hl'rl HT~ ri1um1lJflm~If1~ (lu'll'j ~1f1V1~ 1 1 nJ;\'l~v~ ti1Jil1ff()~ 

VI~ ffel1JW'rl ~ ~i11 ff()~-i~fffl ~i11ff1lJ n ()f111JfllJrl 1 ~~ ri1U fI11lJfI m~If1~ (lU 'll'j ~1fIV1~ 1 i~l1 n . . 
m & f1l'jVl~ffel1J U~~I~m)~'j 1ri1U 'j ~'H11~f111lJU'll'j'll'j 1U'lJel~1~ l1~~el~ ti1Jfl11lJU 'll'j 'll 'j 1U'IJ el~ 

f111lJfI~1~1f1~flU (r) ijrll'l!flVn11 1 (r = 0,001.0.01 U~~0.05) i11ff()~VI~ffel1JlJflU~fI1{1~ 

5m 1 ri1U f111lJfl1'j 1I~ltJU 1 M'rl 1ehU 1 'ilf1lnl~ffel1J lJl nn11~ 1ff()~VI ~ffel1Jw'rll~el5m 1 ri1U 

'j ~'H11-3f111lJU'll nh 1U 'II fl~l~VI~~el ~ti1Jfl11lJU 'll nJ nu 'II el-3f111lJfI m~lf1 ~elU (r) ijrlWli'11nJ;\' 1 

'H~ellJlnn11 (r = 0.1,1 u~~ 1.5) ~1ff()~11~ffel1JlJelU~fI1{I~5~'j1ri1Ufl11lJfl1'j1l~ltJu1Mrl1 

~ lU1'ilnU l1~ff(l1J,r flvnl1i11 ff()~ VI~ ffel1JW'rl U~I~flVi 11 1 H\J 11 ~ VnlJuJ;\'1l'l1J11 i11ff()~ VI~ fffl1J 

lJelu~f11{1 ~5m 1ri1ufl11lJfl1'j 1I ~ltJU 1MrllV1U111f11'j 11~ fffl1J ff ~n11~1ff()~VI~ffel1Jw'rl ltJUlJl~ 
" .. .. .. 

n'j & 1'Yi 1 '11 U li 11M ff ~ 'll i ~ 11 i11 ff () ~ VI ~ ff fl 1J li -3 ff fl ~ 1~ '11 U i,j ij i11 ff () ~ VI ~ ff fl 1J 1 ~ 1 tJ U i11 ff () ~ 
Q ~dd 

l1~fffl1JfflJlJ~!lUl1~VI~~ 

'tl1'H11Jnn l~vflf~if ~1~V1~li1f11'j ffmJl1ijl'll~Ur-lU f11'j VI~ffel~U1J1JrilJ~~el~ (CRD) ~ " . 

rl1m~V'IJel~'ll'j ~ 'lflm I'YlltiU'Vlnn~lJ ~el 50 

rilfl-3rl'll'j~nfl1Jfl11lJU'll'j'll'j1U ~-3 1u~if1l~n1'Hu~ 1m'll 
" 

r 

nl'Hu~1M r li'JU 0.001 ,0.01 ,0.05,0 .1 , 1 U~~ 1,5 

~lU1Ul~11~~el-31UUr-lUf11'j11~~fl-3 ~el 23 4 U~~ 5 

~lU1U'lJU1~i11eltil-31UU~~~1~VI~"el-3 ~fl 24 6 U~~ 8 

f11'j U'il nu 'il ~'lJfl ~f111lJfI"1~1f1~ elU ~ffn'hl1 1 UUr-lU f11'j l1~"el-3 ij nn U'il nu 1I-3U'U'U 

'lln~u~~Ii'Ju~ff'j~tiu ijriml~myhti1J 0 um:fI11lJu'll'j'll'j1U 1'Yi1n1J a/ 

nn U1I nu 1I~'IJel~1~VI~~fl~~ffn'hl1 1uur-lu f11'jl1~ ~fl-3 ij f11'j U 11 nu 11-3 U1J 1J 



Ufl9iIl":;I~'U~~'j:;n'U ij~lm~(JIlhnu 0Im:;fI11lJUU'jU'jl'U a/ 

~lfflJU'j:;iY'Ylifll1lJUU'j~'U (Coefficient of variation) 6 'j:;~U ;ieJ 5% 10% 15% 

.;, '" 'a ' + a'. 
'U'UfleJ C. V. =" r l 20% II":; 25% 

JI 
'j:;~1Jlr(Hhtiqj'UeJ.:Jfln'Yl~~eJul'UW-l'Ufll'j'Yl~~eJ.:J ;ieJ a = 0.01 a = 0.05 1m:; 

a = 0.1 
~ >' 

101 

1'U fll'j ~'i11HU1IU~ [JUI'Yi[JU';l~()~'Yl~~eJUl1.:J 2 i~u'U 'i1:;~'i11Hln 1 ~[Jfll'j IU~ [JuLVi[Ju 

mllJ ~l:JJ1Hll 'U fl n fllUfllJfll ff~ ril'U m llJfl m~L fl ~eJ'U U 'j :;l fl'Yl~ 1 II":; ~ 'i11HU 1 'i11 fl~ 1 . 
()1'U 1 'i1 fln 'Yl~ ~eJU~ ~.:J fll1~ 'i1:; ~ eJl1'; 1~()~ 'Yl~ ~eJU~ I ~l 'U fll'j 'Yl~ ~eJU~lJlJ9i! l'U Lrl[JlnUfll1lJ 

U U 'j U 'j l'U 'U eJ .:J ~ 'Yl Ti'VI "'U eJ.:J i~ 'Yl ~" eJ .:j ~.:J fl ,,' 11 J'U 'i1:; l,j 'U'; 1 ~ () ~ 'Yl ~ "ff eJ U ~ L 11 lJ 1:; ~ lJ fll1 

