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DETERMINATION OF THE MOST APPROPRIATE REGRESSION 

METHOD TO ESTIMATE METABOLIC ENERGY VALUES BY IN VITRO 

GAS PRODUCTION TECHNIQUE

SUMMARY

Estimation of metabolic energy values of feeds using in vitro gas production values 

is an essential issue in practice. It is determined that estimation of metabolic energy

values with lonely use of in vitro gas production was not achieved in previous 

studies. In this study, to determine the most fitted regression model for estimating 

metabolic energy with use of gas production in certain incubation periods and 

parameters of gas production equation, models were set taking into account 

distributions of data and models were compared with the criteria of determination 

coefficient and mean square error. 

It is indicated that in vitro gas production values have long tailed, skewed, 

distributions such as Burr, Dagum and Generalized Pareto distribution. As a result, 

five different models with high coefficient of determination were set to estimate 

metabolic energy from in vitro gas production using normalized data. The model 

which estimates the metabolic energy with use of only gas production at 24 hours 

was determined as the best model from these five. Models were simplified to provide 

convenience to users when they use models to estimate metabolic energy. 

Key Words: Gas Production Values, Metabolizable Energy, Regression, 

Distrubition.
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1. ) ' -

K#&i' &),,#' 4#' #$#"=%' ()0-&-$,)$' /)54)$-$' 5)*)&)' 4#' 4#"%&' %/.%5):+)"-$-'

0)"*-+)&)0' )&)8-' %+#' 4#' (#++%' 3-$-"' 4#' *)".+)",)' 5#,%"%+,%!%' ;)&)$' /)54)$' 3)!+-!-$)'

zarar-' 1+&)5)$7' /)54)$+)"' .)")R-$,)$' R)5,)+)$)(%+#8#0' ,2"2&,)0%' 1"6)$%0' 4#'

%$1"6)$%0'&),,#+#"'4#5)'(2$+)"-$'0)"-*-&+)"-,-"@'F)()'5#&i' ;#++%0+#'"2&%$)$.+)"-$'

beslenmesinde en az %18 ham selüloz içeren bitkisel kökenli yemlerdir. Hayvanlar 

.90#..%0+#"%'5#&+#",#$'6#"#03%$%&',25,2!2'#$#"=%5%'3)!+)"+)"@'I2'#$#"=%'8)$+-'/)54)$'

9;#"%$,#' 5)<-+)$' :)+-*&)+)"' `in vivoa' 5)",-&-5+)' /#3)<+)$)(%+#8#!%' 6%(%' +)(1").24)"'

01*2++)"-$,) 5)<-+)$'5#&+#"%$'&%0"1(%5)+' R#"&#$.)351$2'31$282'):-!)':-0)$ metan,

CO2 4#' ,%!#"' 6);+)",)$' 1+2*)$' j.1<+)&'6);k ölçümüne dayanan bir teknik olan in 

4%."1'6);'9"#.%&'.#0$%!%'51+25+)',)'/#3)<+)$)(%+%"@'

H#"' "#6"#351$'&1,#+%$,#' 1+,2!2' 6%(%7' in vitro gaz üretiminden faydalanarak 

&#.)(1+%0' #$#"=%' ,#!#"%$%$' .)/&%$%' %:%$' 1+2*.2"2+)8)0' .)/&%$' &1,#+%$%$' 5903#0'

.)/&%$'6989$#'3)/%<'1+&)3-'istenmektedir.

1.1 ,;J=K*4LMNO

A);'W"#.%&'>#0$%!%7'in vitro gaz ölçümü ile in vivo 3%$,%"%+#(%+%"+%0')")3-$,)'5903#0'

,#"#8#,#' %+%*0%' 1+,2!2$2' 3)<.)5)$' U#$0#' 4#' )"0@' `XgcgaJ$-$' :)+-*&)3-$,)$' 31$")'

5#&+#"%$' ,#!#"+#$,%"%+&#3%$,#' "2.%$' 1+)")0' 02++)$-+)(%+#8#0' (%"' &#.1.' 1+)")0' 0)(2+'

#,%+&%*.%"'`F-+-:'4#'G)"-:%:#07'Yllba@

S$'4%."1'6);'9"#.%&%'5)56-$'1+)")0'm"3014'4#'U8T1$)+,J-$'XgcgJ,)'(%+,%",%!%'

4#')*)!-,)'4#"%+#$'&1,#+#'6 "#'/#3)<+)$&)0.),-"i

)1( ctebaY  !!"                                                                                              (1)

Burada;

a: H#&#$': ;9$#(%+%"'R")03%51$+)",)$'1+2*)$'6);'&%0.)"-'`&+a

b: Z)&)$)'()!+-'1+2*)$'6);'&%0.)"-'`&+a

8n'A);'9"#.%&'/-;-

a+b: Toplam gaz üretimi (ml)
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.n'S$09()351$'39"#3%'`3)).a

Y: t zamandaki gaz üretimidir.

K20)"-,)' 4#"%+#$' &1,#+%$' 02++)$-+&)3-' %+#' 6#":#0+#*.%"%+#$' )7' (' 4#' 8'

<)")&#."#+#"%$%$' .)/&%$+#"%' 3#0%;' R)"0+-' %$09()351$' ;)&)$-' 02++)$-+)")0'

/#3)<+)$&)0.),-"'`F-+-:'4#'G)"-:%:#07'Yllba@'Y^'3)).+%0'6);'9"#.%&'&%0.)"-'5#&+#"%$'

metabolize edilebilir enerji, net enerji laktasyon ve organik madde 

3%$,%"%+#(%+%"+%!%$%$' /#3)<+)$&)3-$,)' 02++)$-+)(%+&#0.#,%"@' ?$8)07' .)/&%$' #,%+#$' (2'

,#!#"+#"'EDB'`E).%1$)+'D#3#)"8/'B12$8%+a'.)")R-$,)$'(%+,%"%+#$',#!#"+#"+#'6#$#++%0+#'

252*&)&)0.),-"@

I2' ,2"2&2$' .#&#+' 3#(#(%' #+,#' #,%+#$' 4#"%$%$' $1"&)+' ,)!-+-*.)$' 2;)0' 1+&)3-'

1+)")0',#!#"+#$,%"%+&#0.#,%"'`I#24%$0'4#'F162.7'XggZa@

I2' :)+-*&)$-$' )&)8-7' 6);' 9"#.%&' &%0.)"-' 02++)$-+)")07' &#.)(1+%;#' #,%+#(%+%"'

enerji tahmininde en uygun regresyon yöntemin belirlenmesidir.
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2. )$"$&*1 &) &$'

2.1 Gaz Üretimi

Bir yemin gerçek sindirim derecesini belirlemede en ideal yöntem in vivo yöntem 

1+&)3-$)' ")!&#$7' (2' 5 $.#&%$' %*' 6989' 6#"#03%$%&%$' R);+)' 1+&)3-7' )5"-8)' <").%0.#'

0)"*-+)*-+)$' (9.9$'01*2++)",)'2562+)$&)3-$-$' ;1"'1+&)3-'6%(%' 3#(#<+#",#$',1+)5-' in 

vivo yöntemlere alternatif olarak in vitro 5 $.#&+#"'6#+%*.%"%+&%*.%"@' !"#$%&' teknikler 

6#$#++%0+#' 9"9$+#"%$' 5)' ,)' R#"&#$.)351$' 0)+-$.-+)"-$-$'  +:9&9$#' ,)5)$&)0.),-"@'

I2$+)",)$'#$':10'02++)$-+)$+)"-' %0%')*)&)+-'3%$,%"%&'.#0$%!%'`>%++#5'4#'>#""57'XgbZa7'

in situ $)5+1$'.1"()'.#0$%!%'`U#/"#;'4#'m"30147'Xgcci'm"3014'4# McDonald, 1979), 

enzim .#0$%!%'`o1$#3'4#'H)5f)",'Xgc_a'4#'6);'9"#.%&'`H1/#$/#%&a'.#0$%!%'`U#$0#'

4#')"0@7'Xgcgi'U#$0#'4#'G.#%$6)337'Xgeea'1+)")0'3-")+)$&)0.),-"@'

A);' 9"#.%&%' 4#' "2&#$' R#"&#$.)351$2' )")3-$,)0%' %+%*0%' 2;2$' ;)&)$,)$' (#"%'

(%+%$&#0.#,%"@'D2&#$,#'1+2*)$'6);+)"'"2&#$%$ 93.'0-3-&+)"-$,)'(2+2$&)0.)7'"2&#$'

#01+1=%3%$#' 4#' R#"&#$.)351$',#$6#3%$#'6 "#'&%0.)"+)"-',#!%*#(%+&#0.#,%"@'D2&#$,#'

1+2*)$' 6);+)"-$' .)&)&-$)' 5)0-$' (%"' 0-3&-$-' 0)"(1$,%103%.' `B[2) ve metan (CH4)

1+2*.2"&)0.),-"@' F)"(1$,%103%.' 6);-' &#.)$,)$' 5)0+)*-0' Y-3 kat daha fazla 

1+)(%+&#0.#,%"@'D2&#$'6);+)"-$-$'pYl-65’ini CO2 ,%30-^lJ-$-'%3#'BH4 1+2*.2"&)0.)'

1+2<7' (2$+)"-$' ,-*-$,)' 103%=#$' `pl@_a7' E2 ve NH3 (%7.0), hidrojen (%0.2) ve az 

miktarda hidrojen sülfür de bulunabilmektedir (F-+-:, 2005).

A);' 9"#.%&' .#0$%!%7' in vitro gaz ölçümü ile in vivo 3%$,%"%+#(%+%"+%0' )")3-$,)'

5903#0' ,#"#8#,#' %+%*0%' 1+,2!2$2' 3)<.)5)$'U#$0#' 4#' )"0@' `XgcgaJ$-$' :)+-*&)3-$,)$'

31$")' 5#&+#"%$' ,#!#"+#$,%"%+&#3%$,#' "2.%$' 1+)")0' 02++)$-+)(%+#8#0' (%"' &#.1.' 1+)")0'

0)(2+'#,%+&%*.%"@'I2'&#.1,7'5#&+#"%$'R#"&#$.)351$2'31$282'):-!)':-0)$'toplam gaz 

ölçümüne ,)5)+-' (%"' 5 $.#&,%"@'  !" #$%&' 01*2++)",)'B[2 6);-' 9"#.%&%7' 5)' ,1!"2,)$'

5#&+#",#' (2+2$)$' 0)"(1$/%,").+)"-$' R#"&#$.)351$2' 31$282' `,%"#0.a7' 5)' ,)'

0)"(1$/%,").+)"-$' R#"&#$.)351$2' 1".)5)' :-0)$' OK?J$-$' .)&<1$' : ;#+.%3%5+#'

reaksiyona girmesi s1$282'`%$,%"#0.a'1+2*&)0.),-"'`dolin, 1960).

A);' 9"#.%&' .#0$%!%$,#' 9"#.%+#$' 6);' &%0.)"-$,)$' R)5,)+)$-+)")0' (%"' :10'

<)")&#."#' /#3)<+)$)(%+&#0.#,%"@' I2' <)")&#."#+#"' 02++)$-+)")07' /)54)$+)"-$'
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<#"R1"&)$3-'`m"30147'Xgega7'yem tüketimi (Blümmel ve Ørskov, 1993), mikrobiyal 

protein sindirimi (Krishnamoorty ve ark., 1991), yemlerin sindirilme derecelerinin 

belirlenmesi (Menke ve ark., 1979), yemlerin metabolize olabilir enerji (ME) ve net 

enerji `ELa' ,#!#"+#"%$%$' 3)<.)$&)3-' `Uenke ve Steingass, 1988), rumen protein 

<)":)+)$)(%+%"+%!%$%$' `Daab ve ark., 1983) ve kuru madde parçal)$)(%+%"+%!%$%$'

(Umucalilar ve ark., 2002) belirlenmesi, yemlerde bulunan beslenmeyi engelleyici 

fenolik maddelerin (Getachew ve ark., 2004), yem 0).0-' &),,#+#"%$%$7' 5)!+)"-$'

(G#.)8/#f' 4#' )"0@7' YllXa' 4#' "2&#$' 1".)&-$-' ,#!%*.%"#$' &),,#+#"%$' "2&#$'

fermentasy1$2' 4#' 5#&+#"%$' 3%$,%"%+#(%+%"+%!%' 9;erine etkilerinin incelenmesi 

(Blümmel, 1994), yemlerin in vitro <)":)+)$&)'/-;-'4#'&%0.)"-$-$'(#+%"+#$&#3%7'#.0%$'

(%"'R#"&#$.).%R')0.%4%.#' %:%$'6#"#0+%'1+)$'&%0"1(%5)+'E'4#'0)"(1$/%,").' %/.%5):+)"-$-$'

incelenmesi, rasy1$+)",)' 02++)$-+)$' 5#&+#"%$' 1".)0+)*) #.0%+#"%$%$' 1".)5)' 01$2+&)3-'

(Sampath ve ark., 1995), rumendeki mikrobiyal popülasyonu etkileyen yemle ilgili 

R)0. "+#"%$' %$8#+#$&#3%$%$' 5)$-' 3-")' /)54)$3)+' )".-0' (%+#*#$+#"%$%$' 4#' (2$+)"-$'

çevreye etkilerinin belirlenmesi de (Demeyer ve ark., 1996) mümkün olabilmektedir.

Gaz üretim miktar-')*)!-,)0%'R1"&9lle hesaplanabilmektedir (F-+-:7'Yll_).

# $
# $ # $

ÖA

FcFk
xxGÜVV

saatmgKMmlGÜ 2
200

24,200/
0024

!
  

"                    (2)

V0q'S$09()351$2$'()*-$,)'<%3.1$2$'<1;%351$2

V24= 24 saatlik inkübasyondan sonra pistonun pozisyonu

GÜ0q'N"$#03%;'"2&#$'3-4-3-$-$'Y^'3)).+%0'%$09()351$,)'4#",%!%'1".)+)&)'6);'9"#.%&%

N?q'&6'FU'1+)")0'.#3.'#,%+#$' "$#!%$')!-"+-!-

A);'9"#.%&'<)")&#."#+#"%7'ELd?K'),+-'\B'<)0#.'<"16")&-'5)",-&-5+)'m"3014'

4#'U8,1$)+,'`XgcgaJ-$'(%+,%",%!%')*)!-,)0%'R1"&9+#'6 "#'/#3)<+)$-" (F-+-:7'Yll_).

# $ctebay   !" 1                                                           (3)

A);' 9"#.%&%' 02++)$-+)")0' UL' .)/&%$%' 5)<)(%+&#0' %:%$' 02++)$-+)8)0' &1,#+,#'

4#"%$%$' 5)<-3-' 02++)$-+&)3-' 6#"#0#$' 5 $.#&#' 0)")" vermek için en önemli ölçüt

1+)8)0.-"@' h#"%$%$' 5)<-3-$-' #$' %5%' 0)")0.#"%;#' #,#$'  ;#++%0' %3#' 4#"%$%$' 6 3.#"&%*'

1+,2!2',)!-+-*.-"@
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2.2 &=P;QMPRQ*4QMSPOQLMTO

Polat ve ark@' `Yllca7'5)<&-*'1+,20+)"-':)+-*&),)7' in vivo UL',#!#"+#"%'(%+%$#$'();-'

0)()' 5#&+#"%$' :#*%.+%' %$09()351$'<#"%51.+)"-$,)0%' in vitro AW'&%0.)"+)"-$-' (2+)")07'

bu parametrelerden in vivo UL',#!#"%' %+#' %+%*%0',9;#5%'#$'5903#0'1+)$-$-'(#+%"+#&#0'

)&)8-5+)' R)"0+-' "#6"#351$' #*%.+%0+#"%$,#$' 5)")"+)$)")0' in vitro UL',#!#"+#"%$%' #+,#'

#.&%*+#"@' L+,#' #..%0+#"% bulgulardan yemlerin in vitro UL' ,#!#"+#"%$%$'

.)/&%$+#$&#3%$,#'02++)$-+)$'AW'&%0.)"+)"-$,)$'Y^'3)).+%0'%$09()351$'<#"%51,2$,)7'

in vitro UL',#!#"%'%+#'%+%*0%3%$%$' $#&+%',#"#8#,#'#$'5903#0'1+,2!2 (r=0.82, P<0.01),

in vitro UL',#!#"+#"%' %+#'R)0+-'"#6"#351$'#*%.+%0+#"%'02++)$-+)")0'(2+2$)$'in vitro ME 

,#!#"+#"%' )")3-$,)0%' 01+#")351$+)"-$' ,)' .9&' in vitro UL' #*%.+%0+#"%' %:%$'  $#&+%'

1+,2!2$2'.#3<%.'#.&%*+#",%"@

F)&)+)0' `Yll_a7' 5)<&-*' 1+,2!2' :)+-*&),)' "2&%$)$.' /)54)$+)"-$'

(#3+#$&#3%$,#'02++)$-+)$', ".'),#.'0)()'yeme ait gaz üretim parametrelerini, ME ve 

OMS ,#!#"+#"%ni in vitro 6);' 9"#.%&' .#0$%!%' 02++)$)")0' .)/&%$' #,%+&%* ve yemler 

)")3-$,)' 6);' 9"#.%&' /-;+)"-' ()0-&-$,)$'  $#&+%' R)"0+)"' 1+&)&)3-$)' ")!&#$7'

&)03%&2&' 6);' 9"#.%&' &%0.)"- ()0-&-$,)$ 51$8)' 02"2' 1.2' 4#' 3%+)=-$-$ arpa ve 

(2!,)5'3)&)$-$,)$',)/)'5903#0'1+,2!2$2'3)<.)$&-*.-".

I#24%$0' 4#'F162.' `XggZa7' 5)<&-*' 1+,20+)"-' :)+-*&),)7' 02"2' 1.' 3%+)=-' %+#' #+,#'

#,%+#$'_l' R)"0+-'6);'9"#.%&'#!"%3%$%$'2562$+2!2$2'L]<1$#$.%)+7'Mogistic, Gompertz, 

Richa",3'4#'G8/$2.#'&1,#++#"%'%+#')")*.-"&-*+)",-"@'?")*.-"-8-+)"'5)<-+)$':)+-*&),)'(2'

&1,#++#",#$' /%:(%"%$%$' .).&%$' #,%8%' 31$2:' 4#"&#,%!%$%' ' 1".)5)' 015&2*+)",-"@'

Temelde gaz üretimini iki bölüm içerisinde inceleyen yeni bir model olan Modified 

Gompertz  Model’%' `&A1&a' 6#+%*.%"&%*+#",%"@' I +9&+#",#$' (%"%' /-;+-' R#"&#$.#'

1+)(%+#$' 5#&' &),,#+#"%$,#$' #+,#' #,%+#$' %:#"%0+#",#$7' ,%!#"%' %3#' 5)4)*' R#"&#$.#'

1+)(%+#$' 5#&' &),,#+#"%$,#$' #+,#' #,%+#$' %:#"%0+#",#$' 1+2*.2!2$2' (%+,%"&%*+#",%"@'

mGom modeli için HKO ,#!#"%$%$7' ,%!#" modellerdeki HKO ,#!#"%$,#$' 09:90'