'j 1 [J,,:; Ii) [J~ 'U eJ.:J ~"fll'j i,) [J'i1:; II u'.:J fl n ~ \11 HUl eJ eJ flL ~'U 2 rh'U ;i eJ ~"fll 'j L U~ [JUL Vi [JU 

mllJ~llJl 'Hll'U fll'j fllUfJlJ~ lff~ril'UmUJflm~lfl geJ'UU'j :;Lfl 'Yl~ 1 11(1:; ~"fln LU~ [JUI'n[Ju 

() l'Ul'i1fll'j 'Yl~~eJU'UeJ.:j';l~()~'Yl~~eJU ~.:J'j l[J":;Ii)[J~ij~.:J~eJ '1 uif 

oQ Q./ I d Q./ Q,J 0 Q./ 0 oQd I 

~"flln'i1[J'VIU11'Yl'j:;~U'U[J"fflflqj 0.01 0 .05 II":; 0.1 'i11'Ul'Ul1i'Yl~"eJ.:JU":;fl 

lfflJU'j :; ff'Ylifl11lJUU'j ~'U 1liij~"~eJ~lff~ril'Ufll1lJflm~lfl~eJ'UU'j :;Lfl'Yl~ 1 ,; l"ff()9i~.:J~eJ.:J 
I' ." 

~llJ1Hl fI1U fllJ~l ff~ril'U fll1lJflm~lfl~ eJ'U U'j :;lfl'Yll1 1 1~'Ylflm ru ~"Vi 1~:JJ1u'U5/bj "ffllJ1Hl . . 
~~ ui~uu'UeJ'U 11';1"ff()9i'Yl~~eJU';11~1~'U';1~o9i'Yl~~eJU~~fll1n'U L~eJ~'i11'j Ullrll1lJ"ffllJ1'j \I 

1'U fln rllUfJlJfhff~ril'UmllJrl "l~ lfl geJ'UU'j :;l fl'Yl~ 1 1~l'l flmru m"l i.:j~'iln Ull()l'U l'i1 fln 

'Yl~"ffeJU~eJ 'I u 

~"fl1'j i,)(JIrl[Jlnu~ 1~1'U 1 'i1fl1'j'Yl~ "ffeJU'VIU 11 L~eJ t1fl'j lril'U 'j:; 11 11.:Jrll1lJlI u'j U 'j l'U 'U eJ.:J 

i~'Yl~"eJ.:jnUfI11lJmhun'U'UeJ.:JfI11lJrl "l~Lrl~eJ'U (r) ij~ llJlfl~'U ()1'U 1 'i1fln 'Yl~"ffeJU'U eJ.:J'; l~(9) 
'Yl~"ffeJU~.:j 2 i~'i1:;"ff .:J~'U Ll1eJ.:J'i11flL~eJt1m lrilm :; 1111.:Jfl11lJII U'j un'U'UeJ.:Ji~'Yl~"eJ.:JnUfl11lJ .. 
UU'j U 'j l'U 'UeJ.:JfI11lJrl" l~lrl geJ'U (r) ij~ llJl fl~'U l111 11rll1lJUU 'j U'j l'U 'U eJ.:Ji~ 'Yl~" eJ.:JL~lJ~'U ~l[Jij 
~"l111 111 t)fl1"ff~'i1:; uBI ~1i "fflJlJ~! l'U 11.:J1 ~lJ~'U ri .:j~"l111 11()1'U 1\1fl1'j 'Yl~~eJU ~ .:J~'U L~eJ~ l'U l'U 
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~~~t~nlJ'~b~G~~U~~~t~~ftL n,tt~tt-G~t-~~G~~U~~~t~L~,nrtt~~ b L~ n,ttL!A
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~tt' Gf\, nt!.rt !',rt,mLt ~t'l~ U::!. nt~ L !.~,g~!9 w n b l~U ~~~G.Ll. ~U~~.Ll.t ~ nlJ'::~ nlJ l::~!.t ~rtLt ~ 

nt~l!.~,gt!l}L~~nGrt~G.Ll.~U~~.Ll.t~flt~~G.Ll.~UUu~t !9wut.I.~L I ~Ulf1::!.rtnG~~l~lt!~ 

rtLtynt~~pL~~tI~t~13 !.LrtL.Ll.L~~M.~t l t-~~~~t~~fl~mfl~rt1!',LU nb fl~t!',LUIH:lUL~ 
~ 

fl~t !.LlH!HflU.rt!!Q n; 