1+,2!2$2' (2+&2*+)",-"@' F%$#.%0' 6);' 9"#.%&' 4#"%+#"%$%$' %5%' (%"' %3.).%3.%03#+'

0)"*-+)*.-"&)3-$-$'&A1&'&1,#+%'%+#'&9&09$'1+)(%+#8#!%$%'(#+%".&%*+#",%"@
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3. MATERYAL VE YÖNTEM

Bu ç)+-*&),)' 02++)$-+)$' 4#"%+#"7' [$,102;' U)5-3' W$%4#"3%.#3%' r%")).' s)09+.#3%'

r11.#0$%' I +9&9$,#' YllZ' 5-+-$,)' ();-' 5#&' /)&'&),,#+#"%$%$' %$' 4%."1' 6);' 9"#.%&'

.#0$%!%'02++)$-+)")0'();-'R#"&#$.)351$'9"9$+#"%$%$'4#'#$#"=%'%:#"%0+#"%$%$'(#+%"+#$&#3%'

)&)8-5+)' ?")*.-"&)' O562+)&)' P%R.+%!%$,#' F-+-:' W@' `Yll_a' .)")R-$,)$' 59"9.9+&9*'

1+)$':)+-*&),)$')+-$&-*.-"@'I2':)+-*&),), Y'5)*-$,)'1".)+)&)'^l'06'8)$+-')!-"+-!-$,)'

0)$9+' .)0-+&-*' Z' ()*' 3)!+-0+-' G)0-;' ]' F)")5)0)' &#+#;' 01:.)$' )+-$)$' "2&#$'

3-4-+)"-$,)$' #+,#' #,%+#$' 6);' 9"#.%&' ,#!#"+#"%' 02++)$-+&-*.-"@' A);' 9"#.%&%$,#' 5#&'

&).#"5)+%'1+)")0'&-3-"' 3%+)=-7' 51$8)'1.2'4#' R%!'1.2'02++)$-+&-*.-"@'P)+-*&),)'3, 6, 9, 

XY7'Y^7'^e7'cY'4#'gb'3)).+#",#0%'6);'9"#.%&',#!#"+#"%'02++)$-+&-*.-"@'?5"-8)'6);'9"#.%&'

R1"&9+9$,#' 02++)$-+)$' )7' (7' 8' 4#' `)' t (a' ,#!#"+#"%' %+#' UL' ,#!#"%' 02++)$-+&-*.-"@'

P)+-*&)$-$')$)+%;+#"%'L)35s%.'<)0#.'<"16")&-$-$'Zl'69$+90',#$#&#'39"9&9'%+# SPSS

21.0 <)0#.'<"16")&-$-$'[$,102;'U)5-3'W$%4#"3%.#3%'+%3)$3- 02++)$-+)")0'5)<-+&-*.-"@

3.1 #MUO>OS>MQ

T#!%*0#$+#"%$' %$8#+#$&#3%' 31$282 4#"%+#"%$' 6 3.#"&%*' 1+,2!2' ,)!-+-*+)"' )*)!-,)'

.)$-&+)$&-*.-"@

3.1.1 Burr dMUO>OSO

I2""',)!-+-*-')J$-$'&%$%&2&',#!#",#'3-")+)$&-*'1+,2!2'3)!-:)"<-0'(%"',)!-+-*,-"@ Bu 

,)!-+-*.)7 b ölçek parametresi, d ise kontrol parametresidir. Burr (0,1,c,d) Unit Burr 

da!-+-*-,-"'(URL-1). I2""',)!-+-*-$)')%.'6")R%0+#"'Vekil 3.1, V#0%+ 3.2 ve V#0%+ 3.3 de 

4#"%+&%*.%"@
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-;<=>*?/.*I2""',)!-+-*-$-$'('<)")&#."#3%$%$'6")R%!%

-;<=>*?/0 I2""',)!-+-*-$-$'8'<)")&#."#3%$%$'6")R%!%
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-;<=>*?/? I2""',)!-+-*-$-$','<)")&#."#3%$%$ 6")R%!%

I2""',)!-+-*-$-$'#3$#0'(%"'*#0+%'4#'01$."1+'#,%+#(%+#$'(%"' +:#!#'3)/%<'1+&)3-'4#"%+#"%$'

2562$+2!2$2' (2+&),)' 8);%<' /)+#' 6#.%"%"@' A#$#++%0+#' 3%61".)' .)+#<' (152.+)"-$-'

&1,#++#&#0' %:%$' 02++)$-+-"@' I);#$' #!#"' 4#"%' /)R%R' <1;%.%R' :)"<-0+-0' 6 3.#"%51"3)'

$1"&)+' ,)!-+-&)' )+.#"$).%R' 1+)")0' 0)(2+' #,%+#(%+%"@' I2""' `),b,c,1) Log-logistic bir 

,)!-+-*.-"'(URL-1).

3.1.1.1 9>MTO>O<*VWUXK>X<*YWK<T=VWKX

I2""',)!-+-*-$-$'1+)3-+-0'51!2$+20'R1$03%51$2i

# $ 11 1
)(

  ! !
"

dcc zbz

cd
xf       , olup                                          (4)

burada                     &
'

(
)
*

+  
"

b

ax
z                                                                                (5)

1+)")0'.)$-&+)$-"@

3.1.1.2 Parametre tMKOL>MLMTO

0,0,0 ,,, dcb                                                                     (6)
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3.1.1.3 Ortalama

I2""',)!-+-*-$)'')%.'1".)+)&)i

# $d

c
d

c
b

a
-

&
'

(
)
*

+ !-&
'

(
)
*

+  -
!

11
1

                                                                (7)

1+)")0'.)$-&+)$&)0.),-"@

3.1.1.4 Varyans

I2""',)!-+-*-$)')%.'4)"5)$3i

# $
k

d

b
2

2

-
                                                                          (8)

1+)")0'.)$-&+)$&)0.),-"@

burada                  # $ &
'

(
)
*

+ !-&
'

(
)
*

+  - &
'

(
)
*

+ !-&
'

(
)
*

+  --"
c

d
cc

d
c

dk
11

1
22

1 22                      (9)

olarak gösterilebilir.

3.1.2 Dagum dMUO>OSO

T)62&' ,)!-+-*-$)' 6#$#++%0+#' edebiyat 4#5)' 6#+%"' ,)!-+-&-' +%.#").9"9$,#'

")3.+)$&)0.),-"@'T)62&'.)")R-$,)$'6#+%"'#+)3.%0%5#.%$% )")*.-",-!-'(%"':)+-*&)'31$282'

R)"0'#,%+&%*.%" (URL-1)@'T)62&',)!-+-*-$)')%.'6")R%0'Vekil Z@^J.#'6 3.#"%+&%*.%"@
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-;<=>*?/2 T)62&',)!-+-*-$-$'6")R%!%

I2' ,)!-+-*.)' a ve p *#0%+ parametreleri ve b ölçek parametresidir. Dagum 

,)!-+-*-'C$4#"3#'I2""',)!-+-*-'5)',)'F)<<)',)!-+-*-'1+)")0',)'),+)$,-"-+)(%+%"@'L!#"')q<'

%3#'C$4#"3#'\)")+16%3.%8',)!-+-*'1+)")0',)'),+)$,-"-+)(%+&#0.#,%" (URL-1).

3.1.2.1 9>MTO>O<*VWUXK>X<*YWK<T=VWKX

T)62&',)!-+-*-$-$'1+)3-+-0'51!2$+20'R1$03%51$2i

1

1

1

)(
!

 

.

.
/

0

1
1
2

3
&
'

(
)
*

+!

"
pa

ap

ap

b

x
b

apx
xf                                         (10)

1+)")0'.)$-&+)$&)0.),-"@

3.1.2.2 Parametre PMKOL>MLMTO

0,0,0 ,,, pba                                                 (11)
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3.1.2.3 Ortalama

T)62&',)!-+-*-$)'')%.'1".)+)&)i

# $p

aa
pb

-

&
'

(
)
*

+  -&
'

(
)
*

+ !-
1

1
1

                                                      (12)

1+)")0'.)$-&+)$&)0.),-"@

3.1.2.4 Varyans

T)62&',)!-+-*-$)')%.'4)"5)$3i

# $
# $ .

/

0
1
2

3
&
'

(
)
*

+  -&
'

(
)
*

+ !- &
'

(
)
*

+  -&
'

(
)
*

+ !--
- aa

p
aa

pp
p

b 1
1

12
1

2 22

2

2

                              (13)

1+)")0'.)$-&+)$&)0.),-"@

3.1.3 Generalized extreme value ZMUO>OSO

O:',#!#"+#"'.#1"%3%'0)<3)&-$,)'6#+%*.%"%+#$'39"#0+%'(%"'1+)3-+-0',)!-+-&-,-"@'I2',)!-+-*'

Gumbel, s"#8/#.' 4#' d#%(2++' 2:' ,#!#"+#"' ,)!-+-&+)"-$-' (%"+#*.%"%"@' O:' ,#!#"+#"'

.#1"%3%$,#$7' ALh' ,)!-+-*-' ()!-&3-;' 4#' )5$-' ,)!-+-&+-' ")36#+#' ,#!%*0#$+#"' ,%;%3%$%$'

normalize maks%&2&+)"-$-$' 3-$-"+-' ,)!-+-&-,-"' (URL-1). I2',)!-+-*.)'a parametresi 

konumu, b parametresi  +:#!%7'8'<)")&#."#3%',#'*#0+%$%'(#+%".%"@

-;<=>*?/8 A#$#")+%;#,'L]."#&#'h)+2#'T)!-+-*-$-$'6")R%!%
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ALh' ,)!-+-*-$-$' A2&(#+7' s"#8/#.' 4#5)' d#%(2++' ,)!-+-*+)"-$)' #*%.' 1+&)3-'

3-")3-5+)'8ql7'8ul'5)',)'8vl'1+&)3-$)'()!+-,-"@

ALh' ,)!-+-*-' *)$3 ,#!%*0#$+#"%$in uzun (sonlu) dizilerinin maksimumunu 

&1,#++#&#0'%:%$'02++)$-+)$'(%"'5)0+)*-&,-"@

ALh',)!-+-*-'();#$'s%3/#"-Tip<#..',)!-+-*-'1+)")0',)'),+)$,-"-+-" (URL-1).