n,ttL!A'!9Wt'L~nlJ'f-tGmG~~U 
~ 

~~~t~L~U t' 11 ~G.Ll. ~U !.LU~ L m~L ~~ b nlJ'::l\!.t ~rtLt~ nt~L !.~,gt! L!.L~~nGrt ~G.Ll. ~U~~~ t~ 

L~~M t'G.Ll.t-~~~.Ll.t~t'Gf\,~G.Ll.~UUUl\Lmt!L~t~lmtW~l LmUl\t:.tG~p~l1 f-tGmG~~U~~.Ll. 
~ . 

t~L~UflG~~G.Ll.~U !.LU~L nLt!L~~b nlJ'::~ !',t~rtLt~nt~L !.~1lt! l}L~~nGrt~G~~U~~.Ll.t)t (~·l 

::t!11 1'1·0 = ..I) LtuULrtG!',U I t!UY Lf\,lL~~ (.I) nGt!~I~Lt!~rUtyt'Gf\,nt!',rt!.rtllrtLt~~Ut-Gt!~U I liP' f6 b" I P ~ I"' IV '" 

~tt-Gf\,nt!.rt !.rtllmt~t-L~U:: !.nt~L !.~,gGP' fAGmG.Ll.~U~~.Ll.t~L~UUL~~G.Ll. ~U !.LU~lnLt! 

L~~bnlJ'::~!.ty~Lt~nt~L!',~,gt!l}L~~nGrt~G~~U~~.Ll.t~ (~0·0::t!11 10·0'100·0 =..1) I L~UflG~ 

L ~~ (.1) nG~ ~l~Lt!~rtLt ~t' Gf\, nt!.rt !.rtl1rtLW~~t-Gt!~U~tt-Gf\,nt !.rt!. rtl1rtLt~t'L~U::!, nt~ L !.~,g 

Grtl 1·0 ::t!11 ~O·O 10·0 fu~L.Ll.fln~~::!,ULt~M ~G.Ll.~UUUMmGL~~UtflU1fll\tUUt!H ~ 11) 0 10 11) ~ I 0 I ,." ~ 1tt'l:lO 

flt~nf\,t-11~G.Ll.~UUU~LmG ,,; p 0 
~ 

~bL~t!I':It-~n,ttt-~ t-t!~t! JOJJ~ II ~dAl. L~ n~rtt:.t' Jom I ~dAl. L~ n~rtt:.t't-L~mK~rtrt.Ll.!l.Ll.'Qrt 
'" " ' I'C • 

::~~.Ll.LUG1.ttbL~n~rtt:.t,fu~L~fl,tt~~::W!J1UL~t'G!:I~t-~ ~~L~~L~ 10·0 ::t!11 ~O·O ~fu~L~fl,tt. 
. '" . .. '" " . 

~~::!',~L~Ut-11~G.Ll.~UuuMmt!L~.ttb::~ 1·0 fu~L~fl,tt~~::!.~fl~l u,tt.n~'~~~~l tnlm~lftL 

~G.Ll.~U UU ~L m~ n~t-11 ntl !.rtl1~Lt~~ug::!',rtrtp::t!l1 n~~t:.t't-LrGt~~Lnf\, n~~t:.t't-Gt!~U ~t 
I'l , I'C I '" • 

WI 
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" • -'_1'\" 5.3.1 mUm"H-l lIlJ l'ti 

'il1mH1nl'Ji~(J h.Jnl'J1U~(J1J1Yi(JU~1ft'()~~~ 2 i~Ynrhft'llJlHli'l11JfllJri1-ff~HhUfl11lJ 
fHI1~lfl~tlUU'J ::lfl'Yl~ I 1~l'Jom Oi U~:; '1 Mri1~lU 1'ilnl'J 'Yl~ft'tl1J~ ~Oi1 '1UlJl~mru ,iu~~tl '1u 

m ru ~ t1'm HY1U)::'H iHi'l11lJU U) U) lU~tl~i~'Yl~M~nUfl11lJU U) U) lU ~ tl ~fll1lJi'lm~1fl~tlu)j 

ri1Utl(Joi1 I lJ10'Yitl G'1 ili)j.,j'tl~ln~ '1u~lunmU~::nlHi1U1W nl'j'Yl~ft'tlUft'lJlJ~!lU~l(Ji~ on 

'Yl~ft'tl1J~l(J~lft'()~lJtlU~fl1n m)~) 1rilUfl11lJi'l1) 'il:;1UU ~ti 1 'il :: Hu'YlU i~l~tl~'il1mUU~1ft'()~ 

'Yl~ ft'tl1J~~ Oi1L'Yi) 1:: '1Mri1~ lU1'ilnl) 'YI~ft'tlU~lJlOOi1 U~G1 '1 U m Oi~tim 1 rilU) ::'Hi1~fl11lJ 

UU) U) lU '\Jtl~i~'YI~~tl~n1Ji'l11lJUU)U) lU~tl~fl11lJflm"1fl~tlu)jri1 '1m)'1fi(J~'H~ tllJ1 00i1 I on 

'YI"ft'tl1J~1(J,rlft'()~'YI"ft'tlUWvJ'il::1UU,r1ft'()~'YI~ft'tl1J~~oil 

" .cS CII v 
5.2.2 mum'HliOllniltJ 

5.2.2.1 '1u on i~(Jflf~if i~";l nl) ffmI1U~::1U~ (J1J1Yi(JUOn'YI"ft'tl1Jft'lJlJ~!1U1~(Jln1J 
fl11lJUU) U) l\j'\Jtl~U'YIi'Yi~~tl~i~ 'YI"~tl~ 1~(JH,rlft'ii~lJtlU~fl1{1 ~tim 1rilUi'l11lJfl1) 'il::1UU 

nu,rlft'a~ 'YI~ ft'tl1JWvJ '1 UU~U nl) 'YI"~tl~U1JurilJ~ ~ tl,,~il'il ~(J'YI~~ tl~ rilJ '1 U~ 1U i~ (Ji'lf~,) tl i U . . 
~ Sol II • 

9 ct ~ Q.I cv.d y 0 ~ 'j)"" ~I 1-1 iJ (I d CI 

5.2.2.2 AU nl) ffOll1~lU l'il(Ji'lHU~tlnl'H U~L1Jtl~~U A 'HLlJU lJmlJ'Utl nl'HU~'YInl'HU" 

11' '1 U 0 n i ~ (Jflf~,) tl 1 Utl1 'il 'il:: 1 U~(Ju.,j'tl 0111 U ~l1itl ~,;'U ~ 1~ 1'liu f)1) U'il OU 'il ~'U tl~fll1lJ 
i'l~1~1fl~tlU1UUU1JU~U'l11~tl .,j'tl1q!~~)jfl11lJ~"UO~ 

5.2.2.3 011 ffOlllfl f~,) tll U tl1'il 'il:;"; 1 011 'YI~ ft'tl U ft'lJlJ~ ~ 1 U 1 ~(Ji~ 'YI ~ ft'tl1J~l (J,rlft'a~ 
'YI~ft'tl1JlJtlu~fl1{1~tim lrilUfl11lJfll) 'il::1UU '1uu~u on 'YI"M~~U'l ,)tl i U 



ltl~ 5.1 IIt1'VI~Fr~ .n'U01nWIi.n)1Hn.n.J9i91'U1~£I1nmnnJlltl1tln'U'Uf)~~'t1i'Yt"'Uf)~1~'t1vmf)~ 

''Um~'t1q\J~ 

I 

.; " 
l~lHI'\.I 