3.1.3.1 9>MTO>O<*VWUXK>X<*YWK<T=VWKX

ALh',)!-+-*-$-$'1+)3-+-0'51!2$+20'R1$03%51$2i

# $ # $xtc ext
b

xf  !" 11
)(                                                              (14)

1+)")0'.)$-&+)$&)0.),-"@

burada              
# $

0er!e

0er!e1

/1

"

4&&
'

(
))
*

+
&
'

(
)
*

+  
!"

&
'

(
)
*

+  
 

 

ce

c
b

ax
cxt

b

ax

c

(15)

olarak gösterilebilir.

3.1.3.2 Parametre tMKOL>MLMTO

18,0 5, cb sabit için                                (16)

3.1.3.3 Ortalama

ALh',)!-+-*-$)'')%.'1".)+)&)i

# $

0er!e

0er!e0153286065772156649.0

0er!e
11

67

"!

,
  

!

c

cba

c
c

cr
ba

                        (17)

1+)")0'.)$-&+)$&)0.),-"@
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3.1.3.4 Varyans

ALh',)!-+-*-$)')%.'4)"5)$3i

# $

2

1
er!e

0er!e
6

2

1
,0

2
2

2
12

2

67

"

54 &
'

(
)
*

+

c

cb

ccgg
c

b

8
                                             (18)

1+)")0'.)$-&+)$&)0.),-"@

Buradan                   # $kcg k  -" 1 (19)

olarak gösterilebilir.

3.1.4 Gen;>>;SP=Q=>L=S [MQ;PW*ZMUO>OSO

[+)3-+-0' 02")&-' 4#' %3.).%3.%0' (%+%&' ,)++)"-$,)' (%":10' <").%0' 2562+)&)3-' (2+2$)$' 4#'

j09:90k' (%"' $#3$#$%$' (%"' j(9590k' $#3$#5#' ,)!-+-&-$,)' 0)")"+-+-0' #+,#' #,%+,%!%'

/)++#",#'02++)$-+)$'(%"'39"#0+%'1+)3-+-0',)!-+-*-'4#5)'(%"'69:'02")&-,-"@'S+0'1+)")0'(%"'

S.)+5)$' %0.%3).:-3-' 1+)$' h%+R"#,1' \)"#.1' .)")R-$,)$' #01$1&%+#",#' (%"#5+#"%$' 3#"4#.'

,)!-+-&-$-' 6 3.#"&#0' %:%$' 02++)$-+&-*.-"@' Ekonomi (%+%&' ,)+-' ,-*-$,)' (2' ,)!-+-*'

I"),R1",',)!-+-*-'1+)")0',)'(%+%$&#0.#,%" (URL-3)

3.1.4.1 9>MTO>O<*VWUXK>X<*YWK<T=VWKX

Generalized \)"#.1',)!-+-*-$-$'1+)3-+-0'51!2$+20'R1$03%51$2i

# $

# $ 0

0

exp
1

1
1

)(

/11

"

4

9
9
:

99
;

<

&
'

(
)
*

+  
 

&
'

(
)
*

+  
!

"

  

k

k

x

x
k

xf

k

=
>

=

=
>

=
                                     (20)

1+)")0'.)$-&+)$&)0.),-"@

3.1.4.2 Parametre PMKOL>MLMTO

       
0

0

/ 5

6

 ??

!75?

k

k

kx

x

=>>

>
                         (21)
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3.1.5 Pearson 5 (3P) ZMUO>OSO

\#)"31$' _' ,)!-+-*-7' &%$%&2&' 4#' &)03%&2&' 6#8%0&#$%$' 3-$-"3-;+-!-$-$' $#"#,#53#'

0#3%$+%0'0);)$,-!-7' "$#!%$'();-'&)0%$#'1$)"-&';)&)$+)"-'4#')8%+'3#"4%3+#"%$'4)"-*.)0%'

6#8%0&#+#"'6%(%7',2"2&+)",)'02++)$-*+-'1+)$'(%"',)!-+-*.-"@'A#$#++%0+#')5$-' ;#++%0+#"#'

3)/%<' (%"' ,)!-+-*' 1+)$' C$4#"3#'A)&&)' ,)!-+-*-$-$' 5#"%$#' ,#' 02++)$-+)(%+%" (URL-1).

\#)"31$'_',)!-+-*-$)')%.'6")R%0'V#0%+'Z@b',)'4#"%+&%*.%"@

-;<=>*?/B Pearson 5 d)!-+-*-$-$'6")R%!%

3.1.5.1 9>MTO>O<*VWUXK>X<*YWK<T=VWKX

Pearson5 (3P) ,)!-+-*-$-$'1+)3-+-0'51!2$+20'R1$03%51$2i

# $# $
# $ # $# $ 1/

/exp
)( ! !

  
" #$#$

$
yx

yx
xf                  (22)

 !"#"$%&"'()!"')"$&"*(#+ (URL-4)

3.1.6 Power  !"#$%&"'()*+,+-+

Power ,-'.&/ '%*"0(!(1(2% /$/'./%3"0()4(5%*60/1$6'/'%78.8'6% /!$%3"0()4(5%*60/1$6'/'%

yükseltilmesi sonucunu verir (URL-8).

3.1.6.1 .,)/+,+0'1&*!",!0' &"0/%1&"!

9 :6#%;-'.&/ '%*"0(!(1('('% !"4(!($%< 0-'!-$%, '$4/< '-=
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& '
& '#

##
ab

ax
xf

 

 
"

 1

)(           (23)

 !"#"$%&"'()!"')"$&"*(#+ (URL-5)

3.1.6.2 Parametre $)"+2,)2)/+

bxa (( (24)

3.1.7 Wakeby ()*+,+-+

>"$63<%*"0(!(1(%"1"0(*"$/%, '$4/< '!"%&"'()!"')"$&"*(# (URL-6).

& ' & '& ' & '& ')$

)
*

$
#

+       ," FFFx 1111       (25)

?2%@2%A2%B%C6%D%48#6$!/*/#%C6%"1"0(*"$/%$ 1-!!"#*"%-<7-!"')"$&"*(#+

?EF%%%<"%*"%%AEF2 (26)

@GBHF%%<"%*"%@IAIBIF2 (27)

606#%?IF%/46%3-#"*"'%%@IF2 (28)

606#%AIF%/46%3-#"*"'%BIF2 (29)

AJF%C6 ?G AJ%F+ (30)

3.1.8 Kumaraswamy ()*+,+-+

K-)"#"4:")<% *"0(!(1(% F% /!6% L% "#"4('*"% 4('(#!"'*(#(!)(1&(#% C6% 16$!/% M $% 76'/1% 3/#%

"#"!($&"% M61/&!/!/$% 4-'"#+% N6&"% *"0(!(1('('% $-!!"'(!*(0(% "!"'!"#('% 3/#M 0-'*"% O56!!/$!6%

3/#%4($!(0('2% !"4(!(0('%<"%*"%3/#%,#"$4/< '-'%) *6!!6)64/'*6%$-!!"'(1!(*(#. (URL-1)

K-)"#"4:")<% *"0(!(1(% P6'85% <"<7('%  !"#"$% $-!!"'(!)")"$&"*(#+% Özellikle 

#656#C-"#!"#('% *6Q !")"% P"./)!6#/'/'% ) *6!!6)64/'*6% C6% 4/4&6)% */5"<'!"#('*"%

<"<7('% !"#"$%$-!!"'(!)"$&"*(#+%R 0-'!-$%C6%$8)8!"&/,%*"0(!(1!"#%/M/'%3"4/&%3/#%, #)-%

C"#*(#% C6% N6&"% *"0(!(1(% 7/3/% M $% 64'6$&/# (URL-1). K-)"#"4:")<% *"0(!(1('"% "/&%

7#",/$!6#%S6$/!%T+U%C6%S6$/!%T+V%*6%C6#/!)/1&/#+
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340%,'567 Kumaraswamy d"0(!(1('('%7#",/0/

        

340%,'567 Kumaraswamy d"0(!(1('('%7#",/0/

3.1.868'.,)/+,+0'1&*!",!0' &"0/%1&"!

K-)"#"4:")<%*"0(!(1('('% !"4(!($%< 0-'!-$%, '$4/< '-=
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& ' 11 1)(
   "

$###$ xxxf                                        (31)

olarak &"'()!"')"$&"*(#+

3.1.8.2 Parametre $)"+2,)2)/+

0,0 -- ba                                                           (32)

3.1.8.3 Ortalama

K-)"#"4:")<%*"0(!(1('"%%"/&% #&"!")"=

& '
.

#
$

$
#

$ /

0
1

2
3
4

5 ,,!

!0
1

2
3
4

5 ,!

1
1

1
1

                                               (33)

 !"#"$%&"'()!"')"$&"*(#+

3.1.8.4 Varyans

K-)"#"4:")<%*"0(!(1('"%"/&%C"#<"'4=

& '
V/ 

0
1

2
3
4

5 ,,!