I nl'l1'\.1~Ti1 n , k ' f1 . r U~:: cV ~ 

• 
" d I 1"d ffn~m1lJfl~1~lfl~D'\.I~lJ l1lJn1mllnllll~ 

"llJ~n111 '\.1 ~ tiD lOij - NID(O,a; ) 

w 

~~ii Y;j = Jl + Tj + lOij 

'YI~ ff() U fflJ lJ9i! 1'\.1 ~ 1(J9i1ff()9i'YI~ ff()Ul()yJlI~::ti 1'\.11W111 

Til9i1ff()9ivm1ri1'\.1m1lJm~ ll::Ii~J'\.I (A. ) 

'YI~ ffDU fflJlJ9i! 1'\.1 ~1(J9i 1ffil~'YI ~ ff()UlJ()'\.I9i fl1{1 ~ 

vm1ri1'\.1m11Jm~1l::1~'\.I 

1 
ti1'\.11WTi1 P'Yalue .,,()~9i1ff()~'YI~ff()1J1l1n 

9i1ffil~'t1 ~ff()Ul()yJ lI~::9i1ff(i~'YI~ffDUlJ()'\.I~fl1n~V"~lri1'\.1 

fl11lJmn::I~'\.Iln(Junm::~mr(Jri1 1'iq} 0.0 1 0.050. 1 

1 
ti1'\.11wTi1m1lJN~VI~1~lh::U)11~ I ( Type 1 Error) 

1l~::fh fi 1 '\.11\ln1~'YI~ff()U ( Power of the test) 

1 
I I 

I 
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ltJ~ 5.2 UaVl .Ur~~lUm1"Vlaf)l.Ja)J)J~91Ul~trJfll.Jfnl)JUtJ1tJ'i1U'IJf)~ij"fiVin'IJf)~1ii"Vlnf)~ 

'um~tJ~;rnll~~ 

m1UmmllfllL\Hlluutln~ 'YI 'i1mh k .n . a-; II" :: a; l 
• 

I i'l1tJ'lwfh r I 
~ 

~ 1 
I .. . " I I .. 0 '" a 0 I r llmW)VlJ1fl'VHJ r llml'\J1 fl ""::lJ1flfl11 I 

105 

t1 1tJ'lW111Ti1~'lffii~v~nri'ltJfn111fl')'jll :: liltJ (A ) I I 'YI~fftlUffllll~!ltJ~'l(Jfhffii~'YI~fftlUlVyoJ I 
L-____________ ~--------------~ 

'YI~ fftlUffllll~! 1tJ ~ 'l [J~ 'lffii~hl ~ fftlUlJtltJ ~fl1f1 'fl 

v~ $lri'ltJfn111fn$ il ::,i1tJ 

t11tJ'lWfil P-Value '\JtI.:i~'lffii~'YI~fftlUil1fl 

~ 'lffii~'YIl1l'YtlUlVyoJU" ::~i1l'Yii~'YI~ fftl UlltltJ ~ fl1{1" v ~ $1 ri'ltJ 

fl'll11fn$il::li1tJ&ll(Junm::~u,rmhfity 0.01 0.050. 1 

1 
t11tJ'lWti1fn111~~ l't 'fl1~tl~Wl'YI~ I ( Type I Error) 

1I'fl ::ti1v1tJ1ilm$'YI~fftlU ( Power of the tes t ) 

1 
I 

1 
ilum$li1.:i1tJ 



o Q.I ~ " d' ~ Q.I 

fl~ .:Jll1YllJl1TUfn : ffl'UflYllJYl~Wl".:Jfl·HUlJl1l1'YlfJl"fJ. 

'I.h ~'lJ "li'fli1.(2545). 'YltlllOfll'H)'4lJl'Ul~.:Jff()~(-WlJl{f1f.:J~ 2). fl~ .:Jll1YllJl11'Ufn: ffll! fl-WlJvf 

" '" ... ~Wl".:Jfl·HUlJ1111'YlVlmJ. 

tl'i i'Yl ff .:J1'U ff'U1l. (2545 )fll'Hlli V'l.JIl1V'l.Jm'J'Ylflff~1Jmvll1"~ m'J 'Ylflff~'l.JlJ~'U~fI1{1 "~1V 

V'fl'J 1~1'U .fll1~,j 1 \l~I1JU ffll1i' 1Jll~U m'J 'Ylfl"~.:JrilJll 'I.J'I.JrilJ'fl"~fI~1J \l,j'V'Ylfl"~.:J 

f1.:J~. 1'YlV1WYlUlhHqjqjllJ1111hUcVi'fl mfll'b'lff()~ f1W~YllW'b'Vfllff'fl111"~f11'J 

Christopher Z. Mooney and Robert D. Duval.( 1993). Bootstrappine A Nonparametric Approach 

to Statistical Inference . Newbury Park. Californ ia: Sage. 

Dennis. D.B. and 1i. Z.(2000).Monte Carlo Evaluation of Resampling-Based Hypothesis Tcst. 

10urnal Of American Statistical Association 95:486-490. 

Manly and Bryan FJ.(L 997) Randomizeation Bootstrap and Monte Carlo method in Biology 

Ih 
(2_ cd.) . Chapmam&Hall 

Peter, H. and Titerington, D.M. (1989). The Effect of Simulation Order on Level Accuracy and 

Power of MonteCario Test. Journal Royal Statistical Society : Series B,51 : 

459-467. 

Shayle R. Searle George Casella Charles E. McCulloch.(1992).Variance Components. New York 

: John Wiley & Sons. 
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u,, :; L( m) lll'U~'J'l.h:; lJlWlI1Jum llJfll'j 'O:;L ll'U '! 'U'{'fl"lJ v~ L(n) mv ML1v'U 1 "lJ.,Jt:Jf1111'U 'fl 

"lJt:J (ylJlJ~!l'U 'h:J Ho ~'flin\)~l1~t:JLnw<l1nl'j~'fliY'Ui'O i'UnWtl'fl(Yvutl'O:;ui)L(Yli Ho LrlV 

A < Ao 1'flv~ Ao Lll'U~lfl~~ u,,:; o<Ao < I Ll'n1:;Q:;tr'U'O:;YilnlHln'O(Yvui1 0 ~ A ~ I 
l1~vh, 

. i " nll1'U~ 11 
kn ~(k-l)F ~ 

A= [k(n_I) + (k_I)F)2[ k ]2 

Yi'01'jWl li~l F ~1~'l A )j~1L'Yh'hu1.:j 

LrlVYi'01'jW1 F = 0 U'Yl'U F = 0 i'U'CYlJnl'j~ (I) 

kn ~ (k-I)O !:. 

A= [k(n_I)+(k_I)Or[ k r 
'O:;1~ A = 0 

U'Yl'U F ---7 00 i'U(ylJnn~ (I) 

'Oln 
kn ~ (k -I)F !:. 

A= rk(n_ I)+(k_I)F rr k r 
.;. "i" 111 limit "lJV~ A LlJV F L"lJ1 n" 00 

In I I - --
~ d", • (kn) ~ (k- I r / k ~ .!. ~ 

'U'UnflV ltm In ,(Fn) -
F .. (k(n-I)+(k-I)F)~ 

I 

~ ~ ~ 00" ~ 
lim[(kn) 2(k-I) 2/ k l ][ r 
F-~ ken -I) + (k -1 )00 

o 

(I) 

(2) 

(3) 
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A =()A=O 
II lax of 

~ ! ~ ~ k ~. I ! kn ~. I 
[(kn) 2 (k -1)2 / k 2 ][(k(n -I) + (k -I)F) 2 - F 2 - F 2 - (ken -I) + (k -I)F) 2 (k -I)] 

2 2 

~ k !.I ! kn ~ I 
[(k(n-I) +(k- I)F) 2 -F2 -F 2_(k(n- I) + (k-I)F) 2 (k-I)] =O 

2 2 
~ dd k ~. I ~" I 

l.n.H1 fHl 2[k(n-I) + (k-I)F)" F 2 [k(n-I) + (k-I)F-nF(k-I)] =O 

uln (2).(3)U{l:;(4) 

~~tli~';h 

k ~.I ~.I 
-[ken -I) + (k -I)F] 2 F 2 [ken -I) + F(k -1)(1- n)] =0 
2 

k(n-I) k 
F - - -- -

(k - 1)( n - I) k - I 

(4) 



illf1~'U1fl " 



~1f)cil-l11h 11m lJ'V1~Hyf)lJ "'lJlJ~!l'UL~[n nm111lJmh lh 1'U '\If)-lit'V1~HleJ-l'\l f)-l~1ffil~'V1~"'f)lJ 

wvlnlJ~ 1"'()~'V1~"'f)lJlJf)'U~ fIl11" cl1!'j l'ff1'Ufl11lJfl1'j u~ Lil'U 

(*f1l'jnll1'U~fil i'Uff()l'Uf1lHU~l-l '1 m(JM"'lJlJ~!1'U11-l*) 

k 5 

n 6 

u 50 

sd 12.5 

rounds 200 

#Kccp va lue ofF-test 

p. valuc _an'ayCdi m=c( 1.loops» 

#Keep value of monte carlo likehood ratio test 

mon .pval_array{,dim=c( I ,loops» 

1'01'(1 in I :Ioops) 

(*fff l-lfl1 llJfl m~Hfl gf)'U ~iifln U uflll u-lU fl~ *) 

er _ aITay(morm(k *n.O,sd),dim=c(k.n» 

(* ",f l-lit 'V1~"f)-lm(J M"'lJlJ~ j l'U11.:J *) 

tr_ alTay( c( 0.0,0 ),dim=c(k» 

#Generate y-value for random-effect 

y _array(,dim=c(k,n» 

uu_array{,dim=c(k, I» 

for(i in I :k) 

for(j in I :n) 
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y(i,jL u+tr(i]+er(iJ] 

uu[iLmC3n(y[i.]) 

SC 0 

for(i in I :k ) 

ss 0 

for{i in I :k) 

SI 0 

str 0 

for( i in I :k) 

for(j in I :n) 

for(j in I :n) 

for(j in I :n) 

1/3 



su-_str+y[i,j] 

st_ st+(str"2) 

str 0 

st still 

#Coillpute sum of square 

sst ss-sc 

sstr st-sc 

sse sst-sstr 

#Compute degree of freedom 

vtr k-I 

ver_k*(n-I) 

#Compute mean square 

Illstr sstr/vtr 

Illser sse/ver 

#Compute variance 

var_lllser+( mstr- mser )/ 11 

s_var_sqrt(var) 

#Computc p-value of F test 

fstat Illstr/mser 

Cstat_roul1d(fstat,dig= 5) 

fstat 

p_ va lue[ILround( I-pf{fstat, vtr,ver),dig=5) 

print(p_ va lue[l]) 
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(*n1'Hi l'U1WTiytYii~'YI~HH)U ~m lri1'UfI111Jfl1'l 'il~lil'U 'illfl'li''ellJ''~1ffii~'YI~HH)UWyJ *) 

equation 1_ k*(n-I )+«k-I)* fstat) 



equation2_(k*n)1 equation I 

equation3 _( k*n)/2 

equation4_ equation2" equation3 

equation5 _«k-I)* f.stat)/k 

equation6_k/2 

equation 7_( equation5)" equation6 

solution _ equation4 * equation 7 

li.ratio _round(solution,dig= I 0) 

(*n1'J 'Y1~~tJ1H"lJlJ~! lU 1 ~w,jl~il~'Y1~ ~'t)UlJ't)u~fll{hrtJm lrilUfl11lJfl1'J ~ :::ltl U *) 

#Monte carlo likelihood ratio test 

y. mon_ an·ay(.d im=c(k,n» 

li .ratio l_arrayCdil11 =c( I ,trials» 

fOI~Z in I :rounds) 

for(i in I :k) 

for(j in I:n) 

sc.mon 0 

for{i in I :k) 

y.l11on[i,jL monn( I ,uu,s.var) 

for(j in I :n) 