!0
1

2
3
4

5 ,!
2

2
1

2
1

.

#
$

$
#

$                                   (34)

 !"#"$%&"'()!"')"$&"*(#+

3.1.9 Gene,,4-$%9%,2%- gamma ()*+,+-+

9 /44 '%)"&6)"&/0/'6%*"<"!(%3/#%Q"#")6&#/$%*"0(!(1&(#+%(URL-1)

3.1.968'.,)/+,+0'1&*!",!0'fonksiyonu

Ge'6#"!/56*%W"))"%*"0(!(1('('% !"4(!($%< 0-'!-$%, '$4/< '-=

& '
& '& 'k

k

k

x
kx

xf $
#$ #

#

/exp)(
1

 
!

"
 

                                       (35)

olarak &"'()!"')"$&"*(#+ (URL-7)
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3.2 Regresyon

N/< ! X/2% &(Q% 6$ ' )/2% ,/5/$2% $/)<"% C6% 4 4<"!% 3/!/)!6#% 7/3/% 3/#M $% "!"'*"% <"<7('%

 !"#"$%$-!!"'(!)"$&"% !"'%#67#64< '%"'"!/5/2%"#"!"#('*"%4636Q%– 4 '-M%/!/1$/4/%3-!-'"'%

/$/%C6<"%*"P"%,"5!"%*60/1$6'%"#"4('*"$/% /!/1$/</ /'.6!6<6'%C6%3-%/!/1$/</%) *6!!6)6$%

/M/'%$-!!"'(!"'%/4&"&/4&/$46!%3/#%"'"!/5%<O'&6)/*/#%YZ-#"!2%[FFU\+%]67#64< '%"'"!/5/'*6%

/'.6!6'6'%*60/1$6'!6#%48#6$!/%<"%*"%$64/$!/%<"Q(*"% !"3/!)6$&6*/#%C6%3-%C6#/%<"Q(4('"%

3"0!(%  !"#"$% ,"#$!(% #67#64< '%) *6!!6#/% $-!!"n(!"3/!)6$&6*/#% Y^5"#(.(2% L__`2% a#(% C6%

Önder, 2013).

3.2.1 :&*9!/),'regresyon

b 0#-4"!% #67#64< '% "'"!/5/% 3"4/&% * 0#-4"!% #67#64< '% C6% M $!-% * 0#-4"!% #67#64< '%

olarak iki 3"1!($%"!&('*"%/'.6!6')6$&6*/#%Ya#(%C6%^'*6#2%[FLT\+

N"4/&% #67#64< '% "'"!/5/2% <"'(&% *60/1$6'/% /!6% &6$% 3/#% "M($!"<(.(% *60/1$6'%

"#"4('*"$/% * 0#-4"!% /!/1$/</% "M($!"#+% c06#% &6$% 3/#% <"'(&% *60/1$6'/% C6% 3/#*6'% ,"5!"%

"M($!"<(.(%*60/1$6'%"#"4('*"$/%* 0#-4"!%C6<"%60#/46!%3/#%/!/1$/%&"'()!"')"$%/4&6'/#462%

/!/1$/%M $!-%* 0#-4"!%#67#64< '%"'"!/5/%/!6%/'.elenir (Okur, 2009; Weisberg, 2005).

N"4/&%* 0#-4"!%#67#64< '*"2%Y <"'(&%*60/1$6'/2%X1 "M($!"<(.(%*60/1$6'/2% 0 ve  1

3-% *60/1$6'/'% 3/!/')6<6'% Q"#")6&#6!6#/'/% C6% d/% 1"'4"% 3"0!(% P"&"% &6#/)!6#/'/% /,"*6%

6&)6$%856#6%3"4/&%* 0#-4"!%#67#64< '%) *6!/=%

           iiXY 6$$ ,," 110                      i=1,2,…,n (36)

 !"#"$%<"5(!"3/!)6$&6*/#%YK-&'6#%C6%"#$+2%[FFe\+%f $!-%* 0#-4"!%#67#64< '%) *6!/2%p

"*6&%"M($!"<(.(%*60/1$6'%C6%n adet gözlem için;

          iippii XXY 6$$$$$ ,,,,," ...22110             i=1,2,…,n             (37)

16$!/'*6%<"5(!"3/!)6$&6*/#%YK-&'6#%C6%"#$+2%[FFe=%>6/436#72%[FFe\+

3.3 ;&92),,4-$%924

c'%3"4/&% /,"*64/<!6% ' #)"!!61&/#)6% ,"#$!(% 3/#/)!6#*6%O!M8!6'%*606#!6#/'%76'6!% 3/#/)6%

*O'81&8#8!)64/*/#+% b"P"% $"#)"1($% *-#-)*"% /46% ' #)"!!61&/#)6% &8)%  !"4(!($%

*"0(!(1!"#('('% *856!&/!)/1% *606#!6rini belli bir uyuma dahil etmeyi amaçlayan çok 

$"#)"1($%3/#%-<7-!")"<(%&"'()!")"$&(#%YURL-2).
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3.4 Regresyon Modelinin <)(4,4-$%9%,24/%

N-% /1!6)/'% <"Q(!)"4('('% ")".(% ) *6!/% $-!!"'"."$% "#"1&(#(.(!"#('% 6!*6% 6&&/$!6#/%

"M($!"<(.(% *60/1$6'% (X) *606#/'/% * 0#-*"', P6#P"'7/% 3/#% *O'818)% <"Q)"*"'%

kullanabilmeleridir.

iXY $$ ," 0              (38)

Burada      0
1

2
3
4

5  
"

7
.

$$ i
i

X
X (39)

0
1

2
3
4

5  
,"

7
.

$$ iX
Y 0 (40)

7
$.$

$
 

," iX
Y 0 (41)

7
$.

7
$

$  ," iX
Y 0 (42)

iXY 0
1

2
3
4

5,0
1

2
3
4

5  "
7
$

7
$.

$0 (43)

0
1

2
3
4

5  "
7
$.

$$ 0
*
0       ve (44)

0
1

2
3
4

5"
7
$

$ * (45)

buradan

ii XY **
0

ˆ $$ ,"             (46)

elde edilir.

bO'818)*6%$-!!"'(!"'%µ ve ! verinin orjinal *"0(!(1('"%"/&%Q"#")6&#6!6#*/#+
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4. =>?@>?AB'CD'EABEF3GA

N-%M"!(1)"*"%V%,"#$!(%5")"'%' $&"4('*"$/%YT2%`2%_2%L[2%[g2%gV2%U[%C6%_`%4""&!6#\%7"5%

8#6&/)%)/$&"#!"#(%ile a, b, c ve a+3%P64"Q%*606#!6#/%$-!!"'(!)(1&(#+%h6#%3/#%C6#/%46&/'/'%

4"P/Q%  !*-0-%*"0(!(1 ince!6')/1&/#+%]67#64< '%) *6!!6#/%  !-1&-#-!-#$6'% P6#% 3/#% C6ri 

46&/'/'%*"0(!(1('a ait  #&"!")"4( C6%4&"'*"#&%4"Q)"4(%hesaplamalarda $-!!"'(!)(1&(#+%

4.1. C49%,49%"':)*+,+-+

Öncelikle verilerin 60#/% &"P)/'!6#/ /'.6!6')/1&/#. c0#/% &"P)/'/ 4 '-M!"#(% f/56!76%

4+Li*6%C6#/!)/1&/#+

Çizelge 4.1. Veri $8)64/'6%"/&%60#/%&"P)/ni 4 '-M!"#(

c0#/%S6$!/ R2
d

3 saat Karesel 0,919

6 saat Karesel 0,921

9 saat Karesel 0,939

12 saat Karesel 0,957

24 saat b 0#-4"! 0,96

48 saat b 0#-4"! 0,856

72 saat b 0#-4"! 0,821

96 saat b 0#-4"! 0,798

a Karesel 0,624

b b 0#-4"! 0,347

c Karesel 0,429

a+b Karesel 0,776

c0#/% &"P)/'/ analizi sonucunda karesel  !"'!"#('% $"#6!6#/% "!('"#"$% *"0(!(1!"#(%

/'.6!6')/1&/#+

Z6#/!6#/'% *"0(!(1!"#(% 36!/#!6'/#$6'% a'*6#4 '% b"#!/'7 (Razali ve Wah, 2011)

analizi c"4<;/&%Q"$6&%Q# 7#")(%/!6%<"Q(!)(1&(#+%a'"!/5%4 '-M!"#(%Çizelge 4.2, Çizelge 

4.3, Çizelge 4.4 ve Çizelge 4.5’ *6%C6#/!)/1&/#+
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Çizelge 4.2. Z6#/!6#/'%7O4&6#*/0/%*"0(!(1lar ve parametreler