SC .1ll01l_ SC .1ll01l+ Y. mon [i,j] 
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SC. mon_ (sc .mon" 2 )/(k*n) 

55 .mon 0 

for(i in I :k) 

forU in I :n) 

51.111011 0 

5tl'.111011 0 

for(i in I :k) 

sS.l11on_ ss.mon+(y .mon[i,j l"2 ) 

for(j in I :n) 

str.mon_str.mon+y.mon[i,j] 

st.l11on st.mon+(str.mon" 2) 

str.mon 0 

st.mon st.mon /n 

#Compute sum of square 

ssUnol1 sS.mon-sc.mol1 

sstr.mon sl.mon-sc.mon 

sse.mon ssl.mon-sstr. mon 

#Compute mean square 

mstr.mon sstr.mon/vtr 

mse.mon sse.mon/ver 
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#Compute p-value of F test 

f.mon mstr.mon/mse.mon 
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(* nl'i r1 TU 10J ~ 1 "ffi1~l'l~ "fffliJ elm 1ril'Ufl11lJr11'i \I~lll'U \11 fl~m.J~~ 1"ffi1~l'1~"fffliJmvJ *) 

equations I J*(n-I )+«k-I )*f.mon) 

equations2 _(k*n)1 equations I 

equations3 _(k*n)/2 

equations4_ equations2 f\ equations3 

equations5 _ «k-I)* f.mon)1k 

equations6 _ kl2 

equations7 _( equations5 Y equations6 

solutions_ equations4* equations7 

li.ratio I [,zL solutions 

#Compllte p-value of Monte carlo likelihood ratio test 

counUfelse(li .ratio I <=Ii.ratio, I ,0) 

suml i.ratio _sum(count) 

mon .pval[ILround(sumli .ratioitrials,dig= 15) 

print(mon.pval[I]) 

#Colllpute proportion p-va lue of F test at 0.0 I 

cOllnt.fO.O l_ifelse(p.value<=O.O I, I ,0) 

sum.pvaIO.O I_sulll(count.m.o I) 

prob. m.o l_round(sum.pvaIO .O I Iloops,dig=5) 

print(prob. fO.O I) 

#Colllpute proportion p-value of F test at 0.05 

count. m.05 _i felse(p. value<=0.05, I ,0) 



sum.pvaIO.OS _sum(count. fO.OS) 

prob. fO.OS _rollnd(sull1 .pvalO.OS/loops,dig=S) 

print(prob. fO .OS) 

#COll1pllte proportion p-value of F test at 0.1 

cOllnt.fO.l_ifelse(p. vallle<=O. l, 1 ,0) 

sllm.pvaIO. I_sllm(collnt.fO.l) 

prob. fO . l_rollnd(sllm.pvaIO.1 Iloops,dig=S) 

print(prob.fO.l) 

#COll1pllte proportion p-vaille of Monte carlo likelihood ratio test at 0.0 I 

cOllnt.monteO.O l_ifelse(mon.pval<=O.O I, I ,0) 

sllm.monpvaIO.O l_sllm(collnt.IllonteO.OI) 

prob.montcO.O l_round(sllm.monpvaIO.O Ilioops,dig=S) 

print(prob.IllonteO.O 1) 

#CoIllplite proportion p-vallie of Monte carlo likelihood ratio test at O.OS 

count.monteO.OS _ifelse(mon.pval<=O.OS , 1,0) 

sllIll.monpvaIO.OS _ sum(collnt.monteO.OS) 

prob.monteO.OS _rollnd(sllm.monpvaIO.OS/loops,dig=S) 

print(prob.monteO.OS) 

#Compllte proportion p-vallie of Monte carlo likelihood ratio test at 0.1 

count.monteO.l_ifelsc(Illon. pval<=O.I ,1,0) 

slIIll.ll1onpvaIO.I_SllIll(collnt.mol1tcO.I ) 

prob.monteO. l_round(sum.monpvaIO.l / loops,dig=S) 

print(prob.IllonteO.I) 
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k 3 

n 6 

u 50 

cv 5 

r 0 .001 

sd _ sqr1«0.5 *cv )/\ 2/r+ I) 

s~sqI1(r)*sd 

rounds 200 

loops_1000 

#Keep value of F -test 

p.value_array(,dim=c( I ,loops» 

#Kecp value of monte carlo likehood ratio test 

111oll.pval_array(.dim=c( I ,loops» 

forO in 1:loops) 

er _ array(morm(k*n,O,sd),dim=c(k,n» 

'jJ C>Q 1'jJ c> 'jJ 

(*ffn:JTIi'YlflmJ~mv ~fflJlJ~jl'U1W~*) 

tr _ array(morm(k,O,sq),dim=c(k» 

#Generate y-value for random-effect 

y _ an'ay(,dim=c(k,n» 

1I11_ array(,dim =c(k.I» 

forCi in I :k) 



for(j in I :n) 

y[i,jL u+tr[i]+er[ij] 

uu[iLmean(y[i,]) 

sc 0 

for(i in I :k) 

for(j in I :n) 

sc_(scI\2)/(k*n) 

55 0 

for(i in I :k) 

st 0 

sIr 0 

for(i in I :k) 

for(j in I :n) 

for(j in I :n) 
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st st/n 

st_ st+(str" 2) 

str 0 

#Compute sum of square 

sst ss-sc 

sstr st-sc 

sse sst-sstr 

#Compute degree of freedom 

vtr k-I 

ver _ k*(n- J) 

#Compute mean square 

Illstr sstr/vtr 

Illser sse/ver 

#Compute variance 

var _ Illser+( Illstr-Illser )/n 

s.var_sqrt(var) 

#Compute p-value of F test 

f.stat lllstr/lllser 

f.stat_round(f.stat,dig=5) 

f.stat 

p. value[ILround( I-pf(f.stat, vtr, ver),dig=5} 

print(p. value[l]) 
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equation 1_ k*(n-I )+«k-I)* f.stat) 

equation2_(k*n)1 equation I 

equation3 _( k*n)/2 

equation4_ equation2 " equation3 

equationS _«k-I )*f.stat)/k 

equation6 _ kl2 

equation 7_( equationS )" equation6 

solution_ equation4* equation7 

li.ratio _ round(solution,dig= I 0) 

#Monte carlo likelihood ratio test 

y.mon_array(.dim=e(k ,n» 

li .ratio l_arrayC,dim=e( I,trials» 

for(z in I :rounds) 

for(i in I :k) 

for(j in I :n) 

y.mon[i,jLmorrn( I ,uu,s.var) 

sC.mon 0 

for(i in I :k) 

for(j in I :n) 

sc .mon_sc.mon+y.mon[ij] 



sc.mon (sc .mon I\2)/(k*n) 

sS.l11on 0 

for(i in 1: k) 

for(j in 1 :n) 

st.mon 0 

slr.mon 0 

for(i in 1 :k) 

ss.mon_ss.mon+(y.mon[i.j]"2) 

for(j in 1 :n) 

slr.mon _ slr.mon+y .mon[ij] 

st.l11on st.mon+(str.mon I\2) 

slr.mon 0 

st.l11on st. mon/n 

#Compute sum of square 

sst.mon sS .l11on-sc.mon 

sslr.mon st.mon-sc.mon 

sse.mon sst.mon-sstr.l11on 

#Compute mean square 
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mstr. mon sstr. mon/vtr 

mse.mon sse.mon/ver 

#COll1putc p-value of F test 

f.ll1on Il1str .1l10n/ ll1se.ll1on 

equations 1_ k*(n-I )+«k-I )* f.mon) 

equations2 _ (k*n)/ equations I 

equations3 _(k*n)/2 

equalions4 _ equalions2" equations3 

equations5 _«k-I )*f.mon)/k 

equations6 _ kl2 

cquations7 _( equations5)" eqllations6 

SolUlions_ cquations4* equations7 

I i.ratio I [,zL solutions 

liComputc p-value of Monle carlo likelihood ratio lest 

counUfelse(1i.ratio I <=Ii.ratio, I ,0) 

sumli.ratio _ Sllll1(count) 

11l0n .pval [ILround(sumli .ratioitrials.d ig= (5) 

print(mon.pva 1[1]) 

(*nnti"u1OJfil~lU1'ilnnmHH)U*) 

#Compute proportion p-vaille of F test al 0.0 I 

count. m.o I_i fclse(p. value<=O.O 1,1.0) 

sum.pvaIO.O l_sum(count.tD.O I) 

power. m.o l_rollnd(sull1.pvaIO.O I/loops,dig=5) 

print(powcr. m.o I) 
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#Compute proportion p-vaille of F test at 0.05 

count.fO.05 _ifelse(p.value<=O.05, I ,0) 

slllll.pvaI0.05 _ sUIll(count. fO .05) 

power.fO.05 _rollnd(sum.pvaI0.05/Ioops,dig=5) 

print(power.fO.05) 

#Computc proportion p-value of F test at O. I 

cOllnt.fO.l _ifelse(p.value<=O.I , I ,0) 

sum.pvaIO.I _sum(count.fO. I) 

powcr.fO. l_rollnd(sum.pvaIO.I Iloops,dig=5) 

print(power. fO .1 ) 

#COll1pllte proportion p-vaillc of Monte carlo likelihood ratio test at 0.01 

count.lllonteO.O l_ifelse(ll1on .pval<=O.O I, 1,0) 

sum.monpvaIO.O 1_ sllm(collnt.monteO.O I ) 

power.monteO.O l_rollnd(sum.monpvaIO.O I/loops,dig=5) 

print(power.ll1onteO.O I) 

#COll1pllte proportion p-vaille of Monte carlo likelihood ratio test at 0.05 