:)*+,+- 1.Tip 
Hata

Parametreler

3 saat Wakeby 0.59745 #=8,9576 $=0,41768 *=0

)=0 8=6,2263

6 saat Wakeby 0.42388 #=13,32 $=0,40098 *=0

)=0 8=9,865

9 saat Wakeby 0.48406 #=22,047 $=0,73162 *=0

)=0 8=12,505

12 saat Wakeby 0.47905 #=25,154 $=0,83665 *=0

)=0 8=16,947

24 saat Wakeby 0.67753 #=31,421 $=1,1024 *=0

)=0 8=28,17

48 saat Power Function 0.76427 #=1,2147 a=34,759

b=64,34

72 saat Kumaraswamy 0.67968 #1=1,1278 #2=0,74654

a=37,158 b=66,4

96 saat Generalaized Extreme 

Value

0.57171 k=-0,39762

7=9,677 .=53,016

a Pearson 5 (3P) 0.33277 #=6,3067 $=47,325

*=-5,1939

b Dagum 0.37874 k=0,19317 #=33,521

$=59,061

c Error 0.90959 k=1,8459 7=0,01469

.=0,0619

a+b Generalaized Extreme 

Value

0.46214 k=-0,46452

7=9,3961 .=52,969

(3 saat)2 Wakeby 0.72078 #=159,55 $=0,08216 *=0

)=0 8=31,33

(6 saat)2 Generalaized Extreme 

Value
0.37341 k=0,43432 7=0,44273 .=0,38347

(9 saat)2 Gene!!61&/#/!)/1 Pareto 0.6303 k=-0,41394 7=822,76 .=118,71

(12 saat)2 Wakeby 0.61205 #=1180,0 $=0,5465 *=0

)=0 8=244,2

(a)2 Burr 0.39466 k=31,855 #=0,50741 $=13289,0

(c)2 Burr 0.92221 k=3,2347 #=2,8171 $=0,00635

(a+b)2 W6'6!!61&/#/!)/1 Pareto 0.26464 k=-1,1709 7=3691,6 .=1426,9

ME Wakeby 0.73211 #=5,1611 $=1,1642 *=0

)=0 8=6,5376
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Çizelge 4.3. Veriler6%"/&%&"'()!"<(.(%/4&"&/4&/$!6#

:)*+,+- µ Varyans S H)9I+0,+0 =)/+0,+0
3 saat Wakeby 12.545 21.752 4.664 0.70031 -0.31776

6 saat Wakeby 19.373 50.167 7.0829 0.73004 -0.24761

9 saat Wakeby 25.237 65.811 8.1124 0.26368 -1.0331

12 saat Wakeby 30.643 70.165 8.3765 0.15218 -1.1269

24 saat Wakeby 43.115 69.695 8.3484 -0.08514 -1.2141

48 saat Power Function 50.983 67.413 8.2105 -0.16571 -1.1173

72 saat Kumaraswamy 54.691 71.563 8.4595 -0.35475 -1.0828

96 saat Generalized Extreme 

Value

55.757 84.497 9.1922 -0.35199 -0.14966

a Pearson 5 (3P) 3.7239 18.466 4.2972 2.5104 19.152

b Dagum 51.656 55.775 7.4683 -0.96947 1.2309

c Error 0.0619 2.1580*10-4 0.01469 0 0.17268

a+b Generalized Extreme 

Value

55.283 76.818 8.7646 -0.53572 0.08158

(3 saat)2 Wakeby 178.76 18669.0 136.63 1.5891 3.1826

(6 saat)2 Generalized Extreme 

Value

0.9681 4.8584 2.2042

(9 saat)2 W6'6!!61&/#/!)/1

Pareto

700.6 1.8524*105 430.4 0.70688 -0.30248

(12 saat)2 Wakeby 1007.2 2.7817*105 527.42 0.49713 -0.72207

(a)2 Burr 31.003 5401.0 73.492 7.9934 141.69

(c)2 Burr 0.00405 3.4307*10-6 0.00185 0.95013 2.1582

(a+b)2 W6'6!!61&/#/!)/1

Pareto

3127.4 8.6534*105 930.4 -0.13843 -1.2133

ME Wakeby 8.9224 1.7088 1.3072 -0.13333 -1.2136
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Çizelge 4.4 j #)"!!61&/#/!)/1%C6#/!6#/'%7O4&6#*/0/%*"0(!(1lar ve parametreler

:)*+,+- 1.Tip 
Hata

Parametreler

3 saat Wakeby 0,59745 #=1,9206 $=0,41768 *=0

)=0 8=-1,3548

6 saat Wakeby
0,42388

#=1,8806 $=0,40098 *=0

)=0 8=-1,3424

9 saat Wakeby
0,48406

#=2,7177 $=0,73162 *=0

)=0 8=-1,5694

12 saat Wakeby
0,47905

#=3,003 $=0,83665 *=0

)=0 8=-1,635

24 saat Wakeby
0,67753

#=3,7638 $=1,1024 *=0

)=0 8=-1,7902

48 saat W6'6!!61&/#/!)/1 Gamma (4P)
0,46765

k=42,554 #=0,02767

$=3,6193 *=-1,9779

72 saat W6'6!!61&/#/!)/1 Gamma (4P)
0,62961

k=48,147 #=0,02812

$=3,5716 *=-2,1214

96 saat Generalaized Extreme Value
0,57171

k=-0,39762 7=1,0527

.=-0,29814

a Pearson 5 (3P) 0,33277 #=6,3067 $=11,013 *=-2,0753

b Generalaized Extreme Value
0,42873

k=-0,51112 7=1,0601

.=-0,24642

c Dagum (4P)
0,90922

k=0,25857 #=8,3046

$=3,3895 *=-2,4722

a+b Generalaized Extreme Value
0,46214

k=-0,46452 7=1,0721

.=-0,26397

(3 saat)2 Wakeby
0,72078

#=34,208 $=0,08216 *=0

)=0 8=4,0276

(6 saat)2 Wakeby
0,50066

#=50,945 $=0,05877 *=0

)=0 8=8,994

(9 saat)2 Wakeby
0,6303

#=101,42 $=0,41394 *=0

)=0 8=11,523

(12 saat)2 Wakeby
0,61205

#=140,87 $=0,5465 *=0

)=0 8=25,495

(a)2 W6'6!!61&/#/!)/1 Gamma (4P)
0,64069

k=0,88938 #=0,36137

$=18,286 *=-0,8647

(c)2 Dagum (4P)
0,90837

k=0,27678 #=5,3066

$=0,32754 *=-4,1601

(a+b)2 W6'6!!61&/#/!)/1 Pareto 0,26464 k=-1,1709 7=421,19 .=156,5
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Çizelge 4.5. Nor)"!!61&/#/!)/1%C6#/!6#6%"/&%&"'()!"<(.(%/4&"&/4&/$!6#

:)*+,+- µ Varyans S H)9I+0,+0 =)/+0,+0
3 saat Wakeby -5.1050*10-5 0.99998 0.99999 0.70031 -0.31776

6 saat Wakeby -2.0169*10-5 0.99999 0.99999 0.73004 -0.24761

9 saat Wakeby 4.6959*10-5 1.0 1.0 0.26368 -1.0331

12 saat Wakeby -1.7054*10-5 0.99999 1.0 0.15218 -1.1269

24 saat Wakeby 2.3810*10-11 0.99999 1.0 -0.08514 -1.2141

48 saat W6'6!!61&/#/!)/1

Gamma (4P)

-0.04431 1.0034 0.0017 -0.12965 -1.1257

72 saat W6'6!!61&/#/!)/1

Gamma (4P)

-0.08893 0.91297 0.95549 -0.24687 -1.0346

96 saat Generalaized 

Extreme Value

-1.0361*10-5 1.0 1.0 -0.35199 -0.14966

a Pearson 5 (3P) 1.1620*10-5 1.0 1.0 2.5104 16.152

b Generalaized 

Extreme Value

-0.01129 0.96144 0.98053 -0.6608 0.30204

c Dagum (4P) -0.00612 0.98893 0.99445 0.31982 0.86932

a+b Generalaized 

Extreme Value

3.8032*10-5 0.99999 1.0 -0.53572 0.08158

(3 saat)2 Wakeby 35.639 858.24 29.296 1.5891 3.1826

(6 saat)2 Wakeby 57.111 2071.7 45.516 1.6918 3.8033

(9 saat)2 Wakeby 83.251 2814.7 53.054 0.70688 -0.30248

(12 saat)2 Wakeby 116.59 3964.5 62.964 0.49713 -0.72207

(a)2 W6'6!!61&/#/!)/1

Gamma (4P)

5.712 152.31 12.342 3.985 24.773

(c)2 Dagum (4P) -3.9396 0.01669 0.12918 1.3357 7.8999

(a+b)2 W6'6!!61&/#/!)/1

Pareto

350.52 11265.0 106.14 -0.13843 -1.2133



26

4.2. Orijinal C49%,494'A%$':)*+,+-,)9+"'@9) %0,49%

k#/X/'"!%C6#/!6#/'%7O4&6#*/0/%*"0(!(1!"#('%grafikleri S6$/!%g+L2%S6$/!%g+[2%S6$/!%g+T2%S6$/!%

4.4, S6$/!%g+e2 S6$/!%g+`2 S6$/!%g+U2 S6$/!%g+V2 S6$/!%g+_2 S6$/!%g+LF2 S6$/!%g+LL, S6$/!%

4.12 ve S6$/!%g+LT’t6%7O4&6#/!)/1&/#+

340%,'J68 T%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/

340%,'J6K 6 4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J65 _%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/

340%,'J6J 12 saatlik gaz 8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6L [g%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/

340%,'J6M gV%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6N U[%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/

340%,'J67 96 saatlik gaz üretim m/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6O "%Q"#")6&#64/'/'%*"0(!(1%7#",/0/

340%,'J68P 3%Q"#")6&#64/'/'%*"0(!(1%7#",/0/
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340%,'J688 .%Q"#")6&#64/'/'%*"0(!(1%7#",/0/

340%,'J612 a+b Q"#")6&#64/'/'%*"0(!(1%7#",/0/
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340%,'J685 Metabolik Enerji (ME)’nin *"0(!(1%7#",/0/

4.3 Q)94/4,'D*9%'@R/$494"'C49%,49%"':)*+,+-'@9) %0,49%

K"#646!% 60#/% 7O4&6#6'% C6#/!6#/'% *"0(!(1% 7#",/$!6#/% S6$/!% g+Lg2% S6$/!% g+Le2% S6$/!% g+L6,

S6$/!%g+L72%S6$/!%g+LV2%S6$/!%g+L_%C6%S6$/!%g+[0i*6%7O4&6#/!)/1&/#+

340%,'J684 3 saatlik gaz 8#6&/)%)/$&"#('(' karesine ait *"0(!(1%7#",/0/
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340%,'J68L `%4""&!/$%7"5%8#6&/)%)/$&"#('(' karesine ait *"0(!(1%7#",/0/

340%,'J68M _%4""&!/$%7"5%8#6&/)%)/$&"#('(' karesine ait *"0(!(1%7#",/0/
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340%,'J68N L[%4""&!/$%7"5%8#6&/)%)/$&"#('(' karesine ait da0(!(1%7#",/0/

340%,'J687 a parametresinin karesine ait *"0(!(1%7#",/0/
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340%,'J68O c parametresinin karesine ait *"0(!(1%7#",/0/

340%,'J620 a+b parametresinin karesine ait *"0(!(1%7#",/0/
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4.4. ;&92),,4-$%9%,4"'C49%,49%"':)*+,+- Grafikleri

j #)"!!61&/#/!6'% C6#/!6#/'% 7O4&6#*/0/% *"0(!(1% 7#",/$!6#/% S6$/!% g+[L2% S6$/!% g+[[2% S6$/!%

4.232%S6$/!%g+24, S6$/!%g+25, S6$/!%g+[`, S6$/!%g+27, S6$/!%g+28, S6$/!%g+[_, S6$/!%g+TF,

S6$/!%g+31 ve S6$/!%g+T[i*6%7O4&6#/!)/1&/#+

340%,'J621 3 saatlik gaz üretim m/$&"#('('%*"0(!(1%7#",/0/

340%,'J622 `%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6K5 _%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/

340%,'J6KJ L[%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6KL [g%4""&!/$%7"5%8#6&/)%)/$&"#('(' *"0(!(1%7#",/0/

340%,'J6KM gV%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6KN U[%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/

340%,'J6K7 _`%4""&!/$%7"5%8#6&/)%)/$&"#('('%*"0(!(1%7#",/0/
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340%,'J6KO "%Q"#")6&#64/'/'%*"0(!(1%7#",/0/

340%,'J65P 3%Q"#")6&#64/'/'%*"0(!(1%7#",/0/
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340%,'J658 .%Q"#")6&#64/'/'%*"0(!(1%7#",/0/

340%,'J65K a+3%Q"#")6&#64/'/'%*"0(!(1%7#",/0/
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4.5 Q)94/4,'D*9%'@R/$494"'C49%,49%"';&92),,4-$%9%,4"':)*+,+-'@9) %0,49%

K"#646!% 60#/% 7O4&6#6'% C6#/!6#/'% *"0(!(1 grafikleri S6$/!% g+322% S6$/!% g+332% S6$/!% g+34,

S6$/!%g+352%S6$/!%g+362%S6$/!%g+372%S6$/!%g+38 C6%S6$/!%g+39’da 7O4&6#/!)/1&/#+

340%,'J633 3 4""&!/$%7"5%8#6&/)%)/$&"#('('%karesine ait *"0(!(1%7#",/0/

340%,'J65J 6 4""&!/$%7"5%8#6&/)%)/$&"#('('%karesine ait *"0(!(1%7#",/0/
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340%,'J65L 9 4""&!/$%7"5%8#6&/)%)/$&"#('('%karesine ait *"0(!(1%7#",/0/

340%,'J65M 12 4""&!/$%7"5%8#6&/)%)/$&"#('(' karesine ait *"0(!(1%7#",/0/
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340%,'J637 a parametresinin karesine ait *"0(!(1%7#",/0/

340%,'J657 c parametresinin karesine ait *"0(!(1%7#",/0/
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340%,'J65O a+b parametresinin karesine ait *"0(!(1%7#",/0/

4.6. Regresyon Analizi <&"!S,)9+

c'%/</%) *6!/%36!/#!6)6$%/M/'%"*()4"!%*60/1$6'%6!6)6%/1!6)/<"Q(!)(1%C6%6lde edilen

regresyon modellerine ait belirtme $"&4"<(4(% C6% *856!&/!)/1% 36!/#&)6% $"&4"<(!"#(

Çizelge 4.6’da C6#/!)/1&/#+

                       Çizelge 4.6. Modellerin 36!/#&)6%$"&4"<(!"#(

Elde edilen modeller*6% <6#% "!"'% "M($!"<(.(% *60/1$6'!6#% "1"0(*"% !/4&6% P"!/'*6%

C6#/!)/1&/#+

Model 1: 24 saat

Model 2: 24 ve 12 saat

Model 3: [g%C6%L[%4""&%C6%`i'.(%4""&/'%$"#64/

Model R2 R2
d

Model 1 0.961 0.960

Model 2 0.977 0.976

Model 3 0.987 0.986

Model 4 0.990 0.989

Model 5 0.992 0.991
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Model 4: [g%C6%L[%4""&2%`i'.(%4""&/'%$"#64/%C6%"%Q"#")6&#64/

Model 5: 24, 12 ve 6 saat, 6’nc(%4""&/'%$"#64/%C6%"%Q"#")6&#64/

Çizelge 4.7. l *6!!6#6%"/&%$"&4"<(!"#

Modeller Parametreler Beta Standart 

hata

t Sig.

1 Sabit 8.922 0.040 220.344 0.000

24 Saat 1.284 0.041 31.349 0.000

2

Sabit 8.922 0.032 282.109 0.000

24 Saat 0.793 0.100 7.891 0.000

12 Saat 0.519 0.101 5.154 0.000

3

Sabit 9.362 0.084 111.255 0.000

24 Saat 0.633 0.082 7.750 0.000

12 Saat 0.983 0.114 8.590 0.000

(6 Saat)2
-0.008 0.001 -5.448 0.000

4

Sabit 9.624 0.103 92.995 0.000

24 Saat 0.654 0.072 9.148 0.000

12 Saat 0.996 0.100 9.973 0.000

(6 Saat)2
-0.012 0.002 -6.924 0.000

a 0.196 0.054 3.594 0.001

5

Sabit 10.153 0.240 42.379 0.000

24 Saat 0.695 0.069 10.022 0.000

12 Saat 0.649 0.172 3.777 0.001

(6 Saat)2
-0.022 0.004 -5.151 0.000

a 0.170 0.052 3.248 0.003

6 saat 0.732 0.303 2.415 0.021
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4.7 Elde Edilen Regresyon Modelleri

Orjinal C6#/!6#/'% 7O4&6#*/0/% *"0(!(1!"#*"'% 6!*6% 6*/!6'% C"#<"'4% C6% 4&"'*"#&% 4"Q)"%

*606#!6#/% /!6% #67#64< '%"'"!/5/% 4 '-.-%6!*6%6*/!6'%36&"%*606#!6#/%*6'$!6)!6#*6% /!7/!/%

<6#!6#6%<6#!61&/#/!6#6$%) *6!!6#%6!*6%6*/!)/1&/#+

4.7.1 Model 1

R2
d = 0.96    

HKO= 0.069

24
3484.8

284.1

3484.8

115.43284.1
922.8ˆ XY ,0

1

2
3
4

5 9
 "                        (47)

Gerekli matematiksel /1!6)!6#*6'%4 '#"=

241533802.029083.2ˆ XY ,"         (48)

6!*6%6*/!)/1&/#+

340%,'J6JP Model 1’e ait gO5!6'6'%lc%/!6%&"P)/'%6*/!6'%lc%/!/1$/4/'6%"/&%7#",/$

4.7.2 Model 2

R2
d = 0.976

HKO=0.042

6

7

8

9

10

11

12

6 7 8 9 10 11 12
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1224
3765.8

519.0

3765.8

643.30519.0

3484.8

793.0

3484.8

115.43793.0
922.8ˆ XXY ,0

1

2
3
4

5 9
 ,0

1

2
3
4

5 9
 " (49)

Gerekli matematiksel /1!6)!6#*6'%4 '#"=

1224 061959.0094988.092797.2ˆ XXY ,," (50)

6!*6%6*/!)/1&/#+

340%,'J6J8 Model 2’e ait 7O5!6'6'%lc%/!6%&"P)/'%6*/!6'%lc%/!/1$/4/'6%"/&%7#",/$

4.7.3 Model 3

R2
d = 0.986

HKO=0.024

2
6

1224

38.322

008.0

38.322

88.423008.0

3765.8

983.0

3765.8

643.30983.0

3484.8

633.0

3484.8

115.43633.0
362.9ˆ

X

XXY

 
,0

1

2
3
4

5 9 
 

,0
1

2
3
4

5 9
 ,0

1

2
3
4

5 9
 "

(51)

W6#6$!/%)"&6)"&/$46!%/1!6)!6#*6'%4 '#"=

2
61224 0000248154.0117352.0075823.0507393.2ˆ XXXY  ,," (52)

6!*6%6*/!)/1&/#+

6

7

8

9

10

11

12

6 7 8 9 10 11 12
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340il 4.42 Model 3’e ait 7O5!6'6'%lc%/!6%&"P)/'%6*/!6'%lc%/!/1$/4/'6%"/&%7#",/$

4.7.4 Model 4

R2
d = 0.989

HKO=0.018

aXX

XXY

2972.4

916.0

2972.4

7239.3916.0

38.322

012.0

38.322

88.423012.0

3765.8

996.0

3765.8

643.30996.0

3484.8

654.0

3484.8

115.43654.0
624.9ˆ

2
6

1224

,0
1

2
3
4

5 9
 

 
,0

1

2
3
4

5 9 
 

,0
1

2
3
4

5 9
 ,0

1

2
3
4

5 9
 "

(53)