cOlll1t.montcO.05 _ifclse(mon .pval<=0.05 , 1,0) 

SlIll1.1l10npva 10.05_ sum( coun t.ll1on teO. 05) 

power.monteO .05_ rOllnd(sllm .monpval O. 05/Ioops,dig= 5) 

print(power.monteO.05) 

#Compllte proportion p-vaille of Monte carlo likelihood ratio test at 0.1 

cOllnt.monteO.I_ifelse(ll1on.pval<=O. l , 1 ,0) 

sUIll .lllonpvaIO.I _sum(collnt.monteO. I) 

power.monteO.I _rollnd(sum.ll1onpvaI0.l / loops,dig=5) 

print(power.monteO.I) 
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.-
ri1~ci1~ 'li'm,,~~~ 1,ji1 h~'1)1ml!Hri1~ciH~lJmtlMfflJlJ~!1'\.dH Ho '\J~~ri1ff()~ 

11~ff~Utl~'nri1'Ufl11lJfI1'l" I)::: III 'U 1~tI~~1'U1'U1~11~~~~~Hfl1'l"11~t'!~~1l11tlU 4 ~1'U1'U'\J'U 1~ 

ri1~ci1~''UII~t'! ::: i~11~t'!~~1l11tlU 3 lit'!::: alJ,j'l":::i1l1ifl11lJU,j'l"f7'U 1l11tlU 5 

<> .. 
'\J'U1~ri1f)ci1~ 11i11~t'!f)~ 

1 2 3 

1 Y11 =49.47016 Y'2=54.11862 Yu =52.86676 

2 Y 21 =47.86698 Y n =52.903 15 Y 23 =55.08154 

3 Y.1i =50.95224 Y.'2 =46.22355 Y .\) =53.95231 

4 Y 4 1 =49.61004 Y 42 =54.6341 Y 4.1 =50.1002 

l 

SSTI' = nL..(y, -YY = 26.28623 
, I 

SSE = t!(Yij -yJ2 = 64.05893 
i= 1 / "' 1 

SST,. 
MSTr = -- = 13.14312 

k - I 
SSE 

MSE = 
ken -1) 

= 7.117659 

Variance = 3.490394 

lit'! ::: F 
MSTr 
-- = 1.846550 
MSE 

I) 1 n'li' ~lJt'!ri1~ci1 ~'Ii' H ~'U ff1lJ1 HIU llJ 1ff! H'Ii' ~lJ t'! ri 1~ VHrilJ 1 ~tI H'ri 1 ff() ~ 11 ~ff~U 
" " . 

lJ~'U~f11{1 t'!tlm 1ri1'UfI11lJfl1'l" 1) :::11l'U i~~llJ~'Ufl~'U~~if 

. . 
ri1'U1Wl,mhmi1t1 fl u Ut'! ::: r11ri1'U I'Utl~IU'UlJ1m1!1'U 

Yl. =52.1520, Y2 = 51 .9506, Y.1 =50.3760, Y.l =51.4481 

~lri1'UlihJ~IU'UlJ1~'l"1!1'U = 1.86825 

lit'!::: ri l'U 1W r11 ff()~'l" 11~ ff~U tlm 1ri1'U f111lJfI1 'l" 1)::: lll'U 
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kn ~ (k -1)F ~ 
A= [k(n_l)+(k_l)F] 2[ k r 
A = 0.975183 

" vn'ii1t)(;'-l~-lU 

2 3 

1 Y ' 11 =56.96746 Y '12 =50.9662 y 'I.I=57.71582 SSTr = 8.491474 

2 y ' 21 =48.88311 y' 22 =56.69509 y ' 2.1 =49.5937 SSE = 225.4949 

3 Y '.l 1 =44.45945 y ' 32 =44.2872 y ' 33 =48.98661 ~ = 0.170907 

4 y' 41 =55 .00353 y ·42 =49.114l4 y ' 43 =53.00719 

.. 
'HJU1'l2 

"'''' '\J'U1~'ii1fltiH 1lil'l~mJ-l 

1 2 3 

1 y'll =54.82746 Y '1 2 =50.86279 y' 13 =49.46664 SSTr = 21.45795 

2 y' 21 =48.94362 y' 22 =51.5993 y ' 2.\ =50.75983 SSE = 114.7813 

3 y · .11 =48.5761 y' 32 =48.67333 y ' .H=43.95375 ~ = 0.843924 

4 y ' 41 =54.53444 y ' 42=53.7527 y ' 43 =53.78697 



'H)1Jl1 200 

1 

2 

3 

4 

2 3 

Y·II =49.42295 Y ·12 =54.3682 /1.1=43.82828 SSTr = 62 .99305 

Y·21 =51.06899 y. 22 =52.52293 / 2.1 =46.0 152 SSE = 58.81916 

Y •. '1 =53.21283 Y · .12 =50.60867 Y · .13 =49.84226 A; = 0.41015 

Y·41 =45.4 7365 y. 42 =52.39639 Y·43 =47.76936 

" . 
.,j''U~rv'Ul1 3 til'U1Wfll p-value '\Jtl-3~lffO~lJtl'U~fl1{1t'!tr~ 1 1ri l'UmllJflTH)::lil'U 

A 
P-Va llie = -

N 
5 

P-Vallie = --
200 

P-Vallie = 0.0083 

'1i'tlfltl'U~ 4 Vi'il11Wlfll p-value ~'~Il1(J1Jom ::~1Jl:r[Hhr1ty (a) 0.01 0.05 1m:: 0.1 
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n~ll hWff~tJ'l~'h ~l p-vallie I'Vl101J 0.0083 ij~1-u'tl(Jn11'j::~1J'u(J~hr1ty 0.01 lit'!:: 0.05 

~-3J'Ui-3tJOlff1ifflJlJ~!1'U11-3 Ho ~'j :: ~1JUmilr1ty~ 0.01 0.05 II~ p-value ij~llJlnn1U ::~1J 
" Q.I 0 QJ Q.I QI d G.I ~ I 

'U(Jfflflty 0.1 "-3'U'U'il-3(JtllJ'j1JfflJlJ~!l'Ull-3 Ho 
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