W6#6$!/%)"&6)"&/$46!%/1!6)!6#*6'%4 '#"=

aX

XXXY

045611.0

000037223.0118904.0078338.0448791.2ˆ 2
61224

,

 ,,"
(54)

6!*6%6*/!)/1&/#+

6

7

8

9

10

11

12

13

6 7 8 9 10 11 12
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340%,'J6J5 Model 4’e ait 7O5!6'6'%lc%/!6%&"P)/'%6*/!6'%lc%/!/1$/4/'6%"/&%7#",/$

4.7.5 Model 5

R2
d = 0.991

HKO=0.016

6

2
6

1224

0829.7

732.0

0829.7

373.19732.0

2972.4

17.0

2972.4

7239.317.0

38.322

022.0

38.322

88.423022.0

3765.8

649.0

3765.8

643.30649.0

3484.8

695.0

3484.8

115.43695.0
153.10ˆ

X

XX

XXY

a

,0
1

2
3
4

5 9
 

,0
1

2
3
4

5 9
 

 
,0

1

2
3
4

5 9 
 

,0
1

2
3
4

5 9
 ,0

1

2
3
4

5 9
 "

(55)

W6#6$!/%)"&6)"&/$46!%/1!6)!6#*6'%4 '#"=

6

2
61224

103347.0039561.0

0000682.0077479.0083249.0068975.2ˆ

XX

XXXY

a ,,

 ,,"
(56)

6!*6%6*/!)/1&/#+

6

7

8

9

10

11

12

13

14

6 7 8 9 10 11 12
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340%,'J6JJ Model 5’e ait 7O5!6'6'%lc%/!6%&"P)/'%6*/!6'%lc%/!/1$/4/'6%"/&%7#",/$

4.8 Modellerin Q)9-+,)-$+9+,2)/+

Çizelge 4.8 m6% 7O#62% l *6!% ei/'% &"P)/'% 6*63/!/#!/0/'/' en <8$46$%  !*-0u

görülmektedir. Fakat Model 5’t6% Q"#")6&#6% 4"<(4('('% ,"5!"%  !)"4(2% &6#./h

edilebili#!/0/'/%"5"!&)"$&"*(#+%l *6!%ei&en ME tahmini yapabilmek için 6, 12 ve 24 

4""&!/$% 7"5% 8#6&/)% )/$&"#(% /!6% "% Q"#")6&#64/% C6% `% 4""&!/$% 7"5% 8#6&/)% ) *6!/'/'%

karesinin hesaplanmas(%76#6$)6$&6*/#+%;"$"&%l *6!%Li/ tercih ed/!*/0/'*6 sadece 24 

saatlik g"5% 8#6&/)% )/$&"#(% /!6% lc% *606#/'/n tahmin edilebilmesi mümkün 

olabilmektedir. 

                   Çizelge 4.8. Modellerin 36!/#&)6%$"&4"<(!"#( C6%hKki!"#(

6

7

8

9

10

11

12

13

14

15

16

6 7 8 9 10 11 12

Model R2 HKO

Model 1 0.96 0.069

Model 2 0.976 0.042

Model 3 0.986 0.024

Model 4 0.989 0.018

Model 5 0.991 0.016
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5. SONUÇ VE T;DBU?DB

N-%M"!(1)"%/!62%*"P"%O'.6%<"Q(!"'%M"!(1)"!"#*"%lci'/'%7"5%8#6&/)%)/$&"#(%/!6%&"P)/'%

edilememesinin sebebinin, C6#/'/'% 76#M6$% *"0(!(1('('% 7O5"#*(% 6*/!6#6$% * 0#-4"!%

regresyon yönteminin uygulanm"4(%  !*-0-% $"'(&!"')(1&(#+% N-% M"!(1)"*"% C6#/'/'%

ge#M6$% *"0(!(1( dikkate al('"#"$% "'"!/5!6#% 76#M6$!61&/#/!)/1&/#. Elde edilen bu 

*"0(!(1!"#% -5-'% $-<#-$!-2% 6$4&#6)% *"0(!(1!"# yani M"#Q($% *"0(!(1!"#%  !"#"$ ortaya 

M($)(1&(#+%N-%M"#Q($!($%C6#/'/'%*"0(!(1('('% #&"!")"4(%C6%4&"'*"#&%4"Q)"4( kullan(!"#"$%

' #)"!!61&/#/!)/1 C6% 3O<!6!/$!6% *"P"% * 0#-% 4 '-M!"#% 6!*6% 6*/!63/!)/1tir+% K-!!"'(.(

* 4&-% ) *6!!6#% 6!*6% 6&)6$% "*('", X "M($!"<(.(% *60/1$6'/% <"!'(5% 3(#"$(!)(1&(#.

NO<!6!/$!6%* 0#-*"'%6!*6 6*/!6'%7"5%8#6&/)%)/$&"#( yerine koyularak ME’yi tahmin 

edebilen güvenilebilir modeller elde e*/!)/1tir+% N-% M"!(1mada, sadece gaz üretim 

)/$&"#( kullan(!"#"$%lc%&"P)/'%6*/!63/!)/1&/#+%b"P"%O'.6%<"Q(!"'%M"!(1)"!"#*"%]2’si 

yüksek sonuçlar 6!*6%6*/!)/1% !)akla birlikte 3-%M"!(1)"!"#*"%7"5%8#6&/)%)/$&"#('('%

<"'('*"%jb;2%ab;2% P")%Q# &6/'2% P")% <"0% 7/3/% *606#!6#% $-!!"'(!"#"$% P64"Q!")"!"#%

<"Q(!)(1%  !*-0-% "'!"1(!)"$&"*(#+% N-% M"!(1)"*"% 6!*6% 6*/!6' modellerle sadece gaz 

8#6&/)%)/$&"#( $-!!"'"#"$%lc%* 0#-*"'%&"P)/'%6*/!63/!)6$&6*/#+

W"5% 8#6&/)% C6#/!6#/'/'% *"0(!(1('('% 3-% M"!(1)"*"% 36!/#!6'6'% *"0(!(1!"#  !*-0u

C"#4"<(!)"$&"*(#. Literatür*6%3-%$ '-<!"%"!"$"!(%*"P"%O'.6*6'%<"Q(!)(1%M"!(1)"!"#"%

#"4&!"'(!)")(1&(#. R"Q(!"' 3-%M"!(1)"*"%O56!!/$!6%C6#/!6#/'%*"0(!(1!"#(% /'.6!6')/1 ve 

36!/#!6')/1&/#+% n'.6!6'6' */06#% M"!(1)"!"#('% &"'()!"<(.(% /4&"&/4&/$!6#/'*6 de verinin 

C"#<"'4('('% 38<8$%  !*-0-nun görülmesi, 3-% M"!(1)"*"2 elde edilen gaz üretimi 

*"0(!(1!"#('(' */06#% M"!(1)a!"#*"% *"% 36'56#%  !"3/!6.60ini ifade etmemize olanak 

&"'()"$&"*(#+ N-% M"!(1)"'('% 4 '-M!"#(% 7"5% 8#6&/)% v6#/!6#/'/'% ' #)"!% *"0(!(1"% 4"P/Q%

 !)"*(0('(% 7O4&6#)/1&/#+% N-% 4 '-M% *"P"% O'.6% <"Q(!"'% M"!(1malarda elde edilen 

regresyon de'$!6)!6#/'/'%&"P)/'%3"1"#(4(z!(0('(%"M($!")"$&"*(#+%

Bu ko'-*"% <"Q(!"."$% M"!(1)"!"#*"% 36'56#% -5-'% $-<#-$!-% *"0(!(1!"#('%  #&"<"%

M($"."0(%36$!6')6$&6*/#+%N-%$ '-*"%M"!(1"."$%"#"1&(#(."!"#('%7"5%8#6&/)%C6#/!6#/'6%"/&%

*"0(!(1!"#(% 36!/#!6)6!6#/% C6%  #&"<"% M($"'% *"0(!(1('% 16$!/'6% 7O#6% ) *6!%  !-1&-#)"!"#(%

önerilebilir. 
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c!*6% 6*/!6'% 3-!7-!"#% (1(0('*"% in vitro  !"# $%&'()# '&*+(,(# *-..!+/.!%!*# *!0!#

1&).&%(+# 23# 4&,&%.&%(+(# '!5)(+# &')&*# (6'&1&+# !%!7'/%/8/.!%9# )&:8-'# ;.!%!*#

*-..!+4/*.!%/ &7('.(*.&%.&# 0(%.(*'&# <!./7)!)/"4!+# &.4&# &4(.&+# &7('.(*.&%(# 4&#

kullanabilirler. Böylece, bu <!./7)!4!# &.4&# &4(.&+# &7('.(*.&%(+# *-..!+!0(.(%.(*.&%(# :&#

 $:&+(.(%.(*.&%(#4&#'&6'#&4(.)(7#;.!8!*'/%=

>%!7'/%/8/.!%/+# ?"&..(*.&# 6!4&8&#  !"# $%&'()# )(*'!%/# *-..!+/.!%!*# 0&.(%.&+&+9#

!1%/8!# 0&6(+#)!44&# (<&%(,(+&# (5'(1!<# 4-1-.)!1!+#);4&..&%4&+# @!14!.!+!0(.(%.(,i de 

(.&%(4&#1!A/.!8!*#<!./7)!.!%.!#'&6'#&4(.&0(.&8&*'(%=

B;+-<#;.!%!*#<!./7)!4!+#&.4&#&4(.&+#0-. -.!%/+# in vitro  !"#$%&'()#'&*+(,(# (.&#

23#'!5)(+#&4&+#!%!7'/%/.!%/+#*-..!+/)/#(<(+#@!14!./#;.!8!,/#4$7$+$.)&*'&4(%=
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